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TEIIJIOBAA UHTET'PAIIUSA IPOLUECCA PA3JIEJIEHUSA
TETEPOA3EOTPOIIHOM CMECHU ®YP®YPOJI - BOJA
HA ABYX KOJIOHHAX

[IpoBenen ananu3 5HeprodH HEKTUBHOCTH MHpolecca PEKTUPHUKAINN TeTepoa3eOTPONHON CMeCH
bypdypon —Boga Ha ABYX KOJIOHHAX. BBIZENEHBl TEXHOMOTHUECKUE MOTOKM ISl TEMJIOBOM HHTE-
rpauuu npouecca. MerogaMu «IIMHY»-aHalINM3a U KacKaJHOTO ajiropuTMa ONpelelieHbl 3HAYEHHUS
TEIUIOTHI, PEKYIIEPUPOBAHHON BHYTPU TEXHOJIOTMYECKOH CXEMBI, M KOIHMYECTBO TOPSUYUX U XOIOM-
HBIX YTHIUT. CIPOEKTUPOBaHA CETh TEIIO00OMEHA, MTO3BOJISIOIIAs CHU3UTh MOTPeOIeHNe YTUINT Ha
BBIJICJICHHBIX TEXHOJOTMYECKUX MOTOKax B 4,22 pasa Uil XOJOAHBIX U B 8,9 pasa Iuisg ropsanx
YTHUIIUT COOTBETCTBEHHO. Ha OCHOBaHMM NpPOBEIEHHBIX PAcueToB MOJNy4eHAa MOAM(UIIUPOBAHHAS
sHeprodp G eKTUBHAsI cXeMa Mpolecca paszaeneHus cMecu Qyppypos — BoJa ¢ HCHOIb30BaHUEM
BBICOKO?(()EKTHBHBIX IJIACTUHYATHIX TEIIIOOOMEHHUKOB.

KiroueBblie ci1oBa: 3Heprod(eKTHBHOCTh, CUCTEMa PEKyIlepalud TEeIUIOTHI, peKTH(HKa-
usl.

BBenenue. Bpicokas CTENEHb 3aBUCUMOCTH YKpPauHbl OT JKCIOPTUPYE-
MBIX SHEPrOHOCUTENECH U CTPEMUTENIBHBIN POCT LIEH HA HUX CTUMYJIUPYIOT BHE-
PEHHE Pa3TUYHBIX SHEProcOEPEraroIuX MEPONPHUATHII BO BCE OTPACIIU ITPOMBIIII-
JeHHOCTH. BhICOKOe yenbHoe noTpedieHue SHEPTUr Ha IPOU3BOJICTBO €IUHUIIBI
MPOAYKIUH MO CPABHEHUSA C IPOMBILLIEHHO PAa3BUTHIMU CTPaHAMU JENAET YKpa-
MHCKHE TOBAphl HEKOHKYPEHTOCTIOCOOHBIMU HA BHYTPEHHHUX U BHEIIIHUX PHIHKAX.
CHmxeHre noTpedIIieMbIX IPU MPOU3BOJCTBE HNPUPOAHBIX PECYPCOB TAKKE IO-
3UTHBHO CKa3bIBACTCS HA COCTOSIHUM OKPYXKAIOLIEH CPEIbL.

PexoHCTpyKIHMS U MOAEpHU3ALUS YKE CYLIECTBYIOIIUX IPOU3BOACTB C
Y4€TOM HM3MEHUBUINXCS TPeOOBAHUI MO MOTPEOIECHUIO SHEPTOPECYPCOB SBIISI-
€TCsl OJHOM U3 aKTyallbHEHIINX MPOOIEM COBPEMEHHOTO TPOCKTUPOBAHUSI.

IIpouiecc pasgeneHuss cMecel JIETy4nX KUJKOCTEHW B KOJIOHHBIX allla-
parax sBISIETCS OJHUM M3 CaMBbIX DHEPIO- U PECYPCOEMKUX MPOLIECCOB XUMMU-

YECKON TEXHOJIOTHHU.
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Cy1iecTBEHHOE CHUXKEHHE TOTPEOICHUS YIHEPTOHOCUTENIEH MOXKET ObITh
JOCTUTHYTO MyTEM pEKyIepalu TEII0Thl TEXHOJIOTUUECKUX TOTOKOB BHYTPHU
YK€ CYLIECTBYIOIIEN TEXHOJIOTHYECKOW CXEMBI MPOU3BOACTBA [1].

AHAIM3 MOCJAeIHUX NOCTU:KeHMH W Jutepatypbl. OJHUM U3 METO-
JIOB, TIO3BOJISIFOIINX OCYIIECTBIATh MPOCKTUPOBAHUE CUCTEMBI pEeKyIepanuu
TEIUIOThl B TEXHOJOTMUYECKUX CXEMaX Y€ CYIIECTBYIOIIUX MPOU3BOJICTB SIB-
nsietcst metol Pinch-ananuza [2]. [lpumenenne BoICOKOI()PEKTUBHOTO TEILIO-
0OMEHHOTO 000pYyNOBaHUS JA€T BO3MOXHOCTh MPOEKTUPOBATH CUCTEMBI pe-
KyIepaluu TEeIIOThI, UMEIOIINUE 3aJJaHHbII CPOK OKYHaeMOCTH, CYIIECTBEHHO
cokpariasi noTpeOJaeHrne YHEPTUM MPU OTHOCUTEIHHO HEBBICOKOW CTOMMOCTH
KanuTalbHBIX 3aTparT.

IocTanoBka 3a1a4yu u Heab padorsl. Pazgensemas cmeck Gypdypoi
— BOJIa XapaKTepU3yeTCs HAIMUKUEM a3e0Tpola ¢ TeMINepaTypol KUIEHUs Mo-
panka 98 °C, 4ro HMXKE, YEM TEeMIEPATypbl KUMEHUS YUCTBIX KOMIIOHEHTOB
cmecu: Boabl (100 °C) u pypdypona (161 °C) coorBercTBeHHO. K TOMY *Ke
MIpU ONPEACIICHHBIX YCIOBUAX KOMIOHEHTHI CMECH 00JIaIal0T OTPaHUYECHHOU
PacTBOPUMOCTBIO APYT B Apyre. OTH OCOOEHHOCTH U 00YCIaBIMBAIOT MPOBE-
JIEHHE Mpoliecca Ha ABYX KOJIOHHaX [3]. B kauecTBe HCXOIHOUN CMECH B yCTa-
HOBKY mnojaerca cMmech Gyppypona — Boja B KonuuectBe 1,9 kr/c maccoBoit
noneit pypdypona 0,5 u temneparypoit 30 °C. [1oToOK UCXOTHONU CMECU COB-
MECTHO C MOTOKaMH KOHJEHcaTa MmapoB, 00pa3yrolIuXcs B 00€UX KOJIOHHAX,
HaIpPAaBJISAETCS B OTCTOMHUK, T/I€ TPOUCXOJAUT PACCIOECHUE PA3EIIEMON CMECH
Ha (ppakuuu. Jlerkas ¢pakuus U3 OTCTOMHMKA, OOOTralleHHAass BOJAOU, MOJO-
rpeBaeTcs J0 TEMIIEPaTyphbl KUIEHUS U HAIPaBJISETCS B BEPXHIOIO YacTh Mep-
BOM KOJIOHHBI B KauecTBe (hyierMbl. Ha BbIX0/i€ U3 MepBOii KOJIOHHBI ITap UMEET
temrneparypy konjaencauu 98 °C,. kyOOBBIM OCTaTOK MEPBOM KOJTOHHBI IIPE/-
CTaBJIsieT cCOOOM MPAKTUUYECKU YUCTYIO BOAYy. BO BTOpYIO KOJIOHHY B Ka4eCTBE
(bnermbl HampaBisieTcss Tsbkenas ¢pakuus, odoramieHHas Qypdyposnom. Ha
BBIXOJIC U3 ATOM KOJIOHHBI UMEEM Maphl, UMEIOLIUE TeMIepaTypy KOHJEHCa-
uu 99 °C. Ky6oBbIii 0CTaTOK BTOPOU KOJOHHBI MIPEACTaBIsAeT COOON MPAKTHU-
YeCKH YuCThid Pypdypoi.

CHikeHue yAeNbHBIX 3aTpaT SHEPruu JJjis OCYIIECTBIEHHs Ipoliiecca
pa3liesieHHs TeTepOoa3eoTPONHON CMECH SIBIIAECTCS LEIbI0 TAHHOU Pa0OTHI.
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AHanu3 3Hepro3(p(peKTUBHOCTH cyllecTBYWIIeil cxembl. O0cneno-
BaHHE TEXHOJIOTUYECKOW CXEMbl BBISBUJIO CIEAYIOIIUE MOTOKHU, TEIUIOTa KO-
TOPBIX MOXKET MepeaHa BHYTPU TEXHOJIOTMYECKOU cXeMbl. VIcXoHbIe TaHHbIE
0 IMOTOKAaX CBEJCHBI B Ta0d. 1.

Tabnuua 1. XapakTepucTuka NOTOKOB, YYaCTBYIOIIMX B PEKyNepaly Tera

Ne| HammeHnoBaHue Tuno G Ts Tr CP AH

1 | KyOoBslit ocTatok rnepBoii komoHHbl | [op. 0,95 | 100 | 30 3,9767 | 278,4

2 | KyOoBblIit ocTaTtok BTopoii koloHHBI | [op. 095 | 161 | 30 1,6594 | 217,4

3 | dnerma nepBoOi KOJIOHHBI XoiI. 1,35 | 40 98 5,3608 | 310,9

4 | ®dnerma BTOPOI KOJOHHBI XoiI. 1,07 | 40 99 2,0436 | 120,6

[Ipunsateie B Ta0n. 1 0003HAUEHUS] COOTBETCTBYIOT CIEIYIOIIUM BEIUYU-
HaM: G — MacCOBBIM pacxo/l, Kr/c; Ts— HaualbHbIE TEMIIEPATYPhI MOTOKOB, °C; T7—
KOHEYHbBIC WIH LIEJIEBBIE TEMIIEPATYPHI MOTOKOB, °C; CP — MOTOKOBAs TEIIOEM-
KocTh, KBT/ °C; AH — U3MEHEHHE TeIIOCoIep)KaH s TOTOKa, KBT.

Kak cnenyer u3 Tabin. 1, konu4ecTBO Teria, KOTOpOe HEOXOAUMO OTBO-
IWATH OT ropsA4YuX MOTOKOB coctaBisier 501,8 kBT, Ay mogorpeBa XoJIOIHBIX
moTokoB HeooxoauMmo 431,5 KBT.

AHanu3 COCTaBHBIX KPHUBBIX TEXHOJIOTMYECKUX MOTOKOB MO3BOJISIET
ONPEAECIUTh KOJIUYECTBO PEKYIEPHUPOBAHHOIO TEIUIA BHYTPU TEXHOJOTHYE-
CKOM CXEMBbI U PAcXO]] TOPSTYMX U XOJOJHBIX SHEPrOHOCUTENEH sl oOecreye-
HUS LIEJIEBBIX 3HAYEHUN TemImeparyp. PacueTsl MpOBOJAWINCH ITyTEM MOCTPOE-
HUS COCTAaBHBIX KPHUBBIX T'OPSIYUX W XOJIOJHBIX MOTOKOB MPU MUHUMAJIbHOM
TEMIIEPATYPHOM HAMope MEXAY FOpsSsuYMMH U XonoaHbiMu notokamu 10 °C. B
pe3yibTaTe pacueTa ObUIO BBISIBIICHO, YTO MaKCUMaJbHOE COJIMKEHHE COCTaB-
HBIX KpUBbIX (Touka Pinch) npoucxoaut npu 50 °C qjist ropsuux notokoB u 40
°C mis xonoaHbiX. KonmyecTBO peKynmepupOBAHHOTO TEIIOTHI COCTaBISET
383 kBT1. Kpome Toro neobxoaumo 118,8 kBT TemioTsl X0JI0HBIX SHEPTOHO-
curenied U 48,5 kBT ropsumx TEMIOHOCUTENEN COOTBETCTBEHHO. [IpaBuib-
HOCTb Pacu€TOB MOATBEPKACHA TAKKE METOJOM KaCKaJHOTO AJITOPUTMA.

CeTb TEMII00OMEHHUKOB s 0OOECTIEUCHUS] pACUETHOTO KOJIMUECTBA pe-
KyIepaluu TeIIOBOM SHEpruu npejcrapieHa Ha puc. 1. OHa BkiIo4aeT B ce0s
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TPU pPEeKyINEepaTUBHBIX TEINIOOOMEHHUKA ¢ TeI0BOM Harpy3koil 198,8, 120,6 u
63,3 kBT, onun HarpeBatenb 48,5 kBT u aBa oxnagurens 79,5 u 33,2 kBT co-
OTBETCTBEHHO. Pa3MellieHre TemI00OMEHHBIX almapaToB Ha TEXHOJIOTHYe-
CKHUX MOTOKAaX MOKa3aHo Ha puc. 1.

) V¢ CP, kB1/°C
_1| 100°C 0 © 30°C> 3.9767
2] 161°C ) 1220C ) \r 79.5 @ 30°c> 1.6594
280(: @ 89°Cg \|/77OC ? 33.2 53608
990 485 63.6 J\ 198.8 |71 20436
\_/

40°C
Puc. 1. CeTounas quarpamMma TeII000MEHHUKOB, YCTAHOBJIEHHBIX MOCIIE
MOJEPHU3ALNHI

Ha ocHoBaHuM NpHBENEHHBIX PE3YIbTATOB COCTABIEHA MOJCPHU3UPOBAH-

Hasi SHeprodP@exTrUBHAs cxema Mpolecca peKTU(PUKAIK, TPUBEICHHAs HA PUC.
2.

Og

G,

PK1

PK2

\

B
|

ZT_QKZ

—

Puc. 2. DueproaddextuBHas cxema Impoliecca mocjae MOJICpHU3AIUN

Pa3merienne TemmooOMEHHBIX alllapaToOB Ha TEXHOJIOTHMYECKHX IMOTTO-
KaxX MPOBOJUTCS B COOTBETCTBUHU C CETOUYHOM auarpaMmoil. Takum oOpasom,
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TerioTa KyooBoro ocrtatka nepBoil kojsoHHsl PK1 (Boma mpu Temmepatype
100 °C) B TemnoooMennuke PT1 pacxonmyercss Ha mpeaBapUTEIBHOTO MOA0-
rpeB Jerkoil (pakiuu, BeIXoased u3 orcroitHuka O. [{ns nocTuxeHus mo-
TOKOM KyOOBOT'0O OCTaTKa LI€JIEBOT0 3HAUCHHUS TEMIIEPATyp, OH HAIMPAaBIISIETCS B
oxyaguTens X1, rae oXJIaxIarnMM areHTOM BBICTYMAET ceTeBas BoAa. Term-
JI0Ta MOTOKA KyOOBOro ocTaTka BTOpoil kosioHHbI PK2 wacTuuno pacxonyercs
Ha JaJbHEUIINI MOoJorpeB Jierkoil (Pppakiuu U3 OTCTOMHHKA B PEKyHepaTUB-
HOM TertooOMeHnHuke PT3. a 3atem aJist mogorpesa Tskenou ¢ppakiuu, MOKu-
Jaroiie OTCTOMHUK, B TeriooOMeHHuke PT2 no TemmepaTypbl KUIEHUS.
JlanpHeHuit 0TBOJ TEIUIOTHl OT KyOOBOTO OCTaTKa BTOPON KOJOHHBI MPOBO-
ouTcs B oxJianutene X2 cereBoi Boaoi. Ilepen BXoAOM B MEPBYIO KOJOHHY
MOTOK (PyieTMbl HarpeBaeTcs A0 TeMIepaTyphl kurneHus: B Harpepatene H1 ma-
POM U3 KOTEJIbHOM.

BbiBoabl. B pe3ynbprare NpUMEHEHHS «IUHY»-METOJA MOJy4YeHa MO-
JepHU3MpPOBaHHAS dHEProdPdheKTUBHAs cXeMa Mpoliecca PeKTU(UKAIIMN CMe-
cu Gypdypon-Boga Ha JIBYX KOJOHHAX O€3 U3MEHEHHUS TEXHOJIOTUYECKOTO
mporecca.

Pexyniepanust sHeprum BHyTpH cXeMbl cocTaBisieT 383 kBT, Konu4ecTBo
XOJIOJIHBIX YTUJIUT COKpauieHo B 4,22 pa3a, ropsadux B 8,9 pas.
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