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IIpakTuyeckast pabora Ne 1

M3YYEHUE HPOUECCA NEPEMEIIEHWSI BEHIECTB
11O TPYBOIIPOBOJAAM IIOA AEUCTBUEM HACOCOB,
PACYHET HEHTPOBEXHOI'O HACOCA

[{empr0 TeMBI SBISETCS PACCMOTPEHME KiIacCH(PUKAIUA W BHIIOB HACOCOB, IO
JOCTOMHCTBAM M HEJOCTATKaM OIPENESIUTh KaKOW M3 HacOCOB MMEET 00Jiee BBICOKYIO
3¢ (HEeKTUBHOCTH MPHU MPOBEJCHUH PACYETOB, pACYET OCHOBHBIX MApaMeTPOB BHIOPaHHO-
ro Hacoca.

JlocTHKeHHE TOCTaBICHHOM €U OCYIIECTBIISIETCS] pELIEHUEM 3a]1a4:

1. I3yuuth 061aCTh IPUMEHEHHUSI HACOCOB.

2. O3HaKOMUTCSI C OCHOBHBIMU ITapaMeTpaMy HaCOCOB.

3. PaccMoTpeTh cxeMy HaCOCHOM yCTaHOBKH.

4. IIpoBecTu CpaBHUTEIbHBIN aHAIN3 HACOCOB PA3IMYHOIO THIIA.

5. [IpoBecTu pacuet camoro 3¢(peKTUBHOTO Hacoca.

OBIIHUE CBEJIEHUA

1. O6mme cBegenns o Hacocax. Kuakoctu B TpyOONIpoOBOJaxX M ammaparax rne-
peMenaroTcs noJ JeHCTBUEM Pa3HOCTH JIaBJICHHI, HAIPUMEp, B HaYaje U B KOHLE TPY-
oorpoBoja. Jlns nepeMeneHus )XUIKOCTH C HU3IIETO YPOBHS Ha BBICIIMM UCIOJIb3YIOT
HACOCBhI, KOTOPBIE COOOIIAIOT KUJIKOCTH MOTEHIUANIBHYIO SHEPTUIO JaBICHUS.

Hacoc — 3T0 ruapaBianueckasl MalluHa, KOTopas Mpeodpa3yeT MEeXaHUUECKYyIo
SHEPTHUIO JIEKTPOJABUTATENS B SHEPTUIO MEPEMEIAEMOM KUIKOCTH.

Hacocel MpuMEHSIOTCS BO BCEX OTPACisIX MPOMBILUIEHHOCTH, B CEIBCKOM M
KOMMYHaJIbHOM XO03sICTBE, Ha TpaHcrnopTe. OHM HaxO4AT PUMEHEHHUE HE TOJIBKO Kak
CaMOCTOSTEJIbHBIE MAIIMHBI WJIM arperarsbl, HO M KaK y3JIbl CJIOKHBIX MaIllMH M yCTaHO-
BOK: CTAaHKOB, SJHEPI€TUYECKUX YCTPOKCTB, TPAHCIIOPTHBIX MAILUH U T. II.

Oco0oe 3HaueHWe HMEeT MPUMEHEHUWE HACOCOB, HACOCHBIX YCTAHOBOK WIIH
HAaCOCHBIX CTaHUMH B CHUCTEMax BOJOCHA0XKEHUS M KaHAIU3ALMH, TJI€ OHU SIBIISAIOTCS
OJIHUM U3 OCHOBHBIX Y3JIOB.

B cucremax BogocHaOeHUA HACOCHl 00ECNEYMBAIOT MOAAa4Yy BOABI MOTpeOUTE-
JSIM: TIPOMBIIIUIEHHBIM TPEINPUATUSAM, TEIIOBBIM 3JIEKTPOCTAHIUAM, JKUJIBIM KBapTa-
JlaM HaCEJICHHBIX MECT.

B cucremax oTomiieHHsS W TOpSIYETO BOJOCHAOKEHHS C MOMOIIbIO HACOCHBIX
YCTAHOBOK OCYUIECTBIISIETCS LHUPKYJISLMS TOPSIY€id BOJBI.

B cucrtemax kaHanM3alMM HAacOCHI 0OECIEYMBAIOT MOJA4y CTOYHOM >KUIAKOCTU
Ha OYUCTHBIE COOPYKEHHsS WM MEPEKAaYKy €€ M3 NMOHM)KEHHBIX PAllOHOB HACEJIEHHBIX
MECT B OCHOBHBIE TOPOACKUE WM PalOHHBIE KOJUIEKTOPHI.

HezaBucuMo 0T KOHCTPYKLMHU U paboyero y3ia KaxkIblii BOJOMOAbEMHBIN HacOC
paboTaeT 1o oJHOMY MPHUHIIMITY, & UMEHHO: BpallleHue pabouero ys3ia (BUHTa, Kojeca
WM JABWKEHUE MeMOpaHbl) cO31a€T B MOJIOCTH arperara BakyyM, KOTOPbI MOHMKAET
nasinenue (puc. 1.1). bnaronaps 3ToMmy Boja MOCTYNAeT B PE3EpByap M OXJIAXKIAET pa-
00uYuil MEXaHU3M.
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Puc. 1.1. O6mas cxema pabOThI Hacoca

JlaBiieHHE CHOBA MOBBIMIAETCS, YTO 3aCTABISAET BOAY HNPOJBUIATHCS BBEPX U BbI-
XOJIUTh Yepe3 BEPXHUU KJIallaH. bBICTPBIN M HENMPEPBIBHBIN LUK TAKOTO JBUKEHUS CO-
31a€T MOCTOSTHHYIO TPAaHCIOPTUPOBKY BOBI IO BOJONPUEMHON TpyOe W Aaliee Mo CHu-

CTCMC Ja4YHOI'O BOAOIIpOBOIA.
OcHoBHbIE mapamMerpbl HACOCOB. OCHOBHBIC [mapaMCTpbl HACOCOB — I10Ja4a,

HaIop U MoTpedasieMas MOIIHOCTb.

[Mogaua (mpom3BoAUTENBHOCTE) V (B M3/C) — 5TO 0OBEMHBINA PACXOJ KHIKO-
CTH, MI0JJaBa€MOM HACOCOM B HAarHETaTEeNbHBIA TPYOOIPOBO/.

Hamop nacoca H (B M) — ynenpHast sHEprusi, coodIaemMasi HaCOCOM EUHUIIE
MacChl MepeKauYMBaAEMO JKUIKOCTH.

[Tonesznas momuocth N7 (B BT) - 3arpaunBaemasi Ha CO3aHHUE B KUAKOCTHU
MOTEHIMAIBHOW SHEPTUH JIABJICHUS U PaBHA NMPOU3BEIACHUIO MAaCCOBOIO Pacxoja >KH]I-
koctu gV Ha Hamop H :

N7 =qgVH .

YT1o0bl onpenenuTb MOLIHOCTh Ha Bady Hacoca Ng. cileayeT MoJe3HyH MOII-
HocTh pasznenuTs Ha KII] Hacoca 1, , KOTOpbIN XapaKTepu3yeT MOTEPHU SHEPTUH B
Hacoce:

N, = N7/ _qgvH/
Nu Ny

[ToTepu 3HEPrUM B HACOCE 3aBUCAT OT COBEPLIEHCTBA KOHCTPYKLUHU, SKOHOMUY-

HOCTH 3KCIUTyaTalliy U U3HOUIEHHOCTH Hacoca:

Ny = M aex »
rae My - Ko3QPUIMEHT Mo/1au; YYUTHIBAET MOTEPH MTPOU3BOIUTEIIBHOCTH MPU YTEUKaX
KUIKOCTH Yepe3 KilamaHbl, CATbHUKH, 3a30Pbl U MPEJCTABISET COOOM OTHOIIECHUE JICH-
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CTBUTEJIBHOU TOa4n V K TECOPETHYECKOU V,, , ompenensieMoi 0 COOTBETCTBYOIIUM
bopmynam; Ny - ruapasiuueckuit KIIJ; mpencraBisier coboli OTHOIICHHE IEHCTBU-
TEJIbHOT'O HAaIlopa Hacoca K TEOPETUIECKOMY; Myex - Mexanmueckun KII/I; xapakrepu-
3yeT MOTEPU MOITHOCTU Ha MEXAHWYECKOE TPEHHE B MOAIIMITHUKAX, CAIbHUKAX U JIPy-

T'uX 3JICMCHTAX HacocCa.

KIIJl nacoca B cpennem coctasiset s mopirHeBbix 0,8...0,9, nis nentpobex-
ueix 0,7...0,95.
[Tonubiid KIIJ] HacOCHO# yCTaHOBKH

n=N17 =M Mnep 1B
N,ZIB H'lnep'l /[,

roe N J[B -~ MOILHOCTB, noTpebiisiemMast TBUraTesieM; Nnep - KII/J nepenauu; n JIB - KIII

JBUTATEIIS.
YCcTaHOBOYHYIO MOIIHOCTE ABHTATesst Ny, ONPEACISIOT 10 3HAYCHHIO C yde-

TOM TEPETPY30K B MOMEHT ITyCKa Hacoca.

Nyen =BN 75,
riae B - koo durmeHT 3amaca MOIIHOCTH, KOTOPBIA B 3aBUCUMOCTH OT MOIITHOCTH DJICK-
TPOJIBUTaTeNsl MPUHUMAET 3HaueHus oT 2 a0 1,1, mpuueM C yBeIMYEHHEM MOIIHOCTU
AIEKTPOJIBUTATENS 3 CHIKAETCS.

Cxema HacocHOii ycraHoBkH. Hacochas ycranoBka (puc. 1.2) cocrout u3
Hacoca 3, HUXKHero 1 U HamopHoro 5 pesepByapoB, MaHoMeTpa M, Bakyymmerpa B,
BCACHIBAIONIETO 2 U HATOPHOTO 4 TpyOOIPOBOIOB.

UToOB! orpeieiuTh HAIlOp HAacoca, 3aMuilieM ypaBHeHue bepHyuu it ceueHuit
1-1 u 0-0 gyist pe’xuMa BcachiBaHMs. 3a TNIOCKOCTh CPABHEHUS MPUMEM YPOBEHB KHUIKO-
CTH B HIDKHEM pe3epByape
V12 —Hop + Vz%;c PBC

So=HBC +—=+hgpc, (1.1)
29 20 pg

L
P9

rie Pq - JaBICHHUE B HIKHEM pe3epByape; Vq - CKOPOCTh JKUIKOCTH B HIDKHEM pe3ep-

Byape B ceuenun 1-1; Hpe - BbicoTa BeachiBanus; Vp~ - CKOPOCTh JKUIKOCTH BO BCa-

CBIBAOLIIEM TPYOONPOBO/E; Pgc - ABICHHME HA BCACBIBAHMH HACOCA; N7 - HOTEPH BO

BCACHIBAIOIIEM TPYOOTIPOBO/IE.

Jlist peskiMa HarHeTaHusl ypaBHeHUe bepHyim, coctaBnennoe s ceuenuit 0-0
1 2-2 (3a IIOCKOCTh CPABHEHUS PUMEM ILIOCKOCTh, MPOXOSIIYI0 Yepe3 och Hacoca 0-
0), 3amuirercs B BUIC

2 2
Py , Vu | P2
S+t =H, +=+"=+hgy (1.2)
pg 29 " 29 pg
4 H

rae P, - JaBJIEHUWE HarHeTaHus; V, - CKOPOCTh B HarHeTaTeJIbHOM TpyOomnpoBoae; H,,

- BBICOTA HATHETAHUsl, V, - CKOPOCTh XKUIKOCTU B BEPXHEM PE3EPBYape B CEUECHUU 2-2;
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P2 — AaBIeHUE B HarHETaTEIbHOM pe3epByape; Ny - MOTepH B HarHETATEIbHOM
TpyOOIpOBO/IE.

ka

i

i

o

il

Puc 1.2. Cxema HacoCHOU yCTaHOBKH: |1 — HUXKHUI pe3epByap; 2 — BCACHIBAIOLINN TPY-
6orpoBo; 3 — Hacoc; 4 — HAMOPHBIN TPYOONIPOBO; 5 — HAMIOPHBINA pe3epByap; M — ma-
HOMETp; B — BakyymMmeTp

Eciu cpaBHUTH CKOPOCTH B HHXKHEM pe3epByape Vq M B HAllOPHOM V, CO CKO-

POCTBIO BO BCACHIBAOLIEM TPYOONIPOBOJIE Vp~H HATHETATEILHOM V,, , TO OKAKETCS, YTO

OHU NpeHeOpexuMo Masibl. [ToaTomy npumem, uro V4 =0u v, =0.
OTO BBIpaXXEHHE MOKHO YIIPOCTHTh, UMES B BUJY, YTO AMAMETPHI HATHETATEb-

HOTO U BCAChIBAIOIIET0 TPyOONPOBOJOB, KaK MpaBuio, paBHbl. Torma Ve~ =V,. I'eo-

MEeTpHYEeCcKas BbICOTa Iojayu xuakoctu H, =Hpc + H,,



Torpa
g=P2-P1 4
pY
rae him =hnBC + hppy— 06wwme motepn Hanopa.

r+hi (1.3)

Eciu naBjenye B HATOPHOM U HUKHEM Pe3epByapax oAuHaKoBo (Pr = pP1), TO
H=H,+hy (1.4)
CornacHo ypasHenuto (1.3) Hamop Hacoca 3aTpaunBaeTCs Ha IOIBEM JKUIKOCTH
Ha FeOMETPHYECKYIO BEICOTY H, , mpeomosieHre pasHOCTH AaBJeHUH B pe3epByapax 2 u
3u TnAPaABIIMICCKUX COHpOTI/IBHeHHﬁ BO BCACBIBAOIICM U HAIIOPHOM PC3CPBYyapax.
[Ipu nmepekayMBaHUK KUIKOCTH 0 TOpU3OHTaIBHOMY Tpy6omposoay (H, =0)
HaIop HacocCa LICJIMKOM 3aTpadrnBacTCA Ha IIPCOJO0JICHUC COHpOTHBHeHHﬁ:
H=hy (1.5)
Hanop paGoTaroniero Hacoca MOKHO OIIPEAENIUTE II0 MOKAa3aHUSAM BaKyyMMeETpa
Hp u manometrpa Hj, B MeTpax BOASIHOTO crojoa:
H=H M H B+ h,
rae h — paccrosiHue MeXIy BaKyyMMETPOM U MaHOMETPOM.
BeicoTa BcachIBaHUs U3 ypaBHeHus 1.1:

P2—-Pec Vac
Hpe = _BC
Pg 29

wmest B BUY, 9TO 1O CPABHEHUIO C Vp ~, CKOPOCTH Vy , MaJld, MOXXHO PHHSTB,

11.BC (1.6)

4TO Vle.

Kak BunHO u3 ypaBHenus (1.6), BbICOTa BCachIBaHUs YBEIMUMBACTCS C YMCHb-
meHueM Ppc . YToObI KUAKOCTh B HACOCE HE 3aKUIIENa, 3HAUEHUE Ppc JIOJKHO OBITH

0OJbLIE NABICHUS HACHIIIEHHOIO BOASHOIO Mapa pPq mpU TEMIEpaType NnepeKadnBae-
MOM JKUJKOCTH, T. €. Ppc > Pr
Takum oOpaszom, npejenbHasi BLICOTa BCAChIBAHUS

2
pe < Pam=PL_ZBC e,
Py g
rae Pg; — aTMOC(EPHOE NABICHUE; Py = P1-
B npoTuBHOM cilydae KUJIKOCTh B HACOCE MOKET 3aKUIETh, YTO COMPOBOKIACT-
Csl MHTCHCUBHBIM TTapooOpa3zoBanueM. Korma my3sIpbku mapa BMECTE C KUAKOCTHIO TO-
MajaloT B 00JIaCTh MOBBIIICHHOTO JABJICHUSI, OHH KOHJEHCUPYIOTCS, & KUIAKOCTh MTHO-
BEHHO 3aIOJIHSET MOJIOCTH, B KOTOPBIX HAXOAUTCA Map. ITO SBJICHUE COMPOBOXKIACTCS
IITyMOM, TUJIPABIMUYECKUMHU yJapaMy W Ha3bIBaeTcs KaBuTaluen. [Ipu kaBUTalMu CHU-
KAIOTCSl POU3BOJIUTEIIBHOCTh M HAIMOpP HACOCa, a TUAPABINYECKHUE yAapbl U KOPPO3HUs
MIPUBOJIAT K OBICTPHIM MOJIOMKAM Hacoca.
2. Knaceupuxanus HacocoB. [laqum knaccudukanuio HaCOCOB, MOTYUYUBIITUX
HanOoJIee MIMPOKOE PacIpOCTpaHEHUE MHUIIEBOM MPOMBIIIeHHOCTH (puc. 2.1).
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B nuramMudeckux Hacocax KUIKOCTh MEpPEMENIaeTcsl MPU BO3IEHCTBUH CHJI HA
HE3aMKHYTBIA 00BEM JKUIAKOCTH, KOTOPBIM HEMPEPHIBHO COOOIIAETCS CO BXOJOM B
HACOC M BBIXOJIOM U3 Hero. B 00beMHBIX HacocaxX KHIKOCTh TepeMeriaeTcs (BhITSCHS -
€TCsl) TIPY TEePUOTUICCKOM H3MEHEHUH 3aMKHYTOTO 00beMa KHUIAKOCTH, KOTOPBINA TIOTe-
PEMEHHO COOOIIaeTCsi CO BXOJOM B HACOC M BBIXOJOM W3 HEro. B jomacTHBIX Hacocax
SHEPrusl COOOIIMAeTCS XKUIKOCTH MpH OOTEKaHUM JIonacTer pabouero koseca (KoJjec)
Hacoca. B Hacocax TpeHHs KUAKOCTh IEPEMENIAECTCs 10T BO3ACUCTBUEM CHJI TpeHUs. B
00BEMHBIX HACOCAaX C BO3BPATHO—TIOCTYIATEIHHBIM ABHKECHHUEM PabOUYero opraHa xuji-
KOCTb TIOJTy9aeT PHEPTUIO MIPU BO3BPATHO—TIOCTYMATEILHOM JIBI)KCHHH paboyero opra-
Ha.

HacocChl!
OMHAMUYECKKME < Mo NPUHUMNY AEHACTENA obbéMHBIR
no Buay CUNoBOM no hopme gBMKEHKUS
BO30ENCTBMA padouunx opraHoB

)

BO3BPATHO-

TONAGTHBIE | | TpeHkA nocTynaTensHoe

(BpallaTensHoS)

| POTOPHBIE

no euay padoumx
opraHos

=
=

WwHbepHble

i}
il
x
0]
o
[=]
=8
=
I
@
=

nopLUHeBsIE
NAYHXEPHBbIE
MOHKYCh
wecTepaHHbe
BUHTOBLIE

ocesbie
CTPYWHbIE

Puc. 1.3. Knaccudukarus HacocoB

B poropHbIX Hacocax 3HEpPrusi COOOIIAETCS >KUAKOCTH TPHU BpaliaTeIbHOM
nBIKeHUU padbouero oprana. B coorserctBun ¢ 'OCT 17398—72 Buabsl HAcCOCOB TIO
MIPUHITUITY JCUCTBUS W KOHCTPYKTUBHOMY HCITOJIHCHHIO HAcCYUTHIBalOT okoio 130
HAMMEHOBAHMU.

JAnHaMu4YecKHue HACOCHI

LenTpode:xkHbie Hacochl. [{eHTpoOEKHBIE HACOCHI XapaKTEpU3yIOTCsl OOJIBIIN-
MH MPOU3BOJAUTEIHHOCTIMUA HE3aBUCUMO OT BEJIMYMHBI HATIOpa.

OCHOBHOM YacThIO IIEHTPOOE)KHOTO Hacoca (puc. 1.4) sBisieTcst pabodee KoJeco
2, UMerolIee U30rHyThie Jonatku. Koneco coenHeHo ¢ BaioM 9 M 3aKJIIOYEHO B KOKYX
(cnupanbhyto kamepy) 1. [Ipu ObicTpoM BpaiieHun pabdouero kojeca 2, TpUBOJAUMOIO
BO BpalllcHUE OT JIBUTATEJIsI, pa3BUBaeTCs LIeHTpoOexHas cuia. [1o ee BIUSHUEM KU/T-
KOCTh MEX]Iy JIOTIATKAMU KoJieca IIPOTOoHsETCs K ero nepudepuu U, BBIXOAS U3 KoJjeca,
MOCTYTIAeT B CIIMPATBHYIO KaMepy Hacoca, a U3 Hee B HarHeTaTeIbHBIN TpyOOompoBos 8.
OcBobOosxatrorieecss OT BBIOPOIIEHHOM JKUJIKOCTU IEHTPAIBHOE MPOCTPAHCTBO HACOC-
HOM KaMephl 3aIOJIHIETCS KHIKOCTHIO, TIOCTYIAIOIIEH 10 BcachIBaoIe Tpyde 5 mon
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JICCTBUEM BHEIIHETO JaBieHHUsI Pg. Takum 00pa3omM, oOpa3yeTcsi HENpepbIBHBINA MO-

TOK >KHJIKOCTH B HacOC, a U3 HEr0 — K MECTY IMOJIa4H.

Jlo Hauama cBoeil paboOThl EHTPOOEKHBIE HACOCHI TPEOYIOT MpeABAPUTEIHLHON
3aMUBKH, 0€3 4ero OHM HE MOTYT MPOU3BOJAUTH BCACHIBAHUE JKUIAKOCTH. [ TOTO, YTO-
OBl )KMJIKOCTh TIPY 3aJIUBKE HacOoca HE BBITEKaaa U3 HETO B HCXOJIHBIN pe3epByap, Ha Mo-
Ipy>KEHHOM KOHIIE BCACHIBAIOIICH TPyObl yCTAaHABIMBAETCS MPUEMHBIN OOpaTHBIN Kila-
naH 6, cHaO)KeHHBIN GUIBTPOM (CETKOM) TSI MPEAOXPAaHEHUS OT 3arps3HEHUM.

gz,j\fg

—

N

P

e

Puc. 1.4. Cxema nientpobesxHoro Hacoca: 1 — kopmyc; 2 — pabouee Kojeco; 3 —
JoMaTKu;4 — TUHUY JJI 3aJIUBa Hacoca Mepejl MyCKOM; 5 — BCachIBAIOITUI
TpyOOTnpoBOI; 6 — 0OpaTHBI KiIanaH; / — GUIbTP; 8§ — HArHETATEeNbHBIN TPYOOIIPOBOI;
9 —Ban

JIist yBeTMYeHMSI TTOAaYX TIPW JAHHOM HAIope HACOC BBITIOJHSIOT ¢ HECKOIbKHU-
MU pabOYMMU KOJIECaMH, COSAMHEHHBIMY MapajuiebHo. J[1s momaun HeOOIbIMX 00b-
€MOB KHUJAKOCTH Ha 3HAYUTEIHHYIO BBICOTY JIEIAIOT HACOCHI C HECKOJIBKUMU TMOCJIEI0OBA-
TEJIHbHO COCAMHEHHBIMU Kojecamu. [lo BenmmunHE co3gaBaeMOro Haropa paslidyaror:
HU3KOHAMIOPHBIE IIEHTPOOEKHBIE HAacOChl (TIpu Hamope 110 20 M); HACOChl CPEAHETO JaB-
nenus (Hanop ot 20 mo 60 M), a mpu Hamope 6osiee 60 M — HACOCHI BRICOKOTO JTABJICHUS.

[To cnocoOy mojBoAa XKUIAKOCTH Ha paboyee KOJIeCO IIEHTPOOEkKHBbIE HACOCHI
MO/IPA3ICIISAIOT HAa HACOCHI C OJJHOCTOPOHHUM M JIBYCTOPOHHUM BXoj0M. [lo pacmoro-
KCHUIO Bajla: TOPU3OHTAIBHBIC W BEPTHKaIbHBIC HAacoChl. I1o crocoly coemuHeHus c
JIBUTATEJIEM: CO IIKUBOM WJIM C PEAYKTOPOM; MPU MOMOIIN MY(PThI; MOHOOJOKHU (HACO-
ChbI, UMCIOIIINE OOIINIA BaJI C IBUTATEIIEM).

[IpeumyiecTBa EHTPOOEIKHBIX HACOCOB MEPE]] HACOCAMH JPYTHUX THUITOB:

— KOMIIAaKTHOCTh, HEOOJbIIAs METANIOEMKOCTh, TIPOCTOTa  YCTAaHOBKH,
OTCYTCTBHE TIEPEIAaTOYHBIX YCTPOWCTB, OOjiee HU3Kas CTOMMOCTh B CpPaBHCHUH C
MOPIITHEBHIMU HACOCAMU;

— BBICOKAs IPOU3BOIUTEIHLHOCTD IMPU PABHOMEPHOM MMOj1ave;

— IIPOCTOTA MyCKa, PETYIUPOBAHUS, PEMOHTA U 0OCITY )KHUBAHUS;
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— BO3MOXXHOCTh TEpPEKAUMBAHMS 3arpsi3HEHHBIX KUAKOCTEH (OTCYTCTBHE
KJIAITaHOB);

— BBICOKAsl HA/IS)KHOCTh B padOTE U JJOJITOBEYHOCTb.

K HenocTaTkaMileHTpOOEKHBIX HAOCOB CJEAYyeT OTHECTH MOHMKEHHE Haropa ¢
YBEIMUEHUEM TPOU3BOAUTEIBHOCTH, a TaKXe HHU3KUNA KOd(DPHUIMEHT MOJIe3HOTO
neiicTBUs npy Manoi npoussoaurensHocty (Hmke 0,25 — 0,30 m¥/c).

OceBble Hacochl. BHenHe Mox0oku Ha rpeOHOM BUHT Kopabis (puc. 1.5).

S S
| | J

L P 2
=

AN

Puc. 1.5. OceBoii Hacoc: 1 — BTyJiKa; 2 — JI0MacTy; 3 — OCEBOM HAINPABIISAIONIMNA armapar

Ha Brynke 1 3akperuieHO HECKOJIBKO JionacTeil. MexaHus3Mm nepenadu SHEepruu
OT pabodyero Kojeca XUAKOCTH TOT K€, 4TO U Yy LEHTpoOekHOro Hacoca. OTBOJIOM
Hacoca CIIY>KUT OCEBOM HaMpaBJISIIOMIUMA anmapat 3 (HEMOABM)XHBIN), C TIOMOIIBI0 KOTO-
pOro ycTpaHseTcs 3aKpyTKa >KUJIKOCTH, U KUHETHYECKasi €e dHeprus nmpeoodpasyercs B
SHEpruro nasiieHua. OceBble HACOCHl MPUMEHSIOT MPU OOJBIIMX IMOAAYax M MaJlbIX
Hanopax (7o 20 m). [ns pacmmpenus nuamnazoHa paboThl OCEBBIX HACOCOB MPUMEHSIOT
MOBOPOTHBIE JIOTACTH.

OceBble HacCOCHl HE TaK YYBCTBUTEIBbHBI K 3arPS3HEHUIO KUJIKOCTH (Y4TO BBI3bI-
BaeT M3HOC U MCTHUPAHUE JIOMATOK), KaK IIEHTPOOEKHBIE, TOITOMY B CIIydae HEOOBIINX
HAIlOpOB OHU MMEIOT NMPEUMYIIECTBO Mepe LEHTPOOSKHBIMU MIPHU BOJ03a00pe U3 peK U
KaHAJIOB, Hecyuux HaHochl. Jlns mosydyenuss HamopoB Oosiee 10 M mpumens-
10T JBYXCTYIIEHYAThIe U TPEXCTYNEHYAThIE MPONEIEPHbIE HACOCHl. MIX M3rOTOBISIOT C
BEPTUKAJIBHBIM WJIM TOPU30HTAIbHBIM BajloM. B mepBoM cilydae HAcOChl HA3bIBAIOTCSA
BEPTUKAJILHBIMU, BO BTOPOM — T'OPU30HTAIbHBIMHU.

Opaudrel. JleiicTBue 3paudToB OCHOBAHO HA CO3JaHUU PAa3HOCTHU OOBEMHOIO
Beca )XKUAKOCTHU B JIBYX cooOmaronuxcs cocynax. [Ipu momoru kommpeccopa (puc. 2.4)
no Tpyoke 1 momaercs cxaThlii BO3AyX, KOTOPBIA 4epe3 QOpCyHKY 2 pachlbLisieTcs B
HIDKHEM KoHIEe TpyObI 3. B moabsemHoi TpyOe 3 00pa3yercst Ta30:KUAKOCTHAS AIMYJIIbCUS

IUIOTHOCTBIO (. KOTOpasi Oy/IE€T BBITECHATHCS KUAKOCTBIO (P, > P,) U MOJTHUMATHCS
o Tpyoe 3. DpaudThl XapaKTEPHU3YIOTCSA MPOCTOTON KOHCTPYKIIMH, OTCYTCTBUEM TPY-
IUXCS yacTel U HUu3KkuM K.IL1I. (20...25%). Kpome Toro, BeicoTa mogbeMa KUIKOCTH B
TpyOe (Hanmop) 3aBUCHUT OT TITyOUHBI IOTPY>KEHUSI TPYOBI.

K nmocromncTBaMm 3paudTa MOMHUMO MTPOCTOTHI YCTPOMCTBA U OTCYTCTBUS KaKUX-
700 MEXaHWU3MOB W JIBIDKYIIMXCS 4acTel, Spau@Thl 00Jaar0T €IIe TeM MperuMyIie-
CTBOM, YTO MOTYT paboTaTh B yCIIOBUSX IMOBBLIIMICHHBIX TEMIEPATyp, T.€. TOT/A, KOraa
IIEHTPOOEKHBIE HACOCHI HE MOTYT OBITh UCIIOJIH30BAHBI.


http://www.pumpe.ru/

11

K HemocTaTtkam ra3mugToB ClieyeT OTHECTH HU3KHH K.11.1. (He Oosee 25-35 %),
MaJyto MPOU3BOIUTEIIBHOCTD, HAIMYUE KOMIIPECCOPHOM CTAHIIUMU IS CHKATOTO Ta3a.

Crpyiinbie Hacocbl. CTpyiHBIE HACOCHI PA3BUBAIOT HU3KUM HAINOp U IMIPUMEHS -
I0TCS JIJI1 HATHETAHUS JKUJIKOCTEN (MHXKEKTOPBI) U BCachiBaHUS UX (»KeKTOphl). CTpyii-
HBII Hacoc n300pakeH Ha puc. 1.6. [IpuHIMnI nefcTBUSA CTPYHHBIX HACOCOB OCHOBAH Ha
WCIIOJIb30BAaHUU ISl OTCACBIBAHMS M MOAAYU KUJIKOCTH KMHETUYECKON sHEpruu pado-
9eil KUIKOCTH, KOTOpasi C OOJIBIITON CKOPOCThIO U3 coruta | moctymnaer B KoH(py3op 3 u
CO3/IaeT pa3peKeHNe B KaMepe CMEIICHUS 2.

mﬁg //:\\ //i

j7 Cxameit Bo3olx
XUoKOCTe
—
£ T a1
LT
9\ i s K ol BRPZ
Sl

Puc. 1.6. Dpmudt: 1, 3 — TpyoKu; 2 — hopcyHka

3a cyeT pa3pexeHus B KaMepy CMEIICHUs MOCTYIAaeT 3acacbiBacMasi )KUJIKOCTh U
B pe3yJibTaTe TPEHUS CMENIMBAETCs B KOH(Yy30pe ¢ pabouel KuIKocThio. CMech Ku/I-
KOCTEH JIBMKETCS 10 KOH(DY30py 3 ¢ yBEIMYMBAIOLIEHCS CKOPOCTHIO, MPU 3TOM B COOT-
BETCTBUHU C YpaBHEHUEM BepHYyJIM yMEHbIIAeTCs ee cTaTudeckoe AasieHue. [lpu nBu-
KEHUU KUAKOCTU B TU(Pdy30pe 5 CKOPOCTh KUAKOCTH YMEHBIIIACTCS, HO YBEJIMUUBACT-
Cs ee JaBJICHHE, >KMJIKOCTh MOCTYMaeT B HarHeTaTeNbHBIM TpyOompoBoa. B kauectBe
paboueit )KUIKOCTH B CTPYHHBIX HACOCAX MOXKET UCIIOIh30BaThCA Ta3 UM map.

7 2 3 4 5
VE 7 Ve=Vp+Vs

V3

Puc. 1.7. Ctpyiinsiit Hacoc: 1 — comio; 2 — kaMmepa CMEILICHHUS;
3 —koH(dy30p; 4 — roproBuHa; 5 — qudy30p; 6 — BcackBaromuii maTpyook; Vp — pacxon
paboueit )KUIKOCTH; V3 — pacxo]l 3acachlBaeMOMN KUAKOCTH; VC — CyMMapHBIA pacxo/y
KUJIKOM CMECHU

JIOCTOMHCTBOM CTPYMHBIX HACOCOB SIBJISIETCA MPOCTOTA UX KOHCTPYKIUHU, a UX
HEJIOCTaTKOM — HU3Kui Koddduiment nonesnoro aeiicteus (0,1 — 0,25) u cTpyitHbie
HaCOChI MOXKHO HCIIOJIb30BaTh JIUIIb B TE€X CIydasiX, KOT/Ia IOMyCTUMO CMEIICHUE Mepe-
KauMBaeMOM KUJKOCTH C paboyeil.
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O0BeMHBIE HACOCHI

IMopuineBbie Hacochl. [lopiTHEBBIE HACOCH! TTPEACTABIISIOT COOO0M MPOCTEHIIIHE
TUAPABINYECKUE MAIIMHBI C BO3BPATHO—TIOCTYIATEIbHBIM JBUKCHUEM TOPIIHS B TH-
pomwmHape (puc. 1.8). B runponmmmaape 1 mopmiers 2 o MTOKOM 5 COBEpIIAET BO3-
BpaTHO-TIOCTyNaTeIbHOE ABWKEeHUE. [Ipu ABMKEHUH NOPIIHA BIPaBo 00beM B paboueii
KaMepe yBEJIMYMBAETCS, IaBJICHUE B HE YMEHBINAETCS, U KUJIKOCTh U3 PE3epByapa 1o
BCachIBaloIIel TpyOe uepe3 BCachIBAIOIIMN THIPOKIanaH 3 MOCTynaeT B pabouyro Ka-
mepy. IIporiecc BcackiBaHUS MPOUCXOJIUT MPU 3aKPHITOM HanmopHoM kiamnane 4. [lpu
JIBMYKEHUU TIOPIIHS BJIEBO 00bEM B KaMepe YMEHbBIIIAeTcCsl, 1aBiieHue nosbimaetcs. [lof
JEHCTBUEM JaBJICHUSI HANIOPHBIN KJamaH OTKPHIBAETCS, a BCACHIBAIOIIMI KiamaH 3 3a-
KPBIBAETCS, U )KUAKOCTh U3 pabodeil kaMephl BBITECHSIETCS Yepe3 4 B HAOPHBINA TpyOo-
MIPOBOI.

4
4
J
x}r

f

Puc. 1.8. [lopmaeBo#i Hacoc MPOCTOro AeHCTBHS: 1 — UIMHID;
2 — TIOpIIIeHbB; 3 — BCAChIBAIOIIMI KJlalaH; 4 — HarHeTaTeIbHBIN KIIalaH;
5 — mToK; 6 — Moa3yH; 7 — maryH; 8 — KPUBOIIHUIT;, 9 — MaXOBHK

JanpHeliiiee BpallleHUE KPUBOIIUIIA § BEJIET K TOBTOPEHUIO LIMKJIA TOPIIHEBOTO
Hacoca.
Teopernyeckas MPOU3BOAUTEIBHOCTD ONPEEISIETCS CIEIYIOIMM 00pa3oMm:

QT: FSn.

JlericTBUTENbHAS MOJAa4a COCTABUT:
Q J=MNob FSn,
rae F — momans ceyenus nopmns, M% S — mHa Xoxa mopmHsa, S =2r, M; N — 4a-
CTOTa BpallleHUs KPHUBOIIHMA, 00/C; Mys — OOBEMHBIN K.ILJ., YYUTHIBAIOIIUN YTCUKH

KUJAKOCTH Yepe3 YIUIOTHEHUS MOPILIHS U IITOKA.

OnHUM M3 OCHOBHBIX IPEMMYIIECTB MOPIIHEBBIX HACOCOB SBIJISIETCS HE3ABUCH-
MOCTh HX IMPOM3BOAMUTEIBHOCTU OT cO3JaBaeMoro Hamopa. [IpeumyiiecTBoM siBisieTcs
TaKk)K€ MX CHOCOOHOCTh K caMmoBcachiBaHHIO. [Ipu 3amycke MOpPIIHEBOM HACOC MOMKET
BBIKAYaTh U3 MOJIOCTU BCACHIBAHUS BO3JyX U MO3TOMY HE HYXKIAETCS B MPEIBAPUTENb-
HOU 3anuBKe. Mcnonb3ys B KauecTBE NPUBOJA MTAPOBOW JIBUTATEIb, IOPIIHEBBIM HACO-
COM MO’KHO NI€pPEeKayMBaTh OIHE- U B3PHIBOOIACHBIE )KUAKOCTH. BMecTe ¢ TeM 3Tu Haco-
Chl O0JIAZIAIOT PSJIOM CYIIECTBEHHBIX HEIOCTATKOB: 1) rpoMo3aKOCTh, OOJbIIas Me-
TaJUI0EMKOCTb, HEOOXOAMMOCTh B CHEUHUAIbHBIX (DyHIaMEHTaX; 2) HaJu4Ke KJIaraHoB,
TpeOYIOIIUX MOCTOSIHHOTO YXO0J/la U PEMOHTA, a TAKXKE UCKIIOYAIOIIUX MEepeKayuBaHue
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3arpsiI3HEHHBIX KUAKOCTEH (CycreH3uit); 3) HeOOXOAMMOCTh B IIPOMEKYTOYHOU Tepe-
Jaue MEXIy HaCOCOM M JBHraTesieM; 4) HepaBHOMEPHOCTD TOJa4YH JKUIKOCTH.

Inyn:kepHbie HAcoChl. OTIUYAIOTCS OT MOPIIHEBBIX HACOCOB pabOUKM Opra-
HOM. [ImyH>Kep Wim ckajika He UMEIOT YITIOTHUTEIBHBIX KOJIEI] U OTINYAIOTCS OT
MOPILIHS 3HAYUTEIBHO OOJBIIMM OTHOIIEHUEM JUTMHBI K tuaMmeTpy. [lmyHxepHble Haco-
CBI HE TPEOYIOT TaKOM TIIATEIHHOM 00pa0OTKH BHYTPEHHEH MOBEPXHOCTH IIUIIUHIPA
KaK MOPIIHEBBIC, IO3TOMY HAXOISAT NIPUMEHEHUE I IEPEKAUMBAHUS 3arPSA3HEHHBIX U
BSI3KHX KUAKOCTEN. OHM Oo0Jiee pacpOCTpaHEHbI, YEM MOPIIHEBBIE HACOCHI.

Momnrexio (Mon:xyc). MoHTeXI0 paboTaeT Mo NPUHIUITY BHITECHEHUS KUIKO-
CTH U3 pe3epByapa razoM mwin napom. JKuaKocTh yepe3 KpaH 2 TOCTyNaeT B pe3epByap
1 (puc. 2.7). Kpan—Bo3ayniHuK 5 J0JKEeH OBITh OTKPBIT (YaaliseTcsl BO3AyX B aTMocde-
py). [locne 3anonHeHust pesepByapa KpaHbl 2 U 5 3aKphIBAIOTCA, OTKphIBAOTCS 4 U 3.

Ckathlil BO3/IyX TIOCTYIAET yepe3 KpaH 4 ¥ BBITECHSET KUJIKOCTh 10 TpyOe uepe3 KpaH
3.

4 J

L
Puc. 1.9. Hacoc moHText0: 1 — pe3epByap; 2 — KpaH JJi BIIyCKa >KUJIKOCTHU B pe-

3epByap; 3 — KpaH Ui BBITyCKa BO3/IyXa U3 pe3epByapa; 4 — KpaH JJIsl BITyCKa CKATOTO
BO3/lyXa; D — KpaH Ha HarHETaTeJIbHOM TpyoOe

[1pon3BOAUTENILHOCTh HACOCA MOKET OBITh pacCUMTaHa CICAYIOIIUM 00pa3oMm:
Q=1
t
riae ( — o0beM pesepByapa, t — Bpemsi mpoI0JDKUTEILHOCTH IIMKIIA, BKITIOYatoiee B ce0s
BpeMs HAIOJIHEHHUS, OTIOPOXKHEHHUSI pe3epByapa U BpeMsi Ha BCIIOMOTaTelIbHbIE Orepa-
1uu. IMEHHO 10 TOM mpUYrHe, YTO MOJTHBIA UK pabOThl HacOca BKIIIOYAET B ce0s He-
MPOU3BOAUTENILHOE BpEMs HAIlOJIHEHMs, K.I1.J. Hacoca HeBenuk. Hamop, co3naBaembiii
MOHTEX10, focturaet 300 MeTpoB.

OCHOBHOE TTPEUMYIIIECTBO MOHTEKIO — OTCYTCTBHE B HUX JBHKYIIUXCS YacTeH,
pa3pylIalonuXxcsl B pe3ysibTaTe UCTHPAHUS U KOppo3uu. [1oaToOMy MX MPUMEHSIOT AJst
MePEKaYNBaHUS 3arpsA3HCHHBIX, XMMUYCCKH arpeCCHUBHBIX M PaJMOAKTHUBHBIX >KHJIKO-
ctei. OHAKO, MOHTEXIO TPOMO3IKH, TPEOYIOT MOCTOSIHHOTO HAOMIOJIeHUs U paboTaroT
C HU3KHUM TOKa3aHueM K. 1. 1. (meHee 15...20 %). [Ipon3BoauTe1bHOCTh NEPUOJUIECKU
paboTAIOIMKUX MOHTEXIO 10 45 M3/4, a moga4a KUIKOCTH IPH HENPEPLIBHOM padoTe (aB-
TOMATUYECKHE MOHTEXKIO) MPOUCXOTUT HEPABHOMEPHO.
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IllecTepeHHble Hacochl. J[s mepeKayky BS3KUX JKUIKOCTEH MpH HEOOIBIION
nogave (ue 6onee 0,1 M%/c) u Hanopax 10 2,5 MIla (25 aT™) IpUMEHSIOTCS IIECTEPEH-
HbIe (3yOuaThie) Hacockl (puc. 1.10), koTopble COCTOSAT U3 ABYX IJIOTHO CIEIIISIOIINXCS
IIUPOKUX 3y0UaThIX KojeC 1, pacmoyioKeHHbIX ¢ MUHUMAaIbHbIMU 3a30pami (0,01...0,03
MM) B KOXYyX€ 2 ¥ BpalalolUXCsl B MIPOTUBOIOIOXKHBIE CTOPOHBI. C TOW CTOPOHBI, T
3yObsl BBIXOST W3 3alICTNICHUS, CO3/Ia€TCs Pa3peKeHUE U JKUJKOCTh BCAChIBAETCS B KO-
’KYX TI0 BCaChIBAIOLIEMY TPyOOIPOBOY, 3aMOIHSSI TPOCTPAHCTBO MEXAY 3yObsamu. [la-
Jee KHUAKOCTb MEPEHOCHUTCS BIAJMHAMK 3yOuaTKU Ha JUAMETPATbHO MPOTHBOIIOJIOXK-
HYIO CTOPOHY KOKyXa, TJIe 3yObsi BHOBb BXO/IST B 3aICIVICHUE U BHITECHSIOT JKUJIKOCTh
B HarHeTaTeNbHbIN TpyOompoBoa. Hacoc siBisieTcst peBepCUBHBIM.

RN .
i ~
HOZHEMOHUE

brackb

Puc. 1.10. Illectepennsiit Hacoc: 1 — 3yOuaThie Kojeca; 2 — KOXKyX

[Tonaya mecTepeHHOr0 Hacoca onpezensercs no popmyie:
Q=2rn-d, -b-m-n-ngys,
rae d, — HayaupHBIA AUAMETP NIECTEPHH, M; D — ImupuHa IHeCTeé)HI/I, M; N — yacToTa

.. s f— H JR— —
BpallleHHs LIECTEPHHU, 00/C; M, 5 — O0BEMHBII K.IL1. Hacoca; M= — — MOIyJb IIecTep
4

HU, Z — YUCIIO 3yObeB IIECTEPHHU.

[IpeumyiecTBa Hacoca: OTCYTCTBUE KJIAaaHOB, KOMIIAKTHOCTh, PEBEPCUBHOCTD,
HU3KUN (CpaBHUTENbHO) KO3(P(PUIMEHT HEPAaBHOMEPHOCTH mojauu. HemoctaTku: HuU3-
kit K.1.1. (0,6...0,7), HeOobIIast TPOU3BOIUTEIBHOCTD, BEICOKHME TPEOOBAHUS K YUCTO-
T€ NepeKayYuBaeMOM KUIKOCTH.

PoropHo-muiiactunyarsie (IundepHbie) HAcOChl. B muiactTuHyaroMm Hacoce
(puc. 2.9) potop 1 ¢ nonatkamu (IIacTUHaAMM) 2 BPAIIAIOTCS BMECTE C BAJIOM, 1OCaA-
’KEHHBIM C 3KCIIECHTPUCUTETOM OTHOCUTEIHHO cTaTopa 3. [ImacTuHb! 2 CKOMB3AT B IPO-
pe3sax potopa. brarogaps sKCleHTpUYHOMY PacIOIOKEHUIO POTOPa, Kaxaast MIacTHHA
NoJ1 AeMCTBUEM LIEHTPOOEIKHOM CUJIBI 32 OIUH 000POT BaJia BIBUTACTCS U BBIIBUTACTCS
U3 Ma3a, IpKUMasCh K BHyTpEHHEH MOBEPXHOCTH cTaTopa (koxyxa). [Ipu BpameHuu
poTopa, Kax/jaas rnapa jonacrei (MIacTUH) HENPEPHIBHO OTIEINSIET U30JIUPOBAHHBIN
00BEM JKUIKOCTH U TIEPEHOCHUT €ro Ha CTOPOHY HarHeTaHusl, e *KUJAKOCTh BHITECHSET-



15

Cs1 BCJIEICTBUE YMeHbLIEeHUs 00beMa. [loaua Hacoca BecbMa paBHOMEpPHA U OOBIYHO
peryaupyercs U3MEHEHUEM IKCLIEHTPUCUTETA € .

Ha puc. 1.11 noka3an Hacoc OJHOKpaTHOro AeicTBus. B miuacTuHuaToM Hacoce
JIBYKPAaTHOTO JAEWCTBUS 3a OJUH OOOPOT pOTOpa HACOC ABAX[bl MOAAET KUAKOCTh B
HamlOpHYI0 TruApouHuio. Hacockl OZHOKpaTHOro AEMCTBHSI CO3JAlOT JaBJIEHUE O...0
MIla, Hacocs! ABykpaTHOTO NeicTBus — 6onee 20 MlTa.

bracuibarue HOZHEMAaKUe

Puc. 1.11. [Inactunyarerit Hacoc: 1 — potop; 2 — nonaTku (MIACTHHBI); 3 — CTATOP

B npoTtuBoBec K ApyrMM BaKyyMHBIM HacocaMm palOTarOT HEMOCPEICTBEHHO
KOHTPAaTMOC(EPHOTO JaBJICHUS U MPU MOMOIIX ra300a/uIaCTHOrO YCTPOMCTBA CO34AI0T
BO3MOKHOCTH K OTCAcChIBaHUIO MAPOB, TH HACOCHI HAXOAAT OOIIMPHOE MPUMEHEHUE B
MHOTOYMCIIEHHBIX OTPACIISIX IPOMBIINUICHHOCTH. JIBYXCTyHEeHYaThli IUIACTHHYATO-
POTOpHBIN BakyyMHbIM Hacoc 2 DS 150 MokeT nmpuMeHSAThCS B Ka4eCTBE IMpEABapH-
TENBHOI0 Hacoca K Aud¢y3noHHbIM HacocaMm Pytca. KpoMe 3T0oro oH, B CBSI3U C €ro
JABYXCTYTEHYATbIM MCIIOJHEHHUEM, MOXET ObITh NMpeAHAa3HaueH MJs BCEX IPOIIECCOB,
CBSI3aHHBIX C HU3KMM BakyyMoM. B 3aBHCHMOCTH OT TpeOYOIIMXCSl HACOCHBIX KOMOU-
HallUM JUId TOM WIM WHOW LIEJIM NPUMEHEHUS U COOTBETCTBYIOIIUX JIOIOJIHUTEIbHBIX
YCTPOMCTB (OTAEIUTENN, KOHAECHCATOPHI WM XOJOAHbIE JOBYIIKHM) HAIlIK MJIACTUHYATO-
POTOPHBIE BAKYYMHBIE HACOCHI MOYKHO IIPUMEHSTH JJIs CJIEIYIOIINX IIPOLIECCOB:

- XUMHUYECKasi MPOMBIIIJIEHHOCTh: TUCTUIUIALMS, CyOIuManus, 1era3aius, cyii-
Ka, CyIIKa 3aMOPaXUBAHUEM;

- METAJUTyPru4ecKas MPOMBIIIICHHOCTD: IJIABKAa M OTJIMBKA, JIESTUPOBAHUE, ar-
JIOMepanus, Jera3anus;

- DIEKTPOTEXHUYECKAS ITPOMBIIUICHHOCTh: CYIIKA U JIera3aius, NpONUThIBaHHE,
BAKYYMHUPOBAHNE, BEHTWIALMSA, CEJIEHOBOE ITAPOBAKYYMHUPOBAHUE.

CpaBHHMTE/bHBIH aHAJN3 PA0OTHI HACOCOB PA3JIMYHBIX TUIIOB

PaCCMOTpeHHBIG paHeC THUIIbI HACOCOB PA3JIMYHLI 110 CJIOKXHOCTH KOHCTPYKTHB-
HOTO O(i)OpMJ'IeHI/ISI, 10 IPUHIUITY )ICfICTBHSI, I10 MPOU3BOAUTEIIBHOCTH U pa3BUBACMOMY
HaIopy 1 uX B3aUMHOMY BJIHUAHHIO, 110 BEJIUYUHC KOB(l)(i)I/IHI/ICHTa ITOJIE3HOI'O JleﬁCTBI/IH,
M0 MCTAJNIOEMKOCTH, 11O HEIIPCPBIBHOCTU MMOAAYN W T.A. YKka3aHHbIC q)aKTOpBI omnpcac-
JIIIOT JOCTOMHCTBA U HEAOCTATKH HACOCOB U UX 00J1aCTh IMPUMCHCHMUA.
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IlenTpobe:xxkubie Hacochl. Hanbonpiee pacipocTpaHeHuE B XUMHUYECKON TIPO-
MBIIIJIEHHOCTH TOJIYYHJIA IIEHTPOOEKHbIE HACOCHI, XapaKTepU3yeMbIe PSOM MOJIOXKHU-
TEJIbHBIX KauecTB. K HUM OTHOCSTCS: BBICOKAsI IPOU3BOAUTEIILHOCTh U PABHOMEPHOCTD
M0J1ayu, KOMIAKTHOCTh U OBICTPOXOAHOCTH (BO3MOKHOCTh HEMOCPEICTBEHHOI'O MPHUCO-
€AMHEHUS K 3JIEKTPOJIBUTATENI0); MPOCTOTAa YCTPOMCTBA, YTO TO3BOJISIET U3TOTABINBAThH
UX U3 XUMUYECKH CTOMKHUX, TPYAHO MOJJAIONIMXCS MEXaHUYeCKOH 00paboTKe mMaTepu-
anoB (Hampumep, Gpeppocriinaa, KEpaMHUKU | T.J.); BOBMOXHOCTh TIEPEKAYNBAHUS KH]I-
KOCTEH, ComepKalliX TBEPIbIC B3BEIICHHBIE YACTHIIBI, OJlaroapsi OOJBIITUM 3a30paM
MEXy JIOTIaTKaMU; BO3MOYKHOCTh YCTAHOBKH Ha JIETKUX (yHIaMEHTAX.

K.n.n. Hanbonee KpymHBIX LEHTPOOEKHBIX HacocoB nocturaer 0,95 (k.m.m.
nopiHeBbIx HacocoB 0,9). OmHako 1EeHTPOOEKHBIC HACOCHI HEOONBIIONW W CpeaHEH
POU3BOIUTEILHOCTH UMEIOT K.11.J1. Ha 10-15% Hmke, ueM MopIiHeBhIe.

K HemocTaTkam IeHTPOOEKHBIX HACOCOB CJIEYET OTHECTH OTHOCUTEIHHO HU3-
KM€ HAIMophbl, a TAK)KEe YMEHBIIICHUE MPOU3BOJUTEILHOCTH MPU YBEJIMUYECHUU COMPOTUB-
JICHUSI CETU M PE3KOE CHIDKEHUE K.I1.]1. TIPU YMEHBIIICHUU IPOU3BOIUTEILHOCTH.

OceBble HACOCHI TTPUMEHSIOTCS JIJISl TIEPEMEIICHHs O0IBIINX 00BEMOB KHUIKO-
CTEH MPU OTHOCHUTEIHHO HEBBICOKMX HAIOpax, T.€. M0 CPAaBHEHHUIO C LIEHTPOOEKHBIMU
HacoCaMH OCEBbIC HACOCHI MMEIOT 3HAYUTEIHHO OOJIBIIYIO TI0/Iady, HO MEHBIIIUN HAIIOP.
K.11.11. BBICOKOTIPOM3BOIUTENBHBIX OCEBBIX HacocoB gocturaet 0,9 u BoImIe.

Crpyiinbie Hacochl M 3paudThl. CTpylHBIE HACOCHI IPOCTHI MO YCTPOWCTBY,
HAJISKHBI B paOOTE, UTO SBISCTCS UX JOCTOMHCTBOM. [IpMEHSIOTCS T OTKAYKH BOBI
W3 CKBKUWH, JJISI CMEIICHUS XOJIOAHOW M TOpsded BOABI TEIIO(PUKAIMOHHBIX CETEH, a
TaK)Ke TaM, TJIe HeJJOMYCTUMO HAIMUNEe TPYITUXCS IeTaiel B Hacoce.

K HemocTaTkam CTpyHHBIX HACOCOB OTHOCSITCS HM3Kas BEJIMYMHA K.M.J. W3-3a
MOTEph HAIMOpa B CAaMOM HAcOCe U OOJIBIION pacxo]] pabodel KUIKOCTHU MOl TaBJICHU-
eMm. Creqyer y4yuThIBaTh M TO, YTO MX MOXHO MPUMEHSTH TOJBKO B TOM CIlIydae, €Ciiu
JIOIYCTUMO CMEIIeHHE padoueil U epeKauynBaeMOM JKUIKOCTEH.

OpaudThl MPOCTHI 1O YCTPONCTBY M HAACKHBI B padoTe. OHU MPUMEHSIOTCS IS
MOJAbEMa KUJKOCTH U3 TITyOOKHX CKBaXHH. B XMMHUYECKOW MPOMBINUIEHHOCTH — IS
OCYIIECTBJICHUS Psijia TPOILECCOB B3aMMOJICHCTBHS TAa30B U KHUIAKOCTH MPU €€ MHTCH-
CUBHOH IUPKYJIAIUH, @ TAK)KE IS MOJa4 arpeCCUBHBIX KUAKOCTeH. OCHOBHBIM HEO-
CTaTKOM Ta3TH(TOB SABJIAETCSA WX HU3KHH K.I1.1I.

IMopuineBble Hacochbl. [107T0KUTETPHBIME KauyeCTBAMH TTOPITHEBBIX HACOCOB
SIBJISIFOTCSI: HE3aBHCHMOCTh WX TPOW3BOJUTEILHOCTH OT pPa3BHBAEMOr0 Hamopa, T..
BO3MOKHOCTh TIOJIa4M HEOOJBINMMX KOJUYCCTB >KHIAKOCTH IIOJ] BBICOKMM JIaBJICHHEM;
OCYIIECTBJICHUE WX ITyCKa B X0/ 0€3 MpeBapUTEIbHON 3aJMBKH BCACHIBAIOIIETO TPY-
0oMpoBO/1a; BBICOKUH K.II.]I.

[TopurHeBble HACOCHI 00JIAAIOT PSIZIOM HEAOCTATKOB, OTPAHUYHMBAIONIUX 00-
7acTh X npuMeHeHus. K OCHOBHBIM HEIOCTaTKaM OTHOCATCA: 1) TPOMO3IKOCTh, 00JIb-
11asi METaJUIOEMKOCTh M BBICOKAsi CTOUMOCTb, CII0’KHOCTh UX KOHCTPYKITUH; 2) BO3BpAT-
HO-TIOCTYNATEIbHOE JBUKEHUE TOPIIIHS, BBI3BIBAIOIICE HEOOXOAMMOCTh MPUMEHEHUS
JUTSL KX TIPUBOJIA KPUBOIIIUITHO-IIIATYHHOTO MEXaHU3Ma M MOHTa)Ka HACOCOB Ha TSDKEITBIX
dbyHnnamenTax; 3) OoJblias 3aHUMaeMas IUIONaab; 4) HAIMYKE KJIAlMaHOB, TPEOYIOIINX
MMOCTOSTHHOTO YX0J1a M PEMOHTA, a TaK)Ke MCKITIOYAIOIINX BO3MOKHOCTh TIEPEKaYNBaHUE



17

KUJKOCTEH, COAEepKalllNX B3BEIICHHbIE TBEPIbIC YACTHUIIbI; 5) HEPABHOMEPHOCTh BCa-
ChIBaHUS 1 HATHETAHUS KUJKOCTH.

[Ipon3BOAUTENBHOCTh MOPIIHEBBIX HACOCOB IO NPHYMHAM KOHCTPYKTHUBHOTO
XapakTepa 00bIYHO orpaHuyeHa npumepHo 0,04 m3/c.

[TopiiHeBble HACOCHI MPUMEHSIIOT JIUIIL MPU CPABHUTEIIBHO HEOOJBIINX TMOAA-
yaxX M BBICOKUX JABJICHUSX, JUISl NIEPEKAUUBAHUS BSI3KUX KUIAKOCTEU, JJISI JO3UPOBKU
KUJTKUX CPe.

Pa3HOBHIHOCTBIO MOPIIHEBOIO HACOCA OJUWHAPHOIO JCUCTBUS SIBISIETCS MEM-
OpaHHBIN HACOC, KOTOPBIN MPUMEHSIETCS JUIsl IEPEKAUYUBAHUS arPECCUBHBIX KUJIKOCTEH.

OCHOBHOE PEUMYIIIECTBO MOHTE IO — OTCYTCTBUE B HUX JBHKYIIUXCS YaCTEH,
pa3pylIAOMINXCS B PE3YIbTATe UCTUPAHUS U KOppo3uu. [Io3TOMy MX NPUMEHSIOT IS
NEepEKAYNBAHUs 3arPA3HECHHBIX, XUMUUYECKN arpeCCUBHBIX U PAJUOAKTUBHBIX KUIKO-
CTEH.

IllecTepeHHbIe HACOCHI MOTYT PabOTaTh C CUJILHOBA3KUMHU U T'YCTBIMH KHUIKO-
ctsamu. HemocrarkamMu Hacoca sSBISIIOTCS HU3KUH K.I1.J. Hacoca (0,6 — 0,7), HeGobImas
MIPOU3BOAUTENILHOCTh U BHICOKHE TPEOOBAHUS K YUCTOTE MEPEKAYNBAEMOMN KUIKOCTH.

Poropubie Hacocbl. OCHOBHBIMU OTJIMYUSAMHU POTOPHBIX HACOCOB OT MOpPIIHE-
BBIX U UX JOCTOMHCTBAMHM SIBJISIIOTCS: OTCYTCTBHE KJIAIaHOB, MPOCTOTA MPUBOJIa HAcOCa
OT JIBUTATEJIsl © paBHOMEPHOCTH MOIAUH.

I[lnacTUHYATBIE HACOCHI MIPUMEHSIOTCS TAKXE JJI1 NMEPEKAUYKU YHUCTBIX U BSI3-
KUX JKUJKOCTEH, HO B OTJIMYHME OT IIECTEPEHHBIX OHU MUMEIOT OOJIBIIYIO MPOU3BOIM-
TEJIbHOCTb.

Tak Kak HEHTPOOEKHBIN HACOC UMEET OOJBIIOE MPEUMYIIECTBO HaJ OCTaIbHbI-
MU paccMaTpUBaEMBbIMH HAcCOCaMH, TO B JaJibHEWIeM Jyist Oosbiiei 3()PeKTUBHOCTH
MPOBEICHHON paboTHI s Oyay paccMaTpUBaTh IIEHTPOOEIKHBIE HACOCHI.

3. Onucanue nenTpode:xHoro Hacoca CHII. DiekTpoHacOCH 1IEHTPOOCKHBIC
tunia CHIL nmpennasHaueHs! /Uil IepeKadyMBaHus Cl1a00arpeCcCUBHBIX KHIKOCTEH C BO-
nopoaHbIM TokaszateneM pH=5...10 mrotHOCTBIO 10 1250 K1/™M3, a Takke HEHTpaNIbHBIX
KUJKOCTE, B TOM YHUCJE MUThEBOM BoAbI Temreparypoi o 105°C, B nuieBoil npo-

MBIIIIJICHHOCTH — IJIA IICPCKAYMBAHWA CIIMPTA, BUHA, COKOB M IIP.
J !

*Hﬂ?ﬁﬁﬂ?ﬁh’ﬁﬁ /
g pn /

I
Brmrabmiie
E

Puc. 1.12. Dnexrponacoc CHII: 1 — anekTpoHnacoc; 2 — Baji, 3 — TOPIIOBOE
yIuloTHEHUE; 4 — sonactu (6 mT.)
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Onextponacockl CHII (puc. 3.1) — nueHTpobOekHbIe, TOPU3OHTATBHBIE, KOHCOJIb-
HbI€ MOHOOJIOUHBIE C MPUBOJIOM OT ACMHXPOHHOIrO Tpex(}a3zHOro sjexTpoaBurarens 1
B3pBIBOOE30MACHOTO WK obIIenpoMbiniieHHoro ucnonHenus: tuna AWP, JIAT, BA ¢
YMEHBIIIEHHBIM KOHILIOM Bana. Bce neranu, compukacarommecss ¢ IepeKaurnBaeMOun
YKUJIKOCTBIO, BBIMOJIHEHBI M3 Hepxkaperomied cranu mMapku 12X18H10T. Banom Hacoca
2 SABIISIETCS BaJ JJIEKTPOJABUTATENS, 3AIMILIEHHBIN HAJETHIM HA HETO, MOCAKEHHBIM Ha
KJIeH, yauHuTeneM. Ha yauHuTe b, HacCaXKE€HHBIM Ha KOHEI] Bajia AJICKTPOJABUTATENS,
HaJeTo pabodee Koyieco Hacoca. Kperenne pabodero koieca OCyIIeCTBISETCS BHHTOM
pabouero kojieca. B KpbIllike 3JEKTpOHACOCA YCTAaHOBJICHO TOPIIOBOE YIUIOTHEHUE 3.
DIEKTPOHACOC C JBOMHBIM TOPIIOBBIM YVIDIOTHEHHEM CHA0KEH OA4YKOM JJIsi aBTOHOMHO-
ro OXJaxJAeHUusi TOPIOBOro yisoTHeHud. Ilepen myckom Hacoca B 30HY YIUIOTHEHHS
JIOJKHA OBITh MOJIaHa OXJIAXIAI0IIast KUJIKOCTh (Boja). HeoOxoaumo Taxxke 0ayok me-
PUOAMYECKHU JIOJMBATh BOJAOW MJi1 MPEAOTBpAIEHUS] BBIXOJA W3 CTPOS TOPIIOBOIO
ymiotHeHus. [Ipu paboTe Hacoca nmepexkauynBaeMast >KUJIKOCTh MOJAETCs IO OCH KOpITyca
Hacoca 4epe3 BcachIBalolui maTpyOoK Ha jomatku pabodero kojeca. [Ipu Bpaienuu
pabouero KoJjeca KUJIKOCTh OTOpachIBaeTCs JIOMAaTKaMH U TIOJT ACHCTBUEM IIEHTPOOEK-
HOM CHJIBI TIOCTYTIAeT B HAarHETaTEeNbHBINA MaTpyOok. HampaBnenue BparieHus Hacoca -
MPOTUB YaCOBOM CTPENKH, €CIU CMOTPETh CO CTOPOHBI BCACHIBAIOIIETO MaTpyOKa.
HamnpaBnenue BpaiieHus mpoBepsieTcsi IPOOHBIM ITYCKOM.

YcaoBus 3kcmiyaranuin. HoMuHanbHbIe 3HAUEHUS KIMMAaTUUECKUX (PaKTOPOB
o ['OCT 15150-69. Temnepatrypa okpyxxatomuieit cpenst ot 0 1o 40°C. OTHOCHTENBHAS
BIIAXKHOCTH Bo3ayxa 100% mpu temnepatype 35°C. DIeKTpOHACOCH TOIAKHBI YKCILTya-
THPOBAThCA B paboueit 30He Q-H HACOCHBIX XapaKTepucTuk. He momyckaeTrcs 3amycK u
pabota Hacoca. C ofuHApHBIM TOPIIOBBIM YILJIOTHEHHEM, HE 3allOJHEHHOTO TMepeKadu-
BaeMOM JKUJIKOCTHIO, — "BCyxy10". C TBOMHBIM TOPIIOBBIM YIUIOTHEHUEM - C OAUKOM, HE
3aMOJHEHHBIM BOJIOW (MpU aBTOHOMHON CHCTEME OXJaXJICHMs) WM 0e3 mojaud 3a-
TBOPHOM KHJIKOCTH B MOJIOCTh YIUIOTHEHUS BaJia (B Ciiy4ae OTCYTCTBHs Oauka). [Tycko-
3alllMTHAS armapaTypa J0JKHA UCKII0YaTh BO3MOXHOCTh PA0OTHI AJIEKTPOBUTATEINS C
MEPErPY3KOH.

Pacuer neHTp0o0Oe:KHOI0 HACOCA

Jlns obGecrieueHus Mo1auy MPOIYyKTa B TEINIOOOMEHHUK ¢ TPEOYEeMbIM HAlOpOM
HE0OXOMMO BBITIOJIHUTH MOJ00P U pacyeT Hacoca.

a) PacueT onrumansHOTO quaMeTpa TpyOorpoBoaa.

JI71s1 BCachIBAIONIETO M HATHETAIONIETO TPYOOIpOBOIa MPUMEM OJTMHAKOBYIO
CKOPOCTb T€UEHUS TPOYKTa, paBHYIO 2 M/c. Toraa auameTp paBeH:

g- |9

T
rae Q — pacxon NpoayKTa, Kr/c, ® — GUKTUBHASI CKOPOCTh TEUEHUS IPOYKTa, M/C.
0) Onpenenenue NOTepb Ha TPEHUE U MECTHBIE CONTPOTUBIICHUSI.
1. Jlns onpeneneHus pexxuMa TeUSHHS TOTOKa HaX0IUM KpuTepuit PeliHomnbca:

Re,= o-d-p
u
r1e ® — GUKTUBHAS CKOPOCTh TEYCHHUS POIyKTa, M/C; d — TuameTp TpyOOIpoBoaa, M; p

— IUIOTHOCTH MPOJYKTa, KI/M>; |1 — BA3KOCTh IIPOAyKTa, Ila-c.
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2. OnpeiesiuM OTHOCUTEJIBHYIO IIIEPOXOBATOCThH TPYOOIIPOBOIA:

rae A — abcomroTHas MEepoX0BaTOCTh TpyOompoBoaa, M; d — quameTp TpyOOmpoBoaa, M.
3. Ompenensiem k03P GUITUESHT TPEHHS B TPYyOOIIPOBO/IE:

A=01Y E, + ﬁ :
Re]_
rae E, — oTHOCuTEeIbHAS IepOX0BAaTOCTh TPYyOOINpoBoa; Re; — kputepuii PeitHonbaca.
4. OnpenenuM cymMmy Kod3(h@dHUIIMEHTOB MECTHBIX COINPOTUBICHUNU OTACIBHO
JIJI BCACBIBAIOIIECH M HarHETaTEeIbHOMN JIMHUM.
JIJ1s1 BCachIBarONIEH JTUHUU:
Bxon B TpyOy: & s = 0,5; npsamoTounbie BeHTUIU: E2,c = 0,51; oTBOIBI: £35: = 0,09.
Jlims HarHeTaTeIbHOM JTUHUU:
OTtBoap! mox yraom 120°: &, = 0,105; orBoaer mox yrimom 90°: &, = 0,09; HopmanbHbBIE
BEHTWIH: &3y = 5; BBIXOJ U3 TPYOBL: Cay = 1.
Cymma kK03(pGUIIMEHTOB MECTHBIX CONPOTHUBJICHUN BO BCACBHIBAIONICH JIMHUU
paBHa:

&6() = glgc + &266’ + &360’

T71€ Eise, Eane, E3nc — KOIPDUIIMEHTHI MECTHBIX COIMTPOTUBIICHUS HA BCACHIBAIOIIEH JTUHUMU.
[ToTepsiHHBIN HAIOP BO BCACHIBAIOIIECH JIMHUM:

L
hec = 7‘%""2“ '

rae A — kodpduruent tpenus; Ly — anmnHa TpyObonpoBoia BO BCAChIBAIOIIEH JTUHUU, M;
d — muamerp TpyOompoBoaa, M; &z — cyMMa KO3 (PHUIIMEHTOB MECTHBIX COIPOTHRBIIC-
HHI BO BCAChIBAIOLIECH JIMHUMU.

Cymma k03¢ (PUITMEHTOB MECTHBIX COMTPOTUBJICHUM B HATHETATEIILHON JIMHUU:

Cu =Clu + EC:ZH + §3H + &4,
7€ Einer Eane, E3nes Eane — KOAPOULMEHTH MECTHBIX CONPOTUBIICHHSI Ha HarHETAaTEIbHON
JIMHUH.
[loTepsiHHBIN HAIIOP B HATH TaEenLHo” JIMHUM:
H

hH: 7\.?4‘&}1 y

rae A — koadduiment Tpenus; Ly — qymHa TpyOOnpoBoia B HAarHETaTEILHOM JTMHUU, M;
d — muameTp TpyOOmpoBOaa, M; &; — CyMMa KO3(D(DHUIIMEHTOB MECTHBIX COMPOTHUBICHHUI
B HarHeTaTeJILHOM JIMHUH.
OmnpenenseM o01IMe MOTEPH HAIIOpA: hrI = hBC + hH,
rje hy 1 hy — COOTBETCTBEHHO MOTEPSIHHBIN HAMIOP BO BCACHIBAIOIIEH U HATHETATEIIb-
HOM JIMHUSIX, M.
B) Bri6op Hacoca.

_b2-P1
1. Hamop Hacoca paccuuTtbiBaeM 1o Gopmyie: HH - W + Hr + hn’
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I7I€ p1 — JIaBJIEHUE B alIapaTe U3 KOTOPOro NepeKavynBaroT NpOAyKT, I1a; p» — naBnenue
B TEIUI000MEHHUKE, I1a; p — IIOTHOCTH MpoayKTa, Kr/M>; Hr — reoMeTprueckas BbICOTa
MoABEMa KUAKOCTH, M; Ny — 001ue morepu Harmopa, M.
ITo paccunTaHHOMY Haropy noAOUpPaeM TUIl HAcOCa.
1. OmnpenensiemM NOJE3HYIO MOIIHOCTh HACOCA:
Ny =p-9-Q-Hy,
IJIe p — INIOTHOCTh IPOAYKTa, Kr/M%; Q — pacxox mpoaykra, kr/c; Hy — Hanop Hacoca.
2. OnpenensieM MOIIHOCTb Ha BaJly IBUTaTEIIA:
N, = _ Ny
II - )
Na Nnep
rae Ny — nonesnas MomHocTs Hacoca, Bt; ny — KII/I Hacoca, Nuep — KII/L anexTpoasu-

raTcis.
3. OHpCIIGJIHGM 3allac Halltopa IJI1 BLI6paHHOI‘O THIIA HaAcocCa:

hs =03Q-n?f"”,
rae Q — pacxos MpoayKTa, KI/c; N — 4acToTa BpalleHHs Bana, ¢ ..

VY caoBust mpoBeaeHus pabOTEL.

Jlns mpoBeieHrs pabOThI CTYIEHTaM MPEAOCTABISIOTCS METOIUYECKUE YKa3aHuUs,
1 TpeTojiaBaTeNlb 3HAKOMUT MX C ONPEICIICHUSIMUA U OCHOBHBIMHU HaNpaBICHUSIMH pabo-
TEHL.

[IpoBeneHne paboThL.

BrimonHenue paboThl 3aKII0YaeTCsl B M3YYCHUH OCHOBHBIX TEOPETUYECKUX CBE-
JIE€HUHN U 00CYKJIEHUU MAaTepUajIoB padOThI.

[Topsmox BBITTOIHEHUS paOOTHI.

[ToapoOHO N3YyYUTH OCHOBHBIC TEOPETHUECKHIE CBEACHUS U BBITIOJHATH PacyeT IO
BapUaHTaM.

1. Pacxox Q (cwm. 3amaHwme 1Mo BapuaHTaMm);

2. ®UKTUBHAs CKOPOCTh ® = 2 M/C;

3. [ImoTHOCTH p (CM. 3a/1aHKE TIO BApUAHTaM);

4. Bsi3koCTh [ (CM. 3aJlaHWE TIO BApUAHTaM);

5. AOcoroTHas MIEpPOXOBATOCTh TPyOOMpoBoaa A (CM. 3aaHKE 110 BapuaHTaMm);

6. Jlnmunaa TpybornpoBoa Ha JTMHUHU BeachiBaHUS Ly = 0,5 M;

7. Inuna TpyOonpoBo/ia Ha IMHUK HarHeTaHus Ly = 4 m;

8. JlaBneHue B anmapate u3 KOTOpOro nepekaunBaroT BemiecTBo p1 = 0 [1a;

9. laBnenue B Termooomennuke p2 = 100000 ITa;

10. 'eomeTrpuueckas Bbicota Hacoca Hy = 3,4 m.
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3AJIAHUE
Ne | Q, p, H, A, | N | Q, p, M, A,
Bap. | Kr/c | kr/m® Ila-c MM | Bap. | Kr/c | kr/m® ITa-c MM
1 4 | 1025 | 0,00145 | 0,22 | 11 | 4,3 | 1051 | 0,00161 | 0,20
2 4,5 | 1030 | 0,00165 | 0,13 | 12 | 4,7 | 1055 | 0,00172 | 0,21
3 5 | 1035 | 0,00175 | 0,14 | 13 | 5,3 | 1059 | 0,00181 | 0,22
4 55 | 1040 | 0,00185 |0,15 | 14 | 5,7 | 1060 | 0,00176 | 0,23
5 6 | 1045 | 0,00170 | 0,16 | 15 | 6,8 | 1025 | 0,00163 | 0,24
6 6,5 | 1043 | 0,00160 | 0,17 | 16 | 6,7 | 1030 | 0,00177 | 0,25
7 7 | 1046 | 0,00174 |0,18 | 17 | 7,4 | 1035 | 0,00169 | 0,26
8 7,5 | 1068 | 0,00172 | 0,19 | 18 | 7,7 | 1042 | 0,00170 | 0,27
9 8 | 1054 | 0,00171 |0,20 | 19 | 8,2 | 1054 | 0,00182 | 0,25
10 | 8,5 | 1049 | 0,00178 | 0,21 | 20 | 8,8 | 1058 | 0,00173 | 0,28

Conepxanre 1 0hOpMIICHUE OTUYETA.

Otuer JOJDKCH COACPIKATh:
- Ha3BaHHC U L CJIb pa6OTBI;

- pacCucT 110 BapuaHTaM;

- BBIBOJIBI 110 paboTe.

1. O6mmit Kypc MpOIECCOB U anmapaToB XMMUYECKOW TEXHOJIOTUU
[B 2 xu.]. Ku.2 / B.I'. Autamreitn, M.K. 3axapos, I'.A. HocoB u ap.; Ilox oOu1. pen.:

bubanorpadguyeckuii ciucox

B.I'. Atinmireiina. M. : Jloroc: Bercmi. k., 2003. 872c. : ui.

2. Kanexkun B. C. Ilporeccsl u amnmapaThl XMMHYECKOM TEXHOJOTUHU : Y4eOHOe
nocobue / Kanexkun B. C. Dnektpon. nan. Mocksa : Pycaiinc, 2021 458 c¢. Pexxum no-
cryna: book.rulnternet accesshttps://book.ru/book/942019 ISBN 978-5-4365-8668-7

3. O6muii Kypc mMpoIecCcoB M anmapaToB XUMUUYECKON TEXHOJIOTHH : yUeOHUK IS
By30B : B 2 kH. Ku.1 / B. I'. Aitnireiin [u ap.] ; mox pen. B. I'. AiiHmreiina. M. : ®@us-

Matkuura : Jloroc, 2006. 912 c.: ui.

4. ITaBnos, K. @. [Ipumepsl 1 3a71auu MO Kypcy IPOLIECCOB U aAMMapaToOB XUMUYe-
CKOM TexHojoruu : yueO. mocooue st By3oB / K. ®. ITasnos, I1. I'. Pomankos, A. A.
Hocxkos ; mox pen. I1. I'. Pomankosal0-e u3m., mepepad. u gom. JI. : Xumus, 1987. 576

C.

. Y4eOHUK:
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IIpakTnyeckas padora Ne 2

W3YUEHUE MMPOLIECCOB U AIIMMAPATOB 151 HATPEBAHUS, PACUET
KOXYXOTPYBYATOI'O TEIINTIOOBMEHHHUKA

[{empt0o TeMBI SABIISICTCSI MHTEHCU(DUKAITUS TTPOIIECCOB HATPEBAHUS B KOKYXOTPYO-
YaTOM TEILUIOOOMEHHHKE.

JlocTikeHre TTOCTaBICHHOW eI OCYIIECTBIISCTCS MOCPEACTBOM PEIICHUS Clle-
TYIOIINX 3a/1a4:

1.IIpoaHanmu3upoBaTh MPOIECC HArPEBaHUS, ONMPEICIUTh OCHOBHBIC XapaKTEPH-
CTUKH U TTapaMeTphI IIpoliecca.

2.OCyIIeCTBUTh aHAJIU3 M BBIOOp JyUIIETOo 0OOPYIOBAaHUS M3 CYIISCTBYIOIIUX,
BBISIBJICHHE HEJIOCTATKOB M3BECTHON KOHCTPYKIIHH.

3. Pacu€Tt 0OCHOBHBIX ITapaMeTpOB KOHCTPYKITUH TEIJI00OMEHHHUKA.

OBIIUE CBEJIEHUA

Buasl npoueccoB Harpesanusi. Camoe NIMPOKOE PACHPOCTPAHEHUE CPEOU BCEX
BHJIOB IPOLIECCOB HATPEBAHUS MOIYUUIIM HATPEBAHUE KUJIKOCThIO, TAPOM WJIM Fa3aMHu.

Haepesanue osrcuokocmoro. CyTh JaHHOTO MPOLECCA 3aKIIOYAETCS B LUPKYIISLUU
TEIJIOHOCUTENSI MEKy HarpeBaresieM U TeII00OMEHHUKOM, B KOTOPBIA OH OTAAET Tel-
noTy. Hupkynsiuss MoXeT ObITh €CTECTBEHHOW WM MPUHYIUTENbHOU. EcTecTBeHHas
LIUAPKYJSLMSA COBEPIIAETCA 33 CUET PA3HOCTH IUIOTHOCTEN XOJIOJHOTO M TOPSAYETO TEIl-
noHocutensi. OgHako S(QexkTuBHEN SBISETCS NPUHYIUTENBHBIA CIOC00, KOTOPHIi
OCYILECTBIISETCA € TOMOLIBIO CIIELMAIIBHOIO HACOCA.

Yame Bcero B KauecTBE TEIJIOHOCUTENSI MCIOJB3YIOT BOJY. DTO OOYCIIOBJIEHO
TEM, 4TO BOJIa SIBJIACTCSA JOCTYITHBIM M JICHIEBBIM TEIUIOHOCUTENEM, 001a/1a€T BHICOKOM
TEIJIOEMKOCTBIO W TeruiooTnaued. [lpu HarpeBaHuuM >KUIKOCTAMH Haubosiee yA00HO
MCIIOJIb30BaTh MUPKYJSIITUOHHBINA c11oco0. OaHUM M3 HamboJee MPOCThIX aIapaToB, B
KOTOPBIX MCHOJIB3YETCS HATPEBAHWE BOJOM, SBIIAETCS BAaHHA JUIMTENIBHOM NacTepusa-
UM,

JlaHHbIi anmapaT WCHONb3yeTcs AJIA MacTepu3alli NPOAYKT BO H30exkaHUE
ObicTpoil mopuM. IIpoayKT HarpeBarOT MpH CPABHUTEIBHO HEOONBIION TEeMIlepaType,
Oylarosapsi yeMy TMOHYT HEOJIaronpusTHbIE MUKPOOPTAHU3MBbI, OCTAIOTCS TOJBKO HX
cnopsbl. [IpuHiun paboThl BaHHBI JJIUTEIBHON MAaCTEpU3ALMK 3AKIHOYAETCS B MOCTYII-
JIEHUU TIapa B BOJy uepes KosuiekTop (6apootep). Bona 3amosHseT mpocTpaHCTBO MEXK-
Iy CTEHOK nactepusaropa. [Ipu nocTymieHuu napa, OHa MOKET HarpeBaThCs 0 TeMIIe-
patypsl 96C°. Konnencar mapa cMmemmuBaeTcsi ¢ Bofou. M30BITOK KUIKOCTH CIIMBAIOT.
I'opsiuast Boga HarpeBaeT MPOJYKT Yepe3 CTEHKY BHYTPEHHEro pe3epByapa LWIWHJIPHU-
yeckoit hopmbl. Koraa mpoiiece 3aBepiiieH, MpOMCXOIUT MoAgada X0JIO0JHOW BOJIbI, KOTO-
pas BBITECHSIET FOPSIYYI0 U3 MEKCTEHHOTO MPOCTPAHCTBA U OJTHOBPEMEHHO OXJIAXIAET
MOJIOKO.

Haepesanue napom pacnpocTpaHeHo Osaroaaps TOMY, YTO MPU KOHJEHCAIUU
BOJISTHOTO Tapa BBIJEISETCS OOJIbIIOE KOJIWYECTBO TEIioThl. KpoMe atoro mpoieccy
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CBOMCTBEHEH BBICOKHI KOA(D(GUIMEHT TEIUIOOTIa4l OT KOHJACHCHPYIOIIETO IMapa CTeHKE
U paBHOMEPHOCThH 000TpeBa.

CyuiecTByeT J1Ba BUja HarpeBaHusl MapoM — 3TO HarpeBaHHE «OCTPHIM» MapoM U
HarpeBaHue «riayXum» napom. [Ipu HarpeBaHUM «OCTPBHIMY» MAPOM MPOUCXOIUT HEINO-
CPEACTBEHHBI KOHTAaKT TOPSYEro mapa ¢ HarpeBaembIM BeliecTBOM. [Ipu sTom map
KOHJIEHCUPYETCA M OTJAeT CBOIO TEIUIOTY, & KOHJAEHCAT CMEIIMBAETCS C BELIECTBOM.
[Ipu HarpeBaHUM «TIyXUM» MAPOM, TEIUIOTA MEPEAACTCs HarpeBaeMoOMY BEIIECTBY Ye-
pe3 cTeHKy. B 310 BpeMsi map KOHAEHCUPYETCS U BBIBOJUTCS U3 TEIUIOHOCUTENS. DTOT
CIocO0 MCIOJIb3YETCsl, €CJIM HarpeBaeMasl *KUJKOCTh MOXET B3aUMOJIEHCTBOBATh C BO-
70 WM HE JoJKHA ObITh pa30OaiieHa. HarpeBanue mapom OCyILIECTBIIIETCA B pa3ivy-
HBIX TEIJIOOOMEHHUKAX, OOIIUM B KOHCTPYKIIMU KOTOPBIX SIBJISETCS Iepefada Tervia
4yepe3 HarpeBaTeIbHY0 TOBEPXHOCTh, OTACISIIONTYI0 IPOAYKT OT TEIIOHOCUTES.

ITponecc HarpeBaHus BOJASHBIM NTAPOM MOKET OCYIIECTBIATHCA B KOHJIEHCATOOT-
Boguuke. [lap BBonutTcs yepes 6apOoTep, MpeACTaBISIONUN cO00M BO MHOTHUX CITydasx
TpyOy C OTBEPCTUSIMHU, COTHYTYIO IO CIUpain ApXxumena Ju0o0 Mo OKPYKHOCTHU, KOH-
JNEHCUPYETCS, OTAAET TEIUIOTY HArpEBaeMOM JKHIKOCTH U BBIXOAUT HAPYXKy depe3 Mpo-
JyBOYHBI BEHTHUJIb.

Takum 00pa3om, B paCCMOTPEHHBIX KOHCTPYKIIMSIX, B HE3aBUCUMOCTH OT CIloco0a
HarpeBa, IPOUCXOIUT Mepeaayda Teria Yepe3 CTEHKY OT 00Jiee HarpeToro TeIIOHOCHTE-
71 K MEHEE HarpeToMy MpPOAYKTY.

OTaenpHO MOXKHO BBIICJIUTH HAarpeBaHWE TOMOYHBIMHM Ta3aMU. TOMOYHBIC Ta3bl
0o0pa3yroTcs MpU CKUTAHUU TBEPAOIO, KUIKOTO MU ra3000pa3Horo Tomimba. CaMbiM
JemeBbIM U 3(PPEKTUBHBIM TOIUIMBOM JIJISl IOJTYYEHUSI TOTIOYHBIX Ta30B SIBJISIIOTCS TIPH-
poJiHbIe Ta3bl. TOMOYHBIE ra3bl MPUMEHSIOT, €ClIM HE00X0/IMMa OYeHb BBICOKAs TeMIle-
paTypsl JUIsl HarpeBaHus kujkocteil. MIx temmnepartypa moxer gocturarb 500-600C°.
Jlyist HarpeBaHUsI TOMIOYHBIMU Ta3aMU >KHJIKMX BEIIECTB MOTYT HCIOJIb30BaTh TpyOda-
Thl€ TIeuH. [JaHHbIE IEYM COCTOAT U3 OHEYNOPHOIO MaTepualia, Tak KaK TEMIIEPATYPHI,
JBYDKYIIUXCS IO HUM Ta30B oueHb Bedukd. OOpa3oBaBIIMECS TOMOYHBIE Ta3bl MOCTY-
MaroT B Ty 4acTh pab0OYero MmpoCcTpaHCTBA MEUH, I7Ie OCHOBHOE KOJMYECTBO TeIUIa mepe-
Jae€TCsl HAarpEBA€MOM KUJIKOCTH, IBMKYIIEUCS MO 3MEEBUKY. Y TUIIU3AlUS TA30B MPOUC-
XOJIUT Yepe3 ILIMOBYIO TPYOYy.

HarpeBanue TOMOYHBIMU ra3amMu HE TMOJYYUJIO HIUPOKOTO PACIPOCTPAHEHHUS B
MIPOMBIIUICHHBIX W TMHIIEBBIX TEXHOJOTUSIX HM3-3a IIMPOKOTO JMara3zoHa TeMIepartyp,
cienupuKk UX 00pa3oBaHMs, HEOOXOJUMOCTH B KAYECTBEHHOM TEIUJIOM3OSAIUUA U
TPYAHOCTH PETYIUPOBKU TEMIEPATYPhl IPOIYKTA.

[TorTOMY, B OCHOBHOM, B MPOLIECCAX HArpeBaHUsl B KAYECTBE TEILNIOHOCUTES HC-
MOJB3YIOT Map WM KUJKOCTH. Jlamee paccMOTpUM, B KaKHMX almaparax peaanu3yercs
3TOT MpPOLIECC.

2. Knaccupukanus annaparos JJs1 HarpeBaHus. ATapatsl sl HarpeBaHUs
MOKHO KJIACCU(PHUITUPOBATH 10 CIICAYIONIUM ITPU3HAKAM:

- 10 KOHCTPYKIIUU:

a) anmnaparbl, U3rOTOBJIEHHBIE U3 TPYO (KoXKyXoTpyOuarsie (puc. 2.1, a), «Tpyda
BTpyOe» (puc. 1, 0), morpyxHbie 3MeeBUKOBEIE (puc. 2.1, B);

0) anmapaThl, TOBEPXHOCTHOCTh TEMI000MEHA KOTOPHIX M3TOTOBJICHA U3 JIUCTO-
BOro Marepuaina (ractTuHyarsie (puc. 1, r), cnupanbhsie (puc. 2.1, n);
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B) ammapaThl C MOBEPXHOCTHIO TEMII000MEHA, U3TOTOBJICHHON M3 HEMETaJlINye-
CKHMX MaTepuayioB (rpadura, miacTMacc, CTeKsa u ap.);
- 110 HAIPABIICHUIO JIBIKEHUS TEIUIOHOCUTEICH — MPSIMOTOYHBIC, MPOTUBOTOY-
HBIC, TICPEKPECTHOTO TOKA U JIP.
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Puc. 2.1. Knaccuduxarus TemmooOMEHHBIX anmmapaToB:
anmapaThl, H3rOTOBJICHHBIC U3 TPYO: a — KoXKyXxoTpyoOuatsie (1 — marpyOok,

2 — rperoiye Tpyokn); 6 — Tuma «Tpyoa B Tpyoe» (1 — TermooomenHas Tpyoa,
2 — KO)KyxoBas TpyOa, 3 — Kanau); B — HOTPyHbIE 3MeeBUKOBBIE (1 — 3MEeBUK,
2 — KOpIycC); anmapaThl, U3TOTOBJICHHBIE U3 JINCTOBOIO MaTepHana;

I — IUIACTUHYATHIE; JT — CIIUPAJIbHBIC

[IpeumymiecTBa TEMII00OOMEHHUKOB TUIIA «TPyOa B TpyOe»: BRICOKHM KO3 uIu-
SHT TeIuIonepeaaun BCIeACTBIE OOMIBIION CKOPOCTH 000X TEIUIOHOCUTENEH, MpocToTa
u3rotoBiaeHus. HemoctaTku 3TUX TEIJIOOOMEHHHMKOB 3aKIJIIOYAIOTCS B I'POMO3AKOCTH,
BBICOKOW METaJUIOEMKOCTH, TPYIHOCTH OYHCTKH MEXTPYyOHOTrO mpocTpaHcTBa. Teruio-
OOMEHHMKH THUIMA «TpyOa B TpyOe» MPUMEHSIOT MPU HEOOJNBIINX PACX01aX TEMJIOHOCHU-
TeNeH NIl TeTI00OMEeHa MEXIY IBYMS KHIKOCTIMU U MEXKIY KMIKOCTHIO U KOHJCH-
CUpYIOIIMMCS TTapoM. Takoi ammapar rapaHTHPYeT ONTUMAaIbHBIA PEXUM TPAHCIIOPTH -
POBKH >KHJIKOCTH. Beb CKOPOCTh TEUEHUS TETUIOHOCUTENSI U TPAHCTIOPTUPYEMOU Cpeibl
MOJKET OBITh MpakTU4decKu Jro0oi. Hy a BO3MOXKHBIE HEJOCTATKH MOXHO OTKaIuOpo-
BaTh MyTEM MOA0Opa JUAMETPOB TPYyO TEINIOOOMEHHUKA MPSIMO B IMPOIECCE COOPKH.
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TemmoobmeHHbIe anmapaThl MOJAOOHOTO THMAa HE TPEOYIOT 0COOOTO BHMMAHHUS B MPO-
[[ecCe IKCIUTyaTallul — YHUCTKa TPYO TErsI000MEHHUKA W TPAHCIIOPTHOW CHCTEMbI BBI-
MOJIHAETCS 3a CUMTAaHHbIE MUHYTHl. KpoMme TOro, B ciyyae MOJIOMKH 3TH YCTpPOMCTBa
MO>KHO OTPEMOHTHUPOBAThH 3a Mapy 4YacoB, MyTEM JEMOHTa)ka MOBPEXKIECHHOIO MOJYJIS
(oTpe3ka) ¥ yCTaHOBKU HOBOM JI€Tall C aHAJIOTMYHBIMU XapaKTEePUCTUKAMHU.

[TogoOHass KOHCTPYKIMS HE UMEET OTPAaHUYEHUI MO TUIY CPEAbl, UCHOJIb3YEMOMN
B CHUCTEME TPAHCIIOPTUPOBKHU WM TermtoooMeHa. To ecTh, CKBO3b MOJO0O0HBIN TEII000-
MEHHUK MOKHO MPOKAYMBATh U BOJY, U Map, U BA3KUE KUIKOCTH, U Ta3000pa3HbIe cpe-
TTBI.

[Torpy>kHble 3MEEBUKOBBIE TEIUIOOOMEHHHMKU MPEACTABIAIOT cOoO0M TpyOy, cO-
THYTYIO B BUJI€ 3MEEBUKA M TOTPY>KEHHYIO B amnmapar ¢ >KUJIKOW cpenoil. TermoHocu-
TeJIb JIBJKETCS BHYTPH 3MEEBUKA. 3MEEBUKOBBIE TEIIOOOMEHHUKH M3TOTOBJISIOT C
IJIOCKUM 3MEEBUKOM WJIM CO 3MEEBUKOM, COTHYTBHIM 110 BUHTOBOM JinHUU. [Ipenmyiie-
CTBO 3MEEBUKOBBIX TEIJIOOOMEHHUKOB - IPOCTOTAa U3rOTOBJIEHUA. B TO e Bpems Takue
TEIUIOOOMEHHUKH TPOMO3JKH M TPYJIHO MOAJaroTcs oducTke. [lorpyxHble Temnoo6-
MEHHUKH MPUMEHSIOT /I HarpeBa KOHJICHCATa, a TakyKe I KOHJIEHCAIIUU TTapOoB.

TemnooOMeHHUKN Tuna «Tpyda B TpyOe» M 3MEEBUKOBBIE CTalIbHbIE B OOIIEM
o0beMe TemI00OMEHHON anmnapatypbl J1sl BCEX BUJOB MPOMBIIIJIEHHOCTH, B TOM YHCIIE
nuiieBor, B Poccun coctapistoT okono 8 %. Jloyisg cnupanbHbIX U MJIACTUHYATHIX TEM-
JOOOMEHHUKOB TOKa HEBEJMKA, HO HAa BHOBBH CTPOSIIIUXCS TEXHOJOTHYECKHUX JIMHUAX
anmnaparhsl TOrO THIIA 3aHUMAIOT BCe OO0JIbIlIEEe MECTO.

B o0miem BbIMycke TEIIOOOMEHHBIX anmapaToB HAHOOJNBIIYIO 00 - okoio 80
% 3aHUMAIOT KOXKYXOTpyOuaThie TEMJI0OOOMEHHUKH. DTH TEIUIOOOMEHHUKU JOCTATOYHO
IPOCTHl B U3TOTOBJICHUU U HAJICKHBI B SKCIUIyaTallUd U B TO K€ BPEMs JIOCTATOYHO
YHUBEpPCAJIbHBI, T.€. MOTYT OBITh HCIIOJIb30BAaHbI JJIi OCYLIECTBIIEHUS TEIJI00OMEHa
MEXJ1y ra3aMu, apaMu, KHUJKOCTAMU B JIFOOOM COYETaHUH TEINIOHOCUTENIEH U B IIUPO-
KOM JIMara3oHe UX JAaBJICHUN U TeMIIepaTyp.

OcCHOBHBIM, U HanbOJIEe BECOMBIM JIOCTOMHCTBOM KOXXYXOTPYOUYaThIX TEIIO00-
MEHHBIX aIllapaToB SIBJISIETCS BHICOKAs CTOMKOCTH JAHHOTO THUIIA arperaToB K TUJPO-
yaapam. BolTbIIMHCTBO IPOU3BOAMMBIX CETOIHS BUIOB TEIUIOOOMEHHUKOB TaKHM Kade-
CTBOM HeE 00J1aJa10T.

BTopeiM mpenMyInecTBOM SBISETCS TO, YTO KOXKYXOTpyOdaThle ammapaThl He
HY>XJIaI0TCSl B YMCTOM cpene. boiabIMHCTBO MpUOOPOB B arpecCUBHBIX cpefax padora-
10T HecTaOuiabHO. Hanpumep, miacTUHYATHIE TEMJIOOOMEHHUKH TAKUM CBOWCTBOM HE
00JaaroT, U CIOCOOHBI PabOTaTh UCKIIOUUTEIBHO B UACTHIX Cpeaax.

TpeTbM BEeCOMBIM MPEUMYIIECTBOM KOXKYXOTPYyOUaThIX TEINIOOOMEHHHKOB SIB-
nsieTcst ux Bbicokas 3G PexTuBHOCTD. [10 ypoBHIO 3P (HEKTHBHOCTH €T0 MOKHO CPaBHUTH
C IUTACTUHYATHIM TEIUIOOOMEHHUKOM, KOTOPBIN 10 OOJBIIMHCTBY MAapaMETPOB SIBISETCS
HanOosee 2 (HEeKTUBHBIM.

KoxyxoTpy6uarbie TErmI000MEHHUKH MOJYYMIM TaKO€ Ha3BaHUE MOTOMY, YTO
TOHKHE TPYOKH, IO KOTOPBIM JIBUXKETCS TEIUIOHOCUTENb, HAXOAATCSA B CEPEIMHE OCHOB-
HOro KoXyxa. OT TOro, Kakoe KOJM4EeCTBO TPyOOK HaXOAUTCS B CEpeAHHE KOXKyXa, 3a-
BHUCHT TO, C KAKOW CKOPOCTHIO OYyJeT NBUTaThCs BeliecTBO. OT CKOPOCTU IBMXKEHHS Be-
1ecTBa OyJIeT 3aBUCETh, B CBOIO O4epe/ib, KOIPGUIIMEHT TEIJIONEPEaayn.

KoxyxoTpyOuarbie 0JHOXO/I0BbIE TEIMJIOOOMEHHUKH MNPUMEHSIOTCA MpU O0O0JIb-
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oM 00beMe MPOITYCKaeMOro Mo TpyOaM TEIUIOHOCUTENS (HampuMep, B Ka4ECTBE Ta3o-
BbIX TEMJIOOOMEHHHKOB U MPU TEIIOOOMEHE MEXIYy Ta3oM M >KHJIKOCTHIO), a TAKXKE B
KayeCTBE KOHJIEHCATOPOB MapOB OPraHUYECKUX KUKOCTEH.

Ha ocHOBe BBIIIEU3I0)KEHHOTOMOKHO YTBEPKAAaTh, UTO KOKYXOTpyOUaThie Tem-
JIOOOMEHHUKH SIBJISIIOTCS HauboJiee Ha/IeKHBIMU, CTOUKUMU U JJOJITOBEYHBIMU B HACTO-
sA11ee BpeMs.

KoxyxoTpyouaTbie TeNJ1000MeHHUKHU KIACCUDUIUPYIOT MO KOJTUIECTBY XOJOB
(0THOXOIOBBIC, IBYXXO0BBIC, MHOTOXO/IOBBIE); IO TUITY TPYO (C MPSIMBIMH TpyOamu, ¢
U-o06pazuaeiMu 1 ¢ [1-00pasapiMu TpyOamm); MO PaCHoIOKEHUIO (TOPU3OHTATIBHBIC H
BEPTUKAJIBLHBIE) U JIP.

PaccMOTpUM KOHCTPYKIIMIO KOXYXOTPyO4aToro TEIJI000OMEHHUKA MOJapoOHee.
OCHOBHBIMH 3JIEMEHTaAMHU 3TOTO TEIUIOOOMEHHMKA SIBIISIIOTCS: IWIMHAPUYECKUNA KOp-
yC, TpyOHBIEC PEIIETKH, KPBIIKKA U NaTpyOku. [1ydok TpyO Aenut Bech 00beM KOpITyca
TEIJI000MEHHUKA Ha TPyOHOE U MEXTPYyOHOE MPOCTpaHCTBO. 151 BBOJIa U BBIBO/IA TEM-
JIOHOCUTENSI UCIONB3yIoTca maTpyOku. [lo TernmooOMEeHHUKY MpPOXOIUT JBa IMOTOKA
TEIJIOHOCUTENIEH, TIEPBBINA MOTOK HUJET MO TPyOKaM U3 HIDKHEro maTpyOka B BEpXHHIA,
T.€. OCYIIECTBIISIET JBUKEHUE B TPYOHOM MpOCTpaHCcTBE. BTOpPOil MOTOK TEMIIOHOCUTES
BBOJIMTCSl Yepe3 BEPXHUHN MAaTPpyOOK, OMBIBAET MEKTPYOHOE MPOCTPAHCTBO U BBIXOAUT

Hapy’Ky yepe3 HIKHHUI MaTpyOoK, OCYIIECTBIIS TEIIOOOMEH Yepe3 CTEHKU TpyO (puc.
2.2).
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Puc. 2.2. Cxema KOXyX0oTpyO4yaToro TeriooOMeHHUKA:
1 — tpyOHas pemeTka; 2 — Kopmnyc; 3 — rperoriasi Tpyoa; 4 — THHIIE;
5 — matpy00K; 6 — reperopojaka

I'perone TpyOKH COeAMHEHBI ¢ TPYOHOM pEIeTKONW CBapKOM, JTUOO pa3Bajblio-
BaHbl B Hell. ['peromye TpyOKH M3rOTaBIMBAIOT U3 CTalu, MEIU U JIaTyHU. PazMemaior
rpewomnme TpyOKH B TPYOHBIX pEHIETKAX HECKOJBKMMHU CIOCOOaMHU: MO CTOPOHAM U
BEpIIMHAM MPABUJIBHBIX MIECTUYTOJBHUKOB (B IIAXMAaTHOM TOPSIIKE), IO CTOPOHAM H
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BEpIIMHAM KBaJIpaToB (KOPUIOPHOE) U TIO KOHIIEHTPUIECKUM OKpY>kHOCTsM. [llar pas-
MENIeHUs TpyO 3aBUCUT OT BHEIIHETO AMAMETpa TPYOHI.

Jist uHTeHCHDUKAIMU TETI000MEHa My4YOK TPYyOOK CEKIIMOHUPYIOT, T.€. pas3ie-
JISIFOT HA HECKOJIBKO CEKIMH (XO0JI0B), IO KOTOPBIM TEIUIOHOCUTENb MTPOXOAUT TOCIIE0-
BaTenbHO. Pa3buBka TpyOOK Ha Psi XOJIOB JOCTUTAETCS MPU MOMOIIU MEPETOPOIOK B
BEpXHEM U HIKHeM AHUIIaX. CeKIMOHUPOBATH MOKHO U MEXKTPYOHOE MPOCTPAHCTBO
MyTEM YCTaHOBKH HAMPABJISIONINX ITEPETOPOIOK.

B MHOroxomoBom Temio0oOMEHHUKE TEIIOHOCUTENb MPOXOAUT TPYOHOE Mpo-
CTPaHCTBO 3a HECKOJIBKO XO/I0B. DTHUM JOCTUTAETCS MOBBIIIICHUE CKOPOCTH TETUIOHOCH-
TeJs, YTO TMPHUBOJWT K YBEIMUYCHUIO KOA(D(UIMEHTA TEIUIOOTIAa4d B TPYOHOM TIpO-
CTpaHCTBE.

Terooomennuku ¢ U-00pa3HbIMU TPEIOMUMH TpyOaMu CHaOKEHbI OJHOU TpyO-
HOM pEeIIeTKOM, U KOTOpPOM 3akperuieHbl 006a koHa U-o0pasubix TpyO. Kaxnas tpyOa
MIPU HATPEBAHUH MOXKET YJUIMHITHCS HE3aBUCHUMO OT APYTHX, TEM CaMbIM KOMIICHCUPYS
TeMIIepaTypHbIE HANPSKSHMUS.

[Ipu ABHBIX IUTIOCaX paccMaTpUBAaEMble TEITNIOOOMEHHUKH TaK e UMEIOT Psijl OT-
pUIIATENBHBIX XapaKTepucTUK. CaMbIM 3HAYUTEIHHBIM HEJOCTATKOM aIlllapaToB sBJIs-
€TCsl BBICOKAs METANIOEMKOCTh, & 3HAYUT BBICOKAS ICHA, YTO HE BHITOJHO YKOHOMHYE-
cku. JlaHHYI0 Mpo0OIeMy MOKHO PEIIUTh MyTEM HCIIOIh30BaHUS B KOHCTPYKIIUU OOJiee
JIETKUX METAJUIOB M CIJIaBOB. Tak e CyIIeCTBEHHBIM HEJOCTATKOM SIBJISIOTCS OOJIbIINE
rabapuThl arperara, OJHaKO Ha JAaHHBIM MOMEHT ATOT HEIOCTATOK yCTPAHSETCS IMyTeM
Pa3TUYHBIX MOJEPHHU3AIMNA. B KadecTBe HeToCTaTKa MOYKHO BBIJEIUTH OBICTPBIN M3HOC
TpyOOK, MMOATOMY HEOOXOIUMO TIIATESIHLHO CICAUTH 32 UX COCTOSIHUEM, U TIOMHUTD, YTO
MpH JIFOOBIX BMEIIATEILCTBAX B pabOTy ammapara MOKET U3MEHUThCS TUIONIA/Ib TEIIo-
obmeHa, a B cieAcTBUe M 3(DPEKTHBHOCTD Mmporiecca. JJia KkauecTBeHHON padOTHI Te-
J000MEHHUKAHEO0X0IMMO TIATEIHHO MPOAYMBIBATh €r0 KOHCTPYKIIUIO, T.K. €CJIU TET-
J00OMEHHUK BBITIOJHEH HEYJAa4YHO, OH HYXKJIA€TCSl B TIOCTOSIHHOM OYMCTKE U 00paboTKe.
Ho Hano yuuThIBaTh, YTO BBHIMOJHEHUE TEXHUYECKOTO 0OCITYKMBAHUS TETNIOOOMEHHHUKA
MOXKET SIBJISIETCS MPOOJIEeMOi M3-3a TPYJHOTO JOCTyNa K MOBEPXHOCTSIM TEIIOOOMEHA.
Ecnu He y4uThIBaTh BCE TOHKOCTH 000PYIOBAaHUS W MPOIECCOB, MPOTEKAOIINX B HEM,
TO 00CIY>KMBaHHE TEIJIOOOMEHHUKA MOKET OOONTUCH AOPOKE, YEM €r0 CTOUMOCTD.

OddexkTuBHOCTH PabOTHI TEMIIOOOMEHHUKA OLICHUBAETCS MHTEHCHUBHOCTBIO MPO-
TEKAIIINUX B HEM MPOIIECCOB, KOJIMYECTBOM TEIUIONIOTEPh U 3aTpaT YHEPTUH B XOJE pa-
00Thl. B miepBy1o ouepenb HEOOXOUMO YUUTHIBATH, YTO KOA(P(ULKUEHT TEIUIONEepeaaun
3aBHCHT OT CO3JIaHHBIX MPHU pa3paboTKe arperata yCJIOBHU Tepeadd Teria MEXIy
TEMIOHOCHUTEIIEM U MTPOTYKTOM.

WNHTeHcudukaiyio mpoieccoB MOKHO TTOBBICUTH 33 CUET BIUSHUS HA PEKUM TIe-
peMeIneHusl cpell BHYTPU KOHCTPYKIMH. [[7Is 3TOTO HCMOJIB3YIOT CErMEHTHUPOBAHHE
MEXTPYOHOTO TMPOCTPAHCTBA ITyTEM JOTOJHUTEIBHBIX TMeperopoaok. Ileperoponku
MpeHA3HAYCHBI ISl YIYUYIIeHUS O00TEKaeMOCTH TPyO, TeM CaMbIM I yBEIMYCHHS
Terionepeaayn B TpyoHoe npoctpanctBo. OHAKO HEOOXOIUMO YUHUTHIBATh, YTO TTOTOK
TETJIOHOCUTETIS, UAYIINI OT epudepun K IIEHTPY, OMBIBA€T TPYOKH, PACIOJIOKCHHBIC
nocepeinHe TPYOHOTO MydKa ¢ OOJbIIeH CKOPOCTHIO, YTO MOXET yMEHbBIIATh MHTEH-
CHUBHOCTb TEIUIOOOMEHA B ATHX TPyOKax.
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[ToMmuMO 3TOTO, MEPETOPOIKU BBIMOIHSIIOT (DYHKIIUIO TOIJACPKKH U TMPEAAOT
IPOYHOCTh KOHCTPYKIUU. [Ipu ucCmonb30BaHUU NEPETOPOAOK, HEOOXOAUMO MPOTyMaTh
ux BbIpe3. ONTUMaNIbHBIA BBIPE3 EPETOPOAOK Bapbupyercs oT 20 10 35% oT BHyTpeH-
HEero AuameTpa Koxkyxa. Ecnu Beipe3 Oyner 0oJbllle Uild MEHBIIE, 3TO MPUBENET K Iie-
penajam JaBJiIeHUs U 00pa30BaHUIO TypOYJIEHTHBIX BUXPEH TEIIOHOCUTES.

C nenpro moBbITIIeHUS Y(PPEKTUBHOCTH TETUIOOOMEHHBIX MPOIIECCOB HEOOXOIMMO
yCOBEpUICHCTBOBaHUE 000pyaoBanus. st MogepHU3auu ObUl BEIOpAH OJHOXOJ0BOM
TEIJIO0OMEHHUK C TTEPETOPOIKAMH TI0 MEKTPYOHOMY MPOCTPAHCTBY.

Iyt coBepuIeHCTBOBAHHUSA M MOJAEPHU3AIUS TelI000MeHHuKa. B KOH-
CTPYKIIMH HMCCIIETYEMOTO TEIJIOOOMEHHUKA C IIEJIbI0 TMOBBIIICHUS WHTEHCH(DUKAITUN
TEII000MeHa Tpe/yIaracTcsl BHECTH CleayoIIe n3MeHenus (puc. 2.3).

Bo-niepBbIX, B KOHCTPYKIIMU TEIUIOOOMEHHHKA MpeajiaraeTcsi U3MEHUTb YTOJ
HAKJIOHA MEePEropoIOK U YBEIUYUTh UX JIMHY. ITO MO3BOJUT YBEIUYHUTH MOBEPXHOCTH
Ter1000MeHa.

r [MpoaykT

T

i
o

o

Tennonocurenr

[l

Temnonocurens

Puc. 2.3. CxeMa ycoBepIIeHCTBOBAHHOTO KOXYXOTPyO4aTOro TermiIo00OMEHHUKA

Bo-BTOpBIX, B MOJICPHU3UPOBAHHOM TEIIJIOOOMEHHUKE 3aKPYTJICHBI Kpas Mepero-
POJIOK, YTO TIO3BOJIUT M30€KaTh THIPOIUHAMHYECKUX MOTEPh MPU CMEHE HAINpaBJICHUS
KUIKOCTH.

B-TpeThux, B KOHCTPYKIIUH TETUIOOOMEHHHKA C IIEITBI0 COXPAHEHHS CKOPOCTH T10-
TOKa M, TEM CaMblM, HMHTEHCUBHOCTH TEIJIOOOMEHHOTO MpoIlecca, OMyIIeH NaTpyOoK
BBO/Ia TETVIOHOCUTEISI K HA4aJTy TIEPErOPOIKHU.

Y coBepIIeHCTBOBaHHBIM TEIIIOOOMEHHUK, MO CPABHEHUIO C paHEe HM3BECTHOU
KOHCTpYKIMEeH, oOJiaaeT OOJIbIIeH IIIONIa[bi0 MOBEPXHOCTH TEIJIO0OOMEHa, 3a CYeT
YBEITWYCHHS JUTMHBI TIEperopooK. [Ipu 3ToM BeIpe3, yepe3 KOTOPBI HIIET TEIJIOHOCH-
TE€JIb, OCTACTCS HEU3MEHHBIM.

3a cuer yrijia HaKJIOHA, IPU pacueTe IJIONIAJN CEUYCHUs] IIOMUMO JTUaMeTpaibHON
COCTABJISIFOIIEH, MMOCTOSIHHO M3MEHSETCS BHICOTA, T.€. PACCTOSIHHE MEXIY IMeperopoji-
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kamu. CTOUT OTMETHTH, YTO O MOJCPHM3AIMHU, PACCTOSHUE MEXKIY MEPETrOPOIKAMH,
OBLIO BEJIMUMHOM IMOCTOSHHOM (IpritokeHue 4).
JIJist OATBEPKIAEHUST JOCTOBEPHOCTH MPENIOKEHHBIX PEIICHUI UCTIOIb3YyEM JIBE
3aBUCUMOCTH
G=5-(o p),
rie S — miomnaas ceueHus; (o - p) — MaccoBasi CKOPOCTh MOTOKA TETIOHOCHTEIIS.
[Tnomans ceueHus pacCYUTHIBAETCS MO hopmyJie
S=L-H,
rae L — nnuna nuHuu cpesa cedenus, H — pacctosiHue Mexay neperopojkaMu (BbICO-
Ta).

Takum 00pa3om, B MOJECPHU3HUPOBAHHOM TEIUIOOOMEHHUKE YMEHBIIIEHA Pa3HHUIIA
cKopocTer oT mepudepun K 1eHTpy. [IoBBIIIEHO KauecTBO TEIJI000MEHa B IIEHTPAIb-
HBIX TPyOKax.

K coxanenuto, HM 0/IHa U3 U3BECTHBIX METOJUK HE YUUTHIBACT (hopMy yria me-
PEropoJioK, MOATOMY MPOU3BEEM PacCUYeT OCHOBHBIX IMapaMETPOB CTAaHAAPTHOTO TeIl-
JI0OOMEHHUKA 110 U3BECTHOU METOUKE.

Pacyer OCHOBHBIX mapameTrpoB. PacyeT Termio0OMEHHUKOB OCYIIECTBIISICTCS
JUTSL TIOJI00pa ONTUMAJIBHBIX PEKUMOB HarpeBa MUIIEBBIX MPOAYKTOB. [[aHHBIN pacuer
BKJIIOUAET B ce0s ompeneieHrne HeoOXOAMMON MOBEPXHOCTH TEIJIONEpeIayl U BBHIOOD
THUIIA arapaTa, YAOBICTBOPSIONMIETO TEXHOJIOTHUYESCKIM YCIIOBHUSIM.

Pacuer TemmooOMeHHOro ammapaTa BKIIIOYAET OMpeAesieHue HeoOXOTUMOM TO-
BEPXHOCTH TEIUIONEPEIaud, BBHIOOp THIIA ammapara W HOPMAJW30BAaHHOTO BapHaHTa
KOHCTPYKITUH, yJAOBJICTBOPSIONINX 33JaHHBIM TEXHOJOTHYECKUM YCJIOBHUSM ONTHMAJTb-
HBIM 00pa3oMm.

1. Ompenenenre TEIIOBOM HATPY3KU:

Q=Gy-cy(tix —t1n),
rae Gi — pacxon , Kr/c; ¢1 — TermnoeMkocTs , Jx/(kr-K), t1, — HauanbHas Temneparypa ,
°C; t1x — KoHeuHas Temreparypa , °C.

2. Pacxop BojibI ompesiesniieM U3 ypaBHEHUS TEIJIOBOTo OajaHca:

o Q

- 1
C2(t2n—tok)
rie Q — TemnoBas Harpyska, BT; ¢2 — TEmIOEMKOCTh HarpeBarolled KUIAKOCTU
JIx/(xr-K); ton — HauaapHas TeMmnepaTypa HarpeBaroiei kuakoctu, °C; ty, — KoHeuHas
TeMIIEpaTypa HarpeBarouen KuakocTy, °C.

3. Cpennenorapudmuueckas pa3sHOCTh TEMIIEPaTYp:
4,

¢ _ (ton —tok) — (tak —t1n)
ep-mor In (t2n —t2k) |

L (tik — tin) J
rae t1, — HadanbHas Temmeparypa , °C; tix — koHeuHas Temmneparypa , °C;
ton — HauanpHas TeMIlepaTypa HarpeBaroen XUAKoCTH, °C; tyx — KOHEUHas TeMnepary-
pa HarpeBarouiei kuakoctu, °C.
5. OpueHTHPOBOYHBIN BHIOOP TETNIOOOMEHHHUKA.
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[TpuHumaeM opueHTHPOBOYHOE 3HaUYeHue yncia Pelinonpaca Rejp, = 15 000, co-

OTBETCTBYIOIIEE TypOYJIEHTHOMY PEKMMY TEUEHHUS B TPyOax.
4G,

)
m-dp- Rejop 11
rne Gi — pacxon, kr/c; di — BHyTpeHHUH AuaMeTp rperoieii Tpyoku, M; Reiq, — opuen-
TUPOBOYHOE 3HAUeHUE KpuTepus Peitnonbca; i — koadduuumeHT Bs3kocTy, [1a-c.

6. OpueHTHpPOBOYHOE 3HAUCHHE KOAPPUIIMEHTA TEIIONepeaun

MuHuManbHOe OPUEHTHPOBOYHOE 3HAUCHUE KOIPPUIIMEHTA TEIIONepeaun, CO-
OTBETCTBYIOIIEE TypOYJIEHTHOMY TEYEHHUIO TEMIOHOCHTENEN paBHO Ko, = 800 B1/(M*K)
[15]. [Tpu 3 TOM OpUEHTHPOBOYHOE 3HAUCHHE TOBEPXHOCTHU TEIFIOOOMEHA COCTABHT:

. Q

op:t

np=

'Kop ’
rae Q — TemyoBas Harpy3ka, BT; tcp.jor — cpenHenorapudpMuyeckas pa3sHOCTb TEMIIE-
patyp, °C; Ko, — MUHEMaIbHOE OPUEHTUPOBOYHOE 3HAUYECHHE KOA((UIMEHTA TEIIOoMe-
penaun, Br/(m?-K).
TennooOMeHHUK ¢ OJU3KOM MOBEPXHOCTHIO UMEET quaMeTp koxkyxa 400 Mm.
[IpoBeneM yTOUHEHHBIN pacdyeT NOBEPXHOCTH TEILIONIEPENAYH.

1. Paccuurtaem kputepuii PeitHonbca:
4G,
n
- dy1(7) e
z
rne Gi — pacxon , kr/c; ) — HapyKHUI AUaMETp Tperomield Tpyoku, M; N — odIiee vuc-
710 TPYOOK, IIT.; Z — YUCIIO XOA0B; W1 — KO3 duimeHT Ba3koctu , [1a-c.
2. Ompenenum kputepuii [IpanaTis HarpeBaemoi :
C1-1
M
rae ¢1 — kodpdurment rernoemkoctu , Jx/(kr-K); 1 — koo durment Ba3ko-
ctu , [1a-c; A — ko3 dunment ternonpoBoanoctu , Br/(m-K).
3. KoadummeHT TermooTnaun K BEIISCTBY, ABIKYIIEMYCS MO Tpydoam TypOy-
JIEHTHO PaBEH:

cp.Jior

Req =

PI']_ =

oy= 10,023 Re 08.pr 04

q 1 1
HI
riae A1 — ko3ddunuent tertonpooanoct , Br/(m-K); dy — HapyXHbBIH 1uameTp rpe-
rorieit Tpyoku; Re; — kpurepuit Pelinonbaca juis ; Pry — kpurepuii [lpanarius nos .
4. OnpenenuM kputepuid PeitHobaca 7151 HarpeBaroIie KU IKOCTH:
GZ ) dHl

SMTp ‘K2
rae G, — pacxoj HarpeBaroIIeH JKUIAKOCTH, KI/c; Oy — HApYKHBIA JHAMETP TPEromIeit
TpyOKH, M; Syrp — MEHEMAIIBHOE CEYEHHE MTOTOKA B MEKTPYOHOM IIPOCTPAHCTBE, M2, L7
— k03¢ (HUIMEHT BSI3KOCTU HarpeBaroIiei sxuakocty, [la-c.
5. Onpenenum kputepuit [IpanaTis HarpeBaroiien KU IKOCTH:

Res
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C .
Pry = 2 U2 ’
A2
rjae ¢ — Kod(PUIMEHT TEII0EMKOCTH Harpesaronieit xuakoct, Jx/(kr-K); po — ko-
3 PUIUEHT BSA3KOCTH HarpeBarolie >kuakoctu, Ila-c; Ay — koadPuImeHT Teraonpo-

BOJTHOCTH HarpeBaromei xxuakoctu, Br/(m-K).
6. Onpenenum Ko3hPUITMEHT TEIIO0TIauX K HarpeBaronen *KuIKOCTH:

_ 22 .024.Re,08. pr,036

dHl
rae Ay — Ko3(PUIIMEHT TEIJIONPOBOJIHOCTH Harpeparomen xugakoctu, Bt/(M-K); dy —
HapYyXHBIA TUaMeTp rperorieit Tpyoku; Re; — kpurepuii PeitHonbaca a1t HarpeBaromei
KUAKOCTH; Pri — kpurepuii [Ipanatis nis HarpeBaromien >KuaKoCTH.

7. TepMuueckue CONPOTUBICHUS 3arpsI3HEHUNA TPUHUMAEM PABHBIMU I3 = I
= 5800 (M?-K)/Bt. B kauectBe Mmarepuana TpyO IPHMHHMAEM CTalb KOHCTPYKIHOH-
Hyto mapku 12X18H10T. Koadduument ternonpoBoanoctu cranu Act = 16 Br/(m-K).
CyMma TEpMUYECKHUX COITPOTUBJIEHNN CTEHKH U 3arPA3HECHHN paBHa!

T, =h+—1 +—1 ,

Aer  Ta1 T
rae ACT — KodphUIHueHT TeronpoBogHoCcTH cTanu, B1/(M-K); dcT — TomnmHa cTeHKu
TPYOKH, M; [5] U I3, — TEPMUYECKHE CONPOTHBIEHHS 3arpsasHenui, (m2-K)/Br.
8. Koapunment Teronepenaun paBeH:
K, = :
1 +—1 +T.
a1 a2
rae ol — koagduuuenT Temnooraaun K Bemectsy, Br/(M?-K); a2 — kosddumuent temn-
JI0OTAA4M K Harpeparomeii xuakoct, Br/(m? K); Tc — cyMMa TepMHUYIECKHX CONMPOTHB-
JIEHUH CTEHKH U 3arpsasHenui, Br/(m?-K).
9. Tpebyemast MOBEPXHOCThH TEIJIO0OMEHA COCTABIISICT:
_Q
FTp :t K ,
cp.jor "N
rae Q — terioBas Harpyska, Bt; tcp.ior — cpeaHenorapudmMudeckas pa3HOCTh TEMIIe-
paryp, °C; K,— koodpuuuent Temnonepenaun, Br/(m* K).
JI1st TEMI00OMEHHUKOB C IPYTHUMH 3HAaYEHUSMHA BHYTPEHHUX TUAMETPOB JaHHBIC
Mo TapaMeTpaM KOXKyXOTpyO4yaToro TemjIoOOMEHHHKa OepyT IO CHpaBOYHHKAM U
I'OCT.

a2

YcnoBusa npoBeaeHus paboThL.

Jliist mpoBenieHust paboThI CTYIEHTaM MPEAOCTABIIAIOTCS METOIMUECKHUE YKa3aHUS,
1 MPETIoiaBaTeNlb 3HAKOMHUT MX C OMPEICICHUSIMIA U OCHOBHBIMH HAITPaBJICHUSIMH pado-
THI.

[IpoBeneHne paboThI.
BrimonHenne paboThl 3aKII0YaeTCsl B M3YYCHUH OCHOBHBIX TEOPETUYECKUX CBE-
JE€HUHN U 00CYKJIEHUU MaTepUajIoB padoThI.
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[Topsaaox BBITIOIHEHUS paOOTHI.

[TonpoOHO U3YYNTH OCHOBHBIC TEOPETHUECKHUE CBEJICHUS U BBIMIOJHUTH pacyueT Io
BapHaHTaM.

1. Pacxon G; (cM. 3ajaHue o BapraHTaM);

HaganpHas TemmnepaTypa BemecTsa ti, (CM. 3aaHie 110 BapUaHTaM);
Koneunas temmieparypa ti = 70 °C;
Havanphas TemnepaTypa HarpeBaroiiei xuakoctu t2n = 119 °C;
Koneunas temneparypa Harpesatoiei xxuakoctu t2x = 50 °C;
TernnoeMKoCTh BellecTBa ¢1 (CM. 3aIaHHE 110 BapUaHTaMm);
TemmoeMKOCTh HarpeBaroIei JKUIKOCTH €z (CM. 3aJJaHHUE TI0 BApHAHTaAM);
Koaddunment Bsaskoctu BemectBa pl = 0,00013 I1a-c;
Koaddunment Ba3koctu HarpeBaromiei xuakoctu pu2 = 0,00023 I1a-c;
10 Koaddumuent remmonpoBogaoctr Bemecta Al= 0,556 Bt/(m-K);
11. Koapdpumment TemmonpoBoHOCTH Harpesatomiei xkuakocta A2= 0,686 Bt/(m-K).

WoNOThwN

3AJIAHUE
Ne | G, | tin, c1, c1, Ne | G, | tan, c1, Aci,
Bap. | kr/c | °C | Ix/(xr-K) | Ix/(xr-K) | Bap. | kr/c | °C | x/(xr-K) | x/(kr-K)
1 4 |15 3560 3760 11 | 43 | 15 3568 3760
2 45 | 18 3650 3750 12 | 4,7 | 18 3474 3750
3 5 120 3651 3751 13 | 53 | 23 3651 3751
4 55| 25 3687 3887 14 | 5,7 | 24 3684 3687
5 6 | 15 3560 3860 15 | 6,8 | 16 3567 3860
6 6,5 | 18 3478 3878 16 | 6,7 | 18 3770 3878
7 7 |20 3651 3951 17 | 74 | 21 3651 3951
8 75 | 25 3688 3988 18 | 7,7 | 22 3680 3788
9 8 |15 3564 3964 19 | 82 | 15 3560 3864
10 | 85 | 18 3470 3770 20 | 88 | 17 3477 3770

Conepxanne v 0hopMIIEHHE OTYCTA.
OTUeT T0KEH CONIePKATh:

- Ha3BaHUE U 11eJIb PaOOTHI;

- pacuer 1o BapuaHTaM;

- BBIBOJIBI 110 paborTe.

bubanorpaduyeckuii cnucox

1. O6mwmii Kypc MpoIECCOB U anmnaparoB XMMHUYECKOW TEXHOJIOTHH : yYeOHUK st
By30B : B 2 kH. Ku.1 / B. I'. Aitnwureiin [u np.] ; noxa pea. B. I'. Altnmreitna. M. : ®usz-
MaTkHura : Jloroc, 2006. 912 c..

2. Kanexun B. C. ITlpouecchl U anmaparbl XMMHUYECKOW TEXHOJOTMU: Y4eOHOe
nocobue / Kanekun B. C. DnektpoH. nan. Mockga: Pycaitnc, 2021 458 c. Pexxum no-
cryna: book.rulnternet access https://book.ru/book/942019 ISBN 978-5-4365-8668-7.
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IIpakTnyeckas padora Ne 3

U3YUYEHUE IIPOLECCOB U AIITAPATOB JU/Is1 BBIITAPUBAHUS,
PACYET BBIIIAPHOI'O AIITAPATA C ITPUHY IUTEJIBHOIA
APKYJISLAER

[lenpto TeMbl ABIIETCS MHTEHCU(UKAIIHS MTPOLIECCOB BBHIIAPUBAHUS B BHITAPHOM
arrapare ¢ NpUHYAUTEIbHON HUPKYJIISALHACH.

JIOCTHKEHUE MOCTaBICHHOM LIEJIM OCYILECTBIECTCA MOCPEACTBOM PELICHUs Cie-
OYIOIIMX 3a/a4:

1.IIpoananu3upoBaTh MPOLECC BHITAPUBAHUS, ONIPEAEIUTH OCHOBHBIE XapaKTepH-
CTHKH U IIapaMeTphl IIpoLecca.

2.0cCyIIecTBUTh aHAIU3 U BBIOOP JIydllero oOOpyAOBaHUS U3 CYIIECTBYIOUIMX,
BBISIBJICHUE HEJIOCTATKOB U3BECTHON KOHCTPYKIIMH.

3.Pacuér OCHOBHBIX ITApaMETPOB amnmapara.

OBIIUE CBEJIEHUA

OO0wmme cBexenuss 0 mpouecce. BelmapuBanue — MPOLECC KOHUECHTPUPOBAHUS
PacTBOPOB TBEPJBIX HEJETYYUX WM MAJIO JETYYMX BELIECTB MyTEM HCHApEHUs JIETyqe-
IO PaCTBOPUTENSA U OTBOAa 00pa30BaBIIMXCS IapOB.

B npoMbIIIEHHOCTH BbIIApUBaHUE OOBIYHO MPOBOASAT MPU KUIIEHWU PACTBOPA.

[Ipu BbIIapUBaHUU PACTBOPOB TBEPABIX BEIIECTB B HEKOTOPBIX MUILIEBBIX POU3-
BOJICTBAaX JIOCTUTAIOT HACBILIECHHS pacTBOPA; IIPH JaJbHEHIIEM yIaJ€HUN PACTBOPUTENSA
U3 Takoro pacTBopa MPOUCXOAUT KPUCTAILIM3ALMS, B PE3YyJIbTaTe KOTOPOH BBIIEISAETCS
pPacTBOPEHHOE BELIECTBO.

BrinapuBanue nNpuMEHSIOT JUIsl TOBBIIIEHNS KOHLEHTPALUU pa30aBiIeHHbBIX pac-
TBOPOB WJIM BBIACIICHNS U3 HUX PACTBOPEHHOI'O BEIECTBA ITyTEM KPUCTAIIIU3ALIMH.

Cxema npoliecca BbllIapuBaHus MoKa3aHa Ha puc. 1.

Bmopu4Heit nap

7
/ /

4

Ncxodwsly pacmbop |

[pepuuu nap ' 7
/_

3
/_

Kordercam

1 - HazpebamenbHas kamepa
2 - cenapamap

. J = KURSMU/bHbIE MpLY0bI
Snaperirsii 4 - YUpKYAFYUOHHAS MpLYoa
pacmbop

Puc. 1. Cxema BbImapuBaHus
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BelnmapuBanre NpoBOAST B BBIIAPHBIX allllapaTaX HEMPEPBIBHOIO M NEPUOIUYE-
CKOT'0 JAEHCTBUS. ANMAaparsl IEPUOJAYECKOTO JEHCTBUS UCHOJIB3YIOT B OCHOBHOM B Ma-
JIOTOHHAKHBIX MMPOU3BOJICTBAX.

B KpyNHOTOHH)KHBIX MPOU3BOACTBAX NPUMEHSAIOT HENPEPBIBHO- AEHCTBYIOIIUE
BbINIApPHbIE YCTAaHOBKH, IUJIOIIAJb MOBEPXHOCTH HarpeBa KoTopbix nocturaer 6000...
10000 M2 TIpu TakMxX MOBEPXHOCTSAX HArpeBa PeIlAoIUM (aKTOpOM, KOTOPBIH ompe-
JEJSIET 3KOHOMUYHOCTh YCTaHOBKH, SIBJISIETCS pACXO/]l TPEIOIIETO 1Mapa U BOJBI.

BrimapuBanue OCyIIeCTBISIOT KaK MOJ BaKyyMOM, TaKk U MpPHU aTMOC(EPHOM U
M30BITOYHOM JABJICHHH.

[Ipu BeImapyiBaHUM NOJ BaKYYMOM B anmapare cO3JaeTcsl BAKYYM ITyTEM KOHAECH-
callid BTOPUYHOTO Mapa B CIEUUAIIBHOM KOHJAEHCATOPE U OTCACHIBAHUS U3 HETO HEKOH-
JNEHCUPYIOLIUXCA ra30B IPH MOMOIIY BaKyyM-Hacoca.

BelnmapuBanue 1moJ BaKyyMOM I103BOJIIET CHM3UTh TEMIIEpATypy KHUIIEHHUs pac-
TBOPA, YTO OYEHb BAXHO IPU BHIIAPUBAHUM MUUIEBBIX PaCTBOPOB, KOTOPbIE OCOOCHHO
YyBCTBUTENbHBI K BBICOKMM Temrmeparypam. [IpuMeHeHne BakyyMma IO3BOJIAET yBEJIH-
YUTh ABWXKYILYIO CHJIYy TEIUIONEPENayd U, KaK CIEICTBHE, YMEHBIUUTH IUIOMIAAbL IO-
BEPXHOCTH BBIIIAPHBIX alllapaToB, a, CJIIEI0OBATEIbHO, UX MATEPUATIOEMKOCTD.

[Ipu BeImapuBaHUM MOJ aTMOC(EPHBIM JABICHUEM OOpPa3yHONIUIICS BTOPUYHBIMI
nap cOpaceiBaercs B arMmocdepy. IIpu BbimapuBaHuUM 1MOJ MOBBIIIEHHBIM JIABICHHEM
BTOPUYHBIN MMap MOKET ObITh MCIOJIb30BaH KaK HarpeBalOLMi areHT B BOJOHArpeBare-
JSX, UL OTOIJIEHUS TEIUTUL U T. 1. BelmapuBaHue 1ol 1aBI€HUEM CBS3aHO C MOBBIIIIE-
HUEM TeMIIepaTypbl KUIIEHUSI pacTBOpa, MOATOMY IMPUMEHEHHE JaHHOTO crocoda B IMHU-
IIEBOM TE€XHOJOTMU OTPAHUYEHO CBOWCTBAMHU PACTBOPOB M TEMIEPATYPOM TEILIOHOCH-
TEJIs.

AHaIM3 KOHCTPYKLHMI BbINAPHBIX ammapatoB. HeoOxomumocTs B mapoBoM
IPOCTPAHCTBE (CemapaTope) COCTaBJISIET OCHOBHOE KOHCTPYKTMBHOE OTJIMYHUE BBINAp-
HBIX ammnapaToB OT TEIJIOOOMEHHUKOB. B 3aBUCHMOCTH OT XapakTepa JABM)KEHUS KHUIIS-
LIE€H )KUJIKOCTH B BBIITAPHOM aIlllapaTe pa3inuydaroT:

1) BBIApHBIE ANMapaThl C €CTECTBCHHOMN UPKYJISIHEH;

2) BBITIAPHBIC ANIIaPaThl C MPUHYAUTEIBHON UPKYJIISIHCH;

3) TUICHOYHBIE BBITIAPHBIC ATITAPATHI.

Buinapnule annapamoi ¢ ecmecmeennou yupkyasyueii (puc. 2).

EcTtecTBeHHas LMPKYJSALKS BO3HUKAET B 3aMKHYTOW CHUCTEME, COCTOSILIENH U3 HE
o0orpeBaemMoii OMyCKHOM (IMPKYJSIUOHHOW) TPyObl M 00OTrpeBaeMbIX IMOIBEMHBIX
(KUTIATUIIBHBIX) TPYO.

Ecnu xuaKocTh B MOABEMHBIX TpyOax HarpeTa J0 KUIIEHUS, TO B pe3yjbTare hc-
MapeHus YacTH >KUJKOCTH B 3ToW TpyOe oOpa3yeTcs MapoKUIKOCTHAs CMECh, IJIOT-
HOCTh KOTOPOW MEHBINE TJIOTHOCTH CaMOW KHAKOCTH. TakuM oOpa3om, Bec cToyi0a
’KUJIKOCTU B OMYCKHOM TpyOe Oojipllie, 4eM B MOJBbEMHBIX TPyOaxX, BCIEACTBHE YETO
MPOUCXOAUT YHOPSAJOUYECHHOE ABMKEHUE (LUPKYJISLMSA) KUMAIEH KUIKOCTH MO MYyTH:
MOJAbEMHbIE TPYyObl — MApPOBOE MPOCTPAHCTBO — OMNYCKHAas TpyOa— TMOJIbEMHBIE
TpyObI U T. 1. [Ipyu HupKyISUKU MOBBIIIAeTCS KO3PPUIUEHT TEIIOO0TIa4U CO CTOPOHBI
KUIISIIEH )KUJKOCTU U MPEOXPAHAETCS MOBEPXHOCTh TPYO OT 00pa30BaHMs HAKHUIIH.
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Puc. 2. Boinapusie anmapaTsl ¢ €CTECTBEHHOMN ITUPKYJISIIUECH:
1 — rperomas kamepa, 2 — cemaparop, 3 — IUPKYJISIHOHHAS TpyOa

Buvinapnoti annapam ¢ npunyoumenvHol yupkyiayueil IPeICTaBIICH Ha puc. 3.

Bmopurarsit
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R AT KoHyeHmpam
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—__Hacoc
Puc. 3. BelmapHo# anmapar ¢ NpuHyIUTEIbHON HUPKYJIALME:
1 — nupkynsaunoHHas Tpy0a, 2 — cenaparop, 3 — KUMSATHIBHUK
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KuakocTe HUPKYJIUPYET Yepe3 KUIATWIBHUK 3 1O AecTBUEM Hacoca. B kuris-
THUJIBHUKE 3 BEIIECTBO HAarpEeBAacTCsl OTHOCUTENIBHO TEMIIEPATYPhl KMIIEHUS B CEMaparo-
pe 2 Ha BENMYMHY TMAPOCTATUYECKOTO NaBJIeHUsA. B cemaparope HaBiICeHHE KUIKOCTH
PE3KO CHMIKAETCS, B pE3YyJITATE YaCTh KUAKOCTH MIHOBEHHO Hcrapsiercs. [Iockonabky B
anmnapare MoAAep KUBAeTCs HUPKYJISALUS )KUJKOCTH, CKOPOCTh ITOTOKA B TpyOax M TEM-
neparypy X UAKOCTH MOYKHO PETYJIMPOBATh B COOTBETCTBUM C OCOOEHHOCTSMHU MPOAYK-
Ta HE3aBUCHUMO OT 3apaHee BRIOpaHHOW pa3HOCTH TEMIIEpaTyp.

B naenounvix annapamax pacTBOp JBHKETCA BI0JIb IOBEPXHOCTH TEINIOOOMEHA B
BHJIC TOHKOU TIeHKHU (puc. 4).

[1neHo4HBIN anmapaT COCTOAT U3 ITydKa KUIATUIBHBIX TPYO 2 , o0orpeBacMbIX
CHapy»H [IapoM U IPUCOEIUHEHHBIX BBEPXY K cenapaTopyl . JKuakocts nmogaercs CHU-
3y, IPUYEM ypOBEHb €€ noaaepkupaercs Ha 1/4...1/5 BricoTsl TpyO. OcTanpHas 4acThb
BBICOTHI TpPyO 3amlojHEHa MApPOKUIKOCTHOM CMECBIO, pacClauBaloLIEiCs Ha IUIEHKY
KHUJIKOCTU (OKOJIO CTEHOK) U map (B LeHTpe). TpeHueM o cTpyro mapa >kujkas IJIeHKa
YBIIEKAETCsA BBEPX; IIOITOMY TaKME aIllaparbl 4acTO HA3bIBAIOT alliapaTaMH C IOJHU-
MAaroLIEHCs IIICHKOM.

HawyymuMm BapuaHTOM BBIIAPHOIO allapara sBISETCS BBIIAPHOW amnmapar ¢
MIPUHYAUTEIBHON IUPKYJAUEN. Tak Kak B HEM KUIIEHUE U UCIIAPEHHUE UIET HE Ha Ipe-
IOIMX ITOBEPXHOCTSX, & B CEMApaTope, MOATOMY 3arpsi3HEHHE HArPEBATEIIBHOW KaMephl
M3-32 MHKPYCTAlMM M OCAaXICHHS CBOJMUTCS K MHUHMMYMY, OTJIMYAETCA IPOCTOTOU
yIpaBJICHUS NPOLECCOM U aBTOMAaTH3alMEH, a TAKKE TMOKUM YIIPaBICHUEM.

BmapusHei nap

m
—

N /6\
=
Vi O KoHuermpam
KoHdeHcam
] C—

Puc. 4. [Inénounsrit BeImapHo# anmapar: 1 — cemapaTtop, 2 — KUTIATUILHUK
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Pacyer BbIIapHOH yCTaHOBKH. JlJIsI MPOM3BOACTBA KOHIIEHTPATA C COACPIKAHU-
eM 60% cyxux BEHIECTB HCIIOJIb3yEM TPEXKOPILYCHYIO BBIIAPHYIO YCTaHOBKY. [Ipou3-
BEJIEM pacueT €€ OCHOBHBIX I1APaMETPOB.

a) OnpeneneHne TeMnepaTyp KUIeHus: pacTBOPOB.

1. IIpon3BOAUTENBPHOCTh YCTAHOBKM IO BBIIAPUBAEMON BOJAE OIPENECISAIOT U3
ypaBHEHUsI MaTepUaIbHOro OanaHca:

Xy |
X, |
rae G, — pacxon BemiecTBa, Kr/c; Xy — HadalbHas KOHICHTpanus, %; X — KOHeUHas
KOHIICHTpaIus BemecTsa, %.

2. PaccunthiBaeM KOHIIEHTparuu pacTtBopa. [IpuHMMaeMm, 4TO MPOW3BOAUTEIb-
HOCTh IO BBITIAPUBAEMON BOJIE pacCHpenessieTCss MEXIy KOpITyCcaMu B COOTBETCTBHH C
COOTHOILIEHHUSIM:

Wy =Gy 1-

Wi:W,:W,=1:1,1:1,2,

TOTJa
1.-W, 1,1-Wq 1,2-Wq
W1=" 5 oy)=—">, O1=— .
1+1,1+1,2 1+1,1+1,2 1+1,1+1,2
Konnentpanuu BemiecTsa B KOpnycax:
Xl :—GH XH , X2 = GH XH , X3 = GH XH ,
Gy —o1 Gy —w1—m2 Gy —01—-m2 —®3

rne G, — pacxon BemiecTBa, Kr/c; X — HaydaiabHas KOHIIGHTpaIluds BemiecTBa, %;
W1:W2:W3 — MPOU3BOJIUTEIBLHOCTh MO BBITAPHUBAEMOM BOJI€, COOTBETCTBEHHO B 1, 2 1 3
KOpIyce, Kr/c.
0) OnpenenieHre TeMiepaTyp KUIeHus pacTBOPOB.

1. OOmuii eperna JaBJISHUA B YCTAaHOBKE:

APy = Prq —Pgx,

rae P.; — maBnenue rperomero mapa, Mlla; Ps. — maBieHue B GapoMeTpUUeCKOM
KoHzaeHcarope, Mlla.

2. OnpenenseM TaBicHUE TPEIOIIUX IMApOB B KOPITyCax:

AP AP
Prp =P — 06 06

’ Pr3 =P — ’
rae Py, P — coOTBETCTBEHHO NaBiieHWe rperomiero napa B 1-m u 2-m kopmycax,
MITa; APo6 — o6mmii nepenaj naBieHuii B ycranoske, Ml1a.

1o naBiieHHSIM MTAPOB HAXOAUM UX TEMIIEPATYpPhl U SHTAIbIINU.

H3MmeHeHne TeMneparypbl KAMEHUS MO BBICOTE KUIMATUIIBHBIX TPYO MPOUCXOIUT
BCJIE/ICTBHE M3MEHEHUS THIPOCTaTHUYECKOI0 JaBJICHUS CTOJI0a )KUIKOCTH. Temneparypy
KHUIIEHUS] pacTBOpa B KOPIyce MPUHUMAIOT COOTBETCTBYIOIIEH TEMIIEpATYpe KUIIEHUS B
CpellHeM cioe XHAKocTH. TakuM o0pa3oM, TeMiiepaTypa KUIMEeHUs pacTBOpa B KOPITyce
OTJINYAETCS OT TEMIEPATYpbl T'PEIOUIETO Iapa B MOCIEAYIOUIEM KOPIIyCE HAa CyMMY
TEMIEPATYPHBIX MOTEPh OT TemneparypHoi Al, ruapocratnueckoil A2 u rugpoanHa-
MHUUYecKoi A3 nernpeccuid.
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3. I'mnponunammuueckasi nerpeccus 0OyclOBlIeHA NOTEpeil NaBleHUs mapa Ha
IPEO0JIEHUE TUAPABINYECKUX COIPOTUBIEHUM TPyOOIIPOBOAOB MpHU MEPEXOAE U3 KOp-
nyca B kopryc. O0br4HO B pacuerax npunumaiotr A3 = 1,0 — 1,5 rpajg Ha kopiryc.

[Tpuaumaem A3 =1, Torga reMneparypbl BTOPUYHBIX IAPOB PABHBIL:

tan1 = tr2 + A3, 2 = 3 + As, a3 = tox + A3,
1€ trm2, tus, tox — COOTBETCTBEHHO TemmepaTtypa BO 2-M, 3-M KopIlycax U OapoMeTpuye-
CKOM KOHJIEHCATOpeE.

[To Temneparypam BTOPUYHBIX HAPOB OMPEIAEISIOT UX JABICHUS.

I'unpocratnueckas aenpeccus 0oOyCIIOBIE€HA Pa3HOCTBIO JABJIECHUN B CpPEOHEM
CJIO€ KHUITALIETO PacTBOpa M Ha €ro NOBEPXHOCTH. J[aBlieHUE B CPEHEM CII0€ KHUIISIIETO
pacTBoOpa ompeneseTcs no Gopmyie:

Pcpi =Pppj +
rae Pupi — JaBneHue BTOPUYHBIX MapoB B Koprycax, [la; H — BeicoTa KMISATHIBHBIX
Tpy6 B ammapate, M0 — IUIOTHOCTh BEIIECTBA, KI/M%;€— mapoHamonHenne (00bEMHAs
707151 Tapa B KUIISALIEM pacTBOpE).

Jist BeIOOpa 3HaueHuss H HE0OX0IMMO OpHEHTHUPOBOYHO OLEHUTH MOBEPXHOCTH
TeIUIoNepe ayy BelapHoro ammapara Fo,. IIpn KunmeHun BOJHBIX pAacTBOPOB MOXKHO
MPUHSATH YACIbHYIO TEIIOBYIO HArPY3Ky allliapaToB ¢ MPUHYAUTEIbHON HUPKYISAUEH
q = 40 000 — 80 000 Bt/m>.

Toraa moBepxHOCTH TEIIONEPEaYl OPUEHTUPOBOYHO PABHA!

F = w1-M

Op_T’

r7ie 1 — TermIoTa mapooOpa3oBaHusi BTOPUYHOTO mapa, J»K/Kr.

[Ipu ompexneneHUM MIOTHOCTU PacTBOpa B KOpITyce NMpeHeOperaeM M3MEHEHHEM
e€ ¢ nmoBbIIeHueM Temnepatypsl ot 20°C f0 TeMIiepaTypbl KUIIEHUS BBUAY MaJioro
3Ha4YeHUs KoadpPuUIMeHTa 00'bEMHOI0 paclIMPEHUsI U OPUEHTUPOBOYHO MPUHSITO-
ro 3HAYECHHUS €.

[lIo naBneHUIO B CpelHEM CJIO€ KHUIISIIETr0 PAacTBOpa OIPENESIOT CIeAYIOLIe
TEMIIEPATyPbl KUIIEHUS U TEIJIOTHI UCIIAPEHUS PACTBOPUTEIIS.

TemnepaTtypHas nenpeccus ONpeaessieTcs o ypaBHEHUIO:

At; = o,omz(M’) Ay,
TBILI

p_'gz'_H (1-¢),

rje tcp.i — TeMneparypa rnapoB B CpelHEM CJIo€ KUISATUIbHBIX TpyO, K; AaT™m.1 — Temrie-
paTypHas enpeccus Mpu aTMOc(GEpHOM J1aBJICHUU

4. TeMriepaTypa KMIIEHHs pacTBOpa B KOPITyCE paBHa:

g1 =t +A3+ A, o =43 A3+ AR, 3 =lox + A3+ A3,

B ammaparax ¢ BBIHECEHHOW 30HOM KHUIIEHMS, KaK C INPUHYAUTEIBHOMU, TaK U C
€CTECTBEHHOM LUPKYJISIUEN KUIIEHUE pacTBOpa MPOUCXOAUT B TpyOe BCKUIAHMUS, yCTa-
HaBJIMBaeMOM HaJ| rperoiieit kamepoil. Kurnenue B rperomumx TpyOax mperoTBpaliaeTces
3a C4€T TUAPOCTATUUECKOIO JaBJIEHUS CTO0A )KUIKOCTH B TpyOe BckumnaHus. B rpero-
HIMX TpyOKaxX MPOMCXOAUT MEPErpeB KUAKOCTU MO CPaBHEHHUIO C TeMIIepaTypol KuIie-
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HUS HA BEpXHEM YpOBHE pazzaena ¢da3, MO3TOMYy TEMIIEpaTypy KHUIIEHUS PacTBOpa B
ATHUX alllapaTax OnpenesstoT 0e3 yuéra ruipoCTaTHIECKUX TEMIIEPATyPHBIX MOTeph A2.
5. [Inomanb NTOBEPXHOCTH TEIIONEPEAAYN MOKHO OMPEACIIUTh M0 hopMyIie:

Frp = :
K-ZAt,
rae Q — TernoBas Harpyska, KBt; LAt,— nose3Has pasHocTh Temieparyp, °C; K — ko-

aPUIMEHT Teronepeadn.
6. PaccunTaeM TerioByto Harpy3Ky mo ¢popmyie:

Q1 :1103[GH 'CH(tKl 1y )+ 001(i2 —Cp 'tKl)]’
Q2 =1,03[(Gy; — @1)-c1 - (txa —ti1 )+ 02(i3 — €5 -t ) ],

Q2 =1,03[(Gyy — w1 —®2)-c3 - (t3 —te2 )+ w3 —Cs - te3) ],

rae 1,03 — koapduruent, yunteiBaromuii 3% Temia B OKPYKaroIIyr0 Cpeay; Cu, C1, Co—
TEIUIOEMKOCTH PacTBOPOB COOTBETCTBEHHO HCXOJHOTO, B 1-M W BO 2-M Kopmyce
Jx/(xr-K); te, teo, t — TeMnepaTypsl KulleHHsl pacTBopa o kopmycam, °C; t, — Temrie-
paTypa BTOPUYHOTO Mapa; 12, 13, 10K — COOTBETCTBEHHO SHTAJIBIIMK I'PEIOLIETO Mapa BO
2-M, 3-M Kopmycax u B 0apoMeTpuuecKkoM KoHzaeHcarope, [k/Kr; ¢, — yAenbHas Terio-
éMkocThb Boabl, [Ix/(kr-K).

7. KoadduimenT remtonepeiayu onpeaessitoT 0 ypaBHEHUIO TEPMUYECKUX CO-
IIPOTUBJICHUM.

B kauectBe  Marepuana MNpPUHUMAEeM  CTajdb  KOHCTPYKIHMOHHYIO MapKu
12X18H10T. Koadpumment ternonpoBoanoctu ctamu Act = 16 Br/(m-K).

CymMma TEpMUYECKHUX COITPOTUBJIEHNN CTEHKHU U 3arPA3HECHHUN paBHA

1
K= 1 T
= HXTH+
al a2
re o1 U Opy— KOI(POUIIMEHTHI TEMJIOOTIAYU TOPSYEro M XOJOJHOTO TETUIOHOCUTENEH,
Br/(M?K); T — cyMMapHO€e TepPMHYECKOE CONPOTHBIEHUE, (M- K)/BT:

XT=_"°T+71,
Aer Ay
rie Oy — TOJIIHUHA CTCHKH, M; A¢r — KOI(POUIIMEHT TEIJIONPOBOJIHOCTH MeETaa,
B1/(m-K); 0, — TonumHa HaKUMU, TPUHUMAEM, M; Ay — KOIPDUIIMEHT TEIUIONPOBOTHO-
ctu Hakunu B1/(m-K).
8. KoaddwunueHnt temmonepenadn OT KOHISHCHUPYIOIIETOCS Tapa K CTEHKE
paBeH:

oy =2,084"L P12 g, 7
4-pyer - At
rjae rl — TemioTa KOHAEHCAMK Tperolero napa, J»K/Kr; pxi, Axi, Wxi— COOTBETCTBEHHO
IUIOTHOCTB, KI/M%; TemonposogHocTs, Bt/(MK); Bsaskocts, Ila:c, xoHmeHcaTa mnpu
cpeaHel Temrneparype ieHku; Atl — pa3HOCTh TeMIiepaTyp KOHCHCAIMU Tlapa U CTeH-
ku, °C.
9. KoaddummeHT TenIo0T1auu OT CTEHKU K KUIIAIIEMY PaCTBOPY PaBEH:

oy =18,76(au1 - Aty) %,
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rae ol — koaddunmeHTt Temnonepeaaun oT KOHACHCUPYIOIIETOCs Mapa K CTEHKE,
Bt/(M?-K); Atl — pa3HOCTB TeMIepaTyp KOHAEHCALMH T1apa 1 cTeHKH, °C.

VYcaoBus npoBeaeHus padOTEL.

Jlnst mpoBeieHus pabOThI CTYIEHTaM MPEAOCTABISIOTCS METOJUUECKUE YKa3aHuUs,
Y MPEeToJiaBaTesib 3HAKOMUT UX C OMPEICIICHUSIMUA U OCHOBHBIMU HANpPaBJICHUSIMH pabo-
THI.

IIpoBenieHre pabOThI.

BrimmonnHeHME paOOThI 3aKII0YaeTCsS B U3YYCHUH OCHOBHBIX TEOPETHYECKHX CBE-
JCHUH U 00CYKJICHUH MaTepUajIoB paOOTEHI.

[Tops10K BBITTOTHEHHS paOOTHI.

[Toapo6HO M3YyYNUTh OCHOBHBIC TEOPETHUECKHUE CBEJCHUS U BBITIOJIHUTH PACUYET TI0
BapHaHTaM.

1. Pacxon BemectBa GH (CM. 3a/1aHHE TI0 BApHaHTaM);

2. HauanpHas KOHIIEHTpAITUs BEmecTBa XH (CM. 3a/IaHKE 110 BapHaHTaM);

3. Koneunas koHIIEHTpaIns BemecTBa XK (CM. 3a/IaHKE 110 BapruaHTaM);

4. JlaBnenue rperomiero mapa Prl = 1,079 mma;

5. [laBnenue B 6apomerpudeckoM koraencarope Pok = 0,0147 MITA.

Ne GH, | XH, | XK, Ne Gh, | XH, | XK,
Bap. | kr/c | % % | Bap. | kr/c | % %
1 4 15 65 11 4,3 17 75
2 4,5 18 68 12 4,7 18 78
3 5 20 63 13 53 | 21 73
4 55 | 25 64 14 57 | 22 74
5 6 15 66 15 6,8 17 76
6 6,5 18 68 16 6,7 19 78
7 7 20 61 17 74 | 20 71
8 75 | 25 62 18 7,7 | 23 72
9 8 15 65 19 8,2 15 75
10 8,5 18 67 20 8,8 19 77

Conepsxanne v 0hopMIIEHHE OTYCTA.
OTUeT I0MKEH COIePKATh:

- Ha3BaHUE U 11eJIb PaOOTHI;

- pacyeT 1o BapuaHTam;

- BBIBO/IBI 110 paboTe.

Bbubanorpadguyeckuii cnucox
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IIpakTuyeckas padora Ne 4
PACUYET AIIMAPATA C PYBAILIKOM HA YCTOUYUBOCTH

[{enpro TeMbl SIBISIETCS pacdyeT BEPTUKAJIBLHOTO araparta ¢ pyOamikod Ha
YCTOMYUBOCTb.

JlocTrkeHne MOCTaBICHHON eI OCYILECTBISIETCS PELICHUEM 3a1a4:

1. U3yunTh 3CKM3 BEPTUKAIIBHOTO amnmnapara ¢ pyOalikou.

2. BBITIOJIHATH pacyeT Ha YCTOMYMBOCTh BEPTUKAIBHOTO amnmapara ¢ pyOarikoi
HA YCTOWYHUBOCTb.

OBIIUE CBEJIEHUA

AHHapaTBI C pY6aIHKaMI/I HCIIOJIB3YIOTCA B XUMHYECKOM TEXHOJIOTUU KaK O60I‘p€-
BaCMBbBIC HJIN OXJIAKIAaCMBIC COCYIbI TJIA IMPOBCACHUA XHMMHUYCCKUX pCaKHI/Iﬁ (pI/IC 1)
Kak IIpaBuJIO, OHH pa6OTaI-OT moa M30BITOYHBIM AaBJICHUCM U B 3daBUCHUMOCTHU OT XapaK-
TEpa TCXHOJOTHICCKOTO IIpOoHecCa HOCAT Ha3BAHWC aBTOKJIABOB, HUTPATOPOB, IIOJIHNMC-

pHU3aTOPOB, BAPOUHBIX allapaToB U Ap.

XonodHas
XudKocmb

lap

Bo3dyx

lopsivas xudkocms KoHdeHcam

Puc. 1. Cxema amnmapara ¢ pyOarikoi.

B xumuueckoll mpOMBINIIEHHOCTH HauOoJjiee 4acTO MPUMEHSIOT BEPTHKAJIbHbIC
amnmapartbl ¢ pyOamkoi (puc. 2). s ynapuBaHus pacTBOPOB OOBIYHO MPUMEHSIIOT arl-
napaTbl ¢ KOHUYECKUM JIHUILIEM C YTJIOM HAKJIOHA OOJIbIIE yIila €CTECTBEHHOTO OTKOCA
YIIAPEHHON MACChl. YIIApEHHBIN PaCTBOP YAAISAETCS 4epe3 HWKHUM IITyLEep KOHUYe-
CKOT'0 JTHUIIIA aliapaTa B KaueCTBE MPOMEKYTOUYHOI'O UM KOHEUHOTO MPOIyKTA.

Ilopsook pacuema annapama.

Jlyist pacueta anmapara ¢ pyOanikoi J0KHBI ObITh U3BECTHBI: KOHGUTYpaIus
JHUINA; KOHCTPYKTUBHBIE pa3Mephl amrapara H IITylepa; padouee 1aBjieHUe B arnmapa-
Te U pyOaitke; Ko3p(HUIHEHTb TPOYHOCTHU U KOMIIEHCALIUUA KOPPO3HH; TEMIIEpATypa B
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ammapare, ero MaTepHal; BUj TeIJIOHOCUTENs (0OBIYHO BOASIHOM map); oOpabaTkiBae-
Masi cpefa.

é; BUY

L~ 1
L= 1585

§
3
3
' % %
| 3
| 2k
i]l';ﬂﬁ_!w

Puc. 2. Dcku3 BepTUKAIBHOrO anmnapara ¢ pyoankoin

PacuerHoe naBneHue BHyTpH anmnaparta (puc. 3, 4):
Pa, =Pa *Pa, ,
rze p,— pabouee nasnenue B anmnapare, Mlla; p, . — ruapocTaTiueckoe 1aBieHUE B

KOpITyCe arrapara.
['mapocrarnyeckoe JaBjaeHUE B KOPITyce

pa]-' = ngHH '
€ § — YCKOpEHHE CBOOOJHOTO NafeHHs, M/C%; p,— IIIOTHOCTL 00padaThIBaeMOM cpe-

IBI, KT/M°; Hy; — BBICOTA ammapara, HaxoIAIascs Mo pyOanKoi, M.
I'mapocratnyeckoe gaBiIcHUE B KOPITyCe arrapara HeoOX0IUMO YYUThIBATh, €CIIN
OHO cocTaBuT 0oJee 5% oT Py .

PacuerHoe naBnenue B pyOarike

PP =pP+pPr
rje p— pabodee AaBieHUE B pyOallke; p, — THAPOCTAaTUHYECKOE JaBJICHUE B pyOalke.
pr = gpsHm

r7i€ p,— IUNIOTHOCTh KOHAEHcaTa (BOJbl), py = 0,0345 MIIa.
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Puc. 3. Dcku3 obeuaiiku kopnyca  Puc. 4. Dcku3 KOHUUECKOTO JHUIIA

A

['uppocTatudeckoe maBieHre B pyOarike He0OX0AMMO YIUTHIBATh, €CIIM OHO CO-
ctaBuT 6omee 5% ot p.

Pacuetnyto Temneparypy CTEHKH PUHUMAEM PaBHOU Temreparype o0padaThiBa-

eMOH Cpe/ibl, COMPHUKACAIOLICHCS CO CTEHKOM anmapara:ty =t = 200°C.

% o
Horyckaemoe HalpsDKeHUEe Grorp = NG , [AC N — HOMpPaBOYHbI KO3 dULHCHT,

YUUTBIBAIOIIMI yCIOBHS SKCILUTyaTallMy aliapara; 6 — HOPMaTHBHOE JIOMyCKaeMOe
HaIpsKEHUE TIPU pacyeTHOU TeMrieparype, Mlla.

Tax kak TexHHUECKas JOKYMEHTAIUs Ha SKCILTyaTallrIo arnmapara OTCyTCTBYET,
TO 1M npuHuMaeMm paBHbIM 0,9, T.e. cpenHee 3HaAUCHHE.

Jl71s TOTO, YTOOBI OMPEEIUTh HOPMATUBHOE JIOMTyCKaeMOe HaMpPsKEHHUE MPHU pac-
YETHOU TeMIiepaType, HeoOX0IMMO 3HATh MaTepra, U3 KOTOPOTO U3TOTOBIICH arapar.
[Tpuanmaem marepuan mis anmapata — ctaib 10, TOCT 1050-88; u3 cipaBovHBIX JaH-
HBIX JUIst 5Toi Mapku ctamu ipu t, =200°C 6" =118 MIla.

PacuetHOe 3HaUEHM MOyl IPOJOJIBHOM yIIpyrocTy E u npenena Teky4ecTu
o, npu temneparype t, =200°C s ctanmm 10 6yayT COOTBETCTBEHHO
E =1,81-10° MIla u o, =187 MIla.

TosnmmHa CTEHKU JUTMIITUYECKON KPBIIIKH, pa0OTarOIIeH 1M0j] BHYyTPEHHUM J1aB-
JICHUEM

R
Skp = Pa +C+Cq,

20671011 —0,9p3
rae R — paauyc KpuBU3HBI B BEPIIMHE JHUIIA, M; (@ — KO3(DPUIIMEHT IPOYHOCTH CBAp-
HBIX COEIMHEHM, C1 — KOHCTPYKTHUBHAsI MPHOaBKa K paCYeTHOM TONIIMHE CTEHKH, M; C
— npurbaBKa K TOJIIMHE CTEHKU JUIsl KOMIIEHCAIUU KOPPO3UH, M.
JUtst craHaapTHBIX JMnTHYeckux qHu R = D, cBapka py4Has 1ByCTOPOHHSS.
IIpu 3amannbIx ycnoBusx npuaumaeM C1 =0. 3nech D — BHyTpeHHUN AuaMeTp KOpITy-

ca, M. [TomyueHHOe 3HaYeHNE TONIHUHBI CTEHKHU JUIMITUYECKON KPBILIKU KOPPEKTUPY -
etcst B coorBeTcTBUU ¢ 'OCT — okpyrasiercs 10 Ommkaiiero O0ibILIero 1eyioro 3Ha-
YEHUs1, Pa3MEPHOCTDb — MM.
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TonmuHa cTeHKH 0O0eualiku KopIryca:
a) TpH JIEHCTBUM BHYTPCHHETO JIaBJICHHUSI

_ P ap D
20671011 ~ Pap
Heo0xoaumo mpoBepuTh, BO3MOKHO JIM IPUMEHUTH NPEAbIIYIYI0 POopMyITy, UC-
X0a4d U3 YCJ'IOBI/IH

Sl +C+C1;

S17C 01 [m].
D
0) npu ACHCTBUM HAPYKHOTO JaBJICHHUS
D ( p | \0,4

P
100 LlO'S E D}‘
rie | — MHa HeyKpeTIeHHOW 00eYaiKu, M.

D-D
| = HH — 0 ctga,
2
rae Do — mnaMeTp CIMBHOTO IITYIIEPa, M; O — YTOJI, ONPEACIISIIONINN KOH(PUTYPaIHIO

JTHUIIA.
Heo6xoaumo mpoBepuTh, BO3MOXKHO JIU IPUMEHUTD MPEAbIAYIyI0 (hopMyiTy, Hc-

X0 U3 YCJ'IOBI/DI
15 Z(SZ'C) S_IS L
’ D D 2(Sy -¢)

HcnonuuTtenbHas TOMIMHA 00eYaliku Kopryca Sos MPUHUMASTCS HauOOJIbIIeH
13 ABYX 3HaueHMUM Siu Sy . OxoHYaTenpHO, B cooTBeTcTBUHU ¢ 'OCT — okpyriasiercs 10

OJroKaiIero OOJIBIIEro IEJI0r0 3HAUYCHHS, Pa3MEPHOCTb — MM.

Tak kak oOeyaiika Kopmyca padoTaeT ol COBMECTHBIM JIEUCTBUEM (puUC.2)
HApPY>KHOTO JABJICHUS P, U OCEBOM CKMMAaKOUIEH CHIIbI N, TO yCIOBUE YCTOMYUBOCTH
MIPUMET BU]I

S, =047 +C+Cq,

N
- PP <1,
N JI0I1 pI[OH
rae Ny — momyckaemas oceBas CKUMAIOIIAS CHIIA; Pyon — JOMYCKAEMOE HAPYKHOE
JaBJICHUE.
OceBas coxuMaroias cuja (Cuia MprKaTHs JTHUINA K oO0edaike):
2
TE(D + 28) . *
N = fp p Npom =nD(S-C)oco
e S = Sy5; Oc — KO OUIIMEHT YMEHBITICHUS JOMTyCKaeMbIX HAMPSIKEHUH.
1
— — ]
Pe lor D |

e 250

Jlist pacyeTa ppon HEOOXOAMMO MTPOBEPUTH yCIOBUE
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S%<1,1-1023i/(ﬂz( o7 \|2;

D) {10

[TosydeHHBIE JaHHBIE JOCTATOYHBI IS IIPOBEPKHU YCIOBHS YCTONUUBOCTH
oOeuaiiku Kopmyca.
Jlommyckaemoe BHYTpEHHEE JaBJICHHE PUHUMAEM PABHBIM MEHBIIEMY U3 3Haue-

HUH, TOJIy9eHHBIM 110 (OopMyJIaM:
BH 2001011 (SI[ - C)cosa |

PAOI= D+ (SZI - C)cosa

g 40omom (S-c)
PO = Dy

racy — K03(1)(1)I/II_[I/I€HT (bOpMBI JHUIIA, S[[ — TOJIIIMHAa CTCHKY KOHUYCCKOI'O JHHIIA,

NPUHUMAEM PaBHOM TOJIIIMHE 00evaliku Kopryca Sy =S, MM; y — KOOQOHUIMEHT, TaK
KaK MCIOJIb3YyeTCs JHUIIE 0€3 TOPOUAAIBHOIO TIepexoia, TO MPUHUMAs PaCYSTHBIN
BHYTpeHHHM paauyc orooptoBku I = 0,01D, npunumaem y =2,7 .

Heo6X0mMMo TIPOBEPHTE YCIIOBHE Py > Pa,,
JlonycKaeMoe Hapy>KHOE JaBJICHUE JUIS THUIA ONPEAENAETCS 110 (POpMyJIam:

_ZE(SI[—C)_
PRomy ~ " ppgy
2
1,5E s D (L )

g1=_  +153 T P [ K ||
oT E Sﬂ-C\SI[-Cj
rae D, — pacueTHslil tuamerp nHuINa, M; L, — pacueTHas nnuHa gHMIIA, M.
Dp _ 0,9D+0,1D, .
cosa,
" L = 0 ctga
3 puc.4 cienyer —, T ——— , M.

2
Heo0xommMo IpOBEpHUTE YCIOBHE yCTONIMBOCTH AHALIA Pp < P 0[71-

VY caoBust mpoBeaeHus padbOTEL.

Jlns mpoBeieHrs pabOThI CTYICHTaM IIPEAOCTABIISIOTCS METOINYCCKUE YKa3aHuUs,
1 MPETIoiaBaTeNlb 3HAKOMHUT MX C OMPEICIICHUSIMA U OCHOBHBIMH HaITPaBJICHUSIMH pado-
THI.

[IpoBenenune paboThI.

BrimonHeHnne paboThl 3aKII0YaeTCsl B M3YYCHUH OCHOBHBIX TEOPETUUYECKUX CBE-
JE€HUHN U 00CYKJIEHUU MaTepUajIoB padoThI.

[TopsmoK BBITTOJTHEHUST paOOTHI.
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HOI[pO6HO HN3Yy4YUTb OCHOBHBIC TCOPCTUICCKNUEC CBCACHUS W BBIIIOJIHUTL PACUCT 110
BapHaHTaM.

Ne | 2a,° | D,m| Do, Hp, p Pa t c, (0] Pe
Bap. M M MIla | MIla | °C M Kr/m°
1 60 24 | 0,2 | 3,48 0,3 0,4 200 | 103 | 0,9 1010
2 80 34 | 12 | 352 0,4 0,5 200 | 103 | 0,75 1020
3 60 54 | 20 | 3,82 0,5 0,6 200 | 103 | 0,8 1090
4 70 1.8 | 01 | 348 0,3 0,4 200 | 10° (0,93 1200
5 60 26 | 0,2 | 3,90 0,5 0,6 200 | 10°| 0,9 1900
6 60 28 | 0,2 | 3,55 0,3 0,4 200 | 102 | 0,75 1100
7 80 32| 03 | 3,75 0,2 0,3 200 | 10°| 0,8 1010
8 60 24 | 0,2 | 3,48 0,4 0,5 200 | 102 0,93 1050

9 50 | 28| 0,2 | 3,48 0,3 0,4 200 | 10%| 0,9 1250

10 60 | 22 | 0,1 | 4,01 0,3 0,4 200 | 10®| 0,9 1020

11 /0 | 29| 03 | 425 0,4 0,5 200 | 10%] 0,9 1300

12 /0 | 30| 0,2 | 3,48 0,5 0,6 200 | 10| 0,9 1200

13 60 | 50 | 15 | 3,48 0,3 0,4 200 | 10®| 0,9 1080

14 55 | 26 | 0,2 | 4,05 0,6 0,7 200 | 10®|0,75| 1000

15 60 | 42 | 04 | 3,48 0,3 0,4 200 | 10®| 0,8 1100

16 60 | 30| 0,2 | 401 0,4 0,5 200 | 10° 0,93 1000

17 60 | 34 | 1,2 | 425 0,3 0,4 200 | 10®| 0,9 1200

18 60 | 29| 0,2 | 3,48 0,4 0,5 200 | 10®| 0,9 1000

19 60 | 24 | 0,2 | 3,48 0,3 0,4 200 | 10°| 0,9 1010

20 60 | 24 | 0,2 | 4,05 0,4 0,5 200 | 10®| 0,9 1200

Conepsxanue U oopMIIeHHE OTYETA.
OTtuer JOJIKEH CoaepKaTh:

- Ha3BaHUE U 11eJIb paOOThI;

- pacyeT 1o BapuaHTaMm;

- BBIBOJIBI 110 paboTe.

bubanorpadguyeckuii ciucox

1. O6mmit Kypc MpoOIECCOB U annapaToB XUMUYECKON TEXHOJOTUH : YUEOHUK IS
BY30B : B 2 kH. Ku.1 / B. I'. Alinmureiin [u np.] ; nox pen. B. I'. AltnmreiinaM. : ®uzma-
tkHUTA : Jloroc, 2006. 912 c..

2. Kanexun B. C. Ilpoueccol u anmapaThl XUMHYECKOM TEXHOJOTUHU : Y4eOHOe

nocobue / Kanexkun B. C. Dnektpon. nan. Mocksa : Pycaiinc, 2021 458 c¢. Pexxum no-
cryna: book.rulnternet accesshttps://book.ru/book/942019 ISBN 978-5-4365-8668-7.
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IIpakTuyeckast pabora Ne 5
PACUYET BAJIA AIIIMMAPATA C IEPEMEIIUBAIOIIIUM YCTPOUCTBOM

[{enpro0 TEMBI SABIETCS pacyeT Bajia amnmapara ¢ NEPEMENIMBAIOIIUM yCTPOM-
CTBOM.

JlocTHKEeHrE TOCTABICHHOW LEIN OCYIIECTBIIAECTCS PELIEHUEM 33a4:

1. U3yunTh 3CKM3 BEPTUKAIBHOTO arapara ¢ pyOalkoi.

2. BBITIOJIHUTP pacyeT Ha YCTOMYMBOCTh BEPTUKAIBHOTO ammapara ¢ pyOarikoi
HA YCTOUYHUBOCTb.

OBIIUE CBEJIEHUA

Jli1st pacuera BaJia BEpTUKAIBHOTO amnmnapara ¢ IepeMeMBalonuM YCTPOHCTBOM
(puc. 1) nomKHBI OBITH U3BECTHBI: TUIT Baia (>KECTKUH, HEIKECTKUM); IJIMHA Basa; KOOp-
JTUHATHI TICHTPA TSHKECTH MEIIANIOK W KOOPAWHATHI OMACHBIX CEUYCHUU (IO JKECTKOCTH,
MIPOYHOCTH); YaCTOTa BpAIICHUs Baja; MaTepuas Baja; IWaMeTp alapara; THI Tepe-
MEIITUBAIOIINX YCTPOUCTB, UX AUAMETP M MACChl; MOIITHOCTh, TIOTpeOIsieMast OqHUM TIe-
PEMENIMBAIOIINM yCTPOUCTBOM; pabouasi TeMrepaTypa B ammapare.

' 4:!5
ok | r [
® NN
- . - 1 ! ‘ s
i o— Y.

o | Hi "

s | i 2
s ¥ J o -
= ‘ - : Lo

’ —it E
\_’ . -
i
-
- \____rln_l E NF_‘
i \ il

Puc. 1. Cxema anmnapaTta BEpTUKaIbHOTO C IEPEMEIINBAIOIINM YCTPONCTBOM

Jnsa pacuera pacCMOTPUM CIEAYIOIIMN Bajl: MOCTOSHHOIO MOIIEPEYHOIO ceue-
HUSI, TUI BaJla — KECTKUH, TUIT IEPEMEIINBAOIINX YCTPOMCTB — MponesuiepHbie. PacueT
BaJla IPOBOJUTCS HA KECTKOCTh, IPOYHOCTh U BUOPOYCTONUUBOCTD.
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2.1. Pacuem 6ana Ha 8uOPOYyCmoudusocme.

Omnpenenenne K03 PUIMEHTOB, YUUTHIBAIOLIUX YCIOBUS 3aKPEIICHUS Bajla U
IPUBEJICHUS MAcChl BaJja.

Januble K03()HULUEHTHI SBISIOTCS CIIPAaBOYHBIM MaTEPUAIOM U BBIOMPAIOTCS
3aBHCHMOCTH OT THma Baja. [{ns ogHomnposernoro Bana: N = 4,8 — koadpunuent
ycIoBHi 3akpervieHus Baia; g = 0,5 — kodghunueHT npuBeIeHUs MacChl Baa.

OTHOCHUTENBHBIE KOOPIMHATHI IICHTPA TSHKECTH MEPEMEIINBAIOIINX YCTPONCTB:

=2 r=2
L7
rae L — nnmuna Bana, m; |1, |2 — koopaMHATEI IEHTpa TSHKECTH MEMIANIOK, M.
bespa3zMepHblil TMHaMUYECKHUI MPOTru0 Baja B UEHTPE TSHKECTH MEPEMENINBAKO-
IIMX YCTPOUCTB — OMPEIEISIETCS CIIPAaBOYHO B 3aBUCIMOCTH OT OTHOCHTEIBHBIX KOOP-
JIMHAT [EHTPa TSHKECTU MEPEMEITUBAIOIINX YCTPOMCTB:

o]

yi, = (1) =0,99;
yi, = f(l2)=0,47.
YrioBas CKOPOCTDb BpallICHU BaJia, paz[/ C
mIn
30

rzae N —yacToTa BpallleHus BaJia, 00./MUH;
be3pa3mepHslii KO3pPuUIUEHT, YUHTBIBZONIMH PUBENCHHYIO Maccy Bajia
16p -®“-L

f=—"—""—,
n-E
IZie p — INIOTHOCTh MaTepuaja Baua; £ — MOLyJb yIPYTrOCTH MaTepuaa Baja.
JlanHble 3HaYeHUsI BBIOMpAIOTCs cripaBo4YHo. [ terupoBanHoi ctanu 15XM

npu Temnepatype t =80°C p = 7,85-10° kr/m® u E =2,0-10 ITa .
[IpuBenennsie B TOUKy B (cepeanna nmposera Bajia) MacChl MepEeMEIINBAIOITIX
YCTPOUCTB:
2. 2
My, =My Yy s My =My Yy, -
rae My, My — MaccCEI HepeMeI_HI/IBa}OH_[I/IX YCTpOf/’ICTB, KT'.

CymMmapHas ipuBeIcHHAas Macca NepenIuBaIOINX YCTPOUCTB
mnp - mlnp + mznp .

Pacuernbiii nuamerp Basa

d, :\/A1+1/A_12+A2 :

Alzqﬂ_z; AZZM
P

PaccunTtanHblil nuaMeTp Bajga HEOOXOJIMMO CPABHUTH CO CTAHJAPTHBIM PSIOM
BEJIMYMH U BBIOpaTh ONmxkaiiiiee OoJibliiee 3HAUCHUE.
JInnenHas macca Baia

e



mg = 42 p
4
rnred=4d,
OTHOCUTENBHAS Macca MEPEMEIINBAIONINX YCTPOHCTB
mnp
k = :
m,L

KopeHp 4acTOTHOro ypaBHEHHMsI BBIOUPAETCS U3 CIIPABOYHBIX MAaTEPHUAIIOB B 3a-
BUCUMOCTH OT OTHOCHUTEJIBHOW MacCChI
ar=f(k)=26.
MoMeHT nHepunH cedeHus Baja

T
| == 44
64
IlepBast kpuTHUECKas yrioBas C b BaJja, paj/c
p p y o :1??0(910@‘ - .p ol

[IpoBepka yciaoBHUsi BUOPOYCTOMYUBOCTH.

o)
_ <0,7, 3Ha4MT, YCIOBHUE BHITIOJHSICTCS.

®1

Ecmm

2.2. Pacuem 6ana ma sicecmkocmo u npO4HOCMb.
DKCUEHTPUCHUTET MACChI IEPEMEIIMBAIOIINX YCTPOUCTB, M

1073

OTtHOCUTENbHAS KOoOpAuHaTa OIIaCHOI'O I10 JKCCTKOCTHU CCUCHUA B MCCTC yCTa-
HOBKH YIINIOTHCHHOI'O BaJia

IJ7Ie Z1 — KOOPJIMHATA OMACHOTO CEUYCHHS T10 )KECTKOCTH (TOPIICBOE YIUIOTHEHHUE Bajia).
be3pasmepHbIil TMHAMUYECKHUM MPOTHO Baja B OMTACHOM I10 )KE€CTKOCTH CCUCHUHU

_yzl = f (Zx) =0,34.
[IprBeneHHBIN SKCHUEHTPUCUTET MACCHI IEPEMEIIMBAIOIINX YCTPOUCTB:

€1 . €2
elnp = Inp =~
i, Y,
IIpuBenennas Macca Baja
My = 0,5m,-L

CwMellieHre OcH Bajia OT OCH BPAILEHHUS 3a CUET 3a30pOB Ha OMOopax:
a) B MECT€ YCTAaHOBKHU BEPXHETO MEPEMEIINBAIOIIETO YCTPOUCTBA

Al; = (As —An)l] + Aa,
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rae Ay, — paauanbHBIM 3a30p B BEPXHEW MOAIIUITHUKOBOW ONIOPE, U1 PAAHAIIBHOTO OJ1-
HOPSHOTO IIAPUKOBOIO MOAMMIHUKA A, = 0,03-1073 M ; Ay — paJMalbHBIA 3a30D B
MOANINITHUAKE CKOJILKEHHE HIbKHEN onopel Ag = 0,03-1073 m

0) B MECTE YCTAaHOBKH HI)KHETO TTEPEMEIIINBAIOIIECTO YCTPOHCTBA
Ab:(AE—AAﬂ2+AA;

B) B MECTE€ YCTAHOBKM YIJIOTHEHHS BaJja:
AZy =(Ag —Ap)Z1 + Ay :

CMCHICHI/IC OCH BdJia OT OCH BpalllCHUA 3a CUCT Ha4yaJIbHOU HN30THYTOCTH BaJjla

(panuaibHOE OMEHME Baja):
a) B MECTE YCTAaHOBKHU BEPXHETO IMEPEMEILMBAIOIIETO YCTPOUCTBA

e, =eBYly»

=

HavaJibHasi U30THYTOCTh Bajla B TOUKE MpUBeAcHU B.
_ 103
Tpurmmaey €8 =0,09-107 M
0) B MECTe YCTAaHOBKH HIKHETO IEPEMEILIMBAIOIIETO YCTPOCTBA
€, = €BYl, -
B) B MECTE YCTaHOBKH YIIJIOTHEHHS BaJla
821 =&B YZl ;
CwMellieHre OcH Bajla OT OCH BpallleHUsl B TOUKE NpuUBeAeHMs B 3a cuert 3a30poB
B OIIOpax.

[IpuBEnECHHBIN YKCLIEHTPUCUTET MACCHI BaJla C MIEPEMEIINBAIOIIUMU YCTPO-
CTBaMHU:

rac

enp =b1+Ap +€p;
rae
Br= M€ 1o + M200€2mmn |
1_ ’
Mpp + Mg 1p
JlunamMuyeckuii mporud ocu Bajia B TOUKE NMpuBeeHus B:

er

-2 ;
®
()1
)
JIlnHaMHU4Y€eCKOE CMENIEHHUE IIEHTPOB TIKECTH NEPEMEIINBAIOIINX YCTPOUCTBR:

a) BEPXHETO IEPEMEIIUBAIOIIETO YCTPOMCTBA
Al =yBYI, + Al +El +€1;

YB =

0) HUKHETO TIEPEMEIINBAIOIIETO YCTPONCTBA
A, =YBYI, +Al, +&], +€2;

I[I/IHaMI/I‘-IeCKOG CMCIICHHUEC OCH BaJjla B OITACHOM IIO KCCTKOCTH CCYUCHHNH BaJla
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AZ]_ = yB yzl + AZ]_ + 821 ’
JluHamMu4eckoe CMEIEHHE Bajla B TOUKE npuBeeHus B
AB = VB +AE +ER,
VYcnoBue ) KeCTKOCTH:
AZl < A}JLOHZl

3nmech: A, ,, — JOTyCKaeMoe CMENIEHHE Balla B 30HE YIITOTHUTEBHOTO YCTPOHCTBA.
_ -3
JJ1 cCaJIbHUKOBOTO YIUIOTHEHMSI Aﬂonzl =0,1.10" M, U1 TOPLOBOT'O YIIJIOTHE-
_ -3
HUS AHOr121 =0,25-10"° M.

Heobxoaumo mpoBepUTh yCIOBUE KECTKOCTH MPU UCIIOJIb30BAaHUHU TOPIIOBOTO
YIUIOTHEHUS.
CocpenoroueHHasi HEHTPOOEkKHas CUJIa, IEUCTBYIONIAs Ha IEPEMELINBAIOLIEE
yCcTporcTBO, H:
a) Ha BepXHee
25 .
pL=mi0"A;
0) Ha HUKHEE
2
P2 =Mow A|2.
[IpuBeneHHas neHTpoOEeKHAas CHIIa, ACHCTBYIOIIAas B TOUKE TpUBEAEHUs B
_ 2
Pe np = Mg p® Ag.
Peakuuu onop:
a) peakius onopsl A (BepxHek)

1 P
R,=—-B, +—>%
ATLTTT 2

By = pu(L—1p) + pa(L—13);
0) peakuus onopsl b (HUKHEN)

R =B * Powp
B3 2
rae
Bs = p1ly + poly;

1.2.18. M3rubaroiuiit MOMEHT B OMACHBIX MO MPOYHOCTU CEUECHMSIX:
a) Mexny A u B
MI/IZZ = RaZy;

0) Mmexay Bu b
M =Rz-p ([, _L
A 3 enp| 3 E

7€ KOOPJIMHATHI OMTACHBIX CEYEHUH 0 MPOYHOCTH: Z2 (CepeuHa poJieTa Bajia),

I/Iz3

Z3 (IITIOHOYHAS KaHABKA).
KpyTsimuiit MOMEHT B OITACHBIX TI0 IPOYHOCTH CEUCHUSX
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a) B CEpeIMHE MpoJieTa Bajia
_Ni+Np
2 B 0 ’
0) B MeCTe yCTaHOBKH BEPXHETO MEPEMEITNBAIOIIETO YCTPOHCTBA
2
M Kz - K :
rae N = Ny = N, MomHOCTb, oTpediiseMast OJHUM MEPEMEILINBAIOIIUM yCTPONCTBOM

k;

MOMeHT COHpOTI/IBHCHI/Iﬂ BaJia B OIIACHKBIX I10 HpO‘-IHOCTI/I CCUCHUAX 22 u 23
_T .3
W, =Wpy = d°.

OKBHUBaJICHTHBIC HaIIps’KCHUA B 9TUX CCUCHUAX, I1a:

JMﬁ M2
— 22 22
(@) =
9KB;
2 sz
Mé +M§
_ Z3 Z3
(@) =
9KB;
3 WZ3
I[OHyCKaCMBIe HAaIIPsKCHUA 110 ITPOYHOCTHU B 3TUX CCUCHUAX
__&mS-1
GIlOHZi - k Mo J
c zj 'min

rae gy = f(d) — macmrabueni pakrop (k035G dUIUEHT BIUIHNA a0COMIOTHEIX Pa3Me-
POB); G_1 — IpeJieN BBIHOCIMBOCTU MaTepuaiia Baia, [1a; sz- - K03 hULIUEHT
|

KOHIECHTPAIUY HANIPSHKEHUM;, Nmin — MUHMMAaIBHBIN 3a1ac no NpOYHOCTH.

Jlnst Bama muamerpom d = 50...75 MM, H3rOTOBIEHHOTO U3 JIETUPOBAHHOM CTaJIH,
koa¢punuent em = 0,67, npeaen BeiHOCAMBOCTU Ipu t =80°C nMeeT 3HaUeHHE G_1 =
200 MTIa.

Tak kak Ha Bajly B MECTax YCTaHOBKH IEPEMEIINBAIOIINX YCTPOUCTB UMEIOTCS
IINOHOYHBIE KAaHABKH, BBITTOJIHEHHBIE TOPLIOBOM (pe30ii, TO k623 =1,34. B nHeocnabnen-

HOM cedyeHuu K =1. [IpyaMaeM OPUEHTUPOBOYHO Nmin = 2.
Sz, min

Heobxoanmo paccuntarh J0MyCcKaeMble HAMPSHKEHUS B KOKIOM CCUCHHH.
[IpoBepka ycnoBUs MPOYHOCTH: Eem O2KEzi < Somy, ; 3HQUUT, YCIOBHE

IMPOYHOCTH BBIINTOJIHACTCA.

YcnoBusa npoBeaeHus paboThL.

Jlist mpoBenieHust paboOThI CTYIEHTaM MPEA0CTABIIAIOTCS METOIMUECKHIE YKa3aHUS,
1 MPETIoiaBaTeNlb 3HAKOMHUT MX C OMPEICIICHUSIMA U OCHOBHBIMH HAITPaBJICHUSIMH pado-
THI.

IIpoBenenue padoTHL.
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BrinonHeHne pabOThI 3aKIIOYAETCS B U3YUYEHUH OCHOBHBIX TEOPETUUYECKUX CBe-
JIEHUH U 00CYKJIEHUU MaTepUajIoB pabOTHI.

[Topsiiok BBITIOTHEHUS paOOTHI.

[Toapo6HO M3YyYUTh OCHOBHBIE TEOPETHUUECKUE CBEJCHUS U BBITIOJIHUTH PACUYET 10
BapHUaHTaM.

No L, |1, |2, Z1, Zo, Z3, | N, D, mi | mo N
Bap. | M |M (M |M M M | 00/MHH | M Kr | kr | Bt

1 5512814606 |2,75]2,8]|120 2,8 |66 | 66 | 5000
2 5813014507 |28 |3,0]130 2,8 |55 |55 | 6000
3 60[35/45/08 |28 |3,2]140 29 |55 |55 |6500
4 6,3/13,7/5210 (29 |3,3|120 2,8 |66 | 66 | 5500
5 7014513215 (35 [4,1|150 3,0 |77 |77 | 5000
6 5813014507 |31 |39]145 3,3 |50 |50 | 6000
7 6,2135(49/05 (3,2 |3,9|150 3,2 |65 | 65 | 5500
8 731465809 |28 |3,2]155 29 |70 | 70 | 6500

9 6,2(35(50(06 3,0 |3,2]|125 2,8 |60 | 60 | 4500
10 [55(25(42/08 [2,75]2,9]|135 3,2 |55 |55 |4800
11 |70/43|56|06 |35 |3,8|125 3,1 |65 | 65 | 4900
12 |75(48/58[05 (3,0 |3,3]|120 3,4 |70 | 70 | 5000
13 |6,5(35/60(09 |32 |3,4|120 2,8 |65 |65 | 6300
14 150,254,005 |25 |2,8|150 2,9 |50 |50 | 6200
15 (59/30(50/06 |29 |3,1|165 3,4 |55 |55 (6100
16 [6,0/3,256|08 |255|2,8]|135 3,5 |65 | 65 | 5800
17 |65(3,7149/08 |29 |3,1|140 2,8 |70 |70 | 5700
18 [6,3/35/4,0/08 |2,85|3,0]|145 2,9 | 75|75 | 5100
19 |6,8/30(51[/09 [3,25|3,5]|135 3,0 |65 |65 | 6100
20 |50(25(36|05 |25 |2,6|125 3,1 |70 | 70 | 5800

Coaepxanue 1 0hOpMJIEHHE OTYETA.
OTuer JOJIKEH CoaepKaTh:

- Ha3BaHUE U 1eb pabOThI;

- pacyeT 1o BapuaHTaMm;

- BBIBOJIBI 110 paboTe.
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W3YUYEHUE MPOLIECCA OYUCTKHU T'A30BOM CMECH
OT TBEPJABIX KOMIIOHEHTOB B IHOJIE HEHTPOBEKHBIX CHJI
N CPEACTB TEXHUYECKOMU PEAJIM3AIINUA

LEJD Y 3AIAYN

Llenpto TeMbl SBJISETCS MOJY4YEHHE 3HAHWW B 00JAacTU M3Y4YEeHHs Ipoliecca
OUYMCTKU Ta30BOM CMECH OT TBEPJABIX KOMIIOHEHTOB B IOJIE HEHTPOOEKHBIX CHI U
CPEICTB TEXHUYECKOW pean3aluu.

JlocTrKeHHne MOCTaBIEHHOM LIEIH OCYLIECTBIIAETCS PEIICHUEM 3a/auy:

- U3yYUTh TEOPHIO MPOLECCA PA3ACIICHHS TA30BbIX CMECEH;

- U3YYUTh KOHCTPYKLNU UKIIOHA;

- IPUOOPECTU MPAKTUYECKHUE YMEHUS PabOThI C 000PYIOBAHUEM B IIPO-
LIECCE PA3EIICHUEM Ta30BOM CMECH;

- OLICHUTH Ka4yeCTBO MPOLIECCa;

- COCTaBUTbh OTYET I10 MPOBEICHHOMN padoTe.

Martepuajabl U 000pyI0BaHMe: IMKJIOH; JabopaTopHas Tapa; yCTPOMCTBO
MTHEBMOIIO1auu; TaO0OPATOPHBIE BECHI; KPYITHOUCIIEPCHBIN CHITYYUi MaTepHall.

OBIIUE CBEJIEHUA

[{eHTpoOEKHBIE METO/IBI OUUCTKHU Fa30B OCHOBAHBI HA JIEHCTBUM IIEHTPOOEHK -
HOW CHWJIblL, BOSHUKAIOIIECH IPHU BPAILIEHUU OYMILAEMOTO I'a30BOr0 MOTOKA B OYMCTHOM
anrapare Wiv IIPpYA BPalleHUU YacTed caMoro annapara. Belaenenre yacTul] IbUId U3
ra3oBOI0 MOTOKA MPOMCXOJUT 33 CUET LEHTPOOEKHBIX CUJI, BOSHUKAIOMIMX P Bpa-
IICHHUH 3allbUIEHHOTO MTOTOKA B [IUKJIOHE U MPU U3MEHECHUHW HAPABICHUS MMOTOKA MPU
BBIXO/IE B BRIXJIONHYIO TpyOy [25, 102, 111].

B kauecTBe 1IEHTPOOEKHBIX aNMapaToB MbUICOYUCTKU MPUMEHSIOT HUKJIOHBI
pPa3IMYHBIX THUIOB: OaTapeiHble IUKIOHBI, BPAILAIOIIMECS MbUICYJIOBUTENN (pOTO-
HUKJIOHBI) U Jp. [{ukiaoHB HamboJiee 4acTO MPUMEHSIOT B MPOMBIIIJIEHHOCTH ISt
OCaXJECHUS TBEPABIX a’po30Jie. ['a30BbIM NMOTOK IMOJAETCA B LWJIMHAPUYECKYIO
YacTh LIMKJIOHA TAHT€HIMAJIbHO, OMUCKHIBAET CIUPAJb MO HAMPABICHUIO K IHY KOHH-
YECKOM YaCTH M 3aTEM YCTPEMIISICTCS] Ha BBIXOJ. L{MKIIOHBI XapaKTepu3yrTCs BBICO-
KOW TIPOM3BOUTEILHOCTBIO TIO Ta3y, MPOCTOTON yCTPONCTBA, HAIE)KHOCTHIO B pabo-
TE.

[{UKIOH — BO3yXOOYUCTUTEID, UCTIOIb3YEMBIM B MMPOMBIIUICHHOCTH, 4 TaK-
K€ B HEKOTOPBIX MOJEJSAX IMBUIECOCOB ISl OYUCTKU Ta30B WJIM KUIKOCTEW OT B3Be-
HIEHHBIX YacTull. [IpuHIUN OYMCTKH — MHEPIMOHHBIN (C MCIOJIB30BAHUEM IIEHTPO-
OCXXHOW CHUJIBI), a TakKe rpaBUTANMOHHBIN (puc. 1.1). [lukmoHHBIC MBIICYIOBUTEIH
COCTaBJISIIOT HaW0OJIee MACCOBYIO TPYNIy CPeIy BCEX BHUJIOB MbLICYJIABIMBAIOIICH
anmnapaTtypbl U IPUMEHSIIOTCS] BO BCEX OTPACIISIX MPOMBIIUIEHHOCTH.


http://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85%D0%BE%D0%BE%D1%87%D0%B8%D1%81%D1%82%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D1%8B%D0%BB%D0%B5%D1%81%D0%BE%D1%81

OuUMUWEHHBIW ras

BbiXNONHAR

EXOAHOW TPyGa

narpybok

Kopnyc

3aNbNéNMbIA
ras

YacTe

1 NN B GyHkep

KOHMYeCKasn

Puc. 6.1. [TpunnunuanbpHas cxema padoThl ITUKIOHOB

CrerneHb OYHUCTKH B IUKJIIOHC CHUJIBHO 3aBUCHUT OT AUCIICPCHOIO COCTaBa 4da-

CTHI] MBUTM B TIOCTYTIAIOIIEM Ha OYMCTKY Ta3e (4eM OOJIbIle pa3Mep YacTHIl, TeM 3¢ -
dexTuBHEe ouucTka). Jsi pacrnpocTpaHEHHBIX ITUKIOHOB CTEIEHb OYMCTKH MOYKET
JOCTUraTh BHICOKUX 3HaueHuM (Tabdmn.6.1).

Tabmua 6.1
CTerneHb OYMCTKU Ta30BbIX CMECel B 3aBUCUMOCTH OT pa3Mepa TBEPbIX (DpaKIiuii
No " o
i VY CI0BHBIN qUAMETP YaCTHUI] TBEPAOH (HpaKIIHH, MK Crenensb ounctku, %
1 20 99,5
2 10 95
3 5 83

C YMCHBIICHHUCM ANaMETpPa HUKIIOHA CTCIICHb OYHMCTKU BO3pPaACTACT, HO YBC-

JMYUBACTCS METANIOEMKOCTh U 3aTpaThl Ha O4UCTKY. [Ipu OGonbmmx odbeMax raza u
BBICOKMX TPEOOBAaHMAX K OYHMCTKE Ta30BBIN MOTOK MPOITYCKAIOT MapajliebHO Yepes
HECKOJIbKO IUKIOHOB Mayioro jauamerpa (100 —300 mm.). Takyr KOHCTPYKIIHIO
Ha3bIBAIOT MYJIBTUIIUKIOHOM W OaTapeHHBIM IIHKIOHOM.




IpuHuMn xelcTBUs

[TpyuHIMT 1eWUCTBUS MPOCTEUIIIET0 MPOTUBOTOYHOTO IUKJIOHA (puc. 6.2) mpe-
CTaBJICH C TIOMOIIIbIO MPUHITUITHAIBEHON CXeMbI KOHCTPYKIHH (puc. 6.3).

Puc. 6.2. Ilukion (dboto)

[ToTok raza, 3ambUICHHOTO TBEPIOH (hpakiueid, BBOAUTCS B almapar 4yepes
BXOJIHOM MaTpyOOK 2, COeTMHEHHBIN THOKON My(dTOM C yCTPONCTBOM ITHEBMOIIOaur
(ra puc. 6.2 u 6.3. He moka3aH). [TaTpyOok coBMeIeH ¢ KOPITycoM 1 TaHreHIINaIbHO
B BepxHel dactu. B anmaparte ¢opmupyercsl Bpalllaronuiics MOTOK rasa, CMeIlaro-
Hmuiics BUXpeoOpa3HO BHU3, K KOHUYECKOW YacTH ammapara. BeiencTBue cuiibl
UHEpUUU (LEHTPOOEKHOM CHJIIBI) YACTHUIIBI NepUuepuitHO NMPHUKUMAIOTCS K CTEHKaM
Kopiyca. M3-3a ero HniInHIpHUYEeCKO-KOHNUECKON (POPMBI M TOCTENIEHHOTO JIBUKECHHUSI



NIOTOKA BHU3 MPOMCXOTUT YMEHBIICHHS IUIOIMIAAN CEYCHUS KOpITyca, B Pe3yJbTaTe
9Yero MaTepual CHiIbHee IPMKUMaeTcsl K CTEHKaX, a ra3, He Haxo/s cebe MecTa yepes
ICHTPaJIbHYIO TPyOy ycTpemisieTcss BBepX. TBeplble YacTHIIBI MO JCHCTBHUEM IO-
CIIC/IYIOIIETO TIOTOKa M COOCTBEHHOTO Beca BBIBOISTCS B HWKHEH YacTH KOHCTPYK-
MK Yepe3 MaTepraaooTBo 6 B OyHkep uist cOopa mbut (Ha puc. 6.2 u 6.3 He moka-
3aH). OYHIICHHBIH OT MBUTM Ta30BBIN MOTOK BBIBOAUTCS U3 IIUKJIOHA Yepe3 BO3TYXO-
otBoI 5. BenencTBre BO3HUKAIOMIMX HEPABHOMEPHOCTEH MOTOKA M3 MHEPIMOHHBIX
CHJI ¥ CHJI TPEHHsI, a TaKXKe paboThl YCTPOWCTBA ITHEBMOIIOIA4M B IIMKJIOHE BO3MOX-
HO BO3HHKHOBCHHUSI BUOpAIIMU, BCICICTBHE YETO KOHCTPYKIHS YCTaHABIMBACTCS Ha
BUOpOCTOliKE 3.

Puc. 6.3. IlpunnunuanbHas cxema IUKIOHA:
1 — MUAMHAPUYECKO-KOHUYECKUM KOPITYC; 2 — TAHTE€HITUATBHBIN BBO/I;
3 — BUOpOCTOITKa; 4 — KPBIIIKA C IIEHTPAILHON TPYOKOit; 5 — BO3TyXOOTBO/I;
6 — MaTeprua;IoOTBOI

CymiecTByeT OrpoMHOE pa3HO0Opasue TUIIOB IUKIOHOB. Kpome omrcanHoro
BBIIIE MPOTUBOTOYHOTO LIMKJIOHA CYIIECTBYIOT U MEHEE PACIPOCTPAHEHHBIE - MPSIMO-
TOYHbIE. [[pOTUBOTOUHBIE LIUKJIOHBI PA3IMYAOTCA pa3MepaMu, COOTHOIIEHUEM IIH-



JUHJIPUYECKOW U KOHUYECKOW 4YacTeil, a TakKe OTHOCUTEIbHOW BBICOTOW (TO €CTh
OTHOIIIEHWEM BBICOTHI K THAMETPy) IMIMHAPUYECKON dacTu. Uem Oonbllie OTHOCH-
TeJbHasl BBICOTA, T€M MEHbIIE KOA(PUIMEHT THAPABIMYECKOTO COMPOTHUBIICHUS U
pazpexxkeHue B OyHkepe (MEHbIIIE BEPOSITHOCTh I0JICOCa TMBLIM B ammapar), HO MEHb-
e crereHb ouncTku. Hanbomnee onTuManbHa OTHOCHTENIBHAS BBICOTa 1,6 M YTO CO-
OTBETCTBYET MPUHIIUITY «30JI0TOE CCUCHUE.

TexHuyeckue xapakTepUCTUKHU MIPeICTaBICHBI B Tab. 6.2.

Tabnuma 6.2
TexHudeckas XapaKTepHUCTHKA ITUKIIOHA
Xapaxmepucmuka 3nauenue
["aGaputHbie pa3Mepbl, MM 163x89x433
Panuyc BxogHoro nmarpyoka, Mm 30
JlomycTHMas 3aIbUIEHHOCTD Ia3a, I/M> 250
Temmeparypa ouniaemoro rasza, °C He 6oiiee 200
OntumanbHast ckopoctb Viy (Vg ), M/C 2,0 (10,0)
MakcuMasbHOe JaBleHue (pa3peKeHne), KIc/M? 500
Macca, kr 8,2

[{MKI0HBI OPOCTHI B pa3pabOTKE U M3rOTOBJICHUU, HAJICKHBI, BRICOKOIPOU3-
BOJIUTEJBHBI, MOTYT UCIIOJBb30BATHCA ISl OUUCTKH arpeCCHUBHBIX U BBICOKOTEMIIEPA-
TYPHBIX T'a30B U ra3oBbIX cMeceil. HemocTartkamu SIBJISIFOTCS BBICOKOE THIpAaBIIMYE-
CKO€ COMPOTHUBJICHHE, HEBO3MOXHOCTh YJIABIMBAHUS NBUIM C MAJIBIM Pa3MEpOM 4Ya-
CTHUI[ M HEOOJIbIIIAs IOJITOBEYHOCTh (OCOOEHHO MPU OYMCTKE T'a30B OT MBLUIN C BBHICO-
KUMH a0pa3uBHBIMH CBOMCTBAMHU).

MOPATOK MPAKTUYECKOM PEAJIM3AILIUA

1.IToaroroBKa MaTepuaJia u 000py10BaAHUS

Heobxoaumo mpousBeCcTH MOHTaX J1abOpaTOpHOW YCTaHOBKH. Jljist »TOTO
IIMKJIOH YCTaHABIIMBAETCS HAa BUOPOCTONKY, mocie 4yero rubkoit My Toil marpyOok
TaHT€HIIMAIIBHOTO BBOJIA COCAMHSIETCA C MHEBMOYCTpoHcTBOM. I[IpenBapurtenbHO B
HEro rnomeniaeTcs TBepaas ppakuus — KpynHOAUCIIEPCHBIHN CHITYYHil MaTepual.

OO0s3aTeNbHBIM YCIOBUEM MPOBEICHUS MPAKTUYECKOW pealln3allii 3aHsATUs
ABJISIETCS 0€30MaCHOCTh PaboThl 000OpyoBaHus. {15 3TOro, BO3AyXOOTBO JOJIKEH
OBITh BBIBEICH U3 JTA0OPATOPUHU WJIM TOMEIIEH B BBITSHKHOW IIKad (MpU HAIMYUMN).
[Ipu 3TOM cleqyeT mpoBEPUTh T€PMETHUYHOCTh BO3JyXO- MU MAaTepUaiIooTBOAA, MO-
CJIEIHMI COBMEILIAETCsl C COOTBETCTBYIOIIEH TaOOpaTOPHOM Tapoil.

2.IlpoBeneHne IKCriepuMeHTa
- MOATrOTOBUTH KOHCTPYKIIMIO, BCIIOMOTATEIbHOE U KOHTPOJBbHOE 000pYyH0-
BaHue (0e3 MOHTa)ka KOMILJIEKCa), a TAKXKe KPYMHOIMCIIEPCHBIH ChITY4YHil MaTepHalt;
- YCTaHOBUTBH MACCY KPYIHOANUCIEPCHOTO CHIITYYH MaTEpHai, 3aHECTH KOH-
TPOJILHOE 3HAaYEHHUE B Ta0II. 6.3;


http://ru.wikipedia.org/w/index.php?title=%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D1%8C_%D0%BE%D1%87%D0%B8%D1%81%D1%82%D0%BA%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE%D0%B5_%D1%81%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5

- OCYIIIECTBHUTH 3arpy3Ky MaTepuaia B MHEBMOYCTPOWCTBO U MOJHBII MOHTaX
YCTaHOBKU;

- BKJIFOUUTH YCTAHOBKY: HEOOXOUMO 00ECIEUYHUTh TOJHYIO OYHUCTKY Ta30BOM
CMECH, O YeM CBHJETEIICTBYET OTCYTCTBHE COOTBETCTBYIOIIETO 3BYKa, BO3HHKAIO-
IIETO TIPU TPEHUHU TBEPABIX YACTHUI[ O BHYTPECHHIOI MOBEPXHOCThH IMIMHIPUYECKHU-
KOHUYECKOTr0 KOpITyca.

- OTKJIIOYUTH KOMIUIEKC OOOpPYIOBaHHUS M JIOKIATHhCS OKOHYATECIBHOW BBI-
Ipy3KH TBEPAOH (paKINK U3 MAaTEPUATIOOTBO/IA;

- OCYIIECTBUTH KOHTPOJIBHBIN B3BEIIMBAHUS OTACICHHON YacTH (C 3aHECEHU-
€M pe3yJIbTaTOB B Ta0J. 6.3) M IPOBECTH COOTBETCTBYIOITUI pacyerT.

3. DKCNepUMEeHTAJIbHasA OLeHKA 3P PEeKTUBHOCTH OYHCTKH
B cooTBercTBUM C JTaHHBIMU JKCIIEPUMEHTAIBLHOMN OILICHKH, 3a(pUKCUPOBAH-
HBIMH B Ta0J. 1.3, OCyIIIECTBISIETCS pacyeT U Mocjeayomas omnenka 3p(QpexTuBHOCTH
MIPOBEICHHOT 0 pa3/ienieHus (ouucTku). st aToro ucnomnszyercsa Gopmyiia
2y =100— om0 .100%,
m
rre Mm— macca TBepaoi ppakuuu, r; m,,,, — Macca OTIEIEHHOIO BEUIECTBa, I.

Pesynbratel cBOsATCS B Ta0d. 6.3.

Tabnuna 6.3
DKCHepUMEHTAIbHBIC TAHHBIC
Ilapamemp Obos3nauenue, eo. u3M. 3nauenue
Macca TBepaoi dhpakiuu m,r
Macca oTaeIeHHOTO BeIIecTBa Momo» T
D¢ hHEeKTUBHOCTH Ay, %

[lo BenmuuumHe 3PQPEKTUBHOCTH OYMUCTKH JENaeTcsl BBIBOJ O padoTe KOH-
CTPYKIMH LMKJIOHA B PEATU30BaHHBIX YCIOBHUIX. OCHOBHOE OLICHOYHO YCJIOBHE MpHU
3TOM:

<5% — BrIcOKast 9PPEKTUBHOCTH OUUCTKHU;

(5+10] % — nonycrumas 3 HEeKTUBHOCTE OUUCTKH;

> 10 % — auzkast 3pPeKTUBHOCTH OUUCTKH.

[To uToram npoBeAEHHOTO aHaIKM3a JAENAeTCSI MUChbMEHHBIN pa3BepHYTHIN BbI-
BOJI C COOTBETCTBYIOIIMMHU TEXHUKO-TEXHOJIOTHUECKUMHU BBIBOJIAMH.

Copep:xanue oTuera
1. Ha3Banue TeMbl, €€ 11eJib, TOCTABJICHHBIC 3a/1a4M, UCIIOJIb3YEeMbIE MAaTEPHU-
ajbl 1 000pyJOBaHUE.
2. [Ipenna3nauenue, cxeMa, IPUHLIUN pabOThI MpUdopa.
3. I[opsamok nmpakTuyeckoro npuMeHeHus (¢ Ta0.6.3 U COOTBETCTBYIOLIUMHU
pacueTramm).
4. BeIBOAEI IO TEME.
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PA3JEJIEHUE CBIITIYYENA CMECH HA ®PAKIIUU
B ®WIbTPYIOIIEN HEHTPUDYTE

LEJD U 3AJIAUM

Llenbto TeMBbl SBISIETCS MOJMYYSHHE 3HAHUM B 00JaCTU HEHTPUPYTHPOBAHUS U
(GuIbTpOBaHMS, N3yUYEeHUE MPUHIMIIA PAOOTHI U TEXHUYECKHX XapaKTEPUCTHUK (PHUITb-
TPYIOILIEH IIEHTPU(YTH.

JIOoCTI)KEHHE TOCTaBIEHHON MM OCYIIECTBIISIETCS MOCPEICTBOM PEIICHUS
CJIEIYIOLINX 3a/a4:

- IPUOOpETEHNE TEOPETUYECKUX 3HAaHUH O NEHTPUPYTHPOBAHUN U (HUIBTPOBA-
HUW,

- 03HAaKOMJICHHE C MMPUMEHEHHEM U KOHCTPYKIMEH QUIbTpyromei neHTpudy-
T'Y, IPUHLUIIOM €€ padOThI;

- IPUOOpPETEHNE MPAKTUUECKUX YMEHUN UCTI0JIb30BaHUs 000pYAOBaHMUS.

OGopynoBanne U Marepuajbl: GUIbTpyromas neHTpudyra, gadoparopHas
Tapa, PUIBTPHI, BECHI, CHITyYasi CMECh.

OBILINE CBEIEHUA

Leutpudyrupoanue — 3TO MPOIECC pa3/ieJICHUs HEOJAHOPOJIHBIX CUCTEM Ha
dbpakuuu o qedcTBUEeM IIEHTPOOSKHBIX cuil [57]. Ero nmpuMeHsroT 1yisi pa3HbIX CH-
CTEM, COCTOSIINX U3 HECKOJIBKUX (ha3: CyCIeH3UI0 (3KUIKOCTh — TBEPA0E BEIIECTBO)
[69, 73, 89], sMynbcHIO (KHIKOCTh — KUJKOCThH), a3p030JH (ra3 — TBEpJ0C Bellle-
CTBO WJIM Ta3 — KUJKOCTh), TBEPIYIO — OCAJIOK.

Taxxke HeHTpUuPyrupoBaHre HCMHOJb3YETCS IS Pa3lIeNICHUs] MEXaHUYECKUX
CBIIIyYMX CHUCTEM IO pa3Mepy YacTUI] C MOMOIIbI0 (PUIBTPOB, T.€. IJIs Mpoilecca
bueTpoBanus [26, 62, 127].

Q@uIbTPOBAHUE — MPOLIECC PA3IAECICHUS C MOMOUIBIO IMOPUCTOM MEPErOPOAKH,
CIOCOOHOM MPOMYCKAaTh KUAKOCTh WUJTU Ta3, HO 3aJeP>KUBATh B3BEIICHHBIC YaCTHUIIBI.
JIJ1st ChIMTyYrX MaTepUaioB TBEPIOE (ChIMTy4dee) BEIIECTBO PA3ILISIeTCs IEPETOPOIKOM
B 3aBHCHMOCTH OT pa3Mmepa ¢pakuuu. JBrKyiier cuiioi mporiecca (GpuibTpoBaHUs
ABJISICTCS PA3HOCTh JABJICHUN. B ciydasix, Koraa pa3HOCTh JaBJICHUN CO34A€TCs LICH-
TPOOEKHBIMHU CHJIAMU, TIPOLIECC HA3BIBAIOT IIEHTPOOCKHBIM (PUILTPOBAHUEM.

LentpoOexxHasi (TaHreHLUANbHAs) CHJIA, Pa3BUBAIONIASACS MPU KPYrOBOM HIIU
KPUBOJIMHEHTHOM JIBUKEHUU W TOOYXKJAroIias TeJI0 OCTABUTh KPUBYIO, YTOOBI IPO-
J0JKaTh CBOM JalIbHEUIINI My Th MO MPSAMOM KacaTeabHOU K Hel (puc. 7.1).

[lenTpoOexHas cuia pacCUYMTHIBACTCS o dbopmyiie

F_mve

4 R



rjae M — macca MaTepuaibHOM TOYKH (Tena), V — ee ckopocTh, R — paanyc KpuBu3-
HBbl TPACKTOPWH, W HAIpaBJICHA OT IIEHTPa KPUBH3HBI TPACKTOPUHU IO €€ TJIABHOM
HOPMAJTH.

Q
=N

Puc. 7.1. CxeMa BO3HUKHOBEHUS IEUCTBUS LICHTPOOEIKHON CHJIBI

YcTpoiicTBa 11 eHTpU(PyrupoBaHus HA3bIBAIOTCS LIEHTPUPYTaMH.

[IpuHuun nericTBus UEHTPU(PYTH OCHOBAH HA CO3/IaHUU OOJBIION IIEHTPOOEXK-
HOW CHJIBI, TIOJ] BIMSIHEEM KOTOPOI CKOPOCTH pa3fesieHHsi KOMIIOHEHTOB CMECH, T0-
MEIICHHON B LIEHTPU(PYTY, YBEIUUYMUBAECTCA BO MHOIO pa3 IO CPaBHEHHIO CO CKOPO-
CTBIO pa3/IeJICHUs UX MOJ ACHCTBUEM CHIIBI TSKECTH

[enTpudyru nensT Ha JBa OCHOBHBIX Kiacca: (PUIBTPYIONIUME M OCATUTENh-
HBIC.

[{enTpudyru OBIBAIOT: OTKPBITHIE W 3aKPHIThIC, C PYYHBIM M MEXAHHYCCKUM
TIPUBOJIOM.

OnHUM U3 OCHOBHBIX TMApaMETPOB LIEHTPUPYTHU SIBISETCS (paxmop pazoeie-
Hus (kputepuit Opyna), KOTOPHII XapaKTepUus3yeT CTeNeHb MHTEHCU(UKAIINK TIPOIec-
ca B MOJi€ LIEHTPOOESXKHBIX CUJI MO CPAaBHEHUIO C AaHAJIOTMYHBIM IMPOLIECCOM B I'paBH-
TAIMOHHOM IOJI€.

F
K = ¥ _o?r(m-my) _or

P F, gm-ml) g

(7.1)

IJIe ® — YIJIOBasi CKOPOCTh POTOPa, paja/c; I — paguyc poTopa, M; M — Macca pa3iaens-
€MBIX YacTHil, Kr; M1 — Macca BBITECCHEHHOW YaCTHUIIEH CIUTOLIHOW CPEJIBI, KT.

o= 27N, (7.2)
Torna ¢ yaerom dopmya (2.1) u (2.2), a Takxke TOXKIECTBA n°~ g:
Amn?r 2 2
K = ~4n“r ~2n“D, (7.3)
"

rae N — 4uciao 06opoToB poropa ueHtpudyru, ¢ *; D — quameTp poropa, M.
[To Benmuune (hakTopa pa3aesieHus pa3audaroT HEHTPUPYTHU:



a) Tuxoxoausle — K p < 1000;
0) nopmanenbeie — 1000 < K p <3500;

B) ckopocTHble (cBepxuenTpudyru) — K p 2 3500.

TexHnUeckne XapakTepUCTUKA KOHCTPYKIIMU TPECTABICHBI B Ta0JI.

77.1.

Tabmuma 7.1
TexHudeckass XapakTepUCTHKA

MortHOCTS 351eKTpoABUTaTENA, BT 350
Hanpspxenue, B 220
YacroTa Bparmienus, 00./MUH 0-3000
["abGaputHbIC pazmMepsl, MM 205x198x 315
Macca, xr 6,5
Huametp, M 0,055

OunpTpytomas neHTpudyra npeacTaBieHa Ha puc. 2.2.

Puc. 7.2. ®unprpyromias neatpudyra (Gpoto)

Onucanue yCTaHOBKH
[TpunnunuanpHas cxema QUIbTPYIOEH IEHTPU(YTH N300pakeHa Ha puc. 7.3.

@uIbTPHI pacronararoTcsi OT OCH BPALIECHUS B IOPSAKE YMEHBIICHHUS MpO-
MYCKHON CITIOCOOHOCTH.

[ToATOTOBJIEHHYIO HEOAHOPOJHYIO MEXAHUYECKYIO CBHIIYUYyH) CMECH 3aCHINAIOT
B (pUIBTPYIOLIUN 3JEMEHT rpyOoil ounctku 8. OUIBTPHl MOMEIIAIOT B Kopiyc 4. u
3aKPBIBAIOT KPBIIKOU 5. YCTPONCTBO MOJIKIIOYAECTCSA K CETH BUJIKOM nurTanus 7. [a-
aee, GpuibTpyromas ueHTpudyra BKIOYaeTcs ynpasiieHueM 6. J[Byxdas3Hblil 37ek-
TponBurareiab 1 yepes Ban 3 mepenaer KpyTsIiuii MOMEHT Ha kopmyc 4. Martepuai,




O] IEHCTBUEM IIEHTPOOEKHON CUJIBI MPOXOJUT K mepudepun Kopiryca, uepe3 (puib-
TpBI TPyOOH, cpeHel U TOHKOU OYUCTKU 8§ — 9 — 10 COOTBETCTBEHHO, U 3a]I€PKU-
BAeTCsl OT KPYMHOIO pa3Mepa yacTull 10 Meykoro. IIpu HeoOXoauMocTH, 4acToTy
BpalllCHUsI MOXHO pEryJMpoBaTh C IOMOULIbIO JOMOJIHUTEIBHOTO YCTpPOWCTBA —
TpaHcopmaTropa, PEryJupyroIIEero IMOAaBaEMOE HANpPsKEHUE M, KakK CIEICTBHUE,
4HCII0 000POTOB MPUBOJA.
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Puc. 7.3. IlpunnunuanbHasi cxeMa HEeHTPOOeKHOM eHTpudyru:
1 — s;ekTpoaBHUTaTelb; 2 — HOXKKH; 3 — BaJl; 4 — KOPIyc;
5 — Kkpbllika; 6 — ynpaBieHue; / — MUTaHUE,
8,9, 10 — dunbTpsl TpyOOH, CpeHEN U TOHKOM OYUCTKU

B maGopatopHbIX LENsSX yCTPONCTBO MOKET HCIOJIb30BAaTHCS COBMECTHO C
JIPYTUM J1Ta00paTOPHBIM 00OpYyAOBaHHEM, K IPUMEPY, C BECAMH, CIICIIMAILHON Tapoit
U T.II.

MOPAJIOK IPAKTUYECKOM PEAJIM3AIINH
Paccuurtare mapamerp neatpudyru — daxrop pazaenenus (kpurepuit Opyma)
o ¢opmyue (2.3).
[To momy4eHHOMY 3HAYEHUIO OIPEICIIUTh KIJIACC, K KOTOPOMY OTHOCHUTCS HC-
noJib3yemasi B paboTe KOHCTPYKITHSL.

IHoaroroBka nmpoobI
Ilepen mpoBeaeHHMEM SKCIEPUMEHTA MPOOY HEOOXOIUMO MOATOTOBUTH. JlJis
ATOTO HCCIIeyeMbIH MaTepuall B3BEIIMBAETCS Ha BeCcax BMECTE C Tapoi (KaXKI0ro
TUIA MaTepuaa CBOS Tapa) M B3BEIIMBACTCS MOCJE OTIAEIBHO Tapa M HyMEpYyeTcCs.



PesynbTatsl pacyeta yucTon (pakiuu 3aHoCITCA B Ta0u. 7.2 (mbuieBUAHAS (HpaKus
OTCYTCTBYET).
IIpoBenenue IKcepuMeHTa
Jlo Haydaja SKclepUMEHTa IOATOTOBJICHHYIO CMECh IOMELIAI0T B KOPIyC
yctpoiictBa. [lociie 3Toro HeoOX0aUMO BKJIIOYUTH LIEHTPU(PYTY U 3a1aTh HYKHYIO
CKOPOCTh C TIOMOIIBIO PETYTUPOBKH BOJBTMETPOM, OCYIIECTBISISI OTCUET BPEMEHH
(9KCIIEPUMEHT JIOJKEH AITUTHCS 3 MUHYTHI).

H3BaeyeHne marepuasa
[Tocre okOHYaHHS JKCTIEpPUMEHTa HEOOXOJUMO YIAIUTh Pa3/IelICHHBIA Mare-
puan u3 obopymoBaHus. JlJis 3TOr0 OTBUHYHMBAIOT KPBIIIKY KOpPITyca M aKKypaTHO
BBIHUMAIOT Bce GUIBTPHI pa3oM. [Tocie n3BiekaroT GuibTp 3a GUIBTPOM, HAUMHAS C
rpy0oro (BHyTpeHHUI (PUIBTP) M CHOBA pa30MBAIOT MO (PpakiUsIM MaTepHrasl Ha Map-

KHpOBaHHYIO Tapy. IlogydeHHBIe MOPIHMKM B3BEIIMBAIOTCS W PE3YJbTaThl BHOCATCS B
Tab. 2.2.

Tabmuma 7.2
DKCnepruMeHTAIbHBIC 3HAYEHUs Beca TpHU (QUIbTPOBAHUU
dpakaumn O6mmas
Macca, r
Kpynnas Cpennsis Menkas | IlsuteBupHas | Mmacca, ),

Jo sxcniepu-

MEHTa, M
ITocne skcme-
pUMEHTa, My

JKCNEePUMEHTAIbHAS OIlEHKA KayecTBAa (PUJIbTPALMU
C 1enpro OIEHKM KadecTBa (PUIBTPALIUY CIIEyeT OCYIIECTBUTD CIEIYIOIIEe:
1. ITonroroBka ppakuuii u cMecen.
2. OunbTpanus B IEeHTpUDYyTE.
3. AHanu3 noy4eHHBIX (OTQUIBTPOBAHHBIX) MacCC.
Hcxonsa u3 3HAUYCHHWI MapamMeTpoB KadecTBa Mporiecca MEeHTPUGyTrupoBaHUs
(Tabi. 3.2), pacCYMTHIBAIOTCS MOTEPH MTPH IKCIICPUMEHTE:

11=2"2 $ iy 100%

[Toteps nomkua ObITh He Oonee 5 %. Takum oOpazoM, BeTUMYHHA MOTEPh
JIOJDKHA COOTBETCTBOBATH YCIIOBHIO

11>95 %.
B IpOoTUBHOM cily4ae 3KCIEPUMEHT IIPOBENIECH HE TOCTOBEPHO.

Copep:xanue oTyera
1. Ha3Banue, 11emb, 3a/1a44 TEMbI, MaTepHalibl 1 000pyI0BaHUE.
2. Cxema GunbpTpyrolIen HeHTpUu(yru u KpaTkoe ONMcaHue NpUHIUIAa paboThl
YCTPOMCTBA.
3. Ilopsnok npoBeneHust padboTel. Beruncnenue dhakTopa U3MeEIbUCHHS U Kaye-
cTBa (pusIbTpanuu.
4. BuIBOAEI IO TEME.
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IIpakTnyeckas padora Ne 8

AHAIMTUYECKASA OHEHKA KOHCTPYKIIUN U PABOTbBI IIUTATEJIA
ChIIIYYUX CPEJ

LEJD U 3AJIAUM

[{enbro TEMBI SIBJIAETCS OLIEHKA PABHOMEPHOCTH PACIIPEAECIEHUS ChIITyYEero Ma-
Tepuasa 1ab0paTOPHBIM TUTATEIIEM.

JIOCTMKEHUE TOCTAaBICHHOW LEIM OCYIIECTBISETCA IMOCPEACTBOM PEMICHUS
CIEAYIOLIMX 3aJ1ay:

- MPUOOpETEeHNE TEOPETUUECKUX 3HAHUM O MPOIECCe MUTAHUS/TO3UPOBAHUS U
€ro pa3HOBUIHOCTSIX;

- O3HAKOMJIEHUE C KOHCTPYKIIMEN 1a00paTOPHOro MUTatTens, ¢ MPUHLUIIOM pa-
OOTBI YCTPOWCTBA U €r0 IPUMEHEHHEM;

- IIPOBEJICHUE aHalu3a Ipoliecca MUTAHMS C MOMOIIbIO JabopaToOpHOM ycTa-
HOBKU;

- MPUOOpETEHNE HABBIKOB O(DOPMIIEHHS OTYETA O MOITYYEHHBIX 3HAHUSIX, YMeE-
HUW paboThl ¢ rpadUuecCKUMU MaTepuajaMd U BO3MOKHBIMU MPAKTUYECKUMU TPH-
JIOKEHUSIMH.

OO0opynoBaHune U MaTepuaJbl: J1a00OPATOPHBIN NMUTATENb CBHITYYHX Cpel, Ta-
pa, 1abopaTopHbIE BECHI, CHIITYYHI MaTepual.

OBILINE CBEIEHUA

[Tutanue — npouecc GopMUPOBAHUA U TIEpeAadn KOJIMYECTBA BEIIECTBA MyTEM
OTIpeNIeJICHUs] €r0 MacChl WM o0beMa, MO0 cyeTa 4yuciaa OJMHAKOBBIX IITYYHBIX
00BEKTOB WJIM HEMPEPBIBHBIX XapaKTepuCTHK (Hampumep, mumHbl) [31, 14, 100]. Ilo
CTPYKType pabodvero muKiIa MATaHUE ObIBACT HEMPEPHIBHBIM UITH JUCKPETHBIM.

[Ipu HempepbIBHOM MUTAHUM BBIIETSETCS KOJIWYECTBO BEIECTBA, MEPEHOCH-
MOTO TIOTOKOM 32 OTPE/EICHHBIN MPOMEXYTOK BpeMeHu. Kak npaBuiio, mpuMeHseT-
Csl JUCKPETHOE JO3WPOBAHUE, 3aKIIOUAIOIIEECS B MEPUOANUECKOM IMOBTOPEHHUH ITHK-
JIOB BBIJICTICHUS JO3BI TPOJIYKTA U €€ TI0/1avu.

Jlist mporiecca MUTaHUSI BakKHA Takas XapaKTEPUCTHKA, KaK TOYHOCTh. [lox
TOYHOCTBIO MPOIECCa MUTAHUSI TOHUMAETCS CTETIEHb COOTBETCTBUS IO PACCESTHUS
3HAYEHUH MacChl 103bI MPOIYKITUH 33JaHHOMY TIOJIO JIOMYCKa U €T0 PACTOI0KEHHIO.

TOYHOCTH MPUHATO OLIEHUBATH PSIOM KOJMYECTBEHHBIX OI[EHOK.

[Ipomiecc muTaHuWsi HEMOCPEACTBEHHO 3aBUCHUT OT (PU3UKO-MEXAaHUYECKUX
CBOMCTB CBIIYYETro MaTepHalia, I03TOMY WX OCOOCHHOCTH UMEIOT PEIIAoIee 3Haue-
HUE TIPU BHIOOPE BCEro KOMILIEKCAa COOTBETCTBYIOMUX YyCTpoicTB. Crocod TpaHc-
MOPTUPOBAHUS CBHIMYYETO MaTepHalia Tak)Ke CYIIECTBEHHO BJIMSET Ha OMpeIesieHue
CXeMbl THUTAaHUS W Ha BBIOOP HEOOXOMUMBIX TMHUTATEJIEH U BCIIOMOTATEIhHBIX
ycTpoicTB. Hanpumep, npu mMHEBMOTPAHCHOPTUPOBAHUHM YMEHBIIAETCS YHUCIO KOH-
TAaKTOB YaCTHUI[ MEPEMEIIAEMOT0 MaTepuaia, BCISACTBHE Yero o0eryaeTcst ucreve-



HUE MPOJIYKTa U3 €EMKOCTH. B mpoleccax MuTaHus ChITyYHMX KOMIIOHEHTOB CTEIEHb
IOJBM>KHOCTH YaCTHUI] UMEET OCHOBHOE 3HAYECHUE.

[Iponecc nuTaHus CyIIECTBEHHO 3aBUCUT OT XapaKTepa NCTEYEHUS ChITy4ero
MaTepuaina u3 OyHKepa, IOCKOJIbKY MUTATENlb YCTaHABIMUBAETCA Nocie OyHKepa. Xa-
pakTepHbIE HETOCTATKH, IPUCYIIUE OyHKEpaM pa3aIudHON (GOpMBL, - 3TO 00pa3oBaHUE
CTaTUYECKUX CBOJIOB HAJ| BBIIIYCKHBIM OTBEPCTHEM, OTJIOKEHHE MaTepuaia Ha CTEH-
Kax OyHKepa W 00pa3oBaHUE BEPTHKAIBHO JBHXKYIIErOCs CTOJI0A B MpOIECCE UCTE-
YEeHUs HaJl OTBEPCTHEM, B TO BpPEMs KaK OKPY’KAIOLIUI 3TOT CTONO MaTepuai mpen-
CTaBJIsIET cOOOM 3acToiHYI0 30HY. Pazmepsl u hopmy OyHKEpOB BBHIOMpAIOT B 3aBHU-
CUMOCTH OT TE€KY4YECTH JAaHHOro marepuana. [loatomy, B psae ciiydaes, IpHA MPOEK-
TUPOBAHUU BBIOOP ONTUMAIbHON KOHCTPYKIMM OYHKepa JJIsi KOHKPETHOr0 MaTepua-
Ja Ga3upyercs Ha MOBTOPEHHUH yJadyHOW KOHCTPYKIIMH, ONpaBIaBIIeii ce0s Ha mpak-
TuKe. OJIHaKO YacTO MPUXOJUTCS CTAJIKUBATHCS C TAKUMHU IpoOieMamMu, KaK yIuioT-
HSIOILEE JABJIECHUE NPH 3arpy3Ke BBICOKHX OYHKEPOB, MPEKpAIICHUE UCTEUEHUS WU
€ro OrpaHWyeHue, cerperanus mMarepuasna, HEMOJIHOE HCIOIb30BaHUE MOJE3HON eM-
KOCTH U JPYyrUe, KOTOpPbIE MPEMSITCTBYIOT HOpMalbHON padoTe nutaTtenein. Bo MHo-
TUX ciay4asx OyHKEp pacCUMTHIBAIOT Ha CTaTUYECKHE HArpy3Ku Mpu TpeOyromemcs
o0beMe, a (hopMy ero 3a7ar0T Ha OCHOBE TEXHUYECKOM MHTYULMHU O€3 ydyeTa 3aKOHO-
MEpPHOCTE UCTEUEHHsI MaTepuaia, 4YTo MPUBOAUT K CYIIECTBEHHBIM 3aTPyIHEHUSIM B
IPOLIECCE IKCILTyaTal[|u.

[Ipouiecc nmuTaHus XapaKTepU3yeTCsl HENPEPHIBHBIM KOJIEOaHWEM 3HAYEHUU
pacxona BciencTBUE M3MEHEHHs 3((EKTHUBHOIO CEUEHHUsl BBITYCKHOTO OTBEPCTUS
IIPU MPOXOJE YACTULL Y KPOMKH.

[Ipouecc nuTaHus TOJIKEH OCYIIECTBIATHCS OBICTPO MPU MOCTOSTHHOW TeMmIe-
paType M KaKIplil pa3 ¢ OIMHAKOBOW CKOPOCTBIO.

[Ipumep pyHKIMOHUPOBAHMS O0OPYAOBAHMS MPEICTABIEH HA OOBEMHOM OJI-
HOILIHEKOBOM muTaTene. M3BecTeH crnocol mojauu - MUTaHUS ChITYyYUX HPOAYKTOB
IIPU TIOMOIIM O0BEMHBIX ITHEKOBHBIX 103aTOpoB. OMHOIIHEKOBBIN jJ103aTop (puc. 8.1)
COCTOWT M3 KOpIyca 2, BBIIOJHEHHOIO B BUJE KOHyca. BHyTpH Kopmyca pa3MelieHa
paMHasi MeIlaiKa 3 U BEPTUKAJIbHBIA NUTAIOMINI IHEeK 4. Melanka U nIHeK 3aKper-
JIEHBI HA PAa3HBIX BEPTUKAJIBHBIX BajaxX, BpallalOIIUXCs B POTHBOINOJIOKHBIE CTOPO-
HBI.

[Tpu pabote muTaTens MPOaYKT 3arpykaercs KoHperiepoM 1 B kopmyc 2 U 1o-
CTOSIHHO TepememmBaeTcss Memankod 3. KOHCTpyKiMs Mellaakyd BBIIOJHEHA CO
CKpeOKaMH, OYMILIAIOIIMMH KOHMYECKYIO MOBEPXHOCTh KOpIlyca 2 M MpeaoTBpalla-
IOLMMHU CBOJIOOOpa30BaHueE MPOYKTA, a TaK)Ke CHa0XKeHa MONepEeYHbIMU JIONACTSIMHU,
KOTOPBIE PBIXJIST NPOAYKT, YCPEAHSS €ro IIOTHOCTh B 30HE BEPXHUX BUTKOB IMUTA-
folero mHeka 4. 3agaHHblii 00beM J103bl MOJAETCA B MOTPEOUTENBCKYIO Tapy S5 Mpu
JUCKPETHOM BpallleHUW JTO3UpYIOIIero mHeka 4. BennunmHa 103kl 3aBUCUT OT IIara
IITHEKa U Yuciia ero 000poTOoB.



Puc. 8.1. [IpuHnunuansHas cxeMa 00bEMHOTO OJIHOIIHEKOBOI'O TUTATENS
JUISL CBIITYYNX MAaTEPUAJIOB:
1 — xoHBeiiep, 2 — Kopmyc, 3 — paMHasi Melanka, 4 — MTUTAIOIINI ITHEK,
5 — oTpeOUTENbCKas Tapa

JI1s1 olieHKH mpoliecca MoIauu ChIITydero MaTepuana pa3padboran 1adopaTop-
HBIW OJTHOTIO3UIIMOHHBIN MUTATENb (pUC. 8.2).

Puc. 8.2. JlabopatopHblii OAHOMIO3UIIMOHHBIN nUTaTeNb ((POTO)



[TpuHMnIUanpHas cxema mpejacTaBieHa Ha puc. 8.3.
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Puc. 8.3. [lpunnunuanbHas cxema J1abopaTOpHOTO OJHOMIO3UIIMOHHOTO
TTUTATEIS:
1 — croiika, 2 — mpuBOJ UTATEJISI, 3 — Bajl MUTaTeNs, 4 — Melajika, 5 — BOPOHKa,
6 — potop, 7 — Tapa, 8 — cton, 9, 15 — mkuBsl, 10 — pemenHas nepenaya,
11 — nenTpoOexHbIii Bai, 12 — HOXKH, 13 — onopa, 14 — nmpuBox portopa,
16 — BeIKITFOUATEND, 17 — pETyNIATOp MOIIHOCTH

KoHnctpykiust 6azupyercst Ha cToiike 1, onuparoieics Ha 4eThIpe HOXKKH 12.

Matepuan memankoi 4 yepe3 BOPOHKY S MOJAETCS YEPe3 pacCceKaTeIbHBIN Po-
Top 6 B Tapy 7. PacnonoxkerHas Ha ctoje 8 poropa 6 Tapa, Bpaiasch BOKPYT OCH Ba-
na 11, 3anonHseTCa ChIMyYUM MAaTepHAIOM UHAMBHUIYAJIbHO Ka)KJas 3a CYET OTCeve-
HUS TIOTOKA MaTepuaia OTCeKaTels MU poTopa. BparmieHne obecrieunBaeTCsi MPUBO-
noMm 14, xoTophlil yepe3 peMeHHyo nepenady 10 mepemgaeT Bpaliaromuiicss MOMEHT
co mkuBa 15 Ha mkuB 9.

Bpamenue Banma mnurtarens oOecleuyMBAETCS HE3aBUCUMBIM TPUBOJOM 2.
VYrpaneHue npuBojiaMyd 00ECTIEUMBAET BBIKJIIOYATENb 16 M peryasarop MOIIHOCTH
17.

Takum 00pa3om, MaTepuan paBHBIMU MOPIHSIMHU MUTATEIIEM MOJACTCS B Tapy.
Texaudeckass XapakTEPUCTHKA JA0OPATOPHOTO  OJHOTO3HWIIMOHHOTO  MHTATENs
npejcTaBiieHa B Taou. 8.1.



Taomumna 8.1
Texauueckas XxapakTepruCTHUKA JJA00PATOPHOTO OTHOMIO3UITMOHHOTO

MTATATEIS
Xapaxmepucmuxka 3nauenue
Kon-Bo Taps! 111 pacoBKH, HIT. 8
Jlnana3oH 4acTOThI BPAILEHHs Bajla [TUTATeNIs, C 0..5
O6bem 3arpy304HOro OyHkepa, 0,1
Macca mabopaTopHOi yCTaHOBKH, KT 19
YacroTa BpameHus poropa, ¢ 0,15

MOPSIJOK NPAKTUUYECKOM PEAJIU3AIIUU
1. lloaroroBka npudopa k padore

1.1. IloaroTOBKA K MPOBEAEHHIO ONBITA

[lepen mpoBedeHHEM SKCIEPUMEHTa HYKHO BBIOpATh CHIMYYHH MaTepuan
(HampuMep, MaHHAS KPYIa) ¢ KOTOPBIM OYJET MMPOBOIUTHCS OIBIT, M 3arpy3UTh B TH -
TaTelslb 0 HY>KHOTO YpOBHs. Bo BpeMs 3arpy3ku yacTh MaTepuana HEM30€KHO IMpo-
CBhINIAETCS B Tapy IMOJ MUTATEJIEM, ITIOATOMY MPHU NMPOBEACHUU aHAIN3a dKCIIEPUMEHTA
3Ta €MKOCTh HE YUHUTBIBaeTCA (TeXHUYEecKas Tapa). Tak e Hy>KHO 3apaHee BbICTa-
BUTH PETYJSATOP MOIIHOCTH TaK, YTOOBI MOJYYUTh HYKHOE 3HAYEHUE YaCTOThI 000PO-
TOB BaJIa U MEIIAJIOK MUTATENs (BEIOMPACTCS TPOU3BOJIBLHO).

1.2. BkiiroueHue npuéopa
Jlns Havasa paboThl ¢ MPUOOPOM HEOOXOAUMO BKIIFOUUTH €TI0 B CETh C HaIpsi-
xenueM B 220 B. Jlaee HeoOX0auMO Ha)KaTh KHOTIKY JUTSI BKITFOUEHHUS TPUOOpa.

2. lIpoBeneHue onbITa

[Ipu BKIIFOUEHHH MTPUOOpA 3aMyCKAETCS MPOLECC MUTaHUS/JO3UPOBAHMS MaTe-
purana B Tapy, nepeMelaronrytocs B porope. [locme Toro, kak 103upyemMslid MaTEpUa
B NIUTATENE 3aKOHYUTCS, NPUOOP HY>KHO BBIKIIFOUUTH U IEPEUTH K aHAJIU3Y ONbBITA.

3. AHAJIU3 oNbITA

B cooTtBercTBHM C 11eMbI0 JTaOOpaTOpHOI PabOTHI OyAET MPOBOAUTHCS aHATU3
PaBHOMEPHOCTH pacHpe/elieHs ChITy4Yero MaTeprayia B Kaxayto Tapy. Onpenensitsh
PaBHOMEPHOCTh MUTAaHUS OyJeM Ha JTaOOpaTOPHBIX Becax MyTeM B3BEIIMBAHUS CHa-

yasa 3anonHeHHoi Tapel (Mogyy. ), a 3aTem myctoit Tapsl (M ). UToObl BhYMC-
JIUTh MacCy CIO3MPOBAHHOTO MaTepHalia B KaXIYIO Tapy MPUMEHSETCs opMyia
m iy =m e
6=6a (J) ~— "oow.(J) ~"'m(})
rae ] — mopsAKOBBIA HOMED Taphl.
Pe3ynbrarsl u3mepenuit cBeieHbl B Ta0I. 3.2.



Tabnuua 8.2
Pe3ynbpTaThl 3KCiepuMeHTa (IpuMep)

Ne TjapH Mobwy. 2 nmy, 2 Mg_gq. 2
1 98,65 96,2 2,45
2 109,18 106,7 2,48
3 98,69 96,35 2,34
4 109,44 106,93 2,51
5 98,17 95,62 2,55
6 111,85 109,54 2,31
7 130,22 127,76 2,46

Ha ocnoBe manHbIX Ta0a. 3.2 cocTaBisieTcs THCTOrpamMMa pacipeseseHHs

Mg_gq (puc. 3.4).
m z
2.6 1

2,55
25

245

2,15

/
Puc. 3.4. I'ucrorpamma pacnpeneneHuss Macchbl CIO3UPOBAHHOTO MaTepuana
(mpumep)

Ha ocHOBe maHHBIX THCTOrpaMMbl (cM. puc. 3.4) JaenmaeTcss BBIBOI O
PaBHOMEPHOCTH pacrpeeseHus BEIIECTBA B KOKTYIO Tapy.
B mpumepenpencraBieHHbIC 3HAYCHHS ITO3BOJISIOT CHACNATh BBIBOJA O TOM, YTO
pacmpesienieHne HOCUT PaBHOMEPHBIM XapakTep, Tak KaK yCpeTHEHHOE MOCTPOSHHUE
TJIABHOW JIMHUU THCTOTPAMMBI, TIPOXOIAIIEE Yepe3 CePeaNHBI BEPITUHBI KaXKIOTO U3
CTONOIOB, o00JamaeT BU3YATbHOH CHUMMETPUEH OTHOCHTEIBHO IIEHTPAIBLHOTO
3HAYCHHUS .

Copepxanue oTuera

1. Ha3Banue Tembl.

2. llenp v 331249 TEMBL.

3. O6opyaoBaHuE U MaTEPUAIBI.

4. Cxema J1abopaTOpHOM YCTAHOBKHU M KPaTKOE OMKCaHKEe MPUHIUIA ee pado-
THI.

5. IlpoBenenue onsbita.

6. BoiBOIBI 110 TEME.
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NCCIEJOBAHUE KAYECTBA ITPOHECCA HOHMHUKCHHI'OBOT'O
CMELIEHUA CBIITYYUX MATEPHUAJIOB

LEJD U 3AJIAUM

[{enbro TeMBI SBIISICTCS MOIYyUYCHHE 3HAHUN U YMEHHUM B TEXHOJOTUM HEKJIACCH-
YEeCKHX METOJIOB CMEIIICHUS.

JlocTrKeHne OCTaBICHHON 117 OCYILECTBIIETCS MTOCPEACTBOM PEIICHUS
CJICAYIONINX 3aJ1ay:

- MpUOOpETEHNE TEOPETUUECKUX 3HAHHMM B MPOIIECCE CMEIICHHS CBhIMYyYUX Ma-
TEepHaJIOB.

- O3HAKOMJICHHE C KOHCTPYKIMEe HOHMHUKCUHTOBOT'O CMECUTETISI.

- UCCIIEIOBAaHUE KauecTBa MPoIecca HOHMUKCUHIOBOTO CMEIICHUS C TIPUMEHE-
HUEM METOJIOB OPTaHOJICITUUECKOM OLICHKH.

- COCTaBJICHUE OTYETA 10 MIPOBEJAECHHOMY UCCJIEOBAHUIO.

OGopynoBanne U MaTepUaJIbl: HOHMUKCUHTOBBIN CMECUTENb, 1a00paTOpPHBIC
BECHI, Tapa, 3arpy304Hasi BOPOHKA, ChIITy4Yre MaTEPUAIbI.

OBILIUE CBEJIEHUA

Chllyunii MaTepuall «ChlIlydas Cpelay, «ChIIIy4dee TEJI0» — COBOKYIHOCTb
0O0JIBILIOTO KOJMYECTBA TBEPABIX YACTHII.

C TeXHOJOTMYECKON TOUKH 3PEHUS BaXKHO UX CMEIIMBAHUE AJIs1 00eCTIeUeHUs]
BBICOKOTO  KayecTBa,  HAaOpUMeEp:  CMEIIMBAHME  WHIPEIMEHTOB,  CMECHU
Pa3HOKA4YeCTBEHHBIX OJJHOCOPTHBIX MaTepuanioB (myka I u II copra).

CMmenMBaHue ChIMyYnX CMECEH — ATO MEXAHMYECKHUM MPOIIECC, B PE3YJIHTATE
KOTOPOT0 MEPBOHAYAIBHO HAXOSAIIMECS Pa3/iebHO KOMIIOHEHTHI MOC]IE paBHOMEP-
HOT'O paclpeaeeH s KaXA0ro U3 HUX B CMEIIMBAEMOM 00BbEME MaTepuaia o0pa3yroT
ogHOpoaHyO cMmech [106, 107].

CMech — COBOKYMHOCTh 4YE€ro-HUOYyb Pa3HOro, pa3HOPOJHOr0, COOPaHHOIO
BMecTe; (TeXH.) MPOAYKT CMEILIEHHUS, MEXaHWYECKOTrO0 COEIUHEHHS KaKUX-HUOYIb
BEILECTB.

MexaHn4eckue MallliHbI, OCYIIECTBISIOIINE CMEIICHHE, HAa3bIBAIOTCS CMeE-
curensaMu. CMecuTenu — MalllMHbl WIKM annapaTthl, B KOTOPbIX CMEIIUBAIOTCS CHIITY-
yye MaTepuasl [57].

OpHako (GopMuUpOBaHUE OJAHOPOIHONW CMECH B COOTHOIIEHHUSX MEHEE uYeM

1:100 nerxo peasn30BbIBATh B KJIACCUYECKUX MEXAHUYECKUX CMecUTENsIX. DopMUpo-
BaHME, K IMpPUMEPY, CMECH KOMOHKOPMOB, COBPEMEHHBIMH TEXHOJOTHMYECKUMHU
YCTPONUCTBAaMU B 3HAUYUTEJILHON CTENEHU TPYAHOBBIIIOJIHUMO, MOATOMY HAXOMST
MIPUMEHEHUSI HOBbIE YCTPOWCTBA CMEIICHHUS], TAKME KAK HOHMUKCHUHTOBBIE CMECUTEJIH.

HoumukcuHuroBBIN (NON — HE, OTpHUIIaHUE; MIXING — MelIaHue, epeMelIBa-
HUE) CMECUTENb — 3TO anmnapar, IPUHIUI padoThl KOTOPOTO0 OCHOBAH Ha (popMUpPOBa-



HHHU CMCCHU B BUJIC ITIOPHHUOHHOTO JO3UPOBAHUA CBHIITYYHUX MATCPUATIOB CIIOAMUA (pI/IC

9.1).

Puc. 9.1. [IpumepHas cxema pacnpeieeHus Pa3HOPOIHBIX CHITyYUX MaTCPUAIIOB
(h1>hz>h3, 4T0 COOTBETCTBYET 3aJaHHOMY COOTHOIICHHUIO)

N3 puc. 4.1 BunHO, 4to cMech popmupyercs ciosiMu. Takum oOpa3zoMm, maTe-
puan c 3aJaHHBIM COOTHOIICHHWEM IOIYy4aeTcsl HE MEXaHWYECKHUM IepeMeEIIeHueM
YacTHIl OTHOCUTEIIBHO JIPYT NIpyra, a UX TOYHBIM JO3UPOBAHUEM B OMpPEICICHHBIN
o0beM Tapbl. CMElIeHHE ChITyYUX MaTepUaloB COCTOUT M3 HEKOTOPBIX dJIEMEHTap-
HBIX MPOLIECCOB: MEPEMEIICHHsI TPYIIbl COCEAHUX YACTHIl U3 OJHOTO IMOJIOKEHUS B
npyroe (KOHBEKTHUBHOTO CMEIICHHs), TIepepacipeiesieHus YacTHl] yepe3 OOHOBJICH-
HYIO TpaHuIly uX pazaena (muddy3noHHOT0 CMEIICHHUS ), CKOJBLKECHHS TIIIOCKOCTEH B
Macce marepuana (CIABUTOBOTO CMEIIEHHS), COCPEIOTOYEHHUs YacTHLl, UMEIOUINX
OJIMHAKOBYIO MAacCy B COOTBETCTBYIOILIMX YACTAX CMECUTEINS MOJ BIUSHUEM UHEpLU-
OHHBIX W TPABUTAIMOHHBIX CUJ (cerperaruu). B xadyecTBe ammapara sl CMENINBa-
HUS CHIMTYYHX MPOIYKTOB MPUMEHSIOT pa3INYHbIe BApHAHTHI cMecuTeneil. CMmenmBa-
HUE MOXXHO Pa3JeIUTh MO OPTaHU3aIMOHHO-TEXHHUECKON CTPYKTYype Ha MepHoIrye-
CKO€ M HEMPEPBHIBHOE, COOTBETCTBEHHO CMECHUTEIH TaK e MOAPa3IeIIOTCS Ha CMe-
CUTEIIN TIEPUONYECKOTO U HEMTPEPHIBHOTO ACHCTBHSL.

Tax xe BaXXHO yuecThb BHYTPEHHHME XapaKTEPUCTHKH MaTepualia, BIHSIOIINE
Ha XOJ1 CMEIIMBaHMUSL.

Obvemnas macca CMEUIMBAEMbIX MaTepUAIIOB HEOOXOuMa JJIsl ONpeaeeHUs
OCHOBHBIX Pa3MEpPOB Y3JIOB CMECHUTENsI, a TakXke JUIsl BHIOOpa BEIMYHMHBI J103bl CMe-
IIMBAEMBIX KOMIIOHEHTOB. OOBbEMHAs Macca BHIPAXKAETCs B Ka/m°,

Pasmepvi uacmuy marepuana ONpenessioTCs ITWHEHHBIMU pazmepamu. [lpu
3TOM OepeTcs HauOOoJIbIIUK pa3Mep, KOTOPbIM 0OBIYHO ObIBAET JJIMHA.



Yeon ecmecmeennoco omxoca Mmarepuana SBISIETCS OJHMM M3 OCHOBHBIX
(bakTOpOB, XapaKTEPU3YIOIIUX CHIMy4YeCTh MaTepuaia. ITOT yroa obpa3yeTcs Iioc-
KOCTBIO €CTECTBEHHOIO0 OTKOCa MaTepuaia C TOPU30HTalIbHOM IJIOcKocThiO. [lo-
JBUKHOCTh MaTepuaia TeM OOJIblIe, YeEM MEHBIIE YToJl €CTECTBEHHOIO OTKOCA.

Cneorcueaemocms, KOMKYeMOCMb, CKIOHHOCHb K C800000pA308AHUIO SIBIIS-
IOTCSl XapaKTEPUCTUKAaMU IUIOXOM ChIlydecTH MarepuanoB. OT ChIIyYECTH WJIM IO-
JBUKHOCTH MaTEpHajoB, T. €. CIIOCOOHOCTH MPU HM3BECTHBIX YCIOBHUSX OOpPa30BbI-
BaTh CTPYIO, TEKYLIYIO MOJ JEHCTBUEM CHIIbI TSKECTH, 3aBHCHUT XapakTep IABUKEHUS
MaTepHuaa 4epe3 MUTaTeIb B CMECHUTEIIb.

Brasicnocms mamepuana B OCHOBHOM BIIUSIET Ha €ro cblitydecTb. C u3MeHe-
HUEM BIIQ)XKHOCTH HU3MEHsIETCS 00bEMHAasi Macca M yrojl €CTECTBEHHOro oTkoca. [Ipu
HOBBIUIEHUH TPOLEHTA BIAXKHOCTU OOBIYHO YBEJIUYMBAETCSA YIOJl €CTECTBEHHOI'O OT-
KOca U yMeHblLIaeTcss o0beMHasi Macca MaTepuaia. JTO BIEYeT 3a cOOOW 4acTo u3-
MEHEHHE CBhIIYYECTH MarepHalia, cliocoOCTBYeT 00pa30BaHUI0O KOMBEB U CBOJOB, UTO
HEPEIKO BMECTO XOpOULIEW IOABM)XKHOCTH M CMELIMBAEMOCTH CYyXOro Marepuaa
IPUBOJUT K yXYALIECHUIO Ka4yecTBa TOTOBOM CMECH.

OpxHako UMeroIuMecs crnocoObl 1 MEXaHU3Mbl (POPMHUPOBAHUS CMECEU HE MOTYT
JaTh KA4eCTBEHHOTO MPOAYKTa ¢ cooTHoIeHueM (pakiuit 6onee 1:10 0 . C yuetom
3TOro TpeOOBaHUS MPEJIOKEH HOBBIM CIIOCO0 IETEPMUHUPOBAHHOTO (DOPMUPOBAHUS
OJIHOPOJTHOCTH CMeced  CBIIy4YHX  MaTepHUaJIoB, UCTIONB30BAaHHBIA B
MHOT'OMO3UIIMOHHOM HOHMHKCUHTOBOM cMelieHuu (puc.9.2).

[Tocne 3arpy3ku KOMIIOHEHTOB B OyHKEpHI 3aXBaTHbIE OpraHbl mutarenei Qj

BBINAIOT M3 OyHKepa MHKpooObeMbIAQ; KOMIIOHEHTOB ¢ HEPaBHOMEPHBIM
pacmpeneieHieM WX O0O0BEMHOTO COJEP’KaHMWsSI OTHOCHTEIBHO JJIMHBI 3aXBaTHOTO
oprana. Mukpooobembl AQ1, AQ2 n AQ3 momagaroT Ha HIKHIOI TOPU30HTATBHYIO

MOBEPXHOCTh Taphbl ¢ paguycoM Rq, TakuM 00pa3oMm, U4TO Kaxk/as U3 HUX 3aHUMAeT
OIPEICTICHHOE MECTO B BHJIC YTJIOBOTO CEKTOPA C MapaMeTpaMu ¢, U TOJIIUHOM N .
EmKocTh BpamiaeTcsi OTHOCUTENFHO CBOEH OcH, Beien 3a MUKpooObemMoMm AQq, Ha
MOBEPXHOCTU Taphl YKJIaibIBaeTcs MHUKpooObeM AQ2, KOTOpbI BBLAAET BTOPOE
MUTAIOINIEE YCTPONCTBO, CIIEIOM TOMO00HO BbIgaeTcs MHUKpooObeM AQ3. Takum
00pa3oM, Ha MOBEPXHOCTH €EMKOCTH 00pa30BaJICs CJIOM CMECHU U3 TPEX KOMIIOHEHTOB,
COCTOSIIIMI W3 TPEX pPaBHBIX YIJIOBBIX CEKTOPOB C OMPEACTSAIONIMMHU  YIIIaMHU.
[Tportlecc MHOTOKPATHO TOBTOPSIETCS, TMPH ITOM  KaXABIA  TOCIEAYIOLIHI
MUKpPOOOBEM OJTHOTO KOMIIOHEHTa Ha CJIEAYIoIeM 000pOTe€ €MKOCTH BOKPYI CBOEH
OCH CMEIIEH OTHOCHUTENIBHO MpPEIbIAYIIEr0o HE TOJBKO MO BBICOTE HA TOJIIMHY
3JIEMEHTapHOTro ¢jiosi Ng, HO ¥ o yrI0BO# kKoopauHate A@. Takum oOpa3om, eciu
Tenephb U3 Tapbl IPOU3BOJBHBIM 00pa30M B3SITh JIIOOYIO IO BETUYHHE BHIOOPKY
cMecH, TO B Hel Bcerma Oyaer coOI0IaThCsi HEOOXOAMMOE COOTHOIICHUE
KOMITOHEHTOB (B mpuMepe Ha puc. 9.2 — 1:1:1).



Ilonoxenne Tape OTHOCHTTENEHS HEIIOOEH X HELE MHTATENEH

Ha mosmmnpm Ha nosmnpm Ha mosmmnpm
l-ro oiTaTena 2-T'0 IHMTATEII 3-T'0 IIHMTATETA
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Puc. 9.2. CxeMa HOHMUKCHHTOBOTO CMEIICHUS
(Ha mpuMepe MOTYYCHHS TPEXKOMITOHCHTHOM cMecH B cooTHommeHuu 1:1:1)

KoHCTpyKIlMsS HOHMHUKCHHIOBOTO cmecurenas (puc. 4.3) xapakrtepusyercs
MPUHITUITHATBHON CXEMOU MpecTaBIeHHON Ha puc. 4.4,

DnekTpoaABUTaTENb 12, 3aKpeIICHHBIM B KOpITyce 7, YyCTAHOBJICHHOM Ha HOX-
Kax 8, mepeaaeT BpamaTeIbHbI MOMEHT (depe3 3yOuatyio 10 u pemennyro 9 mepe-
Ja4yM) Ha HeHTpabHbIN Bau 2. [lutarenu 3 mpuBOASTCS B ABMKEHUE 3y0UaTOi mepe-
nadert 1, Bemyrasi mecTepHsl KOTOPOM KECTKO 3aKperyieHa Ha IEHTPATbHOM Bally 2.
3arpy’keHHbIE B TUTATENIN 3 CMEIIMBaeMbIe (paKIIUU MOCIEAOBATEIHLHO JO3UPYIOTCS
B Tapy 5 depes paccekarenb 4 (KECTKO 3aKperyieHHbIH Ha Baiy 2). [Ipu aTom Tapa 5
BpaIaeTcs MIaHeTapHO BOKPYT BaJsia 2, MPY MOMOIIY 3y04daToi nepenayu 6.
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Puc. 9.4. [IpunuunuanbHas cxeMa HOHMUKCHHTOBOTO CMECHUTEIS:
1 — mpuBox nuTarenei, 2 — HEHTpaJbHBIN Bal, 3 — IUTATENb, 4 — pacceKkaTellb,
5 — Tapa, 6 — npuBOJ Taphl, 7 — KOPMIYC,8 — HOXKKH, 9 — peMeHHas nepeaya,
10 — 3yOuartas nepenaya, 11 — mynbT ynpasneHusi, 12 — 3neKkTpoaBUrareib



CMech KOMIIOHEHTOB (pOpMHpYyeTCs TOYHOM Moayeil MaTepuaioB MUTATEISIMU
3, B pe3yJbTaTe MPOX0XKACHUS Tapbl S MOCIEA0BATEIBHO MO/ KaXKIbIM MUTATEIEM.
TexHuyeckast xapakTepuCTHKa npejacTaBieHa B Tadm. 9.1.

Taomuma 9.1
TexHudeckast XapakKTepUCTHKa HOHMHUKCHHTOBOTO CMECHTETIS

[Tpou3BOAUTENBHOCT, KI/4 0,068
Macca, kr 22
["aGaputsl, MM 610x 640x 410
[Tutaromee Hanpspkenue, B 220
Yuci0 060pOTOB LEHTPAILHOTO Bajla, MUH * 66
Yucto 060pOTOB Bajla MENIAIOK, MHH 102
Yucno 060poTOB NPHBOAA TAPhI, MUH - 154
Yuco 0600pOTOB ABUTATENS, MUH — 1582
Yucto 060pOTOB MPOMEKYTOYHOIO 3y0UaTOro KoJeca, MAH * 264

MNOPAJIOK IPAKTUYECKOM PEAJIU3ALIUU

[ToaroroBka o0opy0BaHus K padoTe.

1. BusyanbHblil 0cMOTp 000py10BaHUs

2. [Togxmrouenue nuranus k cetu 220 B.

3. TecToBbIii 3amyck 0e3 maTepuaa.

4. TlonroToBKka MaTepHalia K JI03UpPOBaHUIO.

Coinyunii Matepuan JOJKEH OBbITh MEJIKOAUCIEPCHBIM, C MUHUMAJIbHBIM
cojiep’)kaHMeM BJIard U 0€3 HEOJHOPOJHBIX BKJIIOYEHUN. Matepuan ajis TOYHOTO
JIO3UPOBAHUS TIPEABAPUTEIHLHO B3BEIIUMBACTCHI.

JKCIEePUMEHTAIbHOE HCCJIeJ0BAHUE CMeCH
CwmemuBaeTcs 2 MaTepuaa 1o cxeMme, Ha puc. 5.4.

Ho3atop 1 Jo3aTop 2 Ho3aTop 3

— — mamepuan 1
mamepuan 1 mamepuar 2

Puc. 9.5. Cxema 3arpy3kud [103aTOPOB HOHMHUKCHHIOBOTO CMECHUTEJIA

CootHomenue matepuana 1 u 2 1Mo TpeM MOCIEAOBATEIBHBIM J03aTOpam
COOTBETCTBYET Tpornopiuu 3:2:3.

Marepuan  3arpy304HOM  BOPOHKOM B CBOMX  HIPOIOPLUMOHAIBHBIX
COOTHONICHUSIX 3arpyxaercsi B nurarenud. B mponecce paboTel 00oOpyAoBaHUsS
OCYILECTBJISICTCS ~ KAUYECTBEHHAasi OICEHKA CMEIICHUS CBIYyYHX MaTEpPUAJIOB.
N3mepsieTca Bpems, 3aTpay€HHOE YCTPOWCTBOM Ha JO3UPOBAHUE  CHITYYHUX
MaTepuanoB (MO MOCIETHEMY ONOPOKHEHHOMY n03artopy). Ilo oxoHuaHuu



OCYIIIECTBIIICTCS ONPEICIICHUE MacC MaTepralia 1o KaKIou Tape, pe3yIbTaThl
3aHOCATCH B Ta0JI. 9.2.

Tabmuma 9.2
Pe3ynbpTaThl HOHMUKCHHTOBOT'O CMENIEeHUs (TTpuMep)

Ne Tapsr m, e

3,74

3,86

4,8

3,98

4,52

1
2
3
4 4,45
S)
6
7

4,7

[To mamabiM Tabn. 9.2. anajmormyHo puc. 4.4 CTPOUTCS THUCTOTpaMMa
pacrpeieseHus CI03UpOBaHHbIX Macc (puc. 4.6).

m 2
5 -

45 -

¥

¥

2,5 -

parxupobanHag mapa

Puc. 9.6. I'ucrorpamma pacrnpenesieHus Macc CMECH T10 Tape
B paH>KHpOBaHHOU popme (rprumep)

[Toctpoennas Ha puc. 4.6 rucrtorpamMma OIICHHUBAETCS MO PaBHOMEPHOCTH
pacmpeneneHuss Macc MO TapaM  OTHOCHUTENIBHO HaumOOJbIIeH  BEJIUYUHBI,
0TOOpaXEHHOM B IIEHTpE.

[TosmyuyeHHble cMecH BBIOOPOYHO (MHUHHMMAJIBHO 2) OICHHBAKOTCS OPraHo-
JENTHYECKA. ODKCHEPTHO PACCMATPUBAIOTCS W OMPEIEISIIOTCS  KaueCTBEHHBIC
COCTaBIISIOIIHE:

1. Bueurauii Bu.




2. lBer.

3. 3anax.

4. BKycOBBI€ XapaKTepUCTUKH (110 HEOOXOAUMOCTH ).

Pe3ynbraTthl  OpraHOJENTHYECKON  OICHKM  3alHCBhIBAIOTCS B BHJC
KOHCTaTUPYIOIIETO PE3IOME.

Copep:xanue oTyera
1. Ha3Banwe, 11€j1b, 331241 TEMbI, MaTEPUAIIbI H 000y I0BaHHE.
2. CxemMa HOHMHUKCHUHIOBOTO CMECHUTENIS U KpAaTKOE OMUCAHUE MTPHHIIUIIA
padoTsl (110 puc. 4.4).
3. Tlopsimok mpoBeaeHUs PabOTHI € COOTBETCTBYIONIMMHU TaOIUIAMU H
PUCYHKaMHU.
4. BBIBOJIBI 10 TEME.

bubanorpadguyeckuii cnucox

4. EBceeB A.B. Teopust u obopyaoBaHue JAETEPMHUHHUPOBAHHOTO (POPMUPOBAHUS
OJHOPOJHOCTH TE€TEPOTEHHBIX CMECEM: IUC. ... A-pa TeXH. HayK. Tyna, 2021. 297 c.

5. OO0t Kypc MpoIIECCOB U anmapaToB XUMUYECKON TEXHOJIOTHH | YYCOHHK IS
By30B : B 2 kH. Ku.1 / B. I'. Aitnmreiin [u ap.] ; noxa pen. B. I'. AlinmreitnaM. : ®u3ma-
tkHUrAa : Jloroc, 2006. 912 c..

6. Kanexun B. C. [Iporeccsl u anmaparbl XUMUYECKON TEXHOJIOTUH © Y4eOHOE T0-

cobue / Kanexun B. C. DnektpoH. nan. Mocksa : Pycaiinc, 2021 458 c¢. Pexxum pocryna:
book.rulnternet accesshttps://book.ru/book/942019 ISBN 978-5-4365-8668-7.



IIpakTuyeckas padora Ne 10
BECOBOE UCCJIEJOBAHUE KAYECTBA INIPOAYKIHNU U CbIPbSA
HEJb U 3AJAYN

Llenpro maHHOM TEMBI SIBISETCSA MOJMyYEHHWE 3HAHUN B 00JIACTH MHCTPYMEH-
TaJIBHOTO KOHTPOJISI KA4e€CTBA U3/ C MPUMEHEHUEM JIEKTPOHHBIX J1a00paTOPHBIX
BecoB ACOM JW-1 1 KOHKpPETHBIX YMEHUI 1 HaBBIKOB pabOThI C HUMH.

JI1st TOCTH>KEeHUS 11eJd He0OX0AUMO PEIIUTh CIAEAYIOIINE 3a1a4u:

- O3HAKOMJICHHE C JJICKTPOHHBIMHU jJaboparopHbiMu Becamu ACOM JW-1:
NpUOOpPETEeHNE TEOPETHUECKUX 3HAHMM O KOHCTPYKIMH YCTPOWCTBA, MPHUHIUIE €ro
paboThI U MPUMEHEHUH;

- IpuoOpeTeHre MPaKTUHIECKUX yMeHuii mpumeHenus secos ACOM JW-1;

- MOJTyYeHUEe TPAKTUYECKUX HaBbIKOB mpuMmeHeHusi BecoB ACOM JW-1
K KOHKPETHOMY H3/EIHIO;

- IPUOOpPETEeHNE HABBLIKOB O(OPMIICHHS OTYETA O MOJTYUYCHHBIX 3HAHUAX, YMe-
HUll paboThl ¢ TpadUIECKUMHU MaTepuasaMi U BO3MOXXHBIMU MPAKTUYECKUMU TIPH-
JTOXKEHUSIMH.

Oo6opynoBanne u marepuajbi: Becel ACOM JW-1, KoHTeliHEp, MaliOHE3,
Ta0JIETUPOBAHHBIE T00ABKH.

OBILINE CBEIEHUA

ACOM JW-1 — Bechl nabopatopubie [30, 92, 132] snekTpoHHbIC IS CTATH-
yeckoro B3pemuBanus. Kinace Tounoctu — Beicokuit (1) mo TOCT 2410 4-0 1. Bechr
BHeceHbI B ['ocpeectp cpeacts uzmepenunid mog Ne 23158-02. 200 — makcumanbHast
BennurHa B3BemmBanus 20 0 1.

Becnt naboparopusie Tunma ACOM JW-1 npeaHazHaueHbl ISl ONpeaeIeHUs
Macchbl B J1Ta0OpaTOpUSIX HAYYHO-UCCIIENOBATEIHCKUX MPEANPHUATANA, OpraHU3alni
Y YUYPEKICHUN MPOMBIIIJICHHOCTH U CEJIbCKOTO XO34MCTBA. TEeXHUYECKUE XapaKTepHU-
CTUKH TIpeacTaBiieHbl B Ta0. 10.1.

Tabmuma 10.1
Jlnana3oH napaMeTpoB KOHTPOJIbHBIX 3HAUEHUN

Monens ACOM JW-1

Haubonbimuit mpegen

B3BemmBanus (HIIB), r 200
JHuckpetHocTs (d), T 0.01

I[eHa [TOBEPOYHOTO AeyieHus (€), T ’
Haumenbmmi npenen 0.2

B3BemuBanus (HMIIB), r

Yuciio moBepovHbIX aeiaeHuii* (N) 20000




[Ipenens (r) nomyckaemoit
MOTPENTHOCTH TIPH TTEPBUYHOM
(mepuoIuuecKoit) moBepke

(0;50] —1e
(50;200] — 1e (2¢)

CpenHekBaipaTuuecKoe
otkioHeHue (CKO)

He 6onee 1/3 npenenos
JOITy CKa€MOM MOTPEIIHOCTH

Jlnara3oH BEIOOPKH MacChl Tapbl 1o 100% HIIB
[Tutanue noctostHHBIN TOK 9B / 300 MA
Macca BecoB, KT 0,95
["abapuTHBIC pazMepbl, MM 280x 250 % 65

Pasmep mnatdopmbl, MM

nuametp 123

Jucnnen

}KI/I,ZIKOKpI/ICTaJIJII/I‘IeCKI/Iﬁ

* — MaKCHMMaJIbHOE YHCIIO TUCKPETHOCTEHN B mipenene B3pemmuBanus, HI1B/d.

MepsbI NpeIoCTOPOKHOCTH

1. YcranaBiauBaTh BEChI HA IJIOCKYIO M TBEPIYIO TOBEPXHOCTD.

2. He ycTanaBnmuBath BeChl BOJM3M HCTOYHUKOB JIEKTPOMArHUTHBIX BOJIH.

3. BolpaBHHBaHNE BECOB OCYIIECTBIATH TOJIBKO C MOMOIIbIO UHIUKATOPA
YPOBHSA U PETYJIUPYEMBIX HOXKEK.

4. IlpenoxpaHsTh BECHI OT YIapOB.

5. He nonmyckars nonajgaHusi Ha BEChl BOJbI U APYTUX KUIKOCTEH.

6. He ucnonb3oBaTh pacCTBOPUTEINH JIJIsl YUCTKU BECOB.

7. IlpegoxpaHsTh BEChI OT MPSMOIO COJIHEYHOTO CBETA.

VYcnoBust XxpaHeHUsI BECOB JOJDKHBI COOTBETCTBOBAThH CIEAYIOIIMM TpeboBa-
HusM: temieparypa ot +10 go +30 °C, oTtHocutenbHas BiaaXHOCTh 10 80 % mpu

temrepatype +25 °C. HeucnpaBHocTH U cO0OIIEHHS 00 OIIMOKaxX 3aHECEHBI B Ta0JI.
5.2.

Ta6muma 10.2
Hewncnpasruoctu 1 coobmienus 00 ommodKrax

Aucnent Onucanue Ycrpanenue

. OYHCTHTE MOJJIOH.
OlIMOKa HayalbHOW YCTaHOBKHU

TEeo CHUMMTE U YCTAHOBUTE
HyB 3aHOBO TIATHOPMY
EEP HEWCIIPAaBHOCTH MaMSTH MPOTPpaMM | OOpaTUTECh B CEPBUC-LICHTP
AdeA HeucnpaBsHocTH AT oOpaTUTECh B CEPBUC-TICHTP

OTKaIHOpyiTe BECHI,

PAA paspylieHue naMaTi
o0OpaTUTECh B CEPBUC-TICHTP

HpuHuun padorTsl



Cxema 00111ero Bua v MPUHIMIHAIBEHAS CXeMa DJIEKTPOHHBIX JT1a00paTOPHBIX
BecoB ACOM JW-1 cooTBeTCTBEHHO H300paxkeHsl Ha puc. 10.1.

/ z

Puc.10.1. Becet ACOM JW-1:
1 — kopmyc, 2 — mnatdopma, 3 — BKIIIOYATENh, 4 — peryInpyeMble HOXKKH,
5 — kaBuarypa, 6 — AuCIuIe, / — MHANKATOP YPOBHS, 8 — IITOK,
9 — mnactuHyaTas npyxuHa, 10 — TeH301aTuuK (YCIOBHOE N300paKeHNne),
11 — nmpeoOpa3zoBaTenb curuana, 12 — agantep nepeMeHHOTO TOKa;
a — cxema (00muii BU), 6 — MPUHIIUITHATIBHAS CXeMa



[TpunHuMn AeiicTBUS BECOB OCHOBAaH Ha MpeoOpa30BaHUM YCHIIMNA OT B3BEIIH-
BaeMOM Macchl, HaxoAsIIeics Ha Tpy3onpruemMHoin matdopme 2. [lox Helt HaxoauTCs
MITOK 8 3aKperieHHbIH Ha Kopmyce 1, KOTOphIii mepemeriaeTcs BEPTUKAIBHO, U
HEIOCPEACTBEHHO JEUCTBYET Ha IUIACTUHYATYIO npyxuHy 9. Ilpu ee pactsxeHnn
WM CKATUHU U3MEHSIOTCS: JUIMHA, IUIOIIA/lb CEYEHUSI U YIEIbHOE COIMPOTHUBIICHUE,
KOTOPOE PETUCTPUPYETCS TEH30METPUUECKUM JaTuvkoM 10, U mepemaercs B 3J€K-
TPUYECKUI CUTHAJN. YKa3aHHbIE U3MEHEHHUS 3aBUCAT OT HAIIPABIICHUS MPUIOKECHHOU
CWJIBI U B TIpEJIeNax YIPYrocTd MpONOpIHOHaIbHbI eil. [lyia obecneyenus q0CcTaTou-
HBIX JUISI U3MEPEHUsS U3MEHEHHU CONPOTHUBJIEHUS YYBCTBUTEIbHBIA J3JIIEMEHT HM3IO-
TaBJIMBAIOT U3 TOHKOM IIPOBOJIOKH, HAKJIEUBAEMOMN B BUJE IIETEIb C MapaJUICIbHBIMU
HUTSMHU Ha TOJJIOKKY M3 MPOMUTAHHOM OyMaru MM UCKYCCTBEHHBIX cMOJI. JlnameTp
npoBoJioku 20-30 MKM, 9TO 0oOecrieunBaeT OOBIIIOE COMPOTHRICHUE M JOCTATOYHYIO
3JIACTUYHOCTB, MO3BOJISIOLIYIO MPOBOJIOKE CIEI0BATh 3a AePopMalieil HCTIBITYEMOTO
maTtepuana. Jlaiee ycTaHOBJIEH IpeoOpa3oBaTeiab 3JIEKTPUUECKOro curHaiga 11
B LU(POBOH U mepenaer ero Ha aucmield 6. Ha ToUHOCTh M3MepeHUs BECOB BIUSET
UHIMKATOP YPOBHS 7. YPOBEHb NPEJCTABIAECT COOON BCTABIECHHYIO 3allasHHYIO CTEK-
JSHHYIO0 aMmIlyJly €O CIHPTOM, Hapbl KOTOporo oOpasyroT my3bipek. [lpu Hakione
YPOBHSA ITy3bIPEK MEPEMELIACTCA B CTOPOHY IPUIIOJHATOrO KOHLA, CIEHOBATEIBHO,
ITIOBEPXHOCTh HEPOBHAs. YPOBEHb PETYIHPYETCS MOCPEICTBOM IO3UIIMOHUPOBAHUS
IIy3bIPbKA B LIEHTPE OKYJIsIpa aMITyJIbl.

MNOPAJIOK IPAKTUYECKOM PEAJIM3AIIUU
1. BecoBoe ucciiefoBaHue NPOAYKIUH U ChIPbS

1. 3yuuTs 11e711 ¥ 3a/1a4u Ja00paTopHOil paboThI;

2. Nzyunts npunimn padots BecoB ACOM JW-1,;

3. 3aKOHCIIEKTUPOBATh B TETPaJh OCHOBHBIE ACIEKTHI TAOOPATOPHON pabOTHI
(Ha3BaHMe, 1IeNb, 33aJla4l, OOOpPYJOBaHHE M MaTEPHUAJIbI, 3aPUCOBATh KOHCTPYKIIHIO
BECOB U ONMKCATh AHHOTUPOBAHO UX PA0OTY);

4. BeIMOJHUTH B3BEIIMBaHUE MPOAYKTA (B JaHHOW paboTe — MmailioHe3a), ma-
paienbHO 0popMIIssS OTYET.

VY nocroBepbTech, YTO MOAJOH MYCTOW M MOMENIEH TOYHO Ha Iuatgopmy Be-
COB, HHJIMKATOP YPOBHS COOTBETCTBYET POBHOM MOBEPXHOCTHU, HA KOTOPOU HAXOJMST-
cs Bechl. Takxe MpoBepbTE MPABUIBLHOCTH MPUCOECIUHEHUS KalOemnsl ajanTepa mnepe-
MeHHoro Toka. [lepeBeaute BbIKiItOUaTeNnb B nojoxenue «ON». Becwl 3amyctaT pe-
KUM CaMOMPOBEPKU JUCIUIEs, KOTOPbIA n300paxkeH Ha puc. 10.2. [lo okoHuaHuu Ha
HEM YCTAaHOBUTCA HyJieBo€ 3HadueHue. [lo yMmoyluaHui0 Nnpu BKIOYEHUU BECOB
YCTaHABJIMBAETCSA MOCJIEIHUN UCTIOIb30BABIINICS PEKUM B3BCILIMBAHUS.



HN3menenue pe:xuMoB B3BeIIUBAHUA
Bpl moOxkeTe mnepexmodaTbes MEXAy PEKUMaMHM B3BCIIMBAHUSA, HaXKUMas
kHOTKy kiaBuatypy PEXK. Cxema nepexitoueHust BHITIIAIUT CIASAYIOUUM 00pa3oM:

g — psc — % — ¢t —» 0z — Ib - dwt — GN — toz

g-r;

PSC — CUETHBIN PEXKUM;

% — IPOIIEHTHBIN PEXKIM;
c.t—kapar (0,2 r);

0Z — koMMmepueckast yHius (28,35 r);
Ib — kommepueckuii pyHT (453,6 T);
dwt — nennuBent (1,555 r);

GN —rpan (64,8 mr);

toz — tporickas ynuwms (31,106 r).

B nporecce nepexinoueHuss MEX1y peKMMaMH PacloyiOKEHUE pa3ienuTeNlb-
HOW TOYKM M KOJMYECTBO HYJIEH MOcCie 3amsaToid OyneT MEHATbCA B 3aBUCHUMOCTHU
OT BBIOPAaHHOW €TUHUIIBI BECA U BO3MOKHOCTH BECOB.

Ll toz 9

888§

. | Kg  dwt

L4 Ld b4 prx G
Hone Crat. Hetmo

Puc. 10.2. Jucmreit Becos ACOM JW-1

HoJub — «HOIB» YCTAaHOBIIEH;
CT1ab. — Bec cTabuicH;
HetTo — Bec Tapsl yuTeH.

IIpocroe B3BeLIMBaHUE
1. YnocroBepbTech, uTo cBeTsATcs nHAnKaTopsl Houb n Ctal.;
2. ITomecTnTe MalioHE3 HA ITOJJIOH;
3. [locne cTabunuzanuu Beca cuuTaiTe OOIIYI0 MAacCy Ha JUCIUIEE U 3alUIIIH-
Te e B Ta0a. 5.3 B KT;
4. Y nanure rpy3 ¢ NOJJI0HA.

JI1s1 TOYHOTO M3MEPEHHsI MACCHI MPOIYKTAa HYKHO y4ECThb MAcCy YIIAKOBKH,
MIOATOMY MAalOHE3 U3BJIEKAEM U OTJIEIBHO B3BEIINBAEM B KOHTEHHEPE.



Yder Beca Tapbl

1. Y noctoBepbTech, uyTo cBeTATcs uHauKaropsl Hosb u Ctad.;

2. [TomecTuTe UCHIONB3yEMbIN B Kaue€CTBE Tapbl KOHTEHHEP HA MOJIO0H;

3. 3amucaTh Maccy Tapsl B Ta0. 5.3;

4. Tlocne crabuin3anuy Beca HaXKMHUTE KHOMNKY Tapa: 3HaueHue AucIuies
JOJDKHO OBITh HyJIeBbIM, a uHAuKaTopsl Homb, Ctad u HeTTo BKIIIOUEHB;

5. Yjaanurte tapy ¢ MOJJIOHA BECOB: JUCIUIEH JOJDKEH MOKa3aTh OTPUIIATEIIb-
HOE 3HaYeHHE Macchl Tapbl, HHAUKaTOpbl Honb, CTtab u HeTTo BKIIIOUEHB;

6. [TomecTuTe MalioHe3 B KOHTEHHED, HCIIOJB3YEMbIM B KaUe€CTBE Taphl;

7. [TomecTuTe KOHTEHHEP ¢ MalOHE30M Ha TOJIJIOH;

8. Ilocne crabunuzanuy Beca CUMTAWTE HA IUCIJIEE Maccy Mpoaykra 0e3 mo-
Tepb U 3amuIuTe ee B Tad. 5.3.

B3BemuBaHne ynakOBKH
B3pemmBaHue yrnakoBKM MPOU3BOIUTCS MO aHAJIOTHH C MPOCTHIM B3BEIIMBA-
HueM. [IpenBapuTesbHO OMOPOKHEHHYIO OT MPOAYKTa YIAKOBKY IPOMBIBAIOT. DTO
HEO0OXO0IMMO JIsl OTIPE/IeNICHUsI MOTEPh MPOYKTA, KOTOPBIM OCTAETCSl HA CTEHKAX
YIIaKOBKH. 3aIMCcaTh Maccy ynakoBKU M ahi. 10.3.

Pacyer miioTHOCTH MalioHe3a
CrenaTte pacueT IJIOTHOCTH MailOHE3a MO HHUKE NMPHUBEIEHHBIM (hopmyliam,
3anMcarh BBIYUCIIEHUS B OTYET Ja0OpaTOpHOM pabOThl W pe3ysbTaThl BHECTH

B Ta0J. 5.3
[TpeaBapHUTEIbHO BBIUKCIIIEM Maccy MOTeph o Gopmyiie

Myom = m06u; —Mges.nom. — mynaK J

rae m,,, — Macca MaloHe3a, OCTABIIAsCs HA CTCHKAX YMAKOBKH, KI; Mg, — Macca
MalloHe3a C YMaKOBKOW, KI; Mges nom— Macca MailioHe3a 0e3 yuera IMOTepb, KT;
My — Macca ynakoBKu 0e3 MaiioHesa, KI.

Brruucnsem maccy npoaykra (Maiionesa) mo gpopmyJie
M = Mges nom. + Muom »

rac m — macca BCCro MaioHe3a HaXOJMUBIICTOCA B YIIAKOBKC, KT'.

[Tpou3BoAMM pacyeT MIOTHOCTU MO PopMyIie

P=—
Vv

rae V — 00beM MalioHe3a, COIEPKAIIErocs B yakoBKe, M>; p — INIOTHOCTh MaifoHe-
3a, KT/M°.



MaxkcumanbHas IIOTHOCTL MaiioHesa pasHa 1000 kr/m3, cienoBaTensHO, Ka-
YECTBO OMPEACIACTCS He OOJBIIEH TUIOTHOCTHIO.
Bce npoBeeHHbIC M3MEPEHUS U BRIYUCIICHUS cBoATCS B Tab. 10.3.

Taomuma 10.3
CBo/iHbBIC PE3YJbTAThl UBMEPEHUN U BEIYMCIICHUN
[TapameTpsl O6o03HaveHus MapaMeTpoB | 3HaYEHHUE MapameTpa
O6bem, M>* \Y;
OO0wiast Macca, K& Mo6uy
Macca Tapsl, Kr Myape:
Macca
Mges.nom.
MpoJIyKTa 03 MoTepb, KT
Macca
mynaK
YIIaKOBKH, KT
Macca norepu
mnom
(ocTaTk Ha yIaKOBKE), KT
Macca
m
IPOJYKTa, KT
[110THOCTD, KI/M° p
. p<1000 +
BriBoz 0 kauecTBe MalioHE3a
p >1000 -

* — 00BbeM MalioHe3a yKa3aHHBINA Ha YITaKOBKE.
2. JlonoJHUTEIbHBbIE BO3MOKHOCTH BECOB

CueTHbIN pexuM
Boeimonasiercss Ha mpumepe OyJIbOHHBIX KYOMKOB, KOTOpPHIE HWMEIOT

maccy 10 r.
1. Haxumast kHOTIKY Pex, BRIOEPUTE CUETHBIN PEXKUM;
2. Y 1ocToBephTECH, UTO CBETATCS UHAMKAaTOphl Hosb u Ctab;
3. Haxxmure kHonky Ycr;
4. Ha nucruiee nnossurcd Haanuce Set 10;
5. Tlomecture Ha moamoH BecoB obOpasern n3 10 OIMHAKOBBIX MPEIMETOB

Y HOKMUTE KJIaBUIYy Y CT;



6. Ecimu Bec o0pasia MeHbIlle MUHUMAJIBHOTO IITYYHOTO BECa M MHUHHMAIIb-
HOTO Beca 00pasiia, TO BEChl BEPHYT Bac K II. 5, HO MPHU 3TOM NOTPeOyeTCs] TOMECTUTh
Ha Bechl yxke 20 mpeaMeToB; Mpu Heyaauu momMecTuth 50 mMpeaIMeToB; Mpy HEyIauu
nomectuth 100 mpenmeroB. Ecnu mocne HaxkaTus KiaBuiy Yct 6ojiee OAHOTO pasza
Ha nuciuiee octaercsa Haanmuch Set 100, 3HauuT mpeMeThl CIIUIITKOM JICTKHE;

7. Ecnu Bam yaanioch moAo0paTh MOIXOIAIINA KPUTEPUN sl JaHHBIX TIPE.-
METOB, TO BBl YBHJIUTE Ha JUCIUIeE UX KoaudecTBo (mudpa 10);

8. Y manute obpaserl ¢ BECOB;

9. I[TomecTuTe Ha MOJJOH BECOB OOpasell ¢ mpeaMeTaMu, KOJIMYECTBO KOTO-
PBIX JIOJDKHO OBITH TTOCYUTAHO;

10. ITocne crabunu3anuu Beca Bbl MOXKETE CUMTATh Ha JMCILICE KOJTUYECTBO
PEIMETOB.

3anucath BBIBOJ JlabopatopHoi paboTel ¢ Becamu ACOM JW-1: orMeTUThH
JIOCTUKEHHUE 1IEJIM U KOHKPETHBIE PEIeHUs 3a]1a4, IPECTABICHHBIX MIPU MOCTAHOBKE
nabopaTopHOil pabOThI, CAENaB BBIBOJ O KAaueCTBE HCCIIEAYEMOTO YMAaKOBAHHOTO
MPOAYKTA.

Copaep:xanue oTuera
1. Ha3zBanwue, 11€J1b, 3a7Ja41 TEMBI, MaTEpHAJIbl U 000PYI0OBAHHUE.
2. [IpuanunuansHas cxema BecoB ACOM JW-1.
3. [IpunHIIMTT TEHCTBUS BECOB.
4. IIpoBesieHHBIE pacUEThl, UX PE3yIbTaThl U U3MepeHus B Tabi. 10.3.
5. BEIBOABI 11O TEME.

bubanorpaguyeckuii CIucoxK
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OIIPEJAEJIEHUE KAYECTBA INTPOAYKIMHU U CbIPbA
JNMOMUHECIHEHTHBIM METO/IOM

LEJb U 3AJIAUM

Llenpro JaHHON TEMBI ABISETCS MOJYyYEHHE 3HAHUM B OOJACTH JIFOMUHEC-
LIEHTHOT'O METOJa UCCIIETOBAHUS KaYECTBA IPOAYKIMU U ChIPbs NPEIIPUATHN XUMU -
YECKOW MPOMBIIIJIEHHOCTH, YMEHUN B NMPUMEHEHHH CIENUaIbHOTO 000pyAOBaHUs
UHCTPYMEHTAIILHOTO KOHTPOJII — JIOMHUHOCKOINA «DUINH», 1 KOHKPETHBIX HABBIKOB
paboOThI C HUM.

JIoCTHKEHUE TOCTaBICHHOU LEIM OCYLIECTBISAECTCS IOCPEACTBOM PELICHUS
CIEAYIOIIUX 3a/1ay:

- IPUOOPETEHNE TEOPETUUECKUX 3HAHUM O JIIOMUHECLEHTHOM METOJIEe UCClie-
JIOBaHUS Ka4eCTBA MMPOAYKIIMH U CHIPbS;

- O3HAKOMJICHHE C KOHCTPYKLMEN JIIOMUHOCKONA «DUINHY», NPUHIIUIIOM €T0
paboThI U MPUMEHEHHEM,;

- IPUOOpPETEHNE MPAKTUYECKUX YMEHUN UCTIOIB30BaHUS 000Dy I0BaHMS;

- IOJIyY€HUE HABBIKOB IPUMEHEHHS METO/IA IFOMUHECIICHTHOTO aHAIN34;

- COCTABJIEHUE OTYETA IO MPOBEAECHHOMY MCCIIETOBAHUIO KOHKPETHOM IPO-

JYKIIWU.

O0OopynoBanne U MaTepuaJbl: JIOMUHOCKON «DUIUHY», W3AEIUEe, TUCTUII-
JUupoBaHHasl Boja, yamka [letpu, xoia0bl, GUIBTPHI, BOPOHKH, MEPHBIA ITUIUHID,
MUHIIET.

OBILIUE CBEJIEHUA

JIromuHOCKON «DUNMHY» NpEeAHA3HAYECH JIJTA ONTPEACIICHUS Ka4eCTBA MPOTYKIIHNU
U METOJIOM JIIOMHHECIICHTHOTO aHaJiu3a B JJA0OpaTOpUSIX BETCPUHAPHO-CAHUTAPHOU
AKCNEPTU3BI, CAHUTAPHO-IMUIEMHAOJIOTUYECKOTO HAA30pA.

JIFOMUHECUEHTHBI METOJ UCCIIE0OBAHUS, OTIIMYAOLINANCSA BBICOKOW YyBCTBU-
TEJLHOCTBIO U OBICTPOTOM, HAXOJIUT BCE OOJIee MUPOKOE TPUMEHEHHE B MTPAKTUKE Be-
TEPUHAPHO-CAHUTAPHOU SKCIIEPTU3BI CAHUTAPHO-3MUAEMHUOIOTUUECKOTO HAA30Pa.

[Ipu nccnenoBaHUM U3AETUNA JTFOMUHECIIEHTHBIA METO/I MOYKHO HCITOJIb30BaTh
JUTsl yCTAaHOBJICHUSI TTOpUH U (paibcuPrKaIuy mpoIyKTOB.

JI*OMUHECIIEHTHBIN aHAJIN3 TTO3BOJISIET ONPEACIUTh HAYAJIbHYIO CTEIIEHb OPYH
NpoAyKTOB nuTaHusi. C €ro MmoMoIlbl0 HETPYIHO CIIEJIaTh 3aKIOUYEHUE O KAaueCTBE
MPOAYKTOB U, CIIEA0BATEIBHO, IPEAYNPEANTH BOSHUKHOBEHUE OTPABJICHUM.



B nHacrosmee Bpems, Ipu BO3pOCLIEM UMIIOPTE IPOJOBOJIBCTBUS U YBEIUYE-
HUSI KOJIMYECTBA MEJIKUX OTCUYECTBEHHBIX NMPOU3BOIAUTENIECH CENBbXO3MPONYKIIMH, 3TH
IPOCTHIE U JOCTATOYHO TOYHBIE METO/IbI IPHOOPETAIOT 0COOYIO aKTYaTbHOCTb.
B 1abn. 11.1 npuBeneHbl BapuaHThl IPUMEHEHHS! JIIOMUHECHEHTHOTO METO/1A
WCCJICIOBAHMSI JIUIS PA3JIMYIHBIX BUIOB MPOIYKIIUHU U Chipbs [34, 109, 131, 132, 134].

Tadomuma 11.1
[TpumeHeHne TFIOMUHECIIEHTHOTO UCCIICIOBAHUS JUTSl PA3TUIHON TTPOTYKIIUH U CHIPBS

Bun nponykra

B03MO0HOCTH JIFOMAHOCKOIIMPOBAHUS
U CBIPbs

IMPOBCPKA YUCTOTHI PACTUTCIIbHBIX MACCJI, BHIABJICHUC

Macina u xupsl
(danbcuduKay CIMBOYHOTO Macjia MaprapuHOM U KHpaMu

OIIpCACICHUC CBCIKCCTU I'OBAIUHBI, BBIABJICHUC

Msico
banbcudukaiuu py0oiaeHoro Msaca cyonpoayKTaMu

Priba OIIPCACIICHUC KAa4YCCTBaA CBEXEM U COJICHOM pI)I6I>I

MoJ10KO ¥ MOJIOY-

OLICHKA KayeCTBa MOJIOKA U TBOPOTa
HBIE IIPOYKTHI

Kaprodenn BBISIBJICHUE KapTOQesist MopakeHHOro GUutodTopoi, BeIsBIIE-
1 OBOIIN HUE TIOIMOPOKEHHBIX OBOIIIEH, OTICHKA CBEXKECTH TUIOIOB

BBIAABJICHUC (1)EUII>CI/I(1)I/IK3L[I/II/I KpaCHBIX BUHOT'PAJIHbIX BHUH
IIJIOA0BO-ATOAHBIMHA

CoKH U BHUHA

OIICHKA Ka4e€CTBa U ONPEICICHUE BUAOBOM MTPUHAIJIC)KHOCTH
Myka u 3epHO

MYKH U 3€pHA

Jllomunecyenyuss — CBOWCTBO BEIIESCTBA M3JIy4yaTh CBET TOJ BO3JICHCTBH-
eM BO30YyKIaromux (GaKTOpoB, Kak MPaBUjIo, O€3 TOBBIIICHUS TEMITEPATYPHI.

PaznuuaroT Tpu THTA CBEUCHHSI: CAMOCTOSTEIIBHOE; BRIHYKICHHOE; PEKOMOM -
HAIIMOHHOE.

CamocmosimenbHoe CBEUCHUE BO3HUKACT BCJCACTBHE OOpa3oBaHUS H30bI-
TOYHOW DHEPTUU B CAMOM BEIICCTBE, 8bIHYHCOeHHOe — TIPH BHEITHEM DHEpreTHde-
CKOM BO3JICCTBUHU Ha BEIIECTBO, peKOMOUHAYUOHHOe — BCICICTBHE MpeoOpa3oBa-
HUS ¥ TIepe/ladl SHEPTUH BHYTPH BEIIECTBA OT OJTHOM YaCTHUIIbI K APYTOH.

ITo mpoaOIDKUTENIBHOCTH JTIOMHHECIICHIIMIO MTOIPa3ICIIIIOT Ha (DIIF0OPECIICH-
110 1 pochopecIeHITHIO.

Dnioopecyenyuss — MTHOBEHHOE CBEUCHHUE, BO3HUKAIOIICE B MOMEHT BO30YK-
JIEHUS CBETIIIETOCSI O0OBEKTA.

Docgopecyenyus — IIATETHHOE CBEYEHHUE, KOT/Ia 00BEKT aKKYMYJIUPYET CBE-
TOBYIO SHEPTHIO U PACXOJIYET €€ B TCUCHHUE JIUTEILHOTO BPEMEHHU.

JIiist BO30yKIeHHS JTFOMUHECIICHIIMA UCTIOJIB3YIOT YIbTPA(PHOIETOBBIC JTyUH.
[Tpu 3TOM TIPOMCXOIUT TOTJIOMIEHNE KOPOTKOBOJHOBOTO YJIBTPa(UOICTOBOTO H3ITY-




YeHHsI MCCIEAYEMbIM BEIIECTBOM C IMOCIEIYIOINIMM HMCIyCKaHUEM Jiydyeld C OoJib-
ICH IJTMHON BOJIHBI (CBEYCHHE HCCIEAYEMOTO 00BEKTa).

JIroMHHECIIEHTHBIE METO/IbI IOJPA3IEIISIOT Ha IBE TPYIIIBL:

1) ocHOBaHHBIC Ha HAOJIFOICHUU COOCTBEHHOM JIFOMHHECIICHIINN aHAIH3HPYe-
MOTO BelllecTBa (COPTOBOI aHAIIN3);

2) OCHOBaHHbBIC HA HAOJIFOJICHUY BO3HUKHOBEHUS WJIM TalllCHUS JTFOMHHECIICH-
IIUH B pE3yJIbTaTe B3aUMOACHCTBHS aHATM3UPYEMOTO BEIIECTBA C pEaKTUBAMU (XUMU-
YECKHUM (PITyOpPECIIEHTHBIN aHaJN3).

Mexay o6enmMu TpynnamMu aHajdn3a — COPTOBBIM M XUMHYECKUM — HET PEe3KOH
TPaHUIIBI, TAK KaK XUMHYECKHUH (DITyOPECIICHTHBIN aHaIN3 MPU UCIIOJIb30BAaHUH €T0 KaK
IKCIIPECC-METO/1a B 3HAUUTEIHHONU MEpe MEePEXOAUT B COPTOBOU M HAOOOPOT.

B kauectBe MCTOUHMKA yJIbTPa(UOIETOBBIX Jyued HMCIOIB3YIOT CHEIUATb-
HbIC JIaMIIbl HaKaJIMBaHUS WIM, KaK B JIIOMUHOCKONE «DUINH», Ta30pa3psiiHbIE
JaMITHI.

KoHcTpyKkIus JIOMHUHOCKOIA JOCTATOYHO TpocTa (puc. 6.1) u paspadoraHa
COTrJIaCHO TPeOOBAHMSM O€30MaCHOCTH U COBPEMEHHOM 3CTETUKH.

Puc. 11.1. Jlromunockon «Ouitmy

Ha puc. 15.2 nmpencraBnena npuHIUIIAATIBHAS CXeMa JTIOMAHOCKOMA « DUy,
[Tpubop pazneneH Ha ABE KaMepbl — OCBETUTENIbHYIO 3 U CMOTPOBYIO 6.
Jlnst BeIZENCHUST BO30YKIAIOIIETO yIbTPapHOIETOBOr0 cBeTa (@) MeXay Kamepamu

yctaHoBieH ¢uibTp 5 tuna Y®OC, npomyckaroumil y3Kyro MOJOCKY CIEKTpa CBETa
(360 + 30) aMm.
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Puc. 11.2. [lpunnunuansHas cxema JroMuHOcKona « Oununy (BUa cOOKy):
1 — cucrema nuTaHus, 2 — KOpIyc, 3 — OCBETUTEIbHAs Kamepa,
4 —ra3zopa3zpsaHas Jammna, 5 — QuiIbTp Bo30yKIEeHHs yIbTPadUoIeTOBOrO CBETA,
6 — cMoTpoBas kamepa, / — OUOKyJIsip, 8 — pabouas KroBeTa,
9 — nanpasssrone kroBeThl, 10 — tapa (wamka [letpn),
11 — TymOnep BKIIOUECHMUS;

by
i

a — ynbTparoIETOBBIN CBET, 6 — CBEUCHHE MTPOAYKTA

J1J1s1 HaOITFOICHUS CITY>KUT OMOKYJISIP / C BTOPUYHBIM CTEKIITHHBIM (PHITBTPOM TH-
na bC, KOTopblii HE IPOITYCKAET PacCesTHHBIN yIbTPaHUOIETOBBIN CBET.

Ha mnepenneit mnanmenm mnpubopa Haxomutcs TymOnep 11 BximoueHus
«CETby, Ha 3a1He — MpeJOXPAaHUTENN CUCTEMbI TUTaHUs 1.

[Tpubop paboTaet OT ceTH MepEeMEHHOr0 ToKa HamnpsbkenueMm (220+22) B
yactoToit (50£0,5) I't. OCHOBHbBIE TEXHUYECKUE XAPAKTEPUCTUKH JIFOMUHOCKOMA
«Dunun» npeacrabieHsl B Ta0. 11.2.



B MMpoHeCCe IKCITyaTallu JIOMHHOCKOII HC Tpe6yeT CIICIHAJIBHOI'O TCXHHUYC-

CKOI'0O O6CJ'Iy}KI/IBaHI/I$[.
I[JIH BKJIIOYCHHA H€O6XOI[I/IMOZ

- IOAKJIIOYUTH MPUOOP K CETH C MOMOIIIIO CETEBOTO IIHYPA;
- noctaBuTh TymMOnep «CETh» B BepxHee mosiosxkeHue.
[Tocne mporpeBanusi nmpudbopa B TEUYEHHE ABYX MHUHYT MOXKHO MPHUCTYNATh

K UCCIICAOBAaHUAM.

Uccnenyemplii o6paselnr, momenieHHbi B Tapy 10, kinaaercs B pabouyio Kro-
BeTy 8, KOTopas 10 HAIMPABJISIOMNM 9 3aABUTAETCSI B CMOTPOBYIO KaMepy 3.
Yepes OnoKyIsip 7 Ha IEpeTHEH MMaHeTH HaOII0Aal0T CBEUeHHE MpoayKTa (0).

Tadmuma 11.2

OCHOBHBIC TEXHUYECKHE XApPaKTCPHUCTHUKHU JIIOMUHOCKOIIA «Dununy»

IToka3zarenp Bennunna
[ToTpebnsiemas MOIIHOCTD, BT 350
Pabouas mymHa BOJIHEI, HM 364
Y ® 00 1y4eHHOCTh KOHTPOJIUPYEMOM MTOBEPXHOCTH, 5
MBT/cMm?
OcCBeIeHHOCTh B TTIOMEIICHAH mobas
["aGaputHbie pazMepsl, MM
JUIMHA 190
[IUpUHA 250
BBICOTA 280
Macca npubopa, Kr 3,7
Pexxum paboTsl ITIOBTOPHO-
KpPaTKOBPEMEHHBIN ™
BpeMsi paboThI, 4 1
naysa, MUH 25

* — MePUOJIMYHOCTh PabOTHI YCTPOIMCTBA 00YCIIOBIIEHa HEOOXOIUMOCTHIO
OCTBIBaHHMSI Ta30Pa3PsTHON JJaMITbI B OCBETUTEIIFHOU KaMepe.

[Tpunnmn pabGoTel pubopa GazupyeTcss Ha CBOWCTBE BEIECTB JTIOMUHECIIH-

pOBaTh MO/ ICUCTBUEM YJIBTPA()HUOIETOBOTO U3TyUeHUs. B kauecTBe MCTOUHMKA BO3-
OY>KJIeHUsI UCTIONb3yeTCsl TazopaspsaHas jgamna 4 (cm. puc. 6.2): KJI 14 YO tuna 16-

91. Jlamna pabotaet ot cetu HanpsbkeHuem 220 B yepes 6annacTHbIN Apoccens cucTe-

MBI ITUTAaHUA, OI’paHI/I‘II/IBa}OH_II/Iﬁ TOK JIaMIIBI 1O HY?KHOI'O 3HAYCHUA.

MNOPAJIOK IPAKTUYECKOM PEAJIN3AIINU

Msico OTHOCUTCS K KaTCTOPHUHU CKOPOIMOPTAIIUXCA IIPOAYKTOB, OHO IMOAJICKUT
IMOCTOSAHHOMY BCTCPHUHAPHO-CAHUTAPHOMY KOHTPOJIIO. CYH_ICCTBYIOHII/IC MECTOObI HC-



CJIEIOBAHUS Msica BECbMa TPYJOEMKH M HETOCTATOYHO KOHKpPETHBI. Tak, /Uit onpene-
JICHUS JIETYYUX JKUPHBIX KUCIOT U aMMHOAMMMAYHOTO a30Ta TpeOyeTCsl OKOJIO MATH
gacoB. OpraHojienTHYECKHUE MOKA3aTeIN CyObEKTHBHBI.

B kayecTBe BapuaHTa MPAKTUYECKOrO0 MPUMEHEHHs JIIOMUHOCKONA «Duinn»
npejiaraeTcsl OnpeaesieHne cBexxkectu msica. [IpenBapuTensHo 0TOOpaHHBIM KOHTPO-
JUPyEeMbId MaTepHrall He0OX0IUMO U3MEJIbUUTh, TO3TOMY MPEAJIaraeTcs MICO B BUJE
dapina.

JIXOMUHECLIEHTHBIN K€ METO/I SIBJISIETCS HanboJiee MPOCTHIM U TOYHBIM.

AHaNM3y NOABEPraroT Kak CpPe3bl, TAaK U BOJHBIE SKCTPAKTHI Msica. DKCTPAKTHI
JAI0T XapaKTepHbIe U3MEHEHHS B CBEUCHHUH MsiCa CBEXEro U HecBexero (tadm. 11.3).
MsICHOM 3KCTpaKT MPOCMATPUBAIOT B CTEKISTHHOM Tape (damkax I[lerpn).

Tabmuma 11.3

HpI/IMepHBIe II0KAa3aTCJIN JIIOMHMHCCOCHIINHY MsICa-IOBAANHBI
N MSCHOI'O SKCTpaKTa B 3aBUCUMOCTH OT CTCIICHU CBCIKCCTHU

CreneHpb CBEXECTH [{BeT TFOMHUHECLICHIINH
MsICa — TOBSIIUHBI MBIIIIEYHAs TKaHb MSICHOW SKCTPAKT
OT TEMHO-KOPHYHEBOI'O J10 .
CBEXEe IPO3PAYHBIA
KPaCHO-KOPHYHEBOIO
TYCKJIBIH, .
. MYTHBIH,
TEMHO-KOPUYHEBBIH, He- .
. CBETJIO-KETHIN
HECBEXKee PaBHOMEPHBIH,
C 3€JIEHOBAThIM
C CEpbIMU U 3€JIEHBIMU
OTTEHKOM
s THAMU

MeToauka uccJieI0BaHus
1. B3aTe nBa ucciaeayemMbix o0pasiia, U3MEJIbUeHHOE MSCO TOBSIIMHBI, Macca

kax10ro 10 T, ¥ TOMECTHTh UX B pa3HBIC KOJIOBL;

2. 106aBUTh K HEMy IPH MOMOIIM MEPHOTO IMIJIMHJpa 1o 50 MJI TUCTUIUIH-
POBaHHOM BOJBI;

3. HactauBats 10 MunyT, mepuoanyecku B30anThIBas;

4. TToAroTOBUTH JTFOMUHOCKOII K paboTe (CM. 00lIue CBEICHUS );

5. IlomyueHHble MsICHbIE PACTBOPHI MPOMYCTUTHh Y€pe3 JBONHOM yBIaKHEH-
HBIN (QUITBTD;

6. ®unbTpaThl HAJIUTH B Yamiku [leTpu, KOTOpble MOCTaBUTh B pab0OUyIO KO-
BETY JIIOMUHOCKOIIA;

7. KioBeTy MoOMeCTUTh B CMOTPOBYIO KaMepy;

8. 1o HabmomaemMomy depe3 OMOKYJISIp (3aluiaeT oT yabTpaduoaeTa u mo3-
BOJISICT HAOJII0/1aTh CBEYCHHUE) 1[BETY JIFOMUHECIIEHIIUH, B COOTBETCTBUHU C JaHHBIMHU,
MIPUBEICHHBIMU B Ta0J1. 6.3, ciesiaTh BBIBOABI O CBEKECTH Msica (Tabi. 11.4).



Conepixkanue oT4yera
1. Ha3Banue Tembl, €e 11eib, 3aa9H, UCIIOIh3yEMBbIC JIJIST IPAKTUICCKOTO
IPUMEHEHHUSI MaTepUajbl 1 000pyI0BaHUE.
2. [Ipenna3nauenue, cxeMa, IPUHIIUI pabOThI MpUOOpa.
3. PesynbTaThl ccienoBanus, BBIBOJIBI (cM. Tabi. 11.4).

Taomuma 11.4
[TpumepHOE 0popMIIEHNE OTUYETHBIX JAHHBIX IO UCCIIEIOBAHHUIO

BriBoj1 110 KauecTB
Ne ipo6wI CBeueHue y IIpumeuanue
Msca
1 Po3oBoe CBEXKEE
2 3esieHoe HECBEXee

CBeueHue MOXKET ObITh OTJIMYHO YCJIOBHO. VIMEHHO Mmo3ToMy HaOIIOACHHE
CBEUEHHMSI AJi1 00enX MpoO0 KOHTPOJUPYEMOro MaTepuaia JAOKHO OCYHIECTBIATHCS
OJIHOBPEMEHHO B JIBYX pa3HbIX damkax llerpu.

bubanorpadguyeckuii cmucox

3. . OOmuii Kypc MpOIECCOB M alapaTOB XMMHUYECKOW TEXHOJOTHUH : YUYECOHUK JT
By30B :B 2 kH. Ku.l / B. I'. Aitnmreiin [u np.] ; mox pen. B. I'. AlinmreiitnaM. :
®dusmarknura : Jloroc, 2006. 912 c..

4. . Kanexun B. C. Ilporneccsl 1 anmapaTbl XUMHYECKOW TEXHOJIOTUH | Y4eOHOe
cooue / Kanekun B. C. Dnextpon. nan. Mocksa : Pycaiinc, 2021 458 c¢. Pexxum pocryma:
book.rulnternet accesshttps://book.ru/book/942019 ISBN 978-5-4365-8668-7.



IIpakTnueckas padora Ne 12

YJIbTPA3BYKOBOE ONIPEJAEJEHUE ITAPAMETPOB KAYECTBA
N UX AHAJIN3

LEJb U 3AJIAUM

Ilenbto HaHHOM TEMBI SBJSETCS MOIy4YEHHE 3HAHUM B 00JIACTH YJIbTPa3BYKO-
BOTO METO/Ia MCCIIEOBAHUS IapaMETpPOB KadecTBa MPOAYKIMHU U ChIpbsi, YMEHUH B
IPUMEHEHUHU CIIEHUAIBHOIO 00OPYIOBaHMSI MHCTPYMEHTAIBHOTO KOHTPOJIA — YJib-
TPa3ByKOBOI'O aHAJIN3AaTOPA KayecTBa MOJIOKa «JIakTaH» U KOHKPETHBIX HABBIKOB pa-
OOTBI C HUM.

JlocTKeHHE TOCTaBICHHOM LIEIM OCYIIECTBISETCS MOCPEICTBOM PELICHMUS
CIIEIYIOLIUX 3aa4:

- IPUOOPETEHNE TEOPETUUECKUX 3HAHUN 00 YJIbTPa3BYKOBOM METOJIE HCCIIE-
JIOBaHUS,

- U3y4YE€HHE KOHCTPYKLUMHU YJIbTPAa3ByKOBOTO aHAJIM3aTOpa KadyecTBa MOJIOKA
«Jlakran 1-4 MUHW», npuHnuna ero paboThl U CTENIEHU €r0 UCII0Ib30BaHNUA,

- IOJIy4E€HHE PAKTUUECKUX YMEHUI PUMEHEHUS] 000pyJ0BaHMUS,

- HCCIIEJOBaHUE ITACTEPU30BAHHOIO MOJIOKaA,

- OCBOEHUE MPAKTUKU COCTABIIEHUS OTYETA 10 MPOBEJEHHOMY MCCIIEIOBAHUIO
KOHKPETHOT'O ITPOJIyKTA.

Martepuajbl U 000pyaoBaHMe: YIbTPA3BYKOBOM aHAIM3aTOp KauecTBa MO-
aoka «Jlakran 1-4 MUHW» (ns u3MepeHuss MaccoBOM 1ol Kupa, Oeyika, KoJaude-
ctBa nobGaBieHHoi Bojapl, COMO, mimoTHOCTH), K0i0a, CTakaH, BOPOHKa, MaJoyka
crexisiaHas mHOM 10 0 -120 MM u amamerpoMm 1-3 MM, JO3UPYIOIIMI 3JIEMEHT
(ImmpwIr), MOJIOKO MAcTEPU30BAHHOE B YITAKOBKE, BOJa IHUCTHIIIMPOBAHHAS, MOIOIIHMA
pacTBop.

OBIIUE CBEAEHUA

MoJ10K0 — 3TO OMOJIOrHYECKU aKTHBHAs KuAKocTh [9, 32, 108, 120, 128].
[TokazaTenu MosoKa mpeacTaBiaeHbl B Ta0. 12.1.

YabTpa3sByKkoBOM MeTO/ UCCJICI0BAHMS

VYaeTpassyk (Y3) npeacraBisieT co00i ynpyrue BOJIHBI C YaCTOTON MPUOIH-
surensHo ot 15-20 k' mo 10° I'u. O6nacts yactot ynsrpassyka ot 10° no 101%+10%
['m mpuHATO Ha3bIBaTh TUNEP3BYKOM. OOIACTh YaCTOT YJbTpa3ByKa yJI00OHO MOpa3-
JENATh HAa TPU AWANa30Ha: YIbTPa3BYK HU3KuX dacTor (1,5 - 10* + 10° I'u), ynbrpa-
3Byk cpennux uactor (10° + 107 T'm) m o6nacTe BBICOKMX 4YacTOT yJIbBTPa3sByKa
(107 + 10° T'm). 1o ¢usmyecKoii npupoe yALTPa3ByK HE OTIMYAETCS OT OOBLIYHOIO
3ByKa, MOATOMY YacTOTHAs TPaHHIA MEKIY Y3 U 3BYKOBBIMHU BOJIHAMH yciioBHA. Oj-
HakKo Oyaromapsi 60jee BHICOKMM YacTOTaM M, CIEAOBATEIbHO, MaJIbIM JJIMHAM BOJH
UMEIOTCSI 0COOEHHOCTH PaCIpOCTPaHEHHUS YIbTpa3Byka. BBUIy Manoi IJIMHBI BOJHBI



yJIbTpa3ByKa XapakTep €ro pacipOoCTpaHEHUs ONPEEISICTCS B MIEPBYIO O4epeb, MO-
JICKYJISIPHOM CTPYKTYPOU CpeJIbl, IOATOMY, U3Mepsisi CKopocTh V U k03 duiineHT 3a-
TyXaHHs d, MOXKHO CYJHUTh O MOJICKYJISIPHBIX CBOMCTBax BeriecTBa. [1o maHHBIM V
¥ @ BO MHOTHX CJIy4asX MOKHO OCYIIECTBUTh KOHTPOJb 3a NMPOTEKAHUEM TOTO
WJIM WHOTO Tporecca (KOHTPOJIh KOHIIGHTPAIUM CMECel ra30B, COCTaBa Pa3JIMYHBIX
XuaKkocted u T. 1m.) [133-134].

Taomuna 12.1
OcCHOBHBIE ITOKA3aTENIM KaueCTBa MOJIOKa

IToxazarenb
MaccoBas 1ois
Maccosas CyXO0ro MaccosBas
Buj monoka JIOJIS KUpPa, | 00E3KUPEHHOTO JIOJISt IInoTHOCTS,
% MOJIOYHOT'O N00aBIIEHHON Kr/™M°
HE MEHEE ocratka, % BoKbI, %0
HE MEHEee

Kupnoe 6 7,8 0 1024
Benkosoe 2,5 10,5 0 1037
[TacTepuzoBaHHOE 2,5 8,1 0 1029

B nacTosmee BpeMms pa3pabotanbl Y 3-npuOopsl 171 aHaJIu3a cOCTaBa MOJIO-
Ka. ¥Y3-MeToJ KOHTPOJIA COCTaBa MOJIOKAa OCHOBAaH Ha U3MEPEHUHN U3MEHEHUSI CKOPO-
CTEH yJIbTpa3BYKOBBIX KOJ€OaHUI B 3aBUCUMOCTU OT MacCOBBIX JOJIEH KHUpa U CyXo-
ro o0e3KUpeHHOro MojouyHoro ocrarka — COMO B MOJOKE, ONpeNesEeHHbIX MpH
TeMIiepaTypax i u tp U CBSI3aHHBIX MEXKIy COOOM CIEAYIOMMMH COOTHOLIEHUSIMHU:

vm (t1) = vp (t1) +a1C % +b1Co;
vm (t2) = vg (t2) +a2Cx +b2Co,

rae Vi, VM — CKOpOCTh ylbTpa3ByKa B MoJioke U Boje, C i, Cy — maccoBas 1075 B
Mosioke u ciauBkax xupa © COMO cooTBEeTCTBEHHO, 11, tp — TemmepaTypsl MpoosI,
ai, as, by, by — xoadduruenToI.

Takum 006pa3oM, U3Mepssi CKOPOCTh PaCIPOCTPaHEHUS YIbTPa3ByKa B OJHOU
U TOM ke mpoOe MOJIOKa MpU TeMIriepaTypax t; u to u, pemas CUCTeMy yYpaBHEHHI
otHOocutenbHO C x m Cp, mosiydaroT JaHHbIE 0 MaccoBou aoJie xupa u COMO.
CKOpoCTh pPacHpoCTpaHECHHS YJIbTpPa3ByKa B MOJIOKE PEKOMEHAYETCS W3MEPAThH
npu t1 =41 °Cu to =65 °C.

Kak nokazanu uccnenoanusi, npoBeacHasic B BHUMU, usmepenue ckopo-

CTH YJBTPa3BYKOBBIX KOJEOAHUI CielyeT MPOBOAUTH C MOTPENIHOCTHI0 HE Ooiee
+0,005%, a TtepmocratupoBaHue TpoObI MOJIOKAa TpU Temieparypax t; um iy

¢ norpemHocThio 0,02 °C.

Ha ocHoBe yJbTpa3ByKOBOr0 METO/a B MOCJEAHUE TObI CO3/IaHbl TAKXE Me-
TOAUKHA U3MEPEHMSI HE TOJBbKO MaccoBbIX gosei kupa u COMO, HO u Oenka
Y IIJIOTHOCTH MOJIOKA.



[Tpu u3mepeHnn nokazaTesel MPakTUIECKH He TpeOyeTcs CrieuantbHOM Moj-
TOTOBKH MPOOBI (KpOME HarpeBa B MpUOOpE), Ha PE3yIbTaThl U3BMEPEHUN HE BIHSIOT
pa3Mepsl KUPOBBIX HIAPUKOB U MULEIT O€JIKa, a Iocie aHaJIn3a Mpo0da MpUroHa AJis
JAIBHEMIIIETO UCTIOIb30BAHMSL.

C yuyactruem BHMMMU Ha ocHOBe yJIbTpa3BYKOBOTO MeTOAa OBLIM CO3/IaHBI
HECKOJIbKO TIOKOJICHWW  YJIBTPa3BYKOBBIX  aHanuzaTtopoB:  mpubop  PAN-3
(CKB Axkanemun Hayk OctoHuM), aHanuzatop ®PMVY-1 (CKB cpeactB anaimutuye-
CKOM TEXHUKH, YKparnHa) U aHaJIu3aTopbl HOBOro nokosieHus «Jlakran 1-4» n «Kie-
Bep-1M» (HIIIT «Cubarponpubop» u HIII «Uudpacnex», Poccus).

Ha3naueHnue u 00J1acTh NPUMEHEHNUS] AHAJIU3ATOPA Ka4eCTBA MOJIOKA
«Jlakran 1-4 MUHW»

VYiabpTpa3BykoBOM aHanmuzaTop KadectBa Moisioka «Jlakran 1-4 MUWHWN»
(puc. 7.1a) npegHa3HadeH JJIsi ONPEACIICHUS] MACCOBOM JOJIU KHUPA, CYXOro 00€3Ku-
PEHHOr0 MOJIOYHOTO OCTaTKa, M00aBIEHHOW BObI, IJIOTHOCTH B MPOOE IEIBHOrO
CBEXKET0, KOHCEPBUPOBAHHOTO, MACTEPU30BAHHOTO, HOPMAJIU30BaHHOTO, BOCCTAHOB-
JIEHHOT'0, 00€3>)KUPEHHOT0 MOJIOKA M MOJIOKA IJTUTEIILHOTO XPaHEHUS.

MaccoBast 10151 700aBIE€HHON BOJIbI OMPEAEISIETCS TOIBKO JIJIsi HATYPaIbHOIO
mosoka (I'OCT 25101-82), s apyrux TUIIOB MOJIOKA MOKa3aHUsl JO0OaBJICHHOUN BO-
IbI OyIyT HEKOPPEKTHBHIE.

TexHuyeckas XxapaKTepHUCTHKA yJIbTPAa3BYKOBOTO aHAIM3aTOpa KayecTBa MOJIO-
ka «Jlaktan 1-4» MUHU npusenena B Tabi. 12.2 (B TabGuiie MpuBEICHBI JaHHBIC
C UCTOJB30BAHUEM IPU KAITHMOPOBKE MPOO, XUMUYECKUN COCTaB KOTOPBIX OIpPEIeNiCH
no meroxy: i xkupa nmo 'OCT 22760-77; nma COMO mo T'OCT 3626-73;
s wiotaoctr mo 'OCT 3625-84) [3, 24, 29].

Tabmuma 12.2
TexHuyeckas XapakTepUCTHKA YJIbTPA3BYKOBOTO aHAIM3aTOpa KauecTBa MOJIOKA
«Jlakraun 1-4» MUHU

Bema [Ipenen nomyckaeMoi
N3mepsieMblid TOKa3aTelb OCHOBHOI1 a0COJIIOTHOM
IoKa3aTes
MOTPEIIHOCTH
MaccoBas gois xupa, % 0,5+9 0,1
Maccosas nonst COMO, % 6-+12 0,2
MaccoBas gois
o 0+100 5
no0aBIeHHOM BOIbI, %0
I110THOCTD, KI/M° 10001040 0,3
Pacxonx moioka o5 _
HA OJJHO H3MEPEHHE, MM




Oxkonuauwue Ta0i. 12.2

[Ipenen gomyckaemon

. Bennuuna el f[ Y .

N3mepsiemMblii TOKa3aTelb OCHOBHOM aOCOJIIOTHOM

TTOKa3aTelIst
MOTPEIIHOCTH
Kucnornocts, T° 25 -
Bec, xr 1 -
["abapura, MM 130x170x220 -
JIMMTENBHOCTD OTHOTO ITUKJIA 3:4 B
U3MEpEHUs, MUH '
ABTO3arpy3Ka Mnpu BKIIOUCHHH, <30 _
MMH -

[Turaroniee Hanpsxkenue, B ~220 —
Pabouee nanpsixenue, B 12 —

Ananmuzarop cocraBa «Jlaktan 1-4 MHHW» obGecneunBatioT wusMepeHue
B MOJIOKE€ M CIIMBKax maccoBou nonu xkupa, COMO u miotHoctu. IlpuHnmn neu-
CTBUS MPUOOPOB OCHOBAH HAa 3aBUCHUMOCTH CKOPOCTH PACHpPOCTPAHEHHUS YJIbTPa3By-
KOBBIX KOJIEOaHHH B MOJIOKE, OT €ro coctaBa. OOBEKTOM HCCICIOBAHUS MOKET OBITH
IOMUMO LI€JIbBHOIO BOCCTAHOBJIEHHOE MOJIOKO, KOHCEpPBHUPOBaHHas Ipoda MOJIOKA,
00€3)KUPEHHOE MOJIOKO M CIIMBKU Pa3HOM >KUPHOCTU. B KauecTBe KOHCEpBaHTa MJis
npo0 MoJIOKa MOKHO MCIOJIb30BaTh AuXpoMart kanus. He pekoMeHnmyercs uccieno-
BaTh Ha Y 3-aHaIM3aToOpax HOPMAJIM30BAaHHOE MOJIOKO, €CIIH B HETO BBEIEHBI COJIU
(xJopuaa HaTpusl, KaablUs U JIp.).

OO01mii B ¥ NPUHIKUI PA00THI aHAJIN3ATOPA

[Tepen nHayanom paboThl IPUOOP MPUBOIAT B pabouee mosioxkeHue. BeTapmsis
na3bl BEPXHEW 4acTh | B HampaBJAOIIME HUKHEN 6 M, COXpaHsAsd BEPTUKAIBHOE I0-
JI0’)KEHUE, 10 0TKa3a BBUIAIOT €€ [0 HANpPaBJISIONINM, HAMPABIISS YCUIINE HA METa-
JIMYECKUE 3alelbl Ha KOPIyCe CO CTOPOHBI mnepenHer na”enn. OUKCUPYIOT aepxa-
TeJb 3 1 po003a0opHUK 4 B yI00HOM 17151 paOOTHI MOJIOKEHUH.

BceTaBnsst B ceTeByro BUJIKY UCTOUHMKA MUTAHUS 7 B po3eTky 220 B u BKIItO-
yaroT aHanu3arop. [loaroroBneHnyo mpoly 3aauBaloT B MP0o003a0OpHUK 5 103UPY-
IOIUM YCTPOKMCTBOM 17 M BKIItOUArOT KHONKY «Ilyck», pacrosioxeHHy0 Ha MaHeau
ynpasienus 2. [Ipu 3ToM Ha y3en ynpasieHus 16 mopiHeBbIM MHKPOHAcOCOM 12,
noctynaet curHaj. [Ipoucxoaut 3a60p mpoObl MOJIOKA B UBMEPUTENIBHYIO SUEHKy 13,
B KOTOpPOU B TeueHue 1,5 MUH OHAa HaArpeBaeTcss U TEPMOCTATHPYETCs (C MOMOIIbIO
tepmoctara 10) npu temneparype 41 °C. 3atem B TeUeHUE 5 ¢ IpU ATON Temmeparty-
pe u3MepsieTcs 4acToTa reHeparopa (IpOMmOpPIHMOHAIIBHON CKOPOCTH pacpOCTpaHe-
HUS yJIbTPa3ByKa), UCIyCKaemas TeHepaTopoM yibTpa3Byka 11 u ¢ukcupyercs nat-
yukoM yiabTpa3Byka 15. Ilocime sTtoro mpo0a HarpeBaercst a0 Temmeparypsl 65 °C,
BHOBb U3MEPSIETCS 4aCTOTA T€HEPATOPA.



Puc. 12.1. YnpTpa3BykoBoil aHanu3aTop kauectBa Mosoka «Jlakran 1-4
MUHW»: a — o6muii Bua (hoTo), 6 — NpUHIMIHAIBHAS CXeMa



Ha puc. 7.1: 1, 6 — BepXHsisl 1 HUKHSS YaCTh aHAIU3aTOPA, 2 — MaHENb YIIPaB-
JeHus, 3 — aepxkarenb, 4 — npo603abOpHHK, D — MaTPyOOK / — UCTOYHUK MUTAHMUS,
8 — nucmuieit, 9 — MuxkpoIBM, 10 — repmocrar, 11, 15 — reHepaTop U 1aT4vK yJIbTpa-
3ByKa, 12 — mopuiHeBoii MUKpoHacoc, 13 — u3MepuTensHas siueiika, 14 — mpeobpazona-
TeJIb CUTHajla puTMa, 16 — y3en ymnpaBieHUsS MUKpOHacocoM, 17 — mo3upyroliee
yCTPOMCTBO, 18 — Kabelb 1 MUTaHus OT OopTOBOM ceTn aBToMoOMIIs (12 B).

Pe3ynbrarhl M3MepeHHil MOCTYNMalT B IpeoOpa3oBareib cUrHaiza putMma 14,
r7I€  TMPOUCXOAUT 3amMep TMapaMmMeTpoB YJIbTPA3BYKOBBIX KoJeOaHUU, a 3aTeMm
B MUKpoOBM 9. 1o 3HaueHusIM HaliJJIEHHBIX 4acTOT MUKpOOBM BbIUHCIIAET Macco-
Bble j0u xupa COMO, xonmuuecTBO A00ABIEHHON BOJABI M TUIOTHOCTH, 3HAUCHMS
KOTOPBIX oToOpakaetrcs Ha auciuiee 8. [locne onpenenenus MaccoBBIX A0JEH MOJIO-
KO CJIUBAETCS B CTaKaH C MpoOoil.

[lo oxoH4YaHMM pabOTHI BBHIKJIIOYAOT UCTOYHUK MUTAHUS U MPOMBIBAIOT aHa-
au3aTtop ciaeayroumM oopazoM. OmnyckaroT npo003a00pHUK B €MKOCTh C MOIOIIUM
pacTBOpOM, IPUTOTOBICHHOM 3apaHee ¢ KoHueHTpauuend 1:20 u mnomorpersiM
1o temrnepatypsl 50-55 °C. B xauecTBe eMKOCTH JIJIs MOIOIIIETO pacTBOpa MOKHO HC-
MOJIb30BaTh CTaKaH WK OaHKy BMecTUMOCThIO He MeHee 200 cr?.

[ToacoenuusroT mmpui 17, BXOASIIWNA B KOMIUIEKT IprUOOpa, B CKAaTOM IO-
JIO)KEHUU K MaTpyOKy 5 W, mpokauuBas S5-7 pa3 IINpHUIIEM MOIOIIMI pacTBOp uepes
U3MEPUTETIFHYIO KaMEpy aHaJIM3aTopa, IPOMBIBAIOT MPUOOpP. 3aTeM TaKUM ke 00pa-
30M IIPOMBIBAIOT AHAIU3ATOP JUCTUIUIMPOBAHHOM WM YHUCTOM MPOKUISTYEHHOW BO-
noit (temmnepatypa 50-55 °C), MeHss BOAY Ha YUCTYIO HE MeHee 3 pas.

Taxoke B KOMIUIEKT mpuOopa BXOAUT KaOesb NIl MUTaHUSI OT OOPTOBOM CETH
aBTomMoOmiIs 18, Onarogapss KOTOPOMY MOYKHO MPOU3BOJIUTH aHAIU3 MOJIOKA YaCThIX
MPOU3BOAMUTEIIEH HA MECTE TPUEMKHU yAO04.

CxemMaTHYHO YCTPOICTBO aHaIM3aTOpa Moka3aHo Ha puc. 12.16.

Mepbl IpeI0CTOPOKHOCTH

VapTpa3ByKkoBOW aHanmu3aTop KadecTtBa MoJioka «Jlaktan 1-4 MUHIN»
HECMOTPS Ha MPOCTOTY KOHCTPYKLHHU, TPEOYET ONpeAeIeHHBIX MEp IPEI0CTOPOKHO-
CTH TIPU MPOBEJACHUH SKCIIEPUMEHTOB:

1. Cnenyet uzberaTh pe3KuX yJIapoB;

2. He nomyckath nmepern6oB marpyOka;

3. 3ampenaeTcs UCTOIb30BaTh IS aHAIM3A KUJIKOCTH, HE TIPETyCMOTPECHHBIS
Ha3HAYEHUEM YCTPOMCTBA, TOPIOYUX U JIETKOBOCIUIAMEHSIOIIUXCS BELIECTB;

4. He pa3OupaTh U HE BCKpPBIBaTh MPUOOP;

5. He wucnonb3oBaTh BOJM3M HCTOYHMKOB TEIJA M 3JIEKTPOMArHUTHOTO
U3ITyYCHUS,

6. N30eraTh nonasanus MpsMbIX COJTHEYHBIX JTy4ei;

7. OcymecTBUTh 0053aTEIbHYI0 MPOMBIBKY YCTPOWCTBA TIOCIIC 3aBEPIICHUS
HKCIIEPUMEHTOB, CHEIUAIbHBIM MOIOIIUM PACTBOPOM, MPEAOCTABISEMbIM MPENojia-
BaTeJIEM.



MOPSIOK NPAKTUYECKOM PEAJIN3AIIANA

IMoaroroBka nmpoobI
[Tepen mpoBeaeHNEM PKCIIEPUMEHTA Ha YIBTPAa3BYKOBOM aHaim3atope «Jlak-
TaH 1-4», mpoOy HEOOXOAMMO MOATOBUTH. J{JIs1 ATOTO, THIATEILHO CMEIIAHHOE TTacTe-
PU30BaHHOE MOJIOKO BBUIMBAIOT B JIAOOPATOPHBIN CTaKaH M MEPEMEIINBAIOT CTEKIISH-
HOM TajI0uKoM, TMO0 MepeTuBal0T U3 cocyaa B cocya (He MeHee 3-X pa3) 3aTem mpo-
6a JOIDKHA HEKOTOPOE BpeMs TEPMOCTaTHPOBaThCsA 10 Temieparypsl (22 + 4)°C,
TIOCJIE Yero MOJIOKO TOTOBO JIJIS OTIBITA.

IToaroroBka anajausaropa
J71s TOro 4TOOBI MPUCTYIIUTH K paboTe, YABTPA3BYKOBOM aHAIM3ATOP MOJIOKA
«Jlaktan 1-4» MCTOYHUKOM NUTaHUS MOAKIIOYAIOT K JJIEKTPUUECKOW IeNu. 3areM
HEO0OXOIMMO JOKIAThCs aBTo3arpy3ku mpuodopa (1o 30 mun). O6 OKOHYaHHM aBTO-
3arpy3ku OyJeT CBHJIETEIBCTBOBATh HAINUCh «3ajieite mnpoOy», MOSBUBIIECECS
Ha JIMCIUIEE TIepeHEH MaHey aHaInu3aTopa.

IIpoBeneHue 3kcepuMeHTa

JUisi Hadanma »SKCIEpUMEHTa 3apaHee IOATOTOBJIEHHYIO MpPoOy HaOuparoT
B CIEIUAIBHOE JO3UPYIOLIEE YCTPOUCTBO (IUMPHUL) U HAIUBAIOT B MP0003a0OpHUK.
[Tocne yero Heo6xoauMO HaxkaTh KHONKY «Ilyck», HaxopsIIerocs Ha MMaHeIu yIpaB-
JeHUs C NepelHel CTOpOoHbI aHanu3aTopa. [Ipubop aBTOMaTHUEeCKH NMPOU3BENET 3a-
O00p MOJIOKa, B TOM KOJIMYECTBE, KOTOPOE HEOOXOAMMO JUIsl MPOBEACHUS aHAIU3a.
Bce uccnenoBanve npoBOJUTCS aBTOMAaTUYECKU U HE TpeOyeT MEXaHMYECKOI'o BO3-
nerictBusi. CpeiHee BpeMs MPOJOJKUTEIIbBHOCTH U3MEPEHHUS COCTABISIET 3-4 MUHYTHI.
OO0 OKOHYaHHMM IKCHEPUMEHTa OyJeT CBHJETENbCTBOBATH 3ByKOBOW curHail. [lo 3a-
BEPIICHUIO aHAJIM3a TT0Ka3aTesIu, MOSBUBIINECS Ha auciuiee (puc. 12.2) Heo0Xo0auMo
3aHecTH B Ta0. 6.3. BennunHa miuoTHOCTH 1pH 3TOM clieayeT yBenuuntb Ha 10 0 0 .

JIOJISI JKUpa COMO

KOJI-BO ILO6aBH€HHOﬁ BOJbI IIJIOTHOCTb

Puc. 7.2. Pacnono)keHue Ha JUCIIIEE OCHOBHBIX U3MEPSEMBIX TTapaMeTPOB

Ynanenune npoobl
[Tocne okoHYaHUsI HKCIIEPUMEHTAa HEOOXOAMMO CIUTh OTPAOOTAHHBIA MaTe-
puan u3 mpobo3abopHUKa B cTakaH. J[J1s1 5TOT0 OHOM pyKOW MpUIEpKUBas aHATIN3a-
TOP, IPYTO HEOOXOIMMO OCBOOOUTH BOPOHKY MP0O03abOpHUKA U3 pazbeMa Jiepika-
Tess. 3aTeM OCTOPOKHO OTTrHOasi TMOKuii maTpyOoK mpo603abopHUKA, OMOPOKHUTH
COJIEP’)KMMOE BOPOHKH B MIPUTOTOBJICHHBIN JIJI1 3TOTO CTAKaH.



Tabmuma 12.3
CBoaHas Tabnuila pe3yJbTaTOB U3MEPEHUI
MaccoBas gois

MaccoBas
MaccoBas CyXOro
JI0JISt [I10THOCTS,
NoNo TIOJIA KUPA, 00€3>KUPEHHOTO . .
0 00aBJICHHOU kel m
poo Y0 MOJIOYHOTO 0
BOJEI, %
ocraTka, %
<K > <C> <B> <II>
1
2
3
4
5
Cpeonee
3HaAYeHue

[Tocne yaanenus nmpoObl ONBIT HOBTOPSAETCSA aHAJOTUYHO elle g 4-X mpoO0.
JlanHbIe 000 BceX MOCIIEYIONIMX aHAIM3aX TakKe 3aHocATcs B Ta0m. 12.3.

Moiika ananuszaTopa mosoka «Jlakran 1-4 MUHHWN»

[Tocne mpoBeneHust Bcex dKCIEPUMEHTOB TPUOOP, BO U30EKAHUE €r0 MOJIOM-
KM, HEOOXOJIMMO TIIATEIHHO MPOMBITh. J[J1s1 3TOr0 HEOOXOIUMO CTPOro COOIOJATH
CIICIYIOIIHNE JCUCTBUA:

- epe]l MOMKOW MCTOYHUK MUTaHUs 0053aTeTbHO HE0OXO0IMMO BBIHYTh U3 Ce-
TEeBOM po3eTku. BHauase ocyiiecTBaseTcs npeaBapuTeIbHas MPOMbIBKA aHAIU3aTOPa
00bIYHOM BO/OM. JIJis 3TOTO BOAY HAOMPAIOT B MPEABAPUTEIBLHO BBIMBITOE JO3UPYIO-
niee yCTpOoUCTBO (IITPHIL), U HAJTUBAIOT B MpoOo3adbopHuK. [Tocne HaxaTHUs KHOMKU
«ITyck», ocymiecTBisieTCsl aBTOMaTU4YecKasi MpoOMbIBKa aHainu3aropa. OTpaOoTaHHYIO
BOJIy HEOOXOJIMMO OTOPOKHUTH B JTA0OPATOPHBIN CTakaH. 3aTeM OIMepainio HeoOXo-
JIMMO TIOBTOPHUTH €IIe HECKOJIbKO pa3. Moilka oCyIlecTBISIETCS 10 T€X Mop, MoKa Io-
Ka3aTelu Ha Juciiee npubopa He OyTy paBHBI HYJIO, KpOME 3HAUCHUS KOJIMYECTBA
100aBJICHHOM BOJIbI, TOKA3aTENb KOTOPOM oimkeH paBHAThCS 10 O . ['uOkuit matpyOok
MPUBOJIUTH B MIEPBOHAYAIBHOE TTOJIOKEHUE HE TpeOyeTcs.

- 3aT€M OCYUIECTBIIICTCS BO3MyIIHAs MPOAYBKAa aHanu3aropa. s storo,
TIIATEIbHO BBIMBITOE JO3UPYIOIIEE YCTPOWCTBO (IIMPHI]) BCTABJISIOT B OTBEPCTHE
BEPXHETO BBIXOJIa THOKOTO MaTpyOKa, pacroiararonierocs HermocpeCTBEHHO HaJl BO-
POHKOU Mp00603a0opHHKA. 3aTeM Ha)KaTUEM Ha INIMPHUIl, HEOOXOIUMO «BBIIYTH» BCIO
KUIKOCTh, HAXOAIIyIOCsS BHYTpU mpubopa. [locne yero, mo3upyroriee yCTpOMNCTBO
HEO0OXOJMMO BBIHYTh W3 BEPXHETO OTBEPCTHsI THOKOTO MaTpyOKa, a mpo003adopHHK
MIPUBECTH B HAYAJILHOE TOJIOKEHHUE.



- IOCJI€ BO3AYLIHOM MPOJTYBKH MPOBOJUTCS OKOHYATEIbHAs MPOMBIBKA aHa-
au3aropa. [mns a3Toro mpo003abOpHUK OMYCKAIOT B €MKOCTh C MOIOIIMM PacTBOPOM,
PUTOTOBJIICHHOM 3apaHee ¢ KoHueHTpamueil 1:20 . B kauecTBe eMKoCTH JIJ1s1 MOIOIIIE-
IO pacTBOpa UCIOJIb3YIOT cTakaH. [lociie moacoeIMHSIOT MINPHUIL, B CKATOM IMOJIOXKE-
HUU K NaTpyOKy W, MpOKayuBas 5-/ pa3 MIIPUIIEM MOIOIIUN pacTBOP Yepe3 U3Mepu-
TEJIBHYIO0 KaMepy aHalu3aTopa, IPOMBIBAIOT MIpUOOp. 3aTeM TaKuM ke 00pa3oM Mpo-
MBIBAIOT aHATU3ATOP JTUCTUIUIMPOBAHHON WIIM YUCTON MPOKUIISTYEHHON BOJIOM, MEHSS
BOJy Ha YHCTYIO HE MEeHee 3 pas.

AHaJu3 pe3yJbTaTOB U3MepPeHuil
[To pe3ynbTaTtaM MATH SKCIIEPUMEHTOB CTPOUTCS 3aBUCUMOCTb BEJTMYUH
rapaMeTpoB KadyecTBa OT HoMmepa omnbiTa (puc. 12.3).

Jomns xupa, Jlons COMO,
% %

10 10

8

2 2
Ne No
0 npoobI 0 npoObI
1 2 3 4 1 2 3 4
Jlons no6aBIeHHOM [TnoTHOCTB,
BOJIbI, % KI/M
100 1050
80 1040
60 1030 /\
40 1020
20 1010
L mm/,,,\,,.,.,-,—, N Ne
© 4 2 3 4 5 mpoGH ® 4 8§ g % § 7UPHH

— DKCIIEpUMEHTAJIbHASL KPUBAs,
———————— — HOPMATUBHAs BEJIMYMHA

Puc. 12.3. I'paduku u3mMeHeHUsT KOHTPOJIUPYEMBIX TTapaMETPOB
B CPAaBHEHUHU C HOPMATHUBHBIMU MTOKA3aTEISIMHU
(uHTEpIpeTaUs)



Takue 3aBUCUMOCTH TPaPUIECKH OTOOPAKAIOTCS MO BCEM YETHIPEM OTpe/ie-
asieMbIM ycTpoiicTBoM «Jlaktan 1-4 MUHW» 3nauenusiM. [ npoBeaeHus aHalin3a
Ha KaXJ0M rpaduke OTMEYaeTcsi 1 HOpMaTUBHAs BEJIMYUHA.

ITo uMeronuMcest 3HaYEHUSIM TTapaMeTPOB KauecTBa MoJjioka (cM. Tabn. 12.3), ¢
UCII0JIb30BaHUEM Tpadrueckux oToOpakeHui (cM. puc. 12.3) 1 B COOTBETCTBUH C
HOpMaTuBamu (cM. Taba. 12.1) genaercs BBIBOJ O Kau€CTBE UCCIEAYEMOr0 MOJIOKA —

BBIBO/ I10 3aHATHIO.

Copep:xanue oTyera
1. Ha3BaHue TeMBI, €€ 11elb, TIOCTABIICHHBIC 3a/1a4H, HCIIOJIh3yeMbIe MaTepra-
JIbI 1 000PYIOBaHKE.
2. [Ipegna3nauenue, cxema, IpUHITMI paboTH IprOOpAa.
3. PesynbTaTh uccnenoBanus, Tadnuma 12.3.
4. I'paduku (mpumep moctpoeHus puc. 12.3).

5. BEIBOAEBI 11O TEME.

bubanorpaguyeckuii CIucoOK

1. OOmwmii Kypc MpOLIECCOB U annapaTroB XMMHUYECKONH TEXHOJIOTMH | YUYEOHMK 1
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