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4
OCHOBHBIE OBO3HAYEHMUS

I(M) — byHKIHS 3aBHCUMOCTH KaBUTAIIMOHHOTO 3 (deKTa OT MEephl BO3ICHCTBHS

Ha cpeny;

Aonr — ONTUMAJIbHASI MEPA BO3JICHCTBUS;

a o
A= p/ac — OTHOIICHUC HIMPHUHBI OTBCPCTUA B OOKOBOI CTEHKE poTropa Clp K

IIMPUHE OTBEPCTHSI B OOKOBOW CTEHKE CTaTopa a,;

¢ — KOHIICHTpaIlus, JI0JIs1; CKOPOCTh 3ByKa B Cpefie, M/C;

C, — KOHIICHTPAIIHAS SMYJIbCHH, IO O0BEMHAS;

¢y, CL — CKOpPOCTb 3BYKa: B rase, >KUJIKOCTH, M/C;

D — AHCIIEPCHOCTD SIMYIBCHH, M

D,, D, — tnameTpsl: poTOpa BHEIIHMM, cTaTopa BHyTpeHHuH, D,~D,, M;

d, d;,, do — AmaMerpel, COOTBETCTBEHHO, YAaCTHIBI, CPETHUII M B HAYaJIbHBIN
MOMEHT JIUCTICPTUPOBAHHS, M;

dyp, 0. — THApaBIMYECKHE AMAMETPHI OTBEPCTHS, COOTBETCTBEHHO, B POTOPE,
cTaTope, M;

E —sueprus, JIx;

F — miomanp moBepxHocTH pasjaena das, M2

g= 9,81 m/c’ — ycKOpeHHe CBOGOIHOTO TafCHS;

H — BeicoTa poTopa, M;

hp, e — nHA 0Opasyromieii Ha paboueii ITOBEPXHOCTH: POTOPA, CTATOpa, M;

-, —,>,7 — €IMHUYHBIE BEKTOPHI IO OCSIM X, Y, Z;
i

j — HHTEHCHBHOCTD M3HOCA TAPhI TPEHHUS, KI/M’;

J — ckopocTh Tpoliecca nepeHoca cyoCTaHIMKU, HalpuMep, TUIONIAIU MOBEPXHOCTH
paszena das, ¢

K — ko3 pumeHT yBiieueHus *KuIKOCTH B IOJIOCTH POTOPA;

Ko — k03¢ dULMeHT Koaryisiuu Kamneib dMYJIbcuH, BT;

M — 4uCcno WHTEpPBaJOB AMAMETPOB YAaCTUIl B JAaHHOM HaOIIOACHUU OOpasia

SMYJbCHUH Ha IPEAMECTHOM CTOJIMKEC MUKPOCKOIIA, MEpa B036y}K,Z[€HI/I}I KaBUTAllUH,



M — KO3 PUIIUEHT MOAYISIIINHI 00beMa,;
I,

v 1oy Ly loppy Inp.c — ATIMHA MOIYIISITOpa; TONIIMHA CTEHOK, COOTBETCTBEHHO, POTOPA,

CTaTopa; MPUCOEAUHEHHAS JUIMHA OTBEPCTUS NaTpyOKa poTopa U cTaTopa, M;

My — yaeIbHas MaTepHaIOEMKOCTh anrnapara, Kr/ (/e);

M — macca, Kr;

N — momHocTh, BT;

N, No — KOHIEHTpamusi 4YacTHI] TUCHEPCHON (a3pl B Tekyllee BpeMs U B
HAYATBHBI MOMEHT, M

Ny . — CpeHss IJIOTHOCTH MOIIHOCTH ITOTPEOIIAEMOM SHEPTHH alllapaToM, Br/m®;
Nmax= N, — IpenenbHas KOHIICHTPAIUs YaCTHI] YMYJIbCUH TIPU JUCTICPTUPOBAHUH,
M'S;

Nn(R) — yHKIHS pacripeeeH st CTabHIBHBIX TY3bIPEit 10 pagmycaM, M

P — naBnenue, I1a;

Ps — ndaBieHue >KUAKOCTHM Ha TpaHHUIE € Ny3bIpéM 0e3 yueTa BHEIIHErO
BO3MYIIICHUS,

P — aMIUIMTY/1a KaBUTAILIMOHHOTO UMITYJIbCa JaBJICHUS KUAKoCTH, [1a;

|P|max — aMIUIMTya OTPUIIATEITFHOTO HMMITYJIbCA JIABJICHUS JKUIKOCTH B Kamepe
armapara, lla;

P,, Px — AaBineHne »XMOKOCTH: HAa BXOJE B IOJOCTh POTOpa, B KaMepe ammapara,
I1a;

P, — IaBineHWe XHUAKOCTH Ha TpaHUIE C My3bIpeM Oe3 ydeTa BHEIIHEro
BO3MylIeHus, [1a;

AP — pa3HOCTH JaBJICHHI KUAKOCTA MEXIY IBYMsI TOUKaMHu B cpene, [1a;

Q — 0OBeMHBIN Pacxo/1 KUJIKOCTH, IPOU3BOAUTEILHOCTD, MS/C;

R = 8,31 JIx/(moib-K) — yHUBepcanbHas ra30Bast MOCTOSIHHAS;

R, Ry, Re, R¢ — pammyc; pagumyc paOoueil NOBEPXHOCTH pPOTOpa U CTATOPA;
BHYTpEHHUH paaunyc o0iaydaemoin kamepsl [ M/, M;

T — nepuon nporecca, ¢; abcontoTHas TeMneparypa, K;

AT — cpok ciy>kObl THAPABINYECKOTO 000pyAOBaHUS, U;

t — TekyIee BpeMsi, KOOpMHATA BPEMEHH, C; TeMIeparypa, "C;


https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C

V — 06beM, M;

v — JIMHEWHAsI CKOPOCTh, M/C;

Z,, Z; — 41Ci0 OTBEPCTUIl B GOKOBOM CTEHKE POTOpa, CTATOPA;

o, Oy — CoIepKaHWE CBOOOJHOTO Ta3a B JKHIKOCTH, B HAdaJbHBII MOMEHT

BpPEMCHU, JOJIA; SKCIICPUMCHTAJILHBIC KOB(I)(I)I/IHI/IeHTLI;

P

0
b= P—g — HA4aJIbHOE Ta30COJEPKAHUE B ITY3bIPE;
S

B, B2 — yrumr,

y — noliga oOpabaThiBaeMOro obbemMa B 3a30pe MEXIAy pabouyuMu OOKOBBIMU
CTEHKaMH POTOpa M CTaTopa; mokasarens [lyaccoHa;

x#(t) — KO3 GUITUEHT PaCTBOPUMOCTH T'a3a B JKUIKOCTH MPH TeMIieparype t;

Ay Ay, Ay — COOTBETCTBEHHO, INar, IIMPHUHA, PACCTOSHHUE MEXKIYy KaHaBKaMHU
JAOUPUHTHOTO YIUIOTHEHUS, M;

AC,, ACy — pa3sHOCTb MOJSIPHBIX TEIUIOEMKOCTEH IpPU IOCTOSIHHOM JaBJICHUH,
oowveme, JIx/(MomnbK);

AH — u3MeHeHue SHTATBINN TTPU UCTIAPSHUH MOJIS )KUIKOCTH, JIK/KT;

AP,s — naBieHue XuIKOCTH, CO3/]aBaeMOe IEHTPOOCKHOM CHIION HA BHYTPEHHIOIO

CTEHKY poTtopa, [la;

v=27+ if + ;—Z k — onepatop Haba;

0 — BeJIMYMHA pPAAUAIBHOIO (HOPMAJIBHOTO) 3a30pa MexAy padbounmu
MTOBEPXHOCTSAMU poTopa u cratopa I M/I, m;

1 — TMHAMUYECKU KO3 (PUIIMEHT BA3KOCTH KUIKOCTH, [1a-c;

A, Ao — BEPOSITHOCTD IPOOJICHUS KaIlJIM M XapaKTepUCTHKA ariapaTa-sMyJIbratopa;
V — KHHEMATHICCKUH KOd(QHUIIEHT BI3KOCTH KHUIAKOCTH, M/C;

p — IUNIOTHOCTH BEIIIECTBA, Kr/M3;

Ppxcr Pos P> — IIIOTHOCTU: pabOUEH JKUIKOCTHU, BOJBI, IMYJIbCHH, Kr/M;

¢ — mepeMeHHas B MHTErpaie;

& — DIIEKTPOIIPOBOTHOCTD KUAKOCTH, OM'M;

0 — K03 UIMEHT TOBEPXHOCTHOTO HATSHKEHHUS Ha MEX(pa3HOW MOBEPXHOCTH,

H/wm, I[)K/MZ;
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Tp,Tc — KOO(OOHULIUEHT 3al0JHEHHs OTBEPCTUM Ha paboyell MOBEPXHOCTH POTOPA,
CTaTopa;

T — UHTEPBAJl BPEMCHH, C; TAHTCHITMAIBHOE HanpshkeHwue, [1a;

¢ — a3uMyTaJbHAas KOOpJWHATA B IWIMHAPUYECKOW W C(HEpUIECKOl cucTemMax
KOOpJMHAT, Pal;

@ — YaCTOTa BpalllCHUA, pa):[/c.

BepxHue uHIeKCbI

!

— OTHOCHTCJIbHAA BCINMYHHA.

HuxHue uHAEeKChI
0 — B HAaYaJIBHBIIT MOMEHT BPEMEHU;
00 — Ha OECKOHEYHOCTH, B KOHIIE MPOIIeCCa;
I — B rase;
K — B Kamepe amnmnapara;
kB — mapamerp npu KaBUTalNH;
KU — KUTICHHUS;
P — B pOTOpE arrapara;
Pk — paboyasi >KUJIKOCTb;
C — IOPOTOBOE;
CM — CMECH;
3 — YMYJIbCHUS;
L — >KMAKOCTH, B )KUJKOCTH;
MaX — MakCUMaJlbHAsI BEJTUUNHA;
MIN — MUHUMAaJIbHAS BEJTUYHMHA;

C — Ha TpaHUIIe pa3nesa AByX a3 co CTOPOHBI IJIOTHON CPEJIbI;

Kpurtepuu nogodus u yucsia

_ Votp o
Ho = —, — KPUTEpUH rOMOXPOHHOCTH;
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d2c\[24 . .o
Reg = Tpp — MOIUUIIMPOBaHHBIN KpuTepuid Peiinonbca;

pLwRyE o o
Ta = ——— kpwurepwii Teiinopa;

u
3 2
2R,(Rc—Ryp)” (w . = Tais
T, = — 0 5) - Moau(pUITMPOBAHHBINA KpuTepuit Teitnopa;
c p
1= )@1 +X;1— oOpaTHasi BeTu4rHa 0000IEHHOTO KPUTEPHS KABUTAIINH;
2
Poo+$p2(T ) o o
X,= 5 — KpHTEpHil aKyCTHYECKON KaBUTAIIH;
lleax
2
Pt é - po(To) . .
X= — KpUTEPHUI THAPOANHAMHUYECKON KaBUTALINUH;

5@ +wry)]

|4
Ma = - —gucnao Maxa,;
c

2 .
We = - (; — kputepuii Bebepa.
0Fs

ABBPEBUATYPbBI
I'MJI — ruapomMexaHnueCKON AUCTIEPTaTOP;
M/B — smyinbcUsl TUIIA «MACIIO B BOJIEN;
MU — mamrHa ucnbITaTeNnbHas TPEHUS,
ITAB — noBEpXHOCTHO-aKTUBHbBIE BELIECTBA;
PAMII — poTopHsIii anmapaT ¢ MOIYISUHUEN MOTOKA;
CT'] — cupena ruipoAiHaMUAYECKasi;

CM — cMma304HbIE MaTEPHUAIIBL;

YI'I-BM — ynpTpa3ByKoBass yCTaHOBKA C TUAPOJAMHAMHYECKUM BHUXPEBBIM
W3JIy4aTeliem;
YI'C-7Y  —  ynabTpa3BYKOBOM  THAPOJWHAMHYECKUNA  CMECUTENb  [-i

YCOBEPIIEHCTBOBAHHON MOJENH;

YI'ID — ynbTpa3ByKOBOW rHAPOAMHAMUYECKUI AMYJIBIaTOpP;

Y(C3 — ycTaHOBKa CMECUTENbHAS YMYJILCUOHHAS;

OAY «T3OK» — neHTpanpHOE AMCHETYEPCKOE  YIPAaBICHUE  TOIUIMBHO-
HYHEPreTUYECKOr0 KOMILIEKCa,

3O — sMynbCHS.
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BBEJAEHUE

AKTyaJIbHOCTh TeMbl ucciaenoBanus. I[lo panueim Y «TOK» mno
cocrossHuio Ha 01.01.2021 o0y yrist moa3eMHbBIM crocoboM B Poccutickoi
®denepanMd OCYHMIECTBISUIM 58 MmIaxT, mpu 3ToM 42 maxTel padoTad II0
TEXHOJIOTUU «IIaXTa-JIaBay, 3a MOCIEIHUE JECATh JIET CPEIHAS Harpy3Ka Ha JIaBy
BBIpocia B 2,2 pa3a u cocraBmwia mnpumepHo 4 900 t/cytku. IdPeKkTUBHOCTDH
JOOBIYM YTJISI BO MHOTOM OTIpEJENsIeT HaJCKHOCTh U PECYpC MEXaHU3UPOBAHHBIX
kpeneil. [Ipu 3TOoM MexaHU3MpOBaHHAs KpEMb OUYUCTHOTO KOMILIEKCA SIBJISIETCS
YHUKQJIBHON THAPOCHUCTEMOM, MO MPOTSIKEHHOCTH M KOJUYECTBY HCIOJIb3yEMbIX
AJIEMEHTOB, KOJIMYECTBO KOTOPBIX MOXKET JOCTUraTh HECKOJBKHUX ThHICAY.
HanexHocTh W pecypc dJEMEHTOB J0OOOHM THAPOCUCTEMBI B OCHOBHOM
orpesensieTcs kadecTBoM padoueit sxunkoctu (PXK), nis kpeneit — 3To 3MyNbCHU.
K HuMm mnpegbsBisiorcs crendduueckue TpeOOBaHUS, OTIMYAIONIMECS OT
TpeboBaHuii K 1pyruMm PXK — oTHOPOAHOCTH, TOHKOAUCIIEPCHOCTD, COMTPOTUBJICHUE
K KOAryJsiliH.

B MexaHM3MpOBaHHBIX KpEIsIX NEPBOTO MOKOJIEHUS B KadectBe PXK
UCIIOJIB30BAJIOCh MUHEpaJIbHOE Maciio. B mocieacTBuu craja MPUMEHSITHCS
AMYJIBCUS — «MAcCJO B BOJI€», B KOTOPOW UCMOIB30BAIOCH 2—5 % saMynbcona u 95—
98 % BOIBI. OMYJIBCOJI U BOAA CMEMIMBAIUCH C UCIIOIb30BAHUEM CIIEHHAIBHOTO
obopynoBanusi. [lozke I ATUX IeJel Hayalau MPUMEHSATHCS JIUCTIEPTraTopHI,
UCIIOJB3YIONIME  YJABTPAa3BYK W KaBUTAIMIO, I[IO3BOJISIIOLIME  TOJTYy4YaTh
BBICOKOJIUCTIEPCHYIO dMYJIbCHUIO, U 32 CUET ATOr0 3HAYUTEIHLHO YBEJIMYHUTH PECYPC
AJIEMEHTOB MEXaHU3UPOBAHHOM KPEMU OUMCTHBIX KOMILIEKCOB.

C nosiBJI€HUEM IMYJIBCOJIOB TPETHETO MOKOJICHUS, PACTBOPSIOIIUXCS B BOJIE
Py TPUTOTOBJICHUH DSMYJILCHUHU, HCIIONB30BAHUE HUCIIEPraTOpoB (PaKTUUIECKU
MPEKPATHIIOCH.

B cBA3u ¢ maHaemMuend W MOBBICUBUIMMCS PUCKOM 33J€PKKU IOCTAaBKU
AMYJIbCONIA IeJIeCO00pa3HO UMETh AUCIEPraTop W 3amac «OOBIYHOTO0Y» JEIICBOTO

OTCYCCTBCHHOI'O 5MYJIbCOJIa B KAYCCTBC 3allaCHOI'O BapHaHTa. B HACTOAIICC BPEMs
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[[EHa PaCTBOPUMOIO 3MYJIbCOJIAa MPUMEPHO B 5 pa3 BhIIIEC, YEM MPUMEHSBIIUXCS
paHee I JUCIIEPTUPOBAHUS, U IPUMEHSIOLMXCS CEYac B METAIII0O00pa0OTKE.

B ciyyae ucCnonb30BaHUS W3HOLICHHBIX MEXAaHU3UPOBAHHBIX Kpemenh Ha
IpEAnojgaraéMoM 3HAYMMOM HMHTEpBAJE SKCIUIyaTalluud TAaKXKe LEeIecoo0pa3Ho
MCIIOJIB30BaTh AEUIEBBIN AMYJBCOJIL, B T.4. IO MPUYHUHE €T0 MOBBIIIEHHOTO PAaCcX0/a.

[ToaToMy 00OCHOBaHME MapaMETPOB JUCIIEpraropa ¢ MOAYJSIIUEH MOTOKa
HOBOI'O TexHUUYeckoro ypoBHs (JIMII), mo3Bostonero noBbICUTh JUCIEPCHOCTD
MOJYy4YaeMOW 3MYJIbCUU, KOHTPOJUPOBaTh M  yOPaBIATH IMPOLIECCOM €€
MPUTOTOBJICHUS] U NIEPUOJUYECKON pereHepanueil B mporecce 3KCIulyaTaluy, T.€.
3HAYUTEILHO CHU3UTH 3aTPaThl U MOBBICUTH €€ KAa4eCTBO, TEM CaMbIM MOBBICUTH
3G ()EKTUBHOCTh  IKCIUTyaTalldd  MEXaHU3UPOBAHHBIX  KpEMeW,  sBIsETCS
aKTyaJIbHOM HAYYHOU 3a/1a4eil.

Crenenb pa3pa0oOTaHHOCTHM TeMbl HcciaeaoBaHus. lccienoBanusaMm 1o
JTAHHOM TEMaTUKE TIOCBSIIEHO OO0JbIIOe 4YHCIO PAbOT OTEYECTBEHHBIX U
3apyOexxHbIX ydeHbIx: Arpanara b.A., bamaOemmko A.M., Bentuens E.C.,
I'aBpunoBa JI.P., I'eromanoBa B.1, 3umuna A.N., KannakoBa JI.A., Kapenanona
C.K., Pyxunkoro B.II.,, Cupottoka M.I'., CautkoBckoro M.M., Xopuna B.H.,
Onaesa B.®., Typyka [O.B., IOpseBa B.H., Kpusenko A.E., Brennen S.,
Chandrasekhara D.V., Daily Jr., Freidrich T.H., Hammit F., Holl Zh.V., Ivengar
K.S., Knepp R., Neppiras E.A., Richardson E.G., Siamala Rao B.Z., u mHOrux
JPYTHUX.

B 1o xe Bpems He uccienoBajiach MOAYJSAIMS TMOTOKA, KaK WHCTPYMEHT
NnoBbIIeHUS A(PeKkTuBHOCTH PabOTHl JUcCHepraropa M MOdy4deHus Oolee
Kaue€CTBEHHBIX, BEICOKOJAUCIIEPCHBIX AMYIbCUIA.

Heans pa6orbl. OOOCHOBaHME NapamMeTpOB JUCIIEPraTopa C MOIYJIALMEH
MOTOKA JIJIsI TOJIYYCHHUS! arperaTUBHO YCTOWYUBBIX BBICOKOJIUCIEPCHBIX Pabodmx
KUJIKOCTEH MEXaHU3UPOBAHHBIX KPEMEH U MOBBIIIEHUS X pab0TOCIIOCOOHOCTH.

Nnes pa6Gorpl. [lomydeHune BBICOKOIUCIEPCHBIX pPabOUYUX >KHAKOCTEH
MEXaHU3UPOBAHHBIX KpENel 3a CYeT HCMOJb30BAHUS PALMOHAIBHOTO pPEXUMA

KaBHUTAallTUOHHOI'O BOSI[GﬁCTBPI}I.
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3agaum uccjie10BaHUA

Jlnia peanu3anuu MOCTaBICHHOMN 1en ObutH C(HOPMYIIMPOBAHBI CIEAYIOIIUE
3a/1a41 UCCIIEIOBAHUS:

— TIpOBECTH aHanu3 coctaBa W cBokcTB PXK, obOopymoBanus s ux
MPOU3BOJACTBA U TPEOOBAHMM, MNPEABABISIEMbIX K HHUM TMpU TMOJIYYECHUU U
pereHepanuy B IpOLECCE SKCILTyaTallud MEXAHU3UPOBAHHBIX KPETEH;

— BBISIBUTH 3aBHCHUMOCTH 4YMCJIAa KaBUTAllMU OT COJEpXaHUs CBOOOJIHOTO
rasa, pa3paboTaTb MATEMaTUYECKYIO MOJIEIIb COJIEpP>KaHusl CBOOOJHOIO Irasa;

— pa3paboTaTh METOJIMKY U aIrOPUTM pacueTa napametpos JIMII;

— pa3paboTaTh SKCHEPUMEHTAJIBHBIA CTEHJ AJI1 HCCIEIOBaHUs Ipolecca
smynbrupoBanus PK npu paznumunsix napamerpax JIMII;

— BBINOJHUTH JabopatopHbele ucneitTanus JIMII nns mpousBoacta PXK;
YCTAaHOBUTb COOTBETCTBUE TEOPUHM 3aBUCUMOCTH JUCIEPCHOCTH 3MYJIbCUU OT
oOpaTHOH BeIMYMHBI 0000IIEHHOTO KpUTEPUS KaBUTALIUH.

Hay4nasi HoBU3Ha padoThI

1. YcraHoBieHa 3aBUCHUMOCTb JUCHEPCHOCTH MOJYyYaeMOM 3SMYJIbCHUH OT
KOJIMYeCTBa CBOOOJIHOTO BO37yXa B 00pa0aThiBa€MOW CMECH U KAaBUTAI[MOHHOTO
pexuma B MOIYJISITOPE.

2. Pa3zpaboTraH MeTOJT MOHUTOPHUHTa COJEp’KaHUs CBOOOJHOTO rasza B
Ipolecce TMOJYyYEHHUS BBICOKOKAYECTBEHHOM HMYJIbCUM M NOAJIEPKUBAHUS
ONTUMAJIBHOTO pexkuMa pabotel JIMII myTem HEmpepbIBHOTO peryaupoBaHUs
coJiep>kaHusi CBOOOHOTO ra3a B paboueii kamepe Ha Bbixosie P2K n3 anmapara.

3. Pazpaboran meton pacuera JIMII Ha OCHOBE ONTUMAJILHOTO 3HAYCHUS
KpUTEPHS aKyCTUYECKOM KaBUTALIUH.

Metoabl  MCCIeAOBAHUSI. TEOPETUYECKHE, OKCIIEPUMEHTAJbHbIE WU
pacueTHO-KOHCTPYKTHUBHBIE, C HCIIOJIb30BaHHEM (YHIAMEHTAIbHBIX 3aKOHOB
COXpaHEHUs, aHallu3a M CTATUCTHUYECKONW 0OpabOTKM MOJY4YEHHBIX PE3YJIbTAaTOB
U3MEPEHUS.

Hayunble mosioxeHnsi, BBIHOCUMbIE HA 3aIUTY:

1. MaremaTudeckas MOACIIb mponecca OMYJIbTUPOBAHUA )41
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aucnieprupoBanns  P)K ruapomexaHuM3uMpOBaHHBIX — KpeNeW, Y4YMThIBAHOLIAs
BIMSHUC JIaBJICHUS SKHUAKOCTH B KAaBUTAlMOHHOM 00JIACTH H  0O0BEMHOIO
cojiep)kaHusi CBOOOJTHOTO Tra3a B 00pabarbiBaeMOM cpefie, paauyc Iy3bIpsd U
OTHOCHUTEJIbHYIO PaAUaIbHYIO0 CKOPOCTh IMyJILCUPYIOIIETO MYy3bIpS.

2. 3aBHCUMOCTH JUCIIEPCHOCTH IIOJIYyYaeMOM SMYJIbCUM OT BEJIWYHUHBI
MPEIOKEHHOT0 apameTpa — KodppuiiueHTa «BBOAUMOMN TIJIOTHOCTH MOIITHOCTHY,
XapaKTepU3yIoIIEro «CKOPOCTh HM3MEHEHHUSI BBOJUMMOW IUIOTHOCTA MOIIHOCTH
MMITYJIbCA JABJICHUS.

3. 3aBHUCHMOCTH JHCIIEPCHOCTH TIOJYy4aeMON 5SMYJIbCHU OT BEIWYUHBI
0000ILIEHHOTO KpUTEPUS KaBUTALUH.

4. TlpennoxxeHHOE BBITIOJIHEHNE JJAOMPUHTHOTO W BUHTOBOTO YIUIOTHEHUS
moxaynaropa JIMII mo3BofuI0 yBEIUYUTh JUCIIEPCHOCTh MOJTYyYaeMOU AMYJIbCUU
Ha 10-30 % 3a cYeT MOBBINICHUS CKOPOCTH HW3MEHEHHUS BBOJAUMOM IJIOTHOCTH
MOIITHOCTH MMITyJIbCa JABJICHHS, OIEHUBAEMOMN MPEIJIOKEHHBIM KO3(huImenToM
«IJIOTHOCTH BBOAMMOM MOIITHOCTH).

JI0CTOBEpPHOCTh HAYYHBIX I10JI0K€HUH, BBIBOJOB M PEKOMEHIANMA
MOATBEPAKIAACTCA KOPPEKTHOCTHIO MTOCTAHOBKH 3ajad: MPeACTaBIEHHBIM 00bEMOM
SKCIIEPUMEHTAJIBHBIX JAHHBIX, IOJIYYEHHBIX Ha SKCIEPUMEHTAIHLHOM CTEHJE,
MPUMEHEHUEM COBPEMEHHBIX METOJOB HCCJICAOBAaHUS; TPSIMBIX CPEICTB
U3MEPEHUS; KOPPEKTHBIM MPUMEHEHUEM CTaTUCTUUECKUX METOJIOB MpU 00padoTKe
M aHAIW3€ SKCIEPUMEHTAJIbHBIX JAHHBIX; YAOBJIETBOPUTEIBHON CXOJIUMOCTHIO
pPe3yJbTaTOB TEOPETUUECKUX U DKCIIEPUMEHTAIBHBIX UCCIICIOBAHUMN, PACXOXKICHHE
MEXKly KOTOPbIMH HE NpeBbIIacT 7...8%.

Teopernyeckasi 3HAYMMOCTHL PadOTHI 3aKIIOYacTCSI B pa3padOTKe
MaTeMaTHYECKOW MOJICNIM Tpoliecca AMYJIbIMpoBaHus W aucneprupoBanus PX
rUAPOMEXaHU3UPOBAHHBIX KPEIEl, YUUTHIBAIOIICH BIUSHUE JABJICHUS KUIKOCTU
B KaBHTAIMOHHON o0acTh W OOBEMHOrOo COJEp)KaHHS CBOOOJHOrO Tasa,
YCTAHOBJIEHUM 3aBUCHUMOCTU JTUCIEPCHOCTH MOJIYyYaeMOM SMYJIbCUU OT BEIUYUHBI
0000IIIEHHOTO KPUTEPHUS KABUTAIMHA M OT BEJIMYUHBI TIPEIIOKEHHOTO TTapaMeTpa —

KOB(b(I)I/IHI/IeHTa «HU3MCHCHHUA MMITYJIbCA OABJICHUS» XapaKTCPHU3YIOMIEIO CKOPOCTh
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VM3MEHEHUS TIIOTHOCTU BBOAMMOW MOITHOCTH UMITYJIbCA JTaBJICHUS.

IIpakTHyeckasi 3HAYMMOCTH PadOTHI

1. Pa3spaGorana KOHCTpYKIMs H 0O0OCHOBaHbl TmapameTpbl JIMII nms
MOJyYeHUs TOHKOJUCHEPCHBIX BBICOKOKAYECTBEHHBIX PXK MexaHW3MpOBaHHBIX
KpEIeu.

2. Pazpaborana MmeTojnuka pacuera MUHUMaJIbHOW KoHIeHTparuu [IAB B
IIPOLIECCE MTOIYUYEHHUsI BBICOKOKauecTBEHHOM PJK 111 MeXaHM3MpPOBAaHHBIX KPEIIEH.

3. Pa3zpaborana mMeTo/lMKa MOHUTOpPUHIA COJEpX aHUs CBOOOJHOIO Tras3a B
MPOLIECCE MOTYUYECHUS BBICOKOKauecTBEHHOU PK.

4. PazpaboTaHa MeTOJUKa MOJJCPKUBAHUS ONTUMAIBLHOTO pekuMa paboThl
JMII myTreM HEMpephIBHOTO PETYJIUPOBAHUSA COJEPX AHUS CBOOOJHOTO raza B
paboueil kamepe Ha Bbixoje PXK u3 anmapara.

Peanu3anus padorsl. Pe3ynbTaThl HcclieI0BaHUN, METOANKA ONPEACICHUS
[IapamMeTpoB,  MOJEIb W  PEKOMEHJAIMU  IPUHATHl  OpPraHU3aLMSIMH,
3aHMMAaOUMMUC pa3paboTkoi MexaHu3upoBaHHBIX Kpered — OO0 «[IHUK
MAWHHWHT» u 000 «O0beTMHEHHBIE MAITHHOCTPOUTEIBHBIC TEXHOJOTHIY IS
JAIbHENIIIETO UCTIOIb30BAHUS UX B CBOUX MPOECKTaX.

JInuHbIii BKJIAA coMCKATedsl COCTOMT B aHaldu3e U O000OUICHUU
pE3yJIbTAaTOB paHEEe BBIMOJHEHHBIX HCCIENOBAaHUN, (POPMYIHPOBAHUU WETH U
3a/1a4 MCCJEAOBaHUN; pa3pad0TKe KOHCTPYKIMM W OOOCHOBAHMM TMapaMETpPOB
JIMII;  pa3paboTke  MoAenu ©W  TOJYYEHHH  pacyeTHBIX  (opmyn
MPOU3BOJAUTEIILHOCTA TIOJYYEHHOW YCTAHOBKH; TMPOBEACHUH TEOPETUYECKUX
UCCIICIOBAHUM, HHTEPIPETAIIMU UX PE3yJIbTAaTOB U MOJATOTOBKE MyOIUKaIUi.

AnpobGauust padorbl. OCHOBHBIE TOJOXKECHHS IUCCEPTANMOHHON PaOOTHI
JOKJIaJAbIBAIMCH U o0Ocyxaanuch Ha: VI MexayHapoaHONH Hay4YHO—TEXHUYECKOU
koH(pepentuu «IlyTu COBEpIIEHCTBOBAHMS TEXHOJIOTHYECKUX TIPOIECCOB U
000pyZ0BaHUST TTPOMBITIUICHHOTO MPOU3BOJCTBa», JloHOACCKUI TOCYIapCTBEHHBIH
TeXHUYeCKud WHCTUTYT, 14-15 oxta6ps 2021 r., r. AmueBck, JIHP; VII
MexyHapoaHON HayuHO-TpakTUYecKol KoHpepeHunu «lopHas u HedTsHas

anexkTpomexannka — 2021: moBbimenue 3GPeKTUBHOCTH W 0€30MacHOCTH
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OKCIUTyaTalld  TOPHO-IIAXTHOTO M HEPTEHPOMBICIOBOIO  O0OPYIOBAHUS,
[lepMCKMd HAITMOHANBHBIM HCCIEAOBATEIBCKUN ITOJIUTEXHUYECKUM YHUBEPCUTET,
19-21 oxktsa6ps 2021 r., r. Ilepmb; VI MexayHapo1HOM HHHOBAIIMOHHOM TOPHOM
cumnosuyme, Kyz0acckuil rocygapCTBEHHbI TEXHUYECKHM YHUBEPCUTET HUMEHH
T.®. T'opbauera, 19-21 oxtabps 2021 r., r. Kemeporo; XV MexayHapoHoH
HAyYHOM IIKOJIE MOJIOABIX YYEHBIX U creruanucToB «[IpobieMbl ocBoeHUs HEAP B
XXI Beke raazamMu MOJIOABIX», THCTUTYT nmpo0iieM KOMIIJIEKCHOIO OCBOEHHUS HEAP
uM. akagemuka H.B. MenpaukoBa PAH, 25-28 oktsa6ps 2021 r. Mockpa; XXX
MexaynaponHoMm HaydyHoM cumno3uyme «Henens ropusikay, HUTY MUCuC, 1-4
¢depans 2022 r., r. Mockaa.

Iyoankamuu. [To maTepuanam auccepranuu onyoarkoBanbl 10 medaTHbIX
paboTt, u3 HUX | — B U3[1aHUH, BXOJAILEM B HAYKOMETpUUYEeCKyto 0a3y Scopus, 1 — B
pelieH3upyemMoM u3aanuu, pekoMmenaoBanHoM BAK Poccuiickoit denepanum, 8 —
B m3ganusax PUHIL (6 u3 HuUX — B peleH3UPYEMbIX H3IaHUAX, PEKOMEHIYEMbIX
BAK Poccwmiickoit ®@enepanuu, HO He 11 HayuHou cnermanpHocTH 05.05.06
«["OpHBIC MaIITMHBI).

Crpykrypa u 00bem padoThl. /luccepranus COCTOUT U3 BBEICHMS, 4 T1aB
U 3aKJTIOYCHUS, U3JIOKEHHBIX Ha 145 cTpaHuiiax, coaepkut 32 pucyHka, 6 tadmmii,

CIIUCOK JIUTepaTypbl U3 123 HauMeHOBaHUN U 2 MPUIIOKECHHUS.
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1. AHAJIN3 COCTOAHUSA BOITPOCA U ITOCTAHOBKA 3A/TAY

NCCIEAOBAHUA

1.1. TpeGoBanusi, npeabsiBjisieMble K PAa00YUM KUIKOCTSAM

MEXaHU3UPOBAHHBIX erneﬁ

Pabouast )kMIKOCTh B T'HJIPOMEXAHUYECKHUX KPEIAX CIYXHUT I Mepeaadyu
HHEPTrUM MPUBOJIA UCTIOTHUTEIBHOMY MEXaHU3MYy — TUAPOUMINHAPY. CTOUMOCTh
TUAPOINPUBOIA MEXAHU3UPOBAHHOW Kpenu mpesblmaeT 50 % cTomMocTH BCEro
MEXaHU3UPOBAHHOTO KoMIUiekca. Jlons OTKa30B THUAPOCHUCTEMBI, BBI3BAHHBIX
sarpsisHenusimu - PJK - mocturaer 80 %, crnegoBaTelbHO, SKCIUTyaTallMOHHBIC
xapaktepucTuku PJK MeXaHM3MpOBAHHBIX Kpened peliaroluM 00pa3oM BIHSIOT
Ha HaAEKHOCTb, CE0ECTOMMOCTb YIJIs, 3(PPEKTUBHOCTh PabOThI TMIPONPHUBOJA
MEXaHU3UPOBAHHOMN KPEMU OYUCTHBIX KOMILJIEKCOB.

C uenpio obecnedeHUs MOXKapOOE30MACHOCTH, TEXHUKH OE€30MacHOCTH U
AKU3HEICATEIbHOCTU padoThl B 3a00€, B 60-X rofax MpoIIoro CTOJETHs, KOra B
kauectBe PXX wmcnonb3oBanm Macio, yrojpHas MPOMBIIUIEHHOCTh Mepelnnia Ha
SMYJIbCUM THUNA MUHEpaidbHoe wMacio B Boje (M/B). B kadectBe Macna
UCITOJIB3YIOTCS AMYJIbCOJIBI PA3JIUYHOIO COCTABA.

OOuenpuHATBI COCTaB 3MyJibcojia (KOHIIEHTpaTa) padoTaloIIero Mnpu
oonpmnx gaBiaeHusix PXK, % mac.: 85 — unayctpuanbHoe macio; 14 — onenHoBas
kuciora (CHz(CH,);CH wmm CH(CH,);COOH); 1-2 — rimuepuH; HHOTAA Coa.

Macna B kadectBe PXX mnpuMeHSIOTCS TOJNBKO B T0KapoOE30MACHBIX
yCIIOBUSIX Tpu AaBieHusx ot 5 no 20 MIla. Dmynscun Tuna «Boja B Macie» B/M
NPUMEHSIOTCST KaK B MOXKapoOE30MacCHbIX TaK M MOXKAPOOIMACHBIX YCJIOBHIX MPHU
naenenusix go 64 MlIla. B mnociaenHem ciydae — TMIpU  HCIIOJIb30BaHUU
MYJIbTUILTAKATOPOB.

[IpeumyiiecTBa SMyJIbCUU TEpell MUHEPAIbHBIM MAacJIOM: HEBBICOKAs
CTOMMOCTH; 0o0Jiee BBICOKAsi KECTKOCTb, YCTOMYMBOCTb K BO3ropaHuto. Jlis
CpaBHEHHMS, MOJYJIb YINPYrocTH MHUHEpaidbHOTo Macia coctaBiser 1 500 MlIla,

Bozbl — 2 100 MIla, rmuniepuna — 4 500 MIla.
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CocTtaB 3MyJNbCOJIOB, WJIM KOHIIEHTPATOB THUIPABIMYECKON MKUJIKOCTH ISt
UCIoyIb30BaHus 1—3 %-HBIX BOJHBIX SMYJIBCHI B KaueCTBE pabouelt KUIKOCTH JIJIs
THIPOOOOPYIOBAaHMUS, PAOOTAIOIIET0 B MOXKAPOOIACHBIX YCIOBUAX (Hampumep —
JUTS. THJIPOCHCTEM IAXTHBIX Kperer) pa3padaTeiBaeTcss BO MHOTHX cTpaHax [1-5].
B mepBbIX dYeThipex mnaTeHTax [l—4] mpenacTaBiieHbl KOHIICHTPATBHI-IMYIIbCOJIBI
BOJI0OMYJIbCMOHHBIX THAPABINYECKUX JKUJKOCTEH, coAepKaluX HedTEenpoayKThl
— TPUATAIIOMHUH, CyJIb(OHAT HATPUS W TOJUOKCHUATHUIMPOBAHHBIN aIKWI(PEHOI.
ABTOpBI TIOCIIEHETO TaTeHTa [S], M3y4YHB MEpBbIC YeThIpe KOHIleHTpaTa [1-4], Ha
OCHOBE COOCTBEHHBIX MHOTOJICTHHX wucciaenoBannii B HMI[ UT'J um. A.A.
CKOYMHCKOrO0  pa3paboTaii  KOHIUEHTpPAT TUAPABIUYECKOU JKUIKOCTH IIpHU
CIEAYIOIIEM COOTHOIIEHUM OCHOBHBIX KOMIIOHEHTOB, % Mac.: IIeJIOYHasi COJib
Ha()TEHOBBIX KHCIIOT W/ WM TAJJIOBOTO Maciia — 5—12; Tpu3TaHOJaMUHOBAs COJIb
HaQTEHOBBIX KUCJIOT W/WIM TajsloBoro macina — 2,5-5,0; tpusranomamun — 1,0—
1,3; cynabbar Hatpus 4-12; OKCHUITUIMPOBAHHBIA H30HOHWI(EHOT C 6
OCKUATHJICHOBBIMU Tpymmamu — 1,5-2.5; Boga — 1,0-3,5; akcTpakT ¢eHOoIbHON
OYHCTKU MAJIOBSI3KUX TUCTUILIATOB.

OO6uue TpeOOBaHUS MNPEABSIBISIEMbIE K IMYJIbCUSM — TE€ XKe, 4TO U K
CMa3bIBAIOIIMM MaTepHaliaM, KOTOpbIC HCIOJIB3YIOTCA B KauecTBe pabouux
KUIKOCTEH: OJHOPOJTHOCTh M BHICOKOUCTIEPCHOCTD, CTA0MIBHOCTh. Kpome 3Toro,
MOXHO BBIJICJIUTh CIEeAyIolue TpeOoBaHUs, TMpEIbIBIseMble K padouum
HKUJKOCTSIM.

PabGouast XMAKOCTH JOJKHA: UMETh ONTUMAJIbHYIO BSI3KOCThH (MPU MaJbIX
ko3 puIIeHTax BSI3KOCTU YBEJIMYMBAIOTCA YTEUKH, NMPU OOJBIIMX — BO3HHUKAIOT
OOJBINIME TUIPABINYECCKUE COMPOTHUBIICHUS, TIOTEPH JTABJICHUSI U DHEPTHH); UMETh
XOpOIIYK0 CMa3bIBAIOIIYI0 CHOCOOHOCTh W XHUMHUYECKYH) CTOMKOCTBH, OBITh
XMMHUYECKU MACCUBHOW K MaTepuajiaM THIpaBIMYECKOro TpakTa, B TOM YHUCIE, U
MaTepuaiaM YIUIOTHEHUS, UMETh CPAaBHUTEIHLHO HH3KYI0 CTOMMOCTh. Pabouas
KUJKOCTh HE JOJDKHA: 3aTBEpAeBaTh CO BpPEMEHEM M OO0pa3oBbIBaTH IIEHY;
BBIJICJISITh BPEAHBIE MAPhI U PACTBOPATH 3HAUUTEIHHOE KOJIMUECTBO BO3/1yXa; ObITh

M0KapOO0IIacCHOM; OBITh Je(PUITUTHOM.
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Tak xak KOHIIEHTpaIus KOHIICHTpaTa (dMyJibcoiia) Hebobmas (o ¢ < 5 %
Mac.), TO INIOTHOCTb paboydell JKUIKOCTH (ppx = ps(1-C) + Cp, = p;) HE3ZHAYUTETBHO
OTJMYAETCs OT TUIOTHOCTH BOABI. TO e MOXHO CKa3aTh U O JUHAMHUYECKOM
kKoddummeHTe BSI3KOCTH u OSMYJIbCUHU. [lpu HEOOJBIIUX KOHIICHTPAIIHSIX
aMyJbcoia, A.DWHINTEWH mmokasai, 4to i = ug (1 + 2,5¢). B mocneanux nByx
(GopMynax HpPUHATBL OOO3HAYEHUS ppyx, Ps P> — IUIOTHOCTb, COOTBETCTBEHHO,
paboueli KUIAKOCTH, BOABI, SMYJIbCOJA — KOHIIGHTpPATa; ¢ — KOHIICHTPAIUS
IMYJIBCOJIA, MaC. AOJIS; [o— JUHAMUYCCKUN KOIPPHUITUCHT BI3KOCTH BOJIBI.

B rumpocucremMax OTEYECTBEHHBIX MEXaHM3MPOBAHHBIX Kpemed paHee
WCITOJIB30BAICh  OMYJBCOJBI (B HACTOSIIMK  MOMEHT TIPUMCHSIOTCS B

MAaIlIMHOCTPOCHHH ), KOTOPBIC KIacCH(UITMPOBAHBI 10 cOCTaBy (Tabmuma 1.1).

Tabnuua 1.1. Kraccuguxayus smynvconos — KoHyeHmpamos 0t NpUu2omoGieHUs:

pabdouux sxcudkocmetl 2UOPOMEXAHUUPOBAHHBIX Kpenell

Ne | HaumeHnoBaunue

Cocras
n/m AMYJIbCOJIA
1 AKBOL-3 MusnepanbHoe Maciio cefiekTuBHOM ounuctku (MMCO),
smynbratopsl (), uaruéutopsl kopposuu (1K)
OKCTPaKT OUYHMCTKA MAaJOBSI3KUX JIUCTWILIATOB (O
2 Buran p A (1),

AMYJIBraTOPbl, AHTUKOPPO3MOHHBIE KOMIOHEHTHI (AK)

OJ1 ¢ AOMOJHUTEIbHOM OYMCTKOM cepHOM KuciaoThl, AK,

3 | BHMMHII-117
[TAB n sMyaprupyronme KOMIOHEHTBI

MMCO, D, MHWK, ommmuyaromuecs 0T AkBoia-3

4 | Tunpomon-13
IIPOILICHTHBIM COJICPKAaHUEM M KAYECTBOM COJICPIKHUMOTO

MusnepanbHoe Macio, 29, UK, amcopOimoHHO-aKTUBHBIE
BEIlleCTBa

3) OMU PX

To xe, uto 1 ®MU PXK, HO ¢ apyrumu KOHUEHTpaUUsIMU
U BEIleCTBAaMU

6 POM

Jlnia npuMepa npuBeAEM HECKOJIBKO THIIOB HACOCHBIX CTAHIUN — OJTHOTO U3
BOKHEHUIIMX 3JIEMEHTOB OCHOBHOTO 00OpyJOBaHuUs, 0€3 KOTOPOro HEBO3MOKHA
paboTa THUIPOMEXaHU3UPOBAHHOrO KoMmIuiekca. OHa mpenHa3HayeHa MJis
HarHeTaHusi pabodeil >KUIKOCTH B THUAPOCHCTeMBI Kpered. HacocHas cranuums
COCTOMT M3 [JIByX HAaCOCHBIX Y3JIOB, THIpOOJIOKa, y371a (QUIBTPOB W

IIPUCOCMHUTEIBHBIX TAHTOMPOBOIOB (Tadwuma 1.2).
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Tabmuua 1.2. Texnuueckue xapaxmepucmuku HACOCHbIX CIMAHYULL

TS Cy— Hp0H3Boz[HTSeJILHOCTL JlaBrieHue Mo1HOCTh
Q, M /4 p, MIla aBurarens, KBt

CHH 100/32 200 25-32 55

CHH 150/30 300 25-30 90

B pabGorax [6-8] oskcmepuMeHTaNbHO JOKa3aHO, YTO B HWHTEpBAJC
. . 6 -1
nosydyeHHbIX aucrepcHoctedt ((0,5+1)-10° M) onpenenstoniee BIUSIHUE OKa3bIBACT
JUCIEPCHOCTh AMYJIbCUU. Mepoil TUCHIEPCHOCTH SIBISIETCSl OTHOLLIEHHUE IJIOLIAAN
MOBEPXHOCTH Kallelb AUCHEPCHOM (ha3bl K UX 00BEMY:

_ 6 %L nd} -1
4yM na}’ !

D (1.1.1)

e Nj — YMCJI0 4aCTUll, JUaMETP KOTOPBIX HAXOAUTCA B UHTEPBAJIC JUAMCTPOB

Ad; Ad; — .
[di — T‘; d; + TL]; Ad; — i-pIif HHTEpBAJI AMAMETPOB YacTuil, M = Z?’ill — YHUCIIO
WHTEPBAJIOB JUAMETPOB YacCTHUI[ B JJAHHOM HaOJIoJeHHH oOpaslia SMYJbCHH Ha
MPEAMETHOM CTOJIMKE MUKPOCKOIIA.

Ecnu ydects, 4TO CpeqHENIOBEPXHOCTHBIN JUAMETP

,2?4: id7

dcp.S: Zg\/}:?ni ) (112)
3/2?’: id]

depv= —Z?/ilni , (1.1.3)

deys 1
D=6 M. (1.1.4)

a cpeIHeOObEMHBIN AUAMETP

TO.

[Tpu HeboabIOM pazdpoce PyHKITUS pacTpeeeHIs] YaCTHI] SMYJIbCUH:

f(d) =+, (1.1.5)

rae N — guciio HabIAaeMbIX YaCTHII IPU MOCTPOEHUH (PYHKIIUU paclpeieIcHs
. AN
YaCTHUIl 10 JMAMETPAM; —- — OTHOCHTEIILHOE YHCIO YaCTHI (ZOIs), MMEIOLINX
Ad; Ad;
nuametp d B taHHOM mMHTepBaje [d; — TL; d; + TL]

B pab6ore [9] naHo crienyroriee onpeaeieHne Mephl TUCIIEPCHOCTH
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— MptMu 2 (1.1.6)
3wdepp o
rae M, — wMacca BOJbl (JUCIEPCHOHHOM cCpeanl); M, — Macca IPUCATKU

(nucnepcHoi Gasbl) uau 3Mynbcona; O, — cpeqHuil apudmernueckuil auameTp

JaCTHII TUCTIEPCHOMN (pa3bl:

M
d, = 2L (1.1.7)
KOTOpasi HE TOJBKO MO BEJIUYHHE, HO U, AK€, 0 Pa3MEPHOCTH HE COOTBETCTBYET
JUCIIEPCHOCTH.

OntumanbpHas paboyasi KUJIKOCTh JOJDKHA cojaepxkath (80+90) % o00. B
KaIljIsiX, JAUaMeTp KOTOphIX HaxonutTcs B uHTepBasie (1+5) mxm. IloBblinenue
JUCIEPCHOCTH pabouel KHUAKOCTH, HU3MEPEHHONW IO CpelHeapUPMETHUECKOMY
JMaMEeTpPy YacTull ¢ 25 MKM 70 5 MKM (B ISITh pa3) MO3BOJISIET MOBBICUTH PECYPC
paboThl ruapocucTeM B 5—7 pas, a pecypc HacocoB — Ha nopsaok [10]. bonpmiue
KaIId 3MYJIbCUH, TOMUMO BCEro MPOYEro, Hampumep, HECTAOUIBLHOCTH, UMEIOT
TaKO€ CBOMCTBO KaK BeCbMa CYIIECTBEHHOE YBEIMYEHUE TUAPABINYECKOTO
COIPOTHUBIIEHUS paboUMX 3a30pOB B YIPABIAIOLUIUX THIPOCUCTEMAX THAPOY3JIOB U
B (Quubrpax. IlocrnenHee mNpUBOIUT K YMEHBUIEHUIO BpPEMEHH padOTHI
(GuUIbTPOBAILHON NEPEropoKM OT OAHOM €€ pereHepanuu A0 JIpyrow,
yMEHbIIAeTCsl  KOA(P(QUUHUEHT  UCHOJIb30BaHUS  (QUIbTPA,  YBEJIMYMBAIOTCSA
TpyJ03aTpaThl HA PEreHEePaLUIO U 3aMEHY (PUIIBTPOB.

Ho ocHoBHBIM Henmoctatkom rpyboaucriepcHoit PXK sBisrorcs e€ HuU3KHE
3allMTHBIE  KauyecTBa 3€PKaJbHBIX BHYTPEHHUX pabouux MOBEPXHOCTEH
TMJIPOLUMJIMHIPOB, Ha BOCCTAHOBJEHHME KOTOPbIX TpeOyIOTCS  OCHOBHBIE
KalMTAIOBIIOKEHHS.

CrabunbsHocTh PXK, Kak u 110001 3MyIbCHHU, TPU MPOYHUX PABHBIX YCIOBHSIX,
TaK)K€ YBEJIMYMBACTCS C yBeIWYeHHEM ee aucnepcHocTd. CTabuibHOCTH
OmpeAessieT BpeMs COXPaHEHHMs OMYJbCUEH CBOMX CBOMCTB B IpoLEcce
DKCIUTyaTalli U XPaHECHUH.

CTabuIbHOCTh AMYJIBCUM B 3HAUMTEIBHOW MeEpe 3aBUCHUT OT >KECTKOCTH

BOJIbI, KOTOpast sIBJIsIETCs AucnepcuoHHou cpenoit PXK. DkcnepuMeHThl mokasanu,
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YTO HA CMAa3bIBAIOLIYI0 CIIOCOOHOCTh M aHTHUKOPPO3MOHHBIE cBoiicTBa PXK Biusier
KOHIICHTpAITUsI HOHOB BOJIOPO/Ia B BOJIC M KECTKOCTh BOJBI [11].

Hampumep, PXX mnonydeHHas Ha OCHOBE TMpUCATKU «AKBOI-3», IS
COXPAHEHMS AKCIUTYyaTAI[MOHHBIX XapaKTEPUCTUK JOJKHA OBITh MPUTOTOBJICHA HA
OCHOBE BOJIbI C KHCIOTHOCTBIO pH = 7.5 ¥ 5KeCTKOCTBIO HE BhIlIe 7 MIr-3KB/Kr [12].
B Oospmiedt wactu 1maxT yrojbHBIX OacceiiHOB P® KEeCTKOCTb BOJIBI,
ucrosb3yemoit juisi mpurotosieHus POK mpessimaer 15 mr-ske/kr [12]. XKecTtkyro
BOJY YMSTYalOT KalbUUHUpOBaHHOW comoit Na,CO; wunum TpUHATPUEBHIM
docdarom NazPO,. KomruecTBo peareHTOB ONPEAEIISIOT MO CTEXHOMETPUISCKOMY
gyuciy ¢ ko3ddumrentom 3amnaca 6omapie 1 [13], KOTOpsIid 3aBUCUT OT CIOCOOOB
NEepeMEIINBaHUsA BOAbl C pPEAreHTOM M Ipolecca MoixydeHus sMmynbcuu. C
YBEJIMYEHUEM MHTCHCUBHOCTH MEPEMEIIMBAHUS B Mpolieccax MOJy4eHUs pacTBOpa
BOJIbI C PEareHTOM U 3MYJIbCHH PACXOJ] PEarecHTOB yMeHbIaeTcs. ZKeCTKOCTh BOBI
3HAYUTEILHO YMEHBIIIACTCS TIPU MPOIMYCKAHUU €€ Yepe3 KaTUOHOBBIA PUIBTp, MIPU
e KUMSTYCHUHU.

Paboune KUAKOCTH JOJKHBI yIOBIETBOPITH TaKXKE 00JIa/IaTh 3alUTHBIMU
CBOMCTBaMU OT KOPPO3UHU U IPO3UHM BHYTPEHHHUX MOBEPXHOCTEH TUIPaBINYECKOTO
TpaKTa, B TOM YUCJIE 3€pKaTbHbBIX MOBEPXHOCTEN THAPOLIUINHIAPOB, CMa3bIBAIOIIEH

CIHOCOOHOCTHIO M HEOOXOIUMOM KECTKOCTHIO BOJIBI.

1.2. OdopynoBaHue 1 MOATOTOBKH PA004YMX KHIAKOCTEN

MeXaHU3HMPOBAHHBIX Kperneil

K nucnepratopam, paccMaTpuBacMbIM B HacTosllel paboTe OTHOCATCA
JMCTIEpraTopbl ¢ MOJYJAIMEH 00BEMHOTO pacxojia oOpabaThiBaeMON TeKyuen
cpenpl 3a CYET MOIYJALMU IUIOIAAN MPOXOJHOrO CceueHus auadparMel
oOpa3yeMoil TepeKphIBAIOUIMMUCS NaTpyOKaMH B CTEHKax poTopa M cTaTopa
paauaneHOro (puc. 1.1.) u akcuanpHOro Tumna. YCTpOWCTBO M NPHUHLMII PabOThI
ATUX aIIapaToB MO3BOJIIOT UCIOJB30BATh IPU BO3AeHCTBUM HAa POK umiynscHyo

KaBHUTaIlUIo.



Pucynok 1.1. KoHCcTpykTHBHasI cxema pOTOPHOTO THAPOMEXAHUYECKOTO
JUCIiepraTopa: a — 0CeBOM paspes; 0 — monepeuHbii pazpes: 1 — potop ¢
natpyOkamu 2; 3 — crtaTop; 4 — Tpu BXOAHBIX ATpyOKa; 5 — maTpyOKu cTaTopa;
6 — BeIXOJHOM TaTpyOOK 13 pabodeil kamepsl A anmapara; b — 3a30p Mexmy
OOKOBBIMU PA0OYMMU TOBEPXHOCTSIMU POTOPA U CTATOPA; 7 — BEHTUJIb HA BBIXOJIE
ammapara Jijisl peryJIMpoBaHus JaBjieHUs B pabodeit kamepe A; 8 — maTuuk
aKyCTHYECKOTO JaBJIeHUS B KaMmepe amnmnapara; 9 — muiactuaku Morancona ams
peryaupoBaHus BEIIMIHMHBI 3a30pa o; b, b, — IMprHa IpoMexyTKa MEXITY
natpyOkamMu poTopa U cTaTopa Ha uX pabo4ynx MOBEPXHOCTSAX; &, 8. — IMUPUHA
naTpyOKOB pOTOpa M CTATOPa B a3UMYTaJIbHOM HaIlpaBlieHUH; N — BBICOTA
narpyoka potopa; R, — paauyc BHEIIHeH O0KOBOI paboyel MOBEPXHOCTU pOTOpa
Ha YpOBHE cepelrHbl NaTpyoka; Ry — paanyc BHyTpeHHE O0OKOBOW MOBEPXHOCTH

KaMeEphI, (v — YTJI0Bas 4aCcTOTA BpallICHUs pOTOpa, I' — paardajibHas KOOpAUHaTa
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HccnenoBatenu B 00J1aCTH UMIYJIBCHOTO BO3JEWUCTBUS Ha MPOLIECC KaK B
Hameil crpane [14, 15], Tak u 3a pyOoexxom [16] mHTEeHCH(DHKAIINIO TIPOIIECCOB
TECHO CBSI3bIBAIOT C TEHJCHUUEH YBEJIMYEHUS HMITYJIbCA INIOTHOCTH MOIHOCTH
BBOJMMOM SHEPTUH B 00padaThIBaEMYyI0 KUAKOCTD [17], 4TO BeeT K yMEHbBILIEHUIO
pacxoia YAENbHOM SHEPrMM Ha EIUHULYY IOJIy4aeMOM HPOAYKLIHMH, TO €CThb K
YBEJIMYEHUIO SKOHOMHUYECKOH 3(h(PEKTUBHOCTH, YMEHBILIEHUIO YAEJIBbHOH IIOLIaN
3aHUMAaeMOW amnmapaToM M MaTepUaOEMKOCTH. DTOW TEHACHIMU MOJTHOCTHIO
OTBEYAIOT POTOPHBIE anmnapaThl ¢ MOAYJsILMEN noToka [18], koTopsle oTHOCATCS K
COBPEMEHHBIM alapaTam JJisi IPOBEICHUS MPOLIECCOB AMYJIbIUPOBAHUS, & TAKKE
JUIsl TIPOBEACHUS BCEBO3MOJKHBIX TEXHOJOTMYECKHX IPOLECCOB B Pa3IMYHBIX
OTpaciisixX NPOU3BOCTBA.

CuutaeM BaXHBIM OTMETHTb, YTO TBEPJBIC YACTHUIBI, HAXOSAIIUECS B
SMYJIbCUM HMMEIOT CIEAYIOIIME IIOJOKUTEIbHBIE CBOMCTBA: YMEHBIIAETCA
KOA(pGUIUEHT TPEHUs CKOJIBbXKEHHUs, M3HOC Tpymuxcs map [19] BcaencrtBue mux
HUBEJMPOBAHUS M YMEHBIIECHUS MEXaHMYECKHX HAMPSHKECHHH B COMPSHKCHUSX;
YMEHbILIAETCS AIIEKTPOCTATUYECKUI KOMIIOHEHT  3PO3HH AJIEMEHTOB
runpoodopynosanus [20]; BeicokoaucnepcHbie TBEPAbIe yacTuisl PK (Menbie 5
MKM) YBEJIMUYUBAIOT TEIUIOOTAAUY M3 KUAKOW (a3bl B TBEPAYIO, UTO MPUBOIUT K
3HaYUTEIIbHOMY YMEHbILIEHUIO BEPOATHOCTH MUKPOCBapKU [20];
BBICOKOJIMICTIEpPHBIE TBEPIbIE YACTHUIBI BBIMOJIHIIOT POJb MPUTHPOUYHOM MACTHI,
oOecnieurBasi NpUPAOOTKy KOHTAKTUPYIOLUIMX Map B TEUYEHHWE BCEr0 BPEMEHH
IKCIUTyaTaluy ruipoodopynoBanus [21].

[IpuBeném cpaBHeHne 3PPEKTUBHOCTH UX PAOOTHI HA TPUMEPE MPUMEHEHHUS
anmapaToB B mporecce npuroroBienust PXK nns rugpooOopynoBaHusi B TEXHHUKE
yraeaoObun. Kak TOoKa3bIBalOT pe3yJibTaThl aHajiu3a, M3 BCEX YCTPOMWCTB,
OPUMEHSEMbIX B  MPOMBIIUIEHHOCTH Juisi  mpousBoictBa PXK  meromom
THJIPOMEXaHUYECKOTr0 TUCIEPrUpOBaHUs, HAWIYUIIMMHU [OKa3aTeasIiMu o0Jaaaer
T'MJIPOMEXaHUYECKUN JHUCIIEpraTop THIIa POTOPHOIO ammapara ¢ MOAYJSLMEN

noroka (tadsmmmna 1.3) [15]. B nanHyro Tabmuiyy 100aBIeHb HECKOIBKO CTOJIOIOB,
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B KOTOPBIX MPUBEJIEHbI XapaKTEepHbIE yAelbHblE BeIH4uHbL. 1[I0 ee comepxaHutro
MO>KHO CENaTh CAEAYIOIIHNE 3aMEYaHus U BIBOJIBI.
1. VYnenpHbII NOTPEOUTENBCKUI pPACXOJ JHEPTrUU PaBEH OTHOILIECHUIO

noTpedIIsieMoil MOIIIHOCTH K 00BbEMHOM Tipon3BoAuTensHOoCcTH [M/]

N KBty

By =7, 0 (1.2.1)

N3 Tabnuupl BUIHO, YTO MAKCHUMAJIBHBIA YIENbHBIA PACXOJA SHEPIUU Yy
YABTPa3BYKOBOM YCTAHOBKM C MATHUTOCTPUKIMOHHON KOJIOHKOU. Y IbTPa3ByKOBas
YCTaHOBKa C TUAPOJUHAMUYECKUM BHUXpeBbIM u3nydatenem (YI'M-BM) xots u
MMEET MHHHMAJbHBIA YAEIBbHBIA PAaCXOJl SHEPIHMH, HO OH OJM30K K YIEIbHOMY
pacxoly SHEpruy B pPOTOPHOM amrapare ¢ MmoayJsinuen noroka tuna ['M/I.

2. KoneyHass nenap 3MyJIbrMpOBaHUS — YBEIMYEHUE YJIEIBbHOW IUIOLIAA
Mek(pa3HOU MOBEPXHOCTH JUCIIEPCHOM (a3bl U TUCTIEPCUOHHOU Cpe/ibl B €AMHUIIE
o0bema

wd?
s; ol _ d®N
o= e 122

rae do, No, d, N — HauabHBIC U KOHEUHBIC XapaKTePHBIC TUAMETPbI YACTHI] M HX
KoHIeHTpanusa. B ¢opmyny (1.2.2) Bxoasat nse nepemeHHble BequunHbl 0 u N,
KOTOPBIE MOYKHO CBSI3aTh MaTepuadbHbIM OanaHcoMm. Konmentpanus smynbcun C,
HE 3aBUCUT OT €€ JUCIEPCHOCTU M paBHA 00beMY AUCHEPCHOW (as3bl B €IUHUIIES

o0BeMa JUCTIEPCHOHHOMN CPEJIbI:
_ T3
C, = gNd : (1.2.3)
He3aBucumo oT KoHIeHTpanud N Kameinb SMyJabCMM M HMX jauameTrpoB d

KOHLCHTpPpAIMA C3 SMYJIbCHUH B IIPOLECCEC OMYJIIBI'UPOBAHUA ITIOCTOSHHAS .

%Nodg = %Nd3 . (1.2.4)
OtCrona cienyer, 4To
Nod3
N = % (1.2.5)

Torna popmymna (1.2.2) npumeT BU



—=—=D, (1.2.6)

rae D — nucnepcHOCTh AMybCHU.

3mecy mpeoiaraioch, 4To KoHmeHtpamus smyinbeun C,, Ng, dg Bo Bcex
ciyyasx oAuHakoBble. [lo 3TOMy MOKazareno HaWIy4dlIUM JAUCHEPTaTOpOM
ABJISICTCS. POTOPHBIM anmapar ¢ Moxysinuer moroka tuma ['MJI. bmkanmmii
anmapar IO JSTOMYy IIOKAa3aTell0 — YJIbTPa3BYKOBOW TMAPOAMHAMHYECKUN
cmecutens YI'C-7Y pacxoyer SHEpruio Ha Ipom3BoacTBo 1 M° smMymscuu Goree
yeM B 2 pasa, a yAesibHas Macca B 8,3 00JIbIlIe UeM Y POTOPHBIX anmnapaTosB.

3. VBenuuenue sHepruu E; MexPazHOro MOBEPXHOCTHOTO HATKEHUS

yBEIMUYUBaeTcs B £ pas:
Ecr - Q_ ~ QD ] (127)

YTO ¥ OTMeUYeHO B Tadimie 1.3.

CpaBHMBasi TOKa3aTelud TOCIEOHEro CTOJIONA, Mbl 3aMEe4yaeM, uTo
KOHKYPEHITUSI MEXAY JBYMsS MOCICIHUMM AUCIEpraTopaMu, Kaszajaoch Obl Ha
ctopore YI'JID-1. Ho sror nmokazarens y YI'JID-1 Gonbmie B 1,5 paza Tonbko 3a
cu€T 00JBIIOr0 OOBEMHOIO pacxona, KOTOpeld B 3 pa3za Oonbme yem y I'M/I.
HucnepcHocts ke — ocHOBHOM mapamerp PIXK, kotopslii Xxapakrepusyer eé
ocHoBHbIE KauecTBa — y ['JIM B 2 pa3za 6ombie uem y YI'J[D-1.

4. BaxHbIM yJEIbHBIM T[OKa3aTesieM almnapaTa-3MyJbratopa sBISIETCA
yAelbHAs MaTepUATIOEMKOCTh, OINpENEeNAronias MEepBOHAYATIbHBIE KalUTalIbHBIC

3aTpaThl IpY HATAKUBAHUU TIPOU3BOCTBA padoyeii xuakoctu (Tadauima 1.3):

m KT

my =T (1.2.8)

rae M — Macca THApoMexaHndeckoro aucnepraropa (tadauma 1.3); Q — oobemHast
MIPOU3BOJIUTENIBHOCTD TUCIEPTaTOpa.

MuHUMAIIBHYIO ~ MAaTEPUAIIOEMKOCTh ~ MMEET POTOPHBIM  ammapar ¢
Monyisanuerdn moroka Tthma I'MJ. YV ynpTpa3ByKOBOW  yCTAaHOBKH €
TUAPOJMHAMUYECKUM BHUXpeBbIM u3iydatenem (YI'UM-BM) — Onwxkadimumm
KOHKYPEHTOM POTOPHOTO ammapara ¢ moayisnuen nortoka tuma I'MJ[ — stoT

nokasartelnb B 7,78 pa3 6ombine, uem y PAMIT I'M/I.



Tabmuua 1.3. CpagnumenvHvle Xapakmepucmuku annapamog-oucnepeamopos

Tun O0bemHas [Totped- | O6BeM Mac- Cpenne- Vnenn- Kparnocts Kpart- YnenpHast | YioenpHas | YnaenbHas
JHcIepraropa | MPOM3BOAW- | JiiemMas | TUApaBId- | ca, apuMeTH- | HBIH YBEINYEHHUS | HOCTb Marepuano- | MPOM3BOAU- | OTPeO-
TEJIBHOCTb, MOIII- YeCKOro KT YeCKHit pacxon yICIBHOM yBEIH- | €MKOCTb, TENBHOCTh | JisieMast
Mg (mY/c) HOCTB, TpakTa IaMeTp SHEP-THH, | TUIOMIAIN YeHUS Kkr/(v/) ammapara, MOIITHOCTh
kBT YCTaHOB- YaCTHIIBI kBr-u/M® | pasnena das | smeprum gt armapara,
ki, M° IMYJIbCHH, S/So, pas E,, pa3 kBr/™®
MKM
YabpTpasByKkoBas
YCTAHOBKA € MA™ | 5 (5 6.101¢) 20 2,5 900 1 10 5 0,4 44,50 0.8 8
HUTOCTPUKIHOH-
HOH KOJIOHKOH
YabpTpasByKkoBas
YCTaHOBKa C TH[I-
POMIMHAMIHCCKIM | 154 17.10%) | 55 5 1,400 4 0,37 4 3,75 933 3 11
BUXPEBBIM
U3IydareseM
(YI'U-BM)
YnpTpa3ByKkoBOi
PIADOAIHAMITIC™ | 7 (1 9.103) 6 1,5 600 3 0,86 3 2,31 100 47 4
CKHIi CMECHTEIh
(YT'C-7Y)
YnpTpa3ByKkoBOi
TVIDOAMHAMITE” 1 308 35.107%) | 18,5 2 1,000 4 0,62 4 75 54 15 9,25
CKHI 3MYJIbraTop
(YI'1D-1)
PoropHs1it
armapar ¢
MOyJISIHEH 10 (2,8:10%) 4 0,25 120 2 0,4 3,5 5 12 40 0,4
II0TOKAa TUullia
'M/1

G¢
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5. AnmapaT XapakTepu3yeTcsi U TaKuM YAECIbHBIM I[OKa3aTelleM Kak

}’I[eJIBHaH 06’BCMHa}I HpOI/ISBOI[I/ITeHBHOCTB annapaTa:
a=%,, (1.2.9)

rae Q — oObeMHAs MPOU3BOIUTEIBLHOCTH anmapara; V — 00beM THAPaBINYECKOTO
TpaKTa YCTAHOBKH.

I[To »Ttomy mnokazaremro PAMII I'MJI He wuMeeT KOHKYpPEHLIHH CO
CpaBHUBaeMbIMU B Tabymiie 1.3 mucmepraropamu.

6. VYnenpHas mnoTpeOisieMas MOIIHOCTh ammapara, KOTOPYIO MOKHO

CPAaBHUTH CO CPEAHEN IITOTHOCTHEO MOIIHOCTH MOTPEOIIIEMON SHEPIUN

N,
Ny.a. = a/V’ (1210)

rne N, — moTpeOisiemas MOIIHOCTh ammaparoM-smylbratopoM; V — o0beM
THJIPaBIMYECKOT0 TPaKTa YCTaHOBKH (Tadmuna 1.3).

N o stomy nokazaremo PAMIT I'M/I He umeeT ceGe paBHBIX.

Takum 00pazoM, U3 BBIMIEU3IOKEHHOTO CIIEYET, YTO KaK B TEOPETUUECKOM
(M0 UMIYJILCHOMY BO30Y’KJICHUIO KaBHTAIlMHU), TaK U B MPAKTUYCCKOM ILIaHe (1o
YAENbHBIM TOKa3aTeNsiM U OCHOBHOMY mapametpy PXX — nucnepcHocth, a Takxke
10 YACIbHOW MaTepHaIOCMKOCTH) HAWJIYYIIUM Ha CETOMHS SIBJICTCS POTOPHBIN
ammapar ¢ Mmoaysnuei notoka turna ' M/ (pucyHok 1.1).

IlepBble MPOMBINUIEHHBIE 3KCIEPUMEHTBHI 10 PEAIU3alUU  POTOPHBIX
anmnapatoB ¢ Mmoayisiuuen notoka tuna I'MJI (PAMIT I'M/]) B TeXHOIOTHYECKO
JUHUY 110 TIpon3BOACTBY PXK 17151 MexaHM3MpOBaHHBIX Kpenei OblUId MPOBECHBI B
1976 rogy. OCHOBHBIM anmapaToM-3MyJIbIaTOPOM YCTAHOBOK 1Jiis monyuyeHust PoK
spisici  PAMIT  I'MJ] ¢ ToBapubiM  HasBanueM CI'J[-3  (Cupena
['unponunamuydeckasi, TpPEThs 3aBOJCKast MoauduKanus), cxema KOTOpOH
npejcTaBiieHa Ha pucyHke 1.2. JlaHHbplii anmapaTt ObUT Hcmojib3oBaH Ha [10
«HuTayrone», 110 «Kaparangayrons». Ha pucynke 1.3 [22] npuBenena cxema
YCTAHOBKH, MPUMEHSBIIAACS Ha IIaXTaX B BBIIICYKA3aHHBIX MPOU3BOJICTBEHHBIX

obbenuuenusnx Ha 6aze CI'J[-3 [22-25].



CnuB yredex

4
SN s emasku

Pucynok 1.2. Cxema cupens! ruapoaunamudeckoit CI'J[-3: 1 — ¢naner;
2 — ctatop; 3 — pabouast kamepa,; 4 — poTop; 5 — MPOKIAAKH; 6 — y3eIT TOPIIEBOTO

YIUTIOTHEHUS; 7 — KopITycC; 8 — Baj

Pucynok 1.3. Cxema ycraHoBku aii nonydyeHus: P2K ¢ ucnonb3zoBaHueM CUPEHBI
ruapoanHamuaeckort CI'J[-3: 1 — 6ak miist smynbenn; 2 — 0ak JiJIs IMYJIbCOIIA;

3, 6 — TpyOonpoBoAbL; 4 — cupeHa; 5 — HacoC JJIsl IEPEeKaYKy AMYJIbcoja
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B ycoBepIIeHCTBOBaHHOM YCTaHOBKE CMECUTENBHON 3MYyIbCHOHHOU (YD)
U1l purotoBiieHuss PJK MeXaHM3MpOBAaHHBIX KpENeM, THIpaBIMYECKas CXeMma
KOTOPOH IpeACTaBiIeHa Ha pUCyHKE 1.4 Takke MCIOJIb30BAJICSI POTOPHBIN armapar

CI'I-3, a Ha pucynke 1.5. mokasan e€ oOIInii BH/I.

MaHOMeTp (O B CHCTEMY
IIAXTHI )
M
DIEeKTPOBUTATEIH

Ne=3.5kBt
n=3000 o6/muy

DIEeKTPOgBUTATEH
Ne=1,3.2,4 kBT
n=1450 o6/MuH

DNEKTPOABHTATED
Ne=4,7 xBt
n=2900 06/Mun

PucyHnok 1.4. 'unpaBnnueckas cxeMa YCTAaHOBKA CMECUTEIBbHON AMYJIbCUOHHOMN

YC3 pns nonydenusa PXK Ha mOBEpXHOCTH IAXT U MO 3€MJIEH

Pucynok 1.5. O6muit BUJ1 yCTaHOBKH CMECUTEIIBHOM 3MYJIbcMOHHOU YD

JUTSI TIOJTyYeHUs paboyelt KUIKOCTH
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YcoBepuieHcTBOBaHHas ycrtaHoBka YCD Ha 0aze Moau(uUIUPOBAHHOTO
YEeTBIPEXCTYIEHYATOT0 POTOPHOTO ammapaTta-smyisraropa tuma [MJ] [26]
npejacraBieHa Ha pucyHke 1.6. Omynbrarop tuna I'MJ] mo3Bomsier obecrneuuTb
nonyuyenue PXX ¢ HeoOXOguMBIMH — 3KCIUTyaTallUOHHBIMU — MapaMeTpaMH,
o0ecIeynBalOIUMHU 3aJIaHHYIO JOCTaTOYHYIO HaJEKHOCTD paboThI
I'HIpOMEXaHU3UPOBaHHbIX Kpeneit. Ero ynenpHble nmokasaTenu (tabnuma 1.3) [27,

28] ABIAIOTCS HETIPEB30MAEHHBIMU HAa CETOJHSAIIHUN JCHb.

Pucynok 1.6. KoHCTpyKTHBHAsA cXeMa IUCIEPTUPYIOLIETO YCTPOMCTBA B BUJIE
YETHIPEXCTYIIEHUATON THAPOJMHAMUYECKOM cucTtemsl: 14 — kopmyc; 15 — Ba;
16 — onopHbIe MOAMMITHUKY; 17 — mHeK; 18 — HacocHoe KoJieco; 19 — 3y0uaThIit
potop u crarop; 20 — ctaTop ¢ npopessimu 21; 22 — ctynuua; 23 — IUCKOBBIN
POTOP C OTBEpCTUSAMU 24; 25 — TUCKOBBIN CTATOP C OTBEPCTUAMU 26;

217, 28 — nuadparmsr; 29 — ymnotHenust; 30 — HanpaBIISIIOLUIMEN anmnapar;

31 — pagmanbHBIN poTOp ¢ oTBepcTHsAMHU 34; 35, 36 — KpBITKK; 37 — MaHKETHBIC
yImioTHeHus; 38 —nonymydra; 39 — kamepa o3ByuuBanus; 40 — 3amuTHbIE

MJIACTUHBI [Tl IOAIIUITHUKOB; 41, 42 — BXOTHOM U BBIXOJHOM MaTpyOKu

Meroabl TMOMy4YeHUsT W pereHepanuu padoyeill KUIKOCTU OIMpeaessioT

Haﬂé}KHOCTB " pecypc pa60TBI rHAPOMEXaHHU3UPOBAHHBIX KOMIIJIICKCOB.
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CymiectByronie Meroasl pereHepannu PXX co camBom €€ u3 ruipocucTemsl
MEXaHU3UPOBAHHBIX KpEMel UMEET HEAOCTATKH, KOTOPBIE JIETKO YCTPAHSAIOTCS MIPU
BCTPOCHHBIX ammaparax — JIUCIEpPraropax, B TOM YHCJIE, C HCIOJIb30BAaHUEM
anmnapaToB ¢ MPUMEHEHUEM KaBUTAIIMOHHBIX 3(PPEKTOB.

W3 ananmu3a METONOB JIMKBHJALMU HEJOCTATKOB paboOuyux KHUAKOCTEH
BbIOpaH METOJ MEXaHUUYECKOI0 JUCIEPrUpOBaHUS B ammapaTax-Juclepraropax ¢
KaBUTAUMOHHBIMU 3(pdextamu. CpaBHeHHE BBEACHHBIX B paboTe YIENIbHBIX
XapaKTEPUCTUK THMIPOMEXAHUUYECKUX JHCIEPraTOpPOB IMOKA3aJI0, YTO HAWIYyYIIHe
[IOKA3aTeM HMEIOT POTOPHBIE ammaparsl € MOAYISLUHAEA TMOTOKa THUIIA
TUAPOMEXAaHUYECKUX TUCIIEPTaTOPOB.

IIpoBen€H aHan3 poTOpHBIX armapaToB THna I'M/] u cxemsl yCTaHOBOK /IS
NOJIy4eHUs] pab0UYUX KUJIKOCTEN, U3 KOTOPOTO CIEAYET, YTO YEThIPEXCTYIIEHYATHIE
anmnapaThl-AUCIEPraTopbl  BBIMNOJHSIIOT  HAWIY4YIIMM  oOpa3oM  (yHKUIUHU
OMYJIBTUPOBaHMUS,  pereHepauMu U BocctaHoBieHus  PXK meronmom
JIUCIIEPTUPOBAaHNs TBEPABIX 4YacTull npuBHEecEHHBIX B PXX B mpomecce eé

OKCILTyaTallii B THAPOMCXAaHN3UPOBAHHBIX KPCILIX.

1.3. BausiHMe KABUTAIMHM HA MPOIECC MOATOTOBKH PA00YHX KUIKOCTEH

MEXaHU3UPOBAHHBIX erneﬁ H €€ BU]IbI

Jist monmydeHust cTaOWibHOM pabodeil JKUIKOCTHM HAa OCHOBE BOJBI H
IIPUCAKOB IPEAIOIAracTCs pacCYMThIBaTh pOTOPHBIN anmnapar tuna ['M/] takum
o0Opazom, 4ToObl OH paboTall B peKUME KaBUTAIIUHU, KOT/Ia TTOJTy4aeMble IMYJIbCUU
SBIISAIOTCA HaumOojiee CTOMKMMU. PaccMOoTpuM BUIBI KaBUTALUM, KOTOpBIE,
HAOJIOAAIOTCA B Pa3IMYHBIX ammaparax-3MyJjbraTopax, B TOM UYHCIE POTOPHBIX
amnmapartax ¢ MoIyJisiiel motoka ooOpadaTeiBaeMoi Tekyue cpeasl Tuna I'M/I.

['mapoauHaMuyeckKas KaBHUTAIWA, KOTOPpasaA BO3HUKACT IIPU 00TECKaHWU Tejia

KHUAKOCTBIO WM JIBHIXXCHHA TCJIa B KUIAKOCTH W IIpU CYKCHHU pr6I>I Ipu

JBUKCHHUH XKHUJIKOCTH B TpyOe [29].
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AKycTHrUeckas KaBUTaIlMs BO3HUKAET B YIbTPA3BYKOBHIX ammaparax Ha 6asze

MarHUTOCTPUKIIMOHHBIX W JJIEKTPOCTPHUKITMOHHBIX aKyCTHYECKUX W3IIydaTesen
npu 00paboTKe TEKy4YHX Cpel.

KaButanmg B ammaparax Ha 0ase THUIPOAMHAMHUYECKUX W3JIyYaTesIeH.

FI/II[pOI[I/IHaMHIIGCKI/IG H3JIYHaTCJIM MOXKXHO pasACiInTh Ha ABa KilaCCa: U3JIydaTClIn C
MMOCTOSIHHOM CKOpPOCTBIO TCUCHMUA O6pa6aTI>IBaeMOI>’I KHUIKOCTH H HEIOCTOSIHHOM
CKOPOCTBbKO TCUCHHA, HMCIOIIMC HCOAHOPOIAHBIC THUIAPABINYCCKUEC Y4YACTKHU C

CY>KCHUSIMH TUTOIIAIH MIPOXOJHOTO CEYCHHUs OTOKa (prCyHOK 1.7).

Pucynox 1.7. JlokanibHOE AaBICHHUE BSI3KOM KUJKOCTH B TPyO€ C MECTHBIM

COITPOTUBIIEHUEM Ap

OcHoBHBIM jgocTouHCTBOM PAMII sBisieTcsi OTCyTCTBUE HEOOXOIUMOCTH
nepexojia SHEPTrur OT TBEPAOTO KOJEOIIONIErocs Teia B )KUIAKOCTh, TaK KaK cama
KoJieOromascsi oopadaTbiBaeMasi KUJIKOCTh CO3/1a€T HE3alOJHEHHbIC UMITYJIbChI
JIABJICHHS, KOTOPBIE MPSIMO MPOMOPIUOHATBHBI YCKOPEHUIO TEUEHHUS KUJKOCTHU B
Monysatope — ocHOBHOM sneMmeHTe PAMIL. B PAMII mopynarop wu3mywaer
MIEPEMEHHOE OTPHUIIATEIBLHOE NaBJCHHUE KUJIKOCTH IPU €€ TOPMOXEHHUH. B more
OTPULIATENILHBIX HMITYJILCOB JABJICHHUS JKUAKOCTH CYILIECTBYIOIIUE Iy3bIpU

PaCIMpPAOTCA, a IIOCJIC IIPOXOXKIACHHMH HUMIIYJIbCa YCPEC3 KHUAKOCTb, OHH
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C)KMMAIOTCSI C OTPOMHBIMH YCKOPEHUSIMU, CO3/1aBasi 1aBJICHUSI B MUKPOOOBEME 10
I'TIa u 6onee (TIIa) [30, 31].

MoOMEHT  BO3HUKHOBEHHMs, TMPOLIECC  PA3BUTUA  AKYCTUYECKOM W
THAPOIMHAMUYECKOW  KaBUTAI[MM  XapaKTEpPU3yeTCs 3HAYCHHEM  BEIMYUHBI
KPUTEPHS aKyCTUYECKOU, TUAPOANHAMUYECKON UM 0000IIIEHHOW KaBUTAIIMHU. DTH
BEJIMYMHBI 3aBUCIT OT MHOTHMX MapaMeTpOB, XapaKTEPU3YIOUIUX KAaK COCTOSTHUE
xunkoctu (comepkaHue CBOOOJHOTO Ta3a, HAIWYHME 3apOJbIICH KaBHTAIWH,
JUHAMUYECKUH  KO3(DQUIMEHT BSI3KOCTH UM  IOBEPXHOCTHOTO  HATSDKEHUS
KHUJIKOCTH), TaK M BHEITHUE YCIOBHS — THAPOCTATUYECKOE JTAaBICHUE B KUIAKOCTH,
CpeIHHIl paJnyC TMapora3oBbIX IY3bIPEH, CKOPOCTh IOTOKA, XapaKTEPUCTUKH
yIBTPa3BYKOBOTO MOJIS (4aCTOTA, aMIUIUTY/a CMEIICHHs, e opMa U T.1I1.).

l'azoconmepkanue  sBisIETCST  OJHUM W3 BAXKHEHIIHUX  CBOWCTB
ra30’)KUAKOCTHOM CMECH, CWJIBHO BIMSIOIIMM Ha KaBUTAalMOHHbIE siBieHusA. C
YBEJIIMYEHUEM Ta30COIEPKAHNS TIEPUO]] MYJIbCAIUHU Ta30KUAKOCTHON CMECH UMEET
TEHACHIINIO K yMeHbIeHnio. OIHaKo, TaHHBIE, TOJyUYEHHBIE B IPYTHX yCIOBHSIX,
IpsIMO MPOTUBOTIONOXKHBI [32]. BiusHue razocoaepxanus Ha KpUTUUECKOE YHUCIIO
KAaBUTAI[MU, XapaKTepU3YIOIIee MOMEHT Hayajga KaBUTAllMOHHOTO »3(ddexra,
uccienoBanock B paborax [33, 34]. Ha ocHOBaHHMH SKCIIEPUMEHTOB YCTAaHOBJICHO,
YTO C YBEJIMYCHUEM COJCpPKaHUS Ta3a yBEJIMUYMUBACTCS KaBUTAIIMOHHBIN 1mym. OH
CTaHOBUTCS Oosiee MHTEHCUBHBIM. OTHAKO, TPUCOCIMHEHHAS KaBUTAIuUs, B hopme
HETIOABIKHOTO TMATHA, C POCTOM COJIEp)KaHus ra3a yMeHblmaeTcs. B padore [35]
JUISl UHTEHCU(UKAIIUU KaBUTAMOHHBIX 3((PEKTOB peKOMEHAYyeTCs 100aBsATh ra3
B XXUAKOCTh. IHTepecHa paboTa [36], B KOTOPOM BBICKA3bIBACTCS MPEIOIOKEHHE,
YTO B JKHUJKOCTU TPU JAHHBIX YCJIOBHSIX BO30YXKIEHUS KaBHTAIMH CYIIECTBYET
ONTUMAJIbHOE 3HAUEHUE Ta30COACPKAHMS, MPU KOTOPOM HACTYHaeT MaKCHUMyM
KaBUTAITMOHHBIX J(PPEKTOB. DTO OOBACHAECTCS TEM, YTO TIPH TOHWUKEHUU
ra3ocoiepKaHusi UHTEHCUBHOCTb KaBUTALIMOHHBIX COOBITHI yBEIMYMBAETCS, HO
YUCJIO 3TUX COOBITUH yMmeHblIaeTcsi. B pe3ynbraTe KaBUTAlMOHHAS AKTUBHOCTH
JOJKHA MIPOXOIUTH yepe3 MakcuMyM. OHaKo, B UCCIEOBAHUN OTMEUYAETCS, YTO

ONTUMAJIbHOC 3HAUCHHUE Ia30COoACPpKaHUA TPYAHO YCTAHOBHUTL. Takum O6p8,30M,
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paboThl, TOCBSAILICHHBIE BAMSHUIO Ta30COJCPXKAHMS OJKHIKOH Cpembl  Ha
KaBUTAIlMOHHBIE J(P(EKTh SBIAIOTCA JKCIEPUMEHTAIBHBIMH M COJCpIKAT
IPOTHBOPEUYMBLIE NaHHbIe. Hanboee MmMONHO 3TOT BOMPOC PACCMOTPEH B paborte
[37]. Hacrosiee ucciieqoBaHue SIBIIICTCS POIODKEHAEM 3TOH pabOTHI.

Crnemyer OTMETUTh, YTO PE3yIbTaThl TEOPETUUECKOIO HCCIIECHOBAHUS
BJIMSIHHSL CBOMCTB JKMIKOCTH Ha KaBUTALIMOHHOE BO3JECHCTBHE IPEACTABIISET COOOIM
OOJNBIION MHTEpEC elié M MOTOMY, YTO JKCIIEPHMMEHTAIbHOE H3YUCHHUC BIIMSHUS
ra30CcoAepKaHus JKUAKOCTH Ha JIWHAMUKY KaBHTAllMOHHBIX ITy3bIpeil BecbMa
3aTPyJHEHO, T.K. IPH HM3MCHEHHH OIHOIO M3 €€ CBOWCTB H3MEHSIOTCS H
ocTalbHble. B CBSI3M C O3THMM TEOPETHYECKHE METOAbI HCCICAOBAHHUS C
UCIIOJb30BaHUEM YUCIICHHBIX PaCYETOB HA BBIUMCIUTEILHOM TEXHUKE, MO3BOJISIOT
U3yYUTh TUHAMUKY KaBUTAIIMOHHOM 00JaCTH C y4eTOM M3MCHEHHs ¢€ CBOMCTB 3a
IEPHOJ paaraibHO-c(hepruuIecKuX KojaeOaHui, Kak KOMIIAKTHBIX HCTOYHHUKOB 3ByKa
THUIIA MOHONOJIb.

B ammaparax-smymbraropax =~ HMMEET ~ MECTO  T'HIPOAMHAMHYECKAs,
aKyCTHYECKas W CMellaHHas KaBuTaiuu. I1lo (opme mepeMEHHOro IaBICHHUS B
3aBUCUMOCTH OT BPEMEHHU, KABUTAIIUS MOXKET ObITh aKyCTHUECKOM, BO30Y K TaeMOi
rapMOHHYECKUMHU KOJICOAHUSIMH M UMITYJIbCHAsI, BO30YyK1aeMasi He3aOJHCHHBIMU
UMITyJIbCAMHU OTPHUIIATEILHOTO JaBJICHHUS.

B kauectBe (akTopa, 3HAUEHHE KOTOPOrO ONpEACIACT HAIUYHE WIIH
OTCYTCTBHE KaBUTALMU — HA30BEM €ro mepoil 8030yicoenus kasumayuu M —
pasHble HCCIIEA0BATENId MPUHUMAIHM: CKOPOCTh WM KBaApaT CKOPOCTH TEUCHHS
KHIKOCTH MPH THAPOJAWHAMHYECKOM KaBHTAI[MM, aMIUIATYQy CMEIIEHHS,
CKOPOCTH WJIM YCKOPEHHs CTEHKH (TOpIia) TBEPIAOTEIBHOTO W3JIydaTesis B
KHIKOCTh (HAmpUMEp, DJICKTPO- WM MarHHTOCTPHKI[MOHHOIO); MOTPEOIIEeMYIO
MOIITHOCTh HM3JTy4aTeliss; HHTEHCUBHOCTh WJIM TUIOTHOCTh SHEPIHU aKyCTHYCCKUX
BoJIH. B ncrounuke [37] mpemiokeHO B KauyecTBE MEpPbl BO30YXKICHUS MPHUHSITH
3HAUCHHE KPUTEPHS KABHTAIMM 7, 4 TOYHEE — €ro OOpaTHYI0 BETHYMHY .
[Mpryém, ecaM aKyCTHYECKas KaBHMTAIlUs BO30Y)KIACTCS OIHOBPEMEHHO C

THAPOJIMHAMUYECKON, TO, KakK IOKa3biBaloT Teopus [37] m skcmepumeHnt [38],
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oOpaTHas Benu4rHa 000OIEHHOTO KpUTEpUS KaBUTAIIMM paBHA CyMMe OOpaTHBIX
BEJIUYMH KPUTEPUEB TUIPOJTUHAMUYECKOHN }; U aKyCTHUYECKOU ¥, KaBUTAIUU:
7 =Up+ U, (1.3.1)
3aBUCUMOCTh KaBUTAIMOHHOTO 3ddekTta O 0T Mepbl BO30YXKICHHUS
KaBUTAIMH M = ' HMeeT BHI KPHBOH C MAKCHMyMOM, KOTOPYIO BIIGPBBIC
JKCIIepUMeHTabHO HaOmoman E.A.  Neppiras [39] npm  akycTHYeCKOM
BO30OyeHnn KaBuTaluu. ABTOphl [40] mpu ouyeHb MalbIX 3HAYECHMSIX YHCIIA
aKyCTUYECKON KaBUTAlMM OOHAPYXWIM CYNEPKABUTALMOHHBIA PEXUM pabOThI
amrmapara C MarHUTOCTPUKIIMOHHBIM U3ITydaTeleM, CHAOKEHHBIM
TpaHcpopmaTopoM ckopocTH. Ilepexon B cCynepKaBUTAIMOHHBIM pEXUM OHH
Ha3Balld BTOPHIM TOPOTOM KaBUTAIMHM, KOTJa BOJHOBOE COMPOTHBIICHUE
KaBUTALIMOHHON 00JIaCTH CTAHOBUTCS HA HECKOJBKO TIOPSAKOB MEHBIIIE BOJTHOBOTO
COIPOTUBIIEHUS KUJIKOCTH U T'a3a. 3aBUCUMOCTH MHTEHCUBHOCTH KaBUTAI[MIOHHOTO
nIymMa, 3po3WH IWIMHApa, oMenéHHoro B TpyOy Bentypu [41], ymeHblieHHe
Beca oOpaslia B THAPOAMHAMHUUYECKON TpyOe [42] OT CTaTHMYECKOTO JaBJCHUS B
KHUJKOCTA TaKXKe MMEIOT IKCTpPEMallbHBIM XapakTep. B mocrnemHem ciydae mpu
YBEJIMYEHUH JaBJICHUS Tiepen pabodeil yacTbio oOpasiia CKOpPOCTh pa3pyIIeHHUs
JIOCTUTaeT MaKCUMYyMa, a 3aTeM MaJlaeT ¢ POCTOM JaBJICHUS B 30HE KaBUTALIUU.

B paGore [37] Ha OCHOBe pelieHHS YpaBHEHUS TUHAMHUKU Iy3bIpS B
ra30’kKHJIKOCTHOM CMECH C MyJIbCUPYIOIIel 00bEMHOMN KOHIIEHTpAIe CBOOOTHOTO
rasa BIEPBbIE TEOPETHMUECKHU IIOJIyueHAa KpHUBas C MaKCUMyMOM aMIUIMTYAbI
KaBUTAIIMOHHOTO HMMITYJIbCA JaBIICHUS B 3aBHUCHUMOCTH OT Jiorapudma KpuTepus
KaBHUTAIIUH J.

Bo Bcex wusBectHbIX ciydasx kpuBas (M) (pucyHok 1.8) mosBosser
OTIPENETUTh HE TOJBKO TPAaHUILy JOKABUTALIMOHHOTO M KaBUTALIMOHHOTO PEKUMOB
paboThl ammapaTa, HO W TEXHOJOTHYECKHI MOpPOT KaBUTAIUU, TO €CTh TaKHe
3Ha4YeHHUsI M, Mpu KOTOPHIX HAUYMHAETCS WIM 3aKaHUYMBAETCS 3aMETHOE YCHIICHHE
HaOmoaaemMoro 3 dexra win UHTeHCU(PUKALKA TEXHOJIOTUYECKOro Mpoliecca Mpu
pabote anmapaTta B KaBUTAMOHHOM pexxuMme. Harpumep, KpuTHUECKUE 3HaYEHUS

MCPBI B036Y)KI[CHI/I$I H, COOTBCTCTBCHHO, 001acTh PCKOMCHIYCMBbIX 3HAYCHUMN
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M(M; < M < M) noru4HO oOmpeneisiTh Mo To4YkaMm meperuda rpaduka I(M).

O‘-IeBI/II[HO, 4qTo IIpH ONTHUMAJILHOM BEJIMYHUHE KpUTCpUA KaBHUTALIMK 3HAYCHUC

KaBHUTAallTUOHHOI'O 3(1)¢)GKT8, MaKCHUMaJbHO.
3

»
P>

Ml Morrr M2 M

Pucynok 1.8. Tunuunast 3aBUCUMOCTb KaBUTALIMOHHOTO 3(ppekTa I 0T Mephl
B030yxieaust M. OTMedeHsl 00acTi JoKkaBuTarmoHHoro (1), kaBUTalmoOHHOTO

(IT) m cynepkasutarmonsoro (II1) pesxxumoB paboThI anmapara

B 3aBucumMocTu ot HabII0/1aeMOT0 KaBUTAIIMOHHOTO A (eKTa XxapakTepHbIe
TOYKM KPUBOM MOTYT COOTBETCTBOBATh PA3HbIM 3HAYEHUSM MEpbI BO30YKIEHUS
KaBHUTAIlUH, TO €CTh 00JIaCTh PEKOMEHAYEMbIX 3HAaUeHU M MOXKeT ObITh YK€ WiIn
mpe (pucynok 1.8). IlpemnokeHHBI METOA OMpPENeNICHUs TPAHHI] PEKUMOB
paboTHI ammapara ¥ ONTUMAIBHOW MEpbl BO3JEHCTBHS 10 KpuBoi (M) sBisiercs
OOBEKTUBHBIM M KOJIMYECTBEHHBIM, XOTSI MECTOIOJIOKEHUE XaPAKTEPHBIX TOUEK Ha
KpPUBOM 3aBUCUT OT METOJa U3MEPEHUS U OT (PU3NYECKON BEIIMYMHBI, TPUHITON 3a
Mepy KaBUTaIlMOHHOTO d(dekTa.

Takum 00pazom, PKCIEPUMEHTAIBHO [IOKAa3aHO, YTO BO BCEX armaparax

HHTCHCHUBHOCTb TCEXHOJOIHYCCKOI'0 IIpoLecca Fpa(I)I/I‘{CCKI/I 3aBUCUT OT MCPEBI
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BO30YXKJIEHUSI KaBUTALMK B BUJE KPHUBOM, MMEIOIIEH MaKCUMyM U JIB€ TOYKHU
neperu6a. I[lo »Tol KpuUBOM BBLIENEHBI TPU peXuMa pPadOTHl aNmaparTos:
JIOKaBUTAIIMOHHBIA PEXUM pabOThl, KAaBUTAIMOHHBIM W CyNepKaBUTAIIMOHHBIM.
[Tpudem, nBe TOYKH Mepernda KPUBOH 3aBUCHUMOCTH KaBUTAIMOHHOTO d(ddekTa oT
Mepbl BO30YKIACHUS KaBUTAIIUU SIBJISIIOTCS TPAHULIAMH MEXIY PEeKUMaMu padOThI
anmapara: nokaBuTaruoHHbii — 0 < M < M,; kaBuTanmoHusii — M < M < M,
CyTepKaBUTAITMOHHBIA — M, < M < oo, rae Touku My u M, — ToUku meperuoa,
yroBneTBopsioue  ycnosmio:  d°9/dM*(M,,) = d°B/dM*(M,;) = 0. B Touke
dIlIdM(M,,,= 0) mMeeT MECTO MaKCHMaJbHOE 3HAUYE€HHE MEPHI BO30YXKICHHUS

KaBUTAIlMHU, KOTOPAasd 3aBUCUT OT COACPKAHUA CBO6OI[HOF0 ra3a B X KUAKOCTH.

1.4. BeiBoasbl 1o 1i1aBe 1, ejib U 3a1a4d MCCJIeJ0BAHUS

JlutepaTypHblii U TATEHTHBIA 0030p CBOMCTB, METOJOB MOJy4YEHHUS,
pereHepanry U BOCCTaHOBJIEHUS paboyeil )KUJIKOCTH, annapaToB-3MYyJIbIaTOPOB U
JUCIIEPTaTOpoOB  TMOKa3aj, 4YTO HauOoyiee TMEepCIEeKTUBHO  pa3padaThiBaTh
THAPOMEXAHUYECKUE JIUCTIEPraToOphl, B KOTOPBIX BO30YXKIAETCS HWMITYJIbCHAS
KaBUTAIMS, ONTUMAJIbHOE BO3JIEUCTBHE KOTOPOM Ha CKOPOCTh MPOBOJAUMOTO
mpoluecca  3aBUCUT OT OOBEMHOrO  COJAEp)KaHHUS  CBOOOJHOrO rasa B
oOpabaTbkIBaeMoii cpeje.

1. MeTonbl MONMydeHUS] W pEreHepanuu padouel KUIAKOCTH OIPEACIISIOT
HaJEKHOCTD U Pecypc padOThl THAPOMEXAaHU3UPOBAHHBIX KOMITJIEKCOB.

2. Paboumne XUAKOCTH IOJKHBI YJOBJIETBOPATH POy TpeOOBaHUM, B TOM
qucie, onpeaeaeHHon aucnepcHocThio. OHa goimkHa conepxkath (80+90) % 00.
KaIulk, JUaMeTp KOTOpPbIX HaxXxoauTcsa B uHTepBasie (1+5) MKM, 3allUTHBIMU
CBOMCTBaMHU OT KOPPO3UHU U IPO3UHM BHYTPEHHHUX MOBEPXHOCTEH TUIPaBINYECKOTO
TpaKTa, B TOM YHUCJIE 3€pKaIbHbBIX MOBEPXHOCTEHW TUIPOIUINHIPOB, CMA3bIBAOIIICH
CIIOCOOHOCTBIO, ONPEAEICHHON KECTKOCTHIO BOJIBI.

3. CymectBytoume wmetonbl pereHepauuu PX co ciuBom €€ wu3

TUAPOCUCTCMBbI MCXAaHU3WPOBAHHBIX erneﬁ HMCCT HCIAOCTATKH, KOTOPBIC JICTKO
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YCTPAHSIOTCA NPU BCTPOCHHBIX aIllaparax-AUCIepraropax B TOM YHUCIE C
WCITOJIb30BAaHUEM alllapaToB ¢ MPUMEHEHUEM KaBUTAIMOHHBIX A ()EKTOB.

4. U3 a”anuza METOJOB JIMKBUJAIMU HEJOCTATKOB PabOUYUX >KHAKOCTEH
BBIOpaH METOJI MEXaHWYECKOT0 JUCIIEPTUPOBAHUS B amlmnapaTax-aucrepraropax c
KaBUTAIIMOHHBIMU (P (HEKTaAMHU.

5. CpaBHeHue BBEIEHHBIX B paboTe YACIbHBIX  XapaKTEPUCTHUK
TUAPOMEXAHUYECKUX JUCHEPraTOpOB IOKA3aja0, 4YTO HAWIIy4YlIME I10Ka3aTeln
MMEIOT POTOPHBIC amnmaparbl ¢ MOAYJSLMEN IOTOKAa THUMA THAPOMEXAHUYECKHUX
JUCIIEPraTOpPOB.

6. [IpoBenén anamm3 poTopHBIX ammapaTtoB Tuma ['MJ] u cxembl yCTaHOBOK
JUISL  TOJlydeHHs  pabo4yMX  JKUJIKOCTEH, W3  KOTOPOTO  CJIEeAyeT, 4YTO
YETBIPEXCTYIICHYAThIE  anmnapaThl-AUCIIEPraTopbl  BBIMNOJHSIOT — HAWIYYIIAM
oOpa3oM (YHKIIMU SMYyJIBIUPOBAHUS, pereHepaluu W BoccTaHoBieHus PXK
METOJOM JIUCIIEPTUPOBAaHUS TBEPBIX YacTull NpuBHECEHHBIX B PXK B mpouecce eé
AKCIUTyaTallMu B TUIPOMEXAHU3UPOBAHHBIX KPEISX.

/. B amnmaparax-sMmyibraropax HMMEET MECTO TUAPOJMHAMUYECKas,
aKycThueckas M cMmeimiaHHas kaButanuu. [lo gopme mepemeHHOro naBiieHHS B
3aBUCUMOCTH OT BPEMEHU, KaBUTAIMSI MOXKET ObITh aKyCTUYECKOM, BO30YK1aeMon
rapMOHUYECKUMH KOJICOAHUSIMUA U UMITYJIbCHAsI, BO30YXK1aemasi He3aroJTHEHHBIMU
MMITYJIbCAMH OTPULIATENIBHOTO JTABJICHUS.

8. Jloka3zaHo, 4TO BO BCEX ammaparax MHTCHCHUBHOCTh TEXHOJOTUYECKOTO
nporiecca rpadUuecKu 3aBUCUT OT MEPhl BO30YKICHUS KaBUTAIlMU B BUJIC KPUBOH,
UMEIOIe MakCUMyM M JBe TOuku mneperuda. [lo 3Toil KpuBOW BBIJIEIEHBI TPU
peknma  paboOThl  ammaparoB:  JOKABUTAIIMOHHBIM,  KaBUTAIlMOHHBIA U
cynepkaBuTanoHHbId. [lpuuem, aBe TOukM Tmeperudba KpUBOM 3aBUCUMOCTH
KaBUTAIMOHHOTO d3(dekra OoT Mephl BO30OYKICHUS KABUTAIUU  SIBIISIOTCS
IpaHUIIAMH MEXKTY peKUMaMu paboThI anmapara: J0KaBUTAIMOHHBIN pekuM — 0 <
M < M,;; kaBUTallMOHHBIN pexuM — My < M < M, cynepkaBUTAIIMOHHBIA PEKUM

- M, < M < oo, tne touku M, u M, SBIAIOTCS TOYKaMU Tieperuoa,

yrosierBopstoe  yenosuo:  d29/dM*(M,,) = d*3/dM*(M,) = 0. B Touke
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dOlIdM(M,,;,= 0) mMeeT MeCTO MaKCHMAaJbHOE 3HAUYCHHUE MEpPbl BO30YXKICHHUS
KaBUTALMH, KOTOPAsi 3aBUCUT OT COJIEPKAHUSI CBOOOIHOTO Ira3a B )KUIAKOCTH.

Heap padorel — OG0OCHOBAaHUE MapaMETPOB JTUCIEPraTOpa ¢ MOIYyJIsALUEH
NOTOKAa  JJIs1  TOJNIyYeHHS  BBICOKOAMUCIIEPCHBIX  pabOuMX  KHIKOCTEH
MEXaHU3UPOBAHHBIX KPEIIEH.

JUig peanu3anuu NOCTaBICHHOM 1eu Obuld c(OPMYJIMPOBAHbI CIAEAYIOLINE
3aa4M UCCIECA0BAHMA!

— IIPOBECTHU aHaIM3 cocTaBa U cBoicTB PXK, TpeGoBanmii, npeabsaBiIsieMbIX K
HAM IIpM TOJYYEHHH W  PETEHEpAlMM B NPOILECCE  AKCIUTyaTaluu
MEXaHU3UPOBAHHBIX KpPENEH;

— pa3paboTaTh SKCIEPUMEHTAJIBHBIA CTEHJ MJIs UCCIEIOBaHMs IMpoliecca
smynbrupoBanus PK npu pasnuunsix napamerpax JIMII;

— pazpaboTaTh ucxoaHbie TpeboBanus kK JIMII,

— pa3paboTaTh METOAMKY U aITOPUTM pacyeTa napametpon JAMII;

— BBINOJIHUTH J1a0opatopHble wucnbiTanus JMII ang npousBonctBa u
perenepauu PXX;

— 000CHOBAaTh MapaMeTphl U MPEeAIOKUTh KoHCTpyKuto JIMII B pesynbTaTe

IMIPOBCACHHBIX I/ICCHG,HOBaHI/Iﬁ.
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2. PABPABOTKA JUCIHIEPTATOPA C MOJIYJISIMUEHN ITOTOKA

2.1. Conep:kaHue B )KUAKOCTH CBOOOJHOIO ra3a

['a3 B *KUAKOCTH HAXOAMUTCS B PACTBOPEHHOM U CBOOOJHOM COCTOSIHUM, B
BUJIC Mapora3oBbIX Mmy3biped. OOBEeMHOE cojepKaHue CBOOOAHOTO ra3za B
KUIKOCTH OOBIMHO cocraBmsier Manyio gomo  (107°-10%) or  o6uiero
razoconepxanus [43]. Jaxe CTOJNb Majgoe €ro KOJUYECTBO MOXKET H3MEHHTH
CBOMCTBA MOJYYEHHOM CIUIOIIHOW cpenbl (YIPYrocTb CTAHOBHUTCS MOYTH PAaBHOMN
YOPYroCTH rasa, TJIOTHOCTh OJIM3Ka K IJIOTHOCTH KHUIKOCTU, CKOPOCTh 3BYKa U
KOA((PUIIMEHT ero 3aTyXaHusi CUJIBHO 3aBHCST OT COJEpX aHUs CBOOOJHOIO Tasa,
OCOOCHHO TpU MaJIOM J10Je CBOOOJHOTO Ta3a, a Takke OT JIaBJICHUS B
razoxxusikoctHo cmecu (IKC)).

3aBucumocth ympyroctu I[JKC oT ee pgaBieHuss OCOOEHHO BaKHO
UCCIeIOBaTh JJIsi padOuMX >KUJKOCTEH, KOrja WX JIaBJICHUE B THUIPOCUCTEME
JIOCTUTAET HECKOJIBKO JIECSITKOB MEranackayiei.

KaButaus B [2KC cnoco6bHa BO MHOro pa3 HMHTEHCH(PUIUPOBATH
pa3nuYHbIe TEXHOJIOTMYECKUE TMPOIIECChl B ammapaTtax Ha 0a3e yJIbTpa3BYyKOBBIX
u3inydarenaed B kuakocth © I'MJl u mociemayronuM Bo30YKISHHEM MOIIHON
UMITYJLCHOM aKyCTHYECKON M THAPOJIMHAMUYCCKON BUIOB KaBUTaluu (cM. 1. 1.3)
[44, 45]. TTopor kaBUTALKMHK, ONIPEAEIAEMbIA Pa3IMYHBIMA METOAAMU U CIIOCOOAMH,
3aBUCUT TPEKJIE BCEro OT OOBEMHOrO COJepKaHus CBOOOJHOro rasza [46] u
GyHKIMK pacnpenencHus my3bipeld mo ux guamerpam [47]. Kak ciemyer u3
NpeabIAyIel TIaBbl, U3MEHEHHE COJIEpKaHUS B JKHJIKOCTH CBOOOJHOTO Tas3a
MO3BOJISICT 3HAYUTEIIBHO M3MEHSTh, TO €CTh pEeryJupoBaTh KaBUTALIMOHHBIC
3¢ ¢ekThl. B onHUX ciydasx yMeHbIIaTh, HAPUMEP, IyM rpeOHOTO BUHTA, WIIH,
Oomee mMUpPoOKo, — MPH JBIKEHUU Tejia B O€3rpaHUYHON KUIKOCTH, €T0 APO3HIO, B
TOM YHCJI€ JIOMAacTel TeHepaToOpOB TUAPOCTAHIUN, MEMIAJIOK U T.[., B APYIHX
ClIy4asiX — WHTEHCU(UIIMPOBATH TEXHOJOTUIYECKHUE MPOIECCHl TPU BO30YKICHUU

KaBHUTalluH.
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[Ipu cokatmm  cUCTeMbl  KAaBUTAIIMOHHBIX  IMY3bIpeH, 0OOpa3yromnmx
KOMIAKTHYI0 O0OJacTh TOYEYHBIX H3Ty4yaTeled THIla MOHOIONb, 00pa3yercs
OrpOMHasi MHUKPOHEOJHOPOJAHOCTh IIOJSl CKOPOCTEM, JaBIEHUN, TeMIeparyp,
KOHIIEHTpAlluii OJAHOPOAHOTO B Makpomacmrade oOpabaTeiBaeMOro oo6beMa
KuakocTd. M3 Bcero BBIIIEM3IOKEHHOIO CJIEAYET, YTO WHTEHCUBHOCTH

TCXHOJOTHMYCCKOIO ITponccCa MOKHO OIIPCACIIUTD TAK:

. d%c
)= Srar (21.1)
rnie C — mepeHocuMasl CyOCTaHIMS B JaHHOM Iiporiecce; F — turomanp

MOTIEPEYHOT0 CEYCHHsI OTOKA CyOCTaHIINH; T — BpeMsi MPOBOJAMMOTIO IMpoIiecca.

B yacTHOCTH, HHTEHCHBHOCTH IIPOIIECCAa AIMYJIBTUPOBAHUS XapaKTePU3yeTCs
CKOPOCTBIO 00pa30BaHMs HOBOU IuIomanu kg moBepxHoCTH pasiena AUCHEPCHOM
¢a3er 1 aucnepcHoi cpenbl. B stom ciayuae B (2.1.1) C = Fy. HTEeHCHBHOCTH
TEXHOJIOTHYECKOTO TIPOIlecca MOYKHO PETyJIHpPOBAaTh OOBEMHBIM COJCpKaHUEM
CBOOOJHOTO Tra3za TyTeM Jera3alid WM HACBIIEHUEM J>KUJIKOCTH Ta30M U
W3MCHCHHUEM JTaBJICHHS J)KUJIKOCTHA B KAaBUTAIIMOHHOM 00JIaCTH.

C ymeHblIeHHEM OOBEMHOTO COJEP’KaHMUSI CBOOOJHOTO Ta3a B JKHUJKOCTU
MyTeM €€ Jiera3allid WM yBeIW4YeHHEeM JaBlIeHHS >XuakocTu [48-50] mokHO
pPETYIMpPOBaTh MaKCHMaIbHOE YIApHOE JaBJICHHE TP CHHXPOHHOM CXKAaTHUU
KaBUTAI[MOHHBIX MY3bIpeil, KaK KOMIIAKTHOW OOJACTH TOYEYHBIX HCTOYHHKOB
3ByKa THIAa MOHOIONb. EcCiaM yBenmWuuBaTh COJEp)KaHWE CBOOOJHOTO Trasza WU
YMEHBIIIATh JTaBJICHHE B KHUIKOCTH, TO MOYKHO HM30€XaTh BPEIHBIX IMOCIICICTBUN
KaBUTAIMOHHBIX A((EKTOB, HANMpUMEpP, DOPO3UU CTEHOK JIFOOOTO ydYacTKa
THIPABIMYECKOTO TpaKTa B THIPOMEXaHM3UPOBAHHBIX KOMILIEKCaX, OCOOCHHO B
MECTHBIX COTPOTUBIICHUSAX, NP TCUCHUH KUJIKOCTH B TPyOE WU JABWKCHHUH Tela
B OTpaHUYEHHOUN WM Oe3rpaHudHoi kugkoctu [51, 52]. Beeaenue moctosHHOTO
KOHTPOJII 3a COJACpKAaHWEM B KHJAKOCTH CBOOOJHOTO Ta3a IIO3BOJMIO OBl
3HAYUTEIHLHO YTOYHUTH METOAMKY TOIEPKaHUSI ONTUMAIBHOTO PEeKUMa pabOThI
anmnapara-sMmyJsbraropa tuna I'MJI npu nojayyeHur rupaBinyecKon KUJKOCTH Ha

OCHOBC 5MYJIbCHUHU AJIsI MCXAHU3HWPOBAHHBIX erneﬁ.
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W3BectHble cymecTBylomme MeTonsl Bunkiepa, Ban-Crnaiika [53]
IIO3BOJISLIIN ONPEAEINTh CYMMApHOE COAECPKAHHUE ra3a, HAXOIALIETOC B JKUIAKOCTH
KaK B pacCTBOPEHHOM, Tak U B cBOOOJHOM BHe. M3Mepenue pasaenbHo 1BYX (a3
ra3a B JKUJKOCTHU C IOMOUIBbIO 3TUX METOJOB NPUHLUIIHAIIEHO HEBO3MOXKHO.

PaccMoTpuM OJMH M3 NEPCIEKTHBHBIX METOAOB H3MEPEHUS COJEpPKaHUS
CBOOOJ/IHOTO Ta3a B )KMJIKOCTH — aKyCTUUECKUI, OCHOBaHHbBIN Ha CBOMCTBE ra30BbIX
NMy3bIpeil BIMATh HA 3aTyXaHUE M CKOPOCTh 3BYKa, pPACHPOCTPAHSIOLIErOCS
HEJIMHENHO ¢ JUCIIEPCUEN B CPElle KUAKOCTh — Fa30BbIE ITY3bIPH.

Tak kak »((EKTUBHOCT, KAaBUTAUMOHHBIX 3(PQPEKTOB 3aBUCUT OT
coJlep>KaHMusl My3bIpell raza B 00pabaTbiBaeMOM XUAKOCTH M HMX KadecTBa, TO,
€CTECTBEHHO, ONTUMU3ALUs TEXHOJIOIMUECKUX MPOIECCOB TPEOYET MPUCTAIBHOTO
BHUMAaHMS K U3yYEHHUIO MX MEXaHU3MOB BIIMSHUS Ha COJIEpKaHUE CBOOOIHOTO ra3a
B TEXHOJIOTMYECKOW KUAKOCTH. OIIEHUM BIUSHUE OCHOBHBIX IPUYHMH Ha
COJIEp>)KaHUE B JKUIKOCTU Iy3bIpEH M 3aKOHOMEPHOCTH PACIPEICIECHUS ITy3bIpEi
no ux auamerpaM. COOCTBEHHbBIE HCCJIENOBAHMS U JIMTEPATypHbIE MCTOYHHKHM,
NO3BOJIAIOT NPUOJIMKEHHO OIEHUTh BEJIMYMHBI OOBEMHOM KOHUEHTpalUuu
CBOOOJIHOTO Ia3a B BUJE MapOra3oBbIX My3bIPel B pealbHBIX KUAKOCTSIX.

OcHOBHBIMHU (paKTOpaMH, BO3JECUCTBYIOIIMMH Ha COJEp>KaHUE CBOOOJHOTO
ra3a B JKMJKOCTH, OTMETHM CJEAYIOIIHE: CTaTUYECKOE [aBIICHHUE; TeMIlepaTypa
KUIKOCTH; COAEp’KaHWE Tra3a B PACTBOPEHHOM M CBOOOJHOM COCTOSSHHUM B
KUIKOCTH; PEXKUM TEUYEHUS MKUIAKOCTH; TBEpAblE NPHUMECH; KOCMUYECKOE H
JUTOC(EPHOE €CTECTBEHHOE HOHU3HMPYIOUIEE HW3JIyYeHHE, HOHBI, BbI3BIBAIOIINE
OTPHIIATEIILHYIO THAPATAIINIO; YaCTOTA aKyCTHUECKOTO H3ryueHus [54-57].

Kaxnpiif U3 nepednciaeHHbIX (AKTOPOB B TE€X WM HUHBIX YCIOBUSX MOMKET
OBITh MpEeBAJIUPYIOIIMM HaJ Apyrumu. Hanpumep, npu temmnepaTtypax, OJM3KUX K
KUTICHUIO JKUIKOCTH, Iapora3oBbli Iy3bIpb COACPKHUT HEOONBIIYIO A0
HEKOHJICHCUpYIolerocss rasa. B 3toM ciywae Oynmer HaOmogaThCcs mHapoBas
kaButauus. [Ipu OonblIOM ra3zocoiepkaHUM MApOra3oBOI0O ITy3bIpsS OCHOBHBIM
(dakTopoM SBISETCS CTATUYECKOE JaBlieHHWE Kuakoctu. [lpum moHMKEHUn

CTaTHYCCKOIro JaBJICHHA HHMXC aTMOC(l)CpHOFO Ha6moz[aeTc;1 HHTCHCHUBHOC
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BBIZICICHHE CBOOOJHOTO Ta3a W3 pactBopa. B paborax [58, 59] ¢ momomisio
AKYCTHYCCKHX M ONTHYECKUX METOJOB ONpeessuiach KOHIEHTpalms my3bipeit N,
obpazoBasiuxcs B exunuiry Bpemenu t (dN/dt), ckopocts pocra my3sipeit (dR/dt,
rne R(t) — paamyc myseipeif, kak (GYHKIUS BPEeMEHH) M BPEMEHHON HHTEpBal
MEXIy CKa4yKOOOpa3HbIM TMOHMKCHHUEM JaBJICHHS W MOMEHTOM, KOIJIa IYy3bIpH
JOCTUTAJIM TaKOTo paauyca, KOIJla OHH MOIVIM OBbITh  3a()MKCHPOBAHBI
UHCTpYMEHTabHO. [lociienHsss BelWYMHA CYOBEKTHBHA W 3aBUCEla  OT
paspemiaronieii  CrocOOHOCTM WHCTPYMEHTa M crocoba HaOmogeHus. Ecim
KHJIKOCTh TIPEIBAPUTEIILHO 00pabaThiBaTh BHICOKMM JABICHHEM, TO YMEHBIIACTCS
KOHIICHTpaIUsi 00pa30BaBIINXCS My3bIPEH, TaK KaK C YBEIUUCHHEM JaBJICHHS, BO-
NIEPBBIX, YMEHBIIIACTCS UX PAIUyC U, BO-BTOPBIX, YBEIMUUBACTCS PACTBOPHUMOCTD
ra3oB, B YaCTHOCTH, B BojJie. TO €CTh HMMEET MECTO HENIMHEeWHas QyHKUus
YMEHBIIICHUS KOHIIEHTPAI[MK MY3bIpeH C YBEJIHMUCHUEM CTAaTUYCCKOTO JIaBJICHHUS
(pricyHOK 2.1) ¥ THCTEpE3HC ITOM 3aBUCUMOCTH.

pe;Mlla |

0.33 |

0.28 |

0.23 |

0 5 10 15 20 25 T-T,, K

Pucynox 2.1. 3aBUCUMOCTH KaBUTAIIMOHHOMN MPOYHOCTU BOJBI OT €€ TEMIIEPATYPHI:
aMIUTATYbI 3BYKOBBIX JABJICHUM, HEOOXOIUMBIE JIJIs1 BO30OY K/ICHHUS KaBUTAIlUU B

nioJie miockoro (1) u gpoxycupyromiero (2) uzmydarenei
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C >TUMH JaHHBIMM Be€CbMa MPUOJIM3UTEIBHO KAYECTBEHHO COTJIACYHOTCA
pesyabpratel W.J. Galloway, momydnBmiero JuHEHHYO 3aBHCUMOCTH TIOPOTOBOTO

JIABJICHUS OT TeMIepaTypbl BoibI [60]:

R=-R, 1. (21.2)
rae P, — moporosoe nasienue npu temmeparype 0 °C; T — temnepatypa Bojsl, K;
T,=273 Kumt=0 °C.

B ypaBHennn (2.1.2) He mpocMaTpuBaeTCs ACHMIITOTUYECKOE IOBEICHUE
KPUBBIX MpPH TOBBIMICHHH Temieparypsl 10 25 °C, KOTOpOE TEeOpEeTHUECKH
CTPEMUTCS K HYJIIO IIPU JABJICHUU [1apOra30BOM CMECH B IY3bIPE, CTPEMSIILIEMCS K
JIABJICHUIO HACBHIINAONINX MapOB.

N3 skcniepuMeHTaNbHBIX TpaUKOB U TEOPUH CIIEAYET, YTO KaBUTALMOHHAS
MPOYHOCTH BOJBI YMEHBINACTCS C YBEIMYEHUEM TemIiieparypbl. ABTopsl [57, 60,
61] wccrmemoBanmM 3aBUCHMOCTH TIOPOTOBOTO jdaBieHwss P, ot  oOmero
ra3ocoAepKaHusl KUAKOCTU. AOCOJIIOTHBIE IOPOTOBbIE JaBJICHUS KHUAKOCTH,
HalJICHHbIE PA3MYHBIMH  HWCCIIEOBATENAMU, OTJIMYAIOTCS, HO  XapakTep
MOJTy4YE€HHBIX 3aKOHOMEPHOCTEW COBMAIAET: C YBEIMUEHUEM 0O0LIero oobema rasza B
BOJIE €€ KaBUTALIMOHHAas MPOYHOCTh majgaeT. (OCHOBHOE BIHSHHE Ha
KaBUTALMOHHYIO TPOYHOCTh OKA3hIBAET COJEP)KaHHWE CBOOOTHOTO Tas3a, TaK Kak
pacTBOpeHHBIH ra3 AUGGYHAUPYET B MApPOTa3OBbIA IMy3bIph WU OOpaTHO, B
3aBHCHUMOCTH OT (ha3bl paguaibHO-CPEepuUIecKuX KoieOaHUuil paamyca My3bIps.
Juddy3ronHble nponeccsl Mpu KaBUTaUKMKU O0Jiee MEIJIEHHBIE, [0 CPABHEHMIO C
MEXaHUYECKUMU KOJIEOaHUSIMU paJyca Iy3bIpsi.

Hccnemyst n3MeHeHUs! TOTJIOMICHUS YIAbTPa3ByKOBOW HEPTUH, BHOCHMOTO
y3bIPSIMH, B 3aBUCUMOCTH OT BPEMEHHU OTCTAaMBaHUS MPU PA3TMYHBIX YaCTOTAX
U3y4eHUs, OBLIM TOJNIyY4EHBI CJEAyIONIHe pe3yiabTaThl. XOTS B Ipolecce
OTCTaWBaHUSl BOJbI OTHOCHUTENBHOE Ta30COJEpP’KaHHWE BOJBI  OCTABAJIOCH
NPAKTUYECKH MOCTOSTHHOE (Omax / dmin= 1,1), 3ByKOBO€ HaBlieHHE, HEOOXOAUMOE
JUIsl BO30YXKIEHUS B KMJAKOCTH KaBUTAllMM, W3MEHSUIOCh BO BPEMEHM BEChMa

cymectBerso (£, [R_. = 3).

max ' ~ ®min
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Brnusarie KOCMHYECKOTO W3Iy4YeHUsS Ha COJAEpPX)AaHUE B IKUIAKOCTH
cBoOoHOTO Ta3a uccienoBamm D. Liberman u D. Sette ¢ corpyaaukamu [62—65].
O Bo3aeiicTBHM 3TOTO (PaKTOpa TOBOPUIIOCH U B pabore B.A. Axynuuea [66].

Brnusinue BuxpeoOpa3oBaHus B )KMIKOCTH Ha COJEp>KaHUE CBOOOTHOTO ras3a
sKCIIepUMeHTaabHO ucciemoBamu E. Ripken u J.M. Killen [52]. Aptopsl
OTMEYAIOT, YTO B HEITOIBIKHOM BOJIE, 3aOJHSIONIEH 3aMKHYTHIN THIPABINYECKUT
TPaKT, COAEpKaHWE CBOOOTHOTO ra3a BCErla TaKk Mayud, 9To He (PUKCHPOBAIOCH
WHCTPYMEHTaNIbHO. B JBIKyIIEHcs BoJe € HE3HAUYUTETHHBIMH CKOPOCTSIMH,
CoJiep)KaHuEe CBOOOJIHOTO Ta3a HEMEJIEHHO BO3pacTayio. BpIIo MpenmnonoxeHo,
YTO TIPUYMHOW TIOBBIINICHUS KOHIICHTPAIIUM CBOOOJHOTO Ta3a  SBJISETCS
BUXpeoOpa3oBaHue B JABMXKYIIEHCS KUIKOCTU. K coxkaleHuto, B 3TUX paboTax He
OTMEUCHBI 3HAUEHWs BEIMYWHBI KpUTEpusl PeliHoNbIca, HanWMuWe W XapakTep
MECTHBIX COMPOTUBIICHUN B THAPABINYECKOM TPAKTE, KOTOPbIE TAKXKE BIHSIOT HA
ra3ocojJepkaHue TyTeM IIOHWKEHUS MECTHOTO JaBjicHHS. VI3MeHeHwue
ra30CoACpKaHMs HMCCIEA0BAJIOCh 3aBUCHUMOCTBHIO TOTJIOMIEHUS YJIbTpa3ByKa OT
yacToThl B auanazoHe 20-200 x['m npu pa3nuyHbIX TPOMEXKYTKAX BpPEMEHU
NepeMeIMBaHus BOABI Bpamaronmmucs auckamu. C yBEeTWYCHHUEM BpEMEHU
nepemernuBanus t;, KodQUIMEHT 3aTyxaHus BO3pacTall BO BCEM JUANa3OHE
4acTOT, HO MAaKCUMyM 3aTyXaHHUs C YBEJIWYECHHUEM BPEMEHH TIEpEMEIIUBAHUS
cmeraicsa ot 25 kI’ mo 60 kI 1.

[To u3BeCTHBIM YaCTOTAaM MaKCMMyMa TOTJIOMIEHHUs, C YI€TOM TOTO, YTo ty =
f1, rme f — wacToTa M3Iyd4EHMS, MOXKHO OIPEICINTh MAKCHMYM PAcCIpeIeICHH
Iy3bIPEU MO PAIUYCY:

1 [P
RmaXE 0o — 2_7tf Z (213)

BeIuncisist pacipe/erenns myspipeit mo pagnycy (Ps = 10° Ila, p. = 10°
Kr/M°), TIOTYYMM, YTO MAKCHMyM IOTJIOMICHHS 3BYKAa COOTBETCTBYET PajMycaM
ny3bipeit ot 64 10 26,5 mkm. [laxke cnabblit TypOyI€HTHBIN NOTPAHUYHBIN CJIOW Ha
BpAIlalOIIEMCsl TUCKE IOPOXKAAET BUXPH, KOTOPBIE CO3JAIOT B HACBILICHHON

PAaCTBOPCHHBIM I'a30M BOJC IIPpHU aTMOC(I)epHOM JaBJICHUHN 3aMCTHOC KOJIMYCCTBO
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ra3oBbIX ITy3bIPEl IIMPOKOTO MHTEpBaNAa HUX paanycoB. OMNBITBI MOKAa3aJd, YTO
NEPEeMEIINBAHUE BOJBl BPAILAIOIIUMCS JIUCKOM CIIOCOOCTBYET YBEIWYCHHUIO
KOHIIEHTpAlluu CBOOOJHOro raza Ha 4—5 mnopsaxkoB. MexaHM3M YBEIMYEHUS
CcBOOOMHOTO Ta3a B TypOYyJIEHTHBIX MOTOKaX MOXHO OOBSICHUTH KOHBEKTHBHOMN
mud¢y3uell  pacTBOPEHHOIO0 rasza B Iy3bIpH, [ONaJalIue B o0JacTb
IIOHM>KEHHOT'O JIaBJICHUs — B LEHTPBI BUXped. OTcCrofa clieyeT, 4T0 HCTOYHUKOM
y3bIpel B pOTOpHBIX anmnaparax tuna ['M/[ MoryT ObITh:

— TIEPEMEHHbIE MECTHBIE CONPOTHUBIIEHUS JuadparMbl MOJYJSTOpa C
IIEPEMEHHOM IIOIMAbI0 TIPOXOAHOTO ceueHus (pucyHok 1.1);

— BHUXpeBasl TypOYJEHTHOCTh B 3a30p€ MEXIYy pPOTOPOM U CTATOPOM IpH
3HaYCHUH BEIMYUHBI KpuTepus Teinopa 60blle KpUTHIECKOIO:

2 4
Tq = 260 (w

KP™ RZ_R2

2
—) > 183,55, (2.1.4)
vV
rae R, — paguyc BHemHell O0KOBOM paboueil MOBEPXHOCTU poTopa; R. — paguyc
BHYTpPEHHEUN O0KOBOM paboyell MOBEPXHOCTH CTAaTOPA; 0 — BEIUYMHA 3a30pa MEKIY
pOTOPOM U CTaTOPOM; @ — YIJIOBasg CKOPOCTh BpallleHUs poTOpa; V —

KMHEMaTH4eCKUH KOA((OUIIMEHT BA3KOCTH KUIKOCTH.

[Ipu manon BenMUMHE 3a30pa MPUMEM, UYTO:

0=R:—Ry, (2.1.5)
R.+ R,= 2R, + J = 2R,. (2.1.6)
Torna (2.1.4) npumer BU:
2
Ta,p= Ryd° (ﬂ) > 183, 55. 2.1.7)

[Ipu nr000M BpeMEHW OTCTaMBaHUSA J>KUJIKOCTEH B HEH CYIIECTBYIOT
CTaOMIIbHBIC Ta30BbIC MMy3bIpH. Ha ocHOBaHMM MpuHIUIA cTaTUCTUKU ['1006ca [67]
MOJIYYEHO, YTO €CJIM B XOPOLIO OTCTOSIBIUEHCS XKUAKOCTH, KOTJa KOHLEHTpaLHs
ny3bipert N(t) = const, a unciio MoJieKys1 ra3a B My3bIpsiX MOCTOSHHO, TO HanboJee
BEPOSITHOE COCTOSIHUE CHCTEMBbl «IIy3bIpH B JKHUJIKOCTH» OyIeT Torjaa, Korja

(byHKIMS pacnpeeleHns CTa0MIbHBIX My3bIpeil MO pa3MepaM UMEET BHL:

A
?;

N,(R) = (2.1.8)
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riae A — MOCTOSIHHAS, KOTOPYI0 HEOOXOAMMO OMPENSTUTh SKCIEPUMEHTAIBHO TIO
JaHHBIM O KOJMYECTBE CBOOOJHOTO ra3a, COJAEpXKAIIerocs B IUTEIHHO
OTCTOSIBIICHCS KUIKOCTH.

[TomydeHHBIC BENIWYWHBI TOTJIOMICHUS  yJIbTpPa3ByKa COTJIACYIOTCS C
JaHHBIMH paboT [56, 68]. [lo ’kcepuMeHTaIbHO MOJYYeHHBIM KO3 dHIIeHTaM
TIOTJIONICHHS YIbTPa3ByKa OBLIM BBIYHUCIICHBI INIOTHOCTH PACIIPEICIICHUS My3bIpeit

N(R,). [TocireqHee pacnpeeiieHre NpecTaBICHO Ha PUCYHKE 2.2.

N(R,)

T =

102 [—

10! —

100 |
104 10-3 Ry, cMm

Pucynok 2.2. ITnotHoctu pacnpenencuus my3bsipeid N(Ry) B BomonpoBoaHO# Bojie

IIPU Pa3InYHBIX TPOMEKYTKAaX BpEMEHU oTcTauBaHus: 1| —25 MuH; 2 — 1 u.;

3—3u.;4—-54.[43]
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Kaxxnmas kpuBasi COOTBETCTBYET OIPEACICHHOMY BpPEMEHH OTCTaWBaHUS
BOJIONIPOBOTHOM BobI (25 muH; 1, 3 u 5 u). 13 pucynka cienyer, uro N(Ry) = R
TO €CTh JIOCTATOYHO KOPPEKTHO corjacyercs ¢ (2.1.8) mis ycnoBuii npoBeneHus
OKCIIEPUMEHTOB W WHTEpBaJa HW3MCHCHHS I1apaMeTpa BpPEMEHHU OTCTAaWBAHUS
(25 mumH, 5 u).

Ha pucynke 2.3 a npuBenensl Gpyukuuu pacrpeneiacaus N(R,) mpu Tom ke
Pa3TUYHOM MMapaMeTpe paclpeeICHUs] BpeMEHH OTCTanBaHUS BOJIHI 1.

Breruucnss JJIA KaXKJI0I0 U3 3HauCHMH t BCIIMYHUHY HMHTCTPaAJIa

u= fRFqu(RO)dR, (2.1.9)
rnie Ry = 4 MKM — MUHUMaJIbHBIA paauyc My3bIps, HaAOIIOIaeMbIi

AKCIIEPUMEHTANbHO; Ry, = 34 MKM — MakCHUMaIbHBII paanyc My3bIps, KOTOPBIU
HaXOJUTCSl B PABHOBECHOM COCTOSIHUU C KHUJKOCTHIO,

crpouach 3aBucMMOCTh U(t) (pucyHok 2.3 0), OTKyma cieayeTr, 4To OoObeMHas
KOHLIEHTpanusi CBOOOJHOro ra3a 3a 5—6 4 OTCTauBaHHs BOABl YMEHBIIAETCS
NPUMEPHO Ha TOPSIOK, MO CPAaBHEHUIO C IMEPBOHAYAIBHOW BEJIMYMHOW, H
crarosurcst pasroii 10 %, DTo mpenenpHas BEIMYMHA KOHIEHTPAIMH CBOGOIHOTO
rasza, paBHasi IOpOry 4yBCTBUTEJIBHOCTH ammapaTypbl, HO U3 rpaduka (pUCyHOK
2.3 6) BUIHO, uTO mocie t = 5 4, KpuBas HAUMHAET CTPEMUTHCA K aCUMMTOTE U =
const, kotopasi ompenenseTcss OpOYHOBCKMM TEIJIOBBIM JBHXKEHHEM ITy3bIpeil.
Kcratu, Takum xe o0pa3oM 3aBUCHUT KaBUTAIMOHHAs MPOYHOCTH BOJBI OT
temriepatypbl. [logoOnbie pesynbTaThl momydeHsl M.I. Cupotiokom [46] s
JUCTWITUPOBAHHON BOJbI. TakuM 00pa3oM, ABE He3aBUCUMBbIE MeToAuku [46, 57,
68] wucciemoBanus (QYHKIHHM pacmpeaeNieHus Iy3bIpe M0 paguycam  JaroT
pe3yNbTaThl, KOTOPBIE YJIOBICTBOPUTEIHLHO COTJACYIOIIMECS MEXay coboi B

MCCJIEIOBAHHOM MHTEPBAJe pauycoB Mmy3bipel Ry< 2 MKM.
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N(R,) - 10
a
2
1
1 I
O\O\O\—& 9
5
e =
5
6
0 8&8\&\4:* | =q7
1 2 3 R-1073,cm
102
0
3 —
2 -
1 —
. | | | | |
1 2 3 4 5 t,u.

Pucynox 2.3. IInotHOCTH pacnipesenenus my3bipeit (a) 1 00beMHbIe
KOHIICHTpAIlMu CBOOOJHOIO rasa (0) rmocie orcrauBanus: 1 — 25 muH; 2 — 1 4.;

3-24;4-34,5-44;6-5u.;7—-6u. [43]



49

Hanuume TBepabIx mpuMecer B THMAPABINYECKOW KUJIKOCTH YBEIUUYMBACT
MJIABYYECTh IMy3bIpEi BCIECACTBUE MPUIMIIAHUS UX K YacTUIaM. TO €CTh TBEpAbIC
HECMauMBaeMble  MPUMECH  BIMUSIOT HA  KaBUTAIlMOHHYIO  TPOYHOCTH
TUAPABINYECKON KUIKOCTH 110 HECKOJIBLKUM MPUIUHAM:

— TBEpAbIE MPUMECH CHOCOOCTBYIOT JJIUTEIIBHOMY CYIIIECTBOBaHUIO B
YKUJIKOCTH Ta30BBIX ITy3bIpe;

— TBEP/IbI€ YaCTHUIIbI IO TPAHUIIE pa3jieia TBEPAON U KUIKON (a3bl ABISETCS
JIOKQJIbHBIMM TOYKAaMH MEHBIICH KaBUTAIIMOHHOW MPOYHOCTH IO CPABHEHHIO C
TOYKAMH, PACIIOIOKCHHBIMU BHYTPH >kHIKOCTH [69, 70];

— OpOYHOBCKO€ JIBUKEHUE TBEPJIBIX YACTHI] U My3bIpEi;

— JOTIOJTHUTENIBHOE KaNWJUIIPHOE JTaBJICHUE BHYTPH ITy3bIpSI.

N3 BBIIEU3I0AKEHHOTO CIEIYET, UTO:

— Mpu HOpMabHBIX Quisnueckux ycioBusix (P, = 0,1 MlIla, 7= 273 K) B
JKUJIKOCTH M, B YaCTHOCTH, B BOJIE, BCETa UMEIOTCS IMy3bIPH BO3/1yXa, HE3aBUCHUMO
OT BPEMEHHU OTCTauBaHUsS BOJIbI U CIIOCO0A €€ MOJITOTOBKH;

— KpWBas paclpeiesICHHs Iy3bIped >KUJIKOCTH, TMOJIyYCeHHAs W3 IPHUHIIAIA
I'n66ca [67] (2.1.8) u pa3smMYHBIX MO METOJAM U CHOCO0aM SKCIIEPUMEHTATBHBIX
U3MEPEHUN  JIOCTATOYHO  XOPOILIO  KOPPEIUPYIOTCS KAk MO  IUIOTHOCTH
pacrpesielieHus My3bIpe 1Mo pa3MepaM, TaK W MO KOHIEHTPAIUHU COJICPKaHUS
CcBOOO/IHOTO ra3a B BOJIE.

Bce xuakoct, B ToM yucie u Boja, abcopOupyroT razpl. COracHO 3aKOHY
I'enpu-JlanbToHa, MPU MOBBILIEHHBIX AABJICHUAX 10 AeciaTKOB MIla u nmocTtossHHOM
TEeMIepaType OTHOCHUTENbHBIH 00beM V. /[ V, pacTBopeHHOro ra3a paBeH
IIOCTOSIHHOM BEJIMYUHE O, Ha3bIBAEMOM KOA(P(PULUEHTOM PaCTBOPUMOCTH, KOTOpast
3aBUCUT OT TeMmIiepaTyphl. [IpM HE3HAUNUTETBHBIX W3MEHEHHUSIX TEMIICPaTyphl U
MaJIo KOHIIGHTpAllUM Maclia B THJPABIMYCCKON JKHUJIKOCTH MOYKHO TPHHSTH
KOd(Q(PUIIMEHT  pacTBOPUMOCTH  TOCTOSHHBIM,  PaBHBIM KO3 UIIMEHTY
pPacTBOPUMOCTH TIPU CTAHJAPTHOW TEXHUYECKOW HOPMAJIbHOM TeMIleparype,
paBuo#t 20 °C wnm temmepartype pabodell KHIKOCTH B THIPABIHYECKOM TPAKTE

TUAPOMEXAHU3UPOBAHHBIX Kpere.
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2.2. MeToabl onpejiesieHUs CoJep:KaHUsA CBOOOTHOI0 ra3a B JKUAKOCTH

CylecTByeT HECKOJIbKO METOJIOB ONpEICICHHs COJEp)KaHHsI CBOOOIHOTO
raza B xuakoctr. D. Maxwell npemioxw onpeneiate 00beMHYI0 KOHIIEHTPAIIHTO
CBOOOJTHOTO Ta3a Mo yACIbHOMY COMPOTHBIICHUIO (ITPOBOJIUMOCTH) KHIKOCTH KaK
TeTePOTreHHON CHCTEMBI <CKUIKOCTh — Ta3». DTO pe3ucTUBHbIN MeTon [71, 72]. On
3aKJIF0YAETCS B TOM, YTO OTHOCHUTEIbHAS 3JICKTPOIIPOBOIUMOCTD & B 3 (HEKTHBHOM
o0BEME DIJCKTPHUUYECKOTO TIONS JaTdMKa M3MEHSETCS B 3aBHCHUMOCTH OT
KOHIICHTPAIMU CBOOOJHOTO Ta3a B Ta30’KUIKOCTHOW CMECH ¢, B COOTBETCTBHH C

dbopmyioit Makceeina [72]:

=% (2.2.1)

= 7o
+—
1 2

Pe3ucTuBHBIN METO/ OTHOCUTCSI K TpyMIE€ 30HAOBBIX METOJO0B [73], Koraa
JATYMK TOTPYKAETCSI HEMOCPEJACTBEHHO B OOBEKT wuccienoBanus. Jlatuuk
MPEACTaBIIsT COOOM ABE JATYHHBIX MapauIeNIbHBIX MJIACTUHKH, PACIIONIOMKEHHBIX
Ha (UKCUPOBAHHOM PpACCTOSIHUM JIpyr OT JApyra. OJIeKTPOIPOBOAHOCTh
ra30’kKMJIKOCTHOM CMECH HM3MEpPsUIaCh METOAOM MOCTHKA YHMHCTOHA NEPEMEHHOTO
toka P5010, Tak Kak HCHONb30BAaHWE B JAHHOM CJIy4ae IOCTOSIHHOIO TOKa
HEXENATeNIbHO M3-32 JJIEKTPOXUMUYECKUX I(P(PEKTOB, BHOCALIUX OIIMOKU B
BEJIMUMHY U3MEPSEMO AIeKTponpoBoaHOCTH. 13 dopmynel (2.2.1) mo u3BecTHOU

QJICKTPOIIPOBOANMOCTH BBIYHCIIAIN I'a30COACPKAHNC

== (2.2.2)

1+§'

Kaxk moka3zaj onmIT, 3TOT METOJ MOKHO HCIIOJIL30BaTh 10 O > 103 K TOMY
’Ke, €CII ra3 B AKUIKOCTH 00pasyeT aeKTpoauT, Harpumep, CO, + H,O — H,COg,
TO MPOBOJUMOCTh TE€TEPOTCHHOM CHUCTEMBI MOXET PE3KO BO3pacTaTh. Takum
oOpaszom, pe3uctuBHbIM MeTona J[. MakcBemia orpaHudeH OOJILIIMMHU 0ObeMaMu
KOHIICHTPAITUSIMUA CBOOOJTHOTO Ta3a, KOT/Ia Ta3 HE pacTBOPSETCS B KUIKOCTH.

Huzkas TO4HOCTh M3MepeHus Take MPU OTHOCUTEIIBHO OOJIBITNX 00 BEMHBIX
KOHLIEHTpalUsX CBOOOJHOrO Tasza, Manas 3(G(EeKTUBHOCTh MPU H3MEPEHUU

HC3HAYUTCIIbHBIX, HO Hauboee HHTCPCCHBIX 3HAYCHUM KOHIOCHTPAIOWH IIPHU MaJIOM
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ra3oco/iepKaHuu, JeJaeT JTOT METOJ HENPUTOAHBIM Il  ONTHMH3AIUU
uHTeHcuukaruu. Jlaxke npu OOJBIMX KOHIICHTpausX raza Hed(hHEKTUBHOCTh
ATOrO0 METO/a CBS3aHA €Ile M C TeM, YTO BHECCHHME IUIACTHH-DJIEKTPOJOB, Ha
KOTOpPBIE TIOJAHO DJJICKTPUYECKOE HANMPsHKCHUE, B IKUIAKOCTH HU3MEHSIOT €¢
CTPYKTYpPY Y TIOTOK.

Pa3spaboranubiii wHTEpGEPEHIIMOHHBIA METOJ OMNpPEACICHUS 3aTyXaHUs
aKyCTUYECKUX BOJH B 3aBUCHUMOCTH OT COZACPKaHUS CBOOOTHOTO Ta3a B KUIKOCTH
HE MMEET HEJ0CTaTKH, mpucymme cnocody J[. MakcBemna. AKyCTUYECKUIT METOT
3aKJTFOYACTCS B TOM, YTO B JKHUIKOCTH TEHEPUPYIOT TapMOHUYECKHE BOJHBI U
onpenensaoT KodG(UIMEHT 3aTyxaHus BOJH Ha OMNPENCIICHHOW JUCTAHIIUU TPHU
uHTEepPEPEHIIMN BOJIH MPSMON M OoOpaTHOW BOJHBL. JlaHHBIN cmocoO Tak ke He
MOXET OBITh MCIOJIB30BaH IMPH MaJbIX OOBEMHBIX KOHIICHTPAITUSAX CBOOOIHOTO
raza. YCOBEPIICHCTBOBAaHMEM JAaHHOTO CIOCO0a SBIISIETCS HUCIOJIb30BAaHUE
HETapMOHUYECKUX aKyCTHYECKUX HE3alMOJHEHHBIX HWMITYJIbCOB. /[l 3TOro
TCHEPUPYIOT B KUIAKOCTH HWMITYJIbCH JABJICHHUS, PETUCTPUPYIOT CTATHYECKOE
JABJICHUE B JKUJIKOCTH M aMIUIMTYJbl aKyCTUYECKHX CHUTHAJIOB JIaBJICHUS,
pPacCCUHMTHIBAIOT  OTHOIICHWE aMIUIUTYABl TEHEPUPOBAHHOTO HMITyJhCa K
CTaTUYECKOMY JIABIICHUIO.

C uenpio TOBBIIMICHUS] TOYHOCTU W YCKOPEHHUS ONpENETCHUS BEITUYHHBI
COZIEp>KaHusl CBOOOJIHOTO Tra3a B JKUAKOCTH pa3pabOTaH KaBUTAIMOHHBIN CIIOCOO
OTIpeJIeIeHUs] UICKOMOUM Benu4uHbl. Croco0 3aKiII04aeTcs B TOM, YTO HU3MEPSIOT
CTaTUYECKOC JTABJICHHUE KUIKOCTH, TCHEPUPYIOT B JKUJIKOCTh UMITYJIbCHI JaBJICHUS,
PETUCTPUPYIOT aMIUTUTYABl aKyCTUYCCKUX CHTHAJIOB, PACCUMTHIBAIOT OTHOIICHUE
BEITMYMHBI TEHEPUPOBAHHOTO UMITYJIhCA K CTATHUECKOMY JaBjeHuto. B otnnuue ot
JIPYTHX CIOCOOOB, 34€Ch WCIOJB3YIOT OTPUIATEIBHBI HWMITYJIbC JaBJICHUS
KUIKOCTH, BO30YXHAlOT B HEW KaBUTamui. Perucrpamuio  aMImIuTy.
aKyCTUYECKUX CHUTHAJIOB OCYIIECTBISIOT TIOCIE TEPBOTO W BTOPOTO CHKATHS
KaBUTALMOHHBIX IMy3bIPEH KaBUTAIIMOHHOW O0JIACTH — KOMITAKTHBIX W3ITydaTesen
TOYEYHBIX HCTOYHMKOB 3BYyKa THIIA MOHOIOJb. [a3ocomepxkaHue KHUIKOCTU

OIIPEACIISIIOT U3 COOTHOICHU .
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5P0)

0= 104/3 (H

0,244
[1lg22-5,25 (3=)] %, (2.2.3)

P, 5P
riae o, — 00beMHasl KOHIICHTpalus CBOOOJHOTO Ta3a B KUAKOCTH, 10yist;, Py —
CTaTUYECKOE JdaBieHWe B kuakoctu, Mlla; P, — w™omyms ammiutymsl
OTPUIIATEIIFHOTO UMITYJIbCA JIaBJICHUS, BO30OYKIAIOIIET0 KaBUTALIMIO B JKUIKOCTH,
Mlla; Py, P, — aMImuTy 16l KaBUTAITMOHHBIX UMITYJIECOB AABJICHUS MOCTE TIEPBOTO
U BTOPOTO CXKaTHUsl KaBUTAIIMOHHBIX My3bIpeil (KOMITaKTHAs 00JacTh TOYCHHBIX
HMCTOYHUKOB 3BYyKa THUIIa MOHOIIOJE), MI1a.

Jlns  ocyiiecTBieHuss cmnocoba Obul  pa3paboTaH TUAPOAMHAMUYECKUN
reHepaTop uMIysibcoB naBieHus [41, 74]. Cnoco0 OTHOCHUTCS K TeHeparopaMm
aKyCTUUYECKUX UMITYJILCOB B TEKYIIEH cpesie, a 60ee KOHKPETHO — K YCTPOMCTBaM,
B KOTOPBIX BO30YXKJE€HHWE AKYCTUYECKUX HUMITYJIbCOB B IOTOKE MPOU3BOIUTCS
JIBIDKCHHEM caMoi oOpabaTeiBaeMol pabouell >KHAKOCTBhIO, M MOXET OBITh
WCITOJIP30BAHO MPHU OMPESICHIN CBEPXMAJIBIX KOHIICHTPAIIU CBOOOTHOTO Tra3a B
TEKYLIEN )KUIKOCTH.

Ha pucynke 2.4 cxemaTmuHO wH300pakeH OCEBOM paspe3 TeHepaTropa

HMITYJIbCa JaBJICHUA.

i
I —t— 9 +
I
I

Pucynox 2.4. OceBoit pa3pe3 ruipoAMHAMUYECKOTO TeHepaTopa UMITYJIbCca

JAaBJICHUA
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I'mppaBnuuecknii reneparop tvna ['M/] MMITyIbCOB JABICHHS CONEPKUT
Kopnyc 1, yCTaHOBJIEHHBIE BHYTPH HEro POTOp 2 C OTBEpPCTUSAMU-NATpyOKamu 3
IPSIMOYTOJIBHOTO cedeHMsI B OOKOBOW CTEHKe 4 poTopa U craTopa 5 ¢ OKHamu 6
KOHBEpTOOOpa3Horo ceueHusi (pucyHok 2.5) B OOKOBOW CTEHKe 7 cTaropa.
Pe3onaHncHas kamepa o3ByuMBaHUs 8 o0Opa3oBaHa KOpimycoM 1 U BHeEIIHEH

OOKOBOM CTEHKOM cTaTtopa 5.

-t .,

a O §

Pucynoxk 2.5. IlpsimoyromnpsHas (a) u koHBepTOOOpa3Has (0) hopma momnepeyHoro

CEYEeHMs NaTpyOKOB MOAYJISTOpA

['unponuHamMudeckuii  TeHEpaTop  MMIYJIbCOB  JIaBlieHUS  paboTaer
CJIEAYIOIIMM 00pa3oMm.

Potop 2 mpuBoauTcs B aBMKEHUE MpuUBOJoM 9. Uepe3 BXoHOUN matpyOoK
10 pabouast cpenia mocTymnaer B MoJOCTh A, Bpalarolierocs poropa 2.

[Ipu coBMelIeHMH OTBEpPCTUU-NIATPyOKOB 3 poTtopa 2 U OTBEPCTHIi-
naTpyOkoB 6 crtatopa S5 JKHIKOCTh BHauaje pa3roHAETCA, T.K. IUIOMIAIh
norepevHoro ceueHus narpyoka S(t) (t — Bpems oT Havana mporecca OTKPbIBAHUS
OTBEpCTUSA-TIATPYOKA CTaTOpa OTBEPCTUEM-NATPYOKOM BPAIAIONIETOCS POTOPaA)
(pucyHOK 2.0) yBEeNIMUYMBAETCS, TUIAPABIMYECKOE COMPOTHUBIICHUE YMEHBIIIAETCS,
3aTeéM TOPMO3HUTCS TIOCJIE€ TOro, KakK JBIXKyIIash CHJIa CTAaHOBHUTCS MEHBbIIIE
THIPABINYECKOTO COMPOTHUBIICHUS B MPOIIECCE 3aKPHIBAHUS OTBEPCTUI-TIATPYOKOB
cTaTopa OOKOBOW CTEHKOW CTAaTOpa, HO, MOCKOJBKY KUAKOCTh 001a/1aeT HHEPLUEH,
rpaduku GyHkiun v(t), nMeromre B, H300pakeHHbIH Ha pUCYHKE 2.7, MOA00HBI
cooTBeTCTBYOmMM  QyHKIusaM  S(t)  (pucyHoxk 2.6), HO  pacmOJIOXKEHBI
ACCUMETPUYHO OTHOCUTEJIBHO OCH OpJMHAT M MPOXOASIIEH uepe3 cepeluHy

OTPE3Ka BPCMCHU ITPOLCCCAa OTKPBIBAHUSA U 3aKPbIBAHUS.
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(393

t
Pucynok 2.6. 3aBUCHUMOCTb IJTOLIAAM IPOXOIHOTO CEYEHUS Truadparmbl
MOAYJISITOpa POTOPHOTO annapara Npu NepeKpbIBAHUN
MPSIMOYTOJIBHBIX MAaTPyOKOB — KpHBasi | 1 KOHBEPTOOOpa3HbIX — KpUBast 2

dv
dt

(3]

Pucynok 2.7. 3aBUCUMOCTb CKOPOCTH (CIUIOIIHBIE TUHUH) U YCKOPEHHUS
(MyHKTHpHBIE JIMHUN) TEYEHUS )KUJIKOCTH B MOAYJISTOPE OT BPEMEHU

(0003HAYEHUST KPUBBIX CM. PHCYHOK 2.6)
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N3 pucynka 2.6 crmemyer, 4To B MpEAJIara€MOM YCTPONCTBE T€HEPUPYIOTCS
OTPULIATENIbHBIE ~ UMITYJIbChl  JABICHUSI  KUJAKOCTH  OOJBIIEH  aMIUTUTYIbI
(myHKTHpHAsT KpHBas 2) ¥ MCHbBIICH JIUTCILHOCTH, YeM B THIPOAMHAMUYECCKOM
reHEepaToOpe UMITYJIHCOB C MPSIMOYTOJIbHBIMU OTBEPCTUAMU-TIATPYOKaMU (PUCYHOK
2.6). YBemuueHue MOAYJS OTPHUIATCIBHON aMILIMTYAbl MMITyJIbCa JaBJICHHUS W
YMEHBIIECHUE €ro JJIMTEIBbHOCTA MPUBOAUT K BO3OYXKIACHHUIO KaBUTalUMU Ooliee
MHTEHCUBHOM JaXe TMNpU MaJOW KOHUEHTPAIMA NapOra3oBBIX ITYy3bIPEH.

Pacmmpsiercss auana3oH YacTOThl TCHEPHPYEMbIX HMITYJIbCOB JaBJICHUS, T.C.
1
Af ~ (Af — mmpuHA YaCTOTHOTO aWama3oHa Mo ypoBHwo — 1//2 = 0,707 ot

MaKCUMaJIbHOW aMIUTUTYNbI; At — mUpUHA WMIyJbca JaBJICHUS HA yKa3aHHOM
ypoBae 0,707 oT Momyls aMIUIMTYyAbl OTPHUIATCIHLHOTO HMITyibca). Bce
BBIIIETIEpEYUCICHHBIE (PaKTOphl OOYCIOBIMBAIOT Ooiiee 3(P(EKTUBHYIO padoTy
THAPOAMHAMUYECKHAX TE€HEPATOPOB UMITYJIBCOB JIABIICHUS B KHUIKOCTH.

B Tabmumme 2.1 mpencraBiieHBl OKCHEPUMEHTHI I10  OMNPEIACIICHHIO

ra3zoCoACpKaHusg JKUAKOCTHU B HIMPOKOM AUAIIA30HEC €TI0 U3MCHCHU .

Tabnuna 2.1. Ixcnepumenmanvroe onpedenenue 06bEMHO20 2A30CO0EPHCAHUS

AHCUOKOCU UMNYTTbCHBIM KABUMAYUOHHBIM Memooom

Kunkocts P, MIla P2, MIIa o, 10U
1 20 0,2 10
2 350 0,4 10°
3 17 000 0,5 0,1

OneIT mpoBOAMiCS cieAyomuM obpazoM. Tpu wuccienyemblie >KHIKOCTH
(1, 2, 3) ¢ HEM3BECTHBIM Ta30COACPIKAHUEM (g, O, Oi3) TOOYEPETHO 0OpadaTHIBAIH
B I'M/] ¢ uamepurenbHOM Kamepoil. CTaTUYECKOE HABJIICHUE B KAXKIOM Cllyyae
cocrapisuio 0,2 Mlla. AMmumMtyga OTpULATENBHOTO HWMITYJIbCa JAaBJICHUS,
TeHepUPYEeMOro HMCTOYHMKOM KosieOaHuil monnepkuBaiach paBHou 0,4 MIla.
Pe3ynbrarel n3MepeHuil aMIUIMTY/ KaBUTALIMOHHBIX HMITYJIbCOB IOCIE IEPBOIO

(P1) m mociie BTOporo (P;) cxatwii aHCcamOJIsi KaBUTAIlOHHBIX ITy3bIpel, a Takxke
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OTIPEJICTICHHBIC TI0 COOTHOIICHWIO BEIIMYUHBI Ta30COJIEPKAHUS HCCIETYEeMbBIX
KUIKOCTEH TpuBeIeHBI B Ta0mie 2.1.

Kak BuHO M3 TaOnuibl, AMAMAa30H U3MEHEHUS KOHIICHTPALIMK COJEPKaHUS
cBOGOHOTO rasa pasen 107,

OcHOBHBIE PEUMYIIIECTBA JAHHOTO METO/Ia 3aKJII0YaIOTCS B TOM, YTO:

— TIpoliecC U3MEPEHUS Ta30Co/Iep KaHus IPOXOJIUT B POTOPHOM ammapare
mMoxayisuuein notoka tumna 'M/I B mponecce o0paboTku padoueit KUAKOCTH;

— XapakTepeH IIUPOKUH JMana3oH W3MEHEHHsS Ta30Co/IepkKaHUs B
o0pabaTbIBaeMOM KUJIKOCTH;

— TpU U3MEHEHHH Ta30CofepKaHusg 00pabaThIBAEMOW IKHUIKOCTH W
NOJAJICPKAHUST €€ Ta30COJCPKaHUsI Ha DJKCIEPUMETATBHOM CTEHAE ObLIN
pealin30BaHbl Hjeu u3o0peTeHuii [75, 76].

PaccmarpuBaembiii  crioco0 00paOOTKM JKHAKOM MPOTOYHOUM Cpelbl B
POTOPHOM ammapare 3aKJII4aeTcss B TOM, 4TO OOpabOTKy BEAyT B YCIOBHSIX
ONITUMAJIBHOTO BO30YKICHUS THAPABINYCCKON U aKyCTUUYECKOW BHIOB KaBUTAIMH
(cMmenraHHbId THI) B 0OpabaTbiBaeMOM cpefie 3a MOAYJSATOpaMH, o0pa3yeMbIMU
naTpyOKaMH-OTBEPCTUSMH  BpAIAIONIETOCs pOTOpa W CTaTopa, TPH  3TOM
PETYIUPYIOT KOHIICHTPAIIUIO CBOOOJHOTO Ta3a B 00padaThIBaeMOMl cCpele MmyTeM
HarHeTaHusi B oOpabaThiBaeMyl0 Cpely WM OTOOpa M3 Hee ra3a B IpoIllecce
oOpaboTku ee B amnmaparte. [IpenokeHHBIM crmocod HMeEET YHHUBEpCalbHbBIN
XapaKTep U MOXKET MPUMEHSTHCS Il 00paOOTKU Pa3IMUYHBIX MO CBOEH MPUPOJIE
KUIKAX TPOTOYHBIX CpPEll 3a CUeT HKCIOJIB30BAHMS POTOPHOTO armapara ¢
ONTUMAJILHON KOHIICHTpaIeld cBOOOHOro ra3za B 00padaTbiBaeMoil cpene, Koraa
aMIUTUTYJ]a KaBUTAIIMOHHBIX WMMITYJIbCOB JIABJICHHS SIBIIACTCS MaKCHUMAaJIbHOM.
YCTpOHCTBO Al OCYIIECTBICHHUS CIOc00a OTIMYAETCS OT aHAJOTOB TE€M, YTO BO
BXOJIHOM TaTpyOKe arnmapara yCTaHOBIICH JOTOJIHUTEIBHBINA MAaTPYOOK C BEHTUIIEM
JUTS TIOJTaY¥ CBOOOTHOTO Ta3a B JKUJIKYIO MPOTOYHYIO 00padaThIBAEMYIO CpEy WU
ero orbopa U3 Hee, a B CTATOPE BBINOJHEHBI KaHaJbl, COEAMHEHHbIE HA BXOJIE B
KOJUIEKTOP, a WX BBIXOJl COCIMHEH MaTPyOKaMH-OTBEPCTUSMHU B OOKOBOW CTEHKE

cTaTopa CO CTOPOHBI HAaIpaBJICHHS JIMHEHHON CKOpPOCTH OOKOBOUM pabodeit
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noBepxHocTH  poropa. (Cnocod TO3BOMSAET  OCYWIECTBIATH  IP(HEKTHUBHOE
ONTUMAJIbHOE KABUTAIMOHHOE BO3JCHCTBHE Ha TIPOIECC OSMYJIBIUPOBAHUS,

npoBoiuMbIii B PAMII, npu MakcuManabHOW CKOPOCTH MPOBEACHUS MIPOIIECCA.

2.3. Pa3zpadoTka MaTeMaTHYeCKOH MOIeJIM KOHIIEHTPAlMH CBOOOIHOTO ra3a,

onpeaessiloIIero npouecc 3MyJbLIMPOBaAHUSA

Kak yxe ormedanoce panee (m. 1.3), MOMEHT BO3HHUKHOBEHHMS, IMPOIECC
pPa3BUTUSI AKyCTUYECKOM W THUJIPOJUHAMUYECKON KaBUTAIMU XapPAKTECPU3YETCS
3HAYEHHEM BEJIMYUHBI KPUTEPUA AKYCTHYECKOW, THUAPOJMHAMUYECKONW WIIH
0000IIEHHON KaBHTalMU. BaKHEHIIMM CBOMCTBOM Ta30)KUJIKOCTHOH CMeECH,
BIIMSIIOIIMM  HA  KABUTAUMIO, SBJSIETCS  Ta30COJEpKaHUE.  DBOJIBIIMHCTBO
WCCJIEIOBAHUM OILICHKA BJIMSHUSA Ta30COJICPKAHUS JKUJIKOCTH Ha JIUHAMUKY
KaBUTALMOHHBIX MY3bIPEN HOCWJIO SKCIIEPUMEHTAIBHBIA XapAKTEP, a PE3YJIbTaThl
WX TUIOXO CTBIKOBAJIMCh MEXAy coOoil. Kpome TOro, B HM3BECTHBIX paboTax
My3bIPH B JKHJIKOCTH COBEPINAIA PaauaIbHO-ChepruyecKrue KoieOaHus B TIOJIC
rapMoHU4eckux BoJiH. OmHOW K€ U3 3aJad JaHHOW paboOThl SBISETCSA
HCCIICIOBAaHUE JMHAMUKH paJguaibHO-CHEpUUSCKUX KOoJIeOaHUN ITy3pIps, Kak
AYEUKU Ta30KUIKOCTHOM CMECH, B PEXKUME UMITYJIbCHBIX TMAPOJNHAMUYECKOU U
aKyCTUYECKON KaBUTAIWU.

B »To# CBsA3M, HEOOXOAMMO OIPEACIUTh 3aBHCUMOCTH JKCTPEMaIbHOIO
3HAQYCHUSl YKCJIa aKyCTUYECKOW KaBUTALIMM OT COJIep»KaHUsl CBOOOJHOTO Ta3a B
ra30’KUJKOCTHOM CMECH Ha OCHOBE MOJU(PHUIIMPOBAHHOTO YpaBHEHHUS pajidalibHO-
chepudeckux KoJeOaHWi Mmapora3oBOTO IMy3bIPS B OTHOCHUTENBHBIX BEIIMYMHAX
[36] ¢ yueTom paBHOMEpHOM IIOTHOCTH YKCIIA MY3BIPEH B Ta30KUIKOCTHON CMeCH
pY BO30YXKJCHUU KABUTAIMK aKyCTHUYECKUM W TUAPOJUHAMUYCCKUM UMYIIHCAMU
JIaBJICHHS, KOTOpBbIE XapakTepHbl misa paccmarpuBaemoro JMIL. Crenyer
OTMETUTh, YTO OOJBIIMHCTBO KABUTAIIMOHHBIX TEYEHUH TMPOTEKAIOT TMpHU
HOMUHAJIBHOW WM HEMHOTO Oojiee BBICOKOH Temreparype, MO3TOMY IpHU

OIMMCaHWM KaBUTAIlMKM HET CMLBICJIAa YUYUTLIBATb TCILJIOBBIC 3(1)(1)61@1;1, KaK B pa60Te
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[77]. Torma ypaBHEHHE NWHAMUKU paJuaIbHO-C(HEpUUECKUX KOJIEOaHUH My3bIps

OyJleT UMETh BU/I;

Rn(1 - 2Ma)R" + % (1 — % Ma)(R')2 =[1+ Ma(l - Ma)]ﬂ(R)'?’” +

dR’
Ao 4Ma R" -
_ _dt _ _ _ _ Ay | -
+ [We ReR,][l Ma(l - Ma)] . (1-Ma) =~ X f®-1, (23.1)
rae
Ma = =2 (2.3.2)
— Kputepuii Maxa;
We = 22 (2.3.3)
RoPs
— kputepuil Bebepa;
Re=% [ (2.3.4)
vV \PL
— MOIU(UITUPOBAHHBINA KpUTEpHil PeltHonbca;
R' = I;—” — 0Oe3pa3MepHbId paanyc My3bIpS; 27 — OTHOCHUTEJIbHAs pajualibHast
0
CKOPOCTh IMYJIbCUPYIOLIETO IYy3bIPS; R"Ziti — OTHOCHUTEIBHOE paauaIbHOE

. Pt
YCKOPEHHE MYyJIbCUPYIOIIETO My3bIpsi; Ry — HaYalbHBIN paanyc my3bips; U = — -

m

t,, = 21R, \/’;1 (2.3.5)

— MEPUOJI JIUHEHHBIX paanalibHO-CHeprUUecKuX KoyueOaHui Mmy3bIpst 10 MUHHEPTY
[36];

pL — TJIOTHOCTH KUIKOW (a3bl; Ps— maBiIeHUE KUAKOCTH HA TPAHUIIE C ITy3bIPEM

OTHOCHUTCIIBHO BPEMSI;

0e3 yueTa BHELIHEr0 BO3MYILIEHUS;

g = P;-“ (2.3.6)

— HayaJIbHOE Ta30COAEPKAHNE ITy3bIPS;

Pyo — HauanbHOE MapUHaIbHOE JaBICHNE HEKOHACHCUPYEMOrO T'a3a B Iy3bIPE;

Ps
Xa = (2.3.7)

[P | max
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— KPUTEPHUM aKyCTUYECKOW KaBUTALUU;

|Plnax — MaKCHMaNbHBIA MOIYJdb aMIUTHTYIbl OTPHUIIATEIEHOTO HMITYJIbCa
JaBIICHUS;
f(t) — 3akoH W3MEHEHWsS BHEIIHETO MABICHHS >KUIKOCTH TPH aKyCTHYECKOM

BO30Y)KJICHUM KaBUTAIIMM, 3aBUCSIIMM OT HUCTOYHHUKA HWMITYJICOB JaBJICHUS,
MIPUHUMAEMBbIN B BUJIE CHMMETPUYHO YCEUEHHON OTpUIIATEILHOU KpuBOM ['aycca ¢
I01aab0 paBHou 0,9, Wiy 1o JIMHUM TOKA KXUIAKOCTU MPU TMAPOANHAMUYECKOM
BO3OY)KJICHMM KaBUTAIlMM; N — TOKa3aTellb MOJUTPOIMYECKOro IIpoiiecca B
ny3bipe; ¢ — KOA(POUIMEHT MOBEPXHOCTHOIO HATSKEHMS; vV — KUHEMaTHYECKUM
KO3 UIIMEHT BA3KOCTH KUJIKOCTH.

Tak kak mepeMeHHOE CoJiepKaHWE CBOOOJHOIO raza B Ta30KHIKOCTHOM
cCpelle « 3aBUCUT OT pajauyca IMy3bIpell KOMITAKTHOM 00JIAaCTH TOYEHHBIX
MCTOYHUKOB 3ByKa, COCTaBUM MAaTEMaTHYECKyl0 MOJEIb KOHIIEHTpaIluu
CBOOOJTHOTO T'a3a, OMPEACIAIONIETO MPOIECC IMYILIUPOBAHHUS:

a = ayR3[1 —ay(1—R3]T, (2.3.8)
r7ie o — HadajabHOe 00BEMHOE COJiepKaHue CBOOOHOTO ra3a B oOpabaThiBaeMOM
cpene.

CKOpOCTI) 3BYKa ¢ B F&BO)KPII[KOCTHOﬁ CMCCH OIpCACIIACTCA I10 BBIPAKCHHIO

c= . (2.3.9)

a\z , 1-«a p a(l-a p
J(E) +?Vr<1‘“(1‘ﬁ)>+w(1‘ﬁ)

rae Cy, CL — CKOpOCTH 3BYyKa B Ia3¢ M XMAKOCTH, pr, py — INIOTHOCTH KUJKOCTHU U

raza; N — noKa3arelyb NOJUTPOIMYECKOTO poLecca MPHU PacupOCTPAHEHUU BOJIHBI
B ra30KMJIKOCTHOM CMECH.
Kputepuit  Maxa npu p >>p, (pu TemmepaTypax MHOTO MEHBIIIE

KPUTHYECKOUN TEMIIEpATyphl TUCTIEPCUOHHOW CPEe/bl) MPUHUMAIOT BUJL:

’

Ma—R[

"2z

o 1-o7 1-
~ 2 A9 05 (2.3.10)
() (cL) n
"2 = —1.(.7\2 — -1
rae (¢y)” = pevPs 5 (cl)” = precPs .
HauanpHabie ycnoBust nist ypaBaeHus (2.3.1) uMeroT B

Ro=0,2..4; Ry =0 mpu t' = 0. (2.3.11)
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YpaBuenus (2.3.1-2.3.10) Obutk pelieHbl YHMCICHHBIM METOJOM Ipu f =
0..1; 7.=10%..1; ¢, =330 m/c; ¢ = 1500 m/c, Ps = 0,1...1 MIIa; p; = 10° kr/m?;
We =0...0,15; Re = 10...10% n, = 4/3; n = 1.

HauanpHoe ra3zocopep:kaHue KUAKOCTA  HU3MEHSJIOCh  CTaTUYECKUM
JTaBJICHUEM KUJKOCTH B Kamepe poTopHoro amnmapara tuna ['M/I. B kaxnon cepun
U3 | BBIYMCIICHUW OIPEACISIINCh 3HAUCHUS ), M HadaJbHBIC YCIIOBUSA i, Roi,
CBSI3aHHBIX CJCAYIOIIUMU COOTHOIICHUSIMH (Tra3 B Iy3bIpe MpeAroJiaraics
UJICIbHBIM, MPOIECC U3MEHEHUSI 00beMa My3bIps PU U3MEHEHHH CTaTHYECKOTO

o0beMa B KUIKOCTH — MEJIJIEHHBI N30TEPMUYECKUI ):

o x;
(04} m , (2312)

R,
Roi= 3= (2.3.13)

rz[e;(i:}(ﬁ.

ai
boun  mpoBeneHbl cepuM BBIYMCICHUM ISl ONpENEiCHHUs BEITUYHUHBI
UMITyJTbCa KAaBUTAIMOHHOTO JaBlIeHUs P, Mpu M3MEHEHUH uYucia aKyCTHYECKOU
kaButanuu (2.3.7). B kaxmoii cepun 00bEMHOE ra30cofepkaHue ¢ OCTaBajOCh

MOCTOSTHHBIM. Boipaxenue s Py, uMeeT BUJI:

P,,= % . (2.3.15)

XapakTepHblil rpaduk 3TON 3aBUCUMOCTH TpEJCTaBlIeH Ha pucyHke 2.8. Ha
rpaduke WMeeTcss Pe3KO BBIPAKEHHBIH MaKCUMyM BEJIMYMUHBI KaBUTAIMOHHOTO
JaBJICHUSA PK'B max TPU  OIPEICIEHHONM BEJIWYMHE KPUTEPUS aKyCTUUECKOMU
KaBUTAIUU  Ja max. JTH PE3YIbTAThl TMOATBEPKIAIOTCS DKCICPUMEHTATLHBIMU
nanHbiME  [78]. Hcmonb3ys pe3yibTaThl YHCICHHOTO pacyéra, OImpeieiicHa
3aBUCUMOCTh 3HAYCHHUS ONTHMAJIBHOTO YHCIA KAaBUTAIIMM OT HAYaJIbHOTO
razocojepxanus (pUCyHOK 2.8).

N3 u3n0xeHHOro MOXKHO C/IeJIaTh BBIBOJI — MPEAJIOKEHHAs] MaTeMaTUuYecKast

MOJeJb JAMHAMUKH aHCaMOJsl Ty3bIpeil, 00pa3yIolMX KOMIIAKTHYIO 00J1acTh
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TOYEYHBIX HMCTOYHHKOB 3BYKa THIIA MOHOIIOJb, C YYETOM MEPEMEHHOU
CYKUMAeMOCTHU ra30KUJIKOCTHOU CMECH, 3aBUCUMOU OT dazbl
paguanbHOcPepuueckux  KoJieOaHUM  KaBUTAIMOHHOW 00JIacTH, aJIeKBaTHO
ONMCHIBAET PEATBHBIN MPOLIECC AKYCTUUECKON, TUAPOANHAMUYECKON U CMEIIAaHHOU

aKYCTI/I‘ICCKOﬁ u FI/I,ZIpOI[I/IHaMI/I‘{CCKOﬁ THUIIOB KaBUTallUH.

Pre, max

500

400 |—

300 =

200 —

100 ——

X a, onm
| | | |

0,1 0,2 0,3 0,4 Xs

PI/ICYHOK 2.8. 3aBHCUMOCTD AMINIATYAbI KABUTALIMOHHOI'O HMITYJIbCa JaBJICHUA

OT YMCJIa aKyCTHYECKOM KaBUTAIUU: Ol =1O'3; Ro=1; We =0,15; Re = 10°

Ha ocHoBaHuM BBIYMCICHUM OIpCACIICHbI 3aBUCUMOCTU MAKCHUMAJIBHOI'O
KaBUTAllTUOHHOI'O JaBJICHUA OT 00BEMHOTO HAYaJIbHOT'O ra3oCoACpKaHuAgd ap. OI[I/IH

13 rpaduKoB NMpUBEACH HA pUCYHKE 2.9,
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Ig Pxs.max

-6 -5 -4 -3 =) 41 Ig o

Pucynok 2.9. 3aBUCUMOCTh MaKCUMaJILHOW aMIIUTY bl UMITYJIbCA JABJICHUS

ot razocoaepxanus: Ry=1; We=0,15; Re=10°

3aBUCHUMOCTD P max(0) MMOKa3bIBaET, 4yTO pu YMCHBIIICHUU
ra3ocojiep>kaHisi ~ CBOOOJHOTO  rasa  BEJIMYMHA  aMIUTUTYAbl  MMITYJIbCa
KaBUTAI[MOHHOTO  JaBJIEHHUS  PE3KO  BO3pacTaer, YTO  IOATBEPIKIAIOT
SKCIIepUMEHTaIbHbBIC padoThl [33] u TeopeTnyeckue uccieaoBanus [36, 77].

3aBUCUMOCTb  Xamax OT g ONPEACIsICT YCAOBHSA, TMPH KOTOPHIX
KaBUTAIMOHHOE BO3JICUCTBHE Ha 00OpabaThiBaeMylo cpeay Oy/eT HauOOJBIINM.
Takum  o0pa3oM,  TOSBISETCS  BO3MOXKHOCTH  NPOM3BOAUTH  Pacyér
TEXHOJIOTUYECKOTO  00OpYIOBaHMS, WCIOJB3YIOMIET0 Ui HHTCHCHU(HKAIIMH
XMUMHKO-TEXHOJOTMYSCKUX IMPOIECCOB aKyCTHYECKYI0 KaBUTALMIO, C OOJbIICH

JIOCTOBEPHOCTHI0 M 3((PEKTUBHOCTHIO, YEM CYIIECTBYIOIIME METOJIUKH pacyera,
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Harpumep [79, 80], a B MammHax u arperarax CBECTH K MUHUMYMY BO3JCHCTBUE
KaBUTAllUW HA HUX.

Ha ocHoBaHMM @penyOKEHHOW MaTeMaTHYeCKOM MOJENNU JAMUHAMUKU
nyJbcupyromero my3sips (2.3.1) — (2.3.8) momydyeHa 3aBHCHUMOCTh ONTUMAIIEHOTO
yycia aKyCTMYECKOM  KaBHUTallMM, Korjga MHTEHCU(UKALMS  IPOLECCOB
MaKCHMaJbHasl, OT 00BEMHOTO ra3ocoiepkanus xuakoctu (pucyHok 2.10). Ona
MO3BOJIUT  TPOU3BOAUTH  OoJieeé  TOYHBIE  pacueThl  TEXHOJIOTHYECKOTO
000py10BaHUS, UCIIOJIb3YIOLIEr0 KaBUTALMIO B KAYECTBE OCHOBHOTO (hakTopa JJis
WHTEHCU(UKAMU XHUMHKO-TEXHOJIOTHYECKUX IpolueccoB. C aApyroi CTOPOHBI,
€CIIi KaBUTAIUS SIBISICTCS HEKENATEIbHBIM SIBJICHUEM, JTaHHAS MOJIENb TO3BOJISET
MUHUMHU3UPOBATh KABUTALIMOHHOE BO3JCHCTBUE HA TUAPABIMYECKHE TPAaKThI
00OpyIOBaHUSI TyTEM pPETryJIHpPOBAHUS COJEp)KaHUs CBOOOJHOTO raza B BHUJC
ny3bIpell, UX JUCIIEPCHOCTH, JaBICHUEM KUAKOCTU. bojee moapobHo 3TOT BOompoc
paccMoTpeH B paboTtax [44, 45].

Xa,max

0,20 T

0,19 L

0,18 |

-6 -5 -4 -3 2 -1 Ig ao

Pucynok 2.10. 3aBUCUMOCTb ONTUMAJILHOTO YUCJIa aKyCTUYECKON KaBUTALIUU OT

razoconepxxanus: Ro=1; We=0,15; Re=10°
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Takum o6pazom, pucynku 2.9 u 2.10 MOryT cinyXuTh OCHOBOI pacuéra
ONTUMAJIBHOTO YKCJIa KaBUTALMU B 3aBHCHMOCTH OT Ta30COACPMKAHHS MCXOIHBIX
KOMIIOHEHTOB U paJiiyca PaBHOBECHOIO ITy3bIPs, WJIM e, HA000pOT, MOMOrarb

HOI[6I/IpaTI) PCKHUMBEI, H363BJ'I$IIOHII/Ie MpouecC OT KaBUTAlIUH.

2.4. lucneprarop ¢ MoayJisiuuei mNoToka

Kax 0b110 oka3zano B 1. 2.3, ONTUMAJIbHOE 3HAYCHUE KPUTEPUS KaBUTAIIUU
3aBUCUT OT COJIEpXaHUsI CBOOOJHOIrO raza B 00padaThiBaeMOM MPOTOUHON Cpe/ie.
Ecnu ammapar u3roToBieH Ha 3aJaHHOE Ta30COAEp)KaHHME, TO TMPU H3MEHEHUHU
ra3ocoJiep>kaHusl  ammapaT HeoO0XoAuMo peryinupoBaTh. [lpu  ymeHblIEHUU
ra3ocojiepaHus — J00aBIsITh, a IPU YBEIIUYECHUH — YMEHBIIATh.

C 3Toii 11eN1bI0 Ha CTATOPE pa3MeENIeHbl TPOTOYHbBIE KaHAJbI, 00bETMHEHHBIC
B KOJUJIEKTOP, @ UX BBIXOJ] COSIMHEH C KaXJIbIM OTBEPCTUEM-TIATPYOKOM B OOKOBOM
CTEHKE CTaTopa CO CTOPOHBI HAIIPaBJICHUS JIMHEWMHON CKOPOCTH OOKOBOW padoueit
NOBEpXHOCTU poTopa. Komiekrop coenmHeH ¢ HacocoM WM KommpeccopoMm. Bo
BXOJTHOM MAaTpyOKe pOTOpa YCTAHOBJIECH IOTOJHUTENBHBIM MaTpyOOK, KOTOPBI
coequHeH ¢ kommpeccopom [75]. B pabore [76] mpemnokeH crocod MOaydeHUs
KOHTPOJIMPYEMOH KOHILIEHTpAIMK ra3a B Ia30coAepKalleil CMecH.

Benenue 06paboTku TUAPaBINYECKON KUIKOCTH B YCIOBHUSX BO3IEHCTBUS
UMITYJIbCHBIX THIPOIMHAMHYECKON M aKyCTHYECKOU BUIOB KaBUTAIIUU MMPUBOIUT K
TOMY, 4YTO Ha 00pabaThIBaEMyI0 Cpely OKa3bIBAeTCS KOMILJIEKCHOE ONMTUMAIbHOE
KaBUTALIMOHHOE BO3JCHCTBUE, PEryIHpyeMOe Moaaueiit Win 0TOOpOM CBOOOTHOTO
raza u3 oOpabaThIBaeMOW CpeJbl, YTO 3HAYUTEIHLHO HHTCHCU(PHUIIUPYET MPOIIECC
00pabOTKH KUJKOW TPOTOYHON CPEIbI.

Hcnonp3oBanne ammapata ¢ W3MEHSIEMBbIM ONTHUMAIBHBIM COJEPKaHUEM
CBOOOJTHOTO Ta3a B KUJIKOW MPOTOYHOW Cpelie IPU OJHOBPEMEHHOM BO3/ICHCTBUH
TUAPOJAMHAMUYECKOM W aKyCTHMYECKOW BHUIOB KaBUTAIMU ITYyTEM BBIMOJIHEHUS

JIOTIOJTHUTEIBHBIX KaHAJIOB BO BXOJHOM MaTpyOKe armapara u CTaTope MpUBOJIUT K
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TOMY, YTO TPEJIOKEHHBIN CIOCO0 MMEET YHHBEPCAIBHBIA XapaKTEp W MOXKET
MPUMEHSTHCS JUIsI 00paOOTKH Pa3IMYHBIX TT0 CBOCH MPUPOJIE KUIKUX MPOTOYHBIX
Cpell, 4TO MOATBEPKAACTCS IPUBOJIUMBIMU HUKE MPUMEPAMHU.

BrimmonHeHne JOMOTHUTENBHBIX KAaHAJIOB B CTATOPE W JIOTIOJHUTEIHLHOTO
BXOJIHOTO MaTpyOka ¢ auddyzopamu BO BXOJHOM MaTpyOKe MO3BOJISIET U3MEHUTD
KOHIIEHTpaIMi0 ra3a B oOpabaThiBaeMOM cpeie [0 OINTUMaJbHOTO, KOrI/a
KaBUTAITMOHHOE BO3JICHCTBHE HA TMPOIECC, MPOBOJAMMBIA B POTOPHOM ammapare
MPOTEKAaeT € MaKCUMaJbHOW cKopocThlo. Komiekrop, oObeAuHSIONMUNA Bce
JOTIOJTHUTEBHBIC KaHAIBI CTATOPA, TIO3BOJISIET PABHOMEPHO H3MEHSTH COCPKaHUE
CBOOOJIHOTO Ta3a B Mpolecce 00paboTKU Cpeibl 1O ONTUMAIBLHOTO.

Ha pucynke 2.11 a wuzoOpakeH NpOJOJILHBIN OCEBOM pa3pe3 POTOPHOIO
anmapara tama ' MJI. Ha pucynke 2.11 6 — ctaTtop ¢ TONOJHATEIHLHBIMHU KaHAJIaMHU
JUISL TIOJIaYd WJIM OTCOCa Ta3a M3 marpyOka craTtopa B ero OokoBoil crenke. Ha
pucynke 2.11 B uzo0paxeH MOAyIsITOp, 00pa30BaHHBIN MaTpyOKaMu MOJIBHKHOTO
poTopa W HEMOABW)XHOTO CTaTopa, IOJIOKCHHUE TOTOJTHUTEIBHBIX MaTpyOKOB
OTHOCUTEIHO €ro OCHOBHBIX MAaTPyOKOB [Jis MOJayud WIW OTCOCa rasza u3

oOpabaTbiBaeMOl Cpelbl C YYE€TOM HaNpaBJEHUs JIBUKEHHS CTEHKU pPOTOpa

OTHOCHUTEJNIbHO MaTpyOKa craTopa T/r) = WR,.

Poropnsiil annapar tuna ['M/] conepxut: kopnyc 1, BXOJHON U BBIXOJHOMN
naTpyOku anmapara 2 U 3 ¢ PeryJMpoBOYHBIMU BEHTWISIMU 4 U 5, poTop 6 C
OTBEpPCTUSIMU B OOKOBOW CTEHKE, KOTOPBHIN ycTaHOBJEH Ha Baiy 8. KoakcuaiabHO
poropy 6 ycraHoBieH crtatop 9 c otBepctusimu 10 B OOKOBOMl CTEHKE U
JIOTIOJTHUTENIbHBIMU KaHanamu 11, kosekTop 12 ¢ BeHTwieM 13, 10NOJHUTETbHBIN

BXOJTHOM maTpyOok 14 ¢ muddy3opom 15 u Bentunem 16.
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Pucynok 2.11. Potopnsiii anmapat tuna ['M/] ¢ perynupyeMbiM coepKaHueM
CBOOOJIHOTO Ta3a B MPOLIECCe MPUTOTOBICHUS paboyueid )KUJKOCTH

JUISl TUAPOMEXAaHU3UPOBAHHBIX KpeIen
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Amnmapat padotaet cnenyromuMm oopazom. Uepes Bxoanoi marpyook 2 'M ]

oOpaOaTeiBaeMast KHJKass cpena (MpeaBapUTENbHO MOATOTOBICHHAs CMECh
KOMITOHCHTOB paboueil >KUAKOCTH) MOCTYMAeT B MOJOCTh pOTOpa 6, OTKYyJa IOJ
JEHCTBUEM BHEUIHErO0 MCTOYHMKA JIABIICHHs, HAOpUMeEp, Hacoca, [IaBJIEHUS
HEHTPOOEKHBIX CHJI  Bpallalolleics KUAKOCTH B TOJOCTH poTopa O,
BpamjarouieMycsi Ha Bainy 8, oOpabaThiBacMasi >KHMJIKOCTb JBUXKETCS uepes
NEPUOANYECKU TIepeKphIBatoluecs narpyoku 7 potopa 6 u marpyoka 10 craropa
9, o0Opasyrouue MOAYJIATOp ammapara — HEJIMHEMHOE TUApPaBIMYECKOe
COMPOTUBJICHUE TIOTOKY oOOpabaThiBaeMOM KUJKOW MPOTOUYHOM Cpeapl —
KOMITOHEHTOB paboyeil )KUJKOCTHU JJI1 THAPOMEXaHU3UPOBAHHBIX KPEIIEH.

[Ipu ABMKEHUM >KUIKOCTH M3 OTBEPCTUS pOTOpa B MarpyOKe cTaTopa,
BO3HHMKAIOT MEPEMEHHBbIE MMITYJIbChl AaBieHus. llnomans mpoxogHOro ceyeHus
NIOTOKa M3MeHeHsercs (Tpyda BeHTypu ¢ mepeMeHHOH oMbl MPOXOHOTO
ceueHust). [lepeMEHHbIE UMIIYJIBCHI JaBJICHUS BO30YXKIAIOT HUMIIYJIbCHYIO
aKyCTHYECKyl0  KaBuUTaluuMio, a  Tpyba  BenTypy —  HUMIOyJIbCHYIO
THAPOIMHAMHYECKYIO KaBUTAIMiO. J[OTIONHUTENbHAsT UHTECHCU(PUKAIIUS TpoIecca
AMYJILTUPOBAHUS MPOXOAUT 3a CUET OOJIBIIUX TAHTEHIMAIbHBIX HANPSDKEHUN B
IIOJIOCTH POTOPA U B 3a30p€ MEXIY POTOPOM M CTaTOpoM. B pexume kaBuTauuu
mpolecc AMYJIbCUPOBAHUS MHTEHCUPUIUpyeTcs Haubonee dJ(PGEeKTUBHO B
KaBUTAIMOHHOW 00JacTH, KOTOpas pa3BUBAETCS B OTBEPCTUH CTAaTOpa U B KaMepe,
oOpa3zyemMoil BHYTpPEHHEH MOBEPXHOCTHIO Kopmyca |1 U BHEIIHEH OOKOBOM
MTOBEPXHOCTHIO cTaTopa 9.

Kpurepuii kaBuTalMd 3aBUCUT OT CKOPOCTH KUAKOCTH WM OOBEMHOIO
pacxojia, KOTOPBIA PETYIUPYETCss BeHTUJIeM 4 Ha BXOJHOM MaTpyOke ammapara 2.
JlaBneHue KUAKOCTH B KaMepe ammapara peryjiupyeTcsi BEHTUJIEM 5 Ha BXOJHOM
natpyOke 3. OHM ke ONPENeIIIOT BEIMUYNHY OTPUIIATEIHHOTO JIABJICHUS KUIKOCTH
B matpyoke 10 ctaTopa 9, BO3HHKAIOIIEro B MpoOIecce 3aKpbiBaHUs marpyoka 10
cratopa 9. [nsa ontumuzanuu  3G(EKTUBHOCTH TPOBENEHUS  Ipollecca
IMYJIBTUPOBAHMUS HEOOXOIMMO PErylupoBaTh KOHIEHTPAIMIO CBOOOJHOTO

(HEepacTBOpEeHHOTO) ra3a B oOpaOaThiBaemoil cpeae. [ias 3Toro Bo BXOJHOM



68
naTpyOoK 2 BcTaBiieH matpyook 14 ¢ BenTmwiem 16 u nuddysopom 15, a B ctaTtope

9 BeIMOTHEHBI KaHABI 11, coequnstomuecs ¢ KoyiekTopoM 12 u marpyokamu 10 B
OOKOBOW CTEHKE cTaropa 9 CcO CTOpOHBI HaINpaBlEHUs JUHEHHOW CKOPOCTH
O0KOBOI paboyeil MOBEpXHOCTH poTopa 6.

Tak kak onTUMallbHOE KaBUTAIIMOHHOE BO3JIEMCTBUE Ha TEXHOJOTHMYECKHI
MpoLIeCC 3aBUCUT OT KOHIIEHTPAllUd CBOOOJHOIO rasa, TO €ro MOXKHO M3MEHSTh
P TIOMOIIK 0TOOpa WK BBeneHus BeHTWsIMU 16 u 13. luddyzop 15 BeimonaeH
C LIENbI0 CO3JIaHUsl 32 HUM IOTOKOM 00padaThIBa€MOM >KUIKOCTH IMapora3oBOi
MOJIOCTH, B KOTOPYIO MOKHO IOJiaBaTh, YBEJIWYMBAsT WIM OTOUpaTh, YMEHbIIas
KOHLIEHTPAlMI0 CBOOOJHOrO raza B 00OpabaThiBaeMOW JKUIKOCTU IyTEM
HarHeTaHWs Ta3a WM ero otbopa (oTkauuBaHus). B marpyOke craTopa Takxke
MO>KHO PEryJupoBaTh KOHUEHTPALMIO CBOOOIHOIO raza B 00pabdaThIBaeMoil cpefie.
Kanan 11 nmoaxomut x oTBepcthio craropa 10 Takke cO CTOPOHBI MUHUMAJIBLHOTO
JaBiieHus: oOpabaTbiBaeMON Cpelibl, T/I€ BO3MOXHO, KaK MOKa3bIBA€T CKOPOCTHAS
knHOCheMKa [81, 82], oOpazoBaHMe Mapora3oBoOi MOJOCTH.

Takum oOpa3zoMm, MBI UMEEM CIEAYIONIYI0 KaBUTAIIMOHHYIO KapTHHY,
BO3HMKAIOIIYI0O B HCCIEAYyeMOM ammapare (KpoMe€ THApPABIMYECKOrO0 U
aKyCTHYECKOTO  BO3JIEUCTBHA CO  CTOPOHBI  TYpOYJEHTHBIX  ITyJIbCAIIHA;
TaHTCHIIMAIBHBIX HANpPSHKEHUM B 3a30p€ MEXKIYy pOTOPOM U CTaTOPOM;
HECTAIIMOHAPHBIX TEYECHUW U TUIPOMEXAHUYECKHUX MEPEXOJHBIX MPOIECCOB, MPHU
TEUCHUU KHUAKOM oOpabaThiBaeMOl Cpeabl B MOAYJISATOPE AaKyCTHUYECKHX
BO3MYUIEHUH B pe3yJbTaTe€ B3aMMOJEUCTBHUS 00padaThlBa€MON cCpeapl ¢
AJIEMEHTaMH KOHCTPYKIIMM arfmapara) THAPOJMHAMHMYECKAs W aKyCTUYecKas
KaBUTAIUs B KaHaJlaX cTaTopa U B KaMmepe, 00pasyeMoii BHYTpEeHHEH TOBEPXHOCTH
Kopriyca 1 u BHelHel 00KOBOI MOBEPXHOCTHIO cTaTOpa 9 arnmapara.

Ontumuzanusi BO3JACHCTBUSL KaBUTAllMM HA MPOLECC PETyIupyercs
KOHIIEHTpaIMeil cBOOOTHOTO Ta3a B 00pabaThiBaeMOM >KHIKOW TIPOTOYHOU Cpesie
nocpeacTBoM mnatpyoOka 14 ¢ BeHTuiaeM 16 BO BXOJHOM maTpyOke ammapara s
nojaun 00padaThIBAa€MbIX KOMIIOHEHTOB M KaHAJIOB B CTATOPE, COCIMHEHHBIX B

KOJUIEKTOpP. DTO TO3BOJIAET KOMIUIEKCHO, TpH 00paboTKe 000 KHUIKOU
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IPOTOYHOM CPEeJibl, MOJAEPKUBATh ONTUMAIBHOE KABUTALMOHHOE BO3JEHCTBHE HA
CKOPOCTh  TEXHOJOTMYECKOIO MpOLEecca, HE3aBUCUMO OT  KOHUEHTpaluu
CBOOOJIHOTO Ta3a B TI0JaBaeMOM BO BXOJIHOM MMAaTPyOOK KUIKOM TeKydei
oOpabaTeiBaeMoi cpezbl. llpu HemocTaTke CBOOOJHOTO rasa €ro MoAar0T B
o0OpabaTbiBaeMylo cpejly 4epe3 JOMOJIHUTENbHbIN maTpyOok 14 ¢ BeHTunem 16 Bo
BXOJIHOM MaTpyOKe ammapara ¥ 4yepe3 KOJUJIEKTOpP M KaHajbl B CTaTOpe BO BCe
oTBepcTus craropa. Eciam KoHIeHTpamus Ta3a B oOpabaThiBaeMol cpene
U30BITOYHASA, TO €ro OTKAYMBAIOT Yepe3 TE€ K€ TUIPABIUYECKUE 3SIJIEMEHTHI:
naTpyooK Ha BXOJIe ¥ KaHaJIbl Ha cTtaTope. YToOb! mpu 0TOOpE CBOOOAHOTO ra3a u3
oOpabaTbiBaeMON Cpelbl UCKIIOYUTh WM YMEHBIIUTH OTOOp 0OpabaTbiBaeMOM
KHUJKOCTH BMECTE C Ta30M, Ha KOHIE MarpyOka BBIIOJHEH AUPQY30p, a KaHal
CTaTopa COEAMHEH C OTBEPCTHEM CTaTOpa CO CTOPOHBI HAIMPABJICHUS JIMHEHHOU
CKOpOCTH OOKOBOW palOouell MOBEPXHOCTH pOTOpa, TIJae Hauboyiee BEPOSTHO
oOpa3syercsi mapora3oBasi nojocTb. [lonaepkuBas ONTUMaIbHYIO KOHIIEHTPALUIO
CBOOOJHOTO Tra3a B >KMJIKOW TeKyued oOpabaThiBaeMoOil cpeze, CcTaOMIM3UpyeTCs
MaKCUMaJlbHasi CKOPOCTb TEXHOJIOTMYECKOTO MPOLECCa, HE3aBUCHMO  OT
coJiep>KaHusl CBOOOJHOrO rasa Ha BXOJAE B ammapar W APYrux ee (U3HYecKux
CBOMCTB, KOTOpBIE BIIMAIOT Ha IPOLIECC BO3HUKHOBEHMS M PA3BUTHUS KABUTALMM:
Ko3(ppuIueHTa  MOBEPXHOCTHOTO  HATSKEHMs,  TEMIepaTypbl,  JaBJICHUS
HACBIIIAIOMIMX TAapoB, KUHEMAaTHYECKOT0 W JAUHAMUYECKOTO KO3(P(ULIHEHTOB
BA3KOCTH, IUIOTHOCTH, JaBJICHWS JKUJIKOCTM Ha BXOJE€ M BBIXOJE arrapara.
Cnegyer OTMETUTh, YTO MpPU OOpPaOOTKE XKUIAKOM TEKyded cpeibl M3MEHSETCS
KOHLIEHTpaIusi CBOOOJHOIO ras3a, MOCKOJIbKY, KaK MPaBUJIO, UCIOIb3YETCS JTUHUS
PELUPKYJALMH C IPOMEXYTOYHOM €MKOCTBIO, /1€ BO3MOKHBI ITPOLIECCHI a3palllH.
W3 npuBeAeHHBIX MPUMEPOB BUIHO, UYTO HE3aBUCHMMO OT KOHIIEHTpaluu
cBOOOIHOTO Tra3a B 00pabaTbiBaeMO cpejie KOMILIEKCHAsI THAPOJUHAMUYEcKas U
aKyCTHYECKas KaBUTAllMM  OKa3bIBAIOT MAaKCHMAJIbHOE  BO3JECHCTBHE  Ha
TEXHOJIOTUYECKHI MPOIECC, KOTOPBIA MPOTEKAET C MAKCUMAJIbHON CKOPOCTHIO.
Kak mnokaspiBaer ombIT, 3((EeKT OT HCHONb30BaHUS PEryIHPOBKU

KOHLIEHTpalMu cBOOOJHOTO raza B 00padaThIBa€MO KUJKOU Cpelie Ha pUMepax
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pererepanuy pabodel >KUIKOCTA THUIPOMEXaHW3HPOBAHHBIX Kperned COCTaBIseT
30-50 % mo cpaBueHnuro ¢ 'M/J] 6e3 peryaupoBaHusi KOHIIEHTPAIIMH CBOOOIHOTO
raza. OQGdeKT 3aKiIro4yaeTcs B TOM, YTO TIOBBIIIACTCS KauyeCTBO MPOAYKTA:
YBEIMYHUBAIOTCS ~ JIUCIIEPCHOCTh  AMYJIbCHHM  pabouell  KUAKOCTH,  BBIXO]
MOJy4ae€MOro KadyeCTBEHHOTO IPOAYKTA, CKOPOCTh IIPOBOJMMOrO IIpoliecca,
BO3MOXXHOCTh  TOJYYECHHUS] HOBBIX IIPOJAYKTOB Ojarojaps ONTUMHU3AIUU
OJITHOBPEMEHHOI'O BO3JICMCTBUSL THIPOJWHAMUYECKOM W AKYCTHYECKOW BHUJIOB
KaBUTAllMM HA TIPOILECC IYTEM pETyJUpOBaHUSA KOHIIEHTpAIlMM Ta3a B

oOpabaTbeIBaeMoii cpeje.

2.5. BeiBoabI 1O I71aBeE 2

B rmaBe paccMOTpeHbl M3BECTHBIE, a TakKKE BBIABICHHBIE (DAKTOPHI,
BIIUSIIONINE HA COJIEp)KaHHe CBOOOJHOIO ra3a B KHUIAKOCTH, UX 3aKOHOMEPHOCTH,
MOJATOTOBKA KUAKOCTH K IMPOBEACHUIO B HEM TEXHOJIOTMYECKOIO Ipolecca Mpu
ONTUMAJIbHOM KaBUTAalMOHHOM PEXUME, KOTOPBIM 3aBUCUT OT BEJIMYUHBI MOJYJIS
OTPULATEIIBHOTO UMITyJbca JAaBlieHUsA. [IpemnokeHsl BapuaHTbl POTOPHBIX
anmmaparoM Tuna ['MJI  nmg  HEnpepblBHOIO  KOHTPOJIA — COAEpKaHUA U
peryJMpoBaHHus CBOOOJHOro Ta3za B oOpabaTbiBaeMOM >KUAKOCTH. I[loirydeHsr
CJIEIYIOIINE OCHOBHBIE BBIBOIBI.

1. HHTEeHCHBHOCTH TMpollecca HAMYJIbIHpOBaHUsS paboueld  KUIAKOCTH
THAPOMEXAHU3UPOBAHHBIX ~ KpEmel  MOXKHO  PEryJMpoBaTh.  OOBEMHBIM
cojiep>kaHreM cBOOoaHOro raza B P)K; maBieHueMm >KUJIKOCTH B KaBUTAlIMOHHOMU
obnactu. IlosToMy BBeIEHHE TIOCTOSHHOTO KOHTPOJS 3a COJEpP)KAaHHEM B
JKUJIKOCTH CBOOOJHOTO Ta3a TMO3BOJUT 3HAYUTEIHHO YIYUIIUTh METOIUKY
MOJAJICP)KaHUS ONTUMAJIBHOTO KAaBUTAIIMOHHOTO peXHUMa paboThl POTOPHOTO
armapara- smysbraropa tuna I'MJ] npu nonydeHun TuapaBiIdde€CKON KUJKOCTU
Ha OCHOBE SMYJIbCHUHU.

2. PaccMOTpeHBI OCHOBHBIE W3BECTHBIE (HaKTOPBI, BO3JEHCTBYIONIHME HA

COJCPIKAHHUC CBO6OI[HOFO raza B TEXHOJOTMYECKOM KHUAKOCTH, a TAaKXKC TaKHC
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dakToppl, Kak (QyHKUUS paclpeiesieHHe pa3MepoB Iy3bIpell H yacToTa
aKyCTHYECKOTr0o u3iaydeHus. DyHKUUS pacOpeleieHusl pa3sMepOB ITy3bIped co
CTOPOHBI OOJBIINX IUAMETPOB OIPAaHUYEHA BCIUIBIBAHUEM ITY3bIPEH, & CO CTOPOHBI
MajblX JUAMETPOB — YBEJIMYEHUEM JIAIJIACOBCKOTO  JABJEHUS, KOTOPOE
YBEJIIMYUBAET PACTBOPUMOCTh HEKOHJICHCUPYIOUIMXCA Ta30B B KUJIKOCTH W, B
YACTHOCTH, B BOJE, a TaKK€ OPOYHOBCKUM JBH)KEHHUEM, KOTOPOE CIIOCOOCTBYET
PaBHOBECHIO MOJIEKYJ U MAJIBIX ITy3bIPEi.

3. JIns runpaBiIMuecKoro TpakTa T'MIPOMEXaHU3UPOBAHHBIX Kpered BajkKHO
IPEeIyCMOTPETh  BO3MOXKHOCTh ~ BO3HMKHOBEHHS  KaBHTAllUM B  MECTHBIX
CONMPOTHUBJICHUSAX TpakTa (KjamaHa, Hacoca W T.1.). [loaTomMy OBLI paccMOTpeH
BOIPOC O PAaCTBOPUMOCTH HEKOHJECHCUPYIOIMIMXCS Ta30B IPU IOBBIILIEHHBIX
JABJICHUSIX.

4. ViccnenoBaHa 3aBUCUMOCTb CKOPOCTH 3BYKa OT OOBEMHOTO COJEpPKaHUS
CBOOOJTHOTO Ta3a BO BCeM jAuamnazoHe u3MeHeHus razocojaepxanus (0 < a <1)wu
naBieHus Ta3okuakocTHO cmeck (10° ITa < P < 7 - 107 Ila), XapakTepHOM IS
naBieHU paboueld KUIKOCTH B TUIAPOMEXAHHU3UPOBAHHBIX KpEMAX TOPHBIX
pa3paboTok. B yacTHOCTH, IpHU JaBIEHUSAX HECKOJIBKUX JECATKOB Meramackajieu
IUIOTHOCTD r'a3a CTAHOBUTCS BECbMa CYILIECTBEHHOM, U CUIIBHO BIUSIET HA CKOPOCTh

3BYKa. Haubomnbinee BiIMsAHHE Ha CKOpOCTb 3BYKa, T.C. Ha CXKHMACMOCTD,

dcgy

dt

OKa3bIBaeT OYCHBL Majoe cojiepkanue cBoboHoro raza npu a < 0,001, korma

HNMCCT MAKCHUMAJIbBHOC 3HAYCHUC IIPpU O —> 0. HpI/I HCKOTOPBIX AABJICHHUAX CMCCHU

Lov > 0 0; 1 6
e Ha BceM oTpeske [0; 1] uamenenus cogepxanus o CBOOOIHOTO rasa.

5. llpemyioxkeH aKyCTUYECKHMH HMITYJbCHBII MOHUTOPHUHI ONPENEIICHUS
colepkaHusi CBOOOJHOrO Ta3a B paboyeil JKUAKOCTM B Ipolecce ee
MIPUTOTOBJICHUSI IIYTEM HW3MEPEHHs] aMIUIMTYJA TNEPBBIX JBYX KaBUTAI[MOHHBIX

HMITYJIbCOB JIaBJICHMUA.
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3. 3KCHEPUMEHTAJIBHBIE NCCJIIEAOBAHUSA HIOJYYEHUA

PABOYMX KUJKOCTEM B THJIPOMEXAHUYECKOM
JAUCIIEPTATOPE

3.1. IIpuHnMnuadbHasA 0JIOK-CXeMa IKCIEPUMEHTAJILHOTO CTEH/IA

17151 MPOM3BO/ICTBA U pereHepanun padovei )KUIKOCTH

JUis 3KCHEpUMEHTAJIbHOTO HCCIIEO0BAaHUS 3aBUCUMOCTHU JHUCIIEPCHOCTH
Karelib 3MYJIbCHM OT pa3inuHbIX napamerpoB I'MJl HeoOxoaumo ObUIO CO31aTh
AKCIIEPUMEHTAJIbHBIN CTeH ] ¢ 0a30BbIM ammaparoM-gucnepraropoM tuma I'M/] ¢
U3MEPUTENIbHON anmapaTypou JUisl GUKCALUU T€OMETPUUYECKUX, THIPABINYECKUX,
KMHEMaTUYECKUX, JWHAMHYECKMX MapaMeTpOB M BO3MOKHOCTHM OTOOpa mpoo.
Jannast paboTa sIBISI€TCS YacTbIO UCCIEIOBAHUN COBEPIICHCTBOBAHMSI METOJUKU
pacuera I'MJl B cBeTe MOCJIEIHUX HCCIEIOBAaHUM 3aBUCHUMOCTH aMILIUTYbI
KaBUTALMOHHBIX UMITYJIbCOB JABJICHUS OT OOBEMHOTO COACpKaHHsS CBOOOIHOTO
rasa B MMPUTOTOBJISIEMOI paboyelt KUIKOCTH U 3HAYEHUSI BEJIMUYUHBI 0000IIIEHHOTO
KpUTEpUs KaBUTAIMH, KaK OCHOBHOTO (DaKTOpa, MHTEHCU(UIIUPYIOMIETO MPOIIece
JUCHEprUpoBaHUsl  pabouell  KMAKOCTH  NpU  HIPOBEACHUM  Ipoliecca
sMyJbrupoBanus st nmpousBoacTBa PIXK, a Takxke mpouecca nucneprupoBaHus
IpU €€ BOCCTAHOBJIIGHWM W pereHepamnu 0e3 crnuBa PXK w3 rumpaBmmueckoro
TpakTa IIAXTHOTO THAPOMEXAaHU3UPOBAHHOTO oOopynoBanus. Eciau Tepmun
«TPOU3BOJICTBO paboYeil KUAKOCTH» HE TpeOyeT MOSICHEHHS, TO IS TOHSATHN
«BOCCTaHOBIICHUE» U «PETCHEpaIlHs» MPUBEAEM 3/1eCh HEOOIbIINE TTOSICHEHUSI.

[Tox BoccTaHoBIEHUEM paboueii KHAKOCTH TOHUMAIOT €€ 00pabOTKy MOcCIe
KOAJIECIIEHIIMU Karlelib 3MYJbCUU B OoJibllive Kamid. TypOyJeHTHBIE MyJbcalluu
CKOPOCTH,  JIaBJICHMs,  TEeMIlepaTypbl,  OpOYHOBCKOE  (IyKTyal[MOHHOE
HEOJTHOPOJHOE TEUEHUE NPUBOJAT K CTOJKHOBEHHUIO Karelb AMYJIbCUU M HX
KOAQJIECLIEHIIMM, KOHEYHO, B 3aBUCUMOCTH OT HMHTEHCUBHOCTH TypOYJEHTHOCTH,

KOTOpas onpeacisACTCAa CJICAYOIINM O6p2130MI
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! ! !
129207

J= (3.1.1)

Ve vy v,
vg, V; — KOMIIOHGHTHI BEKTOpa CKOPOCTH TypOYJICHTHOW WyJbCallUh U
OCPEIHEHHOI'0 TEUCHUS B HAITPABJIICHUH OCEU IEKAPTOBOM CUCTEMBI KOOPAUHAT.
OT WHTEHCHBHOCTM 3aBHCUT YacTOTa W AaMIUIMTYJa CKOPOCTH CTOJIKHOBEHHS
Kareiab, KOTOpPhIE BEAYT K KOAQJIECUEHLUWH, a CIBUIOBbIC HANpPSKEHUS B
TypOyJICHTHBIX BUXPAX — K HMX JUCIEeprupoBaHuio. OMBIT TOKA3bIBACT, YTO
AKCIUTyaTalusl paboyux KUAKOCTEH — SMyJIbCUH TNPUBOAUT K KOAJECUEHIUU
Karelnb, T.€. YMEHBIICHUIO JHUCHEPCHOCTH SMyJbcuu. Takas PXK mognexur
AMYJITUPOBAHUIO U BOCCTAHOBJICHUIO HEOOXOIUMBIX €€ CBOMCTB.

[Tox perenepanueld pabodeil *KUAKOCTHU OyaeM 37eCh MOHUMATh IMPOIIECC
JIOTIOJIHUTENILHOTO JTUCTIEPTUPOBAHUS TBEPABIX YACTHI], KOTOphle BHOCATCA B PIK
TEM WJIW WHBIM CIOCOOOM (CM. T, 1), mpUYeM 3TH YacTHUIIBI KOAryJupyroTcs B
arjioMepatbl, KOTOpbIE HEOOXOAUMO pa3pylIUTh JI0 pPa3MEpPOB YacTHUIl, HE
CITOCOOHBIX MOJIBEpraTh 3PO3UH OTBETCTBEHHBIC MOBEPXHOCTU THAPABIMYECKOTO
TpakTa T'UIpOMEXaHU3UPOBaHHbIX Kpenel. C Ipyrod CTOPOHBI, JUCIIEPTUPOBAHUE
arJioMepaToB NPUBOAUT K YMEHBIICHUIO Map TPEHUsS, KOTOPbIE OMBIBAIOTCS
pereHepupoBaHHON pabouei kuIKOCThIO [83].

JI1s1 TOCTHKEHUS TOCTaBIEHHBIX 33/1a4 KCIIEPUMEHTAIbHBIX UCCIEAOBAHUN
ObLT pa3paboTaH OMBITHO-MPOMBIIUICHHBIA CTEHJ] ¢ BO3MOXKHOCTBIO CMEHBI WJIU
OTKJIFOUECHHSI HEKOTOPBIX €ro 3JIEMEHTOB. bIIOK-cXeMa THUIUYHOTO BapUaHTa
YHUBEPCAIBHOTO CTEHJIa n300paxeHa Ha pucyHke 3.1.

YHUBEPCAIBHOCTh CTEHAA 3aKJI0YAeTCd B TOM, YTO OH IIO3BOJISIET
MPOBOAUTH CaMbl€ Pa3JIMYHbIE TEXHOJOTMYECKHUE MPOIECCHl — 3MYJBIUPOBAHMUE,
JIMCTIEPTUPOBAHUE, TEIJIO- U MAacCOOOMEHHBIE M THAPOMEXaHUUYECKUE TMPOIIECCHI,
ABJICHUE KABHUTAIlMM B YHUCTOM KUJKOCTH M B HOMYJIbCUHU, CYCIIEH3UU — MPH
HEMPEPhIBHOM KOHTPOJIE JUCHEPCHOCTH 00pabaThIBAEMbIX KOMIIOHEHTOB W TMPH

BKIIIOYCHHUH JIMHHUHU PCHUPKYIIAIHNA.
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Pucynok 3.1. biok-cxema 1 001ui B SKCIIEPUMEHTAIILHOTO CTEHAA

OKCIIepUMEHTANBHBINA CTEH]] COCTOUT U3 CIEIYIOIUX OJIOKOB.

I. brmox ruapomexannyeckoro gucnepraropa: 1 — I'MJl ¢ BXOogHBIMHU
naTpyOKaMu JAMCIIEPCHON CIUTOMIHOM cpenbl 2; nmaTpyOKu 2; U 2; BOBMOXKHBIX JBYX
KOMITOHEHTOB JuCIepcHOi (a3pl [84], KOTOpble MOJAIOT WX B I[EHTPAIbHBIN

3aKpBITHIA C OJTHOM CTOPOHBI CTakaH 35 C paavajlbHBIMH OTBEPCTUSIMHU B €r0
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OOKOBOU CTeHKe; MaHOMETPbI Ha Beixoje 38 u Bxoae 40 I'M/I; Bentunu 39 u 33 Ha
BbIxoqie ['M/J; matpy6ok 32 myst oTOopa mpoOsl OIYICHHONW TPOIYKITAN; MEpHas
eMKOCTh 32, i otbopa TmpoObl; »3yekTpornpuBoa 36 BarTMerpa 37 s
OnpeieSICHHUs] MOIIIHOCTH MPUBOJIA.

Il. biokx emkocTel ¢ mojadei KOMIIOHEHTOB: eMKOCTh 11 1 moydyeHHOU
MPOJYKIMU; BBIXOAHOW BeHTWIb 9; Hacoc 10; eMkoctu nisi 0OpabaThIBaeMBbIX
komnoneHToB PXK 12, 13, 15, 16; memanka 14 ¢ npuBogom 19; Hacockl ais
nepekaunBanus 17 u nojmaun komrnoneHToB B I'MJI 18, 20, 21; perynupyromue
BeHTHIN 22, 23, 24; pacxogomepsl 25, 26, 27.

I1l. biiok nuHuK peunpkynsuu: Hacoc 41; Bentunu 42 u 44; pacxogomep
43.

IV. briok Hedenomerpa: MuuTMaMIepMeTp 3; UCTOYHHK MOCTOSTHHOTO TOKa
4; dpotosnemeHTa 5; kroBeTa 6; AuadparmMa onTU4eckas /; ICTOYHUK CBeTa 8.

V. biok akyCTHYECKUX U3MEpPEHUM: MPUEMHUK MMEPEMEHHOr0 JaBicHus 34;
uMmnynscHbie ocimutorpagsl Mapku C1-18 28 u C1-54 29; MMIIMBOIBETMETP
nepeMeHHoro Toka 30.

V1. brok taxomerpa 31 ¢ ummyiabcHOM Jammon 31;.

VII. biok uzmepenust temmnepatypsl 13 B eMKOCTH ¢ Memmankoi 14.

OCHOBHOM OCOOCHHOCTBIO TIEPBOTO OJIOKA SBISETCS IMOJa4ya KOMIIOHECHTOB
JUCTIepCHOM (pa3bl B LIEHTPAIbHBIM BpallarolIUiicss BMECTE C POTOPOM CTaKaH,
3aKphITHINA cHU3Y [85, 86].

B mwmmHapuyueckoil cTeHKe TPYOKM BBITIOJHEHBI pajuajibHbIe OTBEPCTHS,
4yepe3 KOTOPhI€ BBHITEKAIOT KOMIIOHEHTHI JUCIIEPCHOM (Da3bl B BUJE BpallarOIIUXCs
3aTOIUICHHBIX CTPYW B HE YCHEBIIYID MPUWTH BO BpAIATEIIbHOE IBUKEHUE
JUCIIEpCHYI0 cpeny. OnTumanbHas CKOPOCTh CTPYM U JUCIIEPCUOHHON Cpeibl
BEKTOPHO CKJIAJbIBACTCA W3 JIMHEWMHOM CKOPOCTH BpAIAOLICHCS BHELIHEU

MOBEPXHOCTH MIJIMHAPUYECKOTO CTakaHa 35 W paJHaIbHOM CKOPOCTHU CTpPyH

V= ’(wRT)2+vC2T, rjie @ — yrioBas yactoTta BpamieHus poropa 'M/I; R, — paguyc

BHEILIHEH IMOBCPXHOCTHU CTaKaHa 35, Ver — CKOPOCTH HCTCUCHMHA 3aTOILICHHOM
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CTPyH uepe3 OTBEpCTUsA CTakaHa B MOJOCTh poTopa. CTpys, BbITEKaromias B
JIPYTYIO CTPYIO, TTOJABMXHYIO OTHOCHUTEIBHO IEPBOHM, CITOCOOCTBYET IMOIYYCHUIO
AMYJIbCUM HA TEPBOM dTalle B3aUMOJICHCTBUSL TUCHEPCHOWU (a3bl U AUCHEPCHON
cpensl (do, No, (1.2.4)).

Bropoii, He MeHee BaXHOM, OCOOCHHOCTHIO OJIOKa THUIPABIMYECKOTO
JUcriepraropa SBJsIeTCS BBIXOAHOW mMaTtpyOok 32, KOTOpbIA HEO0OXOAuM st
CTpaBIUBaHUs HaKomuBIerocs rasa B kamepe [ M/] u B3sTust npo6sl. TpeboBanus
K natpyOky 32 — MUHHMMAJIbHbIE JIJIMHA U JUAMETP, T.€. MUHUMAJIbHBIA 00BEM
BCETO THUJIPABIMYECKOTO TpPaKTa JIi MUHHMAJIBHOTO MPEABAPUTEIBLHOTO CIIUBa
comepxxumoro B kamepe I’ M/] mepen HarmotHEHHEM MEPHOTO cTakaHa 32;.

brok emkocteld ¢ mojayeil KOMIIOHEHTOB IO3BOJISIET KOMOMHUPOBATH
pa3HbIE CXEMBbI MOJIAYN KUAKOCTEN B MOJIOCTh potopa ['M/I.

1. IToaya BOJIbI B €MKOCTh C MEIIAJIKOM, a 3aTeM B MoJIoCTh poTopa I'M/JI ¢
BKJIIOYEHHEM JIMHUU perupkysiuuu 41-43 i uccienqoBaHusl aKyCTHYECKHX
aByieHnid pu padote I'M/I, korga pabouynm TeI0OM SIBISIETCS BOAA.

2. Ilpou3BoacTBO pabodeil KMAKOCTH C OJHUM KOMIIOHEHTOM 3MYJIbCOJIA,
BOJIbI U TOBEpXHOCTHOAKTUBHOTO BemecTBa ([IAB). B atom ciyuae HeoOxoaumoe
konnuectBo [TAB 3arpyxaior B eMkocTh 12 ¥ B €MKOCTh C Memankou 14,
MpPEABAPUTEILHO HAMNOJHEHHYI0 BOJOW; BKIIOYAIOT MEIIAIKY [0 MOJy4YeHUs
OJHOPOJIHOTO PAacTBOpa, 3aTE€M BKJIIOYAKOT HAcochl, Hampumep, 20 u 18 u
perynupyor mo pacxogomepaM 22 u 23 nonxady Boabl ¢ IIAB u macnsiHoro
KOMITIOHEHTa pabouei ®KUJIKOCTH, MPEIBAPUTEIIBHO 3AJTUTOTO B eMKOCTH 15.

3. Ecim HeoOXoauMo moaaTh JBa KOMIOHEHTa B Boay ¢ [IAB, To
JIOTIOJTHUTEIILHO BKJIFOUAIOT JIMHHUIO C €MKOCTBIO 16, BeHTmiaem 24, Hacocom 21 u
pacxoaomepoM 27. biok HedenoMeTpa BKIIOYAIOT TIPU U3MEPEHUH JTUCTIEPCHOCTH
paboueit )KUIKOCTH, SMYJIbCUH WIIN CYCTICH3HUU.

biiok nvHUM pEenUpKyISUUA BKIOYAKOT IS UCCIEIOBAaHUSI 3aBUCHUMOCTHU
qucrepcu paboyel JKUJIKOCTU WM AMYJIBbCHM OT KPATHOCTU PELUPKYISLIUU B
I'M/I. B stom cnydae emkocth 11 HanmomustoT BonoH, [TAB. Bxmtouaror 'M/I,

OTKpPBIBAIOT BEHTUJIb 42 1 Hacoc 41, 3aTeM peryiupyroT rnojady BOJIbl BEHTHJIEM
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42, OTKpBIBAIOT BEHTWIb 24, BKIIOYAOT Hacoc 21, W 1O pacxoaoMeTpy
perynupyroT noaady. EMkocte 16 mpenBapuTeabHO HAMOIHSIOT AMYJIbCOJIOM B
HEOOXOJMMOM KOJIMYECTBE B COOTBETCTBUU C €ro KOHIIGHTpallUe B BOJE U
BMECTUMOCTH WJIM HANOJHEHHOCTH eMKOCTH 11. Bentwim 22 m 23 npu 3TOM
3aKpBITBL. 3aMETUM, YTO HOPMAaJbHOE IOJOXEHUE BEHTWIA 39 — «OTKpBITO», a
BEHTUJIS1 33 — «3aKphITO». ET0 OTKPBIBAIOT B IBYX Cy4asix — KOT/ia HaJI0 CTPaBUTh
BO3JIYX U B35ITh MPOOY HA aHAJIU3.

brok HedemomeTpa BKIIOYAIOT TPH  HUCCIEJOBAHUM  JIUCIIEPCHOCTH
IPOU3BOJAMMOrO0 MPOAYKTA M  aBTOMATHYECKOM  YIPABICHUU  KayeCTBOM
nucniepcHoctr PXK. Ilpym moctmkeHnn 3aJaHHOM JUCIIEPCHOCTH MPOU3BOAUMOIO
NpOAyKTa (IOCTHKCHHWH 3aJaHHOTO TOKa MHJUIMaMIepMeTpa 3) YCTaHOBKa B
LEJIOM OTKJIFOYAETCS M MPOUCXOJUT CIUB FOTOBOM MPOAYKIHMH Y€pe3 MarHUTHBIN
KpaH (BeHTHJIb 9) ¢ moMoIikio Hacoca 10.

brok  akycTHyeckux M3MEpPEHUN  BKIIOYAIOT TIPU  HEOOXOJIUMOCTH
UCCJIEIOBAHMS KaBUTALIMM, B3aUMOCBA3M MHTEHCMBHOCTU KAaBUTAI[MUM M KayecTBa
IIPOU3BOAMMOrO MPOAYKTA.

biokn TaxoMmerpa M HU3MEpPEHMsS] TEMIIEpAaTypbl TaK >K€ BKIIOYAIOT B
COOTBETCTBYIOIIUX HMCCIEAOBATENbCKUX LEIAX. Y MbE30IEKTPHUUECKOr0 JaTYMKa
nasyienust 34 ruapodoH BhIMONMHEH W3 THTaHata Oapus BaTiO, B Bume aucka c
pe3onancHoi vactoroi 500 xI'1y mist mpomonsHO Moabl kosiebanuit u 300 kI
JUISL  paadallbHOW MoAbl KojebaHuid ¢ guameTpoM Tuapodona 10 mwm.
OJIEKTPUYECKUM  CHUTHAJl  PErUCTPUPYETCS  MPU  MOMOIIM  MMITYJIBCHBIX
ocuuiorpagoB ¥ MUJLTMBOJIBTMETPA.

MakcuMallbHbl€ OTHOCUTENBHBIE MOTPEIIHOCTH U3MEPEHUN COCTABIISLIIN MPH
WU3MEPEHUN: 00BEMHBIX PACXOI0B KUAKOCTENH — 5 %; 4acTOTHI BpallleHUsI pOTOpa—
8 %; craruueckoro AaBieHUs KUAKOCTH — 4 %; Temnepatypsl — 0,5 %; BemuunHbI
paaraIbHOTO 3a30pa MEXITy potopoM u cratropoM — 10 %; mapameTpoB ummysbca
nasieaus — 16 %.

B Tabmune 3.1 npuBeneHbl TEXHMYECKas XapaKTEPUCTUKA POTOPHOTO

arrmapara TUIlla THAPOMCEXAaHUYCCKOro AUCIIEpraTropa, Ha KOTOpPOM IIPOBOJAHIIMCH
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OCHOBHBIE AKCIEPUMEHTAIIbHbBIC HCCIIEIOBaHUS AMYJIBTUPOBAHUS u
JUCIIEPTUPOBAHUS MO MPOU3BOJACTBY, BOCCTAHOBIICHUIO U PEreHepanuu padouux

T'nAPaABIIMICCKUX )KI/I,ZIKOCTGI\/’I I MCXAHU3UPOBAHHBIX erneﬁ.

Ta6mumna 3.1. Texuuueckas xapaxmepucmuxa I M/

Jnama3oH u3sMeHeHHss 00bEMHOT0 pacxoa >KHUJIKOCTH 0-0,028
gepes TMJL, m*/c (M°/4) (0-11)
Cpennuit nuametp pabodynx MOBEPXHOCTEN POTOPA U CTATOPA, MM 140
Yucno narpyOKoB B OOKOBBIX CTEHKAX, IIIT.
poTopa 60
cTaropa 20
[[Tupuna naTpyOKOB B OOKOBBIX CTEHKaX, MM
poTopa 3
craropa 2
BricoTa natpyOKOB, MM
poTopa 6
craTopa 3)
KonycHocTh pabounx GOKOBBIX MOBEPXHOCTEH pOTOpa U CTATOPA, 9
rpaj
['mybuna wMomymsiuu 00BEMHOTO pacxojga B auadparme,
oOpa3zyeMoil KpoMKaMu TMaTpyOKOB B pOTOpE U CTaTope Npu 0,95
BpaIlleHUH pOTOpa
NutepBan pabounx Temiieparyp oopabaTsiBaeMoii sKuaKoCcTH, “C 14-70
Pabouee naBneHue )XUIKOCTH HA BXoJe ammapata, Mlla 0,3-0,9
JlaBnenue B kamepe ammapata, MIla 0,1-0,5
OcHOBHAas YacTOTa CJIEIOBAHUS AKyCTHUYECKUX UMITYJIHCOB 5 88

naBjieHus, Kl 11

Kpome riyOuHBI MOAYJSLMHM pacxoda B auadparmMe MOIyIsTOpa, KOTopas

0 Oompe/eNieHnto paBHa [15]:

m = Zmax_ " min (3.1.2)

Vmax * Vmin
TTI€ Vpin ¥ Vmax — CPEIHEPACXOAHBIC MUHMMAJIbHASI M1 MaKCHUMAaJIbHAsI CKOPOCTH B
naTpyOke craropa,
MIPOU3BOJISITCS BRIYUCIICHUS CICAYIONMINX TapaMeTPOB.
1. HlupuHa mpomMexyTKa Mo Jyre Mexay narpyokamu Ha OOKOBOM paboueit

MOBEPXHOCTH POTOPA
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b, = 2% (3.1.3)

rae Dy = 140 mm, a, = 3 MM, Z, = 60 mT.
Brraucists, nomyunm b, = 4,3 mm;
2. Hupuna mpomMexyTKa Mo ayre MexIy naTpyokamu Ha OOKOBOI paboueit

IMOBCPXHOCTU CTATOpA

nD.—Z.a,

b. =
Cc Z{: ’

(3.1.4)

rae D, = 140 mMm, a, = 2 MM, Z, = 20 mT.
Berumcisis, moaydum b, = 20 mm.

3. U3 BBIUMCIEHHOTO ClexyeT, 4To ac < a8, < by < b, npuuem Z,/Z, = 3 —
OTHOLIECHHWE LEJIIOYUCICHHOE; OoTHomeHne A = ay/a; = 1,5 u ynoBneTBopsier
ycnosuto: 1,2 <A <20 [87].

4. Koxpduument 3amonHeHuss narpyOKkoB Ha paboyeil  OOKOBOM
MOBEPXHOCTU pPOTOpa — JO0JIs MEepUojia, KOrJa >KMIKOCTh U3 MaTpyOka poropa

BBITEKAET B MAaTPyOOK CTaTOpa

7= B (3.1.5)

ap+he
Beraucnsas, momyuum 7 = 0,68. OnelT moka3blBaeT, 4YTO J0JISI 7 JOJDKHA
yAOBAETBOPATH ycioBuio 0,6 < 7 < 0,7, 4TO U COOTBETCTBYET JAHHBIM TAOIMIIBI
3.1, XO0TS 7 3aBHCUT OT OTHOCHUTEIIPHOW BEIWYHHBI 3a30pa MEXIy POTOPOM H

CTaToOpoM o' = d/a, 1 3HaUEHUs] KPUTEPHUS TOMOXPOHHOCTH

Ho="22, (3.1.6)

I'ZI€ Vg — YCTAHOBUBIIASACS CKOPOCTDh TEUEHHUsI UACATBHON HEC)KUMAEMOU KUIKOCTH
tp — Bpemsi OTKpbIBaHUS NaTpyOKa cTaTopa MPOMEXKYTKOM MEXAYy MHaTpyOKaMu
poropa; | — niuHa narpybka MoaysTopa:

a,
tg =—
0 wR '

(3.1.7)
rae @R — CKOpOCTb MEpeKpbIBaHUS MaTpyOKa cTaTopa JBHXKYIIEWCS BHEUIHEH
OOKOBOI ITOBEPXHOCTU POTOPA.

Jnuua Mopnyiaropa:

L=L, + L+ by + Lenp (3.1.8)
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rae |, — Tommuua ctenku poropa; |, — Tommmua creHku cratopa (ecim och
naTpyOKa COCTaBISIET YToil f ¢ paJuycoM BpalleHHs, To BMecTo |, HeoOxoammo

UCIIOJIb30BaTh AKBHBAJICHTHYIO JIJIMHY matpyoka B cratope l., = l/cosp); |

pmop
NPUCOEAMHEHHAs JJUHA TMaTpyOKa poTopa; ICHp — MpHUCOCIMHCHHASA JJIMHA
natpyoOka craropa, BEIUUCISIEMBIE TIO popMyIIaMm:
| = [ (3.1.9)
= | 1.

Soc
|Cnp:\/; , (3.1.10)

TI€ Sop U Soc — MIOIIAAN IPOXOJHOIO CEYEHUs MaTPyOKOB POTOPA U CTATOPA.

[Ipoussons Berumcnenus, nonyuum |, =~ 2,4 mm; |, = 1,8 mm. Ilpu ToHKHMX

p 1p
cTeHkax potopa u craropa (5...10 MmM) oO1as nmprucoeMHEHHAs ITMHA ATPyOKOB

MOXET C}’H.[@CTB@HHO BJINATH HA I/IHCpTHOCTB KUIKOCTHU B Han}I6KaXI
| + 1
212100 % = 22 %, (3.1.11)

YcraHoBUBIIAACS CKOPOCTh TEYEHUS HJICAUIBHOM HECKHUMAEMOW KUIKOCTH C

INIOTHOCTBIO p:

(2 K 902 I+ 1o\ N2
v={2[<aP> + S p0?RE(, + 1) <1_W) | (3.1.12)

rae <AP> — pa3HOCTb JaBJICHUMU, MOJ IEMCTBUEM KOTOPBIX BBITEKAET MjcaibHas
HeC)KNMaeMas KUIKOCTh:

< AP > = AP, ou + AP, (3.1.13)

HYTp !
A€ APgyeny — MEPENAJ TABICHUMN XKUJIKOCTH, CO3/IaBA€MbIi BHEIITHUM MCTOYHUKOM

JIaBJICHUS 110 OTHOILICHUIO K MOIYISTOPY; APy, — JOMOIHUTEIBHOE [[ABIICHUE

KHUJIKOCTH, CO3JIaBAEMOC BPAIIAFOIIEHCS B MOJIOCTH POTOPA KHUIKOCTHIO:

1 2
AP =1<5pw2(Rp—|p) , (3.1.14)

BHYTp
rae K — koaduimenT yBieueHus >KUIKOCTH CTEHKaMH TIOJIOCTH POTOpa, B 001IeM
cllydae 3aBHUCSIIUA OT pPaguaIbHOM CKOPOCTH TEUCHHS JKUIKOCTH B IIOJIOCTH
potopa, ee (hOpMBI, YaCTOTHI BpAIEHUS POTOpPA (», HATWYUS KPBIIIKKA y POTOpA,

pEeKMMa TEUCHHUS KHUIKOCTH B TIOJIOCTH poTopa [18].
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CJIeI[yeT 3aMCTHUTD, qTo MOAYJIATOP ABIACTCA HCOAHOPOAHBIM

THIPABIMYECKUM YYaCTKOM, TaK KaK OH CO3[AeT PasHOCTb HABICHUH AR nyyrp

BCJICJICTBUE BpallleHUs NaTpyOKa poTopa:

1 2
Abisuyp = Epwz {Rg B [Rp N (Ip + Ip-Hp)] } : (3.1.15)
Yupormias Beipakenue (3.1.15), moxyuum
1
APy miyrp = Epwz(lp + lpap) [2Rp= (I +lp.p) |- (3.1.16)
YunTeiBas, uto R, > | + |, HOCTENHEE BBIpA)KCHNE IPUMET BH]
AP, gy = p°Ro(ly + 1y ) (3.1.17)

JlaHHOE HaBJIEHUE MOXHO XapaKTEpU30BaTh, KAK BHYTPEHHIOK JBIKYIIYIO CHUITY
Ha TUAPABINYECKOM ydacTke — Moayssitope ['M/I.

VYka3aHHblil HamMH (AKT HEOJHOPOAHOCTH THIPABIMYECKOTO YYacTKa —
moayisatopa I'MJl — He HU3BECTEH M3 JIMTEPaTypHBIX M JPYTUX HCTOYHHKOB
uHpopManuu. OTUM JONOJIHUTENIbHBIM JIaBIICHUEM NpeHeOperarb Helb34.
Hampumep, mpu p = 10° kr/m®, o =300 ¢ 7, Ry, =7 1072 M, b + Loy = 10 M
N0IYYUM APy yuyrp= 60 KlIa.

Nwmeetcs npemnnoxenue [15] B npomeinuieHHBIX "M/ BBITIOAHATE pOTOp €
JormatkaMyd B €ro mojoctd. B artom ciydyae pexomenmyercs pabora ['M]] 6e3
BHEIIIHETO MCTOYHMKA JdaBJIEHUS — Hacoca. Hampumep, BBIUHCINM BEJIWYHUHY
3HAYEHHUS KpUTEPHUs TOMOXPOHHOCTH B ' M/] 6€3 BHELIHEro MCTOUYHUKA JABJICHHS.

Ji1st 3TOTO OMpEaEIUM CKOPOCTh

2
kawZRp
2

p

Vo = ~ KoR,, (3.1.18)

TOCKOJIBKY JIJIsl TTOJIOCTH poTopa ¢ onatkamu VK ~ K=~ 1. C yuerom (3.1.6):

KwR,a Ka
Ho = P 7 =%/ = const, 3.1.19
20R,1 = 72 (3.1.19)

HE3aBUCHUMO OT CKOPOCTH BpPALIEHUs pOTOPA.
[MunponuaamMudeckuii aucnepratop 0e3 BHENIHETO WCTOYHWKA JIaBJICHUS

pa60TaeT IIpHu NIOCTOAHHOM 3HAYCHUHN KPUTCPUA TOMOXPOHHOCTH. OT Hero CUiIbHO
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3aBUCAT KaK SIBJICHHUS] KaBUTALIMM, TAK U MHTEHCHBHOCTb BCEX TEXHOJOTMYECKHX
npoueccoB. [loaToMy cuMTaem, 4YTO BBINOJIHUTh TEXHOJIOTHYECKYIO CXEMY C
3HaueHneM HO moxHO, ecinm pacuer I'MJl Benmercs ¢ 3aJaHHBIM 3HAYEHHUEM
kputepus (3.1.19), koropslii B porecce skciuryatanui ['M/] Oyaet nmocTossHHBIM

U 3aBHCHUT OT JIBYX reOMEeTprUYecKux mapamerpos: a. u | (3.1.19).

3.2. Meroabl aHAJIU3a JUCIIEPCHOCTH 3MYJIbCUH U THAPABJINYECKON

paboueii ;KUIAKOCTH

Meroabl NHUCTIEPCHOTO aHalM3a JENSATCS Ha OpsiMble M KOCBeHHble. K
IIEPBBIM OTHOCSTCSI HEITOCPEICTBEHHBIE U3MEHEHHSI JUaMeTpa Karellb ¢ IOMOIIBIO
WHCTPYMEHTA-TMHENKH, IKAJIbl MUKPOCKONA, SYEUKH CHTA (YACTHIBI IMOPOLIKA).
KocBeHHble METOABI OCHOBaHbl Ha  (PU3MYECKUX, (PUIMKO-XUMUYECKUX,
XMMHUUYECKUX SIBICHUSAX, 3aBUCALUIMX OT pa3Mepa Kanenb. PasHooOpasue
NPUMEHSEMBIX METOJOB JUCIHEPCHOHHOIO aHajlu3a BEeChbMa 3HAYUTENBHOE.
MeTtonbl  ONpenessIOTCS  Ha3HAYeHMEM  aHajiu3a,  BO3MOXHOCTAMH U
JOCTYNHOCThIO0.  Ha3HaueHwe  aHanmu3a ~ ompenensiercs — MOCJEAyOLUM
WCITOJIb30BAHUEM JUCIIEPCHON CUCTEMBI.

Ha3oBeM HEKOTOpbIE SBJIECHMS, KOTOPBIE HCIOJNB3YIOT JUIA aHalu3a
JUCHEPCHBIX CHCTEM IPU H3BECTHOM KX KOHIEHTPALMU: MPOBOJUMOCTH
JUCIIEPCHOCTH;  AMDJIEKTPUYECKAass  MPOHMIIAEMOCTb,  PAcCesHUE  CBETa;
CONMPOTHUBJICHUE KaHala, AUAMETP KOTOPOIrO COMOCTAaBUM C AMAMETPOM Karliu
smynbenn  (cuetunk  Coulter  Counter ¢upmer  Coultronics); 3aryxanwue
aKyCTUYECKMX BOJH B OMYJbCUU; OCaXJIECHHE (BCILIBIBAHUE) Kamnelb B
IPaBUTAIIMIOHHOM OJHOPOJHOM II0JI€ WJIM HEOJHOPOJHOM IIOJie LIEHTPOOEKHOMN
CWIBl — CEAUMEHTALMOHHBIA aHaju3 M €ro pPa3HOBUIHOCTH; JAUHAMUYECKUN
KOO PUIMEHT BI3KOCTH KUAKOCTH (peoyorus smyibcun) [88]; Temmeparypa
BOCIUJIAMEHSIEMOCTH 3MYJIbCUHU TUIIA «TOILJIMBO B BOJEY.

Pa3Hple METO/IbI JUCIEPCUOHHOTO AHAJIM3a ONPEEISAIOT pa3Hble MapaMeTPhl

karu smynbeun. Hanpumep, cuetunk Koynrepa usmepsier tuaMerp Karesb.
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W3 ¢pyHKIIMU pacipeneneHus Kamneiab Mo JuaMeTpam
fd; )=

rac AN — dgucno Kalejib, AUaMCTP KOTOPBLIX HAXOAWUTCA B HHTCPBAJIC

AN;

21)

(di —ATdi; d; +A7di); N =21, AN; — guciio Kaneib, IMaMeTp KOTOPBIX U3MEPSIIU B
JAaHHOM ONBITE; N — YHCIO HWHTEPBAJOB, Ha KOTOpOE pPa30MBAIOT JHAMETPHI
HaOMoaeMbIX Kanellb OT Oyin 10 Omax; Oi — cpemHwii quamerp Kameinb B I-OM
UHTEpBaJIC TUAMETPOB Karenb;, Ad; — mupuHa i1-ro HHTepBaia JMAMETPOB Kareb.

CpeaneapupMETHICCKUN JUAMETP Kaleb.
N AN.d.
dapz I_l ! l/zll’]_l ANI . (3.2.2)

Meton paccesiHus cBeTa, UM HEPEIOMETPUs, IO3BOJISIET U3MEPUTH CPEIHUN
MOBEPXHOCTHBIM ~ JUAMETp, NOTOMY 4YTO Ha (POTOSJIEMEHT TMaJaeT CBET,
MHTEHCUBHOCTh DPACCESIHHOIO CBETa MPSAMO IPOINOPLUOHAIBHA CyMME IUIOIIAIN

MMOBEPXHOCTH Kanenb. OTcroa, CpeAHN NOBEPXHOCTHBIN THaMETP

_ |3 ANdi?
ds= ’—szlANi ) (3.2.3)

MGTOI[ CCAMMCHTAIIlMKM OCHOBAaH Ha OCaXIACHHHN KalICJIb. CKOpOCTB
OCaXACHUs, 3aBUCAIIIAsA OT MAaCChl WJIN ooBeMa KaIlIy, IpsAMO IMPOIopuruOHaJIbHA

KyOy auamMeTrpa Karuid, II03TOMY METOJ TT03BOJISCT BBIUUCIUTD CPETHUM 00BEMHBIN

_3[Zh, AN;d;?
d,= ’—ZleANi ) (3.2.4)

[IpssMoli MUKPOCKONMMYECKHUH METOJ TO3BOJSIET TOJYy4YUTh Haubosee

JTMaMeTp Karesb

MOJIHYIO WHGOPMAIINIO U3 (PYHKIIMK pactpeeieHus Kamneib o guamerpam (3.2.1)
B TaOJWYHOM BHJIC, KOTOpAsi MO3BOJIAET HE TOJBKO OMPENCTUTH JII0O0N IuaMerp
karuu (3.2.2-3.2.4), HO 1 IpyTue XapaKTepHbIE THAMETPHI:

CPEAHUN T€OMETPUUYECKUN TUAMETP

d.=yIIL; di, (3.2.5)

CpeIHuil 00beMHO-TIOBEPXHOCTHBIN AUAMETP
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- Yii AN;d;®
VS S AN;d?!

(3.2.6)
KOTOPBIA MCIONB3YETCs IPU U3MEPEHNUN TUaMeTpa MeTooM abcopOuuu (¢pusuko-
XUMHUYECKUH MeToa). MUKpOHAOIIOACHHUsS MO3BOJISAIOT HAOIIOAATh JUHAMUKY
KOAryJisIiH, arioMepanuu, GopMy JacTHII.

Ha peonormueckue cBOMCTBAa 3MYJIbCHM C OJWHAKOBBIMH KaKUMH-JINOO
CpPEIHHMH BEJIMYMHAMHU JHAMETPOB Karmenb BiMseT kpuBas ¢yHkmmn (3.2.1).
Takue HMyJIbCHUM  XapakTEpU3YIOTCS IHMPUHOW KPUBOWM  paCHpElCICHUS.
KonuuectBeHHO  OoHa  paBHa  KO3((ULUMEHTY  HEOJHOPOJHOCTH  WIIU
CPEIHEKBAJPATUYHOMY OTKJIOHEHHIO KpUBOW KOA(P(UIHMEHTA PACTIPEICICHHUS OT

AUaMCTpa KallCJIb

_J (ddgp)vidl
B /;Ovidl '

rac vy — CKOpOCTb USMCHCHHUSA YHCJila HaCTHULl C JUAMCTPOM di.

K (3.2.7)

OcranoBuMcs 0OoJiee MOJAPOOHO HA METOJIE pacCEsHUsI CBETa Ha Karliiax
AIMYJIBCUH, WU METOJIe He(DeTOMETPUM ONTUYECKH HEOTHOPOIHBIX cMecei (PXK).

Hedenomerpuss ummeer Takue OCOOCHHOCTH KakK, BO-TIEPBBIX, JIETKOE
BCTPaMBaHUE B THAPABINYECKUA TPAKT YCTAHOBKH I MPOU3BOJCTBA IMYJIHCUU
(pucyHok 3.1) ¥ BO3MOXHOCTH HEMPEPHIBHOTO KOHTpoJisi [89] m ympaBieHus
KaueCTBOM THJPABIMYECKOM padoueldl JKUAKOCTH; BO-BTOPBIX, OIpEACIseTcs
CPEOHUN TMOBEPXHOCTHBIA AUAMETP Kallellb, KOTOPBIM BIIMSET HA CMa3bIBAIOLIECE
CBOMCTBO paboueit xuakocTd. OH OCHOBAaH Ha 3aKOHAaX paccesHusi 0eoro cBera B
OIMYJbCUSX TPUMEHUTENBHO K HedernoMmerpy — abcopOrmomerpy Ttuna JIMO.
Karu nuamerpom 0osiblie AIMHBI BOJIHBI cBeTa (0 >> 1) 0AMHAKOBO OTpaXaroT, H,
TEM CaMbIM, PAacCEMBAIOT CBET, HE3aBUCUMO OT JJIMHBI BOJIHBL. B Hamiem ciydae,
Kar guaMmeTpoM MeHbine 0,7 MKM HUMEIOT HEOOJBIIYI0 CYMMapHYIO IUIOMIAIh

paccesiHUs 10 CPABHEHUIO € KAIUIAMU OOJIBILIETO JUaMeTpa. 3anuiieM 3To:

fddnim f(d)d? ad<< fd‘imax f(d)d? ad, (3.2.8)

rae Omin — MHUHAMAJIBHBIA JMaMeTp Karlelib 3MYJIbCHUH, KOTOPBIA 0e3 0O0JbIIoi

OIINOKHA MOYKHO IIPHUHATb PAaBHBIM HYIIIO; dmax — MaKCUMAaJIbHBIN AUaMCTPp KallCJib
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AMYJILCUH, KOTOPBIM HAOIIOAJICS B DKCIIEpUMEHTaX; Od — NoJIHbIN nTuddepeninan
auamMeTpa, 0003HavYeH Kak 4acTHBIA AuddepeHian s yaoocTBa BocnpuaTus (B
otanunu «dd» — monHeIi guddepeHian auaMeTpa).

Ecim mmeercst aHanuTHdeckoe BhIpaxeHue pactpeneicHus f(d), To MoxHO
OPUHATD Omax — 0 [90, 91]. DT0 MO3BOIMIO MO HMHTEHCHBHOCTH PAaCCESTHHOI'O
Oenoro cBera Ha pabouelt xuakoctu (pucyHok 3.1, 6mok |V Hedenomerpa)
TUAPOMEXaHU3UPOBAHHBIX KOMIUICKCOB OIPEACIUTh CPEIHUN TOBEPXHOCTHBIN
JTUaMETp Kareiab MOJUIUCIIEPCHON AMYIIbCUU TTPU U3BECTHON €€ KOHIIEHTpAIlIH.

Cuna Toka MukpoammepmeTpa (pucyHOK 3.1) mpsiMo TpoOmoOpIHOHAaIbHA
KBaJpaTy CpEAHEro MOBepxHOCTHOro amameTrpa (3.23) wm  oObeMHOU
KoHeHTparuu C 3Myibcud. POTORIEMEHTHI, KaK MPaBUIIO, pabOTAIOT B MPSIMO
MPOMOPIIMOHANIEHON ~ o0macth, Tae (OTOMOTOK TPSIMO  TPOIOPITMOHATICH

MHTCHCUBHOCTH CBETA. Y UMTHIBas BbIIIECKa3aHHOE, (POTONOTOK:
| = K—. (3.2.9)
N3 3T0T0 BBIpaXKEHUS CIEAYET, YTO 0011as omrOKa n3MepeHus (poTonoToka
Aj = fj—’(c+*;—§Ads+di(Ac, (3.2.10)
S S S

rne AK, Ads, AC — skcriepuMEHTaIbHBIC 3HAYCHUS JTOBEPUTEIBHBIX HHTEPBAIOB
COOTBETCTBYIOIIUX BEJIIMUYMH C JOBEPUTEIHHON BEPOSITHOCTHIO 0,95.

Takum oOpaszom, JJIs ONpPEACIICHUS AUCIEPCHOCTH AMYJIBCUU HEO0OXOIUMO
MOAACP>KUBATH MOCTOSIHHYIO KOHILIEHTpaILHi0 dMyiIbcurd C U yCIOBUSI TTPOBEIACHUS
WU3MEPEHUA: TMOJAECPKUBATh B YUCTOTE KIOBETY C HUCIBITHIBAEMOUN JTUCTIIEPCHOU
CHCTEMOMH; MOJICP>KUBAThH MMOCTOSIHHBIM HaIpsHDKEHUE IMOCTOSIHHOTO
OJIHOHAIIPABJICHHOT'O JJICKTPUUYECKOI0 TOKa Ha KJIeMMax HCTOYHHUKA CBETa;
CJIEAUTH 3a JIEKTPOJABUKYILECH CUIOM UCTOUYHHMKA MOCTOSHHOTO TOKA; BHIMOJIHATH
npyrue TpeOOBaHMS B COOTBETCTBUH ¢ MHCTpYKIMeH K Hedernometpy. 13 (3.2.10)

CJIeayer, 4Yro mHpu HU3MCPCHHU KOHLCHTpAlMU WX JUCIICPCHOCTH OMYJIbCUHN

-2
OIMOKa W3MEPEHHUS PACTET C YBEIUUICHHEM JucriepcHocTr dg°.
B 3akiroueHuM 3amMeTHM, YTO M3JIOKEHHBIM METOJ I03BOJIAET HU3MEPSTh

CpEIIHUI MOBEPXHOCTHBIN TUaMeTp, KOTOPHIH orpeaenseT padoTy mapbl TPEHHUS.
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3.3. YcranosJienue BiausinueM napamerpoB JIMII Ha aucnepcHocTh

10JIy4aeMOi IMYJIbCUU

JUis BBISBICHMS BIIMSHUSA BEIUYMHBI KPUTEPHUs KaBUTALMM HA IPOLIECC
SMYJBIHPOBAHUS  BBIIIOJIHEHB MHUKpOQOTOTpaduu SMYNIbCUHM TNpPU  TOMOIIU
mukpockona MBHU-6 ¢ o6bexTrBOM %90 1 okyisipom x7 mpu obiiem 630-KpaTHBIM

yYBEIMYEHUH (PUCYHOK 3.2).

1
2
: s O U “ ‘D
_'u @\%‘\m\ Q’% g ' ,
o
3

Pucynok 3.2. Mukpodotorpaduu paboueii KUAKOCTH HA OCHOBE 3MYJIbCOJIA B
BOJI€, MOJIy4E€HHOW NPY Pa3IUYHBIX BEJIMUMHAX KpuTepus kasutauuu y: 1 —0,9;

2 —0,05; 3 -0,2 (yBenuuenne B 630 pa3)
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Kak BumHo w3 dotorpaduii (pucyHok 3.2), KadeCTBO OMYJbCHH,
MOJTyYEHHOM TMPH JTOKAaBUTAIMOHHOM pexume padbotel ['MJ] ropaszmo xyxke, ueMm
KaueCTBO AMYJIbCUU, MOTYYEHHON B PEKHUME C KPUTEPUEM KaBUTALMU OJM3KUM K
ontuMaibHOMY (pucyHku 2.9 u 2.10). IIpu cynepkaBUTallMOHHOM peKUMe pabOThI
I'MJ (¥ = 0,05) xayecTBO 3MyYJIbCUU SBIIAECTCS MPOMEKYTOUYHBIM, HO JyYIle, YEM
MIPU JOKABUTAITMOHHOM pekume padotsl M.

HawnGosee monmHyr0 XapaKTepUCTUKY THAPABIMYECKOW pabOvei KUIAKOCTH
T'UJIPOMEXaHU3UPOBAHHBIX KOMILJIEKCOB MOKHO HAaWTH U3 IUNIOTHOCTH BEPOSITHOCTH
pacmpeneneHuss Kamnellb SMYJbCHM [0 pa3Mepy HX JUaMEeTpoB, KOTOpBIE
n3o0paxenbl Ha pucyHke 3.3. OHUM TO3BOJIAIOT HAWTHU BCE XapaKTEPUCTUKU
smynecun. Hanpumep, no kpusoit 1 (y =0,27), mona pacnpenenenus d, npu
KoTopoit df/0d = 0, paBHa 0,92 MKM, dgp = 2,66 Mxm (3.2.2), dy = 5,26 mxm (3.2.4) u
T.1. KpuBas moctpoena u3z obpabotrku HabmomaeMbix B Mukpockorne N = 1 208
Karens. 13 xpuBoit 3 (y = 0,37) cinenyer, uto d, = 1,3 MKM, Oy = 3,28 MKM, ds =
4,64 mxm (3.2.3), dy, = 5,8 mxm, N = 1 428 kanens. U3 kpusoii 2 (y = 0,3) cienyer,

uto Oy = 1,38 MKM, gy = 2,22 MKM, ds = 2,66 MkM, dy = 3,3 MxMm, N = 1 178 kaneins.

102, Mxm™! {F\
| |3
74 |
’/‘b
60 i
1/\{
56 i
f‘ H\ |
[ 1%
oy H‘ﬂ
| ﬂ T\\
’ |/ | | \"‘
28 [+l
)\ \\ \‘\LJ
}/ L
[N
14 Dca
0 2 g @ 13 1B Is i

Pucynox 3.3. II10THOCTh BEPOSITHOCTH paclpeeieHus Karelb IMYIbCUU

10 pa3Mepy X THAMETPOB
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Kak crnegyer u3 mpuUBEACHHBIX pPE3yJbTaTOB, KaBUTAlUs SIBIISIETCS
HEOOXOJMMBIM yCIIOBHEM ISl TIONYYCHHSI BBICOKOJIUCIIEPCHBIX DMYJIbCUU U
TUIPABINYECKUX PAO0UYMX KUJIKOCTEH JJIsi TUAPOMEXaHU3UPOBAHHBIX KOMIUIEKCOB
B anmaparax-amyisratopax tuna ['MJ[. Haunbonee nmpeanoyTuTenbHBIM SBISETCS
pPeXKUM aKyCTUUYECKOW HMITYJIbCHOM KaBUTAllMK TpHU 3HAYEHUH OOOOIIEHHOIO
KpuTepusd kaButauuu B uHTepBaie 0,18 <y<0,33 B 3aBUCUMOCTH OT
KOHIIGHTpaIlMu CBOOOJHOTO Ta3a B oOpabateiBacmoit PXK. Jlns ontumusarnmm
KaBUTAI[MOHHOTO pekuMa padotel 'MJ] B Os10k-cxeme ycTaHOBKH (pucyHOK 3.1)
WCMOJIB3YIOT JIBa BeHTWISA. Bentuns 33 — g4 yJajaeHuss BO3MOXKHO
HaKONMBILEroCs BO3AyxXa B BepxHed yactu kamepbl ['M/I, a BenTunps 39 — mid
perynupoBaHus JaBieHuss B kamepe Py = Ps (2.3.3-2.3.7), onpeaensronmx
KpUTEpUM KaBUTauuMu. B 3akimodyeHuM 10 pHUCYHKY 3.3 3aMETUM, 4YTO

MaKCHMAJIbHOE 3HaueHHE .« HE OnpeiessieT IMUpUHY IIIOTHOCTH PACpe/ICICHUS.
_ -1
Ha pucynke 3.4 n3o0pakeHbl KpUBBIE 3aBUCHMOCTH jaucriepcHocTd D= dg

1 o

u D,,=d,, oMyibcuM OT KBajapaTa pPacXoJHOH CKOPOCTH Vg,=Q/SecZ: B
narpyOkax craTopa MpH pPa3IMYHBIX BEIMYMHAX 3a30pa MEKAY padodrMu
BHEIIIHEH MMOBEPXHOCTH POTOPA M BHYTPEHHEW TOBEPXHOCTH CTATOPA.

BennunHa V2, OOpaTHO NpPOIOPIMOHANBGHA  3HAYCHHIO  KPHTEPHUS

cp
TUAPOAMHAMUYECKON KaBUTALIMH )(;1. W3 npuBeeHHBIX KPUBBIX CIEIYET, YTO:
KpUBBIE HMEIOT MaKCUMyM, KaK 3TO U CJEAYeT U3 TEOPUU aKyCTHYECKOTO
BO3JICHCTBHSI HA TEXHOJOTMYECKHE NPOLECCHl, TaK M U3 3KCIEPUMEHTAIbHOU
3aBHCHUMOCTH UHTEHCUBHOCTH JJaBJICHUS KABUTAIIMOHHBIX UMITYJIHCOB; MAKCUMYMBbI
kpuBbix D(y ') umeror HeGombIoit pasépoc. Ds Haxomutes B nntepsaie (10 < vczp
< 15) M%/c?, a cpenreapudmernaeckas ucrepcHocts (12,5 < Dap < 20) MKM " TIpH
MeHbIlel BenmmuuHe 3azopa 0 = 0,009 MM kpuBble 1 W 2 pacmoyiOKEHBI BHIIIIE
KpuBbIX 3 ¥ 4 mpu Oomwineit BenuuuHe 3a3opa 0 = 0,138 MM; CKOPOCTh MOIYJs

m3menenns jucnepcaoctn |dD/Ad(y )| = |dD/ dv®)| membure mpu J, €em mpwm
Gombimx, T.e. [dD/d(y D < |[dD/A(y V)|, u [dD/d( s < |[dD/A( )]s mm, wem
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-1
MEHbIIE O, TeM Tpu OoNblIeM HWHTEpBAIEC ) MOXHO  HOJIYYUTh

BBICOKOANCIICPCHYIO OMYJILCHUIO, @ COOTBETCTBCHHO — U pa60qy10 KUOKOCTD.

D105, "

0,55 /

0,51 —t % O —

0,47

0.43 ! ! ! W | \O

0,39

0,35 O

0,31

0,27

0,23 : f : -

0,19

0,15 |
0 5 10 15 20 25 30 Vi ()’

Pucynox 3.4. 3aBUCUMOCTb TUCTIEPCHOCTH dMYJIbCUU
(1, 3 — mo cpenHeapupMETHUESCKOMY TUAMETPY; 2, 4 — 0 CpeHeMY
MOBEPXHOCTHOMY JIMAMETPY) OT KBaJipaTa pacXoJHON CKOPOCTU B MaTpyOKax

cTaTopa IpH pa3IMyHbIX BeTuyrHax 3a3zopa, MMm: 1 u 2 —0,069; 3 u 4 — 0,138

Kpussle pucyHka 3.4 CTpOWMJIUCH MO MOJYYEHHBIM SKCIIEPUMEHTAIbHBIM

TAHHBIM TaOJIUIBI 3.2.
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Tabmuma 3.2. 3asucumocms ouamempos (cpeoneapupmemuuecxkux dq, dz u
cpeonux nosepxnocmuwix Uy, dg) u oucnepcnocmu Dy, Dy, D3, D4y om xéaopama

PACX0OHOU CKOpOCMU 8 hampyOKax cmamopa vgp

d;, |Dy10°% | dy |Dy10° | ds, |Ds10° | dy |Ds20°% |
Ne -1 -1 -1 -1 Vep»
i MKM M MKM M MKM M MKM M (M/C)Z
0 = 0,069 mxm 0=0,138 MKkM

1 2 05 |28 | 035 4 025 [6,75| 0,15 | 0,775

2 1,4 058 | 21| 048 |18 | 053 |26 038 | 7,0

3 | 1,74 | 058 [198| 051 |223| 045 [23]| 043 | 195

4 | 18 | 054 | 23| 043 [272] 0165 |33 | 030 | 397

Ha pucynke 3.5 uzoOpaxkeHbl 3aBHCHUMOCTH CpelHEapu(pMETUUECKOU WU
CPEIHENOBEPXHOCTHOM JIUCIEPCHOCTH OT OOpPAaTHOM BEIMYHMHBI OOOOIIEHHOTO

KPpUTCPHUS KaBUTALlUU IIPU paSHH‘IHOﬁ BCIIMYMHC 3a30pa 0.

D-10%, M

).

0.8

e
\E\

0,6

04

0.2

Pucynox 3.5. 3aBUcuMOCTb cpeiHeapu(PMETUUECKON AUCTIEPCHOCTH
pacrpenesnenus kanenb (1, 2, 3) u cpeHeOBEPXHOCTHOM aucnepcHocTH (4, 5, 6)

oT O6paTHOI‘/JI BCIIMYMHBI KPUTCPHUA KaBUTALMU IIPH PA3JIMYHBIX BEIMYHMHAX 3a30pa

o, mm: 1,2,3-0,07;4,5,6-0,21
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W3 pucynka 3.5 cnenyert, uro: kpusble 1 (Dgp, 0 = 0,07 Mm), 2 (Dgp, 0 = 0,07

MM), 3 (Dgp, 0 = 0,07 mm), 4, 5 (D, 6 = 0,21 MM) UMEIOT MAaKCUMYM B MHTEpBaje
5< y'<6,7, T.e. B y3KOM HHTEPBAIIC BEITHIHHBI KpUTepHs KaButarmu — 0,147 < y
< 0,2; xpuBasi 6 HaXOAUTCS B 00JIACTU BEIMYUHBI KPUTEPHS ¥ > Yonr- 3ABUCUMOCTD
HEOJHOPOJIHOCTH AMyJbcuu (3.37) oT 0OpaTHOW BEJIMYMHBI KPUTEPUS KaBUTAIIUU
IpU pa3IMYHBIX BEJIMYMHAX 3a30pa o M300pakeHa Ha pucyHke 3.6. B mmpokom
unrepBaiie usmeHenus y (0,23 > y > 0,056) Bce KpuBbIE COOTBETCTBYIOT TCOPHU
ONTUMAJIBHOIO BO3JEHCTBUS HA TEXHOJOTMYECKUE MPOIECCHl, B YAaCTHOCTH, Ha
MPOIECC SMYJIBIUPOBAHUS TPHU IIMPOKOM H3MEHEHMH YHUCIIa TapaMeTpoB U HX
nHTepBanoB (pucyHok 1.8 — ecim: D= D,M = v? (pucynok 3.4); 3=D, M =
x~ ! (pucynok 3.5); 3 =K, M = y~! (pucynoxk 3.6)).

K
0.45
0.4
0.35

0.30

0.20
0.15

0.10 | & | . . .
4 6 8 10 12 14 %

Pucynok 3.6. 3aBUCUMOCTb OJJTHOPOAHOCTH AMYJIbCHH OT 0OPAaTHOW BEIMYMHBI

Kputepus kaputaiuu mpu 6, mm: 1 —0,07; 2 - 0,14; 3-0,21
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W3 kpuBbIX pucyHka 3.6 cienyer, 4rTo:

— mpu HeOonpImMX BenuyuHax 3azopa (0 = 0,07 MM u 0 = 0,14 mm)
HEOJHOPOAHOCTh AMYJBCUU MPSMO MPONOPIHMOHAIBFHA OOpaTHOW BeIMYMHE
KpUTEpUs KaBUTAILIUU;

— ¢ yBemuueHneM O = 0,21 MM NpHM MEHBIIMX 3HAYCHHAX y — (GOJIBIIMX
3HAUYCHUAX y¥) HAOMIOJaeTcs MpsSMO  TMPOMOPLUOHATbHAS  3aBUCUMOCTh B
HEOJTHOPOJHOCTH SMYJIbCUU OT 0OpaTHON BEIMYMHBI KPUTEPUS KaBUTALIUU;

— C yMEHBIICHHUEM BEJIMUHHBI KPUTEPHs KABUTAIMN (YBEIMUCHHEM y =) BCE
KPHBBIE CTPEMSTCS K KPUBBIM HachimieHus K(y ), MpHYEeM C yBEIHYCHHEM ¥

HEOJTHOPOJHOCTh 3MYJIbCHH NMPHU HachlieHHH yMeHblmaercs K,(0 = 0,21 mm) <

K..(0=0,14 mm) < K.(6 = 0,07 mm).

3.4. BuiBoabl mo riaase 3

1. Pazpabotana u CO3/laHa  YHHUBEpCalbHad MHOT00JI0YHAas
DKCIIEpUMEHTAbHAS YCTAaHOBKA JIII HWCCJEAOBAHHS TIpoliecca IMPOM3BOJICTBA
smynbcun Tuna B/M u rugpaBavuecko  paboued  JKMAKOCTH ISt
THAPOMEXAHU3UPOBAHHBIX Kpemed M JIPYruX KOMIUIEKCOB, KOTOpPAasi IMO3BOJISET
pEryInpoBaTh KOHIIEHTPAITHIO CBOOOTHOTO rasa, T€OMETPUUYECKHE,
KHHEMaTHYECKUE, THAPABINICCKIES, TUHAMUYCCKHAE, U aKyCTHYECCKUE MapaMeTpHl,
a TaKXKe 3HAYCHUS KPUTEPUEB MOJ00USI B IMIMPOKOM JHAINA30HE M3MEHEHHS, UTO
MO3BOJIMIIO TIPOM3BOANTE AMyJbcuu u PXX B mmpokom auama3zoHe W3MEHCHHS
BEJIMYMHBI 0000IIEHHOTO KPUTEPUS KaBUTALIUH.

2. W3 o630pa aHamu3a OHCIEPCHBIX CHCTEM B pPadOTe MCIOJH30BAHBI
MHUKPOCKOITYECKHMA u HeheTOMETPUISCKHM METO/IBI, IpUIeM
He(DEeTOMETPUUECKUI METOJ MOXKET OBITh TPUMEHEH Ha MPOMBIIUICHHBIX
YCTaHOBKAX JUIsi MOHUTOPUHTA U PETYJIMPOBAHUS AUCTIEPCHOCTH MPUTOTOBIISEMOI,
pereHepupyeMoi U BOCCTaHaBIMBaeMOM padoueii xuakoctu (pucyHok 3.1).

3. Pesynbrarel MukpodoTorpadudecKux MUCCIEIOBAHUNA U JTUCTIEPCHOHHOTO

aHalin3a OUCIICPCHBIX CHUCTEM IIO3BOJIAIOT CACIAThb BbIBOJA O TOM, 4YTO
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JVCIIEPCHOCTh IPOM3BOAMMBIX HMysibcud M PJK Ha ocHOBe sMmynbcosia He
OPOTUBOPEYUT, a TOYHEE MOATBEPXKIAET  TEOPUI0  HWHTEHCU(PUKALUU
TEXHOJIOTHYECKUX  IPOLECCOB  AWCIEPTrUpPOBaHUS  NPU  KaBUTALMOHHOM
Bo3xaelictuM (pucynku 1.8, 3.4, 3.5).

4. Tlpm OJHOKpPaTHOM HPOXOXKJECHUU KOMIIOHEHTOB OMYJbCUU €€
HEOJITHOPOJHOCTb IPU MaJIbIX YUCIIAaX KaBUTALUU (CYNEPKaBUTALMOHHBIN PEKUM)
YBEIMYHUBAETCS MPSIMO MPOMOPILUOHAIBHO OOpaTHOW BEIUYMHE KPHUTEpUs
KaBUTALWU.

5. PaspaboranHas ycraHoBka s mpousBojactBa PXK  mo3Bomsier
ONTHUMHU3UPOBATh KOHIIEHTPALMIO CBOOOJHOTO Tra3a M BEIWYUHY KpUTEpUS
KAaBUTALMU TIPU MOMOIIM JBYX BEHTHWJIEH, KOTOPBIE PETYIUPYIOT KOHUEHTPALMIO

CBOOOJTHOTO Ta3a U JaBJeHHE )XUIKOCTH B kKamepe ' M/] (pucynok 3.1).
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4. PACYET JUCIHIEPTATOPA C MOJYJISIIIUEM ITOTOKA

4.1. Pacuer reomerpuueckux napamerpon JIMII

HcxonHble naHHbIE )1 pacyeTa CleayIolIue.

1. O6beMHbIH pacxon oGpabaTbiBacMoil cpemsl depes TMJ] Q = 1,3-1072
M/c.

2. B cootBercTBUU ¢ [22] mpuMeM, YTO MPU TEUCHUH padoyeit KUIKOCTH B
monynarope I'MJ] coxaepkanue CBOOOJAHOrO Tra3a B HEW Takoe Xe, Kak u
KHJIBBATEPHBIX CTPYAX Kopabireil — mopsiaka a, = 10 [43].

3. YacroTa BpaleHusi poTOopa paBHA YacTOTE BpAIICHUS ACHUHXPOHHOTO
nsurarens (N = 2880 06/mun).

4. CocraB ruapaBiIndeckord padodeit xuakoctu: Bojga ¢ IIAB — 98 %;
amynbcos — 2 %; [TAB — 0,1 %.

5. Pagnyc BHeIIHel OBEPXHOCTH POTOpa Ha YPOBHE CEPEIUHBI BBIXOTHOTO
OTBEPCTHA NaTpyOKa B cTeHKe craTtopa Ry, = 0,07 M;

OcranbHble TaOMUYHBbIE WK rpaduyecKkue 3HaYeHUs: PU3NYECKUX BEIMYUH
[0 MEpe pacyeTra HaXOJWM B CIPABOYHOM JIUTEpaType WM JIPYTUX HCTOYHUKAX
uHdopMaIuu.

Meroanka pacdera THAPOMEXaHUYECKOTO JHCIepraTopa, Mpearnoararonas
ONTUMAJIbHBIN pekuM padoTel ' M/[-amynbraTopa ciemyromas.

1. OnpenensieM ONTUMANIbHOE 3HAYEHHE BEIMYMHBI 000OLIEHHOTO KpUTEpUs
aKyCTUYCCKON KaBUTALIUU Yu onr NPH OKCIICPUMEHTAIBLHO  OIPEICIICHHOM
HayaJbHOM COJEpPKaHUH CBOOOJHOIO rasa, HalpuMmep, Mpu d, = 107, Yorr = 0,18
(cMm. pucynok 2.10).

2. IInotHOCTh pabouel JKHUIKOCTU pp, BBIUKCISEM, Kak aJJIUTUBHYIO
BEITUYNHY

Pox = p1C1 + paca + pacs, (4.1.1)
TA€ p1 — IWIOTHOCTh BOJBI; P2 — IUIOTHOCTh AMYJBCOJA; p3 — INIOTHOCTH [IAB; ¢ —

KOHOCHTPAIHsA COOTBETCTBYIOIINX KOMIIOHCHTOB PX.
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3nech ciaeayeT 3aMeTHThb, YTO ILIOTHOCTh pacTBopa IIAB B Bonme He sBisercs
aTITUBHOM BETMYMHOW, HO, TaK Kak KoHIeHTpanus [IAB HudToxkHa (B pacTBOp
n00aBIeTCs MOPSAKA TPOMUIJIE) U €€ TUIOTHOCTh HE3HAYUTENIbHO OTINYAeTCsl OT
IMYJIbCOJIA, TO €€ BkiaJ B TOTHOCTh PXK Oyner Takke He3HauuTenbHbIM. Ecin
NPUHATH IUIOTHOCTh paboueid >kujpkoctu paBHor 1 000 Kr/M°, TO ¢ Y4ETOM
U3MEHEHHSI €€ TeMIepaTypbl M, COOTBETCTBEHHO, IUIOTHOCTH BOJBI, JIaHHOE
3HAYEHHUE ppy OYAECT HAXOMUTHCA B JIOBEPUTENBHOM MHTEPBane abOCONIOTHOM
INOTPEUIHOCTH IUIOTHOCTH BOJBI C YUYETOM HE3HAYUTEIBHOIO U3MEHEHUS CE30HHOU
TEeMIIepaTypbl B TOMEIIEHUH JJIs1 IPOU3BOJICTBA paboyeil KUAKOCTH.

3. Junamuyeckuii KOA(GGUIMEHT BA3KOCTH OMYJIBCHH TPH MaJoi
KOHIIEHTpAluu 3Myjbcoja ¢; = 2 % 00. BeuucisieM no ¢opmyse DUHIITEHHA-
CmouryxoBckoro [92]

Upx = e (1 +2,5¢7), (4.1.2)
e U — AMHAMUYeCKU KOA(P(UIUEHT BA3KOCTU TUCIIEPCHOM CPEbl, T.€. BOIBI, L
=10 [Ta-c; ¢, — monst amynscona B PXK — ¢; = 0,02,
Beruncnss, momyduM fyy = 1,05; ppx = ty, TOE 1ty — IMHAMUYECKUH KO3(DOUIHEHT
BSI3KOCTH  JMCHEpPCHOM cpenbl (Boawl). A ecnd  ydecth, 4to B [MJ]
IPEUMYIIECTBEHHO Mpeo0iafaT TypOyJIeHTHbIE TEYEHHs, TO JUHAMHYECKUN
KO?(p(UIUEHT BS3KOCTH HA OTBETCTBEHHBIX T'MAPABIMYECKHX Y4YacTKaxX, KaKUM
apisiercs moayisitop 'MJI, He urpaer CKoOJbKO-HMOYIb 3aMETHOUM pojid. OmbIT
MOKa3bIBACT, YTO JlaXKe ypaBHEHHE peosiornu oOpabaThiBaeMOW Cpelbl Ha 3THX
ydacTKaxX, IMpHU OINPEACICHHbIX 3KCIEPUMEHTANbHBIX YCIOBHUSX, MOXHO HE
YUUTHIBATh. BrilenpuBeaeHnyo Gopmyiy cieayeT NpUMEHSITh Ha y4acTKax, IIe
npeobyagaeT JIaMUHAPHBIA PEXKUM TEYEHMs >KUIKOCTH. Tak Kak IUIOTHOCTh U
JUHAMUAYECKUA KO3PPUIUEHT BSI3KOCTU SMYJILCUM HEOOXOIMMBI JIs ONpeIeSICHUs
peXuMa TEYEeHMsI >KMJIKOCTH, TO €CThb JJI1 BBIUMCIEHUS R€y, TO K TOYHOCTH
BBIUMCJICHHSI 3TUX BEJIMYMH HE PEIBSABISIOTCS BRICOKUE TPEOOBAHMSL.

4. 3Has BENMYMHY ONTHUMAIbHOTO KpuTepus kaButamuu (m.1) y, onr = 0,17—
0,19 m mnonp3yach BBIPAKEHUEM I BEIUYMHBI ONTHUMAJIBHOTO KpUTEpUS

aKyCTHYECKOM kaBuTaruu (2.3.7)
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2
Pw_R_;_PV(Tw)

){a OHT_T ) (413)
rne P, T, — JaBieHue U Temreparypa KUAKOCTH B Kamepe (BIalud OT
KaBUTAIIMOHHBIX My3bIpei B KaBUTAIMOHHOK obOnactu; P, = P, — 20/Rq — P\(T,,) —
JABJICHUE KUJIKOCTU (B KaMepe) Ha rpaHHIle ¢ My3bIpéM 0e3 ydera BHEIIHEro
BO3MYIIEHUS; 0 = 2,9 - 102 H/™m — KOA(DPHUIIUEHT MOBEPXHOCTHOI'O HATSHKCHUS Ha
rpaHulle pas3jena *XKUJAKOCTH U my3bipsi; R, = 30 MKM — HauanbHBIA YCTOWYUBBIN

panuyc my3eips (rnaBa 2); Py(T.,) — HadaapbHOE JaBJICHHWE Tapa B Iy3bIpe IMPH

temmeparype T, = 290 K (1.k. maBmenne mapoB Bojasl mpu 17-20 °C Hu3koe
(Pu(290 K) = 2 klla), To 3TUM cllaraeMbIM MOXHO TpeHeOperarTh); %z 2 klla —

HayaJlbHOE AaBjeHue Jlammaca B my3bIpe,
ONpeNesIieM MOYJb OTPUUATEIBHOIO0 MAaKCUMAJIBHOTO OTKJIOHEHHS JABJICHUS OT
MOJIOKEHUSI PABHOBECHUSI UMITYJIbCA, U3IYy4aeMOTO MaTpyOKOM cTaTopa B Kamepy

JAMII, koTOphIil AOMAKEH 0O0ecrieunBaTh BO30OYXKICHNE KaBUTAIIMU

B- 2 R(T2)

|P|py= ——— (4.1.4)

VYnpomenno ¢popmyny (4.1.4) MOKHO TIpeACTaBUTH B BUJIE:
AP
|P|n= : (4.1.5)

aonrt

rae AP = P, = 0,484 MIla [18] — naBnenue B kamepe JIMII,

|P|n=222 = 2 69 Mia.
0,18

5. Ilonw3ysce BbIpakeHHeM A KOd(pPUIMeHTa 3aloIHEHUs] OTBEPCTUN B

crarope wik porope (pucyHok 4.1) u ero onTuManbHbIM 3HaucHHEM [93, 94]

. ap + rpctgf% + 02%4- rcctg(z_ +ﬂz> =0,5+0,7, (4.1.6)

p b
ap+ rp(:tg72 +be

OTpe/ieIisieM YIPOIICHHYI0 (OpMYITy, CIPaBEUIMBYIO IS PAacCUYUTHIBAEMOTO
JUCIIepraTopa ¢ MOAYJISAIUel moToka. J[s mpou3BoACTBA AIMYIIBCHIA, B YaCTHOCTH
THJPABINYECKUX paOOUUX KHUIKOCTEH, mpumeM S = fr=a=m/2; 1, =1, =0; a, =
a. = a. Torga ynpormennas popmyna ayis kodduireHTa 3anoaHeHNs OTBEPCTUIN-

natpyokoB B potope (4.1.6) Oynetr umMeTh B!
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S aptac _ 2a (417)

p ap+b,  ap+by !

oTkyna, mig oxHopsaHoro JIMII, 3amaBasdch, ¢ yCIOBHEM MOCIEAYIOLIEH

npoBepkH, a, = 0,003 M = 3 mMm; 7, = 7, = 0,6 [93-96], npu oxuHaKoBOM YHCIIE

p

naTpyOKoB B potope Z, u crarope Z; = Z, = Z, b, = b, = b:
=——a, (4.1.8)

b=£—3 = 7 MM.
0,6

Pucynok 4.1. K onpenenenuto reoMeTpudecKux napaMmeTpoB OTBEPCTUI

naTpyOKOB poTOpa U cTaropa

6. KomuectBo maTpyOKOB, SKBHUIMUCTAHTHO PACIOJIOKEHHBIX Ha pabounx

HOBEPXHOCTSX pOTOpPA U CTATOPA

7 =28 (4.1.9)

a+b

_ 23,1470
T 347

Z

= 43,96.

7. Jlns BBIMOJNHEHUS YCJIOBUSA a < D NpW yCIOBHU IMOJIHOTO MEPEKPHIBAHHUSI

naTpyOKOB cTaTopa HPOMEXYTKaMHU MEXIy HaTpyOKamMu poTopa, U C Y4YETOM



98

TEXHUUYECKOM XapaKTCPHUCTUKHU H@HHTGHBHOﬁ I'OJIOBKM CTaHKa, IIPUHHUMACM

OnmKaiiiiee MEHbIIIeEe TEXHUISCKH BO3MOXKHOE 3HaueHue: Z =42, torna u3 (4.1.9):

Zan B

b=Z a,

(4.1.10)

2-:3,14-70

b= 42

-3~ 7,467 mM. IlockonbKy TMoONOXKEHHE TMAaTPyOKOB Ha OOKOBBIX

NOBEPXHOCTSAX POTOpAa M CTAaTOopa OIpeaessaeTcs JAEIUTEIbHOM TOJOBKOMN
3JIEKTPO3PO3UOHHOTO 10 33JaHHOMY Z, TO B pacueTax npumem b = 7,5 mm.

[IpoBepsiem BenuuuHy Kor(dpuIeHTa 3a110JIHEHUS OTBEPCTUH-TIATPYOKOB:

a,+a 3+3
=2 °_ = 0,57, uto BrojHe aonmyctumo [94
P ap+hp 3475 oI [94].

T

8. ®opmy 1noONEepevyHOro ceueHuss NarpyOKOB B pOTOpPE U CTaTOpe
IPUHUMAEM MNPSIMOYTOJBHOM, KOI/Ia CKOPOCTh M3MEHEHUS IUIOIIANA MPOXOIHOIO

ceuenust auadparmel JIMII sBisercss mMakcUMallbHOM B MPOIECCE OTKPBIBAHUS

ds o
(d—:‘ = +ha)Rp) U MAaKCHUMaJlbHOM IO MOJYJI B TPOLECCE 3aKpPbIBAHUS

(dj—tm = |—ha)Rp|) OTBEPCTHs  CTAaTOpa pOTOPOM  (31€Chb 1O  YMOJIYAHUIO
IPEIIONAraeTcs BHIIOIHEHUE YCIOBHI: Soc = CONSt, Spp = CONSt 11t 1r000# hopMsI
MONEPEYHOr0 CEeYeHUsI MarpyOKOB poTOpa M CTaTopa, HUMEIOMIMX MPOXOIHOE
CEYEHHE, COOTBETCTBEHHO, Sop M Sgc).

9. C uenpl0 yBENMYEHHUS [ABJICHUS >KUAKOCTH HAa BXOJE MOIYJISATOPA,
OPUMEPHO DPABHOE JABJICHUIO >KMJIKOCTH B IOJIOCTHM POTOpa Ha BHYTPEHHIOIO
OOKOBYIO MOBEPXHOCTb POTOpPA, MPEANOIaraéM HCIOJIb30BaHUE HArHEeTaIoIINX
JIOTIATOK B TOJI0CTH poTopa [97].

3ameuaHus o 1. 9.

a. Benencreue yBenmyeHHss MOMEHTa MHEpUMU portopa npu nycke I'M/I ¢
pabounMu JIoNaTKaMH B MOJOCTH POTOpPA YBEIMUYMBAIOTCS YAApHBIE HArpYy3KU Ha
MYy(]TY, COCIUHSIIONIYIO BaJl 3JIEKTPOBUTATENS C BAJIOM pOTOpA.

0. YcraHoBka pabouux JIOMaTtok B mosioctu portopa [I'MJI-smynbraropa

uMeeT npeumyiectBo nepen ['M/] 6e3 monaTok, KOTOpOE 3aKIF0YACTCS B TOM, UTO

KOG)(b(I)I/IHI/IeHT MCCTHOI'O THAPABIMYCCKOro COIIPOTHUBIICHUA BXOAad KHUIAKOCTH H3
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MOJIOCTH POTOpa MPHU YCTAHOBKE JIOMATOK B €ro NaTPyOKH gy, MEHBIIIE, YeM MHpH
BBITIOJTHCHHH ITOJIOCTH POTOPA 0€3 JTOMATOK Cox 61 > Coxn [96, 98].
10. M3 TeopuMm HECTAlIMOHAPHOTO TEUYEHHUS KUIKOCTH Yepe3 MOIYISATOP

JIMII [15] gepe3 1utonma e mommepedaHoro ceueHus narpyoka JIMIT:

_ 2lp,wRpoQ _ ‘
Sp = TPl ah, (4.1.11)
rae | = 8,5 MM — miuHa Moxynaropa (IO OmBITHBIM daHHBIM [15]); ps = 1000

Kr/M3 — MJIOTHOCTb 3MyJbcuH; @ = 2an/60 = 300 pam/c — gactoTa BparieHUs
poropa JIMII (u3 wcxomHbiX AaHHBIX N = 2880 00/MUH); ¢ — KO3(PPHUIHUECHT
MOBEPXHOCTHOTO HATsLKEHUS; h — BbIcOTa maTpyOKa,

OIpeJieiisieM BBICOTY MaTpyOKa 1o oOpa3yroliei 00KOBOW CTEHKH poTopa (craTopa)

_ 2lp;wRp0Q
h_—Za2|P|mT , (4.1.12)
rae [18]:
- M
°= m+2(1-m) ’ (4.1.13)
rie m;,~ 0,552 — xoaddunueHT Momymamuu odObemMa; M — KodhuIMeHT

MOAYJISIIMKA 00bEeMa, 3aBUCSINUNA OT 3a30pa MEXIy POTOPOM U CTAaTOPOM O U

HIMPUHBI OTBEPCTUH A

m=1-2. (4.1.14)

a

N3 TEXHOJOTHUECKUX COOOpaKeHUI ITPUMEM BEIIMUMHY 3a30pa MEXKy POTOPOM U

0,552 ~09
0,552+2(1-0,967) 7"

ctatopom 0 = 0,1 mm, Torma m = 1 — 0,1/3 = 0,967, a 6 =

2-8,5-10 2:103-3-10%7-102:0,9-1,3-10 2

-3
=6,3:10 "wm.
42-9-1078.1,67-10%-0,967 ’

Torma h =

11. BeruucisieM cpeaHuil 0ObeMHBIM pacxoj 3a MEPHOJI MO MOMEePEeYHOMY
ceyeHuto mnarpyOka craropa B JAMIl-smynsrarope Q;c npu MakcuMallbHO
BO3MOXXHOM 3HAYCHUU KPHUTEPUsl TUIPOJUHAMUIECKON KaBUTAIMK x . (TOCIenHee
HEO0OXOAMMO JJI TOro, 4YTOOBbl HE BO3HHUKAJIO OOJAKO My3bIpEH, yBEIMUHUBAIOLIEE

HaYaJIbHOE ra30CojepKaHue o) [18]:

1= B - % - Pv(Tw)/§p3 [(ﬁ)2 +(a>Rp)2] > 1, (4.1.15)

ach
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rane Q — oOweMmHBIN pacxon oOpabaTbiBaeMOW KHJIKOCTH uepe3 ammapar; Z; —
YHCII0 NaTPyOKOB B CTATOPE IHPMHOM @ M BBICOTOM N; @R, — nMHEHHas CKOpOCTh
NepeKphiBaHusl MarpyOka cTaTopa pPOTOPOM, paBHAasg TIEPEHOCHOM CKOPOCTH
XKUIKOCTH B NaTpyOKe pOTOpPa OTHOCUTEIBHO HEMOJABHKHOIO CTaTOpPa (BBIpaXKEHHE
B KBaJIpaTHBIX CKOOKax 3HameHaTens (4.1.5) paBHO KBajpaTy BEKTOPHOH CYMMBI
asuMyTanpHOro (wR) U paguanbHoro Q, . /ac KOMIIOHEHTOB CKOPOCTH XKHIKOCTH B
moaynsitope [M/).

Q=7 (4.1.16)

. -2
Q1. = % =3,1-10"* M.

12. Cpennss miomaas IPoXoHOTO ceueHusl aruadparMbl MOTYISATOpA:

__ hacay

cp — ap+bp y (4117)
633 2
Sep = ke 5,1 mMm“.
13. 3nHas, yro obmas mHa Momynasatopa | = 8,5 mm, ompenenseMm ee
COCTaBJISTIOLITHE:
I=ln+lnto+1p+1c (4.1.18)

rae |, — >3pdexTnBHAA nMHA MaTpyOka MomynsTopa B poTope; |, — adpdexTnBHAS
JUTHA MmaTpyOKa MomynsTopa B ctatope; o = 0,1 MM — 3a30p MEXIy CTaTOPOM U
poropom (pucyHok 4.1); |, — Tommumua OGokoBoil cTeHKH portopa; |, — TonmMHA
OOKOBOM CTEHKH CTaTOpA.
D¢ dexTuBHYIO MJIMHY NaTpyOKOB OIpesesseM 4epe3 IUIONaAu IOINepeyHOro
CEUYEHUS Sy, U So¢ MaTPyOKOB pOTOpaA U CTATOPA:

Sop = @ph = Aach = SyA (4.1.19)
rne A — OTHOIIICHHUE NMIMPUHBI MATPyOKa poTopa K IMUPUHE MaTpyOka cTaTopa o
a3uMYTaJIbHOUN KoOpMHaTe (pucyHOK 4.1), npuHumaroiiee 3HaueHnue [87]:

ap

A=2>1 (4.1.20)

ac

Tornma:



S
e (4.1.21)
le= 222, (4.1.22)

-— — 3'6 ~
Ipn_ ICH_ ’m ~ 2,4 MM.

Tommuny 60k0BBIX CTeHOK poTopa |, 1 cTatopa |, onpenensiem o Gopmye:
Ly =1.=1-2l,, (4.1.23)
I, =1.=85—-2-2,4 = 3,7 MM, 4TO yHOBIETBOPSET NPOYHOCTHBIM YCIOBUAM, TEM
Oosee, eciiy BbICOTA MOJIOCTU POTOpa paBHA BbICOTE NaTpyOKOB B POTOpE.

14. JlomonHUTENBHOE NaBJICHHE, CO3JABAEMOE BpAIAIOLICHCS B IMOJIOCTH

poTOpa KUIAKOCTBIO (3I[CCB npeamnojgaracTcsda, 4ro XUJAKOCTb B ITOJOCTH POTOpa

BpAIIAETCA C YaCTOTOM pOTOpa):
1 2
AP = szpa(Rp —L—1)", (4.1.24)
AP = % 300%-1000- (70 — 3,7 — 2,4)?-107°% = 183744 [1a = 184 xIla.

15. /laBnenue, co3aBaeMoe Bpalllaroliencs KUAKOCTbIO B TaTpyOKe poTopa
(BHYTpEHHUN  HCTOYHHMK  JaBJICHUS  MOMAYJISATOpPA, KAk  HEOJIHOPOJHOTO

THJIPABIUYECKOTO YIaCTKA):
APy, = 2p.0? {RE—[Ry—(lp = lh)] ] (4.1.25)
AP,,, = ~-1000 - 3007 {0,072 —[0,07 - (0,0037 — 0,0024)]2} — 8113 TTa =
= 8,11 xIIa.
[Io pacuery AP,, mnonyuunacb BecbMa HE3HAUYUTEIbHON BEITUYMHOM, T.K.
coctaBisier meHee 1,7 % ot naBineHus B kamepe P,. B HMHKEHEpHBIX pacuerax
nomnyckaercs 10 20 %.
16. JlaBieHue »UJIKOCTU HA BXO/JIE B anmapar:
By« = P+ AP — APs — AF,, , (4.1.26)
P, =484 + 484 — 184 — 8,11 = 775,89 klla = 0,776 MI]la.

17. VYcraHoBHBIIAsCS CKOPOCTh Te4deHUs (CKopocTh  Toppuuernin)

UCaNbHOM KUAKOCTU B TATpyOKax MOAYNIATOPA:
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v = |52, (4.1.27)

2:0,484-106
vo = [0 = 31,11 wive.
1000

18. 3HavyeHMe BeIMYMHBI MOAUDUITUPOBAaHHOTO KpuTepus PeitHonbaca [99]:

2vgpsaphy

Re, = vodrcPs —
0 u u(apthy) *

= 129519 > 50,

(4.1.28)

2-31,11-1000-3-6,8
10°3.(3+6,8)-103

Reo =

[ockoneky Rey, > 10*, To HaGmomaeTcss aBTOMOJIENBHBIH PEXKUM TECUEHHS WIIN
pa3BuTOE TypOYyJIEHTHOE TeueHUEe 00padaThiBaeMOM Cpelibl Jaxke B IIaAKOM Tpyoe.
19. OmnpenensieM KpuTepuii TOMOXPOHHOCTH U CpPaBHUBAaEM €ro ¢

ONTUMAaJIbHBIM 3HaueHueM [18]

Ho=2% (4.1.29)

aco

_ 28510733007:1072
T 31073-31,11

Ho = 3,83, 4TO BMOJIHE JOMYCTUMO, TaK KaK PEKOMEHIYyEeMOe

3HAYECHUE BEJIMYMHBI KPUTEPUS TOMOXPOHHOCTH HaXOAMUTCS B HHTEpBane Ho~4=5.
20. BenuuunHa KpuTepus TuApoanHamMuueckoi kapurtaruu (4.1.15):

106
v = 0,484210 =1,3. Tlockonsky % = 1,3 > 1, 5T0 BHOJIHE

2
500 (L"J +(300-0,07)2
42-3-6:10

YIAOBJICTBOPUTENbHBIA pe3ynbTar. [Ipy 3TOM 3HaUYEHUM KpUTEpHs, BO3IECHCTBUE
TUAPOJIMHAMUYECKON KaBUTALIMKM Ha aKyCTUUYECKYIO OYyJIeT HE3HAUYNUTEIbHBIM.
[IpoBepka BeMWYMH KPUTEPHUEB MOAOOHMS: TOMOXPOHHOCTH, PeifHombiACa,
TUAPOJMHAMUYECKON, aKyCTHYECKOM, KaBUTAlUM; KOIPQPUIMEHT 3amoJHEHUs
naTpyOKOB-OTBEPCTHI pOTOpa M cTaropa paccuuthiBaecmMoro I'M/I[-smynbratopa
COOTBETCTBYET COBPEMEHHOMY YPOBHIO 3HAaHUA O TUAPOMEXAHUYECKHUX
nepexoaubix mponeccax B ['MJI. Onupasice Ha ONBIT NPEAIIECTBEHHUKOB, HAMU
CIellaH yIauyHbIi BBIOOP 3aJaBA€MbIX T€OMETPUUYECKUX, KHHEMATHUYECKUX U
TUJPABIMYECKUX [1ApAMETPOB, KOTOPBIA IIO3BOJMJI BCE PACCUUTHIBAEMbIC

BCJIIMYMWHBI BBIYMCIIUTD, HC HpI/I6eFaH K METOAY NOCJICA0BATCIIbHBIX HpI/I6JII/I)I(€HPII>’I.
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4.2. Pacuer 3Hepreru4yeckux napamerpos JIMII

4.2.1. MouHOCTh Pad0Thl CHJI BSI3KOTO TPEHHUSI B 3a30pe MEXKIY

POTOPOM M CTATOPOM

Pacuer MomiHOCTHM NpuBOJAa Baja POTOpa MPUBJIEKAT BHUMAHHWE MHOTHX
UCCJIEIOBATENE POTOPHBIX ammapaToB Kak B TEOPETUYECKOM, TaK H B
skcriepuMerTanbHoM [100] acmekre. [lpudem TeopeTudeckuii pacyer, HapuMep
[101] naeT HeompaBIaHHO 3aHM)KEHHBIC MOIIIHOCTH MPHBOjAA Baya poropa. To xe
MOXHO CKa3aTb H O JPYTUX TEOPEeTUYECKHX padoTax. OMIUPUYECKUE
KpUTepuaibHble (QOPMYJbl, IOITYYEHHbIE SKCIEPUMEHTAIBHO, E€HCTBUTEIbHbI
TOJIKO NI KOHKPETHBIX CTEHJOBBIX allllapaToB, JJIs KOHKPETHBIX HHTEPBAJIOB
U3MEHEHUsl NapaMeTpoB, KOTOPbIE UMENIM MECTO B KOHKPETHBIX HCCIIEIOBAHUSIX.
[TosryueHnHsle ¢GopMyibl abCTpaKTHBI, OTHOCUTENbHBIE BEJIUYMHBI, BXOISIINE B
bopmynbl, Guznyecku HEOOOCHOBaHHBI, HO TJIABHOE — OHU MAJIONPHUTOAHBI IS
IPOrHO3UPOBAHMS BBIOOpA AIIEKTPOJBUTATENsE IMPH MPOU3BOJIBHBIX HCXOTHBIX
naHHBIX. Huke mpuBeeHBl HEKOTOPBIE COOOpaKEHHS MO PACXOIy SHEPTUU TpHU
npoBeneHuu npoueccos B I M/I.

Bsizkoe TpeHMe W MOIIHOCTH palbOThI CHUJI BSI3KOIO TPEHHUS 3aBUCHUT OT
peXrMa TEYeHMsI JKUIKOCTH. B Hamem ciydae TEYeHHSA JKUAKOCTH MEXKIY
KOAKCHUaJIbHBIMU IIWJIMHAPAMUA WJIH YCEUYEHHBIMH KOHYyCaMHU C HEOONbIIUMU
xonycHocTssmMu (menee 0,175 pang = 10°) — teuenune Kyarra. B aTOM ciyuae pesxum

TEUYEHHUS OIPENEIACTCSA BEIUUMHOM KpuTepun Teunsopa:

Ta = M(3)2, (4.2.1)

Rp+R, v
rae R,, R — paamycel BHemHel paboyel NMOBEPXHOCTH POTOPA M BHYTPEHHEH
paboyeli moBepxHOocTH cratopa, mpuueM R — Ry, = 4, a R, + R, = 2R, T.k.
R, R, »>0J; w — wyacrora BpalieHus pPOTOpPa OTHOCHTENBHO CTaTropa; V —

KUHEMAaTU4YeCKUil K03 (PHUIIMEHT BA3KOCTU KHUIKOCTH.



104

B namem cnyuae mpu 7a > 187 wnabmogaercsi TypOyJIEHTHBIA pPEXUM
teueHus. Ho BciencTBue Haiauuus marpyOKOB B OOKOBBIX CTEHKax poTopa U
craropa KapTWHA TEYEHHMS KUAKOCTH B 3a3ope ycioxHsercsa. llarpyOku
BBIMIOJHAIOT POJb TypOylIHW3aTOpOB —  JOMOJHHUTEIbHBIX THUAPABIMYECKHX
CONPOTHBIIEHUH,  TaKk  Kak  BO3HHUKAIOT  CJOXHBIE  HECTallMOHApHBIC
HEYCTaHOBHUBIIIHMECS NIEPEXOAHbIE THIPOMEXaHNYECKHUE POIIECCHI.

Ho ecnu yuects, uro:

— OTHOILIEHUE BEJIMUMHBI 3a30pa 0 K pauyCy BHEIIHEH MOBEPXHOCTH POTOpPA
man (0 / R, < 1),

— OTHOIICHHE TUIOIIAIX MPOXOIHOTO CEYCHHs MaTpyOKOB Ha MOBEPXHOCTU
KOAKCHAJIBHBIX LWIMHAPOB Zyaph, > Zach, k Iuomaan IHIMHIPHYECKON

MOBEPXHOCTH pOTOpA Majo

Zpaphp
2R < 1, (4.2.2)

rae Z, — 4hcio MaTpyOKoB B pOTOpe; @, h, — ImIMpuHa maTpyOka poTopa U €ro
BBICOTA; [ — BBICOTA POTODA,
— OTHOILLIEHHUE BEJIIMYMHBI 3a30pa K JIMHEWHOW JJIMHE MPOMEXYTKa MO Jyre

paboueii mosepxHoctu portopa (6 / b,) umm craropa (0 / b;) mMHOro MmeHsuie

equHuLsL, T.6. 0/ b, < 16/ b, K 1,
TO MOXKHO pacCMaTpyBaTh TEUEHHE KUIAKOCTH KakK IIIOCKOTapalielibHoe. B
crarope oTHomeHue (4.2.2) Oynet meHsle B Z,/Z, pa3.

OTMeTHUM, 4YTO TPHUHSTHIC AOIYIICHHUS BBIMOJIHSIIOTCS BEChbMa CTPOTO IS
TEXHOJIOTUYECKNX  alapaTOB-DMYJIbraTOPOB  TUMA  THAPOMEXAHHMUYECKHUX
JUCTIEPTaTOPOB, T/A€ MJs BO3OYXKICHHS aKyCTHYECKONM M TUIPOJMHAMHUYECKOU
UMITYJIbCHBIX KaBUTAIMA HEOOXOJMMO YBEIIMYMUBATH PAJHAIIbHYIO COCTABJISIFOIITYTO
BEKTOpa CKOPOCTU TEYCHUS KUIKOCTH MPU OUYCHb MAJTBIX BETUYMHAX O.

JIJIsi  anmapaToB-3MYJIbraTOpoOB, TJ€ OCHOBHBIM HHTCHCH(DHUIIUPYIOIIHM
(bakTOpoM BO3ACUCTBUS SBISETCS TYpPOYJIEHTHOCTH, STH YCJIOBHUS BBITIOJHSIOTCS,

HO MEHEee CTPOTo M3-3a O0JbIlIeH BEIMUUHBI 3a30pa 0 > 1-5 Mmm.
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1. IIpn naMuHapHOM CJIOHMCTOM TEYEHHH >KHJIKOCTH B 3a30p€, BCIEICTBHE
€ro MaJlbIX BEIMYMH W OOJBIIMX JIMHEHHBIX CKOPOCTEH BHEIIHEH OOKOBOM
LHUJIMHAPUYECKON MOBEPXHOCTH POTOpPA B 3a30p€ MEXKIY POTOPOM M CTaTOPOM,
BO3HHMKAIOT 0OJIBINME IPAJUEHTBI CKOPOCTU dV,, /dT B palMaibHOM HAMPABJICHUM.
3neck v, = wRy — asuMyTanbHas COCTABIANOIIAsS CKOPOCTH XKUIKOCTH B 3a30pe€.
[Toaromy, naxe mpu MajblX KHUHEMAaTHYECKUX Kod((UIMEeHTaX BA3KOCTU
TUAPABINYECKON JKUJIKOCTH V, HalpUMEp, Yy OSMYJbCHM Ha OCHOBE BOJIbI,

TAHI'CHOHUAJIbHOC CABUTI'OBOC HAIIPSXKCHUEC CHUJI BA3KOI'O TPCHUS B 3a30PC

T=pv— (4.2.3)
P

UMEET JIOCTATOYHO OOJIBIIYIO BEIMYMHY, C KOTOPOM HEJb3sl HE CUUTAThCS.
Torga momuocTh N;, HEOOXOAMMYIO Ha MPEOJIOJNICHUE CUII B3KOTO TPEHUS B

3a30pe MpH JIJAMUHAPHOM YCTaHOBHBILIEMCS] TEUEHUU ONPEIETUM 1o popMylie

w?R?

NT = Sﬁvp T , (424)

rae S; = 2nRyH — miomane 00KOBOM IOBEPXHOCTH POTOPA.
2. MomHocTs N, Auccunainuy HepruM sl JaMUHAPHOTO BSI3KOTO TMOJCIIOSN

R-r, (pucyHok 4.2) Hec:)kuMaeMo )uakocTu B 3a3ope [102]
)
N, =2pvS,S dV, (4.2.5)
rne dV = 2zrHdr — sneMeHTapHbBIH 00beM IWIMHIPUYECKOTO CIIOS JKUIKOCTH B
3a30pe; S - TEH30p CKOpPOCTH JeopMariiy >KHJIKOCTH, KOTOPBIM s

UTHHAPUIECKON CHCTEMBI KOOpAUHAT puHuMaeT Bua [102]:

v
§=—"--", (4.2.6)
I[Tpu manbix 3a30pax (R, = R; — Jd = R) u Torxa:
w?R?
N, = 8mpyHR—= ~ 4N,. (4.2.7)

OnbITEl TO OMNPENETCHUI0 MOUIHOCTH Ha MPEOJOJICHHUE CUJI BSI3KOTO TPEHUS B
3a30p€ MOKa3bIBAIOT, YTO MOIIHOCTh MPSIMO MPOMOPIIMOHATBHA YaCTOTE BpaIlCHUs
poTropa @ HE3aBUCUMO OT Bs3KOCTH kuakoctu [18], T.e. KauecTBEHHO

yIOBJICTBOPSIOT (4.2.7).
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0 f. K >1'

Pucynox 4.2. K npoduiito ckopocTu mpu TypOyJI€HTHOM TEUEHUU YKUIKOCTH:

0 < r <r,; — TypOyJeHTHOE SA1po MOTOKA; ;< I < R — BA3KUI MOJACION

4.2.2. MomHOCTH padOThI CUJI TPEHUS NIPH TYPOYJICHTHOM pesKMMe TeYeHUs

KUJIKOCTH B 3a30p€

Kak BumHo u3 ¢gopmynsl (4.2.1) nns kpurepusi Teinopa, ¢ yBEIUYEHHEM
BEJIMUMHBI 3a30pa U OTHOCUTEJIbHOM IJIOIAAN MPOXOJHOTO CEYEHUs MAaTpyOKOB B
poTope M CTaTope, KOrAa B KadyecTBE MAaTPyOKOB CiyXkaT IMPOPE3H MEKIY
CTEP>KHAMHU, TYpOYJICHTHBIA PEXKUM TEUEHHUSI HACTYNAET paHblle, YEM MPU TEUEHUN
KyaTTa Mex 1y riialkuMu KOAKCUaIbHBIMHA IUIMHAPUYECKUMH TOBEPXHOCTAMU. B
ATOM CJy4ae HEOOXOJMMO OMpPEAENIUTh MOIIHOCTh CHJI TPEHUSI JJIsl IOIPAaHUYHOIO
BSA3KOTO MOJICIOS Y paboyux MOBEPXHOCTEH pOTOpa M CTaTopa M TYpOYJIEHTHOTO
aapa TOTOKa MexXAy HuMH. IlpuHumas TedeHwe B 3a30pe OJIM3KUM K
IUIOCKONapauieTbHOMY O <K R, KacaTeIbHOE HaNpsDKEHUWE CHII TPEHUs B sIpe

noToka onpeaenuM no Kapmany

ave\ 4
) 2 (4.2.8)
(52)

riae Y — HekoTopas Oe3pa3MepHasl IOCTOSIHHAS, KOTOPas IO 3KCIEPUMEHTAIBHBIM

5= Yp

nanueiM .U Hukypanze nis raaakux TpyO W OOJIBIIOTO 3HAYEHHsS] KpUTEpUs
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Pelinonbaca pasna 0,4. [IpuHrMas 3mropy CKOpOCTEH Il JTaMHUHAPHOIO IMOTOKA
XKHUJIKOCTH U TIOJICTABIASA ero B mocieaHio dopmyiny Kapmana, noayunm (0/R<K
1), uto
N, == mp?Hpw?R4, | (4.2.9)
2
IJi€ Oy — TOJIIMHA TYpOYJIEHTHOTO Spa MOTOKA.

N3 dopmyner (4.2.9) BHIHO, YTO C YBEIWYCHHUEM BEJIMYMHBI 3a30pa
MomHOCTh N; BO3pacTaeT MpsMO MPOMOPIUOHAIBHO TOJIIMHE TYpPOYJIEHTHOTO
A/lpa OTOKa, IOTOMY YTO CKOPOCTH TEUEHHS KHIKOCTH B 3a30p€ NMPHUHSATHI, KaK U
JUUISl TAMUHAPHOTO PEKHUMa TCUCHUSI.

[lepeiinem K TypOyJEHTHOMY PEXUMY TEUEHHUS KUIKOCTH B 3a30pe MpH
CTEIICHHOM 3aKOHE paclpeleieHUuss TaM CKOPOCTH KUIKOCTHU, KOTOPBIN
HaO0aeTcsl Tpu  TypOYJIEHTHOM pEXUME TEUYEHHUS JKUJIKOCTH B 3a30pe.
[IpencraBum TeueHUE KUAKOCTU B 3a30p€ B BUJIE IIOCKONAPAIIIETBHOTO TEYEHUS
MEXJy JBYMsI MapajuleIbHBIMU IUIOCKUMU CTEHKAMH, JBIXKYIIMMHCS OJIHA
OTHOCHTEJIBHO JIPYTOH CO CKOPOCThIO wR.

TouHble 3MIOpBI CKOPOCTEN NpH 3HAYEHUSX KpuTepus PeliHonbica Oosbliie

1500 B cepenuHe TeueHWs WMMEKT JOBOJBHO monormid Bun (dv,/dr) _ <0,
=g

(pucyHok 4.2). 3nech Iy — paguyc TypOyJISCHTHOTO spa MOTOKa, HO OKOJIO CTCHOK

npou3BoJiHas dv,/dr o MOJyIIO PEe3KO BO3pacTaeT, Mo aOCOIIOTHON BEIIMYMHE

MHOTO MECHBIIIEC HYJIA, T.C. |dvz /dr| <R>> 0. Takoit pomiIb CKOPOCTH UMEET
r<r<

MecTo Uil TpyO J1t000M (OpMBI TPOXOTHOTO CEUCHUS (OKPYNKHOCTH, AJUIHIIC,
TPEYTOJIBHUK, TPSIMOYTOJIBHUK, KBAJPAT) U SBJISICTCS OOIIMM 3aKOHOM, HO KaX/IbIi
npoduib umeer cBou ocoOeHHocTH. [Ipum Tewenmm Kystra, KOTOpBIN Hac
WHTEpecyeT B JaHHOU paldoTe, BIPOUYEM, KaK W MPHU JPYTHX SIIOpaX CKOPOCTEH,
KacaTeJIbHbIE CJIBUTOBBIC HANIPSIKEHUS CKJIQJIBIBAIOTCS U3 JIAMUHAPHOTO IMOJICTIOS U

TypOYJIEHTHOTO si7jpa MOTOKa

T=(pv+A4,) dc% = const , (4.2.10)
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rae A, — kodhdunueHT TypOyIeHTHON BSI3KOCTH — 3aBUCHT OT KOOpAWHATHI I'. B
COOTBETCTBHH C IKCIEPUMEHTAIbHBIMU NaHHBIMH Hukypanse smiopa ckopocTeil B
TpyOe UMeeT BUT

v, =Br' +inp, (4.2.11)
rie B — BennurHa, 3aBUCSIIAs OT BEJIMUMHBI KpuTepus PeliHombAca U rpaHUYHBIX
ycnoBuid TeueHus ckugakoctd; N = f (Re) — dyHKOMS BENIWYWHBI KPUTEPHS
Pelinonb/ca; f — BenMuMHA, KOTOpasi 3aBUCUT OT OTHOCUTEJIBLHOW IIEPOXOBATOCTU
BHYTPCHHEH IOBEPXHOCTH CTEHOK TpyObl A/R, Tme A — cpemHss BbICOTA

IEPOXOBATOCTH
1 .l
A= 7f0 h(z)dz, (4.2.12)
rre h(z) — BeIcoTa MIEpOXOBATOCTH MPU 3HAUYCHUN OCEBON KOOPAWHATHI Z,
[Ipoussens nmoacranoBky (4.2.10) B (4.2.11) nomyuum
v . (4.2.13)

T nBr-1

MONIHOCTh TUCCUMIATUBHBIX CUJI OMNpPENETUM, IOACTAaBUB B BBIPAKECHUE
(4.2.5), xoTopoe crnpaBeUTMBO I JIAMUHAPHOTO BS3KOTO TEUYCHHS, BMECTO pHV
3HaueHue 3ddexkTrBHOrO KO3 uIMeHTa TypOYJICHTHOW Bs3kocTH (pv + A.) |
rpagueHT ckopoctu (4.2.11), npounterpupyem (4.2.5) ot 0 mo ¢/2. Haitnennyro
MOIIIHOCTh JIUCCUIIATUBHBIX CHJ YyJIBOMM, TaK KaK TEUYCHHE OTHOCUTEIHHO
CepeIUHbI 3a30pa CUHTAEM CUMMETPUYHBIMH, COOTBETCTBEHHO
iockonapauieabHbM (0/R < 1). B pesynbTare anredpandeckux npeoopa3oBaHHii

U UHTCIPHUPOBAHUSA ITOJTYIUM

n-1
N,= 8zRHNB%pv (5) . (4.2.14)
Benmuuuny B B dopmyne (4.2.11) BblUMCIMM U3 YCJIOBHUS, YTO Ha
UUIMHAPUYECKOM TOBEPXHOCTH POTOpa WM  CTaTopa (r =§) B BSI3KOM

MOTPAHUIHOM cJI0€ K0P DUITUEHT TypOyJIEHTHOM BA3KOCTH paBeH Hyo — A, = O:

n-1
B=22% (4.2.15)

n o

dbopmyna (4.2.14) npumeT BU/I;
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2
N, = 8zRHpy @R/, (4.2.16)

U YJOBJIETBOPSIET NPUHIUILY COOTBETCTBUA: INPHU JIAMUHAPHOM TEYEHHUH, KOIza
n=1, dopmyna (4.2.16) mnepexomutr B (4.2.7). C yBenMUYECHHEM 3HAYCHHUS
BEJIMYMHBI Kputepust PeitHonbaca ymcno N ymensmaercs ot 1/7 mo 1/10, a
MOIIHOCTh CHWJI JMCCHUIIAllUM, COOTBETCTBEHHO, Bo3pactaer B 7—10 pa3 mo
CPABHEHUIO ¢ MOIIHOCTBIO IUCCUTIALIMY B 3a30P€ MPU JTaMUHAPHOM TEUEHUH.

Cnenyer OTMETUTh, YTO HECMOTPs Ha OOJIBIIOE KOJMYECTBO JOIYILEHUH,
IOPUHATBIX TPU BbIBoJE 1eneBord (opmynsl (4.2.16), modydeHHbIE pe3yabTaThl
JIOCTATOYHO XOPOLIO COOTBETCTBYIOT OOIIMM 3aKOHOMEPHOCTSIM JTUCCUIIALUU
HHEPrUM B TYpOYJEHTHBIX MOTOKAX.

Ecmu paccMOTpeTh TpEXCIOWHYIO MOJENIb TEUYEHUS KUIAKOCTH MEXKIY
IUIOCKONApaJuIeIbHBIMU TBEPJABIMU CTEHKaMH, KOTJA JUIS 30H BSI3KOIO IOJCION
OPUHUMAETCS JUHAMUYECKHH KO3(PPUIMEHT BSI3KOCTU IKHUJAKOCTH, a s

TypOyJICHTHOTO s]ipa MOTOKA

pvr =t = pYr RS, (4.2.17)
TO UHTCIPUPYSI BBIpAKCHUEC
Ng= J ° u(r)Sdr, (4.2.18)
HOJ'Iy‘II/IM MOIIIHOCTHb JUCCHUIIAaTUBHBIX CHUJI
N,= w’R? [pwsz (1 - %) + 2pv%] , (4.2.19)

rae 5; — TOJIIIMHA BA3KOTO MOJICIIOS.

Ecmu B dopmyne (4.2.8) uCrnonp30BaTh CTEMEHHOW 3aKOH PaCHpeIc/ICHUS
CKOPOCTU MO pajauycy TpyObl npu TypOyJleHTHOM pexume Tedenus (4.2.11), To
BMecTO (hopmyds (4.2.9) moayuum

?R?
(n-1)%"

N = glljszH (4.2.20)

B 3akmioueHun crenaemM BBIBOMA: NI pacdeTa MOITHOCTH JMCCUIIAIUUA B
3a30pe poTopHoro ammapaTta tumna ['MJ] mpeanaraercs HCIOJIB30BaTh YCIOBHE
MOCTOSTHCTBA ~ KacarenbHOro HampspkeHust (4.2.10), a npodwib ckopocTu

NpUHUMATh CTemeHHbIM (4.2.11), KOTOpble WMeEEeT MEeCTO TpPH TypOyJICHTHOM
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peKHME TEUeHHUs, TaK Kak NpO(UiIb CKOPOCTH TPH CJIOWCTOM JIAMHUHAPHOM
TEUCHUU JTaeT 3aHKCHHBIC 3HaUYCHUS (4.2.9) MOUTHOCTH CHJI TPSHHSI B 3a30P€.

JIyist Hatero ciydasi IpUHUMAeM BBICOTY POTOpa, PaBHYIO BBICOTE CTaTOpa.
[IpakTHyecku BbICOTA CTaTOpa HE3HAUMTENBHO OOJbIIE BBICOTHI POTOpPA, HO T.K.
JUCCUTIAIMS YHEPTUU OIPEAENAeTCS MEHbIIEH BBICOTOM, T.€. BHICOTOM pOTOpaA, TO:
H=15cm=1510%M — BbicoTa potopa, R = 7-102 M = 7 cM — paauyc poTopa, ®
= 314 pam/c, n = 1/7, p=10° xr/m’. TlomcTaBIss KOHKPETHBIC 3HAYCHHUS
napameTpoB B (4.2.20), monyunm N~ 0,4 kBT, 4TO MEHbIIIE 3KCIIEPUMEHTAIHLHO
U3MEPEHHONW MOIIHOCTH, KOTOpasi MpHU pa3HBIX peXuMax paboThl W pacxojax
paBHa (0,6-2) kBt. Orcroma BHIHO, YTO pacyeTHas MOIIHOCTH JIUCCHITAIAN
SHEPrUH B 3a30p€ MEXKIY POTOPOM U CTATOPOM cOCTaBISET (67,7 20)% OT moaHOU
MOIIHOCTH MIPUBOJIA POTOPA.

B nonHo# MOIIHOCTH TPUBO/Ia HEOOXOIUMO JIOTIOJIHUTEIBHO YUECTh MOTEPH
HHEPTUU Ha:

— COO0IIeHNE KHHETUYECKOM SHEPTUH KUJIKOW 00pabaThiBaeMoil cpene:

N =22 (w2 +v?), (4.2.21)
rne Q — 00beMHBIN pacxo/1 KHUAKOCTH Yepe3 anmapar;

— TIPEOJIOJICHUE TUIPABIMYECKOTO COMPOTUBIICHUS MPU TEUECHUU KUIKOCTHU
yepes annapar

N, = APQ, (4.2.22)
rae
AP =Py — Po (4.2.23)
rae P, — IaBieHne KUIKOCTA BO BXOJHOM MaTpyoOke; Py — MaBleHUe KUIKOCTH
B BBIXOJTHOM TaTpyOKe arapara;

— IIPEOJOJICHUME CHJI BSI3KOIO TPEHUS HWXKHEH U BEpPXHEHW TOPLEBBIX
ITIOBEPXHOCTEN POTOPA;

— MPEO0JI0JICHNE MOMEHTA CHJI TPSHHUS B y3JI€ MOAIIUITHUKA;

— MPEeoAO0JICHUE MOMEHTa CUJl TpEHUs B My(Te, KOTOpas COEIUHSET Baj
pOTOpa AIIEKTPOJIBUTATENISl U BaJl POTOpa anmnapara;

— Bpalll€HUEC BUHTOBLIX JIa6I/IpI/IHTHBIX YHHOTHCHHﬁ;
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— XOJIOCTOM XOJI;

— HEYYTCHHBIC PACXOJIbl PHEPTrur W KOA(POUIIMEHTHI TMOJE3HOTO JEHCTBUS
AIEKTPOABUTATENS — DJICKTPUICCKHUM, MEXaHUUIECKHM U T.JI.

Cnemyer OTMETHTh, YTO HAWOOJBIIUM TEPEMEHHBIM THAPABINYECKAM
COTNPOTHUBJICHUEM SBJISCTCS MOJIYJISITOp — TIOJIE3HOE COINPOTHBIIEHUE, KOTOPOE
MO3BOJIIET TPaHCHOPMHUPOBATH MOCTOSHHOE JABJICHUE >KUJIKOCTH OT BHEIIHETO
HMCTOYHUKA JAaBJIEHUS — HACOCa — B INEPEMEHHOE MEPUOJIUYECKOE HMITYILCHOE
JIaBJICHUE JKUIKOCTH C PETryJIUpPYEMbIMHM  YacTOTOM CJIEJOBAHUS MMITYJIbCOB
JIABJICHUS, JUIMTEIBHOCTBIO M CKBXKHOCTBIO HMIYJIbCOB, WX aMIUIUTYIO0N U

KPYTU3HOHM NEPETHETO U 3aIHETO (PPOHTOB UMITYJIHCOB.
4.2.3. Pacuer HarpeBa o0padaTbiBaemoii :xuakoctu B JJMII

Ocobennocteio I'M]I siBnsieTcss HeOoJiblllasi BEJMYMHA 3a30pa  MEKIY
pabourMu OOKOBBIMHU IUJIUHJIPUYECKUMHU (KOHUUYECKUMU C MO KOHYCHOCTBIO
10 9°) moBepxHOCTAMH poTopa u cratopa (pucyHok 1.1). B atom cirydae B 3a3ope
BO3HUKAIOT OOJIbIIIME TPAJAUEHThI CKOPOCTH B paguaibHOM HaNpaBlI€HUU U
TaHTCHIMAIbHBIE HANPSHKEHUS, KOTOPBIE I HBIOTOHOBCKOW KHUJKOCTH HMEIOT

BU]I

dv R
T=U— = UD> : (4.2.24)

dv R o
rae —- = @ — TPAMEHT CKOPOCTH B 3a30p€; 4 — MMHAMUYECKHH kodhpurreHT
T

BSI3KOCTH JKHJIKOCTH; (0 — 9acTOTa BPAICHHUS pOTOpa OTHOCUTEIBHO cTaTtopa; R —
paauyc paboueill TOBEPXHOCTH POTOpa; J — BEIMYMHA 33a30pa MEXKIY padounMu
MTOBEPXHOCTSIMH POTOPA M CTATOPA.
Ha Bcro 60KOBYIO MOBEPXHOCTH POTOpA ICUCTBYET MOMEHT CHJI TPEHUS
M=F-R, (4.2.25)
rae

F=17-27zRH (4.2.26)
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— CWJIa TaHTEHIMAJIBHOTO HAMPSOKEHUS, ACHCTBYIOIas Ha OOKOBYIO ILIOIIAJb
MOBEPXHOCTU poTopa BbicoTOM H. TaHreHuuanbHble UCCUNATUBHBIE CHIIbI

COBEpIIAIOT PaboTy
R
A=Mp= ZEHRZﬂ%wtp, (4.2.27)
rae t, — NpPOMEXKYTOK BpEeMEHHM IPEObIBAHUSA JKHMIKOCTH B 3a30pe MEKIY

COCEIHUMH MaTtpyOKamMu poTopa:

t:%+%
P oR '

(4.2.28)
rae b, — amMHa mpoMeKyTKa MeX Iy NaTpyOKaMu B pOTOpE; 8, — IIMPHUHA NaTpyOKa
B POTOpE.
Pabota auccunanum MeXaHUYeCKOW SHEPTUU IPEBPAIIACTCS B TEIUIOTY
Q = CmAT = CAT2zRHop , (4.2.29)
rae C — ynenpHas TeINIOEMKOCTD KUIAKOCTH; AT — BeIMYMHA HarpeBa KUJAKOCTHU B
3a30pe€; p — IVIOTHOCTD KUJIKOCTH.

[TpupaBuuBas (4.2.27) u (4.2.29), momy4uMm, 9YTO >KHIKOCTH B 3a30pe

HarpeBaeTcs Ha BEJIMYMHY TEMIIEPATYPhI

AT = 1o @R (4.2.30)
pCo

T.C. OYCHb CHJIBHO 3aBHCHUT OT BEJMUYMHBI 3a30pa. [Ipu BeiBoAC hopmyinsl (4.2.30)
NPEoIaraeTCs, YTo Mo UCTEYCHUIO MPOMEXYTKa BpeMeHH (4.2.28) KUuaKoCTh U3
3a30pa 4epe3 maTpyOoKk cTaTopa BbuiMBaeTcs B kamepy ['MJI. Takum oGpazom,
TeMIiepaTypa KUJIKOCTH YBEITUYUBACTCS PSIMO MIPOTIOPITMOHAIBEHO
JUHAMHYECKOMY  KOX(pQGUIUEHTY  BSI3KOCTH  KHJAKOCTH U 0OpaTHO
IPOMOPIIMOHATILHO KBaAPATy BEITMYHUHEI 3230pa O.
Hanpumep, mrst Bogsr: AT = (10 °Mac - 300 ¢ - 102 m -0,07 M) / (10° kr/m®
4,2-103 Jx/xr-K - 1078 MZ) = 0,5-1075 K, T.e. Boja CKOJBKO-HHOYIb HE
HArpeBaeTcs M3-3a MaJIOTO BPEMEHH MPEOBIBAHUS €€ B 3a30pe MEXKIY POTOPOM U
cratopom. Jlis Bszkux xuakoctert (1 = 1 [1a-c) HarpeBanue KUIKOCTH yKe OyaeT
3HAYUTEIIbHEE.
OnelT TONydeHHs] CYCTIEH3WW TPU MHOTOKPATHOM €€ IUPKYJSIITUU

IIOKa3bIBa€T, 4YTO OHA CYILECTBEHHO HarpeBaeTcsd. [Ipu pabore ammaparta mpu
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OJTHOKPATHOM IPOXOJI€ B MPOLECCE MOIYYCHUS IMYIbCHH U3MEHEHNE HATrPEeBaHUS
smyascun (M/B) mpu momomu Tepmomapel He ObUIO0 OOHapyxkeHo. [losTomy
SIBJICHHE HarpeBaHMs SMYJbCUH B Ipolecce ee noiydeHus B pacuere ['MJI ne

OyJeT YUYUTBIBAaTHCS IIPHU €0 pacyeTe.

4.3. Pacyer KOHCTPYKTUBHBIX napamerpon JMII

Pematomum (akTopoM BO3IECUCTBUS B KaXKJIOM KOHKPETHOM CiIy4ae
AKCIUTyaTallMM U KOHCTPYKIIMU ammapara siBJIIETCA OJINH, KOTOPBIM BKJIAJBIBAET B
CKOpOCTh Tporiecca Haubombiee Bo3aeicteue. PAMII ['M]I paccuuThiBaroT Ha
ONTUMAJIbHOE BO3/ICMCTBUE KAaBUTALIMOHHBIX MMIIYJIbCOB JABJICHUS B YKUJIKOCTH,

XapakTepuzyemoe KodOPUIUEHTOM «BBOJAUMOM MIIOTHOCTH MOIIIHOCTIY:

APy
N —_— Atl max

V_At_ Aty1+AL

AP
At2

KBHM =

max, (431)

rae N — momHocTh; V — 00beM; At — NIIUTETBHOCTh UMITYJIbCA TaBJICHUS.

OTy BENMYMHY MOXXHO Ha3BaTh CKOPOCTHIO M3MEHEHHUS IUIOTHOCTA MOIIHOCTH
UMITYJIbCA JTaBJICHHUS, BO3HHUKAIONIICTO TPU MPOXOKICHUH HMITYJIbCa JaBICHUS
yepe3 TeKymyr oOpabaTeiBaeMmyro cpeny (pucyHok 4.3). U3 pasmepHocTH
BBEICHHOM Bemmumebl Br/(M°c) ee MOKHO ONPENETUTh KAaK CKOPOCTh (ch
BBEICHHS IUIOTHOCTH MorHocTH (BT/M°) B 06paGaTeiBaeMyro Cpedy B ammapare.
Hanpumep, nelictBue ymapHOM BOJHBI HAa Cpedy, € OHAa PacIpOCTPaHSIETCA
(pa3pymieHue yrojapHOoro Iutacrta B3pbiBoM, rae N/(V-t) mocturaer OrpoMHbIX
3HAYEHUMN, JOCTATOYHBIX JIJISI Pa3pYIICHUS U CKAJIbHBIX IIOPOT).

B ¢opmyne (4.3.1), ¢ ydyerom TOro, 4TO JMaBJIEHHE — €CTh IUIOTHOCTh
MOTCHIIMAIBHOW JHEPTUH, TIpaBas dYacTh XapaKTEPHU3yeT MHKPOCKOMHMYCCKUI
napamMeTp TMOJs KOHIEHTPAIMM IUJIOTHOCTH MOIIHOCTA B €AMHHIIE OO0BheMa
YETBIPEXMEPHOTO TIPOCTPAHCTBA-BpeMEHHU. JIEBYI0 YacTh MOXXHO TPEJICTaBUTHh B
BHJE OTHOLIEHWs ynenbHOW MomHocTu Ny, ko Bpemenu ee BBeieHHs N/t —
CKOPOCTb BBEACHUS BHEITHEH MAaKPOCKOITMYECKONH MOIITHOCTH B €IUHUITY pab0Overo

o0beMa 00pabaThiBaeMO cpeibl B armapaTe 3a JUHUILY BPEMEHHU.



114

).
e 4

> (>

t2 max

Y

Pucynok 4.3. 3aBucumocTtsb nasieHus P (1) 1 ckopocTr H3MEHEHHS JTaBICHHS
dP/dt (II) ot BpeMeHH B 00pabaThIBaeMOM Cpeie MPH MPOXOKICHIUH UMITYJIbCa
nasnenus: 1 u 2 — Touku neperuda ¢pynkuuu P(t); Aty, At, — Bpemst HapacTaHus u
yObIBaHMS AaBieHUs; Aty + At — MpoMeXyTOK BpeMEHU MEXIy TOUKaMu neperuda

rpaduka Gyukuun P(t)

Takum o0Opa3oMm, HHEPreTUYECKON XapaKTEPUCTHUKON TEXHOJIOTUYECKOTO
armapaTa MOXHO CUMTATh BBEJCHHYIO Bbllle BenuuuHy Ny/t — ckopocTh BBeeHUS

MOIIIHOCTU B €IUHUILy O00BbEMa YETHIPEXMEPHOIO MpocTpaHCTBa-BpeMeHH N —

rpagueHra MOIITHOCTHU an —6N+6N+6N+6N YeMm OoJIbIIIE AIUEHT MOIIMHOCTU
pal o divt) ox oy oz ot pal m

BBOJIMMOM JHEpruu B oOpadaThiBaeMyro cpefy, TeM d(DPeKTUBHEE HCIONB3YEeTCS
eqVHUIIAa Oo0beMa ammapaTa H amnmapar B IeJoM. 3ajada pa3pabOTUYHUKOB
TEXHOJIOTHYECKHMX ammnapaTroB 3aKirovacTcs B A()(PEKTHUBHOM BBOJIEC SHEPIHH B
oOpabatbiBaeMyto cpery ¢ OOIBIIMME TPATUEHTAMU MOIITHOCTH B YETHIPEXMEPHOM
IPOCTPAHCTBE-BPEMEHH. CkopocTb nporiecca, JTUCTIEPTUPOBAHMUS,
OMYJBTUPOBAHUS 3aBUCUT OT aMIUIUTYIbl W (POpMBI MMIyibca AaBicHUs. Yem

0O0JIbIlIe aMILTUTY/IbI UMITYJIbCA U3MEHEHUS TaBACHHS |APmayl+ U |[APin|- 11 yke ero
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JUTATEIBHOCTD (Al + Aty), TeM GoJIbITIIe CKOPOCTHh N3MEHEHHUS TJIOTHOCTHA BBOJIUMOM
MOIIHOCTH UMITYJIbCA JABJICHMUSI.
C wuenpbr0 yBEIWYEHHUS] CKOPOCTHM HW3MEHEHHS BBOJMMOW MOIIHOCTHU

HMITyJIbCa AABJICHUA IPCAJIOKCHBI HOIOJHHUTCIIBHBIC KOHCTPYKTHUBHBLIC PCIICHUSA

M.

4.3.1. Pacuet popmbl nosoctu poropa I'M/I

B ammaparax tunma I'MJ] umeroT MecTo Kak oOOIue TEXHOJOTHUECKHE
TUAPABINYCCKUE COMPOTUBIICHUS (TPyOONpPOBOALI OT HACOCOB JO BXOIHOTO
naTpyOka, BXOAHOE€ W BBIXOJHOE MECTHBIC COTIPOTHBJICHHUS BXOJHOTO MAaTpyOKa,
CONPOTHURJICHUE TMMaTpyOKa IO €ro JUIMHE; TUIPaBINYECKOE COMPOTHUBICHUE
MOJIOCTH POTOPA; BXOJHOE COIMPOTHUBJIECHHWE W3 IOJOCTH POTOpa B MATPyOKH,
BBITIOJTHEHHBIE B OOKOBOM CTEHKE pOTOpPA; BHIXOJHOE CONMPOTUBIICHHUE IIPU TCUCHUH
KUJKOCTH W3 TaTpyOka B OOKOBOM CTEHKE cTaTopa B OO0JIydaeMyr Kamepy —
3aTOIJICHHAs! CTPYS; BXOJHOE THAPABINYECKOE COIMPOTHUBICHHE TPH TECUCHUHU
KUJKOCTH W3 00JydyaeMOM Kamephl B BBIXOJHOW NATPyOOK W TPyOOIPOBOI;
THJIpaBIMYECKast N3MEPUTENIbHAsS (POTaMETPhI HIIM CUSTYMKH 00beMa MPOTeKaeMOM
xunkoctn) u perymupyemas (KUII) ruppoapmatypa), Tak W TPUHIMITAATBHO
HEO0OXOMMbIC (MecTHOE COTIPOTHBIICHUE nuadparmbl MOYJIATOPA,;
COMPOTHUBJICHUE TIPOTOKA KHUIKOCTH B 3a30p€, KOT/Ia MaTpyOOK CTaTopa MEePEKPHIT),
obecrieunBaromme ¢yakinuonupopanue ['MJ[. Ecnu ruapaBnuueckuii  y4acTok
UMEET TIOCTOSHHYIO TUIONIA/bh MPOXOJAHOTO CEYEHUS, TO KOIPPHUIIMEHT MECTHOTO
THIPABINYCCKOTO COMPOTUBJICHUS paBeH HYIMIO. [ MapaBIMUecKoe COMPOTUBIICHUE
ONpPEAEACTCS JIIMHON y4acTKa TUAPABINYECKON LIETIH.

Hampumep, ¢ 1e1bl0 yMCHBIICHHUS THIPABIMYECKOTO COMPOTHBIICHHUS
TEUEHUIO JKUJKOCTU W3 BXOJHOTO MarpyOKa B IMOJOCTH POTOpa MPEIJIOKEHO €e
BBITIOJIHATh TaK, YTOOBI TUIOIIAJbh MPOXOIHOTO CEUEHHUS IOJIOCTH POTOpa ObLia
MOCTOSIHHOM: ¢ YBEJIMYCHHEM pajJuyca pOTOpa BBICOTA IIOJOCTH poTopa Z

U3MEHSETCS 110 TUIIEPOOTMIECKOMY 3aKOHY, TO ecTh (pucyHok 4.4) [103]:
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2
2nrz,; = const = %. (4.3.2)

l)I)R

Pucynok 4.4. I'unep6onuyeckas nojiaocTb poropa

Otcroga ciemyer, 4ro BbicotTa h = Dﬁx /8r — ycioBue coOTrjaacoBaHMsI
ILJIOIIIA/IA IMPOXOIHOTO CEUYCHHS Ha BXOJE B ITOJIOCTh POTOPA.

Jltst cornmacoBaHus 0€3y1apHOTO TEUCHUS U3 TOJIOCTH POTOpa B MaTpyOKH B
OOKOBOIi CTEHKE POTOPA JOHKHO BBITIOJIHATHCS YCIIOBUE

anx
7

27(R — )h ~Z,byh = (4.3.3)

B BhImenpuBeIeHHBIX (opMysIax IPUHATH 0003HaYeHUs (pUCYHOK 4.4):
R = R, — paauyc BHemrHeii 00KOBOH moBepxHOCTU poTopa; | — TommmHa cTeHKH
portopa; h — BeicoTa maTpyOka B CTEHKE pOTOpa; Z;, — IEPEMEHHAS BBICOTA TIOJIOCTH

poropa (4.3.2); r — mepeMeHHBIH paauyc Mmojoctd poropa; D, — amamerp
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BXOJIHOTO MaTpyOKa B MOJOCTh POTOPA; Z, — YUCIO NATPYOKOB B OOKOBOW CTEHKE
poTopa; b, — muprHa MPOMeXyTKa MEeXy HaTpyOKaMu poTopa.
N3 ycnoBus (4.3.2) noaydum

D%
2

rz, = (4.3.4)

Tak xak BemuuuHsl Zp, by, N, | BEIOHparoTcst 13 MCXOAHBIX YCIOBUM, Ipexe
BCero OOBEMHOrO0 pacxoja dYepe3 ammapar W YCJAOBHS  ONTHMH3AIUH
KaBUTALIMOHHOT'O BO3ICHCTBHS Ha TEXHOJIOTMYCCKUH IMPOIECC ¢ MaKCHUMAaJIbHOMN

nHTeHcH(uKarue, To (4.3.3) MmMo3BOJSET OMpEaeIUTh HAanOoJee parmOHATbHBIN

AUaMCTP BXOIAHOI'O HaTPY6KaZ

D= \/S(R— h—2Z,b,h (4.3.5)

TOYHEE, TUaMETP BXOJHOTO MaTpyOKa JODKEH OBITh HE MEHBIIE MOJYICHHOTO 10
nocieaHen gopmyie.

Cnenyer 3aMeTUTh, 4YTO TMPH TAKOM BBIMOJIHCHUH  YMEHBIIACTCS
KO3 PUIIMCHT THUIPABIMYECKOTO COMPOTHBIICHUS IIOBOPOTa, TaK KaK YroJl
MOBOPOTa IOTOKA IPHM TCUYCHHH JKHJIKOCTH M3 BXOJHOI'O MarpyOKa B IIOJOCTh

pOTOpa CHIIBHO YMEHBIIIAETCA.

4.3.2. Pacyer TaOMPUHTHOTO YIUIOTHEHHUSI B 3a30pe

MeEK/1y POTOPOM M CTATOPOM

C nenpro yBenuueHus: riayounsl moayisaiuu [103, 104] moToka »KUAKOCTH
4yepe3 MOAYISATOP MpeaiaracTcsl BHITIOJHUTh Ha OOKOBBIX PabOYMX MOBEPXHOCTSIX
JaOMPUHTHOE YIUIOTHEHHE C KaHAaBKaMHU MO OOpa3yloluM poTopa M CTaropa ¢
napameTpamu:

— (hopMma momepedyHoro cedyeHusi KaHABKU — PAaBHOCTOPOHHHM TPEYTOJIbHUK
CO CTOPOHOM 1 MM;

— IIar KaHaBOK MPEABAPUTEILHO MPUHUMAEM PABHBIM 2 MM.

Ecmu by/2 Oymer He menoe 4uciIO, TO PacCTOSHHE MEXAYy KaHaBKaMH Oyner

MeHbIIe 1 MM. Beruuciaum 3to PacCTOAHUC B O6H_I€M YTOYHCHHOM BHUC.
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[Tyctb mepuos TaOMPUHTHBIX KaHABOK
Ay = At Ay, (4.3.6)
rae Ag — LIIMpHUHA KaHaBKU; A, — pacCTOSTHUE MEXAY KAaHABKAMM.
JIns mpenBapuTeNbHOTO pacdeTra NpuHuMaeM, 4yro A, = A,. Torma umcio
KaHaBOK /] Mex 1y nmaTpyOkamu potopa by, umu cratopa b, onpenenum ciieyonmm
o0pa3oM, C Y4eTOM TOrO, YTO YHUCJIO KAHABOK Ha EAMHUIY MEHbUIE 4YHCIa

IMPOMCIKYTKOB MCXK/Yy KaHaABKaMU

s %, (4.3.7)

Ay
rae [ — uenoe uucio; A, = A,/2 — npeaBapUTEIbHO IIPUHITOE PACCTOSHUC MEXKIY
KaHaBKaMH,; Ag< A, — OCTaTOK OT JICJICHHUS.

U3 (4.3.7) cneayet

b—Ayn=1A,+ Ag. (4.3.8)
C npyrou CTOpOHHI,
b= [[Z+ (L+1)A,. (4.3.9)
OTcroia HaXOIUM YTOYHEHHYIO UICKOMYIO BEJTHIUHY
ooty
A= o1 (4.3.10)

Takum 00pa3om, mmar JaOUPUHTHBIX KAaHABOK BBIYUCISIEM MO QopmyJie
(4.3.6) ¢ yuetom dopmyn (4.3.7) u (4.3.10). Uucno kaHABOK OMpEACISCTCS U3
dbopmynbel (4.3.7), Tne mpeaBapurelbHO A, = A, a TNPOMEKYTKOB MEXIY
KaHaBKaMH Ha eauHuIly Oonbmie ([/+1), Tak Kak YIUIOTHCHHE HAYMHACTCSA H
3aKaH4YMBaeTcsa A,.

st Beruucnenust [/ u A, Ha OOKOBO#l paboueil MOBEPXHOCTH POTOpa H
cTaTopa HEOOXOJIMMO OTMETHTh COOTBETCTBYIOIIUMH HWHICKCAMH «P» H «C»

BenmmuuHbl b u ], Torma pacyetHbie GOpMYIIBI IS OTPEACICHHUS I, n Ay OynyT
Ay

UMETh BUJ (IpEABAPUTEIBHO Ap= ?):

— Ui TaOMPUHTHBIX KAaHABOK POTOpa

2=y (4.3.11)
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An

_Dp -l
Anp—w , (4.3.12)
— JIJ1s1 JTAOMPHUHTHBIX KaHABOK CTaTOpa
& N
C 2 — 0C
=J] + ==
A 1, A (4.3.13)
_ bc - uc%
AnC—W (4.3.14)
31ech, KaKk CKa3aHO BBIIIE, IPEANONATACTCS, UYTO Ayp = Ay
Hanpumep, nmycrs:
A 9-1 9-41
1. A, =?”= 1 MM,ab=9MM,TOFI[aTZ4+0,H:4, A“:m: 1 MM,
A, =2 MMm;
21-1 21-101
2.b=21 MM,AH=2MM,TOFI[aT: 10 + 0, I{ = 10, A”:W: 1 MM,

A, =2 MM.

3.b:1OMM,An:2MM,TOFHa%:4+1MM,U:4,

10-41
Ap=

=6/5mm=1,2mm, A, =2,2 MM.

BricoTa kaHaBOK MO 0Opa3yronieil MOBEPXHOCTH JOJIKHA OBbITh OOJbIIE
BBICOTHI TTaTpyOKa CUMMETpU4HO Ha (3—5) A,, Ha Takoe K€ pPacCTOSIHUE OHa He
JIOJDKHA JIOCTUTATh HW)KHETO M BEPXHETro TOPILIOB pOTOpa WM craropa, T.e. h +
2(3+5) A, < H — BBICOTBI OOKOBO# MOBEPXHOCTH POTOpaA MIIM cTaTtopa. 37ech h —
BbicoTa marpyOka. OxoHuarenpHass BbicoTa H  HOMWKHA  YIOBIETBOPATH
JIOTIOTHUTEIHHO YCJIOBHUSIM TPOYHOCTH. [NyOWHA KaHaBKU OMpenesseTcs u3

YCIIOBHS: YIOJI MEX/Ty IIOCKOCTAMH, 00pa3yIoMu KaHaBKy paBeH 60° (pHCYHOK

4.5).
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PaGouas noBepxHocTh poropa /|
(i=p) nnm craropa (i=c)

i

(3:5) A,
L A A :.'
[ 'HEBE
H
h |
& | ..?‘ . Ani |
By
............ } - R
(3:5) A;li /
1 | | |
i ;
— Al\ - \ _’ ()U-.
I (3:5) A:li 7
Loy v N iz Xz
a 0

Pucynok 4.5. KanaBku 1aOMPUHTHOTO YIUIOTHEHUS: @ — CXEMa PACIIOJI0KEHUS
KaHaBOK JJAOMPUHTHOT'O YIJIOTHEHUS Ha OOKOBOM MOBEPXHOCTH poTopa (I=p)
U craropa (I=C); 6 — mornepeyHoe ceueHNe KaHABKU JJAOUPUHTHOTO YIIOTHEHUSI
A-A; b — marpyOok B CTEHKE IIMPUHOM a; U BbICOTOM h; H — BbICOTa OOKOBOI

MOBEPXHOCTH POTOPA WM CTATOpa

4.3.3. BUHTOBOE YILIOTHEHHE BaJIa pOTOpa

Ha pucynke 4.6 uzoOpaxena cxema ['M]JI, mosicHstomas pacnoyioxXeHHe
BuHTOBOrO yrutotHenuss [104-106]: a — paspe3 poOTOpHOro ammapara ¢
TUIEepOOINYECKON TIOJOCThIO POTOpa W BHHTOBBIMH YIUIOTHEHUSIMHU, KOTOpPBIE
pPacCUYMTHIBAIOTCS MO METOAMKE, M3J0XeHHoW B ymtepatype [107]; 6 — cxema,
MOSICHSIFOIIIAsl PACTIONOXKEHNEe OOeuailku B KOJBIICBOW KaHAaBKE; B — PE3bOOBBIC
KaHaBKM Ha BHEIIHEW IMMOBEPXHOCTH OO€YalKh; T — pe3p0OBbIE KaHABKH

BHYTpPEHHEH MOBEPXHOCTH 0OCUaNKU.
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Pucynok 4.6. [ mppoMexaHHn4eCKUN JUCTIEPTaTOp ¢ BUHTOBBIM YIUIOTHEHHUEM:
1 — HEOABMKHBIN KOPITYC Yy3J1a MOAIIUITHUKOB; 2 — CTaTOp; 3 — POTOD;

4 —naTpyOku B OOKOBOM CTEHKE CTATOPa; 5 — MIAPUKOMOAIIUITHUK; 6 — NaTpyOKu
B OOKOBOM CTEHKE pOTOpa; 7 — TOpoHAajbHasi BHYTPEHHsISI IOBEPXHOCTH JTHA
potopa; 8 — obeyaiika poTopa, BHIITOJIHEHHAS C HAPY>KHOWU CTOPOHBI JTHA 7;

9 — BHeUIHSs MOBEPXHOCTh 00euaiiku &; 10 — BHyTpeHHsIsl HOBEPXHOCTh 00evailku
8 ¢ BUHTOBBIMU KaHaBkamu 11 u 12; 13 — konblieBas npoTtouka; 14 kaHam Mexay
npotouko 13 ¢ kosutekropom 15; 16 — kpsbika I'M/I; 17 — MOHOMUTHBIN Ball,
KECTKO MPUKPEIIEHHBIN K poTopy; 18 — BX0HOM naTpy0OoK;

19 — runepOonuyeckas noaocTh poropa; 20 — G0KOBasi BHYTPEHHsISI BEPXHSSA

CTeHKa poTopa; 21 — obiyyaemas kamepa annapara-smysbraropa tuna ['M/]
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Crnenyer 3aMeTHTh, YTO BUHTOBBIE KaHaBKH |1 Ha BHEIIHEW MOBEPXHOCTH 9
oOevaiiki 8 BBIMOJHEHBl MPOTUB HAMpaBICHHs BpalleHHUs poTopa. BHUHTOBbIE
KaHaBKM 12 Ha BHyTpeHHel noBepxHocTH 10 oOeuaiiku nepeMenaroT KUAKOCTh B
CTOpOHY KaHalloB 14. BUHTOBOE YIUIOTHEHHE PACCUUTHIBAECTCS IO H3BECTHBIM

meToaukam [107].

4.4. CpaBHuTeabHble XapakrepucTuku JIMII

CpaBHeHMEe MW  aHaiau3 pabOThl  TUAPOMEXAHUYECKUX  annaparoB-
AMYJIbraToOpoB, @ TaKXke Jpyrux  amnmapatoB Ha  0a3e  MarHuTo-
ANEKTPOCTPUKIIMOHHBIX H3TyuyaTeneit (tabnuma 1.3) mo3BosisieT caenaTh BBIBOIBI,
KOTOpbIE HEOOXOAMMO YUUTHIBATh MPU BHIOOPE U MOCIEIYIOUIEM MPOEKTUPOBAHUHI
amnmnapara-sMyJibratopa JUisl TOJYyYEeHHUS TOHKOAMCHEPCHBIX T'HAPABIMYECKUX
pabouunx KUJIKOCTEH, KOTOpbIE padOTAIOT B KECTKUX TEXHOJOTUUECKUX YCIOBUSX.

Bo-niepBbIX, Mbe30(3IEKTPO)CTPUKLIIMOHHBIE TBEPAOTEIbHBIE H3Iy4YaTeNH
aKyCTUYECKOM DHHEpPrMM B  JKUJKOCTb TNEPEAAl0T  BOJIHOBYIO  JHEPTHIO
HeahpextuBHO. [loyii M3MyyaeMoOM SHEPrHMM pPaBHA OTHOILIECHUIO aKyCTUYECKHX
CONPOTUBJICHUH KUAKOCTH, WIN MPEUMYIIECTBEHHO, KABUTUPYIOIIEH )KUAKOCTU U
TBEPJOTENbHOTO (eppomarHeTuka (cranb, THTaH, (QeppuT). Anmapat Ha Oase
TBEPAOTEILHOTO CTPUKIIMOHHOTO M3ydaTess, Kak MpaBuiio, paboTaeT B pexuMe
KaBUTAIMU. 3HAYCHUE aKyCTHYECKOTO COMPOTUBIICHUS 00JIydaeMOi Cpeabl MOXKET
U3MEHSTHCS  OT 2,5-104 (pa3BUTasi KaBUTALUSI B IKUIKOCTH) [I0 1,5-106
(IOKABHTAIIMOHHBII PEXUM paboTHI ammapara) Kr/M>-¢ (Boza).

Otcrona, BO-BTOPBIX, aKyCTHYECKOE COIMPOTUBICHHE TBEPAOTEIbHBIX
u3yuarencii Haxomurcss B mHTepBane ot 2-10° (tmraH) 10 4,410 (ctamp —
dbeppomarneTuk). Jlons u3IydaemMoil dHEPTUU B KUIKOCTh Oy/IeT U3MEHSTHCS B
urTepBane ot 0,075 (turaH — Boxa) 1o 5,5-10™ (cramp — pasBuTas kaBHTALS).
Takum  oOpa3oMm,  Jgaxe B JIOKABUTAMOHHOM  PEXHUME  paboOThl

MarHUTOCTPUKIIMOHHOTO H3JIy4aTessi W3 TUTaHAa B KUAKYI0 00pabaThiBaeMyto
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Cpeay U3aydaercst TOJNbKO 7,5 % BOJHOBOM 3HEpruu. B pexumMe KaBUTAIUU U TOTO
MeHbIne 10 5 %.

MexaHuveckue anmnapatbl-dMYJIbraTopbl UMEIOT HEJOCTATOUYHBIC YyJIETbHBIC
NOKa3aTelid, OHM HE IMO3BOJSIOT IOJy4aTh TOHKHE CTAaOWIbHBIE 3MYJIbCHUU.
['oMOoreHn3aTopbl BBICOKOT'O JABJICHHS HWMEIOT OTBETCTBEHHBIE J€Taju (COILIO;
IIacTUHa, B  KOTOPYIO  yJapsieT BBICOKOCKOPOCTHAas  CTPYs  BBICOKOTO
JMHAMUYECKOro JaBieHus ). X pecypc BpeMeHn paboThl BECbMa OIPAHUYEH JaKe
npu paboTe Ha IMYJIbCUSX B MPOLIECCE IMYIBIUPOBAHMUSL.

['upponvHaMUYEeCKUE CTAaTUYECKHE — allapaThl-3MyJbratopsl Ha 0ase
IUIACTUHYATBIX, CTEP’KHEBBIX, MEMOpAaHHBIX HW3JIy4aTelied HMEIT XOpPOLIUe
NOKa3aTelu MO YAEJIbHOMY pacxoay »JHEpPrud, HO TMOJy4daeMble 3SMYJIbCUU
HU3KOJIMCIIEPCHBI, HECTAOWJIbHBI, WX MPOU3BOJUTEIBLHOCTh HEIOCTAaTOYHA IS
pa3pabaThIBaEMBIX aIllapaTOB-3MYJIbIaTOPOB IS MPOU3BOJICTBA THIPABIMYECKUX
pabounx SKUJIKOCTEH JUIsi MEXaHHW3UPOBAHHBIX Kkpemeil. [lmacTuHbl, cTepkKHH,
MeMOpaHbl U Jpyrue KoyieOaTeabHble CHCTEMa — OCHOBHOM TI€HEpPUPYIOLIUN
AJIEMEHT YJIbTPa3BYKOBBIX aIapaTOB-IMYJIbraTOPOB — OBICTPO BBIXOAST U3 CTPOS
BCJICJICTBUE YCTJIOCTHOW MPOYHOCTH (J10 10° kome6GaHmil WIH LHKIOBBIX
Harpy3ok). Ilpu wactore konebanmit 5 (10) k' Bpemsi HaaeKHOW pabOTHI
orpanudeno 200 000 (100 000) cexkynmamu wiu 60 (30) yacamu HeENpepbIBHOU
paboTsl (=2,5 cyTok (4,5 cMeHbI) IPU HEMPEPBIBHOM TPEXCMEHHOU padboTe)).

Bo30yxnenne konebanuii cucteMbl (TUTACTUHBI, CTEPKHH, MEMOpPaHbBI) B
TUAPOJMHAMUYECKUX  CTATHYECKUX  H3JIydaTeliiX  BO3HUKAET  BCIEACTBUE
aBToKosieOanuii. IlocTosHHBIM (IO BpPEMEHHM) HCTOYHUKOM HHEPTUU SBISETCS
CTpys, oOnamaromiasi KMHETHYECKOW sHeprueii. ABTOKOIeOaHMsT BO30YXKIAtOTCS
IpPU  OMNpPEACIICHHBIX COOTHOIICHUSX MapaMeTpoB KoJIeOATEIbHOW CHUCTEMBI U
UCTOYHHUKA TMOCTOSHHOM SHEpPruH, B YAaCTHOCTH CTPyH 00pabaThIBaeMOW Cpebl.
[Ipy u3MeHeHHMH mapaMeTpoB KoyeOaTeNbHOM cHucTeMbl (3KECTKOCTh, Macca,
NPUCOCIMHEHHAas Macca M Jp.) WIA TapaMeTpoB CTpyd  (IJIOTHOCTh
oOpabaTpiBaeMOM cpeAbl B JOKABUTAIMOHHOM WJIM KAaBUTALIMOHHOM pEXHME,

CKOPOCTb CTpyH), aBTOKOJieOaHHUS MOTYT 3aryxaThb WM OyayT CcoOBeplIaTh
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Koje0aHusi HE B ONTUMAJIbHOM pexume. B 3THUX ammapatax-sMmyibraropax
BOJIHOBAsI SHEPIHUsl, TAKKe, KaK U B CTPUKUMOHHBIX M3Iy4yaTeNsX, Neperaercs OT
KOJIEOJIoIIerocsi TBepJoro Tena (IJIacTUHA, CTEPXKEHb, MEeMOpaHa) B >KHIKYIO
KaBUTHPYIOIIYIO WIIK HEKaBUTHPYIOIIYIO0 00padaThIBaeMyI0 KUAKYIO CPEY.

I'mapomexannueckue JCIIEPraToOpPbI POTOPHOTO THUIIA UMEIOT
MPEUMYLIECTBA TMEPE BBIIIEPACCMOTPEHHBIMU alIapaTaMU-IMYJIbIAaTOPAMH  C
TBEpAOU3TyYaloniel MoBepXHOCThI0 (Tabnmuua 1.3): HauMeHbIIME YACNbHbIC
pacxoAbl DSHEPruM; Majas yJelbHAas MAaTepHAJIOEMKOCTh; Majas YyJeJIbHas
3aHMMaeMasi IUIoU[a/b  allapaTaMU-3MyJIbraTOpAMH; OIPOMHBIE  YZEJbHbIE
IIPOU3BOAMTENIBHOCTH; JIETKO PETYJIHPYIOTCA — pacxo] 0o0padaThiBaeMOU cpeibl
4yepe3  ammapar-3MyJbraTop, BXOJHOE U  BBIXOJHOE [ABIICHHUS KUAKOCTHU
MOCPEJICTBOM ~ COOTBETCTBYIOIIMX  BEHTWJIEH, KOTOpPbIE  KOHTPOJHMPYIOTCS
oOpa3llOBEIMM ~ MaHOMETpaMH; BO3MOXKHAa pEryJMpoBKa TMOJa4yd Ta3a B
o0OpalaThIBaEMyI0 KHUAKOCTb 4Yepe3 JOIMOJIHUTENbHBI BXOAHOM NATpyOOK C
pacxooMepoM WM 0TOOpa CBOOOJHOTO ra3za uepe3 JOMOJHUTEIIbHBIN BBIXOIHOM
naTpyOoK u3 00JydaeMoil KaMepbl 10 ONTUMAJIbHOTO 3HAYEHMs, KOTOPOe
KOHTPOJMPYETCS aKyCTHYECKOW W3MEPUTENIbHOW cucTteMor (pucyHOok 3.1);
anmapaTr-3MyJIbIaTop MOKHO pacCUHUTHIBATh, KOHCTPYUPOBATh U U3rOTABINBATH Ha
JT00YI0 3aJJaHHYIO TTPOU3BOAUTEIBHOCTD MTPU OJTHOKPATHOM 00pabOTKe MM Pacxo.l
— OpHU PELUUPKYJIALMH; NOAAEPKUBATh ONTUMAJIbHYI0 OOBEMHYIO KOHILIEHTPALUIO
CBOOOTHOTO Ta3a B 00pabaThIBAEMOMN KHUIKOCTH.

K menocratkam ['M /] MOKHO OTHECTH HAJIMYME BPAIIAIOIIETOCs pOTOpa, BaJl
KOTOPOrO HEOOXOAMMO YIUIOTHATh C YYE€TOM (PU3UKO-XMMUYECKHX CBOMCTB
KOMIIOHEHTOB TUIPAaBIMYECKUX pabouux >KUIKOCTeH. BenmunHa 3a3opa Mexuay
BpalAlOUIMMUCA KOHMYECKUMHU POTOPOM U CTAaTOPOM JIOJKHA OBITh BBINOJHEHA
MUHUMAJIbHOMH, ONPENENSIOMENCSs  TEXHOJOITMYECKUMH  BO3MOYKHOCTSIMU
MAIIMHOCTPOUTEIBHOrO Npeanpusatus-usrorosurens ['MJl m s3xoHOMHYECKOU
uenecoobpasnHocteto. ['MJI  oTHocuTcs K amnmaparaMm-sMmyjbraropam ¢
WHTEHCUBHBIM IE€PEMENIMBAHUEM B TEUYEHHE MEHEE JECSATOW [0JM CEKyHHbI, a

nodtoMy mpu BbiOope [TAB HeoOXxomumo u30upaTh HUX MPEUMYIIECTBEHHO W3
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pacyera BO3MOXXHOTO YBEJIMYEHHUS CpOKA TPAHCIOPTUPOBKH M XPaHEHUs
smyibcuid. C LENpI0 MOJYyYEHUsS YCTOMYMBBIX CTAOMJIBHBIX T'HMAPABINYECKHUX
pabouunx xkuakocteit [IAB crnenyer BbIOMpaTh ¢ TUAPOPUIBHO-TUNOPUIBHBIM
6amancom nopsaka 8—10. [IpenmoururensHO peaBaputensHoe pactBopeHue [TAB
B JIUCIIEPCUOHHOM Cpejie WK TUCIIEPCHOM (paze B 3aBUCUMOCTH OT PaCTBOPUMOCTH
[TAB B COOTBETCTBYIOLINX KOMIIOHEHTAX.

B I'M/I-asMynbpratope HENpEepbIBHOIO THUMA KOMIIOHEHTHI CIEAYET BBOIUTH
[0 OTHEJIBbHBIM BXOJHBIM HaTpyOKaM OJHOBPEMEHHO C pacxoJOMEpaMu Ha
Ka)JIbIii KOMIIOHEHT, @ He C 00bEMHBIMU CUETYNKAMU (pUCYHOK 3.1).

IIpu pacuere I'MJ] HEOOX0IMMO, IOMHUTB, YTO B HEM HAa I'PAaHHUIIEC pazjeia
KOMIIOHEHTOB 3MYJIbCHUM — 00pabaTbiBaeMOil cpeabl pealu3yloTcs TakKue
HECTaOMJIbHBIEC TEUECHHU S, KaK:

— TypOyYJICHTHBIN PEXKUM TE€UCHHUS KOMITOHEHTOB B [ M/J;

— IIEPUOAMYECKHUE pEIAaKCAllMOHHBIE NIEPEXOIHBIE T'MAPOMEXaHUYECKUE
nporieccel B Moayisatope ' MJI, B onpenenenHoi ¢aze TeueHus: 00ecreurnBarome
HeCTaOWIBHOCTh TeueHus1 Penes-Teitnopa;

— B 3a30pe€ MEXAy POTOPOM M CTAaTOPOM HAOII0JAETCs HECTaOUIBbHOCTD
KyaTra, KoTOpas yBeJIMUYMBaETCs C YBEJIMYEHUEM YaCTOThI BPALLCHUS BHYTPEHHETO
LWIMHAPA-POTOPA M YMEHBUIAETCS IPU BPALIEHUM BHEIIHETO LWIMHIApA
HE3aBHUCHUMO OT HAaIlPpaBJICHHWs €ro BpALlCHHUS OTHOCUTEIBHO HaIpPaBJIECHUS
CKOPOCTH BpallleHHsI poTopa. B cBsi3u ¢ 3ThM, BHEIIHUN HWIUHIAP (yCEYEHHBIN
KOoHyC HeOompimoi  koHycHoctH (mo  10°)) pekomeHayeTcss  BBIOJIHATH
HenoABWKHBIM. B T'M/] B030y>k1aeTcsi cMelaHHasi UMIYJIbCHAasT aKyCTUYEeCKas 1
rUIpoJuHaMHUuecKast (MOAyIATOp, Kak TpyOa BeHTypu ¢ mepeMeHHOH miiomaabio
MOMEPEYHOT0 CEUEHHUs MOTOKA XKUAKOCTH) KaBUTAIUs, KOTOpask XapaKTepu3yeTcs
0000111eHHBIM WK 3()PEeKTUBHBIM KpuTepreM KaButanuu (1.3.1).

['unponuHamuyeckast 1 aKycTUYecKasi THIbl KaBUTAIIUM UHTEHCU(UIUPYIOT
MPOIIECC dMYJIBIUPOBAHUS U MO3BOJISIIOT MOJy4aTh TOHKUE 3MYJIbCHH C BBICOKUM
yAEJIbHBIMUA TEXHUYECKUMHU U 3KOHOMUYECKMMH IMOKa3aTeasMu (riiaBa 1); Teopus

Y OMNBIT IPOMBIINUIEHHON JKcruryatauud ['MJ] B yroJbHOW NIPOMBIILIEHHOCTH
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Poccuiickoit  ®eneparmn u PecmmyOnmmku  Kazaxctan  goka3bIBalOT,  dTO
NPEANOYTUTENBHEE aNNapaTbl-3MYJIbraToOpbl € aKyCTHYECKUM BO30YKIECHUEM
KaBUTAIlMU. AKYCTHYECKOE BO30YXICHHE KaBUTALUM KIIaCCUPUIMPYETCS Ha TpU
BHJIa KaBUTALIMM: aKyCcTH4YecKas (BO3SHUKAET MPU MPOXOKIECHUU Yepe3 KUIKOCTh
TrapMOHUYECKUX BOJIH); aKyCTUYECKas MUMIYJbCHAs KaBUTALUS C 3alOJIHEHHBIM
MMITYJIbCOM TapMOHHYECKHMH BOJIHAMHM U aKyCTHUYECKas MMITYJIbCHAs KaBUTAIUs
HE3aIl0JIHEHHAsL BOJIHAMU — €IWHHUYHBIC WMITYJIbCBI C ONPEIEICHHBIM MEPUOIOM
CIIEIOBaHMSI U CKBa)XHOCTBIO, HMMEIOIIME HEOOS3aTEIbHO PAaBHYI KPYTHU3HY
TIepeHETO U 3aIHer0 PpoHTa (PUCYHOK 4.7).

AKyCTHYECKAasi HMITYJIbCHAsl KaBUTAlUMs C HE3ANOJHEHHBIM HMITYJIbCOM
uMeeT OoJbllIMe MpPEeuMyILecTBa IMepel JPYrUMU BHJAMU  aKyCTHYECKOU
KAaBUTALlMM, TaK KaK B OTOM CIIy4a€ OTHOLIEHHWE aKyCTUYECKUX COIPOTUBIICHUU
u3IyyaTels u 00pabaTbIBaeMoil cpeibl IOCTOSSTHHOE U MaKCUMAaJIbHOE, HE3aBUCUMO
OT AaMIUIMTYJIbl, W pPAaBHO €IUHUIE, TaK KaK HET TBEPAOW W3Iydarouen
MOBEPXHOCTH; JJIMTEIBHOCTh HMMITYJIbCA JABJICHHS BO30YXAAIOUIEr0 KaBUTALIMIO
JOJDKHA OBITh MEHBIIE Nepuoaa ero cienoBaHus. OTpULIATENbHBI HMITYJIBC
JABJIEHUS1 BO30YKIAIOMMI KaBUTaUUIO 3 ()EKTUBHEE UCTIOIB3YET SHEPTHIO JJIS €€
Iepeayu B KABUTUPYIOLIYIO JKUJIKOCTb.

OTtpHnarenbHOE MaKCUMAJIBHOE OTKJIOHEHHE UMITYJIbCA AABJICHUS KUJIKOCTH
OT TIOJIO)KEHUS PABHOBECHS, KOTOPBIA M3Iy4yaeTcsl MaTrpyOKoOM cTartopa B
obnygaemyro kamepy I'MJI |Plmax ONpenensercs W3 BBIPAKCHUS U KPUTEPHS
UMITYJILCHOM KaBuTanuu (2.3.7).

Nsrorosnennsii I'MJ] pekomeHayeTcss UCHBITBIBATE HA  MpPOLECCe
NOJTyYeHUs] THUAPABIMUYECKON pabodeil >KUIKOCTH Ha NpEeanpUsTHd 3aka3udhKa B
JIOKaBUTALIMOHHOM H CYNEPKaBUTAMOHHOM pPEXHUMaxX paboTbl M yTOYHUTH
ONTUMAJIbHOE 3HAYEHNE KPUTEPUS KaBUTALMU, IPU KOTOPOM IPOU3BOAUTEIBLHOCTD
I'M/] nopaepKXuBaeTcs TMOCTOSIHHOM, COOTBETCTBYIOIIEM HWCXOOHOW JAHHOW.
KauectBo paboThl ammapata ONpENeNsieTCs JUCIEPCHOCTBIO M CTOMKOCTBIO
AMYJIBCUM W SKOHOMHMYECKMMHU mokazatensimMu (ri. 1). MHTencudunupyromee

BOBHCﬁCTBHG KaBUTallUKM Ha IMpoHeCC IMOJY4YCHUSA OMYJIbCHH PCKOMCHIAYCTCS
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peryjmpoBarb AABJICHUCM JKHUJAKOCTH Ha BXOAC W BbIXOJAC COOTBCTCTBYIOIIMMU
BCHTUJEIMU W COACPKAHUCM CBO6OI[HOFO raza Ha BXOJC allllapaTa WU BbBIXOJAHOM

naTpyOKe Ha BBIXOJIC M3 BEPXHEH 4acTH KaMephl ammapaTa (pucyHok 3.1).

~—(-y) T~

Pucynok 4.7. Tpu Buga Bo30yx/1aeM0Oil aKyCTHUECKOW KaBUTALIUU:
a — aKycTh4ecKasi; 0 — akyCTU4ecKas UMITyJIbCHasl KaBUTALMS C 3aII0JIHEHHBIM
MMITYJIbCOM BOJTHAMU (BOJIHOBOM MaKeT); B — €IMHUYHbBIC UMITYJIbChI
C OIPEAEIICHHBIM NIEPUOJIOM CIIEI0OBaHUs 1, CKBaXXHOCTBIO Y1 U JIIUTEIBHOCTHIO
(1-)T; 1 — orubaroiasi BOJHOBOTO MakeTa 2; 3 — HeNmpepbIBHAS CHHYCOU 1A
(z>>T, — Bpems paboThI (JUIUTEITBHOCTH BOTHOBOTO TIAKETA) YIBTPA3ByKOBOTO

u3ly4daress, Hanpumep, cMeHa; 7' — nepuo/| KoiaeOaHuii Topiia-noBepxXHOCTH

M3TydaTens (HanpuMep, pu dactote uaaydenus f =20 k[ T == 50 mxc))
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Jlist moep kaHusl CTaOMILHOCTH THAPABIUYECKON pabouel >KUIKOCTUH H
YMEHBITICHUSI THTEHCUBHOCTH MPOIECCa KOAICCIICHIIMH Karelb JUCTIEPCHON (ha3bl
HE PEKOMEHIYeTCS TEepeoXJIaKIaTh pabouyyr KUAKOCTh 10 TEeMIepaTypbl
3aMep3aHus JUCIIEPCUOHHOM cpenbl. CrieyeT 3aMeTuTh, uto B ' M/] HabmonaeTcs
TypOyJICHTHBIN PEXUM T€UEHUs, TAK KaK MOJYJISITOD allfapaTa sBJISETCS MOITHBIM
TypOyauzaropom [108, 109].

['mapaBnuueckue AuaMmeTpsl marpyokoB I'M/I B 60koBoii cTeHke craTtopa .

u poropa d,, (mpudem d;; < 0, ) BEIYHCIAIOTCSA 1O CIACTYIOIMM (hopMyIam:

_4ach
e oty (4.4.1)
2a,h
d, =P p/ap “hy (4.4.2)

rae ap, hp, a;, he — mmpuHa Mo a3uMyTy U BbICOTa MO 0Opasymomeil marpyoKkoB B
CTEHKaX poTopa U, COOTBETCTBEHHO, cTaTopa; AP — pa3HOCTh JaBICHUM KUIKOCTU
Ha MOAYJISITOPE; p — TUIOTHOCTH 00pabaThIBAEMON JKUJIKOCTH; [ — JUHAMUYECKUN
KO(PULIMEHT BA3KOCTH KUJIKOCTH.

VYcraHoBKka J0MKHA paboOTaTh B HEMPEPHIBHOM PEXKHUME C BO3MOKHOCTHIO
MEPEKIIOYEHUSI HAa PEXKUM pEreHepaludd WU BOCCTAHOBJIEHUS TUAPABINYECKON

paboueit )KHIKOCTH MPU TIOMOIITA MHOTOXOIOBOTO KpaHa.
4.5. BeiBoaBI 110 IJ1aBe 4

1. TlpuBenen nHauOoyiee TUMUYHBIN MpuUMeEp (OPMYITHPOBKH HMCXOIHBIX
JaHHBIX [JI1 pacuera TEeOMETPUYECKUX, KUHEMATUYECKUX, THUIPABINYECKUX,
JTAHAMHAYECKHUX W KaBUTALIMOHHBIX TAPaMETPOB armnapara-3MyJbraropa.

2. Pa3zpaborana metoguka pacuera napametrpoB ' M/ u npuBenen npumep
pacdeTa ¢ UCXOJHBIMU YHCJIOBBIMU JIAHHBIMU.

3. BrImonHeH TeopeTHuecKuil pacdeT MOITHOCTH TPHBOJA Baja pPOTOPA,
KOTOPBIM YYHUTHIBAET MOLIHOCTH CHJI BSI3KOI'O TPEHUS IMPU JIAMUHAPHOM TE€UYCHHH.

BHGpBbIG pacCuruTaHa MOIIHOCTb IIO IMPCOAOJICHHUIO CHJI BA3KOIO0 TPCHUA I
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TPEXCIOWHOM MOJEeNH TYpOYJIEHTHOTO pEeXHMMa TEUYEHHUS >KUIKOCTH B 3a30pe
Mexay pabounMu OOKOBBIMH TMOBEPXHOCTSMU POTOpa M CTATOpa U MOIIHOCTH,
HEOOXOOUMOW Il COOOIIEHHUS KHUHETUYECKOW BSHEpruu >KuiakocT. Ilpumep
pacyera IOKa3aJl MPUEMIIEMBIE ITOJYYEHHBIE PE3yJIbTaThl C Y4ETOM TOrO, YTO B
TEOPETUUYECKHE pacueThl HE BXOJWIM KOA((UUIUEHTHl IOJE3HOTO JEWUCTBUSA
nepexoja SHEPrMM W3 OJHOrO BHIa B aApyrod, B ToMm uunciae u KIIJ]
AIIEKTPOJIBUTATEINSA, My(PTHI, IEPEMEITUBAHUS KUIKOCTH, KOTOPOE MOXKET SIBIISIETCS
OJITHUM M3 OCHOBHBIX ()aKTOPOB, BIUSIOIINX HA TEOPETUUECKHE PACUETHI.

4. PaccMOTpeHBI C KOJMYECTBEHHOM M Kaue€CTBEHHOW CTOPOHBI HEKOTOPHIE
KOHCTpYKTUBHbIE pemeHus ['MJI. B wyacTHOCTH, mpemsioxkeHbl OOOCHOBAHHBIE
dopMyIbl Ul pacueTa JuaMeTpa BXOJHOTO MaTpyOKa Ha OCHOBE MUHHMM3AIUU
TUAPABIMYECKOTO CONPOTUBIIEHUS YYacTKa OT BBIXOJA BXOJHOrO HaTpyOKa
amnmaparta 10 BBIXOJHOrO mnarpyOka B OOKOBOHl cTeHke poropa. Jlo cux mop
JMaMeTp BXOJHOrO MaTpyOka B ammapar BooOrie He paccumthiBayics [110-113]
WM TIPUHUMAJCS PEKOMEHIYEMBIM NHAMETP, MCXOAs W3 3aJaHHOM CKOpPOCTH
AKHUJKOCTH BO BXOJHOM marpyOke ammapara. [IpemioxkeHsl popmyibl Ui yuciia
JAOMPUHTHBIX KAaHABOK M MPOMEXYTKOB MEXAYy HHMMH Ha OOKOBBIX padOYMX
LAJIMHIPUYECKUX U KOHMYECKUX C MAJIOW KOHYCHOCTBIO IIOBEPXHOCTSX pOTOpA U
CTaTOpa U PacCTOSIHUS MEXAY KaHaBKaMM JaOWPUHTHOTO yruiotHeHus. [IpuBenen
IIPUMEP YUCIOBOTO pacyeTa.

5. [IpoBeneH aHaM3 anmapaToB-3MyJIbIaTOPOB MO UX MPUHUUIY JEHCTBHSL.
Oco0oe BHMMaHUE YJAEJIECHO ammnaparaM C aKyCTHYECKUM BO3JECHCTBUEM Ha
MHTEHCUBHOCTh Mpolecca M yAeIbHbIM 3(PQGEKTHUBHBIM [OKa3aTeNsIM MPU HX
npoBeaeHun. Ilokazano, yro ['M]/] npuHUMIIHAIBHO BBITOJHO OTIMYAECTCA OT
JIPYTUX, YTO HArJIAJHO MpowUItocTpupoBaHo B Tabmuue 1.3. ChopmynupoBaHbl
YTOUHEHHBIE TIOHATUS AaKyCTUYECKOW KaBUTALMH; AKYyCTUYECKOM HWMITYJIbCHOU
KaBUTAIlMU BO30Yy>KJaeMOW BOJIHOBBIM TIAKETOM, AaKyCTHYECKON WMITYJIbCHOMN
KaBUTALUU.

6. ITo pe3ynpTaTam HCCeI0BaHUs OIMyOJIMKOBaHbI paboThl [114-123].
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3AK/IIOYEHUE, OCHOBHBIE PE3YJIbTATBI PABOTBI

B nuccepranuu pernieHa HayyHas 3a7ayda, UMEIOIIas 3HAUCHUE JUJISl Pa3BUTHS
3HaHUU B OOJIACTH CO3JIaHUS W AKCIUTyaTal[MM MAIlWH Uid obecriedeHus: paboueit
KUJKOCTBIO TOPHBIX MEXAHU3UPOBAHHBIX Kpemed, COOTBETCTByIOIIas M. 3
nacnopra  Hay4yHod  cnemuanbHocTH  05.05.06  «I'opHBIE  MAIIMHBIY,
3aKJIIOYAIOIIAsCsl B 0OOCHOBAHUH ITApaMETPOB U PEKUMOB PabOTHI AUCTIEPTaToOpa €
MOAYJISIMEN TOTOKAa /i TOBBIIIEHUS KauecTBa M YMEHBILIEHHUS CTOMMOCTH
MOJTy4aeMOU SMYJILCUM MEXAHU3UPOBAHHBIX KPETICH.

OcHOBHBIE BBIBOJIbI M PE3YJIbTaThl PAOOTHI.

1. [TpoBenen ananu3 o0Opya0BaHUS JUIsl TOTy4YeHUs dSMyiIbcuu. O60CHOBaHA
HEOOXOJMMOCTh  WCIOJIb30BaHMSI  allapaToB,  IMO3BOJAIONIUX  MOJIy4aTh
HE3aI0JIHEHHBIE UMITYJIbCHI JABJICHHS C aMIUIUTYJAMH, IOCTUTAIOIINMU BEJIMYUHBI
3 Mlla u gmurensHOCTRIO A0 0,2 MC, KOTOpble BO30YXJArOT KaBUTAI[MOHHbBIC
MMITYJIbCHI JaBJjeHusl B o0pabaTeiBaemoii cpeae 1o 80 Mlla u qymrensHOCTBIO 70 1
MKC, YTO HEOOXOMMO JIJIsl TOBBIIIIEHHUSI Kaue€CTBa MPUTOTOBIISIEMON IMYJIIBCUU.

2.  VYCTaHOBJEHO, YTO UYHCJIO KaBUTAllUM, KOTJAAa HWHTEHCUBHOCTH
AMYJITUPOBAHUS SBISIETCS MaKCUMaJIbHOM, 3aBUCUT OT COJIEPKaHUSI CBOOOJIHOTO
razda, 4Yro M UCHOJb30BAaHO B  KauyeCTBE HCXOAHBIX  JAHHBIX A
YCOBEPIIEHCTBOBAHUS METOUKH pacyeTa pOTOPHOIO armapara-3myJjibraropa Turma
JMIL.

3. PazpaGorana syeeyHas MaTeMaTU4yecKas MOJIeJb  PaBHOMEPHO
pacnpeneNeHHbIX My3bIpeli CBOOOJHOTO Tra3a, CHHXPOHHO KOJEONIOIMMXCS, Kak
aHcaMOJIb TOYEUHBIX UCTOYHUKOB 3BYKa THIIAa MOHOIIOJIb.

4. PazpaboTtaHbl METOJUKH pacyeTa TEOMETPUUECKUX, THUIAPABIUYECKHX,
AHEPreTUYECKUX MMapaMEeTPOB UCCIIEYEMOIO IUCIIEpraropa ¢ MOAYJISLHUEH MOTOKa.

5. IlpemnoxkeH MeTox pacdera 4uciia U TE€OMETPUYECKUX NapaMeTpOB
KaHABOK JJAOMPUHTHOI'O YIUIOTHEHUS MEXKIY OTBEPCTHSMHU Ha paboumx OOKOBBIX
MOBEPXHOCTSIX POTOpA M CTAaTOpa, YTO MO3BOJWIO YBEIUYUTH JUCIEPCHOCTH
nonyyaemond smynbend Ha 10-30 % 3a cuer yBenMueHUs] CKOPOCTH M3MEHEHUS

BBOI[HMOﬁ IIJIOTHOCTHU MOIIHOCTHU HMITYyJIbCa JaBJICHUA, OHCHHBaeMOﬁ
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IPEII0KEHHBIM KOAPPUIIUEHTOM IJIOTHOCTH BBOJUMOM MOIITHOCTH.

6. Pa3zpaboran cemMHOJOYHBIA  OKCIEPUMEHTAIbHBIA  CTEHA IS
UCCIICIOBaHMsI TIporiecca SMysbrupoBanus PXK mpu pa3nmuyHbIx TapaMerpax
JUcriepraTopa ¢ MOIyJIsALKEN MOTOKa, Ha KOTOPOM IOJy4eHa pabouas >KUIKOCTb
CO cpemHeapuMETHICCKHM JUaMETPOM YacTHIl OKOJO 2 MKM TIpU YACIHHOM
pacxone sueprun 0,4 kBr-u/m®, yuensHoit mpomsBomuTensHocTd 40 (MY/4)/M° U
yIenpHOi MaTeprazoemMKkocTH 12 kr/(m/q).

7. B mnpouecce mnpurotoBneHuss PXX Obuio ycTaHOBJIEHO, 4YTO TEOpUs
BIMSHUSL MEphl BO30YXKICHHS Ha KaBUTALMOHHBIA TPOIECC COOTBETCTBYET
MPAKTHUECKON pean3aliil 3aBUCUMOCTH JUCIIEPCHOCTH SMYIJIbCUU OT OOpaTHOMN

BCIINYMHBI O606HIGHHOFO KPpUTCPHUA KaBUTAllUH.
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