5. ONPEAEJIEHMUE TENJ10Tbl ANCCOUMALNAN
KPUCTANNOrMAPATA METOAOM TEH3UMETPUMN
I. TEOPETHYECKOE BBEJIEHUE

Ecnu Harpers Kakyro-1u0o0 COJb, COIEPIKAIIYI0 KPUCTALIH3AMOHHYIO BO/IY, TO OHA
pacmnamaercs Ha HU3IMUK TUapaT (Wi O€3BOJHYIO COJIb) M BOASHOM map. Tak Kak 3/1ech
UMEIOTCSI IBa KOMIIOHEHTA (COJIb ¥ BOA) ¥ TPH (pa3bl, @ MMEHHO: THIPAT, HU3IIMA THIpaT
(vmm 6e3BOJHAS COJIb) M Map, TO COTJIACHO MpaBwiLy (a3, YUCIIO CTEeNeHel CBOOOAbI paBHO

f=c—-p+2=2-3+2=1

Cucrema sBIS€TCSI MOHOBAapHUAaHTHOW U, CIIJAOBATEIIbHO, KAaKIOW TeMIeparype
COOTBETCTBYET OIpEeIICHHOS aBJICHHE Mapa (JaBICHHWE JUCCOIHMAINK), KOTOPOE HE
3aBUCHT OT KOJIMYECTB OTACTBHBIX (a3.

[TpumMepoM MOXKET CIYKHUTh AUCCOIMALINS KPUCTAJUIOTHIPATOB MEIHOTO KyIopoca:

CuS04-5H,0 (1B) = CuSO4-3H,0O(TB) + 2H,0 (1)
CuS04:3H,0 (1B)= CuSO4-H,0 (1B) + 2H,0 2)
CuSO4-H,0 (1B) = CuSOy4 (TB)+ H,O 3)

3HaHue JIaBJICHUS AMCCOLMALMU KPUCTAIIOTHApATa IPU PA3IMYHbIX TeMIIepaTypax
MIO3BOJISIET BBIACHUTH MOBEJCHHUE €ro NpU XpaHEeHUH BO BiakHOM Bozayxe. Coib Oyzaer
TepsTh BJary (BbIBETPUBATHCS ), €CIIU JaBJICHHE BOJSHOIO Mapa B BO3/1yxe OyJeT MEeHbIlIe
JaBJIEHUsl JUCCOLMAIUM Ipu JaHHOM Temnepartype. M, HaoOopoT, coib Oyner
pacIuIbIBaThCsl Ha BO3AYXE, €CIU MapUUalbHOE JABJICHHE BOASHBIX MapoOB B BO3AyXe
Oyzaet OoJblle TaBICHUS TUCCOIMAIINY KPUCTAUIOTHAPATA.
PaBroBecus (1-3) MOKHO paccMaTpuBaTh Kak T'€TEPOTEHHBIE XMMHYECKHE PaBHOBECHSI.

Hampumep, ycrnoBus paBHOBecHs (3) 3aIUCHIBAIOTCS KaK
Heuso, 1,0 = Mewso, T o5 Tewso,mo = Tewso, = o5 Peuso,mo0 = Peuso, = Puyo (4)

3aBHCUMOCThH JaBJICHHUA AUCCOLMalluHn (I[aBJ'IeHI/ISI Inapa BOI[I)I) KpucTtajuioruapara

(I[aBJ'IeHI/ISI rnapa BO)II)I) OT TEMIICPATYPbl UMECT BU!

(d ln pz)ucc. j ~ AHﬂuzcc. . (5)
dr RT

3HaK «~» O3Ha4acT, 4TO B YpPAaBHCHHUU (5) MBI MOXKEM HpeHereqL 3aBUCUMOCTBIO

XUMUYECKHX NOTEHIMANOB K50, 11,02 Hcuso, OT AABICHHS.



AH} . B U3MepseMOM JUaNa3oHe TeMIepaTyp IPUHUMAETCS MOCTOSIHHON U MOXKET OBITh
otHeceHa k 298 K.
CranmapTHyto sHepruto [ub0Oca peaknuu AUCCOLNMAIMM KPUCTAJUIOTHUIpATa Ha

0€3BO/IHYIO COJIb U BOJSIHOI Map MOXHO ONPEACIUTH 10 Gopmyie:

AG,,. =-RThK;  K=—2Fwe . g —K.(p"=16ap)=p,. (6)
' p =loap

rie K, — KOHCTaHTa PaBHOBECUS pEaKLUK Aucconuanu (3).

OHTaNbNUs JUCCOIMALNN KpUCTAUIOTHApaTa A Temreparypsl 298 K moxer ObITh
. b
HOJIy4eHa U3 KCIEPUMEHTAIbHON 3aBUCHMOCTH Inp, = a+F (mHTETpasbHAS (hopMa

ypaBHeHus (5).

b=-AH /R 7)

aducc.
I{J’Ifl OIIpCACIICHHUA CTaHﬂapTHOﬁ OHTPOIMIMU PpPCaKIuHu AJUCCOLHALMN I/ICHOJ’IBB}’CM
(opmyy:
AH:  —AG:

AS;uccﬁ = 01100.; Jucc. . (8)

TennoBoii 3¢ dekT peakmu pasnokeHUs] KpUCTAIOTUApaTa Ha OE3BOAHYIO COJb U Ha
JKUJIKYIO BOIY PaBEH:

AH' = =AH

pasn. oucc.

- A]—[ucn. (HZO) (9)
Temnora ruaparainuu 663BOI[H0f/'1 COJIn (I/IJ'H/I HHU3LICTO KpI/ICTa.TIJ'IOFI/II[paTa) paBHaA:

AH® =—AH" (10)

auop. pasa.
Takum oOpazoM, H3MEpeHHE TEMIIEPAaTyYpHOU 3aBUCHUMOCTH JABJICHHS I1apa Hal
KPUCTAUTOTHIPATOM TIO3BOJISIET ONPENEIUTh PSAJ  TEPMOJUHAMHYECKUX  (YHKIUN
JIMCCOIMAlMM KpucTayuioruapara. Jjisi u3MepeHus: JaBieHUs MHapa UCHOJIb3YIOT METO/I
TEH3UMETpuU. B 3aBUCMMOCTH OT YCIOBUH MapooOpa3oBaHUs METO/bl TEH3UMETPUU
MOXHO Pa3JeUTh HAa CTAaTUYECKHE, NTUHAMHYECKHME W KUHETH4Yeckne. B craTtmueckux
METOJaX UCCIEAYIOT Ta30(a3Hble paBHOBECHS B 3aMKHYTBIX TPEABAPUTEIILHO
BAKYYMHUPOBAaHHBIX peaxkTopax. B JUHAMHUYECKUX METOJIax HCTIapEHNE
KOH/ICHCUPOBAaHHOW (a3bl MPOUCXOAUT B OTKPBITOW CHCTEME, 4Yepe3 KOTOPYIO

NPOMYCKAOT Ta3. B KUHETHYECKHX HCCIEeNyIOT HCIapeHHe BEeIIeCTBa B BaKyyme (C



OTKPBITON TOBEPXHOCTH — METOJ JIeHrMIopa, Win 4epe3 MaJeHbKOe OTBEPCTHE — METO]
KHyncena, wim 4yepe3 1Ba MPOTHBOIIOJIOKHBIX OTBEPCTHS B KaMepe, 3aKpydrBaroIeics

10J1 ACUCTBUEM CTPYHU IIapa — TOPCUOHHBIN METON).

II. ODKCIIEPUMEHTAJIBHAS YACTDb
1. Annapatypa

Jnst ompeneneHusi 3aBUCHMMOCTH JAaBJIEHUS HACBIIIEHHOTO Tapa >KUAKOCTEH OT

TEeMIIepaTyphl UCIIOJIb3YETCs MPUOOP, M300paKEHHBIN HA PUCYHKE.

3
Sosde
;‘;‘ 5 Puc. 1 TeH3nMmMeTp -
§,°' npubop ans onpepeneHus
%‘ 0AB/IEHUS  HACbIWEHHOro
napa KNOKOCTH B
3aBUCUMOCTU oT
Temnepartypebl.

2. HDOBC]ICHI/IC SKCIICPUMCHTOB

[TpenBapurenbHasl MOATOTOBKA TEH3MMETpa K padoTe BBIMOJHICTCS COTPYIHHKOM
IPAaKTUKyMa.

CryeHTbl IPUCOEAUHSIOT TOTOBBII TEH3UMETP € MIOMOLIBI BAKYyMHON Kay4yKOBOH
TPyOKH K BaKyyMHOH YCTaHOBKE M OTKauMBarOT (pOPBAKyyMHBIM HacocoM (Ha PUCYHKE
HE TII0Ka3aH) OCTAaTKM Bo3Ayxa u3 mnpubopa. [ns 3TOro OTKpbIBalOT kpaH 1, a
TPEXXOA0BOM KpaH 3 CTaBAT B Takoe IOJOXKEHHE, YTOObl YCTAaHOBKAa OKa3ajach
COEMHEHHOM ¢ HacocoM (KpaHbl 4 W 2 TOJDKHBI OBITH 3aKpbIThl). Uepes 5-10 muH
OTKAuKy IPEKpallaroT, KpaHbl 3 U | 3aKpbIBAIOT U OCTOPOXKHO C MOMOIIBIO COTPYIHUKA

", n

MpPaKTUKyMa, HAKJIOHUB TEH3UMETP, IMEpeNIMBAlOT PTYyTh U3 IIapuka "g” B
MaHOMETPUYECKYI0 TpyOKy "c” (Hamu4me KaydyKOBOTO COCIMHEHHUS II03BOJISIET 3TO
C/IeNaTh).

[Tocne 3TOro YKpeIvIsitoT TEH3UMETP BEpTUKAIbHO B TepMocTare I, HaXOsIEeMCs

Mpy KOMHATHOM Temmepatype. TepmocTar cHaOKeH MEIIaKOW 71, dJIEKTpOHarpeBaTeieM



D, METaINTMYeCKUM 3MeeBUKOM "3m” C XomoaHOW BomoW u Tepmomerpom. I[locne
IpeKpalieHus] BaKyyMHUpOBaHUS BbDKHIAOT 10 MuH, 4YTOOBI mTpUOOp NPUHSI
TeMIepaTypy TepMocTaTa. 3aTeM, INpeABApUTENbHO OTKpbIB KpaH 1, uepe3 kpaH 4,
COEAMHSAIOMNI MPUOOpP ¢ BHEUIHEH aTMocdepoil, 0UeHb MEAJICHHO BITyCKAIOT BO3IYX JI0
YCTaHOBJICHUSI PTYTH B O0OMX KOJIeHaX MaHoMmeTpa 'c” Ha OJHOM YpOHE.
[IpucoenuueHHBId K cHcTeMe OasIoH A OONBIION €MKOCTH CIyXKUT Oydepom, T.e.
MO3BOJISICT IJIABHO M3MEHSTH JaBJIEHHE B CHUCTEME HaJ IIApUKOM, BITyCKas, WJIH,
HAo0OpOT, OTKauMBasi BO3AyX U3 cucreMbl. Korjga pryTh B 000MX KOJEHaX MaHOMETpa
“c" ycTaHOBUTCS Ha OJHOM YpOBHE, TOIJa JIaBJI€HHE BO3/JyXa, OTMEYEHHOE IO
MaHOMeTpy M 1 JaBjieHHE HACBHIIIEHHOrO Mapa HaJl KpUCTAJUIOTMIAPATOM B Iapuke "a”
CTaHyT paBHbIMH. B 3TOM HeoOxoaumo yOenuThesi, HaOIO[as PaBEeHCTBO ypOBHEH B
o0oux KoJieHaX MaHoMeTpa "c” B TeueHMe 3 MUH INpU TNOCTOSHHOM TemImeparype.
Ilokazanuss maHomerpa M (naBieHHME, PABHOE PA3HOCTH YPOBHEH PTYyTH JIEBOTO H
IPaBOro KOJIEH MAaHOMETpPA) 3aHOCST B TaOJIHUILY.

3areM MPOM3BOIAT U3MEPEHHUE JAaBJICHUS HACBIIICHHOTO Mapa XUAKOCTH mpu Ooiee
BBICOKHUX Temmeparypax. s 3Toro, BKIIOYMB HAarpeBarelb TEPMOCTATa M MEIIAJKY,
NOBBIIIAIOT TEMIIEpaTypy TepMocTaTa Ha HECKOIbKO rpaxycoB (5°-6°), mpuuem, Bce
BpeMsI OCTOPOXKHO uepe3 KpaH 4 (KpaH 2 3aKphIT) BIYCKAIOT B CHCTEMY MaJeHbKHE
MOPIIMY BO3MlyXa U TaKUM 00pa3oM HEMpephIBHO BHIPABHUBAIOT YPOBHU MaHoMmeTpa "c”.
[Tocne ycraHoBiieHHsI B TepMOCTaTe HaMEUEHHOM TeMIIepaTyphl, YpaBHIB JaBJICHUS B
MaHOMeTp "c” W BBIKJAB 3 MHH, 3allMCHIBAIOT TOKa3aHUs MaHoMmeTpa M B Tabiuiy 1.
TakuM ke 00pa3oM, TMOCTENEHHO IMOBBIMAS TEMIIEPaTypy TEpMOCTaTa, OMPENeNsSIOT
JIaBJICHUE HACBHIIIEHHOTO Iapa >KUJIKOCTH IPH HECKOJIBKUX TeMmIepaTypax (MHTepBall
TeMIepaTyp MNpeanaracTcs IpernojaBaTelieM WIM COTPYAHHUKOM IpakTHKyma). Bcero
npoBo AT 8-10 onpeneneHuii.

[Tocne 3TOr0 HEOOXOAWMO CHATH CEPHIO TOYEK MPH OXJIAXKACHUU TepMmocTara. J{is
ATOM 1LIeH, He BBIHMMAs NPUOOp M3 TepMOCTaTa, HAYMHAIOT MEUIEHHO OXJIAXKAATh €ro
(U1 OoXJMaXAEHUsT uepe3 3MEEBUK IIyCKaeTcsl cJabblii TOK XOJIOAHOM BOJABI U3
BOJIONPOBOJIa) M TaK ’K€, KaK ObLJIO yKa3aHO BbIIIE, OTMEYAIOT JABJICHHUE Mapa MpH

HCCKOJIbKUX TEMIICpaTypax. 3HayeHus TEMIICPATYP IIPU OXJIAKACHUU CIICAYCT BI)I6I/IpaTI)

TaKUMU, yTOOBI OHU 3aIlOJHSUIH MNPOMEIKYTKU MCEKIY HaGJ’II-OJIGHI/ISIMI/I nepBoﬁ cepuun



(narpeBanue tepMocrara). Ilpu oxnakaeHuM TepmocTara Ul BbIDABHUBAHMs ypOBHEH
pPTYTH B 000MX KOJE€Hax MaHoMmeTpa "c” HeoO0XOAMMO MEIUIEHHO OTKayaTh BO3JyX W3
npubopa ¢ IOMOIIBI0 KpaHa 3 IpH 3akpbIToM KpaHe 4. Korja kpuBas oxJyaxjaeHus Oyaer
CHSTA, HAJl0, HE OTCOEIUHSS TEH3UMETP OT YCTaHOBKH, BBIHYTH €r0 M3 TE€pMOCTaTa,
nepenuTh (1o HabIIoAeHUEM COTPYAHUKA IPaKTUKyMa) PTyTh 0OpaTHO B pe3epByap 8",
I0CJIE Yero, OTKJIIOUUB KPaHOM 3 HacoC U BILyCTHB B HAaCOC BO3JYX, MEJUIEHHO OTKpPBITh
KpaH 4 ¥ NIpU OTKPBITOM KpaHe | MyCTUTh BO BCE YAaCTH YCTAaHOBKU BO3yX.

Mepbl npe1oCTOPOKHOCTH.

1) s ycnemHoro npoBeeHus paboThl Bce KpaHbl HY’KHO OTKPHIBaTb OCTOPOKHO,
T.K. B IPOTHBHOM CJIy4ae OMBIT MOXKET ObITh HcnopueH. [Ipu ObicTpoM BIycke BO3ayxa
PTYTb MOXET OBITh mepeOpolleHa M3 MaHOMETPHYECKOH TPyOKH B BEIIECTBO, a MpHU
ObICTpOIl OTKauke PTyTh, MOXET OBITh mepeOpomieHa B pesepByap "6”. Ilo Tem ke
COO0paXEHUIM HaJ0 MEJIEHHO HarpeBaTh M OXJIaX/1aTh TEpMOCTaT.

2) Kpan y m3meputensHoro manomerpa M He TporaTh. OH CIy>)KUT JJIsi CO3JIaHUS

ToppuyenieBoit mMyCTOThI, KOT/Ia MAHOMETP MPUBOAUTCS B pabodee COCTOSTHHE.

I11. 3BAITUCHb U OBPABOTKA OKCIIEPUMEHTAJIBHBIX PE3YJIbTATOB

PesynbpTaThl SKCIIEpUMEHTA 3anUcaTh B Ta0IUITY 1.

Tabnuua 1.

Ne omnbrra t, °C [aBienne mapa B MM pT. CT., P

JIEBOE KOJICHO paBoe KOJIECHO
MaHoMmeTpa M, MaHoMmeTpa M,

P, P, P=P,—- P,

—_

1) o mauubiv Tabuusl 1 moctpouts rpadguueckyro 3aBucumoctsb In p:1/T u nposectu
ee 00pabOTKy ¢ IOMOIIBIO JTMHEHHOM annpokcumanuu y=a + bx (v = In p, x=1/T, K).

2) Ilo nHaiineHHblM 3HaudeHusM "a" u "b" ompenemuts AH . KpUCTauIOTHIpaTa U

ucc.

OLCHUTDH NOTPCUIHOCTDH HOqueHHOﬁ BCJIMYHHBI.




3) Onpenenuthb TETUIOTY TUApaTaluu CuSOq, KUJKOU BOJIOM
(Auen Ha0s(H20)=44.01 xJx/MomB).

4) Paccunrats A, G, mucconuanun CuSO4 5SH20na 0e3B0JHyI0 COIb U BOASHOM map.

ducc.

5) Paccuurath u3MeHeHMe PHTponuu A, S, PeaKUUM JUCCOLMAIMU Ha OE3BOAHYIO

ducc.

COJIb U TIap.

IV.IIPEACTABJIEHHUE PE3YJIbTATOB PABOTbBI
OTtuer JOMKEH CcoOJAep)KaTh KpaTKoe OnucaHue paboThl €  yKa3aHHEM BcCeX
WCTIOJIh30BAHHBIX (HOPMYIL.
1) Tabmuua 1 (3KCIEpUMEHTaNbHBIE PE3YIILTATHI).
2) rpadux In p:1/T.
3) Pe3ynbpTaThl pacueToB 3aHECTH B TAOIUITY 2.

Tabnuua 2. TepMoanHaMmmndeckmne GpyHKLMN peakLum pasnoxXeHus Kpuctaniornaparta

cynbdaTta meau.

AH;MCC, (298) pH2O7 AG;MCCZ (298) AS(;MCC, (298)

H,O — map H,0 — wunk. | 17298 K H,O — map H,O — map

AH
PeaKHHfI (298) 2uop.




