1.7 N3y4yeHune TEXHOJIOTHYIECKOT0 Mpouecca pasaeJie-
HHSI CeMSIH 110 Macce

HEJb PABOTHL. V3yuuTh yCTPONCTBO, NMPHUHIUIT pabOThI U
TEXHOJIOTHYECKUU ITPOLECC pA3IeIeHUs ceMsIH o Macce. [Tomy-
YUTh MPAKTUYECKHE HABBIKM paOOTHI HA THEBMATUUYECKOM CEIla-
paTope CEMSIH MO Macce.

OBOPYJIOBAHUE. [IHeBMaTuueckuil cemaparop CEMSH IO
Macce ¢ aenuresieM ¢pakiui, 0JIOK MUTaHUs CerapaTropa, KOM-
peccop, BEChl U CEMEHA.

COJIEP)KAHUE PABOTBI

- 3yuuth ycTpoicTBO, pabOTy U HACTPOMKH CEmaparopa.

- I3y4nuTh OCHOBHBIE TEOPETUUECKHE MOJIOKECHUS.

- OnpenennuTs MOKa3aTelii COPTUPOBAHUS CEMSH 10 Macce,
pa3denuB, WCXOIHBIA Marepuail 3a OJHMH IMPOIMYCK Ha TATh
(pakui.

- Pe3ynbTarsl U3MEPEHUN MOKA3aTEIEW COPTUPOBKUA CEMSH
(Macca ceMsSH B KaXJoW (pakiuu, pacrpeelieHue CEeMsH II0
bpakuusim, Macca 1000 ceMssH UCXOIHOTO MaTepuajla U B Kaxk-
101 (ppakiyu) 3aHECTH B TaOIHITY.

- [lo pe3ysbTaramMm U3MEPEHUU MOCTPOUTH BIIOPHI pacCIpe-
JAEJCHUS CeMsH 10 (pakiusM U rpadUK pacrnpenesieHUs MacChl
1000 cemsiH o ppakusm.

YCTPOWCTBO, IPUHIIMI PABOTHI 1 HACTPOWKA JIABOPATOPHOT'O
CENAPATOPA CEMSIH

JlabopatopHbIil YHUBEpPCAIbHBIM CemapaTop CeMsH COCTO-
uT u3 OyHkepa 1 ¢ 3acioHkoi 2, xeno0uatoro BUOpoioTKa 4,
ITHEBMOINIPUBOAA 5 C BO3BPATHOM IPYKUHOM 6; comen 7 pacmo-
JOKEHHBIX HEMOCPEJACTBEHHO II0JI >KeJIoOKaMM; MpHUEMHHUKA
bpakiuii 8, pambl 9 1 610ka nutanus 10.

B Onoke nutanus (pUCYHOK 2.) COAEPKATCS: KOJUIEKTOP
13 s pazmauu Bo3ayxa HOTPEOUTENSAM; PETYIATOPHI JaBICHUS



12 u 14 COOTBETCTBEHHO ISl COIEN M IMTHEBMOMNPHUBOA, IMUTAIO-
niee comio 1 m mpuémMHOE COoIio 6; mpephiBaTeNb 2 ISl CO3/1a-
HUSI MYJBCHPYIOMIETO BO3AYLIHOTO MOTOKA B TIYXOM Kamepe
nHeBMonpuBoza S. [IpepriBatens 2 npeacTaBiseT codoil poTop,
C IJIOCKUMH KPbUIbYATKAMU, TPUBOJUMBIN AJICKTPOJIBUTATEIIEM
IIOCTOSTHHOTO TOKAa 8 C PEryJupyeMoOM PEeoCTaroM 9 4acTOTOU
BpAIICHUS.

Cenapatop pabotaer ciemnyromuMm odOpa3zoM. CemeHa 3a-
rpyxatorcsi B Oynkep 1 (pucynok 1.). Mexay 3acioHkoi 2 u
JOTKOM 4 yCTaHaBJIUBAETCS 3a30p, OJU3KUM K TOIIIMHE CEMSH.
K comnam 7 ot 610ka nutanus 10 gepes xosiekTop 13 (pucy-
HOK 2) U peryistop aaBieHus 14 mogaércs HeoOXoauMoe JaB-
JeHue, oOecreunBaroliee cOpachklBaHUE B MOCISIHUN MPUEM-
HUK (ppakuuii 5-10% cemsiH OT 001Iel MacChl, B 3aBUCUMOCTHU
OT Ka4eCTBa UCXOJHOTO MaTepuaa.
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Pucynok 1 Cxema mHeBMAaTHYE€CKOI'0 cenapaTopa ceMsiH:
1 — OyHkep; 2 —3acJIOHKA; 3 — LIAPHUP JIOTKA; 4 —
JIOTOK; 5 — MHeBMANIPUBOA; 6 — BO3BpaTHadA NpPYy-
s)KUHA; 7 — cotuio; 8 — npuéMuuk ppakumii; 9 — pa-
Ma; 10 — 0,10k NUTAHUS.
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Pucynok 2 Cxema 0J10Ka NMTAHKMSA CenmapaTopa:
1- comuio nuTawuiee; 2- NpepbiBaTesib; 3 — NIAPHUP JIOT-
Ka; 4 — JIOTOK; 5 - MHEBMONPUBOA; 6 - CONJIO MPUEMHOE;
[ - conJjia; 8 - ayeKkTpoABHrarTe.b; 9 - peocrar; 10, 11 -
MaHoMmeTpsbl; 12, 14 -peryiasaTopsl naBiaenus; 13 - koJi-
JIEKTOP.

BxirogaeTcs 31eKTpoABUraTellb 8, BpalllaloIuil MpephiBa-
TeJIb 2 3aKPEIUIEHHBIA HA €ro Baly. BKitodaercss koMmpeccop u
perynstopom 12 naBiaeHHe Ha TPUBOJI JOTKOB MOAOUPAETCS Ta-
KUM, 4TOOBI CKOPOCTh NEPEMENICHUSI CEMSH ObLJIa MaKCUMallb-
HOW, a aMIUIUTyJa MHUHUMaldbHOU. Bo3myx ot peryisitopa 12
MOCTYNAET K MUTAIOIIEMY COIUTY | U B MOJIOKEHWUH, KOTAA JIO-
MaCTh MPEPHIBATENS 2 HE MIEPEKPHIBACT 3a30P MEXKAY MTUTAOIIAM
| 1 npuémHBIM 6 corutamMu, HMAET MPOLECC HAKAYKH TITyXOW Ka-
Mepbl THeBMoIpuBoAa 5. Ilpu 3TomM mToxk BUOpoOINpUBOAa CBSI-
3aHHBIM ¢ MEMOpaHON M KECTKUM LICHTPOM, MOJHHUMAET JOTOK
4. B MOMEHT, KOTJa JIONACTh MPEPBIBATENS MPEPHIBAET MOTOK
BO3/lyXa W3 IMHTAIOMIETO coruia 1 B mpuémHOE coruio 6, JIOTOK
oI IeCTBHEM COOCTBEHHOM MacChl M MPYXUHBI 6 (pHCYHOK])
OMYCKAaeTCs BHU3, HaKauyCHHBIN B TNIYXYI0 KaMepy BO3yx cOpa-
ceiBaeTcsa B atmMmocdepy. [Ipu ganpHeleM BpalieHuu mpepriBa-
TeJIsl UK MOBTOPSIETCS. ITO IO3BOJISIET COOOIIATh KOJCOAHUS
JOTKY, C aMIUTATYA0U 10 |MM M 4aCTOTOW 3aBUCSIIECH OT YHCIIA
obopoToB Bana npuratens 8. [logoOpaB 000pOTHI AJIEKTPOABU-
raresid 8 ¢ MOMOIIBIO peocTaTa 9, yCTaHAaBIWBAIOT TAKyI0 4acTo-
Ty KOJ€OaHMI JIOTKA, MPU KOTOPOM, CEMEHA MOIITY4YHO B OpH-
EHTUPOBAHHOM BHUJI€ PACIPEICISAIOTCS B KeJIOOKax JIOTKa 4 U ¢
OJIMHAKOBOM JIJI1 BCETO MOTOKA CEMSH CKOPOCThbIO MOJAIOTCS K
comnam 7. IIpoxoas Hang cTpysmu conei 7, ceMeHa 1o JCUCT-
BHEM PEAKILINU CTPyHU O0TOpachiBatoTcsa. CKOpOCTh OTOpaChIBaHUS
ceMsiH 00OpaTHO MPOMOPIMOHAJIBHA UX MAacce, W BBIMAS 3a mpe-
Aeabl JEUCTBUSL CTPYH, JEISITCS B CBOOOJHOM JIBHIXKEHHH 10
TpPaeKTOPUHM MOJIETA, Oce/iasd B MpUEMHUKAX (ppakuuu 8.



Hawubosee Tsk€nple W MIIOTHBIE OCENAIOT B MEPBOM MPU-
EMHUKE (pakiiuii, pacIiojoKEeHHOM OJIMKe K COIljiaM, a Haubo-
Jiee JIETKUE U MEHEE IJIOTHBIE — B CAMOM YJIaJI€EHHOM IPUEMHU-
KE.

OCHOBHBIE TEOPETUYECKHME MOJIOKEHUSI
IIpemmaraemMplil U1s1 U3y4EHUS TIPOLECC PA3ACICHUS CEMSIH

[0 MAacCC€ OCYUIECTBISIETCS IIPU MOIITYYHOU OPUEHTUPOBAHHOU
110JIa4y€ UX B BO3YIIHBIN MMOTOK, CO3/IaBAa€MbIH COIIJIAMH MaJioro
(B CpPaBHEHUH C CEMEHAMHM) CEUCHMUSI.

He cnenyer myTarh JaHHBIM OPOIIECC C pa3JCICHUEM Ce-
MSIH I10 a3pOJMHAMHYECKHM CBOMCTBaM (IO MapyCcHOCTH). Tam
yCJIOBUSL JIPYTHE: pa3sMepbl BO3AYIIHOIO TMOTOKA 3HAYUTEIBLHO
MPEBOCXOST pa3mMepbl ceMsiH. OCHOBHBIE MTapaMETPhI (CKOPOCTh
BO3JyIITHOTO MOTOKa, MHUJCICBO CEUeHHEe, KOA(PUIMEHT a’po-
JUHAMUYECKOTO COIPOTHUBIICHUS CEMEHM), XapaKTePHU3YIOIIue
MpoLIECC pa3jieliCHUs, HE CTAOUJIbHBI.

Il paccMoTpeHust (PU3UKU TIpoLiecca pa3AeieHUsT CEMSH
0 UX MHIUBUIYAJbHOM Macce MpUMEM, 4TO CeMs IOCJIe CX0Jia
C JKeJIoOOKa MajJaeT BEPTUKAIBHO, a CTPYs BO3/JyXa HalpaBjieHA
TOPU30HTAIIBHO.

CoctaBuM auddepeHIInaIbHbIE YPaBHEHUS JIBUKCHUS
CEMEHH 10 oCsIM X U Y

mY=mg , (1)
mX =R, , (2)
rae M — macca CEMEHH, KT

R — cuia neiictBust ctpyu Ha cems, H;

S 2.
Y , X — YCKOpPEHHE CEMEHH I10 OCSIM KOOPJMHAT, M/C”;
2
gJ — yCKOopeHue CBOOOHOTO MaJAeHuUsl, M/C”.



[locie cOOTBETCTBYIOIIMX MPEOOPA3OBAHUI MTOITYUYUM
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rIe V,.V,— CKOPOCTh CEMEHH 110 OCSIM KOOPIUHAT, M/C;
X,Y — IIyTh CEMEHH I10 OCSIM KOOPJAHHAT, M;
t — Bpewms, c;
| — mHA cemenu, Mm;

(3)

(4)
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(6)

(7)

VO — HadaJIbHaA CKOPOCTb CCMCHHU — CKOPOCTb IICPCMCIIC-

HUS 110 JKEJIOO0KY, M.
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Pucynok 3 Cxema cuJ1 IeMCTBYIOIIMX HA CeMS

OTKJI0HEHHE a0COJIOTHOM CKOPOCTH JBHKCHHS CEMEHH
OT BEPTUKAJIM OIPEIACIACTCA YIJIOM O, 3HAUCHUE KOTOPOTO BbI-
pas3uM yepes g a.

20l | )

[Tocne BO3AEUCTBUSI CTPYH, CEMSI MPOJOJHKAET IMOJIET C

HAaYaIbHBEIMU CKOpOCTAMU Vy ,Vy .

IIpu 3agaHHOM BBICOTE MaJicHUs H, OnpeAeIuM JaIbHOCTh
nojéra no ropuzoHTanu L. Iloctynas aHanoruyHO M3JI0KEHHO-
MY BBILLIE METOAY, MOJIYYUM:

L=X, =V, -t, (9)

PRRRRVARON
- Y't1+T’ (10)



’ (11)

rne L=X;; H=Y{— COOTBETCTBEHHO JAJILHOCTH MOJIETA U BEICOTA
NaJICHUs] CEMEHH, M;
ty, — Bpemsa moJi€Ta CEMEHH, MOCJE BO3JICHCTBUS
CTpYH, C.
ITocne mpeoOpazoBaHUi MOIYUHUM

1
tlza(\/v02+29.|+2g.|-|—\/v02+2g-| ) (12)

L:G—:'(\/Voz+29'|—Vo)‘(\/V02+29‘|+29'H‘\/V02+29'|)M (13)

rae G — macca cemenu, H.

Kak BuaHo u3 dopmyinsl (13) maabHOCTH MoJI€Ta CEMSIH
MPONOPIMOHAJIbHA CUJIE BO3JCHCTBUS BO3AYIIHON CTPYH U 00-
pPaTHO MPOMOPIHMOHATBHA MACCE CEMSIH, a TAKXKE 3aBUCUT OT Ha-
YaJbHOW CKOPOCTH M BBICOTHI cOpachiBaHusl. UTo kKacaercs 1Jiu-
Hbl CEMEHM Kak (pakTopa cemapaiuu, TO OHa MPAKTUYECKU HE
BJIMSICT HA JAJbHOCTh IOJIETAa CEMSAH, T.K. JNIMHA CEMEHH OIIpe-
JEAET HE TOJIBKO MapaMeTpPhbl BO3JACHUCTBUS CTPYH, HO U Maccy,
a CTpysl, Kak CKa3aHO BBIIIE JICMCTBYET HE HA BCIO JJIMHY, A Ha
e€ yacTh (Ha MOTOHHYIO Maccy).

YuuThIBas, 4YTO CKOPOCTh UCTEUCHUS CTPYH BO3yXa CO-
CTaBJISIET HECKOJIBKO JECATKOB METPOB, & TOPU3OHTAIBHAS CO-
CTaBJISAIOIIAS CKOPOCTH CEMEHU OrPAaHWYMBACTCS B IIpEJeiiax
OJIHOTO METpa B CEKYH]y, TO B3aMMOJICICTBHUE CTPYH HA CeMs
MO>KHO pacCMaTpUBaTh KakK MPAMOM yJiap O HEIMOJBUXKHOE IIpe-
naTcTBue. [Ipr 3TOM BO3MOXHBI ABa Clly4asi, KOrJa IUIOIIA]b
NpensITCTBUA (CeMeHHU) OJin3Ka K IUIOIaAu MONEPEYHOro ceue-



HUS CTPYH, JUOO0 TJIOMIAAbh MPEMATCTBUSA B HECKOJIBKO pa3 mpe-
BOCXOJUT ceueHue cTpyu. Cuiia JaBlIeHUS NIJI1 ATUX CIIy4yacB
onpenenurcs no hopmynam:

R=p-o® F(l-cos j) (14)
R=p-0-F (15)

rjie P — IIOTHOCTh BO3IYXa, KI/M';
F — mwIomamb CeYeHHs CTPYH, M°]
@ — CKOPOCTh CTPYH, M/C;
[ — yroj, mpu KOTOPOM BO3JyX CTE€KaeT C MPEMSATCTBUA,
rpa.
JIJIs1 IIOCKOW TOHKOW CTPYH, IIMPUHA KOTOPOM COHU3ME-
pyUMa C IIAPUHON CEMEHM MOXKHO MPUMEHHUTH dopmyny (14),
MIPEJICTABUB €€ B CIEAYIONIEM BUJIE:

R=K.p-0°-6b, (16)
rne K =(1- cosp);
O — TOJIILIUHA CTPYH, M;
b — mmpuHa ceMeHH, M.

Il pacuéroB 3HaueHue K=0,5+1, npyuHUMaTh B 3aBUCH-
MOCTH OT KPYITHOCTH CeMsiH. boibiiee 3HaueHNEe COOTBETCTBYET
KPYIIHBIM CeéMEHaM (KJICIIEBUHA, MOJICOJHEYHUK , KyKypy3a U
T.J.).

N3 dopmyiibl (16) onpeaennm 3Ha4€HHE CKOPOCTH MOTOKA

CTpyH
_[_R
VK-p-6-b’ (17)



Ananuzupys ¢popmyny (16), MOKHO NPUNTH K BBIBOAY,
4TO JJISI CEMSIH OJHOM KYJbTYphl cuia R oguHakoBa, T.K. mapa-
METPBI P, @, O OTHOCATCS K COIuly, a K U K COIUTY U K CEMCHU.
OCHOBHBIM MOKa3aTeNIeM, XapaKTEPU3YIOINIUM Ka4yeCTBO COPTH-
POBKH, SIBISETCS CKOPOCTh BO3MYIIHOTO IOTOKA, MO3TOMY €€
HaJI0 TOAACPKUBATh MOCTOSHHO MYTEM CTAOWIM3AIUMU JaBJie-
HUA IEpe] NOAaY€eil B COILIO.

OINIPEJIEJIEHUE IMTOKA3ATEJIEI COPTUPOBKH CEMSIH IO MACCE
P&BI[CHCHI/IG CCMJH ITO MACCC U IMJIOTHOCTHU ITO3BOJISACT BbI-

JCIUTh CEMEHa C HamboJiee MOIMHON (DU3MOJIOTHYECKON 3peno-
CThIO, CIOCOOCTBYIOIIIEN 3HAUYUTEILHOMY TOBBIIICHUIO YPOXKail-
HOCTH.

OIHMM U3 OCHOBHBIX ITOKa3aTejIEd KadyecTBa CEMSH CEJlb-
CKOXO34MCTBEHHBIX KyJIbTyp sABisieTca macca 1000 cemsin. Uem
0OJIbIIIE Macca CEMEHH, TeM OOJbIIE COACPKUTCS B HEM NUTA-
TEJIbHBIX BEILECTB, TEM OBICTPEE OHO MPOPACTACT U TEM JIyYIIIe
NPOUJET HAYaJIbHBIA POCT MOJIOJOTO CEAHIA, U B KOHEYHOM
c4éTe OyJeT BBIIIEC TPOAYKTUBHOCTh PACTEHHS.

[Tokazarenu COpTUPOBKU CEMSIH MO MAaCCE OIPEHACIISIOT B
CJICAYIOIIEH MOCIEN0BATEIILHOCTU. B Havase onpenessto Maccy
1000 cemsH UCXOQHOrO Marepraia. 3aTeM 3aChIIAT UCXOHBIN
Marepuai B OyHkep 1 (pucyHok 1) cenmaparopa, mpou3BOJST Ha-
CTPOMKY Cermaparopa, METOJAOM, ONIMCAHHBIM B IIEPBOM pasielie.
[Tocne HacTpOMKHU cemapaTopa OYUINAKT MPUEMHUKU (paKIUil
8, BO3Bpalas cemeHa B OyHkep. Ha ycTaHOBJIEHHOM peXume
MPOU3BOJSAT COPTUPOBKY CEeMsiH Ha msATh (pakuuii. [To xaxmoit
dpakuun onpeaensitor maccy 1000 ceMsiH M MpoOLEHTHOE pac-
MpeJieJICHUE CEMSH MO (hPaKILMSIM.

IIporieHTHOE pacrpeiesieHue CeMsiH Mo (PpakiusM orpe-
aensiercs 1o popmyiie

p _M,100
' MH.M. ’ (18)



rie P, — NpoLEHTHOE COACpKaHUE CEeMSH JIaHHOW (paKIiuu B
UCXOJTHOM BOpOX€,%o;
M, — Macca ceMsH coAep Kaliuxcs B JaHHOW (paKIuu, T;
My — Macca ceMsSH MCXOJHOIO MaTepralia paBHas CyMMeE
BBIJICJICHHBIX (hpaKIIUi, T.

MHM:M1+M2+M3+M4+M5, (19)

rane My, Mo M3 M, u Ms — macca cemsiH 1-oi, 2-oi, 3-ei, 4-oii u
5-oi (ppaxuum, r.

JlaHHBIE U3MEPEHMI 3aHOCAT B Ta0IUITy 1.

ITpu onpenenenun maccel 1000 ceMsiH HEOOXOIUMO PY-
koBoacTBOBaThess [ OCT 12042-66. U3 cemsiH OCHOBHOM KYJIb-
Typbl, MOCIE THIATEIBHOTO WX MEPEMEIIMBAHUS OTCUUTHIBAIOT
naBe npoOsl mo 500 3€peH, B3BEHIMBAIOT UX C A0COIIOTHOM MO-
rpemHOCThIO B 0,01 r, a 3ateM nepeBoaaT Ha maccy 1000 cemsiH
Y BBIYUCIIAIOT CPETHIOK MAcCCy.

[Ipu pacxokJIeHUU MEXAY NIBYMs MpoOaMu OT CpeaHEn
Maccel 1000 cemstH Gosnee 3% OTCUMTBHIBAIOT W B3BEIIMBAIOT
TpeThio Mpo0y. B atom ciyuae maccy 1000 ceMsH BBIYUCISIOT
o ABYM Npo0am, UMEIOIINM HAUMEHbBIIEE PACXOKICHUE.

Pe3ynbprarsl 3aHecTy B Ta0OuIy 1.



Tabnuua 1 Pe3ynbTarhl M3MEpEeHUN TOKa3aTeleld COPTUPOBKU
CEMSH

10 Macce
(KyJbTYypa)
Pacnpene- Macca Macca
Macca JIeHHe CeMSAH 500 ceman
Homepa . 1000
dpakuuii ¢ppakuui, |mno ¢ppaxkuu- | | mpo- | Il mpo- ceMsii
M 0a 0a
I. % r. T. T.
Hc}l"a";" 100
1
2
3
4
5

[To maHHBIM U3MEPEHU TOCTPOUTH rPauKH MOKa3aTeIeH
COPTUPOBKHU CEMSH I10 Macce (IpuMep IMPECTABICH Ha PUCYHKE
415).

COJIEPJKAHUE OTUETA
OT1uéT oopMIIsIETCS B COOTBETCTBUM C M3JI0KEHHBIM I10-

PSAJIKOM MPOBEACHUS JTaOOPATOPHO-MPAKTUIECKOMN pabOTHI.

PesynbTaThl U3MepeHUN IOKa3aTeiiel COPTUPOBKU 3aHE-
CTU B Ta0nuUILy 1.

[0 ONBITHBIM TAHHBIM MMOCTPOUTH AIIOPHI PACIPEIACICHUS
ceMsiH U rpaduk pacnpenenenus Maccel 1000 cemsiH o ¢pak-
LUASIM.

B 3akitoueHuM AOJDKEH ObITh JIaH aHaAIU3 IMOJYYEHHBIX
pe3ynabTaTtoB. OTMETUTH, YAAJIOCh JU 34 OJUH MPOMYCK HCXOJI-
HOT'0 MaTepuayia MOJYy4YUTh (DPAKIMU BBIPOBHEHHBIE MO Macce,
ONpEeNCUTh pasHuily Mexay maccor 1000 ceMsitH MCXOIHOTO
marepuaia u maccor 1000 ceMsiH kaxa0il pakium.
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Pucynok 5 Pacnpenenenune maccol 1000 cemsin o ¢ppakuusam



