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BBEJAEHUE

AKTHBHOE CTPOHUTENILCTBO NPOU3BOACTBEHHBIX OOBEKTOB Pa3IMUYHbBIX
¢bopM COOCTBEHHOCTH C BHEIPEHHEM HOBBIX TEXHOJOTHH, NPOIECCOB U
anmapaToB TpeOyeT COBPEMEHHOTO M KAa4eCTBEHHOT'O MOJXO0Ja K OICHKE HUX
NOKapHOU onmacHocTU. KauecTBeHHBIN MOAXO0 BKIIOYAET B CE0sl, MPEKIE BCETO,
HaJIMYUE y CIEUUAINCTa HEOOXOIMMBIX 3HAHUU JUIsl MPOBEACHUS JIETAIBHOIO
aHaIM3a MOYKapHOW ONMACHOCTH TEXHOJIOTMYECKUX IPOLIECCOB, IO PE3YJIbTATAM
yero  pa3pa0aThIBalOTCS ~ CHCTEMbl  IPENOTBPALLEHUS  [OXKApOB U
POTHUBOIIOKAPHON  3AIUTHI, OPraHU3AUUOHHO-TEXHUYECKUE MEPOINPUATHS,
HaIpaBJICHHbIE Ha O00€CIeUeHUe I0KAPHOM OE30MACHOCTH  TEXHOJIOIMH
COBPEMEHHBIX MPOU3BOJICTB.

B HacTosSmMX METOIMYECKHX YKa3aHUAX MPEICTaBIEHBbI JaOOpaTOpHBIE
paboThI, MO3BOJIAIOIINE HA MPAKTUKE 3aKPETIUTh TEOPETUUECKUE 3HAHUS.

B coBokynHOCTH, MPOBOAUMBIE 1O JUCLUILIMHE JaOOpaTopHble padoTHI,
CHOCOOCTBYIOT 0o0jiee IIOJIHOMY YCBOEHHIO M 3aKPEIUICHHIO H3Y4aeMOro
MaTepuana, He0OXO0AUMOro JIJIsl OJyYEeHHsI CEeUaIbHBIX 3HAHUU.

Kpome Toro, B mpouecce MpoBEACHHS JIAOOPATOPHBIX  pabOT
BbIpa0aTHIBAIOTCSI HABBIKM  HAOJIIOJIEHUS, COIOCTABJICHUS, (OPMUPYIOTCA
oOmieoOpa3zoBareibHble U TPOPECcCHOHATIbHbIE KOMIETEHLUH, CIIOCOOHOCTH
pelaTh CJI0KHbIE IPAKTUYECKUE 3a/1aUU.


http://www.mielt.ru/dir/cat32/subj95/file244.html
http://www.mielt.ru/dir/cat32/subj95/file244.html

TPEBOBAHUSA K O®OPMJIEHUNIO JIABOPATOPHBIX PABOT

Otyer mo mabopaTopHBIM padoTaM MOXKET OBITh OGOPMIICH Ha JHMCTax
dbopmara A4 wnm B CHEIMAIBHO MOATOTOBJICHHBIX TeTpansx (He MmeHee 36
JIMCTOB) B KJIIETOUKY.

Oryer mo  jabopaTopHbIM  paboOTaM  COCTABISIETCS  KaKIbIM
00yJaroImMnmMcs.

O61ue TpeboBaHUA K COCTABICHUIO OTYETA MO TaOOPATOPHBIM paboTaM:

- cOOITI0IEHNE YCTAaHOBIICHHON Kadeapoit CTPYKTYPBI OTUYETA;

- JIOTUYECKasi MOCJIeJOBATEIFHOCTD B H3JI0KEHUH MaTepHana;

- TPaMOTHOE U aKKypaTHOe o(hopMIIeHHE OTYETA.

CrtpykTypa oTuera 1o 1adopaTopHbIM paboTam:

- 11eJ1b U 3a7]a4M JIa0OpaTOPHOM paboThI;

- Mporpamma jJabopaTopHOU paboThI;

- TEOPETUIECKHE MOJIOKECHNUS;

- cxema J1abopaTOpHOW YCTAHOBKM C YKa3aHHEM TEXHHYECKOU
XapaKTEPUCTUKU U TIPUHIIAIIA PaOOTHI;

- METOJIUKA UCCIICI0BAHUIM, U3MEPEHUIA;

- )KypHaJI UCIIBITAHUH;

- 00paboTKa pe3ynbTaToB;

- pe3yNIbTaThl UCCIIECIOBAHUI;

- aHaJIM3 PE3yIbTATOB U BHIBOJIOB MO paboTe.

CTpyKTypa OTYETOB MOXET KOPPEKTUPOBATHCSA B CBS3M CO CHEIUPUKON
71a00paTOPHBIX PaboT.

PesynbraThl wucciienoBaHUNW B OCHOBHOM MPEJCTaBISIOTCS B BHUIE
rpaduKoB.

K moctpoenuto rpadukoB MpeabABISIOTCS CIEAYIONINE TPEOOBAHUS:

- HaJM4YMe 3arojioBKa Ha3BaHus Trpaduka, Hampumep «I pagux
3a8ucuMocmu  0asleHusi NaApo8 HCUOKOCMU 8 IKCHEPUMEHMATIbHOM
cocyoe om memnepamypwvl okpyxcaroweii cpeovi: P=f (T)»;

- HaJM4ME 3arojOBKOB OCH KaTeropui (X) u ocu 3HaueHuu (y) ¢
yKa3aHUEM €IUHUI] H3MEPEHUSI.



JIABOPATOPHAS PABOTA Ne 1: «MCCJIEAOBAHUE
B3PBIBOOIIACHOCTHU MMAPOBO3JIYIIIHON CMECH B
TEXHOJOI'MYECKOM AIIITAPATE C JIBX»

Heab padoThl

3akperieHre TeOPEeTUYCCKUX 3HAHUW TPH PEIICHWU TPaKTHUECKUX 3aiad,
CBSI3aHHBIX C OIIEHKOM MOXApHOW OMACHOCTU TEXHOJIOTUYECKHX CHUCTEM, OCBOCHHE
METOIOB IKCTIIEPUMEHTATBHBIX UCCIICIOBAHMIA, NPUBUTHE HaBBIKOB
CaMOCTOSATENIbHOIO aHaiu3a W OOOOLIEHHA JAaHHBIX, ONbITa padOThl C
n1abopaTOpHEIM 000pyAOBaHUEM, alIAPaATypOr, TPUOOpaMHU.

O01mue MoJIoKeHus

[Ipu oneHKe MokapHOM OMACHOCTH TEXHOJOTMYECKONU CUCTEMBI HEOOXO MO
ONPENENINTh DKCIIEPUMEHTAIBHBIM IIyTeM Maccy ucnapusmiencs JIBXK kortopas
3aBUCUT OT MHTEHCHBHOCTH IIPOIECCAa HCHApeHUs. TOIbKO TNpPHU OTCYTCTBUH
OKCIICPUMEHTAJIBHBIX ~ JTAHHBIX  MHTEHCUBHOCTb  HCHApPEHUsI  JIOMYCKAETCS
ONPENEIATH MO CIIPABOYHBIM MaTepHUaIaM.

OTOT nmapaMeTp MOKapHOW OMTACHOCTH MCIIOJIB3YIOT IS pacyera:

- pa3MEpPOB 30HBI B3PBIBOONACHBIX KOHIIEHTPAlUMM MapOB IIPU HCIIAPEHUHU
JIBK ¢ noBepXHOCTH pa3nuBa;

- ONAaCHBIX (PAKTOPOB MOXKapa MPU CrOPaHUU NapOBO3AYIIHBIX CMECEN B
OTKPBITOM IPOCTPAHCTBE;

- KpUTEpPUEB KaTErOPUPOBAHMS IOMELICHUN U HAPYKHBIX YCTAHOBOK I10
B3PBIBOIIOKAPHOU U IMOKAPHOU OMACHOCTH U KJIACCOB B3PHIBOOIIACHBIX 30H.

B psine HOpMaTUBHBIX TOKYMEHTOB ITPUBOJSTCSA IMIIMPUYECKUE BBIPAKEHUS,
MO3BOJIIOIIME OLEHUTh HMHTEHCUBHOCTh MCIAPEHUs TOPHOYEH KUIAKOCTH B
3aBUCUMOCTH OT €€ HEKOTOPbIX (PU3MKO-XMMHUYECKUX CBOMCTB M TEMIIEpaTyphl,
CKOPOCTM M TEMIEPATypbl JBHXKYWIETOCS BIOJb IOBEPXHOCTH HCIAPEHUS
BO3JYIIHOIO MOTOKAa. OJHAKO 3TH BBIPAXKEHUS HE B IOJIHOW MEPE OTPAXKaroT
Gu3NUecKyr0  CYIIHOCTh MpoucXoasmux Au(dy3noHHBIX MPOIECCOB,  a
pe3yJbTaThl PACUYETOB 3HAYUTEIBHO (3a4acTyl0 Ha MOPSIOK) OTIMYAIOTCS OT
AKCIIEPUMEHTAIIbHBIX TAHHBIX.

[Ipu oOpa3oBaHUM B3PHIBOONACHBIX KOHIIEHTPALMA BHYTpH amnmapaToB C
JIBX u mocnenyoimemM BbIXOJI€ MapoB B MPOU3BOACTBEHHOE MOMEIICHUE, TPHU
HAJIMYUM ~ BO3MOXXHOTO MCTOYHHMKA HWHHUIMUPOBAHUA TOPEHUS, BO3MOYKHO
BOCIUIAMEHEHHUE Mapora3oBoro oosaka. [locinencTBusiMu Takux MoxKapoB SBIISETCS
pa3pylieHle TeXHOJIOTHYECKOro 000pyI0BaHUs, BBIXO OOJIBIIOIO KOJINYECTBA



MO’KApOOTACHBIX BEIIECTB HAPYXKY, B PeE3yibTaTe CO3/1AaeTCS yrpo3a >KU3HU H
3I0POBBIO OOCTYKUBAIOIIETO TIEPCOHANIA.

B kawectBe mpumepa Ha pucynke 1.1 TmokazaHbl MOCJIEACTBUS
BocruiameHeHus napoB JIBXK BeleAIMX M3 TEXHOJIOTHYECKOTO 000PY/IOBaHUS B
1[€X€E MO MPUTOTOBICHUIO BUHUIIAIIETATHOTO KJIesl.

Pucynox 1.1. [locnencrBust Bocrutamenenus napos JIBXK npu noxape B exe mo
MIPUTOTOBJIEHUIO BUHWJIALIETATHOTO KJIEes

B Hacrosimelt pabote oTpabaTbiBaeTCs METOJ SKCHEPUMEHTAIbHOIO
ompeneynieHuss Maccel ucnapuBmercs JIBJK ¢ nmoBepxHOCTM  pasinBa B
HETIOABIKHYIO cpeny [1].

3aganue

1. 3anucaTe Ha3BaHWe W Ledb PalbOTHI, a TaKXKE COAEpKAHME 3a/]ayu, Ha
pelIeHrne KOTOPOi HAaIIPaBJIEHO BBIITOJIHEHUE TaHHOM pabOTHl.

2. M3yuntb M M3JI0XKHUTH  OCHOBHBIE  IIOJIO)KEHHUS  METOJa
HKCIIEPUMEHTAJIBLHOTO OMpefesieHnss Macchl mapoB mnpu wucrnapeHun JIBXK c
MOBEPXHOCTH Pa3JIMBa.

3. W3yuntp  ycTpoWCTBO  1abOpaTOpHOW  yCTaHOBKH, 3apUCOBATh
NPUHIUIHATBHYI0 CcXeMy ycTaHoBkH (puc. 1.2), TOArOTOBUTH IKypHAl
AKCIIEPUMEHTAIBHBIX TaHHBIX (Ta0:1. 1.1).

4. O3HaKOMHUTBCS C TOPSAKOM TPOBEIEHUS IKCIEPUMEHTAJIHLHOTO
MCCIIEIOBAHMUS], IPOBECTH IKCIIEPUMEHT (CM. J1aJiee).

5. OO6paborath SKCHEpUMEHTAJIbHBIC [IaHHbIC, MapaJUIeIbHO MPOU3BECTU
pacueTt koaumyecTBa ucnapusimxcs napos JIBXK no cnpaBoYHbIM TaHHBIM.

6. Ha ocHOBaHMM SKCIIEPUMEHTAJIbHBIX W PACUETHBIX JAHHBIX MOCTPOUTH
rpaduyeckue 3aBUCUMOCTH U3MeHeHusi Mmacchl mapoB JIBXX oT Bpemenu
ucnapenus (npumep Ha puc. 1.6).

7. ChopMynrpoBatTh BBIBOJ 110 pe3yJIbTaTaM JabopaTOpHOU pabOTHI.



OcCHOBHBIE TeOpeTHYECKHE MOJIOKEeHH MOKAPHOM ONIACHOCTH NAPOB IPHU
ucnapenuu JIB7K ¢ noBepxHocTu pasiuBa

[Ipu sKcrulyaTaniuu HEKOTOPBIX BHJIOB TEXHOJIOIMUYECKOTO 00OpYAOBaHUSA C
TOPIOYMMHU KUAKOCTSIMU B IIPOU3BOJCTBEHHBIX IMOMEIIEHUAX MOTYT 00pa3oBaThCs
rOproYre MapoBO3AYIIHbIE CMECH, BOCIUIAMEHEHUE KOTOPBIX IIPUBEIET K B3PHIBY C
nociueayoumm noxapoM. K TakoMy TEXHOJOrHYECKOMY  0OOPYIOBAHMIO
OTHOCATCS OKPAacOYHbIE BaHHBI, BaHHbBI JJIA NPONUTKH OyMaru | TKaHEH
pacTBOpaMH CMOJI, BaHHBI JJI1 NPOMBIBKU JE€TaNEH, OTKPHITHIE EMKOCTH U TOMY
mo100HOEe 000pYI0OBaHUE, T.€. almapaTbl C OTKPBITON MOBEPXHOCTHIO HUCIIAPEHUS
HaxOJAIIMXCS B HUX TOPIOYMX >KHIKOCTEH. AHAJIOIMYHBIE ONACHBIE CUTYalMH
BO3HHKAIOT B IOMEIICHUAX [IPU aBAPUIHBIX PA3JIMBAX TOPHOYMX KUIAKOCTEM.

['oprouasi mapoBO31yIIHASI CMECh HaJ MOBEPXHOCTBIO TOPIOYEH KUIAKOCTH
o0Opa3yeTcst IPH BBINOJIHEHUU YCIOBUS B3PhIBOOIIACHOCTH

05> P (1.1)

YTO C HEKOTOPHIM 3alacoM HaJIe)KHOCTH COOTBETCTBYET CJIECAYIOIIEMY
TEMIIEPATYPHOMY YCIIOBHIO:
tp Z thn ) (12)

I71€ (s — KOHIIEHTPALMs HACBILIEHHOTO Mapa roproyven KUIKOCTH, 00. 101IH;
(y — HIDKHUM KOHLIEHTPALUMOHHBIN MpeeNn pacupoCcTpaHeHus IIaMeHH, 00. 1.;
t, — pabouas TemnepaTypa roprouei xxuakocTu, °C;
teen — TEMIIEPATYpA BCIBILIKH TOPHOYEN JKUIKOCTU B OTKPBITOM THTJIE, °C.
[Ipr BBINOJHEHHM YKa3aHHBIX YCJIOBMM HAJ IOBEPXHOCTBIO TOPIOYEH
KUAKOCTH 00pa3yrOTCs apbl, CHOCOOHBIE BCIIBIXMBATH OT UCTOYHHUKA 3a>KUTaAHUSI.
KonuyectBo oOpa3yronmxcsi mapoB U, CJIEI0BATEIbHO, pPa3MEPbl 30HbI
B3PBIBOOIACHBIX KOHIIEHTparuil (30H61 BOK) 3aBucsT ot nenoro psaa GpaxTopos:
(U3UKO-XMMUYECKUX CBOMCTB TOpIOYEH >KUAKOCTH, €€ pabouell Temmeparyphl,
IJIOIIAIA U BPEMEHU UCIIAPEHHUS], OJIBM)KHOCTH OKPY’KAIOIIErO BO3AYyXa U IIp.
HccenenoBanus nMpoBOATCS IO METOAY DKCHEPUMEHTAIBHOIO ONPENEIICHHUS
Maccel napoB Ipu ucnapenun JIBXX ¢ moBepxHOCTH pasivBa B HENMOABHKHYIO
cpemy. DTOT METOJI OCHOBAH Ha PEIICHUH YPAaBHEHUS HeCTalMOHApHOU auddy3un
npu ucnapennu JIBJK ¢ moBepXHOCTH pa3nvBa B HENOABUKHYIO CPENY.
YpaBHeHnue, onuckiBarollee maccy ucnapusuerics JIBX, umeer Bun:

(1.3)




i€ (s — KOHIIEHTPAIMs HACKHIIEHHEIX NapoB, 00. JOIM; Py — IVIOTHOCTh Hapa,

kr- M, Dy — koodduiment muddysun, m?-ct; F, — miomans pasmusa JIBXK, M,
Onpenenenne @s, py M Dy JUIi MHOTOKOMIIOHEHTHBIX JKHIKOCTEH ¢

HEU3BECTHBIMU TeMNOpU3NYECKUMH CBOMCTBAMU CBSI3aHO C  OIpejIeJIeHHBIMH

TPYIHOCTAMH. DTH BEIUYMHBI MOKHO pPacCMaTpuUBaTh KAaK KOHCTAHTBI JUIS

ONPENECICHHBIX YCIOBUM u3ydeHus tpouecca wucnapenus JIBXK. B Takux

nonymeHusx ypasaenue (1.3) MOKHO MPeCTABUTE B CIEAYIOIIEM BHJIE:

m, =KF,rt, (1.4)
rae koddurment K:
K =PPn 12D, 05, (1.5)
3 1—(Ps

Takum 00pa3oMm, SKCIEPUMEHTAIBHOE WCCIEIOBAHUE [IJISl OIpPECIICHHUS
Maccel mapoB npu wucnapenun JIBXK ¢ HeusBeCTHBIMH TEIIOPU3NUYECKUMHU

CBOMCTBAMM C ITOBEPXHOCTU pa3MBa HAIIPABJICHO K ONpeAeNeHUI0 Kod(dpuuneHTa
K.

K= T (L6)

MHOrO4YMCIIEHHBIMU SKCIIEPUMEHTAIBHBIMU UCCIICIOBAHUSIMHU 10 U3YYECHUIO
MPOLIECCOB HMcHapeHusi ¢ TmoBepxHocTH paszmuBa JIBX, mnpoBeaeHHbiMM B
Axkanemun I'TIC MYC Poccun, ycTaHOBIIEHO, YTO IIPH IUIOMIAAN pas3iuBa OoJjee
0,5 M? nponeccamMu 1uddy3uU IO TOPU3OHTAIM MOKHO NpeHeOpeub. B Takom
CIydyae MOXXHO HCCJIENOBATh IMPOLECC MCIAPEHHUS B BHUJE YCIOBHO BBIPE3aHHOIO
TOPU30HTAIBHO UMJIMHAPA HA TOBEPXHOCTH pasnuBa JIBXK.

[Ipu wucnapenun JIBJK B 1erasupoBaHHyl0 H30TEPMUUECKYIO KaMepy
co3slaeTcsi M30BITOYHOE JIaBJICHUE T1apoOB, KOTOPOE HECJIOXKHO H3MEpPUTh
MaHOMETpOM. [lo3TOMYy B OCHOBY 3KCIIEPUMEHTAIBHOTO METOJA OIPEICIICHUS
Maccel ucriapusiuercs JIBXX monoxeHo ypaBHeHUe ra30BOro COCTOSIHUSL:

PV =m T, (1.7)



rae P, — u30bITOYHOE MaBJIEHUE MAPOB B Kamepe, CO3/1aBaeMOE HCHapsrouiencs
JIBXK, Ila; Vi — 06beM KaMepbl, B KOTOPO NPOMCXOJMUT HPOIIECC MCIApEHus, Mo,
m, — Macca ucnapuBmeics JIBX (mapoB), kr; R — yHuBepcanbHas raszoBas
nocrosiHast; T, — pabouas Temneparypa, K; M — MosspHas Macca, Kr-KMOJIb ™.
N36sITOuHOE NMaBiieHHe mapoB, co3aaBaemoe uctapsroieics JIBXK, moxHo
onpeaenuTs npu nomomu U-00pa3HOro BOJSHOIO MaHOMETpA.
Pemiennie ypaBHeHus (1.7) OTHOCUTENHHO 3HAYEHUSI My MO3BOJSET MOTYUYUTh
pacueTHyro  (GoOpMyly Ui  OKCHEPUMEHTAIbHOTO  ONPENEICHHUS  MAacChl

ucnapusiieics JIBX:

mn = 1,18’10-3 MVK h / Tp, (1.8)
Tac h— [IOKa3aHusA U-06pa3Horo BOJAHOT'O MaHOMCTpPa, MM BOJ. CT.

JlabopaTopHasi ycTaHOBKA

JlaboparopHas yctaHoBka (puc. 1.2) TO3BOJSET ONPEIACIHTH H3MEHEHHUEC
naBieHud B ucnaputenbHor kamepe ¢ JIBXX mpu 3amanHoi Ttemmepartype ¢
TEUYEHUEM BPEMEHH.

\ 9 6 13
3 /‘S\iﬁ/ 10

8
[ ] 12

o0o0o

1 2 4 5 7 11

Pucynok 1.2 - Cxema J1abopaTOpHON YCTAHOBKH:
1 — U—o0pa3Hsblii MaHOMETP; 2 — TEPMOCTAT; 3 — OJIOK YIPABICHHUS TEPMOCTATOM;
4 — mHarpeBaTeNbHBIN JJIEMEHT TEepMOCTaTa, S5 — YpOBEHb J>KHIKOCTH B TepMocTare; 6 —
HCIIapuTenbHas kKamepa oobeMoM 37,3-10 M3 (mosepxmocTs ncmapenus 11,3-107° m?) 7, 8, 10 —
KpaHbl, 9 — 3aJMBHOE OTBepcTHE ¢ 3ariaymkoi; 11 — mMumkpokommpeccop; 12 — perymsrop
pacxopa; 13 — eMKOCTh C IKCIEPUMEHTAIBHOM KUAKOCTBHIO.
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VceTaHOBKA COCTOMT M3 Kamepsl 6 o6bemom 37,3-10* M3, roe mpomcxomur
ucnapenue uccaemyemoit JIBX ¢ mosepxnoctu, pasnoi 11,3-107° Mm% [laBnenne
napoB ucnapstoiieiics JIBXK ¢ukcupyror no U-o6pa3HoMy BOASIHOMY MaHOMETPY
1. TepmocTtaT 2 mpenHa3HayeH MJis1 MPEABAPUTEIBHOIO HAarpeBa HCCIETyeMOM
JIBX u obecrieunBaeT M30TEPMHUUYECKUN PEXKUM TMPOBEACHUS OIMBITOB Oyarogaps
HarpeBy 4 BOJIbI O 10 HEOOXOAUMOM /1JIsl SKCIIEPUMEHTA TEMIIEPATYPHI C TOMOIIBIO
ycTpoiictBa 3. Mukpokomipeccop 11 ciyXuT 1jsi NMpOAYBKH HMCHAPUTEITHHOM
kamepsl oT napoB JIBXK mocie okoHYaHUs OIBITOB.

Buemnuit  Bux  71a0OpaTOpHOM  YCTAaHOBKM  Mepel]  MPOBEACHUEM
AKCIIEPUMEHTA MpeIcTaBieH Ha puc. 1.3.

Pucynok 1.3. Buemnwuii Bu 1a00paTopHOil yCTaHOBKH

Ilocne TOro Kak B MCHAPUTENBHYIO KaMmMepy HAJIWIN HCCIELYyEMYIO
KUIKOCTb, IPOBEPSAETCS TEPMETHUYHOCTh BCEX coeauHeHuil. [lamee kamepa
nomernaeTcs B repmoctar (puc. 1.4).
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Pucynoxk 1.4. JlaGopaTopHas ycTaHOBKa BO BpeMs IIPOBEACHUS SKCIIEPUMEHTa

[locne kaxmol cepud  HIKCIEPUMEHTOB  IPOUZBOAMUTCS  IPOJYyBKA
BHYTPCHHEr0 00beMa HCIapuTeIbHOM Kamepsl (puc. 1.5).

L]
Pucynok 1.5. IlpoayBka BHyTpeHHET0 00beMa UCTIapUTEIHLHON KaMephl ITPH MTOMOIITI

MHUKpPOKOMIIpeccopa
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KypHay IKCIepUMEHTAIbHBIX JAHHBIX
KYPHAJ
PE3YyJAbTATOB OINPEEICHUS MacChl MapoOB MpPH

ucnapenuu JIBX B HEIOJIBMKHYIO CPELY
(HanMeHoBaHue wiu cocta pactsopa JIBXK)

Pabouas temneparypa JIBXK, t,=_ °C.

AtmocdepHoe naBieHue, P,y = klla.

O6beM ucnapuTensHoil kamepsl, V, = 37,3-10% M3,

[osepxnocts ucnapenus JIBXK, F,=11,3-103 M2

YuuBepcanpHas razoBas nocrosiaHas; R= 8,31434 JIx/(xkmoub  K).
MounsipHast macca, M = KT-KMOJIb ™ (IIPUHATE 110 3HAYEHUI0 Hauboee
JIETy4ero KOMIOHEHTa, Bxosiiero ¢ coctas JIBXK).

Tabmuna 1.1
Pe3ynbTaThl H3MEpPEHHIA U PACUETOB

Bpewms ITokazanms Macca Macca
usMepeHus, | U-00pa3sHoro | ucnapupiieiics (MCmapuBIIencs
MaHOMeETpa, JIBX, kr JIBX, kr
MM BOJL. CT. |(3KCIIEpHMEHT) (pacuer)

3Hauenue K
MUH

1
2

n
[lo pemenuto npenoaaBaTesiss MOXET ObITh H3MEHEHO:

- HAMMEHOBAHUE WJIM cocTaB pactBopa JIBXK;
- pabouas Temmeparypa JIBX.

IMopsiok npoBeeHHUs IKCIEPUMEHTATBHOTO UCCIeI0BAHUSA
1 00padoOTKM pe3yibTATOB

1. O3HaKOMUTBHCA C TEXHUKOW 0€30MacHOCTH (B TOM 4mHclie 0€30MacHOCTH)
npu pabote B Jyaboparopuu M Ha J1abopaTopHOil ycTaHOBKe. Pacmucarthcsi B
COOTBETCTBYIOIIUX JKypHajax.

2. llpenojaBarens JEAUT Tpynmy Ha 2 MOATPYNIbL, BBIAAET 0Opas3Lbl
UCCIIEyeMbIX JKUAKOCTEH U OmpeenseT paboure TeMIepaTypsl I MPOBEACHUS
HKCIIEPUMEHTOB.

3. CoBMeCTHO ¢ mpernoaBaTeaeM Uil JabOpaHTOM MPOU3BECTH BU3YaJIbHBIH
OCMOTp Ja0OpaTOPHON YCTAHOBKM U YOEAWTHCS B MCIPABHOCTH MpUOOpA.
[IpenonaBaTens Ha3HAYaeT OTBETCTBEHHBIX 3a KOHTPOJIb W CHATHE MOKa3aHHWHA C
nprOOpPOB U3 UKcIa 00yJarOIIMXCA.

4. COBMECTHO C IIpernojjaBareneM Uiu JabopaHTOM MPOU3BECTH BKIIIOUEHHUE U
HACTPOIKY J1JaOOpaTOPHON YCTAaHOBKU B COOTBETCTBUU C YCIOBUSMHU HKCIIEPUMEHTA
(3amatp pabouyio Temmeparypy Ha OJIOKE YMpaBJICHUS TEPMOCTATOM, 3aJHUTh
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HCCIEAYEMYIO JKHJIKOCTh B HCHAPHUTEIIBHYIO KaMmepy, BBICTaBUTH OTceuky U-
00pa3HOro BOJSHOTO MaHOMETpA Ha MoKazaHue «0»).

5. [locne HarpeBa BOJbI B TEPMOCTATE O HYXHOUW TeMmepaTypbl MOMECTUTh
BHYTPb HUCIApUTENIbHYIO Kamepy (puc. 1.4).

6. Ilpu moMomm cekyHaoMepa MPOU3BECTH CHATHE MokazaHuit U-o0pa3Horo
MaHoMeTpa (KoaudecTBo u3MepeHuil 10 ¢ uaTepBasiom 1 MuH).

7. Ilo 3amanuto mpenogaBaTess, €CIu AKCIIEPUMEHT MPOBOJIUTCS B HECKOJIBKO
CepHil WU C Pa3HBIMHU KUIKOCTSIMH, TIPOU3BECTH OYNCTKY BHYTPEHHEro oOBheMa
WCTIAPUTEIBHON KaMePHhI, a TaK)Ke €€ IPOYBKY C IIOMOIIIBI0 MUKPOKOMITPECCOPA.

8. O0paboTKa ONBITHBIX JaHHBIX:

- o hopmyie (1.8) onpenenuts maccy nmapoB ucnapuiieiics JIBXK;

- 3HaueHue kodpdunuenta K paccuurtats no dopmyne (1.6) mias kaxaoro
noka3anusi U-o0pa3HOro BOJsSIHOIO MaHOMETpA.;

- OIPEJENNUTD CpeiHee 3HaueHne kodppunuenta Kep;

- HamWcaTh YypaBHEHHME JUIsl pacuera YIelIbHOM MacChl HCMapeHus
ucciexyemoii JIBXK ¢ HoBepXHOCTH pa3iuBa B HEMOABMKHYIO cpefy, Kr M2 ¢k

*
m, =K, V1,
rac ch — OKCIICPUMCHTAJIbHO YCTAHOBJICHHOC CPCAHCC 3HAYCHMC.

JlaHHOE ypaBHEHUE CHOPABEUIMBO MPU TEMIEpPaType HUCHAPEHUs, PABHOMN
°C nus (mpuBecTu Ha3BaHue uccieayemoi JIBXX u umeronuecs Ha
HEe€ MacIOPTHHIE JaHHBIE).

9. Tlo oOKOHYaHWM TIPOBEJECHHBIX pPACUYETOB OOMEHSTHCA JAHHBIMH

MOJTYYMBIICHCS MAacChl HUCIAPUBIIUXCS TAPOB HUCCICAYEMOUN >KUAKOCTA MEXIY
MOATPYIIIaMH.

10. 3anmoTHATH KypHAJ SKCIIEPUMEHTATBHBIX JTaHHBIX.

11. TMonw3ysick pe3yJibTaTaMU HCCIEIOBAHMS ABYX MOJATPYIN, MOCTPOUTH
rpaduku n3meHeHus: Maccol napos JIBXX B Teuenne BpeMeHM dSKCIEpUMEHTa MpU
3aJaHHbIX Temreparypax (cm. puc. 1.6). Ha ocHOBaHMM TMOJYYEHHBIX
3aBUCUMOCTEN Cc(HOpMYIUpPOBaTh BBIBOJ O MOXKAPHON OMACHOCTH HCCIEAyeMOM
JIBK.
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Pucynok 1.6. [Ipumep usmenenust Mmaccel napos JIBXX B Teuenune Bpemenu

OxpaHna Tpyaa u nokapHasi 0e30MacHOCTb

1. PaboTy mpoBOIUTh MPU YCIOBUU MCIPABHOM CUCTEMBI JIEKTPOCHAOKEHNS,
3a3eMJICHHUSI.

2. IlposiBASITH OCTOPOXKHOCTH TMpU paboTe C dJIeMEHTaMH J1abopaTOPHOTO
000pyI0BaHUs, N3TOTOBJICHHBIMH M3 KaJICHOTO CTEKIIA.

3. He ocrtaBnsaTe 6e3 mpucMoTpa MOIKIIOYEHHBIH K DJIEKTPOCETH TEPMOCTAT.

4. IIpy TOSBICHUU 3armaxa ¥OKCHOW HM30JIAIMHA OTKIIFOYUTHh YCTAaHOBKY OT CETH.



JIABOPATOPHAS PABOTA Ne2: «<MCCJIIEJOBAHUE OITACHOCTH
HOBBIINEHUA JTABJIEHUA B AIIITAPATE C KUJAKOCTbBIO ITIPU
BO3JIEICTBUM HA HET'O BHEIIIHEI'O UICTOYHUKA TEILTA»

Heab padoThI

3akperyieHre TeOPEeTUYECKUX 3HAHWW TPU PEIICHUH MPaKTHUECKUX 3aiad,
CBSI3aHHBIX C OLIEHKOM MO>KapHOM OMAaCHOCTU TEXHOJOTUYECKUX CHCTEM, OCBOCHHE
METOIOB HKCHEPUMEHTATbHBIX WCCIIETOBaHHH, IPUBHUTHE HABBIKOB
CaMOCTOSITENILHOTO  aHanu3a MW O00O0OIIeHUs JaHHBIX, OIbITa paboOThl C
1a00paTOPHBIM 000pYI0BaHHEM, KOMITBIOTEPAMH, aIapaTypoid, MpudOpaMu.

O01Me moJ10KeHus

[Ipy oOmEHKEe TOXapHOM ONACHOCTH  TEXHOJOTHMYECKOM  CHUCTEMBI
HEO0OXOJAMMO TMPOAHAIU3UPOBATh MPUYUHBI €€ pa3repMeTU3aliu, NPUBOIALIIEN K
ABAPUIHOMY BBIXOJY IT0KapOOIIACHBIX BEIIECTB HAPYKY.

[IpyunHBI 3TH 1O CBOEW MPUPOAE MOTYT OBITH CaMBIMU Pa3HOOOPA3ZHBIMH.
Haubonee onacHas mnpuuyMHa - HarpeBaHWE TEPMETHUYHBIX AannaparoB MU
TpyOOIIPOBOJOB C JKUAKOCTSAMM BBIIIE YCTAaHOBJIEHHOTO Ipejesa, KOrjaa B HUX
CO3/1a€TCs MOBBIILIEHHOE /1aBJIEHUE, KOTOPOE CIIOCOOHO BBI3BATh Pa3repMeTU3aLIUI0
TEXHOJIOTUYECKOW CUCTEMBI.

B mnpakTuke MmoxapHOro 4acTO BCTPEYAIOTCS Clyyau, KOrja Ha OOBEeKTe
TYIIEHHS B YCIOBHUSX HEKOHTPOJIUPYEMOTO ropeHus (moxapa) MporuCcXOdUT B3PhIB
000OpyZIOBaHUsl C arpecCMBHOM CpeAOW, YTO B KOHEYHOM HUTOT€ MNPUBOJUT K
IUTAYEBHBIM OOCTOSITENILCTBAM, YacTO CBA3AHHBIM C rubenbio Jojei. B kauectse
npuMepa Ha pucyHke 2.1 mokas3aHbl MOCJIEICTBUS B3pbIBA TEXHOJOTUYECKOTO
obopynoBanus mipu noxape Ha A3C.

Pucynoxk 2.1. TTocnenctBus B3pbsiBa 000pyAoBaHus 1pH mokape Ha A3C
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B mnactosmelr pabote oTpabarhiBaeTCs METOJ AKCIEPUMEHTAIBLHOTO
MCCJICJIOBAaHHSI OMACHOCTH TIOBBIIICHUS TABJICHHUS B TEPMETHYHBIX almaparax C
KHUJIKOCTBIO TIPY BO3JICHCTBUU HA HUX BHEIIHWX HCTOYHHMKOB TEIIa, a TaKXKe
3 PEKTUBHOCTH MIPUHATHIX Mep O€30MaCHOCTH.

3aganune

1. Vka3zarb Ha3BaHuM€ M 1eIb palbOThl, O3HAKOMUTHCA C OOIIMMHU
MOJIOKEHUSIMHU.

2. VI3yuuTh U U3JO0KUTh OCHOBHBIC TEOPETUUECKHE IMOJIOKEHUS TOKAPHOH
OTIACHOCTH TIPH MOBBIIICHUY JIaBIICHUS B armapaTe U Mepbl 0€30MaCHOCTH.

3. W3yuutrp ycTpoHCTBO  J1TaOOpaTOPHOM  yCTAaHOBKH, 3apUCOBATh
NPUHIMIAATIBHYI0 CXEMY YCTaHOBKM (puc. 2.2), TOATOTOBUTH KYpHAI
9KCIICPUMEHTATIBHBIX JaHHBIX (TA0JI. 2.2).

4. O3HaKOMHUTBCS C TOPSJAKOM IPOBEIEHUS SKCIEPUMEHTAIBHOTO
UCCIIEZIOBaHUS, IPOBECTU IKCIEPUMEHT (CM. Aajiee).

5. Ilpou3BecT KOMIBIOTEPHYIO 00paOOTKY MOJYYEHHBIX B SKCIEPUMEHTE
TEpPMOTpPaMM IpH MOMOIIM nporpamMmmHoro komruiekca FLIR QuickReport 1.2
SP2 (mpumep Ha puc. 2.8), 3aN0JHUTH KypHAI SKCIIEPUMEHTAIBHBIX JTaHHBIX.

6. Ha ocHOBaHMM SKCIIEpUMEHTAJIBHBIX JAHHBIX MOCTPOUTH I'papUUECcKue
3aBHCHMOCTH M3MCHEHUS JIaBJICHUS OT TeMIieparypsl (ipumep Ha puc. 2.9-2.10).

7. Onpenenuth 3()(PEKTUBHOCT NPHUHATHIX MEpP O€30MaCHOCTH (CTENEHb
3allOJIHEHUS pe3epByapa, OKpacka MOBEPXHOCTH ammapara TeII00TPaKaroUMMH
COCTaBaMU WJIH COOTIOZCHHIE MMPOTUBOMOKAPHBIX Pa3PHIBOB).

8. ChopmynrpoBaTh BEIBOJI 110 Pe3yJIbTaTaM Ja00paTOPHOM pabOTEHI.

OcHoBHBIE TCOPETUIECCKUEC MMOJIOKCHUA nomapnoifl OIMAaCHOCTH IPH
MOBBLIIICHUM JAaBJCHHUSA B aflnmaparte 1 Mepbl 0e301acHOCTH

bonplryro  mokapHyr0 ~ OMAacCHOCTh MPU  HU3MEHEHUHU  TEMIIEPATYPbI
OKpYXarUel Cpeapl MPEACTaBIAIOT TepMETHYHbIe ammaparel. [loBbiieHue
JIABJICHUS B TEPMETUYHBIX amliapaTax, MOJHOCThIO 3aOJHEHHBIX MOXKapPOOMACHOU
KUJIKOCTBIO WJIA CXKM)KEHHBIM Ta30M, SIBISIETCS CIIOXKHBIM IPOILIECCOM, TaK Kak
COIIPOBO’K/IAETCS OJTHOBPEMEHHO HE TOJIbKO YBEIUYECHHUEM 00BheMa KUJIKOCTH, HO U
MpUpaAIICHUEM BMECTUMOCTH CaMOro armmapara B pe3yJibTaTe yYIPyroro u
TEPMHUUYECKOTO PACIIUPCHHS €r0 CTEHOK. [Ipu 3TOM 00beM KUIKOCTH M3MEHSECTCS
B OOJIBIIICH CTETEHH MO CPABHEHHUIO C YBEIMYEHHUEM Pa3MEpOB CaMOTO ammapara.
[ToaToMy HarpeBaHHE TEXHOJOTHUYECKOM CHCTEMBI, ITOJTHOCTBIO 3alOJIHEHHOU
KUJAKOCTHIO WM CXKIDKCHHBIMU Ta3aMH, JIaXKe B TpelesiaX CyTOYHBIX KOJeOaHUU
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TEMIIEPATypbl OKPYXKAIOLIET0 BO3AyXa MOXET CO3[aTh JaBJIEHHE, KOTOPOE
NPUBEACT K pa3repMeTUu3alii CUCTEMBI.

JlaBneHue, co31aBaeMoe KUJIKOCTBIO B IMOJHOCTBIO 3alIOJIHEHHOM arlrapaTe
P pu TenioBoM BO3JAEUCTBUHU Ha CUCTEMY, ONPEILIISIOT M0 (hopmyJie

P.=P, + AP, (2.1)

rae Py — HavanbHOE AaBieHUe KuIkoctu B ammapate, MlIla; AP — npupamenue
napienus, Mlla.

[Ipupamienue naBieHUs B TEePMETMYHOM HArpeBacMoOM  ammapare,
MOJTHOCTBIO  3allOJJHEHHOM JKUJKOCTBhIO (0€3 yuera W3MEHEHHUS pa3MepoB
armapara), MO>XHO OIpeJeTUTh 1o Gopmyie

p
AP =P AT, (2.2)
Pex
rie Bp — Ko3p(UUIUEHT OO0BEMHOIO paCHIMPEHUs >KHIKOCTH, KL Bex
xodppumuenT o0veMHOro cxkatus kuakoctd, MIla?t; AT — wusMmeHeHnue

Temmneparypsl, K.

Koadpduiment o00beMHOro pacHIMpeHHsl 3aBUCUT OT TEMIEPATYpPbl
KUAKocTu. [Ipu OTCYTCTBHM CHIpPaBOUYHBIX IAHHBIX O 3HAYCHWH Kod(huImeHTa
O0OBEMHOTO PACHIUPEHHUs >KUIKOCTH WM CXKIDKEHHOTO Ta3a €ero  MOXHO
OTpENENUTh W3 COOTHOIICHWS W3MEHEHUS IUJIOTHOCTH TPU  TOBBIIICHUH
TEMIEPATypPhbI

— P1—P2 ’ (23)
P pAT

r7i€ P1 U P2 — IJIOTHOCTD JKUJIKOCTH JI0 U MOCJIE HarpeBa COOTBETCTBEHHO.
3HadyeHue 3Toro kodd@uimenTa Jjisi BOJbI ONMUCHIBAETCS 3aBUCUMOCTBIO

( (T +7T 0,975
B =| 45+1,1 ——* —283 —‘ 1073,
p

[N )

(2.4)

rae Ty, Tx — HaUaubHAS U KOHEYHAsl TEMIIEPATYPHI )KUIKOCTH B HHTEPBAJIE HArpeBa
COOTBETCTBEHHO, K.

B IUMpPOKMX HMHTEpBalax TeMmIlepaTypbl W JaBieHus Kod(pdUIueHT
00BEMHOTO CKATHS JUISl BOJABI COXPAHSET IOYTH MOCTOSHHOE 3HAUYEHUE U MOYXKET
OBITh IPUHAT paBHEIM 4,97-1074, MITa™,
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B cnyudae ecnm Py mpeBBICHT AOMyCTUMOE JaBIIEHWE CPENbl B ammapare,
KOTOpOE OIIpEICISICTCS HUCXOIs1 u3 MIPOYHOCTHBIX XapaKTECPUCTHK
KOHCTPYKIIMOHHOTO Marepuaja, TO BeJIHWKa BEPOSTHOCTh pa3repMETH3AINH
ammapara, KOTopasi B H”TOI'e MOYKET IIPUBECTH K B3PBIBY HIIH ITOXKapy.

Ecau anmapar 3amonnen He Ha 100 %, T.e. Haj >XKUIKOCTBIO HMEETCS
MapoBO€ IMPOCTPAHCTBO, TO JABJICHWE B aIapaTe OIPEACseTCS BEIUNIUHOU
VOPYTOCTH HACHIMIEHHBIX TapoB Ps mpu mgaHHOW Temmepatype. Uem Bblme
TeMIIepaTypa KHUJIKOCTH B ammapare, TeM oosbiie Ps [1].

N3meHenne maBieHHs] HACHIIIIEHHBIX MApOB YKUIKOCTEH B 3aBHCHUMOCTH OT
TEMIIEpaTypbl MOXXHO HAaWTH B CHpPaBOYHBIX MocoOmsx. [lpu oTCyTCcTBHH
CIIPAaBOYHBIX JAHHBIX JIABJICHUE HACHIIIIECHHOTO T1apa OMPEAeIISIOT 1o hopmyJie

lg P, =A, ———— (2.5)

+ O
>

—~+

rae Ps — naBineHne HachlleHHOro mapa mpu temmeparype t,; Aa, Ba u Ca —
KOHCTaHThI ypaBHEHUsI AHTyaHa; t, — pabouas Temneparypa, °C.
JlaBnenue napoB He(PTENPOLYKTOB MOKHO ONPEIETUTH MO (hopmyJie

B.I1. CyukoBa
exp[6,908+0,0443 (t —0,924 t _+2,055)]

P = p BCTI ’
; 1047+748 t (2.:6)

rae tsen, — TEMIIEpaTypa Benbiky, °C.

B cnydae ecnu gaBieHWE HACBIIEHHOTO Tapa OyAeT MpeBBIIIAThH
nonyctTumoe aaBieHue P,,, B anmapaTe Mo MPOYHOCTHBIM XapaKTEPUCTHUKaAM, TO
BO3MOKHA €ro pasrepMeTH3alus. YCJIOBUE pa3repMETU3AMU  anmnapara C
HaJMYUEM NTapOBO3YIIIHOTO IPOCTPAHCTBA MOKHO 3aIMCATh B CIEAYIOIIEM BUIE

Ps > Paon /K6 ) (27)

rae K; —xoadduiment 6e30nacHOCTH, TPUHUMAEMBIH > 1.
3ammTa anmapatoB OT TIOBBIIICHUS  JABJICHUS TPU  YBEIWYCHUU
TEMIIepaTyphl IOCTUTAETCS MHOKECTBOM CIIOCOOOB.

3anoJHEeHUe anmnapatoB XpaHUMOM cpefoil ocymectsisiercs He Ha 100 %,

T.€. CO3JIAETCs c80O0OHOE napo2azosoe npocmparncmseo. CBOOOAHOE IPOCTPAHCTBO
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BBITIOJIHACT (I)YHKHI/II-O KOMIICHCATOpa IIpH TCIJIOBOM pPaCHIMPCHHUHN XHUIKOCTH.

MakcumanbHO JOMYCTUMYIO CTEIEHb 3alOJHEHUsI € €MKOCTeM W pe3epByapoB
MOKHO ONPEIETUTH IO (popMyJie
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e= 1 = Bp ATmax, (28)

rie ATmax — MAaKCUMaJIbHO BO3MOJKHASI aMIUTUTYa KOJIeOaHUN TeMItepaTyphl
KHUIKOCTH B cocyae, K.

[Tpu 5TOM MUHUMANBHBIA pa3Mep MPOCTPAHCTBA, CBOOOIHOTO OT YKHIKOCTH
Vs, TOKEH COCTABIIATD

Ves = Van (1 - €), (2.9)

rae Va; — 00beM anmapara, M.

Jist  xoHTposist pabouedt  TeMmriepaTypel  annapamel  060pYOYIOMCA
KOHMPONbHO-USMEPUMENbHLIMU NPUOOpaMy VI aBTOMATHYECKU JIEUCTBYIOIUMHU
pecynismopamu memnepamypsl. 3alluTa anmnapaTtoB, €MKOCTeH OT oOJydeHus
BHEIITHUMU UCTOYHUKAMU TEMja  OCYIIECTBIISIETCS menyiouzonayuel,
IKPAHUPOBAHUEM, OPOUEHUEeM, OKpauwlugaHuem TOBEPXHOCTH CHEUUATbHBIMU
Kpackamu. BissHEE OKpacKy Ha TEeMIEpaTypy HarpeBa KUIKOCTH B ammapare IpH
HEU3MEHHOW WHTEHCUBHOCTH BHEIIIHETO TEIUIOBOIO TOTOKA MPEICTABICHO B
Tabnuie 2.1.

Tabmuma 2.1
Brnusinue okpacku Ha TeMIiepaTypy HarpeBa JKUIAKOCTH B pe3epByape
LBeT oxkpacku Temneparypa , °C
AsroMuHUEBAsS OKpacka 11,5
benas 12,5
Caeto-kpeMoBast 13,0
Po3oBas 13,3
lNony6as 13,6
Cepas 14,6
3enenast 14,7
CypukoBast 16,6
bepnuHckas na3zypb 20,3
3enenast (XpoMoBasi) 22,0
Uepnas 30,0

bBannoHsl ¥ Ipyrue eMKOCTH C TOPIOYMMH ra3aMé U KUJIKOCTSIMHU HEJb3sl
pa3meniath Oyimke 1 - 2 M OT IPUOOPOB OTOIUICHUS U JPYTMX UCTOYHUKOB TEILIa,
HE00X0AUMO COOITIOIATE NPOMUBONONHCAPHBLE PA3PbIBHL.

Haunbonee o0muM MeTOAOM ONpeneNeHuss MPOTHUBOIOKAPHBIX Pa3phIBOB
SIBJSIETCS. METOJ ydeTa MHUHUMAJIbHOW MOMYCTHMOW HHTEHCHBHOCTH OOJTydeHHS
(Qmin), MO KOTOPOI MOHUMAETCS TIOTHOCTD MAJJAIOIIETO TEIUIOBOTO MOTOKA ((nayn),
MPEBBIIICHUE 3HAYCHUS KOTOPOHM MOKET BBI3BATh BOCIUIAMEHEHHE CMEKHBIX
00BEKTOB 3a OMpPEICICHHBIA MPOMEXKYTOK BpeMeHU (OOBIYHO 3a BpeMms,
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HCO6XOI[I/IMOG JJI1 BBEACHUA CHUJT U CPCACTB HA TYHICHHC HO)Kapa). I[OCTEITO‘-IHOCTB
BCJINYHHEBI IMPOTUBOIIOKAPHOI'O pa3pbiBa YCTAaHABJIMBACTCA CPaBHCHUCM
Magaromero TCIIJIOBOI'O IIOTOKA IIpU AAHHBIX YCJIOBHAX ITOXKapa € MHUHHUMAaJIbHOMU
I[Ol'[YCTHMOﬁ HNHTCHCHUBHOCTBIO O6J'Iy‘I€HI/I51 aliriapara.

VcnoBus 6e30macHoCTH MpCaACTAaBIAOTCA COOTHOIICHUCM:

Ouaz < Jmin- (2-10)

HpeI[CTaBJIeHHBIG BbIIIC MCPOIIpUATHA MOI'YT IIPUMCHATBCA KaK B
OTACIIBHOCTHU, TaK U B COBOKYITHOCTH.

JlaGopaTopHasi ycTaHOBKA

JlaGoparopHas yctaHoBKa (puc. 2.2) MOJEIUPYET BO3JEHCTBUE COTHEUHOMN
paauaIiy 1 TeIia OKPYKAIOIICH Cpelbl IPU KOJCOaHUIX CYyTOYHOU TEMIIEPATyPhI
OKpY>KaIoIIIeTo BO3yXa, a TAK)KE BO3ACHCTBHE TEIUIOBOTO M3IyUYCHHUS OT MOXKapa.

Pucynok 2.2. Cxema 1abopaTOpHOI YCTaHOBKHU:

1 — U-o0pa3Hblil )KUIKOCTHBI MaHOMETp; 2 — MeTaluTueckue OAJTOHBI ¢ pa3HOW OKPAacKoi U
CTENEHBIO 3allOJIHCHUS; 3 — HampaBisromas WH(pakpacHOro u3myyarens; 4 — JTUHEHKa s
M3MEpEHUS PaCCTOSIHUS OT U3JIydaTesst 10 OallIOHOB; 5 — MHGPaKpaCHBIN H3ITydaTenb;
6 — TeroBH30p; 7 — HOYTOYK; 8 — mpoekTop; 9 — sKpaH JJIs MPOeKTOpa

Brentnuit Bua pa3padoTaHHOTO J1Ja00paTOPHOTO CTEH 1A ITOKa3aH Ha puc. 2.3.
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Pucynok 2.3. BHemHuii Buj 1a00paTOpHOI YCTaHOBKH

B ycranoBke miis oneHKH 3¢ (GEKTHBHOCTH CITOCOOOB 3alTUTHI allllapaToB OT
Harpesa, MOMUMO HemnodaHoro 3amnojiHeHus (80 %) SKCIEepUMEHTAIBHOTO COCyaa
KHUIKOCTBIO, IPETYCMOTPEHO:

1) okpacka B3KCIepUMEHTaIbHOro cocynaa (3amoiaHenHoro Ha 100 %)
TEIJIOOTPAKAIOIIMM COCTAaBOM (Ha cxeMe Mmoka3zaH OenbiM 1BeToM). OcTaibHbIC
COCYIIbI OKpAIICHBI B YEPHBIN 1IBET;

2) Hampapjsionias 3 TMOABMKHOTO pPaJUAllMOHHOTO HarpeBaTelis 5 u
CPEICTBO HW3MEpPCHUS  pacCTOosHUS 4  TpeaHa3HAaYeHbl JUISI  MMHTAIUH
MIPOTHBOIIOKAPHBIX Pa3pbIBOB OT HCTOYHMKA HarpeBa N0 OOBEKTa 3allUTHI
(9KCTIEPUMEHTAIbHBIX COCY/IOB 2).

PanuanuonHblii HarpeBaTelb YCTAaHOBJICH HA BBIJBMIKHBIC HAIMPABISIONINE,
YTO TIO3BOJISIET W3MEHSTh PACCTOSIHUE MEXKIY TOBEPXHOCThIO OAalJIOHOB U
HarpeBaTeNbHBIM 3JIEMEHTOM B auanazoHe ot 10 mo 50 cM. 3amepbl paccTOsHUS

BBITIOJIHSIFOTCSL C MTOMOILBIO JIMHEWKH, 3aKPEIUICHHON BJIOJIb HANPABISIIONIUX (PUC.
2.4).
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Jnsg  mocTpoeHus 3aBUCHMOCTH

INNIRIRIRIRIRIIEN JIABJICHUS B TEPMETHUYHOM arrapare

Niwl OT TEMIIepaTypbl €ro MOBEPXHOCTH B

CAmA YCTaHOBKE IPEIYyCMOTPEHO (CM. DHC.
2.2):

- U-o0pa3sblit MaHOMETp IS
Kax0ro u3 o6amionos (1);

- HU3MEpPEeHHe  TEeMIIepPaTyphl
MIOBEPXHOCTH COCYJJOB C TIOMOIIBIO
teroBu3opa (6) ¢ coxpaHeHHEM
MOJTYYCHHBIX TEpMOTPaMM Ha
HoytOyke (7) ¢ memplo  uWX
nanbHeWIen o0paboTku B cpefe
FLIR QuickReport 1.2 SP2.

Pucynok 2.4. Dnement nabopaTopHoOit TennoBu30p — yCTPOMCTBO IS
YCTaHOBKH, ITO3BOJIAIOIINN UMUTUPOBATh HAOJIOIeHUS 3a

TIPOTHBOIOXKAPHBI pasphlB pacrpeeeHneM TeEMIICPATYPhl HCCIC

ayeMou moBepxHocth [6]. Pacnpenenenue TemiepaTypbl  OTOOpakaercs
Ha jucriee (WM B MaMsATH) TEIJIOBU30pa KakK IBETOBOE MOJIe, TJI€ ONPEaACIEHHOM
TEMIIEpaType COOTBETCTBYET ONPEIECTEHHBIN 1IBET.

BremrHuii BUI ¥ IpUHIAT paOdOTHI TETUIOBU30pa MPEICTaBIIeH Ha puc. 2.5.

o

HuTtepdeiic
OprasHbl VoIDaB./IeHHA
0GopyaoBaHIIeM

Tenora H3Jay'udaeMas

TENNOBU3OP

Pucynok 2.5. BHenmawmid Bu1 M MpuHIMT padboThl TeruioBu3zopa FLIR T335

DKCIepUMEHTATBHBIC COCYIbI 2 TPUKPEIUICHBI K TIOBOPAYMBAIOIIEMYCsl Ha
180° ymopy, umeromemy aBa paboumx nonoxenus (puc. 2.6). Ilomoxenue Nel
o0OecrieunBaeT HAarpeB MNOBEPXHOCTH OaJIOHOB, a TaKKe€ KOHTPOJb JaBJICHMS
nocpenctBoM U-oOpasubix manomerpoB 1. [Tonoxkenue Ne2 mo3BossieT
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http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BF%D0%BB%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A6%D0%B2%D0%B5%D1%82

PETUCTPUPOBATh U3MEHEHUE TEMIIEPATyphl MOBEPXHOCTU OANIOHOB C TEUYEHHUEM
BPEMEHHU C TIOMOIIIBIO TEIJI0BU30pa 6.

TTonoxenue Nel ITonoxxenue Ne2

Pucynok 2.6. Paboune moiaox)eHus 3KCIIepUMEHTAILHBIX COCY/IOB

KypHaJ 3KCnIepMMeHTAJIbHbIX JAHHBIX
[Ipumep xypHalla 3aMKUCH SKCIEPUMEHTAIBHBIX JTAHHBIX MPEJICTABICH B

BH/JIE TA0OIUIEI 2.2.

Tabmuma 2.2
Bun skcnepuMeHTAIBHOTO coCcy1a
3anonnennbiid Ha 80 % 3anonuennbii Ha 100 % 3anonnennbiid Ha 100 %
= (UBET yepHBIi) (uBeT YepHBIil) (uBeT xpoma)
§ JlaBneHue, T 0C JlaBneHue, T 0C JlaBneHue, *T OC
w | MM 600.cm. ’ MM 800.Cm. ’ MM 800.cm. ’
i Paccrostare Mexny OanmioHaMH ¥ UCTOYHUKOM TEIJIOBOTO H3ITYYSHHUS, CM
M
3| 3| S| 3| 3| S| 3| 3| §| 3| 3| S| 3| 3| §| 3| 3| S
I8 | 8| I8 8 8 L 8
1 2 3 4 5 6 7 8 9 10 | 11 |12 | 13 | 14 | 15| 16 | 17 | 18 | 19
1
2
3
..n

[pumeuanne: ~ — rpadsr « TemMmepaTypa 3aMONHAIOTCA TOCTE 06PabOTKH TEPMOTPAMM.

ITo PCUICHUIO IMPCIIOAAaBATCIIAA MOXKET OBITH N3MEHEHO:

- BpCM: IIPOBCACHUA DKCIICPUMCHTA M MHTCPBAJI CHATHUA HOKaBaHHﬁ;

- BCJIIMUMHA H KOJHYCCTBO OKCIICPUMCHTAJIBHBIX paCCTOSIHI/Iﬁ MCIKIY
HarpeBaTejicM U SOKCIICPUMCECHTAJIBHBIMHU COCYaMU.
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Iopsinok npoBeeHUs IKCIEPUMEHTAJIBLHOTO UCCIeI0BAHUSA
1 00padoTKM pe3yJIbTaTOB

1. O3HaKOMHTHCS ¢ TEXHUKOW OE30MaCHOCTH W TOXKapHOU 0€30MacHOCTHIO
npu pabote B yaboparopuu M Ha JabopaTopHOil ycTaHOBKe. Pacmucarbcsi B
COOTBETCTBYIOIIUX KypHaIax.

2. COBMECTHO C TMpernoaaBaTesieM WK Ja00paHTOM MPOU3BECTH BU3YaIbHBIM
OCMOTp J1aDOpaTOPHOW YCTAaHOBKM Ha MPEIMET OTCYTCTBHUS HEUCIPaBHOCTEH.
[IpenomaBaTens Ha3HAYaeT OTBETCTBCHHBIX 32 KOHTPOJIb M CHITHE TOKA3aHHWHA C
nprOOpPOB U3 YKCIa 00YJIArOIINXCS.

3. CoBMECTHO C MpernojaBaTesieM WU Ja0OPaHTOM MPOU3BECTH BKIIOUCHHE
U HACTPOMKy JabOpaTOpPHOM YCTAaHOBKM B COOTBETCTBHU C YCIOBUSAMH
sKcriepuMenTa ((hoKyC TEII0OBU30pa, MOKa3aHUsI MaHOMETPOB «0», pacCTOSHUE 10
Harpesareis (110 3a/1aHUI0)).

4. He no3xe 20 ¢ mociie BKJIIOYECHHSI HArpeBaTessi HayaTh HKCIEPUMEHT C
OTYETOM BPEMEHH.

5. Tlo nmoctmwxenun KOHTpodbHOro Bpemenu (0,5 mMuu; 1 MUH wid 1p.) B
COOTBETCTBYIOIIMX Tpadax *KypHaja IKCIEPUMEHTATBHBIX JAHHBIX MPOU3BOIUTCA
3aMUCh TOKa3aHUM MaHOMETPOB W  IMOBOPAYMBACTCS  YIOP  KPEIUICHHS
SKCIEPUMEHTAJBHBIX COCY10B B mojoxenue Ne 2 na 180° (cMm. puc. 2.6).

6. Tlocme mepeBojga HSKCMEPUMEHTANBHBIX COCYJOB B TONOkeHHE No2
OTBETCTBEHHBIH 3a pabOTy C TETUIOBU30POM MPOU3BOIUT CHUMOK.

Arl min 23.4 max 30.2 [ Ar3 min 27.5 max 29.6 .

ROROS

Ar2 min 25.5 max 28.5
|

Pucynok 2.7 - Ilpumep ommO0YHBIX H3MEPEHHI TETITIOBU30POM

Eciu He mpuBecTH ymop KperuieHHs COCyAOB B mojoxeHue Ne2, To B
OOBEKTUB TEIJIOBH30pa KpoMmMe OalyIoHOB OyayT TMOMaiaTh BBICOKOHATPETHIE
AJIIEMEHTHl M3Jydarelsi, 4YTO B MTOre MPUBEAET K BBICOKUM MOTPEIIHOCTSIM

WU3MEPEHUsI TeMIIePaTypbl TOBEPXHOCTH OAIIIOHOB (pHC. 2.7).
7. Tlocne oKOHYaHWs CEpUM JKCTIEPUMEHTa OOYYaIOIIMMUCS MPOU3BOIUTCS
00paboTKa TepMOrpaMM, COXpAaHEHHBIX Ha KapTe MaMsITH TEIuIoBU3opa. s sToro
IpelIHa3HAYeHbl: IKPaH, MPOEKTOP U MEPCOHAIBHBIA KOMIBIOTEP C MPOrPAMMHBIM
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obecneuenueM «FLIR QuickReport 1.2». OGpaboTka TepmMorpaMm HeoOXoauMa
IUISL TIOJTYYEHUsI CpeIHEN TeMIepaTyphl MOBEPXHOCTH KaXKAOTro U3 0aljIoHOB (puc.
2.8). TlomydeHHble 3HAYeHWs] CpPEAHEH TEMIEpPaTypbl 3alUCBIBAIOTCS B
COOTBETCTBYIOIIUE IrPpabl )KypHala SKCIIEPUMEHTAIBHBIX TAHHBIX.

s T

Arl min 24.0 max 46.1 Ar2 min 25.5 max 37.1 Ar3 min 24.1 max 32.5

-

Ar2 min 25.3 max 32.2 Ar3 min 23.4 max 31.9 Arl min 23.5 max 36.3 I

clell

B e

Arl min 24 2 max 50.9 Ar2 min 25.7 max 39.9 Ar3 min 24.3 max 33.5 2
Arl min 24.4 max 53.2 Ar2 min 25.8 max 41.6 Ar3 min 24.5 max 33.7

l

Pucynok 2.8. [Ipumep TepMorpaMm HarpeBa COCY/IOB B Teu€HHE 4-X MHHYT

(o4epeIHOCTh PACIIOIOKEHHS COCYI0B COOTBETCTBYIOT cxeme puc. 1.2)

8. Ilocie mpoBeaeHMS TIEPBOM CEPUU IKCIIEPHUMEHTA aHAJIOTUIHBIM 00pa3om
(m. 3 - 7) mpoBomdTcs TOCHeayomme (M3MEHIETCS TONBKO PACCTOSHHE OT
HarpeBaTeIsl 10 SKCIIEPUMEHTATBHBIX COCYIOB).

9. Ilo OKOHYAHWUHU DSKCIICPUMEHTAIHLHOTO WCCIICOBAHUS W 3arlOJTHCHHS
KypHaJla 3KCICPUMEHTAIBHBIX JaHHBIX MPOU3BOIAT IMOCTPOCHHE TpadHUUSCKUX
3apucumocteii t = f (7) (cm. puc. 2.9) u P, =f (t) (cm. puc. 2.10).

27



L
L

LN
=

\

b
L

Temneparypa ¢, C
=
\\
V

10 ___,-"'"—- _‘_,_...---""""""#

-“'.l"'r '-.-'-._—__._,_.—l-'-'-l-l-"_
[
I
23
20
0 60 120 180 240 300 360
Bpema 1, ¢

e BanmmoH sanomses Ha 10020
s hanmoH zanomHeH Ha 80%%

=== BannoH MoEpPBIT TEIUT0OTPAKAMKIIEN Kpackoil

Pucynok 2.9. [IpumMep U3MEHEHHS TEMIIEPAaTyphl HArPEBAEMOTO amiapaTa ¢ TCYCHHEM BPSMCHH.
Paccrositue 10 uznygaresns (30 cm)

120 p=4,3981t- 111,96
100 - /
80 <

p=2,8533t- 72,66
p=1,6085t- 40,701
40 / i
/ - p=1,3247t- 34,931
o ‘é
20 /?—f p=0,6091-16,15

p=0,3296t-9,2477

Jasnenue p, mm. 600. cm.

0 =
25 30 35 40 45 50
Temnieparypat, °C

e Ba110H 3an01HeH Ha 100% pactosnne mo Herpesatexa 20 oM

e==Ba110H 3an01HeH Ha 80% pacToanme 1o Herpeparemxi 20 oM

w====Ba110H 3ano1HeH Ha 100% pactoanme 1o Herpepartera 30 oM

== Ba110H 3an01HeH Ha 80% pacToanue 1o Herpesatexi 30 oM

= B2 1.TOH TOKPBIT TEMIIIOOTpakaroIel KpacKoi, pacToAHMe A0 Harpepatexd 20 oM
s Ba;LTOH MTOKPHIT TEIIOOTPAKalome KpacKoH, pacToAHHE Jo HarpesaTers 30 oM

Pucynok 2.10. Tlpumep 3aBUCUMOCTH JaBJICHUS B HATPEBAEMOM ammapare OT TeMIepaTyphbl
OKpY>KaloIlEeH Cpeibl.
10. (Bapuamuenas uacme). I1o yka3aHHIO MperoaaBaTeIs MOJyYCHHbIC
OKCIICPUMCHTAJIbHBIC JAHHBIC MOTI'YT OBITh COIIOCTABJICHBI C paCdYCTHBIMHU, I
28



ATOr0 HEOOXOAMMO BOCTIONB30BaThes hopmynamu (2.1) — (2.6). Taxxke, moIb3ysCh
nporpaMMHbIM oOecrieueHreM EXCEL, mMoxHO monyunTh (YHKIIUMH, TaKHe Kak
IPEJICTABICHHBIC B IMOANUCAX K JMHUAM TpeHaa (cm. puc. 2.10), ¢ uenbo
COCTaBJICHUS MPOTHO3a JIJIsl MHBIX 3HAYCHUH JTaBIICHUS U TEMIICPATYPHI.

11. TTo pe3ynbTaram J1abopaTopHOM pabOThl POPMYITUPYETCS BHIBOJI.

Oxpana Tpyaa u noxkapHasi 0e30acHoCTb
1. PaGoty mpoBOAHUTH NpU YCIOBHH UCIPABHON CHCTEMBI JIEKTPOCHAOKEHHUS,

3a3eMJICHHUS.

2. He npukacatbcsi K BBICOKOHArPETHIM JIeMEHTaM HHPPaKpaCHOTO HarpeBatessl.
3. He octaBnsaTe 6€3 mpuUCMOTpa MOAKIIOYCHHBIM K AJIEKTPOCETH HArpeBaTellb.
4. [Tpu mosIBJICHUM 3amaxa >KKEHOW M3OJSINMH OTKIIOYHTHh YCTAaHOBKY OT CETH.
5. MaxkcuMmanbHasi ~TeMmIepaTypa HarpeBa >KUJKOCTH B COCyJax HE JOJDKHA
npesbimats 50 °C.

6. IlposiBIATH OCTOPOKHOCTH TpU padoTe Ha TabOpPaTOpPHON YCTAaHOBKE,
UMeroIe OOJIBIIYI0O MAacCy U ChEMHBIE JIEMEHThl KOHCTPYKIIHH.
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