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BBEJAEHHUE

B nacTosimiee BpeMs oOmiedt TeHAEHIMEW HEPTSIHOW OTpaciM  SIBISETCS
YMEHBIIICHUE pa3BeJaHHBIX 3aMacoB JIETKOW HePTH, MPAKTHUYECKH BECH MPUPOCT
3armacoB MPOUCXOUT 3a CUET TAKETOUN BI3KOM CEpHUCTON HETH.

3anacel HedTH, YymOOHBIE JUISI AOOBIYM W IEepepabOTKU, MCTOIIATCS
YCKOPEHHBIMHM TeMIIaMu. B To ke Bpemsi, IO JaHHBIM 3KCIIEPTOB, MUPOBBIE 3aIachl
TSOKENON HePTH cocTaBisitoT Oonee 8§10 mmmmapaoB TOHH. ['eonornueckue 3amachel
BBICOKOBSI3KOM W Tspkenod Hedptu B Poccum pocturaior 6-7 MUUIMApAOB TOHH.
Tsoxemast HepTH — ATO PA3HOBHIHOCTH CHIPOM HEPTH OUTYMHUHO3ZHOTO W BSI3KOTO
Tumna, obnagaromieit miotHocThio 0,917-1,022 r/cM3 u  XapakTepusyroleuncs
HaJIMYMEM B €€ COCTaBE€ OYEHb KPYMHBIX MOJEKYH, cocrosmux Ha 90% wu3 cepbl u
Pa3IUYHBIX MeTauIoB. JIJisl TshKENbIX HeTel XapakTepHO 0oJiee HU3KOE COJIep KaHHe
CpPeIHUX JUCTWUIATHBIX (Qpakiuii (OeH3uHOBass W Ju3elibHasg (Ppakiuu) 1o
CpPaBHEHHUIO C OOBIYHOMW, T.€. MPHUPOJA TSxKEIOW He(TH TaKkoBa, YTO OHA OOJIbIIE
MoXoKa  Ha  «TSDKEJIbIA  OCTaTOK  NEPEeroHKW»,  O0Opasyroliuiicss  Ha
HedTenepepadaThIBAONINX 3aBOIaX U3 OOBIYHON HEPTH.

Takum o00pa3om, B HeJaJICKON MEpCIeKTUBE MpHUAETCS MepepadaTbiBaTh
UCKITIOUUTEILHO TSDKENyl0 HepTh. A TpU YCIOBUM OTpaHUYEHMs 3aracoB HePTu
HEO0XOJIUMO JTIOBECTH IITyONHY MEepepadOTKH (CUMTAETCS MO0 BBIXOY JIETKHUX CBETJIBIX
MPOJIYKTOB) 0€3 yuera NoTepb U HEOpraHMYeCcKux npumecen npaktuiecku 10 100%.
[TosTomy riyOokasi mepepaboTka HepTH W HEPTAHBIX OCTAaTKOB, BOBJICUYCHUE B
TPaAULIMOHHYIO MepepaboTKy ra3000pa3HbIX U OCOOEHHO TBEPBIX YIIE€BOJAOPOIOB
SIBJISIETCS OCHOBHOM 3aja4eil OJIMKaiiiero BpeMeHH.



1 TEPMUYECKHWA KPEKUHI 1 BACBPEKHHI TSXKEJIOI'O
HE®TAHOI'O CbIPbs

1.1 XapakTepucTuka npoieccon

TepMuyeckuii  KpekMHI  HE(QTAHBIX  JUCTWUISTOB  C  IOJYYEHHUEM
BBICOKOOKTAaHOBBIX KOMIIOHEHTOB O€H3MHAa B IIOCIHEAHME TOJbl YTPAaTUI CBOE
[EpBOHAYAJIbHOE 3HaueHue. B HacTosee Bpems Oosbllee pacnpoOCTPAHEHHE
nmojiydyaeT Jierkas ¢(opMa TEPMHUYECKOTO KpEKHMHTa — BHUCOPEKUHT, KOTOPHIH
ocyulecTBisiercss npu gasieHusix g0 2 MlIla u Temmeparypax nmo 450°C. Llens
BUCOPEKHMHTra 3aKII0YAETCA B MOJYYCHUU KOTEIHHOTO TOILIMBA 3a CUET MOHUKCHUS
BSI3KOCTU MCXOJHOIO ChIpbs — ryipoHa. Hapsiay ¢ KOTenbHBIM TOILTMBOM 00pa3yeTcs
HEKOTOpOE KOJMYECTBO Ta3a, OeH3uHA M Ju3enbHOU (pakuuu. CpelHue BBIXOJbI
IPOIYKTOB IIPUBEACHBI HUXKE!

MaccoBbli BEIX0, %

I'a3 3-4
ben3un 7-8
JuzenvHas ppakius 8-9
KoTtenpHOE TOIINBO 79-82

OCHOBHBIM PEaKIIMOHHBIM aIlllapaTOM BUCOpPEKHHIa SBJIAETCS TpyOUyaTas

Ieyb, B KOTOPOM MOJ JOEWCTBHEM TEMIEPATYpPbl IPOUCXOAUT YaCTUYHBIN
KPEKUHT ChIpbsi U ero "oOinerdenwe". PacdyeT mneyum BHCOpEKHMHra CBOJUTCS K
OMpENEIEHUI0 CKOPOCTU TMpoliecca, MPOJOJLKUTEIBHOCTH MNpPEObIBAaHUS ChIPbS B
PEaKUMOHHOM 30HE€ TMpPH 3aJaHHOM TEMIEPAType, BBIXOAOB IPOAYKTOB U
r€OMETPUYECKUX PAa3MEPOB 3MEECBUKA NIEYH.

1.2 CkopocTthb npomnecca

CyMMmapHasi CKOpPOCTh Ipoliecca TEPMHUYECKOTO  KPEKHMHra  SIBIISETCS
PE3YJIBTUPYIOLWIEN CKOPOCTEW OTHEIBHBIX XHMHUYECKUX pEaKkuid pa3IokKEHHUS,
KOHJIGHCAIlMX, TOJMMepu3anuu W T.aI. M3-3a  HCKIIOYUTENHHO  OOJIBIIOTO
MHOT000pa3us YIJIEBOAOPO/IOB 151 HEYTJIEBOIOPOIHBIX KOMITOHEHTOB,
MPEJCTABICHHBIX B ChIPhE, HEBO3MOKHO YUECTh BCE XUMHUUECKUE peakuuu. [Toatomy
Ha TPAKTHKE YCJIOBHO IMOHMMAIOT IOJI CKOPOCTBIO Mpollecca BBIXOJ OCH3MHA B
€IVHUILy BpPEMEHHU. ITO JIOMYCTUMO, TaK KakK TMpPOLECC KPEKUHTa MOKHO
MPUOIMKEHHO paccMaTpUBATh KaK PEAKIIUI0 TIEPBOTO MOPSIKA.

Brixon OeH3uHa TpW OJHOM M TOM K€ TMPOJOIKUTEIBHOCTH IIpoIiecca

BBIPAXKAETCs YPAaBHEHUEM:
by

Xo, = X5 2 ° (1.1)
NJin



s, =Z6lk0.1(t2_t1) ’ (1.2)

TAC X s1 M ) s 2 - MAaCCOBBIM BBIXOJ OcH3MHA TpHW TemmepaTypax Ui u ty, %; o-
TEMIICPATYPHBIH rPaueHT; Ki- TeMIepaTypHbIi K03 GHUIIUEHT.

3HayeHUs TeMIepaTypHbIX KOAI(PPHUIIMEHTOB M TpaJueHTa NPHUBEJICHHI B
Tabm.1.1

Tabnuma 1.1 — BenuuuHsl TeMIepaTypHbIX K03()PHUIMEHTOB U TPaJUEHTOB CKOPOCTH
KPEKHHIa

Coipbe ki mpu Temmeparype, °C o pu Temmeparype, °C
400 450 500 550 400 450 500 550
["a30iinp 1,8 1,7 1,6 1,5 115 | 133 | 152 | 172
I'yapon 1,7 1,6 - - 12,2 | 150 | 17,0 -

®opmyisl (1.1) u (1.2) cipaBeyiUBLI U JUIsl CKOPOCTH 00pa3oBaHusl OCH3UHA )
i, BBIpaKeHHOM 0OBIYHO B MACCOBBIX IPOLIEHTAX HA CEKYH/IY.
[Ipu Hew3sMeHHOM BBIXOJl¢ OCH3MHA B3aMMOCBS3b MEXIY TEMIIEpaTypaMH M

MMPOJOJDKUTCIBHOCTBIO ITPOHECCa YCTAHABIIMBACTCA YPABHCHHUEM
Lt

t=t2° (1.3)
150051
t1 _ tzktO.l(tz—tl) ’ (14)

T7€ T 1M T 2 - BpeMsi, HEOOXO0IUMOE JJIsl JOCTHXKEHUSI OJMHAKOBOU TITyOUHBI Mpe-
BpailleHus (BbIX0Ja OEH3MHA) MpU Temreparypax ty u ty, .

Ilpumep 1.1. Bpems npeObiBaHus TynpoHa B meun BucOpekunra mnpu 420°C
coctaBisier 3000 c. Kakum Oyner Bpemsi mpeObiBanus npu 450°C, ecnu rioyOuHa
MIPEBPAIICHHS CHIPhSI OCTAHETCS TOU XKeE.

Pewenue . Tlo nanubiM Tabn. 1.1 METOOM WHTEPHOAINNA HAXOJAUM 3HAYCHUE
CPEIHEr0 TeMIIePaTypHOTO IPAIUCHTA U CPETHETO TEMIIEPATyPHOTO KO3 PUIIMEHTA B
uHrepBaie remnepatyp 420-450°C:
a=14,2; k=1,65.

[To hopmyne (1.3):
_ 450-420
r,=3000-2 M =

000-27:

(g

lg7, =123000—2.11g2 =2.84: r, =692¢.

[TpoBepum pesyibrar mmo Gopmyie (1.4):



1,=3000-1,651#429=3000-1.65:
lgt,=1g3000-31g1,65=2.82: 7,661 c.
[Tonyunnm ynoBIETBOPUTENBHYIO CXOAUMOCTD PE3YIBTATOB.

1.3 MaTtepuanbHblii 6ajaHC npouecca

Oco0eHHOCTBbIO MHOTHX BTOPUYHBIX IPOLIECCOB, B TOM YHUCJI€ M BUCOPEKUHTA,
ABJISIETCSI YACTHYHAs WJIM MOJHAs PELUPKYJSLUUS HENPEBPAIEHHOTO ChIpbs. Tak,
IPUBEJICHHBIE BBIIIE BBIXObI IPOJYKTOB BUCOPEKMHIA AAaHbI IPU MOJHOM BO3BpaTe
HENPOPEarupoBaBILIET0 OCTaTKa B PEAKLMOHHYIO 30HY. B CBS3M ¢ 3TUM pa3iauyaroT
BBIXOJI HPOAYKTOB 3a OJHOKpAaTHBI TMPOMYCK CBIPbS MpPU YCIOBHUHM €rO
perupKysinui. B MarepuanpHbBIX 0OajaHcax YCTAHOBOK OOBIYHO —OTPaXKaroT
CyMMapHbIi BBIXOJ KaKIOTO NPOJAYKTa C Y4eTOM peuMpKyisauuu. s moacyera
CYMMapHOI'O BBIX0/1a BBOJATCS BEJIMUNHBI:

KO3 PHUIUEHT PEIUPKYIAIUH K,:

G

k,=—=

G
g (1.5)

1 K03 dUIMeHT 3arpy3ku K;:
G.+G,
k. =—— 2 =1+k
3 G P

‘ (1.6)

rae G, — pacxof cBEXero Chlpbs, Kr/c; G,— pacxo] peuupKyJIupyIOLIEro ocTaTka nin
dpaxuuu, Kr/c.
Ecnu u3BecTHa MaccoBas J10J1s1 KAKOTO-JIM00 MPOYKTa, 00pa30BaBIIETOCS
32 OJIHOKPATHBIN MPOITYCK, X; (B MPOIIEHTAX), CyMMapHBIA BBIXOJ MPU MOJHON
UUPKYJISIIUA HEMPEBPALIEHHOTO ChIPhsl ONIPEAECIUTCS:
Xi=xi(1+K)=xik; (1.7)
Ilpumep 1.2. B meup BucOpekuwHra moctymaer 11,67 Kr/c CBEXEro ChIpbS
(ryapona) u 2,36 Kr/c peuupKyJIHpPYIOLIEro ocTarka. BoIXo/l KOTEIbHOTO TOIIIMBA 3a
OAWH TPoXoJ cocTaBisieT 66,5%. OnpeaenuTs CyMMapHbI BBIXOJ KOTEJIBHOIO
TOIJIMBA C YYETOM PELUPKYIISIIUU.
Pewenue. Onpenenanm koddduirent 3arpysku rmo ¢popmyie (1.6):
_11,67+2.36 _ 17
’ 11,67 '

CyMMapHbIH BBIXOJ KOTEJIILHOTO TOILIMBA HaXoauM 1o ¢opmyie (1.7):
Xk+=66,5-1,2=79,8%.

KoumponwHule 6onpocwl u 3a0auu:
1. MaccoBass gons OeH3WHA, OOpa3yIOMIETOCS MPH KPEKUHTe BaKyyMHOTO
ra3ois, coctaBisieT 5% npu temmnepatype 410°C. Kakum Oynet Bbixoj OeH3WHA,



eciau Temrneparypy noBbIcsAT 10 430°C, a mpoJ0KUTENBHOCTh MPOIIECCAa OCTAHETCS
npexHein? TemnepatypHbiit KOA)PUIIUEHT MPUHATH paBHBIM 1,77.

2. BucOpekunr ryapona aaet 2% 6en3una npu 420°C. Ha ckoiabko Bo3pacTeT
BBIXOJ] OEH3MHA, €ClId TeMIIepaTypy mnpoiecca moBbicuTh Ha 20% Tpu HEU3MEHHOU
€ro MPOJOJLKUTEIBHOCTH? PemmnTs, ucmonb3ys dopmyay (1.1).

3. Ilpu mnosbeimenun temmepatypbl Ha 30°C MaccoBBIM BBIXOJ OCH3MHA
TEPMHUYECKOTO KpekuHra raszoina Bo3poc ¢ 4,7 no 17,2%. Onpenenutsb
TEMIIEpaTypPHBIN TPAJUEHT, IPUHUMAS MPOJIOHKUTEIBHOCTD IPOLECCa TOCTOSHHOM.

4. TIpogomKUTEeIbHOCTh KpEKUHTa Tshkenoro HedTsHoro ceipbsi mpu 450°C
cocraBisier 240 c. Kakum Oyzmer Bpems npoBeaeHus mpouecca npu 425°C npu
YCIIOBUU TOJYYEHHUS] TOTO K€ KojuuecTBa OeH3uHa? TemmeparypHbI TpaJueHT
IIPUHATH paBHbIM 12.9.

5. Bo cKoJIbKO pa3 coKpaTuTcs BpeMsi NpeObIBaHUS ChIPhS B PEAKIIMOHHOW 30HE
KpPEKHHTa [P MOBBIIIEHUU Temrnepatypsl ¢ 415 no 445°C? Brixon OeH3uHa ocTaeTcs
HEU3MEHHBIM, TEMIIEpATypHBIN K03 duiiueHT paseH 1,64.

6. Ilpu monmxeHun Temmneparypbl KpekuHra Ha 15°C mpooKUTENBHOCTD
mpoliecca yBEJIMYMIIACh B JIBa pa3a i MOJJIEpKaHUsS MPEKHEro BbIXoJa OCH3WHA.
Haiitu TemriepaTypHbIil KO3 GUIIUEHT.

/. Haiitu ko>DPUIMEHT PpEeUUPKYISIUU HEMPEBPAIICHHOTO ChIPhS, €CIH
MacCOBBIN BBIX0OJI OCH3WHA 3a OJIUH MPoXoJ coctaBisieT 4,1%, a ¢ peuupKysauuen —
5,34%.

8. B meub kpekunra mocrynaet 18,05 Kr/c cMemaHHOTO CBIPBS, COCTOSAIIETO U3
MPSIMOTOHHOTO ocTatka u perupkynsata. Koadbduuuent 3zarpysku pasen 1,25.
OnpenenuTh KOJUYECTBO PEHUPKYIIATA, TOAABAEMOTO B MIE€Yb.

2 KOKCOBAHUME HE®TSAHBIX OCTATKOB
2.1 XapakrepucTuka npouecca

OcCHOBHOI1 11€JIbIO TIPOIIeCcCa KOKCOBAHMS SIBIISIETCA MOTy4YeHUE HE(TIHOTO KOKCa
— TMPOAYKTAa pPEAKIUH YIUIOTHEHHS, NPOTEKAIONMX TIOJ JECUCTBHEM BBICOKUX
temriepatyp. OTHOBpEMEHHO 00pa3yroTcs ra3, OCH3UH, JIETKUN M TSHKEIbIN ra30ii,
KOTOpbIE MOTYT OBITh HCIOJB30BaHBl B KAde€CTBE CHIPhS APYTHX TMpoleccoB. B
HedTenepepadaTpiBaroeld MPOMBIIIIJICHHOCTH B OCHOBHOM PacIpOCTpaHEH CIIOCco0
MOJIy4eHUsI KOKCa B HEOOOrpeBaeMbIX KaMepax Ha YCTAaHOBKAaX 3aMEIJICHHOTO
KOKCOBaHHUs. IJTOT IMpolecc ocymiecTisiercss npu temneparypax 470-490°C u
nasneHusx 0,3-0,5 MITa.



2.2 MartepuajibHbIH 0ajaHC Mpolecca KOKCOBAHUS
[Tpu coctaBneHnn MaTepuaIbHOTO OanaHca OOBIYHO BOSHUKAET HEOOXOIUMOCTh
OTIpeJIeIeHUs] BBIXOJla MPOAYKTOB KOKCOBaHMS. J[Ist 3TOM Leiau CymecTBYeT psin
IMIUPUYECKUX (HopMyIL.
MaccoBblil BBIX01 KOKca (X, %) moacuuTsiBaeTcs o Gopmyiie

X=2+1,66K,, (2.1)
CYMMapHbII MacCOBBII BbIXOJ KOKca U raza (X, %)
Xio=3,5+1,76K,, (2.2)

rae K. — KOKCyeMocCTb ChIpbs, %o.

KokcyeMocTh ChIpbsi MOKET U3MEHATHCS B MIMPOKUX Mpenenax ot 6,5 no 25%,
MIPUYEM JUIsl OCTAaTKOB NMPSMOM MEPEroHKU (CyJIPOHOB) OHA, KaK MPaBUIIO, MEHBIIE,
YeM JIJI1 OCTATKOB BTOPHYHBIX MPOIIECCOB.

Brixon 6en3una MmoxxHo onpeaenuts no gpopmyie 3.1. Cronsena

- ||Ipﬂc'm —0.94
7\ 0.00019

rae X — MaccoBblil BbixoJ 0enszuHa (40-205°C), %; poecm — OTHOCUTEIbHAS TNIOTHOCTh
HCXOJHOTO OCTATOYHOTO ChIPbS.
VY .HenbcoH ycTaHOBUJ, YTO BBIXOJIbI (B MAcCCOBBIX MPOIEHTAaX) KOKCa M rasa
B3aMMOCBSI3aHbl COOTHOIIICHUEM
XF:XK(X'F ] (2 . 3)
r71e o, — K03 puImeHT, 3Ha4eHUsT KOTOPOTO MPUBEACHBI B Ta0. 2.1,

Ta6nuna 2.1 — 3nadyenune kodpuIeHTa o

[T10THOCTB CBHIPBA p;° o IT10THOCTB CBIPBS p;° Ol
0,9966 0,185 0,9302 0,415
0.9826 0.210 0,9009 0,610
0,9623 0,265

Boeixong kepocuHo-razoitneBoit ¢pakuun (Xp, %), T.e. CymMMy JIETKOTO U
TSXKEJIOT0 Ta30MIIeH, JIETKO ONPEAETUTD MO Pa3HOCTH
Xd):lOO-XK-)(Z-Xg.
[TpumepHbIe BBIXObI MPOIYKTOB, MOJIyYaeMbIX Ha MPOMBIILICHHBIX YCTAaHOBKAX
3aMeJIJICHHOTO KOKCOBaHMUsI, MPUBEICHBI HIXKE.

MaccoBblii BEIXOM, %

["a3 4-8

bensun (H.k.-205°C) 7-16
Jlerkwii razoitns (205-350°C) 12-40
Tsoxensiit razoitnb (>350°C) 23-35
Koxkc 15-35



Ilpumep 2.1. 3ameJIECHHOMY KOKCOBAHUIO MOABEPTaeTcs IyIpOH, KOKCYEMOCTb
kotoporo paBHa 11,2%. Onpenenuts BbIXOJ KOKCa U rasa.

Pewenue. JIns onpeaeneHus BbIXo1a KOKCa BOCIOIb3yeMcs popmysioi (2.1):

X=2+1,66-11,2=20,6%.
CyMMapHBIH BBIXOJ] KOKCa U ra3a Haiijaem mo gopmyie (2.2):
Xi.=5,9+1,76-11,2=25,2%.
Pa3HoCTh MEXly MOTy4YEeHHBIMHU PE3yJIbTaTaMH JIACT BBIXOJI T'a3a
X.=25,2-20,6=4,6%.

Konmponvnule sonpocwl u 3a0anus:

1. OnpenenuTh BBIXOJ KOKCAa M3 OCTATOYHOTO CHIPhS, KOKCYEMOCTb KOTOPOIO
paBHa 16,7%.

2. Kakum OyZeT BBIXOJ KOKCa W ras3a MpH KOKCOBAaHWHU T'yIPOHA KOKCYEMOCTBIO
9,4%.

3. Haiit KOKCYyeMOCTb ChIPhs, €CJIM U3 HETrO MOMy4yaroT Mpu KokcoBanuu 21,4%
KOKca.

4. OmnpenenuTh BBIXOJ Ta3a MPU KOKCOBAHWH, €CIU BBIXOJ KOKCAa COCTABIISET
27,6%.

5. OTHOCHTENbHAS MJIOTHOCTh ChIpbS KOKcoBaHusi paBHa 0,965. Halitu BbIXOA
OeH3MHA.

6. B mporecce 3aMeNI€HHOrO KOKCOBAaHUS B Kauy€CTBE CBIPbS HCHOJIb3YETCs
KPEKMHIOCTaTOK, INIOTHOCTB KOTOporo ps2°= 0,9914. PaccuuraTh BBIXOM KOKCA, €CIIH
BBIXOJI Ta3a cocTaBiseT 5,4%.

7. Ha xokcoBaHme Iojaercs TyApOH, MMEIONMH IUIOTHOCTH ps2°= 0,988 wu
kokcyeMocTh K=11,7%. OnpenenuTs BBIXOJ KEPOCHMHO-TA30MIEBON (pakiuu u3
JaHHOTO ChIphsi. Bixo raza Haiitu mo gopmyie (2.3).

3 KATAJIMTUYECKU KPEKUHT HE®TSAHOI'O CBHIPhSI
3.1 Xapakrepucruka npoiecca

OCHOBHBIM Ha3HAYEHUEM KaTATUTUYCCKOTO KPEKHHTa, MPOTEKAIOIIEro IpH
temriepatypax 470-530°C u HeGombpiom u3zbObiTounom naBinenun 0,05-0,1 Mlla,
SBJISICTCSI TIOJTyY€HHE BBICOKOOKTAHOBOTO KOMITOHEHTa TOBapHoro OensmHa. Kpome
TOTO, KATATMTUIECKUN KPEKUHT JaeT ra3, 0orarbiii OyTaH-OyTHIeHOBOH (ppakiueil, a
TAKXKe JIETKUM W TsDKENbIil Tazoim. OOpasyromuiicss BO BpeMs PEaKIMU KOKC
BBDKHUTAETCS C MOBEPXHOCTH KaTalW3aTopa B MpoIlecce perenepanuu. B kadectse
CHIpbS KATAJMTUYECKOTO KPEKWHra 4Yalle BCEro WCIOJIb3YIOT MPSMOTOHHYIO
MIMPOKYI0 MacisHyl (pakuuio, Bbikunawllyto B npenenax 350-500°C. Hanuuwue
KaTaJiu3aTopa YCKOpSET MPOIeCC KPEKWHra W YJy4IlaeT €ro CEJICKTUBHOCTH IO
CPaBHEHMIO C BO3/ICHCTBUEM Ha ChIPhE TOJBKO BHICOKON TeMmepaTyphl (TEpMUUYECKUI
KPEKUHT). B MIPOMBIILICHHOCTH NPUMEHSIIOT ~ aJIOMOCHJIMKATHBIE U
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LEOJIUTCOJICPKAIIIE  KaTalnu3aTopbl, MPEUMYIIECTBEHHO  MHUKpOC(EepUUYecKue.
Karanutuyeckuii KpeKMHI TPOBOAST B peakTopax, TIJaBHBIM 00pa3oM C
MICEBIOOKMKEHHBIM CJIOEM KaTalu3aTopa, U TaK Ha3bIBAEMbIX JUPT-pEaKTOpax.
PeakTopHbIil OJIOK BKJIIOYAET TaKXKE pereHeparop, B KOTOPOM OCYILECTBIISETCS
ylajieHhe KOKCa C TMOBEPXHOCTH Karajau3aropa. Takum o0pa3oM, KaTaau3aTtop
MOCTOSIHHO ITUPKYJIUPYET MEXK]Y PEaKTOPOM U PEr€HEPATOPOM.

3.2 MartepuajibHbIii 0ajaHc mpoiecca
Bbixog mpoAyKTOB KaTaJIUTUYECKOTO KPEKWHra B 3HAYMTEIBHOW CTEIEHU
3aBHCHT OT KauyecTBa M COCTaBa CHIPhS, aKTUBHOCTHU Karanmu3aTopa W T.m. Hinke

MMPUBCACHLI CPCAHNUC JAHHBIC, XapPaKTCPU3YIOMIKUC BIXOA IMMOJIYIACMbBIX ITPOAYKTOB!

MaccosBsbIil Berxoa. %

[as 10-20
bensnnoas {paxms (1o 200°C) 30-50
Jlerkmuit razoiins (200-350°C) 24-36
Tsxensii rasoiins (=350°C) 12-33
Kokc 2-7

[Ipu coctaBneHun MatepuasbHOTO OajaHca »>KEJIaTeNbHO HCIOJIb30BaTh
AKCIIEPUMEHTAIIbHBIE JJAHHBIE JUIsl KOHKPETHOTO BUJIa ChIPbs. ECIM OHM OTCYTCTBYIOT,
MOXHO TPHUOJIKEHHO TMOJACUYUTATh MAacCOBBIC JIOJIM TPOIYKTOB KATAIUTUYECKOTO
KpPEKHUHTa 0 CleyomuM (hopmyam:

OeH3uHa
k' (| . ) k [ _ g
xp = (1= 7)== ) —— (=)= (1= )"):
s = e 17 == e .
JIETKOT'O Ta30MJIIs
1 :
v, === (1-7)"- (=)
- (3.2)
KOKCa
x. =01159°:
Y X (3.3)

r7Ie ¥ - TIyOuHA PEBPAICHUS ChIPhs, MACCOBBIE JTOJIU; X5, Xy, Xx — MACCOBBIE JIOJH
IPOIYKTOB peakiyu: OeH3HHa, JIerkoro rasoiins, kokca; K/, k” - makpokunernueckune
K02 (P PUIIMEHTBI, 3aBUCSIIINE OT TEMIEPaTypPHI.

3HaueHUS] MAKPOKMHETUYECKUX KOIPPUIIMEHTOB CleyIOLIUE:
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Temmeparypa, °C K I/

450 0,95 0,55
475 1.25 0,60
500 1.45 0,65
520 1.45 0,80

Pa3HocTh Mex 1y ri1yOMHOM NIPEeBpallleHUs U CyMMOU BBIXO/I0B O€H3MHA,
JIETKOTO Ta30MJIg U KOKca J1aeT BBIXO/] T'a3a.

Ilpumep 3.1. Omnpenenuth BBIXOJA MPOIYKTOB KPEKHHTa IIMPOKOW MAaCISHOM
dpaxuu ipu S00°C. ['myOuHa npeBpaiieHus ceipbst coctaiset 0,714,

Pewenue. Tlpu 500°C maxpokuHeTndeckue kod(@uuuentsl pasHbl: k/'=1,45;
k’=0,65. BpIxomsl (B MAaccoBbIX J0NsiX) OEH3MHA, JIETKOrO TIa3oilas M KoKca
onpeaenum 1o popmynam (3.1)-(3.3):

1.45 0.65 1.45
X, = 1-0.71)% —=(1-0.71)"* )+
’ (1—1.45){1.45—0.65)(( ) ( ) ')
W 5 i ) .\
+ 14 (1-0.71)+(1-0.71"% )= 0322
(1-0.65)1-1.45) /
1 45
x = 1-0.71)* —(1-1.71))= 0.275
e = e 07— -17)

x, =0,1150,715° = 0,042.
Brixop raza Haiem Kak pa3HOCTb:
x.=0,714+0,322+0,275+0,042=0,075.
YMHOXHB MOJXy4YeHHBbIE pe3ynbTaThl HA 100, momydyMM BBIXOIBI NMPOAYKTOB B
ITPOLIEHTAX.

Konmponvnuie onpocul u 3a0auu:

1. Omnpenenuth BBIXOA OEH3MHA KATAIUTUYECKOTO KPEKMHTa BaKyyMHOTO
razoiutst mpu 470°C, ecnu 001as rryOnHaA IPEBPAIICHUS ChIPhs cocTaBisieT 81%.

2. Karamutudeckuil KpekWHr mpoTekaer npu Temmepatrype 510°C, obOmras
riIyOrHa TpeBpaiieHus chipbs paBHa 0,84. HailTi BBIXOBI JIETKOTO KATATUTHIECKOTO
ra3ouisi ¥ KOKca.

3. Temmepatypa B peakTope KataiuTtuueckoro kpekunra pasHa 490°C. B stux
ycioBusix 68% chIpbsi mpeBpaniaeTcs B NpoayKThl. [loacunTaTs BIXO/ rasa.

4., KakuMm Oyner BbIxojJ O€H3WMHA, €CIU TJIyOMHA TMpeBpalieHus HEePTSIHOTO
CBIPbS B IPOIECCE KATAUTMTUYECKOTO KpekuHra paBHa 0,73 npu 475°C?
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4 KATAJIMTUYECKUA PUO®OPMUHT
BEH3UHOBBIX ®PAKIIUI

4.1 XapakTepucTHKa npoiecca

Karamutnuecknit puOpMHUHT SIBISETCS OJHHUM U3 OCHOBHBIX IPOIICCCOB
IOJIYYCHHSI  BBICOKOOKTAHOBBIX OCH3MHOB. [IpHMMCHEHHE IUTATHHOBOIO  WIIH
OMMETAIUTMYECKOTO KaTaanu3aTopa MO3BOJIIET MPEBpaIlaTh CHIPhEBBIC MPSMOTOHHBIC
OCH3WHOBBIE (pakmuu B TPOIYKTHI, COJEPKAIIHE 3HAYUTEIHLHOE KOJMYECTBO
apoOMaTHYECKHX yTieBoAopoaoB. [lomydeHHbIe apoMaTH3WpPOBaHHBIE —(PaKIIHH
MOKHO HMCIOJIb30BaTh HE TOJBKO KaK BBICOKOOKTAHOBBIC TOOABKH, HO M KAaK CHIPHE
TUTSI JATBHEUIIIET0 U3BJICUCHUST HHINBUIYAIbHBIX apOMATHYECKUX YTIIEBOIOPOI0B. B
CBS3U C OTHUM CYIIECTBYIOT JBE Pa3HOBHUAHOCTH KaTaJTUTHYECKOTO pudopMuHTra,
npeAHa3Ha4YeHHbIE  JUI  BBIPAaOOTKM  JUOO  KOMIIOHEHTa OcH3WHa, JH0o
apoMaTH4ecKoro KoHieHTpara. O0a BapuaHTa HWMEIOT MPAKTHYCCKH OJIMHAKOBYIO
TEXHOJIOTHYECKYI0 CXEMy H OTJIHYaAIOTCS TOJIBKO MOIIMHOCTBIO, pa3MepaMu
ammaparoB, (PaKIMOHHBIM  COCTAaBOM  CBHIpbS W  HEKOTOPBIMH  JPYTUMH
HE3HAYUTEILHBIMU TTapaMeTpaMu. TemmepaTypHbIe Mpeebl BEIKUITAHUS ChIPhS IS
MOJTYYEHHUS Pa3IMIHBIX ITPOJTYKTOB IIPUBEICHBI HIKE:

[TomygaeMsblil IPOAYKT [Ipenensr Beiknnanus ceIpbs, °C
KomrmonenT GensnHa 85-180
benson 62-85
Tonyon 85-120
Kemmonsr 120-140

[Ipouecc kaTanutuyeckoro pupopMuHTa MPOBOAAT NPEUMYIIECTBEHHO Ha

HEMOABUKHOM cioe Karanu3aropa B TOKE HUPKYJIUPYIOLIETO
BOJIOpOJIcOAepKaliiero raza npu temmeparype 470-540°C u naBnenuu 1,4-3,5 Mlla.
[IpumeHsAOT  TaOJNETUPOBAHHBIE  KaTajnu3aTtopbl:  MiIaTuHOBBIM  [[A-64
mnatuHopenueBsie  cepun KP  (KP104, KP104A, u nap.). Hupkynupyronuit
BOAOPOJICOAEPKALIUI Ta3 JOHKEH COJAEp)KaThb HE MEHee 75 OOBEMHBIX MPOLIEHTOB
BOJOPO/A.

KpatHocTh nmMpKyndiuu BoAOpoOAcoJepkaniero raza cocrtasisier otr 700 1o
1500 3 Ha 1 M3 chIpbAL.

4.2 MaTtepuajibHbIii 6aj1aHC Tpoecca

OCHOBHBIM TIEJIEBBIM MPOAYKTOM KaTaTUTHYECKOTO PUPOPMUHTA SIBIISCTCS
O0ensuH-katamm3ar. OMXHOBPEMEHHO 00pasyeTcss Ta3, COJAEpXkallfuii BOAOPOA H
yraeBoaopoabl. KonumyecTBO KOKca, OTKJIQABIBAIOIIETOCS Ha  KaTalu3aTope,
HE3HAYUTEJIBHO, ¥ €T0 B 0ajaHCe HE YUYUTHIBAIOT.

Cpennuit BbIX0O NPOAYKTOB pU(OPMUHTA XapaKTEPU3YIOT CIEAYIOIINE JIaHHbIE:
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MaccoBsbril BEIxX0I, %

ben3un-karamsar 75,0-90.,0
Bogopon 0.8-1.8
[Iponan 5.1-12.0
byTtansl 3.6-9.7

PacueTtHbie MeTOABI ONpeACNiCHHUS BBIXOAA MPOAYKTOB pHUGOPMHHTA OT-
cyTcTBYIOT. [IpnOmkeHHO BBIX0 OCH3MHA MOXKHO OTIPEICTUTh IO TpaduKkam
(puc. 1, 2) B 3aBUCUMOCTH OT YIJIEBOAOPOAHOIO COCTABA CHIPHA.

95 —
7 / /

2 90 Y

s | /

3 2

3 /

.'Q

89

=]

3

1 / PucyHok 1 — 3aBUCHUMOCTH BbIXOJ1a O€H3MHA
% pudOpMHHTA OT YTJIEBOIOPOIHOTO COCTaBa

30 40 50 55 ceipbs (dpakuust 105-180°C): 1 — okTaHoBOE

?MM&' apomamuyersux u Hagmenp-  duciio 75; 2 — okranoBoe yucio 80 (mo
oix yeneBodopodol & coipee, % MOTOPHOMY METO/TY)

o 90 —
/

S & e Z
%“ S 7 ,< PucyHOK 2 — 3aBUCHUMOCTB BBIXOJ1a

T
Iz 0 1~ OEH3MHA KATAIUTHIECKOTO
%.;.g ° / pudOpMHUHTa ¢ OKTAHOBBIM YHUCIIOM 95
BE 75 // (1o uccen0BaTENbCKOMY METOY) OT
b
38 YIIIEBOJIOPOAHOIO COCTABA ChHIPBS:
g 70

v 1 — ppakuus

30 35 40 45 50 55 &0 !
{ymma QpoOMamuyeckux u Ha@meoHg- 85-180°C;
Goix yanebodopodol 8 coipse, % 2 — pakmusa 105-180°C

Ilpumep 4.1 Karanutuueckomy pudopMuUHTY ToaBeparaercs ¢paxuus 105-
180°C, B KOTOpO#l CyMMapHO€ MacCOBO€ COJEpKaHWe HA(QTEHOBBIX U
apOMaTUYECKHX YTJIeBOA0po0B coctaBisger 50%. Omnpenenuts BbIXOJ OCH3MHA C
OKTaHOBBIM YHCIIOM 95 (110 uccne0BaTENLCKOMY METOMY).

Pewenue . Boixon 0eH3nHa ¢ OKTaHOBBIM unciioM 80 Hailnem 1o rpaduky (cwm.
puc. 1). On 6yner pasex 91,5%.

ITo rpaduky (cM. puc..2) onpeneauM BbIX0 OCH3MHA ¢ OKTAHOBBIM YUCJIOM 95,
OH cocTaBuT 86,2%.
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OTBeTamMu TOATBEp)KAAETCS 0OOIIas 3aKOHOMEPHOCTb, UYTO C YIy4YIICHHEM
KayecTBa, T.€. C IOBBIIIEHHMEM OKTAaHOBOI'O 4YMCJA MPOAYKTa, YMEHBIIAETCA €ro
KOJINYECTBO.

Konmponvnuie sonpocul u 3a0auu:

1. OmnpenenuTh BBIXOJ KaTaJM3aTa C OKTaHOBBIM uucioM 95 (mo
UCCJIeI0BATEILCKOMY METO/y) M3 ChipbeBoil (ppakiuu 85-180°C, eciu cymmapHoe
cojiep)kaHue B Hel HaQTEeHOBBIX M APOMATUYECKUX YTIIeBOA0Poa0B cocTaBiseT 40%.

2. CeippeM KatamuTuueckoro pudopmmnra ssisercs Qpakmus 105-180°C,
KoTopast coaepkuT 45% HapTEeHOBBIX M apOMaTUYECKHUX YIiIeBOAopoaoB. Kakoe
KOJIMYECTBO KAaTaJIM3aTa ¢ OKTAHOBBIM 4YUCIOM 80 (10 MOTOPHOMY METOIY) MOXKET
OBIThH MOJYYEHO U3 3TOTO ChIPhS?

STUAPOKPEKHUHI' U TUJPOOYNCTKA HE®TAHOI'O
JUCTHIVIATHOT'O CbhIPbA

5.1 XapaxkrepucTuka nmponeccon

['uapokpekuHr ¥ THAPOOYUCTKA  OTHOCATCS K OJHOW  Tpymre
TUAPOTCHU3AIMOHHBIX  KATAJIUTHUYECKUX TMPOLIECCOB W TMOJUYUHSIOTCS  OOIIMM
TEOPETUYECKUM 3aKOHOMEPHOCTSIM. Ha3BaHHBIE MPOIECCHI OTIUYAOTCA JPYr OT
apyra TIyOMHOW TNPOTEKaHWS PEaKIWid W BCICACTBHE 3TOTO TEXHOJOTHYECKHUM
PEKUMOM M aIIapaTypHBIM 0POPMIICHUEM.

['uapoKpeKuHr, 11eh KOTOPOTO 3aKIF0YAeTCs B MOJTYYEHUH CBETJIBIX TOIUIUB U
MaJIOCEPHUCTOTO CHIPhS IS KaTaTUTHYECKOTO KPEKHWHTa, MpeaycMaTpuBaeT Oosee
rIyOOKO€ MpeBpaIieHNe NCXOAHBIX BAKYYMHBIX TUCTHILISATOB.

Bo MHOrux cmydasix NmpoBOJST JIETKUM OJHOCTAaAWWHBIA TUIPOKPEKHUHT IIPU
JIaBJICHUH 5-7 Mlla, temneparype 360-440°C, KpaTHOCTH IUPKYJISAIHUHA
Bogopoacoepxkamero raza 800-2000 M3 ma 1 M® ceIpbs U 00BEMHOM CKOPOCTH
nogaun ceipba 0,2-1,0 . B Takux ycIOBHSAX HOCTHraeTcs TIIyOMHA MPEBPAILCHUsS
0,6-0,8 mpu pacxonae Bogopoaa Ha peakuuio oT 1 10 3%. ['mapokpekwHT MpoTeKaeT ¢
BBIJICIICHUEM TEIUIOTHI, YACIbHBIN TerIoBoi 3¢dekT mporecca coctaniser 293-420
kJK/KT.

OCHOBHBIM Ha3HAUYECHHWEM THIPOOYHMCTKH SBISICTCS yaalleHne W3 He(TSIHBIX
JTUCTUIUIATOB CEPHHUCTBIX M JIPYTUX TETEPOATOMHBIX COCAMHCHUH, YXYIIIAIONINX
KauyeCcTBO TOBAPHBIX HEPTEMPOIyKTOB. [Ipr 3TOM OCHOBHAs Macca yriieBOJOPOIOB HE
JTOJDKHA  TIOJBEPraTbCsl  XMMHYECKMM  IPEBpAICHUSM, IOJTOMY  IPOIECC
TUJAPOOYNCTKH OCYIICCTBIISICTCS B 0OojJee MSATKHX YCIOBHSIX: TIPH MCHBIICH
temneparype (350-400°C), nanenuu (3-5 MIla), KpaTHOCTH HHUPKYJISIIUN
Bogopoacoaepxkamero rasza (500-600 m3 wHa 1 M3 ChIpbsi) U NpU YyBEIUYCHUU
o0beMHOUM ckopoctu momaun ceipbst  (1,5-7,0 49-1). TmppoouucTke MOTryT
MOABEpraThcs  JIOObIe  HEe(TSIHBICE  AWCTWLIATHL, OJHAKO 1O  O0BEMY
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nepepadaThIBAEMOr0 ChIpbsi HauOoJiee paclpoOCTPaHEHA TUJIPOOUYUCTKA JTU3EJIbHBIX
TOTUIUB.

['MapoKpeKUHT U TUIPOOYUCTKA MPOBOJIATCA, KaK MPaBUIIO, B PEaKToOpax co
CTaIlMOHAPHBIM CJI0eM Kartanu3aropa. KartanuzaTopsl TOro u Apyroro mpoieccoB B
OOJBITMHCTBE CITYy4acB HE UMEIOT CYIIECTBEHHBIX OTIMUYUU.

5.2 MatepuaJbHbIH 0aJaHC THIPOKPEKMHT A

[IpomykTamMu THUAPOKPEKWHTA SBISIIOTCSA Ta3, OCH3WH, IW3EIbHOE TOILIUBO.
WNHornma k mpoyKTaM OTHOCST U ocTaToK. O01Ias TiryOnHa IpeBpaIleHrs YIUThIBACT
CYMMAapHBIN BBIXOJT CBETJIBIX IPOIYKTOB. [ MAPOKPEKUHT UMEET OOJIBIIIOE CXOJICTBO C
KAaTATUTHYECKUM KPEKHHTOM, IO3TOMY IS ONpEIETICHUS BBl XOJa TMPOAYKTOB
THAPOKPEKUHTA TIPEJIOKEHO HCIONh30BaTh Te ke Qopmynbl. KomnyaecTBo
oOpasytoierocst 6enszuna (H.k. — 160°C) noacuutsiBaetcs o popmyne (3.1), BeIxoa
muzenbHoro TorumBa  (160-350°C) ompenensiercs mno  Qgopmyne  (3.2). s
NPUOJIMKEHHBIX PACUY€TOB MAaKpPOKHMHETHUYECKHE KOA(D(UIIMEHTH MOXKHO TMPUHSATH
paBabME: kK'=1,3; k"=2,0.

Brixon rasza ompejensieTcss Mo pa3HOCTH MEXAYy TNIYOMHOW NpeBpallleHus U
CYMMapHbBIM BBIXOJIOM O€H3WHA U TU3EIHHOTO TOTLINBA.

Ilpumep 5.1. Onpenenutb BBIXOABI MPOAYKTOB THAPOKPEKUHIa BaKyyMHOI'O
JTUCTUJLISAITA, €CITU TIIyOuHa ero npespaiieHus cocrapiset 0,68.
Pewenue. Tlpunss makpokuHerndeckue koddpouuuentsr k'=1,3 n k=20,

OTIPEIeTUM BBIXO/] (B MACCOBBIX JIOJISAX ) OeH3MHA 10 (hopmyre (3.1):
L3 ( > 13
X5 = : 1-0.68) —(1-0,68)" )+
= iy - 08) ~(-068)")
L3

+(’1—2)i1—1.3)

BbIxon au3ensHOro TOIUIMBA HaitieM o dopmysie (3.2):

X,, = # (1-0.68) —(1 —0.68)): 0.31.

— 1.2

k

(1-0.68)-(1-0.68))=017
(3.2)

Beixoz rasa mo pasunocru x.=0,68-(0,17+0,31)=0,2.
5.3 MaTepHabHbIi 021aHC THAPOOYMCTKH AU3€JIHLHOr0 TOILIMBA

OCHOBHBIM TPOAYKTOM TIpOllecca SBISIETCS THAPOOUYHUIICHHOE IU3EITHHOE
TOTUTMBO, OJHOBPEMEHHO 0Opa3yeTcss HEKOTOpOe KOJMYECTBO rasza, OCH3MHA W
CEpOBOIOPOA.

BBIX0l OYHIIIEHHOTO TU3EIBLHOTO TOIINBA (Xj,,, %) MOXKHO OIPEACIHUTH 10
bopmyiie:

Xa.m=1OO—X5—X2—AS,
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rae — Xs X., AS — BbIxonbl O€H3MHA, Ta3a U KOJIUYECTBO YJAICHHON U3 CBHIPbS
cepsl, % Ha ChIpbE.

Boixos OeH3uHa npuHUMaeTcst paBHbIM X;=AS, BBIXOJ] T'a3a MOACUNUTHIBAETCS 110
dbopmyne X.=0,3AS.

KonnuecTBo 00pa3oBaBILIErocs: CEpOBOIOPOAA:

M
H,S
X, =AS—=,
2 M
S
rie — Mpzs, Ms - MosipHBIE MacChl CEpOBOAOPOJIa M CEPhl COOTBETCTBEHHO,
KI'/KMOJIb.

Ilpumep 5.2 MaccoBoe cojepxanue B Au3eiabHoi ¢ppaxiuu pasHo 0,2%. [Tocne
TUAPOOYUCTKH COJEepKaHNE cepbl yMeHbIIMIOCH A0 0,15%. Onpenenuts BBIXOIbI
TUAPOOYUIIEHHON Ppakiuu, OEH3MHA, ra3a i CEpoOBOIOPOIA.

Pewenue. B iporiecce ruapoounctku yaaineHo cepsl AS=1,2-0,15=1,05%.

Brixon Oensuna

X5=1,05%.
Brixon raza
X=0,3-1,05=0,315%.
BrIxo 04HILIEHHOTO IU3€TBbHOTO TOIJIMBA
X»m=100-1,05-0,315-1,05=97,585%.

MonsipHble Macchl CEPOBOJOPOAA U CEPbl COOTBETCTBEHHO paBHbI 34 u 32

KI/KMOJIb, CJIEI0BATEIBLHO, BBIXOJI CEPOBOIOPOA

Xis :1,053—4 =112%.
? 32

KonmponvHuie sonpocul u 3a0auu:

1. OnpenenuTh BBIXOA JU3EIHLHOTO TOIIMBA MPH THAPOKPEKUHIE€ BaKyYMHOTO
ra3ouJis, eciu TiIyOuHa ero npespaiieHus: cocrasiseT 0,72.

2. 'myOuHa mpeBpammeHuss HeTIHOTO TUCTUILIATA B TPOIECCe THAPOKPEKUHTA
paBHa 0,78. PaccuuTtarh BbIX0/ OCH3UHA.

3. T'mapokpekuHry moaBepraercsi TsKeloe HEPTIHOE ChIpbe, TIIyOMHa ero
npespamenus 0,55. Haittu BbIxos rasza.

4. Ha ycTtaHoBKe ruJipokpekuHra nepepadateiBaercs 19,03 kr/c cbipbsi, TiTyOrHa
npeBpaileHust Kotoporo cocrasisieT 0,69. Omnpenenuts BBITYCK JU3EIBHOTO
TOTUIHBA.

5. OnpenenuTh BBIXOJ OCH3WHA U ra3a MpU TUAPOOYUCTKE TU3EITHHOTO TOIUINBA,
B [IPOIIECCE KOTOPOIl cojiepxkanue cepbl ymeHbiuaercs ¢ 1,4 no 0,2%.

6. Ha runpoounctky nomaercst 138 000 kr/4 qu3enpHOM Ppakium.

Conepxxanue cepbl B HMCXOIHOM chipbe cocTtaBisier 0,96%, B oduIlieHHOM
nponaykre — 0,1%. moacunTaTe BXOI (B KHWJIOTpaMMax B CEKYHIY) 0Opa3yromerocs
CEpOBOIOPOA.

/. B mpoliiecce TUAPOOUYUCTKU TUCTUIUISITHOM (PpaKIMU COAEp>KaHUE B HEW Cephl
ymeHnbiaercs Ha 1,4%. OnpeaenuTs BbIX0 THAPOOYHUIIICHHON (hpaKIny.
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BAPUAHTBI KOHTPOJIBHOM PABOThI

B mpouecce wusydeHuss kypca «XUMHYECKas TEXHOJOTHS TIIyOOKOH
nepepaboTKU HEPTH» CTYJAEHT-3a0YHUK JIOKEH BBIMOJHUTH KOHTPOJIBHYIO paboTy.
K BBINMOTHEHUIO KOHTPOJILHOM PabOThl MOXKHO MPUCTYIUTH TOJBKO IMOCJE YCBOCHUS
TEOPETUYECKOM YacTU Kypca M pEIICHUs MNPUMEpPOB THUIOBBIX 3anad. Kaowcowiti
CMyOeHm BbINOJHAEN BAPUAHM 3A0AHUL, COOMEEMCMBYIOWUL 08YM HNOCIeOHUM
yugppam Homepa cmydenueckozco oOunema (tabnuma). Hampumep, Homep
cTyaeHdeckoro oOwnera 98546, nBe mnocneanue udppsl 46, UM COOTBETCTBYET
BapHaHT KOHTPOJBHOTO 3aJaHUSl TOJ HOMEpoM 7 (COTJIAaCHO OOBICHEHUAM,
MpUBEICHHBIM HIKe Tabmuibl). KonTponbHas paGoTta nomkHA OBITh aKKypaTHO
odopmiieHa; sl 3aMEYaHU PEleH3eHTa HY>KHO OCTaBIISITh IIMPOKHUE TOJIS; MUCATh
YETKO W SICHO; HOMepa U YCI08Usl 3a0ay Nepenucvléams NOJHOCHbIO U 6 MOM
nopsioke, 8 KAKOM OHU yKa3auwl 8 3a0anuu. B KOHLe padoThl CleayeT JaTh CIHUCOK
UCIOJIb30BaHHON JUTEepaTyphl. CCHUIKM Ha UCIIONB3YEMYIO JIUTEPATYPy OPOPMIISIOT
B cootBercTBUM ¢ [[OCT P 7.0.5-2008. [Ipumep npaBuiibHOTO 0GOPMIIEHUS CCHUIOK
Ha y4eOHUKH — B OnOnnorpauyeckoM CIMCKe PEKOMEHTyEMOM JIUTEPaTyphl.

Tabnuia — BapuaHTsl U 3a/1a4u 1151 KOHTPOJIBHON PabOTHI

Ilocaennue

udpsl HOMepa No Bapuanra

3aquHOﬁ HOMepa 3aJa4, OTHOCAIIIUXCA K I[aHHOMy BapI/IaHTy
KHUKKH*

X0 1 1 9 16 20 22
X1 2 2 10 17 21 23
X2 3 3 11 18 20 24
X3 4 4 12 19 21 |25
X4 S 5 13 16 20 |26
s 6 6 14 17 21 |27
X6 / 7 15 18 20 28
X7 8 8 9 19 21 29
X8 ) 1 10 16 20 |22
X9 10 2 11 17 21 |23
Y0 11 3 12 18 20 24
A& 12 4 13 19 21 25
Y2 13 5 14 16 20 26
ALE 14 6 15 17 21 |27
AL 15 7 9 18 20 |28
’s 16 8 10 19 21 |29
e 17 1 11 16 20 |22
Y7 18 2 12 17 21 23
Y8 19 3 13 18 20 24
Y9 20 4 14 19 21 25
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