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FLW.8CHMITZ

ZUR AERODYNAMIK
DER KLEINEN
REYNOLDS-ZAHLEN

GHTTINGEN

OT NEPEBOJYHKA

AsponunaMuka MamLIx CKOpocTeH B ROCAELHCE BpEAlst
lipusnekaer pce Goabllee BHitMaune. B ee paseurnu npexcie
BCETO 33HUTCPECOBAHI &BHAMOASAHCTH-CHONTCMCHDI. ABna-
MOZeAN3M BCTYNHA B TAKVIO €Tajuio, KOTAa Aadbieiiliee no-
BhblllleHHE JIETHHX PE3YJIbTATOB .\1(),’16‘.;161“1, 3aBOCBAHHE HOBBIX
PEKOPIOB 1 YCMEIUHoe BBICTYIICHHE Ha MEXIYHapOZHBIX
COpEBHOBANHAX HEBO3MOXHNO 0e3 rayOOKHX 3Hamui npouec-
CcOB OOTCKAHMM H TEOPHH HoJgeTa MOACHeI.

K coxaaenuio, Tcopssi nosera MOAeNCH C10¥XHA H B OF-
JeJTbHbIX BONpoucax 3HAUMTEALRHO CJOXKHEE TeOpHH noJera
GOJIBLIOTO CAMOJNETa. JTO BLI3BAHO TCM, YTO MOZENH JeTaioT
B T2K Ha3bIBaEMOii KpuTHueckoll obaactu uucen Pefinonna-
€a, B KOTDpOl’i BCE A3PUIHHAMHUECKHE XAPAKTCPHCTHKY npe-
FEpNEeRaloT pe3KHe, MaJOH3YYEHHLIe CKaukKy H 3aBHCAT K
TOMY XK€ OT HANDABNEHMS H3MEHEHUs CKOPOCTH 1 yraa. Ilo-
Nsipa nepectaeT GLTh TOCTOSHHON n GOABLUNHCTBO CAMOJET-
FILIX TCOPHIl CTAHOBSATCA HCIPHMENHMEIME K MOLEJIH K HY K-
JAITCA B CHILHOM u3Mepenuyu. B 3ToM oTHOWICHWM noaer
MOZENAH MOKHO CpaBIIMTL C MOJETOM CaMOJeTa IpH CKOpO-
CTH 3BYKa, NPHYEM MOIENH NPHXOAMTCS JIETaThb B KPHTHUE-
CKOfl 06J1aCTU HOCTOAHHO.

Jinsi TEOpHHM MOAE€JM He BCETHA NMPHMEHUM NpPHEM JHHEa-
pH3anHK * XapaKTePHCTHK, LIHPOKO HCHOJAL3YEMEIN B TEOPHH
60MbLIOH aBHALMH, a PasfelieHie B JIHHAMHYCCKOH yCTOiun-
BOCTH KOJCGaluil na KOPOTKO- W IJIHIIONEPHOAHUECKHE He
BbIP2XKEHO TaK PE3KO, KaK y CaMoJIeTOB, BBHAY DPHHLKNH-
aJLHOH PasHilUbl B HHEDUHOHHEIX H MacCOBHIX BEJHUWHAX.

Kpome TOro, ouenb MaJlo NOCTaB/I€HO SKCNEPHMEHTOB B
aspopMHaMuKEe aBHaMofenbhbix ckopocreii. [Ipusoanmasn pa-
Gota HeMmenxoro yyenoro IlImurna, a Takxe ero KHu-

* nPMEM JHHEAPHIFUHK 3aKMOYAETCA B TOM, YTO KDHBAA Hd HEKO-
TOPOM  YHBCTKE 38MEHAETCH HpﬂMOl’l auHuel.
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ra [18}* ARASITCR NOYTH €HNCTBERIbIMY HCCACLOBAIMSIMI,
BRINOJHENINLIMI ¢ BLICOKOH TOMHOCTBIO H Ha AQSKHOM Hayt-
HOM YPOBHe,

SlBnenne kpusuca npu o6TeKaHuM 1IAPA M3BECTIO HABIIO,
HO IIHKTO He NPEANoiaras, uTo A5 XOpOLIo ODTEeKaeMbIX Tes
THNA QIO3CAsZA HilTl KPBIO BO3MOMKIB! PE3KUC CKAUKH a3po-
AuHamMuueckux Kosqpuuucuron. B 1937 r. coBerckuii aspo-
zunavik A. I1. Kosazes ** g aspogusaMuueckoi Tpyoe
LlentpaneHoii aBuaMonenbhoil naGoparopny HpoBen DAL
NpoiyBok (io3eisuKell MOLCTN U NOAYYHI PC3KOe yBemye-
HHE CONPOTHBIAEHIST HA MadkiX cKopocrax. Oamaxo npa-
BHIILIO OOBLSCHNTL 3TO SIBJICHHE B TO BPCMH HE Y1adoch,

B naneneiiney, no-samumomy, B 1939—1940 rr., sror
ponpoc € OOAbMON  TWATedBHOCTBI)  Obid  HCCIEN0Ball
Ivuruem. On obpatusn BukMaulie Ha TQ, 4TO TYpOysieHT-
HOCTh NOTOKA B TpyOv OKa3bBada 3HAUNTANLIOE  B/IMS-
HHEe Ha BejuuHHy aspofunampdecknyx xo3pduunenTos, i
OPHHAT P MED K MOMHACHIIO 0 TYpOYIenTHOCTIl, K €03-
DAHWIO TAK HA3LIBACMOIL JiaMIIHA|IHON TPYOH.

[1pOBOAMTL SKCMEPUMENTH! C raKkuMu CKOPOCTSLMH B cy-
LIECTBYIOUINX a3POAMHAMHUCCKHX TP¥Oax ¢ uX 05OpyHOna-
HHeM TPYAHO, @ HHOTAA M HeBOSMOXKHO. VMeowmecs
MaJloCKOPOCTHRIE FpYORI paccuntamst Ha ckopoctu 30—
50 st/cer, n npn ckopocTsix 4—12 #t/cek, KOTOpLIE HHTEPECYIOT
MOLeNHCTOB, UMEIOT HCVCTOiiMiPLIl noTok. TypOvaeBTtHOCTH
TAKUX TPYO BBLICOKA, NOSTOMY HX [€00XOAMMO CNelHalLIo
MOAEPHU3UPOBATH. Kpome Turo, Cilis, AVICTBYIONIHE HA Mo-
Jedb npH NPOLYBKE 1A TAKHX CKOPOCTAX, MaALl I HYIKHA aHi-
N2paTypa BLICOKOH TOUHOCTH M1 3aMepa 3TUX CHI i mapa-
METPOB MOTOKA B Tpyde.

Muorue nposyBKH, HPOBEACHILIC CAMUMI MOACHHCTAMI,
NPOTHBOPEUHBEL, H MOAYHEHHLle Pe3Y.IbTATH BH3MBAIOT CO-
MileHue.

[Tpneenennnie B 3Toff GpowUOPC pe3yibTarhl  [OAYUENs
YUENLIM, CHeHHANNCIOM B JaHHUON oDJacTH, BBEIOJUGHE! B
H3BECTIOM HAYUHO-ICCNEAOBATEARCKOM 43 POAHHAMHUECKOM
nentpe & Lerrunrene (PPI) na cocumanumo  oGopynosay-
HOH aspoluHaMuueckol TpyGe 1 onyGaukonausl B 1953 r. B
nayysoMm Xypnane WGL**,

® Cal. CHOCKY Ha cTp. 7.

% (Cal, CTIMCOK OTEYECTBERHON .TepaTypPsl 8 Komue GPOLLOPH,

##% Talwbueh der wissenschafteichen Gesellschatt fur  [ittfah
WGT, 1953 r. L
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B Cosetcisnit COK3 MOCTYNHA, [T0-BUAMMOMY, €AHHCTBYH-
B 3KseMmasp 3ITora akypsanra u  crared  [luntoa
He CTana M3BeCTHA LIHPOKOI aBHAaMONeNLIof 00LIECTBeHO-
et JIie HEKOTOpBIE CBEZENust H3 Hee Oblan onyBilHKORA-
nu g 1958 1. B ®aure M. K. Koctenko® u B 14962 1. B Kuure
A. A. Donouknna®*. Pesyuwrate, noavuenssie Udnt-
leM. HACTOMLKO MHTLPECHLL, UTO JIONKHLE  {hITL  H3DECTHEL
BCEM ABHAMOAEJIHC AN,

XoTst 37n pesylibTaThl Obll ONYOAUKOBAHEL B HAYULOM
WYpHAJIE, 10 H3J0MKEIEL OlK O'MeHp NPOCTo, B ux  MOryT
pa306paTbCs HE TOJMBKO CIENHATHCTR, 110 i dBHAMOLENIICTE
cpenneli RBa2rQHRangy, INdKOMBIC € OCHOBaMi a43p03HHA-
MAKg. MHOTO BUMManHsl ABTOP YAARET (PUSHKC KRPUHCHBLIX
SIBJEHHN, TeXHIKE NOCTANOBKA aKcnepumenTa. [losyuenupie
PesyaILTATL ROAPOBHO ANATHIMPYIOTCS H AAJOTCS NPAKTHYE-
CKRe PEKOMEHHAUNM, HampuMep, Xak BLIOpaTe ONTHMAJL-
Huif TIPOQHUAE, pACCKARWBAGTCS O ManpapieHuy Aalibheti-
WX 1ICCAeTOBANTIII.

B oranune ot coeit kuurn 18] Mvutn B tanson pabo-
Te npHBEN MCCNCAOBAHHT CHALHO MH3OTHYTON MJIACTHHKY
1178, ROTOpasi MO CBOWM pasMepan GAH3KO MOAXOAMT K CO-
BPCMEHHBIM NPOMUASM, NPIMCHSEMEM 11a Moaensx. MHoro
BIMMAaNIS yAeTsieT apTop u TypOynusatopam notoxa. Bee
5TO 1O3BOAfeT B NEPBOM piOIKeHun OUennTh BOANUHEY
AIOMUTHaEMHUCCRIK KO?(‘)({)HH"CHTOB H XUTﬂ. Obl TOHATH
IPHUIIEL, HOYCMY PEIRO OTVHUAIOTCH AO.ETHEIC NE3yIbTaThl
Mozneael, GIHSKHS IO CBOMM DasVepaM, WAl PASIMUIE pe-
ByAbTATLl NOIETOR OO 1 TOIl 7Ke MOIeaN B XOJOQAHOE i
JCAPKOC BPCaIA Allsi, .

Kpose asnaMoLeasMa, © aspolHHAMIKOR MAJIBIX dicel
Pejinoanica NPHIOAKNTUSL CTAIKHBATRCH W B JApyrnx obna-
cisty rexnini JaHo Obiio noAMCYENo, UT0 THIATENBI0E MO-
ACAUPORAHUC HOALITOTO CAMO.ETd Ads UpoAYBKN B TPyGe
obLuno ul K HeMV Xopoilgmy He NPpHBOLILIO. TﬂW, IACCH MO-
SCJUL. BHDOJHRINIOE CO BCEMH J€TAASIMH [H&CCH Ccdnlodera,
Japato Takoe O0ULLUIoe OTHOCIFCABHOY i'DIlpOTPlB.,"leH'HE, KO-

upoe Ha cauoaeTe He HaGADAAA0vhL. Padora [lImutna sti
SBJEHHSI OODICHACT NPOCIO U NO3IBOAKET NPaBHNEHO MPOEK-~
THPOBATL HPOAYBOUILIC MILICAN CAMOIETOD. &4 B Pe3y bTaThl
NPOAYEBOR BHOCIIL HCOOXQINNBIC [IONPABKI

C nofbeMoM Ha BHICOTY urieaa PeliHolbaca camMoJierTa na-
22107 GBICTPO, TAK UTO HA THXOXOAHHX CAMDJSTAX W IJane-

£ Cal crp. o



pax, a TakXe na JdonaTkax TypOUH OBHraTenell MOMeT Ha-
OTI0AATECH SOKPHIHCHOE 06TeKAITHC. JokpusncHoe obTeka-
IIHE MOMXET HAGM01ATECA H B 0OLIUHOM NoJeTe Ha OTAETIbHEIX
MCAKNUX BBICTYNAIOIMX HACTAX CAMOJIETA, TAKMX KaK pacuad-
KH, PA3HOTO Pofa o6TeKaTesH, BLICTYIIAIOWMC IeTalH  [ac-
CH U T. I

C aspormraMukoi Maanix ywcen Peitmosnaca (Re =
=40 000—200 000) NPUXOLHTCH CTAJIKMBATLCA M KOHCTPYK-
Topay HebGoabliux BeHTHasTOpoR. CricuHanucTaM, 3aHuMain-
LIEMCsE H3yueHreM noJera NTuy W HACCKOMEIX, 6)'118T TaKKe
WHTEPECHO O3HAKOMMTLCS ¢ AAHHON paGoToil.

Haxone, neabast 11 cKasatb H O NPUKIAAHOM 3HAUEHUH
MOJIeJIH3MA: NOCTPOHKE YMCIbIIEHNIBIX MOAeseli-KOnHii HOBBIX
CaMOJIETOB [JIS HCCIIE/IOBAHHS BONPOCOB YCTOHUHBOCTY, Y-
PABAAENMOCTH, WTONOPA U T. . B not/ienxee BpeMs 3a Tpafu-
UCH TAKMe MCCNELOBAHHS MONYYAIOT BCe GOJbILEE PACTPOCT-
pPAaNeHHe, TAK KaK OHH IKOHOMHYHBL M 6e30nacHLL.

Bo Bcex 37X cayuasx neoGXOMMO XOPOIIO 3HATL a3po-
THHAMHKY MalkX CKOpOCTei,

Byrnem nanesrses, 470 2a9p0oAMHAMUKA MANBX CKOPOCTE
lpHBJicyeT K cebe BIIHMaNue CreHiaHCTOB-HeCnenoBaTeet
M Mid DOMYUUN HOBBIE HHTEDECULle Pe3ViILTaTE B 3T0H Kpaii-
HE MaJlo u3YueHnoil obnactu.

JKaer ceoux uceaepopatesiedi B a3ponMIAaMEKA CBCPX-
Maipx cropocteli (Re = 300 — 2000). Muenno npu Takux
yuciax PellHOABICA METAIOT KOMHATHHE MOMGIH, 0GTeKaeT-
€ KOpAA Y Kop/loBoil Monens, B aToM ananasore ckopocteil,
K COXCAJIEHINO, MoKa Cule He NPOBEEHO HH OJHOFO IKCIEpH-
MEHTa. LoEs

A. Bonoriun

1. OCHOBAHMA J1Jig KCCJELOBAHUN
HA NMPH3 JIOABHUTA MPAHTJISI

B nanucii paboTe laercs ananus HCCHEAOBAHWH KpLLi2
B nuanasoHe ynucea Peiinonsaca Re< 200 000, npoBonusiunx
et B aspoauHaMuveckoil TpyGe. IToaobuble uccael0OBaANKA
coflepxatcs Taxxe B coodulenun 130 «O6wectsa Jluanen-
rads 1o UCCIeIoBaHUI0 BO3AYLIHOTO TPAHCNOPTA», 8 TaKkKe
B Kifire asropa 1§

Hutepecnble pesyasrars »TiX necAefoBaniii ofbsicns-
10T ofirekanue KpLla B KPUTHYECKOI oONacTh NpH nepexoac
0T JaMHHAPHOTO NOTPANUYHOFD CAOS K TYPGYJNEHTHOMY, KO-
TOphIl Y MOZedell ¥ NTHU HTpaeT GoJee BaXKHYIO Podb, veM
y 0OJLUIHX CAMOJETOB.

Ho ocoGexso noiesubl 3TH Pe3ysbTarhl AJs H3yvenus
GUIHKH NOAETA H NPOLKTIPOBAHHA KPLLIBEB JETAWLIHX MO-
nenel. IToatTomy HeoGa0IHMO OpranusoBaTh, B paMKax Cco-
3nannoro B 1953 r. nayuHoro ofiectea MO HCCAEAUBAHHID
BOSAYLIHOTO TPAHCMOPTA, KOMUTCT AAs HecAdefoBanuil aspo
AHHAMHKY MaaslX ckopocrefi. Ita 3amava Oblia noctasiaeHa
emte B 1937 r. O6wecteon Jlunnenrans, a g 1953 r. 6uia
yeranoraera npemus Jloasura [pantias 3a HccneaoBaius
B OBJiacTH TEOpHH noJjera JeTaioulnx Mmozenedl. Pesyasraro
510l paboThl AOJUKAH 3aMHTEPECOBATH RPENOAaBATEJEl H
YUALLAXCA 1 NOCAY/KITH OCHOBOIl SKCHEPHMEHTANBHEIX B TEO-
peTnuecKknx palol HayuyHHX OOIECTR yuefunmx 3anefacHui,
yTo6H NPUBHTL HITEpec K H3yueHnio asHaunu. C 3Tol ue-
Jdbl0 Pe3YAbTATH HCCAEZOBAHNIT H3T0MKCHB NMPOCTO.

* [lndipamy B KBANPaTHMX CKOOKAX 3JIeCh H Z1anee no Tekcry vGos-
naueHbl KHUPH H3 CONCKA nuTeparypul (cM. crp. 56), cocrapaennoro ag-
Topo. (Ilpux. nepesod.).
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. JUATNIA30HbLI YUCEJI Re

Uneao Re= li—bxapeu\'repl»w,yer (puznyecKoe COOTHOLIE-
lHlie BeJHUnIE NpK o0TeKaHun Teaa (V — CKopocTs B CAt/Cex;
b — xopza npobuis B cx; v — KHHEMATHYECKAs BAKOCTL
Bosnyxa; v = 0,143 em?ice npn 13°C n 760 mxm pr. CT.) =

Ipusonuy BenuuuHbl uncen Re, BauuHas ¢ TpaHcnopt-
HEIX CAMOJIETaR I Konyas Gabouxoit:

Re =~
FpaHCMOpTHBIE  CAMOJIETL G0 s >+ 107
CrnoptiBlble CaMONeThl . . =g }'10',
Taancpsl opan V gax - : 3. 106
TMaaneput npit Vgppp - - (l,ig'
TPCHHPOBOYHLIE CAMOJETL -10¢

120 000—320 000

KopaoBLie  mMogemn =

Bo.blme Mogeld C MOTODAMI ;
Cpeanue Moropiibie H  0oRbUH2  (E3MOTOP:

Hble  MONENM 5 4 30000—100 000
Manenbxite  ACTAIOLLIE MOICIE 15 000— 60 000
KomuaTHHE Mofedil s 5()90— 30004
Mapstumit  azasbaipoe . AP = 200 000
Yaiika , . . . . 5 B o e 10000[1 )
Bagouka B NJaBupYIOWEM il0ACTe : 3000— 7000

3a uckaiouenuem aanbatpoca (V = 16 m/cex) u ObICTPO
JleTalolnx Kopaosnx mMoneaeit (V = 20—50 s/cex), nonetsl
Mojieseil W ITHLL COBEpLIaOTCH Hike rpaunusl Re= 150000
B 370l 06nacTi o6TeKAHUC HMeeT HeGaaronpusiTiyio ocobex-
HOCTB: CNOCOGHOCTD K cKauKkooOGpasiniv naMenenusis. B o6-
dacTy ke uncen Re, jeauinx BLbILle 3TOH MPpaHHubl, BIJIOTbL
JI0 TIPHOJMKEIHST K 3ByKoBuMY Gaphepy, HaGmonaloTcs dulilb
HESHAYMTENHHBIC, TOCTOSIIHBIE 1T IETKO BLIYNC/ISIeMbIE H3MCHR-
nus.

HMspecrnpe verrusredckue npoguan [1] (Re~=420 00U)
MOMHO HCNOJB30BATh TOMBKO AJS NA4HeDOB W HebOoJIBIIX
CIOPTHBHEIX CAMOETOB, HMEIOLUX 110 0HOi nonsipe. Ho oxu
He MpPUTOAHE AJsT MOZENCH U NTHL, XAPAKTEPRCTHKH mpodH-
nelf KoTopuix B auanasoiie uncen Re 14 000—180 000 goaskub
GbiTh  M300paNeHs  asyMs-BoceMbio nodspami.  Kaxznoo
KPHII0 BHYTPH 3TOIT 06/1ACTH NPOXO/IHT KPUTHYECKOE COCTOH-
uue oB1ekanus. [Ipuuen 1a Majgoi CKOPOCTH HPH  JOKPHTH-
yeCKOM OBTCKanHK HA6MI0JaeTCs OTPhIB JaMUNIAPLOTO NoTpa-
HHHIIOLO 051 HA BEPXHel MOBEPXHOCTH KPBNA, d MPH KPHTH-

% B 6pownope Bee 0fo3naueHus NpH MEPeBOte 3aMcicHbl Ha 0603+
navennst, npunsiisle 8 CCCP  ([Tpus. nepesod.).
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geckoM uuciae Re norpaHiuubii ciloil CTaHOBUTCH TypPOyJIeHT-
HBIM H mpHAeraer K nopepxxoctd. Floabenmuas cuna ckauko-
06pasno Bo3pacraet, CONPOTUBAECHHE COOTBETCTBEHHO YMeHb-
LWAeTCs] W JIETHEIE KaueCTRa MOACIHH HAW NTHIL BO3DACTAIOT.

Uenm MeHblue MO, TEM NPH MelbLMX uHcaax Re xe-
JATENBI0 HMETh TYPOYJIEHTHO® 3aKPUTIIECKOE COCTOSTHHE
o6rekanus. D10 AOCTHraeTcsl AN BLIGOPOM COOTBETCTBYIO-
Lwero npodmis, MM CO3RAHIEM HCKYCCTBEHHON TypOyaeHr-
HOCTH, K@K 9TO MOXKHO naGmonaTh R NPHPOIE Nia npuMepe
KpPLIa UTHILL MJIH HACEKOMOTO.

Inst Goaplunx ke camoneTor, uncaa Re kotopulx B Je-
CATB-CTO pa3 Oodablie, Henccoofpasio Kak MOXKHO AO0AbIE
COXpausiTe JAMHIIAPHOCTE MOTPAKKYHOIO CHAOS B CBSI3H C €TI0
MaJdbIM COMPOTUBNEHHEM TpPellus. DTo JOCTHTAGTCH Yy ule-
HHEeM Ka'lecTBa BepXHeH NOBEPXHOCTH H C NOMOMIBIO JaMi-
napHex npoguiei. Mojens Jeraer ¢ «rypOysdenTiuii Mpo-
(uiem», KoToprit nojo6en npoduao Kpuia ntuus. Kpeuio
OTHYB HMeeT OCOAbllylo OTHOCHIENBAYIO LIEPOXOBATOCTL;
KPLITO CTPEKO3Ll — JdiKe Nonepeulble CKJIALKH, o nepei-
HAsl KpoMKa cuabmena ocTpuMH 3yGuamu. A dHa  Kpbuie
GOABLIOrO caMOAera Jiauke 11eGOALILOIl CA0i Tbia Ha Hepe-
llel KPOMKC MOMET NPUBECTH K aBapHH.

3. OBOCHOBAHHE CNELHAJIbBHBIX METOJIOB
HCCJIEAOBAHMHS

Ugeao Re xapakTepusyct oTHOWCHME Cil YCROPEHHS K
CHJIaM TPCHMS, HJAH, COOTBETCTBEHNHO, OTHOWIENHE HHepll
MACCH! BO3AVXaA K ero Ras3kueTH. [1pu Gonbuinx yncaax Re co-
CTOsIHHE OBTEKAHHS ONpPeALTACTSS CHIAMU UHEPLUKA, TPH Ma-
Jbix uHenax Re— cunamu saskocrn. Ilostomy nawmuap-
HOCTB NOTOKA NPH MAJBIX YHCHAX R MOKHO 0GHACHHTD TOM,
UYTO MPH JOCTATOUHOH BA3KUCTH [POUCXOANT Criua)kHBaHHC
HE3HAUHTELIOH HWEPOXORATOCTH HOBCPXHOCTH NOTOKOM. B
pesyaLTaTe NPH JAMHHADHOM OOTERKAalluH TPEHHe HA BEepX-
Heil MOBEPXNOCTH Melble NPH TOM K€ uncie Re, yem mpH
TypOyacuTHOM obTeKanui. D70 ABJEHHE NIBECTHO, 1T TOUKH
fleNexo/id MOKII0 PACCUNTATH MO HOBOH TCOPHM MOTPAHY-
noro ciiost Toabymuena u Mlauxtanra [3].

HUTo0bt NPABHALHO NPEIACTABMATL NPOLECCH OGTeKaH s If
CAedaTh 3aMCPLl B a3pOAHHaMUYECKOit Tpylie, HeoGXOUUMO
A00UTHCS MAMBHAPHOCTH HOTOKA B Tpy6e na MaXcHManblo
60/bLIOM YUaCTKE.



Ins sToro cylecTByeT nsitb cnocoloB;

1) ycrawoBute JBA HIM TP MEJKHN IPOBOJNOUHBIX
¢GuabTpa co snayennem €,< 2 B (hoprxaMepe 32 BHIPAMHTE-
JieM noToKa na paccrosHun 30 ¢au Apyr ot Apyra, € yMCHL-
wawouuMes naveHueM C, no mMepe NpUGMIKCIUS K COnay;

2) oGecneuuTh LOCTETOMHYIO 30HY YCNOKOCHHH NOTOKA
MERAY QHALTPAMH K CONJIOM;

3) yCTAHOBUTH NJIABHOC COMJO C MUIHMAALHBIM  CyXKe-
Huem 5 : 1 (makcumanpHoe cyxenue 20 : 1), Tak Kak cyxeHue
NOTOKa NPHBOAHUT K MajeHHIO AaBjAeHHsT H IOINIKAeT Typoy-
JIEHTHOCTb;

4) wncnone30BaTh KOJJIEKTOp AHGDGYy30pa € 3akpyriyen-
HEIM BXOAHBIM OTBEPCTHEM, NESONBLIHM YILIOM pacTBopa
Lnddy3opa # AOCTATOUHO GONBLLIKHM HAPYMHBIM W BHYTpEH-
HHM OMaMeTpoM AJS rallenuss nyancaunn noroxa. Kpowme
TOro, BO3NYX, NOCTYNHBIUHA B CBOOOANYIO CTPYH), MOMKEH
BBINYCKAThCS yepes CHELHalbHbe OTBepCTHA B Anpdy3ope;

5) NpPOHM3BOAHTE, KpoMe TOro, B GOMBLUINX a9POAHHAMHYE-
CKHX TpyOax OTCOC MOrPaHHYHOLO C/IOSi CO CTEHOK TPV OLL.

C noMolibio CreiHANBHOTO NPHCNOCOONEHNS B MaJeHb-
Roft asponuHamuuecroir TpyGe uucTuryra Maxca Nnauka B
lFertunrene (MowHoors TpyOht 60 K&T) KPHTHUECKOE 4HHCIO
wapa, BMeowero ananetp & = 17,5 cx u chyxailero B xa-

Vd
yecTBe 3TanoHa TypOydeHtHocti Re = , » ObWIO yBeJiyte-

#o ot Re, = 300000 no Re, = 385 000.

Taxum o6Gpazom Oulia HOCTHLUYT Ko3dduuueHt Typoy-
neutnoctu TF = 405000/385 000 = 1,05. YUnena Re, wapa
Pa3annusbiX aJpoRMHAMHYECKHX TPY0 MOXHO CpaBHMBATL
JHlb B TOM C/yyae, eC/il H3MepeHHsl NPOH3BOAWIHCE Ha 11d-
pax C PABHHM JAHAMETPOM H OJHHAKOBOH LICPOXOBATOCTHIO
NIOBE PXHOCTH.

B paccmarpeBaeMol FeTTHHFEHCKOH TpyGe Uit MajeHb-
Koro wapa c auamerpom 12 cu 6ulno nodiyueno Re =393 000.

3TH KPUTHYECKUE u¥c/a lIapa NpH Nepexoie OT JaMH-
HapHOroO, NOKPHTHYECKOTO o6TeKauusi K TypOyfNeHTHOMY,
3aKputHyeckoMy (puc. 1) paccyutambl npx ckopoctr V, co-
OTBETCTBYIOLIeH nepexody KO3(OMUHCHTA RaBJEIHS uepes

Hy/IeBYiO Touky == 0. Jlapienne naMepasioch Ha oBpaTHOI
yJneBy y q p

cTopoke wapa. 3HaveHHa Re, oTnecensl K uHeay Re =
=405 000, makcHMaJIbHOI BeJHYHHE, NOJNYUeHHOH XOpPHEPOM
[4] 8 Oyxcupuom noacre Ges Berpa. B Gosdee no3fHux Hecac-
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Puc. I. Onpeneneuns xpuTHueckoro uucaa Re imapa no C,=03
B ko3(Quunenty napnexns p/g=0

JOBaHUSIX B KAYECTRE HICaJbHOTO 3nauenus uncna Re, npw
OTCYTCTBHH BeTpa Obiia mosnyyena pednunsa Re, =410000.
A1u ukcna Re, onpeaenieHHEIe METOAOM H3MEpeHHs JaBie-
nus, npuMepno na 20 000 Goaelie, YCM KPHTHUECKHE uucna
Re wmapa, onpeaenenttie METONOM H3MEpeHH{l CONpOTHBAS-
uuna npu nepexone C, uepes C, =0,3. [Nocnenune, kak yr-
sepxpaer ITlaarr [5], ZoaKub COBNAZATL CO 3HAYEHHSIMK

Re npu % = ~—0,22. B 70 BpeMs Kak B a3pOA1HaMHYECKOH

Tpy6e nepexon ot faMHHAPHOTO 06Tekanus K Typ6yIeHTHOMY
wapa nHamerpom 17,5 cm, noMelleHHOro 3a TYypOyausupyio-
LWeH peleTKoH, MPOUCXOANT VXKe MPH Re,==100 000, Xoprep
noay4nst B GYKCHPHOM NOJieTe Ha MUIOLIANKAX, OKPYKEHHDIX
nepesbsiMi, Re,=380000, 7. e. HECKOALKO MeHbILEE 3HAuE:
nue Re,, uem B cnokofivoi atmocdepe.

310 rOBOPUT O TOM, YyTO GoJBIHE BUXDH Typ6ymenTHO-
cTu B CBOGOAHON aTMOC(EpE HMEIOT He3HAUHTENsHOE BAUS-
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HUE Ba NOrpauiiyibil CHOH TOMHIOH AL HECKONBKO MUI-
JUMETPOB, Takgm 00pas3OM, TOJNLKO H3MEPeHHst B CBOGOJ-
110 OT TYPOYJNEHTHOCTH BO3AYIUHOM MOTOKE 71a10T NpaBiib-
Hble BEJNHUHL, CPABUIMDIE C BEeNHUMHAMI CBODOIHOTO ND-
Jera, D10 uiee1 ocobue 3HAUEHHE A8 W3MEPEHHIl TP Ma-
anx unerax Re, Tak Kak B TypOyJeHTHOM NOTOKE HMOKPHTH-
yeckoe JgavMuHapHoe ofTexaHue BooOule He HabmomaercHd,
a npu Takom o6GTekaHnn Ko3(QUUUEHTH aspoAUHaMUUECKHX
cua cunbho maMcHaotes. Ecan dKe MoayueH nOTOK € Manoii
TyPOYJIERTHOCTBIO, TO € MOMOIIBIO COOTBETCTBYIOUIMX Mepo-
NPHSITHIl MOKHO JIETKO CAEIATH Cro TYPOYJCHTHEIM WJIH Typ-
OVaIH3NPOBATH CTO YACTHUHO, YCTAHOBHB B HYXXHLIX MCCTaX
14 BCHbITLBAEMBX Tenax Typ6yauszatopel. Takuv oGpasom
MOKHO OPONCMOUCTPHPOBATE CUAbIloe BJAHsHUE TYPOyJeHT-
1I0CTH HA A3POAHIIAMHYECKHE XapaKTepUCTHKH.

YerauoBup Medkye (uasTPLi, NOJYYHM  pPaBHOMEpPHOE
pacrnipejieenne cxopocteil 1 TypOydaeHTHOCTH B NOTMEPeUHOM
CeYeNH CTPYH HA HEKoTOpoM paccrosHui. Duantpel npe-
BPAILAKOT 3HAYHTENBHYI0 1aCTh MOUUIOCTH BEHTHNATOPOB B
TCILI0, NMO3TOMY HEOGXONMMO B KaXAOH TOUKe H3MepeHHil
TOUHO YUHTHIBATL M3MEHEHHe TeMnepaTtyphl notoka (HanpH-
Mep, Ha 06paTioll cTopoKe 1apa), Tak KaK HHaye ¢ noBhilIe-
nueM t ma 1° uncaa Re noayyalorcs: 3aBBUUENHBIMY NDPUMEDP-
#o ua 2000. [pu Bozpactaloueli u yGusaoweli CKOPOCTH
MOYKHO HaGaofaTh PHCTEpPe3ic?, 2 NPH MalleNbKIX Wapax—
HenpaBHianHoc Re,, npesuialowee 430 000.

3aeck HeoGXONUMO 0GPATHTh BHHMAMHC Ha CJeLylofiec:
KaK H3BCCTIIO, BO BCEX a9POAMNaMHYecKix TpyGax na6.aio-
AA10TCsE B onpeAesenHoM ANanasoHe CKopocTell Bpeasble pe-
30HAHCH KoaebaHuii (ocoficHAo B TPYOAX € TOMKEMH MeTad-
JHUECKIIMY CTENKAMU ¥ CINMKOM MadelbKiuMil KOAJNeKTopa-
vy andipysopa), NPHROAALIME K yCHIACHHIO TYPOYAEHTHOCTH.
[TosToMY »KemaTeanlo KPMTIUCCKOe YHCJIO apa, yKas-
BAIOL(Ee Ha COCTOSIIHE TYPOVJIEHTHOCTIF NPl ONPeAeNeHHOIT
CKOPOCTIH, ONpefensth Aast Kawaoll cxopoctn. Jlo enx mop
VCIICHHIBIM B 9TOM HaNMpaBJIEHHN OKA34JCH  TOABKO METOA
l'lBl\IepEHHﬁ ,[Ipa)leua — C NOMOMIKIO WIEKTPI{MECKOro 30H14
¢ TCPMOHHTHIO i1 ocuuanorpada. STOT METOf HACT BO3IMOM-
IOCTL H3MEPHTL pacipemenente TypOyJeHTiocT B Tpyle
a5 Beero auanmasowa ckopocteil. TpyGut co caaGoit Tvp6y-
JICHTHOCTBI) HMCIOT CTenelb TypOyTeHTHOCTH:

# 3ro nonsitie pasbupactcs nogpobHo B pasfese 5. ([pus. ne-
pesod.).

12

T—Ki-loo 0,3%g—1%,,
Fie @ — CpegHsifi CKOpOCTh NvabCauuit B TypOyferHom
110TOkE; i
V — c¥0pocTe OCHOBHOTO MOTOKA.
Ca3p MEM/Y H3MEPEHMsIMI C HOMOLIBIO WAPa 1 NPSBU-
JOKH BUAHA H3 clledytouleft QyHKIMH, 3aBucsLlefi OT NPOU3-
REJIGHHA CTeneHH 'rypﬁyneu'mocm Ha napamerp Teitiopa:

oi|(V5) - (2]

e l_)—,uuamm'p mapa;
[ — pesuuHna BUXPCBLIX 3011, NOJAYYEHHLIX ¢ MOMOHLKIO
NPOBOAOUHBIX 30HIOB.

M3 pyukiun Buano, uto Re, H3MCHACTCH uponopuuo
HAJIBHO KOPHIO (ISTOH cTenenn u3 D u usmencine V5V B
usTh pas sddexrusHee, uem namexenne D u L.

Ha puc. 2 nokazada TapupoBounas Kpusas 3eiidepra
[7], noJyyeniias NPH CPABHUTEAbHBIX H3MEDEHHSX C TOMU-
IWLIO MPOBOJMOKK M TAPHPOBOUHOrO Wiapa puameTpom 22 ci.
Hns MageHbROIl FeTTHHIEHCKOH TPYOB €  3JIMNTHHCCKEM
connon (730 X< 1045 ma) wap auaverpom 220 xam poi3san
Gbi CAMIIKOM CHJIBHOE TOpMOXKeHHe notoka. Yneiao Re, =
=385 000 mapa nuamerpom 175 ma npm sxcrpanmossumy *
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Puc. 2. TapupuBounas AH2rPAMMa U3MENCHIS Cledcus 1ypoyneutTaoct
no Rey TloctpoeHa uast senaunikbl BuXpA l=1 ca, T,=0. CoorpercTeycr
Rey=411000 (no 3efipepry)

#* DKC1PANOASILHER HEHBAE1CH MDOIOMKEHHe KpPHBBHIX 3a TDAHHIbL
rpaduka. ({Tpum. nepegoo.).
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RO 220 ma COOTBETCTBYET AAS 3Toit TpyGH crenenu Typoy-
sentoetn | % (cm. puc. 2).

Jlas usMepeHus CHA0BIX CiJl, ACHCTBYIOUINX Ha MOAEAD
npH MoJeTe Ha Maawix ckopoctsax (Re==10000—200000).
Heo6X0AHMO, 4TOBL TPOXKOMIIONEHTHBIE BECHI HMEJNH TOY-
10CTh N0 AECSTHIX JOJEH rpamma ¥ NPHCMINK BO3AYINHOFO
1aBJeHMs YKasLIBAJ TIEpenad AaBJACHHA ¢ TOYHOCTHIO HO €O-
THIX A0deH MHLIHMETPa, Perysiupopka CKopocTy B AHAIA30-
we ot 1 no 10 at/cek, 1. e. moway 0,06 n 6 ma BoA. CT., TAKIKE
J0aKHa Obith TouHOll. KpoMe Toro, npu onpeieneHus Xa-
PaKTEPHCIHK KPBa B AnanazoHe yxcen Re ot 10000 2o
200 000 ans yMCHBIIEHHST pacCeyBamis TOYEK “H MOBHI-
LICHHST TOYHOCTH CJAEAYET BMECTO OOBIMHOI0 MeTO#A H3ilepe-
HHs TOASIP C MOCTENEHHBIM YBEJHUCIHEM YA aTakH o NpH
COXPaHEITH MOCTOSTHNUOH CKOPOCTH HENPEPHIBHO H3MEHATH
eaa Re, MeHfifl CKOPOCTh TIPH NOCTOANHOM 3HAUEHHN (1.

Jis monyuenws meTJE THCTEpe3nca CKOPOCTe BHAYAJE
HOCTENEHHO YBEJHUHBAETCS, a 3aTem yMeHbiuaercd. B o1au-
YyHe OT METOfa OMPEAC/ICHHS MOAAP ITOT CNOCOH MOKIIO HA-
3BATL METOJIOM H3MCHelHs KpHTepHs noiodust™.

Crpost u3meHenne cooTeeTcTByfomux 3navennii C, n C,
B QyHKuME YHcTa Re. MOMCHO MomyuuTth J0G0e KodHuesTBO
noasp B BH:IE NONEPEUHBIX cenentiii (cM. puc. 4).

4. 3POEKT TYPBYJIEHTHOCTH OJIS1 LWAPA H
KPBLJIA

Xapakrep oGtekanuns HeGOJIbIINX KPHABEB AHAIOTHIEH
xapaxkTepy oOTeKaHHA [apa. .

Ha cropornc wapa, naxoasueiics non Bo3aeficToueM na-
feraouiero NOTOKA, B IEpeiHeil KpHTHUECKof Touke Habllio-
naetcst u30LTouHoe AaBaciune (), OpH MPHOJANIKE!UHH K
3KBATOPY Ilapa — MOHMIKEHHOE NaBJCHHE (—). BBI3BAHHOE
NpespalleHses 3HePrdH [aBJeHHsT B KHHETHYECKYIO 3HEp-
ruio. (cM. puc. [). B ceoGoamnoil o7 TPERHS KUIKOCTH
(7. e. B uaxocTy 6e3 BAKOCTH) Ha oOpaTHOH CTOPOHE LIA-
pA KHHeTHueCKas SHEpPrust IOTOKa BHOBb IpPEBPAIUAETCH
B SHEPrHIO JaBneHus () u TaM BO3HHRAeT BTOpas KpHTH-
yeckas TOYKa MOBLILEHHOTO ZaBaeHusi. ConpoTHBAeHHe Lua-
pa pPaBHAETCST HYJAK, TAK KakK B JNaHHOM cayyae nasaeHie

# To ects uncna Re. (/Tpus. nepesod.).

H

Ha MEpeAlici 1 8aHell CTOPOHAX liapa ypaBHOBEIUMBAETCS.
O6pasopaHe NMOTPAHMYHOTO CJIOf, BLIBBANHOE BS3KOCTHIO
BO3AYLIHOTO NOTOKA, ABJSICTCH, KAK H3BECTHO, NPHUUNON
BOSHHKHOBENHS CONPOTHBJENUT QOPMLI K CONPOTHBIEHHA
TPEUHST.

B saBucumocTu 0T T0ro, JAMUHAPEH HOTOK WAM TypOy-
JICHTEH, MOJ1Y4al0TCH PasVINYHbIE CONPOTHBACHUS M KAp THHbI
obrexkanus:

a) Jlammiaproe (HOKPHTHHECKOE) COCTOSHHE NOrpanyuy-
HOTO CNosT He UMEET Huuero oOLIero ¢ MAeadbHoN KaPTIHO#
obrexalusi, CBOGOAHOM OT Tpenms uakocTs. CpHB NOTOKA
HAGJIONACTCA YIKe HA 3KBATOPE, Tak Kak JaMuHapHBI 110-
PPAHHYIBLE CIOH 116 MOKET npCoj0JeTh BO3MHKAILICE TaM
H3MeHeHHe IaBACHAs OT MuHyca (—) K natocy (). B 6osb-
DM BIXPEBOM NPOCTPANCTBE Ha 3ailell CTOPOHE 1uapa
HAOJI0ZdeTCA NOHMKEHIOC AapaeHue (—) a (CM. pHC. 1).

b) Tlpu onpenencHHoil KPHINYECKOH CKOPOLTH B COOTBET-
CTBEHNO Re, morpannufbii ciofi Ha Jo6oBoI NOBEPXIIOCTH
lnapa JIaMEHAPUDLi Ha HECOJILUIOM YuacTKe, a 3aTeM npe-
Bpaulaetcs B IypOYACUTHLIT. JTO NPOHCXOAHT mpPH AaMH-
HApUOM NOTOKe, OOTEKAIOLICM HIAD € COBEPILENHO TIALKOM
lloBepxHOCTBIO, Ha Re = 410000. ITpuuen 3oma nepexoaa
PAcrosoKeHa nepes 3CHOH CPLBA W NAMUNADHHE yuacrok
YMEHBUIAETCA C YBEAMUEHHEM CKOPOCTH.

TypOyaentisiii  (3axputuueckuii) mnorpanuunmii  caof
HMCET OCOUCHHOCTE: OH MOXKET C NOMONWBIO HEGOABIHX BIX-
Peil HEPENOCHTL SHCPrIIO (CKOPOCT) N3 BHELUHEro NOTOKA
B 3aTOpMOMeHnEl! caol. Daarozaps Goaslueit ckopocers
STOT CJIOH YHCTHUHO NPEOAOACBACT HOBBIIEHHE HABJEHHS
Ha sajneil ctopone wapa. OTphB MOTOKa mpekpauacrcs,
NPOHCXOAMT NPUJICFAHKHE MOTOKA, B SHAYMTEABHO YMEHbUIKB-
lueiics BHXPEDO{l 30M€ YCTANABIMBACTCH U3OLITOYHOE NuB-
Jierne u C, yverbmaercs ¢ 0,48 10 0,08 (1. e. m mects pas)
b (cm. puc. 1). D70 CBOHCTBO 3aKpPHIMUECKOTO COCTOAINNA
TIOTOKA HAZBIBACTCS IpeKrTOM TYPOYACHTHOCTH.

¢) Ilepexox ot namunaproro o6TeKauus K TYpOyNCHTHO-
My MOKHO MOJYUYHThL NPH Malbix unciax Re ¢ noMollbio
TYpGy/1I3aTOpPa, BBINO.IICHHOrO, HANPUMEP, B BHAE NPOBO-
JIOYHOTO KOJLUA ¥ MOMEINEHNOro Mepen 30HOi CphBA, Kak
sto caenaa Tlpaupae, INonoGHoe e peitcTBHe OKa3MBaeT
LIEPOXOBATOCTL BCPXHEl MOBEPXHOCTH WK YK€ TYPOyJieHT-
HENT CaM To cefe MOTOK. Re MOMHO TaKKe YMCHBLLINTS C
NOMOULBIO 3BYKOBHIX KoJeGaumil. HauGoaee sddexrnsnuim

4 3ax 343 ; z 15



TYPOYAIBATOPOM B 1pyde SBAACICs PCHICTRY N2 NPOBOJIOKH
OMPCACNICHNON TOJHHE.

TPM H3A0Zenibie BEILIE COCTOSIHIN NOTORY HATJISAHO Ae-
MOICTPHPYIOTCSE B ONKTE C BOAOIMPOBOAHBIM KpauoM:

a) Eenu MeaJeHIO OTEPHIBATEL Kpal, CTPYA Bopbl Oyner
BHalaJjie COREPLIEHHO r.uam(oi'[, .’larvll'lli?lp}l()fh

b)Ecau #e oTRPLITL KPpad eule 00JbiUe, TG IPH ONpelc-
JNCHUOR KPHTHYECKOH CKOPOCTIL (OTOK HEOMINAHHO CTaHO-
GUTCS TYPOYICHTHLIM.

¢) Ecsau pBeCTH B naMMHAPULIT MOIOK HIOAKY, TO, HAYh-
HAsl ¢ 3TOFO MecTa, MOTOK CTAHOBIITCS TYPOYJICHTHEIM.

Ilepexos aaniiapiioro NoToka B TYPOYACHTHEI HA KPLI-
€ NPOUCXOAMT MPH 3HAUHTEIDIIO MEHBIUHX YHCAAX Re, eM
a yape, HANPHVCP, ha TOHKHX (JIOCKHX KIaCTHHKaX Yike
npu Res2 10000, KoTopoe COOTBCTCTBYET OPHMEPHO IJIaHH-
pytonieMy 1oaety 00abiinx 0afoyeR 1 MAJCHbKHX KOMHAT-
HBIX Mogedacit. Ha toacTelx npoduasx ¢ TYOLIM HOCHKOM H
otiocurenbuoi Toamunon 20% nepexod B JaMuHapHOM HO-
Toke HaOmogaercesi npin Re==100000, a noanan 1ypOynenr-
HoeTe — npi Re=:150000, 4TO cOOTBCICTBYET YXKe MOJCTY
oucHp OOABINOIT MOJAEAW € MOTOPOM HAH OOMBLIOH MTHILI-
NAPHTCI. ‘

I1a puac. 3 nokasauu pesyabTaThl H3MEPeHUil B aspodu-
HAMHYECKOR TpyDe Ha Kpbule ¢ mpoduaen Ne 60 npn w=3°
B apkpuriuueckoM COCTOSHIM OTPLIB JaMUIAPHOTO norpa-
HHYIOTO CJIOSl MPONCXOANT Ha BepXIeH HOBEPXHOCTH MPOhH-
A8, TAK KAK OH He MOIKeT anO}'l()JI(‘Th auuHaIoImerocst Tam
yBeIHYCHHA AABICHIS (cM. pHC. 3,0). 3

Husi npoduas Ne 60 Re, =63 000. C yrennyenuem pas-
PCReHHsT 1A BepXVeH HOBPPXHOCTH NEPLUISsT KDHTHYCCKAS
roUKa MEPeMEIlaeTes o HANPABACHHIO K HIDKHEH NOBEPXHO-
eTi Kphiid. Ha norpanniunsii caoil, BBHXyuAca o1 3TOI
TOUKII K BEPXHCH MOBEPXIUOCTH KPLWIA, deHcTByeT TeM 6oiab-
IMaf UEHTpOOEXKHAS Cilia (z:": “), UM VeHblle pAjHYC
uocnka. Baarofaps 3ToMy MOTpaHdulbii CIoi CTANOBHTCS
TYPOVACHTULIM B TOUKZ CPHIBA MEPEMEILACTCA HMMKE IO Mo~
ToRy & (cm. pic. 3). C, ymcabiactes ¢ 0,00 zo 0,05; C, pos-
pacract ¢ 0,35 mo 0,65, kavectso C, *C . — ¢ 4 30 I3 1 1aap-
HOCTh NJAaHHPOBARHUA ~— B TPl pasa.

Boisoxa.

OnTHMaibibe JeTHHE XapaKTCPHCTHKI MOAETH MOMKHO
[OAVMUTL TONBLKO TIPIT 3aKPHTHYECKOM COCTOSlUMN ofTeka-

16

T lea by
.»afa‘“ (13 a

u |, 75 Jupdnentin i ciog '{/’ i
o 7 sy . T e S —
= T : e N Jaxpusucsil myobyresmmy nozpa
w0 | — Wpdymusamep g7, 7 | IR T LN b
" ¥ ¢ g gl
S by =
12{074 "HT L+_ _am a3 5
e | 0ge .lC"L ! ! ! Q,/C,‘WT 5
tl I 4
2707 RS isemau Td C
,/ ~ ‘)
U61006 el
R e
" ot L -3
05 |005 - S —
04 |aps -
aslaes 15
Y2 p— %
!
o 5,
L. ! : 1 i
o 50000 100000 Lo i)

Puc. 3. DesyauTarst i3vepensii na spblie € npodaes N 50
npit g=3" jo uncia Re=130000. Tlynirupnas ausns « Typ-
Gyunsatopos Td. Cujowkas muing Ge3 [YpBy.araarepa

st 4TO AUCTHIGETCR HaH HCNOAL30BANNEN OIPENCACHRORO
NpoYuAst, Wi NYTEM CO3LAHHS HCKYCCTBEHHON TYPOVICHT-
LIOCTH, HANPHMEP € HOMOWLIO TYPOyAH3IaTOPa B BWIE TIPO-
BOJIOKIL, HATANYTOR nepel KpeioM ¢ (cm. puc. 3). Baarosa-
ps TypOynH3aTOPY Morpanuuubiii ¢oit ua npodmae Ne 60
Typhyaenten vae apn Re==20 000.

5. NETAA THCTEPE3UCA

Ilocrpoenne rpaduka aspoiunaMuseckux cua npe 3a-
KPHFIIMECKOM PEKHME TMOCHAC CPLBA [OTORA GOBLINX yr
Jdax diakt ¢ UCACAVIULEHM YMEULIEHHeAl ¢ J4cel et
ricrepesuca ¥, KOTopas A roAcrelx upodiieii pactipser-

* CyWocT 9TON0 HEACHHR 3BKII0NAETCS 3 TOM, 10 KPHBLE H3ME-
eyl Kakofi-1HG0 BEAHYHHN $3BHCAT OT HANPABICHUS, B KOTOPOM Me-

NSI€TCST AaHUAS BENNNILIA, B [ COBHAZAIOT NpW MPAMOM f# OOPAaTHOM
uanpaBaemax. ([Tpus. nepeod.).
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ta npu Goapwinx uncaax Re. Must cpennux npodunet, 0co-
GeHHO B NOTOKE C MaJOH TYPGYNEHTHOCTLIO, eTds THCTepe-
3lica mosBaseres upyu nebonbuiux uncaax Re.

Kak yame Obi1o cKa3aHO B pasaese 3, npH MajJHX 9nCIaX
Re ayuiue ©enons3oath METOJN H3MEHEHUS KPUTEPHS! MOKO-
Oust (o —mnoctosunoce, I — uaMeHsercsi), dYem oOBLumbii
Meroy onpedenenus noasp (V — nocrosmpoe, o — n3me-
ngetca). OJHaKko AN NPABHIABHOTO MOCTPOEHNSE NETJAH IH-
CTepe3yca € MOMOLLBIO METOAA H3MEHENHsi KPUTEPHS MOJOo-
6un  HeOOXOZMMO, OOCTHTHYR TpeGyemofi MakCHMANLHOM
CKOPOCTH HA GOJBLIOM YIe aTaKd, C€O31aTh € HOMOILBIO
CTEPHCHS, MOMELICHHOTO MepeA HOCHKOM Kphiid, 3aKPHTHYE-
CKuH pemuM oO6TEKanus B TOM CJIYuae, eciu MOTOK caM Mo
cebe He mepeiifer peako B 3akpPHTHYECKOE cocrosHue. Tax
nonyyaioT 3HaueHus Cy,,. U BEDXHIOW KPHBYIO HETJH FH-
crepesnca (CGH na pue. 4). Takum o6pasoM, Hampumep,
nodiyuennl Kosh@uuuents ans npoduis Ne 60 va puc. 5 npu
Re~+160 000 ¥ ¢>10°. Pasnuunoe nosefeHne npohuas npu

//
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Puc. 4. TlpoctpaucTaennan cuetena Koopausar Cy 8 GyHKmun Cyx H

Rc A1t ACIOCTPAUHE B32HMHOIT CBASH MEeXny MOTONOM H3IMEHEHHA

KpHTEpHs! MOROGHA (MponcabHOE ceycliHe) M METONOM  H3aMepenns
nosisp (nonepeumge ceuenme) ang mpohuas N A0, a=10°
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Puc. §. Peayabrarul u3Mepenus na Kphuie ¢ npodu-
aem Ne 60. Cy B oyt Re. ¥roa aTexn Ges no-
npaok#. Jlns cpapueimns aaerca sddexr TypOydent-
HOCTH TIPH YeTHIPSX YTi2X aTaKi, HOJYYacMBlii ¢ 10-
Mowbio TYpGyanzaiopa Td, VCTAHOBIGHHOTO Ha MO-
neqm. 70T sdibert ckasninaeten yake npu Re=20 000




oboux cnocobax H3MEpeHHs CBR3all0 & HePeMELleHHeM le-
peineli KpUTHHECKoll TONKH MOBBILEHHOFO HaBJCHHS.

[Mepenewenne nepeanefi KpuTuueckoii TOYKM NpH  [0-
CTOANOM o B yMECHBHIAKOLICMCSR v 045 3aKPUTHYECKOro pe-
JRUME COOTBCTCTBYCT MCPEMELUCHHIO 3TOIl TOUKH NPH MeToAe
OlIpejleneHls Noasp # ¢BOBOAHOM MONETe.

Ha crofionno aerawell Monean MoMHO HAGMORATH
AefiCIRIe PHCTEPESIica, KOria IMPOHCXOANT CPbIB 33KpPHTIYE-
CKOTO MOTOKA. BH3BaMIBI NOPLIBOM BeTpa HJAN  MCCTHBIM
YMEHbLUICHHEN CKOPOCTH BETpa. N&O;l.(:'.flb yMeliblliaer o H
EPYTO MJIAHIPYCT ¢ BO3pacTawlled CKOpUCTbI0 A0 Tex nop,
noxa npu GoabmoM uxcac Re u cooTsercTIBYIOUIEM YRae
aTakH BICBL HE [POH3OHAET 3aKPUTHYECKOE HPUIETaHHEe
HOTOKA H HC BOCCTaHOBMTCR [IOPMAJbIIOE HOXOMKENHE MOACTIl
B AOJAETE.

- C7F X TMAGCKHX ¥ 03260 HIOTHYTBHIX MJIaCTHHKAX B
iwaaetn uncer ReT»20000 re natamonactes it JOKpHridc-
LU0 VG e 18, I THE Tepesypcs, TU e CarsMoe MOIKHO
CR43aTL 1 0 npoQHIax cpenncil romuiin (Manpumep, M 60)
LB TOM Ciavuae, Koraa 3al(])liTﬂ‘ieCKHfi PEACIAL OGPCUC‘{HB:’}ET-
cd TYPOVAN3aTOPOM.

6. HUTh B KAYLECTBE TYPBYJNH3ATOPA

Orufaiouas Touek CPbiBA HA PHC. D aH@JOrHUHA  Pe3Rn
noavumMaoweiics kpusoi Cy .. Koropas Mg upodiurs
Ne 60, wauunas or Re,=63 000, npoxonnr uepea yepexod-
nyio 3ony u npe Re=110000 4 ¢=17° goctoraer C =13
Tlecae yToro morpannuninlii Cof i BCPxNell  1HOBEPXHOCTIT
Kphlid [MOAHOCTRI 1y phy.deHTen OJaroaps pospacraiotile-
Ay TV POVIHIAPYIONEMY AENCTBHK) HOCHKA: 1td HOCUKE BO3-
HHERCT HeHTPOOexIoe YCEOPCHAC B CBAIK C [ICPCMELICIeM
nepeiueii KpHTHMCCKOH TOURH HOBBIUCHHOTO JABJERHs, A
TaxKe 6AAroA4PsT INAUNTEALIOMY MOCTYUACHUIO IHCPTIN 13
BUEIRIEro HOFOKA B HOTPANHUHBLEL ca0ii.

o aocTHZKCHHN NOMIOR TYPOYACHTHOCTIT HOCPAHBIHOI0
caos upexpaiaeres geherpiue  sduiesra  TYPOYIACHTHOSTH
MOTOKY, 4 CAeA0BATCALIO. JHERANPYIOTCH NECHMYNLCCTE,
HOAYUeHHbie 0T HCKYCCTBeHHON TvpOvHH3aLlLL.

Fpamia gefictous Typoy.Iu3aToORd Opy il leHbKIEs uitc-
Aax Re etle mano BecHeioBana. OAIER0 1a:;e KPLO Hace-
KOMOTo waHiEoil B 1 Aty okafiMiacno  FONKUMI BOJOCKG WIT,
KOTOPBIE, QUERHIHO. REIIOMISIOT POAL TYROVAHSATOP:.

Ha xpbie nopean TypOyiusatop Hymen us 1010, 410~
61l NOYUHTH 3AKPHTHUECKOE 00 [CKalme YaKe UpK HeGonbulix
ynenax Re. ¥ npodnas Ne 60 (em. puc. §) kpubas cpuiea
caetiaercst ¢ 63 000 no 20000 (npuncpno ua 40000), a xas
npoduns G6-625 tonmmmoin 20% — aAame o 105000 no
20000. ¥ npoguias Ne 60 otpeie notoka npi Re=20 000
npouexomnT na ¢=7° Ipn Re=40000 1 =9 C.=09,
a npi Re=60000 1 ¢=12° C,=1,1. Benuuny C=1,l Ges
Typ6yausaTopa nodyyaior Toabko mph Re=90000. Typby-
aw3atop ponxen Owlth He 1oupwe 0,4 v w yeTanosacn n
ONPEAENEHHOM MECTE MEPel HOCHKOM KpPLiia ¢ OnopaMu lia
PaCcCTOSIHII OKOAO 25 ¢t

Ha puc. 3 noxasan typGyansarop ¢ awanctpod 0,7 s,
yeTaHoBJeHHH tepel kprIon ¢ xophoif 90 ma. Pasmepn
B3ATH B npouentax k 0. Ilocne yeranoBku TypOysm3atopa
(ca. nynxTRpHble ApHul na puc. 3) npu Re=50000 C, Bo3-
pocao Ha 38%, C_‘.w * yamenbupnock a 33%, a rayectro
€ /C, yeeanmiock ¢ 5 1o 10.

[pn cpasuennn pasauanbix  TypOyIH3ATOPOBR  BEUICHH-
J0Ch, UTO ST HOPMAJILHOTO Npothuisi KPHJia B aranasoie 4u-
cead Re or 30000 o 100 000 nanGonee s¢ddertusen rypdy-
JHM3ATOP B BHAE HHTH, & fIPH MEHBUIHX 3HaveHnsix Re aui-
FOAHEC HCMOMABL30RATE IMRPOXOBATOCTH B | AA ma  mocuKe
KpBIa.

Il-ﬂﬂ QIpeAedeHH MECTa DACHOAVARCHHSL HITH 110 BCPTH-
Ramu 6w sebpaun npoduas Go-623 tomuunoii 20%, xoto-
pulil Gaaronaps GoabllomMy paasycy wocrka (3.4 %) ocofen-
HO UYBCTBHTCHCH K T}'pﬁ}.ICHTH()CFI’L

Ha puc. 6 aana sapnenmocerk kavecrea C/C, 0T BLICO-
Thl PACHOAVKEHNH TYPOYAN34Topa AR Hstin  PAZTMUNEX
yraon ataku n Tpex suauelnii Re. Meeaexosands mposoai-
AHCh B @9DOINAMUYICCKOL TPYOe Ha MOBCHH KPLIAL © yuIl-
ucnien 5. Tlporoaoka anaserpom 0,5 sa Guina saKpeiena
Id MOACHH, TdX UTO OPH NHCHOJABZOBAHHMM PE3VJILTATOB Cie-
AYeT yuntsiBathk e¢ conporupacine. Obaacts nepexaga 1a-
yunaerces na npoduae G6-625 6ea Typbyanaatopa or Res

105000 u npu Re= 155000 nocrnracrest moauas TypOy-
JACHTHOLTE; ¢ TypOyauzaTopon — oT Re=-20000 1 noanas
TVPOYACHTHOCTE — 1pu Re=70 000.

Ilpn e=90" 1 Re~:84000 tvpOyauzatop AAeT peskoe

# Hngexe m o3uakact, yro veanumta Cyp pasira Ged  flunpabok Ha
nowspane . epyiit. (Mpav qepesod.y .
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Puc 6. Brnauwe nomowenns TYpOiyausaTopa no BhHCoTe
Ha XxapaKTepHCTHKH Tonctoro npotwsn Go-625 ¢ Tynmbiv
HOCHKOM

ynytienne rauectsa (¢ 2 no 13) B GoasluoM wnTepsane
nofoienHi y no seicote (ot 0 so 20% b wan ocww Bpaime-
Hus). Ha Rea242 000 TypGynusatop 3(h&eKTHBEH ToMbKo Ha
OnpeneacHKoli BriCoTe (Yy=5%) H /JaeT MaKCHMANLHOE Ka-
4ecTBO 9

C yBenuuenwem yriia atakp IMAanason YCTAHOBKH Typ-
Oy/IH3aTopa TO BEPTHKAJIN CTAHOBHICH yIKE W  ONYyCKaeTcst
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Puc. 7. Tlepememenne nepenusit wputileckoit TOUKA H pacnpescsc-
| uHe AaBNeHHs AV NPodMAs € OCTPEIM H TYNblM HOCHKSMH
|
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Ul

BIlH3, KaK N0KA3HBAIOT MakCHMaakHble 3Hauenus C, /C, npy
Re=42000. 210 sBneHHe OOBACHACTCH IBHIKCHHEM NEpen-
Heil KPHTHUECKOIl TOMKH [OBHIILIEHHOTO NABJEHHSI BOKPYT
focHKa Kphlia BH#3 (puc. 7). Taxknm oGpa3zom, HawAyulliHit
3()(DEKT [Js MOLENH BINOTEL [0 MOJETa HA KPHTHYECKOM pe-
JKHMe =18 HOCTHTaCTCsT TNPU OTKNOHCHHW TypOynuaaTtopa
BHH3 BOKPYTI Touku b/4 mpuMepHo Ha yroa ataku. Ilpu
a=18% n Re~42000 sdpextupHocTs TypGy/iH3aTopa elie
HE3HAaYHTeJbHA, HO 0JaronpHATHA BIKIOThL N0 HACTYINICHHS
nosHofl TypOyJenTHOCTH 1ipu Reaz155 000. M3 nanpHelfiunx
Hceqenopanuit  Ha mpoduae  G6-625 6u0 ycraHOBIEHO,
YTO NP yMEHbLUEHHH PACCTOSHNS mo TopusouTanu na 10Y
H HenoJBHXHOM 3aKDEIMIeHHH TIPOBOJOKH AHaMerpoM 1 awm
Ha Beicote 8% 6 TaKme MOJY4AIOTCS MOJOMKHTEJbHEBIE pe-
3YALTATHI.

Tlposonoka pmamerpom 0,2 ms sddexTHBHa TOMBKO B
TOM CJlyuae, ec/Id OHa Konel:IeTcsi, UTO MPAKTHYECKH COOoT-
BETCTBYET YBEIHYEHHIO €8 IHAMETpa.

7. HOCHK KPblJIA H NEPEMELLEHUWE
NEPEJHEH KPHTUYECKOW TOYKH
NOBLILIEHHOrO JABJIEHHSA

IMorpanmunslii ¢10fi HAa Tedax ¢ TYNBIM HOCHKOM Gonee
gyBCTBHTENIEH K TypOyJIeHTHOCTH K K u3MelleHHio uncia Re,
yeM Ha TaKHX Xe TeNax ¢ WepoxoBaTocTsaMu Ha Hocuke. [Tpn
COOTBETCTBYIOUIEM KOJHUECTBE 5THX HIEDOXOBATOCTEH It
Re<(30000 cosnaercsi nosesnuifl spderr TypOyAEHTHOCTH.
Onnako caniiKod GoablIOe KOAHUECTBO HX MPHBOLHT K CPbi-
BY NOTOKA.

Ha typ6yaentroe oO6TCKaBHE nepéHeii KPOMKH KpBLIA
BAUSIOT CJAEAYIOIMHE BEAWNIHHL: MepeMellleHHe nepeaeil
KPHTHYECKOS TOYKH MOBLIICHIIONG AasJeHnsd, hopMa HOCHKA
(panmyc wociKa r, yroa ¥ cpeaueli AMHMM npoduns, Hae-
HeH}E TOALIHHBI BA0Jb CPeAHEl Musun npohuwis), wepoxo-
BATOCTh BepXHEH MOBEPXHOCTH, YIoM aTaku @ M YHCI0 Re.

B uspecTHOM HCCAEAOBAHHK ™ BpALIAIOLIErOCS UHAMHADA
B Mapad:iesbHOM MOTOKe NepeiHAs KPHTHYECKAs Touka me-
pemeliaeTcss B HanNpaBlieHHH, NPOTHBOMONCKHOM HHPKYJIsi-
UMK, 38JHAA KPUTHUeCKad TOYKA — B OJQHOM HaNpaBJCHHH

i
¢ uupkynsuued, Ilpy ; =4 ofe Touku coBmagaior, Teno
LIeJIHKOM HaxXo[uTCsi B o6sacTy noHMKeHHOro Aapnenus [2].
® Cu, nenprvep, kunry [2]. (MMpus. nepesocd.).
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Ha xpuine noppeMuas cuna nponopUHoHaNbHA UHPKYNALHHE,
TaK YTO C YBeJMYeHMEM NOAbEMHON CHIIbL 3[leCh TAKKE me-
peAHsin KPUTHUECKAS TOYKA ABHIKETCS B HAMPaBNEHHH, 06-
paTHOM UMPKYJISILHK BOKPYF HOCHK@ KpPBUIA K HHWXHeH Mno-
BepxHocTd. Ha puc. 7 paHo mnepeMelienHe KPHTHUECKOI
TOYKH AJ151 ABYX NpOQHAeH, MosyueHHoe B FeTTHHIEHCKHX HC-
cnefopannsx [1]. Ecin naxke 310 nepemellientie BIOJb HHXK-
Hefl NOBEPXHOCTH KPBlIa COCTABAAET JIHIUDL COTHIE JOJH XOp-
Abl, BCe-TAKH OHO OKa3hiBAaeT 3HAUHTEIbHQE BJHSHHE HA
TypOy/IeHTHOCTb MOTPAHHYHOFO CJIoS BepXxHeH NMOBEPXHOCTH,
H 3TO BJMSIHHE YBE/HYMBAETCS C YMEeHblUEHHeM pajnyca
HOCHKA,

Ha npogune G6-389 (cm. puc. 7) ¢ MajabiM pajiiycoM Ho-
cuKa npu 0=14,6°, HayuHaa or nepeaHeil KPHTHYECKON TOU-
KH A0 TOYKM MHHHMAJBHOTO [aBJeHH#, PAcHOJOKEHHOH B
4 mm, NPOUCXOLUT NMAJEHKE aaBienmsi, pasHoe 4,7 cKopocT-
HOTO Harfopa, Tak YTO0 CKOPOCTh NOTPAHHYHOrO CJIOS y me-
penHeil KpOMKH BO3pacTaer 3a Yo CeK. oT 0 zo 64 m/cex.
Yckopenne pasuserca 512000 m/cex? u npeBbiliaeT yckope-
Hue nyau. Ha ToncroM npodune 382 npu a=14,5° ckopocry,
HauHHas QT nepejHeli KPHTHYECKOH TOYKM, BO3pacTaeT Ha
oTpeske B 7 MM 32 g0 CEK. 710 34 mfcex. Yckopehne, Ta-
KuM 06pa3oM, coctasiseT Toabko 82000 m/cex?, 1. e. MeHb-
uie yen Ye yckopenus Toskoro npoduis. Touka e MHHH-
MaJIbHOPO [IaBJIeHHA pacnoioxeHa Jajblie OT -nepenwei
KPOMKH U TOJIDKO Ha DaccTosiHHH 38 Mm OT nepefHeil KpHTU-
yeckoil TOuKH focturaercs V. ,.=55 mfcek, Ha TOHKOM Xe
npoprae 32 paCmONOMCHULIM HAA NepefiHell KPOMKOW mil-
KOM pa3peieHHS CPa3y Ke HauHHAETCHl Pe3Koe yBeauueHHe
NaBNEHHs U CKOPOCTh YMEHbLIAETCS,

Bosbiuas BeJHUHHA YCKOpEHHs MNOTPaHMYHOro ¢jos Ha
npouae ¢ OCTPHIM HOCKHKOM OOBSICHSIET, MOUEMY HA TOHKOM
npoduie nepexon JaMHHAPHOTO OOGTEKaKHA B TYpOyJenT-
HO® HaupHaeTcs nNpH MajoM uucne Re: ua mpoduie Ne 60
npy Re=63 000, a na npodpune G5-625 ¢ TymbM HOCHKOM
tonbko mpn Re=105000! C npyroil cTOpPOHBI, MOMHO TaKKe
CLenaTh BLIBOJ, Y4TO MOTPaHHUHBIN CJQH nosmKeH Gbil Ol 06-
TEKAaTb OCTPYIO MEPeJIHION KPOMKY ILIOCKOH IJIaCTHHKH
(panuyc Hocuka r—0) ¢ Geckoneuno GoJbLUOH CKOPOCTHIO,
TaK KaK MartepHajibHas Touka ¢ Maccoft p, KOTOpas ABHXKET-
csl co CKOpocThio V mo H30rHyTOM nyre ¢ paaHycoM 7, HC-
NBITBIBAET LeHTPOGEKHYIO CHAIY 2= PT . Bmecto 3toro mo-
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