




nPOrHO3HPOBAHHE
H PEry/THPOBAHHE

KAHECTBA
BOAbI
BOAOEMOB
H HCCAEAOBAHHE
METOAOB
OHHCTKH
nPHPOAHbIX
H CTOHHbIX

BOA

«

CöopHHK crareii no cannTapnoÄ rexHHKe Xli

Tajuinn 1978



C ojepüaHae

1. Mejoyjep X.A, Oö oiiTiiMHsaiiM paMoHHHX ohecthhx

coopyseHEH na öase Majmx aspaiiHOHHHX ycTaHOBOK, pas-
paöOTaHHHX B 3CTOHCKO0 CCP 3

2. 3hh6T n.O,, MejmÄep X.A, 3jiektpoxhmhheckhh
moto# cHMyjn>TaHHoro ocaauieHiiH $oc$opa 13

3. 3hh6t n.O. PacqeT npn npoeKTapoBaimii ciiMyjiB-
TaHHoro ocaameHHH $oc$opa b npopecce npojyieHHofi a3pa-
II,HH 19

4. BH3y A.P. Mccjre,iioBaHHe KHHeTHKH ocaauieHEH
B3Beca ripu .nooHHCTKe öhtobhx ctohhkx eo# c McnojrBso-

BaHHeM GJiaHiieBOH sojih 25
5. Busy A.P. , X.A. HcnojiBSOBaHiie sojih b

icaaecTBe peareHTa äjih ohhctke ctohhhx boh 29
6. Kapy H.H., Kaapaic A.3., üayjiyc O.n, Mccjie-

AOBame MexaHaqecjkok ohhctkm ctohhhx boa nyjpojms-
Horo 3aB0.ua Ha JiaöopaTopHofi ycTaHOBKS a oiihthom mük-

35
7. AüKcuia JI.H., JIhkb y.P. Oö yqeie cmviaeMOCTH

npa HeycTaHOBHBffleMca äbhäshhh xetikocth b Tpyöax 45
8. AäHOJia Ü.H., JLhhb y.P, BapaapaoiiHHe npanpaiiH

a saKOHH BsaaMHocTH hjih HOCTaimoaaphhx sajjaa TeaeaaH
MyiKOCTH b Tpyöax 53

9. ÄMHOJia JI.H., JiaiiB y.P. K MCTOgaM HHTerpapo-
BaHHH ypasHeHHfi HeycTaHOBHBiueroca iiBHÄemifi jkhjtkocth

b Tpyöax 63
10. Khdt 3.3., AHHyc A.A., Kajuiac B.M., Kafi-

Taw A.A., yfiöo 3.3., imrajiOB M.C. OnThmh 3aiiaa npo-
pecca BHpeJieHaq KjreToanoro cokh npa npoasBOflCTBe Kap-
TochejiBHoro KpaxwaJia (Ha npawepe KpaxMajiLiio.ro sasojia

KOJixora "Haiosa" 3CCP) 73



3

TALLINNA PCELÜTEHNILISE INSTITUUDI TOIMETISED
TOTb! TAJOHHCKCTO nOJMTEJQMHECKOrO MHCTHTyTA

& 445 1978

7JIK 628.35

X.A.Me^tÄep

OB OHTMMHSAUJffI PMüHHbiX OHHCTHHX COOPYIEÄ
HA BA3E MAjQHX A3PAHMOHHUX YCTAHOBOK, PA3PAEOTAHHHX

B 3CTOHCKOS CCP

I. BsejieHEe

SKOHOMBnraoe peraeaHe npodseMH samma sosoeMOE ot sa-
rpHSHeHHfl CTORHHMO BOSaMO B PBŽOH6, HMeümeM HeCKOÄLKO HC-
TOHHOKOE CTOHHHX EOS (rOpOSOB, HPOMIipesnpHHTHH 0 T.5.),803-
MOÄHO TOÄBKO HB ÖESe OHTHMH3aUHO PBŽOHHOŽ CHCTeMii KEHaOTSa-

ijeh, rze onpesesneTCÄ KOSHuecrao ohhcthux coopyaceHHÄ, hx

paccosoxeHHe 0 creneHL ohhctkh ctobhhx bo.ii, ecxosh hs mzhh-

Mywa npHBejieHHHX rososnx sarpa? säh soe# chctomh npz oöec-
neneßßH hopmbthbhhx noKasaTesež KanecTßa eosu b paüonax bo-

SOIIOÄb3OBRHHH BOSO6MOB.

B sapyöemHoä ÄEiepaType npHBOSBTCH m6Tosoke k npKMepa

pemeHHH kohkp6Thhx sasan no oniHMEsaipäH paÄOHimx cncTeM Ka-

HaraisaijHH c HcnojibsoEaHHeM 3BM [I, 2,3J. Kas npaBHÄO, pac-
CMarpasaKTCH icpynmje cHcieMa, EKSEHaioinHe He Menee 7 ... 10
OÖteKTOB C OÖtIIHM paCXOSOM CTOHICJX EOS ÖOÄGe 20000 ?JI

3/cyTKH.

Hase HSHaraBJTCH neKOTopae pesyÄLTara HccsesoßaiiHiä no
OHTHMESaiIHH M3ÄHX paŽOHHKX CHCTSM KB HaJIUSaUHH Ha ÖaS6 KOM-
naKTHHx aspanHOHHHX ycTaHOBOK (0. < 1000 M3/cyT), IIocKOJiBKy
b SctokckoM OOP k HacTOHmewy BpeMeHH nocrpoeHO 0 paöoTae?
öoaee 700 mhähx aspanEOHHax ycraHOBOK, npoöaes/iM hx SKcnsya-

TSBEH (yBGÄZHeHHe HaseKROCTH paÖOTH) HM6DT HBHyD EKTyBÄb-

ROCTL. OöieSHKeHHe OrseJIBHHX ÖjIHSKOpaCDOJIOXeHHHX OÖEeKTOB B
eSHHyKI CHCTSMy C ycrpoMCTBOM HeHTpajEbHHX coopyxe-
mci QO3BCÄOT CHH3HTE KepSEHOMöpHOCTE HOOTyIIäBHZH CTOHHUX
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Eos Ha coopyateHHH b reneHHe cyroK, a Tamse oöecnenHTß hx 6o-
Äee KBajCosHmipoßaHHyi) 3KciuiyaTaiHäD.

3KOHOMHH6CEO6 CpaBH6HE6 BO3MOKHHX BapHEHTOB
H OHHCTKH CTOHHHX EO# OT H6CKOHBKHX OÕB6RTOB IipOBOÄHTCH HO

oömeHSBecTHOÄ MeTOÄHKe HaxoxaeHHH MHHHMyMa rrpHBe,n;eHHHX ro-
äobhx sarpaT (II - THC.pyÖ,):

H = 3 + Ejj K, (I)

rae 3 - roÄOBHe aKcnayaTaqHOHHbie sarpara, THC.pyÖ.;
Eg - HOpMETHBHHä KO3SSHIJBeHT 3SSeKTHBHOCTH KanHTaHOBJIO-

Ä6HHŽ (0,12);
K - KaiIHTBJEBHK6 BJIOXeHHH, THC.pyÖ.

IIpH 3TOM jyiH CpaBHHBaeMHX BapaaHTOß £OHXHH BHHHCJIfITE-

CH KanaTaHOBHOxeHHH h 3KcnHyaTaiHJOHHHe sarparu äjih komeuigk—

COB OHHCTHHX COOpyX6HHH H KaHBJIHSaiIHOHHHX HanopHHX TpyöOlipO-
boäob, CrpoHTeffbHaH ctommoctb HacocHog cTainpiH nepeitaHKH
(thh 902-1-4I) khk oöman m scex oöbgktob - ectohhhkob
CTOHHHX BOM, - B COHOCTEBHeHHH HG yHHTHBaeTCH. SaipaTH HB
3HeKTpo3HeprniD npH nepeKa-qice ctohhhx boä BKmoHajDTCH b bkch-
jiyaTatjHOHHHe setpeth nanopHHX TpyöonpoßO,n;oß.

PaCCMOTpHM HHXG ÖOHee nOÄPOÖHO SOpMHpOBaHHe OTÄeHBHHX

GTaTež saipar.

2. KanBHoaeHHH
a) Ohhcthhg coopyateHHH. B 3ctohcko2 OOP HaHÖOHee xopo-

nio sapeKOMeHÄOBanH ceön mbjeug aspaijHOHHHe ycTaHOBKH inna

a3poT6HKa-OTCTOäHHKa c HHemjaTHHecKoö aapaEpHež (EHO, OkcbjO
H OKHCJIHTeHBHHe ÖHOKH KHK C HHeBMaTHHeCKCÄ, TBK H MGXaHH—
HecKož aspatpaeiS (MFH-300, ITPII-300, MPU-IOOO). Ochobhhg npo-
eKTHHe napaMeipa hx ähhh b Taömje [4]. CoopyxeHHH,paöoTai>-
mne b pesHMe npojuieHHoa aapaipiH, oöecneHHßaür nojmyD öhoho-
raqecKyio OHHCTKy co cHHxemieM EHK ctohhhx boä Ha 90$.

llph orrpeflejieHHH KanßHOxeHHg na ctpohtgabctbo ohhcthhx
coopyxeHna yHHTHBaeicH ctohmoctb pemeroK,aspnpygmhx ohhct-
hhx ycTaHOBOK, hoäcoöhhx snaHHž (Bo3.Hyxo InyßKH t xjiopaTopHaa),
npyROB rjih äoohhctkh, ÖHaroycTpoäcTßa Uoporn, oseaeneHHe,
orpajüa), a Tamse miomanoHHHX KOMMjHHKaipsž.
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Taöaaqa I

<t>Mr. 1. SfIBHCHMOCTb CM6THOÄ CTOHMOCTH OHHCTHbIX COOpyKGHHH
OT npOHSBOfIHTenfaHOCTH.

Äsajas CM6T 31 npoeKTa, BHnojmeHHoro IM "ScTranpoceju.-
CTpoeiT i "ScTnpoMiipoeKTOii" b 1969,,, 1975 ro;nax, nossoraa
ycT&fiOBHTB, ato npi oaactKe öhtobhx h öjihskhx k hhm no co-
CTajjy GToaEHZ boä b oÖ%eme 0 = 25...900 M 3/cyT KansjioxeHHH
na crpoiTextcTßO oaiciHoro KomaeKca ( K OM

- Tnc.pyö.) iioryr

The PaciOÄ (M 3/cyiKH) Harpyaica (kt HIKg/cyT)
yOTafiOBEB

npessesa cpomntö npeÄejia cpeÄHHt

BHO-25 15..«35 25 5...11 8
BH0-50 40...75 50 10...22 16
EHO-IOO 80...150 100 17,5...39 32-
Okchä - 45 72...105 100 16,2...24,3 22,5
Okcää - 90 144...210 200 32,4...48,6 45
Orcks - 180 288...420 200 65...97 90
MPG(IIPn)-300 100...650 340 57...190 120
MPU - 1000 4800 800...

1000 206...620 365
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ÖHTB no sopMyjie:

K QM
= 4,90a°,4 °. (2)

J? 3
ot 3tož saBHCEMOCTH Ha cxfoeKTax Ee npeßHmaET +25
••«30$e

ssehchmoctl cymecTßyer KanBJioxeHMMH
h HarpysKOä (BTZKg - Kr/cyT):

K O4 = 7,55 EÜK S
0,43 (3)

ITpeflemf BUKr, ope btom 8...400 Kr/cyT.

Bo scex cjiynaax npaHHT ejtHHHä npoqeHT h&kjiqähhx pacxoaoß,
pasana 19,35.

Ö) Hanopnue Tpyöonposojm, CorracHO CHhII npuHHiu acÖecTO-
neMeETime Hanopmie TpyöonpoßOÄH b 2 hetke äehmctpom 100 ...

150 mm, CTpoHTejrßHaa ctoemoctl HanopHoro Tpyöonposoaa ( K Tp
-

- Tnc.pyö) [s] b HecKaÄBHHX rpyHTax moxot öktb b jmanasone

Q. = 200,.,800 M 3/cyT onpe^eaeKa:

K Tp = 20400 •Gl 0,085L, (4)

rae L ~ b km,

Ilpa M3/cyT K xp pasas- ctohkoc-

TE, paGCBHTaHHOÄ äha o.= 200 M
3/cyT.

3. llpzsejteHHH o roaosae saTpam

a) OaacTHHe coopyaceHüH, IIpE pacneTe rojiOßux 3KcmiyaTa-

qHOKHHX saTpai yaieHH otsibe:

- aMOpTH3aHHOHHK6 OTHHCaeHHH B PSSMepe 7,5$ OT CMBTHOÖ
ctokmocth;

- sapaÖOTHan naaTa npH 0. = 25,,.400 - 755 pyö/roÄ
(0,5 mTaTHOž eÄHHEittä), npa Oi =; 800 M3 /cyT - 1510 pyÖ/roÄ
(I mTaTHaa c aoöasKoö Ha coqcTpax - 4,95;

- pacxoK no MaKCOMam.HOž noTpeöxaeMoä
MomnocTH (iapHs S= I koh/kbth);

- TeKymuä pewoHT - 2,5$ ct cmsthoS ctoemoctb;
- BcnoMoraTe®>KHe MaTepaaan -- 3$ ot pecxoäob Ha 3>ieKT-

pooHeprHE).
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C asjioxeHHoro, a Tamse KoBssaqHeHTa
= 0,12 h cpoH3BO,SHrejrBHOCTH coopy*eHHS (QL), roaoßae npa-

BejceKSKe satpaTH ( n OM
- rac.pyö.) MoryT öktb onpe^ejieHH;

2. SaBHCHMOCTb roaosbix npHßeceHHbix sarpar Ka OHHCTKy croHHbix
BOQ OT npOHSBOaHTeJIBHOCTH COOpyÄeHHÜ.

PACXOa, "Varn

‘frur. 3. SaBMCHMOcTb ceõecTOHMOCTH omhctkh croKHbix, Boa or
npoHSBOAHTenbuocTH coopyJKeHii.i.
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Hs rpasHKa (sar. 2) bhäho, hto OTKÄoneHM sarpar ot
sasHCHMOCTH na CTAexßHux ofoeKrai He npeEumaDT +20...2555.

otm6thm, b naciHocTn, hto npißeaeHHae roaosae sarpara
COCTaBJIHDT 30$ OT KaiIBJIOJReHHä.

AnajiorEHHaH saBHcHMOCTL cymecTßyer a wesay roÄOBHMH
sarpaiaMH h HarpysKOž no EIIK5 Kr/cyt:

n O4 = 2200 eiik5
°» 4O

. (6)

CeöecTOHMOGTL onacrKH I m 3 ctohhhx boä yMeHßmaerca c
yBejEHneHHeM npoHSBOjtareÄLHOCTH ohicthbi coopy»eHiB (sar,3).

ö) üepeKaaKa ctohhhx boä, Khk Öhäo orMeneao same, npi
paene Te toäobhx npHßefleHHux sarpar ynarusauTea sarpara na
sneKTposneprEßo npa nepeaanKe ctohhhx boä. üpiHara
necKaa Bacora nosteMa Hacocos Hp = 5 uf nro xapaKiepHO .häh
naocKoro pejn.esa. sarpara Ha sjieKTposHeprHD (C 0

-

pyö/roa):
C Jj2jL

. 365• Q.• H • 0,001-0,015, (7)
li

rae
H - nojmaa Bacora hbcocob H=I,ISIL + Hj,;
l - rHÄPaBOTnecKHž yKJUOHj

9, - k.h.ä. Hacoca (0,6);
q2 - K.n.Ä, sjreKTpoÄBHraTeÄH (0,9);
L - ÄJiHHa Hanopnoro TpyoonpoßO.ua b km.

B ynpomeHHOM saue sopMyaa (7) npHHHMaer ääh Komcper-
HHX yCÄOBHŽ bhä:

C 3
= 0,01807-a- H (pyö/roa). (8)

7Be.raneHHe Hr ro 20 m no cpaBHeHHD c Hp = 5 m ysejni-
nasaer pacxoÄH Ha sjieKrposHepraD npa L = 1,0 km b saßaci-
mocth ot Ql aa 67...805.

AMopTHsanüOHHae ornacjieHHH rjir Hanopnoro rpyöonpoßO-
Jia npHHflra b pasMepe 5,8$ ot KansxoxeHHS.

PacxoÄH Ha reKymaä psmoht pasHa T% ot cMeTHoi ctohmo-
cth Tpyöonpoßoaa 0 nponae HeynreHHae -3$ or cyMMa
sarpar Ha saeKTposaepriD a reKymä penoni.

C yneroM asaoseHHoro, npoeaeHHae sarpara(JJpp



-- thc* pyö.) Ha ctohhhx boä Morys öhtb noÄCHBTana

no caeÄyofflsefi

= (0,00143 •Q. + 5,833)* L . (9)
3TE paCZOÄH COCTEBEEKT B CpejOCHOM 18,5...20,3$ OT CM6T-

hož ctohmocth Hanopaoro TpyöonpoßO£a. Rom aatpaf aa aaei-
Tpoanepra» cocTaßaaeT laeaee 4$ ot
tpet,

JUa oähož hetke nanopHoro woxe? öhtb
noÄcaHTana no sopwyjie

= (0,00095 •0. + 2,96) L .
(10)

4 C üpaMepH onTHMHaarpaH

Ha ooHOBasHH upeÄHOxeHHHX (fcopMya (5) k (9) susi vacvem
npißaaeHSKx roaosHX aaipar D oq h n Tp moseo öhstpo naäTi
onTKMaÄBHHž EapaaKT paaMemekaa coopyseHM b koe-

KpeTHofi cKCTeiae paäOHHdl KanaaHsanHH, sna KOToporo n OM
+ n 7p

öy.Ket MEHEMaJIBHOS.

HpOHSBOXITeäBHOCTB SOKQJD3BHZ E PBÄOHHHX OBHCTHKZ COOpy-
xenaS, o thoobhx pemenaS komqerthhx aapanEOHHHX yc-
TaHOBOE (cm, raöjonsy), cEanyeT upehemetb pebhoä 25, 50,100,
200, 400 i;n 800 u3/cyT.

Hpa ÖOELDjOM KOEHBeCTBe OÖfceKTOB - ECTOHHEKOB CTOHHHX

boä (n) - •qHCEO KOHKypHpyixnKX sapaaHTOß Öynet ohoeb öoeb-
eem k paßHaetca 2 n“ *

. HoaTowy sm
UeEeCOOÖpaSHO EC COEBSOBETB BHHHCEHTeÄBHyD TBXHHKy.

JUh
temh (nocejöcaMi) b Majmfit KanajuaanEE, npa kotopux ne/recooö-
paaHO ycrpoöcTßO eEHHHx paÄOHHHx ohkcthhx coopyxeHHž, pae-
cmotphm npocTetnuse cxeMK, cocToancae es asyx-Tpex oÖteKTOB -

npHwep I. Hm@6m äbe paBHHx no cyToaHowy pacxofiy

hhi bo£ ofoeKra (Ql1 = Q 2 ). MaKCEMEELHoe paccToa-

EHe, Ha KOTopoe
boäh oöiesTa Jl I, rrpH ycjioßHE, oöane oaHCTHae

coopyjseHaa pacnoÄO*enu npa oöieETe ä 2, PesyjißTaTH paeseta

HaoÖpeaceHH b bee© kphbkx L-f (I Q.), rae 7_ O - Q>, +Q 2

9
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<tnr. 4. MaKCHMajibHoe 3kokomhhho6 paccTOflHHe M6»ny oSteKraMH
nna ycTpoücTßa oöihhx ohhcthwx coopyÄeHHö.

(cm, $Hr. 4),Bo£Ho,qTo nm HanopHoro TpyöonpoßO£a b o,nHy hht-
Ky paccToaHHe woaseT öhtb b jDBa pasa öojmme.qeM ripu jrsyx hht-

Kax, oäheko loraa HeoöxoÄHMO ycrpožcTßO aßapHžnoro BanycKa,
qro ne bosmokho,

llpHMep 2. HweeM 3 oöieKTa c cyToqHHMa pacxoaaMH Ql1 ,0-2
h Qiy lipu 9TOM Qi, =Q2 = 0,5 0.3 ; h ZQ. = Q,+ Q 2 + Q 3 . Paž-
OHHHe oqacTHue coopyateHHJi pacnoaararoTCH ripu oöteKTe J 6 3, a
OÖB6KTH J§ Ih 2 yj;aJieHH ot oöikhx oqqcTHHX coopyKeHHü Ha oaa-
naKOßoe paccTOHHHe - L . Anaras sapnaHTOß .naer hbm h säscb
MaKCHMaibHoe paccToaime L, eme skohomühcckh Hejrecooö-
pasKO oöte.imHeHHe ohhcthhx coopyseHHž (cm, rpasHK Ha sar,4),

llpHMep 3. B npHMepax Ih 2 upe.mio;iara;ioci>, hto ssseKT
OqHCTKH CTOHHHX EO# BO BC6X paCCMaipHBHeMHX BapHEHTaX o£HHa-
kob h pasen 90$, Ha npaKTHKe, cähhko, Moryi öhtb cayqaH,
Koraa c HSMeneHHeM cTßopa BtinycKa ctohhhx boä b bobocm mchh-
ercfl TpeöyeMaa cieneßß hx ohhctkh, PaccMOTpaiw npenejißHHž cay-
qaž, Koraa npn nepeKaqKe cToqHHX boä oöteKTa na paccTOHKHe

moxho oTKasaTBCH ot saTpai Ha oqacTKy Booöme. Thkoh c^yqaÄ
HM66T M6CTO, HanpHMep, npH paCIIOJIOKBHHH MHJIHX OÖB6KTOB - HC-
ToqHHKOB cToqmjx boä - ot Kpynnoro ropo.ua, ZMeramero
oqncTHue coopyseHHH, Torjsa HanpaßJieHHe croqHnx boj Majioro
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oöseKia b ropoacKyc czcTewy KaHajrasaHHZ npaitTireecKH ne yss-
ctohmoctl oöpaöoiKZ ctokob Ha oömeropoacKZx coopy-

xeHHHX»
onpeaejüieTCH saeci. zcxoäh zs ycaoBZH noq =n Tp . JUh pas-
HHX paCXOÄOB BO# BTO paCCTOHHHe ( npz Q.SHOS Z OTyX
HHTKax Tpyöonpoßoaa) noKasano na

4>Hr. 5. MaKCHMfIJIbHOe SKOHOMHHHOe paCCTOHHHe nepeKaHKH CTOHHbIX

BOfl B aaBHCHMOCTH OT paCXOfla CTOHHbIX BOfl.

5, B H B 0 Ä H

npeaxoxeHu sopMyaa ääh pacneTa npaße,n;eHHHX toäobhx sa-
TpaT npa onTHMHsaijHH pažOHHux CHCT6M KanajrasaijHH Ha öaae
EOMnaKTHHX aapaqaoHHHX coopyxeHaž.

npH npOHSBOJOITejEbHOCTH pa3OHHHX COOpyX6HHä 10
= 50,,,800 M

S/cyT oöteÄHHeHHe oume/tLHHX oöteKTOB ( n =2,,,
3) BKOHOMHH 6CKO OÖOCHOBaHO lipH paCCTOHHHHX H6 ÖOJiee 0,6 ...

1,5 KM.

IlepeKaqKa bc® mbjikhx nparopoÄHHX oö-lsktob (o.=
= 25,,.800 M

3/cyr) b oÖmeropoacKyK) ceTB KaKajmsaijHa bh-
roÄHa npa paccTOHHaax ao 0,9,.,2,7 km.
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H. Mölder

Optimization of Small Wastewater Treatment
Flanta on the Basis of Packaged Aeratlon Tanks

Summary

The ereation of regional wastewater systems with a

smallor number of purificatlon plants in eertain cases
permits savings of total costs and inereaaes the reli-
ability in Service of plants.

As a rasult of this investigation the method of
optimlzation of small regional wastewater systems haa
been worked oufc. Joint treatment of wastes from 2...3
soureas (Q = 50...800 is profitable if the distance
from each aoorce to the Central plant is not more than
0.6...1.5 ka.
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TALLINNA. POLÜTEHNILISE INSTITUUDI TOIMETISED
r iPyjöJ TAJJDSHCKÖTO HOJMTEXHMECWO HHCTMT7TA
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3j®CTPO2HŽ-SraH3KKK METOÄ CMMyaBTAHHOrO OCAOTMH
SOCSOPA

Motos cchobh aaeiCÄ na shoskom pacisopeHHK MeiaaaHqec-

Koro B Kaaeciße Maiepjiaaa aaeKiposos Moryr öhtb
npiMeneHH asöo seaeao, aaöo aiiDMHHKö. üpiaMeHesHe ateaeauHi
aaeKiposos seraease.

B HacToameö cian»e npaseseHH peayaßraiH HccaesosaHHH
aaeKipoxEisaqeoKoro weiosa ocaxseHHH socsopa b aapoieHKax.

JladopaTopEKe oimra üpoboshotcb b jma aiana. Ha nepsoM

aiane üpoboshähcb KOHiaKiHHe oohth b cieHÄfIHHHx moETHspax
ofoeMOM 3 SHipa, EMHinpoßaiß ycaoBEH nponecca ch-

f/iyjißiaHHoro ocazseHHa, b hcxoshoä bcsh Kcnoa&so-
BPJIECL CM6CB EKTÜBHOrO Haa, HeSLE) KOHiaKIEHX OIIHTOB ÖHJIO
onpeseaeaae HOjmqecißa BuseaaeMoro shosom Meiaaaa b ycjio-

bhhx CEMyÄBTaHKoro
Koro pearema b sobhchmocth ot Haaas&Hoä koh-

qeHipsQHH socsopa e ot KOHueHiparpra pacißopeHHoro KHcaopo-

sa b CMBCH aKTESHoro Haa. B itaaeciße aaeKiposos npHweHH-

asci. xeaasEKe wp&ltzeh paswepaMH 50x50x4 mm, paccioaHHe
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Meaay aaeicrpoaaMH 10 mm. SaeKTpireecKaH cxewa oraiHOg ycra-
hobkh noEasasa na sar. I.

OnpeaeaenHe KOjmqecTßa BaaeaaeMoro aaoaoM seaesa npo-
Boaaaocß npi HanpaxeHHH wexay aaeKTpoaawH 2,0; 5,0 h 10,0
BOJLBT. CHJia TOKa ÖHÄB UPH 9TOM OT 21 £0 134 MA H naOTHOCTB
tokb - ot 8,4 ao 53,6 A/m*\ HaraaßHoe KoaircecTßO aeaesa b
cweca aKMBHoro Haa b öaao uphhhto pasHUM ycaos-
HOMy ayjiE). KornjeHTpaiiHis oömero xeaesa b pacisope onpeaeaa-
JiH qepes Kaaauä: Oana onHTHaa cepaa npoaoaxaaacß 7 *?a-
cob, Ko9ssmjHeHT snaeaeHHH aHoaoM Meraaaa mojkho onpeaeaHTß
no sopMyae Me

1 - mTp
’

rae - BHaeaenaa anoaoM weTaaaa, r/r;
Me -

Taaaa, r;
Me p -

Taaaa, r.
B Taöjranie I npuseaeHH pesyaßTara oiihtob (speMH koh-

TaKia 7
Taöjmja I

KoassHpHeHT BHÄejieHHa aHoaoM Meraaaa

Dpa HarrpaxeHHH 2,0 soaßTa KoassHipaeHr cocTasaaa ot
0,87 #o 1,04, b cpesHOM 0,95; npa HanpaaceHM 5,0 boebt oh

Howep
OUHT—
HOŽ
CepHH

Hanpa-
seHHe,

B
Caaa
TOfca,
mA

IIjiot-
HOCTB
T0K8,
A/m2

3arpa-
leafloe
3ÄGKT-
piwecT-
BO,
KyjIOH

K-bo b pacTBops
xeaeaa. r K03$$H-

QE6BT
rl>

r/r
paccqa-
TaHHoe

$aKTH*ie-
cKoe

I 2 3 4 5 6 7 8
I 2,0 25,5 10,2 640 186 175 0,94
2 2,0 21,0 8,4 520 151 131 0,87
3 2.0 26,0 10,4 660 191 199 1,04
4 5,0 66,0 6,4 1670 482 465 0,97
5 5,0 56,5 22,6 1430 415 386 0,93
6 5,0 67,5 27,0 1710 493 541 1,10
7 10,0 127,0 50,7 3210 933 856 0,92
8 10,0 112,0 44,8 2820 814 738 0,91
S 10,0 133,5 53,4 3360 970 956 0,98
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öhh ot 0,93 ao 1,10, b cpeAßeu 1,0 1 upu EanpaxeHHi 10,0
boabt - ot 0,91 ao 0,98, b cpeAHBM 0,94, 3ti pesyaLraTH no-
KasHsaET, hto npa pasMemeHHH 3ä6ktpoaob b aopaqHOKHOž Eaue-
pe Ro3ssßZ£ft6HT OCTHeTCH B THKHX £6 npeAOAaX, KHK H lipH
oÖBTaEOM aAeETpoxHMHHecROM ocaameHin socsopa (no I r| = 0,84 s
no 2 = 1,0).

Bropafc oepiH xohthrtbhx oehtob npoßOAHzacß c qezßC on-
peA6A6HHa rpeöyenoro KoanreecTßa pacTsopeHHoro shoaom weraz-
jm jua ocaxAeHßH socsopa„

OnHTH npoBOAMZHCB npa pasHHX HanaA&HHX ROEqeHrpaqHHZ
socsopa (5,6; 8,6 i 10,8 mt P04-P/nJ. JUh BaacHeHM bjow-

hhh ROHqeHTpaqsH pacTsopeHHoro KiczopQAa sa npoqecc yAaze-
HHfl sOCsOpa, OnHTH npOBOAlZBCB:

- npK EacnmeHHCtt KOHqeHTpazqoi pacTsopeHHoro EEczopoAa
(cBeTAHe 3HB£i odosHeneEia na sar, 2);

- npi KOHqeßrpaqn pacTsopeHHoro KiczopoAa 1,0 nr 0
(nepHHe saaKi odoaHaneHKa sa sir. 2).

<t>nr, 2. 34x})eKTHBHOCTb yaaneHHH (j)oc4)opa
( KOHTaKTHbie OllblTbl ) .

Ha sir, 2 biaho, hto HSkießõHüe KonneHTpaqM pacTsopen-
Horo Hicjiopoaa b cmbch aKTHBHoro häh H6 Bjraaer na npoqecc
ocaayjeHHH socsopa. Böähsi CTenoMeTpinecKoro AOSHposaHHH os-
- yaaiieHiÄ socsopa aweeT doAßmoe pacxoKAeHHe (ot 40 50
70%) . JUa 80-npoqeHTHoro yAazeHÄH socsopa b kohtekthhz ohh~
r&x TpedoEauoci» 2,5 r—ökb Pe 2+ Ha I r—skb PO a -P.

noaymrt AEHEue oö 3/ieKrpoxHMHnecKOM ocaxAeHna
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sOCsOpa COBMOCTHO C ÖEOXEMH36CKOä C3ECT&OŽ CToqBSJX 803,8T0~
pož aTan jiaöcpaTopr-iax oiihtob öuji np Ka nojiynpoHaßo.a-
CTB6HHCM ycranoßKe EMO-IOC (300 jr/cyT). E ormraz öum nc-

he e Mejsay ajieKTpojaME öhäo 20 mm. cxewa 1103-
COeÄHHeHBLS ;

# KaK H B KOHTaKTHHX OHH-
Tax. Ko3ssHijHeHT Btmeaeiraa anoaoM öhe b pacneTax
iiphhht pbbhhm 1,0. PeawEbTara ooh 'OB oa sar, 3.

'tiir. 3. 3s(})eKTKßrioCTfa yaanen -i 4>oc({)opd
(nonynpon3BoncTßoHib e onbiTii',

3th pesyjißTara c pesyjißTarawa KOHiaHTmix oikjtce

h, cjie^oEaTejiLHo, ÄOOTospeMeanoe upeÖKEBHae ctorhhx Boa 3
aapoTeHKe npn axeKTpoxHMHHecKOM Mercwe ocaaaenaa !Žocsopa iie
KM6GT TaKOrO BÄORHHH, KHK 3TO ÖKJIO HpH HCnOÄB3OBaHHH E KH-

peareHTa itohob Fe 2+ hjih Al 3+
. Cjre&yeT OTweTHTB, rto

oiihth eepobqhhxhcb npa KOHqeRTpaqHH qsocsopa b Heo-qmaeHHca

CHMyjißTaKHHfi MeTojr
cnocoöoiw hs yxymnaeT npopecca orectkh» B iaö-
xaqe 2 npHßeEeiffi KeKOTopue orectke boäh b bobh-
chmocth ot MHTeHCHBHOCTK sjiesTpojinsa*

Ms Taö.nHmi 2 bheho, 3to npa BHTeHCEBHOoTK aaeKTporasa
äo 500 KyxoH/jiHTp npoqecc öHoxmwiecEOä orectkh aporeKaeT c
bhcokoh 3SSeKTOBHOCTLK) (yuajieHHe HKS BHine 955)« Jjiy^maer&g
ocaataaeMOCTß aKTEBHoro hjio (ujioßtnt hhäökc ~ 70 mt/ji, koh~



neEtpanaa BSBsmesHHX semectß b OBEmeHHoä soae -10 mp/ji).

Taöä a n a 2

B ManoraöapKTHHX aspoteHKax, ssrotosjieHHHx es orana,
samata kohctpykijee ot Kopposai pemaetca ot npcpee-
ca ohhctkh. Hpa sjieKTpoxMMHqecKOM Metoae ocaaujeHEÄ c6ocsopa
KOHctpyKma saHCHmaetca ot noqßeEHOž Kopposna nyteM rrpflcoe-
ÄHMeaaa ctaiLHoro Kopnyca aapotesKa k Kato^y, BaieKTpojm mok-
EC asrOTOBHTE H3 OTXOÄOB MetaJMa,.

tOB, EpaMeneHae na wanax yctaHOßKax SÄeictpoxEMHEecKoro we~
tojaa ocaayieHHa socsopa mokho CBHrart GepcüeKtHßHHM.

,BHE 0 Ä H

1, PaspaöOTaH cnoccö y.D;aneHJtfc socsopa b npoqecce :apo~
Hireimož nytcM aaeKtpoxEMHßecKoro pactßopeHEfl Meraa-

aßO.na b aapauioHHOö Eawepe,

2, Jxjie 80-rrpoqeETHoro socsopa TpedyetCH 2,5
r-sKB Fe 2+ na I f-skb tSoccpopa.

3, jjas paßHOwepHOž ytehes anßH shsktpoäob, a tarOKe rüü
npeHOTBpamaHEE naccaßEipia öhcktpoäob ex eohhphoctl
nepBOÄHBecKH MeHatE.

4, B c av£BHyx 'OivnaKtHHx aspoteiucax BießTpcwK< vyscküäf
Metoa ojHBOBpeMeEHc oöecceEHßae-r npotEßOKOppo3Vi> SHy® K-aTo-
a asnazry coopysteHDH,

KeKOToptie noKasafejm oaiCTKH ecjih s aaBHCHHOCTH
ot SHTeHCMBHoefs ©ÄeKfpoJiEsE (kvjioh-shtp)

KHT6HCHB-
HOCTB 9JieK-
rpoazaa,
KynoH/x

Hjiobhm
HK36EC,

ma/r

r—

sojia y^a^ense
ET[K 5 ,

%

BSBemeHHue
Bemeo7®a f

MT/E
BlTKg,
Mr/jS

_ 96 16 14 90
1-100 72-88 12-16 2,3-4,0 97-98

101-200 66-83 5-12 3,8-5,2 96-97
201-300 68-75 8-12 4,4-8,0 94-97
301-400 64-69 4-6 4,8-5,2 96-97
401-500 70-76 7-9 5,0-6,4 96^97
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TALLINNA. PQLÜTEHNTLISE INSTITUUDI TOIMETISED
TpyjEÜ TMJffIHCKOTO nOMTEXBJnBCKOrO HHCTHTTTA

ü 445 1978

7JIK 628*34:628*35

n»0, 3hhBT

PACW HPH lIPOEKTKPOBABM CHM7JEBTAHHOTO
XATOBHH SOCSOPA B ÜPOIBCCE ÜPOJOIEHH®

A3PÜB®

B nocxeAßie ro&H b üpoöseMHc# ÄadopaTopoa c&HTexHERE
TM HCCÄ«ÄO»aH psä Bonpocos cHMyjEbTaHHoro ocaaweHHH socso~
pa b EomiaitüTJHX aspoteKKaz e npogecce npojyieHHcä aaparpm;

- onraMaaEHHe äosh a pexHM soshpob&heh
peareHTa (Fe jr s AL 3+);

- BO3MOX3OCTE DPHM6H6HBB B CHMJÄBTBHHOM
OCaTOSHKS H3B6CTS;

- paspaöoiaH BÄeKTpoxEMHqecKMä cnocoö yaaaeHHH soc-
sopa.

Ha ocHOse 3KcnepEMeHTa».KHX paspadOTana
uerojousa cmy®»TaHHoro ocaxÄeEaa soosopa b npoqec-
ce npoÄxeHHct aspana®.

Ep» npoeKntpoßaEÄH ycraaoßOK cHMy.TbiaHHoro ocaxmeHHH
socsopa coäsmi ajnoMiHag häh xenesa aosa peareHTa Moxe?
öhtl paccHHTasa cxanyxouw otipasoM:

D = JWn.M;iOO t (I)

r«e D - aoaa peareHTa, Kr/cyr;
(ž> - cooMomeHue rrpaKTEHecM rpeöyeworo KoaareecTßa aK~

TKSHHX IOEOB peareHTa na KoaanecTßO aKTHBHHZ ao-
hob peareHTa, paccHHiasHoe no cTexHOMeTpircecKOMy
ypasHeHW) Ujm 80-npoqeHTHoro yjDtaReHHH socsopa

= 1,1);
m - cooTHoaiaHie sKEHBa/ieHTHoro seca aETUBKcrc hcee

peareata k aKBHEaxeHTHCMy secy socsopa (jyw AL J f

sopa.
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m - 0,87, säh Fe 3+ m = 1,80);
M - KOjiKqecTßO b CTOK6 socsopa, or/cyT;
t| - KOSH-qecTBO aKTKBHHX hohob b nposyKTe

peareEra, % (Hanpianep, npz HcnoaßsosairaH tbuiz-

aecKöro npojyKTa eotmhhhh. kotcphü co~
sepsaT 17% Al ? 0 ä , rj = 9%)»

KcjmecTßO b ctokb <pocsopa Moxer 6utj> paccHHTaHO:

E(C,+ C 2l +£&-,- rj, (2 )
M =

,1000

rse E - KOjiHEecrßO XHBBÄeä;
C, - socsop b npcmyKrax odweHa oähopo sescßeKa,

r/cyr ( C i = 1,7 r/cyr);
C 2

- hs sesepreHTüß, ncDSJfiaee b
CTO'fflae boäh ot osHoro jžütösh, r/cyr
(C 2 = 1,6 r/cyr);

0i l ~ pacxos npoH3EO«crBeHBHX ctoshhx bos ot osacro
rcpsHnpEaraa, M3/cyr;

r t
- KOEpeHTparjHH socsopa e npons-

Bo.ncTBeEHHx CTOKaz osnoro opesnpHHTiH, t/m3
;

n - KoaHEecTBO npesnpKHTKž.
Upu cpoeKTHpoBaHHB CHwyjE&raHEoro ocaameHMH socsopa

b aaporeHKax-orcrcÄHaKax coähmh xeaesa
yum a joomekhk sosaropHHe ycrpožcrßa He rrpesycMarpMßaDrca,,
JloöaßJieHEe peareHia rrpoasBOSHTCH spysHyü, oshh paa b cyr-
Kl.

GpE ocaxÄeHEE socsopa 33BSCTBSD sosa peareura ae sa-
bhcht ot KOHpeHrpauHH socsopa s croKe h HSEecTL sotfasjis-
efca tojebko saa noBameHHH pH cpesa.

(3)

rss D - sosa peareHra, Kr/cyr,
cj, - rpeÖyeMoe KoassaecTßO CaO Ha I m 3, xt/m3

;

0, - pacxos CTOHHHX EOS, MS/cyT;
q - kojurgctbo CaO s nposyKTe pearen-

Ta, %»

JlogapoßaHHe HasecTH sojdbho öbtö Hcnpepi*/rfauL jim

hoctohhhož BejnaaiUiM pH asfiiß-ioro wna.
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JUh aroä qejffl cne,nyeT npoeKTüposaTß ycrpožcTßa,
pH-werp h ckct6mh aBTOwaTHEH, Koiopan

BaeT BiunreeHHe ejih npeKpameraae nokana K3B6cth b saßHCH-
mocth ot pH. PeitoMeimyeMoe onTHwacLHoe pH = 9,0. Ilpa btom
rpedyeMoe KöjareecTßO CaO aaBHCHT ot cbcöctb ncxo£Horo cto-
Ka (pH, meÄOBHOCTL) . B pacneTax cj,= 0,25 -

0,30 kt CaO/M3
, b xofle BKcnayaTauHii aosa hsbgcth yiOßKfler-

cji. B Kaßecrse pearenra mosct öhtb EcnoAßsosaEa rameHaa

H3B6CTB B BBW6 TCCTa.

3JieKTpOXEMHBBCKHä M6TOÄ OCaXHeHlfl SOCSOPB OCHOEHBaeT"
ch na anosHOM pacTBopeHHE MeTajuraaecKoro aaeKTpo.ua. B na-
aecTse Marepzaaa aaeKTpoaos aoryT öhtb npEMeneHH otöo se-
}ie30 t möö ascMZHHft. UpEweHeHHe xeaesHHX aaeKTpoÄOB
mesae. HeoöxojtyaMaa cejiä tokh:

i (i •m•M • F- z (4)
J57 T ?

3 enam toks. Ai
j*>, m, M - cm* ypaßHeHße (I),

npE HCaOEBSOBaiTEH ÄBH63HHX SSeKTpOKOB CJieÄ7eT y^ETHBSTB,
bto Ha aHojie oöpasyDTCH hohh Fe 2 "" n npa btom m = 2,7;
aaa aarMHHEeBHX aareKTpoaoß m = 0,87, Äna 80-npoijeHTHoro
yfiajieKHH socsopa [*> = 2,5;

F - jio Oapajüea ( F = 96500 k/p-skß) ;

z - sajieHTHOCTB hohob Uus xeaesnux z=2,
xm aziDMHHBeBHX z = 3);

A - aTOMHHä see (pa xejresHHx aaeKTpoaoß A = 55,8,
xm ejmmmemx A = 27,0);

t ~ BpeMH, c (t = 86400 c);
- KoassmjHeHT BHueaeKHH anojuoM MeTaaaia (= 0,8-

- 1,0).
HeoöxoÄHMaa noBepxHOCTB aaeKTpo^Oß:

S -
n (5)

a U-^e-r^’
_ 2rae 5a - noßepxHocTß m ;

l - paccTOHHie Mexjiy ajiSKrpoÄaMH,

U - HanpaseHHe Mezwy B;
'x - ajieKrponpoßOfiHocTß, o&T*
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r^ 2
- Kos^jmsieHT, BjraaHHe naccHßaqini aaeKipo-

äob ( sasHcHt ot pexHMa aaeKTpojrasa, r| 2 = 0,2-
- 1.0).

OseKTpoflH neaecooöpasno pasMematß b aapoTemte KOwnaKTHHMH
öaoKaMH, rae ksjuithß aHOTpanä aneKTpoji BHyTpa ÖÄOKa paöoiaeT
C OÖeHMH nOBepXKOCTHKE. ÖÖ H3ÖexaHH6 naoCHBaiJHH 3JI6KTPOÄOB,
a raKxe pasEOMepHoro HcnojDbsoßaHHH 3ä6ktpoäob hx noaap-
hoctb MeEaeTca (nepHos nepeweHH hoähphocth hg

öoaee I cyT.).

1. Ctohmoctb peareHTOß b aaBHCHMOCTH ot cpeaneH

xoiraeHTpaiiHH soc(i)opa b ctoko.

Ha sht. I noKaaana ctohmoctl peareHTa npn cHMyaBTaHHOM
ocaameHHH socsopa (80-npor*eHTHoe yiiajieHHe socsopa) phshhmh

pearenraMH, Pacxojm paccaHTanu jijih ohhctkh 1000 m 3 ctohhhx
boä. Pacxofl peareHTa shbhcht b oömeM ot hcxoähož KomjeHrpa-
rpaa socsopa. HcßMreeHHew HBJiHeTca ocaxn;eHHe socsopa bsbõctbk),

ocTETOBHaa KOHaearpaitEa socsopa saBHCHT ot pH,

Baöop noÄ2oÄ«mero cHMyjn>raHHoro ocajmeHHH soc-
sOpa 38BHCHT OT KOHJEtpeTHHX yCJIOBHŽ, DpH BHCOKHX KOHTI6HTpaip3—
HX sOCsOpa B CTOK6 HBJIH6TCH H3B6CTBB.
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P. Ennet

The Calculatieas for Projectlng the Sinultaneoua
Pceclpltation of Phoaphatea In Eitended Aeratloa

Prõesse

Sunaary

Thts antide deals with Chemical precipltation of
phosphates froa domeatic vaste waters in the extended
aetivated aludge proeeso, It containa the calculafcion
fornulae for the necessary anount of Chemicals in tho
precipltation of phosphates with Fe^+,A 1^+

, Ca2+
S or

using an electrochemical method.
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TALLINNA POLUTEHNILISE INSTITUUDI TOIMETISED
TTOH TMJMHCKOrO nOMTEXHinECKOrO HHCTHT7TA

J* 445 1978

OT 628.543

Ä.r. Basy
HCCMOBAHOE RHHETHKH OCA2MHS B3BSCH HPH

W3HCTKE EHTOBHI CTOmK BQH C HCnOJCb3OBÄHfEEM
CJaAHEEEBO! 30ÜH

IIPH ÄOOHHCTR6 ÖHTOEH3I GTOqHHX BO£ C HPHMeHeHHGM CJiaH-
qeBOÄ somi khk KoaryÄSHT& äjlh yHaaemw pacTßopeHHHx opraHE-
vecmx i BSBemeHHHX BemecTß [l],
HHTepec npejueTaanaer ckopoctb ocasaenafi oöpasyimeäcH npg
RoaryjiHQHH ssseca. npH pacHGTe otc?oähhkob Haaöoaee npa-=
BHÄBHHMH HBÄfIBTCH MeTCfiH, yHHTHßanmie 3£WaHHHä B$$6RT 38.-

BSBemeHHHX semecfs b otcrožHEKe Ha ocHosaHHU rbhebi
o KHHGTHKe B3B6CK. Mn onpeßejieHßH noKasaTejia ocas*

õuna HcnoaßsosaHa MetojpiKa, npe.iuio«eHHafl ancrHTy-
tom BQHTEO [2],

7HHTHBaa BHcoKyB CRopocTß ocasmeHM GJiaHuesoatHOä
8386CH, HSMH ÖHÄfi paspaöOTSHa yCOBepmeHCTBOBäHHBH OriKTHHH

yCTEHOBRH ÄJIH HCC HpOljecca RHHGTHKE OCaS.HeH2H.yC-
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TaHOBKa (sar, I) coctoääh hs 5 ehähhepob BHyrpeHHHM jma~
mgtpom 135 mm h BHGOTOä 700 mm. IlepeMemHßaHHe

CTOHHOÄ BOÄH (EHKg - 18 MT/JI, 8.86HU - 35 MT/JI,
P04 - P - 14 mt/ji) c KoaryÄHHTOM b Teaeme 5 mhhvt h
BpeMeHEoe sanojmeHae ehähhepob ocymec tbjwjihci> qeHxpoöexHHM
HacocoM. nocjieAOßaTeraHOCTß sanojcaeHaa ehäzhupob 6ujie cae-
pjman: b npaeMHHö pesepsyap, Hau kotophm sanpenaeEH eh-
jihhäPh, 3ara saäh onpeAeseHHui ck&gm (70 ä) ctohhoä boäh.
SareM BKÄBEara Hacoc h BeHTHJWMH 1...5 pervraposara paBHO-
MepHüž neperaß bo Bcex Esraipipax. Hocae axoro äoöebähäh
peareax (sojiy), coraacHO seaaeMot £O3 e, h BRjnonara cexyH-
Äowep. Hocjie HcieaeHHa BpeMemi nepeMemKßaHHa SKJUDBara Ha-

coc. saKpHsas üÄHOBpeMGHHo xpaE 6. SareM saßpusajos h xpa-
HH TaRHM OÕpaSOM EHÄHH£PH ÖHZH 3ftIIOÄH6HH O£KHaKOBOŽ
no KOHqeHrpaijHH BSBemeHHHx BemecTß ctohhož hhäroctbd. 3a-
T6M onpeserara EHHeiHRy ocaJsaeHHH cooTBeTCTBesHO HaasaHHOž

Ha £Byx BHCoxax (20 h 50 cm). Bo Bcex HamHX orru-
tsz öuaa npHHsxa sosa RoarymiHTa CÄamjeßOi sojm 1,5 rA,

$Hr, 2. 34)c)eKTHBHOCTb oca>KAeHHfl cnaHueßofi bsbgch.

Ha $Hr, 2 npaseneH rpasHK saaHCHMOCTH DSSeKTHBHOCTH
ocBeTJieHHH ctohhož
t 3 rHHPöBJIHBeCROa KpyHHOCTH (n), COCTaBÄeKHHM no JjaHHHM

5 oohtoßc Ks rpasßKa bhäho, hto oöpasywoaaca rrpa KoaryjM-
qnn BSBecB ocaamaeTca ÖHcrpo (rphbbh npHÖÄEJEaercfl r och

op.RHHaT) o Jtlq b reaeHHe 10 MHHyr na rayöHße 50 cm naöjrcma-
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ercfl ssseKt oehctki - 84$, KoßssHmieHT aTÄOMepauHH n npa
90-npcajearHO# 9ssBkthbhocth
THBHOCTH paöOSH TpyÖaaTOPO OTCTOÄBEKE B KOMHEeKCe noßyrrpo-
H9BOÄCTB6HHCÄ yCTSHOBKZ) [Il CÄ6-

odpasoü;

h 1 = 20 CM = 21 MEE
h 2 = 50 OM 1 1 - 31 MEE

n.^i=o,«.Ighj-lgh,
Bejarasm Ko9ssßQieHTa araoMepauEE eoetb cooTßercTßyer mge-

KQSKcnepcHoS MiaepaxLßOi sssecE c y,Se;i&HHM bccom 2-3 p/cm3

[3], Shsh, bto bhcot& cäoh OTCTazsaHHH b paöoraoueM tohko-

CJEOttHOM OTCTCttBXRe H = 6 CM, paCCTOTHBaeM npOflOÄSHTeffb-

HOOR» OTCTäHBaHKH
T = t, = 12,4 muh .n 2

JletcTßFfeÄLHaa npoAOJsxßTejEbHocTß npeÖHßamifl boäh b tohro-
caoiaoM orcTctHHße HasßaaaeTca c yqeTOM KoassßqEeHTa ec-
HOÄLSOBfiHSH OÕBCMa OTCrCÄHBEa K = 0,75.

CaeflOßaTeaLEO,
Torc =Y ’ T otc = MUH.

Taßoe speME npeÖHaanaa nossoaaeT rpyctoaTowy oTcrožHZKy julk

ÄOCMOCeHEE 90-EpoqeHTHOjt BSSeK¥HBHOCTL padOTETL C COBepX-
HOCTHoft HarpysKoä äo 12 m 3/m2 b Eac [4, 53.

Ha OCHOB6 HBaozeEHoro moxeo caeaaTß cnejwmne bubo-
äh:

1. PaapadOTaHHaa b xoäc äeheoä paöora ycoßepmeHCTßo-
BBHHaE OCHTHCUS yCTEEOBRE EOSBOÄHeT EpH HCEOEbSOBaHEH M6TO-
ähkh BOJtTEG saaeaaHe ÄfiHHHe no KEHeiHKe ocaajueHEH

ÖHCTpoocaana ranExoa Basecež.
2, npa ECnOJ£b3OBBEEE B KaaSCTBC KOaryflflHTa CEaHEeBOä

30ma KHEOTEKa OCaXÄCHBH 33BGCH OEHIHeHHEX
CTOHHHX DOS COOTBSTCTByeT KHHetHKe OCe*ÄeHHE
HHX MHHepaJIBHHX B3BSCeÄ.

3* IIpHMeHaeMaE MeTO,aHEa nossoJineT c ÄOCTaroasoU Toq-

BocsBK) oähy es ochohhhx pacaeTHHx egeeheh rpyö-
aaTHX OTCSQŽEHKCB - BpeME OTCTEEBaHHE.
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A. Võsu

Sedimentation Kinetics of Coagulatlon by Bio-
logically Treating Sewage with Fly Ash

Summary

The fly ash has been introduced as an coagulant for
the removal of phosphafcea from aqueoua Solutions, The au-
thor gives the curve of kinetlcs of sedimentation reault-
ing from the eaperiaental measurements, and calculated
values for the hlgh rate basins.

opyxeHM.
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TALLINNA POLÜTBHNILISE INSTITUUDI TOIMETISED
TPyjiy TMMHCKQTO nOJHTEXHPTTOCKOrO MHCTJfTTTA

£ 445 1978

7JIK 628.543.628.322
Basy Ä.r., X.A*

HCIIOJEbSOBÄHHE 30J3H B KAWTBE PSATEHTA
jm ctotmc boji

BospacTaamae TpeöOE&Haa k oqemeHHOž cToaHoi
BOJJH BH3B&HH HOBHX KOöTyAHHTOB E
BÄCOpöeHTO3 [l] XXX OÖpaöOTKH CTOqEHX BOJ, B TO KQ BP6M£
npoÄOSÄaeTCH aayieaae ixpEMeHHeMocTH otxojsob npo»
E3BO£C*Ba ÄÄH OaECTKH CTOaHHX BOJU Cltma OTKOCETCH E 30J3K
(miax), noayN&eMHe ot cEßraHas bbäob TonaMßa. B
3EBECHMOC7E O? BÜÄS TODÄHBa, MeCTOKaiOEÄeHEH HCKOIiaSMOPO 1
«efo.ua crarasata, soaa s aaaic orjanasoTCJ! jcpyr of

ÄDyra iio cbohm SH3EKO-XHMHaecKEvj h go pasHowy B3&-

BMOÄeŽCfBHK C T6M3 HJDä HEHMH 3aTpH3HS»ffiHM2 BOBjeCTBaMH, GP2~
cyTüTEynawMH b cfoaHOä eoäs C2, 3, 4], HoapoÖKo bos-
Moacaocra CMeraeHEH b BanycEa ctotkhx boh aa so~
aootßaa* rse aa HBaeHzM ancopöpaa, aureaEß a xHMiäaec—
Koro npoacxo.u.HT cHHienEe KOHaearpaijHE Hesre-
npoÄyKTOß [2, 3, s], cepoßoaopoaa a cepoyraepoaa [6], seao-
aos a MHmLÄKa [2]* B.n.DleßEioßa, 3,JUKoneaH a ,np. ÄOKasaaa,

nto soaa aKHöacyysKix yraeä no cbohm copöqkohhhm CBoEcTsaM
ae ycrynaeT &rtmbhpobsjfihoMy yra» [3], jleTyiaa soaa aske-
et xopomae aacopöuaoHEae OBOäcTBa a npa socsophhx
coe,&HHeHaS [7],

Bhcoksh meaoHHocTL, npacymaa mhopbm BoaaM ranposoao-
yaaaeHEH, cnocoOcrßyef ocasmeHHo raxejnix MeTaaaoBs ycaopaef
OKHcneHae rajjpaaaHa, sopMa®b,HerHÄ© a ypofpoaaHa, cnocoöcr-
syeT rajipojnäsy KOMGJieKcoKaTOB a CBHSHBaHa» mx b wajopacTßO-
P«MHe COejUHHeEHH [s], KHCAOTHHe CTONHH6 BOJJH Cy.TBSaTHO-CteÄ-

opoasßoncTßa no,Hßeprai)rcH oöpaöOTae otctoähbož
bojtož c cacreMH rajipoacjioyÄaaeHHfl, Kofopaa coaepxaT b cpea-
H6M 1,2 v/n CaO, B pcaystrare CMenjeaaH soja; b ocaHOK Banaua-
er flarnaH, yweK&tnaefcH XQK a GseTHOcfb cfo-qHHi boh [B],
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Ehpoko HcnoAßsyeTca menoHHocTt bojj; runposoAoynaAeHHA

SAA HeŽTpaOTSaUBH HpOHSBOÄCTBeHHHX CTOHHHX BOA C2, 5, 6],
B.JUHemaKOB h A.H.MaijHeß [6] npejtJiaraKxr HcnoAßsosaTß me-
aoahoctb caMoä soah npH tbm crmhm yMeHBmaH
pacxom; HSBecTH khk ochobkobo pearenia npH oöpaöoiKe khc-

AOTHHX BOÄ.

Hpn npHMeHeHHH AeTyaež soah BMecre c coaamh a^nomüüma,
yMeH&maAacß hbcthoctb peaHoß boah, yAyainaAacß paöota nec-
üaraux shabtpob h hohhheaocb öaKTepnaAßHoe sarpasHeHHe [9l.
BiicoKoe coAepxaHHe CBOöOAHoro CaO (äo 325) b spaiapiAX qhk-

aohhopo Aeryneä boah, upa npaMeneHMM cjranna-KyKep-

GHia acTOHCKoro MecTopoameßHA b TonKax muießHmiHoro cxara-
HHA, Reji&er ero npHroAHHM aaa oöpaöoTKH, mnpHMep, öhoao-

rüüecKH OMümeHHHX öhtobhx ctoahhx boa CIO, ll] . JleTyHaH
30jm H3 qhkjiohob xapaKTepEsyercA CAeAyDmHMH sH3Hko—xHMHaec—-
khmh noEasareAAMH i paswep sepen mk, yAejn»Haa Macca

2,82-2,93 t/cm 3
, oöteMHaa Macca 1150-I2ÕO kp/m3

, yAeABHaa
noBepxHOCTB 500-1200 cm /r, CaO CBQÖ 20-325. XapaKtepHHM
rjisi so ji T3C ABJiaeTCA to, HTO öoaee Kpynnaa spaKijHÄ coAep-

3kht öoAßiue CaO, spaKi*HA, hhkaohsmh, cocraßAaeT
~ 46$ ot oömero KOAHnecTBa AeTyaež sojqi [lo], Saaa cocias

AeiyaHx soa, b aaöopaiopHH caHTexHHKH npH TÜH Hsyaaaocß
ero npHMeHeHHe bmccto hseocth aeh aooWctkh ctohhhx boa ot
coeÄBHeHHfI socsopa Cil], Ha $Hr. I npHßeAena sabhchmoctb

yßejmqeHHA pH ot KoanaecTßa soah h norpeÖHoe koahhcctbo
0,1 h H 2S0 4 aaa nežTpaaHsaqHH boa hocac xHMHnecKož oahct-
KH C 30A0H, JXJia CpaBHCHHA pesyABTBTOB TaKHB KOHTaKTHHC OHH-
TU HPOBOÄHAHCB H C HHCTHM CaO, OpH KOÖaBJieHHH 30JM HAH CaO
xapaKTep yseAHAeHHA pH öha OAHHaKOBHM, ho ,503 a soah
ho cyxoMy secy saa oaHHaKosoro yBeAHaeHHa pH öhab blO pas
ÖOA&uie, ITph nocjiejoyDmeä HežTpaaHsariHH (or pH =llao pH =

= 7,7) boa, oöpaöoraHHHX soaoh, pacxoA h 2S0 4 yMeHBmHAca
na 20$ no cpaßHeHHc c HeärpaAHsaqHeS boa, oöpaöoiaHHHX CaO.

HecMOTpa na öoabidoü pacxofl cAamießHX soa (h3B6cth)
, npH-

MeneHHe hx, b cpasHeHHE c Koaryaahtbmh , HMeer npeHMymecTßO,
CBA3BHHoe b ncpßyD oaepeAJ» c oöessapaxHßawmHM seficißHew
CHABHO meAOHHUa CP6AH [9], HHCAeHHOCrB öaKTepHH CoU H

oömee koaha6ctbo hohhshahcb ao 955.
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npa 9KOHOMHM6CKHX
ctoemoctb cnamießHX so ji krk KoaryaaHTa onpeaeaneTca ctoe-
moctbd TpancnopTa. BaatHo e to, hto oöpasynnEflca npa oöpa-
ÖOTK6 Bo£ 30JÜ0S OCaÄOK OÖBOXHBaeTCfI. Oca^OK
MOX6T ECUOJEbSOBaTBCÄ ÄÄH ESBeCTKOBaHHH KECJEHX [lo], B
to xe BpeMH oh HBÄaeTCfl, ÖJiaroÄapH bhcokomy coaepsaHE® Soc-
SOPHHX COeÄHHeHHH, xopouiHM ynoÖpeHHeM,

Hs HsaojseHHoro bhboä, bto napjmy c HcnojEbsosa-

HH6M SOfl H raTOKOB JS.XR npOH3BCÄCTBeHRHX CTOBHHX BOfl,
HeKOTopae bej& ex moxho c ycnexoM npaMeHHTB aan oöpaöoiKß
ÖHTOBHX CTOBHHX BOfl. HCCfleflOßaHHfl CO CflaHpGßOfi 30Ä0H ÄOKa-
SBJIH TeXHHKO—BKOHOME^GCKyD OÖOCHOBaHHOCTB CKB3aHHOrO

Jlmepa t y p a

I. Xy I e b k c 8.M,, HanKOBCKHž A.B. Mc-
no/CL3oBaHne sÄOKyjwhtob b npopeccax cToqHwx

boä (oösop), M,, 1975.
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A. V3su, H. Mölder

The Use of Ash in Wasfcewater Treafcmeafe

Suamary

The literary review of fche use of ash in wasfcewater
fcreafcaenfc froa heavy aefcals 6 oil and ofcher organic com-
ponenfcs, gives a characfcerisfcics of fly ash, fchat has
been used as coagulant in fcerfciary wasfcewater fcreafcaenfc
for phosphates removal.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TP3T2H TAÜJMHCKCTO nOMTEIHMBCKOTO HHCTinTTA

J§ 445. 1978

yjlK 628.334.42

H.H.Kapy, A,3,HaapHTC, O.H.llayjiyc

HOCJITOBÄHHE MEXAffiRECKOft CTOHHHX BOJI
ITOOJM3HOrO 3ABOJLA HA MBOPATOPHOfö 7CTAHOEKE H

OÜHTHOM MHKPOSHJEjTPE

AKTyajiBHOCTL npoöaeMH samuTH boäo6mob ot sarpHSHeHMH
oöycnaßJiißaer noßHmeHHoe BHHMaHHe sonpocaM ouhctkh h jjo-

OHHCTKH CTOKOB paSÄHHHÜX OTpacneÄ B Ha-

cToamee Bpena TajunracKiM noanäTexHHqecKHM hhctätytom na öa-
se ohhctehx coopyseHHä KeflažHCKoro öHoxHMUHecKoro
Jlhtobckoö CCP nposoaaiCÄ SKcnepHMeHTanßHHe HccneÄOBaHHH

UPHUeHGHSH JS.JIH OEKCTKH CTOHHHX BO£ rHÄPOJTHS-
hož npoisHmaeHHOcra. HHxe hpeboshtch HeKoiopne pesynLTaTH
BTHX HCCÄeÄOBttHHa.

Ochobhoö KeaažHCKoro BX3 hbjthbtch kopmo-

BH6 ÄPOÄXH. Ha CEHCTHH6 COOPy3E6HHÄ EM6CT6 CO CTÕUKUME 3C~

äbmh sasojja (npHMepEo 70% ot odmero pacxona) nociynaai xo-
-3HÄCTB6HHO—dHTOBH6 CTOKH H HeKOTOpOe KOJIHE6CTBO
ctoehhx boä ÄPyrax saBOÄOB. BssemeHHHx BemecTß
b npoH3BOÄCTBeHHHX cTOKax b 1977 rojjy cocTaßJiflno b

600 - 800 kt/ji, HIKg - 1200 - 1400 mt/ju noone paajien&HOK

nepBHEHOfi OHHCTKH HpOH3BO,U;CTBBBHHe 2 XOSHÖCTBeHHO—dHTOBHS
ctokh cMemHBacTCH h HanpaanmoTCH Ha saievi na
BTOpaHHHe OTCTCÖHHKH, BBHjy ManOŽ 3SSeKTHBHOCTH
poB BTopHHHHe OTCTOŽHHKH neperpyxeHH h coaepscaHHe BBBecH b
OEHmeHHOö - 300 wr/ji. o,hhom ii3 ockob-
HHX BOSMOSHOCTeŽ ynyHffleHHH paÖOTH CTEHOEH HBAfIeTCH ÄOOHE-
CTKa ctokob, a Tasse yMeHßineKEie narpysKß na cymecTDyßamne
OEHCTHue coopyxeHHH.

yHHTHBaa BumeasnoseHHoe, nem.
anacß, 80-nepßHx, b oapeneneHSE npEMeHenriH

MHKpaJiEJEbTpOE HOCne oT£BffibHKX STfinOß BO-BTOpL'X,



b
sHJEbTpOB npa

MccTOfIOBaHHH b rpex tobkex - nepe.ii; aspo-
sßjn>rpawH, nocjie a9posH jh>rpoß h nocae btopbhhhx otctoöhb-
KOB. OüHTHHÖ MHKPOSHS,TP KKe.II tl .HJIHHV ÖapaÖaHE L =

= D = 450 mm. Ckopoctl Bpameima öapaöaaa öhjih nocToaHHan h
cocTaßaana n = 2,11 oö/mhh, cooTBeTCTBOBaao npofloji-

XHTeJIBHOCTH sEjn>TpoqHKJia T = 13-17 C, UpOMtIBKE mhkpo-

ceiKH ocymecTßaaaacß iLaacTHinaTUMK pasöpHsraßaTejiHMß noa
ÄaßÄeHHew 0,6-1,0 aru. npa,veHßJin kek thk h
MHKPOSHffBTpCEaHHyH) BO£y, HpH 9TOM paSHHUJJ B B^eKTEBHOCTH
pereHeparpHK ne oTMeqajiocL,

aocfleÄOßaHHä b 1977 ro,ny npasefleHH b Taönaqe I.
Ta6j b ii a I
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Cpejume pesyjCbTara HCC.ie.KOBaHHH Ha OUHTHOM
MHKpO^HffBTpe

Tonna
npose-

IIpHMe-
Hflewaa

JzexhEaa
npOHSBO-

IIOTepa
Hanopa

CojepsaHHe BSBemeHHiix
semecTB

AeHM
orraroB

mhkpo-
ceTKa

AHTeJIB-
HOCTB
m3 /m2 -qac

B MHK—
poceT-
ite,

MM

b nocTy-
naamež
EO/ie
MP/JI

B $HAE.T-
paTe
mt/ji

3
of
/»

nepeÄ C6TKH
aapo-
$HJEE>T-
paM2

» 008 30-45 40-60 150-250 90-150 25-35

üccae ceTKa
aspo-

POB
Jfc 008 15-30 20-100 150-200 100-140 25-40

Hooae
BTOP0M-
HKX OT—
CTOHHH—
KOB

ceTKa
ja 300
raayn-
Horo
nepe-
naeTe-
HHH
ceTKa

4-13 50-100 I00-350 50-150 45-55

Ja 0045 12-20 30-100 100-200 70-100 40-50
B paÖOTax !I, 2] H3ji.oaeHa npoPHosEposaHaH npo-

H3BOÄHreabHOCT0 h e$$eKTa OHHCTKH M0KPO$HÄ£. rpOB, npHMSHHfiMHX
aaa chhctkh waaoMyTHHX, naaHKTOHOCOAepaamEX nOBepXEOCTHHX BOA
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Ka ocHOBe ckhtob SEjn»TpoBaHEH npa pasHHX notepax
Hanopa nepes MHKpoceTKE pasnoö uäothocth öhäo ycraHOBJieHO
Cil, HTO CBOŽCTBa BOÄH HPH MHKpOSHfILTpOBaHHH AOCTaTOHHO
xapaKTepHBOBaTB KOHpeHTpaijHefi: BSBemeHHHx semeciß b ecxoa-
Hoä boä6 - C 0 Cmt/ä]h BKcnepHMeHTanLHO onpeAejmeMtJM no-
KasaTe^ew

a_ d*
_

d -const f-i-11 dTTc “ dHc dt
“ Lm - c -! ’ (I)

rae a. =

—^— iHTeHCHBHOGTb npEpocra r*Äpaß33BecKoro co-

H c - noxepH Hanopa b MHKpoceTKe, m;
V K

- cpanHaa ckopoctb $E;nE>rpoBaHHK, m/c;
V 0 - CEOPOCTB SHÄB¥pOBaHÄH qECTOÖ BOAH HepeS

ÄaHHyg) MHKpoceTKy npi noiepe Hanopa H c ,ia/e^
t - npOÄOÄSHTe/EBHOCTB SIÄBTPOIJSKJBE C,

Ko3ssEnieHT ji xapaKTepnsyeT scay c tohki speHia cno
COÖHOCTH 3arpH3EffEIUHX BemeCTß OÖpB3OEHBaTB CTaÖBJIBHyD HJieHKy
Ha HOBepXHOCTH MHKpOCeTKH. Ho ESBeCTHHM SHaneHEHM C D E jt
MOXHO paCCHE7a?B npOBSBOÄETeÄBHOCTB E 3$$6KT MEKPOSEXBTpa
npi onECTKe MajiOMyTHHx boa C2],

B HacTOKinHx HccaejiOßaHHHX öuxr nocTaßsena saasta onpe—
ASAETB yCAOBEH HCnOJEbSOBaHEH BHffieHaBBaHHHX pesyÄBTaTOB npE

CTOHHHX BOA PEAPOAESHOä CPOMHUIJI6EKOCTH«
JUih 9Toro npoBOAEJiECB oühth na jxaöoparopHcÄ yc-
TaBOBRe , npeACTaBÄHDmeÄ coöož cECTeMy c aaymh nepejiEBHHME
öannaMH, Meaay kotophmh yciaHOßjreHa MEKpoceTKa c paöoneä
naomaÄßK oo =2,16 cm 2

, Hsm6hhh bsezmhos bhcothoc pacno-
AOxeEEe öaBKOB, MoaHo cosaaTß pasHue nepenaaa KBBJiemx Ha

MHKpoceTKe, a Taioce esmcpitb cooißeTCTßyianHe hm pacxoaH
giHJißTpaTa nccjieayevoa: khakocth.

Ha ochobc paaee npoßeaeHHux EccjieAOßaHHä asEecTHO Cl]»
hto b Teneime oähopo sHflßTpoipsKAa npa H c=const cynjecißyeT
38K0H0MepH0CTB

= I + «Li (2)
V K.

npa o. = const .

üoaTOMy juih onpeaeaeHEH noKasaTejm jt oiihth iipoboah-

ähcb b AByx ToqKax: npa H c = 0,08 h nps H c = 0,14 m c es-
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MepenneM cooTBeTCTByctuHX cpeaEHi CKopociefl sßa&TpoßaHEa
1 / 0.08 _ \/ 0,1 A-

\/ 0,08 rm W O,IAV ’ e V . 3nafl Vn ’ h V 0
’

, mosho no sop-K K 0 u 0,08
i jj

Myae (2) onpeaeaETß noKasaieaß 306
_

v°,oa ~

cx. 0» 14
=

VnM 4 i t
\>

uö;ia —1
_

= -1K . ÜOaBSyfICB .HaifflHMH, IHTe—-

pecyrauyio nao BeaBKEHy onpeaeanew b BHae:
0,1 A- 0,06«a-» • r i 1P 0 14-008 Lm.CJ ’ v3)

hhx C 0 ; [i a Hc , naxoaHaH no cooTßeTCTßyDiaei
sopwyae [2];

vk
= T-T3t k

- (4)
rae k 4 - nonpaßonmäÄ Ko3<ssHqHeHT;

T - npOaOJIXHTeJEbHOCTB JIBTPOIJHKJIQ. MBKpOSBÄBTpa(npO-
MexyiOK BpeMenH c MOMenra norpyzeHHH cctre ao
Baxoaa ee H3 Boau), c;

h - cooTsercTßeHHO saKTHnecKaa E cyMMapHaa naomaaß
SHJIBTpOBaHEfI MHKPOSHaBTpa,

D - aaaMeip öapaöaaa, m;
Vbp - aHHeanaff ckopoctb öapaöaKa, m/c.

MHTeHGBBHOCTB npHpOCTa rHaPaBaHKeCKOrO COnpOTHBaeHHH MHKPO—-
ceTKH sa oaHH oöopoi öapaöana MExposEaßTpa onpeaeaaercfl es

Lg 1000ot = 3,65 - + 0,43 Lg ( H c - c5 • K,) , (5)
vl>

rae k
{
- Ko3<ssHijHeHT, saßHcamnä ot npHweHHeMoä MHKpoceiKH,

MeioaEKa pacneia xapaKTepHCTHK MEKpoceioK, a raKxe cKopoc-

th shaßTpoßanzfl kectgE soaa V 0 npEseaeaa b paöoie [3],

B KaqecTße npßMepa na sßr, 1~3 npaseaeHH rpesßKß, xa-
paKTepEsyßdHe cxoaHMOCTB pac-qeTHKx aaHHHX c oühthumh. Kbk
noKaaajm HccaeaoßaHHH, nonpaßOKHaä Ko3ssaqßeHT k4, npawe-
KHeMHK ara paeveres no sopwyae (4), HBraeTca nocTOHHHOž se-
aßnEHoa ara asime# ceTKH*

PacneTHHä 3sseKT okectke MHKposEaßTpa onpeaeraan no
sopMyae:

3 P
= i - e' K s^ Co

. (6)
CxoaHMOCTB pacqeTHHX aanmix c oriHTiaiMH xapaKTepaayßOT rpasH-
kh na $Er, 4-6* Upa 3Tgm nonpaßonnnä Ko3sssaiHeHT k 5 npBHH—
MaaH nOCTOJIHHHM.
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Cj) H r, 1, CxOUHMOCTb paCHeTHOK npOH3BOfIHTeJIbHOCTH c oühthoh

MHKpoceTKa N° 300, nocne btophhhhx otctoöhhkob,

K. - 0,725.4

<J)Hr 2 CxoaHMQCTfa paCHeTHOH npOHSBOfIHTeJIfaHOCTH c OnbITHOÖ.

MHKpoceTKa Ns 0045, nocne btoP hhhmx otctohhhkob,

K. = 0,8.4
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<t>ar. 3. CxoAHMOCTfa pacneTHoö npoHSBoaHTenBHocTH c onbiTHolt
Mmcpocera Nš 008, nocne = 0,56.

<l>Hr. 4, CxonHMOCTb pacneTHoro scbcJieKTa ohhctkh c ontiTHbiM.
MHKpoceTKa N° 300, nocne btophhhwx otctohhhkob,
K_ = 0,77.o
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(Jjht, 5. CxonHMOCTb pacmeTHoro ohhctkh c ontrrubiM,

MHK.poceTKa N° 0045, nocne btophhhwx otctoöhkkob,

K 5 - 1,35.

<t>Hr. 6. CxoaHMOCTfa pacneTHoro syqieKTa ohhctkh c onwTHbiM.

MHKpoceTKa Ns 008, noc/ie K g - 0,57.
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Kek noßasasH nposeseHHue hccAeAOBaHHH, npMMeneHHe ue-
TOjia MHKposun>TpoßaHHa Moxer yayHinHTt paöoiy ohhctho2 craH-

EPSE E COKpaTHTL EOJffIBeCTBO CÖpaCHBaeMOŽ 8386CH. B
noEosHTejiLHoro asseKTa caeAyei oTMeTHTB k to, hto hpomheke
MHKpOCeTKH HBAfleTCfl CPGACTBOM öopböh c oöpaaoßaHHew nemi.
Me? oa MOAeAEposaHHa paöoqero npoqecca mhk~
PCseabtpob, paapaöoTaHHufi ääh wa/iOMyTHHX boa» mozho

HPHM6HETB H RJISi CTOKOB TEAPOOTSHCÄ HpOMHffIAeHHOCTH,
IfoAßsyacß pesyAßTaTawH Haöoparoparac ouhtob, mokho cocsasETß

HOMorpaMMu, no3Bo®romMe öes npoßeAenas HaTypma: HccAeAOßs-
heü Ha MHEposHai»*pe onpeAejoiTL HaEõojiee onTEuaAßHue ycjiOßEfl
npKweHeHFjj mhkposhäbtpob khk b cxene ohhothkx coopyxeHHä,
TEK E AJIH AOOHICTKI.

BMeoie c reM HMeDica h HepemeHHHe Bonpoca. 3to npejyje
scero npoÖJieMH ÖHOAoraqecKoro oöpaoTaEßa’ mekpocqtke npi a#h-
TeALHOž aKcnayataqiF meepotiabtph, saEOHOMepaoütr H3M6H6heh

EO9SSmHeHTOB npa npHMeHSKaj: paa-m mekpocgtok
e ap# yTOHHeEHe 3tbx BOnpocoß aßaaescA icabid AaKßHeäaHx ac-
c^eAOßaHiä.

ÜBTepafypa

1. K ap y f1.f1,, üa a n. b Ü.JI. HccfleAOßamse igxho-

jiorHHecKHx noKasaTejiefi MEKpoceTOE e TKaHefi, npHMenabmhx aa
MEKpo$EABTpax. - "Tp, TaAAHHCE. ÜOEBTeXH. BH-Ta", 1977,
£ 420.

2. Ka p y fI.H., II a a n b JT.J£. MeroAHEa pacaera
MHKpOSEJEB?POB AJW OBECTEH MafIOMyTHHX BOA. - "Tp, TaAABHCE.
noAEiexH. eh—sa", 1977, £ 420.

3. Ka p y H.H. PacaeT xapaKTepHCTHK MiKpoceroK h
TKaneÄ npaßHJt&Horo reoMerpiaecEoro crpoeHMH. - "Tp. Toohhck.
nofflarexH. BH-ra", 1977, £ 420.



J. Karu, A. Naarits, 0. Paulus

The Waste Water Clearing lävestigatlon of a
Hydrolysls Factory on Laboratory Set-up and
Sxperimental Microstrainer

Suamary

The artlcle presents the microfiltration problems of
a leaven works sewage. The experioents were carried out
with water taken after different stages of purification.
Filter fabric from 35 to 80 ycm was used. The filtration
paraaeters were determined on laboratory set-up aa well,

As the result of the research, the purification ef-
fect of suspended solids was revealed and the methods for
the nodelling of the process were suggested.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyjUJ TAMHHCKOTO nOMTSKHKHECKOTO HHCTHT7TA

Jl 445 1978

7M 532.621.643
Ü.H*AIHOJia, y.P.Jüaffß

OE YWE CMMAEMOCTM DPR HE7CTAHOBRHUEMCH
fIBKJEHKH 3ERHKOCTH B TPYEAX

Sajuala o HeyoTaaoßHßmeMca reaeHHH HecKHwaeMOH äehkoc-
i'H b Kpyr®ux rpyöax Be.neT k hhterpHpoßaHHß ypasHeHE# Tenao-
npoBOÄHOCTH, 3to aeriso ocymecTßaaeTca KaaccHaecKHMH Meiona-
mh MaTeMaTHaecKož SH3HKK [l-3], PeraeHHe sToä se aasana häh
c»HMaeMC«i xhhkocth nase Ha öase ynpomeHHOÄ Ma?eMaTHaecEOö
«©nean 14-6] npefiCTaßJwer öoaee ceptesHae MareMaTHaecKHe

TpyÄKOCTH. üoBTOMy Bciaer sonpoc o tou, npa Ka-
khx ycaosüax mosho paccwaTpHßaTß peraeHHe necTanHOHapnoä 3a-

hehh naa HecaHwaeMOä xsij.ucocth khk npadaHseHHoe pemetrae naa
c®HMaeMoä shhkocth.

B HacToamež paöore HccaeHyeTca BJUMHHe cKHMaewocTH xhh-
kocth sa cpeÄHDK) GKopocTL HeycTaHOßHEineroca üfeaeHHH. Pac-
CMaipHEaeTCH HecTaipjoHapnaa sabana Teqemifl xhhkocth b Tpy-
öe, Korna he kohhex Tpyöa saHaro naEaeHHa, Z3MeHaK3tmieca npo-
H3BOEBHO BO BpeMGHH» KCXO.Ha H3 HHSSepeHHHEaLKHX ypEBHeHKŽ

Haa catHMaeMoa xhäkoctü [4-6] h npHMõHaa onepauHOHHHž mbtoh
Haa 3TOÄ
CKopocTH TeaeHHH, Taie kek HenocpeHcrseHHoe oöpameHHe aroro
npeoöpaaoehhhh kg HpencTaßaaeTca bosmoxhhm, to HccaeHysaT
acHMHTOTJiaecKoe noßeneHHe oparEHaaa npa t—- c>o . B coot-
BercTßyDmeM acnwiiTOTHaecKOM pasaosceHHH npeoöpasoßairaa nep-
bh3 näen asaaeTca pemeHHeM sanaaH npa HecÄHMaewož khäkocth,
a nccaeHytoraHMH aaeHaMH heku nonpasKE, oöycaoßaeHHHe csh-
MaeMOCTBB) sehkocte.

B Komje paöora npaßOjxaTca nepsae aaena acEMiiTOTHaecKO—-
ro pasaoateHHa oparHHaaa naa ohhoeo KOHKpeTHoro cayuaa Ky-
coaHC-HBHežHcro üsMeaeHia HasaeHiaa bo BpeweHü. Ha ocHOBe
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Bioro npaöjraxeHHoro penjensss aaajnisipyeTCH saHarae czHwae~
MOCTE 3USÄKOCTH Ha CpejfHDD CKOPOCTL TeHÕHHH HPH t —oo.

I. nocTaHOBKa sajga^i

OinicHßaeM EeciaiiHOHapHyiD ocecHMweTpEWoro äbh-
xeHHH cxHMaeüoä shäkocth b Kpyrmix Tpyöaz npE noMOiiös ynpo-
meEHHx ,SH4)SepeHHHafIBHKX ypaBHeEHS [4-6], kotojmö s Öespas-
MepHHx nepeweHHHX mosho npeacraßHfß e BSjue;

t)Ufc [D 1u t \

of
“ ,'(w"nsn) + h '° j (i.i)

H =0tir, ’ J
Tiu n, 4 'öq, n

W + >i N + jx” a ' a.2)

K 9TZM yPBBH6HHHM IIpHCOSÄHHHeM CHeÄyiJffiSe M rpa-
yCJIOBHH:

u 4 =0 0 cp = 0 HPB T= 0; (1.3)

** 4 “°’

| (1.4)
q, = q,** npH % = <. J
u •= 0 npH r|=i .

(1.5)

3;n,ecL öespasMepKae
cooTHomeHKž:

t
_

z n- t - c. +
. 1* - r 9 ~ a ’ X - L ’

u .
_YI u-kiL, g _P_.. (1.6)

*- u ’ n “ aü ’ ■ g<dU ’

a* = -r 5 q** =—— ,
-« ,y v

rae v 2 ,vP - cocTaßJisimHe bsktopb ckopocth b Hanpaßae-
hhb ocz KoopÄMHaf z, r ;

p - ÄHEJieEHe;

9 - iijiotkoctb xh^kocth;
ytl - KOBSSäUHeHT BH3KOCTH;
C ~ CKOPOCTB 3BYKE B X3JJKOCTH;

caejsysomaz cooTHomeHHž:



t - speiaa;
d a L - pa#nyc h aähh& rpyÖH,

CpejmsH no ckopoctl
a

V 7 = —\ V, pdr2 '■ (1.7)
0

BHpasaeTCH npa noMoma öespasMepHHx b Bime:

vz = uw, (1.8)
rae

w = LUt] dr} . (!.9)
o

Egot ypaßHeHHe (1,2) vmhoxhtl aa r| 0 HHTerpapoßaiß
no KOopÄHEETe rj , to ypaßHeHHe:

. öq,
_ Q (1,10)

Õ| (JT

PaccMaTpHEaeMaa sajana npa HecacHMaeMOä xhäkocth
k pemeEHD nepsoro ypaßHeHHa hs (I.I) rrpH sajtaHKož SyHKijHH

a,= ci.n)

2. PemeHHe jina cpeaHež CKopocra

PemaeM cHCTewy ypasHeHHä (I.I), (I.IO) npa a
rpaHHEHHx ycÄOEHHX (1,3)-(I,5), aaajiorHßHO paöoTEM [4-6],
onepaqnoHEHM m6TOäom.

EcJIH HPHMeHHTB OÖO3HBHeHHe
00

f(£;,r},s) = f (4,t7,T) e~ sr dr, (2,1)
to npeoöpasoßEHas ypasneHM (I.I), (1,10) upa Ha-
Bajc>Hiix yc/iOBHHX (1,3) aweeT bhä:

+ 1 *Üi __L (rj + i _
n (2 2)

= 0 , (2,3)

+ H=o. (2.4)

47
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syHKrpno:
= u 4 + ¥

Ms ypaBHeHEH (2.2), yHHTHBaa (2.3), hmcom:

B + n
a (2 -6)

\ 1
Oönjee pemerae sioro ypaBHeHEH, Koropoe hbäh6Tch orpa-

npH =Q, HMeei bhä:
*>!„(* (2,7)

rae I0 - spyHKijHH Becceaa nyareßoro hophäkb ot mhemofo apry-
weHTa;

C(|,s) - npoHSBOJEbHafI $yHKqHa,
Hs cooTHomeaHH (2.5) b (2.7) nojiyqaeM:

Üj-C(^.s)I0 s|. (2.8)

npHMSEHfI rpaHHHHoe ycaoßie (1.5), Moaen HaüiH, hto

M
C<4,s) = lMfe' (2

- 9)

CaeÄOsaTejibHO,

- t>ä io('!\/!)- i o(\/1
TIM— (2-I0)

Jlanee no sopMyjiaM (1,9), (2.10) HMeew:

w - - . (2II)«.ws) »* <2-n)

ypaBHeHBH (1,10), (2.II) oöpasyDT cHCTewy xm
ÄenHfl syHKqnä W h . McKJiBHaH es stoö.chct6mh SyHKijHD
W, nowyqaeM:

= 0, (2.12)
rae

fa)=4ttÄ- (2
-I3)

PemeHHe ypaBHeHEH (2,12) npa rpaHBHHHX ycaoßHax (1,4)
Eueet bhä:



49

% = [tV shV(sM< ~k) + (s) 0 ■ (2 * 14)

no cooTHomeHZHM (2,11), (2,13) noay^aeM

w -ii»sii^pfth » ( *sß - t,-roh * tM i]- <2- is)

PaccMOTpHM TenepL cayiaä, aoraa ]f(s-)- 0 • Hs coot-
KomeHHfi (2.13) beäho, bto b btom häh s—- 0 , häh

s —-s K , rae
s

k
=-«A2

k (2.X6)

hXK - peraeHHH ypaBHQHHH J0(A) =O, T.e. Hyaa SyHKpHH
BecceÄH nepeoro poaa nyaeßoro nopaaaa. TaK kbk acHMnTOTHKa

s-—0 cooTßercTßyer acHMHTOTHKy t—oo, to paccMaTpH-

BaeMaa acHMnTOTHKa ■* 0 coaepsET cjiynaž t-oc.
PasHaraa föiucmH (2.14), (2,15) b paa no |f(s), HweeM

+ )
3 -i]+ (2.17)

+ g*‘(o-o.} +...

H Y

*- - <p + *ft - o +

+[o -e-2o -oH] ■-r +
•••

(2 *lßl

OTC»aa b nepBOM npHöaHxeHM nojiyaarTca

3to pememie cosnaaaeT c pemeraeM paccMaTpHßaeMOä aaaaaa b

CÄyqae HecKHMaeMoä xnaKocTH, nocÄeayroaiHe miem b pasaosena-
ax (2.17), (2.18) yxe csuMaeKOCTL KHaKOCTH h hmh
cooTßerctbchho onpeaeaema nonpaßKH k pemena® oöycaoßaeiraot
CSEMaeMOCTLK JKHaKOCTH.

3. IIpHÖÄHaceHHOfe pemeaae aaa cKMMaeMož anaKOCTH

B npavepa üphnohohha npHtfaHJseHiioro pememw
(2.17), (2.13) HažaeM oparHHaan syHKrpatä cj, h W b

Koraa aasaeHHe b Komjax Tpytfn q*, saaaau cae-



jEcynuHM oöpaaow:

ai)
= 0 .

3Ä6CB q('c-r') - ejpiHHqHafl syHKqiiH XeßHcaŽÄa,

Ilpe oöpasoeshfh Jüanjiaca SyHKQHž HMeDT bhä
=■*

_

*
(, e -ST'\ \

% - ~ e >Tl* (3.2)
cp*= 0.

IIOÄCTaBaaa BHpaxeHM (3.2) b cooTHoraeHHfl (2.17), (2.18)
HMeeu:

+ <3.3)

E

CooTßeTCTßyrajHe opiarHHaÄH moxho Haäfß npH nouodH Buae-
TOB

= jrW-V*w[2- Z. e ‘tp
'

X
] LO - *)

3
-1 ] -

- {Z(t -r')(i -0 + [2 -f_
K= 1

• [(1~0 3
- <] } - 3 * s^

H

w =
L_ ( J TT _32 J_ Q*-^*Z \

öatr 1V 6« *
e /

4fH)2-'l + &Z./* e^r [(l-^-2(l^4]-
(3,6)
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- U'-$-'h£l A^-^-hUMf-i]}.
■<=< J

3&ecß XK - pemeHHa ypaBHeHHH 3 0(A,) = 0 h yj K - pe-
meHHH yp&BHeHEH J 2 (yu) =O. llo.irqepKHyrHe cjiaraeMHe b Btipa-

aceHHHX (3.5), (3,6) aajcyT pemerae paccMaTpasaeMOö sajaga b
cayqae HecMMaevioä xhäkocth, OcTajEbHue mäskh HBJWioTCfI no-
npaßKoä, oöycaoßJieHHOä csHMaeMocTLK sh^koctk.

iHiepaiypa

1. TpoMBKa H.C. K Teopra MBaxesza xhäkocth b

ysKHx üHOTHÄPHqecKHx Tpyönax, - "7H6H, san, KasaHCK.yH-Ta",
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2. Ta p r C.M. ochobhh6 Teopnn .IaMZHapHHx
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CRuff xapaKTepacTHKa rzÄPaßJfflqecKHX rpyöonposoÄOß. - "Teop.
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5. I oo ö o y E.JI., P y ji o B.T, BmaHHe BH3Koro
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hož mäkocth b Tpyöax. M,, "Hejipa", 1975,
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L. Alcols, U. Lil?

Bffect of Coapresalbility for Upsteady
Pl.pe Flcw

Saamary

Ic this irvestigatioc the effecfc of coapressibility
for the icstantaneous aeac veloclty is described, Prom
differential equatioas for coapresaible fluide, oaing
oparafcor calcalus, the Laplace transforaatioc for icstar
tarneoas aeau flow is deteralned. Uslag the asyapcctical
aethod the first approxiaatiohs for the origiaal are ob-
tained. Ih this solution the first tera corresponds bo

the solufeioc of iaccapreseible fluid flow, but the aext
onoa giva the correcbion froa the coapressibility of
fluid to ths aotion.
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TALLINNA POLÜTEHNILI3E INSTITUUDI TOIMETISED
Tpyjm TAMHHCKOTO nOMTEXHIRBCKOrO MHCTHTSTA

» 445 1978

7M 532.621.643

jü.H.AäHoaa, y.P, JWe

BAPHAÜHOHHHE HPHHUtffIH H 3AKOHH B3AÜMHOCTH
JUIH HECTAIIHOHAPHUX 3AJUTC IHJ3KOCTH

B TP7EAX

BapiamiOHHue etpehuhhh hmoet b npaiwiaÄHoä uexemse, b
tom uHcae b rHÄpossiHaifflKe, pasnooöpasHoe npiMeHeHie. Ohh
sbähdtch BwecTe c hphmhmh h motorom KOHeEHux ase-
M6HTOB CP6ÄCTBOM HHCJÜ6HEOPO pemeHHH 38£aH. BTO X6 BP6MH
ohh Mory; öhtb npiMeaeEH h jua nojryHeHHH HeKOTopax oOmnx
reopeTHHecKHX pesyx&TaTOB•

B HacTonmež paöoie csopMyrapoßaH oömsä BapnanHOH-
HLÖ HPHHHHH J\JIR OÄHOÄ HaCTHOH

ho, rssi HecraqHOHapHoro ocecHMMeTpHHHoro tohehhh cxHMaewoi
EH3KOŽ XHäKOCTH B fpyöüX, H paCCUaTPHBBX)TCH ÄBa ypOßHfl
npHM6B6HHH 9TOPO DpiHHElia. CHEEana 3TOT BapHaHHOHHHŽ npHE-
ipn npEMeHaetCH rssi saßOfla HSBecraoä, Haaöoaee npaMOHaeMOö
ynpcmeHHOt MaieMaTHHecKOä jyw paccMaTpHßaeMoä
hh Cl—4l. äm sforo, Ecnoaßsya BosMymeHHfi hb coot-
EeTCTßyumero symcqHOHana, bhboähtcä ynpomeHHHä syHKmoHan t

H3 KOToporo BHTeKacT OTSSepeHHHaHBHHs ypaBHeHHH, HauaEbHHe
h rpaHHHBHe ycjiosM äehhcä Modern, Jlaaee, nox&syacL oöohmh
13
rocth jym toehoä i yfipomeHHOä MOÄejieä.

I. BapganHOHHHft npgHigm

BapHanHOHEHe npHHipnH pa aHHeftHHX hü^ojibeo—Kpaestnc
saflaM cnepua csopMyÄHpoßara aüh ypaßHeHHä toophh ynpyroc-
TH H BOÄHOBOPO ypaBH6HÄH [5-B], IIpHHUHiniajEbHO HOBHM npH
3TOM HBaaeTca tot sekt, hto coorßercTßyrame SyHKUHOHaaH
BHpaaaßrca nepes HHTerpajm-CBepTKH no BpeweHH. .Haa ypas-
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hshhM rHÄpoÄHHaMHKE BapHaipioHHue npHHQHim urn na^aao-Kpae-

sax saaaa
ähtch EapuaqaoHHHe upampami rk HeczHMaeMoi a b
paöoie [lo] -rk BasKoro TenÄonpoßoaamero rasa. Haxe npa-

BapHaUFOBBHÖ EpHHQHH RK £HHeapHBQBBHBaX ypS£H6H£fi
Haßße-CTOKca 9 o¥0&u&
erea ot KaaiaHHKX BapisanaoHHHX npaaaanoß m fou cuucxe, eto
npHweHHM b Kor.ua rpaHHEHae yeaosHa aa fopqax sasaHia
5 HanpazeHßHX,

OrmcusaeM ocecHMMeipHEHoe R&meme cxßMaeuoi
s Kpyrjfflx rpyöax ÄHSSepeHUHaÄHHMM ypaaHepcajiMH HaK>e-C¥OKca

fST “~?r ’ (I.I)

? cl e-lH.=o,
TÄ6

9 = + «-2>

V‘

= TF^ +
? If + <1,3)

v z ,v r - cocTaßJMDmie ckopocth b HanpaaneHHii oeefi 7,0;
p _ ÄaßJiesue;
£ - ÜÄOTHOCH» S*äKOC¥ä;
yU - KOössHimeH¥ BK3KOCTH;
C - CKOPOCTB SByKa B *BÄKOC¥K;

t - Bpeua.

HycTß rpeöyetca npoHHterpipoßaTi» jpassßpeHr*Hajn>Htie
ypaßHeHHa (I.I) npa caeÄywaHx rpangqKHX ycaoßHflX aa oiemte
Tpyöa:

vp =Q , v z = 0 npH n= a (1.4)
b aa KOHpax Tpyöa
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n 2 ~Q
_ r *

jj f^V P , V Z ]_ r *

"P +2/J £ -TP - az 5 Pz

npa z= 0
(1.5)

_ "ÖVr 2 n “ÖV-A -«*

~P + W ”tAI 0-a*
’ lõT + X)T~J ~% pz

npa z= L

h npa caeaycuoix Eakani»hux ycjiobehx;

Vp = Vp, v z =v°, p=p° npa t= 0. (1.6)

OöosHaEHM no BpeMeHH nepes
t

g*f = q(z.n.tj)f(2,p,t-rt4) dt, (1,7)

0
a paccMOTpiM syHKipJCHajr:

C\ j r\ a *õvp {

-p* 9 - T/J e* 0 + w* w + -pVp *Vp +

3v z n aj Dv z\ /Pvp z \ (1,8)+ öT* ,sr) + + +

+ 1^Lv z(z i
p »°) v z (z,n,t) + vn (2,r, 0) vp (z,r,t)] -

°) p [v° (z, vz (z,p,t) +

+ vJ(z,p) Vp(2,r,t)] + Xrp°(z,n)p (z,n,t)} rdrdz +

d ■
[<r*(p.t) *vz (0, n,t) ~ cr z

* (p,t) * v z (L,P,f) +

+ r p
*

z (P,t) *Vn(O,P,t)-T**(P,t) * V p (L,P,t)] PdP.

Jlerieo npoßepHTß, hto ycjiobhhmh cTarjaoHapEocra syhki{l-
- (1.8) b caynae, Kor,na BapßapyeMHe syHKijaa vz , v P , p
YÄOBJieTBOpfIBT rpaHHEHHM yCEOBHfIM (1.4) Ha CT6H36 TpyÖH, HB-
nswrca ypaßaeHHH (I.I), rpanaHHue ycjiobhe (1.5) na Komjax

ipyöa 0 HanaaßHae ycjiobbh (1.6), JtežCTBHTeji&HO, oöpasyn nep-
Sjd Bapaana» (1.8), npeoöpasya ee c noMombto sop~
Myjw OcTporpaÄCEoro h ynarnßafi, hto
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5v z =O, &vn= 0, npi r= a, (1,9/
noayqHM

sl = \ \((?-?r + TT -/u^v I -^||).svi +

+(?W + TF v -
- -&Jr) * 5vi’

-

- ■^^°20 + *SP +

+ pf rv z (z.r,o) - v° ] 8vz (z,r s t)+
' L (I,IO)

+ [v P (z, r,O) - vr
°

] 8vn (z,p,t) -

-
~T [p(z,r,o)-p°]sp(z,n s t)}) rdr d 2 -

- L(-P + \M 0) | z=L
a"^ * 5v

*
(L

’
P>t) +

+iP + j z=^T r, z-J * Sv p^ o
» M) -

-^(^^)| z=
-^]^vn (L,r ,t)}ndr.

BBÄHO, BTO yCJtOBHfIMH CTaipSOHapEOCTE SyKKT(HOHa-
m I HBJIHDTCH ypaBHeHHS (I.I) H yCÄOBEfI (1,5), (1.6)

2. Bkbo.ii; ynpoaeHHQž reopHH

ääh ÖOKee npocTax MaTeMaTircecKHX MOÄöJiež , np«
onscaHHE ÄBHJteHM cxHMaewcÄ b ipyöe, HeodxoÄHMO hc-

nofflbsoßaiß iipeÄaojioxeasH o •nopa.mcax paccwaT-
PEßaeMHX BeJDTqHH B COOTB6TC7B6HEO ynpOCTHTB SyEKHBOHajT (1,8)*

nopHÄKOBoe passeaefiae HcnoffibSyeiäax npH homouie
nepexo.ua k öespaswepHHM BejnreaHaM. Aeeots qacfHKX pemeßnaä
ypaßKeHHä (1,1), cooTßeTCTßynßiatx aueMöETäpEHM BoanaM, nofca-
BHBaei [l], qro aaa 3TO& tjejm ueaecooÖpasEO aepežTH k öea-
paswepHHM KOopaHHaiaM 4 5 H5 T H despasMäpHUM nepeMeasHM

u , ürj, cxejayssißiM oöpasoM:
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i = Li, r = a n ,
t-it;

(2. x)
vz = vP =LUun , p= c U cj, •,

c ap = ; t= .

3necß U - HopMKpynmafl ckopoctl,

OTHomeHHe pauayca h ääbhh rpyÖH z cmaeica memm
h paccMBTpHBaeTCH Kas Ma jdm napaweTp.

CooTseTCTBeHHO cnraew, sananHue HaqaaßHue CKO—-
poen e xaßJieEEsi e sajaHHHe hmget bbä

vz°=Uu°, v°=LÜü 0v p 0 = G^U^0
; (2.2)

E
<y*= opUs z , T r^=LcpUt* z npE 4 = 0;'

(2.3)
ar=opUs*z*, npE 4=l. J

JUa ynpomeHHOÄ Teopra BcnomsyeM renept Bapaa-
ipsoHHuS motoä, b paöOTe [II]. HepeaaeM b syhk~
QHOHEÜie (I.õ) K HOBHM ÖGSpaSMepHHM nepeHGHHHM E KOHCTaHTBM
no cooTHomeHHHM (2.1)-(2.3). Torsa c&yHioiEOHaji I mosgm upea-
CTaBBTL B BBÄ6 CyMMHI

T •£- K-1
-I=Z. L I K ,

k=o (2.4)
nepHJž b cyMMe bmcgt bbä:

�

0 o

. /tlU n I t)u.\ .Du* "ÖUi
“ 2flw +li u

*
+ W* t>n +

(2.5)
+ u 4 (|,n,o)u^(4.n s

' c)-

- 2u°4 ( 4,i7,r) + n drj d4 +

+2. J [s*(r|,r) *ü 4 (O,q.T)-s7(ri,T)*U|O.rj >r)]i7dlTiJ.
o
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3necL HHTerpaau—csepTKH bsäth no öespasMepHOMy Bpe-

M6HH <T E HMefflT BEJi:
x

g*f = g
o

Ecäh BcnoEbsoßaTL moto# Maaoro napawerpa i b ojme
(2.4) coxpanflTL TOJtbKO nepsaä HJien, tö b nepBOM npiöaMe-
HHE (1.8) SSMeHIieTCH SypnjBOHSJ£OM (2.5).

Oöpasyn nepßjno BapaaqHD syHKmoHaÄa (2.5), nat^eii:

5I0= ? oä U + Su 4 +

+ 1^*5 + 5^ + Tt I+Št)* s'* +

+ K(|,r},o)~u 0 J5u1(4,r? ,r)-2[qr^,r),o)-cf]o^J i7.r)}. ( 2a 7)

i
• -

o
-S**(t},r)]* Su^O.rj.TOjrjdrj.

Snecb yc tobia (1.9),

Ha cooTHomeHM (2,7) biäho, eto craniOHap-
hoove SyHKi?HOHajKi (2.5) npM ycaoßHß (1,4) kb.shtotch
peHrpsasßHHe ypaßHeExn:

|| = 0, (2.8)

5üi+ |yi + »i = o-3rj n ftr *

rpaHßHHüe ycTOBM

a-s* =0 f npa 4= 07 (2,9)
cj-5,n = 0 , npa 4~ 1

H Hanasßaae ycxoEHH:



=u° , CJ, = cj,
0
, npa r= 0. (2,10)

ypaBHeHHH (2.8) paccuorpeHH b paöorax Cl—43.

3. SaKOHH BSaHMHOCTH

Oösop paöoT o saKOHax b3Bemhocte b PESPOjaffiauHße san
b CTaTLe [l2], SaKOH BsaHMHOCTH rm. HecxaqHOHapHm npoqec-
cob b PHÄPOÄHHaMHKe npHße;seH b paöoie [lo], B stož paöoie

3HKOH BSaHMHOCTH UpEMGREM B CJiyßae paSSHHHHX Ha-
RS.O.HHX yCJIOBHg, HO npa OAHHaKOBUX rpaHHRHKX yCJIOBMX. Ra-
se jxjix bhcthoö sabana HecrarpjoHapHoro renema shäkogth b
xpyöax npHBOÄHTca Öojiee oömae sbrohh BsaaMHOcra, oxßaTHßac-

mae caynaü khk pasjiHBHHX HanasßHHx, tbk h pastfaaHHx ppaHüa-
HKX yCBOBIS • nps BHBO.se SBROHOB BSaHMHOCTH HCIIOJEbSyDTCa BB-
PHaqHOHHHe hphheehhh, npHßeseHHHe b npesssymHx nyHKTax.

OTM6IHM» HTO 6CJIB ypaBH6HEH (I.I) H yCSOBHfI (1,4) -

(1.6) ysoßseTßopeHH, to npa jodöom Baöope BapaaqHH 5u z , 5u p

h 5p BHnosHflercH ycjiOßHe:

61 = 0, <3.1)

rae 51 sauana cooxHomeHHeM (1,10).

Oöosnaaaa
Su z =u'z , 5u p =u'p , Sp =p‘ (3.2)

h Hcnosßsya sopMysy OcrporpaßCKoro, woseM BHpaxeHHc (1,10)
DPHsaTL BHR

61 + w * Vz +

0 0

(Wr t)p' /2 I Vp \ \ ‘Õo'\- + ör Vp p) 3^lW*Vr

“ tt’)* P + ?[v2 -
(3 * 3)

-v° vi (z,n,t)+vn (z,p,t) V p(z, p,o)— v° Vp(z,p,t)]

-~r [p(z,n,t) p'(z,r,o)-p°p'(z,r,t)]) Pdrdz-

59
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a , ,

- ö ') | x=J vz -

o

- ö')| z=
*v2 (L Jr,t)+cr z*%vj(L,n,t)+

+ M(fr +w) | l= V°.r ’V-<z * (0
- r -

-pijr + TSFJ «v^l.r.tljrdr.
üpejuioflOKHM Tenept, bto dbyHKqaa v‘ , v p ,p’ hbjmbtcä

pemeHHHMH saflaqa (I.I), (1.4)—(1.6) rrpa saitaKHHX HanpaxeHH-

hx , cr 1* , <r'z**, x'** na KOHEtax Tpyön npi z= 0 a
z= L h npa 38£aHEHZ HaaaÄBHHX ckopocthx h jiaßJieHaa v'z°,

v*° e plO npa t= 0. Hs ycaosaÄ (3.1) a cooTHomeHHi(3.3)
Toraa nojiyqaM saKOH bshhmeocte:

L 0

v‘z (z lr,t) + v°v p(2,p,t)]-^r p op,(z,r,t)jrdrdz-
oo '

a
\Fz *v z (O,P,t)-C7z*** v z (L t n,t) + r pz H V p (0, P, t)

0

- t** * v'r (L,p,t)] rd-p =

1 a
= (? [ yz VZ

( z > n »
t ) +vr vr(z. M)]- —yp^pCz.r.i^rdrdz-

-0 0
a

L*z* vr(°> r »t)- CTj** vz(L,z,t)+ x'p z *-v P(o,r,t)-
o

-t'*** v P (L,p,t)] rdn.

CoßepmeHHo npa nowoma ycaosaÄ (3.1) a co~
OTHomeHHö (2,7) saKOH BsaaMHoesa säh ynpomeHHog
Teopaa b bhäb:
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1 \

[u0

4 u'4 (^n ;
x)- 2c|, oq;(|,T)]r0 q;(|,T)]r? dr? d^-

õ o
i

* = (3.5)
o
4 {

= - ri dr? d \ -

0 o
1

—\ [s*l (r) * U|CO, r\ ,x) - s**(r) * u L,t},r)]rj dtj .

o
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Variational Priaciplea and Reelprocal Laws
for öaateady fflow Probleaa In Pipee

Suaaary

In thia lavast igat ion the geaeral variational prin-
ciple for axisyaaetrioal unsteady flows of the viscous
compreseible fluid is givan, The corresponding fonctional
la used for deriving the kncwn siaple aatheaatical aodel
of the flow probleaa in plpes. Thia is accoaplished by
siaplification of the functional using the nethod of per-
torbation. Jurther, froa the given functionals the general
reciprocal laws for flow probleaus in pipes are derived.
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TALLINNA POLÜTSHNILISE INSTITUUDI TOIMETISED
TP7J2J TAJEBHHCKOrO nOJÖITEXMW;KOrO MHCTHTYTA

% 445 1978

JM 532.621.643

JLH.AftHOJia., 7.P.M8

K METOJUM HHTMTKPOBAHHH TPAMEfffIH
HEyCTAHOBKHüETOCH OTSOTH TOCOCTH B T^BAA

PemeHße EecTaqnoflapHHi reqeHM shäkocte b Tpy-
öax h onpefieaeHHe pacnpeaeaeHMa cKopooTež xjuikocte b ceqe-

hhh TpyöH nposcipaßÄflDT aase Ha öase ynpomeHHKX ÄHssepeH-
ijaaÄbHyx ypasHeHza [l-3] äoboäbho öojmmyKi MaieMaTHqecKyi)
TpyÄHOGTL. KjracoHqecKEž mctgä cepeMeaHHX saeci.
ae npHMeHKM, a npH npHMeEeHHH onepaipioHHoro mstema BOsmiKa-

m rpyÄHocTH npH oöp&meHHK HsoöpaaeHSW pemesEH. 5 aacToa»

mež paöore jym pemeHHa HecTaqzoHapHHX GOÄBsyDTCH sa-
päaijzoHHHM MeroAOiu KaaropoßEaa, npa nowoaiH Koioporo Hiire-

rpnpoßaHHe chctsmh aHssepeHEpHa;n>HHX ypaßHenat pjiz. syßßipiS
rpex nepejieHHHX hphboähtoä k ehterpsrpoßaHHiD öecKOHeaacö
CHCT6MH aHssepeHnaa,iitEHX ypaßKeHHä aaa syhkhkž ffßyx nepe-
MBHHHX,

PaccMaTpEEasTCH pemeHHe dtcä öeoKoaeaEoä chctBmh ,mss-
-ypasKeßEä b qacTHHx npozsboähhx htepaijEtohhhm
MBTOÄOII, KOTOpHt B KRSJ*OM STEIie HTOpaiJHE Tpeöyet HHTerpH-
POBfiHHH ÖeCKOEeqBOÖ HeCBSSaHHCÖ CHCT6MH ypaßHeHHä. 7KE3K-
BaeTca htepaqHOHEHä npoqecc, npH kotopom uocnejs&BX CECTewa
cooTBGTCTByeT MO£e;ra EÄOCKOüapajiaeÄDfloro TeaeaHa pemeaaH
sagaai F,4]. Tew cemhm BsaEMOoTHomeaHe sies-

JQT ÄByMfl H3BeCTHHMH METBMaTHqeCKEME MOÄ6ÄSME ECCÄBÄO-
- ÄBZXeHHÄ SHÄKOCTH B TpyÖe.

C noMotuLK onepaEHOHHoro Merega jiaerca pemeHHe b uep-
bom npaÖÄHaeEHE arepaaiioiiHoro npoqecoa saaeaH o aecra-
EHOHapEOM OCeCEMMeTpZEHOM TeqeHEK XHÄKOCTE SJlff OflEOrO C.Ty-
qaa npocTOro ESMeaeaHa bo EpeMeaM aaßaeaEa b Koaqax Tpyda,



OnpeseaauTCH komcohchth ckopocte ÄBaaeHHJi seäkoctb kek b
OC SEON!, TaK 15 B pajESJEbHOM HaUpSEÄeHESX,

I. BapHaipiommg npam^m

PaocMarpHßaeM HecTapHCHapHyD 3anany ocecerMMeTpEnHoro

.ÜBhxghjw csHMaeMCä sehkocm b Kpyrmc( xpyöax, npaßOjwracyn k

pemeHHc ypaßHeHHö [l-3]

Zv z Pd /ifv z 1 BvP x >1

lIL.O «•«

õr
1 v„U|E =0v 'oz t)r p / öt

npa CÄeayMmzs e rp&Hawrx ycÄOBHax

Vz =o
> p~O npa t=o; (1.2)

P“ P* hpe z=o, j (1.3)
p = p** npa 7 =L;
vz =■ o, v r —o fn?3 p= ü • (J.4)

356cb vz , v P
- cocsaßEatHcae CEopocra b HanpasaeHEE oceä

KOOpjJiäHöT Z , P ;

p - Äaßseaae;
O - iIEOTHOCSL 3ESKOCTE;

jj - Ko3ssmpieHT bhskocth;

0 - CKOPOCTB 3Byna B xh^kocte,
t -

a - peurcyc Tpyöa;
L - ÄÄEKa ypyöH.

Ec;ia nepeÄTE k öenpasMepEHM KOopREHaiaM 5p , r a
nepeMensuM u», li n , oy npa noiioma coosHomeHHä

7- =l^ s P =ori ,t=~T ;

vr - bu 4 , Vp "j ü u;rj , p=c 9 ü •,

pV. c ? Uo;, p^c ? ü^-
U

' L
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to ypaBHeHHH (1,1) e ycjiOßHs (1,2)-(I.4) moxho npeacTasETi.
B EEÄ6 ■

au i I oUt\ 53,
_

. 1
3x +n W n ~ ’

Ü. = o, d.6)
tit,

•Q|
+ Dr} r\

+

Tsr ’

H

=O, q, = 0 npH r= Q; (1.7)
q, = q,* npH k= 0, 1
q, = q** npH 4=l; J (1.8)

u 4 = 0, upu n= 1 • ( z«9)
-(1.9) mosho

BBTL B BHA6 BapEaQEOHHOrO npHHQEIia

51 = 0, (I.IO)

rae I HMeer bhä [5l:

-M^+Vw+<l ‘ ŝ+

+U 4 (4,r},r) - q(4,T)]T}dqd4 -

_ ] (I.II)
- 2 \ [cj^(r)»U4 (0,T7,T)-cj, (t) * u 4 (l,rj,-c)] qdq

0
7cjioßHflMH cTartHOHapnocrH syHKijHOHaje (I.II) npß

BapHTejE&HHX ycjiOBHHX (1,9) HBJJHBrcfI ypaBHeHHH (1.6) vi ycao-
BHH (1.7), (1.8).

H3 cpyHKifliOHajra (I.II) sapLKpyeMys) SyHKrjEB) Ly
nOJILSyHCB yCHOBHeM (1.9) E TOM OÖCTOHTeibCTBOM,
tto symtqHH q, ne saBHCHT ot KOopÄHHaTH q • (fcymtqHO-
Haa (I.II) bhä:

1 = j \\ +

0 0



+ K r]6rL 6\ -

< <

~tÜ Kr^ + 2 V^O) HA»r) ] d HS [^«^(0,17,-c)-
0 o

- q,**(T)* dt7 j. (I.I2)

2, gpHMegeHHe sapiaipioHHoro wefojta Kanropoßiraa
PaccuoTpHH BapHaqHOHHyc- saA&iy - höžth craipsosapnoe

s/HKUMOHajia (1.12). Hsaes>! pemeEse stoft 3taiaks b bh-

äb
U|-2>i(4.*) 30

(X lrl), ] (2,1)
cj, = r). J

3ä6cl Jo (X ifi) - qforHKUHs Becceair gyxesoro nopasKas

Xi - KopHH ypaßHeHHfi

30
(k)=0. (2.2)

JHerKO yßsmeTß, hto auöpaHHaa syHfajKH u q yjxoßßeTßopaeT
ycaoMtSM (1.9).

nOÄCTaBJBJM U| , CJ, B SyHKIJHOHaÄ (I.I2), KMÕ6M

+ kX\ Ä-t
* oti + ott ( k ,O) ot;(4 ,x) ] -

_2 ? n * —.i -4- * n (2.3)tl A* V M Ter
~ fy(4 ,o HoU*T)} d^~

- 2 Z_[ c\ ** ot i(0 ,r) -c^% otL(l,x)]) •

3itecž> HcnojüsoßaHH cooTEomeHHa:
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i 0 npu i

\. r H,)'Jo^k lx') (^T l = ‘
„

0 n P u (2.4)
\

17 30 (/V-t drj =

0

ypasHeHELs h ycaoBHH rjsr onpefleaeimfl <syHKipsi & -L , c|, 0 no-
ffyqaßTCH Tenept, khk ycjiobeh cTarpsonapnocTH
(2,3). nepßyD Bapnamno cfjyHKmoHajia (2,3):

0 v

~ xl J,CAi) ir +^ti] >&ci' o +

+ £2p,(Xl)]
2

tx l +

+ (A,I )|[c 0̂ (0,t)-c^*]*5c^ 1 (D ) t)-
(2.5)

- Al) [cjpCi .r) - * t)|) .

Otcdäh bhäho, mto BapaaqHH ifcrKKnaoHaaa paßHHeTca Hyjoo,
ecjrH ysoßJieTßopeHH ypaBHeHM:

+ **3*. =O,l

=o,fci Äi W J

(o = 1,2,...),
h rpaHErame ycTOBHa:

oL t =o, = 0 dph t= 0; (2.7)



** 4= °’ | (2.8)
= % “D® 1 • J

TenepL KOMnoneHTH ckopocth u,j- üpaiaeHaH ypas~
HOHHJI (1.6), (2.6) h cooTHomeEHe (2.1),

+ T “ lo,(Ai)]- (2.9)

PemeHHe btopo ypaaEeHna husqt b«ä:

U, = .f. X t
Ji(Ao*)- J .(AiB)]- (2.10)

3o peaenzo gsct6mh

yra?-- bM

JLjik npEöxsxeHHoro pemeEE'.
ehx taexjg coöoä ypaßHesiž (2.9') aTtrparjHOHHHM Me-»
TOfIOM, nO3BOÄHIMSEM ÜPHBOCTE E peiDeHED ÖSCKOHP^iEOg

CHCKMH H6CBE3BBKKX VPBBH6HES. C B¥C$ üpeHCTaBEM CH-
ctewy (2.9) b Ba^e:

*l , V - r J,(M öVk
St* 9t Bt» - w žr, W

+ ((= 1.2.3.•■•) (3.1)

HcnoÄfcsosaHO cooraoiEemse;

2L • (30 2)
L= ( \

Ha ypasHeHHft r 3.1) beäho, eto oäsh sapias? HTepanKo;öi»>-
ro npouecca Rim nocfle£OßaTBja,Hoc?eä
hhk peneKHö ot-,, ok l2 , .. . e q Ol , 02 , .. - saaan ypa£™
Hejnwvi.:
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+ -

öifc 2 -

__

A j pJ* (Ak.) 9clk,s-<
___

2_ ”®^^j,o,s-( "jJ,(A-jfeL 7.* t)|2
+

71k 9%8r J’
K?M •"

+ Wõ-Ir = 0 <»-.».••■•• (313)

rae
=0» = i' = 1 j”2. •••) * (3«4)

OTcnna b nepsou npHÖjriseEHK npa s= 1 noaynaeM:
2 2"ö <*l,l . 3 <*il n~TF -~W = 0 ’

P*n , * Hoi 0 U-12 )
?*

+ XiWKO-tr -Qj u “ I>2 ” ,) ‘

OTMeTHM, HTO 6CJHS ypaBHeHHH npHÖJmseHHOä MOÄCfIH njioc—-

Biwe: 23u k „9 (V j_ 9u*\ õ2
_ p

\^ +rl'Wl W (3.6)
iLHi + = 0Dk

a ähh hx pemeHHH mgtoä nepeueHHHX,
to pemeHHe ähh U| b bhäg (2,1), npHneM syHKr[Ee

onpeaeaaeTCH tgmh xe chmhmh ypaBHeHHaMH (3,5),
CJieÄOBaTe^BHo, Moae;r& naocKOnapaaflejißHoro mojegt

öhtb paccMOTpena kbk nepsoe npHöazxeHHe npa HcnoxßßOsaHHW

Merosa (3.3) äjis pemeHHH £HssepeHrjHaaßHHX
ypaaHeHHä (1,1).

rfpHMeHHH apeoöpasoßaHHe üan.iaca, Eeäzew Tenepß peme-
HHe ypaßHeHHž (3.5).

HcnoHßsyH oöosHaneHHH

f(l,s) «^fU,T^e'sx dT, (3 *7)

0

]fl(S)=\/s 2+K is , K-t C I=ITT7TÄ
'M. 4 V l)

H3 ypaßßeHHä (3,5) h ycaoßHä (2,7), (2.8) noaynaeM;
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-0. '3-8)

dä:. _ *

DP “ 4 = o ’l (3. 9)
= -sc.q,*» npH 4= 1. J

Pemeffiie ypaBHeHM (3.8),
JIOBHHM (3.9), EM66T BH£:

ch lll (sU, -^4*- ch lfi < (3.10)

Reo. saaiHeÄmero pemeHHH sabana naao EOHKpeTHSHpoBaTB
SyHKqHH c|/**CO.

üpHHHMaeM
*, Ncj,*(r) = 0

f -!-jT itph o<'U<rl, (3.II)
q**(r) = ( r
v [ i npa r 1« X .

Toraa
(3,12)

h
-, Cj.chyL(s)§u t's ji(s)shyiCs)‘ (3.13)

OpHPSHaji npeoöpasoßßHHH (3.13) HueeT sm:

.»iiU.T > =4k %, • cosnTir* • T in(ir)-

rae

~4tr u- -jü x ,
Tln = ze COSW' n T + -—6 2 sinto inT-
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- Z 1)-H(T-T')[ze 2 COSu)-
in (T-'U 1') +

(3>15)

npa c^n = n2iüZ -^0
E

_
li T _ iTln =2e 2 cosQLn

T s\nQinz-

-H(r-x')[2e 2
r)cos^ in (T-T') +

+ -Ä-e“ T(t “ T) sing2 Ln (T-r')] (3.16)Jtln
2

UDE 2 K: 2 2 _öln = -2T “ n 71 >0 •

SHeci. H(t) - eÄHHHHHan syHKuua XeßHcažfla.
KOMnOHeHTH CKOPOCTE ÄBUSeHUH 3CHÄKOCTH B OC6BOM H B

psmaajEEHOM u , u BtipasaßTca Tenepß aepes
HaŽÄeHHHe SyHKE(HH (3.14) no (2.1) u (2.13).

JlHTepa Typa

1. ,H*C y3 a A,s,, ojijeh6 y p r e p P. JtHHaMHqe-
cKaa xapaKTepacTHKa riwpaßjmqecKHx TpyöonpoßOÄOß. - "Teop,
ooh. uh*. pacqeTOß", 1964, 3, c. 196-205.

2. X o o ö o y E. Jt., Py i o B.T. Bjimme bhskopo

TpeHUH na pacnpocTpaHenue b rnnpaßOTqecKHx ähhhhx,
"Teop. ooh, eh*. pacqeiOß", 1967, A I,

3. Hap h h ž H.A. HeycTaHOßHßmeecH aßuaeHue
hoü shäkocth b Tpyöax, M., "Hejopa", 1975,

4. JtsaHCHHrxe, JložTxožcep,
auHecKua ynap npu ycaoBEE TraviHHapHoro TeqeHHH. -"Teop. ooh.
uh*. pacqeroß", 1972, Jfc 2,

5. Ainoia JI.H., JI u ž b 7.P. BapaantuoHEHe npHH-
nUHH H SUKOHH BSaEMHOCTE RJIX H6CTanuOHapHHX 38Haq TeqeHEft

®WKOCM b Tpyöax, Cm. Hacr. c<s., c. 53-62.
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L. Aiaola, ü. Liiv

Oa lategration Methoda of tbe Unsteady ?low
Eguabloas la Pipes

Saauaary

Using tbe Kanborovich varisbional netbod the inte-
grabioa of a sysben of tbe tbreo-diaenslonal differenbial
equatione is replaced by aa inflnite eystea of two-dimen-
sional differeatial equations. Tbe system Is solved by
tbe ifeeratioa aetbod for tehe unsteady flow probleau üsiag
operator calculus in the first approxiaation botb axial
and radial components of velocities for a siaple case of
variation of tbe pressure in tine are determlned.
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TALLINNA POLÜTEHHILISE INSTITUUDI TOIMETISED
TFTM TAIMHCKOTO nOJMTEOTIBCKOrO HHCTÜTTTA

* 445 1978

yiK 62-50:628.33(088.8)

3,3.Kiprt Ä.A.AüHyc, D.H.Kaaaac,
A.A.KHfiraM, 3,3.y5ö0, M.C.toaztOß

OIITHMSI3AIIHH EPOHECCA BWIFJEHHH KJffiTOHHQTO COKA
HPH nPOO3BOJTTBE KAPTOSMbHÖTO EPAXMMA ( HA
HPHMEPE KPAXMAJEbHOrO 3ÄBOM KOJDCO3A "HATSH" 3CCP)

B npoHSBOACTBe KpaxMaaa rrs Büßejiessw Kaeioaaoro cojsa

es Kaptoseaa icnoffbsyercH aeHTpHfcyripoßaHHe c nocJiie.nyragHii
BHnapHßaHieii cokobož boäh. Tai kbk ueHTpzsyrapoßaHHe Kap-

TOS€ÄBHOŽ KamKH HBÄH6TCH B TeXHOflOril yTHOT3ai{HH OCHOBHOä
onepaqiež, to onrHMHsaqia pexnuoß asaaeT-
ca BaxHoä Hiae peraaerca saaaaa onnMisaipra rexHO-

aonaecKoro npoqecca yTUiHsaijHH oaHocTyneaqaTHM ueHTpHsyns-
poßaaieM KamKH c BanapißasHeM cokobož boäh.

Boaa c uaccoßHM pacxoaow G 1 (sar. I) h KapTosejn>Haa
Kanata o pacxoaoii nociynaci b nearpaferry A. B xamKe co-
ÄepxHTca L npoqeHTOß cyxoro semecTsa KaeroEHoro coKa. B
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qeHTpasyre Bhwe/meres hs KapTOt»e;m cokobeh soaa (pacxcw
G 3 )„ b KOTopoje coaepKHTca cyxoro semecTEa k npoqeHTOß

a KamKa (pacxcm G 4 )• nocae.itHss oTnpaßJiaeTCH b npoH3BO£-
ctbo Kpaxwajra, a pasöaßJieHHaa boäoM coKosaa soaa - b sana-
PEBaTeJib B, 3 kotopom ji/iH noflyneHHH rpeöyeMOid KOHqeHrpaixaK
cyxax BemecTß k° HüaapasaeroH b KoxjsaecTße AG y

I. ÜOKaaaTegL BKjffieKTgBHGOTH npopecca

JJjm oniHMHsaitEH paccwaTpHßaeiÄoro npoqeoca npajuercü
enepsa Kparepuä sss€ktebhocth npoqecca.llpz
BTOM paccMOTpBM sajsany JioKajißHoä onTHMisaoHE c yaeTOM zne~
HReroca b qexy TexHoxorzHecKoro oÖopyyoßaßKs: s cxeun yrsr-
aaaaipiH, hcxoäh hs cymecTßyianHx ctohmoothkx noKasaTeaež

npoqeccoß h hx oöpaöOTKZ (T.e* He Öyaew
y^HTüßatß, Hanpauep, KanHTawoßJioseHEa 2 sKcnayaTanHOHHHe
pacxoAH, BK3B&HHH6 ycTasoßKOž qeHTpissyrzpoßaimH).

Tekki? oöpasou, hgxoähtb hs ?oro, hto riaBHCÄ
qeaßä) qeHTpažrvTäpoßaHna asaKciMaaßKoe BHÄejieime

KJIÖTOHHOrO COKa H 3TO HOaeSHO BOTOMy, HTO
- Heu ÖOÄLme Buaeaeao KaeroHHoro eona, Tew Kime sane-

CTBO OCHOBHOrO apcosyKTa - KpaXMaJia* Ojxheko B
stom OTHomenaH He yähjiccl oöochobeehhc 3F.0-
HOMirqecKsie noKaaaTeaa;

- BbWeJIfIHHaH COKOBSH HpHMeHHeTCH B 8H56 KOpUH.
EcTecTBeHHO BHpasHTL qeHHOCTS» coKOBOä boäh kek Kopwa na
eÄHHHqy cyxax BemecTß b aeg, Oõoseehzm BTy qeny nepes c,;

- Kpowe roro, atmexeHHaff hs npozsBOÄCTBa coKOßaa
He b ohhctkc R/m JiHKßZnaqzH sarpasHeHKH cpe.ua.
OöO3HasHM CTOHMOCTB OHHCTKZ HH CyXHX BemecTß B BO-

nepes c 2 -

He Btnne cjreAyeT, hto coKOBy» bojqt caeAy-
er BHAeAHTB B MEKCHMaABHOM KOJIHHeCTBe. OäHEKO assecTHO,htc

R/m yßejuneHza BHHeaeHHH KJieTOHHoro cokb esao yBerajHHTB
cieneHß pasöaßJieHHH v ;

v =
(I)

Ü2
hto npHßeaeT k yweHßmeHH» npoqeHTa cyxax BemecTß b hotokp

hs qeHTpüsyrn G 3 . Ecah KOHqeßtpaqHH k naxe HeKOTo-

jce nepes c 2 -
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pož KOHQeHTpaUHH k Q , TO HyKHO qECTB BOÄH AQj
23 COKa BHnapHBaTL. CrOZMOCTB BUnapHBaHHH
HH BOJCH HE c 3 0 ÄOnyCTHM, qTO BKnapHBEHHe OCymeCTBÄHeTCE

ÄO ÄOCTHaceHHH KPHTHqeCKOÄ KOHpeHTpaqZH k O .

c yqeTOM bb6ä6hhhx oÖosHaqeHHä kpetg-

PHH 3SSeKTHBHOCTH f| MQKHO UpefICTEBETB
b caegayßmeM bhäb:

rj =c< G3-C3AQ3 = kGj(c J|
+ c 2 )-c^A G ä ,

(2)

f 0, eeäh k k O ,

rj*e AG 3 =

I Jiozji, ecÄH k < k O .

' K o
UocÄeÄHee BupaseHKe noÄyqaercH npeoöpasoßEHHew öanas-

ca cyxoro Bemecrsa, coc-TaßneHHoro äjih BanapEßaima.

3a#aqa onTKMEaaqaH peaHwa peHTpH$yrHpoBaHEH tekhm 06-
PE3CM CBOJLHTCH K MaRCHMHSapHH EHpaaceHHil (2),

2. Mögaja. paÖQTH neHTPHforru
lIpH FIOTOKe KapTO$6ÄH Q 2 eÄHHCTB6HHHM

ynpaBÄHBiuEM saKiopoM npopeeea HEÄHeTca hotok bojch G ~» Ho-
3Toi/iy paccMETpaßaeM bobmoxhocth onpejteÄeHaa aaßaca-

Mocreä xapaKTepECTHit cokobož BO,im Q 2 a k or , c peaLio
onTHMBÄBHoro snaqeHHH Q, coraacHO KpaTepax)(2),

SaBHCHMOCTL Q OT G 1 MOKKO npHC)ÄMateHHO OIIZCaTB
ÄHHežHoft MoaejEbffi:

— G^Q-f-1 i (3)

rae G 3q - HOTOK COKOBOit EO.KH npa HyÄGBOM paSÖaBÄGHHE •

Jlanee, b HHTepecymieM sae paöora peHrpasyra
ee paöoqaa xapaKTepHCTKKa Moacei öhtb onacaHa

v = 1 -(l-r0)exp(-uv), (4)

0 <r 0 <i ,

a > 0,
tr = -4->

Oo



d = k 0 3 ,

(5)

d o= l G j ,

t0 , a - Ko^nmeHTH.
3ts Moxexh xopomo corxacyeTCfl c sl3Hbgckhmi cooöpase-.

hbhmb:
- noECTasHM v= 0, nojrjniHM r = rO , r.e. t 0 eosb aojw

EHÄe;ieEHoro eona npa pasöas^eHHi i
- noÄCTSBHM -v = 00, t= 1, T,e. npH öeoKo-

pasöasseHEH egol cor BHAemefcji.

BHpaxeniie (I) h oöciofiTemcTßO, bto dotos
Kap?oseÄH Q 2 moxgm npencTaßHTß ypasHe-
HH6 (4) B BHAe:

tr = 1 -(1-r0) exp C-bG<)» b> o
urn

d «•d 0 -d0(4-T o )exp(-bQO. (7)
rÄe u n,rQ = Cl / G 2 •

C ypameHHH (3) noay^aeii:

k = G-TG-[, - (, - T o)e*P(-b M- (8)

3. llohck onTHMajßHoro peaama

noayqeHie npoqecca nossomes KpaiepKü BsseKTHß-
boctk qeHTpHsynpOßaHHfi 17, onpeAemeiffift ypaßHeHüew (2),cbs-
SHBaTB 0 HOTOKOM BORH Q 1 • OieBHÄHO, BTO HPH k> k 0 UaRCHMH-
3HBHH BHPazeHHH (2) C yBGIOM MOAGÄI (12) CBOAHTCH E rpMßl-
ajaHOßy peneras o<=G< m(,x’ rae G4mox - naKcmajn,HHž
noioK borh, onpeseseHEHfl BoskfOXEOcTHia.Q-
o-BTOMy HHxe paccMOTpHM k < k Q , pag rpeöyetcs sanaps-
BBTB TOCTL BOfiH AG 3 • UOACTaBHHGM (7) ■ (8) B (2) 1 1100*6
obgbhrhhx npeoöpasosaKHä noayqHM:

= (c, + c2 + -^-)d 0 [l-(1-T0)exp(bGi )]-c3 (G3O+GO* (9)

Hgoöxoahmhm ycÄOBHGM 9KCTpeMywa sapazGHMfl (9) HBJsaerca pa-
BGHCTBO HyJÜJ npoiSßQgHOft Tekhm odpasou, mteeu:

= (c<+ c 2 + -^-)d0(i-T o)bexp(-b 0)bexp(-b 00-03= 0, (io)
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OTKyaa noayaaM Bupaaeaaa aaa cnTawaaßHoro saaaeaaa ootokeq; ••

q° _
1 L n c 3 +c>3/ko)0-To)bdo (jj)

' c 3

ECTeCTBeHHO, Q° HBJIHeTCH OHTHMyMOM
toäbko Torjta, Korsa kj = k(Qj).^k 0 , rae k(G°) oöosna^aei
3EBHCHMOCTB k OT G< TO sOpi«yae (8).

Bcaa k° < k O ,To onTHMamHHM caeayei caaTaTL pexHM,npa
KoropoM aocTaraerca KpaTßTOCitaa KOHueHrpanaa eona, T.e.
k = k O . 3to ycaosae cboähtqh k pemeaai) ypaßHeaaa (8) ot~

HocHTeatHO G., npa k= k 0 • 3to ypaßHeHße hbjh6Tch Tpanc-

HneHTHHM a pemaeTca nacaeHHHMH M6TO,naMH; pemenaeM ypaßHeHaa
HBÄS6TCH OHTHMEÄLHHŽ peXHM G \ •

TaKHM oöpasoM, onTßMasanaa pexHMa npoqecca cboäbtch k
caejiycmež nocaeßOßateatHC® npoqe.i3ype:

- onpeaeaenae napaweTpoß b, t O , d O , Q 3o MO,neaeä (7)
H (8) H Q6H C.,, C 2 , c 3 B BHpaseHM (2)*,

- saarema noroKa G° no sopMyae (II);
- noayaaeMož npa noTOice Q° KOHnearpanaa k°

no sopMyae (8);
- ecaa k°<k o ,ro G° aßaaerca oniBMaaLHHM pesawoM

neHTpasyra, B üpothbhom cayaae cae,nyeT Hažra Beaaqany no-
Toaa Qj, pemeaaeM ypaßHeHaa (8) npa k= k 0;

- ecaa aaiaeHHoe onTßMaabaoe snaaeHae ( G° OJIH )

npeßHmaeT HaacaMajuLHo ÄonycTßMyD Q lmax , to HaaayafflßM pe-
xbmou asaaeroa paöora npa pasöasaenaa G< mclx *

4, 3KcnepßMeHraai»Hoe accaejOßaaae a oneaaa
gQßssßqaeHToß b MOjeaa npoqecca

BumenpaseAeHHuä iioäxoä k Moaeaapoßamno a onTauasanaa
npopecca ueHTpat&yrapoßaHßa anpoöapoßaaca npaueaaTeaßHO k
OÄHOMy as saBOÄOB npoassoacTßa Kpaxwaaa - k sasojy aoaxoaa
"Hansa" Sctohckož CCP.

TaK KaK aacaeHEue Bioaamax b moä6jd> KoßssnpS“
eHTOB saßßcaT ot Maorax oöoToaTeaBCTB (b tou aacae a ot
zapaKTepacTßK TexroaoraaecKoro oöopyTOßaHaa), to neaeoooö-



PB3HO noayqaTß oneKKH 3KcnepHMeHTaJiBHHM ny-
T6M, lIO9TOMy ÖHflO UpOßejeHO 9KCnepHMeHTSJCBHOO KCCae^Oßa-
HHe npoqecca c npBMeiieHZSM motosob njiaKßpoßama aitcnepH-

M6HT&.

C IjeJIBK) OXB3TS SOCTaTOIHO lüHPOKOŽ
npocppaHCTßa h c yqeTOM xapaKTepa ökji BHÖpan ujibr

3 » T,e. bxoähoh s£ktop G < BapinpoßaTiCÄ b rpex jrpOBHHX.
JUa noayqeHHH oijeHKH jr.acnepcaH aKcnepavieHTa bocb naan jjyö-

3a nyxeßOž BHÖupaJica TexKo-
jiorH-qecKHg pökhm, 0 mar BapLürpoEanmi BaöapajxcH MaKCHMa^LHo

BO3MOKHHM.

Jljisj oöpaöOTKH aKcnepEMeHTa oöireKasi moto-
x,KKa perpeccßoHHoi'o anaaßsa c HcnojEbaoßaHEeM ouohok no Me-

tomj HaHMeHBmEx KBaspaTOß Cl]. pacqeTHoro an-
napaga xoqeTca OTMe?BTB, q?o ao oqeHKH napaweTpoß HejiHHeS-
HHe no napaMPTpaw moägjie öhot npeoöpaaosaHH b bhä.

orjeKEsaHEa Moaejiefc ocyinecTEJiHJiacß
npoßepKa nojiyqeHHHx ypaßHeHHž perpeccßH no kpb-
TepBHM <BHmepa a CryaeHTa. Ha ypoßHe snanaMOCTB &■- 5% see

BaTHHMB. Bbswy HSBecTHOGTH npBMeKeHHoä perpeccaoü-
Horo aHajraaa pacneTHue sopMymi ne npHBOÄaTCH, yitaxeM /mna

bbä nojynaeMHX MOÄejrež b mo^bjoi:

(I?)
T = 1-0- 0,500) exp(-0,834G0*

l, _ 0,0943k =
’ (13)

To = 0,600, b = —0,834-, do = 0,034-3, Q 30 =1,18.

5. OnTHMHsarpm rexHQjrorH-qeoKoro peyjMa

Mxh HaxoameHHfl pexHMa Heoöxo£Hwo paccqa-
thtb ijena c,, c 2 , c 3 b BupaxeHHa (2). Upa pacqere nea
ynßTHßajiacß KOKKpeiHne lexHOÄoranecKHe h aKOHOMHqecKHe yc-
aobhh: cocthb h iighhoctb nojayqae.voro Kopwa, ctohmoctb bh-
napHEaHHH b aaipaiH na
ÄaryiH aarpasHOHÄH. Hnace
(qeHH npBBCÄiycH b "pyöjit na tohhy cyzax Bemecrs
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KJieroMHoro coKaM ):

- uena eona naic KopMa c, = 95,6;
- CTOHMOCTB ÄHKBWaqHH eona KHK aarpasHeHHH c 2 = 848;
- CTOHMOCTB BHOapJäSaHEH 80.5H C 3 = 1,28,
Wsjifinb BanapHßaHHH (cm, ypaßHeioae (2))co£epxHT ko3ssk-

msenT k O . Hm aa b snny TpeöOßarae Ha kopm, a raraee ctoh-
moctb a paccroHHHe nepeBOSKH kopmh, npHHHMaeM k 0 = 0,15.

Tenepi. mh hmggm see necöxoÄHMHe .naHHue rksi pacqera on-
mvajißHoro pasEwa qeHrpiisyrHpoßaHsia , Äaa aroro npHMeHHJiH b
pasaeae 2 oimcaHHy» npoae,aypy:

Ho (II) noayBHM sHaneKHe hotoke G° = 2,49 T/aac, no
(12) h (13) onpeneaaeM k° = 0,0202. Tekhm oöpaaoM, k°^k o ,

H peXHM MOEHO CHHTETB OnTHMafIBKHM. OpH 9TOM BHUG—-
netae KaeroHHoro coKa xapaKTepHayei r = 0,951.
MaKCHMaHBHuS rexHOflorH-qecKH ÄonyciHMHž hotok bojuj G lmax =

= 1,08 T/nac, HBJiaeTca,
aroM aoiOKe äojw BiwejreHHoro KfleToraoro coke r = 0,84.

3aKnmßße
Ho pesyjifcTaTaM äehhoö ctetlh j*ejiaeM bueoä, moeho

peKoweHÄOBaTB

nenesaa. KaeTovHoro cokh b npoEseoäctbg KpaxMa.Tia kbk tgxho-

aornaecKHä cnocoö jjjih ctokob KapTOse;ieKpaxMajioßo2
npoMHmjieHHOCTH e b to xe Bpevia bosmoeho Äonojraa-
TGJUiHHŽ KOPM ÄÄH EHBOTHOBOÄCTBa.
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I. HaaüMOß 8.8,, ep h o b a H.A, CTaTHCTH-
Mero.nH 3Kcxpewa®bHHX aKcnepHMeHTOB. M.,

"HayKa", 1965.
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A. Kiitam, E. Uibo, M, Zhigalov

Optimlzation of Cell Water Ezudation Proceas in
Potato-Starch Industry

Summary

The present artlcle describes the optimlzation of
eeli water ezudation proosas using centrifugation at
the potato-starch Industry of "Pajusi" collective farm.

The ezponent of the efficiency of the process, its
mathematical model and optimlzation algorlthm have been
elaborated.

In order to determine the parameters of the model
the ezperimental research has been carried out. The ra-
sults have been treated by the method of regression ana-
lysis asing least square estlmation. The calculated oo-
efficients of the model and results of optimlzation are
presented.
' /' '. 'V :-A Cl ‘
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