9. 3akpennerue, KOHMPO/b U KOPPEKYUS 3HAHUU

nauu. B nocobum npegycMoTpeHa BO3MOXKHOCTb MMCbMEHHOMO aHann3a pelleHus 3ajad y
LOCKH, Ucnosb3ys pyHKuMIo «PucoBaHues.

Yckopetne
BbinonHure 3apaHus

-4

Ne 6. ABTOMOOWIb HAYMHAET NPSIMOSIMHENHOE
PaBHOYCKOPEHHOE ABUXEHWE N3 COCTOsIHMS Nokos. 3a 8 ¢
OH NpuoBpen ckopocTb 24 M/c. Yemy paBHO yCKOpeHue
aBToMo6UNsA?
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9.2. PyHKUMUA «CKPbITb»

[lns npoBepKkM 3HaHWI MOXXHO Mcnosib3oBaTb yHKUMIO «CKpbITb» Ag, KOTOpas pac-
NoMIOXeHa Ha OCHOBHOW MaHesI MHCTPYMEHTOB. [pu HaXkaTUW Ha KHOMKY €€ BUA, MeHseT-

ca — , d Ha TeMaTU4eCKOM 3KpaHe CKpbIBaeTCA YaCTb TEKCTa.
@smmeme oA 11X HOMEPOHIE
DuamMIeCKIe BENMMHI U NPUGOPE!
€W (CUCTEMA UHTEPHALIMOHAJTbHAS) — 3B3aHMAM eAVHWU |
MEXAYHAPOAHAS CUCTEMA EAUHWLL = reKTo 100, nm 10%
cexyaa(c) - eaunnia epemern = kuno | 1000, wut 108
iy i M- mera_| 1000000, nnw 10°
A-peuv 0,1 um 10

c-cantv | 0,01 mm 102

= | 0,001 w109
[ = MuKpo | 0,000 001 win 10F

Pynerka

Cexkyrnomep

T
P

Tepmometp Mensypka Nueiixa &

Ha Tematnueckom 3KpaHe NoABNATCA 3HAYKHU A=? U .

HaxkmuTe Ha 3Hak Bonmpoca
3HauKa p-? — MOSABUTCH >
naHeNb C BapuaHTaMW noj- [
CTaHOBKMW. Bbibepute Hyx-
HYIO 3aMWCb W NepeTaHuTe eé
Ha 3HaK




9. 3akpennerue, KOHMPO/b U KOPPEKYUS 3HAHUU

Mpu paboTe ¢ PyHKLUMUEN «CKPbITb» 3HAUOK A—2| MOXKET HE MOSABUTHCS, & BMECTO HEro
NOSIBUTCSA NycTas CTPOKa.

nux
dusmyeckme BENNYMHBI U MPUGOPLI

CWU (CUCTEMA UHTEPHALIMOHAJIbHAS) — | MpMCTaBKM K Ha3BaHWSIM €AMHULL
MBEXAYHAPOLAHASI CUCTEMA EAVHULL r — rekTo
cexyHaa(c) - K — Ko 1000, unu 10° Haxkmute Ha 6e}1y}0 CTPOKY.
meTp (M) — eauHuLa | M — mera

L-feuv
C — CaHTn 0,01 nam 10-2

MosiBATcs BapuaHTbl OTBETA.
B cnyyae MHo)ecTBeHHOro
BbIGOpa MPOCTO  HaXmuTe
Ha BbIOPaHHbIM  BapHUaHT.

Kunaorpamm (Kr) — eanHuLa,

Ecnv BbiBpaH HeBepHbIi Ba-
pHaHT, MOBTOPHO HaKMUTE
Ha CTPOYKY W BHOBb JauTe
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9.3. UHTepaKTUBHbIE 3ajaHuUA

—
. JNuneiinasa GyHkuusa (5)
| 'paduueckoe peLueHre IMHEHOro ypasHeHus (1)

Q%é@

@)
@
3
A=(;) OTBETZx= g
| 4 +2=225-025 | ®
©
y=[0%]x+[Om0] |y=[000]x+[00] @9 «

B kaxkoM nocobuu UMetoTcs TeMaTHUECKHE 3KpaHbl € 3aaaHnem no teme. OcHoBHble
KHOMKMW Ha 3KpaHe:

«lNomoLub» @ — noKasbIBaeT 3afiaHHe WU/K YCIIOBUe 3a[auu;

«OTBeT» () — NOKa3bIBaET NPaBU/IbHbIA BAPUAHT BbIMONHEHWS 3aaHNs UK 3a[a4K;

«C6poc» [E) — BO3BPALLAET K NEPBOHAYA/IbHBIM YCIOBUAM;

«CnyyaiHbii BbIGOP» — cnyyailHbiM 06pa3oM CO3AaET Ha IKpaHe 3afaHus.

Ha TemaTHueckux aKkpaHax ¢ 3afaHusaMM, TPeOYIOWMMKU BBOL YMCNa, NPESYCMOTPEH
BUPTYaJIbHbIN KabKynaTop. s Toro utobbl KasbKynsaTop NOSBUICA, HAXKMUTE Ha CTPOKY,
KyZa XOTHUTE BBECTH YHUCNO. [lepeMecTUTb KaibKynaTop B nobyto 061acTb aKpaHa MOXKHO C
MOMOLLbIO 3HaYKa @ PacnoJioXXeHHOro Ha KaslbKynsTope.

MHTepaKTHBHble BO3MOXXHOCTHW 3KPAHOB MO3BONSAT HArfsLHO U LOCTYMHO W3/I0XWTb
y4ebHbIi MaTepuan cornacHo BbibpaHHON NporpaMmme obyyeHus.
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10. KoHcmpykmop

10. KoHcTpyKTOp

KoHcmpykmop B HarnsgHoM nocobuu No3BOJMISET 3HAUUTENIbHO PaCLUMPUTL NpUMe-
HEHWEe B NefarorMyeckoi NpakTuke obydatowmx CpeacTs MyIbTUMEAHA B COOTBETCTBHM C
NOTPeBHOCTAMMU KaXKAOrO KOHKPETHOro npenogasatens, co3nasarb cOOCTBEHHbIE MyJib-
TUMEeAHaoObEKTbI M Pa3MeLLaTb UX B COAEPIKaHWUK NOCOBUS /18 pelleHUs COBPEMEHHbIX
obLenefarortyeckmx 3agau.

KoHcmpyxkmop pasMelléH B OTAeNbHOM pabodyeM OKHe, OTKPbITb KOTOPOE MOXHO C
nomoLubto KHonku KoHcmpykmop.

Pabota c KoHcTpykTOpOM nossonser:
®  KU3MeHSATb CTPYKTYPY TEMATUYECKUX IKPAHOB;
® eperMeHOBbIBaTb TEMATUUYECKHE IKPaHbI;
®  U3MEHSATb HEPAPXHIO OOBEKTOB;
® cospaBaTb HOBblE 3KpaHbl C Pa3/IMYHBIMU U3OOPAKEHUAMM, KAWUNAMU U TEKCTOBbLIMM

nonsiMu.

Pabouee okHO «KOHCTPYKTOP» COCTOMT U3 fiepeBa OrnaBieH s, MUHHUATIOP TeMaThye-
CKWX 3KPaHOB U MHCTPYMEHTOB YNpaB/IeHUS.

MaHenb nHcTpymeHToB Ne 1
/

—KOHC#PVKTOP T _ x|

Bm5 | :

u
1. QUHECKIE BENMAMHS U WX HaMEpEHUE E=
-E 1. OUdHeckie BenMHL U NPUGODL!
2. 3anob BenvuH © yETOM NOrpewHoCTM @
2. Crpogwe sewecTaa. Monexyns! L0 o
FE 7 g %
> —1
-[3. Bnodysun R=Fi+F R=F-F

1. [ lbysun 8 rasax, XWKOCTSX M TBEPALX Tenax
2. Kax fpovicxonnT auddyans

[ 4. Bsamuoe npursenue w oTraskueanme Monekya

Munuatiopa
Ei w2 Dpeso Ornasnexus P
Py i TeMaTHYecKoro
6.102::’ I:‘as:,::: KMAKOCTEi U TBEPALIX Ten 3 KpaH a

2. Cooiforsa xunxocTn

3. XuafocTs u Tsepace Teno

4. Kpuranusecke Teepasie Tena

5. ANqTpOnHbIE OpMb KpHCTaNOR

6. Kpudrannuseckuie v amopdisie Tena

7. Cxulaenocts u ynpyrocts

I e 3 teoa@
/

Manenb nHcTpymeHToB Ne 2

ZJepeBo Oz1a68neHuss — 370 3aroNOBKW TEMATUUECKUX MOLY/IEN U COOTBETCTBYIOLLUX
MM 3KpaHOB.

PepakTvpoBaHHe 3arosoBka akTMBHOrO TEMaTHYECKOro 3KpaHa OCYLL,ECTBSETCS CTaH-
JapTHO.

Muruamiopa memamuyecko20 3KpPaHa NOSBNSETCS Npu Bblbope TeMbl B Aepese
OrNaBNEHHSI.

[Tpumeqarue. Hymepauus TeMaTMieckux Mopdynen v 3aknagok B « OzzaBaeHuu» no-
cobUsi NOALEPIKUBAETCS AaBTOMATHUECKH.
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10. KoHcmpykmop

Hncmpymenmeor ynpaBaerus, B KoHcmpyxkmope nee naHenn UHCTPYMEHTOB.

lManens uHcmpymenmoB Ne 1 — pacnonoxeHa B BepxHel obnact pabouyero okHa
Hapg aepesom OrnaeneHus.

Fl coxpaHWTb — COXpaHsieT U3MEHEHWS, BHECEHHble B NOcobWe, B OTAE/bHOM
havine;

B 3arpy3uTb — 3arpyykaet MU3MeHEeHHs U3 paHee COXPaHEHHOTO haina;

9 cbpoc — BO3BpaLLAET NOCOOHE B NEpBOHAYAIbHOE (OPUrMHANIBHOE) COCTOSIHUE.

lMarnens uHcmpymeHmoB Ne 2 — pacnonoskeHa B HUXKHEN YacTW pabouero okHa nog,
MUHMWATIOPaMK TEMaTUUECKUX IKPAHOB.

Jta MaHenb UHCTPYMEHTOB SIB/SIETCS OCHOBHbBIM CPELCTBOM PEfAKTUPOBaHWs Mare-
puanos HarnsgHoro noco6us.

4 m) Knonku Ha ypoBers Bonwe v Ha ypoBers Hudice — UCNONb3YIOTCS 418 U3MEHe-
HUS YPOBHS IOBOro TeMaTUUeCcKoro akpaHa B gepese Ozs1a81eHus nocobus.

K npumepy, noboi TemaTHieCKUit aKpaH MOXET BbiTb BbIHECEH KaK OTAE/bHbIM TemMa-
THYeckui Moaynb. B aTom cnyuae cnepyet Haxkatb kHonky Ha ypoBexe Bbiwe, TemaTy-
UECKWH 3KpaH NepemMecTUTCs Hap TekyluM mMoayneMm. Ecnu Haxkatb kHonky Ha ypoBere
HUCe, NoOOoW TeMaTUUECKUI aKpaH nepelaeT B npenblayLiMii MOAYAb U 3aWMET nocnes-
Hee MeCTO B CMMCKE 3KPaHOB.

1t ¥ Kronku BBepx vi BHU3 — W3MEHSIIOT NOJIoXKeHHE IoBOro TeMaTHYecKoro Mogy s
unun akpaHa B gepese OrnasneHns nocobus. Cnefyer OTMETUTb, UTO TEMATUYECKHE IKpa-
Hbl MOZY/ISl NEPEMELLAIOTCS TONIbKO «BHYTPHUY» TEKYLLETO MOAYS.

Knonka Jo6aBumb 06beKm — NpUBOIUT K CO3AAHWIO HOBOTO TEMATHUECKOrO 3Kpa-
Ha, B 3TOM C/lyyae HOBbIM 3KpaH ByaeT umeHosatbcst «Hosas Tema». [lanee oH MoxeT BbITb
neperMeHOBaH U NOCTaB/IeH B Hy>KHOe MecTo aepesa Ozs1aB1eHus.

—5. Tema 5. ArperaTHble COCTOSIHMSA BELLLECTBA
1. Oco6EHHOCTU CTPOEHUA U DUSNYECKNX CBOCTB

. 2. Mpumepsl
1. OCOGEHHOGTY CTPOEHUS U HUBNHECKNX CBOVICTE
2. Mpufepsi 3. ArperaTHble COCTOsIHUSI BEWecTsa
3. aTHBIE COCTOSHIS BELLECTBa 4. VIameHeHue arperaTHoro COCTOSHUA BelecTsa
P
4 Q@BMeEHEHVE arperaTHoOro COCTOsHMSA BelecTsa ~5; Hosas Te'!'%’

W KHonka Ydaaume o6bekm — npuBoamT K yaaneHuio Bbiie/IeHHOro TeMaTHYeCKoro
akpaHa 13 gepesa OrnasneHus nocobus.

& Knonka PedaxkmupoBame — OTKPbIBAET OKHO A5 paboTbl C BblAENEHHbIM TEMATH-
UECKUM 3KPaHOM.

10.1. PepaktupoBaHue 3KpaHa

Pexxum PedaxkmupoBame vMeeT CBOIO NaHe b UHCTPYMEHTOB:

B Knonka Pexcum Ckpbime — NO3BONSET PEAAKTUPOBATb TEKYLUMH TEMaTHUECKHH
aKpaH ans pexkuma CKpbiTb.

BaxkHo! C nomoLLbto 3TOM KHOMKKW MOXHO CO3[aTh [1Ba 3KpaHa, CMEHSIOLLMX ApYr Apyra.
OuepépHoCTb NosIBIEHNS IKPAHOB (DOPMHUPYETCSA CIESYIOLLIMM 0Opa3om:
1. Haxatb Peocum Ckpbime — NoOsIBUTCS OKHO, B 3aroJioBKe KOTOporo HanucaHo CkpbI-

moiii pedxcum. Mpu 3TOM NONHOCTbIO AYHAUPYETCS OCHOBHOM TEMATUUECKHIH IKPaH.

(o)




10. KoHcmpykmop

2. Pepaktupyite Te 0ObeKTbI, KOTOPbIE B CKPbITOM pexxuMe By ayT NOABAATLCS HA dKpaHe
WK YAANATbCS C 3KpaHa.
KHonka Jo6aBumb 06bexm — no3BoNsSieT CO3A4aBaTb HOBbIM TEMATUYECKUI IKPaH.
lMpumeyarue. B TemaTuyeckuii akpaH MoXHO 006aBuUTb 06bekT Tpex Tunos: TEKCT,
TPADOUKA n BULEO.

T !
eKCT
Fpaduka
Bupeo

Q,

B tunonoruio TPADOUKA Bk/OUYeHbl CTaTUuHble M AMHaMWUYHble M30OpaKeHWUs B
dopmate JPG, GIF, PNG, a Takxe B BekTopHOoM popmate SWF. B cnyuae nobasnenus
SWF-06bekTa ero aHMMaLHOHHOE, 3ByKOBOE WJ/IM MHTEPAKTUBHOE HAMOJIHEHUS COXPaHsi-
totca. B kauectee BULEO moxxHO nobasnaTth chainbl B hopmare FLV.

W KHonka Ydaaume o6vekm — nossonseT ybparb 06beKT C TeMaTUHECKOro aKpaHa.

& KHorka 3akpsims pedakmupoBaHue — Bo3BpalLaeT nonb3oBatens Ha akpaH Kow-
CMpyKkmopa.

10.2. dopmupoBaHUE HOBOro TEMAaTUYECKOIro 3KpaHa

WUcnonbays llanens uncmpymerHmoB Ne 2, co3paiTe HOBYIO TEMY U HOXKMWUTE KHOMKY
PedaxkmupoBame. Ha 41CTbii IUCT TEMATUUECKOTO 3KpaHa MOXHO [06aBUTb pasfudHble
obbekTbl. 15 aToro Haxkmute Jo6aBums 06bekm v B criucke BbibepuTe TUN 0ObeKTa.

Texcm — B nosne OKHa NOABNAETCS TEKCTOBbIM KOHTEMHep (0OBEKT C paMKOM U Kpac-
HOM Touko#). Ero MoxHO nepemecTuTb B toboe MecTo TeMaTUuecKoro akpaHa. [epeme-
LeHWe OCYLLECTBASETCS C NOMOLLBIO KPAaCHOW TOUKW B BEPXHEM JIeBOM Yriy. MameHeHue
LUMPHHBI TEKCTOBOTO KOHTEHHEPa NMPOU3BOAWTCS C MOMOLLbIO CTPESIOK B NPABOM HHUXKHEM
yrny. Pasmep TeKCTOBOro KOHTEHHEPA M3MEHSIETCS B COOTBETCTBUM C Pa3MEPOM TEKCTOBO-
ro dgparmeHTta. Bbicota TeKCTOBOro anemMeHTa ycraHaB/MBaeTCs aBTOMATUUECKH MO yCTa-
HOBJ/IEHHOM LUMPHHE KOHTEMHHepa (CNoBa aBTOMATUUECKHU NEPEHOCATCS Ha APYrie CTPOKM).

eor |
e KT

®  OfHWM U3 TPEX NPESJIOXKEHHDIX LBETOB (UEPHDBIN, CUHWM, KPACHbIN);

TeKcT MOXKeT BBOAMTbCA:

®  OfHWM U3 LBYX NPELNOXKEHHbIX pa3mepos (22, 30);
®  OJHWUM U3 TPEX CTU/IEN (0BbIUHDIN, KYPCHB, SKUPHbIK).

lpagpuka, Budeo — B none okHa NosBAsieTCs AUanorosoe okHo Boibepute epaghu-
veckul gpain 018 BcmaBku. ITO OKHO ABMSETCS MPOBOAHMKOM, C MOMOLLBIO KOTOPOro
MO>XHO BbIBPaTb HY>KHbIM hain: pUCYHOK, aHUMaLMIO, BUAEO.

Ha nnakare MOXHO pa3mecTuTb pUCYHKHU U3 parnos B popmarte PNG, GIF, JPG vau
knun SWF. SWF-knun MoXeT cogepykatb aHMMaumto, ayaMuoMarepuan, MHTEPAKTUBHOCTb.
Bcé akTtuBHOE MepguacomepkMmoe Takoro Kauna coxpansietcs. Ons SWF-knuna, co-

E2




10. KoHcmpykmop

Llep>Kallero Ha OCHOBHOM JIMHEWKE BPeMEHW HECKOJIbKO KafpoB (aHUMaLMs WK 3BYK), a
Takxke ans eugeo (pann B popmate FLV) aBTOMaTHuecku co3paétcs naHesb ynpaeaeHus
npourpbiBaHueM, cogeprkaas kHonku [MYCK /TMTAY3A /CTOI.

Baokcro! B nmeHax hainoB, pa3mMellaeMbix Ha 3KpaHe, HYy>KHO UCMOJIb30BaThb NATUH-
ckue BYKBbI U LUdpbI.

Mocne Bbibopa haina oH aBTOMATUUECKH NOSIB/ISIETCS HA IKPAHE B KPACHOM paMKe, Npu
HEoBX0AUMOCTH OOBEKT MOXKHO NEPEMECTHTb UMK U3MEHUTb ero pa3mep. [NepemelueHue 1
M3MeHeHWe pa3MepoB KOHTEWHEPOB NPOUCXOLUT aHANIOFMYHO TEKCTOBbBIM KOHTEHHEPAM.

4| OTKpPbIThI YPOK BES
"
HALLI COCEON
[22[30] K]

lMpumeuarue. NMpu cozpannu pexxuma Ckpbime Ha OCHOBHOM [TaHeau uHcmpymeHmoB
CTaHOBWTCS aKTUBHOM KHomka Pedxcum Ckpoime.

Mocne 3aBepLueHUsi paboT MO CO3AAHWIO U PEAAKTUPOBAHHUIO COLEPIKATENIbHOIO Ha-
NOJIHEHUSI TEMATUYECKOTO IKpaHa clefyeTt HaxkaTb KHOnKy 3akpeims pedakmupoBarue.

B okHe KoHcTpyKTOpa nosiBaTcsi MUHWaTIOpbl CHOPMUPOBAHHbIX TEMATUYECKHUX IKpa-
HOB.

-ﬂ HATNI9AHAS BUOJIOTUA m
= XMBOTHBIE [C]
— KOHCTPYKTOP t e a8
Emo

4. Orepaain ypox

5. MpocTefiume, Wi oHOKTETOuHSE (2)
[ 1. Busentepuituan amésa

[ 2. Boanericraue napasuros

[ 3. Nnasmoaui - so3GyauTens Manspui
[ 4. Braranuuan Touromonana

[ 5. 3apaxenie xuweuon namGei

L— 6. Myxa ue-ue

6. MpocTediume, n oaHOKnETOuHSE (3)

[ 1. McTopun xnacoudmkam xussx opranuamos
I 2. Uapcreo Mpocrediuwmx

[ 3. Crpoenve asrnens:

[ 4. Crpoenve Pecwumiarsx

I 5. Taxcuc amé6 u undyaopui-Tydenex

L— 6. I'ne npovicxour nvwesapenue?

7. Knwesononocsie (1)

I 1. Knacc runpouaxsie - crpoenve ruapsi

= 2. Pasmronenve ruapw

I 3. Knacc cundonamsie. Knace xopannossie nonuns:
| 4. Crpoenve kuweswononocTHbX

I 5. Monosoe u Gecnonoe pasuoxerine

L— 6. Biaw Gecnonoro paswwoxena

L2 3 el ACN

8. Knwesononocisie (2)
1. 0c0GeHHOCTI rvape

36
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11. 3nu3006! ypokoB

WUcnonbays llanens uncmpymenmoB Ne 1, cnefyet coxpaHWTb BCe M3MEHEHUs B Mo-
cobuu:

1. Bocnonbayiitecb kKHonkoi CoxpaHums, NOSIBUTCS OKHO, FAe B CTPOKE WMs dhaina By-
LleT 3anucb «lesson.lsn», KOTOPOE MOXKHO U3MEHUTH MO CBOEMY YCMOTPEHHIO, HE MEHSIS
pacluupenus (Hanpumep, «OKUCIIEHHWE W BOCCTAHOB/IEHHE.ISN»), U HAXKaTb COXPaHHTb.
lpumeyarue: B nmeHn coxpaHsemoro aina MOXXHO HCMONb30BaTb KUPUAULY (pyc-

cKkue ByKBbl).

2. 3akpbiBaeM okHo Koncmpykmopa, nossnsetca OziaBaeHue nocobus. Ecnm tematu-
UECKHWI 3KpaH Bbln CHOPMHUPOBAH Kak OTAE/bHbIM MOLY/lb, TO OH ByeT HaXOAWTLCS B
TOM NOC/IeA0BATENbHOCTH, B KOTOPOK BObll yCTAHOBNEH NpW hopMupoBaHuu depeBa
OzsaBnerus. Ecnv TeMaTMueCcKuii 9KpaH SIBNSIETCS 3aKNaAKoH B MOy e, TO BbibepuTe
HOMEP MOLY/NIA U 3aKNafKH, rae OH Bbll cchopMUpOBaH.

Mpu NoBTOPHOM 3anycke Nocobusi HeoHXOAUMO:

1. BowTtu B pabouee okHo KoHcmpykmopa v HaxaTb 3azpy3sume.

2. Bbibpartb cepuio «HarnsgHoro nocobusi», B KOTOpoM Bbl CaeNaHbl U3MEHEHUS, U Bbl-
BpaTb M3 NOSBMBLLErOCS CMMCKA HYXKHbIN chaii.

3. Haxatb Omkpoeime.

Ecnn nonb3osartento HY>KHO UCMO/Ib30BaTbh CPOPMHUPOBAHHbIN (hai/l He Ha CBOEM pa-
6oueM KoMMbloTEPE, TO HEOOXOAWMO €ro CKOMMPOBATb HA CbEMHbIM HOCHUTENb U BbINO-
HUTb CieaytoLL e AeNCTBHS:

1. CkonupoBaTtb CO CbEMHOro HOCUTENS (Pai C CO3[aHHbIM TEMaTUYECKUM IKPaHOM Ha
KOMMbloTep.

2. Otkpbitb KoHcmpykmop nocobus.

3. 3arpysuTb CKONWPOBaHHbIN hak.

Brumarue! 3arpy3nTtb MOXHO TOJIbKO Te ¢haiibl, KOTOpbIe OblsM CO3AaHbI B aHANOMMY-
HOM MO Ha3BaHWIo nocobuu. Hanpumep, ecnim akpaHbl co3pasanuch B Nocobun «Duanka
7%, TO MX MOXKHO OTKPbITb TOJIbKO B MOCOBUSIX C TAKUM Ha3BaHWEM.

11. 3nu3oabl YPOKOB

11.1. YpoK maTeMaTUKM.
Mpadumk KBagpaTt4HOM GYHKLUH

Axmyanuzayus 3HaHUU
. Kakoe ypaeHeHuWe Ha3biBaeTcs KBagpaTHbIM?
. Kak onpegen1tb KopHU KBagpaTHOro ypaBHeHUs ?
Bcerga i kBagpaTtHoe ypaBHeEHWE UMEET KOPHU?
Kakas dyHKLMA ABNsSeTCs KBagpaTHUHOW?

AW =

Mpadhmk KBagpaTUUHOM OyHKLMK Npu k # 0 HasbiBaeTcs napaboow.
Paccmotpum doyHKumio iy = kX2
O6nacTblo onpefeneHust 3Tol PyHKLWKU ABNAIOTCA 3HAYEHUS X, €OAUHCTBEHHBIN HYJb

atou doyHKumu x=0.
| 37 I

DOyHKUWA ABNAETCSH YETHOM.




11. 3nu3006! ypokoB

Keapgpatuunas dyHkuus
paduk kKBappaTUiHON dyHKLMM (1)

1

2

y= 1-x

-9 - 0 9
et rr e

0)

~L]

\
\
\
\
\

TPADYIK ®YHKUMU y = Ia® (k#0) — TAPABOJIA
C BEPLUNHOW B HAYAJIE KOOPAWHAT;

OCb CUMMETPUN MAPABO/IbI - OCb 0y,

BETBW MAPABOJ1bl HAMPABJIEHb!

MPU k> 0—-BBEPX

MPU k< 0-BHU3

CsovicTsa:

1) D(f) = (~o; +)

2)y=0npux=0;y>0nmpu x#0

3) y = kx— HenpepbiBHas PyHKLYS (T. e. e€ rpaduK — CrIOLLUHAs JMHNS,
KOTOPYIO MOXHO Ha4epTUTb, He OTPbIBast KapaHaaila oT Oymars)

4) yuam =0 ; Yuav6 HE CYLUECTBYET

@

PR

5) @yHkums y = kn? Bo3pacraert nipu x >0 u yobiBaeT npu x <0

BbicTaBnsiem Ha akpaHe hyHKUMIO y = 1% C NOMOLLbIO 3HauKa .

Mpu k> 0 cbyHKuMA yBbiBaeT Ha x < 0 1 Bo3pacTaeT Ha x > 0.

x = 0 sBNseTCs MUHUMYMOM (PYHKLUH.

O6n1acTb 3HaUEHHWI (PYHKLMK B 3TOM Crlydae ABnseTcs npoMexxyTok [0, +w).
Mpu k < 0 cbyHKUMA Bo3pacTaeT Ha x < 0 1 ybbigaeT Ha x> 0.

x = 0 sBNseTcs MaKCUMyMOM DYHKLMU.

O6nacTb 3HaueHUI yHKLIMK B 3TOM Cliyyae ABASETCA NPOMeXyToK (—oo, 0].

@KBHA]}ETM‘!HEE DyHKUUA
paduk kBagpaTNIHOM GyHKLUMKM (1)

1

y= -1-x

0}

\
\
\ /
\
\

)
[

I

2

0 1 9
L I A O R A AR B |

4 TPADUIK ®YHKUMN y = I (k # 0) — TAPABOJIA
C BEPUINHOM B HAYAJIE KOOPAUHAT,

\ | OCb CUMMETPUU INTAPABOJIbI — OCb 0y;
BETBW NMAPABOJ1bl HAMPABJIEHb!

/
/
/ IPY k> 0-BBEPX
/ I I NP k< 0-BHU3
i

CsovicTsa:
1) D(f) = (~o; +e0)
12)y=0npux=0;y<0npu x#0

4) Yuaus =0 ; Yuaum HE CYLLECTBYET
5) @yHkums y = kx* BospacTaet npu x <0 u y6biBaeT npu x >0

3) y = kx>~ HenpepbiBHast PyHKUMSI (T. €. €€ rpaduk — CrOLIHAS INHYS,
KOTOPYIO MOXHO Ha4YepTUTb, HE OTPbIBAs KapaHaalLa oT Oymary)

@
@
®

®J

e« # 0l E E

BHauane HaxkmuTe ans ouKcaumun pyHKUMK iy = 122 KHOMKy @

BbicTansiem Ha akpaHe yHKumIo y = — 122

Ipadpmk dpyHKUMK F(X) = ax® + bx+ ¢ nerko nocTpouTb U3 rpadouka yHKUMHK £(x) = k?

2
b D
reoMeTpUYECKUMU NPeobpasoBaHUSMH, UCMONb3Ya hOpMyy Y :a(x+—] ~ 1
a

2

2a
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Lins 3TOro Hy>KHO pacTsHyTb rpacuk B @ pa3 ot ocu Ox, Npu HEOBXOAUMOCTH OTPA3HB

€ro OTHOCUTEJIbHO OCH a6u,ucc.

D
CmecTuTb nony4yuBLUMAUCA rpad)m( Ha 7 BJIEBO U Ha T BHHU3 (ech KaKoe-Mbo U3 aTUX
a a

4yucen MeHblle Hynd, TO COOTBETCTBYOLLEee CMEeLLEHHUE HY>KHO NPOU3BOOUTb B NPOTUBO-

MOJSIO>KHYIO CTOPOHY).
Hanpumep, f(x) =22+ 8x+ 4.
OTKpbiBaeM BTOPOW TEMATUUYECKHH 3KPaH MOLY/Is U YCTaHAB/IMBAEM

pPaMeTpbl 4N14 nocnenoBaTtesibHOro U3s1I0XKeHHUsa Mmatepuana:

HeO6X0ﬂ,MMbIe na-

KeapgpatuuHnas dpyHkums

5|

paduk kBagpaTnUHHON GyHKLUMN (2)
KBALIPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, «
TAE a, b, ¢ — TPOV3BOJIbHBIE YUGTIA, MPUYEM a # 0 o
b\?, dac—b*
FPADVIK DYHKLMN y:ax2+hx+c:a(x+z)+ =0 _MAPABONIA @
KOOPIMHATHI _
BEPLUMHH( 2%; 4112;“) OCb MAPABObI * =75,
MAPABOJTbI
| [ a:-lol\\I-FI\\I?IO\IISI\\IH(
\
-10 -5 0 5] 10
\\ ,’ b=t T v
\ [ ‘
_ -10 5 0 5 10 =
Vi C= 1Ll ritrll ‘ [ A A |
1. 0 el
% Aa
y=2-x2+ 0 x+(0)
E = @ o
~~,
2 7)
]
y=2~(x+ 0)— 0 @@3'
J)
nepsas nosuvuma a=2, b=0,c=0
KeapgpatuuHas dyHkuus
paduk kBagpaTUHHON GyHKLMK (2)
KBALPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, “
TAE a, b, ¢ — TPOV3BOIbHBIE YUCTIA, MPUYEM a # 0 o
FPADVK OYHKLMN y=a?+br+c=a (x + 2%) + 4“2; B APABOMA @
KOOPZMHATHI ) _ b
BEPLLIVHbI (,2%; 4112;“) OCb MAPABOBI * =75,
MAPABOJTbI
| [ a:-lol\\I-FI\\I?IO\IISI\\IH(
\
| -10 -5 0 5 10
“ \\,',’ b=||u|||u|||u|||\©||
A} ‘
\ ="l 5 0 5 1 =
\ N | [ ‘ [
& Aa
|| = 2+ +
R y 2 X 8 -x ( 0 )
o - @ -
VA, S 2 @ @
y=2-|x+ 3

BTOpas nosvuus a=2, b=28,c=0

E2
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KeappatuuHas dpyHkums
paduk kBagpaTNHHON GyHKLUMN (2)

=5

KBALIPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c, “
[LIE a, b, c— TPOU3BOLHBIE YAGTA, TPUMEM a # 0 o
b\?, dac—b*
FPAGVIK OYHKLMN y:ax2+hx+c:a(x+z)+ =7 _MAPABONIA @
KOOPAVHATEI b
Bé‘,MMHbl (,A; 4116472) OCb MAPABOJTbl ¥ ==75-
NAPABOMEI + 24 44
ll | " [ az-lol\\l-lsl\\l?l \||5|\\|1(|)
L 6
-10 -5 (4] 5 10
\\ ,’ b=||u|||u|||u|||\©||
\ [ ‘
N 0= [T - - =
N1/ [Ne]
/A e @ A.Ja
y = 2 -x%+ 8 -x+ 4 —_
; y 9
= —
= =3 o
y=2 -(x + 2 ) - 4 @ 2
J)

TpeTba nosvums a=2, b=28, c=4

Mocne obbsAcHeHUs ydyalwmmca npennaraetca 3afgaHue: NoCTpoUuTb rpad)MKM KBagpa-

TUYHOM PYHKLMMK.
Hanpumep, f(x) = —2x*+8x+ 2, f(x) =12+ 4x+ 3.
Mocne BbINONHEHHOM PaBOTbl NPOBEPKY MOXKHO MPOU3BECTH C UCMO/Ib3OBAHUEM TEMa-

Thueckoro akpaHa Ne 2.

f(x)=
a=-2
b=38
c=2

Keagpatuunas dyHkuma

paduk kBappaTNHHON QYHKLMN (2)

=5

KBALIPATUYHAS (PYHKLVS — 3TO GYHKUMSA BUIA y=ax + bx +c,
TAE a, b, ¢ — TPOU3BOJIbHBIE YACA, MTPUYEM a # 0

_ _ b2, dac—b*
TPAGUK GYHKUMN y=a+bx+c=a (x + 2) + 32— NAPABOIA
KOOPLMHATEI o _ b
BEPLLIVHbI (,2%; 4ﬂi‘;b) OCb MAPABOMBI * =~ 75,
TMAPAEO/TbI

Q

o

K

i
[ |l| y= -2-x2+ 8 -x+ 2
J

|

_ -0 -5 0 5 10
= ||u|||\®|||u|||u||

\ -10 -5 0 5 10
\\ b: IIHIIIHIIIHIII\@II
_-]o -5 ? 5 1
- Lrrrrrrintd I@\IIIHI

3

«
L4
@

OfS)

o 4 8 [l & [E L

—2x*+8x+2

g

40
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Keappatuunas dpyHkums
paduk kBagpaTNHHON GyHKLMN (2)

KBALPATUYHAS GYHKLVS — 3TO GYHKLUMSA BUIA y=ax? + bx +c,
TAE a, b, ¢ — TPOU3BOJIbHBIE YACA, MPUYEM a # 0

2 ~_ )2
FPADVK OYHKLMN y=a?+bx+c=a (x + 2%) + 4“211 B APABOMA
KOOPAMHATHI o _ b
BEPLLIVHbI (,%;‘mimb) OCb MAPABOJTbl ¥ ==75-
MAPABOJTbI
\F [ . -5 0 5 19
- Ll [
\ N ®
-10 -5 0 5 10
\\\ /’ b=||u|||u|||u®||u||
\ \/ / _ 10 5 0 5 10
a 1, C= il [N
2 ®

=

y= 1-x2+ 4 -x+ 3
=
2
2 )= 1
@

y= 1 ~(x+

(OIS
o t3MEE

«
L4

flx)=122+4x+3

a=1
b=4
c=3

Pa6oma ¢ mecmamu [NJ (¢ 1 no 6).

MoxHo pacneuvataTb (&) Kak pa3faTouHbli MaTepuan, a 3aTeM NPOBEPHTb Y JOCKH

(&)): camo- nnu B3aumonposepka.

Keappatuunas dpyHkuus
BbinosiHuTe 3agaHns

-

y =x2+ 3. YKaxuTe 3TOT PUCYHOK.

AL /

EEnaEE Ims

Ne5. Ha ogHOM 13 prCYHKOB M3006paxeéH rpaduk GyHKLMN

=2E

LU 6 )

- 4 $ [l ¥ [E L

€

o~
=
=

!g@wwa%

J

[TocmaroBka fomawrHezo 3a0aHus.

)
-




11. 3nu3006! ypokoB

11.2. YpOK XUMHUM.
CBoicTBa 6€/IKOB U UX NPUMEHeHUe (geHaTypauus)

Mepen Hauanom paboTbl BCMOMUHAEM W OBCYXKXOAEM MOHATHS, TEPMHUHbI, 3aKOHOMEP-
HOCTH, CBSi3aHHbIe CO CBOMCTBaMU W CTpOeHHeM besika.

MNepen yueHWKamu cTaBsTCA BONPOCHI:

MO>KHO /K HapyLWKTb cocTosiHWE Benka?

Kakoe siBneHue HasbiBaeTcs AeHatypauuen?

Jlenamypayus — npouecc paspylieHus CTpyKTypbl 6enka. MpuunHamu siBnstoTcs
COJIM TS>KENbIX METAJI/IOB, HarpeBaHue, U3JslydeHWe, MexaHM4YeCcKoe BO3[eUCTBHE.

Kakue nnst atoro Heo6xoanmbl 060pyLoBaH1e U peakTHebl?

DopmynupyeTcs Lesib paboTbl, COCTABAAETCA NNaH JeMCTBUM (3anuch B TeTpaasx).

Mpuctynaiot K HabAOAEHHUAM U UCCNELOBAHWIO B3aMMOLENCTBUS Benka ¢ pacTBOPOM
HWTpaTa CBWHLA, CNMPTa U NPU TENJIOBOM BO3LENCTBUM.

Ceov HabiofieH1sl yUeHUKH 3arnucbiBaloT B TETPadb.

&

MOMOLLb operka

Vccnepyiite BansHue
pasHbIX PpaKTOPOB Ha Genok.

hacTBop
aTa CBUHLIA

Ha 3KpaHe 3KCNePUMEHT NO UCC1ef0BaHUIO BJIMAHUA Pa3/IUYHDIX (*)aKTOpOB Ha 6enokK.

Mepsbiit 3Tan. Tennosoe Bo3aeicTBUe Ha HeNOK.

topona

pacraop
arpara comia

8

cpr

ropenia

» @z

Mpu HarpesaHuK NPOBHUPKK C PacTBOPOM AWUHOro Benka B Hel nosensioTcs Gesble
xnonbs. KuHetnueckas aHeprus, coobuiaemas 6enky, Bbi3biBaeT BUOpaLuIO ero aToMoB,
BCNECTBHE yero cnabble BOJOPOAHbIE M MOHHbIE CBS3W pa3pblBaloTca, U 6eoK cBepTbi-
BaeTcs (Koarynupyet). Ha cKopocTb M MHTEHCMBHOCTb Npouecca TEnI0BOH AeHaTypaLmH
oKasblialoT 6o/blioe BausHWe pH pacTBopa M NPUCYTCTBUE 3NEKTPOIUTOB.

Yualpeca usyyaiot KpaTKyio yuebHyo HHGOPMaLHMIO O MPOUCXOASALMX U3MEHEHUSX B
CTPyKType 6esika Ha MONeKyNSAPHOM YPOBHeE.

()
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Bropoii atan. BnusHue pactsopa Tsxenoro metanna Ha 6enox.

Ha npumepe pacTBopa HUTpaTa cBMHLA

ropona

pacrsop.
irpara coa

8

anpr

pacraop pacraop
wTpara comna iTpara conna

&

cnpr

» @)

B aTOM cniyuae peHatypaums 6eska Bbi3blBaeTcs aacopOumer MOHOB TSXKeNbIX MeTan-
NIOB Ha NOBEPXHOCTH BENKOBbIX MONIEKY C 0OPa30BaHUEM HEPACTBOPUMbBIX KOMMJ/IEKCOB.

MonoXKUTENbHO 3apsiXKEHHbIE MOHBI TAXKENbIX METanoB (KaTMOoHbl) 0BpasytoT npou-
Hble CBSAI3U C OTPULATE/IBHO 3apS>KEHHbIMW MOHAMHK W YaCTO BbI3bIBAIOT Pa3pblBbl MOHHbIX
ceazei. OHW TaKXKE CHUXKAIOT J/IEKTPHUUECKYIO NONSAPU3aLMIo Benka, yMeHbLuas ero pac-
TBOPUMOCTb. Yualrecs U3ydatoT KpaTKyto yuebHyio MHopMaLmio 06 NPOUCXOAALLUX U3-
MEHEHHWAX B CTPYKType Benika Ha MONeKy/IIpHOM YPOBHeE.

TpeTtuit atan. BnusiHue opraHuueckoro pacteopurens Ha 6enok.

Ha npumepe cnupTa

ropona

pacrsop.
irpara coa

8

anpr

ropona

pacraop pacraon
wirpara comesa wirpara comesa

cmpr cmpr

» @) » = »@e

OpraHuyeck1e pacTBOPUTENH paspyLLatoT ruapaTHyto 060n0uky 6eska, 4To NpUBOAUT
K MOHUXKEHHIO €ro YCTOMYMBOCTH W BbINageHHio 6e/ka B ocafok.

LnnTenbHbIl KOHTaKT Benka co CNMPTOM NPUBOAMUT K HEOBPaTUMON AeHaTypauuu.

Yualueca usyyatoT KpaTKyto yuebHyto MHopMaLmMio 06 NPOMCXOAALMX U3MEHEHUAX
B CTPYKType Benika Ha MONEKYISPHOM YPOBHE.

MNepen nogsefeHUeM UTOrOB UCCNIEQOBAHUS MOXKHO PAacCMOTPETb NOJIOXKHUTESbHbIE U
oTpULaTENIbHbIE CTOPOHDI SIBJIEHUS AeHaTypauuu B BUAe AoKNafos. [loknaapl yueHukamu
roToBATCs 3apaHee (2—3 yyeHuKa U3 Kfiacca).

Bo3MoXkHble TeMmbl:

1. Wcnonb3osaHue feHaTypauuu B MeauLMHe (CBOWCTBO BE/IKOB CBA3bIBATb UOHDI TSXKe-
NibIX METasI/IoB UCMO/b3YeTCs B MEAULMHE NPU OKa3aHWW NepBOW NOMOLLU NOCTPAAAB-
UMM OT OTPABJ/IEHWSI CONISIMU MELH, CBUHLA, PTYTH).

2. TlpUUMHbBI CTAPEHHSA U TMBENU XKUBbIX OPraHU3MOB.

O6uwire BbIBOADI MO MCCNEROBAHUIO (OTBETbI HA BOMPOCHI):

1. Yto sBMNOCH NpUUMHOMN aeHaTypauun?

2. Yrto npousoLusio B pe3ynbTaTe geHatypauun?

3. O6patuma 1 gaHHaa geHatypauus?

43
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11.3. YpoK PU3UKU. IKcnepumMeHTalbHana 3aja4ya

Llesnv ypoka: onpepenvTb yaenbHyO TENNOEMKOCTb BELLECTBA, M3 KOTOPOro chefaH
UHMAWHAP.

Mpexxae yem NPUCTYNUTb K BbiNOJHEHUIO paboTbl, cneayeT obCyauTb C ydalUMUca
OCHOBHOE MOHATHE — «yfAesibHas TennoémkocTby. CornacHo onpeneneHuto pazobparbcs
B H606XODMMOM 060py,D,OBaHMVI Y OLUEHWUTb BO3MO>XHbl€ NOrpeLlHOCTHU B NOJTy4YEHHbIX pe-
3y/ibTartax. 3aTem NPUCTyNaTh K PELUEHHIO U aHaNn3y HabIloAaeMbIX SBAEHWH.

OrtkpbiBaeM TeMmaTuueckuit akpaH «OTMPEAENEHUE YIEJIbHOW TEMJIOEMKOCTU
BELLLECTBA».

BO TEMJI0Thl. Y, &l b M TENJIOTA CropaHust
Onpegenexue yaenbHON TenIoEMKOCTU BELLEeCTBa
: (

® ® "

62,4r 46T

= ~ k-
D@
TeMnepaTypa 50 .19 o 10 20 30 40 50 60 70 8o 9o [ Ml
Tena Aa
D
|

TemMnepaTypa 3o 40 50 60 70 80 90
BOA,,LD..‘m‘....‘u.‘....uu.‘....\ =
«

o6bem 15 20 25 30 35‘
LASLL L L L | 2

BO,ELI:IIVIIICD

. Ha tematuuyeckom akpaHe BbIOUPaEM LUIUHAD.

YcTaHaBnMBaeM HauanbHytO TemMnepartypy As LUAUHAPA U BOLb.

YcTaHaBnMBaeM 06bEM BOLbI B MEH3YPKE.

YcTaHoBHB Kypcop Ha BbIOPaHHbIM LMAMHAP, NEPEMELLAEM ero B MEH3YPKY W Habto-
[aeM 3a NpoLieccoMm.

AN

KonuuecTeo TENNOThI. Ynenbnasl TEennoéMKOCTb M TENoTa cropaHus
OnpegeneHne yaensHoM TeMNoEMKOCTU BELLECTBa

[
| 2
L
13
g
© @ 6 @ "Er
v
62,41 46T O
o
2@ =
TEMNePaTyPa 50 .10 0 10 20 30 40 50 60 70 80 90
RCRENN S s s i uat i s s w9
TeMnepaTypa 3o 40 50 60 70 80 90|
:§ BOA! T T T T I T T T T T (| e
= 8
= 06bem 15 20 25 30 35‘ ‘;
U S Yo7 7 LI L L L L 2
Ll ]

5. TonyuyeHHble faHHble 3aNUcCbiBaeM B TeTpaib.

44




11. 3nu3006! ypokoB

SAOAYA

B kanopumetp Hanunu Boabl Temneparypor 30 °C 8 o6béme 20 mn. B Bogy onyctunm
unnnHap maccon 127,5 r, temneparypa kotoporo 20 °C, npu 3Tom TemMneparypa Bogpl CTa-
na 26,5 °C (yaenbHow Tenno€MKOCTbIO BHYTPEHHErO CTakaHa KafopumeTtpa npeHebpeub).

[aHo: AHanus 3agauu:
LUununpp LUunvHop oTHaéT HekoTopoe KOJIMYECTBO TensoTbl
m,=127,5r=127,5-10"kr |sope:
= ;0 OCO Q=c,-m - (t,—t,).
£, =26,5°C Boga nonyyaet oT uMAMHAPA HEKOTOPOE KOJIMYECTBO
?/O'D'azo 20 106 TEnoThl:
= M = . M

2 . Q=c,-m-(t,—t).
toz = 30 C 2 2 2 2 02
t,=26,5°C

¢, = 4200 L/ (kr - °C)

Haitn: ¢, — ?

I'Ipouecc nepenayn HEKOTOPOro KoJsindecCcTBa TeN/1I0Tbl OAHOIO Tesla APYyromMy Ha3blBa-
eTcsa TennoobmeHomM. B pe3ynbTaTe Takoro npouecca noany4yaem

Q=0,;

Comy - (G = 8) = ¢, my- (t, = ).

Tak Kak faH 06béM Bofbl, a HaM HeOBXOAMMa Macca, TO He0BXOAMMO BOCNOb30BaTb-
ca hopmyion

m, =V, py
rae naoTtHocTb Bogbl p = 1000 kr/m?,
Torga
cpomy - (b, —t)=¢, Vyop, - (8, — 1),
Pewenue:

. _4200-20:1000-(30-26,5) .,
' 127,5-10°(26,5-20)

MpoBepka eAnUHHUL, U3MEpPEHUS:

c :{ Dok -m® -kr-°C } Iox

kr-°C-M° -kr-°C

kr-°C

Ortset: ¢, = 354,7 [k /(kr - °C) — natyHb.
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11.4. YpoK GU3UKMHU. naﬁgpaTopHan pa6ota
«ABMEPEHME YAEJIbHOU TENNOTbI NJIABJIEHUA JIbAA».
Pa6ouui nuct

paboTbl.
O byabTte ocTOpPOXHbI NPU paboTe C KUAATKOM W HarpeTbiM TENIOM.
O He pasnuBaite Bogy — BO3MO>KHbI O>KOTH.
O byabTte ocTopoXHbI NpK paboTe CO CTeKNSHHON nocynow (TepMOMeTp, CTakaH, MeH-
3ypkKa).
O PryTb, copepKawascs B TepMmomMeTpe, 408u1Tal
O CHumamTe gaHHble, He BbIHUMasi TEPMOMETP U3 KULKOCTH!
O Ha ctone He fOMKHO ObITb HUKAKUX MOCTOPOHHWUX NPeaMETOB.
KonuuecTBo TeNnoThl. Ynenbuan TEMJIOEMKOCTb M TEMJIOTA cropadusi
=% Onpepenerne yaenbHol TENI0EMKOCTH BELLECTBA
€«
. 2 o
= e @
e I
ol Q
& |
50 Mmacca
® @ ® @ v
62,4r 461
40
: o
30 @@
- TeMMEPaTyPa 50 .10 0 10 20 30 40 50 60 70 80 90
E Tena TR TE T T T T T T T g TR TR T T T TIT) Aa
B 20 @ Ad
i
E ) Temnepatypa 30 40 50 60 70 80 90
E Boﬂb@\\II\\\\II\\\II\\\III\\III\\I L3
1 @«
l = obbem 15 20 25 30 35‘ 5
— Bogpl M T T T T AT T T 1T T 1T 1 111 11 2
‘l O
Xog paborbi:
1. Onpepenute ueHy feneHus TepMoMeTpa.
2. Onpepenwute LeHY fefleHUS MEH3YPKHU.

dama

Lless: onpenenvtb yaenbHyto TENIOTY NiaBNeHus Nbaa.
O6opydoBaHue:

(yvawuecs onucsiBarom no 3KPAHY)

lMpaBuna mexHuku 6e3onacHocmu. BuumatenbHo npounTaiite npasuna.
OTmeTbTe Te npasuia, KOTopble HEOBXOAUMO coblofaTb NP BbINONHEHWUH LaHHOM

ua =
46

(=)
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3. Habniopaiite npouecc Ha akpaHe (Ha MHTEPaKTUBHOM AOCKE).

KonuuyecTtBo Tennotsl. YaenbHasi TENMOEMKOCTb U TEMJIOTA CropaHust @

OnpepnenexHve yaenbHOM TEMNNOEMKOCTUY BELLLECTBA
«
. - L4
= e @
28 v
S 1
@ @ @ @ Macca
62,4r 46T
=6
TEMNEePATYPA 5 .40 0 10 20 30 40 50 60 70 80 90‘
Tena Bl T Aa
TEMNEPaTyPa 30 40 50 60 70 80 90
BO.D'M,,I;\\‘\\\l\\\\l\\\\l\\\\l\\\\l\\\\l‘ )
«
0o6beM 15 21 2! 30 35 -
BO,EI.bIl\\\\/W;\‘\\\\lwwwwlwwwwl 2
4. 3anonuute Tabnuubl.
Ta6auya 1
m, Kr C, D/ (kr-°C) o °C L8 °C
CTakaH BHYTPEHHHWH
W3BECTHa M3BECTHA
Ta6auya 2
m,, xr C, Ox/(kr-°C) t, °C t,, °C
Bopa
Tabauua 3
} m, Kr t, °C A, ok /Kkr
Nen

5. OnuwuTe npouecchl, NPOUCXOASLLME C BOAOW, CTAKAHOM U /1bAOM. 3anuLunTe pacyeT-

Hble pOpPMY/ibl ANt ITUX NPOLECCOB.

1)

2)

3)

4)

6. Kakoe siBneHuve bl Habnopaete?

A
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7. To paHHbIM NepBoOM Tabu1Lpbl paccunTanTe Q.

8. To paHHbIM BTOpOM Tab MLl paccunTanTe 02.

9. WM3o0 nbpa B npouecce nnaenenus obpasosanack Boaa. MNonbayscb gaHHbIMK Tabnuy 2
¥ 3, paccuuTanTe KoNMyecTso TennoTbl @, NoNyyeHHOe 3TOM BOAOH.

10. Ans Habnoaaemoro npotecca MOXHO 3anucats: Q, + Q, = Q+Q,rne Q=m -
Monyuaem chopMyny ans pacuyéta yaesbHOM TennoTbl NAaBAEHWUs Nibaa (YUeHWKH 3a-
MUCbIBAIOT CAMOCTOSATESIbHO).

11. Paccuntaiite yaenbHylo TenaoTy NiaefieHus fbja (yY4eHWKW BbIMOJHAIOT CaMOCTOS-
TEJNIbHO).

12. MonyyeHHbIH pesynbTaT 3anuwuTe B Tabauuy 3. CpaBHWUTE NONyYeHHOE 3HaUYeHHe C Ta-
61MLeN yaebHOM TENIOTbI N1aBNEHNUS BELLECTB.

13. Cpenaiite BbIBOL, U yKaXKMTe BO3MOXHYIO MPUUYMHY HECOBMAaLEHWUs PaCYETHbIX WU Ta-
BNIMUHDBIX 3HAYEHWI YAENbHOM TENNOTbI NIABIEHUS NibLa.

)
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11.5. Ypok 6uonornu. OnopHo-aBurartesibHas cucTtema 4ejioBeKa.
CTpoeHue Kocten

Llesu ypoka: NO3HaKOMMTb YUaLLIMXCS C COCTABOM U (PYHKLMSIMH ONIOPHO-ABUraTe/IbHOM
CUCTEMbI, CTPOEHUEM Y CBOMCTBAMM KOCTEMN.

XO[ YPOKA

O6vscHeHue HoBo2o mamepuaa.

Bonpocbl Kk yyawumcs:

— Yro Ham nomoraeT gsuratbcs?

— W3 yero »ke COCTOUT ONOPHO-ABUraTesIbHbIN annapar?

PaccmoTpuM dbyHKLMHK, KOTOPbIE BbINOHAET CKEET.

1. Onopa Tena W ckeneta — NPOSBASETCA B TOM, UTO KOCTH CKesleTa U Mblllbl 06-
pasyloT NPOYHbIM KapKac, NOALEP>KUBAIOLLMIM BHYTPEHHWE OpraHbl U He Al UM CMe-
Lwarbcs.

2. [iuratesibHas — OCYLLECTBASIET NEPEMELLEHHE TENA B NPOCTPAHCTBE.

3. 3awmTHas — 3awuLLaeTt opraHbl OT TPABM.

4. O6MeH BelecTB — B KOCTAX HAaXOOMUTCS KPaCHbIM KOCTHbIA MO3r, y4acTBYIOLLWI B
npoLeccax KPOBETBOPEHHS.

PaccmoTpum cTpoeHue KocTu.

=
g CTpoeHue, TNbI KOCTeN U ux coepuHenme (2) (_[o]x]
Makpockonuyeckoe CTpoeHMe KOGTU ﬂ
TUMbI KOCTEN - «
- Ld
, ronoeka Tpy6uatoi
KOCTH
lyG4aToe BewecTeo
@
MnotHoe BelwecTso @
HankocTHuua @
@
Cpentsis YacTb @ Aa
TpyGuaTOi KOCTM @
LY
OKEnTbIii KOCTHBIN MO3T @ -
2
=
g CTpoeHue, TNbl KOCTeN U ux coepuHenme (2) (_[o]x]
Mwukpockonmieckoe GTPoeHUe KOGTU ﬂ
TUMbI KOCTEN - «
o
HapkocTHuua \ @
O\ ly6uatoe
7 | £ BELECTBO
7 | KocTn
MnotHoe
BEWeCTBO ©
KOCTN V@
KocTHble @
° et |(3)
@
® =
KpoBeHoctbie " @
cocyap! =
W HepBbl @ «
2
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Yyaluecs 3aprcoBbIBalOT KOCTb M NOLMUCHIBAIOT €€ OCHOBHbIE YacTH.

3a CUET KaK1X BeLLecTB AOCTUraeTcsl MPOYHOCTb KOCTU? 3a CUET HEOpraHUYEeCKHX Be-
LLECTB — COJIEN KasbLus U dpocopa. PaccMoTprM BHyTpeHHee cTpoeHHe KocTH. Mocmo-
TpYM pparmeHT ubma.

Cr , TUMbI KOCTE# 1 UX coeuHeHue (2) (=) x] )
|CTpoeHue KocTeln J -]

=
Y

SIDIGISIOIOIS)
E]

=2 ¢ 3

Kakoe BHYTpeHHee cTpoeHHe UMetoT KOCTM? KoCTH NOKpPbITbl NIOTHOW COeAUHUTE b~
HOW TKaHblO — HaAKOCTHULEN. Y KaXKAOH KOCTH BbIGENSIOT KOMNaKTHoe (M1oTHoe) 1 ry6-
uaTtoe BeLLEeCTBO.

MoryT nu koctu pactu? B kakom HanpasneHnn? Koctu MOryT pactu B AJIMHY W TOJILLU-
Hy. B LnMHY OHM pacTyT 3a CUET AeNieHUs KNETOK XPSLLa, PACNOJIOXKEHHbIX Ha €€ KOHLaX.
3a cuéT feneHus KNeToK BHYTPEHHEro €105 HAAKOCTHULbI KOCTU PAcTyT B TOJILLMHY U 3a-
pacTaroT npu nepesiomMax.

Kak coeguHsiotcsa mexkay coboi kocTu B ckenete? MocMoTpuM dparMeHT dunbma.

g CTpoeHue, TUnbl KOCTel U UX coeguHeHue (2) igggh
Tunbl coOefUHEHUS KOCTEN [ ]
TUMbI KOCTEN - «
L4
@
CycTasHas]|
\ rosoBKa
e
HenopewxHoe
(MO3BOHKM KpecTLa, @
KOCTV Yepena) CycraBHas @
cymka
B
o Moasorkm o— Nz !
Ca_l) X @
Xpswesas o @ Aa
npocnoiika ¢ = o
.Y Cycrasras Xuposas
mé) KMUAKOCTb TKaHb @ Q
@ e
MopBrxHOE — CycTaBbl 1
MonynoggwxHoe (No3BOHKM) (1OKTEBOMA, KOJIEHHbIN 1 Ap.) 21

(50 )
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—
g CTpoeHue, TUNbI KOCTEli 1 MX COeaMHeHMe (2)
CoefvHeHue KocTen

B

SICICISICISIS)

g R A

MoskHo BblAE/IUTb TPU THUMa COeOUHEHUA KOCTeM: HenoABU>XXHOe, NonynogBHU>KHOE
noaBuU>XHOeE. nOCﬂe,D,HMIjI TMN CoegUuHEHUA Ha6mop,aeTc;| B CyCTaBax. J1o obecneunBaeT

NOABUXHOCTb KOHEeYHOCTEMN.

PaCCMOTpMM CTpOeHHWE CYyCTaBOB U ABUXKEHUE B CyCTaBax.

—
TPOEHIe, TUNbI KOCTeI! 1 UX CoeAmMHeHue (2)
CoefvHeHus cycTaBoB — 3D-monenu

2

@@@@@@@
B

g R A

@

—
CTpoeHue, TUNbI KOCTEli 1 MX COeaMHeHMe (2)
Buabl cCoeVHEHWI CYCTaBOB — Caia-Luoy.
[l

SICICICICISIS)
B

00000 @»

g R A
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Cycrae 06pa3syetcst KOHLAMK KOCTEH, 3aK/IIOYEHHbIMU B CYCTaBHYIO CyMKy. [lBrxkeHue
B CyCTaBax OCYLLECTB/ISIETCS MbILULAMH.
3apaHus Ha 3aKpensieHWe Mateprana MOXKHO NPeASIOXKUTb B TECTOBOMW hopMme.

g CTpoeHme, TUMbl KOCTEl 1 NX CoeauHeHue (2) HES
BbinonHute 3agaHus.
Al 4
Ne 1. KocTb 06pasoBaHa TkaHbio @ o
_ HepBHOW @ @
J snuTennansHom @
J COEVHUTESNILHO @
) MBbILLEYHO @
I
® |
o
«
992"
hd
g CTpoeHme, TUMbl KOCTEl 1 NX CoeauHeHue (2) HES
BbinonHute 3agaHus. -]
Al
Ne 2. T110CKOI KOCTbIO SIBNSIETCS @ o
@
» 6GenpeHnHasa r@
2 nonatka @
2 MO3BOHOK @
J nokrtesast
©) -
® |
o
«
992"
hd
—
g CTpoeHue, TUMbl KOCTEl 1 Mx coeauHerme (2)
BbinonHute 3agaHus.
. Al
Ne 3. MyBuaTOI KOCTbIO IBNSETCSA @ o
O nokrtesast @ @
-
D MO3BOHOK ©)
 Manas 6epuoBsast @
J KOCTU cBOJA Yepena @
I
®
o
«
992"
hd

(52 )
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CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2) BER
I BbinonHuTe 3agaHus. ™ ]
N Al
Ne 4. HemnomBmXHOe COeAMHEHWE KOCTe JocTuraeTes @ o
obpasoBaHuem @

0 WwBOB @

0 XPSLLEBbIX MPOKIAA0K @

_ COEMHEHVS KOCTE C MOMOLLBIO XPSALLEN @
J CycTaBoB @ I
ok
o
«
5"

v

CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2)
Bbimonxute 3apgaHus.

PN
Ne 5. MoaBMXHOE COEAMHEHNE KOCTeN 4OCTUraeTcs @ o
obpasoBaHuem @
J CyCTaBOB @
0 XpALLEBbIX NPOKNALOK @
o . 7
_ COEOVHEHWsI KOCTEN C MOMOLLbIO XPSLLEN @
J weoB @ -‘
ok
o
«
58"
v

CTpoeHue, TUMbl KOCTEN U UX coeguHeHue (2)
‘ Bbimonxute 3apgaHus.

Ne 6. Ckenet obecnednBaeT Teny 5 o
_ BCe HasBaHHble YHKUUN @ &
o onopy @

coxpaHeHnune pop @
J XPaHEHN Mbl
©,
0 3almTy BHYTPEHHMX OPraHoB r@ ;
@ N
@ Q
«
599"
V|

g
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11.6. Ypok 6uonorun. CKener 4yesioBeKa

Llesu ypoKa: U3yunTb CTPOEHHE CKeNeTa YenoBeka.

XOA YPOKA

ObvscHeHue HoBo2zo mamepuaa.

Bonpocbl k yyawumces:

— BcnomHuTe M3 Kypca 300/10rMM OCHOBHbIE OTAE/bl CKesleTa MieKonuTatoLwux. Mo-
npoObyiTe Ha3BaTb OCHOBHbIE aHAIOTMYHbIE OTAESbI CKE/IETA YEIOBEKA.

CkesneT 4enoBeKa [e/IMTCS Ha TP OCHOBHbIE YaCTH: CKE/ET rofIoBbl, CKE/IET TY/IOBULLA,
ckeneT KoHeyHocTew. [locMoTpuTe Ha aKpaH.

9| CTpoenue, Tunel KocTel U ux coepuHenue (1) HQQQ
CKeseT YenoBeka 6
o S @ “w
KoCTH | KoCTH o7
Bucounan
oo @

xooTs
seprieseniocTHan
xocTs
ay6ui

@) coynosan
- xocTs
WENHBLIA

oTAEN @ HUXHEeniocTHas
M03BOHOYHIKA KoCTb,
samenounan
o @ @ Yoo
nnevesan 2 ® nonanca
oors @
pétpa 7
rpyanva (0 MOSICHUYHBIN @
o
Koot NOBBOHOMHVKA @
npeanncubn T
KoeTH KuCTH
[PYAHOW OTAEN " @
no3soHOHIkA & ECTHOBA ]
NOBBOHOMHMUKA @ Aa
Tasosue (7
KOMYMKOBBIN
) &
Genperran MO3BOHOUHMKA
e =
apkonenmas X
wwanan Gapuoas 2
KOGTU FoneHm KOCTM CTONL! @ 2)@]]
CTpoeHue, TUMbl KOCTe U ux coeguHenve (1) IQQQP
Ckenet [}
“«
v
a7

L

DISISICICIS
\EA

onm @)

]
—

Ckenet ronoebl — yepen.
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PaCCMOTpMM OCHOBHbIe OTAeNbl Yepena: MO3roBow U ﬂMLJ,eBOle. 3anuvem B TeTpagb,
KaKUWMU KOCTAMU 06pa3OBaH MO3roBoM 1 ﬂMLl,eBOl:i OTAeIbl Yepena.

J

9| Ctpoenue, Tunb! kocTel u ux coegutenve (1) BE
CTpoeHue Yepena

o
=
=

2

DIGICIOICES)
S 30 [E

S
—

@)

Yepen BbINOMHSAET: 3aLMUTHYIO (PYHKLMIO — 3aLLMLLAET OT BHELLHWX NMOBPEXAEHWH ro-
JIOBHOW MO3T W OpraHbl YyBCTB, ONMOPHYIO — K HEMY KPENSATCS MbILULbl IULA.

OcHoBHble OTAENbI CKe/eTa Ty/IOBULLA — 3TO rpyAHas KJeTka U No3BOHOYHHUK. Mocmo-
TPUTE BULEOPOJIMK U OTBETbTE Ha BOMPOC: Kakasi 0COBEHHOCTb B CTPOEHWH MO3BOHOUHUKA
CMsIr4aeT TOIUKM NpU Xofbbe, Here, npbikkax? PaccMOTpUM, U3 KaKUX OTLEIOB COCTOMT
NO3BOHOYHMK.

J

CTpoeHue, TUNbI KOCTEV U UX coeguHenue (1) aE
CTpoeHme MO3BOHOYHUKA

o
=
=

2

(B

DISISIGICES
S & 3l

S
—

@)

PaccMoTpumM, KakuMK OTAenamu npeacTasieHa rpyaHas KaeTtka. 1o rpyauHa, pebpa
(12 nap), pebepHbie xpswu. [pyaHas KneTKa BbINOAHAET PYHKLUWK: 3aLUUTHYIO — 3alliu-

&2




11. 3nu3006! ypokoB

WaeT cepaue, Ierkue, KpyrHble coCyAbl U Apyrve opraHbl OT NOBPEXAEHUH, ONOPHYIO -
CNY>KUT MECTOM NMPHUKPENIEHUS IbIXaTe/IbHbIX MbILLL,.

g CTpoeHue, Turbl KOCTeN U ux coegutenue (1) !gggp
CTpOeHMe FPYOHOM KNeTKu

=

SIOISIOIOYS
> ¢ 30l

58
S

En OO

3akpenneHue 3HaHUK NPOBOAWTCS B NPOLIECCE BbINOJIHEHUSI MHTEPAKTUBHOIO 3aiaHus
«Cobepu ckenet BepxHEH KOHEUHOCTHY.

g CTpoeHue, TUNbl KOcTel u ux coeguHexue (1) lgggP
Cob6epu Mofesb BEPXHE KOHEYHOCTU YesI0BEKA:

=

‘%

DIDISIOIOYS
> ¢ 3l

58
S

=AOLOL

MpoBepKa yCBOEHUS yUaLLMMUCSH OCHOBHbIX 3HAHWH NPOU3BOAMTCS NPH NOMOLLM WHTE-
paKTUBHOM Tabnuubl.
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Cr , TUNbI KOCTel U ux coeauHenue (1)
Ckener 4yenoseka

(_lofx]

4«
4

[DIGISIOIOIS)
£ 3 fil X &

OC

2@]

Tak ke MOXXHO npennoXX1Tb ydyalwMMcs BbIMOSIHUTb TECTOBbIE 3a4aHUA U OTBETUTb Ha

BOMPOCHbI.

Cr , TUNbI KOCTel U ux coeauHenue (1)
BbinonHure sagaHus.

Ne 8. 0 4MCy NO3BOHKOB CaMbIM KPYMHBIM SBSETCS OTAEN

 MNOSICHNYHbIN
KPEeCTLOBbI

rpyaoHou

LIeHbIV

o8

4«
4

NGEONOICICICICIOIOIGL

Cr , TUNbI KOCTel U ux coeauHenue (1)
BbinonHure sagaHus.

Ne 11. OTBETbTE Ha BOMPOCHI:

(1) Kakve Tunbl kocTel pasnuyatoT no dopme
n GyHKUMaM?

(2) Kakoe cTpoeHue umeeT TpybuaTasi KoCTb?

(3) Kakue KoCTU OTHOCHT K ryGyaTbiM, a kakue —
K MI0CKUM?

(4) Kakve cyLLecTBYIOT TUMbI COEOVHEHNS KOCTER
1 KaKoBbI MX pasnuyms?

NS ISECIOICICIOIOIOION

(57 )




12. lpunoxerue

12. MpunoxkeHue

PPN R LN~

12.1. NMepeyeHb UHTEPAKTUBHbIX MOCOGUIA MO XUMUMN
cepun «HarnapHas wKona»

Xumus. 8—9 knaccol

Xumusa. 10—11 knaccobl

Opranunyeckas xumus. Benku u HyknemHoBble KUCOTbI
Mertannbi

Hemetannbi

PacTBopbl. dnekTponuTryeckas guccoumauus
Xumunyeckoe npoussonctso. Metannyprus

CrpoetHue BeliecTBa. XMMUUECKHE PEaKLUH
MHCTPYKTHBHbIE Tabiuupl

. Hayana xumun. OCHOBbI XMMUYECKMUX 3HAHWH

12.2. CopepxaHue pucka «<XuMmu4yecKoe npou3BoACTBO.
MeTtannyprus»
YcnoBHbIe 0603Ha4YeHUs

Jlono/IHNUTE IbHbIE MaTepuasbl K IKpaHy
1 — MHTepakTUBHasi MoOfesb

— Tabnuupl

@ — yBeNuyeHWe parMeHTa, AoNONHUTENbHAA MHAOPMaLKS
WHTEepaKTUBHbIE 0OBLEKTLI Ha IKPaHe

&) — uHTEepaKTHUBHOCTb

@&, — anumaums

Iy — 3D-mogens

Ta6/mLbl KO BCEM TeMaTUYECKUM dKpaHam

Mepuonunueckas cucteMa XMMUUYECKUX aiemMeHToB MeHpeneesa
Tabnvua pacTBOPUMOCTH BELLLECTB B BOAE

1 Cnocobbl cxkuranus Tonsuea (1)
1.1 JHeprus nckonaemoro Tonamea (G,
1.2 Yrone (3,
1.3 O6pasosarue yras (5,
1.4 MecTopoykaeH1s KaMeHHOro yrns fijjo
1.5 Nckonaemble Buabl Tonmea 03,
1.6 Heprus, 3anaceHHas B Uckonaemom Tonamee (G,
1.7 MpoucxoxaeHue ckonaemoro Tonmea (G,
2 Cnocobbi cykuraHusi Tonnumea (2)
2.1 CrkuraHue >kugKoro 1 razoobpasHoro Tonnmea. [asoreneparop G,

=




12. lpunoxerue

asy
2.2 Hedts (3
2.3 O6pasosatue HedpTv 1 npupoaHoro rasa (G,
2.4 MecToposaeHust HedbTn B Mupe (3,
2.5 MecToposaeHust npupoaHoro rasa {5,
2.6 O6pasoBaHue HedTH U NPUPOAHOrO rasa @0
o |-
2.7 MpupoaHbii ras (G,
-~

2.8 Coxuranue yrnesogoponos (3,
2.9 lopetue yrnesogopogos (G,

3 MpouseoacTeo cepHoit kncnotbl. O6xHUr konuegaHa
3.1 Mpou3BOACTBO CepHO K1cnoTbl. OGxur konuepana G,
3.2 Dlo6biua cepbi ()

&=

3.3 Cepa B opraH1sme uenoseka 3,
3.4 Mpou3BOACTBO CEPHOM KMCOThI U3 cepbl T3,
3.5 Dusnueckue n XMMUIeckue CeoicTaa cepbl (G,
3.6 Mpumererue cepbi ()
3.7 BrusiHue anokcuaa cepbl Ha pacteHus (G,
3.8 BrnsiHue auokcuaa cepbl Ha npouecc kopposun (G,

4 Mpoussoacteo cepHoit kucnotbl. ObpasosaH1e oneyma
4.1 Mpouseoacteo cepHoit kucnoTtbl. ObpasosaHue oneyma @0
4.2 KucnoTHble coiicTBa CepHOM KMCNOThI (3,
4.3 MonyyeHue cepHOM KUCNOTbI U3 AUOKCUAA CEpbI @0
4.4 KoHueHTprpoBaHHas cepHas kucnota (G,
4.5 Munc Ty
4.6 Enkue cBOMCTBA KOHLEHTPUPOBAHHOM CEPHOM KUCNOTbI @0
4.7 MpumeHeHue cepHoi kucnoTol T,

5 MpoussoacTeo aMmuaka (1)
5.1 MpoussoacTeo ammuaka ‘[iiio

o &=
5.2 A30T — uHepTHbIN ras (3,
5.3 DaKTOopbl, BAMSIOLLME HA XOf PEAKLMM CUHTE3a aMMMaKa (5,
5.4 BAusiHMe n3MeHeHUst JaBNeHms Ha CUHTe3 aMMuaKa (5,
5.5 BAnsiHMe M3MeHeHWs TeMnepaTypbl Ha CUHTE3 aMMu1aka (G,
5.6 CuHTe3 aMM1aKa B NPOMbILL/IeHHbIX MactuTabax T3,
-~

5.7 PacTBopumocTb aMmmaka B Boae (3,

59
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6 MNpoussoacTeo aMmuaka (2)
6.1 HaxosxzaeHue asota B npupoge &,
6.2 [LlekomnpeccuoHHaa 6onesHb @0
6.3 3arnoiHeH1e a30TOM N1aMn HakansaHus (G,
6.4 Yunakuit asor (5,
6.5 Cpepa BogHoro pactsopa ammuaka i,
6.6 Ammuak ﬁo
6.7 Mcnonb3oBaHre ammuaka @0
1 MNpon3BoACTBO a30THOM KUCNOTbI
7.1 KoHTakTHbIH annapart
7.2 CBOMCTBA @30THOW KMC/IOTbI @0
7.3 MornoTutenbHble balHu
7.4 Mpou3BoaCTBO a30THOM KMcnoThl (G,
7.5 Uapckas Bogka T3,
7.6 MoHsiTHe BbiIxOAa NpoayKTa peakumnn (G,
1.7 HutpocoeauHeHnus @0
8 MNpon3BoaCcTBO aMMHAYHOW CENTUTPbI
8.1 Mpou3BoAcTBO aMMUadHOM cennTpsl (G,
8.2 Hurpar cepebpa &,
8.3 Hutpatbl B npupoae @0
8.4 Mopox &,
9 CunukaTHas NpoMbILLIEHHOCTb
9.1 MpounsBoacTBO LEeMeHTa @0
9.2 Mpou3eoacTBO LemMeHTa @0
9.3 Mpouseoacteo crekna {3,
9.4 MpousBoacTBO CTEKNA @o
9.5 Mpumerenue crekna T3,
10 INeKTpoNU3 XIopUaa HaTpHs
10.1 Cxema yCTaHOBKHM /151 NONIyHEHUS META/I/IMUECKOrO HaTpHs @o
10.2 AHepreTHueckue coobpaskeHus @0
10.3 Xumuueckoe BocctaHosneHue {5,
10.4 NeKTPOXMMHUYECKOEe BOCCTAHOB/IEHWE @0
10.5 neKkTpoNu3 pacnniasa cosnen ﬁﬁo

(o]
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10.6 CxeMa yCTaHOBKM [/1s1 3/IEKTPO/IM3a pacTeopa xiopuaa Hatpus (G,
R
10.7 INeKTPOM3 BOAHbIX PacTBOPOB conen (i
&=
10.8 IneKTposuTUYecKoe padMHUpPOBaHHe Meam (3,
11 MonyueHue antoMUHKSA
&=
11.1 Monyuenue anomuHna (3,
o |-
1.2 Metannbi B 3eMHOM Kope (3,
1.3 IneKTpon3 okeuaa anoMunms (5,
v acy
11.4 Ceoiictea TuTaHa (7,
- o
11.5 Ceoiictea anomuHms (3,
11.6 OumcTKa OKCHAa antoMuHKs OT npuMeceit (G,
&=
1.7 Monyuenue TutaHa (3
11.8 HexoTopble BUAbI UCMoNb3oBaHWs antoMuHus (G,
11.9 Mepepabotka anomurus (G,
12 XuMuUs1 LOMEHHOrO npouecca
12.1 XWMUsi [OMEHHOrO npoLecca
|-
12.2 eneso v ero uctopusa (3,
12.3 OcHoBHOM NpoLiecc B loMeHHOM neun (G,

13 MNpoussoncTeo uyryHa
13.1 MpoussopcTeo uyryHa T,

13.2 Posnb n3BecTHsiKa B JoMeHHOM npouecce (G,
13.3 Pa6oTa ;oMHbI — HenpepbiHbIi npouecc T3,

14 KoHBepTep ¢ kKucnopofHbiM ayTbéM

14.1 KonBeptep ¢ kucnopogHbiM gyTeém (5,
14.2 OcHoBHOM oKMCMTE bHBIN Npovece (T,
14.3 Cnnaebi >xenesa (7,

15 Bbinnaeka ctanu B anekTponeux

|-
15.1 Boinnaska ctanu B anexktponeun (3
&=
15.2 Mepepabotka ctanu {3,

16 Bbinnaeka ctaiy B an1eKTpOHHO-/Ty4eBOM Neuu
16.1 Bbinnaeka cTaim B 31€KTPOHHO-Ny4eBOM neun (5,
16.2 MaKTopbl, BAUAIOWMUE HA LieHbl Ha MeTann @0

17 OboralueHue pyn cnotayuei
17.1 ®roTauMoHHas MallHa C BO3[yLIHbIM NepeMelunsanuem (5,

-~
17.2 Monyuenune mean (3,

(6]




12. lpunoxerue

17.3 Ceoiictea meau (5,

17.4 MexaHW3M neHHOM dhnoTauuu

17.5 Ucnonbsosanue meau (G,

18 O6oxur nssectHsika (1)

18.1 O6>xur ussectHsika (G,

@ 06ykuroeble neun

18.2 W13 uero coctonT nsBecTHsiK, Men U Mpamop? T3,
18.3 PacTBopeHue nssectHsika (G,

18.4 lNelLepbl, CTaNaKTUTbI U CTanarMuTbl go

18.5 PasnosxeHue kapboHata kanbums (3,

18.6 MonyueHue raweHom Ussectu @0

19 O6>kur nasecTHsKa (2)

19.1 O6HapyskeHue yrnekucnoro rasa {3,

19.2 Mp1MeHeHHe U3BECTHSIKA B CTPOUTeNbCTBE (0,
19.3 Mpamop T3,

19.4 PaspyLlueHre 06bEKTOB W3 U3BECTHSKA ‘ﬁio
19.5 MonyueHue n3BecTKOBOro pacteopa ﬁﬁo

20 MpouseoacTBO aueTuneHa

21 MepepaboTka HedTy (1)
21.1 MepsuuHas nepepaboTka @o

@, Pazpes pekTudrKaLMoHHOM KOMOHHbI

21.2 ®pakuy1oHHas neperoHka HedpTv @0
21.3 O6pasoBatue 3anexeit HedhTH 1 NpUpoZHoOro rasa (i,
21.4 MecTtopoykaeHus HedpTH B MUpe @o
21.5 Hedbs &,
21.6 O6pasosaHue MeCTOPOXAeHHi HedhT (T,
21.7 Mpouecc neperoxku @0
21.8 MpoaykTbl nepepaboTku HedTH @0
21.9 Cocras HedpTH ¥

22 MNepepaboTka HedTH (2)
22.1 BropuuHas nepepaboTka. KpekuHr HedpTenpoayKToB
22.2 CBoMCcTBa KPEKUHI-6eH31Ha @0
22.3 KpekuHr napaduHa B nabopatopuu {5,
22.4 MeTopmb! KpekuHra @0
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22,5 Kpekunr (&,

22.6 TepMHUYECKHUM KPEKUHT ﬁo

22.7 Katanutudeckuit kpekunr (5,

22.8 DpaKuHOHHasi NeperoHKa HedTH

23 MepepaboTka HedpTH (3)

23.1 BropuuHas nepepabotka. OKTaHOBOE YMCIIO TONIMBA
23.2 OkraHosast wkana (G,

23.3 OkraHosoe uncno bensnnHa (G,

23.4 Mpoun3BoACTBO U UCNONb30BaHWe HeH3uHa ﬁo

23.5 lopeHue BeHaWHa B gpuraTtene ﬁo

24 MNepepaboTka HedTH (4)

24.1 BropuuHas nepepaboTka. PUchopMUHI HU3KOCOPTHOM HedhTH
24.2 N3omepusaums HedpTeNPOLYKTOB fjo

24.3 Pudpopmunr Hecbtenpopyktos T3,

24.4 Cmecy HedhTH € BbITOBbIMK BELLLECTBAMU ¥

12.3. UHTEPAKTUBHOCTb B NOCOGUM
Hepuonuqecxaﬂ CUCTeMa XUMHUYECKHUX IJIEMEHTOB A.M. MEHAeIIEEBa

B kauecTBe AOMNONHUTENBHOrO KOMMOHEHTa K KaskaoMy nnaxkaty gobasneHa Tabnvua
«[lepuoamnyeckas cuctema xumuueckux anemerTtos [.1. MeHgeneesa».

MEPMOOMYECKAA CUCTEMA XMMUYECKIMX NIEMEHTOB 1. . MEHOENEEBA
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Typa niaBieHust U KUMEHHUs!, MHPOPMaLUs 06 OTKPbITUK IEMEHTA).

KoHTeitHepbl noacTaHOBOK

Tonka napoBoro KOTna, paboTaloLLero Ha TBEPAOM TOMAMBE

% . A,"’?

P ’I'IeperpeTbn?l nap
2 o Map
Tonnneo
/ Bosayx
Y 4 B AbIMOBYIO TPYBY
2% < —_— 3ona

Ha MHOTMX pUCYHKax B pexkume «CKpPbITb» NOAMWUCH 3aMEHSIIOTCS 3HaKamu . Bce noga-
nucu cobpaHbl B eAWHbIA KOHTEHHEP, 3aKpbiTbik B naHesb A=?. Haxatuem Ha A=? ot-
KPbIBAETCS WM 3aKPbIBAeTCs CMMCOK MOAMMUCEH MW NMepeMeLLaeTcsl BECb KOHTEWHep no
3KpaHy (3aKpbITbii UKW OTKPbITbIM). 1S yCTaHOBKW MOAMWCH Ha CBOE MeCTo ee Heobxo-
OMMO NepeHecTH B 061acTb Hag 3HAKOM |?|. YCTaHOBAEHHYIO NOAMHUCH MOXHO ybpaTb 06-
paTHO B KOHTEWHEP MPOCTbIM HAXKaTUEM.

I'Ipoc1a5| TeKCToBas njiaHkKa

A=?

) -
7

Il cragus Il cragusa
OKucneHue CepHMUCToro rasa Tupparaums cepHoro anrmapuaa
H>S04+nS0; —
250:+0, —= | HSO0¢-nSO3+nH:0 —| |
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B pexxMMe «CKpbITb» TEKCTOBblE PparMeHTbl MOTYT 3aKpbIBaTbCsi MPOCTbIMU HEMpPO-
3pauyHbIMK NnaHKamu. YOparb UM oBpaTHO BEPHYTb TaKylo MIaHKy MOXKHO MPOCTbIM Ha-
»KatueMm Ha Hee (MM Ha Ty obnacTb, B KOTOPOM oHa 6bina). Ytobbl BepHYTb 0BpaTHO BCe
NPOCTble NAaHKK, MOXKHO HavKaTb ).

12.4. OtBeTbl K 3agaHUAM

3KPAH: Cnoco6bl c)xuraHusi Tonamsa

6. lasoreHepatop — annapart A8 TepPMUYECKOM NepepaboTKW TBEPAbIX BUAOB TOMIUBA
B ropto4yue rasbil, Ocle.l,eCTBnFIEMOI:i B NPUCYTCTBUKU BO3AYyXa, CBO60,£I,HOF0 U1K CBA3aH-
HOro Kuciaopopna (BO,D,HHbIX napoa). I'Ionyl-aaeMble B rasoreHeparope ra3bl Ha3blBa-
IOTCA reHepaTtopHbIMU. rOpEHMe TBépJJ.OFO TOMN/IUBa B ra3oreHeparope B OT/IH4HUE OT
noboW TOMKK OCYLLECTBASAETCA B BO/BLIOM C/OE U XapaKTEPU3YeTCs NOCTYNIEHHEM
KOJIMYeCcTBa BO3AyXa, HEJOCTATOYHOrO A/ MOJIHOTO CXXWUraHUs TomauBa (Hanpumep,
npv paboTe Ha NapoBO3AYyLWHOM AyTbe B razoreHepartop nogaétcs 33—35% Bosayxa
oT TeopeThuecku Heobxoaumoro). ObpasyioLureca B ra3oreHepaTope rasbl CofepsKat
NPOAYKTbI MOJIHOrO FOPEHUS TOMMBA (YrIEKUCNbIM ra3, BoAa) U NPOAYKTbl UX HEMo-
HOrO rOpPeHUs U NUPOreHETUYECKOrO Pa3IoXKEHUs ToNMBa (yrapHbli ras, BOAOPOA,
MeTaH, yrnesogopofbl). B reHepaTopHble rasbl nepexoauT TakyKe a3oT Bo3ayxa. [1po-
Liecc, NPOUCXOASLLMI B ra3oreHepaTope, Ha3biBaeTcs ra3ucpukaL e Tonamea.

7. TasoreHepaTtop obbiuHO NpeacTaBnseT cobol WaxTy, BHYTPEHHUE CTEHKU KOTOPOM
Bbl/IO>X€Hbl OrHEYyNnOpPHbIM MaTepPUaIOM. CBepxy 3TOM LWaXxXTbl 3arpy><aeTcs ToniuMeo, a
CHU3Y nopaétcs ayTbe. [logaBaemoe B razoreHepaTop AyTbE BHa4a e NPOXOLHUT Yepe3
30HY 30/J1bl U WWNaKa, rge OHO HEMHOIo noaorpesaeTcA, a gasjiee nocTtynaeT B paCKaﬂéH-
Hbllji CﬂOl:i TONJZIuBa, rae KMcnopop, AYyTbA BCTyNnaeT B peaKu,wo C FOp}OLIMMM 3NeMeHTaMU
TonsinMBa. O6paaoBaBLuuecs1 NPOAYKTbl rOPeHUA, NOAHKUMaACb BBEPX MO ra3oreHeparo-
PY U BCTpe4ascCb C paCKaﬂéHHbIM TOonJiuBOM (30Ha Fa3MCbI4KaL|,MM), BOCCTaHaB/1UBalOTCA
A0 OKHUCH yrnepona 1 sogopona. an ,uaaneﬁLueM ABHUXXEHWUH BBEPX CUIbHO HarpeTbixX
NPOAYKTOB BOCCTAHOB/IEHUA NPOUCXOOUT TEPMUHUYECKOE pPa3nioXKeHUe TonJiuBa U npo-
LyKTbl BOCCTaHOBAEHWs1 oborallaloTca NpoayKTaMu passioxeHus. B pesynbTate pas-
JIOXKeHUsa TonsimBa o6pa3y10Tcn BHa4dasie NoJIYKOKC, a 3aTéM U KOKC, Ha NOBEPXHOCTHU
KOTOPbIX NPU UX ONYCKaHHWHU BHHU3 MPOUCXOOUT BOCCTAHOB/IEHHUE NPOLYKTOB FrOpPEeHUA.
Mpu onyckaHuu el HUXKe NPOUCXOLHUT ropeHue Kokca. B BepxHel uactu rasoreHepa-
TOpa NPOUCXOOHUT CyLUKa TonInBa TeNJioM NoAHUMAOLWLMUXCA ra3os.

8. OCHOBHbIMM npoueccamMu ABnA0TCA:

C+0,-CO,
C+C0,—2C0
C+H,0—->CO+H,
C+2H,» CH,
CO+H,0-CO,+H,

9. Tonnuso — ropto4yue BellectBa, KOTopble UCMOIb3YHOTCA C Le/1bio NOJTy4eHUA NMPU UX
CX>XHUraHUu Tennosoﬁ 3HEpPrunu nnu B Ka4yecTee CbipbA B XMMMHeCKoﬁ NPOMBbILW/TIEHHOCTH.
Tonnuea noapa3fensatoT no arperatTHOMy COCTOAHUIO Ha TBép,D,bIe, XUaKue U ra3oo-
6pasHble. Mpouecchbl cropaHus pasMuHbIX BUAOB TOMMBA UMEIOT CBOM OCOBEHHOCTH,

(o5 )

OTpaXkEHHble Ha 3KpaHe.
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10. B NPOMbIWTIEHHOCTHU TBép,u,oe TONJIUBO CXKHUIrakoT B CNelrasibHbIX NevYax HenpepbiBHOIo

LLeUCTBUS, NPUHLMWNKAIbHANA CXeMa OLHOM U3 KOTOPbIX NPEACTaB/eHa Ha nnakare.
M3HyTpU neub chyTepoBaHa OrHEYNnopHbIM KUPNMYoM. TOMNMBO HENpepbIBHO NOLAET-
Csl Yepes TOMOYHOE OTBEPCTHE W NOMaLAET Ha KOJIOCHUKOBYIO PELLETKY, HA KOTOPOM U
NPOMUCXOANT roperue. Bosayx, HEOBXOAWMBIN ANt FOPEHUs, NOCTyNaeT cHU3y. 3013,
obpasyiowasncs no Mepe CropaHvs TOMIUBa, Yepe3 KOJNOCHUKOBYIO PEeLLETKy nagaet
BHW3 B 30/IbHYIO Kamepy, OTKYZa Neproguuecku Boirpy>kaetcs. Obpasytoluecs nbiMo-
Bble rasbl nepej TeM, Kak NOKUHYTb TOMKY, MPOXOASAT CIOXKHbIM MyTb MO KaHanam BHY-
TPM Neyn, NOCTENEHHO OTAaBasi CBOE Tenno. B npotueHOM cnyyae npoayKTbl cropaHus
BbIOPAChIBAMCH Bbl B aTMOCHEPY ELLE FOPSYMMU U YHOCUH Bbl ¢ COBOM 3HaUUTEIbHOE
KOJIMYECTBO TEN/IOTbI.

B ueHTpe neuun nzobpaskeHbl Tpybbl KOTna-TennoobmeHHuKa. Tpybbl TennoobMeHHHKa
3aMoJHAIOT MOYTH BCE MPOCTPAHCTBO TOMKKU M ApIMOxofa Ans 6onee apdheKTUBHOrO
TennoobmeHa. 3a CUET HaK/IOHHOTO PACMoOIOXKEHUs TPYD [OCTUraeTcs ecTecTBeHHas
LMPKYNALMsS BOAbI B CUCTeMe (Tennasi Boja nogHUMaeTcs Keepxy). Boga B Tpybax, Ha-
rpeBasicb 3a CYET TennoTbl FOpeHusl TOM/IMBA, NPEBPALLAETCs B Napo-BOASAHYIO CMECh,
KOTOpasi NofHUMaeTCs B BEPXHWUU pe3epByap. [lockosibKy B BOASHOW cMcTeMe co3aa-
HO MOBbILIEHHOE JAB/EHWE, TO ANSi HOPMAsIbHOM PaboTbl CUCTEMbI HEOBXOAWUM KnanaH
BbICOKOTO [aBfieHusi (Ha Cxeme M306parkeH B CaMOM BepXy pe3epByapa C ropsiuei Bo-
now). ObpasytoLmiics Npu HarpeBaHWK BOAbI Nap NOCTYNaeT BO BTOPOM KOHTYp napo-
BOrO KOT/1a, B KOTOPOM AOMOJIHUTE/IbHO HArpeBaeTcsl O HEOOXOLUMOM TeMnepaTypbl.
Tak B NpOMbILLNEHHOCTH NOJy4YaloT neperpeTsbii BoasHOW nap. B yctaHoekax nocneg-
Hero NoKoJieHUsi TeMnepartypa BoAsHoro napa moxxet gocturats 300—500 °C.

3KPAH: lMpon3BoAgCTBO CE€PHOH KUC/IOTbI

CepHas KMCNOTa OTHOCUTCS K Hanbosiee BasKHbIM XUMUUECKUM NPOAYKTaM, NPOU3BOA-
CTBO KOTOPbIX €XKEroAHO WCUUCSETCS MUINMOHAMK TOoHH. CepHylo KUCIOTY npumMe-
HAKOT B NPOU3BOACTBE MUHEPA/IbHbIX y,u,o6peHm71, XUMHYECKHUX BOJZIOKOH, B3PbIBYATbIX
BELLECTB, KpacuTesew, IEKapCTBEHHbIX CPEACTB, MeTanioobpabarbiBatoLLei NpoMbILL-
JNNIEHHOCTH, B HerTeXMMMM W OPYrMux oTpacaax NnPOMbILLTIEHHOCTH. MMpOBOG npon3Bon-
cTBO cepHow kucnoTbl B 1987 r. gocturno 152 MAH TOHH.

McxofHbIM CbipbEM st NPOWU3BOACTBA CEPHOM KMCIOTbI MOTYT BbITb Cepa, CepoBOAO-
poa, cyNbdrabl U CybpaTbl META/IOB, OTXOASILLME ra3bl TENOIEKTPOCTAHLMM U Ap.
Mpon3BOACTBO CEPHOM KMCIOTbI BKOUAET B cebst 3 OCHOBHbIE CTaK: 0BXKHMTI NMpUTa
c obpasosaHuem SO,, okucnenue SO, no SO,, nornowenue SO,.

OCHOBHbIMW HayYHbIMW MPUHLMNAMH SBASIOTCS: MPHUHLMMN KOMMIEKCHOMO WCMO/b30-
BaHWS NPUPOAHOrO Cbipbsl, NMPUHLMM YTUM3ALMH TENOTbI, NPUHLMN BE30TXOLHOCTH
NPOW3BOACTBA, NPUHLMM NPOTUBOTOKA.

O63Ur NMUPHUTaA OCYLLECTBAISETCA B Neun 0coBOM KOHCTPYKLMU. M3MenbuHHbIM nupuT
3acbinaloT B neyb ceepxy. CHU3y nponyckaloT BO3AyX, 0OOralwéHHbIA KUCIOPOAOM,
ons Gonee nonHoro obura nuputa. MOCKOMbKY peakums OKUCIEHUsS NUPHUTa CUb-
HO 3K30TepMHuHas, TemnepaTtypa B neuu ons obxwura gocturaer 800 °C. Muput pac-
KasisieTcs JOKPacHa U HAXOAWTCA B «MOABELIEHHOM COCTOSIHUM» U3-3a NPOAYBaeMoro
CHU3Y BO3JyXa. ITO BCE NOXOXKe Ha KUMSALLYIO YKMAKOCTb pacKaléHHO-KPacHOro LBeTa.

(60 )
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10.

1.

12.

MMeHHO noaToMy neub nosyunna Has3saHWe «nedb AN o6Xura B Kunswem crnoe». B
nocnegpytolemM TeMnepatypa B neuu NoLLep>KMBaeTCs 3a CYET BblLeNsoLLeNcs B pe-
3ynbTate peakuuu TennoTbl. Tak kak ebiwe 900 °C nMpUT HauMHAET CNNABAATLCS, HeJlb-
35 AoOMNycKaTb YpPe3MEepPHOro MoBblleHUs TeMnepaTypbl B neyn. [1oaTomMy M3bbITouHOE
KOJIMYECTBO TEN/OTbl OTBOAAT: MO NEPUMETPY Neun NPOXoasT TPyObl C BOAOH, KOTopast
HarpesaeTca (Ha cxeMe BOAAHOW TennoOOMEHHUK U30OpaKeH B LEHTPasbHOM YacTu
neuu). [opsuyto BOAy MCNONb3YIOT Aasiblie AS LEeHTPasIbHOrO OTOM/IEHUS] COCeHMX
NOMELLLeHWH UK ONS APYTUX MTPOU3BOLACTBEHHbIX HY>K[.

Orapok (B ocHoeHom Fe,0,) HenpepbiBHO yaanseTcs cHU3y neuw. MonydeHHbIn okenp,
enesa B AasibHelLeM MoxKeT ObITb MUCMOb30BaH A5 NONyYeHUs XKeNesa UK cnna-
BOB Ha ero ocHose. O6y1roBbii ras, cogepxxawmii go 12—15% S0,, aBTOMaTH4ECKH
yhanseTcs yepes BbIXOLHOM NaTpyboK B BEPXHEM YacTH neuu.

O6pa3oBaBLIMICA OBXHrOBbIN ras TpebyeT TuaTenbHoM oUMCTKU. OUUCTKY OT TBEPAbIX
yacTuyek orapka u OT Mbl/IM OCYLLECTBSIOT B LIMK/IOHE U 3/1eKTPOQHbTPE.

LivknoH npepacTasnser cobok ABa UMAMHAPA, BCTaBNEHHbIX OAWH B Apyrol. O6uro-
BbIM ra3 nocTynaert B HAPY>KHbIW LUMHAP U ABUXKETCS MO CNUPaIU CBepXy BHU3. 3a CUET
LEHTPOBEXKHOM CH/bl TBEPble YACTUUKK OrapKa 0TOpachIBalOTCA K CTEHKaM LMK/IOHA U
CCbINalOTCA BHWU3, OTKyAa 3aTeM nonagatoT B OyHkep. OgHako camble MenKue MblinH-
KW OocTatoTcs B NeyHoM raze. [ns vx yaaneHus cMecb HanpaesioT B 31eKTPOHULTP.
B anekTpodmnbTpe Ucnonb3yeTcs aNeKTpoCTaTUIECKOe NPUTSXKEHWE, YacTHLbl orapka
NPUIMNAIOT K HA3/IEKTPU30BaHHbIM NAaCTUHAM 3/IEKTPOGUABTPA, MPHU AOCTATOYHOM Ha-
KOMNEHUU NOJ, COBCTBEHHOM TAXKECTbIO OHW CCbINAIOTCS BHU3, B CeLuasibHbIi ByHKep.
B koHTakTHOM annapare npoucxoaut okucnenne SO, no SO,

280, +0, == 280..

B KOHTaKTHOM annaparte HaxoASTCS FOPU3OHTasIbHbIE NOJIKK, Ha KOTOPbIX C/IOSIMU NO-
MeLEH KaTanusaTop — okcup BaHagua V,0,, NPOMOTHPOBaHHbIN CONAMM LLEIOUHbIX
meTannoe. Mexnay cnosimu Katasusatopa pacnonaratotcst TpybKu TennoobMeHHHKa.
Yke NnoforpeTbii Ne4HowM ras, BXOASA B KOHTAKTHbIM annapar, nonagaet B nepsbli Tpyo-
uaTbit Ten100BbMeHHUK, B KOTOPOM ero Temneparypa noaHuMaetca eué sbiwe. Mpoi-
[ NepBbli TenN00BMEHHWK, NEYHOW ra3 Hanpae/iseTcs BO BTOPOW TENIOOOMEHHHK U
3aTeMm B 30Hy KaTanu3a. [lonas B KOHTaKTHbIM annapat, cMecb SO, W KUCopoaa BCTy-
naet B peakL1io, Noc/iefloBaTe/ibHO Npoxoas oba cnos katanusatopa. [py 3Tom Bbige-
NAOLLAACS B XOfe peakLu1 Tennota nepeaaerca B TenoobMeHHUKax nocTynatoLemy
B KOHTaKTHbIW annapar raay.

BbixoAsLMi U3 KOHTAKTHOrO annapara ras nocTynaert BO BHELIHWI TeNI00OMeHHHK, B
KOTOPOM OTAA&T OCTaBLIEECs TEN/IO BbIXOAALEMY U3 OCYLLMTENbHOM BallHW OUMLLEH-
HOMY OB>KHrOBOMY rasy.

CnosxHocTb peakumnn 2SO0, +0, == 280, + 94 k[l 3akniouaeTcs B TOM, 4TO OHa AB/S-
eTcs obpatumoit. MNoatoMy Heo6x0aMMO BbiBpaTb ONTUMasbHbIe YCNOBWA NPOTEKaHUs
[aHHOW peaKLMH C LieNblo MaKCUMasbHO nonHoro okucnenus SO,.

Tak KaK npsMas peakuus SIBSETCS 3K30TEPMMUUECKOM, TO, COrlacHo npuHuuny Jle
Latenbe, Ans CMeLLEHWs paBHOBECHS B CTOPOHY HEOOXOAMMOro HaM NpofyKTa pe-
aKuMu TemnepaTypy B cucteMe HeobxoauMo noHwkaTtb. Ho, ¢ apyrow cTopoHbl, npu
HU3KUX TEMMNEPATYPax CKOPOCTb PeakLMu CyLLLECTBEHHO NafaeT. IKCNEePUMEHTA/IbHbBIM

67




12. lpunoxerue

13.

14.

15.

MYTEM XMMUKU-TEXHOIOTH YCTAHOBWJIW, YTO ONTUMaNbHOW TeMnepaTypor ANs npote-
KaH1s NpsAMOii peakLMH C MaKcUManbHbIM obpasosaHiem SO, sBnseTcs TemMnepatypa
400—500 °C (npu 6onee HU3KOM TemMnepaType CKOPOCTb peakLuH HUUTOXKHO Mana, a
npu 6osiee BbICOKOM TeMMepaType TPEXOKMChb CEpbl O4eHb HEYCTOMYMBA U PaBHOBECHE
NPaKTUYECKHU MOJIHOCTBIO CMELLEHO BNEBO). [lns XUMUUYECKUX NPOU3BOACTB TeMnepa-
Typa nopsaka 400—500 °C gocratouHo Hu3Kas. [ns Toro utobbl yBESMUUTL CKOPOCTb
peakLumu Npu 3TOH OTHOCUTENBHO HU3KOW TEMNEPATYPE, B PeaKLMIo BBOASAT KaTanu3a-
Top. PaHblue B kauecTBe KaTasiM3atopa UCMO/Ib30Ba/IM MIATUHY, OLHAKO Tenepb Hau-
NYYLMM KaTaM3aTopoM Aia 3TOoro npouecca sensetcsa okcupg saHagua(V) V,0,. Mo-
Naratot, UTO NPOLECC OKUCIIEHWUSI MOXKHO NPEACTaBUTb CXEMOW:

2V5* 4+ 0* + SO, — 2V# + SO,

V4 +1:20, - 2V3+ + 0

Tak Kak npsMas peakuus NpoTeKkaeT C yMeHblueHWeM 06bEMOB ra3oB, TO, COrIacHO
NpaBW/iaM CMeLLEeHUsI XMMUUECKOrO PaBHOBECHS!, ANS YBE/IMUEHUS BbIXOLA KOHEYHOrO
NPoOAYyKTa AaB/IEHHWE B CUCTEME C/ieAyeT noBbiwaTb. [l03aToMy 3TOT Npouecc NnpoBoasT
MpPH MOBbILIEHHOM [LAB/IEHWH.

Mpexxae uem cmecb SO, 1 O, NONaAET B KOHTaKTHbIM annapart, eé HeobXxoaMMO HarpeTb
Lo Heobxoanmoit Temnepatypbl 400—500 °C. Harpes cmMecu HauMHaeTCs BO BHELUHEM
TennoobMeHHHUKe, KOTOPbINA YCTAHOB/IEH Nepef, KOHTaKTHbIM annapartoMm. Monagas B
KOHTaKTHbIA annapart, cmecb SO, u O, npofonkaeT HarpesaTbCs A0 HY>KHOW Temne-
paTypbl, NPOXOAA MeXAy TPyOKaMu BO BHYTPEHHHUX TennoobmeHHuKax. Temnepatypa
400—500 °C B KOHTaKTHOM annaparte NoALEPXKMBAETCS 3a CUET BblAe/IEHUs TEN/IOTbI B
peakuuu npespailenus SO, 8 SO,

Abcopbuus (nornowenue) okcuaa cepbl (VI) npoucxoaut B nornotutensHon baiwu-
He. [MornotutenbHasi GalwHs npeacTasisieT coboi LUAMHAPUYECKYIO CTaslbHYIO
KOHCTpYKUHIO BbicoTOM 0 20 M, pyTepoBaHHYIO M3HYTPU KMC/IOTOYMOPHbIM Mare-
pHUANOM U 3aMOJIHEHHYIO KEPAMHUUYECKMMMU KOMbLAMMU (AN151 YBESIMUEHUS MIOLWAAU CO-
npuKocHoBeHus). Ma3oBas cMmecb nopaércs B BGallHIO CHU3Y BBEPX, & CBEPXY BHW3
6awHs opolwaercs 98%-Hom cepHol kucnoTtom. MNpu atom okeung cepbi (VI) nornowa-
eTCsl CepPHOM KMCIOTOM, XMMHUUYECKH C HEM B3aUMOAENCTBYS C 0Opa3oBaHUeM oneyMma:
H,SO, +nS0O, — H,SO, - nSO,.

Oneym 1meeT cnoxHbii coctas. 3To He npocTo pacteop SO, B cepHoi kucnoTe. One-
YM COLEPXKHUT U NPOAYKTbI XHMHUYECKOro B3aMMO,D,eI:1CTBVI$| cepHoﬁ KHUC/IOTbl C CEPHbIM
aHrMApHIOM: IMCEPHYIO W ipyrie nonucepHble kucnotbl: H,S,0,, H,S,0, v ap.
B3anmopencTB1e cepHOM KUCNOTbI C BOAOW — MPOLECC CUIIbHO 3K30TEpMHUYECcKUi. B
Xofe 3Toro obpasyercs nap CEPHOM KUCOTbI, MOXOXHI Ha TyMaH. ITOT CEPHOKHCIOT-
HbIW Nap HEBO3MOXHO 3ajepyKaTb HY OAHUM PpUNbTPOM. [103TOMY NpHUXOAUTCS Norno-
watb okcug, cepbi(VI) He BoJOM, a KOHLEHTPUPOBAHHOW CEPHOM KUCIOTOM.
MonyueHHbIN oneyM MAET Ha CK1ag roToBOM NpoayKuru. YacTb ero pasbasnsercs Bo-
Lo no obpasosaHus 98%-HON CepHOM KUCNOTbI U UCMOMb3YETCS LS OPOLLEHUS B
NOr/IOTUTENBHOM M OCyLwUTENbHOM BawwHax. s nonyyeHust COBCTBEHHO CEPHOM KHC-
NOTbl 0NleyM pa3baBnsioT pacCUUTaHHBIM KOJIMYECTBOM BOAbI, MPU 3TOM MPOUCXOAMUT
peakuus: H,SO, - nSO, +nH,0 — (n + 1) H,SO,.
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12. lpunoxerue

9KPAH: lNMpou3BoACcTBO aMMHUaKa

CHHTe3 aMMHaKa OCYyLLEeCTBISETCS B COOTBETCTBUU C ypaBHEHUEM:

N, + 3H, == 2NH, + 92 k[Ix

MockonbKy peakuusi IK30TEPMUYECKas], TO CMELLLEHHIO PABHOBECHUS B CTOPOHY 0Opa-
30BaHUs amMMHaKa [OJ/KHO CnocobCTBOBaTb MOHMKEHWe Temnepatypbl. OfHako npu
MaJsibiX TemMnepartypax MaJsia CKopocTb peakLnu. Kpome aToro pake nyydiuve U3 Kkatanu-
3aTOpOB XopoLo paboTaloT nuwb npu Temnepatypax ebiwe 400 °C. MNoatomy B npous-
BOJACTBE JOCTUraloT KOMMNPOMUCCa — CUHTE3 NPOBOASAT NPU YMEPEHHOM HarpeBaHWH.
Ho npwu Temnepatypax 450—500 °C 3HauuTebHO CHUXKaeTcs Bbixof aMMuaka. flonon-
HUTENIbHOMY CMELLLEHWIO PaBHOBECHSI B CTOPOHY 06pa3oBaH1si KOHEYHOrO NPOAYKTa B
HEMaJsiol cTerneHn cnocobCTBYET yBEIMUEHUE AABIEHUS 4O HECKOJIbKUX LECATKOB UK
[axke coTeH atMocdep.

TeopeTnueckoe 060CHOBaHWE AaHHOW peakUmMH (HarpeBaH1e U yBeiMieHue LaBieHus)
onpeaenser BbIGOP pauMoHaIbHOW TEXHOIOMMYECKOW CXEMbI MPOW3BOLCTBA, KOTOpast
[LO/KHA BKJ/IlOYaTh Criefylolue CTaguu:

c>XaTue a3oTo- BblaesieHne

BOAOPOLHOW |—> —> —> —>| ammMaka

HarpeesaHue CUHTE3 oxnakgeHue

cMecH aMMHaKa cMecH
CMecH 13 CMecu

1.

KonoHHa cuHTE3a M3rOTOBMISIETCA M3 CreuMasnbHbIX COPTOB CTasiM, YTO MO3BONSET en
paboTaTb B arpecCcHBHbIX Cpefax Npu BbICOKUX TemMnepaTypax U AasfieHusx. Boicota
KosoHHbI focturaet 20 M. Mexkay CTeHKaMKu KOIOHHbI CUHTE3a U LIMJIMHAPHUYECKOM Ka-
TanM3aTopHOM KOpobBKOM, HaxoasaLWwencs BHYTPH, OCTaBleHa cnelyuanbHas Wwenb. Xo-
IoAHas a30TO-BOAOPOAHAS CMECh MOCTYNAET B KOJIOHHY CUHTE3a CBEPXY W, ABHrascb
Mo LLENU CBEPXY BHU3, HAYMHAET HArpeBaTbCs 3a CYET Tensa peakuuu go 50 °C (npu
3TOM BHELLUHWE CTEHbI KOJIOHHbI CUHTE3a NPAKTUYECKHU HE HarpeBatoTcs).

CunTes ammuaka, npotexatowmi no ypasHenuio N, + 3H, == 2NH, + 92 k [k, — ax-
30TEPMUYECKAS PeaKLsi, CONPOBOXAAIOLLASACS CYLLLECTBEHHbIM Bbl4E/IEHUEM TEMOTDI
1 NOBbILLEHWEM TeMMNepaTypbl B 30He peakuuu o 450—500 °C. 3ta Tennota Ucnonbay-
eTcs B TpybUaTOM TenNo0OMeHHHUKeE A5 AaNbHeNLLero HarpesaHus a3oTo-BOA0POLHOM
cMecH. B tennoobmeHH1Ke no TpybKaM cBepXy BHU3 ABUXKETCS NpopearpoBasLuas ro-
psvyas ra3oBasi CMECb, a Mo MPUHLMMY NPOTUBOTOKA CHWU3Y BBEPX HANpPaB/seTCs a30TO-
BOJOPOAHAs CMeCb. YTHUM3aUMs TEMIOTbl PEAKUMU — OAWMH U3 BAXKHEWLIMX MPUHLM-
MOB COBPEMEHHOIO XMMHYECKOTO NMPOU3BOLACTBA.

M3 TennoobmenHnka Harpetas fo 280—350 °C azoTo-BofopoAHas CMECb MO LEeH-
TpanbHOM oceBoM Tpybe NOCTynaeT B KaTaiM3aTOPHYIO KOPOOKY B BEPXHEM YacTH KO-
NOHHbI CUHTe3a. B kaTtanusatopHol KopobKe ocylecTeiseTcs cuHTe3 ammuaka. 06-
pa30BaBLIAsACS B XOfe CUHTe3a peakuMoHHas cmecb npu 500 °C copgepskut 10—15%
NH.. Moknpas 30Hy kaTan13a, rasoBas CMeCb NPOXOAUT Uepes TPYOKH TenNoobMeHHH-
Ka KOJIOHHbI, B KOTOPOM OTHAET CBOE TeNJIo rasy, NOCTynaloLeMy Ha Katanmsartop, U
yhansercs U3 KoJoHHbl npu Temnepatype 180—200 °C.

Mocne KONOHHbI CUHTE3a ra3oBasi CMeCb Mo TPyOONpPoOBOAY HanpaBiseTcs B BOASAHOM
KOHZEeHcaTop, B KOTOpoM oxnaxaaercs fo 35 °C, v noctynaet B cenaparop. 34ech 13
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12. lpunoxerue

rasa sbigensiercs 6onbluas yactb obpasoBaBLUerocs B xofe cuMHTe3a aMmuaka. Xua-
KWW aMMHaK OTLeNseTCs OT ra30BOM CMECH M MOCTyNaeT Ha CKaf, roTOBOM NPOAYKLMM.
HenpopearvpoBaslure BoJopos, M a30T NOCTYNaloT B LIUPKYISLUOHHbIM KOMMpeccop,
rfie AaBneHWe CMECH NMoBbIlaeTcs Jo eé pabouero fasneHus, U no Tpybonposoay cHo-
Ba HanpaB/iSOTCS B KOJIOHHY CMHTE3a, NPefiBapUTe/IbHO CMELLaHHbIe C HOBOW NopLMen
cBeXKel a30TO-BOJOPOLHOM cMecH. Tem cambiM cOBNOAAeTCs eLwé OAWH TEXHOMOTUYe-
CKWH NPUHLMN NOBbILLIEHUS BbIXOAA KOHEYHOTO MPOAYKTa — MPUHLMMN LIUPKYIALMK.
OcHoBHbIMK y3N1aMK (annapaTtamu) NPOMbILLIEHHOW YCTaHOBKW MO CHHTE3Y aMMHaKa
SABNSIOTCS:

Annapar HasHaueHuWe annapara

Tpy6onpoeogbl Mopaétcs  npefBapuTeNnbHO  MOATOTOBNEHHAs  a30To-
BOLOPOAHAas CMech.

Typbokomnpeccop | A30TO-BOAOPOAHAA CMECb CXUMaeTCs A0 ONpenenéHHoro
[aBneHus, HeobXOAMMOro ANS AaHHOro npouecca.

KonoHHa cuHTesa KonoHHa cuHTe3a npepHasHadeHa s NPOBEAEHUs npoLec-
ca cMHTe3a aMMuaka. B KoHTakTHOM annaparte pacnofioXeHbi
nonku ¢ karanusartopom. lNpouecc cuHTe3sa ABASETCH CHUb-
HO 3K30TEPMUYECKMM, MPOTEKAET C BOMbLWIMM BblLESEHHEM
Tensa, 4acTb KOTOPOro pPacxoAyeTcsi Ha HarpeBaHue MoCTy-
nalouiend asoto-sogopofHorn cmecu. Cmech, Bbixogsiias W3
KONIOHHbI CUHTE3a, COCTOUT M3 ammuaka (10—20%) v Henpo-
pearvpoBaBLIMX a30Ta U BOAOPOSA.

XonogunbHUK MpenHasHaueH ans oxnaxnaeHWs obpasoBaslIeNCs ra3oBow
cMecu. AMMUAK NP BbICOKOM [ABJIEHWUM JIEFKO NPEBPALLAET-
cs B »)uaKocTb. Mpu BbIXxOAe M3 XONoAMbHUKA obpasyeTcs
CMECb, COCTOALLANA M3 XXMAKOTO aMMHaKa W Hempopearupo-
BaBLUMX a30Ta M BOAOPOAA.

Cenapatop MpeaHasHaueH 418 OTAENEHHA XXMAKOro aMMHaKa OT ra3oo-
6pa3Hoi hasbl. AMMUak cobupaeTcs B cOOPHUK, pacnono-
>KEHHbIW B HUXXHEM YyacTu cenaparopa.

LiupKynsiuMoHHbIM MNpepHa3HayeH A/18 BO3BpALLEHUS HENPOpearMpoBasLUlen cMe-
Hacoc CU B KOHTaKTHbIA annapat. bnarogaps uupkynsauuu yaaércs
[OBECTH UCMOJIb30BaHWE a30TO-BOAOPOAHOMU cMecH 10 95%.

10. OcHOBHbIMM OCOBEHHOCTSIMU TEXHOIOrMUYECKOro NPOLIECca CUHTE3a aMMUaKa AB/SIOTCS:

YTunusauus Bbigensiolencs TenaoTbl.

MpuHUKMN NPOTUBOTOKA B Npoueccax TenoobmeHa.

HanpasneHve aBu>KEHWS a30TO-BOAOPOAHON CMECH B KOJIOHHE CHHTe3a BbiBpaHo Ta-
KMM 06pa3oMm, UToObl MaKCHMasbHO UCNOJIb30BaTb TEMJIOTY PEAKLWUU U NPeLOXPaHUTb
Hapy>KHble CTEHbI annapara oT Ype3MePHOrO HarpeBaHws.

O6pa3zosaswuiica ammuak (10—20%) oTaensioT B cenapaTtope, BO3Bpallas Henpo-
pearvpoBaBLLM1e a30T U BOLOPOA, B KOJIOHHY CUMHTE3a (HenpepbIBHbIN LUPKYISALUOHHbIN

npouecc).
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12. lpunoxerue

OKPAH: [Mpon3B0oACTBO a30THOM KMUC/IOTbI

Lo 1900-x rofgos NpoMbiLLNEeHHOE NPOU3BOLCTBO a30THOW KUC/IOTbI ObIIO NOSHOCTbIO
OCHOBAHO Ha B3aMMOAENCTBUHU KOHLIEHTPUPOBAHHOW CEPHOM KUC/IOTbI C HUTpaTaMK Ka-
JIUA UK HATPUA NPU HarpeeBaHUu:

KNO, + H,80, —£—= KHSO, + HNO,

CoBpeMeHHbIHM NpoLLecc NPOM3BOACTBA A30THOW KMC/IOTbl OCHOBAH Ha KaTa/IMTUYECKOM
OKMC/IEHWU aMMUaKa Haf HarpeTow nnatuHoin. CoBpeMeHHble MPOMbILLIEHHbIE METOADI
nosiydeHust pa3baBneHHOM a30THOM KUC/IOTbI BKJTIOHAIOT B cebsi CieflytoLiMe OCHOBHbIE
cTaguu:

1) Okucnenune ammuaka o okcuaa asota(ll):

ANH, + 50, 2Kl ANO + 6H,0 + 932 K/l

2) Okucnenue okcupa asota(ll) no okecrpa asorta(lV):

2NO + O, — 2NO,+ 113 kIx

3) MornowweHune okcupa aszota(lV) Bogoh c obpasoBaHEM a30THOM KUCIOTbI:

3NO, + H,0 — 2HNO, + NO

4) OuncTKa OTXOAALLMX ra30B OT OKCUAOB a3oTa.

B coBpeMeHHOM TEXHO/NIOrMYEeCKOM annapate CMecb aMMMaka C BO3[yXOM OYeHb
6bICTPO NponycKaeTcs Had PsdaMu KaTaIMTUUECKWX CETOK, COCTOSLMX M3 chnasa
nnatuHbl ¢ 5—10% poausa npu 850 °C u gasneHuu 5 at™m, BpeMs KOHTaKTUPOBaHHA
C KaTasM3aTopoM He npesbiwaeT 1 MUAMCEKYHAbI BO M3DexKaHue HexenareNbHbixX
nobounbix peakuuit. CTeneHb npespatieHus gocturaet 96% — ato ogHa U3 Haubo-
nee 3hPEeKTUBHbBIX NPOMbILIEHHbIX KaTa/lMTUYECKUX peakuni. KoHTakTHbIM annapat
npeacrasnser cobol ABe KOHWYECKME MOBEPXHOCTH, COEAUHEHHbIE MO OCHOBAHHIO.
Katanutuueckue ceTKM pacrnosioXKeHbl B CpefHeM, paclUMpeHHOM 4acTu annapara.
AMMUHauHO-BO3LYLWHAs CMeCb NPOXOAMT cBepxy BHWM3. Obpasylolmecs NpPoayKTbl
OKMCNeHUs (TaK Ha3blBaeMble «HUTPO3HbIE rasbly, cogepxatumre ao 12% NO) ebixogsat
M3 HUXKHEW YaCcTH KOHTaKTHOro annapara. [1pu okucieHun ammuaka sbiaensierca 6onb-
LLIOe KOJIMYECTBO TEMOThl, NO3TOMY BbIAENSIOLMECS U3 KOHTAKTHOrO annapara rasbl
HanpaensloT Ha oxnaxkaeHue. OxnaxkaeHue OCyLLEeCTBNSETCS B KOT/e-yTUIM3aTope,
cny>kalleMm Asis NPOU3BOACTBA BOASHOMO Napa, Npu 3TOM OCYLUECTBASETCS OAWH W3
OCHOBHbIX TEXHOIOTMYECKUX MPUHLMMNOB — MPUHLMN YTUIU3ALWUU TENNOTbI PeaKLuu.
B coBpeMeHHOM NPOU3BOACTBE HECKOJIbKO KOHTAKTHbIX annapaToB COEMHSIOT B OLUH
y3en.

Bsaumopeiicteue NO, ¢ Bofo# NpOBOAST B NOMIOTUTENbHbIX GaLLHsX, NOC/eoBaTe b-
HO CcoeAMHEeHHbIX Apyr ¢ apyroM. Boga B 6awHio noctynaet ceepxy, a ra3oBas CMecb,
copeprkalas okeup azota(lV), cHusy (npuHumn npotusoToka). MNpu aTom npoucxogut
peakuus:

3NO, + H,0 — 2HNO, + NO

Mpwu M3bbITKE KMCNOpOAa, NoAaBaeMoro nog AasneHueM, sbigenedus NO He npouc-
xoauT: 4NO, + 2H,0 + O, == 4HNO,

B nepsom cnyuae nosnydyaeTcs pasbasieHHas a3oTHas KMcioTa, maccoeas aons HNO,
B KOHEYHOM npoaykTe He npesbiwaeT 60%. B page nponssoncte (Hanpumep, npu no-
NyYeHUH MUHEpasbHbIX YAOOPEHHH) 3TOM KOHLEHTPALMH BMNOJIHE AOCTATOYHO.
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10.

Bo BTOpOM ciiyuae nosiyuaeTcs KOHLEHTPUPOBAHHAs a30THas KUCoTa. Tak, Npu uc-
NO/SIb30BaHWKU BO3AyXa KaK OKWUC/IUTENS W nog aasneHuem okoso 10 atm nonyuaior
npoaykT ¢ maccosow goner HNO, 80—85%. 3ameHa Bo3ayxa Ha UMCTbIM KUCAOPOS, U
nosblleHue aasnenus o 50 atm nossonset nonyyatb 98 %-Hylo a30THYIO KUCOTY.
OCHOBHbIMW OCOBEHHOCTSIMHU TEXHOJIOFMUECKOrO Mnpolecca NPoW3BOACTBa a30THOM
KWCOTbI ABNAIOTCS:

HenpepbIBHOCTb NPOM3BOACTBA,

MCMOJIb30BaHWUE KATa/IM3aTOPOB OKUC/IEHWUS aMMHaKa,

NoJIHast yTUM3ALMS BbIAENSAIOWENCS NPU PeaKLMK TENIOTbI,

MPUHLMM NPOTUBOTOKA MPU NOMIOLEHWU HUTPO3HbIX Fa30B.

SKPAH: [Ipon3Bo4CTBO aMMHaYHbIX CEJINTPbI

AMMUayHas cenuTpa MCNo/b3yeTcs B MPOMbIWIEHHbIX LENsAX ONS W3roTOBNEHMS
B3pPbIBYATbIX BELLECTB, CMeceMl. B cenbckoM xo34MCTBE MCNONb3yeTCs Kak BbICOKOIM-
(peKTUBHOE, KOHLEHTPUPOBAHHOE a30THOE yaoOpeHHUe A/1sl NOAKOPMKH O3WUMbIX X/e-
60B, MHOTONIETHUX TPaB, CEHOKOCOB W NacTOuLL.

PekomeHyeMble HOPMbI BHECEHWUS aMMHUAYHOM CENUTPbI:

CenuTpy amMMUauHylo BHOCAT B MO4YBY, PaBHOMEPHO pacnpegesnss rpaHysbl yaobpe-
HUS Mo yaobpsieMOMy ydacTKy, BECHOM npu nepekonke nousbl B go3e 30—40 r Ha 1 m?
okynbTypeHHbix U 40—50 r Ha 1 M? HEOKY/IbTYPEHHbIX MOYB.

Mpu1 NnoAroToBKe rpyHTa NapHUKOB M Tenuu BHocat no 1,5 kr ynobpexus Ha 1 M2 rpyH-
Ta.

[i1s noLKOPMKU CENbCKOXO3SMCTBEHHbIX KY/IbTYP B NEPUOL, BEreTalmuu CENUTPY aMMH-
AYHYIO BHOCST B C/IelyIOLLMUX [03aX:

Kynbtypa Hoza Cpoku
40—50 r Ha 1 M2 npucTBOSIb- . .
NJOAOBbIE AEPEBbS paHHek BecHOM
HOro Kpyra
20—30 r Ha 1 m? Mexaypsi- | paHHEN BECHOW W Noc/ie LBeTe-

ArofHble KYCTapHHKH .
Jil21% HUA

10—15 r Ha 1 nNOroHHbIM | paHHeH BECHOM W noc/e LBeTe-

3eM/IsHUKa
mMeTp HUS
npu nocagke, B ¢asy GyTOHH-
KapTodesb 25—30 r Ha 1 m? P A (asy by
3aumu
npw BbiCaaKe paccagpl v noce-
OBOLUM 25—30rHa 1 m? P AKe P A

BE€ CeMsH

Mpw nepexonke rpyHTa B NapHUKax W Tenauuax BHocsaT no 50—60 r yaobpenus Ha 1 M2,
KoMHaTHble 1 BanKoHHbIe LBETbI U PacTEHUSA NONMBAIOT pacTBOPoM 2—3 r ynobpeHus
B 1 1 Boabl uepes Kaxkable 10— 15 gHen.

TexHONOrMA NPOM3BOACTBA aMMHUAYHOM CEUTPbI BK/IOUAET B cebs HelTpanusaumio
a30THOM KUCNOTbl ra30006pasHbiM aMMUAKOM C MCMOJIb30BaHUEM TEMNOTbl peakuuu
(145 k[I>k /Monb) fns ynapusaHus pacteopa cenutpsl. [Mocne obpasosaHus pacteopa,
06bI4HO ¢ KoHueHTpauuei 83%, NULWHAS BOAA BbiNapuBaeTCs 40 COCTOAHWA pacnia-
Ba, B KOTOPOM Cofep>KaHUe HUTpaTa aMMoHUs cocTasnseT Ao 95% B 3aBUCHMOCTH OT
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12. lpunoxerue

10.

COopTa roToBOro npoAykKTa. Pacnnae Aanee rpaHyimpyeTca B cneurasibHbiX pacnblin-
TEeNbHbIX annapartax, rpaHyJsibl 3aTéM CylaTcsa, OXN1a*K4aloTCA U NOKPbIBAOTCA Chneuun-
aJlbHbIMHW COCTaBaMH 014 npeaoTBpalleHnUA CNEXWBaHMS.

ﬂpou,ecc HeﬁTpanM3au,m4 a30THOM KUCNOTbl aMMHWAKOM OMUCbIBaeTCS peaKu,Meﬁ:

NH, + HNO, = NH,NO, + 145 k.

dTa peakuus ABNSETCA NPaKTUYECKH HeobpaTUMOW W npoTekaeT ¢ BO/bLIOH CKOpO-
cTbio 6e3 0bpazoBaHus NOBOUHbIX NPOAYKTOB. B npouecce HeWTpanusaumm BblaenseT-
cs1 60sbLIOE KONIMYECTBO Tena.

Mpouecc Hertpanusauunn seayt npu 110—135 °C B cnabokucnoi cpege, Tak Kak npu
3TOM NOTEPU aMMHaKa C COKOBbIMM NapaMu MeHbLLE, YEM B LLLE/IOUHON cpeae.

3KPAH: CunnkaTHas npomMbILLI€EHHOCTb

Mo HasHaueHWIO: NPO3payHOe CTEKJIO, LIBETHOE CTEKJIO, TYroniaBKOe CTEK/I0, ONTH-
UECKOE CTEKJO, XYAOXKECTBEHHOe cTekso. Mo XMMUUEeCKOMY CcoCTaBy: KasbLWeBO-
HaTpUeBOe, Ka/MeBo-KasibliMeBoe, BOPOCHIMKATHOE, CBUHLIOBOE U T.[.

B ocHoBe nosyueHust cTekna nexxar peakuuu B3auMOAENCTBUS JUOKCUAA KPEMHUS C
COOM U U3BECTHSAKOM:

Na,CO, + SiO, — Na,SiO, + CO,

CaCO, + SiO, — CaSiO, + CO,

CocTas 06bIuHOTO OKOHHOTO CTek/1a cooTeeTcTByeT chopmyne Na,0-CaO-6Si0,.

B ocHoBe nosyueHus LuemMeHTa fiexkaT npoLecchl:

CaCo, + Al,0, — Ca(AlO,), + CO,

CaCO, + SiO, — CaSiO, + CO,

BoamoskHo obpaszoBaHue U Bonee CNOXKHbIX MO COCTaBy anlOMWHATOB U CH/IMKATOB
Kanbums.

Ha noBepxHOCTb pacniaB/iieHHOW CTEK/IOMacChl ONyCKalOT CLeNIlaHHbIM U3 OrHeynop-
HOM rNUHbI BPYC, CO CKBO3HOM LLEbIO MO BCEW ero AjiMHe. IToT Bpyc B TEXHONOMMH
Ha3blBaOT «10404KOM» . OBOMCKEHHAS [MHA flerye CTeKNa, a NOTOMY JIOA0uKa Niasa-
eT Ha ero nosepxHocTH. Eciin HauaTtb HaxkMmaTb Ha Heé cBepxy, To uepes Lwenb byaer
BbI4AB/IMBATLCA CHU3Y BBEPX CTEK/OMacca.

Kak TonbKO cTeknoMacca HaYHET NOKa3blBaTbCs M3 LLLEJIU JIOLOUYKH, CBEPXY HAaBCTpeuy
€M ONyCKaloT «MPUMaHKy» — ropU30HTaJIbHO NOABELLIEHHbIN KeNEe3HbI CTEPXKEHb, KO-
TOPbIV NPUBOASAT B CONPUKOCHOBEHUE C BbiCTynatowwmmM rpebHem ctekna. PackanéHHble
MeTasn/ibl 06/1a8al0T CBOWCTBOM KPENKO CBAPHUBATLCS, CKIEUMBATLCS C PACM/IaBIEHHbIM
CTEKJIOM, U KOTia HaYMHAOT NOAHUMATD NMPUMAHKY, 3a HEU MOTSHETCS JIEHTA CTEKa.
MapannenbHbie NIOCKUE AWMKH, PACMNONOKEHHbIE N0 BOKaM NeHTbl, NPeACTaBNSAOT
cobOM XONOAUNBHUKH C LUPKYIMPYIOLLEN BOLOK, KOTOPble CNOCcoBCTBYIOT BbICTPOMY
OTBEPAEBAHHMIO JIEHTbI TOTYAC XKe nocsie e€ BbIXxoAa U3 wesnu nogouku. Hag xono-
LMNIbHUKaMK No 06enM CTopoHaM CTeK/1a pacnoioXKeHbl BasMKu. Banukn obnoskeHbl
acbecToMm, Kpenko 06XXMMatoT IEHTY U NPUBOASATCS BO BPALL,EHWE OT 3/IeKTpoMoTopa.
3To — NOABLEMHbIN MexaHW3M, 0becrneurBaloLLMii NN1aBHOE U PaBHOMEPHOE ABUKe-
HWe NEHTbI CTEeKNAa CHU3Y BBepX. Uem Bosblie CKOPOCTb BbITATMBaHUS, TEM TOHbLUE

(7]
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LlemeHT npencraenset coboi TOHKOPa3MONOTbIN MUHEPaSbHbINM MOPOLLOK, CMOCOBHbIM
NPW CMEeLLEHUU C BOLOW 0OPa30BbIBaTL MIACTUYHYIO MACCy, C TEHEHWEM BPEMEHH 3a-
TBEPAEBAIOLLYIO B KAMHEBHUAHOE TESO.

Hanbonee pacnpoctpaH&HHbIM LLEMEHT, Ha3biBAEMbIH NOPTNAHL-LEMEHTOM, MOMYYAIOT
nyTem obkura npu Bbicokoi Temnepatype (1400—1500 °) npupoaHoro cbipbs B BUAe
mepresen UaM UCKYCCTBEHHOW CMECH W3BECTHSIKA C TIMHOW W LpYyriMU MaTtepuana-
MU. OBXKUI NPOU3BOAMTCS B crieuranbHbix nedax. OBbuHO LeMeHTOOBKUraTesibHas
neubo — 3TO OrpoMHbIM, asMHon 100—150 mMeTpoB, ropU3OHTaIbHO PACMONOXKEHHDbIH
LMMHAP, BbIIOXKEHHbIW BHYTPHU OrHEYNOPHbLIM KUPMUYOM U MELJIEHHO BPaLLAOLLMICS.
Meub ycTaHaBnuBaeTCs C HaK/IOHOM; Biarofaps aToMy Matepuaribl B HeW, nepecbina-
ICb, NOCTENEHHO NEPeLBUraloTCs OT OAHOro KoHua K gpyromy. Mpu obxkure nonyua-
eTCsl CreKWuincs Mateprasn. JTOT MaTeprasn HOCUT Ha3BaHWe LeMEHTHOMO KJIMHKepa.
LleMeHTHbIM K/IMHKep NoABEPraeTcs pa3MoJly B TOHKMIM NOPOLLIOK ¢ fLoBaBKOM Npu pas-
MoJie HECKOJIbKMX MPOLIEHTOB runca.

CnnaBneHHas cTek/isHHas Macca 6ecuBeTHa, C JIErKUM >KeNTOBATO-3€/EHbIM WU
ronyboBaTo-3€1EHbIM OT/IMBOM, BbI3bIBAEMbIM PA3/IMUHBIMU MUHEPAIbHBIMW NPUMECS-
MH. [Ins Toro e, utobbl 3Ty Maccy OKpacHTb, YaLLe BCErO NPUMEHSIIOT OKCHbI MeTa-
noB, f06aBNSAs UX B LUMXTY BO BpeMs nnasku. YKenesucrble COEAUHEHUS OKPALIMBAIOT
CTEKJI0 B roflyboBaTo-3eNEHbIN W >KENTHIN 40 KPACHO-BYpOro LBET, OKCUA MapraHua —
B >KENTbIK M KOPUYHEBbIN O (PUOETOBOrO, OKCUL, XPOMa — B TPABSHUCTO-3€NEHDIN,
OKCHJ, ypaHa — B >Ke/JTOBaTO-3eN€HbIN (ypaHOBOE CTEK/O), OKCcUL Kobanbta — B
CHHHWI (KOBaNbTOBOE CTEKJIO), OKCHL, HUKENS B (DMONIETOBbINM LO CEPO-KOPUYHEBOTO,
OKCHJ, CypbMbl — B >KENTbIN (B CaMbIi »K€ KPaCHBbIM YKENTbIW OKpaLLUBaeT, O4HaKO,
KonnouaHoe cepebpo), oKCUa Meau — B KPacHbIi (Tak Ha3blBaeMbId MeaHbIM PyOUH
B OT/IYME OT 30/10TOr0 pybUHa, nosiydaeMoro npubaekoi KonnougHoro 3onora). Mo-
JIOUHOE CTEKJIO NoJyHaloT J0OaBKOM CMECH MOJIEBOrO U MNIABUKOBOTO Wnara. Temu xe
npubaBkamu, 3aMyTHUB CTEK/IOMAcCy B O4YeHb C/1aboM CTeneHu, NosyyaoT onasoBoe
cTekno.

SKPAH: 3neKTponus xnopuga HaTpus

I'Io,u. 3N1IEKTPO/IM3OM NOHUMAKOT COBOKYMHOCTb OKWCJ/IUTE/IbHO-BOCCTAHOBUTEJ/IbHbIX
peakLui, NPOoTEKaoWMUX Ha NMOBEPXHOCTH I/IEKTPOLOB, NOMELLEHHbIX B pacniae Uau
pacTBOp 3NEKTPONNUTA, MPU NPOMYCKAaHUKU MOCTOSIHHOIO 31eKTPUYECKoro Toka. B coot-
BETCTBUU C MEHEE TOYHbLIM OnpeesieHUeEM IJIEKTPOJIU3 — NMPOoLECC Pa3/IoXKEHUA BeLle-
CTBa noj ,quICTBMeM 31IEKTPHUYECKOro TOKa.

B BogHOM pacTBope B peakLuusix Ha 3/IEKTPOAax MOryT y4acTBOBATb U MOJIEKY bl BOZbI,
BOCCTaHaBJ/IMBasACb U1K OKUCNAACD:

2H,0 — 4e=0, + 4H",

2H,0 +2e=H,+ 20H".

Mo3aToMy cocTas NPOAYKTOB 3/1EKTPOJIM3a MOXKET ObITb Pa3/iuHbIM.

MponyKTbl, BbIAENSIOLMECSA HA KATOAE U Ha aHoZe, MOryT B3aUMOAENCTBOBATb APYr C
npyrom c obpasosaH1eM NoHOUHbIX MPOAYKTOB 3/1eKTPOIM3a. YTo6bl yMEHbLIMTD NPo-
TekaHue nobouHbIX peakLUui, creqyeT co3aaTb YC/OBUS, NPENATCTBYIOWMUE CMELIEHUIO
KaTOoAHbIX KU aHOOHbIX NPOAYKTOB. K HUM OTHOCATCA pa3nesieHne KatogHOoro u aHoa-
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HOrO NMPOCTPAHCTB AWaparMom K UIbTpaLMs INEKTPOSIUTA Yepe3 uadparMy B Ha-
npasneHuH, NPOTUBOMNOOXKHOM AswxkeHntio OH™-uoHoB k aHoay. Takue guadparmbi
Ha3bIBAIOTCS (PUNBTPYIOLMMU SUadparMamu 1 BbINOHAIOTCS U3 acbecTa.

B cnyuae anektponuza pacnnasa NaCl:

Ha Katoge: Na* + e~ — Na°

Ha aHope: 2CIF—2e > CIZT

B cnyuae anektponusa sogHoro pacteopa NaCl:

Ha Katoge: 2H,0 +2e=H, + 20H"

Ha aHope: 2CIF—2e > CIZT

Mpu anekTponuse pacnnaea xnopupa Hatpua (T = 801 °C) Ha kaTope Bbigensetca
MeTasl/IMYeCKUI HAaTPHUH, a Ha aHoZe — ra3oobpasHbIi XJ10p.

AneKTponusép npencrasnsier coboi yTepOBaHHbIM OrHEYNOPHbIM KMPMUYOM CTaslb-
HOM cocyn. B kauecTBe aHoZa MCMONB3YIOT rpadhUTOBbIE CTEPXKHM, B KA4ecTBe KaTo-
[a — >KenesHblM (cTanbHOM) uunuHAp. B BepxHeW yacTv anekTponusépa umeetcs
yCTpOMCTBO Ana cbopa xnopa (konokon). Boigensowumics B KaTogHOM NpOCTpaHCTBe
MeTasI/IMUEeCKHii HaTpuii cOBUPAIoT B cneluanbHbli Koinektop (ycTporcTeo ans cbopa
HaTpus 6e3 focTyna BO3ayxa).

SKPAH: [MonyyeHne antoMUHUS

CraHfapTHbIWM 21EeKTPOLHbIM NoTeHUMUan antoMuHus paseH — 1,66 B, uto ceupgeresnb-
CTBYET O AOBOJIbHO CHU/IbHbIX BOCCTAaHOBMTE/IbHbIX CBOMCTBAX META/I/IMUECKOTO alloMU-
HUs1. MoHbI MeTanIoB CO CTOJIb OTPULLATE IbHBIM 3HAYEHUEM I/IEKTPOLHOIO NOTEHLUMaNA
He/Nb3sl BOCCTAHOBWTb U3 BOAHOMO pacTBOpa — BMECTO HUX ByeT BOCCTaHaB/IMBATLCS
BOJa C BblaefieHneM Bogopoaa. MMeHHO No3ToMy Hesib3si BOCCTAHOBMTb MOHbI APT B
BOJHOM pacTBope [0 MeTansia HA AEUCTBUEM XUMUUYECKUX BOCCTAHOBUTENEN, HU Aen-
CTBUEM 3/IEKTPUUECKOrO TOKA.

B ocHOBe NPOMBbILLIEHHOrO NOYYEHUS aJIIOMUHKUS JIEXKUT IEKTPOJIU3 PACTBOPA OKCH-
Aa anomunna ALO, B pacnnasneHHom kpuonute Na,[AIF . Ecan umcTbii okeug anto-
MUHUA nnasutcsa Tonbko npu 2050 °C, To Temnepartypa nnaBneHUs KpUMOUTa COCTaB-
nset scero 1100 °C, a nob6asku (hTOPHIOB KaNbLUA U MarH1s CHUXKAaKOT TeMnepaTtypy
nnasnenus ao 940 °C. Mpwu 3Toi Temnepatype B Kpronute pacteopsetca o 8—10%
OKCHA a/lOMUHHS.

Kpuonut B pacnnaee nogsepraercsi AUCCOLMALIMM HA UOHDI:

Na,[AIF,] - 3Na* + [AIF ]*

ueM U 0bbsACHAETCA XOpoLLas 3NeKTPONPOBOAHOCTb ero pacniaBoB.

PaccMoTpuM yCTPOWCTBO 3/1€KTPONM3EPA A5 NOJTYYEHHUS aJIIOMUHUSA C HEMPEepPbIBHbIM
CaMOOBKUraloLLMMCS aHOOM.

B ueHTpe — yrosbHbi aHOL LWMPHUHOW B0 3 M W TOAWMHOM A0 1 M, MOMELLEHHDbIK B
CTa/IbHOM MOJIbIM aHOAHbIN KOXYX. KOXKyx coeiMHEH C loMKpaTamH, NOCPeACcTBOM KO-
TOPbIX OH MOXXET NOAHUMATLCA UK onycKaTbes. K BepxHel 4acTh KoxKyxa NpuKpeniéH
CTanbHOM KOIOKON, B KOTOPOM cobupatoTcs obpasytolrecs npy 31eKTPon3e rasbi.
AHopf Ha3blBaeTCs YroJibHbIM, XOTS €0 YCTPOMCTBO He Tak NpocTo. B aHogHbIM Koxyx
3arpy><atoT CBepXy CrneuuanbHyto NAaCTHUHYIO MOMYXXUAKYIO aHOLHYIO MAacCy Ha OCHO-
BE KOKca W HedbTsaHoro neka. o Mepe cropaHus HUXKHEHN YacTM aHO4a OH OnycKaeTcs,
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W MONYXKUIKas Macca noj AeNCTBUEM BbICOKOW TeMMepaTypbl KOKCYETCS U npeBpaLla-
€eTCs B TBEPAYIO YrNepOHYIO aHOAHYIO Maccy.

DNeKTPUUECKHUIM TOK NOCTyNaeT K aHOAY MO CTasbHbIM CTEPXKHSAM, 3aBUTbIM B aHOAHYIO
maccy.

Mop (HW3) aneKTponM3épa M ero BOKOBble CTEHKM BbLIOXKEHbI YrONbHbIMU BlI0KaMK
W MJIMTAMM, OKPY>KEHHbIMU K/IaLKOW U3 OrHEYNOPHOro Kupnuua. J1a KNnaaka, B CBOO
ouepefp, 3aK/IloUeHa B CTaIbHOM KOXYX. B yronbHble 610KM BMOHTUPOBaHbI CTaslbHble
CTepyKHH (KaTtogpl) 415 NOABOAA I/IEKTPUYECKOrO TOKA.

MockonbKy NAOTHOCTb KMAKOrO aftoMUHKUs cocTasnseT 2,3 r/cM®, a NIOTHOCTb 3/1eK-
TponuTta okono 2,0 r/cM3, To XKUAKKI aNtoMUHKI cOBUpaeTcs Ha [iHe 3N1eKTPOU3Epa.
ANIOMUHWI W3BNEKAIOT U3 /IEKTPOIM3EPA OAWH pa3 B CyTKU. [lna atoro npobusaiot
OTBEPCTHE B KOPKE I/IEKTPOJIUTA U OMYCKAIOT YEPES HETO B HUXKHWM C/IOW CreLuasibHbIn
pykas (Tpy6y). Mo 3toi Tpybe >KULKHI aNtOMUHWI BCACbiBAETCA B BaKYYMHbIN KOBLU, a
3aTeM U3 KOBLUA MeTasINl Pa3/iuBaeTcs B JOPMbI.

INEKTPONUTUUECKHI aNtOMUHWI cofep>XuT obbluHo 99,5—99,7% aniomunus. Ons
npoussofcTea 1T anoMuHus Heobxoaumo 1,89 T AlQ,, 0,45 T yrnepoaHoro aHogHoOro
matepuana, 0,07 T Na,[AIF ], okono 15 000 kBr-uac anexktpoaHepruu. loposoe M1po-
BO€E Npon3BoacTBO antoMuHus B 1990 r. npeBbicuno 17 MaH T.

9KPAH: Xumus fomeHHOro npouecca

UyryH — >Kefie30yrneponucTbii cnnas, cogepxawmi 6onee 2,1% yrnepoga. Kpome
yrnepoga, B HEM Bcerga npucyTcTBYIOT KpeMHui (10 4%), maprarel (8o 2%), a Takxe
docpop v cepa. HyryH siBNsieTcsi OCHOBHbIM UCXOLHbIM MaTepuasioM AJisi NoydYeHus
cTas, Ha uTo pacxoayetca npumepHo 80—85% Bcero BbinnaeBnseMoro uyryHa.
OCHOBHOWM UCXOAHbIN MaTepuan ANs BbINJABKM UyryHa — >kesieHble pyabl. Hanbonee
B&XKHBIMW CPEAH HWUX ABNAIOTCA: KPaCHbIN >xkenesHsk (rematut) Fe,0,, MarHuTHbIN >xe-
nesHsk (MarHetut) Fe,0,, Gypbii xenesnsk Fe, 0, - nH,O, wnaTosbii xenesHsk (cuae-
puT) FeCO,.

MoMUMO pyAbl, B JOMEHHOM NpOLEcce UCMOb3YIOT pasfiuuHble itochl, Heobxoau-
Mble A/ yAaNeHUs MYCTOM NopoAbl U TOMUBHOM 30/bl. CnnaBnssch ¢ otocoM, OHU
06pa3syloT NEerkoniaBkWii Cniae — AOMEHHbIN W/aK; B pacniaBfeHHOM COCTOSAHWU
OH y[anseTcs U3 neuu yepes LLIAKOBYIO NIeTKY. B oTeuecTBeHHbIX >KenesHbix pypax
nyctas nopojia, Kak Npasu/Io, CofepXMT u3bbitok Si0,. Moatomy B kauecTse dhtoca
MCMONb3YIOT CUIbHOOCHOBHbIE MaTepHalibl, rNasHbIM 06pasom uasecTHsk CaCO,.
LloMeHHas neub npegHasHayeHa A1 BbINJaBKM YyryHa v NpefcTaBnser cobok CoxHek-
Lee UHXeHepHoe coopyykeHHe BbicoTol Bonee 60 M 1 guametpom ao 10 M, cHabkeHHoe
CUCTEMOM KOHTPOJISi M YNPaB/IEHWUsi XOAOM TEXHOJIOrMYeckoro npouecca. lomHa (aomeH-
Hasl Neyb) COCTOMT U3 CIEAYIOLLMX OCHOBHbIX YACTeM: BEPXHSIS YaCTb — KOJIOLUHUK, Cpef-
HsAsl — LUaxTa U HKHAS — ropH. Camoe LLIMPOKOe MECTO LLaxXTbl HA3bIBAETCSA pacnap.
LlomeHHas neub paboTaeT no NpuUHUMNY npoTHeoToKa. LLInxToeble MaTepuansl — pya-
HbI arsioMepar, KOKC U Ap. — 3arpy»<aloT CBepXy Mpu MOMOLLMU 3acbiNHOro (3arpy-
304HOro) annapara. Haectpeuy onyckaiowmumcs maTepuasaM CHU3Y BBEPX ABUXKETCS
NOTOK ropsiYMX ra3os, 06PasyoLMUXCA NPH CrOPaHWK TOMIMBA — KOKCA, & TakXKe NpH-

pofHoro rasa.
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B BepxHeKn 4acTu ropHa NMPOMUCXOLMUT CrOpaHHWe KOKCa B KUC/IOPOAE, NOCTYNAlOLWEM B
neyb Yepes cneuuasnbHble ypMbl:

C+0,— CO,+ 402 k.

Temneparypa BC/l€ACTBME MPOTEKAHWS 3TOMO CU/IbHO 3K30TEPMHYECKOro npouecca
LOCTUraeT MakcumasnbHoM BenunurHbl (1800—2000 °C).

MogHWMasch BBEPX, Yr/IEKUCIbIM ra3 NPUMEPHO B 30HE pacnapa BOCCTAHAB/IMBAETCS
U3ObITKOM packafnéHHoro Kokca Ao okeuaa yrnepoga (I):

CO,+ C— 2C0O — 160 k.

Mpu cropaH1K NPUPOLHOro rasa, NoAaBaeMoro B OMHY, Takxe obpasyeTca yriekuc-
JibIM ra3 M BOASHOM nap:

CH,+20,— CO,+2H,0+Q.

W yrnekucnbiv ras, v BOASHOMW Nap BOCCTaHAB/IMBAIOTCS PACKa/IEHHbIM KOKCOM:
HO+C==H,+C0O—-Q

O6pasytowmecs okena yrnepoga (Il) v Bogopos yuacTeyloT 3aTeM B BOCCTAHOB/IEHWUM
OKCHJI0B Xenesa.

Mpouecc BoccTaHOBNEHWS OKCHAA YKele3a MPOUCXOLHUT NOC/IELOBATE/NIbHO OT BbICLIErO
OKCHa K HU3LLEMY W fasiee K YUCTOMY MeTasly:

Fe,0,50°C > Fe O, 800°C o FeQ 1200°C Fe,
[ IaBHBIMU BOCCTAHOBMTE/ISIMM YKe/Ie3a B OMEHHOMN Neu sBNSIOTCS ra3006pasHblit OK-

cug yrnepoga(ll) v TBepabiv yrnepop, (B Buae Kokca).
BoccraHoBneHWe oKCHAOM yrinepoa Ha3blBaeTcsi KOCBEHHbIM (HEMNPSMbIM) BOCCTaHOB-

NEHWEM W TPOUCXOAMT MO peaKLusM:
3Fe,0,+ CO — 2Fe,0, + CO, + 54 k[

Fe,0,+ CO — 3FeO + CO, — 37 k[

FeO + CO — Fe + CO, + 16 k[x

BoccraHosnenue Fe, O, HauMHaeTcs Npu cpaBHUTENIbHO HU3KKX TemnepaTypax (400—
600 °C) B BepxHeM uacTu waxTbl neyu. Mo Mepe onyckaHus pyaHbIX MaTepHUasioB BHU3
MoBbILLAIOTCS U TemMnepartypa, u cogepykaHue CO B JOMEHHbIX ra3ax; npu 3TOM co3aa-
I0TCS YC/I0BUS A1 OKOHUATE/IbHOrO BOCCTAHOB/IEHUS )Keie3a. ITH NPOLECChl 3aKaHuM-
BAlOTCA B HUXKHEM YacTH LuaxTbl neuu npy temneparypax okosno 900—950 °C. 3HaueHue
KOCBEHHOIrO BOCCTAHOBJIEHWSI O4YeHb BeMKO: okecuaom yraepoga CO BoccraHaBnvea-
etcs po 80% Bcero »xenesa. OcTanbHas YacTb >Kee3a BOCCTaHAB/IMBAETCA TBEPAbIM
yrnepofom. BocctaHoBieHWe TBEPAbIM YrepOaOM Ha3blBAETCS NPSAMbIM BOCCTAHOB-
nexnem. OHo npowucxoaut npu Temnepatypax ebiwe 1000 °C (3oHa pacnapa neuu) no
peakumu

FeO+ C — Fe+ CO — 151 k[x

Yke B lWiaxTe gomMeHHowM neuu npu temnepatypax eoiwe 400—500 °C Hapagy ¢ BoccTa-
HOBJIEHWEM >Ke/Ie3a MPOUCXOLMUT U Er0 «HayrNEPOXKUBAHUEY MO PEAKLIMH:

3Fe +2CO = Fe,C + CO, + 181 k[k

Kapbup xenesa Fe,C xopolio pacTsopsieTcsi B TBEPAOM Kenese U nocteneHHo o6-
pasyeTcs cnsias >enesa c yrneponoM. C yBenuueHWeM cofepskaHus yrinepoga Tem-
nepartypa niaBJieHUst CMiaBa 3HAUYWUTESIbHO MOHWUXKAETCA U [OCTUraeT MUHWMaNbHOrO
3Hauenus 1147 °C npu copepxkanuu 4,3% yrnepoga.
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B 30Hax neuu ¢ BbICOKUMM TeMnepaTypaMu — OObIUHO B HMXKHEMN YaCTH LaxTbl — Ha-
unHaeTcs nnaeneHue cnnasa. XXUOKUK CNnaB — 4yryH, CTeKasi BHU3, OMbIBAeT KYCKH
packaneHHOro Kokca v JoNoSIHUTENIbHO MHTEHCUMBHO HayriepoykuBaetcs. B Hem Takke
pacTBOPSAOTCS BOCCTAHOB/IEHHbIM MapraHeL, KpeMHUW, cepa v Apyrve npumeck. Ko-
HeYHbIM COCTaB YyryHa ycTaHaB/IMBAETCS B FOPHe.

SKPAH: [Ipon3BoACTBO YyryHa

[omMeHHas neub, MM AOMHa, NpefHa3HadeHa ANs BbINAABKU XKefe3a U3 ene3How
pPyAabl. ILl,OMeHHaFl neyb — BepPTUKa/IbHaA Nneyb WaXTHOro Tuna. BHeLIJHe AOMHa HanoMu-
HaeT 6osbluyto Kpyrayto bawwHio. E€ sbicoTa (go 35 m) npumepHo B 2,5—3 pasa 6onbLue
avametpa. [loMHa COCTOMUT U3 TPEX OCHOBHbIX YaCTEN: BEPXHSSA YaCTb — KOJIOLLHMK,
CcpeaHss — LaxTa U HUXKHAS — ropH. KOMOWHWK — UMAMHApHUUYECcKas YacTb neuu,
KOTOPas CNY>KUT /15l NPUEMA LUKMXTbl. HiUXKe KOMOLIHWKA HaXO4UTCS OCHOBHAs YacTb
Neyn — LIaxTa, PacLUUPSIOLAACs KHU3Y.

[na ymeHbLUEeHUs HAarpy3Ku Ha HUXKHIOIO YacTb MeYu LuaxTa OnMpaeTcs Ha MOLLHOE
CTa/ibHOE OMOPHOE KOJbLO, NOALEPXKUBAEMOE CMEeLUaNbHbIMU KOIOHHAMMU.

Bcnep 3a HanbonblUMM pacluMpeHyeM (pacnap) AOMHa Cy>KMBaeTCca KHU3Y (3ansieuu-
KM), TaK Kak 3aecb 06bEM LUMXTbI PE3KO YMEHbLIAETCS BCIEACTBHE N1aB/IEHUS U cropa-
HUA OTAEJIbHbIX eé KOMMOHEHTOB.

HWwxKHAS uMnuHOpUYecKas YacTb Neyu HasbiBaeTcsi ropHOM. [OpH nNpegHasHaueH ons
cropanus Tonnuea. Kokc roput B ropHe, pa3suBasi O4eHb BbICOKYIO Temrnepartypy —
cebiwe 2000 °C, nopg menctereM KOTOPOM pyga nonHocTtbio pacnnaensercs. Cropas,
KOKC 0BpasyerT yriekucnbii ras. lMogHumasch BBEPX, YrNEKUC/IbIM ra3 B3aMMOEHCTBY-
€T C packaNéHHbIM KOKCoM ¢ obpasosaHueM okcuaa yrnepoga (ll), koTopsbiit v BoccTa-
HaenuBaeT pyay. Obpasylolmecs B XxoAe LOMEHHOrO Npouecca rasbl NOKUAAIOT neyb
uepes KOJIOLWHMK.

CTeHKM AOMHDbI BblK/1a4blBaOT U3 OrHEYNOPHbIX MaTepHUasioB — B OCHOBHOM K3 LLaMO-
Ta. HW>KHIOK0 YacTb ropHa W ero ocHoBaHue (newab) BbINOAHSAIOT U3 0cob0 orHeynop-
HbIX MaTepHasoB — YraepoAUCTbIX (rpadoMTU3UPOBaHHbIX) 60KOB. [1s NOBbILWEHHS
CTOMKOCTH OTHEYNnopHOMW K/afKW B HeW ycTaHaB/iuBatloT (npuMepHo Ha 3 /4 BbicOTbI
neun) MeTaaiMieckue XoNOAU/bHUKH, MO KOTOPbIM LMpKyaupyeT Boga. Knagka neuu
CHapY>XH 3aK/toHeHa B CTa/IbHOWM KOXYX ToJILmMHOM Ao 40 MM,

LlomeHHas neub paboTaet no npuHumny npotueoToka. LLinxtoebie matepuansl — arno-
Mepart, KOKC U Ap. — 3arpy><atoT CBepXy Npu NOMOLLM 3aCbINHOMO (3arpy304HOro) an-
naparta. Mog percTeremM cOBCTBEHHOrO BECA LUMXTA OMYCKAETCsl, MPOXOAA Yepes BClO
nomHy. Hasctpeuy onyckarowumcsi Matepuanam CHU3y BBEPX LBUXKETCS MOTOK ropsiumx
rasos, 06pasyoLLMXCS NPU CropaH1u Tomnarea (KOKCa, a TakyKe NPUPOAHOro rasa).
Kaynepbl — Bo3fyxoHarpeeatesniu. Boigensiowmecs M3 LOMHbI rasbl UMEIOT BbICOKYHO
TemMnepatypy U HanpaefisitoTCs B Kaynepbl Ans oborpesa Bo3fnyxa, NOCTYNaloLLero B
LoMeHHyto neub. Kaynep nmeet popMy unnuHapa guametpom Lo 8 m v BbicoToi fo 40
M, C/IOXKEH U3 OFHEYNOPHOro KUpMMUa U 3aK/IOUeH B XKesle3Hbli KoXKyX. BHyTpu kay-
nepbl UMetoT HarpeBaemyto HacafKy. Ecnu gomeHHas neub — annapar HenpepbIBHOMO
[eNCTBUSA, TO Kaynepbl — annaparbl NepUOLUYECKOrO AeHCTBUS, NOITOMY Ha OLHY [0-

MHy npuxogutcs 3—4 kaynepa.
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MpuHuMn paboTbl Kaynepos cnenytowmii. [JJomeHHbIH ras, BbIXOL4sS U3 neuu, Mo raso-
NPOBOAY MOCTYNaeT B KamMepy ropeHusi, B KOTOPOM NMPOUCXOAMUT AOXKWUraHue oKchaa
yrnepoga(ll). F'opsuve npofyKTbl cropaHus NOLHUMAIOTCS KBEpXY, U3MEHSIOT BBEPXY
Kaynepa CBOE Harnpas/ieHWe W WAYT BHU3 Yepe3 KMPMUUHYIO HacafdKy, HarpeBasi eé.
OcrTbiBlUKe ra3bl HanpasnsioTcs B gpbiMoByto Tpyby. Nocne Toro kak Hacagka pocrta-
TOYHO HarpeeTcsi, AOMeHHble ra3bl HanPaBAAOT BO BTOPOW Kaynep, a nepsbli Kaynep
Ternepb ByAeT CNyXXWTb A5 NOAOrpPeBa NOCTYNAIOLLErO B Meyb XONIOLHOMO BO3AYyXa.
XonofHblM BO3AYX NMPOXOAWT MO KaHanaM pacKkanéHHOW HacafKu CHU3Y BBEPX W Ha-
rpesaetcs go 700 °C — 900 °C, a 3aTeM HanpaenseTcs B LJOMEHHYIO Meyb.

Mo Ha3HaueHWo LOMEHHbIE YyryHbl pa3fenatoT Ha IMTENHbIW U nepefenbHbli. Jluten-
HbIM UyryH NepennasnsioT U U3 HEro OT/IMBAIOT YyryHHble uagenus. U3 nepepenbHoro
uyryHa nosydaiot ctasib. OH coctasnsier okono 90% Bcei Bbiniasky yyryHa.

OKPAH: KoHBepTep ¢ KNC/I0POAHBIM AYTbEM

XuMuueckas CYLWHOCTb NPOUCXOOALLUX NPU BapKe CTa/IM NPOLECCOB 3aK/1l04aeTCAa B
YMeHbLUEHUWU COAEPIKAHUSA Yrepoa, KPEMHUS U MapraHua Ao onpenenéHHbIX Beu-
UMH, & TaK>Xe B BO3MOXHO DOosiee NOHOM y[asieHWU BpefHbIX NpUMeceld — cepbl U
dochopa. B npoTHBONONONKHOCTD JOMEHHOMY NpoLeccy, B KOTOPoM npeobnagatot
peaKkLuu BOCCTaHOBJ/IEHUSA, NPU BapKe CTasu npeobnafaloT peakuuu OKucieHus. B
KauecTBe OKWC/IMTeNen UCNONb3YKOT KUCOPO4 U OKCULbI Kene3a, coaep kalmuecs B
»Kene3HoM pyae. Bbinnaeky ctany ocyLiecTBASIOT B MAPTEHOBCKUX Nevax, d1eKTPoay-
FOBbIX KU 3/IEKTPOHHO-/Ty4EBbIX NeYax, a TakKXXe B CneuuasibHbIX KOHBEPTEpax.

KoHBepTep uMeeT rpyLieBuaHbIA KOpNyc € AHULLEM Yalweobpa3Hoi hopMbl U C BEpX-
HeW YacTblo B hOpMe yCeUeHHOro KOHyca (B MeTallypriu BEpPXHIOKO YacTb KOHBepTepa
HasblBaloT WNEMoM). BepxHee oTBepcTUe wWNEMa (FOPSIOBUHA) CNYXKWUT ONS 3a/IMBKU
uyryHa, 3arpy3ku Jioma, M3BeCTH W APYrux MaTepuasoB, a TakxKe AJis BbIxoda ra3os
BO BpeMs npofyBKku. [lns oTaeneHus meTanna oT Llaka Npy CAWBE B KOBLU KOHBEP-
Tep cHabxaloT neTkoi. Koxkyx KoHBepTepa CBapUBAIOT U3 TONCTbIX CTa/lbHbIX JIMCTOB
U (yTePYIOT OrHEYNOPHBIM AOIOMUTOBbBIM KUPMUYOM, TosLMHA dpyTepoBkr 70—90 cm.
Hapy>kHbii guameTp KoHBepTepa focTuraet 8 M.

B npouecce paboTbl KOHBEPTEP MOXHO NOBOPAUMBATb BOKPYT FOPU30OHTAIbHOM OCHU Ha
360 ° pns 3aBasikv CKpana, 3a/IMBKU YyryHa, C/IMBa CTasu, Wiaka v T.4. [Ing atux uenen
KOHBepTep CHabKEH CreLnasbHbIM ONPOKUAbIBAIOLMM YCTPOMCTBOM.

B ropnoBuHy KOHBepTepa BEPTUKa/IbHO BCTaBASETCS BOAOOXNaxhaemas dypma ans
noaaqu kuciopoga. HuxkHss yactb ypMbl 3aKaHUMBAETCS COMJIOM U3 MEAM, YEPES KO-
TOpPOE KUC/IOPOS, U NOCTynaeT B KOHBepTep. Bo Bpemsi npofyBKkY UyryHa KUCIOPOAOM
KOHBEpPTEp HaxoAWTCS B BePTHKa/IbHOM NosoxkeHWu. MypmMy ycTaHaBIMBAIOT CTPOroO
BEPTUKAJIbHO MO OCU KoHBepTepa. E€ nogHUMatoT cneuuanbHbIM MEXAHU3MOM.

CTpys KMC/NoOpoaa 3HepruyHO BHELPSETCS B XXWMAKUW 4YyryH (nof faBleHWeM CBbille
10 aT™.) 1 BCTynaeT B peakLiu C pa3iiuHbIMU TPUMeCsMU YyryHa. 3a nepsble 5—10 mu-
HYT OKMCIIOTCS KPEMHWM M MapraHel. B pe3ynbtate 3THx 3K30TepPMUUYECKUX peakLni
Temnepartypa MeTanna B koHeepTepe nogHumaetcs ¢ 1200—1250 °C go 1400—1450 °C.
Mocne 3TOro NPOUCXOLUT BbICTPOE U UHTEHCHMBHOE BbiropaHue yrinepoga. OkucieHu1e
KpeMHUs, MapraHua, yrnepoja v Ipyrix KOMNOHEHTOB CONPOBOXAAETCS BblAeeHUEM

(7]




12. lpunoxerue

10.

TaKoro KOJIM4YecTBa Tenna, KoTopoe AOCTAaTOYHO A5 TPOBEAEHUS METaTYPruieckoro
npouecca gaxe 6e3 cneunanbHoro BHewHero Harpesatens. Kucnopog npogoskator
BAYBaTb B KOHBEPTEP A0 TEX MOP, NOKA COAEPXKAHWE Yrnepopa B UyryHe He CHU3MT-
cs [o 3afjaHHoro npegesna. [Npu atom Temnepatypa metanna gocturaet yxke 1600 °C.
Peakuuu, paseuBatolimecs B KOHBEPTEPE, AAIOT CTOMIbKO TEM/A, UTO €ro XBaTaeTr He
TOJIbKO [J/151 HAarpesa YyryHa, Ho eLle U fJisi TOro, uTobbl PacnIaBuUTb KEE3HbIN JIOM.
Cragus 1. 3arpyska noma M >XMAKOro uyyryHa. KoHBepTep Hak/IOHSIOT WU Ye-
pe3 rop/jioBUHY C MOMOLLbIO 3aBa/IOYHbIX MallMH 3arpyy<alT CKpanoM — cCTasib-
HbIM JIOMOM, WM3BECTblO, >KEJIe3HOM pynoW, BOKCWTOM, MNABMKOBbLIM LUNATOM. 3a-
TEM B KOHBEPTEP W3 YYryHOBO3HbIX KOBLUEM 3a/IMBAIOT XKWUAKWHM NepenesibHbIi YyryH,
umetowmi Temnepatrypy 1250—1400 °C. Takow uyryn copepxut 3,7—4,4% C;
0,7—1,1% Mn; 0,4—0,8% Si; 0,03—0,08% S; 0,15—0,3% P.

Crapgua 2. KucnopopgHoe aytbé. [ocnie 3arpysku KOHBEPTEP MOBOPAYMUBAIOT B BEP-
TUKasbHOe pabouee NosoXKeHUe, BHYTPb €ro BBOAAT KUCJIOPOAHYIO (DypMy W noaatoT
kucnopog. CTpyu kucnopoga, nocrynatowue nog 60bluMM AaBieHHEM B KOHBEPTEP,
MPOHUKAIOT B METAJIJ1, BbI3bIBAIOT €r0 LIUPKY/ISLMIO U NepeMeLlrMBaH1e Co Wwnakom. Mo-
cnefHee, B CBOKO ouepefib, CNocoBCTBYET NOBbILIEHWIO CKOPOCTH OKUC/IEHHS COAEPIKa-
wmxca B yyryHe C, Si, Mn, P. Bnarogapsi MHTEHCUBHOMY OKUC/IEHUIO MPUMECEN B 30HE
noa dpypmoi temnepatypa gocturaet 2400 °C.

Cragusa 3. Bbinyck rotoBoM ctanu. B momeHT, Korga cogepykaHue yriepoga Ao-
CTUraeT 3HaueHusl, 3a4aHHOrO AJis BbIMIABSEMON MApPKKU CTanu, nojady KMCIopona
npeKpaLLaoT U ypMy BbiHUMaIOT. [lns BbinycKa CTasiv B LWIEMHOM YacTh KOHBepTepa
MMeeTCs CreurasbHoe OTBepcTHe — sieTKa. Bbinyck ctasu yepes netky uckiodaet
BO3MOXHOCTb MOMNaAaHWA Wiaka B MeTann. Ytobbl BbIIMTb U3 KOHBEPTEPA BbiMias-
NeHHYIO CTaslb, ero HaKJ/IOHSIOT, HO B CTOPOHY, MPOTUBOMOJOXHYIO 3arpy3ke, — B
pPa3/IMBOYHbIN NPOJIET Lexa. Hepes neTky nosyyeHHas >KuhKas ctajb BblMyCKaeTcs U3
KOHBepTepa B CTafnepasiMBOYHbIM KOBLL, YCTAHOB/IEHHbIM Ha 3/1EKTPUDULMPOBAHHOM
J[MCTaHLUMOHHO YNpaB/isieMOW CAMOXOJLHOW TesIeXKe.

Cragusa 4. YpaneHue wnaka. Becnep 3a metannom B cneyuanbHblie WAaKOBO3bl CK-
BatoT wnak. LLinak U3 koHBepTepa cnMBaloT Yepes rop/IOBUHY B LLAKOBbIW KOBLL, yCTa-
HOBJIEHHbIW Ha LLNAKOBO3€ NOL KOHBEPTEPOM.

3KPAH: BbinnaBKa cTa/u B 3JIEKTpOneYu

B HacTosiee Bpems okono 30% cranu Bbinnaensietcs B anekTponedyax. Haubonee
pacnpocTpaHeHbl Ayrosble anekTponeuu. [1ns nnaeky cTany B 3TUX neyax MCNosib3yet-
€A TENJIo aN1eKTpHUYecKom Ayru. [naBHoe JOCTOMHCTBO 3TOroO cnocoba — BO3MOXKHOCTb
LOCTUXKEHUS BbICOKMX TeMnepaTyp nnaenexus (go 2500 °C).

Llyrosas anekTponedb UMeET BUZ LMIMHAPUUECKOM yalun auameTpom 6oniee 7 M M Bbl-
coto# 5,5 M. Kopnyc neun cHapy>kv NOKpbIT IMCTOBbIM METaJlIoM, OLET B CBAPHOM Me-
Ta/IIMYECKHUM KOXKYX, @ U3HYTPH BbIIOXKEH OrHEeYNOpPHbIM KUpnuyoM. [naeuabHoe npo-
CTPAHCTBO OrpaHWyYeHo CTEHKAMM, MOAOM (BHW3Y) U cBogoM (BBepxy). CbéMHbIM cBOA
BbINOJIHEH M3 BbICOKOOrHEYNOpHOro mMatepuana. B cBone umetotcs Tpu Bofooxnax-
[laeMbIX OTBEPCTHS, Uepe3 KaXkf0e U3 HUX B Neyb NPONyCcKatoT OFPOMHbIH FpadUTOBbIN

CTep>KeHb — 3NEKTPOA.
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B cTeHke kopnyca cnpaBa UMeeTcsi paboyee OKHO (a/18 CMBa LWaKa, 3arpy3ku dep-
pOCnNaBoB, B3STUA Npob), 3aKpbiToe NPH NiasKe 3acNoHKoM. [0TOBYIO CTanb BbinycKa-
IOT Uepes3 C/IMBHOE OTBEPCTHE CO C/IMBHBIM KeNoboM.

Mnaeka ctanu obbluHO NpoOU3BOAMTCA chefyowmnM obpasom. Ceon neun OTBOAAT B
CTOPOHY, W Ha NOJ, NeUYn OCTOPOXKHO 3arpy>KaroT wuxTy. LLnxta gns nnaexku B gyrosom
neun coctouT Ha 90% K3 ckpana (0TXoApl CTaNeNUTERHOrO NPOU3BOACTBA, BpaKoBaH-
Hble OT/IMBKHM, OTXO[bl KY3HEYHOTO M NMPOKATHOro NMPOW3BOACTBA, CTa/IbHOMW JIOM) W Ha
10% w3 uyryHa. [ns nonyuenus wnaka tpebyemoro coctaea B neub Haj, LUWXTOM Mo-
MeLLaloT U3BECTHSAK W >KenesHyto pyay B konuuectse Ao 1% oT Beca MeTanimMueckomn
LUIMXTbl. 3aBasiKa WMXTbl MOXET NPOU3BOAMUTLCS M Yepe3 BOKOBOE 3arpy304HOE OKHO.
Mocne 3Toro cBof BO3BpALLAIOT HA MECTO, a 3/IEKTPOAbl OMNYCKAIOT TakK, YTOObI OHM
Ha 2—3 CM He JOXOLM/IM O Bepxa 3arpy>XEHHOro MeTaslyiosioMa. 3aXKWraioT Ayry u
No Mepe pacrn/iaB/eHUsi METaI0/IoMa NOCTENEHHO YBEJIMUMBAIOT MOLLHOCTb. B neub
BBOAAT KMCNOPOS, A/ OKMC/IEHWUs Yriepofa U KPeMHUA U U3BECTb A/ 0bpasoBaHus
waka. Ha atom atane xumus nnaeku Takas e, Kak U B KUC/IOPOAHO-KOHBEPTEPHOM
npouecce. Cpa3sy nocse pacniasieHus WKXTbl, NPUMEPHO yepe3 Kaxkapble 20 MUH, 13
BaHHbl 6epyT Npobbl MeTanNa U Wnaka. B KoHue nnaeku, ecnu HY>KHO, KOPPEKTUPYIOT
cocTaB CTanu 1 [obaBnaloT NUratypy (ferupytolime 3nemMeHTbl B BULEe heppOCniaBos).
3arteM BbIK/OYAIOT AYrY, MOAHUMAIOT 3/IEKTPOAbI, HAK/IOHSIOT MeYb W MO ChelyrasbHO-
My >kesl0By BbIMyCKalOT CTaslb B CTaNepasIMBOYHbIM KOBLL.

BMecTUMOCTb coBpeMeHHbIX MnaBubHbIX nedyer coctaensetr ot 0,5 mo 400 ToHH.
OpHa 80-ToHHas crtasnensaBu/ibHas Mnedb MOJSIHOCTbIO 3ameHsieT 4 MapTeHOBCKMX
neun emkoctbio 180 T kaxkpas. Pacxop anekTpoaHepruu Ha pacnnaenenue 1 T me-
TannuMueckom wuxtbl coctaensetr 1600—1800 M, Ha paduHUpoBaHue 1 T MeTanna
no 700—1100 M.

MepBoe B Hawel cTpaHe MeTaNyprudeckoe NpeanpusTHe atToro TMna 6bi1o nocTpoe-
HO Y MOAMOCKOBHOTIO nonyctaHka 3atuwbe B 1917 r. (HbiHe MeTannypruyeckui 3asog
«3INeKTPOCTasiby B rOPOAE C TEM >Ke Ha3BaHWeM).

3KPAH: BbinnaBKa cTa/iu B 3/IEKTPOHHO-J1ly4eBOMH neyun

DNeKTPOHHO-/TydYeBas neyb NpeAHa3HaueHa B NepByio ouepenb /s NIaBKu Hanbonee
TyronnaBK1x MeTannos (Hhobus, MonubaeHa, Bosbppama u ap.). INeKTPOHHO-yYeBas
niaska obecneumBaeT BbICOKYIO YUCTOTY NMepensIaBieHHOro MeTaia h OGHOPOHOCTb
€ro CTPYKTYpbI, a TaK>Ke NO3BOJISIET NoJlyyaTb MeTasimyeckue cautky go 100 1.
HarpesaHue v nnaBka MeTasiOB 3/1EKTPOHHbBIM MYYKOM OCHOBAHbI Ha MpPeBpaLLeHUH
KMHETUYECKOW IHEPTUMU 3/IEKTPOHOB MPH UX COYAAPEHWUH C MOBEPXHOCTbIO MeTania B
TenNoByto 3Hepruto. B neun ucnonbsytotcs yckopstowee HanpskeHue o 30—35 kB,
B 3TUX YC/IOBUSIX MOAABASIOLLAS YaCTb 3HEPTrUK 3/IEKTPOHOB NPEBPALLAETCS B TEmNJIo-
Byto aHepruio. OfHaKO HeKoTopas Lo/ IHEPTUU I/IEKTPOHOB NPEBPALLLAETCS B IHEP-
TMI0 PEHTFEHOBCKOro UanyueHus. lNpu yckopsiolwmx HanpsixkeHusax cebiwe 50 kB pons
PEHTFEHOBCKOrO M3/yueHUsl 3aMeTHO BO3pacTaeT, 3aluuta oBCyKMBAIOLLEro nepco-
Hana OT W3/ly4eHUs CTAHOBWTCS OUYEHb C/IOXKHOW, NO3TOMY YCTAHOBKW C TaKUM YCKO-
PSIOLLMM HanpsiXKEHUEM He CTPOST.
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Cpepy OCHOBHbIX Y3/10B YKaXKeM Ha 3/IEKTPOHHYIO MYLLKY, UCTOYHUK MUTaHWS, NIaBWb-
HYIO KaMepy, KpUCTa/lIM3aTop, MEXaHU3Mbl NOJa4u U BblAa4u CIMTKOB, CUCTEMY BaKyy-
MWPOBaHUS, CUCTEMY OXJIaXKAEHMUS.

MnaBunbHas kamepa npegHasHadeHa /1S pa3MelleHUsi B HEM pacniaBfisieMon 3aro-
TOBKM, 3/IEKTPOHHbIX NyLIEK W KpUcTaniusatopa. Jis yaobcTBa YMCTKU BHYTPEHHSS
NOBEPXHOCTb Kamepbl MakcumasnbHo rnaakas. Kamepa cHabykeHa natpybkamu. Mpu
NOMOLLM OJHOTO UK BYX U3 HUX Kamepa coobLLaeTcs ¢ BakyyMHoM cucteMoi. OpuH
U3 NaTPyOKOB MOXKET 3aKPbIBATLCA CbEMHOM KPbILIKOW U CJTY>KUTb JIIOKOM AN LOCTyna
BHYTPb KaMepbl 06Cy>KUBaIOLLEro nepcoHana. [Lns 3awuTbl 06Cy>KUBAIOLLErO NEPCo-
Hasla OT U3J/Tly4eHWUHM CTEHKM N/IAaBU/IbHOW KamMepbl U3rOTOBJIEHbI U3 CTaU TOJILLUHOM A0
15 MM, a CMOTpPOBbIE OKHa 3aLUMLLEHDI CMeLHabHbIMU CTEK1IaMH ToJILMHOM 10 40 MM,
MockonbKy cTeHKH pabouei Kamepbl BOCPUHUMALIOT TEMIOBOE U3NyUEHHE, UX Yepes
cneuuasbHble TENI00OMEHHHUKH OXNaXKAAIOT BOLOM.

Llna ycnewHoM nnaBku B 3/IEKTPOHHO-NyYEBbIX Neyax cO3[aéTCs rnyboKui BakyyM c
OCTaTOYHbIM [aB/ieHWeM B naaeunbHon kamepe nopsaaka 0,001 MNa (1075 mm pTyTHOrO
ctonba). Boicokoe paspexkeHue HeOOXOAMMO ANs TOro, YTobbI:

My4OK 3/IEKTPOHOB Ha MYTH K HArpeBaeMOMY MeTasI/ly He TEPS/I IHEPTUIO MPH CTONIKHO-
BEHWMU C aTOMaMH 1 MOJIEKYJIaMU ra3os,

MO BO3MOXHOCTH yJa/iUTb ra3bl, CTOCOBHbIE OKUC/ATb pacniaBisieMbli MeTana (Kuc-
lopog, a3oT, napbl BOAbI U Ap.),

cnocobcTBOBaTh YAANEHWIO U3 PaCr/IaB/EHHOro MeTasla NeTyuux npUMecei yxe B
npowecce naaBKH.

3KPAH: O6oraweHue pya pnortaumen

Mon dnotaumen NoHMMalOT NPOLECC Pa3fe/ieHus BeLeCTB (B YaCTHOCTH, MUHEPAsIOB),

OCHOBaHHbIM Ha pa3/IMiHON CMauYMBAEMOCTH 3EPEH MUHEPANOB XKMAKOCTbIO. Tak, cepa

U CynbgUbl N10X0 CMaUYMBAIOTCS BOAOH, a KBapL, OKCUAbI M KapboHaTbl — XOpOoLLO.

Yactuupl HecMaurBaemoro (ruapogo6HOro) MuHepasna He MOryT NPeOAOETb CHJI MO-

BEPXHOCTHOIO HATSXKEHMS >KUAKOCTH (BOAbI) M OCTAIOTCS Ha €€ MOBEPXHOCTH. YacThuku

cMauuBaeMoro (ruapogUAbHOro) MaTeprana obBONAKMBAIOTCS MIEHKOM KUAKOCTH U

onyckarTcs Ha AHO annaparta. Ha aTom siBfieHuH 1 ocHoBaH MeTog chioTaumu.

Lna npoeepeHus dioTauMu MUCNOJb3YIOT Pa3/iMuHble BCrOMorartesibHble BELecTBa,

UK hioTauUoHHble peareHTbl. DioTopeareHTbl — 3TO XMMUUeCKHe BelecTsa (06biu-

HO NMOBEPXHOCTHO-aKTUBHbIE), KOTOpble J0BABASAIOT B Ny/bNy A/ CO3LaHWS YC/IOBWM

u3bupaTtesbHOro (CeneKTUBHOro) pasaeneHus MuHepanos. MnotopeareHTbl NO3BONA-

lOT perynnpoBatb B3aMMOAEMCTBUE MUHEPAJIbHBIX YACTHL, MU ra30BbixX My3bipbKoB. Mo

Ha3HauYeHWIO pa3nnyaloT TPM rpynnbl dhNoTopeareHToB: cobupaTten, neHoobpa3osa-

TENU U MOAUUKATOPbI.

1. Cobupatenu (Konnektopbl). Ponb 3TMUX peareHTOB 3aK/Ilo4aeTCs B CEIEKTUBHOM
ruapocobusaumu (MOHUKEHUH CMayMBAEMOCTH) NOBEPXHOCTH HEKOTOPbIX MUHE-
pasibHbIX YaCTHL, U BO3HUKHOBEHWU TEM CaMbIM YCJIOBUM OIS NMPUIIMMNAHWSA K HUM
ra3oBbIX My3bIPbKOB.

2. TMeHoobpasosaTenu (Bcnenusatenu). Mx ponb CBOAUTCS K MOHWNKEHWIO MOBEPX-
HOCTHOIO HaTSXeHUS >KMIOKOCTH, YTO CnocoBCTBYIOT 0OPa30BaHUIO YCTOWUUBOM
060/104KM NY3bIPbKOB BO3AyXa U CTabUIM3aLMK NeHbl.
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3. MoguduKaTopbl (perynsTopbl) NO3BONSIOT YCUAWUTb, OCNABUTb MW WCKIOUNUTD
apcopbuuio cobuparenei Ha MuHepanax. bnarogaps mMomgudukatopam ymeHb-
waeTcs pacxon cobupartenen U LOCTUraeTcs pasgefieHue MUHEPanos ¢ B6aM3KowM
MAOTHOCTbIO.

ToHKOW3Me ibYeHHasi B3BeCb NOpPOapbl C (IOTOpeareHTaMu nocTynaeT B MalluHy, CO-

cTosLylo U3 Bonblioro pesepsyapa (Kamepbl), BHyTPU KOTOPOrO YCTaHOBJIEHbI Nepe-

ropoAKH, MeXAy KOTOpbIMU pacrnosioxeHbl Tpybku. Mo atum Tpybkam B Kamepy no-

[aétcs BO3ayx Nnoj AaB/ieHWeM, KOTOPbIW nepemeLLrBaet nybny. My3bipbku BO3gyxa,

NoAHWMasCh BBEPX, YBNEKalOT 3a cobo yacTuupbl ruapodobHOro MUHepana, BCnibl-

BalOLLLEro Ha NOBEPXHOCTb BoAbl. [logasaemblit B nysibny Bo3ayx obecneunBaeT LUPKY-

NISILMIO BOAHOM B3BECH YACTHLL, B KamMepe.

Llns ycnewHoro npoeefeHus hnoTaumu B BOLHYIO B3BeCb fobaBnstoT neHoobpasosa-

Tenu. l'|aCTI'1LJ,bI MHWHEepanos C Hecmaqwaaemoﬁ NOBEPXHOCTbIO, NPpU/IKNasa K Ny3blpbKam

BO34yXa, BbIHOCATCA HaBepx B BUAE MMHepaﬂM3OBaHHOIj1 NeHbl. I'IeHa C NOBEPXHOCTH

>KMOKOCTH BMECTE C YacTuuaMmu ruapodobHoro MuHepana nepesnvsaetcs uepes 6opt

Kamepbl B CreLmrasibHbli 3xenob, oTKyaa fanee oHa noctynaet Ha puibTpoBaHue. Ha-

CTWLUbI, OCEBLUWE Ha OHO KaMepbl, BbIBOAATCA B BUAE d)ﬂOTaU.MOHHbIX XBOCTOB.

MpupoaHble MUHepasbl B BOJIbLIMHCTBE Cly4aeB XOPOLIO CMauMBAIOTCS BOLOW, NO3-

TOMY AN UX pa3fefieHus piioTauuen B BOAHYIO CYCNEH3UIO BBOAATCS CreLuabHble

peareHTbl — cobupaTenn (KONNEKTOPbl), CHWXKAIOWME CMAYUBAEMOCTb OTAE/bHbIX

NPUPOAHBIX MUHEPaNOB. Tak, OleMHOBas 1 HadhTEHOBbIE KUCIOTbI MOKPbIBAIOT NOBEPX-

HOCTb YaCTHL, TMAPOGUIBbHBIX MUHEPANIOB rMAPOGOOHOMN NIEHKOM, YaCTHLbI MUHEpPana

«MPUNUNAIOT» K MY3bIPbKY BO34yXa, BCMJIbIBAIOT U BbIBOASTCS U3 Kamepbl. ITOMY Cro-

cobCTBYIOT MOJIEKY bl NeHoOOpa3osaTess.

HaobopoT, ecnu HY>KHO 3aTPyAHWTb BCM/IbIBAHWE OTAE/bHbIX MUHEPAIOB, B CYCMEH3UIO

BBOOAT NOA4ABUTENIN, YBE/IUYUBAIOLLINE FM,EI,pOdpMﬂbHOCTb 4yacTuly MUHEepanoB, YTO Cno-

cobCTBYET OCaXKAEHUIO YaCTHL, Ha AHO.

D noTayMOHHbIN MeToZ 06O0raLLeHHs NONYUM LMPOKOE NMPOMBbILLJIEHHOE NPUMEHEHHE

6narofaps TOMy, UTO MUCMOJIb30BaHWE Pa3fiMuHbIX hOoTOpeareHToB, fOOaBNSeMbIX B

manbix konuuectsax (go 100 r Ha 1T nopogabl), no3sonuno oborawarb U pas3gensTb Ha

¢hpakumrm camoe paszHoobpasHoe (npakTHuecku toboe) MUHepanbHOe ChipbE.

SKPAH: 06:kMr n3BeCTHSIKa

YpaBHeHWe peakuuu:
CaCO, -£—> Ca0 + CO,.

O6>kuUr KapBOHATHBIX MOPOA BEAYT B LAXTHBIX WU BPaLLAOLLMXCA nedvax. B waxTHbix
neyax MOXKHO OBXUraTb TOIbKO TBEPAblE NOPOLbl (M3BECTHAK, MpaMop W Ap.), a BO
BpaLLAIOLLUXCA — KaK TBEpPAble, TaK U MSAIrKMe Nopofbl, HANpUMep Men.

LaxTHas neub npeacTaBnsieT cOOOM LMAMHAOPHUUECKYIO KOHCTPYKLMIO BbICOTOM [0
20 m. LLlaxTa neun coCToMT U3 CTaIbHOTrO KOXyXa W Knafku. HapyyHas uacTb knagku
BbINO/IHAETCA U3 OObIKHOBEHHOIO KUPMWUa, a BHYTPEHHSAS — W3 orHeynopHoro. Ton-
WMHa hyTEPOBKHK B 30He obkura gocturaet 46 cm. LLuxta noctynaet B neub uepes
3arpy304Hyto BOPOHKY C ABOWHbIM KOHYCHbIM 3aTBOPOM, PaCMOJIOXKEHHYIO B BEPXHEM
yacTu neyu. 3arpy304Hoe YCTPOWCTBO NO3BOJISIET PABHOMEPHO pacnpelesiTb Cbipbé U
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TOMJIMBO MO MOMNEPEYHOMY CEYEHHMIO LIAXTbl U OLHOBPEMEHHO repPMETU3UPOBATb Neyb.
Mop neun (HUXKHSAA YacTb Neuun) penaeTcs NOLABUXKHBIM W Ha3blBaeTcs yauTol. Benen-
CTBME BpalLEeH1s YNUTbl BOKPYr CBOeH ocH obpa3oBasluascs B 30He 0OXura W3BecTb
NEPEMELLAETCS K HUXKHEMY BbIFPY3HOMY OTBEPCTUIO MEYH.

B waxTHOM neuun pasnuuatoT (cuMTas cBepXy BHW3) TPW 30HbI: Nogorpesa, obura u
oxnaxaeHusi. B 30He nogorpesa 13 U3BecTHsIKa U TOMIMBA (B C/lydae UCMOJIb30BaHMS
TBEPLOro TOMIMBA — KOKCA WJ/IM aHTpauuTa) yaansercs snara. M3BecTHsK HarpesaeT-
Csl IO TemMrepaTtypbl Hauana pPassioXKeHus, a TONIMBO — O TeMnepaTtypbl BOCMiame-
HeHusi. B 30He 06)kura 3a cueT cropaHusi TONMBa WK NOCTYN/IEHUS NPOLYKTOB €ro
CropaH1s U3 Tonok (B cnyyae paboTbl NEUM HA KMLKOM WU ra3006pa3HOM ToMUBE)
JocTuraetcs MakcumanbHas Temnepatypa (go 1000°C — 1200 °C) v akTMBHO npowc-
xoput pasnokenne CaCO, n MgCO,. B 30He oxnakaeHusa marepuan oxnaxnaercs
MOCTYNAIOLMM B MEYb CHU3Y XOJIOLHbBIM BO3LYXOM.

LLlaxTHble neun paznuuaioT no BUAY NPUMEHSEMOro B HUX TOMAWBA U NO cnocoby ero
CKuranus. B nepecbinHbix neyax TBEpLOE TOMNIMBO NOAAETCS BMECTE C CbIPbEM U CrO-
paeT Mexnay Kyckamu ob>kuraemoro matepuana. B neyax ¢ BbIHOCHbIMU TONKaMu
nociefHWEe PACNOsIOXeHbI MO BHELHEMY NepuMeTpy neun. B HUX cxuraetcs tBépgpoe
TONAMBO (MOAHOCTBIO MM YacTWUHO), W obpa3sylolMecs ropsuue rasbl NOCTYNaloT B
30HY obxura. B razoBbix neyax TON/MBOM yallle BCEro CNYXKWUT NPUPOLHDBIM ras, Ko-
TOPbIM NOJAETCA HEMOCPEACTBEHHO B LUAXTHYIO MEYb U CXKUraeTcs B C/I0e MaTtepuana.
Hanbonee nponssoauTeNnbHbl U 3KOHOMHYHbI MEPECbINHbIE NEYU, HO B HUX NPOAYKT 06-
>KMUra 3arpasHéH 3osoi. Hanbonee Bbicokoe KauecTBO MMeeT NPOoAYyKT Npu obxure B
ra3oBbIX neyax.

Bpawaiowmecs neuu no3sosioT nosyyarb MArkOOBOMKEHHYIO U3BECTb BbICOKOrO
KayecTBa M3 MENIKOKYCKOBOIO U3BECTHSIKA U U3 MArKMX KapboHaTHbIX nopoa — Mena,
Tycha, U3BECTHSAKa-paKyLLEYHUKa, KOTopble Hesb3si 0BXKMraTb B LIAXTHbIX Neyax M3-3a
CKJIOHHOCTH 3TUX MaTePHasIoB K 3aKyNopKe LaxTbl.

LnvHa obskuratenbHbix Bpalatolmrxcs nevei coctasnsetr 30—100 m npu guametpe
1,8—3 M, npouseoguTenbHocTb gocturaet 400—500 1/cyT, uto B 2—4 pasa Bbille, 4em
Yy WaxTHbIX neyen. OfHO U3 BAXKHEWLLMX TEXHONOMMUECKUX NPEUMYLLECTB OBXKHra us-
BECTH BO BPALLAIOWMXCS Neyax — Masioe BPEMS NMPOXOXKAEHWUS MaTepuana oT MecTa
3arpysKu 10 BbIXOAa M3 neuu, 4yTo obecneurBaeT onepaTMBHOCTb YrNpaBaeHUs Npo-
ueccom. Bpawatolimecs neun obecneunBaioT KOMNaKTHOCTb TEXHONOrMUYECKOM CXEMbI,
NO3BOJISAIOT aBTOMATU3UPOBATb MPOLECC U CHU3UTb KanWTasbHble 3aTparbl Ha CTPOM-
TeNbCcTBO LexoB. Bo Bpawatolmxca neyax MoxeT 6biTb NosyyeHa W3BECTb BbICOKOMO
KayecTsa 06KMroM Npu CpeaHUX U [OCTaTOUHO BbICOKMX TeMnepatypax. [lpu aTom ua-
BECTb 3HaUMTENbHO Hoslee 0JHOPOAHA MO COCTaBY U COAEPKUT MEHbLLIE NPUMECEH.

SKPAH: [Ipon3BoACTBO ayeThieHa

Llna nonyyeHus auetuneHa B NPOMbILAIEHHOCTH MCMO/b3YIOT B OCHOBHbIX CMOCO-
6a — KapbuaHbIi cnocob 1 NUPOKU3 YrNEeBOAOPOAHOrO Cbipbs. B ocHoBe 3TUx cnoco-
60B NeXKaT ypaBHEHUS peaKLIMii:

CaC, + 2H,0 — Ca(OH), + C,H,T

2CH, = CH, + 3H,

o)
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M3 meTaHa aueTuieH noayyatoT nyTeM BbICOKOTEMMEPATYPHOrO NMUPOJIM3a MO ypaBHe-

HHIO

2CH, == CH,+ 3H, — 376 k[x.

J1a peakuus IHLOTEPMHUYHA, U PABHOBECHE CMELLLAETCS BMNPaBO TOJIbKO NpU TeMnepa-

Type Bbiwe 1300 °C.

OpHako aueTH/ieH NPy HarpeBaHWu JIErko pasnaraeTcs Ha yriepog U BOAOPOA:

CH,—>2C+H,

ta peakuus ctaHosuTcs 3ameTHOM Npu 1000 °C 1 focTUraeT 3HaUUTEIbHOM CKOPOCTH NMPU

1200 ° — 1600 °C, T.e. npu Temnepatype, Np1 KOTOPOK U MPOXOAWT NMPO/IU3 MeTaHa.

[nsa ysenuuenus Bbixofa aueTUaeHa NPUXOAUTCA PE3KO YMEHbLUWTb BPEMS NpoTeKa-

HUS peakunu. JKCNeprUMeHTaIbHO HaWAEHO, UTO XOPOLLMWI BbIXOZ aueTuieHa (npu He-

60/1bWOM 06pPa3OBaHWUK CaXKK) NOYYAETCS NPU CTeneHu KoHeepcuu metaHa 50% wu

BpeMeHH ero npebbiBaH1a B 30He peakumnu He bonee 10 munnucekyHa. Bo nsbexxaHue

[asbHeWLero pas/ioxKeHus aueTuneHa Heobxoauma BbicTpas «3aKanka» peakuuoH-

HbIX ra30B, YTO Ha NPaKTUKE AOCTUraeTCa BrpPbICKUBAHWUEM XOJIO4HOMN BOAbI, NPU 3TOM

Temnepartypa pe3Ko CHWXAETCs U pacrnag aueTuaeHa He MPOUCXOLMT.

Kucnopog v metan npegsaputenbHo nogorpesatot go 600—700 °C g Tpybuatbix ne-

uax, MMEIOLLMX TOMKKU /151 CXKUraHus npupogHoro rasa. MNogorpetbie rasbl noctynatot

B peakTop. PeakTop cOCTOUT U3 CTasibHOro Kopnyca, pyTepoBaHHOrO U3HYTPH OrHey-

nopHbIM MaTepuanom. BHyTpH peakTopa pasmelleHbl CMeCHTesIbHas Kamepa U rope-

NloyHasi kepamuyeckas nauTa ¢ 780 oTBepcTUaMHU. MeTaH U KUCNOPOL, CMeLLUBatOTCS B

CMeCUTE/IbHOM KaMepe U NOCTyNatoT Yepes OTBEPCTHS FOPEIOUHOM MJIMTbI B KAMEPY ro-

peHus (HUXKHAS YyacTb peakTopa). Mof ropenoyHoN NAMTOM pacnonoXKeHbl POPCYHKU

L5 NOJauu B PeakTop BOAb! AN OXNAXKAEHHS U «3aKaku» cmeck. Obpasosaslimrecs

rasbl, cofiepykaluue aLeTuieH, BOLOPO/A, a TAKXKE METaH U OKCUJ yriepoaa, OTBOASATCS

U3 HUXKHEW YacTu peakTopa U NoCTynaloT Ha pa3aesieHue u ouncTky. Hegocratkom me-

ToAa ABNAETCA HU3KOe coaeprKaHue alleTuneHa B npoayKTax nuponusa (okono 8%) u

HEOBXOAUMOCTH CIO>KHOM OUUCTKH ero.

B 3aBUCHMOCTH OT YC/IOBHUI NPOBELEHUSI PEaKLMK rMApO/M3a Kapbuaa KasbLus pas-

JIMYaIOT ABE PA3HOBUOHOCTH 3TOr0 MeTofa.

1. «Mokpblit cnoco6», B COOTBETCTBMM C KOTOPbIM Kapbug BHOCAT B Boay. [pu aTom
6epétca 6onbLioi 06béM Boabl — Ao 10 m® Boabl Ha 1 T kapbuaa. Mockonbky pe-
aKLWs ABNAETCA CUNIbHO 3K30TEPMHUUECKOM, TO U3BbITOK BOAbl HEOOXOAMM AN1s OT-
BOAA Tenna — BOAA 3a CUYET TenioTbl peakuuu Harpeeaetcs go 50 °—70 °C. Hego-
CTaTKOM 3TOro cnocoba ABAAETCA TO, UTO MMAPOKCUL, KaslbLMA NOyYaeTCs B BUAE
cycneHauu, cogepkawen go 70% Bogpl, 4TO 3aTPyAHAET €ro TPaHCMOPTUPOBKY U
nociefyloLee UCNosb30BaHHeE.

2. «Cyxo# cnoco6», B COOTBETCTBUM C KOTOPbIM BOJA NOAAETCA Ha Kapbua Kanbuus
B TAKOM KONIMYECTBe, YTOObI NOMHOCTbIO 0BecneunTb peaKkLmio ruaponusa Kapbu-
na. PeakuuoHHoOe Tenno oTBOAMTCS B 3TOM C/lyyae 3a CyeT McnapeHus sombl. Us-
BECTb NPW 3TOM MOJIyHaeTCs B BUAE NOPOLLIKOOOBPA3HOro NpoayKTa, COAepIKaLLero
He 6onee 5% Bogpl.

leHepaTop aueTW/ieHa BbIMOSHEH B BUAE LUMMHAPA C KOHUYECKOW HUXXHEMW YacTblo.

BHyTpu cTanbHOro Kopnyca MMEIOTCs MOJIKU CO CKBO3HbIMU OTBEPCTUSMM, a TaKKe
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cneuuasbHble CKPebKH, HacaykeHHble Ha 0B Wi Bpawwaowuics san. Kapbug kanbuus
13 ByHKepa NocTynaeT Ha BEPXHIOIO MOJIKY reHepatopa. B BepxHioio uactb reHepatopa
C MOMOLLbIO Pa3BPbI3rMBAIOLLErO YCTPOMCTBA NOJAETCA C 3a4aHHON CKOPOCTbIO BOAA.
CMoueHHbI Kapbug Kanbuus ckpebkamu nepeMellaeTcs No Crupasu CBepXy BHHU3,
nepecoinasch Uepes OTBEPCTHS B NOJIKaxX. Takas cxema cnocobCcTByeT paBHOMEPHOMY
B3aMMOJENCTBHIO Kapbuaa Kanbuusi C BOLOM, a TakxKe NoJIHOTe ruaposu3a kapbuaa
KanbLus.

O6pasytowuiics aueTueH BbIAeNseTcs uepes ra3ooTBogHy0 Tpyby. MMapoKcug, Kasb-
uMs (MyLIOHKa) HaKanMBaeTCs B HUXKHEH KOHMUYECKOMW YacTu peakTopa, OTKya Bbirpy-
»KaeTcs yepes crneLuasbHOe OTBEPCTHE U MOCTyNaeT Ha TPaHCNOPTEP.

AueTneH — BaXKHbIW NPOAYKT opraHuyeckor xumMun. OcHOBHas Macca aleTuneHa uc-
Nosb3yeTcs B KAYECTBE CbIPbs B PA3/IMUHbIX XMMUYECKUX MPOU3BOACTBAX, UTO CBA3AHO
C BbICOKOM peaKLMOHHOM CNOCOBHOCTBIO aueTheHa.

U3 aueTuneHa MOXKHO NOy4nTb BEH30J1, BUHUIXIOPHA, BUHUIALETAT, aueTabaeris,
BUHWNALLETUNEH, aKPUIOHUTPUI W Iip.:

CUHTE3bl HA OCHOBE ALIETUJIEHA

6eH30n
CH, = CHCN 0 CH, = CHCI
aKkpunoHnTpun C, t° BUHUNXIOpWUA,
HCN HCI, 150 °C, kat
CuCl _ [Ag(NH3)»]
CHy =CH-C=CH «—— HC = CH Ag2Co
BUHMNaUeTueH auetTmneHng
H,0, Hg?", HY, CH3COOH, t°, kat
Ha, Ni
v
//0 CH3COOH — CH,
CHz;—C N CH3—CH3; BUHWUNaueTart
H n nonmnBmnHUNaueTat
oTaH
aueTanbaerng,

BOoNbIIMHCTBO M3 Ha3BaHHbIX NMPOAYKTOB UCMONb3YIOTCS B PeaKLMAX NOJMMepH3aliu
¥ NOMMKOHAEHCALMWK AN NONYYEHUS BbICOKOMONEKYNSPHbIX COeIMHEHUH, Hanpumep
CUHTETHYECKMX Kay4yKOB U nnacTMmacc. Hanbonee KpynHOTOHHaXKHbIE NPOAYKTbI Nepe-
paboTku auetneHa — BuHUnxnopua (27 %), akpunatbl (19%), suuunavetat (12%).
Ha nonto xnopopraHuyeckux pactsoputenei npuxoautca okono 18% npoussogumo-

(60 )

ro auetuneHa.
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AueTuneH WHUPOKO NMPUMEHSETCS TaKXKe 415 Fa30BOM PE3KU U CBAPKKU META/INIOB U3-3a
€ro BbICOKOrO 3HeprocoaepyaHus (aHTanbnus obpasosBaHUs aleTUieHa COCTaBnser
+226 k< /monb).

OKPAH: [lepepaboTKa HepTHn

HedTb — 3TO Mac/isiHUCTas XXMAKOCTb OT CBET/IO-KOPHUUYHEBOrO A0 TEMHO-BYporo Lge-
Ta, NPeAcTaB/soWas cobon CNOXKHYIO CMeCb pas/iMuHbIX Yriesofopoaos. B cocras
MtoboKN HedpTH BXOAAT asikaHbl (napadouHbl), LMKAOaNKaHbl (HadTeHbl) U apoMaTHye-
ckue yrnesogopofbl. CoOoTHOLLIEHUE ITUX COeAUHEHUH Pa3/IMUHOE B 3aBUCMMOCTHU OT
MecTopoXKaeHWs HedTh. Kpome Toro, HedpTb COAEPIKUT pasHoobpasHble MPUMECH,
MaccoBas AoNs KOTopbix MoxeT gocturatb 4—5%. Haubonee pacnpocTtpaHeHHble
NpUMecH — OpraHUYeCcKUe KUCIOTbl, CEPOBOLOPOL, CEPHble coeAnHEHUs. B HedTH
0bBHapy»KeHbl B HEOONBLUMX KOJIMUECTBAX COEAMHEHWUsI MeTasisIoB (HUKeNs, marHus,
KasibLuus, BaHagus, »kenesa). Bcero B coctas Hedptv BxoaaT cBbiwe 20 XMMHUUECKHUX
3/1IEMEHTOB.

B ocHoBe nepeuuHOMN NepepaboTKu HEPTH NEXKUT AUCTUANALMS (NeperoHka) nog obbiy-
HbIM aTMOCPEPHBIM AaBneHUeM. YT IeBOAOPObI, COCTABNSAIOLLME HETb, KUNAT NPpH pa3-
JIMYHOW TEMMNepaType, U Ha 3TOM OCHOBAHO pasfefieHne HePTH Ha (PPaKLMK B PEKTUU-
KauMoHHOM KonoHHe. MocTtynatouyto no Tpybonpoeoay HedpTb HarpesaroT B TpybuaTown
neun niameHem ropsuiero mMasyta uau rasa npumepHo go 350 °C. O6pasyioutytocs
CMECb YKWIKUX U ra3000pasHbiX BELLECTB HANPAaBSIOT B PEKTUPUKALMOHHYIO KOJTOHHY.
BHYTPU KOMIOHHbI €CTb HECKOJIbKO AECATKOB NEPEropoAoK C OTBepCTUAMU (Tapenok). Na-
3006pa3Hble BELLECTBA, NOCTENEHHO NPOABUIasCh BBEPX, CXKUMKAIOTCA Ha TEX WU UHbIX
Tapesikax B 3aBUCMMOCTHM OT TemnepaTtypbl KuneHus.. MeHee netyuue yrneBogopofbl
CKMXKAIOTCA HA HWXKHUX Tapesikax, 0bpasyst Au3esibHOe TOMJIMBO, U T.1.

MeTponenHbii apup, BEH3UH, KEPOCHUH, ra3oib, NUrpouH. Mpu oanbHemLweh neperoH-
Ke MasyTa B BaKyyMe BblAe/StOT AOMNOSHUTENbHO Ba3e/IMH, MallWHHbIE Macna, napa-
PUH.

B ocHoBe BTOpUUHOM NepepaboTku HeITENPOAYKTOB JIEXKAT PEAKLMU KPEKUHIA U PU-
copmuHra. KpekuHr — 370 passioxkeHWe yrneeogoponos HedpTh Ha Bonee nérkue.
lNpu KpeKKHIre NpoTEKAIOT, HANPHUMEP, TaKWUE NPOLLECCHI:

C,Hyy—>CH,+CH,

127726
CH,y—>CH, +CH,
KpynHble MOieKy/ibl pacluenasioTcs NPUMEPHO B LLIEHTPE Yr1epoLHOMN Lenu no Mecty
cBasu C—C (ata cBA3b MeHee npouHas, yeM cea3b C—H). Kak BupHo, npu KpekuHre
Hapsgy ¢ askaHamu obpasytoTCs asKeHbl.
Paznuuaiot aBa cnocoba KpekuHra HedpTenpoayKTOB — TEPMUUECKMI U KaTanuThye-
ckui. bonee nporpeccuBHbIM BTOpO# cnocob.
TepMHUECKHIA KPEKWHT NPOBOASAT NPH BbICOKOM Temnepatype, obbiuHo 450—600 °C, u
nosbllweHHOM fasneHnn 2—7 MMa. Katanutuueckuii KpekuHr nposoauTtca npu 6onee
HU3KOM [LiaB/IEHHUU B MPUCYTCTBUU KaTa/IU3aTOPOB.
Katanutuueckui pupOpMHUHI — CIOXHBIM XMMUUYECKUH NPOLecC, BKIOUAOLWMWIA pas-
Hoobpa3Hble peakuWu, KOTOpble MO3BOJSIOT KOpeHHbIM obpa3om npeobpasosarb

(o7 )
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YrneBoAOPOAHbIN COCTaB BEH3UHOBbIX (hPaKLIMI U TEM CaMbIM 3HAUMTENIbHO Y/TYULLIMTD
WX aHTUETOHaLMOHHbIE CBOWCTBA.

OcHoBoM npouecca puchopMHHIa Cy>KaT YeTbipe TUMa peakuui: M3oMepu3aLms yrie-
BOLOPO/OB, AETMAPUPOBAHHE LLECTUUIEHHDIX LUKI0A/IKAHOB, AErMAPOU30MEPU3aLUs
NATUYIEHHBIX LIMK/I0A/IKEHOB, apoMaTH3aums (Aernapouukansanms) napagrHos.

10. OKTaHOBOE YMCNO XapaKTepU3yeT YCTOMUUBOCTb TOM/IMBA K AeTOoHauWu. Yem meHbLue

OY, TeM MeHbLLe YyCTOMYMBOCTb TOMIMBA K feToHauuu. CamMbiMu MasibiMU 3HAYEHUSAMM
OKTaHOBbIX YMCENl XaPaKTePWU3YIOTCS YreBO4OPOLbl HEPA3BETBIEHHONO CTPOEHHUS.
OKTaHOBOE YWC/IO Yr/IEBOAOPOAOB Pa3BETBAEHHOrO CTpoeHus Gonbuie. bonbwnmu
OKTaHOBbIMM YUC/IAMU XapaKTEPU3YIOTCS apoMaTuyeckue yrnesogoponbl. OktaHoBoe
uucno usookTaHa (2,2,4-tpumeTunnentarda) npuHato 3a 100, oH obnagaet BbICOKOM
[eTOHALMOHHOMW CTOMKOCTbIo. OKTaHOBOE UMCNO H-renTaHa npuHaTo 3a 0, Tak Kak oH
JIErKO LETOHUPYET.
BeH3uH, nonyyaembii Npu neperoHke HepTH, UMEET HU3KOE OKTAHOBOE UMCJIO, TaK Kak
oH 6oraTt napadMHOBbIMU YrieBofOPOAaMH. Takoh BeH3UH MOXKHO «06naropoauTby,
€CJ/IM ero Harpeearb B MPUCYTCTBUHW MJIATUHOBOro Katanusaropa. [py atom napaduHo-
Bble U LMK/IONaparHOBbIE Yr/IEBOLOPOAbI MPEBPALLAIOTCS B apOMATUYECKHE YIIEBOLO-
poabl. MpoucxoauT «apoMaTusaumus» GeH3uHa, NOBbILLIEHWE er0 OKTaHOBOrO Ync/a.

Cepus «<HATTIAOHAA LLUKOJTA»
MHTepakTuBHOE yuebHoe nocobue
«HATNIAOHAA XUMUA.
Xumuueckoe npoussoacTso. Metannyprus»

Mpes nocobus — KydpsBueB A.A., LLlanoB B.J1.
CueHapuu 1 fu3aitH uHTepaktieos — KyopsBueB A.A.
[n3saiH u xyporkecTBeHHoe ochopMmienne — fJemosHoBa J1.B.
Mnnioctpaumn — EpwoBa M.H.
Xypo>kecTBeHHbIV pefaktop — Jemos+HoBa J1.B.
ABTOpbI 3aaaHW — npodheccop,

KaHAMAAT XuMudeckux Hayk MedBedeaB FO.H., PacysnoBa I"J1.
YuebHo-MeToaMUECKOE CofepKaHre — npodeccop,
KaHAMAAT XuMUUeckux Hayk MedBedeB fO.H.
Pepnaktop — Cmpeneykas H.B.

KoppekTtopbl — laBpunoBa C.C., MBanoBa JI. /.
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