EHEPTETUYHI TA TEIVIOTEXHIYHI TIPOLJECH H YCTATKYBAHHA

YK 621.45.038

A. A. XAJTATOB, n-p texH. HaykK; pod., akagemuk HAHY; MHCTUTYT TeXHUYEeCKOH
termouznku HAH Ykpaunsr; HTTY «KITW», Kues;

H. A. IAHYEHKO, actiupant HTYY «KIIW»; m.1.c. UHCTUTYTa TEXHUYECKOM
teropusuku HAH Ykpaunsl, Kues;

HU. H. BOPHCOB, xaun. TeXH. HayK; Belyliuid H.c. UHCTUTyTa TeXHUYECKOM
teropusuku HAH Ykpaunsl, Kues;

10. . JAIIIEBCKHH, xann. TexH. HAyK; 3aB. CEKTOpOM, o1en Typous I'TI HITKT
«3ops-Mamnpoekt», Hukonaes

JBYXCTPYWHOE IIJIEHOYHOE OXJTA’KTIEHHE MJIOCKOM
IHOBEPXHOCTMU: BJIMAHUE BHEIIHEU TYPBYJIEHTHOCTH

[IpencraBneHsl pe3ysibTaThl 3KCIEPUMEHTAJIBHOTO HCCIENOBAHUSA ABYXCTPYHHOTO IUICHOYHOTO
OXJIaXAeHUs IuIockoi mosepxHocTH. Ilpu mameix (m=0,50) u ymepennsix (m =1,0) 3Ha4eHHAX MapaMmeTpa
BAyBa 3(Q(PEeKTHBHOCTh TICHOYHOTO OXJIAX/ICHHS IUIACTUHBI BBIIIE, YeM Ul CTAaHJAPTHOW IBYXPSITHON CHCTEMBI
MWINHAPHUYCCKUX OTBEPCTHA M COOTBETCTBYET el mpu m = 1,50. BHemnsist TypOyiaeHTHOCTh ToTOKa (= 7%)
NPaKTHYECKH HE OKAa3bIBAET BIMSHHSA HA 3(QPEKTUBHOCTH IUIEHOYHOTO OXJIAXKJCHUS IUIACTUHBI JABYXCTPYHHOM
CUCTEMOI1 OTBEPCTHUI.

KaloueBble cjioBa: [BYXCTpyHHOE IIICHOYHOE OXJaxXJaeHHe, 3(PQPEeKTUBHOCTD OXJIAXKIEHUS,
BHEIIHSIA TYPOYJIEHTHOCTb.

Beenenue

[IneHoyHOE OXJIaXKAEHHUE SABJISETCS OJTHUM M3 OCHOBHBIX CIIOCOOOB TETJIOBOM 3alIUTHI
JIOTIATOK COBPEMEHHBIX BBICOKOTEMIIEPATYpPHBIX Ta30BbIX TypOWH. TpaauiMoHHAas cucTeMa
IUICHOYHOTO OXJIXKJIEHUS! MOBEPXHOCTEH B BUJE COBOKYIHOCTHU TUCKPETHBIX HAKIOHHBIX
OTBEpCTUH  IMWIMHIAPUYECKON  (OpPMBI, BBINOJHEHHBIX B  OXJAKIAEMOW  CTEHKE,
XapakTepu3yeTcss psanoM HemoctaTkoB. OCHOBHOW W3 HUX — HH3Kas 3((PEKTUBHOCTS,
ocobenHo npu m > 1,0 4T0 00yCIOBIEHO BOZHUKHOBEHWEM BTOPUYHBIX BUXPEBBIX CTPYKTYD,
paspylIalouMX IUICHKY OXJIAOUTeNss U CIOCOOCTBYIOIIMX HWHTEHCHUBHOMY «IIOACOCY»
ropsyero MOTOKa K 3aluiiaeMol mnoBepxHocTH. Kpome Toro, mnpu MCHOJb30BaHUU
TPaJIMLUMOHHBIX CXEM IoJa4u  OXJaauTedsl HaOJoJaeTcss BBICOKas  MOIepeyHas
HEpPaBHOMEPHOCTb oISt Temreparyp. Ilo3ToMy mMOHMCK HOBBIX METOJOB IUJIEGHOYHOTO
OXJIAXACHUS, OO0JIANAIMNUX BBICOKOM  A((PEKTUBHOCTHIO, TOHWKEHHBIM  PACXOJIOM,
PaBHOMEPHOCTHIO MOKPBITHS MOBEPXHOCTU TUICHKON OXJIAIUTENS U HECTIOKHON TEXHOJIOTUEN
W3TOTOBJICHHSI TIPEJICTABIISACT OJHY M3 aKTYaJIbHBIX MPOOJIEM ra30TypOOCTPOCHHUS.

B Hacrosimiee BpeMsi 3TUM BONPOCOM AKTMBHO 3aHMMAIOTCS BEAYILIME HAay4YHBIC
ueHtpel u komnanuu CIIA, SAnonum, I'epmanuum, IBenuu, Poccuum, VYkpaunbl. [Ins
CHUKEHHUSI OTPBIBHBIX SIBJICHUH W YyMEHBUICHUS MPOCTPAHCTBEHHOW HEPABHOMEPHOCTH
OXJIQXKICHUS TIPEIOKECHBI MEPCIIEKTHBHBIE CXEMBbl OXJIAXKIEHUS C OTBEPCTHUSMH CIIOKHOTO
(daconnoro) mpoduns — BeepHoi («fan-shaped»), xoncompHON u apyrux ¢opm [1-3].
OnHako, BBITIOJIHEHHE TaKWX OTBEPCTHH, MMEIOIINX pa3Mephl MEHEE OJHOT0 MHJUIMMETPA,
TpeOyeT CHEeUaNTbHOTO JOPOTOCTOSIIEro OOOpYAOBAaHUS M CBSI3aHO C OMNPEACICHHBIMU
TEXHOJIOTHYECKUMU  TpyaHOCTsAMHU.  [losTromy  OoOnbIIOW  TPAKTUYECKHH  HMHTEpEC
MPEJICTABIISIIOT HOBBIE TEXHHUYECKHE PEIIEHUs, He ycTynarommue (hacOHHBIM OTBEPCTHSIM IO
3¢ (PEKTUBHOCTH OXJIAXKACHUS, HO UMEIOIIHE 00JIee MPOCTYI0 TEXHOJIOTHIO U3TOTOBJICHHUSI.
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K Takum pemeHusM MOXKHO OTHECTH JIBYXCTPYHWHYIO CHCTEMY HaKJIOHHBIX
[WIMHIPHYECKUX OTBEPCTHH CO CIIOKHBIMHU YIJIaMH TMoAauu oxyuanutens («double jety), B
KOTOPOM MPOUCXOJUT CJIOKHOE B3aMMOJICMCTBHE OXJAXKAAIOIIUX CTPYH ¢ mojgayen
OXJIaJUTENsl U3 OTBEPCTHM IEPBOrO psja B MEPEAHIOI0 YacThb OTBEPCTUH BTOPOro psla
(puc. 1). Kak cnenctBue, MOKHO OXKUJATh U 0o0Jjiee paBHOMEPHOTO MOKPBITHS OBEPXHOCTH
MJICHKOM oxJaaurens [4].

Jnisi  pealbHBIX YCIIOBHM OOTEKaHHMsA JIOMATOK Ta30BBIX TYpOMH XapaKTepHa
TypOyJIEHTHOCTh BHEIIHETO0 MOTOKA, MOATOMY HCCIEAOBAHHUIO ATOro ¢akropa yaeiaseTrcs
0oJp1II0€ BHUMAHUE. DTO BIMSIHUE B PA3JIMUHBIX CXE€Max IJICHOUHOTO OXJIAXKAECHUSI IIPOSIBIISETCS
HEOJHO3HayHO. Tak HampumMep, mpu NoAaye OXJIATUTEeNs yepe3 Ilelb, OPUCTYI0 BCTABKY WU
CHUCTEMY HAKJIOHHBIX KpYIJIBIX OTBepcTHil [5] BHemHsiss TypOYyJEHTHOCTh CHHXKAET
3G GEKTUBHOCTh IUIGHOYHOTO OXJaXKACHHUS, HpudyeM Hambonee 3ametHo mpu Tu>10 %.
Opnako, A7 HEKOTOPHIX KOH(UTypaluii BHEIIHSS TypOyJIEHTHOCTh OKa3blBaeT ciaboe
BJIMSIHUE, @ B PsJIe CIlyyaeB, HApUMEP MPU TPAHILICHHON Mojavye OXJIAIUTENs], MOXKET HaXKe
MOBBIIIATE 3()(PEKTUBHOCTh TUIGHOYHOTO OxJaxaeHus [6]. Uro kacaercss IBYXCTPYWHOM
CUCTEMbI OTBEPCTUH, TO AaHHBIE MO A(P(HEKTUBHOCTH TUICHOYHOTO OXJIAXICHUS B YCIIOBUSIX
BHEIIHEH TypOYJICHTHOCTH B JIUTEPATYPE OTCYTCTBYIOT.

Henbo Hacrosimel  pabOThl  SIBISETCA  OKCIEPUMEHTABHOE  HMCCIIEOBAHUE
3P PEKTUBHOCTH TICHOYHOTO OXJIAXKIECHHUS C MOMOIIBIO TBYXCTPYHHOW CHCTEMBI OTBEPCTHI
npu OOTEeKaHWH TUIOCKOM TOBEPXHOCTH HUBKOTYPOYJIEHTHBIM BO3AYIIHBIM IOTOKOM
(Tu=1 %) u npu Hanmuuuu BHemHeH TypOynenTHoCcTH (Tu =7 %). B KauecTBe OCHOBHOTO U
BTOPUYHOTO TIOTOKOB B paboTe UCHOIb30BaH aTtMocdepHblii Bo3zayx. HWccnemoBanue
BBITIOJIHEHO B JIMANla30HE U3MEHEHUs napametpa Baysa m ot 0,5 1o 2,0.
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Puc. 1 — Cxema nuccnenoBaHHON IBYXCTPYHHOM CUCTEMBI OTBEPCTUN
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JKCIEePUMEHTAJIBbHASl YCTAHOBKA M METOAUKA NPOBEACHUsSI H3MepPeHUit

DKCIEPUMEHTHI BHITOIHEHBI B @3POANHAMUYECKON TpyOe OTKPBITOTrO THIIA, paboTarorieit
oT 1eHTpoOexkHoro BeHTHIsiTOpa BBJI-5. ATMocdepHbii BO3myX (MEpBHYHBIA TOTOK) OT
BEHTWJISITOPA MOJIaBaJICsl B PECUBEP U Jaliee MOCTyman B pabounii yuactok. PaBHOMepHOE 110
CEUEHUIO T0JIe CKOPOCTH Ha BXOJE B pabouMii y4acTOK 00eCneunmBaloCh yCTaHOBKOW Ha
BBIXOJIE U3 pecuBepa CHPSIMIIAIONIEH CETKH U MPSMOYTOJIBHOIO COIJIa, CIPOEKTUPOBAHHOTO
1o npouiro BUTOMIMHCKOTO ¢ COOTHOIIEHWEM BXOJHOM M BBIXOJIHOM riomianu okoio 20. B
ATOM cllyyae BXOJHasi TypOyJIEHTHOCTb MOTOKa cocTaBisuia He Oomnee 1 %. Ilocne pabGouero
y4acTKa BO3AYIIHbIM OTOK MOCTYNAJ B yCIOKOUTENIbHYIO €MKOCTb U Jjajiee BhIOpachIBaICs B
atmocdepy. g uccnenoBanus 3()pPEeKTUBHOCTH TUIEHOYHOTO OXJIAXKICHHS HCIIOJIB30BAHO
oOpaTHOE HamNpaBlIEHUE TEIUIOBOTO MMOTOKA: OCHOBHOW MOTOK XOJIOJHBIM, 8 BTOPUYHBIA —
HarpeThlii. BayBaemblil BOo3ayX (BTOPUYHBIA MOTOK) OT MHAMBUIYAJIbHOTO KOMIIpEccopa
4yepe3 peryaupyroiuil BEHTUIb, pacXoA0Mep (pOTaMeTp) U 3JIEKTPOHArPEBATENb 110/1aBAJICs
B pabOunii y4acTOK Yyepe3 CUCTEMY MapHbBIX oTBepcTuid (puc. 1).

Pabounii yyacTox mpejacraBisieT cCOOOH IMJIOCKMH KaHall C IONEPEYHBIM CeueHHEM
(294x34 MMz), COOTBETCTBYIOIIUM BBIXOJHOMY CE€UYEeHHUIO coryia ButommHckoro. HrokHsis
CTeHKa pabodero y4yacTtka COJEPKUT IUIOCKYIO IJIACTHHY JUIMHON 70 MM, BBINOJIHEHHYIO W3
OpICTEKJIa ¢ JABYXCTPYMHOW CHCTEMOW OTBEPCTUM Ui MOAAYU OXJIAJUTENd U aauabaTHYIo
wiactuny u3 acbouementa (A = 0,17 Bt/(m-K)) anunoit 130 mm. B agnabatHyio miuacTuny
BMOHTHPOBaHbl 9 XpOMEIb-aIIOMENIEBBIX TEPMOMAP, PACHOJOKEHHBIX B IPOAOJIEHOM
HaMpaBlICHUM Ha OJHOM JIMHUM C MOCTOSHHBIM Mo JummHe marom (10 mm). B ycrtanoBke
IIPEIyCMOTPEHA BO3MOYKHOCTh IEPEMEIICHUS aauadaTHOM IUIaCTHHBI B  IONEPEYHOM
HAMpaBICHUU JJI1 OIpelIeeHHs] JIOKaJbHBIX 3HAaYeHUl A(P(PEKTUBHOCTH IUIEHOYHOTO
OXJIaXKICHUS.

B okcnepumenTax ¢ BHemIHEH TypOyJIE€HTHOCTBIO IMOTOKAa HCHOJB30BAJCS TOT K€
paboumii yuactok. [[ns renepamum TypOyJEHTHOCTH Ha BXOJ€ B COIUIO BHUTOMIMHCKOTO
yCTaHaBIMBaJach TypOyIM3UpYIOlIas perieTka (nepdoprupoBaHHas INIACTUHA) C OTHOCUTEIbHBIM
npoxoaHsiM ceyeHneM 17,3 %. B astom ciyyae Ha BbIXOAE€ U3 comia oOecreyrBanach
TypOYJICHTHOCTh C BBICOKMM YPOBHEM H30TPOMHOCTU. Y POBEHB MPOJOJIHHON COCTaBISAIOIICH
TypOYJEHTHOCTH  BO3JYyUIHOTO IOTOKa Ha  BBIXOJE M3  COINIa  HU3MEepsuics
TEPMOAHEMOMETPOM MOCTOSIHHOM TeMIIepaTypbl U COCTABIISLT 0KoJIo 7 %o.

OcCHOBHBIE TEOMETPUUYECKHE MapaMeTphbl CUCTEMBI JBYXPSAIHBIX OTBepcTHil (puc. 1)
BBIOMpAIMCh OJNM3KUMH K HCCIIEIOBaHHBIM B padore [4]. Tommuua miacTuHbl BayBa H
cocraBisna 10 MM, aymHa oTBepcTusd BAayBa L =20 MM, OTHOCHUTEIbHAs JUIMHA OTBEPCTHS
L/d=6,25. Jluamerp HIWIMHAPUYECKUX OTBEPCTUH d cCocTaBisul 3,2 MM, Yroj HakKJIOHA
OTBEPCTUH K IUIOCKOCTH TUIACTUHBI O paBHsUIcs 30°, KOTOPBIH Hamboliee pacrpoCTpaHEH B
MpakTUKe Ta30TypOocTpoeHus. [lonepeunbie yripl HaKJIOHA MPOCKIHUHA OCel OTBEPCTHH Ha
IUIOCKOCTh IJIACTUHBI 1 M B2 cocTaBisim 25°, momepeyHbld mar oTBepcTHil ¢ = 12,8 MM
(t/d = 4,0), TpoONBHBIA AT MEXAY MEPBBIM M BTOPBIM psioMm ¢ = 10 mm (#/d = 3,125),
3a30p A = 3,2 mMm (A/d = 1,0). IIpu ananu3e u 0000IIEHNN ONBITHBIX JAHHBIX PACCTOSHUE «X)
OTCUMTBIBAJIOCH OT «CPE3a» OTBEPCTHUS BTOpOro psna (puc. 1).

B skcnepuMeHTax M3MEpsUIUCh CKOPOCTHOM HAmop OCHOBHOIO IMOTOKAa Ha BXOJE,
CTaTMYECKOE JABJICHNE Ha BEPXHEH CTEHKE KaHajla, OJHAs TeMIIepaTypa OCHOBHOI'O MOTOKa,
TEeMIIepaTypa BAYBaeMOIo IMOTOKA, pacxoj BIyBaeMOro IMOTOKa, TemIepaTypa aauadaTHOM
MMOBEPXHOCTU B JIEBATH TOYKAX MO JJMHE IMIacTUHBl ¢ maroM 10 mm. CKOpoCTHOM Hamop
omnpeaensicss ¢ nomouplo TpyOku Iluto-Ilpanntns u  cuctembl  1U(MaHOMETPOB.
Temneparypa  aauabaTHOW  MOBEPXHOCTH, OCHOBHOTO UM  BAYBAa€MOIO  BO3/yXxa
pPETUCTPUPOBANIACh XPOMEIb-aIIOMENeBbIMI  TepMmomnapamu  auamerpom 0,1 wmm. s
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OTpeNieIeHns] TeMIepaTypbl BIyBaeMOro IIOTOKAa JB€ TepMONaphl YCTaHABIMBAINUCH B
OTBEPCTUSAX BIyBa HENOCPEACTBEHHO IE€pEA BBIXOJAOM BTOPHUYHOIO IIOTOKA HapyxKy.
IToka3aHus 3TUX TepMomap B MPOLECCE HKCIEPUMEHTOB ObLIM MAECHTHYHBIMU (OTIUYHE HE
npesbimano 1,5 %). Ilpu ompeneneHuu  JoKaabHOM  3((EKTUBHOCTH  IUIEHOYHOTO
OXJIQXK/ICHHSI WCTIONB30BaHbl 5 CEUCHMH MEXIy OTBEPCTHUAMH BTOporo psaa (puc. 1) ¢
nornepeyHsIM marom z/t = 0,25.

[TapameTppl 3KCHEPUMEHTOB OBUIM CIIEAYIOIIMMHU: CKOPOCTh OCHOBHOI'O IIOTOKA
35...38 M/c, TemmepaTypa OCHOBHOTO MOTOKa M3MeHsuachk oT 23,5 no 26 °C, temmnepatypa
ByBaeMoro Bo3ayxa — ot 64 1o 79 °C. B aToM cilydyae OTHOLIEHUE IJIOTHOCTEN BJyBaeMOIo
1 OCHOBHOTO ToTOKa coctasisio 0,85...0,88, mapamerp BayBa m usmensuics ot 0,5 mo 2,0, a
yucio PeliHomnbaca Re, Mo skBUBaIeHTHOMY JHMaMeTpy KaHajla pabo4yero ydyacTka U CKOPOCTH
OCHOBHOTO IOTOKA HA BXOJE COCTABIANO OKoa0 1,35-10°. TIpoBeneHHbIC paHee H3MEPEHHs
npoduiis CKOPOCTH MOTOKAa B MOIPAaHMYHOM clloe [7] mokasaiu, 4To Ul JaHHBIX yCIOBHUH
[OTPaHUYHBIN CJIOU NEpe]] yYaCTKOM I10a4l BTOPUYHOIO IIOTOKA SIBISETCS TYPOYJIEHTHBIM.

Pe3yabTaThl Hecie10BaHUSA

Kak yka3piBajoch Bblle, IS OIpPEAETCHUS MPOCTPAHCTBEHHOTO paclpeesieHus
TEMIepaTypbl aanadaTHON MOBEPXHOCTH B YCTAHOBKE IMPEIyCMOTPEHAa BO3MOXHOCTD
NepeMEIeHNS TUIACTUHBI B MOMEPEYHOM HANpPaBICHUU (BIOJIb OCH Z) C MOCTOSHHBIM LIaroM
d, B Ipenienax morepevyHoro mara ¢ (5 U3MepHUTENbHBIX JTUHUIA Ha OJTHOM IIare Mo IIUPUHE).
PesynpTatel  u3MepeHus  JOKaNbHOM  A((EKTHUBHOCTH  JIBYXCTPYMHOTO  TJIEHOYHOTO
OXJIQXKJICHUS TIOKa3aHbl Ha pHc. 2. V3 mpeacTaBlIeHHBIX JAHHBIX MOKHO 3aKJIIOYHUTh, YTO IS
BCEX IapaMeTpoB BAyBa m HaOJOAaeTcs yMeHblIeHue 3()PEKTUBHOCTU OXIAKICHUS
MOBEPXHOCTH TO JUIMHE IUTACTUHBI; MPUYEM C YBEIHMYeHHEeM 3HaueHus m 3((eKTuBHOCTH
oxJaxaeHus: mpu x/d = const cHmxkaetrcs. HambGonee Bbicokne 3HaueHUs 3(P(HEKTUBHOCTH
TUIGHOYHOT'O OXJIAXJIEHUsI HaOmofaroTes Ha auHUAX z/t =0 u z/t = 1,0, KOTOpble MPOXOAST
yepes MepeiHIo KPOMKY BTOPOTO psijia OTBEPCTHIA.

JUis MpakTHKM Ba)kKHOE 3HAUCHHE HMMEET OCpPEIHEHHAs [0 IIMPHHE IJIaCTUHBI
BennurHa 3()PEeKTUBHOCTU IICHOYHOTO OXJaXIeHHs. B Hacrosmieir pabore ocpenHeHue
IIPOBOJIUIIOCH METOJIOM TpaNeuil

4

1
2 (nl + Tli+1) >
2n 5

M=
rae n =4 — KOJIMYECTBO YYaCTKOB pa30ueHHs.

Ha puc.3 mnpencraBiensl ocpenHeHHblE 3HaueHUs 3()(PEKTHBHOCTH TIUIEHOYHOTO
OXJIAKJICHUSI IPU U3MEHEHUH mapametrpa BayBa m oT 0,5 no 2,0. [lonmydeHHble pe3yabTaThl
CPaBHHMBAIOTCSI C AKCIIEPUMEHTAIbHBIMU JAaHHBIMU paOOTHI [4], B KOTOPOH HCIIOJIb30BaNIach
JIBYyXCTpyHHasi cucrema otBepctuii ¢ yrinom [ (puc. 3), paBHbiM 29°. Kak cnenyer,
pe3yNbTaThl HACTOAIIUX HKCIEPUMEHTOB YJOBIETBOPUTEIHHO COTJIACYIOTCS C JaHHBIMU
paboTel [4], pasnuume MONTYYCHHBIX pPe3yibTaToB He mpesbimaet 20 %, 9To MOXKET OBITh
00yCIIOBICHO HEKOTOPHIM Pa3IMYMEeM B BEIMYMHE yTia [3.
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Puc. 2 — JlokanbHast 53 EeKTHBHOCTB IBYXCTPYHHOTO TNIEHOYHOTO oxyaxaeHust Tu=1 %
n n
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Puc. 3 — CpaBHenme cpegeii o mupuHe 3QPEeKTUBHOCTH ABYXCTPYHHOTO IDICHOYHOTO OXJIAXKICHHS C
pe3yibraramu padot [4] u [8]: HeTypOynu3upOBaHHbII MOTOK: | — PE3yNbTaThl HACTOSIIIEH padOTHhI;

2 — IByXCTpyHHas CHCTEMa OTBEPCTUI C aHAJIOTUYHON reoMeTpuei [4];
3 — TpaIuIMOHHAA ABYXPAAHAS CHCTEMa HWIMHIAPUIECKUX OTBEPCTHH [§]
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Ha puc. 4 AJId TTapaMeTpa BAyBa m = 1,5 NpEACTABJICHBI 3KCIICPUMCHTAJIBHBIC TAHHBIC

i TypoymusupoBanHoro (Tu=7 %) u
3HAYEHUN

HetypOynusupoBanHoro (Tu=1 %) Bo3mymHoro

MOTOKa IS Pa3iINyYHbIX nonepeyHoi  koopauHaTel. Kak cnemyer, B
paccMaTpuMBaeMbIX YCJOBHSIX BHEIIHAS TYpPOYJICHTHOCTh ciab0 BIMSET Ha JIOKAaJbHOE
3HaueHHe D(PPEKTUBHOCTH OXJaxAeHHUS. He3HaunTenpHOE YBEIMYECHHE JIOKAJIBHON

3¢ GEKTUBHOCTH MO AEUCTBUEM TYpOYJIEHTHOCTH OTMEUYEHO Ha JuHusX z/t = 0,75 u 1,0.

Ha puc. 5 mokazana cpenHsisi o MMUApUHE TUTACTHHBI 3()PEKTUBHOCTH MICHOYHOTO
OXJIQX/ICHUS B YCJIOBUSX BHEUIHEH TYpOYJIEHTHOCTH IIPH Pa3IUYHBIX 3HAYCHUSAX MapaMmerpa
BayBa. Kak crnemyer, s cpenneil 3((eKTUBHOCTH B IIMPOKOM JHANa3oHEe W3MEHEHHUs
napameTpa BjyBa BIMsSHUE BHELIHEH TypOyJIeHTHOCTH He mpeBblmaet 5...10 %, anamoruuxoe
BIIMSIHHAE TYPOYJICHTHOCTH MMEET MECTO I MPOPUINPOBAHHBIX OTBEPCTHH [2].

bonee HarnagHO BiMAHUE BHEIIHEW TypOYJIEHTHOCTH IpPOSBISETCA NpU aHAIU3e
IPOJIOJIBHOTO  pAacTpe/eleHusT  OTHOWIEHHWsS  cpemHedl  3(PQPEeKTHBHOCTH  IUIEHOYHOTO
OXJIAX/IEHUS IUIacTUHBI Ui TypOynusupoBaHHoro (Tu=7 %) u HeTypOyIM3MPOBaHHOIO
(Tu=1 %) NOTOKOB IpH pa3IUYHbIX 3HAUEHUSX MapameTpa BayBa (puc. 6). Kak BuaHo, 11
YCIOBMM HACTOSIIMX SKCIEPUMEHTOB 3aMETHOE BJMSHHE BHEIIHEH TypOyJeHTHOCTH Ha
3P PEKTUBHOCTh OXJIAXKICHHSI TPOSBISAETCS TOJNBKO NpU x/d > 20 M 1751 MalbIX TapamMeTpoB
BIyBa 30eChb TypOYJIEHTHOCTh IOBBIIAET CPEAHIO 3(P(PEKTUBHOCTH IIEHOYHOTO
oxnaxaenus Ha 7...8 %. [Ipu 3nauenusx m = 1,5 u 2,0 BnusiHMe BHEMIHEH TypOyJIEHTHOCTH
IPAKTUYECKH HE MPOSIBIIACTCS.

0,30 = 0,30 0,30}
‘ z/t=10,0 A z/t=10,25 z/t=10,5
0,25} 0,25 0,25}
_0_2
0,20 0,20 S| 020
5 10 15 20 25 x/d 510 15 20 25 x/d 5 10 15 20 25 x/d
0,30 0,30
z/t=10,75
0’25_% 0,25}
0,20} 0,20
5 10 15 20 25 x/d 5 10 15 20 25 xd
Puc. 4 — Biiusinue BHelHel TypOyJIEHTHOCTH TIOTOKA Ha JIOKaIbHYI0 3 ek THBHOCTh
JBYXCTPYHWHOTO INIeHOUHOro oxyaxaeHus npu m = 1,50: 1 —Tu=1%;2-Tu=7 %
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Puc. 5 — Cpennsist 3¢ GeKTUBHOCTD ABYXCTPYHHOTO TNICHOUYHOTO OXJIAXKICHUS
IpH HAJIWYUK BHEIIHeH TypOynenTHocTH noToka: [ — Tu=1%;2-Tu=7 %
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Puc. 6 — Biusiaue BHemHEH TypOyICHTHOCTH ITOTOKA
Ha CPEIHIO 3 (PEKTUBHOCTE IBYXCTPYHHOTO IUNICHOYHOTO OXJIAXKACHHUS
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Takum 06pazom, AJig YCIOBUN HACTOSIIIUX YKCIIEPUMEHTOB BHEIIHSSL TypOyJI€HTHOCTh
cmabo BiusieT Ha 3P (HEKTHBHOCTD TUICHOYHOTO OXJIAXKICHUS. DTO MOXKHO OOBSICHUTH TE€M, YTO
B pe3yJIbTaTe CMCIICHHS W B3aMMOJCHUCTBHSI COCEIHHMX CTPYH MPOUCXOIUT TEeHEpalus
TypOyJE€HTHOCTH ¥  BHEWIHSS  TYpOYJIEHTHOCTb, HWCIOJB30BaHHAs B  HACTOSIIMX
OKCIIEPUMEHTAX, HE OKAa3bIBACT CYIIECTBEHHOTO BJIMSHHS HA THAPOJWHAMUKY W TEIJIOBBIC
XapaKTePUCTHKU 3AIIUTHOMN TIICHKH.

BriBoabI

1) Ilpn mpeHTHYHBIX YCIOBHUSX cpeHss 3()(EeKTHBHOCTh TUIEHOYHOTO OXJIAaXIICHHS
TUIOCKOW MOBEPXHOCTH C TIOMOIIBIO IBYXCTPYHHOM CUCTEMBI OTBepcTuil mpu Manibix (m = 0,50)
u yMepeHHbIX (m = 1,0) 3HaueHusx napamerpa BayBa Ha 20 % BblilIe, UeM AJIsl CTAaHJAPTHOMN
JIBYXPSITHOM CUCTEMBI ITUIMHIPUIECKUX OTBEPCTUH U COOTBETCTBYET €i ipu m = 1,5.

2) Buemnsss TypOyJieHTHOCTh TMOTOKa (=7 %) oOKka3piBaeT ciaboe BIMAHUE Ha
cpenHio 3 PEeKTUBHOCTD ABYXCTPYHHOTO IMJICHOYHOTO OXJIAXK/ICHHUS TIACTUHBI.
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