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Metoauueckne yka3zaHus pa3pabOTaHbl B COOTBETCTBUU C TpPEeOOBAHHUIMHU
®I'OC BO wu paboueil mporpamMMmbl TUCHUILIMHBI «HampaBieHuss U MepCreKTUBBI
Pa3BUTHSI XUMUYECKOTO 000PY/IOBaHUS». YKa3aHUs MpPEJHA3HAYEHBI U CTYJEHTOB
OYHOI/3204HOM QopM 00y4YeHUs HaIpaBiICHUS MOJITOTOBKU 15.04.02
TexHoaornyeckre MalImHbl 1 000pyI0BaHUE.

CognepkaT OCHOBHBIE pa3/eiibl M3Yy4aeMOro TEOPETUYECKOro MaTepuala,
IEepeYeHb BOMNPOCOB HEOOXOAMMBIX JJIsi HpOopabOTKM, a TakXKe CIHCOK
PEKOMEHYEMOM JTUTEPATYPHI.

Cocmasumenu



Conepxkanue

Tema 1 Beeaenue
JlaGopartophoe 3anstue Ne 1. Bgedenue.

Tema 2 MemOpaHHbIe anIIapaThI
JlaGoparopHoe 3ansitue Ne 2. Membpanuvie annapamol.
Tema 3 KosioHHBIE anmapaThl

JlaGoparopnoe 3ausatue Ne 3. Membpaunvie annapamei. (IpOA0TKEHUE)
JlabGoparopnoe 3anstue Ne 4. Konounvie annapameoi.

JlaGoparopnoe 3anatue Ne 5. Konounvie annapamei.

(mpopomxeHue)

Tema 4 Xumnueckue peakTopbl

JlabopaTtopuoe 3ausitue Ne 6. Xumuueckue peaxmopul.
Jlabopatopuoe 3ausitue Ne 7. Xumuueckue peaxmopul.
(mpopomxeHue)

Tema 5 CymnjibHble YCTAHOBKH

Jlabopatopnoe 3ausitue Ne 8. CywunbHvie ycmaHo8Ku.

Jlabopatopnoe 3ausitue Ne 9. CywunvHole ycmanosku. (IPOJOTHKEHHE)



Tema 1 BBenenue

BBenenune

JlucuuiiiHa OTHOCHUTCS K AUCHUIUIMHAM 4YacTH, (OpMUPYyEMOH ydacTHUKA
00pa3oBaTEIbHBIX OTHOIICHUN JUCHMIUIMHBI MO BbIOOpY. OHa HampaBieHa Ha
dbopmupoBaHrue MNpPodhEeCCHOHANIBHBIX KOMIETEHIIMM, OOydJaroluuxcs B Mpolecce
BBITIOJTHEHUA paboT, onpeneneHubix ®I'OC BO.

Meroauyeckne yka3zaHHsl COCTaBIIEHbl HA COBPEMEHHOM HAyYHOM YPOBHE U
paccuMTaHbl Ha CTYJICHTOB, 1Mo HampaBiieHuto 15.04.02 TexHosornyeckue MaliuHbl 1
o0opyoBaHue.

[TocnenoBaTenbHOCTH TEM  COOTBETCTBYET JIOTMYECKOW CTPYKType €€
npoxoxaeHusa. [Ipemaraemple METOAMYECKHE YKa3aHUS COJEpkKaT MaTepuall,
KOTOPBI  PEKOMEHIYETCSl  UCMOJb30BaTh  CTyJACHTaM TMpH  TOATOTOBKE K
MPAKTUYECKUM 3aHATHSIM.

JInsi MOATOTOBKM K NPAKTHUYECKUM 3aHSATUSAM CTYAEHT JOJKEH H3YyYUTh
MaTepual Mo COOTBETCTBYIOIIEH TEME, MCIOJb3Yysl OCHOBHYIO U JIOMOJHUTEIbHYIO
JUTEpaTypy, a TAK:Ke UCIOJIb3ys nepuoandeckue nganus CMU.



JlaGopaTopHoe 3ansiTue Ne 1. BBenenue
Heanb 3ansaTUA: PacCMOTpPETh OCHOBHBIE MTOJI0KEHUS 10 TEME.

AKTyanbHOCTb. XHMMHUYECKasi WHIYCTPUs SBISETCA Ba)KHEHIIEH YacThIO XO3sCTBa
Poccun. IlodTOMy MHOTMX BOJHYKOT IEpPCIEKTUBBI Pa3BUTHS XHUMHUYECKOU
IIPOMBIIIJIEHHOCTH, KOTOPBIE BO MHOTOM CBSI3aHBI C IEPEOCHAIICHUEM ITPOU3BOACTBA.
B nenom ata orpacib HaXOOUTCA CErOJHs Ha JTOCTOMHOM ypoBHE. Ho cymecTtByroT
MOMEHTHI, TpeOyrone pedopmanuu. HayuHnele pa3paboTku M HOBeEHIIMe
TEXHOJIOTUH OTKPBIBAIOT MHOTO BO3MOXHOCTEH I XHMHYECKOW OTpaciu. ITO
KacaeTcst U 000pyIOBaHUS, U ChIPbsI, U3 KOTOPOTO U3rOTABIMBAIOT MPOIYKIIHUIO.

Teopernyeckast 4acTb
[TepcnieKTHBBI XMMUYECKOW MTPOMBIIIJIEHHOCTA OYEHb BEJIMKU B CBSI3M C TEM, UTO ATa
OTpaciib Pa3BUBAETCAd BECbMa AMHAMUYHO W 3TUM MOPOXKIAET Pa3BUTHUE HAYUYHO-
TEXHUYECKOTO Tporpecca. XMMHUYECKOe MPOU3BOJICTBO 00ECIICUNBACT MPAKTHUECKH
BCE OTPACJIM HAPOJHOI'O XO35IMCTBA CBOUMHU TOBAPAMH.
Ceifuac CIIOXKHO MPEACTaBUTH >KU3Hb 4YeJOBeKka 0€3 MalluH, OBITOBOM XHMMHH,
pPa3IMYHOrO pojia YJIOOpEHUW MJid CENbCKOTO XO034McTBAa U JAPYIHMX MaTepHUalioB.
XuUMHYECKasi MPOMBIIIJIEHHOCTh — OTPOMHBIA KOMILJIEKC, KOTOPBIN UrpaeT OOJbIIIYIO
pOJIb B TPOU3BOJICTBE CTPAHBI.
XuMHuuecKkasi — MPOMBIIUIEHHOCTh —  00JIaCTb ~ WHAYCTPUHU,  3aHUMAIOIIASCS
POU3BOJICTBOM TPOJIYKTOB MyTEM MX XUMHUYECKOW mepepaborku. K Heil oTHocST
FOPHO-XHUMHUYECKYIO0, OCHOBHYIO XUMHIO U XUMHUIO OPTaHUYECKOTO CHHTE3A.
Otpaciib XMMUYECKOM NPOMBIIUIEHHOCTA BBIJICIIWIACH B CAaMOCTOATENBHYIO C
HayajgoM MPOMBIIIJIEHHOTO MEPEeBOPOTa, KOTJla Ha 3aBojiax, (pabpuKax M OTACIbHBIX
MIPOU3BOJICTBAX MOSIBUJIACH HY’K/Ia B HOBBIX BUaX Marepuaa.
HecmoTpst Ha TO, 4TO 3Ta 00JACTH AKTHUBHO PAa3BUBAETCS M COCTABIISIET OOJBIIYIO
yacth BBII cTpasbl, cymiecTByer MHOXeCTBO mpoOiem. Ha BHyTpeHHEM pbIHKE
CHIKAIOTCS MOKA3aTelld peaanu3aluy TPOU3BOIUMON MPOIYKIIUH.
['maBHBIMU TPOOIIEMAMHU SBIISFOTCS
ycTapeBiee 000py0BaHUE;
HU3Kasi peHTa0eNbHOCTh MPOU3BO/ICTBA;
BBINYCK OOJBIINX 00bEMOB MPOAYKIIMH HU3KOTO U CPEAHETO NIEPEIETIOB;
HU3KHUE UHBECTUIIMH U UCIIOJIb30BAHUE CTAPBIX TEXHOJIOTUH;
HEeXBaTKa Npo(eccroHaIoB HA PbIHKE TPY/a.



Bonpoc o0 mepcrnexktnBax XMMHYECKOW ITPOMBILIIJIEHHOCTH B CTPaHE HAa3pel OYECHb
naBHO. HplHenHHe 3aBOJbI YK€ HE HAIOMHHAIOT OOJBIIMX TMTAHTOB C OOJBIIMMHU
eXamMHl, Temepb 3TO HEOOJbUIME MPOU3BOJCTBEHHbIE 1[€Xa C MHOXECTBOM
7ab0opaTOpuil U CUCTEMAaMU KOMIBIOTEPHOTO KOHTPOJS HaJ MPOABUKEHHUEM BCEX
CTaJui TEXHOJIOTUYECKOTO IIpoIiecca.

Ho, k coxxanenuto, eiie He BCe 3aBOJbl U MPEANPUITHS MEPELIIN Ha HOBBIM YPOBEHbD.
Nx obopynoBaHne M3HONIEHHOE W B HEKOTOPBIX CIy4YasiX JOCTUTACT KPUTUUYECKOTO
COCTOSIHMSI, 4YTO BJIeYeT 3a coOO0il aBapuiiHble CHUTyallUM Ha TPOU3BOJACTBE U
ONACHOCTB JUIsl )KU3HU U 3J0POBbsSl COTPYIHUKOB.

IMopsaaok BbINOTHEHUsI pa0OThI:

1. BHumaTenbHO U3yYUTh KOHCTPYKIIMM MEMOpaHHBIX anmnapaTosB.

2. [ToaroToBUTH KpaTKOE OMUCAHKE IPUHIIUIA PAOOTHI H3y4aeMoro 000pyA0BaHuUS.
3. OTBETUTh Ha KOHTPOJIbHBIE BOIPOCHI.

Bomnpocs! u 3aganus:
ba3oBblli ypOBEHb
1. 3noxuTe OCHOBHBIE CBEICHMSI O MAIIMHAX U alllapaTax XuMUYECKON
IPOMBIILJIEHHOCTH.
2. 3noxuTe OCHOBHBIE TPEOOBAHMS, IPEABSIBISIEMbIE K XUMUYECKOMY
000pYI0BaHUIO.
3. OxapakTepu3yiTe MaTepraibl XMMUYECKOTO MAIIMHOCTPOEHHUS: CTallb, YyT'yH,
UXIIPUMEHEHUE
4. OxapakTepusyiTe MaTepUaIbl XUMUYECKOTO MAIIMHOCTPOEHHUS: IBETHBIE
MaTepHalibl, HEMETAJLJIBI.
5. 3n0xuTte METO bl 3a1UTHl 000PYI0BAHUS.
6. N3110:kMTE METOABI KOHTPOJIS M UCIIBITAHUSI XUMUYECKHX allapaToB.
7. YKa)KuTe 3HaYEHUE CTaHAAPTU3ALMN B XUMUYECKOM MAIIMHOCTPOEHUH.
8. M3noxuTte mpasmiia BbIOOpa UCXOAHBIX JAHHBIX I MHXEHEPHOTO pacyeTa.
9. N3noxwuTe npaBuiia BIOOpa KOHCTPYKLHUU U pacyeTa 00edaek.
10. OnummTe KOHCTPYKUMHU JHUIL U KPBILIEK aIaparosB.
I1OBBILIEHHBIN YPOBEHD
1. OnumuTe BuAbl (hIaHUEBBIX COEAMHEHUH, UX KIACCU(PUKALHUIO.
2. NznoxwuTte npasuia Beioopa daanues no 'OCT.
3. OnuiuTe ycTpoiicTBa ISl MPUCOEAMHEHUS TPYOOIPOBOIOB M OCMOTpA aIapaTos.



Tema 2 MemOpaHHbI€e aNIIAPATHI

JlaGopaTopHoe 3ansitue Ne 2. MeMOpaHHbIe annaparbl
Hean 3anaTus: PaccMoTpeTs OCHOBHBIE MOJIOKEHUS IO TEME.

Teopernyeckasi 4acTb

Anmapatsl ¢ MOPUCTHIMU MeMOpaHaMH KJIACCU(PUIUPYIOTCS MO TUITY MEMOpPaHHBIX
3JIEMEHTOB, KOTOpBIE MOTYT OBITh TJIOCKUMH, TpyOUYaThIMH,
CIIUPAJIbHBIMU U BOJIOKHUCTBIMHU.

KoHcTpykiuio anmapaToB ¢ MIIOCKUMHA MEMOpaHHBIMH JIEMEHTaMH PACCMOTPHUM Ha
npuMepe anmapara tuna «uietprpecce» (puc. 3.).Pazmenstomieli 31€MEHT COCTOUT
U3 IByX MeMOpaH 1, yJ0KeHHbIX 110 00€ CTOPOHBI JPEHAKHOW IUIACTUHBI 2, KOTOPAs
U3TrOTOBJIEHA U3 KPYITHONOPUCTOTO Marepuana. Mexay pa3aenstoluMy JJIEMEHTaAMU
pacrnojokeHsl TMojbie ImiacTuHbl (pambl) 3. Kak mnokazaHo Ha puc. 3, MOJbIe
3JIEMEHTHl YEPEeNyIOTCA C pa3fesisIloUMMU U Takas cOopka 3aXUMaeTcs C JBYX
CTOPOH TOPIEBHIMU IUIACTUHAMU 4 TIPU TOMOIIM CTATUBAIOMIMX OONTOB 5.
Paspendemslii pacTBOp NOCIIEIOBATENBHO NPOXOIUT YEPE3 BCE pa3lECMTENIbHbBIE
AJIEMEHTHI, KOHIIEHTPUPYETCS W yJlajsercss w3 amnmapara. [Ipomienmuid ke yepes
MeMOpaHy (QHUIBTpAT CTEKaeT MO APEHAXKHBIM IJJACTHHAM BHHU3 M BBIBOAMTCSA W3
anmnapara. AnmnapaTsl TUNA «(QUIBTPHPECC» OTIANYAETCS MPOCTOTONW M3TOTOBICHUS U
cOopkH, 3ameHbl MeMOpaH. OCHOBHBIM HEJOCTATKOM JTHX allapaToB SBIISETCS
Majas yAenbHas IMOBEPXHOCTE MeMOpan: 60 — 300 M?/M> (mOBEpXHOCTH MEMOpaH Ha
eIMHUILY paboyero oobemMa arrapara).
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Puc. 3. MemOpaHHBIif anmapart THra
«DunpTprpecc»:

1 — MmeMOpansbl, 2 — IpeHaKHbIE IIACTUHBI, 3 — paMBl,

4 — TOpuEBbIC JIACTUHBI, 5 — CTSITUBAIOIINE OOJTHI.

AnmnapaTel ¢ TpyOUaTbIMU MEMOpPAHHBIMHU 3JIEMEHTAMU MPUMEHSIOT AJisi 00paTHOTO

0CMOCa, HO OCOOCHHO HMIMPOKO UX MPUMEHSIOT AJisi yibTpaduinbTpaiuu. TpyOuaTsiii

MEMOpaHHBIA 3JEMEHT TOKa3aH Ha puc. 4, anmapar ¢ TpyOuYaThIMH 3JIEMEHTAMHU



NOKa3aH Ha puc. S5, rae B TPYOHBIX IIMTaX 1 TEPMETUYHO 3aKPEIICHBI
paznenuTenbHble TpyOuaThie snemeHThl 2. [lo Buay Takod ammapar CXOAEH ¢



KOXYXOTpyO4aThiM TEIIOOOMEHHUKOM. [looXuTeNnbHBIE KayecTBa ammapaTtoB C
TpyOUYaThIMH PA3ACIUTEILHBIMU SJIEMEHTAMHU 3aKIIOYAIOTCS B CIIEIYIONMEM: MaJtast
MaTepUaIOEMKOCTh; XOPOIIUE TUAPOIMHAMUYECKHUE YCIOBUS paO0OThl MEMOpPAHBI, TAK
Kak oOecrneuynBaeTcsi PaBHOMEPHOCTh IIOTOKA pacTBOpa BO BCEX TOYKax
MOBEPXHOCTH;  OTHOCUTEJIBHO  HEOOJBIIOE  THAPABIMYECKOE  COINPOTHUBIICHHE

Pa3ACIIUTCIIBHBIX 3JICMCHTOB. HCILOCTaTKOM ABJEACTCA MaJlasA YACJIbHAA ITOBCPXHOCTDb

MemOpan: 60 200 m2/m3.
3
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@uisTpar Puc. 4. TpyOuatsIii 371eMeHT

JUTsl MEMOPAHHOTO pa3JICICHHUS:
1 — memOpana, 2 — moNIokKa, 3 — mopucTas Tpyoa.
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MemOpaHHBIi annapar ¢ TpyOoyaTbIMU JIEMEHTaMU:
1 - TpyOHas nnuTta, 2~ TpyOUyaThie MEMOpPAHHBIE 3JIEMEHTHI
Anmnapatbl CO CIUPaATbHBIMU MeMOpaHHBIMU

sneMeHTaMu (PYJIOHHBIE) W3TOTaBIUBAIOTCS M3 YETBIPEXCIOWHON  IUIACTHHBI,
CBEpHYTOM B cCOHMpajb U  KOHCTPYKTUBHO CXOXH CO  CIHPAJIbHBIMU
TeriooOMeHHUKaMu. CXeMaTUYHO CIHUPaTbHBI MEMOpPAaHHBIN AJIEMEHT H300pa)keH
Ha puc. 6. OH COCTOUT U3 CETKH-cenaparopa 2 , 0 KOTOPOM MOAAETCS MUCXOJHbIN
pacTBOp M BBIXOJWUT KOHIIEHTPAT, ABYX MeMOpaH | W pacmoI0KeHHOTO MEXIy HUMHU
JPEHAXKHOIO cios. PacTBOp, Mpoxoas MO CeTKe-cenaparopy, KOHUEHTPHUpPYETCs 3a
CYET YyJAJICHUs YacTH PACTBOPUTENS uepe3 MeMOpaHbl B JPEHAXHBIH CJIOM, 3
KOTOPOTO OTBOJAUTCS (QUiIbTpaT. AmNmapatbl €O COUPAIbHBIMU MeMOpaHHBIMU
alieMeHTaMH 00afaroT OonbIneit ynenbHOM moBepxHOocThiO (300 800 mM2/mM3) u



MaJoi METaTIOEMKOCThIO, HO 00Jiee CII0KHBI B M3TOTOBJICHUU U MOHTAXE, a TAKKe
MMEIOT 3HAYUTENBHOE THAPABINYECKOE CONPOTUBIIEHUE KaK CETKU-CEMapaTopa, Tak u
JPEHAXKHOTO CIIOSI.

Puc. 6. N3o00paxkeHue criupaibHOro MeMOpPaHHOTO
AIIEMEHTA!

1 — meMOpaHnsbI, 2 — ceTKa-cernaparop, 3
—JIPEHAXKHBIN CIIOW.

Ammapatel € BOJIOKHUCTBIMH ~ MEMOpPaHHBIMH

AJIEMEHTaMHU MPEJCTABISIOT co0oit My4KU
MeMOpaH, M3rOTOBJICHHBIX B BHUJIE€ MOJIBIX BOJOKOH, KOHIIBI KOTOPBIX C MOMOIIBIO
AMOKCUJHOM CMOJIbI 3aKpeIIeHbl B TPYOHBIX pemieTkax 3 (puc. 7.). Takue anmapatsl
NPUMEHSIIOTCST JUIsi O0apoMeMOpaHHBIX MPOIEcCcOB. BoOJOKHA HMEIT HapyKHBIN
nuametp 45-1000 MM 1 TonuuHy cteHku 10-200 mkm. [Togada nCX0QHOTO pacTBOpa
BO3MOYKHA KaK BHYTPb BOJIOKOH (puc. 19.7.), Tak u cHapyu. JJOCTOMHCTBAMU TaKUX
anmapaTtoB SBISIETCS BBICOKAs yjelbHas MOBepXHOCTh MemOpan (20000-30000
M?/MY), a HEZOCTATKOM — HEOOXOAUMOCTh MPEABAPUTEILHON OUUCTKU PACTBOPOB OT
MEXaHUYECKUX IPUMECEN.
KOHIIEHTpaT Puc. 7.

1
2 3 III | /3 2 MeMOpaHHBIii

anmapar ¢
dbunpTpar GUIBTPAT  [onpMu

2 BOJIOKHAMU:
/ LTI
Ucxonapiii KPBILIKH, 3

pacTBop —TpyOHBIE
pemeTku, 4 —

1 —kopmyc, 2 —

BOJIOKHA.

KoHncTpykinn anmapaToB ¢ XKUAKUMU MeMOpaHamH 3aBUCSAT OT CHOC00a CO3TaHMs
MeMOpanbl. Tak, CIIOH XKUAKONM MeMOpaHbl MOXET pacrojlaraTbCsi MEXKIY IBYMs
IUIOCKUMHU  TMapaJUyiedbHBIMM  TIOJJUMEPHBIMM ~ TOPUCTBIMU  MEPErOpPOJKAMH,
IIPOITYCKAOIMIMMHU HMCXOJHBIM pPacTBOpP, HO YACPKUBAIOIIMMH T€lb, U3 KOTOPOIO
cocTOUT MeMmOpaHa. B 3TOoM ciyyae KOHCTpyKuus amnmapata OyAeT HJIEHTHYHA
anmapaTam C IUIOCKUMHU MOPUCTBIMU MeMOpaHaMu, Hampumep, «QUIbTpIIpecc» pHcC.
3.

Membpana MoKeT 00pa30BbIBaTh KUJIKYIO TUIEHKY Ha ITOBEPXHOCTH pa3aesieMOoi
KUIKOCTH (MCTIapeHue yepe3 MeMOpaHy), HO yieJbHas HOBEPXHOCTh MEMOpAaHHI B
9TOM CiIy4ae HeBeluKa. 1'opa3no OobIIyI0 YAEIbHYIO HOBEPXHOCTh MOKHO
o0ecneunTp, eciii «MeMOpaHHast JKUAKOCTh» OyZeT 00BOJaKUBATh KaIljau
pa3fensaeMon JKUJIKOCTH, paclipeieJICHHbIE B CILIOMHON (aze (amyibcust). B atom



cily4ae Juis IPOBEICHUS POLECCOB MEMOPAHHOTO pa3/ieieHHsI IPUTOAHbI
DKCTPAKTOPHI, HAIIPUMEDP, MOJIbIN PACTIBIIMBAOIINN, POTOPHO-IUCKOBBIN U IPyTHE.

IHopsinok BbINOJTHEHHs PadOThI:

1. BHUMaTeNnbHO U3yUYUTh KOHCTPYKIIUH aIlllapaToB.

2. [loaroToBUTH KpaTKOE OMMCAHKE IPUHIIMIA PA0OTHI H3y4aeMOro 000pyA0BaHNUS.
3. OTBETUTH Ha KOHTPOJIBHBIE BOIPOCHI.

Bonpocs! u 3aganus:
ba3oBblii ypOBEHB

1. Urto Ha3bIBaeTCss MEMOpaHHBIM paszesienneM, MemOpanamu? Kakue mpoyKThl
MOJIYYArOT B Pe3yJIbTaTe MEeMOPAaHHOTO pa3jiesieHus?

2. UYTto Takoe CeJIeKTUBHOCTh U MPOHUIIAEMOCTh MEMOPaHbI?

3. 3anummMre ypaBHEHHs MaTepHalibHOro OajlaHca Ipolecca MeMOpPaHHOro
paszencHusl.

4. Kak ximaccupuIupyroTcs METOIbl MEMOPaHHOTO Pa3CICHHS ?

5. Yro Takoe KOHLEHTpPalMOHHAs MOJSApU3alMsl, KaKUMU CHOCOOaMH MOKHO
CHHU3UTh €€ HEraTUBHOE BJIMSHHUE HA POIECC MEMOPAHHOTO pa3AeieHUs?

6. B uyemM 3akimoyaroTCs MpPEMMYINECTBA W HEAOCTaTKU  MEMOpPaHHOIrO
pazneneHus?

I1OBBILIEHHBIN YPOBEHD
1. B kakux ciy4asx MeToJbl MeMOpaHHOTO  pasjeiieHus  oO0JajaroT
MIPEUMYIIIECTBOM 10 CPABHEHUIO C IPYTHUMU?

JlabGopaTopHoe 3ansaTie Ne 3. MemOpaHHbIe annaparsl (IPOA0JIKeHHE)
ean 3ansaTHsi: PacCMOTPETh OCHOBHBIE TTOJIOKEHUS IO TEME.

AKTyanbHOCTb. XUMHUYECKasi UHAYCTPHUs SBISIETCS BAXKHEWILEW YacCThIO XO3sMCTBA
Poccun. Ilo3TOMy MHOrMX BOJHYKOT MEpPCIEKTUBBI Pa3BUTHS XHUMHUYECKOU
IIPOMBIIIJIEHHOCTH, KOTOPBIE BO MHOTOM CBSI3aHBbI C IEPEOCHAIIICHUEM ITPOU3BOACTBA.
B nenom arta orpacis HAXOIUTCSA CEroJHSA HA JOCTOMHOM ypoBHE. Ho cyliecTByroT
MOMEHTBI, TpeOyromue pepopmanuu. Hayunsle pa3paboTku U HOBeHIIME
TEXHOJIOTUA OTKPBIBAIOT MHOI'O BO3MOXHOCTEH JUIi XUMHUYECKOM OTpaciu. ITO
KacaeTcsi 1 000pyI0BaHUsl, U ChIPbS, U3 KOTOPOT'O M3TOTABINBAIOT IPOTYKIHIO.

IHopsinok BbINOJTHEHUS PA0OTHI:



1. BHUMartenbHO U3y4YUTh KOHCTPYKIIUU aIlapaToB.
2. [loAroToBUTH KpaTKOE OMUCAaHUE MPUHIIMIIA PA0OTHI U3y4aeMOro 000pyIOBaHHUS.
3. OTBETUTH HA KOHTPOJBHBIE BOITPOCHI.

Bonpocs! u 3aganus:
ba30BbIi1 ypOBEHb

1. Kak knaccuduumpyrorcs MeMOpaHsbl, UX TOCTOMHCTBA U HEJOCTATKU?

2. Kakue wmogmenu OOBACHAIOUIME IIpOLEcCC MEMOPAHHOIO pa3fesieHUs BaM
WU3BECTHBI, B YEM OHM 3aKIIFOUYAIOTCS?

3. M3006pa3utre KOHCTPYKLHMHM MEMOpPAaHHBIX alnaparoB, NpOoaHAIM3UpPYUTE HX
IIPEUMYILIECTBA U HEJAOCTATKHU.

4. ChopmynupyiTe OCHOBHBIE 3TaIlbl pacueTa MEMOpPaHHbBIX alnapaToB.

[ToBpIIEHHBIN YPOBEHD
1. 3a cuer 4ero BOZHUKAET KOHIEHTPALMOHHAS MOJISpU3anus?

Tema 3 KosroHHbIE aninapaTsbl

JlaGopaTopHoe 3ausitue Ne 4. KosioHHbIe annmapaTsl
Hean 3ansaTHsA: PaccMOTpeTh OCHOBHBIE MOJIOKEHUS IO TEME.

AKTyanbHOCTb. XUMUYECKasi UHAYCTPHUS SBISIETCS BaXKHEWILEW YacCThIO XO3SMCTBA
Poccun. IlodTOMy MHOIMX BOJHYIOT IEpPCHEKTUBBI Pa3BUTUS XHUMHUYECKOU
IIPOMBIIIIJIEHHOCTH, KOTOPBIE BO MHOI'OM CBSI3aHbI C IIEPEOCHAILICHUEM IIPOU3BOACTBA.
B nenom sra orpacib HaXOAUTCS CEroJHs Ha JTOCTOMHOM ypoBHE. Ho cyiecTByroT
MOMEHTHI, TpeOyromue pedopmanuu. Haydnele pa3paboTku u  HOBEHIIHE
TEXHOJIOTUH OTKPBIBAIOT MHOTO BO3MOXXHOCTEW [UJIi XUMHUYECKOM OTpaciu. ITO
KacaeTcsi 1 000pyI0BaHUsl, U CHIPBS, U3 KOTOPOT'O M3TOTABINBAIOT MIPOIYKIIHIO.

Teopernyeckasi 4acTb

JIisi  KOHTAKTUPOBAaHMS TOTOKOB Tapa (raza) M KUAKOCTH B Mpoleccax
pexkTuguranuu 1 adbcopOUUU MPUMEHSIOTCS ammapaThl Pa3IUYHBIX KOHCTPYKIUH,
Cpenu KOTOPhIX HauOOJIbIlIee PacCHpOCTPAHEHUE MOTYUMIN BEPTUKAIBHBIC arllapaThl
KOJIOHHOTO THMa. ATmapaTel 3TOTO0 THUIMA MOTYT OBITh KJIAaCCU(MUIIUPOBAHBI B
3aBUCUMOCTH OT paboOYero MaBlICHUS, TEXHOJIOTHYECKOTO HA3HAYCHHWS W THIA
KOHTAKTHBIX YCTPOWCTB.

B 3aBucHUMOCTH OT NMPUMEHSIEMOrO JABJICHUS KOJIOHHBIE allapaThl MOJPa3AECISIOTCA
Ha aTMOoc(epHbIe, BAKYyMHBIE U KOJIOHHBI, pa0OTaIOIIKE MO JaBJICHUEM.



K armocdepHbIM KOJTOHHAM OOBIYHO OTHOCAT KOJIOHHBI, B BEpXHEH YaCTU KOTOPBIX
pabouee MaBIICHHE HE3HAYUTEIHHO TMPEBBIMIACT aTMOCPEPHOEC U OMpPEHeIseTCs
COTIPOTUBJICHUEM KOMMYHHUKAIIMA W anmaparyphl, pPACIOJOKEHHBIX Ha TIOTOKE
JBIDKEHUS TAapoOB peKTH(UKATa TOchHe KOJOHHBL JlaBmeHWe B HWKHEH 4YacTu
KOJIOHHBI 3aBHUCUT B OCHOBHOM OT COIPOTHBIJICHHS €€ BHYTPCHHHX YCTPOWCTB H
MOXXET 3HAUYMTENIbHO MpPEBBIIATh aTMocdepHoe. [IpumeHstoTCs mnpu MeperoHke
CTAOMIIM3UPOBAHHBIX WM OTOCH3MHEHHBIX He(PTeH Ha TOIUIMBHBIC (PPAKIIUU U MA3YT;
B BakyyMHBIX KOJIOHHAX JaBJeHUE HUKE aTMOC(HEPHOTO (CO3aHO Pa3pEeKEHHE), UTO
MO3BOJISIET CHU3HUTH DPAb0YyI0 TeMIlepaTypy mpolecca W H30ekaTh Pa3IoKCHHUS
NpOayKTa . BemnumHa OCTAaTOYHOTO JAaBJICHHUS B KOJIOHHE OMpeaensercs (hu3uKo-
XUMUYECKUMH CBOHCTBAMH pa3feisIeMbIX TMPOAYKTOB W TJaBHBIM  00pa3om
JOIYCTUMOM MaKCUMAaJIbHOM TeMIlepaTypoil UX HarpeBa 0e3 3aMETHOTO Pa3yIokKEHUSI.
[Ipeana3znayeHsl TUTSt (bpakurOHUPOBAHUS MazyTa Ha BaKyyMHBII
(r1yOOKOBaKYyMHBIN) Ta30MJIb WIH Y3KHE MaCIsTHbIE (PpaKIuu U TYAPOH;

B xkononnax, paGortarommx moj gasienuem (1-4 MlIla), npumensemble mpu
CTa0MIM3aMi WM OTOCH3WHMBAaHMKM He(Tel, craOuin3anuyd Ta30BBIX OCH3WHOB,
OCH3WHOB TEPETOHKM HE(PTH W BTOPUYHBIX TMPOIECCOB U (PPAKITMOHUPOBAHHUH
He(TE3aBOJACKUX WM TOMYTHBIX HEPTIHBIXBEIWMYWHA  TOCICTHETO  MOXKET
3HAYUTEIHHO MPEBBINIATE aTMOC(HEpPHOE .

[Io TexHOMOTHYECKOMY HAa3HAYCHHUIOKOJOHHBIC amnmaparbl MOJAPA3ICISIOTCS Ha
KOJIOHHBI aTMOC(EPHBIX U aTMOC(EPHO-BAKYYMHBIX YCTAaHOBOK, pa3/iefieHus HePTH U
Ma3yTa, KOJIOHHBI YCTaHOBOK BTOPUYHOW MEPErOHKH OCH3WHOB, KATAJTUTHUYECKOTO
KpPEKHHTa, YCTAHOBOK Ta30pa3/ielieHus, YCTAaHOBOK pPEeTreHepaIluu pacTBOPUTENICH TIPpH
nenapapuHU3ANNN Macell U Jp.

[To Ty BHYTpEeHHUX KOHTAaKTHBIX YCTPOUCTBPA3IMYAIOT TapesbuaThie, HACAIOUHBIC
Y TUICHOYHBIC KOJIOHHBIC aIllapaThl.

B Tapenpuateix anmaparax (puc.VII-1,a) koHTakT Mexay (a3zamMu MPOUCXOAUT MPH
POXOXKJIEHNUU Tapa (ra3a) CKBO3b CIION KHUIAKOCTH, HaXOSIICHCS HAa KOHTAKTHOM
ycTpoiicTBe (Tapenke). B pekTuduKanMoOHHBIX W a0COPOIMOHHBIX KOJIOHHAX
NPUMEHSIOTCST TapEeIKW PA3JTUYHBIX KOHCTPYKIUN (KOJMAYKOBBIC, KJIAMaHHEBIE,
CTpYHHBIE, TPOBAJILHBIE U T.I1.), CYIIECTBEHHO Pa3INYAIONIUECs M0 CBOUM PabOuYuM
XapaKTEPUCTHKAM U TEXHHUKO-YKOHOMUYECKHUM JTaHHBIM.

IHopsiioK BbINOJHEHUS PAdOThI:

1. BHUMaTeNbHO U3YYUTh KOHCTPYKIIUU allapaToB.

2. [ToaroToBUTH KpaTKOE OMMCAHKE IPUHIIUIA PA0OTHI H3y4aeMoro 000pyA0BaHuUS.

3. OTBETUTh Ha KOHTPOJIbHBIE BOIPOCHI.

Bomnpocs! u 3aganus:
ba30BbIi1 YpOBEHb



1. Knaccudukanus KOJOHHBIX anmapaTos.

2. HacagouHble KOJOHHBI.

3. HacagouHble 371EMEHTHI.

4. TapenpuaTble KOJOHHBI.

5. Tumnsl Tapenox.

6. YcnoBus 0e30MacHOM 3KCIUTyaTallui KOJIOHHBIX alapaToB.

JlaGoparTopHoe 3ansiTie Ne 5. KosioHHBIe anmapaTtsl (MIPOJ0JIKEHHE)
Hean 3ansaTus: PaccMoTpeTs OCHOBHBIE MOJIOKEHUS IO TEME.

AKTyanbHOCTh. XUMHUYECKasi UHAYCTPUS SBISIETCS Ba)KHEWILEW YacThIO XO3SiICTBa
Poccun. IloaTomMy MHOrHX BOJIHYIOT HEPCIEKTHUBBI PA3BUTHS XUMHUYECKOU
IIPOMBILIJIEHHOCTH, KOTOPBIE BO MHOI'OM CBSI3aHbI C IEPEOCHAILIEHUEM ITPOU3BOACTBA.
B nenom sta otpacns HAXOAMUTCS CErOoJHS Ha JOCTOMHOM ypoBHE. HO cymiecTByroT
MOMEHTBI, TpeOyromue pedopmanuu. Haydnple pa3pabOTKu ©  HOBEHIIHE
TEXHOJIOTUM OTKPBIBAIOT MHOI'O BO3MOXKHOCTEM 11 XUMHUYECKOW OTPACHHU. ITO
KacaeTcsi U 000pyA0BaHUS, U ChIPhS, U3 KOTOPOT0 U3rOTaBIMBAIOT MPOAYKIIHUIO.

IHopsinok BbINOJTHEHUS PA0OTHI:

1. BHUMartenbHO U3yUYUTh KOHCTPYKIIUU aIllapaToB.

2. [ToaroToBUTH KpaTKOE OMMCAHKE IPUHIIUIA PAOOTHI H3y4aeMoro o00pyA0BaHUS.
3. OTBETUTH HA KOHTPOJIBHBIE BOITPOCHI.

Bonpocs! u 3aganus:
ba30BbIi1 YpOBEHb
1 OnummTe KOHCTPYKIMIO U 3JIEMEHTBI HACAJ0YHbIE KOJIOHHBI.
20numuTe BUABI HACAIAKU U HACAIOYHBIE DJIEMEHTHI.
3.0nuimuTe KOHCTPYKIMIO U 3JIEMEHTHI TapPeIbuaTO KOJOHHBI.
4.0numuTe yCTpPOUCTBO U TUIIBI TAPENIOK.
5.Ykaxure ycioBUs 0€30MacCHOM 3KCIUTyaTalluy KOJIOHHBIX alaparos.

Tema 4 Xumnuyeckue peakTopbl

JlaGopaTopHoe 3ansitue Ne 6. XuMniecKkue peakTopbl
Henb 3ansaTHA: PaccMOTpETh OCHOBHBIE ITOJIOKEHUS 10 TEME.
3HaHHMA U YMeHHUs, IpuodpeTaeMblie CTYACHTOM B pe3yJIbTaTe 0CBOCHHUS TEMbI
AKTyanbHOCTb. XUMUYECKasA UHAYCTPHUS SABISETCA BAKHEMIIEH YaCThIO XO35MCTBA
Poccun. IlosToMy MHOIMX  BOJIHYIOT IEPCHEKTHBBI  PAa3BUTHS  XMMHUYECKOHN
IIPOMBIIIJIEHHOCTH, KOTOPBIE BO MHOT'OM CBSI3aHBI C ITIEPEOCHAILIEHUEM IIPOU3BOJICTBA.
B nenom sta orpacib HaXOOUTCS CETOAHA HA JOCTOMHOM YpoBHE. Ho cymiecTByror



MOMEHTBI, TpeOyromue pepopmanuu. Hayunsle pa3paboTku W HOBeHIIMe



TCXHOJIOITMHX OTKPBIBAIOT MHOI'O BO3MOKHOCTEH JJIA XUMHYECKOM oTpaciiu. 910
KacacTCia nu O6Op}II[OBaHI/I$I, H CbIPpbsA, U3 KOTOPOTI'0 U3Ir0TABJIMBAIOT IIPOAYKIHUIO.

Teopernueckas yacThb

[IpoMBIIUIEHHBI XUMAYECKUN MPOLIECC — 3TO S3KOHOMUYECKH U IKOJIOTUYECKHU
1enaecooOpa3sHoe MPOU3BOJACTBO TPeOyeMOro MpPOAYyKTa U3 MCXOJHOTO ChIPbS.
XHUMHKO-TEXHOJIOTHUECKUI TIpoLecC BKIOYAET B ce0s psii MOCIeA0BaTENbHbBIX
cTtaauil: (dusmyeckue onepanuu, NOATOTABIMBAIOIIME HCXOJHbIE BEIIECTBA.
OCHOBHBIE CTaIuM XHMHKO-TEXHOJIOTMYECKOrO Ipolecca. XUMUYECKON peaKkIuu
(HampuMep, W3MeENbYCHUE, HAarpeBaHWe W T.I.); COOCTBEHHO XHWMHYECKOE
IpEeBpalllEHUe; Jajnee MPOAYKTbl PEAKUMUW U HENPOpPearupoBaBIIME PEATCHTHI
nepepadaThIBaIOT, TPUMEHSISL pa3JIMuHble CIOCOOBI pa3AeieHusl, OYUCTKHU U T.1I. (puC.
1). B OosbIIMHCTBE CiIyyaeB XUMHUYECKas CTaausl SIBJSETCS CaMOW Ba)KHOM YacThbIO
npouecca. [loaToMy «cepauem» mporuecca sBIIETCI XUMUYECKU peakTop. Bridbop
TAMA W KOHCTPYKUHUHM XUMHUYECKOTO pEaKTOpa, €ro pacyer, CO3JaHUE CUCTEMBbI
YIOPABJICHUS €r0 padOTON SBISIFOTCS BXKHBIMU 337]a4aMH XMMHYECKOW TEXHOJOTHH.
KoHncTpynpoBanue peaktopa He moajaeTcsi maliaoHy, U i1 MPOBEACHUS Mpollecca
MOXKHO TMPEJIOKATh MHOIO pPa3HbIX KOHCTPpYKIMW. B Tmonckax oOnTumaibHOU
KOHCTPYKL[MM HE 0053aTeIbHO OCTAaHaBIMBAThCS Ha Haubonee nemeBod. Peakrop
MOXXET HMEThb HH3KYI0 CTOMMOCTb, OJHAKO JIOMOJHHUTENbHAs MepepaboTka
MOJIy4aeMbIX B HEM MPOAYKTOB OYJET CTOUTh IOBOJIbHO noporo. [loaromy mpu
MPOEKTUPOBAHUM HY>KHO YUYWUTBIBATH 3KOHOMHUYHOCTH BCETrO IpOLECCa B LEIOM.
[IpumeHnsiemMble B TPOMBIIIUIEHHOCTH PEAKTOPBI IO CBOEMY YCTPOMCTBY MOTYT OBIThH
caMbIMU Pa3HOOOpPa3HBIMU: MPOCTOM pe3epByap WM €MKOCTh C MELIAIKOW, IoJias
WIM C HACAJIKOW KOJIOHHA, IOMEHHas Ne4b WJIM CIOKHBIM anmnapar ¢ KaTajlu3aTopoM,
aTOMHBI PEAKTOp W MHOTHe Jpyrue. Pa3HooOpa3ue XHMHYECKHX PEaKkTOpOB
3aTpyAHSIET MPOBEJAEHUE UX MOJHOW Kiaccupukanuu. B 3aBUCUMOCTH OT KpUTEpHUS,
MOJIO)KEHHOTO B OCHOBY KJIACCHU(UKALIMM, OJUH U TOT K€ PEAKTOP MOXKET OBITh
OTHECEH K pa3HbIM KkjaccaM. HawuOonee ynorpeOumbl clieayroume TpU3HAKH
KJ1accu(UKAIMU XUMUYECKUX PEAKTOPOB: TUAPOAMHAMUYECKAs 0OCTaHOBKA, YCIOBUS
TertooOMeHa, (ha30BBIi  COCTaB PEAaKIIMOHHOM CMeCH, CII0CO0 OpraHu3aluu
npolecca,  XapakTep ~ M3MEHEHHs  [apaMeTpoB  IIpoliecca BO  BPEMEHH,
KOHCTPYKTHBHBIE XapaKTepUCTUKH. PaccMoTpuM HamboJsiee BaKHbIE U3 HUX.
ITopsaoK BbINOJHEHUSI PA00THI:
1. BHUMaTenbHO N3y4YUTh KOHCTPYKIIUH aIllapaToB.
2. [loAroToBUTH KpaTKOE OMUCAaHUE MPUHIIMIIA PAOOTHI U3y4aeMOoro 000py10BaHHUS.
3. OTBETUTh Ha KOHTPOJIbHBIE BOIPOCHI.

Bomnpocsl u 3aganus:



ba30BbIi1 YpOBEHb

1. Kak kmaccuunmpyoT XuMHIECKUE PEAKTOPHI?

2. YKaxuTe MyTH IKOJOTUUECKOil 0€30IaCHOCTH PabOThl XMMUYECKUX PEAKTOPOB.

3. HazoBuTE OCHOBHBIE HAITPABIICHUS HAYYHO-TEXHUYECKOTO Mporpecca B
XMMHUYECKON TPOMBIIIIEHHOCTH.

4. Kak cBsI3aHO pelIeHUe 3KOJOTHYECKUX MPOOJIEM C YCTPOHUCTBOM U SKCILTyaTaluen
XUMHAUYECKUX PEAKTOPOB?

5. Ykaxurte nyTH UHTeHCU(PUKaUU paboThl pEAaKTOPHBIX YCTPOMCTB.

ITOBBILIEHHBIN YPOBEHD

1. Kakue npusHaku jgexar B OCHOBE KIAaCCU(PUKAILIMN XUMUYECKUX PEAKTOPOB?

2. JlaiiTe cOMOCTaBIEHUE PEAKTOPOB HEMPEPHIBHOTO U IEPUOANYECKOTO JEHCTBHUS.
3. Kakue ycTpoiicTBa HCHOMB3YIOT JUIsl OpPraHu3alii TeII000MeHa B XUMHUYECKUX
peakropax?

4. JlaiiTe kaccuuUKaIMIO PEAKTOPOB IO TEIJIOBOMY PEKUMY.

5. Oxapakrepu3yiTe NOHATUS MPOU3BOAUTEILHOCTH U UHTEHCUBHOCTH PabOThI
peakropa.

6. Ha3oBUTE CTPYKTYpHBIE 3JIEMEHTHI XUMUYECKHUX PEAKTOPOB.

7. Kakue npebsaBiIsioT TpeOOBaHMS K XUMUYECKUM peaKkTopam?

8. Ilepeuniciute OCHOBHBIE (PAKTOPHI, KOTOPBIE CIEAYET YUUTHIBAThH MPU BHIOOpE
PEAKTOPHOIO YCTPOUCTBA.

JlaGopaTopHoe 3ansiTie Ne 7. XuMH4YeCKHe peakTopbl (MIPOI0JIKEeHHE)
Hean 3ansaTus: PaccMoTpeTs OCHOBHBIE MOJIOKEHUS IO TEME.

AKTYyalIbHOCTh. XHWMHUYECKasi MHIYCTPUS SIBIACTCS BaKHEHILIEH 4YacThlO XO3sIHMCTBA
Poccun. IloaTomMy MHOrHX BOJIHYIOT TNEPCIEKTHUBBI PA3BUTHS XUMHUYECKOU
MIPOMBILJIEHHOCTH, KOTOPBIE BO MHOI'OM CBSI3aHbI C IEPEOCHAILIEHUEM ITPOU3BOACTBA.
B menom sta orpacns HaXOAUTCS CErOJHS Ha JTOCTOMHOM ypoBHE. Ho cymiecTByroT
MOMEHTBI, TpeOyromue pedopmanuu. Haydnple pa3paboTKu ©  HOBEHIIHE
TEXHOJIOTUM OTKPBIBAIOT MHOI'O BO3MOXKHOCTEM [UJII XUMHUYECKOW OTPACIHU. ITO
KacaeTcsi U 000pyJO0BaHUS, U ChIPhS, U3 KOTOPOTO U3rOTaBIUBAIOT MPOAYKIIHUIO.

Teopernyeckasi 4acTb
[To Tumy KOHCTPYKIIMM XUMUYECKHE PEAKTOPHI MOAPA3ACIAIOT HA €EMKOCTHBIE,
KOJIOHHBIE, TpyOuaTble. EMKOCTHBIE peakTOphl — ATO TOJIbIE amnmaparhl, YacTo
CHAOXXCHHBIC TEPEMENINBAIOIIUM yCTpoicTBOM (puc. 4a). [lepememuBanue razo-



KUJKOCTHBIX CHCTEM MOXET IIPOM3BOJMUTHCS 0apOOTUPOBAHHEM Ta3000pa3HOro
pearenTa. TenaooOMeH OCYIIECTBISETCS Yepe3 MOBEPXHOCTh XUMUUECKUX PEAKTOPOB
WIM TTyTeM YaCTUYHOTO WCIAPEHUS JKUIKOTO KOMITOHEHTA PEaKIMOHHON cMmecH. K
peakTopaM dTOr0 THIA OTHOCAT TaKXKe amnmapaTbl C HEMOABMKHBIM  WIH
MICEBJI00KUKEHHBIM CJI0€M (OJHUM WJIM HECKOJIBKMMH) KaTaiauzaTtopa (puc. 46). B
MHOTOCJIOMHBIX PEaKToOpax TEMIOOOMEH OCYIIECTBISIETCS CMEUICHHEM TOTOKOB
pEareHToB WM B TEIUIOOOMEHHBIX 3JIEMEHTax arapaTta. B eMKOCTHBIX peakTopax
IPOBOJAT HENPEPBIBHBIE, NEPUOJUYECKHE U MOJYNEPUOJAHYECKHE IPOLIECCHI.
Kononnrsie xumMmudeckre peakTopbl MOTYT OBITh ITyCTOTEIBIMH JTUOO 3aTI0JTHEHHBIMU
KaTaJIM3aTOPOM WM Hacaakou (puc. 5). st ynydmienus mexdazHoro maccooOMeHa
NPUMEHSIOT JTUCIEPTUPOBAHME C TIOMOINBIO pa3Ophi3ruBaTeneii, 06apOOTepoB,
MEXaHU4YeCKue BO3JACUCTBUSI (BUOpAIIUS TapeabyaToON HACaAKU, MyIbCallis TOTOKOB
¢da3) win Hacasku, obecreunBaroieil BLICOKOCKOPOCTHOE MJICHOYHOE JIBHKEeHHE (a3.
PeaxTopbl qaHHOTO THTA HUCMONB3YIOT B OCHOBHOM JJIsI MPOBEEHUS HEMPEPHIBHBIX
MIPOLIECCOB B JIBYX- WU Tpex(}a3HbIX cCUCTEMaX. TpyOUuaThie XUMUYECKHUE PEAKTOPHI
MPUMEHSIOT YacTO ISl KATATUTHIECKUX PEAKIINI C TeTII000MEHOM B PEaKIIMOHHOM
30HC 4Yepe3 CTEHKH TPYyOOK W Il OCYIISCTBICHUS BBICOKOTEMIIEPATYPHBIX
npoiieccoB razudukaiuu. [Ipu oTHOBpEMEHHOM CKOPOCTHOM JBHKEHUU HECKOJIBKUX
dba3 B Takux peakTopax JOCTUraeTcsi Haumboyiee WHTEHCHUBHBIN MexXda3zHbIN
MaccooOMeH. CrnenupuyeckuMu OCOOCHHOCTSAMM OTJIMYAIOTCS PEAKTOPBI s
AIIEKTPOXUMUYECKHUX, TNIA3MOXUMUYECKHUX U PAIMAIIMOHHO-XUMUYECKHUX MTPOLIECCOB.
IMopsaaok BeINOJTHEHUS] padOThI:

1. BHuMarenbHO U3y4UTh KOHCTPYKLIUH aIlllapaToB.

2. [ToaroToBUTH KpaTKOE OMUCAHKE IPUHIIUIA PAOOTHI H3y4aeMoro 000pyA0BaHuUS.

3. OTBETUTh Ha KOHTPOJIbHBIE BOMPOCHI.

Bomnpocs! u 3aganus:
ba3oBbIli ypOBEHB
1. B yem 3akirro4aeTcss IPUHLIMIT MATEMATUYECKOIO MOJAETUPOBAHNA XUMAYECKUX
peaKTopoB?
2. Kak BiusieT ruipoaAHaMA4YecKasi CTpPYKTypa IMOTOB HA XUMHUKO-TEXHOJIOTHYECKHE
IIPOLIECCHI B peakTopax?
3. [laliTe CpaBHUTENBHYIO OLIEHKY PEAKTOpPaM UIEaIbHOIO BHITECHEHUS U UIEATBHOTO
CMELIEHUS.
4. IlpuBenuTe XapaKTEepUCTUYECKUE YPABHEHUS IEPUOIUYECKOTO U MPOTOYHOTO
PEaKTOPOB HICAITBHOTO CMELIEHHSI.
5. OnumuTte rpaduuecKkuil METO] pacueTa Kackajia peakTOpoB UACaTbHOTO
CMELIEHUS.
6. Caenaiite BBIBOJ XapaKTEPUCTUUECKOIO YPABHEHUS PEAKTOPA UIEAJTbHOTO



CMELLIEHUS.
7. UTo MOHMMAIOT TOJ1 CPETHUM BpeMEeHeM NpeObIBaHUs YacTull B peaktope? OT uero
OHO 3aBUCHUT M KaK OoIpeaesnsercs?

8. OxapakTepusyiTe ssueeyHyro U AU(PPy3HOHHYIO0 MOJENIU CTPYKTYPhI TOTOKOB.
9. YKaxuTe NpUIMHbI OTKIIOHEHUH OT UACATBHBIX PEKUMOB B XUMUYECKUX
peakropax.

10. Ha yem ocHOBaH BbIOOp peakTopa AJig 00ecreueHnsi MaKCUMalbHOTO BBIX0/1a
LEJIEBOTO MPOYKTa?

[ToBBILIIEHHBIN YPOBEHB

1. B yeM 3aKi104arOTCs JOCTOMHCTBA U HEJIOCTATKU auabdaTHUECKUX PEaKTOPOB?
2. OxapakTepu3yiTe ainadaTHYeCKuid TEMIEPATyPHBIN PEXKUM.

3. [IpuBeauTe XapakTepUCTUUECKOE YPaBHEHUE a/11adaThl.

4. Hanumurte ypaBHEHHS TETIOBOTO OajlaHCca peakTopa UIeabHOTO CMEIICHUS B
Pa3IUYHBIX TEMIIEPATYPHBIX PEKUMAaX PabOTHI.

5. Kak onpeaensitoT onTUMaJIbHBIN TEMIIEPATYPHBIN peKUM peakTopa’?

6. OxapakTepu3yiTe BIMSHUE TEMIIEPATyPbl HA PABHOBECHBIN BBIXOJI IPOAYKTOB
00paTUMBIX SHAOTEPMUUYECKON U IK30TEPMUIECKOMN peaKIuii.

7. [IpuBeauTe ypaBHEHUS TEIUIOBOTO OalaHca aanadaTHiecKoro u
MOJINTEPMUAYECKOTO

PEAaKTOPOB UIECATBHOIO BHITECHEHUS.

8. OOBsSICHUTE MOHATHE YCTOMYUBOCTH pabOTHI pEAKTOPA.

Tema 5 CyminibHbIe YCTAHOBKH

JlaGoparTopHoe 3ansiTie Ne 8. CynminjibHbI€ YCTAHOBKH.
Hean 3ansTus: PaccMoTpeTh OCHOBHBIE MOJIOKEHUS 110 TEME.

AKTyanbHOCTh. XUMHUYECKasi UHAYCTPUS SBISIETCS Ba)KHEWILIEW YacThIO XO3SIICTBa
Poccun. IloaTomMy MHOrMX BOJIHYIOT NEPCIEKTHBBI PA3BUTHS XUMHUYECKOU
MIPOMBIIJIEHHOCTH, KOTOPBIE BO MHOI'OM CBSI3aHbI C IEPEOCHAILIEHUEM ITPOU3BOICTBA.
B nenom ata orpacinb HaXOOUTCA CEroHs Ha JTOCTOMHOM ypoBHEe. Ho cymecTByroT
MOMEHTBI, TpeOyromue pedopmanuu. Haydnple pa3paboTKu ©  HOBEHIIHE
TEXHOJIOTUM OTKPBIBAIOT MHOI'O BO3MOXKHOCTEM 11 XUMHUYECKOW OTPACIU. ITO
KacaeTcsi U 000pyJ0BaHUS, U ChIPhS, U3 KOTOPOT0 U3rOTaBIUBAIOT MIPOAYKIIHUIO.

Teopernyeckast 4acTb
Cykoil Ha3bIBaeTCsl TEPMUYECKHN MpOLECC YIAAJIEHUs BJIard W3 MaTepuala,
COTPOBOXKIAIOIIMICS UCTIAPEHUEM BIIard M U3MEHEHUEM ero (PU3UKO-MEXaHUYECKUX
cBoiictB. Cymka Hambojee AOPOTOCTOSIIHUA MPOIECC 00E3BOKMBAHUS BIIAKHBIX
MaTEpPHAIOB B CPABHCHHH C IMPOIECCAMU MPECCOBAHUS WA IIEHTPUPYTUPOBAHUS B



CBSI3M C 3aTpaTaMH dHEPIHHM Ha M3MEHeHHe (pa3oBoro coctosHus Biaru. OCHOBHBIM
HAa3HAYEHUEM CYIIKH BIAKHBIX MATEPHAJIOB SBIAETCS NPUIaHUE UM OIPEAEIEHHBIX
CTPYKTYPHO-MEXaHHUYECKUX M TEPMUUYECKUX CBOWCTB (HAampuMmep, KHUPIHYY,
JIpEBECUHE, M3OSLUMOHHBIM M JAPYTUM MaTepuajgamM) W YBEIUYCHHE TEIJIOThI
CrOpaHMs UCKOIAEMbIX U BTOPUYHBIX TOIUIMB (Hampumep, Topda, KOpEBHIX OTXOIOB,
ouosoruueckoro wia). CyIika NOpUMEHSETCS TakXe C IeJbI0 KOHCEpPBallUM M
XpaHEHUs MHUIIEBBIX MPOAYKTOB (HANpUMEpP, CyXxaped, MakapoH U JPyrux
poayKToB). IIporeccel CylmKy BKIIOYAIOT B CE0S TEINIOMAacCOOOMEH C OKpY Karomie
Cpedoil Mpu HCHapeHUW BJark, MEPEeHOC TEIIOTHI U MacChl BEIIECTBA BHYTPHU
Marepuana, ycajaouyHslie rmporecchl. Cyllka sIBISETCS HE TOJIBKO TEIIO()U3NYECKUM,
HO W TEXHOJOTUYECKUM TMPOILECCOM, MPU KOTOPOM TMPOUCXOJAT CJIOKHBIE
HEOOpaTuMbIe (PUBUKO-XUMUYECKHE, KOJUIOMTHO-QU3UYECKHE U OUOXUMUYECKHUE
u3MeHeHus: wmatepuaia. OCHOBHBIM TMPU3HAKOM KJIACCHU(PUKAIMU  CYIIMIIBHBIX
YCTAHOBOK SIBJISICTCSI CIOCOO IMOJIBOJIa TEIUIOTHI K ITOBEPXHOCTH BBICYIIMBAEMOI'O
Marepuaiia. KOHBEKTHBHBIE CYIIMUIBHBIE YCTAaHOBKM HMEIOT  HamOOJbIIee
pacrnpocTpaHEHHEe B CBSI3M C NPOCTOTOM HX KOHCTPYKIUH, JOCTYIHOCTBIO
CyIIWJIBHOTO  areHTa, [MHUPOKUMHU  PEryJMPOBOYHBIMU  CHOCOOHOCTAMH U
aCCOPTHUMEHTOM BBICYIITUBAEMBIX MATEPHUAIOB, BELICOKUM KOI(D(DUITUEHTOM MMOJIE3HOTO

nefcTBus. B 9THX ycTaHOBKax TEIUIOTAa MEPENa€TCs KOHBEKTUBHBIM CIOCOOOM 3a

CYET HEMOCPEICTBEHHOTO CONPHKOCHOBEHHS CYIIMJIBHOTO areHTa C MaTepHajioM.
KonTakTHble (KOHAYKTUBHbBIE) CYLIWJIbHBIE YCTAHOBKU MPUMEHSIOTCS, TJaBHBIM
o0pa3oMm, JUIst CyIIKH JIEHTOYHBIX BOJIOKHUCTBIX MaTepHasioB (TKaHHU, Oymara, KapToH,
LEJUII0JI03a), @ TAaK)Ke MacToOOpa3HbIX MaTepHANOB (ApoxokH). B Takux ycTaHoBKax
TeIUIoTa MEepedaeTcs 3a CYET  HEMOCPEACTBEHHOrO  KOHTAKTa  HAarpeTon
METaJUINYECKON MOBEPXHOCTHU C BIAXKHBIM MaTepUaioM 0e3 JONMOJHUTEIbHBIX 3aTpar
Ha T[epeAadyy DdSHEpPruM OT HUCTOYHMKAa K Martepuany. OHHM  ABISAIOTCS
BBICOKOIIPOM3BOJUTENbHBIMU  3()(PEKTUBHBIMU ~ yCTaHOBKaMH.  PaguanyioHHble
CYyIUMJIbHBIE YCTAaHOBKM OCHOBAaHbl Ha NPHUHLHUIE TMepeladyd TemIoThl OT
BBICOKOHArpeTO  MOBEPXHOCTH  BJIAKHOMY  MaTepualy C  TOMOIIBIO
ANIEKTPOMArHUTHBIX BOJMH. OHM TPUMEHSIOTCSA, TIABHBIM 00pa3zoM, ISl CYIIKH
TOHKUX TOKPBITUH, HAPUMEP, JTAKOKPACOUHBIX MOKPBITUN AeTalneil, MOKPOBHBIX H
KJIEEBBIX CJIOEB OyMaru u Jip. KoMOMHMPOBaHHbIE CYIIMIIBHBIC YCTAHOBKH BKIFOYAIOT
B ceds  pa3nmuyHble  cnocoObl  MOABOJA  TEIUIOTHI K MaTepualy:
painallMiOHHOKOHBEKTUBHBIE, KOHTAKTHO-KOHBEKTHUBHBIE U Jp. OHHU SBISIOTCS
HanboJiee MPOTPECCUBHBIMU B CBSI3U C BBICOKON MHTEHCHUBHOCTHIO UCIIAPEHUS BJIary,
NOJyYeHUEM  HEOOXOAMMBIX  KAayeCTBEHHBIX  IOKa3aTeleil  Marepuana M
MUHUMAJIBHBIMH 3aTpaTaMH TEIUIOBOM SHEpruu Ha cymky. CyIIMIbHBIE YCTaHOBKH
pasiauyaloTcs TakkKe MO0 BUAY MPUMEHIEMBIX TEIUIOHOCHUTENEH, KOTOPBIMH MOTYT
ObITb BO3AYX, pa30aBlIeHHbIE MPOAYKTHl CropaHus, map (Heperperviii wumm



HACBIIIEHHBIN), Teperperas BOJA, BBICOKOTEMIIEpAaTypHble TermaoHocuTenu. Ilo
JABJICHUIO, TI0Jl KOTOPHIM HAaXOJUTCA Marepual, CYUIWIbHbIE YCTAaHOBKHU
pazzaensitorcs Ha aTMocepHbIe, BaKyyYMHbIC, KaMephl MOJT U30BITOYHBIM JTaBJICHUEM.
[lo oTHOCHUTENHHOMY JBH)XEHHUIO CYIIMJIBHOIO areHTa W MaTepuajia CyUIUIbHBIE
YCTAHOBKH KJIACCU(DUIIUPYIOTCS HA MPSIMOTOYHBIE, TPOTUBOTOYHBIE, C TIEPEKPECTHHIM
TOKOM, COIUIOBBIM 00ayBoM. [lo mNpuHIUIY UUPKYJISIUU CYIIWJIBHOTO areHTa
UCIIONB3YIOTCS CYIIWJIbHBIE YCTAHOBKM C €CTECTBEHHOM W MNPUHYIAUTEIBHON
uupkyasinueil. Ilo KOHCTPYKTHMBHBIM MpU3HAKAM - KaMepHble, TYHHEJbHBIE,
JICHTOYHBIE, OapabaHHbIe, TPyOUaThie CYyIIUIbLHBIC YCTAHOBKH.

Ilopsinok BbINOJTHEHHUS PA0OTHI:

1. BHUMarTenbHO W3yUYUTh KOHCTPYKIIUH aIllapaToB.

2. [ToaroToBUTH KpaTKOE OMUCAHKE TIPUHIIUIA PAOOTHI H3y4aeMoro 000py0BaHUS.

3. OTBETUTH Ha KOHTPOJIbHBIE BOMPOCHI.

Bomnpocs! u 3aganus:
ba3oBblii ypOBEHB
. Uto Takoe npouecc Cymku?
. UTo sIBJISIETCS OCHOBHBIM MPU3HAKOM KJIAaCCU(PUKAIIUU CYIIHIIBHBIX YCTAHOBOK?
. Uto Takoe nucnapenue?
. Uto Takoe kumnenue?
. UTo Takoe napuuaibHOe JaBJICHUE Mapa B BO3IyXe?
. UTo Takoe HEHACHIIIIEHHBIN BIaXHBIA BO3AYX?
. UTo Takoe HACKIIICHHBIN BIAKHBIN BO3TYX?

o N e R I S

. B KakoM cOCTOSIHUM HaXOUTCS NIap B HEHACHIIICHHOM BJIAKHOM BO3/1yXe?

9. Uto Takoe NcUXpoMeTpruyecKasi pa3HOCTh?

10. Yto Takoe TemmnepaTypa TOUKHA POCHI?

11. Yro Takoe TeMiiepaTypa CMOYEHHOI'O TEpMOMETpa?

12. Korpa Temrieparypa no cyxomy TEPMOMETPY BBIIIE TEMIIEPATYPBI CMOYEHHOTO
TepMomeTpa’?

13. YTto Takoe TEpMOBIIAXKHOCTHOE OTHOUIEHUE, UITU YTIIOBOM KO3 (ULIUEHT
nporecca?

14. Kakoe 3HaueHKe MPUHUMAET YTI0BOM K03 DHUITUEHT B "TeopeTnyeckom"
MPOIIECCE CYIIKU?

15. Kakoe 3HaueHHE TPUHUMAET YTIIOBOM KO3 (GUIIMEHT TIpoiiecca Mpu HarpeBe
BO3/lyXa C HEM3MEHHBIM BJIArOCOJEPKAHUEM?

16. C kaxoii uenpto I-d - nuarpamma BIaKHOTO BO3/lyXa MOCTPOEHA B KOCOYT'OJIbHOM
CHUCTEME KOOpAUHAT?



17. Kak n3mensiercst arMochepHoOe JIaBJIeHHUE C MOBBIIIEHUEM BIaKHOCTH BO3yXa?
18 Kakoil BO31yX, BIaXKHbII WM HACBILIEHHBIN, UMEET OOJIBIIYI0 SHTAJIBIIHIO TIPH
OJIMHAKOBOW TemIieparype?

[1oBBIIIEHHBIN YPOBEHB

1. Ilpu cynike Kaknx MaTepruaioB IPUMEHSIETCS PELUPKYIALNS BO3ayXa?

2. YTo Takoe KpaTHOCTh PEUUPKYIISLHAN?

3. Bo3aMoxHa 11 petupKyJIsius 6€3 CMeIIeHHs TOTOKOB?

4. B ueM 3akiro4aeTcsi MPEeMMYIIECTBO CXEMbI ¢ KOMOMHUPOBAHHBIM HAIPEBOM
BO3/1yXa IO CPABHEHHIO CO CXEMOU C pa30MKHYTHIM LIUKIOM?

5. 3a cueT yero MpouCXoAUT HHTEHCU(DUKAIUS TETUIO0OMEHA B PELIUPKYJISIIMOHHOM
nporiecce?

JladopaTopHoe 3ansaTHE N2 9. CyminiibHbIE YCTAHOBKH (IMPOAOJIKEHHE).
Heanb 3ansaTHA: PacCMOTpPETh OCHOBHBIE MTOJI0KEHUS 10 TEME.

AKTyanpHOCTh. XHMMHUYECKasi WHIYCTPUs SIBIISETCA Ba)KHEHIIEH YacThIO XO3sCTBa
Poccun. IloaTOMy MHOrMX BOJHYIOT MEpPCIEKTUBBI Pa3BUTHS XHMHUYECKOU
IIPOMBIIIJIEHHOCTH, KOTOPBIE BO MHOTOM CBSI3aHBbI C IEPEOCHAIICHUEM ITPOU3BOACTBA.
B nesnoM sTa oTpaciib HaXOAUTCS CETOMHS HAa JOCTOMHOM ypoBHe. Ho cyliecTByroT
MOMEHTHI, TpeOyrone pedopmanuu. HayuHnble pa3paboTku U HOBeEHIIMe
TEXHOJIOTUH OTKPBIBAIOT MHOTO BO3MOXHOCTEW IJII XHUMHYECKOW OTpaciu. IOTO
KacaeTcsi 1 000pyI0BaHUsl, U ChIPbS, U3 KOTOPOI'O M3rOTABINBAIOT IPOYKIHIO.

Teopernveckast 4acTb

JIns  CyIIKM BBICOKOBJIIQXKHBIX HHU3KOKAJOPUHHBIX TOIIMB IPUMEHSIOT
MPOAYKTHl CTOPaHMsSl 3TUX TOIUIMB. TOMOYHBIMM Ta3aMU BBICYIIMBAIOT KEJIE3HYIO
pyay mociie o0oraiieHusi, KBapleBbld MECOK B JUTEHHOM MPOU3ZBOJACTBE, TIUHY U
JIpPYTUE BIIAXKHBIE MaTepuaibl. [[pIMOBBIE Ta3bl MOTYT MOJY4YaTbCi B CHELHHAAIBHO
MPEIHA3HAYCHHBIX ISl 3TUX LEJIEHd TOMOYHBIX YCTPOMCTBAX WJIM HUCIOJIb30BATHCA
YXOJSIIME TPOAYKTHI CTOPAaHUS SHEPTreTUYECKUX KOTEIbHBIX arperaroB. OCHOBHBIM
TpeOOBaHUEM, TMPEIBSIBISIEMbIM K JBIMOBBIM Ta3aM KaK CYIIHJIBHOMY areHry,
ABJIAETCS MOJIHOTA CTOPaHMsl TOIUIMBA, OTCYTCTBHE XMMHUYECKOTO U MEXAHUYECKOTO
HEJI0XKOTra, 3arpA3HSIONUIETO BhICYIIMBAEMbI Marepuai. It moCTpoeHus NpoLeccoB
M3MEHEHHUSI COCTOSIHUSI JIBIMOBBIX Ta30B Hcmojib3dyeTcs: [-d amarpamMma BIIaKHOTO
BO3/lyXa, TaK KakK MNPOAYKThl CrOpaHus OOBIYHO CHJIBLHO pPa30aBlIEHbl BO3IYXOM.
Teoperudeckuit pacxoj (MUHUMaJIbHOE KOJMYECTBO) BO3JyXa, HEOOXOIUMOTO IS
CXKUTaHWsl | KT TBEPAOrO WM KHAKOTO TOIUIUBA, OMPEACNSETCS B 3aBUCMMOCTH OT
AJIEMEHTApPHOT'O COCTaBa TOILIMBA
IHopsiioK BbINOJHEHUS PA0OTHI:



1. BHUMartenbHO U3y4YUTh KOHCTPYKIIUU aIlapaToB.
2. [loAroToBUTH KpaTKOE OMUCAaHUE MPUHIIMIIA PA0OTHI U3y4aeMOro 000pyIOBaHHUS.
3. OTBETUTH HA KOHTPOJBHBIE BOITPOCHI.

Bonpocs! u 3aganus:
ba30BbIi1 ypOBEHb
1. YUewm BbICHIAs TEIJIOTA CTOPAHUSI TOIUIUBA OTJIUYAETCS OT HU3IIEH TEII0ThI
cropanud? 2. 3aBUCHT JIM BbICIIAS TEIJIOTA CTOPAHUSA OT BIAKHOCTH CKUTAEMOTO
toriiBa? 3. BylyT i1 B COCTaBe JAIMOBBIX T'a30B BOASHBIC MMAPbl MPU COKUTAHUU
cyxoro ToriuBa? 4. B ueM OCHOBHOE OTJIMYME TOMOK CYIIMJIBHBIX YCTAHOBOK OT
TOIOK IMapOBbIX KOTJIOB? 5. Kakue ocHOBHBIC TpeOOBaHUS IPEABABIISIOTCS K
JBIMOBBIM Ta3aM Kak K CyHIIbHOMY areHty? 6. [Ipu kakoM 3Ha4eHUU CKOPOCTH
oOecreunBaeTCsl MAKCUMaJIbHAs OUYMCTKA JILIMOBBIX Ta30B B IuKIIoHe? 7. Kakue
BEHTWISITOPHI (OCEBBIE, IICHTPOOECIKHBIC UK paualbHbIC) HE OTHOCSTCS K
BEHTWJISITOPAaM BBICOKOTO JaBieHusA? 8. Kakoil OCHOBHOM KOHCTPYKTHUBHBIN ITapaMeTp
omnpeaensercs npu pacuere ukiona? 9. Kakas ontuMaibHasi CKOPOCTb ra3oB B
razoxoaax? 10. Uro Takoe Bbiciias TerwioTa cropanus Tormpa? 11. I'me 6ombine
Kod(ppuIMeHT N30bITKA BO3yXa: B TOMKAX KOTEJIbHBIX arperaToB WX B TOIKaX
CYIIMJIBHBIX YCTAHOBOK?
[ToBBILLIEHHBI YPOBEHB

1. I'me HuXe TEMIOBOE HANpPSHKEHUWE TOMOYHOrO O0bemMa: B TOINKaX KOTEIbHBIX
arperaToB WJIM B TOIKaX CYIIWJIbHBIX YCTaHOBOK? 2. Bxoaut nu a3oT B cocTaB
IPOIYKTOB cropanus TBepjioro tommmsa? 3. Kak BiauseT moBblieHne Ko3phuirenTa
n30bITKA BO3/IyXa B TOIMKE KOTEJIBHOIO arperara Ha MoTepu ¢ yXOIAIUMHU razamu? 4.
Uem oOyciioBiieHa TOJIHOTa cropaHusi TorumBa? 5. UTo Takoe BiarocojiepkaHue
TBIMOBBIX Ta30B? 6. Uto Takoe koddduuueHT u3dbiTka Bo3zmyxa? 7. Urto Takoe
TeMIlepaTypa TOUKH pocsl? 8. UTo Takoe Temmeparypa CMOYEHHOro TepmMomerpa? 9.
Korga temmepaTypa mo cyXxoMy TEPMOMETPY BBIIIE TEeMIEPATypbl CMOYEHHOTO
tepmomerpa? 10. UYrto Takoe TEPMOBIAXKHOCTHOE OTHOILICHHE, WA YTIOBOU
koa(durment mpouecca? 11. Kakoe 3HaueHrne npuHUMaeT yrioBoi KOAPHHUIIUEHT B
"TeopeTuyecKom" MpoIECCe CYMIKN?
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