1. ONPEAENEHWNE SHEPITUN CTOPAHUA OPrAHUYECKOIo
BELWWECTBA U PACYHET Ero SHTAJ1IbInun ObPA30OBAHNUA

TepMOXMMMeVI, B Y3KOM NOHMMaHWW, HA3bIBA€TCA pasgen (DVI3M‘-IECKOV1 XUMUH,
3aHUMarLWmnincs N3y4yeHnEeM TENNOBbIX 3de)EKTOB XUMNYECKUX peaKu,MM n
3aKOHOMepHOCTEVI B X BenuumHax. [naBHbIN MeTOoL TEPMOXUMUN - KAaJTOPUMETPUA.

I. TEOPETUYECKOE BBEJEHUE

KaJ'IODI/IMCTDI/ISI, T.C. MPAMOC H3MEPCHHUEC KOJMUYCCTBA TCIUIOTHI, BI)II[CJ'ISIGMOﬁ nin

MOTJIONIAEMOM B TOM WJIM MHOM IIPOLIECCE, SIBISICTCS OCHOBHBIM MCTOYHHKOM TIOTYYCHHS
TEPMOXUMUYECKHX BENWYHH. KamopuMeTpuyeckd MOXHO H3MEPHUTHh  TEIUIOTY,
MOTJIONIaeMY0 (BBLICTSIEMYI0) B PE3yJbTaTe XUMHYECKOTO TPEBPALICHUS HCXOIHBIX
BEIIECTB (peareHTOB) B MPOJAYKTHI B KOJMYECTBAX, COOTBETCTBYIOIIMX YPaBHEHHIO
xuMudecko peakruu. IlomoOHas Teruiora, omHaKo, OyAeT 3aBHCETh OT crocoba
MPOBEACHUS XMMUYECKOW peakuuu (0T nymu npoyecca). B IByX ciydasx TeIUIoTa
XHUMHUYECKOW PEaKIMU TOYHO OIpe/IeIICHa:
e Ecnm peaknus oT Hayana 0 KOHIIA TPOBOJIUTCS MPU MOCTOSHHOM O00BEME CHCTEMBI,
TOT/Ia MEXaHWYeCKasi paboTa He coBepIIaeTcs U, coriacHo [lepBoMy 3akoHy, TeroTa

TpoIiecca COBMaaaeT ¢ N3MEHEHWEM BHYTPEHHEH dHEPTHH
dU=038Q —pdV; dV=0; AU,=Q,
Bennuuna () Ha3bIBAETCS UZ0XOPHHIM MENLOGLIM P HEKMOM XUMUYECKOU peaKyuu,

AU, — u3MeHeHueM BHYTPEHHEH SHEPrMU NPH XMMHYECKOW peakuuu (dHepruei

peaxkuun).

e Ecmm peaKkiusa OT Hadajla OO0 KOHIA MPOBOAUTCA IIpU TOCTOAHHOM BHCIIHEM

JAaBJICHWUH, TCIJIOTA IpoLecca COBNAAACT ¢ UBMCHCHUEM SHTAJIbIINU

dU =080 — pdV; p =const; AU +p(Vipon — Viear) = Op = AH;
Bennuuna Qp HA3bIBACTCS UB00APHBIM MENTOBbIM IPHEKMOoM XUMULECKOU peakyuu,

AH, —suranenveii peakium.

B o06oux ClIyHdasax MmpeArnojiaractcs, 4T1o p€arcHTbl U IMPOAYKTbI UMCHOT OJUHAKOBYIO

temreparypy T. B xone peakiuu temnepaTypa MOKET MEHATHCS IPOU3BOJIBHO.



Mexay bSHTanbnued M SHEpPruell XUMUYECKOW peakIMu CYIIECTBYET IIPOCTOe

COOTHOIICHHUEC

AU, + (pnpon.' VrlpO)l. — Ppear.”’ Vpear.) =AH, = AU, + An'RT )
rae An = (Rnpox. — Mpear.)s Mrpons Hpear, — CYMMapHOE KOJHYECTBO MOJICH HICAIBHBIX
razoB Cpead INPOAYKTOB M PEAareHTOB, COOTBETCTBEHHO. ECIM cpeam HpOLyKTOB U

pEareHTOB HEeT Ta3000pa3HBIX BEIIECTB, TO

An=0; AH, = AU,

Kanopumerpuueckue u3MepeHUss NPOBOJIAT B  CHENMAIBHBIX INpHOOpax —
KajopuMeTpax. B Hacrosimel paboTe HCMOIB3YyeTCS KUAKOCTHOW KaJIOPUMETP
NMEepEeMEHHONW  TeMmmepaTypbl €  H30TepMHUYECKOd  oOosoukoit  (mogpoOHee O
KJaccu(uKanmum KaJsopuMeTpoB cm. [1]).

Kanmopumerp mnepeMeHHOl  TemmepaTypbl COCTOMT W3  JIBYyX 4acTed —

KaJOPUMETPHUECKON CUCTEMBI U 000JI0uKU. Kanopumempuueckoui cucmemor Ha3bIBaIOT

COBOKYITHOCTh  BCEX 4YacTeil  KaJllOpUMETpa, MEXIy KOTOPHIMH  IMPOUCXOAMT
pacmipesiesieHne H3MepseMOr TeIuoThl. (00n0uKka OKPYKAeT KAIOPUMETPUUYECKYIO
CUCTEeMy M  OOECIeYMBaeT OIpEeJesIeHHble, CTPOro (UKCUPOBAHHBIE YCJIOBUS
TEII000MEeHa KAJIOPUMETPUIECKON CHCTEMBI C OKPYKAIOIIEeH CpeIo.

szopwwemputtecxuﬁ onblim COCTOUT B H3MCPCHUHU KOJIMYCCTBA TCIUIOTHI Q,

COl‘IpOBO)KILaIOHIGﬁ IMPOBOJUMYIO B KAJIOPUMETPEC XUMHUYCCKYIO PCAKIIULO. PaccuutsiBarot
Q U3 OIIbITA, IPOBCACHHOI'O B KAJIOPUMETPE HepeMeHHOP'I TEMIICPATYPhI, 110 (1)0pMyJ'Ie:

O = WAt (1)
rae Af - u3MeHeHHE TeMIepaTyphl KalOpUMETPUYECKoi cuctembl, W - mennoeoe

3HA4YeHue (I/IJZZ/I 3H€p2€mull€CK1/llZ 3K6u6afl€Hm) Kaiopumempa. TennoBeIM 3HAYCHUEM

1
KaJIOPUMETpa Ha3bIBAIOT KOJUYECTBO TEIUIOTHI, TpeOyemoe /Il HarpeBaHus ero Ha 1°.

Jlns naxoxaenus W kanopumeTp rpagyupyroT IyTeM BBOJA M3BECTHOTO KOJIMYECTBA
sHepruv Q,;; M M3MEPEHHs BBI3BAHHOW JTHM pasHOCTH Temmneparyp Af,;,. Ortcrona

W = Q.6 / Atys5. UTOOBI COOOIIMTL KANIOPMMETPY HM3BECTHOE KOJMYECTBO JHEPTHH,

! B paHHUX pa60Tax W BbrUmMCHsIN 110 BCCY M TCHIIOEMKOCTU BEHICCTB, BXOAAMINX B KAJIOPUMETPUICCKYIO
CUCTEMY. Ceifuac 3TOT criocob He HCIIOJIB3YCTCA, T.K. KaJIOPUMETPUUYCCKasA CHCTEMa HC HMCECT CTPOro
ONPEACICHHBIX I'PAHUI] U TCIINIOCMKOCTH €€ YacTeil He U3BECTHBI C HGO6XOI[HMOI71 TOYHOCTBIO.



MOJIB3YIOTCSL OJTHUM M3 JBYX CIOCO0O0B: 1) HarpeBaHue KaJIOPUMETPUUYECKON CHUCTEMBI
3NEKTPUUYECKUM TOKOM MPU TOYHOM HM3MEPEHUU 3aTPAYEHHOM 3JIEKTPUUECKOW SHEPIHH;
2) TpoBeACHHWE B KAJIOPUMETPE KakKoro-Jmbo mporecca (HapuMep, XUMHUYECKOH
peaknuun), TerIoBol 3PQPeKT KOTOPOro TOYHO M3BecTeH. [|Jisl KaTopUMeTpUu CropaHus
ATAJIOHHOW peaKIuel ABIISETCS COXOKEHUE OCH30MHON KHUCIIOTHI.

Ecnu tennoBoe 3HaueHHME KaJOpUMETpa HAWAEHO, TO JJIs ONPEIECICHHS TEIUIOTHI
uccnenyemoro nponecca (), M0OCTATOYHO MPOBECTU OMBIT M M3MEPHTH Beinuuuy Af,.

Torna:

0, =W-at, = Jew oy, o

use
Takoit MeTo[ W3MEpPEeHUN HAa3bIBAIOT CPABHUTENIBHBIM, TIOCKOJIBKY B KaJOpUMETpE

NPOBOJUTCS  CpaBHEHHE M3BECTHOTO M  HEW3BECTHOTO  TEIUIOBBIX  3(PQEKTOB.
[IperMymIECTBA CPABHUTEIBLHOIO METO/IA OYEBHMIHBI, T.K. Ipu pacuete (J; HCHONb3yeTcs
otHomienre BemwuuH At, u Aty W TeMmmeparypy KaJlOpUMETPUYECKON CHCTEMBI

JOMYCTUMO HW3MEPSITh HE TOJBKO B Tpajycax, HO W JIOOBIX YCJIOBHBIX EIMHUIIAX
(conpoTHBIIEHHE TEpPMOMETpa, 3.1.C. TepMobaTapeu u ap.). HeoOxonumo Juib, 4TOOBI
BbIOpaHHAsl YCJIOBHAs €IMHUIA W3MEPEHHs ObUIa MPOMOPIHOHAIBFHA TEMIepaType B

pabodeM UHTEpBAJIE.
CylecTBEHHOE OCJIOKHEHUE COCTOUT B TOM, YTO BelMYuHy AZ, KOTOPYIO Ha3bIBAIOT

HMCTUHHBIM M3MEHEHUEM TEeMIIepaTyphl, HEIb3sd HU3MEPUTh HENocpeAcTBeHHO. IIpexne
BCEro, Ha Hee HaK/IaJIbIBAETCS TEIUIOOOMEH KaJIOPUMETPUUYECKOH CHUCTEMBI C

OKpy’Karomeil cpenoil (B JaHHOM ciydae, o0osnoukoif). IloaTomy HemocpeacTBEHHO
Ha0JII0JaeMO€e B OMBITE H3MEHeHHE TeMreparypbl At' ortnuuaercst or ucTuHHOrO. YToObI
TIOJTyYHTh HCTUHHOE U3MEHEHUE TeMIieparypbl Af, HEOOXOAMMO K M3MEPEHHON BEJIUUMHE
At' BBecTH mompaBKy Ha TemIooOMeH O. B TepMOIMHAMUYECKOH CHCTEME 3HAKOB
dopmyna a1 pacyeTa HCTHHHOTO U3MEHEHUS TeMIIepaTyphbl:

At=At'—- 0 3)

HDOBCILGHI/IC KaJIOPUMETPHUYCCKOI'O OIIbITA. KaﬂopI/IMeTpI/I‘IeCKI/Iﬁ OIIBIT ACJIAT HAa TPU

Mepuoaa: HadaJIbHBIA, TJIABHBIM, KOHEUYHBIA. HemocpeacTBEHHO TOPEHHE UCCIENYEMOTO



BEIIECTBA MPOMCXOAMUT BO BpeMs TJIaBHOro mepuojia. M3mepenuwe temmeparypbl 10
U3y4aeMoi peakiuu (HadaJbHBIA TEpUOJa) W Tocie Hee (KOHEYHBIH TephoJ), Korjaa
U3MEHEHHE TeMIepaTypbl CUCTEMbI O0YCIIOBIEHO TOJIBKO TEIUIOOOMEHOM ¢ 000JI0YKO,
HEOOXOAMMO Ui BBIYMCIICHHS TOMPaBKA Ha TerwiooOMeH. B kaxmom U3 meproaos
MIPOBOJIUTCS] HECKOJIBKO OTCYETOB TEMIIEPATyphl uepe3 Kaxkabie 30 cekyHI.

[Tomumo TemmooOMeHa KaJlopuMeTpa ¢ 000JI0YKON Ha TEIIOBOM 3P PEKT H3ydaeMoro

Imponecca OKa3bIBarOT BJIMAHHUE U OOOYHEIE PCAKIIUMHA - CTOpPAaHUEC JKEJE3HOH UITH MGI[HOﬁ

NPOBOJOKH, C TMOMOIIBI0 KOTOPOH OCYIIECTBISIETCS TOJKHTAaHHWE HCCIETyeMOro
BEIIeCcTBa; OOpa3oBaHHE BOJHOTO pacTBOpa a30THOW KHUCIOTHI W3 TpUMeceil a3oTa,
CoJIepIKaIIUXCs B KUCIOpoae OOMOBI. B BEJTMUMHBI TEIIOBOTO 3HAYCHUS KAIIOPUMETPA U

OHEPruu CropaHus UCCIICAYEMOI'o BCUICCTBA BBOJAAT COOTBCTCTBYIOIIUC TIOIIPABKH.

II. SKCIIEPUMEHTAJIBHAS YACTD

1. Ammaparypa.

Jns  mpoBemeHusi dKCIepMMEHTa UcHoyb3dyercs kaigopumerp B 08 MA ¢
pEerucTpaTopoM U UGPPOBBIM BOJIHTMETPOM. Y CTPOHCTBO KaJOpUMETpa MPUBEICHO Ha

pucyHke 1.

8

Puc. 1. KanopumeTtp B 08 MA.
1. TepmomeTp ob6onoukn; 2.
TepMmomMmeTp KanopumeTpa; 3.
CTonopHbIi BUWHT; 4. KHonka
"HAIPEBATE/Ib OBOJIOYKWN"; 5.

Jlnuesass naHenb; 6. KHonka

"OCBETUTENb LLUKANbI"; 7.
KHonka "3YMMEP"; 8.
KOHTaKTHbIM TepMOMETP

obonoukn; 9. KHonka "CETb"; 10.
KHonka "MELUANKW"; 11. KHonka
"HATPEBATEJ1b COCYJA".




B kanopumerp BcTaBisieTcs KajJopuMmeTpudeckas 0omba, n30pokeHHas Ha puc. 2.

Puc. 2. KanopumMetpuyeckasa 6omba.

1. Kopnyc; 2. Kpbiwku; 3. HakugHas ranka;
4. Pe3nHoBad npoknagka; 5. Metannunyeckoe
konbuo; 6. Twurenb; 7. Tpybka pans

HaroJ/IHeHnSA KMCNOpOoAOoM; 8. CTepXeHb-

3/1eKTPOA; 9. Ckonb3sgwune BTYJIKW;

10. Tabnetka c©xuraemoro BeulectBa; 11.

MpoBonoka pana nogaxuraHumsa; 12. BeHTunm

ANs BNycKa M BbiMycKa Kucopoaa.

2. [ToaroTroBKa K NpoBEJICHUI0 KAJOPUMETPHYECKOI0 ONbITA.

a) Tepmocmamuposanue o060n0uku kKanopumempa. HeoOxomumo yOenutbcs B
HaJIMYKE BOJBI B 000JOYKe Kajopumerpa. Brirounts Tepmoctar. 3a 1-1.5 waca
Temmneparypa O0OOJIOUKM JOCTHTHET 3aJaHHoi Temmepatypsl (~27,3°C). Jlanee
MOCTOSIHHAS TeMIleparypa OO0OJOYKH OyJIeT MOANepKUBATbCd aBTOMATHUECKH. (OTy
4acTb pabOThI BHIIOIHAET COTPYIHUK MPAKTUKYMA. )

0) Iloozomoeka eewyecmea K coxcycenuro. IlopomkooOpasHbie BelECTBa TeEpen
C)KMTaHMEM IPECCYIOT B TaOJIETKU. DTUM YCTPaHSIOT ONACHOCTh PAaCHbIJICHUs BELIECTBA
npu cropaHud. TaGJeTKH MPUTOTOBISIOT B CTATBHOM IMJIMHAPE NPU MOMOIIM PYYHOTO
npecca. Hapecka BemectBa ~0.6 . Bo3MmoxHOe 3arpsisHeHHE TaOJIETKH YIAJSIIOT
MEXaHUYECKH OCTPBIM TIPEAMETOM (CKajiblielb, Je3Bue). TOYHBIA BeC TaOJETKU C
HCCJIelyEMBIM BEIIECTBOM ONPENENSAIOT 10 PA3HOCTH BECa TUIJIS C BELIECTBOM M IIyCTOTO
¢ tounocthio 70 0.0002 r. B3pemmBaroT xene3Hy0 Wiu MEAHYIO MPOBOJIOKY JTUAMETPOM
0.1 u mymnao# 60-70 MmM. KoHerr mpoBOJIOKH TIPOIEBAIOT Yepe3 oTBepcTue B Tadierke (11)

WM BIIPECCOBBIBAIOT B TAOJIETKY.



B) Iloozomoexa 60mobl Kk nposedenuto onvima. TabIeTKy C KEIE3HOW WU MEIHOMN
MPOBOJIOKOW TMOMEHIAIOT B 4Yalieyky OOMOBI (6), KOHIIBI TPOBOJIOKH TPOYHO
NPUKPEIUIIIOT K dJiekTpogaMm. Ha gHO OomObl momemaioT 1 r Boabl  (Y4TOOBI
HATNOJHSIOMUNA 00MOy KHCIOpOJ OBLI /IO OIMBITa HACHIIEH BOISHBIM MapoMm). KpblImKy
O0MOBI 3aBHHYHMBAIOT /O OTKa3a CHayalla PYKOH, a 3aTeM CIEHHUAIBHBIM KIIFOUOM.
Bentunu 60mMOb1 (12) OTKpBIBAIOT, IOBEPHYB Ha MOJI-000pPOTa MPOTHB YAaCOBOW CTPEJIKH,
¥ TIPW TIOMOIINM HAKUJIHOW TalKW COCIUHSIOT OJWH W3 BEHTWJICH (ITOMEYECH TOYKOW) C
KHCIOpOAHBIM OayutoHoMm. J[iist yaanenus n3 60MObI Bo3ayxa yepe3 Hee B TeueHue | MuH
MPOITYCKAIOT KHUCIOPOA. 3aTeéM HENMOMEUEHHBI BEHTWJIb 3aKPBIBAIOT M MEUICHHO (~2
MUH.) HAMOJHSIT OOMOYy KHCIOpoaoM. BeHTwium OOMOBI 3aKpBIBAIOT, 3aKpy4YHMBAIOT
TaK)ke BEHTWIb Ha peAyKTope OaioHa, 60MOy OTCOEAMHSIOT OT KUCIOPOIHOTO OallJIoHA.
HazeBaroT (hpUIIKU TOKOTIOABOISAIIMX MPOBOJIOB HA MITHIPHKU AJIEKTPOJIOB OOMOBI.

r) Iloozomosexka kanopumempa. boMmOy CTaBIT B KaJIOPUMETPUYECKHH COCY]I.
Kanopumerp HamodHsoT AUCTWIUIMPOBaHHON Bomoil. 3000 My BOABI OTMEPSIOT C
MOMOIIBI0O MEpPHBIX KOJIO W  aKKypaTHO, He pa3OpbI3ruBas, BBUIMBAIOT B
KaJIOpuMeTpudeckuii cocys. KamopumeTp 3aKkpbIBalOT KPBIMIKOW M CTaBAT B THE3/0
000s10ukM Kajopumerpa. lIpUCOeTUHSIOT KOHTAaKThl LENMU 3aKUTaHUS U pa3zbeM
HarpeBaTeisl KaJOPUMETPHUUECKOTO COCyAa. 3aKpbIBAalOT KaJOPUMETpP BMeECTE C
000JIOUKON BTOPOH KPBIIIKOW, BKJIIOYAIOT MEIIAJIKH, YCTAHABIMBAIOT IUIATHHOBBIC
TEPMOMETPBI  CONPOTHBIIEHUS B OTBEPCTUSl KPBIIIKA KaJlOpUMETpa. BKITIOYaOT

WU3MEPUTENBHYIO LIETIb.

3. IlpoBeneHne KAJ0OPHMETPHUYECKOI0 ONbITA.

Bony B kajmopumerpuueckoMm cocyze cieAyeTr HarpeTh noutu jgo 25°C. JlanHas
TeMIlepaTypa COOTBETCTBYET Moka3zaHusM BojbTMeTpa +0.54 B. B teuenue 15-20 mun
npudop BBIICPKUBAIOT JUTSt YCTaHOBJICHUS CTaOMIILHOTO TerI000MeHa
KaJJOPUMETPHUECKOTO COCY/Ia M 00010YKH. HaumHAIOT ONBIT MpU NOKa3aHUAX IHPPOBOTO
BosibT™MeTpa +0.76-0.77 B. OTcueTsl 10 BOJBTMETPY WM TEPMOMETPY MPOBOIAT uepe3

kaxeie 30 ¢ (TI0 TpeTheMy CUTHAITY 3yMMeEpa).



a) Hauanvuwtii nepuoo onsvima. B HavyalbHOM TIEPUOJIE€ OIBITA MPOBOAST
OIMHHAALATh OTcueToB. llomkuraroT BemiecTBO poBHO mpu 25°C Ha OIUHHAIIATOM
oTcyeTe. ITOT OTCYET CUUTAIOT HEPBBIM OTCUETOM IJIaBHOTO TIEPHOAA.

0) Inaeuviit nepuoo onvima. B rinaBHOM nepuone mnpoBogaT 20 OTCUETOB
temnepatypsl. llpu pabore ¢ HHPPOBBIM BOJIBTMETPOM HEOOXOAUMO BBITIOTHSITH
cnenyromee ycinoBue. Korma temmeparypa BoAbl B KAJIOPUMETPUIECKOM COCYyIe OBICTPO
Bo3pacTtaer (6-7 TEpBBIX OTCUYETOB TJABHOTO IEpHONA) JUIS YI00CTBA CUUTHIBAHUS
MOKa3aHWM BOJIBTMETpA MO TPETheMY CUTHaIy 3ymMepa Haxarh kHonky "ITYCK". Ilpu
ATOM IIOKa3aHUS BOJIBTMETPA (PUKCUPYIOTCS HA SKpaHe M UX JIETKO 3aIHMCaTh B IPOTOKOJI
onbITa. Ilocne storo Haxkate kHonky "IIEPMO/I" m 3atem mo crnenymoomemMy TpeTbeMy
CUTHaly 3ymMmmepa cHoBa HaxkaTh KHoONKy "[IYCK" u T.4.

6) Koneunwtii nepuoo onstma. B xoHeuHOM NEepHOJIE CHUMAIOT 15 0TCYETOB.

2) Ilo oxonuanuu onvima W3MEpUTENIbHBIE MPUOOPHI U MEIIAIKH KaJOPUMETpPa
OTKJIIOYAIOT, KaJlOpUMETp pa30uparoT, OOMOy H3BIEKAIOT U3 KaJOPUMETPHUECKOIO
cocyna. I3 60MOBI MEeIJICHHO BBIITYCKAIOT T'a3, aKKypaTHO MMOBOpadnBasi BEHTHIH. bomOy
OTKPBIBAIOT W YOEXHArOTCS B TIIOJTHOM CTrOpPaHWHM BemIeCTBA (€Cau BHYTPHU OOMOBI
OoOHapy»KeHbI cJe/bl HEAOTOpaHHs - Ca)a, KyCKH HECTOPEBILEro BEIeCTBa - OIIBIT
CUMTAETCS HEYIaBLINMCH).

J11s IpOBEJICHUS 8bICOKOMOYHBIX UMEpeHUti HEOOXOAUMO TaKXe coOpaTh U B3BECUTH
HECTOPEBIIYI0 YacTh NPOBOJIOKH. Pa3HOCTh Macchl NPOBOJIOKM /0 ONbITA U MOCHE
SBIISICTCSI MACCOM CTOPEBIIEH MTPOBOJIOKU U YUUTHIBAETCS TIPU PacyeTe SHEPTHH CrOPAHHS
uccieayemoro BemectBa. Kpome Toro, creHKn OOMOBI M BHYTPEHHIOIO MOBEPXHOCTH
KPBILIKK CJIETYET OMNOJIOCHYTh JUCTUUIMPOBAHHOW BOJOW M OTTUTPOBATH INPOMBIBHBIC
Bozbl 0.1 H pactBopom NaOH c ¢enondranenHom. Takum 06pa3oM MOKHO BBHIYHCIUTH
KOJIMYECTBO 0Opa30BaBIICHCS B XOAE OMNbITa a30THON KUCIOTHI M YYeCTh TEIUIOBOU

s ekt ee 00pazoBaHHS.

II1. 3BAITUCBb U OBPABOTKA PE3YJIbTATOB DKCIHEPUMEHTA

1. OmnpenejieHHe TEILIOBOI0 3HAYEHHS KAJOPHMETPA 10 CKHTAHWIO HM3BECTHOM

HABECKM CTAaHAApTAa — O0eH30#Hoii_Kuca0Thl. [Ipumep odopmieHHs pe3yibTaToB

KaJIOPUMETPHUECKOTO OIbITa U 00pabOTKHU pe3ysIbTaTOB MPUBE/IEH B MPUIOKEHUU.



Macca Turist mycToro ... T
Macca turisg ¢ OeH30MHONA KUCIOTOH ... T

Macca OeH30MHOM KUCTOTHI (Mpeysx.) ... T

Ta6nuuya 1. NpoToKON KaNOPMMETPUYECKOro OnbITa

HavdaJbHbIN IEPUOJ TJIaBHBIN TIEPHOJT KOHEUYHBIN TIEPUOJT
Ne [Toka3zanus Ne [Toka3zanus Ne [Tokazanus
oTcyera BOJIETMETpA oTcyera BOJIbTMETpa oTcyera BOJIBTMETpA
1 12 32
2 13 33
10 30 45
11 ...(ty) 31 . (tn) 46

Ilonpaska na mennooomen Beraucisercs no Gopmyie Penvo-Ildaynmiepa (mogpoduee
cM. [1]):
V.-V, (t, +t, &

o=nV,+" + > t,—n® 4
"o o | 2 Z 0 (4)

A€ 7 - 4YUCIO OTCYETOB B INIABHOM IMEPHO/IE OIbITA;
Vy - cpenunit xox «remmeparypsl» (IIOKa3aHWi BOJBTMETPA) 38 OJMH OTCYET B
Ha4yaJIbHOM MEPUOJIE;
V., - cpennuii xo1 «TeMIiepatypbh» 3a OJUH OTCUYET B KOHEYHOM MEPHO/IE;
G, - cpemnss «remmeparypa» KalOPUMETPUYECKOM CUCTEMBI B HAaYalbHOM
nepuojie (MmoycyMMa 3Ha4eHUH Ha IepBOM U OJJMHHA/IIIATOM OTCYETax);

6, - cpenHsis TeMIIEpaTypa KaTOPUMETPHUECKOM CUCTEMBI B KOHEYHOM TIEPHOIE;
t, - IOCIieIHee 3HAYCHUE «TeMIepaTypbl» B HAYaIHbHOM MIEPUO/IE;

t, - IOClieIHee 3HAYCHUE «TeMIepaTypbl» B IIIaBHOM IEPHOJE;

i=n—1
ti - CyMMa MOKa3aHuN BOJIBTMETpPA Ha BCCX, 3a HCKIKOYCHHUCM ITOCICOHECTO,
i=1

OTCUYCTAX IJIaBHOI'O II€pruoaa.




Hcmunnoe uzmeHneHue «memnepamypul»_B KaIOPUMETPUUIECKOM OMBITE (CM. (HOpMYITy
3):

Al‘zl‘n—l‘()—é‘:l}[—l‘u—é‘
Tennosoe 3nauenue Kanopumempa BeIYUCIAIOT 110 GOpMyJIe:

W — QﬁeHi‘.thr’/lﬁEHj‘.K. (5)

rae Oéens.. - TEIIOTA CTOPAHUS YTAIOHHON OeH30MHOM KucnoTs (JIxk/T);
Mgens.i. - Macca OEH30MHOM KUCIIOTHI (T);
At - ICTUHHOE M3MEHEHUE KTEMIIEPATYPBI» KaJOPUMETPUUECKOM cucteMsl (B).

PaccunTaHHble 3HaUCHUE 3aHOCST B Taﬁnnuy 2

Ta6nuuya 2. PacyeTt nonpaBkK Ha TenJ1006MeH N UCTUHHOIO U3MEHEHUSI TeMNepaTypbl

n, YUCII0
OTCYETOB B Vo, V., e, e, to, t,, 1’:’7—1t 0, At
TJIABHOM B/orcu. | B/otcu. | B B B B il B B
nepuose

2. OnpenesieHHe SJHEPTUMH CTOPAHUS OPraHHYECKOro BellecTBa (IJIMIepHHA).

HpOBO,I[SIT OIIBIT IO CXXHUIaHHUIO TJIMLOCPHUHA B KaﬂopHMeT‘queCKOﬁ OoMOe U 3aIoJHSIOT

Tabymiry 3 (MMPOTOKOJT OIBITA)

Ta6nuua 3. MPOTOKON KANIOPUMETPUYECKOro OMnbiTa

HavyaJbHbIN IEpUOJ TJIaBHBIN NIEpHOJT KOHEUYHBIN NIEpHoJI
No ITokazanus No ITokazanus No ITokazanus
oTcueTa BOJIbTMETpA oTcyeTa BOJIbTMETpA oTcyeTa BOJIbTMETpA
1 12 32
2 13 33
10 30 45
11 . (ty) 31 () 46

Ilo JaHHBIM Ta6J'II/II_II>I 2 PaCCUUTBIBAIOT TEPMOANHAMUYCCKHUE BEIIMYMHBI U 3aHOCAT UX B

tabymiy 3 ( pacmudpoBKy o003HaYeHHH cM. B hopmyrax 5,6,8,9):



Ta6nuua 4. Pe3synbTathl onbiTa

Meg-ga Myp. At AW —Au —A.U, -AH, A/’Hm
r r B Jox/B | JIx/r | x[bx/mons | xJbx/mons | KIDK/MOIb

Macca Turis mycToro .. T
Macca Turis ¢ riIuIepuHOM .. T
Macca raunepusa (my) .. T

Hzmenenue «memnepamypor» At paccumteiBator 1o (dopmyne (4) kak B
MpeabIyLIEM PUMEpPE JIsl OTPEICNICHUs TEIJIOBOr0 3HAUE€HUs KaJIOpUMETpa.
Yoenvnaa snepzus ceopanus —A.M OPraHUYECKOr0 BEIIECTBA BBIYUCIACTCS 110

bopmye:

“-Au=0Q0, =—— (6)

X

rie W - remnoBoe 3nauenue kanopumerpa ([Ix/B);
At - iCTUHHOE U3MEHEHHE TEMIIEPATYPHI KAJIOPUMETPHIECKON cuctemsl (B);
m, - Macca uccieayeMoro BemiecTna (T);
Monwvnasa 3nepeusa ceopanusa AU, paBHa TNPOU3BEACHUIO YJCIBHONH AHEPTUU
CropaHus Ha MOJICKYJSIPHYIO Maccy BemiecTBa (i rmmnepruaa My, = 92.0944 r/momb).
Monvnas snmanvnus czopanus A.H, VMCCIETOBAHHOTO COEIUHEHUS BBIYUCIACTCS
o gopmyiie:
AH, = AU, + ApV) = AU, + AnRT (8)
rne  A.U,, - MmonbHas oHeprus cropanus emiectsa (k/k/Mob);

An - u3MeHeHre KOJIMYECTBA ra3a B X0JI€ Peakiu (MOJb);
R - ynuBepcanpHas razosas nocrosinuas (8.314 J[x/monb-K);
T — remmnieparypa. Pacuer npoBojaurcs juist Temreparypst 298.15 K.
Jl1g peakuuy ropeHnst OpraHun4ecKoro COeMHEHUs
CaHpO(x. mnm TB.) + (at+b/4—c/2) O,(r) = a CO,(r) + b/2 H,O(k)

HN3MCHCHUEC KOJIMYCCTBA I'a3a B X01€ pCaKIIUU:
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An =n(2as, npood.) — n(2as, ucx.) = c/2—b/4 (7)
B wactHOCTH, /U1 peakuy TOPEHNs TIIUIepHHa
C3H303(x) + 3.5 Oa(1) = 3 COx(1) + 4 H,O(x)
M3MEHEHHE KoJu4ecTBa raza paBHo An =3 — 3.5 = —0.5 monb
Monvnas snmanvnus oopasoeanusn Add,, viccne0BaHHOro CoeIMHEHNs PaBHA:
AH,y = a-AH,(COs, 2) + b/2- AH,(H>0, orc) — AH,, 9)
rne @ u b/2 crexnomerpuueckue kK0o9GPUIMEHTH YpaBHEHHS CTOPAHHS;
Ad1,(CO;, 2) suranbnms obpasoBaHus auokcnza yriaepona (—393.51 kJbx/Moib mpu
298.15 K);
Ad1,,(H,0, 1c) sutanbnust 06pasoBanust Kuakoi Bogs! (—285.83 kJk/Monb mpu

298.15 K).

O1eHKAa BeJIMYHHbI MOTPELNTHOCTH M0JIVUYEHHOI0 Pe3YJIbTATA

CrnyuaiiHast ommOKa B KaJJOpUMETPUUECKUX M3MEPEHUSIX CKIIA/IbIBACTCS B OCHOBHOM
U3 Tpex BenuuuH: 1) omunOka B 00beMe HaJTMBACMOM B KaJIOPUMETPUUECKUIN COCY /T BOJIBL;
2) ommOKa B3BEIIMBAHUS BEIIECTB; 3) OMIMOKA B U3MEPEHUH TEMIIEPATYPHI.

B nacrosimieit pabote nepsast ommbka cocraiser 0.1-0.2%; Bropas — 0.0001-0.0004
r (mpu HaBecke BemecTBa 0.48 r ommoOka 0.02-0.08%). Tperbsa - 0.0002-0.0004 B (mpu
M3MEHEHHH HampshkeHus B xoae peakuuu Ha 87 B ommbka 0.02-0.05%). MakcumanbHas
omnOKa OIbITA MOIYyYaeTCs CyMMHPOBAaHUEM TPeX BEJIUYMH. B morpemHocTs onsIToB 1o
OTIPE/IETICHUIO SHTAIBIIMKA CTOpPaHMsI MCCIEAYEeMOro BEIEeCTBAa BXOJUT M IOTIPEHIHOCTb

OMpeacCICHUsA TCILJIOBOI'O 3HAYCHUA.

IV.IIPEACTABJIEHHUE PE3YJIbTATOB PABOTbBI
Ot4er 0 paboTe TOKEH BKIIIOYATh:
1. Kpatkoe ommcanue paOOThl C MPUBEICHUEM YpPaBHEHUU peakiuii u Gopmyd, 1Mo
KOTOPBIM OYyAYT IPOBOJUTHCS BCE PACUETHI.
2. IIpoTOKOJIBI KaJIOPUMETPUUECKUX OIBITOB IO OINPEIEICHUIO TEIUIOBOTO 3HAUEHUS

KaJIOpUMeTpa U SHEPTHU CTOPAHUSI OPraHWYECKOTO BEIIECTBA, 3aHECEHHbIE B TaOMUIBI |

u3.
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3. TabGauiy 2, cocTaBIeHHYIO U3 JaHHBIX MPOTOKOJIA KaJJOPUMETPHUUECKOTO OIbITa, U
pacuer NONpaBKM Ha TEMIOOOMEH O M MCTMHHOTO M3MeHeHus Temneparypbl Af. Jlns

OINBITA TI0 ONPEIEIEHNIO TEMJIOBOTO 3HAYEHHS KAIOPUMETpPA NPUBECTH 3Hauenue W,
4. Pacuer yielbHOW U MOJILHON 3HEPTUU CrOPaHus, MOJIbHOM SHTAJILIIMKU CTOPaHUS U
MOJIBHOM 3HTANILIIMK 00pa30BaHusL; PE3yJIbTAThl TOJKHBI ObITh 3aHECEHBI B Ta0IHILy 4.

5. OneHKy NOrpeuIHoCTH.

JlutepaTtypa.
[1] B. I1. Konecor "OcHoBsl TepMoxumun" M.: MI'Y, 1996, 206c¢.

[2]. CkyparoB C.M., Konecos B.I1., BopoOseB A.®. "Tepmoxumus", Y. I u II, M.:
MI'V, 1964, 1966.

[3]. "Tepmuueckue koHcTaHThI BeuiecTB" o pen. I'mymko B.I1. Bemycku I-X, M.:

BUHUTU AH CCCP, 1965-1982.

NPUJIOKEHUE. Ilpumep KajJopuMeTPU4YECKOr0 ONbITA W oONpeae/ieHue
JHTAJIBIIUM CTOPAHUS U 00Pa30BaHNs IJIMIEPUHA.

OmnpenenieHre TEIUIOBOTO 3HAYCHUS KAIOPUMETpa M0 CKUTAHHIO M3BECTHON HABECCKH

cTagaapra — OEH30MHON KMCIOTEI

Macca Turist mycToro 45114 r
Macca Turasa ¢ 6eH30HHON KHUCIIOTOM 49901 r
Macca 6eH30MHOM KUCTIOTBI (Mgeys.x.) 04787
Macca Fe-npoBosioku 1o omnbita 0,0042 r
Macca Fe-npoBoJioku mociie onbita 0,0003 r
Macca cropesiueii Fe-mpoBonoku (m1,,) 0,0039r

[Tocne ompbiTa HalijieHO TUTpoBaHUEM B cMBIBHBIX Bojiax (0,0000067 mons HNOs3.

Tab6numua 1. MNpoToKoN KaNoOpUMETPUYECKOro OnbiTa

Ne ITokazanus Ne ITokazanus Ne ITokazanus
oTCcUeTa BOJIbTMETPA oTcueTa BOJIETMETpPA OoTCUeTa BOJIbTMETPA
1 0.7676 12 1.0608 32 1.7079
2 0.7705 13 1.4217 33 1.7098
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Ne [Toxa3zanus Ne [Toka3zanus Ne [Toka3zanus
OTCYEeTa BOJIETMETpA OTCcUeTa BOJIETMETpA oTcyera BOJIETMETpA
3 0.7736 14 1.5465 34 1.7116
4 0.7766 15 1.6043 35 1.7135
5 0.7797 16 1.6364 36 1.7154
6 0.7827 17 1.6556 37 1.7173
7 0.7856 18 1.6678 38 1.7191
8 0.7887 19 1.6759 39 1.7210
9 0.7917 20 1.6813 40 1.7229
10 0.7947 21 1.6853 41 1.7248
11 (2p) 0.7976 22 1.6884 42 1.7267
23 1.6908 43 1.7286
24 1.6930 44 1.7305
25 1.6950 45 1.7324
26 1.6969 46 1.7344
27 1.6987
28 1.7006
29 1.7024
30 1.7042
31 (t,) 1.7061
Pacuer nmonpaBku Ha Tem1000MeH 1o ¢popmyie Perpo-Ilpaynmiepa:
V,-V, (t,+t,
5 nVO+®n_®O( 5 +;t,. n@oj 4)

II€ 7 - YUCJIO OTCYETOB B I[JIaBHOM IIEPUOJIE OIIBITA;
Vo - cpennuii Xxo TemMmepaTyphbl 3a OJIMH OTCYET B HA4YaJIbHOM MEPUOJIE:

t,—1, _0.7976-0.7676

V, = =0.003000 B/otcuer
10 10
V, - cpemHHI X0/ TeMIIepaTyphl 3a OJIMH OTCYET B KOHEYHOM HEPUO/IC:
L, —1t . —1.
y o=l = 1.7344-1.7061 0.001887 B/otcuer
15 15
6, - cpeqHss TeMIepaTypa KaJopHUMETPUYECKOH CUCTEMBI B HA4aJIbHOM IIEPHO/IE
HOJTIyCyMMa TIEPBOTO ¥ OJTMHHAIIATOI0 OTCYETOB):
( )
0 - t,+t, 0.7676+0.7976 07826 B
©2 2 '
6, - cpesiHss TeMIiepaTypa KaJOpUMETPHUUECKOH CHCTEMbI B KOHEYHOM TIEPHO/IE;
o - Ly +13  1.7061+1.7344 _ 172025 B
n 2 - - *
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i=n—1

i=1

ti - CymMmMma MTOKa3aHUH BOJBTMETpAa Ha BCEX, 3a HMCKIIOYCHUEM IIOCJICIHECTO,

OTCUCTAX IJIaBHOI'O II€pruoaa:

i=n—1

Zti =1.0608 +1.4217 + ... +1.7024 + 1.7042 = 30.9056 B

i=1

v

_0.001887-0.003000

e -

n

n-@y=20-0.7826 = 15.6520 B

VO
0,

1.72025-0.7826

n-Vy=20-0.003000 = 0.0600 B

t, +1,

— t31 +t11

_ 1.7061+0.7976

2

2

=-0.001187 1/orcuer

=1.25185 B

0=10.0600 —0.001187 - (1.25185 + 30.9056 — 15.6520) = 0.0404 B

HctuaHoe u3MeHeHne TeMIiepaTyphl B KATOPUMETPUIECKOM OIbITe (CM. hopmyity 3):

At=t,—tpy—o0=1t3—t;;—0=1.7061 — 1.7976 — 0.0404 = 0.8681 B

Ta6bnuua 2. Pacuer nonpaBkKn Ha Tens006MeH N NCTUHHOIO M3MEHEHMUS TEMNeEpPAaTypbl

n, 4Yucio
OTCUCTOB
i=n-1
B Vo V, e, e, ty t, Z; o At
i=1
TJIaBHOM
nepuoac
21 0.003000 | 0.001887 | 0.7826 | 1.72025 | 0.7976 | 1.7061 | 30.9056 | 0.0404 | 0.8681
TenyioBoe 3HAYEHHE KaJOPpUMETPa BBIYUCIIAIOT I10 (1)OpMy.]'Ie:
Qer—wk “Mers.x +Qn m, +q
W — 6eH3.K. 6eH3.K. p. p. HNO3 (5)

At

rae Opens.x. - TETUIOTA CTOPAHUS ATAJIOHHOW OCH30MHOM KUCIOTHI (26435 JIx/T);

Mgens.x. - Macca OCH30MHOM KUCIIOTHI (T);

Qyp. - TEIIOTa cropaHus npoBosioku (7328 JIx/T 1is xKeae3HOH MpoBOJIOKH, 2452

JIK/T 1uTst MEITHO# TIPOBOJIOKH);

My, - Macca MPOBOJIOKH (T);
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qHNo3 - TIOTIpaBKa Ha TETUIOTY 00pa30BaHUs BOAHOTO PAacTBOpA a30THON KUCIIOTHI
U3 a3ora, Kuciaopoga W Boabl, 59.8 k/lx/monb; xomuuectBo HNO; HaiimeHo
TUTPOBAHHEM,;

At - ICTUHHOE U3MEHEHHUE TeMIIEPaTyphl KaIOpUMETPUIECKOi cuctemsl (B).

26435-0.4787 +7328-0.00369 + 59800 - 0.0000067

W =

=14609 Ix/B
0.8681

OtmetuM, uTo 0Oe3 ydera TemioBOro 3¢deKkra CropaHus MPOBOJOKH U 0Opa3oBaHUS

a30THOM KHCIIOTHI TEIIJIOBOE 3HAUCHHUE KaJIOpUMETpPa COCTABUT:

W 26435-0.4787

=14577 x/B
0.8681

OnpenesieHne 3 HEPTHH CrOPAHUSA IJIMIIEPHHA.

Tabnuua 3. Pe3synbTathl onbiTa

M.6a My, At AW | Oppyy | quyos | —Acu =AU, —AH, Add,

r r B /B Jox Jox Iox/r | kJlx/moms | x[bx/mMons | KJLK/Momb
0.7086 | 0.0035 | 0.8715 | 12731.7 | 25.6 0.5 17931 1651.3 1652.5 —671.4
Macca Turist mycToro 45114 r
Macca Turnis ¢ TIIMLepuHOM 5,2200 r
Macca raunepuna (m,) 0,7086 T
Macca Fe-npoBoJioku 10 onbITa 0,0039 r
Macca Fe-npoBoJiokH 1ociie onbita 0,0004 r
Macca cropesuueii Fe-mpoBonoxu (m1,,) 0,0035r

[Tocne ompiTa HaliieHo TUTpoBaHueM B cMBIBHBIX Bojiax (0,0000080 mons HNO;.

H3meneHnne TemMnepaTypbl paccuuTaHo 1o ¢opmysie (4) Kak B IPEIbIAyIIIEM IpuMepe

JJIA OIIPEACIICHUA TCIJIOBOT'O 3HAUCHU A KAJIOPUMETPA!

At=0.8715B

Y nenbHast SHEPTHsl CrOPaHUS OPTAaHMYECKOTO BEUIECTBA BEIUUCIISIETCS IO (hopMyIie:

W ’ At - an. ) mnp. - qHNO3

—Au= =

c

m

X
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_14609-0.8715-7328-0.0035-59800-0.0000080
0.7086

=17931 Jlx/r (6)

MoabHasi YHEPrus CropaHus paBHA IIPOU3BCACHUIO y,[[CHBHOfI OHCPIrun CropaHuvusd Ha

MOJIEKYJISIPHYIO Maccy BemiecTBa (A rmnepuHa My, = 92.0944 r/mons):
—A Uy = -Aau - Mm = 17931 - 92.0944 = 1651.3 x>x/M07b

Jl1g peakuuy ropeHus riaulepuHa

C3H3O3(x) + 3.5 Oa(1) = 3 COx(1) + 4 H,O(x)
M3MEHEHHE KoJInuecTBa rasa pasHo An = 3 — 3.5 =—-0.5 monp

MonbHas SHTAJIbNUS CTOPAHUS TIIMLEPHUHA BHIUUCISAETCS IO hopMyIie:
AH, = AU, + ApV) = AU, + AnRT=

=-1651.3 + (—0.5)~8.3l4~10'3~298.15 =-1652.5 x/]x/Mo0Ib

MoJibHast D)HTAAbIIHA 06D330B8.HI/I$I TIIMOCPHHA paBHA!
Ame = 3Ame(C02, 2) +4'4;Hm(H20, DfC) - Achz
=3:(=393.51) + 4-(-285.83) — (—1652.5) = —671.4 kJ[K/MOI®.

Ad,(CO», ) suTanbnus odpa3zoBaHus Auokcuaa yriaepoaa (—393.51 x/[x/moib);

Ad,,(H>0, oic) dHTanbnus 00pasoBaHus xKUAKON Bojbl (—285.83 kJx/Mob).

OHCHK& BCJINMYHMHBI ITOTPCIIHOCTH ITOJYYCHHOI'O PE3YyJIbTAaTa.

CnyuaitHast ommOKa B KaJIOpUMETPUUECKUX M3MEPEHUSIX CKIIAIBIBAETCS B OCHOBHOM
13 Tpex BeMu4uuH: 1) ommbka B 00beMe HATMBACMOW B KaJJOPUMETPHUECKHUIA COCYT BOJIBI;
2) ommOKa B3BEITMBAHUS BEIIECTB; 3) OMMOKa B H3MEPEHUH TEMITEPaTyPhI.

st ombITa MO ONpPENeNCHHI0 TEIUIOBOIO 3HAYECHHUS KaJlopuMeTpa IepBas ommOKa
cocranisier 0.1-0.2%. Bropas - 0.0001-0.0004 r, npu HaBecke BemecTBa 0.48 r ommdka
0.02-0.08%. Tpetps - 0.0002-0.0004 B, npy n3MeHEHUH HAIIPSDKEHUS B XOJ€ peaKkiK Ha
87 B ommbka 0.02-0.05%. MakcumanbHas ommOKa BEIMYMHBI TEIUIOBOTO 3HAYCHUS
kajopumerpa 6=0.2+0.08+0.05=0.33%.

Jlyis ombITa MO ONMpPENENICHUIO YHEPTUU Cropanus riaunepuHa. [lepsas ommoOka - 0.1-
0.2%, Bropas ommbOka - 0.02-0.10% (HaBecka 0.41 r), Tperhs ommobOka - 0.03-0.05%
(m3menenune HampspkeHus 87 B). Makcumanpnas ommbOka 6=0.2+0.1+0.05+0.33=0.68%
(ommOKka BKJIIOYAET TAKXKE TIOTPEIIHOCTh  ONPENCICHUS TEIUIOBOIO  3HAYCHUS

KaJIOpUMETPa).
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