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BBEJ[EHUHE

Kypc «lIpouecchl U anmaparbl XUMHUYECKON TEXHOJOTHW) SIBJISETCS HHXKE-
HEPHON JUCHUIUIMHOM, TMPEJCTaBIAIONIEH COOO0M Ba)XHBIM pasjiesl TEOPETHUECKUX
OCHOB XMMHYECKOW TEXHOJIOTMM. B HEM H3y4arTCs OCHOBHBIE IMPOLECCHl U
arnmapaTbl XUMHYECKUX IPOU3BOJICTB, U OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUS
TEXHOJIOTMYECKUX TMpoueccoB. OH HrpaeT O4YE€Hb BAXHYIO pOJIb B IOATOTOBKE
CTYJICHTOB XMMHUKO-TEXHOJIOTHYECKUX crenuaabHocTe. D (HEKTUBHOCTL OCBOCHUS
ATOW ydeOHOW IUCHMIUIMHBI B 3HAYUTEIHLHOM MeEpe 3aBUCHUT OT COJEpKaHUS U
MOCTAHOBKH J1a0OPATOPHOT0 MPaKTUKyMa.

Hacrosimue nocobue sBiseTcss y4eOHO-METOJUYECKUM PYKOBOACTBOM IS
BBITIOJTHEHUS JIa0OpaTOpHBIX padoT mo Kypcy «lIporecchl U anmapatbl XUMHUYECKOM
TexHosorum» cryaeHtaMu HanpaieHus 18.03.01 «Xumwuueckas TEXHOJIOTHS». A
TaKXe€ ISl CTYJEHTOB JPYIMX HANpaBlICHUN MOATOTOBKH, H3Y4YalOUIMX IaHHYIO
JTUCLUIUINHY.

JlaGopaTopHbIil TPAKTUKYM COCTOMT M3 JBYX 4YacTeW, coaepxkamux 1o 7
7a00paTOPHBIX PabOT, SBIAIONIUXCS BapHaIllMIMH CTaHIAPTHBIX paldOT ajamnTu-
POBAaHHBIX HAYYHBIM KOJUICKTUBOM Kadeapbl XUMHUYECKUE TEXHOJIOTUU HedTera-
30BOr0 KoMIuiekca JIOHCKOro TroCyZapCTBEHHOIO TEXHUYECKOI0 YHUBEPCUTETA
(AT'TY).

enbo kaxaoil nabopatopHoi paboOThl siBIsieTCs Oojee TyOOKOe YCBOECHHE
Marepuaia Mo COOTBETCTBYIOLIEMY pa3fely Kypca, a Takke MpuoOpeTeHue Heoo-
XOJIMMBIX HAaBBIKOB IPU MPOBEICHUM H3MEPEHHI, IMOCTAHOBKE SKCIIEPUMEHTa WU
00paboTKe €ro pe3yyIbTaToB.



TEXHHUKA BE3OIIACHOCTH

[Ipexxie yeM IpUCTYIUTh K BBITOTHEHHUIO Ja00paTOpHBIX padoT,

HEOBXOAMMO:

1. [IpoiiTh HWHCTPYKTaX MO TEXHUKE OE30MacHOCTH M pacmucaTbCsi B
COOTBETCTBYIOILIEM KYPHAJIE;

2. JlockoHaJNbHO U3YYUTH YCTPOUCTBO TAOOPATOPHBIX CTEH/IOB;

3. IIpoBeputh 3a3eMieHue 1a00OPATOPHBIX CTEH/IOB.

CTPOIO BOCIIPELLJAETCA:

1. Kacatbcsi NOpOBOJHMKOB M  HEW3OJHWPOBAHHBIX 4YacTed ammaparyphl,
HaXOJALUXCS N0 HAIIPSKEHUEM;
2. BxitouaTe B ceTh JIaDOpaTOPHYIO YCTAaHOBKY O€3 paspellieHus Ipernoja-
BaTeJIsl U B €r0 OTCYTCTBUU,
OcTaBnsATh 6€3 HAOIIOAEHNS BKIFOUEHHYIO J1a00paTOPHYIO YCTaHOBKY;
KacaTbcst HarpeTpIX MOBEpXHOCTEN YCTAHOBOK;
ITpu paboTe ¢ HacocamMu MPEBBILIATh YCTAHOBIEHHOE AABJICHUE;
MeHATh peryaupoBKy MPUOOPOB, OTKPBIBATH WM 3aKpbIBATh KpaHbl ycTa-
HOBOK B OTCYTCTBUHU IPENOAABATEIIS;
7. 3arpoMokJaTh CTOJN JIaDOpAaTOPHOM YCTAHOBKM OJAEKAOH, NOpPT(hEIsimu,
KHUTaMU U JPYTMMH BEIIaMU, HE OTHOCSIIUMUCS K paboTe;
8. IlpuHuMmaTh Uiy B HAYYHOU JabopaToOpuu.

AN

EC/M MPOM3OLLE/T HECYACTHBIA C/IYHYAM — HEMEAJIEHHO:

1. OTKIIOYUTH ANEKTPONUTAHUE TAO0OPATOPUN PYOUITBHUKOM;
2. Oxka3aTp MepBYIO MOMOLIb MOCTPAJABIIEMY;
3. Bei3Bath 1o Tenedony «03» CKOpyro MOMOIb.



SJEMEHTbHI HAYYHBIX HCCIEJOBAHHH IIPH BBIITOJTHEHHH
CTYAEHTAMH JIABOPATOPHBIX PABOT

JlaGopatopHbie pabOThI CTYIEHTHI BBINOIHSAIOT HEOOJBIIUMHU OpuUragamMu OT 2
70 4 4eNoBeK, MPUYEM YCIOBUS IKCIIEPUMEHTA IS KaKJIOW Opurajbl U3MEHSIOTCS,
YTO HE MOXKET HE CKa3blBaThCs Ha pe3yibTaTe. JTO 00€CleYynBAET HEOOXOIUMYIO
CaMOCTOSATEILHOCTh CTYJEHTOB IpU padoTe.

["oToBsichk K 3amuTe 1a60PaTOPHBIX pabOT, CTYJAEHTHI 00S3aTEIbHO OTBEYAIOT Ha
KOHTPOJIbHBIE BONPOCHI, MMEIOIIMECS B TEKCT€ METOAUYECKHMX YKa3aHWH, T.K.
MpernojaBareib BEAET ONpPOC B OCHOBHOM IO 3THUM e Bompocam. Pabotas ¢
KOHTPOJIbHBIMU BOIIPOCAMH, CTYJICHT JOJDKEH oOpamiaThCs K JUTEepaType, KOHC-
MeKTaM JIEKIUH, TaOJuIiaM U JauarpaMmaM, OH aHaJM3UpPYeT MOJYyYCHHBIE PE3yiib-
TaThl, CBS3BIBASI UX C YCJIOBHUSIMHU IKCIEPUMEHTA, U CTAJIIKUBACTCS, TAKUM 00pa3oM, C
aJIeMeHTaMM Hay4dHbIX uccienoBanuii (OHN).

MOPA/OK AENCTBUM [PU BbIMOJIHEHUM JIABOPATOPHbBIX PABOT
CTYAEHTAMM

[Ipu BhIMOTHEHHH JTaOOPATOPHBIX PAabOT CTYJAEHTAM PEKOMEHIYETCS CJIeIYIO-
AN TTOPAIOK IEUCTBUN:

1. O3HaKOMUTKCS ¢ TPeOOBAHUSIMH TEXHUKH 0€30IMaCHOCTH.

2. YCBOUTH 1IEJIU U 33/1a4u pabOTHI.

3. U3yuuTh yCTpOWCTBO Ja0OpPATOPHON YCTaHOBKY, IOPSJIOK BBITIOJHCHUS
paboThl (BKIIIOUEHHUE U PETYIMPOBAHHUE), METOAUKY IKCIIEPUMEHTA, CBSI3b C TEOpe-
THYCCKUMH  TTOJNIOKEHUSAMH. [lOATOTOBUTH OINKMCAHWE YCTAHOBKH U IKypHa
HaOJIIOICHUH.

4. V3yuuTh CHpaBOYHYIO JUTEpaTypy, PEKOMEHIYEMYIO K JaHHOW Jjabo-
paTopHOU padoTe.

5. OtumTaThCs TEpe] MperoaaBaTeNieM O TOTOBHOCTH K BBIMIOJHEHUIO pa0OTHI U
MOJIYYHMTh pa3pelicHUe Ha BIMOJHEHUE.

6. Bo BpeMs poBeICHHS OIBITa, CTYJICHT, JODKCH BBIMOJIHUTH SKCIICPUMEHT,
OIICHHMBAs JIOCTOBEPHOCTh M TOYHOCTHh Ka)KJIOH M3MEPECHHOW HHUQPHI, €¢ 3HAUCHHUC B
paboTe B IIETIOM.

[Tyck yCTaHOBKM MPOM3BOAUTCS TOJBKO C pa3pelICHHS MpernogaBaTes U B €ro
MPUCYTCTBHH. B mporiecce MpoBeIeHHS OTBITa KaX Il CTYICHT 3aHOCHUT PE3YIbTaThI
U3MEpPEeHU B CBOIO TalJuily HaOIIOJCHUM, KOTOpas 3aTeM TMOAMUCHIBACTCS
npenogaBareneM. Tabnuia HaOMIOACHUN SBISETCS OCHOBHBIM JIOKYMEHTOM,
yJIOCTOBEPSIONIUM y4aCTHE CTYACHTAa B BBINIOJIHGHHMH pPabOThl, W JIOJDKHA
COXPaHATHCS J0 MOJYUYCHHS 3alIUTHI 110 ITOM pabdore.

7. TlokazaTh pe3yJbTaThl MPENOAABATEIIO sl TPOBEPKHU.

8. BrimomHuTh 00pabOTKy MaTepHaloB JKCIEPUMEHTA: PacCUUTaTh pPe3yiib-
TaThI, IOCTPOUTD JUATPAMMBI WM rpadKH, OICHUTH MOTPEITHOCTh PE3YyJIbTATOB,
00/TyMaB BBIBOJIBI YBS3aTh X C UMEIONTUMCS 3aJaHUEM B paboTe.



9. Odopmuts oT4yeT MO JIabopaTOpHOW pabOTe HAa OCHOBE HWHCTPYKIHH H
Tabnuiel HabOmogeHui. CripaBoYHbIE JTaHHBIE WMEIOTCA B TPHUJIOKECHHHU K TIPaK-
TUKYyMy, a TaKke B y4eOHMKaX M CIPABOYHUKAX M0 TEIUIOTEXHHUKE, IMpoIlleccaM U
amnmapaTaM XUMHYECKON TEXHOJIOTHMH, OpraHudeckorl xumuu. OT4UeT JOJDKEH
BKJIIOYATh CIIEAYIONIUE pa3Iebl:

* Ha3BaHHUE U HOMEP PabOTHI;

* 3aJlaHUE C YKa3aHUEeM IIeJiei paOoThI;

* OCHOBHBIC TEOPETUUYECKHE TIOJIOKEHUS;

* CXeMa KCIEePUMEHTAILHOM YCTAaHOBKH M €€ KPAaTKOE OMUCAHUE;

* TabnuIa HAOJIIOICHUN;

* MaTeMaThuyeckasi 00paboTKa OMBITHBIX TaHHBIX;

* yKa3aHHbBIC B 3aJJaHUM THArpaMMbl U rpadUKu U UTOTOBBIC TaOJIHUIIbI;
* BBIBOJIBI U 000OIIECHUS.

Otyer crneayer opopMHTh K cieaywoliiemMy JabopaTopHoMmy 3aHatuto. [lpu
OTCYTCTBUHU OTYE€Ta CTYJICHT K BBITIOJIHEHUIO CIEAYIOIIEH TabopaTopHOM paboTe He
JIOTyCKaeTCs.

10. [Ipu moAroToBKe K 3alllMTE OTYETa, MOBTOPHO, Ha Oojee IIyOOKOM YpPOBHE
M3ydyaeTcs TEOPETUUECKUM MaTepuan u jabopaTopHas yctaHoBka. Oco00oe BHUMaHUE
P 3TOM CTYACHTHI JOJDKHBI OOpamiaTh Ha BOMPOCHI B3aUMHOW YBSI3KH MEXIY
M3y4yaeMbIM MaTepHaJoM M APYruMu paszaenamu kypca. CTyAeHTBI TOJDKHBI 3HATH
OTBETHI HA KOHTPOJIbHBIC BOTIPOCHI.

11. IlpenbssBUTH OTYET MPENOABATEIIO HA TIPOBEPKY.

12. 3amuTUTh OTYET Nepe NPenoaaBaTeIEM.

3ammTel O J1Ta0OpaTOpHBIM paboTaM MPOBOASTCS HEMPEPHIBHO B TEUCHHE
ceMecTpa IO Mepe HX BbIMOJHEHHS. Pabora cuuTaeTcss TPUHATOW, €CIU OHA
BBITIOJTHEHA B COOTBETCTBUHU C YKa3aHUSAMHU HACTOSIIETO0 PYKOBOJICTBA; MOJYYCHBI
JIOCTOBEPHBIC PE3YJIbTAThl, U CTYJEHT IPH 3aIUTe 0OHAPYKWJI 3HAHHE U TOHUMAaHUE
CXEMbl YCTAaHOBKH, METOJAUKH DKCIIEPUMEHTA, a TAKKE€ COOTBETCTBYIOIIMX Pa3ieiioB
TEOpHHU.

Jns xkBanmuUIIMPOBAHHOTO OTBETa HA IIOCTaBJICHHBIE B WHCTPYKIUU KOH-
TPOJILHBIE BOMPOCHI CTYACHT JOJIKEH HE TOJBKO U3YYUTh WHCTPYKIHIO, KypC JEKIUN
WM y4eOHHMK, HO MU Ha OCHOBE 3TOr0 Marepuaja yMeTh JieJlaTh CaMOCTOSTEIbHBIC
YMO3aKJTFOUEHUS.

[lepeyenb paboOT U TMOCIIEAOBATEIBLHOCTh MX BBHITIOJHEHUS YCTaHABIUBAIOTCS
npernojaaBareyeM, UCX0Is U3 00beMa Kypca, KOJIMUeCTBa 4acoB, MPEIYyCMOTPEHHBIX
y4eOHBIM IIJIAHOM JIJIs1 TOM AUCIUILIMHBI, @ TAK)KE BO3MOXKHOCTEH J1abopaTopuH.

3JIEMEHTbI HAYYHBIX MCC/IEAOBAHMI B JIABGOPATOPHBIX PABOTAX
N0 TEXHWMYECKOM TEPMOAMHAMMKE, MEXAHUKE
U TM/POMEXAHUKE :

Jlabopamopnasa paboma Ne 8. B xone BbINOIHEHUS pabOTHl CTYJIEHT HM3y4daeT
npuOOpbl ISl U3MEPEHUS JABICHHUS — Ba)XXHEHIIEro TEPMOJMHAMUYECKOrO Mapa-



MeTrpa. CTpOUT MOMPaBOYHYIO KPUBYIO JJIsi IPYKUHHBIX U3MEPUTEIBHBIX TPHUOOPOB.
VYcTaHnaBiauBaeT CBA3b MEXAY OCHOBHBIMU €IMHULIAMH U3MEPEHUS TaBICHHUS.

Jlabopamopnas paboma Ne 9. B xone BbINOIHEHUS pabOThl CTYJIEHT HM3y4daeT
OCHOBHBIE NMPUOOPHI A U3MEpeHusi Temneparypbl. Haxonut morpemHocTu ompe-
JIEJICHHs] TeMIlepaTypbl 3TUMU NPUOOpPAMHU B CPaBHEHUU C PTYTHBIM TEPMOMETPOM.
VYcTanaBiauBaeT B3aUMOCBSI3b MEXKTY €AMHUIIAMU U3MEPEHUS TEMIIEPATypPhI.

Jlabopamopnas paboma Ne 10. CTyleHT aHAIU3UPYET, 3aBUCUMOCTH CpeHEn
M300apHON TEIMJIOEMKOCTH BO3[lyXa OT €ro CKOPOCTH B KaHaje dKCIEPUMEHTaIbHOM
YCTAaHOBKHU. 3aTeM YCTAaHABIMBACT B3aMMOCBSI3b MEXIy H300apHOW M H30XOPHOU
TEIJIOEMKOCTSIMU Bo3ayxa. ComocTaBisieT CHpPaBOYHbIE W HailJICHHbIE OIBITHBIC
3HAYCHUS.

Jlabopamopnas paboma Ne 11. B xone BbITIOIHEHUsT pabOTHI CTYJIEHT M3y4aeT
OCHOBHbIE (DU3UYECKHE CBOWCTBA >KUIKOCTU. [IpnOOphI AJis U3MEpeHUs OCHOBHBIX
CBOMCTB skuaAK0oCcTH. COMOCTaBISET CIPABOYHbIE U HAICHHBIE B OMBITE 3HAYCHUS.

Jlabopamopnas paboma Ne [2. CTyneHT wu3ydaeT KHHETHUKY IMpolecca CBO-
00JTHOTO OCAXKJEHHUSI TBEPABIX YAaCTUIl IIAPOOOPA3HON (OPMBI MOJ ACHCTBUEM CHUIIBI
TsokecTd. HayuuTcs mnpoBoAMTH NOCTpoeHHE TrpaduyecKux 3aBUCHUMOCTEH WU
CPaBHUTH €T0 C TEOPETUUECKUMHU JaHHBIMHU. HaxoAuT MOrpeimHocT onpeaeneHus.



METOJHYECKHE YKA3AHHA K JTABOPATOPHBIM PABOTAM
10 THIPOJHHAMHUKE

Jlaboparopnas padota Ne 8

IHPAKTUYECKOE INPUMEHEHHUE YPABHEHUS BEPHYJIJIM JJIA
OITPEAEJIEHUA IIOTEPH HAIIOPA B TPYBOIIPOBOJAX

He.]'lb paﬁoTI)I — O3HAKOMHUTCA C IMpPUHOUAIIAMHA IPUMCHCHHUA YPAaBHCHUA
BepHy.HJII/I, JIC)KAIIMMH B OCHOBC MCTOJOB OIPCACIICHUA HAIIOPa B TPY6OHp0BOI[aX u
HU3MCPCHUA JAaBJICHUA IIOTOKA.

3amanue

1. Onpenenutb cnaraemple ypaBHEHHs bepHyJIIM HpH JBHKEHUHM pEajJbHOU
KUJKOCTH 110 TOPU3OHTATBHOMY TPYOOTIPOBOAY Pa3IMYHOIO CEUCHUSI.
2. OmnpenenuTth MOTEPU HAMOPA AJIS1 Pa3IMYHbIX YYaCTKOB TPyOONpoBoaa.

Onucanus IKCNEPUMEHTAJIBHOH YCTAHOBKH

1 2 3 4 5
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Puc. 1. 9KCHepI/IMeHTaJIBHa$I YCTAaHOBKaA IJIsA OIIPCACIICHUSA IIOTCPb

Haropa B TpyOOnpoBo/IE:
1,2, 3,4, 5 — npe3omerpudeckue TpyOku; 6 — TpyOOmpoBoa; 7 — Ha-
nopHbiil Oax; 8, 9 —3amopubie BeHTwiIH; 10 —Tepmomerp; 11 — Oax
MOANOPHBIN; 12 — MepHBII cocyn; 13 — BopoHKa ciuBa

[TpyHIMNMaTbHAs cXemMa IKCIEPUMEHTAJIbHOW YCTAHOBKH MTOKA3aHA HA PUCYHKeE 1.
VYcraHOBKa BKIIIOYAET TSITh MbE30METpUYECKUX TpyOok 1-5, g  u3MepeHus
CTaTUYECKOro JAamieHus >kugkoctd B cedeHwsx [, 1I, II TpyGompoBoga 6 c
cooTBeTCTBYIOmMUMH auamerpamu d; =32 mm, d; =20 mMm, d; =32 MM. DIeMEHTHI
TpyOONpPOBOJIa PA3HOI'O CEYEHUS COEJAMHEHBI MEXIY COOOM IUIaBHBIMHU NEPEXOAaMH.
Hanop#siit 0ak 7, peryl1upoBOUHbIi BEHTWIb 8 U 3arOpHBINA BEeHTWIb 9. TepmomeTp st
PETYJIMPOBKU  TeMIiepaTyphl crmyckaemod Bojwl 10, moamopueiii Oax 11 gms
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PETYIMPOBKU TMOCTOSTHHOTO YPOBHSI KUIKOCTU. MepHbIil cocyn 12 il u3MepeHus
pacxoja 1o (pukcaium BpeMs ero 3anoyineHus. CuBHas BOPOHKA JJIst 0TBOAA BOjbI 13.

IHopsinok BeIMOTHEHUsI padOTHI

OTKpBITh BEHTWJIb 8 JUIsl 1Moja4 BOABI B YCTAHOBKY M C MOMOIIBIO BEHTUJIS 9
YCTAaHOBUTH 3aJaHHbIi pacxon. [locnenHuii ompenensercs CIEAyIOMIMM 00pa3oM:
MO/ CTPYIO KHUAKOCTH, BBITEKAIONIYIO W3 moAmopHoro Oaka 11, ycTaHaBiIMBaIoT
MepHbIid cocyn 12 u ¢ukcupyroT Bpemsi ero HamnoiHeHusi. llocne ompenenenus
pacxoaa HeoOX0IMMO 3aMucaTh MOKa3aHUs Mbe30METpUYecKux Tpyook 1 — 5.

[Ipu onHOM pacxoje HeoOXOIMMO CeNaTh HECKOIBKO 3aMEPOB Yepe3 KaxKible 2
— 3 munyThl. [logoOHbBIE 3aMephl BBIMOJIHSAIOT NMpU 4 — 5 pacxojax *KUAKOCTH, BCE
JTAaHHBIE HEOOXOUMO 3aHECTH B TAOIHUIly HAOIIOCHUH.

Taoauna 1.

Tabnuia HaOIOICHUNA

[Tokazanue nbe30MeTpPOB,

O0BeM Bpems MM BOJI. CT.
N N BBITEKIIICH | HATTOJTHEHUS Temnepa-
Typa Bogel | | 2 3 4 5
omeiTa | 3amepa BOJIBI cocyna o
Vs, M T, CeK ’ ﬁ ﬁ ﬁ & ﬁ
pg | pg | pg | pg | pg
! 2 3 4 5 6 7 8 9 10
1. 1.
2.
3.
Cp.
3HaY.

O0padoTKa IKCIEPUMEHTAJbHBIX JAHHBIX

l. YpaBHenue bepHymn 11 ABYX CEUEHMH 3JIEMEHTAPHON CTPYWKH WIH

IIOTOKAa peaHBHOﬁ KUIKOCTH OIINCBhIBACTCA ypaBHeHI/ICM.
P w? P w?

It — 4=z, +—+—2+h,
P19 29 P29 29

Tak kak och Ha60paTOpHOFO pr6onp013011a PAaCIIOJIOKCHHOTO TOPU30HTAJILHO,
TO Z1 = Zp, 1 AAHHOC YPABHCHUC ITPUMCET BUI

2 2
P,  wi P, w;
pg 29 pg 29
BeJII/I‘{I/IHa HBeSOMeTpI/I‘{eCKOFO Hanopa HC paCCIH/ITBIBaeTCSI, TaK KakK 6BIJIa

U3MepeHa B X0J1€ IPOBEACHUSI paOOTHI.

10



2. Jlnsa onpenesieHus: BEIMYMHBI CKOPOCTHOT'O HAropa HeoOXO0AMMO pacCunTaTh
3
pacxoJ xkuakoct V, M’/c, B yCTaHOBKE:

V=V, /1

riae V— o0beM BBITEKIIIEH BOJIBI,
T — BpeMs HaIlOJIHEHUS COCyAa, C.

3. 3areM ompeaesitoT CKOPOCTh JIBHXKEHUS KUIKOCTU w, M/C, B ceueHusx I, II,
[T Tpy6GonpoBoaa Mo ypaBHEHHIO

w=V/f
rJie f— IUIOLIA/Ab IONEPEYHOr0 CeUCH s TPYyOOIpPOBOa, M .

4. TlonHell TUApOAUHAMUYECKHUI Hamop Hi, M, B cedeHuu | ompenensior kak
CYMMY IIb€30METPUYECKOTO U CKOPOCTHOTO HAIIOPOB:

H P,  wf
1= T5—
Pg 29
3aTeM aHAJIOTMYHO ONPEIEISAIOT MOJHBIN THAPOANHAMUYECKUNA Hanop 2 u H3 B
ceuenusx 1 u 1.
5. Tlorepu Hamopa (M) Ha y4acTKax TpyoOorpoBoja mMexay cedeHusmMu [ u 11
ONPEAEIAIOT KAK PA3HOCTD MOJHBIX TUAPOANHAMUYECKUX HAIIOPOB B ATUX CEYCHUAX

h2=H - H;
n mexnay ceuenusimMu [ u 111
-3 = Hi — H3

6. PesynbTaThl pacueToB 3aHOCUM B TaOIUILy 2.

Tabdauna 2
Tabnuna PpaCUYCTHBIX JaHHBIX
CxopocTHO# [Nomupiii [otepu
Cpenusisi CKOpOCTh N
Harop (yZenbHast | THAPOJMHAMHYECK IIOJIHOH
P BOJBI B pacCMaTpu- o "
acxon KHMHETHYeCKas uii Harop (ToyHas | yJaenbHOM
BAEMBIX CEYECHUIAX,
N BOZBI M/c SHEprus MOTOKa), | yJelbHas SHEPTHs | HHEPTUH,
OIbITa V M MOTOKA), M M
2
we ! | 0} | 0}
w1 w32 w3 — | Hy | Hy | H3 |hi5 | hy3

29 | 29 | 29
1 2 3 4 5 6 7 8 9 10 11 12 13

KouTpoJsibHBIE BONPOCHI

Bonpocet k nabopamopnuoit padome.
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Uto sBisieTcs 1eNbio paboThl?

Kaxkue 3agaun He0O6X0AMMO peIIUTh B 1abOpaTopHOil paboTe?

W3 kakux 31EMEHTOB COCTOUT HKCIIEPUMEHTaIbHAsl YCTAaHOBKA?

B kakoii mocnenoBaTebHOCTA BKIIKOYAIOTCS 3JIEMEHTBI YCTAHOBKH ?
Kaxoit meTon ucnosnbs3yercs 1jist 00pabOTKU OMBITHBIX IAHHBIX B padoTte?
Korpaa npousBoauTcs 3anuch nokazaHui npuOopos?

3aBUCHT JIM MOKa3aHUs MPUOOPOB OT OKpY>Kalolel TeMIiepaTyphl?

Kaxk npoBoautcst 00paboTka 3KCIIepUMEHTAIBHBIX JaHHBIX ?

XN B WD =

ﬂOnOﬂH”meﬂbele 60nRpOCHL npu 3auiume paﬁombt.

1. OcHOBHbIE NOHATUS TUIAPABIUKU U (PU3HMUECKHE CBOMCTBA KUIKOCTH.

2. OCHOBHOE YypaBHEHHE THAPOCTATUKHU, DHEPreTUUYECKUH CMBICT COCTaB-
JSIOIUX YPaBHEHUS! TUIPOCTATUKU U BBIBOJbI, KOTOPbIE MOKHO ClI€NIaTh Ha
OCHOBE 3TOT0 ypaBHEHHS.

3. IlpakTuyeckue NpUIOKEHUSI OCHOBHOTO YPABHEHMSI TUPOCTATUKH (TIPUHLIUIL
COOONIAIOMINXCA  COCY/IOB, ITHEBMATUUECKOE H3MEPEHHE KOJMUYECTBA
KUJKOCTH B pe3epByapax, TUAPOCTATUYECKUE MAIIWHbI, JIaBJICHUE
KUJIKOCTH HA JTHO U CTEHKHU COCY/a).

4. OCHOBHbBIE XapaKTEPUCTUKH JIBIXKEHMS >KUJIKOCTEW (Hampumep, CKOpPOCTh,

pacxo, TUApaBIMYECKUI paguyc, SKBUBAJIECHTHBIA TUaMETp U T.1.).
. JlamuHapHbli M TypOyJEHTHBIH pPEXHUMBI ABMWKEHHUS JKUAKOCTU. OmbIT
Pelinonbaca. OCHOBHbBIE XapaKTEPUCTUKH PEKUMOB.

6. YpaBHEeHUE HEPa3pPHIBHOCTH (CIUIOMIHOCTH) MOTOKA, €ro (M3HUUECKUN CMBIC,
MPAKTUYECKUE MTPUIIOKEHUSI.

7. YpaBHenue bepHymau s IBHXKEHMS] MII€ATbHOM M peallbHOM >KUAKOCTH.

Kakumu hopmamu sHepruu o0naagaeT moTOK KUAKOCTU?
. IIpakTuyeckue npuioxkeHus ypaBHEHUs bepHyum (MpUHUUIBI U3MEpPEHUs
CKOPOCTH U pacXo0/ia KUJKOCTH, UICTEUCHUE KUKOCTEN ).

9. N'mppaBnuyeckue  CONMPOTHBICHHS  NpU  JABWKEHUU  JKUJIKOCTH B
TpyOonpoBoaax.

10. Yem 0OycioBIEHBI MOTEPU HAMOpa MPU ABUKEHUU PEaTbHOM JKUJIKOCTU B
TpyOompoBoaax?

11. B ueMm 3aknitouaercsi cMbIC] ypaBHeHUs1 bepHyn?

12. DkciepUMEHTabHOE OINpEJEICHHE TUIPABIMYECKUX COMPOTHUBICHUM MpU
JIBUKEHUU )KUJIKOCTH B TPYOOIIPOBOIAX.

9,

o]
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Jlaboparopnas padorta Ne 9

OITPEAEJEHUE 3ABUCHUMOCTU JABJIEHUA HACBIHIEHHOI'O
BOJAHOTI'O ITAPA OT TEMIIEPATYPbBI

Heab pabdoTbl — ONBITHBIM MyTeM YyOEauTcs B TOM, 4YTO JIaBJICHHE
HACBIIIEHHOT'O BOJISIHOTO M1apa HE 3aBUCUT OT 3aHUMAeMOro UM 00bema, a 3aBUCHUT OT
TEeMIIepaTyphl )KUJIKOCTU U3 KOTOPOW OH 00pa30BaH.

3amanue

1. Onpenennuts 3KCIEPUMEHTAIBHBIM IyTEM HECKOIBKO 3HAYEHUW [1aBJICHUS
HACBIIEHHOTO BOJASHOIO Mapa NpH pa3IMYHbIX TEMIIEPATYpPaAX.

2. Ilo ONBITHBIM JaHHBIM MOCTPOUTH B CHUCTEME KOOpAMHAT P - t 3aBUCUMOCTH
JABJICHUsI HACBIIIEHHOIO Iapa OT TEMIEPATypbl U CPaBHUTh €€ CO CIPaBOYHOM
3aBUCUMOCTBIO.

3. Y6enutrbcst B TOM, UYTO TMpd HEU3MEHHOM TeMIlepaType JaBJICHHE
HaCBILIEHHOI'O IIapa He 3aBUCUT OT 00beEMa.

Onucanus IKCNEPUMEHTAJIBHOH YCTAHOBKH

OCHOBHBIM 3JIEMEHTOM JKCIIEPUMEHTAJIbHON YCTAaHOBKHM (pHC. 2) SsBIsAETCS
3anoiaHeHHas Bojoil U— oOpas3nas TpyOka 1. Han ypoBHeM BojbI B MpaBOM KOJIEHE
TpyOku 1 0Opa3yercs HACBIIIEHHBIN Map, MapaMeTpbl KOTOPOTO M OMpPENEIsIOTCs B
onbiTe. Yepes HUIUMHIP 9, OKpyKaIOMIMA ITpaBoe KOJIEHO TpyOku 1, mpokaymBaercs
rperoias Boaa u3 tepmoctara 11. Pacxon rperoiieil BoJabl peryiupyeTcs: 3aKUMOM
10 Ha pe3uHOBOM TpyOke. TemmepaTypa HaCBILIEHHOTO Mapa MPUHUMAETCS PaBHOMN
TeMIlepaType Tperouiell BOJbI, KOTOpas H3MEpPSETCs PTYTHBIM TEepMOMETpPOM 8§,
YCTaHOBJIEHHBIM BHYTPU LUJIUHIpPA 9.

JleBoe koneHo TpyOku 1 3aKaHUMBAETCS CTEKISIHHBIM OamsioHOM 3, KOTOpBII
yepe3 BEHTWIb 2 COEIUHEH C BaKyyMHbIM HacocoMm 12. C mOMOINIbIO BaKyyMHOI'O
Hacoca B CTEKISIHHOM OamioHe 3 M B OJKCIEpPUMEHTANbHOW TpyOke coznaercs
paspsikeHue, HeoOXoauMmoe i 00pa3oBaHUsl HACHIIIEHHOTO BOJSHOIO Iapa NpH
temreparype Humke 100 °C. U— oOpasHas TpyOKka 6, 3amojHEHHas PTYThIO, CIIYKUT
JUTsL U3MEpeHus paspsbkeHus B 6asione. Knanan 7, ofeThiil ¢ MOMOIIBIO PE3MHOBOM
TpyOKM Ha BEPXHIOI YacTh MPaBOro KoyieHa TpyOku 1, CIyKUT IJIsl ynajeHus u3
paboyero MpoCTpaHCTBA BO3AYyXa, OCTAIOIIETOCS MPU 3aMOJHEHUH TPYOKH BOJOM.
W3meputenbHble peliku 4 U S UCTONB3YIOTCS JUIsl U3MEpeHust BakyyMa Hi u nepenanaa
naBieHuil B OamwioHe 3 u B paboyem mpoctpaHcTBe Hz. AOCONIOTHOE [1aBlIeHHE
HACBIIIEHHOTO Tapa, MM PT.CT., KaK CJIeIyeT U3 ONpelesieHUus Ppa3psuKeHUs U U3
YCTPOICTBA YCTAHOBKH, CJIETYET OMPEACIATh M0 hopMyrie

H,
13,6

PH:B—H1+
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Puc. 2. 9KCHepI/IMCHTaJIBHa$I YCTAaHOBKaA AJIAA UBMCPCHUS NABJICHUA IIapa:

1 —3amonHenHass BoaoW U-oOpa3Hasi TpyOka; 2 — BEHTW/b, 3 — CTEK-
JISTHHBINA OajuioH; 4 — U3MEpUTENIbHAS peiika JUIsi PTYTHOTO CTON0a; S —
3anojiHeHHas pryThio U-oOpa3Has TpyOka; 6 — u3MepHuTenbHas peika
JUIsl BOJSIHOTO CTOJI0Q; 7 — PTYTHBIM TEepMOMETpP, & — HWJIMHIP HJIs
MIPOKAYKKU BOJIBI U3 TEPMOCTATa; 9 — 3aKUM JUIsl PETYJIUPOBKHU Iperoleit
BoJbI; 10 — TepmocTat; 11 — BakyyMHBbIil Hacoc.

ATtMocdepHoe naBiieHue B u3MepseTcss pPTYTHBIM 0apOMETpPOM, YCTaHOBJICHHBIM
B nabopatopuu. Ilpm »TOM mompaBKy Ha TeMmIeparypy OpaTb HE CIEeIyeT, T.K.
pe3yibTUpYIOIIass BBICOTA PTYTHOTO cToJ0a (B-Hi) moiydaercss HEOOJBIIOH.
KoHCTpyKIUsT yCTaHOBKH MO3BOJISET U3MEHATH 00BEM Iapa B pabodYeM MPOCTPAHCTBE
U3MEHss ero AaBieHus. [Ipu BIycke Bo3ayxa B Oa/IOH 3, yBeTUYCHHUE aOCOIOTHOTO
naBiacHUS B OamwtoHe (cimaraemoe B-Hi B mpeapinymiedi (Gopmyliie B HM3BECTHBIX
mpeaesiax MoKeT KOMIICHCHPOBAThCS YMEHBIIICHHEM Tepenaja JaBicHuil B Tpyoke 1
(cmaraemoe H,/13,6).

IHopsinok BeIMOTHEHUsI padOTHI

KOHTakTHBI TEpMOMETp TEpPMOCTaTa yCTAHABIMBACTCA HAa  3HAYCHHUE
TEMIIEPATYPBI, KOTOPOE JKEJIATEJIbHO MMETh B mepBOM ombiTe, a umeHHo 70 °C.
Bxirouaercst HarpeBarenb TEpPMOCTaTa M HACOC, MOAANOLIMK BOAY B UUIMHIP 9.
Pacxon Boawl ¢ momoineto 3axuma 10 perymupyercst Tak, 4ToObl ypOBEHb BOJBI B
HWIMHAPE 9 yCTaHOBUJICS HECKOJIBKO BBINIE KIIaraHa 7, HO HE MPUOIIKAICA K Kpako
UUJIMHApa, T.K. CBEpPXYy UWIMHIApP He YyIioTHeH. [locine ngocTukeHus 3aJaHHOIO
3HAYEHUSI TEMIEPATYpPbl OTKPBIBAETCS BEHTWIb 2, BKJIIIOYAETCS BAKYYMHBIN Hacoc U
MPOU3BOJUTCS OTKAayKa BO3Jdyxa M3 OaymioHa 3 70 TeX Mop, MOKa ypOBEHb BOABI B
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npaBoM KoJieHe TpyOku 1 He HayHeT omyckarbcs. C 3TOro MOMEHTa HEOOXOAMMO,
MPUKPBIBasi BEHTUJIb 2, 00ECHEUYUTh HE CIUIIKOM OOJIBIIYI0 CKOPOCTh MOHUKEHUS
ypoBHsI BoJbl B TpyOke 1. Korma 3ToT ypoBeHb MpUOJIM3UTCS K HUKHEMY 00pe3y
UUJIUMHApPa 9, BEHTWIb 2 CIEAYET MOJTHOCTHIO 3aKPbhITh M BBIKIIOYATh BAaKYyMHBIH
Hacoc. 3areM HeOoOXOJAMMO BbIKIATh HECKOJIbKO MHUHYT, MOKAa YPOBEHb BOJABI HE
MEpPEeCcTaHeT M3MEHATHCS. OTO CIYKUT TMPU3HAKOM TOro, 4YTO B paboueM
IIPOCTPAHCTBE YCTAHOBUJIOCH paBHOBECHE MexAy Boxod u mapom. Ilocie 3toro
U3MEPAIOTCS BEIMYMHBI, YKa3aHHbBIE B IPUBOJAMMON HUXKE TabIUIe HAOIIOACHU.

BTOpoiil onbIT NpoBOAXUTCA MTPU HEM3MEHHOM TEMIEPATYPE BOJbBI B TEPMOCTATE U
yYMEHbIIIEHHOM 00beMe napa. C 3Tol LeIbl0 He0OX0AUMO, MPUOTKPbIBAas BEHTHIIb 2,
YCTaHOBUTH YPOBEHb B MPAaBOM KOJEeHE TpyOku 1 mpHMepHO Ha cepeirHe peuiku 5.
Ilepexonq K TpeTbEMYy W UYETBEPTOMY OIBITAM 3aKJIKOYAETCS B IMOBBILICHUU
npubusurensHo Ha 5 °C TeMIepaTypsl B TepMocTare, HPHYEM YpPOBEHb BOJIBI B
TpyOKke 1 nmomyiep>kuBaeTcs HEM3MEHHBIM C TOMOILBIO BEHTUJIS 2.

Taoauna 3.
Ta0muma Ha0Ir0 e HUI
Beanunna
OGosnau | PasmepHocTs 3HayeHus B ONbITaX
HaumenoBanue
cHie 1 2 3 4
TemnepaTypa HaCBIILIEHHOTO " oC
napa "
Pa3HocTts ypoBHEN PTYTH B
P Pyt H MM pm.cm.
TpyOKe (6)
Pa3HocTts ypoBHE BOOLI B
P A H, M 800.cm.
TpyOKe (1)
ATMocdepHoe 1aBieHue B MM pm.cm.

O0padoTKa IKCIEPUMEHTAJbHBIX JAHHBIX

1. BerunciieHne 3HAYCHHWN aOCOJIOTHOTO JABJICHUS Tapa Il BCEX OIBITOB
MIPOU3BOUTCS IO popMyJIe:

H,
13,6

2. B koopaunatax P—t CTpoWTCS CHpaBOYHAs KpHWBas [0 ypPaBHEHHIO,
CIIPaBeIIMBOMY B quanasoHax temmeparyp 50...100 °C:

Pacn. = 750-exp(124,69-106 - t2 —(123,3/)) .

Ha stot ke Fpa(l)I/IKe IMPOU3BOJUM ITOCTPOCHHUEC ITO SKCIICPUMCHTAJIbHBIM TOYKaM.

PHZB—H1+

3. Jlns Touku, Hamboyiee YIAJCHHOW OT CIPABOYHOW KPUBOMW, BBIYMCIISICM OTHOCH-
TEJIbHYIO ITOIPEIIHOCTD:
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4. Tlo pe3ynbTaram paOOTHI JICJIaEM BBIBOIBI.

KouTpoJibHBIE BONIPOCHI

Bonpocet k nabopamopmuoit pabome

i A il

Uto sBisieTcs 1eNbio paboThI?

Kaxkue 3agaun He0O6X0AMMO peIUTh B JabopaTopHOil paboTe?

N3 kakux 3J1EMEHTOB COCTOUT HKCIIEPUMEHTaIbHAsl YCTAHOBKA?

B kakoii mocnenoBaTebHOCTA BKIIIOYAIOTCS 3JIEMEHTBI YCTAHOBKU ?
Kaxoit meTon ucnosnbs3yercs 1yist 00pabOTKU OMBITHBIX JAHHBIX B padoTte?
Korpaa npousBoauTcs 3anuck nokazaHui npuOopos?

3aBUCHT JIM MOKa3aHUs IPUOOPOB OT OKpY>Kalollel TeMIiepaTypbl?

Kax nmpoBoauTcst 00paboTka 3KCIepUMEHTAIBHBIX TAHHBIX?

ﬂOnOﬂH”meﬂbele 60RpOCHL npu 3auiume paﬁombz

1
2
3

. UTo Takoe HaCHIIEHHBIN nap?

. Uto Takoe meperpeTsiil nap?

. YKaXHTE, B KAKMX COCTOSIHUSIX HaXOJUTCSl BEUIECTBO B XapaKTEPHBIX TOUKAX
nuarpaMmmel P - ¢ 1Jist BOJBI.

. MoxHo 51, MeHsAsT 00bEM HACHIIMICHHOTO Tapa MpHU TMOCTOSHHON TeMIIe-
parype, U3MEHUTh €ro JaBJIeHUE?

. PaBHBI JIn B TOYHOCTHU TEMIIEPATYPHI HACKIIIEHHOIO MTapa U IPEIOIIECi BOIbI B
AKCIIEPUMEHTAJIBHOW yCTaHOBKE?

. OT 4ero 3aBUCHUT JaBJIEHUE ISl HACBIIEHHOTO napa?

. OT 4ero 3aBUCHUT TEMIIEpATypa IJI HACBIILIEHHOTO napa?

. Moxer 1M OKMAKOCTh HMETh TeMIleparypy Oojblie TeMmIepaTyphbl
HACBIIIEHUS JIJIs 3alaHHOr0 AaBjaeHus npu P< P, ?

. Moxer M JKHIOKOCTh HWMETh TEMIIEPATYypy MEHBIIE TeMIEpaTyphbl

HaCbIICHUA IJIA 3aIaHHOT'O JaBJICHUA IIPU P< PKp?

10. Mosker 11 map UMeTh TeMIepaTypy OoJiblle TeMIepaTypbl HACBHIIIECHUS IS

1

3aJJaHHOTO JaBieHus npu P < Pg?
1. Uro ABnsieTcsl NEpEMEHHON BEJIMYMHON BO BTOPOM OIBITE ?

12. Kakue cocTostHus BemiecTBa HaxoAsTcs B obdnactu 1, 2, 3 rpaduka P=£¢),

MMOJTYUYCHHOT'O SKCIICPUMCHTAJIbHBIM HYTCM?

Jlaboparopnas padota Ne 10
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OINPEAEJEHUE KO2®PPUIIMEHTA TEIUIOITPOBOJHOCTH
METOAOM CTALHMOHAPHOI'O TEIUVIOBOI'O ITOTOKA
YEPE3 IIVIOCKYIO CTEHKY

He.]'lb paﬁoTbI — O3HAaKOMHTCA C (1)H31/IIICCKI/IMI/I IMpUuHOUIIaMH, OIIPCACIICHUA
KOC—)(i)(I)I/II_II/ICHTa TCIIJIOIIPOBOIHOCTH IUIOCKOM CTEHKU CTAalMOHAPHBIM MCTOIOM.

3amanue

1. DKkcnepUMEeHTAIbHBIM IMyTEM HaWTH KOI(P(GUIHUEHT TEIIONPOBOIHOCTH
IJIUTHI U3 TETUHAKCA.
2. CpaBHHTbH NOJYYEHHOE 3HAUYECHHUE CO CIIPABOYHBIM.

Onucanus IKCHNEPUMEHTAJIBHOH YCTAHOBKH

OCHOBHBIM 3JEMEHTOM 3KCIEPUMEHTAIbHOMW ycTaHOBKa (puc. 3) sBisercs
npubop, cOoCTOAMA M3 cTakaHa 1 W JAaTyHHOro Jucka 6, MeXIy KOTOPBIMU
PacroiOKEeH UCIIBITYEMbIN MaTepuail — reTHHAKCcOoBas IlacTHHa 9 TONIUHOMN 0 = 2,5
MM U auamerpoM paboueit yactu d = 100 mm. Ctakan 1 mpUMepHO 10 MOJOBUHBI
3anojiHeH Bojxod. Ha nHe ero pacnonoxkeHa cnupanb 3JiekTpoasurarens 19.
JlaTyHHBIII nUCK 6 WMEEeT BHYTPEHHHME KaHAJbl S5, MO KOTOPBIM LHMPKYJIHPYET
oxnaxnawmas Bojaa. [lomocte 8 mMexay auckoMm 6 U 00pa3lloM HCHBITYEMOIO
Marepuasia 9, oOpa3zoBaHHas NPOKIAIKOW 4, 3aMOJIHEHA JIETKOIIABKUM CILIABOM
Byna (BuCMyT-CBHHEI-0JIOBO), TeMmIlepaTypa IuiaBieHus kotoporo pasHa 70 °C.
Bricokass TemIonmpoBOAHOCTh cijlaBa Byaa  cmocoOCTByeT  BbIpaBHUBAHUIO
TEMIIEPATYPhl MO BCEH MOBEPXHOCTH IUIACTUHBI 9, Tak 4TO 11l €€ OmpeacIICHUS
JOCTAaTOYHO HM3MEHUTh TEMIIEpATypy JHUIIb B TOYKE CONPHUKOCHOBEHHS cmnas 7
tepmoniapel 11 ¢ retuHakcoBoll miIacTuHOM. Bropoi cmait 18 3toii Tepmonapsl
IIOMELIEH B BONY, 3AJIUTYIO B CTAKaH.

Bo Bpems omnbiTa BOJa KUIIAT, W €€ TeMIepaTypa paBHA TeMIIEpaType
HAChIIIEHUs y MpU NABJIECHUU Mapa B CTakaHe. Takyro e TeMIepaTypy UMEET U
HIDKHASI TIOBEPXHOCTh T€TMHAKCOBOW IIACTUHBI - fc1 = fy, HA KOTOPOW KOHJIEHCH-
pyercs map. I[lpoucxomut 3T0 mOTOMYy, UYTO KOI(DPUIMEHT TEIIOOTAAYU MPH
KOHJIGHCAIMN YUCTOTO BOMSHOTO Iapa BechMa BbICOK (@~ 10000 Br/(m>K)). Uro6s!
B CTakaHe HaxoAwics map 0e3 mpuMeceil HEKOHJICHCHPYIONIMXCS ra3oB (BO3AyXa),
npeaycMoTpeH npoayBouHbli kinanan 10. Takum o6pazom, TepmoIJ]C Tepmonapsl E,
COOTBETCTBYIOIIAS] PA3HOCTH TEMIEPATYP XOJOJAHOTO M TOPSAYEro Cras TEPMOIApHI,
JaeT BO3MOXHOCTb CYAUTh OO0 HCKOMOW pPa3HOCTH TEMIEpaTyp MEXKIY
MOBEPXHOCTSMHU  IIACTUHBI  fe1 - 2. TepmoOC  TepMomapel  u3MepsieTcs
noreHuromMerpoM 12, a u30bITOYHOE [aBieHHE Napa B crakaHe U-oOpa3HbIM
PTYTHBIM MaHOMETpoM 2. IIuTaHHMe 3JIEKTPOABUTATENS] OCYILIECTBIISIETCS OT aBTO-
tpancopmaropa 14. B niens HarpeBaTens BKIIOYEHBI BoJbTMETp 16, ammepmerp 15
u crabunuzarop nutanus 13. Oxnaxjaromas Boja MOJAeTCs B KaHaibl 5 aucka 6
HacocoM Tepmoctata 3. [l yMeHbLIEHHS MOTEpPh TEIIa B OKPYXKAIOIIYIO Cpely
cTakaH 1 MOKPHIT TEMI0BOM n3osuueit 17.
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Puc. 3 . DkcnepuMeHTanbHas yCTaHOBKA IS OTIPEICIICHUS] KO PHUIIMEHTA
TEIUIOIPOBOJIHOCTU METOJOM CTALlMOHAPHOIO TEINIOBOTO
IIOTOKA Yepe3 MIIOCKYIO CTEHKY

1 — crakaH; 2 — pTyTHBII MaHOMETp; 3 — TepMocTaT; 4 — IpOKIaaAKH; S5 —
KaHaJbl JUIsl MPOKAYKU TEPMOCTATUPOBAHHOM >KUIKOCTH; 6 — JaTYHHBIN
muck; 7, 18 — cram TepMorniapsl; 8 — MOJIOCTh, 3aMOJHEHHAs JIETKOTUTABKUM
cruiaBoM Byna; 9 — ucneityemsblil o6paszen; 10 — npoayBouHslif kpas; 11 —
TepMmornapa; 12 — MuuMBoabTMETp; 13 — cTabunuzaTop HanpspkeHust; 14 —
aBroTpanchopmarop; 15— ammepmerp; 16 —BombT™MeTp; 17 — TemmoBas
n30Js1Ms; 19 — anekTpudecKuil HarpeBaTelb

IHopsinok BeIMOTHEHUsI padOTHI

Bxrounts TepMocTtat 3, Harpeth B HeM BoAy 110 ~ 80 °C u mojath €€ B mpudop.
[Ipu sTtom crnaB Byaa B mosioctu 8 pacninaButcs. BKIIOUUTH 3iIeKTpOHArpeBaTellb
19, ycTaHOBUB ¢ MOMOIIbIO aBTOTpaHC(hHOpMATOpa €ro MOIIHOCTh Ha ypoBHE ~ 200
Br. TlponyBounsiii kpan 10 mpu HarpeBe BOJBI JOJDKEH OBITH OTKpHIT. Ilocne
3aKUIaHMS BOJBI (O YeM CBUJICTEIBCTBYIOT KOJIeOaHUs ypoBHS PTYyTH B U - 00pa3zHOM
MaHOMETpE 2) MOCTENEHHO CHU3UTh MOIIIHOCTh HarpeBaTessl TaK, YTOObI H30BITOYHOE
naBieHue B Harpesarene Puse He mpeBbimano 10 mm pr.ct. [locne nmosiBneHus napa u3
kpaHa 10 npoao/pKaTh MPOAYBKY HAarpeBatelis B TeUeHUE 5 MUH. MeIJIEHHO 3aKPhITh
poayBo4HbIN KpaH 10, peryaupys mOpu 3TOM MOIIHOCTh HarpeBaTess TaK, YTOOBI
M30bITOYHOE JIaBJIEHHE B CTaKaHe ObUIO PaBHO Puss =~ 5 MM pT.cT. B 3TO Bpems HuU B
KOEM cllydyae Helb3s OCTaBsATh Mpubop Oe3 HaOmoaeHus T.K. NpU KoieOaHMsX
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MOIIIHOCTH BO3MO’KEH BBIOPOC PTYTH M3 MaHOMeTpa 2. Uepe3 Kaxkable ABE MUHYTHI
m3mepaTh TepMoI/IC Tepmonapsl E noreHuuomMeTpoM 12 M MOIIHOCTH HAarpeBaTels
P amniepmerpom 15 u BonbT™MeTpoM 16, 3amuchiBas oka3aHusi MpuOOpPOB B TaOIUILY
HaOmoxaenuit. Korma Tpu ouepenHble 3amepa JaAyT MPUMEPHO OJIMHAKOBBIC
3HaueHUs £ u P, ONBIT CYUTAETCA 3aKOHYEHHBIM. OTKPBITh IPOAYBOYHBIN KpaH 10 u
BBIKJIFOYUThH HArpeBaTEIb U TEPMOCTAT.

Taoauna 4
Tabmuia HaOII0 ICHUM
Benmmuuna
Cpennee
PasMeDHOCTS 3HaYeHUs B OIBITAX
HaumenoBanue 0603Ha‘I p 3HA4YCHUC
CHUC
1 2 3

[Tanenue HanpskeHns Ha U B
HarpeBarese
Toxk HarpeBaTens I
TepmoD/IC Tepmonapbl E mMB

O0padoTKa IKCIEPUMEHTAJbHBIX JAHHBIX

1. Ycpennennsie 3nauenus E, MB, u P, BT, 114 Tpex NociaeIHUX OINbITOB
Ez%(E] +E,+E,); P:%([,Ul + LU, +LU,),

rae Ei, I, U - mokazanus mpudopoB B i-toM onbite (i = 1, 2, 3).
2. Temnoroii notok @, BT,
Q =P-P s

rae P - motepu Teruia yepe3 OOKOBYIO TOBEPXHOCTH M IHO cTakaHa. [l
ycioBui onbita P, = 20 Br.

3. Pa3HOCTh TeMIepaTyp Ha MOBEPXHOCTAX IUIacTUHBI At, °C, HaXOaUTCs TO
aHAJIUTUYECKOU popMyJie 10 YCPEeTHEHHOMY 3HAUCHUIO

E=f(AY).
4. KoadduimeHT TerionpoBOIHOCTU A PACCUUTHIBAETCS TI0 (opMyJIe.

A
Q :gF(tcl _tcz)

rae F= md?/4 - rennooOMeHHas MOBEPXHOCTh 00pasiia.

5. Iorpemnocts u3mepenus A, %,

A=A,
AL =222 100,

cnp
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rae Aap = 0,20 B1/(M°K) - cipaBounoe 3HaueHue KodhUIMEHTa TEIUIONPO-
BOJHOCTH Te€THMHaKca. B BbIBOoax 1Mo paboTe OOBSICHUTE BO3MOXKHBIC MPUIUHBI
MOTPEITHOCTH U3MEPEHHUH.

KouTpoJsibHBIE BONPOCHI

Bonpocwl k nabopamopnoit padome

i A Gl

Uto sBisieTcs 1eNbio paboThl?

Kaxkue 3agaun He0O6X0AMMO peIIUTh B JabopaTopHOil paboTe?

W3 kakux 31EMEHTOB COCTOUT HKCIIEPUMEHTaIbHAsl yCTAaHOBKA?

B kakoii mocnenoBaTeIbHOCTA BKIIIOYAIOTCS 3JIEMEHTBI YCTAHOBKU ?
Kaxoit meTon ucnosnbs3yercs 1yst 00pabOTKU OMBITHBIX JAHHBIX B padoTte?
Korpaa npousBoauTcs 3anuch nokaaHui npuOopos?

3aBUCHT JIM MOKa3aHUs IPUOOPOB OT OKpY>Kalolel TeMIiepaTyphl?

Kax nmpoBoauTcst 00paboTka 3KCIEPUMEHTANIBbHBIX JAHHbIX?

ﬂOnOﬂH”meﬂbele 60npoOCvl npu 3auiume paﬁombl

Sl

8.
9.

Uto takoe K03 GUITUEHT TEMIOMPOBOJHOCTH?

Ot yero 3aBUCHUT KOIPHUIIMEHT TEIIOMPOBOTHOCTH?

KakoBbl equHuUIIBI U3MEpeHUsT KO3(PHUIIMEHT TETUIONPOBOIHOCTH ?

Kaxkoi#t MmeTon usmepenust kodhPuimeHTa TerIonpoOBOHOCTH HUCIIOIb3YETCs
B JIaHHOU paboTe?

MOXHO JIM 3TUM METOJIOM, HCIIOJIh3YeMbIM B JJAHHOW pabOTe OMpPEeac/IUTh
TEITIONPOBOTHOCTh JKUJIKOCTH ?

Kak u3mepsitoTcst B OnbITe TEMIIEpaTyphl MMOBEpXHOCTEH 00pasia’?

[louemy HemONMyCTUMO HaJlMuMe BO3JyXa B TIAPOBOM IPOCTPAHCTBE
crakaHa?

Kakune nponecchl Ha3pIBatOTCA TETIOBBIMU?
UTo aBnsieTCs IBHXKYLIEH CHUIION TETUIOBBIX MTPOLECCOB?

10. OOBsCHUTE SBJICHUE TETUIOMPOBOTHOCTH?
11. Kakue Bbl 3HaeTe Bupl IEPEHOCA TETIOTHI?
12. aitte popMynupoBKy K03 GHULIMEHTA TETIIONPOBOAHOCTH?
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Jlaboparopnas padota Ne 11

OINPEJAEJIEHUE KO2PPUIHMUEHTOB TEMIIEPATYPO-
INPOBOJHOCTHU 1 TEIVIOITPOBOJHOCTU KEPAMHNYECKOI'O
MATEPUAJIA HECTAIIUOHAPHBIM METOAOM LIAPA

He.]'lb paﬁoTbI — O3HAaKOMHTCA C (1)H31/IIICCKI/IMI/I IMpUHOUIIaAMH, OIIPCIACIICHUA
KOC—)(I)(I)I/II_II/IeHTa TCIIJIOIIPOBOIHOCTH mapOBOﬁ CTCHKHU HCCTATMOHAPHBIM MCTOAOM.

3amanue

1. Onpenenutb SKCHEPUMEHTAIbHO 3HAauY€HUs KoOd()PUIUMEHTOB Temmepa-
TYPOIPOBOJHOCTH @ M TEIJIONPOBOJHOCTH A IIAMOTHOTO KUPIIHUYA.

2. Haiitn 3HaueHus MOJHOTO Kod(h(HIIMEeHTa TEIIOOTIaYyl & KOHBEKIMEeH U
JyYEHCITyCKaHUEM OT MOBEPXHOCTHU MIApa B OKPYKAIOLIYIO CPENy.

3. ComocTaBuTh CIIpaBOYHbIC U HaWJICHHbIE B ONBITE 3HAaUeHUSI QU A ¥ OLIEHUTD
MOTPEIIHOCTh UX U3MEPEHUSL.

Onucanus IKCNEPUMEHTAJIBHOH YCTAHOBKH

OCHOBHBIMH 3JIEMEHTAMH 3KCHEPUMEHTAIBHOW YCTAaHOBKH (puC. 4) SBISIOTCA
map 1, BBINONHEHHBIA W3 IIAMOTHOTO KUpOU4Ya, W MydenbHas 3JIEeKTporeyb 3,
pacrnoJjiokeHHass Haja I[mapoM Ha wmratuBe. lllap ocHamieH naByMs XpoMellb-
aJIOMEJIEBBIMU TEPMOIIApaMu - S u 6. I'opsiumii criaid 2 TepMoIapsl S pacroioKeH B
LEHTpE Iapa W CIHYXKHUT I W3MEPEHUS TeMmreparypsl Gy lopsumit cmail 4
TepMONapel 6 UCHOJIB3YETCA I U3MEPEHUS TEMIIEPATypbl MOBEPXHOCTH Mapa ln.
Xononuele cnau 8 m 10 TepMomap HaxomsATCA IPU TEMIIEPATYPE OKPYKAIOIIETO
BO3/1yXa by, OPEAEIISIEMON IO MOKa3aHUSAM PTYTHOTO TEpMOMETpa 9.

\
\

- -

11 10 9 8

Puc. 4. DxcnepuMmeHTaabHast yCTaHOBKA IS ONpeaesieHus Kod(duim-
€HTa TEIUIONPOBOJIHOCTH HECTALIMOHAPHBIM METOJIOM IIIapa:
1 — map U3 MaMOTHOTO KUpNHYa; 2, 4 — ropsiyMe crau TepMornap; 3 -
My(enbHasg 3aeKTponeub; 5, 6 — XpOMeENb-aIIOMENEBbIE  TEPMOIIApHI;
7, 11 — mummuBosibT™MeTphI; 8, 10 — X0JI0qHBIE ClTau TepMomap; 9 — pryr-
HBII TEPMOMETP
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B pacceuky snexkTpoioB TepMomnap HNpHUCOEIWHEHbI MU(GPOBbIE MUILTUBOIBT-
Metpel 7 1 11. Onu ciyxat nisa onpenenenus tepmol/C tepMomnap, Mo KOTOPbIM
Jajee HaxouATcs 3Ha4eHus &n U . ClieyeT IMeTh B BUAY, YTO IIOCKOJIBKY XOJIOJHBIE
crlad TepMomap HaxoAATCA IpU TeMIeparype Bo3ayxa tx TepMolC Tepmomnap
COOTBETCTBYET HM30BITOYHBIM TeMIlepaTypaM UeHTpa Aty = ty- tx U MOBEPXHOCTHU
Aty = tn - tx, oTcunThIBaeMbIM He OT 0 °C, a OT TeMneparypsl BO3ayXa b.

Pagnyc mapa paBen R=0,0344 M, TJIOTHOCTP MU TEIUIOEMKOCTH IIAMOTa
COCTABIIIIOT COOTBETCTBEHHO p = 1805 kr/M° 1 C= 1090 JIx/(xr-K).

IHopsinok BeIMOTHEHUsI padOTHI

[lepen mpoBeeHUEM OMBITOB MEYh CIEAYET OMYCTUTh TaK, YTOOBI IIap OKa3aJcs
BHYTpHU Myders, U 3aTeM BKIIOUUTH dJeKTpoHarpeBarenb. [llap HarpeBaeTcs B meuun
0 TeX Top, TMOKa €ro TemIliepaTypa HE BBIPOBHSIETCS IO BCeMYy OObEMY MU HE
HACTYNHUT pPaBeHCTBO Aty =At;. DTa Temmeparypa NpUHMMAETCs B KayecTBE
HayajabHOU Afo M COOTBETCTBYET Hadainy oTcuera BpemeHu 7= 0. [lo okoHuaHum
Mporpesa mnedb MOJAHUMAIOT, a IIap OTBOJAST B CTOPOHY, YTOOBI MCKIIOUUTH H3IY-
yeHue Mydess Ha IIap, KOTOPBIM TOCHE MOoJbeMa MeYd HaYMHAeT OXJIaXKIaThCs,
OTJaBasi TEIUIO B OKPYXAIOILIYI0 Cpely KOHBEKIMEH W u3nydeHuem. B mporuecce
oxnaxaeHus 3amepsitor TepMoIJIC Tepmomnap Ey ¥ En, COOTBETCTBYIOIIME TEMIIE-
parypam Aty u Aty ywepe3 5, 10 m 15 muH. mocne Hayana onbiTa. Pe3ynabTarhl
U3MEPEHUH 3aHOCAT B TaOIUIly HAOIIOACHUH.

Taoauma 5
Ta0muma HaOIr0 e HUNA
Benuunna
3HayeHud B ONBITAX
O0o3Hau Pa3MepHOCTL
HaumenoBanue
CHUC 0 1 P 3
Bpewms ot Hauana omnbita T c
TepmoDJ1IC TepMoIIapsl
pMoSJIC Tepmorap E, B
IIEHTpa I1apa
TepmoDJ1C TepMoIIapsl
pMoOJIC Tepmonap E uB
MMOBEPXHOCTH IIapa
Temneparypa oOKpyKaroero £ oC
BO3/IyXa "

O0padoTKa IKCIEPUMEHTAJbHBIX JAHHBIX

[Ipu 06paboTKe OMBITHBIX AAHHBIX AJs 1-ro, 2-r0 U 3-r0 OMBITa OMPEAEISIOTCS
CJIEYIOLUE BEJIMUUHBI:

1. U30bITOuHBIE TEeMIEepaTyphl B LIeHTpe Aty W Ha moBepxHocTu At mapa, °C,
pPacCCUMTHIBAIOTCS TIO0 MPUOJIMKEHHOMY YPAaBHEHHUIO TPaJyUpOBOYHOM KpUBOU
XPOMEIb-AJIFOMENIEBON TEPMOIIAPHI:

At, = 2435E,; At, =24,35E,,.
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2. OtHocuTeNnbHBIE U30BITOYHBIE TEMIEpPATyphl LEHTpa 0, U MOBepXHOCTU 0,
niapa BbIYHMCIISIIOTCS O BBIPAXKEHUSM:

HH = Atu/ At]_[O; b = Atl‘l/ Atl‘l()

3. Ha HoMorpamme, mnpencTaBIC€HHOM Ha puc. 5, UIsl KaXKIOTO OIBITA
HaxOJIUTCS TOYKA IEPECEUCHUS JTUHUN, COOTBETCTBYIOLIIMX ONBITHBIM 3HAYCHHSIM Oy
u O Ilo aToM Touke rpaduyuecku onpenesnsoTcs 3HaueHus uucen Fo u BI.

6,=0,70 6,=0,60 0,=0,50 0,=0,40
\ \ \

Ou A

0,9

0,8

0,7

0,6

0,5

0,4

0,3

0,2
0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 Bi

Puc. 5. Homorpamma otHomenus yucna Bi u remnepatyp 6, unu 0,

2
4. Koapduuumentsl TeMrepaTyponpoBOAHOCTH MIamMoTa (J, M°/c, €ro Temio-
2
npoBogHoct A, Br1/(M-K), Ttemmoormaum ¢ moBepxHoctn Imapa o, Bt/(M™K)
BBIUUCIISIOTCS IO (popmyiam:

a= Fo-R/t A=a-c-p a=A-Bi/ R

5. Cpennsst mo o0beMy 1Iapa Temreparypa mamorta ¢, °C, 3a epuoj ornbITa ot
=0 1m0 7

t=tx+ 05(At + 0,5(Aty + Atn)).

6. CrpaBo4yHOe 3HaueHHE KOIPPUIMEHTa TEIJIOMPOBOJHOCTH  IIAMOTA
Acnp, BT/(M°K), mpu Temniepatype t

Aenp = 0,84 + 0,0006-t.

7. IorpemHocth n3MepeHus k03P UlMeHTa TeIIONPOBOIHOCTH IamMoTa, %
23



AL

Aenp — A

Acnp

-100

8. Pe3ynbpTaThl pacueTOB 3aHOCATCS B CBOJIHYO Ta0. 6.

Tabnuiia pacueTHBIX TaHHBIX

Taoauma 6

O1bIT

°C

Fo

Bi

Q,

M2/

A,
Bt/Mm-K

a,
Br/m> K

AN,
%

5

6

7

W N | ==

KouTpoJibHBIE BONIPOCHI

Bonpocet k nabopamopmuoit pabome

i A il

Uto sBisieTcs 1eNbo paboThl?

Kaxkue 3agaun He0O6X0AMMO peIUTh B JabopaTopHOil paboTe?
W3 Kkakux 3J1EMEHTOB COCTOUT HKCIIEPUMEHTaIbHAsl YCTAHOBKA?
B kakoii mocneqoBaTeIbHOCTH BKIIOYAKOTCS 3JIEMEHTHI YCTAHOBKH?
Kaxkoit meTon ucnosnb3yercs 1yist 00pabOTKU OMBITHBIX TAHHBIX B padoTte?
Korpaa npousBoauTcs 3anuch nokazaHui npuOopos?
3aBUCHT JIM MOKa3aHUs IPUOOPOB OT OKpY>Kalollel TeMIiepaTypbl?

Kaxk npoBoautcst 00paboTka 3KCIIEPUMEHTAIBHBIX JaHHBIX ?

ﬂOnOﬂH”meﬂbele 60NRpOCHL npu 3auiume paﬁombl

o XN

Yro Takoe k03P HULUEHT TeMIIEpaTypOIpOBOAHOCTH?
Uto Takoe HECTallMOHAPHBIN TEIIOBOM mpoiiecc?

B ueMm 3akiioyaeTcsi CyHIHOCTb MCIOJIB30BAHHOIO B JaHHOW paboTe meToaa
omnpezeneHus Ko3pGUineHTa TerIonpoBOAHOCTH ?
Kax OyayT BIMISAETh KpUBBIE OXJaxkaeHUs t= f(T) LeHTpa U MOBEPXHOCTHU
niapa B IPOMEXKYTKE BpeMeHH 0 < T < c0?
[lepeuncnuTte ycnoBUs OAHO3HAYHOCTU (KpaeBble YCIOBHUSA) IUIsl pELIECHUs
3aJ1ay TeTrIONPOBOAHOCTH?

Yro Takoe K03 (HUIMEHT TEMIONPOBOIHOCTH ?

Ot 4dero 3aBUCUT KOAD(DUIIMEHT TEIIIONPOBOAHOCTH?
KaxoBsl enuHuibl u3MepeHus: KoahGUIMEHT TEeIIonpOBOAHOCTH?
Kaxoit meTon nsmepenust kKo3pHUIMEHTa TETIONPOBOJHOCTH UCIIOIb3YyETCs

B JIaHHOU paboTe?

10. Kak u3MepsroTCst B OIBITE TEMIIEPATYPhI IOBEPXHOCTEN 00pa3ua?
11. ITouemy HemOmMyCTUMO HaJW4YM€ BO3AyXa B TMAPOBOM MPOCTPAHCTBE

crakaHa?
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12. Kakue npoliiecchl Ha3bIBAIOTCS TETIOBBIMU?
13. OObsicHUTE SIBJICHUE TEIIONPOBOIHOCTH?
14. Yto aBnsieTcss ABMKYIIEN CUIION TEMIOBBIX MPOLECCOB?

Jlaboparopnas padora Ne 12

N3YUYEHHUE TEIVIOOTIAYHN HUJIUHIAPA
B CBOBOJHOM IIOTOKE BO3IYXA

He.]'lb paﬁoTbI — O3HAKOMUTCA C (1)I/ISI/IIICCKI/IMI/I MMpUHOUIIaAMHA, JIC)KAIIIUMU B
OCHOBC OIIPCACIICHUA KOB(i)(i)HLII/IeHTa TCILIOOTAAYN MCTAJJIOB IIpHU CBO6O}1HOI\/JI
KOHBCKIINHU.

3amanue

1. Onpenenuth 3HaueHUE Kod(PUIMEHTA TEIJIOOTIauYd O MPU HECKOIBKHX
3HAUYCHUSAX TEMIIEpaTypHOro Haropa At v MOCTPOUTh 3aBUCUMOCTh o = f(At).

2. IlpencraBuTh pe3yabTaThl OMBITOB B 000OIIIEHHOM KPUTEPHUATILHOM BH/JIE.

3. ComnocTaBuTh TOJYYEHHBIE JaHHBIE C CYIIECTBYIOIIMMU B JHUTEpaType
3aBUCHUMOCTSIMH.

Onucanus IKCNEPUMEHTAIbHON YCTAHOBKH
Ha puc. 6 u3obpaxkeHa cxema SKCIEPUMEHTATIbHOW YCTAHOBKHU JJISl M3y4YEHUS
KOHBEKTHUBHOTO TeIUIOOOMEHAa IUJWHIpPa B CBOOOJHOM IIOTOKE BO3JyXa H
onpeneneHust KodhPuimenTa TerIo0TaauH.

OOBekTOM wucclenoBaHus sBIsieTcss TpyOa 1, BHYTpH KOTOPOM TIOMEIIEH
AIEKTpUUECKUil HarpeBaTesb. OH BBIIOIHEH CIAEAYIOMUM 00pa3oM, Ha (hapdhopoByro
TpyOKy 2 paBHOMEPHO HaBHUTa HUXPOMOBas JIeHTa 3, KOTOpas »JJICKTPUYECKHU
M30JIMPOBaHa OT BHYTPEHHEH MOBEPXHOCTH TPYOHI.

TemmepaTypa BHEIIHEH TMOBEPXHOCTH TPYOBI HM3MEpSIETCS TepMOIlapaMH,
ropsiure crad 4 KOTOPBIX PaBHOMEPHO pa3MElIeHbl MO UIMHE TPYObl. XOJOAHBIC
crau S TepMornap HaxoATCs MPU TEMIEpAType OKpyskaromiero sozayxa. Tepmo3/IC,
COOTBETCTBYIOIIAasl ~ TeMmIieparypHomy  Hamopy (& - tx), u3MepseTcs
KOMOMHUPOBAHHBIM MPUOOpPOM 6, K KOTOPOMY TepMoOmapbl MOAKIIOUEHBI uepes
nepexiatoyaTenb 7. MOIHOCTh 3JIEKTpOHArpeBaTelis peryjiupyeTcs aBToTpaHcdop-
MaTopoM 8 U omnpenensieTcsa no noka3aHusM BoJibTMeTpa 9 u amnepmeTtpa 10.

25



N Yy, A

/
/

Puc. 6. 9KCHepI/IMeHTaJIBHa$I YCTAaHOBKA AJIAA U3YUYCHUA TCIIJIOOTAAYN:

1 —tpyba; 2 — dapdopoBas TpyOka; 3 — HUXpOMOBas HUTh; 4 — ropsiune crau
TepMoOIap; 5 — XOJIOJIHbIE clau TepMmonap; 6 — KOMOMHMPOBAHHBINA HPUOOP;

7 — MEepEeKI0YATEb; 8 — aBroTpancpopmarop; 9 —BompT™MeTp; 10—
aMIiepMeTp.
Taoauna 7
Tabnuia cipaBOYHBIX JAHHBIX
[Tonoxenue Hnuna, Huametp, Crenenn Mo1HoCTb,
OmnbIT YEPHOTHI,
HUAJTUHIpA IV d, MM . Bt

1 2 3 4 5 6
1 C TIEPEeMEHHBIM 920 75 0.06 70

YIJIOM HaKJIOHA
2 TOPU30HTAIBHOE 1632 32 0,072 120
3 BEPTUKAIBHOE 1500 35 0,058 300

B yueOnbix nabopaTopusx Kadeapbl YCTAaHOBJIEHO HECKOJBKO JKCIIEpH-
MEHTaJIbHBIX YCTAaHOBOK JUIsl M3y4€HUsS CBOOOJHOM KOHBEKIMU. OHHU OTJIMYAIOTCS
Apyr OT JApyra pa3MepaMy UWIMHAPOB, PACIOJIOKEHHEM HX B MPOCTPAHCTBE —
TOPU30HTANIBHBIM, BepTUKAIbHBIM. KpoMe TOro, HEeKOTOpble YCTAaHOBKHU OCHAICHBI
MOBOPOTHBIM YCTPONCTBOM, MO3BOJISIOUIMM MEHSTh Yroj HaKJIOHAa OCH LIMJIMHIpA K
ropusontany ot 0 10 90 . CBeJleHHs 0 pa3Mepax IUIMHAPOB, CTETIEHH YePHOTHI U
pPEKOMEHIyeMble PEKUMbI PA0OTHI MPUBEEHBI B TAOIULIE 7.
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IHopsinok BeIMOTHEHUsI padOTHI

Bxutouator anextponarpeBatenb TymOiaepom "220 B" u nutanue mudpoBbIxX
npubopoB  (BoabTMETpa UM  ammepmerpa) — Tymbiepom "26 B".  ABro-
TpaHC(HOPMATOPOM YCTAHABIMBAIOT MAKCHUMAJIbHYIO MOIIHOCTh B COOTBETCTBHU C
YCIOBUSMHM SKCIEPUMEHTa U TOMAJIEPKUBAIOT €€ NOoCTOsHHON. Bo Bpems ombiTa
U3MEPAIOT MOIIHOCTh HarpeBaTedsl € IOMOIIbIO BOJBTMETPA M aMIIEPMETPA,
TeMIiepaTypa BO3/lyXa B NOMEIIEHHHM Ha PAacCTOSHUM HE MeHee 1 M OT IWIMHIpA.
TepmoD/IC Tepmomap Ha TMOBEPXHOCTH UWIMHApPA M3MEPSAIOT C TMOMOUIBIO
KOMOMHUPOBaHHOrO Mpubopa paboTarolmero B  PeXHUME  MHJIUBOJIBTMETpA.
W3mepeHus B Ka)KJOM OIbITE (MPYU HEM3MEHHOW MOLTHOCTH HarpeBaTessi) HOBTOPSIOT
HECKOJIBKO pa3 4epe3 5 MHH., TO0OUBAsACh TEM CaMbIM, YTOOBI 3 MOCIHEAHUX U3 HUX
nanu OJM3KUE WM OJJMHAKOBBIE Pe3yNnbTaThl. [I0CTOSHCTBO BO BpEeMEHH HU3MEPSEMBbIX
BEJIMYMH O3HA4YaeT HACTYIUICHHE CTAI[MOHAPHOTO pEXHMa TemiooOMeHa — 3TO
00s3aTeNIbHOE YCJIOBHE HKCIEPUMEHTA. AHAJIOTMYHBIM 00pa3oM MpPOBOJAT TpHU
OTIBITA, OTIMYAIOIINXCA MOUTHOCTBIO 3JIEKTPOHATPEBATEIIS.

KonTponupyemble BO BpeMsi OIbITa BEJIWYMHBI 3alMCHIBAIOT B TaOJIUIlY
HaOIIOACHUI.

Taoanma 8
Ta0muma Ha0Ir0 e HUI
TepmoDJIC tepmomap, MB
N MomHocTh Temnep. p A p P, Cpenusa
N TeMIepaTypa
3amMep HarpeBaTelid, BO3ayXxa,
OIIbITa BT oC 1 2 3 4 5 HOBerHOCTI/I
a uaHapa, °C
1. 1
2.
3.
Cp

O0padoTKa IKCIEPUMEHTAJbHBIX JTAHHBIX

[Tpu 00paboTKe ONMBITHBIX AAHHBIX JJIs1 1-r0, 2-T0 U 3-TO OMbBITA OMPEACISIIOTCS
CJEYIOLINE BETUYNHBI:
1. ITo 3naueHussMm TepmMoI/IC, MOIYyYEHHBIM B KaXJOM 3aMEpPE, BBIUUCIISIEM
YCPEAHEHHOE 0 MOBEPXHOCTH 3HaueHue TepMoIIC 115t Kax a0l Ceprn OTbITOB:

Ecp :iEi/n.

i=1
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2. Tak Kak XOJIOOHBIM CIHAld TEpPMOINAp HAXOAUTCA TMpPU TEMIEpaType
OKpY)Karomiero  Bo3ayxa, To  BennunHa  Tepmod/C  mpomopuuoHanabHA
TemriepaTypHomy Hamopy °t KosdduuueHT nponopuuoHadbHOCTH IJIs ME[b-
KOHCTaHTaHOBOM Tepmonapsl K = 15, mostomy:

At: tc - t;y( = 15'Ecp.
3. Cpennsis TeMneparypa NOBEPXHOCTH LUIUHApA:
te= te+ At;

4. JlyyucTslii TEIJIOBOM NOTOK paccuuThiBaeTcs 1o ypaBHeHuio Credana-

bonbsimana, Br:
T-\* /T \*
= a6 |(755) ~(500) |
e=e °[ 100/ ~ \100

IJIc € — CTCNCHb YEPHOTHI OepeTcs W3 TaOJHUIBI 7, B COOTBETCTBHH C THIIOM
U3TTy4aeMoro HWIHHIPA,
Co — K03 PUIUEHT TydeuCITyCKaHusl a0COTIOTHO YEPHOTO TeJa, paBHBIM
= 5.67 Br/(M’K").

5. KonudecTBo TEIOThI, OTAaBaeMoe OOKOBOW MOBEPXHOCTHIO LMIMHIPA,
paBHa MOIIHOCTH Harpesareis, BT:

Q=U-1I;
6. KosbdummeHT Terooraun onpeaessiercs mo dopmyie, Br/(m>K):
o = Q - Q.}I
F (tc - t;}()

7. T'paduk 3aBucumoctu o = f(t).
8. Ilo pe3ynbpTaTaM OMBITOB BEIYUCIIAIOTCS 3HAUYCHUSI KPUTEPUEB TIOT00MS
- kpurepuit Hyccenbra

Ny — a -l
YT
- kputepuit ['pacroda
-B-At- I3
or = 9 B :
v

rae f — xkoadpdunuent oobemuoro pacuupenus f= 1/ T 1/K.

- kpurepuit Ilpanaris
Pr=v/a

9. CHpaBO‘{HBIC 3nauenusa Nu PAaCCUHUTBIBAIOTCS 110 YPABHCHUTIO
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NUcnp = C‘(GF'PF)H

HEO0OXOIUMBbIE JJI1 PacueTOB 3HAUEHUs BeJUYUH C U N BHIOMPAEM B COOTBETCTBHUH C
opueHTanuel nuiuHapa B mpoctpanctse (C= 0,5 u n= 0,25 — 1y ropu30HTATBHBIX
tpy0, C=0,75u n= 0,25 — as BEpTUKAIBHBIX TPYO).

10. TI'paduxu 3aBucumocteit In Nuon = f[In(Gr- Pr)] v In Nucop = f[In(Gr- Pr)]:
11. OTtHOCHTENBbHAS MOTPEITHOCTD OMbITA PaBHA:

_ Nu,y, 'Nucnp

NuCHp

KouTpoJibHBIE BONIPOCHI

Bonpocet k nabopamopmuoit padome

i A il

Uto sBisieTcs 1eNbio paboThl?

Kaxkue 3agaun He0O6X0AMMO peIUTh B JabopaTopHOil paboTe?

W3 kakux 3J1EMEHTOB COCTOUT HKCIIEpUMEHTaIbHasl YCTaHOBKA?

B kakoii mocnenoBaTebHOCTA BKIIIOYAIOTCS 3JIEMEHTBI YCTAHOBKU ?
Kaxoit meTon ucnosnbs3yercs 1yst 00pabOTKU OMBITHBIX JAHHBIX B padoTte?
Korpaa npousBoauTcs 3anuch nokazaHui npuOopos?

3aBUCHT JIM MOKa3aHUs IPUOOPOB OT OKPY>Kalolel TeMIiepaTyphl?

Kax nmpoBoauTcs 00paboTka 3KCIepUMEHTAIBHBIX TAHHBIX?

ﬂOnOﬂH”meﬂbele 60npOCvL npu 3auiume paﬁombl

o XNk

Yro Takoe KOHBEKIIHS ?

Yo Takoe TeriooTaava?

Hanumure ocHOBHOE ypaBHEHHE TEIUIOOTAAaYd WIM 3aKOHA OXJIAXKICHUS
HproTona?

Haiite popMynupoBKy ko3ddUIIMEHTA TEII00TAAYN?

HazoBuTe 0CHOBHBIE KpUTEPUU TETJIOBOTO MOA00MS?

Hanummure ocHOBHOE KpUTEpUATIbHOE YPaBHEHUE TEIIO0TAAUN?

Hanummure ocHOBHOE ypaBHEHUE TEIJIONepe adH.

Yro nokasbiBaeT KO3 GUIMEHT Teroneperayu?

Kakoe ypaBHEHHE HAa3bIBAIOT YPABHEHUEM AJJUTHBHOCTH TEPMHUYECKUX
CONPOTUBIICHUN ?
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IIPH/IO/KEHHUE

Tabnua 1
KO3(1)(1)I/II_II/ICHTBI nepecqua R OT OJHUX €ANHUIL JaBJICHHUA K I[pyrI/IM
B
A Hi* 0ap v us.ar. MM PT.CT. | MM BOLCT. | K/
KIc/cM aT™M
Hiv* (ITa) | 10° | 1,019:107 |0,9869-10° | 750,06:10° | 0,10197 | 0,102
Gap 10° | 1,01972 | 098692 | 750,06 1’0113_12 | 1,02:10f
ar =xr/em’ | 0,981-10° | 0,98067 | 0,96784 | 735,56 10 10°
q";i;‘“ 1,01310° | 101325 | 1,0332 I 60 [POB210T ) st
mMprer. | 133322 [1,3332-107[1,3758 107 | 1,3158 10° 1 13,5951 13,6
MM BoLCcT. | 9,80665 | 9,80665 10 19,679 10° |7,3556 107 | 10°
Kr/M 9,81 0,981-10 10 0,968-10" | 0,736:10" 10° |
Tabnuua 2
3aBI/ICI/IMOCTB MC)KIIy AJAaBJICHUCM ps u TeMnepaTypoﬁ ZS JJIA
HAaCBIIICHHOT'O BOAAHOTI'O Hapa

pSa ara tSa OC psa ara tSa OC p& ara tSa OC NﬂVIlI);; CL. Oté psa ara Oté psa ara Oté
0,035 264 0,12 491 027 663 725 R®R 1,0 9,1 25 1268
0,040 286 0,13 50,7 028 67,1 730 989 1,1 1018 26 128,1
0,045 30,7 0,14 522 029 679 735 9,1 1.2 142 2,7 1293
0,050 326 0,15 536 030 68,7 740 9.2 13 1066 28 1305
0,055 42 0,16 49 032 70,2 745 994 14 108,7 29 131,7
0,060 358 0,17 56,2 034 716 750 9,6 1,5 1108 30 1329
0,065 373 0,18 574 036 729 755 98 16 112,7 31 1340
0,070 38,7 0,19 58,6 038 742 760 1000 1,7 1146 32 1351
0,075 400 020 59,7 040 754 765 1002 18 1163 33 136,1
0,080 412 021 60,7 045 783 770 1004 19 1180 34 1372
0,085 493 022 61,7 0,50 809 775 100,5 20 1196 35 1382
0,090 434 023 62,7 0,55 83,2 780 100,7 21 1212 36 1392
0,095 445 024 63,6 0,60 855 785 1009 22 1226 37 1402
0,10 455 025 646 0,65 8715 790 1011 23 1241 38 1411
0,11 473 026 654 0,70 894 800 1014 24 1255 39 1420
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dusnyeckue CBOUCTBA XUIKOCTEN

Tao0muna 3

: p10°, 7107, v-10°, 6 -10°,
Kumxocts Kf/M3 [ls\/IHa'] B"C'] M*/c H/Mm
Bona mpecnas 998 0,49 0,15 1,01 73
CrnmpT STUIIOBBIN 790 0,78 1,10 1,52 23
Macio Asron M-8B 900 0,60 0,64 300 25
Macno Unaycrpuansaoe 20 900 0,72 0,73 110 25
Macno TpanchopmaToproe 890 0,60 0,70 30 25
Macio AMI™-10 850 0,76 0,83 20 25
Tabnuma 4
XapaKkTepUCTUKHA HACAJOK UCIIOIb3YEMbIX B TA0OPATOPHBIX YCTAHOBKAX
Koadpunuent
Kunkoctb
3 € ¢ il
(Kpyrnoe orBepcrTue) 0,06 0,64 0,97 0,62
BHemHuil iuianHaIpuyecKuil 0,5 1,00 0,82 0,82
BHyTpeHHUI IHINHIPUYECKUI 1,00 1,00 0,71 0,71
Konnueckuit pacxogsmmiics npu oo = 5 — 7° 0.4 1,0 0,50 0,50
Konnueckuit pacxomsmmiics mpu o = 13°24 0,09 0,98 0,96 0,94
Konycconmanbuprit 0,04 1,0 0,98 0,98
Tabnuma 5
dusnyecKkue cBoicTBa Bo3ayxa npu 760 Mm pT.CT.
t,°C P, Kkr/m A-10%, Br/mK) | v-10°, Mc Pr
0 1,293 2,44 13,28 0,707
10 1,247 2,51 14,16 0,705
20 1,205 2,59 15,06 0,703
30 1,165 2,67 16,00 0,701
40 1,128 2,76 16,96 0,699
50 1,093 2,86 17,95 0,698
60 1,060 2,90 18,97 0,696
70 1,029 2,97 20,02 0,694
80 1,000 3,05 21,09 0,692
90 0,972 3,13 22,10 0,690
100 0,946 3,21 23,13 0,688
Tabnuma 6
3aBUCUMOCTh MEXKY JIaBJICHUEM U TEMIIEPATypoil
HACBIIEHHOI'0 BOASHOIO I1apa
p, ara 1,0 1,1 1,2 1,3 1,4 1,5 1,6
t,°C 99,1 101,8 104,2 106,6 108,7 110,8 112,7
P, MM PT.CT. 750 760 770 780 790 800 810
t,°C 99,6 100 100,4 100,7 101,1 101,4 101,8
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Tabnuua 7
dusnueckue cBOMCTBA BOABI HA JIMHUU HACHILLICHUS

t, 0, ¢, A, v-10°,

°C KO/ kJx/(xr-K) B1/(m-K) M2/

0 999.8 4,217 0,552 1,792 13,67
10 999,7 4,191 0,578 1,307 9,47
20 998,2 4,181 0,598 1,004 7,01
30 995,7 4,178 0,614 0,801 5,43
40 992,2 4,178 0,628 0,658 4,35
50 988.,0 4,180 0,641 0,554 3,57
60 983.,2 4,180 0,651 0,475 3,00
70 977,8 4,189 0,661 0,413 2,56
80 970,8 4,196 0,369 0,365 2,23
90 965.3 4,204 0,676 0,326 1,96
100 958.4 4,215 0,682 0,295 1,75

JIUTEPATYPA

1. Kacarkun A.I'. OCHOBHBIE ITPOLIECCH] U allapaThl XUMUYECKOW TEXHOJIOTUU: YUeOHUK /7S
BY30B. — 10-e wu3n., crep., nopabd. Ilepeneu. ¢ uzn. 1973 r. — M.: OO0 TU «AnbsHCe». 2008 1. 753
c.

2. deithepckuit  FO.M. Ilpomeccsl u ammaparbl XuMmMudeckol TexHojoruu. Yacte 1.
Teopernyeckre OCHOBBI IPOLIECCOB XMUMHMUYECKON TeXHOJOruu. ['MapomMexaHUUecKHe U TEIIOBbIE
npoueccel 1 annapatsl / FO.W. [IpitHepekuii. — M.: Xumus, 2002. — 400 c.

3. OeitHepckuit  FO.M. Ilpoumecchl u  anmapatel XUMHYECKOW TexHosoruu. Yacte 2.
Maccoo6mennslie npoueccs U anmnapatsl. / FO.W. [IpitHepckuit. — M.: Xumus, 2002. — 368 c.

4. OcHOBHBIE TpollecChl W ammaparbl XuMuyeckoil  texHosoruu. Ilocobue mo
npoexktupoBanuto / FO.U. [IpitHepckuii [u ap.|; 4-e uzg. — M: OO0 TUJL «Anbsaucey, 2008. — 496 c.

5. IIaBnoB K.®. Ilpumepbl M 3amauu MO Kypcy IPOLECCOB M aIapaToB XUMHUYECKOMN
texuojoruu / K.®. [Tasnos, I1.I. Pomankos, A.A. HockoB. — M.: OOO TU]Jl «AnbsHe», 2013, —
576 c.

6. [InanoBckuii, A.H. Ilpoueccsl u annapatbl XUMHUYECKON U HEPTEXUMUUECKON TEXHOJIOTUU
/ A .H. Ilnanosckuii, I1.W. Hukonaes. — M.: Xumus, 1987. — 496 c.

7. O0muii  Kypc TPOIECCOB W amnmaparoB XUMHUYeCKoW TexHojoruu. Kuura 1 /
B.T". Aitnmreitn [u np.]. — M.: Jloroc, 2002. — 912 c.

8. OOmwmii Kypc TpPOIECCOB W anmaparoB XWMHYECKOW TexHojorumu. Kawmra 2 /
B.T". Aitnmreitn [u np.]. — M.: Jloroc, 2002. — 872 c.

9. Tumonnn A.C. OCHOBBI KOHCTPYUPOBAHMSI M pacyeTa XUMHKO-TEXHOJIOIMUECKOTO U
npupogooxpaHHoro obopynosanusi. Cnpasounuk. T. 1. — Kanyra: W3a. H. boukapeoii, 2002. —
850 c.

10. Tumonun A.C. OCHOBBI KOHCTPYHPOBAHHS M pacuera XHMHKO-TEXHOJIOIMYECKOTO U
npupoooxpaHHoro odopynosanus. Crnpasounuk. T. 2. — Kanyra: W3a. H. boukapesoii, 2002. —
1025 c.

11. Tumonun A.C. OCHOBBI KOHCTPYHPOBAHHSI M pacdera XHMHKO-TEXHOJIOIMYECKOTO U
npupogooxpaHHoro obopynosanusi. CrnpaBounuk. T. 3. — Kanyra: 13a. H. boukapesoii, 2002. —
968 c.

12. Kadapor B.B. OcnHoBel maccomepenaun. CHCTEMBI Ta3-)XKHAKOCThb, Tap- KHUIKOCTb,
xuakocTb-xkuaAkocts / B.B. Kadapos. — M.: Beiciias mkomna, 1979. — 439 c.

32



