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1. MPOEKTUPOBAHUE B MathCAD

BbruncnutenbHble (YMCIEHHBIE) METObl— METO/Ibl PEIIEHHUs] MaTEMaTHUECKHX 3a]a4
B YHCIEHHOM BHJe . lIpencraBiieHne Kak MCXOIOHBIX JAaHHBIX B 3ajJade, Tak U €€
pelleHns— B BHUJE YMcia WM Habopa yucen. B cucteme moaroroBku OaxasiaBpoB
TEXHUYECKUX CIIEHHAIBHOCTEN SBIIIETCS BaKHOM COCTaBIAIOLIEH. BrruncinrenbHas
MaTeMaTrKa 00Ja1aeT IUPOKUM KPYTOM MPUKIIAIHBIX TPUMEHEHUH ISl IPOBEICHUS
HAay4YHBIX U HHKCHEPHBIX PAaCUYETOB.
OcHoOBaMU U1l BBIYUCIUTEIBHBIX METOIOB SIBIISFOTCS:

— PEILICHUE CUCTEM JIMHEWHBIX YPABHEHUU

— HMHTEPIOJIMPOBAHUE

— YKCJIICHHOE UHTEIPUPOBAHUE

— YHCJIICHHOE PEIICHUE CUCTEMBI HETMHENHBIX YPABHEHUN

— YHCJIEHHOE penieHrue OOBIKHOBEHHBIX (D PepeHIINATbHBIX YPaBHEHUN

1.1 YUCJIIEHHOE MHTEI'PUPOBAHUE JMUODEPEHIIMAJIBHOI'O
YPABHEHUA ITEPBOI'O ITIOPAJJKA METOJOM PYHI'E KYTTA

MeTon Diinepa MOXHO MPEICTABUTh B BUJIC IMOCIIEIOBATSIILHOTO MPUMEHEHUS
dbopmy:

IUTA TOYKH X1 = Xo +h, y1:y0+h'y0/:yo+h' f (Xo,yo)

X2 = X1 + h, y2:y1+h'y1/:y1+h' f (Xl,yl) .........................
.............. Xis1= Xi + h, Yi:yi+h'Yi/:yi+h' f (Xi,yi)

CocraBuThb Tabnuily pemeHus aud@epeHanTbHOro ypaBHEeHUS

_

y'= f(X.y)
IIPY HAYaJILHOM YCJIOBUH
y| x=x, Yo

Ha oTpe3ke [ a, b] ¢ 3amanHo#t TouHOCTHIO. 10 TOTYYEHHBIM JAHHBIM TOCTPOUTH
WHTErpalibHyI0 KpuBYI0 . HauanbHbIi miar pacuera hy 3amaercs (oH obecriednBaeT
TpebyeMoe YHCIIO IIaroB MHTETPUPOBAHUS).

tabnura 1.
Noenm/m | OdyHKIMS HavanbHoe ycinoBue OTtpesok Havanbnbii
J(x,y) Xo Yo a b mar hg
L x+sin 4 11 4,0 6,4 0,1
T



http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D1%85_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D0%BE%D0%BB%D1%8F%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B8%D0%BD%D1%82%D0%B5%D0%B3%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B_%D0%BD%D0%B5%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D1%8B%D1%85_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8B%D0%BA%D0%BD%D0%BE%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B4%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F

2 in_Y 1,6 2,9 1,6 4,0 0,1
X+S|n_ ' ’ ' ) '
V10
3 X+cosy 1,7 53 1,7 53 0,15
T
4 y 0,6 0,8 0,6 4,2 0,15
X_|_ s—2_ ' ’ ' ) )
T
5 X+c0$% 1,6 4,6 1,6 5,2 0,15
6 X+c0$% 1,4 2,2 1,4 5,0 0,15
7 X+cos_ L 0,5 0,6 0,5 4,1 0,15
\/7
8 X+cosgy 0,8 1,0 0,8 4,4 0,15
9 [ xieos ¥ 1,4 2,2 1,4 5,0 0,15
10 X/2+e*/(X+Y) 1,8 4,5 1,8 4,6 0,1

1.2  TlpubnmkeHHOE BHIYHMCIICHUE UHTErpasia

OcHoBHas njest OOJNBIINHCTBA METOJOB YUCIIEHHOTO UHTETPUPOBAHUSI COCTOUT B
3aMeHe MOJBIHTErpaIbHON (DYHKIIMH HA 00Jiee MPOCTYI0, MHTErPall OT KOTOPOU JIETKO
BBIYMCIIAECTCS aHAIMTUYECKU. [Ipr 3TOM U1 OLIEHKH 3HAYeHUs] MHTerpaia
noJry4yarorcs (opMyJibl BUAA

I =~ Z w; f(x;),
i=1

IZI€ 7% — YHUCIIO TOYEK, B KOTOPBIX BBIYUCIIAETCS 3HAYCHUE ITOABIHTEIPAIIBHON
dbyukiuu. Touku TiHa3bIBAIOTCS y371aMu MeToj1a, yucia Wi — pecamu y31oB. [Ipu
3aMeHe MOJBIHTETrpaIbHON (DYHKIIMK HA MTOJMHOM HYJIEBOM, IEPBOM U BTOPOI
CTEICHHU IOJyYaArTCS COOTBETCTBEHHO METObI NPSIMOYTOJIbHUKOB, TPANEUUHN U
napa6ora (Cumrmicona). Yacto GopMyIibl 7151 OIIEHKH 3HaYEHUS WHTErpajia Ha3bIBAIOT
KBaJIpaTypHbIMU (hOpMyJIamMHu.

YacTHBIM CiTydaeMm SIBJISIETCS METO/T MOCTPOCHUSI UHTETPATBHBIX KBaPaTyPHBIX
dbopmyI1 1711 paBHOMEPHBIX CETOK, 3BECTHHIN Kak ¢opmyJibl KoTeca. MeTon Ha3BaH
B uecTh Pojprepa Korca. OCHOBHOU Hlieel MeTOAa ABJISETCA 3aMEHA
MOABIHTETPATbHON (DYHKIIMN KAaKUM-JTHOO0 HHTEPIOISIIUOHHBIM MHOTOUJICHOM.
[Tocie B3siTH HHTErpaia MOXXHO HAMUCATh



http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BF%D0%B5%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B0%D0%B1%D0%BE%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%82%D1%81,_%D0%A0%D0%BE%D0%B4%D0%B6%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D0%BF%D0%BE%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D1%8B
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[ @yds =3 H @)+ mi()

rie uncina Hinaspisarorcs koaguyuenmamu Komeca n BEIUCISIOTCS KaK
MHTErPajibl OT COOTBETCTBYIOIIUX MHOTOWIEHOB, CTOSAIINX B UCXOJHOM
WHTEPHOJSIMOHHOM MHOTOUJIEHE JIJIs MOABIHTErPAIbHON (DYHKIIUU MPU 3HAYECHUHU
byHKIMU B y31e i = @ + ih(h = (b—a)/n — yar CETKH; Tt — YHCJIO y3JI0B
ceTkH, a uHAekKC y3i0B ¢ = (... n). Cnaraemoe "'n (f) — MOTPELIHOCTh METO/IA,
KOTOpasi MOXeT OBITh Hali/ieHa pa3HbIMHU criocobamu. Jst HedeTHbx 12 = 1

MOTPENIHOCTh MOXKET OBITh Hail/IeHa HHTETPUPOBAHUEM MOTPEITHOCTH
MHTEPIOJIALIMOHHOTO OJMHOMA MOIBIHTETPAIbHON (PYHKIINU.

YactaeiMu ciyuasmu Gopmyin Koreca gpisitorest: GopmyIibl IpsMOYTOJILHUKOB
(n=0), popmyisl Tpanenuii (n=1), popmyna Cumncona (n=2), popmyna HeroToHa
(n=3)urT. 1.

Meton npsiMOYTOJIBHUKOB

[TycTh TpeOyeTcs onpeaenuTh 3HaueHUe HHTEerpaia (PyHKIIMU Ha OTPE3Ke [a,B]. 3ror
OTPE30K ACTUTCS TOUKaMH +03 1, - -« 3 £n—1y TnHA NPaBHBIX OTPE3KOB JJIMHOMN

b —
Ar = ¢

n  O6o3HaunM yepe3 Yo, Y1, - - - s Yn—1, Yn3HaueHue QpyHKIUHU f(z)g
toukax T0: L1 -y Tn—1, Tn- Jlaiee cocTaBIsgeM CyMMBI
Yo AT + y1 AT + ... + Yn—1 AT.Kaxnas u3 cyMM — HHTErpanbHas CyMMa s

f(x)ya [a, by MOATOMY MPUOTMHKEHHO BBIPAXKAaeT UHTETPal

b—a

T

(o + y1+ ...+ Yn-1)-

jf(m)d::: =Y

Ecnu 3amanHas pyHKIMS — MOJIOKUTENbHAS M BO3pacTarolias, To 3ta popMyia
BBIPAXKAET IJIOIIA/(b CTYIIEHYATON (PUTYPBI, COCTABIECHHON U3 «BXOISIINX)»
NPSIMOYTOJIBHUKOB, TAKXKE Ha3zbiBaeMas (pOopMyJioi JIEBBIX NPSIMOYTOJIbHUKOB, a

dbopmymna

b—a

(y1+ya+ ...+ yn)

b
il )
BBIPAXKAET IUIONIA/lb CTYNEHYATON (GUTYPBI, COCTOSIIEN U3 «BBIXOISIIIX)
IPSAMOYTOJILHUKOB, TAKXKE Ha3bIBaeMast (pOPMyYJION MPaBbIX MPAMOYTOJILHUKOB. UeM
MeHBIIE JUTHHA OTPE3KOB, Ha KOTOpHIe AenuTes oTpesok (% b, tem Tounee 3navenme,
BBIYMCIISIEMOE 110 OTOM (POpMyJIe, HCKOMOTO UHTETPAIA.



O4eBHIHO, CTOWT PACCUNTHIBATH HA OOJIBIIIYI0 TOYHOCTD €CITH OpaTh B KAUECTBE
OTIOPHOM TOYKH JJI1 HAXO0KJICHUS BBICOTHI TOUKY IMOCEPEINHE TPOMEXKYTKA. B
pesynLTaTe nonyqaeM q)opMyJIy CpeI[HI/IX HpHMoyFOJILHI/IKOB

ff:r,)da: hZfIg_r!- )_hz.f )

h:b—a.

rac T

Y4uuThIBast anpuoOpHO OONBIITYI0 TOYHOCTH TIOCTIEAHEH (POPMYIIBI IIPU TOM Ke 00beMe
U XapaKkTepe BBIYUCICHUN €€ Ha3bIBAIOT (DOPMYJION MPSMOYTOJIbLHUKOB

Meton Tpaneuuii

Ecnu ¢pyHKIUIO Ha KaXKIOM U3 YaCTUYHBIX OTPE3KOB alllIPOKCUMUPOBATH MIPSIMOH,
MPOXOSIIIEN Yepe3 KOHEUHBIE 3HAUEHUSI, TO MOJYYUM METO TPAIICIIUH.

[Inomanp TpallCIN Ha KAXKI0OM OTPC3KE:

I~ f(fﬂz'—l); f(i’z')(xt_ _2i)

HOl"peHIHOCTI) AIIIIPOKCHUMAIINH Ha KAKIAOM OTPC3KC:

b—a)’ "
|R;|£QMM. My; = max |f"(z)|

1212 " 'rre TE[Ti—1,Ti

[TonmHas ¢hopMyiia Tparenuii B cirydae JACJICHUS BCETO MPOMEKYTKA HHTETPUPOBAHUS
Ha OTPE3KH OJIMHAKOBOM JTMHBI i

I~h f(xo) + f(x,) +Zfi'~.; ! h:b—a

2 rac n

[TorpemHoCcTh POPMYIIBI TPATICLIMIA:

[:b—ﬂ) I/
~———M,, M;=max
1912 2 e 2 EE[M]H( )|

Meton nmapa6o:1 (Merox CuMITCOHA)

1] <

Hcnonp30BaB TpU TOYKU OTPE3Ka MHTETPUPOBAHUS, MOXKHO 3aMEHHUTD
MOJIBIHTETPATBHYIO PYHKIHIO Mapadosaoi. OOBIYHO B KAUECTBE TAKUX TOUYEK


http://ru.wikipedia.org/wiki/%D0%90%D0%BF%D0%BF%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%A1%D0%B8%D0%BC%D0%BF%D1%81%D0%BE%D0%BD%D0%B0

HCIIOJIB3YIOT KOHIIBI OTPE3Ka M €ro CpeAHIo TouKy. B aTom ciyuae popmyrna umeer
OYEHb MPOCTOU BUJ

b—a a-+b

I = 6 fla) +4f 5

- f(b)

Ecnu pa3outh nHTEpBaT HHTETpUpOBaHus Ha 2/V paBHBIX YacTeid, TO UMEeeM

I ~ bﬁ;’ra' (ﬁ} +4 (fl +fat+...+ ng_l) + 2 (fg + fa+... + fEN—E) + fEN) ,
- (b— a)i
f'x - f a 2N

YBennueHue TOYHOCTH

HpI/I6J'II/I}KCHHe q)YHKLII/II/I OJHHUM ITOJIMHOMOM Ha BCCM OTPC3KC MHTCTPUPOBAHMA, KaK
IIpaBUJIO, IIPUBOOUT K OOJIBIIION OIIMOKE B OICHKC 3HAYCHHA MHTCTPAJIA.

I[JBI YMCHBHICHUS IOTPCITHOCTHU OTPE30K NMHTCTPHUPOBAHUA p336I/IBaIOT Ha 9aCTH U
IMPUMCHSAIOT YHUCJICHHBIN MCTOJ JJIA OLUCHKHW MHTCTPajia Ha K&)KHOﬁ U3 HHUX.

[Ipu cTpemiieHnn KoauvecTBa pa30MeHn K 0ECKOHEUHOCTH, OLIEHKa MHTerpaia
CTPEMHUTCS K €r0 UCTUHHOMY 3HAUYECHHMIO JJIs1 aHAJTUTUUECKUX (PYHKIUHI J1 TI000TO
YUCJIIEHHOI'O METO/A.

[IpuBen€HHBIE BBILIE METOABI IOMYCKAIOT ITPOCTYIO MPOLEAYPY YMEHBILICHUS 1ara B
JIBa pa3a, Py 9TOM Ha Ka)XJOM Iare TpedyeTcst BBIYMCIATh 3HaUYeHUS (PYHKITUU
TOJIbKO BO BHOBB JI00ABJICHHBIX y31ax. J[J1s OIEHKH MOTPETHOCTH BBIYUCICHUIM
MCMOJIb3yeTCs TpaBuiio PyHre.

BeraucnuTh 3HaYueHNEe MHTETpalia, MPUBEICHHOTO B Ta0iuIle 2, HA 3aJaHHOM OTPE3Ke
MHTErpupoBaHusi[a,B] (B COOTBETCTBUH C BApUAHTOM 3ajaHus). Tabnuna 2

Bapuant | [loasiHTErpanbsHas Meton Yucno HNnTepan
3aJIaHus byHKIUS YHUCIICHHOTO OTPE3KOB | MHTETPUPOBAHUS
perieHus

1 X*(1+In X) Tpanenmii 40 [1;3]

2 X e*sin X Cumrncona 100 [0;1]

3 X arctg X [TpsimoyronbaukoB | 50 [0;3]

4 cos X Tpanenuii 60 [0;7/2]

5 e* cos? X CuMIncoHa 60 [0; m]

6 X3/(3+X) Tpanenuii 80 [1;2]



http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%B2%D0%B8%D0%BB%D0%BE_%D0%A0%D1%83%D0%BD%D0%B3%D0%B5

7 X2 sin 2X Cumricona 100 [1;2]
8 XI(X4+3X2+2) Tpaneuuii 50 [1;2]
9 (In X/X)? ITpssmMoyronsHuKoB | 50 [1;2,5]
10 sin X Cumricona 60 [0;7/2]

AJ'IFOpI/ITMI)I PCIICHUA MHOKCCTBA CTAHAAPTHBIX 3a1a4 BBIYHCJINTEILHOU
MAaTEMATUKH PCATIN30BAHLBI B IIPOI'PAMMHBIX ITAKCTAX.

1.3  Pemenue 3a1a4 TUHEHHOTO MPOTrPaMMUPOBAHHUS.

Pemenne 3amaun onrtummzanuu: ¢ nomoinbio Mathcad ¢ ucnonb3oBanuem Os0ka
byukiuit Minimize (Maximize) ¥ ¢ NOMONIBIO 3JEKTpoHHOM Tabmuibl Excel c
WCIIOJIb30BaHUEM NPOTPaMMBbI HAACTPOUKH «llonck pemenns».

Bapuant 1. [na npou3BoiacTBa IByX BUIAOB u3lenuid A u B mnpennpusarue
WCIOJIB3yeT TPU BUIA ChIpbi. HOpMBI pacxoma ChIpbsd KaXAOrO BHJA Ha
M3TOTOBJICHUE €JIMHUIIBI TPOIYKIIMU JAHHOTO BHUJA MpUBeneHbl B Ta01.3. B Heil ke
yKa3aHbl TMPUOBUIL OT pealr3allii OJIHOTO HW3JeNus KaXIOoro BHAa U oOIiee
KOJMYECTBO CBIPhSl JAaHHOTO BHJA, KOTOPOE MOXKET OBbITh HCIOJIb30BAaHO
IIPEINPUITUEM.

Tabnmuna 3
Hopwmsi pacxona|O6miee

B chipbs ChIpbsi (KI') Ha OJIHO|KOJIMYECT
17631 (SN 14( BO CBIPbS
A B |(xr)

| 12 4 300

I 4 4 120

1 3 12 252

[IpubObTe  OT

peanuzanuu

OJIHOTO

WA3CIINA 30 40

(py6.)

YuuteiBas, uto u3nenus A Kk B Moryt mpou3BOAMTBHCS B JIFOOBIX COOTHOIICHUSX
(cObIT OoOecmedeH), TpeOyeTcsl COCTaBUTh TAKOM IJIaH MX BBIMYCKA, TIPH KOTOPOM
IPUOBLITH MPEIMPUATHS OT PEATH3alMN BCEX U3JICTUI SBISETCS MAaKCUMAIbHOM.

Bapuant 2. Jlnis nmpou3BojcTBa cTOJI0B U mKadoB MebenbHas Gpabpuka UCIOIb3yeT
HeoOxoauMble pecypchl. HopMbI 3aTpaT pecypcoB Ha OJHO U3/ENHE JAaHHOTO BUJA,
npuObLTE OT peaju3aliil OJHOTO H3JCNUs W 00Iee KOJIUYSCTBO HMEIOIIMXCS
PECYPCOB KaXKIOTO BHJIa TPUBEICHBI B Ta0I. 4
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Tabmuma 4
Hopwmebr 3aTpar O61mee
pecypcoB  Ha OAHO| ..
Pecypcni u3JIene 50
CTOJ
mikady pecypcoB
[peBecruna
(M3). | Buma 0,2 0,1 40
lIBuga 0,1 0,3 60
TpynoemMkocThb
(4emoBeKo-1) 1,2 15 3714
[Tpubslme 0T
peanuzanuu
OJTHOTO
W3IETUS 6 8
(py6.)

Onpenenuth, CKOJIBKO CTOJOB W MIKadoB (paOpuke ciieayeT HU3rOTOBIATH, YTOOBI
NpUOBLIL OT UX peau3alny OblIa MAKCUMaJIbHOM.

Bapuant 3. [Iys mpousBoACTBa ABYX BUIOB M3lenuil A k B ucnons3yercs TokapHoe,
dbpesepHoe u nuHdoBaTbHOE 000pynoBaHne. HOpMbI 3aTpaT BpeMeHU JJi KaKI0TO
U3 TUMOB 00OPYJOBaHUS HA OJHO M3EJINE IAaHHOTO BUJIA MPUBEACHBI B TabmuIe 5. B
Hel ke ykaszaH o0l ¢oHa pabouero BpeMeHH KaXKJ0ro U3 TUIIOB 000PYI0BaHuUs, a
TaK)Ke MPUOBLIL OT PEAM3allK OJTHOTO MU3/IEIHS.

Tabmuma 5
3aTpatsl BpeMeHu |O0umit
(cTanko-4) Ha|(poH
Tun 00pabOTKy  OAHOTO|MOJIE3HOTO
o0opy10BaH |M3ACIHS pabouero
56 A B BpPEMEHU
o0opy0oBaH
ust (49)
dpesepHoe 10 8 168
ToxapHoe 5 10 180
[nmudosans 6 12 144
HOE
[TpuObLIL OT
peanuzanuu
OJIHOTO
173 (SN 156t 14 18
(py0.)

Haiitn nnan Beimycka u3nenuit A u B, obecnieunBaronuii MaKkCUMaNbHYIO TPUOBLTH
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OT UX pCaJIU3aIluu.

Bapuant 4. Ha meGenpHol (haOpuke U3 CTaHIAPTHBIX JUCTOB (paHEephl HEOOXOAMMO
BBIPE3aTh 3arOTOBKH TPEX BHUJOB B KOJMYECTBaX, COOTBETCTBEHHO paBHBIX 24, 31 u
18 mr. Kaxnmpii smmct daHepsl MOKET OBITh pa3pe3aH Ha 3aroTOBKH JBYMS
cnocobamu. KonmuecTBo mojydaemblx 3aroTOBOK IPU JAHHOM CIIOCOOE PacKpos
npuBefeHO B Tabimuie 6. B Hel ke ykazaHa BeTWYMHA OTXOJOB, KOTOPHIC
MOJTy4Yal0TCs TIPU JAHHOM CIIOCOO€ PacKposi OJHOTO JIMCTa (paHephI.

Tabmuma 6
Bun 3aroroBku | KommuecTBo 3aroToBok (IIT.)
P pacKpoe 1o crnocoly

1 2
I 2 6
I 5 4
Il 2 3
Bennunna 12 16
0TXO070B (cM2)

OHpCIICJII/ITB, CKOJIBKO JHNCTOB (baHepBI H II0 KaKOMY CHOCO6y CJICOAyYCT pPpaCKpOUTH
TaK, YTOOBI OBLIO I[MIOJIY4YCHO HC MCHBIIC HYXHOI'O KOJIHMYCCTBA 3arOTOBOK IIPH
MHWHHMAJIBHBIX OTXOJaX.

Bapuant 5. Ha 3Bepodepme MOryT BhIpaniuBaThCsi 4epHO-Oypbie JTUCHUIIBI U TIECITHI.
Jlst oGecniedeHns HOpMaJbHBIX YCIOBUM MX BBIPAIIMBAHUS UCIIOJIB3YETCS TPU BHUIA
KOpMOB. KomnuecTBO KopMa Ka)KJI0ro BUJa, KOTOPOE JOJLKHBI €KETHEBHO MOJyYaTh
JIUCULIBI U TIECIbl, MpUBEJAEHO B Tabnuile. B Hell ke ykazaHbl oO0llee KOJIMYECTBO
KOpMa KaXJOro BHJA, KOTOPOE MOXET OBbITh MCIOJIb30BaHO 3Bepodepmoii, u
NPUOBLIb OT PeATU3alMK OJTHON IIKYPKH JIMCUIIBI U TECIIa.

Tabnuna 7
KonmnuectBo enunu
KOpMa, Koropoe|O61iee
Bug xopma €XKEHEBHO JIOJKHBI|KOJUYCSCT
MOJTy4aTh BO KOpMa
JUCHIIA  |TIecell
I 2 3 180
I 4 1 240
11 6 7 426
[Ipubpime 0T
peanuzaiuu
OJIHOM
HIKYPKH 16 12
(py0)
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OnpenenuTh, CKOJIBKO JHUCHI] U TIECIIOB CJIEIYET BhIPAIIMBATH HA 3Bepodepme, UTOObI
NpUOBLIL OT PeaIU3alMU UX IKYPOK Obljla MaKCUMAaJIbHOM.

Bapuant 6. [Ins wusroroBineHus pasnuuHblx uzgenuit A, B u C npenmnpusitue
WCIIOJIB3YET TPU PA3IMYHBIX BHJA ChIpbsi. HOpMBI pacxona ChIpbsi HA MPOU3BOJCTBO
OJTHOTO W3JIeIHs KaKJIOro BHUJA, lieHa omHoro usnenus A, B u C, a takxke obiee
KOJIMYECTBO CHIPhSl KaXIOTO BHAQ, KOTOPOE€ MOXKET OBITh HCIOJB30BaHO
NpeAnpusiTUEeM, MPUBEACHBI B Ta0I. 8.

Tabmuma 8
Hopwmer 3aTpar O61mee
Bux CBIpbA (KT') Ha OJTHO CONIECT
CBIPbS MSACIHC BO CBIPbS
A B
- (xr)
I 18 | 15 | 12 360
] 6 4 8 192
Il 5 3 3 180
ega OJHOTO
(ij@) U3JICITHS 9 10 1 16

Wznenmus A, B u C MOryT NpOU3BOJIUTHCA B JIOOBIX COOTHOIIEHUAX (COBIT
oOecrieueH), HO TMPOU3BOACTBO OTPAHWYEHO BBIJACICHHBIM MPEANPUITHIO CHIPHEM
Kaxaoro Buja. CocTaBUTh IUIaH TMPOM3BOJCTBA H3JAEIWN, MPU KOTOPOM oOIas
CTOMMOCTh ~ BCEMl  MPOW3BEICHHOW  MNPEANPUATHEM  MOPOAYKLUHH  SIBISETCS
MaKCUMaJIbHOM.

Bapuantr 7. Ha mBeiiHol (aOpuke ajis M3rOTOBJIEHUS YETHIPEX BHUJIOB H3ACIIUU
MOKET OBbITh MCIOJIb30BaHa TKaHb TpeX apTHKyJIoB. Hopmbl pacxona TkaHel Bcex
apTUKYJIOB Ha TMOIIMB OAHOTO W3JENusl MpPUBEACHbI B TaOnuie. B Hel ke ykazaHbl
uMeronieecss B pacrnopsbkeHun  (paOpuku o0liee KOJMYECTBO TKaHEM KaKaoro
apTHKyJla U LIEHAa OJHOIO M3JACNHA NaHHOrO Buiaa. OIpenenuTb, CKOJBKO H3ACIIAN
KOKJIOTO BHJA JIOJDKHA MPOM3BECTH (pabpuka, 4TOOBI CTOMMOCTH H3TOTOBJICHHOU
OPOAYKIHMH OblJIa MAaKCUMaIbHOM.

Tabmuma 9
Hopwma pacxona tkanu (m)|O61iee
ApTUKYT |Ha OHO W3JENue BUIA KOJIMYECT
TKaHU 1 2 3|BO TKaHM
4 (M)

I 1 — 180
11 — 1 3 2 210

N
[HEN
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1 4 2 — 4 800
Ilena
OJIHOTO
W31Eeus
(py6.) 9 6 4 7

Bapuant 8. [Ipeanpusarue BBITyCKAaeT YETHIPE BHA MPOIYKIIMA U HCTIOIB3YET TPU
TUIIa OCHOBHOT'O OOOpYZOBaHUs: TOKapHOe, Pppe3epHoe U HuIMdoBaIbHOE. 3aTpaThl
BPEMEHHM Ha U3TOTOBIICHWE €JMHMIIBI TMPOAYKIIMU JUIsl KaKIOrO0 W3 THUIIOB
o0opynoBanus puBeAeHb! B Tabnuie 10. B Helt Hee yka3anbl o0muil o padboyero
BPEMEHU KaXJOT0 W3 TUIIOB OOOPYJOBaHUS, a Takke NPHUObUIHL OT peanu3aluu
OJTHOTO M3JeNusl JaHHOro Buaa. OmpenenuTh Takoil 00bEM BBINTYCKa Ka)XJAO0ro U3
U3JIeTUH, IPU KOTOPOM 00111ast MPUOBLIL OT UX PeaTU3aliK SIBISIETCS. MAaKCUMAJIbHOM.

Tabmuua 10.

3aTpatsl BpeMeHH |O0ui
Tu (cTaHKO-4) Ha E€IUHUILY (1)0(;{;[

MPOIYKITNH BUIA pabouero
0bopyz0s 1 2 3 4 BPEMEHU
aHus

(cTaHKO-
4)

Tokapuoe | 2 1 1 3 300
®pesepro | 1 — 2 1 70
e 1 2 1 — 340
[Inudora
JIbHOE
[TpuObLIL
oT
peanuzanu
U
e IMHULIBI
IPOAYKIIH
u (py0.) 8 3 2 1

Bapuant 9. Jlyis mepeBo30k Ipy3a Ha TPEX JIMHHUSIX MOTYT OBITh MCIOJB30BaHbI Cyia
Tpex THUMOB. [IpOM3BOAMTENHHOCTh CYAOB MPH HUCIOJb30BAHUM HMX HA PaA3JIMYHBIX
JUHUSX XapaKTepu3yeTcsl JaHHBIMHU, TPUBEICHHBIMUA B Tabiuile. B Hel ke ykazaHbl
oO11iee BpeMsi, B TEYEHUH KOTOPOTO CyJa KaXKI0Tro TUIA HAXOJATCS B AKCIUTyaTalluH,
U MHUHHMQJIbHO HEOOXOJUMble OOBEMBbI TMEPEBO30K Ha KaXKIOM U3 JIMHUU.
Onpenenure, Kakue CyJa, Ha Kakol JIMHUM U B TEUEHHE KAKOTO BPEMEHU CIEAYET
UCIIOJIb30BaTh, YTOObI 00ECHEeUUTh MAKCHUMAJIbHYIO 3arpy3Ky CYyJOB C Y4E€TOM
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BO3MOKHOI'O BpCMCHH HX JKCILTyaTaluu.

Tabmuma 11
[IpousBoautenbHocTh  |OOMIEE
Tur CyZoB (MJH. TOHHO-|BpeMs
MWL B CYTKH) Ha|dKCIUTyaTall
CyJHa
JUHAA WU CYJOB
(cyT)
1 2 3
I 8 14 11 300
I 6 15 13 300
Il 12 12 4 300
3aJaHHBIN
o0BeM
MIEPEBO30K
(MUTH.
TOHHO-
MUJIb) 3000 | 5400 | 3300

Bapuant 10. [{na npousBoactea Tpex BuaoB uznenuii A, B u C ucnons3yercs tpu
pasnUYHBIX BUAA ChIpbsi. Kaxapli U3 BHUIIOB CBHIPbS MOXET OBITh HCIOJIb30BaH B
KOJIMYECTBE, COOTBETCTBEHHO He Oonbmiem 180, 210 u 244 xr. Hopmbr 3aTpar
KaXXJIOr0 U3 BUJOB ChIpbS Ha €IUHUILY MPOJYKIIMU JAHHOTO BUJA U 1I€HA €IMHUIIBI
MPOJYKIIMA KaXJ0To BUJA MpuBENCHbl B TaOu. 12. Omnpenenuth IUTaH BBITyCKa
MPOAYKIUH, TP KOTOPOM O0ECIIEUUBAECTCS €€ MaKCUMaJIbHasi CTOUMOCTb.

Tabmuma 12
Bun ceipps Hopwmsbl 3atpaT cbipbsi (Kr) Ha
SAMHUILY TPOTYKIIHH
A B C
I 4 2 1
I 3 1 3
1 1 2 3)
Llena eauHUIIBI
npoaykuuu (pyo
) 10 14 12
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TEMA 2. [TIPOEKTUPOBAHUE B T-FlexCAD

2.1 Tloctpoenue paboyero yepTexka JAETalu ¢ CO3aHUEM MapaMeTpUIECKON
Tabnuibl, noctpoerue 3D —poekiuu aeTanu ¢ IPUMEHEHUEM CIIOKHBIX
pa3pe3oB. ( UepTex JAETalu BbIIACTCS MPENoAaBaTEIIEM ).

2.2 TlocTpouTh NapaMeTpUUYECKyI0O MOJENb alllapaTa MOKPOW OYMCTKH T'a30B,
yKa3aTh cneluuKaiuo, TpUHIMI padoThl(HOMEpP BapuaHTa BEIOMPATH I10
HOMEPY B CIUCKE B KypHasia) KOHCTpYKIIMM anmnapatoB MOKPOW OYMCTKHU ra3o0B, C
OMMCAHUEM JIAHHBIX B MPUIIOKEHUU 1.
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[Ipunoxenue 1

KOHCTPVKIIMM AIIIIAPATOB MOKPOM OUMCTKHM TA30B(c
OIMCaHUEM )

NeBap HaumenoBanue

1. Tlonsii hopcyHOUHBIN CKPYOOEp

2. TPOTHBOTOYHOI'O HACaJ0YHOIO CKpyOOepa

3. Hacagounsrii ckpy00ep ¢ monepeyHbIM OPOIICHUEM

4.  IleHHslil NbUICYJTOBUTED C TPOBATBLHON TapeIKOH

5.  IleHHBIi NBLICYIOBUTEND C MEPEIUBHOMN TapeIKOi

6. LunuHIpuyYekuii MbUIeyIOBUTENb

7. KoHnueckue ckpyoOepbl ¢ MOABMIKHON IIapoOBOM Hacaakou (
(bopCcyHOUHBIN)

8. Konuueckue ckpy0Oepbl ¢ MOJABMKHON MIApOBOM Hacaakou (
9KEKIIUOHBIHN )

9. T'azompomebIBaTeNb € IEHTPATBHON OMMYCKHOM TPYyOOit
10. Cxpy06ep oitns

11. Potokion

12. [uxnon ¢ BoasHoi mnenkoi (LBIT)

13. [uKJIOHHO-TICHHBIN amnmapar

14. Cxpy06ep Bentypu

1. Bblgesenue aucnepcHoii ¢a3pl B anmaparax «MOKPOIo»

THIIA

[Iponecc MOKpPOro MbUICYNIABIMBAHUSA OCHOBAH HA KOHTAKTE 3aIlbIJIEHHOTO
ra3oBOr0 IMOTOKA C UAKOCTBHIO, KOTOpasl 3aXBaTbIBA€T B3BELIECHHBIE YACTHUIIBI U
YHOCHT HX U3 arlfapara B BUJE lIaMa.

Mokpasi OYMCTKa, NPOMBIBKAa Ta30B, CKpyOOepHas OYMCTKA — BCE 3TO
CUHOHMMBI, OMNPEIEIAIOIME MOKPBIM Croco0 yAaleHHsl a’po30Jied U3 Ta30BBIX
NOTOKOB,  SIBJSIIOIIMICS ~ OJAHMM M3  caMbiX  3(Q(EKTUBHBIX  METOJIOB
NIbLICYJIABIBAHUS.

MOKpyr0 OYMCTKY T'a30B NPUMEHSAIOT B TE€X CIydasX, KOrga JOIYyCTHUMBI
OXJXKICHUE U YBIQKHEHHE OYMINAEMBbIX Ta30B U XOPOIIO OTpabOTaHBI
TEXHOJIOTMYECKUE MEPOINPUSATHS 1O MPEeNOTBPAILlEHUI0  OpbI3royHoca U
yTUJIU3alUd  OTpabOTaHHBIX CTOKOB. (OJHAaKO, HECMOTpPs Ha YyKa3aHHbBIC
OTpaHUYEHUS, MOKpOE TbIICYIaBIMBaHUE B PSAJAE CIIydaeB MOXKET OKa3aThcs Ooiiee
1EeJIecoO0pa3HbIM W ONpaBJaHHBIM, Ye€M CyXoe. AmmapaTtel MOKpPOTO
NbUICYABIMBAHUS TPOIIE 1O KOHCTPYKIMH, HO TpU ITOM OOJagaroT
3G (HEKTUBHOCTHIO, MPUCYILIEH HanboJiee CIOKHBIM CYXHM MbuIieyJIoBUTENsIM. MX
JIETKO U3rOTOBUTHh HEMOCPEACTBEHHO HA XUMUYECKOM MPEANPUITHH; KaK MIPaBUIIO,
OHM HE UMEIOT TMOJBUXHBIX VY3JI0B, KOTOPBIMH 4YacTO OCHAILEHbl CyXHue
NbUICYJIOBUTENHN (HAIPUMED, Y3JIbl BCTPSXUBAHUS B PYKaBHBIX (PUIIbTpaXx).
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Jlocmouncmeéa MOKpPBIX TBUICYJIOBUTENEH, IO CPAaBHEHHUIO C ammapaTamu
CyXOro tuma:—0osiee BbICOKas AS(OPEKTUBHOCTh YJIABIMBAHMS B3BEUICHHBIX
YaCTHI];— BO3MOXXHOCTh HCIIOIB30BaHUS JIJII OUMCTKHU T'a30B OT YACTHUI[ Pa3MEpOM
kpynHee 0,1 MKM;— JOIMYCTUMOCTh OYMCTKU Ta30B NPHU BBHICOKON Temrmeparype u
MOBBIIICHHON BJIAXKHOCTH, a TakXKe NpPH OMAaCHOCTH BO3TOPAHMM U B3PHIBOB
OUYMIIECHHBIX Ta30B M YJIOBJICHHOW MbUIN;— BO3MOXHOCTh Hapsiiay C MbUISIMU
OJIHOBPEMEHHO YJIaBJIMBATh MapO0Opa3HbIe U ra3000pa3HbIe KOMIIOHEHTHI.

OmHako METOJ MOKpPOTo OOCCTIBUIMBAHUS HMEET W P HEIOCTaTKOB:—
BbIJICJICHUE YJOBJICHHOM MBUIM B BUJE IIJIJaMa, YTO CBSI3aHO C HEOOXOAMMOCTHIO
00pabOTKH CTOYHBIX BOJ, T. €. C YAOPOKAaHUEM IPOIIECcCa;— BO3MOKHOCTh YHOCA
Karelb JKUJIKOCTH W OCAXKICHHS WX C TBUIBI0 B Ta30xodaxXx M JABIMOCOCAX;— B
Cllydae OYHCTKH arpeCCHUBHBIX Ta30B HEOOXOIMMOCTH 3allMINATh amnmaparypy H
KOMMYHUKAITMN aHTUKOPPO3UOHHBIMH MaTepHUaIaMHU.

B kauecTBe opomaromiei XUJIKOCTH B MOKPBIX MBIICYJIOBUTEISAX Yalle
BCEr0 TNPUMEHSETCS BOJA; TMPU  OJHOBPEMEHHOM  PEIICHHUH  BOIPOCOB
MBUICYJIABIMBAHUS U XUMHUUYECKOW OYMCTKU Ta30B BHIOOP OPOIIAIONIECH JKUIKOCTU
(abcopOenTa) 00yCIOBIUBACTCS IIPOIIECCOM aOCOPOIIHH.

B pesynbraTe KOHTaKTa 3ambLICHHOTO Ta30BOTO IMOTOKA C YKUIKOCTHIO B
MOKPBIX TMBUICYJIOBUTENIAX 00pa3yercs MexdaszHas MOBEPXHOCTh KOHTakTa. B
pa3IMYHBIX allfapaTax XapakTep MOBEPXHOCTH KOHTaKTa (a3 pas3IWyHbIA: OHa
MOXXET COCTOSITh M3 Ta30BBIX CTPYEK, IMy3bIPHKOB, XKUIAKOCTHBIX CTPYH, Kalleib,
IUICHOK KHUAKOCTH. [lOCKOJBKY B MBUICYNOBUTENSX HAOMIOMAIOTCS pPa3IMYHBIC
BU/IbI TIOBEPXHOCTEH, TO MBLIb YJIABIUBACTCS B HUX IO PAa3IMIYHBIM MEXaHHU3MaM.

OOmenpuHATON  KiIacCU(PUKAMKU  MOKPBIX  MBUICYJIOBUTENIEH 10
HACTOSIIETO BpeMEHH He cymiecTByeT. OOBIYHO OHU TOIPa3ISISIOTCS Ha TPYIIIHI B
3aBUCUMOCTH OT XapakTepa (BUIa) TMOBEPXHOCTH KOHTakTa (a3 (KamelbHbIE,
MJICHOYHBIE, 0apOOTakHBIE) WM CIOCOO0Y NEMCTBUS:— MOJIBIE Ta30MPOMbBIBATENN
(opocHTeNnbHBIE TMPOMBIBHBIC KaMephl, TOJbie (POPCYHOUHBIE CKpPyOOEpshI);—
HacajJlouHble CKpyOOephl;— TapeibuaThie ra3onpombiBaTesid (0apOoTakHbIE U
MIEHHBIC allllapaThl);— Ta30MPOMBIBATEIM C TOJBWKHON HACAJIKOW;— MOKpBIC
anmapartbl yJapHO-UHEPIIMOHHOTO JIEHCTBHSI;— MOKPBIE alapaThl EHTPOOEIKHOTO
JEUCTBUS;— MEXaHUYECKHUE  Ta30MpOMBIBAaTEIM  (MEXaHMYECKHE  CKpyOOepHl,
JTUHAMUYECKHE CKpyOOephl);— CKOPOCTHBIE Ta30mMpoMBIBaTENHN  (CKpyOOeps
BeHTypHu, 3:)KeKTOpHBIE CKPYOOEpHI).

HNuoraa MOKphIe TBUICYTOBUTENN TOAPA3ACTSIOT TI0 3aTpaTaM dHEPTUHU Ha
HU3KOHATIOPHBIC, CpPEIHEHANOPHBIE W BBICOKOHAMOpHBIE. K HHU3KOHAMIOPHBIM
ammapaTraM OTHOCSITCS TTBUICYJIOBUTEIN, THAPABINICCKOE COMMPOTHBICHUE KOTOPBIX
He mnpesbimaer 1500 ITa. B sty rpynmy BXoasT ¢opcyHOUHbIE CKpyOOephl,
OapOoTaXHBIE ammapaThl, MOKpBIC IICHTPOOSKHBIC ammapatel W Apyrue. K
CpEIHEHAITOPHBIM MOKPBIM MBUICYJIOBUTEIISIM C TUIPABINYECKUM
conpotusieHueM oT 1500 go 3000 IIa oTHOCATCS HEKOTOpPHIE IUHAMHYECKUE
CKpyOOephl, Ta30MpOMBIBATENIN YAAPHO-WHEPIIMOHHOTO JCUCTBUS, IKEKTOPHBIC
cCKpyOOepsl. ['pynma BBICOKOHAMIOPHBIX Ta30MPOMBIBATENICH C THUIPABINYECCKUAM
conpotuBieHuem Oosee 3000 I1a BkItOuaeT B OCHOBHOM CKpy0Oepbl Bentypu u
arrapaTel C NOABUKHON HACAIKOM.
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1.1. ITos1ble ra3onpoMbIBaTeIH

B mospIx ra30mpoMbIBaTeNAX 3albUICHHBIC Ta3bl IPOITYCKAIOT Yepe3 3aBeCy
paciblIsieMOl KUAKOCTH. [Ipy 3TOM YacTHIIBI BTN 3aXBaTHIBAIOTCS KaILISIMH
IIPOMBIBHOM KHUJIKOCTH U OCAKIAIOTCS B ammapare, a OUYUIICHHBIC Ta3bl yIasSIOTCs
U3 HETO.

Haubomnee pacmpocTpaHeHHBIM amlmapaToM 3TOTO Kilacca SBISETCS TOJBINA
(bopCyHOUHBIN CKpyOOEp.

[Tonple ¢opcyHOUHBIE CKpyOOEpHI TPEACTABISIIOT COOOW  KOJOHHBI
KPYTJIOTO WJIM TPSMOYTOJIBHOTO CEUEHHUsS, B KOTOPHIX OCYIIECTBISCTCS KOHTAKT
MEXIy Ta3aMd | KaIUBIMH JKHIKOCTH, pacmbumiBaemon ¢dopcynkamu. [lo
HAIPaBJICHUIO JIBIDKCHHSI Ta30B M JKHJIKOCTH TIOJbIE CKpyOOepwl Aenarcs Ha
MPOTUBOTOYHBIC, TPSIMOTOYHBIC W C MONEPEYHBIM TOABOJAOM >KHAKOCTH. [Ipm
MOKPOM o0eCIbUTMBaHUHT 0OBIYHO MIPUMEHSIOT anmapartbl C
MIPOTUBOHAINPABIECHHBIM JIBDKCHHEM Ta30B U KUIKOCTH, PEXKE — C MONEPEYHBIM
MOJIBOJIOM JKUJIKOCTU. [IpsiMOTOUYHBIE MOJBIE CKPYyOOEphl HIMPOKO HCIOJIB3YIOTCS
IPU UCTIAPUTETLHOM OXJIaKICHUU Ta30B.

B nportuBoTouHOM CcKpyOOGepe (puc. 1.1) kammm u3 ¢GOpCcyHOK majaroT
HABCTpPEYY 3albUICHHOMY TOTOKY ra3oB. Kamim A0mKHBI OBITH JOCTaTOYHO
KPYIHBIMH, YTOOBI HE OBITh YHECEHHBIMU T'a30BbIM MOTOKOM, CKOPOCTh KOTOPOTO
o0bryHO coctaBisier Vi =0,61,2 m/c. [loaToMy B Tra3ompoMbIBaTENsiX OOBIYHO
yCTaHaBIMBAIOT (POPCYHKH TPyOOTO pacmbuieHus, paboTarouiue Npu IaBICHUH
0,3-0,4 MIla. Ilpum ckopocTsx ra3oB Ooyiee S5 M/C TOCJIE€ Ta30MPOMBIBATEIS
HEOO0XOIMa YCTaHOBKA KaIlICYJIOBUTEIS.

i 3

AHAKOCTER : i AHAKOCTh
—_— e — ( ——

[
l L Lnan

Puc. 1.1. Tlomerit  QopcyHounsnii ckpy6bep:l — kopmyc, 2 —
ra3zopacrnpeieuTeNbHas peneTka; 3 — GOpCyHKu

BricoTa anmapara o0bIuHO B 2,5 pasa npesiiiaet ero auametp (H = 2,5D).
®opcyHKH yCTaHAaBIWBAIOT B ammapaTe B OJHOM WM HECKOJBKUX CEUYCHUSAX:
uHorga psiaamu (no 14-16 B cedyeHun), MHOTAA TOJIBKO MO ocu anmapara.daken
pacnbiia GOPCYHOK MOXET OBITh HamlpaBlieH BEPTHKAIBHO CBEPXY BHHU3 HIIU TOJ
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HEKOTOPBIM YTJIOM K TOPU3OHTAIBLHOM MIOCKOCTH. [Ipu pacmomnoxkenun GhopcyHOK
BHECKOJIBKO SIPYCOB BO3MOYKHA KOMOWHUpPOBaHHAs YCTaHOBKA paCHbLIUTEINCH:
qacTh (paKeIoB HaAIpaBJICHA MO XOAYTra3oB, JAPyras 4acTh — B MPOTHUBOIIOJIOXKHOM
HampaBieHuW. [[s1 mydinero pacrmpeneieHHs ra3oB IO CEUCHHIO ammapara B
HIDKHEH 9acTh cKpyOOepa ycTaHaBIUBAIOT T'a30pacpeIeIUTEIbHYIO PEIICTKY.

[Toneie popcyHOUHBIE CKPYyOOEPHI MUPOKO UCTIONB3YIOT MJIS YJIaBIMBAHHS
KPYIHOH MUK, a TAaK)Ke MPH OXJIKICHUH Ta30B M KOHJAUIIMOHUPOBAHUS BO3TyXa.
Y IeNBHBIH PacXo KUAKOCTH HeBeauK — oT 0,5 10 8 11/M° ouMIEHHOrO rasa.

[To mannbIM [1], cTETIEHh OYHCTKH Ta30B B MPOTUBOTOYHOM (POPCYHOUHOM
ra30MpPOMBIBATEIIE MOXKET OBITH OIleHEHa TT0 hopMyIie

ST % oG 1-exp _ 3V A
Ca Co 208 J, (1.1)

IJI€ Cy U Cx — HauaJbHasl U KOHEYHAs! KOHIICHTPAIlMK YaCTHUIl IIbLJIU B Ta3ax;
Qr — oOBeMHBIN pacxo ouuIaeMoro raza; Qx — oObeMHBIN pacxo opoIIaromeh
KUIKOCTH; dyx — cpeHmil pa3Mep Karelb; Vx — CKOPOCTh UX JIBIKEHUS; H — o01ast
BBICOTa 30HBI KOHTaKTa Ta30B C JKUIKOCThIO; h, — 3ddexkTuBHOCTh 3axBarta
KaIUIIMH YaCTHUIIONPEICIICHHOTO pa3Mepa; Voo — CKOPOCTh OCAXKICHMSI YaCTHI] Ha
Karsix  (CKOpPOCTh WX  OTHOCHUTENBHOTO JABWKEHMs). B Hambonee dacto
UCITIOJIb3yEMOM MPOTUBOTOYHOM CKPYOOepe Voe = Vr + V.

Kak cnenyer u3 Beipaxkenus (1.1), 3ppeKTUBHOCTH OYKUCTKA B TOJIOM
IPOTUBOTOYHOM CKpyOOepe BO3pacTaeT C yMEHBUIEHHWEM pa3Mepa Kareilb U C
yBEIIMYEHUEM  CKOpocTH  raza. [lockoJibKy  3TH  yCJIOBUS  SIBJISIIOTCS
B3aMMOUCK/IIOUAIONIMMHU,  TMPU  IKCIUTyaTalluM  CKpyOOepa  HEOOXOJIUMO
MIPUACPKUBATHCS OMPEACICHHOTO ONTHUMAIBHOTO THAPOJIMHAMHUYECKOTO PEKHUMA.
CornacHo pacyetaMm, MakcuMaibHasi J(OPEKTUBHOCTh MNpPU HHEPIIMOHHOM
OCaXJICHUH YaCTHII MMBLIM Ha Karuisax HaOmogaercs npu d, = 0,8 mm. Kamm Takoro
pazmMepa MOTYT OBITh TIOJYYE€HBI TIPH TOMOIIM OOBIYHBIX IEHTPOOEKHBIX
dopcynok rpyboro pacmbuia, pabortarommx nox gasiaenuem (3—4) 10° IMa. Ilpu
IKCIUTyaTalli  TakuX (OPCYHOK MOMKHO HCIOIB30BaTh OOOPOTHYIO BOJY,
COJIEP KAIIlYIO B3BECH.

Crenenp ynaBiauBaHUs 4dacTull KpynHee 10 MKM B MOJBIX (POPCYHOUHBIX
ckpyOOepax cocrtaBisier 99 %, HO AJid 4YaCTULl MEHBIIEro pa3Mepa OHa PE3KO
camkaercs.  llombie  gopcyHouHble  ckpyOOepbl  Manod(pPeKTUBHBI  MPHU
yJIaBJIMBAHUU YaCTHUI[ Pa3MEPOM MEHEE 5 MKM.

1.2. HacagouHble ra3onpomMbiBaTes v

Hacamgounble razompombiBaTeIM  MOPEACTABISIOT  COOOH  KOJOHHBIC
armaparbl C HEOJABHKHOW HACAJKOM B BUIE KOJIEI, IIIAPOB, CEIEIN WU T APYTOMn
dbopmbl. B mpineynaBiMBaHUKM HallUTH B OCHOBHOM TMPUMEHEHWE MPOTHUBOTOUYHBIC
Haca04uHbIe CKpy0OepsI (puc. 1.2).

T'I:
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Puc. 1.2. Cxema mpOTUBOTOYHOTO HACaJ0YHOTO CKpyOOepa:l — kopiryc
ckpyOOepa; 2 — BXomHO#M maTpy0oK; 3 — Hacaaka;4 — perieTka sl Hacaakw; S5 —
TpyOONPOBOJ Ml TMOAAYM JKUAKOCTH;6 — BBIXOJHOW maTpybok; 7 —
HANPaBJISTFOIIUHAKOHYC JUTSI XKUIKOCTH; 8 — IITyIep IS BEIBOJIA MITaMa

Hacanka npenHasHaueHa Al yBEJIMYEHHUS IMOBEPXHOCTH KOHTakTa (as.
XKuakocTh TedeT TUIGHKOW IO Hacajake, ra3 MPOXOAWT MPOTHBOTOKOM. Takme
ra30MPOMBIBATEIM HCIIOJIB3YIOT IS yJIaBIMBAHUS XOPOIIO CMadyMBAEMOW ITBLIH,
HO TIpM HEBBICOKOW €€ KOHIICHTpPAIlMU, ITOCKOJIbKY B TIPOTUBHOM CIIy4ae
MIPOUCXOINT YacTOe 3a0MBaHUE HACAKH.

Kpome mpOTHBOTOYHBIX KOJIOHH, Ha TPAKTHKE MPUMEHSIOT HACaTO0YHBIC
cKpyOOepsl ¢ momepeyHbiM opoiienueMm (puc. 1.3). B Takux ckpyObepax s
oOecriedeHrs JydIero CMavyMBaHHs TIOBEPXHOCTH HACAJKH CJIOH €€ OOBIYHO
HAaKJIOHEH Ha 7—10° B HanpaBIE€HUH Ta30BOr0 MOTOKA.

Y
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Puc. 1.3. Hacagounsiii ckpy006ep ¢ momnepeyHsiM opoieHneM: 1 — Kopiryc;
2 — (opcyHKH; 3 — OPOCUTENBHOE YCTPOUCTBO;4 — OTOpHAs pelieTka; 5 — Hacaaka;
6 — nu1aMocOOpHUK

VY aenpHBIA pacxo/ OpPOIIAIOIICH KUIAKOCTH B MPOTUBOTOYHOM CKpyoOOepe
cocrasisier 1,3-2,6 /M3, B ckpy66epe crionepeunsiM oporrenuem — 0,15-0,5 n/m3,
O} heKTUBHOCTh yJIABIWBAHHUS YacTHI[ Pa3MepoOM KpymHee 2 MKM COCTaBIISCT
oosee 90 %; norepu aasnenus p = 160400 ITana 1 M BBICOTHI CJIOS HACAIKH.

B mocrnennee Bpems TOSBHUIUCH WCCICIOBAHUS TIO HCIOJIb30BAHHUIO
NPSIMOTOYHBIX CKpy0OepoB, pabortaroniux ¢ OonpimuMu (10 10 mM/c) ckopocTsaMu
ra3oB. BbICOKHE CKOPOCTH TIO3BOJISIOT HMHTCHCHU(PHUIIMPOBATH  IMPOIECCHI,
MpOTEKaloNMe B HACAJOYHOM allapaTe, YMEHBIIUTh €ro rabaputhl. Pacxon
JKUJKOCTH MOXKET ObITh cHuKeH 10 1,0-2,0 /M. TlpuMenenne Takux cKopocTeil B
MIPOTUBOTOYHBIX KOJOHHAX HEBO3MOJKHO M3-3a «3axieobBanms» (1,5-2,0 m/c).

1.3. TapeabuaTble razonpoMbiBaTe/iu (0ap0oTaKHbIE, IEHHbIE)
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B ocHoBe  paboThl  TapenbuaThIX ~ Tra30NpOMBIBATENEH  JICHKHUT
B3aMMOJICUCTBHE Ta30B C KUJKOCTHIO Ha Tapesikax pa3MYHOW KOHCTPYKIUHU,
IpUYEeM XapakTep B3aUMOJCHCTBUS B 3HAYUTEIBHOM CTENEHU OMpenemnsercs
CKOPOCTBIO Tra30BoOro notoka. [Ipu Maneix ckopoctsx (mpuOau3uTensHo 10 1 m/c)
ra3pl MPOHUKAIOT 4Yepe3 CJON JKUJIKOCTH B BHUIE My3bIped — MPOUCXOAUT
oapoomasc. DPGHEKTUBHOCTh THUICYJABIMBAHUS B O3TOM Cllydae JIOCTaTOYHA
BEJIMKA JIMIIb ISl 4acTUll KpynHee 5 MkM. BcenenctBre 3Toro, a Takyke BCIIEICTBUE
HEBBICOKON MPOU3BOJUTEIBHOCTH MO Ta3dy OapOOTakHbIE MBUICYJIOBUTEIN B
HACTOSAIIEE BPEMSB MPOMBIIIICHHOCTH MPAKTHYECKU HE TPUMEHSIOTCS.

C pocTOM CKOpPOCTH Ta30B B3aUMOJICHCTBUE Ta30BOTO U KUIKOCTHOTO
MOTOKOB TMpOTEKaeT Ooyiee MHTEHCHUBHOHM COIMPOBOXKAACTCA 00pa3oBaHHEM
BBICOKOTYpOYJIM30BaHHOW TEHBI, B KOTOPOH MPOUCXOTUT HENpPEPHIBHOE
paspylieHue, ciausHue W o0pa3oBaHHME HOBBIX  MY3BIpHKOB. [lo3aTomy
ra3onpoMbIBaTeIM JAHHOTO THUIIA YacTO HA3bIBAIOT neHHuiMu annapamamu. C
U3MEHEHUEM XapaKTepa KOHTaKTa ra3oB U JKUJIKOCTH YHCTO OapOOTa)KHBIN
MEXaHMU3M YJaBIMBaHUS 4YacTUIl MbUIM MEPEXOAUT B 0oJjiee WHTECHCUBHBIN
TypOYJEHTHO-UHEPLUMOHHBIA ~ MEXaHu3M, Ojarogaps KOTOPOMY  BO3MOYKHO
3¢ (eKTUBHOE yIaBIMBaHUE YACTHIL ITbUIN pa3MepaMu 0ojiee 2 MKM.

CymiecTByeT 1eNnblii  psii  KOHCTPYKUMH — TapenbuaThlX  (TIEHHBIX)
ra3onpoMbIBaTele, HO HaubOOJee pacHpoCTpaHEHbl IIEHHbIE amnmapaTbl ¢
POBaJIbHBIMU TapeIKaMU U TICHHBIE aliapaThl C MePETNBHBIMU TapeIKaMHu.

B anmaparte ¢ npoBajbHbIMM Tapejakamu (puc. 1.4) npumeHstoTcs ABa
BUJIa TapesioK: JAblpuarble W weneBble (puc. 1.5). MHorma mieneBble Tapenaku
U3TOTABIIMBAIOTCA CBAapHBIMU W3 TPYOOK WM TuiacTuH. OnTHManpHas ¢ TOYKHU
3pEHUs] THIPABIMYECKOTO COMPOTHUBICHUS Tapeiika TOJDKHA UMETh TOJIIHUHY 4—
6 MmM. OOBIYHO JAMAaMETpP OTBEPCTUH TEHHOTO MbUICYJIOBHTENs Oy cocTaBisieT 4—
8 MmM; mmpuHa mean b =45 MM, a 1011 CBOOOJHOIO CeueHus Sy KOJICOJIETCSB
npenenax 0,2-0,25 m?/M2,

T

AnnkocThs

l LiEnam

Puc. 1.4. [leHHbIil MBUICYTOBUTENH C POBAILHOM Tapenkoii:1 — kopmyc; 2
— OPOCHUTENIBHOE YCTPONCTBO; 3 — Tapeka
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Puc. 1.5. KoHCTpyKIIMK IpOBajIbHBIX TapeNIOK:a) MIejeBas; 0) AbIpuaTast
['uapaBnuyeckoe CONMPOTUBIEHUE 30HBI KOHTAKTA, T. €. TAPEIKU CO CIOEM

IICHBI, OHpeﬂeHﬂeTC;I BBIPpA)KCHHUCM
_ 2Py

Ap = A4 25 + ‘ﬂpﬁ,(l.Z)

rae A, — napameTp, 3aBUCAIIMIA OT (OPMBI OTBEPCTUIl TapesKH U PEKUMa
B3aUMOJICHCTBHS Ta30B U KUIKOCTU Ha Tapeike (MEHHBIH MM BOJIHOBOI); ps —
IuapaBIMICCKOC COIIPOTHUBIICHUC, 06YCHOBHCHHOC CUJIaMH ITIOBCPXHOCTHOI'O
HATsKCHUA KUAKOCTHU.

3Ha4YeHU mapamcecTpa AT HJIL PA3/IMYHBIX THUIIOB TApCJIOK M PCKHMOB HX
paboTHI ONpenensioTcs mo GpopMysaam, MpuBeaeHHbIM B [9]. TIo maHHBIM TOTrO *kKe
HNCTOYHHKA, BCIIMYHUHA DpS

— JJISL IIEJIEBBIX TapeIOK
2o

b, (1.3)
rae s — KO3 PUIUEHT MOBEPXHOCTHOTO HATSXKEHUS KUJKOCTH;
— TSI IBIpYAThIX —

43
e = 1,3, +0,084; . (1.4)

VY aenpbHOE OpOIlIeHHE B MEHHBIX armapaTax OObIYHO MPUHUMAIOT PaBHBIM
0,4-05n/M3. B 5TOM ciydae mepexoj] OT IIEHHOTO peXHMa K BOJHOBOMY
HaOmroaeTcss MpuVrp = 2,02,3 M/c.  OnNTUManbHBIM Ul YJIAaBIUBAaHUS IbUIH
CUHMTACTCSI ICHHBIA PEKUM B3aUMOJICHCTBUS Ta30B U KUIKOCTH Ha TapeyKe.

JluamMeTp MOKpOTO TMBUICYJIOBUTENSI C TMPOBAIBHBIMH TapeKaMu I10
KOHCTPYKTUBHBIM COOOpaXKEHHUSM, CBSI3aHHBIM C pacOpe/iesiIeHUeM Ta3oB, HeE
JIOJDKEH TpeBbIaTh 2,5 M. B ciydae OOJBIIOrO KOJIMYECTBAa OUYHUINAEMbBIX Ta30B
HEO0OXOJIMMO YCTaHABJIMBATh HECKOJILKO MapalIeNIbHBIX allapaToB.

BricoTa cnost mensl Ha Tapeske H; MoeT ObITh onpeiesieHa o Gpopmye:
KA
o (1.5)
rie ho — BeICOTa HCXOIHOTO CIIOS JKUAKOCTH HA Tapeike, M;

H_ =435.107
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Puc. 1.6. [leHHbIl TBUICYJIOBUTENB C MEPEIUBHON Tapenkoi:1l — kopmyc; 2
— Tapelika; 3 — MpueMHasi Kopooka;4 — mopor; S — ciuBHas KOpoOKa

= —2?1":: (-‘f _Cn)

0Fu& , (1.6)

rae Co — KOO(PPUITMEHT TUIPABINYECKOTO COMPOTUBIICHUSI CYXOH TapenKu;
Co = 1,61,7 nnst 0OBIYHO IPUMEHSAEMBIXB IEHHBIX aNaparax Tapesiok.

B meHHBIX NMbLIEYJIOBHTESIX ¢ NMepPeJIHBHBLIMH Tapejakamu (puc. 1.6)
OOBIYHO YCTaHABIWBAIOT TOJILKO JBIPYATHIC TAPEIIKH C TUAMETPOM OTBEPCTHHA 3—
8 MM H co cBoOoHBIM ceuenueM 0,15-0,25 m%/Mm2.

CKOpOCTh Ta30B B CBOOOJHOM CEUCHUW HAXOAWTCS B WHTEpBaie 1—3 M/c.
MaxkcuManpHBIE  pa3Mep TIONMEPEYHOTO CEUCHHUsS ammapara  OMIpeesseTcs
BO3MOKHOCTBIO PAaBHOMEPHOTO paclpe/eieHus] Ta30B Mepes] TapelKol U OObIYHO
cocTaBnsger 5-8 M%. Pacxoj MIKOCTH Ha OpOIIEHHE ammapara cocTasiser 0,2—
0,3 /M. BpIcoTa IIEHBI IIPU yKA3aHHBIX IIapaMETPax MOTOKOB Ia3a M JKHIKOCTH
o0bryHO paBHa 80—-100 mm. ['mapaBiuueckoe COMPOTUBICHUE TAPETKU CO CIOEM
nensl cocrapisiet p = 3001000 ITa.

B mennHpix anmaparax MOHO BBIJIEIHUTH CIEIYIONIUE CTaAUH TMpolecca
yIJIaBJIMBAHUS TIBUIA:— WHEPITMOHHOE OCAKJICHWE YACTHI[ MBUIA B MOAPEIICTOTHOM
IPOCTPAHCTBE;— YJIaBIMBaHUE YACTHII IPH BXOJE ra30BOT0 MOTOKA B CIIOM MEHBI HA
Tapenke («MexXaHu3M yJapa»);— WHEPLUUOHHO-TYpPOYJIEHTHOE OCAXKICHHE YaCTHII
Ha MOBEPXHOCTH pazzena (a3 ra3—KuIKoCThb B MEHE.

D} dekTHBHOCTh TEPBON CTAIWM 3HAYMTENbHA JIUIIL TPH YyJIABIWBAHUH
KpyIHbIX yacTull kUi (6osiee 10 MxkM). Pe3ynbTaTUBHOCTh «MEXaHU3Ma yaapa
IpU BXOJI€ Ta30BOT0 MOTOKA B >KMJIKOCTh Ha Tapejke ropasno Bbiule. /lokazaHo,
YTO JTOT MEXaHM3M SIBJISIETCS MpeoOsiagaromuM Tpu  paboTe  TMEHHBIX
neuieynoBuTened. DPGEKTUBHOCTh TPEThEW CTaJAMH TEM BHINIE, YeM OOJIbIIe
BBICOTA CJIOS TEHBl Ha Tapenke H, w uyeM Oosblie BeIWMYMHA YACIBHOU
MMOBEPXHOCTU KOHTaKTa (ha3 ra3—KUIKOCTb.

AHanornyHbIe MEXaHU3MbI YJIaBIMBAHUS MBUTA HAOIIOIAIOTCS W B TIEHHBIX
ra3onpoMbIBaTENSAX C MOJBIKHBIM ciioeM Hacanku. [llapoBasi Hacamka B TaKHX
anmaparax CHOCOOCTBYET HEKOTOPON MHTEHCU(UKALMK TPEThEH CTaauu —
OCQXJICHUS YaCTHI] MBLJIN B CJIOC TICHBI.
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1.4. 'a3onpomMbIBaTe/ M ¢ MOABUAKHON HACATKOI

AmnmapaTel C TNOABW)XHBIM CJIOEM HACAJKH IOSBHIIMCH OTHOCHUTEIIBHO
HEJAaBHO, HO YK€ IOJYYWIH JOCTaTOYHO INMPOKOE pPacCIpOCTpaHEHUE B
NbUICYJIABIMBaHUM. B KkauecTBe Hacagku B TakKuX ammaparax 4Yaunle BCEro
VICITOJIB3YFOTCS TIOJIBIE M CIUIOIIHBIE IIApbl M3 MOJHMMEPHBIX MAaTE€pHaJIOB, CTEKIA
WIM TIOPUCTOM pe3uHbl. Hacankold MOTyT CIIy>)KMTh M JApPYTHE Tejla, Haupumep
KoJblia, ceuia U T. 1. s obecrieueHUs: CBOOOAHOIO MEPEMEILECHUsI HACaIKU B
ra30’KAJIKOCTHOM CMECH IUIOTHOCTh IIAPOB HE JOJDKHA IPEBBIIATH IUIOTHOCTH
KUIKOCTH (1 x)-

CxeMa ra3zonpoMbIBaTeNs ¢ UMIUHAPUYECKUM CIIOEM MOJBUKHON HACAJIKH
npuBeaeHa Ha puc. 1.7.

Kononna ¢ moOABWXKHOM Hacaakod MOXKeT paboTaTh MPUPAZTUYHBIX
peXUMax, HO ONTUMAJbHBIA PEXHUM ISl MbUICYJABIUBAHUS — PEXHUM IOJHOIO
(pazButoro) mnceBAOOXKMWKeHUs. CKOpOCTb Ta30B  Vpy, COOTBETCTBYIOILAsS

HavyaJaypeXumMa IOJIHOTO MICEBI00XKIDKEHUS, onpeaeseTcs [ 1] mopopmyre
2

0,25
m _ g exp|-12 5[%{]
—_— = o p — . LU
ety
, (1.7)

rae Oy, — JuaMerp IapoBO HAcaiKu, M; So — JOJS CBOOOIHOTO CEYCHHUS
OIOPHOI pemerk, M%/M%, B — kod(QduuueHt (Ip¥ MIMPHHE INEIH B ONOPHOM
Tapenke b =2 mm B =2,8 - 10% npu b >2 mm B =4,6 - 103).

[IpenenpHO nomycTUMasi CKOPOCTh Ta30B Vi;, OTHECEHHAs K IOJHOMY
CEUEHHUIO ammapara, HE 3aBHCUT OT IIHPUHBI WIEIM W PACCUUTHIBAECTCS IIO
IMIUPUYECKON popmyIe

voo= 2 9ght| Ex

)
fnd : a [ J
e, . (1.8)

[Tpy mbUICYaBIUBAHUU PEKOMEHAYETCS MPUHUMATh CKOPOCTh Ta30B B
npenenax 10 5-6 m/c, a yaensHoe opomenue — B npegenax 0,5-0,7 n/m3. Jons
CBOOOIHOrO CEYEHUs OMOPHOM TapeNnku So NMpuHHMMaeTcs paBHoU 0,4 M%/M? mpu
mpuHe 1ienel 4—6 mm. IIpu ouncTke ra3oB, coaep KaliiX CMOJHUCTBHIC BEIISCTBA,
a Tak)Ke IbUIb, CKJIOHHYIO K OOpa30BaHUIO OTJIOKCHHM, MPUMEHSIOT IIEJICBBIC
TapesKy ¢ 0ombLIel fnonei ceoboanoro ceuenus (0,5-0,6 M2/m?).

[Tpu BBIOOpE MHaMeTpa mapoB HEOOXOAUMO COOJII0IaTh COOTHOIIIEHUE

—= =10

- , (1.9)

rae D,, — nmameTp anmapara.

OnTUMaabHBIMU C TOYKH 3PCHHS IBUICYJIABIMBAHUS SIBJISSFOTCS IIIAphI
anameTpom 20-40 MM ¢ motHOCTBIO 200-300 KI/M3,

MunuManbpHas cTaTHdeckass BBICOTa ciiosi Hacagku HecocrtaBisger 5-8
JUaMETPOB IIApOB, a MAKCUMAaJIbHAs OMPECIISICTCS U3 COOTHOIICHUS

& =1

Lo (1.10)

TO ecTh Haan = [5+8)dy; (1.11)

A me = Ui, (1.12)
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Bricota cexuum (pacctosHue Mexay TapeikaMu) Heeq ompenensercs us
BBIPKEHUS

H o = e T, (1.13)

rae Huw — AuHamudeckass BbICOTa CJIOS TICEBIOOKUKEHHOM IIapOBOM

HacaKu, M, Hcer[ — BBICOTAa CeHapaHHOHHOﬁ 30HBI, M.
[
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Puc. 1.7. HwinHapuyYeKkuil NbUICYJIOBUTEIBC MOABUKHON IIApPOBOMU
Hacagkon:1 — omopHas Tapenka; 2 — mapoBas Hacajka;3 — OTpakaTelbHas
Tapeska; 4 — OpoCUTEINb; 5 — OPBI3TOYJIOBUTEIb

Bennuuna Hy,, MoxeT B6IE>ITI> orpeiesieHa mno popmyse
v_rJ ’

o/, (1.14)

r1€ Vx — CKOPOCTh KHIKOCTH, TMPHUBEIEHHAs K CBOOOJHOMY CEUYCHHIO
anmapara; BeuuruHa Heen MOXkeT Ob1Th ipuHsTa paBHOU (0,10,2)H .

I'mnpaBauyecKkoe CONPOTUBIIEHUE P, 30HBI KOHTAKTa (OMOPHOM Tapesiku U
MICEBJIO0KUKEHHOTO CJIOS IIAPOBOI HACAJIKHM) PACCUUTHIBAETCS MO YPABHEHUIO

ﬁp} = Ap +hp +hp +ﬁpw’ (1.15)

rA€ pr — TUAPABINYECKOE CONPOTHUBICHUE OMOPHOW TAPEIKH CO CJIOEM
YAEPKUBAEMOU €10 KUAKOCTH, [la; py — TMApaBIMYECKOE COMPOTUBICHUE CIIOA
CyXoH Hacanuku, I1a; py, — ruapaBIndecKoe CONPOTUBIIEHUE CIIOS KHUIKOCTH, [la;
Por — TUJIPABIIMYECKOE COMPOTUBIICHUE OTPAaHUYUTENbHON Tapeiku, [1a.

BenuunHa p; MoxeT ObITH ONpeAesieHa IO HM3BECTHOM Qopmyse s
MPOBaJbHBIX Tapesok (cM. 5.4.3 unu [14]). Beauuuna p; Takxke onpenensercs mno
3TOM PpopMyJie, ECIIM OPOCUTEIb PACTIONOKEH BBILIE OTPAHUYUTEIILHON TapeIIKH.

hpy = pugf o (1-5), (1.16)

TI€ y — IIOPO3HOCTh HEMOJABHKHOTO CJIOSI CyXOM IIapOBOW HAcCalKu
(x=0,4).

Bemnuuna

AP = 1282 v Ho (o)™ (1.17)

Anmapatbl ¢ TOJABUKHON Hacaakoll pabOTarOT MPU CKOPOCTIX raza 5—6
M/c, T. €. B 2—3 pa3a NpeBbIILIAIOIINX CKOPOCTh Fa30B B NMEHHBIX anmnaparax. boiee

&

_ 03 pri6
H_ = 01182 K% (
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BBICOKAsl CKOpPOCTb Ta30B W TypOYIHM3UPYIOLIEE AECUCTBHE MCEBI00KIKEHHBIX
IIapOB MPUBOAUT K 3HAUUTEIILHOMY YBEJIMUEHUIO BBICOTHI CIIOS.

Kpome Toro, mapoBas Hacajka, LUPKYJIHMpylollas B paboyeM oObeme
anmapara, BCJIEICTBUE HENPEPHIBHOTO U3MEHEHUS! PACCTOSHUS MEXAY LIapaMH U
UX COYyJapeHHi, CIocOOCTBYET MHTEHCU(UKALIMY OCAXICHUS YaCTHI] bUIM B CJI0€
neHsl. B urore ammapaTel ¢ MNOABMKHOM HAcaJKol HMEOT Oojee BBICOKYIO
3¢ (HEKTUBHOCTH MO CPABHEHUIOC TIEHHBIMU bUICYJIOBUTEISIMH.

Konnueckue ckpy00epsl ¢ NOABHIKHON HAacaaAKol 00eCcreunBaroOT
CTaOMIBHOCT, PabOTBI B IIMPOKOM JWAINa30HE CKOpocTed ra3zoB. Ux
IIPEUMYIIECTBA 10 CPABHEHUIO C LIMWJIMHIPUYECKUMU — YIIYUILIEHUE PaclpeieeHus
XKHUJKOCTU U YMEHBIIIEHHE OphI3royHoca.

Cy1iecTBYIOT /1Ba KOHCTPYKTUBHBIX BapHaHTa KOHUYECKUX CKpPyOOEpOB C
TIOJIBIDKHOM HacaaKou: ¢popcynounwiii (puc. 1.8, a) u sorcexyuonnwiii (puc. 1.8, 6).

HuakocTs
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Puc. 1.8. Konnueckue ckpy00epbl ¢ NOJBUKHOM IapOBOM Hacaakoil (a —
dbopcyHOUHBIH; 6 — 2KEKUHMOHBINH):1 — Kopmyc; 2 — omopHas Tapenka;, 3 —
opomiaeMbii  cioit 1mapoB; 4 — OpBI3rOyJaBIMBAIOIIMNA CJIOW IIApOB;D —
OrpaHUYMTENIbHAA Tapenka; 6 — GopcyHka; 7 — eMKOCTh C MOCTOSTHHBIM YPOBHEM
KUJKOCTU

B Takux anmapatax peKOMEHAYETCS MPUMEHSTh MOJUATUICHOBBIE MIAPBI
anametpoM 30—40 MM ¢ HacwkimHON TuoTHOCTBIO 110-120 kr/m3. Cratmyeckas
BBICOTA CJIOSl IIApOB COCTaBisieT 00bIYHO 650 MM. CKOpOCTH Ta3oB Ha BXOJE B
cyoi kosiednercs B npenenax oT 6 g0 10 M/c U yMEHbIIIAeTCsl HA BBIXOJIE U3 HETO
1o 1-2 M/c. BeicoTa KOHMYECKON YacTh B 0O0OOMX BapuaHTaxX MpUHATA paBHOU | M.
BuyTpennuii yron packpeiThsi KoHuuecko wyactu (10—60°) 3aBucHUT oOT
MPOU3BOJIUTEIIBHOCTH amnmapara. [ ynaBiauBaHus OpbI3T B IUIUHIPUYECKON
YaCcTH almnaparoB pasMEIIACTCs HEOPOLIAEMBbIM CJIOW ILIAPOB BBICOTOM OKOJIO
150 mm.

B gopcyHounsIil ckpy066ep oporiaromas KuAKOCTh T01aeTCs B KOJTUYECTBE
4-6 /M razos. [Ipy 3»KEKIMOHHOM BapUaHTE OPOLICHHE MIAPOB OCYIIECTBISAETCS
KUJKOCTBIO, KOTOpasi BCACHIBAETCSI M3 E€MKOCTH IOCTOSIHHOTO YPOBHS Ta3aMmu,
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MOIICXKAIMMH OYMCTKe. Bennunna 3a30pa Mex Iy HUKHUM OCHOBAaHHUEM KOHYyCa U
YPOBHEM >KUJKOCTH 3aBUCHUT OT MPOU3BOAUTEIHHOCTH armapaTa.

['mapoauHamugeckoe COTIPOTHUBIICHHUE (dopCyHOIHOTO ammapara
coctaBigeT 900-1400 ITa, a »xxexmonnoro — 800-1400 ITa.

B mHacTosmiee BpeMsi B MPOMBIIUICHHOCTH TPUMEHSIOTCS KOHHYECKHE
CKpyOOephI ¢ MOABMKHON HACaIKOW MPOM3BOAUTEIHHOCTHIO TI0 Tazam oT 3000 mo
40 000 m*/u.

1.5. 'azonpombIBaTE N YIAPHO-HHEPUHOHHOIO e CTBUS

B »Tux ammaparax KOHTakKT ra3oB C KHIKOCTHIO OCYIIECTBIISICTCS 3a CUET
yJIapa ra3oBOro MOTOKa O TTOBEPXHOCTHKHUIKOCTH C TMOCIEAYIOIUM MPOITyCKaHUEM
oOpa3oBaBIIIelicsl Ta30KUIKOCTHOH B3BECH UYepe3 OTBEPCTUS  PA3THIHON
KOH(HUTypali WM C HEMOCPEACTBEHHBIM OTBOJOMIa30KUIKOCTHOM B3BECH B
cenaparop Jkuakou (a3el.B pe3ynbrare Takoro B3aMMOICHCTBUS O0O0pa3yrOTCs
karauamerpom 300-400 mMm.

OCOOEHHOCTBIO ~ ammapaToB YJApHOTO JCUCTBUSL  SABJISETCS  TOJIHOE
OTCYTCTBHUE CPEJCTB TIEpPEMEIEHUs JKUJIKOCTH, M TI0O9TOMY BCA DHEprus,
HeoOXoauMasi JJisi CO3JIaHUsl TMOBEPXHOCTH KOHTAKTa, IMOJBOAMUTCS C Ta30BbIM
MOTOKOM. B CBsI31 € 3THM ra30mpoOMbIBATENHN YIAPHOTO ACHCTBUSUHOTIa Ha3bIBAIOT
anmapaTamy ¢ BHyTpEHHEH UPKYJIAIUEH )KUKOCTH.

CaMbIMU  pacTIPOCTPAHEHHBIMU ammapataMd JTOW TPYMIbl SBISIOTCS
ra3onpoMBIBATEIIb C LICHTPATILHOU TPyOOii, Ckpy0Oep Jlois u pOTOKIIOH.

Hawnbosee mpocTeIM MO KOHCTPYKIIMH SIBISIETCS  2A30MPOMbIBAMENb C
yenmpanoHou mpyoou (puc. 1.9), mnpeacrtaBasionmii coO0i BEPTUKAIbHBIN
amnmapar, B HIDKHEH 9acTH KOTOPOTO HaXOAMUTCS CJIOH JKHIKOCTH.
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Puc. 1.9. ['azonpombIBaTENbC IIEHTPATIBLHOM OMYCKHON TpyOoOii:1 — BxomHOM
naTpyOoK; 2 — pe3epByap € KUAKOCTHIO; 3 — COTLIO

3anbUICHHBIM Ta3 BXOJIUT MO IEHTPaIbHON TpyOe, ¢ OOJIBIION CKOPOCTHIO
yaapseTcsi O MOBEPXHOCTh KUIKOCTHM M, MoBopauuBas Ha 180°, ynmansercda u3
anmapara. YacTuilpl bUIM MPU yAape MPOHUKAIOT B KUIAKOCTh U B BUJIE IIama
MEePUOANYECKH UIIU HETIPEPHIBHO OTBOASTCS U3 arapara.

[TonoOHYIO KOHCTPYKIHIO HMeeT U ckpyboep [loina (puc. 1.10). Ha
BBIXOJIE U3 IIEHTPaJIbHON TPyObl YCTAHOBJICH KOHYC C BEpIIMHON HaBCTpEdy
noToky raza. C MmoMoIbl0 KOHyca CKOPOCTh MOTOKA Ta3a B IIEJIU HA BBIXOJE U3
TpyOBI mocturaetr 35-55 m/c. ['a3 ymapsieTcsi 0 MOBEpXHOCTh JKUJIKOCTH, CO3/aBast
3aBeCy M3 Kamenb. [ WApaBIMYEeCKOE CONPOTHUBJICHUE Ta30MpPOMBIBATENS
cocrassier ot 500 10 4000 ITa, a yaensHbIi pacxon xuakoctd — 10 0,13 n/m3,
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FansLreHHLI

O MILeHHBIF

Linam
Puc. 1.10. Cxpy66ep Jloins:1 — tpyOa; 2 — KoHYC; 3 — meperopoaka
["a3onpomeiBaTelb ATOW K€ Tpymmbl — pomokion (puc.1.11) — umeer

IIeJIeBbIC KaHAJIbI, YAaCTHYHO MOTPYKEHHBIEC B )KUIKOCTbD, Yepe3 KOTOPHIC MPOXOIUT

3aIlbUICHHBIA Ta3, OTTECHSS KHUIKOCTh K HWKHEHW cTeHKe. B BHUIe BOMSHBIX CTpYyH

KHUJKOCTh yaamnsieTcss u3 mienu. CKopocTh MOTOKa raza B meiu — 10 15 m/c. [pu

WHTCHCUBHOM KOHTAaKTE€ Ta3a C JKUIKOCTHIO YACTHUIIBl THUTH TPOHUKAIOT B

KUJKOCTh U BBIBOAATCS U3 anmnapara. OUuIIeHHBINA ra3 BEIXOIUT CBEPXY.

I

L

Puc. 1.11. Porokmon:1 — Oymkep ¢ Bomoi; 2 — wummmemrep; 3, 7 —
oTpakarein;4 — BXOJHOHN maTpyOoK; 5 —BBIXOHOM MaTpyOoK; 6 — BEHTHIISATOP

BaxHoe 3HaueHHe 11 HOPMAJIbHOM JKCIUTyaTaldW TIa30IpPOMBIBATEIEH
ATOTO KJlacca UMEET MOJIepKaHuE MOCTOSIHHOTO YPOBHS >KMAKOCTH B arlapare.
Jaxxe HE3HAUNTEIIbHOE U3MEHEHUE YPOBHS )KUAKOCTH MOYKET IPUBECTH K PE3KOMY
CHIKEHUIO 3(P(HEKTUBHOCTH WM 3HAYUTEILHOMY YBEIMYCHHUIO TUIPABIMYECKOTO
CONPOTHUBJICHUS.

OtcyTcTBHE MENIKUX OTBEpCTHH ((OPCYHOK) JUIsl pa3fadyd >KUJIKOCTH H
MEXaHUYECKUX BPAILAIOMIMXCA YacTed MO3BOJseT padoTaTh MpPH 3HAYMTEIbHOU
3aMbUJICHHOCTH Ta30B. YJaleHWe NulaMa U3 OTCTOMHUKA OCYLIECTBISETCA
NEePUOJIMYECKH WJIM  HEOpepblBHO (MHOrJa €  TMOMOUIBIO  CKPEOKOBOTO
TpaHCIopTepa).

[TonnmuTka BOAOM NMPOU3BOAUTCS TOJBKO JJIsi KOMIIEHCAIIMU €€ MOTEPh 3a
CUeT HCHapeHuss U oTBoAa co nuiamMoM. [lo3TOMYy PpOTOKJIOHBI Lienecoo0pa3Ho
YCTAHABJIMBATh JJIsI OYMCTKM XOJIOJHBIX WM MPEABAPUTEIBLHO OXJIAXKICHHBIX
ra3os.

1.6. 'a3onpomMbIBaTe/ I HEHTPOOEKHOTO N CTBUSA

[TpuHIIMTT UCTIOIB30BAHUS IEHTPOOCIKHON CHIIBI JJIS YIIABIMBAHUS YACTHI]
MbUIH, IIAPOKO MCIOIb3YEMbI B IIUKIIOHAX, HAIIE] MPUMEHEHUE U B LIEJIOM PsJIe
MOKpBIX anmnapaTos.
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HawnGosiee mpocThIM ammapaToM 3TOTO THMA SIBISIETCAYUKIOH C BOOSHOU
niaenxou (LIBIT) (puc 1.12), aHanoruyHelii cyxomy LMKJIOHY. B BepxHei uactu
ukiioHa [I[BITqonmoaHUTENPHO TaHTCHIMAIBHO PACIIONIONKEH psl  TPYOOK,ITo
KOTOPBIM TIOCTYIIaeT BOja, CTEKAlomlas IICHKOH IOBHYTPEHHEHW ITOBEPXHOCTH
anmapara. OpollleHHe BHYTPEHHHMX CTEHOK ITUKIJIOHA MPEMSATCTBYET BTOPUYHOMY
YHOCYOCEBIIIMX Ha HHMX YaCTHIl IbUIM. AmNmapar BbIMycKaioT caumameTpom 300—
1000 mm. Pacxon Boabl coctaBiser 0,14-0,43 n/c. MakcumanibHasi JomycKaemas
KOHLIEHTPALMS IbUIM HAa BXOJE B LIUKIJIOH — 2 T/M°,

Puc. 1.12. Huxnon ¢ BoasHou mienkoit (LIBII):a) ocHoBHOE HcHOTHEHME;
0) BapHaHT C TIOBBIIIIECHHONCKOPOCTHIO BO3yXa Ha BX0JI€ B IIUKJIOH

[ToMHMO LMKIIOHOB ¢ MOKPOUW IUIEHKOM M3BECTHBI U IPYTrue€ KOHCTPYKLUU
MOKPBIX HEHTPOOEKHBIX MBUICYIOBUTENEH, KOTOPhIE OOBIYHO HA3BIBAIOT MOJIbIMU
yeHmpoobexcHoiMu ckpyooepamu. IPHEKTUBHOCTh TMHUICYJABIUBAHUS Y OATHUX
anmapaTtoB BBIIIE, YeM Yy OOBIUHBIX CKpyOOEpoB, 3a CUeT YBEIUYCHUS
OTHOCHTENFHOM CKOPOCTH Kameiab U Ta3a, KOTOpO€ JOCTHTaeTcs TMpHu
UCTIONb30BaHUU  LIEHTPOOESKHBIX CHJI ~ BpAIIAIOUIETOCS Ta30BOTO  IMOTOKA.
OcaxneHre 4YacTWll B LIEHTPOOEKHOM CKpyOOepe NpOUCXOIUT 32 CYET
CYMMapHOTO JI€MCTBUSL JIBYX MEXaHU3MOB: LIEHTPOOEKHOIO, NEPEeMEIIAIOLIEero
YaCTULIBI K CTEHKaM anmnapara, ¥ HHEPLUHUOHHOI0, CIOCOOCTBYIOLIETO OCaKICHUIO
YACTHUILl HA KAIUISIX OPOLLIAIOLIEH KUIKOCTH.

[IpumeHnsieMble Ha MPAKTHKE IIEHTPOOEKHBIE CKpyOOEephl KOHCTPYKTHUBHO
MO’KHO pa3JeJIuTh Ha JBa BUJA: allapaTrhl C TAHTCHIMAIBbHBIM MOJIBOJOM I'a30B U
anmapathl, B KOTOPBIX BpallleHWE ra3oBOro MOTOKa OCYLIECTBIISIETCA C MOMOIIBIO
CTHCIIMANFHBIX JIOMACTHBIX 3aKPYYUBAIOIIUX YCTPOMCTB, HAPUMEP LEHTPATbHBIX
PO3ETOK U T. II.
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Puc. 1.13. [MuxnonHo-meHHbIA ammapaT:l — OyHKep; 2 — yIWTKa s
MO/IBOJIa Ta30B;3 — OTBEPCTHEC ISl BXOAA Ta30B B KHUAKOCTh; 4 — KOpIyC;S —
KaIJICyJIOBUTEIb; 6 — BOJOMEpHas TpyOKa

LlenTpoOexkHbie cKpyOOephl opomatoT yepe3 (POPCYHKH, YCTAHOBJICHHbBIE B
HEeHTpaJIbHOM YacTu amnmapara. Han dopcyHkamu B HEHTPOOEKHBIX CKpyOOepax
HAXOJIUTCS CBOOOJHASI OT MOJA4d OPOIICHMs] 30HA, KOTOpas J1aeT BO3MOKHOCTh
KaIuIsiIM JOCTUTHYTh CTEHOK ammapara, NPeK/I€ YeM M3 HEro BBIMJET Ta30BbIA
noTok. JKUAKOCTh, CTeKas M0 CTEHKE anmapara, o0opasyer mieHky. Takum oOpazom
[EHTPOOEKHBIE CUJIIbI TTO3BOJISIOT MOBBICUTH 3((HEKTUBHOCTD MbLICYJIABIUBAHUS U
PE3KO YMEHBIINUTh YHOC KUIKOCTH U3 amapara.

OmnuMm w3 camMbiX  3(OQPEKTUBHBIX  MOKPBIX  NbUICYJOBUTENEH
IEHTPOOCKHOTO JCHCTBUS SIBISICTCSl yukaowHo-nenuwviti annapam (I{ITA). B
HWDKHEH YacTH IMIIMHIPO-KOHHYECKOTO IUKIOHHO-TICHHOTO armapara (puc. 1.13)
HAXOJUTCSl CIIOM JKUJKOCTU. ['a30BBIA MOTOK IMOJAETCS TAHTCHUHUAIBHO YEpE3
OTBEPCTHUS MO MEPUMETPY HUIMHIPUYECKON YaCTH armapara HEMmOCPEACTBEHHO B
CJIOM >XUAKOCTU. B pesynbTaTe B3aUMOACUCTBUS Ta30B C KHUAKOCTHIO 00pa3yeTcs
CJIOM JTMHAMHYECKOW IIE€HBI, COBEPINAIOIINN BpallaTeIbHOE JBUXEHHE. Takue
ra3orpoMbIBaTEIN 4acTo Ha3bIBAIOT 0e3peneTOYHbIMU NIEHHBIMU
MbUICYJIOBUTEIISIMHU.

OntumanbHbeiil  TuApoauHamuueckuid pexum B LIIA coorBeTcTByeT
CKOPOCTHU Ta30B B CBOOOJIHOM CEYECHHH armapara Wy = 5 M/C U BBICOTE CJIOS TICHBI
H,=0,3wm; norepu naenenus Dp 1100 ITa. B IHITA npakTH4ecKkd MOITHOCTHIO
YJIaBIMBAIOTCA 4YacTUlbl KpynHee 10 MKM M JOCTaTOYHO XOPOIIO — YaCTHUIBI
KpymnHee 4—5 MKM.

[{ukIOHHO-TICHHBIE ammapaThl, MOJOOHO Ta30NPOMBIBATENSAM YIApHO-
MHEPIIMOHHOTO JEWUCTBUS, OTHOCATCS K amnmaparaMm ¢ BHYTPEHHEW UUPKYJISIUEH
JKUJKOCTH  (JIOTIOJTHUTENBHBIA  TMOJBOJ  KUJIKOCTH  HEOOXOJUM  TOJBKO
JUITKOMIICHCAIIUM €€ TIOTePh Ha UCTIaPEHUE U CO IIIAMOM).

K nemocrarkam IIIIA cienyer oTHECTH HaIW4ME JOCTATOYHO CJIOKHBIX
YCTPOMCTB ISl TIOJIBOJA Ta3a, 00eCrneYnBaOMUX 00pa30BaHUE MEHHOTO CIIOS, U
HU3KYI0 3((HEKTUBHOCTH MPH YIIABIMBAHUYU YACTHII ITBUTH MeJibue 4—5 MKM.

Mexann4yeckue ra3onpoMbIBaTeH. XapakTepHOHOCOOCHHOCTHIO
MEXaHUYECKUX Ta30IPOMbBIBATENEH SBIISAETCS HATUYME BPALIAIOIIETOCs YCTPOMCTBA
(poTtopa, JHMCKa WT.I.), KOTOpoe oOecneyuBaeT  pa3OpbI3THBAHUE W
NepeMEIINBaHUE KUJKOCTH WIIH BPAIIEHUE Ta30BOI0 MOTOKA.
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B 3aBucumoctu 0T cmoco0a MmojaBOAa MEXaHWYECKOW SHEPruu amnmnapatsl
ATOTO THUIA MOAPA3AEIAIOTCS Ha IBE TPYIIIbI:

— MEXaHUYECKUE CKPyOOephl — ra30mpOMbIBATEIN, B KOTOPBIX OYHUIIIAeMbIe
ra3pl TMPUBOJATCA B CONPUKOCHOBEHHE C IKUIKOCTHIO, pPa3OpbI3TUBacMOil ¢
MOMOIIBIO BpAIIAIOIIErocsl Teja (Baja ¢ JOMACTIMH, TUCKa, 1ephOopUpOBaHHOTO
Oapabana u T. I1.);

— JuHamuueckue rasomnpombiBatenud (JI)— ammapaTel, B KOTOpBIX
MOJIBOJIMMAsI MEXAHUYECKUM YCTPOMCTBOM SHEPIUsl UCHOJb3YETCs ISl BpallEHUs
ra3oBOI0 NOTOKA.

JAI'  oTiHMyarTCsl OT CyXHX pPOTAUMOHHBIX IbUICYJIOBHUTENEH (CM.
puc. 10.3.3.11) ToapKO NMOABOJOM Ha BXOJI€ B allapaT OpPOIIAIOLIEH >KHIKOCTH,
KOTOpasi ciocoOCTBYET pocTy UX 3PHEKTUBHOCTH.

Henocratok — 3HAaYWTENBbHBIM JONOJHUTENIBHBIM PACcXoJ HHEPIUM HA
BpallleHue pa30pbI3ruBaroIMX ycTpoilcTB. He Bcs sHeprust BpalleHus sBIsETCA
II0JIE3HOM: OOJIbIIIAst YaCTh €€ TEePSETCs B IPUBOJHBIX YCTPOICTBAX U pacXoayercs
Ha TPEHUE JIBUKYILUXCS YacTeil.

1.7. CkopocTHble ra3onpoMbIBaTeau(ckpy0oepsl Bentypu)

CKOpOCTHBIE Ta30MPOMBIBATENN — 3TO 3(PPEKTUBHBIE BHICOKOHAIIOPHBIE
MOKpbIE MBUICYJIOBUTENIN KaleJbHOTO JAeHcTBUs. X mnNpuMEHsI0T Ti1aBHBIM
o0pa3oM JyIsi OYMCTKH Ta30B OT MUKPOHHOW M CyOMUKpOHHOHM mbLaM. [IpuHimn
JEUCTBUS ATUX aNmnapaToB OCHOBAH HA WHTEHCUBHOM JPOOJIEHUHM OpPOIIAOIIEH
KUJKOCTHU 3aIbUICHHBIM T'a30BbIM [MOTOKOM, JBHXKYIIMMCS C OOJBIIONH CKOPOCTBHIO
(ot 60 10 150 M/c). OcaxaeHnto YacTUIl bUIM Ha KaIlIIX OpPOIIAIONIeH KUIKOCTH
CIIOCOOCTBYIOT TYpOYJIEHTHOCTh Ta30BOT0 MOTOKA M BBICOKHE OTHOCHTEIbHBIE
CKOPOCTH YJIaBJIMBAEMbBIX YACTHI] ITBUIH U Kamelb.

K CKOpOCTHBIM Tra3onpoMBIBaTENSIM OTHOCATCA:— CKpyOOepsl BeHTypu;—
nuadparMeHHbie  (IpocceNbHbIE) CKPYOOephl;— CKpyOOephl C  TMOABUKHBIM
JTIMCKOBBIM IIHOEPOM.

KoHCTpyKIIMK MX T€OMETPUYECKH pa3iIMyYHbl, HO BCE OHU MUMEIOT TPYOBbI-
pacnsutuTenu (puc. 1.14), rae 3arpsi3HEHHBIN MOTOK ra3a ABUKETCS CO CKOPOCTHIO
no 150 m/c, pacopuisis OpU  3TOM TOTOK KHAKOCTH. TpyOa-pacnbuinreib
00s13aT€IbHO MMEET CY)KEHME, KyJa MOJalT XHUJIKOCTh U TAe OHa Haubosee
MHTEHCUBHO PACHBUISETCAN B3aUMOJIEUCTBYET C IOTOKOM ra3a.

ol o '
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Puc. 1.14. Cxembl CKOpPOCTHBIX Tra3ompoMbiBatencii:a) Benrypu; 6)
nuadparMeHHbI;8) ¢ TTOJABMKHBIM TUCKOBBIM IITHOEPOM

[Ipu ynaBnuBaHWM 4YacTUIl MOPsSAKAa | MKM pemiaroniee 3HAaYeHUE HMEIOT
WHEpIMOHHbIE Cuibl. [lpu ocaxnenuu wactui pasmepom Menee 0,1 MM
CYIIIECTBEHHOE 3HAYC€HHE MpuoOpeTaroT cuiibl auddy3uonHbie. Bece ckopocTHbie
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ra3onpoMBIBATEIN XapaKTEPU3YIOTCS BBICOKOM CTENEHBIO OYUCTKH, OOJBUIMMHU
TUJIPaBIMYECKUMU OTEPSIMU U HEOOXOIMMOCTBIO YCTAHOBKH KaIUICyJIOBUTEISL.

CaMbIM pacrpoCTpaHEHHBIM allapaToM 3TOrO Kiacca SIBISIETCS cKpyObep
Benmypu — Haubonee >QQEKTUBHBI U3 NPUMEHSEMBIX B IPOMBILIIEHHOCTH
MOKpBIX ~ IbUICYJIOBUTENEH. B  CBA3M ¢ HENpepplBHO  BO3pacTarOIIMMHU
TpeOOBaHUSAMU K TIyOMHE OYHMCTKH IBUIETA30BbIX BBIOPOCOB MPOMBILIUIEHHBIX
npeanpusITuii ckpyoOepsl BeHTypu MHOCTENEHHO CTAHOBATCS JAOMUHHUPYIOLIUM
BUJIOM MOKPBIX IbLICYJIOBUTEIIEH.

OcHoBHass 4YacTb CcKpyOOepa BeHTypu B ILEeNsSIX CHWXKEHUS BPEIHBIX
THJIPABIIMYECKUX TOTEPh BBINONHSAETCS B BuAe TpyOsl Bentrypu (puc. 1.15),
UMEIOIIeH TUTAaBHOE CY)KeHHWe Ha Bxoae Ta3oB 1 (koH]y30p) W TUIaBHOE
pacmpenue 3 Ha Bbixoje (auddy3op). Y3kas yacts Tpyosl Bentypu 2 momyuunia
Ha3BaHUE TOPJIOBHUHBI.

I 2 3
s . o A
L/ T\ “
B e . > 1 _
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Puc. 1.15. Kondurypanusa tpyost Bentypu:1 — kondyzop; 2 — ropioBuHa;
3 — nuddysop

OnTuManpHas MO a’pOJUHAMUYECKUM YCJIOBHUSIM JIBIXKEHUS raza TpyoOa
Bentypu umeer mnuny ropnoBunbl | =0,15d;, rme muamerp ropioBuHBI O
paccuuThIBaeTCs Ha CKOpocTh raza V.= 60150 m/c; yronm cyxkeHus KoH(}y3opa
2a, = 2528° u yron packpbeitust guddysopa 2a, = 67°. MakcumalibHbIe JUAMETPHI
koH(py30pa Dy u muddyzopa D, paccuuThIBalOTCSA MO 3aJaHHOMY PacXxojy Trasza
npu ero ckopoctu 15—-20 m/c. Jnmuabl koHBY30pa 1 nuddy3opa onpeaensoTcs U3
TC€OMETPUUIECKOTO TTOCTPOCHUS TPYOBI:

EK — DK - T
2igen: 5 (1.18)
L
Zgay, (1.19)

[Tonepeunoe cedyeHue TOPJIOBUHBI MOXKET OBITH HE TOJBKO KPYTJIbIM, HO U
HIEJIEBBIM WJIM KOJIBLIEBBIM. TpyObl €O WIENEBOM TOPJIOBUHON HMEIOT HIMPUHY
ceuenus 100-150 mm. Jlnuna mienu ompeaenseTcs pacxoaom rasza. TpyObl co
IIEJIEBBIM M KOJIBIIEBBIM CEYEHMEM TOPJIOBUHBI HCIOJIB3YIOTCS TOTNa, KOrja B
mpoliecce MbUICOYMCTKA M3MEHSIeTCS pacxoj 3ambuieHHoro rasa. Ilogaepskanue
ONpENENICHHOW CKOPOCTH ra3a B TOPJOBHHE MPU M3MEHEHMHM €ro pacxoja
JIOCTUTaeTCd 3a CYET M3MEHEHMs IUIONIAId CEYEHHUsS TOPJIOBUHBI. B TopioBuHe
IIEJIEBOTO CEYEHUsT ATO OCYLIECTBISETCS MOBOPOTHBIMH 3aclOHKaMH, a B
KOJIBLIEBOM — 3a CUET MEePEMEIIECHHUS BJIOJIb OCH TPYOBI PETYIUPYIOLIETO KOHYCA.
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XKuakocts B TpyObl BenTypu uaimie Bcero momaetcst depe3 (QOpPCYHKH,
yCTaHaBIIMBaeMbIe B KOH(Y30pe ¢ 0CeBBIM HampaBlieHUEM (akena pacmblia. Yucmo
(GOpPCYHOK OMpeAesseTcss pacXoAoM JKHUIKOCTH, TOJaBaeMOil Ha opoiieHue. B
TpyO€ C KpYTIbIM CEUCHHEM TOPJIOBHHBI PABHOMEPHOE PACIPEEIICHUE KUIKOCTH,
mojaBaeMoil uepe3 oaHy (opcyHKy, obecmeunBaercs ymiib npu d. < 300 mm.
Kpome 1nenTpansHoro QopcyHoynoro opomrenus (puc. 1.16, a), MoXeT ObITH
nepudepuitnoe (puc. 1.16, 6), mIeHoYHOE C MOAaUYeH KUJIKOCTH B BUJIC IVICHKH B
IeHTpaIbHYI0 30HY (puc. 1.16, 6) nu 6ecopcyHOUHOE ¢ TIOABOIOM >KUIKOCTH 32
CUeT PHEPIHH ra3oBoro motoka (puc. 1.16, 2).
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5 & - Pmec. 1.16. CmoocoOpl  1omaum
KUAKOCTH B TpyOy Bentypu:a) ueHTpanbHblii ((DOPCYHOUHBINM) MOABOJ
KHUIKOCTH;0)  TepudepuilHOE  OpOIICHWE; §) IUIGHOYHOE  OpOIICHUE;)
0echopCcyHOUHOE OPOIICHHE

becopcyHouHoe opoleHue MNPEANOYTUTEIBHO MPU  HCIOJIB30BAHUU
CHJIBHO3arpsA3HEHHON 000POTHOM KUJIKOCTH. BO3MOXKHO COBMECTHOE IIIEHOYHOE U
¢dopcynouHoe opouieHue. OpHAKO CleayeT OTMETUTh, 4YTO (HOPCYHOUHOE
opolieHue obecrieynBaeT 0ojiee TOHKOE AMCIIEPIUpOBaHME Kamelb U OoJee
BBICOKYIO CTEIICHb MbUICYJIABIMBAHUS 10 CPABHEHUIO C MJIEHOUHBIM.

Tunopasmepsl TpyObl BenTypu obecrneunBarOT MPOU3BOJUTENBHOCTh I10
rasy B auanasone 2000-500 000 m%/4.MHoraa npu 60bmuX 06beMaX OUUIIAEMBIX
ra3oB NPUMEHSIOT OaTapeiiHble WM TPYNIOBbIE KOMIIOHOBKH CKpyOOEepoB
Bentypwu.

[To ruapoarHAMUYECKUM XapaKTEepHCTUKaM CKpyOOepsl BeHTypu MOXKHO
YCIOBHO TOAPA3JEINTh Ha BBICOKOHANOPHBIE W HU3KOHamopHble. [lepBbie
MPUMEHSIOTCS JUISI TOHKOW OYMCTKU Ta30B OT MUKPOHHON M CyOMUKPOHHOM MBUTH
U XapaKTEepU3yIOTCs BBICOKMM THAPABIUYECKHM corpotuBieHueM (o 20 000-
30000 ITa); BTOpBIE UCHOJNB3YIOTCS TJABHBIM O0Opa3oM i TOJATOTOBKH
(KOHIMIIMOHUPOBAHMS) Ta30B MEpell APYTUMU MbUICYIABIMBAIOIIMMY annapaTaMu
U U OYUCTKH aCIUPaLlMOHHOIO BO3/AyXa: UX TMAPABINYECKOE COPOTUBIICHUE HE
npessimaet 3000-5000 ITa.

Cxema mblICyJIaBIMBAIONICH YCTAaHOBKH, OCHOBHBIM 3JI€MEHTOM KOTOPOM
aBiseTcsi Ckpyooep BenTypu, npuBenena Ha puc. 1.17. Arperat cocTOUT u3 TpyObl
Bentypr 1 wu #AByX mapauiensHO pa0OTalOMUX MPSIMOTOYHBIX —IMKJIOHOB-
KarjieyJoBuTeNnell 2. 3ambUICHHBIN Ta3 MOCTyMaeT cBepxXy B TpyOy Bentypu, B
KOH(Y30pHYIO (CYXkaIOILIYIOCs) 4YacTh KOTOPOW BBOJUTCS YEPE3 PACIbUIMBAIOLILYIO
MeXaHU4ecKyro (GopcyHkKy 3 opomiaronias *UIAKOCTh (4alie Bcero — Boja). B
rOpJIOBUHE TPYyOBI, TJAE€ CKOPOCTh Ta3za MoxeT mpeBbimarh 100 m/c, U B
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i Gy30pHON  (pacHIMpSAIOMIENCsA) YacTH MPOUCXOJUT JpoOJieHHEe  Karelb
KHJKOCTH, HAa TIOBEPXHOCTH KOTOPBIX OCEHAIOT YacTUIBl mbutd. [lmomans
TIOBEPXHOCTH Karejdb JOCTaTOYHO BEJWKA, YTOOBI YJIOBUTH MPAKTHYECKH BCIO
nbUTb. KpymHBIE Karumm BBIBOASATCS W3 HWXKHEro mryiepa 4 tpyObl Benrtypw, a
MEJIKME C MOTOKOM Ta3a MOCTYMAIOT B IUKIOHBI 2. DTH DJIEMEHTHl yCTAaHOBKH
BBITTONHSFOTCS 10 THITy anmaparoB L[BIT (cm. 1.6), HO B OTJIMYME OT HUX HE UMEIOT
B BEpXHEH 4YacTh (OPCYHOK ISl TMOJA4M YKUIKOCTH, CTEKAIOMIeH MO CTEHKaM B
BUJIC TUICHKHU. JKUIKOCTh C YaCTHUIIaMH TBIIM BBIBOJUTCS Yepe3 HIDKHUE MITYICPBI

5 UUKIIOHOB, a OYHILIEHHBIN ra3 — Yepe3 BEpXHHUE YIUTOUYHbIE Ta300TBOBI 6.
3ankneHHRIH

ras L 3
YHIEHHEIA

OyMieHHBIA

Va

Puc. 1.17. Cxema yCTaHOBKHU NbLIEYJABIMBAHUACO CKpyOOepom BeHtypu
(OsICHEHUSI B TEKCTE)

3arps3HEHHAs KUIKOCTh, BRIXOAMIAs W3 TpyObl BenTypu 1 u UKI0OHOB 2,
cobupaercss B cOopHuKe 7, OTKyaa HacocoMm 8 momaercsa B ¢opcyHky 3. Takas
UUPKYJSIMOHHAST ~ CHCTeMa  TMO3BOJIIET  mojgoOpaTh  pacxXxod  KUIKOCTH,
o0ecreynBaIIni MaKCUMaIbHYIO CTENEHb NbUICyNaBIuBanus. s obecneueHus
HAJeKHOU paboThl (OPCYHKH B COOPHUK [/ HEMPEPBIBHO IMOJACTCS CBEXKas
KUJKOCTh U B TAKOM K€ KOJIMUECTBE BBIBOJIUTCS 3arpsA3HEHHas. Pacxon Kuakoctu
B OCHOBHOM IHUPKYJISIITUOHHOM KOHTYPE OMpeessieTcsl TerioBbiM Oanancom [10]
paboOThl TBUICYJIOBUTENSI W PACCUMTHIBAETCS W3 YCJIOBHUS, UYTO TEMIIepaTypa
BBIXOSIICH BoAbl He aoipkHa mnpeBbimarh 4045 °C. CoxpepkaHwe NbUIA B
00OpOTHOM BOJIE, TapaHTUPYIOIIee HAACKHYI0 padboTy (OPCYHKH, HE JOIKHO
npesbimath 0,5 kr/M®.  DTa  KOHLEHTpalus TIbUIM  SBISETCS  YCIOBHUEM,
OTPENICIIAIONTUM PACX0]l CBEXKEHN BObI, 10JJABAEMOI B COOPHUK.

OcHoBHOE TpeOOBaHHE, NPEABABISIEMOE K CHUCTEME OpOIICHHS —
HAJeKHOCTh €€ paboTbl. IIOCKONBKY B 3TOM CHCTEME LHMPKYJIUPYET BOJAa C
YacTUI[AMHU TbUIM, TO HauOoyiee YSI3BUMBbIM MECTOM IO 3aCOpPSIEMOCTH SIBISIETCS
coruio (opcyHKH, U 0CO00€ BHUMAHUE CIIEAYET YACISITh BEHIOOPY €ro IuaMmeTpa.

I'mppaBanyeckoe conporuBieHue Tpyd Bentypu. Ilpu pacuere
THIPABINYECKOTO COMPOTUBIEHUs TpyO BeHTypu mnonararot, 4Yro 3Heprus
ra3oBOTO IMOTOKAa, BBOJUMOTO B TpyOy, 3aTpaymMBaeTcs Ha MPEOAOJICHUE TPEHUS
raza 0 €e CTEHKM M Ha TPaHCIOPTUPOBAHUE Karelib. B cOOTBETCTBUU € 3TOH

YIIPOLIEHHON CXEMOU
bp = &p, +4p, (1.20)
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rae pr — NMOTEpU JaBJICHHUSA Ta3a B «cyxoi» TpyoOe, Ila; p, — morepu
JIABJICHUS Ia30BOT0 MIOTOKA, 3aTpaynuBacMble Ha pas3roH Karels, [1a.

VYuuthiBass  CIOXKHOCTh KOHQUIypalMH TpyObl U  ONpeEJesICHHBIE
COOTHOIIECHMsI JUIMH U JUaMETPOB €€ JJIEMEHTOB, IOTEPH JABICHUS B «CYyXON»
TpyO€ paccCMaTpUBAIOT KaK MPU IPEOA0IECHUH MECTHOTO COIPOTUBIIEHUS, TO ECTh

Ao = Cp, Yy

: 2z, (1.21)

rae C — cyMMapHbIi K03(pQUIMEHT THAPABINYECKOTO COIPOTUBIICHUS; V. —
CKOPOCTh Ta3a B ropioBuHe, M/c. g TpyO ¢ ONTHUMAaIbHOM a’poJWHAMUKON
C =0,120,15.

XKuakocts, BBOAMMas B TpyOy C HEKOTOPOl HayaJbHOM CKOpPOCTHIO €€
UCTEeUEHUs1 U3 POPCYHKH, pa3roHsAeTcs U Ha BbIXoje u3 nuddysopa npuodOperaer
KOHEYHYI0 CKOpOCTh (Kamenb) Vi. Ecium npeHeOpeub HavagbHOW CKOPOCTBIO
KUJKOCTH U CUMTaTh, YTO HA €€ Pa3rOH 3aTpayuBacCTCs KUHETUYECKas DHEPIUsd

2
G}Hux
N>K = 2 ,T0 BTOpasa COCTABJLAIOIIAA IIOTCPb AABJICHUSA
2 ]
ﬁp _ N}K _ Gmux _ e Ve G}K
y—— = — = ——

o 20 2 G, (1.22)
rae Gy u G, — MaccoBBI€ PacXObl KUIKOCTH U Trasa, Kr/c.
Jlist pacuera CKOPOCTH Vi HAAECXKHBIX peKkoMeHAanuil HeT. JlyOuHckas u
JleOe oKk peKOMEHIYIOT MOJIb30BaThCS 3aBUCUMOCTBIO

o=

oom™(1.23)
G}K
=X
e G .
Torma c¢ yuerom 3aBucumoctert (1.21)—(1.23) Bwipaxkenue (1.20)
npeodpas3yeTcst K BUAY:
2
= (C+0,81m ) 2
bp = (GO ) o




