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B cratbe paccMoTpeHbl METOABI ONPEACICHUS KPUTEPUEB KaBUTALUU
PETyIHPYIOMIUX OPraHOB KOPaOEIbHBIX CUCTEM aBTOMAaTHYECKOTO PEryJIUpOBaHus,
XapakTepu3ylomuxcs  psaaoM  ocobenHocted.  IlokasaHo — mpeumyIecTBo
BUOPALIMOHHOTO METOJa OMNpEeNeleHUs KpUTepus KaBUTAllMM, Ha OCHOBE
WCIIONB30BAaHUSI ~ KOTOPOTO  BBHINOJIHEH  CPAaBHUTENbHBIM  aHaIu3  psaa
PEryIHPYIOIMIMX OPTaHOB.

BBEJEHUE

[Ipu mnpoektupoBanumu cuctem apToMaruueckoro peryaupoBanus (CAP) ocHOBHBIX
nmapamMeTpoB IMapodHepreTudeckux ycraHoBok (I[IDY), B ToM umcie KopaOeIbHBIX,
BaOKHEHUIIIEH 3a/1auei sIBseTCsl pa3padboTka perynupyromux opranoB (PO), obecnieunBaronux
JIO3WPOBAHUE TETUIOHOCHUTENCH. Pa3spaboTka BeAETCS ¢ y4eToM TpeOOBaHUMN, TPEIbIBISIEMBIX
K KOHCTPYKIMHU M xapaktepuctukam PO kak k ucnonHutenbHbiM opranam CAP, Ttak u
TpeOOBaHUiIl CO CTOPOHBI OOBEKTOB PETYJIMPOBAHMS C YUETOM YCIOBHI UX JKCIUTyaTallud B
cocTaBe KopabenbHbix [10Y.

K YKa3aHHBIM Tp€6OBaHI/I$IM OTHOCATCA THAPABINYCCKUC W OKCILUTYAaTallMOHHBIC, a TAK¥XKE
HGO6XOI[I/IMOCTB BBITIOJTHEHUA XKECTKUX Ol"paHI/I‘-ICHI/Iﬁ 10 KaBUTallUOHHBIM, BI/I6paHI/IOHHI)IM )51
AKYCTHYCCKUM XapaKTCPUCTUKAM.

1. TUAPABJIMYECKUIA METO/] OTTPEJIEJIEHUS KODODOUITMEHTOB
KABUTALIMUN

OcCHOBHBIMHU IIapaMeTpaMH, aHaJIU3 U YUET KOTOpbIX HeoOxoauMm npu paspadorke PO CAP,
SIBJISTFOTCSL:

— mnepenan aasneHui Ha PO Ap,,;

— BEJIMYMHA KPUTHYECKOTO IEpenana NaBIeHUR Ap,,, XapaKTEepPHU3YIOLIEr0 3PO3HOHHBIN
H3HOC;

— BHJ[ MIPOITyCKHOM XapaKTEPUCTUKH, MaKCUMAJIbHASI TIPOIYCKHAS CIIOCOOHOCTh KV, @
TaK)Ke BEJIMUMHA MTPOTEUKH MPU 3aKPBITOM MOJI0kKEHUU 3aTBopa PO;

— K03 (UIMEHTHl TUAPABIUYECKOTO CONMPOTUBJICHUS ( (3HAYCHHUS KOTOPBIX A psaa
Harpy3ok [I10Y Haxonaarcs B mepexoHoil obnactu uncen PeitHonbaca);

— HAJEKHOCTb (DYHKIIMOHUPOBAHUS U PECYpPCHBIE MTOKA3aTENH.
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[Ipuy STOM TruApaBIMYECKHE  XapaKTEPUCTUKU  JIOJDKHBI  oOecreuuBaTh — TakHe
crennduaeckue ocodoennoctu PO kopabenbubrx CAP kak:

— OecKaBHUTAIIMOHHBIC PEXHMMBI MPH 3HAYUTEIBHBIX BEJIMYMHAX cpabareiBaeMbix Ha PO
nepenajoB  JaBJICHMA  YacTo NpH  HEOOJBIIMX  a0COMIOTHBIX  3HAYEHUSX
MPOTUBOIABIICHUN;

— IIMPOKOH AMana3oH U3MEHEHUS MPOIYCKHOM crmocoOHOCTH KV OT Harpy3ku (HauuHas ¢
MMyCKOBBIX PEXUMOB) C peaju3aluel paBHONPOICHTHOW (WM OJWM3KONM K Hel)
3aBucuMocTtu Kv={f(h);

— BBINIOJIHEHHE TPEOOBAHWHU MO TOYHOCTH TOAJCPKAHUS PETYIUPYEMBIX MapaMEeTpOB H
MIPUEMIIEMBIX THHAMHYECKUX XapaKTEPUCTUK KOHTYPOB PETYIHPOBAHUSI.

KaBuranmonnsie xapaktepuctuku PO onieHMBarOTCS 00BIYHO KO3 PHUIIMEHTOM KaBUTAIH
Kc, BuOpammoHHBIE — 3aBHCHMOCTBIO YpOBHEH BuOpamuu Leé B (YHKIHUM YacTOTHI
KoJIeOaHu# (B HOpMHUPYEMOM Juana3oHe yactoT f=5 I'm...10 x['m).

[lpy TeyeHHM >XUAKOCTH B MECTHBIX CONPOTHUBIICHUSX, AT OLEHKH KaBUTAI[MOHHBIX
SBIICHMA W BO3MOXXHOCTH CpPaBHUTENBHOIO MX aHalu3a, WCHOJb3yeTcss OoJbIIoe
pa3HooOpaszue GopMyIl, JAOUMX PA3INYHbIC YUCICHHbIC 3HAUCHHS MX JJIS OJHHUX M TeX e
ycioBui [1], 4YTO 3aTpyAHSET KOJWYECTBEHHYIO OLEHKY pa3Hbix TUnoB PO 1o
KaBUTAIIMOHHBIM XapaKTEPUCTHKAM, a TaKXe HCIOJb30BaHUE WX MPHU TUIAPABIMYECKUX
pacueTax pazJIHYHBIX CUCTEM U YCTPOMCTB.

HawuOonpIiee pacpocTpaHeHHe NMPH TEOPETHUECKOM aHAIM3€ M B MPAKTUYECKUX pacyeTax
noay4un npemiokeHHslid Craitnicom B 1961 r. koagduuuenT kaBuranuu Kc B cieayiomeM
BUJIC:

- A
KC: (pl pz)lcae — pKae , (1)

pl_pu pl_pll

rne p, U p, — aOCONIOTHBIE MAaBIEHUS cpensl Ha BXxoAae M BbIXoAEe PO; Apigs

KaBUTAllMOHHBIN (KpUTHUYECKUI) Tmepemnaj AaBJIeHUH Ha MECTHOM CONPOTUBJIEHUU; p, —
JIaBJIEHUE HACBIIIEHHBIX M1apOB )KUIKOCTU IPU TEMIIEpaType MOTOKA.

Koadpduuuent xkaBuranum Kc onpenensercs HENOCPEICTBEHHO IO pe3ysbTaTaM
SKCHEPUMEHTOB, a IO H3BECTHBIM €ro 3HAYCHMSM, IIOJYyYEHHBIM IIpU OINpPEAEICHHOM

ITOJIOJKCHHH 3aTBOpaA, JICTKO OINPCACINTh KPUTHUCCKUC ITapaMeTphl IIOTOKa p;, WIHX p,, €CIIHN

3aJ]aHO OJIHO U3 HUX, IIPH 3TOM 3HAYCHHUE P, IPUHUMAETCS B 3aBHCUMOCTHU OT TEMIIEPATypPhl U
THUINA >KAIKOCTH MO MMEIOIIUMCS CIPAaBOYHBIM JaHHBIM. DTHM OOBACHSCTCA PEKOMEHIAIHS
PTM [2] nmo ucmonb3oBaHui0 UMeHHO kod(ddunmenta kapuranuu Kc mpu paspaborke PO
UCTIOJIHUTENIFHBIX YCTPOMCTB CUCTEM aBTOMATHUECKOTO PETyJIMPOBAHMS aTOMHBIX TETJIOBBIX
AJIEKTPOCTAHIINH.

[Tpu 3KCTIEpUMEHTAILHOM OIpeesIeHUH KO3 PHUIUEHTOB K¢ THMAPaBINYECKUM METOJIOM
UCTIONB3YIOTCS TIOJMYyUYeHHbIE 3aBUCUMOCTH pacxoaa Q ot mepenaaa nasienuid Ap Ha PO. Ilo
XapaKTEPHBIM TOYKAM 3THX 3aBUCUMOCTEH ONMPEACISIFOTCS KPUTHYCCKHE MapaMeTphl MOTOKa,
10 KOTOPHIM PACCYUTHIBAIOTCS KOJMYECTBCHHBIC 3HAYCHUS KPUTCPUCB KaBHUTAIMH TI0
npuBeeHHOM BbIte Gopmyre (1).
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Ha puc. 1 npexacraBnensl 3aBucumoct Q = f(y/Ap) oaHOCeAENbHOTO TuTyH)epHOro PO

Dy 25 nnst Tpex OTHOCUTENbHBIX TMOJOXKEHUH ero 3arBopa { mHpu pa3HbIX 3HAYEHUSX
TemIeparypbl HoToka [3]. beckaBuTallMOHHBIE PEXKUMBI T€UEHUs Ha rpauKax 3aBUCUMOCTEH

Q OT 4/ Ap XAapaKTCPUIYIOTCA MNPAMBIMU HAKJIOHHBIMU JIMHHUAMH, COOTBCTCTBYIOIIMMU

obmactu TypOyneHTHOro TeueHus. [lapaMeTpbl pexXMMOB Hadana KaBUTALUHU OINPEIENIIOTCS
[0 TOYKaM Iepernda, yKa3aHHbBIMH CTpeKaMH (Hayaylo OTKIOHEHHS pacxoia OT JUHEHHOTro
3aKOHA B IPUHSTON CUCTEME KOOpJAUHAT).
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Puc. 1. 3aBucumoctu Q = f(y/Ap) oanocenensHoro PO
o —t=20°C; 0 —90°C; A —115°C; A—125°C

Hcnonp30BaHuE T'MAPABIMUYECKOIO METOJA JUlsl OmpeneiacHus Kc BO3MOXHO TOJIBKO B
cllydasix TapaHTHPOBAHHOTO Ipolecca B TypOyJIeHTHOW obsacTu uncen PeitHonbaca, nmotepu
B KOTOPO# MPAKTHYECKH IIPONOPLHMOHAIILHBI KBaAPaTy CKOPOCTH, T. €. (,, HE 3aBHCHUT OT Re.

Heo06xomumMo OTMETHTH, YTO OOJBIIMHCTBO SKCIEPUMEHTAIBHBIX  HCCIIEIOBAaHUM,
pe3ysabTaThl KOTOPBIX ONMyOJIMKOBaHBI B TEXHUYECKOW JIMTEpAaType, BBINOJHEHBI C
oIpeeIeHueM KOd(Q(UIUEHTOB T'MIPAaBINYECKOTO CONPOTUBICHUS (j,, IO IPOXOIHBIM
ceueHMsIM Ha Bxozae (wim Beixoge) PO. Mcxons u3 mpeanosiokeHus, 4to K03 UIMEHT
KaBUTaK K¢ B3aUMOCBSI3aH C KOA(Q(PUIUEHTOM THAPABINYECKOrO COINPOTUBICHUS (0, AJIS
omnpeneneHus Kc, ¢ ydeToM yNOMSHYTBIX pacyeToB (,, 10 YCIOBHBIM mpoxojgam PO, B pabote

[2] npennioxeno npubnamkennoe coornomenune: Ke=0,5-¢ .

[Tockoneky koddpduiment (,, sABugercs (yHKIOMEH IUIOMAAN CEUCHUS BXOJHOTO
(BBIXOHOTO) (yaHua Sy, U TEKyILEro 3HaueHus KV, Ipu MOCTOSHCTBE IEPBOrO U3 HUX, U
U3MeHeHnH KV B IIMPOKUX Mpelenax, B MPEATOKEHHON 3aBUCHMOCTH Kodddunuent (¢,
SIBIISICTCS TIPAKTHUECKU (DyHKIMEH TONbKO KV, B HE COOTBETCTBYET (DaKTUYECKUM 3HAUCHHSIM
Ke.

M3BecTHBIC TEOPETHUECKUE 3aBUCUMOCTH JIJISl ONIpeIeNICHHsI 3HaYCHUI K¢ TaK:Ke OCHOBAHBI
Ha OINpeJeNICHNH XapaKTepucTHK Tuna Kc = f ().
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[IpuBeneHHbIE B TEXHUYECKOM JIuTepaType 3HaueHus Kc OonpmmHacTBa PO, onpenencHHbIC
0 TUIPABIWYECKUH METOJIMKE, CHpaBeUIuBbl Tolbko 111 PO ¢ MuUHUMaIbHBIMU
MPOXOJHBIMU CEUEHUSMHU U MPOCTEUIINMU KOHPUTYPALUSIMH TPOTOYHBIX YaCTEH.

Kak moarBepxaeHHe 3TOro psiIoM aBTOPOB OTMEUAETCsl BCTpeyarolleecs Ha IpPaKTHUKe
HECOOTBETCTBHE Kputepus Kc pakTH4ecKuM MpoleccaM B MECTHBIX COMTPOTUBIICHUSIX.

Hanpumep, B pabGote [4] mnpoBeleHbl pe3ylbTaThl MCCIAEAOBAHUN KaBUTALIMOHHBIX
XapakTepuCTUK paznudHbeix TUNOB PO. Ilo maHHBIM 3TO# pabOThI, a TAaKKe PAIOM JAPYTHX
AaBTOPOB YCTAHOBJIEHO, YTO «B OOJBIIMHCTBE CIy4yaeB Hayallo OTKJIOHEHUS PacXOAHOMN
XapaKTepUCTUKU OT KBaJPAaTUYHOI'O 3aKOHA COOTBETCTBYET TSKEJION CTaJuM KaBUTALMHU B
PO, pu xoTopoii HabIOAAI0TCSl 3HAYUTEIBHBIE BUOPALINH, IIIyM U 3PO3HOHHOE pa3pylleHHe
MaTepuana». PakTuueckas KaBUTAlUs BO3HUKAET IMpPH pacxojax M Mepenajax AaBlIeHUi
HU)KE TOUKH OTKJIOHEHUS Pacxojia OT JMHEWHOTO 3aKOHa.

B T1oii xe pabore [4] oTMeuaeTcs, YTO «HEPEAKO O0JACTh TeUeHHs paboyeil cpeabl B
apMaType COBIMAJAeT C MEPEXOAHON 00JIaCThIO, IIE€ OJHOBPEMEHHO IEHCTBYIOT KaK CHIIbI
UHEpLMH, TaK M CHUJIbl BA3KOCTW». [IpM 3TOM yCTaHOBUTH TIpaHUYHBIE (KPUTHUECKUE)
3HaueHus uucia PeliHonbaca ©Oe3 MPOBENEHUS COOTBETCTBYIOIIMX SKCIEPUMEHTAIBHBIX
UCCJIEIOBAaHUM 3aTPyJHUTENbHO, MOCKOJIbKY OHHM 3aBHCIAT O KOHCTPYKIUH JPOCCEIBHOTO
YCTPOICTBA U CTENEHH CYKEHHS TIOTOKA B HEM. B CBS3M ¢ 3TUM NOJUEPKUBAETCA, UTO «...[pU
pabore PO B mepexomHoil 00J1aCTU HEKOPPEKTHO MCIOJb30BAaHUE METO/A ONpeIeNeHUs
K02(pPHUIIMEHTOB KaBUTALMY TI0 HAPYIICHHUIO THMHEHHOCTH KBAIPATUYHOTO 3aKOHA. ...

Henocratkam TrHapaBIMYecKoro Meroja orpeneneHus koddduumentoB kaBurtammm Kc

ABJIACTCA TaKXKC €ro TpydOoCMKOCTb. CHsITHE MHOTOYHCIECHHBIX AOCTOBCPHBIX 3aMCPOB
mapaMeTpoB Uil TMOCTpoeHuUst 3aBucumMocTeit Q = f(yJAp) TpU pasmTUYHBIX MOIOKEHUSIX
satBopa PO, a Taxke 3aBucumocTed (,,= f (Re) TpeOyer nnMTeNbHOM SKCIUTyaTalyy

JIOPOTOCTOSIIIETO CTEHOBOTO 000PYIOBAHUS.

N3 u3nokeHHOTo CleayeT, YTO M3BECTHBIE METOJbI IKCIIEPUMEHTAILHOTO OIpEaeIICHUS
KaBUTAIMOHHBIX KPUTEPHEB M SMITMPUUYECKHE 3aBUCHMOCTH HE NMPUMEHHMBI TIPH aHAIIN3E
OOJBITMHCTBA OOMIeNpOMBIILIEHHBIX PO, paboTalomux B MEpexoJHON 00JacTH YuCces
Peitnonnca.

2. BUBPOAKYCTHUYECHI METO/] OITPE/IEJIEHU S KOS®DUIIMEHTOB

KABUTALIMN

Jlnst ucKroYeHUsT MHAMBUAYAJTBHON pa3paboTku PO ¢ TpymoeMKoW 3KCIIepUMEHTaTIbHON
JIOBOJKOM WX KOHCTPYKUMH M, COOTBETCTBEHHO, XapaKTEPUCTUK Ha CIELUATH3UPOBAHHBIX
CTEH/Iax MPU U3rOTOBJIICHUH, a TAKXKE B MIEPHOJ] HAJIAJOYHBIX padOT Ha CTPOSILIUXCS 00bEKTaX,
BBIMIOJIHEHBl COOTBETCTBYIOUINE TEOPETHUECKUE M DKCHEPHUMEHTAIbHBIE HCCIEIOBaHUS C
LENbI0 CO3JIaHUS METOJOJOTUU DSKCIEPUMEHTAIbHBIX HCCIENOBaHMM M Ha uX 0asze
npoeKTupoBaHus OeckaBuTalmoHHBIX PO kopabenbHbix CAP, oTBewaronmmx 3aJaHHBIM
TpeOOBaHMUSIM BO BCEM JHMAIIa30HE UX BO3MOXKHOUW pabOTHI.

B pesynbrare 3THX paboT i onpenenaeHus 3HaueHU Kod(hdUIrueHToB KaBuTauuu Kc u
MCCJICIOBAaHMM XapakTepa u3MeHeHus1 BUOparmoHHbIX 3aBucuMocteii PO CAP oT 0CHOBHBIX
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KOHCTPYKTUBHBIX U THJIPaBIMYECKUX MapaMeTpoB Juis JI0ObIX oOsacteil yucen PeliHonbaca u
BEJIMYMH MPOITYCKHOM CIIOCOOHOCTH pa3paboTaH, MPE/JIOKEH U anpoOUpPOBaH BUOPAITMOHHBIN
METO/I, U KaK ero BapuaHT, aKyCTUYECKUH (3allUIIeHbl COOTBETCTBYIOIUM NaTeHToM PO [5]).

H3BecTHO, 4TO MEPBONPUUMHON KaBUTALIMU SBJISIETCS MPOLIECC «CXJIOMBIBAHUS € OONBILION
CKOPOCTBhIO 00pa30BaBIIMXCS IMApOTa30BBIX Iy3BIPHKOB B 30HE MpoTouHOM uYactu PO c
MUHUMAJIbHBIM JIaBJIECHUEM U BbIEJICHHEM OOJBIIOr0 KOJIMYECTBA 3HEPTUH, UTO, B CBOIO
odepeib, BhI3bIBaET BUOparuio kopmyca PO.

OKCHEepUMEHTAIbHO YCTAHOBJIEHO, YTO NMPHU KAaBUTAIMOHHBIX IPOILIECCAX MAaKCHUMAaIbHBIH
«BCIIJIECK» YpOBHEH BUOpanuu HaOmogaercs B pailone yacror f = 1,25...1,6 kI'n, npu sTom

XapakTep €ro COOTBETCTBYET pacmpeieneHuto l'aycca, a JOOpOTHOCTb 3aBHCHUT OT psia
THJIPABINYECKUX [1aPAMETPOB.

Jis pemieHust aHANMM3WPYEMOW 3aJaydl B KadyeCcTBE KOHTPOJIHOTO JHana3oHa BBIOpaHa
10JI0Ca 4acTOT, BKJIIOYAKOIIAs B ceOs BEPXHIOK I'PaHMIly HOPMHPOBAHHOIO JAMANa3OHa, B
BUJIE TPETHOKTABHOM IIOJIOCHI YacTOT CO CpeaHereoMerpuueckoi yacroron f =10 kl'w, Ha

KOTOpPOM pE3KOoe YBEIMYEHHE YpPOBHEW BHOpalMM B MOMEHT Hadajla KaBUTallUU BCEraa
¢dukcupyercss J0CTaTOYHO YETKO.

Jns xoHkpeTHON KoHCTpykuud PO mnpu QUKCUpPOBaHHOM NOJIOKEHUU €ro 3aTBopa U
YBEJIMUEHUH TEpernaja JaBIeHUM Ha HEM 10 HEKOTOPOro KPUTHUYECKOIO 3HaueHus (3a cyer
yBeIMUYEHUS JaBieHus Ha BXojae PO mpu MOCTOSHHOM AaBJIEHHWU HA BBIXOE), 3aBUCUMOCTh

ypoBHeii BuOpauuu PO Ha ¢ukcupoBannoil yacrore f = 10 k['m B pyHKIUH yHOMSHYTOTO

mepenana JaBICHUH B peXuMax 0e3 KaBHTAIlMM OIPEIENIeTCs  JOrapupMHUECKON
3aBUCUMOCTBIO L6 = f(InAp).

M3meHeHne TOJIOKEHUS 3aTBOpa, IPUBOIALIEE K COOTBETCTBYIOIIEMY HW3MEHEHUIO
NPOIYCKHOM criocoOHocTH KV, He MEHseT JorapudMudeckyio GopMy ykazaHHOW (QyHKIMH, U
CTPYKTypa ypaBHEHHs B 0o0IIeM cirydae (71 pa3HbIX THIIOB PO — IUIyH)XEpHBIX ¢ JTHHEHHOU
U PABHOIPOLIEHTHOW MPOMYCKHBIMU XapaKTEPUCTUKAMM, KJIETKOBBIX, KOHYCHBIX H T. 1.),

YUUTHIBAIONIAsE KOHCTPYKTUBHBIE 0coOeHHOCTH PO, MOXeT OBITh MpeicTaBlieHa B BUIE:
Le=AxIn(Ap)+b5xKv+C, (2)

rae ko3dduuuentsr 4, 5 u C — HEKOTOpbIE MOCTOSHHbBIC, XapaKTEpU3YIOIIUE PEXUMBI U
KOHCTPYKTUBHBIE 0COOEHHOCTH Hccienyemsix PO.

VpaBHeHue Tuna (2) Y4UTBIBAET OCHOBHBIE THUAPABIMYECKHME U KOHCTPYKTHBHBIE
napameTpsl PO, OT KOTOpBIX 3aBUCAT YpPOBHHM BHOpaluu. DTO MOATBEPKIACTCS CPaBHEHHEM
IPE/ICTaBICHHOW 3aBUCHUMOCTH C M3BECTHBIMH U3 TEXHUYECKOU JINTEPATYPHI.

Hanpumep, ¢upmoit Masoneilan (CILIA) mis pacueToB ypoBHEH aKyCTHUECKOro IIyma
npu TypOyJICHTHOM TTOTOKE MpeJIaraeTcs Cleryromnias aMnupuieckas Gpopmya:

La = 201gAp,, + 101gKv — 301g(?) + 70.5, 3)

riue Ap,, — nepenan aasnenuit Ha PO, 6ap; t — TonmmuHa CTEHKH TPYOBI, MM.

ITo crtpykrype ypaBHeHue (3) HpaKTHUECKH COBMAJAeT C YypaBHEHUEM (2), OJHAKO
YUUTBIBAET 3aBUCUMOCTh HUCKOMBIX TTAPAaMETPOB OT XapaKTEPUCTHK CHCTEMBI TPyOOIPOBOIOB
(TpeTbe ciaraemoi), T. €. oNpeaesnseT XxapakTepucTuku He PO kak HCTOUHMKA aKyCTUYECKOTO
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myma, a PO coBMecTHO €O CTEHIOBBIM OOOpYZOBaHHEM, Ha KOTOPOM BBIMOJIHSIOTCS
HCCJIETOBAHMUS.

[Ipu moctossHHOM JaBieHHH Ha Bbixoje PO u yBenuueHUM JNaBieHHS Ha BXOJE B MOMEHT
Hayajia KaBUTaIMKM ypoBHU BuOpanuu PO pe3ko yBenn4uBaroTCs, OTKIOHAACH OT yKa3aHHOM
BbIllIe JIorapupMUUecKod 3aBUCUMOCTU. lIpu (QUKCUPOBAHHOM IOJIOKEHHUU 3aTBOpa IO
pa3HOCTM JaBiieHH Ha BXojae W Bbixoae PO, COOTBETCTBYIOIIEH TOUYKE YKa3aHHOIO
OTKJIOHEHHMSI, a TaK)Ke JaBJICHHUIO Ha BXOJE U JABJICHHUIO HACBHIIICHHBIX MAPOB >KUIKOCTH, 1O
3apucuMocTu (1) ompexnensercss 4YuCiIeHHOE 3HadeHHEe Koddduimenta kaButanuu Kca
uccnenyemoro PO (uHmekc «a» B o0Oo3HaueHun  Kod(duumeHTa  OTpaxaer
BUOPOAKYCTHUYECKUI METO/] €TO OTIPE/ICIICHNU).

HpI/I MPOBCACHNHN AHAJIOTMYHBIX PCKMMOB IPU APYTHUX 3HAUCHUAX OABJICHHA HA BBIXO/C
PO, BennuunHbl KpuTHueckoro nepenana Ha PO OyAayT oTiMyaThCsl OT MOJyYEHHOTO BBIIIE,
OJIHAaKO 3HaueHue Kod(duimeHTa kaButanuu Kca mpu 3TOM (32 CYET COOTBETCTBYIOIIETO

N3MCHCHHUA 3HAUCHUA JAaBJICHUA Ha BXOAC PO) OCTAacTCsA HCU3MCHHBIM.

3. ITPUMEPBI UCIIOJIb3OBAHUA BUBPOAKYCTUYECOI'O METOIA
OINPEAEJIEHMA KOOODOPUIIMEHTOB KABUTALIMA

B kauectBe  WuIOCTpallMM — M3JI0KEHHOTO,  HID)KE  NPUBEACHBI  PE3YJIbTaThl
HKCIEPUMEHTAILHOW MPOBEPKH T'MIPOBUOPALIMOHHBIX XapaKTepUCTUK KieTkoBoro PO Dy 150
¢ 9 MWIMHAPUIECKUMH COTUTaMU I3 MM. XapakTep H3MEHEHHUS 3aBUCUMOCTEH L6 o= f (Ap)

AJid psaga 3HAYCHUI NpOTUBOAABJICHUA p, KaK B 6GCKaBI/ITaHI/IOHHOM PCKUME, TaK U IIpU

HAJIMYUU KaBUTALUM (C ONpe/eIeHMEeM 3HaYeHUI KPUTHUECKUX NepenagoB Apyqs, 10 KOTOPHIM
pPacCUUTHIBAIOTCS 3HaYEHUS KO (UIIMEHTOB KaBuTauuu Kca) NpuUBeeH Ha puc. 2.

100 < A T PN
—@—Ls, p2=0,75 krc/cm2
La
:E 90 "4/ —&—Las, p2=5 krc/cm2
o
—S' 80 4— C €— Ls, p2=10 krc/cm2
3 70 I gy ——O—— LB, p2=20 krc/cm2
2
QY 60 | Y& - 10.679Ln(x) + 31,279 A Typ6.noTok
o
s e——@===Kca, p2=0,75
E 50 1 Krc/cm2
o A Kca, p2=5 krc/cm2
2 40 4
> —&——Kca, p2=10 krc/cm2
30 A {}

] Kca, p2=20 krc/cm2
0 5 10 15 20 25 30 35 40 45

Mepenaabl paBneHun, krc/em?

Puc. 2. 3aBucumoctu Lg = f (Ap) xiterkoBoro PO ¢ 9 commamu &3 mm
JUIA psifia 3HAYEHU p,

JlanHple puc. 2 MOATBEPXkAalOT Jorapudmuyeckyro (opmy 3aBucumoctu Le= f (Ap) B
GECKABUTAIIMOHHBIX pexuMax (mpu  p,>20 krc/cm’). Eé maremMaTHueckoe BbIPaXeHHE

. . 2
IPUBEJICHO Ha I0JIe pUcyHKa. [lis 3HaueHuii npotusonasnenuit p,=0,75; 5; 10 u 20 krc/cm

N. A. CapacdaHos
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HOJIy4YeHbl YpOBHHM BHOpauuu ucciaenryeMoro PO B KaBUTalMOHHBIX peXuUMax (TOYKH T. H.
KaBUTAllUOHHBIX  KPUBBIX), @ KOOPAMHATBI «PACXOXKIEHHUA» ITHX 3aBUCUMOCTEH,
XapaKTepU3YyIOIINe KPUTHUECKUE Nepenanbl Apy e, PA3IUUHBI U1 YKa3aHHBIX BbIIIEC BEIUYUH
IPOTUBOAABICHUHN (Ha PUCYHKE OTMEUYEHBI COOTBETCTBYIOLIMMHU BEPTUKAIBHBIMU MPSIMBIMH).

[IpennoxeHHbld MeTOJ MO BHAY 3aBucumoctedl Lé= f (Ap) NO3BOJSET HE TOJIBKO

OIPENICNIUTh XapaKTep U3MEHEHUs! ypOBHEH BUOpaLuu B TypOYyJCHTHOM HJIM KABUTALMOHHOM
pexxumax B (YHKIMHM KOHCTPYKTHBHBIX OCOOCHHOCTEH M THAPABINYECKUX MapaMeTpoOB
uccienyembix PO, HO U BBIIBUTH BIMSHUE UX HA BEIMUYUHBI K03 punmenToB kaButauuu Kea.
Xapakrep BHOpalMOHHBIX 3aBHUCUMOCTEH L6= f (Ap) TO3BONSET TaKkKe MPOTHO3UPOBATH
HOCJEACTBUSI JOIyCTUMOCTH paboThl PO B KaBUTALMOHHBIX peXHMMax I0CIE HACTYIJICHUS
kaBuTanuu. CkazaHHOE NPOMLUTIOCTPUPOBAHO HUXKE HA psie PUMEPOB.

Baucumoctn 0" =f (Ap) u Léipau=/ (Ap) PO Dy 150 mmiymkepHOro THma c
NpoQUIBHOW 4YacTbl0 B BHJE KOJIBLIEBOTO JIMHEMHOro KOH(y30pa IpHU OTHOCHUTEIBHBIX
oTKphITHAX 3aTBOpa £=0,1 n £=0,5 npencraBiaeHsl Ha puc. 3.

110 I 350 110 | T
<+ 1200
0o 0,1 A’A\ - 300 100 0,5 Aaty
- o 1] <+ 100
290 {y=7.4636x-3.7044 |7-‘1-J 250 é : 90 |y =37.932x+ 12856 ’/ Qg
S -
380 %‘-200 & Tao 800 &
Q «© x \ ]
270 1503 & 4600 &
< & » 70 3
=
T Iy =6.433x + 9.3901 I_. L = s
] 60 f/! H o 100 E § 60 4 =y=47.469x-13.285= = 400 é
©
> 50 50 < & 2
& 50 < 200
40 0
0 5 10 15 20 25 30 35 40 40 4= 0
MNepenagbi 0 5 10 15 20 25 30

B L., p2=15krc/cm2 AaBneHun, B Ls, p2=15kc/om2 Mepenapb!
—&—Ls, p2=5krc/cm2 Kkrc/cm? —A—Ls, p2=5krc/om2 AaBneHni,

A Q2 (go nanoma) A Q2 (po nanoma) krclem?

@ Q2 (nocne uanoma) @ Q2 (nocne uanoma)
—®—Kca —@—Kca

Nuredineir (Q2 (nocne nanoma)) TNuHeitHbIA (Q2 (B0 nanoma))
JnHeiinbin (Q2 (Fl(z uanoma)) TNuHelHbI (Q2 (Nocne nanoma))
= [lorapucpmunyieckuit (LB, p2=15krc/cm2) e [orapucMnieckmii (LB, p2=15krc/cm2)

Puc. 2. 3aBucumocti O°= f (Ap) u Le= f (Ap) mpu £=0,1 u £ =0,5

¥ TIPOTHBOJIaBIEHHH p,= 5,0 krc/eM” U p,= 15,0 kre/em’

OKCIIEpUMEHTAIIBHBIE TOYKH 3aBHUCHMOCTEU 0= f(Ap) B aHanmM3MpyembIX pexuMax
JIOCTaTOYHO KOPPEKTHO AaNNpPOKCUMUPYIOTCS JBYMs MPSMBIMH, YPaBHEHHUS KOTOPBIX
NpUBEICHbI Ha MOJSAX pUCyHKOB. Ha puc. 3 mpuBeneHsl Takxke 3aBUCUMOCTH Lé= f (Ap) Ha
gyacrore f=10kl'm B »3tux pexumax. Ilo KkoopauHaTaM Hayana «pPacXoXKACHUS
KaBUTALlMOHHBIX KPUBBIX OIpPEAEIAIOTCA KpUTHUECKHWe mepenaabl. Hampumep, mnpu
OTHOCUTENBHOM  OTKpbITMM 3aTtBopa 1npu £ =0,1  Apy,=14,0 Kre/eM?, KOTOPOMY
cOOTBeTCTBYET Kod(pduument kaButanuu Kca =0,7. 3HaueHHs] MOIYYEHHBIX KPHUTHYECKHX

nepenagjoB HAHECCHBI HA pUC. 3B BUJIC TOHKUX CINIOIIHBIX BEPTUKAJIBHBIX JIMHUH.

N. A. CapacdaHos
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[IpencraBieHHble pe3ysbTaThl MOKA3bIBAIOT, YTO €CJIM JJS BapuaHTa OTHOCHTEIBHOTO

OTKpbITUA 3aTBOpa { = 0,1 BeMUMHA KPUTUYECKOTO mepenana Apyg,s MPAKTUYECKU COBIAIAET
o 2

C KOOpAMHATON «u3noMa» 3aBucuMocTH O = f (Ap), To npu £ = 0,5 3TU BETUUUHBI Pa3IUYHBbI.

B nocnenneM ciyuae mpu omnpenesneHud Kod(p@HUIMeHTa KaBUTalMM Kc TUApaBInYeCKUM
crocoOOM BeJIMYHMHA €ro He OyAeT COOTBETCTBOBATH (DAKTHYECKOMY 3HAYCHHUIO Iepernaja
JIABJICHUM, NPU KOTOPOM HA4YMHAETCS KaBUTauMsA. T.e. A JaHHOTO Ciydasl HOJTy4YEeHHBIH
pe3yJbTaT MOATBEPKAAET HEKOPPEKTHOCTh HCHOJIB30BAHUS PEKOMEHAYEMOI0 TEeXHHYECKOH
JUTEpATypod MeToJa OIpeleNieHHs] MapaMeTpoB Hadajda KaBUTALUM TUAPABIMYECKHM
CIOCOOOM.

bonmuHCTBOM aBTOpPOB, B TOM 4Hcje€ Hampumep B pabore [6], Kak OCHOBHOE
npeumyuiectBo PO KIETKOBBIX KOHCTPYKIMHA OTMEYAETCsl «IPUHLMIT pa30UBKH BCETO MOTOKA
peryiaupyeMon cpesibl, IpOXOIsIIel yepe3 OTBEPCTUS B KJIETKE BO BHYTPEHHIOIO MOJIOCTh, Ha
pSA HampaBIIEHHBIX JAPYr TPOTHB JApyra cTpyi». «CTpyH, BBIXOIAIIME W3 OTICIBHBIX
OTBEPCTUH, CTAJIKUBAIOTCS, MPOUCXOAUT HMHTECHCHBHAs TypOyJiHu3amus IOTOKAa U, Kak
CJICZICTBHE, TUCCHITAIUS OOJIBIIOTO KOJMYECTBA KHHETHUECKOW YHEPTUM.

Jns omeHKW yKa3aHHOTO O3(QeKTa «CoyAapeHus» CTPYyH BHOPALMOHHBIM METOJIOM
oIpezieNieHbl 3aBUCUMOCTH OJHOU 13 Moaudukanuii PO kinerkoBoit konctpykiuu Dy 150 npu
pabote 6 pe3p0oBBIX comesn M5, pacmoI0KeHHBIX B OJTHOM TJIOCKOCTH:

— PaBHOMEPHO IO OKPYKHOCTH, T. €. IO YoM o = 60° (Han4yue «coyIapeHHii»);

— Ha MOJIyOKPYXHOCTH, T. €. 1oJ yrioM o = 30° («coyaapeHue» OTCyTCTBYET).

[TomyyeHHble BUOpPALMOHHBIE 3aBUCUMOCTH L8oxry=f (Ap) TpH TPOTHUBOJABICHUU

p,=5 kre/cM”  (PXHMBI TIPH  HATHYAH KABHTALWH) M p,=10 kre/cM”  (pexuMBl 63

KaBHUTAallM1) MPUBEJCHBI Ha puc. 4.

100
90 - Puc. 4.
a
C f/ f/
L 3aBUCUMOCTH L8 0xry =f(Ap)
3 / /Iy =11.777Ln(x) + 29.723| kireTkoBoro PO ¢ cormmamu M5
=1 T T T T T
§ 70 /| [y =10.686Ln(x) + 32.409|
: =
s b1
o ~——@—— PaBHoMepHOe PacrornoxeHue conern
o =& Conna Ha nonyKkpyxHocTn
> ©® ToueuHas 6
50 A  ToveuHan 7
TvHeiHbIN (ToveuHas 1)
TNorapudmmyeckuii (ToueuHas 6)
TNorapudmmyeckuii (ToueuHas 7)
40 v v v .
2 6 10 14 18 22 26

Mepenag AaBneHuit, Krc/cm?

AHaNM3upysi TOJIyYCHHbIE JAaHHbIE HEOOXOMUMO OTMETUTh, YTO XapakTep W,
COOTBETCTBEHHO, 3aBUCUMOCTU L&joxrn= f (Ap) obGoumx BapuantoB PO mnpu oTCyTCTBHM

KaBUTallUX (TIpU MPOTUBOJABIECHUU p,= 10 KIc/CM®) TIPAKTHYECKH OXMHAKOBBI, OIHAKO, JUIS

. 2
PEKUMOB € KaBUTAIMEH (TP IPOTUBOJABICHUN p,= 5 KIC/CM):

N. A. CapacdaHos
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— TP PaBHOMEPHOM DACIIOJIOKEHHU COIEN KPUTHYECKUN nepenan Apgyum= 7,3 Kre/em’,
KOTOPOMY COOTBETCTBYeT Ko3(puument kapuranuu Kca = 0,55;
— NpU «TPYNIOBOM» — KpUTHUECKMH mnepenan  Apxpum= 13 KIC/CM?,  KOTOPOMY
COOTBETCTBYeT KO3 dunneHt kaButanuu Kca = 0,68.
Takum oOpa3oM, ONTHUMaNBHBIM [IJII OTOTO BapuaHTa KieTkoBoro PO sBusercs
pacrnionoxxenne 9 pe3p0oBBIX comen MS Ha MONMYOKPY)XKHOCTH, T.€. YHOMSHYTHIH BBIIIE
addexT «coymaperus» cTpyil B kiaetkoBoM PO He moaTBepkmaeTcs.

3AKIIIOYEHUE

W3BeCTHBIN TUAPAaBINYECKUI METO/ SKCIIEPUMEHTATBLHOTO OnpeaeieHus KodhOUIueHToB
kaBuTaLuu Kc, a TaKKe pacyeTHbIE 3aBUCUMOCTH JUIsl ONIPEAEIIEHUS €r0, HE IPUMEHUMBI IIPU
anamu3ze PO kopaGenpHbix CAP, a Tarkke OONBIIMHCTBA OOLIENPOMBINUIEHHBIX PO,
paboTaroumx B 3HAUUTEIFHOM TUAla30He U3MEHEHHUs MPOIYCKHOH crocoOHocTH Kv, a amis
psiia Harpy30Kk — B MepexonHoi obnmactu uucen PeliHonbaca, B KOTOpoW He coOiromaercs
HOCTOSIHCTBO KO3()(DUIIMEHTOB r'UIPaBIMUYECKOTO COIPOTUBICHUS (pp.

Jis pemieHust 3TOM 3a7ayMl B CTaTbe€ PacCMOTPEH BUOPAIIMOHHBIM METOJ ONpeesCHHS
KO3(pPUIMEHTOB  KaBUTALMM, TMO3BOJSIONIMHA  AKCIEPUMEHTAIBHO  OMNPEACIUTh IO
BUOpPOAKYCTHUYECKU  3aBUCUMOCTSM €  MHHMMAQJIBHOM  TOTPEIIHOCTBIO  3HAYCHUS
kod(pPuuuentoB kapurauu Kca xak PO, Tak W Jpyrux MECTHBIX THAPABIMYECKUX
CONPOTUBIECHUNA. MeTon OoTIM4Yaercs MPOCTOTOM — pealM3aluud M, Kak II0Ka3aiau
HEOJHOKPATHBIE JKCIEPUMEHTBI, XapaKTEPU3yeTCs IOBTOPSAEMOCTBIO M JTOCTOBEPHOCTBIO
[I0JIy4aeMBbIX pe3yibTaToB. Mcnosb30BaHue MPEMIOKEHHOIO METOA MO3BOJIAECT ONPEACIIATh
3Ha4YeHus1 KodpduuueHToB Kca no caMoMy Hayally BOSHUKHOBEHHMS Ipoliecca KaBUTAIUH, a
TAaKK€ JaeT BO3MOXKHOCTH IIOJYYHUTh KapTUHY XapakTepa H3MEHEHHUs CaMoro Iporecca
KaBUTALlUU C YBEJIMUEHUEM Harpy3KH.

Bubpoakyctiuueckuii MeToa, a Takke anpoOMpOBaHHAs METOAMKA ONpEAeTICHUS
k02 punmeHToB kaBuTauu Kca MOTyT OBITH IPUMEHUMBI IIpU MpoeKTupoBaHuu PO m1r00bIx

TUIIOPAa3MECpPOB, B TOM YHCJIC U O6IJ_IerOMBII_HJI€HHOI‘O Ha3Ha4YCHUA.
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