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BBEAEHUE

B nacTosimiee BpeMs oOmiedt TeHAEHIMEW HEPTSIHOW OTpaciM  SIBISETCS
YMEHBIICHUE pa3BeJaHHBIX 3aMacoB JIETKOW He(dTH, MPAKTHUYECKH BECh MPUPOCT
3armacoB MPOUCXOIUT 3a CUET TAKETION BI3KOM CEpHUCTON HEPTH.

3anacel HedTH, YymoOHBIE JUIsI A0OBIYM U TEpepadOTKH, MCTOIIAIOTCS
YCKOPEHHBIMHM TeMIIaMu. B To ke Bpemsi, IO JaHHBIM 3KCIEPTOB, MUPOBbBIC 3aIlachl
TSDKENON HePTH cocTaBisitoT Oonee 810 mmmmapaoB TOHH. ['eonornyueckue 3amachel
BBICOKOBSI3KOM W Tspkenod Hedtu B Poccum pocturaior 6-7 MUUIMApAOB TOHH.
Tsoxemast HepTh — ATO PA3HOBHIHOCTH CHIPOM HEPTH OUTYMHUHO3ZHOTO W BSI3KOTO
Tumna, obOmamaromeid TioTHOCTRI0 0,917-1,022 r/cM3 m  XapaKTepu3yromencs
HaJIMYUEM B €€ COCTaBE€ OYEHb KPYMHBIX MOJEKyH, cocrosumux Ha 90% u3 cephl u
pPa3IUYHBIX MeTaLIoB. JIJisl TsDKENbIX HeTel XapakKTepHO 0oJiee HU3KOE COIepKAHUE
CpPeIHUX JUCTWUIATHBIX (Qpakiuii (OeH3uHOBass W Ju3elbHas (Ppakiuu) 1o
CpPaBHEHUIO C OOBIYHOM, T.€. MPHUPOJA TSxKEIOW He(TH TaKkoBa, YTO OHa OOJIbIIE
MOX0Xa  Ha  «THKENBIM  OCTaTOK  TEPErOHKW»,  OOpa3yromuiicss  Ha
HedTenepepadbaThIBAIONMIUX 3aBOAaX U3 OOBIYHON HEDTH.

Takum o00pa3oMm, B HeNAJICKON TMEpPCIEeKTUBE MpHUAETCS IepepadbaTbiBaTh
UCKIIFOUUTENIFHO TSKENIYyI0 HePTh. A TPHU YCJIOBUU OTPAaHUYCHHS 3arMacoB HEPTH
HEOOXOJIMMO TIOBECTH IITyONHY MEepepadOTKH (CUUTAETCS MO BBIXOY JIETKHUX CBETJIBIX
MPOJIYKTOB) 0€3 yueTa NoTepb U HEOPraHWYEeCKUX npumecend npaktuyecku a0 100%.
[TosTomy riiyOokasi mepepaboTrka HepTH W HEPTAHBIX OCTAaTKOB, BOBJICYCHUE B
TPAJAUIIMOHHYIO MEepepabOoTKy ra3000pa3HbIX U OCOOEHHO TBEPJBIX YIJIEBOJOPOAOB
SIBJISIETCS OCHOBHOM 3a7a4eil OJIMKaiiiero BpeMeHH.



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

1.1 XapakTrepucTuka npoueccoB

Tepmuueckuii ~ KpeKMHT  HE(PTSHBIX  JUCTWUISITOB €  TOJy4YEHUEM
BBICOKOOKTAaHOBBIX KOMIIOHEHTOB O€H3WHAa B TOCIEIHUE TOJbl YTPaTHI CBOE
NepBOHAYaIbHOE 3HaueHHe. B HacTosiiee Bpemsi Oosiblliee PaclpoOCTpaHEHUE
MoJIy4aeT Jierkas QopMa TEPMUYECKOTO KpPEKHMHIa — BHCOPEKHUHI, KOTOPBIA
ocyulecTBisiercss npu AasiueHusix g0 2 MIla m Temneparypax go 450°C. Llens
BUCOPEKHHra 3aKII0YAETCA B MOJYYCHUU KOTEIHHOTO TOIUIMBA 3a CUET MOHUKCHUS
BSI3KOCTU MCXOJHOIO ChIpbs — ryipoHa. Hapsiay ¢ KOTeIbHBIM TOILIMBOM 00pa3yercs
HEKOTOPOE KOJMYECTBO ra3a, OeH3WHa W au3enbHOW (pakuuu. CpenHue BBIXOJBI
IIPOJTYKTOB IPUBEAECHBI HUXKE:

MaccoBbIil BEIX0, %

I'a3 3-4
ben3un 7-8
JuzenbHas ppakius 8-9
KoTtenpHOE TOILINBO 79-82

OCHOBHBIM PEaKIIMOHHBIM aIlllapaToM BUCOPEKUHTa SBISAETCSA TpyOUuaTas

IeYyb, B KOTOPOM MOJ JOEUCTBHEM TEMIEPATypbl IPOUCXOJUT YaCTUYHBIN
KPEKUHI ChIpbsi M ero "oOseryenue". Pacuer meunm BUCOpEKMHIa CBOJMUTCS K
OINPEAEIICHUIO CKOPOCTH IIPOLECcCa, MPOJOJIKUTEIBHOCTH IPEObIBaHUS CHIPbS B
PEaKIMOHHOM 30HE€ MpPH 3aJaHHOM TEMIEPAType, BBIXOAOB IPOAYKTOB U
r€OMETPUYECKHUX PA3MEPOB 3MEEBUKA NIEYH.

1.2 CxopocTsb npoirecca

CyMMmapHasi CKOpPOCTh Mpoliecca TEPMHUYECKOTO  KPEKHMHra  SIBIIETCS
pPE3YyIBTUPYIOMIEH CKOPOCTEM OTAECIBbHBIX XHWMHUYECKHX PEaKIUM PpPa3JI0KECHUS,
KOHJIGHCAIlMW, ToJIMMepu3anuu W T.al. M3-3a  HCKIIOYUTENHHO  OOJBIIOTO
MHOT000pa3us YIJIEBOAOPOIOB 51 HEYTJIEBOIOPOIHBIX KOMIIOHEHTOB,
MIPEJICTABJICHHBIX B CHIPhE, HEBO3MOXHO YUECTh BCE XUMUUYECKUE peakuuu. [loatomy
Ha TIPAKTUKE YCIOBHO MOHMMAIOT TIOJI CKOPOCTBIO MpoOIlecca BBIXOA OEH3WHA B
€IVHHIy BPEMEHHU. ITO [JIOMYCTUMO, TaK KakK TMPOLECC KPEKUHTa MOKHO
MPUOIMKEHHO pacCMaTPUBATh KaK PEaKIMIO MEPBOro MOpsiIKa.

Brixon OeH3uHa mpu OAHOM U TOM K€ MPOJOHKUTEIBLHOCTH Mpoliecca

BBIPAXKAETCA YPAaBHECHUEM:
1:2 _tl

Ko =Xs2 (1.1)

50) 050

X, = 2o K (1.2)

TA€ X s1 U ) s 2 - MAaCCOBBIM BBIXOJ O€H3MHA TpW Temmepatypax ty u ty, %; o-
TEeMIIEPAaTyPHBIN rpaanueHT; Ki- TeMmepaTypHbIil K03 QHUIHEHT.
S)



3HadyeHHUs] TEeMMEepPaTypHbIX KOIG(OUIIMEHTOB W TpaJWCHTa TPUBEICHHI B
Tabm. 1.1

Ta6bmuma 1.1 — Benuuwnbl TemnepaTypHbIX KO3(OHUIIMEHTOB W TPaJUCHTOB
CKOPOCTH KPEKHHTa

Coipbe ki mpu Temneparype, °C o npu remneparype, °C
400 450 500 550 400 450 500 550
["a3oilsib 1,8 1,7 1,6 1,5 115 | 133 | 152 | 17,2
['ynpon 1,7 1,6 - - 122 | 150 | 17,0 -

®opmyisl (1.1) u (1.2) cipaBeyIMBLI U JUIsI CKOPOCTH 00pa30oBaHUs OCH3MHA )
i, BEIpa’KeHHOM 0OBIYHO B MACCOBBIX IPOLEHTAX HA CEKYH]TY.
[Ipn HemM3MEHHOM BBIXOJIE¢ OCH3WHA B3aMMOCBSI3b MEXKAY TEMIIEpaTypamu |

IIPpOAOJIKUTCIIBHOCTBIO ITPOLCCCA YCTAHABIIMBACTCA YPABHCHUCM
Hh-t

t=t,22 (1.3)
NN
t1 — tzkto.l(tz—tl) ’ (1.4)

IJI€ T 14 T 2 - BpeMsi, HEOOXOMMOE JIJIsi JOCTUXKEHHUS OJMHAKOBOM TITyOUHBI TIpe-
BpalieHus (Bpixoaa OeH3MHA) MpHU Temneparypax t u ty, c.

Ilpumep 1.1. Bpems npeObiBaHus rynpoHa B neud BucOpekunra npu 420°C
cocrasisier 3000 c. Kakum Oyner Bpemst npeObiBanusa npu 450°C, ecnu riayOuHa
MPEBPAICHHS ChIPbSI OCTAHETCS TOU XKeE.

Pewenue . 1o nanupiM Ta6sn. 1.1 MeTOaOM MHTEPHOISALUMN HAXOAUM 3HAYEHUE
CPEIHET0 TEMIIEPATyPHOI0 IPAIUEHTA U CPETHETO TEMIIEPATYPHOTO KO3PPULIMEHTA B
nHTepBalie Temmeparyp 420-450°C:
0=14,2; k=1,65.

[To hopmye (1.3):
_ 450-420
r, =3000-2 ™2 =3000-27%;

lg7, =1g3000—2.11g2 =2.84: r, =692c.
[Tposepum pesynbraT 1o Gopmyiie (1.4):
1,=3000-1,65%1#5420=3000.1.657;
lgt,=1g3000-31g1.65=2.82: 1,661 c.
[Tosyuriii ya0BIETBOPUTEIBHYIO CXOJMMOCTh PE3YIILTATOB.

1.3 MaTepuajibHblii 0ajaHC IpoLecca
Oco0EHHOCThIO MHOTHX BTOPUYHBIX MPOLIECCOB, B TOM YHWCIE U BUCOPEKUHTA,
ABJISIETCSl YACTHYHAs WJIM IOJHAS PELUPKYJSALNS HENPEBPAILEHHOTO ChIpbs. Tak,
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MIPUBEJICHHBIC BBINIE BBIXOJbI MPOAYKTOB BUCOPEKHHTA JAHBI MPU MOJTHOM BO3BpaTe
HETMPOpPearupoBaBIIETO OCTaTKa B PEaKIMOHHYIO 30HY. B CBS3M ¢ 3TUM pa3muyaroT
BBIXOJ TPOAYKTOB 32 OJHOKPATHBIM TMPOIMYCK CBIPhS TPU YCIOBHH €ro
perupKyysimui. B MaTepwanpHBIX 0OamaHcaXx yYCTAaHOBOK OOBIYHO —OTpakaroT
CYMMapHBIA BBIXOJ KaXJIOTO MPOAYKTa C Y4eTOM peunupKymsnud. s moacdera
CYMMapHOTO BBIXOJIa BBOJIATCS BETUYIHHBI:

K03 OUIHEHT penupKyIsun K,

G

k,=—=

G
» (1.5)

1 K03 PHIMEeHT 3arpy3Ku K,:
G.+G,
k. =—— 2 =1+k
3 G P

; (1.6)

rae G, — pacxop CBEXKero Chlpbs, Kr/c; G,— pacxoj pelupKyIupyIOLIEro ocTaTka nin
bpakuuu, Kr/c.
Ecnu n3BecTHa MaccoBast 10J11 Kakoro-au0o npoayKra, 00pa30BaBILIErocs
32 OJHOKpATHBIM MPOMYCK, Xi (B MPOLIEHTaX), CyMMAapHbIl BbIXOJ MpHU MOJHON
LHUPKYJISILUU HETIPEBPAIIEHHOTO ChIPbsI ONIPEIEIUTCS .
Xi=Xi(1+K)=xik; (1.7)
Ilpumep 1.2. B neunr BucOpekuHra mnoctymaer 11,67 Kr/c CBeXero ChIpbs
(ryapona) u 2,36 Kr/c peuupKyJIHpYIOUIEro ocTaTka. BoIX0l KOTEIbHOrO TOIUIMBA 32
OIMH IPOXOJ cocTaBisieT 66,5%. Onpenennts CyMMapHBIM BBIXOJ KOTEJIBHOTO
TOTIIMBA C YYETOM PELUPKYJISIIHH.
Pewenue. Onpenennum kodddunment 3arpy3ku mo dpopmyie (1.6):
_11,67+2.36 _ 17
’ 11,67 '

CyMMapHBI# BBIXOJ] KOTEJILHOTO TOIUTMBA Haxo1uM 1o ¢opmyite (1.7):
X+=66,5-1,2=79,8%.

1.4 3apaun

1. MaccoBass jmons OeH3WHA, OOpa3ylMIErocss MPU KPEKUHIe BaKyyMHOTO
ra3oiisi, coctaBisier 5% npu temmnepatype 410°C. Kakum Oyner Bbixoj OeH3WHA,
eciyi TeMmreparypy noBwIcsAT 10 430°C, a MpogoKUTEIBHOCTh MPOIIecca OCTAHETCS
npexHeit? TemneparypHbiit KO3 OUIIMEHT NPUHATH paBHBIM 1,77.

2. BucbOpexkunr ryapona gaet 2% 6en3una npu 420°C. Ha ckoabko Bo3pacTer
BBIXOJ] OCH3MHA, €CIIM TeMIlepaTypy mpoiiecca noBbicuTh Ha 20% npu HEW3MEHHOU
€ro MPOJODKUTENIbHOCTU? PemuTh, ucnonb3ys popmyny (1.1).

3. Ilpu mnoBbimiennn TtemrepaTypbl Ha 30°C MaccoBblii BbIXOJ O€H3MHA
TEPMUYECKOTO KpekuHra razounsa Bo3poc ¢ 4,7 nmo 17,2%. Onpenenuts
TEeMIIepaTypPHbIN TPAIUEHT, MPUHUMAS MPOAOHKUTEIIBHOCTD IIPOLiecca MOCTOSTHHOM.

4. TlpomomKUTENbHOCTh KPEKUMHTa TSHKENOro HepTsHOro cbipbsi npu 450°C
cocraBisier 240 c. Kakum Oymer Bpemsi mpoBeaeHus: mpoiecca npu 425°C mpu



YCIIOBUU TOJYYEHHUS] TOTO K€ KojuuecTBa OeH3uHa? TemmeparypHbI TpaJueHT
HNPUHSTH paBHBIM 12,9,

5. Bo ckoJbKO pa3 coKpaTuTcs BpeMsi MpeObIBaHUS ChIPhS B PEAKIIMIOHHOW 30HE
KpPEKHHTa [P NMOBBIIIEHUU Temrnepatypsl ¢ 415 1o 445°C? Brixon OeH3uHa ocTaeTcs
HEU3MEHHBIM, TEMIIEpaTypHbIN K03 duiiueHT paseH 1,64.

6. Ilpu monmxeHunm Temmneparypbl KpekuHra Ha 15°C mpogoKUTEIbHOCTD
npoliecca yBEJIMUYMIIACh B JIBa pa3a I MOJJIEpKaHUS MPEKHEro BbIXoJa OCH3WHA.
Haiitu TemmnepatypHbiii KO3 PHUIIHEHT.

7. Haiftu x03pGUIUEHT PEUPKYISIUN HETPEBPAIIEHHOTO CHIPbS, €CJIH
MacCOBBII BBIXOJl O€H3MHA 33 OJIMH NPoXo] cocTaBisieT 4,1%, a ¢ peupKyIsauein —
5,34%.

8. B meub kpekunra mocrynaet 18,05 Kr/c cMeIaHHOTO CBIPbsI, COCTOSIIETO U3
MPSMOTOHHOTO OcCTaTka u pemupkyisata. Kosddumument 3arpy3km pasen 1,25.
OnpenennuTs KOJIUYECTBO PELUPKYIIATA, TIOAABAEMOTO B I1EYb.

2 KOKCOBAHUE HE®TAHbBIX OCTATKOB

2.1 XapakrepucTuka npouecca

OCHOBHOMH 11€JIBIO TIPOLIECcCa KOKCOBAHUS SIBISIETCS MOTy4eHHE HE(PTAHOTO KOKCa
— TPOJAYKTa PEAKIUd YIUIOTHEHHUS, MPOTEKAIOIIUX TI0J] JIEHUCTBUEM BBICOKHX
temriepatyp. OQHOBpeMEHHO 00pa3yloTcs ra3, OCH3WH, JIETKUA U TSHKENbINA ra30iiy,
KOTOpbIE MOTYT OBITh HCIOJB30BaHbl B Kauye€CTBE ChIPhS JAPYTHX IpoueccoB. B
He(dTenepepabaThIBAIOIIECH MPOMBIILIEHHOCTH B OCHOBHOM PACIPOCTPAHEH CIOCO0
MOJIy4YeHUs] KOKCa B HEOOOrpeBaEeMbIX KaMepax Ha YCTaHOBKaxX 3aMeJJIEHHOTO
KOKCOBaHHUs. OJTOT mpolecc ocymectBisiercs mnpu temneparypax 470-490°C u
nasnenusx 0,3-0,5 MI1a.

2.2 MaTepuajibHbIii 6aJI1aHC NMPOLECCa KOKCOBAHUS
[Ipu cocTaBieHnn MaTepuaIbHOTO OalaHca OOBIYHO BO3ZHMKAET HEOOXOIMMOCTh
OTpeJeIeHUs] BBIXOJIa MPOAYKTOB KOKCOBaHMs. J[Jis 2TOW 1€MW CYIIECTBYET Psij
AMITUPUIECKUX (HOPMYII.
MaccoBblii BBIX0J KOKca (X, %) moACUUTHIBAETCS 10 (hopMyIie

Xi=2+1,606K,, (2.1)
CYMMapHBII MacCOBBIN BbIXOJ KOKca U ra3a (X, %)
Xc.=5,5+1,76K,, (2.2)

rae K. — KOKCyeMOCTb ChIpbs, %o.

KokcyemMocTh ChIpbsi MOKET U3MEHATHCS B IMIMPOKUX Mpenenax ot 6,5 mo 25%,
IpUyYeM JJIsl OCTaTKOB MPSMOM MEperoHKH (TYAPOHOB) OHA, KaK MPaBHJIO, MEHBIIIE,
9YeM JIJIs1 OCTATKOB BTOPHUYHBIX MPOIIECCOB.

Brixon 6en3nna MoxHO onpenenuts o ¢popmyiie 3.1. Cronsiea

- ||Ipﬂc'm —0.94
7\ 0.00019



rae X; — maccoBbiid Berxog 6ensuna (40-205°C), %; poem — OTHOCUTENIBHAS TUIOTHOCTH
HCXOJTHOTO OCTaTOYHOTO CHIPHSI.
VY .HenbcoH ycTaHOBUIJ, YTO BBIXOJBI (B MAcCOBBIX IMPOIIEHTAaX) KOKCa M rasa
B3aMMOCBSI3aHbI COOTHOIIIEHUEM
XF:XKarl (2.3)
r7e o, — KodphUIueHT, 3HadYeHUs] KOTOPOTo MPpUBEACHBI B Ta0. 2.1,

Tabmuma 2.1 — 3nauenue kodhHUIMeHTA O

[I10THOCTD CHIPBS p;° ol [T1oTHOCTD CHIPBS P’ Ol
0,9966 0,185 0,9302 0415
0,9826 0,210 0,9009 0,610
0,9623 0,265

Beixon kepocuHo-razoinieBod ¢pakuuu (Xp, %), T.e. CymMMy JIETKOIO U
TSKEJIOT0 Ta30MJIei, JerKo ONpeAeIuTh 0 Pa3HOCTH
qu:].OO-XK-)(;-Xg.
[IprmepHBI€ BBIXO/IbI IPOTYKTOB, MOTYYAEMbIX HAa MPOMBIIUIEHHBIX YCTAHOBKAX
3aMeJIJIEHHOTO KOKCOBaHUs, IPUBECHBI HIDKE.

MaccoBsbIil BEIX0, %

["a3 4-8

bensun (H.k.-205°C) 7-16
Jlerkwuii razoiins (205-350°C) 12-40
Tsoxensrit Tazoitns (>350°C) 23-35
Koxkc 15-35

Ilpumep 2.1. 3aMeIIEHHOMY KOKCOBAHHUIO MOJBEPraeTCs TYAPOH, KOKCYEMOCTD
koTtoporo paBHa 11,2%. OnpenenuTs BbIXOJ KOKCa U rasa.
Pewenue. J15is onpenenenus BeIXxoa KOKca Bocmoib3yemces hopmyioi (2.1):
X,=2+1,66-11,2=20,6%.
CyMMapHBIi BBIXOJT KOKCa M rasza Haijaem mo gopmyie (2.2):
Xi=5,5+1,76-11,2=25,2%.
Pa3HoCTh MEXTy MOTy4YeHHBIMU PE3YJIbTaTaAMH JIACT BBIXOJI T'a3a

X.=25,2-20,6=4,6%.

2.3 3agaum
9. Onpenenuth BBIXOA KOKCA M3 OCTATOYHOTO CHIPbsl, KOKCYEMOCTb KOTOPOTO
paBHa 16,7%.
10.Kakum OyaeT BBIXOJ KOKCa U ra3a Mpu KOKCOBAHUM T'yJIPOHA KOKCYEMOCThIO
9,4%.
11.HaiiTi KOKCYeMOCTb ChIpbsl, €CJIA U3 HETO MOJy4aroT npu KokcoBaHuu 21,4%
KOKCa.

12.0Onpenenuth BBIXOJ Ta3a MPU KOKCOBAHUHU, €CIIM BBIXOJ KOKCA COCTaBIISET
217,6%.



13.0THOCUTENbHASA TUIOTHOCTH ChIpbs KOoKcoBaHHs paBHa 0,965. Haiitu BbIXOA
OceH3MHA.

14.B mporiecce 3aMEUICHHOTO KOKCOBaHHUSI B Kauy€CTBE ChIPbSI HUCIOJIb3YyETCs
KPEKMHIOCTaTOK, IIIOTHOCTh KOTOporo ps2°= 0,9914. PaccumuTath BBIXOJ
1. kokca, eciu BBIXOJ] Ta3a cocTaBiisieT 5,4%.

15.Ha kokcoBaHMe IOAaeTcsi TYAPOH, MMEIOIMH IUIOTHOCTh pg2°= 0,988 n
kokcyeMocTh  K=11,7%. Omnpeaenutb BbIXOJ KEPOCHHO-Ta30MJICBOMI
dpakiuu

U3 JJAaHHOTO CBIPBsi. BbIxos ra3a Haiitu mo popmyie (2.3).

3 KATAJJUTUYECKHUA KPEKUHT HE®TSHOI'O CBhIPhS

3.1 Xapakrepucruka npoiecca

OCHOBHBIM Ha3HAYEHUEM KaTAIUTUYECKOTO KPEKHHIa, IPOTEKAKLIEro IpH
temnepatypax 470-530°C u neboabmiom u30biTounoM gaBieHun 0,05-0,1 Mlla,
ABJIIETCS MOJyYE€HUE BBICOKOOKTAHOBOI'O KOMIIOHEHTa TOBapHOro OeH3uHa. Kpome
TOT0, KaTAIUTUYECKUI KPEKUHT JaeT ras, Ooratelii OyTaH-OyTuiaeHOBOM (pakuuen, a
TaK)Ke JIETKMM M TsDKenbld Trazoiu. OOpasyromuiicss BO BpeMs peaklUU KOKC
BBDKUIAETCS C MOBEPXHOCTH KaTaJau3aTopa B IPOILECCE pereHepauuu. B kadecTse
CBIpb KATAIMTUYECKOTO KPEKHHIa 4Yalle BCEro MCHOJB3YIOT MPSMOIOHHYIO
HIMPOKYI0O MacisiHyl0 (pakluio, BbIkAMawomyro B mnpenenax 350-500°C. Hanuuwme
KaTajn3aTopa YCKOpSET MNpoLecC KPEKHHra M YIy4llIaeT €ro CEeJIeKTUBHOCTH I1O
CPaBHEHUIO C BO3JCHCTBUEM Ha CHIPHE TOJBKO BHICOKOM TEMIIEpaTyphl (TEPMUYECKHIA
KPEKHHT). B OPOMBINUICHHOCTH  NPUMEHSIIOT  allIOMOCHJIMKaTHbIE |
LHEOJUTCOAECPKAIME  KaTalM3aToOpbl, NPEUMYIIECTBEHHO  MHKPOCPEpPHUUECKHE.
Karanutuueckuii KpeKMHI TMPOBOAST B peakTopax, TIJaBHbIM 00pa3oM C
MICEBIO0KIKEHHBIM CJIOEM KaTajiu3aTopa, M TaK Ha3bIBa€MbIX JUQPT-peaKToOpax.
PeakTopHbIil 0JIOK BKJIIOYAET TaKXKE PpEreHepaTop, B KOTOPOM OCYLIECTBIISETCA
ylaJeHue KOoKca C MOBEPXHOCTH Karajau3aTopa. Takum o0pa3oM, KaTaiau3aTop
IIOCTOSIHHO LUPKYJIMPYET MEXKAY PEAKTOPOM U PET€HEPATOPOM.

3.2 MaTepuajibHblii 6aj1aHC NpoLecca
Bpixox mNpOAYyKTOB KAaTAIMTUYECKOTO KPEKUMHra B 3HAYUTEIIBHOM CTEIEHU
3aBUCUT OT Ka4C€CTBa M COCTaBa CbIPbA, AKTHUBHOCTH KaTajlu3aTopa U T.II. Hwuxe
MPUBCACHLI CPCAHNUEC JAHHBIC, XapaKTCPU3YIOMIUC BbIXOA IMMOJIYYACMBIX ITPOAYKTOB!

MaccoBsbIil BeIxod. %o

['a3 10-20
bensnnopag dpaknug (1o 200°C) 30-50
Jlerxmuit razoiins (200-350°C) 24-36
Tsxensrii rasoiins (=350°C) 12-33
Kokc 2-7
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[Ipu coctaBneHuM MaTepuasbHOTO OajaHca >KEJIaTeNhbHO WCIOJIb30BaTh
AKCIIEPUMEHTAJIbHBIC JJAHHBIE JJIsl KOHKPETHOTO BUJIa ChIPhs. ECIM OHM OTCYTCTBYIOT,
MOKHO TPHUOJMKEHHO MOACYMTATh MACCOBBIC JOJIM IMPOJYKTOB KaTaIUTHYECKOTO
KPEKHUHTa 10 CJICAYIOMmUM GopMyJiaMm:

OeH3MHa
]\_F
‘-“5 = ] ¥ W
(1—F YK — k")

(1=7f —=(1=7) ,)+m ) (3.1)

JIETKOTO Ta30MJIA

(3.2)

KOKCa

- =01157°:
& K (3.3)

r7ie Y - TiyOuHa MpeBpallleHUsl ChIPbsi, MACCOBBIE JIOJIU; X5, X;.., Xx — MACCOBBIE JIOJH
IPOJYKTOB peakluy: OeH3UHa, Nerkoro rasoitns, kokca; k', k” - makpoxuneTnueckue
K02 (D PUITMEHTBI, 3aBUCSIIIUE OT TEMIIEPATYPHI.

3Ha4CHNsI MAKPOKUHETUYECKHUX KOI((ULHCHTOB CIICAYIOLIHC:

Temmepatypa. °C K K’
450 0,95 0,55
475 1,25 0,60
500 1,45 0,65
520 1.45 0,80

Pa3nocTh Mex 1y riyOMHOM pEeBpAaIllEeHHs U CyMMOU BBIXO/0B O€H3MHA,
JIETKOTO Ta30MJIA U KOKCa aeT BBIXOJ Ia3a.

Ilpumep 3.1. Ompenenuth BBIXOJA MPOIYKTOB KPEKHHTa IIMPOKOW MAaCISHOM
¢dpakiuu ipu 500°C. ['myOGuHa npeBpaiieHus celpbs coctasiset 0,714,

Pewenue. Tlpu 500°C maxpokuHeTHdeckue Kod(@uuueHTtsl pasHbl: K'=1,45;
k=0,65. Beixomel (B MAaccoOBBIX JOJAX) OEH3MHA, JErKOr0 TIa3oills M KOKca
ornpenenuMm 1o dpopmyiam (3.1)-(3.3):

A5 5
Y, = 14 (1=0.71® —(1-0.71)* )+
(1-1.45)1.45-0.65) '
1.45
+
(1-0.65)1-1.45)
|
X, =
T 1-145
x, =0.1150,715° = 0,042.
Brixop raza Hamgem kak pa3HOCTbh:
x.=0,714+0,322+0,275+0,042=0,075.

YMHOXUB MoiydeHHbIe pe3yibTaThl Ha 100, moiayyuM BBIXOHABI MPOIYKTOB B

MPOLICHTAX.

(1-0.71)+(1- 071" )= 0322

(1-0.71)* —(1-1.71))= 0275
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3.3 3agaum

16.Ompenenuth BBIXOA O€H3WHA KATAIMTUYECKOTO KPEKUHra BaKyyMHOIO
razoiist nipu 470°C, ecnu oO1ast TiiyOrHa NPEeBPAILEHUs ChIPbsSI COCTABIISET
81%.

17.Karanutuyeckuid KpeKUHT TMpoTekaeT npu Ttemmneparype S510°C, oOmas
rIyOMHa TipeBpaileHust cbipbsd paBHa (0,84, HalTu BbIXOABI JIETKOTO
KaTaJIMTUYECKOTO Ta30MIIsl U KOKCA.

18.TemmepaTypa B peakTope KataauTudeckoro kpekunra pasHa 490°C. B stux
ycioBHsIX 68% ChIpbs IpeBpalaeTcs B NpoAyKThl. [logcunTarh BEIXO[ ra3a.

19.Kakum Oymer BbIXO7 O€H3WMHA, €CIIM TIIyOWHa MpeBpamieHus: HEQTSIHOTO
CBIPbsI B IIPOIIECCE KaTAIMTHYECKOro kpekuHra pasHa 0,73 npu 475°C?

4 KATAJIUTUYECKHUI PUOOPMUHI
BEH3UHOBBIX ®PAKIINU

4.1 XapakTepHCTHKA MpoLecca

Karanutnueckuit pudopMuHT SBISETCS OJHUM U3 OCHOBHBIX IPOIIECCOB
MOJIyYeHUS]  BBICOKOOKTAHOBBIX O€H3MHOB. [IpuMeHeHHE TMIATMHOBOTO WM
OMMETAINTHYECKOTO KaTaJanu3aTopa MO3BOJLIET MPEBpaIiaTh CHIPhEBBIC MPIMOTOHHBIC
OCH3WHOBBIE (pakmuy B TPOIYKTHI, COJCPKAIINE 3HAYNTEIHLHOEC KOJIMIECTBO
apOMaTHYECKHX yTieBoAopoaoB. [lodydeHHbIE apoMaTH3WpPOBAaHHBIC —(DPAKIIHH
MOKHO HMCHOJIb30BaTh HE TOJBKO KaK BBICOKOOKTAHOBBIE TOOABKH, HO M KaK CHIPHE
JUTSI JATBHEUIIIET0 U3BJICUCHUST HHINBUIYATBHBIX apOMATHUECKUX YTJIEBOIOPOI0B. B
CBS3U C OTHUM CYIIECTBYIOT JBE PAa3HOBHJIHOCTH KaTaJIUTHYECKOTO pU(OpPMHUHTA,
MpeHa3HAYCHHbIE  JJii  BBIPAOOTKM  JTUOO  KOMIIOHEHTa  OeH3uWHa, J10Oo
apoMaTh4YecKkoro koHrieHTpara. O0a BapuaHTa MMEIOT MPAKTUYECKU OIUHAKOBYIO
TEXHOJIOTUYECKYI0 CXEeMy U OTJIMYAIOTCS TOJIBKO MOITHOCTBIO, pa3Mepamu
anmapaTtoB, (pPaKIMOHHBIM COCTAaBOM  CBIpbSi W  HEKOTOPBIMU  JIPYTUMU
HE3HAUYUTETHHBIMHU MapaMeTpaMu. TeMrepaTypHbIie MpPeebl BEIKUIIAHUS ChHIPhS IS
MOJIYYSHUS PA3JIMYHBIX MPOTYKTOB MPUBEICHBI HIDKE:

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

[Ipouecc kaTanutudeckoro pupoOpMUHTa MPOBOIAT MPEUMYIIECTBEHHO Ha

HEIMOABUKHOM cioe KaTaJIn3aTropa B TOKE HUPKYJIUPYIOLIETO
BoJIOpoAcoAepkalero raza npu temmeparype 470-540°C u gasnenun 1,4-3,5 MlIla.
[IpumeHsAOT  TaOJNETUPOBAHHBIE  KaTanu3aTtopbl:  MiaTuHOBBIM  [[A-64
miatuHopenueBble cepun  KP  (KP104, KP104A, u gap.). Lupkynupyrommii
BOJIOPOJICOAEPKAILMI Ta3 JOJKEH COJEpKaThb HE MEHee 75 OOBEMHBIX MPOLIEHTOB
BOZOpOJA.
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KpatHoCTh HLMpKyISiLMU BOAOpOACOAEpxk amiero rasa cocrasiser or 700 1o
1500 m> Ha 1 M chIpbs.

4.2 MaTepuaJibHbIH 0aj1aHC npolecca
OCHOBHBIM 1IEJIEBBIM MPOAYKTOM KaTaIUTHYECKOTO PUPOPMUHTA SBIISIETCS
OoensuH-katanu3ar. OJHOBpEMEHHO 00pa3yercss Ta3, CoJAepXalluil BOAOPOA H
yriaeBoopoabl. KommuecTBO KOKca, OTKIAIBIBAIONICTOCS Ha  KaTajau3aTope,
HE3HAYUTEIHHO, U €T0 B 0aJaHCe HE YUYUTHIBAIOT.

Cpennuii BBIXOA MPOAYKTOB pU(OPMUHTA XapaKTEPU3YIOT CICAYIOIMINE TaHHbIE:
MaccoBeril BEIX0I, %o

bensun-karammzar 75.0-90,0
Bogopon 0.8-1.8
[Iponan 5.1-12.0
byTtansl 3.6-9.7

PacuyeTHble MeTOABI OIpeAeNneHus BBIXOJAa NPOAYKTOB pupopMHHra OT-
CyTCTBYIOT. [IpnOnm:keHHO BbIXOJ] OCH3MHA MOXKHO ONPEAEIUTh 0 rpaduKkam
(puc. 1, 2) B 3aBUCUMOCTH OT YIJIEBOJAOPOAHOIO COCTABA CHIPHA.

95 —

52 90 y

8 /

3 Z

% /

.ﬁ

o 8

o

3

Q / Pucynok 1 — 3aBUCHUMOCTH BbIXOJ1a O€H3MHA
P pudopMUHTa OT YrIeBOJOPOIHOIO COCTaBa

30 40 50 55 ceIpbst (ppakuus 105-180°C): 1 — okTaHOBOE

ggwma apomamuyerkux u He@menp-  duciio 75; 2 — oktanoBoe yucio 80 (mo
oix yeneBodopodod 8 coipse, % MOTOPHOMY MeTOMY)

~ 90
wy
%’ % " "(: PucyHok 2 — 3aBUCUMOCTB BbIXO/1a
LY Ve OCH3MHA KaTATUTHYECKOTO
%...g © / pU(GOPMHUHTA C OKTAHOBBIM YHCIIOM 95
IS E 75 // (10 MCCITeMOBATEILCKOMY METOY) OT
& g YTIIEBOAOPOTHOTO COCTaBa CHIPHSL:
) —
“ w35 w45 w0 5 s - bpakwaa
Cymrma apomamuseckux u wagmeno- 09-180°C;
Goix yenebodopodnd 8 cojpse, % 2 — ¢paknus 105-180°C
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Ilpumep 4.1 Kartanutuyeckomy pudopMuHTy mnoaseparaercs ¢pakuus 105-
180°C, B KOTOpOHl CyMMapHOE MaccoBO€ cojJiepKaHue HapTEHOBBIX U
apoOMaTUYECKUX YIrieBoaopoJoB coctaBisger 50%. Omnpenenutb BbIXOJ OEH3MHA C
OKTaHOBBIM 4KCIIOM 95 (110 UCCIEe0BATETLCKOMY METOY).

Pewenue . Boixoa 0eH3nHa ¢ OKTaHOBBIM unciioM 80 Haiinem 1o rpaduky (cM.
puc. 1). On 6yznet pasex 91,5%.

ITo rpaduky (cM. puc..2) onpenearuM BbIX0J OCH3MHA ¢ OKTAHOBBIM YUCJIOM 95,
OH cocTaBuT 86,2%.

OTBeTamMu TOATBEpKAAETCS 0OOIIas 3aKOHOMEPHOCTb, UYTO C YIy4YIICHHEM
KayecTBa, T.€. C MOBBINICHHEM OKTAHOBOI'O YHCIA MPOAYKTa, YMEHBIIAETCS €ro
KOJIMYECTBO.

4.3 3apauu

20.0Ompenenuth BBIXOJ Karajiu3aTa C OKTAHOBBIM yucioM 95 (1o
UCCJIeIOBATEIhCKOMY METOAY) U3 ChipbeBoil (¢pakuuu 85-180°C, ecnu
CyMMapHO€ coJepkaHue B Hed HapTEHOBBIX U  apOMaTUYECKHX
yriieBo1opoioB coctapiseT 40%.

21.CpippeM KaTanmuTuyeckoro pudopmunra ssiusercs ¢paxmus 105-180°C,
KoTOopas coiepkut 45% HaQTEHOBBIX M apOMATUYECKUX YTIEBOIOPOJIOB.
Kakoe konmuyecTBO KaramusaTta ¢ OKTaHOBBIM duciioM 80 (10 MOTOpHOMY
METO/Y) MOKET OBITh IMOJTYYEHO U3 3TOTO ChIPbs?

STUJAPOKPEKUHI U TNIPOOUYUCTKA HE®TAHOI'O
JAUCTUJIVIATHOI'O CBIPHA

5.1 XapakTepucTHKA MPOLECCOB

I'magpokpekMHr W THUAPOOYMCTKA  OTHOCATCS K OJHOM  TIpyIIe
TMJIPOTEHU3AMOHHBIX  KaTaIUTUYECKUX MPOLECCOB U MOAUYMHAIOTCS  OOIIMM
TEOPETHYECKUM 3aKOHOMEpPHOCTAM. Ha3BaHHBIE NIpoLECCHl OTIWYAKOTCA JIPYr OT
Apyra TiayOMHOM NpPOTEKaHHs PEAKIUM W BCIEACTBUE 3TOTO TEXHOJIOTHYECKUM
PEXXHUMOM U arnmnapaTypHbIM 0(pOpMIIEHUEM.

I'MapOKpEKHHT, LEah KOTOPOIro 3aKJIYAETCs B MOJIYYEHUN CBETJIBIX TOIUIUB U
MaJOCEPHUCTOTO CHIPhS Ul KaTAJIMTUYECKOTO0 KPEKUHra, MmperycMaTpuBaeT Oolee
rIIyOOKO€ MpeBpalieHNe UCXOAHBIX BAKYYMHBIX JUCTUIUIATOB.

Bo MHOrux cmywasx NpoOBOJAT JIETKMH OJHOCTAAWWHBIA THIPOKPEKUHI IIPHU
JaBJICHUH 5-7 Mlla, Ttemneparype 360-440°C, KpaTHOCTH UUPKYJISIUU
Bomopoacoaepskamero raza 800-2000 m® Ha 1 M® chIpps M 0OBEMHON CKOPOCTH
nogaun ceipbs 0,2-1,0 u, B Takux ycloBUSX HOCTUraerTcs IilyOMHa MpeBPalleHUs
0,6-0,8 nmpu pacxonae Bogopoaa Ha peakuuto oT 1 10 3%. ['mapokpekuHT MpoTeKaeT ¢
BBIJICJICHUEM TETUIOTHI, YACIbHBIN TerIoBou 3¢ dekT mporecca coctaiser 293-420
kJK/KT.

OCHOBHBIM Ha3HAYEHHEM THUAPOOYUCTKU SIBISETCS yJaleHHE U3 HEPTIHBIX
JUCTUIUIATOB CEPHUCTBIX M JPYTMX TE€TEPOATOMHBIX COEAVMHEHUH, YyXYIIIAIOIIUX
KauyecTBO TOBapHbIX HedrenpoaykToB. [Ipu 3TOM 0OCHOBHAs Macca yriieBOAOpPOIOB He
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JOJDKHA ~ MOJIBEPraTrbCsl  XUMUYECKUM  IPEBpAlEHUSIM, MO3TOMY  MPOLECC
TUJAPOOYUCTKH OCYUIIECTBIISIETCS. B 0Oojee MSTKUX YCIOBUSIX: MPHU MEHBIIEH
temrniepatype (350-400°C), naBnenuu (3-5 MIla), KpaTHOCTH UUPKYJISIUU
Bosopoacoaepxkamiero rasza (500-600 M3 wHa 1 M3 ChHIpbsl) W TNpPU YBEIUYCHUHU
o0beMHON ckopocTH Tmomadd  ceipbst  (1,5-7,0 u-1). I'mapoouncTke MOTyT
noJBepraTbCs  JIOOble  HEQTAHbIE  JUCTWUIATBI,  OJHAKO MO  00bEMY
nepepadaThIBAEMOT0 ChIpbi HauOoJiee pacHpoCTpaHEHA THAPOOYUCTKA U3ENIbHBIX
TOILIUB.

I'uapOKpeKUHT UM TUAPOOYUCTKA MPOBOJATCS, KaK MPaBWIIO, B PEAKTOpax co
CTAallMOHAPHBIM CJIOEM Kartanu3aropa. KaTtaiuzaTopsl TOro um Jpyroro mporeccoB B
OOJIBIITMHCTBE CITy4acB HE UMEIOT CYIICCTBEHHBIX OTIHYUN.

5.2 Martepua/ibHbIi 0aJ1aHC THIPOKPEKUHTA

[IponykTamMu THAPOKPEKHHra SBJSIOTCS ra3, OEH3MH, AM3EJIbHOE TOIUIMBO.
WNHorga k mpoayKTaMm OTHOCST U ocTtaTok. OO1as riryOrHa NpeBpalleHus] yUuThIBaeT
CYMMapHBIH BBIXO/J] CBETJIBIX MPOAYKTOB. [ HIPOKPEKUHT UMEET OOJIBIIOE CXOACTBO C
KATAUINTUYECKUM KPEKMHIOM, ITO3TOMY JUIS ONpENEIEHUS BBl XOJa NPOAYKTOB
TMJIPOKPEKUHIa MPEAJoKEHO MCHOib30BaTh Te ke (GopMynbl. KomnuecTBo
oOpasytoierocst 6enszuna (H.k. — 160°C) noacuutsiBaetcs o popmyne (3.1), BeIxoa
muzenbHoro TorumBa  (160-350°C) ompenensiercs no  Qopmyne (3.2). s
MPUOJIMKEHHBIX PACYeTOB MAaKPOKMHETHYECKHE KOA(PPUIMEHTH MOXKHO HPUHSTH
paBubeMu: k'=1,3; k"=2,0.

Beixon raza ompezgensieTcss Mo pasHOCTH MEXAYy INIyOMHOW NpeBpallleHus U
CyMMapHbIM BBIXOJIOM OC€H3MHA U IU3EIbHOTO TOILJIUBA.

Ilpumep 5.1. Onpenenutb BBIXOABI MPOAYKTOB THAPOKPEKUHIa BaKyyMHOIO
JTUCTUILIATA, €CJIM TTyOrHa ero npespaiieHus cocrapiset 0,68.

Pewenue. Tlpunss wmakpokunetndeckue koddguuumentsr k'=1,3 u k’=2,0,
OTpEICITUM BBIXO[] (B MACCOBBIX JI0JIAX ) OeH3MHA 110 (hopmyiie (3.1):

L3 ' 2 1.3
X = . 1-0.68) —(1-0.68) )+
k (1-13)(1.3-2)(-( F-(-oss)?)

f B (1-068)-(1-0.68))=0.17
(1-2)1-13)" (32)
BrIxon au3ensHOro TOIUIMBA HaitieM o dopmysie (3.2):
X,, = ﬁ (1-0.68)" —(1 —0.68)): 0.31.
— 1.2

Beixo rasa mo pasuocru x,=0,68-(0,17+0,31)=0,2.

5.3 MaTepua/jibHblii 6aJJaHC THAPOOYUCTKH IM3€JIbHOI0 TOILUINBA
OCHOBHBIM TNPOAYKTOM TIpOLECCa SBISECTCS THAPOOYMILIEHHOE JIU3EIBHOE
TOIUIMBO, OJHOBPEMEHHO 0Opa3yercs HEKOTOPO€ KOJUYECTBO rasza, OEH3MHa W
CEpPOBOJOPOAA.
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Brixon oumnieHHoro ausenbHoOro toriauBa (X, %) MOXHO ONpENeauTh IO

dhopmyiie:
Xa.m=1OO—X6—X2—AS,

rane X X., AS — BbIX0oAbl O€H3MHA, ra3a U KOJUYECTBO YAAJICHHOW U3 ChIPbs
cepbl, % Ha ChIpbE.

Brixon GeH3uHa nmpuHUMaeTcs paBHbIM X;=AS, BBIXOJ raza moJCYUTHIBACTCS
o ¢hopmyne X.=0,3AS.

KonuyecTBo 00pa3oBaBuIerocs cepoBoaopoa:

M
H,S
X, s =AS—2
: M
S
rac Mst, Ms - MOJEAPHBIC MACChl CCpOBOAOPOIAa M CCPbl COOTBCTCTBCHHO,

KI/KMOJIb.

Ilpumep 5.2 MaccoBoe cojepxkanue B qu3esibHou gpakuuu paBHo 0,2%. Ilocrne
TUAPOOYUCTKH COJepKaHne cepbl yMeHbIIMIOCH A0 0,15%. Onpenenuts BBIXOIbI
TUAPOOYUIIICHHOH (hpakiuu, OEH31HA, ra3a U CEPOBOAOPOA.

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

Brixon Oen3una

X+=1,05%.
Brixon raza
X~=0,3-1,05=0,315%.
BrIxo/1 0UHILIEHHOTO JU3€IbHOTO TOIJIMBA
X».»=100-1,05-0,315-1,05=97,585%.

MosisspHble Macchl CEpPOBOAOPOJIa M CEPbl COOTBETCTBEHHO paBHBI 34 u 32

KI/KMOJIb, CJI€I0BATEIBHO, BBIXOJ] CEPOBOIOPO/IA

X, =105°% _1120.
2 32

5.4 3apaun

22.01npenenuTh BBIXOJ IU3EIIBHOTO TOILIMBA MPH THAPOKPEKUHTE BaKyyMHOTO
ra3ounJis, eciu TIyOuHa ero npespaiieHus: cocrapiset 0,72.

23.I'myOunHa npeBparieHuss He(QTIHOTO TUCTUIUIATA B MPOIECCE THAPOKPEKUHTA
paBHa 0,78. Paccunrarh BbIX0]1 OCH3MHA.

24.I'uapoKpeKUHry TOABEPraeTca TSKENIoe HEPTSHOE ChIphe, TIIyOMHA €ro
npespauenus 0,55. Haittu Bbixon rasa.

25.Ha ycranoBke rumpokpekunra mnepepabarsiBaercss 19,03 kr/c chipbs,
ryouHa mpeBparieHus kotoporo coctarisier 0,69. Omnpenenuth BBITYCK
JIM3EJIbHOTO TOTUINBA.

26.0npenenuth BBIXOA OCH3MHA W Ta3a MPU THIPOOYUCTKE IU3EITHHOTO
TOIJIMBA, B MPOIIECCE KOTOPOM CoAEp>KaHWE€ cepbl yMeHblmaerca ¢ 1,4 no
0,2%.

2 .Ha ruapoouunctky nogaetcst 138 000 kr/u au3enbHOM Ppakiuu.
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28.ConepkaHue cepbl B UCXOMHOM Chiphe cocrtaBisier 0,96%, B OYUIIICHHOM
npoaykre — 0,1%. mnoacuutath BXOoJA (B KWJIOrpaMMax B CEKYHIY)
00pa3yroIIerocs CEpoBOI0POIa.

29.B mporiecce THAPOOYUCTKH TUCTHIUIATHON (PpaKIMK COJIEpKaHUE B HEH Cephl
ymeHnbiaercs Ha 1,4%. OnpeaeauTs BBIX0 THAPOOUYHUIIICHHON (hpaKIny.

17



BAPUAHTBI KOHTPOJIBHOM PABOThI

B nponecce nzyuenus kypca « XUMHYECKasi TEXHOJIOTUS TIIyOOKOM nepepadoTKu
He(TU» CTYIEHT-3a0YHMK JIOJDKEH BBIIIOJIHUTH KOHTPOJIbHYIO paboty. K
BBITIOJTHEHUIO KOHTPOJBHOW pabOThl MOKHO MPHUCTYMUTH TOJIBKO TOCJE YCBOCHUS
TEOPETHYECKOW YacTh Kypca M pEIICHHs NPUMEPOB THIOBBIX 3anad. Kaowcowii
CcmyoOenm _8blNoIHsAem 8APUANm 3a0aHUll, COOMBEMCmMEVIOWU 08YM NOCICOHUM
yugpam _Homepa cmyodenueckozo bunema (tabnuma). Hampumep, Homep
cTyleH4eckoro Ousiera 98546, npe mnociennue mUppsl 46, UM COOTBETCTBYET
BapUAHT KOHTPOJIBHOTO 3aJaHusl 1OJ HOMEpoM 7 (COIJIaCHO OOBACHEHUSM,
IpUBEIECHHBIM HUXke Tabiuupl). KoHTposbHas paboTa JOMKHA OBITH aKKypaTHO
odopmiieHa; sl 3aMEYaHUN peLEH3EeHTa HY’KHO OCTaBJISATh IIMPOKHUE MOJIS; MHUCATh
YeTKO U SCHO; HOMepd U YCI08Us 3a0ay Nepenucvléamv HOIHOCHbIO U 8 MOM
nopsoke, 8 KAKOM OHU yKazauwl 8 3a0anuu. B KoHLEe padoThl cleayeT JaTh CIHUCOK
MCIIOJIb30BAaHHOM JiuTepaTypbl. CChUIKM Ha MCIHOJIb3YEMYIO JINTEPATypy O(POpMIISIOT
B cootBeTcTBUU ¢ ['OCT P 7.0.5-2008. IIpumep npaBriibHOro 0pOPMIIEHUS CCHUIOK
Ha y4eOHUKH — B OMOJIMOrpauecKoM CIHCKE PEKOMEHIYEMOM JIUTEPATYPHI.
Tabnuua — BapuaHThl U 3a/1a4u JJ1s1 KOHTPOJIBHOM pabOThI

[locnennue Howmepa 3aga4, oTHOCSIIMXCA K JTaHHOMY BapHaHTY
uudpel No
3222’;?5@ BapHaHTa
KHHKKH
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 5 5 13 16 20 26
XS 6 6 14 17 21 27
X6 7 7 15 18 20 28
X7 8 8 9 19 21 29
X8 9 1 10 16 20 22
X9 10 2 11 17 21 23
YO0 11 3 12 18 20 24
Y1 12 4 13 19 21 25
Y2 13 5 14 16 20 26
Y3 14 6 15 17 21 27
Y4 15 7 9 18 20 28
Y5 16 8 10 19 21 29
Y6 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

*-20e X — omo nmooas yugpa om 0 00 4; a Y — smo nrobas yugppa om 5 0o 9

Konmpoavnas __pabooma, 6blnoJjiHeHnanA He no ceoemy  eapuanmy,
npenooagsamenem He PeueH3Upyemcs U He _3acuumbléaemcs KaKk COAGHHAL.
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