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BBEJEHHE

KasopumeTpus SABAASTCA OffHUM U3 Ba@HEAWAX METOJOB MpaKTHYEC-
KOif TepMOJUHAMHEM, CYTh KOTODOrO COCTOUT B NDAMOM MU3MEDEHWH KOJIU-
yecTBa TEIUIOTH, BHUEJMBUEACA WY MOTJIOTUBNEACH B pesynbTaTe TOr'O
WA MHOTO MpOLIeCCa BHE 38BHCHMOCTM OT ero NpUPOAH. OGHEeKTOM Kaio-
DUMETDMUECKOT'0 SKCIEDUMEHTa MOTYT CJYEMTH JOOHE NDOLECCH, COmpo-
BOEZapmuecs nepexofjauy DPasHOOGPA3HHX BUJOB SHEPI'WM B BHEPruw Ter-
JIOBYD. OTUM OGYCJOBJIEHd YHUBEPCAJLHOCTH METOfa KAaIOPUMETDUH U
0co60e MECTO, BaAHMMAEMOE MM B COBDEMEHHOW HayKke M TeXHUEE.

PacueT TepMOJMHAMUUSCKUX MOTEHIUAJNOB AJA PasHOOGPa3HHX Tep-
MONWHAMMHUYECKMX CHCTEM, NOCTpPOeHMe ($as3OBHX AUarpauu RJA CHCTEM
pasIMuHOf NMpUPOAH, ONMpefeieHHe KUHEeTHUECKHX MapaueTpoB WUPOKOro
Epyra XMMUUECKEMX MDOLECCOB, aHaNW3 MpOLEecCcoB B MYHEpaJax W noau-
Mepax, UCCAe[OBaHHE HEKOTODHX ACMEKTOB EU3HENeATEeNHbHOCTH RMBHX
OpraHW3MOB - BOT JaleKO He NOJHHW/ nepeueHb BOBMOEHHX NPYMEeHEeHUR
MeTOa KaNOpWUMETDUH.

B cBfA3M C TeM, UTO MHpopMalWfA, MOJy4YEHHAd KaJODHMETDHUCCKHM
METO[OM, MUPOKO HCMOJb3YETCA B COBDEMEHHOH HayKe M TEeXHWRE (B ua-
CTHOCTH, B 2JEKTDOHMKE, MATEDUalOBEJEHWA, SHEPreTHKe, DaKeTHO-
KOCMUUECEORl TEXHHWKEe), COBDEMEHHHH MHEEHeD HOJEeH BIajleTh Ga3OBHM
o6beMoM 3HaHWA B 2TOH o6racTu.

B nepBofl uacTH yueGHOr'O MOCOGHMA PACCMOTDEHH OCHOBHHE MpPUHLMA-
NH peanu3alud EaJODUMETDMUSCEOTO DKCNEDUMEeHTa ¥ KOHCTDYKLUWY Hau-
6oJee MMPOKO NpUMEHAEMHX EajJopuMerpoB. Bo BTOpPO# uacT - O&HO
OnUCaHue NMpaKTUYECKUX BaJau, NPENHASHAUEHHHX JJif BHIIOJHEHUA CTY-
HeHTauu, C WCNOJB30BAaHMEeM KajopumeTDnu KanbBe - OJHOrO U3 HauGo-
jee MEepCHEKTHBHHX METOJOB COBPEMEHHO! KalOPUMEeTDHM. [IupoKuii BHGOD
npefJiaraeMHx MNpaETAYECKAX DAGOT WILIDCTPUDYET MUDOKUE BOBMOEHOCTH
KaJopUMEeTPUYECKOro MeToja.

J1f yCIemHOrO OCBOEHMA MaTepuaja HeoGXONMMO MDEeABapHTeNBHOe
O3HAKOMIEHME C pasjelamu 6a3oBoro kypca "XuuMuMuecKas TepMOAuHaMy-
Ka", "®asoBHe paBHOBecua", "CBOACTBa pacTBOpoB"”, "Xumuueckas EdA-
HeTuKa" .

I. OCHOBH KAJIOPHMETPUH

TepMuH KAJODUMETDHUS O3HauaeT "usuepeHue remioTH". Kanopuuer-

pust ABAAETCH OJHOW ¥3 PABHOBMNHOCTEY TEDUUYECKOTO aHANN3a.
CornacHo onpefieneHnn HayuHOTO COBETa M0 TEPMUUYECKOMY aHAJIM3Y
AH CCCP (PAH), Tepuiueckuii axaius (TA) - MeTOn HCCIENOBaHUA TU3U-
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KO-X:INHUECKUX U XUMAUESCKAX npenpal.ﬂﬁl. NPOKOXOMIIMX B BemecTBe B
VCJOBMAX NPOTrPauMMypPOBAHHOIO M3MEHEHUA TOMNOPATYPM, [lpoueccu, uuen-
Hde TEIUIOBYD NPUPOAY, DErMCTDUDYRT M0 OTKJIOHOHMAM CKOPOCTY Harpesa-
HiuA (oxnmamgeHusa) BemecTBa OT 3aJAHHOA MporpaMmuu. Meronod TA oGHa-
pyEUBapT caM (QaxT NMpoTexaHWsA npolecca, TeMneparTypHuii uHTepBad, B
KOTODOM OH MDOMCXOAMT, €ro dHJO- WJIM SK30TEepMUUYECKui xapaxTep.
CoBMecTHO ¢ TA MOrYT NMDOMSBOJWTHCA WU3MEDEHHE W DPErucTpauus JOOHX
(DUIUYECKUX WIM (U3MEO-XMMAUECKMX XaDAKTEDUCTHK BENEcTBa B LeAAX
YOTAHOBJOHMA NPMPOAN Habaoaaemoro npouecca. Takoe coueTaHde MeTO-
J100 HAGMBADT KOMIVIGKCHHM TEDMUUECKUM aHANM3OM. B oTeuecTBeHHOH
TOXNHUOCKON JAuTepaTYPe HAPALY C TepuuHOoM TA paHee Takme UCIOIB3OBa-
AW TOPMMN TODMOIDADMA .

lpeAcTaMIAeToN, YTO NPUDO/OHHO® onpesesende TA B aHauuTeNs-
HOA OTONONM CymAOT O6AACTH OI0 MCNONBIOBAHMA, MOCKOJbKY yKasuBaer
HA TOMNOPATYDY RAK OAMNOTHONNOO MOMODAGMO® B DKCMNEPUMOHTE cBoicT-
O (OOJM JANNNA DICTODUMENT HEO ABIAGTCA KOMIJIOKCHHM). Corzacho
DTOMY ONPOAGJOHUID, KAJODUMOTDUA HO ABJAGTCA METOJOM TA.

B coppemennoft nayusoll iureparype nox repuuHom TA nojspasymena-
OTCA W JpYIrMe MeTOAH, CBABAHHNe C perucrpauued B BMOe KDUBHX TeM-
nepaTypHHx sasucumocTell pasHOOGPa3HHX TEPMOPU3MUECKHX [apaMeTpoB:
repuorpapumerpus (Tr), nepusarorpadus (Bapuant TA, COBMEmaDmMIA
TEPMOIDABUMETDHD M nuddepeHIMalbHYD TepMOrDadup), IWIATOUETDUS,
rasoMeTpssi, TEDMOMATCHUTOMETDHS, TEDMOONTHUECEWE MeTONH,DasHO06pas-
HHE KaJODUMETDUUECKHE MEeTORH U ADYyTIHue.

B mpouecce TA NpPoMCXOAMT OOMEH TEILIOBO/ 2Hepruei Mesny oG-
DasLoM M €ro OKPyXeHMeM, ¥ NOoJydYeHHHe KDUBHE TEeDMUYECKOro aHay-
3a, PervcTpUpypiye COOTBETCTBYDNUE TEMJIOBHE 2QJEeRTH, WUHTepnpeTn-—
DYDT Ha OCHOBE 3aKOHOB TEDMOLVMHAMAKH.

BupgeJeHue KalopUMEeTDUM W3 ADYTMX BUIOB TEDMUUECKOI'0 aHaIusa
CBA3aHO, BO-TIEPBHX,C TEM, UTO M3MEpPAEMO BEJMUMHOH B KaJOpUMETDUM
SBJAAETCHA TEIJoTa, T.8. KOJAUSCTBO DHEDI'MH, KOTODHM OOMEeHuBaeTcsd B
TeueHMe JAHHO'O MHTEDBAaJa BPEeMEeHM HCcciaefyeMuil obpasel] U ero OKpy-
seHie B (opMe TEIIOBOrO MOTOKA. BO-BTODHX, M0 cBoeid cyru (3To
BUHO JaZe U3 Ha3BaHWsA) KajJopUMeTDUA ABIAETCA KOJUUESCTBEHHHM Me-
TOLOM.

[l1A ¥3MeDeHMA TEeJIOTH, Bh[eJAeMOd WY MOIVIONAeMOd B DassuyHHX
npoleccax, MCroNb3ynDT MPUGODH, Ha3HBaeMHe EaJOoDUMeTDauu.
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I.I. YCTDOWCTBO KaJOPUMMETDOB.
PezuMH KaJODUMETDUUECHUX WU3MepeHui

[NaBHHMM COCTABHHMM UACTAMM JGOH KaNODAMETPUUECKOH YCTAHOBEM
ABAADTCA KaJOpDUMETDUYECEAd cuhcTema 4 o6osouka. Kaaopumerpuyeckas
CHCTEMA MOZET COCTOATH M3 OJHOrO, IBYX WIM GOJbNEro uucla abcoJnT-
HO WJEHTUYHHX MO ['EOMeTDUM DACIOJONEeHHMA W KOHCTDYKLMMA KaJODUMET-
puueckux cocynoB. [lof TepMuHOM "“KaJOpUMETpUUECKUid cocyn" noapasy-
MEBADT COBOKYIHOCTH DAa3HOOGDA3HHX AeTaleil: KOHTEHHEepOB JJiA pasMe-
meHUsA MCClelyeMHX U 2TaJOHHHX 006paslioB, DPasHOOGPa3HHX JaTuWKOB
(HanpuMep, TEPMOAHAINTHUECKUX SUeeK), a Takme APYyrux uacreil (Han-
puMep, crefamux ycTpoicTB aufdepeHLManbHON CHRAHUpynEE# KaJopUMET-
pu#) . COBORYNHOCTH KaJNODUMETDUUECKUX COCYHOB HOCHT Ha3BaHWe KaJo-
puMeTpUYECKOod cHcTeMH. OGHYHO, MNpPY HaJuuuA GoJee ueM ONHOr'0 Kajlo-
DUMETPHUECKOr'0 COCYAa B KajJODUMETDPE, NPOCTPAHCTBEHHO OHM DACHOJOXe-
HH MOGAM3OCTH JPYr OT Apyra.

flog TepmuHOM "oGoNOuKa" NoppasyMeBanT uYacTh KalOpUMETDa,
DYHKLMOHANPHO OTHEJIEHHYD OT KaJODUMETPAYECKOW CHCTESMH, TeMneparypa
KOTODO/ NMpOrpaMMUpyeMHM O6pa30M MeHAeTCA BO BpeMeHu. 0GOJOURa
JOJNEHA TarkEe oGecneuuBaTh XOPOMMUH TEMJOBOA KOHTAKT KajlOpUMEeTpH-
UECKHUX COCYNOB Mexny co6oii. YacTs 060JOUEM, HENOCDPENCTBEHHO MNpU-
MHKAbOyD K KOHTefiHepaM 06pas3lLiOB, YacTO Ha3HBAWT KaJOPUMETDUUYECKNM
GJIOKOM WM NPOCTO GAOKOM. B COCTaB OGOJOURM KDOMe GJOKA MOryT
BXOLATE DasHOOGpasHHe TeIUIoBHEe DKDAHH, TEDMOCTATH, Orpasjanmue
KaJOpHMMETPUUECKYD CUCTEMY OT HeHEeJaTelJbHHX TEelUIOBHX MOTOKOB B OK-
pyEapmee MpPOCTPaHCTBO. [0 OTHOWNEHHD K KAJIOPUMETPUUECKOA cHcTeue
060JIOUKa HOJEHA BHCTYNATh B DOJIH TEIUIOBOr'O De3epByapa, T.e. JnOHe
OTHJIOHEHUA B patoTe KajoOpUMETDMUECKON CHCTEeMH OT MPOrpaMMHO 3afaH-~"
HHX HE [JOJIZHH BH3HBATh CKOJBKO-HUGYHNb 3aMETHHX BO3MymeHuid B 0Go-
JIOUKE .

[lpy A3MEHEHUH TeMnepaTypH OGOJOUKRA BCJENCTBUE TEIIOOGMEHA
MEeHAeTCA M Teudneparypa ofpaslia. B ymGoM KajopuMeTpe O60JOYEa U
KaJiopuMeTpUUECKaa CUCTeMa pasfiesieHH B [POCTPaHCTBe, [puueM pas-
JWUYHHE BJEMEHTH KajopuMeTpa, TakKue KaK YCTpoiicTBa LA U3MEDeHUA
TeMnepaTypH, MemalKa, 430JATODH TepMomap ¥ HarpesaTeJseid, pacnoJo-
KeHH KaKk B KaJOPUMEeTDUUECKO# CHCTeue, Tak M B o6ojgouke. YacTu
3TUX YCTPOHCTB, KOTODHE HAaXOOATCA BHYTDU KaJOPHMETPHUECKOH cucTe-
MH MY [€PECEKanT ee IDAHUUH, T.e. MPUHUMANT yuyacTHe B TemiooOMe-
He, OTHOCATCA COGCTBEHHO K KAJODAMETDUUECKOW cuUCTeMme. PemuM, Opy
KOTOPOM NPOBOLUTCA KAJIODUMETDAUECKOEe WCCJEeNOBaHue, 3aBUCUT OT




yCTpOficTBa 060JOUKY KajJopuderTpa. i KAJIOpUMMOTDON, padoraonuuX B
pasJuUHHX peauMax, TEepPMOCONpPOTUBJIEHUE R.r MOM/LY KAJIODYMETDUYECKOK
CHCTEeMO#A ¥ O0OCOQJIOUKOH Da3JuuHO. BHAEAANT CJAGJAYONUEO OCHOBHHE DEZU-
MH KaJODMMETDUUECKMX W3MEDEeHWA: HUSoTepMUueckufl, ajuadarTnyeckui u
ugonepubonuueckudd (puc. I.I).

Puc. 1.I1. [lpyHUMNUanbHaf CXeMa, WIIDNCTDUDYDEAA DeEMMH
KaNOpUMETDHUECKAX HaMepeHuii: I - OKpyEawmas cpeja;
2 - 060JIOUEa ¢ Temrnepatypod 7, ; 3 - KaJOpUMETDH-—
yeckuil cocyj ¢ Temneparypo# Tﬁsm ; 4 - TepMuueckoe
conporusierre R, ( MBOTEDMAUECKHA DEXMM: 75 =
=Tlom = sk s = 0; apguaGaTHUEeCKuii pemum:
Tyamt = Tos (L) 3 Ry~ o 5 usonepuGommueckuit
pemim: T =const )

B KanopuMeTrpe ¢ M30TEDMUUECKUM DEEMMOM DaGoTH 060J0uKa #
EaJODHMEeTPUUECKasa CHUCTeMa MMEDT MOCTOAHHYD W DAaBHYD TeMrneparypy.
B TepMoJMHAaMMKEe H30TEPMUYECKOE COCTOfHHE OonpefesAercds Kak COCTOoA-
HUE CHCTEMH, B KOTODOM OHa OOMEHWBaeTCH TEiLiOTOH C 000.I0uUKOA, 06-
Jagaomeii 6eCKOHEeYHO GOJBmO# TEerUvIOEMEKOCTED NPU MAaJIOM TEepMAYEeCKOM
CONPOTUBJICHUMU Ea.. Takoe COCTOAHME MPAKTUUECKM HE MOEeT Deaju30-
BaThCA B KaJODUMETDE, MO3TOMY NP M30TEDMUUECKHMX HUBMEPeHUAX Heo6-
XOOUMA KOMTEHCAlA BOSHMEADMEro TEILIoBOro noroxa. Taxad kommnenca-
LM4A OCYmeCTBJAAETCA 3a CueT TemiloTH (as3oBOro nepexofa KaJopuMmeTpu-
YeCKOro BEmecTBa WIM 33 CYeT TepMoaieKTpuueckoro appexra. [pu

e
CTPOTO MB0TEDMUUECKOM pemuue / . 1 7;3M IOJMEHH OCTaBaThCA NMOC
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TOSTHHHMM BO BDEMEHM M B NDOCTPAHCTBE, HO B 3TOM CJydae He BO3HU-
KaeT TEelJOBOrO MOTOKAa, MO3TOMY UCTHHHHX W30TEDMUUECKHX YCJIOBHiA B
KaJIOpMMETDaxX C KOMMeHcalueidl TemnoBoro apdexTa HCCIEeHyeMoro mpoiec-
ca TemwioToi $as3oBOro NMepexoja UIM TEepMO3JEKTDUUECKUMH 3dderTamu
OHTH HE MOEET.

Mipy U3MEeDeHUAX B aMaGaTUUECKOM DEXMMEe TelNIOOGMEeH MexXny Ka-
JIODUMETPUUECKO! CHCTEMO# ¥ OGOJOUKOW KalopuMerpa NOJHOCTHO HCKJI0-
YeH. OTO HOCTUraeTca cefyDmuMu crnocobauu: I) pearuydp C yuacTHEM
ucciuenyeMoro o6pasia NPOBOAAT TaK OHCTPO, UTO 3a NEPUON U3MEDEeHMA
TEIVIOTA HE ycCleBaeT DACCeAThCA; 2) RaJOPUMETDUUECKYD CHCTEMy OT-
OeJAnT OT OGOJOUYEM GEeCHOHEUHO GOJbIHM CONPOTUBJICHMEM, T.E€. TEILIO-
“30NUDYDT; 3) TenepaTypy OGOJIOUEM B XOfe DECMepUMEHTa NOoffepEH-—
BapT DABHOA TEMNepaType KaJODUMETDHUECKOH CHCTEMH: 7;5M(t)=
= Tys (1). Ha npakrure, Kax npaBuio, MPUMEHADT MOCHeNHMA CNOCOG.
W3uMepeHna B aguaGaTUUECHOM DEeEHMME HE BCTDEUamT OCOOHX 3aTDYIHEHHi,
©CJM CRODOCTh BHICJISHHA TEIUIOTH, & 3HAUUT M CKODOCTH W3MEHEeHWA
TeMnepaTypH, HEBEeJHMHHM, OJHAKO eCJH TeMneparypa CHCTEMH MEeHAEeTCH
GHCTDPO, TO NPUMEHEeHHe 3UabaTHUECKHX KaJIODHAMETDOB CTAHOBHTCA MPOG-
JIeMaTUUHHM. 9TO CBAS33HO C NOCTATOUYHO GONBEON TENNOBOA UHEPLUOH-
HOCTHD KAJODHMETPa, KOTOPYD MOXHO YMEHBEUTH, TOJBHO MPUMEHAd VA
BHDABHUBAHUA TEMIIEDATYD COBPEMEHHHE 3JEeKTDOHHHE NPUGODH.

B KajopuMeTpax ¢ M30NEepUGOJUUECKHM DEEMMOM DaGOTH TeMnepaTy-
pa OGOJIOUKA MNOJNEPAMBACTCH MOCTOAHHOM: 755 = const, a reunepa-
TYypa KaIODUMETDUUECHONR W3MEeDUTENBHOR CHCTEMH OTJMUAETCA OT TeMIe-
paTypH OGOJIOYKM. Braromaps HaIWuup KOHEUHOI'0 3HAUEHWA CONDOTHUBIE-
HHASA l?T TEMNepaTypa KaJOPUMETDUUECKO# CHCTEMH OTIMUYHA OT TEeMIepaTy-
PH 0O60JIOUEN. [lOCROJBKY 7;5 = const, TemnoBoit MoTOK ABAAETCA TO-
NBKO QyHELMER 7"“3M. 9Ta 3aBMCHMOCTDH MOXET OHTH onpejeleHa Ka-
JNNGPOBROM Kanop¥Merpa. [Uifi TOUHHX KaJODHMETDUYECEWX WIMEDeHHA B
W30MepUOOINUECROM DEEHME HEOOGXONMMO CBECTH K MUHUMYMY BCEBO3MOZ-
HHE MOTEepU TEIUIOTH ¥ HOGUTHCA TOr'0, UTOOGH TEILUIOBO# IOTOK OT KaJo-
DUMETDUUECKO# CHCTEeMH E 060JOUKe BOCHDOUSBOAMMO 3aBUCEN OT pas-
wocru Teunepatyd 7., K 7o -

AzMa6aTUJUeCKAil W U30TMEPUGOJHUECKHH DERMMH MOTYT Dealu30BH-
BaThCA KAk B CTATUUSCKOM, TaK U B JUWHAMWUECKOM BapMaHTax. B cra-
TUUECKOM DEeXUME TEeMNepaTypH DasHHX yacTeil KajopuwMeTpa OcTranTcs
MpaKTUUECKX HEH3MEHHHMH. B OUHaAMMUECKOM DeEuMe TeMIepaTypH 060-
JIOUKH M/UJA KaJOPMMEeTDHUECKO# CHCTEMH NpPOrpaMMUpyeMHM 00pas3oM Me-
HADTCA BO BpeMeHWM. ONHUM W3 BapPHAHTOB OCYNECTBJIEHUA NUHAMWUECKOIO
pexMMa ABJAETCA DEeRdM CHAHADOBAHUA, MDU KOTODOM 7;3~‘n/nnu 7:5
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JWHEHO M3MEeHAeTCA BO BpPeMeHW. [lpu cKauuponaiun » usonepuéoaunyec-
KOM pezuMe TeMreparypa O60JIOUKA OCTACTCA HeMOMONHOW, a xajopuMeT-
puuecKasi CHCTEMa HarpeBaeTCd C MOCTOAHHON CKOPOCTHI:

i 4 = S (I.I)
%scmﬂ' nwi(nw%+“t‘

JIpyro#i cnocoG oGecrneuyeHus CEAHUDYRNEro DEeXuUMa - HarpeBaHue
KaJOpDUMETPUYECKON CUCTEMH TaxuM OODas0oM, UTOGH ee€ TeMmnepaTypa oc-
TaBasach PABHOW TeunepaType 0GQJQUKM, KOTOpasd, B CBOD Ouepenb,
JIMHEHHO MOBHWAETCA CO BpPEMEHEeM:

oo™ Tos™( Tos
MNadaruueckuil cranupyommii pesud TpedyerT 0GA3ATENBHOrO NPUMEHEHUA
UYBCTHATOABHOA DAGITPONHOR TOXHMKM.

Ene ofuMn 0nocot peasMsaluy CKANMPYONEIO DeNXUMA JAKIDUABTCH B
narpenanun odosourn ¢ nocroaHnoll cropocTho. [Ipy sroMm Temnepatypa
KOJOPUMOTPUYOCKOA CHCTOMN NODHMAOTCH C HEKOTOPLM BPEMeHHHM 3anas-
JINBAHKEM, TOCKOJNBKY MRy KAJOPUMETPUUYECKON CHUCTEeMOH M O0GOoJIOUKOA
cymecrsyer OlnpejeieHHoe CONPOTUBJIEHHE IZT. TaxkuM oGpasom:

Toex T Jo g e

) T (1.2)

PP Y (1.3)

STOT Crnoco6 WCIMOJB3yeTcs B KajJopMMeTpax TeIUIoBOr'0 MoToxa (CraHu-
DOB3HUA OGOJQUEH) .

Kak npaBuio, NpUOGODH CO CKAaHMDOBaHMEM TeMNepaTypH OGOJIOUKH,
PaK e KaK U30NEeDUOOJIHUECEHE CRAHWDYDHME KaJODUMETDH, CKOHCTDYMDO-
BaHH no guddepeHunansHoMy merony (puc. I.2). B aToM npuGope B 06—
meii 060JI0YKE MAKCUMAJBHO CHMMETDMUHO CMOHTMDOBAHH ABe (wiu GoJxb-
me), N0 BO3MOXHOCTH, OJVHAKOBHE KaJODAMETDMUECKHE CHCTeMH. Ecau
TELIOBHE MOTOKM MEE[Y KaXJ0oi CUCTEMOi U OGOJIOUROA paBHH, TO JWOHE
QuIyRTyanmu STUX NOTOKOB TAaKXZe DABHH MEXANY COGOH M He BHOCAT mor-
DEmHOCTH B W3MEepeHuA. BBejeHue HcciefyemMoro o6pasiia B OfHY U3 CH-
CTeM MPUBOJAT K HEKOTODOMY WUSMEHEHMD CYMMapHOT'O TEelJIOBOrO [OTOKA
(M3-3a M3MEHEHHS TEIJIOEMKOCTe#, TEMJIONPOBOJHOCTEH, COOTHOMEHUS
noBepxHocTed ¥ T.A.). Ha npaxTuxe B ofe KaJOpUMMETDMUECKWEe CHCTEMH
HeOO6XOQUMO TOMEMAaTh O6paslH, MaXxCUMaJIbHO HWOSHTUUHHE [0 Temnofusn-
YeCKUM CBOMCTBAM M MaccaM, a TAaKEE IEOMEeTDUM DACHNOJIOMEHMA, ONUH
M3 HUX - o6pasel] CPaBHeHus, WIM STAJOHHHA obpasell, HE JOJAEEH rpe-
TepreBaTh HUKAKNX M3MEHEHHH#, MPUBOJALMX K WU3MEHEeHUD TelsoBOI'0 MNo-
TOKA.

KasopuMeTps, paGoTanmue MO DEeXEUMY CEAHMDOBAHAA OGOJOUKM, HO-

'

CAT Ha3BaHWE HAJNOPUMETDOB TEIUIOBOr'0 IOTOKAa, AudpepeHIalbHHE Ha-
HUWAJIbHHMU TeMnepa-

JIODUMETDH TAKO'0 TUIA UACTO HA3HBADT
KaJIopUMe! K) .

TYDHHMU CHEaHH

Puc. I.2. [punuunuaibHad cxesma AudPepeHIMANBHOrO RAIODUMETDA:
I, 2 - EaJopUMETDWYECEME CHCTeMH; 2, 4 - ycTpodcTBa
JVIA 3aKpelLIeHUs HCCIERYEeMOoro U STaJIOHHOT'0 06DaslioB;
5 - ycTpO#CTBO JIisi CPDABHEHWUS TEILIOBHX MOTOKOB; 6 -
TEIUIOBHE MMOTOKM, BHXOAANME M3 KAJIOPAMETPUUECKHX CUC-
reMm; 7 - puddepeHLMaNbHEA TEMIOBOH MOTOR

[Ipy CKAHMDOBAHUU B aNUabaTUUECKOM W M30NEPUGOIUUECKOM DemuMax
NpUMEHANT NudPepeHIUalbHHe KaJIODMMETDH C KOMIEeHcalMe#d TelioBoro
oQPerTa MOMHOCTHR BJIEKTDHUECKOro TORA. TaKOro TuUra KajJOPHMETDH
HOCAT Has3BaHue SHLMAJBHHX MOMHOCTHHX CHAHU X_Kajopu-
mMeTpoB (JMCK). B OoTeueCTBEHHOW HAyUHO-TEXHMUECKOH JUTepaType Jn-
GOii CKaHMDYDNUA KaJODUMETD, HE3aBUCHMO OT NDUHLMNIA KOMIEHCALWH,
Has3HBanT AudepeHlUaNbHEM CHKAHNDYOMUAM KaJIODUMETDOM.

I1.2. Kraccupurauma KajJOpPUMETDOB

B OCHOBY KJacCUDVMKaLV¥ KalODMMETDOB NOJOXEeHH TpW NMpU3HARA:
pDEe&¥M ¥ METOJ KaJOPMMEeTPUUECKHX WM3MEeDEeHMi, a TaKkxe NDUHUAN KOHCT-
DYELAM npuoopa. MeTonH KajopUMETDPUUECKHUX U3MEepeHUil 6asupynTcs Ha
clefynnyUx DKCIEPUMEHTANBHEX IOAXONaX:
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1) usMdepenye EKOJAXUECTBA MPEBPANEHHOIO NP QasoBon nepexome
BemecTBa MDY KOMAEHCAlMyd Tenioporo afdexrta sToro npouecca Tenio-
T0# $a30BOr'o nepexona HaJOPUMETDAUECHOI'0 BemecTsna;

2) u3MepeHue KOJWYECTBa DHEPIUM BNEKTPUYECKOrO TOKA MPA KOM-
MeHcaluyM TemoBoro s@@exrTa peaxiyd TEPMOSJEKTPUYECKUMY ohdexrTauH,

3) u3MepeHue UBMEeHEeHUA TeMrnepaTypH HajJopUMeTpa B 3aBUCHMOCTH
OT BDEMEHM Deaxiin; Y

4) u3MEpEeHUE USMEHEHHA TEMIIEpaTyDH MO NPOCTPAHCTBY KalOpu-
MeTpa. ]

KanopuMeTps MOryT pacoTaTh B OfHOM U3 CIENYDMUX DEXMMOB:
UB0TEPMUUECKOM, M30MepuboJMUecKoM, ajuacaTHuecKoM, CHEaHADYDIEM
AMacaTHUECKOM, WIO0NePUBOJMUECKOM CKAHUDYIONMEM, B DeXUME CKAHUPO-
panua odosoukM. llepeNe TPYM BANA DEXMMOB OTHOCATCA K CTATHUECKUM,
OCTANLHNE ~ K JUHAMAUOCIKUM.

OCHORHON KOHCTPYITUBNHOA OCOBOHHOCTB KAJOPUMETDOB ABJAACTCH
KOJMUOCTHO KANOPUMOTPUUOCKUX CUCTOM: DABJUUADT MPOCTHE KAJTOpUMET-
pu ¢ onnofl Kanopumerpuueckoflt cucremoll v auddepenuuanbube Kanopu-
METPH C ABYMA WiK 00JIee KanopUMerpuuyecKuMy cucremamu. Hax paBu-
N0, KAJOPUMETDH, padoTapmue B AMHAMAUECKHX DemuMMax, ABJADTCA Aud-
depeHIMaNbHEMA, B MEHbNEA CTerneHu 9TO XapaKTepHO JJA ajunaGaTuec-
KUX KAJOPUMETDOB.

KanopyMeTpH TaKEe MOXHO Das3juuaTth M0 JPYI¥M OCOGEHHOCTAM
HelicTBUA WM KOHCTDYRLMM mMpuGopa (HanpuMep, KajlopUMETD TeruioBOro
MOTOKA, JENAHO! KAaJODUMEeTD, KAalODUMETD CropaHusA, GOMGOBHIA HKajiopu-
MeTD ¥ T.J.). MHOrJa KalopuMeTpH HasHBaLT M0 MMEHA MX co3jaTens
(HanpuMep, KajopuMeTrp ByHseHa, manopumeTp TuaHa - Kaisse U T.4.).

MHOr'ME BWJH KaJODUMETDUUECKUX NMPHOOPOB padoTanT B DAasHHX De-
EMMax. Tag, JOG0A KalopuMeTp, NpeJHa3HaUeHHHH [Jd SHCIUIyaTaluu B
IMHaMAYECKOM DeEuMe, MOXeT paGoTaTh ¥ B COOTBETCTBYONEM CTaTUUEC-
KOM peauMe. Kanopumerp KanbBe uOEeT HCMONB30BATBCA JUGO KaK #U30-
TEepMAUECKMiI ¢ 2JEKTDHUECKOA KOMIeHcaluedl TenjoBoro noToka, Ji460
Kak AudOepeHIMaNbHEA CRAHUDYDMUHA KajlopUMETD.

I1.3. [IpHHUMNH KOHCTDYKIMA COBDEMEHHHX KaJlODHUMETDOB
I.3.1. HajopuMeTpDH, OCHOBaHHHE Ha KOMIIEHCALUW TEeMJoBOr'o

a¢derra npoiecca

HanopuMeTpd $a30BOro nepexona. llog neicTBueM TEMJIOTH, nepena-

BaeMOil KaJopuMeTDpy BHECEHHHM 06pasiioM, TeMeparypa KOTODOr'o BHIE
TeMrnepaTypH KaJopuMeTpa, HEeKOTODOE KOJUYECTBO KaJOPUMETDUUECHOIro
BenecTsa MEpexoNUT U3 ONHOA $asH B ApYry®. KoaduecTBO TEMJIOTH,
10

3aTpaueHHoe Ha 2TOT $asoBHil Mepexof, Jerko pacCuuTaTh, ecly U3Be-
CTHH yJesnbHasa TerwoTa $asoBoro fnepexoja ¥ Macca NpPeBpameHHO'o Ka-
JOpPYMETDMUYECKOI'0 BemecTsa.

L1 MOBHEEHWA TOUHOCTHM M3MEpEHWH ucclefyeMoe BemecTBO WIK
DEaxLMOHHHNA COCYJ OKDYEEHH CMechh, MpejcTaBifpmeil coGoil gBe paB-
HOBecHHEe (as3H KaJopuMeTpuyecKkoro BemecTsa (sxen - Boja, Boja - BO-
OAHOA map ¥ T.4.), NO3TOMY BHIEJANMAACA TEIUIOTA PACXOAyeTcA TONb-
¥0 Ha dasoeuii nepexon. [loTepu TEINOTH MUHAMASHDYNTCA TEM, UTO 10—
CJe0oBaTENbHHX O0COJNOYEK, e NPOUCXOANT (DA30BHHA MEPEXOj, MOmET
OHTh HECKOJbKO. B xamopumerpax $asoBoro nepexoma peanusyeTca U30-
TEDMUUECKUA pemuMm DPaGOTH, MOCKONBKY MPHU MOCTOAHHOM JABJICHUM TeM-
neparyps asoBHX MepexofoB NMOCTOAHHH. Wcrnonb3oBaHue DAasJWUYHHX Ka-
JIOpUMETPUYECKUX BEMECTB JaeT BO3MOXKHOCTE MPOBOAUTEL U3MEDEHHA B
Pa3JMUHHX TEeMINepaTypHHX UHTEepBanax.

Cxema TUNWYHOI'O KajopuMerpa $as3oBoro mnepexoja - JNeAAHO0 Ka-
JopuMeTpa ByH3eHa MpejcTaBieHa Ha puc. I1.3.
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Puc. I.3. [lpuHuun4anbHad cxema JeJsHOr'0 KajlopumeTpa ByHseHa:
I - cocyn ¢ o6pasiuoM; 2 - KalOpPUMETPUUECHKH# COCYR
C BOJOi; 3 - Kanmuwaaap C pPTYyTeD; 4 - Jem; 5 - TepMo-
crar (csecs Jen - Boma); 6 - TpDy6Ea C DTYTHD

Tpy6GKa C 06pasloM OKDYAEHa JedAHO# 06O0JOUKOW, HaxomdAmelcs B Tep-
MUUECKOM DAaBHOBeCAM C BOMOH. Jln6oe BHOEJEHUE UJIU MOTJIONEHUE Temn-
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JIOTH O6Da3LOM NPUBOAUT K MJABJCHMD WIM JAMEPIAHMD COOTBETCTBYDHEH
MacCH BOJAH WJIM JAbja. [IOCKOJABKY ILIOTHOCTH BOJW M Jbxa npu 0 °C pas-
JTMYHH (Paon.a = 0,999 84 r/cu, pnn = 0,916 74 r/cu), B pesy-
apraTe $asoBOro nepexoja OGHEM CMecH JeJl = BOJA B KaJopuMeTpuyec-
KOM COCyIle HM3MEHAEeTCH.

HisueHenue o6beMa cMEecH Jef - BoJa ONpeiessiorT [0 NnepeMemeHvo
MEeHUCKa pTyTH. [IpoBefd HECJIOEHHE pDacueTH, MOKHO [0KA3ATH, UTO KO-
JMUECTBO BHAEJEHHOU TerJOTH CBA3AHO C M3MEHEeHMEM 00BLeMa CUCTEeMH
MPOCTHM COOTHOMEHMEM:

aq e 5 Preg, (1 ~Prea !Paona )—L' (1.4)

rae qm= 333,7 Is/r - ynenbpHaA TeIUIOTa IUIABJEHUAA JBJA.

BuecTo u3MEHeHMA O0GBEeMa MOZHO U3MEDATH W3MEHEHWEe MACCH PTYTA:
A mH¢= AV'pHg ; NMOACTaBAAA 2TO BHpameHue B ypasHenve (I.4),
NOJYUnM

-1
AQ:Qm'Amhg'Pﬂep.[pHg<1_pﬂe.u/P50na] g

i N

win

|
AQ:K“mHg , rae Kggm'PJlen. [Pug'(i—f)nep./f’&oga)] =270,4 2w Jr.

UyBCTBUTEJBHOCTH JEMAHOr0 KaJOpHMETDAa ONpefe]sdeTCsd COOTHOme-
HUeM AmH 7 {, xoropoe o6parro mponopuonansHo K i

4/K=Amﬂg_ /a=(pHg /‘im) (i/lee.u_ 1/p50na), (I.6)
1/K=3,60102 r ( Hg)/2a. ;

OTHOCHUTENBHAs TOrPEMHOCTh W3MEDPEeHHA B JYumMx obpasuax Jefd-
HHX EajJopuMmeTpoB cocTasBiaseT 0,5 %. [id HOCTUEEHUA TAKOW TOUHOCTH ;
BOAA ¥ Jef] B XANIODHMMETPUUECHOM COCYAE NOJEHH OHTH IOJHOCTBO OCBO- 4
GOoEAEeHH OT BO3jyxa. HsMepsaemne TeroBHe 2QHERTH JONXKHH CHTH HE3-
HaUMTSABHN, MOCKOJBKY BHIEAAOMAACH TelJIoTa AOJEHA NPUBONATE K 00—
Das0BaHM® TOABKO OUEHb TOHHEOI'O CJOA BOLH BHYTDM TPYOKMA C OGDa3LCM. F
K xanopumerpam $as0BOro rnepexona XpoMme JeAAHO'0 KajopuMeTrpa {
TaH®Ee OTHOCATCA NMDPUMOODH, B KOTODHX B HAUECTBE HAJODUMETDUUECKOTO
BEmMEeCTBAa ACNOJb3YRT JETKOUCIAPADNYDCA XUNKOCTh. YYyBCTBUATENBHOCTH
TAKOrO KalopuMeTpa onpefenseTcd OTHONEHWEM MIOTHOCTEed EUNKOCTY Y
rasa, a Takze yAeJbHOM TEIJIOTOH UcCnapeHud ZUAKocTH. [lo aHanoruy c
BHBOJOM D&CUETHOI'0 yPaBHEeHMA NJA JELAHOTI'O KaJopUMETPa 43 ypaBHE-
Hua (I.4) oonyuaeu ‘
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Al =[ZV'AV'Pras (1—Pra5/Pm)—i- (1.7)

rae (- VReIbHad TeIIOTA WCMIADEHHA BemecTsa. flockombry P, >>
>>0 45 » ypaBHenue (I.7) womHO 3ammcars Tax:

Ag=€v"lv'/°ra3' (1.8)

Ecn¥ B KauecTBe HAJOPMMETDUUECKOI'O BemecTBa MCIOAb30BaTh BO-
Iy ¥ ee nap, TO UYBCTBUTEJBHOCTb KAJOPUMETPA C YUETOM YCHOBUA
p 50413>> /onapa GyneT COCTaBJATH:

1/K=‘pHg/(pnap © Q) =10,08 r (Hg)/Ax.
CpaBHEHME 3TOI'0 3HAUEHUS C UYBCTBUTEABHOCTHXO JIEAAHOI'O KajJopuUMeTpa
MOKA3HBAET HECOMHEHHHE NpeuMymecTBa KaJopuMeTrpa, OCHOBAHHOI'O Ha
dasoBomM nepexone EUIAKOCTH - nap.

KanopumeTph $asoBoro nepexofa NWPOKO MPUMEHADT IAA onpenefe-
HUA YHeJBbHHX TEIUIOEMROCTel DasHOOGDa3HHX BemecTB, TEeIUIOBHX addex-
TOB DacTBOPEHUA M MCCACHNOBAHHA XMMUUECKUX pearumil. Tax xax Tou-
HOCTH M3MEDEHHA C TOMOMED TAKWX KAJODUMETDOB BHCOKa, 3TO nosBoaf-
eT KCMOJB30BATH MX JJIA W3MEDEHUA TEIUJIOTH, BHAEJEHHOH X3 obpasla B
npouecce ero gepopuanuy, T.e. B KadecTBe NePOpMAIMOHHHX.

TpYAHOCTH W3MEpEHUA 3araceHHod B pesyapTare Jedopmauynu sHep-
MM COCTOMT B TOM, UTO Ta NpPEACTABIAST COGOU Manylo BeJdUMHy, SB-
JASCh DA3HOCTHD JBYX DEalbHO W3MepAeMHX GOJBUMX BeJWUMH. Hampu-
Mep, ecJd 3anaceHHas DHeprufd cocTaBisgeT npuGiausurenasbHo I0 % paGoTu
IedopMalu, TO TemIoTa ¥ paGora jgedopMalvyu JOJEHH OHTH U3MEDEHH C
TouHocTed 0,5 %, uTOOH 3anaceHHad 2HEPruA OHJIa ONpejeseHa ¢ Tou-
HocTeo I0 %.

KanopuMeTpH C TepMOBJEKTDHUEeCKO# kKomneHcauueid. [puHumn nei-

CTBUA COBDEMEHHHX CEPUAHHX CKaHMDYDNUX KaNOpDUMETDOB nufdepeHUmanb-
HOPO THNA, OCHOBAHHHX HA BJEKTDUUECKOX KOMIEHCaluy TeruioBoro ag-
dexTa, saKINUaeTCs B CJEAYDHEM: TeMnepaTypa KaJlopUMeTDUUYECKOd sueid-
K4 ¢ O6pasloM ¥ CPaBHWUTENbHOH AUEiKM JUHEHAHO DAacTeT BO BPEMEHH.
B rampoil syeiike HaXOAUTCA HarpesaTelb. PasHoCTh TeMneparyp paGo-
ueii AUEiKM M CDABHUTSABHON fAUEiKyd NOANepAUBASTCA DABHOK HYJO C
noMomb HarpesaTeJs, PACMOJOXEeHHOro B paGoued Adeiike. PasHOCTh
MeEJly SHepruAMd, 3aTDAueHHHMM HarpeBaTelsMd sSUeeK 3a BpeMs DeaK-
U4, NpeAcTaBiadeT CO60A ACKOMY® TelIOoTy, COOTBETCTBYOMYYO TENIOBO-
My 3G0EKTY WCCJENYeMoro Mpolecca.

['1aBHOE MpEenMymeCTBO JAHHOI'O 4eTOJa B TOM, UTO OTNaNaeT Heo6-
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XOOMMOCTEH B KalUOGDOBKE XaAJODPUMETPA, NOCKOJLIY MCKOMaA TerroTa
MOEET OHTH ONpedeJeHa  HenocpelcTReHHO KAK daeKkrpuyeckas SHEeprus,
T.e. C [OMOMb COBDEMEHHHX JMEKTPOHHHX NPUBOPOR C BHCOKOW CTEeneHbD
TOUHOCTH.

IUIA NoAnepEaHUA DABEHCTBA TeMrneparyp pacouell u cpasHWTENbHOH
AUEiKM DA3HOCTh TEMIEPATyD MEXJY HUMU HEOGXOMMMO [OCTOAHHO U3MEe-
DATH ¥ KOPPEKTHPOBaTh. B COBDEMEHHHX KaJOPUMETPAX OT0 OCymecTBJs-
eTcA aBTOMATHUECKX. BoJabmOil Mporpece, MOCTUIHYTWA B nocisegHee Bpe-
ui B paspa6oTKe MPUGOPOB JAHHOIO THMA, CBAZAH C MMOABJGHHEM MOIHLX
A CDABHMTENBHO JCNEBHX KOMIBOTEDOB ¥ NDUMEHEeHMEeM MX Kak JuA yi-
DaBIEHMA XOJOM BKCNEpUMEHTa, TaK W JJIA 0OPaCOTEM PeayJbraros -
MEHEeHMH .

KouneHcald SHEOTEDMUUECKHX TEILIOBHX 20HEeKTOB B MOAOGHOI'O
poZa yCTpoiicTBaX ocymecTBAfeTcA 3a cueT appexra Jmoynd - JleHua:
Il SK30TEDMUUECKMX NPOLECCOB, KOrZa TpeGyeTcsA OxJam[ieHue o0pas-
ua, npuMeHapT 3dperT [leaprhe.

CymHocTh adpexra [lelbThe COCTOAT B TOM, UTO NPU NPOXOBNSHUM
SNEeKTpUYeCKOoro TOKa M0 Lenu, COCTOoANeld M3 ABYX Da3JMUHHX NPOBOJ-
HUEOB, OfWH WX crail HarpeBaeTcs, a Jpyroi - oxnaxpaercd. [lpu ne-
DeMeHe HanpaBJeHWA TOKA 3HAK DA3HOCTH TEMNepaTyp CrnaeB MeHAeTCH
Ha MPOTHBOMOJOXHHI. TerIoBOA NOTOK, MOrJONMEHHHE XOJOJHHM CraeM,
¥ COOTBETCTBYOmMI TEMJIOBOA NMOTOE, BHAENEHHH! ODAUMM Cnaem, onpe-
OeadeTcA COOTHOMEHUEM

P=i7Z'I; (1.9)

rge D - "yomuocTs ﬂensmhe";‘? - gos@puiMeHT [leabThe HAHHOH MNa-
DH METaaNOB.

C yueToM MONHOCTH, 3aTpDaudBaeMoil Ha HarpeBaHue, I yuyacTxa
LeNM C XOJOAHHM ClaeM MOXKHO 3anucaTh:

e R (1.10)

rie X - CONpOTMBAEHWE YUacTRa LiEMH.

lpa omnpefeJeHHON CHhle TOKa Z; TENA0Ta, saTtpaydBaeMads Ha
HATDeBaH#e B XOJOMHOM Crae, B TOUHOCTH KOMIEHCHpyeTcd apdexTou
[leasThE:

'p=,z9.[:' +q- I, = 0. (I.1D)

Orciona 1 g 11 R #n nnA NoJHOH MOWHOCTY, MOTIOMEHHOHR XOJNOJHHM
craeM, MOZHO 3aMiCaTh COOTHOHEHUE

el B S o e B (1.12)

—
L

il
R ”

S@DeKT [leapThe HMEST OrDAHWYSHHOE MD4AMEHEeHWEe B KalOopUMEeTDUMU
B Cmiy DpAja npaumH: I) cnail oxmampaercs Toabko mpu [ < 1 0 5
2) momuocTh a@pexra [leJbTbe OrpaHMYeHa BeJUUMHOMH }%1&X =7n- Iy,
cJenoBaTeNAbHO, € nomompl adperTa [leJbThe MOERHO KOMIEHCHMDOBATH TO-
JIBKO MaJIHE TeIUIOBHe MOTOK#; 3) nockoiabky sdbexT [lenpThe peanusy-
eTcsA TOJHKO B cnae, a JilxoyneBa TeroTa BHENAETCA 10 BCEMy Mpo-
BOJIHUKY, BO3HMKaDT CHCTEMaTHUECKUe MNMOTPEeNHOCTH M3-3a YTEUKH Tel--
JIOTH.

Bce RKalopuMMETpPHUUECKME METOAH, NPU pPeainsauuyd KOTODHX K o6pas-
1y MOABOAMTCA BJEKTPUUECKAs SHEPI'MA, XapaKTepusynTcs onpeneleH-
HEMU CHCTEMATUUECKUMA MOI'DEmHOCTAMU. BO-MepBHX, DJIeKTpUUecKas
SHEepruA pacXojyeTcA He TOJBKO HAa M3MCHEHMEe TemrnepaTypH ofpasla,
HO ¥ Ha HEKOHTDOJMDYEMOE HArpeBaHWe DasNUUHHX HeTaleidl KalopuMeT-
pa: MOABOAAMUX MPOBOJOB, CHUpaNeil HarpesaTelf, U30JAATODOB, Aepza-
TeJeil 06pasuoB ¥ T.X. BO-BTODHX, NpM NPOBEAEHMM MCCIEHNOBaHMA npu
MOBHESHHHX TeMiepaTypax YacTh 2JEeKTPHUECKOA 2HEpPrdd TepAeTcA Moc-
PEACTBOM KOHBEKIMHA M W3JNYUEHUA. OTH MUCTOUHMEM NOrDEmHOCTE# XapaK-
TEepHH ¥ i aupdepeHLMaNbHHX KAJODUMETPOB, TaH Kak aGCONDTHOR
CHMMETDMM B KOHCTDYKLMM fgYeeKk B TelmJlofu3dueckuX rnapaMeTpax uccie-
JIyEMOI'0 ¥ STANOHHOrO 06pAaslioB HOCTHUTHYTH HEBOSMOXHO. JlBe KalopH-
MEeTpUUECKUE CHCTEMH OTJIMUANTCH ADYr OT OPyra IO TEIIOeMKOCTH U
YCJIOBHUAM TeMJoNepeayn.

KanopumeTpH C TEDMO2JEKTPUUECKOHl KOMIEeHcallded UCNoNAb3yDnTCH B
U30TEepMMUYECKOM (KBaSMHB0TEDMMUECKOM), U30NEepHOOJUUESCKOM W pasauy-
HHX CHAHMDYDmUX pexuMax. [[pd pa6oTe B M30TEPMUUECKOM U MU30MepU-
6OJMUYESCHOM DERMMax B OCHOBHOM Hcroabayerca addexT [leasrThe.

OpgHO# u3 HauGoJiee pPaclpPOCTPAHEHHHX KOHCTDYKUMA M30mepuboau-
YECKHUX KalloDUMETDPOB fABIfeTcA kanopumerp Tuaxa (puc. I.4). B coc-
TaB STOr0 NPUGOpPa BXOAUT TOJNBKO OfHA KAJIOpDUMETPUUECKasd CHCTeMa.

KajopumeTpuueCcKdid COCYH COEHNWHEH C MOMOmMBX NBYX TEPUOMAapHHX
darapeit ¢ TepsocTaroM. TeumrnepaTypy TepMOCTaTa MOIAEPEMBADT MOCTO-
AHHON C BHCOKOA TOUHOCTED. Crau TepMonap PaBHOMEDHO OKpY&awT Ka-
JODUMETPHUECKUA COCYH, ¥ MPaKTUYECKH BECh TEIIOOTBOL OCYHNECTBIA-
eTcs Mo TepMonapHHM MpoBojaM. OfHA u3 TepMoGaTapei CJAYAWT A U3-
MEDEHHA Da3HOCTH TEeMIepaTyp KaJopUMEeTPUUYEcHOr'o cocyla M TepMocTa-
Ta, a Jpyras WHCHOoAb3yeTCA Nid MNOJHON UIXM YAaCTUUHOH HOMIEHcaluu
TEMJOTH 3K30TEPMUUESCKOro npolecca c nouompm addexra [eapThe. Ten-—
JOTa DHOOTEPMUUECKUX MMPOLIECCOB TaKZe MOEET OHTh CHOMIIEHCHDOBaHa
NepeMeHoil HampaBJeHus 2JIEKTPUUECKO'0 TOKA B KOMIEHCADYOmEid TepMo-
NnapHoii Garapee.
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KasibBe ycoBepmeHCTBOBai NPUGOp TnaHa, CO3HaB HAa ero OCHOBe
IuGdepeHIMANTbHEA KaI0pUMeTD.
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Puc. 1.4. llpuHnMOManbHas cxeuma KajopumeTpa TuaHa:
I - W3MepUTeabHaA TepMobarapes; 2 - HalOpUMETPHUYECHUH
cocyl; 3 - TEepMO3JEeMeHT ﬂexbrbe, 4 - TepMocTart;
5 - camomMcen.

1.3.2. CraHupypmue KaJODAMETDH

BriepBHe ajnabaTHYECKUil CEAHMDYDNMIA KaJODUMETD C OJHO# Kajo-
pUMeTpUUYECKOil fAYeiiKoil 6w co3pnaH [leppe um Py B 1923 r. [lloaguee
KOHCTDYKUMA KaJODUMETPOB MOJOGHOrO THUMa GHJja YCOBEDIEHCTBOBaHA
CaiikcoM. CxeMaTWueCKoe W306DaBeHUe afuabaTHMUECKOro KaJlopUMeTpa
Caiixca mpejcrTaBieHo Ha puc. I.5.

KanopumMeTpH NMOJOGHOTO TUNa NpefHa3HaueHH JIf WU3MEeDEeHUs yaelab-
HHX TelUIOEMKOCTe# maTepuanoB. Hccaemyemuit o6pasel] noMemanT BHYTDb
060J0UKY, KOTODY® HArpeBalnT C MOCTOAHHOW CKODOCTHD (MeHee
1,5 K/uuu). Cam ofpasel] Takxe HarpeBabT [0 TeMnepaTypH, MakcuMma-
JIBHO GAU3KOH K TemrepaType 0GOJOuKd. [aA TaKuXx ajuabaTnyecEux yc-
NOBWil W3MEpeHUs 3aBHCUMOCTH TEIUIOEMHOCTM HMCClefyeMoro o6pasua ofT
TeMnepaTypH DACCUMTHBADT NO W3BECTHOMY KOJWUECTBY MNOIBEJEHHOH K
06paslly B Kaxm[HiA MOMEHT BDEMEHM SJESKTPUUYECKOW BHEepIdu.

llepBuii qudepeHuMabHEA MOMHOCTHNA CKaHUDYDEMA KaliOpHUMETD
agvaGaruueckoro Tuna Gwi onucad B I952 r. B pa6oTe Hnape6pofira,
XaprpeiiBza u fumessa. B xome wu3uMepeHd¥ UccrenyeuHi ob6pasen u obpa-
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3€el| CPaBHEHNS MOMENAaiu B MEUKXY, HArpeBaeMyn C 3aJladHHOii CKODOCTBHR.
06a o6pasua HarpeBaiu TaK4M 06DasoM, UTOGH Da3HOCTH TeuneparTyp
o0pasiia CPaBHEHUA M OGOJOUKA GHJIA DAaBHA HYJO. ECJAM NDH HArpeBaHUu
uccienyeMuii o6pasel] BHAeNAET KAKOE-TO KOMMYECTBO TEILUIOTH, TO €ro
TEeMnepaTypa C MNOMONb GJOKa ynpaBJIeHWUA MONNEDAMBAETCHA DaBHON TeM-
nepatype o6pasiia CpDaBHEHWf, MDA OTOM YMEHbMAETCS MOMHOCTH Harpe-
Barenf MCCIefyeMoro odpasua. PasHOCTH MOmHOCTeH HarpeBaHus JABYX
06pazloB uamepserTcAa JupdepeHnvanbHEM BATTMETDOM Kak QYHKLMA Bpe-
MEHHU.

e
3 j——
2!
1 S
hos E&p P los
e Tig Te=To *alt

Puc. I 5. [lpMHUMNMaNbHAA CXEeMa CHKaHUDPYDIEero xanopuueqpa
Caiikca: I - TepMocraT (06OJIOUKA); 2 — HarpesaTelb
0GOJIOUKH ; 3 - Harpemarelsb odpaaua, 4 - KalOpUMEeTDH-
YEeCKUid cocyn C o6pasloM

[lepBui NPOMHMJIEHHHA JUPPEDEHLUANBHNEA MOWHOCTHONW CHAHUDYRMUI
KaJopUMEeTp o6mero HasHaueHusi OwWJI paspaboTadH BarTcoHou,O’Huaod u
JayctuHoM B 1964 r. B HacToAmee BDEMA BHCOKOCOBEDUEHHHE CepuilHHE
JMCK BunycrawTea DAJOM 3apyGexHHX QUDM; HanbojJee M3BECTHH MNDUGODH
dupus "Meprun - oamep" (CHA). MpuGopu JCK-2, JICK-4 u JICK-7 aroil
QMDMH NMDeJCTaBAANT COOOH H30NMEPUGOIMUECKNE CKaHupybmue guddepeH-
LMaJbHHE KaJODUMETDH. .

HarpesaHue ¥ oxJamfeHWe HUCClefyeMoro o6pasua ¥ o6pasua cpas-
HEeHUA MNPOBOAUTCA TAKUM 06DA30M, UTOGH B JNGOH MOMEHT BDEMEHW UX
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cpelHsAd Teuneparypa COOTBETCTBOBajla NpOrpaMMHO-3a0aHHOK Teunepa-
pype. fluefiky¥ KAIOPUMMETDOB H3TOTOBJEHH M3 MJIATHHH U UMEDT MAIyD
Maccy, UTO NO3BOJSET MPOBOAUTH W3MEPEHHA B WMMDOKOM Auanas3oHe CKO-
pocreii pasorpesa (0,3...320 K/umH). HarpeBanue W M3uepeHue Teule-
pPaTypH AYeeK MPOBOAUTCA C NMOMOWBD TUIATHHOBHX TEPMODE3UCTODOB. Jna
pasueneHus 06pasloB B KaJODUMETDaX MCIOJB3YNT IJIOCKAE TOHKOCTEHHHE
aTOMAHMEBHE UaNeyKd Majoii MacCH, KOTODHE DasMenanT B HenocpeacT-
BeHHO# 6AM30CTH OT HarpepaTeleil. 9TO O6ecrneudBaeT GHCTPHA TEmI006-
MeH, CJIeOBaTeNbHO, MOCTOSAHHAA BDPEMEHU KAJNODUMEeTPa YMeHbmaeTcd M0
HEeCKOJABKMX CEKYH. PasHOCTH MOMHOCTeHl, HEOOXOAWMHX [LIf HarpeBaHud
06pa3loB B COOTBETCTBMM C 3aJjaHHHM TEMNEPATYDHHM DEXMMOM, MpOMop-
LMOHANBHA AuQbepeHIMATbHOMY TenJoBOMy MOTOKY. [lpu 3anucu KPUBHX
OXJIAKJICHUA MHTEHCUJUEALMA TEIlUI0oCMEeHa Mexny o6pasuoM ¥ 060JOUKOM
KaJODMMETDA OCYWECTBJAETCA 3a CUeT KOHBEKLUMOHHHX MNOTOKOB fojabae-
MOro B MPUGOD MHEPTHOro rasa. TemnepaTypy OGOJOUKA MOXHO MOIep-
ZMBATh NOCTOfHHOW BIOTH Jo -170 °C (nNpu MCNOAB30BaHMM B KauecTse
XnafoareHTa EANKOro asora). ITUM JOCTUraWTCA KOCTATOUHO BHCOKME
CKODOCTH OXJamieHusi o6pasioB. OTHOCHTENbHAA MOTPENHOCTD W3MEepPeHUd
Ha KaJopUMEeTpax MOJAOGHOro TUna YAEJbHOA TEeMIOeMEOCTH M BHTANBIUH
peakuuii cocraBiser meHee uem + 0,7 %.

finoHcras ¢upMa "Puraky"” BHIYyCEaeT IuddepeHIMaNbHHii Eaaopy-
METP CO CKaHMDPOBaHWEM Tehneparypu o6oJsoukn. OGoJOuRa c¢ uccaenye-
MHM 06pasloM ¥ 0GDAa3lLoM CDABHEHMS MOEET JHHEAHO HarpesaThcs CO
cropocTso 0,6...160 K/mpu fo Temneparyps 800 °C. C mouoms® BCTPO-
SHHHX 2JEKTDUUECKMX Harpesateneil TeunepaTypy 06pasuoB MOJAEDPEABA-
0T OOWHAKOBOW, TEMJIOBOX MOTOK M3MEDAETCA MEXEIY UCCJe[yEeMHM o6pas-
LIOM ¥ O6pasiioM cpaBHeHHA. [IOCROJBKY TeMIeparypa of6paslia B JaHHOM
KaJopUMETDE W3MEHAeTCs C 3anasfHBaHMeM OTHOCHTEJBHO TeMnepaTyDH
060JOUKM, BABUCUMOCTD 7,5 (t) sABngeTcs HeJUHEFHOW.

Kanopumerp KNK 600, BHMycKaeMui dupmoii “CEA ['peno6ap” (@paH-
UAf), MpejcTaBiaseT cO60i MHTEDECHYD Deanus3alun JIMCK amuaGaTuuec-
KOTO TuUMa: TElUIO0OMEH KaJopUMEeTPUUECKOr0 BEmecTBa ¢ 060X0UKO B
AHHHX KAJODUMETDAX NPAKTAUECKA UCEIOUEH BCIEACTBUE GoJabmOro Tep-
MUUECKOIr'O COMPOTHUBJIEHUSA Z?T , TaK KaK DKCMEPUMEHT MPOBORUTCA MDH
BaXyYMUDOBAHMU KANODUMETDUUECKO!l CHCTEMH. 3aKDHTHE aLOMAHVEBHE
yameuky C WCCJENyeMHM o6pasLoM ¥ 0o6pasioM CPaBHeHUf Da3MenanT B
AMOMUHYEBHX KOHTEAHEepax, MMEOmAX MacCy MOpANxa ONHOT'C rpaMMa.
KoHTeilHEepH MOJIBEUXBADT HA TOHKAX (AnaueTpoM 0,08 mM) nomsomAmMUX
npoBojax HarpesaTened W Tepmonap. KanopuMeTpUuecKad CHUCTeMa OKDY-
AGHA 3ANNTHHM TEMUIOBHM SKDaHOM 4 rOrpyxeHa B cocynd leoapa. Taxau
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06pasoM, BO3MOEHO MDOBELEHWE WU3MEDEeHWd npu TemnepaTtype aMAKOrO
a30Ta wad Aame BMAKOro reaud. TemnepaTypH 06oMx 06pasloB 4 060-
JIOYKM KOHTDOJUDYDTCA OTHEJbHO. HarpeBaHue BCEX TDeX BJIEMEHTOB Ka-
JIODHMETDHUECKO! CHCTeMH OCYWeCTBIAAETCHA C [OCTOAHHONW CKOPOCTh0
(0,5...6 K/umn). H3-3a Majioil MACCH KOHTEHHEDOB ¥ BHCOKOH YAeNBHOU
TEMJI0NPOBOAHOCTH ANMMUHAA MOCTOAHHAA BPEMEHM Npubopa cocTraBifeT
Bcero 10 c. WHTepBan paGounmx TemnepaTyp or -I198 mo +320 °C.

B CCCP BHIIyCKAaJ4Ch JIBA THANA CEPUHHHX CKAHUPYDUMX EAJOpUMEeT-
poB, paspaGoTaHuHx CKB Guonoruueckoro npuGopocrpoeHus AH CCCP
(PAH). Momeas JICM-2 u ero mojudurauma JICM-2M npencraBiawT CoGO#
IuddepeHIuatbHHil MOMHOCTHOW CHAHUpYDUMA KamopuMeTp. KairopumeTpu-
yecrwmii cocys npuGopa uueer emxocTh 0,1 cu. UnrepBan ckopocreil Ha-
rpeBanud 0,5...64 K/uMuH, ypoBeHp mymua no 50 MxBT. Jlpyrada Mopelb
JACM npejcTaBifeT Co60il NMPOMHIJICHHHA BapWaHT KajlopumeTpa, paspa-
GoTaHHOro [IpUBAJIOBHM ¥ €ro COTDYAHMKamu. 9T0 anunadaTuueckuit aud-
PepeHUMaNbHHI MOMHOCTHOR CKaHUDYREMH KajdopumeTp. U3roTOBIEHHHE U3
30J0Ta DaCOUMil M STANOHHHN KaJOPHUMETDUUECKAE COCYOH DAacCOoJIOEEHH
BHYTDM MOJHX KOHLISHTDHUECKMX cepe6pAHHX cPep. HauanpHas TeMmnepary-
pa BHYTDHA cdep 4 COCYNOB MOANEDEMBAETCH ONUHAKOBOA C TOUHOCTHD HO
I0 K. OGa cocyna HarpeBapT C MOCTOAHHOU cropocTeR 2 K/MWH. BO3HM-
Kapmas M[pH HarpeBaHuWM Das3HOCTH TeMnepaTyp COCYAO0B, U3uepaeMas
TepMobarapeeit u3 200 TepMonap XpoMelb - KOHCTAHTaH, BHSHBaeT Ta-
KOe M3MeHeHWe CHIH TOKa B Harpeparelsx A/, Npd KOTODOM TeMnepa-
TYDPH COCYJOB BHPaBHMBADTCHA. PAa3HOCTHHA MOTOK MNPONOPLMAOHAJIEH A

AQ=R [(I+aI¥~(I-sI}¥1=4R-I-a1l, (2-13)

rae X - conpoTuBleHue Harpesareseil. [loarouy IJA onpepeienus QyHH-
uan A L (7)) nocrarouso aMepuTh TEMnepaTyPHYD 3aBACHMOCTb Pa3HOC-
T cuwiH Toka AJ NP MOCTOAHHEX A ¥ J/ . OTOT KaJOpUMETD npefHa-
SHAueH JJId MCCJENOBaHWA DACTBOPOB GUOJOIMUSCRMX BemecTB. MaTepsan
pa6ounx Teunepatyp 0...I00 °C, cropocrs HarpeBanus 0,I...2 K/uuH,
KajopuMeTpuueckas eumxocts 0,5 oM, YPOBeHb KDaTKOBDEMEH-
HHX TyMOB He npeBHmaeT + 0,5 MKBT, BOCNDOWSBONAMCCTE W3MEDEHHH

3 MBT. AHQJOrWYHHA MO KOHCTDYHUMUA U X3aDAKTEPUCTUKAM KaJODUMETD
MK-1 BunycraeTcs Qupuoit "Murpoxan”.

1.3.3. KanopumeTPH, OCHOBaHHHE Ha WU3MEDEHUH
pasSHOCTXA TEMIIepaTyp BO BpPEMEHU

(pMHUMI DaGOTH KalOpUMEeTDUUECKUX NMPUGODOB NaHHOHW IDYyMNNH oc-
HOBAH Ha TOM, YTO HAJIODAMETDAYECKOMY BemecTBY NepefgaeTcs Uccilaenye-
I$




MH: BEHECTBOM HEKOTOpPOE KOJMUeCTBO TelIoTH. [lpodcxopdmee npu 3TOM
M3MEHEeHUe ero TeMmMnepaTypH KaMepAeTCA Kaxk QYHKIUs BpeMeHd. Taxue
M3MEPEHUA M03BOJAANT MDA UBBECTHON TEMIOEMHOCTU KAJODUMETPUUECKOro
BeHecTBa HAlTH MOABELEHHYD TEMIOTy (NpAMaA KaJODUMETDHA) WM [pHU
A3BECTHOM KOJUYECTBE MOABEACHHOW TEILIOTH OMDEefeJUTh YIASABHYH Tel-
JNoeMKEoCTh (o6paTHad KalopuMeTpus).

Ecau uccaegyeMoe BEmECTBO CMENMBAETCA C KaJIODUMETDUUYECKHM,
[laZe ecad BCe U3MEHEeHWsd, CBA3aHHHE C 06paslioM, 3aKJIDUanTCA B fepe-
pacnpefenedu, Ha OCHOBE CBOWCTBA TEMJONDOBOLHOCTH, TEIIOBOM
DHEPIUM MEERLY HUM ¥ KaJOpPUMETDUUECKMM BemecTBoM (Hanpuuep, Korja
NMpeABapUTEAbHO HArpeTHi o6pasel] 6POCAnT B KalODUMETDUUECKoe Befme-
CTBO), TO TaKoil KAaJODMMETD HOCMT HAa3BaHWE KaJOpUMETDa CMEemeHWsd.

K RazopuMeTpaM CMemeHUs TaKZe OTHOCATCA BCE MPUOOPH, B KOTODHX BH-
IeJEeHde TEILIOTH MPOMCXOJUT B DEaKUMOHHOM COCYyAe, OKPDYXEeHHOM Kajo-
DUMETDUUECKNM BemecTBOM (Hanpuuep, GOMGOBHE KaJopUMETDH). B saBu-
CHMOCTM OT arperaTHoro COCTOAHUA KaJIOpUMETDUUECKOr'o BemecTBa Ka-
JOPMMETPH DACCMATPUBAEMOT'0 THUNA Das3fe]fAdT HAa BUIKOCTHHE (C AMIKUM
KaJOpUMeTDHUECKUM BENecTBOM) ¥ MaccuBHHe (C TBepAHM KaJIOpUMETDH-
UECKUM BEmEeCTBOM).

B MAcCHMBHHX KaJOpMMETDPax TeruloO0MeH Memjy o0pa3loM ¥ KaJloph—
METPUUYECKHM BENECTBOM OCYMECTBAAETCA Ha OCHOBE CBOMCTBa TEMJIONPO-
BOAHOCTHU. JlIA YyMEHBHNEHWA TEJOBOA WHEDLUMOHHOCTHM KaJjopumeTpa, WM,
UHHMHA CJIOBaMy, BDEMEHHM TEMIIepDaTYDHOW DelaKcaluu, HEeOOXONUMO YMEeHBb-
DATH Maccy MeTaJJIMUeCKUX yYacTeidl KajopumeTpa ¥ KCMNOJb30BaTh MeTal-
JH C BHCOKO# YNeJbHOW TerIoNpOBOJHOCTHN. B MacCUBHHX KalopUMETDax
KaJOPUMETDUUECKUI cocys (KaropUMETPUMUECKU# G6IOK) MASHTHUEH Ealo-
DHMETDUUECKOMY BEMECTBY. [lOoTepH TEIJIOTH BCAENCTBUE M3JYy4YeHHA, Tern-
JIONDOBOJHOCTH, KOHBEKIMA CBONAT K MMHUMYMY DaspaGOTHOW ONTHMANb-
HO/ KOHCTDYKIMH, CHUEaw@eidl HemeJaTeNbHHA Temnoo6meH (Hanpuuep,
BHENHOD [TOBEPXHOCTb OJO0Ka KAJOPUMETDA MOJUDYXDT, a MeTaLIHJeCHUd
6JIOK NOMEmanT B COCYH C JBOHHHMMA CTEHKaMH — TepMOCTAaT, BHYTDEHHDD
MOBEPXHOCTH KOTODOTO TOXE MOJI4PywT). KpoMe TOro, Mempy OJOKOM U
TEDPMOCTATOM MOEeT GHTh BaKyyMUDOBaHHOE WY 3aM0JHEHHOE BO3AYXOM
NDOCTPAHCTBO. BaKyyMHpOBaHME HMCHJINUAET JNOHE MOTEePd TEeruIoTH
BCJSACTBHE TEIUIONMPOBOJHOCTHA WM KOHBEXIMU.

B EAJKOCTHHX KaJIOPUMETDPax JOCTUEEHHE TeMlepaTypHOro paBHOBe-
CUf MOEHO YCKODUTEH repeMemyBaHueM BUfXoCT4. [lpu aToM HexoTODCE
KOJUUEeCTBO TEMIOTH B CUCTEMe BHAENASTCA MpU TPeHW#. 1A TOUHHX
M3UEDEeHU 3Ty TeMJIOTY HeOoOGXOMHMO YUXTHBATH, JJIA STOr0 OGHYHO #AC-
NOJIb3YNT SKCIEDAMEHTAIBHO MNOJyUeHHHE 'DACUKX 3aBUCUMOCTU CKODPOCTH
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TENJ0BHJSIEHUA OT CKODOCTH flepeMemlyBaHif. B IANKOCTHHX KajlopHMeT-
pax ucciejyeuuili o6pasel] NoMemnanT B KaloDWMEeTDUUYECKMii COCyh. Wsme-
HEeHHEe TeMIepaTypPH HaJODUMEeTDUYECKOH IUIAKOCTHA M COCYHa MOUTH Ofu-
HaKOBO. JTO O3HAYaeT, YTO YacTh TEIUIOTH PACXOAyeTCA Ha HarpeBaHue
cocyna u APYrux yacreidd KanopumMerpa. Jifd yMeHbNEHHs NOrpemHocTen
M3MEPEHUA OOHYHO MCMNOJb3YyDT TOHKOCTEHHHM, NOJMDOBAHHHI CHADYXM
KalopuMeTDUYEeCEHii COCYl C IUIOTHO MOJOIHAHHOW KDHWMKOA, W3rOTOBISHHHI
M3 MeTaala C BHCOKOHl TEenjonpoBONHOCTHD, KOTODHH NOMEmanT B TepMo-
CTaTMPOBaHHYD 06OJOuKYy. H3meHeHne TeMnepaTypH TOHKOCTEHHOrO cocyla
ycreBaeT cJe[0oBaTh 3a W3MEHEHUEM TeMlepaTypH NepeMemuBaeMoil Aug-
KOCTM OJarofaps MatOil TEIUIOeMEOCTH MeTalna. Memny KajopumeTpuuec-
K¥M COCYJOM M OGOJIOUKOA IMOCTOAHHO MPOMCXOZUT TEIIO06MEH. YTeury
TEIUIOTH YYMTHBADT NpU 06pPaGOTKE DKCNEePUMEHTANBHHX HaHHHX uepes
rpajiyupoBouYHHe KOS(QPUIMEeHTH WiM yMEeHBbmawT, ofecrneuywBas aguadaTi-
UECKHMA pexmuM paGoTH EajJopHMeTpa.

B 3aBuCHUMOCTHM OT TOr'0, NPOUCXOAMT DEAKLNA MEENY UCCIEeYeMHM
00pasloM ¥ HKaJODUMMEeTDUUECKNUM BEeNEeCTBOM WIM HET, EMAKOCTHHE Kajo-
PUMETDH HIacCHEMLUMDYRT cleiybmvM obpa3omM: 1) KiaccCHUEcKNe EMIKO-
CTHHE KaJODUMETDH, B KOTODHX B3auMOfeiicTBUA o6pasua C KaJophMeT-
DUUECKOR EMAKOCTHD HE MDOUCXONMT; 2) KaJoDUMETDH C DEaKUMOHHM CO-
CYIOM; B DEaxiWOHHOM COCyle ¢ OOpa3lioM, MOrPyXACHHHM B KajlopuMeT-
PHUYECKYD EHAKOCTH, NDOUCXONMAT XMMWUECKAas Deaklud, HamnpuMep rope-
HuA (KajJopuMeTpH Cropasus); 3) KajaopuMeTpH, B KOTODHX o6pasell

DearupyeT C KanopUMETDUUECKOH NUIKOCTHO. AHANOTWUHOE DasfeaeHue
MOSEHO NPOBECTY U JJIA MACCHBHHX KaJODUMETDOB.

BUIKOCTHHE HKAJODUMETDH

Kraccyyeckne EUAKOCTHHE KAJODUMETDH. B KaJODHMMETDE CMEmEHUs
(puc. I.6) B npoiuecce usMepeHuss oGpasel] C TeMneparypoi 7} BBOLAT

B KaJIODUMETDUUECKYD ZANKOCTH C TeMlepaTypoi 75. llpy JoCTUEEHUMA
TEMIIEPATYPHOTI'O0 DaBHOBECHMA KaJOPHMETpUUYeCKas AUIKOCTH NpuoGperaeT
TEeMnepaTypy 7Z~1' YpaBHeHue GaJjiaHca TeIIOBOi SHEPr¥d MOXHO 3anu-
caTte B Buje

Ol (T T Y=O, o, O ST, (1.14)

rae 61 5 0% - yIenpHas TEMJIOEMKOCTh 06Gpaslia U KaJOoDHUMEeTDUUECKOll
RAIKOCTY COOTBETCTBEHHO; /72, , 771, - MaccH o6pasua # HaJOpHMEeTDY-
UYECKOA HUAXOCTH COOTBETCTBEHHO.

Takoil 6anaHc, ONHAKO, CMNDABEAINB TOJBKO LA WUASaNbHOI'O Bapu-
aHTa NPOBEJSHWA ONHTA. B [eficTBUTENBHOCTH UaCTb TEMIOTH pacxong—




eTCA HAa HAarpeBaHne KalopUMeTPUUECXOoro cocyja # JpPYyI'MX YacTred xasjio-
DUMETDAYECKOA ZUAKOCTU. "VTOUHEeHHoe" ypaBHeHde GasaHca sHeprad
AMEEeT BUL

Q'mi(']I' 7(‘;m>='ck T 7;): (1.15)

raoe (;b - a¢@derTHBHAA "TEIIOEMKOCTH" HAJODUMEeTDUUECKOH CUCTEMH,
KOTODY® ONpenesanT KaJUOGPOBKOW, OOHUHO NDOBOZUMOI [0 SHEDPrud
DJEKTDUUYECHKOr0 TOKAa.
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Puc. I.6. [pyHUMNMAIbHAA CXeMa HJIACCHUECKOI'c Kalopuuerpa
cuemedua: I - TEpMOCTAaT; 2 - HaJOpUMETDPUUSCHY
cocyn; 3 - samdTHHA 2KpaH; 4 - Memanka

KaropyMeTDH C DeaKLMOHHEM COCYMOoM. KajopudepH Ha’HOro Tvna
npefHasHaueHH [Jd ONpefeJieHus TemIoBoro 3GpeHTa XUMAYSCKUX DEeaKIMii. 3
O6pasel] nouemanT B PeaxlUMOHHA COCYX, COAepAEamuil KajopuMeTpUYeCHOe
BemecTBO (OOGHUHO BOAY) 4 UBMEDARNT M3MEHEHUE TeMlepaTypH B pesyib-

TaTe MDOTEXaHHA XUMUMUECKOH Deaxl#d C ydacTieMd obpasna. PeaxlroH- v
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HHil COCYJl B KaJODUMETDE MOXET 460 GHTh MOJHOCTHO M30JUDOBAaH, JU-
60 ¥MeTh OTBEDPCTUA IJA BNYCHA M BHIYCKA pearvpynaux BEmecTB. Cxeua
HaJlopuMeTpa CropaHuf C I'epMETMUHHM DEeaKL#OHHHM cocynoM (GoMGH
BepTiio, wanM KajJopyMMEeTpUUecKoi GomMOH) npejcTaBlieHa Ha puc. I.7.

Bom6a BepTso - TUIMUYHHA KanopumeTp cropanus. [lpoiecc cropa-
HAA MPOMCXOMAUT BHYTDH KaJOPDUMETDUUECKOrO cocyla, rje uWueeTcs 60-
JIbNOA MBOHTOK KHMCJOPOAA, M WHULUMMDYETCA aBTOMATHUECKM DIIEKTpUUec-
KAM NOAXUIroM. JlUIAA 9KCNEePUMEHTOB, MPOBOAMMHX METONOM G0MGOBON Ka-
JIODUMETPUM, NPUHATH CleJyDmie CTaHNAPTHHE YCJIOBUA: HAyalbHAsd TeM-
neparypa 25 °C, HaualbHOe HaBlieHue KACIOopoaa B Goube 3~IO8 fla
(30 arm), HaBecka GEH3OMHOA KMCJACTH 3 I HA I 1 eMKoCTA GOMGH.

CoBpeMeHHHE MNPEeLU3HOHHHE KAIODHMMETDH 3TOM0 TUMa MNO3BOJADT
MPOBOJUTH W3MEDEHUA C TOUHOCTBO Ho 0,1 %. [lomo6GHas TOUYHOCTH OOC-
TUTrAeTCA MOCPE[JCTBOM DA3JMUHHX KOHCTDYHKLMOHHHX yXumpeHwuii. Bo-nep-
BHX, DEX&MM KaJIODUMETDOB CrODaHUA ABJSETCA HE M3O0TEDMHUECKHUM, a
M30repuoonyeckM. JeACTBMTENBbHO, MO OKOHYAHWM Ipolecca CropaHus
MCciie[lyeMoro BellecTBa TeMilepaTtypa KajJlopUMEeTDUUEeCKO#d EWIKOCTH [MDU-
GnuxaeTCA K TeMrnepaType OEDyEanmeil cpemd, T.e€. TepMocTaTa. BosHU-
Kawmye MOrpemHOCTH, CBA3aHHHE C MOTEpPEl TEemJoTH, MOXHO yUecTh
THATEJIbHHM W3MEDEHUWEM TeMlepaTypH KaJlOPUMETDMUECKOd ZEUIKOCTH B
npouecce OnHTa. OT0 U3MEDEHWE MOEET OHTh BHIOJHEHO aBTOMATHUECKH
C NoMombi JaTuMKa TEMNepaTypH ¥ MUKponpoueccopa. Bojee ypauHoe
KOHCTDYKTUBHOE DEEHHE COCTOMT B TOM, UTO JOGOE M3MEHEHWe TeMie-
paTypH B KaJOpDUMETDE BCJEMCTBHE BHIEAEHAA TEIUIOTH CrODaHUA COMpO-
BOAMAaeTCA HarpeBaHWeM EUIKOCTY TepuocTara. [lpm paGore ¢ anuabaTu-
UECHUM KaJIODUMETDOM CropaHus TDeGyeTcA TOJbKO JBAKNH 3aMepUTh
TeMreparypy B 6oMm6e - OO0 ¥ MOCJE€ 3amWraHusA 06paslia; yMHOEMB Haii-
OEeHHYD DasHOCTb TEMnepaTyp Ha TeILIOeMHOCTh KajlopuMeTpa, Hemocpei-
CTBEHHO MOJyyanT TEeroTy CropaHud.

[Ipouiecc M3MepeHUd MOEET OHTH MOJHOCTBE aABTOMATH3YDOBAH. AB-
TOMATUYECKUE KaJODMMETDH BHIYCKAOTCA pANoOM GupM: "luamansy" (fmo-
uug), "Ceemop" (&Pl'), "llapp HHcTpywenTc" (CWA) u ap.

Kanop4MeTps ¢ pearupyionydM KaJIODUMETDUUYEeCKMM BemecTBoM. B Ka-
JIOPMMETPAX CMENeHH C PearupynmyM KaJopUMEeTDUUSCKAM BemecTBOM
(puc. I.8) cmemuBanTCA [BE DEAKLMOHHOCMOCOGHHE HUIKOCTA C ONMHA-~
KOBO/ Tewmneparypoil. OBHAM M3 DEareHTOB ABJIASTCH KaJopuMeTpHYecKas
HANKOCTH, ADYIHMM - DAacTBOD UCCJAENYEeMOoro BemecTBa. OGHUHO B kaue-
CTBE KaJOPUMETDUUECKOI'0 BemecTBa, CJAYHAnero pPacTBOPUTENEM, GepyT
BOJY W OpraHUuUecKue ZAUOKOCTA, OOHAKO B METAJLIYPIAM B KauecTBe Ka-

JIODUMETDUUECKO! HUAKOCTA HUCIOAB3YNT M RUAKAE METAINH.
9-‘.
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Puc. 1.7. Cxema xajopumeTpa CrOpaHUf C TIeDMETHUHHNM DeaxlMOHHEM
cocypmou: I - peaxkUMOHHNA cOCyX; 2 - yamxa JiaAa o6pas- »

st

ua; 3 - cn4paib AJA TMOARATA o6pasua; 4 - ycTpoiicTBO
04 MOjauy XUCJI0D0Aa

TerioQu3MuecKye CBOMCTBA NMPOAYKTOB DeaxlUd HeAY 06DpasLoM
KaJIODMMETPUUECKUM BEHECTBOM MOLYT OTJIAYATHCA OT CBOJCTB DeareH-
TOB, ¥ 3TOT PAKTOP HEOOXOQUMO YUATHBATH NPU IDAAYMPOBKE HAJIODU-
MeTpa.

HalopumeTpH ¢ pearupynmyM BemEeCTBOM B OCHOBHOM NDHMEHADT IS
M3MepeHUd TEeIUIOT XUMAUECKUX Dearluid, TeruioT DacTBOPEHMA, HJA Ofi-
pefeNeHus TelUOBHX 2QfeKTOB CMEmeHMs DasAWYHHX EUNKOCTEH, CMauu-
BaHUA U APYTAX QUIMKO-XMMUUECHWX NDOLECCOB. B MeTalnyprum Kalopu-
MeTpaun C AMIKUMM METANNauy B KAUeCTBE KANOPUMETDUUESCKON RUEKOCTH
NOXB3YOTCA JJIA ONPEleseHUd OHTANLIMI CHENeHUS MeTAJJOB M 06paso-
BaHuA CILIABOB.

[\ AARNNN SUSONNNAY

Puc. I.8. Cxema xanopuMeTpa CMENEHWA C DEarvpyomuM KalopuueT-
puuecKuM BemecTBoM: I - KaJopHMeTpUUECKul cocyn
C KaJOpPUMETDHUECKO! EMAKOCTHO; 2 - MemalkKa C Mpo-
GO#HMKOM aMnyJH; 3 - aumy’Ja CO BTODHM peareHTOM

B GoqBmiHCTBE U3BECTHHX KaJODUMETDOB C DEarupynmuM KaiopH-
METPUUECKUM BENEeCTBOM Deald3yeTcs U30NepUGONUUYEeCKUil pesuM paGoTH.
poMHIJIEHHHE KaJODUMeTDH MOJOGHOIO THNA BHAOYCKADTCH (UpMaMu "Tpo-
Hax" (CWA), "fapp 4HcTpymenrc" (CUA), "Ceiixo" (fnouus).
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liaccuBHHE METATIUUECEUES KANODUMETDH

B MAacCHBHHX MeTalnuuecKdX (aHEDOMIHEX) KAjJODHUMETDAX B xaue-
CTBE KaJODUMETDHUECKOr'0 BemecTBa XUCHOAB3YDTCA METANIH C BHCOKOL
TEILTONMDOBOAHOCTER (MEeHs, cepe6po U T.A4.). [0 CpaBHEHMM C EUOKOCT-
HHMY MACCHBHHE METAIMYECKAE KATODUMETDH 06JalanT DAJOM IDEeHMy-
UECTB: MOCTOAHHOH NDM 3afaHHO! TeMnepaType TElUIOEMEOCTBD Kalopu-
METDUUECKOT0  BemecTBa; WUPOKMM DaCOUMM TEMIEDATYDHHM WHTEDBAJIOM;
OTCYTCTBMeM TEIUIOBHX 2OJEKTOB MEeDEeMemMBAHUSA M UCNADEHUA; BOBUOE-
HOCTBO MCCHE[OBaHUA 06PaslOB, HArDETHX JO BHCOKUX TEMNMepaTyp.

naccuueckre XaNODUMETDH C NAjalmuM TEIOM (Ipon-xanopuMeTpH ) .
K rpynne MacCHMBEHX KaIODMMETDOB NDHHAMJICHAT HKAACCUUECKUE Ipon-Ka-
Jopumerpa (puc. I.9).

Vi

Pac. I.9. [lpuHiMnuanbHasd cxeMa Apon-zajopuMerpa: 1 - Meuxa;
4 - uamka And o6pasua; 3 - MeTalauuecxil 610K
(DaHHWH TUM KaJODUMETDOB NpefHA3HAUeH AJA UBMEDEeHA
TEIUIOT Qa30BHX MSPEeXOAO0B ¥ TeIUIOeMKOCTSi)

TenunoeuxocTs o6pasia ONPENe’dnT N0 GopMy.Je

C:""P(’C“?;w)zck(nsm_c)’ i

™y
(=3}

pae sy 71 ~ HauajJbHHE TeMNepaTyDH KalOPUMETDUUECKOT'O BelecTBa
1 o6pasiia COOTBETCTEEHHO; 7’M3M - HOHeYHas TeMInepaTypa HKajlop4-
METPUUECKOr'0 BemecTBa; (Yk - TElJIOEMKOCTH KaJopXMEeTDUUECKOr0 Bele-
cTBa. Illpd 06paGoTKe DEe3yJAbTATOB M3MEPeHUil Ha OpON-KaJiopUMETpe He-
O6GXOMMMO YUMTHBATH BO3MORHOCTEH "3auopaznuBaHuaA" $asoBHX MEPEXOmoB
o6pasya Mpy GHCTPOM OXJAR[AESHWM OT BHCOHOH TeMrepaTypH N0 Teunepa-
TYDH nepexofa. Kpoue TOro, HEOGXOMUMO MOJHOCTBO WCKIOUUTEH JDOHE
W3MEHEeHUs TeMIepaTypH naganmero o6pasua Ju6e YyUYUTHBATH WX NPU 06—
pa6oTKe pPe3yAbTATOB JKCIIEDUMEHTA.

OCHOBHO# HeLOCTaTOK JPON-KaJIODUMETDOB 3aKINYAeTCA B TOM, UTO
HCKOMAA BeJIMUXHA ABJASTCA MAJO# PASHOCTHD OBYX GONBOMUX BEJIUUUH MU
pEe3yabTaTH W3MEPEHUs MOT'YyT COAEeDZAThH SHAUWTEJbHYD NOI'PEHHOCTH. [Ipu
BHCOKO# HaualbHOW TeMrIeparype o6pasiia OCHOBHAA TPYAHOCTH 3aKrIpnya-
eTcsi B TOUHOH permcrpalvy TeMnepaTypH o6pasla U OLeHKEe TeMieparyp-
HHX MOTEps [PY NMaJeHWd ero B KAJOPUMMEeTD W MPH LOCTUEEHUA TEepMA-
YECKOr'o PaBHOBECHUA.

OCHOBHHM WHCTDYMEHTOM HJA WUSBMEDEHHA TEMIIeDaTyDH HarpeThHX 06—
pasloB ABJAAETCA NUPOMETD. JI1A CHUMEHUA TEIUIOBHX MMOTEPb MCHONBE3YDT
DAJ NPUEMOB: cpasy ®e NocJe najgeHuda ofpasla KalOpUMeTD 3aKPHBalnT
TEIJIOBHM SKDAHOM; KaMepy Npu6opa BaKyyMHDYWT; AJA pasorpesa o6pas-
14 MCNONB3YyNT GECKOHTAKTHHE METOJH, HanpUMED BIEKTPOHHHE MyUKd
WIM WHAYUMDOBAHHHE BHUXPEBHE TOKM; [JfA OHCTDOI'O nepeMemeHus oo6pas-
1la Y3 HArpeBaTeJbHO# TPYOKHM UCMOJABIYDT NPUHYIUTENBHHE METOAH, Ham-
puMep "BHCTpeJuBaHue" o6paslia B KaJlOpUMETDUUYECKHRA G6JoK. YTOGH uc-
KADUMTH 3arpAsHeHUe 06pasua NpUMecsMHd, YIepEaTh oGpasel] B MogBe-
NEeHHOM COCTOAHWH, UCIOJB3YRT NEepPEMEHHOEe BJEKTDOMAarHWTHOE Moje.

MaccuBHHE EANODUMETDH C DEeaKLMOHHHM COCYHOM. B MacCHBHHE Ha-
JODUMETDH, Taxk &€, KaK 4 B XMOKOCTHHE, MOZHO MOMEmMATH DEaRLMOHHHI
cocyn. [lpy aToM HETaNAUUSCHEUH OGJOK KalopUMETDa NOJXEH MMeTh fopuy
cocyna. [lpuMep KOHCTDYXLMM TAKOro KaJODAMETDPA, Da3paGoTaHHoro Ky-
GameBCKUM M JieHueM, npuBejgeH Ha puc. I.I0.

PeaklsIOHHH cocyln Eajopumerpa KyGamesckoro - JleHua npejcras-
JgeT cO60ii amOMUHUEBHA GJOK CO BCTDOESHHHM 3JEKTPDUUECKHM HarpeBa-
reneMd. JIA nojmura o6pasua UCMOJAB3YNDT 2JIEeKTPUUESCKUN HarpepaTensb;
SHEDPI'dN, 3aTpPAUEHHY® Ha MONAWI, YUMTHBANT B JajibHeHmMX pacueTax.
Mop meiicTBueM TEMIOTH, BHAEAUBHENCA B pe3yibTaTe peaxuyuy, Teune-
parypa DeaxiMOHHOI0 COCyHa M0 CPaBHEHUD C TepMOCTaTUpyeModl 060-
JOuKOif moBHmaeTcA. [locJe OXNamHEHUA KaJOpUMETpa AO HAUYaNbHOR Teum-
NepaTypH C TOMONb0 BCTDOSHHOI'O HarpeBaTeJs BOCIPOM3BOAAT 3aBUCH-
MOCTH TEeMIepaTyDH 0T BDpeueHd. Hauepseuasa npy 3TOM 3ISXTDAUSCKAA
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SHEeprzf DaBHa TenjoTe peaxuuu. [pexMymecTBO MEeToJa B TOM, UTO DY
SJIEKTDUUECKOA "CUMYJNALMK" DearlMd HEeT HEeOGXONUMOCTM Opefe’saTh
KaJI4ODOBOYHHA KOS(DMLIMEHT .
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Puc. I.I0. Cxema MACCHBHOI'O KJIODHMETDA C DEaKUUOHHM COCYIOM
HOHCTPyRLUMK HyGameBckoro u Jlenua: I - BaxyyuMupo-
BaHHHW COCYZ; 2 - DEearUOHHHI COCyd; 3 - 3JIeKTpu-
UeCKU#i HarpesaTenb; 4 - 3amUTHHE SHEDAHH; 5 - KDHIKA;
6 - Tepuomapa; 7 - oTBEpCTHE LJA BHXOJA rasa;
8 - npoBosiOKa INA MOABENMBAHUA 06Dpasla

HamopaMeTpH AJA U3MEepeHus YIOeNBHOM TeILIOeMKOCTH

KanopuMeTpud, OCHOBaHHAaA Ha A3MEepEeHUH TeMIepaTypHOro Apeida
o6pasua np# NOJABELEeHMM K Heuy TEMIOTH - Haubogee DpacnpocTPaHeHHH
METOJ| U3MeDeHAA Y[eJbHOH TEelJIOEMHOCTH, OCOGEHHO DU HUIKUX Teune-
'‘DaTypax. Il1sg nojBeneHdA X 06paslly M3BECTHOr'O XOMMYSCTBA TEILIOTH
28

7p4d OonpejieleHUU ero TEerLIOEMKOCTU OOGHUHO MNOJB3YNTCA DJICKTPUUECKAMY
HarpesarTeaauMu. YTo6H YMEHBUUTD BIAAHUE CLCTEMATUUECKAX norpemwsoc-
Teil UB-3a KOHTAKTa HUCTOYHHUKA SHEPI'uu C odpaauou, npenjoaeHn apy-
rie MeTonH HarpeBaH4s, HanpuMep, MNOTOKOM SJIEKTPDOHOB WIH WHIYLIHDO-
BAHHHMA BUXDEBHMHA TOKAMW.

3TOTMeTQuHanopKMeTpHH GHI BIIEPBHE TMPUMEHEH ﬂxoyﬂeu eme B
1845 r. (cxema npuGopa Jmoyaa npuBefeHa Ha puc. I.II).
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Puc. I.II. MpuHUMNUANbHAA CXEeMa M3MEDeHUA YIENBHOH TErIoeMEOCTH
EWIKOCTEH MeTomoM [Jzoynsa: I - KaJjopUMeTDUUECKMi
COoCylL ¢ BOZHOH; 2 — aJeKTpMUeckas LeNb HarpeBaTeleil;
3 - KaJODHMETDHUECKHil COCYNl C MCCACLYEMOi EUTEOCTHD

llpefioReHHHA ¥M KaJlODUMETD COLEpEA] NBa COBEDHEHHO ONMHAKOBHX CO-
Cyfia. B onuH HalMBai¥ ZUAXOCTH, YIEIBHYD TEMIOSMEOCTH KOTODOI
TPe6oBaJoCh OnpejeldTh, B ADYroi - BOAy. Hacc HCCaenyeMoi Eupn-
KOCTY ¥ BOJH OHJIM DaBHH. B Kammuii cocyn noMemasy HarpesaTelbHHE
CIIMpaii PaBHOI'O COMDOTUBJAEHWA. Uepes HEKOTODOe Bpeumd Mocie BRJID-
UEHUS DJEeKTDUUSCKOr0 TOKA WUSMEDAJNM MOBHUEHHEe TeMrnepaTyp BOHH437;
U AccresyeMoi EUOKOCTH A Z;. Onpeneysand yAeAbHYD TEJOEMKOCTH
mupocru: C'= Cp (A 7; /A72’ ) . [Ipn usMepeHuM yOeabHO# TEerToeMKoc-
TV BUAKOCTH METOAOM JIAOYNA He WMEeT CMHCIA U3MEeDPATH CUNY 2JIeKTpU-
UECKOro TOXa M IJIATENBHOCTH ero NPONYCKAHWA, OJHAKO, N0 BO3MOXE-
HOCTH, clefyeT ¢ GOJbHOi TOYHOCTHD ONPEfeJATh COOTHONEHHE DACHT-
PUUECKUX COMDOTHBIEHMII Harpesareieil ,Pi/ R} . KanopumeTp Jzoynsa
MOZHO XapaxTepu3oBaTh KAk OUGPEDEeHUMATBHHII KaJopuMeTp C M3MepeHu-
€M JIOKaJbHOU Da3sHOCTH TEMNepaTyp.

Kanopumerp Heprcra - Oiikena. Heprer u OiikeH paspa6oTain ka—
JIODUMETD 1A M3MEDeHns YNeJIbHOA TelOeMKOCTH MDY HU3KAX Temnepa-
Typax (puc. I.I2). BTOT Kagop4MeTD GHT HCMOAb30BaH HepHeTom nis
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NMpoBepK# CHOPMYyAMDOBAHHOI'O MM TDETbEero 3aKOHAa TEPMOMUHAMWUEW.
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Puc. I.I2. Cxema kanopumerpa HepHCTa - OfReHa [Uisi OnpejefeHHA
VIEIBHOA TelioeMEocT: I - BaKYYMHDOBAHHHA cCOCYX
¢ nocepeGpeHHOfi BHYTDEHHERA NMOBEDXHOCTHD; R - KOH-
Tefinep ¢ 06pasUOM; 3 - TORONDOBOAANME MPOBOAA;

4 - DTYTHHIA 3aTBOD

TeepAuA o6pasel] NojBEemeH B BaKYYMADOBAHHOM CTEHJSAHHOM COCYAe,
KOTODHIA NMOrpYEEH B OXJaxJapmyn XUAKYD CDejy, Hamnpusep, B EUNKUA
BOZODOX. OGpaszeir] HArpeBaeTCHA OT [UIATHHOBOW CIUpaid, NOMEmEeHHOR
BHYTDM ofpasiia. Ora Ee cnupainb CIYXMT B KaueCcTBe TEepPMOMETpa cor-
poTHBJeHUA. CTyneH4yaroe NOBHINEHHME TEeMIIepaTypH o6pasia C marom B
HECKOJBKO I'DJyCOB NAeT BO3MOXHOCTH N0 OTHAENbHHM TEeMnepaTyPHHM
TOUKAM M3MEDATH TEIUVIOEMEOCTHM TBEDAHX Ted, HauMHad C OYeHb HU3KUX
Teuneparyp. lipu Goabmoil DasHOCTM TeMnepaTyp obpasia u TepMocTara
SHAUMTEJNBHYD DOJb WUIPAalT NOTEpHd TEIVIOTH BCJAENCTBAE HM3JIY4YeHUd, M0-
DTOMY UX CJeiyeT OnpejesaTh M0 WU3MEeHEeHMD TEeMIepaTypH o6pasua 1o u
nocyie Mofauy SNEeKTPUUECHONW SHEpPI'MH.

30

B cepegnHe 1960-x rofoB raiopumerp HepHcTa - OfKeHa GHJI ycCo-
BEpPUEeHCTBOBAH ANOHCKUMM yUeHHMUA Cyroil u Cexu: UX RaJOpUMETD paGo-
Tajl B 8OMabaTUYECKOM DEeEMMEe C aBTOMATHUECKUM [OABOJOM SHEpIHUH.
lIp¥ M3MEpEHWM TEIJIOEMEOCTH B OGNACTH OUEHb HM3KHX TEMIepaTtyp Tou-
HOCTH M3MEDEHWHA JoJZEHA OHTH UDPE3BHUAHO BHCOKOM, MOCKOJBKY YAeAb-
Hafd TEIUVIOEMEKOCTDH TBEDAHX KDUCTAIIMUECKUMX OOpasLOB yMEHbEaeTCA
NPONOPLUMOHANBHO TPeThedl CTeneHn TesmneparypH. TakuM o6pas3oM, €CIH
YAEJBHYD TEIJIOEMEOCTH HYEHO M3MEDHUTH C MOrpemHocTsd MmeHee 1 %,
OTHOCHTENbHAA MOTDENHOCTH M3MepeHwii BemwuunH A7/ 7 noazHa co-
CTAaBJAATH NPUMEPHO 10'3 2.

[lpoMHIIeHHHEe KanOpMMeTDH, NpeJHasHauUeHHHE JJis onpeleJeHud
VAENbHOA TEMNOEMKOCTH BENMECTBa, BHIYCKaDTCA (uUpMOA "YiBak CHHEY-
Puxo™ (finonma). OH npejcTaBifeT coGof aguaGaTuuecKuii EANODUMETD,
pa6oTapmuii B CEaHMDYDEEM WIH M30NepuGOJHUEeCKOoM pexuMe. [lpu padore
B K30MepUCOJNYSCEOM DeNvMe TeIUIOEMEOCTH W3MEepseTcs Mo MeTony HepH-
cra. [lpu paGoTe B CEAHMDYDEEOM DeEMME 06Da3el] HEeNPEepHBHO HAIDEBaeT-
Cid NPH MOCTOAHHOW MONMHOCTH, MAYEHEHA Ha HarpesaHue. [IpM 5TOM BegerT-
CA DEerMcCTpalus TeMnepaTypH EaE QYHEIMH BpeMeHH. CHODOCTH M3MEHEeHMA
TeMnepaTyps Npd 2TOM 06paTHO NPONODLMOHANBHA YHEJNBHON TEIIOEMEOC-
TH. YnpasJieHne SKCNEDHMEHTOM W MaTeMaTHYecEas o6paGoTEa SECIepH-
MEHTAJbPHHX MaHHHX OCYHECTBAADTCA C MNOMONBD EOMILODTEDOB.

I1.3.4. KanopuMeTpH, OCHOBaHHHE Ha W3MEDEHHWH
JIOKaJIbHOA Da3HOCTH TeMIIepaTyp

KayopvMeTpH TEJIOBOI'0 NMOTOEA. B KaiopMMETpax STOr'0 THNA H3Me-
pAeTCA PaSHOCTH TEMIepaTyp MeENy HBYMA TOURAMH KaJIOPHMETDHUECEOR
CHCTEMH, BO3HMKADMAs NMPH BHIEJEHWA WIHM MOrJOHEHWM TEIUVIOTH B Deak-
LMOHHOM MpOCTPaHCTBE. TEeMI0OOMEeH MeEOy KaJODHMEeTDOM U OEpyxapmei
cpefoil npogonxaeTcs NO TeX NOP, NOEA HE YCTAHOBUTCA M30TepMHUESC-
KMk wiu crauuoHapHHA pemuM. TerIoO6MEH NMDOMCXOAMT uepes TBepioe
TEJO C OMNpejeJIeHHHM TEeDMUYESCHEMM COMDOTHBJCHHEM, [MO3TOMY MONET
OHTH MBMEDeH COOTBETCTBYDNUA TEIIOBOW MOTOK, ROTODHM MOAHOCTHD
JaBUCUT OT DAa3HOCTH TeMNepaTyp Ha YEa3aHHOM TEPMMUYECKOM COMPOTHB-
JIeHUM .

Taxnu o0pasoM, DPErvcTpauMaA JOKAJbHOW Da3HOCTH TEMNepaTyp BO
BPEMEHM [aeT BO3MOKHOCTH M3MEDHUTH TEILIOBHE MOTOKM NDPH YCIOBHMH,
UTO KaNMOPOBOUHHA KOZPIMIMEHT s KaJOpDUMETDA HW3BECTEeH. OTOT KO-
afpuiIMenT HeoOGXOUUMO ONPEeNeJHTH TeM WIM MHHM chnocobom. Ciegyer
3aMeTUTH, YTO MDU 3HAUUTEJHHOM BRJI3Je B TEILIOOGMEH MNpOLIeCCOB KOH-
BEKUMU ¥ UBJNYUEHUA DEe3yAbTUDYDNMA TEIUIOBOH MOTOK HeNb3s Hernocpen-
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CTBEHHO CBA3aTh C DA3HOCTHD TeMrnepaTyp. B 9TUX yCJOBUAX eQUHCTBEH-
HHM CDEACTBOM KaJWGDOBRKHM MpubGopa OCTaeTcs SKCNEepUMEeHTANbHOE Oonpe-
AesieHue KoodPUUMeHTa Telsonepefaud 4 ero TeMrepaTypPHOH 3aBUCHMMOC-
TA. BcieiCTBHE HEHOHTDOJMDYEMHX MOTEPH TEIUIOTH HAJODHMETDH IaHHO-
r'o TUNa AOJAEHH OHTH JupdepeHLMaNbHHMH, ¥, NOCKOJBKY WHCCIEeLyeMHi
ob6pasel] ¥ ofpasel] CPaBHEeHUA Bcerfja OTIAuYapnTCA APYTr OT Apyra, KOH-
CTPYKLMA MPUOOPOB JOJEHA OGHTH TAROH, UTOGH 3TO DasNduMe He BJUAJIO
Ha M3MEDEHMA ¥ UTOOH KaluGDPOBOUHHA KOoOOMIMEHT He 3aBUCEN OT MpU-
POIH ¥ EOJMUECTBA MCCJEJYyeMoro BemecTBa.

B rajopuMeTpe FAHHOPO THMA TEIUIOBOH MOTOK, BHSHBANNUA pelaK-
cauMp TeMnepaTypH, [POXONUT 4yepes TBepAoe TeJo, KOoTopoe Ju6o CJay-
EAT JaTUMKOM Da3HOCTH TeMnepaTyp, JUMG0 CHAGZSHO TAKUM HaTUMROM.
Bce Buan TernonepeHoca, KOTOpHe ONPEefeNANTCHA He TOJbKO TeMiepaTy-
po#i, NONEHH OHTH CBEJEHH K MMHUMYMY. H3iyueHnue B HeaguabarTUueckoi
CHCTEME MOXHO YMEHBEUTH, YCTAHOBUB 3aNATHHE OKDAHH MEXNy KajlopuMeT-
PHUECHO# CHCTEeMOi ¥ 0GOJOUKOd EaiopuMeTpa, HO MpU 3TOM BO3pacTraeT
TeIUIoBas MHEPLMOHHOCTDH CHUCTEMH.

B rajopuMeTpe TEMIOBOr'O MOTOEA KaJOPHMETDUUECKasd cucTeMa
CBA3aHa ¢ OGOJOYRO#H. ~UYepe3 TepMUYECHOe COIPOTUBIECHHE R1_. OGHUHO
TPYAHO YCTAHOBUTH, HKAKON 2JIeMEHT B KaJODUMETDax TelUIOBOr'0 MNOTOHA
ABAAETCA TEDPMWUECKVM COMDOTHBIAEHMEM. OTY (QYHELUMD MOTYT BHIIOJHATH
CTOJIGUMEM WIA JUCKM, HUBrOTOBJIEHHHE U3 METaJJla WJIM KepaMuKd M Nox-
IepEuBapmue AuYeiiry obpasia.

Tepuuuyeckoe CONPOTUBJIEHUE l?T arpaeT posb koadduieHTa npo-
NOPLIMOHANIBHOCTY MEENY W3MepAeMoil BeJMUMHOR A7 M UCKOMOR BeJUUH-
HO# é?. OHO onpepejsseT UyBCTBATENBHOCTH, a TAKEe MOCTOAHHYD Bpe-
MEHM NpUOOpa, CJYE3AMyD MEpPO#l ero TErUIOBOX HHEepPLMOHHOCTH.

2. [PAKTWYECKME PABOTH 10 HAJOPUMETPUA

ipakTUuecKre paboTH 0 KaIOPUMETDWM BHIONHADT Ha OudbepeHLu-
aJIbHOM HKaJOpUMEeTDE, CHOHCTDYYWPOBAHHOM 10 MNPDHHUMUNY Tuana - KanbBe.

Jupdepeniimansiad rantopumerpus Hanese (JIKK) aBaAeTcA OfHUM #3
Hau6oJee yHUBEDCAJbHHX METOJOB Kajlopwwerpru. Ha xanopuMerpax Kanb-
BE MOXHO M3MEPATHh DasHoO6pasHHe TemlofusuMuecKue NapaMeTDH BemecTB:
TEIUIOEMKOCTY, SHTAJBMUM (Pa30BHX NEpEeXofoB W T.H. BHCOKaA UYBCTBH-
TEJIBHOCTh METOJa JeJaeT BO3MOMHHM WMCCJENOBAaHME UPE3BHUAKHO CJAGHX
$a30BHX MEpexof0B, HANpUMED, MEPexof0oB MemOy PasJUUHHMY BUJKOKDUC-
TaJIMYeCKuMy (Basamu. [IpM CDaBHMTEJIBHO MEJJEHHHX npoieccax AKK nos-
BOJAET JeTaJibHO HaGJl!)JlaTb UX X0 BO BPEMEHH, UTO OTHKDHBAET BO3MOE-
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HOCTH 1A WCNONB30BAHUA JAHHOTO BUAA KANODUMETDHMM B XYMUUECKONR Ku-
Heruke. HanopumeTpH KanbBe MOTYT paGoTaTh Kak B CTAaTHYECKUX DEEU-
MAX -~ KBASMU3OTEepMUUECKOM (MpM KOMMEHCaluW TerioBoro sdbexra mpo-
Hecca sa cueT afderra fleabrbe) U W30MEepUGONMUECHOM, — TAK U B IU-
HAMMUYECKOM, a2 HMMEHHO DeEWMEe CKaHUPDOBaHMA 060JourM. Padora B fUHa-
MUYECKOM DEEMME JaeT BO3MOEHOCTH MCCIEJIOBATh KMHETUKY XUMUUECKHX
MPOLECCOB B HEH30TEPMHUECEMX YCJOBHUAX.

[lpuHUMNUANbHAA CXeMa CKOHCTDYWDOBAHHOA B 1aG0OpaToOpUM ycTa-
HOBKM mna KK npuBenedHa Ha puc. 2.1; OCHOBHHE UAaCTH YCTAHOBKM -
MACCHUBHHI [UIHHAPDAUECKUA MEIHNA GJIOK M JIBA MACHTHUHHX TEDMHUECHEUX
naTuuka. TepuMuuecKRUd JaTUMKR npencraBifeT coboit I120-cnafinym Tepuo-
rnapy Meab - KOHCTAHTaH, CMOHTUDOBAHHYD Ha TeqUIOHOBO#A OoCHOBe. B
OlHOM Y3 TEepMMUECKMX JaTUMKOB DasMemanT ucclenyemuil ofpaseln, a B
IDYyrod - 9TAJNOHHHA. B HauecTBe D9TAJOHHOIO BEWeCTBa, HE MMEDNEero
COGCTBEHHHX TEDPMUUECRUX NePEexXOofoB, MOXHO HMCMOJb30BAThH NPORANCHHHA
OKCHI anmouMuHuA. [eoMeTpudA HAaTUMEA DACCUMTAHA HA MCCJAEfoBaHue 06—
pasioB, PACNOJIOXEHHHX B LWIMHADWUYECKWX aumnyiax. O06BeM BemecTsa B
ucenegyemMHx oGpasiax cocrasigeT 0,I1...0,2 wi. B xkaznod u3 TepMu-
UEeCEMX NATUMKOB, B HENOCPENCTBEHHOHA GIM30CTH OT BHYTPEHHEd MNojoc-
TH, pacnoJoxeH padounit cnaii omHocnaiHod nubdepeHIMANBHOA TEepMona-
pH Mejb - KOHCTAHTAH, HOTODAaA CHAYEMT JJIA UBMEDEHHUA TeurepaTypH
o6pasua.

MenHuid GNOR NMpeAHAa3HayeH NJNA pasMemeHWs TEepPMAUECKUX NaTUMKOB
Y MOHTaXa CHCTEM pasorpeBa U OXJaxjeHus. PasorpeB 6JOEa ocymecTB-
JIANT peryjJupyeMHM NMPONYCHAHWEM 3JIEKTDUUECKOr'0 TOKA uUepes CHCTEeMy
CONPOTUBAEHUHA, DAClOJOXSHHHX B OTBEDCTHUAX, NPOCBEDJEHHHX napajie-
JIBHO OCH CHMMETDMM LAIMHApPA. MacCHBHOCTH MEJHOrO GJIOKA M Maiad TeM-
flepaTypHas 3aBUCHUMOCTD TEIUIOEMKOCTH Menu 0GecrneuvBanT NpUOIU3UTE-
JIBHO JMHEeRHOe W3MEeHEeHWe TeMrnepaTypH MpU nojaue Ha BXOJ] CUCTEMH
pasorpesa MOCTOAHHOI'O BJIEKTDHUECKOT'0 HanpsaEeHuA. OxyamneHue GJoKa
OCYHECTBAADT MPONYCKAHAEM TOKA XOJOMHHX MMapoB a30Ta uepe3 [APYrym
cucTeMy oTBepcTuil. Bce oTBepCcTHA B GJOKE OTHOCHTEJABHO TEPMAUYECHUX
JIATUAKOB pasMeNeHH MaKCAMAIbHO CHMMETDHYHO, UTO HEOGXOHUMO IJA
BOSMOXHO GoJiee MOJHOW KOMMEHCAlMM TEIUIOBHX NOTOKOB.

B cocTaB yCTAHOBEM JOJNXEH BXOAUTH HAGOD NOMOJHUTENBHHX NpU-
GOpOB: MCTOUHWE CTAaCWIM3UPOBAHHOTO nuranus (Tuna B5-46), nBa ca-
mMonucua (oguMH M3 KOTODHX HOJEEH GHTHh NBYXHKOODAMHATHHM), IBa LUd—
POBHX BOJXBTMETDAa, OAMH M3 KOTODHX JOJXEH U3MEDATH CUTHANH OO0 Of-
HOT'O HAHOBOJNBTA, a ADYTOd - O OJHOrO MMEDOBOJBTA (HampwMep, B2-38
¥ 1-300), womneoTep (He xyme IBM-386), unTepdeiicHoe o60pyaOBaHUe.
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Puc. 2.1. [pUHIMNMANBHASA CXeMa YCTAHOBKMA JIA JuddepeHLManbHOU
ranopuueTpus Kanese: I - TepMAUECKHE JATUMKA C o6Gpas-
yaMu; 2 - Me[HH# GJoK; 3 - IBYXKOODIVHATHHIA CaMOMuUCceLl;
4 - nudpoBOii BOIBTMETD; D5 — HYJb-TEDMOCTAT, 6 - cnau
TepMonapH, Caysamedl Ais W3MEDEHUA TeMnepaTypH; 7 -
TeqUIOHOBaA KPHMEA, NDeJHA3HAUEHHAA [JIA MOHTaAa CHUCTE-
MH pasorpesa; 8 - BHBOAH naddepeHLanbHOA MHOrOCHah-
HOil TepMonapH; 9 - OTBepCTHA, MPEJHa3HaUeHHHE HJA
pasMeneHusi HarpeBaTENbHHX BJEeMEHTOB; 10 - orBepcTad
IJs NpOMNyCKaHUA XOJOOHHX MapoB asoTa; II - JATP

B npocTefimeM cayuae JOCTATOUHO UCTOUHMKA CTAGUIAIUPOBAHHOIO MATA-
HNA, KOTODH MOZHO 3aMEHUTH J1aG0PaTODHHM ABTOTPAHCHOPHMATODOM
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(JIATP), ¥ ABYXKOODAMHATHOT'O CaMOMUCLA C TpPEJEJoM U3MepeHuid He
rpyéee 0,05 uB/cum.

[lepen npoBeneHMeM U3MEDEeHM# YCTAHOBKY TOTOBAT K SKCIUIyaTalllu.
JUist 8TOro BHBOJAH C TEDMAUYECKUX NATUMKOB HENOCPEeACTBEHHO WIX yepes
LMdpoBofi BOABTMETD B2-38 nofmmmuanT X Y -KOODAMHATAM OGOMX CaMo-
[MCleB, BHBOOH C ONHOCMNAWHO# TepMOnapH, BHXOAAMEd U3 AUedRd C aTa-
JIOHHHM 00pAasLiOM, MONCOEAUHADT K X -KOODAMHATE JABYXKOODAMHATHOTO
caMonuclia ¥ KO BXOJY BCIOMOraTesNbHOTO UMPpoBOro BoabrMerpa [[-300.
Bropoit cnaii ogHocnaiHoO# TEpMOMapH MOMEmanT B HYJb-TepMmocTaT (gpn-
apoBCKMA COCYH) CO CMechb® BOAH CO JbAOM. BTopo# cauonucel JoJKeH
ofecrneunBaTh Da3BEePTEY CHUIHaNa BO BpeMeHW. MoHTaaHHe NMPOBOJA C
CHCTeMH pasorpeBa G6JIOKA NONCOSNMHANT K MCTOUHMKY CTAGMIU3MDOBAH-
Horo nuranua win JATPy. Bce mpuGOpH NpeABapuTENbHO NPOrpPeBanT B
TeUeHue BPEMEHW, YEA3aHHOro B nacnopre (Kag npaBWio, BpeMA IpO-
rpeBa cocraBiageT 20...30 uuH).

Jid NpOBEfeHHs KOJMUECTBEHHHX M3MEDEHWH C NOMOEBD KaJOpUMET-
pa KanpBe HeoGXoJumMa NpejBapMTeNbHasd HaiuOPOBKAa, MOCPENCTBOM KO-
TOpO#d, BO-NEPBHX, ONpeNeJsnT 3aBUCHUMOCTb Mexny TepmodlC mudde-
peHuManbHoi opHocnafiHoi Tepuonapa Au ( 7’) ¥ MCTHHHOM TeMIepaTypoi
o6pasia 7’ , a BO-BTODHX, - MEPECUYETHHA KO2QPULMEHT f((?") Mexay
HenocpeCTBEHHO DerMcTpUPYeModl B SECNEDUMEHTEe BEeNUUNHOA (BNeRTpH-
UYECKHM CUI'HAJIOM, MOJNYUYAEeMHM C TEeDMUUeCHRUX naﬂ_uxoq)AU( Q)n ue-
TMHHHM MTHOBEHHHM 3HauenueM rerurosoro moroka & : 4=K(T)-AU(Q).

Hak norasanu M3MepeHHs, 3HaueHMA TepModfiC ucCroAb3yeModt B
Npueope MEeAbKOHCTAHTAHOBOW TEpPMONApH C BHCOKOA TOYHOCTHD COBMa-
Jla0T C MMEDMUMUCH B HAYYHO#R JMATEpaType AaHHHMM MO 3aBOJACEOHA KaJMG-
pOBKE MEJBKOHCTAHTAHOBOA TepMonapH. PesynbTaTH KaiMGDOBEM NpUBE-
news B Taén. 2.1. i

Jlna omnpepeJseHud KosgpuUMeHTa !((7")ucnonbaoaanu rnapauieabHo
JlBa NPUHATHX B MUPOBOM BKECMNEDUMEHTAaNbHOW MpakKTUKe MeToja. CYmHOCTH
[IEPBOTO COCTOUT B CHMYJIUDOBAHMUM TEIIOBHX 30PEeKToB ¢ nomompd 3h-
pexra [IEOyJA B M30TEPMAUECKUX YCAOBMAX. COrJacHO BTOPOMY MeTO.Y,
BanucHBalM KPWBHE ILIABJAEHWA WIX Apyroro $asoBOoro nepexofa TOYHOHA
HABECEA XMMMUECKA UMCTHX DTAJIOHHHX BemecCTB C M3BECTHOH aHTalbnuen
nepexona, MpM 3TOM IUIOManb NMKA [0 COOTBETCTBYDLmEed KpUBOA JHK
CTaBUJI¥M B COOTBETCTBUE C HEM3BECTHOH TEIIOTOH nepexoa.

Kaxpguii ¥3 METONOB MMEET CBOM NpEeMMymecTBa M HEJBOCTATKHA. OJEeKT-
puueckas KaauGpoBKa nocpencTBoM afderTa AROyjsA OTKDHBAET BO3MOE-
HOCTH HENPEPHBHOI'O ABMXEHHA [0 mKaJe TeMnepaTyp 4 MNo3BOJSeT O4eHb
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MpOCTO OnpefeiATh MOCTOAHHYD BDEMEHM NpuGopa, OJHAKO ee MpOBefeHHUe
OCJOEHAETCA TPYAHOYUMTHBASMOR YTEUHOH TEIUIOTH IO TOROMpoBojaM. Ha-
AUGDOBKA M0 M3BECTHHM 3HAUEHMAM TE[LIOTH MNABACHHA XUMAUECKH UHC-
THX BEmeCTB - Gojlee HaJeMHHHA ¥ TOUHHA Cnoco6, ¥ KaauGPOBOUHHA Ipa-
fuE GoNee TOYHO COOTBETCTBYET ODKCIEDHMEHTAJBHHM YCJIOBHMAM 3aMACH
xpuBEX JKK npu npoBefieHMM DeaybHHX 3KCNepuMeHToB. Ero Hepocrar-
KOM ABIAETCA OTCYTCTBME HA6opa NOAXOLANMX XUMUUESCKUX COENUHEHH C
M3BECTHHMA W BOCIDOW3BONMMHMM TerIOBHMM adperTamu Pas3oBHX npeBpa-
meHwii, oGecrneuyrBanmMX KaauGpPOBRY B DadoueM MHTepBaje TeMneparyp
npu6opa JKK. Taxuu oOpasoM, OMUCAHHHE BHNE METOOH B3aMMHO JONOJ-
HADT ADYr Apyra, 4 UX COBMECTHOe MDOBEJIEHAE M03BOJAET CYWEeCTBEeHHO
[IOBHCUTH JOCTOBEPHOCTH EaJMGDOBKA MPHGODPA.

Ta6ama 2.1
3apucumMocTs TepModJiC MEeIbKOHCTAHTAHOBOW TEpMONapH
or TeurnepaTypH padouero cnas (crma#d cpaBHeHMs
HaxoguTcs npu Teumneparype 0 °C)

T Todaw T Tdoontrals sut®y ot feam-of Atem,
°c K uB °C K MB 26 K MB

-100 | 173,15 | -3,268 || -30 | 243,15 | -1,084 40 | 303,15
-90 | 183,15 | -2,988 || -20 | 253,15 | -0,733 50 |303,I5
-80 | 193,15 | -2,697 ||-I0 | 263,15 | -0,37I 60 |[303,I5
-70 | 203,15 | -2,395 0|273,15| 0,000 70 [303,I5
-60 | 213,15 -5,082 10 | 283,15 | 0,383 80 |303,I5
-50 [223,15 |-1,759 || 20 | 293,15 | 0,780 90 |303,I5
-40 |233,15 | -1,425| 30 |303,I5 100 |303,I5

KanuGpoBKy npHoopa MO MEeTONuKe, OCHOBaHHOW Ha adperre Nzoyas,
NpOBOAWIMA B TeMmrnepaTypHoM uWHTepBasie 173...373 K c marom B 20 K.
M3MepeHHHEe NpM Da3HHX TEMIepaTypax 3HAUeHMA KaiuGDOBOUHOI'O KO-
¢uumenta K (7)), ucnonbayewmoro Hjis Mepexofa OT KCIEPUMEHTaJbHO
DErucCTDUDYEMOr'0 2JEKTPMUYECHOTO CHI'HANA K MCTYHHHM 3HAUEHUAM MIHO-
BEHHOI'0 TEIUIOBOr'O NOTOKA, NPWBEJEHH Ha puc. 2.2. Ha aToM e pu-
CYHKEe TNpe[CTaBJeHH pesyJbTaTH KajJuOpDOBEM NpUOOpa C MCMNOJb30BaHHEM
BENECTB C WU3BECTHOMH suTansnueil nepexofa. JaHHHe 06 MUCMOJAb3OBAHHHX
B paGoTe DTAJIOHHHX BEmECTBax CBeNeHH B Taéa. 2.2.
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Puc. 2.2. 3aBHCMMOCTH UYBCTBUTEJHHOCTH mpuéopa mis audpepeH-
ManbHO@ KajopumeTpnu KaibBe 0T TewmnepaTypH: @ -

RaJKOpOBEA mpuéopa no adderty Jmoynd; - Kamm6-
DOBKa M0 BEHECTBaM C M3BeCTHO# BHTanbnued GasoBHX
nepexonos
Ta6auua 2.2

TeurnepaTypH ¥ TEUIOTH (a30BHX NEPEXOfOB 3TANOHHHX BEMECTB,
WCNOAB30BAHHHX MDA KaJUGDOBKE YCTAHOBEWM JJIA KaJODUMETDUA

KanbBe
3:::22:35 Tun (a30BOro nepexona 7;’ xﬁ&fiénb
[lunorexcan | [lpeBpamenne B TBephoél (ase 187,08 8,36
[lugnorexcas | [laasiexHne 266,65 2,68
BenszogeHon | [lnaBaeHHe 32I,19] 17,92
HapTanuu [lnaBnenne 353,25 19,08

2.1. 3uepeHye TEepMOXMMUUYECKUX XapDaKTEepPUCTUK
MHIUBUAYVANLHHX COSAUHEHUH

Wsuepenue napameTpoB $a30BHX MEPEXOLOB - TEMNepaTyp 4 SHTATb-
nuiA, a TaKze TEIIOEMEOCTe!l MHAWBUIYANBHHX COEAMHEHWA U PacTBODOB
ABNAeTCA BazHelmedl 3anayeid TEPMOXUMUM. ITA TEDMOXHMMHUECKAE BeJaM-
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UYHH ABJSNTCA OCHOBOH XHMMUUECKOH TEDMOJAVHAMMEM.
Ui NPOM3BOJBHON XMMAUYECHOA DEaxLMH

/ ' § ’
VAN A Y A L R Y i
WIM B COKDamEHHOM BHJe: zf_: 9 A —O rue 9 > () AnA NponyR-
TOB DEaKIMH M Q < (0 mus ucxonuux BEmecTs, crannapmuyn cnodonuyn
aHeprun a66ca (.A G° ) u crangaprayp sHTaIEMM® ( 13 l1
XHMWUECKON DeaKLdy paccanunanm M0 YDaBHEHWAM:

[} 0
- . 0y, (2.2)
,,H =2V, (ap HY,
roe A G aA £ H - COOTBETCTBEHHO CTaHJapTHHE 9Hepruu [u66-

ca un c'raunap-mue BHTBJIBI'IMH 06pasoBaHus U3 3IJEMEHTOB COeJIMHEeHHUiA,

yYacTBYDIMX B DeaKLyy.
TeunepaTypHas 3aBHCHMOCTH z] ff 3afaeTca 3aKoHOM Kupxroda:

0
0,1, =A_H,

5 298 P’y

I [<z:9 -C, (T)]d7"+ZZ'(AH ) %
298

rae Cb: (T)- wombHas TemnOeMEOCTb [ -T'0 COG[MHEHWA MpH TeMne-
parype 7' Nlocnenuuii uneH B ypaBHeHuu (2.3) oTpazmaeT BEIa B M3-
MEHEHWE DSHTANBIUM BCEX YUACTHWKOB Deariu B pesyibrare (DasoBHX
[epexofoB, MPOMCXONANMX C BEmecTBaMi B MHTEpBale TEMIepaTyp OT
298 K no uckomoii. Temnepatypa 298 K ABIAeTCA B TEDPMOXUMMH CTaH-
[ApTHOA, ¥ GOJBUMHCTBO 3IHAUSHMUA LI SHTANBMAA W IHeprui 'u66ca
06DA30BAHNA COEJMHEHWH NaHH B HAYUHOA JUTEPATYPE WMEHHO LA 2TO#
TeMnepaTypH.

Beauuin A, G°
LMaNBHEM COOTHOMEHAEM

[9a,.GY/7TT] _ _apH’

0
u Op H ceaAsasu Apyr ¢ Apyro Juddeper-

2 (2.4)
T -5 s
WUHTerpvMpoBaHue C YUEeTOM QODMYJH (2.3) paeT BHpaaeHue
& Akl
0 0 1
2,6 =a H -T§ —{ p ) ,]d?’}d?ﬂv (2.5)
I r 233T2 .&8[1 1 E

+iZ }]:(AH‘E")“+ A, GZ% .

Takum o6pasoM, eCJA B TOHW UAM UHOM QoDMEe M3BECTHH 3aBMCUMOC-
™ CZ% OT TeMmnepaTypH AAA BCeX YUYACTHMKOB XXMMUUECKOM DEaKLM,
910 OTHpHBAeT NYyTh K DAcueTy HOHCTAHT PABHOBECAA XUMUUECKMX IIDO-
1eCCOoB :

Gﬂ
K, l'la—ex< . (2.6)
i, e pr)
rue /gi - KOHCTAHTa XWMMUYECKOIQ panuoaecua;(ai)l> - aETUBHOCTD

L -I'0O KOMIIOHEHTA XWMMYECKOW peaKuu¥ Npu PaBHOBECHH .

2.1.1I. Onpepesenue TeumnepaTyp 4 TemnoT GasoBHX NEpPEeXoioB
MHOMBUOYAJIBHHX BENECTB

Heo6xoquMye MaTepualds ¥ OGOPYAOBaHME: HAG0D 3anagHHHEX aMmnyJ,
CcoJlepEamUX MCCIEyeMHe BemNecTBa C U3BECTHHMU MAaCCaMu; XMOKMAA a30T
B KauecTBe XJajgareHTa.

llo BHGOpY npenofaBaTesd CTYNEHTY LA UCCJIENOBaHWA Npemiara-
NTCA TPW BEemecTBa, ONHO M3 KOTODHX JOJXHO OHTH EWIKUM KDUCTAIIOM,
HarnpuMep 4-u-aunn—4igganoﬁgmgnun (5CB); Apyroe - [LIACTHUECKUM
KDHCTAJJIOM, HanmpuMep ueTpexxyopuctuii yraepon ( CC L), Tperse -
OOHYHHM COeJWHEeHHeM 6e3 JOMOoJEMTEeNbHHX (a30BHX NepexofoB, HANDHU-
mep Geusoxa ( C% l{s ). Hccaenyeuune u aTajJOHHHE 0OGpaslLl DasMemanT
B aMnyJax ¢ BHENHAM OUaMeTDOM 3,3 MM, KOTODHE MOI'YT CBOGOJHO
BCTABAATHCA B OGOJbEME MO HR@AMEPTDPY AaMIMyJH, HEMNOCPENCTBEHHO MoMema-
@MHe B TepMOaHAJIMTHUECKMe AUEHRM KajJopuMeTpa. AMNYJH ¢ ofpasuamu
JION®HH GHTH NMPUTOTOBNEHH 3apaHee.

[lopAOK BHOOJHEHWA pacoTH

AMIIyJy C 06pasLoM OMYCKawT B OJMH M3 TEPMMUECKMX JATUMEOB, B
JIpYyrofi TepMUUECKHA NATUMK OMYCKADT amnyny C 3TAJOHHHEM COEJNAHEHUEM,
nocje aToro GJOK KajJopuMeTpa OXJax[anmT A0 MCXOAHOW TeMrepatypH
(npumepHo Ha 20 K HmEe npeqnojaraeMoi TeMnepaTypH nepexojna) W no-
MelnanT B NOJBENMEHHOM COCTOAHMM B cocyn lswapa. JUid CHAXEHUA HEKOH-
TPOJUPYEMHX BO3HEHCTBHI HA HAJNODUMETD CO CTODOHH BHemHed cpeju
COCYJl TUIOTHO 3aKDHBABDT MEHOMNJIACTOBOH KDHNKOM .

JUIa nonyueHUs KPUBHX DAa3orpeBa Ha CUCTEMy Das3orpesa 6JoKa B
TEUEeHHE BKCINEDUMEHTa MOJanT HEU3MEHHOE BO BDEMEHYU HalpAZeHHe.
BeJencTBrie NMPHUMEPHOTO MOCTOAHCTBA TEILUIOEMKOCTW Meay B paGoueM MH-
Tepsaie Temneparyp (I73...373 K) ofecneuusBaeTcA paBHOMEDHOE Har-
peBaHuEe CUCTEeMH B XOJe OMHTa. PexoMeHgyemas CHRODOCTH pasorpesa
KAJOPUMETDAUECKOro 6JOKa 2 K/MuH.




Uepes 2...3 MUH focJe 3alycka CHCTEMH pas3orpesa ABYXKOODAWHAT-
HHil camomnucel] NpUBOJAT B padouee COCTOSHME, NMDOM3BOJUTCH 3alUCh
repuorpamu pasorpesa B age sasucmuoctu AU(Q) - Au(T) wm, c
yyeToM MPOBEfeHHOA KaJUGPOBKH, B KOODAMHATAX LZ - T . Npu mnpubaa-
EGHMY TEMNepaTypPH KaJODUMETDHUESCKOA cHCTeMH Kk Temneparype $asosoro
nepexofa 3arnycKanT BTODOA caMomucel, NMPQU3BOJMTCH NapajielbHas
3anmuch KPUBHX DasorpeBa B KOOPAUHATAX -Z , rme t - Bpeums.
lp¥ HaIWu¥¥ TOJLKO ONHOIO CAMOMMUCLA KPUBHE Das3orpesa 3anucHBaWTCA
B KOODAMHATAaX 1 s , HO B XOJle SKCMEDMMEHTa Ha KDUBOW pasorpe-
Ba, COrJAcHO MOKAa3aHWAM LMHPOBOrO BOJBTMETDA, OTMEYAWT HECKOJBHO
TeMIepaTypPHHX DENepHHX TOWeH, M0 KOTODHM 3aTeM BHMOJHANT TeMnepa-
TYDHYD T'DAJyMPOBEY MOJYUSHHOH KDHUBO# .

locne MoNHOM 3amuMcy MUKa focjaefHero gasosBoro mepexopa (nJia
AUIKOKDUCTAIIAUSCKAX OOpaslLoB - 3TO NEpexoi B M30TPONHyw Qaay,
IIA 06pasloB NJacTUYECKHX ME3Or'eHOB — [aBJeHKe) OTHKIDYADT CHCTE-
My DasorpeBa, NpU HEOGXONUMOCTH 6JIOK OXJAXNADT, aMmIyay C 06pas3LoM
USBJIEKADT U3 KaNODUMETDUUECKOR AYeiru, TYAa MNoMenaonT HOBHA o6Gpa-
3ell, ¥ Bce AefcTBAA NOBTOPAKT BHOBB.

06pafoTka pe3yAbTAaTOB SKCHEPUMEHTa

Jna onpejeiieHUdA TednepaTtyp # TeIuloT Gas0BHX MEepexoioB Ha
SECIEDUMEHTANBHO MOJNYUSHHHX KDUBHX Da30rpeBa BHIOJHANT HNOMOJHATE-
nbHHE nocTpoeHus (puc. 2.3). JUiA onpefesiesus TeMnepaTyp Pa30BHX
MIePeX0f0B WUCMOJL3YNT TEPMOrpaMMH, 3anMCaHHHE B KOODAMHATAX /-7,
WY OTrPajlyUpOBaHHHE [10 TEeMnepaType TepMOrDauMH, 3aluCaHHNe B KO-
opmunarax A - 1.

TemneparTypy (asoBoro nepexofa ONpefeifdT Mo TOUKE nepecede-
HUS KacaTelbHO#l K BocXojAmeidl uacTd NMuEa $asoBoro nepexofa U Npo-
HONBEHWA Ga30BO# JMHUM M3 OCJACTA HUSKAX TEMIEpaTyD.

Juia onpefeneHus SHTanbnuM Ga30BHX NEDEXONOB KCHOJIb3YyDT Tep-
MOTDaMMy, 3aMuCaHHYD B KOODAWHATaX A - ¢ . lua 3TOr0 U3MEpA0T
iomafb 3aMKHYTOHl KDMBOJMHEHHO! QUIYDH, 06pa30BaHHOil C OfHO#! CTO-
DOHH TWKOM Pa3oBOro nepexofa, a € APYroid - Tpeus NPAMONUHER HEMY
OTDEe3Kauy, NABA U3 KOTODHX ABIANTCH MPOXOJIXEHHAMA 6a30BO# JUHHU U3
0671aCTH HU3KMX A BHCOKAX TeMrmepaTyp, a TDeTHd COe[jMHAET TOUKH Mnepe-
CeueHus MPOJONEEHAH Ga30BHX JMHMA C KacaTelbHHMU K BocxomAmed “
HUCXOJAme# uacTAM muxa (cu. puc. 2.3). [liomans nuxa, OTBEUADMETO
$as0BOMY Nepexofy, ONMpefeJ]ANT UMCICHHHM WHTEIDUDOBAHHEM C UCMOJb-
30BanneM GopMyJH CuMIICOHA. OHTaAbNMD (as’oBOro Mepexoja omnpenendloT
no gopuyne
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Sy Ma -3
Q7w =R T30 (2.7)
K(T)-Am,,
rne Eﬂz - TpuBeleHHas Iomans nuxa gasosoro nepexofa (uB-c); M, -
MOJIOKYNISDHAA MAcca HCCJIedyeMoro BEmecTsa; ﬁ((?")— KaJu6DOBOYHHIM
KOoMPUIIMEeHT, COOTBETCTBYDHMA Teuneparype gasosoro nepexoga (uB/Bt);
amn o macca ofpasua, r.

+ 0,1 mB
(3110~ )

- 0,1 MB
(9K30-)

I
! |
' 7
| |
| |
| |
L ! (R |

B T, WaT 29 Tk

Puc. 2.3. TunuuHad HPMBAA pasorpeBa, COOTBETCTByDMNAs ILIABISHHD
6ensona (m = 0,0737 r), noayueHsas Ha auddepeHuuans-
HOM KajopuMeTrpe KainbBe NpM CHODOCTH pasorpesBa 2 H/MuH:
I - 6a3oBas JUHUA MNpPUOGOpA, OTHOCHTENBHO KOTODOX Npo-
H3BOOMTCA pacueT TenjaoBHX addexrToB ( TL - Teunepa-
Typa, COMOCTaBuMMasA C TeMnepaTypoi# (asoBoro nepexopa;
AU - napaMeTp, WCNOJAb3YeMHil JUIA pacueTa W3MEeHeHWs
TEIUIOEMHOCTYA Mpu (Ppa3oBoM nepexone)
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[lo pesyabraTam W3MEDEHHKA ¥ pacueTOB [JA Kax[Ooro M3 MCCAef0OBaH-—
HHX BEHecTB COCTaBHTHb Ta6auLy No o6pasly, MNpeJCcTaBISHHOMY HUAE.

BemecTBO | M, | 7y, |Tun dasosoro s e AH,
FAMORE] B | SOPORCAS uB-c | MB/Br | xllm/uoas

2.1.2. W3MepeHMe TEMNOEMKOCTH WHAWBHAYANbHHX COEMMHEHHA

TemI0eMKOCTh - BaxHasd TEDMOXMMMUECKAd KOHCTaHTa, HeoOXopumad
i TEDMOLMHAMAYECKOTO aHanusa QUBMKO-XUMMUECKUX cuCTEM. C NOMOWbD
TEIUIOEMKOCTA DACCUMTHBADT AGCOJIDTHYD 2HTDONMD, CBOGOAHYD 2HEPI'UD
[u66ca, NMPUPOCT SHTANBIMM U TEMIEDaTYDHHE 3aBMCHMOCTH TeDMOJUHA-
MAUECKUX MOTEHIMaNoB OT aGCOJDTHOTO HYJAA N0 BHCOKAX TeMneparyp u
.. U3MepeHne TEIIOEMEKOCTH TBED/HX BEmecTB MO3BOJAEeT MOJYUUTH
BamHHE CBEJCHHS MDH WSYUEHWH MOJMMODPH3MNA, MEepPexXofoB THMa "nopa-
IIOK - GecropAfgok", CTDYKTYDHHX ¥ MAarHUTHHX NpeBpameHui.

TeIOEMEOCTh TBEDOHX TeJ Np¥ MOCTOSHHOM aBICHUM ONpejelanT
K4K KOJMUECTBO TEIJIOTH, HEoOGXonuMoe [if Harpepa eJMHMLH MacCH Beé-
mecTBa HA OfMH rpajyc (Npy YCJIOBHH NOCTOAHCTBA NaBieHus). HamGo-
Jiee UacTO B TEDMOJMHAMUEE MCNOJBL3YDT TEMLIOEMEKOCTH, OTHECEHHYD K
O[[HOMY MOJD BENEeCTBa - MOJBHYD TEMJIOSMEOCTD CP. Takuu oGpasoM,
COrJIACHO ONpefeseHuo,

ad _  Adp
C,= = .
mANT-T) ™ (T, ~T))

rne C p — TEIJIOEMKOCTH; AQ - monuuecTBO TEIIOTH, NOLBEACHHOE K
Teny; 7'2’ - '7"1 = AT - pasHoCTh TEMNepaTyp B Hauaje ¥ KOHLE ONHTA;
M- uacca o6pasua, fL - MOJNEKYIfDHAA Macca MCCIENyeMoro coefiuHe=
HAA .

(2.8)

B CKaHWDYDEMX KaJODUMETDax HarpeB M3yuaemoro BemecTBa ocyme-
CTBJAAETCA IUIABHO,U M3MepuTe]NbHasd TepMonapHas AuelKa perucTpupyeT
HENDEDHBHHI NMOTOK TEIUIOTH, MOrJIONAeMO# N3yuaeMHM oGpasunoM. B aToM
cryuae IJA TEIUIOeMKOCTA MORHO 3alucaTh Clefypmee COOTHOmEeHWE!:

@a/dtyp  dp a
= = (2.9)

B LTIy i @T/dty mP
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mocfQ/dl = Q. - MrHoBeHHHH norox remnory; d7° /dt =D =
«(ONst - nocrosHHad CHOPOCTH pasorpeBa. OTHIOHEHME KDUBOiH paso-
rpona, (QUECHpYemod UMPDOBHM BOJBTMETDOM ¥ CaMOmMUclieid, OT HYJEBOI'O
UHAMOHUA NPOMODLMOHATBHO MIHOBEHHOMY NOTOKY TemIoTH: of q /d t =

C AT K (T , roe AU(T) - orrnosesue xpuBoii pasorpesa oT
nyaenoit aunun; K{T) - xaropuMmeTpUuEcKas UyBCTBUTEJNBHOCTH MDPUGO-
pa, onpenenseMas M0 JaHHHM, NPHBEJEHHHM Ha puc. 2.2. [nd onpepene-
WAl TEIUIOEMKOCTY MOXHO 3amvcaTh Chefydlee COOTHOmMEHWE:

~ AU p AU M
m{dT/dOK(TY m PK(TY et

J1A MOBHEEHMA TOUHOCTHA KaNlODMMETPDUUECKUX SECMEPUMEHTOB uac-
70 WUCMNOAB3YDT CTAHAAPTHOE BEHMECTBO C M3BECTHHM 3HAUCHUEM TeILIOeM—-
KOCTH B MCCJElyeMOM TeMnepaTypHOM HMHTepBaje. B mpoliecce sRCnepu-
MEHTA C NMpUMEHEHWeM CTAHJapTHOI'O BEmeCTBa MOCJAef0BATENBHO 3allu-
OWBADT TPU KPUBHE pasorpeBa. [lepBHil ONHT NPOBOAAT C MYCTHMH aMIy-
JlaMM 1A NOJy4YeHusA Gas3OBOM JMHHMM, BTOPOA - C W3YyuaeMHM TBEDOHM
WIN HeJeTyuuM EWIKUM BENECTBOM, TDPETHi ONHT MPOBOLAT B TEX Xe ca-
MHX 9KCNEepUMEHTANBHHX YCJOBHUSAX, YTO ¥ NepBHe [Ba, C TO# Jullb pas-
Haueil, uTo B aunyiny, B KOTODOMl HaxomwicA W3ydyaeMmHid o6pasell, B3a-
M@H MCCHeyeMoro BeNecTBa MOMEeHawT ONpeieeHHOe KOJIUYeCTBO CTaH-
JlApTHOTO BemecTBa.

Heo6XoquM0 OTMETHTH, UTO BCE TEDMOrDAaMMH JOJEHH OHTb 3anuca-
HH CTPOr'0 NpM OJUHAKOBHX YCIOBHAX NPOBEHEHHUA ONHTOB (CKOpOCTH Ha-
I'peBa, UYBCTBHTENBHOCTH CAMOINMCLIA NDH 3alMCH KPUBOA, HauaabHaA U
KOHEeYHas TeMnepaTypH ONNTOB ¥ T.4.).

Jlia Taxoil CXeMH OMHTOB MOXHO 3anidcaTh COOTHOMNEHHe

Cp AAUT) m, M

- Z’— i b A
Boe AMUCE Lo i Poes ok
Win (2.11)
. AANT(T) m . M
T 4 : 3
AATK T oo comts - ol
rne AAL(T)- oTrioHeHWe KDUBOH Dasorpesa, COOTBETCTBYWHEH uayuae-
MOMYy BEmecTBY, OT 6a30BOil JIMHAM, MONYUESHHOW B OMNHTE C MYCTHMU aMiny-
nawn npu Temneparype 7' ( AAU(T) =AU(7’)—AU(7’>E); AAU(T B
OTRJIOHEHHE KDpMBOX pasorpesa, COOTBETCTBYDNEHd CTAHTADTHOMY COENuHe-
WD, ot 6asosoil munmi mpu Temneparype 1 (AD U(T) =AU(T)-AU(T));
43

Cp

?




(},— TEILIOEMKOCTH YSYyUaeMoro BemecTsa npu Temneparype 77 ;
C}kT - TeMJOEMKOCTH CTaHiapTa Mpyu TEMlepaType 7T ; m - Macca
#3yuaeMoro BemecTsa; 71.. - Macca cTaHfapTa; M - MOJEKYJApHAd
uacca ¥3yudaeMoro CoejuHeHus; M. - MOJEKyifpHad Macca CTaHnapra.
B RaJODMMETDUM OGHENDUHATHM CTAHAADTHHM BENECTBOM 1A U3Me-
DeHMA TEIUIOEMKOCTH B MHTEpBajle TeMneparyp 20...390 K asuaercs
6eH30/iHaA KUCJOTa. 3HAUEHUS TEIUIOEMKOCTH GeH30MHON KUCJIOTH B WH-

repBane Teuneparyp 173...373 K mpuBeleHH B Ta6ia. 2.3.

Ta6anua 2.3
3aBHCHMOCTS TEILIOEMKOCTY GEHBOMHOA KMCHOTH OT TeMepaTypH

7' C’P’ 'r', C'P’ 'T: CP, 71; CPa
K |oz/(uonp-K)| K |Aa/(womp-Kj K Nx/(Moap- K)| K |Ia/(uons-K)

170 90,504 225 113,57 275 | 136,06 325| 159,14

175 92,504 230 115,76 280 | 138,36 330 | 161,45

180 94,525 235 117,97 285 | 140,67 335 | 163,76

185 96,567 240 120,19 290 | 142,97 340 | 166,07

190 98,629 245 122,43 295 | 145,28 345 | 168,38

195 | 100,71 250 124,68 98,15 146,73 350 | 170,69
200 | 102,81 255 126,94 300 | 147,59 355 | 173,00
205 | 102,93 260 129,21 305 | 149,90 360 | 175,31
210 | 107,06 265 131,48 310 | 152,21 365 | 177,61
215 | 109,21 270 133,77 315 | I54,52 370 | 179,93

220 | II1,38 273,15 135,21 320 | 156,83 - -

Heo6xofuMHe MaTepUalH M OCODYAOBaHME: mycTas aumyia, auny.a
CO CTaHAAPTHHM BEmeCTBOM M3BECTHOR MACCH, aMiyjlH C UCCIeNyeMHMA
CcoenAHEeHUAMA UBBECTHOH MaccH, EUOKMi a30T B KauecTBe XJafareHTa.

flo BHGODY npenojaBaTelNf CTYAGHTY NpelJaraeTcCid M3MepuTh TeIIo-
€MKOCTH [ABYX — TpexX COeJUHEHWH, VMEenmYX DASHYR XUMAYECKYD npUpo-
ny. lpernogaBaTenb TaKKe YKa3HBAaeT TeMnepaTypHHA WHTEDBaj, B XOTO-
poM criefyeT onpejeiiTh TEeMJ0eMEOCTD. BHGOD COEQMHEHUs OrpaHuuUBa-
eTCA NUNb YCIOBAEM MANOH JETYUECTd BENECTBa B MCCISAYEMOM UHTED-
Baje TemnepaTyp. Bo m3femanue BJMAHUA NPOLECCOB MCMNADEHAA wna
cy6auMaiy HCCleyeMbx COeNMHEHUH aMMyJH ¢ o6pasuamyu JOoJEHH GHTH
sanasHH, NpUUeM 3alauBaHWe aMmmy:l AOJAHO MDOM3BOAUTHCA MDH aruoc-
GQepHOM JaBJEHHH.
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[lopAnOK BHIONHEHUA DPAGOTH

PasuecTuTh B 06euX AdUeiiKax HajJopUMeTpa MyCTHe aMmnyiad. Oxaa-
JIUTH GJIOK KajopMMeTpa M0 MCXOOHOW TeunepaTyps (mpuMepHo Ha I0 °C
HABEe HAYaJbHO'O 3HAUEHWA MCCJEIYeMOoro TeMlIepaTypHOro WHTepBsasia),
[IOMECTUTH GIOK B MOABENEHHOM COCTOAHMA B cocyn Jlswapa (KoTOpHA B
MCXOJIHOM COCTOSHMM JIOJEEH MMEeTh KOMHATHYD TeMmneparypy), Buaep-
®aTh OJIOK NPUMEPHO 3 MUH IJIS BHDABHMBAHUA TEMNEpPATYPHHX TpafivueH-
TOB, IJIOTHO 3aKPHTHh cocyjd /ibmapa NEeHOIIACTOBOA EDHNEOH, BHINUYATH
cAcTeMy pasorpesa (J0Ka ¥ [OCie DTOrO 3anucaTh GasoBy® KpUBYR pa-
sorpesa B koopguHatax (H - L .

flo gocTuEeHMA BepXHero npejeia MUCCIeNyeMoro TeMiepaTypHOro
MHTEepBana OTWIDUATH CHCTEMY pasorpesa GJlioOKa, BCe NPUOGODH, CBA3aH-
HHEe C KAJODMMETDOM, flepeBEeCTHd B HEaKTUBHOE COCTOSHHWE, WM3BJeub
NyCcTyD aMnyly M3 OfHOHA AYEAKM W NMOMECTUTH B HEe amnyny CO CTaH-
[apTHHM BemecTBOM. BHHYTH GJOK KajJOpMMETpa M3 cocyna /lebapa, Mnpo-
JYTH NOCJIENHHI BO3AYXOM, JJA TOrO YTOGH NocJegHuii npuoSpen KoM-
HATHYD TeMIepaTypy.

llocse 3aBepmeHUs 2TUX ONepauuii 3anucaTh KPMBYD Das3orpesa
DTAJOHHOIO COENMHEHMA NPH TeX Ke CAMHX YCJOBHMAX, UTO ¥ GasoBy®
KpUBYD pasorpeBa. TmEATEJbHO MOBTOPSAA OMUCAHHHE onepalu, 3anucaTh
KPUBHE DpasorpeBa AAd UCCIENyeMHX COEQUHEeHMAd; aummyJH C MCCJIefyeMH-—
MM O6pasuaMyd HeOoOXORUMO pasMemaTh B TOH Ee Aueidke, e pasuemai-
¢ cTaHgapTHHI o6pasell.

06GpaGoTka DPes3yNbTaTOB DKCHEPUMEHTa

Yepes kazmgHe 5 K onpefesnTs M0 MOJYUYSHHHM KDUBHM pasorpeBa
anauenuas AL(T)(3Hauenus TemnepaTyp, NpM KOTODHX ONDENEJADT
AU(T), nonsHH GHTH OIMHAKOBHMM [Af BCEeX KDMBHX). PaccuuTaTh
GHAUEHMA TEIUIOeMKOCTeld UCKOMHX COeJUHEHMH, MCroab3yd GopMmyay
(2.1I1) u padHWe, NpUBEHEHHHEe B Taba. 2.3. PeaynbTaTH U3BMEPEHUA U

BHYMCIEHMHA MDEJCTAaBUTh B BANe TaGNuMLH, Oo6pasel] KOTOpPO#d NpUBENEH
HUme:

BemecTBO - ___; Py = — T/uOKB; =t CraHgapT -_; M_ = F/om; m_= T

T,| ag, | AU | AU, | aAU, | AAY, O
K | uB uB uMB uB NB

Cper

ey )
Ox/(Monb -K) | Az/(Monb-K)

Mlono6uyn TaGa4ly HEOoOGXOZUMO COCTaBUTBH IUJIA KAROOr'0 ACCHEJOBaHHOI'O
COeNMHEeH!sA .
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2.2. HccnenoBanue MOJMMOUDHHX NDeBDameHui
B RMOKCKDUCTAIAUECKAX ¥ NJACTAYECKUX Me30reHax

[lens HacToAme# PaGOTH COCTOMT B OBHAKOMJIEHHH CTYAEHTOB C AB-
JenyeM moJuMopdusua. CyTh nojmMMopdusMa 3aKiouyaeTcd B CNOCOGHOCTH
TOr0 Wid WHOTO COeJUHEeHUA CYmeCTBOBATH B BUIE HECHOJIBKUX DA3NUUHHX
0 CTDYKTyDe (OpM, KOTODHE HOCAT Ha3BaHWe MOJMMODDHHX MOAMDUEALMA .
l0 CTEeneHd TEPMOIYHAMAUECKOA CTAGWIBHOCTH DasJUUHHE MOJMMODDHHE
MOLU(PMAKALMMA BEMECTS MOEHO DAa3fieNUTh Ha CTAGWIbBHHE, MeracTaGuibHHE
¥ HecTaGWwibHHE. TEpMONMHAMMUECKU CTAGUIBHHE (QasH O6JafanT NPH
J[AHHOM 3HAUEHMM TEPMOJMHAMUUECKHX NapauMerpoB (TeMnepaTypH ¥ HaB-
JeHusi) a6coMnTHON CTAGWIBHOCTHD, MeTacTaGuibHHE (asH He 06JajapT
a6CONDTHO! CTAGUIBHOCTHO (T.e. BO3MOEEH WX CaMONDOM3BOJBHHA nepe-
xof B Gojiee CTAGUIBHYD MOAMPUKALMI), HO CYHNESCTBYeT BO3MOXHOCTD
noBeneHuA 2THX Gas o miaBaeHus. HecrabwibHue Qash NPAHLMNUAIBHO
He MOryT GHTH JOBEJEHH [0 MJABJIEHUS, MMOCKOJBKY MDU HANIAUMM B CUC-
TeMe ONpeJeJeHHOd CTEeNeHU MOJEKYAAPHOA MOJABUKHOCTU NPOUCXOANT
CNOHTAHHHA Mepexoj UX B GoJjee TEePMOAWHAMHUECHH ycToAunBHEe COCTO-
AHWAA .

[lepexofH MEENY DA3JNWUHHMA MOJWMODOHHMH mMogupuRaLMAMA cCOeUu-
HEHWsl, KOTOpHE MPOMCXONAT MDY M3MEHEHMH TEPMOJMHAMWUECKMX napamer-
DOB CHCTEMH, ABJIADTCH (PASOBHMM [EDEX0[aMu, OHM MOrYT HOCHTDP Kak
o6paTvMHii, TAK M HEOGDATHMHI XapaKTep. [lockONBKY BCE HaJODHMETDHA-
YeCKMe DECMEDUMEHTH MH GyfeM NDOBOAMTE MDA HEeU3MEeHHOM [aBleHud,
DaBHOM aTMOCHEepDHOMY, MOKHO OIDAHAUMTBHCA AHANM3OM PasoBHX nepexo-
OB, MDOMCXONANMX MPY M3MEHEHUM TEMIEepaTypH. O6paTviMHe (as3oBHE
[IepEeXOfH MOrYT NDOUCXONUTH TOJBKO MEEAY ABYMA TEDMOJMHAMUUECKH
CTaGUIABHHENY Da3ami.

B xome O6paTHMHX $A3OBHX MEPEXOfOB HECTACWIBHHE U MeTacTaluib-
HHE COCTOAHWA MEpPeXOAAT B 6oJiee TepMOAMHAMWUECKM cTabuNbHHE. OTO
6HBAeT TOJBHO MDW MOBHNEHHd TEeMnepaTypH, W TaKUe Nepexomd Bcerja
HOCAT SK30TEPMAUECKMHA XapaxTep.

1A NOJYUYEHWMA TEX MIM UHHX [MOJUMODPHBIX MoaudMUKauuiA BemecTBa
ACNOAB3YNT TEPMOAMHAMUUSCKUAE M KMHETHUECKUE XapaKTePUCTUEA NpPO-
LleCCOB KpUCTaLIX3auMi. OJHAM W3 OCHOBHHX METO[OB MOJYUEHUA HECTa-
GUNBHHX ¥ MeTacTaGWIbHHX $a3 ABiAeTCA OHCTPOE 3aMopazWBaHAe JO
HUSKAX TeMrnepaTryp, Hanpusep A0 TEMneparypHd EUAKOr0 asora (7. K),
C nociegyPmAM OTSArOM. JIA WMDOKOr'0 XKpyra BeuecTB GHCTDOE 3aMopa-
KUBaHUE NPUBOJUT K odpaaoaéuum TAK HA3dBAEMOr0 CTEKJ000pa3Horo
COCTOAHUA - TBEepAOGas3HOr'0 COCTOAHWUA C "3aMOpPOAEHHHM" OJUEAHMAM [0-
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PIJIKOM, XapaxTEeDHuM OJA AWAKOCTX. B MONOGHOM COCTOAHUA MOEET Ha-
KOJMTBCA WADOKMA KDYT' BEMECTB, HO JJA DABHHX CHCTEM HeOGXOLAMH
PadlNe CKOPOCTHM OXJAANCHUA. Hampusep, O MONYyUEHUs aMODIHHX Me-
TAJJIOB TPe6ynTCA CKOPOCTH OXJaZNeHus Goxee IO6 K/c, ngna crernosa-
Nl OpraHMyecKuX BemecTB AOCTATOUHH CYMECTBEHHO MEHbIWE CKODOCTH,
[IpUueM HalMuve MEEMOJEKYJADHHX BOAOPOAHHX CBA3el B 3HAUMTEIbHOMH
Mope crioco6CTByeT 06Pa30BAHMI CTEKJO06DA3HOrO COCTOAHUA (HaNpUMep,
JUSL DTUN0BOTO CIAPTA M pAda ADPYIrUX COMPTOB NPOGJIEMATHUHHM SABIAET-
Ol NoJyyeHue KpUCTANIUMYECKMX 06pasLoB).

Eme OfHUM yNOOHHM MeTOJoM (QODMUDOBAHMA TeX WJIM MHHX KPUCTAI-
JUYECKMX MONMMODPHEX MOAUDHEALMHA OpraHWYECKHX COeNUHEHWd ABJAeTCHA
UX MeJUIeHHOe OXJIaKNEeHWEe WM H30TepMUUeCKas KPUCTANIMSALMA NDU
Temneparype HUKE TOUKM 3aMep3aHus. JUIA TOro YTOGH HavajJach KDHC-
Tajansauus, Heo6XomWMo GOPMMDOBAHUE 3apOAHEA KPUCTALINUECKOH (Gasu
OlpefieIeHHOro pasMepa, HA3HBAEMOr0 KDUTYUECKHUM 3aDOJHmEM.

Hunxue W IUIACTUUECKUE KDUCTANIH SBAADTCH YHUKANLHHMA CHCTEMA-
MH, B KOTODHX MOXHO JI€M'KO HaGimpaTh o6a Thna GasoBHX NEPexooB.

2.3. locTpoenue GUHADHHX (Pa30BHX JUarpaMM OCHOBHHX THIOB
(OuarpaMMi C 3BTEKTMHON, HENDEDHBHHMM TBEDIHMU DaCTBO-
pamu, ¢ 06pa30BaHNEM MOJEKYJADHOTO COEIWHEHM:)

Kanopumerp tuna Tuana - KanbBe MOEET GHTH WCMOJB3OBAH IS
(DMIUKO-XMMUUECKOr0 aHaNM3a, a MMEHHO - JUIA MOCTPOEHMA (HasOBHX Hu-
AI'DAMM WHMPOKOI'0 KPYra CHCTeM. ENVHCTBEHHHM OrDaHMUESHUEM ABJIAETCA
HOOGXONMMOCTE TOr0, UTOGH (Gas30BHE MEPEXOfH M3YUYaeMHX CHUCTEM YEJIa-
JliBasucy B pabounii MHTEpBaJ TemnepaTyp npu6opa 77...373 K. Buco-
45 UYBCTBUTENBHOCTH NPUOODa NeslaeT BO3MOKHHM M3yueHHe ($asoBoro
COCTOAHAA CUCTEM, B KOTODHX OOMH WM HECKOJHLKO KOMIOHEHTOB SBJSOT—
Gl KMOKUMA KDMCTAJJIaMM.

[leaso Hacrosmed paGoOTH ABJIAECTCA O3HAKOMICHUE CTYHNEHTOB C (u-
OUKO-XNMUYECKUN 3HATN3OM OMHADHHX CHCTEM. B mpolecce sxcrepyMeH-
TWIbHOA paGOTH W MDY OCBOEHUM HEOGXONUMOr'O TEOPETHUECKOI'O MUHUMY-
M8 CTYAEHT HOJNZEH rNyCEe NO3HAKOMUTHCA C MPAKTHMUYECKHMHU CJECTBHA-
MU 13 npasuna ¢a3 ['m66ca. B Xome IKCNEDPUMEHTA OH JOJEKEH CAMOCTOS-
TOJIbHO NOCTPOMTL PA30BYD AUArpaAMMYy GMHADHONW CHCTEMH MO BHOODY
fipenogasarensd. [l1s 8TOr0 HEOGXOMUMO CHATH TEePMOrDaMMH (XpUBHE Da-
sorpesa) HeCKONbKAX (OGHUHO NMATH - WECTU) 3apaHee MOATOTOBIEHHHX
00pasuoB, KamgHi U3 KOTODHX NpENCTaBJAeT C060ii GHHADHY® IBYXKOM-
[IOHEHTHY® CMeCch ONpejeNIeHHOr0 COCTaBa C M3BECTHOW Maccoil. [lpemo-
JlapaTenb TaKme 33jaeT TeuNepaTYDHHHA WHTepBaj, B Npejeliax KOTOporo
[IPOMBBOJMTCA 3aN4Ch KDUBHX Das3orpesa TOr0 UiNd MHOI'C o6pasia. Cro-
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pOCTH pasorpesa 0o06paslioB BO BCEX CAyuyadxX [JOJAZHA COCTAaBJIATH 2 K/uuH.

Ha BHGOp MpenojaBaTels CTYNEHTY Npeljaraercd GAHApHasA cucreMma,
o61amapmas ($asoBoél JuarpauMMoii OJHOr'0 U3 MATH TUMNOB. 370 MOEeT
6uTh cucTeMa ¢ mpocToi sBTexTmxo# (TMn I a); cucTeMa C HEempepHB-

HHMYM TBEDAHMM pacTBopaMu (Tun [1); SBTEKTHUECKAd CHCTEMa C HAIHUA-

eM OrDaHWUEeHHOX 06JacTH TBEPAHX DAacTBOPOB (run I G); cucrema c
06pa30BaHUEM MONEKYJIADHOI'O COENUHEHWs, MIaBANEerocAd KOHTDYSHTHO
(Tun Il a); cucTemMa ¢ O6DA3OBAHMEM MOJEKYIADHOI'O COeJMHEHUA, Mia-
BAMErocs 4HEKOHTpysHTHO (Tun Il 6).
B KauecTBe BO3MOEHOIO Hafopa CHUCTeM Npejjaraercs MCHoJdb30-
BaTh crenymmue (ra6n. 2.4): I a - Hadranui - GEH30QPEHOH, THM it
run I 6% tun Il a, Tan Il 6.

XapaKTepACTUKH CHUCTEM

Ta6auna 2.4

Tun asoBoi | Tun # nMapadeTpH TeumneparypH 4 SH-
IyarpaMMe 0COGHX TOUEH TANbNUK ILIABIAEHUA
Cucreuna ¥ JUHUHA CHCTEMH WHAUBUOYANbHHX
HKOMIIOHEHTOB
Tl AH b
K |xlx/Mo0ab
1 2 3 4 5
Benson + Tyer = 270,2 K,
7
aNAH & am= 0,120 MK,
ey Hamrggkna 3
OBTEKTHKA
PeHon + 7;57 = 305 K,
WH .. = 0,150 u.xg.
HEp dﬁa@maiuﬂa
A306eH30J + | OBTEKTHUEA C
OrpaHWUeHHHMN
a30KCuGeH30a TBEDIHMA
pacTBODaMa
15-uewnn ap-| HenpepHBHHE
TaJuH + (O - | TBepaHe
XJ0pHa@TanuH*pacTBOPH
P ST
0O -auxaop-
GeH30J1 +
+ 0- XJaop-
H#oa6eH30a

Xnop6eHsoa +
+ 6pOMGEH30I
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OxoHuaH#e Taba. 2.4

& o 3 4 5
P =ToNyuiuH MOJIERYJIAPHOE
coefjMHeHue,
# QeHon nJaBAmeecA
HOHTDY2HTHO

*“Jluisoo6pasHas" dasoBad guarpamMa 6e3 O0COOGHX TOYEK.

2.4. W3yueHue EVMHETHUKM XUMUUECKUX DeakrLuii
B _M30TEPMUYECEUX YCIOBHAX

JUIi mMDOROI'O Kpyra MpOLeCcCOB, MPOMCXONAMMUX B EULKOCTAX WIH
TPEpHX BEMEeCTBAaX, KUHETUKY DEaruuii MOXHO M3yuyaTh NO SHAUYCHUD
TeIJIONOrJoneHns WI¥ TElUIOBHIOCNEHUA, ONPENEACHHOMY W3 HKalODUMEeTDU-
YOCKAX KpWBHX. [IpH HENnpepHBHOM WU3MEDEHUM TEIUIOBOI'0 NOTOKA, BO3HU-
KAOWEro B XOHe XUMMUECHON Deaxuud, M0oJyyanT 3HaueHHe, MPOMNOpLMo-—
HAJIBHOE CHODOCTH peakuuu (HENnoCpeNCTBEHHO WJW [OC]e NPOBENEeHUusd
HOKOTOPHX MaTEeMaTHUECKUX NMPEo6Da30BaHMil UCXOOHON BDKCIEDUMEHTANb—
HO# kpuBo#). D10 0GYCJOBIAMBAET BAaXHOE MNPEUMYNMECTBO KaJODUMETDH-
YOCKUX MeTOJOB M3YYEHMA EMHETHEM XMMUUECKMAX MPOLIECCOB MNepej MeTo-
JlaMM, OCHOBAHHHMM HA HENPEPHBHOM HM3MEPEHWM KOHLEHTpAallW¥ peareH-
T08, a TeM Gonee - mnepej MeTONaMM, OCHOBaHHHMM Ha "oT6ope mpo6".
Baxno# 0COGEHHOCTHED KaJIODUMETDHUUECKMX METONOB ABIAETCA WX YHHUBED-
CAJIBHOCTDH, MOCKOJBEY TEIUIONOrNIONEHUe WIA TEIUIOBHOEJEHUE CONMPOBOX-
JlaeT npaxTUUEeCK JWOOA NMPUPORHHMA nmpouecc. C OQHOR CTODOHH, 3TO
00CTOATENBCTBO ABIACTCA NPEUMYHNECTBOM, MOCKOJBKY HAaeT BO3MOEHOCTD
WAPOKO UCIOJB30BATh KANODUMETDHD JJII KUHETHUECKMX UBMEPeHu#H, a C
JpPYrod - HapJaAHBaeT NDUHLUNMANBHHE OrDaHMUEHMS HA OGHEM K3BIEKa-
OMOW M3 3KCNEDUMEHTa KWHETHUECKOW MHOODMAlH.

CHOpDOCTBH DeaKlMd B M30TEDMUUECHUX YCJIOBUAX ABJAAETCA PyHKUUE
KOHIEHTDALMM Dearupypmax BEmecTB M 3aBUCUT OT YCJIOBHMI NpOBEeAeHUs
onuroB (reuneparTypa, AaBleHUE U T.4.). JUIA USBJICUEHUA KHHETHUEC-
KMX NapaMeTpoB U3 DHCINEDKUMEHTAaJbHO MOJYYaEMHX HDWUBHX, [0 TEM WIW
MHHM coo6paBEeHUAM CTPOAT GOPMANbHYH KMHETHUECKYD MOMNEIb H3yuyaeMoro
fpouecca, B KOTODOW 3alanT (YHKLMOHAJIBHY® CBA3b CKODOCTH Mpolecca
C MI'HOBEHHHMM KOHLEHTDalMAMM DEeareHTOB, TEMIIepaTypoil 4 JaBJeHUEM.
[lpy o6paboTre 2KCNEPUMEHTANBHOW KPUBOHW DACCUMTHBAKT MapaMeTpH 3a-
JlapaeMoil Monenu.

Hanpuuep, AJ1d NMDOCTOA OJHOCTODOHHEH DeaKUuu /7-To Mnopafgxa
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COOTBETCTBYWMEE KMHEeTUUECKOE YpaBHEHUE 3allMCHBakT B BAAC

d_C_,. =kcn,

dt (2.12)

rne C - HOHLEHTpauusA BHODAHHOrO YOHBaDWEro KOMIMOHeHTa, MDUHMMA-
pUEero ydacTve B DEaKUMM K MOMEHTY BpeMeHM { ; R - KOHCTaHTa
CKOpOCTH; 72 - TODANOK Dearlu.
[IDUMEHUTENBHO K HAJODUMETDMX KUHETHUECKMS YDaBHEHU s H30-
TEepMWUECKUX DeaKlyii NPUHATO 3aNUCHBATH B BUAE
do

gﬂ’f i (2.13)

rie O - CTenewb NpespameHus (3HAueHWe 3TOi BEJIMUUHH BO3pacTaeT C
TEUEeHMEM DearuuM OT Hydd N0 EAWHMIH).

Jli CBASW CTENEHU NpeBpaNeHd C BeIUUYMHAMM, WIMEDACMHMY 10
SKCIIEPUMEHTAIBHON HAJIODUMETDUYECKOR KDWBOA, MCMOAB3YDT CIEAYDLHe
COOTHOMEHMUS :

Y e ‘ (2.14)
dt AH,
AH ()
e X Lk p (2.15)
AHn

rae Q - MPHOBSHHAs CKODOCTH TEeIUIOBHAeleHMA (TemionoriomeHus), pe-
rUcTpUpyeMan RaJOpUMETDOM; AHr‘ ofmas SHTaJbMMA npouecca (3Ha-
UeHUA OMNpeAeafanT UHTEerpAPOBaHUEM ORCNEPUMEHTAIBHON KDUBOA OT Haua-
NBHOPO MOMEHTa JO MOJNHOI'O OKOHUaHus mpoueceal; A Hz' ( t) - YacTuu-
Hasg SHTANBNAA Npolecca, onpefeiseMas KaK TEJIoTa, BHAelsdeMad B pe-
aRUMM HAUMHAA ¢ MOMeHTa BpeMeHd { (SHAUeHMe onpejeNilT WHTErpH-
DOBaHUWEM COOTBETCTBYDNEHl UACTW SHCMEPUMEHTAIBHOMU KPUBO#) .

Jlorapuguupys ypasHenue (2.13), nonyyanT BHpazeHue, yoo6Hoe
IJd onpejenaeHdd /7 :

]n[g’_gf_ =1 BHER IntTEE o) (2.16)
dt
wi4, Wenoxesya coorHomenus (2.I4) # (2.I5), Haxopar
AHi(t)

ln[a' ]=lnh+n-ln[

] w2, 39)
AH,. AH,.
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Wo ypasHenua (2.17) Jerxo ofpefeJdTb XACKOMHE HMHETUYEeCKHe
[APAMeTPH 77 U & ; LA DTOCO N0 SKCIEDUMEHTAJIBHHM HAHHHM CTDOAT
rpaguic B koopauHatax |n [ A /AHr'] .ot In [Aﬁz /A/‘/,.]. rje no ocu
Y onpepensnT In kR, a no rasrency yria HawioHa ¥ ocu & - 3Haue-
WMo 77 .

KoHcTaHTa CKOPOCTH XMMAUECKOR DeaxlMd AR SaBUCUT OT Teune-
pATYPH B COOTBETCTBUM C YDaBHEHHEM ApDDEHMYyCH :

E E
k=kexp(-==) wm Ink=Ink,— ——.  (2.18)
RT AR

Jis onpeflencHus BeJIMUMHH £ , Ha3HBaeMoil pHepryueél axTUBALUMM TDO-
ecca, HeoGXOAMMO ONPEACIUTh 3HAUECHHWE KOHCTAHT CKODOCTH 1O Kpaii-
Hell mMepe ans ABYX TeMnepaTyp. [Ipd pacueTe 3HaueHUi E u ka CcTpO-
AT rpajur sapucumocTd 1N X or 1/T, npepcraBaswmuii COGOHA MPAMYD.
llo HaxioHy ee K ocd X ONpEeNeNAnT 3Hepruw axTuBaumu £ , a 1o
TOYKEe nepeceyeHus C OCHO Y - 3HAUEHHE In ka‘

[lpn M30TEPMUYECKOM MeTohe ompejielleHUs KUHeTUYEeCHHMX KOHCTaHT
BOZHMKADT TPYOHOCTH, KOTODHE SAKIDYAnTCA B BHOODe cnocofa WHHLMK-
POBAHMA M3yuaeMo#d Dearldd NpW 3alaBaeMoi NOCTOAHHOA TeMreparype
onurTa. HeoG6XoAMMO TEDPMOCTATMDOBATE GJIOR KaJOPUMETDA NPH 3afaHHO#
redneparype Tak, 4ToOH 6as30Bas JMHHA Npuéopa OGHia HEMSMEHHOR BO
PpPeMeHU, a 3aTeM KaKuM-HHOYAb CNOCOGOM NMPUBECTU B COMPUKOCHOBEHWE
UCXONHHE DEeaKTHBH ¥ BHDA3UTH XOZ 2TO# Deakiy¥ B BHAE KDUBOH Ten-
JIOBHJIEJIEHNHA, TO KOTOPO# MOEHO DACCUMTATH EMHETUUECKUES MapameTpH.

Cauuii MPOCTOA METON MHULMMDOBAHUA DEaKlyd B M30TEPMAUSCHOM
pexyUMe COCTOMT B TOM, UTO GIOK KAJODUMETDA TEpPMOCTATUDYRT DM
TeMIepaType ONMHTa N0 JOCTUEEHMsA HEM3MEeHHO! BO BpeMeHHM 6as3oBoil Ju-
MMM, a4 3aTeM B OJHY M3 TEpPMOaHAIUTHUECKMX fS4YeeK Mpuoéopa OHCTPO
NOMemanT KccJeayeMui o6pasein. [[MK KpuUBOH, COOTBETCTBYDORMA Deaxruuu,
DAMCHBAODT MOoChe JOCTUEEHMA CcTabWinsauuy 6as30Boil aumHuM. Taxoit crno-
c00 MHMLMMDOBaHMA ABIAAESTCA SJMHCTBEHHO BO3MOZHHM B cjyyae HCCIASHO-
BAHMA peaxuuy C yuacTHeM OQHOrO HOMIOHEeHTa (3TO MOrLYT GHTH peak-
UMK pasNoXEHHUs, MOJMMEDM3ALMHK, M30MEpU3aLMu A T.4.). CYmecTBEHHHM
HEeOCTATKOM JJAHHO'O MEeTOJa ABJAAETCA HEBO3MOXHOCTH TOUHO ompeje-
JUTH BpeMA Hauaja Deariiud, eCJM WHAYKUMOHHHK IMepuoj Mpolecca MeHb-
[lé BpeMeHM TEepMOCTAaTAPOBaHMA 00paslja, HasHBaeMoro "MEpTBHM Bpeue-
Hem". WHOYKUMOHHHA NEepuof, XapaxTepeH AJA DPeaxudid noauMuepusald u
1A peaxLuil ¢ yuyacTueM TBeDAHX TeJ. HKax mpaBuio, MNDOLOJAUTENBHOCTH
VWHAYKIMOHHOTO MEepuoja YMEeHbNAeTCsA C DOCTOM TeMnepaTypH. Pearuun
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DasNOMEHUA A A3OMEDU3AUXYM BEUECTB, HAXOAAMMXCA B DACTBODEHHOM CO-
CTOAHMI, MDOXOJAT Ge3 MHAYKLMOHHOTO nepuoja. B caydae Ge3HHAYKLIA-
OHHHX MpOLECCOB, 0pH YCJIOBUM,UTO "MepTBOE BpEMA™ CTAHOBUTCA CPaB-
HUMHM C XapaKTepHHM BDEeMEeHeM DEeaxlyud, NOrPEemHOCTH KMHETHUESCKMX
UBMEDEeHHUil MOTYT GHTh BeJ¥KH. B 2TOM cAyuae yHRoCHEe MDUMEHATH He-
#30TepUIUEeCK1il DeaMM pasorpesa.

B cayuae, Horpga nid WHMLMMDOBAHUA DEAKLAU HeoOXOoHMMO CcMeme-
HME OBYX DeareHTOB, CTAHOBYTCA BO3MOEHHM NpMMEHEHWEe BCroMoraTeib-
HHX YCTDOWCTB, MO3BOJADMMX NPEABAPUTENIBHO TEPMOCTATHPOBATH Dea-
r'eHTH o OTAEJbHOCTH HENOCPEeNCTBEHHO B TepMOaHAIUTUUECKOH Aueike
1 TOABKO [OCJie 9TOro WX NnepemMemvBaThb.

B KauecTBe MOLEJNbHHX DEaruui, HAeMOHCTDMDYRUMX BO3MOZHOCTH
KaJlOpUMETDHUSCKUAX METOMROB B M3YUESHMH KAHETHEW XMMUUSCHMX peaxuuii,
IJd NpaKTAuYecKoil DaGOTH NpejJaranTc CASAyDOye MNpOoLEeCcCH.

1. TepuMMUecKOe Da3NOEeHMEe a30M30GYTMDOHUTDUIA (AUBH) B pac-
TBOpE:

CN— C(CHy),—N = N —C(CHy),~ CN —=2CN-C’(CHz),+N=N

2CN=C'(CHy), = CN—C(CHz),—C(CH3),~CN

JlaHHHil TpOlecC MMPOKO WCMOJB3YDT AJIA HHULMMDOBaHUA DajUKalb-
HOMl MOJMMMEepW3alyiM, TOCKOJABKY Ha HAualbHOW cTraj4u mpouecca npu
pacnajie UCXOAHOrO COefMHeHuA oGpasyeTcs pajuxaibHad Mnapa, Mp#
IndIY3HOHHOM pasielieHuy KOTOPOA B PAacTBOpE NOABIANTCA CcBOGOJHHE
pajiuKa’iH, CrnocofHHe BH3BaTh DOCT noJuMepHo#i nemu. Hposme Toro, 2Ta
peaxuus NDOXOAUT B CDABHUTENBHO MATEMX YCJIOBMAX — DA3JOXEHUS AWBH
CTAHOBHTCA 3aMETHHM yse mpu TemnepaTtype 50 %C.

JlaHHH# Tpoliecc NpefcTaBadeT Cc0o60ii XMMMUECKY®0 Deaxuuio nepBoro
nopsifika, MOCKOJBKY ero NMMUTHDYRNEH CTafuel ABASSTCA MOHOMOJEHY-
JApHoe pasiyozeHue AWBH Ha MOJEKyAfpHHII a30T ¥ jABa papurana. [loc-
Jefyonad GUMOASKyJApHAA DEKOMOMHAlUWA DaJMEaIOB ABIAETCA GHCTPOMH,
1UGPY3HOHHO-KOHTPOXMDYeuOl Deakued. KuHeTuxa 9TOr0 mnpomecca Xo-
pOmO M3yuYeHa [JA MUDOKOTO Kpyra CHCTeM, B UaCTHOCTH, A GeHzo’aa
33BUCHLOCTH KOHCTAHTH CHODOCTH 3TOA Deaxuyuy oT TeMlepaTypH AMeeT
BYAR

Igh(k,c)=1500-127/8, 8=1n10R-T

2. Peaxnyus 06Das0BAHAA USTBEDTUUHHX AMMOH/EBHX CO’ei (peax-
uug MeHmyTxuHA):
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Rl R°X, 57 [RARIND = X -

me K= CHE, C2 H5 , ... (B ¥auecTBe auura CrOCOGEH BHCTYATh
THIKRO (IUPUIAH ~ C5H5N X DONCTBEHHHE coefuHeHMs) R°=
?

RS C.He, ..., X =C1, By J.
C,HgJ +CHsN —= [C.HgNCyH, 1 T

WccrenoBanue NpOLIECCOB AAHHOI'O TUMA CHIPAiO GOJAbMyD DOIb B
COOJIAHUM ¥ DKCMNEeDUMEHTANBHOW NPOBEDHEE TEOPETUUYECKUX MOJEJbHHX
[IPOACTABNIEHUA B XMMHUECHO# KUHEeTHKe. Pearuua MeHmyTKMHA ABJAAETCA
(IPUMEPOM DJIEMEHTADHOX XUMHUECKOA Deaxrlud, XapakTepusywonencs cpab-
WATEJNBHO MaJio 2Heprueid ¥ GONBMOH SHTpPONUEHR axTUBalLUKU. B paueax
TQOPUA CTONKHOBEHWA OONbEAsA SHTDOMMA aKTUBALMU O3HAUAET MaJOCTh
¢repyyeckoro gakrTopa peakuuud. Kpode TOro, NOCKOJNBKY B pesyJbTare
fpouecca us IBYX HEMOHOreHoOB (ajxWirajloreHuia M amuHa) obpasyercsd
MOHOI'@HHOe COeOMHEeHHEe - UeTBepTUUHAS AMMOHMEBaA COJb, KUHETHEA
poaxuuu MeHmyTEMHA OKA3HBaeTCs YPE3BHYANHO UYBCTBUTEJBHOW K AU~
DNEKTPUUECHENM CBOWCTBaM CpeljHi. B 3aBUCHMOCTH OT DAcCTBODUTENA KOH-
QTAHTA CKOPOCTM OJIHOM U TOW Xe DeaxrlUd NpH KOMHATHOW ‘TeMmneparype
MOKET MEHATHCH Ha TPU MOPANKA.

B nepBoM NPUGIMZEHMHA 33BMCHMOCTD KOHCTAHTH CHODOCTH DEaKLUM
MoHuyTKMHA OT OUBJASKTPUUESCKOHA IMDOHMLIEEeMOCTH cpelH onpepeiasercd
ypasHeHveM HepxBypa:

Ink=1nk~—-

3 - 3
RT R-e+i i 7

a L ‘ab
rue kﬂ - KOHCTAHTa CROPOCTA peauyd B cpele C AHSJIBKTDH‘IGCKO“
npoxunaeuocTon; & = 1; p.a » (U (U qp - MMNONBHHE MOMEHTH MOJE-
KyJ peareHToB M NepeXofHOr'0 COCTOAHHA DeaKLyyd NPUCOSAMHEHHAA COOT-
BE@TCTBEHHO, f'& ’ 72 »T3p - PaguycH MOJIEKYJ pearceHTOoB U lepexon-
HOI'0 COCTOAHHA Dearlud COOTBETCTBEHHO.

3. RaTaiuTaAyeckoe pas’ioEeHue Mepexnucyu BoLopora rong neﬁc'mneu

WOHOB [MepeXOIHHX MEeTalJoB:

Fe '+ H,0, —= Fe '+ HO;*H* (&)
2+

2 2 2
: e_".(ﬁ+ﬁ-"‘ab>

Ry Qg FeOH*"+ * OH (R)

oW
3V}



‘OH+H,0, —— H,0+HO, (&)

HO, =0+ H" (Kyg)
et 0, ——m Fef ™0, (&)
Fe**+ HOR(H)—= Fe**+H,0, (&)

Fe*+ H,0 = FeOH* +H' (k)

d[H202]=2' d[02]=2. /ko"éf"bs' R [Fe],
dt dt % [H+K,

4

2.5. WsydyeHne KMHETURM XUMAUECKUX Dearuuil
B_HEH30TEPMUUECKUX YCIOBMAX

CyTh HEM3OTEPMAUECKOTO MeTOfd SaKiluyaeTcd B 3amucd KaJopu-
METPHUECKOfi KDMBO# B YCJOBUAX MpOrpaMMupyeMoro (Kar npaBmio, Ju-
HeliHOr0) TIOBHNEHWA TeMlepaTypH KajlODUMEeTDUUECKOr'o GIoKa. B TarOM
clyuae KalopUMETDHUECKYD KDMBYN MOZHO DacCCMaTpUMBATH KAk o6o6meH~
HYD, 3aMEHSADMYD DAJ] W30TEDMUUECKMX KDUBHX, MOJYUEHHHX B Tesnepa-
' TYpDHOM MHTEpBaJie DEeakluyM U3ydaeMmoro BemecTsa:

E(_r-: & exp (_ __E__)(i_d)n (2.19)
dt e w2V
Ropic ol E AH®)
ln[Q(t) ——] et 10, Sgu e el 17 1 [——J (2.20)
AH, BT it) A

Z(H)=A+BX(t)+C V()

Hau60Jee TOUHO KuHETAUECKAe NapaueTpH éb , £ ,n onpeae-
17T 43 ypaBHeHus (2.20) weTONOM MHOAECTBEHHO! JUHEHOd Dperpeccuu
C NpUMEHEHHeM KOMNBOTEepoB. JUIA SKCIDECC-3HANH3a HEeW30TePMUUECHON
Xp4BOJl MOXHO BOCMOJB30BATHCA OCOGEHHOCTAMM TOUKA MAKCUMAIBHOA CxO-
pocT4 peakuuu. B Hanbonee o6meM Bule KUHETIYECKOE yDaBHeHAe, HC-
[oNb3yeuoe I8 KAHEeTAUECKOro aHaltusa, npefcTaBidAercd rax: dA /T =
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s R[] - f(e) - Baas npoussomuyw or JX /df ~ £ rno spenens

i IPMPABHAB €e HyJD, MoJyuyanT

det T df d«
___-_-/l'(a‘)-q-k...__.___:g
a7 dt do dt
dT dink  dlnf (do()
ar’ dT - da dt /max
£ n
e dX
B-}?-Tz Y .(dt >max
max max

2

E L /dd)
f s (] Mo y \ @t /max

da £ m A
S E Py
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