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BBE/JIEHNE

Hacrosime MeTonuyecKkne YyKa3aHHs SBISIOTCS PYKOBOJICTBOM IS
ctyneHToB crnenuanbHoct 7.090302 “O0oramnieHue MOJE3HBIX MCKOMAEMBIX
NP BBINIOJHEHUH KypCOBOro Impoekra no aucuuimmmHe “TIpoektupoBanue
o0oratuTenbHbIX (adpUK” W TaKXKE TEXHOJOTHMYECKOW M CHEIUATBHON YacTH
JUIUIOMHOTIO TPOEKTa MPU pPacuere CXeM NepepadOTKH YIrOJbHBIX IIJIaMOB
TEeKylmied J00bYMM U YIJecoAepXallMX  TOHKO3EPHUCTBIX  MPOAYKTOB
TEXHOT'€HHBIX MECTOPOKICHUN.

Metoauyeckue yka3aHus COCTABJIEHBI C yueToM “‘HopM TEXHOJIOTHYECKOTO
MIPOCKTUPOBAHMS YTiIe000raTUuTeNIbHBIX (HaOpuk™ [1] U OmbITa HCIOIB30BAHUS
COBPEMEHHBIX TEXHOJIOTUH B MIPaKTUKE 00OTallIEHUs YTIECOIEPKAIIETO ChIPhS.

[Tomy4yeHHbIE pE3yNbTaThl PACU€TOB MOTYT OBITh MPENICTABICHBI B BUJIC
IPOJIOJKEHUS TEXHOJIOTMYECKON YacTH MPOEKTa NP NPOEKTUPOBAHUU MTOTHOIO
[MKJIa OOOTalleHusl Yrjiaed WiIM B BHUJE CaMOCTOSITEIbHOW TMOSICHUTEIBHOU
3aMHCKHU.

[Ipu odopmieHNMN TMOACHUTENBHON 3allMCKHM HEOOXOJUMO YUHUTHIBATH
tpeboBanust ['occrangapra Yipaunsl JJCTY 3008-95 “JlokymenTanus. OTueThl
B chepe Hayku u TexHHkU. CTpykTypa u npaBwia oQOpMIICHUS H
peKoMeHaanuu [2].

1 ITIOAT'OTOBKA NCXOAHBIX TAHHBIX U1 PACUHETA
KOMIUIEKCOB ITEPEPABOTKH HIJIAMOB

OCOOEHHOCTBIO TPOEKTHUPOBAHUS TEXHOJIOTHYECKUX CXEM MepepaboTKu
[IJIAMOB SIBJISIETCS TO, YTO BBIOOp oOIepaiuil onpenensiercs OOJbIIMM YUCIOM
napametpoB. Hanbonee BaXXHBIMU Cpeld HUX SIBJIIOTCS TaKUE MOKa3aTeNu, Kak
KOJIMYECTBO TBEPJIOIO, 30JbHOCTh M COOTHOLIEHWE KOJUYECTBA TBEPIAOU H
xuakod ¢azpl. CyllecTBEHHOE BIMSHHE Ha TEXHOJOTMYECKHE pELIeHUs
OKa3blBa€T M KPYNHOCTh MaTepHajla, B TOM YHCIE, COACPKAHUE YaCTHULL
pasmepom Oosiee 0.5 mm u menee 50 MxM. B psage ciydaeB HeoOXOquMoO
YUUTBHIBaTh W COCTAaB MHUHEpPAJbHOW YAaCTH, ONpPENESIONIMM CIOCOOHOCTh
NOPOAbI PA3MOKATh.

B cBs3u ¢ 3TUM B KauyecTBE MCXOAHBIX JAHHBIX MPU MPOECKTUPOBAHUHU U
pacyeTrax TEXHOJIOTHYECKUX CXEeM MepepadOTKH IUIAMOB TEKYIIEeW J00bYU U
YTIECOAEePKAIINX TOHKO3EPHUCTHIX MPOAYKTOB TEXHOTE€HHBIX MECTOPOKICHHIMA
UCITIOJIb3YIOTCSL:

- pe3yibTaThl TEXHOJIOTMUYECKMX pacyeToB cXeM oOoraliieHus yrieu
IPAaBUTALIMOHHOW  KPYIHOCTH COIVIACHO [2] Tmocie OomnpenesieHus Mo
NIPUBEIACHHON HM)KE METOJIMKE KOJIMYECTBA BOJBI BO BCEX MPOAYKTAX CXEMBI
1 00beMOB 100ABOYHOM BO/IbI, I0JIaBa€MOM B OIICpalllH;



- JIaHHbIE O CHUTOBOM, (PaKUMOHHOM M MHHEPAILHOM COCTaBe
TOHKO3EPHUCTBIX  MPOAYKTOB,  COJEPXKAIIUXCS B  IIJJAMOBBIX  BOJAx
I'PaBUTAIIMOHHOTO OT/IENICHUS WU CKJIaJAUPOBAHHBIX B UJIOHAKOTTUTEJIS;

- KAueCTBEHHO-KOJUYECTBEHHBIC ITOKa3aTelid MPOJIYKTOB MepepaboTKu
aHAJIOTUYHBIX 10 COCTaBY M CBOMCTBAM BHUJOB YIJIECOIEPKAIIErO ChIPbs Ha
JNEUCTBYIONIUX MPEANPUITUSIX.

JIOMOJIHUTENBHO HMCIOJIB3YIOTCSL JaHHBIE O BJIAXKHOCTH WIIM COJICPKAHUU
TBEPJIOTO B MPOAYKTaX, UX Pa3KMKEHHOCTH M HOPMax pacxoia BOIBI IS
Pa3JIMYHBIX ornepaiuii cornacHo [1] u npunoxenuit A — M.

1.1 Meroauka MOATOTOBKY TaHHBIX JJIsI IPOSKTUPOBAHUS KOMITJICKCA
nepepaboTKH UTAMOB yrieo0oraTutebHON Gpadbpuku

1.1.1 OOmue cBegeHUST O METOUKE MOATOTOBKH JAHHBIX

[lenpro pacyeToB SABIIICTCA OIPEHEICHUE KOJIMYECTBA BOJBI BO BCEX
OPOAYKTaX TEXHOJIOTMYECKOM CcXeMbl M O00BEMOB J100aBOYHOM  BOJBI,
[0JIaBa€MOil B omepanuu, JUis MOJYyYEHUs HEOOXOAMMBIX XapaKTEPUCTHUK
[IJJAMOBBIX BOJI PABUTALIMOHHOIO OT/IEIEHUS yIriieo0oraTuTenbHol (padbpuku. B
JAHHOM pa3Jielie MCHOJIb3YIOTCS KOJIMYECTBEHHBIE IOKa3aTelu o0OoramieHus
YTJIEW TPAaBUTALIMOHHOM KPYITHOCTH, IOJIYYEHHBIE ITO METOAUKAM [2].

KonuuecTBO BOJBI B 1 — TOM NPOAYKTE ONpeAeIsieTcs no GopmyJe:

Wi =Qj - Rj =7 - Qe - R /100 (1.1)

rae Qj m Q,, — KOJIMYECTBO TBEPJOTO B i — TOM M MCXOJHOM HPOIYKTE
COOTBETCTBEHHO, T / 4; R; — pa3KIKEHHOCTb 1 - TOrO MPOAYKTa (OTHOIICHUE
00beMa BOJIBI K KOJTHYECTBY TBEPAOTO B 1 — TOM MPOIYKTE), M° / T} Yi - BBIXOZ 1 -
TOrO MPOAYKTa, % OT UCXOJHOTO.

[Ipy W3BECTHOH BIAXHOCTH TMPOIYKTa Wir C YY4E€TOM TUIOTHOCTH BOJIBI,

paBHOM
11/M, Pa3KMKEHHOCTH OIpeensieTcs no popmyie:

Ri =W;" /(100-W;") (1.2)

[lpy W3BECTHOM COACpPKAHWU TBEPAOTO B | — TOM TPOIYKTE
Pa3KIKEHHOCTh OompeieisieTcst o hopmyiie:

R =1000 - (p; — pi )/ pi - P, (1.3)

. 3.
rae pj — INIOTHOCTb TBEPAOH (ha3bl MyIbIbL, KT / M°; Pj — COAEp:KaHHE

3

TBEP/OrO B MyJIbIE, KT / M".



. d o
[lpr wu3BEeCTHOW 30JBHOCTH MPOAyKTa A~ IJIOTHOCTh TBEpAOH (a3l
MOKET OBITh OTIpeesieHa 1Mo hopMyIIe:

p=Ki+Ky Al (1.4)

rnie K; u Ky — smmupnueckne kod(pQUIMEHTH (A7 KOHICHTPATOB
¢noTanuu u HeoOoramennsix yraed Kq = 1312.5, K, = 12.50, aust oTxo10B
¢noramm K4 =1037.5, K, =18.75).

JI1st aHTpaurTOB PE3yJIbTAT pacyeTa cleAayeT yBeauuuTh Ha 20 %.

KomnuectBo nmoGaBounoit Bomel W,,;, NomaBaeMoil B omepanuio,
onpenenseTcs mo hopmyiie:

W006 = Qucx N, (1.5)

rae Q,., — KOJIMYECTBO CYXOro TBEPAOrO, IOCTYIAIONIEr0 B ONEPAIIHIO,
t/a; N — HOpMa pacxo/ia BO/IbI [UTsl IIPOBECHUS Orepanuu, M3 / T.

KommuectBo Bomsl B cycmemsum W, cemapaTopoB Kaxaoil crTaguu
oOorarieHus onpezaensercs no Gopmyne:

We :Qnum'r°(1_z-/py)’ (1.6)

rac Qnum — KOJIHMYCCTBO HCXOAHOI'0O Marcpualia, IIOCTYIIAIOIICTO Ha

COOTBETCTBYIOIYIO CTaJIMIO Cemapauuu, T / 4; I — pacxo] CyCIIEH3UH Ha OJIHY
TOHHY o0oramaemMoro wmatepuana (mpu oOOOTalllEeHUH B TAXKEIOCPETHBIX
cemaparopax cieayer npuauMate I = 0.8 — 1.0 M° / T, B TSDKEITOCPEIHBIX
rHAPOUHKIOHAX — I = 3.3 — 3.5 M° / T); T — KOJHYECTBO YTSKEIUTENs,
HEOOX0AMMOEe [IJIi TPUTOTOBJIEHUS E€AUHUIBI O00BbEMa CYCHEH3UH pabdoueid
IJIOTHOCTH (MO JaHHbIM mojapasnena 2.10 [2]), T / M P — TIIOTHOCTH

3
YTSOKEIUTENS, T/ M.

Jns xaxaou onepanuu, B KOTOPYIO MOCTYIAOT N UCXOAHBIX MPOAYKTOB U
oOpa3yroTcs M MOPOAYKTOB pa3AesieHUs], KOJIUYECTBO BOJABI MO MPHUBEAECHHBIM
BbIllIe (hOopMysaM [O/DKHO ObITh oOmpeneneHo it N+ M—1 mpomykTos.
KosnuecTBO BOABI B OCTaBIIEMCS NPOLYKTE TEXHOJIOTMYECKOW OIepaluu
OTIpeseNsieTCsl U3 ypaBHEHUs OajaHca:

n m
Z\Nucx +Woos = ZWnpod (1.7)
i=1 i=1

[Tony4yeHHbIe aHHBIE O PAIKMKEHHOCTU MPOAYKTOB CIEAYET OKPYIJIATH
10 2 — 3 3HAKOB MOCe 3arnaTon. JlaHHbIE O KOJIMYECTBE BOABI OKPYTIISIOTCS 10
OJIHOTO 3HAaKa I10CJIe 3aIIITOM.



Pe3ynbpTaThl pacueToB peKOMEHIyeTCsl IPUBOAUTH B BUe Tabiuubl. [lepen
MPOBEICHUEM PACUYETOB CIEAYET MOJATOTOBUTH TAOJMILY, COOTBETCTBYIOLIYIO TIO
dopmary Ttabn. 1.1, mpuBenenHod Ha c. 17. Jlomyckaercs mJisi BHECEHUS
pe3yJbTaTOB PacyeTOB MCIIOJIB30BaTh TaOJMIlY, aHAJIOTHYHYIO Tabmule 2.14 [2],
n00aBUB K MPaBOM €€ YacTH TPU KOJOHKHU, B KOTOPHIX MOMEIIAIOTCS TaHHbBIE O
BJIQXKHOCTH, PaPKIKEHHOCTH U KOJIUYECTBE BOJABI B COOTBETCTBYIOIIUX
MPOIyKTax.

[Ipu 3aHeceHnn pe3yabTaToOB pacueToB B Ta0Jd. 1.1 HE0OX0AUMO TPOBEPSTH
COOTBETCTBHE CYMMAapHBIX TIOKa3zaTejied TMOCTYMAIONIMX ¢  BBIXOASIINX
MPOTYKTOB.

[Tpu 3amonHeHMM TaOIUIBI pEeKOMEHAyeTCs, ucmonb3ysa (opmymny (1.1),
paccunTaTh 3HAYEHUS PA3IKMIKEHHOCTH ISl BCEX NPOAYKTOB, COAEPHKAIIUAX
TBEpAYIO a3y, €CIu ITU MOKA3aTEIU HE OMPEACIISUIUCH B IPOILIECCE PACUETOB.

Jnsg mnpoBepkr NOpPaBWIBHOCTA  BBIYMCIEHUW CIEAYET ONPEACIUTH
KOJIMYECTBO BOJbI, IMOCTYMAIOMIEH B TEXHOJOTHYECKHE KOMIUIEKCHI C
MCXOJHBIMU IIPOJIYKTaMU U T0OABOYHOM BOJIOM, M KOJTUYECTBO BOJIbI, YXOSIIICH
C MOpoayKTaMM pazjaeineHus. [Ipu HISHTUYHOCTH TOJYYEHHBIX PE3yJIbTaTOB
pacyeT BOAHO-IIJIaMOBOM CXEMbI KOMIIJIEKCA CUUTACTCS BEPHBIM.

1.1.2 Pacuer pacnipeneneHust BOAbI B IPOAYKTAX IMOATOTOBUTEIBHBIX
omnepanuii

Pacuer konuyecTBa BOABI B TMPOJYKTAaX CXEMbI IMOATOTOBKH YIiedl K
00OTaIlIeHUIO MPOU3BOIUM B CIEAYIOIIEM MOPSIKE:

- OIpeAeNsieM KOJMYECTBO BOJIBI B MCXOJHOM YTJIE C HCIOJIb30BAaHHEM
dbopmyin (1.1) u (1.2), IpUHSAB €r0 BIAXKHOCTH IO JAHHBIM MPAKTUKH WA TI0
COTJIACOBAHUIO C PYKOBOAMTENIEM poekTa (B mpeaenax 6 — 10 %);

- HaxoJIMM KOJHMYECTBO BOJBI B HAJPEIICTHOM MPOAYKTE MO (GopMynam
(1.1) u (1.2), npuHSB BIAXKHOCTh MO JJAHHBIM MPUIIOKEHUS A;

- paccuuTbhiBaeM 00beM 100aBOYHOUM Bojabl 1Mo (opmyne (1.5) ¢ yyetom
TOTO, YTO OHA MOAACTCS B CICAYIONINE OTICPAIINA KOMILIEKCA MOATOTOBKH YTIIS K
00OTaIeHNI0: MOKpasi TIOTOTOBHUTENbHAS KiacCU(UKAIUs, 00CCILIaMINBaHUE
HAJPEIICTHOTO MPOAYKTa TIOCIE CYXOro TPOXOYEHHs, OOCCIIIaMIMBAaHUE Ha
rpoOXOoTax Tmepeq OOOTaleHWeM B THAPOIMKIOHAX (HOPMBI pPacxoaa BOIBI
clIelyeT MPUHUMATH 110 JaHHBIM MpuioxkeHus b);

- ompenensieM KOJMYECTBO BOJBI, YXOIAMIEH C MOAPEHICTHBIMH
NpoAyKTaMHU, U3 ypaBHeHus O6ananca (1.7).

Hwxe npuBeneH mpumep pacdera paclpeiesieHus BOJbI B TMPOIYKTax
KOMITJIEKCA TMOJTOTOBKH yTJIel K 00OTaIeHu o C UCTIOIb30BAHUEM JIaHHBIX TaOJI.

214 2].



Ilpouzeooum  pacuem  onepayuu  MOKpou  Kuaccuguxayuu. B
coomeemcmaue ¢ yciosuem npumepa [2] 61axiCHOCMb UCXOOHO020 Ve
cocmaensem 6 %. Ilo Oanmvim npunosxcenus A npuHumaem 6iAHCHOCD
naopewemnozo npooykma Ne 2 W'y = 9 %. Pacxod dobasounoii 600wl 0
Kkiaccugukayuy no Oannwim npunodxcenus b npunumaem N = 1.4 m°> / m (s
Kawecmee 000aB80UHOU UCNOIb3YeM 000pomHYI0 600Y). B amom ciyuae:

R; =W /(100 - W) =6/ (100 — 6) = 0.064 m° / m;
R, =W,/ (100 — W) =9/ (100 — 9) = 0.099 »* / m;
W;=Q;-R;=799.0 -0.064 =51.0 M/ u;

W, =Q,-R, =347.6 -0.099 = 34.4 M° / u;

Wyos =Wos=Q1 -N=799.0 - 1.4 = 1118.6 m*/ u,

Konuuecmseo 600b1 6 noopewemnom npodykme Ne 3 onpedenum no
ypasHenuio banrauca:

W3 =W; + Wyos—W, =510+ 1118.6 —-34.4 = 1135.2 w2/ u,

Ananocuuno nposooum pacwem onepayuu 00eCUIAMIUBAHUSL C YUenoM
moeo, Ymo 6 OaHHYI0 onepayuro 000a8o4HAsl 800a He NOOAemcs, m.K. MeaKull
MAWUHHBLL Klacc obocawaemcsi omcaokou. Pesyromamul pacuema 3anocum 8
mabn. 1.1, pacnonoscennyto 6 Konye pazoeia.

1.1.3 OcobenHocTH pacyeTa BOAHO-IINIAMOBOM CXEMBbI
oborarieHus yriiel B TSXKEIbIX cpeaax

Pacuer BoAgHO-IIUTAMOBOW CXEMbI OOOTAIllEHUsT YIJIeH B TSDKENBIX cpenax
ClleyeT HauyMHaTh C ONpEJENIeHUs KoauuecTBa BoJbl B cycneHsun W
cenapaTropoB Kaxkaou crtaauu oboramieHuss mno ¢dopmyne (1.6). Hcxomanbie
MOKa3aTelid, BXOASIUE B (POPMYITY, AOJKHBI ObITh MIACHTUUYHBIMU TPUHSITHIM
IpU  BBINOJIHEHUH TEXHOJOTMYECKUX PACUYETOB CXEMbl TI'PaBUTALMOHHOTO
otaeneHus [2].

B cBsa3u ¢ TemM, 4YTO B MOCTyHAalOLIEM Ha CeNapaluio MNpPOAYKTE
NPUCYTCTBYET BOJa, HEOOXoauMoe mig oOecrieueHus: TpeOyeMoil IUIOTHOCTH

*
CYCIICH3MHU KOJIUYCCTBO BOAbBI WC COCTaBHUT:

\NC>|< :WC _Wnum ' (1.8)

KonmuecTBo BOBI, yXOASIIEH ¢ TOTOHYBIIUM MPOTYKTOM TSKEIOCPEIHBIX
cenaparopoB, cieayeT omnpenensaTs no ¢gopmynam (1.1) u (1.2), npuHumas
3HaueHus BiaxHocTU B mpexaenax 10 — 20 % (OO0nbIIMe 3HaYeHUs MPUHUMATD



P pa3MOKAEMBIX TIOPOJIaX, BBICOKOW 30JIbHOCTH MTUTAHUS U JUIS YTJIeH HU3KOM
cTaauu MeTamopdusma).

oo Boabl D, yxonsiiei ¢ mpoayKkTaMu 00OTaIleHus, OT OCTYIAOIICH
B TSDKEIIOCPEIHBIC THIPOIIUKIIOHBI CIIeyeT TPUHUMATH:

- 1711 OTXOJIOB JIBYXITPOAYKTOBBIX IIMKJIOHOB: 0.25 - 0.45;
- JIIS1 OTXOJIOB TPEXMPOAYKTOBBIX ITUKJIOHOB: 0.15-0.35;
- 111 IPOMITPOAYKTA TPEXIPOAYKTOBBIX ITUKIOHOB: 0.30 — 0.40.

[Ipu oOoramieHUN B THKEIOCPEIHBIX ITUKIOHAX OOJNBIINE 3HAYCHUS
KOJIMYECTBA BOJIBI, YXOJSIICH C OTXO/JaMH, CIeAyeT MPUHUMATh TIPHU 30JIbHOCTH
nutanus Oomnee 30 %. bonpime 3HaYEHWS KOJIMYECTBA BOJBI, YXOMISIICH C
MPOMITPOTYKTOM THAPOIUKIOHHOW YCTAaHOBKH, CIEAYET IPUHUMATh TPU OYCHD
TPYAHON 000TaTUMOCTH TTUTAHUS.

C wuCmosp30BaHWEM  BHIMICTIPUBEACHHBIX ~ JTAHHBIX  PaCCUYHMTHIBACTCS
KOJIMYECTBO BOJIBI, YXOAIICH C MPOAYKTaMH 10 (hopMyJIaM:

- JIIS1 ABYXIIPOTYKTOBBIX IIUKJIOHOB:

WnomOH(omx) =W, -D;
(1.9)
W@cm (k—m) :Wc _WnomOH(omx) )
- I TPCXIMIPOAYKTOBBIX TUKJIOHOB!
Womx =We - Do
W, =W,-D,,: (1.10)

WK—m :Wc _Womx _Wnn'

Pacuer omepanuii OTHENEHMA KOHIUIIMOHHOW CYCIICH3MH, OTMBIBKH
MAarHeTUTa U 00€3BOKMBAHUS ITPOM3BOJUTCS B CJIECTYIONIEM IOPSIKE:
a) omnpenensiercs konuuectso Boabl Wy, 55 , COACPKALLEHCS B IIPOAYKTE

oOoraiieHus ToOcle OTACNICHUsS KOHAUIMOHHOW CYCIEH3UH (HEMpPOMBITHIM
npoaykt) mo ¢opmynam (1.1) u (1.2) ¢ yd4eToM BIAKHOCTH MPOAYKTA,
IIPUHAMAEMOM IO TAHHBIM NPUIIOKEHHUS B;

0) paccCUMTHIBACTCS KOJMYECTBO BOJBI B KOHAMIMOHHOH cycnensun Wy

KaK Pa3HOCTh MEXIY KOJUYSCTBOM BOJIBI B UCXOJHOM IMPOAYKTE ONEpalud U B
HETPOMBITOM TIPOIYKTE;
B) onpenensercst o0beM 1006aBouHOi Boxsl Wy, 5 M1 OTMBIBKM MarHeTHTa

OT MPOJYKTOB oOoraiieHus no gopmysie (1.5) ¢ ucnoap3oBaHeM HOPMATHUBOB
IpuiIokeHus b;

I') PacCUMTHIBAECTCA KOJMYECTBO BOBI B HAAPELIETHBIX MPOIYKTaX IMOCHE
o6e3BoxkuBanust Wopoq 10 Gopmynam (1.1) u (1.2) ¢ yderom BiaxkHOCTH
IPOAYKTOB, IPUHUMAEMOM 110 TaHHBIM MPUIIOKEHUS A;
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1) OmpenensieTcsi KOJUYECTBO BOABbl B HEKOHJMIMOHHOM CYCHEH3UU W3
ypaBHEHUs Oayianca Jyist orepanuu.

Ecnu otnenenue KOHIUIIMOHHOM CYCIIEH3UHM HE MpeaycMmaTpuBaeTcs (Ipu
00paboTKe MOTOHYBIIMX MPOJYKTOB CEMAapaTOPOB), pacyeT Mo MyHKTaM a U 0 He
MIPOU3BOIUTCS.

JIns pacdera onepanyy MarHUTHOM CEIapalliy ONPENEIIAEM:
a) KOJMYECTBO BOJABI B HAINPABIIEMONM HAa PEreHEepalri0 KOHIULIUOHHOM

CYCIICH3UHN Wk?) K&)I(I[Oﬁ CTaIuun 060FaHl€HI/IH npu YyCIOBHH, YTO JOJIA

cycensun (M BOAbl B Heil) Ky OT o0O0mero KommdectBa KOHIUIMOHHOM
cycriensun 3aBucutT ot mwiotHoctH (Ky = 0.15 mpu miotaoctu g0 1500 kr / M2,

Ki = 0.25 mpu motHocTH B mHTepBane 1500 — 1800 xr / M H K = 0.35 mpu
miotHoctH Goree 1800 kr / M%), o hopmyie:

W2 =Wy - Ky ; (1.11)

6) KOJIM4YCCTBO BOJALI B KOHI[H].IPIOHHOﬁ CYCIICH3UHU WkuC’ HaHpaBHHCMOﬁ B

HUPKYJSLNIO, TI0 opMyJie:

Y - p.
B) obmee komuuecTBo Boasl Wy, mocTynaromeil B onepanuo MarHUTHON

CCIiapanuu C HGKOHﬂHHHOHHOﬁ 1 9aCTbIO KOHI[PIHHOHHOﬁ CYCIICH3UU,
F) KOJIMYECTBO BOABI B MAarHCTUTEC W n 1IpH yCJIOBHH, YTO €TO BJIA’)KHOCTbH

coctasisier W ﬂ; =28 —-35 %, mo popmyue:

W, => Mp W, (100 -W ) , M/, (1.13)
rac ZM p — CYMMApHOC KOJHMYCCTBO MArHeTUTa, IHNOCTYHIAOOICTO Ha

pereHepaIfio 13 KakI0W CTaJuu TSHKEIOCPEIHON cermapaiuy U OnpeaessieMoe
1o MeToAMKe paszaena 3 [2];

1) KOJHYECTBO yXozsmed co mmiamom Boabsl W, , mpu ycioBuH, 4TO

uL
Pa3KMKCHHOCTh JAHHOT'O MPOAYKTa PEKOMEHIYETCS MOIAEPKUBATh Ha YPOBHE
R, =6 M/ T, o popmyite 1.1.

€) KOJIMYECTBO BOJBI B CJIHMBE, ONPEAEIACMOE M3 ypaBHEHMs OajaHca IJis
oIeparyy MarHUTHOM Cemapariim.

PexoMeHayeTcsi CIMB  MarHMTHBIX ~ CEMApaTOpPOB  HANpaBIsATh  Ha
OIMOJIACKUBAHHE TMPOJYKTOB OOOTaIlleHUs] B KadyecTBe J00ABOYHON BOJIBI.
JIOTIOJTHUTEIbHOE KOJUYECTBO OOOPOTHON BOJBI B CiIydae, KOTJa KOJHYECTBA
BOJIbI B CJIMBE HEJIOCTATOYHO IS OMOJIACKUBAHUS, OIPEAeIseTCs Mo hopMyie:
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W5 =>Wy5 —W,, , M. (1.14).

B cBA3M ¢ TeM, 4TO C HNPOJYKTaMH KOMIUIEKCA OOOrallleHHs B TsKEIBIX
cpellax yXOAUT OONBLIOE KOJMYECTBO BOJBI, €€ CIIEAYeT BOCHONHATH JUIA
nojaaepkanus TpeOyeMol IUIOTHOCTH cycneH3uu. KoaudecTBo 100aBOYHOM
(o6opotroit) Bogsl W5, HcHOmb3yeMoe Ui 3TOH IEnu, ONPEAeNseTcs I0

dbopmyre:
Wyos =W, = > W —> W,/ -W,,, (1.15)

% o
rac ZWC — CYMMApHOC KOJIHYCCTBO BOJAbI B II0OAAaBACMOU B CCIIAPATOPLI

CYCIICH3UH, ZWk”C— CyMMapHO€ KOJMYECTBO BOJABl B IUPKYJIUPYIOIIUX

KOHIAWIOWNOHHBIX CYCIICH3UAX, WM_ KOJIN4YCCTBO BOABI B MAarH€TuTOBOM

KOHLIEHTpaTe.

s paccmampusaemoco npumepa ¢ UCNOIb308aHUeM OaHHbIX [2]
onpeoensem Koaudecmaa 800wl 8 paboueti cycnenzuu We 1 ¢ nnomnocmowio p p; =
3
1660 ke / m” 6 cenapamopax 1 cmaduu obocaujeHus:

We1=Q,r-(1—(pp—1000) / (p,— 1000)) =
=347.6-0.9 - (1 — (1660 — 1000) / (4500 — 1000)) = 253.8 */ .

Konuuecmeo  600vi, HeoOXoOumou 0nia  obecnedenuss  mpebdyemou
NJIOMHOCMU CYCNEH3UU COCMABUM..

Wi =We;—W,=2538-34.4=219.4m/u.

ﬂ]lﬂ nepeozl cmaouu 060261W€H1/l}1 npuHUMaem 6J1AadHCHOCNb HENPOMblINOco

r
nomonysuteco npooykma W7 = 12 %, m.x. yeonv omnocumcs k mapke «XK», Ho
307IbHOCb UCXOOHO020 NPOOYKMa eenuka. B amom cayuae:

R, =W /(100 - W7 ) =12.0/ (100 — 12.0) = 0.136 7> / m;
W;=Q; -R; =176.6 -0.12 = 24.0 M*/ u;
Ws =Wc1 — W; =253.8—24.0 = 229.8 M°/ u.

Paccuumvisaem  onepayuio  omoenenuss  KOHOUYUOHHOU — CYCNEH3UU,
OMMbBIBKU MASHeMmuma u 00e3604CUBAHUSL BCNIbLEUWE20 Npodykma 1 cmaouu
obocawjenus. Onpeodensem xoauvecmso 600bt Wy ppoy  codepocawelica 6
npooykme  obocaujeHuss nocie  OmoeneHuss KOHOUYUOHHOU  CYCNeH3UU
(nenpomvimbiii npodykm) ¢ yuemom e2o éraxcnocmu W' = 10 %, npunumaemoti
1O OAHHBLIM NPUNOHCEHUs B:
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Ry ror = W'/ (100 —W") = 10.0/ (100 — 10) = 0.111 »°/ u.
Wy roq = Qe - Ry o = 171.0 - 0.111 = 19.0 m*/ u.
Paccuumuvieaem xonuuecmeo 600wl 6 KOH@MI/;MOHHOZZ Cycnernsuu.
Ws = We — Wy, 17p07 = 229.8 — 19.0 = 210.8 m°/ u.

Onpeodensem obvem 0obasounoii 600t Wyop 0151 ommbieku maznemuma,
3
npunsie N = 1.0 M/ m no oannvim npunosxcenus b:

Wyos=Qs -N=171.0 - 1.0 = 171.0 p°/ u.

Paccuumuvieaem ronuuecmeo 600wl 6 HadpememHOM npodykme nocijie

r
obessoxncusanus Wi c yuemom, umo ezo énaxcnocms Wyg = 7.0 % (no dannvim

npunoxcerus A):
Ryo = Wil / (100 — Wiy) = 7.0/ (100 — 7.0) = 0.075 2% / m;
Wio = Qq0 - Rio = 153.0 - 0.075 = 11.5 M/ u.
OnpedeﬂﬂeM KoJjiudiecmeo 6’00bl 6 H€KOHaul;u0HHOﬁ CyCcnernsuu.
Wy =Ws + W ;05 — Wg — Wy =
=229.8+171.0-210.8—11.5=178.5M/u

Paccuumvisaem onepayuio ommvieku macHemuma u 00€380HCUBAHUS
nomonyeweeo npooykma 1 cmaduu oboeaweHus (omxoovl cenapayuu) c
yuemom mozo, Ymo KOHOUYUOHHASL CYCNEeH3Usl OmOesiemcs: Om npooyKma uepes

nepghopuposartuvle 3eMeHmbl I1e8AMOPHO20 KOIeCd.
Onpeodensem obvem 0obasounoii 600t Wyop 0151 ommwieku mazhemuma,
3
npuuag N = 1.0 m”/ m no oannwvim npunodicenus b,:

W05 =Q7 -N=176.6 - 1.0 = 176.6 m°/ u.

Paccuumuvieaem xonuuecmeo 600wl 6 HClOp@W@WlHOM npoéykme nocie

;
obessoocusanus Wi, ¢ yuemom, umo ezo énascnocmo Wyo = 9.0 % (no oannvim

npunoxcerus A):
Rz = Wy5 /(100 — Wy5) =9/ (100 — 9) = 0.099 »° / m;
Wi, = Qyp - W5 / (100 — Wi5) = 170.6 -9.0/ (100 — 9.0) = 16.9 2°/ u

Onpeodensiem Koauuecmeo 800bl 8 HEKOHOUYUOHHOU CYCNEeH3UU.!

Wiy =W; + W 05— Wiy =240+ 176.6 - 16.9 = 183.7 m°/ u
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Ananoeuuno paccuumovigaem onepayuu 2 cmaouu obdozaujenus u
nepepabomku noayyaemvix npooykmos. Pesymemamul pacuemose 3anocum 6
maoba. 1.1, nposepsisi coomeemcmeue UMo208blX noKazamenel NOCMynaruux u
BLIXOOAUUX NPOOYKMOB.

na pacuema onepayuu MacHUMHOU cenapayuu onpeoesem Koaudecmeo
800bl 8 KOHOUYUOHHOU cycnensuu I u 2 cmaouu oboeaujenuss, HanPasIaemou Ha
pezenepayuro u 6 yupkyrayuro. Coenacro napamempam cycnensuu [2] kyx = 0.25
05 obeux cmaoutl obocawenus. B coomseemcmeuu ¢ smum:

Wis =Ws -k ¢ =210.8 -0.25 = 52.7 M / u,
Wis = Wg — Wy3 = 210.8 — 52.7 = 158.1 m° / 4,
Wy, = Wy7 -k =983 -0.25 =24.6 ° / 4,
Was = Wi7 —Wp, = 98.3-24.6 = 73.7 m° /u

Obwee xonuuecmso 60o0vl Wpo, nocmynaroweti 6 onepayuiro ¢
HEKOHOUYUOHHOU U YACMbI0 KOHOUYUOHHOU CYCNEH3UU COCMABUM.:

Wo =Wy + Wyp + Wiz + Wig + Wy + Wy =
= 1785+ 183.71 +52.7+ 1552 + 8.1 +23.8=602.0 1"/ u

Coenacno pacuemam pasoena 3 [2] cymmapHoe Koauvecmeo mazHemuma,
NOCMYNAOWe2o Ha pe2eHepayuio U3 Cmaouti msxceiocpeonou cenapayuu, M p
= 67.9 + 555 = 1234 m / u. Konuvuecmeo 600bl 8 MmacHemume Npu e2o

;
BANCHOCMU W25 = 30 % cocmasum:

Wios = ZM p - Wos / (100 — Wos) = 123.4 -30/ (100 — 30) = 52.9 %°/u

Konuuecmeso yxoosweti co wnamom 6006t Wy, npu ycnosuu, umo
3
pazoicudxceHHocmos npooykma Ry = 6 M/ m, cocmasum:

Was = Qg6 - Rog =35.0 -6 = 210.0 7%/ u

Konuuecmeo 600v1 6 ciauge maznumuvlx cenapamopos onpeoenum no
ypaeueHuio bananca:

Wy = Wo — Was — Waog = 602.0 —52.9 — 270.0 = 339.1 m°/ u

Cnues cenapamopoe  Hanpaeiiem - HA  OnojacKuearue I’lpO()yKWZOG.
ﬂOl’lO]ZHumeﬂbH0€ Kojauvecmeo 060p0n’ZH01j 600bl COCMABUM..

Wos = 2Wj05 — Wy = 171.0+176.6+145.6+7.4-339.1 = 161.5 M.

Onpedensem koauvecmeo 0obasounou (ob6opommuoti) 600br Wyop Ons
noooepxcanus mpeodyemou NIOMHOCMU CYCNEeH3UL.!
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W()06 :Wo6 = ZWC* - Zwkuc _WM=
= (219.4 + 104.9) — (158.1 + 71.5) — 52.9 = 41.8 1/ u.

s nposepku npasuibHOCMU 8bIYUCTEHUL ONPedeNsieMm:
- KOIU4ecmeo 600bl, NOCMYynawwell 6 MexXHOI02UYeCKU KOMNIEKC
0b02aujeHusi ¢ UCXOOHBIM NPOOYKMOM U 0OOPOMHOU 8000

Wy + Wop +Wyos=34.4+161.5 +41.8 = 237.7 %/ u;
- KOJIUYeCcma80 800bl, YX00saujell ¢ nPpoOYKMamu pazoeieHust:
Wio + Wig +Wor + Wog = 16.9 + 10.2 + 0.6 + 210.0 = 237.7 m°/ u.

llonyuennvie  pezyriomamuvl  pacuemos  GOOHO-ULIAMOBOU  CXeMbl
0002aujeHus yaneti 8 MmsHCenIblx Cpedax epHbl.

1.1.4 Pacuer KosmmuecTBa BOABI B MPOAYKTAX TEXHOJIOTHMYECKUX
KOMIUIEKCOB 000TaleHus: OTCaaKOM

Pacuer konmuuecTtBa BOABI B MPOIYKTaxX OOOTallleHUsl YyIiew OTcaakou
IPOU3BOJUM B CIEAYIOLIEM HOPSIKE:

- OmpeleNnsieM KOJMYECTBO BOJABI B OTXO0JaX M IPOMIPOAYKTE (MpHu
yCJIOBUHM €ro Bbienenus) mo gopmynam (1.1) u (1.2), npuHSAB UX BJIaKHOCTH IO
JTAaHHBIM TIPUIIOKEHUS A;

- paccuuThiBaeM 00beM J00ABOYHOM BOJBI JUIsl OTcaiku 1o ¢opmyiie (1.5),
IIPUHSAB YJEIbHBIA PACXO0J BOJBI IO MPHWJIOKEHUIO 17

- ompeeNnseM KOJIHMYECTBO BOBI, YXOSIICH ¢ KOHIICHTPATOM OTCAlKH, U3
ypaBHEHHS OayaHca.

Jlnsg  ompeneneHus  KOJIMYECTBA BOAbI B NPOAYKTax  ONepanui
00€e3BOXKMBaHUS KOHIIEHTpAaTa U IPOMITPOAYKTA HaXOUM:

- KOJIMYECTBO BOJbl B HAJIPELIETHOM MPOAYKTE BUOPALMOHHBIX WIN
KOHUYECKHUX IPOXOTOB, KOHILIEHTpATE MOCie 00€3BOKMBAHMS B Oarep-3ieBaTope,
ocanke ¢QuiabTpyromux ueHtpudpyr no dopmynam (1.1) u (1.2), npunas ux
BJIQXKHOCTH 110 TAHHBIM MPUIIOKEHUS A;

- paccuuTbhIiBaeM 00beM J100aBOYHOM (000pOoTHOI) BoMbI MO hopmyiie (1.5)
C y4eToOM HOpM MpuiIokeHust b, ecnu mpemycmarpuBaeTcsi 00€3BOKMBaHNE HA
BUOpPALIMOHHBIX ~ TPOXOTAaxX  MPOMIIPOAYKTA  IIHPOKOKIACCU(UITNPOBAHHOM
OTCaJK{ WA KOHIIEHTpATa OTCAJKH YTJIs KPYITHOTO KJlacca,

- ompejaensieM KOJMYECTBO BOABI, YXOASIIEH C MOAPEHICTHBIMU
MPOIYKTaMU TPOXOTOB, CIIMBOM Oarep-kiaccudukaropa u pyratom neHTpudyr
U3 ypaBHEHUs OallaHca.
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s paccmampueaemoco npumepa onpeoeisieM KOJIUYeCmeo 800bl 6
NPOOYKMAX MexXHON02U4ecko20 Komniekca oboeawenus omcaokou [2]. Ilo

ro_ _
oannvim npunoxcenus A npunumaem énaxchocms omxo006 Wgzg = 22 % (Rso =

0.282 m® / u) u npomnpodykma W2r9 =21 % (Ryy = 0.266 m® / u). YVoenvuvuii

pacxoo 800vl 0jisi OMCAOKU NO OAHHBIM npunodxcerus I npunumaem pasuvim N =
3.0 M/ m, m.x. 06ocamumocmy MeIKo20 MAWUHHO2O KIACCAd — CPeOHss, d
KOIUYeCmeo MNOpOOHuIX @pakyuu 6 yene cocmaensiem 27.68 %. B
coomeemcmeue ¢ IMUM.

Wso = Q30 Ry =87.5 -0.282 = 24.7 m° / u;
Wog = Qg - Ryg=18.0 - 0.266 = 4.8 M> / u;
W05 =Wos = Qs -N=1343.6 - 3.0 = 1030.8 m° / u.
Konuuecmeso 600wv1 6 konyenmpame onpeoensiem no 6AIancy:
Wag = W, + W05 — Wog — Wao = 61.8 + 1030.8 — 4.8 — 24.7 = 1163.1 M° / u.

,ZZ]Z}Z pacdema onepayuu maccuqbukauuu KOHYermpama omcaoxku no
OaHHbIM NPUTIOIHCEHUA A npuHumaem 6J1a’xCHocCnlb 00€36021CEHH020 C nomoulbio

bazep-snesamopa npooykma W3r2 =20 % (Ry; = 0.25 M / u) u onpedensiem
KOU4ecmeo 800bl 8 NPOOYKMAX.

W3, = Qzp - Ry =193.0 - 0.25 = 48.2 %/ u;
Wa; = Wog — Wa, = 1163.0 - 48.2 = 1114.8 m° / u.

Ananoeuuno nposooum pacuem onepayuii 00e360HCUBAHUS KOHYESHMPAMA
U NPOMAPOOYKMA 8 YeHmpupyeax u 3aHOCUM pe3ybmambl GbIYUCICHU 6
umoeogyro maoauyy 1.1.

na npoeepku npasuibHOCMU 8bIYUCTEHUL ONPEOeNaeM:
- KOIU4ecmeo 600bl, NOCMynawujeli 6 MexXHOI02UYeCKUll KOMNIEKC
obocawenusi omcaokou ¢ UCXOOHBIM NPOOYKMOM U 000POMHOU 8000

Wy +Wyos= 161.8 + 1030.8 = 1192.6 m°/ u;
- KOJIUYECmB80 800bl, YX00suell ¢ NPpoOYKMamu pa3oeieHust:
Wag + W3y +W3e + Way +Waz + Was =
=247+ 171+ 1.7+ 1114.9+31.1+3.1=1192.6°/u.

Ionyuennvie  pesynromamovl  pacuemos  800HO-ULIAMOBOU  CXeMbl
obocawenus yanei 0mcaoKoll 6epHbl.
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Pezynomamwi pacuema pacnpeodenenus 600bl 8 NPOOYKMAX CXeMbl
o0bozaujenus yaneti epagumayuoHHOU KpynHocmu npeocmasnensvt 6 maon. 1.1.

Tabnuya 1.1 — Pe3ynbmamul pacuema pacnpeoenetusi 600bl 8
NPOOYKMax cxemvl 0bo2cawjeHus yaiel epasumayuoOHHOU KpynHOCmuU

Ne npooykma 7, % AN% | O mu | W% | R, au| W, 4/
1 2 3 4 5 6 7
1 Mokpoe zpoxouenue
Ilocmynaem:
1 100.00 36.1 799.0 6.0 0.064 51.0
W05 - - - - - 1118.6
Hmoeo: 100.00 36.1 799.0 - 1.464 | 1169.6
Boixooum:
2 4351 45.0 347.6 9.0 0.099 34.4
3 56.49 29.3 451.4 - 2.515 1135.2
Hmoeo: 100.00 36.1 799.0 - 1.464 | 1169.6
2 Obecuinamnueanue
Ilocmynaem:
3 | 56.49 | 293 | 4514 | - | 2515| 11352
Buvixooum:
4 43.01 30.0 343.6 320 | 0471 161.8
5 13.48 27.1 107.8 - 9.031 973.4
Hmoeo: 56.49 29.3 451.4 - 2.515 1135.2
3 Obozawienue 6 masxcenocpeonvix cenapamopax (1 cmaous)
Ilocmynaem:
2 4351 45.0 347.6 9.0 0.099 34.4
W - - - - - 219.4
Hmoeo: 43.51 45.0 347.6 - 0.730 253.8
Buvixooum:
6 21.41 10.1 171.0 - 1.344 229.8
7 22.10 78.9 176.6 12.0 | 0.136 24.0
Hmoeo: 43.51 45.0 347.6 - 0.730 253.8
4 Omoenenue cycnensuu, OMmmovl6Ka MacHeMuma u 00e3604cusanue
Ilocmynaem:
6 21.41 10.1 171.0 - 1.344 229.8
W05 - - - - - 171.0
Hmoeo: 21.41 10.1 171.0 - 2.344 400.8
Buvixooum:
8 - - - - - 210.8
9 2.26 29.4 18.0 - 9.917 178.5
10 19.15 7.8 153.0 7.0 0.075 115
Hmoeo: 21.41 10.1 171.0 - 2.344 400.8
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IIpooonocenue maobn. 1.1

1 | 2 | 3 | 4 | 5 | 6 | 7
5 Ommuviexa maznemuma u 06e360xcusanue omxo008
Ilocmynaem:
7 22.10 789 | 176.6 12.0 0.136 24.0
W05 - - - - - 176.6
Hmoeo: 22.10 78.9 | 176.6 - 1.136 200.6
Boixooum:
11 0.75 68.9 6.0 - 30.62 183.7
12 21.35 79.2 | 170.6 9.0 0.099 16.9
Hmoeo: 22.10 789 | 176.6 - 1.136 200.6
6 Obozawenue 6 mascenocpeonslx cenapamopax (2 cmaous)
Ilocmynaem:
10 19.15 7.8 153.0 7.0 0.075 115
We, - - - - - 104.9
Hmoeo: 19.15 7.8 153.0 - 0.761 116.4
Buvixooum:
15 18.22 6.7 | 145.6 - 0.791 115.1
16 0.93 30.9 1.4 15.0 0.176 1.3
Hmoeo: 19.15 7.8 | 153.0 - 0.761 116.4

7 Omoenenue Cycnéen3uu, ommoléKa mMmacHemuma
u obesgodcusanue KoHuenmpama

Ilocmynaem:
15 18.22 6.7 | 145.6 - 0.791 115.1
W05 - - - - - 145.6
Hmoeo: 18.22 6.7 | 145.6 - 1.791 260.7
Bovixooum:
17 - - - - - 95.3
18 1.26 13.8 10.1 - 15.37 155.2
19 16.96 6.2 | 1355 7.0 0.075 10.2
Hmoeo: 18.22 6.7 | 145.6 - 1.791 260.7
8 Ommuleka macnemuma u 00€360X4cUBAHUE NPOMAPOOYKMA
Ilocmynaem:
16 0.93 30.9 7.4 15.0 0.176 1.3
W05 - - - - - 1.4
Hmoeo: 0.93 30.9 1.4 - 1.176 8.7
Buixooum:
20 0.11 21.8 0.9 - 9.00 8.1
21 0.82 32.2 6.5 8.0 0.087 0.6
Hmoeo: 0.93 30.9 7.4 - 1.176 8.7
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IIpooonocenue maon. 1.1

1 | 2 | 3 | 4 | 5 | 6 | 7
8 Ommurexa maznemuma u 00e360xcusanue NPOMnPoOOyKma
Ilocmynaem:
16 0.93 30.9 1.4 15.0 0.176 1.3
W05 - - - - - 7.4
HUmoeo: 0.93 30.9 7.4 - 1.176 8.7
Buvixooum:
20 0.11 21.8 0.9 - 9.00 8.1
21 0.82 32.2 6.5 | 8.0 0.087 0.6
HUmoeo: 0.93 30.9 7.4 - 1.176 8.7
9 Maznummnasn cenapayus
Ilocmynaem:
9 2.26 29.4 18.0 - 9.917 178.5
11 0.75 68.9 6.0 - 30.62 183.7
13 - - - - - 52.7
18 1.26 13.8 10.1 - 15.37 155.2
20 0.11 21.8 0.9 - 9.00 8.1
22 - - - - - 23.8
Hmoeo: 24 4.38 314 35.0 - 17.20 602.0
Buvixooum:
25 - - - - - 52.9
26 4.38 314 35.0 - 6.00 210.0
27 - - - - - 339.1
HUmoeo: 4.38 31.4 35.0 - 17.20 602.0
10 Obozawenue 6 0omcadouHbIX MAUIUHAX
Ilocmynaem:
4 43.01 30.0 | 343.6 | 32.0 0.471 161.8
W05 - - - - - 1030.8
Hmoeo: 43.01 30.0 | 343.6 - 3.471 1192.6
Buvixooum:
28 29.80 12.4 | 238.1 - 4.885 1163.1
29 2.26 35.5 18.0 | 21.0 0.266 4.8
30 10.95 77.0 875 | 22.0 0.282 24.7
Hmoeo: 43.01 30.0 | 343.6 - 3.471 1192.6
11 Knaccugpurkayusn ¢ 6azep-knaccuguxkamope
Ilocmynaem:

28 | 2980 | 124 ]2381| - | 488 | 11631
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Oxonuanue maban. 1.1

1 | 2 | 3 | 4 [ 5 | 6 | 7
Buvixooum:

31 5.65 26.4 45.1 - 24.72 1114.9

32 24.15 9.1 | 193.0 | 20.0 0.611 48.2
Hmoeo: 28 29.80 124 | 238.1 - 4.885 1163.1

12 OQbe3zsortcusanue Konyenmpama 6 yenmpugyax

Ilocmynaem:

32 | 2415 | 9.1 ]193.0 | 20.0 |0.611 48.2
Buvixooum:

33 2.46 22.0 19.7 - 1.579 31.1

34 21.69 7.7 | 173.3 | 9.0 |0.099 17.1
HUmoeo: 32 24.15 9.1 | 193.0 | 20.0 |0.611 48.2

13 Obe3zeoocusanue npomnpodykma ¢ ueHmpugpyzax

Ilocmynaem:

29 | 226 | 355 | 18.0 | 21.0 |0.266 | 4.8
Buvixooum:

35 0.30 30.2 2.4 - 1.292 3.1

36 1.96 36.3 156 | 10.0 |{0.111 1.7
HUmoeo. 29 2.26 35.5 18.0 | 21.0 |0.266 4.8

Obwee Konuuecmeo 600bl 68 HNOOPEULEMHbIX (ULIAMOBbIX)  800ax

2PABUMAYUOHHO20 OMOCLEHUSL COCINABUM.:
Wi s = Ws + Wos + W3y + Wiz + Was =
=973.4+210.0 + 11149+ 31.1+ 3.1 = 233251/ u.

1.2 MeToauka NOATOTOBKY JAHHBIX JJIs1 TPOEKTUPOBAHUST YCTAHOBOK
1o nepepadboTKe yriecoAepKaluX TOHKO3EPHUCTHIX OTX0/I0B

Jlis mpOEeKTUPOBaHUsI YCTAaHOBOK IO TIepepaboTKe yriiecoiepKallero
TOHKO3EPHUCTOTO TMPOAYKTa TEXHOIC€HHOI'O MECTOPOKICHUS HEOOXOIUMBbI
JAHHBIE O Marepuasue, IIOJyYeHHblE IIyTEM TI'PAaHYJIOMETPUYECKOIO U
(GpakLUMOHHOTO aHaau3a Npod, OTOOPAHHBIX C PA3TUYHBIX YYaCTKOB IIIAMOBOIO
orcroiiHuKa (mnoHakonurens). [locne BbIOOpa 30H, MOAJIEKAIIUX BBIEMKE IS
JaJIbHENIIEH nepepadoTKH, IIPOU3BOINTCS pacuer YCPEAHEHHBIX
XapaKTEPUCTUK KPYIMHOCTH MaTepuasa u ero (pakUUOHHOTO COCTaBa.
Mertonuka pacdeTa WJICHTUYHA MPUBEICHHON B moapazaene 2.2 [2]. HJonesoe
ydyacTHe Marepuaja BCEX YYAaCTKOB YCJIOBHO MPUHUMAETCA OAMHAKOBBIM U
paBueiM Z =1/N, rae N — yncino npo6 TEXHONEHHOTO MECTOPOKIEHHSI.
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[Ipy HaMMYMU TaHHBIX O COAEPKAHUU B IILJIaM€ TOJIbKO YACTHI] KpyITHEE U
Menapye 0.5 MM U uX 30JbHOCTU 0OoJiee MOAPOOHBIA TpaHyJIOMETPUUYECKUIA
COCTaB MOKET OBITh MOJTyYeH Ha OCHOBaHWHU ypaBHeHUs1 Posuna-Pammuepa:

—6d
Yoq =7-05°€ (1.16)
_o05 - A
A%sz 2005 .78 (1.17)
YM
7 {d

@pakIMOHHBIA COCTAaB YacTHI] LIaMa JI000T0 Kiacca KPYMHOCTH MOXKET
OBITH CMOJICIIUPOBAH CIIETYIOIIUM 00pa3oM:
- 32 OCHOBY NIpHHHUMAaeTCs (PpakiuOHHBIA coctaB kiacca 0 — 0,5 mm
HCXOJHOTO MaTepuana;
- HE W3MEHSsS 30JIbHOCTU (PpaKIil ¥ BBIXOJ MPOMIIPOAYKTA, pacyeT
BBIXOJIOB KOHIIEHTPATHOM W MOPOJHOM (pakuuil B IUIaMax I'paBUTAIIMOHHOTO
OT/ICJICHUSI BBITIOJIHSIETCS B COOTBETCTBUU C 0aJJaHCOBBIMU YPaBHEHUSIMU:

715 =100 = (y15-18 + 7418), % (1.18)

Yun Ay =715 - Aas5+715-18 - A5-18 + 7118 4118 - (1.19)

bonee moapoOHbIN (PpakIMOHHBIA COCTAaB MOKET OBITh MOJYYEH IMYyTEeM
WHTEPIIOJALNNA 110 METOJAUKE, NPUBEACHHOU B [3], mium Ha OBM ¢ nmomMomnipro
porpamMm, UMEIOITUXCcs B Ou0InoTexe Kadeapsl.

Huorce npuseoer npumep noJyyeHust NPUOTIUINCEHHO2O
2DAHYTIOMEMPUYECKO20 COCMABA WAAMA, CO0epHCAULec0Ccsi 8 NOOPEUlemHbLX
600aX 2pasuUmMayuoOHHO20 OMOeNeHUs Vele0002amumenbHou Gadbpuku, u
@paxyuonnoco cocmasa knracca kpynuee 0.1 yum.

Ilo oanunvivm mabn. 2.15 [2] codeporcanue 6 winame yacmuy kpynuee 0.5 mm
cocmaensiem 7/>0'5 = 1.17 % npu 3016H0CmMu A% = 23.1 %. Boixo0 u 30n6H0Cmb
xnacca 0 — 0.5 mm cocmasnsiiom coomeememeenno y°°° = 25.10 % u A*°° =
27.4 %. Bvixoo u 301bHOCMb 8Ce2o wiiama cocmasnsiom - ¥ = 26.27 % u Ay
=27.2%.

[l nonyuenus cumogoco cocmasa wiiama ucnoav3yem gopmyavt (1.16) u
(1.17):

Buvixoo u 30nvnocme mamepuana kpynnocmoto +0,1 mm 6 kracce 0 — 0,5
MM:

y & =251-e7°%1 <1377, % ;

an _251-274 g0

_ _224.%.
017 1377 ’
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Buvixoo u 3onvnocme mamepuana kpynuocmoito +0,2 mm 6 knacce 0 — 0,5
MM

¥ =251-e7°9% =755, % ;

on 251214
+0,2 7 55
C UCnoJjIb306AHUEM NOJIYUEHHbLX aaHHblx onpeaeﬂﬂeM:
- GbZXOabl Kjlaccoes.:

7/0'2'0'5 = 7/+0'2 = 7.55 %;
yOl02 = o *01_ %02 - 1377 _7.55=6.22 %;
y*ot=2510- y ™' =25.10 - 13.77 = 11.33 %;

802 _184. %.

“30JIbHOCMU K1AcCco6.

AZ0° = 400 =18.4% ;

APLOZ = (50205 | p0205_ +01 pv0ly s, 0102 =
= (13.77 -22.4—-7.55 -18.4) / 6.22 = 27.3 %;
ACOL = (5,005 | pDDS _  #02 A+02y 001 -
=(25.10 -27.4 - 13.77 - 22.4) / 11.33 = 33.5 %.

Pesynomamui pacuema npedcmasnsem 6 éude mabauyol 1.2.

Tabnuya 1.2 — I panynomempuueckuii cocmas uiiama kpynuocmoio —0,5 mm

Kn., mm ey MM ;/%M % AJ%M % v, % A, %
0,2-0,5 +0,2 7,55 18,4 7,55 18,4
0,1-0,2 +0,1 13,77 22,4 6,22 27,3
0-0,1 +0 25,10 27,4 11,33 33,5
Hmoco - - - 25,10 274

s nonyuenus ppakyuonnoz2o cocmasa:
- C yuemom MNOAYYEHHO20 2PAHYIOMEMPUYECK020 COCMABA Onpeoessiem

8bIX00 U 3071bHOCMb Kiacca Kpynhee 0.1 mm 6 wnamax epasumayuoHHO20
omoeneHUs.

7+01 =7+05 T 701-0,5 = 1,17 + 13,77 = 14,94 %;
A,01 =405 4105 +701-05 - 401-05) /(7105 + 701-0,5) =22,6 %.
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- 0118 pacuema GpakyuorHo2o cocmasa winama kpynhocmvio + 0,1 mm
MOJICHO UCNONb308amMb pakyuounsii cocmas knacca 0 — 0,5 ww 0 — 1 mm
UCXOO0H020 Mamepuana, Hanp.:

Tabnuna 1.3 — OpakunoHHBIN cocTaB IamMa KpynHocTbio +0,1 MM

In-mo @p-u | Kn. 0— 0,5 mm 6 ucx. IInam epas. omo. +0,1 mm
m/m’ Viw» Y0 A, % Vier s Y0 Vi, Y0 A, %
-15 65,2 6,5 68,3 10,20 6,5

1,5-18 13,3 33,7 13,3 1,99 33,7
+1,8 21,5 74,3 18,4 2,15 74,3
HUmoczo 100,0 24,7 100,0 14,94 22,6

- He U3MeHss 30JbHOCMU @paKryuti u 8blx00 HPOMNPOOYKMA, pacuem
8bIX0008 KOHYEHMPAMHOU U NOPOOHOU (Dpakyull 6 wiamax cpasumayuoHHO20
omoeJleHuUs 8bINOJIHAEMC S 8 COOMBEMCMBUU C DANAHCOBLIMU YPAGHEHUSIMU.

715 =100 — (71518 +7418), %;

)/Z/I/L/Z . AW/Z = }/—1,5 . A_1’5 + 7/1,5_1,8 . A1,5—1,8 +?/+1,8 . A—|—1,8 .
Hanpumep,
7-15=100-(13,3+y,18) =86,7-y,18, %,

22,6-100 = (86,7 —y,18)-6,5+13,3-33,7 + .18 74,3,
omkyoa y,118=18,4%, y_15=68,3%.

Pesynomamut pacuema npeocmasnsem 6 eude madbauyot 1.3

2 PABPABOTKA U PACUET TEXHOJIOTMYECKOM
CXEMBI [IEPEPABOTKHU HIJTAMA

2.1 Pa3paboTka TEXHOJOTMYECKOM CXeMbI epepadOTKU HuIaMa

[IpoekTHpoBaHUE TEXHOJIOTUYECKOM CXEMbl TMepepadOTKH  YTOJIbHBIX
[IUIAMOB TEKyIIEed JOOBIYM M YIJIECOACPKAIIUX TOHKO3EPHHUCTHIX MPOIYKTOB
TEXHOT€HHBIX MECTOPOXKACHUN MPOU3BOJUTCS C YUETOM peKoMeHaanui “Hopm
TEXHOJIOTUYECKOT0 MTPOCKTUPOBAHUS yTiieo0oraTUTENbHBIX (padpuk” [1], onmbiTa
paboThl TEPEOBBIX OTCUECTBEHHBIX U  3apyOCKHBIX TMPEANPUATHNR U
TpeOOBaHMI1 3a1aHNS HA BHIMIOJTHEHUE TTPOCKTA.

Kowmmneke BBOgHO-mIIamoBoro xo3siictBa (BIIIX) yrieoGorarurensHoi
babpuky JTOJDKEH TperycMaTpUBaTh 3aMKHYTHIM LUK BOJOCHAOXKEHUS W
MO/ICP>KUBATh COJIEpKAHKUE TBEPAOTr0 B 0OOPOTHOM BOJE HA YPOBHE HE BBIIIIEC
80 kr / m° (Mpy HaNMMYUU Pa3MOKAEMbIX TOPOJAHBIX MUHEPAJIOB — HE BhIIe 50 KT
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/ M3). C »TOi1 LENbI0 U3 NOAPEMETHBIX BOJ TPABUTALIMOHHOIO OTAEJICHHS LILJIaM
U3BJICKAETCS C MCMHOJB30BaHUEM oOlepanuid Kiaccu(UKaluu, CrylieHus,
00€3BOKHMBaHUS U 00OTaIEHHUS.

VYcraHoBKa 1Mo nepepaboTKe YIriiecoJAepKalluX TOHKO3EPHUCTBIX OTXOJI0B
JOoJDKHA oOecreynBaTh IOJTYYEHHE TOBApHOIO IMPOJIYKTa W3 Marepualna,
CKJIaJIMPOBAHHOTO B MJIOHAKOMUTENE (IILJIAMOBOM OTCTOMHUKE), C MPUMEHEHUEM
AQHAJIOTMUYHBIX OIIEPALIUH.

Kak mnpaBuiio, MCXOAHBIM Marepuan MPEABAPUTEIBHO PA3AEIACTCA 10
KPYIIHOCTH,  4TO OOYyCIIOBJIEHO ~ TEXHUYECKHUMHU  XapaKTePUCTHUKAMHU
o0opy0oBaHUs, TPUMEHIEMOT0 B KOMITIEKCaxX repepadboTku nuiama. ['pannynas
KPYIHOCTh Pa3/eJICHUs MPUHUMACTCS IO COrJACOBAHUIO C PYKOBOAMWTEIIEM B
npenenax 0.1...0.5 MM u ompenensercs mapamMeTpamMmu IuiaMa U TEXHHYECKUMHU
XapaKTepUCTUKaMU 000PYJ0BaHUS MOCIIEIYIONINX MPOIIECCOB MEepepaboTKH.

Jlns knaccubukanyy niama cieiyeT npeycMaTpuBaTh:
- TUAPOUUKIOHBl aAuameTrpoMm 0.25...1 M (B 3aBUCHMOCTH OT KPYIHOCTHU
paszesieHus1) — nNpu OOJIBIIKNX 00beMax MOCTYMAOIIUX ITIAMOBBIX BOJT;

- OCaJWTENbHBIE MEHTPpU(PYrH — TpH TEepepadOTKe BBICOKO30JbHBIX
AHEPreTUYECKUX yTiiel Ha gadbpukax c riryouHoi oboramienus 0.5...25 mm;
- BBICOKOYACTOTHBIC BUOpAITMOHHBIC I'POXOTHI, JICHTOYHBIE

KJIaCCI/I(l)I/IKaTOpBI HJIM KOHUYCCKUC I'POXOTHI — AJIA 000raTUTENBLHBIX YCTaHOBOK
MaJjioun IMIPOU3BOAUTCIIBHOCTH.

JLi1st 06e3BOKMBaHMS KPYITHO3EPHUCTON pakiluy CleAyeT UCTIOIb30BaTh:

- KOHHMYECKHE TpPOXOTHl C TOJa4el HAIPEHIETHOIO TMPOIyKTa B
bunbTpyomue MEHTPU(YTH COBMECTHO C KOHIICHTPATOM OTCAAKH — TIPH
oOoranieHu1 KOKCYIOIIUXCS YTIIeH;

- ICHTOYHBIE BaKyyM-(UILTPHI — IPU TIEPepabOTKE aHTPAINTOB;

- BBICOKOYACTOTHBIC BHOpPAIIMOHHBIE TPOXOTHI C TOJa4Yell HAJIPEIICTHOTO
MPOYKTa B (PHIIBTpYIONTUE MEHTPUPYTH — MIPU HU3KOW TPAHUIHON KPYIMHOCTH
pazzieseHusl.

OOpasyromuecss ciauBbl M (yratbl TepepadaThIBAlOTCSI COBMECTHO C
MEJIKO3epHUCTON  (pakiuelt, HampaBIAlOTCS B 000pOT (NMpU  HU3KOM
coJiep KaHuM TBEP10# (a3bl) WK B OTBAJ (TPU BHICOKOM 30JIbHOCTH).

JLns oGoraieHus KpynHO3EepHUCTON (PpakiMK ClieTyeT MPUHUMATD:

- OTCaJOYHbIE MAaIIUHBI WM TSHKEIOCPEIHbIE THUIPOLMKIOHBI — TPH
00OTaIlleHNH COBMECTHO C MEJIKUM MAIIMHHBIM KJIACCOM;

- IUIAaMOBBIE OTCAJ0YHBbIE MAIIUHBI, TOKEIOCPEIHbIE U  BOJHBIC
TUAPOIMKIIOHBI, KPYTOHAKJIOHHBIE CEMapaTopbl, KOHLEHTPALMOHHBIE CTOJIbI,
NEHHBIE CemapaTropbl, BHUHTOBBIE Kel00a, BUHTOBBIE CEMapaTtopbl U
rusipocaizepsl (IIJIaMOBBIE CEMapaTOphl) — ISl pa3IeIbHOr0 00OTaICHHUS.
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Jlnst moBbIeHUsT 3¢ (HEKTUBHOCTH pa3/ieliecHus B BHHTOBBIX armaparax
PEKOMEHIyeTCS TpeaycMaTpUBaTh IMEPEUYNUCTHYIO OIEpaIldi0o U KOHTPOJBHOE
oborarieHue TsHKeIou Ghpakiuu.

[Tpn mpuMeHEHUHU THApOcaii3epoB Isg oOoramieHus nuiama kpymaee 0.1
MM, COJCpIKalero OOJIBIIOE KOJIMYECTBO YACTHI[ KpymHee 1 MM, ciemayer
MPEABAPUTEIILHO  KJIACCH(HUIIMPOBATh  KPYMHO3EPHUCTYIO  (Ppakiuio 1o
KpyIMHOCTH | MM U pa3iebHO 000TamaTh MoJTy4YeHHBIC TPOTYKTHI.

JUisa nepepabOTKM OPOAYKTOB OOOrallleHusi KPYHNHO3EpHUCTOW (pakuuu
CIIElyeT NpeyCMaTpUBaTh:

- CTyIICHHE KOHLEHTPATOB B TMJIPOLMKIOHAX — IIPH HU3KOM COJEPKaHUU
TBEPAOTO B IPOAYKTE;

- 00€3BOKMBAaHUE KOHLIEHTPATOB HAa BBICOKOYACTOTHBIX BHOPAIIMOHHBIX
rpoXoTax C Mojayeil HaJpeleTHOro MPOAYKTa B (PUIBTPYIOLINE LEHTPUPYTH —
IIPU HU3KOM IPAHUYHON KPYITHOCTH Pa3AEICHUs.

- CTyLIEHHE OTXOJIOB C IOJAayed CryIIEHHOTO IPOAYKTa Ha JICHTOYHBIE
(GuUIbTPHI, KaMepHbIE (UIBTP-NIPECCHl MPU COACPNKAHUU B INUTAHUU Kilacca
kpynHee 0.5 MM MeHee 5 % WiIn B MIIOHAKOIIUTEIN.

JUig nepepaboTKHU MEIKO3EPHUCTON (PpaKIMK CIeAyeT IPUHUMATh:

- npu rayoune obOoramenus 0.5,..., 25 MM — CTryCTUTENIH C MOJa4yel
CTYILIEHHOTO MPOAYKTa Ha (PHIIBTP-TIPECCHI WIIM B UIIOHAKOIIUTEIH;

- pu r1youHe oOoramieHust 10 0 MM — (UIOTAIMI0 B MEXaHUYECKUX HIIU
NHEBMAaTUYECKUX  (IOTAMOHHBIX  MalllMHAX, OO0E3BOKMBAHHME  IIEHHOTO
IPOAYKTa C MOMOUIbIO JIUCKOBBIX (DUIBTPOB, JICHTOYHBIX WM KaMEPHBIX
(UIBTP-NIPECCOB U CTYIIEHHE OTXOJOB C IMOAAYEl CTyLIEHHOTO MPOAYKTa Ha
(GUIBTP-NIPECCHI UM B UIOHAKOMUTEIIH.

[Tpn HanuuuK pa3MOKaEeMbIX MOPOJHBIX MUHEPAJIOB PEKOMEHYETCS TIEpes
(draotauueil TpoOU3BOAUTH OTIEJIECHUE WIOB B TMAPOLMKIOHAX U 00pabOTKy HX
COBMECTHO € oTxojnamMu Quotanuu. s TpyaHO(DIOTHUPYEMBIX MaTepHalioB
cllelyeT IpeyCcMaTpUBaTh NEPEUUCTHYIO (IIOTAIHIO.

i _pgoctukeHus TpeOyemMoil BIKHOCTH TOBAPHBIX MPOAYKTOB CIEIYET
npeaycMaTpuBaTh TEpPMHYECKyr0 cymky. [lpu ce3oHHONl mepepaboTke
BTOPUYHOTO CHIPhSI MOXKET OBITh MPUMEHEHA €CTECTBEHHASI CYIIIKa.

B cBsi31 ¢ BRICOKMMM 3aTpaTaMu Ha EpepadOTKy BOJIbI C MEIKO3EPHUCTHIM
[IJIAMOM YacTh MyJIbIIbI CIEAYET HAIPABIATH B 000POT.

B coomsemcmeuu ¢ pexomenoayusmu 0nsn cxemwvl xomniexca BIIIX
yeneobocamumenvrou ¢pabpuxu (puc. 2.1) npedycmampusaem:

- Knaccuguxkayuro wiama 8 UuOpoyukioHax no xpynwocmu 0.2 mm c
nooauei wacmu ciusa 8 060pom,

- obozaujeHue ceyujeHHo20 NPOOYKmMa Ha BUHMOBLIX CEnapamopax,
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- 0be3800icuBanUe KOHYEHMPAma HA BblCOKOYACMOMHBIX 2POXOMAX C
nooaueil Ha0peuwemuo20 NPoOOYKma Ha yeHmpugyeu,

- 0bo2aweHue causa 2UOPOYUKIOHO8, NOOPEULemHO20 NPOOYKma u @yzama
80 hromomawunax ¢ purbmpayueii nNeHHo20 NPOOYKMa,

- ceyweHue u puabmpayuio omxo006 cenapayuu u Gromayuu;

MepMUu4ecKkyio CyuKy Kexka u ocaoka yeHmpugye.

38 ¢ Tloopewemnvie 600b1

14 Knaccugurayus
Ceywennwiii | 39 Caug | 40
npooyKm
16 Cenapayus 15 Jenenue
K-m. | 43 Omx. [ 44 41 42
17 Obessooicusanue B obopom
45 | Haopew. Ioopew. | 46
npoo. npoo.
18 Obessooicus.
K-m
Dyeam 48
[
47 19 Qromayus
50 | ennwiii Kamepnoiii | 51
npoo. npoo.
20 Qunempayus
52 :
K-m o 53 54
59 ulompam
23 Cywixa 21 Ceywenue
Hap Ceywennvuii | 56
60 | ¢ ammocepy 61 npoOyKm
55 | Cus
Tosapnublii 22 Qunempayus
npooyKm
57 58
Omxo0ul

62 ' B obopom
6 omaarn

Puc. 2.1 — Tex"onoruyeckas cxeMa KOMIUIEKCA BOIHO-IILJIAMOBOTO
XO035IUCTBA yTrieo0oraTuTeIbHON (hadpuKku
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2.2 MeToauka pacdyeTa KaueCTBEHHO-KOJIMYECTBEHHBIX TTOKa3aTeIeh
MIPOJTYKTOB 00OTaIEHHUS

[lenpto pacueTra OCHOBHBIX TOKa3aTeled MPOAYKTOB pazpaboTaHHOU
TEXHOJIOTHYECKOW CXEMBbI SIBISIETCA IOJIYyYEeHUE HEOOXOAUMBIX IAHHBIX IS
cocTaBiieHUsl OajaHca NPOAYKTOB OOOTralleHWs W BOJBI, OIpeleIeHue
TUIIOpa3Mepa U pacyera HEOOXOJUMOIo KOoJM4YecTBa 00OpYyIOBAHUS.

Pacuer onepammii kiaccudukanuy mniamMa ¢ MOMOUIIBIO THIPOLMKIOHOB,
OCAJIUTEIBHBIX IEHTPUPYT, JEHTOUYHBIX KIACCU(PUKATOPOB WU TPOXOTOB
MPOU3BOUTCS M0 METOJMKE, ONMUCAHHOW B myHKTe 2.7.2 [2]. DddexTuBHOCTD
paszieneHus € M COJAEpKaHHE PACUETHOTO Kiacca B CIUBE (MOAPELIETHOM
poaykTe, ¢yrare) MPUHUMACTCS MO JaHHBIM MPAKTUKH WA TpuioxeHus Jl.
KonudecTBo BOJbI B MpOAYKTaxX omnpenensercs rno ¢dopmynam nyHnkra 1.1.1.

Huoice oan npumep pacuema onepayuu kraccuguxayuu xomniexca BIIX
yeneobocamumenvHou (Gabpuxku ¢ UCNOIb308AHUEM XAPAKMEPUCMUK ULIaMA,
paccuumannuwix 8 [2] u noopazoene 1.2

Konuuecmeo wacmuy pasmepom menee 0.1 mm 6 npooyxme Ne 38 u ux
30/bHOCMb (cM. mabn. 1.2):

7?01 =11.33%; A**'=224%;

Konuuecmeo uacmuy pazmepom 60onee 0.1 mm 6 npooykme Ne 38 u ux
30/IbHOCMYb

¥ 501= yu— y $501= 26.27 — 11.33 = 14.94 %;

AR = (ywr - A — y OOt APy y301=
=(26.27 -27.2-11.33 - 22.4) [ 14.94 = 22.6 %;

Ipunumas no dannvim npunodicenus J € °°1 = 75 % u ¢ = 90 %,
onpeoensem 8vix00 causa (npodykm Ne 40) no gpopmyne:

7a0= € " yg | ¢=0,75 -26.27 /0.90 = 9.44 %.

Buvixoo ceywennoco npooykma Ne 39 cocmasum:
139 = 38 — yao = 26.27 — 9.44 = 16.83 %.

Onpedensiem Koauuyecmseo u 30JbHOCMb YACMUY pazmepom MeHee u bonee
0.2 mm 6 cause no popmynam:

7260'1: 710 -C = 9.44 -0.90 = 8.50 %;
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¥ 301= 10 — 7 3521 =9.44 - 8.50 = 0.94 %;
Ag1= A3,01= 335 %; Azg1=Az01=22.6%.
Paccuumuvisaem 3010H0Cmb causa:
Ao = (y G- ALY + 7383 A;00) | yao=
= (8.50-33.5 + 0.94 - 22.6) / 9.44 = 32.4 %,

Onpedensiem Koauuecmso u 30J1bHOCMb YACMUY pasmepom meHee u boee
0.1 mm 6 ceywyennom npooykme Ne 39:

y 301 = 001 5,001 =11 38850 = 2.83 %;

7331= y 39— 391 =14.94 - 0.94 = 14.00 %);
A%01= 4 9,01=335 % A301=4 301 =22.6 %.

Paccuumvisaem 30nonocme npooykma Ne 39:

>01A

Az = (7 9501- 4% + y 3 39D a0 =

= (2.83 -33.5 + 14.00 - 22.6) / 16.83 = 24.4 %,

Ilpunumaem  codepoicanue  meepooco 8  C2YWEHHOM  NpoOyKme,
— 3
HanpaeisaemMom Ha 6uHmosvle cenapamopwl, pzg = 400 ke / M no OamHwvim
npunoxcenus E. Onpeodensem nnomuocmes meepoozo no ghopmyne 1.4:

p=Ki + Kp Ay =1312.5+ 12.50 - 24.4 = 1600 k2 / m°

Paszorcusicennocmo npooykma Ne 39 u konuuecmeo 800bi 8 Hem onpeoensiem
no gopmynam 1.3 u 1.1:

Rs9 = 1000 (p—p39) / p - p3s =
= 1000 (1600 — 400) / 1600 - 400 = 1.875 M /m;

Wse = 79 - Qucx - Rag /100 = 16.83 - 799.0 - 1.875 /100 = 252.1 4 / u.
KO]ZLM@CM@O 60061 6 ciauee cocmaesum.
Wao = Wag— Wag = 2332.5 — 252.1=2080.4 2 / u.

Pacder onepaiinu fefieHus ¢ MeIbi0 ONPEISTICHNs KOJIMYeCTBa IMIIaMOBOM
BOJIbI, HAIpaBJIsIeMOM B 00OpPOT 03 TIIyOOKOTro OCBETJICHHS, MPOU3BOJUTCS B

CIIEAYIOIIEM TTOPSIKE:
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- PacCUMTBIBACTCS Pa3zKUKEHHOCTh 000pOTHOM BOMbI Rop o dhopmyne 1.3
mpu TpeOyeMOM COICpXaHHH TBEPAOr0 pop < 80 kr / M° (IpH HAIHYHH
Pa3MOKAEMbIX OPOIHBIX MHHEPAIOB — He Bbime 50 kT / M);

- onpejensieTcs: Ao Boabl Dy, HanpaBisieMoit npu JiefieHuu B 000poT, 0

bopmyie:
Dg =Wy 5/ (Wi s + Ros - Qn), (2.1)

raie Wj;p — KOJMMYECTBO BOABI B IIAMOBBIX BOJIaX TPABUTAIIMOHHOTO
OTIIeJICHUSI, TTOCTyMmarome B kommiekc BIIIX, M/ g Qn = y7 - Quex ! 100 —
KOJIMYECTBO TBEPAOTO B MPOAYKTE, TIOIBEPTAIOIIEMCS ACTICHUIO, T / U,

- HaxOJUTCS KOJMYECTBO BOJBI, HAMPABISIEMOW B pE3yJIbTaTe JCICHUS B
o6opot Wy 1 Ha nansHelnnyro nepepadorky Wy o ¢popmynam:

Wy = Wy - Dg, M/ (2.2)
Wy, =Wy —W,, M. (2.3)

[Ipy BBIYHMCIEHUU NOJIU BOJABI PE3YIbTAT PEKOMEHIYETCS OKPYIJIUTh B
MEHBIIIYIO CTOPOHY J0 BeIHYHUHbI, KpaTHOU 0.05.

KonndectBo 1muiama, OUPKyIuUpyrowmiero ¢ o00poTHOM Boxod  Quuy
OPUEHTUPOBOYHO OIpeenseTcs 1no GopmyJie:

Quur = Qp -Dy/ (1 —Dg), M*/u. (2.4)

B cBsi3u ¢ HakoIJIeHWEM IUIaMa B pe3yibTaTe HMUPKYISIUN (aKTUYECKOe
COJIEp’)KaHME€ €ro B NUIAMOBOM BOJAE, HANpPaBISIEMOW Ha JaJbHEUIIYIO
nepepaboTky Oynet pasHo Q; = Q.

Ouenka paboTel mpoekTupyemoro komiviekca BIIIX mpousBogutTcs 1o
MOKa3aTeNI0 [UPKYJIALUN

K= Qus! (Quis + Quu)- (2.5)

[TonyyenHoe 3HaueHwe NOJKHO ObITh He MeHbmie 0.35, 0.45 u 0.5
COOTBETCTBEHHO [UIs1 (paOpHK, OOOrallalolIuX aHTPALMUThl, KOKCYIOIIHUECS H
ra3oBble YIJIH.

s npoexmupyemoti gpabpuxu, nepepabamuvléarowell KOKCyrouwuecs yeiu
mapku «K», npunumaem poy = 70 ke / m°. Ipu 30msnocmu npodykma Ne 40,
noosepeaiowecocs oeneruio, Ay = 32.4 % nromuocms meepooil gasvl pasua ~
1700 ke / m°. Pasoicudicennocms 060pomnoti 800bl NP SMOM COCMABUN:

Ros = 1000(p — pos)lp - pos= 1000 (1700 — 70)/1700 - 70 = 13.7 3*/m

Hons 600wt Dy, Hanpaensemoti 6 obopom, npu Koiuwecmee meepooco 8
cauee Qu0 =9.44 -799.0/ 100 = 75.4 m / u cocmasum:

Dy =Wy 5 /(W 5 + Rop - Quo) = 2332.5 /(2332.5 + 13.7- 75.4) = 0.69



29

Haxooum konuuecmeo 600vl, HanpasisieMolu 8 pe3yivmame OeleHUs 8
obopom u Ha OanvHeluuyo nepepadbomxy:.

Wy, = Wyo - D= 2080.4 - 0.69 = 1435.5 »°/ u;

Wa1 = Wy — W,y = 2080.4 — 1435.5 = 644.9 1%/ u.

Konuuecmeso UupKyaupyrouweco wiama cocmaesuni.

Quus=Quo -Dy/ (1—Dy) =754 -0.69/ (1 —0.69) = 167.8 m /u.

Konuuecmeo meepoozo 6 npooykme No 41 Qq = Qa0 =754 m / u.
Toxazamenv yupxynsyuu 6yoem pasem.:

Ky =Qurs! (Quirs + Quu) = 210.0 / (210.0 + 167.8) = 0.56.

Pacuer onepanuii oboramieHusi KpymHO3EpHHUCTON (pakuuy IUlaMa IpH
HaJIMYUU €€ (PpaKIIMOHHOIO COCTaBa MPOU3BOJIUTCS MO CIEAYIOIIEH METOIUKE!

- BBIIOJIHAETCS pacyeT NUTaHUS BUHTOBOW cCenapalyd W HaMedaeTcs
30JIbHOCTh KOHIICHTPATA;

- pacCcUUTHIBAETCS IUIOTHOCTH pa3ieieHus, HeoOXoauMas il MOJyYeHUs
KOHILIEHTpaTa 3aJaHHOU 30JIbHOCTH;

- pacnpeneneHre TOHKO3EPHUCTON (PpaKiMy, MOCTYNAIOLIEH B Omepanuio
oOoramieHusi,  OPOU3BOJUTCS  MPONMOPLMOHAIBHO  BBIXOAY  IMPOJYKTOB
pazzeneHus WIH UX Pa3KIKEHHOCTH.

- KOJMYECTBO BOJABI B IMPOAYKTAaXx OOOramieHus OMpeAessaeTcs Io
dopmynam nmynkrta 1.1.1.

B paccmampueaemom  npumepe 0 pacuema  UCHOAb3YEMCs
@dpaxyuonnsiii anaruz wnama (maoba. 1.3).

Tabauya 2.1 — Dpaxyuonmuslii cocmas NUMAHUL BUHMOBOU Cenapayuu

. Ilumanue sunmogoi Bennviswui | Ymownyewuti
Iin-mp qu o cenapayuu npoo. npoo.

i 2o % | 2% | A% |30, %] A % | 3, % | 4 %

1 2 3 4 5 6 7 8
-15 68,3 9,56 6,5 | 683 | 65 100,0 | 22,6
15-1,8 13,3 1,86 33,7 | 816 | 109 | 31,7 | 57,3
+1,8 18,4 2,58 74,3 1100,0| 22,6 18,4 | 74,3

Hmozo 100,0 | 14,00 | 22,6 - - - -

ﬂ]lﬂ NOJYy4eHUsl KOHyermpama u 0mMxX0008 ¢ onpedeﬂennbmu 30JIbHOCMAMU
paccuunivledem njiOmHOCmMs pa3deﬂeHuﬂ:
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o« 3.
® g JuanaszoHe niomHocmel 5p <1,51/™m":

S. = 51_5min

3
= (A, — Ayin ) + Oin 1 M7
p K min min

v o 3.
® g JuanaszoHe NiomHocmenu 5 =15-181/™m":

5p—5 o1 (A, — ALY+ S, ml m>;
A5 — A

. 3.
® ¢ Juanaszone niomuocmei 5p > 1,8 /M

5 =M-(AK —AS)+ Sy, ml M°,

p
Aucx - Ag

20e 81, Oy — nomnocmu gpaxyuti (61 = 1,5; 03 = 1,8 m/m°); Spin= 1,2 —
1,3 m/m® — nnomnocme opeanuqecmu maccwl (015 anmpayumos Omin= 1,5 1,6
m/m ) Omax= 2,4 — 3,0 m/m® — nromnocme nopoonvix munepanos;, Amin= 2 —5
% — soabHOCmb opeanuueckou maccwl;, Amax= 90 — 100 % — zombHOCHB
NOPOOHBIX MUHEPALOB.

Hanpumep, npu neobxooumocmu nonyuenus KOHYeHmMpama 3016HoCmoio A, =
12 % naomnocmev pasdenenus, yuumovleas OaHHvle cmonadoya 6 mabn. 2.1,

onpedensemcs O ouanasona 0, > 1,8 m/m*:

S — O
5, = 0m 0 (4 s,
Aucx _AZ
_ 3718 15 _10,9)+18=191m/ x°.
22,6-10,9

Ilockonbky  pasdenenue npoucxooum 6 B00HOU cpede, pacuem
ApAKmMuYecKux noxazameneu 6UHMOBOU Ccenapayuu  OCyWecmeisiemcs ¢

ucnoavsosanuem kodpguyuenma noepewnocmu I (npunosicenue H):

:Ig[5IO _1) 0675
Oep =) 191 +/1%2 +1)

Pesynomamui pacuema npueedenvl 6 sude maoan. 2.2.
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Tabnuya 2.2 — Pe3ynomamul oboeawenus kiacca 0,1 — 3 mm sunmosou
cenapayueu

IInomnocme,
m/m®
@p-u_ | cpeo. | y,% |A % | yA Xy Ec |V %| 7
-15 1,35 | 68,3 6,5 | 4440 | 2,96 |0,9984 |68,19 | 443,2
15-18 | 165 | 13,3 | 33,7 | 448,2 | 1,04 |0,8508 |11,32| 381,6
+1,8 240 | 184 | 74,3 |1367,1| -1,33 | 0,0917| 1,69 | 125,6
Hmoeo - 100,0 | 22,6 | 2259,3 - - 81,20 | 950,4

Ilumanue onepayuu K-m, 5p = 1,91 m/m®, 1=0,22

Ipaxmuueckuti 6ananc npooyKmos 6UHMOBOU cenapayuu npueeoeH 6
maoéa. 2.3, npu 5mom pacnpeoeieHue wiama npou3sooumcs nPonopYUOHaIbHO
8bIX00AM NPOOYKMOE PA30eleHUsL.

Tabnuya 2.3 — Ilpakmuueckuti 6ananc npooyKmos 8UHmMOBOU cenapayuu

be3 yuema
C yuemom pacnpeoenenus
pacnpeoenerus Wiamos
IIpooyxm 0.1 wn wnamoé — 0,1 mm

Vin s 0 | Y s % | A, %0 | Nenp. |y, % | Y, % | A, %0
Konyenmpam 81,20 | 11,37 | 11,70 43 81,20 | 13,67 | 154

Omxo0bl 18,80 2,63 | 69,67 44 18,80 | 3,16 63,6
Hmozco 100,00 | 14,00 | 22,60 39 100,00 | 16,83 | 24,4
L Inam - 2,83 | 33,50 - - -

Bceco - 16,83 | 24,40 39 100,00 | 16,83 | 24,4

Ilo oannvim npunoowcenus E npunumaem codepocanue meepooco 6
3 _
konyenmpame pu3 = 400 ke / m". Ilpu 3016H0cmu npooykma Auz =15.4 % eco
— 3
pasoicudicennocms cocmasum Ryz3 = 1.719 m™ /u. B smom ciyuae

Was = 3 - Quex - Rag / 100=13.67 - 799.0 - 1.719 /100 = 187.8 »° / u;
Wiy = Wag — Wys = 252.1 — 187,8 =64.3 1° / u.

Pacuer onepaiuii nepepaboTKU MPOIYKTOB 000TAIICHUS KPYITHO3EPHUCTOM
(dbpakiy B rUAPOIMKIOHAX, HA BBICOKOYACTOTHBIX BUOPAIIMOHHBIX IPOXOTAX, B
bunbTpyromux IMeHTpudyrax MNPOU3BOAUTCS 1O METOJAUKE, OMHCAHHOW B
nyakTe 2.7.2 [2]. DddekTuBHOCTh pa3feyieHusl € U COACpPKAHUE PACUETHOTO
Kjlacca B ciMBe (MOJPEIIETHOM MPOJYKTE, (yrare) NpUHUMAETCs MO JaHHBIM
npakTuku win npuwioxkenus [[. KonnuecTBo BOAbI B MPOIYKTAX ONPEAEIAETCS
no popmynam nmynkra 1.1.1.
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Pacuem  onepayuu  o06e3803icueanus  KOHYeHmMpama  GUHMOBLIX
cenapamopo8 Ha BblCOKOYACMOMHOM 2pOXome NpOoU3800UM NPU YCI08UU, UMO
cooepxcanue pacuemrozo kiaacca 0 — 0.2 mm 6 ucxooHom npooykme Ne 43
cocmasisiem a = 100 - y 901/ 3,3 =100 - 2.30 / 13.67 = 16.8 %. IIpunumaem no

Oannvim npunoocenuss JI ¢ = 100 % u ¢ **t = 80 %. Onpedensem 6vixod
npooykma Ne 46 no gpopmyne:

y16= €™ 143 -a 1100 - ¢ = 80 - 13.67 - 16.8/ 100 - 100 = 1.84 %.
Buvixoo naopewemmnozo npooykma Ne 45 cocmasum:
Yas = a3 — yae = 13.67 — 1.84 = 11.83 %.

Iloopewemnwiit npodyxm npeocmasnen kiaccom 0 — 0.1 mm, max xax ¢ =
100 %. 3onvrnocme npodykma A = Agéo'1= 33.5 %.

Onpeoensem Koauuecmeo u 301bHocms yacmuy pazmepom menee 0.1 vm 6
Haopewemuom npooykme no gopmyine:

yg01= 001y = 2.30 — 1.84 = 0.46 %, A%01=A%01=335 %.

Onpeodensem 30nvHOCmMb npooykma Ne 45 ¢ yuemom moco, umo u3
UCXOOHO020 NPOOYKMaA 6 He20 nepexooam ece yacmuyvl kpynuee 0.1 mm:

Asgs = (y 301 A%01 + 728'1'14239'1) [ yas=
= (0.46 -33.5 + 11.37 - 11.7) / 11.83 = 12.5 %.

Ipunumas enascrocmo npooykma Was = 25 % (Res = 0.333 M/ m) no
OaHHbIM npunodcenus 3 onpedensem.

Was = 745 - Quex - Ras / 100=11.83 - 799.0 - 0.333/ 100 = 31,5 3% / u;
W46 - W43 - W45 =187.8-31.5=156.3 Jl/l3 /u.

Jna pacuema obe36odicueanus Konyenmpama 8 yenmpugyze onpeoensem
cooepacanue pacuemnoeo knacca 0 — 0.1 um 6 ucxoonom npooykme Ne 45 a =
100 - y 901 wms = 100 - 0.46 / 11.83 = 3.9 %. Ilpunumaem no OamHviM

0-0.1

npunoxcenus /[ ¢ = 100 % u & = 80 %. Onpeoensiem 6vixo00 npooykma No 48

no gopmyne:
ys= "% 345 - /100 - ¢ =80 -11.83 -3.9/100 - 100 = 0.37 %.
3onvrocmob Asg = Agém: 33.5 %.

Buvixoo u 3onbHocms npodykma Ne 47 cocmasum:

7= a5 — g = 11.83 — 0.37 = 11.46 %;
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A47 = (}/45 'A45 — Yag 'A48) / Ya7 2(1183 12.5-0.37 - 335) /11.46 =11.8 %.

Ipunumasn énaxcnocmo npooykma W'y, = 13 % (Rygs = 0.149 M/ m) no
OAHHBIM NPUNOCEHUs 3 onpedeisiem:

W47 = 17 Quex - Ra7 1 100=11.46 -799.0 -0.149/ 100 = 13.6 m° / u;
W48 = W45 - W47 =315-13.6=17.9 ]l/l3 /u.

Pacuer onepanuu daoranuy B MexXaHHYECKHX (HJIOTAIMOHHBIX MalTuHaX
TIPOU3BOIUTCS C UCTIOIH30BAHUEM JAHHBIX O 30JIbHOCTH MPOIYKTOB pa3ICICHHS
ONMM3KOTO TIO CBOMCTBaM Marepuaia. BbBIXOJ TPOIYKTOB OMNpEACISACTCS W3
ypaBHEHUH OaytaHca:

Yiaur = V-1t Yorx
Yt - Anur = YK-T “Ag.r + Yorx -Aorx

KomngecTBo BOJLBI B ITPOAYKTAX obor AllICHUA OIIPCACIIACTCA 110 q)OpMYJIaM
ITYHKTa 1.1.1. PGKOMGH,Z[YGTCH MNpCABAPUTCIILHO OIIPCACINTL COICPKAHNC
TBCPAOI'O B IIMTAHUH (i)J'IOTa]_II/II/I I10 (bOpMYJIe:

Pprur = 100 - Quur I (Wpyr + 1000 - Quyr ! o), Xr / M, (2.6)
JlaHHBIN MOKa3aTeNb T0KEH COCTABIIATE:

- 80 — 120 kr / M° — st yroteit mapok I u JI;
- 120 — 150 xr / M® — s yrieit mapok XK, K, OC u T;
- 150 — 180 kr / M° — s aHTPAIINTOB.

B cinydae oTkiioHeHHUS (haKTHYECKOT0 3HAYCHUS Pryr OT PEKOMEHIOBAHHBIX
IIPEICIIOB CIIEAYeT U3MEHHMTh JIONI0 BOAbI Dp, HampaBisieMo# NMpu JCICHHH B
000poT.

s paccmampusaemoco npumepa no 0aHHbiM NPakxmuxu npumem Asy = 8
% u As; = 72 %. Boixo0 u 3016HOCMb numanus promayuu U KOauyecmeo 600l
6 HeM coCmaesm.

a9 = v + s + vag = 9.44 + 1.84 + 0.37 = 11.65 %;
Aso= (a1 - Ay + yag - Ass + yag - Asg) | a9 =

=(9.44 -32.4+1.84 -33.5+0.37 -33.5) / 11.65 = 32.6 %j;
Wao = Wy + Wy + Wyg = 644.9 + 156.3 + 17.9 = 819.1 1% /u.

Ipu Qa9 = ya9 - Quex 1100 =93.1 m /wu pyg = 1700 k2 /o cooepoicanue
meepoo2o 8 NUMAaHUU hIoMayuu CoOCmasum:

Pa9 =100 - Qu9/ (W49 + 1000 - Qu9 /psg) =
=100 -93.1/(819.1 + 1000 -93.1/1700) = 123 k2 / »°.
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3nauenue coomeemcmeyem peKOMeHOOBAHHOMY O/ ¢hromayuu yeieu
mapku K, 6 césa3u ¢ uem nepecuem ne npouzBOOUM.
Buvixoo npodykmos obozcawenus onpedenum u3 ypasrnenutl 6anauca:

Y50 — Y49 * (A51 —A49) / (A51 —Aso) -
=11.65(72.0-32.6) / (72.0 - 8.0) = 7.17 %;
Y51 = Va9 — ¥s0 — 11.65—7.17 = 4.48 %.

Ilo oannvim npunoscenus E npunumaem coodepoicanue meepoozo 6 neHHOM
3
npooykme psy = 300 xe / m”. Ilpu 30mvHocmu npooykma Asy =8.0 % ezo
— 3
pasdicudicennocms cocmasum Rsg = 2.624 m™ /4. B amom cnyuae:

Wso = %0 Quex - Rso /100=7.17 -799.0 - 2.624 /100 = 150.3 4 / u;
Ws; = Wag — W5 = 819.1 — 150.3 = 668.8 1> / u.

Pacuer onepanmii nepepaboOTKu MEIKO3EepHUCTON (hpakiuyu U MPOAYKTOB
dboTarMM  MPOM3BOMUTCSA € yYETOM TOTO, YTO (WIBTpATBl W CIUBBI
HarpasisoTes B 00opot. CoaepikaHue TBEPIOTO B TAHHBIX MPOAYKTaX YCIOBHO
MPUHUMAETCSl PAaBHBIM HYIIO. B 3TOM cilydae BBIXOJ U 30JIbHOCThH CTYIIIEHHBIX
(00E3BOKEHHBIX) MPOAYKTOB W  HMCXOAHBIX IMPOJYKTOB OyAyT paBHBHIL.
KonudecTBo BOJIBI B MpOAyKTax onpenensiercs rno ¢dopmynam nyHnkra 1.1.1.

Mna  paccmampueaemoco npumepa NpouzBOOUM  paciem — onepayull
Qunempayuu neHHo20 nNpoOyKma, ceywjeHuss u - QUIbMpayuu - 0mxooo8
dnomayuu. Ipunumaem ys3 = 5= y57 = 0. Tocoa:

V52 — 7’502717 %, A52 :A50=8.0 %,
Y6 = Js8 — 1+ yas = 4.48 + 3.16 = 7.64 %;
Ase = Asg = (61 - Asa + yag - Aua) | 56 =
=(4.48 -72.0 + 3.16 -63.6) / 7.64 = 68.5 %.

Pacuem xonuuecmeéa 600wl 6 npooykmax npouseooum, npunumas W'sy =
25.0 % (Rss = 0.333 7°/m), W'sg = 25.0 % (Rsg = 0.333 7°/ m), psg = = 600 k2 /
M (Rsg = 1.239 M/ m) no dannwvim npunosicenus 3 u E. B smom ciyuae:

Ws, = %2+ Quex - Rsp / 100=7.17 -799.0 -0.333 /100 = 19.1 4 / u;
Wss = 76 - Quex - Rsg / 100=7.64 -799.0 - 1.239 /100 = 75.6 % / u;
Wsg = 765+ Qucy - Reg / 100=7.64 -799.0 -0.333/ 100 = 20.3 1%/ u.
U3 ypasnenuii 6ananca:

Wss = Weo — We, = 150.3 - 19.1 = 131.2 4%/ u;
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W55 = W51 + W44— W56 =668.8 + 64.3 - 75.6 = 657.5 Jl/l3 /Ll,’
W57 = W56 - W58 =75.6-20.3=55.3 ]l/l3 /.

Pacuer omepaluu CymiKd TPOU3BOAUTCS C YYETOM OOecredeHHUs
TpeOyeMol BIIaXKHOCTH BBICYLIEHHOTO MPOAYKTa Ha ypoBHE 5 — 6 %. [ns yraei
C MaKCUMAaJbHOM BJIaroeMKocThbio Oosiee 5 % BIIaKHOCTh YCTAaHABIMBAETCS IO
JAHHBIM MPAKTUKH. YHOC TBEPAOIO C ra3aMu MPUHUMAEM PaBHBIM HYJIIO.

[Ipy ecTeCTBEHHOM CYIIKE BJIAXHOCTh MPOJYKTAa YCTAHABIMBACTCS
COIrJIaCHO TPEOOBAHMIM MOTPEOUTEIS.

Jlna paccmampusaemozo npumepa npunumaem Weg = 5.0 % (Rg = =
0.053 M®/ m). B smowm cnyuae:

We1 = (ya7+ 152) - Quex - Rer /100 =
= (11.46+ 7.17) -799.0 -0.053 /100 = 7.9 4 / u.

KOﬂuqecmeo ucnapeHHOiZ ejlacu cocmaesum.
Weo = Wy7 + Ws,— We; = 13.6 +19.1 - 7.9 =248 1/ u.

s nposepku npasuibHOCMU  GLIYUCIEHUL onpeodensem KOAU4ecmeo
meepoo2o U 600bl, YXO00AWUX U3 MeXHOoNocuyecko2o Komnaekca BIIX c
NPOOYKmMamu pazoeieHus: KOHYEHMPAmom, omxooamu, 0O0pomHou 6000U U
UCNAapeHHOoU B1a201.

2y = 1+ wg=18.63 + 7.64 = 26.27 %);
2W = Wgy + Wsg + Wyp + Wsz + Wss + Wsr + Weo =
=7.9+20.3 + 1435.5 + 131.2 + 657.5 + 55.3 + 24.8 = 2332.5 »° | u.

Pesynomamer pacuema sepuvl, m.x. cobarodaemcst 6aianc no KOauuecmey
meepoo2o U 800bl 8 UCXOOHLIX U KOHEUHbIX npooykmax. Pesyromamoel pacuema
3aHocum 6 mao.. 2.4.

Tabnuya 2.4 — Pe3ynemamul pacuema mexHoai02uiecKoll
cxemvl komnaexca BIIX yeneoboeamumenvhou pabpuxu

Ne npooykma 7, % A%, % O, m/u| W, %| R, m*lm| W, y*/u

1 2 3 4 5 6 7
14 Knaccuguxayusn

Ilocmynaem:
5 13.48 | 27.1 |107.8 - 9.031 973.4
26 438 | 314 | 35.0 - 6.00 210.0
31 5.65 | 264 | 451 - 24.72 1114.9
33 246 | 220 | 19.7 - 1.579 31.1
35 0.30 | 30.2 2.4 - 1.292 3.1

Umoeo: 38 26.27 | 27.2 |210.0 - 11.11 2332.5
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IIpooonocenue maobn. 2.4

1 2 | 3 4 5 | 6 | 7
Buvixooum:
39 16.83 | 24.4 |1345 - 1.875 252.1
40 944 | 324 | 755 - 27.55 2080.4
Umoeo: 38 26.27 | 27.2 |210.0 - 11.11 2332.5
15 /lenenue
Ilocmynaem:
40 | 944|324 | 755| - |2755| 20804
Buvixooum:
41 944 | 324 75.5 - 8.541 644.9
42 - - - - - 1435.5
Hmoeo: 944 | 324 75.5 - 27.55 2080.4
16 Bunmoeasn cenapayusn
Ilocmynaem:
39 | 1683 | 244 | 1345 | - [ 1875 | 2521
Buvixooum:
43 13.67 | 15.4 | 109.3 - 1.718 187.8
44 3.16 | 63.6 25.2 - 2.563 64.3
Umoeo: 16.83 | 24.4 | 1345 - 1.875 252.1
17 Qbe3soxncusanue
Ilocmynaem:
43 | 1367 | 154 | 1093 | - | 1718 | 187.8
Buvixooum:
45 11.83 | 12.5 946 | 25.0 | 0.333 31.5
46 1.84 | 33.5 14.7 - 10.63 156.3
Hmoeo: 13.67 | 15.4 | 109.3 - 1.718 187.8
18 Obe3sorcusanue
Ilocmynaem:
45 | 11.83 | 125 | 946 | 25.0 | 0.333 | 315
Buvixooum:
47 11.46 | 11.8 91.6 | 13.0 | 0.149 13.6
48 0.37 | 335 3.0 - 5.967 17.9
Hmoeo: 11.83 | 12.5 946 | 25.0 | 0.333 315
19 @nomauusn
Ilocmynaem:
41 944 | 324 75.5 - 8.541 644.9
46 1.84 | 33.5 14.7 - 10.63 156.3
48 0.37 | 33.5 3.0 - 5.967 17.9
Umoeo: 49 11.65 | 32.6 93.2 - 8.789 819.1
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Oxonuanue mabn. 2.4

1 | 2 | 3 | 4 5 | 6 | 7
Buixooum:

50 | 717 | 80| 574 | - |2624| 1503

51 448 | 72.0 35.8 - 18.68 668.8
HUmoeo: 11.65 | 32.6 93.2 - 8.789 819.1

20 Quavmpayus neHHO20 NPoOyKma

Ilocmynaem:

50 | 717 | 80| 574 | - |2624] 1503
Bovixooum:

52 7.17 8.0 57.4 | 25.0 | 0.333 19.1

53 - - - - - 131.2
Hmoeo: 7.7 8.0 57.4 - 2.624 150.3

21 Ceywenue

Ilocmynaem:

44 3.16 | 63.6 25.2 - 2.563 64.3

51 448 | 72.0 35.8 - 18.68 668.8
Umoeo: 54 7.64 | 68.5 61.0 - 12.02 733.1
Buixooum:

55 - - - - - 657.5

56 7.64 | 68.5 61.0 - 1.239 75.6
Umoeo: 54 7.64 | 68.5 61.0 - 12.02 733.1

22 @Quavmpayus

Ilocmynaem:

56 | 764|685 | 610 | - | 1.239 | 75.6
Buvixooum:

57 - - - - - 55.3

58 7.64 | 68.5 61.0 | 25.0 | 0.333 20.3
Hmoezo: 7.64 | 68.5 61.0 - 1.239 75.6

23 Cyuika

Ilocmynaem:

47 11.46 | 11.8 91.6 | 13.0 | 0.149 13.6

52 7.7 8.0 57.4 | 25.0 | 0.333 19.1
Hmozo: 59 18.63 | 10.3 | 149.0 | 21.7 | 0.219 32.7
Buixooum:

60 - - - - - 24.8

61 18.63 | 10.3 | 149.0 | 5.0 | 0.053 7.9
Umoeo: 59 18.63 | 10.3 | 149.0 | 21.7 | 0.219 32.7
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3 COCTABJIEHUE BAJJAHCOB OFOPOTHOI BOJIbI
N ITPOAYKTOB OBOI'AIIEHN A

3.1 MeToauka pacyeTa KOJIM4ecTBa 100aBOYHOM BOJIBI U
cocTaBJIeHHsI OanaHca 00OPOTHOM BOJIbI

OnpeneneHue KOJIMYECTBA JO0OABOYHOM BOJBI HEOOXOAMMO IJIA pacyuera
TEXHUKO-IKOHOMHUYECKUX ToKa3aTesen paboThI MIPOEKTUPYEMOI
oborarurensHON (abpuku (ycraHoBku). /lobaBounas Boma Wy, nocrynaromas
U3 BHENIHUX WCTOYHUKOB, HWCIIONB3YeTCS JUI BOCIOJHEHHUS TOTEpPh C
NPOAYKTaMH OOOTaIleHUsI U UCTIApEHHOW BIaru. Ee KonmuecTBO ompenesseTcs
U3 ypaBHEHUs OanaHca:

Wyex+ Wy = 2Wppoy, (3.1)

Jlmsi TpoBEepKHM MPABWJIBHOCTH TPOBEACHHBIX PACUETOB COCTABISICTCS
OasaHc OOOPOTHOW BOJBI B BUJIE€ TaOJUIBI, TJ€ MOMEHIAIOTCS JaHHBIE O
KOJMYECTBE BOJbI, TOJAaBaCMOW B OINEpaIlii TEXHOJOTHYECKOM CXEMBI H
HarpanJisieMoil B 000poT npu padote komruiekca BIITX.

s paccmampusaemoco npumepa onpeoensiemM Koaudecmeo 000A804HOU
8000bl:

W= Wip+ Wag + Way + Wag + Way + Wag + Wsg + Weo + W — Wy =
= 16.9+10.2+0.6+24.7+17.1+1.7+20.3+24.84+7.9 -51.0 =732 »° / u
bananc obopommnoti 600bl, NOMYUEHHLIL C UCNOJIBL3OBAHUEM OAHHBIX

nposedeHHbIX paciemos, npeocmaeiier 8 maoauye 3. 1.

Tabnuya 3.1 — bananc 060pommoil 600l

Pacxoo IIpuxoo
No u W,
W, 3
Haumenosanue onepayuu W2y | Haumenosanue | m /'y
npooyKkma

Moxpoe epoxouenue 1118.6 | 42 Crus 1435.5
Ononackuearue npooyKmos 53 Qunbmpam 131.2
cenapayuu 161.5| 55 Crus 657.5
Iloooepoicanue nromnocmu 57 Qunempam 55.3
CyCneH3uu 41.8 | Jlobasounas 6o0a 73.2
Obozcawenue omcaokou 1030.8
Umoeo: 2352.7 | Umoeo. 2352.7

llpu cocmaenenuu 6ananca yumeno, umo Ol ONOAACKUBAHUSL NPOOYKMO8
0002aujeHUsi UCNONIb3YeMmCsl CIU6 MACHUMHBIX Cenapamopos.
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3.2 Mertoauka cocTaBieHus 0aJaHCOB MPOTYKTOB 00OTaICHHUS

banaHc mpoayKTOB 00OTAICHHS COCTABIISETCS C MCIIOIh30BAaHUEM JaHHBIX
pacuera TEXHOJOTHYECKONW CXeMbl 00OTaTUTENbHON (paOpHKu, MPUBEICHHBIX B
tabn. 2.14 [2] u 2.1.

[Ipu cocraBnennu OanaHca ciaeAyeT NPUHUMATH MOTEPH YIisl B oObeme |
% OT MOCTYMAIOLIETO ChIPhS. B CBA3M C 3TUM BBIXOA BCEX IMPOJIYKTOB
oOorarieHnss BHOCUTCS B Tabmuity 6anaHca ¢ koddduimerntom 0.99.

B Tabnuue Oamanca clenyeT NOPUBOAUTH TOAOBOE  KOJUYECTBO
nepepabaTbIBAaEMOT0 YIJII ¢ YYETOM €ro BJIard W KOJMYECTBO TOTYyYaeMBIX
IPOAYKTOB (C YYEeTOM IIOTEph), MPHUBEACHHOE K BJare psAOBBIX YIJIEH W
paccuuTheiBaeMoe 1o hopmyiie:

Qi= 7/’i - Quex - T/(]OO_WrHCX)a T/ Tox,

TJI€ ¥i— BBIXOJ | — TOTO MPOAYKTA C YUYETOM MOTEPh; I — roJJOBOE KOJIUYECTBO
MalllMHHBIX YacoB paboThl oOoratutenbHOM (abpuku (peKOMeHayeTcs
npuHumath 7= 6000 yac).

(3.2)

s paccmampusaemoeo npumepa 0Oananc npooykmos 0boeaujenus
npoexmupyemoul pabpuxu npugeden 6 maoin. 3.2.

Tabnuya 3.2 - bananc npodykmog obozaujenus

Konuuecmeso 3076~
Hpodysm Ne npoo. mulc.m / 200 % Hocmb, %
Konyenmpam 2891.7 56.7 8.1
6 m.u.: - maxc. cenapay. |19 856.8 16.8 6.2
- omcaoxu 34 1096.5 21.5 7.7
- 6UHmM. cenapay.

u promayuu 61 938.4 18.4 10.3
IIpomnpooykm 137.7 2.7 35.1
6 m.u.. - msaxc. cenapay. |21 40.8 0.8 32.2

- Oomcaoxu 36 96.9 1.9 36.3
Omxo0vl 2019.6 39.6 76.5
6 m.u.: - msaxc. cenapay. | 12 1076.1 21.1 79.2

- omcaoku 30 555.9 10.9 77.0

- 8UHM. cenapay.

u promayuu 58 387.6 7.6 68.5
Ilomepu 51.0 1.0 36.1
Hmoeo nepepabomano: 5100.0 100.0 36.1
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4 PACYHET HEOBXO/JNMOI'O KOJIMYECTBA PEAT'EHTOB

Pacduer konuyecTBa pacxoIyeMbIX MpH paboTe 00OraTHTENBHOUN (haOpHKH
peareHTOB (coOupatessi, BClieHUBATENs, (DIOKYISIHTA) MPOU3BOJAMTCSA C LEIBIO
NOJYYCHHUST HEOOXOJMMBIX JIAHHBIX JUISL  ONPEICIICHUS SKOHOMUYCCKHX
nokazaresneil. ['ooBoe TOTpeOJIeHUE KaXIOr0 peareHTa OmpeaesseTcs I
dbopmye:

Pi=K -Qup -T-qi/ 1000, T/ ron (4.1)

rie K — ko3ddunmeHT HepaBHOMEPHOCTh HArpy3ku; Qpp — KOIUYECTBO
MaTepHaa, MOCTYIMAIIIEeTo B onepanuio GhoTanuu (CrymeHus, GuibTpaum), T
/ 4; T — KONUYECTBO MAIIMHHBIX 4YacoB paloThl (paOpuku B rofgy, 4ac; (i —
YAEIbHBIA pacxoJl peareHra, MOoJaBaeMoro B oONepanuio (IPUHUMAETCSA I10
JAHHBIM TPAKTUKH, pe3ynbTaTaM wuccaenoBanuid B pamkax HUPC wmm mo
CBEJICHUSIM U3 JINTEPATYPHBIX UCTOUHUKOB), KT / T.

s paccmampusaemozo npumepa pacxoo peazeHmos cOCmagum:

- peazcenm-cobupamenv OuzeibHoe MONIUBO (NOOAemcs 6 Onepayuro
gdromayuu; pacxoo 0,8 — 2,0 ke/m):

Pc=k Qg -T-qc /1000 =1.25 -93.2 -6000 - 1.2/ 1000 =
= 838.8 m /200,
- peacenm-ecnenusamenv macio IO/ (nooaemcs 6 onepayuio ¢promayuu,
pacxoo 0,02 — 0,06 ke/m):
Pp=k -Qu -T-0p /1000 =1.25 -93.2-6000 -0.04 / 1000 =
=279 m/200;

- ¢noxynaum Magnaflok — 366 (nooaemcs 6 onepayuio @urempayuu
Kkonyenmpama ¢ghromayuu,; pacxoo 0,02 — 0,04 xe/m):

Py=K-Qso-T-qe /1000 =1.25 -57.4 -6000 -0.02 /1000 =
= 8.6 m/200;

- ¢hnoxynanm Magnaflok — 366 (nooaemcs 6 onepayuio ceywenus omxooos
Gdromayuu; pacxoo 0,02 — 0,06 xe/m):

Pyp=k-Qs4-T-qe /1000 = 1.5 -61.0 -6000 -0.05/ 1000 =

=27.4m/200.
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5 METOAUKA PACUHETA KOJIMYECTBA ObOPYIOBAHUNA

[TomydyeHHbIE B pPE3YyJbTAaTE PACUYETOB AAHHBIE O KOJMYECTBE BOJABI U
TBEPJIOTO B MPOYKTaX 00OTalEHUs TO3BOJISIOT:

- TPOU3BECTH MPOBEPKY MPABWIBHOCTH PACUYETOB OOOPYIOBaHUS st
o0ecutaMyiMBaHUsl W KJIAcCH(UKAIIMA KOMIUIEKCA TepepadOTKU  yrien
rPaBUTALIMOHHONW KPYMMHOCTH, BBITIOJIHEHHBIX COTJIACHO [2];

- BBIMTOJHUTH PacueT KOJIMYECTBA 00OpPYAOBaHUS KOMILIEKCA mepepadoTKu
[Iama.

JIns pacueToB pEKOMEHIYETCS MCIIOIb30BATh:

- MpPaKTUYECKHE JaHHBIE O TMPOU3ZBOAUTEIBHOCTH OOOPY/IOBaHMS,
paboTaroliero Ha aHaJOTUYHOM CHIPhE;

- JIaHHBIE O HOPMATMBAaX HArpy30K M TEXHUYECKUX XapaKTePUCTHUKAX
obopynoBanusi [1, 4, 6];

- TaHHbIE U3 TpuiokeHni K — M HacToAmmMX METOAyKa3aHU M.

[Ipu pacuere cieayer yYUTHIBATh HEPABHOMEPHOCTD HATPY3KH C IIOMOIIBEO
ko3 dunmenTa K:

k =1.25 nnst o6opynoBanusi, mepepabaTHIBAIOIIETO YIOJIb U HU3KO30JIbHBIC
IPOAYKTHI 00OTAIIEHUS;

k= 1.5 nns o6opynoBaHusi, nepepadaTHIBAIONIETO OTXOIbI 00OTAICHHUSI.

Jlns ompenenieHus KoJM4yecTBa 00OpyAOBaHUs, UCXOAS M3 €ro 0ObEeMHOMN
MPOU3BOIUTEIIBHOCTH, TPEABAPUTEIBLHO MPOU3BOAUTCS pacueT 00beMa MYJIbIIbI,
MOCTYIAOMIEH B anmnaparsl, o GopmyJe:

Vp=k - (W; + 1000 - Q;/ p), m° /4, (5.1)

riae W, — KOJIMYeCTBO BOJBI B | — TOM IPOIYKTe, M>/4, Q;— KOINIECTBO TBEPLOTO
B | — TOM MPOIYyKTE, T/4, Pj — IMJIOTHOCTh TBEPAOH (a3bl I — TOro MPOAYKTA,
ompenessiemast o dopmyie (1.4), kr/m°.

Heo6xo0/1MMoe KoJIn4ecTBO 000pyI0BaHus onpeaeisieTcs mo hopmylie:

N=V,/V, (5.2)

. 3

rae Vp — pacueTHOe KOJIMYECTBO IMOCTYMAIOIIEH B anmapar myiablbl, M~/4; V —

MIPOU3BOAUTENILHOCTh BBIOPAHHOIO THUIIOpa3Mepa OOOpYAOBaHUS MO IMYJbIIE,
3

M/d.

[Ipu  pacuere  kommuecTBa  OOOPYMOBAaHUS  HCXOAS W3 €T0
MIPOU3BOJUTEIILHOCTH TIO MYJIBIIE U TBEPIOMY CJIEIYET MPUHUMATH OJMKaifiiee
OompIliee  II€JI0€  YWCIO ammapartoB. PeKOMEHIyeTcss TpOBECTH pacyer
KOJIM4ecTBa OOOpYyAOBaHUS JIsi HECKOJIBKUX THUIOPAa3MEPOB. ODTO MO3BOJIUT
BBIOpaTh BapUAHT, O0OECIIEUMBAIOIINNA ONTUMAIBHYIO HArpy3Ky IO HUCXOJHOMY
MUTAHWUIO HA BHIOpaHHBIE allllapaThl.
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JIsi KOMILIEKCOB TepepaboTKH IlaMa HEOOXOAMMO TpeaycMaTpHBATh
YCTAaHOBKY PE3€pBHOI0 000PYI0BaHHUS B KOJIMYSCTBE OJHOTO ammapara Ha 1 - 4
paboTaromux.

[Tpon3BOAUTEIIEHOCTE O0OPYAOBAHUS CIIEIYCT MPUHUMATD 110 IMACIIOPTHOMN
XapaKTEPUCTUKE, CCJIM YKa3aHHbIC B HEW yciaoBUsS pabOThl ammapara
COOTBETCTBYIOT TPHUHATHIM B TmpoekTe. [Ipum OTCYyTCTBUM O3THX CBeIEHUU
HEOOXOJMMO OMNPEACIUTh TPOU3BOAUTEILHOCTh PACYCTHBIM IYyTEM TIO
MIPUBEACHHON HIKE METOAMKE WM C UCTIOIB30BAHUEM YCITBHBIX TTOKA3aTEIICH.

O0beMHas MPOU3BOIUTENBHOCTD KIACCUDUIMPYIONINX THAPOIMKIOHOB
paccuuThiBaeTcs Mo hopmyre:

V=300 -d;-d(g-H)’, m*u, (5.3)

rne dy u d — SKBUBAJICHTHBIM JUAMETP IMHTAIONIETO W CIMBHOIO MHaTpyOKa
2

COOTBETCTBEHHO, M; § = 9.81 M/c” — ycKkopeHHe CWIIbl TsKeCTH; H — Harop Ha

BXOJI¢ B IIMKJIOH, KIIa.

OOBbeMHas MPOU3BOJIUTEIBHOCT (DJIOTAIMOHHBIX MAIUH OMPEISISICTCS 110
bopmyie:

V=60 -k -Vg-2/ 7, M/, (5.4)

rae k3= 0.7 — 0.8 — koapdumeHT 3an0THeHUST KaMep MyJIbIoN; Vi — 00beM
KaMepbl, M°; Z — 9HCII0 KaMep B MallnHe (11 MEXaHHYCCKUX (IOTOMAIINH Z =
6); 7=4 — 10 MuH — BpeMs ¢IioTaIuu.

s paccmampusaemoco npumepa ymouHsem pacdem o000py0osaHus Os
obecunamnueanus U Klaccugukayuu Komniekca nepepabomku  yaieu
2PasUMAayUOHHOU KPYNHOCMU, BbINOJIHEHHbIX cozlacHo [2]. Onpeodensem
KOIUYecmeo nocmynaioujei. Ha 00eculamIuganue nyionsvl Hpu NIOMHOCMU
meepdoii  azvi npodykma Ne 3 p = 1679 ke / M u obvemuyio
npouszgooumenvHocmo V' ycmanasiusaemoix epoxomos I'K — 1.5 ¢ yuemom ux
yoenvHotl npoussodumenshocmu no nyivne ¢ = 150 x°/ 4 - M* (no danmnvim
cnpasounukos) npu pazoeneruu no kiaccy 0.5 mm (wupuna wenu 0.8 um):

Vp=1.25 - (W5 + 1000 - Qs / p) =
=1.25-(1135.2 + 1000 - 451.4/1679) = 1755.1 > / u;
V=N-q-F=8-150-1.5= 18001/ u.

B cnyuae ucnonv3osanusi 8 MmMexHONOSUYECKOU cxeme 0002amumenbHol
¢dabpuku  annapamog 011 2pPABUMAYUOHHO20  0002aUjeHUsT  WIAMO8
YenecooopasHo 00eCULIaMIUBAHUE METKO20 MAWUHHO20 KIACCAd NPOU3800UMb
Ha cumax c¢ pamepom sauveek 0o 2 — 3 MM, 4mo obecneuum HNOBblUUEHUE
aghpexmusnocmu 0b602aujeHUss MeaK020 Vel
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Onpeodensiem obvem nocmynarowel 8 bazep-Kiaccu@puramop nyjibnvl npu
niomuocmu meepooi gazvi npodykma Ne 28 p = 1468 ke / M° u neobxooumoe
KOMUecmeo —annapamos niowadvio 36 mM° ¢ yuemom ux yOenbHoll
npouseodumensrocmi no nyivne § = 25 m>/ u - m°:

VP =1.25- (Wzg + 1000 - ng/,O) -
=1.25 . (1163.1 + 1000 - 238.1/ 1468) = 1656.6 m* / u;
N=Vp/q -F=1656.6/25 - 36 =1.84.

Buibpannoe pamnee obopyoosanue [2] obecneuusaem nepepabomky
KOHYEHmMpama omcaooyHblX MAUUH.

Hna  knaccuguxayuu winama no kpynuocmu (0.2 MM ucnonv3yem
euopoyuknon I'l] — 630 MIIK c skeusaneHmHbiM OUAMEMPOM NUMAIOULESO
nampyoka d 7= 0.18 m u ouamempom ciuenoco nampyoxka d = 0.2 m. Ilpu
Hanope Ha éxode 6 yuxion H = 150 klla npouzeooumenbHocmb 00HO20 YUKIIOHA
cocmagum:

V=300 -d;-d(g-H)**=300-0.18 -0.2 (9.81 - 150)>° = 414 »* / u

Obvem nynvnvl, nocmynaroujeil 8 cUOpoOYuKionsl (npooykm Ne 38), npu
nromuocmu winama p = 1652 ke / > cocmasum:

Vp =k - (Wag + 1000 - Qs5 / p) =1.25 (2332.5 + 1000 - 210.0 / 1652) =
3074.5 M/ u

Heobxooumoe konuuecmeo cuoOpoyukioHo8 cocmagum:
N=Vp/V =3074.5/414 = 7.4 =8 wm.
Tpunumaem 8 pabomarowux u 4 pezepHuvix 2UOPOYUKIOHA.

s oboeawenus 3epHucmoni yacmu wiiama APUHUMAEM K YCHMAHOBKe
sunmosvle cenapamopwvl CB 3 — 1250 ¢ npouzeodumenvrocmoio no kuaccy (0.2 —
2mum Q =8 m/u 6 xonuuecmse:

N=Kk-Q3/Q=125-1345/8 =21.0 wm.
Ipunumaem 21 pabomarowux u 3 pezepenvix cenapamopa.

s obe3soxcueanus KOHyeHmMpama 6UHMOBLIX Cenapamopos NPpUHUMAaem
K  ycmauoske  @vicokouacmomuwvle  2poxomwt IJIBK — 1500 ¢
npouzgooumenvHocmoio Q = 15 m /u 6 konruuecmeae:

N=K-Q/Q=125.109.3/15=7.5 ~8 wm.

llpunumaem 8 pabomarowjux 2poxomos u 2 pe3epeHuiXx.
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s gpurompayuu KoHyenmpama 6UHMOBBIX CEenapamopos NPUHUMAeM K
yemanoske yenmpugyau @BB — 100 6 konuuecmse:

N=K-Qu/Q=12594.6/40 = 3.4 ~4 wm.

s noocomosku nynvnvl K ¢hromayuu npuHUMaem K YCManoske annapam
koHouyuonuposarnus nyavnovt AKIT — 1600.
Obvem nynvnsl, nocmynarwel Ha Gromayuro, npu niIOMHOCMU WIAMA P

= 1698 k2 / M° cocmaeum:
2

Vp =K - (Wag + 1000 - Qu9 /) = 1.25 (819.1 + 1000 - 93.2 /1698) = 1098.5 >/

Heobxooumoe konuuwecmeo AKII — 1600 cocmasum.:

N =Vp/V =1098.5/1600 = 0.7 = I wm.

s oromayuu wnama npunumaem xk ycmauoske gromomauwiunvt MOY 12
A ¢ obvemnou npoussooumenvHocmoio \Vy npu epemenu promayuu =5 Muu:

Vi=60 k3 -Vg-2/7=60-0.75-12-6/5 = 648 m®/ u
Heobxooumoe konuuecmeso gpromomawiun cocmagum:

N =Vp/V;=1098.5/648 = 1.7 = 2 wum.

Hpunumaem 2 pabomarowux u 1 pezepsnyio ghromomawiumy.

Hna punempayuu promokonyenmpama npunumaem eaxyym-gunompor /1Y
— 250 — 3,75. C yuemom nogviuieHH020 COOePIAHCAHUSA YACMUY PAZMEPOM MeHee
0.05 wmm  HeobXoOumoe  Koaudecmeo — Quibmpo8  npu  YOeabHOU
npouzeooumenvrocmu = 0.17 m /u m* (npunosrcenue K) cocmagum:

N=k -Qs/q-F=125-574/0.17 -250 = 1.7 ~ 2 wum.

Ipunumaem 2 pabomarowux saxyym-gpunompa u 1 pezepémwiil.
Obvem o0omxo006 romayuu, NOCMYRAWUX 6 Cceycmumenu, npu
. 3
niomHocmu meepootul ¢pazel p= 2337 k2 / M° cocmagum.:

Vp =k - (Ws4 + 1000 - Qs4 /p) =
=1.5(733.1 + 1000 - 61.0/2337) = 1138.8 »°/u

Heobxooumoe konuuecmseo ceycmumenet C — 10  npu o0b6vemHOl
3, 2
npou38oo0umenbHocmu no nyavne Qg = 3 M/umM” u npouzsooumenbHOCmu no
2
meepoomy ( = 0,24 m/u-m” (npunosicenue JI) cocmasum:

- npu pacuienie no nyjivne.

N=Vp/Q;-F=1339.8/3-78.5=5.7= 6 wm;
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- npu pacueme no MEEPOOMY:
N=15-Qs/q-F=15-61.0/0.24 -785=48=5 wm
Ilpunumaem k ycmanoske 6 ccycmumeneti.

s punempayuu omxooos gpromayuu npurnumaem purvmp-npeccor PLIIM
— 600 (npunoocenue K) 6 konuuecmse:

N=k-Qs/q-F=15-61.0/0.03 -600 =5.2 ~6 wm.
Ipunumaem 6 pabomarowgux u 2 pezepéHuix unrbmp-npecca.

Jna pewenus 6onpoca 0 Heo6X00UMOCMU NPUMEHEHUs. CYWKU Onpeodensem
CYMMAPHYIO BAAHCHOCIb MOBAPHO20 KOHYEHMPAma:

_ 100(Qig ‘Wi + Qg4 -Wag + Qa7 -Wy7 + Qs -Wsp) =12,4 % .
Qi + Q34 + Q47 +Qsp

Wr

K—m

B cea3u ¢ npesviwenuem nopm no eiace npedycmampuéaem onepayuro
mepmuyeckol cywku 6 oapabanuvix cywuikax. Cywxe noogeepeaemcs
cymmapHulil KoHyenmpam gaomayuu u sunmosou cenapayuu ( Qsg =145,9 m/u;
Rse = 0,241 2%/m; Ry = 0,053 :%/m).

Heobxooumvlii 06vem cywunok onpeoensem ¢ yuemom HANPANCEHUS NO
ucnapennoii enaze o =100 xe / wm® (npunooicerue M):

V=1.25 -Wg/A=1.25-248/0.1 =310 »°

Konuuecmeso cywunox ouamempom D = 3.5 m u onunoti L = 22 m (Ch-3.5-
22) cocmasum:

N=v/z-D?*-L=310/3.14 -35°.22=15=2

Ipunumaem 2 pabomarowux u 1 pezepenulil cyuunbHoiil 6apadaH.
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[TPMJIOJKEHUE A

BnakxHOCTh POAYKTOB OOOTAIICHHSI YTIIEH TPaBUTAIIMOHHON KPYITHOCTH

Brnaxuocts (%) mocie 00e3B0KUBaHUS Ha
[TpomykThl

rpOXOTax | aJyieBaTopax | meHTpudyrax
P/yrons xi. 13 — 150 mMm 9-10 - -
P/yrons k1. 0.5 — 13 Mmm 16 — 18* 2022 -
KonmenTp. k1. 13 — 150 mMm 6-9 - -
KonmenTp. k1. 6 — 13 MM 7-9 - -
Konnentp. k1. 0.5 — 6 MM - - 9-10
Konuentp. k1. 0.5 — 13 mm 14 — 16* 18 — 22 8-10
[Tpommpon. ki. 13 — 150 mm 6-9 9-14 -
[Tpomnpona. k. 0.5 — 13 mm 15-17 19 -23 7—-12
Otxonpl k1. 13 — 150 Mm 8-10 10-15 -
Otxoapl k1. 0.5 — 13 Mm 16 — 20 20 — 24 -

* mpu npuMeHneHuu rpoxotoB ['K 3nauenue yBenuuuth B 1.5 — 2 paza

Boapmee 3HA4YCHUC BJIaXHOCTH IIPUHUMATD: JIIA KOHIOCHTPATOB u
IIPOMIIPOAYKTOB yrneﬁ MEHBIIEH CTENCHU MeTaMop(mea, IJ1 OTXOOO0B — IIPpHU
HaJIW4YUH I'N'IMHUCTBIX YaCTHII.
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I[MPUJIOKEHUE b

Hopmsl pacxoaa 700aBOYHON BOJIbI

Pacxon,
Onepanus NE
Moxkpast kinaccupukanus mpu pazMepe OTB. CUT: 6 MM 1.8
13 Mm 14
25 MM 1.0
ObecnuiaMiIuBaHUE CyXOro HAJPEIIeTHOTO TPOyKTa
KPYITHOCTBIO OoJiee: 6 MM 1.6
13 MM 1.0
25 MM 0.8
ObecuutaminBaHue nepes 000raeHueM B TSKEIOCPETHBIX
T'UJIPOLIMKIIOHAX:
- MEJIKOTO YTJIS U IpOOJI. MPOMIIPOIYKTA 2.0
- HeZIPOOJII. MPOMIPOAYKTA OTCATKU 0.5
[TpoMbIBKa TPOAYKTOB 0OOTAIIEHUS B TSDKETBIX Cpeax Ha
IpOX0Tax NpH KPYIMHOCTH: 0.5-13 mm 2.0
13 - 50 mm 1.1
13 - 100 mm 1.0
O0e3BOKMBAaHKE K-Ta OTCAJAKU HA TPOXOTaX: KPYIHOIO 0.25
MEJIKOTO 0.3

[MTPUJIOXXEHUE B

BnaxaocThb HCTIPOMBITBIX ITPOAYKTOB O6OFaH_I€HI/I$I B TSDKCJIBIX CpEaax

Kpynuocts, | Bnaxnocts, | Kpynnocts, | BrmaxHOCTS,
MM % MM %
0.5-13 45 -50 13 -100 9-14
05-25 42 — 47 25-100 8-12
13 -50 10-15 25—-200 7-11

bonpmve 3HaueHUs NMPUHUMATh MPHU Pa3MOKAEMBIX IMOPOJAX, BBICOKOHN
30JIbHOCTH MUTAHMS U JIJIS1 YIJIel HU3KOW CTaauu MeTamopduzma
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[TPMJIOXKEHUE T’

HOpMaTI/IBHble YACIBHBIC HOPMBI pacXoad BOJAbI HAa OTCAA0YHBIC MAIlTMHBI

XapakTepUCTUKA UCXOTHOTO YT VY nenbHbIN
Oo6oratu- | Kpynuocts | Conepxanue | pacxon BOJIBI,
MOCTh , MM nopo/ibl, %o M3/ T

MeHee MeHee 15 21-24

13 Mmt 15-25 24-2.9

Terxas ooiee 25 28-3.2

Sonee MeHee 15 24-28

13 My 15-25 2.7-3.3

ooxee 25 3.2-3.7

MeHee MeHee 15 22-26

13 Mm 15-25 25-3.1

Cpenuss oosee 25 29-34

Sotee MeHee 15 25-3.0

13 amt 15-25 2.8-3.6

oonee 25 3.4-3.9

Meliee MeHee 15 24-29

13 Mmt 15-25 2.6-3.3

Tpynnas 6onee 25 3.0-3.6

Souee MeHee 15 2.7-3.3

13 aint 15-25 3.0-3.8

ooxee 25 3.6-4.2

Meliee MeHee 15 26-3.3

13 Mm 15-25 29-3.6

Ouenb oonee 25 3.2-4.0

TPy AHAs MeHnee 15 29-3.6

f;’ﬁ“; 1525 33-4.1

oonee 25 3.8-45
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[MTPMJIOKEHUE /]

]_IaHHLIC HJIL pacucTa onepalmﬁ pasaciaCcHus 110 KPYITHOCTHU

HaMEHOBAMME Copepxanne pacuetHoro | OhPeKTUBHOCTD
anmapata KJIacca B MOAPCIIETHOM, pasencHus
cnuBe, dyrare (c), % (x.1w.n.), %

IM'aaponukion 90-95 70-75
I'poxoT KoHnYeCKui 90-95 60— 75
['poxot
BUOpaAIMOHHBIN 95 -100 75-80
CuTto nyrosoe 93-98 65— 70
Lentpudyra
bunbTpyromas 98 — 100 70-80
Lentpudyra
ocaIuTeIbHAs 98 — 100 30-40
Knaccuduxarop
JICHTOYHBII 98 — 100 50-70

MeHnb1iee 3Ha4YCHUE [IPpUHUMATL I IIPOAOJIIOBATBIX OTBCpCTI/Iﬁ CUT H

MaJIoll KpYITHOCTH pa3/IeJICHHUS.
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I[MTPMJIOKEHHUE E

Conepxanue TBEpJIOro B MPOIYKTaX 00OTranieHusl

Con. TBEpIOTO,

Hponyxr KT/ M
[Intanmue:
BUHTOBBIX CEMApaToOpOB U IIITIO30B 300 —400
[JIAMOBBIX OTCAI0YHBIX MAIlIHH 350 — 450
KOHYCHBIX CENapaTopoB 350 — 450
TUApPOCai3epoB 500 - 600
IPOXOTOB sl 00€3BOKUBAHUS IIJIAMOBBIX ITPOTYKTOB 1o 500
JICHTOYHBIX (PUIBTPOB 450 - 600
JICHTOYHBIX KJIACCU(PUKATOPOB 150
JUCKOBBIX BaKyyM-(pHIbTpOB 200 — 400
bunbpTp-npeccon 300 — 600
OCAJIUTENBHBIX UEHTPUPYT TTpH KpynHOCcTH: 0 — 6 MM 10 600
0-3mm 1o 300
CryimeHHbIH TPOTYKT THAPOITMKIOHOB 300 - 600
CryuieHHBIA TPOAYKT pauaIbHBIX CTYCTUTENCH 100 — 150
CryuieHHbIi TPOAYKT WIMHAPOKOHUYECKUX CTYCTUTENEH 200 - 600
[lenHbIit TPOAYKT (uioTanuu 200 — 350
KoH1ieHTpaT BUHTOBBIX CEMapaTOPOB U ILIIO30B 300 — 400
Konnientpat ruapocaiizepa 150 - 200
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[MTPMJIOKEHHUE X

D¢ heKTUBHOCTH OOOTAIICHUS ITTamMa

Ycnosus oboramieHus
Amnmapar (KpyITHOCTH MaTepHaia, 3HaueHue
TJIOTHOCTH Pa3eiCHuUs)
Tunpocaiizep  |Kmace 1 — 3 mm; p = 1380 kr/m® Epy = 38 KI/M°
Kimacc 0.5 — 1 mm; p = 1530 KI/M Epv = 63 KT/M"
Kracc 0.25 — 0.5 mm; p = 1890 kr/m° | Epy = 195 kr/m®
BunTOBOMI Kiacc 0.2 — 3 mm; p = 1590 KI/M Epym =205 KT/M°
cenaparTop Kiacc 0.1 — 3 mm; p = 1800 KI/M Epm =225 KT/M®
Orcanounas | Kmacc 0.5 — 3 mm; p = 1600 kr/m° Epym =230 kr/m°
MallliHa Kmacc 0.1 — 3 mm; p = 1820 kr/m° Epm =275 kr/M°

[MTPUJIOXXEHUE 3

Bnaxxnocth IMPOAYKTOB KOMIIJICKCA Hepepa60TI<H n1jIaMoB

mocJjie 00e3B0KMBAHUSA

Anmnapar

JleHTOUYHBIN PUABTP, KIACCUDUKATOP
Kamepnsblii punsTp-npece
OunbTp-nIpecc OalEeHHOTo TUMa
Hentpudyra: ocanurenbHas

CuTto nyrosoe

I'poxoT KOHYCHBIN

['poxoT BUOpaIMOHHBII
JIMCKOBBIN BakyyM-(QUIBTP

bunpTpyromas

BmaxsaocTh, %
25-30
18-25 *
25-30
20-30
15-25
25-35
30-40
25-30
21 -26 **

*

- IIPpHU IMOBBIIICHHOM COACPIKAHWHN T'IMHUCTBIX HIJIaAMOB B OTXOAaX q)HOTaHI/II/I

(mo 70 — 80 %) BnaxxHOCTH ocajka nosbimaercs 10 30 — 35 %;

Kk

MCHBIINWEC 3HAYCHHA CICAYCT MNPHWHUMATL JJIA aHTpaMTOB W IIPHU

COAEp>KaHUM YacTULl KpynmHOCThbIO MeHee S0 MkM 110 S0 %.
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[MTPMJIOKEHHUE K

Y nenpHast IPOU3BOAUTENBLHOCTD (DUIBTPOB

. V nensHas
OUIbTPYyEMBIN
MIPOU3BOAUTEIIBHOCTD, Tun ¢punpTpa
Marepual 5
T/9°'M
DIOTOKOHIICHTPAT 0,3-0,5 JIMCKOBBIM
[IInam KpyMHOCTBIO:
<0,5 Mm 0,2-0,3 JIMCKOBBIN
>0,5 MM 05-1,0 JIMCKOBBIM, ICHTOYHBIN
D10TOOTXOIBI 05-0,6 JIeHTOYHEBIN
0,03-0,04 OuabTp-npecc

MeHbIre 3HaYeHU CJIeAyeT IPUHUMATH MIPU MOBBIIICHHOM COJICPKaHUHN
B QUIBTpyeMOM MaTepuaje INIMHUCTHIX IIJaMOB M YaCTUI] KPYITHOCTHIO MEHEe
50 MKM.

[MPUJIOKEHUE JI

VY nenbpHas TPOU3BOIUTEILHOCTD IIMJIMHIPOKOHUYECKUX CTyCTUTEEH
(pacxon daoxynstaTa 0,02 — 0,06 KI/T )

Conepxanue TBEPAOTO B VY nenbHast MPOU3BOIUTEITBLHOCTD
TUTaHHH, KT/M> 110 TBEPIOMY, T/4'M" 110 TyJIbIe, M /a'M°
400 0,33 4,8
500 0,30 4,0
600 0,27 3,5
700 0,24 3,0
800 0,21 2,6
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I[MTPMJIOKEHUE M

HarnpsixeHnue cymmaok no UCIIapeHHOM Biare

Hcexonnslii Hanpsikenne no ucnapeHHOM Biiare
Marepuan OapabaHHBIX TPYO - CYIIUIIOK, CYILINJIOK
CYIIUJIOK, Kr/a-m’ KHUIISIIETO CJION,
Kr/a-m® Kr/49-M>
doTanoHHBIN
KOHIICHTpAT 90 - 120 700 - 900 1800 — 2200
Menkui
KOHIICHTpAT 70-90 600 — 800 1000 — 1300
CMechr MEJIKOro M
(bI0TaIMOHHOTO
KOHIICHTPATOB 80— 100 650 — 850 1500 — 1700
ITPUJIOKEHUE H

3nauenne K03 UIHEHTa MOrPEIIHOCTH pasaenenus I B orepaluy BUHTOBOM

cernapanuu

KosddumpenT morpemuoctu pasaeneaus 1

Kpynnocts, MM

[P HU3KOM IIJIOTHOCTHU
3
pasnenenus 0 < 1,6 T/m

IIPY BBICOKOM IIOTHOCTH
3
pasnenenus 0 > 1,8 1/m

0,1-3

0,20

0,22
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