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JlaGoparopHas padora 1. U3yyeHue mapamMeTpoB NPoOLECcCOB ¢ HENMPEPbIBHbIM U

CTYIIEHYATbIM KOHTAKTOM (1)33

esb BbINOJIHEHMSI JIA0OPATOPHOI PadOTHI

1. I/ISYLII/ITI) KHHETHUKY IIPOLECCOB pa3sACICHUA KUIKHUX cMmeceit Ha alIraparax co CTyIleH4Ya-

ThIM U HCIIPCPBIBHBIM KOHTAKTaAMU (1)8,3,

2. CpaBHI/ITB CTCIICHb pa3ACICHUA U IIPOU3BOAUTCIIBHOCTDb IPH Pa3AaACIICHUN KUAKUX cMmeceit

Ha almapaTtax CO CTYIICHYAaThIM U HEMPEPBIBHBIM KOHTaKTaMH (1)33.

HOpﬂ)IOK BbIITOJTHCHUSA pQGOTLI

JlaboparopHast paboTa BeITIONHSAETCS rpynmnon u3 3 — 4 cryaeHroB. [lepen HauanoM paboOThI

CTYACHTHBI JOJIKHBI YCBOUTDH TCXHUKY 6630HaCHOCTI/I, H3JIOKCHHYIO B UHCTPYKIUAX, HAXOAAIIUXCA B

naboparopuu, U coOI0IaTh TPEOOBAHUAX ITUX UHCTPYKLUN BO BpeMsl HAXOXKJICHUS B 1TaOOpaTOPHH.

B nHOM cityuae cTyeHTBI He pa3peliaeTcsi HAXOAUTCS B JIAOOPaTOPHH.

Pabora HaunHACTCSI C U3YUCHHSI METOJUICCKUX PEKOMEHIAIH, KOHCTPYKIIMH JIA00paTOPHOM

YCTAaHOBKHU U MCTOAHUKU MPOBCACHUSA SKCIICPUMCHTOB Ha Hel. 3aTeM CTYACHTBI I'OTOBAT YCPHOBUK

JJIA 3allMCH OKCIICPUMCHTAJIBHBIX JaHHBIX, KOTOpLIﬁ BKJIFOYAET B ce0s ABC CICAYIOIHNX Ta6J'II/II_[bI:
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Ne ipo6st Typa B
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['0TOBHOCTB K BBIMOJHEHUIO pabOThI OLIEHUBAETCA MO pe3ynbTataM Oecelbl C mpenoaaBare-
JIeM, BeIYIIEM 3aHATUs. B cilydae roTOBHOCTH K BBIMIOJHEHHUIO CTYICHTHI MOJTY4YaloT 3a/1aHKe OT Ipe-
Mo/IaBaTelIsl B COOTBETCTBUU C BAPUAHTAMMU, YKA3aHHBIMH B JJAHHBIX METOJIMYECKUX PEKOMEHAAIUSX.
B nHOM ciyyae CTyAEHTHI He JOIYCKalOTCs K BBIITOJIHEHUIO PaOOTHI.

[lepen HauanoM pabOTHI TOTOBUTCSA PACTBOP JIETKOJIETYYEr0 KOMIIOHEHTA, KOHIICHTPAIUs U
KOJINYECTBO KOTOPOTO 3a/1al0TCs MPETIoiaBaTesieM. 3aTeM poBepsieTcs padoyee COCTOHUE pedpak-

ToMeTpa (CM. puc. 1) myTeM BKITFOUSHHS €ro B CeTh. B cllydae HeMCIIPaBHOCTH O HEl COOOIIAIOT Ipe-

[I0J1aBaTEIII0, U HEUCIPABHOCTEL YCTPaHIETCS.
6 3 2

1 0)

Puc. 1. Cxema peghpakmomempa: a — oowuii 6uo; 6 — U0 c8epxy, 8 — cxema onpeoeneHusl,;
1 — ocnosanue; 2 — kopnyc,; 3 — kamepa oceemaumens,; 4 — okyaap, 5 — wapHupHulil 0eparca-

meJjlb oceenjiumelii, 6 — oceemauments, 7 — npedMemHoe cmekKijio

Ecnu pedpakromerp uictipaBeH, TO OTOMPAIOT MPU TOMOIIY MTUTIETKH U TPYIIH HECKOJIBKO Ka-
TeJTh UCXOTHOTO PACTBOpa M MIOMEIIAIOT X Ha MPEAMETHOE CTeKIIO pedpakTomeTpa (cM. puc. 1, 6).

Omnpenenenre moka3aTesl MPEJIOMICHUS TPOBOIAT MO CIEAYIONIEH METOAHKE:

[Tocne momerneHUs Kamnenb MpoObl HAa MPEeIBAPUTENHLHO MPOTEPTOE MPEAMETHOE CTEKIIO 3a-
KPBIBAIOT KaMepy OCBETIIUTEINSI U HAMPABJISIOT CBET OT OCBETIIUTENS Yepes3 clieluaibHOe CTEKIIO0 Ka-
Mepbl, HazbiBaeMoe mupMoit. [locie aToro uepes okysp HaOJII01a0T 32 paclpe/IeIeHHEM OCBETIICH-
HOTO ¥ 3aTEMHEHHOT0 MPOCTPaHCTB (cM. puc. 1, B). [lepememas okysip BBepX Wi BHU3 (TIOKa3aHO
CTpenKaMu Ha pHc. 1, a) COBMENIAIOT JBE YEPThI B OKYJISIPE C TPAHUIIEH OCBETIEHHOTO U 3aTEMHEH-
HOTO TIPOCTPAHCTB (ITOKa3aHO CTPEJIKaMHu Ha puc. 1, B). 3aMCHIBAIOT MOKAa3aHUsI, COOTBETCTBYIOIINE
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PACIONIOKEHHIO YepT OKyJisipa Ha TpalydpoBOYHON mikaine pedpakromerpa. Takum e obOpazoMm
OIIPEICTISIFOT MOKA3aTeIU MPEJIOMIICHHS B TPo0axX AMCTHIUIATA U KyOOBOTO OCTaTKa, MOCIe KaXI0r0
oTpeeNieHUs] IPOTUPAIOT MPEIMETHOE CTEKIO0 (PUIBTPOBATHHON OyMaroii.

3areM JeNAT MCXOTHBIN pacTBOpP Ha J[BE paBHBIC YaCTH M MPOBEPSIOT HUCIPABHOCTH yCTa-

HOBKH, ITOKa3aHHOM Ha puc. 2.

Puc. 2. Cxema ycmanosxu no évinonnenuro 1abopamopuou pabomul « Mzyuenue napamempos npo-
Yeccos ¢ Henpepvl8HbIM U CMYneHYamviM KoHmakmom ¢gaz». 1, 8 — nepeconnwiii kyo6, 2 — Ko160Ha-
epesamens,; 3 — 800AHOU XON00UNbHUK, 4, 13, 14 — mepmomempol, 5 — wumamugwl,; 6 — /1eKmMpo-
naumka, 7 — pe2ynsamop naepesa; 9 — mapenvuamas wacmo kononnwl, 10 — xonoounvruux-oegneema-
mop; 11, 12, 21 — eenmunu,; 15 — npoboombopruxu; 16 — niamepopma; 17 — nampyoox;

18, 19 — noosooawue winaneu; 20 — crusnoti winame; 22 — caus, 23 — 1abopamopHulii cmoJ

[IpoBepstOT HAIEKHOCTh KPEIJICHUS U YCTOMYMBOCTh IITATUBOB 5, 3aTEM 3AJIMBAIOT B IIEpe-
roHHsle Kyosl 1 u 8 ucxonHyro xkuakocts. [locine 3Toro npu nomommu BeHTU IS 21 moaaT BOoy B
py6aiku xonoauibHUKa-aedaermaropa 10 u xonoaunsHuKa 3. B ciydae oOHapykeHUs Te4H 0 Hel
COOOWIAIOT MPENOIaBaTell0 U HEUCIIPABHOCTh yCTpaHseTcs. B ciydae, ecian ycraHoBKa repMeTHYHA
BKJIIOYAIOT B CETh KOJIOOHArpeBareins 2 U 31eKTporuiuTKy 7. [loa oTBosmIMe TPyOKH XONOAUIBHUKA-
neduermaropa 10 1 XxonoauinbHUKA 3 cTaBAT MpoO60oTOOpHUKH 15. TIpoBepstoT, 4TOOB! BEHTHIIb 12

ObUT OTKPHIT, @ BEHTHIIb 11 MepeKpsIT.



3aTeM JKAYT MOSBICHHS TEPBBIX KaIleslb JUCTHIUIATA B OJHOM U3 mpobootOopHukoB. Korna
OJIMH U3 MPOOOOTOOPHUKOB HAYHET 3alOJHATHCS BKIIIOYAIOT CEKYHJOMEp W Jajiee 3alHCHIBAIOT
HAYaJI0 BPEMEHU 3aMOJTHEHUS KX I0TO MPOO0OTOOpHUKA.

[Tpu Havase 3anmoIHEHUs KaX10ro IpoOOOTOOPHUKA OT KyOa | 3amHChIBalOT MOKA3aHUs Tep-
MoMmeTpa 4, a Tpy Havaje 3aoJIHeHNS KayKI0T0 MPOO00TOOPHHUKA OT Ky0a § 3aIiChIBAIOT IIOKA3aHUs
tepmomeTpoB 13 u 14. Kpome TOr0, BO BpeMs 3al0JIHEHUST KaKAOro MPoOOOTOOPHHUKA M3 COOTBET-
CTBYIOLIETO Ky0a OTOMPAIOT HECKOJIBKO KaIlellb U ONPENeNIIOT MOKa3aTellb UX MPEJIOMIICHHS Ha pe-
(dpakToMeTpe O yKa3aHHOI BBIIIE METOIUKE.

Korza ot kaxkoro Ky6a 3armosHITCS 1O MATh TPOOOOTOOPHUKOB KOJIOOHArpeBaTeib 2 U dJIeK-
TPOIUIUTKY 7 BBIKJIIOUAIOT U MIOJ] OTBOSIINE TPYOKH X0MoAMuiIbHUKa-AedaermaTopa 10 1 X010auib-
HUKa 3 CTaBAT MPOOOOTOOPHUKH /sl cOopa octaTkoB aucTwiATa. [locne atoro oyt eme 10 — 15
MHHYT, [T0Ka BCE Mapbl HE CKOHJICHCUPYIOTCS 1 BBIKITIOYAIOT 110/1a4y BOJIBI, IEPEKPhIBast BEHTUIB 21.

3aTeM U3 Bcex MPOOOOTOOPHUKOB OTOMPAIOT IPH IMOMOIIM MMUTIETKU U TPYIIH HECKOJIBKO Ka-
HeNb ¥ M00YepeHO MOMEIIAIOT X Ha MPEJMETHOE CTEKIIO pedpakTromerpa. Onpenensror nokasa-
TEJIb IPEIOMIICHUS ISl K&KAO0H MPOOBI AUCTUILIATA.

CnuBarOT TUCTUILIAT U €0 OCTaTKH U3 BCEX MPOOOOTOOPHUKOB B OTJEIBHYIO €eMKOCTh U OT-
JIAl0T €€ MPEroAaBaTeNio, HaBOAAT MOPSAIOK Ha pabodeM MECTe M CAAIOT €ro MPEToaBaTeio.

3aTeM IMpUCTYIAIOT K 00pabOoTKe pe3yabTaTOB IKCIIEPUMEHTA T10 CJICIYIONIEH METOIUKE:

1. PaccumThIBaIOT KOHIIEHTPAIMIO JIETKOJIETY4Ero KOMIIOHEHTAa B MPo0ax AMCTHILIATA Xp U

KY6OBOFO OCTaTKa Xw IO U3MEPEHHBIM IIOKA3aTECIIsIM IIPECITIOMIICHU A nD20 U JaHHBIM Ta6J'II/ILU:IZ

X, Np2 X, Np2 X, np2
Mmacc % macc % Macc %
0 1,33297 40 1,35800 85 1,36471
5 1,33616 50 1,36117 90 1,36419
10 1,33962 60 1,36328 95 1,36310
15 1,34326 70 1,36455 100 1,36130
20 1,34695 75 1,36482
30 1,35349 80 1,36589

JU1st 5TOr0 MPUMEHSIOT (POPMYITY TUHEHHOTO MHTEPIIOTUPOBAHMSL:

X, — X 20 20
— 2 1
X=x+—p 5 (M =Ny 1),
Ny 2—Ny 1

rac nD201 — 3HAYCHUC ITOKA3aTCJIA NPCIIOMIICHUA, Oyvokaiiiee MEHbIIEE K HU3MCPCHHOMY,



np2’; — 3HaueHNME OKA3aTeNs MPEIOMIICHNS, OIIKaifIee 6olbIIee K H3MEPEHHOMY; Np2° — H3MepeH-
HOC 3HAYCHHE MOKA3aTeIIs IPEIIOMIICHHS; X1, X2 — 3HAUCHUS] KOHIICHTPAIMH JIETKOJIETY4ero KOMIIO-
HEHTA TIPH TI0Ka3aTeNsaxX Iperaomiaenus Npl1, Np?s.

2. Ctpost rpaduku cieayromumx 3apucumocteii: Xp = f(t) u Xw = f(1), Ha Ka)KT0M U3 KOTOPBIX
IPOBOJIST OJIHY JIMHHIO, IMOJYYEHHYIO TIPH MPOCTOM MEPETOHKE W OJHY JIMHUIO, MOJTYYCHHYIO TPH
pexkTuduKanuu.

3. JlenaroT BBIBOABI 110 MPOJICTAHHOM paboTe, O(OPMIISIOT OTYET M TOTOBATCS K 3alllUTE HA

CICOAYIOIEM 3aHATHH.

BapI/IaHTLI HHANBUAYAJBHBIX UJIH I'PYIIIOBLIX 33}IaHI/Iﬁ
I[JI)I BBITIOJTHCHU A I[aHHOﬁ pa6OTI)I npenoaaBaTeyib MOXCET 3a4aTh CICAYIOINE BAPHUAHTLI UC-

XOAHBIX 3HAYCHMII:

Bapuant | Konnenrpanus | Crenens 3anon- | Bapuant | Konnenrpamus | CreneHs 3amosn-
HCXOJ/IHOTO HEHHsI TPOO0O0T- MCXOJIHOTO HEHHsSI TPOO0OT-
pactBopa, % OOpHUKOB pactBopa, % OOpPHUKOB
1 60 HaMOJIOBUHY 4 65 LETUKOM
2 70 LETUKOM ) 75 HaIOJIOBUHY
3 80 HaIOJIOBUHY 6 85 [EJTUKOM

Coaep:xanue oT4yera 1o JjadoparopHoii padore
OTuer A0KEH BKIIIOUATh B €0 CIIEeIYIOIINE SIIE€MEHTHI:
. TUTYJIBHBIN JHUCT;
. Lenb paboThI;

. Kpartkas teopus;

1
2
3
4. Onucanue 1a00paTOPHON YCTaHOBKU C PUCYHKOM;
5. Onucanue METOIMKH MPOBEICHUS YKCIICPUMCHTA;
6. DKcriepuMeHTaNIbHBIE TAHHBIE U UX 00paboTKa;
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. BeIBOIBI 11O TpoJieianHoOM padoTe.

KoHTpoJbHbIe BONPOCHI
B yem oTinume anmapaToB ¢ HEMPEPHIBHBIM U CTYIEHUYATHIM KOHTAKTaMu (haz?
Kakue criocoOsl pa3aenenus KUakux cmeceit Bol 3Haere?
Ha gyem ocHOBaHO pa3feneHne KUAKUX CMECEe eperoHkon?

B 4em otnmume nmeperoHKu OT pekTH(uKanuu?

o &~ w0 NP

Yem XapaKTCPU3yCTCA (1)8.30BOC PaBHOBECUC B CUCTCME <GKUAKOCTD - nap»?



6. Yrto Ha3BIBAIOT MApUUAIBLHBIM JABICHUEM M KaK OHO OTIPEesIeTCs?
7. Or kakux (paKTOPOB 3aBUCST MMapaMETPhl U KHHETUKA PA3JICIICHUS KHUIKIX CMECC?

8. B deM 0coOEHHOCTh MacCOOOMEHHBIX MPOIECCOB CO CBOOOIHOM rpaHmIie pazaena ¢a3?

Cnucok Jureparypbl

1. Pomankos IL.I. u gp. MaccooOMeHHBIE TPOLIECCH XUMUYECKOI TEXHOIOTUU: Yueb. moco-
oue. - CII6.: XMUMU3JAT, 2011. - 440 c (mocTym 1O HHTEPHET-CCHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081949.html);

2. Pyno6amra C. I1., Kapramos 3. M. /luddy3us B XUMHUKO-TEXHOJIOTMYECKUX MPOIEccaX. -
2-¢ wm3na., mepepab. m gom. - M.: KomocC, 2013. - 478 c. (mocTym MO HWHTEPHET-CCHLUIKE:
http://www.studentlibrary.ru/book/ISBN9785953207140.html);

3. BetkoB @.D., I'puropreB b.A. TemomaccooOmeH: yuyeOHUK aist By30B. — M. U3narens-
ckuii gom MOMU, 2011. - 562 c. (moctynm mo HHTepHET-cchUike http://www.studentlibrary.ru/
book/ISBN9785383005637.html);

4. ®ponos B.®. Jlekuu o kypcey "IIporeccs n anmaparsl XAMUYECKONW TEXHOIOTHH' . - 2-¢
u3n.,, wucrp. - CII6.: XUMU3OAAT, 2008. - 608 ¢ (moctym 1O HMHTEPHET-CCHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081581.html).

JlaGopaTopnas padora 2. UcciienoBanue npocToi u APoOHOIi MeperoHok

Ienp BpINo/IHEHH J1a00PATOPHOH PadOTHI
1. U3yuutsh BAMsIHHE TEMIIEPATYpbl U KOHIIEHTPAUU KyOOBOW JKUKOCTH Ha KHHETHKY IpO-
CTOM MEPETOHKU;

2. CpaBHI/ITB IMMOKa3aTeiiu 1mponecca npu O0OBIYHOM U )IpO6HOM C60an JUCTHUILIIATA.

Iopsiiok BbINoJIHEHUs PadOTHI
JlabopaTopHas paboTa BBITIONHSETCS Tpymmnon u3 3 — 4 cryaeHTos. [lepen Haganom paboThl
CTYAEHTHI JIOJDKHBI YCBOUTH TEXHUKY 0€30MacCHOCTH, H3JI0KEHHYIO B MHCTPYKLIUAX, HAXOASAIINXCS B
n1abopaTopuu, U coON0IaTh TPEOOBAHUAX ATUX HHCTPYKIUN BO BpeMsl HAXOXKACHUS B Ta0OpaTOPHH.
B nHOM ciyyae cTyeHTHI He pa3pelaeTcsi HaX0AUTCS B J1a00OpaTOpUH.
Pabota HaunHaeTCs ¢ U3y4eHUsI METOUUYECKUX PEKOMEHIALNN, KOHCTPYKIIUHU JIaOopaTOpHOH
YCTAHOBKHM M METOIMKH NPOBEJCHUS SKCIEPUMEHTOB Ha Heil. 3aTeM CTYAEHTHl TOTOBAT YEPHOBUK

AJId 3allUCU SKCIICPUMCHTAJIbHBIX TaHHbIX, KOTOpLIfI BKJIIOYAET B ceOs CJICOAYIOUIYHO Ta6m/1uy:



[Tpo6ooT6opHUKH

Macca guctui-

IqTa, T

No macca
IyCTOTO,

T

Bpewms oT Hauana skc-
NICPUMEHTA, C
Temmeparypa B Kyoe,
°C

Macca ¢
JIUCTHII-

JISATOM, T

B TIPO-
000T-
oop-

HHKC

CyM-

MapHas

ITokazarennb

Housa nerxosery-

4€ro KOMIIOHCHTA

B npo6o-

oTbop-

MMPCIOMJIICHUA

HHUKC

B
Kyoe

I’'0TOBHOCTH K BBINOJHEHHUIO pa6OTI>I OLICHUBACTCA 10 pE3yJibTaTaM 6606,[[1;1 C IIperogaBaTc-

JICM, BCAYIICM 3aHATHUA. B CJIy4ac€ rOTOBHOCTHU K BBIIIOJIHCHUIO CTYACHTHI ITOJIY4ar0T 3aJaHUC OT IIPC-

noaaBareiisd B COOTBETCTBUHA C BApUAaHTAMU, YKa3aHHBIMU B JAHHBIX MCTOANYCCKUX PECKOMCHAALIUAX.

B nnom CJIydac CTYACHTBI HC JOITYCKArOTCA K BBIIIOJIHCHUTO pa6OTLI.

Jlannast paboThl IPOBOAUTCS Ha TAOOPATOPHOM YCTAaHOBKE, CXeMa KOTOPOH MpeAcTaBieHa Ha

puc. 3.

11
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i

Puc. 3. Cxema ycmanosxu no evinonnenuto 1abopamoproii pabomul «HMccredosanue ppax-

yuonHot nepeconkuy: 1 — nepeconnuiii kyo6, 2 — konbonazpesameins, 3 — 800HOU XON0OUTLHUK,

4 —wmamus; 5 — mepmomemp, 6 — eeHmuib, 7 — n00BOOAWUL WIAHS, 8 — CTUBHOU WINAHS;

9 — npoboombopuux; 10— caus, 11 — kananuzayus, 12 — rabopamopmwiii cmon
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Ilepen Havanom pabOTHI TOTOBUTCSA PACTBOP JIETKOJIETYYEr0 KOMIIOHEHTA, KOHLEHTpalus 1
KOJIMYECTBO KOTOPOTO 3aJ1aeTcs IpernoaaBaTesieM. [IpuroToBiIeHHbI pacTBOp 3alUBAeTCs B Iepe-
rouHsid Ky0 1. BitouatoT pepakromerp (cM. puc. 1) B ceTh U MPOBEPSIIOT €ro pabodee COCTOSHUE.
B ciiyuae HencnpaBHOCTH O Hel COOOLIAIOT MTPENOIaBATENI0, U HEUCIIPAaBHOCTh YCTPAHSIETCS.

Ecnu pepakromerp ucnpaBeH, TO OTOUPAIOT IPU IOMOLIY NUIETKU U IPYIIN HECKOJIBKO Ka-
TeJlb UCXOAHOTO PacTBOPa, IOMEINAIOT UX HA MPEAMETHOE CTeKIO pedpakTomeTpa (cM. puc. 1, 6) u
OTIPENIeNIAIOT MOKa3aTeNb MPEJIOMIICHHS 110 METOJIMKE, U3JI0)KEHHONW B METOJAMYECKHX YKa3aHUAX K
MIepBOii J1abopaTopHOiA padoTe.

Ilepen HauanoMm SKCHEPUMEHTA MPOBEPSIOT YUCTOTY NPOOOOTOOPHHUKOB 9 U B cityyae, eciu
OHHU TPSA3HBIE 3aMEHSAIOT UX. YuCcThbie MPoOOOTOOPHUKN 9 B3BEHIMBAIOT M 3alMCHIBAIOT PE3YIbTaT.
Taxxe IMPOBEPAIOT, 4TOOBI KOHCII CJIMBHOI'O IIJIaHT'a 8 HaxXoIuJICd B CIIMBC, ITPOBEPAIOT HAACKHOCTD
KperieHust utaHroB. [1o BeIXOAHOM KoHel TpyOKH IeperoHHoro kyoda 1 craBAT nepBblid IpoOooT-
OOpHUK 9.

[Tocne aToro nmeperoHHsIi Ky0 1 momemniaercsi Ha KOJIOOHATrpeBaTeNb 2 ¥ BKIIIOYAETCS HarPEB.
B s10 *)e BpEMs IIPU ITOMOIIH BECHTUJIA 6 HAYMHAIOT noagavy BOAbI B XOJOJAUJIBHUK 3. HOI[a‘-Ia BO/JbI
KOHTPOJIMPYETCs mpernojaBarteneM. B ciydae oOHapykeHus Tedu o Heil cooluiaercst mpernojaBa-
TEJI0, U T€Ub YCTPAHSETCS.

[Tocne 3TOro *XAyT NOSABICHUS IUCTUILIATA B BBIXOJIHOM TpyOKe neperoHHoro kyoa 1.

Kornma auctinnsaT HauMHAET KaraTh B MEPBBIA MPOOOOTOOPHUK 9 3aITyCKaIOT CEKyHIOMED H
3aMMCBIBAIOT MIOKA3aHUs TepMOMeTpa 5. 3aTeM TepMOMETp 5 U3BJIEKAIOT U OTOMPAIOT U3 Kyba He-
CKOJIBKO KarleJb Py MOMOIIHY MMUIIETKHU U TPYILH, TOMENIA0T 0TOOpaHHBIE KaIlJId Ha CTEKJIO pedpak-
tomeTpa (cM. puc. 1, 0) u onmpeAensoT MoKa3areiab MPETOMIICHHS MO YKAa3aHHOU BBIIIIE METOUKE.
[Tocne oT6opa mpoObI KyOOBOTO OCTaTKa TEPMOMETP 5 BHOBb ITOMENIAIOT B MEPETOHHBIN KYO 1.

ITocne 3anonHeHus: MPOOOOTOOPHUKA AUCTHIUISITOM JI0 33JJaHHOTO IpenojaBareieM oobema
OH 3aMEHseTCs Ha clenyloluil npoOooTOOPHUK. 3arnCchIBaeTCsl BpeMsl OT Hayalla HKCIEpUMEHTa,
TeMIeparypa B KyOe 1 BHOBb 0TOMpaeTrcs mpoda u3 kyda 1 ass onpeneneHus nokasaress npeiomiie-
HH.

[Tocne 3amonHeHus MATH TPOOOOTOOPHUKOB AUCTHILISATOM IO BBIXOJHYIO TPYOKY MEperoH-
Horo ky6a 1 craBsT mpoOoOTOOpHUK JUIst cOOpa OCTaTKOB TUCTUIIIATA, KOJTOOHArpeBaTellb BBIKIIO-
YaloT U OKUJAIOT 3aBepIlIeHUs HcrapeHus B neperoHHoM kyoe 1. Ilocne storo xayt eme 10 — 15
MHHYT, IIOKa BCC IMapbl HC CKOHACHCUPYIOTCA W BBIKIIIOYAIOT IOJAa49y BOABI B XOJIOAUIIBHUK 3, nepe-
KpbIBasi BEHTUJIb O.

3areM B3BEIIMBAIOT MPOOOOTOOPHUKU C TUCTHIUIATOM, TIOOUEPETHO OTOMPAIOT U3 KaXKIOTro
TP TIOMOIIIH MMUIIETKU ¥ TPYIIN HECKOJIBKO Kareslb U TOMEIIA0T X Ha MPEMETHOE CTEKIIO pedpak-

tomerpa. OnpeAenstoT MoKazareiab NPeTOMICHUS TS KaX 10 MpoObl TUCTHILIATA.
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3arem CIMBAIOT COACPKUMOE BCEX TISITH TPOOOOTOOPHUKOB B OTACITHHYIO eMKOCTh U ITepeMe-
MIMBAIOT B TEUCHUH S5 — 6 MUHYT. 3aTe€M U3 MOIYYEHHON KHUIKOCTH OTOMPAIOT MPOOY M ONPEICISIOT
ee MoKa3aTelb MPEJIOMIICHHS.

[Tocie 3TOro CIMBAIOT AUCTHILIAT U €r0 OCTATKH B OTJCILHYIO EMKOCTh U OTAAIOT €€ MPEro-
JIABATEJI0, HABOJIAT IMOPSIOK Ha pabodYeM MECTE U CIIAI0T €ro IPEenoIaBaTelio.

3arem mpUCTynaT K 00paboTKe pe3yIbTaTOB SKCIEPUMEHTA TI0 CIICAYIOIIEH METOIUKE:

1. PaccuuThIBaIOT CyMMapHO€ KOJIMYECTBO AUCTIILIATA LD myTeM CoKeHHst Macc JAUCTHII-
JsTa B Mpo6ooTOOpHUKax. Takum oOpazoM s IEpBOro MpoO0OTOOPHHUKA CyMMapHas Macca Oyer
paBHA Macce AMCTHILIATA B HEM; JUIsi BTOPOTO MPOOOOTOOPHUKA CYMMHPYIOT MacCcy AUCTHIUIATA B
NIEPBOM U BTOPOM MPOOOOTOOPHUKAX U T.1.

2. PaccumThIBalOT KOHIIEHTPAIMIO JIETKOJIETYYEro KOMIIOHEHTa B MPO0ax AMCTHILUIATA XD U

KY6OBOFO OCTaTKa Xw I10 UI3MEPECHHBIM IOKA3aTEJISIM IIPCIIOMIICHHUS nD20 H JaHHBIM Ta6J'II/II_U:IZ

X, Np2 X, Np2 X, np2
Mmacc % macc % macc %
0 1,33297 40 1,35800 85 1,36471
5 1,33616 50 1,36117 90 1,36419
10 1,33962 60 1,36328 95 1,36310
15 1,34326 70 1,36455 100 1,36130
20 1,34695 75 1,36482
30 1,35349 80 1,36589

JJ1g 5TOr0 NMPUMEHSIIOT POPMYITY TMHEMHOTO UHTEPIIOJIINPOBAHMUSL:

Xy =X

20 20
X:Xl+ﬁ(nD —nD 1),
Ny 2—Ny 1

e Np?’1 — 3HaueHNe TTOKa3aTeNs NPeTOMIICHNS, OMiKaiiliee MeHbIIIee K H3MEPEHHOMY;
np?’, — 3HAaueHNE OKA3aTeNs MPEOMIICHNS, OIIKaifee 6oIbIIee K H3MEPEHHOMY; N2’ — H3MepeH-
HOE 3HAYCHHE MOKAa3aTels MPEIIOMIICHUS; X1, X2 — 3HAYCHHSI KOHIICHTPAIIUH JIETKOJIETYYEro KOMIIO-
HEHTA MPH TTOKA3aTelaX IpeaoMIeHns Np21, Np?la.

3. Ctpost rpaduku cieayromux 3aucumocteii: Xp = f(ED), xw = f(ZD), t = f(ZD).

4. JlenaroT BBIBOJBI MO TIPOJICTAHHON padoTe, OPOPMIISIOT OTYET U TOTOBSATCS K 3aIlIUTE Ha

CJICTYIOIIEM 3aHSITHUH.
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BapuaHTbl HHAUBUAYAJBHBIX WJIN FPYNNOBBIX 3a1aHUH

I[HSI BBITIOJTHCHU A I[aHHOfI pa6OTBI npenoaaBaTeyib MOXCET 3a4aTh CICAYIOINE BAPHUAHTLI UC-

XOJHBIX 3HAYECHUH:

Bapuant | Konuenrpauusi | Crenenb 3anon- | Bapuant | Konunenrpauus | Crenens 3anoi-
HCXOIHOTO HEHUs IPOO0O0T- HCXOJIHOTO HEHUsI MPOOOOT-
pactBopa, % OOPHMKOB pactBopa, % OOpHUKOB
1 50 HAITOJIOBUHY 70 LETUKOM
2 55 HETUKOM 80 HaIl0JIOBUHY
3 85 HaTOJIOBUHY 60 [ETUKOM

Conep:xanue oT4eTa 1o JiadopaTropHoii padore
OT4YeT I0JKEH BKIIIOYATh B CE0S CIIEIYIONINE AIIEMEHTHI:
1. TUTYbHBIN JIUCT;
. Lens paboThr,

. Kpatkas Teopus;

2
3
4. Onucanue 1a00paTOPHON YCTAHOBKU C PUCYHKOM;
5. Onucanne METOUKH MPOBECHUS IKCIICPUMEHTA;
6. DKcniepUMeHTaIbHbIE JTaHHBIE U UX 00paboTKa;

7

. BeIBozIBI 110 poJiesiaHHOM paboTe.

KOHTpO.]II)HbIe BOITPOCHI
Kak uzmensiercs cocraB JAUCTUIIIIATA TIPpU q)paKL[I/IOHHOﬁ IMEPETOHKE U C YEM 3TO CBs13aHO?
Kaxk Biauster AaBJICHUC Ha ITPOLeCC HepeFOHKI/I?
Kak M0OkHO TOBBICHTH COACPIKAHUC JICTKOJICTYUCTI O KOMIIOHCHTA B I[I/ICTI/IJ'IJ'ISITG?

Kax ¢popmynupyrores 3akons! Payns u [lansrona?

a ~ w0 N

Kak xnaccuuuupyroT KuaKkue cMecH Mo B3aUMHOM pacTBOPUMOCTU U 1O CTENEHH OT-
KJIOHEHHMs OT 3aKoHa Paynsa?

6. Kak cTtposT da3oBbie quarpaMmbl U TuarpaMMbl paBHOBecHs? J[i1s 4ero oH HYKHBI?

7. Hanumute 1 00bACHUTE MaTepUAIBbHBIN OaJaHC MPOCTOM NMEPETOHKH.

8. HammmuTe 1 00BSICHUTE TEILIOBOW OaJIaHC TIPOCTON TIEPETOHKH.

Cnmcox aureparypsl
1. Pomanxkos I1.I'. u np. MaccooOmMeHHbBIE MpoliecChl XUMUYECKOW TEXHOJIOTUH: Yuel. moco-
oue. - CII6.: XUMU3JAT, 2011. - 440 c
http://www.studentlibrary.ru/book/ISBN9785938081949.html);

(moctym MO  WHTEPHET-CCHIIKE
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2. Pyno6amra C. I1., Kapramos 3. M. /luddy3us B XUMHUKO-TEXHOJIOTMYECKUX MPOIECCcaX. -
2-¢ wm3na., mepepab. m gom. - M.: KomocC, 2013. - 478 c. (mocTym Mo HWHTEPHET-CCHLUIKE:
http://www.studentlibrary.ru/book/ISBN9785953207140.html);

3. lisetkoB @.D., I'puropseB b.A. TemnomaccooOMeH: yueOHHK 1 By30B. — M. M3arens-
ckuit mom MOMU, 2011. - 562 c. (moctynm mo WHTEpHET-cChUIKe http://www.studentlibrary.ru/
book/ISBN9785383005637.html);

4. ®ponos B.®. Jlekuu o xkypcey "[Iporieccs u anmaparsl XAMUYECKOW TEXHOIOTHH'". - 2-¢
u3n., wucrp. - CII6.: XUMMU3IAAT, 2008. - 608 ¢ (moctym 1O HHTEPHET-CCBHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081581.html).

JlaGopaTopuas padora 3. UccienoBanue Biausinus aedierMmauuu

HA CTeNeHb pa3jejieHus NP peKTHPUKANNU

Leapb BbIno/JHeHHU J1a00PATOPHOI padoThI
1. I3yunTh KUHETUKY U3MEHEHUS KOHLIEHTPALIUH JIETKOJIETYYEro KOMIIOHEHTA ITPH PEKTUDU-
KaIuu ¢ aediermanuei;
2. V3yunts BnusiHUE AeerManiy Ha CTeNeHb pa3/IeJeHNs] KOMIIOHEHTOB IIPU PeKTU(UKa-

IUH.

ITopsinok BbINOJHEHUs PaGdOThI
JIaGoparopHas paGoTa BbINONHsETCS Ipynmnoi u3 3 — 4 cryaenros. Ilepen HagamoM paboThbI
CTYACHTHI JOJIKHBI YCBOUTH TCXHUKY 6€3OHaCHOCTI/I, H3JI0KCHHYIO B MHCTPYKIUAX, HAXOOAIIUXCA B
naboparopuu, U coOII0IaTh TPEOOBAHUAX ITUX HHCTPYKLUN BO BpeMs HAXOXKJIEHUS B JaOOpaTOpHH.
B uHOM ciyyae cTyJeHThI He pa3pelaeTcs HaX0AuTCs B 1a00paTOpHH.
PaboTa HaunHaeTCs ¢ U3y4EeHUsI METOJMUECKUX PEKOMEHalUN, KOHCTPYKLIUHU J1a60paTOpHOI
YCTAaHOBKHU U MCTOAHUKHU MPOBCIACHUSA SKCIICPUMCHTOB Ha Hell. 3aTteM CTYACHTHI TOTOBAT YCPHOBUK

JUTS 3aIUCH SKCTIEPUMEHTAIIBHBIX IAHHBIX, KOTOPBIM BKJIIOYAET B CEOSI CIICIYIONTYIO TaOIHUITy:

s o Temneparypa, 20 Houa nerxosery-
Pacxon, kan Np

§ s °C Yero KOMIIOHEHTa

g 5 Ne

= = ’= | R 1 1

© = o 0 O ) = ) =

= & npobsl | |8 z = 2 SE 2 =

= = P = D L ) 3 = > ) =
& & & % & ®

m = m m

Hpumeqaﬁue: NOSICHEHUs K 0003HAYEHUAM OAHbl 8 MEMOOUKE 06pa60m7<u pes3yilbmamoes 9KC-

nepumenma
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['0TOBHOCTH K BBIMOJHEHUIO pabOThI OLIEHUBAETCS MO pe3yibTaTaM Oecelbl ¢ MpenojaBaTe-
JIeM, BeIYIIEM 3aHATUs. B cilydae roTOBHOCTH K BBIMIOJHEHHUIO CTYICHTHI MOJTY4YaloT 3a/1aHKe OT Ipe-
Mo/IaBaTelIsl B COOTBETCTBUU C BApMAHTAMHU, YKA3aHHBIMU B JAHHBIX METOJIMYECKUX PEKOMEHIAIIHUX.
B uHOM ciyyae cTyA€HTHI HE JOIYCKAIOTCS K BBHIITOJHEHUIO PaOOTHI.

Jannast paboThl IPOBOAUTCS Ha TaOOPATOPHOM YCTAaHOBKE, CXeMa KOTOPOH MpecTaBlieHa Ha

puc. 4.

Puc. 4. Cxema ycmano6xu no evlnonnenuro iabopamopHotl pabomul « Uccneoosanue pexkmuguxa-
yuu ounapuvix cmeceiin: 1 — nepeconnsiil Kyo, 2 — nampyook, 3 — mapenvuamas yacmo KOJOHHbI,
4 — xonoounvHuK-0ereemamop; 5 — snekmponaumka, 6 — pe2yiamop Hazpesa, 7,8 — mepmo-
memput; 9,10, 14 — genmunu, 11 — npoboomoboprux; 12 —niamepopma; 13 — wmamuewt, 15 — noo-

00wl winane; 16 — ciuenou winane; 17 — caus; 18 — nabopamopmwiii cmon

Ilepen Hauanom paboOTHI TOTOBUTCSA PACTBOP JIETKOJIETYYero KOMIIOHEHTA, KOHIEHTpaus 1
KOJIMYECTBO KOTOPOIO 3a/1aeTrcsl npenoaasareneM. IIpurorosneHHslil pacTBOp 3aiuBacTcs B IEpe-
roHHBIN Ky0 1 uepe3 matpyOok 2. Bxmouarot pedpakromerp (cM. puc. 1) B ceTh U NPOBEPSIIOT €ro
pabouee cocTosiHME. B ciryyae HeMCIIpaBHOCTH O HEM COOOIIAIOT MPenoJaBaTeiio, U HEUCIIPABHOCTh

yCTpaHseTcsl.
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Ecnu pepakromerp ucnpaseH, TO OTOUPAIOT IPU MOMOLIY MUIETKH U IPYIIN HECKOJIBKO Ka-
eJlb UCXOAHOTO PacTBOPa, MOMEINAIOT UX Ha MPEIMETHOE CTEKIO pedpakTomeTpa (cM. puc. 1, 6) u
OINPEAEIAIOT 110Ka3aTeb NPEIOMIIEHUS M0 METOJUKE, U3JI0)KEHHON B METOAMYECKUX YKa3aHUSAX K
MIepBOii J1abopaTopHOi padoTe.

Ilepen HayamoM SKCHEPUMEHTA IIPOBEPSAIOT YUCTOTY MPoOOOTOOpHUKOB 11 1 B cirydae, eciau
OHU TPS3HBIE 3aMEHSIOT UX. 3aTeM OJUH U3 MpoOooTOOpHUKOB 11 cTraBst Ha muardopmy 11 Takum
00pa3oM, YTOOBI OH pacHoarajicsi TOYHO MO/ CIIMBHOM TPYOKOH X0sIoAMIbHUKA-IedaermMaTopa 4.

Taxoke mpoBepsItOT, 9YTOOBI KOHEI[ CIMBHOTO IIjIaHTa 16 Haxoawics B ciuBe 17, MpoBEPSIIOT
Ha/IeXKHOCTb KPEIUIEHHsI IIAHTOB, YCTOMUMBOCTD M HAJIE)KHOCTh KPEIUIEHUS ITAaTUBOB 13.

[Tocne 3TOro BKIIIOYAIOT AMEKTPOIUIUTKY 5 B CETh U PErYJISITOPOM O BBICTABIISIFOT UHTEHCHB-
HOCTh HarpeBa Ha MakcuMyM. [t Oosee ObicTporo u 3¢p(GEeKTUBHOIO HarpeBa HaKpBIBAIOT KyO 1
acOecToBOM TKaHbI0. B 3TO e BpeMs pu NOMOLIM BEHTUIS 14 HauWHAIOT oJjavy BOJIbI B XOJIOINIb-
HUK-71epaermarop 4. Ilogaua Boabl KOHTpOIMPYETCs pernoiaBaTeneM. B cinydae oOHapyxeHus Teun
0 Hel coo0I1aeTcs MPEernoiaBaTeito, U TeUb YCTPAHIETCS.

[Tocne 3TOTrO0 KIyT MOSABIEHUS NEPBBIX Kalleab JUCTUIUISITA HAa JHE XOJIOAUIbHUKA-HarpeBa-
TeJIA U epeBOJAT BeHTHIIN 9 1 10 B OJI0XKEHNE «OTKPBITOM.

Korpa nuctuiiar HauMHaeT KanaTh B IepBblil Npo000TOOpHUK 11 CHMXKAIOT HHTEHCUBHOCTh
Harpesa Ipu MOMOILHU peryisTopa 6 10 CpeJHUX 3HAUEHUH, 3aIlyCKal0T CEKYHIOMEP U 3allUChIBAIOT
TEMIEPATypy B KyOe 1o TepMOMETpPY 7 U B BEpXHEN YacCTH KOJIOHHBI 110 TEpMOMETPY 8. 3aTem Tep-
MOMETp 7 U3BJEKAIOT U OTOMPAIOT U3 KyOa HECKOJIBKO Karelsb MPU MOMOIIY MUIETKH U TPYILH, 110-
MEIAI0T 0TOOpaHHbIE KaIUIM Ha CTEKJIO pedpakTomMerpa (cM. pHc. 2, 6) U ONpeIeNnsioT moKa3aTelb
IpeIoOMJIEHUS 10 YKa3aHHOMU Bblle Metoauke. Ilocie orbopa mpobsl KyOOBOrO OcTaTka TEPMOMETP
7 BHOBb nmomemiaioT B Ky0 1. [locnme aToro BeIOMparoT cTyneHTa, KOTOPBIA OyaeT cUuTaTh Karliy,
THIOMAJIA0IINE U3 XOJIOIIIbHIKA-eiermaropa 4 0opatHo B konoHHY (L), cTyaeHTa, KoTopblii OyaeT
CUMTaTh KaIlJH, NOMAJA0IMe U3 XOJIoAUIbHHUKa-Ieduermaropa 4 B npodooTOopHuk 11, a Tpetuii
cTyneHT 3acekaet 30 ¢, B TeUeHHH KOTOPBIX IBOE MEPBIX CTYACHTOB CUUTAIOT Karljiu. BeInoaHeHHbIE
M3MEpEHUS OTHOCST K Hayally mpoiiecca.

ITocne 3anonHenust npo6ooT60pHUKa 11 TUCTUIUIATOM 10 3alaHHOTO MperoiaBaTeseM 00b-
€Ma OH 3aMeHseTCs Ha cieayonuil npobooTdopHuK. [IBa mpoOooTOOpHHUKA 3aNOIHSIOTCA 0€3 Mpo-
BEJICHUS U3MEPEHUM.

[Tocne nocranoBKY Ha maTdopmy 12 yeTBepToro npodbooTOOPHUKA 3aMUCHIBAETCS BPEMS OT
Hauasa SKCIepUMEHTa, TIOKa3aHusl TEPMOMETPOB 7 U 8§, a 3aTeM BHOBb OTOMpaeTcs mpoba u3 kyoda 1
JUISL OTIpEIeNICHUS [TOKa3aTessl MPEeIOMIICHHS M CUMTaeTcs KomuecTBo Kanesb L u D. BeimonHenHsle

HU3MEPCHUA OTHOCAT K CCPCANHE IIpoLecca.
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AHAaJIOTUYHO 3aMOJIHAIOT JBa MPOOOOTOOpHUKA 0€3 U3MEPEHHUS U MPOBOIIT U3MEPEHUS MPHU
3aroJIHEHUH CEIbMOTO MTPOOOOTOOPHHKA U OTHOCAT U3MEPEHHS K KOHITY Ipoliecca.

[Tocne 3amonHeHus ceMu MPOOOOTOOPHUKOB NUCTHILIATOM IO/ BBIXOAHYIO TPYOKY XOJIO-
JTMIIbHUKA JeherMaropa CTaBsT MPoOOOTOOPHHK [T cOOpPA OCTATKOB TUCTHILIATA, JCKTPOILTUTKY
BBIKJIFOYAIOT M OXKHJIAIOT 3aBEPUICHUS MTOIaYH TUCTUILIATA. [Ipy HEOOXOIMMOCTH 3aMEHSIIOT 3aI10JI-
HUBIIXICS TPoO600TOOpHUK cinenytommM. [locne sToro xxayT eme 10 — 15 MuHyT, oKa Bce mapsl He
CKOHJICHCUPYIOTCS M BBIKJITFOYAIOT TI0JIa4y BOABI B XOJOJMIBHUK-Ae]IerMmarop 4, mepekpriBas BeH-
TUib 14.

3aTeM U3 KOHTPOJBHBIX MPo0ooTOOpHUKOB (Ne 1, 4, 7) oTOMPAIOT MPU MOMOIIY TUTIETKH U
IPYLIN HECKOJIKO Karellb M MOMEUIA0T UX Ha MPEeIMETHOE CTeKI0 pedpakTomerpa. Onpenenstor
MoKa3aTesb MPEeTOMIICHUS ISl KaKI0U TPOObI TUCTUILIATA.

CauBarOT TUCTUIUIAT M €r0 OCTATKU U3 BCEX MPOOOOTOOPHUKOB B OTACIBHYIO €MKOCTh U OT-
JIAFOT €¢ MPEToaBaTeNi0, HAaBOIAT MOPSIOK Ha paboveM MECTe M CAAIOT €ro MPeroaBaTeo.

3aTem MpUCTYIAIOT K 00pabOoTKe pe3yabTaTOB IKCIIEPUMEHTA T10 CJICIYIOIIEH METOIUKE:

1. PaccumThIBaIOT COZIEpKAHUE JIETKOJIETYIEro KOMIIOHEHTA Il Hadaa, CepeHbI M KOHIA
npoiriecca B Ipo0ax TUCTHIUIATA Xp K KyOOBOTO OCTaTKa Xw 0 U3MEPEHHBIM TIOKA3aTesIsIM MPEIIOM-

JICHUA nD20 1 JaHHBIM Ta6J'II/II_IBIZ

X, macc % np?° X, macc % np?° X, macc % np?°
0 1,33297 40 1,35800 85 1,36471
5 1,33616 50 1,36117 90 1,36419
10 1,33962 60 1,36328 95 1,36310
15 1,34326 70 1,36455 100 1,36130
20 1,34695 75 1,36482
30 1,35349 80 1,36589

J1st 5TOro MPUMEHSIOT (POPMYITy JTUHEHHOTO HHTEPIOIUPOBAHHUS:

- 20 20
X =x1+ﬁ(nD —nD 1),

rac nDZOJ_ — 3HAYCHUC ITOKA3aTCJIA NPCIIOMIICHNUA, Oyr>kaiiiee MEHbIIEE K HU3MCPCHHOMY;,
nD202 — 3HAUCHUC ITOKA3aTCIId NPCIIOMIICHHA, Ommkaiiiiee OoJblIee K N3MCPCHHOMY;, nDZO — U3MCPCH-
HOC€ 3HAYCHHUEC ITOKA3aTC/IA MPCIOMIICHUSA,; X1, X2 — 3HAUCHUA KOHIOCHTPALUH JICTKOJIETYUECTO KOMIIO-
HCHTA IIPU IMMOKA3aTCIIAX IMPEIIOMIICHUA nDzol, nD202.

2. HepCCqI/ITBIBaIOT MAaCCOBBIC TIPOLCHTHI JICTKOJICTYUCIO KOMIIOHCHTA B MOJIBHBIC IJId

Haydalla, CCPCANHLI U KOHIIA ITponecca:
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X

a

X ——Ma
v x, 100-x, '

+
M M,

a

rre Ma — MosbHasg Macca JIETKOJIETy4ero KOMIIOHEHTa, paBHas 46 r/monb; MO — MolibHas
Macca BRICOKOKHITSIETO KOMIOHEHTa, paBHast 18 r/Mob.
3. PaccuuTsiBaoT ¢uierMoBoe YMCIIO Ul Havasla, CepeluHbl U KOHIIA ITpoliecca:

R=—=,
D

rae L — konuuecTBo Kamenb (hiaerMbl, KOTOpPBIE TPH MOJICYETE MOMAI 00paTHO B KOJOHHY,
Kar; D — konmuuecTBo Kanens ¢uierMbl, KOTOpBIE MPH MOICYETe TONaJId B MPOOOOTOOPHUK, KarT,
4. BeIBOJAT ypaBHEHHE paboueii TMHUM U1 BEpXHEH YacTH KOJIOHHBI JJIs Hayalla, CepeIuHbI

" KOHIIA IponecCa Ha OCHOBAHHUH CIICAYIOLICTO YPAaBHCHUA:

R Xp

R+1 R+1

y

5. CTpOHT Ha OTACJIbHBIX JIMCTAX TPHU JUAI'PAMMbI paBHOBECHUS PICCJ'ICI[y@MOﬁ CHUCTCMBI Ha OC-

HOBAaHUM JAaHHBIX Ta6J'II/IIII)I .

Xn, MOI.% Y, MOI.% t, °C X, MOI.% Y, MOI.% t, °C
0,00 0,00 100,0 20,6 53,0 83,4
1.18 11,3 96,9 25,5 55,2 82,3
2.22 18,6 94,8 32,1 58,6 81,4
3.02 23,1 93,5 34,5 59,1 81,2
3.31 24,8 92,9 40,5 61,4 80,9
5.19 31,8 90,5 449 63,3 80,2
5.30 31,4 90,5 50,6 66,1 80,0
6.25 33,9 89,4 54,5 67,3 79,5
7.15 36,2 88,6 66,3 73,3 78,8
8.71 40,6 87,2 73,5 77,6 78,5
12.6 46,8 85,4 80,4 81,5 78,4
14.3 48,4 84,5 91,7 90,6 78,3
17.2 50,5 84,0 100,0 100,0 78,3

6. Ha nepBoii nuarpaMMe CTpOSIT JIMHUIO padounX KOHUEHTpalui /I Havaja Impoliiecca 1o

CIIeIyIoIIei MeToIuKe (CM. puc. 5):
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Puc. 5. Ilocmpoenus na ouazpamme pasrnogecus

OTMmeuaroT Ha TOPU30HTAIBLHOM OCH COJIep)KaHUe JIETKOJIETY4ero KOMIIOHEHTa B UCXOIHOU
CMECH, B JTUCTUIIIIATE U B Ky6OBOM ocraTke. 3aTeM U3 TOYKH, COOTBGTCTBYIOIIICﬁ XD, IIPOBOJAT JIN-
HUIO IO MIEPECEUYEHUs C IMaroHaIbIo U MOTy4yaroT Touky 1. Ha BepTukanbHOM 0ocH 0TMEUaIOT OTPE30K,
COOTBETCTBYIOIINN 3HAYCHHIO BEIMYNHBI B 13 ypaBHeHUs pabodeli JIMHUYU U MTONTy4aloT Touky 2. Ye-
pe3 Touku 1 u 2 MpoBOJAT IMHUIO — 3TO U OyJET TUHUS PA0OUYNX KOHIIEHTPALIUH.

7. OnpenensitoT Yuciio TEOPETUYECKUX CTYNIEHEH N3MEHEHU S KOHIIEHTpAaIHii 1o ¢a30BOM Tra-
rpamMme i Havaja mnpoiiecca (cMm. puc. 5). Jljist 3Toro u3 TOYKH OAMH MPOBOST JUHUIO JI0 TIepece-
YEeHUS C JIMHUEH PaBHOBECHUS, OT TOUKH MEPECEUEHUs BEAYT JIMHUIO BHU3 JI0 MIEPECEUEHUS C TUHUEH
pabounx KOHIIEHTPAIIHiA, 3aTEM BHOBb BEYT JIMHUIO J0 JIMHUU paBHOBECHS. Tak BEAyT TUHUIO, TOKA
OHa He NepecevyeT NePHIeHANKYISIP, IPOBEAECHHBIN U3 TOUKH, COOTBETCTBYIOIIEH Xw. DTH MOCTPOCHUS
MOKa3aHbl HA pUC. 3 CTpETKaMH. 3aTeM CUYUTAIOT KOJIMYECTBO MOJIYUHBIINXCS CTYTEHEK (paBHO 3 IS
puc. 3) — Ipu 3TOM CTYNEHBKH JI0 NEPIEHINKYIISIPa, COOTBETCTBYIOIIETO XF, OTHOCSAT K BEpXHEH va-
CTH KOJIOHHBI, @ MOCTIE — K HM)KHEH YacTu.

8. AHaOTHYHBIM 00Pa30M MPOBOIAT MOCTPOCHHUS U OTPEACIISIOT YHCIO TEOPETUIECKHUX CTY-
NeHel M3MEHEHUST KOHIICHTPAIIMH TSl CEpeIMHBI U KOHIIA MpoIiecca.

9. lenaroT BBIBOJIBI 11O MPOJIETAHHONW paboTe, OPOPMIISIOT OTUET M TOTOBSTCS K 3allUTE Ha

CJICAYIOICM 3aHATHU.
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BapuaHTbl MHAUBUAYAJIBHBIX WIH TPYNNOBBIX 3aJaHUI

I[HSI BBITIOJTHCHU A I[aHHOfI pa6OTBI npenoaaBaTeyib MOXCET 3a4aTh CICAYIOINE BAPHUAHTLI UC-

XOJTHBIX 3HAUEHUH:

Bapuant | Konuenrpauusi | Crenenb 3anon- | Bapuant | Konunenrpauus | Crenens 3anoi-
HCXOJIHOTO HEHUs IPOO0O0T- HUCXOHOTO HEHUsI MPOOOOT-
pactBopa, % OOPHMKOB pactBopa, % OOpHUKOB
1 60 HAITOJIOBUHY 4 65 LETUKOM
2 70 HETUKOM 5 75 HaIl0JIOBUHY
3 80 HaTOJIOBUHY 6 85 [ETUKOM

Conep:xanue oT4eTa 1o JiadopaTropHoii padore

Oruer JOJIXKCH BKJIFOYAaTh B ce0s CIICAYIOIHE 3JICMCHTBI:

~N N D R~ WO =

1
2
3.
4
5

. TUTYJIBHBIN JUCT;
. Lens paboThr,

. Kpatkas Teopus;

. BeIBozIBI 110 poJiesiaHHOM paboTe.

KOHTpO.]II)HbIe BOITPOCHI

. Onucanue 1a6OPaTOpHON YCTAHOBKHU C PUCYHKOM;
. Onucanue MCTOJUKHU MMPOBCACHUA SKCIICPUMCHTA,

. 9KCHepI/IMeHTaJ'IbHBIe JaHHBIC U UX 06pa60TKa;

. UTo Ha3bIBAIOT (bﬂel"MOBBIM YHCJIOM, KaK OHO OHpeI[eJ'ISIeTCSI?

. UTo Ha3bIBAIOT HC(I)HCFMaHHCﬁ, KaK M I KaKuX IeJIel oHa HpOBO,[[I/ITCH?

UYro Ha3bIBAIOT YpaBHEHUSAMH paOOUYUX JIMHUHM, YTO OHU XapaKTEePU3YIOT?

KaXXKJI0HU U3 HUX?

. Kak onpenenstor unciao TeopeTuueckux CTyneHeil u3MeHeHHs] KOHLIEHTpaluii?

. Ha xakue 7Be yacTu yCIOBHO JENAT PeKTU(PUKAIMOHHYIO KOJIOHHY? B ueM 0coOeHHOCTh

6. Hanmmute 1 00bsICHUTE MaTepUaIbHbIN OandaHc JUId BepXHEH 4acTu peKTH(PUKAIMOHHOM

KOJIOHHBI.

7. Hanumute U 00BsICHUTE MaTepualbHbIN OanaHc A HH)KHEH 4acTH PeKTU(UKAMOHHON

KOJIOHHBI.

8. Hamummre u 00bsicHUTE TETJIOBOM OajlaHC peKTH(HUKAIINH.
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Cnucok Jureparypbl

1. Pomankos IL.I. u gp. MaccooOMeHHBIE TPOLIECCH XUMUYECKOI TEXHOIOTUU: Yueb. moco-
oue. - CII6.: XMUMU3JAT, 2011. - 440 c (mocTym 1O  HHTEPHET-CCHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081949.html);

2. Pyno6amra C. I1., Kapramos 3. M. /luddy3us B XUMHUKO-TEXHOJIOTMYECKUX MPOIECCcaX. -
2-¢ wm3n., mepepab. m gom. - M.: KomocC, 2013. - 478 c. (mocTym Mo HWHTEPHET-CCHUIKE:
http://www.studentlibrary.ru/book/ISBN9785953207140.html);

3. lisetkoB @.®D., I'puropser b.A. TermmomaccooOMeH: yueOHHK 15 By30B. — M. M3arens-
ckuit mom MOMU, 2011. - 562 c. (mocTym mo HWHTEpHET-cChUIKE http://www.studentlibrary.ru/
book/ISBN9785383005637.html);

4. ®ponos B.®. Jlekuu o xkypcey "[Iporieccsl n anmaparsl XAMUYECKOW TEXHOIOTHH' . - 2-¢
u3n.,, wucrp. - CII6.: XUMU3OAAT, 2008. - 608 c (moctym 1O HMHTEPHET-CCHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081581.html).

JlabopaTopnasi padora 4. UcciienoBanue BIMSIHAS TEMIIEPATYPHOI0 pesKMMA

Ha nmpouecc KOHBEKTHBHOI1 CYIIKH

1. U3y4yeHne KMHETUKN KOHBEKTUBHOM CYILIKH;

2. OnpeneneHHe MPpOAOJIDKUTCIIBHOCTHU CYIIKH SKCICPUMCHTAJIbHBIM U PaCYHCTHBIM MCTOAaMU.

Ilopsinok BbIMOTHEHNS PA0OTHI
JlabopaTopHas paboTa BBITIONHSETCS Tpymnon u3 2 — 3 cryaeHTos. [lepen Hagaiom paboThl
CTYJEHTBI JOJKHBI YCBOUThH TEXHUKY 0€30M1aCHOCTH, U3JI0KEHHYIO B MHCTPYKIUAX, HAXOSAIINXCS B
n1abopaTopuu, U coONI0IaTh TPEOOBAHUAX ATUX HHCTPYKIUN BO BpeMsl HAXOXKACHUS B Ta0OpaTOPHH.
B uHOM ciyyae cTyJeHThI He pa3pelaeTcs HaX0AuTCs B 1a00paTOpHH.
Pabota HaunHaeTCs ¢ U3y4eHUsI METOJUUYECKUX PEKOMEHAAINN, KOHCTPYKIIMU J1a00paTOpHOM
YCTAaHOBKHM U METOJIMKH NPOBEIEHUS SKCIIEPUMEHTOB Ha Hell. 3aTeM CTYIEHThl TOTOBAT YEPHOBUK

AJId 3alTUCU SKCIICPUMCHTAJIbHBIX TAHHBIX, KOTOpBIfI BKJIIOUAET B ceOs CJICAYIOLIYIO Ta6J'II/II_IyI

BpeM}I OT Ha4aJla CyliKH, € Macca I/ICHapI/IBHJCfICH BJiaru, r
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['OTOBHOCTB K BBIITOJHEHUIO PAOOTHI OLIEHUBACTCS MO Pe3yJbTaTaM Oece/bl ¢ MpernoiaBare-
JICM, BCAYLICM 3aHATUA. B CJIy4ac€ rOTOBHOCTH K BBITOJIHCHUIO CTYJACHTHI ITIOJIY4ar0T 3aJaHUC OT IIPC-
noaaBareiisd B COOTBCTCTBUH C BApUAHTAMU, YKa3aHHBIMU B JAHHBIX MCTOANYCCKUX PCKOMCHAAIIUAX.
B uHOM citydae CTYAEHTBI HE IOMYCKAIOTCS K BBIMOJHEHUIO paOOTHI.

JlanHast paboThI MPOBOAMTCS Ha JTa0OPATOPHOI yCTAHOBKE, CXeMa KOTOPOU MpeCTaBIeHa Ha
puc. 6.

[Tepen Hayamom pabOTHI MPOBEPSIETCS MOJIOKEHUE BECOB HAa BEPTUKAILHOCTH. JlJIsl 3TOTO
HEOOXO0MMO, YTOOBI OCTPBI KOHEIl MasiTHUKA 9 COBIAIal C OCTPHEM BEPIINHBI B OCHOBAHUH BECOB
2 nox uum. Ecnu coBnazienne cocrapisiet 6osee 2 — 3 rpagaycoB, To 00 3TO COOOIAeTCs MpernoaBa-
TEJII0 U HEMCIIPABHOCTh yCTpaHsieTcs. Takke mpoBepsieTcs, YT00bI TPOCHK 3 MPOXOHI Yepe3 HEeHTP
OTBEPCTHUS B OCHOBaHUH BecoB 10, B OJICTaBKE U B CYIIWJIBHOM HIKady, HE Kacasch CTCHOK. B nHOM
cllyyae BBIPaBHUBAIOT IOJIOKCHHUE BECOB Ha TojcTaBke. Kpome TOro, MpOBEPSIOT HATUYHE TEPMO-

MeTpa 5 B Kamepe CymumibHoro mkadga 1.

> /9
3 g p—
|II [N II|
1 4
10
Wi
0 0
> 7

Puc. 6. Cxema ycmanogxu no vinonnenuio 1abopamopnoi pabomul «Mccnedosanue enus-
HUSL MEeMNEPAMYPHO20 PeHCUMA HA NPOYecc KOHEEKMUBHOU cyukuy. 1 — cywunvHolil wikag;
2 — mexHuyecKue 8ecvl, 3 — MpOCUK, 4 — svicyuugaemvlii oopazey, 5 — mepmomemp;,
6 — sxnrouamens, 7 — pe2ynamop Hazpesa, 8 — uHOUKAMOPHASL NAMNA,

9 — 6anancup evigepku, 10 - puxcamop
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3areM BKIIIOYAIOT CYIIWJIBbHBIA mKad 1 B ceThb M HaXHMalOT Ha BKIovarenb 6. [lpu sTom
JOJIKHA BKITIOUUTHCSI MHAUKATOPHAsS! JIaMITOYKa 8, YTO O3HAYaeT Hadajo HarpeBa. B uHowm ciiydae o
HEHCIIPAaBHOCTH COOOIIAETCs PENOJaBaTeN0, U OHA YCTPAHSIETCS.

Ecnu ycranoBka paboTaeT HCIpaBHO, TO MPU HEOOXOJUMOCTH BBICTABISIOT PEryIsTOPOM 7
MHTCHCUBHOCTh U BEIMYMHY Harpena, a Mocje MpUMEpHO yepe3 Kaxabie 5-10 MUHYT OTKpPBIBAIOT
JBEpIy CYIIMIBHOTO IIKada u MpoBEpSAIOT TeMIepaTypy BHYTpH KaMephl. B 3T0 e BpeMs moBopa-
yuBaioT ¢pukcatop 10, BEICBOO0K 151 KOPOMBICTIO BECOB, U YPAaBHOBEIIMBAIOT YaIllk BECOB, IOMEIIAs
Ha MPaBYIO CIEUUATbHbIE TPY3UKH.

Korna Temmneparypa 6yzner npumepro Ha 10-20 °C meHblIe 3a1aHHOM MpernoaaBareneM, oe-
pyT oOpazel 4 u TOMEUIA0T €ro B CIIEUATbHYI0 EMKOCTh C BOJOW TaKUM 00pa3oM, YTOOBI OH LIEJH-
KOM OKazajics B Bojie. OOpa3ell HachIaroT BOAOW B T€UEHUHU 2-3 MUHYT. 3aT€M 00pa3el] BHIHUMAIOT
U CTPSXHUBAIOT ¢ Hero Boay. [locie yero o6pasen B3BEMIMBAIOT HA 1a00OPaTOPHBIX BECaxX U MOBEIIH-
BalOT Ha KPIOYKE TPOCHKA 3 BHYTPHU KaMmephl cymuiabHOro mkada 1. [Ipu sTom 3anmuckiBaloT Temiie-
patypy BHYTpHU KaMepbl cymmibHOTO mKkada 1. [locie 3akpeIThs ABEpIbl BKIIOYAIOT CEKYHIOMED U
JM00aBJISIOT TPY3UKHU Ha MPABYIO Yally BECOB 2 10 BHIpAaBHUBAHUS.

[To mepe BbICyHmIMBaHMS 00pa3el] CTAHOBHUTCS JIETYE U BECHl OTKIIOHSIOTCS OT PaBHOBECHSI.
Kaxnp1ii pa3 npu OTKIIOHEHUH BECOB HEOOXOIMMO CHUMATh TPY3HUKH C ITPABOM YalllH IS BEIPABHU-
BaHus. Uepes Kaxaple 2 MUHYTHI B3BEIIMBAETCS O0Ias mMacca CHITHIX TPY3HUKOB, KOTopas Oyjaer
paBHa Macce BJlaru, MCIapeHHOU 13 00pasla K STOMY MOMEHTY.

DKCIIepUMEHT TPOBOJIAT JI0 T€X MOP, MIOKa B TEYCHUU 6 MUHYT BECHI HE OYIYT OTKIOHSITHCS
0T cocTosiHMS paBHOBecus. [locie 3Toro HaXXKMMarOT Ha BKJIOYATENb 6 U BBIKIIIOYAIOT HarpeB, OTKITIO-
YarT CymIbHBINA mKad 1 or cetr. OTKPHIBAIOT ABEPIly M 3aHCHIBAIOT TEMIIEPATYPy BHYTPH Ka-
Mephl cymnibHOro mkada 1. Ipu momomu Tpsmku 0OCTOPOKHO CHUMAIOT 00pasel] ¢ Kprouka TPOCHKa
3 u B3BEUIMBAIOT. 3aTeM yOUPAIOT BCe TPY3UKH U (PUKCUPYIOT KOPOMBICIO BECOB ITPU MOMOIIHU (UK-
catopa 10.

HaBoasT nopsaok Ha pabodyeM MecTe U CIaroT ero MpenojaBareiio.

3aTeM IMpUCTYMAIOT K 00pabOoTKe pe3yabTaTOB IKCIIEPUMEHTA T10 CJICTYIOIEH METOIUKE:

1. PaccUnTBIBAIOT CPEIHIOIO TEMIIEPATYPY CYLIKH:

— t1 + t2
@~ 5

rae ty, to— TEMIICPATYpPbl BHYTPU KaMCPbI CYIITHIIBHOTO I_HI(a(ba IIpu MOABCIIMBAHNHN U CHATUU

t

obpasra, °C.

2. OHpe,Z[CJ'ISIIOT Ha4YaJIbHYIO aGCOJ'IIOTHyIO Un.a6c | OTHOCHUTCIIbBHYIO U o BI2KHOCTH MaTepu-
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rzie Mg; — Macca BIAKHOTO MaTepualia, paBHas Macce oOpaslia Mmocje HachIEeHHs BOJOH, T;
Meyx — Macca Cyxoro MaTepualla, paBHasi Macce BbICYIIEHHOro o0pa3na, T.

JlanbHENIINM pacyeT BEAyT 110 BUAY BJIAXKHOCTH, 3aJaHHOMY IIPENIOIABATEIIEM.

3. PaccunThIBarOT BIa)XHOCTh MaTepualia [yl KaXKJJ0ro 3aMepa BpeMEHH (TeKyIUe BIaXHO-
CTH):

m_ -m_ . —Mm m -m__.—
BII ucn(i) cyx _ BII ncn(i) cyx
U, = wim U, = :
m m

cyx BII

rae Ui — BIaXHOCTh MaTepHraia JUIs iI-ro H3MEPEHHUS; Myen() — Macca BJIard, HCIIApUBIIEHCS K
I-My H3MEPEHHUIO.

4. T1o mosry4eHHBIM 3HAYCHUSM CTPOSIT KPUBYIO CYIIKH (CM. pHC. 7)

U,
Ke/Ke

I nepuoa 17 nepu00

Puc. 7. Kpusas cywxu

5. Crposr kacarenbHyto K Touke C, HaulHasi ¢ KOTOPOU KpHBasi CYIIKU IIEpecTaeT NpsMOJIn-

HEHMHO CHMKAThCA. Ol'[peI[eJ'IfIIOT CKOpPOCTDb CYHIKH IJIA 3TOH TOYKH:

IJIe 0. — yroJl HaKJIOHA KacaTellbHOW K TOpu30oHTabHOU ocu; U', T — oTpe3ku, oTcekaeMbie
KacaTeJIbHOH Ha ocsiX (cM. puc. 7).

AHaJIOTUYHBIM 00pa30M HaXOJAT CKOPOCTh V' B TOUKe B, HaunHas ¢ KOTOPOW KpUBask CYIIKH
MIEPEXOUT Ha MPSIMOJIMHENHO CHUKAIOIIUICS y4aCTOK.

6. Ilo 3HaueHusiM ckopocTeil cymku B Toukax B, C 1 3HaueHUsIM HaYaIbHON U KOHEUYHOU

BJII&YKHOCTEH CTPOSAT KPUBYIO CKOPOCTH CYIIKH (CM. pHc. 8).
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v,
K2
M C

U, U, U, ke/ke

Puc. 8. Kpusas cxopocmu cywku

7. Ilo pucynkam 4 u 5 HaxonAT 3HaueHus: kputuueckoi Uxp 1 paBHOBecHOM Up BiakHOCTEH
MmarepHaa.
8. PaccunThiBaroT K03 PUITMEHT MaccorepeIayn:
K, =2
C
U, -U,
9. OnpenensroT pacyeTHbIE MPOAODKUTEFHOCTH MIEPBOTO M BTOPOTO MEPHUOIOB CYIIKH:
_(UH_UKP). _(UKp_Up).m Uy, -Y,
= : , =
% v U.-U,

T

10. OnpeAensroT pacuyeTHYIO MTPOI0JKUTETEHOCTh CYIITKH:

Tpacy = T1 + T2

10. 3aHOCAT pacueTHble JaHHbIE B TaOIHUILY:

[TapameTp cymku 3HaueHue

Hauansnoe Bnaroconepxkanue Uy, Kr/Kr

Kputnueckoe Biarocogepxkanue Uy, KI/KT

Koneunoe (paBHOBecHOe€) Binarocoaepxkanue Uy, KI/Kr

CKOpoCTh CYIKH B 1-M mepuoze V, Kr/(M>-c)

Kos>ddumment macconepenau, Kr/(M>-c)

BKCHepI/IMeHTaHBHaﬂ MPOAOIKUTEIIbHOCTDb CYIIKH Tsken, C

Pacuetnas NpOAOJIKUTCIIbHOCTD CYIIKH Tpacu, C

11. [IenaroT BBIBOJBI TIO TIPOJIEITAHHOM paboTe, OPOPMIISIOT OTYET U TOTOBSITCS K 3aIIUTE Ha

CJIETYIOIIEM 3aHSITHH.
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BapuaHTbl MHAUBUAYAJIBHBIX WIH TPYNNOBBIX 3aJaHUI
J11st BBIMIOJTHEHUSI TaHHOM pabOThI IPErnojaBaTeb MOXKET 33J1aTh CIACAYIOIINE BAPUAHTHI UC-

XOJHBIX 3HAYECHUH:

Bapuant | Temneparypa | Bua BiaxxHoctu Bapuant | Temneparypa | Bua Bnaxnoctu
CYIIKA JUTSL pacdera CYIIKU JUTSL pacueTa

1 105 abcomroTHas 4 105 OTHOCHTEIIbHAS
2 110 OTHOCHTEJIbHAS 5 110 aOCoI0THAS

3 115 abcoroTHas 6 115 OTHOCHTEIIbHAS

Conep:xanue oT4yera 1mo jJadoparopHoi padore
OT4er AOKEH BKIIIOUATh B ce0s CIIEYIOIINE SJI€MEHTHI:
. TUTYJIBHBIN JUCT;
. Henp paboTh;

. Kpatkas Teopus;

1
2
3
4. Onucanue 1adopaTOPHON YCTAaHOBKU C PUCYHKOM;
5. Onucanne METOUKH MPOBEECHUS IKCIICPUMEHTA,
6. DKcriepuMeHTaIbHBIC TAaHHBIE U X 00padoTKa;

7

. BeIBOJIBI 110 TIpOJIETIaHHOM padoTe.

KonTpoJibHbIe Bonpocskl
Jlnia kakux neneit mpoogaT cymky? Kakue ciocoObl cymiku Bel 3Haere?
B yem 0co0eHHOCTh KOHBEKTUBHOM CYIIKHU?
Yro sBaseTcs IBUKYLEN CHIION CYIIKHU?
W3 xakux nepuogoB COCTOUT Ipouecc cymku? Yem oHu XapakTepusyrorces?
Kak u3zmensiercs remneparypa Marepuaia B IpOLECCE BHICYIIUBAHUSA?
Uto Ha3bIBalOT TEMIIEPATYPON MOKPOIo TepMoMeTpa’?

Kakue ectb (hopMbI cBsi3M Biiaru ¢ marepuaioM? B uem ux ocoGeHHOCTH?

© N o gk~ w0 D P

Mo:xHO 11 BBICYIIUTH MaTCpUaJl 10 HYHCBOf/'I BJIAa>XHOCTH U noquy?

Cnncok Jiureparypbl
1. Pomankos IL.I. u 1p. MaccooOMeHHBIE POLIECCH XMMUYECKOH TeXHOIOruu: Yueb. moco-
oue. - CII6.: XHUMU3OAAT, 2011. - 440 c (mocTtym 1O  HMHTEPHET-CCHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081949.html);
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2. Pyno6amra C. I1., Kapramos 3. M. /luddy3us B XUMHUKO-TEXHOJIOTMYECKUX MPOIECCcaX. -
2-¢ wm3na., mepepab. m gom. - M.: KomocC, 2013. - 478 c. (mocTym Mo HWHTEPHET-CCHUIKE:
http://www.studentlibrary.ru/book/ISBN9785953207140.html);

3. PasunoB A.U., Cyxanos ILII. I[Iponeccrl MmacconepeHnoca ¢ yyacTueM TBep10i (pa3wl: yueo-
Hoe mocobme - Kazamp: m3marenbctBo KHUTY, 2012. - 96 ¢ (mocTym MO HMHTEpPHET-CCBHUIKE
http://www.studentlibrary.ru/book/knitu-0004.html);

4. ®ponos B.®D. Jlekuu o xkypcey "[Iporieccs u anmaparbl XUMAYECKOW TEXHOIOTHH ", - 2-¢
u3n., wucrp. - CII6.: XUMMU3IAAT, 2008. - 608 ¢ (moctym 1O HHTEPHET-CCBHUIKE
http://www.studentlibrary.ru/book/ISBN9785938081581.html).

Jlaboparopnas padora 5. HcciienoBanue MaccoodOMeHa B CHCTEME «ra3 — TBEP/I0€ TEJI0»

esab BbINOJIHEHMSI JIA0OPATOPHOI PadOTHI
1. Onpegenutsb mokazaTean MaccooOMeHa MPU KOHBEKTUBHOM CYIIIKE;

2. Onpenenuth K03()PUIMEHT MACCOOTIaYH U IMOTOK BEIIECTBA.

IHopsioK BbINOJIHEHHS PA0OTHI
JlabopaTopHas paboTa BBITIONHSETCS rpymmon u3 3 — 4 cryaeHTos. [lepen Hagaiom paboThl
CTYJICHTHI JOJIKHBI YCBOUTH TEXHUKY O€30MaCHOCTH, U3JI0’)KEHHYIO B MHCTPYKIIMSIX, HAXOIAIIUXCS B
naboparopuu, U cOOM0IaTh TPEOOBAHUAX ITUX UHCTPYKIUN BO BpeMsl HAXOXKJIEHUS B 1TaOOPaTOPHH.
B nHOM ciyuyae cTyA€HTHI He pa3pelniaeTcsl HaXOAUTCS B T1a0OpaTOpHUH.
PaboTa HaunHaeTcs ¢ U3yueHus METOIMYECKUX PEKOMEH A, KOHCTPYKITUH JTA00paTOpHOU
YCTAaHOBKHM M METOJUKH MPOBEEHUS SKCIIEPUMEHTOB Ha HEll. 3aTeM CTYACHTHI TOTOBST YEPHOBUK

AJId 3alTUCU SKCIICPUMCHTAJIbHBIX JAHHBIX, KOTOpBIfI BKJIIOUAET B ceOs CJICAYIOLIYIO Ta6J'II/II_Iy1

Bpewms oT Hauwana cymku, ¢ | Macca ucniapuBiieics Biard, r

['0TOBHOCTH K BBIMOJHEHUIO PAaOOTHI OIIEHUBACTCS IO PE3yIbTaTaM Oecebl C MpernoaBaTe-
JIeM, BeIYIIEM 3aHATH. B cilydae roTOBHOCTH K BBIMIOJHEHUIO CTYICHTHI MMOJIY4YaloT 3a/IaHK€ OT Ipe-
MO/IaBaTENs B COOTBETCTBUU C BAPUAHTAMMU, YKA3aHHBIMU B JAHHBIX METOIMUYECKUX PEKOMEHIAIUSX.
B nHOM ciyyae CTyA€HTHI He JOITYCKaloTCs K BBIITOJIHEHUIO PabOThI.

JlanHast pabOTHI MPOBOAMUTCS HA 1aOOPATOPHOM YCTAaHOBKE, CXeMa KOTOPOH MpeICTaBlieHa Ha

puc. 9.
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Puc. 9. Cxema ycmanoexu no evinonnenuto 1abopamopHotl pabomwl « Uccnedosanue macco-
obMmeHna 6 cucmeme «2az — meepooe menoy. 1 — cymunvuoiil wixagh; 2 — mexnuueckue 8ecul;
3 — mpocuxk; 4 — evicywugaemvlii oopazey, 5 — mepmomemp, 6 — sxarouamensv, 7 — pecyis-

mop Hazpesa,; 8§ — uHouxamopuas namna,; 9 — 6anancup svigepku, 10 — ¢puxcamop, 11 - obpasey

[IpoBepka pabouero cocTosIHUS YCTAaHOBKH U METOJMKA MPOBEACHUS HKCIIEPUMEHTa aHaJlo-
TUYHBI IpeAbIAYyIIel padoTe. Paznuune cocTOUT B TOM, UTO B JAHHOM paboTe 0Opasell IpeacTaBsieT
co0oi KepaMHUYECKUH IIUIMH/IP MaJIoN BBICOTHI 11, KOTOPBII MOMeIaeTcs Ha CrielMaabHOM MOIBECKe
4, mpukperisieMol K Kprouky Tpocuka 3. Ilepea mpoBeaeHneM SKCrepUMEHTa U3MEPSIOT AUAMETP
oOpa31la Ipy NOMOUIH ITAHT€HUUPKYJIIS WINA JTUHEUKH.

ITocne mpoBeaeHUs SKCIEPUMEHTAa HaBOAAT MOPSIIOK Ha paboYeM MECTe U CA0T €ro Iperno-
JlaBaTeIo.

3arem NpUCTyNaT K 00paboTKe pe3yIbTaTOB IKCIEPUMEHTA O CIEAYIOLIEH METOAMKE:

1. PaccUnTHIBAIOT CPENHIOK TEMIIEPATYPy CYLIKH:

_t1+t2

t, >

rae ty, to — TemnepaTypsl BHYTPH KaMephl CYIIMIIBHOTO MIKada Mpy MOABEITMBAHUN U CHATUU

oOpa3ia, °C.

28



2. Onpenensior HauajabHYyI0 OTHOCUTENbHYIO BIaXKHOCTh MaTepuana:
mBJl - mcyx

UH,OTH = m !

-
rJie Mgy — Macca BIAKHOIO MaTepuaa, paBHas Macce oOpasiia Mmocjie HaCchIIeHHs BOJIOWH, T
Meyx — Macca Cyxoro MaTepuaia, paBHas Macce BBICYIICHHOTO 00pasia, T.
3. PaccunThiBalOT BIAXXHOCTh MaTepualia Jyis KaKI0T0 3aMepa BPEMEHH (TEKYIIUE BIaKHO-

CTH):

riae Uj — BIaXHOCTh MaTepuaia sl i-ro M3MEpeHUsl; Mycn(i) — Macca BIIard, UCIIAPUBILICHCS K
I-My H3MEpEHHUIO.

4. Ilo nonay4eHHbIM 3HAYEHUSIM CTPOAT KPUBYIO CYHIKHU (CM. pHC. 7)

5. Ctpost kacatenbHyto K Touke C, HaunHasi ¢ KOTOPOH KpHBasl CYLIKU IIepecTaeT NpsSMOIIH-
HEHO cHMXKaTbes. ONpenesioT CKOPOCTh CYIIKH JUI 3TON TOUKHU:

v:tga:i,

T
IJIe 0. — yroJl HaKJIOHA KacaTelbHOW K ropu3oHTayibHOU ocu; U', T' — oTpe3ku, oTcekaemble
KacaTeJlbHOM Ha ocsiX (CM. puc. 7).
6. AHaNOrMYHBIM 00pa30M HAXOMAAT CKOPOCTh V' B TOouke B, HaumHas ¢ KOTOpoW KpuBas
CYIIKU TEePEXOAUT Ha MPSIMOJIMHEHHO CHIKAIOIIMICS y4yacTOK. PaccuuThIBalOT cpefHee 3HauUeHUeE
CKOpPOCTH CYIIKH:

_V+V
Ve, = >

7. IlpuHrMas, 4TO CyLIKAa IPOUCXOAUT IPU aTMOC(HEPHOM JABIIEHUH, PACCUUTHIBAIOT IIOT-
HOCTb BOJSIHOTO Iapa B Ha4aje U B KOHIE CYIIKH:

18 273 18 273

P =004 1 +273" P2 =0 4't, + 273

8. PaccunThIBaIOT MJIOTHOCTH HACBIIIEHHOTO BOJISHOTO Mapa B Hayalle U B KOHIIE CYIIKH IO
JTAHHBIM CJIETYIOLIEeH TaOIuIbL:
t, °C 99,1 104,2 108,7 112,7 116,3 119,6 132,9 142,9
pum, Kr/M° | 0,5790 | 0,6865 | 0,7931 0,898 1,003 1,107 1,618 2,120

JJ1s 3TOr0 MPUMEHSIOT POPMYITY TMHEHHOTO UHTEPIIOJINPOBAHMUSL:

pHI‘l :pHnl+w(t_tll)a
t2_t1

29



rae t'y — Temneparypa, Onvkainas MeHbIas K U3MEPeHHOM; t'; — TeMriepaTypa, OnvKanas
OoJbIast K U3MEPEHHOM!; t — M3MepeHHOE 3HAaU€HUE TEMIIEPATYPHL; Punl, Pun 2 — INIOTHOCTH HACHIIICH-

HOT'0 BOJSIHOTO I1apa npu Temmneparypax t'y, t.

9. OHpe,HeJ'IHI-OT OTHOCHUTCIIBHYIO BJIA)KHOCTb BO31yXad B HA4YAJIC U B KOHIIC CYHIKU:

o=-"
Puun

10. [To nuarpamme COCTOSIHUS BJIaXXHOTO Bo3Ayxa (cM. puc. 10) onpeaenstor BIarocogepxa-

HHUC BO3aYyXa B HAa4aJI€ U B KOHIIC CYIIKH Y€PE€3 3HAYCHUA TEMIICPATYPhI U OTHOCHTEIIbHOU BIAKHOCTH

BO3/IyXa.
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Puc. 10. /Juacpamma cocmosinus 61axcHo2o 8030yxa

11. PaccunThiBaroT napuuaJIbHBIC JaBJICHHUA BOAAHOI'O I1apa B BO3AYXC Cy].].[PIJ'IBHOfI KaMCpPhbI

Pn1 M HaJ OBEPXHOCTHIO MaTepualia Pn2:

Po . Po

Pu=Tgg P =g
18

—x,+1
22,4 22,4

12. OmpenenstoT miomaab oopasma:
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riae d — auameTp oOpasia, M.

13. PaccunThIBatOT yAEJIbHYIO IOBEPXHOCTh UCIIAPEHUS:

14. PaccunThIBAIOT SKCIIEPUMEHTAIBHOE 3HaUYCHHUE KOA(PPHUITMEHTa MACCOOTIauH:
B — ch — ch
(pn2 - pnl) ' f Apn ' f
15. PaccuMTHIBAIOT MTOTOK BEILIECTBA:

M=p-F- 1 Aps,

r7ie T — NPOJOJDKUTEIBHOCTh CYIIKH, C.
16. JlenaroT BBIBOJIBI IO MpoOieTaHHON paboTe, 0(hOPMIISIOT OTYET U TOTOBSATCS K 3aIIUTE Ha

CJIEIYIOIIEM 3aHSTHH.

BapI/IaHTLI NHAUBUAYAJIBHBIX HJIX I'PYIIIOBLIX 3anaﬂm71
HJ’IH BBITTOJIHEHUS JJaHHOM pa6OTI>I npenoaaBaTeyib MOXET 3a4aTh CICAYIOINE BAPpUAHTLI UC-

XOJHBIX 3HAYECHUH:

Bapunanr | Temneparypa | Bapmantr | Temmeparypa
CYILKH CYILLKH
1 105 4 120
2 110 5 125
3 115 6 130

Coaep:xanue oT4yera 1o JjadoparopHoii padore
OTuer AOKEH BKIIIOYATh B Ce0s CIIEYIOIINE SII€MEHTHI:
1. TUTynbHBIN JIHUCT;
2. Llenb paboTHI;
3. Kparkas Teopus;
4. Onucanue 1a00paTOPHON YCTaHOBKU C PUCYHKOM;
5. Onucanue METOUKH NMPOBEJCHUS HKCIIEPUMEHTA;
6. DKcriepUMeHTaIbHbIE TaHHBIE U UX 00paboTKa;

7. BbiBo1bI 110 TipOieIaHHON padoTe.
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KonTposbHbIe BOpochl
Kakwue Bubl pacpoctpanenus Beniectsa Bol 3Haere? B uem ux ocodbennoctu?
Kakue 3akoHOMEpPHOCTH, XapaKTEPU3YIOT KOHBEKTHBHYIO MU dy3uto?

B uem dusnuecknii cmpica koadduirerTa Mmaccootaaun’?

Eal N

B 4deM ocobennoctr nudy3un depe3 HEMOPUCTHIC W KANMLIAPHO-TIOPUCTHIC TBEPbIC
Tena?

Jlaiite onpesienieHns BeIMYMHAM, XapaKTEPU3YIOIUM BIAKHOCTh MaTepHala v Bo3ayxa’?
JJIs 9ero v Kak MPUMEHSIETCS JUarpaMMa COCTOSHHUS BJIQKHOTO BO3yxa?

Uto Ha3bIBatOT SHTANBNMEH? Kak MEHsIeTCS SHTAIBIIMA MaTEpHUall U BO3yXa MPU CYLIKe?

© N o O

Kak Ha mporiecc Cyniky BIUSIOT TapliuaibHOE U aTMOC(HEPHOE TaBIICHUs?
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