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Beenenue

AKTYyaJIbHOCTh BbBIOPAHHOM TeMbI: CHHTETHYECKUE CTEPOUIHBIE TOPMOHBI, B
YaCTHOCTH IJTFOKOKOPTHUKOCTEPOUABI, IMOBCEMECTHO MCHOJIB3YIOTCA B KIMHHYECKON
MPaKTUKE MpU JICYCHUN Pa3IU4HbIX 3a00seBaHuil. [TIOKOKOPTUKOUAHAS AaKTUBHOCTh U
MIPOJOJKUTENBHOCTh JEHCTBHSI CHHTETUYECKUX MTPENAapaToB BBILIE, YEM Yy KOPTU30HA U
TUAPOKOPTU30HA (MPUPOJHBIX TOPMOHOB).

Takum 00pa3om, Ha CETOIHSIIHUMN JIeHb BAXKHOW U aKTyaJIbHOM 3a/1auelt sABIIsIeTCS
UCCJIEI0BAaHNE TEPMOJWHAMHUKN CHHTETUYECKUX DIIIOKOKOPTUKOCTEPOHUJIOB, a TaKXKe
W3Y4YEHUE 3aBUCUMOCTEM HX CBOMCTB OT XHWMHUYECKOW IIPUPOABI U CTPYKTYPHI.
Hcnonp30BaHUEe BBICOKOTOYHBIX METOJIOB KaJOPUMETPUH, TaKUX Kak aauadaTHuecKas
BaKyyMHas 1 Au(depeHiraabHas CKaHUPYIoIas KaJJOpUMEeTPHsl, TO3BOJISET MOYUYUTh U
NPOAHAM3UPOBAaTh CBOMCTBA CTEPOMAHBIX TOPMOHOB B IIMPOKOM HWHTEpBase
TEMITIEpATyp.

Leap padoThI: KOMIUIEKCHOE HCCIIEIOBAHUE U CPABHEHUE TEPMOAMHAMHYECKHUX
CBOMCTB OeTameTazoHa AUMNPONMOHAaTa U OeTaMeTa30Ha Bajiepara.

3agaun:

1. Onpenenenrie Hayanda paslioKeHUs (apMaleBTUUECKUM CyOCTaHIUH
OeTameTa3zoHa IUMPONUOHATA U OeTaMeTa30Ha Bajepara;

2. VM3yueHnue TteMmmepaTypHON 3aBUCUMOCTH TEIJIOEMKOCTH OeTaMeTra3zoHa
JTUIIponMaHara u Oeramera3oHa Bajiepata B uHTepBasie oT 6 — 520 K;
BbISIBJICHHME B JaHHOW oOjactu TeMmmeparyp (a3oBbIX MEPEXOI0B,
OTNpeesieHHe u (bU3HKO-XUMHUYECKas MHTEpHpETaLNs ux
TEPMOJUHAMUYECKUX XAPAKTEPUCTUK;

3. Pacuer craHAapTHBIX TEPMOAMHAMUYECKUX (PYHKUUN (TEIIOEMKOCTH,
SHTAJBIUU, HHTpONUU MU (PyHKIUU [MOOca) Mo HSKCHEpPUMEHTAIbHBIM
JAHHBIM JJI51 pa3HbIX (PU3NUECKUX COCTOSTHUM OeTameTazoHa AUMPONHaHaTa
u OeTameTa3zoHa Bajepara;

4. TlpoBenenue MynbTU(]paKTAIbHOW OO0paOOTKH  HU3KOTEMIEPATypHOH
termoemkoct (T = 20-50 K) qnst ycraHOBIIEHHs TUNA TOMNOJIOTUA

CTPYKTYpPbI COCIMHECHUS,



5. CpaBHUTENbHBIA aHAIU3 TEPMOJUHAMUYECKUX XAPAaKTEPUCTUK M3y4aeMbIX
TOPMOHOB C JIUTEPATYPHBIMU JAHHBIMU.
MeTtoanl:
1. TepMorpaBUMETPHYECKUIN aHAIU3;
2. IlpenusnonHas aguadbaruyeckasl BaKyyMHasi KaJJOPUMETPUS U
BBICOKOTOUHAs AU PepeHnanbHas CKaHUPYIONash KaJJOpUMETPHS;
3. CpaBHUTENBHBIA aHAIN3 MTOTYYEHHBIX JaHHBIX;

Teopernueckass M NpaKTHYecKass 3HAYUMOCTH PpPaldOTBI: CTaHIAPTHBIC
TEPMOJIMHAMUYECKUE XaPAKTEPUCTUKH DIIOKOKOPTUKOCTEPOUIOB HEOOXOAMMBI Kak
naHHble (YHIAMEHTAJIBHOTO XapakKTepa, KOTOpbIE MOTYT HCIOJb30BaTbCs IMpH
IUTAHUPOBAHUHU M MPOBEACHUM HAYyYHBIX pa3pabOTOK CHHTE3a, a TAKXKe MPU MOATOTOBKE
JIEKIIMHU Y NIPAKTUYECKUX 3aHATHNA KypCca MEIUIIUHCKON XUMUHU.

JIMYHBIA BKJIAA MCCJIe0BaTesl: ABTOPOM IIPOBEAEH aHAJIN3 HAYYHOU
JUTEPATYPHI, BHIMOJIHEHBI BCE HEOOXOANUMBIE SKCIIEPUMEHTHI U OIBITHI 10
OTIpeICNICHUIO TEPMOJUHAMUYECKUX CBOMCTB U3yUEHHBIX 00pa3lioB, CAEIaHbl BCE
Ipe/ICTaBlICHHbIE B pa00Te pacyeTsl, 00pad0TKa W MHTEPIPETALMS OTYyUYEHHbIX

PEe3yJIbTATOB.

1. FJllOKOKOpmuKOMOHble 2OPMOHDbL, oonacmo ux npumenenun

1.1. Cmepououvie 20pmonsl

CTCpOI/I,Z[HLIC ropMOHbI — TIpPVYIIIIa (1)I/I?>I/IOJIOFI/I‘{€CKI/I AKTUBHBIX BCIICCTB,

pETyIMpyromunux IMpoHeCChbl KXHU3HCACATCIbHOCTU Yy JKHUBOTHBIX M YCJIOBCKA. Onu



MOJIPA3EIISIIOTCS Ha TOPMOHBI KOPKOBOTO cios HaJIMOYEYHUKOB
(DITIOKOKOPTUKOCTEPOU Bl 1 MUHEPATIOKOPTUKOUIBI) U MOJOBBIX kele3 (IpOoreCTOreHsbl,
aHJPOTEHBI U ACTporeHsl) [1].

Bce crepounHbie TOPMOHBI ITOCTPOEHBI HAa OCHOBE 17-yIIepOAHOW CTPYKTYpbI
HUKJIoNeHTaunepruapopenanTpena (crepana) (puc. 1-2), BriIoyaromen Tpu
HIECTUYICHHBIX KOJIbIA U OAWH MATUYICHHBINA. J{ONOTHUTENbHBIE aTOMBI YITIEPOAA MOTYT

MPUCOEAUHATHCS 110 nojioxkeHussM 10 u 13 wnu B Buze orBerBienus — no C-17.

o)

Puc. 1. I{uxnoneHrannepruipoeHaHTpeH (CTepaH)

Puc. 2. Snpo crepana (3cTpaH)

1.2. ®@apmakonozus 2nOKOKOPMUKOCMEPOUOHBIX 20PMOHOE

N3ydyeHue CTpyKTypbl M MEXaHHW3MOB JIEUCTBUS TOPMOHOB IIOKAa3ajlo, 4YTO
[JTIOKOKOPTUKOUJIHYIO aKTUBHOCTH TPOSIBISIIOT CTEPOUbI, UMEIOLIUE JBOWHYIO CBS3b
Mexay Cs4 u Cs, ketoHHble Tpynmnbl Y C; u Cyp u rugpokcuiibHbie Tpynmbl y Cip u Cay.
M3MeHeHust MOJIEKYJbI B 3THX Y4aCTKaX MPUBOASAT K MOTepe OMOTOrN4eCKO aKTUBHOCTH.

B kiIMHMYECKOW TMpakTHKe NPUMEHSIOTCS TMPUPOJHBIE TIIFOKOKOPTUKOUIbI
(KOPTU30H M T’MAPOKOPTU30H) U X CUHTETHYECKUe aHasiory (puc. 3). [locnennue, B CBOKO
oyepenib, TEJSTCS Ha He(TOpUPOBAaHHBIE (npenHu30H, IIPETHU30JI0H,
METWINPETHU30JI0H) U (TOpUpOBaHHBIE  (TPUAMIIMHOJOH, JEKCAMETa30H M
OerameTasoH).

[Ipy mnpueme BHYTPb DIIOKOKOPTUKOWABI OBICTPO M TOYTH MOJHOCTHIO
BcackiBaroTcs u3 JKKT. MakcuManibHasg KOHIIEHTpalus B KpoBU oTMedaeTcs depe3 0.5—
1.5 4. I TIOKOKOPTUKOUIBI CBSI3BIBAIOTCSI B KPOBU C TPAHCKOPTUHOM U aJIbOYMUHOM (O€sIKH

B IUIa3ME€ KpPOBH, KOTOpBIE OCYIIECTBISAIOT TPAHCHOPTUPOBKY TOPMOHOB), MpPUYEM



MPUPOTHBIE TITIOKOKOPTUKOUIBI CBA3BIBAIOTCS ¢ Oenkamu Ha 90-97%, cuHTeTHYEeCKUE —

Ha 40-60%.

NMPAPOJHBIE ''TIOKOKOPTUKOCTEPOUIbI

Kopruson C21Hzs0s Koprmsox C21H300s

CUHHTETHYECKHE I'N'IlOKOKOPTUKOCTEPOH/IbI

[penmsonon C2iHzsOs Berameraszon C22H20FOs

Jexcamerason C22H29FOs

Puc. 3. HeKOTOpLIe MPUMEPLI NPUPOAHBIX U CUHTCTUYCCKUX TTIFOKOKOPTUKOCTECPONUI0B

B 3aBucuMoCTH OT MPOAOKUTENHLHOCTH JIEYEOHOTO JEUCTBUS BCE IIFOKOKOPTHUKOMIbI
JEJSATCS Ha 3 TPYIIIbL:
1. Koporkoro neiictBusi — ty, Omom.! = 8-12 4. (TMIPOKOPTH30H, KOPTU3OH,
MPEIHU30H, TPETHU30JI0H, METUIITIPETHU30JIOH);
2. CpenHeil MpONOKHUTENBHOCTH JAeWcTBUA — typ Owom. = 18-36 .
(TpHaMIIMHOJIOH, TapaMeTa30H)
3. JlmutenbHOTO AEHCTBHS — ti, OMOI. = 36-54 4. (mekcaMeTa3oH, OeTaMeTa30H)
[2].
[TponoMmAKUTENBHOCTh JACUCTBUSL TIIIOKOKOPTUKOMJIOB 3aBUCUT OT IyTH/MeEcTa
BBEJICHUS, PACTBOPUMOCTH JIEKAPCTBEHHOM ()OPMBI 1 BBOIIUMOM JO3HI.
[11IOKOKOPTUKOUAHAS AKTUBHOCTh CHUHTETUYECKUX MPENapaToB BBIIIEC, YEM Y

KOPTU30HA M THUJIPOKOPTH30HA, YTO OOBACHSETCS MEHBIIUM, IO CpPABHEHUIO C

! Tlepuront monyBbIBEIEHNS TOPMOHA U3 TKAHEM.



OPUPOTHBIMUA  TJIFOKOKOPTUKOWJAMHU, CBA3bIBaHHEM C OeiakoM. (OcCOOEHHOCTBIO
(bTOpUpPOBAaHHBIX MpenaparToB sABIsSETCS Oojiee MENJICHHBIH MEeTa00IM3M B OpPraHU3ME,
YTO BJIEYET 3a COOO0M yBENUUEHHUE MPOAOIKUTEILHOCTH IEHCTBHS JICKApCTB.

OcHoBHBIE BapMAHTBI KJIMHUY€CKOT0 UCII0JIb30BAHUS
IVIIOKOKOPTHKOCTEPHOI0B — MECTHOE (HapY>KHOE, MHTAJSILIMOHHOE U JIP.) M CUCTEMHOE
(mepopalibHOE, MapaHTepaIbHOE U JIP.) MPUMEHEHUS.

[To cTOWKOCTH M BBIPRXKEHHOCTH JICYEOHOTO MPOTUBOBOCHAIUTENBHOTO d(pdeKTa,
a TaKk)Ke 10 MEePEeHOCUMOCTH, JIYUYIIUMU SBISIOTCS MPEAHU30JI0OH U METUIIIPETHNU30JIOH.

Ilokazanuss I NPUMEHEHUS DIIKOKOPTHKOCTEPOUAOB — OOJIe3HU
COCMHUTENbHON TKaHM (CHUCTEMHasi KpacHash BOJNYaHKAa, PEBMATOMAHBIA apTpUT),
aJNIepruuecKue peakinu, Ooyie3HU JerkuxX (OpoHXHalibHAs acTMa), 3JI0KAY€CTBEHHBIC
OIMYXOJH (JIEHKO3) U JIp.

[TocKoNBKY TITFOKOKOPTUKOCTEPOUIBI SBIISIOTCS TPUPOIHBIMU TOPMOHAMH WU UX
CUHTETUYECKUMHU aHaJoraMH, OHU HE HMEIOT aOCONIOTHBIX NPOTHBOINOKa3aHui. B

HEOTJIOKHBIX CITydasx TOPMOHBI MPUMEHSIFOTCSI 0€3 yueTa MPOTUBOIIOKa3aHui [3].

(Dapmaueemuuec‘xue ceoucmea HeKomopblxX zmorcorcopmutcocmepoudoe

3.1. bemamemaszona ounponuanam

beramerazona nunponuaHar mpencTaBiseT COOOM CIOXKHBIN JUMPONUOHATHBIN
s¢up OerameTazoHa, B KOTOPOM T'MAPOKCUIIBHBIE aTOMbI BOJOPO/A B MOJIOKEHUSIX 17 u
21 3ameHeHbl NPONHOHWIBHBIMM rpynmamu [4]. beramerazoHa aunponuoHAar
CBSI3BIBACTCS CO CHEUM(PUUECKUMH BHYTPHUKJIETOUYHBIMH  IJTFOKOKOPTUKOUIHBIMU

peuentopamu (GR), a 3arem csasbiBaetcs ¢ JAHK, Mmoguduuupys 3KCopeccuro TeHoB.

HO

- = Puc. 5. Cmpykmyphas popmyna bemamemaszona
Puc. 4. CrpykrypHas ¢popmyna GeramerazoHa OUNpoOnUOHAma


https://pubchem.ncbi.nlm.nih.gov/compound/betamethasone

CuHTe3 HEKOTOPBIX MPOTHUBOBOCHIAIUTENBHBIX OEIKOB MHIYLIUPYETCS, B TO BpeMs Kak
CHUHTE3 HEKOTOPhIX MEIUATOPOB BOCHAaJICHUs] MHTHOupyetcs. B pesynbrare, CHUKEHUE
XpoHUYeckux BocnaneHuil. CTpykTypHble (QopMmyibl OeTaMmeTrazoHa M OeTameTa3oHa

AUMPONHOHATa U300pakeHbl Ha puc. 4, 5.

beramera3ona AUNPONMOHAT — BTOPOM IO CHJIE BO3ICUCTBUSA TONMUYECKHUMN
[JTIOKOKOPTUKOCTEPOU ] TMociie  KiaoOera3ona TMPOMUOHATA, SBISETCA b-H30MEpOM
JekcaMeTa3oHa. Ero momekyna COAEpX UT OIMH aroM (Topa, YTO CYHIECTBEHHO
YMEHBIIIAET pHUCK pa3BUTHUSL MOOOYHBIX s dexToB 0e3 CHUKEHUS
MPOTUBOBOCHAJIUTEIIBHOW  aKTUBHOCTH. berameTa3oHa  JUIPONUOHAT  TOPMO3HUT
HaKOIJIEHUE  JICHKOIIMTOB,  CHW)XAET  COCYAMCTO-TKAaHEBYID  IPOHHUIIAEMOCTb,
MPENATCTBYET PA3BUTHIO BOCIAJIUTEIBHOIO OTEKA [5].

[Ipenaparel ¢ OeTaMera3oHa JAMIPONUOHATOM IIUPOKO MPUMEHSIOTCS B
JIEpMaTOJIOTUUECKON TMpaKTUKEe ISl JICUECHUs Psa KOKHBIX 3a0oyieBaHUN (Tcopuasa u
np.). IIpenapar Axpunepm 'K sBiIsieTcs OAHUM W3 CaMbIX M3BECTHBIX TOPMOHAJIBHBIX
KpeMoB ¢ 6etamerazoHoM aunpornuonaroMm. Kpem Axpuaepm 'K umeer rugpoduibHyto
OMYITHCUOHHYIO OCHOBY (BOAHAs W MaclisgHas (a3pl) C YBIQKHSIOMIUM JCHCTBUEM,
COJEPIKUT OeTameTa3oH JTATIPOTTMOHAT, KJIOTPUMAa301I, TeHTaMUITUH u
nponuiInaparuipokcuOeH3oar (HUIMAa30j) B KadeCTBE BCIOMOTATEIBHOTO BEIIECTBA,
001a1af0IIeT0 AHTUMUKPOOHBIM M AHTHCENTHYECKUM JICHCTBUEM.

beramerazona  gunponuoHaT — cuuTaercd  JMOQUIBHBIM  (TUAPO(POOHBIM)
MpenapaTroM u3-3a MPONMMOHUIIBLHBIX TPYII B mojoxeHus 17 u 21, 6maromgaps KOTOPbIM OH

pacTBOPSETCS B KUPaAX U IPOHUKAET B KOXKY.

3.2. bemamemason eanepam
Banepar Geramerazona mpejicTaBiseT coOOW CIOXKHBIA 3Pup OeramerazoHa, B
KOTOPOM THJIPOKCHJIBHBIN aTOM BOJIOPO/Ia B MOJIOKEHUM 17 3aMEHEH Ha NMEHTaHOATHBIN

adup. CtpykrypHas popmysna OeTaMmeTa3zoHa BajiepaTa MpeacTaBieHa Ha puc. 6.



Puc. 6. CrpyxrypHas ¢popmyna GeramerazoHa Bajepara

beramera3zona Basiepar HWMeeT CXOIHBIE (HApPMaAKOJIOTUIECKUE CBOMCTBAa C
OeraMeTa3oHa JWIPONMMOHATOM, TaK KaK OHHM OTHOCATCA K OJHOMY KIAcCy

ITTIOKOKOPTUKOUJOB.

O030p auTEpaTYypHI

1. Tepmoounamuueckue ceoiicmea MemuanpeoHU3010Ha
B pabGore [6] w3yueHa TemmepaTypHas 3aBUCHMOCTb  TEIIOEMKOCTH

METUJITIPEIHN30JI0HA B HHTEepBase oT 6 10 350 K MetoioM aguabaTruueckoil BaKyyMHOM



KajmopuMeTpuu. MeTtunnpeaHu3onon Obul mpuodbpereH y kommnanuum Hongsu Fan.
OtcyTcTBHE BOABI B METWJIIPEIHHU30JIOHE MOATBEpkKAAIM TUTpoBaHueM no Kapiy
duiepy, a TakKe YUCTOTY BEIlleCTBA MOATBEPKIAIN XpoMaTorpaduuecku (coepxaHue
npumeceir 0.1 mac. %). OOpazery  mpeacrtaBiaseT  co0OM  WHIWBUIYAIbHOE
KPUCTAJNINYECKOE COCTMHEHHE.

JI1st u3MepeHust TEMI0EMKOCTH B KaJJOPUMETPUUECKUE aMITyJIbl TOMEIaln
0.3598 r BemecTBa, OBLIO MOTY4YeHO 126 3KCHEPUMEHTAJIbHBIX TOYEK. TermIoeMKOCTb
BemiecTBa cocrasisia ot 30 10 50% ot 001Iel TENI0EMKOCTH.

TemnepaTypHass 3aBUCMMOCTb METWINPEIHU30JIOHA IpPUBEIECHA Ha pHUC. 7.
TeroeMkocTh 00Opaslia IUIABHO M BIIOJHE 3aKOHOMEPHO YBEIMYUBAETCA C POCTOM

TEeMIIepaTyphl.

Cp, Hx/vome-K
600 7

500 o
400 -
300 o
200 -

100 A

0 = T T T T T T 1 T: K
0 50 100 150 200 250 300 350

Puc. 7. TemneparypHas 3aBUCUMOCTb TETUIOEMKOCTH METHJITIPETHU30JI0HA
Jlanee skcriepuMeHTaIbHbIE 3HAUCHUS pa30MBaIl Ha TEMIIEPATypHbIE HHTEPBAJIbI
H CriIa)XuBaJd IIOJMHOMHAJIBHBIMH YpPaBHCHHUAMH CO CICHHUAJIBHO HO,Z[O6paHHI>IMI/I
ko3 dulreHTaMU.
ABTOpamMH OBUIM pacCUMTaHbl CTaHIAPTHBIE TEPMOJUHAMHUYECKHUE (PYHKIUH
MCTUIIIPCAHU30JIOHA, I O3TOr0 OJSKCICPHMCHTAJIBHBIC 3HAYCHHUA OT TEMIICpATypPhI

Havasa uaMepeHuid 10 7' — 0 ObUIM IKCTPANONIUPOBAHBI MO (PYHKIHMH TEMIOEMKOCTU



JleOast.

Pacuer 3HayeHun

SHTAJIBIUU U

DHTPONMUM HArpeBaHMsl INPOU3BEIECH

unterpupoBanueM kpuBblx C, = f{T) u C, = f(InT), coorBercTBeHHO. PyHK1MU ['106Ca

paccuuThIBaJIM MO ypaBHeHUIO0 ['mO6ca-I'enbmronbia. IlorpemHocTh BBIYKMCIEHHBIX

3HaueHui PyHKIMil cocrapisiet okono 2% npu 7' < 20 K, £0.5% B unrepnane 20—40 K,

+0.2% B unrteppane 40-350 K. 3naueHusi craHAApTHBIX TEPMOJMHAMUUCCKUX (DYHKITHIA

puBECHBI B Ta0. 1.

Tabnuya 1

CrangapTHble TEpMOAMHAMUYECKHUE (DYHKIIMU METHIIPEIHNU30I0HA

M(Cy2H3005) = 374.4706 t/moub, p° = 0.1 MIla

TK G @) [H(T)-H(0)], S°(D), [-G>(T)-H*(0)],
’ Jx/(K-mMomb) kJ>x/MoIB JIx/(K-momb) kJ>x/MoIB
0 0 0 0 0

10



5 0.981 0.00123 0.328 0.000411
10 6.06 0.0174 2.37 0.00626
20 22.80 0.1555 11.27 0.06988
30 42.63 0.4868 24.43 0.2462
40 60.39 1.002 39.13 0.5633
50 78.27 1.695 54.53 1.031
60 96.39 2.568 70.39 1.655
70 114.2 3.622 86.60 2.440
80 131.5 4.851 103.0 3.388
90 149.3 6.256 119.5 4.500
110 182.1 9.572 152.7 7.222
130 2139 13.53 185.7 10.61
150 245.0 18.12 218.5 14.65
170 275.3 23.33 251.0 19.34
190 305.3 29.13 283.3 24.69
210 335.6 35.54 315.3 30.67
230 365.9 42.56 347.2 37.30
250 396.3 50.18 379.0 44.56
270 427.1 58.41 410.6 52.46
290 458.9 67.27 442.3 60.98
298.15 472.1 71.06 455.2 64.64
310 491.2 76.77 473.9 70.15
330 522.5 86.91 505.6 79.94
350 556.8 97.69 537.3 90.37

2. Tepmoounamuueckue ceoicmea memuinpeoHu30J10Ha ayenoHama

B crartbe
arierionara B uHTepBasie or 7 1m0 346 K c¢ momomiplo agmabaTMdeckoil BaKyyMHOMU
KaJopuMeTpun. MeTHINpeIHU3alI0H allenoHaT o611 mpuobpeteH y komnanuu Fluka. /s
uneHTuukanyu ¢aspl BelIeCTBa aBTOpamMu OblJla TPOBEACHA PEHTIEHOTrpaMMa,
OTCYTCTBHE BOJIbI B 00Opasiie moATBepkaaiu TutpoBaHuem no Kapmy ®dumepy. beuio

BBISIBJICHO, YTO MPUOOPETEHHBII METHIINIPEAHU3ANIOH anenioHat coaepxut 0.1 mac. % u
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ABJISIETCS WMHIWBHUIYAJIbHBIM KPUCTAJUIMYECKHUM COEJIMHEHHEM C TPUTOHAIBHON
MoaupUKaIe.

Jnst u3MepeHus TEIUIOEMKOCTH B KaJOPUMETPUUECKYIO aMIlylly MOMeNlaln
0.34941 r BemecTBa, OBLIO MOJY4YEHO 223 3KCMEPUMEHTAIbHbIE TOYKU. TemIoeMKOCTh
BemiecTBa cocrasisuia ot 30 10 50% ot 001Iel TENI0EMKOCTH.

TemnepaTypHasi 3aBUCUMOCTbh METHJINPEAHU30JI0HA alleloHaTa HU300pa)keHa Ha
puc. 8. TemnoeMKOCTh BEIIECTBA IIABHO M BIIOJHE 3aKOHOMEPHO YBEIMYMBAETCS C
pPOCTOM TeMmIepaTypbl, HCKJIIOUYas aHOMalibHyl0 oOiacte 102-140 K. DnTansnuio
nepexojia paccuuTaiy, Kak miomanb nox kpusod Cp = f(T) B obmactu anomanuu, a
TeMIIepaTypa Mnepexoia onpeessaach o HaudoIbIIEMy 3HAUEHUIO TEIIOEMKOCTH:

Ty = (131£0.1) K, AH® = (220+2) Tx/monb. CoriaacHO TaHHBIM HU3KOTEMITEPATyPHOU
PEHTI€HOBCKOM Mudpakivu, JaHHBIM Mepexo] sBIsieTCsl (pa30BbIM MEPEX0JI0M BTOPOTO

poJia, CTPYKTYPHBIX U3MEHEHUI BOJIM3H TIEPex0/1a He HAOIIOJaIIH.

Cp./Jx -K moms

700 1

600 =

500

400 =

300

200 =

100 4

110 130 150
L] T L] T T L] 1 IK
0 50 100 150 200 250 300 350

Puc. 8. TemneparypHast 3aBUCHIMOCTh TETUIOEMKOCTH METHJINPEIHU30JI0HA alleTIoHaTa

ABTOpaMHM OBUIM pPACCUMTAHbl CTAHAAPTHBIE TEPMOAMHAMUYECKHE (QYyHKIUU
METHWINPETHNU30JI0HA alleNOHaTa, SKCHEPUMEHTAJIbHbIE 3HAYEHUs] OT TEMIIEpaTypbl

Hayana uaMepeHuil 10 7 — 0 ObUIM AKCTPANOJUPOBAHBI MO (PYHKIMH TEIJIOEMKOCTH
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JleOast.

3HAYEHU I

DHTAJIBIIMM M JHTPONMM HArpeBaHUsl IMPOU3BEICH

unterpuposanueM kpusbix C, = f(T) u Cp = f(InT), coorBercTBeHHO. DyHKIMKM ['MO6Ca

paccuuThiBaiu 10 YypaBHeHUto [nbOca-I'enbmronbua. IlorpemHocTs BBIYUCIEHHBIX

3HaueHui PyHKIMi cocrapisaet okono 2% npu 7' < 20 K, £0.5% B unrepnaie 2040 K,

+0.2% B unrteppane 40-350 K. 3nauenusi craHAApTHBIX TEPMOJWHAMHYECKUX (DYHKITHIA

pUBECHBI B Ta0. 2.

Tabnuya 2

CTaHI[apTHBIe TCPMOJIUHAMHNYCCKHUC q)YHKI_II/II/I MCTWJIPCIHN30JIOHA allCIIOHATAa

M(C22H3005) = 472.5347 v/monb, p° = 0.1 Mlla

LK G @), [H*(T)-H*(0)], S(D), —[G(T)-H*(0)],
Jox/(K-momn) k/[x/Momb Jx/(K-Momb) kJ[x/Momb

0 0 0 0 0

5 1.870 0.00235 0.628 0.000786
10 11.0 0.0325 4.44 0.0119
15 21.09 0.1126 10.80 0.0494
20 33.51 0.2479 18.50 0.1220
25 47.69 0.4506 27.49 0.2365
30 61.69 0.7243 37.43 0.3985
40 89.06 1.477 58.90 0.8787
50 115.0 2.498 81.57 1.581
60 142.6 3.787 105.0 2.513
70 167.5 5.339 128.9 3.682
80 193.1 7.141 152.9 5.091
90 218.2 9.200 177.1 6.741
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100 241.2 11.50 201.3 8.633
110 264.5 14.03 2254 10.77
120 286.4 16.78 249.3 13.14
130 309.4 19.76 273.2 15.75
140 3154 22.87 296.3 18.60
150 333.0 26.12 318.6 21.68
160 351.0 29.54 340.7 2497
170 368.7 33.13 362.5 28.49
180 386.3 3691 384.1 32.22
190 404.0 40.86 405.4 36.17
200 421.8 44.99 426.6 40.33
210 439.9 49.30 447.6 44.70
220 458.2 53.79 468.5 49.28
230 476.5 58.46 489.3 54.07
240 494.9 63.32 509.9 59.07
Tabnuya 2 (okonuanue)
LK G @) [H*(T)—-H*(0)], S(T), —[G(T)-H*(0)],
JUx/(K-Mob) k/[x/Monb JUx/(K-Moib) k/lx/Monb
250 513.6 68.36 530.5 64.27
260 532.3 73.59 551.0 69.68
270 550.2 79.00 571.5 75.29
280 568.6 84.60 591.8 81.11
290 588.2 90.38 612.1 87.12
298.15 604.8 95.24 628.6 92.18
300 608.6 96.36 632.4 93.35
310 628.6 102.5 652.6 99.77
320 647.5 108.9 672.9 106.4
330 666.6 115.5 693.1 113.2
340 691.3 122.3 713.4 120.3
346 713.9 126.5 725.6 124.6
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3. Hloaumopgpuszm 6emamemaszona eanepama

ABrOopamu cTathul [8] OBLT W3y4eH NOTUMOPPU3M U TCEBIOMOIUMOPHU3M
oetamera3oHa Bajepara. OO6HapyxeHsl Tpu noaumopdusie mogudukaruu (I-111) u ogna
coJibBaTHas (PaCTBOPUTEL — METAHOII).

C  1noMOIIBI0  PEHTIEHOCTPYKTYPHOTO  aHaliu3a  YCTAHOBJIEHO,  4YTO
COJIbBaTUPOBAaHHAs (opMa KPUCTAIU3YETCS B MPOCTPAaHCTBEHHOW rpymne P2,2,2; c
YETBIPbMSI MOJIEKYJIAMU B 3JIEMEHTApPHOM suerke. K kpucrammmyeckon CTpyKType
MOJIEKYJIbI PACTIOIOXKEHBI B BUJI€ CTOJIOMKOB, BHITSHYTHIX BAOJIb KpUCTaLIOTpaduueckoi
OCH a.

®opwmsl I u II umMeroT opTOPOMONUECKYIO CHHTOHHUIO C YETHIPHMSI MOJIEKYJIaMU B
KaXJI0M sdeiike (mpocTpaHcTBeHHas rpynmna P2,2,2;). Torma kak dopma II umeer
MOHOKJIMHHYIO CHHTOHUIO (IIPOCTpaHCTBEHHAs rpymnmna P2;).

B ¢opme I u conpBare MeTaHOJa MPUCYTCTBYIOT BOJOPOAHBIE CBSI3H.

Kpucrammuaeckue cTpykTypbl popM MPUBEICHBI HA puC. 9.

Puc. 9. Kpucramnmueckue crpykrypsl (popma I (1), popma II (2), hopma III (3) u
conbBarHast popma (4))

Bce monudukanmu u conbBarupoBadHas hopMa UMEIOT pa3InyHbie KOH(OpMaIuu

OerameTa3zoHa Bajepara, IpuBeACHHbBIC Ha puc. 10.
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®opma IT @opma 111

Puc. 10. Kondopmaryu 6etamera3oHa Bajiepara B TpeX HOJIMMOPHHBIX
MOAM(UKALUIX U COJIbBATUPOBAHHOM (opme

TepmoarHamMuuecKkre U KHHETUYECKHE CBOMCTBA NOJUMOP(HBIX MOIU(DUKALINN U
cojgbBaTa OBUIM UW3yYeHbl TMpH TNOMOIIM AUPPEpeHIUanbHON CKaHUPYIOIIEH
KaJOpUMETPUU. bBbUIM TNpoBeNeHbl HECKOJIbKO HM3MEPEHHH B arMocdepe azoTa.
Temnieparypa miaBieHHs] U SHTAJIbIMS IJIaBICHUS ObUIM OINPENETEHbl U3 HECKOJIBKUX
u3Mepennit JICK, nanubie npuBeneHs! B Ta0. 3.

Tabnuya 3
Temneparypsr Hauana (Ty) u ckauka nuka (T) u SHTATBIUYU TJIABICHUS TPeX HopM

OeTrameTa3oHa BaJjic€para

Ty, °C Tp, °C AHy, x]JI>x/Moib
dopma | 192.6 (192.7) 195.0 (196.6) 329+ 1.1
(31.5+1.0)
®opwma 11 182.3 (186.4) 182.6 (187.4) 270+ 1.4
27.0+£1.7)
®opma 111 107.6 113.1 9.0+0.2

OO0muit xapakTep TMOBeACHUA OeTamMeTa3oHa BajiepaTa NpHU HarpeBaHUU

CXEMaTHUYHO MPUBEAEH Ha puc. 11.

16



beramera3zoHa BaJicpar

9HJIO

COJIbBaT

MeETaHOJIa I+ ILIABJI-C

TeII0BOIl MOTOK

kpuctaummzanus I + I

aBiaeHne GopMal I

r -~ 1 -~ r - 1~ 1~ 1 "~ 1T *~ 1T "~ 1T 1

40 60 80 100 120 140 160 180 200 220
Temmeparypa, °C

Puc. 11. O6mas cxema noBeieHs OeTaMeTa30Ha Bajieparta Ipy HarpeBaHUU

[TonmumopHBIX MpeBpalleHUuil U3 OMHOW TBEpJAOH (GOPMBI B JPYTyIO MEXIY

pasIUYHBIMA ~ MOJU(DUKAIUSIMU HE HaAOJIOAIOCh. UTtoObl  yCTaHOBHUTH

ry Hm'fl

G

melt

0K Temnepatypa  Taany  TuanTwa,
TEPMOAUHAMMYECKYIO B3aHMOCBS3b MEXIY paslIuuHbIMU (opMamu, Oblia MOCTPOEHA

SHEpreTHYeckas TemmeparypHas guarpamma (cMm. puc. 12). Ecniu mnonmumopdnas

MoauduKanus ¢ Oosee BBICOKOM TemIepaTypod IUIaBleHUSI UMeeT Oosiee BBICOKYIO
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SHTAJIBIUIO TUIABJICHUS, TO MOIU(HUKAIIMY CBSA3aHBI MOHOTPOITHO. B oOparHOM ciydae —
sHaHTHOTponHO. ®opma I, crabuibHas BO BCeM TEMIEpaTypHOM HHTEpBaje, UMEET
CaMy10 BBICOKYIO TEMIIEPaTypy U SHTAJIBIINIO IUIABJICHUS U CBSI3aHA C IPYruMU (hopMaMu
moHoTpornHo. @opma Il umeeT 6osee BHICOKYIO TeMIleparypy IUIaBICHUS U SHTAIBITUIO
nepexona, uem ¢gopma III, cooTBeTCTBEHHO, 3T (HOPMBI TaKKE CBA3aHBI MOHOTPOITHO.
Tepmonunamuuecku  crabunbHOM — siBisiercs  ¢opma I,  ocrambHble  (OpMBI

METAaCTA0UIbHBIL.

Puc. 12. DHepreTnyeckas TeMIieparypHas 1uarpamma Juis HolnuMopdHbIX hopM
OerameTazoHa Basepar (puM. melt — maBnenue; T — TeMmepaTypa riaBiIeHus)

3KCHepI/IMeHTaJILHaH 4acTb

1. Kanopumempuueckaa annapamypa u MemoOuKu IKCHEPUMEHMANbHbIX
umepeHuil
Jns mccnenoBaHusl TEMIIEPATypPHOU 3aBUCUMOCTH TEINIOEMKOCTH, TEMIIEPATYp U
SHTAJBIIMK  MpEeBpallleHul OeTaMmera3oHa JUIPONHOHATa, ObLIa HCIOJIb30BaHA
clenyromias amnmaparypa: aaumabatmueckuii BakyymHBIM kamopumerp bBKT-3 wm

muddepeHIanTbHO CKaHUPYIONTUNA KaTOPUMETP.
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1.1 Aouadamuueckuii éakyymuuwiii kanropumemp BKT-3

JInst vcciienoBaHusl TEMITEPATYPHOM 3aBUCUMOCTH TEIJIOEMKOCTH, TEMIIEPATyp U
SHTAJIBIIMKM TpEeBpallleHUuN OeTamera3oHa aumpornuoHara B obOmactu 6-350 K
ucnons3oBanack yctanoBka BKT-3 (AO3T «Tepmuc» noc. MenzaeneeBo, MockoBckas
0011.) (puc. 10). M3mepeHuss mpoxoasiT B agua0aTUYHBIX YCJIOBHUAX: B KaJIOPUMETpE
amITyJia OKpy>KeHa IMIMPMOM (3KpaHOM), U TeMIlepaTypa 3TON IIHPMbI HOIEP>KUBACTCS
PaBHOU TeMIIepaType aMITyJIbl, TO MKy aMITyJIONH M €r0 OKPY>KaIoIIeH cpeoi He Oy1eT
MPOUCXOAUTH TEINIOOOMEHA.

YcraHoBka mpencTaBiseT coOoi agmabaTUdyecKuil BaKyyMHBIH KaJlOpUMETp C
JUCKPETHBIM HarpeBoM. [logpoOHOe onrcanne KOHCTPYKIIUN YCTAHOBKH OITyOJIMKOBAaHO
B paboTax [9,10].

N3meputenbHbiii puOOp BKITIOYAET B €05 CISAYIONINE OCHOBHBIC DJIEMEHTHI:
e  MHUHHMKpPHUOCTAT MOTpykHOTO THUIMA (puc 13);

e  OJIOK aHAJIOTOBOTO PETYIMPOBAHUS — OTBEYACT 32 MOICPKAHIE 3aJaHHON

Pa3HOCTHU TEMIEPaTyp;

e KoMmmblOTepHO-U3MeputenbHas cucrema KUC, paboraromas co
ckopocthio 10 wu3MepeHMl B CEKyHAy U aBTOMAaTHYECKU
YIOPAaBISIOMIAs W3MEPEHUSIMU, C BO3MOXHOCTBIO PETYIUPOBaHUS
HYXKHBIX TapaMeTpOB, OTBEYAET 3a TAaKUE XapaKTEPUCTUKHU, Kak
MOIITHOCTh HarpeBaTesisi KaJoOpUMeTpa, BpeMs NMPOTEKaHUs TOKa U

TeMIepaTypa aMIryJibl.
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Puc. 13. Kanopumerpuueckoe ycrpoiictBo u kpuoctat (CR) BKT-3:

1 — TUTaHOBaAs KAJIOpUMETPUYECKasl aMIysa, 2 — MEIHBIN KpaH, 3 — MEIHbIN aguadaTHUECKUil KpaH,
4 — OpoH30Basg  KpBINIIKA, S5 —  JKEJIE30-POJIMEBBIA  TEPMOMETP  CONPOTHBIICHUS,
6 — Kene3o-MenHash TepMmomnapa, 7/ — SKpaH, MOKPHITHIM JIABCAHOBOW IUIEHKOW W TOJHUPOBAHHBIM
almoMUHNEeM, 8 — HeMIoHOBas HHUTh, 9 — crambHas mpyxkuHa, 10 — TeKcTonUTOBas TpyOKa,
11 — Brynka, 12 — BakyyMHBIi cTakaH, 13 — KaHaBKM Ha BTyNKe, 14 — BeHTWIb, 15 — maTpyOok ams
COEIMHEHUS C CUCTEMOI! MTPeIBApUTEIILHOTO BAKYYMUPOBaHUs, 16 — pa3beM-KOJI0/IKa COeTUHUTENbHBIX
mpoBonoB, 17 — crampHas TpyOka, 18 — raiika, 19 — yromeHBIH  an;copOep,
20 — aTIOMHUHHUEBLIE JUCKU

Memoouka 3xkcnepumenma

1. 3akpeITHE aMITYJIBL:

Kanopumerpuueckas ammysia U3roToBieHa U3 THTaHA, MO (OpME MPEACTaBISIET
IIUJUHIP C TOHKUMHU CTeHKaMu, uMeeT Maccy ~ 1.8 r u o0bvem 1.5 cm3. Ceepxy ammyia
TepPMETUYHO 3aKPBIBACTCA KPBIIIKON M3 OPOH3bI C JOTOJTHUTEIBHBIM YIIJIOTHUTEIEM U3
WUH]IUS.

[IpombiBaeM aMiyiy are€TOHOM, JJii TOro 4YToObl yOpaTh 3arpsi3HEHUS U
IIPOCYIIMBAEM Ha BO3AyXe He MeHee 15 MuHyT. Bripe3aeM MHIAMEBYIO NPOKIAAKY U
U3MEpSAEM €€ Maccy M Maccy IyCTOM ammylibl (Mg, My), 3aT€M HHIWNA BCTaBJISEM B
CTYIIEHbKY BHYTPH aMIyJbl. 3arpy’kaeM MCCIEAYEMOE BEIIECTBO C MOMOUIBI0 BOPOHKHU

U3 KaJlbKHU J0 ¥4 pa3mepa aMiryisl. Mi3MepsieM Maccy aMITyJibl ¢ BEIECTBOM (Mm,).
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[lomemaem aMmyiny B Kamepy 3alOJIHEHMS, 3aKpENMB €€ HIDKHUM U BEPXHUM
HAaHTOBbIMH 3axkuMmamu. [logcoeaunsiem muiaHr (GpopBaKyyMHOTO Hacoca WU IMOAYIIKY,
3all0JIHEHHYI0 CYXHMM TreiaueM. BiirouaeM Hacoc, OTKauMBaeM BO3AyX M B KaMepe
IIPOUCXOJMT pa3psuKeHUE. 3aTEM CPaBHUBAEM JABJICHUE B aMITyJI€ U KaMepe 3allOJTHEHUS
(5-7 pa3 oTkpeiBaeM ammyiy U kjiamnas). OcrasisieM Ha 5-10 munyT. [loTom BIyckaem
renuit (3-4 paza). JloctaeM amIyty U3 KaMephl 3alI0JIHEHUS U U3MEPSIEM €€ Maccy. 3aTeM,
CUMTAEM Pa3HOCTb MEKJy IIEPBOHAYAIBHONM MAaCCOM aMITysbl U YK€ OTKadeHHOH. [Ipu
Am = (m, — m,) € [0,0004 — 0,001] r amnyna Oyner 3akpbiTa. AMITYJIy C UCCIETYEMBIM
o0pa3oM TMJIOTHO BCTaBisieM B TWib3y (MEIHBIM 3KpaH), HA OOKOBYIO MOBEPXHOCTH
KOTOPOM HAaMOTaH HarpeBaTellb.

2. YcraHOBKa AMITYJIbI B KPHOCTAT, IPCABAPUTCIbHAA OTKA4YKa.

[IpenBaputenbHO cMa3biBaeM OOPO3/KY BHEIIHIOI CTOPOHY BTYJIKH MMacCTOM
KIIT-8 nyst noasepskaHusi BAKYYMHOTI'O YIIJIOTHEHHSI. 3aT€M, HaJIeBaeéM CTaKaH U HEMHOTO
MMOBOPAYMBAEM BJIEBO U BIPABO, OCTATKH MACThI IOJKHBI PACTIPEACIIUTHCS 110 TPaHUIaM
mupmbl. [logkmodaem kpuoctaT K opBakyyMHOMY Hacocy. OTKphIBaéM BaKyyMHBIN
BEHTHJIb, OTKAUYMBAEM YCTAHOBKY B T€U€HHE 5-6 yacoB 10 Bakyyma 10 — 107 mm. pr.
CT., IOTOM 3aKpbIBA€M BEHTUIb.

3. OxyaxaeHue KpuocTara:

Hns uccrnenoBanust B TemreparypHoit oomactu T < 80 K xmamareHtom
ABJISIETCS KUMKW renui, a npu T > 80 K — xuakwuii a3or.

Onyckaem KpuocTaT OO0 JHa cocyla Jlproapa ¢ )KUAKAM a30TOM M OCTaBIISIEM
OXJIAXKIAeTCs 10 TeMIepaTypsl kuakoro azota (77.35 K), oObr4HO maHHas mporiemypa
3aHUMAaeT 6-8 4acos.

4. M3MepeHue TenI0eMKOCTH:

Jlanee nponu3BOAUTCSA CHATHE TEMIEPATYpPHOM 3aBUCHMOCTH TEINIOEMKOCTH IIPH
IOMOIIM MPOrpaMMHOro oOecnedeHus. M3MepeHue TemIoeMKOCTH IPOUCXOAUT B
a1nabaTUYHOM PEXHUM B PABHOBECHBIX YCIOBHUSX.

Kanopumerp kanubpoBasii MOCPEACTBOM H3MEPEHHUs M300apHON TEIIOEMKOCTU

nycto ammynbl. [ moBepku HajaexxkHoctw padbotel BKT-3 Hamu nepen Havaiom
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AKCIIEPUMEHTA ObLIH U3MEPEHBl TEIUIOEMKOCTH STaJOHHOM OEH30MHOW KHUCIIOTHI
(«NIST39J)»). KanmuGpoBka ocyIecTBisiIach aHAJIOTHIHOM 00pa3om

YCTaHOBIEHO, YTO OTKJIOHEHHUS TIOJYYEHHBIX HaMH 3KCIEPUMEHTATbHBIN
3HaYeHUI 00pa3loB OT WX 3HAYECHUM, COTJIACHO MACTIOPTHBIM JJaHHBIM, COCTABIISIOT:

. +(1.5-2) % B unrepnane 5-17 K,

. +0.5% B obnactu 17-40 K,

. + (0.2-0.3) % B o6mactu T > 40 K.

OTKIIOHEHHS OBLIN PaCCUYUTAHbI 110 YPABHCHUIO!

A = [(CaTanoﬂ - CI/ISM)/ CaTaHOH] : 100% (1)

1€ Cyranon — TEIUVIOEMKOCTh B MACHOPTE BellleCTBa IMpu AaHHOU Temreparype, Cysy —
U3MEpEHHas TEeIJIOEMKOCTb.

AHaNOTOBBI  PEryjisTOp  TEMIlEpaTypbl  OTBEYaeT 3a  MOJJEp>KaHue
agnabatuyeckoro pexuma. Harpes kanopumeTpa B TCUSHUU SKCTIEPUMEHTA JUTUTCS OT 2
10 8 MUHYT, IIpU 3TOM Temneparypa nogaumMaiack Ha 0.3—1.0 K B untepBaie 5-50 K u
Ha 1.5-3.0 K npu 7> 50 K. TerioBoe paBHOBECHE JOCTUTAIOCH 3a 6—15 MUHYT U 3a
15-30 munyT B 0051acTH (PU3HMYECKUX TTPEBPAIICHUM BEIECTB.

MonsipHyt0  TEIJIOEMKOCTh  HCCIEAYEMOTO  BEIIECTBA PACCUUTHIBAIA MO

YpaBHEHUIO:

Cp = {[{UIdt/(T> = T)] - Co - M, 2)

t
rae Ci — TEIJIOEMKOCTh ITyCTOTO KaJlOpUMETpa, jUIdt — KOJMYECTBO BBEJICHHOMN
0

sHepruu, U — mnajeHue HanpspDKeHWs B Harpemartenie, / — cuiia TOkKa, ! — Bpems
MPOITYCKaHUs TOKA Yepe3 HarpeBaTeib, 1 U 1> — TeMIepaTypbl KaJlopuMeTpa 10 U Tocie
€ro HarpeBa, COOTBETCTBEHHO, m U M — macca oOpasiia HCCIeayeMOro BEUIeCTBa U €ro

MOJICKYJIIpHAA MacCa, COOTBECTCTBCHHO.

1.2 J/lughpepenyuanvuviii ckanupyrowguii kanopumemp DSC 204 F1 Phoenix
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Jlnst W3ydeHus TEPMHUYECKOTO TIOBEACHHS W CHATUS OKCICPUMEHTATbHBIX
3HaYeHUH YJeNbHON TeIuoeMKOocTH B auamna3zone 350 — 570 K Obul ucnonb3oBaH
BbICOKOUYBCTBUTENbHBIN KanopumeTp DSC 204 F1 Phoenix ¢ p-cencopom (NETZSCH,
I'epmanus).

Buemnuiik  Bua  auddepeHIMaNTbHOTO  CKaHUPYIOIIETo  KaJopuMeTpa
DSC 204 F1 Phoenix noka3zan Ha puc. 14. Cxema U3MEpUTENIbHON sSUeiiku mpuodopa
npencraBieHa Ha puc. 15. TIodHOCTBIO aBTOMATHU3WPOBAHHBIN HPHUOOP TMO3BOJSIET
npoBoauTh kiaccuueckue JCK-u3MepeHus, a Takke H3MEpPEHHS YJIEIbHOU
TEIJIOEMKOCTH BEILIECTB B KOHACHCUPOBAHHOM COCTOSIHMH B TEMIIEPaTypHOM MHTEpBaje
or 90 mo 1000 K c¢ morpemHocThio B cpenHem 12%. s KaaoOpUMETPUYECKOTO
HKCIIEPUMEHTA JIOCTATOYHO BCETO HECKOJIBKO MI BEIIECTBA, YTO SIBISETCS OJHON U3

OCHOBHBIX 0COOEHHOCTEHN Mpuoopa.

Puc. 14. Buemnnii Bug kanopumerpa DSC 204 F1 Phoenix
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Puc. 15. Cxema U3MEpPUTENHHON sTuetKU KaJIOpUMETPA DSC 204 Fi Phoenix:

1 — BbIXOAHOE OTBEpcTHE IS rasza; 2 — CHCTEMa BO3AYIIHOIO OXJIAXACHMS;, 3 — 3allUTHBIN ras;
4 — cranmapt; 5 — oOpasen; 6 — CEHCOp MOCTOSHHOTO TEIJIOBOTO IMOTOKAa; 7 — TEYHOW OJIOK;
8 — mnOpoayBOYHBIM Ta3; 9 — wupkyaupyloomee oxjaxaeHue;, 10 — cuctemMa oOxJaxAeHUA

KHUJIKUM/Ta3000pa3HbIM a30TOM

Konctpykius kanopumerpa DSC 204 F1 Phoenix u MeToiuKa paOOThI ONMCAHbBI B
pabortax [11,12]. Tlepen HauasoM sKcrepuMeHTa ObUT MPOBEIEH pPsi CTaHAAPTHBIX
KaJTMOPOBOYHBIX HKCIEPUMEHTOB MO M3MEPEHUIO0 TEPMOIMHAMHUECKUX XapaKTEPUCTUK
IUTABJICHUSl H-T€NTaHa, pTyTH, UHIUA, 0JIOBA, CBUHIA, BUCMYTA U IIMHKA JUIsI TIOBEPKU
HAJECKHOCTH paboThl KajopuMmeTpa. B pesynbrare ObLIO CAETAHO 3aKIIOUEHHUE, YTO
anmnapatrypa U METOAMKA H3MEpPEHUI MO3BOJIAIOT U3MEPSATh TeMIEpaTypbl (ha30BbIX
npeBpalieHnii ¢ norpemwHocThio 0.5 K, sHTansnuii nepexonos — t1%.

Jliia pacuera ynenbHOM TEIJIOEMKOCTH TPeOYIOTCSI BEJIMYMHBI U3 TPEX Pa3HbIX
KpUBBIX: 0a30Bast JIMHUA, CTaHJApT, oOpasel. B TedeHune skcnepuMeHTa COXPaHSIIUChH
MJECHTUYHBIMA CJIEAYIOIINE MTapaMeTPbl IKCIIEPUMEHTA: TOTOK aproHa, CKOPOCTh MMOTOKA
aproHa, HayajbHasi TeMIEpaTypa, CKOPOCTb HarpeBa U CKOPOCTh CKaHUPOBAHUS, Macca
TUTJIE U KPBIIIKK, TMOJIOKEHUE THUTJIA Ha ceHcope. [Ipu M3MepeHuu TEemIoeMKOCTH
oOpas3ell BbIICpKUBAJICS MPU NMOCTOSSHHOM TeMmiepatype (293 K) B reuenne 30 MUHYT B
TOKE aproHa; IOCJE 3TOro MPOBOJMIIOCH HArpEBAHHME C IOCTOSTHHOM CKOPOCTBIO (5

K/mun) mo 460 K. M3Mepenus 3aBepiiagvch MOCIEAYIOMUM OXJIAXKICHUEM CUCTEMBI 10
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KOMHATHOW TemrepaTypsl. ba3oBas JMHMS W CTaHIAPTHBIN 0Opasel ObLIM U3MEPEHBI B
TOM XK€ PEXKUME.

TemmoeMkocTh  ompeaessuiack  MetogoM  oTHomieHud  ("Ratio  method");
MHMBUyallbHbIE 3Ha4eHUs Cp MPH PasHBIX TEMIEPATypax ONPENEIsIUCH COTIACHO

ypaBHeHHUIO (3):
.. DSC(1)=DSC,(T) . 3)

O (™

G = m; DSC,,(T)-DSC,(T) psid’

rae C, — yzaenbHas TeraoemkocTh obOpasua mpu temneparype 7, C) s — ynenbHas

TEIJIOEMKOCTh CTaHaapTa (KopyHaa) npu temmeparype 7, mgs — Macca CTaHaAapTa, ms —
Macca uccaenoBanHoro oopasua, DSC; — Benuunna JICK-curnana npu temmneparype T
u3 kpuBoi obpasna (MkB), DSCyy — Bemumuuna JICK-curnana npu temneparype 7 u3
kpuBoit crangapta (MkB), DSCy — Benumumna JICK-curnana mpu temmeparype 7 u3
6azoBoii ymHUM (MKB). IlorpemmHocTs ompeneneHus TEIUIOEMKOCTH ONMUCAHHBIM
METOJIOM COCTaBJISIET OKOJIO 12%.

C momo1p0 MporpaMMHOro oOecreuyeHue MOKHO Y3HATh TaKHe XapaKTePUCTUKU
TJIaBJICHUS:

1. Makcumym TemmepaTypsl

2. Temnepatypbl Hayana U KOHIA MJIaBJICHUS (OMpeeseTCs IepEeceUCHUEM ABYX
MPSAMBIX MapaieTbHBIX BHIOPAHHBIM OCSIM)

3. DHTaNBIUIO TIaBJAEHUS (ONpEAEsIeTCs IIONAAbI0 MO KPUBOM)

1.3 Tepmozpasumempuueckuit ananuzamop TG 209 F1 Iris

Jnst u3yyeHuss TEPMHUYECKOrO TIOBEJICHUS W CHSATUSA HKCIEPUMEHTAJIbHBIX
3HAQYEHUN TeMIepaTyp pasjloXKeHUs  UCIOIb30BAJICS  TEPMOrPaBUMETPUUECKUN
anamuzatop TG 209 FI Iris (NETZSCH, TI'epmanus). Buemnuii BuI
TEPMOTPAaBUMETPUYECKOTO aHAIM3aTOpa M CXeMa HM3MEPUTENbHOW suYehKH mMpudopa

MoKa3aHbl Ha puc. 16, 17.
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Puc. 16. Bremnuii Bug repMorpaBuMeTpudeckoro ananuzaropa TG 209 F1 Iris
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Puc. 17. Cxema usmMepuTenbHOH siueiiku TepMorpasuMeTpudeckoro ananuszaropa TG 209 FI Iris:
1 — BBIXOZIHOE OTBEpCTHUE IS ra3a; 2 — KPBIIIKa; 3 — oOpaselr; 4 — nepkareib; 5 — CHCTeMa OXJIAXICHU;, 6 — BaKyyM;
7 — BXOJJHOE OTBEpPCTHUE AJISl MPOAYBOUYHOTI'O T'a3a; 8 — CUCTEMa TEPMOCTaTUPOBaHusL; 9 — natuuk AasieHust; 10 — mogbeMHUK

aepxarens; 11 — npegoxpaHuTenbHbIi Ki1anaH; 12 — TepMOMHKpOBECHI; 13 — BXOAHOE OTBEPCTHE A 3aLIUTHOTO ra3a
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TepMorpaBuMeTpuuecKUid aHaNIU3 HCCIEAyeMOro oOpasma OblUT NPOBEIECH B
temneparypaom unrepsaie 25400 °C co ckopocthio HarpeBanus 5 K/mMun. B kauectse
MPOJTyBOYHOIO Ta3a ObLI UCIOIb30BaH APrOH BHICOKOM YMCTOTHI; CKOPOCTh MIOTOKA Ta3a
— 25 Ma/MuH.

Tepmomukposecsl TG 209 FI Iris mo3BoJAIOT (GUKCUPOBATH U3MEHEHHUE MACChI
BEIIECTB C TOYHOCThIO 10 0.1 MKr B mmpokoMm auanazoHe temieparyp. CorjiacHo
CTaHAAPTHOM METOJMKE TepMOrpaBUMETpUYecKoro aHaimuza [13—15] 3a Temmeparypy
Hayaya pasyioKeHUs! BEIECTBA MPUHUMAETCS TeMIepaTypa, COOTBETCTBYIOIIAs OTEPE

Macchl 0K010 2%.

2. Memoowvt 06padbomku IKchepumeHmaibHvlX 0AHHbIX

2.1 Tennoemkocme
TermioeMKocTh — 3TO CKaliApHAasi BEJIMYMHA paBHAsA KOJIWYECTBY TEIUIOTHI,
YBEIIMYUBAIOILIEMY TEMIIEpATypa Tejla Ha OAUH Ipaayc.
Cpennsisi TEINIOEMKOCTh TOMOT€HHOM CHUCTEMBI B MHTEpBajie temneparyp To-T;

onpcACIICTCA COOTHOIICHUCM

. Q
P T2—-T1 4

TenmoeMKocTh, COOTBETCTBYIOMIAs OECKOHEYHO MaJioMy, W3MEHEHHUIO

Ce

TCMIICPATYPbI, HA3bIBACTCA HCTUHHOM TEIJIOEMKOCTBIO:

)
= (57)
6T )
I[Ipu n306apHOM IpoIIecce CIIPaBEATNBO YpaBHEHHE:
6H
e 6
= (57) ®

CrnaxxuBaHue 9KCIICPUMCHTAJIbHBIX 3HAQUCHUN TEMJI0EMKOCTH IMpOBOAHIIN C

HCIIOJIB30BAHHUEM CTCIICHHBIX H HOJIyHOFapI/I(i)MI/I‘ICCKI/IX ITOJIMHOMHUAJIBHBIX ypaBHeHI/Iﬁ

(7-9):

G 3. (). )
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;= %8, -(m(?’lojj, ®)

i
n T

InC? = C | Inl— 9

P igo i 30))° ©)

rae A;, B, C; — nonuHoMuaabHbie KOd()PUIIUEHTBI, 7 — KOJIUYECTBO KOA(P(HUIIMEHTOB B
COOTBETCTBYIOIINUX MOJIMHOMHUATBHBIX YPABHEHUSX.

[TonuHOMBI OBUTH TTOAOOPAHBI 110 MPHUHITUITY, YTOOBI OTHOCUTEIIBHOE OTKJIOHEHHUE

OKCIIEPUMEHTAIIBHBIX 3HaueHui C, OT ycpenaHeHHou kpusoii C, = AT) HEe mpeBbImaIo

AKCIIEPUMEHTAIIHON OIIMOKH ONPEIEIEHUS TENIOEMKOCTH.

2.2 Pacuem cmanoapmmuvix mepmoouHamuiecKux ynKuyuii

DHTaNbNUA — 3T0 (PYHKUHUS COCTOSIHUSI CUCTEMBbI, IIPEBPAILEHHE KOTOPOH paBHOE
TEIJIOTE MOJTYYEHHON CUCTEMOM ITPU OCTOSSHHOM JIaBJICHHH.

OHTpoNMs — MEpa W3MEHEHUS PACCEMBAHUS YHEPTUU MPHU MEPEXOAE U3 OJHOTO
cocTosiHusA B apyroe; auddepeniman gaHHoe (YHKIIMA COCTOSHUS CUCTEMBI PaBeH
OTHOIICHHUIO OECKOHEYHO MAaJior0 KOJHMYECTBAa TEIUIOThI, COOOLICHHONW CHCTEME B
PaBHOBECHOM ITpoliecce K abCOIIOTHOM TeMneparype.

Oyukus ['n66ca — PyHKIUSA COCTOSHUSA TEPMOJIMHAMUYECKON CUCTEMbI, paBHAas
W3MEHEHUIO €€ BHYTPEHHEN SHEPTHH.

[TonpoOHbIE METONBI pacyeTa CTaHAAPTHBIX TEPMOJMHAMUYECKUX (YHKUIUN
omyONMKOBaHbI, Hampumep, B pabore [17]. OTmeTuMm, 4YTO pacdeT CTaHIAPTHBIX
SHTANBIUKU, SHTponuH ¥ (QyHKuu [nOOca HarpeBaHWs BEIIECTB MPOBOIWIHN IO

COOTBETCTBYIOIIUM ypaBHeHUsM (10-12):

T

H(D) - 1°(0) = [ G (T, (10)
S°(T) = 8°(0) + f C3 (T)dInT, (11)
0
G°(T) - H*(0) = [H*(T) - H°(0)] - T S(T), (12)

rac Cp — TeMII€paTypHasa 3aBUCHUMOCTD TCIINIOEMKOCTHU BCIICCTBA.
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DKCTpanoJisiuio oT TeMneparypsl Hauana usmepenunii (6-7) K qo 0 K nposoaunmn

o ¢pyHkImu Termnoemkoctu [edas [16] (13):
C, = nD(6v/T), (13)

rae D — pynkius terioemkocTd Jlebast; n 1 6p — cienuanbHO 0100paHHbIe TapaMETPhI.

[TonOop mapameTpoB MPOU3BOAMIIA TaKUM O00pa30M, UTOOBbl C HUMH yKa3aHHbIC
ypaBHEHUSI OMHCHIBAIA SKCIEPUMEHTAJIbHBIE 3HAYEHUS TEIJIOEMKOCTH BEIIECTB B
unrepBaie ot (6—7) K no 18 K ¢ nmorpemnoctsio B npenenax ~ 1.5%. Ilpu pacuere
dbyukiuit npuauMany, uro npu 7' < (6—7) K ypasuenue (10) Bocripou3BoauT C; BEILIECTB

C TOH k€ MOTpeIHOCThI0. [IorpenHoCTh BEIUMCICHHBIX 3HAU€HUN (PYHKIIHI COCTaBIISET
okono 2% npu 7' <20 K, £0.5% B unrepsane 20—40 K, +0.2% B unreppasie 40-330 K u
+(0.5-1.5)% B ob6aactu 330-550 K.

2.3 Mynemughpakmanwvnaa oopadomka
B mynbrudpakransHoit Mogenu o0paboTKM HU3KOTEMIIEPATYPHOH TEMIOEMKOCTH
nokasaresnb crenieny npu T B GyHKIMU TerIoeMKocT o0o3Havyaercs 3a D u Ha3bIBaeTcs
MYyJIbTU(PAKTATBHON pa3MepHOCThIO. OHa TMO3BOJSET JelaTh 3aKIIOYCHHE O THIIC
TUIIOJIOTUU CTPYKTYphl. COrlIacHO TEOpUH TEINIOEMKOCTH TapacoBa, 3aBUCUMOCTD

C, = AT) B 00acTV MOHWKEHHBIX TEMIEPATYP Ui TEN LENOYEYHOH CTPYKTYpPhI

nponopuronansaa T!, TBepAbIX TeN CIOMCTOM CTPYKTYphI — T2, T NpOCTPaHCTBEHHOM
CTPYKTYphl — T°; B Takux ciay4asx D npuHumaer 3HaueHus 1, 2 1 3 COOTBETCTBEHHO.
3HaueHust MyJibTU(GpPaAKTaIbHON pa3MepHocTd D MoryT ObITH JPOOHBIMH, U B 3TOM
cllyyae TBEpJbI€ Tejla MMEIOT CTPYKTYpbl «CMEIIAHHOTO» THUIA: IENOYHO-CIOUCTYIO,
MIPOCTPAHCTBEHHO-CIIOUCTYIO U apyrue [18-20].

Tak 3HaueHure D MO3BOJIIET JIeJaTh HEKUE 3aKIIOUYEHUSI O XapaKTepe TOMOJOTrUu
CTPYKTYPBI TBEPIBIX TEJ, U €r0 MOXHO moidyunth w3 rpaduka InC, ot InT mus

COOTBETCTBYIOIIETO BellecTBa. B yactHOCTH, 3TO cneayeT u3 GopMyJibl ypaBHEHHUS:

Cv=3D(D + 1)KNy(D + 1)&(D + 1)(T / Omax)®, (14)
3neck k — mocrosinnas bonbimana, N — uncino atomoB B Mousekyine, y(D + 1) —
ramMma-pynkuus, (D + 1) — &-pynkums PumanHa, Omax — XapakTepucTHuecKas
TeMIeparypa.
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Jns koukperHoro Teepaoro tena 3D(D + 1KNy(D + 1)E(D + 1)(1 / Opma)” = A —
MMOCTOSIHHAS BEJIMYMHA U ypaBHEHHUE (1) MOXKHO 3amucaTh B BUJI€ BHIPAKEHHUS:
InCy = InA + D-InT. (15)
OKCIIepUMEHTAJIbHBIE  3HAYCHUS C; 0e3 3aMETHOM TOTPELIHOCTH A
T < 50K wMoxnHo cuutath paBHbiMu C,. Hcnonb3ys COOTBETCTBYIOIIHE
AKCIIEPUMEHTAJIbHBIC TaHHBIE O TerioeMKOoCcTH B uHTepBaie 20 — 50 K u ypaBaenue (15),

MO>KHO MOJYYUTh 3HaUeHHEe D M0 HAKJIOHY MPSIMOJMHEWHBIX yYaCTKOB rpaduka

InCy= AInT) [21].

3. XapakmepucmuKku uzyueHHuvix 00pa3yoe
3.1 bemamemason ounponuonam
Obpazen; GetameTa3oHa AUMPONUOHATA OBLT CUHTE3UPOBAH U OXapaKTEpHU30BaH

(hapMaIreBTUUECKON KOMITAaHUEH «AKPUXUHY.

O

Puc. 18. CtpykrypHas ¢opmyna OeramerazoHa TUNPONHOHATA

CoctaB W CTpyKTypa OeTamera3oHa JUIPONMOHATA OBLIM IOATBEPKIECHDI
METOaMU 3JIEMEHTHOTO I/I PEHTTEHOCTPYKTYPHOTO aHaius3a,
'H, BC u »Si SMP-cuekrpockonuu. Ilo pe3ynbraTaM 53J€MEHTHOIO aHaIM3a

paCcCUUTAaHHBIC (Haﬁ,ﬂeHHble) IMPOLCHTHLIC COACPIKaHUA aTOMOB COCTaBUJIN:
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C—-66.59 (66.26), H—7.33 (7.45). ConeprxaHne OCHOBHOTO BEIIIECTBA COCTABIISACT OoJiee
99 mon.%. CornacHo IUTEepaTypHBIM JaHHBIM, OeTaMeTa30Ha JUIPONUOHAT HE UMEET
oIMMOPGHBIX MOIU(PUKAITUH.

Buemne ~ OerameTazoHa — AMIPONMOHAT  MPEJACTaBIsT  coOOM  Oenblif
KpUCTaUIMYECKUil mopomiok. HepacTBopuM B BOJiE, XOpOIIO PACTBOPUM B TaKUX
OpraHUYEeCKUX PACTBOPUTENSAX, KaK XJOPOPOpM M alleTOH U YMEPEHHO PAacTBOPUM B
ATaHOJIE.

MonsipHass Macca OeTaMeTa3oHa JMIPOINKMOHATa ObLIa paccudTaHa Mo TaOJuIe
CTaHAAPTHBIX aTOMHBIX Macc, pekomenaosanHo MIOITAK [23]:

M(CxsH37FO7) = 504.585 r/mMomb.
3.2 bemamemason eanepam
beramerasona Bajepar Obul NpeaocTaBiieH KommaHuen «Sinoway Industrialy

(ITanxait, Kuraii).

Puc. 19. Ctpykrypnas popmysa 6eTamerazoHa Banepara

CornacHo cepTuUKaTy, CoAepKaHUE MPUMECEl B 00paslie COCTaBIsIO HE Ooliee
1.0 moi1. %, moaToMy OBLT CHeNnaH BBIBOJ, YTO HCCIIeAyeMblii oOpaser OeTameTazoHa
Bajiepata TPEICTaBIsUl COOOM HMHIMBHIYalbHOE KPHUCTANIMYECKOE COCIMHEHUE.
CornacHo JIHTEpaTYpHBIM JTaHHBIM, O€TaMeTa3oHa BajiepaT MMEET TPU MOIMMOPQHBIX

MoAu(pUKAIIUA U OJTHY COJIbBaTHYIO (popmy [8].
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ITomepsa maccwt, %o

Bremne OetameTtazoHa BajiepaT MPEACTABISUT COOOW Oemblii KPUCTATUTAYECKHMA
MOPOIIIOK, 6e3 3anaxa. [IpakTrudeckn HepaCTBOPUM B BOJIE, XOPOIIIO PAaCTBOPUM B TaKUX
OpraHUYEeCKUX PACTBOPUTEIAX, KaK XJIOPO(OpM, alleTOH U 3TaHOJI, ci1ado pacTBOPUM B
OeHzoue.

Monsipaass Macca OeraMmeTa3oHa Bajiepara Oblla paccyuTaHa I10 TaOJuIle
CTaHIAPTHBIX aTOMHBIX Macc, pekoMeHnaoBanHoit MIOITAK [23]:

M(Cy7H37FOg) = 476.2089 r/m0b.

4. Pezynivmamul u 06cyrycoenue
Ha puc. mpeacraBiieHbl TepMOTpaBUMETPUUIECKUE KPUBBIE 00pa3IioB OeTaMeTa3oHa
AumnponuoHata u OeramerazoHa Bajeparta. CorjacHo cranapaTHod Mertoauke TI-
DKCIIEPUMEHTa, OblIa ONpeeicHa TeMIlepaTypa Hadajla pa3joXeHUS HW3YYCHHBIX

00pa3noB, koropas coctaBuiia 498.9 = 0.5 Ku 499.5 + 0.5 K coOoTBETCTBEHHO.

r=2258°C 100 t=2264°C

- noteps Macchbl ~ 2% weight loss~ 2%

75t = 75
o
=
=
e
=

50 | 50

25 Il L L 1 L 25

25 100 175 250 325 400 300 400 500 600 700
Temnepamypa, °C | Temperature, °C
Puc. 20. TepMOrpaBHMETPHIECKAs KPHBAS Puc. 21. TepmorpaBumeTpudeckast Kpupasi OeTaMeTa3oHa
OeTaMeTa3oHa JUIPOITMOHATA Bajiepara

B nureparype [22] uMeroTcs JaHHBIE O MPOIECCE TEPMUUECKOTO pacmaia
OeTaMeTazoHa AUIPOINKMOHATa B TeMieparypHom uatepsaie 200-500 °C u
OmHUChIBaeTCs NByMs cTaauamu. [lepBas cragust — AeCTpyKIUS AUTIPOTTHOHATHBIX
IpYIII, a BTOpasi — MUpoJIu3 6eTameTa3oHoro (hparmMeHTa.

B nurepatype OTCYTCTBYIOT MJaHHBIE O HHU3KOTEMIIEPATYPHBIX 3HAYCHUSX

TEIJI0EMKOCTH OeTaMeTa3oHa AUIIPOIIMOHATA U OeramMeTazoHa Bajicpara. Hamn BIICPBLIC
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ObLIM OTIPEJIETIEHBl TEMIIEPATYpHBIE 3aBUcMMOCTH TertoemMkocted C, = AT) B obnactu

temrepatyp 6-350 K wmeromamu mnpenu3uoHHOW —aanabaTWuecKod BaKyyMHOUN
kaopumerpun u 320-520 K guddepeHnmanbHol CKaHUPYIONIEH KaJOPUMETPHUH,
COOTBETCTBEHHO.

[Ipn mnpoBeneHMH KaJOPUMETPUUYECKOTO oOmbITa oOpasery Oeramera3oHa
JUIPOIMOHATA OXJIAXKAAJICA OT KOMHATHOM TemriiepaTypbl A0 ~ 6 K — Temmeparypbl
CTapTa KaJIOPUMETPUUYECKOTO OTbITa, CKOPOCTH OXJIaKAeHHS cocTaisiia okoo 0.02 K/c.
[Tpu yBenuueHHH TeMIepaTypbl B MPOIECCE U3MEPEHHS €ro TEIIOEMKOCTh TUIaBHO U

BIIOJTHE 3aKOHOMEPHO YBEIMYHMBAIACH C POCTOM TEMIIEPaTyphl (CM. puC. 22).

2000 T
1500 |

0
e
< 1000 |
X
ﬂ

a
O 3500 @)ﬁgﬁw

&
ﬁﬁﬂ@ﬁﬂ§ )
0 100 200 300 400 500

T,K

Puc. 22. KpI/IBaH TeMnepaTypHOﬁ 3aBHCHMOCTH TEINIOEMKOCTH OeTaMeTa30Ha AUNPOIIMOHATa

Jlanee Ha KpUBOM TEIJIOEMKOCTH BBISIBJIEH MEPEXO]l, CBSA3AHHBIA C IJIABJIIEHUEM
oOpasma. Hamu Ob11M paccunTaHbl CTaHAAPTHBIE TEPMOIMHAMUYECKIE XapaKTEPUCTUKH
niaBieHust (Tabi1. 4) U cpaBHEHBI C IMTEPATYPHBIMU JaHHBIMU [22,24]. 3a TemmniepaTypy
IJIaBJICHUS MNPUHUMAJIM 3HAY€HUE, COOTBETCTBYIOLIEE MAaKCUMAJIbHOMY 3HA4YE€HHIO

KamymeﬁCﬂ TCIINIOCMKOCTH B MHTCPBAJIC IIJIaBJICHU .
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Jlis pacdera CTaHAAPTHBIX TEPMOAMHAMUYECKUX (YHKIHMH OerameTazoHa
JUINPONHOHATa ObUIM MCIOJIb30BaHbl SKCIIEPUMEHTANIbHBIE 3HAUYEHHUS TEIJIOEMKOCTEH,
DKCTPAIOJIALMIO KOTOPBIX oT TEMIIEPaTypbl Hayazia U3MEPEHUN
k T — 0 mpoBoAMWIN C UCTIONb30BaHUEM (PyHKIMHU TerioeMKocTu Jlebas.

CranpapTHble TepMOAMHAMHUYECKHE (yHKIMM OeTameTa3oHa JUIPONMOHATa
npuBeneHbl B Tabn. 5. IlorpemHocTh  BBIYMCIEHHBIX 3HAYCHMH  (PYHKIMMA
coctaBisieT +2% npu 7' < 15 K, £0.6% — B uarepane 15-80 K, £0.3% — B obmactu
80-350 K, £2% — B umntepBasie 350480 K. TepMmomunamuueckrue (DYHKIIUU ObLIH

paccuuTaHbl TOJBKO B IAaHHOM JHana3oHe, Tak kak npu T>500 K BemecTBo pasznaraercs.
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Tabnuya 4

CrangapTHble TepMOAMHAMHUUECKHE (PYHKIIMU OeTaMeTa3oHa IUIPOIIMOHATa

M(CysH37FO7) = 504.585 r/monsb, p° = 0.1 MIla

I,K G (1), [H*(T) — H°(0)], [S°(D)], —[G*(T) — H°(0)],
I[}K/(MOJH;K) kJ>k/MOJIb JIx/(monb-K) kJ>k/MOJIb
Kpucrana
5 1.28 0.0016 0.426 0.000532
10 9.65 0.0248 3.31 0.00831
15 21.48 0.1027 9.458 0.03922
20 34.63 0.2420 17.39 0.1058
25 49.54 0.4520 26.69 0.2153
30 64.58 0.7374 37.06 0.3743
40 92.23 1.524 59.51 0.8562
50 118.2 2.577 82.89 1.568
60 143.7 3.887 106.7 2.515
70 168.4 5.448 130.7 3.702
80 192.8 7.254 154.8 5.130
90 218.2 9.308 179.0 6.799
100 244.5 11.62 203.3 8.710
150 358.6 26.71 324.1 21.91
200 461.4 47.27 441.7 41.07
250 555.8 72.71 554.8 66.00
298.15 645.2 101.6 660.4 95.27
300 648.6 102.8 664.4 96.49
350 744.9 137.6 771.5 132.4
400 853 177 878 174
450 982 223 986 220
452.56 989 226 991 223
Kuakoctnh
452.56 1099 261 1069 223
460 1122 270 1088 231
470 1153 281 1112 242
480 1202 293 1137 253
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[Tpu mpoBeneHnU KalOpUMETPUUECKOTO OMbITa oOpaszer OeTaMeTa3oHa Bajiepara
OXJIAKJAICA OT KOMHATHOM Temreparypbsl no ~ 5.5 K — Ttemmeparypsl crapra
KaJIOPUMETPUUECKOTO OIbITa, CKOPOCTh OXJaxaeHHUs1 cocTaBisiiaa okoyio 0.02 K/c. Ha

puc. 23 npecraBiieHa MOJIy4eHa TEMIEpAaTypHas 3aBUCUMOCTD TEIJIOEMKOCTH.

2000

1500

1000

Cp, J'K-1:mol

500

T, K

Puc. 23. KpuBas TeMriepaTypHO#H 3aBUCHMOCTH TEIUIOEMKOCTH OeTaMeTa30Ha BaliepaTa

[Tpu HarpeBaHuM HAOMIOAAETCS IUIABHOE YBEIMUYEHUE TEMIOEMKOCTH COEAMHEHNUS
B obmactu 5-450 K 0Oe3 kakux-nmubo (a3oBbIX U MOIUMOpP(HBIX mpeBpaiieHuil. B
untepaine 450-480 K BoisiBieH sHI0TepMUYECKHIA A3PPEKT — MIaBieHne OeTameTazoHa
Basiepara. JlanmpHelee ymeHblieHue TtemnoeMkoctd npu T > 500 K cBszaHo ¢
IIPOLIECCOM PA3JIOKEHMS BEILECTBA, YTO COOTBETCTBYET NaHHbIM T1-aHannsa.

Tak e OblIM paccuuMTaHbl CTaHAAPTHBIE TEPMOAMHAMHUUYECKHE XapaKTEPUCTUKU
IUTaBJIEHUsT OeTaMeTa3oHa AMIPONMOHATa M OeTamMeTa3oHa Bajiepara, K KOTOPBIM
OTHOCHUTCSI TEMIIeparypa IUIABJICHHs (3HAYEHHE, COOTBETCTBYIOUIME MAaKCHMaJIbHOMY
3HAYEHHUIO KaXyIIMHCS TEIJIOEMKOCTH B MHTEpBaje IUIABICHMs), OHTAJIbIINA
(paccunThIBaJIach Kak IUIOIIAJb IO MUKOM W ONpENessIach MO TPEM HE3aBUCHUMBIM

JNCK-u3MepeHusiM) M SHTpPONMS IE€pEX0/la, pACCUYUTAHHAs IO BTOPOMY Hadyally
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TepMoauHaMuKH. JlaHHBIE TpeAcTaBieHbl B Tabn. 5. 3HaueHWs] ObUIM CPaBHEHBI C
JTUTEPATypHBIMU JaHHBIMUA. B Tabmuiie ams OerameTa3oHa AUMPOTHOHATA TPHUBEICHBI
XapaKTepUCTHUKH JTs TommMopdHO# Gopmer I, cornmacyromuecs ¢ SKCIIepuMeHTaTbHBIMU
pesynpTaramMu. Pa3nmuuus B TOTPENTHOCTSX OINPEACICHUS DHTAIBIHNA W DHTPOINH,
oOycnoBieHsl MeToaukoi nposeacHus JICK-anamu3a.
Tabnuya 5
TepmoauHaMuyecknre XapakTepUCTUKH TIIaBICHUS OeTaMeTa30Ha AUIPONTUOHATA U

OeTameTa3oHa Bajepara

AS,
BCII[ECTBO T AyH, x]JIx/MOIIB t CCBIJIKa
Jx/(K-M0:11B)
(452.56 +£0.50) (35.44 £0.36) (78.30 £ 1.18)
CysH37FO7; | (448.19 £0.50) (30.75+0.78) (68.61 +£1.72) [20]
~ 448 — — [24]
(467.6 £ 0.5) (31.14 £3.11) (66.59 £0.99)
C,7H37FO¢
(468.1 £0.5) (329+1.1) (70.44 + 1.00) [8]
CranpapTHele  TepMoaMHaMudeckue  (yHkumm  OeramMeTa3oHa  Bajepara
npuBeneHbl B Tabn. 6. llorpemrHocTh  BBIYMCIEHHBIX 3HAYeHMH  (PYyHKIMHA

coctasisieT +2% npu 7' < 15 K, £0.6% — B unrepaiie 15-80 K, +0.3% — B o6nactu 80—
350 K, £2% — B wunrepBane 350480 K. Tepmoaumnamuueckue QyHKIHH ObUIH

paccuMTaHbl TOJIBKO B JAHHOM Juana3oHe, Tak kak npu T > 500 K BemiecTBo pasnaraercs.
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Tabnuya 6

CranngapTHbIC TepMOIUHAMUYECKUE QYHKIIUN OeTaMeTa3oHa BajepaTa

M(Cy7H37FOg) = 476.2089 r/™moms, p° = 0.1 MIla

T,K G (1), [H*(T) — H°(0)], [S°(D)], —[G*(T) — H°(0)],
I[}K/(MOJH;K) kJ>k/MOJIb JIx/(monb-K) kJ>k/MOJIb
Kpucrana
5 1.204 0.00150 0.4010 0.000501521
10 9.09 0.0234 3.114 0.00778
15 20.45 0.0977 9.003 0.0374
20 33.25 0.2303 16.54 0.1005
25 47.05 0.4315 25.47 0.2052
30 61.12 0.7019 35.29 0.3567
40 87.29 1.447 56.53 0.8147
50 111.6 2.442 78.64 1.490
60 1354 3.677 101.1 2.389
70 159.0 5.149 123.7 3.513
80 181.6 6.853 146.5 4.864
90 205.8 8.788 169.2 6.442
100 228.3 10.96 192.1 8.249
150 330.7 24.97 304.3 20.68
200 427.3 4393 412.7 38.62
250 530.0 67.81 518.9 61.91
298.15 638.4 95.92 621.4 89.36
300 642.6 97.10 625.4 90.51
350 752.4 132.0 732.8 124.5
400 839 172 839 164
450 944 216 944 208
467.6 980 233 980 225
Kuakoctnh
467.6 1046 264 1047 225
470 1050 266 1051 228
480 1075 293 1105 260
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[Ipn CpaBHEHUU TEeMIIEpaTypHBIX 3aBUCHUMOCTEN TEILNIOEMKOCTEN
METWIIPEAHU30JIOHA alenoHara [7], Oeramera3oHa AMIPONMOHATa U OeTaMeTa3oHa
Bajepara, M300paKEHHBIX Ha puc. 24, OBUIO BBISBIEHO, YTO CHUHTETHUYECKHE
ITIIOKOKOPTUKOCTEPOUIBI MMEIOT CXOKMH XApaKTEP 3aBUCUMOCTEW, 3a HCKIOYEHUEM

MOJIMMOP(HOTO TIepexo/ia /Il METUIINIPEIHNU30JI0HA alleloHaTa.

800 | Betamethasone dipropionate(l)
M(CogH37#0-) = 504.585 grmol-1
Betamethasone valerate (/1)

M(CzH 57F Og) = 476.585 g-mol-

M ethylprednisolone aceponate (111)
600 | 11(CH550; ) = 472,571 gmol-1

400

200

1 1
100 ‘ 200 300
T’ K L |
Puc. 24. CpaBHeHHE TEIUIOEMKOCTEH CUHTETHYECKHUX JIIOKOKOPTUKOCTEPOUIOB

Tak e OblI1a TpoBeAcHa MyabTH(paKkTadbHas 00paboTKa, MPU HCIOIL30BAHUN
COOTBETCTBYIOIIUX YKCIIEPUMEHTATIBLHBIX JAHHBIX O TETUIOEMKOCTH B HHTEPBAJIC
20 — 50 K u ypaBuenue (15), mis nonydenus 3HadeHuit D. Paccunutannsie ppakTaibHbIC
Pa3MEpPHOCTH TIPEACTABICHBI B Ta0d. 7. DTH 3HAYCHHS OMPEEICHBI C MOTPEITHOCTHIO
+0.6 — 0.5% B 3aBHCUMOCTH OT U3y4aemMoro Beuiecta. [lonyueHHbie OM3K1E 3HaUECHUE
D yKka3pIBalOT Ha JIMHEHHO-CIOMCTYIO TOIOJOTHUIO CTPYKTYypy OeTamera3oHa
OUmnponuoHata u  OeramMera3oHa  Bajepara, 4YTO XOpPOIIO  COTJacyercs ¢

PCHTTCHOCTPYKTYPHBIMH UCCIICAOBAHUAMMI.
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Tabnuya 7
JlanHble MyJIbTH(PPAKTAIBHON 00paboTKH OeTaMeTa3oHa JUIPOMHOHATA U

OeTameTa3oHa Bajepara

BEILIECTBO D Onar, K 0, %
beramerazon aunponuoHat
1.6 211.9 0.6
C2sH37FO;
berameTaszon Banepar
1.5 228.7 0.5

C,7H37FO¢
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BriBOoaBI
1. C mnomompl0 TEPMOTPaBUMETPUUYECKOTO aHalu3a B TeMIIEpaTypHOM
nunanazone 300-670 K Opu1n motydeHbl TeMIepaTyphl Hauaja pas3jioKeHus OeTaMeTazoHa

nunponmoHnata (498.9 + 0.5 K) u 6erametazona Basiepara (499.5 = 0.5 K);

2. MertogamMu TNPENU3UOHHON KaJIOPUMETPUHU OIpeesieHa TeMIlepaTypHas
3aBUCUMOCTh TEIUIOEMKOCTH OeTaMeTa30Ha JUIPOINMOHATA U OeTaMeTa30Ha Bajepara B
KPUCTALTMYECKOM U JKHJIKOM COCTOSHHAX B obsactu 6—520 K; mist o6oux coenuHeHni
B U3yYCHHOM TEMIIEpPaTypHOM MHTEPBaJI€ BHISBIICHO IUIABJICHUE, OB OINpPE/IEICHbI €ro

TCPMOANHAMUYICCKHUC XaPaAKTCPUCTHUKH,

3. [IpoBenena  MmynbTu(dpakTaigbHas o0paboTKa  HHU3KOTEMIIEpaTypHOU
TETUIOEMKOCTH W3y4eHHbIX coenuHeHnil (T < 50 K); ycraHOBIEHO, YTO M3y4YEHHBIC
CTEpOUIHbIE COEAMHEHNS UMEIOT JTUHEUHO-CIIONCTOE CTPOCHHUE;

4. PaccuntaHbl CTaHAApTHBIE TEPMOIMHAMHYECKHE (PYHKIIMH: TETJIOEMKOCTh
C;?(T), sutanenus H°(T) — H°(0), abcomotHas sutpornus S°(T) u dynkius ['nbOca
G°(T) — H°(0) Oeramerazona aumpomnvoHaTa u OeTaMeTa3oHa Bajepara B

KPUCTAJUIMYECKOM U KUAKOM cocTOsiHUSIX B 00nactu oT T — 0 o 480 K;

5. OcCylIecTBIEH CpaBHUTENbHBIM aHAIN3 TEPMOJMHAMUYECKUX CBOWCTB

CUHTCTHYCCKHX T''TIOKOKOPTHUKOCTCPOUIOB C JIMTCPATYPHBIMU JaAHHBIMU.
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