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Hepeueub Komnemeuum? u unduxamopos oocmudiceHus Komnemenuut? C YKazanuem smanoe ([)opmupoeamm 6 npoyecce 0C60eHuUA

OUCUUNIUHDL

Komnerennun:

1IK-5 CriocobeH K MpoBEeACHNIO HayYHO-UCCIIEA0BATEILCKUX PabOT B 00JaCTH XMMHUH U TEXHOJIOTUH OPraHNYECKUX BELIECTB

IIK-5.1 3HaeT XMMMIO ¥ TEXHOJIOTHIO OPraHMYECKHUX BEIIECTB, HOBEWIINE JOCTMXKEHUS B 3TOM 00JacTW HAayKM U TEXHUKH, UCTOPHUIO Pa3BUTHS
KOHKPETHOM Hay4yHOU MpoOeMbl; COBpEMEHHBIE METO/Ibl UCCIEA0BAHNS U CPEJICTB UCCIIEI0BAaHUS CBOMCTB U CTPYKTYp OpPraHMYECKHUX BEILIECTB; OCHOBHBIE
MTOMCKOBBIE CUCTEMBI JIJIs1 padOThI C HAYYHO-TEXHUYECKOW HH(popMaIireit

ITK-5.2 YMeeT OCyImIEeCTBISATh TOWUCK, 00OpabOTKy, aHAM3 W CHCTEMATH3alMI0 HAYYHO-TEXHHUYECKOW HWH(POpMAIMH MO TEME HCCICOBAHUS;
(dbopMynupoBaTh 1eJIM U 3aJIJa4M UCCIIEeI0OBAaHUS; ONPEENATh 00BEKT U MPeIMET HUCCIeA0BaHUS; TPOBOJAUTH 0O0CHOBAHUE aKTyalbHOCTH BHIOPAHHOUM TEMBI U
XapaKTEPUCTUKU COBPEMEHHOI'O0 COCTOSIHMSI M3ydaeMoil npoOiembl; oOpadaThiBaTh IMOJyYE€HHBIE PE3Yy/bTaThl, IUIAHWPOBATh U MPOBOAUTH XUMHUYECKHE
AKCIEPUMEHTHI, AaHATTU3UPOBATh U MPEJACTABIATh UX B BUJE 3aKOHUEHHBIX HayYHO-UCCIIEIOBATENbCKUX pa3paboTok; GopMynupoBaTh U pa3peliaTh 3a1a4H,
BO3HUKAIOLINE B XOJI€ BBIIOJHEHUS Hay4YHO-MCCIIENOBATENbCKON paboThl; BEIOMPATh HEOOXOAMMBIE METO/IbI UCCIENOBAHNUS, UCXOI U3 3374 KOHKPETHOTO
UCCIIEIOBAHUS; COCTABIATh OTYET O HAYYHBIX HUCCIEIOBAHUAX; MOJIb30BaThCA (PU3NKO-XMMUYECKHMMU METOAAMHU YCTAHOBJIEHUS CTPOEHHS OPraHMYECKUX
BEIIECTB; M10JIb30BaThCsI HAOOPOM KOMIIBIOTEPHBIX TPOrPaMM AJIsl 00pabOTKU MOJYyUEHHBIX PE3YJIbTaTOB

IIK-5.3 Bnageer OCHOBHBIMM MOHATHSAMM W 3HaHUAMHU B OOJIACTM XHMMHUM M TEXHOJOTMH OPraHUMYECKUX BELIECTB; COBPEMEHHBIMU
MHGOPMAILIMOHHBIMU TEXHOJOTUSMHM IPU NPOBEACHUU HAYYHBIX HCCIIEAOBAaHUM, KOHKPETHBIMU IMPOIrPAMMHBIMU MPOJYKTaMH U HH(GOPMALMOHHBIMU
pecypcaMy; HaBbIKAMU IIPOBEACHUS HAy4YHBIX MCCIEIOBAaHMM M TEXHHYECKUX pPa3pabOTOK; METOJaMM KOHTPOJIA TEXHOJOTMYECKUX IPOLECCOB U
AQHAJIMTUYECKOW CTaHAApTU3alUU KadecTBAa OPraHMYECKHX IPOAYKTOB C HCIOJIb30BaHHEM (DU3MKO-XMMHUYECKHUX METOJIOB; HAaBBIKAMHM CaMOCTOSTEIIbHOM
paboThl, crioco0amMu NMPOBEACHUS HayUHbIX OOCYK/ICHUH, HaBbIKAMHU BBICTYIUICHUI C HAyYHBIMH JIOKJIAJJAMU; OLIEHKU MOJIy4EHHBIX pe3yIbTaToOB



Hunouxamopul Imanwt popmuposanusn ¢ npoyecce 0c60eHUA OUCUUNTUHDL
oocmudicenus (vkazamwv ece memol uz PI1J])
Komnemenyuu Jexkyuu Ilpakmuueckue Jlabopamopnuie Kypcoeoit npoexm Haumenoeanue
3anAmu, 3anamus (paboma) OUEHOYUHO020 cpeocmea
aabopamopHblii
NPAKMUKYM
IK-5.1 Temwvr 1-18 Tema 1-17 Tema 1-10 He npedycmompennt Omuem no
a1adopamopHvim
pabomam,
KOL10K8UyMbl, Kpy2ivle
CMOJIbl, IKIAMEH
IK-5.2 Temwvr 1-18 Tema 1-17 Tema 1-10 He npedycmompenut Omuem no
aadopamopuvim
pabomam,
KOL10K8UYMbl, Kpy2ible
CM0J1bl, IKIAMEH
I1K-5.3 Temwr 1-18 Tema 1-17 Tema 1-10 He npedycmompenni Omuem no
aadopamopuvim
pabomam,
KOL10K8UYMbl, Kpy2iible
CM0J1bl, IKIAMEH

Ilepeuenv oyenounvix cpeocme no oucuyuniune (Mooy.io)

OuenuBarone MEpPONPUITHS Kon-Bo - barer

min | max
S cemecTp
JlaGopatopHas paboTta 7 14 32
Komnoksuym 3 18 28
Kpyruslii cron 2 24 40
UTOI'O 60 100
6 cemecTp
JlaGopatopnas padota 3 ‘ 9 ‘ 15




Kosnoksuym

3 18 30

Kpyrasrii cron

[EEN

9 15

DK3aMeH

1 24 40

NTOI'O

60 100

IlIkana ouenueanusn

Mudposoe
BbIpa:KEeHUe

BripaxkeHnue B
Oasiax:

CioBecHoe
BbIpaKeHHe

KpnTeplm OLCHKH HHAUKATOPOB JOCTHKCHUS ITPH (l)opMe KOHTPOJIA:

JK3aMeH / 3a4eT ¢ OIEeHKOM

5 87 -100

OTan4ao
(3auTeHo)

OmeHka «OTJIUYHO» BBICTABISICTCS CTYACHTY, €CIH  TEOPETUYECKOe
COJIep’KaHUE Kypca OCBOEHO TOTHOCTHIO, O6e3 MpoOeoB; MCUEPIBIBAIOIIE,
MOCJICIOBATEIHPHO, YETKO W JIOTMYECKH CTPOHHO W3JIaraeT MaTepual;
CBOOOJHO CHpaBisercd C 3ajadaMyd, BONPOCAMH W JAPYTUMH BHIAMHU
HpI/IMeHeHI/IH 3HaHI/II71; I/ICHOHI)3yeT B OTBCTC JIOHOHHI/ITG.HBHI)II\/’I MaTepI/IaJI BCC
MPEMyCMOTPEHHBIE TPOrPaMMON  3allaHUs BBITIONHEHBI, KAadecTBO WX
BBITIOJTHCHUS OIICHEHO YHCIIOM O0ajuioB, OMM3KUM K MaKCHMallbHOMY;
aHAJIM3UPYET MOIYICHHBIE PE3YIIbTATHI; TIPOSBIIIET CAMOCTOSITEIILHOCTD ITPH
BBITIOJTHCHUM 3aJIaHUH

4 74 - 86

Xoporiio
(3auTeHO)

OneHka «XOpOIIO» BBICTABIACTCS CTYNEHTY, €CIM TEOPETHYECKOe
COAEpXKAaHME Kypca OCBOCHO IIOJHOCTBIO, HEOOXOIAMMBIE NPaKTHYECKUE
KOMIIETEHIIMM B OCHOBHOM C()OPMHpOBaHBI, BCE€ IIPELyCMOTPEHHBIE
IIporpaMMol 0oOyuyeHusi ydeOHBbIE 3aJaHHs BBIIOJIHEHBI, KAayeCTBO HX
BBINIOJIHEHUSI JIOCTaTOYHO BbICOKOe. CTyINEHT TBEpAO 3HAET Marepual,
rPaMOTHO M IO CYIIECTBY H3JIaraeT €ro, He MAOMYyCKas CYIIECTBEHHBIX
HETOYHOCTEH B OTBETE Ha BOIPOC.

3 60-73

Y noBieTBOpUT
€JILHO
(3auTeHO)

OneHka  «yZOBJICTBOPUTENBHO»  BBICTABIAETCS  CTYAGHTY,  €CIH
TEOPETUYECKOe COAEPKaHUE Kypca OCBOCHO YAaCTHMYHO, HO MPOOENbl He
HOCSIT ~CYILECTBEHHOI'O XapakTepa, OOJBIIMHCTBO MPEIYyCMOTPEHHBIX
pOrpaMMoi 3aJJaHUH BBITIOJIHEHO, HO B HUX UMEIOTCS OIIMOKHU, IIPU OTBETE
Ha TIOCTABJICHHBIH BOIPOC CTYAEHT JIOIyCKAET HETOYHOCTH, HEJOCTaTOYHO
npaBuUjIbHbIE  (HOPMYJIMPOBKH, HAONIOAAIOTCS HApYIIEHUs] JIOTMYECKOMH
MIOCJICIOBATENIFHOCTH B M3JI0KEHUH ITPOrPaMMHOI0 MaTepHaa.




Huxe 60

Heynosnersop
HUTCIBHO
(1e 3auTeHo)

OneHka «HEYJOBJIETBOPUTENBHO» BBICTABISIETCS CTYAEHTY, €CIM OH He
3HA€T 3HAYUTENBHOW YACTH IIPOrPAMMHOIO MAaTepUaa, JOIYyCKAET
CYIIECTBEHHbIC OLIMOKH, HEYBEPEHHO, C OOJBIIMMH 3aTPyJHEHUSMH
BBITIOJTHSET ~ NPaKTUYeCKHEe  palOThl, HEOOXOAWMBIC  MPaKTHUECKUE
KOMIIETEHIINA HE C(POPMHUPOBAHBI, OOJBITUHCTBO MPEAYCMOTPEHHBIX
nporpaMMoi OOyueHHs1 y4eOHBIX 3aJaHWi He BBHINMONHEHO, Ka4ecTBO WX
BBITIOJTHEHUS OLIEHEHO YU CIIOM 0aJlyIoB, ONMM3KUM K MUHUMAJIbHOMY




Kparkas xapakTepucTHKA OLIEHOYHBIX CPeICTBA

TMCKYCCHS,
MOJIEMHKA, JTUCIYT,
nedarsl

00y4JaroIIMXCs B MPOIIECC 0OCYKACHHUS CIOPHOTO
BOMPOCA, MPOOJIEMBI U OTICHUTH UX YMCHHE
apryMEHTHPOBATh COOCTBEHHYIO TOUKY 3PCHHS.

Ne | Haumenosanue |Kpamkaa xapakmepucmuka oyenounozo cpeocmea| Ilpeocmaenenue
n/n OUEHOUHO20 OUEHOUYHO020
cpeocmea cpeocmea 6 ponoe
1 2 3 4
1. |JlabGoparopHas Ot1o0 BUJ y4eOHOM pabOThI, IETbI0 KOTOPOU siBIsieTcs | TemMbl 1a00paTopHBIX
pabora u3ydeHue (Ucciaei0BaHne, N3MEPEHHE) paboT, KOHTPOJIbHbBIE
XapaKTEepPUCTUK Ja00paTOPHOTO 0OBEKTA. BOIIPOCHI TI0 TEME
Lenb nabopaTopHBIX 3aHATUN: OCBOEHHE U3ydaeMol |1a0opaTopHO
y4eOHOM AUCUHUILIIMHBL, TPUOOPETEHNE HABBIKOB paboThl, BOIIPOCHI K
NPaKTUYECKOTO IPUMEHEHHS 3HAaHUH yIeOHOM KOJUIOKBUYMY
JTUCIUTITUHBI (IUCIMUIUIMH) C UCTIOTB30BaHUEM
TEXHUYECKUX CPEJCTB U (1K) 000pynoBaHuUs
2.  |KommokBuym CpencTBo KOHTpOJISl yCBOEHUS yueOHOTOo MaTepuaina |Bompock! no Te-
TEMBI, pa3/ieia Wi pa3JesioB TUCIUIINHBI, Mam/paszfienam
OpraHU30BaHHOE KaK yueOHOE 3aHATHE B BUJIE JCTIATUTHHEI
cobecetoBaHMS TIPETO1aBaTelis ¢ 00yJaroIUMHCS.
3. |Kpyrusrii cromn, O1ieHOYHBIE CPEICTBA, MTO3BOJIAIONINE BKIIOUUTh [Tepeuenb

JTIUCKYCCUOHHBIX TEM
JUTSI TIPOBEICHHSI
KpYIJIOTO CTOJIA,
JTUCKYCCHH,
MOJICMHKH, TUCITYTA,
nebaroB




MuHHCTEPCTBO HayKH U BhIcIIero oopazoBanusi Poccuiickoit denepaunn
HwxHeKaMCKH XUMHUKO-TEXHOJIOTHYECKUN HHCTUTYT (prman) penepanbHOTO
rOCyJapCTBEHHOTO OOJKETHOTO 00Pa30BaATEIBHOTO YUPEKICHUS
BBICIIIETO 00Opa30BaHUs
«Ka3zaHCcKkuil HallMOHAJIBHBIA HCCIIEN0BATENbCKUN TEXHOJOTUYECKUI YHUBEPCUTET)
Hamnpasnenue noarorosku: 18.03.01 Xumudeckas TEXHOJIOTUS
[Tpodwie MOATOTOBKU: «XMUMHYECKAss TEXHOJIOTHS OPTaHUIECKHIX BEIICCTB)

IlepeyeHb BOIPOCOB HA IK3aMeH
10 JUCHUIIIIMHE «XWMHSA ¥ TEXHOJIOTHS OCHOBHOTO OpPraHUYCCKOro u
HEPTEXMMHUYECKOTO CHHTE3a»

[Tuponn3 yrneBogopoaHOTO ChIPhS
Karanutuueckuit pupopMuHr
Karanurnuecknii KpeKuHr
[Tonyuenue nzoneHTaHa u3oMepu3alnen H-eHTaHa
[Tonyuenue 3TunOEH30J1a AIKWINPOBAaHUEM OEH30J1a 3TUIIEHOM
[Tonyuenue TpuMeTniakapOMHOJIa ruapaTanei n3o0yruaeHa
[Tonyyenue nzo0yTuneHa Aeruaparanueii TpuMeTIIKapOuHoIa
[Tonyuenue mMeTHI-TpeT-0yTHIIOBOTO 3dUpa
Onuromepusaius onedpuHoB Ha (HOCHOPHOKUCIOTHBIX KaTaIu3aToOpax
. Onuromepusanusi 3TUJI€HA B IPUCYTCTBUU TPUITHIIATIOMUHUS
. Ilonmy4yeHue STUIIEHIIMKOJIS THApaTallued OKUCH ATHIIEHA
. DMOKCUAMPOBAHME MPOIHIIEHA
. IlomydyeHne okucu >THIICHA
. Ouuctka nponuiena ruapupopanuem MAII/]
. Ilonmydenne crupona aeruaparamnueii MeTuiapeHnIKapoOnHoIa
. MlcxoqHbI€e BeIleCTBAa OPraHMYECKOT0 CUHTE3a - aparHbI
. lcxoqHbI€ BeleCcTBa OPraHMYECKOro CUHTE3a — 0Je(UHBI
. lcxoqHbIe BellecTBa OPraHMYeCKOro CUHTE3a — apOMaTH4ECKUE YTIIEBOI0POIbI
. Ucxonnbie BemecTBa oprannyeckoro cuare3a — CO u cuHTe3-ra3

CoNoORrLdE

PR RPRRPREERRRPE
©CO~NOOUIAWNRO

Kpurepun oueHku:

OneHka «OoTIHYHO» WM 36-40 GaIOB — OTBETHI HA BOMPOCH CBUICTEIBCTBYIOT 00
YBEPEHHBIX 3HAHUSX U YMEHUAX CTYJICHTA.

Onenka «xopomo» uinu 32-35 06amioB — OTBETHl Ha BOIPOCHI CBUAETEIBCTBYIOT O
JOCTaTOYHBIX 3HAHUAX U YMEHHSIX CTY/ICHTA.

OneHka «yIOBJIETBOPUTENbHO» MiIKM 25-31 OQaimoB — OTBETHI Ha  BOIMPOCHI
CBUJCTEIHCTBYIOT O HEJIOCTATOYHBIX 3HAHUSX U OTPAHUYCHHOM YMEHUU CTYACHTA.
Onenka «HeynoBieTBopuTenbHO» i (0-24 0GamioB — OTBETHl Ha BOIMPOCHI

CBUICTCIILCTBYIOT O c1a0bIX 3HAHMAX U HCYMCHUU CTYACHTA.



MUHHCTEPCTBO HAyKH U BhICIIEro oOpazoBanusi Poccuiickoit dexepannn
HmxHeKkaMCKuli XUMHKO-TEXHOJIOTHYECKUN HHCTUTYT ((punuai) dheaepanbHOTo
rOCyJapCTBEHHOTO OFOJKETHOTO 00Pa30BaATEIBHOTO YUPEKICHUS
BBICIIIETO 00Pa30BaHUs

«Ka3aHCKuil HallMOHAJIBHBIA UCCIIEN0BATEIbCKUNA TEXHOJIOTUYECKUI YHUBEP CUTET»

N

TexHonoruueckuii paxynbTeT

CoaepixaHue KOJUVIOKBHYMOB
no pucrmiuinae 51.B.J1B.02.01 Xumus 1 TEXHOJIOTHsI OCHOBHOI'O OPraHUYECKOro U
HeTEXUMHUUECKOTO CHHTE3A

Komnoksuym 1 «CtpykTypa Npou3BOACTB OCHOBHOI'O OPTaHUYECKOTO CUHTE3a»

TeopeTnueckne OCHOBBI TEXHOJOTMHM OCHOBHOI'O OpraHudeckoro cuHte3a. CTpykTypa
MIPOU3BOACTB OCHOBHOI'O OPraHUYeCKOr0 CUHTE3A.

Oco0eHHOCTH TEXHOJIOTUH OCHOBHOTO OPraHMYECKOro CUHTE3A.

Oransl pa3BuUTUS HedrenepepadbaThIBarOLIeil U ra30BOM MPOMBINITIEHHOCTU. Baxknelnue
MIPOJTyKThl OCHOBHOT'O OPTaHUYECKOTO U HE(PTEXMMHUECKOTO CUHTE3A.

Komnoksuym 2 «VcxonHbie BenecTna AJisi IPOIECCOB OCHOBHOTO
OPTraHUYECKOTO U He(PTEXUMUUYECKOTO CHHTE3a»

[Mapaduapl. VCTOYHWKKM W METOIBI BBIACTICHHS HH3IIAX M BBICHIMX MapaduHOB.
[punnun paboter LI'®Y. Ilonyuenue wuzonapapuHoB. OO6IaCTH NPUMEHEHUS
napa@uHOB.

Onedunbl. Iluponus. Ilapamerpsl mporecca NHPOAW3a W WX 3HAYEHUE IS
ONTUMAJILHOTO BeJeHusi mnporecca. OCHOBHbIE 3aKOHOMEPHOCTH KaTaIUTHYECKOTO
kpekuHra. O6JaCcTH TPUMEHEHUS HU3IINX 0JIe(UHOB.

ApoMaruyeckue  yriaeBoAopojbl. VCTOYHMKM  apoMaTHYECKUX  YIJIeBOJOPOJIOB.
[IpomykThl MHpoIHM3a KaK UCTOUYHUK apOMATUYECKUX YIIIeBOAOpoa0B. HayuHble OCHOBBI
u TexHosorus mpouecca pudopmunra. KokcoBanue kameHHoro yrid. llomyuenue
apoMaTHU4YeCKHX  YyIJIEBOJIOPOJOB  JAeajKuwiupoBaHueM. OOmacTd  IpPUMEHEHHUS
apOMaTUYECKHUX YIrIIeBOJOPOIOB.

Oxcup yriaepoda W CHHTE3-Ta3. XUMHUS M TEXHOJOTHS Mpolecca KaTalTuTHUYECKOMN
KOHBEpPCUHU YIieBoAopoaoB. I[lepcriekTuBbl pa3BUTHS U TPUMEHEHHUS CHUHTE30B Ha
ocHoBe CO + Ho.

KOJ'IJ'IOKBI/IYM 3 «Hpoueccm OJIMroMepu3alnuv U aJIKUWJINPOBAHH A

OCHOBHEIE 3daKOHOMCPHOCTH peaKHI/Iﬁ OJIMroMepu3alvy HHU3MIHUX OJ'Ie(i)I/IHOB Ha
KHCJIOTHBIX KaTaJlIn3aTopax. TexHnomorus MMpou3BOACTBA TPHUMCPOB H TCETPaMCpOB
IIpOIIHUJICHA. OOmacte MNPUMCHCHUA BBICIIUX PA3BCTBJICHHBIX (l'OJ'IG(i)I/IHOB.
I/ISOMepI/ISaHI/IH IICHTaHa. XI/IMI/ISM, KaTaJIn3aTopbl, KWHCTHKA, YCJIOBUA IPOBCIACHUSA
ponecca.

C'aJ'IKI/IJ'II/IpOBaHI/IC ApOMATUYCCKUX YIJICBOOOPOIAOB. XI/IMI/I3M, KaTaJin3aTopbl, KHHCTHUKA,
YCJIIOBUA TPOBEACHUSA ITPOIIECCAa. HonyqaeMLIe IPOAYKTHI.

O'aJ'IKI/IJ'II/IpOBaHI/IC ApOMATUYCCKUX YIIJIICBOAOPOHOB. XI/IMI/I3M, KaTaJln3aTopbl, KUHCTHUKA,
YCJIIOBUA TPOBEACHUSA ITPOIIECCAa. HpOI/ISBOI[CTBO HenoHoTreHHBIX [TAB.

KOJ'IJ'IOKBI/IYM 4 ((HpOI_IeCCBI ruaparanuu U ACruipaTaiiuunin,



1. TepmoauHamuKka, MEXaHU3M, KHHETHKA peakuui. [Io60UHbIe peakluu U CeNeKTUBHOCTh
IIPOLECCOB I'MAPATALUU U IETUAPATALIAH.

2. Tmpparanus okwuceil oneuHOB. XUMU3M, KaTallU3aTOPbBI, YCIOBHS BEICHUsS Mpolecca
ruparanuu okuceit onedunos. Iloaydaembie TPOIYKTHI.

3. Tlonmydenue nM300yTHUIICHA TOJMMEPU3AUOHHON YUCTOTHI. XHUMHU3M, TEPMOJMHAMUKA H
KkuHeTuKa peakuuid rugparauuu bU® n nerupparanum TMK. TexHUKO-D)KOHOMHUYECKHE
Iokasarenu Ipouecca. [IpuHIMIManNbHAsA TEXHOJIOTMYECKAas CXEMa, allapaTrypHoe
oopMIICHHE.

KomnoksuyM 5 «IIponeccel OKUCIEHUA»

=

XapaKkTepruCTHKa PEaKIii OKUCICHUS, NX Kiaccuuranus. OKUCIUTENbHBIC areHTHI.
2. OxwucneHne HaCBHIIICHHBIX YIIIEBOJIOPOIOB B THIPONEPEKOKCHIBI: MEXaHNU3M, KHHETHKA,
KaTayn3 peakuui. [lpumeHenne rugponepeKknucy STHIOEH3051a B OPraHM4eCKOM CUHTE3E.
3. T'eTeporeHHO-KAaTAIUTHYECKOE SMOKCHIUPOBaHUE OJIeHUHOB (HA NPUMEPE IMOIYyYCHHS
okHcH 3TuieHa). TeopeTnueckue U TEXHOJIOTUYECKHE OCHOBBI IIPOIiecca, KaTalIu3aTOPBI.
TexHuko-3KOHOMUYECKHE TOKa3aTeny npouecca. Od1acTu NpUMEHEHNs OKUCH THIICHA.
4. T'oMOreHHO-KaTaJIUTUYECKOE SIOKCUIMPOBaHHE OJiepUHOB (HAa MpUMEpE MOTYyYECHUS
OKMCU  MponmieHa). XHUMH3M, KaTajJu3aTopbl, YyCIOBUS  BEIEHUS Ipolecca
SNOKCUIMPOBAHUS TNpPONWIeHa rujaponepokcugamu. OO6IacTH NPUMEHEHUS OKHCH
MIPOTHJIEHA.

Kommoxsuym 6 «IIpoteccsl THAPUPOBAHUS U IETHIPUPOBAHUS)

1. Knaccuduxkauus peakuuii ruapupoBanus U AeruapupoBanus. KatanusaTopsl, MeXaHU3M
Y KMHETUKA peakIuil THAPUPOBAHUS U AETUAPUPOBAHMUS.

2. XuMUS W TEXHOJOTHS JeruapupoBanusi mapadpuHoB U osepuHOB. [Ipon3BOACTBO

OyTajMieHa W U30TIpeHa.

XUMHUS U TEXHOJIOTHUS IIpoLiecca THAPUPOBAHUS KUCIOPOACOIEPKAIINX COETUHEHUH.

4. XuMHsl ¥ TEXHOJIOTHS Ipoliecca ACTUAPUPOBAHUS AIKHIAPOMATUYECKUX COEAMHEHUU.
[Ipou3BOACTBO CTUPOJIA 1 €70 TOMOJIOTOB.

w

Kpurepun ouenku:

5 cemecTp:

MaxkcumanbHo 9 6amioB (3a 1 KOJIIOKBUYM) - 3a MOJTHBIN, Pa3BEPHYTHIN OTBET HA
MOCTaBJICHHBIE BOIIPOCHI.

MunumanbHo 6 6am10B (32 1 KOJIJIOKBUYM) — 32 HEMOJIHBIM OTBET C AOMYIIEHUEM
rpyObIX OIMUOOK MPH ONPEICIICHUH CYIIIHOCTH PACKPhIBAEMBIX TIOHATUH, TEOPUH, SIBJICHUI

6 cemecTp:

Maxkcumanbao 10 6aoB (3a 1 KOJUIOKBUYM) - 3@ MOJIHBIN, pa3BEPHYTHIM OTBET Ha
MOCTaBJICHHbIE BOTIPOCHI.

MunumanbHo 6 6a110B (32 1 KOJIJIOKBUYM) — 32 HEMOJIHBIN OTBET C AOMYIEHUEM
IpyOBbIX OINOOK MPH ONPEETICHUH CYIIIHOCTH PaCKphIBAEMbIX IOHATUH, TEOPUH, SIBIEHUI
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MHUHHCTEPCTBO HayKH U BhICIIEro oOpazoBanusi Poccuiickoit dexepannu
HmxHeKkaMCKHii XUMUKO-TEXHOJIOTHYECKUN HHCTUTYT ((punuai) dheaepaibHOTo
rOCyJapCTBEHHOTO OFOJKETHOTO 00Pa30BaATEIBHOTO YUPEKICHUS
BBICIIIETO 00Pa30BaHUs
«Ka3aHCKuil HallMOHAJIBHBIA HCCIEN0BATEIbCKUN TEXHOJOTUYECKUI YHUBEPCUTET)
TexHonoruueckuii paxynbTeT

KoMmiuiekT 3a1anuii 1jis JjadbopaTtopHbIiX padboT
no pucrmiuinae 51.B.J1B.02.01 Xumus 1 TEXHOJIOTHsI OCHOBHOI'O OPraHUYECKOro U
HeTEXUMHUUECKOTO CHHTE3A

JlaboparopHas padora Nel «MeToJipl pa3eaeHus OpraHuYEeCKUX CMECEH.
IIpocTast meperoHka»

IIpocrasi neperonka sBisiercss HanOosee OBICTPBIM METOJIOM pa3AEIEHHs] CMECH KHUIKHX
BemiecTB. OnHaKO OHa 00ecredyMBaeT YAOBIETBOPUTENILHOE pa3/iefieHHe TOJBKO TaKOM cMmecH,
KOMIIOHEHTBhI KOTOPOM pa3inyaroTcs MO Temreparypam KumneHus He MeHee yeM Ha 80 °C, a g
XOpOILIEro paszelieHusi 3Ta pa3Hula AobkHa ObiTh He MmeHee 150 °C. Iloatomy mpoctyro
MEPEroHKy OOBIYHO MCTOJB3YIOT Ui OTTOHKH HU3KOKHUIISIIETO PACTBOPUTENS OT PEaKIIMOHHON
MacChl WJIM JUISi OYMCTKHU JKHIKOCTH, COJEpXamieil HeOOIbIIOe KOJIMYECTBO BBHICOKOKHITAIIIX
MIpUMeEceH.

YacTto mpum TEperoHKe TemIeparypa KHILIIIeH >KUIKOCTH BCIEACTBHE IIeperpeBa
HECKOJIFKO BHIIIIE, UM TeMIlepaTypa napa. [leperpeBbl, BO3HUKAIOIINE TIPU OTCYTCTBUH IICHTPOB
KATICHUS B TIEPETOHIEMON JKUAKOCTH, MPUBOISIT K CHIBHBIM TOJYKaM, B PE3yIbTaTe KOTOPHIX
BEIIECTBO BMECTE C IPUMECSAMH U 3arpsI3HEHUAMHU MOKET ObITh NepeOpoIIeHo B TpUEMHUK. s

IPEOTBpAIllEHUs] 3TOro B KOJOy C IeperoHsieMoin
AKHUJIKOCTbIO BHOCST TaK Ha3bIBa€Mble «KUIIEIKN» (pHC.
2.1).
Meton ¢GpakilMOHHOW TEPETOHKH OCHOBaH Ha
TOM, 4YTO NpPH YaCTUYHOM HCHAPEHUM >KMIKOM cmecu
KOHIIEHTpauuss OoJjiee JIeTydero KOMIIOHEHTa B Iapax
Oonblie, 4YeM B OKMJIKOCTH, W3 KOTOPOM OHHU
00pa3zoBaIMCh. B )XMIKOCTH, OCTABIICHCS B MEPErOHHOMN
" K0JI0e, MPOLEHTHOE COJEp)KaHUE JIETy4yero KOMIIOHEHTa
_ CTAaHOBUTCSI MEHbIIIE, YEM B MCXOJHOW CMECH, IOITOMY
&, TeMIepaTypa KUIIEHUs IeperoHsieMoil CMecu B IIpouecce
|| IeperoHku OyJeT HempepbIBHO MOBBILIATHCSA, M COCTaB
napoB OyJeT MEHAThCS.

OpakIHOHHYIO MIEPErOHKY IIPOU3BOJIAT

Pure 20 Npocran neperonxa  Cleayromum obpasom. Korna Bech npubop coOpas, ero

TIIATEIbHO MPOBEPSIOT U 3aT€M HAYMHAIOT HarpeBaHUE.
B 3aBucumocTH OT Temmeparypbl KUIIEHHs HarpeBaHMe BeOyT Ha OaHe MM Ha 3aKpbITOM
3JIeKTpOoHarpeBareabHOM npudope. CKOpOCTh MEPErOHKU BBIOUPAIOT TaKyl0, YTOOBI CTEKAIO HE
Oonee 1-2 kamenp aucTHUIATA B cekyHAy. [Ipocras meperoHka Ha NpakTHKE 4Yalle BCEro
UCTOJIb3yeTCsl Ul OTTOHKU pacTBOPUTENICH: alleToHa, CIUpTa, 6eH30:1a, Aupa.

IIpu BbIMOSHEHMH PAaOOT MO (PAKLIMOHHOW NEeperoHke HeoOXOAUMO COOII0AATh
CIIEAYIOLME TTpaBuIa;

1. ITeperonHyto K0JI0y HY)KHO 3alOJHSATH NMEPETOHSIEMBbIM BELIECTBOM He Oosiee ueM Ha
% o6bema. CneyeT NpUMEHSTh TOJBKO KPYIJIOJAOHHBIE WIIN TPYIIEBUIHBIE KOJIOBI.

2. B neperonsieMyro *HUAKOCTh HEOOXOIUMO BHECTH «KHUIIEIKW» - 3alasHHbIE C OJHOTO
KOHI[a KalmMJUIAPBl WM KYCOYKH OPUCTOTO MaTepuaiia (Kupruya, HerjazypoBanHoro ¢apdopa,
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nem3bl). Hu B koeM cilyyae He cielyeT BHOCUTh KUIIEJIKH B HArPETYIO KUAKOCTh, B IPOTUBHOM
CIIydae MOKET IPOU30UTH OYpHOE BCKHUITAHUE U BBEIOPOC KUKOCTH U3 TICPETOHHON KOJIOBI.

3. Ilpu HarpeBe meperoHHOM KOJOBI HA DJEKTPOIUTUTKE CIEIyeT MPEeIOXPaHATh YacTb
KOJIOBI BBIIIIE€ YPOBHS )KHJIKOCTH OT IEPETPEBA, 3aKPHIBasi €€ acOECTOM.

4. X0JI0AUIBHUK JIOJKEH UMETh OCTATOYHBIN HAKJIOH, YTOOBI B IIMPOKOW YaCTH TPYOKH
HE CKaIUIMBAJIaCh KHUAKOCTb.

5. Ilpu temneparypax neperonku Boiiie 160 °C crneayeT npuMEHATh TOJBKO BO3AYIIHBIN
X0JOAWIbHUK. [IpuMeHeHue BOJISHOIO XOJOJIMIbHUKA B 3TOM Clydae BO3MOYKHO TOJIBKO IPH
OXJIQXKJACHUM TOpsiYe BOJOM.

/Jlano: cmech oprannueckoro Bemiectsa (A) ¢ pacropureneM (B).

3adanue: MpOCTON NEPErOHKON OUMCTUTH BEIIECTBO A OT pacTBopurens B.

X0l TIeperoHK! OXapakTepu30BaTh rpaUIecKoil 3aBUCHMOCTBIO MEXKIy KOJIUYECTBOM
JUCTUIUISITA U TEMIIEPATYPOIl IEPErOHKH.

Paccunrtath BbIX0J OCHOBHOH (hpakiuu B % OT MOTEHLMANA.

JlabopaTopHas padora Ne2 «MeToabl pa3AcieHus OPraHnYEeCKUX CMECEN.
BakyyMHasg neperosHka

Mexay TeperoHHol yCTaHOBKOM W BaKyyMHbIM HAacoCOM BCerja Heo0X0auMo
YCTaHABJIMBATh TPEIOXPAHUTEIFHBIE CHUCTEMBI. B Cllydac TpUMEHEHHs BOJOCTPYHHOTO Hacoca
HA3HAYCHUC Hpe)IOXpaHI/ITeHBHOﬁ CHUCTEMBI — NPCAOTBpAIICHUC 3aTATMBaHUA BOAbI M3 HacoCa B
MaHOMETP M IEPErOHHYI0 YCTaHOBKY IPH CIyY4allHOM IaJIEHUM HAmopa BOJbI B BOJONPOBOJHOMN
cetu. [IpenoxpanuTenem MOKET CITY>KUTh CKIISTHKA WJIA OOpaTHBIN KJIalaH WU K€ COYETaHUe TOTO U
JPYyroro.

[Ipn HarpeBaHMM NOJ BAKYYMOM M3 ’KHJKOCTEH JIETKO YIAJISFOTCS BCE paCTBOPEHHBIE Tasbl,
IMO3TOMY KHUJAKOCTH MOTYT IMEPETPEBATHCA BBIIIC TEMIICPATYPbl KUIICHUA W KUIIAT HCPABHOMCPHO.
[Ipu OypHOE BCKHMITaHUM BO3MOXKHO OypHOE BCIIEHHMBAaHHE M TIEpeOPOC M3 MEPETOHHOW KOJIOBI.
OObIyHbIE KHUIEIKM B 3TOM CJy4ae HE IMOMOTAIOT, MO3TOMY JUisi OOecredeHHs PaBHOMEPHOTO
KUTICHUS B BaKyyMe NPHUMEHSIOT CHelualbHble MeTojbl. Yaiie Bcero moaBOAAT BO3AYyX WU
WHEPTHBINA Ta3 4yepe3 Kaluulsp, BCTABJICHHBIA Yepe3 ropsio MEePeroHHON KOJIObI U JOXOSAIIUNA 10
nHa. OdeHb BaKHO, YTOOBI KaIMWLIAP TMPOIMYCKAJT Ta3a He OOoJbIe, YeM 3TO HEOOXOJUMO IS
o0ecrieueHrs paBHOMEPHOTO KUIEHUS, TaK KaK MpU pa30aBIeHUH MapoB MEPEroHsIEMOro BellecTBa
ra3oM TeMIleparypa, IOKa3blBaeMas TEpMOMETPOM, He OyleT COOTBETCTBOBATh TeMIIEpaType
KUIICHUS TIEPETOHSAEMOTr0 BeIleCTBa MPU JTaHHOM Bakyyme. Kpome Toro, Oyaer 3arpyaHeHa mojHast
KOHJICHCAIIMA ITapOB B XOJIOJMIILHUKE, YTO BHI30BET UX YHOC B BaKYyMHYIO JIMHHIO.

[Ipu neperoHke 1moja BaKyyMoM cieAyeT coO0aTh CIEAYIOLIHEe TpaBua:

1. Bce peranmu ycTaHOBKM Uil BaKyyMHOM MEPErOHKH JIOJDKHBI JIETKO BBIAECP)KUBATH
naBieHue armocdepHoro Bo3ayxa. CoOBEpIIEHHO HEAOMYCTUMO NPUMEHEHHE TOHKOCTEHHBIX
COCY/IOB C TUIOCKMM JHOM. YCTaHOBKY JUIsi paOOThI C BaKyyMOM CIIEAyeT PACIIONIOXUTh B TaKOM
MecTe, 4TOOBI B CITydae pa3pbliBa €e pasJieTalolrecss OCKOJIKU He MOpaHIN Obl cocezielt o padoTe.
PaboTarormii 1omkeH 00s13aTelIbHO PUMEHSTH 3alIUTHBIE CPECTBA (OUKH, IIIUTOK, IKPaH).

2. Kumenue XuAKOCTEH B YCIOBHUSX BaKyymMa 4acTO MPOUCXOTUT MPH 3HAYUTEITHLHOM
BCIICHWBAHUU, TOSTOMY IEPETOHHYIO KOJIOy HENb3sl HAMOJHATH IMEPETOHSEMON KUIKOCTHIO
0osee, YeM HAMOJOBUHY.

3. IlpueMHUK ISl AUCTUILIATA JOJKEH 00eCreunBaTh BO3MOKHOCTh 0TOOpa HECKOJIBKUX
(bpaxiuii 6e3 npekpaiieHus neperoHKu.

4. Jlo Hayama TEPEeroHKM HYXKHO YyOeIUThCS B TOM, YTO YCTaHOBKA JOCTATOYHO
repMeTHYHa U HeOOXOAUMBII BaKyyM JIETKO TOCTHTaeTCsl.

5. HarpeBarp meperonHyroo KoiOy, BO H30ekaHHWe TeperpeBa M OypHOTO BCKHUITAHUS
KUAKOCTHU, MOKHO JIUIIb MOCTE CO3/IaHUsI HEOOXOIUMOTO BaKyyma.

6. TpH BBIHY)KJICHHOM BpPEMEHHOM TMpEKpallleHUd TEPEeroHKu (HarpuMmep, CMeHa
MPUEMHHUKOB), BO H30€KaHUE IMeperpeBa XUAKOCTH, HArpeB MEpPeroHHON KOJObI ciexyeT
MPEeKpaIaTh.
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7. 3akaHuMBas MEpPEroHKY, HEOOXOIMMO CHayajla yOpaTh HarpeBaTeNbHBIA MPUOOpP H3-
MOJ1 TIEPETOHHOM KOJOBI, 3aTeM, HE MpeKpamias padoTel Hacoca, CTPABUTh BaKyyM B CHUCTEME,
OTKpBIB KpaH, COOOLIAIOIINN BaKyyMHYIO YCTaHOBKY C aTMOC(EpOi, U TOJBKO IOCIE 3TOTO
OCTaHOBHTbH HACOC.

[puGop st meperonku B Bakyyme (puc. 2.3) cocrout u3 konObl Knaitsena, opma KoTopoit
TAaKOBA, YTO BO3MOYKHOCTb Tiepedpoca MeperoHstoIencst >KUIKOCTH B AMCTUIUIAT TIPU BCTICHUBAHUN WA
pa3OpbI3riBaHy MUHUMaJIbHA. Kammisip (cTekisiHHas TpyOKa ¢ TOHKO OTTSHYTBIM KOHIIOM) JIOJDKEH
JOXOJUTh ITOYTH JI0 JHA KOJOBI (1-2 MM OT JHA) VIS TIO/IpKaHUsT paBHOMEPHOTO KurieHus. Uepes
KaImLUIAp MPOCAChIBAIOT MEJKWE My3BIPhKH Ta3a (BO3IyXa, a30Ta, YIIIEKUCIoro rasa). Kommrdecto
rasa, MOCTYHAIOMIEr0 4Yepe3 KaliuBip, MOYKHO PEryimmpoBars 3axuMmoM. [lpucrymas k pabote mpu
MIOHIKEHHOM JIaBJIEHHH (I10]] BAKyyMOM ), HEOOXOAMMO COOJTIOIaTh BCE MEPBI MPEAOCTOPOKHOCTU U Ha-
JIeBaTh 3ALIUTHBIC OUKH WITH JIMIIEBBIE IIATKU U3 TIACTMACCHI.

e

P u ¢. 2.3, lleperoska ron BaKyyMoM;
| — neperonnas konda: 2 — Kanwip ¢ OTTRHYTMM KOHIIOM; 3 — TOHKaN NPOBOIORS,

BCTUBRNCHHAN B KaY i APUCMIIMKH KOMICHCUTA, O OTHROJI K npe1o-

NDaHuTe T CKAHES BRKYVM-HBoOCR MEHOMETD
PAHUTETHHOA CKARHRS BAKYYM-tincoca; O (HHOMETT

O¢ddexTUBHOCTh  BaKyyM-IIEpETrOHKM B  3HAUUTEIbHOW  CTENEHU 3aBUCUT  OT
FepMETUYHOCTH YCTaHOBKH. YTOOBI MPOBEPUTH 3TO, IJIOTHO 3aKPBIBAIOT 32KUMOM PE3UHOBYIO
TpyOKy, MPUCOCTUHEHHYIO K KAaUJUIIPY, BKIFOYAIOT HACOC W HAOIIOIAIOT, KaK OBICTPO CO3MaéTCs
HeoOxoMMoe pazpeskenre. Eciyu moBopoToM 3akuMa OTKIIIOYAOT MpuOop OT Hacoca, ypoBEHb
PTYTH B MAaHOMETPE JAOJDKEH OCTaBaThCs 0€3 N3MEHEHMUS.

[locne oxoHuUaHUs MEPEroHKH, MPEXJE BCEro, yOMparoT HarpeB, MOBOPOTOM 3aKUMa
OTKJIIOYaOT MpHOOP U MAaHOMETP OT BaKyyM-Hacoca U, MEIJIEHHO OTKPBIBasi BAHTOBOW 3aXUM,
KOTOpPBIH 3aXHMMaeT pPEe3MHOBYIO TPYyOKy Ha Kamwuisipe KoyiObl Kiaiizena, naroT BO3ayxy
MIPOHUKHYTH BHYTPb MpUOOpa JJisi BbIpaBHUBAHUS 1aBJICHUSI.

Jlano: cMmech BemecTBa A ¢ pactBoputesieM B, kak B onbiTe 1.

3a0anue: OYMCTUTH BemECTBO A OT pacTBopuTelsi B mpu momMomu BakyyMHOM
MEepPEeroHKHU (CTENeHb pa3pexeHus 3anaéres npenoaanareneM). [loctpouts rpaduk 3aBUCUMOCTH
MEXAy KOJMYECTBOM JUCTHILIATA U TEeMIlepaTypoi meperoHku (cMm. puc. 2.5). Paccuurarts
BBIXOJ] OCHOBHOH (hpakiuu B % OT MOTEHLIHANA.

JlaGoparopras padora Ne3 «Pexrudukarys OMHapHBIX CMECEiDy

Hauboiee PacpoCTpaHCHHBIM MCTOAOM PA3ACIICHUS cMecell MJIM OYMCTKH BCIICCTB
SABIIACTCA peKTI/I(bI/IKaI_II/IH.
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Cxema nabopaTopHOU peKTH(HUKAIMOHHON YCTAaHOBKH M300pakeHa Ha puc. 2.4.

D¢ heKTUBHOCTL pabOTHl KOJOHKH 3aBHCHUT OT KOJWYECTBA ()JIETMBI, MMOCTyMHAIONeH Ha
OpOIIICHHE.

Pextuduxariiio Mo>KHO BECTH KaK MpU aTMOC(PEPHOM JaBIICHUH, TaK U B BaKyyMe.

Pexmudpuxayun ounapnoii cmecu

Lenpro paboThI SBISETCS pa3zelieHne OMHAPHOW CMECH Ha J1abOPaTOPHOM PEKTU(DHKAITMOHHON
KOJIOHKE; COCTaBJICHHE MaTepUalibHOTO OanaHca mpoliecca; pacy€éT Yucia TeOPETUYECKUX TapeoK
rpaduyecKuM METOI0M; PacyET ONTUMATBHOTO U30BITKA (PIIErMBbl.

IIposedenue pabomui.

Jlano.: cMech KOMIIOHEHTOB A u B.

3aoanue: paznenutb OMHAPHYIO CMeCh peKTHU(UKalKeld Ha KOJOHHE C OMpPeNeIEHHBIM
(h1eTMOBBIM YHCIIOM, KOTOPOE 33/1aETCs IIPETIOJaBaTEeIEM.

[Toroku npu pexkrudukanuu (puc. 2.6):

Gr — KOJIMYECTBO MMUTAHMA, I/Jac;

= o Xg —MaccoBas 1o Jerkokunsero komnonenTa (JIKK) B
[IATaHUU;
] G Xp Gp — KOJINYECTBO AUCTHILIATA, I/4Jac;
Xp —MaccoBas poasa JIKK B guctmmisre;
G Xe | T Gw — KOJIM4YeCTBO KyOOBO# JKUAKOCTH, T/4ac;
,,_, : Xw — maccoBas nons JIKK B ky6e;

Gy — KOIMYEeCTBO MAapOB, YXOISIIMX CBEPXY KOJOHHBI,
j r/4ac;

? Gw: Xw Ggr — KOIMUYECTBO (IIeTMBbI, T0JaBaeMOi B KOJIOHHY, Kr/4ac,

KMOJIb/9ac, M>/4ac.
P u c. 2.6. Cxema ROTOXOR

peKTHOSHKAUMOWHOH KONOHHB

- gt i

T T i
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Tabmuwa 1
HcxoHblie JaHHbIE IS pa3JIeNsieMOr CMECH

dyiermMmoBoE
KomnuectBo
No [ - M;, Bs3kocth qUCII0
Komnonent o Gk cMmecu
/o °C r/MOJIb npu 84 °C (3xcriepuMeH-
(nuTanus), T
TaJIbHOE)
1 A 89 99 0,34
: 126 4
2 B 109 133 0,46

[NomysuB y mabopanta OmHapHyr0 cMech (A+B), moasepracmyro
MIEPEroHKe, CIEAYeT 0TOOparh MPody M C MOMOIIBI0 pedpakToMerpa Orl-

penemuTh nokasarelb npetomienus cvecl N2’ TlosydeHHyro BeTHUMHY

3aHOCAT B OTUYET. OIIHOBpCMCHHO OMPCACIAIOT  IIOKAa3aTCJIb

MIPENOMIIEHHUS] YHMCTBIX KOMIIOHEHTOB A u B (né‘i A),né(zB)) U CTPOST

yarpaMMy B KoopiuHartax X-y-2 (puc. 2.7). Tak kak nokasaresnb 1pesom-
JIEHUs SIBJISIETCS BEJIMUMHOM AJUIMTUBHOM (T.€. TIOKa3aTesb MPEJIOMIICHUS i JlHarpamMma 3aBHCH
0001 cMecH paBeH CyMMe NoKazaTesiel peroMyIeH s BCEX KOMIIOHEHTOB o

CMECH C Y4ETOM UX COJIEp)KaHUsI), TO TOUKH IMOKa3aTesiel MpesioMIICHHs

JOGOH 13 CMeceii OyTyT pacrioyaraTkes Ha IPSMON, COSMHsIOmIeH Ny, 1 Np g, (MHMs A-B Ha prc.

2.7). Ha pucyHke Touka 3 sBJsSeTCs BEIMUMHOM MOKa3aTeNlsl MPEeJIOMIIEHHS HCCIIEIyeMON CMeCH.
OnyctuBmuch Ha 0ck X, onpezersieM e€ coctas (MaccoBbie %): 19,8% A u 80,2% B.

3ateM ciemayeT B3BECHTH ITyCTYHO TEpErOHHYI0 KoJOy (KyO kosonHel) Ha 200-250 mu u
3adukcupoBarh € Bec B oTucre. Jlamee MPOMBBOAAT 3arpy3Ky TMEPEeroHHOW JBYrOpPJION KOJIOBI,
B3BEIIMBAIOT BMECTE C TIEPETOHAEMOI CMEChIO M BBIUHCIISIIOT BeC cMecH. [lociie 3Toro mprcoeMHsIoT
KyO K HIDKHEH YacTH KOJIOHKH, BKJTFOUAFOT 00OTPEB U JIOBOIAT KHUKOCTH JI0 KureHusl. OTHOBPEMEHHO ¢
nomotisio JIATPa BrimrogaroT HEOOIBINOH 000TPEB «PYyOAIIKiy KOJIOHHBL. Jlanee peryampyror o0orpeB
KOJIOBI M PYOAIllKh TaK, YTOObI C HIDKHETO KalleJIbHUKA KOJOHKH CTEKAIO OOJIbIIIE Kareb, YeM C
BEPXHETO0, HO 3aXJIEObIBAHNS HE ITPOUCXOIHIIO.

B TakoM pexxnMe KOJOHKa JTOJbKHA mopaboTaTh Ha ceds (T.e. 6e3 oTOopa AMCTHILIATA) B
TeueHue 1-2 u.

CyirHocTh paboThl 3aKIIFOYACTCS B CIIEAYIOIIEM: MOCIIE YCTAHOBIICHHUSI PaBHOBECHS] B KOJIOHKE
OTOMPAIOT OAHOBPEMEHHO MPOOY U3 MEPErOHHON KOJIObI U MPOOY MMCTUIUISTA M ONPEIEIISIOT MX COCTaB.

Ot0op AuCTWILISITA OCYIIECTBISETCS TOBOPOTOM KpaHa TOJIOBKHM, IIPU OSTOM YacTb
KOH/ICHCHPYIOILIUXCS B XOJIOJMJIBHUKE MApOB MOCTyNaeT B MpuEMHHUK. CKOpocTh 0TOOpa AUCTUILISATA
OA0MPArOT B COOTBETCTBHH C 3aaHHOM BerunHOM (hriermMoBoro urcia (R):

R _ _Komuecmso _opowienus, Kaniu | mun

)
Koiu4ecmeo __ c)ucmwmﬂma, Kkanau | mun

Ot160op MUCTUILIATA MOKHO TIPOBOJUTH HEMPEPHIBHO WITH Teproidecki. Clieayer IMETh B BUTY,
YTO TPY OTOOpPE WHIMBUIYATHHOTO BEIIECTBA BEIMUYMHY (DICTMOBOIO YMCIIA MOXKHO YMEHBIIHUTB; TIPH
oTOOpe MPOMEKYTOUHBIX (PPaKIMiA, /yIsl IOCTVOKEHUST HauOosee YETKOTO paszieNieHus], UierMOBO€ YHCIIO
YBEJIMYMBAIOT, yMEHBIIIasi CKOPOCTh 0TOOPa (DpaKIIHid.

Hapymienne pexuMa peKTUQUKAIIME MOXKET COMPOBOXKIATHCS 3aXJIEOBIBAHUEM KOJIOHKH.
HesaBucumo OT TOT0, Ijie KOJIOHKA HAYMHACT 3aXJIEObIBAThCS, B BEPXHEW MM HIDKHEW YacTH, MPEXKIC
BCEro, HEOOXOIMMO YMEHBIIIUTh MOJIOrPpeB KoJObl. O00OrpeB pydallku cieyeT peryaupoBaTh TOIBKO
P MaJioil BenuuuHe (IIeTMBbI.

[To TONyd4eHHBIM DSKCTEPUMEHTANbHBIM 3HAUYEHHAM N2 ompejenseM COIepKaHHE

Jerkokumsiero kommonenta (% wmac.) B auctwuiite (Xp), kyoe (Xg) u B muranuu (Xg).
[Monyuaem cremyromiue 3HadeHUs, % MaC. 3amuchiBaeM pPe3yJabTaThl SKCICPHUMEHTa B BHIC
TAOIUIIBL:

X5 =99.5%, X, =2%, X =19.8%

HaxoauM KOJIWYECTBO IUCTUILIATA M Ky6a 0 ypaBHCHUSAM MATCPpHUATIBHOT'O OanaHca
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PEKTH(PUKAIIMOHHON KOJIOHHBI HEMPEPHIBHOTO ICUCTBHUS:
GDE +GWE:GFZ1
{GD +G, =6G;.
CnenosarensHo, G, =126 -G,;
0.995G, +0.02(126 -G) =126-0.198;
0.993G, =22.47;
Gy =22.632/uac.
22,36-0,995 = 22,522/ uac(A);
22,63-0,005 = 0,112/ yac(B);
G, =126 -22.63=103.372/uac;
103,37 - 0,02 =103,372 \ uac(A4);
103,37 - 0,98 =101,32 / uac(B).
JUia nanpHEHIINX pacyeToB MEPEXOUM OT MAaCCOBBIX IMPOLEHTOB (J10J1€H) K MOJIbHBIM:

X% 0.995
M. / = 0.996(monwn);

Otcrona

Xp = —
ZXD‘M 099/9+000/33
A
M, /9 .
Xg = ——= = 0.027(monwn);
ZXRiM 00/9+09/33
oo o
Xe M. / = 0.25(monvn);

_ZX_HM 019/ +O80/3

I'padpuyeckuii pacyér uymciaa tapeysok (UT) mo s3kcnepuMeHTATBLHBIM JAHHBIM.
[TocTtpoenue kpuBO# paBHOBecusi OMHapHOW cMmecu X-V, rae X- coiepKaHUE JIETKOJIETYYETro
KOMITOHEHTa B XHUAKOH (asze, OCYIIECTBISIIOT MOCIE BBIMOIHEHHS pacu€ToOB MO ONpPEAEICHHUIO
X1 'Y B UHTEpBajie TEMIIEPATyp KUMECHHUS JETKOKHUIISIIETO U TSHKEIOKHUIISIIEr0 KOMIOHEHTOB.

Pacuér comepxaHus JIETKOJIETy4ero KOMIIOHEHT MPOBOIST 110 YPaBHEHUSIM

I1-P P X

m.K.K. . _ 7 KK

P __-P 17

J.K.K. m.K.K.

rae I1 - atmocdepHoe naBnenue; P, . - JaBJICHUE TSDKEIOKHUIISAIIETO KOMITOHEHTA,
P, ., —IaBlIeHHE JIETKOKMITAIIETO KOMITOHEHTA.

JlaBrieHre HACHIIICHHBIX ITAPOB YKCTHIX KOMITOHEHTOB HAXOIAT B CIIPABOYHHUKAX WITH
OTIPEJIETISIIOT 110 YPaBHEHUIO AHTYaHa:

B
gP=A- [t e }
rae t - temneparypa, °C; 4, B, C - ko duitnentsl AHTyana (tabdi. 2).
Tabmma 2
Koaddrments! AHTyaHa 151 HSKOTOPBIX OPraHWYECKHX BEIIIECTB
BemectBo A B C
I'excan 6,8770 | 1171,530 | 224,366
I'errran 6,9020 | 1266,870 | 216,760
OkTaH 74717 | 1641,520 | 234,500
Jlexan 6,9540 | 1501,268 | 194,480
bemson (-20-5,5 °C) 6,4890 | 902,280 | 178,100
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«  (55-160°C) 6,9121 | 1214,640 | 221,200
« (160289 °C) 74291 | 1628,320 | 279,560
Tomyon (20 —200 °C) 6,9533 | 1343940 | 219,377
M3onpormn6enzon (60 —200 °C) | 6,9367 | 1460,793 | 207,777
M3onponmioBsiii covpt 8,2410 | 1652,600 | 230,000
Pacuérnble nanHble B uHTEpBane t, —t  cBoxuMm B Tabnuiy (Tabdm.3).
Tabnuya 3
Pacuér coneprxanus nerkosuerydero komnoHenTa (A) B xuakoi (X) u razosoii (Y)
dazax
JaBnenus
HACBIIICHHBIX
t, | mapoB 4UCTBIX | Pygu, MM | Po — P, MM Posu — P, X = Poﬁm - Py Y = P, X
°C | KOMIIOHEHTOB, | PT. CT. pT.CT. MM PT.CT. P,-P, P,
MM PT.CT.
Pg Pa
89 | 354 895 760 541 406 0,75 0,88
94 | 417 | 1036 760 619 343 0,55 0,68
99 | 488 | 1194 760 706 372 0,38 0,61
104 | 569 | 1371 760 802 191 0,24 0,43
109 | 660 | 1561 760 907 100 0,11 0,23

[Tomyuennbie pacuérom 3HaueHus X U ¥ HaHOCHMM Ha TpaduK B KoopamHarax X—Y. OObeIMHIB
TOUKH Ygq 1090 HOTydaeM KpHBYIO paBHOBecus (a3 (puc. 2.8). Ilocie 3aBepieHHst pasrOHKU U
ompenenenusi Xp U Xy crpoum padoune smHuM (OJl) mcyeprbBaromel U yKpPEIUIOmeH JacTei
KOJIOHHBI.

VYpaBuenue paboueit TMHINA BEPXHEH YaCTH KOJIOHHBI PACCUMTBHIBACTCS TI0 hOpMyIIe

R D
y=——X+
R+1 R+1
3mecs R — peanpHOe permoBoe uncno, R=4-R,, +0.3,roe S —
ko3 urmeHT n30bITKa PrIerMsl;
R~ Xo=Ye
mn Y':‘ _ X . '

rae Yo — coliep)KaHue JICTKOJIETY4ero KOMIIOHEHTA B ITapax MUTAHUS, ONPEACISIETCS 110 KPUBOH
paBHOBecus; B HameM ciydae Yp =0,44;
~0.996-0.44 0.556

"M 0.44-025 0.19
PeaJ'IBHOG (b.]'ICl"MOBOC qUCJI0 R HaxXoJuTcCs 110 ypaBHeHI/IIO

R=p-R, +03

=2.93
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P u c. 2.8. Tloctpoenune pabounx JTUHUN PEKTUPUKATUOHHONW KOJIOHHBI
[Ipenenst m3meHeHus £ OOBIMHO OYEHb WIMPOKH - OT | 10 3, mo3TOMYy HEOOXOAMMO
OTIPEZIENIMTH ONITHUMAIIbHOE (hIerMoBOe unclio 1 3HaueHue 3 . Ono Haxoaures 3 rpaduxa R = f(N;)
(puc. 2.9).

Jns moctpoenus rpaduka IpUHUMAaeM psiJi 3HaUeHUd [ B UHTepBaje 1-3, BBIUUCISIEM

R; uis KaXJIOro MOJY4YeHHOro 3HaueHHUs R BBIBOOMM ypaBHeHHE pabodeil TUHUU BepXHeEi
4acTU KOJIOHHBI.
Pe3ynbratel pacuéra npuBeneHsl B Ta01.4.

Tabnuya 4
PesynbTarhl pacuéra
Koadduruent R=4-R._+03 R X R X Yucno
M30BITKA (IIErMbI mn " — D | y=——x+—2 TEOPETHUECKIX
B Ruin =293 R+1 | R+1 R+1 R+1 S
1,1 3,52 0,78 | 0,220 y=0.78x+0.22 23
1,3 4,10 0,80 | 0,195 y=0.80x+0.195 16
1,5 4,69 0,82 | 0,175 y=0.82x+0.175 14
2,0 6,16 0,86 | 0,139 y=0.8x+0.139 12
2,5 7,62 0,88 | 0,115 y=0.88x+0.115 11
3,0 9,03 0,90 | 0,099 y=0.90x+0.099 10

3agaémcs 3HaueHusMu X B mpenenax 0.1 < x < 0.75 (MmeHblie, yem coJiepykaHue

BBICOKOKHITAIIEr0 KOMIIOHEHTA B TUTaHWM) M PaCCUUTHIBaeM Y
Y =0.80X +0.195

X 0.75 0.55 0.385 0.24 0.11

Y 0.795 0.635 0.503 0.387 0.283
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Jis ompeneneHus 4uclia TEOPETHYECKUX TapelioK HeoOXOIMMO BBIBECTH ypaBHEHHE
paboyeil TMHUY HUKHEH YaCTH KOJIOHHBI,

_R+F « F-1
Y TR TR
e F - MobHBIM pacxo/1 uTaHus (OTHOCUTEIBHBIH),
_ Xp =Xy _ 0.996 - 0.027 _434
X=X, 0.25-0.027
Jns BeiOpanHoro Hamu citydast R=4,1 (nmpu S =1,3) nomydaem
y= 41+ 4,34 « 4,34 —10,027;
41+1 41-1
y =1,65x-0,0177
Buauennst X TOJDKHBI ObITH MEHBIIE XE:
X 0.24 0.11 0.05 0.02
Y 0.378 0.163 0.118 0.015

UYucno TeopeTuuecKux TapesioK (CTyNeHel M3MEHEHHsS! KOHLEHTPAluU) ONpeeNseTcsl MyTéM
MIOCTPOEHUS CTYNEHYaTOW JIMHUU (CM. pHC.2.8), COCTOSILEH U3 TOPU3OHTAIIBHBIX U BEPTHUKAIBHBIX
OTPE3KOB MEXIY PadOUMMHU JIMHUSAMH M KPUBOW PaBHOBECHS B Mpezenax M3MeHeHHus X (CoaepaHue
JIETKOKUIISAIIEro KommoHeHTa) oT Xp A0 Xw. KosnudecTtBo crTyneHel COOTBETCTBYET —UHCIY
TEOPETHYECKUX TaPEJIOK.

N3 Tabm. 2.6 BumHO, WrOo TIpM H3MeHeHHMH wu30bITKa durermpl oT 1,1 o 3,0 umcio
TEOPETUUECKUX TapeJIOK yMeHbIaeTcs ot 23 jio 10.

OrmumaribHOe 3HaueHne [ COOTBETCTBYET TOUKe M, HIDKE KOTOPOW C YMEHBIIICHHEM KOJIMYeCTBa
m30bITKa (UIerMbI pe3ko Bo3pactaet. s paccmarpuBaemoro cimydas [ =1,3; YMCIO TEOPETHISCKUX
TapesioK paBHO 16.

Jlns ompeneneHusi pealbHOTO KOJIMUECTBA TapeiloK HEOOXOMUMO MPUHSTH KOI(DDHUIIMEHT
TOJIE3HOTO JICUCTBUS TAPEITKU

N,

77 K.1n.0.
KOTOPBIM B 3aBUCUMOCTH OT TUIIA TAPEJIKH MOMXKET U3MEHATHCS B IIMPOKUX Tipeaenax ot 0,2 go 0,9.
Mosxkno onienuts KI1/] Taperku o sMmipu4eckoMy YpaBHEHHIO
17 =0,49(u,, - ) *** =0,49(0,43-2,53) — 0,245 = 0,28,
P

J.K.K.

N =

rae a - Kod(pQUIMEHT OTHOCUTENLHOW JIETY4eCTH CMECH, o =

, M4 — BI3KOCTbH }I(PI,Z[KOI;'I
m.K.K.

cmecu, cll.
BszkocTh cMecH yriaeBOJOpOJOB MOXKHO OIPEACIUTh B 3aBUCHMOCTH OT MOJIIPHOU
KOHIIEHTPAIIUU UX B CMECH T10 MIPaBUITY a/UIMTUBHOCTH:

Moy =D X +M; =0,25-0,345+0,75- 0,46 = 0,43¢/T;
895
=0,49(0,43—)%** =0,42;
1=04900435.2)

N = N, 16
n 042
ITo oSKcHepUMEHTATBHBIM M PAcu€THBIM JaHHBIM COCTaBIsIeM MAaTepHATIbHBIA OamaHc

nporiecca pextudukarmu (tadsm. 5).

= 38mapenok.

Tabnuyal
MatepuanbHblii OalaHC peKTU()UKAIIH
M IIutanue Huctriuiar Ky0
KOMIOHEHTHI b % ni, % | m;, % ni, % % ni,
I/MOJIBL | M;, T m;, r
Mac | MOJIb | MOJI. | T | MaccC. | MOJIb | MOJI. Macc. | MOJIb
A 99 25,0 119,810,252 | 0,25 |225| 99,5 | 0,227 | 99,6 | 2,0 2,0 | 0,02
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B 133 |101,0/80,2]0,758 0,75 01 | 05 |0,008| 0,4 |101,4 | 98,0

0,76

126,0 | 100 | 1,0 | 100 | 22,6 | 100 | 0,228 | 100 | 103,4 | 100

0,78

Jlaboparopuast paborta Ned «KapbamuaHas nemapaduHU3ALNDY
Henu padorel: 1) u3ydenue nporecca kapdaMuaHOM nenapaduHU3aAINHY;
2) U3y4eHHUE BIUSHUSA TEXHOJIOTHUCCKUX apaMETPOB Ha MTPOTEKAHKE MTPOIIECCa;
3) KayecTBEHHOEC M KOJMYECTBCHHOC HCCIEAOBAHUS MPOJIYKTOB, HW3BJICUCHHBIX U3
nenapauHUPYEeMOTO CBIPbSL.

Teopernyeckas 4acTb

Lenpto kapbamuaHO#W mapaduHU3aIUU SBISETCS CHWKEHHE TEMIIEpaTyphbl 3aCTHIBAHUS
HePTSIHBIX (QpaKIUi, yAaleHne U3 HUX NapadUHOBBIX YIIIEBOJIOPOJI0B HOPMAIBLHOTO CTPOSHUS
Opu OJHOBPEMEHHOM TMOJy4eHHH MapaduHOB - [EHHOTO HEPTEXUMHUUECKOTO H
OMOXUMHUYECKOTO CHIPbSL.

KapGamumnass ~ nmemapaduHu3aus ~ OCHOBaHa  HA  TNpPUHIUNE  0Opa3oBaHMs
HEpPACTBOPUMOTO B VIJIEBOJOpOJaX KOMIUIEKca (aJJlyKTa) MOYEBHHBI C MapapuHaMU
HOPMAJILHOTO psijia.

MexaHu3M 3TOTO SIBI€HHS J10 KOHIA HE BBISICHEH, HO CUMTAIOT, YTO B Ipolecce
KOMILJIEKCOOOpa30BaHusi KpUCTAJUIbl KapOaMuJa, HMEIOLIUe TEeTParoHajJbHYI CTPYKTYpY,
IepecTpauBalOTCs B TIeKkcaroHaiabHylo. [locrmenHue MMEIOT MOJOCTH, B KOTOPHIE MOTYT
pacrojiaratbcs yrieBoJI0pOIbl HOPMaIbHOTO psia. HamoMHMM, YTO CBSI3b MEXIY MOJIEKyJIaMu
KapbaMua, a 3HAYUT OOpa30BaHHE «COTOBY», OCYILECTBISETCS 3a CUET MEKMOJIEKYISPHON
BOJIOPOAHOM CBsA3U. B 00pazoBaHuU 3TOM CBSI3M y4acTBYIOT aTOM KHCIIOPOJIa OJJHOM MOJIEKYIIbI
U aTOM BOJOPOJAa aMHIHOW T'PYIIBI APYrOM MOJIEKYJbl, a CAMH MOJIEKYJIbl MOBEPHYTHI 1O
OTHOLIEHUIO Apyr K Apyry Ha 120°. Ilpu oOpa3oBaHuM KOMILUIEKCa OOJBIIOE YHUCIO MOJEKYI
kapOaMuJa HaBUBAaeTCS Ha MOJIEKYJy HOPMAaJIbHOTO ajikaHa ¢ 00pa3oBaHUEM IOJIOCTH C
MOMEPEYHbIM CceYeHueM S5-6A°. B 3TOM MOJIOCTH pacmoJiaraercss MOJIEKYJIa HOPMAJIBHOTO
ajlKkaHa, WMEIoNas B mornepedyHoM ceueHun 3.8-4.2 A°. Jlwobas npyras Mojekyla, UMEroIas
OobIIME MOJIEKYJBl B TOINEPEYHHUKE, HE MOXKET 00pa3oBaTh KOMIUIEKCHI C KapOaMUIOM, eciin
TOJIBKO OHA HE MMEET UIMHHYIO YIJI€BOJOPOIHYIO LENb HOPMAJIBHOTO CTpOeHHUA. lyInHa 3TOH,
HEoOXO0AUMOM 111 KOMIIJIEKCOOOpa30BaHMUS YAaCTU MOJIEKYJbl, KOJIEOJETCAd B HIMPOKHUX
npeaeaax B 3aBUCUMOCTH OT XapakTepa 3aMECTHUTEN, HApYILIAOIIEr0 I'e€OMETPUYECKOE
COOTBETCTBHE KOMILIEKCOOOpa3youie MOJIEKYIbl U KPUCTALIIMYECKOW pelieTkn kapbaMuia B
KOMILJIEKCE.

C pocTroM AuHBI LIENU KOMILIEKCOOOpaHOBaHKE 00J1er4aeTcsi, I03TOMY IEepBbIe OPLHH
kapbamuga OynyT oOpa3oBbIBaTh KOMIUIEKC C Haubojee BBICOKOMOJIEKYISIPHOM YacThbiO
napa(uHOBBIX YIJIEBOAOPOJIOB.

IIpu koMHaTHOH TeMIiepaTtype U aTMOC(HEPHOM IABJIECHUH YIIIEBOAOPOIbl HOPMAIBLHOTO
CTPOEHHUs, HauMHas C renraHa, o0paszyloT KoMiuiekc ¢ kapbamuaoM. HaiineHno, uto nmogbopom
yCIOBUM (NMOHM)KEHUEM TeMIepaTypbl W TMOBBIIMIEHUEM JaBJIEHUS) MOXXHO J00OUTHCA
o0Opa3oBaHus KOMILJIEKca M ¢ napaduHamu 0oJjiee HU3KOI'O MOJIEKYJISIPHOTO BEca, YEM IelTaH.
IIpouecc KoMIIEKCOOOpa30BaHUs HE SBISETCA YHCTO XUMHUYECKHM IPOLIECCOM: MOJbHOE
COOTHOILIEHHE napaduH- KapOamMHJl HEMOCTOSIHHO M MEHSETCS B 3aBUCUMOCTH OT CTPYKTYpPbI
YIJIEBOJIOPOJA U JJIMHBI LIENH HOPMaJIbHOTO cTpoeHus. [IpennokeHo0 HECKOJIBKO 3MIIMPUIECKUX
(dopMyI, CBS3BIBAIOLIMX YHMCIO MOJeH kapOaMuJa ¢ YUCIOM MOJIEH KOMIIJIEKCOOOpa3yrommx
yriaesonopoos. HecmMoTpss Ha 3TO, COOTHOLIEHUE s KaKJIOr0 THIA OYMILAEMOIO ChIPbA
OOBIYHO yCTaHABIIMBACTCS SKCIIEPUMEHTAIBHO.

PesynbTathel KapbamMuIHON JenapaduHU3aluy 3aBUCAT OT MHOXKeCTBa (akTopoB. OHUM
U3  BaXHEWIIMX  SBISETCS  aKTUBATOphl ~ —  BEIIECTBa,  CIOCOOCTByIOIIME K
KOMIUIEKCOOOPa30BaHUIO U BIIMAIOUIME HA pe3ylbTaThl jAenapaduHU3alid. AKTHBHpPYIOIIEe
BIMSHUE OKa3blBAIOT CIMPTHI, KETOHBI, BOJA, HU3KOMOJIEKYJSAPHBIE XJIOPUPOBaHHbBIE
YIJIEBOJIOPOABI M HEKOTOPBIE Ipyrue BemecTBa. KoJM4ecTBO KakJ0ro akTUBATOPA JOJIKHO
OBITh ONTHUMAIbHBIM: KaK YBEJIMUYEHHUE €r0, TAaK U YMEHbIICHHE HU)KE ONTUMAIBHOTO XY IIIAeT
Ka4yecTBO JenapaMHUPOBAHHOIO MPOJYKTa, MOBBIIIAET €ro TeMIepaTypy 3acTbiBaHus. U3
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aKTHBATOpPOB HauOoJiee IIMPOKOE NPUMEHEHUE HAIIM HHU3KOMOJEKYIsIpHble cnupThl. C
YBEJIMYEHUEM JUIMHBI paJuKaja CIOMPTOB, HUX aKTUBHUpYIOIIEe BIUSHUE MNajnaer. Bribop
aKTHBATOpa TaKXKe 3aBHCUT OT TMPHPOABl JAenapaduHUpyeMoro cwipbsi. Kpome Toro,
3G PEKTUBHOCTh AKTUBATOPA 3aBUCUT OT YUCTOTHI AKTUBATOPA.

Enunoro B3risga Ha pojib aKTUBAaTOpa B KOMIUIEKCOOOpPA30BAaHWU M HA MEXaHU3M
SBJICHUS HE CylIeCTBYeT. 110 MHEHHIO HEKOTOPBIX YYEHBIX aKTUBATOpP HEUTPAINU3YET BPEIHOE
BIMSIHHE NpUMEce Ha KoMIUIeKcooOpa3zoBaHue. Jlpyrue aBTOpHI CKIOHHBI paccMaTpUBaTh
aKTHUBAaTOp KaK pacTBOPUTENb, KOTOPBI  CHOCOOCTBYeT TMepexoqy Kapbamuaa U3
TETPAarOHAJIBHOW KPHUCTAJIJIMYECKOM CTPYKTYphl B TI€KCaroHaJbHyK. Takou mepexon
obnervaercsi, €CiIM YyBEIMYMBAETCS PACTBOPUMOCTH OJIHOTO M3 KOMIUIEKCOOOPa3yromux
KOMIIOHEHTOB U BECh IIPOIIECC IPOTEKAET B TOMOTE€HHOM (ase.

Jns atux ke uened mpu kKapOamMumgHOUW nenapaduHU3AUA ITUPOKO HMCIOIB3YIOT
00JIBIIIOE YUCIIO Pa3HOOOPA3HBIX MO CTPYKType pacTBopuTeneil. Kpome cozmanus roMoreHHOM
¢da3pl, pacTBOpUTENH OOECIEeUnBalOT JETKOCTh IEPEMEIIMBAHUS U TPAHCHOPTUPOBKHU
KOMITIOHEHTOB, Y4YaCTBYIOUIMX B Ipoliecce aenapaduHU3alNM, HCIOIb3YIOTCS AJIS MPOMBIBKU
KOMIUIEKCA.

He cymiecTBytoT Takue pacTBOPUTENH, KOTOPbIE OAMHAKOBO XOPOIIO pacTBOPSUIN Obl Kak
Heprenpoaykr. Tak u kapOamua. B 3ToM OTHOIIEHMHM HWHTEpEC MPEICTABISIOT
HU3KOMOJIEKYJISIpHBbIE CIUPTHI M30CTPOEHHUS, HalpuMep, U30mponaHon. OJHOBPEMEHHO 3TOT
CHUPT SBISETCA aKTHUBATOPOM KOMIUIeKcooOpa3oBaHus. Hapsgy ¢ sTum pacTtBopuTenem
MIPUMEHSIOT PACTBOPUTENM, PACTBOPSIONINE TOIBKO OJUH M3 KOMIIOHEHTOB, YYacTBYIOLIUX B
KOMILJIEKcoOOpa3oBaHuu: HePTeNpoAyKT win kapbamua. K mepBbIM OTHOCATCS TalOMAATKUIIBL,
KETOHBbI, HEKOTOpbIE CIHUPTHI, YrIEBOAOPOAbl WM (PpakUHUH YrIeBOJAOPOIOB C HHUZKOU
TeMrieparypoil kunenusi. K pacTtBopurensM, NpUMEHSEMbIM Ha MPAKTUKE M PacCTBOPSIONIUM
TOJIBKO KapOaMu, OTHOCSITCSI BOJIa U BOJAHbBIE PaCTBOPBI HU3KOMOJIEKYJISPHBIX CIIUPTOB.

Br16op THIa pacTBOpUTENS 3aBUCUT OT IPUPO/IbI Aeniapa@UHUPYyeMOro chipbsi. OHAKO B
LEJIOM CTPYKTypa U COCTaB PACTBOPUTENS HE MMEIOT PELIAOLIErO BIUSHUS HA PE3YIbTAThI
nenapadunuzanuu. lcnonp3oBaHHEe OMNPEACIEHHOTO PACTBOPUTENS B 3ITOM IIpolecce
00ycnaBiIMBaeTCsl €ro JACUIEBU3HON, JOCTYITHOCTHIO, MO TOKCUYHOCTHIO, SKOHOMUYHOCTBIO.

KonunuectBo pacTBopuTENs TOJKHO OBITH ONTUMANBHBIM. bosbiioe pazbaBieHue ChIpbs
pacTBOpUTENIEM MOKET NPHUBECTH K YMEHBIIEHHIO 3(PQeKkTa akTHUBAaTOpa: HU3Kas KPaTHOCTh
pPacTBOPUTENS - K YXYALICHHUIO YCIOBUM KOHTAKTA, IEPEMEIINBAHNUS.

Pe3synbratel nenapadunuzanuy HeQTENPOAYKTOB KapOaMUAOM BO MHOTOM 3aBHUCST OT
npupoabl cbipbsi. C HOBBIIEHHEM TeMmepaTypbl KuneHus ¢pakuuu 3¢PeKTUBHOCTH
KapOaMuIHOH AenapaduHU3aUU aJaeT. ITO CBSA3aHO C TEM, YTO B BRICOKOKHITSIIUX (PpaKIIMIX
napa@uHbl UMEIOT 3HAYUTEIHbHOE KOJMYECTBO BBICOKOILJIABKUX YIJIEBOJAOPOJOB THOPUIAHOTO
CTpO€HHUs, HEe 00pa3ylluxX KOMIUIEKca ¢ KapOaMHAOM, T.€. C MOBBIIICHUEM TEeMIEpaTyphl
KUIeHUs (ppaxkuuu, 10l napaguHOB HOPMAJIbHOTO CTPOCHHUS B TBEPHABIX YIJIEBOJIOPOAAX
bpakiuii, Kak TPaBUIO, YMEHBIIAETCS. DTUM OOBSICHSIETCS OTPAHHYEHHOCTh HCIOJIb30BaHUS
mpoliecca kapOoamMuaHON mnapauHHU3AMU IJI1 CHIDKEHUS TEMIIEpaTyphl 3aCTBIBAHUS TOJBKO
JU3EbHBIX U JETYYUX MACISHBIX (QPaKIIHA.

Odenp OonblIOE BIMSHUE HAa PE3yNbTaThl MPOIECCAa OKA3bIBAET HANUYHME DPA3IUYHBIX
npuMeceil B ounimiaeMoi ¢pakmuu. CMOIbl, coaepkamiuecs B He(TENpoIyKTax, HE TOJIBKO
3aMeUISIIOT KOMIUIEKCOOOpa3oBaHKe, HO M YXY/IIAI0T KaueCTBO MOJYyYSHHBIX MMPOIYKTOB.

Tak ke, Kak U CMOJIBl CEpPHUCTbIE, KUCIOPOJ- M a30TCOJAEprKallllMe BElleCTBa
OTpUIIATEIbHO BIIMSAIOT HAa KOMILIEKcooOpazoBaHue. Hampumep, yeM HHMXKE coOJiepKaHHUE Cepbl
BO (Qpakuusax, TeM Bbllle BbIX0J napapuHoB. Ecmum ono mnpesbimaer 0.5%, TO
CepaopraHMyeckue  BellecTBa  MPOSBISIOT  CUJIbHOE  MHTrHOMpyollee  BIMSHHE  Ha
KoMIuIeKkcooOpa3oBanue. Mmerorcs cBelleHHst 0 TOM, YTO apOMAaTHYECKUE YIrIIeBOJI0POAbI MOTYT
TOPMO3UTh O0Opa3oBaHME aJylykTa KapOamuaa ¢ H-napadpuHamu. OTpHULIATENIbHOE BIIUSHUE
pUMeceil 3akiarodaeTcss B TOM. 4YTO, aJCOpOMPYSICh Ha KOMILJIEKCE, OHHU 3aTPyIHSIOT pPOCT
KPUCTAJIOB KOMIUIEKCa. B CBA3M ¢ 93TUM JKeJaTeiabHO MOJBeprarb KapOamMHJIHOM
nenapaduHuzanuy  (Gpakuuy, [peJBapUTENIbHO OYMIIEHHBIE, HAmpuMep, B Ipolecce
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THJIPOOYUCTKH. TeM He MeHee, HM3BECTHO, YTO JaXe ChIpYyI0 HE(PThb MOXHO IOJBEprarb
nemnapaduHU3ANUNA KapOaAMHIOM.

KomnuectBo kapbammma, HeoOXonumoe uisd JenapapuHU3alNU, OOBIYHO MOJAOHPAIOT
HKCIIEPUMEHTAIBHBIM IYTEM JUIsI KaXKJIOTO THUNA CHIPhs, KaK MPABHIIO, OHO KoJjeOiercs B
npenenax 70-150% na ceippé. C yBenmueHrneM KoJudecTBa kapOammuiaa npumeprno ao 70% nHa
CBIPbE TEMIIEpaTypa 3aCThIBAHUS JeTapa@UHUPOBAHHOTO MPOAYKTa U TeMIIepaTypa IJIaBJICHUS
BBIJICJICHHOTO TNapaduHa CHIKAIOTCS OBICTPO, a JalibHeHIee yBeIWYeHUE KOJIUYECTBA
KapOamMuJa HE3HAUYNTEIbHO YMEHbBINAET 3TH MOKAa3aTeId, HO IPH 3TOM 3aMETHO CHUIKAETCS
BBIXO0]1 ieniapaMHUPOBAHHON (paKLIny.

KommuectBo kapbamuia, He0OXOAUMOTO VIS TOJTHOTO M3BJICYCHHUS Mapa(uHOB, 3aBUCHUT
TaKXKe OT COAEp)KaHUs NapauHOB B CHIphe M (PPAKIMOHHOTO COCTaBa JenapapuHUPYEMOTO
POIYKTA.

C yrskeneHueM (Qpakuu KOJIMYECTBO KapOamuaa, HEOOXOAMMOTO I IOJIHOTO
U3BJIeUEHUS NapaduHOB, JOHKHO OBITH YBEUYEHO.

PesynbTatel mpornecca nenmapaguHA3anny KapOaMUI0B 3aBUCST TAKKE OT COCTOSHHS H
YUCTOTH KapOamuma. BiusHME pa3IuuHBIX TpPUMECEH, COJAep)KalluXcs B KapOammuie WIn
oOpa3zyromuxcsi B HEM B X0j/€ pabOThl, HOCUT BecbMa CJIOXHBIN xapakrep. Kak mpaBuiio
(ocobeHHO ecnM O3TUX MpUMEeced HaKOMUIJIOCh MHOTI0), OHHU YXYAIIAIT YCJIOBHUS
KOMIUIEKCOOOPa30BaHusl, CHIKAIOT TEMIIEPATypy 3aCThIBaHUs AenapaduHu3ara.

BoccraHoBiieHre aKTHBHOCTH KapOamHaa MOXHO JHOO €ro TmepeocaxIeHHUEM H3
pacTBopa 3TaHoja, OO0 00paboTkol ametoHoMm. [lpu aemapaduHM3aMKE KPUCTATTMYECKUM
KapOaMHUIOM BaXXHO TIPEAYNPEIUTh CHILHOE YBIOXHEHHE KapOaMuia, Tak Kak B dTOM CIydae
MIPOUCXOIUT KOMKOBaHHE, CIIMNIaHKE KapOaMuaa U, KaK CIIeJCTBUE, 3aKylOpKa KOMMYHHUKAIIUU
u amnmnaparoB. B 3ToMm cinydyae HeoOxonnMa ocyiika kapoamuaa. [Ipu nenapadunuzaniy BogHbIM
pacTBOpoM KapOammua Ype3BBIYAlHO BAaXKHO MOJJICPKMBATH B XOJIE IMPOIECCa HACHIIEHHOE
COCTOSIHME pacTBOpa KapOammua, Tak Kak TOJHKO B ATOM Cllydae HaOIF0JaeTCsi HHTEHCHBHOE
KOMIUTIEKCOOOpazoBaHue H-Tapa)iHOB C MOYEBHHOM.

Temneparypa mpouecca, Tak k€ Kak M COOTHOILIEHHE, KapOaMHJ: ChIpbe MOAOUpaeTCs
ONBITHBIM TyTeM. JlJIg BBICOKOKMIIIUX (pakLuil TemIepaTypa, NpU KOTOPOH clexyer
IPOBOAUTH JenapaduHU3aLUI0, N0KHA ObITh MOBBIIIE. (711 KEPOCHMHOBBIX U JU3EJIBHBIX
(dbpakuuii, B 3aBUCUMOCTH OT croco0a mojadd KapOamuma, Temmeparypa aenapapuHu3amuu
coctasisier 20-30 °C, a ana MacisHbIX (pakiuuii oHa HeckoabKo BhIme - 30-50 °C. [ToBeimenue
TEeMIIepaTypbl CHOCOOCTBYET KOMIUIEKCOOOpPA30BaHUIO 3a IOBBIIIEHHE PAacTBOPUMOCTHU
KOMIIOHEHTOB U CHMKEHHME BS3KOCTH ChIpbsi. BMecTe ¢ TeM OHO cABHraeT paBHOBECHE B
CTOPOHY pacmajia KOMIUIEKCa Ha UCXOIHbIe TapadrHbl U KapOaMus.

Temneparypa nporecca MOXKET HECKOJIBKO HMOBBILIATHCS BCIIEJICTBUE BBIAECICHUS TEIlIa
P KOHTaKTe KapOamMuja € ChIpbeM, IO3TOMY HEOOXOIUMO IperycCMOTPETh OTBOJ TeIIa,
BBIJICJISIFOILIETOCs IPU KOMIUIeKcooOpa3oBanuu. CieayeT UMeTh B BUIY, YTO IPH HOBBILIEHHBIX
TeMmIepaTypax B IEpBYIO O4epe/lb KOMILIEKC ¢ KapOaMuaIoM 00pa3yloT BBICOKOMOJIEKYJISIPHBIE
napaguHbl, a C IOHWKEHUEM TeMIepaTypbl B KOMIUIEKCOOOpAa30BaHHWE BOBJEKAIOTCS U
HU3KOMOJIEKYJIsipHBbIEe HapauHbl, MOITOMY IpH OoJjiee HU3KUX TeMIeparypax
KOMILIEKCOOOpa3oBaHus TeMIlepaTypa 3acTblBaHUS jAenapaUHUPOBAHHOTO HPOAYKTa MU
TeMmiepaTypa IUIaBJIeHUs MapaguHa MNOHWXKaTCA. UpesMepHOe NOHMKEHHE TeMIepaTyphl
YXYJIIIAeT YCIOBHS KOMITJIEKCOOOpa30BaHMUsL.

Bei6op Temmeparypbl mpolecca 3aBUCHT TakKe OT TOro, B KaKOM BHJE HCIIOJb3YIOT
kap6amuj. [lenapapuHuzanus KpUCTAIINYECKOH MOUYEBHMHON MOXET ObITh NMpOBEJEHa MpHU
6oJiee BBICOKOM TeMIlepaTtype, 4eM jenapaduHuzaius B pacTBope Kapoamua.

Ecmu ans nenapaduHHU3alMM MCHOJIB3YIOT BOJAHBIM pacTBOp KapOamuja, JIydile BCEro
ChIpb€ CMEIIMBATh HACHIIIEHHBIM PacTBOPOM kKapOamuja mpu Temmneparype okosio 70 °C, a
3aTeM MOCTENEHHO MOHMXKATh A0 Oojiee HU3KOM TeMIepaTypsl AenapaduHU3aHH.

Kak yxe ykaspiBasioch KapOaMuj M He(TsHbIE (QpaKIUU MPAKTHUECKH HEPACTBOPUMBI
Apyr B Apyre, U Jaxe MpUMEHEHHE pacTBOpUTENECH He MO3BOJISIET MPOBOAMUTH MPOLECC B
onHodaszHoi cucreme. s obecrieueHHsl TECHOTO KOHTakTa (a3 He0OXOIMMO HWHTEHCHBHOE
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nepememuBanue. CUHMTAOT, YTO NPU HTOM HHTHOUTOPHl KOMILIEKCOOOpa3zoBaHUs
JeCOPOUPYIOTCS C TMOBEPXHOCTH KOHTAKTHUPYIOMIMX MOJICKYJI M OoJiee OBICTPO OOHOBIISETCS
rpaHuIa paszaena a3z, uro obyieryaeT KOMIUIEKCooOpa3oBaHue.

Pa3zBurass moBEepXHOCTh KOHTakTa (a3 COOTBETCTBYET COKPAIEHUIO HHIYKIIMOHHOTO
nepuoja U YMEHBUICHUIO BPEMEHH KOHTakTa. B o0mem ciyyae KOMILJIEKCOOOpa3oBaHHE
3aBepIlaeTcs Jaxe B MEpBble MUHYTHl KOHTAKTa, OJHAKO, JJIs 0OJiee MOJHOTO M3BJICYCHHUS H-
napaguHOB BpeMs KOHTakTa yBeauuumBaeTcs mo 0,5-1 waca. [lns coxpameHus
MPOJIOJKUTEIPHOCTH KOHTaKTa IeJeco00pa3HO BBEICHUE «3aTPaBKU» - KOMILIEKCA,
00pa30BaHHOTO paHee KapOaMHIOM U H-TIapa(UHOBEIM YTIIEBOJOPOJIOM.

JKCNepuMeHTAIbHAS YacTh

PeakTHBBI: UCXOTHOE CBIPBE, KAPOAMU, OKTaH, JUCTHILIMPOBAHHAS BOA.

B tpexropayio konly, CHaOXEHHYIO TEPMOMETPOM, MEXaHHYECKOW MEIIaIKOM
nomemaot 10 r. mapaduna, Tyaa e MpU SHEPTUUHOM NepememnBanud 50 M okraHa, 15 r.
kapbamuga u 3areMm 18 mn gucTunnuposanHoit Boasl. IIpu 70 °C mpoBoAsST MHTEHCHBHOE
nepeMemiBanue B TeueHue 30 MUHYT.

[To wcTedeHnn BpEeMEHH MOJYYCHHYIO CMECh MEPENHMBAIOT B CTAKaH M MOMEMIAIOT B
HKCHKATOp, HANOJHEHHBIH XOJOJHOW BOJOW CO JbAOM, s oxiaxiaeHus. [lo wmepe
MOHM)KEHUS TeMIIepaTypbl IPOUCXOIUT BhINaJeHuEe 0eI0ro CMETaHOOOPa3HOro OcaIKa.

[Tocne conmepkMMoe CTakaHa TIEPEIUBAIOT B JACIUTEIbHYIO BOPOHKY W CIIHBAIOT
HUKHUHN Npo3pausblil cinoil. [IpoBoasT mpombiBaHuE BOAOH 2 pasa.

OcraBmuiicst Oenplii 0CaJ0K 3aJUBAIOT TOPSAYECH AUCTHIUIMPOBAHHOM BOJOW JO €ro
pacTBOpEeHUs] W pacciavuBaHus Ha 2 ciuos. HwkHUI cooill ciuBaeTcs NOpu MOMOIIU
JEINUTENBHON BOPOHKH.

Bepxuuii cnoit ¢uabTpyroT Ha BakyyMHOH ycraHoBke. IlomyueHHBIH QuibTpaT
OXJIQX/IAI0T ¥ OTIPENEISIOT er0 Maccy.

JlabopaTopHas padora Ne5 «IIupoJins yrieBoaopoaoB»

Hens pabotel: Hatimu cocmas covlpvs, npu KOMOPOM 6blX0O IHCUOKUX NPOOYKMOB
MAKCUMATIEH.

VYcranoBka (puc. 1) BkIItouaeT B ce0s CaeAyrONIue TprUOOPHI:

- 1 — nenuTenpHas BOpOHKA (MMUTAaHUE PEAKTOPA),

- 2 — TepMoriapa,

- 3 — aJeKTpoIeYb Uit 000rpeBa peKTopa,

- 4 — XOJIOIWJIbHHUK,

- 5 — MpUEeMHUK,

- 6 — ra3ocueT4uK,

- 7 — mpubOp MOKa3aHMs TEMIIEPATYPHI,

- 8 — perynstop Temneparypsl (JIATP),

- 9 — peakrop.
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Pucynok 1 — YcraHoBKa TEpMHUYECKOTO KPEKHUHTA YTIIEBOJOPOIOB.

Brinmonnenue paboThI.

TepMuueckuii  yriaeBoJOpPOJHOTO ChIpbsl BelIeTcsl Ha ycraHoBke (puc. 1) mpu
temmneparype 500 °C.

[lepen HadamomM oOmBITA MPOBEPSAIOT MPABWIBHOCTH COOPKH, HAASKHOCTh H
TEPMETUYHOCTh BCEX COCIWHEHHWM YCTAaHOBKH. BKIIOYarOT snekTporneds 3 s oOorpeBa
peaktopa. [locie Toro kak Temmepatypa B peakrope aocturdHer 500 °C, B xosogwibHUK 4
MOJAIOT BOJY. 3aJaHHYI TeMIepaTypy B PEaKkTOpe TMOJJICPKUBAIOT € TOMOIIBIO
TepMOperysTopa 8.

[IpUroToBiIeHHYIO CMECH YIIIEBOAOPOIOB MOJAIOT B 103aTOp 1. MOMEHT nmojauu ChIpbsi B
PEaKMOHHYIO 30HY IPUHUMAIOT 3a Hayaslo ombiTa. Bee skcnepuMeHThl HE0OX0AUMO TPOBOIUTH
IIPU TOCTOSTHHOM OOBEMHON CKOPOCTH MOJA4M YIJIEBOJOPOTHOTO CHIPbS (BpeMsi HCTEUCHHS
ceIpbsi 30-35 MuH).

[To oxoHyaHuu omnbiTa GUKCUPYIOT 00BEM ra3oB MPOIIEAINIUX Yepe3 Ta30Bble Yachl 6 U
Maccy Kuakou ¢aspl. COCTaBISIOT MaTEPHAIBHBIM OallaHC TPOIECcCa, PACCUYUTHIBAIOT BBIXO/T
ra3oo0pa3HbIX MNPOAYKTOB muposin3a. CpaBHUBAIOT 3HAUEHHUS BbIXOJA Ta3000pa3HBIX
MPOJIYKTOB, HAWXYALIUN pPe3ylbTaT OTOPACHIBAIOT U PACCUMTHIBAIOT HOBBIA COCTaB CMECHU
YII€BOJAOPOIOB. DKCIEPUMEHTHI MPOBOAIT MOKa He OyJIeT JOCTUTHYTO IpeNesbHOE 3HAUCHUE
BBIXOJ]a Ta3000pa3HbIX MPOJYKTOB, IIOCJIE VYXYALIEHUS TOoKa3zaTensl mpoiecca paboTy
MpeKpaniaoT.

Odopmienue pe3ynbTaToB

CocTaBisioT MaTepualbHbIi OajJaHC Mpolecca MUPoIn3a:

1. PaccunthiBaoT Maccy noJaHHOTO ChIPbS

Mcm=Vem:Pem,
rae Vewm, Pem - 00beM (MJI) U TUIOTHOCTH (T/MIT) yriieBOJOpoaHON cMmecH. [110THOCTH
CMECH PaCCUUTHIBAIOT IO opMmyIie

pwwecu :'xl .p1+'x2 'p2 +'x3 .pS’
X1, X2, X3‘06’B€MHLI@ IpoHCHTBI COOTBCTCTBCHHO I'CKCaHA, H3O0IIPCHA, 66H30Ha, %06,
pl"pZ y p3 - INIOTHOCTHU COOTBETCTBCHHO I'CKCAHA, U30IIPCHA, 6eH30ﬂa, r/MH.

2. PaccuuteiBaroT Maccy Fa3006pa3HbIX IIPOAYKTOB IIMPOJIM34, YCIIOBHO CUHTAasd,
4YTO B OCHOBHOM OHH COACPIKAT 3THJICH
Vv
My =5 Mo

H.Y.
rae V - o0beM ra3000pa3HbIX MPOIYKTOB 10 Ta30CUETUHKY, JT; Vyy - MOJSIPHBIA 00beM
ra3a Ipu HOPMaJIbHBIX YCIOBUSAX; V,y =22,4 1/Monb; M,, - MONspHas Macca 3TuieHa, M,, =28
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/MONb.

3. Maccy  KMAKMX  NPOAYKTOB  HAaxoOAT IO  Pa3HOCTH  Macc  Cyxoro
MPUEMHUKA U IPUEMHHKA C )KUIKOH (ppaKiuei.
4. PaccunThIBaroT MacCcy KOKca, OTII0KEHHOTO BHYTPH peakTopa

mKOKC:mCM-mFa3-m>KHH
Pesynbrarel 3aHocsT B Tabnwmiy 1.
Tabnuma 1. - MarepuanbHblil OanaHc mpoiecca MTupoIn3a

[Ipuxon, r Pacxonm, T

1. YraepoiHoe chipbe

1. XKukue npoayKTel MUpoOJIN3a
B TOM YHCIIE

2. Ta3oo00pa3Hble  MPOJYKTHI

reKca

UPOJIHA3a
H30IPEH 3. Koxe
0eH30I1 '

m
PaccunThIBalOT BBIXOJI )KUAKHX MPOAYKTOB: 17 =—2-100% .
Cv.

JlabopaTtopnas padota Ne6 «TepMudeckuit KpeKHHI

a) Annapamypa, peakmugvl u Mamepuaivl

=  jabopaTropHas yCTAaHOBKA TEPMUYECKOTO KPEKHUHTA HEIIPEPHIBHOTO JCHCTBHS
(pucynok 14);

"  TEeXHHYECKHUE BECHI,

= jem;

"  TOTJIOTUTEIBHOE Macio (Cosp);

"  JCCIIEIyeMOE€ ChIphe (TYApPOH).

0) Ilposedenue sxcnepumenma

YcnoBus MPOBECHUS OTBITA B OCHOBHOM 3aBUCST OT Ka4eCTBA CBHIPhS: YEM JIETUe CHIPHE,
TEM BBIIIE TEMIIepaTypa Ha BBIXOJEC M3 PEaKTOPa; MPOJODKUTEIBHOCTh OIBITa TAKXKE 3aBUCUT
OT CBIPBS, TaK KaK OIpPEIENSIeTCs TUIyOMHOW €ro pas3iIoKeHWs MM BbIXOoJOM raza (B % OT
CBhIpbsi). Pexxum 1abopaTopHOW YCTAHOBKHM YCTAHABJIMBAIOT [UII KaXKJOTO BHUIA CHIPhS
OJTHOBPEMEHHOW PETYIUPOBKON TeMIepaTypbl B pEakTope, NaBJICHUS Ha BBIXOJE M3 HETO U
MPOU3BOJUTEIBHOCTH CHIPhEBOTO Hacoca. [Ipy yCTaHOBHBIIEMCS PEXKHME YCTaHOBKH —
MOCTOSTHHBIX TEMIIepaType, AaBICHHH W MPOU3BOIUTEIHLHOCTH CHIPHEBOIO HACOCAa — CKOPOCTH
razoo0pazoBaHus (T. €. 00beM ra3a, BBIICISIONIETOCS B €IMHUILY BPEMEHH, Hanpumep B 1 MHH)
TO’KE MOCTOSTHHA, TTO3TOMY TITyOMHY KPEKHHTa MOXXHO KOHTPOJIMPOBATH O BBIXOY ra3a.

Bo BpeMmsi MOArOTOBKHM ammapaTypbl K OIBITY BKIIOYAKOT 3JIEKTPOOOOTpPEB BHAYaje
peakropa, a 3areM nojorpesateins. [I[pUeMHUKOB sl TUCTUIUIATA CIIEIYeT MPUTOTOBUTH JIBA,
OJIUH JIJISl PeXKUMHOTO TMpo0era, Apyroi — st coopa TUCTUILIATA BO BPEMSI ITyCKOBOTO MEPUO/IA;
€ro MOXXHO He B3BelMBaTh. [lepes HauasoMm ombiTa K XOJIOJAWIBHHUKY HMPUCOCIUHSIOT TOJIBKO
MPUEMHUK (HEB3BEILICHHBIN) U ra30Bbie Yachl. ChIphE 3aJIMBAOT B MEPHBIN HUJIHHIP EMKOCTHIO
3 71, OTKy/a ero moJaloT K HacoCy.
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AR ZRZA AR

K 2a308sirm
yacam
———

1 — chIpbeBoit Hacoc; 2 — TpyOUaThIi TTOJIOrPEBATENb;
3 — peakTop; 4 — penyKIIMOHHBIH BEHTHIIb; 5 — XOJIOANILHHK;
6 — npuemuuk; 7 — abcopoep
Pucynok 14 — Cxema npoTo4yHOM 1a60paTOPHON YCTAaHOBKH TEPMUYECKOTO KPEKUHIa MO/
JTaBJICHUEM

Korma temneparypa B peaktope mocturHeT 350 — 400 °C, myckaroT HacoC W HAYHUHAIOT
MOoJaBaTh ChIPhE Yepe3 TMOJOTrpeBaTeb B peakTop. OTperyaupoBaB TMOCTOSHHYIO CKOPOCTh
nogaun ceipbs (0T 400 1o 500 mu/9), MOCTENEHHO JOBOAST TEMIEPATYPY A0 3aJaHHOW W OJHO-
BPEMEHHO TIOBBINIAIOT JaBJICHHWE MPH TMOMOIIHA PEAYKIIMOHHOTO BEHTWIA. Temmeparypy B
peaktope perynmupyioT npu nomoinu JIATPoB, a Takke yBenmnyuBas WIM yYMEHbINAs 1039y
ChIpbsi B peakTop. TakuM 00pa3oM, COBMECTHOM pEeryJupoBKON TeMmIepaTypbl, IaBICHUS U
MOJAaYu  CBIPbSl YCTAaHABJIMBAIOT TpeOyemMyl0 TIyOMHY KpEeKHMHTra IO COOTHOILIEHUIO
MIPOU3BOJIUTEIBHOCTH M BBIXOJIAa T'a3a — YCTAHOBKY «BBIBOJAT HA peKUM». [IponoiKUTETbHOCTD
3TOTO MEPUOJA 3aBUCUT OT MPAKTUYECKUX HABBIKOB U IPU HOPMAJIBHBIX YCIOBHSIX COCTABIISET
0k0j10 2 4. Ilocne TOro Kak IOCTUTHYTHI 3aJaHHBIE YCJIOBHUS ONBITA U PEXKUM YCTAaHOBJIEH,
MEHSIIOT TPUEMHUK JUIsl TUCTUJUISITA HAa APYrod (B3BEUIEHHBIN) M MPUCOSAMHSIOT abcopoep.
Ecnu Tpebyercst mpoBecTH aHaIu3 ra3a, TO MEXIy ra30BbIMH YacaMH U aOCOpOepoM yCTaHaBIIH -
BAaIOT ra3oMeTp Ui oTOopa rasa.

Pe3ynbpTaThl ompiTa 3aMCHIBAIOT 110 (hopMme, IpeacTaBiaeHHON B Tabnwuie 1 u 2:

Tabmuma 1 — ®opma 3anucu pe3yabTaToB SKCIIEPUMEHTA

KPEKHHT . ...ttt (HaMEHOBaHHE CHIPHsI)

VcinoBus onbiTa
TeMnepaTypa, ®C.....o..ooiiiiiiiie i
maBieHue, MITa....... ..o,
CpenHsisi POU3BOUTENIHLHOCTD HACOCA, JI/MHUH.......
[IpomomKHUTENEHOCTD OIBITA IPU YCTAHOBUBIIEMCS PEXKHIME,

[TpOIYIIIEHO CHIPBS, T (T) ..t vt eeeeneeneeneeneaeeaieaeannenn
Macca IPUEMHUKA, T...ententenneeneeeneeteaneenneennenns
C KPEKHHT-TIPOYKTOM. . ... eueeenenenenenennenennnnns
TLYCTOTO . e et etette et et eteee e e te e e e e reeneaeeaens
Macca KPEKUHT MPOIYKTA, Tvnveenreeneennnenneenneannens
J\Y BT B Ta110) o 0TS o - A
TIOCIIC OTTBITA. .« e ettt et eneeeteneeeteneeeneneneenenenn
b1 (011 ¢ v F PR
[IpupocT Macchl a0COPOCHTA, T....v'ueeeeneeneeeeeeeennss
Tloka3aHMS TA30BBIX YACOB, J..eennrreeeeeeainnnneeeeaannns
TIOCITC OTTBITA. .« e eueneetenene et eneeeteneeeneneneenenenns
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Tabnuna 2 — @opma 3anucH pe3ylIbTaTOB SKCIEPUMEHTA
Temneparypa, °C

Bpems

MoJIorpeBarese
BBEPXY
peakropa
B cepeinHe
peakropa
BHHU3Y peakTopa
JlaBienue B
peakrope, MIla
(kre/cm?)
YpOBEHB ChIPbsI
B MEPHUKE, MM

Hauano omnrita

Y MWH
Yepes
94 MWH
94 MWH
q MUH

Komner onbita

q MUH
Cpennue JIAHHBIC
npobera

[Ipo10KNUTENBHOCTE OMbITAa IPU YCTAaHOBUBLIEMCS pexxume oT 2 1o 4 4. C MoMeHTa
CMEHBI IPUEMHHKA U B TEUYCHHUE BCETO OIBITA 3AMMCHIBAIOT TEMIIEPATYPY, JaBICHUE H CKOPOCTh
MOJIaYu CBHIPhS 0 TPHBEACHHOW BBIIE (opme. Ilepen mpekpamieHHEM OIbITa BBIKIFOYAIOT
JIEKTPOOOOTPEB, BHOBh MEHSIOT NMPUEMHHK (Ha TICPBBIN, WCIOJIL30BAHHBIN B MEPHOJ] ITyCKa),
OTKJTIOYAIoT abcopOep M (UKCHPYIOT BpeMs OKOHYAHMSI OTMbITa W MOKA3aHUS Ta30BBIX YacOB.
[Momauy cwIpbsi TpeKpamaroT, Korxa TeMieparypa B peakrope camsurcs ao 300 — 320°C; Bo
BpeMsl CHIDKEHHUS TEMIIepaTypbl IMOCTEIICHHO OTKPBIBAIOT PEIYKIMOHHBIA BEHTHIIb, CHIDKAsS
TaKuM 00pa30oM JaBJICHUE B PEAKTOPE 10 aTMOC(EpHOTO.

8) Obpabomka pe3yibmamos

Kunkue mpoAyKThl KpEKHWHTa, MOJYYEHHbIE CMEIIEHUEM AUCTHWIUIATA U3 MPUEMHHKA C
MPOJYKTOM, TMOJBepraioT pasroHke. Kpekunr-Oensumn otouparor no 200°C, 3arem, OTTOHSIOT
npomexyrounyto ¢pakiuto 200-350°C, koTopyro Ha MPOMBITIUICHHOW YCTAaHOBKE HAIIPABJISIOT B
Meyb riIy0OKOTO KpeKHHra. ATMOC(EpHYIO pa3roHKy BeayT npuMepHo 10 250°C B mapax, mocine
3TOr0 KOJIOY OXJIaXJaloT W JajbHEHIyI0 pa3roHKy BeAyT B Bakyyme. Takum oOpazom, mare-
pUaNbHBINA OanaHC pa3rOHKM JAeT BBIXOJ O€H3MHA, MPOMEXKYTOUHON (pakiuu U OcTaTKa.
[TonydeHHbIe BHIXO/IBI IEPECUNTHIBAIOT Ha 3arPy3KYy.

OO0mwmit MaTepHaIbHBINA OaaHC OMbITA MPEACTABISAIOT B TabuIe 3.

Tabmuma 3 — O0muii MaTepuaabHbIN OalaHC

Brixon

Bssito %

r (macc.)
103 1) 100
BCETO. ... 100
TTOIYHEHO. ettt e,
a3,
Bersur 10 200 OC . ..o
®pakuus 200 —350°C........o
Kpekunr -
OCTATOK. ...ttt e e teeieiae e e e e
TIOTEPH. ..ttt e,
TATOTO. .. i 100

JlaGopatopHas paGora Ne7 KaTanuTuyeckuii KpeKUHT
a) Annapamypa, peakmugol u Mamepuaisl
® J7abopaTOpHasl yCTAaHOBKA KaTaJTUTUYECKOTO KpeKHHTa (pUCYHOK 16);
" ICCIIE/TyEMO€ ChIPhE;
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7 - XOJIIOMNIBHUK
Pucvyaok 16 — CxemMa YCTaHOBKH KPEKHHTA BEICOKOBSI3KUX IDOAVKTOB

1 - peakrop P-1; 2 - peakrop P-2; 3 - mrynep BBoja rasa; 4 - kapMaH TEPMOIApPhI; 5 - KPBIIIKA ; 6 - pydaIika;

= katasin3aTop (NaX-BKO).

0) Ilposedenue sxcnepumenma

[Ipornecc KaTaaTMTUYECKOTO KPEKUHTA IPOBOJAUTCS HA YCTAHOBKE CO CTAIMOHAPHBIM CIIOEM
KaTajau3aTopa, B KauecTBE KOTOPOro ObLI MCHONb3yeTcs 1eoduTHb karaimu3aTtop NaX-BKO
(HaceimHas ToTHOCTH — 0,65 T/cM®, cpenmmii amamerp uactun — 2-4,5 M, dopMa rpanyn
AKCTPYAT).

Peaktop P-1 mnpexacraBiser co0OW IWIMHAPHUYECKUN TOJICTOCTEHHBIH pPEAKTOp, CO
CbEMHOU KpPBIIIKOH, B KOTOPBIM 3arpyxaercs ChIppe. 34eCh HEOOXOAMMO HU3MEpSITh
TeMIepaTypy, MO3TOMY B KpPBIIIKY BMOHTUPOBAH KapMaH Ui TEPMOIAPhI, COCIMHEHHOW C
PEryJIsITOpOM TeMIlepaTypbl. B peakrope npu yBEJIMYCHUU TEMIEPATYpPhI ChIPbE, ASCTPYKTUPYS,
oOpa3yeT mapbl, KOTOpble HaNpaBisAIOTCS BO BTOPOM peakrop P-2, mpencraBnstomiuii coboi
MUpPOJIM3Eep, B KOTOPOM HaXOJMUTCs KaTanuzatop. [l ero akTUBalUMM B TNHPOJU3EpE
noyiep>xuBaercs nocrostuHas remneparypa 450°C. Tak ke 3/1ech IPOUCXOIUT JAOTOTHUTEIbHAS
nectpykuus. Jlamee HpoAyKThl MOCTyHaroT B xodoaunbHUK T-1, 3atem B mpuemHuk E-1,
NPEJCTABIAIOIMUNA CO00H OTCTOMHMK s oTAeneHus Boabl. Ilocnme paszgeneHuss NpOIyKT
0T(UIBTPOBBIBAETCS.

Heo0OxoauMo y4uThIBaTh, YTO Napbl 00pa3yloTcsi B CBOOOJHOM OObEME peakTopa;
pexomenayemMas 3arpyska peakropa = 70%.
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8) Onpedenenue 0OCHOBHBIX PUULECKUX CEOUCME NPOOYKIMOE KAMAIUMU4ecko20 Kpekunaa

1) OnpeneneHne TeMIepaTypbl BCIBIIIKA

Onucanue annapama Taza

Anmapar Tara ¢ 3aKpbITBIM THUTJIEM JOJDKEH COCTOSITh H3: HCIBITATEIBHOTO THIJIA,
KPBILIKK C 3aMajJioM W KXHUJAKOCTHOW OaHu. VcmbITaTenbHBIA THreNb W3 JIATYHH WU JAPYTOTO
HEP>KaBEIOIEro MeTajlla TaKOH e TEeIJIONPOBOJHOCTH C pa3MepaMHM IPEJICTAaBICH HAa PHUCYHKE
17.

i 835120
1 54003
78
A
1 090105
S ‘a
: r
wy 4
3 /
A R135375 :
J
‘ Lelndndiands A

Pucynox 17 - UcnibiTaTenbHbBIN TUTEND

Kpeimika mnpezacraBnser coOoi  Kpyr U3 HEP)KaBEIOIIET0 MeTala ¢ 000JKOM,
BBICTYNIAKOIIMM BHH3 NPHUMEPHO Ha 15,9 MM, cO CKOJB3fAIENd 3acIOHKOM C HAaKJIOHHBIM
(dmaHIleM, B KOTOPBIA BCTaBJICH XOMYTHKE TEPMOMETPOM JUISl THTJIS U YCTPOMCTBOM, KOTOPOE
OJIHOBPEMEHHO OTKPBIBACT 3aCIOHKY U OITyCKAaeT UCTOYHUK BOCIIAMCHCHHS.

O060/10K TOJDKEH MpUJieraTh K MaHXeTe KUIKOCTHOW 0aHuU C 3a30poM He Oosiee 0,4 MM 1
JOJDKEH OBITh Bpe3aH Tak, YTOOBI TUIOTHO MPHKUMATh KPBINIKY K BEPXHEH YacTH THTJISA, KOTJa
nocieaHnil Haxoautes B OaHe. Ecnu manHoe TpeOoBaHME HE BBITIOJHSIETCS, TO BEPTHUKAIHLHOE
MOJIO)KCHUE THUTJIE B OaHe JOJDKHO OBITh COOTBETCTBYIOIIUM 0Opa30oM OTPETYIUPOBAHO,
HampuMep MOMEIIEHHEM TOHKOTO KOJIblla MeTalljla Mo uiaHel TUTIIS.

3acioHKa JOJDKHA OBITh TakUX pa3Mepa W (opMbl, 4TOOBI OHAa MOTJIa 3aKphIBaTh TPHU
OTBEPCTUSl B KPBIIIKE B 3aKPbITOM IOJOXKEHUH M OTKPHIBATh HX IMOJHOCTHIO B OTKPHITOM
nosioxeHuu. PopcyHka (COIuio) 3amajia JOJKHA COOTBETCTBOBATH pa3MepaM, MPHUBEACHHBIM B
tabmuie Al.l. 3anan qoJpKeH OBITh CKOHCTPYUPOBAH W U3TOTOBJIEH TaK, YTOOBI TIPH OTKPBITHH
3aCJIOHKM HaKOHEUHHUK omyckaiics mpuMmepHo Ha 2 mwm (0,08 maroiiMa) mpaBee 10 TOPU3OHTAIIN OT
LIEHTpAa CpEeIHEro OTBepCTUsl KpblKK (pucyHok 17). 3amanm ycraHaBnuBaeTcs MpU 3TOM
MpUOIN3UTENBHO B LIEHTPE OTBEepCTHS. [1IIOCKOCTh HMXKHEW CTOPOHBI KPBIMIKU JIOJKHA OBITh
rocepeiiHe HAKOHEYHUKA 3araja, KOra OH MMOJTHOCTBIO OMYIIEH B OTBEPCTHUE.

Qunanen; Uil XOMyTa C TEPMOMETPOM JOJDKEH OBITh PACIOJIOKEH IOJ YIiIOM, YTOOBI
ofOecrieunBaTh pa3MEIICHHE pe3epByapa TEPMOMETpa IO TOPU3OHTAIM MPUOIHU3UTEIHHO B
LEHTPE TUTJIA.

XKunkoctHast OaHsi AODKHA OBITh B OCHOBHOM YacTH KOHCTPYKLMH HM3TOTOBIIEHA W3
JaTyHU, MEOU WIH APYroro HEKOppoIupyromero Meramia. [[puMEHSIOT TOHKHM JHCTOBOMN
Metai TonmuHoi npumepHo 0,812 mm (Ne 20B&S). Ilpu xenanuu, 6aHs MOXKET ObITH 00IINTA
TETJIOU30JIUPYIOUTUM MaTepraIoM JUIsl OOJIeTYeHUs PETyIMPOBaHUs TEMIIEPATYpHI.

Harpesarens nro6oro tuma (3MEKTPUYECKUN, ra30BbId, COIUPTOBON U T.JA.), CHOCOOHBIIM
MOJJIEPKUBATh  TeMmIepaTypy. PexkomeHayeTcs  BHEIIHUNA  3JeKTpooborpemaTelb ¢
TpaHCc(HOPMaTOPOM.

Jnis snexkTpooborpeBa MOKeT ObITh HCIIOIB30BaH JTHO00M TUIT MOACTaBKHU. [l CIUPTOBOM
JaMIObl WU Ta30BOM TOpENKH, JUIsl 3allMThl IUIAMEHM OT TOTOKOB BO3/ayxa, TpeOyercs
MoJIcTaBKa (€CJIH UCTBITAaHUS HE MOTYT IPOBOJUTHCS B IOMEIIEHUN 03 CKBO3HIKOB).
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1 - HaKOHEYHHUK TOpeNKH; 2 - OycHHa JUIsl PEeryIUPOBKH pa3Mepa INIaMeHH; 3 - PETYJSATOp BEIHYHHBI IJIaMeHH; 4 -
Kamepa Juis TOIJIMBa

Pucynok 18 - CeueHne )KUIKOCTHOM OaHW M HCIIBITATEIILHOTO TUTIIS (pydHas anmaparypa)

Iposedenue ucnoimanus (pyunoti memoo). Tomemarot (50 £ 0,5) cm® 06pasna B THrens,
WCTIOJNB3YSl TPAJyMPOBAHHBIM IWIMHAP U H30eras CMayuBaHUs TUTJISI HaJ BEPXHUM YPOBHEM
xuakoctu. Ilpu HeoOxomumocTu U obOpazel, W TPaayHMpOBAaHHBIM IWIMHIP MPEIBAPUTEIHHO
OXJIQXKIAIOT TakK, 4TOOBI TeMmIlepaTypa oOpasma mpu U3MepeHuu ero oobema Obina (27 £ 5) °C
ninu He MeHee yeM Ha 10 °C Huke 0’)kuIaeMoi TeMIepaTypbl BCIBINIKA B 3aBUCUMOCTH OT TOTO,
Kakasi TeMIiepatrypa Huxe. BaxxHo, 4ToOBI IIpH nepeHoce o0pasiia U3 KOHTeHHepa B IMWINHAP U
U3 IWIMH]pPA B UCIIBITATENbHBIN TUTENIb TEMIIEpaTypy oOpa3ia noAepKUBajal He MEHee YeM Ha
10 °C Hmke o0XMOaeMON TeMIlepaTypbl BCHBIMIKU. Pa3pylIaroT BO3AYyIIHBIE ITy3BIPBKM Ha
MOBEPXHOCTH OOpa3LO0B, HCIOIb3yd KOHUMK HOXAa WIM JPYroe MOAXOJAIIee YCTPONUCTBO.
[IpoTuparoT BHYTPEHHIOK MOBEPXHOCTh KPBIIIKA YUCTOW BIUTHIBAIOIIECH TKaHbIO, MOAOOHOMN
Oymare, 3aTeM MOMELIAIOT KPBIIIKY C YCTPOMCTBOM [UIsl U3MEpPEHUsl TeMIepaTypbl Ha 00070k
OaHu.

[TomkuraroT 3amajn, perymmpys ero mo pasMmepy ImadinoHa (OyCHMHBI) Ha KpBIIIKE.
MaHuyIMpyroT CO CKOJIB3SIIEH 3aCIIOHKOM Ha KPBIIIKE TAKUM 00pa3oM, 4TOOBI BBECTH 3amai B
MapoBO€ MPOCTPAHCTBO THUIJIA U Cpa3y K€ CHOBa MEPEBECTU €ro BBepX. Bpemsi, 3arpaunBaemoe
Ha BCIO ATy OIEpaltio, J0KHO ObITh He Oosee 1 ¢, mpu 3TOM BBEACHHE M MOABEM IJIAMEHH
3amanga MPOBOJAAT 4Yepe3 paBHbIE MPOMEXKYTKHM BpeMeHHu. M30eraroT It0OBIX PBIBKOB IPHU
ONYCKaHUM U TOJHATUU 3amana. Eciu Bcobllika HabmogaeTcs B Havajge pabOThl ammapara,
MIPEKPAILAIOT UCTBITAHUE, a PE3yIbTAT HE YUUTHIBAIOT. B 3TOM ciiydae HOBBINA oOpasel] 10JKeH
OBITH JOTIOJIHUTEIBHO OXJaXAeH A0 TemiepaTypsl Ha 10 °C HMKEe MCXOTHON TeMrmepaTypbl
oOpasra.

[Ipu ucnonp3oBaHuU 3amana coOTIOAAIOT OCTOPOKHOCTh, TAK KaK €CJIH IIaMs MOTaCHET,
OHO HE 3aXOKeT o0pasel, a ras, MOCTYNHBIIMA B MapoBO€ MPOCTPAHCTBO, MOXKET MCKA3HUTh
pesynpTaT. I[loaToMy, ecnu miaMs OPEXKICBPEMEHHO TacHET, HMCIBITAHHE MPEKpallalT, a
pe3ynabTaT HE YUYUTHIBAIOT.

2) OmpefiesieHne BSI3KOCTH

Yempoticmeo u npuHyun pabomsi 8UCKO3UMEmMPA BIDK-2
Buckosumetp xanwuisapasiii BIDK-2 - npubop B Buae U-o0pa3Hoii TpyOku, koseHo (1) cnasHo
¢ karmusuisipoM (7). VI3MepeHue BA3KOCTH BUCKO3UMETPOM OCHOBAHO Ha OTpeeNIeHUU BPEMEHH,
3a KOTOpPOE€ ONPEAETICHHBIN 00beM )KUKOCTH UCTEUET Yepe3 Karuusp.

Ilopadoxk  pabomei. JIns omnpeneneHus: BpeMEHH TEUEHHMs Ha OTBOJHYIO TpyOky (3)
HAJeBAIOT PE3MHOBYIO TpyOKy. [loToMm, 3axkaB kolieHO (2) BHCKO3HMETp MEpPEBOPAYUBAIOT U
norpyxaroT kosueHo (1) B pesepByap ¢ KHMIKOCTHIO. JKHAKOCTH 3acachIBalOT (MPU MOMOIIU
rpymu nub0 Hacoca) A0 OTMETKH M, MpU 3TOM B KHUIKOCTH HE JOJKHBI 00pa30BHIBATHCS
My3bIPbKU BO3AYyXa.
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Pucynok 19 — Buckosumerp BIDK-2

B MoMeHT, Korja JKHMIKOCTh JOCTUTAeT OTMETKH Mj, mpudop
BBIHUMAIOT M3 COCyJa M Cpa3y e IIepeBOpauMBalOT B MCXOJHOE
noJioxeHue. CHUMaroT ¢ KosieHa (1) JIMIIHIO KUJIKOCTh U HaJeBalOT Ha
HEro PE3MHOBYIO TPYOKY. 3aTeM BHUCKO3UMETP MOMEIIAIOT B TEPMOCTAT
TakuM 00pa3oM, 4TOObI pacmmpenne (5) HaXoIMIOCh HHKE YEM YPOBEHb
KUIKOCTU B TepMmocTaTe. BrinepkuBaior B TepMoctarte Oosiblie 15
MUHYT IpU 3a/laHHOM TemIepaType W MOTOM 3acachblBalOT JKUIKOCTb B
KOJICHO JI0 YpOBHsS OJHOW Tpetu pactmmpenus (5). CooOmamT KoJaeHO
(1) c atmocepoil u ycTaHaBIMBAIOT BPEMsI CHUYKEHUSI YPOBHSI MEHHMCKa
oT OTMETKHU M; o OTMETKHU Mo.
BszkocTh onpenenstor mo ¢opmyne, o CPpeIHEMY BPEMEHH UCTECUCHUS
KUJKOCTH (M3 HECKOIBKUX U3MEPECHHUI).

3) OnpenesneHne IIOTHOCTH

Apeomemp obwezo naznauenus AOH-1. Apeomerp AOH-1 npenHa3HadyeH A1 U3MEpEHUs
IUIOTHOCTH M KOHIIEHTPAallMM BEIIECTB B JBYXKOMIIOHEHTHBIX pacTBOpax pas3IMYHBIX
KUAKOCTEH, HAIpUMEpP: U3MEPEHHE MIIOTHOCTH KOMIIOHEHTOB 3MaJlH.

Apeomerp AOH-1 mnpexacraBnsier co0oil CTEKISHHYIO TPYOKYy, pacUIMpEHHAas HUXKHISA
4acTh KOTOPOH 3aIloJIHEHA 0aJIIaCTOM - YUCTOM CyXOW METa/NIMYeCKOU IPOObI0, 3AIUTON CIIOEM
CMOJIbI, Cypry4ya Wi APYroro CBS3bIBAIOIIETO BEIECTBA - C TEMIEPATYPOl IIaBICHUS HE HUXKE
+80°C. JInama3oH M3MepeHHs IIOTHOCTH KHAKOCTH cocTaBiseT oT 700 mo 1840 kr/m°, rena
neneHns mkansl 1 kr/m°, BBICOTa HmkHeil wacTu mpuM. 80 MM, muametp 17-19 mm, BbIcoTa
BepxHEH dYacth mpuMm. 85 Mm, amameTrp 5-6 MMm. Apeomerpsl oOmiero HazHaueHus AOH-1
BBIITYCKAIOTCS TaKKe B BUJIEe HaOopa u3 19 mpeameTos.

Ha BepxHeii (y3koif) 4acTu apeoMeTpa HaHECEHa INKaja, rpaJyHpoBaHHas B €AMHHIAX
IJIOTHOCTH WJIX B MPOIIEHTAX, B 3aBUCUMOCTH OT Ha3HAYEHUS apeoMeTpa.

UeMm MeHbIIIE TUIOTHOCTh KUAKOCTH, TEM IIyOXke MOTrpy>KaeTcsl B Hee apeoMeTp, MOITOMY
BEpPXHHUE JIEJIEHUS IIKaJIbl COOTBETCTBYIOT HaWMEHbIIEH, a HIKHUE - HauOOJbIIeH MIOTHOCTH.
[TokazaHust OTCYUTHIBAIOTCA 110 HUYKHEMY MEHHCKY.

IIpogeodenue ucnvimanus. llomemaror obpaszen, TemmepaTypa KOTOPOTO COOTBETCTBYET
TeMIlepaType MPOBEACHUS HCIBITAHUS, B YUCTBHIA LUIUHAP AJIS apeoMeTpa ¢ YyCTaHOBUBILEHCS
TeMIiepatypoi, uzberas pazOpbI3ruBaHus He(TENPOIyKTa U MOMAJAaHUS My3bIPHKOB BO3/yXa, a
TaKKe CBOJS K MHUHHUMYMY HCIapeHHE KOMIIOHEHTOB JIETyYHX IMPOJYKTOB, UMEIOUIMX Ooiiee
HU3KYIO TEMIIEPATYPy KUTICHUS.

VY aansior my3bIpbKu, COOpaBIIMecs Ha MOBEPXHOCTU 00Opaslia, IpUKacasch K HUM YUCTOU
(buIbTPOBATBHOM OyMaroiu.

[TomemaoT UUAMHAP C O0pa3lloM B BEPTUKAIHHOM IOJOXXEHWU B MeECTe, TJe HET
LHUPKYJISAIUY BO3yXa U B KOTOPOM TeMIlepaTypa OKpYKalolel cpeibl B Mpoliecce MpoBeaCHUS
UCIBITaHUS HEe u3MeHsercs 0osiee yeMm Ha 2 °C. Ecnu ucnbiTaHue MPOBOIAT MPU TEMIIEpaTypax,
OTJIMYAIOIIMXCS OT TeMIepaTypbl OKpyxkaromei cpeapl Oonee yem Ha 2 °C, HeoOXoauMo
HCIO0JI30BaTh TEPMOCTAT ISl UCKIIFOUEHUS YpE3MEPHBIX H3MEHEHUN TEMIIEPaTyPBhl.

[TorpyxatoT apeoMeTp B JKUAKOCTh M OCBOOOXJAIOT €ro, 4TroObl OH MpHIleT B
paBHOBecue. M30eraroT cMauMBaHMSA CTEp)KHS apeoMeTpa Ha YydyacTKe BBINIE YPOBHSA, Ha
KOTOpOM OH cBOOOJHO TuiaBaeT. HaOmromaror 3a ¢(opMoill MeHHCKa, KOIja apeoMerp B
pe3ynbTare HaJaBIMBAHMS OIyCKaeTcs Ha | miam 2 MM HUXKE YpPOBHS PaBHOBECHs, a 3aTeM
BO3BpAIllaeTCsl B HCXOJHOE paBHOBECHOE MojoXeHue. Ecimm ¢gopma MeHUCKa H3MEHseTcs,
YUCTAT CTEP)KEHb apeoMeTpa. [IoBTOPSAIOT 3TH AEHCTBUS 10 TeX MOp, MoKa GpopmMa MEHHCKa He
OyJeT 0CTaBaThCs MOCTOSIHHOM.
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[Ipy WCHOBITAHUSAX HEMPO3PAUYHBIX BA3KUX IKUAKOCTEH 0O0ecreynBaoT MeICHHOE
IIOTPYKEHUE apEOMETPA B HKUIKOCTD.

[Ipn ucnplTaHKUAX TPO3PAYHBIX MATOBI3KHUX KUAKOCTEH HaJaBIMBAIOT HA apeoMETp Tak,
YTOOBI OH MOTPY3HJICS B KUAKOCTh MPUOTU3UTENBHO HA JBA JEJICHHS, a 3aT€M OTITYCKAIOT €ro.
BepxHsisi 9acTh cTEpXKHS apeoMeTpa, HaXOHsIIascs BBILNIC YPOBHS JKHUIKOCTH, JOJDKHA OBITh
CYXOH, IIOCKOJIbKY HaJIMYME Ha HEH KUAKOCTHU BIUSAET HA CUUThIBAEMbIE IIOKA3aHUS.

ApeomeTp MpHUBOIAT B MEUVICHHOE BpAILEHHE TaK, 4YTOObI OH CBOOOJHO IJIaBall BAAIM OT
CTeHOK IuMHapa. CleayeT MOoJ0XKJAaTh, MOKAa apeoMETp IMPUMET COCTOSHUE IOKOs, a BCE
oOpa3oBaBIIMECs TY3BIPPKM BO3AyXa BBIMIYT Ha TOBEPXHOCTh. Y JANSIOT MY3BIPBKA C
IIOBEPXHOCTH I€PE]l CYUTHIBAHUEM MTOKA3aHUM.

Korma apeomerp ocranaBinuBaercs, cBOOOJHO IUIaBas BAAJIM OT CTEHOK LMJIMHJpA,
CUMTHIBAIOT €T0 IMOKa3aHWE Ha IIKaje, OKPYIJsis TOCIeaHee o Ommkaimeir 1/5 nencHus
IITKAJIBI.

[Ipn ucnbpITaHUSX MPO3pAuHBIX KUIAKOCTEHW 3alKCHIBAIOT MOKAa3aHHE apeoMeTpa B TOM
MECTE €ro IIKajbl, IJIe¢ OCHOBHAs MOBEPXHOCTb >KUIKOCTH IEpeceKaeT LIKaldy, pacroJiaras
YPOBEHb TJla3 HECKOJIbKO HHWXKE YPOBHS JKUIKOCTM M MEUIEHHO IOJHMMAas €ro, IoKa
MIOBEPXHOCTh, CHayaja BUAUMAs Kak Je(OpPMHUPOBAHHBIN JJUIMIIC, HE CTAaHET MPSAMOM JMHHEH,
NepeceKarole Kalxy apeoMeTpa.

[Ipu WCTIBITAHUSAX HEMPO3PAYHBIX KUAKOCTEH CHUMAIOT MOKa3aHUS B TOM MECTE IIKAaJIbl
apeoMeTpa, 10 KOTOpPOro IOJHHMMAETCS MOBEPXHOCTb MHCIBITYeMOro ooOpasla, Hpu 3ITOM
YPOBEHb T'J1a3 JI0JKEH HaXOJAUThCS HECKOJIBKO BBIIIE MIIOCKOCTU MOBEPXHOCTH KUIKOCTH.

Cpa3y ke mociie CYMTHIBAHUS MOKa3aHUH IIKaJlbl apeoMeTpa OCTOPOKHO BBIHUMAIOT €T0
U3 JKUIKOCTH M TEepeMEIIMBAalOT 00pa3el] B BEPTUKAIBHOM HANpaBICHUH TEPMOMETPOM.
3anuchIBalOT 3HAUEHHE TEMIIEPATyphl UCTIBITYyeMOTo 00pasia, okpyriss ero a0 0,1 °C. Ecau ata
TeMIlepaTrypa OTJIMYaeTcsl OT TEMIEpaTyphl, CUMTAHHOW B Hayasle HUCTbITaHui, Oosee yem Ha 0,5
°C, NOBTOPSIOT U3MEPEHUS apEOMETPOM, a 3aTEM TEPMOMETPOM JO0 TeX MOp, IIOKa TeMIepaTypa
HE CTaHeT cTabmibHOU B mpenenax +/- 0,5 °C. Ecnu temneparypa HE CTAaHOBUTCSI CTAaOMIIBHOM,
NOMELAT LWIMHAP A apeoMeTpa M €ro COJACpkKHMOE€ B TEPMOCTaT U MOCIEIOBATEIbHO

MOBTOPSIIOT BCE IEUCTBUS.

4) OnpeneneHue MOKa3aTess MPETOMIICHHSI

Onucanue. TlpuHIUn neWcTBUS pedpakTOMETpa OCHOBAH Ha SBJICHUU TOJHOTO
BHYTPEHHETO OTPaXCHUsI MPHU MPOXOXKICHUHM CBETOM T'PAHHULBI pa3felie ABYX Cpel C pa3HbIMU
MOKa3aTessiMU IPEIOMIICHUSI.

OCHOBHOW HM3MEpPUTEIILHOM IIKAJIOW ABJISETCS IIKaia rnokaszarens npenomeHus. [lkana
OTpeJieNieHUs] MPOLIEHTHOTO COJEpXKaHUs CyXHUX BEIIECTB B PAacTBOpax SIBISETCS CHPAaBOYHOM
(IOMOJIHUTENBHOM), KOTOpass KOHCTPYKTHBHO J>KECTKO IpUBA3aHa K OCHOBHOW INKale B
cootBercTBHH ¢ Tabmuamu ['OCT 2862-90.

HcTounukoM cBeTa MOMXKET CIYKUTh JHEBHOW CBET WM BXOJSIIME B KOMIUIEKT
OCBETHUTENb C UCTOUYHUKOM IUTAHUS, TUTAIOMIETOCS OT CETH MEPEMEHHOT0 TOKa HAIMpPsKEHHEM
(220+22) B, wactoToit 50-60 I'm.

Jlis mpoBeneHuss U3MEPEHHWI MOKaszaTels NpPeJOMIICHUS TBEPIABIX Tel MPUMEHSIETCS
MMMEPCHUOHHAA KUAKOCTh (HAHOCHTCS HA H3MEPHUTENBHYIO NpU3MY, Ky/Ja YCTaHABIIMBAETCS
TBEPJIOE TEJNO):

- 1-6pomuadTanuH ¢ np =1,66... 11 BemiecTBa ¢ mokasareieM mnpenoMieHus 1o 1,66;

- 1711 BElIeCTB ¢ 0oJiee BHICOKMM IOKa3aTelIeM - PacTBOP PTYTHO-HOAMCTO-KaIHEBBIA C
np =1,72.

N3mepenuss mokasareneil mpenoMieHUs SKUIKUX Ted (2-3 Kammu HaHOCATCA Ha
M3MEPUTENbHYIO TIPU3MY) TPOBOISIT:

- B IIPOXOJAIIEM CBETE — MPO3PAYHBIX KUJIKOCTEH;

- B OTPA)KEHHOM CBETE — OKPALIEHHBIX U MYTHBIX XKHUIKOCTEH.

KoHcTpykTHBHO pedpakTOMETp BBINOTHEH W B BHUAEC METAIMYECKOrO0 KOpIyca, Ha
KOTOPOM 3aKperyieHbl pePpakTOMETpPHUECKUl OJIOK, 3epKajo MOACBETKH, MPU3MBI AMHYH,
HOHUYC, OKYJISIP.
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5) ITocTpoeHue KPUBBIX pa3rOHKU

KpuBas pa3sroHku — 3710 rpaduk 3aBUCUMOCTH TEMIIEPATyphl KUIIEHUS U 0OBEMHBIX JOJICH
BBIKUIICBIIICH HEPTH.

KpuBas pa3roHKH M03BOJISAET ONPENEIUTh KAUeCTBEHHBIN COCTaB HE(TH.

Kaxnp1it copt HeTH XapakTepu3yeTcs CBOei cOOCTBEHHOM KPUBOM Pa3rOHKH.

Cobupator ycranoBky st neperonku (puc. 20). Bo B3BemeHHyro koj0y MOMEIIAOT
oTuAbTpOBaHHBI HE(TEHPOAYKT W CHOBAa B3BEIIMBAIOT JUIS ONPEACICHHUS MAacChl
HedTenpoaykra. B konOy momemaror kunenku. [Ipu nmpocToil meperonke TepMOMETp CIEayeT
[IOMEIIATh TaK, YTOObl BEpXHsS IpaHHUIla PTYTHOTO IIapHKa HAXOJAWJIach HAa YPOBHE HIXKHETO
Kpasi oTBepcTus OTBOJHOHM TpyOku. [locne Toro, xkak ycraHOBKa JUlsl TIEPErOHKH IOJIHOCTBIO
coOpaHa, TOJICTABIIIOT HarpeBaTeNbHbIN mpubop. Kaxkayro gppakmuro OTroHSIOT B OTACIBHBIN
MIPUEMHUK.

1-tepmomerp, 2 — g nnu pesnHoBas My¢dTa, 3 — Hacaaka Bropua,
4 — xonba Bropra, 5 — cnuB oxnaxaaronei Boasl, 6 — XOJOAWIBHUK,
7 — moaya oXJa)KJaromeil Boabl, 8§ — MPUEMHHK
Pucynox 20 — YcranoBKa /15 IE€pEeroHKH
[lo oxOHYaHMM TEPErOHKH, OCTHIBIIYIO KOJIOY B3BEIIMBAIOT JJISi ONPEICIICEHUS MacChl
KyOOBOTO OCTaTKa.
2) Obpabomka pe3ynrbmamos
Kunkue npoaykTbl KpEKHHIa, MOJYyYEHHbIE CMEUNIEHUEM IUCTHIUIATA W3 NPUEMHHKA C
MPOJAYKTOM MOJBEpraroT pasroHke. Kpekunr-o6ensun otomparot mo 200 °C, 3areM, OTTOHSIOT
npomexyTrodnyto ¢pakiuto 200 — 350 °C, KoTopyro Ha IPOMBINIJIEHHON YCTAHOBKE HAIPABIISIOT
B IMeYb IIYOOKOTO KpeKuHra. ATMOc(epHyr pa3roHKy BeayT mpumepHo jao 250 °C B mapax,
MOCJIe 3TOTO KOJIOY OXJIaXAAIOT U JAIbHEWIIYI0 pa3rOHKY BeIyT B Bakyyme. Takum oOpazom,
MaTepHUaIbHBIM 0alaHC Pa3TOHKH JaeT BBIXOJ OCH3MHA, MPOMEXKYTOUHON (pakiuu U OcTaTKa.
[TomyueHHble BBIXOJBI MEPECUYUTHIBAIOT Ha 3arpy3ky. OOmmii MarepuaibHbI OajaHC OMBITA
npeAcTaBicH B Tadymiie 6.
Tabmmia 6 — O0muii MaTepuaaIbHbIN OallaHC

Brixon
r % (macc.)

(O3 1) TN 100

BCETO. ..t 100

Bensun bi (o) 200

@paxuusa 200 —350°C..........o

KPGKI/IHF — OCTATOK. ..ottt iiiiiiiiiieeeeeannns
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TITOTO. oo i, 100

JlaGoparopHas pabora Ne8 [NonydeHne ruapoIIepEKUCH dTIIOEH30J1a
OKHCJIICHUEM DTUIOEH30J1a

Lenp pabotel: 1) m3ydyeHue mporecca OKHUCICHHS ATUIOEH30J1a KUCIOPOJOM BO3IyXa B
NPUCYTCTBUHM  KaTtanu3aropa (Cojb, THAPOKCH]I MeTajsla TIOCTOSHHOM W TepeMEeHHOMN
BJIEHTHOCTH);

2) u3ydeHne MexXaHH3Ma PEaKIy OKUCICHUS STUIOSH30J1a B THAPOTIEPEKUCH STHIIOCH301a;

3) u3yueHue KMHETHKHU MPOIECca OKUCICHUS STUI0EH30.1a;

4) nzyueHue BIUSHUSA (PAKTOPOB Ha COCTaB MPOJYKTOB OKUCIEHUS (TeMIepaTypa, JaBiIeHHE,
Bpemsi).

PeaxTuBbl: 3THI0EH30I1, CXKATHIN BO3AYX, KaTalnu3aTop.

OTunbeH3071 OKUCISAIOT Ha YCTAaHOBKE, CXeMa KOTOpOU mpuBeieHa Ha puc. 1. YcraHoBka
COCTOHMT M3 KOMIIpECCOpa C:KaToro Bosmayxa 1, peme-perymsaropa 2, peaktopa 3, KOHTaKTHOTO
TepmoMeTpa 4, 0OpaTHOTO XOJOAMIbHUKA 5.

Peaktop wu3rotoBieH u3 TepMmoctoiikoro crekna (d=30mm, h=290mMMm) u cHaOxeH
¢unpTpom IloTta 6 anms GapOoTaxa BO3ayXa, IPOOOOTOOPHUKOM 7, IEKTPOCIUPAIBI0 8 st
HarpeBa peaKkMOHHON MacChI.

[lepen Hauamom pabOTh HEOOXOAUMO YOEAUTHCSA B TEPMETUYHOCTH YCTAHOBKH.

[IpenBaputensHo pactBopsitoT 0,05 r ruzapookucu Hatpus B 200 mu »TuinOeH3o1a.
PacTBOpeHme rHIPOOKUCH HATPHS B STHIOCH30JI€ TPOBOISIT HA YCTAHOBKE pHC. 2.

YCcTaHOBKA COCTOUT M3 JIEKTPOILTUTKA 1, KPYriioJOHHOH K00kl 250 M1 2, 0OpaTHOTO
XOJIOJMIIFHUKA 3, TepMOMeTpa 4.

Puc. 1 - Cxema ycTaHOBKH OKUCIIEHUS 3TUI0EH30J1a KUCIOPOAOM BO3/yXa

Cmech 3arpyxkatoT B peaktop. IlomatoT Bogy B 0OpaTHBIN XOJOIWIBHUK, BKIHOYAIOT
o6orpes peakropa. [To mocTikennn Temmneparypsl 80°C u ee cTabUIM3ALME BKIIOYAIOT TI0AUy
BO3yXa. MOMEHT BKJIIOUEHUS 110JIa4d BO3/yXa IPUHUMAIOT 33 HA4aJlo OIBITA.

B xome omblta Kaxzaele 15 MuUH B IpuUeMHBIE KOJIOBI OTOMpArOT MpOObI IS
Ka4eCTBEHHOT'0 OTNPE/EICHUs THAPONEPEKHCH ITHIIOEH30]1a B peakKIIMOHHOM Macchl. OKHCcIeHne
npogomkaoT 1,4 uaca. Ilo OKOHYaHMM ONBITa BBIKIIOYAIOT OOOTPEB pEakTopa, IMocie
oxnaxaenus 1o 40-45°C — mojauy Bo3ayXa U cpasy OTCOEAMHSIOT JHHUIO BO3IyXa OT PeakTopa
JUI TIPEAOTBPAIIECHMsS] 3acachblBaHUs B HEE€ PEaKLMOHHOM Macchl. [locie moJIHOrO oxiaxkaeHus
pPEaKIMOHHYIO MacCy CIMBAIOT C PEAKTOPA.
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Puc. 2 - Cxema ycTaHOBKH pacTBOPEHUS THIPOKCHIA HATPHUS B STHIIOCH30JIE

Onpenenenre coaep>kaHusi THIPOTIEPOKCHIA STUIIOEH30I1a

OnpeneneHue OpraHUYECKUX THUAPONEPOKCHIOB OCHOBAHO HA PEaKIUU OKHUCIECHMS
UMHU KOAUCTOBOOPOIHOM KUCIIOTHI:

ROOH + 2KI + 2CH;COOH — ROH + I, + 2CH3COOK + H,0

B nBe xonmueckue KoJObI eMKOCThIO 100 M1 Kakmasi ¢ MPUTEPTBIMH MPOOKamMu
MoMeInaT HaBecku aHanu3upyemon cmecu mo 0,1—0,2 r. B3pemmuBaHue mpoBOJIT Ha
aHanuTHueckux Becax ¢ ToyHocThio 0,0002 r. K HaBeckam mpuiuBatoT mo 10 mi neasHou
yKCcycHOM KucinoThl U mo 2 mia 50%-ro BoaHOTO pacTBopa Honuna kanusg. Conepkumoe
K0oJ0 B30aNTHIBAIOT M BBIIEPKHUBAIOT B TEMHOM MecTe B TedeHue 20 MuH. 3arem
BeIIeUBIIHICS o TuTpyroT 0,1 M BoaHBIM pacTBopoM THOCYIb(haTa HaTpus. [lepen koHIIOM
TUTPOBAHUs, KOTJa JXKEJITas OKpacka pacTBOpa CTaHET OciiabeBaTh, MPUIUBAIOT MO 2 MII
pacTBOpa Kpaxmasia U IpoJ0KAI0T TUTPOBAHUE IO UCUE3HOBEHUSI CUHENH OKPACKU:

I, + 2Na28203 — Na28406 + 2Nal

[TapannensHO MpoOBOASAT TUTpOBaHUE cMecH 10 MJI JTEeISTHOM YKCYCHOM KUCIIOTHI U 2
M 50 %-ro BOAHOTO pacTBOpa Hoauaa kKamnus 0e3 aHAIM3UPYEeMOro MPOAYyKTa (XO0JIOCTOM
OTIBIT).

Conepxanue OpPraHuYeCKuX TUIPONIEPOKCUIAHBIX TPYIIII X % (macc.) B
aHATU3UPYEMOU CMECH BBIYUCISIOT MO popMyJie:

X =(a-0) 0,00225K- 100/g
rne a — oowseM 0,1 M pactBopa Na,S,0;, momenmuii Ha TUTPOBAHUE HABECKU, MJI;, O —
oobeM 0,1 M pactBopa Na,S;0;, momenmwuii Ha THTPOBAaHHE B XOJOCTOM OTBITE, MI;
0,00225 — conepxaHue THUAPOMEPOKCHUIAHBIX TPy, cooTBeTcTByromee 1 ma 0,1 M
pactBopa Na;S;03, r; K — mnonpaBka Ha 0,1 M pactBop Na,S;03;; g — HaBecka
aHaJM3UPYEeMOTro BELIeCTBa, T.

N3  nByx  mapannenbHbIX — ONpEACNICHMH  HaXoJsIT  CpeaHee  coJieprKaHue
TUJIPOTIEPOKCHIOB B aHAJM3UPYEMOIl CMecCH.

Ha6opaTopHa$[ pa60Ta Ne9 «IToIMOKCHUITPOITMIIMPOBAHNE apOMAaTHIESCKHUX aMUHOB.
ManomMmeTpudeckas yCTaHOBKAY

Jlis u3ydeHus peakMOHHOM CIOCOOHOCTH NMEPBUYHON M BTOPUYHOM aMUHHBIX TpYII
ObUIM TPOBEACHBI MOJEIbHBIE pPEaKIUH B3aMMOJECHCTBUSA OKHMCH NPONHJIEHA C AaHUIMHOM U
I(eHnIaMIHHOM Ha MaHOMETPUYECKOH YCTaHOBKE, M300pakeHHOM Ha pucyHke 1.1.

IlockonbKy OKHCh NpPONWJIEHA HMEET JOCTATOYHO BBICOKYIO YIPYTOCTh Iapa IIpU
TeMIepaType peakiuH, TO YAOOHO HCIOJb30BaTh MaHOMETPHUYECKYI0 YCTAHOBKY JUIs
UCCIIEIOBAaHUSI KUHETHKM peakiuu. [IpM OKCHalIKWJIMPOBAaHUM apOMaTHYECKUX aMHUHOB
IIPOTEKAHUE PEAKIIMU COMPOBOXKAAETCS CYLIECTBEHHBIM M3MEHEHHMEM IMAapLUAIBHOIO JABJICHUS
OKHCH MPOMUIIEHA, KOTOPOE JIETKO 3aUKCUPOBAThH C TIOMOIIbIO MAHOMETPHUECKOTO MPUOOpa.

JUig mpoBeeHNsT KHHETUYECKOTO IKCIIEPUMEHTA UCXOAHYI0 CMECh PEAr€HTOB ITOMEIIA0T
B PEaKTOp 6, MPUCOEAMHSIOT K MaHOMETPHYECKOMY NMPUOOpPY 2 W 3aKphIBAIOT KpaH 5. 3aTeMm
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PEaKIMOHHBIA COCYJ] 3aMOPaXMBAIOT B YallKe CO CMEChIO alleTOHa C CYXHM JbJIOM U
BaKyyMUPYIOT IpHOOp depe3 TpyOKy 4 u KpaH 5.

[Tocne pasmopaxuBanusi B pyoOamiKy peakropa 8§ TMOJaeTcss OpPraHuyYeCcKHil
TeroHocuTens  «TepMonan» Ui MOJJNEpXKaHHUS CTPOTO ONPEACTICHHOW TeMIepaTyphl.
Temnepatypa nponecca noanep:xkupaercs repmocrarom MLW U2C. Tlocne 3arpy3ku MCX0 HOH
CMECH B PEAKTOp BKJIIOYAIOT MAarHUTHYIO MEIIANKy 9 W HauyMHAIOT OTCYET JAaBJICHHUS B
MOKAa3bIBAIOIEM KOJIeHe MaHoMeTpa 3 1o Bpemenu (Py).

Hcxomnass cMmech peareHTOB TpEACTaBisia CO0OM CMeCh pPACYETHBIX KOJUYECTB
apOMaTHYEeCKOr0 aMHUHA M OKUCH IMPOIUJICHA B MOJBHOM cooTHomeHnH 1:1. McxoaHyro cmech
TOTOBWJIM 3apaHee, MPH 3TOM ObUIa CIUIAHMPOBAaHA CEpHUSl JKCIIEPHUMEHTOB TIPU PAa3HBIX
3HadeHusx temnepatypsl — 100 °C, 120 °C, 150 °C.

1 — yameyHbIi PTYTHBI MaHOMETP, 2 — MAHOMETPUUYECKUN MPUOOP, 3 — MOKa3bIBAIOIIEE KOJICHO
MaHOMeTpa, 4 — TpyOKa JUIsi COeIMHEHHsI MaHOMETpa M peakTopa ¢ atmochepoit, 5 — kpaH, 6 —
peakTop, 7 — MarHWTHas MeIIajka, 8 — pybaiika peakropa, 9 — MOTOp MarHUTHON MeEIIaIKu
Pucynox 1.1 — YcranoBka ajis ucciae0BaHUsI KHHETUKHA MOJICTBHBIX PEaKIIUi

MaHOMETPHUUYECKUM CTIOCOO0M

[MapuunansHoe naBienue okucu nponuieHa (P) B obmactu cobmoneHus 3akoHa ['enpu
MPOTMOPIMOHATILHO €€ KOHIIEHTPAllMu B PEaKLIMOHHOM Macce W PaBHO Pa3HOCTH TEKYILEro U
KoHeyHoro naBieHus Pi-P.. 3nauenue P, MoOXeT OBbITh 3aMEPEHO HEMOCPEICTBEHHO B XOJI€
SKCIEPUMEHTa WJIH B XOJIOCTOM oOImbITe: P, — 0€3 HU3KOKHUISIIEr0 HCXOJHOTO peareHra —
oKucH mpornuiieHa [116].

CuHTe3 aMHUHHBIX CTaOWUIN3aTOPOB MPOBOAUIN B J1A0OPATOPHOM MOJIYIIEPUOAUYECKOM
peakTope, npeAcTaBieHHOM Ha pucyHke 1.2. PeakTop mpezactaBisieT coO0i TEpMOCTATUPYEMYIO
kojby 1 ¢ memankoii 5. Ero 0coOeHHOCTBIO SIBISIETCS HENPEpbIBHAS paBHOMEpHas Mojaya
OKHUCH TPOMUJICHA B PEaKTOP.
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1 — no3arop oxucu oneduna, 2 — MaHOMETp, 3 — 0OpPATHBINA XOJIOJUIBHUK, 4 —
CTEKJITHHBINA PEaKTOp C pyOalIKoil, 5 — Memanka
Pucynok 1.2 — JlabopaTopHasi ycTaHOBKA IMOJTy4€HHs] aMUHHBIX CTaOMIM3aTOPOB

TepMocTaTpoBaHHUE OCYIIECTBISAETCS C IOMOILBIO IOJAa4YHd BBICOKOTEMIIEPATYPHOIO
OpPraHUYecKoro TeroHocuTens «TepMmoiiany B pydallky peakropa u3 TepMoCTara.

IIpu  wuccnenoBanmm  rerepoda3HbIX  peakUMid  HEOOXOOUMO  HMHTEHCHBHOE
nepeMenMBanme, ooecneunBaoliee NpoBeIeHNe Mpolecca B KHHeTH4eckoi obmactu. C aToi
LEJIBI0 UCTIOIB30BAIH OBICTPOXOIHYIO TYPOHMHHYIO MEIIAJIKY O.

Tak kak peakiusi NPOTEKAeT MPU TEMIEpPAType BbIIIE TEMIEPATYpbl KUIIEHUS OKHUCU
IIPONUJIEHA, TO B PEAKTOPE MPOUCXOAUT ee ucrapenue. [loaromy peaktop cHaOxkeH 0OpaTHBIM
XOJIOMIIBHUKOM 3 JUTsl IPEAOTBPALICHUS YHOCA PEaKIIMOHHON Macchl B Bue mapoB. OOpaTHBIN
XOJOJWIBHUK MMEET Y/UIMHEHHbI HOCHK JUIsl CTEKaHUs KOHJAECHCHUPOBAHHBIX IApOB OKUCH
MIPOTNUJIEHA HETIOCPEICTBEHHO B 00bEM PEaKIIMOHHON MacCHhl.

Oxuch mponuiieHa MOJAeTcsl B PEakToOp B KUAKOM COCTOSIHUM C TOMOIIBIO J03aTopa,
MMEIOLIETr0 Y/UIMHEHHBINH Kanuiuisip, OMYyIIEHHbIM B amuH. [ oOecredeHHsl HENpephIBHOM
CKOPOCTH NIpPUKANbIBAHUS OKHUCU HPOIMUJIEHA J03aTOpP COEIUHEH C PEaKTOpOM uYepe3 HacaJky.
Takum o0pazoM, JaBiaeHHE Mepes KpaHOM IOCTOSHHO, 4YTO OO0ECleYyMBaeT IOCTOSHHYIO
CKOPOCTh TpHUKAaIbIBaHUS MpPH (UKCHPOBAHHOM IIOJIO)KEHMM KpaHa HE3aBUCUMO OT YpPOBHS
OKHCH IPOIUJIEHA B J103aTOPE.

JUis mpoBeneHUsT SKCIEpUMEHTa B CYXOHM YHCTBIA peakTop 4 depe3 BOPOHKY,
BCTaBJIEHHYI0O Ha MECTO J/103aTOpa OKHMCH IpomnuieHa 1, 3arpyxaroT OTMEPEHHOE KOJHUYECTBO
ampHa. VMcXomHOE MOJIBHOE COOTHOUIEHWE AaHWIMH : OKHCh NpomuieHa cocraBisuio 1,2:1; m-
aMuHOIM(EeHUTaMHH : OKHCh nponmiieHa — 1:1.

YcranaBnuBaroT 103aTop 1 ¢ pacueTHbIM KOJMYECTBOM OKHCH IPOIUJIEHA, MEIIAIKy S C
3aJJaHHBIM YHCJIOM OOOpOTOB MpPH HCIOJIB30BAaHUU pEaKTopa, Mojauy BOJAbI B OOpaTHBIM
XOJOMWIBHUK 3 M 00orpeB peakropa. ITo goctuxkenun B peakrope 4 temmeparypsl 100 °C
OCYHIECTBJISIOT [10J1a4y OKMCH MTPONUIIEHA, IPUHUMAIOT 3a HA4ajo OIMbITa.

[Tocne wmcreyeHus cpoka NMpUKaNbIBaHUS OKHUCH IMPOMMWICHA MPOJ0KAIOT HHTEHCUBHOE
MEepEeMEIIMBAHNE PEAKIUOHHON Macchl MeIIAIKoi 5 Uis TMOJHOTO MpeBpallleHUuss OKHUCU
nponuieHa. KOHTposb cTeneHn npeBpalleHuss OKACH MPONUIIEHA OCYIIECTBISETCS MAHOMETPOM
2. YcTaHOBJIEHWE TIOCTOSSHHOTO MHHHUMAJIBHOTO 3HAa4YeHHUS M30BITOYHOIO JaBJICHHUA Ha
MaHOMETpPE CBHUJETEIbCTBYET O NpeKkpamieHnu peakuuu.  CocTaB peakUMOHHOM CMecu
onpenensin xpomaTtorpapuiecku. OCTaTOUHYI0 OKUCH MPOTMHIIEHA yIAIWIN o1 BakyymoM -0,6
krc/cm? mpu temmeparype 100 °C. BakyyM co3iaBaiy IOJKIIOUEHHEM K YCTAHOBKE BAKYYMHOTO
Hacoca.

3areM B PEAaKTOp 3arpy’arT HABECKY KaTaau3aropa — METAUIMYECKUI Kaluil — U BEAyT
MepeMEIIMBaHNEe PEaKIIMOHHOM Maccel B TedeHue 30 muHyT npu temreparype 100 °C. Kammii
3arpy’arT B MOJIbHOM COOTHOILIEHHH 1:1 B pacueTe Ha MOHOOKCUIIPOIIUIMPOBAHHBIN aMUH.

3areM B go3atop 1 3anuBalOT pacueTHOE KOJMYECTBO OKHCH MpommieHa. MolbHoe
COOTHOILIEHHE apOMAaTHYECKUI aMUH : OKUCh IIPOINMIIEHA BApbUPOBAIOCH B AMana3zoHe oT 1:2 1o
1:4. Tlocne OKOHYaHUS MOJAYU OKUCHU IPOIUJIEHA B PEAKTOP NEPEMEIIMBAHUE PEAKIUOHHOU
Macchl TPOBOAAT B Te4eHUH 30 MUHYT JJIs1 [TOJTHOTO MPEBPALICHUSI OKHCH MPOIUIICHA.

[locne 3aBeplieHHs OMNBITAa BBIKIIOYAIOT TYpPOMHHYIO MEIIANKy S, OOpaTHBIMA
XOJIOWIILHUK 3 B 000TpeB peakTopa. PeaknnoHHyro Maccy oxiaxaaroT 1o temmeparypsl 60 °C
U BBITPYXKAIOT U3 peakTopa 4.

N3 peakimoHHONW Macchl OTTOHSIOT HENPEBPAIEHHBIE OKUCh MPOINWJIEHA M aHWIMH Ha
YCTAHOBKE BaKyyMHOM IIEPETOHKH.

OxcunponuaupoBaHHbIE ApOMATHYECKUE AMHUHBI NTOJBEPTalOT HEUTPAIN3ALMHA YKCYCHON
KHUCJIOTOM. 3aTeM HEUTpaIM30BAHHBIE OKCUIIPONUINPOBAHHBIE AMUHBI OTMBIBAIOT MATUKPATHBIM
M30BITKOM JMCTHJUIMPOBAHHOM BOJBI OT 0Opa30BaBIIMXCS B IpoOLiecCe HEHTpalu3aluu coiei
Kaius. PeakiimoHHyI0 Maccy OT BOJIbI OCYILIAIOT B BAKyyMHOM IIKady.
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JlaGopaTopnas padora Nel0 ITonyueHue TpeT-OyTHIIOBBIX YPUPOB
KrnaccudeckuM crioco0oM TOJTydeHUs TPOCTHIX 3(QUPOB SBISETCS ACWCTBHE HA CIIUPTHI CEPHOU
kucnoTel. [Ipu 3TOM, HampuMmep, U3 ITUIOBOTO CIHUPTA CHAYajaa MOJTY4aeTCsl STUJICEpHAs, WU
CEpHOBHHHAs, kuciaoTa (BunpsiMcon):

HO C,H,—
CQHEOH -I'- SOQ —_— O>802 —I— HQO
HO HO
KOTOpas MNpH HAarpeBaHWM C  W30BITKOM CHHPTa 00pa3yeT mpocToi  3pup, HpuveMm

BBIJICJISIETCS MOJIEKYJIa CEPHOM KUCIIOTHI:

C,H;—O C,H H
SO, 4+ C,H,0H —— + O>so
HO> B c2H5>O Ho”

5
Takum 00pa3om, cepHas KHUCIOTa B KOHIIE IIPOLECCa OKa3blBACTCS HEU3MEHEHHOM M MOKET
CHOBA BOMTH B PEAKLHIO CO CIUPTOM, T. €. OHA UTPAET POJIb KaTaJIN3aTopa.

Bo BTOpOIi (paze peakunu MOXKHO B34Th Apyroil cnupt. Torjga nomaydaercs cMeIaHHbIN YQUp:

CyHy—O CoHs .
+ HaS
HO CH3>O =

B o01em Buie peakiinio MOKHO IPEACTaBUTh CIAEAYIOIIUM 00pa3oM:

H, 50,
C,H.OH + CH,0H =—= CH,0C,H. + H,0
Llenv pabomei: MOTYYUTH STUI-TPET-OYyTUIOBBIN AhUp TMyTEM  B3aMMOJCUCTBUS STHUIIOBOTO
CIHpTa C TPHUMETHWIKAPOWHOIIOM, OTPEACTHTh BBIXOJ M YHUCTOTY mpoaykta. CocTaBUTh
MaTepHuanbHbIi Oananc. OnpenenuTb OKTaHOBOE YHUCIIO MOJyYEeHHOTO 3upa.
Peaxmuevl: >TUIIOBBII CHUPT, TPUMETUIKApOMHOJ, CepHas KHUCIOTa, TUIPOKCHUIA HaTpHs,
HACBIIIIEHHBIN PacTBOP XJIOPUCTOTO KaIbITUs, O€3BOIHBIN XJIOPUCTHIA KAJIBITHIA.
ObopyoosaHue: dNEKTPOIUINTKA, OaHs TIECUYaHasi, TepMoMeTp, Hacaaka /(nna-Crapka, oOpaTHBIN
XOJIOMWIBHUK, MPSAMOM XOJOAWJIBHUK, KPYIJOJOHHas Kojba, Hacajka, aloOHX, MPUEMHUKH,
JenuTeNnbHasi BOpOHKa, Aeduermarop.
IIposedenue onvima:
OTUI-TPeT-OyTUIIOBBIA 3(PHUP TMOJIYJaroT Ha Ja0OpaTOPHOM  YCTAHOBKE, CXeMa KOTOpOi
npuBeneHa Ha pucyHke 1. B kpyrimogoHHy0 K010y, CHAOKEHHYIO MEIIAJIKOW, YCTaHABIMBAIOT
noBymKy Jluna-Crapka, 0OpaTHBIN XOJOIMIBHUK U HATMBAIOT ATHIIOBBINA criupT 1 TMK.
Jlanee, OCTOpPOXHO, MpU MEepeMENIMBAaHUU JO0ABISIOT KOHLEHTPUPOBAHHYIO CEPHYIO KHUCIIOTY,
BHOCSAT «KHIIEJIKI» U CMECh OCTOPOYKHO KHIISTSIT.
HarpeBanue mpekpaiaroTr, KOrjaa KOJWYeCTBO BOJBI B JIOBYIIKE MEPECTaHET yBETUUYMBATHCS U
OyleT MNPUMEPHO paBHOE pPACUETHOMY 3HAYEHUIO, OIPENIEICHHOIO MPEIBAPUTEIBHO IO

>$0.,, + CH,OH —>

YPaBHEHUIO PEaKIUH.
K comepxumomy KoOnObI MpU OXJIXKACHUU U
MepeMelIMBaHud  TMPWINBAIOT 3 H pacTBop

THJIPOKCUAA HATpHsl, HEPEeHOCAT B JICIUTENIbHYIO
BOPOHKY M IPOMBIBAIOT [0 ILEIOYHOM peakuuu
npoMbIBHBIX BOJ. ITocie nob6asisror 15 M Boasl u 12
MJI HacChILIEHHOT'O PacTBOpPa XJIOPUCTOrO KaJbLUs U
MIPOMBIBAIOT /IO HEHTPAIBHOMN peakIiy 10 JaKMYCy.
[Tomy4deHHBIH MPOAYKT cymar Ge3BOJAHBIM XJIOPUIOM
Kajblug. PeakuMoHHyr0 Maccy, Iocie OTMBIBKU
NEPEHOCAT B TEPEroHHYd KOJOYy C BBICOKUM
nedaermatopoM, (uaAbTpYs ee uepe3 OyMaKHBIN
cknaguaTelii  puiabTp. Jlamee BexyT MEpPEroHKY,
otOupas ¢pakuuto, Kumsuyro 1o 75 °C.

[lo OoxOHUAaHMHM MEPErOHKM CHHUMAIOT I10Ka3aTellb
NPEJIOMJICHHUS,  ONPEAETSI0T  OKTaHOBOE  YHCIIO,
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CUHUTAIOT BBIXOO U COCTABJIAIOT MaTepI/Ia.IIBHblf/'I OanaHc mnmponecca.

Odopmienue pe3yIbTaTOB
1. Tlepen HaualmoM OHKCIEPHUMEHTa HEOOXOIUMO
3amucaTth BCE BO3MOXKHBIE MPOTEKAIOIINE PEaKIHH
(1ieneBbIe M TOOOYHBIE).
2. Tlo ypaBHEHMIO WEJIEBON pEaKIMU PACCUUTATDH
KOJIMYECTBO 3arpyaeMbIX PEaKTHBOB.

Pucynox 1. Cxema naboparopHoit
YCTaHOBKH:
1 — snexTpormTKa, 2 — Oans, 3 —
KPYTJIOJOHHAS KOJ0a, 4 — TepMOMeETp, 5 —
Hacagka /luna-Crapka, 6 — memainka, / —

3. 3anoIHUTh CICAYIONIYIO TaOIHILy: XOJTOATHHHK
IToxa3arens
MonexynspHas Temneparypa IInotHOCTB, | Macca,
Kommonent MPEIOMIICHHUS, 20
Macca KATeHUA, Ty 1,20 Pa rp
|

4. CocTtaBuTh MaTepuaIbHbIi OanaHc omnbiTa (Tabn.1l), onmpenenuTs KOHBEPCUIO M30aMUIIOBOTO
CIUPTa U BBIXOJ LI€JIEBOTO 3(pUpa Ha 3arpy’KEHHBII U popearnpoBaBIINil CIIUPT.
Tabnuma 1 — MartepuanpHblif OanaHc onbITa

B3zsaro r % macc. [Tomydeno r % wmacc.

OTaHoI Karanu3ar, B TOM umcie:
TMK STHI-TPET-OYTHIIOBBIN 3(Up;
TMK;
9TaHOII;
BOJIa

U T.[I.

ITorepu

Bcero: Bcero:

Kpurepun oueHku:

CTyIeHT TOJDKEH BBITIOJIHUTH JIEBATH paOOT JIAOOPATOPHBIX paboT:

5 cemecTp:

- MaKCHMaJbHO 4 0aJIIOB — 32 MOJHBIN, Pa3BEPHYTHI OTBET HA MOCTABJICHHBIC BOIIPOCHI
[IPH 3alIUTE OTUETA;

- MUHHMaJbHO 2 Oajuta — 3a HEIOJIHBIM OTBET C JOMYIICHUEM TPYObIX OIMUOOK IpH
OTIPEJICIICHUH CYIITHOCTH PACKPBIBAEMBIX IMOHSITHIA, TCOPHIA, SIBICHHIA.

6 cemecTp:

- MaKCHMaJIbHO 5 0aJUIOB — 3a MOJIHBIN, Pa3BEPHYTHI OTBET HA MOCTABJICHHBIC BOIIPOCHI
[IPH 3aLIUTE OTYETA;

- MUHMMaJbHO 3 Oajuta — 3a HEIOJIHBIM OTBET C JOMYIICHUEM T'PYObIX OIIUOOK IpH
OTIPEJICIICHUH CYIIIHOCTH PACKPBIBAEMBIX IMOHATHIA, TCOPHUH, SIBIICHUIA.
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MHUHHCTEPCTBO HayKH U BhICIIEro oOpazoBanusi Poccuiickoit dexepannu
HmxHeKkaMCKuli XUMHKO-TEXHOJIOTHYECKUN HHCTUTYT ((punuai) dheaepanbHOTo
rOCyJapCTBEHHOTO OFOJKETHOTO 00Pa30BaATEIBHOTO YUPEKICHUS
BBICIIIETO 00Pa30BaHUs
«Ka3aHCKui HallMOHAJIBHBIA HCCIEN0BATEIbCKAN TEXHOJIOTNYECKUN YHUBEPCUTET
TexHonoruueckuii paxynbTeT

KoMmnuiekT BOnpocoB I KPYIJIbIX CTOJIOB
no pucrmiuinae 51.B.J1B.02.01 Xumus 1 TEXHOJIOTHsI OCHOBHOI'O OPraHUYECKOro U
He(TEXMMHUYECKOI0 CUHTE3A

Kpyrasiii ctoa Nel «Cpipbe 111 IPOLeccOB 0CHOBHOI0 OPraHHYecKoro
U He(pTeXUuMHYECKOIr0 CHHTE3a»

[Tapadunsl, UX cBOWCTBA U UCTOYHUKU. METOIbI M TEXHOJIOTUS BbIJENIEHUS MTapaduHOB
13 razoB U He(TAHBIX (pakiuil. [[puMeHeHne HU3MINX U BBICIINX NapapuHOB.

OneduHbl, X CBONCTBA, MpUMEHEHHE. MeTo bl MOoJydeHus ojdepuHOB. TeopeTnyeckue
U TEXHOJIOTMYECKHE OCHOBBI IpoOIlecca MUPOJU3a MPSMOTOHHOTO OeH3uHa. [lpuHuunuanbHas
TEXHOJIOTHYECKasl cXxeMa Ipoliecca.

ApoMarudeckue  yrieBOJOpOIbl, HUX CBOICTBa, MPUMEHEHHE. HcTounuku
apOMaTUYEeCKUX YIJIEBOJOPOJOB. TeopeTHueckre U TEXHOJIOIMYECKHE OCHOBBI IIpoliecca
ruapoaeankuinpoBanus ppakuun C6-C8 nupoauza npsMoroHHoro 0exsuna. [IpuHuunuansHas
TEXHOJIOTHYECKasl CXeMa Ipoliecca.

CuHre3-ra3 kak anbTepHaTuBa HedTH. [IpOMBINIEHHbIE METOJbI MOJYYEHUS CHHTE3-
raza. Cunrte3 yrineBojgoponoB mno @Oumepy-Tponmy. Xumus U TEOpeTHUYECKHE OCHOBBI
npouecca. TexHomorus npoiecca.

Kpyraslii ctoa Ne2 «I[Ipoumecchl aJKUITUPOBAHU

C-ankunupoBaHHE  apOMaTHYECKHX  YIJIEBOJOpoAoB  ojeduHamu. [IpumeHeHue
anKmIOeH30510B. TeopeTudeckue M TEXHOJIOTHYECKHE OCHOBBI IMpoliecca alKUIUPOBAHUS
6eH3oia stusieHoM. [IpuHIMnuanbpHast TEXHOJIOTHYECKask CXxeMa Ipoliecca.

O-ankunupoBaHue crnupToB osiepuHamu. OOIACTH NPUMEHEHUs MIPOCTHIX 3(PUPOB.
TeopeTndeckne W  TEXHOJIOTMYECKHE OCHOBBI Ipollecca aJKWIMPOBAaHUSA  METaHOJa
n3o0ytuineHoM. [IpuHuunuanpHas TeXHOJIOTMYecKas cxema Ipoiiecca.

Kpyraslii ctoa Ne3 «I[Iponecchl rugpaTanuu-aeruapaTamun»

lupparauus onedunoB. TeopeTnyeckue M TEXHOJOTHUECKHE OCHOBBI IpoIlecca
ruApaTaluu OyTuneH-n300yTUIICHCO IepKaIeit bpaxum. Ha3nauenue npoiecca.
[IpuHuMnManbHasE TEXHOJIOTUYECKAs CXeMa IMpolecca.

Herunpatanus cnuptoB. TeopeTuyeckne W TEXHOJOTHMYECKHME OCHOBBI Ipolecca
Jeruapatanuu TpuMeTuiakapounona. [IpuHIMnuansHas TeXHOJIOTMYeCKas CXeMa mpoiiecca.

I'mpparanus okuceit  onedunoB. Ilpumenenme riaukonei. Teoperwyeckue u
TEXHOJIOTMYECKHE OCHOBBI MpOLECCAa TUApaTallUM OKHWCH JTwieHa. lIpuHumunuansHas
TEXHOJIOTMYECKas cxema Ipolecca.

Kpurepun onenku:

3a ygactue B OJJHOM KPYTJIOM CTOJIE:

5 cemecTp:

Maxkcumanbsao 20 6anioB - 3a MOJHBIHN, pa3BepHYTHIN OTBET HA MOCTABJIEHHBIE BOIIPOCH! B X0/1€
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00CYyXICHNUS;

Munumanpao 12 OGamra - 3a HENMONHBIM OTBET C JOMYyIIEHHEM TpYyObIX OIIMOOK TpU
OIPENENIEHUHN CYIIIHOCTH PACKPBIBAEMBIX TOHATUHI, TEOPUU, SIBJICHUM.

6 cemecTp:

MaxkcumanbpHO 15 6anioB - 3a MOJHBIN, pa3BepHYTHIH OTBET HA MOCTABICHHBIE BOMIPOCH! B X0J1€
00CYXICHHUS;

MunumManbsao 9 Gasuta - 32 HEMOJHBINA OTBET € JOMYLICHUEM I'pyObIX OMIMOOK MPHU ONPEAeTICHHH
CYIIHOCTH PacKpbIBAEMbIX MOHATHI, TEOPUH, SIBICHUM.
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