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H.B. LWe6etoBckaa ([JoHbacckas HaumoHanbHas akagemmsi CTpOUTENLCTBA W
apXUTEKTYPbI)

HOCTPOEHHUE JUATPAMM COCTOSAHUA PE3OPIHHUH - T'MIPOXUHOH 1
IMNPOKATEXHMH - T'TNIPOXUHOH METOJAMHU TEPMUYECKOI'O AHAJIN3A

B pabome memodamu mepMUYECKO20 aHasu3a rnocmpoeHbi OuazpaMmbl
COCMOSTHUST PE30PUUH — 2UOPOXUHOH U rnuUpoKamexuH — audpoxuHoH. OnpedeneHsbi
MUHUMaIbHbIE — meMrepamypbl  Havana  Kpucmannusauuu.  YcmaHosrneHa
3aKOHOMEPHOCMb U3MEHEHUST NMPedKpucmannu3auloHHbIX nepeoxiaxoeHull e amux
cucmemax o Mepe U3IMEHEHUST KOHUEHmpauuu KOMMIOHEHmMos. Pesynbmambi
mpaxkmyrmcs C MOYKU 3PEHUSI MOMEKYIAPHO_0 U KpUCMaau4yecko2o CMmpoeHUs
cmecell 8 cucmemax Pe3opyuH — 2UOPOXUHOH U nUpoKamexuH — aUuOPOXUHOH.
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Knroyesbie criosa: pe3opuuH, nupoKamexuH, euOPOXUHOH, Kpucmasnusayus,
nepeoxnaxdeHue, Quagpamma COCMOSTHUA, MepMUYecKul aHaus.

Beugy otcytctBMA B nuTepatype cBegeHun O  OuHapHbIX - cucTemax
ABYXaTOMHbIX (PEHONOB Pe30punH — TMMAPOXMHOH, MUPOKaTEXMH — TUAPOXUHOH
Oblna noctaBneHa 3ajada  nocTpoeHna nofobHbIX guarpamMm B 4acTw,
OXBaTbIBaAKOWMX NNAABMEHNE N KpUCTaNM3auno, METOA4aMN TEPMUYECKOro aHanuaa.
MopobHble nccnegoBaHsa ObinM HaMK NPOBEAEHbLI PaHEE NPU U3YYEHUN CMECEN B
CUCTEME PEe3oPLUNH — nnpokaTexuH [1].

Beinn  uccnepoBaHbl  cnegyrowme  OWHapHble  cnnaebl. B CUCTEME
pe3opumrH (P)1oo.x — rmapoxmHoH (M), rae x = 0 (oBpasey | — unctei pesopunH P),
5 (I, 10 (M), 20 (IV), 30 (V), 33 (VI), 40 (VII), 50 (VIII), 60 (IX), 70 (X), 80 (XI),
85 (XI), 90 (XII), 100 Bec.% I (XIV — umcTtbin rmapoxmHoH [), B cucrteme
nupokatexmH (IM)100.x — rmapoxmHoH ()., rae x = 0 (1), 10 (Il), 20 (111), 30 (IV), 33 (V),
40 (VI1), 50 (VII), 80 (VIII), 70 (IX), 80 (X), 90 (XI), 100 Bec.% I (XIl). Cnnasbl
rOTOBUMM NyTEM NPeaBapUTENbHOrO ANCNEPrMPOBaHNSA KOMMOHEHTOB, UX CMELLEHNS,
cnnaeneHnsa u TwareneHoro nepemelumsanna. Obpasubl NoMeLlanncs B KBapLeBble
cocyavkn CtenaHoBa gmameTpom 13, BbICOTONM 15 MM M TOMAWMHOW CTEHOK 1,5 MMm.
Macca Bcex obpasyor Obina oguHakoBon n coctaensana 0,45 r. Macchl OTAEenNbHbIX
KOMMOHEHTOB B3BeLUMBanun Ha anekTpoHHbIX Becax BJIKT-500r-M.

OcCHOBHbIMM MeTOgamMu nccnenoBaHus Bbinn MetTogn O0BbIMHOrO TEPMUYECKOTO
aHanms3a (TA) B koopawuHaTtax Temnepatypa T — BpemMa T 1 aunddepeHuymansHo-
TepmMmuyeckoro aHanusa (ATA). TepmouumknupoBaHue npPOBOAUNM B cheumarnbHO
N3roTOBMEHHOW MEeYN COMPOTUBIIEHNA CO CKOPOCTAMU HarpeBaHWa WU OXNaxaeHus B
npegenax 0,08-0,10 K/c. lNMpmnBeaeHHbIE CKOPOCTU M Macchl, Kak BbiNno nokasaHo B
paboTtax [2-3], ABMAKOTCA Hanbonee ya00bHbIMN ans N3yyeHus

NpPeaKpUCTannnM3auUmMoHHbIX  nepeoxnaxaeHnn AT, nockonbkKy WX cpenHue
3Ha4YeHns [OCTATOMHO YCTOMYMBBI M MNPaKTUYECKM HE 3aBUCAT OT CKOPOCTEN
oxnaxgeHna ot 0,001 po 10 K/c, oT maccel (oT 0,1 A0 HECKOMbKUX rpamm), oT

BeNMYMHbI Nporpesa AT xuakol dasbl oTHocuTensHo T, (o1 10 go 60 rpagycos) u

OT BPEMEHN N3OTEPMUYECKOWN BbIAEPXKKW pacnnaBa B TEYEHME HECKONbKMX 4acoB.
TemnepaTtypy M3amMepsnu ¢ NOMOLLBI XPOMENb—antoMeneBon TepMonaps! TOMNWMHOW
0,2 MM, cnam kotopou Obin norpyxeH B obOpasey. [lOrpewHoOCTs W3MEpPEHns
TemnepaTypbl coctaBnana 0,5 K. Tepmorpammbel 3anucblBany Ha auarpamMHyrO
neHty noteHymomeTtpa KCI1-4. Kpome ToOro, Ttemnepartypy KOHTpOnmMpoBanm
3NEKTPOHHbLIM BONbTMETPOM B7-38. [10CTOBEPHOCTL pesynbTaToB NOATBEpPXKAanach
Ha  OCHOBaHWW KX  BOCMPOM3BOAMMOCTM  Mpu  OOMbLIOM  KOMMYecTBe
nocnenoBaTenbHbiX TepMouunknoB (4o 20 Ha kaxgom obpasue) U coBnageHUEM
penepHbIXx TOYeK (TemnepaTyp nNnaBNeHna pesopumHa, nupokatexuHa W
rMAPOXMHOHA) CO CNPaBOYHbIMU AAHHBIMMW.

Ha ocHoBaHum kpuebix TA n ATA HavgeHbl 3Ha4eHns TemnepaTyp nukeuayc

T, wn commpyc Ty c pasbpocom +1,0+2,0 K, a Takke cpegHWe MUHMManbHbIE

TemnepaTypbl <Tmin> B obrnactm nepeoxnaxpeHuss Ha MOMEHT Hadana

Kpuctannuaauum mn sHtansnuu nnaeneHns AH;. B kadectBe npumepa Ha puc. 1
npuBedeHbl KpuBble HarpeBaHua nupokatexuHa (a), cnnasa /0% [M+30% [ (6) v
rMMAPOXNHOHA (8), Ha KOTOPbIX BUAHbLI NNAaTO C XapakTepHbIMWN 3HA0- adpdekTamu.
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Ha puc. 2 n 3 npuBegeHsbl
OTA-rpammel HarpeBaHWns n
— , OXNaXLEHNA HEKOTOpbIX 0OpasLoB
B  cCuUCTemMax nupokaTexuH —
378

360 TMAPOXMHOH U PesopumH  —
200 rMMOPOXNHOH, XapakTepuayroLine
Py 200¢c  3HAO- M 3K30TEepMUYeckmne apdekTsl

3 . nnaBneHUs N KpucTannmsauuu.
JKCnepMeHTarneHble AaHHbIE
Puc. 1. Tepmorpammsl nnaBneHns 4 TemnepatypaMm conuayc T..

nupokatexuHa (a), cnnasa 70% [M+30% I (6) u

rmapoxuHoHa (8), Nosly4yeHHble MeToaom TA.

Temnepamypbi OaHbl 6 epadycax KenbguHa.

nvkeuayc T, 1 MUHMManbHbIM
Temnepartypam T Havyana

Kpuctannmsaumm B obnactun I'IGpGOXJ'IG)K,D,eHI/II;I Ana n3yyveHHblX CUCTeM CBe[€EHbl B

Tabnuuy 1 mn 2.
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Puc. 2. O3kcnepumenTanbHble [OTA-
rpamMmbl, xapaktepusywowme nnaBneHne u
Kpuctannusauuio cmecen B cucreme

nUpoKaTexnH-rmapoxmMHOH
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Puc. 3. OkcnepumeHTansbHble ATA-
rpaMMbl, XapakTepusylowue nnaesreHne u
Kpuctannusauymio  CMEecem B CUCTEME

pPe3opuUMH — FTMAPOXUHOH

Ta6nuua 1. 3KkcnepumeHTanbHble AaHHble Mo TeMnepaTtypam convayc 1o,

nukemayc T, v MUHUManbHbIM Temnepatypam T,;

n B obnactu nepeoxnaxaeHma B

cucTeme pes3opumnH — ML pPOXUHOH

Ne 06pasLoB CocTas cnnasoB Ts. K T,.K <Tmin> , K

| Pesopun (P) 383 383 323

Il 95%P + 5%/l 362 — 364 376 — 378 333
1] 90%P + 10%I 361 — 365 375376 333
[\ 80%P + 20%I 363 — 365 367 — 368 334
V 70%P + 30%I 365 — 366 367 — 368 345
VI (9) 67%P + 33%I 362 — 345 363 — 365 346
Vil 60%P + 40%I 363 — 366 368 — 370 368
VIl 50%P + 50%I 363 — 364 382 — 383 382
IX 40%P + 60%I 361 — 363 402 — 403 402
X 30%P + 70%I 365 — 366 418 — 420 418
Xl 20%P + 80%I 364 — 365 425 — 429 425
Xl 15%P + 85%I 363 — 364 433 — 435 430
Xl 10%P + 90%I 362 — 364 437 — 440 432
XIV T G) 447 447 439
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Tabnuua 2. JkcnepuMeHTarnbHble JaHHble MO TeMnepaTtypam conuayc T, NMKBUaycC
T, ¥ MMHMManbHbLIM TEMMNEPaTypam B CUCTEME NMUPOKATEXMH - FTMAPOXMHOH

Ne o6pas3Lios CocraB CnnasoB Ic, K 1, K (T ) K

| Mupokatexuu (M) 378 378 348

Il 90%M + 10%I 358-360 372-374 347
I 80%M + 20%T 359-361 365-367 348
IV (9) 70%M + 30%T 357-359 359-361 347
\Y 60%M + 40%T 358-361 377-379 378
Vi 50%M + 50%T 360-361 399-401 399
Vi 40%MN + 60%I 358-359 417-419 417
Vil 30%M + 70%T 359-361 422-423 421
IX 20%MN + 80%T 360-362 432-433 430
X 10%0 + 90%T 358-360 438-439 433
Xl M'mapoxuHoH (N 447 447 438

Crartnctnyeckas obpaboTka NonyYeHHbIX pe3ynbTaToB No3Bonunia NnocTpouTb
WHTEPMNONSALUMOHHbIE KPWBbIE 3aBUCMMOCTM TeMMnepaTyp IMKBMAYC OT CcoCTaea

T, =f(x):

- B CUCTEME Pe30puuH - MMAPOXMHOH Ans [osBTekTuYeckux (x < 0,33) u
3a3BTekTMYecknx (x = 0,33) cnnaBoB 3Ta 3aBUCMMOCTb MMEET CNeayoLwnn Bug,

L=

382,726 —103664x +0,0152086x% x <033, R*=0972679, SSE =7,34467
296,903 +210921x —0,00597893x2 x > 0,33, R?=0,990996, SSE = 69,4362 ’
- B CUCTEME NUPOKATEXMH — TMAPOXUHOH ANS Ao3BTekTUYecknx (x < 0,3) n

3asBTeKkTMYecKkux (x = 0,3) cnnasos
T 378,15-0,535x —0,0025x%, x <03, R?=099759, SSE =7,34467
: 282,881+29869x —0,0136905x%, x 20,3, R?=0990929, SSE = 58,9048'

Mo Temnepatypam T; U I, NMOCTPOEHbI AMarpaMMbl COCTOSIHUS PE30PUUH —

TMAPOXWUHOH U NMUPOKaTEXUH — MTMAPOXMHOH B 0BNacTn nnaBneHnsa n Kkpuctannmsaymm
(puc. 4 n 5).
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pesopuuH (P) Bec.% I rmapoxuHoH (N nupokatexuH (M) Bec.% rugpoxuHoH ()
Puc. 4. Juarpamma cocTosiHusi Puc. 5. uarpamma COCTOSHUSA
pe3opumnH — rMapPOXUHOH NUPOKaTEXUH — TMAPOXUHOH
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Kak BUAHO 13 STUX PUCYHKOB, auarpamMmmbl COCTOAHUS Pe3opumH (P) — rmapOxXmHOH
(M v nnpokatexuH (M) — mapoxmHoH ([N aBnalTCa guarpammMamim 3BTEKTUYECKOro Tmna:
ANs NEPBON CUCTEMbI 3BTEKTMKA NPUXOAUTCA Ha cocTaB 67 % P+33%I[ npu temneparype
T,=363 K, a Bo BTopon — 70% [M+30%I", npn T,=360 K.

MpuunHa oOpasoBaHna Auarpamm COCTOSHUS  SBTEKTUYECKOro Tuna B
cUcTemMax pPesopumH — TMAPOXMHOH U MUPOKATEXMH — TMAPOXWUHOH, MO-BUAUMOMY,
3aKkno4aeTca B TOM, 4YTO MHAMBMAYalbHblE AMOKCUOEH30Mbl WMEKT pasHble
KpuUcTannuyeckne moaudukaumm npu  BbICOKMX TemnepaTtypax: pombuyeckmnin
pesopumH K1 pombo3oPUHECKUA  TUAPOXUHOH, MOHOKIMHHBIA  MUPOKATEXMH W
pPOMBO34PNHECKNA TMAPOXNHOH.

Kpome TOro, ortHocuTeneHO cnabble AWMNOMbHbIE MOMEHTBI  MOJIEKYI
rnapoxmnHoHa CeH4(OH)2-1,4 ¢ rmgpokcmnamm OH B napa- NonoXeHun He No3BONSAOT
obpasoBbiBaTh HyKNeopunbHbIE BOLOPOAHbIE CBA3W C MOSEKynaMm pesopuuHa
CeH4(OH)2-1,3 ¢ rugpokcunamm OH B mMema- NONOXEHUN B CUCTEME PE30PUMH —
MAPOXVMHOH W nupokatexnHa CeH4(OH)2-1,2 ¢ rmmpgpokevnamn OH B opmo-
NONOXEHNN B CUCTEME MUPOKATEXMH — MTMAPOXMHOH. [1aHHOe 0BCTOATENLCTBO MOXET
cnocoberBoBath «cBoboae BbiOOpay CBOMX MOMEKYN MPU KpUcTannmsaunum CMecen
HWXKe TemnepaTypbl NUKBMAYC. B [O3BTEKTUYECKOM ODOnactn — numpokaTexvHa, B
3a3BTEKTUYECKON 0Bnactn — rmapoxmHoHa. No-enanmomy, nogobHas xe cutyaums
MMEET MeCTO WU B CUCTEME pPe3OPUMH — TUAPOXMHOH CO CMEChbIO MOSEKyN
m-pgnokcmnbeHsona CeH4(OH)2-1,3 ¢ monekynamu r-guokcmnbensona CeHa(OH)2-1,4.

Paboma ebinosiHeHa no 20cbodxemHoli memamuke o
nuHuu Murnucmepcmea 06pa3osaHus U Hayku YKpauHbl 6
obnacmu ¢yHdOameHmansHbIx uccnedogarull
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HPEBPALIEHHS OKCHJIA TPA®HTA O] AEICTBUEM YJIbTPASBYKA B
BOJIHO CPEJE

YcmaHosneHo 8/usHue yrbmpa3asyka Ha Xumudveckud u
epaHynomempu4eckull cocmas okcuda epaguma. OnpedeneHbl pasmepbl Yacmul,
pasnu4HbIXx chbpakyuli okcuda epaghuma U YyCmaHO8IEH UX XUMUYECKUU cocmas.
Lelicmeuem yribmpa3ssyka Ha okcuda epaghuma rnonyyeH KosaneHmHbil eudpokcud
epaghuma C3;0H.
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