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Pe310Jlte: C pa36UmUemO I/a npOMUUUleNOCmma NenpeKbCltamO NapaCm6am eKOJIOZU'IIIUme U3UCK6Q1IUR KbM Ka'leCm60mO I/a omnaol/ume

U n06bpXNOCmNU 600U. CbU/eCm6Y6am MIIOZO U 006pe n031WmU XUMlI'I/IU MemOOli 3a oe31lHrjJeK/f11R lIa 6001llne om 600flllme 6aceziflu U om

PQ3J1u'Iflume npOU3600cm6a. nopaou 611COKUme U3UCK6allllR u cmpozlime cmafloapmu oml/OCflO Ka'lecm60mo I/a 800UI11e ce mbpCRm N0611,

QJlmepflamU6f1U, lIaOe:JlCOf/l.1 U UKOI/OMlI'IflU Memoou 3a MUKp06UOJlOZU1lflO 0'lUCm6aNe I/a 600ume. Ka61.lmaz/ZLRma e 1/06 ,,·temoo, Koumo

ycneulflo 6u MOZbJl oa ce npWlQza 3a 0'lUCm6afle I/a 600U om MUKp06ZIOJlOZU'IflU 3aMbpCUmeJIlI. np06eoeliU ca cepUR onumu C l/eJl

U3CJle06aNe 6b3MO.J/CNocmume 3a UNmeN3ZHjJI1l/z/pal/emo Na npOI/eca Ka6uma/f1101/1/0 0'lllCm6afle I/a 600a. 3a eKCnepllAleflmQJlNlIIne

U3CJle06aNlLR e 113nOJl36aNa n06bpXflOCnlNa 600a (pe'lIIa), 1Il.K. e 1136eCml/O, 'Ie peKume co c nOGuwel/O CbObp.J/caflue fla MUKpoopzaNU3MU,

nopaou npRKomo 113nYCKal/e 6 111m fla omnaONli 600U om pa3JllI'INU npeonpURmUR Na npOMUUUleI/OCmma. npeocma6eNlime

eKCnepllAlellmaJlllU 1I3CJle06WIUR OOKa36am 6b3MO,J/CI/Ocmma 3(/ MUKp06110JIOZlil/NO O'ilICm6al/e 1/(/ 6001l '1pe3 XliopOOliNaMlI'IIW Ka6l11l/a1ltLR.

KnIO'-IOBI1 J(YMH' f{ABHTA~H51, OllHCTBAH£, O'fTIAJ(HI1 H nOB'bPXHOCTHH BOJ(H,J(£3HH(/)£f{~HH

1. BbBetJ.eUHe:
Xl1npOnl1HaMWIHaTa KaBI1TaUHlI MO)Ke JIa ce 113nomBa

nOIlO)KHTeIlHO 3a HHTeH3H<llHUHpalle lIa TeXHOIlOI'H'IIlHTe npoueCH

B pa3Ill14HH OTpaCIlI1 01' npOMHWIleHOCTTa. npe3 nOCIlenHHTe

rOnl1HH ce Ha6J11onaBa I1HTepec K'bM I13nOmBaHe Ha KaBI1TaUl1l1Ta

3a 0411CTBaHe Ha cnHpT, 3a 04HCTBaHe Ha npHponHH H OTnanl'IH

BOnl1, B 3axapHaTa npOMI1WJleHOCT, 3a O'lHCTBaHe Ha

Tpb60npOBOnl1, 3a (lll1HO CMI1J1aHe Ha JleKapCTBeHI1 H

6110nponyKTH, 3a CTyneHa CTepl1J1113aUl111 B MI1Kp06110JlOrl14HaTa 11

6110XI1MI14HaTa npOMI1WJleHOCT 11 np. Bce nOBe4e HapaCTBa 11

HHTepeCbT K'bM H3nOJl3BaHeTO Ha KaBHTaUHlITa, KaTO <IH13H'leH

MeTOn 3a 0411CTBaHe H ne3HH(lleKUHlI 1m OTnanHH 11 nOBbpxlIOCT1111

Bonl1.[1,6].

2.1. EKCnepl1MeHTaJlHO 113CJlenBaHe

C ueJl YCTaHoBlIBaHe Ha 3aBI1CI1MOCTI1 npl1 eKCnepl1MeilTaIlHI1Te

113CJlenBaHHlI Ha KaBI1TaUHOHHa 06pa60TKa Ha BOnl1, e npOeKTl1pall

11 113pa60TeH CTeHn «1mI'. 1). CTeHJlbT pa60TI1 Ha npl1HUHna Ha

3aTBopeHa Ul1pKyIlaUHoHHa CHCTeMa, C Bb3MO)KIIOCTH 3a C'b3naBaHe

Ha KaBHTaUHlI C pa3J1WIHa I1HTeH3HBHOCT H e 060pynBaH C

113MepHTeJlHa TeXHHKa, CbrIlaCHO cxeMaTa Ha (1mI'. I. npH

113CJlenBaHI1l1Ta MO)Ke na ce H3nomBa Bona 01' Pa3IlI1'IHH

BOn0I13TO'IHHUH. KaTO MOneJl 3a H3CJlenBaHe HHe H3110Jl3BaMe BOna

01' p. Mapl1ua, KOllTO Cbnbp)Ka nOCTaTb4HO MHoro MHKp06H 01'

pa3J1I1'leH BHn.

<1>11r.1. CxeMa Ha eKCnepl1MellTaJllll1l1 CTellJI

I - pe3epBoap cb6l1paTeJleH; 2 - Tp'b6l1a CI1CTeMa; 3 - (llJIaHeu;

4 - KaBI1TaTOp; 5 - MaHoMen,p; 6 - 6J1eHna; 7 - peryJll1paUI Kpall;

8 - HarueTaTeJleH KpaH; 9 - KpaH 3a H3TO'lI3aHe; 10- UellTp06e)K11a

nOMna; II BaKyyMMeTbp; 12 - TOK0I13npaBI1TeJI; 13 -
perHCTpHpaw ypen; 14 - KOMIlI01'bp; 15 - MOHI1TOP; 16 - KpaH 3a

B3eMaHe Ha np06H;

2.2. MeTonHKa 3a npOBe)l(,UaHe Ha eKcnepHMeHTa

Pe3epBoapbT Ha Jla60paTopHHllT CTeHn ce nbJIHH C 30 1 Bona 01'

peKa MapHua. CJlen nycKaHeTO Ha ueIHp06e)KI'JaTa 110~lI1a (<1>111'.-

1, n03. 10) BonaTa 3an04Ba na Ul1pKYIll1pa 11 npe~1l1HaBa npe3

30HaTa Ha pa3BI1Ta xI1npOnl1HaMH4Ha KaBI1TaUl1l1. B KaBHTaTopa ea

nOCTaBeHH cpe6bpHI1 nJlaCTI1HI1, 01' KOI1TO 110 BpeMe Ha npoueea

KaBHTaUI111 ce OTneJlllT 11 cpe6bpHI1 110HI1 (Ag2+). 3a na ce 3aCHJlH

OTneJlllHeTO Ha cpe6bpHI1Te 110HI1 B 30HaTa Ha pa3BI1Ta

XI1,!J.po,!J.HHaMI14Ha KaBI1TaUl1l1 11 01' TaM na ce HHTeH311cjJHul1pa

npoueca Ha KaBI1TaUl10HHO O'lHCTBaHe Ha BO,!J.a, Ha cpe6bpHI1Te

l1J1aCTHHI1 ce nOnaBa TOK C pa3J1H4Ha rOJleMHHa «~l1r. 2).

H3MeHeHHeTo 1m rOJleMI1HHTe Ha TOKa ce nOCTl1ra 110cpencTBoM

TOKoH3npalll1TeJlll (<1>111'.-1, 1103.12). npH HaUll1Te H3CIlenBaHI111 HHe

pa60THM C TpH pa3Jll14HI1 rOJleMHHH Ha TOKa H C llBe

KaBHTaUl10HIII1 'IHCIla [7,8). KaBHTaUHoHHoTO 'IHCJlO ce npoMeHll

'lpe3 ne6HTa C 110MOWTa Ha HarHeTaTeJlHl1l1 KpaH (8). 01'

MaHOMeTbpa (6) ce OT411TaT CTOI1HOCTHTe Ha pa3IlHKaTa B

HaJlllraHI111Ta npen 11 cJlen ne6HTOMepHOTO YCTPOI1CTBO 6J1eHna, a

01' TaM H ne6HTa B CHCTeMaTa. npe3 onpeneJleH HHTepBall 01'

BpeMe 01' KpaHa (16) ce B3eMaT np06H 01' no npH6IlH3HTeIlHo 10 Inl

06pa60TeHa KallHTaUHOHHO BOna B CTepHJlHa CTbKJlapl1l1, C KOIHO

ce H3BbpWBa MI1Kp06110JlOrH4eH aHaIJl13.

npH BceKH onHT ce OT'IHTa nHHaMH4HaTa eJleKTpOl1pOBOnHMOCT Hn

BOJlaTa C llHrHTaIJIIHllT MyJlTHMep (13), KOI1TO e IlKJIIO'leH K'bM

KOMIlIOTbp. ,l],aHIIHTe 3a eJleKTpOnpOBonHMoCTTa ce 3anl1CBaT

aBTOMaTI14HO B KOMIlIOTbpa 110 BpeMe Ha npOBe)K,!J.aHe Ha Onl1Ta.

3anl1CaHI1Te CTOI1HOCTI1 CIlen TOBa ce 06pa60TBaT rpacjJH4Ho.

<1>111'.2. CxeMa lIaKaBI1TaTOpa H cBbp3BaHeTO Ha cpe6bpHaTa

nIlaCTHHa B 30HaTa Ha KaBHTallHlI

I - KaBHTaTop, 2 - cpe6bpHa fIJlaCTHHa; 3 - TOKoH3npaBHTCJI; 4 -
perHCTpHpaW ypen (nHrHTaIJeH MYJlTI1Mep), 5 - KOMI1IOTbP; 6-

MOHI1TOP
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KoraTO MHKpoopram13MHTC, C'bJrbplKalLIH ce Ilbll 1l0llaTa,

npeMHHallaT npe3 301laTa lIa pa31lHTa XHllpOllI1I1aMH'1I1a

KaIlHTaJ-lHlI,Te ca nOllnOlKeHH Ha Pa3pYWHTcmIOTO Ilb3lleHCTilHe Ha

KaIlHTal\HlITa [6], nOll1,pXHOCTTa HM ce pa3pywalla IlCneJlCTIlHe

nyKaHeTO Ha napmlTe MexypH H KOp03HHHOTO HM JleHCTIlHe.

CHJIHO ce YllenH'lalla 6POllT Ha y6HTHTe MHKpoopraJ-IH3MH C

IlpeMeTO Ha Kal1IlHTal\HOHHOTOlI1,3J1eHCTIlHe,C KoeTO ce npOMeHlI

H JlHHaMH'IHaTa eneKrpOnpOIJOJlHMOCT Ha cpellaTa, KOllTO cc

perHCTpHpa C nOflWUfra Ha llHrHTanHHlI MynTHMep (11mI'. 2). B

30HaTa Ha pa3DHTa XHllpOJIHllaMWIHa KaDHTal\HlI BcnellCTBHe

pa3nHKaTa D HanllraHe ce 06pa3yBa H DOJlOpOlleHnepOKCHJI, KOHTO

HMa CHJlI-IO H3pa3cIlo 6aKTepHllHllII0 JleHCTDHe H 3aCHnBa

JlI13HI1l\leKl\HOIIHOTOBb3JleHCTIlHe.[8]

3.1. Bmllll-Hte Ha KaBI1TaUl10HHOTO 'Jl1cno

BClIKa cepHlI onHTH ce npOBClKlla npH llBC Pa3JIWIIHI

KaBHTal\HOHI-IH'IHCJIa H npH CHellllHTC roneMHHH lIa TOKa, KOHTO

ce nOJlaBa KhM cpe6bpiiaTa nHaCTHIIa: 24V, 32V H 36V .

MaKcHMaHHo KaBHTal\HOIIHO 'IHcno 01-ce 1I0CTHra npH IIalTbnII0

OTBopell HarlleTaTeHell KpaH, a 02 C KaBHTallHOIIHOTO'IHcno, KoeTO

ce nOCTHra npH nOHyoTBopeH Hal'lIeTaTeJlell Kpall.

01 > 02
Or MaHOMeThpa (6) ce OT'IHTaT cToihlOCTHTe Ha BXOJlHOTO H

H3XOJlHOTOIHIJIlIralle npellH H CJleJl Jle6HTOMepHoTo YCTPOHCTBO.

CneJl KoeTOce H3'IHCHlIlla KaBHTaI-lHOIIHOTO'IHcno o.[ I,5]

PIl3X=O,23 MPa .0. P=0.07 MPa

H3'IHCJlllBaMe 02

H3'1I1cnllllaHeTO lIa CKopOCTra CC H31l'bpWBa Cl,rJlaCHO

ypaBHeHHeTO 3a HenpeKhCHaTOCT 'lpe3 Jle6HTa, npeMHHallalU IJ
CHCTeMaTa.

QV =- [m/s]
f

nOKa3aHHeTO Ha Jle6HTOMcpa 3a llc6HTa lIa Te'IIIOCTra e

Q=3,28.1 0'3 [m3/s]

3.2 Y13MepBaHe Ha eneKTponpOBOAI1MOCTTa

01' TOKOH3npaBHTenll (12) ce 3'll\aOa npellOapHTeJIHO rOJleMHllaTa

Ha Ha'laJ1HHlI TOK, KOHTO cc nOllaBa K'hM cpe6'bpllaTa nnaCTHHa.

Pa60TH ce C TpH roneMHlHI Ha TOKa 24, 32, 36 V,

EneKrpOnpOBollHMoCTTa no IlpeMe Ha KaBHTal\HOIIHaTa o6pa60TKa

ce H3Mepoa 0 mAm. IloCTpollBaT ce rpalllHKH 3a

eneKrpOnpOBOJlHMOCTra H 6POllT Ha y6HTHTe MHKpoopraHH3MH

npH JllleTe KaOHTal\HOHIIH 'IHCHa, C l\CJI npOCJleJlllllaHe Ha

H3MeHeHHlITa H TbpceHe Ha 3aBHCHMOCT, pe3YJlTaTHTe ce

npe.!lCTaBlITB 6e3pa3MepHa lllOpMa.

4.1 BnHlIHl1e Ha KaBI1TaUl10HHOTO '1I1CnO BbPXY

113MeHeHI1eTO Ha AI1HaMWIHaTa eneKTponpOBOAI1MOCT no

BpeMe Ha npoueca Ha KaBI1TaUl10J-lHa 06pa60TKa,

AaHHI1Te 01' 113MepBaHI1l1Ta Ilpl1 paJnl14HI1Te Ha'laJlHH

ycnoBl1l1 ca nOKaJaHI1 Ha cneABaWI1Te <PHrYPH.

HapacTBaHeTo Ha AI1HaMI14HaTa eneKTpOnpOBOJlHMOCT BbB

BpeMeTo e JlOKa3aTenCTBO 3a HMH'll1eTO Ha HOHH H

H3MeHeHHe Ha CbJlbp)l(aHHeTO 11MB 30HaTa Ha KaBHTaUHll no

BpeMe Ha KaBHTaUl10HHaTa 06pa6oTKa, Y13MeHeHHeTO e

pa3nl1'mO 3a JlBeTe KaBI1TaUl10HHI1 llHcna, HO ce Ha6moJlaBa

HapacTBaHe c BpeMeTO 3a 06pa6oTKa.

I ,,~of
--24V· 0

: 11(1

<llHr.3 H3MellellHe Ha JlHHaMWlllaTa eHeKrponpOBOllHMOCT npll crj
H 02 0 3aOHCHMOCT01' OpCMeTO3a 06pa60TKa npH Ha'I(Ulila

roneMHlla 1I<lTOKa 24 V.

IllHr.4 H3MCHCIIHe lIa JlHIIaMH'IIIUTa cneKrpOnpOIlO.!lH~IOCT B'hB

IJpeMeTO 0 3aBHCHMOCT01' KaOHTal\HOHHOTO'lI1cno npll lIa'laJlHa

rOnCMHII<l lIa TOKa 32 V.
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Ilmr.5 H3MeHeHHe Ha JlHI·JaMH'-fHaTa eneKrpOnpOBOJlHMOCT npl1

Ha'IUJlI-IU rOHCMI1Ha l-ta TOKa 36V H npH JlBeTe KaBHTal\HOHI·111

'-fHCna.



npl1 BCI1'-1KI1npOBeneHI1 Onl1TI1 B KaDI1Talll10HllaTa 30Ha ce nOltaBa

TOK C pa3J1I1'IHa rOJleMl1lIa - 24, 32, 36 V, KaTO ce npOMeHII 11

KaBI1Talll10HHOTO 'II1CJlO. Or nOKa3aHI1I1Ta Ha nl1rHTaJJH1111

MYJlTI1Mep (13) ce CJlenl1 3a 113MeHeimeTO 1-1a nl1lmMI1'-1HaTa

eJleKrpOnpoDonl1MocT lIa DOnaTa. HeHHOTO 113MCHelll1e e

nOKa3aTeJlCTDO 3a HaJlI1'll1eTO 11J111Jll1nCaTa 1m HOIlI1 D CbCTaBa Ha

BOnaTa.

npl1 rOJleMI1Ha Ha TOKa 24 V ca npOBeneHI1 nBa onl1Ta 11npl1 nBeTe

KaBI1Talll10HHI1 '-II1CJla. Or rpallmKaTa Ha 11mI'. N~ 3 ce Bl1lKna, '-Ie

npl1 roJleMI1Ha Ha TOKa 24 V nO-rOJlIlMO BJll1l1Hl1e I1Ma

MaKCI1MaJlHOTO KaBl1Talll10HHO '1I1CJlO OJ. npl1 Hero ce nOCTl1raT

nO-rOJleMI1 CTOHHOCTI1 lIa eJleKrpOnpODOnI1MOCTra.

Ha rpallll1KaTa 01' 11mI'. N~4 C nOKa3aI-1O 113MCHeHl1eTO Ha

nI1HaMI1'-1HaTa eJleKTpOnpOBonl1MOCT DbD BpeMeTO npl1 roJleMI1Ha

Ha TOKa 32 V 11 npl1 nBeTe KaBI1Talll10HHl1 'II1CJla. npl1 32 V no-

rOJleMI1 CTOHHOCTI1 1m eJleKrpOnpOBOnl1MOCTTa I1Ma npl1 no-

ManKOTO KaBI1Talll10HHO '1I1CJlO. rpa(jll1KaTa OTHaCIIUla ce 3a 02 e

Han Ta311 3a °I

Ha rpal~I1KaTa 01' Illl1rypa N~5 ce Dl1lKlta HapacTllaHeTo lIa

nl1HaMI1'-1HaTa eJleKrpOnpOIlOnl1MOCT 11 npl1 llBeTC KaBI1TallllOHHI1

'-II1CJla, KaTO OTHOBO npl1 02 I1Ma nO-CI1JlHO BJIl1l11111eHa nOnaBaHl111

TOK.
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1~l1r.7 \t!3MeHeHl1e Ha npOllel-rra y611TI1 MI1KpOOpralll1'JMH IlbB

BpeMeTO npl1 Tpl1're rOJleMHlI11 lia TOKa 3a 0"2

Ha (lll1rypa N~ 6 e npenCTaBeHO DJll1l1lll1eTO Ha BpeMeTO 3a

KaBl1Tall110lma 06pa60TKa 11rOJleMHl-iaTa Ha nOnaBaHl1l1 TOK BbPXY

IlpOllellTa y6l1Tl1 MI1KpOOpraHI13MI1. Tpl1Te Kpl1BI1 I1MaT enHaKbB

xapaKrep. HanpaBeHO e cpaBHeHl1e 3a BJll1l1Hl1eTO Ha rOJleMI1HaTa

Ha nOnaBaHl1l1 TOK npl1 MaKCI1~aJJHOTO KaBI1Talll10HHO '-II1CJlO 0"1.

I-Ia BClIKa Kpl1Ba CbOTBeTCTBa TO'-lHO onpeneJleHa rOJleMI1Ha Ha

TOKa. 01' rpallll1KaTa ce Bl1lKna, '-Ie npl1 0"1 HaH roJlllM npolleHT

y611TI1 MI1KpOOpraHI13Ml1 I1Ma npl1 rOJleMI1Ha Ha TOKa 24 V.

Pa3JlI1KaTa C 32 11 36 V B 12 min (nocJlenHa MI1HYTa Ha

KaBl1Talll10HHa 06pa60TKa) e MHOro MaJJKa - 01' nopllnbKa Ha Tpl1

npOlleliTa. Pe3YJlTaTl1Te ca nOJlY'-leHI1 cJlen npOBeneHI1J1T

MI1Kp06110JlOrH'-IeH aHaJJl13, npl1 KOHTO ce CJlenl1 3a CnanbT Ha

MI1Kp06HOTO '1I1CJlO npl1 KaBI1Talll10HHaTa 06pa60TKa Ha BonaTa

IlbB BpeMeTo.[2,3]. Onl1TIIl1Te pe3YJlTaTI1 ca cpaBHeHI1 c

H311CKBaHl1l1Ta 3a '-II1CTOTa Ha nl1TeHHI1 DOnl1 [9]. Ha6Jl1onaBa ce

CpaBllI1TemlO rOJlIlM npOlleHT lia Ml1Kp06110JlOrl1'IHO O'II1CTBaHe Ha

nOBbpXHOCTHaTa Bona.

I-Ia Ilmrypa N'!:· 7 ce e npenCTaBeHo 113MeHeHI1eTO Ha npoueHTa

y6l1TI1 Ml1KpOOpraHl13Ml1 BbB BpeMeTO npl1 Tpl1Te rOJleMI1HI1 I-Ia

TOKa 3a 02. XapaKrepbT Ha Kpl1BI1Te ce 3ana3Ba 3a TpHTC

rOJleM 11II 11 lIa TOKa npl1 02' HaH rOJlllM npOlleHT y6l1Tl1

MI1KpOOpraHl13Ml1 I1Ma npH rOJleMI1Ha Ha TOKa 32 V.[4,5]

PC3YJlTaTl1Te npenCTaDeHI1 Ha 1Ill1rypa 6 11 7 ca cbH3Mepl1~IH c

pe3YJlTaTl1Te nOJlY'leHI1 01' Pandit npl1 npyrl1 Ha'-laJIHH

yCJIOBI111[6,7]

5.lhBo~:
rOJleMI1HaTa Ha nOnaBaHl1l1T B KaBI1TaTOpa TOK 11 KaBHTallHOHHOTO

'1I1CJlO yBeJlI1'-1aBaT I1HTeH3HBHOCTTa Ha KaBI1Talll10HHOTO

Bb3neHCTBl1e 11Ha CTeneliTa Ha y611BaHe Ha MI1KpOOpraHI13MI1Te.
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