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BBEJAEHUE

MeTonnueckue ykazaHus SBISIOTCS MOCOOUEM i CTYJEHTOB CIIEIIMAIIbHOCTH
7.090302 «OO6oramieHue MoJIE3HBIX HUCKOMAEMbIX» 3a04HOM (POpMBI OOyUeHHUs TpH
BBITIOJIHEHUM KYpCOBOM pabOThl MO JUCHUILIMHE «DIOTAllMOHHBIE METO/IbI
oOoraiieHus», a TaKke MOTYT OBbITh MCIIOJIb30BaHbI MIPU PacuyeTe TEXHOJIOTHYECKOM
YacTH IUILTIOMHBIX TPOEKTOB 000TaTUTENBHBIX (HaOpHK.

1 COAEPXKAHME KYPCOBOM PABOTHI U TPEBOBAHMUS K EE
BBIITOJIHEHHUIO

1.1 O6mme cBexeHust

KypcoBasi pabora momkHa COCTOSITH W3 TMOSICHUTEIBHOW 3alMCKH, KOTOpas
COJICPIKHUT:

— TUTYJBHBIN JIUCT (IpUIIOKEHUE A);

— pedepart (mpunoxkenue b);

— coneprkanue (mpuioxenue B);

— BBEJICHUE;

- ICXO/THBIC JaHHBIC U cXema (IIOTalNH;

— TEXHOJIOTHYECKas dYacTh, TJI€ BBIMOIHICTCS pacyeT KadeCTBEHHBIX W
KOJTMYECTBEHHBIX TTOKA3aTeNIel CXeMBbI (PIroTaruy;

- BBIOOP W pacyeT KOJHMYECTBA CIWHHUI] OCHOBHOTO TEXHOJIOTHYECKOTO
000pyIOBaHUS;

- PEareHTHBIN PEXKUM;

- TeXHUKA 0€30MacCHOCTH BO (JIOTAIIMOHHOM OT/CIICHHH;

— BBIBOJIBI, TJI€ IPUBOJIUTCS KPATKOE OMUCAHUE TTOJIYYCHHBIX PE3yJIbTAaTOB;

— MepeyYeHb CCHUIOK — MEepPeUYeHb JIMTEPATYPHBIX MCTOUHUKOB, KOTOPHIC OBLIH
MCIIOJIb30BAHBI MPU BHITIOJIHEHUH PAOOTHI.

B rpaduueckoil yacTu MOSCHUTEIBLHOMN 3allUCKU JIOHKHA OBITH MPEJICTaBICHA
TEXHOJIOTHYECKasi cXema M cxema o0opyaoBaHUs (JIOTAIMOHHOTO OTIEICHUS,
BBHITIOJIHEHHBIE Ha JcTax opmara A4.

[Ipu odopMieHNN TOSCHUTEIHLHON 3alMCKH HEOOXOAMMO YYUTHIBATH
tpeboBanus JICTY 3008-95 “Jlokymenrtamis. 3BiTH y cdepi HayKd 1 TEXHIKH.
CrpykTypa 1 mpaBuia opopMiIeHHs .

1.2 3aganus 1J151 BBHINOJIHEHUSI KYPCOBOM padoThI

3amanusi 711 BBITIOJIHEHUS KYypCOBOM paboThl mpuBeAeHbl B Tadn. 1.1 — 1.2,
CXEMBI JIJI pa3IMYHbIX BApUAHTOB MOKa3aHbl HA puc. 1.1 —1.4.
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Puc. 1.1 — Cxema 00paGOTKM TOJPEIIETHBHIX BOJl C HMCIOJIB30BAHUEM JIBYX
cTaauii cryiieHus (cxema 1)
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Puc. 1.2 — Cxema ¢ UCTIOJIb30BaHUEM MEPEYUCTHON (HIOTAMU I TTOTYICHUS
KOHJUIIMOHHOTO KOHIIEHTpaTa (cxema 2)
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Puc. 1.3 - Cxema ¢ UCTIOIB30BaHUEM KOHTPOJIbHOUN (IIOTAIMU IS TIOJTYICHUS
BBICOKO30JIbHBIX OTX0J0B (cxema 3)
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Taomuma 1.1 - UcxoaHble JaHHBIE

Howmep BapuanTa 1 2 3 4 5 6 7 8
Cxema 1 2 3 4 1 2 3 4

Y1 % 32,48 28,69 35,00 38,40 28,41 25,10 32,10 36,00
Q: T/4 185,20 323,40 300,80 270,00 150,50 300,20 320,00 300,50
W, M /g 1084,00 1360,00 1580,00 1350,00 920,00 1400,00 1600,00 |1430,00
;0 % 5,58 6,99 7,50 6,00 6,92 5,80 6,80 8,20

A % 10,30 16,20 14,80 15,50 11,90 14,30 10,80 12,60
> % 26,90 21,70 27,50 32,40 21,49 19,30 25,30 27,80
A % 23,41 31,35 24,04 31,48 20,31 38,65 17,20 26,33

& JIOJIA €. 0,36 0,60 0,66 0,62 0,38 0,64 0,64 0,65
M2 JIOJIN €. 0,98 0,85 0,82 0,87 0,96 0,85 0,83 0,89
&4 JIOJIH €]I. 0,60 - - - 0,65 - - -
N4 JIOJTH €. 0,80 - - - 0,82 - - -
P, /M 0,20 0,45 0,47 0,50 0,25 0,48 0,45 0,45
P, /™ 0,45 - - - 0,47 - - -

D JIOJIN €]1. 0,50 0,25 0,50 0,25 0,75 0,60 0,50 0,35
As % - 15,00 7,00 16,00 - 21,00 7,00 15,50
A; % - 8,00 7,00 6,00 - 10,00 8,00 6,00
Ag % 8,00 75,00 75,00 75,00 9,00 75,00 74,00 75,00
Ag % - - - 8,00 - - - 6,00
A % - - - 74,00 - - - 75,00
P12 /M 0,60 0,65 0,67 - 0,65 0,68 0,65 -
Pis /M - - - 0,70 - - - 0,68




Oxonyaunwue Ta0i. 1.1

Howmep BapuanTa 9 10 11 12 13 14 15 16
Cxema 1 2 3 4 1 2 3 4

Y1 % 30,12 30,70 34,50 28,50 32,78 31,50 28,40 24,30
Q T/9 210,30 350,00 350,60 320,80 250,40 370,40 330,00 341,50
W, M>/d 1314,00 1520,00 1850,00 1535,00 1630,00 1633,00 1654,00 |1706,00
;0 % 6,05 6,20 7,20 7,40 8,30 7,15 8,40 8,40

A % 12,80 15,10 11,05 14,20 10,50 12,90 14,80 16,80
> % 24,07 24,50 27,30 21,10 24,48 24,35 20,00 15,90
A % 17,98 27,00 29,99 31,48 24,71 38,36 30,76 40,09

€ JOJIH €. 0,40 0,63 0,60 0,63 0,36 0,66 0,62 0,66
N, | Aoa en. 0,95 0,87 0,97 0,85 0,98 0,89 0,85 0,82
€4 JI0JIU €. 0,62 - - - 0,66 - - -
N4 JIOJIH €. 0,80 - - - 0,82 - - -
P, /™ 0,20 0,44 0,42 0,46 0,23 0,45 0,43 0,48
P, /™M 0,40 - - - 0,45 - ] .

D JIOJTH €]1. 0,40 0,40 0,55 0,30 0,75 0,50 0,45 0,25
As % - 16,50 7,50 15,00 - 14,00 7,50 16,50
A; % - 8,50 6,50 6,00 - 7,50 7,50 7,50
Ag % 8,50 74,0 75,00 74,00 8,00 75,00 74,00 74,00
Ag % - - - 6,00 - - - 7,00
Aj % - - - 75,00 - - - 74,00
P12 /M 0,67 0,70 0,69 - 0,62 0,65 0,60 -
Pis /M - - - 0,67 - - - 0,65
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Tabnuna 1.2 — PeaynbTaThl ApoOHOH (IoTAIlMK YTOIBHOTO IIJIaMa

Konnenrpar | Konnenrpar | Konuentpar | Konuentpar
Homep | Iloka3zarenn, I 11 111 \Y 0
BapUaHTa % Bpewms ¢norauun, MuH TXOABL
15 15 15 1,5
1 Y 56,64 13,58 7,29 0,89 21,60
A’ 5,20 5,40 13,30 44,40 74,60
2 Y 63,13 3,62 4,95 5,52 22,78
Al 11,00 15,10 28,30 48,30 70,70
3 Y 57,85 11,27 7,34 1,23 22,31
Al 7,20 8,10 14,30 36,90 69,40
4 Y 47,26 8,75 5,86 3,90 34,23
Al 9,60 12,80 19,40 36,20 60,70
5 Y 67,53 16,42 2,98 0,76 12,31
Al 7,60 9,20 14,70 35,70 88,60
5 Y 55,73 8,49 10,56 3,04 22,18
Al 14,40 16,60 50,50 54.60 74,80
7 Y 54,36 16,40 13,53 1,48 14,23
Al 5,60 6,00 13,30 27,60 67,50
3 Y 4753 10,18 16,08 2,14 24,07
Al 7,80 11,70 19,10 35,60 60,10
9 Y 68,71 8,75 6,30 0,65 15,59
Al 5,50 5,80 9,10 28,80 76,30
10 Y 67,82 10,74 5,76 1,32 14,36
A’ 14,50 17,90 32,50 37,10 73,00
11 Y 69,35 10,87 4,15 1,37 14,26
Al 6,10 7,10 15,00 29,10 68,10
12 Y 33,44 15,60 27,20 5,69 18,07
Al 11,60 13,90 22,00 38,00 70,80
13 Y 57,72 14,68 5,36 1,33 20,91
Al 6,00 6,90 15,10 32,80 73,60
14 Y 56,29 6,64 3,08 1,53 32,46
A’ 10,50 12,20 20,20 35,10 76,10
15 Y 4157 10,28 15,06 3,51 29,58
Al 7,40 7,80 9,00 26,60 67,20
16 Y 36,82 15,90 13,57 1,53 32,18
A’ 11,50 16,70 24,80 52,70 65,20
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2 PEKOMEHJIALIMHU IO BBINOJHEHUIO TEXHOJIOT MYECKOHN
YACTHU KYPCOBOM POBOTHI

2.1 Pacuer Ka4eCTBEHHO-KOJNYECTBEHHOM CXeMbI

[lopsimok pacuera mokazaH Ha MpUMeEpEe CXEMBbl (PIOTALMOHHOTO OTAEICHHUS,
npencraBieHHol Ha puc. 2.1. [lokazarenu ¢uoTtauuu npuBeaeHsl B Tadn. 2.1 u 2.2,
[Ipu pacdere NpUHATHI CIEAYIONUE 0003HAUCHUS:

Y; — BBIXOJI IPOYKTA, %;

Qi — KOTMYECTBO MPOAYKTA, T/4;

d
A — 30IbHOCTb NPOAYKTA, %0;

+0,5 A+0,5
Y1 Ay " - BBIXOJ Y 30JIbHOCTh KPYITHO3€PHUCTOr0 nutama oomasuie 0,5 MM B

HCXOJHOM MPOJyKTE (MOAPEIIETHBIX BOJAX), %o;

-0,5 A—0,5
Y1 T»Ay " - BBIXOA W 30JbHOCTh TOHKO3EpPHUCTOrO nuiama menee 0,5 MM B

MCXOJTHOM MPOAYKTE (MOAPEIIETHBIX BoAax ), %;

1; — U3BJIEYEHUE KPYIMHO3EPHUCTOrO IIJIaMa B COOTBETCTBYIOIIME CTYILICHHBIC
MPOJIYKTHI, TOJIH €]1.;

€ — U3BJIEYEHUE TOHKOIO IIIaMa B COOTBETCTBYIOLIUE CI'YHIEHHBIE MPOAYKTHI,
JOJH €11.;

P, — cozieprkanme TBepAOro B POAYKTAX (ILIOTHOCTD MYJIBIIBI), T/M;

D — yacTp noToka, Hanpasisiemas B 000poT, A0JIH €.

Ta6nuna 2.1 — MicxoaHble JaHHBIE JJIS pacdeTa

Y1 A Q. Wi | ™ A ™ A Z
33,0 | 30,46 | 203,1 | 1104 | 5,10 | 10,14 | 27,90 | 34,17 | 0,96 0,42
N4 €4 P> P4 D Asg Ao A A, Az
0,81 0,6 0,21 0,51 0,6 12,0 6,0 74,0 6,5 75,0

Tabnuua 2.2 - Pe3ynbTaThl JpOOHOU (uioTalMu yroJibHOrO HuIamMa
Konuentpar | Konuenrpar | Konnentpar | Konuenrpar

IToka3aremnu, I II 111 AV OTXOLEL

% Bpewmst ¢noranuu, Mmun A

0,5 0,5 0,5 0,5
Y 46,62 7,85 4,81 4,10 36,62
A’ 8,60 13,00 20,34 36,60 62,67
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PaccunTthiBatoTCsi COCTaBbl IPOJYKTOB MEPBOM CTaANMU CTYIIECHHUS.
CocraB cryieHHoro npoaykra Ne 2 onpeaensieTcsi u3 ypaBHEHUM:

+0,5 +0,5 .
BbBIXO/ KJIaCCa +O,5MM: Vz — 'Yl : 112 , %,

v3%° =510-0,96 = 4,90%;

05 _ _-05 _
BBIXOJ Kacca -0,5MM: Y, | =Y. | €y, %;

v;"® =27,90-0,42 =11,72%;
BbIXOZ Ipoaykta Ne 2: ¥, =72 +v5,>", %:
v, =4,90+11,72 =16,62%.
3osbHOCTH NpoyKTa No 2 onpenensercs u3 0aJaHCOBOrO0 YPaBHEHUS:

+0,5 +0,5 -0,5 -0,5

a_ Y2 ALY, A )

AZ - 'Y y %1
2

~490-1014+11,72-3417
16,62

Al = 27,09%.

CocraB npoaykra Ne 3 (CJIMB omepariy CryIIeHuUs) OnpeesaeTcs KaK pa3sHuIa
nutanus (mpoaykT Ne 1) u crymenHoro npoaykra No 2:

+0,5 _ . ,+0,5 +0,5 .
BeIXO Kinacca +0.5MM: Y3 =Y1  —Y, ,%;

v3%° =510-4,90 = 0,20% :

05 _ 05 05 .,
BBIXOA Kiacca -0,5MM: Y3 =Y1  — Y, , %;

v =27,90-11,72 =16,18%:

0,5 0,5
BbIX0J npoaykTa Ne 3: V3 = Y; +vY3 ', %;

v, =0,20+16,18 =16,38%.

305bHOCTH ciinBa (PO ayKT Ne 3) onpenensercs u3 0aJaHCOBOIO YpaBHEHUS:
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105 A+05 , .05 A -05
Agzys A7 +yy " Ay %
Vs
Ag _ 0,2-1014+16,18-34,17 _3388%.

16,38

PaccunTthiBatoTCsi COCTaBbl MPOJYKTOB BTOPOW CTAJIUU CTYIICHUSI.
CocraB cryuieHHoro npoaykra Ne 4 onpenensercst u3 ypaBHEHUI:

BBIXOJI Kitacca +0,5MMm: VZO’S = YZO’S ‘Mg, %;
v:%* =4,90-081=3,97%;

-0,5 0,5 )
BBIXOJ Kitacca -0,5mMMm: YV, =Y, €4, %,

v =11,72-0,60 = 7,03%;

0,5 0,5
BBIXOJ IpoaykTa Ne 4: YV, = YZ +Y, ', %;

v, =3,97+7,03=11,00%.

3osbHOCTH NpoyKTa Ne 4 onpenensercs u3 0aJaHCOBOrO YPAaBHEHUS:

405 A+05 . .05 A -05
g Ya ALY, A
A4 = ’ %1
Ya

- 397-1014+7,03-34,17

=25,51%.
11,00

Ay

CocraB npoaykrta Ne 5 (ciuB onepaliy CTyIIeH s ) OnpeAesisieTcsl Kak pa3Huila
nutanus (mpoaykT Ne 2) u crymieHHoro npoaykra No 4:

+0,5 _ . ,+0,5 +0,5 .
BeIXOA Kiacca +0,5mMm: Vs =Y, —Ya ,%;

y;°’5 =4,90—-3,97 =0,93%;
BBIXOJ Kiacca -0,5Mm: y;°'5 = YEO’B - YZO'S , %;

v%® =1172 - 7,03 = 4,69%;

15



0,5 -0,5
BbIXOJ npoaykTa Ne 5: Vg = Y; +vYs ', %;

vs =0,93+4,69 =5,62%.
301bHOCTE ciMBa (mpoaykT Ne 5) onpenensercs U3 0alaHCOBOrO yPaBHEHUSL:

405 A 405 . _-05 A -05
PLAT 4y T AL
Ag:YS 5 ¥s 5 %

Vs

©0,93-1014+4,69-34,17

A;
5,62

=30,19%.

YacTe moTOKa CcMBa HampasisieTcs B 000poT. OHa COCTaBIISET:
Yo =vs-D, % Al =AL %,
Vs =5,62-0,6 =337% Al =30,19%.
YacTps moTOKA CIMBA, MOCTYNAIOIIETO Ha (DIOTAIIMIO, COCTABUT:
Y6 =Vs — Vs, % A§=A§,%.
Ve =562-337=225%,  AY=3019%.

[TutanueM ¢aotauuu gBisercss NpoaykT Ne 7, cocTosuuil U3 cliuBa MEpPBON
cTaauu crymenus (mpoaykt Ne 3) v yacTH ciiuBa BTOPOM CTaiuu CryleHus (IPOIyKT
No 6). Ero BbIX0O/ 1 30JbHOCTh COCTABJISIIOT:

:Y3‘Ag+V6'Ag
Y7

Y7=Y3+ Ve, % Ag . %.

v,=16,38 + 2,25 =18,63%

~16,38-33,87+2,25-30,19

A;
18,63

= 33,43%.

Pacuer omnepamuu (GaoTanmuM  BBIOJHSAETCS HAa OCHOBE ypaBHEHUH
MarepuanbHoro Oamanca. IlepBoe ypaBHeHHE — OajlaHC MO KOJIMYECTBY Marepuala,
BTOPOE — OaJIaHC TI0 KOJIMYECTBY YCIOBHBIX 30JIbHBIX €UHUII.
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{Y7ZYS+V9
3’7'Ac7JI :Vs'Ag"'yg'Ag

HensBecTHBIMM BeTMUYMHAMU SBIISIFOTCS BbBIXOAbI KOHIOCHTpPATa (Y7 ) H 0TXO040B

(Yo =7V, —7Vg) ¥ 300bHOCTB OTX00B (Aj).
s ompeneneHus BpeMeHH (IIOTAlMU W 30JbHOCTH OTXOJOB HEOOXOIUMO
POCTPOUTH KpUBBIE PIIOTUPYEMOCTH MaTepuaa, JaHHbIE TIPUBECHBI B Ta0M. 2.2,
Jlyis mocTpoeHusi KpUBBIX (IIOTUPYEMOCTH BBIMOJIHSIOTCS TPEIBAPUTEIbHBIC
pacdeThl IO aHAJOTHU C pacdyeTaMd I KPUBBIX O00OTaTUMOCTH. Pe3ynbraTsl
pacueToB 0popMIIIOTCS B BHIE TaOauIpl (Tabm. 2.3).

Tabnuna 2.3 — JlanHbie U1 TOCTPOCHUS KPUBBIX (DIIOTUPYEMOCTH

Bpews IlenHslil IPOAYKT Kameprbili
[Iponyxr | baotauuu, | v, % A% % poay MPOJIYKT

MHH v% | A% | v% | A" %

1 2 3 4 5 6 / 8
K-t1 0,5 46,62 8,60 46,62 8,60 100,00 | 30,46
K-t I 0,5 7,85 13,00 54,47 9,23 53,38 49,55
K-t I 0,5 4,81 20,34 59,28 10,14 45,53 55,85
K-t IV 0,5 4,10 36,60 63,38 11,85 40,72 60,05
OTx0/B1 - 36,62 62,67 100,00 | 30,46 36,62 62,67

Htoro 100,00 30,46 - - - -

JlanHbIe KOJIOHOK 1-4 3aHOCSATCS M3 Ta0m. 2.2.

JlaHHBIE KOJIOHKH 5 PACCUMUTBIBAKOTCA KaK CYMMApPHBIN BBIXOJI KOHLIEHTPATHBIX
yactull. PacdeT BeeTcst CBEpXy BHU3:

54,47 = 46,62 + 7,85;

59,28 = 46,62 + 7,85 + 4,81,

63,38 = 46,62 + 7,85 + 4,81 + 4,10;

100,0 = 46,62 + 7,85 + 4,81 + 4,10 + 36,62.

JlaHHBIE KOJIOHKM 6 OIpEeNeNsioTCs [0 CPEIHEB3BEIICHHOW 30JIbHOCTH
COOTBETCTBYIOIINX KOHIIEHTPATOB, EPEUIEAIINX B IEHHBIN MPOIYKT:

46,62-8,6+7,85-130
54,47 !

9,23=
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46,62-8,6+7,85-13,0+4,81-20,34

1014 =
59,28 !
11g5 . 46,62:86+785130+4,81-20,34+41-36,6
’ 63,38 !
2046 _ 46,62:86+7,85-13,0+4,81-20,34+4,1-36,6-+ 36,62-62,67

100,0

JlaHHBIE KOJIOHKM 7 PAaCCUMTBHIBAIOTCS KAK CYMMAapHBIA BBIXOJ YACTHII,
OCTaBIIMXCS B KAMEPHOM MPOAYKTE. Pacuer BeaeTcs: CHU3y BBEPX:

40,72 = 36,62 + 4,10;

45,53 = 36,62 + 4,10 + 4,81;

53,38 = 36,62 + 4,10 + 4,81 + 7,85;

100,0 = 36,62 + 4,10 + 4,81 + 7,85 + 46,62.

JlaHHbIE  KOJOHKM 8  ONpENeNSIIoTCs O  pe3yibTaraM  pacyera
CPEAHEB3BEIICHHONW 30JbHOCTH COOTBETCTBYIOIIMX YACTHII, €II€ HE IMEpPelIeIIINX B
IIEHHBIA MPOIYKT:

36,62-62,67+4,1-36,6

60,05 =
40,72 ’
5585 — 36,62-62,67+4,1-36,6+4,81-20,34
45,53 ’
49,55 — 36,62-62,67+4,1-36,6+4,81-20,34+7,85-13,0
’ 53,38 ’
30.46 — 36,62-62,67+4,1-36,6+4,81-20,34 +7,85-13,0 + 46,62 -8,6

100,0

Kpusbie proTupyeMoCTH CTpOATCS Ha MUJUTMMETPOBOM Oymare, pa3mepsl oceit
200 x 200 Mm. J11s1 TOCTPOCHUS KPUBBIX UCTIOJIB3YIOTCS JAHHBIX TAOIUIIBI 3.

Ha sieBol BEpTHUKAIBbHOW OCU CBEPXY BHU3 OTKJIAJIBIBAKOTCS 3HAYECHUS BBIXOJIOB
COOTBETCTBYIOMUX MPOAYKTOB 0T 0 10 100%.

Ha HMXHEN TOPU3OHTAIBHOW OCH CJIEBA HANPABO OTKJIAIbIBAIOTCA 3HAYCHUSA
30J1bHOCTH NTPOAYKTOB OT 0 10 100%.
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Ha BepxHel TrOpU3OHTaIBbHOW OCH CHPaBa HAJEBO OTMEYAKOTCS 3HAYCHUS
BpEMEHHM (PJIOTALIMN B MUHYTaX.

KpuBast A (kpuBasi mUTaHUsI) CTPOUTCSA C MCIOJIb30BAaHUEM KOJOHOK 3 U 4 ¢
YYETOM TOI'0, YTO BBIXOJ KaXKJ0I'0 CJIEIYIOLIEro MPOAYKTa OTKIAABIBACTCS OT JIMHUU
BBIXOJ@ IPEIBIAYIIEr0o IPOAYKTAa. 3HAYEHUs 30JbHOCTH OTKJIAABIBAIOTCS HA
cepelrHax BEPTUKAJIBHBIX OTPE3KOB, COOTBETCTBYIOIIMX 30JIbHOCTH
COOTBETCTBYIOIIUX IIPOIYKTOB.

KpuBas nennoro npoaykra B (KpuBasi KOHIIEHTpATa) CTPOUTCS MO KOJOHKaM 5
ub.

KpuBas kamepHoro npoaykra 0 (KpuBasi OTXOJ0B) CTPOUTCS MO KOJIOHKaM 7 U
8.

KpuBasi 3aBUCMMOCTH BBIXOJa MPOJYKTOB OT BpEeMEHHU (PIOTAlUU T CTPOUTCS
10 KOJIOHKaM 2 u 3.

KpuBbie pioTupyeMOoCTH yroapHOro ulaMa oKa3aHbl Ha puc. 2.2.

d .
YT10OBI ONpENeNUTh 30JIHOCTh OTXOA0B Ay TMpH 3adaHHON 30JbHOCTH

d :

KOHIIeHTpaTa A 1 HeoOXoxuMoe BpeMs (GIOTaLHH Ty, HYKHO:

d.
1) Ha OcH 30JIbHOCTH OTJIOXHTH 33aHHYI0 BeTnIuHy A ;

2) U3 3TOW TOYKH IIOJHATH MEPHCHIUKYISAp 10 IEPEeCeUeHUss C KPHBOU
KOHILIEHTpaTa f3;

3) dyepe3 TMONYYCHHYIO TOYKY TIIEPECCUCHHs] MPOBECTH TOPHU3OHTAIBHYIO
JUHUI0, KOTOPAst SIBJSIETCS ieMapKalinonHon aunueit (1JI);

4) U3 TOYKH TEPECCUYCHHUs JIEeMapKAIlMOHHON JMHUHM C KPHUBOW OTXOJ0B 0
OINYCTUTH NEPIECHAUKYIISAP IO OCH 30JIbHOCTH;

d
5) ompenenuTh 3HAYEHUE 30JbHOCTH OTX010B Ag ;

6) U3 TOYKM TIepeceucHHs] IEeMapKallMOHHON JIMHHUM C KPUBOW BpPEMCHH
doTanuu T MOIHATH NEPIEHANKYIIAP J0 BEpXHEH OCH;

7) ompenenuTs HeOOXoAUMOE BpeMsl (DIOTalMu Ty, U JAHHBIX PE3yJIbTaTOB
oOoramieHus.

y d
Ilpu 3amanHOi  30mbHOCTH  KOHIEHTpata Ag =12,0% mno kpuBbIM

d
000raTHMOCTH HaxOAWUM 30JIbHOCTH 0Tx070B Ay =64,8%. Bpewms ¢uorarmun

COCTABJIAET Ty, = 2,3 MUH.
ITo ypaBHeHMsIM OanaHca ompeIesisieM BbIXO bl IPOIYKTOB (hI0TAIUH:

18,63 =1y, + v,
18,63-33,43=1y,-12,0+y,-64,8

W3 nanHOM CHCTEMBI ypaBHEHUI BBIX0 KoHnenTpaTa Y =11,07%,

BBIX0/T OTXO0B COCTaBUT: Yo =7, — Vg =18,63-11,07 =7,56%.
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Puc. 2.2 — Kpussie QrioTupyeMOCTH YroJIbHOTO ITamMa
Pacuer omeparnuii mepeyuCTHOM W KOHTPOJIHHOW (DIOTAIIMKM BBITTOIHICTCS

aHAJIOTUYHO IO YPaBHEHUSIM MaTepUaIbHOTO OaslaHca.
J1J1st oniepariuu nepevrucTHOM QioTaluu:

Ys = Y10 T V11
Ys 'Ag ="Y10 'Afo +V11'A(1jl

11,07 =7y, + 74,
11,07-12,0=vy,,-6,0+y,,- 74,0
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U3 cucTeMbl 0aaHCOBBIX yPaBHEHUH BBIXOJ KOHIEHTpara Y, =10,09% .
BBIX0JT 0OTXO0B COCTaBHUT: Yq; =Yg — Y10 =11,07-10,09=0,98%.

Jl1st oniepaniuu KOHTPOJBbHOM (JI0Taluu:

Yo =Y12 1t V13
Yo 'Ag =Y12 'A(ljz + Y13 'A(ljs

1,96 =7, + 73
7,56-648=vy,,-6,5+7,,-750

W3 cucTeMbl 6alaHCOBBIX YPaBHEHHUI BBIXO KOHIEHTpara V;, =113%.
BBIX0JT OTXOI0B COCTaBUT: Y13 =Yg — Y1, = /,06—113=6,43%.

Bpemsa ¢rnotauuu B omnepanusx NEPEYUCTHOM M KOHTPOJBHOHM (prroTanuu
IIPUHAMAETCS PAaBHBIM 6 — 8 MUH.

[leHHbIE TPOIYKTHI OOBEAUHSIOTCS B OOIIMIA NPOAYKT, KOTOPBIM HapaBiIsieTCs
Ha (¢uibTpoBanue. Ilpum pacuere omnepaunu (GUIBTPOBAHUS MNPUHUMAETCS
JOMyLIEHUE, YTO COAEpKaHWE TBEPJAOTO B (PuibTpare Bakyym-(QuiabTpoB paBHO 0.
[{upkynupyromas Harpy3Ka HE YYUThIBACTCA.

Bbixol ¥ 3071bHOCTh OOBEIUHEHHOTO MPOAYKTA, COCTOSIUErO0 M3 MEHHBIX
MIPOJTYKTOB TIEHHON ¥ KOHTPOJIBHOMU (PIIoTaINu, ONpeAeseTCs U3 YPaBHEHUIA:

AL 4y, Al
Y14 = Y1O + YlZI % Af4 = ym 10y Y12 =2 ’ %;
14

V1o =10,09+113=1122% Ag, = 1009 61(1’ . 21’13‘ 05 _ 6,050

T.x. comepkanue TBEpIbIX yacTull B punbTpate Y17 = 0, BBIXOJ U 30JbHOCTh
KOHIIEHTpPATa COCTAaBIISIIOT!

V16 = Y14 =11,22% Al =A! =6,05%,

KamepHbie MpoayKThl Takke 00bEIUHSIOTCS B OJIUH MPOAYKT U MOCTYNAIOT Ha
crymenne. Coaep:kaHue TBEPAOTO B CIMBE TaKyKe MPUHUMAETCS paBHbIM 0.
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CrymeHHBI TPOAYKT CTYCTUTEIEH HampaBisieTcss B (QUIBTP-TIPECCOBOE
oTneneHue Ha o0e3BokuMBaHMe. B 93Toi omepauuu mnoiy4daroT 00€3BOKEHHbBIC
(bI0TOOTXOABI B BUJIE KOPXKEH U PUIIbTPAT, HE COAEPIKALUN TBEPAbIX YaCTHIL.

Bbixol U 30JbHOCTH OOBEIMHEHHOIO IMPOJAYKTa, COCTOSIIET0 M3 OTXOJ0B
NEHHOM U KOHTPOJIbHOU (DIIOTaINK, ONpeIessieTCs U3 YPAaBHEHUIA:

Y Afl + 713 'Afs

Y15 = Y11+ Y13, % Al = , %;
Vis
i =0,98+643=605% A, = 2987407643750 7, a79,
6,05

T.x. comepkaHue TBEPABIX YACTHUII B CIIMBE CTYCTUTENS U PUIBTPATE Y19 = Y21 =
0, BBIXOZ ¥ 30JIbHOCTb OTXOJIOB COCTAaBJISAOT:

Va0 = Y18 = Y15 = 6,05% Aj, =AY =Al =7487%.

OmnpeneneHue KOJIMYECTBA MPOAYKTOB B T/4 MPOU3BOJAUTCS B COOTBETCTBHH C
UX BBIXOJIaMH 110 (popMmyrie:

Qi=Q1'y—i,T/II,

Y1

rae v; 1 Q; — cooTBeTCTBEHHO BBIXOJ (%) M KOTUYECTBO (T/4) i-r0 MPOAYKTA.
KomnuectBo npoaykra Ne 2 u nmpoaykra Ne 3 cocraBnser:

Y, 16,62
=Q, -2 =2031-—""-=102,29 :
Q,=Q, v 33,0 T/4;
Y, 16,38
Q,=0Q, . 33,0 T/

OcranbHble OPOIYKTHl PACCUUTHIBAIOTCS AHAJIOTMYHO. Pe3ynbTarhl pacueToB
3aHOCATCS B CBOJIHYIO Ta0nuily 2.4.

2.2 Pacuer BOAHO-ULIAMOBOW cXeMbl omnepauuid (pJIOTAIUOHHOTO
oT/1eJIeHus!

DTOT pacyeT 3aKI0YaeTCs B PaCIpEACICHUN TOTOKOB ITYJIBIBI MO OIEPALIHASIM.
B mnepBoi craguu CryumeHdss NOpUd U3BECTHOM IUIOTHOCTH CrYLIEHHOI'O
npoaykra P, = 0,21 T/M° KOJIMYECTBO IIYJIBIIBI OIIPEAEIIIETCA U3 COOTHOLLICHMUS:
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=@

3
P , M /4,
2

W, = 10_2’?_9 =487,09 \/q.

KommnuecTBo ITYJIBIIBI B CJIMBC COCTABUT!
W,=W, -W,, M3/‘L
W,=1104,0-487,09 = 616,91 m*/u.

o d o
[Ipyn M3BECTHOM 30JBHOCTH MPOAYKTa A’ ONpeAcisieM IUIOTHOCTh TBEPIOM
(ha3sl o; o hopmyiie:

8, = (K, +K,-A)/1000, t/»’,

rae K; u K; — smnupuyeckue ko3gpGuuuenTs! (111 KOHIEHTPATOB (PIoTaluu u
Heoboramenaplx yried K; = 13125, K, = 12,50, nns orxomoB dmotammu K; =
1037,5, K, = 18,75).

OmnpenensieM MI0THOCTh TBEP0i (a3bl MPOIYKTOB:

5, = (1312,5+12,5-30,46) /1000 = 1,69 1/m°,
8, = (1312,5+12,5-27,09) /1000 = 1,65 1/m°,
5, =(1312,5+12,5-33,88) /1000 =1,74 /m°.

[InotHocTM TBepaoM (ha3bl BCeX NPOAYKTOB TEXHOJOTHMYECKOW CXEMBbI
PaCCUMTHIBAIOTCA AHAJIOTUYHO, TMOJIYYEHHBIE BEJIIMYMHBI 3aHOCATCA B HTOTOBYIO
Tabnuily 2.4, pacrnojoKeHHYIO B KOHIIE pa3jiena.

Bo BTOpOI1 cTaguu crymieHus mpy MIOTHOCTH CTyIIeHHOro npoaykra P, = 0,51
T/M° KONMYECTBO BOIBI PACCUNTHIBACTCS U3 COOTHOMICHHS:

Q,
W,==-=> ,3
4 P, M /4,
67,70
W,=——=132,75 ,,3
4 051 M /4.

KomuuecTBo BOABI B CJIMBE COCTABUT.
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W =W, -W,, M/,
W, = 487,09 132,75 = 354,34 v’/u.
Yactb CJIMBa, HAIIpaBJsICMas B 0ak 060p0THOﬁ BOJbI, COCTAaBUT.
W, =W, -D=354,34-0,6 =212,61 m°/x;

494aCTb, CJIMBA, HAIIPpABJKICMAA Ha q)HOTaHI/IIO, OonpeacsICTCA.

W, =W, - W, =354,34-212,61=14174 m°/u.
Ha ¢uioranmro moctynaer moToK MmyjabIIbL:

W, =W, + W, =616,91+141,74 = 758,65 w°/u.

[1noTHOCTH TUTaHUsI PIOTALUU ONPEAEIIeTCS 0 hopMmyJie:

Q, 114,66

— — 3
W, 758,65

Ao T/M.

7

Eciu mioTHOCTh mutanmst diotamuu npesbimaer 0,13 — 0,15 /m° (t.e. 130 -
150 r/11), ero HEOOXOIUMO pa3KMKaTh, J00ABJISISI K HEMY BOJY.

[110THOCTH IEHHOTO MPOAYKTA (JIOTALMH TPUHUMaeTca paBHbIM P ~ 0,30 /™.

I1I0THOCTB KAMEPHOTO MpOayKTa nprarMaeTcs P ~ 0,05 — 0,09 T/n.

B onepaiuto nepedncTHo (aoTanuu HEOOXOIUMO 100aBUThH BOAY.

C meHHBIM TIPOYKTOM OCHOBHOM (hJI0TAlUU YXOJIUT KOJMYECTBO BOJIBI:

w, =9 _ 8848 55010

ps 030
KonudecTBo BOJIBI, yXOIAIIEH C KAMEPHBIM MPOAYKTOM (DIIOTAIIMH, COCTABHT:

W, =W, —W, =758,65-227,10 =531,55 m%/u.

T.k. TUIOTHOCTh MHTaHUS, MOCTYNAIOIIETO HAa TMEPEUUCTHYIO (DIIOTaIUIO,
MPEBBINIACT HEOOXOAMMYIO HOpPMY, B OIEpalldio MOAaeTcs JJ00aBOYHAs BOA.
[IpunumaeM motHOCTh myndbnbl Pg = 0,1 /M°. Torma KoauuecTBo BOJIbI,
MOCTYIIAIOLIEN B ONEPALINI0, COCTABUT:
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Qg 6813
W, =—=—"-=68130 4,3
g P, 010 M /4.

OmnpenensieM KOJIMYECTBO 100aBOYHOM BOJBI:
W, = W, — W, = 681,30 - 227,10 = 454,20 n*/u.

PaccunTbiBaeM KOJIMYECTBO BOABI B MPOAYKTAX MEPEUUCTHON (PIOTALINH.
B nennom npoaykre:

Q, 6210
W, = =22 = 22=2 — 270,0 \3/u
7P, 030 M

B xamepHOM NpoayKre:
W, =W, —W,, =681,30-270,0 = 474,30 m*/u.

[110THOCTH KAMEPHOTO MPOJIYKTa COCTABJISIET:

~Q; 603

= = 0,01 /a0
MW, 474,30 M

PaccuuThiBaeM KOIMYECTBO BOJBI B MPOAYKTAX KOHTPOJIBHOM (uIoTaluu.
B nennom nponykre:

Q, 695
W, == ="=2318 \3/u-
12 P, 0,30 M/,

B xamepHOM npoaykre:
W,, =W, —W,, =531,55- 23,18 = 508,37 wm*/u.

[110THOCTH KAMEPHOTO MPOJIYKTa COCTABJISET:

Qi 39,57
¥ W, 50837

=0,08 1/n°,

PaccunteiBacM omeparuu  00€3BOKMBAaHUS TMPOAYKTOB  (hJIOTAIIMOHHOTO
oOoraieHus.
Pazxmwkennocts R onpexnensercs no hopmysie:
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R=—21t— 8
100— W' , M/T.

B sTom CIy4ac KOJIHUYICCTBO BOJHI, YXOHHHIGﬁ C IIPOAYKTOM COCTABHT:
_ 3
W =Q. R, Mu.

KonuuectBo (uibTpaTta ompenensercs Kak pasHUIA MEXAY KOJIMYECTBOM
BOJIbl B MUTAaHUU (DUILTPOBAHUS U KOJIMYECTBOM BOJIbI B 00€3BOKEHHOM MPOYKTE.
BnaxHocTh 00€3BOKEHHOTO KOHIEHTpaTa BaKyyM-(UIBTPOB NPUHUMAETCS

r
W, =24 %,
i W/ =259
BraxxHocTh KOpker puiabTp-nipeccoB mpuHuMaetcs VVy = 25 %.

O0e3BOKUBaHHUE KOHOCHTpPATa OCYHICCTBIICTCA MCTOAOM (bHHBTpOBaHI/IH Ha
BaKYYM-(l)I/IHBTan. B OIICpalMI0 IIOCTYIIAIOT IICHHBIC IIPOIAYKTHI OCHOBHON H
HCpG‘lHCTHOﬁ q)HOTaHHfI. KoauuectBo BOJbI B O6’b€,Z[I/IHeHHOM IMPOAYKTC COCTABJIACT:

W,, = W,, + W,, = 207,0+ 2318 = 230,18 mP/u.

r
IIpu BIaxHOCTH 00e3BoxkeHHOro mpoaykta Wig= 24 % paskIKEHHOCTH
paBHa:

o Wi 24
' 100-W/, 100-24

0,31 v/,

KomnuecTBo BOIBI, yXOASIIEN C TPOIYKTOM COCTABUT:
— _ _ 3
W, =Q,5 R, =69,05-0,32=2181 m°/u.
OunbTpaT HanpaBiseTcs B 6ak 000pOTHOM BO/IBI. ETo KONMYeCTBO COCTaBIISET:

W,, = W, — W, = 230,18 - 21,81 = 208,37 m%/u.

O0€e3BOXMBAHUE OTXOJIOB COCTOUT JBYX CTaJMil: CTyIIEHHUE B CTYCTUTENAX W
¢unpTpOBaHNE Ha PUIBTP-TIPECCAX.

Ha crymenue moctymnaer o01mue 0TX0bI OCHOBHOUW M KOHTPOJIBHOU (prroTarum.
Onpenensiercs KOJIMYECTBO BOJABI B 3TOM MPOAYKTE:

W5 = Wi, + W, = 474,30 + 508,37 = 982,67 m*/u.
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3
[Ipu mmotHocTH crymenHoro mpoaykra P;g = 0,60 1/M° omnpenensem
KOJIMYECTBO BOJBI B CTYIICHHOM MPOIYKTE:

Q, 37,24
W18= 18 _

= = 62,06 v
P, 0,60 w

CnuB HampaBmsieTcst B 0ak 000pOTHOM BOABI. Ero KOIM4ecTBO COCTaBIIsIeT:

W,y = W,, — W, = 982,67 — 62,06 = 920,67 n*/u.

o r
Ipu BnaxHoctn kopxkei QuubTp-ipeccoB Woo= 25 % pasKimKeHHOCTD
paBHa:

R W 25 _
*100-W), 100-25

0,33 /.

KonuuecTBO BOJBI, yXOaALIEH C 00€3BOKEHHBIM POJYKTOM COCTABHT:
_ _ _ 3
W,,=Q,,-R,,=37,24-0,33=12,41 m°/u.
OunbTpaT HanpaBiseTcs B 6ak 000pOoTHOM BOABL. ETo KOIMYECTBO COCTABIISIET:

W,, =W, —W,, = 62,06 —12,41=49,65 n*/u.

KonmuecTBO 00OpOTHOW BOJIBI, ONpenesIeTcs Kak CyMMY BCEX ITOTOKOB,
HaIpaBJsieMbIX B 000POT:

W,

o6op

=W, + W, + W, + W,, = 212,61+ 208,37 + 920,61+ 49,65 =1391,24 \*/u.

Heobxoaumo mpoBepuTth cojiep>kaHne TBEPbIX YaCTHI] B 00OPOTHOM BOJIE:

~ Quep 20,74
o%op W 139124

obop

3

P ) 'T/hl .

3Hauenue P, HE noinkHO npesbimars 0,05 — 0,08 /M.

Pesynprarel pacuera Kauye€CTBEHHO-KOJIMYECTBEHHOW U  BOJHO-IIUIAMOBOM
CXEMBbI omeparuil (JIOTallMOHHOTO OTACJICHUS yTiied oQopMIIsieTCs B BUJIE CBOJIHOM
Tabnuie! 2.4.

27



Tabnuna 2.4 — IlokazaTtenu NpoAyKTOB TEXHOJIOTUYECKON CXEMBI

HI})IOO;;T(I; q [Tpoaykr Y, % A% % Q,t/a | W,ma | P, /v’ | &, /M’
1 2 3 4 5 6 7 8

1 WCXOTHBII 33,0 30,46 203,1 1104,00 - 1,69

2 crymieHusni | 16,62 27,09 102,29 487,09 0,21 1,65

3 CITHB 16,38 | 33,88 | 100,81 | 616,91 - 1,74

4 crymennbii | 11,00 | 2551 | 67,70 | 132,75 | 051 | 1,63

5 CITHB 562 | 30,19 | 3459 | 354,34 - 1,69

, CJIUB B

5 oGopor 337 | 3019 | 2074 | 560 | g9 | 169

6 CITHB 225 | 3019 | 13,85 | 141,74 - 1,69

7 HTalAe | 1963 | 3343 | 114,66 | 758,65 | 0,15 | 1,73

dbaoTanuu

8 konuentpar | 11,07 | 12,0 68,13 | 227,10 | 030 | 1,46

9 OTXOIIBI 7,56 64,8 4653 | 53155 | 0,09 | 2,25

10 koHuentpar | 10,09 6,0 62,10 | 207,00 | 030 | 1,39

11 OTXO/IbI 0,98 74,0 6,03 474,30 0,01 2,43

12 koHnentpar | 1,13 6,5 6,95 23,18 0,30 1,39

13 OTXOTHI 6,43 75,0 39,57 | 508,37 | 0,08 | 244

14 oot 11,22 | 6,05 69,05 | 230,18 | 0,30 | 1,39

KOHI_[CHTpaT
15 obme 6,05 | 74,87 | 3724 | 982,67 | 004 | 244
OTXOObI

16 KoHmeHTpar | 11,22 6,05 69,05 21,81 - 1,39
17 bunpTpaT - - - 208,37 - -

18 CTYIICHHBIN - - - 62,06 0,60 2,44
19 CJIUB - - - 920,61 - -

20 OTXOIBI 6,05 | 7487 | 3724 | 12,41 - 2 44
21 bunpTpaT - - - 49,65 - -

>, 17, obopornat | 40 | 5519 | 2074 | 139124 | 001 | 1,69

19, 21 BOJA

3 BBIBOP U PACYHET OCHOBHOI'O ObOPYJIOBAHUS

O6opynoBaHne BIOUPAETCS MOCTE pacueTa TEXHOJIOTHIECKON CXEMBI.
Jns cryuieHus nuJiaMa clieayeT NpeaycMaTpuBaTh THAPOUUKIOHBI JUAMETPOM

0,25...1 M (rpu GoabIIHX 00bEMAaxX MOCTYIAOIINX TUIAMOBBIX BOI).

Jis meHHOW (ioTanuu YrojbHBIX I[IIAMOB KPYMHOCThIO MeHee 0,5MM
HauOosee IIUPOKOE PACHPOCTPAHEHUE MOJIYUYUIIM MEXaHUYECKHE MAIIUHbI THIIA
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MO®YV. [Ing protauuu yriei MamuHel 00OBIYHO KOMIIOHYIOTCS U3 6 Kamep. Onepanuu
NEPEYMCTHON U KOHTPOJBHON (DJIOTALIMK BBIOIHSIOTCS B OTAEIBHON MallIMHE.

JIJ11 KOHIMIMOHUPOBAHMSI MYJIbIIBI C PEAreHTaMu IPUMEHSIOTCS anmapaThl 1Jis
HOJArOTOBKH IYJIbIIbL, JJI IEHOTAIIEHUS — [IEHOTaCUTEIH.

O0e3B0KMBAHNE MEHHOTO MPOIYKTa OCYIIECTBIISIETCS C MOMOUIBIO JIUCKOBBIX
BakyyM-(unpTpoB. /sl CrylieHHs OTXOJO0B HPUMEHSIOTCA IMJIMHIAPOKOHUYECKHE
CTYCTHUTENH C MoJauel CTyLIEHHOro MPOIyKTa Ha (PUIBTP-IIPECCHI.

Jlis mepexkauynMBaHUS TPOAYKTOB Ha CXeMe OOOpyIOBaHUS HEO0OXOIUMO
MPEyCMOTPETh 3yMITI()bI H HACOCHI.

[Ipu pacuere ciemyeT y4yuThIBaTh HEPABHOMEPHOCTh HArpy3KH C IOMOIIBIO
kodpdunmenta K:

k = 1,25 nns obopynoBanus, mnepepabaThIBAIONMIETO Yrojdb U HU3KO30JbHBIC
MPOAYKTHI O0OTAIlICHUS;

k = 1.5 s o6opynoBanus, nepepadaThIBalOIETO OTXOAbI 000TaICHHS.

s ompeneneHus KOJUYecTBa OOOPYIOBaHUSA, HUCXOAS M3 €ro oOBEeMHOM
MPOU3BOAUTEILHOCTH, MPEIBAPUTEIHLHO TMPOU3BOJUTCS pacueT 0o0bemMa MYJIbIIbI,
MOCTYTAIONIEH B annaparsl, no Gopmyre:

Vi =k-|W, +& M/,

S

rae W; — KoJInuecTBO BOJIbI B MPOAYKTE, Mg/‘-I;
Qi — KOJTMYECTBO MPOAYKTHI, T/,
0 — IVIOTHOCTh TBEPAOU (Pa3bl MPOAYKTa,
K - k09 puIHeHT HEPaBHOMEPHOCTH HATPY3KH.

Heo6xoaumoe KommaecTBO 000PYI0BAHMS ONIPEACIISICTCS 110 (hopMyJIe:

V.

i
”—V,en.,

rie V; — pacyeTHOe KOIMYECTBO OCTYIAOMNICH B AIapaT MyJIbITbl, M /d;
V' — Npou3BOAUTENBHOCTh BBIOPAHHOIO THUIIOpazMepa OO0OpYAOBAHMS IO

myJIbIe, M/4.

[Ipu pacuere KoauyecTBa 0OOPYAOBAHUS UCXOJA U3 €r0 MPOU3BOJIUTEILHOCTH
Mo MyJbIl€ W TBEPIOMY CIEAyeT NMPUHUMATh Oikaiiee OOoJbllee LE0e YUCIIOo
anmnapaTtoB. PekoMeHayeTCss NpPOBECTH pacyeT KOJIMYeCTBa OOOpYyJOBaHUS s
HECKOJBKHX THUIOPa3MepOB. DTO TMO3BOJIUT BBIOpaTh BapHaHT, OOECHEYMBAIOIINN
ONTUMAaJIbHYIO HAarpy3Ky MO UCXOJHOMY MMUTAHUIO Ha BEIOpAHHBIE anapathl.

Jlis  KOMIUIEKCOB mepepalOTKM [ulaMa HEOOXOAMMO IpeaycMaTpuBaTh
YCTaHOBKY PE3€pBHOIO OOOpYyIOBaHUS B KOJMYECTBE OAHOrO ammapara Ha 1 - 4
paboTaromux.
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[Ipou3BOAUTENBHOCTE OOOpPYAOBAHMS CJHEAYET MNPUHUMATH MO MACHOPTHOM
XapaKTEPUCTHUKE, €CIIM YKa3aHHbIE B HEM YCIOBUs pabOThI anmapaTa COOTBETCTBYIOT
OPUHATBIM B mpoekTe. [Ipy oTCyTCTBMM 3THX CBEAEHMH HEOOXOIMMO OIPEIECIUTH
IIPOU3BOJUTEIBHOCTh PACYETHBIM ITyTEM IIO NPUBEACHHON HMKE METONUKE HIU C
UCIIOJIb30BaHUEM YCIIBHBIX II0KA3aTEIIEH.

OObeMHasl  POW3BOJUTENBHOCTh  TMIPOLUMKIOHOB  PACCUMUTHIBACTCS IO

dhopmyie:

V =300-d_-d.-(g-H)*, M,

rae d, 1 d. — SKBUBAJICHTHBIN JMAMETp IMMUTAIONIETO0 M CIMBHOTO MaTpyoOKa
COOTBETCTBEHHO, M;
g = 9,81 M/c? — yCKOpEHHE CHIIBI TAKECTH;
H — nanop na Bxozae B nukioH, klla.

OO0beMHas MPOU3BOIUTEIBHOCTD (DJIOTAITMOHHBIX MAIIMH OMPEACIICTCS 10
dhopmyie:

60-k,-V, -z

T

\% M/,

rae k3 =0,7 — 0,8 — koaddurnmeHT 3anoTHEHUS KaMep MyJIbIIOH;
Vi — 06beM KaMephl MAIIIHHEL, M,
Z — YUCJIO KaMep B MaITMHE (711 MEXaHHMYECKUX (IOTOMAIIHH Z = 6);
T = Bpems (IoTalK, MUH.
st onepanuii 00€3BOKUBAHMSI HEOOXOAUMOE KOJIMYECTBO OMPEIEIISETCS IO
dbopmyre:

k-Q,
”:—q_F , e,

rjie q — yAeiabHas MpOU3BOAUTEILHOCTh BRIOPAHHOIO THUIIA ammapara, /(a-M°)

v/ (amd));
F — muroma s (pHIBTPOBAHKS alapara, M-,

[IpuHATH yAETBbHYIO TPOU3BOAUTEIBHOCTS!

- INCKOBBIX BaKyyM (pUIBTPOB i 00e3BokuBanus KoHmenTparta q = 0,3 — 0,5
/(aM);

- (pUIBTP-TIpeccoB It 06e3BOKMBaHMs 0TX010B ( = 0,03 — 0,04 1/(aM?);

VYnenpHash MPOU3BOAUTENHHOCTD ITWIMHAPOKOHUYECKUX CTYCTUTENEH TMpHu
COZepKAHUH TBEPIOTo B muTaHuu 0,6 T/M":

- 1o TBepaoMy: q = 0,3 T/(a-M?);

- o mymbrie: g = 3,5 m%/(amd).
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Ilpouzeooum  6vibOp U  pacuem  OCHOBHO20  000pYyOO8aHus  OJis
paccmampusaemon cxemovl 0002aueHus.

Jns mepBoM cTamuu CrylieHus ucnois3dyeMm ruapouukiaod ['1[-1000 ¢
SKBHMBAJICHTHBIM JHAaMETPOM muTafoImero mnarpyoka d, = 0,2 M u auamerpom

ciuBHOro marpyoka d. = 0,4 m. Ilpu mamope Ha Bxome B mukiaoH H = 150 klla
IPOU3BOUTEIIBHOCTh OJJHOTO IUKJIOHA COCTABUT:

V =300-0,2-0,4-(9,81-150)*° =920,6 m*/u.

OO0beM mMyJbIbl, MOCTyHaroumed B TUAPOUUKIOHBI (mpoaykT Ne 1), mpu
- 3
IUIOTHOCTH 1u1ama o, = 1,69 1/M” cocTaBuT:

203,10

j =1530,2 \f/y,

1

V, =k- (Wl +%) :1,25-(1104,0 +

Heobxoanmoe KOIMYECTBO TUAPOLUUKIOHOB TIEPBOM CTAguU CryIICHUS
COCTABHUT:

S Vi 18302
V 920,6

[TpuHuMaeM 2 pabourx TUIPOIMKIOHA U JOTIOIHUTENIBHO 1 pe3epBHBINA.
Jns BTOpoM cTaguu cryumieHus ucnoiabdyeM ruapouukion ['1[-630 MIIK c
SKBUBAJCHTHBIM JMaMETpOM muTaromiero mnarpyoka d, = 0,18 M u amamerpom

cimuBHoro marpyoka d. = 0,2 m. Ilpu namope Ha Bxome B mukion H = 150 klla
MIPOU3BOAUTEIIBHOCTD OJTHOTO IIUKJIOHA COCTABUT:

V =300-0,18-0,2-(9,81-150)*° = 414,3 m°/u.

OO0beM mMyJbIbl, MOCTyHAIOMEH B THAPOIUKIOHBI (MpoaykT Ne 2), mpu
IUIOTHOCTH 11ama 0, = 1,65 T/M° COCTABHT:

102,29

V, =k- (WZ +%] :1,25-(487,09 +

2

j = 686,4 MS/LI_

Heo6xonumoe KOMMYECTBO THAPOIMKIOHOB BTOPOM CTaJUM  CTYIICHHS
COCTaBHT:



[Tpunumaem 2 pabo4YnX rHIAPOLKKIOHA U 1 pe3epBHBIIL.

JInsl MOATOTOBKM TYJIBIBI K (JIOTallMd TPUHUMAaeM K YCTaHOBKE armapar
KoHuroHupoBanus mynbisl AKTI-1600.

OO0BeM MyJsbIlbl, TOCTyNaromed Ha (IOoTaIMI0, IPHU IUIOTHOCTH ILIamMa 07 =
1,73 T/M° COCTaBUT:

V, = k| w, + 22| =1,25.[ 758 65 + 11450
5 1,73

7

J = 1031,2 M3/LI_

Heob0xoanmoe xkonnuectBo AKIT-1600 coctaBur:

vV, _10312

V1600

~
~

H

[Tpunumaem 1 anmapar.

st goranuy nuiamMa NMpuHUMaeM K ycTaHoBke (iioroMamuael MOY-12 ¢
00BEMHON TPOU3BOAUTENHHOCTHIO V MpHU BpeMeHu (ioTanuu T = 6,3 MUH:

 60-0,75-12-6
6,3

\Y

=514,3 My,

HGO6XOI[I/IMOG KOJINYCCTBO (bHOTOMaIHHH M oIIcpanuu OCHOBHOU q)HOTaIII/II/I
COCTaBHUT:

vV, _10312 _,

V 5143

[TpuaumaeMm 2 pabounx u 1 pe3epBHYIO (HIOTOMAIINHY.

OOBeM MyJIbITbI, MOCTYIAONMIEH Ha TMEPEYUCTHYIO (IIOTALMIO, TPU IJIOTHOCTH
_ 3
nurama dg = 1,46 1/M° cocTaBuT:

V; =k-| W, +% =1,25- 227,10+% =342,2 /.
O 1,46
OO0BeMHast MPOU3BOAUTENHHOCTE (uioTOMAIIUH V TIpU BpeMeHu (IoTaluu T =

{ MUH:
~60-0,75-12-6

V =4629 M3/q_
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HeoOxomumoe KkoiauuecTBO (PIOTOMANIMH 7S ONEpaluyd  [epPeurncCTHOU
(dnoTanuu COCTaBUT:

Ve 3422 o
V4629

[Ipunumaem 1 padouyio poTomManuny.

OOBeM TyJIBITBI, MTOCTYIAIONICH Ha KOHTPOJBHYIO (MIOTAIUIO, TIPH TJIOTHOCTH
_ 3
nrama dg = 2,25 1/M° COCTaBUT:

46,553J _ 8283 v

V, =k- (Wg + %j =15- (531,55 +

9

OOBbeMHast MPOU3BOAUTENHHOCTE (uioTOMaIIMH V TIpu BpeMeHu (IoTaluu T =
6 MuH:

 60-0,75-12-6

V =540,0 M?’/q_

HGO6XOIII/IMOG KOJINYCCTBO (bJIOTOMaHIHH L OoIICpalnuu HGpG‘-IHCTHOﬁ
(bJIOTaI_II/II/I COCTaBHUT:

V, 8283 _,

n= = =
V  540,0

~
)

[TpunumaeM 2 pabounx (GI0TOMAIINHBI.

s punasTpoBaHus (PIOTOKOHIIEHTpATa MPUHUMaeM BakyyM-QuibTpsl J[-140-
3,5V ,J'opHsx”.
Heobxoanmoe Koau4ecTBO (PUIbTPOB COCTABUT:

o_k-Q, 1256905
q-F  0,3-140

[Tpuaumaem 2 pabounx u 1 pe3epBHBII BakyyM-(UIBTD.

O0beM 0TX0AOB (hIOTAIMH, TOCTYMAIOMIUX B CTYCTUTEIH, TPHU IJIOTHOCTH
g 3
TBepoi (a3bl 015 = 2,44 T/M” COCTaBHUT:

Q 37,24
V..=k-|W,.+=2[=15.1982,67 + —— [ =1496,9 3
15 ( 1573 > a4 M /g,

15
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HeoOxoaumoe konnuectBo crycruteneit C—10 coctaBur:
- [IpY pacyeTe Mo IMyJIbIIE:

_ Q14969 ., o
q-F 35-785 :

- IPU pacyeTre Mo TBEPJIOMY:

- K-Qys _1,5-37,24_24z

qg-F 03-785

[IpyHuMaeM K yCTaHOBKE 6 CTyCTUTENEH.

Jnst gunbTpoBaHUA OTXOJOB ¢uioTauu mpuHUMaeM ¢GuiabTp-nipeccbl GIIM-—
600. HeoO0x01uMoe KOJIMYECTBO COCTABUT:

S_kQ, _15-37.24
q-F  0,03-600

~
]

[Tpuanmaem 3 pabounx u 1 pe3epBHBIN GUIBTP-TIPECC.

[Tpu nzo0paskeHuu cxeMbl 000pyIOBaHHS (PIOTAITMOHHOTO OTACICHUS CIETyeT
WCII0JIb30BaTh CTaHIAPTHBIC YCIOBHBIC 0003HaueHus (mpuioxenue I).

4 BBIBOP PEATEHTHOI'O PEXKUMA U
PACYET HEOBXOINUMOI'O KOJIMYECTBA PEAT'EHTOB

B sTom paznene mpuBOASTCS N@HHBIE MO COCTAaBY M YACIBHOMY pPacxojy
PEareHToB MO KaKI0W orepanuu (HIoTaluu U ONMMCaHWe MEXaHU3Ma JIEHCTBUS BCEX
UCIIOJIb3YEMbIX PEareHTOB.

Pacuer konmmyecTBa pacxoiayembix Mpu pabore oboraTuTesNbHOU (PabpuKu
peareHToB (coOuparensi, BCHEHUBATENs, (IIOKYISHTA) MPOU3BOJUTCS C LEJbBIO
MOJTyYeHHUsI HEOOXOIMMBIX TAaHHBIX JJISl OTIPEACTICHUS] SKOHOMUIECKIX MTOKA3aTEIeH.

YaenpHBIA pacxoj peareHTa, MOJAaBaeMOTr0 B OINEPAIMI0, MPUHUMAETCS IO
JAHHBIM TIPAaKTHKH, PE3yJbTaTaM HWCCIACAOBAaHWUN WM 1O CBEIACHUSAM U3
JUTEPATYPHBIX UCTOUYHUKOB.

VY aenbHbIe pacXoabl peareHTOB:

- cobuparens (mogaetcs B onepanuto daotanuu) — 0,8 — 2,0 kr/T;

- BcrieHuBaTens (mogaercs B onepanuro gaotanun) — 0,02 — 0,12 kr/T;

- iiokynsHTA (MOKAETCS B omepanuio crymieHust orxoaos) - 0,02 — 0,06 kr/T.
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Jlis mepedncTHOM M KOHTPOJBHOM (DIOTAlMK PAacXoJl pPeareéHTOB OOBIYHO
CHWXXAETCs BJBOE.
["'opoBoe notpedieHne KaxKoro peareura onpeaesnsercs no GopMmyiie:

Pi=k-Q;-T-q;/ 1000, t/rox,

riae K — koappunreHT HepaBHOMEPHOCTh HATrPY3KH;
Qi — KOJIMUYEeCTBO MaTepHaa, MOCTYMAOLIEro B ONepaluio, T/4;
T — KonMYecTBO MAITMHHBIX YaCOB paboThl (haOpUKH B rO11y, Yac;
0i— yZAeIbHBII pacxoJl peareHra, ojiaBaeMoro B orepaluo, Kr/T.

Hnsa paccmampugaemo2o npumepa pacxoo peazeHmos cocmaguim.
[Tonatorcs B oneparuio OCHOBHOM (prioTamuu:
- peareHT-coOMpaTellb - JU3EIBbHOE TOILIUBO:

Pc=Kk-Qq-T-qc/1000 =1,25- 114,66 - 6000 - 1,0 / 1000 = 860,0 t/rox;

- peareHT-BcnieHnBarelns - macio [1O/1:
Pg=Kk-Q4-T-qg/1000 =1,25 114,66 - 6000 - 0,04 / 1000 = 34,4 1/ron.

[TomaroTcst B onepanuio NepeuncTHON (GI0TalNN:
- peareHT-cooupareib - AU3EIbHOE TOIUIUBO:

Pc=k-Qq-T-qc/1000 =1,25 - 68,13 - 6000 - 0,6 / 1000 = 306,6 1/rox;

- peareHT-BcnieHnBarels - macio [1O/1:
Pg=Kk-Qs-T-qgg/1000 =1,25-68,13 - 6000 - 0,01 /1000 = 5,1 1/rox.

[TomaroTcst B onepanuio KOHTPOIBHOM (uioTanuu:
- peareHT-cooupareib - AU3EIbHOE TOIUIUBO:

Pc=k-Qq-T-qc/1000 =1,5- 46,53 - 6000 - 0,8 /1000 = 335,0 1/rox;

- peareHT-BcnieHuBarels - macio [TO/1:
Pg=K-Qs-T-qgg/1000 =1,5-46,53 - 6000 - 0,03 /1000 = 12,6 1/rox.

[TomaeTcs B onepaiyio CrymeHus: 0TX00B (hJIOTaIUN
- pmoxynsaut Magnaflok—366:

Pp =Kk Qq-T-qe /1000 =1,5- 37,24 - 6000 - 0,05/ 1000 = 16,8 1/rox.

B KoHIle MOACHUTENHHON 3alUCKA TNPUBOJATCA CBEIACHUS 10 TEXHHUKE
0e30MacHOCTH U MepaM M0 MPeIOTBPAIICHUIO BPEAHBIX BO3JEHCTBUN MPOU3BOICTBA
BO (DJIOTALIMOHHBIX OT/AEJIEHUIX 000TaTUTENbHbBIX (PadpuK.
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5 PEKOMEHJIAIIMHA IIO O®OPMJIEHUIO MOSACHUTEJIBHOM
3AIIUCKUA U TPAGUYECKOM YACTU KYPCOBOI'O ITIPOEKTA

I'padmueckas yacTb KypcoBOM paOOTHI BEINOJHsIETCA Ha aucTe (popmara A4, riae
OPUBOJUTCA  TEXHOJOTMYECKass  CXeMa €  KayeCTBEHHO-KOJIMYECTBEHHBIMU
MOKa3aTeJSIMUA KayKJI0TO MPOYKTa U CXeMa OCHOBHOTI'O 000OpY/10BaHUS.

@parMeHT TEXHOJOTUYECKON CXEMBbI MT0Ka3aH Ha puc. 5.1.

|

KOHIII/IIII/IOHI/IPOBaHHe

7 118,63 33,43|114,66] 758,65

W/:L06
T~ @uaoranus
8 ¢ Konnentpar 9 ¢ Otxonpl
11,07|12,00| 68,13 227,10 7,56 | 64,8 | 46,53 |531,55

VY ci1oBHBIE 0003HAYECHUS:

| 7,% [AY %] Q,m/a | W, Mu |

Puc. 5.1 - ®parMeHT TE€XHOJIOTUYECKON CXEMBI

Cxema o00OpymoBaHUs JOJDKHA  OTOOpakaTb BCE  TEXHOJOTUYECKOE
o0opyoBaHuE, KOTOPOE ObUIO BEIOPAHO M PACCUMTAHO MPHU BHITTOJIHEHUH MTPOCKTA.

OO0pas1ipl yCIOBHOTO 0003HAUYCHUSI 000PYI0BaHUS IPUBENICHBI B TIPHIIOKEHUU
I.

Cnernuduranus o00pyJ0BaHUS MOXKET OBITh NMPUBEACHA B TOSCHUTEIBHOU
3aMucKe B BUJIC IPHIIOKEHUS HA JIUCTE CO IITAaMIOM (pHC. 5.2) UK Ha YepTexKe.

KP.7.090302-AA-666.00.00.00.713
U3m. | Jlucm Ne dokym. lNoodnucsk |[Jama
Paspabom. TexHonoauyeckasi Jlum. Jluem Jlucmos
lposepurn. cxema | |
Peuers. hrIomayuoHHo=20 HorHTY, kacp. O
H. konmp. omoeneHusi ep.3KK
Ymeepoun

Puc. 5.2 — O6pa3ern mramma
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Ipunoxenue A

Oo0pasen TUTYJIbHOTO JIMCTA

MWHUCTEPCTBO OBPA3OBAHUA N HAYKU YKPAUHbI
FocypnapcTBeHHOe Bbicliee y4eOHOe 3aBegeHue
[JoHeuKMn HaunoHanbHbIA TEXHUYECKUA YHUBEpPCUTET

Kadegpa “OboralieHne nonesHbix Mckonaembix”

KYPCOBAA PABOTA

Tema: “PacuyeT cxemMbl (pnoTaLuMOHHOro oboraiweHus
YronbHOro wnama»

lNosicHumernbHasi 3anucka K Kypcoegou pabome
no ducyunnuHe “@romayuoHHbIe npouyeccbl obo2aweHus”

KP 090302-AA-5655.00.00.00.113

HUcnonHumensb
cmyodeHm 2p. 3KK (9.1.0)

Pykoeodumenb pabombi
npenodae. kagh. OIMN (9.1.0)

HoHeuk — 20

AA —ron BeimoJHEHMsI paOOTHI (ITOCIIETHUE IBE ITUPPHI)
bbb — nocnennue Tpu uudpel CTYIEHYECKOTO YA0CTOBEPEHUS
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Ipunoxenue b

Oo0pa3sen cocraBiieHus: pedepara *

PED®EPAT

MosicHuTenbHaa 3anucka K kypcosoun pabote coaepxut: 40 c., 3 puc., 4
Tabn., 2 npunoXxeHns, 6 CCbINOK.

Obbektom paHHoOM paboTbl SABNSIETCA OTAeneHne dnoTaumoHHOro
oboraweHna yronbHOro wnama KpynHocTtbto meHee 0,5 mm.

Llenb paboTbl - pacyeT KadeCcTBEHHO-KONMYECTBEHHbIX MOKa3aTeren
donoTauMoHHOro oboralleHust yrofbHOro wama.

[Mpn BbINOAHEHMM pPabOTbl C Y4EeTOM [OEWCTBYIOWMX HOPM M OMnbITa
paboTbl aHanorM4yHbIX nMpeanpusaTUn paccymtTaHa cxema oboraweHus.
PaccuntaH pacxog HeobXoaAMMOro KONMuMyecTBa peareHToB And BeOeHUs
dnoTtaumMoHHoro npouecca. [llpousBegeH BbLIOOP W pacyeT KonM4yecTBa
OCHOBHOrO TEXHOSIOrM4Yeckoro obopynoBaHus.

PaccuntaHHaa B gaHHoW paboTe TexHomnormdyeckasd cxema oTaeneHus
dnoTaunoHHoro oborawieHmsi NO3BONSET MNOMYYNUTb YrONbHbIN KOHLIEHTPAT C
BbixoaoM 11,22 % un 30nbHOCTbIO 6,05 %. 30MbHOCTL OTXOAOB COCTaBNSAET
74,87%. [MonyyeHHble pe3ynbTaThl yooBneTBopslT  TpeboBaHuA
noTpebuTenen rotoBon NPOAYKLMMW.

YrOfbHbIA  WWNAM, OBOTAWEHUE, ®NOTALNA, CryWEHVE,
CXEMA TEXHONOIMMYECKAA, KOHUEHTPAT, OTXOAbl, PEATEHTHbIN
PEXXWM, CXEMA OBOPYOOBAHUA **

* - TeKCT pedepara noJKeH cojepkath He Oosiee 500 coB 1 pa3MeniaThCs Ha
oHOM JHcTe popmarta A4.

** - KOJIMYECTBO KJIIOYEBBIX CIIOB (CIOBOCOUETAaHUM) OT 5 10 15.
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Ipunoxenue B

Oo0pa3zen coaepkaHus MOSACHUTEIbHOM 3aANIUCKH

COOEPXAHWNE

BBEIEBHUE. ...
1 VicxoaHble OaHHble ans pacyeTa CXeMbl PNoTauuK.......c.ocveeveennnnn...
2 PacyeT CXeMbl OBOTALLUEHNS. ... .t eie e e e eae e
2.1 PacyeT onepaumm CrYLLUEHUS . ....ove et eeeane s
2.2 [MocTpoeHne KpUBbBIX PNOTUPYEMOCTM. ..c.uveneineeneaneeeaaneenennn
2.3 PacyeT CXeMbl PIIOTALMM. ... e ee e
2.4 PacyeT BOOHO-LLUMTAMOBOM CXEMDI.......ureeeeieieeeeeiieeeeeeannnn,
3 Bbibop 1 pacyeT OCHOBHOIO OBOPYAOBAHUS. .. ..veveeeeeeeeeaneenennnn,
5 BbIBOP PEAr€HTHOIO PEXKUMA. ... et reteteeae e et eeeteeeeeeeneanaeans
7 TMpaBnna TEXHUKN BE30MACHOCTM ... .uueri e i et et eiaeaaeenens
BB BO DI .ttt e
[MpUNOXEHNA. [PAGIUUECKAA HACTD. ...t iee et eeeeeeeeieeiaeeaeeeenaeeneenn
CnNNCoK NCNOSb30BAHHOM NINTEPATYPB. . .eteceeeeeireeeeaeeare e eaneanenns
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IMpunoxenune I

YcaoBHbIe 0003HAYCHUSA 000PY/I0BAHUA

1 — ruapornukIIoH; 2 — ammapart JJIs MOATOTOBKH ITYJIBITHI;
3 — dnotanuoHHas MauHa; 4 — BakyyM-QuUIbT;
5 — MUIMHIPOKOHUYECKUH CTYCTUTENh, 6 — QUIBTp-TIpecc;

7 —3ymrn¢ ¢ HacocoM; 8 — IEHTOYHBIN KOHBEHEp
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