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AHHOTAIIHA Memodamu mamemamuyeckozo U KOMRbIOMEPHO20 MOOETUPOBAHUsl UCCAed08aHa 3phexmusHocms cmaouu
OM2OHKU OEH301a U 800bL U3 CMECU DEH301-HUMPODEH30/1-600d, KOMOPAsL 06pA3yemcs npu A0UabaAmuYecKoM HUMpo8anuu OeH3od.
Paccmompeno 3 modeau opeanuzayuu YOAaieHus: HenpepoleHas U NepUoOUdeckas OUCMUIAYUSL 8 BAKYYME U 8AKYYM-DEeKMUMUKayusl.
Yemanoeneno, wmo ¢ mouku 3pemuss MamepuanbHo20 6Alanca u Meniosulx 3ampam Hauboiee bi200HbIM AGISLeMCS HenpepbleHast
6AKYYMHASL PEKMUPUKAYUS 8 KOLOHHE C 3 CIYNEHAMU PA30eLeHU.

Knroueevle cnosa: aduabamuueckoe Humposanue, cmaous OM2OHKU; 6AKYYM-PEKMUGUKAYUs, MEXHONOSUYCCKUL AHATU3;
MAMEMamu1ecKoe MOOeIUPOSaHue.

THE TECHNOLOGICAL ANALYSIS OF THE STAGE OF BENZENE DISTILLATION IN
THE MANUFACTURE OF NITROBENZENE BY ADIABATIC METHOD
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ANNOTATTION. The efficiency of the stage of distillation of benzene and water from the benzene nitrobenzene-water mixture,
which is formed by adiabatic nitration of benzene, is studied with the help of mathematical and computer modeling methods. Three
models of disposal organization are considered and analyzed with the help of numerical computer experiments: continuous and
periodic distillation in vacuum and continuous vacuum rectification. The model equations were obtained taking into account the
specific features of the processes. The first and third models describe stationary processes using systems of nonlinear algebraic
equations. The second model describes the transient process using differential equations. In all models, it was assumed that, because
of the low water content in the mass, the latter is completely in the vapor phase and completely goes to the distillate. In the
continuous distillation model, it is provided that the distillate after condensation, including recycle reflux, is completely separated
from water It has been shown that simple continuous vacuum distillation does not completely remove benzene from the vat liquid
even at high molar ratios of the distillate-vat liquid. Periodic vacuum distillation and continuous distillation make it possible to
obtain a distillate with a sufficiently low content of nitrobenzene and provide a low content of benzene in the vat liquid. It has been
established that from the standpoint of material balance and heat costs, the most advantageous is continuous vacuum rectification in
a column contained 3 levels of separation and a sufficiently low reflux ratio (~1,5). Distillate containing up to 2% nitrobenzene
should be sent to the nitration stage. The vat liquid, commodity nitrobenzene contains not more than 0.1% benzene.

Key words: adiabatic nitration; distillation stage; vacuum rectification; technological analysis, mathematical modeling.

BBenenue 140-170 °C. Ilogorpes OCYIIECTBISIETCS 32 CUET TEIIOTHI
peakuuy. brmaromapst BBICOKOW TemmepaType Bpems
peOBIBaHUS B peakTope COKpamaercs Ha 1-2 mopsiaka mo
CPaBHEHUIO C PEaKTOPOM IePEeMEINBaHuUs, TPAAUIINOHHO
HCTIOJTH3YEMBIM B IIPOMBIIIUIEHHOCTH.

Anunabatuyeckoe  HUTPOBAaHHME  MPOBOJSAT B
n30bITke OeH3ona (00byHO 10 %-HOM), YTO TO3BOJISIET
JIOOHUTBCSI TOJTHOTO Pacxojida a30THOW KHCIIOTHI M PE3KO
COKpPaTUTh  KOJIMYECTBO  MOOOYHBIX  NPOAYKTOB:
JTUHUTPOCOCTUHCHUH U (eHONOB [3,4].

IIpu 3TOM CBIpOM HHUTPOOEH30J MOCHE CTaaui
BBIJICTICHUS W  HEWTPAIN3AIUU-TIPOMBIBKH  COJIEPKHT
okoo 10 % ModbpH. O€H30JIa, a Takke HeOOIbIIne
KOJIMYEeCTBA BOJBI, KOTOpPBIE HEOOXOIUMO YAAIATH W3
FOTOBOrO MpOAYKTa. AKTyaJIbHOM 3amayeil sBisercs
MTOUCK ONITUMANIFHON TEXHOJIOTHH OCYIIKH HUTPOOESH30Ja
C OJTHOBPEMEHHBIM YIaJICHHEM M3 HEro BOJBI M OCH307Ia.

Bribop oOnNTHManIbHOTO TEXHHYECKOTO PpEIICHUS
SIBJISIETCST OCHOBOM JTI000W TexHoMoTHH. COBpEMEHHBIH

IIporeccer HUTPOBAHUS apOMaTHYECKIX
COGJIPIHBHPII?I IUPOKO HCHOJB3YIOT I TIOJIYYCHUA
HCXOJIHBIC BEIIECTBA B CHHTE3€ MOJIMMEPOB, KpacUTENEH,
NECTUIUAOB, JICKAPCTBCHHBIX IPEIapaToB, B3PBIBUATHIX
BEIIECTB, J00aBOK K TOIUIMBaM MW moiumepam [1].
OCHOBHBIM ~ NPOMBIIUICHHBIM ~ METOAOM  ITIOJyYEeHHUS
apOMaTHYEeCKUX HUTPOCOETUHEHUI SIBJISIETCS
B3aUMOJCHCTBHE a30THOM KHCIOTHI C apOMaTHUYECKUM
COEJIMHEHUEM B Cpele CEpHOM KHUCIOTHI [2]. Baxknenhmmum
MIPEACTaBUTENIEM  apOMAaTHYECKHX  HHUTPOCOCTMHEHHH
SIBIIIETCSI ~ HATPOOGH30JI,  MHPOBOE  IPOM3BOICTBO
kotoporo mpeBsimaer 10 muH ToHH [3]. B Hacrosmiee
BpeMmsi Hauboee MEePCIEKTUBHOM TEXHOJIOTHUEN
MOy YSHHS HUTpPOOEH30J1a CUHTaeTCs
BBICOKOTEMIIEpAaTypHOe  anuabaTHYecKoe HHTPOBAaHUE
[3,4]. CyuiHocTh €ro 3akjir4aerci B MPOBEIACHUH
HUTPOBaHHA B PEAKTOPE BBLITCCHCHHSA MPHU MOAOIPEBC 3a
CUYCT TCIJIOTBI PCAKIMU OO0 TEMIICpATypbl Ha BbIXOAE OO
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MOJXO0/] K IOMCKY ONTHMAaJIBHBIX PEIIeHUH O6azupyercs Ha
IIMPOKOM HCHOJIb30BAHMM MaTEMAaTHYECKHX MOJEICH U
COBPEMCHHBIX  KOMIIBIOTEPHBIX  TEXHOJIOTHH.  OTO
MO3BOJISIET 3HAUUTENIFHO COKPATUTh BPEMS M PACXOIbl Ha
pa3paboTKy, JaeT BO3MOXHOCTb OOBEKTUBHO OIICHUTh
NEepCHEeKTUBHbIE MOKa3aTeIH TEXHOJOTHH W HaMEeTHTh
3¢ PEeKTUBHBIE MYTH UX TPOBEPKU U PEATU3AIINH.

I.le.ﬂL M 331241 MCCJIeI0BAHMI

Lenpto HacTosimiedt pa®OTHI SABISETCA AaHAIHN3
BO3MOXHBIX TCXHHYCCKUX peI_HeHI/Iﬁ o opraHu3anuu
pasneneHus: HETPEPBHIBHOMN JUCTUIUIALIUY,
NEPUOTUYECKON JAMCTHULIINUKA ¥ PEKTH(QUKAIUH ¢
MIOMOIIBI0 METOJIOB KOMIIBIOTEPHOTO MOJEIUPOBaHUSA U

BBISABJICHUC OIITUMAJIBHOI'O BapuaHTa mponecca
pa3acicHus.
I[J'ISI JOCTHIXKCHUA MOCTaBIICHHOM eI

HEOOXOMMO PEIINTD CIICAYIONIHE 3a/1a4H:

1. Pazpaborarb, wncXonsd W3 MMEIOMINXCS B
JIUTEpaType JaHHBIX, MOJENM KaXIOro Ipolecca
paszmeneHus Ha OCHOBE (PH3MKO-XMMHUYECKHX CBOWCTB
KOMIIOHEHTOB W HX CMeceil, a Takke 3aKOHOB U
HPUHIUIIOB XUMHYECKOH TE€PMOJINHAMUKH
IPUMEHHUTEIBHO K OOBEKTY HCCIEeIOBAHUI C YUETOM €ro
KOHKPETHBIX 0COOEHHOCTEH.

2. Ha MOICIIAX, mMyTeM YHUCJICHHBIX
OKCIICPUMEHTOB, BBISIBUTH 3aKOHOMEPHOCTHU n
0COOEHHOCTH MNPOTCKAHNUA  KAXIAOTO U3 HOPOLCCCOB
pa3acicHus.

3. Ha ocHoBe cpaBHeHUsI NOKazaTelel Kakaoro
crocoba BBIOpaTh ONTHUMANBHBI BapHaHT IpoIecca
paszeneHus Ul MPAKTUIeCKOTO NCTIONh30BaHUS.

HccaenoBanue cymecTBYOIMUX PelIeHH IPo01eMbl

B Hacrosimiee BpemMss B TPOMBIIIIEHHOCTH
HCIIONB3YIOTCSL 2 MeToja ImoiydeHus HuTpoOensona. o
KJIACCHYECKOMY ~ CHOCOOYy  HHTPOOEH30JI  ITOJIy4aroT
HETIPEPBIBHBIM HUTPOBAHHEM OCH30J71a CMECHIO a30THOH M
CEpHOI1 KHCIIOT B PEAKTOPE MEPEMENINBAHIS WM KacKaJe
peaktopoB, mpu  50-65°C ¢  HCIOTB30BaHHEM
HeOoJpIoro u30bITKa a3oTHoW kuciotel (1-3 %) mo
cpaBHeHHUIO ¢ OeHzosioM. Jlanee HUTPOOEH30J OTACNSIOT
OT OTpabOTAaHHOW KHUCIIOTHI, IMPOMBIBAIOT PacTBOPaMHU
LIEJ0YM, COAbl WIM aMMuaka M BOJOH OT OCTaTKOB
KHCIOTBI W 1O0OYHO  0Opasyrommxcs  (PCHOJIOB,
OTCTaMBalOT OT BOJBI M HANPABIAIOT HOTpeduTemo [4-5].
OCHOBHBIM ~ TTOTpeOWTENIEM HHUTPOOEH30J7Ia  SIBIISIETCS
MPOW3BOJICTBO AHWINHA [6], HEOONBIIHE KOIUYECTBA
ocratogHoro Oenzoma (menee 0,5%) u Bomel He
MIPENSITCTBYIOT IPOIECCY BOCCTAHOBICHUSI HUTPOTPYTIITBI
W yHansdloTcs OpW AUCTWULINMN  aHWIMHA-CBIpIA.
[TosToMy mpoGnema o4yncTKM HUTpoOeH30s1a OT OeH3oua
JUISL KJIIACCHYECKOTO CrIoco0a He sIBJISIETCS aKTYalIbHOM.

Bropoii npoMBIIIICHHBIH CIIOCOO  TOTY4EHUS
HUTpoOeH301a (MyTeM aauadaTHuecKoro HUTPOBaHMUS)
OCHOBaH Ha B3aMMOJCWCTBMM U30bITKa OeH30Jla C
KUCJIOTHOM CMECBIO B pEakTopax BBITECHEHHS B
anmabartnueckux ycnosusix [3, 4, 7]. Ilocne peakiun
TaKKe IPOM3BOAUTCS OTAEJICHHE HUTPOOEH307a OT

0TpabOTaHHOM KHUCJIOTHI, €T0 HEWTpaIU3anus 1 IPOMBIBKA
Bomoil. OnHako, Kak OTMEYECHO BBIIIE, IOIyYaeMbIH
MPOLYKT CONCPKUT 3HAUUTENbHBIC KOJIHUYECTBA OEH30I1a,
KOTOpBIH  JTOJDKHBI ~ OBITH  yJajeH. B nareHrax,
ITIOCBAIIICHHBIX TCXHOJIOTHHU aI[I/Ia6aTI/I‘-ICCKOFO
HUTpoBaHus 6eH3ouna [8-10] Bompock! yaaaeHnss 0CTaTKOB
OeHzonma He paccMatpuBatorcs. OpHako B crarhe [3]
YIOMHMHAETCs, 4YTO B IPOW3BOJCTBE HHUTPOOEH30Ia
annabaTHYecKuM criocoOoM OEH30J MOXKHO YIAJSTh U3
HUTPOOEH301a ITyTeM IUCTHIUIALUH. XapaKTePUCTHKU
3TOTO MpoLecca He IPHUBOASATCH.

[IpoGnema  ynmanmeHnmss  HEMpPOpEarHpOBaBIIMX
apOMaTHUYECKUX COEAWHEHUI XapaKTepHa WM IS JIPyTUX
IIPOLIECCOB MOHOHUTpOBaHus. Hanpumep B mpon3BocTBe
0- W T- HUTPOXJOPOCH30JI0B AJIsI yJNAlCHHUS OCTATKOB
HEIpOopearupoBaBIIero  HCXOAHOTO  XJIOpOeH3ona W
CJIEZIOB BOJIBI HCTIOJIB3YIOT BAKyyMHYIO AUCTHILIALHIO [5].

Takum 00pa3oM, Ha CEroIHSINIHUN JEHb BONPOC
BEIOOpa nporecca pasneneHus HCCIIeIOBaH
HEAOCTaTOYHO,  HE  IPOBEACHO  CPABHUTENIBHOIO
nccaenoBaHus 3G HEeKTHBHOCTH Pa3HBIX CIOCOOOB.

Hdns  pasmeneHuss ~ cMecel  OpraHMYEcKHX
JKHJIKOCTEH MOXKHO HCIIONIB30BaTh CIEAYIOIINE METOJIBI
[11]:  mpoctyto  mucTWwuIAIMIO  (HENPEPHIBHYIO U
MEPUOANIECKYI0), AUCTWIULINNIO C BOASHBIM IApoOM M
PEKTH(HKAINIO, TTOA. aTMOC(EpHBIM TaBICHHEM WIH B
BaKyyMe. PaccmarpuBas ~ CHCTEMHO  TEXHOJIOTHMIO
HUTPOBaHMS B  KOMIUIEKCE C  OKOJOTMYECKUMHU
HpOGHeMaMI/I, METOA AUCTUIIIAOMU C BOJAHBIM IIapOM
cleqyeT  MCKIIOYMTh M3 PAacCMOTPEHHs]  BBHUIY
oOpazoBaHusi OOJBIIOrO KOJMYECTBA CTOYHBIX BOJ,
3arpsI3HEHHBIX TOKCHYHBIM HHUTpoOeH30i0M. [loaTomy
NIPEACTaBISCT TPAKTUYECKUH HWHTEpeC TIPOBECTH Ha
MaTeMaTH4eCKNX MOJAEIIX CPaBHUTEIBHOE HCCIIEIOBAaHNE
0COOCHHOCTEH MPOIECCOB TUCTULISAINH (TICPHUOTTICCKOM
1 HETIPEpHIBHOM) M peKTU(HUKAIINH W Ha OCHOBE aHAIHM3a
PpE3yIbTaToOB BEIOPATh HAMITYUIINI BapUaHT.

MeToapl HccaeT0BaHUKH

B pabote HCIIOJIB30BaIH METO/IbI
MaTeMaTHYECKOTO MO/JICTTUPOBAHHUS MPOIIECCOB
TUCTHIULAMAN  (IEPUOJUYECKO W  HENPEepBIBHON) U
peKTI/I(bI/IKaHI/H/I. PacquH 10 MOoACIIMHU HpOBO}]I/IHI/I B
cpene Scilab, mnakera TpUKIAAHOW MAaTEeMaTHKH,
pacpoCTPaHAEMOr0 IO OTKPBITOH JIMIICH3UH Yepe3
Wurepner [12].

HMcxoanbple JaHHBIE

O6o03HaueHUs:

F — xonudecTBo MoJjiel nutanus (1 kMouib);

D, W — xonuyecTBO MOJICH TUCTHILIATA U KyDa

(D+W=F)

Xi, ¥i — MOJIbHBIC JIOJIM KOMIIOHCHTOB B YKHJKOW U
apoBoii (azax

a; — COCTaB MTUTAHUS B MOJIGHBIX JTOJISIX.

Wupekcel i = 1,2,3 oTBEYarOT, COOTBETCTBEHHO,
OeH30:1y, HUTPOOEH30Iy U BOZC

HcxomHas cMech IS MOJETUPOBAHHUSA COACPKUT
0,1 kmonb Genzona Ha 1 kmomb HUTpOoOeH30ma U 0,5 %
Macc. BOJIBL.
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MaccoBblii cOCTaB CMECH:

- 6en3oi: 5,93 % (0,088 MOBHBIX J0JIEH),

- HuTpoben3oi: 93,57 % (0,880 MonbHBIX moMeit),

- Boza: 0,5 % (0,032 MonbHBIX Aouieit).

Coneprxanue OeH30J1a B TPOAYKTE MOCJIE OTTOHKHU:
He 6ozee 0,1 % macc.

IMapametpbl ypaBHeHUs AHTyaHa U OTHCAHUS
3aBHCUMOCTH JaBJICHHS KOMIIOHEHTOB (P, MM pT. CT.)
cmecH ot Temneparypsl (¢, °C) [13]:

P=exp(A+i), €))
t+C

MONMyJaJld  anmpoKCcUManueidl  TaOIMYHBIX — 3HAYEHUI
TEeMIEpaTyp KHICHHS KOMIIOHEHTOB IIPHM  Pa3HBIX
JaBleHUsIX B aAuama3oHe Temmeparyp 0-200°C [14]
HEeIIMHEIHBIM ~ METOJOM  HaWMEHBIIMX  KBaJIpaToB.

PesynbraTsl npuBeieHs! B Ta0I. 1.
Cpennne 3HA4YEHUA TEIUIOT UCTIapeHHs

KOMIIOHEHTOB PacCUUTHIBANU MO ypaBHeHuto Knaysuyca-
Knareiipona u3 JNMHEWHOH 3aBUCHMOCTH JIOTapH()MOB
JIaBJICHUS TIAPOB OT OOPATHOW aOCOIIOTHON TeMIepaTypsl
[13]. 3HadenHust TEIUIOT MCIIApeHHs, A TAK)KE CIIPABOYHBIE
3HAYEHUS MOJIIPHBIX TEIJIOEMKOCTEHl KOMITIOHEHTOB B
KUIKOH (asze mpuBeaeHE! B TabIHIE 2.

Tabmuna 1 — 3HaueHHe MmapaMeTpOB ypaBHEHUS
AHTyaHa 111 KOMIIOHEHTOB CMeCH M KOd(p(HIHEHT
JIETEPMUHALUK IS anmpokcumanuu (R?) (11 napsienuit
B k[la)

Bpo |JMAMAOH | B c R
t, °C
CeHs 8220 | 14365 [-2888 | 2253 | 0,99997
CeHsNO» | 40210 | 14,675 |-4009 | 199,8 | 0,99999
H:0 0-200 | 18381 |-3848 | 228,7 | 0,99999

[lpn MonenupoBaHUM CUUTAIH, YTO OEH30J U
HUTPOOEH30J1 00pa3yloT HJeajbHBId PacTBOp, a BoJa —
otnensHylo ¢a3zy. [lapoByro (asy cumranu wmmearbHBIM
ra3oM.

Tabnnma 2 — 3HaueHNsI CPeTHUX yIENbHBIX TeIUIOT
ucnapenus (/, xJ[k/MOnmb) W CpeAHUX MOJSIPHBIX
HW300apHBIX TEIUIOEMKOCTCH KOMIIOHCHTOB B JKHAKOU

daze (C,, KJIx/(momp-K))

[TapameTp benzon Hurpoben3on Bona
/ 32 51 42
Cp, [15] 0,136 0,187 0,0753

Moge/ib HenpepbIBHOM IMCTHILISI MU

Ilenp MomenupoBaHHS - MOTy4YEHHE 3aBHCHMOCTH
MaccoBoil nonu OeH3onma B KyOe OT MOJIBHOTO
cootHourenus D/F, cocraBa aucTWUIsTa M Ky0a,
OCTaToYHOTo naaBieHust B cucreMe (Pocu) B YCIOBHAX
MIOJIHOTO yJaJIEHUsI BOABI C AUCTHILUIATOM.

Mopaenp cocTaBisieM B BUAE 3aMKHYTOW CHCTEMBI
ypaBHeHUil. [lepBble Tpu ypaBHEHHUS BBIPAXKAIOT 3aKOH
COXpaHEeHHsI Macc Mo OEH30Ty, HUTPOOEH301y U BOJE:

xW+y-D=aq
Xy Wy, D=a, (2)
Vi D=a;

[MocnenHee ypaBHEHHE BBHIpaXaeT, 4TO B KyOOBOit
KUIKOCTH BOIBI HE OCTAeTCs, a KOJIHNYECTBO BOJIBI B
TUCTHIUIATE PaBHO ee KONIWYIeCTBY B muTaHuu. OTcroza:

ay
D (3)

HapHI/IaJ'H)HLIe JaBJICHUA OeH3oma u HI/ITp06eH3OJ'Ia
B COOTBC€TCTBHMHM C 3aKOHOM Paynsl JJIA UACaJIbHOI'O

pactBopa:
B
> ] 4)
+C,

HpI/I KHUIICHUHU OCTAaTOYHOC AaBJICHHUC B CUCTCMC

V3=

B,
P.o=x -exp| 4 +—— |, P, =x,-exp| 4, +
6 1 P(l t+C] 6 2 P(z p

1

paBHO CyMMe HapUUalbHBIX JaBileHUil  OeH301a,
HUTpOOEH3071a 1 BOxe! ( P, ):
P6+PH6+PH20=P()cm’ (5)

Tak kak mapoBylo a3y cuuTaeM HICaTbHBIM
ra3oMm, Uil €€ KOMIIOHEHTOB OTHOILIEHHUE MapLMaIbHBIX
JIaBJIEHUM K OCTAaTOYHOMY JABJICHHUIO PABHO MOJIBHBIM
JIOJIAIM KOMIIOHEHTOB:

F, 2 P, Ho

yl:P N Ocm;

ocm

IHO a
2 3
=—22 =3 (6

ocm

Ortcronia mony4yaem ypaBHEHHE:

X ~exp(A1 + tf]C ]—o—xz ~exp(A2 + thC J
1 2
+

V+Y2+y; =
PD('VH
Db

rae ¢t — Temreparypa kumeHus Kyoosoi xuakoctu ( °C)

npyu OCTATOYHOM JIABJICHUHN Pocm .

[Tpn 3TOM B KyOOBOI1 KHUIKOCTH:
X +x, =1, (®)
a KOJMYECTBA MOJICH KyOOBOW KHMIKOCTH M JUCTHILIATA
CBSA3aHBI COOTHOIIIEHUEM:
W+ D =F=1. ©)]
Mo>HO moOKa3aTb, YTO MpPHU BBIIOJIHEHUH 3TUX
ycJIOBHiA B cucteMe (2) TobKo Ba ypaBHeHus (1 u 2 nin
2 u 3) SABIAOTCS JHHEWHO He3aBHCHMbIMH. OTcrona,
MOJICTABIISAS BBIPAXKEHUS AT )| U )2, MOIy4aeM CUCTEMY
13 IByX YpaBHEHUN MOJIEIH:

B B
X -exp[Al +t+1C J+(l—xl)~exp[A2+t+2C }
I 2
+

P

ocm

(10)
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Pemast cucremy HemmHeWHbIX ypaBHeHHH (10),
HaxOOWIM BEIMYMHBl X| W ¢, W3 3HAYEHUH KOTOPBIX
paccUMTHIBAIM MOJIBHBIE COCTaBBl Kyba (xi,x2) o
mguctwata  (y1,)2,03). Y3 THONMy4eHHBIX  BEIMYUH
pacCUYnuTbIBAEM MACCOBLIC COCTaBbI Ky6a n OJUCTUILIIATA.
O6006m1as pe3yIbTaThI pacueTos, MOCTPOMIIU
3aBUCHMOCTh MAaccoBOH jonu OeH3oina B KybOe mpu
HETPEPBHIBHON JAUCTWIISIINYN OT KOJIMYECTBA OTOITHAHHOTO
JUCTHJULATA TIPH Pa3IMUHBIX OCTATOYHBIX JAaBJICHUSX MPU
meperonke (tabm. 3).

Tabmuma 3 — 3aBHCHMOCTH MacCOBOHW  IOJIH
OceH3oma B Ky0Oe TpM HENPEPHIBHON AWCTIUIALNAN OT
KOJINYeCTBA AUCTILIATA (D, KMOJIb Ha 1 KMOJIb MUTaHUSA)
npu pasHbIx octaToyHbIX nasineHusx (Klla). HauanbHeri
cocTaB MacChl (B MOJBHBIX [0Jsix): Oemzoi: 0,0880;
HuTpoOen3on: 0,880; Boma: 0,032,

MaccoBas momst 6eH30a B KyOe IIpH OTTOHKE

D IIPU OCTaTOYHOM JABJICHUU B cUcTeMe, Klla
101,3 53,2 39,9 26,6 13,3
0,1 | 3,40 3,15 3,05 2,90 2,65
02 | 1,84 1,56 1,45 1,29 1,05
0,3 | 1,22 1,00 0,92 0,80 0,64
0,4 | 091 0,74 0,67 0,58 0,46
0,5 10,72 0,58 0,52 0,45 0,35
0,6 | 0,60 0,48 0,43 0,37 0,29
0,7 | 0,51 0,41 0,37 0,32 0,25
0,8 | 0,45 0,35 0,32 0,28 0,21
0,9 | 0,40 0,31 0,28 0,24 0,19

Kax cnenyer U3 nmpuBeJEHHBIX JaHHBIX, JaXKe€ B TOM
clydae, Korja Ooibllias 4acTb IPOAYKTa OTTOHSCTCS C
JUCTIIUIATOM (BIUIOTH 10 0,9 Monb Ha | Monb nuTaHus),
coziepkanne OeH3oua B KyOe MpeBhIIIaeT HOPMAaTHBHOE.

Moge/b nepuogu4ecKoi JUCTHILIS MU

Monenbp MaTepHanbHOTO OanaHca MepHOANYECKON
JUCTWILISIMN, B cooTBeTcTBUU ¢ [13], omuchiBaercs

CHUCTEMOM 0OBIKHOBEHHBIX i hepeHInanTbHbIX
YpaBHEHMH:
dx; S X;
S _NiTh an
dm m

rae m - KOJWYECTBO MOJIEH OTrOHa, X; Vi —
MOJIbHBIE JIOJM i-TO KOMIIOHEHTa B >KMJIKOW W INapoBOMU
¢aze.

Pacuer 3HaueHuil y; NPOBOAWIN MO CIEAYIOIIEMY
aJrOpuTMYy:

a) Mmoka B cucTeMe ocTaeTcs Boaa, (x3 > 0),
CUHTAJM, YTO OpTaHKa U BOAa 00pa3yroT JBE OTICIbHbBIE
xkunkue ¢aspl. Torma mpu TeMIepaType KHUICHUS  fin
JIaBJIeHWEe B CHCTEME PAaBHO CyMME MapIHallbHbIX
JIaBJIeHUM opraHukd W Bonbl. [Ipu 3TOM mapuuaibHbIE
JIABJICHUSI KOMITOHEHTOB OpraHu4ecKon (hazer
ONpeNeNalTcss W3 3akoHa Payns, a mnmapuuanbHOe
JaBICHHE BOABI PABHO JAaBJICHUIO TAPOB HYHCTOTO

KOMIIOHCHTA:
| 0
R)cm:x+x 'Ijl(tlam)"'
1 ) (12)
) 0 0
+ '})2(tmn)+k'P3(tKun)
X1 + X

rae k — ko3 dunmeHT, 3HaUeHHe KOTOPOTO PABHO
1, ecin B skuaKo# (asze ecth Boga u 0 — Koraa ee HeT.

JUis HaX0XKICHUS MOJIBHBIX JI0JIeH KOMITOHEHTOB B
napoBo ¢asze, no anajgoruu ¢ (7), AeawIud 00e YaCTH
ypaBHEHUS Ha Py

0
X . Pl (tkun) +
x+x, P

ocm
=ntyty =1

Pemast ypaBuenue (13), Haxoamnu Temrmeparypy
KUTIEHUS ¥ MOJIBHBIE JIOJIM KOMIIOHEHTOB;

0) mocie MOJHOTO YAAIEHWS BOABI W3 SKUAKOH
¢a3pr momaranm, 4ro B ypaBHenmu (13) k = 0, gto
obecrieunBacT HyJE€BOE 3HAUCHWE )3 NPU JalbHEHIIeM
pemrennn cucteMsr (11).

Cuctemy (11) permrann gucnernHo metogom Pyrre-
Kytts! 4 mopsinka. Ha kaxaom mare HaXOAWIN TEKyIIHe
3HAYEHHs TEeMIEPaTypbl KUIIEHHUsI MaCChl U MOJIbHBIE JIOJIH
KOMITIOHEHTOB TapoBoi (a3pl, pemas HeJIMHEHHOE
ypaBHeHue (12). PemeHue mpoBOAMSIM OT HadajibHOTO
3Ha4deHus mo = | xMoab m0 mo = 0,5 KMONb C LIaroMm
0,001 xmonb. M3 momyueHHBIX 3HAUYEHUM PAaCCUUTHIBAIU
MacCcoBBIi cocTaB Kyba M CyMMapHBIH MacCOBBIH COCTaB
muctwuata. [lo momydeHHOW Tabnmie pe3yiabTaToB
OTIPENEeISUTH COCTAB AUCTHIUIATA IIPU JOCTH)KEHUH B KyOe
0,1 % macc. 6eH3oua.

BMmecte ¢ MarepuambHBIM pacdeToM IPOBOAWIN
TEIJIOBOM pacueT. [Ins nepuoaudeckod AUCTUIUISLMU
TEIUIOBOU Oananc (Ha HarpeB 1 KMOJb MCXOIHON CMecH,
0e3 yuera HarpeBa ammapara) CKJIQJbIBacTcs U3
CJIEIYIOUTNX COCTABISIOMINX:

- TemJoTHl, Nouleamel Ha HarpeB Macchl [0
HavaJIbHOM TeMITepaTyphl KUTICHUS,

- TeIJIOThl, MOLIEANIe Ha HarpeB MacCchl OT
HayaJIbHOM  TemrepaTypbl KHIECHUS JI0 KOHEYHOU
TEMIIEpaTypbl KWIICHHS, CBS3aHHOH C W3MEHEHHEM
COCTaBa XUAKOH (ha3bl;

- TEIUIOTHI, TOIIEAIIEH Ha HCIapeHHE MacChl B
MIPOIIECCE OTTOHKH:

_ 0 H/K
Q - Qnaep + Hazp + (14)
HCpBOC cjiara€Mo€ OIIPEACIICTCSA 110 YPAaBHECHUIO

X . P20(tmm) + k Pg(tkun) _
x+x, P P (13)

ocm ocm

UCN.>

(15):
Ohip =(Cray+Cy-ay + Cyaz)-m-(tg,, —1o), (15)

Hazp
rae C1, C;, C3 — MOIBHBIE TEIUNIOEMKOCTH JKHIKHX
OeH301a, HUITPOOCH30I1a, BOIBL; d1, d2, A3 — MOJBHBIE TOIH

9TUX KOMIIOHEHTOB B HayalbHOU cMmecH; fy = 20 °C u t,?un

— UCXOOHaAsg TeMmoeparypa CMECH M HadajlbHasd
Temnepatypa ee kuneHus, °C

Hdns HaxoxnaeHuss 3Ha4eHUS Quen. WCIOJB3YyEM
cienytouie paccyxjaeHusi. [lyctb B HEKOTOPBI MOMEHT
BPEMEHH B CHCTEME UMEETCS /1 MOJIb KUIIAIIeH CMecH M
U3 Hee IEepexoauT B HapoBylo (asy ee Maias mopuus B
KoJmuecTBe dm KMoub. Torya, B COOTBETCTBUE C 3aKOHOM
COXpaHEHHs PHEPTUH, TEIUIO, KOTOpoe OBLIO COOOIICHO
KAISIEH  JKUAKOCTH, UHCIEHHO  PaBHO  TEIUIOTE

UCTIapeHHs TOpILHH, K KOTOpOil mobaBieHa Teruora
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HarpeBa mapa OT Ha4daJbHON TeMIIepaTyphl KHUTICHHS [0
TEeKyLIei:
AQyen, =dm-(y -l +y, - [, + y3-13) (16)
rae yi, )2, ¥3 — MOJbHBIE JIOMU OCH30Ja,
HUTpoOEH3071a U BOJABI B IMApoBOH (a3e NpHU OTTOHKE
mopru;, 1, b, 3 — MONBHBIE TEIDIOTHl UCIIAPCHUS ITHX
KOMITOHEHTOB, KJ[»/KMOJIb.
PaznenmuB o6e uwactu ypaBHeHus (16) Ha dm un

YCTPEMUB K npeneny dm—0 TIOJTYYHM
muddepeHraIbHOe YpaBHEHHE:

dQucn

—E =y bty byl 17)

dm
Perrast 370 ypaBHEHHE YHCIICHHO MPH HAYaIbHOM
ycinoBUU  Quen(m=mp)=0 COBMECTHO C ypaBHEHUSIMHU
MaTepUAILHOTO OajlaHca JI0 3aJaHHOTO COJCPKAHUS
OCH30/1a B XKUAKOW (pa3e, HAXOMUM HCKOMOE 3HAUYCHHE

Qucn'

H/K

Hunst Haxoxnenus 3HadeHust (,,., PacCMOTPUM

Ha
clefyroulyro Mopenb. IlycTb B HEKOTOpOM  i-TOM
COCTOSHUU B CHUCTEME€ HAXOAUTCS m; KMOJIb CMECH,
COZIep’Kallel, COOTBETCTBEHHO, Xi, X2 M X3 MOJBHBIX
Joneit 6eH301a, HUTPOOSH30J1a ¥ BOJIBL, TIPH TEMIIEpaType
KureHust ¢, . [IycTh mocie WCIapeHusl MAIoH MOpIUH
Am—0 B

TEeMIICpaTypa KUICHUS [

cMmecu cucTremMe
i+1
Kun *

YCTaHaBJIUBACTCs

IIpouecc HarpeBa u

HCIIapCHUs MOXKHO HpI/I6J'II/I)KGHHO paccMaTpuBaThb, Kak

HarpeB m MOJCH CMeCH OT TeMmeparypel f,,, IO

Temmeparypst -\

©n> © TIOCIIENYIOIUM MCIApPEHUEM IIPH

Temnepatype (-l moprmm  Am.

an B ortom cimywae

nojryyacm HpI/I6HH)I<eHHoe Pa3HOCTHOC YpAaBHCHUE:
AQME = (Cy-xy +Cy -y +Cy - x3)-m; - (¢ 11y (18)

ucn,i Kun

3HaveHHe TEIUIOTHl HarpeBa MOXKHO MOJIYyYHUTh, KaK
cymmy BenuuH (18), BIUIOTH 10 TOCTIKEHUS TpeOyeMoit
OCTaTOYHOM KOHIIEHTpAlMu O€H30J1a, 10 CIEAYIOIEMY
AITOPUTMY:

a) MIPOBECTH pemieHne CHCTEMBI
mudepeHnaIbHbIX ypaBHEHNH MaTepHaIbHOTO OanaHca
JUIL  TIOCJIEIOBATENIBHOCTH KOHEYHBIX 3HA4YeHWH m, C
MaJIBIM IIaroM, NP KOTOPOM MOJTYYUTh TaKKe 3HAUCHHE
TEMIIEPaTyp KUIICHHS;

6) mo dopmyne (18) paccuuTarh 3HAUCHUS
npupameHui  TerioTel. Ha 41 miare  yMeHBIINTH
KOJIMYECTBO CMECH HA Arm MOJEH:

My = m; —Am; (19)

B) paccuuTaTh CyMMYy NpHUpAIICHUH TEIIOTHI
BIUIOTH JI0 JOCTH)KEHHS B CMECH TpeOyeMol OCTaTOYHON
KOHIIEHTpaLK OeH3071a.

PesynbraThl  pacueToB  MarepHalbHOTO WU
TEIJIOBOTO  OajaHca MEPHOANYECKOHW  JUCTHUILNN
MIPECTaBICHBI B TA0M. 4 1 5.

Mopean HenpepbIBHOH PeKTH(UKAIN

pexTuduKanuu
[11,16],

Jnst

HCII0JIb30BaJIn

pacueTa  HENpPEepbIBHOU
CTaHJapTHYIO MOJIeNb

OCHOBAHHYIO HA OIMCAaHUH PaBHOBECHS Map-KUAKOCTh Ha
TapenKax B HPEIIIoN0KEeHHH, YTO MOJIBHBIH MOTOK Hapa
ABJIAETCS IOCTOSHHBIM IO BBICOTE KOJOHHBI. MoOINbHbIE
IIOTOKM JKUJKOCTH B YKDPEIUIAIOLIEH M MCUEPIIbIBAIOLIEH
JacTdaX MOCTOSAHHBI M OTJIUYAIOTCA OpYyr OT Apyra Ha
BCJIMYMHY TIIOTOKa IMUTaHUA F. C‘-H/ITaJ'II/I, 4yTO BOJa
oOpa3yeT ¢ pacTBopoM OcH30Ja B HHUTPOOCH30IIEC
OTJETbHYIO XKUAKYIO (ha3y, mpuYeM MOJIbHAsI JIOJSL ATOU
¢a3sl mana. [loaToMy mpuHHMMany, 4TO BOJA, KOTOpas
MOCTyMaeT C MHUTaHWUEM, [ePeXOAUT IMOJHOCTBIO B
napoBylo a3y yxe Ha Tapelke NHUTaHHA M Jajee He
KOHAeHcupyeTcs. B pesynbrare sxunkas dasa Ha mo00i
TapelKe COCTOMT TOJNBKO W3 pacTBopa OeH30ia B
HUTpoOeH30Je, a mapoBas (a3za B YKPEIULIIONMEH YacTH
cocronT u3 OeH307a, HUTpoOeH3ola W BOOH. B
WcUepIbIBAlONIed YacTH mapoBas (aza COCTOUT U3
OcH301a 1 HUTPOOEH30JI1a.

Tabnuma 4 — 3aBUCHMOCTh KOJUYECTBA U COCTaBa
oTroHa cMecu HUTpoOeH3ou (93,57 %), 6enszomna (5,93 %)
n Bomel (0,5 %) or ycnoBuii mHEpHOANYECKON
IUCTWUIANME. B 3HameHatenme - MaccoBas — JIOJS
KOMIIOHEHTa B OpPTaHWYECKOH 4YacTH OTroHa MOcie
TTAJICHUS BOZBI

tium., °C Mace. CocraB oTrona, % macc.
P, nons
k2 Hagano |[Komen OTFO?H& CeHs |CsHsNO2 | H20
(]

39,88 56,71

13,3 46 139 14,6 _’_41,28 _’_58,72 3,41
33.37 63,78

266 | 61 160 | 1753 | 350 | esee | 28
29.93 67.51

39,9 71 174 19,53 _’_30’72 _’_69,28 2,56
27,68 68.96

53,2 78 184 21,14 _’_28’35 _’_71’65 2,36

Tabnuna 5 — KoMmoHeHTHI TeruioBoro OamaHca
MEPUOIUYCCKON NUCTHUANMK (B pacueTe Ha 1 Kr
TOBapHOTO HUTPOOEH301a)

0 /k
P, klla QHaep :ael}y Qucn. 0
13,3 47,8 158,6 82,1 288,5
26,6 75,0 169,8 96,1 340,9
39,9 92,3 177,1 105,8 375,2
53,2 105,2 182,8 113,4 401,6

Hcxonst 13 3TOT0, COCTaBMIIN 3aMKHYTYIO CHCTEMY
ypaBHEHMII OamaHca ® pPaBHOBECHH [UIT  KaKHOH
TEOPETHUYECKOW Tapemkd B COOTBETCTBHH ¢ [16].
3HaueHHs TeMmIepaTyp KHIIEHHS U MOJBHBIX JOJeH
KOMIIOHEHTOB B KaXAoi (haze Ha KakJOW Tapelke
HaxOJWIHM YHCJIECHHBIM PELICHHUEM 3TOi cuctemsl. [lanee
MOJlyYeHHbIE 3HAU€HHs II€PECUUTHIBAIIM B MAacCCOBBIC
noau. Pacyerel MpoBOAMIM  CIEAYIOIIMM  0Opa3oM.
MonbHBIH pacxon NMuTaHust NpuHUManu F = 1 KMois/c.
3amaBany BEIMUYUHY OCTaTOYHOTO JaBJICHHUS B KOJIOHHE
(13,3-52,3 kIIa), ¢urermoBoro uucna R = 0,5-1,5, a Taxxke
KOJIMYECTBO TEOPETUYECKUX TapeJIOK M HOMEp TapesiKu
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muTaHusA. (cHu3y). Jlanee, pemras cHCTEMY YpaBHEHHU
MOJeNI, TOMOMpaan TakoW pacxon auctuuiara D (c
touHoCcThi0 10 0,001), uToOBI MaccoBoe colep)KaHue
OeH3oua B Ky0oBo# sxuakocTu coctanisuio 0,085-0,1 %.
Pacuer  3arpar Teruia  Ha  IpOBeIeHUE
pexrudukanuu (Q, KJHx/kr nmuratomeit cmecu) 6e3 yuera
TEIUIONOTEPh MPOBOAMIH 0 hopmyre [16]:
O0=0y+0F, (20)
rae Ow — pacxol TEIUIOTH B KyOe-ncmapuTene OT
rpeforiero terwtonocurensd, KJDk/kr mwurtanwms; QOr —
pacxox Teruia B IIOIOTpeBareNe HCXOMHOM cmecH (1o
TemrepaTypsl kunenust), K/x/kr nuraHus.
IIpu sTom:
Oy =Q+Gp-cptp+Gy-cy -ty =Gr-cp-tp, (21)
rae Gp, Gy, Gr — MaccoBbIe pacXo/bl JUCTHILIATA,
KyOOBO# JKHAKOCTH M THTaHUSA (B pacdere Ha | Kr

KyOOBOW  JKHAKOCTH); Cp, Cw, Cr — YHCIbHBIE
TEIUIOEMKOCTH JAMCTHIUIATA, KyOOBOM KHIKOCTH |
mutannsa, KJDk/(xr-rpan); fp, tw, tr — TeMIeEpaTypbl

KUTICHHS TUCTUIUIATA, KyOOBOW KHUIKOCTH U muTaHus, °C;
Qo — TemsuoTa, OTAaBaeMas OXJIaXJaroled Bojae B
JedermaTope-KoHIeHCcaTope:

3
O :GD'(I"‘R)'ZL"X[’

(22)
i=1
rae /i — yHenbHas TeIUIOTa HCHApeHUs i-To
KoMmroHeHTa, Kiok/kr; x; — MaccoBasg J0is 3TOTO
KOMIIOHEHTA.

O = Gp-cp -ty —1p), (23)
rie f — TeMIeparypa HCXOZHOW CMECH mepen
HarpeBaHUEM.

Jlna pacuera pacxona Teria Ha 1 Kr TOBapHOTO
HUTPOOEH30JIa JSJIWIM IOJTyYeHHOE 3HAUYeHHE pacxona
TeIJla Ha JONI0 KyOOBOHM XHMIKOCTH MO OTHOIIEHHH K
MUTAHUIO.

B MMpeABApUTCIIbHBIX BBIYUCIINTCIIbHBIX
OKCIICPUMCHTAX OBLIO YCTAHOBJICHO, YTO IMO3UTHBHBIC
PE3YIAbTATBL Ha6J'IIO,HaIOTC$I yke I HpOCTeﬁHICﬁ

KOJIOHHBI, COCTOSIIIE M3 3 TEOPETHYECKHUX TapeioK
(muranme momaeTcs Ha Tapenky Ne2). Pesymbrarsr
pacdeToB mpeAcTaBICHEI B Tabwmax 6 u 7.

OO0cyxkneHnne pe3yJbTaTOB

AHanu3upys pe3ynbTaThl TaOmuiy 3-7, MOXHO
C/IeNaTh CICAYIONINE BBIBOIBI:

a) HeIpephIBHAs JUCTWUIANMS HE IO3BOJIACT
MOJyYUTh HUTPOOCH30JI C HHU3KUM  COJCPKAHUEM
ocraroyHoro Oenzona (He Oomee 0,1 % macc.) mpum
MOJIEHOM COOTHOIICHHH TUCTWIUISAT-KYOOBasi >KUAKOCTH
BIUIOTH 10 1:9 1 octatounoMm nmasienun ot 760 mo 50 MM
pT. cT. [TosTOMy maiee 3TOT Iporecc He paccMaTpPHBAJICH;

0) mepuonnveckas MUCTWUIAINS W HENMpephIBHASL
PEKTUUKAIMA TTO3BOJISIOT TOJIYYHTH HUTPOOEH30N C

HU3KUM  coaepkaHueM HuTpoOeH3oma. [Ipu  sToMm
MaccoBasi Jonsi  KyOOBOH  JKHAKOCTH, TOBapHOTO
HUTpOOEH3071a,  YBEIWYHMBAETCS C  yMEHBIICHHEM

OCTaTOYHOI0 JaBjeHus B cucteMe ¢ 52,2 no 13,3 Klla.

B) BBIXOJ HHTPOOCH30JIa B CIy4ae BaKyyM-
pekTH(UKaIMM HECKONBKO BBIIIE, YeM B cCiydae
nepuogudeckoil auctwuinuy. Ilpn pexruduxamuu mpu
naenenun 13,3 Klla on mpessimmaer 93 %, a B ciydae
JUCTUIIIALINU B TEX KE YCIOBUAX BBIXOJ COCTABJIACT ~85
%. Hanporus, comepkanue HUTPOOEH30J1a B AUCTHILIATE

3HAYWTENBHO  BBINIE B  ClIyd4ae  ICPUOTUYCCKON
muctwusaun (58,72 % mo cpaBHenuto ¢ 0,54 % B
peKTH(UKALNN).

W3 mpuBeNEHHBIX AAaHHBIX CIETYET, YTO PACXOX
TEIUIa Ha MEPUOAMYECKYI0 IUCTUILIALMIO HECKOJIBKO
BBIIIIE 110 CPAaBHEHMIO C peKTH(HUKanuei. ITo CBI3aHO C
TE€M, 4YTO B HENPEPHIBHOM pEKTH(UKAINU MOXHO HE
YUHTBIBATh TEIUIO, IOUIEJIIee HAa HArpeB MAacChl N0
pabodell Temmeparypbl, Tak KaKk CHCT€Ma IJIUTENbHO
paboTaeT B CTalMOHApPHOM pEXHME, M BKIaa ITOH
BEJIMYMHBI B TEIJIOBOM OallaHC I0CTATOYHO MaJl.

Hamportus, B nepuoanyecko AMCTUIUIALMA BKIIAL
TeIla Ha HarpeB ammaparypsl OylIeT CyIIeCTBEHHBIM,
MOCKOJNBKY  IOCHe  KaXJIOW  omepanmud  OTTOHKU
MIPUXOJUTCS NEepe]] BEITPY3KOH OXJIaXxaaTh amnmapar U ero
COJIEPKUMOE, a 3aTEM IIOCNE 3arpy3KU CHOBA HAarpeBaTh.

OTMeTHM, YTO HENpephIBHAS  PEKTU(QHUKAIII
XOpOoILIO HaKJIaJbIBAETCS Ha HENPEPBIBHBIN
MHOTOTOHHQ)XHBIH IPOLIECC MOIyYeHHs HUTPOOEH30IIa ¢
TOYKH 3PEHUS BO3ZMOXXHOCTH JJTUTENIBHON paboTHI ocie

Tabnwma 6 — Pe3ynbTaTel MOAETHPOBAHUS PAOOTHI
PEKTHU(DHUKAIIMOHHON KOJOHHBL. P — OCTaTOYHOE TaBICHUE
B konouue, KIla R — ¢unermoBoe uucno; D — pacxon
JAUCTHUILIATA, KMOJ'[I)/KMOJ'[I) IIUTaHUA, mw, Mp — MaCCOBBIC
JIOMU pacxoma KyOOBOHM >KHIKOCTH W IHUCTIILIATA II0
OTHOILEHUM K NMUTaHUIO B %, 32 TEOPETUUECKYIO TapeKy
¢ HomepoM 0 mpuHST KyO KOJOHHBI

Juctnnnat, % Temmeparypa Ha
P, IR | b my,% macc. Tapenkax, °C
KIla m
D> B3n H6 |H,O |0 1 2 3
93,68 (91,65 0,50
0,5 0,119 7,85 |138 130 |96 |37
6,32 99,46 [0,54
93,64 (91,99 |0,15
13,3 (1,0 0,119 7,86 |138 130 |91 |29
6,36 199,84 10,16
93,64 (92,06 |0,07
1,5 0,119 7,87 |138 128 |85 |27
6,36 199,92 10,08
92,02 (84,64 |8,11
0,5 0,124 7,25 |160 (154 (128 |87
7,98 (91,25 |8,75
92,53 190,75 |1,51
26,6 (1,0 0,120 7,74 |160 (154 (127 |62
7,47 198,36 [1,064
93,64 (91,80 |0,35
1,5 0,119 7,85 |160 [162 (116 |49
6,36 199,63 [0,37
91,83 71,50 P22,38
0,5 10,136 817 |76.16 [3.84 6,12 |174 169 |145 |119
93,42 (88,90 |3,50
399 11,0 0,121 7,60 |174 168 [143 |83
6,58 196,22 [3,78
93,54 (90,69 |1,57 1516
1,5 0,120 646 (9830 |1.70 7,74 |174 3 142 |72
90,77 (63,26 31,32
0,5 10,146 5,41 |184 |180 (157 (136
9,23 66,88 [33,12
93,00 83,55 19,30
53,2 (1,0 0,125 7,14 (184 |180 |157 [107
7,00 89,98 10,02
93,52 (90,18 |2,10
1,5 10,12 7,72 |184 |178 |151 B3
6,48 97,72 (2,28
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Tabnauma 7 — PesynpraTel pacdera TEIDIOBOTO
OayaHca peKTU(PUKANMOHHOW KOJOHHBI. Oy — pacxof
TEIUTOTHI B  KyOe-ucmapurene  OT  TPEIOIIEro
tertonocurens, K/x/kr nuranus, O — pacxo] Tera B
nojorpesatesic cxoaHoi cmecu, KJk/kr nutanus Qs —
CYMMAapHBIH pacxo[l TeIia Ha MOIy4eHHe | KT ToBapHOTO
HUTpOOEH3071a. R — (rerMmoBoe 4ncio

P, Klla R D K}IQ)II;V/KI‘ K}IQ>KF/KF Kﬂ?lf/KF
13,3 0,5 0,119 183,1 40,2 238,4
13,3 1 0,119 200,3 40,2 256,8
13,3 1,5 0,119 217,9 40,2 275,6
26,6 0,5 0,124 208,5 63,4 295,5
26,6 1 0,12 2232 63,4 309,7
26,6 1,5 0,119 228,6 63,4 311,9
39,9 0,5 0,136 215,8 78,9 320,9
39,9 1 0,121 221,0 78,9 321,0
39,9 1,5 0,12 236,9 78,9 337,5
52,3 0,5 0,146 2273 89,7 349,2
52,3 1 0,125 230,4 89,7 3442
52,3 1,5 0,12 241,8 89,7 3545

IycKa B aBTOMaTH4eCcKOM pexume. [lpu stom ans
HAarpeBa MOJKHO 4YacTUYHO HCIIOJNB30BaTh  TEIUIO,

BBIJIEIISIIOIEECs] B Tpollecce HUTpOBaHus. B orimune ot
3TOr0, MEPUOJNYECKast TUCTUILUIALKS TOCTATOUYHO TPYIHO
COYETAETCSI C HEeMPEPHIBHOCTHIO IPYTUX CTAIHA, CTaJUI0
MEPUOTUICCKON TUCTIIISIIMU TPYIHO aBTOMATH3UPOBATh
U KCIOJIb30BATh IS €¢ MPOBEACHHUS TEIUIO PEAKIIHOHHON
Maccel. Kpome TOro, AMCTHIUIAT, KOTOPBIH JOJDKCH
BO3BpalaTbCsl Ha CTAIUI0 HUTPOBAHUS, COJCPKUT
3HAYUTEIbHBIE KOJMYECTBA HUTPOOEH30J1a, KOTOpBIE
HEU30EKHO oynyT KoebaTbes B YCIOBHUAX
MEPUOANYECKOTO TIpolecca. JTO MOXKET CO3/1aBaTh
mpoOJeMbl MOMYYEHHs KAueCTBEHHOTO TMPOAYKTa Ha
CTaJIM1 HUTPOBAHHUSI.

Takum 00pa3oM, OTMEUYCHHBIE HEJOCTATKU He
MO3BOJISIIOT  PEKOMEHJIOBaTh IMPOIECC NEPHOANYECKON
JUCTAUISAIMM )11 TIPOBEACHHUS OTTOHKH OCH30J1a M BOJIBI
B TIPOM3BOJCTBE  HUTPOOCH30JIA  aMadaTHYECKUM
MetonoM. Haumbosee mpuemieMbIM CHOCOOOM SIBIISIETCS

BaKyyM-pEKTHU(HKALHSL. ITo pesynbTaTamMm
MOJICTUPOBAaHUSI OHAa MOJKET MO3BOJHUTH IOJYy4aTb C
BBICOKMM  BBIXOZIOM  HHTPOOEH30JI,  COAepKauui

MHUHHMMaJIbHOE KOJMYECTBO OEH30Ja, Tak M HeOOJbIINe
KoJImdecTBa AMCTHILIATA (OKOMo 6 % Macc) ¢ BechbMa
HU3KHM COJEp)KaHHEM HHUTPOOEH30J1a, KOTOPHIN ClIeayeT
BO3BpaIIaTh HA CTAIUIO HUTPOBAHUSI.

BriBoabl

1. Ha marematndeckux MoACIAX pacCMOTPEHaA
BO3MOXXHOCTb YJQJICHUSA U3 HI/ITp06eH30J'Ia, nojry4aeMoro
nyTeM a}_'[I/Ia6aTI/I‘-I€CKOFO HUTPOBAHUA, n30bITKa OeH3011a

2. Ioka3zaHo, 9TO HEMpPEpHIBHAS TUCTWUIAIHAI HE
MTO3BOJISIET TIONYYUTh MPOAYKT C HU3KHM COAEp)KaHHUEM
OeH30J1a JJaXke MPU BBICOKOM COOTHOIIEHWW AWCTHUILIAT-
KyOoBasi >KHUAKOCTh. Ilepuomudeckas AUCTHWUIALUSA U

HEIpEepbIBHAS ~ PEKTH(PHKALKSA MO3BOJSIIOT  ITOJYYHUTh
MPOAYKT C HU3KUM COZCpKaHUEM OeH30J1a.
4. B MepUOINYECKON JUCTUJUISLIUNA

9HEPro3aTpaThl HECKOJIBKO BEIIIE, YeM B PEKTH()UKAITUH.
OmHOBpeMEHHO HaOmofgaeTcss 0Oojiee HU3KUH  BBIXOJ
TOBAPHOTO HHUTPOOEH30JIa M  OTMEYAETCS  BBICOKOE
coJepkaHue HHUTPOOEH30JIa B JAUCTWILISTE, KOTODBIM
BO3BPAIIIACTCS HA CTA/IUIO HUTPOBAHHSI.

5. Pextudpuxammsa Tpebyer Oojee  HHU3KHX
SHEpro3arpaT W TMO3BOJSET MOJNYy4YaTh TOBAPHBIN
HUTPOOEH30J1 ¢ OoJiee BHICOKMM BBIXOJIOM M JUCTHILIAT C
HU3KHUM COJICpKaHHEM HUTPOOEH30J1a.

6. Ha ocHOBaHMHM aHajgHW3a  PE3yJIbTATOB
MOJICIIUPOBAHUSI W TEXHOJIOTHYECKOTO aHajiu3a Jyis
yAaJeHUsT OCTaTKOB OCH30JIa W BOJBI  PEKOMCHIYETCS
HCIIOJIB30BATh HEMIPEPHIBHYIO BAKYyM—PEKTU(DHUKAIIHIO.
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AHOTALIA Memooamu mamemamuyHo2o ma KOMN HIOMEPHO20 MOOeN8AHHA O0CTIONHCEHO NOPIBHAHY epexkmusHicmb cmaoii
8i02oHKU Oenzeny ma 600u i3 cymiui Oenzen — HIMpoOeH3eH — 600a, WO YMBOPIOEMbCA NPU AdiabaAmMuyHOMY HIMPYBAHHI OEH301Y.
Pozensinymo 3 moodeni opeanizayii npoyecy 6uoaneHHs: Henepepena, nepioouuHa OUCmuiayis y eaKyymi Ui Oesnepepera 6aKyyMHA
pexmugikayia. Bcmanoeneno, wo 3 mouku 30py MamepianbHo2o 6Anancy ma eumpam menia HaubOiibul 6USIOHUM € 8aKYYMHA
pexmuixayis y KoioHi 3 3 cmyneHsamu po30ineHHsI.
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