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MOJIU®UKAIIAS METOJIA PHA3H
JUISI TIPOTHO3WPOBAHHUS KPUBLIX PA3TOHKH HE®TH
A HE®TSHLIX ®PAKINI

C.C. IEMYEHKO, kano. mexu. nayk, ooy. CM. TKAYEB

[Ipogeden ananus cogpeMeHHbIX Memoo08 NPOSHOIUPOSAHUA KPUBLIX PA3COHKU Hedhmu u eé paxyuil.
Ipeonosicen sapuanm mooudpuxayuu memooa Puasu. Ilpednazaemvlii eapuanm moouguxayuu obecnedusaem
noguvluleHue MOYHOCHY NPOSHOIUPOSAHUL KAK MEMNepanyp HA4aaa ¥ KOHYA KUNeHUs, maxK y npoMexrCymo -
HbIX MOYEK 80 8CeM OUANA30HE MeMnepamyp ebikunanus. Paspabomanel aneopummsl i npoepamma paciema.
Bvinonnen cpagrHumenvubiii QHANU3 pesyIbMamos npoSHOUPOSAHUSL KPUBLIX PA3LOHKU PA3IUYHBIX Hegmell U
HepMAHBIX PpaKyuil, NOTYUEHHBIX C NOMOUBIO PACCMOMPEHHBIX MEMOOUK, 8 MOM YUCTe UCHONbIYEeMbIX & 00-
UeNPUSHAHHBIX 3aPYOENHCHBIX NPOSPAMMHBIX NPOOYKMAX.

OxHOW M3 OCHOBHBIX XapaKTEPHCTHK HEPTH U e (Ppakumil HApAAy C IUIOTHOCTBIO, COACPKAHUEM CEPBI,
JIABJICHUCM HACBHIIICHHBIX MAPOB ABICTCA ()PaKIUOHHBIN cocTaB. Ha OCHOBaHMH NAHHBIX O (PPAKIUOHHOM CO-
CTaBe OIPECILICTCSI HANPABJICHHUE IIEPepabOTKH HE(TH, pa3padaThIBatOTCd MaTEMATHYECKUE MOJCTH UL IIPO-
EKTHPOBAHMS HOBBIX YCTAHOBOK, IPOM3BOIUTCS aHAIH3 paboThl neiicTByromux ycraHoBok AT, ABT, ¢pakmmo-
HUPOBAHUA, OJIOKOB Pa3JCICHUS MPOAYKTOB YCTAHOBOK THAPOOUHCTKY, pU()OPMHHTa, H30MECPH3ALUH U JIP.

B 3aBuCHMOCTH OT HAIIPABJICHHUS HCIIOJIB30BAHUS JAHHBIX IO (DPAKIMOHHOMY COCTaBY OHH MOTYT OBITH IO-
JYYCHBI 10 PA3THIHBIM MCTOIHKAM.

Tak, a1 pa3pabOTKH MaTEMAaTHMECKOH MOZCIN MPH MPOCKTHPOBAHHH HOBBIX YCTAHOBOK MM aHAJM3A
PpadoTHI ACHCTBYOIMAX HEOOXOIUMO PACIIONATaTh JAHHBIMH 10 MCTHHHOH Temmneparype kuneuna (UTK), on-
PCOCIEHHBIMH B COOTBETCTBHH CO craHgaproM ASTM-D 2892 mma armoc(epHON MEPETOHKH W CTAHIAPTOM
ASTM-D 5236 nns BakyyMHOH IIEPETOHKH.

K coxanennro, ananusst UTK mucTriminum He(TH ABILTFOTCS JOPOTOCTOSIIUMHE U IIPOAOLKUTCIHHBIMHA
mo BpeMcHH. OquH aHamm3 onpeacncHus MUTK Hedrrn MoskeT nmthes 24 daca, MO3TOMY OH HEC MOKCT OBITh HC-
MOJIb30BaH B KAYECTBE HHCTPYMEHTA €K THEBHOTO MOHHTOPHHTA PA0OTHI YCTAHOBOK.

B cBs3u ¢ 3THM A7 MPOBEACHUS AHATHTHYECKOTO KOHTPOILI MO (DPPAKIHOHHOMY COCTaBY CHIPbSA, ITOJIY-
YAEMBIX MPOJYKTOB M IOJIYIIPOAYKTOB HA ACHCTBYIOIIUX ycTaHOBKaX HII3 MCmoib3yroT Oosee «IpocThiey Me-
tomuku: ASTM-D 86 — ama cerabix Herenmpoaykros, ASTM-D 1160 — mor1 TemHbIX. JlaHHBIE O KOHIIE M HAYa-
JI¢ KHIICHHUS, MTOIYUYCHHBIC 0 3TUM METOAMKAM, HENb3 B IOJHOH MEPE CUMTATh JOCTOBEPHBIMH, TaK KaK OHH
CHIIBHO 3aBHCAT OT CKOPOCTH HArpeBa MPOObI W OXJaXACHUSI mapos. Kpome Toro, mHOTIA TpedyeTcs mpoBene-
HHUCE MHTEPIOJLIIHAHI WM SKCTPATIOJLIIUY YKE HMCIOIIHXCS TAHHBIX JTa00PAaTOPHOTO aHAIH3A.

Taxoke akTyamsHOM 3a7a4CH ABIACTCA MPEACKA3aHAES (PPAKIIHOHHOTO COCTABA KOMIAYHINPOBAHHBIX TOTI-
JHWB O MPOBEICHHUS MPOIECCA KOMIIAYHIAUPOBAHUS, TO €CTh Ha OCHOBAHWH JAHHBIX O ()PAKIMOHHOM COCTABE
KOMIIOHCHTOB IPEICKA3aTh (PPAKIHOHHBII COCTAB MOJIYUCHHOTO ITPOIYKTA.

Bce ati 3a1auu MOKHO PELIMTH IIPH MOMOIIH ITPOTHOZHPOBAHMS MOBESICHUS KPUBBIX PA3TOHKH HE(QTH M
e¢ ppaxrrmii.

AHAaH3 CYmMECTBYOIMHUX METOA0B NMPOTHO3HPOBAHHUA (parmumoHHOii pasroHkn. COTIacHO mpoBe-
JICHHOMY aBTOPaMH JIMTCPATYPHOMY 0030py HA JAHHBIH MOMEHT HamOOJee MPOTPECCHBHBIMH METOJAMHM IIPO-
THO3HPOBAHMS MOBEICHMS KPHBOH Pa3roHKH He(TH U ¢ (Ppakumii SBISIOTCS CIIeAyOIIHE:

- KVOuyecKkuil cniaiin,

- KGQHOHUYECKUTI NOTUHOM;,

- Memoo M. Puasu.

CyTh MeTOJa MOCTPOCHHS KPUBOIl PA3TOHKH He(TH H & (PpaKUUH MenoooM KyOuueckoeo chiaiiHa 3a-
KJIFOYACTCSI B CAeAyromeM. MHTepBal HHTEPIOSINY Pa30MBAcTCs Ha HEOOIBIINE OTPE3KH, HA KOKIOM H3 KOTO-
pBIX (YHKOUS 337aeTCsl MOMTMHOMOM TpeTher creneHu. KoaddumumeHTs! nomuoMa moaduparoTcst TakuM odpa-
30M, YTOOBI BBIMONHSIACH OTMPEACTICHHBIC YCIOBHA (KAaKHUEe MMCHHO, 3aBHCHT OT crocoba mHTepmosimu). O0-
IIHE A7 BCEX TUIOB CIUIAHHOB TPETHETO MOPAIKA TPEOOBAHMS — HEMPEPBHIBHOCTD (PYHKIMM M, pa3yMeeTCs, Ipo-
XOXKIACHUE Yepe3 MPEANrCcaHHble e ToUKkH. OCHOBHBIMHU JOCTOMHCTBAMH CIUTAHH-WHTEPIIOJUIINHA SIBILTIOTCA €&
YCTOWYHBOCTE M Majad TPyAOSMKOCTh [1]. CHCTEMBI THHCHHBIX YpaBHCHHH, KOTOPBIC TPeOYCTCH pemarh st
TIOCTPOCHHS CIUIAHHOB, XOPOIIO OOYCIOBJICHBI, YTO MO3BOJLIET MOIYYaTh KOI(PHUIHUCHTHI MOJTHHOMOB C BBICO-
KOH TOYHOCTHIO. B pesynprare aake mpu oueHb OONBIIMX KOJMUCCTBAX HHTCPBAJIOB BEIUMCIUTCIBHASI CXEMA HE
TEPSET YyCTOUUHBOCTD.
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2012 BECTHUK IIOJIOLIKOI'O I'OCYIIAPCTBEHHOI' O YHUBEPCHTETA. Cepua B

Ha pucynke 1 mpeacraBieHbl pe3ybTaThl MPOTHO3ZHMPOBAHMS TOBCIACHUS KPHBOW PA3TOHKH (Ppakmuu
240...340 °C meTom0M KyOMUICCKHUX CILTAHHOB (Tadma. 1, Habop maHHBIX B).

A 3ajaHEbBIe TOYKH —iglec BKCHEPHMEETBJIBHLIE JAHHBIE AN HPUI'HOSHPDBBH][E K_\«'G]{‘IECI\HM CILTAMHHOM
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Puc. 1. [IporHosupoBaHue II0BE/ICHIST KPUBOM PA3TOHKYU METOJ0M KyOUUECKOTO CIUIaiiHa

Kak BHAHO, JAaHHBIH METOMA HMO3BOMAECT C BBICOKOH CTENEHBK) TOYHOCTH NMPOM3BOAUTH HHTECPHOIIALMIO
HMMEIOIINXCS JAHHBIX, B TO K¢ BPEMA BO3MOKHOCTH 3KCTPANOJLINUN CHIBHO 3aBHUCAT OT PABHOMEPHOCTH Pac-
MPEACICHHA YKCIEPUMEHTAIBHBIX TOUCK.

Tak, noGasneHue K HAOOPY MAHHBIX TOUKH 90 % AMCTHIIAIME 3HAYUTEIHGHO YJIy4IIAET KA4ECTBO IPO-
THO3HPOBAHMS TOBCICHIS KPHBOW PA3TOHKH B 00JIACTH KOHIA KUITEHUS (pHC. 2).
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Puc. 2. Iporao3upoBanue moBeJeHAS KPUBO pasrOHKU METOIOM Ky OMIecKoTo cIiiakiHa
¢ JoGaBiteHreM ToukH 90 % AUCTHULIIMA
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HPOMBIIIJIEHHOCTD. [IPUKJIAJ[HBIE HAVKHU. Xumudeckas mexnono2us No 1]

JIaHHBIH MOAX0 HCTIONB3YeTCA B MoAcaupyromei nporpamme Pro/Il ¢pupmer Invensys. Ograko st mpo-
THOBHPOBAHHSA HAYATA W KOHIA KHIICHHA ¢¢ Pa3pabOTUYMKH HCHOIB3YIOT (DHPMCHHBIC ANTOPHTMBI (DHITBTPALIHH
JAHHBIX, OTIHYAFOIHACCA OT MCTOIA KYOHMYCCKHUX CITAHHOB, KOTOPHIC B 3HAYUTCIBHOMN CTCIICHH MO3BOJLIIOT HM
VHTH OT HEAOCTATKOB MeToAa (Ta0I., 1 Habop maHHbIX b, B), HO MOIHOCTEIO H30aBHTHCSA OT 3ABHCHMOCTH B PaB-
HOMCPHOM PACHPEACACHHH 3KCIICPHMCHTAIBHBIX JAHHBIX BCE PABHO HE yaactces (Tabi. 1, Habop ganuerx ).

IlocTpoeHue KpUBOM PA3rOHKH METOIOM KAHOHUYECKO20 NOJIMHOMA 3AKIFOYACTCS B CICAYIOIIEM.

Yepes 3KCTIEPUMEHTATBHBIC TOUKU MPOBOAUTCS MOJMHOM BHJA!

S =a,+a -x+a, ¥ +a, X +..+a, x".

KoadduimeHTs! B 7aHHOM MOIMHOME HAXOAATCS IyTEM PEHICHUS CHCTEMbI TMHECHHBIX YpaBHEHHH. Mak-
CHMAITbHAA CTCICHb MOJIMHOMA 3aBUCHT OT KOIMYECTBA JKCICPHUMEHTANBHBIX TOYEK. KOMHMYECTBO ke TOUCK,
VYACTBYIOIIUX B OMpEAcICHUH KO3()(DHINCHTOB MOIMHOMA, TPH 33JAHHOM CTETICHH IOJMHOMA, JOJDKHO OTBE-
YaTh MUHHMAJIBHOMY OTKJIOHCHHIO ITOJIYUCHHBIX TOUCK OT HKCIICPHMECHTAIBHBIX H MOYKET OBITH OIPEIACICHO Me-
TOAOM HAUMEHBIIMX KBaApaToB [1]. IOCTOMHCTBA M HEAOCTATKH JAHHOTO METOJA AHAJOTHYHBI MPOTHO3HPOBA-
HHUFO KYOUYECKUM CIUIAHHOM.

JIst IpOTHO3MPOBAHKS TTOBEACHHS KPUBOH PasroHKH He(TH U e& (hpakuuii Prazn mpeanokun HCmoab30-

BaTh 3aBUCUMOCTb CICAYIOLIETO Buaa [2]:
r-1, :[ﬁm(#j)) (1)
T, B 1-x

rae 7 — TeMrmepaTypa KUICHHI Ha KPHBOW JUCTHULIIMH, COOTBETCTBYIOMAS O0OBEMHOMY HJIH MAacCOBOMY
BeIxoay x, K; 7y — remmneparypa Hauana kuneHus Hedru wim eé ¢pakmuu, K; 4 u B — x03puimeHTs B
VDaBHCHHH.

B ciyuae oTCyTCTBHS JAHHBIX IO TEMIIEPATYpe HAYaja KUICHHI MOA00p mapaMerpos A, B u ompeerne-
HHUE 7 OCYIIECTBILIETCS UMEepAyUOHHbIM MeNOOOM B CICAYIOIICH MOCIEI0BATCIBHOCTH:

1) 3agaemcs 3HaucHHEM T, B PE3yIBTATE Y€T0 YPABHEHUE Pra3zy CBOAUTCS K YPABHCHHIO BUAA!

Y=Cl+C2-X, @)
-1,
Y_ln( T, J ©
(i)
X =Inln| — |; “
1-x

2) HA OCHOBAHHUH 3KCHCPHUMCHTAJIBHBIX JAHHBIX W NMPUHATOTO FHAYCHUA TCMIICPATYPHI HAYATIAd KHIICHUA
MCTOJOM JTHHCHHOHN PErpecCHu OMpeaearoT 3HaucHue ko3 dumucaros C1 u C2;

3) m3 ko3 durmenToB C1 m C2 paccunThBarOTCS KO3puiueHTs A U B mo hopMymam:
B=1/C2, o)
A=B-exp(C1-B); ()

4) mo HafineHHBIM KO3 PunucHTaM A, B ¥ NPHHATOW TEMIIEPAType HAYaIa KUNCHU 7, HCIIOJIb3YS YPaB-
HeHne Pruasu, paccUmMThIBAIOT TEMIIEPATYPBI KUIICHUS U 3KCIICPUMEHTAIBHBIX 3HAUCHAH X;

5) HAXOJAT OTKJIIOHCHHE PACCUHTAHHBIX 3HAYCHUH OT SKCHECPHMEHTANBHBIX, ECIH MOIYUYCHHOE 3HAYCHHE
OTKJIOHCHHH OOJbIIC MPUHATOW TOUHOCTH HJIM IOJYYCHHOW HA MPEBIAYIIECM IIare NTEPAluy, PUHAMAIOT HO-
BOC 3HAYCHUC HAYATBHON TEMIICPATYPBI KHIICHHUS H PACUET MOBTOPSIOT.

JIOCTOMHCTBO JAHHOIO MOAXO0JA 3aK/I0YACTCA B TOM, YTO MPEAJIOKCHHAA 3aBUCHMOCTb HAHOOJIEE COOT-
BETCTBYET BUAY KPHBBIX, ITOJIYYACMBIX IIPH SKCIICPUMEHTAIBHOH pa3roHke He(tw u eé (ppakuuii [2].
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2012 BECTHUK IIOJIOLIKOI'O I'OCYIIAPCTBEHHOI' O YHUBEPCHTETA. Cepua B

Ha pucynke 3 mpeacraBieHbl pe3yabTaThl IMPOTHO3ZHPOBAHMS ITOBEACHUS KPHBOW PA3TOHKHU (Dpakuun
240...340 °C memooom Puasu (tadn. 1, Habop maHubIx B).

L SaganHbIe TOYKH et BKC]IBPH.\IBHTBIIBB])IE JaHHBIE e HPOI'HDSHPDB&B]:!E MeTozoM PrasH
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Puc. 3. IIporxosupoBaHue 1oBeIcHUS KPUBOY pa3sroHKU MeToioM Pruaszu

Kak BuaHO, JaHHAS 3aBHCHMOCTH IO3BOJUIET JOCTATOYHO TOYHO IPOTHOZHPOBATH IOBEACHHE KPHBOH
PA3rOHKH B HE3aBUCHMOCTH OT PABHOMEPHOCTH PACHpEICICHUS 3KCIICPUMCHTANBHBIX TOUeK. HemocTarkoM ke
METO/A SIBJBIETCS TO, YTO MOJIYYCHHAS KPHBAS HEMIOCPEACTBEHHO HE IMMPOXOIUT Yepe3 UMCIOIIHECS SKCIIEPUMEH-
TAJTBHBIC TOYKH, 4 THINb MPHOIAXKACTCA K HUM (CM. Tada. 1). Takum 00pa3oM, 3TO HAKIAIBIBACT OMPCACICHHEIC
OTPaHHMYCHUS HA TOYHOCTH TTOJIYYAaeMbIX PE3YIbTATOB.

Taxke cregyer OTMETHTh, UTO COTJIACHO METOY, OIMCAHHOMY PHMasu, mpu OIpeelcHHH TEMIIEPaTyphl
HA4asa KUIEHAS HCTIOIb3YIOTCA BCE SKCIIC PUMEHTAIIBHBIC JAHHBIC, B TOM YHCIIC M O KOHIIC KUIICHHSL.

[No HameMy MHEHHIO, JAHHBIH MOX0J HE COBCEM OIPABJIAH U JIOTHYHEE TPH ONPEICJICHUN TEMIICPATyPhl
HAYAJIA KHIICHHS OBLIO OBI HCITOJIb30BATH OILKAMIIKIE TOYUKH, 4 HC BCC JAHHBIC,

Mompukanus METoJa NPOTrHO3UPOBAHNSA (PPAKIUOHHON pasronku. Ha oCHOBaHMH NPOBEACHHOTO
aHanm3a, yueTa JOCTOMHCTB M HEJOCTATKOB CYIIECTBYIOIUX METOJO0B ITPOTHOZHPOBAHMUS KPHBOH Pa3rOHKH HE()-
TH u e¢ (ppakumii, mpeararaeM MOAM(PHIIMPOBATH METO/ MPOTHO3UPOBAHMS KPUBOH PA3TOHKH, OCHOBAHHBIH HA
noaxoaax M. Puasu.

CyTs mpeyiaraeMpIX H3MEHCHHH 3aKIIIOYACTCS B CICAYIOIEM:

- OTIPEACICHUE TEMIICPATYPhl HAYaIa KHUIICHHS BEJACTCS HE HA OCHOBAHMHU BCETO HAOOpa 3KCHEPHUMCH-
TAJIBHBIX JAHHBIX, 4 HA OCHOBAHWH OMKAHOIMX TOUCK K HAYANY KHIICHHS, YTO MO3BOJUT YBEIUIHUTh TOYHOCTD
TIPOTHOZUPOBAHUS MOBEACHHS KPUBOH PA3TOHKHU B 00IACTH HAYAIA KUICHUS HE(PTSIHOM (hpaKkimm;

- ko3¢ ¢urmeHTs A U B B ypasHeHHH (1) pacCUATHIBAIOTCA I KAKIOH MAPBI IKCICPHUMCHTATBHBIX TO-
YEK, YTO MO3BOJUT YBEINYHTH TOYHOCTh HHTECPIOINPOBAHIS, H, KPOME TOTO, IMOJIYUCHHASI KPUBAS PA3TOHKH Oy-
JIET TIPOXOJUTH YePEe3 BCE 3aJaHHbIC IKCIICPUMCHTAIIBHBIC TOUKH.

Hampumep, Mb1 iMeeM AgaHHbIC IO TeMmeparypam kuneHus apt 10, 30, 50, 70 u 90 % seikunanust Hed-
TSHOH (pakimu. TakuMm 00pa3oM, JUB OTPEACICHUS TEMIIEPATYPBI HAYaIa KUICHIUS HCIOIb3YIOTCS ToukH 10, 30
u 50 %. Jlanee, Ha OCHOBAHWUH OIPEACICHHON TEMIIEPATYPhl HAYATA KUIICHHUS PACCUNTHIBAIOTCS KOI(PPHUIUCHTHI
A u B ama xaxaou u3 map 3kcnepuMeHTaIbHBIX ToUCK: 10 1 30 %, 30 u 50 %, 50 u 70 %, 70 u 90 %.

Tak xak ko3()(uuucHTH 4 B B OaOHPArOTCA A KAKAOH HMAPBI TOUCK H OCTAIBHBIC YKCIICPUMCHTATb-
HBIC TOUKH HE YYACTBYIOT B UX ONPEACICHHUH, TO /IS KKIOH IMapbl MBI MOIYYAEM CBOIO COOCTBEHHYIO KPHBYIO,
KOTOpas HamOOJIee TOYHO XapPaKTEPU3YET MOBEACHUE OOIICH KPUBOW PA3TOHKH B JAHHOM HHTEPBAIC M HEIO-
CPEICTBEHHO IIPOXOAMT YEPE3 Y3IOBBIC TOUKH.

138



TIporHo3upoBaHUe TIOBEIEHNS KPUBO Pa3rOHKH Jr3enbHo# Ppaxin 240. .. 340 °C, moasepray Toi muctmwnmsmm o ASTM-D 86

Tabmara 1

3KCHepI/IMeHTa.]'I]>H]>Ie JaHHbI¢

Ha6op nannsix A (5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95 %)

Habop nannsix B (5, 10, 20, 30, 40, 50, 60, 70 %)

O160p Temmepatypa Puazn Nafta Pro/I1 Puazn Nafta Pro/I1

Yo 00. BoIKHIans, °C T, °C OTKIIOH. T, °C OTKJIOH. T, °C OTKIIOH. T, °C OTKJIOH. T, °C OTKJIOH. T, °C OTKIOH.
1 2495 255,1 5,6 254.5 5,0 2518 2,3 2541 4,6 2539 44 251.,8 2,3
5 2584 258.,5 0,1 258 4 0,0 2584 0,0 258 4 0,0 2584 0,0 258 4 0,0
10 2617 261,5 0,2 261,7 0,0 2617 0,0 261,6 0,1 2617 0,0 261,7 0,0
20 2667 2664 0,3 266,7 0,0 2667 0,0 266,5 0,2 2667 0,0 266,7 0,0
30 270,1 270,7 0,6 270,1 0,0 270,1 0,0 270,9 0,8 270,1 0,0 270,1 0,0
40 2751 275 0,1 275,1 0,0 2751 0,0 275 0,1 2751 0,0 275,1 0,0
50 2795 2794 0,1 279.,5 0,0 2795 0,0 2793 0,2 2795 0,0 279.,5 0,0
60 2839 2842 0,3 283.9 0,0 2839 0,0 283.9 0,0 2839 0,0 283.9 0,0
70 2895 289.8 0,3 289.5 0,0 2895 0,0 289,1 0.4 2895 0,0 289.5 0,0
80 2973 296,8 0,5 2973 0,0 2973 0,0 2956 1,7 2965 0,8 293 4 39
90 307,3 3073 0,0 3073 0,0 307,3 0,0 305,1 22 307 0,3 304,7 2,6
95 316,7 316.,5 0,2 316,7 0,0 316,7 0,0 313,5 32 316,2 0,5 317.3 0,6
98 323,1 331 7,9 327.9 4.8 329,7 6,6 3258 2,7 3271 4,0 3257 2,6
CpeHee 0TKIIOHEHHE: 1,25 0,75 0,68 1,25 0,77 0,92

IKcHepUMeHTAIbHbIE IaHHbIE Habop nannwix B (10, 30, 50 %) Hatop nannsix I' (30, 50, 70 %)

O16op Temmepatypa Puazn Nafta Pro/I1 Puazn Nafta Pro/I1

%o 06. BhiKHianus, °C T, °C OTKJIOH. T, °C OTKJIOH. T, °C OTKJIOH. T, °C OTKJIOH. T, °C OTKJIOH. T, °C OTK/IOH.
1 2495 259,1 9,6 2573 7.8 2489 0,6 241,1 8.4 2469 2,6 2359 13,6
5 2584 2596 1,2 2594 1,0 2555 2,9 2533 5,1 253.6 4.8 246,1 12,3
10 2617 261,7 0,0 261,7 0,0 2617 0,0 258,1 3,6 2583 34 256,8 4,9
20 2667 265.,8 0,9 265.9 0,8 2678 1,1 204,7 2,0 2648 1,9 266,8 0,1
30 270,1 2700 0,1 270,1 0,0 270.1 0,0 270,0 0,1 270.1 0,0 270,1 0,0
40 2751 274.5 0,6 274.5 0,6 2739 1,2 274.8 0,3 2749 0,2 273.9 1,2
50 2795 279.,5 0,0 279.,5 0,0 2795 0,0 279.,5 0,0 2795 0,0 279.,5 0,0
60 2839 2854 1,5 2852 1,3 2850 1,1 2843 04 2843 04 2853 14
70 2895 292.5 3.0 292.1 2,6 2889 0,6 289.5 0,0 2895 0,0 289.5 0,0
80 2973 302,1 4.8 301,3 4,0 2018 5,5 2957 1,6 2957 1,6 2912 6,1
90 307,3 317.5 10,2 316,0 8,7 302,1 52 3044 2,9 304,5 2,8 303,7 3,6
95 316,7 332,1 15,4 329.8 13,1 312,7 4,0 311,7 5,0 311,2 5,5 3149 1,8
98 323,1 359.8 36,7 3470 23,9 3204 2,7 3253 2,2 320,1 3,0 3229 0,2
CpeHee 0TKIIOHEHHeE: 6,46 4,91 1,92 2,43 2,02 3,48




2012 BECTHUK IIOJIOLIKOI'O I'OCYIIAPCTBEHHOI' O YHUBEPCHTETA. Cepua B

Ha pucynke 4 mpeacraBieHbl Pe3yabTaThl MPOTHO3ZHMPOBAHMS TOBCACHUS KPHBOW PA3TOHKH (Ppakmuu
240...340 °C mozu¢uumpoBaHHbM MeTo0M Prasu (Tadm. 1 Habop nanubx b).

A 3ajgaEEble TOYKH == == D3KCIepHMeHTATHHBIS JaHHRIE ****** * TIpOTHO3HPOBARHE MOIH(HIHPOBAHERIM MeTOZOM PHasH
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Puc. 4. IIporHo3upoBaHue 0B/ ICHUS KPUBOH Pa3rOHKU MOIUGHUIMPOBAHHBIM METOJOM Prasu

W3 pucyska 4 BEIHO, YTO MPEAIaracMble aBTOPAMH M3MCHEHHUS MO3BOJLIIOT YBEINYHUTh TOUYHOCTD ITOJTY-
YAEMBIX PACUCTHBIX JAHHBIX IO CPABHEHHIO C OPHTHHAIBHBIM METOJOM KaK MEXIY 3KCICPHMCHTAIbHBIMA TOY-
KaMH, TaK H 33 UX OPEACTaMH.

[TpuHAMas BO BHUMAHHE TO, YTO A IPOBEICHHA PACUCTOB 10 MPEIIaracMoOH METOAUKE TPEOYETCS BBI-
TIOTTHECHHE OOIBIIOTO KOJIMYECTBA BHIMUCIHTEIBHBIX ONEPalMi, OHA ObIIa BKIFOUCHA B npocpammy «Naftar, pas-
pabarsiBacMyt0o apropaMu. JlaHHAsS MpOrpaMMa IO3BOJIIET IIPOU3BOIUTD PA3IMIHBIC BAPHAHTHI Pacu€ToB (ha30BOT0
PaBHOBECHS AP — YKUIKOCTh HA OCHOBAHWH YpaBHEHHH coctostHus Ilenra — Poburcona m Coasa — Peamixa —
KBonra, Termopu3mIecKuX CBOMCTB, TAKMX KAK SHTANBIMS MApa M XKUIAKOCTH, H30XOPHASI M W300apHAs TEILIO-
EMKOCTb, IUNIOTHOCTH TApa M YKHIKOCTH, HMEET 0a3y AAHHBIX IO TCIUTO(PHU3MICCKUM CBOMCTBAM A OOlee YeM
1600 mHAMBHAYATHHBIX KOMIIOHCHTOB, MO3BOJLICT 331aBaTh HEPTH M MX ()paKIMu Kak MCEBIOKOMIIOHCHTAMH,
TaK M C MOMOIIBIO PA3TOHOK, OIYYCHHBIX PA3THIHBIMU METOTAMH.

B Ttabnmme 1 mpeacraBieHbI Pe3ybTAaThl MPOTHORHPOBAHUS KPHUBOHW PA3TOHKHM JM3ETbHOH (Dpakiuu
240...340 °C mo ASTM-D 86 opurnHAIbHEIM MeTOIOM PHasn, MeToaoM aBTopos (mporpamma «Nafta») u mpo-
rpammoirt PRO/IT v.8.3.3.

JIst IPOTHOBMPOBAHMSI TIOBEACHHS KPHBOH PA3TOHKY OBUTH MCTIOTB30BAHbBI PA3TMMHbIC KOIMTUCCTBA IKCIIC-
PUMEHTAIBHBIX TOUCK (HAOOPBI AAHHBIX, HCIOIb3YEMBIC TOUKH YKA3aHbI B CKOOKAX PAIOM C HA3BAaHHEM HAOO0PA).

W3 npencrasreHHbIX B Ta0aune | JaHHBIX BUIHO:

- IIpeaaracMblif aBTOPAMH METO MPOTHOSMPOBAHMS MOBEICHHUS KPUBOH PA3TOHKU He(bTH 1 e¢ (pparumit
TO3BOJIACT MOJIYYATh PACUCTHHIC JAHHBIH ¢ 00J16C BRICOKOH TOYHOCTHIO, YCM OPHTHHAIBHBIN MeTo PHasmy;

- TIOJIyYCHHAS KPHUBAs PA3TOHKH IPOXOIHT UEPE3 BCE 3aJaHHBIC HKCIICPUMEHTAIbHBIC TOUKH, YTO YBEIH-
YHBACT TOYHOCTH ITPOBEICHUS HHTCPIIOLIIIHH,

- UCTIONIb30BAHNE OMKAWINNX TOUCK UL OMPEACIICHH HAYAIBHOW TEMICPATYPhl KUIICHHUS, a4 HE BCETO
HA0Opa JAHHBIX IO3BOJIIIO YBEIHMYHTH TOYHOCTH HMPOTHO3ZHPOBAHMS IMOBEACHHUSI KPHUBOH PAa3rOHKH B 00IaCTH
HAYAJa KUICHHS IO CPABHEHUIO C OPUTHHAIBHOM METOIUKOM;

- TOYHOCTb HMOJYUCHHBIX JAHHBIX COM3MEPHMA C TOUHOCTHIO (DMPMCHHBIX AITOPUTMOB, IIPUMCHICMBIX B
mporpamme PRO/II v.8.3.3.

JIst OLeHKHM CTaOMIIbHOCTH MOJTYyYaEMBIX PE3YJIBTATOB IO MPEUIAracMoil METOIUKE OBLITH MPOU3BEACHBI
pacyeThl O MPOTHOZHPOBAHUIO KPHBOH PA3TOHKH PA3THYHBIX HEPTEH U (Ppakumi, MOTyIAEMBIX H3 HHX.

B Tabmuue 2 mpeacTaBIeHBI PE3YIBTATHI PAcUeTa MPOTHO3ZHMPOBAHMS MTOBEACHHS KPUBBIX PA3TOHOK LA
ABYX P06 HeTel M (hpaKImit, MOTyYCHHEIX 13 HAX. [TepBas npo6a HedTu mveeT mioTHOCTH 825 kr/m® mpu 20 °C,
Bropas 890 kr/m’ mpu 20 °C.
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IIporHo3upoBaHue IOBEICHHS. KPUBBIX Pa3srOHOK Hedrel U ux dpaximit

TaGmara 2

Hed s npoda 1 (ASTM D5307)

®paxams 100...150 °C vedtr npoda 1 (ASTM D86)

IkcnepuMeHTANTBHBIE | HaGop JaHHBIX A Ha6op nanspix b Ha6op ganaeix B | Dkcnepnventanbable | HaGop gannbix A | Habop ganapix B | HaGop janabix B
JaHHbIe (10, 30,50, 70,90 %) | (20, 40, 60, 80 %) | (5,10,20,80,90,95 %) JaHHbIe (10, 30,50, 70,90 %) | (20, 40, 60, 80 %) | (5,10,20,80,90,95 %)
(0)/160[) Ibsamiy aTypf T, °C OTKJIL. T, °C OTKJIL. T, °C OTKJIL. (0)160p Wgpiarers aTypf T, °C OTKJIL. T, °C OTKIL. T, °C OTKIIL.
0 00. | BuIKimanmst, °C %0 00. | BbIKuIanms, °C
5 68,8 69,0 02 65,0 3.8 68,8 0,0 5 114.8 114,3 0.5 114,3 0.5 114.8 0,0
10 91,0 91,0 0,0 87.1 3.9 91,0 0,0 10 116,1 116,1 0,0 116,1 0,0 116,1 0,0
20 1247 125.0 0.3 1247 0.0 125.0 0.3 20 119,0 118.9 0,1 119,0 0,0 119,0 0.0
30 1557 1557 0,0 158.3 2,6 158.5 2.8 30 121,2 1212 0,0 121,3 0,1 121,3 0,1
40 191.8 1922 04 191.,8 0,0 1927 0.9 40 123,6 123,6 0,0 123,6 0,0 123,6 0,0
50 231.,6 2316 0,0 229.5 2,1 229.0 2,6 50 126,2 126,2 0,0 126,1 0,1 126,1 0,1
60 271.6 2717 0,1 271.6 0,0 269.3 2,3 60 129.0 128.9 0,1 129.0 0,0 128,7 0.3
70 318,7 318,7 0,0 318.3 04 316.8 1,9 70 132,0 132,0 0,0 131,9 0,1 131,7 0.3
80 3777 372.2 85 377.7 0.0 377,7 0,0 80 135,5 1354 0,1 135,5 0,0 135,5 0.0
90 4521 452.1 0,0 468.2 16,1 4521 0,0 90 140,3 140,3 0,0 140,8 0.5 140,3 0,0
95 506,1 5227 16,6 549.5 43,4 506,1 0,0 95 1440 144.5 0,5 1453 1,3 1440 0,0
CpeaHee 0TKIOHEHHE: 2,10 6,57 0,98 Cpeanee oTKIOHEHHE: 0,12 0,24 0,07
®paxas 250...300 °C wedth npoda 1 (ASTM D86) ®paxis 402...461 °C wedts mpoda 1 (ASTM D1160)
IkcnepuMeHTAIBHbIE | HaGop JaHHBIX A Ha6op nannapix b Ha6op ganaeix B | Dkcnepimentanbable | HaGop gannbix A | Habop ganabix b | HaGop nanabix B
JaHHbIe (10,30, 50,70, 90 %) (20, 40, 60, 80 %) | (5,10,20,80,90,95 %) JaHHbIe (10, 30,50, 70,90 %) | (20, 40, 60, 80 %) | (5, 10,20,80,90,95 %)
(‘,)/TGOP TeMHepaTy[:a T, °C OTKIL T, °C OTKIL. T, °C OTKIL. ?TﬁOP TeMH?,p anypa T, °C OTKIL T, °C OTKIL T, °C OTKIL
0 00. | BuIKimanmst, °C /000. C
5 2702 270.0 02 269.3 0.9 2702 0.0 5 375.0 391.5 16,5 387.1 12,1 3750 0,0
10 270.6 270.6 0,0 270.0 0.6 270.6 0,0 10 3947 3947 0,0 3910 37 3947 0,0
20 2713 271.9 0,6 2713 0,0 2713 0,0 20 397.9 399.3 14 397.9 0,0 397.9 0,0
30 273.3 273.3 0,0 272.6 0,7 272.3 1,0 30 403,7 403,7 0,0 404.9 12 408.3 4,6
40 274.0 274 4 04 274.0 0.0 273.5 0.5 40 4124 4109 1,5 4124 0,0 4172 4.8
50 2757 2757 0,0 275,77 0,0 2750 0,7 50 419.6 419.6 0,0 419,7 0,1 425.6 6,0
60 277.7 2777 0,0 2777 0,0 276.9 0.8 60 428.0 429.5 1,5 428.0 0,0 434.0 6.0
70 2802 280.2 0,0 280.0 02 2794 0.8 70 4422 4422 0,0 438.8 34 442 8 0.6
80 283.1 283.0 0,1 283,1 0,0 283.1 0,0 80 453.0 450.8 22 453.0 0,0 453.0 0,0
90 2874 2874 0,0 288.0 0,6 2874 0.0 90 463.3 463.3 0,0 475.5 12,2 463.3 0.0
95 2912 291.5 0.3 292.8 1,6 2912 0.0 95 474.6 4740 0,6 496.5 21,9 474.6 0,0
CpeaHee 0TKIOHEHHE: 0,15 0,42 0,35 Cpeanee 0TKIOHEHHE: 2,15 4,96 2,00




Oxonuanue madnuyol 2

®paxis 20...100 °C ved s ipoda 2 (ASTM D86)

®paxams 150...200 °C nedth npoda 2 (ASTM D86)

JxcriepnMenTanbable | HaGop manapix A | Habop nannsix B | HaGop nannabix B IKcrepuMeHTAILHbIE Habop nanabix A | HaGop nanapix B | HaGop nananix B
JaHHbIE (10, 30, 50, 90 %) (20, 40, 70 %) (5, 10, 20, 90, 95 %) JaHHbIE (10, 30, 50, 90 %) (20, 40,70 %) (5, 10, 20,90, 95 %)
(0)160p Tenmcpatypa T, °C OTKJL T, °C OTKJIL. T, °C OTKIL. Shinaps Temepauypa T, °C OTKIIL. T, °C OTKJIL. T, °C OTKJL
% 00. | BuIKmanus, °C % 00. | BuIkymanmsy, °C
5 64,1 63,7 0,4 63,4 0,7 64,1 0,0 5 160,5 160,3 0,2 160,3 0,2 160,5 0,0
10 66,2 66,2 0,0 63,6 0,6 66,2 0,0 10 161,8 161,8 0,0 161,8 0,0 161,8 0,0
20 69,4 69,6 02 69,4 0,0 69,4 0,0 20 164,3 164,3 0,0 164,3 0,0 164,3 0,0
30 72,6 72,6 0,0 72,6 0,0 72,4 02 30 166,7 166,7 0,0 166,6 0,1 164,5 22
40 75,9 75,9 0,0 75,9 0,0 75,2 0,7 40 169.,0 167,0 2,0 169.,0 0,0 168.,8 0,2
50 79,4 79,4 0,0 79,2 02 78,2 1,2 50 1714 1714 0,0 171,5 0,1 171,2 02
60 83,0 82,6 0,4 82,8 02 81,5 1,5 60 1744 174,1 0,3 174,3 0,1 173,9 0,5
70 86,9 86,1 0,8 86,9 0,0 85,2 1,7 70 177,5 1772 0,3 177,5 0,0 177,0 0,5
90 97,0 97,0 0,0 99,7 2,7 97,0 0,0 90 187,3 187,3 0,0 188,0 0,7 187,3 0,0
95 100,9 102,5 1,6 106,5 5,6 100,9 0,0 95 191,5 1927 1,2 193,7 22 191,5 0,0
CpennHee 0TKIOHEHHE: 0,34 1,00 0,53 CpenHee 0 TKIIOHEHHE: 0,40 0,34 0,36
®paxis 300...343 °C ved s npoda 2 (ASTM D86) ®paxis 461...510 °C wedTh mpoda 2 (ASTM D1160)
JKCcIepuMeHTATLHbIE Ha6op nannbix A | HaGop nannbix B | HaGop nannnix B IKcrepUMeHTAILHbIE Habop nannpix A | HaGop nanapix B | HaGop nananix B
JAHHbIE (10, 30, 50, 90 %) (20, 40, 70 %) (5, 10, 20, 90, 95 %) JaHHbIE (10, 30, 50, 90 %) (20, 40, 70 %) (5, 10,20, 90,95 %)
(0)/160p Memnt g aTy[:a T, °C OTKJIL. T, °C OTKJIL T, °C OTKJIL. (0)160p ety aTypf,‘ T, °C OTKJIL. T, °C OTKJIL. T, °C OTKJL
0 00. | BeIKHIanmst, °C % 00. | BbiKuaHusi, °C
5 314.6 3149 0,3 3143 0,3 314.6 0,0 5 440 4 439,7 0,7 464.9 24,5 440 4 0,0
10 315,5 3155 0,0 315,0 0,5 315,5 0,0 10 4468 446,8 0,0 465,6 18,8 4468 0,0
20 316,2 316,5 0,3 316,2 0,0 316,2 0,0 20 4673 458.,9 84 4673 0,0 4673 0,0
30 3175 3175 0,0 3174 0,1 3173 02 30 470,1 470,1 0,0 469,3 0,8 471,5 1,4
40 3187 3187 0,0 3187 0,0 318,5 02 40 4719 4713 0,6 4719 0,0 475,1 32
50 320,2 3202 0,0 320,1 0,1 3199 0,3 50 4723 4723 0,0 4750 2,7 478 4 6,1
60 321,7 3217 0,0 321.8 0,1 3214 0,3 60 477.8 476,5 1,3 479,0 1,2 481,6 3.8
70 323.8 323.6 0,2 323.8 0,0 3234 0,4 70 484.5 481,1 34 484.5 0,0 485,0 0,5
90 330,2 330,2 0,0 330.8 0,6 330,2 0,0 90 4939 493,9 0,0 5068 12,9 4939 0,0
95 3332 3340 0,8 334.8 1,6 3332 0,0 95 4941 499.,9 5.8 521.8 27,7 4941 0,0
CpenHee 0TKIOHEHHE: 0,16 0,33 0,14 CpenHee 0 TKJIOHEHHE: 2,02 8,86 1,50




HPOMBIIIJIEHHOCTD. [IPUKJIAJ[HBIE HAVKHU. Xumudeckas mexnono2us No 1]

3ax/nrouenne. Ha ocHOBaHMH NPEICTABICHHBIX B TA0IHIE 2 TAHHBIX MOXKHO YTBEPIKIATh CIICAYIOLICE:

- MpeanaracMblii aBTOPAMH METOJ IIPOTHOZHPOBAHIS MTO3BOJLICT IPOU3BOJUTE PACUET KPHBBIX PA3TOHKH
HeTH ¥ €€ (DpaKIHii, ITOTYICHHBIX 0 PA3THIHBIM METOINKAM,

- METOJ JACT XOPOIIHE PE3yIbTAThI KAK I TSDKEIBIX, TaK U UL JISTKUX HE(TEH;

- TOYHOCTb JAHHBIX, HOIYUCHHBIX A Y3KUX (DPAKIHIL, BBIIIC, YeM Il ITHPOKHUX;

- JUIS TIOBBILICHUS TOYHOCTH PAcUETOB MKEIATCILHO HMETh JAHHBIC O IIOBESICHUN KPUBOIl PA3TOHKH B 00-
JACTH HA4aJa M KOHIA KUIICHIS,

- METOJ MO3BOJUIET JOCTATOYHO TOYHO MPOTHO3MPOBATH IOBEICHHUE KPUBOH PA3TOHKH HE()TH B HE3aBH-
CHMOCTH OT PABHOMEPHOCTH PACIPEACICHUS SKCIICPUMEHTAIbHBIX TAHHBIX.

[IpeanaraeMprii METO MOKET OBITh ITOJIC3CH:

- IJIs1 TPOTHOZHPOBAHUS MOBEICHUS KPUBOH Pa3ToOHKH He(TH M €€ (pakumii nmpu pa3paboTKe MareMaTH-
YECKOH MOJIEITH HOBBIX YCTAHOBOK HITH AHATI3A PAa0OTHI ACHCTBYIOIINX;

- TIpH HEOOXOAUMOCTH ITPOBEACHUS HHTEPIOIIMY FUIH 3KCTPANOJLIITHH Y>KE HMEIOITHXCS 1adoparop-
HBIX JAHHBIX;

- TIpU TIPEACKA3aHUH (PPAKIMOHHOTO COCTAaBA KOMITAYHIMPOBAHHBIX TOIUIMB, TO €CTh HA OCHOBAHWH JAH-
HBIX O (DPAKIIMOHHOM COCTABE BXOAAIIUX B HUX KOMIIOHCHTOB.

INoxyyaeMmble IO NMPEATAracMOMY METOJY PE3YJIbTaThl XOPOLIO COOTHOCATCA C 3KCIEPHMEHTAIbHBIMU
JAHHBIMHU ¥ HE YCTYIAIOT B TOUHOCTH METOAAaM, KOTOPBIC HCIOIB3YIOTCS B OOMICTIPH3HAHHBIX 3apyOC/KHBIX MPO-
TPAMMHBIX TIPOIYKTaX.

JIMTEPATYPA

1. T'puropses, b.A. Tennodu3mieckue cBoiictea HePTH, HEPTENMPOIYKTOB, TA30BBIX KOHACHCATOB U UX (pak-
nuit / B.A. I'puropees, I.®. boraros, A.A. I'epacumos; mox pen. b.A. T'puropsesa. — M.: U3a-s0 M3UY,
1999.-372 c.

2. Riazi, M.R. Characterization and properties of petroleum fractions / M R. Riazi. — 1 st ed. P. cm. — (ASTM
manual series: MNL50).

Hocmynuna 21.06.2012

MODIFICATION OF THE RIAZI’'S METHOD FOR PREDICTION
OF DISTILLATION CURVES FOR OIL AND PETROLEUM FRACTIONS

S. DEMCHENKO, S. TKACHEV

The analysis of modern methods for prediction of distillation curves for oil and petroleum fractions is
carried out. Modification variant of Riazi's method is offered. The offered modification variant provides increase
of accuracy of prediction of the initial boiling point and the final boiling point and also intermediate points in
the whole boiling range. Algorithms and calculation program are developed. The comparative analysis of results
of prediction of distillation curves for various crude oils and petroleum fractions, received with using of
discussed methods, including techniques, used in avowed foreign software products, is made.
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