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1. HPEAUCJIOBHUE.

B Meroauueckux ykazaHUSX OPUBOMASTCS J1aDOpaTOpHbIE paOOThI, BBIMIOJ-
HsIEMbIE MIPU OCBOCHUHM TEOPETHUUYECKOro Kypca AUCIUIUIMHBI ''TerniorazocHadxe-

HUE U BEHTUISIUA .



JIABOPATOPHAS PABOTA Nel
OITPEAEJEHUE ITAPAMETPOB MUKPOKJ/IMMATA B IIOMEINEHUN

1.0EJIb U 3A/IAYU PABOTbBI

[enbro 1aHHOM TaOOpPATOPHON PabOTHI SIBISETCA:

- U3y4YeHHUE TTapaMeTPOB MUKPOKJIMMATa B TIOMEIICHUH U XapaKTepa UX U3MCHCHHS
1o 00beMy MOMEIICHNUS;

- U3y4YeHHE METOAMKH OIpeneseHus] aOCOMOTHON M OTHOCUTEIHHOU BIAXXHOCTH

BO3yXa H HpI/IO6p€T€HI/Ie HaBBIKOB HCIIONB30BaHus |-d- AuarpaMmbl BJIQJKHOT'O

BO3/yXa.

2. TEOPETUYECKHME HOJOXEHUSA

JIns ompenesieHHsl XapakTepa W3MEHEHHs MapamMeTPOB MUKPOKJIMMAaTa B
NOMEIEHUN HEOOXOUMO U3MEHUTh TEMIIEPATypy U OTHOCUTEIBHYIO BIAXXKHOCTh
BO3/1yXa B HECKOJIbKMX TOYKAaX NoMmemeHus. MzMepenne teMieparyp npou3BOIHT-
Cs1 OOBIKHOBEHHBIM PTYTHBIMU WJIM CIIMPTOBBIMU TEPMOMETPAMU B ISITH TOUKAX IO
BBICOTE U MO MIHpUHE NToMenieHus. OnpeneneHne OTHOCUTEIBHON BIIAXKHOCTH BO3-
JlyXa MPOU3BOJIUTCS HE MPSMBIM U3MEPEHUEM 3TOW BEJIMUMHBI, & HAXOKJICHHUEM €€
B Tabmuie win Ha [-0- auarpamMMe 1Mo W3MEpEHHBIM 3HAUCHHSM TEMIEpaTyp I0

IICUXPOMETPY ABrycra.

ITcuxpomerp ABrycra coctouT HX JBYX TepMoMeTpoB. lllapuk omgHOro
TepMOMETpa OOEPHYT MOKPOM TKaHBIO, TO €CTh HAXOJUTCS B CPEJI€ C OTHOCUTEIIb-

HOW BIAXHOCTHIO @ = 100%. DTOT TepMOMETP HA3bIBAETCA «MOKpPBIM». [[pyroii

TCPMOMCTP HUYCM HC O6CpHYT, U U3MCPACT TCMIICPATYPY BO3AyXa B IIOMCHICHHH,

HMMEIOIIETO OTHOCUTENBHYIO BIAXHOCTh @ << 100% . DTOT TEpMOMETP HA3BIBAETCS

«cyxumy. [TokazaHus «MOKpPOro» TEpMOMETpPA BCEr1a HECKOJIBKO HUKE MMOKa3aHUN
«CyXoro». 9T0 00BACHAETCA OTOOPOM TEIUIa OT IIApUKa «MOKpPOI0» TEPMOMETpaA

3d CUCT UCIIAPCHUA BJIaI'M M3 TKAHH. YeM HMKE OTHOCHUTEIbHAS BIAXXHOCTh BO3Yy-
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Xa B IOMCIICHUH, TEM HHTCHCHUBHCC IIPOUCXOAUT ITPOLIECCC I/ICHapeHI/Iﬁ BJIaru 1 T€M

OoubIIIe Pa3HOCTb TIOKa3aHUM «CYXO0ro» U «MOKpPOro» TCpMOMCTPOB.

Pacdetsl, cBsi3aHHBIE C ONpPEAECICHUEM MapamMeTPOB BIIAXKHOIO BO31yXa,
yIOOHO TPOM3BOANTH, MOJIB3ysich [-d- muarpammoii. [To ocu opauHaAT TOM AMa-
TpaMMBbI OTJIOKEHA SHTaNbNus Bo3ayxa I, k/[x/kr cyxoro Bozayxa. Ock abcumce
JUISL Ty4IIEro UCIOJIb30BAHMS ILIOMIAIN AUarpaMMbl pa3MelleHa noj yriaom 135° k
ocu opauHat. Ha Heil 0Ti0KeHbl 3HaYeHUsI BJIarocoJep>kanusi Bo3ayxa d, r/Kr cy-
Xx0ro Bo3ayxa. COOTBETCTBYIOIIME TOYKH HA YCIOBHYIO TOPHU30HTAIBHYIO OCh Blla-

rocoaCprKanuAa d HaHEeCeHBI.

Ha nuarpamme MMEROTCS JTMHHUM MOCTOSIHHBIX SHTANbINK [, MpoBeAeHHbIE
noj yriioM 135° K ocu OpAWHAT, JIMHUU MOCTOSIHHBIX TEMIIEPATYP BJIAXKHOTO BO3-

ayxa t. W JUHUM TIOCTOSIHHBIX OTHOCHUTENIBHBIX BIaxkHOCTeld ¢. Kpupad
@ = 100 % mpumeyaTeabHa TEM, YTO TOYKU Ha HEHM COOTBETCTBYIOT COCTOSIHHUIO

HACBIIIEHHOTO BOJSHBIM MMapoM Bo3ayxa. O0IacTe Moj 3TOW KPUBOMl COOTBETCTBY-
€T COCTOSIHUIO CMECH BJIAKHOTO Mapa M CyXOro BO3JyXa M Ha3blBaeTCsl 00JacTbhiO

«TYMaHay.
ITo xpuBoit ¢ = 100 % moctpoeHa nuuust B, ; = f(d) . 3HayeHuns map-
LMAIbHBIX NaBJICHUI BOASHOrO mapa F,,, ; MOXXHO MPOYUTATh HA NPABOW KPHUBOK

KpailHel opauHare auarpamMmsbl. [[yHKTHpOM Ha TUarpamMe HaHECEHbI JJUHHUM M0-

CTOSIHHBIX TEMIEPATyp MOKPOro TepMomeTpa t,, , IpOBEAEHHbIE MO HEOOIbIINM

yIaoM K JuHusAM [= const. B ToM ciyyae, Kkorzaa ncuxpoMerp ABrycra noMemeHH i

B BO3JIyX€ C OTHOCUTEJIBHOM BIIAXKHOCTBIO @ = 100 %, ucrnapenue Boabl C MOKpOU

TPANOYKH MPEKPAIIACTCS U MOKPBIA TEPMOMETP MOKA3bIBAET TaKYIO K€ TeMIepa-

Typy, Kak u cyxoi. [IoaToMy OoJHOMMEHHbIE U30TEPMEI t. U t,, MEPECEKAIOTCS Ha

kpusout ¢ = 100 %.



3. OPBEKT UCCJIEJOBAHUA

OOBEKTOM HCCIIEIOBAHMS SIBISIFOTCSI MapaMeTpbl MHUKPOKJIMMaTa B MOMe-
IICHUH, COYETAaHUE KOTOPBIX BBI3BIBAET y UYEJIOBEKA OIIYILIEHHUE TEIUIOBOIO KOM-
dopra mim auckoM@PopTa. ITUMHU TApaMETPAMHU SBIISIOTCSL:

- TEMIIepaTypa BO3/lyXa B MOMeeHuu t,, °C;

- OCPCOAHCHHAA TCMIICPATYpPa BCCX HOBerHOCTGﬁ B IIOMCHICHUU, XapPaAKTC-

pu3yeMasi BeIMYMHON paJualMOHHON TeMIiepaTypsl tg, °C;
- OTHOCHTEJIbHAS BJIIAKHOCTh BO3/lyXa B MOMeNIeHnu @, %0;

- CKOPOCTh JIBMKEHUS (TIOJIBUKHOCTH) BO3AyXa.

[TapameTpbl MUKpOKJIMMaTa B TIOMENIEHUU JOJIKHBI CTPOTO COOTBETCTBO-
BaTh OJIMH JPYTOMY U HE OTKJIOHSATHCS OT MPEAEIOB, 3a/IaHHBIX IEPBBIM U BTOPHIM
ycioBUSIMU KOM(opTHOCTH. COTJIaCHO 3THM YCIIOBUSAM YEJIOBEK JIOJKEH OLIYIATh
TEIUIOBOM KOMQOPT B LIEHTPE MOMEIICHUS, B pabodeil 30HE U BOJIU3HU HArpEThIX U

OXJIaXKXKACHHBIX HOBerHOCTCﬁ.

[TapameTpsl MHKpOKJIIMMATa HE SIBISIOTCS MOCTOSHHBIMU 1O 00BEMY I10-

MeneHus. TemmepaTypa Bo3ayxa t; ¥ OTHOCUTENbHAS BIIAXKHOCTD (P W3MEHSIOTCSA

[0 BBICOTE MOMEIICHHS U MO0 MEpE YIAJEHUs OT OXJaXICHHBIX U HArpeThIX MO-
BepxHocTel. [lepenaanl TeMneparypsl 1O BEpTHKAJIE U MO TOPU3OHTAIU B MOMeE-
HIEHUU HE AOJKHBI ITpeBbIaTh 2-3 °C . TonbKO MpU TaKOM MEpenane TeMneparyp

YCJIOBCK, HaXOI[I/IBHJHfICSI B IIOMCHICHHH, HC OIIYIIACT HCPABHOMCPHOCTHU TCMIIC-

paryp.

BOB)IyX B IIOMCIICHHNHN BCCTrAa SABIACTCA BIIAKHBIM. OntumanbHOE 3Haue-

HUE OTHOCHUTEIBHO BJIAXKHOCTH BO3/ayXa B momelnieHuu = 45%, kojie0aHus 3TOTO

napameTpa J0JKHBI ObITh B Tipenenax ot 30 go 60 %.

4. 3AIAHUE HA PABOTY
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N3meputh ¢ MOMOLIBI0 TICUXpOMETpa ABIycTa TEMIIEPATYpPbl «CYXOro» H
«MOKpPOT0» TEPMOMETPOB B IMATH TOYKAX MO BHICOTE U IIMpUHE NMomelieHus. Ha
OCHOBE ITOJYYCHHBIX JaHHBIX HAWTH JUIS BCEX 3THUX TOYeK C rmomornpio I-d-

JarpaMMbl OTHOCUTENIbHYIO BJIaKHOCTh BO3JyXa ¢, Biarocojaepkanue d, ynpy-

roCTb BOAAHOI'O IIapa P, MAaKCHUMAJIbHO BO3MOJKHYIO YIIPYI'OCTh BOISHOTIO I1apa Eun

TEMIIEPATyPy TOUKH POCHI L.

[Toctpouts rpadmku U3MEHEHUS TEMIIEPATYPbl U OTHOCUTEIHHON BIIAXKHO-

CTbIO BO31yXa I10 BBICOTC U INNPHUHC ITOMCIICHUA.

5. HOPAOK BBIITIOJIHEHUSA PABOTbBI

1. IlcuxpomMeTpbl ABrycra pa3MelarTcs B UCCIEAYEMbIX TOUKAX TOMEIIECHHUS.
2. CocrapisieTcs Tabymna pe3yabTaToB u3mepenui (Taou. 1.1).
Ta6numa 1.1

Pe3ynprarsl uamepeHuii

K WHATBI €, E, d,
Ne T:f;)el;ﬂ 3ame- ! ' , MM MM I/KT ,
/11 °C °C % pT. pT. CyX. oC

pa, M

CT. CT. BO3JT

1|2 3 |4 |5 |6 |7 |8 9
1
2
3
4
5

3. 3anuChIBAIOTCA MOKA3aHUS «CYXOT0» U «MOKPOT0» TEPMOMETPOB L. U L.
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4. HaxonuTcs TOYKA NepecedeHust U30TepM &, | t,,, COOTBETCTBYIOLINX MOKA3aHUM

ncuxpometpa( Touka A).

5. OnpezernsieTcst NapuUalbHOE IABJICHUE BOJISHOTO T1apa B,y 1.

Bnaxnsrit BO3AYX ABJIICTCS CMECBIO CYXOI'0O BO3yXa C BOAAHBIM IIApOM.

CornacHo 3akoHy JlambTOHA Ka) bl Ta3, BXOASIIMN B COCTaB CMECH, Ha-
XOAUTCS MOJi CBOMM IMAPLUATIBHBIM JTABJICHUEM, 4 CyMMa NapUUAIbHBIX JaBICHUAN

KOMITIOHCHTOB paBHA JAaBJICHHUIO CMCCH. HOBTOMY MOJKHO 3aIlincCaTb

PBOB,E[ = Pcyx.soa,q + PBD,E[.H (11)

e Pyo;,- ABJICHHUE BIAXHOTO BO3/1yXa, Klla;

Peyxzosa~ MTAPLUANBHOE JABICHUE CYXOro BO3yXa B cMecH, Klla;
Poon~ TIAPIHMATIBHOE IABJICHUE BOJSIHOTO mapa B cMecH, Klla.

[TapunanbHOE JaBiI€eHHE BOISHOIO I1apa B BO3YyXE YaCTO HA3bIBAIOT YIIPY-
rOCThIO BOJSIHOTO Mapa U 0003HavyaroT OYKBOH €. BenuunHa yrnpyrocta 3aBUCUT OT
KOJIMYECTBA COJEPIKAILMXCA B BO3AYXE BOIAHBIX MApOB. SBISAACH ONHUM U3 KOM-
IIOHEHTOB CMECH «BOJSHOW ITap- CYXOW BO3LYyX», Iap paclpenessieTcs paBHOMED-

HO ¥ TI0 BCeMY 00beMY MMOMEIICHUSI.
Jns onpeneneHus: napuualibHOrO JaBJICHUS BOASHOrO mapa P, 0> TO €CTh

JeWCTBUTENBbHOW yrpyrocTu e, klla, u3 touku A npoBoautcs JmHus d=CONSt 1o

nepecevenus ¢ Muuen Py, , o= f(d), mocne wero nemssectnoe 3nauenue € ompene-
JISIETCS 110 MPABOM LIKAJIE.

6. Ecnu BennuMHa yrmpyrocTd BOJSHOIO Iapa paBHA JABJICHUIO HACHIIIE-

HUA P TCMIICPATYPEC BO3AyXa, TO TaKasd YIIPYTOCThb ABJIICTCA MAaKCHMAJIBHO BO3-
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MOXHOU U obOo3HauaeTcss OykBou E, klla. JlanpHeliee moBbIIEHNE BIAKHOCTU
BO3JlyXa WJIM CHUXKEHUE €T0 TEMIIEPATyphl MOBJICYET 32 COOOM BBINA/IEHUE TYMaHa,
TO €CTh KOHJEHCAIMIO BOJASHOTO Mapa. MakCuMaiabHO BO3MOKHAsl YIPYTroCTh BO-
JSTHOTO Tapa B BO3/IyXE HEOJMHAKOBA B PA3JIMYHBIX TOYKAX MOMEMICHUS, TO BEJIU-
yuHa E Toxe siBisieTcst nepeMeHHo. C MOBBIIIEHUEM TeMIEpaTyphl MOBBIIIACTCS
Y JABJICHHE HACBIIICHUS, TO €CTh MAKCHUMAJIBHO BO3MOXHas YIPYTOCTh BOASHOTO

napa.

OtHomeHue I[GI\/JICTBI/ITGJH)HOI\;I YyHOpYyrocTyd BOJASHOTO I1apa € K MaKCUMaJIbHO
BO3MOKHOU E, BBIPA’KCHHOC B IIPOLICHTAX, HA3bIBACTCA OTHOCHUTEJIBHOM BIAXKHO-

CTBIO BO3/IyXa:

@:5100% (1.2)

Tak xak E- BennunHa nepeMeHHas 10 00beMy MOMEIIEHUS, TO U (@ SIBIIACT-

Csl BeJIMUYUHOM HepeMeHHOﬁ.

3HaYeHUE OTHOCUTEIBHOM BIIAXKHOCTH BO3/yXa ¢ ONPEAEISIETCS 110 KPUBOU

(= const, TPOXOIAIIECH Yepe3 TOUKY A.

7. Halitu TOuKy nepecedeHust u3otepM t. ¢ KpuBoil ¢ = 100% (Touky E)

1 MO ATOM TOYKE MAaKCHUMAaJIbHO BO3MOKHOE HaBJICHHUC BOIAHOIO IIapa IIPpH HaHHOﬁ
TEMIICPATYpPC E, AJIs1 9€ro BBIIIOJHUTL OIICpallMv, aHAaJIOTHYHBIC OIIMCAHHBLIM B

IYHKTE .

8. BrruncnuTh 3HaYCHHE OTHOCUTEIHHOM BIIAYKHOCTH BO3ayxa ¢ 1o dop-

myse (1.2) ¥ cpaBHUTBH €ro CO 3HAUYECHUEM DTON BEJIMYWHBI, HalWJACHHBIM 1O [-0-

JTarpaMme.

9. Haiitn Ha I-d- gmarpamme Touky mnepecedeHust nuHMA d= const u

@ = 100%, o KOTOpPOH ONPEACTUTH TEMIICPATYPY TOYKH POCHI L.
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10. ITo mony4YeHHBIM TaHHBIM OCTPOUTH HA MUJUTUMETPOBOM Oymare rpa-

¢duku 3aBucumocteii t,. = fi(x)u @ = fo(x).

6. YKAZAHUS 110 OPOPMJUIEHUIO OTYETA
OtuyeT 1o J1abopaTOpHON PadOTE NOKEH CONCPKATh:

1) 3anoJHEeHHYO TaOJUIy Pe3yJIbTaTOB U3MEPCHHUN;
2) IloctpoeHHbIe B MacmTabe Ha MHJIMMETPOBOW Oymare rpaduku 3a-

BucuMocteii t, = fi(x) u@ = fo(x);

3) BeikonupoBky u3 I-d- nuarpamMMbl ¢ yka3aHHEM TOYEK, COOTBETCT-
BYIOIIIMX COCTOSIHUSIM BO3JyXa U C HAHECEHHOM CTPEJIIKaMHU METOJUKOW Ompeelie-

HUSI €T0 TTapaMeTPOB.

7. KOHTPOJIBHBIE BOITPOCHI

1. Uto Takoe OTHOCUTEJIbHAS BIaXHOCTh Bo3ayxa? Kak ee onpenenurs?

2. Kak HU3MEPAIOTCA 110 BBICOTC ITOMCIICHHA TEMIICPATYPBI W OTHOCHUTCIIbHAsA

BJI&JKHOCTB BO3/TyXa?

3.Uto npencrapisieT codboit ncuxpomerp ABrycra’?

4. Onpenenuts no 1-d- nuarpamme napameTpsl BIaXKHOTO BO3AyXa : ¢, €, E, t,

5. VI3MeHsI0TCSL U 1O BBICOTE MOMEIIEHUSI IEUCTBUTENbHAS YIPYTOCTh BOJSIHBIX
MapoB YU MAaKCUMAJIbHO BO3MOHAasl YIPYroCTh BOJISIHBIX apOB?

6. UTo Takoe TeMnepaTypa TOUKHA POCHI?

7. Kakumu mapaMerpaMu  ONpEAENsAeTCs MUKPOKIMMAT B  ITOMEUICHUH?
8. OT 4ero 3aBUCHUT BEJIWYMHA JICVUCTBUTEIBHOW YIPYTOCTH BOASHOTO Iapa B IO-
MEUIEHUM W  MaKCUMaJlbHO  BO3MOXKHOM  yNpPYyroCTH  BOJSHOIO  mapa?

9. B ueM npuunHa pa3auduil B MOKA3aHUSAX «CYXOT0» U «MOKPOT0» TEPMOMETPOB?
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10. MoryT 1 «CyXo# » U «MOKpBIi» TepMOMETPhI MOKA3bIBATh OJJUHAKOBYIO TEM-

nepatypy? B kakom cimydae 3To Oyaer?
8. JUTEPATYPA.
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orp. B Hayasie kH.- ISBN 978-5-94836-136-9/B nep./: 512.00.
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JIABOPATOPHAS PABOTANe2.

OIIPEJAEJEHHUE KOO®PUIIMEHTA TEIIJIOIIEPEJAYHY YYI'YHHOI'O
PAJIMATOPA «BbPHU3 - 500».

1. HEJIb U 3AJTIAYU PABOT.

JlaboparopHas paboTa IPOBOAMUTCS B TEUCHHE 2 YAaCOB 3aHSTUN C IIEJIbIO
U3YYCHUS OCHOBHBIX ()aKTOPOB, OTPEACIIAIONINX BEIHUNHY KO3 PHUIHEHTA TeTI0-

nepe1adn OTOMUTEIBLHOTO Iproopa.

2. TEOPETHYECKHUE INOJIOKEHUSI.

2.1. TpeOoBaHus, peabIBIAsieMbIe K OTONMTEIbLHBIM IpHOOpam.

K oTonuTensHbIM IpuOOpam NpeabsBISIOTCS CIASAYIOLUE TPEOOBaHUSA:

1. caHUTapHO-TUTHEHUYECKUE - OTHOCUTENIbHO MOHMKEHHAs TeMmIeparypa
MOBEPXHOCTH; OIPAaHUYEHUE IUIOIIAIN TOPU30HTAIBHONW MOBEPXHOCTH MPHOOPOB
JUIsL YMEHBIICHUS OTJIOXKEHUS MbUIM; yI00CTBO U JAOCTYIHOCTh OYUCTKHU OT IbLUIN
MOBEPXHOCTU NPUOOPOB U MPOCTPAHCTBA BOKPYT HHX;

2. DKOHOMUYECKHE - OTHOCUTEJIbHO TOHM)XEHHas CTOMMOCTb MPHOOPA;
HPKOHOMHBIN pacxo]l MeTajljia Ha Mpudop, 00eCeynBaOIINNA MOBBIIIEHUE TEMI0BO-
IO HaIpsHKEHUs1 MeTasuia npuoopa,;

3. apXUTEKTYypHO-CTPOUTEIbHBIE - COOTBETCTBHE BHELIHETO BUAA IPUOOPOB
MHTEphEPY MOMEUIEHUI; COKpAIEHUE TUIOIIA N MOMEIEHUH, 3aHUMaeMoil puoo-
pamu.

4. Npon3BOJICTBEHHO-MOHTA)XHbIE - MEXAaHU3aLlUsl U3TOTOBJIEHUS U MOHTa-
a MpuOOPOB AJI MOBBIIMICHUS MPOU3BOJUTENBHOCTA TPyZAa; TOCTATOYHAs MeXa-
HUYEeCKast IPOYHOCTh MPUOOPOB.

2.2. KoappuuueHT Temionepesauyn 0TONUTEILHOI0 nmpuodopa.

MeToauka onpeaeieHus.

[lepenady TEmaoOTHl OT TEIUIOHOCHUTENS B IOMEIIEHUE MPOUCXOIUT YEPE3
CTEHKY OTONUTEIHHOTO MpuOopa. MHTEHCUBHOCTh TEMJIOBOTO MOTOKA XapaKTEepH-

3yeTrcs KoappuuueHTom temnonepenadn K.



14

Koadp¢unuentom rterionepenady OTONUTENBHOTO MpHOOpa Ha3bIBACTCS
BEJIMYMHA, YUCJICHHO PaBHas TEIUIOBOMY IIOTOKY B BaTTax, MPOXOIALIEMY YeEpeE3
1M* BHemIHE!H MOBEPXHOCTHU MTPUOOpA MPU PA3HOCTH CPEIHEN TEMIEPATYPHI TEILIO-
HOCHUTEJIS U Bo3ayXa nomenienus B 1°C.

KoadduimenT teronepenaun 3aBUCUT OT BUAA TETNIOHOCUTENS U €ro Ma-
paMeTpoB, THUIA OTOMUTEIBLHOrO Iprbopa U crocoda ero NpUCOEANHEHUS K CUCTE-
M€ BOJSHOTO OTOIUIEHHUS, pacxoja BOJAbI 4yepe3 IpuOop, crocobda yCTAHOBKU U
Ipyrux GpakTopoB.

IIpy MOBBIIIEHUM Pa3HOCTH CPEAHEN TeMIIepaTypbl TEIJIOHOCUTENS U OK-
pPY’KaloIlero BO3/lyXa BO3pacTaeT Iepeaya TeIIoThl B MOMEIIEHNE, KaK KOHBEK-
UeH, TaKk U JYYEUCITyCKaHUEM, a, CIEJOBATENbHO, YBEIMYUBACTCA U KO3PPULIH-
€HT TeIUIoNepeadu npuoopa.

VY opebpeHHbIX TPUOOPOB TeMIlepaTypa pedpa B HAIIpaBICHUH €ro HapyK-
HBIX I'PaHUIl YMEHbBIIAETCS, MO3TOMY KOA(DPUIMEHT Terionepeiadyl Takoro mpu-
Oopa MEeHbLIIE, YEM TIIaIKOrO.

YMeHnblieHrne k03¢ (ULMeHTa TEIonepeaaun A TIagKuX U OpeOpEHHBIX
TpyO, YCTAaHOBJICHHBIX B HECKOJIBKO PSAJIOB, OOBSICHSIETCA B3aUMHBIM OOJTyYEHHEM U
YMEHBUIEHUEM Y BBILIENEKAIIMX TPyO Mepenaga TeMmiepaTyp TEIJIOHOCUTENS U
BO3/lyXa, YK€ MOJOTPETOr0 HIKENEKAIUMH TPyOaMH.

KonndecTBO cekumii B UyI'yHHOM paguaToOpe TAKXKE BIIMAET HA BEIIMYUHY
koa(pduienTa temmonepenayu. llpy MeHblIeM KOJMYECTBE CEKIMH M MPOYMX
PaBHBIX YCIOBHSIX OH BO3pacTaeT.

D10 00BACHSAETCA TEM, YTO IMepeaada TEIUIOThl U3IIyYeHUEM MPOUCXOIUT B
OCHOBHOM JIMIIb KpalHUMH CEKUUSAMHU. boliblllas 4acTh U3IyYEHUsl C TOBEPXHOCTH
OJIM3KO PacIoJIOKEHHBIX M B3aMMHO 3aKPbIBAIOLIUX APYT JIpyra KOJOHOK CPETHUX
CEeKLIMM HE MOIaJaeT B noMeunieHue. [Ipu MeHbIIeM KOJMYECTBE CEKIMN MOBEPX-
HOCTh KpalHUX CEKITUI COCTaBJISET OOJIBIINI MPOIEHT OT BCEH MOBEPXHOCTH OTO-
MUTEIHLHOTO TIPUOOpa, 03TOMY Bech MpuOop OyaeT uMeTh Oosbmnii K03 hUIIu-

CHT 34 CUCT TCINIOOTAAYHN JIYUCHCITYCKAHNCM.
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YMenbmaT Ko3hQUIMEHT Terionepeaayn pa3inuyHble JEeKOpaTUBHBIE
PEIETKH Y MPUOOPOB, YIYUIIAIOIINEe HHTEPbEp MOMEIICHUS, HO CHUXKAIOIIUE KOH-
BEKTHUBHYIO U JIYYUCTYIO COCTaBJISIIOIIME B Mepeaye TEIIoThl OT MPUOOPOB B MO-
MeEIIEeHUE

N3noxeHHoe BBINIE TOKA3bIBACT, YTO MHOTO(AKTOpPHAS 3aBUCHMOCTBH KO-
sbdunrienTa Temonepeayd OTOMUTEIBHOTO MPUOOpa 3HAUYUTEIHHO 3aTPYIHSET
aHAJIMTUYECKOE €T0 OIpeesIeHHE, MOATOMY KO3(PPUIIMEHT Teronepeaadyn Kaxmao-
0 HOBOTO MpUOOpa OMPEEIAETCS IKCIEPUMEHTAIBHBIM ITyTEM TPHU OINpPECICH-

HBIX YCJIOBHSIX C Y4€TOM 00JIaCTH €ro 3HAYCHHM I OTACIbHBIX BUIOB (puc. 3.1).

K. Bt/M2K
///H:///
10.5 vy
' W
7 SEE.
3.5 il
0

20 40 645 80 A=yt °C

Puc. 2.1. Ob6nactu 3HaueHHH KOI(H(OUIIMEHTOB TEIUIONEPEIaud OTOMUTENBHBIX MpUOOpoB:1 -
[JIaJKOTPYyOHbIE PUOOPHI; 2- MaHENIbHbIE PAIUATOPBI; 3- CEKIIMOHHbBIE PaIUaTOPBhL; 4- KOHBEKTO-

pBI ¥ peOpucThIe TPYOBI.

OTKJIOHEHHE KOHKPETHBIX YCIOBUH JKCIUTyaTallud OT CTAaHAAPTHBIX Y4H-
THIBA€TCS BBEACHHUEM IIPHU pacdeTe MOMpPaBOYHBIX KOA((PUIIMEHTOB Ha OCThIBAHHE
BOJIbI B TPYOOIPOBOAaX, CIOCOO YCTAHOBKM, PacXo]i BOJBI uepe3 MpuOop, YUCIIOo
CEKIIMH B paguaTope.

B o0mem ciyyae ko3@uIMEHT Temionepenayu JaHHOro npubopa mpu
BOJISTHOM TEIUIOHOCHUTEIHM 3aBUCUT OT PA3HOCTH TEMIIEpaTyp TETUIOHOCUTENS B

npubope U Bo3Ayxa B IOMEIICHUH U PacXojia BOIbI Yepe3 mpuoop:
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E, = flt, —t,.G) (3.1)

B naGopatopHoii paboTe cTaBUTCA 337a4a YCTAHOBUTH 3aBUCUMOCTH KO3 (-
dulMeHTa Temionepeiadyu TOIbKO OT MEPBOT0 MapaMeTpa Il paguaTopa OTOIUIe-
HUS 4YYTYHHOTrO ceKIMOoHHOro «bPM3-500» , mpenHa3Haue€HHOrO AJI1 MPUMEHEHUS
B CHCTeMaxX BOJSHOTO OTOIUICHMS KHWJIbIX, aIMUHUCTPATUBHBIX U OOIIECTBEHHBIX
3nanuid. Paguatopel ceptudunupoBansl B cucreme ['OCT P® u coOTBETCTBYIOT
['OCT 8690-94. Cexuun paguaTtopa U3rOTOBJICHBI U3 BBICOKOKAYECTBEHHOTO JIH-
TeHOro uyryHa. TexHudeckue JnaHHble : pabouee nasienue 1,2 Mlla ; ucneita-
tenbHOE naBieHuel,8 Mlla; makcumanbHas temmeparypa temionocutens 130 °C;
HOMMHAJIBHBIN TEIJIOBOU MOTOK OHOM cexumnl 50 Br.

Ecnu npeneOpeub uMHepHMEN NMpU Nepefadyd TEIUIOThl OT TEIJIOHOCUTENs
npuodoOpy, a OT HEro BO3AyXy MOMEUIEHUS, TO MPU YCTAHOBUBIIEMCS CTalMOHAp-
HOM pexuMe TeruioBoi nmotok (Q;), OTAaHHBIN B nMpuOOpe BOIOM, 32 HEKOTOPBIN
MOMEHT BPEMEHHU PaBEH TEIIOBOMY MOTOKY (Q;) mepemaHHOMy MpuOOpPOM IMoMe-
HICHUIO.

TeroBo# MOTOK, MepegaBaeMblil BOJON TPUOOPY, MOXKHO OMPEETUTH TI0
bopmyie

Q = ¢G(tex ~teour ) (2.2)

rae G-pacxon BoJbI 4epe3 mpubdop, KI/c; c- yAenbHAs TEMII0EMKOCTh BOJIBI,
c=4190 Ix/(xr K); t, - t,,x - TEMIIEpaTypa BOJBI Ha BXOJI€ B MPUOOP U BhIxOE, °K
numu °C. TemnnoBo# MOTOK, MepenaBaeMblii MPUOOPOM B MOMEIIEHUE, ONpeie-
JISIOT € TOMOILBIO OCHOBHOT'O YPaBHEHUS TEIUIONEpeaaun

Q2 = Konnp(tnp _te) (23)

rie K, - koopduuueHT Teruonepenadyd OTONHMTEIBLHOIO IPHOOPA,
Bt/(M°K), F,, - TIOma/h BHENTHEH TIOBEPXHOCTH TIPHGOPA, OMBIBAEMO# BO3IYXOM,
OOBIYHO MCKYCCTBEHHO PAa3BMTOW C IOMOILBIO NPUIMBOB, OPEOPEHUS M T. IL., ), -
CpeIHss TeMreparypa BoJibl B mpudope, °C,

tp = (tex +topx)/ 2 (2.4)

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

CHT TCILIOIICpCAAIHn

<Gltpy ~tgpiy) (2.5)
Koor = .
= Fpltyp -tg)

3. OFBEKTBI HCCJIEJOBAHUA.

3.1. Cxema ONbITHOM YCTAHOBKH.

Ha puc.2.2 npuBenena cxema OnbITHON YCTaHOBKH.

5

N
6 > -
7
P =
1 X
<= g
AV4
B

Puc. 2.2. CxeMa ONBITHON yCTaHOBKH.

B otormmuTenpHBIN Tpubop 4 ropsiyas Boja MOCTYIAET U3 CTOSKA 1 CHCTEMBI
OTOILUICHUS 3[aHus TIOCJIe OTKPBITUSL BeHTwien 2 u 3. Y3 MmepHoro 6aka 7 Boja 1o
TpyOompoBoay 9 cOpackiBaeTcsi B kKaHanmuzanuio (cMm. puc.3.2). PerymmpoBanue
pacxo/ia BOJIbI Yepe3 MPUOOp MPOU3BOJIUTC KpaHOM 6.

3.2. MeToanka u3MepeHHH.

B xone nabopaTopHoii paboThl HEOOXOIMMO H3MEPHUTH:

1. TemmiepaTypy BOJIbI Ha BXOJIE ¥ BBIXOE U3 TIprbopa Ly, Ly

2. TemnepaTypa Bo3yxa B MoMelieHuu t,;

3. Pacxox Bojbl uepes npudop G;

4. IInomaae BHENIHEN TOBEPXHOCTH Mpubdopa.
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Temnieparypsl Boabl i, U i, U3MEPSIOTCS C MOMOIIBKD PTYTHBIX TEPMO-
METPOB 5, YCTAaHOBJICHHBIX B 3alIUTHBIX T'MJIb3aX, KOTOPBIE IPEAOXPAHIIOT TEPMO-
METPBI OT MOJIOMKH. Temneparypa BO34yXa BHYTPH MOMELICHHS ONPEAEISAETCS M0
CyXOMy TEpMOMETpPY McuxpomMerpa. Pacxon Boabl ompesensieTcss Haubosiee mpo-
CTBIM U JIOCTaTOYHO TOYHBIM CITOCOOOM C MTOMOIIBIO HETIOCPEACTBEHHOTO OIpe/Ie-
JICHUSI KOJIMYECTBA BBITEKAIOIIECH U3 TPYOONPOBOAA KUAKOCTH 32 €IUHUILY BpeMe-
HU. 1151 9TOM 1eNIM UCTIONIb3YIOT MEpHBIN 0ak 9, 00beM KOTOpPOro 3apaHee M3BeC-
ter: V; = 0,0041 m°. OGBsi3ka MepHOro 0aka BBIMOJHEHA TAK, YTO MPH OTKPBHITOM
IIPOXOJIHOM KpaHe 8 BoJia B 0ake He CKarlIuBaeTcCsi, OH 0€3 BOJIbI.

[Ipu n3mepennn pacxoaa 3aKpbIBa€TCA KpaH 8 U OJITHOBPEMEHHO OTKpHIBaA-

eTcs KpaH 6. Onpeaensercst pacxo/l BOABI 4epe3 mpuoop 1mo Ghopmysie
Gp = (V5 /T)P 1 (3.6)
rae G, - pacxoq uepes npuoop, KI/c; 7- BpeMs HaIlOJIHEHUU MEPHOro 0axa,

¢; p- TUIOTHOCTB BOJBI IIPH TEMIIEPATYPE ty,. (pHC. 2.3.), Kr/M°.

935

330
365
380

375

970
965
950 A\

3585
20 30 40 50 60 70 80 90100 {<c

A

Puc.2.3. I'paduk 3aBHCHMOCTH ITIOTHOCTH BOJIBI OT TEMIIEPATYPHI.
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Hanonnenue mepHoro 0aka omnpejenseTcs HayajioM IepesiiBa BOJbl Yepes
MEePEropoJIKy, YCTAHOBIEHHYIO B ’TOM Oake.
[1nomans BHEIIHENH TOBEPXHOCTH

Fpp =nf (2.7)

C
rJie 7 - KOJIMYECTBO CeKIuH, mT; f. - Tutomane BHemHeH moBepXHOCTH |
CEKITUHU TIpuodopa, M2, f.=0.29 M-,
PesynbraThl m3MepeHuil 3amuchiBarOTCS B Tadimiy 3.1 SKCIepuMeHTalb-

HBIX U PACUCTHBIX JAHHBIX.

Tadomuma 2.1

Ta6J'II/IHa OKCIICPUMCHTAJIbHBIX U PACUCTHBIX JaHHBIX.

0
Howmep Howmep e Temneparypa, "C Cd G, At =t | Kyp,
pexuma | 3amepa ’ P Kr/C ~1,,°C BT/(MZK)

t@x tB blX tB

1

2

1 3
Cpennee
3HAUCHUE

1

2

2 3
Cpennee
3HAUCHUE

1

2

3 3
Cpennee
3HauEHUE

4. 3AJAHUE HA PABOTY.

Bo Bpems paboThl ciietyeT BBITIOJHATH TpeOyembie 3aMephl M, 00pabaThi-

BaTh JIaHHBIC HAOJIIOACHUMN, TOCTPOUTH HEOOXOAUMBIE TpaPUKH.
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5. HOPAAOK BbINIOJIHEHUS PABOTBDI.

3aMephl BBIMOTHSIOTCS 3BEHOM CTYACHTOB 3-4 YeNoBEKa NMPHU Pa3IMYHBIX
3HAUEHHUAX PaAcXojia BOJbI, KOTOPbIE U3MEHAIOT C MOMOIIbIO BeHTWs1 6. B koHIe
n1abopaTopHOIl PabOThI CTYEHTHI OOMEHUBAIOTCS PE3YIhTATAMHU U CTPOST HEOOXO-
JTMMBbIe TpadyKH.

JIaGopatopHasi paboTa MPOBOJAUTCS B CIAEAYIOUIEM MOPSIIKE.

1. 3a 15-60 muH. 10 Hayana pabOTHI BKIIOYAIOT OIBITHYIO YCTAaHOBKY, IpU
HTOM YCTaHABIMBAETCSI MUHUMAJIbHBINA PACXO/1 BOJIBI.

2. Cpasy nocne Hayaia 3aHsTUU 3aMEPSIOT SIKCIIEPUMEHTAIIBHBIC TAHHBIE T,
ter, U 1, Ha IEPBOM pEXKME paOOTHI, PU 3TOM MOKa3aHUs NMPUOOPOB GUKCUPYIOT
TpH paza uepe3 1-2 MUH., IOJyYeHHBIE PE3yIbTaThl YCPEAHSIIOT U BCE MOCIEAYIO-
IIM€ PacYeThl BBHIMOIHIIOT Ui CPEIHMX 3HAUYEHUH OMBITHBIX JAHHBIX (Tabiuia
3.1).

3. IlpenonaBarenb WM JJAOOPAHT U3MEHSIET PEXUM paOOThI, yBEIHMYUBAS
pacxoj1 BOJIbI 4epe3 mpuoop.

4. Yepe3 20-25 MUH Npou3BOAAT 3aMep MapaMeTPOB Ha BTOPOM PEKUME U

T.1.

6. YKASAHUSA 1O OPOPMJIEHHUIO OTYETA.

OtuyeTt o 1abopaTopHOM paboTe TOHKEH BKIIIOYATh CISAYIONIUE pa3iebl.

1. llenb paGoTHI.

2. CxeMa ONbITHOM YCTaHOBKH.

3. O6paboTka pe3ynbTaTOB H3MEPEHUH IO CBOEMY PEKUMY.

4. Tabmua SKCIIEpUMEHTATBLHBIX U PACYCTHBIX JAHHBIX TI0 BCEM PEKUMaM pabOThI
YCTaHOBKH.

5. I'paduk 3aBucumoctu Ky, = f(4¢).

7. KOHTPOJIBHBIE BOITPOCBI.

1. Kakue TpeboBaHus MPEABIBISIIOTCSA K OTOMUTENIbHBIM ITprbopam?

2. Yto HazpiBaeTcs Kod(phUIIMEHTOM Teruionepenadn?
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3. Ot kakux (aKTOpOB 3aBUCUT TEIIONEPEaaun OTOMUTEILHOTO prdopa?

4. Yo Takoe CTallMOHAPHBIN TEIIJIOBON PEKUM?

8. IUTEPATYPA.

1. CxanaBu A .H. , Maxos JI.M. Oromienne/A.H.Ckanasu, JI.M.Maxos. — M. :
N3natensctBo ACB, 2002. — 576 c.:u. .- bubmumorp. B konue kH.-ISBN 5-93093-
161-5 : 192.00.

2. CocHun [O.I1., bByxapkun E.H., Opnos K.C., Camycs O.P. UnxkenepHbie ceTu u
obopynoBanue 31anuii u coopyxkenuit: Yueonuk/ E.H.byxapkun, K.C. Op:os,
O.P.Camycs u ap.; [Tox pen.}O.I1.Cocauna.-3-¢ u3., ucnp.-M.:Beicur.mk., 2009.-
415 c.:ni.- bubnuorp. B konie kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTA Ne3.
NCCIEJOBAHUE PABOTBI PAIMATOPHOTI O Y3JIA

1. HEJIb U 3A/IAY1 PABOTDI.

JlabopaTtopHasi paboTa MPOBOJIUTCSA B T€UEHUE 4 YAaCOB 3aHATHU C ILIEIbIO
MPAKTHUECKOTO M3YYEHHUS OCHOBHBIX (PAKTOPOB, BIMSIOMIMX Ha KOI(PPHUIMEHT 3a-
TEKaHHUs BOJIbI B OTONMUTENIbHBIN MPUOOp B PAIUATOPHOM y3JI€ CO CMEIICHHBIM 3a-
MBIKAIOIIUM YYaCTKOM, a TAKXKE C LEJbI0 ONPEACIICHNS 3aBUCUMOCTH THIpaBiINye-

CKHMX COIPOTUBIICHUN PaIuaTOPHOTO y3ja OT pacxoja U CKOPOCTH BOJBI B CTOSIKE.
Uccnenoanue npoBOAUTCS AJIS IBYX CXEM MUTAHUS IpUodopa:

1) BoJa IBMIKETCS TIO CTOSIKY CBEpXY - BHH3, UYTO XapaKTEPHO IS OJTHO-
TpyOHOH CHUCTEMBI OTOIUIEHUS C BEPXHEW pPa3BOAKON WM JJIA OIYCKHOW 4YacTu

CTOsdKa OIIHOTpY6HOﬁ CHCTEMBI OTOILICHUS C HUXKHEH paBBOHKOﬁ;

2) BOJa JBMXKETCS 10 CTOSIKY CHHU3Y - BBEPX, UYTO MMEET MECTO B TIOJbEM-

HOM YacTu CTOsIKa OTHOTPYOHOM CHCTEMBbI OTOIJICHUS C HUKHEHN pPa3BOIKOM.
2.TEOPETUYECKUE NOJIOKEHUSA
2.1. Koa¢pdpuuueHrt 3arekaHus BOAbI B paguarop.

OnHUM U3 OCHOBHBIX 3JIEMEHTOB CUCTEMBI OTOIUICHHMS SIBISIOTCS OTOIH-
TeJIbHBIE MPUOOPHI, MPEAHA3HAYEHHBIE JIJIS TIEpe/ladyd TeIIOThl OT TEIIOHOCUTES
B noMenieHue. CyliecTBYIOT pa3iM4YHbIE CXEMBbl IPUCOEAMHEHUS OTONMUTEIbHBIX
npudOpPOB K OAHOTPYOHOMY CTOsKY. B Hacrosiiee Bpemsi HauOouibliiee pacmpo-
CTpPaHEHHUE TOJY4YWIa CXeMa PaJuaTOPHOIO y3ja CO CMEUIEHHBIM 3aMbIKAIOIIUM
y4acTKoM. [IOTOK TEIUIOHOCUTENS y TaKUX PaAUaTOPHBIX Y3JIOB paclpenessercs
10 JABYM NapaJielbHbIM BEPTUKAJIBHBIM HANpPaBICHUSAM: paguaTopy U 3aMbIKato-

memy yvactky (puc.3.1)



23

| 6t
| Gﬂ;%,smgq___w—~ LE";S.T._.‘TE
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Puc.3.1Cxema paguaTopHOro ys3ia:a) Npu IBHKEHUHU BOJBI CBEPXY BHHU3, 0) MpU JIBU-

JKCHHUU BOABI CHU3Y BBCPX.

OtHomleHne pacxona BOJBI 4epe3 OTONMUTENbHBIA mpudop Gy, kK pacxony

BOJBI B CTOAKC GCT Ha3bIBACTCA KOI)(l)(I)I/II_[I/IGHTOM 3aTCKaHHUA

G (3.1)

[Ipn H30TEPMHUUECKUX YCIOBUSX MOTOK TEIJIOHOCHUTENS pPACIPENESIeTCs

I10 IMapaJuICJIbHBIM YYaCTKaM IIPOIIOPIHHUOHAIIBHO UX IIPOBOAUMOCTH

S _ % (3.2)
Gy oy

NJIn

SHP x GIZYP = S3y x S32y (33)

A€ Opp, Ozy ~-IIPOBOAUMOCTD COOTBCTCTBCHHO OTOIIMTCIIBHOIO an6opa C

12
MPOBOJIANIUMU TPyOaMU M 3aMbIKAIONIETo ydacTka, kr/(4 [1a™), moka3eiBaeT pac-

XOJ BOJIbI WJIW TTIOTepH aBieHus Ha ydyactke 1 Ila;

Sip 1S5y - XapaKTEPUCTHKA CONPOTUBIICHHUS COOTBETCTBEHHO OTONUTEIBHOIO
npubopa C TMOJABOJAIIMMH TpyOaMu M 3aMbIKaloIIero ywactka, kr/(u Ila’

2
1) ,TIOKA3bIBAET TIOTEPIO JIABJICHHUS HA y4acTKe MPU pacxoje BoabIl Kr/d.

G,y = (1-0)G,; -pacxon BobI B 3aMBIKAIOIIEM YUaCTKe, KI/4.
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I/IBOTCpMI/I‘IGCKI/IMI/I Ha3bIBAIOTCA YCJIIOBUA ,IIPU KOTOPBIX TEMIICPATYPhI
IIOMCIICHUA U TCIINIOHOCUTCIIA B HpH6ope PaBHBI, T.C. TCILNIOOTAAa4d OTOIIMTCIIbHO-

ro mpubopa paBHa HYIIO.

Koad¢uiment 3aTexkanusi BOIbI B 3TOM CIy4ae MOXHO OMNPEICIUTH U3

ypaBHeHus (5.3) ¢ yueTom (5.1)

Oy =~ =— (3.4)

B o0mem ciyyae (mpu M30TEPMUUECKUX YCIOBUAX) KO (PUIIMEHT 3aTeKa-

HUS 3aBUCUT OT MHOTHX (DAKTOPOB, @ IMEHHO:
1) oT pacxoja HJIM CKOPOCTH JBUXKEHHS BOJBI B CTOSIKE(Ger, Vy);
2) OT TEIIOOTAAYN OTONUTENIbHOTO mpudopa(Q);
3) OT CXeMbI pagHaTOPHOIO y3IIa;
4) OT JUTMH ¥ IWaMETPOB MOJABOJOK K paIuaTOPy U 3aMBIKAIOIICTO YJacTKa;
5) ot BeICOTHI oTONHUTENBHOTO IIprOOpa(h);
6) OT HampaBIICHHUS IBMIKEHUS BOJBI B CTOSIKE.

VYpaBHeHuUe, CBI3bIBAIOLIEE TEPEUUCIICHHbBIE (DAKTOPHI U XapaKTepHU3yIoIlee
JIaBJICHUE TTIOTOKOB BOJIBI B PAIMATOPHOM Y3JI€, MOKET OBITh MPEICTABICHO B BUJIE:

Sup ><G‘127P =S5y XG32y t AP,

rae APe - ecTecTBEeHHOE LIUPKYISIMOHHOE JaBJI€HUE, BOSHUKAIOIIEE B Ma-
joM Koubile nupkyssiiun abed (ecm. puc.3.1) u3-3a pa3HOCTH MJIOTHOCTEH BOMBI B

OTONUTEIBHOM NMPUOOpE U B 3aMbIKaroLIeM yyacTke, [1a.

EctectBeHHOE MUPKYJBLIIMHOHHOC JaBJICHHUC NNPUHHUMAKOT CO 3HAKOM IIIIOC

IpU ABMKEHUU BOJbI CBEPXY BHM3, KOIJIa OHO CIIOCOOCTBYET 3aTEKAHMIO BOJbI B
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paguaTtop, 1 CO 3HAKOM MHHYC ,KOrga OHO IPCIATCTBYCT 3aTCKaHMIO BOAbLI B pa-

JTUATOP.
Ecnu npenebpeub oxiaxaeHUEM BOIbl B TpyOax, To:

AP, :hx(pnp —p3y)><g :hXbx(Tl_tnp)Xg =O,5><h><b(T1—t2)><g,

(3.6)
[APE =hx(pyp —ps)xg=hxbx (T, -t,,)xg=05xhxbx(T, -t)xg ]

rae t ;,,=0,5( Ti-ty ), [t up = 0,5(T,- t1)] -cpennss Temneparypa BOAbI B IIpU-

6ope,’C ,h-BbicoTa paguaTopa, M;
b- TemmeparypHsiit ko3 durment, kr/(m° °C).

Pup 1Psy ~INIOTHOCTH BOJBI COOTBETCTBCHHO B paJHaTOPC M 3aMbIKAIOIICM

3.
y4acTKe, Kr/ M™.;
g -yCKOpPEHHE CHJIbI TSHKECTH, M/C;

Tl )51 tz- TCMIICPATypbl BOAbBI COOTBCTCTBCHHO Ha BXOIC B paHHaTOpHLIﬁ

y3€ll ¥ Ha BBIXOJIE M3 pajiuaTopa MpH MUTAaHUU CBEPXY - BHU3, °C ( puc. 5.3);

T, u ty-TeMriepaTypbl BOJIbl COOTBETCTBEHHO Ha BXOJI€ B PaIMaTOPHBIN y3eI

Y Ha BBIXOJIE M3 pajJiiaTopa MpH MUTaHUU CHU3Y - BBepX, °C ( puc.5.3).

31ech U B ajJbHEHIIEM B KBaJpaTHBIX CKOOKaxX MPUBEAEHBI (DOPMYJIIbI IS

CiIy4das ABMIKCHUA BOAbI CHHU3Y - BBEPX.

Pemenue ynpapieHusi(5.5) OTHOCUTENBHO O 3aTPYJHUTEIBHO, TTOATOMY B
JTAHHOM J1abopaTopHOU paboTe KOAIDPHUIIMEHT 3aTeKaHUs MOXKHO OMPENETUTh U3
ypaBHEHUS TEIUIOOTAAYN paaraTopa.

1 1
Q:%xchnPx(Tl—tz):%xchCT X(Tl_Tz)a BT,

1 1
[QZEXCXGHPX(TZ —t1)=%><c><GCT ><(T2 —Tl)]

Br, (3.7)

b
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0
r7e c-TeroeMKocTh Bojibl K/[x/(kr “C); oTKyna

T,-T
[, = 217 (3.8)
Tl —t2 HENU3 T2 —tl

Aypyz =

B namrem ciyaae b= 0,64 xr/(m °C); h=0,5 m.; c=4,19 xJx/(xr °C);g =9,81

m/c”.
2.2 T'uapaBjnyecKue CONMPOTUBJIEHUS PAIMATOPHOIO y3Ja.

B o0uiem ciayyae (mpy HEM30TEPMHUUECKUX YCIOBUSAX ) THIPABIUYECKUE CO-

IPOTHBIICHHS PAIHATOPHOIO Y3714 OMPEAEIIAIOTCS 1Mo (hopMyIIe:
APHEI/IB = SHP X af]El/IB‘ x Gér 2 APE = S3y (1— aHEl/B)Z X Gér ) ITa (39)

3Hak MUHYC IIPUHUMACTCA IIPHU ABHMKCHHUH BOJAbI CBEPXY - BHU3, IIJIIOC - IIPH

JABUKCHHUHU BOJIbI CHHU3Y - BBCPX.

XapakTep CONPOTUBIEHUS Sy, U S,y 3aBUCAT OT JUIMHBL U IUaMeTpa TpyOo-
IIPOBOJIOB U CYMMbI KO3((UIMEHTOB MECTHBIX CONPOTUBIECHUN HA Y4YacTKax, a

IIpU OOJIBIIIUX CKOPOCTSAX BOJBI M OT ee pacxoja. M3 ypaBHenus (9) ciemyer, 4To

AP, £ AP

+ 1\2
S;p=—288——*£ Tla/(xkr-a™)",

& ez X OGer

A PHEI/B

(1_ A g3 )2 X GCZ‘T

1y2

S,, = , [Ta/(xkr-u™)”, (3.10)
['mapaBarYecKue COMPOTUBIICHUS PaIdaTOPHOIO y3Ja MPH U30TEPMHU-

JECKHUX YCIOBHSX OIPECTSIOTCS o bopmyie:

AP]/B = SHP Xa1243 XGCZ‘T = S3y x (1_an3 )2 XGCZ‘T = SPy XGCZ‘T 9Ha (311)
Torma xapakTepUCTHKH COITPOTUBJICHHS PaJMaTOPHOIO y3Jia paBHa:

Spy = %, TMa/(kr-aY), (3.12)

2
cT
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B nocjiaecaHee BpEMsA C LOCIbIO HHAYCTPHAIM3AOWH 3aroTOBHUTCIIBHO-
MOHTAXHBIX pa60T CTOsJIKHN B CUCTCMaX OTOINICHU CO6I/IpaIOT N3 OTACJIBbHBIX om10-

KOB- 3TaXKECTOSAKOB (puc. 3.2).

e lalb —

f)i s 4

“l‘

-]
!

(d= “J‘WW

| I

Puc.3.2. Cxema 3TaxkecTosKa.

rHI[paBHquCKHe COIIPOTHUBIJICHUS TAKOI'O 3TAKCCTOAKA B U30TCPMHUUICCKUX
N HCU3OTCPMUYCCKUX YCIOBUAX IIPCACTABIIAIOT coOo CYMMY COHpOTI/IBJICHI/Iﬁ pa-

JHATOPHOIO y3JIa U YaCTH CTOSKA.
VCT X p
AP, ., =AP+Rx(2,7—h+1_ +1,)+ Z§0TB ><T Ila (3.13)
rae- AP -rumpaBindeckre CONPOTHBICHHS PaIHaTOPHOTO y3J1a COOTBETCT-

BCHHO B U30TCPMHUUICCKHUX U HCU3O0TCPMHUUCCKUX YCIIOBUAX, Ha,

R-ynensHOe maneHue NaBlieHHWs HAa TpPEHUE, NPUHUMAEMOE MO Trpauky

(puc.5.5), Ila/m;
Y Eors~ CYMMapHbBINA KOADPUIIMEHT MECTHBIX COMPOTUBIEHUI OTBOJIOB;

(V2 x p)/ 2 -TMHAMHYECKOE JTaBIIEHKE BOJIBI B CTOSIKE.

V2 x 4%xG,.. )% x 16
axp__ xGy)xp S XGl = AxGZ, Ta, (3.14)
2 2x(3600x pxxdZ)® 2x3600°x p*x7° xdy,

132
A- ynenpHOE TUHAMHUYECKOE JaBjeHue B crosike, [1a/(kr-u~)° , BO3HHKarO-

Iee Ipu pacxoje Boasl 1 Kr/d.
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B Hamrem ciyuae Y &= 2; A=3,18-10" Ila/(xr-u™)?
XapakTepuUCTUKA COMPOTUBIICHUS ITAKECTOSIKA OMPEIeNsIeTcs o hopmyIie

u3
AP Ma/(xr-a)?, (3.15)

S3—CT -
CT

rac AP3_CTH3 -THAPABINYCCKUC COIIPOTHUBIICHUA 3TAXKCCTOAKA B U30TCPMUIC-

CKMX yCIOBUSX, [la.

I/ICHOJ'II)By}I IMOHATHUC ITPUBCIACHHOTO KO3¢)(1)I/IHI/ICHT& MCCTHBIX COIIPOTHUBJIC-

Hul, popmyny(13) MOKHO nepenucaTh B BUJIE:
X
Py cr Zé:OTB CT /0 = 3 CT XAXGET’ I1a, (316)

rae &, © -TIPUBEACHHBIH KOI(DPHUINEHT MECTHBIX COMPOTHUBIICHHUIN JTaXKe-
CTOSIKA, IOKA3bIBAET IMOTEPIO AABICHUI B MECTHBIX CONPOTUBIICHUAX, BBIPAKECH-

HYIO B JOJISIX JUHAMHYECKOTO JTaBJICHHSI.
Otkyna

. _ AP D-CT

2-CT — 2 "
AxGE,

(3.17)

3.0ObbEKT UCCJIIEJOBAHUAI.

3.1. CxemMa ONBITHOM YCTAHOBKH.

Ha puc.3.3 npuBenena cxema OonbITHON YCTAaHOBKU. B OTOMUTENbHBIN MpU-
O0op 6 ropsuas BoAa MOCTYIMAeT U3 CTOAKA | CHCTEMbl OTOIUICHMS 3IaHMS IOCIe
OTKpBITHSl BeHTWIs 2. M3 MepHoro 6aka 11 Boxa mo tpyOomnpoBoay 14 cOpacrkiBa-
eTCsl B KaHaJn3anuo. PerynupoBanue pacxoaa BOAbI Yepe3 MPUOOP MPOU3BOAUTCS

kpanoM 10.

HpI/I HUCIIBITAHUN PAAUATOPHOI'O y3Jjia IO CXEMC ABWIKCHUA BOJbI CBCPXY -

BHM3 BEHTWIU 3 U 8 3aKPBITHI , a KpaHbl 5,13 oTKpbITHL. Torma Boga mno Tpyoonpo-
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BOAY 4 OyJeT nocTymnath B paguatop 6 cBepxy B Hanpaiienuu BA. Jlanee, npoias

yepe3 MepHbIi 0auok 11, Boga cOpacbiBaeTcs B KaHAIM3ALMIO IO TPyOOIPOBOIY

14,

[Ipu uccnenoBaHuM pauaTOPHOIO y3J1a MO CXEME JBUKEHUS BOJbI CHU3Y -
BBEpX KpaHbl 5,13 3aKpbIBatoTCS , @ BEHTWIM 3 U 8§ OTKphIBalOTCS. B 3TOM citydae
BOJIA 10 TpyOOIpoBOAY 4 MPOXOAUT Yepe3 BEHTWIb 3 U B OTONUTEIBHOM CTOSIKE

IBUXKETCsl B HampaBieHnn AB u ganpiine depe3 BeHTWIb 8 B MepHBI O6audok 11.

4 ——

!
N

C —H 6
IR 2
9

7 >8 karnasuzayuw
Puc.3.3. CxeMa OnbITHOW yCTaHOBKU
3.2 MeToanka u3MepeHui
DKCIEPUMEHTAIILHOE HCCIIEJOBAHUE CBSA3aHO C U3MEPEHUEM CIICTYIOIIUX BEJIMYMH:
1)pacxona Bojpl B ctosike G,
2) TemnepaTyp BoabI T4, ty, Ty, to;
3) majgeHus 1aBJiICHUS B paauaTopHOM y3ie APy,

Temneparypsl Boasl T; ty, T, t, U3MepsIOTCS ¢ TOMOLIBIO PTYTHBIX TEPMO-
METPOB, YCTAHOBJICHHBIX B 3aIIUTHBIX TMJIb3aX, KOTOPBIE MPEAOXPAHAIOT TEPMO-

METPBI OT MOJOMKH. JUJIsl yJIydlIeHHs TEIUIOOTAAYu OT TWIIb3bl K pe3epByapy Tep-
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MOMETpa, 00pa3yIOIIUCS B TUJIb3€ KOJIBLIEBOW 3a30p MEXKIY PE3epByapoM U €e

CTCHKOM 3aIl0JIHSICTCS MAllIMHHBIM MacCJIOM.

Pacxob1 BOJbI ONpeAETISIOTCS C TOMOIIBI0 MEpHOTo Oauka 8, 00beM KOTo-
poro 3apaHee u3BecTeH U paBeH V. OOBsi3ka kaMmepHOro Oaka TpyOompoBoaaMu
BBITNIOJIHEHA TaK, YTO MPU OTKPHITOM MPOXOJHOM KpaHe 13 Bosa B Oake HE CKaruiu-

BacTCi, OH 0e3 BOJBI.

[Ipu m3mepeHun pacxoma BOABI 3aKpbIBaeTCs KpaH 13 W OJHOBPEMEHHO
BKJIIOYAeTCs cekyHaomep. [lo BpeMeHn HaroJHEeHUs] MEpHOTO Oavyka MOXHO OTpe-
JIEUTh YaCOBOM pacxo/i BOJBI B CTOSIKE 1O (hopmyJie

3600V,
T

Ger x p, KI/4, (3.18)

r7Ie T — BpeMs HAIOJHEHHS MEPHOro 0ayka, C; p — IUIOTHOCTh BOMABI IIPU
temmeparype T [Ty] (cm.puc.3.3, 1a6.pa6. Ne3), kr/nm’.

Hanonnenne MepHoro 0avka ornpeaensercs HayajloM IepeanuBa BOJbI Ye-

pe3 MeperopoJiKy, yCTAaHOBIEHHYIO B 3TOM Oauke.

I'mapaBianyeckoe CONMpOTUBIICHUE PaguaTopHOro ysia AP, uaMmepstorcs

BOJIOBO3IYIITHBIM MaHOMETPOM 14 1 ornpeAensroTcs mo Gpopmyie

X
APy = (H MAH)X 30018 - RX(IBA _IAa)s Ia (319)

rac H — nokazanus BOJOBO3AYITHOI'O MAHOMCETpPA, MM,

AH — nomnpaBka, y4uThIBaroIIas pa3HOCTh TEMIIEpaTyp BOJBI B TPyOKax BO-
JOBO3JIYIITHOTO MaHOMeTpa Ha ydactke CJ] m B yyacTke MEXIy TOYKaMHU 3aMepa,
MM;

Ig., |ag - paccTosiHEE OT Touek 3aMepa AABICHUH A0 PagHaTOPHOTO y3ia (
puc.3), M.

Touku 3amepoB A u B paBHBI B CE€UCHUSIX TTOJTHOM CTaOUIM3AIMU TTOTOKOB

Ha OIIPCACIICHHBIX PACCTOAHUAX OT MCCTHBIX COHpOTHBHeHHI;'I.
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Benuuuny nonpasku AH criemyer ompenensith mocie BBIIIOJHEHUS] BCEX
3aMEpOB IO MOKAa3aHUsAM 3TOTO K€ BOJOBO3AYLIHOTO MAaHOMETpA IOCIE MOJHOIO

3aKpBITUS BEHTWIA 9 U NPEKPALEHUS UUPKYJISILIUU BOJIBI.

[Ipu pabote paaMaTOpHOrO y3ja MO CXEME CBEpXY BHM3, BEIMYMHA IO-
npaBku AH B popmyine (3.19) npunumaercst co 3HakoM muuyc. [Ipu paborte pa-

JIMAaTOPHOTO y3Ja IO CXEME CHU3Y BBEPX 3Ta MOMPABKA UMEET 3HAK ILIIOC.

Pe3ynbTaThl M3MepeHUIl 3alUChIBAIOTCS B TAOJIUIYy SKCIEPUMEHTAJbHBIX

JaHHbIX (Ta0i1.3.1).

3aMepI>I mapamMCTpoOB CICAYCT BLIIIOJIHATL TOJIBKO IIPHU CTAHOHAPHOM TCII-

JIOBOM IIpoIiecce, Korja nokaszanust repmomeTpoB Ty T, tyt, OyayT mocTossHHbIMU.

45
40

35
30
25

20
15

10
5

0 et
0 40 80 120 160 200 240

Ger Kr/4

Puc 3.5 I'paduk 3aBucumoct R 0T pacxoma Bojbl B crosike, d=20Mm

Pe3ynbTaThl pacyeToB 3alMCHIBAIOTCS B TAaOJMUIy pACUETHBIX JaHHBIX

(Ta6m1.3.2).
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Tabmura 3.1
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.
SKCHepI/IMeHTaHBHBIC JAHHBIC
Tabmuma 3.2.
PacuetHrie JAHHBIC.
Ne Hewuzorepmuueckue  ycno- | M3orepmud. yco. 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 HEOOXOMMO BBITIOJIHUTH DKCIIEPUMEHTATHHOE UCCIIE0-

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

JTUMBbIE TpadUKH.

5. HOPAOK BBIIIOHEHUSA PABOTbBI
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HccnegoBanue painaTopHOro y3ijia OCYIIECTBISIETCS Ha 3-4 pexuMax ero
paboTel. PexxuM paboThl y3ia OompenemnsieTcsi pacXooM Bojbl B cTosike. [lepexon

Ha I[perﬁ PEKHUM IIPOU3BOANTCA USMCHCHUCM PACX0O/Ja BOAbI C TIOMOIIbIO BECHTHUJIA

9.

HccnenoBanue paboOThl painaTOPHOTO y3j1a Ha KaKJIOM PEKHUME OCYIIECTB-
asieTcst Opuraaoil cTy1IeHToB U3 3-4 yenoBek. B koHile 1abopatopHoi pabOThI CTY-

JIEHTHI OOMEHUBAIOTCSI Pe3yIbTaTAMHU U CTPOSAT HEOOXOAUMBIEC TPAPHUKH.
JlabopaTopHasi paboTa IpOU3BOAUTCS B CICTYIOIIEM MOPSIKE:

1) 3a 35-40 MUHYT 10 HaYaJIO PaOOTHI BKIKOYACTCS OIBITHAS YCTAHOBKA,
IIPY OTOM YCTAHABIMBAECTCA MUHUMAJIbHBIN PACXO/ BOBI,

2) cpa3sy e I0cCie Havalla 3aHSITUH MTPOU3BOASTCS 3aMephl SKCIIEPHUMEH-
TanbHbIX AaHHBIX T, T1 Tot t, H Ha mepBoM pexkume pabOThI pU 3TOM MOKa3aHUSA
npuOOPOB HEOOXOAMMO (PUKCHPOBATH TPU pas3a yepe3 1-2 MUHYTHI; NOJIyYEHHbIE
3HAQYECHUSA YCPEAHAIOT U BCE IOCIEAYIOLIME pacyeTbl I CPEIHMX 3HAYCHUU
OIBITHBIX TaHHBIX (Ta0:1.5.2)

3) mnpenojaBaTeNs WIN JTa0OPAHT M3MEHSET PEKUMBI PAOOTHI, YBEINYH-
Basi pacXol BOJbI B CTOSIKE;

4) dgepe3 20-25 MUHYT NPOU3BOMAATCS 3aMepbl MapaMETPOB Ha BTOPOM
pEXUME U T.[.;

5) ompenensercs monpaska AH.

6. YKASAHHUE 110 O®POPMJIEHHUIO OTYETA

Otuer no abopatopHOi paboTe JOJKEH BKIIIOUAThH CIEAYIOIINE MATEPUAIbL:

1. Ilens paboTHI.

2. (Cxema OIBITHOH YCTaHOBKH.

3.  OOpaboTka pe3yJbTaTOB U3MEPEHUI 110 CBOEMY PEKUMY.

4. Tabnuibl SKCIEPUMEHTAIBHBIX M PACUCTHBIX JIAHHBIX IO CBOMM pe-

KHMaM pa0boThl ycTaHOBKH (Tad. 5.1, 5.2).
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5. I'paduku 3aBUCHMOCTEH.

a,; = TGy ); ggfcm =¢(GCT) - ISl U30TEPMHUUYCCKUX M HEU30TepMHUYeE-

CKHUX YCIIOBHUHU.

7. KOHTPOJIBHBIE BOITPOCHI

1. Yro Ha3bIBaeTCs KOAPPUIIUEHTOM 3aTEKaHUS U OT KaKuX (PaKTOpOB OH
3aBUCHUT?

2. Kak ompeznensercss eCTECTBEHHOE JaBJICHHE B MajoOM KOJbIE LIUPKY-
JSIUMU ¥ KaK OHO BJIMSIET HAa paboTy pagnaTopHOro y3ina?

3. Kax ompegensercs runpaBiMyecKoe€ CONPOTUBICHHE PaAUATOPHOIO
y3J1a IpH U30TEPMUYECKUX U HEM30TEPMHUUECKUX YCIOBUIX?

4. UYro Ha3bIBaeTCs MPUBEACHHBIM KO3(PPUIUEHTOM MECTHBIX COMPOTHB-
JaeHun?

5. Kak paboraer maboparopHasi yCTaHOBKa IpHU JIBMXKEHHH BOJbI B pa-
JMATOPHOM Y3JI€ CBEPXY - BHU3 U CHU3Y - BBEPX?

6. Kak onpenensiercst monpaBka AH 1 9yTo oOHA yunThIBaeT?

7. Tlouemy 3amepbl mapaMeTpoB IpousBoAsTcs yepe3 20-25 MHUHYT mo-
CJIe U3MEHEHUS pacxoa BOJbI?

8. Kak B maboparopHoii paboTe ompeaesieTcss pacXoa BOJbI B CTOSKE?

8. JUTEPATYPA

1. CxanaBu A.H. , MaxoB JI.M. Oronnenne/A.H.Ckanasu, JI.M.Maxos. — M. :
NznarensctBo ACB, 2002. — 576 c.:un. .- bubauorp. B konie kH.-ISBN 5-93093-
161-5:192.00.

2. Cocuus [O.11., bByxapkun E.H., Opnos K.C., Camycs O.P. UnxenepHsie cetu u
obopynoBanue 31anuii U coopyxxkenuit: Yueonuk/ E.H.byxapkun, K.C. Opiios,
O.P.Camycs u ap.; [Tog pen.}O.I1.Cocuuna.-3-e uz., ucrtp.-M.:Beicur. k., 2009.-
415 c.:ui.- bubnuorp. B konie kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTA Ne4.

HUCCJIEJOBAHUE HA MOJEJIH PABOTHI BEPTHKAJBHOHN
JIBYXTPYBHOU OTOIVIEHUSI C HUKHEM PA3BOJIKOIA.

HEJIb U 3AJAYU PABOTHBI

JlabopaTopHasi paboTa MPOBOJUTCSA B TEUEHUE 2 YAaCOB 3aHATUM C ILIEIbIO
MPAKTUYECKOIO U3YyUYECHUS] YCTPOMCTBA CUCTEMBbI OTOILJICHUS, 3aMIOJTHEHUS U ITyCKa
CUCTEMBI B palOTYy, yIaJieHUsl BO3/lyXa U3 CUCTEMBI P MTyCKE U BO BpeMs paboThI,
M3MEPEHUS U pacyeTa HMUPKYJIAIUU BOJBI B CUCTEME, IKCIUTYaTallMOHHOTO PEeryJiu-

pOBaHHA MOITHOCTHU CUCTEMbI OTOILJICHMA.

2. TEOPETUYECKUE TOJIOXKXEHUA

2.1. CucremMbl OTOIVIEHHS € eCTeCTBeHHO nupkyJasimueii. Ilpemmymecrsa u

HEA0CTAaTKMU.

Cuctembl BOJSHOTO OTOIUIEHUS C €CTECTBEHHOW LIMPKYJSIMEH BechMa
yAOOHBI JJIsl OTJAEIABHBIX 3JaHU/, MOTYYaIOIINX TEIJIOTY OT COOCTBEHHOW KOTEIb-
HOM YCTAHOBKH WJIM TEINIOOOMEHHHKA IPHU HE3aBHCHUMOM IPHUCOCTUHECHUHN CHCTE-
MBI K TETUIOBOW CETH. DTU CHUCTEMbI HAJICKHbBI, OCCITYMHBI, MPOCTHI B AKCILTyaTa-

1IMH, HE TPEOYIOT 3aTpaT 3JIEKTPUUYECKON SHEPIrUU Ha TPUBOJI HACOCA.

K HemocTraTkam CHUCTEM C €CTECTBEHHOM LHUPKYISIUEH CIeAyeT OTHECTH
HeOosbpmoi paauyc nerictBus ( 1o 30 M ) U MOBBILIEHHBIN pacxoj MeTajia, 3a-
MEJUICHHBII IPOrPEB CUCTEMBI a MEPUOJ ITyCKa U BO3MOYKHOCTh 3aMEP3aHUs BOJIbI

Ha OITaCHBIX Y49aCTKaXx H3-3a MaJiou CKOPOCTH JABUKCHUAI.

[Ipu ectecTBeHHOW HUPKYIAIMU Hambojee IesecooO0pa3sHo MPUMEHEHHE
BEPXHEHN Pa3BOJIKM MOAAIOIIMX MATUCTPAIbHBIX TEMJIONPOBOAOB , HUKHSSA Pa3BOI-
Ka IIPUMEHSETCS B OCHOBHOM B T€X CIIy4asX, KOTJla OTAIUIMBAEMOE 31aHUE UMEET
Oecuep1auHoe MTOKPHITUE WJITW TTOBAJI, TPOXO SN MO BCEM 3JJaHUEM U JTArOIIUN
BO3MOKHOCTh TPOKJIQJBIBATh MAruCTpajdbHbIE TPYOOIPOBOJBI 6€3 JOMOTHUTEb-

HBIX 3aTpaT Ha COOPYKCHUC IMOAIIOJIbHBIX KaHAJIOB.
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JIByXTpyOHBIE CUCTEMBI OTOIUIEHUS ¢ HWKHEH pa3BOAKOW 00JajaroT cie-
JQYIOIIMMH TOJIOKUTEIBHBIMU CBOMCTBAMU: MOHTaX M ITyCK CUCTEMBI MOXET IPO-
M3BOAUTHCSA MOAITAXKHO IO MEpPE BO3BEACHUS 3[aHUs; YMEHBIIAKOTCS MTOTEPH TEI-
JOThI NOJAIOLIUMHI MarucTpasIMM; IO CPAaBHEHHUIO C JBYXTPYOHBIMU CHUCTEMaMHU C
BEPXHEN Pa3BOJKON, 3TU CUCTEMBbI UMEIOT OOJIBIIYIO TMIPABIMYECKYIO YCTONYH-

BOCTb.

OmHUM W3 HETOCTATKOB TaKWX CHUCTEM SIBIICTCS HEOOXOIUMOCThH YCTPOU-
CTBAa CHELMAJIbHON BO3AYIIHOW JIMHUM ISl yIAJICHHUS BO3/1yXa U3 CUCTEMBI B IIEPHU-
0J1 €€ IyCKa U dKCIUTyaTaluu. Bo3MylIHYO JUHUIO ITPOKIIAABIBAIOT 110 HOTOJIKOM
BEPXHETO 3TaXka 3/1aHUA. Y CTAHABIMBAEMbIC BMECTO BO3AYIIHOW JIMHUHA BO3IYXO-
BBIITYCKHBIE KpaHbl HAa KAXKJIOM U3 MPUOOPOB BEPXHETO 3Ta)ka TPEOYIOT MEPUOIH-
YeCKOW MpOoBEpKU MyTeM 00Xoja Bcex nmomenieHuit. Kpome toro, mjis npucoenu-
HEHUs pacIIUPUTEIBLHOTO 0aka HeoOXoauMa MPOKIIAIKa COCTUHUTEILHOTO U U P-
KYJISITUOHHOTO TPYOOIPOBOJIOB 3HAYUTEIHHO OOJBIICH MPOTSHKEHHOCTH, YE€M B

CUCTEME C BEPXHEU pPa3BOIAKOM.

Pacxon Tpy0 Ha cuctemy C HUXKHEHW pa3BOJIKOUM MpHU yAaJIeHUU BO3yXa ye-
pe3 BO3AYIIHYIO JUHUIO Ha 5% OosbIle, a MpU yJaJeHUHd BO3AyXa 4Yepe3 BO3IYyII-
HbIE KpaHbl — Ha 5% MeHbIIle, YeM Ha JIBYXTPYOHYIO CUCTEMY C BEpXHEH pa3Boji-

KOMH.
2.2. 3anoJIHeHHEe CUCTEMBbI OTOIJIEHHsI BOJIO. Y1ajleHHe BO3ayXa.

Cucrema OTOMJICHUS 3aIIOJIHACTCS BOI[Oﬁ U3 BOAOIIPOBOJA HIIH TEILIOBOM
cetu. Enmm AaBJICHUC B BOAOIIPOBOAC HC NOCTATOYHO, TO HUCIIOJIB3YIOT pquOﬁ Ha-

COC HUJIM HACOC C JJICKTPHUUYCCKUM IIPUBOAOM.

Ha monemu ( cMm. puc.4.3 ) 3anoaHeHHE CUCTEMBI IPOU3BOIAT C MOMOIIBIO
cocynal( myTem ero MeJIeHHOTO TIoIbeMa. MeIJIeHHOE 3aIll0JIHEHUE CUCTEMBI BO-

I[Oﬁ o0ecIreynBaeT MOJIHOE YAAJICHUC BO31yXa U3 CUCTCMEIL.
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B cucrtemax BOJSIHOTO OTOIUIEHUS CKOIUJIEHHWE BO3/AyXa HapylaroT LUPKY-
JSIUIO TETJIOHOCUTENS M BBI3BIBAIOT KOPPO3UI0 MeTaiia. Bo3ayx B cuctemy oto-
IUICHUS TONaAaeT ABYMsI MYTSAMHU: YAaCTHYHO OCTAeTCsl B CBOOOJHOM COCTOSIHUU
IPU 3aMOJIHEHUH MX TEIUIOHOCUTEIEM HIIM BOJOM B MPOIECCE 3arOJHEHUS U IKC-
IUTyaTalld B pacTBOpeHHOM BHJe. KoinuecTBO cBOOOIHOIO BO3ayXa, OCTAKOIIE-
rocst B TpyOOINpoBOAax U MpuOOpax MpH UX 3alOJHEHUH, HE TOJIaeTC yUeTy, HO
ATOT BO3AYX B MPABUILHO CMOHTHUPOBAHHBIX CUCTEMaX YCTPaHSIETCSl B TEUCHUE He-

CKOJIBKHUX I[Heﬁ OKCILTyaTalluu.

KomnuectBo PaCTBOPCHHOI'O BO34yXad, BBOAUMOI'O B CUCTEMY IIPH IICPHUO-
JAUYCCKHUX I[O6aBKaX BOJbI B IIPOOECCE OKCILTyaTalyu, 3aBUCUT OT Ka4YCCTBA HC-
XOIIHOP'I BOJBI. HOILHI/ITO‘-IHEUI BOJa COACPIKUT CBBILIC 30 wmr. BO3JyXa B 1 xr BOJHbI,

MIOANMTOYHAS A€a’pUPOBAHHAS BOJAa W3 TEIUIOBOW CETH — | M.

KomnuecTBo PaCTBOPCHHOI'O BO34YyXad, ICPCXOIAIICIO B CBO6OI[HO€ Co-

CTOSIHME, 3aBUCUT OT Temmneparypsl ( Ta0a.7.1) 1 JaBIeHUs BOJBI.

Taomuma 4.1.

3aBUCUMOCTb PaCTBOPUMOCTH KUCJIOPOJA BO3AyXa
OT TEMIIEpATyphbl YUCTON BOJABI IPU ATMOC(HEPHOM JTABJICHHH.

Temmneparypa,’C 5 30|50 709095

PactBoprMocTh kuciopona Bo3ayxa, mr/kr | 33 |20 | 15|11 |5 |3

N3 tabnuust 4.1 BUAHO, 4TO MOBBILICHHE TEMIEpPATyphbl BOJBI COIIPOBOXK-
JIaeTCsl 3HAYUTENIbHBIM TOHWKEHUEM COJIEpP KaHUs B HEH paCTBOPEHHOTO KHUCIIOPO-
71a, IEPEXOASIIEro MpH 3TOM B cBOOOJHOE cocTosiHMe. s yaaneHus Bo3ayxa u3
CUCTEMBI JIOJDKHBI OBITh MPEIYyCMOTPEHBI CIleHUaNbHbIE yCTpoiicTBa. Tak Kkak
IUTOTHOCTh BO3/IyXa MEHBIIE MJIOTHOCTU BOJBI, My3bIPHKH BBIICTSIONIETOCS BO3-
Jyxa BCIUTBIBAIOT M CKAaIUIMBAIOTCS B BEPXHUX TOYKaxX CHCTEMBI. B cuctemax c
BEpPXHEH pPa3BOAKON IMOAAIOIIME MarucTpalyd MPOKIAIBIBAIOTCS C HEOOXOIUMBIM
ykioHoM ( He mene 0,002 ) ana duxcanuu BEpXHUX TOUEK cOOpa BO3ayXxa U ynaa-

JeHust ero B atMocepy. B 3TuX Toukax ycTaHaBIMBAIOT BO3AYXOCOOPHHUKH; U3
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KOTOPBIX BO3AYX YAAIAIOT YCPE3 PYUHLIC CITYCKHBIC KpaHbl WKW aBTOMAaTHYCCKHC
BOBI[YXOC60pHI/IKI/I. B cucremax ¢ HWXHHM PaCIIOJIOKCHUCM MaFHCT‘paﬂeﬁ OTBOJ

BO3ayXa MOXCT OCYIICCTBIIATLCA ABYM: crioco0aMu:

1. C moMompl0 py4HbIX M aBTOMATHYECKUX KPAHOB, YCTAHOBJICHHBIX B
OTOMHUTENBHBIX MpHOOpax BepxHEro »Taxa. [Ipu ncmnonb3oBaHUM PYyYHBIX KPAHOB
Ui 00ecrieueHNs Hale’)KHOCTU pabOThl U YMEHBUICHUS YaCTOThl yJAJI€HUs BO3/Y-
Xa paJuaTopbl, HECMOTPS Ha yMEHbIIIEHHE KOd(PUIIMEHTa TeIUIonepe1adn, peKo-

MEHIYETCS IIPUCOEIAUHATD 0 CXeMe «CHHU3Y-BHH3» (puc. 7.1).
. 1 - !

]
B T

Puc. 4.1. Cxema npucoeIuHEeHUs] OTONMUTEIbHBIX NMPUOOPOB BEPXHETO ITaka B JABYX-
TpYOHOIl cucTeMe OTOIUIEHUS C HMXKHEW pa3BoJKoil: 1 — oTronuTenbHbld Ipubop; 2 — BO3AYyLI-
HBIN KpaH.

a

KoHcTpykuust pydHOro BO3IYIIHOIO KpaHa He JIOJKHA JI0IyCcKaTh pa3dopa
BOJbI U3 CUCTEMBbI OTOIIEHUS NIl OBITOBBIX Liesied. [lomyunnu pacnpocTpaHeHue
BO3/yIIHbIC KpaHbl THa MaeBckoro wian CTJl (puc. 7.2) —KpaH ¢ MOBOPOTHBIM
UTOJIBYATHIM IITOKOM, a Tak)Ke 0oJiee MpocTasi KOHCTPYKIUS KpaHa B BUE OONTH-
Ka C OCEBbIM M paJuajbHbIM CBEPJIECHHUEM, BBOPAUMBAEMOT0 B BEPXHIOK NMPOOKY
panuaropa. B mocnenHeM ciyyae BBITYCK BO3JyXa OCYILIECTBIISIETCS TOCJE TOTO,
KaK IIPY BBIBEPTHIBAHUU 00JITA U3 MPOOKU MOKAXKETCs paauaiibHoe oTBepetue. [Ipu

ITOABJICHHUHN BO/JbI OONTHK 3aBOpPAYMUBACTCA B HAYAJIBbHOC ITOJTOKCHHC.
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M 12x1,75

Puc. 4.2. KoHcTpyKLKs py4HBIX BO3AYIIHBIX KPaHOB.

2. llenTpann30BaHHO Yepe3 CeHUaNIbHYIO BO3ayIIHY0 tuHuio 11 (puc. 4.3).

B stom cnywyae moparomme CTOSIKM OOBEAMHSIOT CIEHUATBHONW TOPH30H-
TaJbHOW BO3AYIIHOM JIMHUEH 11 ¥ MPUCOETUHSIOT €€ K COSAUHUTEILHOMY TPyO0O-
MPOBOJY 3 pacuIupUTENbHOTO 0aka 4 ¢ moMoIIbio netiau 12, koropas odecrieunBa-
€T pacyYCTHBIA THAPABINYCCKAN PEKUM CHCTEMBI, HCKITI0YAs MUPKYJISAIIAIO BOJIBI
MEXIy CTOSIKaMH IO BO3YIIHOW JUHUHU. BbicoTa meTin MoJKHA OBITh HE CIMIII-
KOM MaJioi, 4TOOBI 00ECTIEUUTh «OTCEUKY» LHUPKYIISIUU MEXITY BCEMHU CTOSKAMHU,

HO U HE CIUIIKOM OO0JBIION, YTOOBI BEpXHUE MPUOOPHI HE 320MBATIUCh BO3TyXOM.

i ciaydasi, Korja B 34aHMM HET PACIIMPUTEIBHOrO 0aka, BO3AYX yJauls-

€TCs Yepe3 BO3AYUIHYIO JIMHUIO U BO3yXOCOOPHUK.

[Ipu 3amoTHEHUN CUCTEMBI BOJION BO3AYX OYAET yAQISITHCSA Yepe3 BO3AYIIHYIO JIH-
HUIO B PACHIMPUTEILHBIN 0aK JI0 Te€X TMOp, MOKa YPOBEHb BOJBI B COCTUHUTEITHLHOM

TpyOOTIPOBOJIE HE CTAHET BBIIIE TOUKU MPUCOCTUHEHHUS TIETIIN.

IIpn BeIIENEHNH BO37yXa B IPOLECCE IKCIUTyaTallUM €T0 JABJICHHUE B BO3-
IyIIHOM JInHUM OyneT ucnapsthes. [Ipu naBnenuu, 60JIbIIEM THIPOCTATUYECKOTO
JABJICHUSI BOJIBI B TOUKE MPUCOECIUHEHMS METIH, OYJET MPOUCXOAUTH «IIPOOYIib-

KHBAHHE» «U30BITOYHOT0) BO3ayXa.
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Puc 4.3 Cxema OIBITHOM yCTaHOBKH

2.3.1lupkyasinus BOAbI B CHCTEMe OTOIJICHUS.

B IIBYXTPY6H0ﬁ CUCTCMC BOIAHOI'O OTOINICHHA YHCIO HUPKYJLAIHWOHHBIX

KOJICH PaBHO YHCIIY OTOIIMTCIIBHBIX HpI/I60pOB.

[TprunHON BO3HHMKHOBEHHUS €CTECTBEHHOTO (TPaBUTAIIMOHHOIO) IMPKYJIS-
IIMOHHOI'O JIaBJICHMUS B CHCTEMaxX BOJSIHOIO OTOIUICHUS SIBJISICTCS CBOMCTBO BOJHI,
KaK U BCSIKOTO (PM3MYECKOT0 TeJia, U3MEHSITh 00bEM MPU U3MEHEHUU TEMIIEPATYPHI.
[1oTHOCTH rOpsiYer BOJBI BCETIAa MEHBIIE TNIOTHOCTH XOJOJHOW BOJBI, B PE3YJib-
TaTe€ ATOr0 M3-3a JEUCTBUS TPABUTALMOHHOTO MOJISI 3€MJIM BO3HUKAET PA3HOCTH
JaBJICHUH (IIUPKYJSIMOHHOE JaBJIeHHE), O6J1arogapst KOTOPOUM MPOUCXOINUT JIBHKE-

HHC BOAbI B TCINIOIIPOBOAAX CUCTCMbBI OTOIIIICHM .

BennunHa eCTECTBEHHOTO HUPKYJISITUOHHOIO JTABJIEHUS 34 CUET OCTHIBAHMS
BOJIbI B TPUOOpaxX paBHA PACCTOSHUIO IO BEPTUKAIU OT CEPEIMHBI HAarpeBarTesis J10
CEpelIMHbI OTOMUTENBLHOTO MPUOOPa, YMHOKEHHOMY Ha rpaBUTALlMOHHOE YCKOpe-

HHE Y Ha PA3HOCTh IJIOTHOCTEN OXJIAXKICHHOW U TOPSAYEH BOJBI.
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Taxk, 175 KoJiel MpoXOAAUINX Yepe3 NpruOOphl pa3HbIX dTAXKEN HUPKYISIU-

OHHOC AABJICHHUC OIIPCACIIACTCA I10 Q)OPMYHaM
AP :hlng(pO—pr), (41)
Appp =hy ng(po _pr)! (4.2)

rne hy u hy = paccrosiHre MKy IEHTPOM 3JIEKTPOKOTIA U MEHTPOM IPH-
0opoB1-TO U 2-TO ATAXKEH, M;

g — TPABHTALMOHHOE YCKOPEHHE, M/c’;

pr U P — TUIOTHOCTH BOJBI MIPU TEMIIEpaTypax B MaJarolieid U 00paTHOM
MarucTpamsix, Kr/m° (puc. 4.4).

N3 puc. 4.3 BUAHO, YTO B IUPKYJISIMOHHOM KOJbBIIE, MPOXOASIIEM Yepes3
npuOop BTOPOrO 3Taxka, ECTECTBEHHOE JaBiieHuEe OyaeT OoJblle, YeM B KOJIBLIE,
IPOXOAAIIEM depe3 MPUOOp BTOPOTO 3TaXa, Ha BEIMIMHY hg(p,-pr  rae h=hy-h;,

M.

C 3TUM OOCTOSITENBCTBOM CBSI3aHBl TPYAHOCTU THJIPABIUYECKON YBA3KH
HUPKYJISIUOHHBIX KOJEll, MPOXOALINX Yepe3 MPUOOpPHI pa3HbIX 3Taxel, a Takxke
HaJIM4KMe BEPTUKAIBHOW Pa3peryIupOBKH, THIPaBIMYECKON U ,KaK CIEICTBHUE, TeE-
IJIOBOM HEYCTOMYMBOCTHU. [IpH BBIMONTHEHUM TUAPABIMYECKOTO pacyeTa HE0O0Xo-
JUMO OOUTBCS, YTOOBI MOTEPU AABJICHUS B KOJIbLIE, IPOXOSAIIEM uepe3 npudop
BTOPOTO dTaxa a-2-a (cMm.puc.3) ObuTn OoJbIle MOTEPH MO0 HaNpaBiIeHHUIO a-1-0 Ha
BEJIMYMHY JIOMOJHUTEIBHOTO €CTECTBEHHOTO HUPKYJISILIMIOHHOTO JIaBJICHUSI, BO3HU-

KAaruiero n3-3a pa3HOCTH BBICOTBI YCTaHOBKI/I HpI/I60pOB Hal BHGKTPOKOTHOM, T.C
RI+2), ,,=RI+2Z),, ;+(h,—h)xgx(p, —p,) x5, (43)

rae b - koaddunmeHT, onpeaensommuil 1010 MaKCUMaIbHOTO TPaBUTAIIH-
OHHOTO JaBJICHHS, KOTOPYIO I€J€CO00pa3HO yUUTHIBATh B PACUETHBIX YCJIOBHSX;

U151 ABYXTpyOHBIX cucteM b=0,4...0,5



42

[Ipu BBIMIONHEHUH pacyeTa YacTo MyTeM YMEHBIIEHUS TUaMeTpa HE YJaeT-
Csl TIOJIHOCTBIO MCIIOJIB30BaTh pacIoyiaraeMblil niepenajl qaBieHui. JlonomHuTenb-
HOE CONPOTHUBIIEHHUE B KOJbIAX MPOXOASIINX Yepe3 MPUOOPBI BTOPOrO ITaxXa CO3-

JTAETCSl KPAaHOM JIBOMHOM PETyJIMPOBKH MPU MOHTAKHOU PETYIHPOBKE CUCTEMBI.

CucTteMbl ¢ HIDKHER pa3BOAKON 00y1aat0T OOIbIIEH TUAPABINYECKONU YyC-
TOWYMBOCTBIO TI0O CPABHEHHUIO C CHCTEMaMH C BEpXHEH Pa3BOJKOMN, TaKk KaK OOJb-
eMy MUPKYJISIIHMOHHOMY JTAaBICHHIO COOTBETCTBYET M OOJIbINAs JJIMHA KOJBIIA,

IPOXOIAIIEro Yepe3 Mpubopsl BepxHero staxka (puc. 4.3).

BeptukanbHas rugpaBiandeckas pa3peryaupoBKa B 3HAYUTEIBHON CTENECHU

YCTPAHACTCA B HACOCHBIX CUCTCMAX ITPH ITOBLIIMICHHBIX paCXoaaX TCIIJIOHOCHUTCILA.

Tak kak Bo/ia OCThIBA€T HE TOJIBKO B OTOMUTEILHBIX MPUOOpaxX, HO U TPY-
OOIpOBOJIax , TO TMOJHOCTHIO €CTECTBEHHOE IUPKYJISIIMOHHOE JaBJCHUE OyIeT
pPaBHO CyMMe JaBJIECHHN, BOSHUKAIOLIUX U3-3a OCTBIBAHUS BOAbI B mipubope ( AP,)

1 Tpy6onpoBozax ( APy,) :
APC:APHP+APTP1 (44)

EctectBennoe HUPKYILIIAOHHOC AAaBJICHWEC, BOSHUKAIOOICC M3-3a OCTbIBA-

HUA BOABI B pr6onp0B0):[ax, IMPYUHUMAIOT I10 CIIPaABOYHBIM JAHHBIM.

Onpenenenue €CTECTBEHHOTO AABJIEHUS € TOYHOCTBIO, JOIYCTUMOW ISt
WHXXEHEPHBIX PacueToB, MOXKET ObITh ympoluieHo. Eciu mpaByro yactb (HOpMyIIbI

(7.2) yMHOXUTB U pa3eluTh Ha 3HAYCHUE Mepenaaa Temmeparyp t-ty, mercTByro-

Iero B CHCTEME, W BBECTH O0O3HaueHHE f3= % , TO TIONy-
r—to
qum AP, =hxgx 20 "Pr (¢ —t )=hxgxfxAt, (4.5)
r— to

riae B — yneiabHoe U3MEHEHHUE MIIOTHOCTU BOJIbI ITPU M3MEHEHUHU €€ TeMIle-
paTypsl Ha OIMH IpaayCc B Npelesnax HeOOJBIIOro, HO BIIOJHE ONPEAEIEHHOTO

Jarna3oHa TeMmneparyp, KF/(M3.K).
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3HauyeHue B AJI1 IapaMETPOB TCINIOHOCHUTEIIA, MPUHUMACMEBIX B IIPAKTHUKE

CTPOUTENIbCTBA, IPUBOJIUTCS B Ta0JI.7.2.

Tabmnuna 4.2

3HauyeHue 3 B 3aBUCUMOCTH OT MMapaMEeTPOB TETNIOHOCUTEIS.

3HaueHue mapaMeTpa TEIUIOHOCHTENS | B, Kr/(M3-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. JKCIUIyaTallHOHHOE PeryJIupoOBaHNe MOIIHOCTH CHCTEMbI OTOIJICHHUS.

PacueTHas TemoBas MOIIHOCTb CHUCTEMBI OTOIUICHUS paBHA HEHOC-
TaTKaM TEIUIOTHI B 3JaHUH, KOTOPHIE ONIPENEIISIOTCS IyTEM COCTaBJICHUS TEIJIOBO-
ro OamaHca BceX MOMELIEHUW MPU PACUETHOW IJIsi MPOEKTUPOBAHUS OTOILICHUS
TEMIEpAaType Hapy>KHOTO BO3yXa, paBHOW CpelHEH TemiiepaTrype Haumbojee Xo-

JIOTHOU IISITUIHEBKE.

HGI[OCTaTKI/I TCIYIAa B 3AdHHH KOMIICHCHUPYIOTCA CHUCTEMOU OTOIIJICHHUA,

MOIIHOCTh KOTOPOHM MpH BOASHOM TEIUIOHOCHTEIC MOXET OBITh OIpelescHa Io
dbopmyie

1

<35 (4.6)

Q :chx(tr —tB)
rae Q — pacueTHast MOIIHOCTh CHCTEMBI, BT;
G — pacueTHBIN pacxo/1 BOJIBI B CHCTEME, KI/4.;
t.t,_ pacueTHble mapamMeTpsl BOJbI B OJAOLIEN U OOpaTHOM Marucr-
pamsx, °C;
C - TEIJIOEMKOCTh BO/bI, paBHas 4,19 kJIx/(kr.K)
Tak kak paxTopsl, OnpeaesstonKe TEMI0BON PEXXUM 31aHus, - TEMIIEpaTy-

pa HAPYKHOI'O BO3aAyXa U CKOPOCTb BETpPaA, COJTHCYHAA paaralna, TCIIJIOBbIICICHNA
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B IMIOMCIICHUA- SABJISAIOTCSA NIEPEMEHHBIMU HE TOJIBKO B TCUCHUE OTOIMHUTCIILHOI'O IIC-
puoJa, HO U CYTOK ,TO IIpHU 3KCINIyaTalluU CUCTCM OTOINICHUA OOJIDKHO PETryJIHpO-

BaTbCiA KOJIMYCCTBO nonaBaeMoﬁ B 3JaHUEC TCIIJIOTHI.

PerynupoBanue MOXeT OBITh LIEHTPaIbHBIM (B KoTeabHOM miau Ha TOL)),
MECTHBIM (Ha BBOJI€ B OTAIUIMBAEMOI0 3[aHUs) U UHAUBUAYAJIBHBIM (C IOMOILIBIO

PEryIupYIOMUX KPAaHOB, YCTAHOBJIEHHBIX Y OTOMUTENbHBIX PUOOPOB).

TeKyma;I TCIJIOBAass MOIINHOCTB CHCTCMBbI OTOIVICHHMA HdJIA YCHOBHﬁ, oT-

JIMYHBIX OT PpAaCUYCTHLIX, OIIPCACIIACTCA 110 YPABHCHHUIO

- - 1
Q=Gxex(t, —tg)x—, (4.7)
3,6
N3 ypaBuenus (4.7) BUIHO, YTO TEIJIOBAasi MOIHOCTh CUCTEMBI MOXET pe-
TyJUPOBAThCS MYTEM M3MEHEHUS pacxoa BOJbl B CHCTEME - KOJIMYECTBEHHOE pe-
TyJIUpOBaHUE, TEMIIEpPATypa BOJbI- KAYECTBEHHOE perynupoBanue. [Ipu coBmecT-

HOM IIPUMCHCHHNH KAYCCTBCHHOI'O WU KOJIMYCCTBCHHOI'O PCTYJIUMPOBAHMA I110JYy4aroT

CMEIIaHHOE PETYJIMPOBaHUE.

935

330
365
380
97

won

970 \
95
960

955
20 30 40 50 60 70 80 90100 {<c

Puc 4.4 I'paduk 3aMCHMOCTH IIJIOTHOCTH OT TEMIIEPATYPhI
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[Tpu napoBOM OTOIJICHUH TPUMEHSETCS PETYJIUPOBAHKE "'TIPOITyCcKamu'.

B Hacrosimiee Bpemsi OOLIEIPUHATHIM MPU BOASIHOM TEIUIOHOCUTEINE SIBJISI-
€TCs LICHTPAIBHOE KaYE€CTBEHHOE PEryJIMPOBAHUE, KOTOPOU OCYILECTBIIICTCA W3-
MEHEHUEM TEMIIEPATYPBl TEIUIOHOCUTENSI B TEILUIOBOM LIEHTPE CHUCTEMBI TEILIO-
cHaOxeHus1. KauecTBeHHOE peryImpoBaHUE MPOU3BOAUTCS IO CIIELMAIBHBIM T'pa-

(dbuKaMm OTITyCKa TEIJI0ThI MOTPEOUTEIISAM.

['paduix 1EHTPaNTbHOTO KAYECTBEHHOTO PETyJIMPOBAHUS CUCTEMBI OTOILIE-
Hus i r. Tynsl npencrasinen Ha puc. 4.5. ['padux cocraBieH ais pacué€THOM Ha-
pyxHoi#1 Temnepartypsl t,, =-27°C npu t,= 18°C , t,=95°C , t,= 70°C. U3 rpaduka
BUJIHO,YTO C TIOBBIIICHUEM TEMIIEpaTypbl Hapy>KHOTO BO3JyXa HEOOXOIUMO
YMEHbIIIATh TEMIIEpaTypy BOJbI B MOJAIONICH U OOpaTHOW MarucTpasisix, YMEHb-
IIaeTCA TaKKe M Pa3sHOCTh ITUX Temmeparyp. M3mMeHeHune pa3sHOCTH TemmepaTyp
MPUBOJUT K U3MEHEHHUIO INIOTHOCTHU BOJIbI, @ CIEAOBATEIbHO, K CHUKEHUIO €CTECT-
BEHHOTO IHUPKYJSIMOHHOTO AAaBJICHUS, YTO aBTOMATUYECKH MPUBOJIUT Y YMEHb-
HICHUIO pacxo/a BOJbI B CUCTEME. DTO O3HAYAET YTO B CHCTEME BMECTE C KauecT-
BEHHBIM DPETYJIUPOBAHUEM IPOUCXOIUT U KOJIUYECTBEHHOE CaMOpPETyJHpOBaHHUE.

Takoe siBJIeHHE B CUCTEMaX C €CTECTBEHHBIM MOOYXKIECHUEM.
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Puc 4.5 I'paduk TemmepaTypbl BOABI B TOAAIOIICH U 00paTHOW MarucTpasix
CHUCTEMBI OTOIIJICHUA
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3. OBBEKTBI NCCJIEJJOBAHUA

3.1. Cxema ONBITHOM YCTAHOBKH

Ha puc. 7.3 npuBeneHa cxeMa ONbITHOM yCTAaHOBKU. Boa U3 aeKTpoKoTiIa
1 mo moparomest MarucTpanu 2 IBHKETCS B NOJAIOIIMKM CTOSIK 5 M MOCTYIAEeT B
OTONUTENBHBIE NPUOOPHI 7, @ OXJIAXKAECHHAS BOJA U3 KaXXA0Iro Mpudopa OTBOJUTCS
B OOpaTHBIN CTOSIK 8 B 00paTHYIO Maructpaib. B ycTaHOBKE UMEETCS yCTPOUCTBO
10 nns 3amonHeHMs cucTeMbl BOJOM. Bo3ayx yepes3 cucTembl ynaisieTcsl depes
BO3JIYIIHYIO JMHUIO 11, mprcoeAMHEHHYIO K COEIMHUTENIbHON TpyOe 3 pacmupu-
TEJIBLHOTro 0aka 4 ¢ MOMOIIBI0 BO3AYITHOM MeTiu 12, KoTopasi CIIyKuT JiJisi o0ecrie-
YEHUS] PaCYETHOIO TMAPABIMYECKOTO PEXUMa CHUCTEMBI, MCKIIFOUas BOABI MEXKIY

CTOSIKAMU 110 BO3TYIITHOM JIMHUHU.
3.2. MeToauka u3MepeHuii.
B nporecce axcniepumenTa HE00X0IMMO U3MEPUTH:

1. Temnepatypy BoAbl B mojaromieid U oopatHod Mmaructpaimsx t. ty; mos

Pa3IMYHBIX 3HAYCHUN HANPSKECHUS B DJIEKTPOKOTIIE,
TeMIieparypa Boabl t, u t, U3MepsAeTCs ¢ MOMOIIBIO PTYTHBIX TEPMOMETPOB;

3. €CTECTBEHHOE IHUPKYJSIPHOE daBJICHUE B KOJbLAX NpuOOpoB 1-ro u 2-ro

dTaKEM.
4, Tab6numna 4.3.

9KCHCpI/IMCHTaHBHBI€ H PAaCUYCTHBIC JaHHBIC

Ne Hampsoxenne | Beicota ot | Temnepary- Ilepenan IInoTHOCTB Hupxynsaauon-
ompITa | B ceTH, B LIEHTpa pa,°C® Temnepa- BOJBI, Kr/M° HOE JIaBJICHHE,
KOTJa 10 Typ,°C ITa
LIEHTpa t. t At Pr Po AP AP,
npudOpoB,
M
1 20
2 40
3 60
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4.3AJAHUE HA PABOTY

B xome BeimonHEHUs paboOTHl TpeOyeTcs MCCIeNOBaTh NMPHHIMI PaOOTHI
JNBYXTpYOHOW CHCTEMBI OTOIUICHUSI C HUKHEW pa3BOJKOW, 00paboTaTh 3KCHEpH-

MCHTAQJIbHBIC TAHHBIC U ITOCTPOUTH H€06XOI[I/IMBIC I‘pa(l)I/IKI/I

5. HOPAAOK BbBITIOJIEHUA PABOTbBI

3a 40 MUHYT 10 HaYyaJla 3aHSATUNA HEOOXOAUMO MPOBEPUTH 3aMOTHEHUE CUC-
TEMBbI BOJIOM, BKITIOUUTH 3JIEKTPOKOTEI B DJIIEKTPUUECKYIO CETh uepe3 TpaHchopma-

TOP, YCTaHOBUB HarpsbkeHne 20B.

HCCJ’IGI{OBaHI/IG pa6OTI>I CUCTCMBI ITPOBOAUTCA IIPH HAIIPAKCHHUU B 3JICKTPO-

kotie 20,40,60,80 u 100B.
JlaGopatopHasi paboTa MPOBOJIUTCS B CICAYIOIIEM MOPSIIKE:

1. Onyckas cocyn 10 HE HWXKE noparomux moaBoaok K mpudopam
BTOPOIO 3Ta)ka U MEIJIEHHO MOJHUMAas €ro BBEPX, HAOMIOaTh yJaJleHUE BO3ayXa
U3 CUCTEMBI; IPU JAJIbHEUIIEM MPOBEACHNUN HKCIIEPUMEHTa HaOII0JaTh yAalleHUue
BO3/lyXa U3 paboTarolell CUCTEMBI.

2.  CHATH TOKa3aHUs TepMOMETPOB 13 Ha mopjaroieil u oOpaTHON Maru-
CTpaJiiX MpU JAHHOM pPEXHUME pabOThl CUCTEMbI, HAOJIOJATh 3a OpraHu3aluen
HUPKYJISILIUHA BOJIBI.

3. YCTaHOBWTH Ha peryJupyrOIIeM TpaHchopMaTope CIASAyIoIIee 3Haue-
nue HanpsukeHus: (U=40B), yepe3 10 MUHYT CHSTH MOKa3aHUE TEPMOMETPOB; TO-
BTOPUTH SKCIIEPUMEHT ITpH HanpskeHnu 60 u 80 B;

4.  OTKITIOYUTH DJICKTPOKOTEN OT CETH, HaOMIoAaTh 3a MpeKparicHueM
HUAPKYJISIIAHN.

Pe3ynbTaThl 3KCIIEPUMEHTOB CBOASATCA B Tabsumiie 4.3.

6.YKA3ZAHUS 11O OPOPMJUIEHUIO OTUETA

Otuet o mabopaTtopHOi paboTe JOKEH BKIIOUAThH CISAYIONINE Pa3/IEbl:

1.1lens paboTHI.
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2.Cxema ONbITHOW YCTaHOBKH.
3.06paboTKa pe3ynbTaTOB U3MEPEHHI 110 BCEMY PEKUMY.

4. Tabnuua 3KCIEpUMEHTANBHBIX U PACUETHBIX JAHHBIX MO BCEM PEXKUMAM

paboThl ycTaHOBKH (Tab.3).
5.I'paduku 3aBuCcUMOCTH

{ t. = f(U) { Ap; = f(U)
t, = f(U) (Apy = f(U)

7.KOHTPOJIBHBIE BOITPOCBHI

1.Kakue cuctembl OTOIIJICHUS! HA3bIBAIOTCS IBYXTPYOHBIMU?

2.Kak npouCXOoIUT yIaJICHUE BO3yXa U3 CUCTEMbI OTOILIICHUSA?
3.Ha3znaueHue pacimmpurtesbHoro 6aka?

4.1Touemy BO3HHUKAET HUPKYJSALMSA BOABI B JAHHON CUCTEME OTOIICHUS?

5.IIpeumyiiectBa ¥ HEAOCTATKH JABYXTPYOHOH CHCTEMBI OTOIUICHHS C

HIKHEW pa3BOKON?

6.Kakum o0Opa3zom OCYIECTBISIETCS PETYJIUPOBAHUE MOUTHOCTH CHUCTEMBI

OTOILICHUSA?

8. JUTEPATYPA

1. CxanaBu A.H. , Maxos JI.M. Oronnenne/A.H.Ckanasu, JI.M.Maxos. — M. :
N3narensctBo ACB, 2002. — 576 c.:u. .- bubmmorp. B konte kH.-ISBN 5-93093-
161-5:192.00.

2. Cocuus [O.11., bByxapkun E.H., Opnos K.C., Camycs O.P. UnxenepHsie cetu u
obopynoBanue 31anuii u coopyxkenuit: Yueonuk/ E.H.byxapkun, K.C. Opos,
O.P.Camycs u ap.; [Tog pen.}O.I1.Cocuuna.-3-e uza., ucrtp.-M.:Beicur. k., 2009.-
415 c.:ni.- bubmuorp. B kon1e kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTA Ne5.

OIIPEAEJIEHME ITOTEPH JABJIEHUS HA TPEHUE U B MECTHBIX
COITPOTUBJIEHUAX

1. HEJIb U 3AJIAYU PABOTBI

JlaboparopHas paboTa IPOBOAMUTCS B TEUCHHE 2 YAaCOB 3aHSTUU C IIEJIbIO
MPAKTHYECKOTO M3YYCHHsI 3aBUCUMOCTH TIOTEPh JaBIICHUSI HA TPSHUE M B MECTHBIX

COIMPOTHUBJICHUAX OT pacxoda I CKOPOCTHU ABHUIKCHUA BOJBI.

JIiist uccneoBaHus MPUHATAa HAauOOJIEe pacpoCTpaHEHHAs! B CHCTEMaX BO-
JITHOTO OTOIUICHUS apMaTypa: BEHTHIIb, IPOXOJAHON KpaH, KpaH JIBOWHOMN peryiu-

POBKH .

2. TEOPETUYECKUE TOJIOXKXEHUA

JIBuokeHue BOJBI B TPYOOIPOBOJAX MPOUCXOAUT OT CEUECHUU C OOIBIINM
MEHUEM K CEYCHUSIM C MEHBIIINM JlaBicHUEeM. JlaBiieHrne TepseTcs He MPEo10JIeHUE

COIIPOTHUBJICHUS TPCHUA 110 JJIMHEC TPY6 N MCCTHBIX COHpOTHBHCHHﬁ.

[Tanenue naBieHus Ap, BbI3BaHHOE TPEHUEM BOJIbI O CTEHKHU TPyOOIpoBo1a

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

p=bp, +hp (5.1)

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

Ap,,. - IOTepHU TaBIICHUS] B MECTHBIX COIPOTHUBJIEHUX, []a.

2.1. I'mapaBianyeckne CONPOTUBJICHUS TPEHUS

[ToTepu maBnenus Ha TpeHue Ap,, Ha y4acTke TPyOOMpoBOJa, OMpPEIesi-
totcs 1o popmyiie Jlapeu- BelicOaxa, momydenHoi B XIX Beke sSMIUPUYECKUM Y-

TCM.:
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2
Apmp:AI/d v pl2|=RI, (5.2)

rae A- Ge3pasMepHbIi KOAPOUITUEHT THAPABIUICCKOTO TPEHUS, WIH CO-
KpaIIeHHO - KOG UIIUEHT TPEHHUS;

|- nmHa TpyOoTpOBOIa, M;

d- amametp TpyOOTIPOBOIA, M;

V -CKOPOCTbH JIBUKEHUS BOJIBI, M/C;

p- IUIOTHOCTB BOJIBI, KI/M®;

(V?/2) p - nuHAMIYECKOE TaBICHHE MOTOKA, I1a.

Bennuuna R B o0mieM ciydae 3aBUCHT OT CKOPOCTH JBMXKEHUS WIIH PacXo-

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

Jlnia onpeneneHusl 3aBUCUMOCTH BeIMUYUHBI R 0T pacxona Boabl B TpyOo-
MIPOBOJIE 33JAHHOTO JUaMeTpa HeoOX0auMO M3MEpHUTh pacxoi Boabl G u motepu

naBieHus Ap,,, Ha IPSIMOIMHEHHOM yJ4acTKe JUIMHOM .

Torna
R :Apmpll = f(G):(p(v), (5.3)
TaK KakK

v = 4G /3600 1d%p , (5.4)

2.2. MecTHBIE CONPOTUBJICHUS

[ToTepu naBneHUs B MECTHBIX CONMPOTUBIICHUSX OMPEACISIIOTCS 0 (HOpMY-

ne Belicbaxa, monyueHHoil B XIX Beke SMIUPUYECKUM ITyTEM
n =&[vipi2 (5.5)
mc '

rae & - k03hPUIMEHT MECTHOTrO CONMPOTHUBIICHUS, BEJIMUMHA Oe3pazMmep-

Hasi;
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V - CKOpPOCTB BOJBI IIOCJIC ITPOX0OAa 4E€PE3 MECCTHOEC COIIPOTHUBIICHHUC, Mm/c.

Koaddumuent & xapakrtepuszyeT TUApaBIAYECKHE OCOOCHHOCTH Pa3lIdy-

HBIX MCCTHBIX COHpOTHBHCHI/Iﬁ.

Jlist onipenenenus Kod(PuImeHTa MECTHOTO COITPOTHUBIICHHUSI HEOOXOIUMO

3HATb MaACHUC JAaBJICHUA B MCCTHOM COIIPOTHUBJIICHHUH U CKOPOCTH BOJBI:

&=20p v%p, (5.6)

3. OBBEKTbBI UCCUIEJOBAHUA

3.1. Cxema ONBITHOM YCTAHOBKH

Ha puc. 8.1 npuBeneHa cxema onbITHON yCcTaHOBKH. Boia u3 BogonpoBo/I-
HOU uHuU 1o TpyOe 1 mocTymaer B HanmopHbI O0ak 2, 000pyJOBaHHBIN MEpPEIUB-

HOU TpyOo# 3, o0ecrieunBarouii MOCTOSHHBIM YPOBEHb BOJBI B HAIOPHOM Oake.

ITo TpyOe 4 Boga u3 6aka ¢ MOCTOSIHHBIM HAallOpOM IOCTYMAET B MCHBITHI-
BaeMblil TPyOOIIPOBOJ, B KOTOPOM IPOXOJUT Yepe3 MPSIMOIUHENHBIN yyacTok AB,
BEHTWIb 6, TPOXOAHOM KpaH 7, KpaH IBOMHOM PETyJIUPOBKH 5. 3aT€M BOJia MOCTY-

naeT B MEpHbIN 0ak § U uepe3 pakOBUHY CITyCKAeTCsl B KAaHAIU3ALHIO.

Pacxon Boabl MOXKHO perynupoBaTh BeHTUsieM 9. [l nu3mepeHus neperna-
JIOB JIABJICHUM Y HCHIBITHIBAEMBIX 3JIEMEHTOB YCTAaHOBJICHBI BOJOBO3YIIHBIC Ma-

HOMETPBL.

['unpaBnuyeckre CONpOTUBIEHUS TPYOOIPOBOAA OMPEAEIIAETCS Pa3HOCThIO
MOJIHBIX JABJICHUM U Ha ydacTKe. B JaHHOM cilydae TuaMeTphl BCEX YYACTKOB CETH
OJIMHAKOBBI, CJIEIOBATEIHHO, TUAPABINYCCKUE COMMPOTUBIICHUSI MOTJIO ONIPEACIISTh

1o nepenany CTaTH4CCKUX I[ElBJI@HHfI.

3.2. MeTtoanka u3MepeHui
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3KCHCpI/IMCHTaJIBHOC HCCIICAOBAHNEC CBA3aHO C M3MCPCHHEM CIICAYIOIINUX

BCINYHH:

1.IToka3arenu manometpa Ahy, Ah,,Ahs,Ah, , MM. BOJ. CT.

2.Pacxon Boawl B TpyOomipoBosax, G, kr/4.

W3MepeHre mapamMeTpoB CIIEAyeT MPOU3BOAMTH IPH YCTAHOBUBIIEMCS
JBUKCHHH, KOTJIa YPOBEHb BOJIbI B HAIIOPHOM OaKe yCTAaHOBHTCS Ha MaKCHMaJjb-
HOW OTMETKE M Yepe3 MePeIuBHYI0 TpyOy OyaeT MPOXOAUTh HEKOTOPOE KOJHYECT-
BO BO/Ibl. B Tpy0ax BO3IyIIHBIX MAHOMETPOB YPOBHHU BOJIbI JTOJDKHBI OBITH HEIOJ-

BIDKHBIMU. BuOpaiuu ypoBHE# HEOMYCTUMBI.
HOTepI/I JaBJICHUS HA TPCHUC CIICAYCT OIIPCACIIATE I10 (bOpMYJ'IG
p, = 9.81Ah, (5.7)
rae Ah; -mokasaHue MaHOMETpa, YCTAHOBJICHHOIO Ha TpyoOompoBoae AB,
MM BOJ.CT., UTO YHUCJICHHO PAaBHO IMOTCPSAM AABJICHUA B KF/MZ.

YI[GJIBHBIG IMOTCPHU JAaBJICHUA Ha TPCHUC

rae l;- nuHa yyactka Tpyosr AB, M.
[ToTepu naBneHus B MECTHBIX COITPOTUBJICHUSIX OMIPENEIISIOTCS 10 (hopmyIie

Ap . =9.81Ah 2RI, (5.9)

rae Ah - mokazana MaHomeTpa, MM BOJ.CT.;

R - ynenpHbIE OTEpU AaBIEHUS, ONPEAECICHHBIE IPU JAaHHOM PEHHUHE B pe-
3yJbTaTe UCTIBITAHUS NpsMOIMHENHOTo yuacTka AB, [1a/Mm;

|- nmuHA TpyOOMPOBOIA MEXKIY TOYKAMH 3aMepa, M (0€3 JUIMHBI MECTHOTO

CONPOTUBJICHUS ).
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Pacxon BojbI onpeaensieTcs: ¢ MOMOIIBI0 MEPHOTO Oadka 8, 00eM KOTOpO-

3
ro u3BecteH: V = 0,003 m”. OOBsi3ka MepHOTro O6auka TpyOOIPOBOIAMH BBIMOJHEHA
rak, 9To MPU OTKPHITOM MPOXOAHOM KpaHe 11 B Gake Bojia HE HAKAIUTMBAETCS, OH

0e3 BOJbI.

IIpn u3mepenun pacxona BOIbI 3aKpbIBaeTcs KpaH 11 m ogHOBpEeMEHHO

BKIIFO9ACTCA CCKYHIAOMCD.

[To BpeMeHW HAIOJHEHHS MEPHOTO Oadka MOXKHO OMPEICIIUTh YacOBOU
pacxon Boabl G B TpyOonpoBoax 1o dhopmyse

G =3600(v, p/7), (5.10)

rac T- BpCM:A HAIIOJITHCHUA 63‘-11(3, C,
P~ IINIOTHOCTH BOJBI, KI/M.
Hanonnenue MCPHOI'O Oouka OIIPCACIIACTCA HadaJIOM IICPCIIMBA 4YCPC3 IIC-

PETOPOAKY, YCTAHOBJIIEHHYIO B 3TOM OauKe.

KoadduimeHT MecTHOro CONpOTHRIICHUS ompeaessercs mo dpopmye (5.6),

a CKOPOCTh JIBMYKEHUS BOJIBI - 110 popmyiie (5.4).

PesynbraThl n3MepeHuii 3aruchiBalOTCs B TabmuIty 8.1 sKCrepuMeHTaIbHBIX

JTAHHBIX.
Tabmuma 5.1
9KCHCpI/IMeHTaJ'IBHBIC nu pvaeTHBIe JAHHBIC
Homep | Iloka3zanue Bomo- | JlnuHa yyactka, M | T, G, v, R, & | & &3
pexuma | BO3IyIIHOTO MaHO- c | xr/u | M/c | Ila/m
MeTpa,
MM BOJ.CT.

hi | ha | hs | has |l || 13] la

3amepsl MapaMeTpoB ClIeIyeT MPOU3BOJIUTH MPU PA3IUYHBIX pacxogax BO-

ITBI.
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4. 3AJAHUE HA PABOTY

Bo Bpemsi paboThl HEOOXOAMMO BBITIOJHUTH IKCIEPUMEHTATbHOE HCCIe-
JIOBaHME 3aBUCUMOCTH TIOTEPh J1aBJICHUI Ha TPEHUE U B MECTHBIX COIIPOTUBIICHUSAX
OT pacxo/ia Wik CKOPOCTU IBUKEHHs BOJIbI, 00pabOTaTh OIMBITHBIC JAHHBIE U TO-

CTPOUTH HEOOXOAUMBIE TpaUKH.

S.ITOPAJOK BBIITOJIHEHUSA PABOTbI

I/ICCJ'IGIIOBE[HI/IG 3dBUCHUMOCTH IIOTCPb MAaBJICHUA Ha TPCHHUC M B MCCTHBLIX
COIIPOTHUBJICHUAX OT pacxoda UKW CKOPOCTHU ABUKCHUA BOJAbI OCYIICCTBIICTCA IIPpU

YeThIpeX pekuMax padoThl YCTAHOBKHU.

UccnenoBanne Ha Kax0M PEKUME OCYIIECTBIACTCS OpUrajoil CTy/IEHTOB
W3 TPEX YEJIOBEK: OJMH CTYJCHT CHUMET MOKAa3aHUsI MaHOMETpPA, MOJKIIOUEHHOTO
K MECTHOMY COIPOTHUBJICHUIO, JIBA CTYJEHTA 3aMEPSIOT PacXo/ibl BOJbI, KpOME TO-
ro, OJINH U3 HUX 10 MEPE CHATHUS MOKAa3aHUM BEHTUJIEM 9 U3MEHSAET pacxo/1 BOJbI B

TpyOOIPOBOIAX.

B konr1ie mabopatopHoii paboThI CTYIEHTHI OOMEHUBAIOTCS PE3YIbTaTaMH U

CTPOST HEOOXOAUMBIE TPAPUKH.
JlabopaTopHasi paboTa IPOBOJIUTCS B CIECAYIONIEM MOPSIIKE:

1. IIpoBeputh BETBb TPYOONPOBOAOB, OOPATUB BHUMAHKHE Ha HUCIPABIICH-
HOCTb BO3JIYLIHBIX MAaHOMETPOB, U YIOCTOBEPUTHCS B TOM, YTO BCE HCIIBITHIBAC-

MBIC KpaHbl OTKPBLITEI.

2. OTKpBITh BEHTWIH 12 Ha XOJOIHOM BOJOMPOBOJC U HAMOIHUTH BOAOU

HAIOPHBIN OaK.

3. OTKpbITh BEHTWIb 9 MOJHOCTHIO U YCTAHOBUTH TaKOW PEXUM PaOOTHI
YCTaHOBKHU, YTOOBI IPU MAKCUMaJIbHOM PACXOJE BOJbI YEPE3 UCIIBITHIBAEMBIE AJIe-
MEHTBI IO NEPETUBHON TpyOe 3 BBITEKAJIO HEKOTOPOE KOJIMYECTBO BOABI (Kena-

TCJIBHO MI/IHI/IMaJ'IBHOC) M YPOBCHb BOAbLI B HAITIOPHOM 0ake OBbLI ITOCTOSTHHBIM.
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4. OTKIIIOYUTH BCE MECTHHIE COIIPOTHUBJICHUSA U CHATH ITOKA3aHWA MaHOMCT-
Pa, IOAKIOYCHHOI'O K Y4AaCTKY AB, 3aTCM OTKPBITb BCHTWJIb U CHATH ITIOKA3aHUA

BTOPOIO MaHOMCTpPA.

5. 3aKkphITh BEHTWIb 9 U OTKpPBITH NPOOKOBBIA KpaH, CHATh MOKAa3aHHS

TPETHLCI'O MaHOMCETPA.

6. 3akppITh NPOOKOBBI KpaH, OTKPHITh KpaH IBOMHOW PEryJUpOBKH H

CHSTH ITOKa3aHMsI YETBEPTOIO0 MaHOMETpA.
7. I3MepuTh pacxo] BOJBI.

B Takon IMOCJICAOBATCIIBHOCTU IIPOBOIATCA IIOCIICAYIOIONUC HCIIBITAHHA.

[Ipm 5TOM KaKIIBIM pa3 pacxo/ BOJBI B CHCTEME YMEHBIIAETCS.

IIo OKOHYaHUM ONBITOB KENATeNIbHA POBEPKAa MAHOMETPOB IIYTEM ITOIHO-
ro 3akpbiTusa BeHTWIA 9. Ilpn 3TOM KaKIbli BO3IYLIHBIA MAaHOMETP HE JOJDKEH

IIOKAa3bIBATh PA3HOCTHU HaBHeHHﬁ.

12

|

Puc.5.1. Cxema ONBITHOM yCTaHOBKH
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6. YKASAHUA 110 OPOPMJIEHUIO OTYETA

OtyeT 1o J1abopaTopHOM padOTe NOHKEH BKIIIOYATh CIAEAYIONIUE Pa3/Iebl:

1. Ilenb paboTsl

2. Cxema OnBITHON YCTaHOBKH

3. O6paboTKa pe3yIbTaTOB H3MEPEHUI TI0 CBOEMY PEIKHUMY.

4, Tabnuia 3KCIEPUMEHTAIBHBIX U PACUCTHBIX JAaHHBIX IO BCEM PEKUMaM
paboThl yCTaHOBKU

5. I'padukm 3aBucumocrteri R=f(G), &= f(G) , cpaBHEHHE TOyYCHHBIX

3HAQUCHUM CO CIIpaBOYHBIMHA JaHHBIMH.

7. KOHTPOJIBHBIE BOITPOCBHI

1.Kak onpenenstorcs moTepu JaBjieHUs Ha TpEHUE?

2.Kak OIPCACIIAIOTCA MOTCPHU AABJIICHUA B MCCTHBIX COIIPOTHUBJIICHUAX U OT

4ero OHU 3aBUCAT?
3. Yrto xapakTepusyeT K03(pPUIHEHT MECTHOTO COMPOTUBIICHNUS?
4. OT 4ero 3aBUCAT yAEIbHBIE IOTEPH IABJICHUS HA TPEHUE?
5. Ot uero 3aBUCUT KOADPUIIUECHT TPEHUSI?

6. Kak pabotaet naboparopHasi ycTaHOBKa?

8. JUTEPATYPA

1. CxanaBu A.H. , Maxos JI.M. Oronnenne/A.H.Ckanasu, JI.M.Maxos. — M. :
N3natensctBo ACB, 2002. — 576 c.:un. .- bubmuorp. B konue kH.-ISBN 5-93093-
161-5:192.00.

2. CocuuH O.I1., byxapkun E.H., Opnos K.C., Camych O.P. neHepHbIe ceTu U
obopynoBanue 31anuit u coopyxenuit: Yueonuk/ E.H.byxapkun, K.C. Opinos,
O.P.Camycs u ap.; [lox pen.}O.I1.Cocuuna.-3-e uza., ucnp.-M.:Beicmi.mxk., 2009.-
415 c.:ni.- bubmuorp. B kon1e kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTANG.

HNCCIEAOBAHUE PET'YJIUPYIOIEN CIIOCOBHOCTH
BO3AYIIHOI'O KJIAITAHA KOHBEKTOPA.

1.0EJIb U 3AJTAYMN.

[enbto pabOTHI ABISETCS 3HAKOMCTBO C WHIAMBUAYAIbHBIM PEryJIHMpPOBaHU-
€M TEIUIOBOM MOILIHOCTU OTOIUTENBHOIO pUOOpa 0€3 N3MEHEHHUs pacxoaa TeIlo-
HOCUTEJSI U KOHCTPYKTUBHOM CXEMOU OJHOTPYOHOIO CTOsIKa IPH YCTaHOBKE KOH-

BekTOpOB "KompopT-20"; 00bsicCHEHHE MPOUCXOASIINX MPOIIECCOB.

B paGote uccnenyercs perynupyromiasi CriocOOHOCTh BO3IYIIHOTO KJlaraHa

HacTeHHOTo KoHBekTopa "Komdopt-20".

2. TEOPETUYECKMUE I0JIOKEHUS.

TerioBoi peXuM OTATUIMBAEMBIX 3IAHUM U IOMEILICHUHN ONPENIEIISIETCA KaK
pe3yibTaT COBMECTHOTO BJIMSIHUSI BHEINIHUX W BHYTPEHHUX BO3MYIIAOIIMX BO3-
JNeWcTBUU. BnmsHue BHEIMIHMX BO3MYyHIAIOMMX (AaKTOpOB (TemIepaTypbl Ha-
PY>KHOTO BO3/1yXa, CKOPOCTH W HANPABJICHUS BETPA, UHTEHCHUBHOCTH COJIHEYHOM
pagualiid W BIQKHOCTH BO3/yXa) YYUTHIBACTCS PA3IUIHBIMH CIIOCOOaMHU pe-

Ir'yJInpOBaHHA TEIUIOBOM MOIIHOCTHU CHUCTEMBbI OTOIIIICHUA.

B cucremax BOASIHOIO OTOIUIEHUSI NPHUMEHSIETCS KAaYEeCTBEHHOE U KO-
JMYECTBEHHOE PETYJIMPOBAHUE TEIUIOBOM MOIIHOCTH MO TeruioHocuTentw. Ka-
YECTBEHHOE PETYIMPOBAHUE MOXET OBITh IICHTPATBHBIM - Ha TEIJIOBOW CTaHIIUH,
rpynnoBbM - B LITII u mectubim - B UTII 31aHus1, a KOTM4YECTBEHHOE, KPOME yKa-
3aHHBIX BBIIIE MECT, UHAUBUIYAIHHOE - Y OTOMUTEIBHBIX MPHUOOPOB.

KauecTBeHHOE perynupoBaHue TEMJIOBOM MOIIHOCTA CHUCTEM BOJSIHOTO
OTOIUIEHHUS MPOBOJST O OCHOBHOMY BO3MYIIAIOIIEMY BO3JACHCTBUIO HA TEIJIOBOM
PEXKHUM MOMEIIEHUN - TEMIIEPATYpe HAPYKHOrO Bo3Ayxa. JUIsl OTAENbHBIX YacTeu

CUCTCM, OPHUCHTHUPOBAHHLIX IIO IIPOTHBOIIOJOXXHBIM CTOPOHAM TI'OPH30HTA, HJIH
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NpeIHAa3HAYCHHBIX JJI1 OTOTUICHUS Pa3IMYHBIX 301 U OJIOKOB 3IaHUM YUUTHIBAIOT
JOTIOJTHUTENbHbIE BHEIHUE (AaKTOPhI - BO3JCHCTBUME BETpa U COJIHEYHOW pajaua-
LIAH, T.€.0CYLIECTBILIIOT PETYJIUPOBAHUE 110 IPUBEACHHON TEMIIEpAType HAPYKHO-
ro BO3ayXa.

Bopna, HanpaBisieMast B CUCTEMBI OTOIUIEHUS, IEHTPAJIM30BaHO HATPEBAECTCS
JI0 TeMIepaTrypbl, HEOOXOAMMOW Il KOMIIEHCAllUU TeIonoTepb. B cucremax
OTOILUICHHUS, IPUCOEINHIEMBIX K HAPYKHBIM TEIJIOBBIM CETSAM I10 3aBUCUMOU CXe-
M€ CO CMEUIEHUEM, KAUECTBEHHOE PETYJIUPOBAHNE OCYIIECTBIISIOT IIyTEM HU3MEHE-
HUsl COOTHOLIEHUS MEXAY pacxoZaMy BBICOKOTEMIIEPATYPHOM M OXJIAKICHHOU
Bozbl. [Ipy He3aBUCHMOM cxeme MPUOErarT K NU3MEHEHUIO PacXxo/ia BBICOKOTEMIIE-
paTypHOIl BOJbI, MPONMYCKAEMOM Yepe3 TeINTIOOOMEHHUKH, UM K CMEUIEHUIO YacTu
OXJIAKIEHHOM BOJIbI U3 CHUCTEMBI OTOIUIEHUS C BOJOM, HarpeBaeMoil B TEII000-
MEHHHKAX.

B ropoackux KBaprajzax B HAcTOSUIEE BPEMs IIPUMEHSIOT KayeCTBEHHOE
pPEryJIMPOBAHUE TEMIIEPATYPBbI TOPSAYEH BOJbI B LIEHTPAIBHBIX TEIJIOBBIX IMyHKTaX.
[Ipn TakoM peryJMpoBaHMM TEMIIEPATYPBl TPEIOIIEN BOIBI VISl TPYIIbI 3JaHUN
TPYAHO M30ekKaTh HEPABHOMEPHOTO NMPOrpeBa OTACNbHBIX 3JaHUI WM UX YacTeH U
TpeOyeTcss NOMOJHUTEIBHOE MECTHOE KOJMYECTBEHHOE PEryJMpOBaHHUE, HalpH-
Mep, C TOMOIIBIO CMECUTENBHBIX: HacOCOB LIBL mnu 351eBaTopoB ¢ peryimpyeMbiM
COIUIOM, T.€. MECTHOE KOJIMYECTBEHHOE PEryJIMPOBAHUE NPUMEHAETCS KAK JOIOJI-
HUTEJIBHOE K [IEHTPAIIbHOMY KauY€CTBEHHOMY.

BrnusHre BHYTpEHHUX BO3MYIIAIONIUX BO3JCHCTBUN (TEIUIOTHI, BBIIETsIC-
MOU MpU NPUTOTOBJIICHUU THUIIH, OT AJIEKTPUUYECKUX OBITOBBIX U OCBETUTEIBHBIX
npuOOPOB, HEMOCPEACTBEHHO OT JIOJIEH) YCTpaHSeTCs WHAUBUAYAIbHBIM KOJIU-
YECTBEHHBIM PETYJIUPOBAHNUEM TEIJIOBOM MOIIIHOCTH MPHUOOPOB.

NHnuBuayalbHOE KOJWYECTBEHHOE PETYJIMPOBAHUE IO TEIUIOHOCUTEIIO
MOJKET OBITh PYYHBIM M aBTOMAaTHYeCKHM. [[Jis pyyHOro peryimpoBaHHs B CHC-
TeMax BOJSHOrO OTOIUIEHUS MpHU TemIieparype Ttemionocutens o0 105°C ucnoiib-
3YIOT: B OJHOTPYOHBIX CHCTEMax - PEryJIUPYIONIME KpaHbl ¢ MOHM)KEHHBIM TH-

PaBINYECKUM COMPOTHBIICHHEM; B JIBYXTPYOHBIX CHCTEMaX - PETYJIHUPYIOIIUE Kpa-
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Hbl C IOBBIIIEHHBIM T'MAPABIMYECKUM CONPOTUBICHUEM. [[71 aBTOMAaTHUYECKOIO
pEeryJIMpOBaHus IO OTKJIOHEHHUIO TEMIIEPATypPhl BO3AyXa IIOMEILIECHUs OT 3a1aHHOU
INPUMEHSET PETYJIATOPBI MPSMOTO JIEUCTBUS Kak HanOosiee JeleBble U MPOCTHIE B
00CIIy’)KMBaHUH, YCTAHABIINBAs UX HA MOJIBOJAKE K OTONUTEIbHOMY IPUOOpY.

Cy1iecTBEHHbIM HEJOCTATKOM WHIWBUYAJIBHOIO KOJIMYECTBEHHOIO pPy4-
HOTO WJIM aBTOMATUYECKOTO PETYJIMPOBAHMS TEIUIOBOM MOIIHOCTU MPUOOPOB 5B-
JSIETCSl CHUKEHHE HAJEKHOCTH PabOThl CUCTEMBI. Y CTaHOBKA PETYJIUPYIOLIUX
KPaHOB WJIM aBTOMATHYECKH JCHCTBYIOIIUX PETYIATOPOB Ha MOABOJKAX K MPUOO-
Py IPUBOIUT K 3HAYUTEIBHOMY YBEJIIMUYEHUIO MECT BO3MOKHBIX T€UEH B CUCTEME
(pe3pOOBBIE COEAMHEHMS], CATbHUKOBBIE YINIOTHEHUS). Kpome TOro, yciaoxHseTcs
YCTPOMCTBO CUCTEMBI, BO3SHUKAET HEOOXOAMMOCTh MOHTaXKa 3aMbIKAIOIIUX Y4acT-
KOB, 4TO IIPUBOJUT K JOIIOJIHUTEIIBHBIM 3aTpaTaM MeTajula v Tpyza.

3aciy>)kKMBae€T BHUMaHUS BTOPOM CHOCOO MHIMBUIYAIBHOIO PETYJINPOBA-
HUs TEIIOBOM MOILHOCTH - IIyTEM U3MEHEHUS BEJIMYMHBI KOHBEKTUBHOIO WIH J1Y-
YHCTOTO TOTOKA, MOCTYIMAIOWIEr0 OT OTONMUTENBHOIO MHpubopa B oborpeBaemMoe
nomenienue. Jlyuncras coctapisioias TEIJI0BOrO MOTOKa OT MPUOOpa U3MEHSETCS
YCTAHOBKOM JKpaHa, KOHBEKTUBHAsA COCTABJIAIOLIASA - U3MEHEHHUEM Pacxoa BO31Y-
Xa, OMBIBAIOILIETO MOBEPXHOCTh Mprbdopa. Takoil crnocod ucnosib3yercsi B KOHBEK-

Topax "Komdopr - 20",

3. OBBbEKTbBI HCCIIEJOBAHUSA, OBOPYIOBAHUE, ITPUBOPLI.

3.1. VYcTpolcTBO M TeXHHMYECKAs XAPAKTEPHUCTHKA KOHBEKTOpa

"Komdopt-20"'.

VYBenuueHne MOBEPXHOCTU CTANBHBIX TPYO TMIACTUHAMH W3 CTaIH WM
ATFOMUHUS TI03BOJICT TMOJYYUTh OTOMMTEIIbHBIE MPUOOPHI - KOHBEKTOPHI, KOTO-
pBI€, KaK ¥ CTaJbHBIC PAAUaTOPhl, UMEIOT 3HAYUTEIHFHO MEHBIIIUNA PACX0]] METalIa.

MeTtaninoeMKoCTh CUCTEMBI OTOTUICHUSI ¢ KoHBekTOpamu "KomdopT-20' B 2,5 paza

HHMXKXE METAINIOCMKOCTHU CUCTEMbI C YYT'YHHBIMHU pauaTopaMu, IIpHU 5TOM MCTAJJIO-
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€MKOCTb OTOIHUTEIBHBIX MPUOOPOB B MepBoM ciiyuae coctanisieT 40 %, a Bo BTO-
poM 80 % MeTannoeMKOCTH CUCTEMBI.

Bce tunbl koHBEKTOPOB ¢ KoxkyxoM - "Komdopt-20", "Putm", "MU3oTepm"
1 KB (KOHBEKTOpBI BHICOKHE /IJI1 OTOIUICHHS JIECTHUYHBIX KIIETOK) - pa3padoTaHbl
cornacHo TpeboBanusaMm ['OCT 20849-75 "CranbHble KOHBEKTOPHI C KOXKYXOM'" U
MpeHa3HAYeHbI JUIsl pabOThl B CUCTEMAaX OTOIUICHUS ¢ TeMIepaTrypoi Bojbl 10 150
°C u u30bITOYHBIM pabouuM naBieHueM a0 I MIla (maBnenuwe ucnbiTanus 1,5

MITIa).

Puc.4.1. Hacrennslii koHBekTOp ¢ KoxkyxoM "Komdopr-20"

KonsekTopsr "Komdopt-20" (o60o3HaueHue Ha yeprerkax KH20 - 0,65 K:
20 - nmameTtp TpyOoK, 0,65 - moBepxHOCTH HarpeBa, K — KOHIIEBOI) - 3TO CTaIbHBIC
HAaCTEHHBIC OTONMUTENIbHBIC MpHOOphI. KouBekTOp (puc. 6.1) cocTout u3 IByxXTpy0-
HOTO HAarpeBaTEJIbHOTO JJIEMEHTa | C TOPU3OHTAJILHBIM PACIOJOKEHUEM TPYO
nraMmeTpoM 20 MM, OOKOBBIX CTEHOK 2 ,BO3JIYIIHOTO KJarnaHa-3acjOHKU 3 , Ha-
pY)KHOU TaHenu 4 M BO3AYXOBBITYCKHOM peleTkd, oOpa3oBaHHOW aAByms II-

00pa3HBIMU JCTAIIMU 5.
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KoHcTpykuust neraneil KoHBeKTopa pa3zpaboTaHa ¢ y4eToM OOecedeHHs
€ro MPOYHOCTU NPU TPAHCHOPTUPOBAHUH, U MOHTAXKE : OOKOBBIE CTE€HKU M3TOTOB-
JI€HBl U3 CTAJIM TOJIIMHOW 2 MM, JETalu KOXXyxa ¥ Mpo(UIMpOBAHHONW BO3MYII-
HBIN KJIAIaH - U3 CTaaM ToJumHon I MM, rmactuHbl opedpenus - 0,5 Mmm

[IpuOOpHI BRITYCKAIOTCSA B KOHUEBOM U MMPOXOJAHOM (1Sl IPUCOESAUHEHUS B
LEMOYKY HECKOJbKMX MNpUOOpoB) HcnoiHeHusx. [larpyOku KOHBEKTOPOB MOTYT
MMETb TJIaJIKUE KOHILIBI JJIS1 TPUCOEAUHEHHUS K TOJBOJKAM CUCTEMBI Ha CBApKE WIIN

pe3p0y. B Tabnure 4.1 npuBeeHbI TEXHUUYECKHE XapaKTEPUCTHKU KOHBEKTOPOB.

Tabmauma 6.1
Texnnyeckue xapakTepucTuku KOHBeKTOpoB "Komdopt-20".

Tennoas

MOIIIHOCTb
O6o03nauenue | [ToBepxHOCTD npH 0

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

G= 300 Kr.

Kr/a, 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 1,4 127 500 640 600 440 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

OYHCTKH KJIallaH AOJDKCH OTKPBIBATHCA K CTCHC) MOHO ITOJIYYUTH KOHBCKTOpP C

IMPpUCOCAMHCHHUCM CJICBA U CIIPpaBa.

Ha 00k0BBIX CTEHKAX KOHBCKTOpa UMCIOTCA KpOHIHTCﬁHBI, C IIOMOIIBIO KO-

TOPBIX OH HABEIIMBAETCSA HA KPIOKM - IUIACTUHBI, IOCTABJISIEMbIE B KOMILIEKTA. Ta-
KO€ pEeIIeHHe Hapse ¢ MPOCTOTOM MOHTaka 00ecreunBaeT KOMIICHCALUIO JIUHEH-
HBIX TEMIEPATYPHBIX U3MEHEHUHN MPU YCTAHOBKE KOHBEKTOPOB B LIEMOYKY 32 CUET

BO3MO>KHOT'0 TIEPEMENIEHUS Ha KPOHIITEHE B npeaenax 15 - 20 MM
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KonBekTopbl He TpeOyIOT YCTaHOBKH PEryJIUPOBOYHON apMaTyphl, Tak Kak
BCE MPUOOPHI UMEIOT KJlamaH JUisl PeryJMpOBaHUs TEIUIOBOM MOIIHOCTH "MO BO3-
nyxy". biarogapst 5ToMy CTaHOBUTCSI BO3MOXHBIM NMPUMEHEHUE MPOTOYHBIX OHO-
TPYOHBIX CTOSIKOB CHUCTEM BOJSHOTO oToruieHus. Knaman umeer puxcupoBaHHbIC
MOJIOKEHHUSI, OCTATOYHAsI TEIIOBAasi MOITHOCTH MIPHU 3aKPBITOM KJIanaHe, 1Mo JaHHBIM
ONBITHBIX UCIbITaHUN paBHa 30 %.

DKcIUTyaTanus KOHBEKTOPOB CBOJIMTCS K PETYJIUPOBAHUIO TEILNIOBOM MOUI-
HOCTU C MOMOIIBIO BO3JYIIHOTO KJallaHa U MEPUOAMYECKONM OYMCTKE HarpeBa-
TEJIbHBIX 3JIEMEHTOB OT MbUIHM, YTO OCYLIECTBIISIETCS MPU CHATOW MAHEIU U OTKPHI-
TOM KJiaraHe. B jieTHee Bpemsi KiianaHbl JOJKHBI ObITh 3aKPBITHI JJIsI 3al[UThHI Ha-
IPEBATEIIbHBIX HJIEMEHTOB OT MBLIH.

3.2.Cxema 3KCNePpUMEHTAJIbHON YCTAHOBKH.

Jlns uccnenoBaHusl PETyIUpPYIOMIed CIIOCOOHOCTH BO3AYIIHOIO KilaraHa
KOHBEKTOpPAa CMOHTHUPOBaHA SKCIIEPUMEHTAIbHAs yCTaHOBKaA (pHC.6.2).

B konBekTop 5 mo moparoniemMy TpyoonpoBoay 3 ropsidas Bojia MOCTyHaeT
M3 CTOSKA CUCTEMBbI OTOIJIEHUS 37aHusl | mociie OTKpbITHs BeHTUien 2. 3 mepHo-
ro 6aka 9 Boga no Tpyb6omnpoBoay 11 cOpackiBaeTcsi B kaHanuzamuio. Perynuposa-

HHE Pacxo/ia BOABI yepe3 MpUOop MPOU3BOIUTCS KPAHOM 8.

7 BKOHOAM3ALMIO

Puc 6.2. Cxema SKCIEpUMEHTAILHON YCTAaHOBKH JJIsi ONpEACNCHUs peryaupyromeit
CIIOCOOHOCTH BO3AYIIHOTO KjlaraHa KOHBEKTOPA.
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3.3. Meroauka u3mMepeHui.
[Ipu BeIMOTHEHUY JTA00PATOPHOM PAOOTHI U3MEPSIOTCS CIAEAYIOIINE BEJIMUNHBI:

1) TemnepaTypa BOJIbI Ha BXOJI€ U BBIXOJIE U3 KOHBEKTOPA - tyy , thyx;

2) TeMIiepaTypa BO3/lyXa B IOMEIIEHUHU - 1;;

3) Bpemsi HallOJIHEHUS MEPHOTO Oaxa.

Temmneparypa BoIbl U3MEPSIETCS C MOMOILIBIO PTYTHBIX TEPMOMETPOB yCTa-
HOBJICHHBIX B THJIb3aX, IOMEIIEHHBIX B MOTOK JBIXKYIIEHUCS O TPyOOIpPOBOIY BO-
nbl. [{ns ynydilieHus: TeIuionepeayu oT BOJbI K pe3epByapy TEPMOMETPa HIDKHSS
YacTh T'MJIb3bI 3aMOJIHAECTCS MAIIMHHBIM MacJioM. BepXHssl 4acTh T'Miib3bl 3allMINA-
€T TEPMOMETP OT MOJIOMKH.

Pacxon Bozbl yepe3 KOHBEKTOP OMpPENENSETCS C MOMOUIBI0 MEPHOTrO Oaka
9, 06beM kotoporo ussecteH (Vs = 0,003 M°). O6Bs3Ka MEpPHOrO GaKa BBIIOIHEHA
TaK, 4TO IIPU OTKPBITOM KpaHe 10 Bojga yxoaut B kaHanu3auuro. [Ipu n3mepennn
pacxojia BoJibl uepe3 npudop 3akpbiBaeTcs kpaH 10 U 0JHOBPEMEHHO BKJIIOUACTCS
cekynaomep. [1o BpeMeHr HamoJIHEHUS MEPHOTO 0aKa MOXHO OMPEJEIUTh PACXO]
BOJIbI (KI/4) uepe3 npudop:

3600V, p
T

G, (6.1)

IJie T - BpeMs HAITOJIHCHUs MEPHOro 0akKa, C; p - IJIOTHOCTh BOJIA MPH TEM-
nepaType Ha BhIXOJ€ U3 KOHBEKTOpa, KI/M (cM.puc.3.3 , mad.padota Ne3).

Temmeparypa Bo3ayxa B IIOMEIIEHUH OMPEICIISIETCS TI0 TOKA3aHUIO CYXOTO
TEPMOMETpPA MCUXPOMETPA.

3aMepsl TeMIIEpaTyphbl BOJBI CIEAYET BBIMOIHITH TOJIBKO IMPU CTAI[HOHAP-
HOM TEILJIOBOM PEKHMMeE, KOT/Ia MOKa3aHus TEPMOMETPOB OyAyT MOCTOSTHHBIMHU. Pe-

3yJIbTaThl U3MEPEHHM 3aITUCHIBAIOT B Ta0. 6.2.

Tabmuna 6.2
BKCHepI/IMeHTaHBHBIe JAaHHBIC.
Ne Ne omsl- | Tlonoxkerne  BO3yII- Temneparypa, 0 C
T,c

pexuMa | Ta HOTO KJIamaHa tex, 0C tBBIX, 0C t, 0C

1 [ToTHOCTBIO OTKPHIT

2 OTtkpsiT Ha 600
1 3 OtxkpsIT Ha 300

4 3aKpeIT
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3.4.MeToanka 00padOTKH ONBITHBIX JAHHBIX.
TenaoByr0 MOITHOCTh KOHBEKTOPA IIPH MOTHOCTHIO OTKPHITOM BO3AYIIHOM
KJIallaHE HA OCHOBAHUM MOJYYEHHBIX SKCIEPUMEHTAIBHBIX JAHHBIX MOXHO pac-

CUMTATh 10 (HopMyJie

Q:ticx(tex_teblx) (6.2)
3.6
[Tpu MPUKPBHITHU BO3IYIIHOTO KJlallaHa YMEHBIIAIOTCS KOHBEKTUBHAS COC-
TaBJIAONIAs] B TEIUIONEpEaaue OT TEIUIOHOCHTEINS K BO3AYXy M OOIIasl TEIUIoBas
MOIITHOCTB IIpHOOpa.
Tak Kak TerioBasi MOIIIHOCTh NMPUOOpPA TIPH OTKPHITOM BO3AYIIHOM KJlara-

HC paBHAa CAMHUIC MOXHO PAaCCYUTATb OTHOCUTCIIBHYIO TCIINIOBYIO MOIIIHOCTL KOH-

BEKTOpa IpH JIF0OOM IPOMEKYTOUYHOM TOJIOKEHHUH KIIAIaHa:

Q'
— 6.3
?=3 (6.3)

3KCH€pI/IMCHTEUIBHI>Ie JAaHHBIC IIO3BOJIAIOT PACCUUTATDh K03(1)(1)I/II_[I/IGHT TCII-

Joriepeaadm KOHBCKTOPaA:

Q
) o9
rae Ky, - koapdunuent tennonepenaun KOHBEKTOpa, Br/(M*K); Q - Tern-
JI0Basi MOLIHOCTh KOHBEKTOpA IpPU JAHHOM peXuUMe M ombiTe, Bt; F - mumomans
HArPEeBATENIbHOM TOBEPXHOCTH KOHBEKTOPA, M*; Isi KonsekTopa KH 20-2,6K Frp —
319 M7 t,, - cpeaHss TeMmmepaTypa TemloHocutens B mpuoope, °C, (em.¢.3.4
na6.pabora Ne3); t, - TeMnepaTypa BHyTpeHHETO BO31yXa nomerieHus, °C.

Pe3ynbTaThl pacueToB cBOJST B TaOMIly 4.3.

Tabmnura 6.3
PvaeTHBIe BCJIIMYUHBI
No pe- | Ne G, Q, trp, (tmp- tB), Kup,
JKAMa omeITa | Xr/au | Bt ¢ oC 0C Br/m2.K

1

2
3
4
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4. 3AJAHUE HA PABOTY.

Bo Bpemst paboThl cieayeT BBIMOIHATH TpeOyeMble 3aMephl U, 00padbathl-

BaTb JAaHHBIC H&6J’IIOI[GHPII>1, IMOCTPOUTD HCO6XOI[I/IMI>IC Fpa(i)HKI/I.

5. HOPAAOK BbINIOJIHEHU S PABOTBI.

JlabopaTopHasi paboTa MPOBOJAUTCA NPU HECKOJIBKUX PEXKUMaX padOThI
KOHBEKTOpa. Pexum paboThl orpeaeiseTcss pacxooM BOJbI 4yepe3 KoHBekTop. Ha
KKJIOM pPEXUME MPOBOAUTCS MUCCIEIOBAHUE TEIUIOBOM MOITHOCTH MpUOOp, a Mpu
pa3HOM CTEMEeHU OTKPBITHS BO3AymIHOrO Kiamana (o = 90° 60° 30° , 0 °).3amepsl
BBITIOJIHSIFOTCSL 3B€HOM CTYJEHTOB B 3-4 4enoBeka. [1o pesynbrataM BCeX OIBITOB
CTPOSATCA HEOOXOAUMbBIE TPAPUKH.

JlabopaTopHas paboTa MPOBOJIUTCS B CIAEAYIONIEM MOPSIKE:

1. 30 MuH 10 Hayana pabOThl BKIIOYAETCS ONBITHAS YCTAHOBKA MPU MaK-
CUMAJIBHOM Pacxo/ie BOAbI YEPE3 KOHBEKTOP U MOJHOCTHIO OTKPBHITOM BO3IYITHOM
KJ1araHne KoupekTopa (yroy otTkpsitust o = 90 °)

2. Tlocme Hayana 3aHATHUM NPOU3BOLATCA 3aMEPBl  IKCIIEPUMEHTAJIBHBIX
TAHHBIX T, tyy, tox, {; ¥ BO3MYIITHBIN KJ1allaH MPUKpPBIBaeTCs (Yroa oTKpeITHS 60 ©).

3. Ilocne BbIXoJa MpuOOpa HA CTAIMOHAPHBIN PEXKHUM, KOT/Ia TeMIlepaTrypa
BOJIbI HA BBIXOJE W3 MPUOOpA U3MEHATHCS HE OYAET, MPOU3BOJATCS 3aMEePhl IKCIIE-
PUMEHTAIbHBIX JAHHBIX.

4. 3amMepbl TOBTOPSIOTCS TIPU YTJIAX OTKPBITHUS 30° u 0° mocie ero u3me-
HSIOT PacxXojl BOJbI uepe3 mpudop, BO3AYIIHBIN KianaH MOTHOCTHIO OTKPHIBAIOT U

MpOAO0IKAIOT UCCIICA0OBAaHHC.

6. YKASAHUSA 1O OPOPMJIEHUIO OTYETA.

Otuer o 1abopatopHoil paboTe AOKEH BKIIOUYATh CIEAYIOLINE Pa3/Ieibl.
1. Llens uccnegoBanus,
2. CxeMa OIBITHOM YCTAHOBKH.

3. Meroauka n3aMepeHuil U Tabyuila IKCIePUMEHTAIbHBIX TAHHBIX.
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4. Meroauka 00pald. ONBITHBIX AAHHBIX M TAOJUIA PACUETHBIX BETMYUH.
5. I'paduk 3aBUCUMOCTEH OTHOCHUTEILHON TEIJIOBOM MOIITHOCTH ITpruOOpa
OT yrila OTKPBITHS BO3AYIIHOTO KjlamaHa U rpauk 3aBUCUMOCTH KO3 PHUIMEHTa

TeIuIonepenaul KOHBeKTopa oT pazHoctd temuneparyp o=f (o) u K= f( t;,-t,).

7. KOHTPOJIBHBIE BOITPOCHI.

1. Yto Takoe pacu€THas TEIJIOBAask MOIIHOCTh CUCTEMbI OTOIUICHHSI, OTOIHU-
TEJILHOTO0 nmpudopa?

2. Kakue BHeIIHME BO3MYIIAOMIKUE (PAaKTOPbl YUUTHIBAIOTCS MPHU OMpeiesie-
HUH TEIJIOBOM MOIIIHOCTH CUCTEMBI OTOTUICHUS?

3. Kakue criocoObl peryaupoBaHus TEIJIOBOW MOIIHOCTH CUCTEMBI OTOILIE-
HUs 3HaeTe?

4. B Kakux MecTax MOXKET OCYUIECTBISTHCS PETYJIUPOBAHUE TEILUIOBOU
MOITHOCTH CUCTEMBI OTOIICHUS?

5. Kakue BHEIIHNE W BHYTPEHHHUE BO3MYILAIOIINE BO3IEWCTBUSA HA TEILIO-
BOW PEXXUM MOMENIECHUS YYUTHIBAIOTCS UHANBUIYAIBHBIM KOJIMYECTBEHHBIM PETy-
JUPOBAHHUEM TETUIOBOM MOIIIHOCTH OTOMHUTEIHLHOTO ITprudopa?

6. IloueMy B OHOTPYOHBIX CHUCTEMaxX BOASHOTO OTOIUIEHUS HELENIeco00-
Pa3HO HCMOJIb30BaTh KPaHbl IBOMHOW PEryJIUPOBKU?

7. Kakas perynupyroinas apmMaTypa UCIOJIb3yETCs Il PyYHOTO UHUBUAY-
JIbHOTO KOJIMYECTBEHHOTO PETYJIMPOBAHUS TEIJIOBOM MOLIHOCTH OTOMHUTENIbHBIX
puoopoB?

8. Kak ocyiiecTBisieTcss ”HAMBUAYAJIBHOE PETYJIMPOBAHUE TEMIIOBOM MOIII-
HOCTH OTOIUTENLHOTO Mpubopa 0e3 M3MEHEHHUs pacxo/ia TeIIOHOCUTENS?

9. Kakue BuIbI OTONUTENBHBIX TIPUOOPOB Bl 3HACTE?

10. [Touemy oTOmMTENBbHBIA MPUOOP, COCTOALMN W3 TPyO HEOOIBIIOrO
TuaMeTpa C JIOMOJHUTEILHBIM OpeOpeHNEeM TIJIaCTUHAMU, Ha3bIBAE€TCS KOHBEKTO-
pom?

11. Pacckaxknure 0 TOCTOMHCTBAX KOHBEKTOPA C KOKYXOM.
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12. B 4eM KOHCTPYKTHMBHOE OTJIMYME KOHIIEBBIX U MPOXOIHBIX KOHBEKTO-
POB C KOXyXom?

13. Kakyto KOHCTPYKTHBHYIO CXEMY OJHOTPYOHOIO CTOSIKa CIEAyeT MpH-
MEHSTh IIPH yCTaHOBKE KOHBEKTOPOB "KomdbopT-20"?

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

15. Kak pabGoTaeT skcriepuMeHTaabHas yCTaHOBKa?

16. Kak onpenenuts pacxo/ BOAbl Yepe3 KOHBEKTOP?

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

18. Yro HazpiBaeTcs KO3((PHUIMEHTOM TEIIoNnepeaaul KOHBEKTOpa?

19. Kak paccuutaTth kK03h(PUIIMEHT Teronepeadyl KOHBEKTopa?

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

8. JUTEPATYPA.
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NznarensctBo ACB, 2002. — 576 c.:un. .- bubmmorp. B korne kH.-ISBN 5-93093-
161-5 :192.00.

2. Cocuus [O.I1., bByxapkun E.H., Opnos K.C., Camycs O.P. HxeHnepHbie ceTy u
obopynoBaHue 31annii U coopykeruit: Yueonuk/ E.H.byxapkun, K.C. Opos,
O.P.Camycs u ap.; ITox pen.}O.I1.Cocuuna.-3-¢ u3a., ucnp.-M.:Beicmi.mk., 2009.-
415 c..:un.- bubmumorp. B koH1e kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTA Ne7.

OITPEAEJIEHUE PACXO/JIA BO31YXA B BO3AYXOBO/E
BEHTUJISAIIAOHHOM CUCTEMBI

1.0EJIN U 3AJTAYU PABOTbBI

Lenbto naHHOM pabOTHI ABJIAETCS TEOPETUUECKOE U3yUYEHUE METOAUKH U
BbIPAOOTKH MPAKTUYECKUX HABBIKOB y CTYJEHTOB 10 U3MEHEHUIO Pacxoja BO3ayxXa

B BO3yXOBOAaX CUCTECM BCHTUJIAINH.

2. TEOPETUYECKUE ITOJIOXKXEHUA

ITocne MOHTaxa, epes| caaveld CUCTEMbI BEHTUISILIUU B DKCILTYaTaLUIO
MPOU3BOJAT €€ UCTIBITAaHUE, a MPU HEOOXOAUMOCTH, U perynupoBanue. [lepen
MPOBEICHUEM HCIIBITAHUS, KOTOPOE 3aKIII0YAETCs B IpOBEpKe 3P PEeKTUBHOCTHU pa-
OOTBI CUCTEMBI, IPOBEPSIIOT COOTBETCTBHE YCTAHOBIECHHOI'O 000pYA0BaHUs IIPO-
eKTHbIM AaHHBIM. [1oa 3 PpexkTBHOCTHIO pabOThl CUCTEMBI BEHTHIISILIMM [IOHUMA-
IOT CLIOCOOHOCTH €€ oOecreunBaTh MoJavy Ui yJaJeHHue 3aJaHHOTO KOJIMYECTBa
BO3/lyXa ¢ TpeOyeMbIMU NTapaMeTpamu (TeMIEpaTypoil, BIaXKHOCTHIO, CKOPOCTHIO
JNBUKEHUA). DPPEKTUBHOCTh YCTAHOBOK MIPOBEPSAETCS MPU HENMPEPHIBHOM UX pado-
T€ B Te4eHUH 6-8 yacoB. [Ipu 3TOM J0OIMyCKAIOTCS CleyIOIME OTKIOHEHHUS I1apa-

MCTPOB pa6OTBI CHUCTCMbI OT IIPOCKTHBIX TAHHBIX!

- OOweM nepemerniaemoro Bo3ayxa + 10%
- CkopocCTh IBHKEHUA BO3yXa B BEHTWIILIMOHHBIX pemeTkax +10%
-  Temneparypa nomaBaeMoro Bo3ayxa 2 %

- BnaxHocTbh nogaBaemMoro Bozayxa +5%

[Tocne ucnpITaHus ¥ TPOBENCHUSI HEOOXOIUMOTO PETYIUPOBAHUS JACTCS
oO1iast orieHka 3pPEKTUBHOCTH PaOOTHI CUCTEM M COCTABJISETCS MPUEMOYHBIN aKT,
a Ha KaXIYI0 YCTAaHOBKY- acnopT. TeXHUUECKHH MacmopT JODKEH COAepKaTh
CXEMY U OTHCAaHUE YCTAaHOBKH, TEXHUUECKYIO XapaKTEPUCTUKY €€ PaObOThI U pe-

3yJbTaThl TPOBEPKU TMTHEHUYECKON 3 (PEKTUBHOCTH.
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OcHOBHOI1 3a1aueil peryaupoBaHus SBIsIETCS 00ECIeueHne Ha BCEX y4acT-

KaX BO3YXOBOAOB IIPCAYCMOTPCHHBIX ITPOCKTOM paCcXoa0B BO3ayXa.

Omnpenenenue pacxonoB Bo3ayxa. O0beM Bo3ayxa, MPOXO AU Yepes
NONEPEYHOE NEPIIEHIUKYISIPHOE OCH BO3yXOBO/Ia CEYEHHUE 32 €IMHUILY BPEMEHH,

Ha3bIBaeTCsI 00BEeMHBIM pacxoioM (L,m 2,¢) u onpeaensiercs mo Gopmyre

L=uv,XF, (7.1)

rac v.,,- CpCaAHAA 110 BCEMY CCUCHHUIO CKOPOCTH ITOTOKA BO3 [ a,M/C;
cp

F- miiomanes ceueHust BO3IyXoBo1a, M.

Cpennsist CKOPOCTh BO3AyXa B BO3ayxoBoe. [Ipu ABuKeHUN BO31yXa B
BO3/IYXOBOJIC BO3MOKHO JBa PEKUMa JIBH)KCHUS: JAMUHAPHBIA U TYpPOYJIESHTHBIH.
[TepexoaHbBINM pEeKUM BCTpPEUACTCsl KpaifHEe peaIKo, TOATOMY B JaHHOM padoTe He

paccMaTpUBaETCH.

[Tpu namMmuHApHOM peXUME TBIKEHUS H3MEHEHHE CKOPOCTH B TIOTIEPEYHOM Ceue-
HUU TPYOBI ONTUCHIBAETCSI KPUBOM BTOPOTO Mopsiaka(napadoioi), mpuyeM y ee
CTEHOK CKOPOCTh PaHBa HYJIIO, a IO OCH MMEET MaKCHUMaJlbHOE 3HaueHue(puc. 7.1).

B sTom cnydae

vy =2, (72

[Ipu TypOYyIEHTHOM peKUME JBUKEHUS, KOTOPbI HaubOJee 4acTo BCTpe-
4aeTcsl B OTONUTENbHO-BEHTWIIALIMOHHOM TEXHUKE, KPUBAasi U3MEHEHUS! CKOPOCTH
UMeEEeT BUJ yceueHHOM nmapabossl (puc. 7.1 0). B aTOM ciiydae y CTeHKH Bcerjia
MMEETCS CJIOM pa3HOM TOJIIIMHBI, B KOTOPOM Cpefa IBHKETCS JaMUHApHO. OCHOB-
HYIO YaCTh CEUEHUS 3aHUMAET TypOyJIeHTHOE Aap0. MakcumalibHas CKOpOCTh Ha-
Osroaercs Takxke 1mo ocu Tpyobl. CpeiHsisi IO BCEMY CEYEHHUI0 CKOPOCTh MOTOKA

OIIPCACIIACTCA BBIPA)KCHHUCM
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1 L
Ucp - EJ-F vdF = E’ (73)

rJIe V- TeKyIasi CKOPOCTh B JIEMEHTE ToNepedHoro ceueHus dF.

['padux pacnpeneneHuss CKOpOCTel Cpebl B IOMIEPEYHOM CEUCHUU TPYOBI pH

PA3INYIHBIX PCKUMAX ABUKCHUS

a 0.
S
VEP; V{-D = ;'rjr
'\—.-*E £ ;Jr:'
B :. I . Iy
e -y
= [ = — =
= ——— = -
I h — h
_j:.,/' : L . /f’: N
= ¥ 5
| H
Vo Vo \
\
\ 2
Puc. 7.1

a- JAMUHApPHBIA pekuM; 0- TypOYIeHTHBIN pexxuM; |- TaMUHapHBIA TOTPAaHUYHBIN CIIOM; 2- Typ-
OyJIEHTHOE SIIPO TIOTOKA.

Ha npakTtuke cpeiHIOI0 CKOPOCTh ABUKEHUS MPU TYPOYJIEHTHOM PEKHUME
OTIPENICIIAIOT AKCIIEPUMEHTAIBLHBIM ITyTeM. J[J1s1 3TOro momnepevyHoe ceueHue pa3om-
BAIOT HAa «M) KOHLUEHTPUYECKUX TIOMAN0K «AF» U U3MEpSI0T CKOPOCTh B IICHTPE
Ka)kK1oM 1iomaaku. Torna

 wam ViAF; v AF tu AR, U AR
Ucp T Zl F F .

(7.4)

B cnyuae, ecnu miomanku AF paBHOBenukue, BoipakeHne(4) ynpoiaercs

Hn MMCCT BU

Ugp = — . (7.5)
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3HaueHus pagruyCcoB CPEAHUX OKPY>KHOCTEH, ONPEAEIISIFOIINX COO0M MOJI0-
YKEHUE TOUEK U3MEPEHUSI CKOPOCTHU B KaXKI0M PaBHOBEIMKOM TUIOIIAIN, OTIPEIe-

JIAAI0OT KaK

(7.6)

rae R- BHyTpeHHuUl paanyc TpyOonpoBoaa;
N- MOPSIKOBBIN HOMEP PABHOBEIMKOH IJIOMIAIKH.
KonnyecTBo miomnaiok B 3aBUCUMOCTH OT AMaMeTpa BO31yX0BOJa pEKO-

MCHAYCTCA IIPUHUMATD CIICAYIOIICC:

IHaMeTp YHCIIO TUIOIIAI0K
Mmenee 200 3
200-400 4
400-600 5
600-800 6
800-1000 8
Boxnee 1000 10

[Tpu nuametpe TpybomnpoBoaa meHee 1000 MM u3MepeHre CKOPOCTH MPO-
W3BOJIUTCSA B3aUMHO MEPIECHIUKYISPHBIM TMaMETPOM, a Iipu auamerpe 6omaee 1000

MM — I10 TPEM AUAMETPaM, PaCIlONOKEHHBIM Nox yriioM 120 ©.

Ha puc 7.2 nokazana pa3z0ouBka Bo3ayxoBoja auamerpom 160 MM, UCTIOIb-

30BaHHBIM B JJaOOPATOPHOI YCTAaHOBKE Ha PABHOBEIMKHE TTOIIA KH.

Pa36uBKa BO31yx0BOAa KPYTJIOTO CEUCHUS HA PAaBHOBEJIUKHUE TIIOMIAIKU
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_F3

Puc. 7.2

1, 2, 3, 4, 5, 6- Touku 3aMepa Ha TOPU3OHTAIBHOM JTUAMETPE;
1, 2,3, 4,5, 6- Touku 3aMepa Ha BEPTUKATHLHOM JTHAMETPE;

Fl, F2, F3- CpCAHUC paanyChbl COOTBCTCTBYIOIINX PABHOBCIMKUX IJIOHIATO0K.

[Ipu n3MepeHnn CKOpOCTH MOTOKA BO3yXa B IPSIMOYTOJIbHOM BO31yXOBO-
Jie ¥ KaHajaxX CEeUCHHE UX pa30ouBaeTcs Ha psiji paBHOBEIUKHUX TPEX B KaXJIOM Ha-
npaBiieHud. MI3MepeHne CKopoCcTeil Mporu3BOIUTCS B LICHTPE KAXKOTO MPSMO-

yroJibHHKa 2-3 pa3a.

MeTobl OnpeIesICHUsI CKOPOCTH JABMXKEHUS BO3ayXa. CKOpOCTh IBMKECHUS
BO3/lyXa B IIOMEIICHUHN, B OTBEPCTUSAX ITPUTOYHBIX U BBITSKHBIX BO3yXOBOJIOB, a
TaKXe B OTKPBITHIX MTPOEMax OKOH, BOPOT, U (pOHApel U3MEPSAIOT KPbUIbYaThIMU U
YaleYHbIMU aHeMoMeTpaMu. KakJiplii U3 HUX UMEET YyBCTBUTEIbHBIN 3JIEMEHT,
BpalaOIIAMCA IO AEUCTBUEM JUHAMUAYECKOTO JABJICHUS MTOTOKA U CTPEIOYHOMU
MexaHu3M. Kpbuibuarsie aHEMOMETPBI HOPMaJIbHOW KOHCTPYKIIMU MO3BOJISIIOT U3-
MepSTh CKOPOCTh IBIKEHUS BO3ayxa B mpenenax 0,5- 15 M/c, a co cennaabHbIMU
JISTKUMH KpbUIbsIMU- B nipeaenax 0,15- 5 m/c. Ob6macTh UCIOJIB30BaHUS YAIICUHBIX
aHeMoMeTpoB cocTaBiisieT 2- 30 m/c. UyBCTBUTEIBHOCTh YAIICYHBIX aHEMOMETPOB

MCHBIIC, YEM KPbLIbYaThIX.
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AHeMoMeTpaMu Helb3s MOJIb30BaTHCA MPU CKOPOCTAX Bo3ayxa 6osee 30
M/C BCIIEJICTBHE OMACHOCTU U3TU0a JBUKEHUS 3arpsI3HEHHBIX MOTOKOB U MOTOKOB,

uMerouMx Temmepatypy Boiiie 50-70 °C.

Jlist m3mepeHust ckopocter aBrmkeHus Bo3ayxa ot 0,1 1o 5-6 M/c B Ha-
CTOSIIEE BPEMs HIUPOKO UCIIONB3YIOTCS 3JEKTPOAHEMOMETPHL. B 0CHOBY paboThI
anexkroanemMomeTpa TA- JIMCT nmonokeH NpuHIUI OXJIAXKIEHUS BO3YIIHBIM MO-
TOKOM HarpeToro 3JeKTPUYECKUM TOKOM MPOBOJHUKA WM MOJynpoBoAHMKa. Ha
aHAJIOTMYHOM IMPUHIUIIE TTOCTPOEHA paboTa U TepMoaHeMoMeTpa Mapku DA-«M
KOHCTpYKIuU Ypanbckoro [IpomMcrpoiinpoekra. ITOT mpubop mo3BOJISET U3Me-
pATH ckopocTh oT 0 10 5 m/c, Temneparypy ot 10 1o 60 °C u HanpaBieHUE MOTO-

KOB Bo3ayxa ot 0 7o 360°.

OnpeﬂeneHHe CKOPOCTH ABMIKXCHHA BO3AyXad B BO3JYXOBOAC BCHTHIIALIMOH-
HOM CUCTEMBI B OOJIBIIMHCTBE ClIy4acB CBOAUTCA K UIBMCPCHHUIO JAaBJICHHUA B pacC-

CMOTPCHHBIX BBIIIC TOYKAX I[BI/DKyH_Ief/’ICSI CpCAanl.

[Ipu ucnpITaHUKM BEHTYCTAHOBOK U3MEPSIOT NOJIHOE (B, ), CTaTHYeCKOoe

(F.;), m nunamuyeckoe (), naBieHus1, KOTOPhIE CBA3aHBI MEK/Y COOOH 3aBHCH-

MOCTBIO

Pn = Der + Pg, (7.7)

3HaveHus ckopocTer v B popmyrie (5) onpeacnsoTcs U3 ciaeayronen 3a-

BUCHMOCTHU IJI1 JUHAMHU4YCCKOI'O JaBJICHUA

Pg, =3 (7.8)

_ |%Pg;
U; , pat (7.9)
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T7C P g, - MMHAMHYECKOC TABICHHC B | — oif Touke, [1A;

p- TJIOTHOCTh BO3/lyXa, KI/M>.

IIpu Temneparype BO31yxa, XapaKTEPHBIX 11 BEHTWISIIUOHHBIX CUCTEM,
IUIOTHOCTB BO3/lyXa C JOCTaTOUYHOM TOYHOCTBIO MOXKET OBbITh OIpe/ieneHa mo Gpop-

MyJie

273 273 353
= = 1,293 = )
P = Pogrsse 273+t 273+t

(7.10)

rae 1,293- mioTHOCTh BO3/lyXa NMPU HOPMAIBHBIX (PU3NYECKUX YCIIOBU-
ax(101.3 kI1A, 20°C) kr/m?;

t- Temneparypa Bo3ayxa B BO3yXOBOAaX BEHTUISIIHOHHON CUCTEMBI.

Jyist u3MepeHus JaBJICHUM B OTJEIBHBIX TOYKAX CEYCHHS BO3yXOBO/IA B
KaueCTBE JaTYMKOB MIPUMEHSIOT THEBMAaTHIECCKUE TPYOKH, a B KaUE€CTBE PETHCTPA-

LUOHHOTO MPUOOpa — MUKPOMAHOMETP.

HauOounbiiee pacnpocTpaHeHue MOay4Ynsl MHEBMAaTUYECKHUE TPYOKH clie-

TYIIUX KOHCTPYKIWMN:

- I'- 0Opasnbie ¢ nonychepuyeckuMu HAKOHEUHUKOM cucTeMbl Mpannaris,

neycroponnue cucremsl Kiiese, MUOT u HUNOras3;

Ucnons3oBanue I' — 00pa3HbIX HAMOPHBIX TPYOOK C KOHUYECKUM HAKOHEU-
HUKOM (oJIuHapHBIE cucTeMbl [1uTo 1 1BOMHBIE cucTeMbl bpad06e) siBisieTcst Hexe-
JaTeNbHBIM, T.K. OHU TPEOYIOT CPAaBHUTEJIBHO TOYHOM X YCTAaHOBKH IO HampaBJie-
HUIO noToka. [Ipu ucnonab3oBaHun TpyOOK € 3aKPYTIIEHHBIM HAKOHEYHUKOM OT-
KJIOHEHHE OCH TPYOKHM OT HaIpaBJICHUS ABMXKEHHUS BO3/lyXa A0 + 17° mpakTHUeCKH

HC CKa3bIBACTCA Ha TOYHOCTH 3aMCpa.

B naGopaTopHoii paboTe UCTOMB3YIOTCS THEBMOMETPUUECKHUE TPYOKH
MUOT(puc. 9.3) cocrosiue U3 AByX CHastHHBIX MO JJIMHE METAITUYECKUX TPYOOK

C BHYTpEHHUM JuameTpoMm 1-4 mm. OnHa 3 TpyOOK Mepa MOJHOTO AaBJICHUS.
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BTOpa}I HMECT 3aOCTpCHHLIﬁ KOHECI U YCThIPC OTBCPCTHUA B CTCHKAX IJIA 3aMEpa

CTaTU4YCCKOI'O JaBJICHHUA.

[TneBMOMeTprUeckre TPYOKH BBOASITCS BHYTPb BO3/1IyXOBOJa Ha MPSIMOM
y4acTKe Ha pacCTOSIHUU 4-5 KanuOpoB (UaMeTPOB) 32 MECTHBIM COIIPOTUBIICHUEM,
HO HE MEHEE JIByX KaIuOpOB A0 MOCIEIYIOMEr0 MECTHOTO COMPOTUBIIEHUS Yepe3
OTBEPCTHUS B €70 CTEHKE U YCTAHABIUBAIOTCS TaK, YTOOBI OTKPBITHIA HATOPHBIN
KOHEL, CITYXaIIUi 17151 U3MEPEHUS MMOJTHOIO JABJIEHUS, CTOSI CTPOTO HABCTPEUY
noToky. [Tpu 3ToM GOKOBBIE OTBEPCTHS B TPYOKE, U3MEPAIONIEH CTaTUYECKOE JIaB-
JIEHUE, PACIOIOKaTCs NEPIEHANKYISIPHO MOTOKY BO3AyXa. PeructpaimoHHbIM

pruOOPOM B JJAOOPATOPHOM YCTAHOBKE CIIY)KUT MUKPOMAHOMETP.

220

2 OTB. C = — _
Ka10M CTOPOHI

20

————— A —— S ———

Puc. 7.3 IIneBmomeTpuueckas Tpyoka MUOT

- 1-TPY6K8. I UBMCPCHUA TTOJIHOTO JaBJICHUS,

- 2-TpyOKa sl U3MEPEHHS CTATUIECKOTO JIaBIICHHUS.

PerucrpanrioHHsiM mpuOOpPOM B 1aOOPATOPHOM YCTAHOBKE CITY>KUT MHUK-
pomanomerp MUH. KOHCTpYKTHBHO OH MIpEACTABISIET COOOM /1Ba COOOIIAIOIINXCS

COCyJla, OJMH U3 KOTOPBIX BBIMIOJHEH B BUJIE pe3epByapa(l), uMeroiiero 00JbIIyio
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IJI0IA b, & IPYTrOM B BUE TOHKOMN CTEKJISTHHOM TpyOKu (2). JJ1sl MOBBIICHUS Jua-
Ma30Ha U3MEPEHHUsI YroJl HaKJIoHa TpyOKu MokeT u3MmeHsaThes. Ha ayre (5) ¢ ms-
TbIO OTBepCcTUAMH (10), COOTBETCTBYIOIIUMHU ONPEICTCHHBIM yTJIaM HaKJIOHA

TpyOKH, OKOJIO OTBEPCTHH yKa3aHbl 3HaueHUs KordduimeHTa «k», papusie 0,2;

0,3;:0,4;: 0,6; 0,8.

Koaddumment «x» Haxoautces no Gpopmyre

k=p (sincr + %) (7.11)

Y YYUTBIBAETCSA IJIOTHOCTh padoueil )xuakoctu (00braHO cnupt ¢ p= 909.5 kr/m?),
yroJl yCTaHOBKH M3MEPUTENBHON TpyOKH U OTHOIICHUE TUIOIIAIeH U3MEPUTEIbHON

TpyOKH U pe3epByapa.

Puc. 7.4 Cxema MUKpOMaHOMETpA

1- pesepByap; 2- u3mepuTenbHas TpyoOka; 3- mkaina; 4- KpaH-TIepeKIoyaTesnb; S- 1yrooo-
pa3Has cTolika; 6- MOJCTaBKa;7- yCTAHOBOYHbIE BUHTHI; 8- BUHT YCTAaHOBKHU HYJIS B TPYO-
Ke; 9- perynnpoBouHblii BUHT, 10- oTBepcTHSL.

ITepen Hauanom U3MEpPEHUI MUKPOMAHOMETP C MOMOIIBIO YCTAHOBOYHBIX
BUHTOB (7) 110 YpOBHIO (8) yCTaHaBIMBAETCS B TOPU3OHTAILHOE MMOJoKeHue. KpaH-
nepexsoyaTens (4) ycTaHaBlIMBaeTcs B ojioxkeHue «0», Ipu KOTOPOM MPOCTPaH-

CTBa HaJ )KUJIKOCTHIO B U3MEPUTEIHHOU TPYOKe U pe3epByape coo0ImaeTcs ¢ at-



77

Moc(epoii, U ¢ TOMOUIBI0 BUHTA (9) JKUJIKOCTh YCTAHABIMBAETCS B MOJIOKEHUE,
COOTBETCTBYIOIIIEE HYIIO MKaNbI(3). 3aTeM K HITylepaM KpaHa-TIepeKIToYaTes

MPUCOEIUHSAIOTCS COEIMHUTENBHBIE IITaHTH OT Tpyook MUOT B cooTBEeTCTBHH €

puc. 7.5.

< Kk un3mepwutensHon Tpybke

T [
T th1.\’,/ - — \\\
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Puc. 7.5 Cxema MMPUCOCAUHCHUS HNIJIAHI'OB K KPAHY-IICPCKIIIOYATCIIIO

Ecnu BO31yX0BOJ HarHeTaTeabHbIN, TO JJIS1 U3MEPEHUS MMOJHOTO U CTaTH-
YECKOTO JaBJICHUS IIJIAHTH OT COOTBETCTBYIOIIMX TPYOOK MOOYEPETHO TIPUCOCTU-
HSIOTCS K IITYLEPY cO 3HaKoM +. Eciiu BO31yX0BOA paboTaET Mo pa3peKeHUEM,
TO IIJIAHTY MPUCOECAUHAIOTCS K IITYLIEPY CO 3HAKOM - . ECnu muaHr, uaynmn ot
TpyOKH, CIy>Kale Uit U3MEPEHHs TIOJIHOTO AaBJICHUS MPUCOSTUHUTH K MITYIEPY
+, a IUIaHT, UAYIIUN OT TPYOKH U3MEPSIIOIIEH CTaTUUeCKOE TaBICHUE TPUCOEIHU-

HUTH K LITYLEPY - , TO MUKPOMAaHOMETP MOKAXET Pa3HULY JABJIICHUU, T.€. TUHA-

MHYCCKOC OaBJICHUC.

[Tocne moBOpoOTa KpaHa- MEPEKIIOYATEIIS 10 YACOBOM CTPENIKE 0 YIopa

MPOU3BOAAT U3MEpeHUs. BenuurHa u3MepeHHOro AaBieHus (Kr/M?) HaXOJUTCs U3

BBIPpA)KCHUA

p=kxH. (7.12)

rae H- orcuer mo mikase mpubopa,Mm.
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3. OBBEKT UCCJUIEJOBAHUA

Puc. 7.6 Cxema 1a00paTOpHOIi yCTaHOBKH

1-1eHTpOoOEkKHBIN BEHTWIIATOP; 2- KAPTOHHO- OyMasKHBIH BO31yXOBOJ; 3 — Apocceb-KianaH A
M3MEHEHHUs pacxoja Bo3ayxa; | u |l- ceuenus ais npous3BoCTBa 3aMEPOB.

B ycTaHOBKE B Ka)KJIOM CEYEHUU UCTIONB3YIOTCS JIBE€ MHEBMOMETPUUECKUE
TpyOKH, 3aKperuieHHbIC 101 YoM 90° Ha CTepKHSIX C MOMOIIIBIO CTPYOITUH CO

CTOINMOPHBLIMH BUHTAMM.

4. 3AJAHUE HA PABOTY

Onpez[eJme pacxoabl B BO3AYyXOBOAAX KPYIJIOr0 CCYCHUS € ITIOMOIIBIO

MTHEBMOMETPUYECKUX TPYOOK M MUKPOMAaHOMETpA.

5. HOPAOK BBIITIOJIHEHUS PABOTDBI

1. W3yuuthb ycTpoiicTBO MHEBMOMETPHUUECKHUX TPYOOK U MUKPOMAHO-
MeTpa, PaBUJIa UX COCAUHEHUS NIPU U3MEPEHUMN.

2. O3HaKOMHUTBCA C JJaOOPATOPHON YCTaHOBKOM, MPOBEPUTH MOJIOKEHUE
TpyOOK B CEYEHUU, HAYUUTHCA MepeMeniaTh UX B KOOPJAUHATHKE.

3. YcTaHOBUTH MUKPOMAHOMETP B TOPU30HTAILHOM IOJIOKEHUH, TIPH-

BECTU YPOBEHb JKUJKOCTH B U3MEPUTEILHON TPYOKE K HYJIEBOM OTMETKH.
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4.  CoeauHUTh PE3UHOBBIM IIJITAHTAMH THEBMOMETPUUYECKHE TPYOKH C
MHUKPOMaHOMETPOAMH.

5.  Bxuarounts BeHTUIISATOP (MIpemnogaBaTelb WK Ja0OpaHT).

6. 3aduxcuposars mudep(3) B MOJ0KEHUH, COOTBETCTBYIOIIIEM MUHU-
MaJbHOMY Pacxoy BO3AyXa.

7. TlpousBecTH 3aMephbl MOJIHOTO, CTATUYECKOTO U JUHAMUYECKTIO JaB-
nenuii B ceueHuu I u I1. U3mepenus Hadyath Opu MOJIOKEHUN TPYOKH MUKPOMaHO-
Mmetpa ¢ k= 0,8 , ormyckasi ee 10 BO3MOKHO 00J1€€ HU3KOTO YPOBHS B LEJISIX MTOBBI-
LIEHUS] TOYHOCTH u3MepeHus. [Ipu 3ToM HEAOIMyCTUMO MOITaJaHue KUJAKOCTH B
nuianry. Pe3ynbprarel 3amepoB 3anectu B Tabm. 9.1.

8. HM3mewnss creneHpb 3aKphITHS IPOCCENb-KIIallaHa, POU3BECTH 3aMEPhI
3-4 paza.

9. BrIKITIOYNTH BeHTHISTOP(TPEIO1aBaTe b UITH JIAOOPAHT).

10. OTCOGI[I/IHI/ITB MHUKPOMAHOMCTPEI OT ITHCBMOMCTPHUYICCKUX TPY6OK.

O6paboTKy pe3yJIbTaTOB IKCIEPEMEHTA YI0OHO MTPOU3BOIUTH B hopMe

tabmn. 7.1.

Tabnuna 7.1
Tabnuia sKcriepeMeHTaIbHBIX JaHHBIX U PaCUETHBIX 3HAUCHUN
NoNe [Tokazanust MuUKpOMa-
TOYEK HOMETpa, MM Py P P Uy, U, . .
. Ma F,m* LM fc
3aMEpOB. H, H_ Hy xre/m’ wr/mt M/c M/c
OneIT
1 2 3 4 5 6 7 8 9 10 11
1.
2.
6.
1.
2.
6.

[Ipumeuanue:
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1. I[JI}I KOHTPOJIA PECKOMCHAYETCA U3MCPCHHOC ITIOKa3aHNEC MUKPOMAaHOMET-

pa (H,) cpaBHUTB ¢ pacueTHBIM 3HaUeHUeM (H,, — H,,). Pa3HuIa J0JKHA ObITh He-
3HAYUTENbHON. Pacyer BemyT 1o cpegHeMy 3HaYCHHIO.

2. BuytpenHuii qtuametp Bo3ayxoBojia paseH 0,16 M.

6. YKASAHUA 110 OPOPMJIEHUIO OTYETA

Otuet oopmitsieTcst Ha uctax ¢popmara A4 B COOTBETCTBUM C NMPABUIIAMU
ECKJI. Otuet n0mKeH coaepKaTh: 1elb paboThl, CXeMy J1Ja00paTOPHON yCTAHOB-
KH, METOAMKY OIpPEAEIIEHHUs] CKOPOCTEHN M pacxojia BO3yXa B BO31yX0OBO/JIE, Ta0-
JIUITY SKCTIEPUMEHTAIIbHBIX U PACUETHBIX JIAHHBIX, TPAQUKU U3MEPEHUS CKOPOCTEHN
BO3/lyXa B IONIEPEYHOM CEYEHUU BO3yXOBO/A, a TAK)KE MOJIHOI0, CTATUYECKOTO,
JMHAMHYECKOT0 JIAaBJICHUH U pacxo/ia BO3AyXa B 3aBUCUMOCTH OT CTETIEHU OTKPHI-

THUA Hm6epa, BBIITOJIHCHHBIC Ha MHJIJIHMGTpOBOﬁ 6YMaF€.
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7. KOHTPOJIBHBIE BOITPOCHI

1. [ens u 3amaum 1abopaTopHOM pabOTHI?

2. llenw u 3ama4un UCTIBITAHUS BEHTUJISIITAOHHBIX CUCTEM?

3. Uro mojoXeHO B OCHOBY METOJMKH OINPEACTICHUS pacXoja Bo3ayXa B
BO3yX0BOJE?

4. Kakue METObI UCIIONIB3YIOTCS TIPH ONPECIICHUN CKOPOCTEH TBUXKe-
HUS BO3yXa?

5. Kakue cymecTBytoT aHeMOMETPBI U KaKOBBI MX 00JaCTH MPUMEHE-
HUs?

6. Kakue KOHCTPYKIIMH THEBMOMETPUIECKUX TPYOOK HamOoJee MUupoKo
pacrnpocTpaHEHbI?

/. Ha3HaueHue, KOHCTPYKLUS U TOPSAOK pabOThl ¢ MUKPOMaHOMETPOM?

8. Kakoif mopsaox BeIMOTHEHUS paOThI?
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