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NPEAVNCIIOBHUE K TPETBEMY U3JAHUWIO

TpeTee H3gaHHE CNpaBOYHUKA HONOJIHEHO
rauOonee BaXHBIMH pe3ylLTaTaMH HCCIEZOBa-
HUH TOCJIENHAX JIeT. YTOYHEHBI W H3MEHEHbI
TakKxKe HeKOTOphlé MaTepHAkLl CHpPaBOYHMKA.

CnipaBovYHMK COCTaBJIeH HAa ocHOBe 0OpaboTky,
cUCTeMaTH3amn U KlaccuduKammMu pe3yIbTATOB
6osBIIOrO HYHCHA HCCHeJOBaHHH, onyGmmkoBaH-
HBIX B pasHoe Bpems. CywecTseHHas 3acCTh
MAaTEpHAJIOB CIPABOYHHKA NOJNY4Y€Ha B PE3YNb-
TaTe HCCIENOBaHWHA, NMPOBENEHHRIX ABTOPOM.

PeaynbraTnl uccleNoBaHHH (TOYHOCTH H3rC-
TOBJIeHMA Mopcieid, ¢acoHHBIX wacTeil TpyGo-
NpPOBOAOB, TOYHOCTE U3MEpEHuit U T. 1I.), IpoBe-
JEHHBIX pa3M4HBIMH  CIHELUANMCTAME, MOIIM
NONYYHATBCA Pa3IMYAIOMAMIUCT MeXIY coGoil.
Takas BO3MOXHOCTB MOI7a BO3HMKHYTH e€Ile
H TOTOMY, 4YTO Ha OOJBUIHHCTBO MECTHBIX
THAPAaBIHYCCKHX COITpOTPlBJ’ICHHfI BIIHAECT HE TO-
JIbKO PEXHM TEYeHMA, HO M «IPEABICTOPHS»
noToka (ycnopus INOOBOJAA €ro K JaHHOMY
y9acTKy, npo(uns CKOpOCTH M CTeleHb Typ-
OyNEHTHOCTH HAa BXOME M T. IL), @ B HEKOTOPHIX
Chy4YasiX ¥ TOCHERYIOWAs «UCTOpHUS» TOTOKA
(0oTBOI HOTOKAa OT YYacTka). Bce 3TH ycioBus
¥ Pa3HbIX McclenoBaTesielf MOTIIM TakXke OKa3aThb-
cd He COBCEM COBMAJAIOMIMMA.

Bo MHOrHX CIOXHBIX 31eMeHTax TpyGonpo-
BOMHBIX ceTeidl Habmromaerca Gonbluad HEYCTOMH-
4YHBOCTH IIOTOKA, CBA3AHHAA ¢ NMEPHOAATHOCTHIO
OTPBIBA €ro OT CTECHOK, NEPHOMUYECKHM H3MEHE-
HHEM MECTa H BEJHYHUHBI 30HBEI OTPBHIBA M BHX-
peobpa3oBaHns, YTO NPHBOJHT K DPa3NHYHBIM
3HAYCHUAM TUIPABIIMYECKHX COINPDOTHBICHHIA.

Ilepen aBTOpOM CTOSUIA TpYAHas 3aJada: NpPH
nmoadope AOCTATOYHO PA3HOPOJHOrO MaTepHana
N0 TUOPABJIMYECKHM CONPOTHBACHHAM BHIABUTH
H OoTOpPOCHTH COMHHTENBHBIE PE3YNLTATH ONBI-
ToB; pa3obpaThcs, B KakHX Cay4yasx Oospuroe
paznuuue B 3HAYEHUAX KOIPPHUUHEHTOB COMpO-

TUBNSHUA [AHHBIX YYaCTKOB ABJIAETCS 3&KOHO-
MEPHBIM, COOTBETCTBYIOUIHMM CYUIECTBY SABJICHMH
NIpH TPOTCKAHHH MOTOKA 4YEPE3 HHUX, a B Kakux
3TH pa3MM4YHd He3aKOHOMEpHH;, OTobpaTh Ha-
nbonee QOCTOBEpHBIE AAHHEIE M HANWTH YA3ayHYIO
¢hopMy MpencTaBIEHHS MaTepHasa C TEM, 9ToGs!
cHeNaTs €ro JOCTYNHBIM M IOHATHRIM HHXEHED-
HOTEXHHYECKHM pabOTHHKAM,

KoHdurypaunag y9acTKoB U NpENATCTBHE TPY-
OonpoBoAXBIX CETeH, HX TeOMETPHYECKHE Mapa-
METPHI, YCIIOBUA HNOOBOAd H OTBOAA U PEXHMBI
Te4eHHs CTONb MHOrooOpasHEl, 4TO B JIMTEpaTy-
pe€ HE BCerxa MOXHO HaATH neoﬁxonnMLxe
ONBITHRIE JAaHHBIC [UId pac4eTa UX IHApPABIIHYCC-
koro conportuBneHAas. IlosTomy asTOop pemmi
BK/IFOYUTE B CHOPABOYHHX HAHHBIC, HE TOJIBKO
XOpoIIO TpOBepeHHbIe Ja00paTOPHBIMH HCCiIe-
OOBAHHAMH, HO H TIOJNYYCHHBIE TCOPETHYCCKUM
OyTeM WIH TPHOIIDKEHHBIM DPAacueTOM, OCHOBAH-
HbIM Ha OTHECHBHBIX 3IKCIEPUMEHTAILHBIX HCCJie-
JIOBAHHUAX, & B HEKOTOPHIX cly4asx rpyGoopHen-
THPOBOYHBIE IJAHHBIC (nocnem-me CIIeIHaJILHO
OTOBOpEHRI B TEXKCTE). ITO AOMYCTHMO NOTOMY,
9TO B NPpOMBIIUICHHBIX YCJIOBHAX TOYHOCTh H3-
FOTOBJICHHA M MOHTaxa ceTeil Tpy6 M yCTaHOBOK,
a CledOBATEILHO, H YCIOBHA MPOTEKAHHA MOTOKA
MOTYT 3HAaYUTCJLHO pa3IAYaTbCAd B OTIOEJIbHBIX
YCTAHOBKaX M OTJHYAThCH OT JabBopaTopHbIX
YCAOBKii, NPH KOTOPHIX MOJYYeHO GONBIIMHCTBO
K03 PHIHEHTOB THAPABINYECKOro CONpOTHBJIE-
HHA, & TakXKe MOTOMY, YTO IJIS MHOTHX CIIOKHBIX
MeMEHTOB 3T K03bOHIMEHTH HE MOTYT HMETh
IIOCTOSHHOTO 3HA4YCHUA.

Hacrosmee H3JaHHE CHpPaBOYHHKA JOJDKHO
CriocoOCTBOBATH MOBHIUCHHIO KadecTBa H 3IKO-
HOMHMYHOCTH NPOSKTHMPOBAHHA H 3KCIUIyaTaluH
NPOMBILILICHHBIX, JOHEPreTHYECKHX H IODPYTHX Co-
OpYXeHHH, & TaxkKe YCTPOHCTB M AaNnaparos,
[0 KOTOpPHIM MepeMENAIOTC KHAKOCTH H rasbl.



IMTPEAVCIIOBUE KO BTOPOMY WU3JAHUIO

Her mnowTd HM OJHOW OTPACNH TEXHHKH,
KOoTopas He Obla Onl CBA3aHA B TOM UM HHON
CcTemeHH ¢ HEO6XOOMMOCTBIO NMEPEMEILICHUAS XKUMI-

KOCTeil MM rd3oB mo Tpy6aMm, KaHamaM H pas- -

JIAYHBIM amnnaparam. Crenenb CIOXKHOCTH THAO-
PaBIIMYECKHX WJIH TIa3oBO3AYUIHBIX Ce€Ted npu
3TOM MOXET ObiTb CaMOH pa3IHYHOM.

B omHHX cly4asiX 3TO MAaruCTpajbHBI€ CETH,
COCTOSAIIHE B OCHOBHOM H3 OPAMBIX TpYyS oueHb
Gonbioil npoTakeHHOCTH (HedTempoBoawl, ra-
300pOBOABI, BOAONPOBOAL!, TAPONIPOBOMLI, BO3-
JYXONPOBOAE! BEHTHJISUHOHHBIX YCTAHOBOK KPYII-
HBIX HIPOK3BOACTBE H T. IL).

B fOpyrax cny4asXx 3TO CeTH CpPABHUTEJIBHO
HeOonpIIOH NPOTAKEHHOCTH ¢ CONBIIMM YHCIOM
pasHooOpa3HEIX (ACOHHBIX M Pa3BETBIECHHBIX
JacTed, pPA3lIAYHBIX TIPEMYTCTBHA B BHOE IpOC-
CeNbHBIX HJIM DPET'YIHMPYIOUINX YCTpOHCTB, pele-
TOK, BBICTYNAIOIIHX 4YacTeil U T. A. (BO3AYXONpO-
BOJBI Pa3BETBJICHHBIX BEHTWIAIHOHHBIX YCTaHO-
BOK; ra3oXoAbl METAJTYPravecKnX, XHMWYECKHX
H IOPYTHX NPOH3BOACTB, KOTENBHBIX arperaros,
ATOMHRIX pEAKTOPOB, CYIIHIOK W XMMHUYECKHX
YCTaHOBOK; O€H30MAaCIONPOBOALI H IPYTHE TPY-
fonpoBOoABI CaMOJICTOB, pPakeT H T. 4.).

Yacto ceTh, N0 KOTOPOH NEepeMelIaeTcs KUA-
KOCTh WIM ra3, mOpeacrasiser coOoll enuHBIR
arperat (KOTJIBI, pa3NMUyHEble IleyHd, TeII006-
MEHHHKH, [BUTATENH, BO3AYXO- H Ta3004HCT-
Hble aNnmapaTsl, annapaThl XUMUYECKOH, Hedte-
XHMUYECKOR H JOPYrHX OTpaciieli NPOMBIIIEH-
HOCTH).

Bo Bcex cnydasx HeoOXOOUMO NPAaBUNLHO
pPacCUYATATh FHAPABIAYECKOE (2IPOAHMHAMHYECKOE)
conpoTuUBlieHMe ceTH. Maso Toro, coBpeMeHHOe
NPOEKTHPOBAHHE COOPYXKEHHH CO CIIOKHBLIMH
dopMaMH rHApDaBIHYECKMX ¥ Ta30BO3JYLUHBIX
ceTeil HE MOXKET NPOBOXMTBCH AOCTATOYHO Npa-
BWJILHO ©e3 MOHMMAaHUA OCHOBHBIX (H3HKO-MeXa-
HHYECKHX OPOLECCOB, IPOHCXOMAIIMX B CIIOXHBIX
37eMeHTaX ceTel, W ydYeTa peKOMEHNALMH IO
YNYYIIESHUIO YCIOBHIt TeYeHUA U CHHCHHIO MECT-
HOTO THOPABIHM4YECKOr0 CONMPOTHBIICHHS 3TUX 3Jie-
MenToB. HeoOxomumsie Ond 3Toro csedeHHSA
NPHBOTATCA B HACTOSLIEM CIIPABOYHUKE.

Tak kax 3a nmepuox cO JHA BHIYCKA B CBET
MEepBOro H3OaHUs CIPaBOYHHKA NOSBUNOCE MHO-
rO HOBBIX JAHHBIX II0 THOPABIMYECKHM COIIpO-
TUBIICHHAM, NOTpeOOBasachk 3HAYUTENbHAas Ile-
pepaboTka CHPABOYHHKA C YYeTOM pe3yJIbTaTOB
HOBBRIX HccnenoBaHHil, Bmecte ¢ TeM, He uMmesd
ApakTHYeCKOH BO3MOXKHOCTH BKJIIOYHTBL  BCe
BHOBL ONYyOIMKOBAaHHEIE NAFHLIE O THAPABJIH-
4eCKHM COIpPOTHBJIEHASM, 3TOT npoben Mbl BOC-
OOJIHAEM DACUIMPEHHBLIM CHHCKOM JIHTEPATYDH
0 3TOMY BOIPOCY.

CupaBoYHHK COCTOMT W3 12 pa3fesioB, B Kax-
IOM H3 KOTOPHIX, KpOME NepBOTo, NpPHBEIEHbLI

6

OaHHble JUIA ONpEAEneHHOH TIpYNnbl (acoHHRIX
WM JpYrux 4acrteit Tpybonposoaos U 3.1eMeHTOR
ceTel CO CXOXHBIMH YCIOBHSAMM XBWKEHUS B HUX
KHUHIKOCTHM HJIHW raas3a.

B mepsom paznene B KOHCHEKTHBHOH (opme
JaHbI obuue CBEACHHUA 1O rHApaBlIMKe HANOPHBIX
CHCTEeM H AIPOAHHAMHUKE, CBA3ZAHHBIC C raapap-
JMYECKHMHE PACYeTaMH 31EMEHTOB ra30BO3AylI-
HBIX M THAPABIMYECKHX CETei.

CnpasoyHbiif MaTepHan K4XAOro H3 rocie-
OYIOIIMX DAa3feloB COMEPXKHT:

1) DoACHUTENBHYI) 4acTh, B KOTOpOH, kak
MPAaBUIIO, KPATKO H3JOXKEHO OCHOBHOE COaepiKa-
HHE pa3nesia, B KOHCNeKTHBHOR (opMe olmcanwl
¢H3EKO-MexaHuYIecKHe UPOLECCH, MPOUCXOAAIINE
B CIIOKHEIX 3NIEMEHTaX TpyOOoupoBomoB, NaHKEI
OOTIONMHUTENbHBIE TOACHEHHS W' INpaKTHYECKUe
PEKOMEHIANMH IO PACYETY U BHIOODY OTHENBHBIX
3JIEMEHTOB CETH, a TAKXKE DEKOMEHHAllHH IO
crocodaM yMEHBINEHMS HX THAPABIAYECKOrO
COTIPOTHBIIEHHUS;

2) pacYeTHY:0 4acCTh, B KOTOPOW NpPUBEACHEI
KO3QGUIMEHTH HIH B OTHEIBHBLIX clrydasx al-
COFOTHBIE 3HAYEHHUS THAPABIHYECKHX CONPOTHB-
JIEHWA NpSIMBIX YYaCTKOB H UIHPOKOro XJjacca
tdaconnrIx dwacrteli TpyGonpoBOmOB, apMaTyphi,
pa3THYHLIX IPEnATCTBHR M ApyruX JJieMeHTOB
ceTel.

B xaxaoM paspene 3T4 JAHHBIE NPeNCTABICHBI
CIEIHAIbHEIME  JHArpaMMAaMH, BKJIIOYAROLMMHA
CXeMBI paccMaTPHBAEMOIO 3JIEMEHTa Tpybomnpo-
BOJa HJIM TIPENATCTBHA, pacyeTHbie (GOPMYJIEL,
rpaduxkd u Ta6MUIBI YUCTEHHEBIX 3HadeHWH Kodd-
(UUHEHTOB CONPOTHBJICHHUS.

Ipu coBpeMEHHOM NpPOEKTHPOBAHHM C HC-
nons3oBandeM DBM 1A pacdera ruapasiHyec-
KHX (ra3oBbIX) CETeHl O4YeHBL BaXKHO HMETh 3Hadye-
Hut ko3¢d¢HNHEHTOB CONPOTHBIICHUS B BHAE
pacueTHeix GQopmyn. KpoMme Toro, xparkas 3a-
nuch QYHKUHOHATBHOM 3aBHCHMOCTH Koaddu-
[IMeHTa CONPOTUBJIEHHA OT OCHOBHBIX OHpeEne-
JIAIOMHAX MapaMeTpoB 9acTo odkeHb yHoOHa.

I'paduueckoe u300paxeHHe YKa3aHHOW 3aBu-
CHUMOCTH NOJIE3HO TeM, 4TO, ¢ OQHOH CTODOHBI,
oHO naeT GoJiee HarngaHOe NpPeICTABIIEHHE O Xa-
paKTepe MJAHHOA 3aBHCHMOCTH, a C JpYrou—
nosponser Ge3 pacyera (MHOIZA IO JOBOABHO
CIOXHEIM (opMyllaM) HONMYYUTH MPOMEXYTOU-
Hble 3HAYCHHA KO03hObUIHEHTOB CONPOTHB/ICHHL,
OTCYTCTBYIOIIME B TabJHile.

3unaveHds  K03h¢UUMEHTOB  CONPOTHBIICHMSA,
npuBeneHHble B Tabnuuax, ABAAIOTCS TEMH oOC-
HOBHLIMH JAHHBIMH, KOTODBIMH YOOOHO MOMB-
30BATLCA [IPH pacyeTax.

Enpuuusl u3Mepenus namsl B cucteme CH.
IOna ypno6cTBa, B OTACIBHBIX Cllydasx mapai-
JIeJIBHO rIpPlBC,IICHBI 3HaYeHHA COOTBETCTBYIOUIHX
BEJIMYHH B eOWHHKIAX [PYrdX CHCTEM.
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30B OpH IOC- SHepruu (xoagp-
TOSHHOM  JiaB- ¢unuerr  Ko-
JIeHWH u TIoC- pHOHCA)
TOSHHOM 00be- N, MotmHocTs Br
Me n, OTHoeHue —
Cy Koadoumuenr —_ mromanei ce-
nobosoro  co- yeHU (CTEmeHs
[IPOTHBJICHAA pacumpeHus
D, d JduameTpsl mo- M WIX  CYXEHHs
nepedHOro ce- CEueHH)
YECHHS n ITokasaTtens —
D _=4F/[Il; d.= |lunpasnuuec- M MOJTUTPONLI
=4 f/T1 KHe MIH IKBH- n, Komunuectso —
BaJIeHTHEIE 2JIEMEHTOB
JHAMETPBI D CraTtHueckoe IIa
(y4eTBepeHHBIE JaBJICHHE
THIpaBIIAYEC- p* ITonroe manite- Ila
KHE pamuychl) HHUE WIKA AaBlie-
F, f IMnomaan no- M2 HHE TOPMOKE-
MEepeYHoro  ce- HAA TIOTOKA
4eHUs Pa H3b6piToynoe ITa
F=FolF, Koadoumuent — NaBJICHHE
XKHBOTO  cede- Ap IToTeps nonHo- Tla
HHa (OpocseT) ro HaBlleHUS
peleTkH, nuad- P, Cuna no6oso- H
parmei, cuos r0 CONpOTHB-
HT. I JICHHSA
G Maccosslit pac- Kr/C o OGbeMHsIl pac- M3/c
XOJ XHIKOCTH XOHI KHIKOCTH
(raza) (rasza)
g Yckopenue cso- M/c? R Tazosas moc- | Ix/(xr -K)
6onuoro mage- TosAHHas
HUs ' R, IunpaBmmgec- M
h BricoTa M KHi paadyc
k=c,/c, IoxasaTens o Ry, 1 Pamaycst  mo- M
H303HTPOMBI AepeuHoro  ce-
l Hnuya yyactxka, M 4eHHS KPYTIIOA
rirybuHa kaHana TpyOBbl HIM 3a-
WIH yTOIEHHE KpYIIeHMi
OTBEPCTHSA Re=wD,/v Yucio Peii- —
Ma=w/a, Yucno Maxa —_ HOJILACA




IIpoooancenue mab.1.

O6o3nagedns Haumenoeanue |Coxpamtennoe O6Go3navenus Hanmenoparne (CoxpainenHoe
BENTHYHUHKI obosHaveHHe BEJIHIHHBI obo3uaveHue
B CHCTeMe B CHCTEME
CcU CH
S, s Hlar (paccros- M A OKXBUBAJICHT- M
HHE MEXIy Has pPaBHOMED-
CTEDXHIMH B HO-3€PHHCTAaA
My'Ke Tpy®, WIEPOXOBATOCTh
MEXAY oT- CTEHOK
BEPCTHAMH  pe- A, Cpennsa  Bul- M
WeTKH A T. 1.) COTa BBICTYNOB
S, Ilnum{a cBoboa- M 1IepOXoBaTOC-
HOM CTpyH 5 TH cTeHOK (a6-
So IInomage no- M COMIOTHAS IIe-
BEPXHOCTH POXOBATOCTh)
S, Mugenesa M? A A
wiomans Tena 8y=—; A=— |OtHoCHTEND- -
B MOTOKE D, D, |nas wmepoxo-
T(r) Tepmomunamu- |  K(°C) BAaTOCTH  CTe-
vyeckasg TeMIe- HOK
aTypa -
T* g‘ep{fo THHAMMA- K e=F/F, Koagdunuent —_
Yeckas TeMme- 3aloIHeRn
paTypa TOpMo- ceqeHusa (koag-
XeHAs TOTOKa dunpeHT  CKa-
v, VY nenbHbIi M3 /xr ’ THA)
06BeM € INopucrocTs —
v Cxopocts 6o- M/c (mons CBO-
KOBOTO  OTTO- Goaxoro obwe-
Ka (npHTOKa) Ma)
w CKOpOCTB M/c g,=./ w2 / Wo Creneur  Typ- —
[oTOXK2 CYJIeHTHOCTH
w IIpononbuas M/c pw?
Ty TbCallMOHHAS 4 CEAP/—Z" Koadpunmenr —
CKOpOCTb  TiO- THADABIIHYEC-
TOKA XOro  compo-
z 3anbUTIeHHOCTD r/M“2 THBJICHHA
z MsineeMmrocTs Kr/M
o e | o [t | -
ML yron pac- rBApaBIHYEC-
IUAPEHAS WM
) KOI'0  COmpo-
CyXEHUSA; yromn THBACHHS
OTBETBIICHUS
TPOHHHKA; yron Gep Koadduuuenrt —
HabOeraHug Imo- CONPOTHBIICHAA
TOKa Ha Temno TpeHHA  y4acT-
) VYron mnosopo- ° xa Jmusolt /
Ta (oTBOAA, n Jnnamuueckas IMa-c
KOJIeHa); yrox BA3KOCTh
OTKPBITHA KJla- nn Koa(b(bnu“eﬂ'r —_—
naHa OYHCTKH
8, TommuHa cTen- M ]
K#, DOTpaHW4- A=Cp/— KoaddumuenT —
HOro CJIOA HIH D COTPOTHBJICHUS
NPHCTEHOYHOI O TPeHHS eJHHHU-
cllos 1Bl OTHOCH-
o, BoicoTra crhika M TENBHOH  OMH-




IIpooo.irncenue mad.a.

O60o3ua4veHuS Hanmenopauue |Cokpatennoe O6o3ra4venns Haumenoaune |Coxpaiestoe
BEJTMTHHBI obo3navenue BETHMHHBI o0o3na4enne
B CHCTeme B CHCTEME
cu CUu
H  (//D.=1) o [InoTHOCTH Kr/m?
y4acTKa KAgKocTH (ra-
Ao=wlag, OTHOCHTEB- — 3a)
Hasf (npuseneH- p* [InoTHOCTH 3a- kr/m°
Hasg) CKOpOCTH TOPMOKEHHOT0
noToXa moTroka rasa
n Koadpdunuenr — Pep I[InoTHOCTH ra- kr/m>
pacxona 32 ©OpH KpH-
T Maccosast xoH- — THYeCcKOl CKo-
peHTpauus 9ac- pocTH
THL, B3BEUICH-~ I1 IlepumeTp ce- M
HbIX B YOTOKE 9eHus
v KunemaTn4ec- M?/c ¢ KoapdumueHT —
Kad BA3KOCTH CKOPOCTH
HMHAIEKCEHI

Hunexkcet npu F, £, D, d, 11, a, b, w, p,
Q. p NOKa3bIBAIOT, YTO OHH OTHOCATCS K Clle-
RyIOMM CeYeHHAM HIH YyYacTKaM:

0—x onpenensaroieMy cedenuto (Haubo-
Jlee y3KoMy);
l—x WHpoXOMY CeYeHHIO TIPH paciuupe-
HHAH MWJIH CYXKECHHM Y4acTKa,
2—K IMMPOKOMY CEYCHHIO MOCJIE BLIPaB-
HUBAHUA TIOTOKA;
K— K HIPOMEXKYTOYHOMY CEYEHHIO U3OrHy-
TOro KaHajla (KOJICHa, OTBOAA) HJLi
K pabogeit xamepe ammapara;
CK—K CXaTOMY CEYEHMIO CTpPYH NpPH HC-
TeHYEHUM H3 OTBEPCTHsA (HACAOKA);
OTB—K OTBEDPCTHIO auMadparMel WIH eOU-
HUYHOMY OTBEPCTHIO PELIETKU, CETKH;
p—K GpPOHTY pelweTKd, ceTkH, muagpar-
MBI, :
6, 1, c—COOTBETCTBEHHO K OOKOBOMY OTBET-
BJIEHHI0, PAMOMY Ipoxoay 4 cbop-
HOMY pYKaBy TPOWHHKA,
BBIX—K BBIXOOHOMY CCYEHHIO;
00—K CKOPOCTH B OCCKOHEYHOCTH.

Hupekcer 0, 1, 2, k u 0 npu / orHOCcATCH
COOTBETCTBEHHO K NPAMOMY BXOAHOMY, IPAMOMY
BLIXOAHOMY, IPOMEXYTOYHOMY (I H3OTHYTOro
kaHama) ¥ mud@ylopHoMy yudacTKaM.

Wupexcel npu Ap ¥ { yka3wIBaroT HA CIIEAYIO-
iMe BHIBI THOPABIMYECKOIO COMNPOTHBIICHHS:

M——MECTHOE; TP — TPEHHS; CYMM-— CyMMap-
Hoe; n-— obulee conpoTtuBienne auddysopa, no-
MEMIEHHOTO BHYTDH CeTH; II—IOJHOE COIPO-
THBJeHue nuddy3opa UIH O0TBOJA, NOMCEIIEHHOr O
HA BBIXOJE H3 CETH; BH —BHYTpPEHHEe COMPOTHB-
neave muddysopa; paci— CoNpOTHRIEHHE pac-
mypeHrro noroka B guddysope; yx-— conpoTHs-
nEeHHe ynmapa UOpH  BHE3ANHOM  DACIIHPEHHWH;
6 W [O— CONpPOTHBIEHUA COOTBETCTBEHHO OOKO-
BOTO OTBETBJICHHS H NPAMOro NpoxoAa TPoHHHKA
(ana k03¢ PHIUEHTOB CONPOTHBIICHNS, IIPHBEAEH-
HBIX K CKOPOCTH B COOTBETCTBYIOUIMX OTBETEB-
JleHHax); ¢. 6, ¢. n—Ko3¢UIIHERTEI CONMPOTHB-
neHus OOKOBOro OTBETBJIEHHS H NIPAMOIoO Ipo-
Xofa TpOWHHKa, TINPHUBEACHHBIE K CKODOCTH
B cOopHOM pyxaBe TpOHHHKA.



PA3JEJ MEPBBLIH

OBIME CBEAEHWNA W 2JEMEHTBI A3POJMHAMUKU
N THAPABJIMKM HAITOPHBIX CUCTEM

1-1. OBIIME YKA3AHMA

1. Yacrr nonHO®W 3HEPrHH, HIAymias Ha mpe-
ONOJICHHE CHJI THAPABAHYECKOrO CONPOTHUBIIEHHUS,
BO3HMKAIOIIMX NP JIBHKEHWH DeaslbHOR (BA3KOIH)
KHAAKOCTH (rasza) mo TpybaM M kaHagaM, Tepser-
cf A OJAHHOH cucTeMbl (ceTn) 0e3BO3BPATHO.
3Ta noTtepA 3Hepruu o0YCIOBIIEHa HEOOPATHMEAIM
NEpEXOAOM MeXaHU4YecKo#l 3xepruu (paGoTsl CHUI
CONpOTHBJIEHAA) B TeWIOTy. [1oaTOMYy mox rua-
PABJIHYECKUM CONPOTHBIIEHHEM HJIH TI'WIPaBJIK-
4eCKUMH HOTePAMH NOApa3yMeBacTcA BeIM4YMHA,
paBHas 0e3BO3BPATHOH NOTEpe NONHOH JHEPru
Ha paHHOM yuactke. OTHolUeHME IOTepsSHHOH
IOJIHOM 3HEPruH (MOUIHOCTH) MOTOKA K KHHETH-
geckoff JHEpruM (MOIIHOCTH) HJIH TNOTEPAHHOTO
MOJIHOTO RABIEHWA, OCPeIHEHHOTO TI0 MAaCCOBOMY
pacxony, K JHHAMHYECKOMY [ABJIEHHIO B yCJIOB-
JIEHHOM Ce4YeHMH Ha3BIBAIOT Ko3gduyuenmom
2udpaABAUUECKO20 CONPOMUBACHUA ™!,

2. TloTeps mnoMHONM 3SHeprud (HMOJHOro HaBie-
HHUA) — BEJTMYHHA CYHISCTBEHHO TONOXHTEILHAS.
OpHako pa3sHOCTh HOJHEBIX 3HEPrufl  (OJHBIX
[aBJIeHHi) HA JaHHOM Y4acCTKe H COOTBETCTBEHHO
K09 HUIINEHT THAPABAUYECKOrQ CONPOTHBIICHHS,
ONpenenseMslif 10 3TOH Pa3HOCTH, B HEKOTOPBIX
cly4asX MOTYT HNPHHUMATh M OTPHUIATENLHBIE
3HAYEeHHs. DTO MMeeT MECTO, KOrAa MOSBAAIOTCSH
JOHOJHHTEIbHEIE CHILI, BHEMIHUE N0 OTHOLUCHHIO
K JaHHOMy mnoTtoky. Hanpmmep, mpm orTcoce
MOTOKA XKHAKOCTH (ra3a) depe3z OokoBoil kaman,
3ajellaHHBIA 3aNOMUTMIIO B CTEHKY IOJ YrjoM,
66npuM 90° (cM. TpeTmit pasgen), W HaIWYUH
BHEIUHETO (110 OTHOWIEHHIO K HOKOBOMY KaHAY)
IIOTOKa MOCHEOHHM CO3JAeTCA MONOIHUTENLHBIH

*! B nanmsHeilleM [Jist KPATKOCTH CIOBa «THI-
pPaBIHYECKOE» M «IONIHOE» 4acTo OYOyT omymie-
HBI; TIDH 3TOM 10x Oosee NpOCTBIMH BHIPAXEHHA-
MH «CONPOTHBIEHHE Y4acCTKa», «KOPPUIHeHT
CONMPOTHBIEHUS YYacTKa», «HOTEPH HABJICHUA»
WIH TpOCTO «noTepu» OyAyT nomapa3syMeBaTLCs
COOTBETCTBEHHO THAPABIHYECKOE CONPOTHRIIEHHUE,
KO3QOUUHUCHT rHAPaBIHYECKOrO CONPOTUBJICHUS
H NOTEpH MOIHOTO HaBJICHUA.
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Hannys. B pesyiasTaTe moTok B Gox0oBOM KaHaje
NpHOOpPETAET MONONHHTENBHYIO JHEPruio, Ipe-
BOCXOMAIIYIO NPH HEKOTOPHIX  OTHOUICHHAX
W __[wy 3HEpPTHIO, 3aTPAYyMBAEMYI0 HA MEXaHH-
uékyio paGOTy CHJI CONPOTHBICHHA KAHATA.

JdpyruM OpHMEpOM MOXKET CIYXHTb BHITHK-
HO# Tpo#HUKX (CM. cenpMOH pa3ieln), B XOTOpOM
MpH HEKOTOPbIX OTHOmeEHusx @/ Q. dacTs
SHEepruMHM NOTOKAa B NPOXOJHOM KaHane (Ipoxoie)
TpaTdTcd Ha IHOACOC XHAKOCTH (rasza) depel
0OKOBOe OTBETBIEeHHE (IKeKUHOHHbIN 3¢dekT),
T. €. NOTOK B OOKOBOM OTBETBJICHHH NpHOGpe-
TaeT JONOMHUTEIBHYIO 3HEPrHIO OT BHEIUHErO
IO OTHOIIEHHIO K HEMy IOTOKd B [POXOAe
TpoitHuKa.

B nepeuncleHHBIX NpUMeEpax OTPHHATENbHbIE
3HavyeHHd K03bObHINEHTA CONPOTHBICHUS YKa-
3BIBAIOT, 9YTO TIPOUCXOJUT TIPUPOCT 3HEPIHH,
a He MOTeps ee.

3. OcHOBHBIMH CNPABOYHBIMH TAaHHBIMH B KHH-
re SABNAIOTCA Xk03GQGHUMEHTH! CONPOTHBIIEHUS
TpeHHA (,, yd9acTka OpAMEIX TPy6 H KaHaJIOB
JHHO# [, X03bOdHIHEHTH CONPOTHBIEHMS Tpe-
HAA A eQUHMIB OTHOCHTENbHOH umHHBL (//D=1)
yqactka*! u x03(pOHIMEHTEI MECTHBIX CHIpas-
JIH4eCKHX COTPOTHBMeHUR (acOHHEIX 4acTeil Tpy-
GONpOBOJOB, pa3NMHMYHMBIX NPENATCTBHI, Apoc-
CEJILHBIX YCTPOMCTB H OpPYIHX 2JIEMEHTOB CETEH,
a TaKXe HEKOTOPBIX NPOMEBIIIEHHBIX aNnnaparos
H YCTpOHCTB.

4. Tlpy nNONB30BAHWM CIOPABOYHHKOM NpPERNO-
JIATAeTCA, YTO BCE  BENWYHHBI,  BXOJALIAE
B pacueTHyi0 GOpMyJly CONDOTHBIEHUsS [cM.
(1-65)],

pw? p{0O\?
Apcyu=Ccyu”E"'=CcyM_2'<‘f) , (1'1)

*! Unorna xoadpGdAUMEHT CONPOTHBJIEHHS Tpe-
HAS {  Ha3bIBaIOT KO3 bHUIHEHTOM JHHEHHOIO
conpoTHBIeHUs. B naneHejiiem TepMuH «xo3d-
GHIHEHT CONMPOTHBJIEHUS TpeHHA» OyaeM wacTo
ynoTpe6aars 06061IeHHO, NOHAMAas TIOJ HHEM KaK
CTP, TaK HHOrJa H A.



KpPOME CYMMAapHOTO XO3(QGHIHEHTA THApaBinyec-
xoro compoTusneHna C.,, =, +&,, (cM. mapar-
pad 1-6), a TakKe TreoOMeTpHUYEeCKHe MapaMeTphbl
PAcCYMTHIBAEMOIO 3JIEMEHTa CeTu 3adaubl. Hc-
KOMBIMH SBJIAIOTCH TOJIbKQ BeJIMYMHBL (., H CO-
oTBeTcTBeHHO §\ H Gy

5. Ha puarpammax, OTHOCAIUMXCA K JJIEMEH-
TaM TPyO W KaHQJIoB cpaBHUTENbHO HeGoNbiIOH
NPOTSDKEHHOCTH, MAJIA KOTOphIX 3HAYeHHA (.,
npeHeOpeXUMo Malbl IO CpaBHeHHIO ¢ (,,,
KOO((QUUHEHT MECTHOTO CONPOTHBIEHMA MOXHO
paccMaTpuBaTh Kak cymmapubiii ({)*1.

Ha JHarpaMmax, OTHOCAIIHMXCA K JJIeMeHTaM
Tpy0 M xaHagoB CpaBHUTeNbHO Oonbliod mpo-
TskennocTH (auddyzopam, xoHdylopam, IIaB-
HBIM OTBOJaM M JpYyTdM JMeMEHTaM), HHOrAa
NpABOAATCA 3HAYeHHA KaK KO3h(QHIMeHTOB MeCT-
Horo compoTHsieHus {,, Tax 4 Kod(ppHUHEHTOB
COTIpOTUBJIEHHA TPEHHUSA (.

Ha mnarpammax, TAe yka3saHbl OpHeHTHPOBOYHBIE
JaHHbIe, 3Ha9eHus Ko3QhUIMEHTOB cOPOTHBICHHS
ClleJyeT paccMaTpHBaTh KaK CyMMapHEie Ko3¢du-
miedTh! {. Ilpn cyMMHPOBAHWH NIOTEPh B PACCYUTHI-
BaeMoi ceTH IIOTepH Ha TpeHHe B (JacOHHBIX 9aCTAX
He cJlefyeT YYATHIBATH IOTONHATENbHO.

6. IlpuBoouMBIE B CIpaBOYHHMKE 3HAueHHMA {,,
YYUTHIBAIOT HE TOJILKO MeCTHBIE NOTepH NOJIHOTO
naBnenus (MeCTHOE COMpPOTUBIEHHE *?), BO3HM-
Karoigie Ha KOpOTKOM YYacTKe, HelmocpeACTBEHHO
B6In3H H3MeHeBMs KOoHOHUIypauMu paccMarTpu-
BaeMOro 31eMeHTa TPYOLI (xanania), Ho ¥ nMoTepH
JABJCHHAA, CBA3aHHblE ¢ NabHeHIIMM BbIDABHHA-
BaHHEM CKODPOCTEH MO CeYeHHIO BAOJbL MPAMOIO
BBIXOJHOIO Yy4acTKa, CleAYIOMEro 3a 3eMEHTOM
Tpy6ul. B To ke BpeMd, NOCKOJBKY MeCTHbIE
MOTEepH TIpH 3KCNEPUMEHTANBHOM HCC/IeAOBAHHH
ONpeAe/IAOT YCIOBHO KaK pa3sHOCTh Mexnay o06-
UMMHK [OTepsiMd M NOTepAMY Ha TpeHHe B IIps-
MOM BBIXOJHOM y4YaCTKe, TIOCJIENHME ClenyeT
Takxke YJUTHIBATD.

7. B cny4ae BBIXOAa INoOTOKAa M3 (pacoHHOMR
WAE OpYrofl yactu B GoONBINOH pesepByap HIH
B OKPYXAaMoIWyld Cpely MPUBOAMMBIE INIA HHX
K02(QIHUIMEHTET MECTHOIO CONPOTHBICHHA Y4H-
THIBAIOT TaKxke NOTEPH AUHAMUYECKOTO NABJIEHAA
pwi../2 npm BuiXome*3.

8. 3uauenns xo3pdUuEEHTOB MECTHOTO COMPO-
TUBJeHHS, TIPHUBENCHHBIE B CHPaBOYHKKE, 32
UCKJIIOUEHHEM CHEeMUATIbHBIX CIy49aeB, NAHBI IUIst
YCJIOBHHl pPaBHOMEPHOrQ pacupelesleHHs cKOpoc-
Tell BO BXOAHOM CEYEeHHH DacCMaTPHBAEMOTIO

CYM

*1 JIns MpoCTOTHL MHAEKC «CYMM» TpH ko3d-
banuenTe conpoTHBNEHAS { ¥ NpH cONpOTHBIe-
una Ap Oynmer Be3ne omyweH.

*2 [Ton «MeCTHBIM COTMPOTHMBJIEHHEM» 31ECh
H flanee NMOHUMAETCS BEIMYHHA, PABHAS MECTHBIM
MOTEpAM TOJHOIO HaBleHUs, a He Yy4acTox
(paconHas uacTh), B KOTOPOM OJOTH TOTepH
BO3BMKAIOT.

antemenTa TpyOsl (kaHana), kak 23To OGBIMHO
HMCET MECTO, HANIPHMED, 34 TUIABHBIM BXOIHbIM
KOJUIEKTOPOM H LIS CTAUHOHRPHLIX TEYEHHH.

Ilpx# nHeyCTaHOBHMBINEMCH IBUKEHMH KUIKOCTH
MECTHOE CONPOTUBJIEHHE NPHBOAUT K TIOTepe
YCTOHYMBOCTH TOTOKa, Bbi3biBas B HeM dopmu-
pOBaHHE BUXpeH HECTAIMOHAPHOCTH, HA CO3[aHHE
KOTOPBIX 3aTpauyWBacTcs ONpeNeNcHHas JHeprus
[1-24—1-26].

9. B3iauMHOe BAHsAHHEe MECTHLIX [HMIpaBiHYeC-
KMX CONPOTHBIIECHHWH B OIHHX ClydYasaX HOPUBOMHMT
K ysellHueHuIO 3HavenH# [, paccMaTpHUBaeMbIX
tacouHbIX yacrel TpybonpoBoaoB, @ B IPYTHX — K
¥X yMeHbIIeHUIO. B HexoTODBIX pa3sfenax s
OTHeNbHbLIX (PACOHHBIX YacTelt 3HaueHHA Koaddu-
LMEHTOB MECTHBIX COMPOTUBIIEHHH JaHBI C YYeTOM
B3aHMHOrO BIWAHHA. B vyacTHOCTH, 3navenud (,
u {, nna guddysopos (naTeii H oOMHHAAUATBIHA
paspeinisl) MPUBEJEHB B 3aBUCHAMOCTH OT JUIMHEL
npeAIeCTBYIOMIETO NIpsAMOTo (BXOOHOTO) y4acTKa,
4 TaK’K€ OT HEKOTOPHIX TpeJIIeCTBYIOMMX dacou-
HbIX 4acCTel; IJIS HEKOTOPBLIX KOJIEH M OTBOJOB
(urecTo#t pasnen) 3HaueHusd {,, JaHbBI BO B3aUMO-
JeiCTBHH MX OTHENBHBIX 3MeMEHTOB (OTAENIBHBIX
MOBOPOTOB) M T. II. B3auMHOe BIUAHHME MECTHBIX
CONIPOTHBACHAH paccMOTpeHO (B ob6beMe HMero-
IMXCs JauHbIX) B JBEHAANATOM pasferie.

10. B obwemM ciay4ae moTepd naBlieHds MOIYT
OrITh BRIpaXEHB! CYMMO# JBYX 4IEHOB, IPOMNOp-
IMOHANBHBIX COOTBETCTBEHHO TIepBOd M BTopOH
cremenu cxopoctu [1-28]:

Ap=k,w+k,w?. (1-2)

CoOTBETCTBeHHO KOIP(HIMEHT CONPOTHBIIEHHS

Ap 2k, 2%k, A A
Ee—m— == B=—+ k3.,
5 pw?2 pw p Re Re &
(1-3)

roe A—mnocTosHHas BenWudHa; §,, MPUHUMAETCA
xax { mis obmacTd KBaJpaTW4HOIO 3aKoHa
CONPOTHBJeHUs  [aBTOMoZenbHOH objmacTH—
Re>10*]. IIpn ouens Mannix yucnax Peiinosnsaca

*3 B CcnendaJIbHOW JMTEpaType 4acTo BCTpe-
9aeTCqd BhIPAXKEHME «IOoTeps JABJCHHA Ha CO31a-
HME CKOPOCTH». B neiCTBUTeIBHOCTH Ha «cO31a-
HHE» CKOPOCTM B CeTH BooOme He TpaTUTCs
HCBOCIIOJTHHMOE fAasjienue: NMPOUCXOMAT NEPEXOR
CTATHYECKOro NABJCHHA B HUHAMHYeCKOe (TpaHC-
dopManvs 3HepTHA MAaBleHHA B KHHETHYCCKYIO
9Heprui0). [upamMHyYecKoe J[aBJIEHHE sABJAETCA
IS JdaHHOH CeTH NOTEepAHHBIM JIHIIE B TOM
Clyyae€, eClM TOTOK OCTaBlAeT NAHHYIO CeThk
(BRIXOAMT B OKpyXkatowylo cpeny). [lpu arom
ANHAMHYECKOe JaBJleHHe ONpedeisiercs cKo-
POCTBI0 TIOTOKAa B BBIXOAHOM Ce4YeHHH CETH.
C nomowpbio auddysopa, Hampumep, 3Ta CKoO-
pocTs MoOXeT OLITh [NOBENEHA OO MHMHHMYMA,
a CclIeJoBaTelbHO, H TOTEPA AHHAMHUYECKOIo
LaBlcHUSA OyJeT MHHHAMANBLHOM.
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(Re<25) sropbiM 4nenoM (1-2) MoxHO mnpene6-
peub; npu o4eHb Gonsumx Re MokHO npenebpeys
NepPBLIM YJIEHOM JTOTO BbIPaKEHHA H NpHHATH
ky=1 B (1-3). B npenenax 25<Re< 10° xoadpdn-
HMEHT TPONMOPHHOHANKHOCTH k3 MOXeT ObiTh
paBHEIM, GOABIIMM UM MEHBIUHM EAMHHIBL

11, 3aBicuMocTh KODOUIHEHTOB MeCTHOrO
COMpOTHBJICHUA OT uncia PediHonbaca mpusonmsTt
TOJIBKO B TEX CHy4YasX, KOrga ero BIHsSHHE
H3BECTHO MM MOXeT OblTh oneHeHo mpubsiu3u-
TeIBHO.

12. Ipaxrnuecky uucno Pefimomsaca Re snus-
€T Ha MeCTHOE CONpOTHBIEHHME rJaBHBIM Obpa-
30M TpH Mameix ero 3Hayenuax (Re<10°).
Iostomy mpu Re>105+2-10° xosdpumments:
MECTHOTO COTMPOTHBIIEHAS MOXHQ CUHTAThL He
sapucsmiuma oT Re. Ilpu meHrumx wucnax Re
€ro BIHSHHUE ClenyeT YYHUThIBATS.

13. B Tex cnyvasgx, KoI'la B CHpPaBOYHHKE HE
yKa3aHo, NPH Kaxux 3HAYeHudax Re nomgyyeHsi
3Hauenud §, Ia  TypOyJAeHTHOro  pexuma
(Re=>2-10%) xo3¢punueHT CONPOTUBIECHUS MOX-
H0 TPHHAMATH HPAKTHYECKH HE 3aBHCAINAM OT
uncna PeitHonasaca pmaxe npu Manbix ero 3Have-
masgx. [lpa namMHMBapHOM pexHMe TedeHus
(Re<2:10%) oTUMA JaHHEIMH MOXKHO TOJB30-
BATHCA TONBKO UIA oYenb rpyboit oneHku conpo-
THBJIEHHS MW TO ToAabko npa Re>102,

14. BoasIHMHCTBO 3HadeHui# KoahDdHUHEHTOB
CONpPOTHBIEHNA, NPHUBEJCHHLIX B CIPaBOYHUKE,
32 HCKJIIOYEHWEM CreudajibHO OrOBOPEHHBIX, TO-
Jy4eHo mpud uMcrax Ma<0,3. Opnaxo mnpax-
THYECKH BCeMH 3HaueHusmu C, §, W {;, MOXHO
TIONb30BAaThCA ¥ TpH  GONBIIMX MO3BYKOBBIX
ckopocTax — npuMepHo no Ma=0,8. B otnens-
HBIX cly4asx Haercd 3aBUCMMOCTEL { OT 4ducia
Ma ama A

15. BonsmuHCTBO KO3 dUIMERTOR MecTHOTO
COTIPOTHURJIEHUS NOJTYYEHO TPHU TEXHWYECKM riaj-
KAX CTEHKaX KaHaJIOB; BIISHHME LIEPOXOBATOCTH
Ha MECTHOE COTPOTUBJIEHME H3YYEHO MaJo.
TloaToMy BO Bcex ciy+asx, eCid HeT CheuMalb-
HBEIX OTOBOPOK, CIENYyeT CYATATh CTeHKH (hacoH-
HEIX 9ACTEed X APYTHX Y4acTKOB KaHajua riajaku-
Mu. Brnusiaue mepoxoBarocTu (KOTOpas HaYWHAeT
cKasbiBaThci Juinb npH Re>4-10%) moxso
y4ecTs NpuOMHXKEHHO, yMHOXas X03hQHIMEHT
{ na peanuuny 1,1-—1,2 u Gomnee (mpu Gonbruoi
IIEPOXOBATOCTH).

16. ®dopma nomnepeunoro cedenus ¢acoOHHBIX
yacTel M APYTHX y4YacCTKOB KaHajla yxa3aHa
B COPABOYHHKE I TeX Clydaes, KOrha oOua
BAHgeT HA X0 dunMeHT CONPOTHBAEHHS MJIH
KOTJa 3Ha4eHus 3Toro xoddduimeHTa NOTy4eHH
Il ceveHHsl ompeneneHHod ¢opmsl. Bo Beex
MpOYHX cllyyasix, Korga dopma mnonepeyHOro

CeyeHUs y4vacTKa CricuMajisbHO HE OroBOpeHa unu

HE NpHBeJeHB! NOMOJHHTEIbHbIE COMPOTUBIEHHA
3JIEMEHTOB HEKPYTJIOro ce4eHHd, clenyer HpUHH-
MaTh XO3DPUIHEHT COMPOTUBICHUS I8 MHOTO-
YrOObHOIO WX NPAMOYTrOJBHOTO cedyeHus C OT-
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HOLUEHAEM CTOPOH do/ba=0,5+2,0 TakuM «XKe,
Kak M TIpH KPYTJIOM CeYeHHH.

17. IlpuBenenusie B cCHpaBOYHHKe Trpadux
(Tabmuusl) x03hbuUMERTOB CONpoTMBIEHUsd CcOc-
TaBjIeHHl Ha OCHOBAHMM pacyeTHLIX GopMyn MM
Ha OCHOBAHMHM 3KCHEPUMEHTAILHBIX JAHHBIX.
B nocnenwem cnysae 3uavenns £, Beipaxaembie
NpUOIHKEHHBIMA POPMYIaMH, MOTYT HECKONBKO
pacXoouThecd C JNAaHHBIMH rpadukoB (Tabium).
@DopMyNIbl TIpH 3TOM MOTYT CAYKHTH TOJNBKO
nna Gonmee mMpHONMMKeHHBIX pPACYeTOB.

18. Tockombxy xO3)EGHIMERTH! M IPaBIHIECKHX
CONpPOTHBIEHH He 3aBHCAT OT Cpelbl *!, mpoTeka-
1oulelt vepes TpyGonpoBo (kanat), a onpeneidtoT-
sl TJIaBHBIM 00pa30oM reOMeTPHYECKAMH NTapaMeT-
paMH pacCMaTpPHBACMOrO 3JIEMEHTA CeTH U B OT-
JEeNbHBIX Cly4adX peXMMOM TeueHHs (UHCIOM
Peiinonbnca, yucnoM Maxa), To naHHbIe, npHuBe-
JEHHBIE B CIIPaBOYHHKe, B OJWHAKOBOH CTemeHH
OpArodHBl KAk JUIs pacdeTa CONPOTUBICHHUA
rHApaBIMYECKAX CeTel, Tak HM I8 pacyera
ras’oBBIX, BO3YUIHEIX ¥ APYTHX CeTeld ¥ annapaTos.

19. PacueT ruapaBIM4YecKOro CONMPOTHBICHUAS
ceTel MOXKHO TpencTaBuTs B BHme Tabm. 1-14—
1-16.

20. 3nauennds Ko3(GOHIHEHTOB COMPOTHBIIEHHUS
OaHBl JUTA 3JIeMeHTOB Tpy0 W KaHaJIOB pa3nny-
HBIX (opM M mapameTpoB. OOHAKO TpPH Npoek-
THPOBaHMH HOBBIX CeTell cnenyer BHIOHpaTh
onTHMaTbEbe POpMBI W HApaMETPHl IJIEMEHTOB
Tpy6G M KaHaIOB, NpHA KOTOPHIX MOJYYarOTCs
MHHHMAJIBHBIE KO3(POHIIMEHTHI COTPOTUBIICHHUS.

MuHUMaTbHBIE 3HAYEeHUs { MOTYT OhITh BBIAB-
JleHbl KAaXK Ha OCHOBAHMH KpHBHIX (MnH Tabmwm)
COMPOTHBIEHUA, TPHBEACHHEIX HA IUarpamMmax,
TaKk W HAa OCHOBAHHM DEKOMEHMNAUMH, TpHBEeNeH-
HBIX B MOACHHTEJILHONH 4ACTH K KaxxaoMy pasneity
CTIPaBOYHHKA.

1-2. CBOVICTBA XHUIKOCTEN
H T'A30B

IInoTHOCTL TEKy4eil cpenml

1. TInoTHOCT, BOOM H HEKOTOpBIX APYrUX
TEXHHYECKUX XWOKOCTEH IpH Pas3iMYHBIX Temue-
paTypax npuBeneHa COOTBETCTBEHHO B Taba. I-1
n 1-2.

I110THOCTS HEKOTOPBIX TEXHUYECKHX [a30B NPH
HOpMaJbHBIX ¢u3mdeckux ycnopusx (1=0°C,
p=101,325 x[Ia, cyxoit ras), a TaKXxe UX OTHO-
CHTeIbHAs IUIOTHOCTh (IO CPAaBHEHHIO C BO3my-
XOM, THIOTHOCTH XOTOPOro TMPHHATA 32 eIUHHULY),
npuseneHs: 3 Tabm. 1-3.

2. Ins MHOrOKOMIOHEHTHBIX ra3oB (ZoMcH-
HOro, KOKCOBOTO M T. 1.) IUIOTHOCTB CMECH

1
pm=1—0—(-)-(plu1 + Py + et Pt

*! Fcin oHa OAHOpOAHAs M HECKMMaeMas.



IIpodoaxcenue mabn. 1-2

1-1. TLioTHOCTE BOIW

t, °C p, kr/m* t, °C p, Kr/m>
0 999,87 70 977,81
10 999,73 80 971,83
20 998,23 90 965,34
30 995,67 100 958,38
40 992,24 120 943,40
50 988,07 140 926,40
60 983,24 160 907,50

1-2. IlnormocTh xamkocreir [1-35, 1-36]

HaumenoBanue
KHIAKOCTH t, °C p, kr/M?3
AMMuax —34 684
Annamag 15 1026 -
AneroH 15 796
Benzun 15 680 —755
Benson 15 884
60 836
Bpom 15 3190
Byran (Hopmains- -0,5 606
HbIit)
Bona CmMm. —
Tabn. 1-1

» Mopckas I5 1020 — 1030
I'munepun (Oe3son- 10 1264
HBIi) 20 1260

40 1250

JeroTe xameHHO- 15 1200
YT OJILHBIH
JuxnopaTan 15 1175—1200
IBsyoxucy asora 3,2 1484
HByoxucs cephl =10 1472
Kepocun 15 790 —820
Macmno:. :

13 GypoyrompHOH 20 970

cMeECH

HaumeRoBanue
KUOKOCTH t, °C p, xr/m’
epeBAHHOE 15 920
KacTopoBoe 15 970
KOKOCOBOE 15 930
IbH4HOe (Bap) 15 940
MAaLUHHHOE;
BECbMA JKHIKO- 10 899
TeKyuee 20 898
50 895
cpenHee 10 398
20 892
50 876
MWHEPaJIbHOE 15 890 — 960
cMa3o4Hoe
OJINBKOBOE 15 920
napadunosoe 18 925
TepIneHTHHOBOE 15 870
XJIONKOBOE 15 930
‘Hedtp nHaTypasnbHag 15 700 —900
O30H -5 537
Cepoyrnepon 15 1270
Cepras KHCIOTa:
87%-naa 15 1800
OeIMAInascsa 15 1890
Cxungap 18 870
PryTs 20 13 550
Cuupr:
METUIOBBIH 15 810
3THJIOBBIA 15—18 790
TerpabpomaTan 15 2964
Xnop 0 1469
XmopHCTBEA METHIT 0 954
XnopHCTHIA 2THI 0 919
Xnopodopm 15—18 1480
HunarucTeiii BOmo- 0 715
poAa
DTUnoBel 3¢up 15—18 740

1-3. TlaoTHocTh cyxoro rasa mpa 0° C m 101,325 xIla u ynemsnas rtemnoemxocts mpu 20° C [1-36]

Xmmugec- | IImor- | OTHOmE- <, S
xad dop- | HOCTB, [HMe mnOT- : k=c,lc,
HaumenoBagne Myna xr/mM3  |{mocru ra- xIx XXan xx XKan
rasa pa:oéxrnnor- = —C = °C o
BO31yXa
Azor N,. 1,2507 0,9673 1,043 0,249 0,745 0,178 1,40
AMMHAaK NH, 0,7676 0,5937 2,161 0,515 1,649 0,394 1,31
Aprou Ar 1,7820 1,3782 0,523 0,125 0,315 0,075 1,66
Anerunex C,H, 1,1733 | 0,9074 1,672 0,399 1,357 0,324 1,23
Byran:
HOPMUIbHBIHA CH,, | 2,6730 | 2,0673 1,918 0,458 1,733 0,414 1,11
H300yTaH', Hio 2,6680 2,0634 1,633 0,390 — — —
Bo3ayx — 1,2930 1,0000 1,005 0,240 0,716 0,171 1,40
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IIpodoarncenue muba. 1-3

Xumuvec- | ITaot- | OTHOWIE- cp <y
xaax ¢op-| HOCTB, |HME MAOT- k=cfc,
Haumenosauue Mys1a kr/M3  |docTu ra- xx KKaJj wIox KK 7
rasa Ba K ILIOTH
HOCTH kr - °C kr -°C kr-°C kr - °C
BO34YyXa

Bonopon H, 0,0899 0,0695 | 14,286 3,410 10,132 2,420 1,41
Bogassoit map (mpu| H,O 0,598 0,462 2,135 0,510 — — —
100° C)
Tennit He 0,1785 0.1380 5,192 1,240 3,113 0,744 1,67
3axuch azoTa N,O 1,9780 1,5298 0,879 0,210 0,687 0,164 1,28
Kucnopon 0O, 1,4290 1,1052 0,914 0,219 0,653 0,156 1,40
Kpunrou Kr 3,7080 2,3677 0,251 0,060 0,152 0,036 1,67
Kcenon Xe 5,8510 | ‘4,5251 0,159 0,038 0,096 0,023 1,66
Mertan CH, 0,7170 0,5545 2,228 0,532 1,710 0,408 1,30
Heon Ne 0,9300 0,7192 1,030 0,246 0,618 0,148 1.67
O3on 0, 2,2200 1,7169 —_ — — — 1,29
Okucek a3ora NO 1,3400 1,0363 0,976 0,233 0,695 0,166 1,40
Oxuchy yrinepona CO 1,2500 | 0,9667 1,043 0,249 0,745 0,178 1,40
ITponan C,H, 2,0200 1,5622 1,633 0,390 1,432 0,342 1,22
Tponunen C,H, 1,9140 1,4802 1,549 0,370 1,336 0,319 1,16
CepoBogopona H,S 1,5390 1,1903 1,059 0,253 0,804 0,192 1,32
Cepooxucs yrne-| COS 2,7210 | 2,1044 — — — — —
pona
JBYOKHCH Cepbl SO, 2,927 2,2637 0,632 0,151 0,502 0,120 1,26
VYrnexkucasii ras CO, 1,9760 1,5282 0,846 0,202 0,656 0,157 1,29
Xop Cl, 3,2170 2,4880 0,481 0,115 0.356 0,085 1,35
Xnopucreiii metunn | CH,Cl1 | 2,3080 1,7850 0,804 0,192 0,639 0,153 1,26
OraH C,Hg 1,3570 1,0495 1,752 0,418 1,476 0,353 1,19
OTueH C,H, 1,2610 0,9752 1,554 0,371 1,258 0,300 1,24

e Py, Pzs > Pp—IUIOTHOCTH KOMIIOHEHTOB,
pxoaammx B cMeck mpu 0° C m 101,325 xIla
(cM. Tabn. 1-3), xr/m3; v, v, ..., v,— oO6BEMHAS
078 KOMIOHEHTOB CMECH 110 NaHHBEIM ra3oBOro
anamu3a, %.

Bazkocts

3. BsA3KoCTb CBOACTBEHHA BCEM PEAIbHBIM KH-
JKOCTSM H Ta3aM 4 NPOSBISETCI NPH ABMXKCHUH
B BUJEe BHYTpPEHHETrO TpPEHHS.

Paznu4aroT: 1) AHHAMHYECKYIO BSA3KOCTH T,
npeacTapnsromyo coboil oTHOLIEHWe Hampsoke-
HUS CABUIA K IPajgveHTy CKOpOCTHM (M3MeHeHUe

CKOpPOCTH Ha €IWHUNY /UTHHBI HOPMAJIH K Hampas-
JIEHMIO JBWKEHHS XUAKOCTH MJIM rasa), T.e.

dw
n=t/ (:1;),

TO€ T—HanpsbkeHHe CHBUTA, dw/dy —TIpamueHT
CKOpOCTM W B HaNpaBlIEHWH HOPMAJH );

2) XHHEMATHYECKYIO BA3KOCTH V, IIpeACTaB-
A0y co6o#t oTHOUIEHHE AMHAMMYECKOH Bs3-
KOCTH K IUTOTHOCTH XKHAXOCTH (rasa); v=mn/p.

4. Ind nepesona AWHAMHYECKOl BA3KOCTH U3
OOHOM CHCTEMBI egHHMII B ApPYyrywoo B Tabn. 1-4

1-4. CooTnomennss Mexny eIHHHUAMH AAHAMMYECKOH BIIKOCTH 1

. Emununa MKIT cIl I Ma-c Xr KTc:C bynt byur
HIMEPEeHHA (myas) | [kr/(M-9)]| M-y M2 byr "¢ oyT- 4
i wmxIl (Mmxpo- 1 1074 1079 1077 3,610 [1,02-10°%| 6,72-107% {2,42-107*
nyas) .
chl’I (canTHnya’) {0+ 1 10°2 1073 3,6 1,02-107%| 6,72-10°* 2,42
1 IT (nyas) 106 102 1 10! 3,6-10% |1,02-1072}6,72-107% | 2,42 103
1 IMa-c [kr/(M-c)] 107 103 10 1 3,6-10% 11,02-1074[6,72-107* | 2,42-10°
[ xr/(mM-4) 2,78-10% [2,78-1077{2,78-1073( 2,78 -10"* 1 2,83-107311,867-104]6,72-10"!
1 wrc-c/m? 9,81-107 |9,81-10% [ 9,81-10 9,31 3,53-10¢ 1 6,592 2,373 - 104
1 dyut/(dyr-c) | 1,488-107 |1,488-10%] 1,488 10 1,488 5,36-10% {1,52-10"" 1 3,6 10’."
1 dyar/(byT - 4) 4,13-10% 14,13-107'14,13-1073{ 4,13-10~* 1,488 422-10751 278104 13
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1-5. CooTHowleHHs MeXKIY eJHHHIAMH KHHEMATHYeCKOH BA3KOCTH V

EauuHOa H3MEPEHHS mm?fc, ¢cCt| em?/c, Cr M3 My byt /c by 9
1 mm%c=1 cCr 1 1072 10-° 3,60-107°{1,07-107° | 3,87 1072
(CaHTHCTOKC)
1 em?/c=1 Cr (cTokc) 102 | 10°4 3,60-1071 [1,07-1073 3,87
I m2c 106 104 1 3,60-10° | 1,07-10 | 3,87-10%
1 mM?/4 2,78 - 1072 2,78 2,78-107¢4 1 2,99-107%| 1,07-10
1 dyric 9,30-10* | 9,30-10% [9,30-1072 | 3,35-10% t 3,60-10°3
1 dyr?/u 2,58-10 |{2,58-107'2,58-107°19,30-107% 2,78 -10"* 1

H 1-5 paHsl TMepeBOAHBIE MHOXKHTETM COOTBET-
CTBEHHO ANS AHHAMMYECKON T ¥ [N KUHEMATH-
4eCKOH VvV BA3KOCTH.

5. JuuHaMuvyecKas ¥ KHHEMATH4ecKas BA3KOCTH
3aBUCAT OT MApPaMETPOB COCTOAHHA cpensl. Ilpu
3TOM OHHAMHYECKAA BA3KOCTL XKUIAKOCTeHd H ra-
30B 3aBACMT TOJBXKO OT TEMHOCPATYPBI 4 HE
3aBUCHT OT JaBJICHHA (11 HAEAJIBHBIX [a30B).
C mnoBbIIEHUEM TEMNEPATYpPhl BA3KOCTh [A30B
U [IapOB NOBRINAETCHA, 4 BA3KOCTH KUAKOCTelH
NoHMXaeTcs. JI14 BoasHOrO mapa HaGmonaercs
YBEIIAYCHHC ILHHaMH‘ICCKOﬁ BA3KOCTH C NIOBbILLIC-
HHEM [(aBIeHHS.

KunemaTtudeckas BA3KOCTH XKMIKOCTEH M ra3os
3aBHCHT Kax OT TeMIepaTypbl, Tak ¥ OT MaB-
NeHus.

6. 3aBHCHUMOCTH BA3KOCTH ra3oB OT TeMrepa-
Typsl MOXeT OwhITh NPUONMKEeHHO BBIpaXkeHa
dopmynoit Carepnenna:

273+C( T \3?
N=No =\ 553

T+C \273 ’
e Mo — AUHAMHYecKas BA3KOCTh raza apu 0° C;
C —mnocTosiHHad, 3aBUCAUlag OT ponma rasa.

llnﬂamnqecxax BA3KOCTh T MJId pPa3IHYHBIX

ra30B B 3aBHCHMOCTH OT TEMIEPATYPHI, 2 TAKXKE
nocrosiHHas C W OHana3oH TeMINepaTyp, NpH
KOTOPHIX 3HAYE€HHE ITOW TOCTOSHHOH NOOTBEPXK-
JeHO omnbITOM, HpHBeneHbl B Tabn. 1-6.

v-105%/c

” L~ ‘/
40

20—

|1

0 A

=40 0 60 160 240 320 400 480°C

Puc. 1-1. 3aBHCAMOCTS KAREMATHYECKOH BA3KOCTH
BO3AYXA OT €ro TeMOepaTyphi DNpH [daBJIEHHH
101,325 klla

KuHemaTHyeckas BA3KOCTb IS Te€X K€ raios
B 3aBACHAMOCTH OT TEMIEPATYPbI NPH NABICHUH
101,325 k[1Ia mpusemena B Ttaba. 1-7.

3aBUCHMOCTh KMHEMATHYECKOH BA3KOCTH BO3-
OyXa OT €ro TeMmepaTypsl 0NOpH JdaBJIcHUH
2,=101,325 xITa nmanma Taxxe na pmuc. 1-1.

7. KKHCM&TH‘ICCK}I}O BA3KOCTL CMECHU ras3os
MOXHO HaiiTu mno npubmmxeHHOH dopMmyre
Manna:

[y

100
V| T e
P Un’
—t—t -
vy Va V,u
roe Vi, Va, ..., Vp—KHHEMATHUYECKAd  BS3KOCTH
KOMIIOHEHTOB; Uy, Uy, ..., U,—— O0BEMHAsA IO

KOMIIOHEHTOB cMecH, %.

Jlns onpeneneHMs OHHAMHYECKOH BA3KOCTH
CMECH MOXHO [OJIb30BaThC TNpPHOTHXEHHOM
dopmyoit

100
- b

9,59, +&

T‘ll nn
rXe My, Na» oo N,— AAHAMHYECKAS  BA3KOCTH
KOMMOHeHTOB; G,, G,, ..., G,—Maccosas 3oas
KOMTIOHEHTOB cMeCH, %.

8. 3aBUCHMOCTL RUHAMUYECKOH 1) M KHHEMATH-
4eCKOH Vv BA3KOCTH BOABI OT TeMIEpaTypHl
X paeieHdd mpuBegeHa B Tabm. 1-8. Kpome
TOro, 3aBUCHMOCTL KMHEMATHYECKO# BA3KOCTH
BOABI OT e¢ TemmepaTypsl npH p,= 101,325 xI1a
IpuBecaeHa Ha puc. 1-2.

nCM

v-108m?/c

54 \

50 \

g6 ~]

92 -
0 20 #0 60 80 °C

Puc. 1-2. 3aBacAMOCTb KHAHEMATHYECKOH BSI3KOCTH
Boanl OT ee Temneparyput npn 101,325 klla
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1-8. 3aBucumocts | W v Bomt or ¢ w p [1-53]

t, °C p, MIla n, mIla-c | v-10% w™m?/c t, °C p, MIla n, mIla-¢c | v-10° wmtic

0 0,0981 1,790 1,792 190 1,255 0,144 0,165
10 0,0981 1,300 1,306 200 1,565 0,136 0,158
20 0,0981 1,010 1,006 210 1,910 0,135 0,153
30 0,0981 0,802 0,805 220 2,300 0,125 0,148
40 0,0981 0,654 0,659 230 2,800 0,120 0,145
50 0,0981 0,549 0,556 240 3,350 0,115 0,141
60 0,0981 0,470 0,478 250 3,980 0,111 0,137
70 0,0981 0,406 0,415 260 4,690 0,107 0,135
80 0,0981 0,355 0,365 270 5,500 0,102 0,133
90 0,0981 0,315 0,326 280 6,400 0,098 0,131
100 0,101 0,282 0,295 290 7,440 0,094 0,129
110 0,143 0,259 0,272 300 8,600 0,091 0,128
120 0,198 0,238 0,250 310 9,870 0,088 0,128
130 0,270 0,221 0,233 320 11,30 0,085 0,128
140 0,360 0,201 0,217 330 12,85 0,081 0,127
150 0,476 0,186 0,203 340 14,70 0,078 0,127
160 0,618 0,174 0,191 350 16,50 0,073 0,126
170 0,798 0,163 0,181 360 18,70 0,067 0,126
180 1,003 0,153 0,173 370 21,10 0,057 0,126

1-3. PEXKMMbI TEYEHHA
KUIKOCTU (T'A34A)

1. Pexxum pemxeHus xugxocru (rasa) owniBaer
JaMHUHAPHBIM H TypOyaentasM. Ilpu namuuap-
HOM peXuMe TedeHue yCToiiumBoe, a cypyHku
MOTOKA ABHXKYTCS, He CMEIIMBAaICh, IU1aBHo obTe-
xas BCTpeyalolUIMecsd HAa WX MNyTH NPEenATCTBUA.

TypOyneHTHBIH peXuMm XapakTepulyerca Oec-
MOPANOYHLIM TepeMelllcHHeM KOHEeuHBIX Macc
KUIKOCTH (rasa), CHJIBHO NEpeMENIMBAIOLIUXCH
Mexay coboil.

2. PexuM apmxeHAA XHIAKOCTH (rasa) 3aBUCHT
OT COOTHOIUEHHA CHJ HWHEPHHMM U CHJI BA3KOCTH
(BHYTDEHHero TpPeHH#A) B NOTOKe, KOTOpoe BbIpa-
*aeTcs KpuTepHeM (wucnoM) PeildHoasaca:

wD,_
n v

D
Re:PW r

3. Ans xaxnoii XOHKPETHOH YCTAaHOBKH Cylile-
CTBYET HEKOTOPHIH NHANA30H «KPATHYECKUX» 3HA-
yeHui wyAcna Re, 1pU KOTODBIX TIPOMCXOAUT
nepexon oT ONHOTO pexuma K Apyromy (mepe-
xoanas obnacty). Hmkuuit mpenen xpurudeckoro
yuciaa Re ang TpyObl Kpyrjaoro ceveHus COCTaB-
nser okojlo 2300. Bepxuu#t nmpemen ymcna Re
3aBHCHT OT YyCNIOBWif BXoda B TpyOy, coCTOsSHMSA
TMOBEPXHOCTH CTEHOX W T. 4. -

4. Ilpu ABHMXEeHUM peaNbLHOR (BA3KON) KHA-
KOCTH (rasa) cio#, HemoCpenCTBEHHO IIpuie-
raoldid K TBEpPIOH INOBEPXHOCTH, IPHIMIAET
K He#l. BOmm3x TBepnoil MOBepXHOCTKH YCTAHABIIH-
BaeTCs TepeMeHHas IT0 CCYCHHIO CKOpOCTb, BO3-
pacratoias OT Hyjld Ha 5TOH HOBEPXHOCTH [0
CKOpOCTH W HEBO3MYUIEHHOro MoToka (puc. 1-3).

18

D1y 061acTbh NepeMeHHOH MO CEHEHHIO CKOPOCTH
Ha3pIBAIOT IMIOrPAaHMYHBIM MU NPHUCTEHOYHEIM
CIIoeM.

5. IIps RBMXEHMH MOTOXKa B OPAMBIX TpyOax
(xaganax) pa3IMyarOT HA4ajlbHBIH Y4acTOK Teue-
HYS W Y4acTOK CTaOHIU3MpOBAHHOrO Te4yeHus

(puc. 1-3, a).
Havanpueiii  y4yacTOK —y4acToxk TpyOsl, B
KOTOpOM paBHOMEDHBEIH IpoQuiIb CKOPOCTH,

COOTBETCTBYIOMIHA cCedeHUI0 HA BXoae ‘4epe3
IUIaBHBIA  XOJUIEKTOP, TWOCTENEHHO IIEPEXOMUT
B HOpMalpHbIA mnpodune crabumA3HpoBaAHHOIO
Te4eHHuA,

6. Ilps namunapHOoM pexume crabuanzupo-
BaHHBIH TPOQIIL CKOPOCTH YCTaHABIWBAeTCA MO
napabonuueckoMy 3akomy (puc. 1-3,6,/), a npu

TypOyJIeHTHOM  peXuMme — nNpHOMUXeHHO Mo
JorapudMHYecKoMy HIH CTeneHHOMY 3aKOHY
(puc. 1-3,6,2).

7. B cnyvyae naMHMHapHOIQ peXumMa JIHHA
HA49a/bHOTO YYacTKa (pacCTOsHHE OT BXOIHOCO
ce4eHnd 3a IUTABHBIM KOJUIEKTOPOM OO CeveHud,
B KOTOPOM CKOPOCTb IO OCH OTJIHYaeTCas OT
COOTBETCTBYIOILEH CKOPOCTH MOJHOCTBIO CcTabu-
JIM3UPOBAHHOro MOTOKka nmpuMepHo Ha 1%) Tpy-
OBl KpYTJIOTO CeueHHs, a TakkKe MpAMOYTOJIbLHOTO
€ OTHOINEHHEM CTOPOH

ab=0,7+1,5
Luan _ pRe, (1-4)
D,
roe B L aNBHOLO
e B=—=" — npuBencHH WHA HAYANbLHO
A D.Re | PHBCHCHHAA UL

r

yyactka (Mo BeluHMCIeHHsM DbByccunecka [1-71].
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Pac. 1-3. Cxembl pacnpenete-
HUA cKopocTelk N0 nonepeyHoMy
CceueHHI0 TPYORI:

a— aedopMaUMA NOTOKA B HAYAIbL-
HOM y4acTke; 6—npoduis ckopoc-

Teill HA CTAOKAM3HPOBAHHOM Y4acT-
Ke; I—aMHEHApPHLIA pexuM; 2—
TypOyneHTHBIR pexum

OH XapaxkTepH3YeTCA TeM, YTO Y CTEHOK TpyOsl

7 =
w >\
—t3 - = -
o prrrere 7 g
§
///‘ Vi ///%//////////////
- LaL way > i)
B=~0,065; mno panHbiM  Hlunmepa  [1-63],
B=~0,029); L,,—AjIMHAa Ha4YaabHOTO YyYacTKa

TpyOB5L

Admuua L., MOXeT QOCTHraTh 3HAYUTEIBHOH
BenuuMHbl, Hanpumep, L,..=130D, nmpu Re=
=2000. ,

8. IIpu TypOy IeHTHOM peXume [UTHHA HA4alb-
HOIO y4YacTka TpyOnl XOoNeuesoro ceyeHns ¢ riaajg-
KAMH CTeHKaMH MoXeT ObITe Halinena no gopmy-
ne Conoaxuna M [mueeckoro {1-501:

Laas_pr1g Re ot (a'— 4,30,
Dl‘

roe a’'=f, (D,/D,) u b'=f, (D,/D,) onpenensrorcs
no puc. 1-4; D, u D,—nauameTp BHYTpEHHEH
H HapyXHO# TpYO COOTBETCTBEHHO.

Ecau D,/D,—0 (D,—0), T0 xompuesas Tpy6a
nepexogMt B Tpy0y Kpyrioro cedeHud, MAns
xoTopoit (1-5) mpuHAMaeT - BUN

(1-5)

L
Zm_ 9 881gRe—4,35.
D,  oERe

0

(1-6)

Ecma D,/D,—1,0, To xonenesas Tpyba mepe-
XOOHT B ILUTOCKYH, A1A KoTopoi dopmyrna (1-4)
MpUHMMAET BHX
Lo 3,281
~—=3,281g Re —4,95. (1-7
D, _

U3 (1-4)—(1-7) caenyer, 4TO TpH TYpPOYIEHT-
HOM TedeHuM AnuHa L., 3HAYHTEIBHO MEHBLIUE,
yeM npu JIAMHUHAPDHOM] Hanpumep, npH
Re=5-'10° mmma L,,~35D,. [lo onsiram
Kupcrena, sHavennsn L,,, 6onbine (1a 40— 50%)
3HAYCHMH, TOJIYUYEHHBIX [0 YKa3aHHbM HOpMynIaM.

9. IIpx HeBO3MYIIEHHOH cpene OO BXoda
H COBEpINEHHO TUIABHOM BXOZe B TpyOy depes
KOJUIEKTOp € OYeHb IIaJKUMH CTEHKaAMM DEXHM
TedeHds BO BXOOHOW 4aCTH HAYaJIbHOTO y4yacTka
CMEINaHHbI («CMELIAHHBIA BXOJHOM Y4acTOX»);

obpa3lyeTcs JAMHHAPDHBIA NOrpaHUYHBIA CI0#A
Jaxe npu OoNbIuuX uHcnax PedHoabaca, 3HA4H-
TEAXPHO IMNPEBOCXOOALIMAX KPUTHYCCKOE 3HAUHCHHE.
DT0T cNo# O Mepe yHajleHds OT BXOHAA yToJua-
€TCs B Ha HEXOTOPOM DACCTOSHUH OT BXOAa X, (B
TouKe «Iepexoma») TypOymusupyercs (puc. 1-5).
YTonmascs BHA3 N0 NMOTOKY, 3TOT TYpPOYJIeHTHbIR
croif 3amoNHsAeT BCe cedeHde TPyObi, a pacmperne-
JIeEAe CKOPOCTell nO CeYeHHIO aCHMIITOTHYECKH
npHONMXaeTcs K paclpeneleddio CKOpOCTH IpH
CTabWIN3NPOBAHHOM TYPOYJIEHTHOM TEYEHMH.

10. OTHOCHMTEeNnpHOE DaccTOdHHME X, OT TOYKH
nepexofa 4O BXOAA 3aBUCHT OT uMcna Peii-
HONMbACA M MOXeT ObITh NMpHOIWXEHHO olpeje-
7eHo 1o QopMyie, TPeIoXeHHOH DIIHIMOBEM
[1-591: _

x, 3,04-10°

X, ==,
"Dy Re(l+mn,)
rae m,=(w,—wg)/w, HaxomaT wo NauHeM [Mwmr-

nepa [1-63); wy, w,—COOTBETCTBEHHO CKOPOCTH,
CpedHsd MO CeYeHUIo, H CKOPOCTh B AApE MOTOKA.

8 a’ .
14 —28\
1}-20 Y
\ \‘(
6712 \J Y, ~
2L 4
7] 275 q50 075 Dy /Dy

Puc. 14. 3asncumocts koddmmentos 2’ a b’
ot oTHowennst quavetpos D,/D, konsuesoii TpyGu

19
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Puc. 1-5. Cxema 10TOK2 B {MemauHOM BXOJHOM
yqacTke TpyOsl

IIpu 66nemmx Re 3Hadenne n,—0 u

. 3,04-10°
xt:T.

3asucumocTs X, or Re mpusexeHa Ha puc. 1-6.

11. TomuaHAa MOTPAHMYHOTO CJI0od HA AAHHOM
paccTosHdM OF HA4YaldbHOIO CEYEHHS NPSMOH
Tpy6sl (XaHaa) MOXET YBEIMYHTBECS MIIA YMEHb-
HIMTECS B 3aBUCHMOCTH OT TOrQ, ABHXKETCS JIH
[anec cpeaa 3aMeNIeHHO (C paCUIHpeHUeM cede-
HUS) WJIH YCKOpEHHO (C CyXeHHeM CeyeHud).

Tlpy¥ 3HAYUTENBHOM DAacCIIHPEHUU CeYeHHs BO3-
MOXKeH CpBIB 10TOKa Y CTeHKH, COTpPOBOXAAI0-
muiica obpa3zopaHueM BHXpeBO#l 30HEI (pHC. 1-7).

¥
00
8q
70
60 =
5a
40
30 P,
\\
20 PN
A
1 7 2 3 4 56 78 107 2 Re
«10% ‘ s10*
Puc. 1-6. 3asucumocts X, or Re
Buxpelan 204a
- é::
< —— — . Wy, Fr
e - 7 Z
Wp,F 2 \.—
L
x/ aéfrmm
\\
2]

Puc. 1-7. Cxema cpbiBa NOTOK2 u ofpazonanns
Buxpenoil 3omni B nuddylcpe

20

14. PABHOBECHE XUIKOCTU
N TA3A

1. XKnaxocrs (ra3) HaxoauTcs B PaBHOBECHH,
€CJIM I KaXMOW NMPOM3BONBHO BBHIACICHHOHK ee
44CTH Pe3yAbTHPYIOIIAA BCEX CHII, NPHIOXEHHBIX
K OJTOi YacTH, paBHA HyJIO.

2. VYpaBHeHMe paBHOBeCHs >XXHIOKOCTH (raza)
omHoro u# Toro ke ofvema npu HewIMeHHoOM
MIOTHOCTH HMMeEET BUI

gzo+ =gz, +24,
p p

(1-8)
roe 2z, ¥ 2z, —XKOOPIMHATHI OBYX 4YacCTHL XWUI-
KoctH (raza) HaHHOro oObeMa OTHOCHTEJIBHO
TUTOCKOCTH CpaBHEHHUSA (COOTBETCTBYIOHIME T€O-
MeTpuyeckye BBICOTHI, puc. 1-8), M; py, n p;—
CcTaTuveckoe AaBjeHHe (aGCONIOTHOE) Ha YpOBHe
seibpaHseix vacruy, [la.

3. JdaBneHHe B NPOMU3BOJIbHON TOYKe oObeMa
XUAKOCTH JJIM Ta3a MOXHQO ONpeleidTh, 3Hasd
OaByeHue B XaKo#l-nmubo Apyrod TOUKe, NMpUHAI-
nexamnei ToMy Xe o0neMy, a TakxXe INyOHHY
HOTPYXEHHss h=2z,—2, OAHOHA TOYKH OTHOCH-
TeJpHO Apyro# (cM. puc. 1-8):

P1=pPo—8P (21 —20)=Po—gpPh; } (1-9)
Po=p, +8p(z,—20)=p, +gph.

IMosToMy, HanpuMmep, MOaBiIeHHE HA CTCHKH
cocyda, 3aloNHEHHOrO HEMONBIKHBIM TOpPSYHM
razom (p,<p,), Ha YpoBHE h=z —z,, pacmoyo-
’KEHHOM BBIIIE TUIOCKOCTH pa3fejla rasa W BO3-
ayxa (puc. 1-9), xak co cToposml rasa (p,), Tak
M CO CTOPOHBI BO3AyXa (p,) HOMYYaeTcs meHbLUE,
YeM JaBjeHHe p, B IUIOCKOCTH paspgena:

P-=p,—80:h (1-10)
Ha ph=pa—gpah’ (1'11)
Z 1 z
Pr
Po ] ™
= ¥
oL 0

Puc. 1-8. Cxema aas onpefedeHus JaB/ieHrs
B Npou3BobLMOM ToYKe KAAKOCTH (rasa) uno
JABJIeHHIO B 3aJanHoil Touke:
a—p>p,; ﬁ—pr<pa

Pac. 1-9. Cxema nia .y

onpefienesns  M30bi- B

TOMHOTO JARJICHHA IO- Pr

pRYero rasa Ha upo-

H3BOJIbHOH BbicoTe = .

B CoCyae §o cparue- ] Pay ™

HHIO C aT™oChepHBIM -

JaBJIeHHeM Ha To# e Ny Y
BBLICOTE g X



rae p, U P,—COOTBETCTBEHHO ILIOTHOCThL rasa
M BO3OyXa (CpedHAs MO BLICOTE A), kr/m>.

4. M36bITOYHOE XABJICHHE HENMOOBMKHOIO rop-
Yero raza B CoCyle Ha YpPoBHe h=z_—z 1O
OTHOUIECHMIO K MaBJICHHIO BO3QyXa HA TOM Xe
YPOBHE A MOXHO OMNpenesnTh ¢ noMowsio (1-10)
u (1-11):

Pe—DPn =gh (pa_' pr)

1-5. YPABHEHHUA ABUXEHNA
AKNAKOCTHU U TA3A

VYpaBHenns pacxoda H cpedHsAs CXOPOCTh
NOTOKA

1. PacxoaoM XHMAKOCTH HIM ra3za Ha3uiBaloT
maccy (wiM oObeM) KHAkocTd (rasa), npote-
Karomeid 4epe3 MOaHHOe TollepeyHoe CevYeHHe
TpyOHl (kaHaJa) B COMHHLY BpPEMEHH.

Pasnmyaror MaccoBell  pacxonx (HampuMep,
G xr/c) uiH oObeMmHBIH pacxoag (HampHMep,
0 M3/c).

2. B ofbmem B»Buae (upu moboi dopme
pacnpenesicHua CKOpOCTell TIOTOKa MO CEYCHMIO)
oObeMHRIH  pacxon

={dQ = wdF, (1-12)
F F
rme w-—CKOpPOCTh IIOTOKA B A3HHOM Touke
ceucHnA TpyOHl (xaHana), M/c.
MaccoBwit  pacxon

G=pQ=|pwdF.
F

3. PacnipeaeiieRne CKOPOCTEl IIOTOKA IO CEYEHHUTIO
TpyOhl IOYTH HUKOrga He 6nIBAET PABHOMEPHBIM.
JAnAs OpOCTOTHI pEIIEHHs IpPaKTHYEeCKHX 3ahad
BBOAUTCA (UKTHBHAA CPEAHAA CKOPOCTH MOTOKA:

(1-13)

jwdF
F
wc}’__l-'-'_=?’ (1-14)
OTKYyaa
Q=w, (1-15)

4. O6beMHBIN pacXod M COOTBETCTBEHHO CKO-
pOCTh MOTOKA ra3a 3aBHCAT OT TEMIEPATYpHI,
JaBJICHHS ¥ BJIAXHOCTH *!,

Ecad npd HOpMaimbHbix  yciaoBuax (0° C
101,325 xIa, cyxo#i ras) oObemuBii pacxoa rasa
Q,, M?/c, a cpeaHAs CKOPOCTH W, , M/C, TO IpH
pabourx ycaoBHAX

T Puy -
2=0w373 5, (”m) (-1

*! PaccMarTpuBacTCs HOCATBHBIA a3, HOQYH-
Hmoumwmica ypasHeHurw pv=RT, aad KOTOPOro
BHYTPCHHAA 3HEprusA 3aBHCHT TOJIBKO OT TeMIe-

paTypsl.

H COOTBECTCTBCHHO

T Pay m
14— .
=73 ), ( +0.804>’ (1-17)

[A€ m-—CONEPXAaHUE BONJHEIX MapoB B rase,
kr/M>, p,— naBineHue pabodero raza B JaHHOM
ceuenun, [la; p, — gasaeHne rasa npu “HOD-
MaieHbeIX ycnosmax, [la.

Hna cyxoro rada mpm aasnedun 101,325 kIla
(p=p,,) OOBEMHBLIA pacxol U COOTBCTCTBEHHO
CKODOCTh MOTOK2a ra3a MNpH pabounx YycCiloBHUAX

T T
Qp— Qu.y '2_73’ Wp— wu.y '2_73

[TnoTtHocTs raza npu paGoyux ycnoBHAX

pp= (puy+m) T T (1'18)

rlie P, , — IIOTHOCTh cyxoro rasa npd HopMaJib-
HBIX YCJOBHSX, KI/M°.
Hna cyxoro rasa mpu nabnreHun 101,325 xIla
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YpaBHeHHe Hepa3pLIBHOCTH HOTOKA

5. YpaBHeHue Hepa3phIBHOCTH €CTbh pe3yjIinTaT
IpUMEHEHHd 3aKOHAa COXpaHeHMA MAacChl K
IBHXymeiica cpeae (KXHOKOCTH, raiy).

B oGmem cnyuae npu mo6oi dopme pacnpe-
[eNeHHA CKOPOCTeH ypaBHeHHEe Hepa3pLIBHOCTH
AnA OBYX cedeHHN TpyOs! (kanama) 0—O0 un 1—1
(puc. 1-10) moxer OLITH 3aIUCAHO B BUIE

| powdF= { p,wdF, (1-19)
Fo Fy
rae uHOekchi 0 m 1 yKa3mBalOT, K KaKoOMy
CEYeHNIO OTHOCATCS AaHHbIE BETAYHHLL.

Ipn mecxkumaeMoif OAHOPOAHOM cpene IUIOT-

HOCTb IO CEYEHHIO BCerja MNOCTOAHHA; MO3TOMY

o § wdF=p, | wdF.
Fo Fy
6. Yuurnisaa (1-13)—(1-15), MOXHO HANHCATHL
ypaBHEHHE HEPa3phIBHOCTH (YpAaBHEHHE Dacxona)
IUIA paBHOMEDPHOTO CXHMMaeMoro ¥ mis joboro
HeCKMMaeMoro IIOTOK2a B Buie

ZA
Puc. 1-10.  Cxema
NOTOKA H ero OCHOB-
Able napamMeTpnl LA
OBYX ceveHnd ia-
Hana 0

21



PoQo=p10,=p0 =G,

rae w, ¥ w;—CpERHHME CKOPOCTH COOTRET-
CTBEHHO B ceyeHMAx 0—0 u I — 1, m/c.
Ecnm# nmoTHOCTE aBmXKyHledcs cpeasi  He
MeHSCTCA BOOAb IMOTOKA, T.€ py=p,=p, TO
ypaBHCHHEe HEpA3PHLIBHOCTH (pacxoxa) MMceT BUI
G
woFo=w,Fy =wF unu Q0=Q1=Q=;-

F = WF = F=G,
PoWod'o = Py W L' = pW } (1-20)

YpaBHenne JHePrau
(ypaBrenne BepHy/nmM) am cxAMaeMoi
H HeCKHMAaeMOH KAJKOCTH

7. X cpeme, asmwxkymeiica mo tpydbe (xamany),
MOXET ObITh TPHMEHEH 3aKOH COXpaHEHHS 3Hep-
CHA, COIJIACHO KOTOPOMY JHEDPTHs IOTOKA Kui-
¥ocTH (ra3a), NpOTEeKaIomed B COUHALY BpeMeHH
yepe3 cedenne 0—0 (cm. puc. 1-10), pasHa cymme
SHEepruil NMOTOoKa XHAXOCTH (ra3za), mpoTeKaromeil
B €IUHHIIY BPEMEHM yeped cedeHue [ — I, U HoTe-
pH BHyTpeHHell (TermnroBodl) ¥ MEXaHH4ECKOM
SHEPruil Ha yYacTKe MeXZYy 3THMH CCUYCHHAMM.

8. B 0o6iwem caydae 1A NOTOKA KdK HEYNDPYT O
(xanemnHOM), TaKk M YHpYrod XMAKOCTH (rasa)
C HepaBHOMEPHBIM DpacChpeleleHHeM CKOpOCTeH
¥ JaB/IEHMI N0 CEYCHUIO *! COOTBEeTCIBYIOIIEe
ypaBHeHMe 3Hepruii (MOIMHOCTHM) HMCET BHUI

2
J(P+p; +8pz+ DU) wdF =

Fo

2
= J<p+33’—+gpz+ pU) wdF+ AN, (1-21)

Fy

rae z—reoMeTpHYecKas BLICOTA IEHTPA TAXECTH
COOTBETCTBYIOWIErO CEYeHHs, M; p— CTATHYCCKOE
nasjiedne (aOcoOMOTHOE) B TOYKE COOTBETCTBYIO-
wero ceyenns, Ila; U-—yjgemsHas BHYTpeHHSAA
(remmosaa) aHeprus rasa (xortopas Obuia Obr
npu TeueHun OGes Tpenus), JIx/xr; AN, —
obL1as MOINHOCTL, TepAeMas Ha Y4acTKe MexAY
ceyenuamu (—0 m I—I1 W XapakTepusyroluas
BeJIMYMHY MeEXaHW4YEeCKOH OJHEeprum, rnpespaiuae-
MOt B TemmoTy, BT.

9. Ecnd MOMIHOCTh NOTOKAa OTHECTH K Macco-

BOMY Ppacxonmy (G=_fpwdF , TO HAa OCHOBAaHMH
F

(1-21)

AN, 1 p w?
Aeoﬁm= G"Gm___a J‘(B‘*"E"‘i'
Fg

*! B npeanoNOXECHUH OTCYTCTBHUA TemnooOme-
Ha ¥ paboThl ABHraTeasd Ha JAHHOM y4acTKe
CEeTH.

22

1 p w?
+gz+U dF —— -4 —
g >PW Gj<p+ 2 +
Fy

+gz+U> pwdF=e,—e,, (1-22)

rae e0=—1— | £+—vﬁ+gz+U pwdF H
G p 2

Fo

= : p+ 2+ + U dF
e —_ — — e —
1 G 0 ) gz pw YACHbHBIE

3rxe:prmzx,1 OCpeAHEHHEIE MO MACCOBOMY PacXoly
COOTBETCTBECHHO 4e¢pe3 ceyewns 0—O0 uw [— ],
Ix/xr; Aey,=ANy,/G—obmas norepa ynesrs-
HOH OSHepruM Ha Y4YacTKe MEXIy CEUYCHHAMH
0—0 n [—1, Ix/xr.

PasgenuB (1-22) Ha g, moJy4um:

A 1 2 U
AHy, = e°°“‘=——J(£—+£+z+—) pwdF —
g

g GJ\gp 2
Fo
1J<p+wz+z+U)ptvdF—H H
GJ\ep 226 g °
Fy
1 p wl U)
? Gj(gp 2g g)°
Fo
1 2 U
H1=____J.(_1.’_+f_+z+—)pwdF—Hanopr,
GJ\gp 2 g
F

ocpemienime 0 MACCOBOMY pacXoOady COOTBET-
CTBEHHO 4epe3 ceyeHHs 0-—0 u I—1I1, m.

10. Ecam MOLIHOCTE HOTOKZ OTHECTH K
00beMHOMY pacXody uepe3 oOmNpejdedeHHOe cede-

Hue, Hanpumep 0—0 (Qo= | wdF), To

2
=— j(p+ P +gpz+ pU) wdF—

2
- .[(p+p%+gpz+p(]) wdF

anm

1 2
APosm=— j(p+pl+gPZ+PU) wdF —

Qo 2
Fo
Q. 1 j( LA, +pU) dF.
—=-— || p+—+gpz wdF.
Qo O, 2
Fy



Ho poQo=p,10,=G

0,

NO3TOMY MOXHO HalHcaTh
ANos,u
Qo

AP obm —

1 pw?
5 p+-7-+gpz+ pU ) pwdF —

pw?
- p+-—-£—-+gpz+pU pwdF=

-pi (1-23)

1 pw?
rae po=— || p+—=—+gpz+pU | pwdF—non-

G 2
Fq
HOE IaBJIEHHME, OCPEJHEHHOe MO MAacCOBOMY pac-
1
xomy duepes ceuenue O0—0*!; p; =&-——x
Py G

pw?
x p+-—2—-+gpz+ pU } pwdF— monsoe nasie-

Fy
HWe, OCpe[HEHHOE MO0 MAaccOBOMY pacXofly depes
cedene /—1*' M npuBeacHHoe K 0GBLEMHOMY
pacxogy B cedeHun 0—0, T.e. Kk Q
Ap06m=
[0}

HAA HA Y4acTKE MeXIy ceyeHuaAMH O0-—0 u [— 1,
MpHBeleHuBle K O0OBEMHOMY pacxony Q.

11. CratHyeckoe gaBjieHHe p B NpAMOJIHMHeH-
HOM TNOTOKE B 60.HI>I.IIHHCTBC IIPAKTHYCCKHX
ClIydaeB TIOCTOSHHO IO CEYeHHI0 JaxXe IIpH
3HAYATE/IbHOH HEPABHOMEPHOCTH pachpenc/ieHHs
cKopocTeif; M3MEHEeHHWeM IUTOTHOCTH Faza Ilo
CEYEHHIO BCJICACTBHE M3MEHEHHS CKOPOCTCH Is
NMpaKTUYeCKHX 33734 MOXHO NpeHeOpeds (B mpe-
Jenax Ma=w/a, <1,0). IloaTomy BMecTO (1-21)

= — obIHe MOTEpH HOJIHOTO AABle-

*! Tnga y4acTkoB C HepaBHOMEDHEIM Dacmpe-
IeIedreM MOTOKA IO CedeHMIO (TpHM COXPaHEeHUH
TeMIepaTypsl TOPMOXEHHAA NOCTOAHHON BIONL
MOTOKa M TPH BBIYUCIEHHH MOTEPHL JHEPTUHM TNO
HM3MEPEHHBIM TONHBIM AABIEHUSM B pasJIMYHBIX
TOYKaxX ceYeHHS) cieayeT OCPeIHNThL JorapudMsl
IIOJIHOTrO OasjIeHKMs, a He MOJHOEe [AaslieHHe:

1
lnp:p=5[lnp* dG.
G

Bmecre ¢ TeM npH HeDonbINOH HepaBHOMep-
HOCTH TOTOKA H 3HayeHWAXx Ma< | oTcrynienue
0T 3TOro mnpaswjla He mHpUBoAMT K OGoabmioi
ownbxe [1-41].

MOXHO HAIHCaAThb

3
w
(po +8PoZo+ g U) woFo+ Jp—z— dF =

Fg

3
w
=(p,+gpiz, +p U)w Fy + JEZ_dF‘*'ANon
Fy

MM, pelras OTHOCHTENBHO AN,
Beipaxenna (1-20),

H y9HTHIBAA

PoW
ANy = (Po"‘N +gPozo+Po o) Qo—

px“’%
- P1+N1—'2'_+89121+P1U1 0, (1-24)

o e (2o ek (2

Fo Fy
KO3 PHIMCHTHL KMHETHICCKHX SHeprui (xoaddu-
menTsi KopHoNHca) COOTBETCTBEHHO AAA ceye-
Hul 0 —0 u 1—1; oM XapakTepH3ylOT CTeleHb
HepaBHOMepHOCTPI pacnpenenemm KHHETHYECKHX
SHEPrHi, a CIeJOBATENLHO, M CKOPOCTell B yka-
3aHHBIX CEeYCHHAX.

12. MomigoCcTh NMOTOKA, OTHECEHHAd K Macco-
BOMY pacxoiy, IpHBOIUT K 000O0uIeHHOMY ypaB-
HeHHIO bepHyTH, HalHMCAaHHOMY UIA pEaNbHOMH
KHIKOCTH (ra3a) ¢ y4eToM YJelbHBIX HOTEPh
SHepruu (BHYTPeHHeH H BHellHel, T. €; MeXaHH-
YeCKoH) Ha paccMaTpHBAeMOM YHacTKe:

&+N0—é‘+g~o+U

Po
Py
=—4N ——-+gz1+Ul+Ae06m
P1 2

(1-25)

H COOTBETCTBEHHO

_ b U,
-+ N, ——+ +-—+AH (1-26)
ng 2g oom

WiIn

AN
Ae o6m

Q

Do wd
+No _'+g20+ Uo -—
Po 2

2

w
1 —2~1+gzl + U1>=e0——e, (1-27)




13. MOUHOCTE WOTOKA, OTHECEHHAA K 06beM-
HOMY pacxony (Hampumep, k Q,), TPHBOIHMT
x 06061IeHHOMY ypaaueamo Bepuy/utn B Buie

P0+No 2 +gPozo+PoU
AN,
( 1+N1 +g9121+P1U1)E'Q+ oo
P1 Qo

plw%
={ p+N, T'*‘gpxzx‘*'Pxe x

%22 L AD g (1-28)
1
IR
AN, Powd
Aposw = Qnﬁm=(Po+No g o+gpozo+poUo)-
(0]
2
Piw1 p
"<P1+N1"17—+3P121+91U1>'—0—
P1
=pl(;“P'1., (1‘29)
2
wWo
rae P3=po +N, 22 +8poZo+ PoUo—
HoJIHOE naanexme B ceweHun 0—0; pT=

Po

——TIoJIHOEe
i

HaBleHHEe B cedeHUH | — I, npuBeAcHHoe K 00B-

eMHOMY pacxony B ceseHuu 0—0.

Bce unenwmt (1-28) monydaroTca B eHHHHMIAX
H3MepEHUs NABJEHHA, T. €, B TACKaNAX, ¥ HOCAT
Ha3BAHHUA: gPoZgy 8P 124 — IEOMETPHYCCKOE HABJIE-

2
w
HME; po, Pj——CTaTHYECKOE naBJIeHHE; N, P °2 °,

L+ N, _—‘+gpxzx+P1U1

2
N Piwi . A _
' JaBJIeHHE; Posm =
= A N6/ Qo —— 00O1HE NOTEPH IIOMHOTO JaBJIEHUS
(o6mee rmapaBIHYecKOe€ CONPOTHBJEHHE) B
pesyiabTaTe  MPEOAOJIeHUS  IUAPABIHYECKOro

COTIDOTHBJICHUST YYACTKA MEXAY ceueHusmyu 0 — 0
u l—1.

14. VIameHeHue BHYTpeHHe#l 3Heprmm (MOLI-
HoctH) Uy— U, 3aBHUCHT OT TOTO TepMOZHHaMH-
YecKOro Ipouecca, KOTOpPBIH CoBepiraer ra3 Ha
myTH ot cedemms 0—O0 po ceyenus /-—I. Ons
MOJIMTPONHOroO NpPONECCa MapaMeTpPHl ra3a u3Me-
HSIOTCA JIO COOTHOLICHHIO

Po B2 (1-30)
Po P1 P

rae n—moKasarejb MNONMTPONGI, KOTOpPHIH I
y4acTka € MeCTHBIM CONPOTHBJICHMEM BBHAY
OrpaHWYeHHOCTH Y4acTKa MOXeT OLITh BO MHO-
CHX CIydasix NpHO/IMKEHHO MPHHSAT [TOCTOSHHBIM
¥ nexammM B mpegenax l<n<k (k=c,/c,—
noxasaTenb M30IHTpOMBL, cM. Tabm. 1-3).

15. Ha OCHOBaHMHM 3aKOHOB TEPMOAMHAMUKH
[1-68] mpu OTCYTCTBUH IOABOAA TEIUIOTHI U3BHE

24

Po Po
U, —Uy= dev—eg—&— j@=
Po P p
P P

(1-31)

roe v=1/p—ynenpHunlif 0O6BEM raza, M>/kr.
Ha ocaopanmun (1-27), (1-30) u (1-31)

wi w n
Aeosm=g(zo—zl)+No—?°—N1—?1+n_l><
3
Po P:

wj
HUiIn Aeosm=g(Zo—Zl)+NoT—'

2 n-

wi n PolfP1\ "
N AR Pop (P -1l a-32
Y2 a1 Po[:(Po) ] ( )

16. IIpy DpuGMIKEeHHLIX pacyeTax B HEKOTO-
PBIX CIy4asx MOXKHO CYMTaTh HPOLECC H3OIHTPO-
muyeckuM. 4 3Toro mponecca BMeCTO NHOka3a-
Tens noauTponst 7 B (1-31), (1-32) Oyner cToATh
HOK43aTe/lb H30IHTPONB! K.

17. B HexOTOpBIX cllydadX COCTOAHHE ITOTOKA
H3MCHSETCA MO u30TepMe (NOCTOSAHHAS Temrepa-
Typa), IpH KOTOPOi AaBNeHUE MPONOPIHOHAILHO
TJIOTHOCTH rasa:

Po_P1_P. (1-33)
Po P1 P ‘
Py

d

J—’f=52 nfe. (1-34)
P Po M

py

Toraa B OKOHYAaTeJIbHOM BHJE HA OCHOBAHMH
(1-27) n (1-34)
w3 w?
Aeosm=g(zo—zl)+No—°—- Wi_Po n-@-.

18. Omertet I'y6apesa [1-20] moxasam, uTo
IS Takux (PACOHHBIX IJIEMEHTOB, KaK TPOUHUKY
M 3aNlOpHbIC YCTPOMCTBA, COCTOAHHE raja U3MeHs-
eTcs Mo monuTpone, GoJlee OJIU3KOIH K H3OTEPME.
IIpu 3TOM [ais BO3XyXa, MpOTEKAIOIIEro dYepe3
TPOHHHKH, NOKa3aTeb NoJuTponsl 2= 1,0, a ge-
pes 3anopHele ycrpoiicTBa n~1,15.

19. ®opmynel (1-32) 1 (1-35) MOXHO HUCHONL-
30BaTh HE TOJLKO Opd OO0JBIMAX CKOPOCTAX
ra3oporo mMOTOKa, HO M NOpH MAajbiX CKOPOCTAX,
Ho GomnmMx Tiepenamax JaBjIeHUsi Ha Y4acTKax
MECTHOIO CONPOTHBIEHHA.

20. B xadecTBe OCHOBHBIX KPHTCpHCB Hmozo0us
razoBelX [OTOKOB CAyxHuT uucao Maxa wi

w
NMPABEACHHAA CKOPOCTh A, =—.
xp



Yucno Maxa
(1-36)

rae a, —CKOpOCTh pAaclpOoCTpaHeHHN 3BYKa,;

k2= JkRT. (1-37)
p

Ansa Boanyxa

a,%20,1/T.

21. CxkopoCTh Te4eHHs, paBHAA MECTHOH CKo-
pocTH 3ByKa M Ha3biBaeMas KDHTHYECKOH cCKo-
POCTHIO,

2k p*

k
————= [——RT*,

k+1 p* k+1

rae p*—gaslleHue 3aTOPMOXKEHHOITQ IOTOKA
rasa (mojiHOe [daBIeHue); p*—mnoTHoCcTs 3a-
TOPMOXEHHOT0O IOTOKa ra3a; 7 *-—Temnepartypa
3aTOPMOXCHHOrO TIOTOXKa rasa (TeMHepaTypa
TOPMOXEHUA).

CxopoCTh 3BYK4 B 3aTOPMOXEHHOH cpene

(1-38)

Ayp =

p*
at= k—p—;=,/kRT*, (1-39)
2
TaKk 49T0 G, =a* [—.
k+1
Jna Bosmyxa
a*=20,1/T*, a,=183/T* (1-40)

IlpuBeacHBas CKOpOCTH

=i_ 2% p* .
Gep / k+1 p* / k+1RT
(1-41)

22, Ecau HOealbHYIO ra3oByl0 CTPYIO, A
KOTOpoif HeT moTepb sHepruu (Ae,,=0) M Her
TEeNNOBOrO BO3ACHCTBHA, 3aTOPMO3HTh M303HTPO-
MUY4ECKAM MYTEM, HOBeds CKODPOCTh Wo=w (IpH
ITOM n=k; po=p; Po=p; 2o=2,=0; Ny=N, =1,
a p,=p*—noJIHO¢ JaBJIeHHe WM HaBjieHHe
TOPMOXEHHs) 70 ckopoctd w,=0, T1Oo (1-32)
MpHMeET BHI

OTKyda

wm ¢ yderom (1-36) u (1-37)

k
* k-1 —_—
9—-=(1+—-——Ma2>k—1. (1-42)
P 2

23. Mexay umcnamMa Ma u A,
Clegyrowlas CBA3b:

2 A
Ma= z
k+1 k—1
1———22
k+1

k41
5 ——Ma

k—

1+ 1M2
-—[Vla
2

Ha ocnoBanmu (1-42) u (1-43)

p k—1 j—
“(M)EF=(1-—k—_{_—ll) - (149

Jia IIOTHOCTH MAeabHO 3aTOPMOKEHHOIO
raza ¢ Yy4YeTOM COOTHOWIEHHS, AHAJOTHYHOIO
(1-30), T.e.

CYIleCTByeT

(1-43)

HITA

* *\ k
2-(5) 145
noJjgydyaercsa
1
k=1 N\
8(7‘°)Ep%=(]71—17‘2> . (1-46)

COOTBETCTBEHHO A TeMNEPATYPHl TOPMO-
XKeHuA

(1-47)

Tasomunamuyeckue ¢ynxnun  (1-44), (1-46)
U (1-47) mpusenensl B Talbm. 1-9.

TaMm xe npuBencHbl GYHKLUAM, XapakTepH-

3yIolO#e NOTOK MacChl
pw k+1 k—1

A)= = 1A 1——7~.z

=2 (T e

(3ra yHXUHS Ha3bIBAeTCA IPHBEAEHHOM IIIOT-
HOCTBIO IMOTOKA MAaCCHI)

H
(e
2 k-1__°
1 ———22
k+1

Fop* q{\)
Fp m(A,)

y()=

Benuuuma, obpatHas y(A.), xapaxTepusyer wu3-
MEHEHHE CTATHYeCKOro HMIydbca B CCYCHHH
H303HTPONMNYECKOrO ITOTOKA B 3aBHCHMOCTH OT
CKOPOCTH.

Kpome Toro, 8 tabn. 1-9 npuBencHa QyHxuus

k+1(1
x(hd=——~ (xz 21nx>



1-9. Tabumna razonmmamudecknx GyWKumi 1A 103BYKoBOro motoka u dymxims y (i) npn K=14 -
A

T n £ q y Ma yd

<

0,01 0,99998 0,99994 0,99996 0,01577 0,01577 0,00913 8563,5

0,02 0,99993 0,99977 0,99983 0,03154 0,03155 0,01836 2136,14
0,03 0,99985 0,99948 0,99963 0,04731 0,04733 0,02739 946,367
0,04 0,99973 0,99907 0,99933 0,06306 0,06311 0,03652 530,195
0,05 0,99958 0,99354 0,99896 0,07879 0,07890 0,04565 337,720

0,06 0,99940 0,99790 0,99850 0,09450 0,09470 0,05479 233,271
0,07 0,99918 0,99714 0,99796 0,11020 0,11051 0,06393 170,368
0,08 0,99893 0,99627 0,99734 0,12586 0,12633 0,07307 129,599
0,09 0,99865 0,99528 0,99663 0,14149 0,14216 0,08221 101,692
0,10 0,99833 0,99418 0,99584 0,15709 0,15801 0,09136 81,7669

0,11 0,99798 0,99296 0,99497 0,17265 0,17387 0,10052 67,0543

0,12 0,99760 0,99163 0,99401 0,18816 0,18975 0,10968 55,8890
0,13 0,99718 0,99018 0,99297 0,20363 0,20565 0,11884 47,2209
0,14 0,99673 0,98861 0,99185 0,21904 0,22157 0,12801 40,3612
0,15 0,99625 0,98694 0,99065 0,23440 0,23751 0,13719 34,8430
0,16 0,99573 0,98515 0,98937 0,24971 0,25347 0,14637 30,3405

0,17 [ 0,99518 0,98324 0,98300 0,26495 0,26946 0,15556 | 26,6212
0,18 | 0,99460 0,98123 0,98655 0,28012 0,28548 0,16476 | 23,5153
0,19 | 0,99398 0,97910 0,98503 0,29523 0,30153 0,17397 | 20,8966
0,20 | 0,99333 0,97686 0,98342 0,31026 0,31761 0,18319 | 18,6695
0,21 | 0,99265 0,97451 0,98173 0,32521 0,33372 0,19241 16,7609
0,22 | 0,99193 0,97205 0,97996 0,34008 0,34986 0,20165 15,1139
023 | 099118 0,96948 0,97810 0,35437 0,36604 0,21089 13,6836
0,24 | 0,99040 0,99680 0,97617 0,36957 0,38226 0,22015 | 12,4345

0,25 0,98958 0,96401 0,97416 0,38417 0,39851 0,22942 11,3378

0,26 0,98873 0,96112 [ 0,97207 0,39868 0,41481 0,23869 10,3704

0,27 0,98785 0,95812 | 0,96990 0,41309 0,43115 0,24799 9,51321
0,28 0,98693 0,95501 0,96765 0,42740 0,44753 0,25729 8,75071
0,29 0,98598 0,95180 0,96533 0,44160 0,46396 0,26661 8,06987
0,30 0,98500 0,948438 0,96292 0,45569 0,48044 0,275%4 7,45985
0,31 0,98398 0,94506 0,96044 0,46966 0,49697 0,28528 6,91153
0,32 0,98293 0,94153 0,95788 0,48352 0,51355 0,29464 6,41722
0,33 0,98185 0,93790 0,95524 0,49726 0,53018 0,30402 5,97035
0,34 0,98073 0,93418 0,95253 0,51087 0,54687 0,31341 5,56534
0,35 0,97958 0,93035 0,94974 0,52435 0,56361 0,322382 5,19738
0,36 0,97840 0,92642 0,94687 0,53771 0,58042 0,33224 4,86235
0,37 0,97718 0,92239 0,94393 0,55093 0,59728 0,34168 4,55665
0,38 0,97593 0,91827 0,94091 0,56401 0,61421 0,35114 427717
0,39 0,97465 0,91405 0,93782 0,57695 0,63120 0,36062 4,02120
0,40 0,97333 0,90974 0,93466 0,58975 0,64826 0,37012 - 3,78635
0,41 0,97198 0,90533 0,93142 0,60240 0,66539 0,37963 3,57055
0,42 0,97060 0,90083 0,92811 0,61490 0,68259 0,39917 3,37194
0,43 0,96918 0,39623 0,92473 0,62724 0,69987 0,39873 3,18890
0,44 0,96773 0,89155 0,92127 0,63943 0,71722 0,40830 3,01999
0,45 0,96625 0,88677 091775 0,65146 0,73464 0,41790 2,86393
0,46 0,96473 0,88191 0,91415 0,66333 0,75215 0,42753 2,71957
0,47 0,96318 0,87696 0,91048 0,67503 0,76974 0,43717 2,58590
0,48 0,96160 0,87193 0,90675 0,68656 0,78741 0,44684 2,46200
0,49 0,95998 0,86681 0,90294 0,69792 0,80517 0,45653 2,34705
0,50 0,95833 0,86160 0,89907 0,70911 0,82301 0,46625 2,24032
0,51 0,95665 0,85632 0,89512 0,72012 0,84095 0,47600 2,14113
0,52 0,95493 0,85095 0,89111 0,73095 0,85898 0,48576 2,04889
0,53 0,95318 0,84551 0,88704 0,74160 0,87711 0,49556 1,96305
0,54 0,95140 0,83998 0,88289 0,75206 0,89533 0,50538 1,88313
0,55 0,94958 0,83438 0,87868 0,76234 0,91366 0,51524 1,80866
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IIpodoaxcenue maba. 1-9

A T T € q y Ma X
0,56 0,94773 0,82871 0,87441 0,77243 0,93208 0,52511 1,73926
0,57 0,94583 0,82296 0,87007 0,78232 0,95062 0,53502 1,67454
0,58 0,94393 0,81714 0,86567 0,79202 0,96926 0,54496 1,61417
0,59 0,94198 0,81124 0,86121 0,80152 0,98801 0,55493 1,55783
0,60 0,94000 0,80528 0,85668 0,81082 1,00688 0,56493 1,50525
0,61 0,93798 0,79925 0,85209 0,81992 1,02586 0,57497 1,45676
0,62 0,93593 0,79315 0,84745 0,82881 1,04496 0,58503 1,41033
0,63 0,93385 0,78699 0,84274 0,83750 1,06418 0,59513 1,36753
0,64 0,93173 0,78077 0,83797 0,34598 1,08353 0.60526 1,32757
0,65 0,92958 0,77448 0,83315 0,85425 1,10301 0,61543 1,29025
0,66 0,92740 0,76813 0,82826 0,86231 1,12261 0,62563 1,25541
0,67 0,92518 0,76172 0,82332 0,87016 1,14235 0,63537 1,22289
0,68 0,92293 0,75526 0,81833 0,87778 1,16223 0,64615 1,19254
0,69 0,92065 0,743874 0,81327 0,88519 1,18225 0,65646 1,16423
0,70 0,91833 0,74217 0,80817 0,89238 1,20241 0,66682 1,13783
0,71 0,91598 0,73554 0,80301 0,89935 1,22271 0,67721 1,11321
0,72 0,91360 0,72886 0,79779 0,90610 1,24317 0,68764 1,09029
0,73 0,91118 0,72214 .0,79253 0,91262 1,26378 0,69812 1,06894
0,74 0,90873 0,71536 0,78721 0,91892 1,28454 0,70864 1,04909
0,75 0,90625 0,70855 0,78184 0,92498 1,30547 0,71919 1,03064
0,76 0,90373 0,70168 0,77643 0,93082 1,32656 0,72980 1,01351
0,77 0,90118 0,69478 0,77096 0,93643 1,34782 0,74045 0,99762
0,78 0,89860 0,68783 0,76545 0,94181 1,36925 0,75114 0,98291
0,79 0,89598 0,68085 0,75989 0,94696 1,39085 0,76188 0,96931
0,80 0,89333 0,67383 0,75428 0,95187 1,41263 0,77267 0,95675
0,81 0,89065 0,66677 0,74863 0,95655 1,43460 0,78350 0,94518
0,82 0,88793 0,65968 0,74294 0,96099 1,45676 0,79439 0,93455
0,83 0,88518 0,65255 0,73720 0,96519 1,47910 0,80532 0,92479
0,84 0,38240 0,64540 0,73141 0,96916 1,50164 0,81631 0,91588
0,85 0,87958 0,63822 0,72559 0,97289 1,52439 0,82735 0,90775
0,86 0,87673 0,63101 0,71973 0,97638 1,54733 0,83844 0,90037
0,87 0,87385 0,62378 0,71383 0,97964 1,57049 0,84959 0,89370
0,38 0,87093 0,61652 0,70788 0,98265 1,59386 0,86079 0,88770
0,89 0,86798 0,60924 0,7Q191 0,98542 1,61745 0,87205 0,88234
0,90 0,86500 0,60194 0,69589 0,98795 1,64127 0,88337 0,87758
0,91 0,36198 0,59463 0,68984 0,99024 1,66531 0,89475 0,87339
0,92 0,85893 0,58730 0,68375 0,99229 1,68959 0,90619 0,86975
093 | 0,85585 0,57995 067763 0,99410 1,71411 0.91768 0.86662
0,94 0,85273 0,57259 0,67148 0,99567 1,73887 0,92925 0,86398
0,95 0,84958 0,56522 0,663530 0,99699 1,76389 0,94087 0,86381
0,96 0,84640 0,55785 0,65908 0,99808 1,78916 0,95256 0,86008
0,97 0,84318 0,55046 0,65284 0,99892 1,81469 0,96432 0,85876
0,98 0,83993 0,54307 0,64656 0,99952 1,84049 0,97614 0,85785
0,99 0,83665 0,53568 0,64026 0,99988 1,86657 0,98804 0,85731
1,00 0,83333 0,52828 0,63394 1,00000 1,89293 1,00000 0,85714

NO3BOJIAKOIIAA BBIYHCIHNTL HOOTEPpH Ha TPCHHE

Ha y4dactke 0—I (ma mmame [=[/D,):

24. MaccoBslit pacxof BeIpaxKaeTca yepe3 QyH-
ke g(x) 1 y(Ao):

T

x(Kco)~x(kd)=jx,,,dx_

prFay)_  pFa() _ pFy(r)
g\/ﬁ t(AM)g/T* g/ T*

rome m—xoapbuunerT, LIS BO3AYXa paBHBIA
0,3965 K5 ¢~ %,

25. Pasmaras (1-42) B psg no npasdiay OuHoma
HrioToHa, B OKOHYATEILHOM BHIE JUIA IOJHOTO
JaBlieHHs TMOJY4HUM CICIYIOuiee BhipaKcHHe:
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I'Ionpamca Ha BIUAHHE CKHUMAEMOCTH rasa

2—k 1
——Ma*x~Ma?.
24 4
Jas cTpyM HeckKMMAaeMmoO#l XHIKOCTH NoAHOe
JaBIICHNE

1
8(::-=—h'1 2
FMa’+

pw?
*— ———
p*=p+ >

Ecnu 4ucino Ma=w/a, odens mano, to (1-48)
Boipaxaetrca B Buge (1-49).

26. B tabn. 1-10 npuseleHnl 3HaveHus O,
8, u AT, B 3aBUCHMOCTH OT 4hcia Ma,
H CKODOCTH MOTOKa Bo3ayxa w, (k=1,41) npu
0°C m 101,325 xITa [1-68].

IMTonpasxa Ha IUIOTHOCTH

pi—=po_ [P\ Ma%( Ma,
S = ==} —-lz——/11+ +.o )y
k Po (Po) 2 7

a MompaBKa HA TeMIIepaTypy

. k-1
AT, =T,—To= TO[C—Z-‘—)T—I]=
0

k-1
Ma3=56,0 Ma3.

(1-49)

= TO (1‘50)

Hupexc 0 orHOCHTCA X ceyenuio 0—0, a 1 —k
ceuemio [—I pAHHOrO MOTOKA.

27. JAns HecKHMaeMo#l XHAKOCTH, K KOTOPOil
MOXHO OTHECTH TakXe M ra3 npu HeGoJbIIHX
CKOPOCTAX MOTOKa (IpakTU¥ecKH A0 w= 150 M/c),
Uyo~U,. Torna ua ocHoBauuu (1-27) noaydnm

Powd pywi
gPoZo+Po+No 02 =<39121+P1+N1 12 1) X

28. Ilpn MamoM neperiage [aBiIcHUA (IPaKTH-
yeckd a0 10000 Mla) py=p,=p; Torma BMecTo
(1-51)

pw} pwi
gPZ0+Po +NoT=ngx +p+ N, T‘*‘Apoﬂn

(1-53)

W HNOpH pPABHOMCPHOM TIIOJIE CKOpOCTefl, Koraa
NO = N

=1

gPzo +po+9-;é=gpzl +Pl2v_%+Apoﬁm
UIIN
APot =(§on +pqo +B;)—‘2’)—<gpzl +p1 +B—2w—%>
(1-54)
CamoTsara

29. Ecnu x xaxpmo#t wactu (1-51) npubasuth

M BBIMECT COOTBETCTBEHHO BENHUMHBI p,
M p;, TO
2
pwo
8P29+Po+Pz—Pz,+No ==

2
W’
=gz, +p1 +0, —p,,+N1‘—’§—‘+Apm, (1-55)

rae p,, ¥ p, —JAaBJieHHE BO3QyXa COOTBETCTBEH-
HO Ha BelcoTe z, H z;, [la.
Ha ocnoepanum seipaxenns (1-11)

P2y =P.—8PuZ0; Pz, =Pa—8P71, (1-36)
ra€ p,— IOABNEHHE BO3XyXa B ILIOCKOCTH CpaB-
HeHus (puc. 1-11), Ila; p,—cpeauss no BeIcOTe
Z IJOTHOCTH BO3IyXa; B NAaHHOM Clyvae ILUIOT-
HOCTh NPHHUMAIOT [PAKTHYECKM OAMHAKOBON st
06€HX BBICOT z, W z;, Kr/mM>.

Po ITocae coorBercTByrommMx mnpeoGpa3osanuit
X ;)——+Ap°5m (1-51) Bmecro (1-55) momydmm
1
2
wnu pw,
Do (p=p.) 820+ (o)) + No—5-=
APosw=| 8PoZo +Po+ N 5 )" s
pw
N 01Wf Po 1 52 =(p_p8)gzl+w1 —pzl)+N1 7£+APOGEI'
-~ Zs 4+ + el -
Zp1zi v 175 ) ( ) (1-57)
1-10. 3aBucamocTe S, 3, m AT, or w, u Ma,
wo, Mlc | Ma, | 8. % | 8,, % | AT, °C| wy Mjc | Ma, | 8., % | 8, % | AT, °C
34 0,1 0,25 0,5 0,59 203 0,6 9 18,9 21,3
68 0,2 1,0 2,0 2,4 238 0,7 12,8 26,8 29,0
102 0,3 2,25 4,5 5.4 272 0,8 17,3 35,0 37,8
136 0,4 4,0 8,0 9,5 306 0,9 21,9 453 48,0
170 0,5 6,2 12,9 14,8 340 1,0 27,5 57,2 59,2
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z)
Fr WPy | Pz
. Jamio, Joz
'
~
;;4,, P N Sl 2]
I \
\\ N ParPa \\ | |pa.0a
0 \\J X A X
a) J)
z
# A1y [Pz 5-’5’4172 {Pz2
b sy, N F. .00 P 29
\\\ ':‘r Pa.Pa \\\ N f Pa.Pa
N\ 1 1

A\

)/

Puc. 1-11. Cxema pas BeIGOpa 3HAK2 CaMOTHIW:
a—p>p; 0—p<p,; B—p>p,; r—op<p,

9)

30. IToTeps mnONHOTO MJaBJIEHHS HA Yy4acTke
Mexny ceuenusamud 0—0 uw [—] Ha OCHOBaHMM
(1-57)

2
PWo

Ap05m=(p0 —pto)—(pl- _ptl) +No T—

2
w
—N B g (p.=0) (21— o)

HIH COKpaIleHHO
Apon =(p0.n_‘pl.c1-)+(p0.n_pl.n)"‘pc:

=P0.n"P1.n+Pc,
pw?
rae pn=N-—2———mmammecxoe HaBJICHHE B

JaHHOM CeyYeHHH NOTOKA (BCeraa MoJjIOXHTENbHAA
BeyuuuHa), Ila; p.,=p—p.--u30plTOUuHOE cCTa-
THYECKO€ AaBJieHMe (pa3HocTb Mexnay abcomor-
HBIM [aBIIEHHEM p B CEYEHHH MOTOKX HA BRICOTE
Zz A JAaBJICHMEM BO3ayXa p, Ha TOHl Xe BBICOTE),
Ia; 3To naBneHue MoXeT OLITHL MONOXKUTEIBLHLIM
WIH OTPHMUATENBHBIM; P, =p,+ Pcy — H3OBITOYHOE
TIONHOE AaBIEHHME B JAHHOM CEYEHHH IMOTOKa, Ila.

H36eiToYHOE reoMeTpudeckoe AaBneHue (IIs
ra3’oB— «CAMOTSIan)

Pc=g(21“zo)(9.“’9)~ (1'59)

31. Mab6riTouHOEe TreoMeTpHueckoe JaBieHUE
(caMoTAra) BRI3HIBAETCA CTPEMJIEHHEM >KHMIKOCTH
(raza) omycxaThCs WM NMONHMMATLCS B 3aBHUCH-
MOCTH OT TOro, B Kakoif cpeme —6Bosee merxoit
W Ooslee TAKeMOW-— NaHHAA XHAKOCTHL (ras)
HaxoguTca. DTO AaBjicHHE MOXET OBITh MOJIO-
XKHTENbHEIM WM OTPHUATEIIBHBEIM B 3aBHCHMOCTH
OT TOro, CHOCOOCTBYET OHO MJIM NpPEnsATCTBYET
NBUKEHMIO IOTOKA.

(1-58)

Ecin npm p>p, norox Hanpasnes Beepx
(puc. 1-11,4), a npu p<p, NOTOK HampaBieH
BHH3 (puc. i-11,6), To u36bITOUHOE aaBienue p,
OyaeT OTpHUATETbHBIM, MPENATCTBYIOUIMM ABH-
Xeruio notoka. Ecnau npu p>p, notox mampas-
Jen BHM3 (puc. 1-11,6), a mpu p<p, morok
HanpasiaeH BBepx (puc. 1-11,2), To w3berrounoe
AasieHHe p. OymeT MONOXHTEILHBIM, cHocoBeT-
BYIOIIMM TEPEMEILEHHIO NMOTOKA.

32. Ecs (1-58) pemmTh OTHOCHTENBLHO Mepenaia
TIONHBIX JABJIEHUE Ap, = Pon— P14, KOTOPKIt OTpe-
AenseT noTpebHOE TaBIcHHE HATHETATENA Pyary, TO

Pusarn = APy = Aposu— 8(23 — 20) (P — P) = APosiy — Pe.

Ilpn ycnoBum p>p, u HanpaBieHUM MOTOKA
BBEPX WIM NPH p<p, U HAOPaBIECHUH INOTOKA
BHU3 [IOJly4aeTCA OTPHMUATEIbHAA «CAMOTACA»
(reoMeTpuueckoe nasmenue). Torma

Duaru =APon+Pc

B nportusHOM cityyae

Prara= Apoﬁm =D
B oGmem ciyuae

Prarn= APon TP,

33. Ilpu paBeHCTBe IIOTHOCTEH p NMPOTEKANO-
HieH Cpensl H p, OKPYKAIOWIETO BO3AyXa, a TaKkKe
OpY TFOPU3OHTAIBHOM DaClONIOXKEHHH Tpy6 (ka-
HaJIOB) reoMeTpUYecKoe JlaBlleHde (camoTsTra)
pasHO Hymo. CrnegosaTentHo, (1-58) ynpomaerca:

Apoﬁm=p0n—pln-

34. B Tex ciyuasx, KOrjga CTaTHYecKoe JaBlle-
HHE, KdK U CKOPOCTb, HEPAaBHOMEPHO MO CEYeHHIO
H 3TOH HEPaBHOMEPHOCTHIO HeNb3A mpeHeOpeds,
obluee rHAPaBIMYECKOE CONPOTHBICHHAE yYyacTKa
CiaelyeT OMpeJejiATh KaK PAa3HOCTh NOJIHLIX AaB-
Jlenu# nmoc (WM MHHYC) caMoTsra (eclH oHa
HE paBHa HYJIIO):

1 i
Apoﬁm=é' J‘(pcr +Pn) WdF"'a J\(pcr'{"pn) WdFiPc,

F, F,

1
roe E J‘(p" +p ) wdF— u3bpiTOYHOE  TOJHOE
J .

AaB/IeHHe TOTOKA XHAKOCTH (rasa), poXomsiue
4yepe3 naHHoe cevyemme F, ITa; po.+p,— w36si-
TOYHOe TIOJIHOe [aBJIeHNe B JaHHOH TOUYKe
cevenusa, [la.

1-6. THAPABJIMYECKUE
COIMMPOTUBJIEHUSA CETEX

1. B xaxpo#ft cetd, ¥Xak M B OTACIbHBIX
y4qacTkax, d4acTh [OJIHOrO [JJaBJICHHA, HAyLIas
Ha npeononeane cHn rm:[paanat{ecxax COHpO-
TUBNIEHHH, sBNAETCH 1A Hee Oe3BO3BPATHO
MIOTEPSIHHOM, TaK Kak M3-32 MOJICKYJSPHOH
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H TypOyleHTHOH BS3KOCTH ABMKYyIIeHCH Cpenbl
MeEXaHuYeckas paboTa cH conpoTHsieHHa nNpeob-
pasyercs Heobpatumo B Temnoty. IloaTomy
obmas 3Heprus (BKIIOYAIOWAA M TEIJIOBYHO
JHEPTHIO) IIOTOKA HA JaHHOM y4acTke TpyOsl IpH
OTCYTCTBHH TEIUIONEPEIAYH YEpe3 CTEHKHM OCTaeT-
ca HemsmeHHOR. OHAKO COCTOSHHE MOTOKA mMpH
3TOM MCEHAETCA, TaK Kax HasjleHHE majaer.
TeMnepartypa K¢ BAOJIb NOTOKZ IPH HEH3IMEHHOU
cxkopocTH He Menserca. QOpsacHAETCA 3TO TeM,
gTo paboTa pacimpeHus, 06yCIOBICHHAs MaxeHu-
€M IaBJICHAsd, IeJHKoM npeobpasyerca B paboTy
CHJI COMpOTHBJICHHS, B TEILUIOTA, BOSHUKAIOWAS U3
TOM MeXxanudeckofi pabGoTel, BO3MelaeT OX-
JAXAEHHE, ONYy4acMOe BCIEACTBHE PACUIMPCHHS,

Bmecre ¢ TeM 3Heprus, npuodpeTenHas mo-
TOKOM B pe3yJibTate paboThl KoMmmpeccopa (BeH-
THIssTOpa M T.IL.), ANL MAaHHOH CeTH TepseTrcs
B BHIE KHHETHYECKOH MJIM TeIUIOBOH OHepruu
IOpH BBIXOJe XHMAKOCTH (ra3a) B OKpPYKaloUIYIO
cpeny (B Apyroi ofmem).

2. PaznmuyaroT ABa BHOA mnOTEPh MOJHOrO
JaBiIeHHs  (TMAPABIMYECKOTO  COTNPOTHBJICHHSA)
B cetu TpyOonpoBoaa: _

1) noTepu Ha TpcHHe (CONMPOTHBIIEHHE TPEHHA)

Apxp;

2) MeCTHule NoTepu (MECTHOE CONPOTHBJICHHE)
Ap,,.

I'mppaBnuyeckoe TpeHMe BBI3LIBaeTCS  BA3-

KOCTBIO (KaK MOJIEKYJIApHOH, TakK H TypOyNeHT-
HOM) peaNbHBIX XHAKOCTEH X ra3os, BO3HHKaro-
e NMpd HX OBHOKEHWH, H ABJSIETCA Pe3yIbTaTOM
obMeHa KOJHYECTBOM ABUXKECHHA MEXAOYy MOJIC-
kyJaMu (MpH JTaMHHADHOM TeYCHMH), a TaKXKe
H MEXIy OTICHbHBIMH 4acTHLUAMH (np# TYpOy-
JIEHTHOM TCUYEHMH) COCEHHUX CJIOeB XUIKOCTH
(ra3a), ABMXKYIIAXCH C PA3JIMYHBIMH CKOPOCTAMH.

3. MeCTHbIE NOTepPU MOJIHOTO AABJCHHUS BO3-
HMKAIOT MPH MECTHOM HapYWIEHWH HOPMAJIBHOIO
TEYEHHA, OTPHIBE NOTOKA OT CTEHOK, BUXpeoGpa-
30BaHHM M HMHTEHCHBHOM TYPOYJICHTHOM miepe-
MEUINBAHUHK IIOTOKZ B MECTaX H3IMCHCHHA KOH-
¢durypamun TpyOonposona WAM IIpH BCTpeye
¥ oGTeKaHUHM NpeNnsTCTBUHA [Bxox xumkoctu (rasa)
B TpyOOUpOBOA; pACUMpEHHE, CyXeHHe, H3rub
¥ pa3BeTBJICHME IIOTOKA; NPOTEKAHHE MXKHMIKOCTH
(raza) uepe3 OTBepCTHA, PEUIETKH, APOCCELHBIE
yCTpOiCcTBa; GWILTpanus uepe3 MOPHCThIe Telna;
obTexanue pasMUYHBIX NPENATCTBHE B T. 0.]. ITH
SIBJICHMS YCHIIMBarOT OOMEH KOJHYeCTBOM [BH-
JKEHHA MEXIY 4aCTHIIAMH ABHXKYLICHCA XHAKOCTH
(r. e. TpcHHe), HOBHIIIAA AMCCHIALHIO JHEPrHH.

K MecTHEIM nOTepsM [aBJIEHHA OTHOCATCH
TAKXKe M NOTEpH AUHAMHUYECKOro [aBjIeHHs HpH
BHIXOfle JKMAKOCTH (rasa) 43 ceTH B apyrod
o0beM WIK OKDYXAMmyw Cpeany.

4. SsnesHe oTpLIBZ H BUXpeoOpa3oBaHHA cBA-
3aHO C HAIHY¥EM Pa3HOCTH CKOpPOCTEH B mome-
pPEYHOM Ced4CHHM IIOTOKA M MOJOXHTEILHOrO
rpaiMenTa OaBleHusa BRoL noTtoka. [Tocnemnee
BO3HHKAET MpPH 3aMelUICHMH NBWXKEHds (Hampu-
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MEp, B paclidpsiolleMcs KaHaJle, mocie pe3Koro
[OBOPOTa, NpH OOTEKAHUH TEJI) B COOTBETCTBHH
¢ ypaBHeHueM bepuyinu. Pasmocth ckopocTeit
B IIONEPEYHOM CEYECHMH NpH OTPHULATEIBHOM
rpaaMeHTe [aB/ieHHd (HapuUMep, YCKOpEHHOE
IBHKEHHE B CYXKAIOUIEMCA KaHANe) He NPUBOIMUT
K OTpeiBYy motoxa. Ha mIaBHO CYyXarouMxcs
y9acTKax MOTOK gaxke Gonee YCTOWYWB, 4Yem Ha
y49acTKax TOCTOSHHOIO CedeHHs.

5. MoTepu nonHOro gaBieHus B JHOOOM CIOK-
HOM 3JIeMEHTe TpybonpoBoaa HepazmenuMsl. Og-
Hako [UIa yao6CcTBa pacdeTa B OJHOM H TOM Ke
3neMeHTe TpyboONpoBOga HX 4YacTO TaKxke Yyc-
JIOBHO DAa3fie/IIOT HA «MECTHbIe» noTepu (Ap,)
1 notepd «TpeHus» (Ap,,). Ilpu atom cumraiot,
4TO «MECTHBIE» IOTepH (MECTHOE CONPOTUB/ICHHE)
COCPENOTOYeHLI B OMHOM Ce4YeHHH, XOTH B HcHCT-
BUTEJIBHOCTH OHH pAacHpOCTPAHAIOTCH HA Cpas-
HHTC:IbHO OOJIBUIYIO UIMHY (38 HCKIHOYEHHEM
cIydas BRIXO#A MOTOKA M3 CETH, KOTOa AHHAMH-
4eckoe MaBJICHHE A Hee TepaeTca cpasy).

6. Oba Buaa MOTEPs CYMMHPYIOT IO NPHHIHUITY
HaJIoXKeHHs IIoTepb, NpH KoTopoM OepyT apud-
METHYECKYIO CYMMy NOTeph Ha TPEHHE M MECT-
HBIX MOTEPh:

Apcym = Aprp + pr

Bemuuuny Ap,, NpPakTHYECKH CIEAYET Y4UThI-
BAThL TOJMBKO s (acoHHEIX (ClOXHBIX) wacrei
CpaBHHMTenbHO OONbUION NPOTSKEHHOCTH (OTBO-
oo, qaddysopsl ¢ HeGONBUIMMH YIIaMH paciliu-
peHMs H T. 1) HAIM B TOM Cnydae, KOrJa 3Ta
BEJIMYMHA COH3MepMMa ¢ BeJIMYHHOR Ap,,.

7. B coBpeMEHHRIX TMAPABJIMYECKMX pacHerax
onepupyioT GespasMepHbIM k03P duUIHEHTOM TH -
paBIHYECKOTr0O CONPOTHBIICHUA, BEChMaA y,£[06HLIM
TeM, 4YTo B OHHAMHYECKHM NOMOOHBIX NOTOKAX,
Opd KOTOPBIX COOIOJAIOTCE TIeOMeTPHYECKOoe
nomo0He ydYacTKOB H paBeHCTBO 4Hcen Pei-
HoJbiaca Re (M apyrHx kpuTepHeB mnogodus,
€ClIM OHH. CYIIECTBEHHBI), OH HMEeT OZHO H TO
K¢ 3HaYeHHe He3AaBHUCHMO OT BHIA XUJIKOCTH
(ra3sa), a TaxkXe OT CKOpOCTH NmoToka (1o kpaiiHei
Mepe no Ma=0,8+0,9) u monepeuHpIx pa3MepoB
PACCYMTHIBAEMBIX YYACTKOB.

8. Koa¢pduuumeHT ruIpaBiIAy¥eckoro COoNpOTHB-
JIeHHA TNPEACTABNAET co0Oi OTHOINEHHE IHoTe-
psauHO# HAa HmaHHoM yyacrke [(0—O0)—(1—1)]
monHolif 3HepruM (MOLIHOCTH) K KHHETHYECKOi
sHepruy (MOWIHOCTH) B IPHHATOM CeYeHHH
(HanpuMep, 0—0) mwm (470 TO XKe) OTHOLUEHHE
MOTEPAHHOTO Ha TOM 3Ke& Y4acTKe [TOJIHOro
AABJIEHUA XK AHHAMHUYECCKOMY [3BJICHHKO B npu-
HATOM CeYeHHM, TaX 4TO Ha ocHosaHmu (1-21)
a1 (1-23) pna oOwero ciayyas, T. €. HEPaBHOMED-
HOTO pacfpeAelicHHs BCeX NIApaMETPOB MOTOKa
N0 Ce4eHHI0 M NEPeMcHHOH NUIOTHOCTH BIOJb
MOTOKa, MOXHO HamucaTh

ANoﬁm _ ANaﬁu.x . Apoﬁul —
PoFowd/2 QoPowd/2 Pows/2

=



Po“Pl 2 1 PWZ
= pgwi)2 powo[GK"+ 5 Tepetpl )

Fy

PP | U\ owdF
xpwdF— 22 || p+5-+g0z+pU JowdF |

' (1-60)

Jns ciaydas PpaBHOMEDHOIO paclpeaeseHus
CT4THYECKOr0 JaBJCHHA H IUIOTHOCTH NHO cede-
HUIO, HO TIEPeMEHHBIX BAOIL TIOTOXKAa Ko(pdu-
UHEHT CONDpOTHBIEHMA Ha ocHoBanuu (1-29)
OyneT uMeTh BHI

AN 6w _ AN 6 _ AP o6 _
P0F0W3/2 QoPows/2  pewd/2

g

- 2 PoW3
ﬁow ?2 p wu[<p+No 02 0+gp°z°+p°Uo>—
oo 0

MW
p‘(Px +N— 5 +gpxzx+p1Ux >}
P

(1-61)

IIp¥ HEH3MEHHOH IUIOTHOCTH BIOJB NOTOKAa
(po=p,=p=const)

{=

Apoém
-
pwo/2
9. 3nauenne { 3aBUCHT OT TOro, K Kakoif
pacYeTHOR CKOPOCTH, a CIEJOBaTeIbHJ, K Kako-
My cedeHuio oH npusened. Koaddumuent conpo-
Apoﬁu.l
Wi |2
noToxa w; B i-M ceuenuu (F;), mepecyuThIBaCTCA

LA Aapyroro ceyenua (uanpmmep, F,) B obmem
cmydae (p;—TME€peMeHHOe BIOJIh MOTOKA) IO

THBJIEHUR ;= MPUBEACHHLIN K CKOPOCTH

tbopmyne
A if Wi 2
Lom—rosm. —-g.f-(—~>, (1-62)
PoWs/2 T po\W
TaK KaK APosm={o pow‘)_cl p'w'
C y4eToM ypaBHeHHS pacxona Po WoF o= p;wif;
Pof Fo
. 1-63
Co=G:i i( F.-) (1-63)
Mpu po=p;=p
Fo\?
=0 =). 1-64

10. CymmapuHoe raapaBiI@d9eckoe CONPOTHBIe-
HHe xakxoro-nubo sneMeHTa CeTH
2

ApCYM —Apu +Ap1‘p_(CM +C1'p)'_"__

-
pw?

= CCYM —2’

IR

Apcyu =

p Q. \*
CC)’“ CcyM 2 <F)

(1-65)

B cooTBeTCTBHH ¢ NPHHATBIM YCJIOBHO IIpHH-
IATIOM HAJIOXEHHA I[10TEPb

Ccyu =L+ Crp‘
Drp

o2
HUS TPEHUS naﬁnoro 3TeMeHTA prGBI (xaHana);
T
" ppwi/2
JleHHsl [aHHOro JjleMeHTa TpyObl (xaumana);
W, —CPERHAR CKOPOCTh NOTOKA B CedeHud F npu
pabounx yenosusx, Mfc [em. (1-17)]; Q,—
00BeMHBIN PacXon XHIKOCTH A pabowero rasa,

M3fc [em. (1-16)}; pp—mroniocn, KHAOKOCTU
wiu pabowero raza, kr/m> [em. (1-18)] F—
NpHHATas IUIOMadb CEYEHHA PacCYUTHIBAEMOIO
3n1emeHTa TPYOM (KaHaa),

11. Kos¢puuaeHT CONPOTHBIEHHA TPEHUA pac-
CYUTLIBAEMOI'O 3jIeMEHTa BbIpAXaeTcd 4epes
KO3 QUIMEHT THAPABNIMYECKOTO TPEHHS:

Co=A-1/D.,.

Koadduuuerter A ¥ cooTsercTBeHHO (,, mpu
[IOCTOAHHOM 3Ha4eHHu [/D_ # HECKHMaeMOoM
[IOTOKe 3aBUcAT OT uucia Pednonsaca Re
H [IEPOXOBATOCTH CTEHOK KaHana Ay=A,/D,
amu A=A/D,.

12. KoaddunueHT MECTHOIO CONPOTUBICHUA
{,, 3aBHCHT rjaBHEIM O0Opa3zoM OT reoMeTpuvec-
KAX 1apaMETPOB DPACCIMTHIBAEMOrO 3JieMeHTA
TpyOBI (xaHana), a TakXe OT HEKOTOPHIX OOIWX
GbaxkTOpOB HBHKEHUA, K KOTOPHIM OTHOCHATCH:

1) pacmpenenenne CkOpocTedl U CTeneHL Typ-
OYNEHTHOCTH NpH BXOLe NMOTOKa B paccMaTpu-
BaeMeIil 3neMeHT TpYOBI; pacnmpeleNieHHE Cko-
pocTeil B CBOIO OYepeRb 3aBHCHT OT DPEXHMA
TeyeHuA, GopMBI BXoIa xaHama, GopMbl U yaa-
JIEHHOCTH pA3NMHIHHIX (GACOHHRIX 4YacTeil WM
NpenATCTBHIA, PACNOJIOKEHHLIX TIEpe]l pacCMAaTpH-
BdeMBIM 3NIEMEHTOM, IJUHBI NpeRNeCTBYIOMIEr0
OpAMOro y4acTKa M T. i

2) gucno Peitwonwnaca;

3mecs C,,,E — KO3 PHUUMEHT CONPOTHBIIE-

—K03bPUIHEHT MECTHOrO COMPOTHB-

3) gucao Maxa Ma=—
a;

13. TIpuHUMT HAJIOKEHHS NMOTEPh NPHMEHSIOT
He TONBLKO NPHU pacdeTe OTAEILHOro 3JieMeHTa
TpyGbl (xaHana), HO 4 TNPU THIAPABIUYECKOM
pacieTe CeTH B NEJOM. ITO O3HA4YaeT, 4TO
CyMMa NOTeph OTHAENBHBIX 3JeMCHTOB TpPYOHI
(xanana) naer obmee conporuBieHne ceTH. Ilpu
3TOM TOJIpa3yMeBaercs, KOHEYHO, YTO YYTCHO M

B3aUMHOE BJIMAHHE 3JIEMEHTOB cCeTH, Ommsxo
PACIONIOXKEHHBIX OOMH OT apyroro.
14, IlpyHnMn HANOXEHUA NOTEPhL  MOXHO

OCYHIECTBUThL ABYMA METOHAMH!
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1) cnoxeHHeM NOTEpPb MOIHOTO AABICHUS HA
OTHENBHBIX Y4aCTKaX (IneMEHTaX) CeTH,

2) cnoxeHHeM x03pPUIHEHTOB COMpPOTHBIIC-
HHA OTHeNbHBIX Y4aCTKOB (3/1eMeHTOB), NpH-
Be/IeHHBIX NMPeIBapHUTEILHO K onpeleseHHOH CKo-
pOCTH, M NOCHEIYIOUWUM BHIpaXeHdeM OOIIEro
CONPOTHB/ICHUA CETH 4epe3 ee obwmit xoaddu-
OHEHT CONpPOTHBIIEHHUS.

IIpu mnepsom MeTOOE caemyeT y4ecTb, 4TO
npu GoNbIIOH pa3HHANE B IUIOTHOCTH XHAKOCTH
(rasa) A1 pasaMYMBIX Y4acTKOB (371€MeHTOB)
3HAYEHUs TOTEPH NOMHOTO [ABIEHUA, B3ATHIC
KaK moTepd 3Heprud (MOIIHOCTH), OTHECEHHBIE
K 00BeMHOMY pacxoly [ANosw/Q=Apeswm] 1O
dopmyne, ananoruynoit (1-23), 3asucar ot TOrO,
K KaKkoMYy CE4EHHIO KaHala OTHECEH 3TOT o6beM-
HeIi pacxon. IlosroMy chemyer ckiageIBaTh
NOTEpH B PA3NNYHBIX Y4acTKaX NOCHE NpHBeEne-
HHA HX K OOHOMY H TOMY Xe OOBeMHOMY
pacxony. Tax, ecau 3TH moTepu OyayT npuse-
HOeHBI XK pacxomy O, B ceweHuu 0—0, To obuue
NOTEPH IOJHOTO MOABIEHHS BO BCER ceTH

~AN; AN Q 2 Po
A cern = —_——= A [
P i=1 Qo =1 Qo i=1 P Pi
n 2 n 2
PiWi Po PoWi
= Cl—__——= Cz—’ (1'66)
i=1 2 p i=21 2

rjge i—HOMEpP PpacCYMThIBAeMOTO ydacTka (aje-
MEHTa) ceTH; n— ofllee YUCNO0 PACCUHTHIBAEMBIX
y49acTKOB  (371eMeHTOB); Ap;=AN,/Q;— obmue
(cyMMmapHBIe) NOTEPH NOJNHOro AaBleHus (COompo-
THBJIeHHE) B i-M YdacTke (dieMeHTe) CeTH *!,
OpUBEicHHBIE K 0OBEMHOMY pacxomy cpeasl Q;
qepe3 3TOT yd4acTok (daemeHr); {;=2Ap; /(p,w,)——-
ko3¢ dunuenT CONpOTHBIICHHS ORHHOrO YYaCTKA
(37eMenTa) CeTH, NMPHUBEACHHEIR K CKOPOCTH W,

IIpu sTOpOM MeTOnEe OOWMHA ko3ddurmenT
COTPOTHBIICHAA CETH

Apceni i “ Po FO 2
C ceru = c.l i= C:"("‘) )
° PoW 0/2 i=zl ° i§1 P\ Fi
(1-67)
Ap;
rae §oi === —KO3QQHUIHEHT CONPOTHB/ICHAS
Pows/2

JaHHOrO (i~-r0) 3JIEMEHTA CCTH, IPUBCACHHBIN
K CKOpOCTH W, B NDHHATOM CEuyeHHH CeTH F,
[em. (1-63)]); {;—xoaddunuedT compoTHBIEHHS
JAaHHOro (i-ro) ydYacTKa (3meMeHTa) CETH, INpH-
BEICHHKIH K CKOPOCTH w; B CeYCHHH F; 3TOro
xe ydactka (3nemenra). Koaddumuenr §; Bxiro-
yaer B cebda, Kak Npasuiao, H IIONpaBKy Ha
B3aUMHOe BJHSHME OIM3KO PACMOJIOKEHHHIX JIIe-
MEHTOB CETH.

QObume norepu
BCEHl cetH

NMONHOTO  OAaBIEHHA  BO

*! Yunexcel «o6Hpm wm «cyM» upu Ap u § or-
JeNbHLIX YYaCTKOB (3JIEMEHTOB) CETH 3Jech Omy-
IEHBI.
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PoWo - Z Lo PoWo

Apcetl = CO ceTn

2 i=1
“ Powd < . PofFo\?
£eala) 1
i=1 i\ F 2 igx pi \ F;
2
P02
2\ F,
Wid
Apeera= i:ggﬁi(?ﬁ)zfﬂg(Fki i
i=1 2Pip\ F; 2\ Fy
(1-68)
a npu p;=py=p

YN {AY
Ap::ei'u_l_zl Cx(F‘> 2"(;.;?) . (1'69)

1-7. PACTIPEAEJIEHUE
CTATHYECKOI'O JABJIEHUSA
IO YYACTKAM CETH
ITOBLIIEHHOI'O COITPOTHUBJ/IEHMA

1. TloTepa yaensHOH 3Hepruu Ha JMOG60M (i-M)
y4acTke CETH MOXeT OBITh BhIpakeHa dYepes
K03} PUIHEHT CONMPOTHBICHAA NAHHOrO ydYacTKa:

AN, oom ANiocmWi —C wi
G Gw#2 2 *12°

Ae;yom=

roe i=1, 2, 3
Orcrona ypassenue, aHajorwanoe (1-23) nana
aByx cevdeHu#t (i— 1) — (i — 1) n i — i npuauMa-
eT BUX

Pi-y iy Di

. U_ =gz, +—

Pi-1 i-1 D) -+ i-1=8%; -+ p'+
wi
+Ui+(Ni+§i)-2'

82Z;-

IMocnennee ypasuenme cosmectHo ¢ (1-30),
(1-31) u (1-32), sanucanummu s i—1 u i-ro
CEYeHHil, MPHBOAUT K CJIEAYyIOllleMy COOTHOLUE-
HHIO, TO3BOINAIOMIEMY BBIYHCIMTL CTATHYECKOE
IaBleHHE B CCYEHHH [ — i, €CIIH OHO M3BECTHO
s cedemns (i —1)—(@i— 1):

n—1
s\ n-1
bi_ {(pl—1> + [gpa-x(-’i-x —-z,-) +
Pa Pa n

2 2
Pi—1 Wi
+.Ng_1 "‘(jvi'}‘ci)—'—‘—i L :]X

Pi-y Wi-1
2
LN
B
oY Eitinky —
Ps Ps

B 3TOM ciryuae BCE BENHMYHMHBI C UHACKCOM [ — 1,
a Takxe §;, N, z; 4 w; U3BeCTHbI (3aJaHBI HIH
BuIvucnedsr). VIckoMoO#l aBJseTcad TOJNLKO BEIH-
qmHa p;/p,

2. B GonpmMHCTBE CAy4aes MOXHO CYHTATh
nmpouecc H303HTponMyeckuM. Torga BMecTo mo-
kasatens n B (1-70) Oymer moxasarems k. [Lid

(1-70)



3anopHeix ycTpoiictB nx1,15 [1-20] u (1-70)
OPHHAMAET BUM

P' . 0,13
_lz{(i) +0,13|:gp.-_1(2.-_1 ;z‘)+
pa pl 2 2

Pi-g Wi-1 Pi-y Wi
+N_ —— —(N. + (. )——
Nn 1 2 ( i cl) 2 Jx

(Di_l)—o.a-r 1 }7.57
x| — — .
Pa Pa

s TpoHHWKOB H OPYrUX MOAOOHBIX HM
(dbaconHbIX 2MeMenTOB, KOorma nal u maBieHune
NPOMOPUMOHANILHO IUIOTHOCTH rasa [em. (1-33),
B KOTOpOH B obiieM ciydae HUHOEKCHI COOTBET-
crBeHHo Oyoyt i—1 u i),

; 1
In L=_—{gpi—l(zi—l -z)+

Di- pl- 2
~ (N + z;,)p—"-‘——}=A;(1-7z)

(1-71)

Pi— lw"

+ N, 2

Pi
Torfa —— =e =p;_ e

Pi-y
am ZPiztes
Pa P

3. Pacnpenesnienuc JaBl€HMA BIOMB CETH pac-
CHHTBIBAIOT MOCJCHOBATENLHO: IO 33IaHHBIM JUIA
HayanbHOro cedeHua 0—O0 (i-1) BemuuuHaMm,
BXOIAINMM, HANPUMED, B claydae n>1 B OpaByio
qacTh (1-70), BHIYHCIAIOT 3HA9eHHE [aBIEHHA
pi/p, B cewenud [-—]. Ha ocHoBammu (1-20)
7 (1-30) BRMuCHAIOT 3HAYCHUA W, U p, U COOT-
BeTcrBeHHOo no (1-71) maeneuue p,/p, Ans cese-
Hus 2—2 u 1. A [ucomoaesys (1-20) u (1-30)
¢ MHOeKcamu i—1 ®m i)

AHanmory9HM 06pa3oM BHITHCIEHHS OCYille-
CTRASIOT H Jna ciaydads n=1, ucnons3ys mns
storo (1-20), (1-33) u (1-73).

H p;

(1-73)

1—8. OBOBIEHHDLIE ®OPMY.JIbI
COITPOTHUBJIEHUSA
JNJid TOMOI'EHHBIX
M IETEPOIEHHBIX CHCTEM
[1-9, 1-10]

1. Obwiee CONPOTHBIEHUE ABMKEHHUIO HBIOTO-
HOBCKOH KHAKOCTH (ra3a) MOXHO paccMaTpHBATL
Kak CYMMY CHJI CONpOTHBICHHS: 1) BA3KHX,
mpensgrcTeyromwnx Ge3suxpesoMy (JIaMAHAZPHOMY)
[JBIDKEHHIO XHAKOCTH; 2) HpPENATCTBYIOHIMX W3-
MCHCHHIO KOJIHMYECTBA NBUXXECHHSA CHCTEMEBI INIPH
BO3HUKHOBEHUH B HEH BTOPHYHBIX TEUYCHMH XHA-
KOCTH TIOX AEHCTBHEM KakUX-TO BHELIHHX CHII;
3) rpymmei GBMXYIIHX CHA, B KOTOPYIO BXOAAT
OPOCKIHH BHEIIHUX CHJI HA OCh ABHXKEHHA, Tax
YTO MOXHO HaluCcaTh, YTO CHMJIA CONPOTHUBIIEHHs,
OTHeCEHHAad K eOQuHHUe o0BeMa CHCTeMBI,

k 2
S _kiwo MRS w5 L v,
L 92 {
2 3ak. 1584

kinw

Q
rae — CHJIa BA3KOrO COMPOTHBJICHHA, OT-

HECEHHAA K eAMHHIE 00beMa CHCTeMBI; w, -— Cpe-
AOHAA TI0 CEYEeHUKO KaHalla CKOpPOCTh TIIOTOKA,
nipwd

—— JAONOJTHHTEIIBHBIC CHJIBI COTIPOTHUBIICHUA,

OTHECEHHHIE K enuHMue o0beMa CHCTeMsbl, mpe-
NATCTBYIOIIHE ABHKEHUIO XHAKOCTH Npu TypGy-
JICHTHOM pEXHUME €¢ TeYeHMs, a TaKXKe NpH npo-
TEKAHUM 4Y€pe3 OTIHENbHBIC MPENATCTBHA (MECT-
Hble COMPOTHBAEHHA); 3 F =3 mw,/V—cuna
CONPOTHB/IEHUA, YHCIIEHHO DaBHAA CyMMe BHELU-
HHX CHJI, OTHECEHHBIX K eXHHune obbeMa cucre-
MEI, DPa3BHBAIOIIHX H TNOAABIAIOMMX B Heid
BHYTDCHHHE TEYCHHA; 3Ta CHJIA ClEayeT 3 3a-
KOHa COXpaHCHHA KOJIMYeCTBA [BHXEHHA CH-
CTeMbl [m; B w;——Macca H CKOPOCTb 3JIEMEHTAD-
Horo o6beMa, BHYTPH KOTOPOrO yXe€ HE BO3-
HHKAIOT BHYTpDEHHHe TedeHHa;, V—o0bem 006-
nacta B (puc. 1-12)]; ¥ #,— cymma npoexuwit
Ha OCh TPYOBI NMOTEHIWANTLHOH YaCTH BHEUIHHX
CHJI, NEHCTBYIOIIMX HA JXWIKOCTb, OTHECEHHAd
K equHuue o6BEMA CHCTeMBI, 3T2 CyMMa CHII
MOXeT OBITh WIH OBMXYIUEH cuiolt (3HAK Mu-
HYC), WM CHJIOH CONPOTUBRIEHHUA (3HAK ILIIOC);
k, —xoadpduumenr dopmbl (ans TpyGel Kpyr-
noro cewenus k,;=32); /—xapakTepHblii pa3-
Mep (ans TpyObi—ee JuaMerp, UIs KaHa-
na [=D,=4F(II); L— mIMHa paccMaTpHBAEMOro
y4aCTKa CHCTEMBI; 7, —KO3GUUHEHT nponop-
HHOHAIBHOCTH, PH NMPOTCKAHAM XKUAKOCTH depes
OPENATCTBUS OH PaBeH XO3DOHUIUEHTY MECTHBIX
conporusieHuit G,,.

2. BHyTpeHHHME Te4eHHA MOIYT BOSHUKHYTH
B pe3yiibTaTe OEHCTBHA HA XHUAKOCTH aPXHMEIO-
BBIX CHJI B yCIOBUAX Teronepenasn (pgB,AT) wiu
Macconepenaqd (Apg) (rae B, u AT = TepMuuecKuii
KO3 GULMEHNT PACIIHPEHUA XKUIKOCTE U TEeMIepa-
TYPHBIH Hanop; Ap-—pa3HOCTk IUIOTHOCTEMH).

B 3sexTpoMarduTHLIX NONSX BHYTPeHHHE Teue-
HHA B CHCTeME€ MOTYT BO3HHKHYTb NOX neicr-
BHEM TPYIOIbI CHJI; 3TO HHIYKIHOHHBIE DJIEKTDO-
MarHuTHBIE CHJIB, [IONABJIAIOLIHE BHYTpEHHUE
TE€9eHNs; KOHAYKITMOHHBIE IEKTPOMATHHTHEIE CH-
Jibl, BO3HHKAIOIIHE IDH B3aﬂMOJICI7ICTBHH 3JIEKT-
PHYECKOTO TOK2 C TOKOIPOBOAAINEH KHAKOCTHIO
4 NpH B3aMMOARCHCTBAY MarHHTHOTO MOJA TOKA
¢ BHEIIHHM MATHHTHBIM [ONEM; 3MEXTPOMATHUT-
HBIC CHIIBI, BO3HHKAIOMIWE IIPH B3AUMOIEHCTBUH

I  péngcms 8 Jx
= > -
ik 4;////////////Z//////////////////f osiirie
tboe—— | ,‘w, ) \ wﬁ-f :
W, W,
B (4 |
EF e ’) \‘ (‘r-\ <~ i
T ////////////////////////////////// YA

Puc. 1-12. CxemMa BHYTPEHHEr0o BHXDEBOIo IBH-
KEHNA XKHIAKOCTH H ueﬁcrmm HA Hee BHENIHHX
cun
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27K TPHYECKOro CJI0d Ha rpaHHNax pasmena ¢aa
C BHEILUHHM JJICKTPHYECKAM M MarHWTHLIM M0.11-
mu [1-16, 1-57]. BHyTpeEHHE CHIBI MOTYT TAaKke
BO3HUKHYTh, HalpAMED, NIpU TEYEHHH JKUAKOCTH
B NpsMbIX TPYDaX, BpALIAIOUIMXCA BOKPYr CBOei
ocu [1-66].

3. B rereporeHHBIX (HEOQHOPOOHBIX) CHCTEMAX,
¢da3bl KOTOPBIX HMEIOT CYILECTBEHHO pa3nud-
Hbie TUTOTHOCTH, BHYTPEHHME TEYeHUS BO3HHKAKOT
BCJIE[ICTBHE OTHOCUMTENLHOro aABmxenns ¢as. Ilpu
3TOM CHJIA, OTHeCEHHAas K eauHune obbema
CHCTeMBI, OBHXKYINAas OTHEIbHLIC JIOKAJILHBIE Ya-
CTHIUEL,

F=(p.— p)g,
rae p,—MJIOTHOCTh 9ACTHIBI, Kr/m>.
DTOMy ABUKEHHIO NPENATCTBYIOT BA3KHE CHIIBI
kmw,,/l2 ¥ CcHujbl Z.? 1» Cllenyiomipe H3 3aKoHa

COXpaHEHMs KoJudecTBa [BHXeHUs. IloaTomy
JJIS OAHOM JIOKANBLHOH 4acTUIBl 3TH CHIIBI

YF 1= (p. — P)g — kynw,/I2.
Ilpu 06BbeMHON KOHHEHTPAUMH RHCHEPCHOR

dbaser |, CuIbI, BLI3LIBAIONIME BHYTDEHHHMe Tede-
HUS B eOuHMIe oObeMa CHCTEMBI,

k,nw,
Zf1=[(9q - p)g_ 112 ]p':.

4. TIpocteie mupeoOpazosanus Ap/L mno3so-
MI0T MOAYy4uTh X03(QQHIMEHT CONPOTHBICHUS
TpeHus

Ap 21 2%
e 'y (1-74)
L pw§ B
B Re (1-75)
rne B= . -
FE S F,I
| e 25l XE

k kynwo ™ kymwg

Bripaxenne (1-75) npencrasnser coboit 0606-
HIEHHBIH XPHTEDHH FHOPOAMHAMUYECKOro MNoIo-
6u1. W3 (1-74) cnemyer, 4YTO CBS3b MEXAY
KO3 (HIHUEHTOM COUPOTHBIEHHA H YKA3dHHBIM
KpUTEpHEM B JIOOLIX YCNOBHAX ABHKCHHA XHM-
KOCTH B CHCTEME [ONKHa OBITh JIHHEHHOH.

B wacrtaoctH, Ang TypOViIEHTHOTO TedeHHA
B mpsMeix Kpyrnsix Tpybax O F =0 u Y . F,=0)
dopmyna (1-74) npuHHMaET BHI

Wl PETILE W WL AP
_—— —Re }=—
Re 2C)TRe T

ra€ #, MOXHO HaiTH, IPUPABHUBAs 3HAYCHUSA
A MO TOCHeAHeMY BHIPAXEHUIO ero 3HaA4YCHUAM
no guarpamme 2-1. 3aBucuMocTs n, =f(Re)
nupusefeHa B Ttabn. 1-11.

5. Korma mnpu Te4eHHH >XHAKOCTH B TpyOax
d KaHallax BHEIIHWE CHIIbI ONHOBPEMEHHO CHO-
COOCTBYIOT ¥ NPENSTCTBYIOT Pa3BHTHIO BHYTDCH-
HHX TCHEHHH B cHcTeMe (HanpHMep, NPH ABUWXe-
HHM KMOKOCTEH, WMEIONHX CYLIECTBEHHYIO JJle-
KTPONPOBOAHUMOCTE, B MPOJOJIbHOM MarHHTHOM
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nmone [1-5, 1-11, 1-14, 1-32, 1-61]), oGoOumeHuLIA
KpHTEPHIl THAPOANHAMHYECKOro Nomobus

1-11. 3asucamocte n, =f (Re)

Re ny Re ny
0—2-10° 0 10° 0,0087
2,5-10° 0,0042 108 0,006
4-10° 0,0120 107 0,004

10* 0,0128 108 0,003
2-104 0,0098
R
B= © ,
ny hy
l1+—Re— [—=H
TR ET R

c
rae Ha=2B,l \/:-——xcpmcpm‘«‘l Taprtmana (By—
n

HHOYKIMS MArHMTHOrO MOJIS; O —3JeKTPOIpo-
BOOMMOCTh XHAKOCTH; [=D -—rulpapId4ecku
JMaMETD).

Koa¢¢HuueHT CONpOTHBIEHHA TIpH 3TOM

4
v
B

(1-76)

6. llpy TeueHud TNPOBOAAIMHAX  KHUAKOCTeH
B Tpy0ax uay kaHajlax B IONEPEYHOM MATHHUT-
HOM [MONI€ paccMaTpHBAIOTC OBA ciydas:

a) IIIOCKoMapajllelbHOE TEYeHUE B KaHaje,
KOrfa BeKTOp HHAYKIMH MAarsuTHOTO TOJA HOp-
MaJjieH GOBIIOH CTOPOHE MATHHTOIrUAPOIHHAMH-
gyeckoro (ML) xanana [1-11, 1-14, 1-37, 1-61];
g 3TOro ciyyas :

Re

B=1 +Re (2 MB“”Ha + Ha
k, ki po-25k s

3

A=—1,
B
rne B=a/b—oTHOWEeHe cTOpOH KauHana;, N4
caysaes, xorma P=1:15 u B=1:17, nomyueno
k,=44, a pua B=1:25 k, =327,
0) Tevenne B ®=none, KOrna BeKTOP MArHHT-
HOH HMHOYKIHH mnapauieneH Oonsloll cTopone
MU Od-xanana [1-5, 1-64]; ana storo ciyvax

Re

n, n, 0\ 0 s a
1+ k, Re (kx) $%*°Ha + TEE
a A maxomar mo (1-77); k,=44 npn f=14,5;
k,=48 upun P=32. .

MpomMexyTounniM crnydaem asnsercs MI'-te-
ycHue B KaHane npu P=1 umnu xpyrias tpyba,
xorna A npuHaMaerca no (1-76).

7. Tlpn TevyeHMH KUOKOCTH B U3OTHYTHLIX Tpy-
Dax Ha cHCTEMY MEHCTBYIOT LEHTPOOEXKHbIE CHITBI
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WHEpUMA. DTH CHIb BRI3BIBAIOT Mepepacnpenciie-
gue /JaBIIEHUH IO CEYEHHIO, BCIEACTBUE YEro
BO3HHKAIOT [oMNepedHble (BTOPUYHBIE) TEUEHU.
B »rom cayudae A npunuMmarotr no (1-77), a

Re
B= ,
1+ ey 2 b R
— — [=——Re
k, 324/ 2R,

roe D —ouamerp cedesHs TpyOsl; R, -—cpen-
HMil paxAyC 3aKpyrieHds NoBopoTa TpY6BHI;
m=1,76-10"'—n1d AamMMHApHOrO peXxuMa Te-
venus; m=1,57-10"2—qna typbyneHTHoro Te-
YeHH .

B 3MeeBHKax MNOTOK JKHAKOCTH H3MEHAETCH
OOHOBPEMEHHO B J[IByX HANpABIEHHAX C paLHy-
camu 3axpyrienua R, u R,. [ns sroro cny4as
A npuHuMmawT no (1-77), a

B Re
—1 " et DRe* DRe?\%¥
i e —
T332 32\ 2R, T 2R,

IMpu [BUXEHWH KuWAKOCTH B Tpybax, ock
KOTOPBIX NEpNCHOUKYIIApHa X OCH BpalleHUHA
3THX TPyO, HAa XHAKOCTE ACHACTBYIOT KOpHONH-
COBHI CHJIbI MHepUHH, KOTOpLIE Nepepacrpenens-
IOT OABJIEHHE B XHAKOCTH H BLIZBIBAIOT BHYTPEH-
Hue Teuenusa [1-66]. Jnd storo cimywas” A npH-
Humaiotr 1o (1-77), a

B Re
"1+an + P Re2L 4 Ko Reszz’
—— — e—.— ————
32716 we 32D - wa

rae R,—cpenuuii paaMyc BpalueHda TpyOs;
®— YIrJI0Bas CKOPOCTh BpAallleHus TPYOBI.

8. [Ipu HemzoTepMHMUECKOM TedYeHMH B TpyOax
M KaHallax BCIENCTBHE pA3HHILI TEMMeEpaTyp
XHIKOCTH B fAApe MOTOKAa M Y CTEHKH BA3KOCTH
H IUIOTHOCTH >XHMIOKOCTH B 3THX 30H4X MOIYT
ObITh CYLUIECTBEHHO PA3HYHBIMHU, 9TO NPHBOIMT
K BHyTPCHHUM TedeHHAM (TeIioBas KOHBEKIHA).
Jns asroro cmyyas

B Re
T on 25 pgB,ATP’
1+—Re+———r0
+k1 © ki mw,

roe [=D; §~3-10"%*+5-107* m.

TMpu Teuennu pasiuyHLIX Macen B Tpybe
ko3pdunuent A npuuumaror mo (1-77), a npm
TeueHun B xauane A=77,4/B.

IMpu HEM3OTEPMHYECKOM TEYECHHA MAJIOBA3KHX
KHOKOCTel (mampuMep, BOXBI) Jaxe Ipu He-
Oonbux TeMIEpaTypHBIX HAMoOpax TeIUIOBas
KOHBEKIIMS MOXET CYWECTBEHHO BJIMATh HA CO-
NPOTUB/IEHHE, U B I3TOM cJIydae

2*

Re
pgBATD?
2w,

I+ 2LRe +
+ 1 et
9. Cwuitbi, BBI3LIBAIOLIME BHYTPEHHHME TE4eHMS
B TETEPOreHHOH CHCTEMe B pe3ylbTaTe OTHO-
CHTEBHOTO ABHXEHUA a3, 3aBHCAT KaK oOT
Pa3HOCTY MIOTHOCTER JKUIKOCTH H IUCNEPCHBIX
4acTul, TAK M OT XapaKTepHOro pa3mepa
M GOPMBI 3THX YACTHLl H CKOPOCTH HX ABHKEHUA
B KUAKOCTH.
[Ipu Teyenun cycrieHsnii B MPAMBIX rUApaBIIH-
HECKH [NafkuX Tpybax oGobuenusii ruapoauHa-
MMYECKHHA KpUTepHUH

Re

|+ Re 4 L9 = plg = knwy/B ], D'
32 32nw,

ra¢ Ww,—CKOPOCTL OTHOCHTEJILHOIO JBHXEHHSA
JHCTIEPCHO#| 4acTHIBl B XKUAKOCTH; k, —K03du-
UHeHT GOpMBI IUCMEPCHOH 4YacTHUB! (o mapa
k,=12); I, — xapaxTepHblii pa3Mep YacTULBI (IJId
uapa f,=d,).

TIpn Teyenun B TpyOax 3aNBUIEHHBIX TOTOKOB,
KOrfia INIOTHOCTE TBEPOBIX YACTHIL P, CYUIECTBEH-
HO MeEHbUIE NHOTHOCTH Tasa p, NoOcCaexHed
BEJIHTHHON MOxHO NpeHeOpeys. Torpa

Re
|4 M pe o [P8 = Kanwy/l Ju D
32 I2nw,

ITpu TeweHHd B TpyGax ra3’oXUOKOCTHHIX CMe-
ceit p> > p, (Tae p, —IUIOTHOCTE Ny3bIpeil ra3a);
nO3TOMY

B=

B=

Re
|4 MR 4 [P = Kamwa/l3 J1 D*
32 I2nw,

Bo Bcex Tpex ciay4aax xoaddmumeHT coupo-
THBJAeHAA A MoxeT OwiTes nmpuHsST mo (1-77).

B=

1-9. ICTEYEHME XHNJIKOCTH
1 TA3A U3 OTBEPCTHUA

HcTeyenne HeCKEMAaeMORR KHIKOCTH
(rasa)

1. CxopocTh w_, HCTe4eHHS CTPYH M3 BBIXOJ-
HOro cCeweHus 3aTOIUIEHHOro Hnacagka (oreep-
cTus) B GOKOBOM CTeHKe cocyla A IpH TepeTe-
KaHUH HeCcKHUMaeMOH XHUAKOCTH B COCyX
B (puc. 1-13) BhipaskaeTcsd HA OCHOBAHUK ypaBHE-
HAa DepHylInu u ypaBHCHHHA HEPa3pBIBHOCTH

crenyroieli  popmynoit L

W =0+/2/p \/gp(zl - 22) + (Pt _172))

*1 Ina raza senuyuHaMmu z u [/ Npene6peraroT.
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Puc. 1-13. Cxema wncreuenns
OTBEPCTHS

B3 3aTOIIeHHOro

roe ko3(QdHIMEHT CKOPOCTH

1
o= ) 2 (YRl
Va1 -2y + E [No(Fo/ B2 =N (Fo [ F )]

(1-78)

3nech z; U z, —rayOUHLI MOrpyXeHus LEHTpa
TSLKECTH OTBEPCTHSA (HACAJXa) OTHOCHTENALHO CBO-
GONHOTO YPOBHA XMIKOCTH ' COOTBETCTBEHHO
B cocynax A ¥ B, M; p,, p,—NaBleHHE XUI-
KOCTH Ha CcBOOOAHOH IOBEPXHOCTH B COOTBET-
CTBYIOIHX pe3epByapax (cedenust [—I1 u 2—2),
Ma; N, 1 N,—xo3ppunMenTH KHHETHYECKOH
SHEPruH TOTOKAa B CeyeHMAX [—I] m 2—2; F,
¥ F, —miomamu 3Tux cedeHuii, Mm% g=F_ [F,—
KOS(b(bHILI’ICHT 3AN0JIHEHHA TIOTOKOM BBIXOIHOIO
ceyenus (xooddummenT cxats) Hacagka (and
OTBEPCTHS B TOHKOM CTeHKe — K0IQOHIMEHT CKa-
THS CAMOrO Y3KOro cedeHus crpyd); F., —mno-
magb CCYCHUA CTpYH (He Hacalka) Ha BBIXOHE U3
HaCa/Kd; €CId HWMCEETCA OTBEPCTHE B TOHKOIM
crenke (puc. 1-14), To F ,—miomwians cxaToro
cedeHHs CTPyH, M%; F,—nnomaas BBIXOJHOTO

CedeHus Hacajka (oTBepcTHsA), M>;
Ap,_,

Cextr - z)=——2—2—xoacbcbmmem CONPOTHBJIEHUSA
PWen/

BCero y4acTKa ITyTH NOToXa oT cedemms I-—1 fo
cedeHHA 2-—2, NpPHUBENCHHBIA K CKOPOCTH W,

2. B obuieM cnyuae NpH MepeTeKaHUM >KHA-
KoctH H3 cocyna A B cocyn B (cMm. puc. 1-13)
moTepu [aBICHUA B OCHOBHOM CKJIAJBIBAIOTCH
H3 IOTeph Ha YyYacTke oOT ceweHHa I— ] [o

LU ALY AR

S
?

Ol
\ /lnocxocme

F
Wews TeX cpabuenan

Puc. 1-14. Cxema HcTeueHHsi H3 cCocyJAa
OTBEPCTHE B AHE HIIH CTEHKE

qepe3

36

BBIXOJAa W3 HaCafka WIH OTBEPCTHA (CedeHue
c—¢) ¥ NOTEPh HA yAap NOpH PACUIHPCHUH
CTpYH OT Y3KOrO CevyeHus ¢-—C¢ Ha BHIXOJE U3
Hacaaxa (OTBepCTuA) MO ceueHus 2—2, T.e.

ch(l —2)=ch.uac -1+ Cyn=§cx.nac -1+

FD FD FD 2
] — g— 2 — 25— £e—1,
+( Fz) ch.uac Fz +( F2>

TIE Cox uac— MOMHBIA K03 dHUHEHT cONpOTHBIIE-
HUS Hacafxa WU OTBePCTHA, BKIHOYAIONMM
H MOTepH KHHETHYECKOH HSHEeprHu (MOLIHOCTH)
CTPY4 Ha BBIXOJ€, NPHBEAEHHBIA K CKOPOCTH W,

Koadpduunenr CONPOTUBNCHUS Cexti ~2)
MOXeT ObITh BbIpaxeH 4eped xO3pbuiHesT

— 2

conporuBieHus (o - 5y=Ap, - ,/pw§/2, npu-
BEJEHHBIA X CPEJHEH CKOpPOCTH W, Ha BBIXOIE
M3 Hacagxa (OTBEPCTHA):

Wo

2
chu - 2)=§0(1 -2) (‘;“) =§0(1 -2)82=

CX,

. Fo [Fo\?
= mac 2— 4| — EZ‘
[CO £, (F z)
ITocne nonmcrasoBku B (1-78) monyuum

i
e/Come—2Fo[Fst (FolFa +

-

9

-

Ny (FolFo) =Ny (Fol 1)

3. B wactHOM C/Iyd9ae MNpM HCTEYCHWH KUI-
KoctTd u3 cocyna A B cocyn B Oonsmoro
obvema, T.e. npu Fy< <F,,

1

&/Couse— N1 (Fol F1)”
a npu Fy<<F,

?

1

P=——.
E‘\/ COnac

B cimydae HcredeHHA u3 cocyma A uepes
HacaloK B €ro OHHIIE CKOPOCTE HCTEYCHUA

Wea=0+/2/p \/3p(z+]) + (P —Pox),

roe [—paccrofHHe OT OTBEPCTHHd Ha BBIXO-
Ie HO IUIOCKOCTH cpaBHenus (cM. puc. 1-14),
M; D.,—CTaTHY4ECKOE JABICHUC Ha BHIXOAC H3
Hacagxa (B CXaTOM CEYEHMH CTpyH 3a OTBeEp-
cTHeM B TOHKO# cTenke), Ila.

4. OOBeMHBIA PACXON HECKUMAECMOU KATKOCTH
uepe3 Hacagok (OoTeepcTie) B OOKOBOH CTeHKe
cocyna

Q=ch5Fo=(PEFD\/2/P[gP(Zl"Zz) + (Px_Pz)]=
=PF0\/2/P[8P(21 —zz) + (Px "Pz)]’

a 4e€pe3 MNHHIIE cocyna

Q=pFo/2/p[gp(z, +1) + (0. —Pex)]-




Ecnu p,, p; H P DaBHbI JABICHHIO BO3AyXa,
TO pPacxod AWIKOCTH 4epe3 HACAIOK B HoKoBOH
cTeHke cocyla

Q=P-F0\/ Zg(zx“zz)§

yepe3 AHHMIC COoCyla

Q=pFo/2g(z,+1).

5. Koa¢ppuuuenr pacxofa p depe3 OTBepcTHE
B TOHKOH CTEHKe 3aBHCHT OT (GOpMHl BXORHOMH
XKPOMKH OTBEPCTHS K OTHOIWICHHs IUIOLI_NEH
Fy/F,, a Takke ot uucia PeitHomwaca (mo-
CKOJIBKY BenuWuuHbl €, @ ¥ { 3aBHCAT OT OTHX
napaMeTpoB).

6. KoappuuuenT pacxoma p depe3 Hacalxd
B [OHE HJIH B CTEHKE COCyJa MOXET MEeHATHhCA
B [IHPOKYX mpedenax (OT HylAS [0 BEIHYMH,
60IbHIMX COUEHLEL, MOCKOALKY GopMa M apyrue
mapaMeTpbl HAacalKOB MOryT ObITh COBEpLIEHHO
pasnauHbiMH). Koadouunent })acxona aBagercs
takke QyHxuuei uncen PeiftHonsnca —Re,, @py-

2 Be6epa—We=————2p_ ner D°,
pgD, c
0 — k03 HIMEHT TMOREPXHOCTHOIO HATKCHHS
xugxoctd. Ipu Fr>10 u We>200 smusHueM
rpaBUTAMOHHBIX H NMOBEPXHOCTHBIX CHJI HA KO3~
¢ummenT pacxoma MGXHO NpeHEOpeTs.
7. 3aBHCHMOCTH KOIPQHUIMEHTOB €, ® U U 11
KPYIJIBIX OTBEPCTHH B TOHKOH CTEHKE OT 4HCIA
w‘rDO

rape

PefiHombca Re, (rne W, =

2
= B(gpz+ P1 — D) — TEOPETHUECKAS CKOPOCTD HC-

TedeHHA 4Yepe3 OTBEPCTHE B CKATOM CCUCHUH
crpyd npu w;=0; Dj—IHaMETp OTBEPCTHUS)
MoryT ObiTh ompemeieHel npd  Fy/F; =0 Ha

HRE
a90 A

L7~ g =1, (Re;)
N

q80 T
470 Z :L-G{Re,,

460 w=f,(Rey) ~—
0'50 / ] T

/,u =f,(Re;)
|

¢ 5wl sl 51011 S0l
10 %102} <% | x10*

a40

5Re
s0°

Puc. 1-15. 3aBucumocts kodduunentos pacxona

R, CKOPOCTH (@ M CKATHS € CTPYH 1IDH HCTE4eHHH

KHIKOCTH W3 OTBEPCTHS B TOHKOH CTeHKEe OT
yucaa -Pefinoanaca [1-2]

A

/.

.0’4 y

L~

Lt
41482 495 1 2 5 1020Re,

0

Puc. 1-16. 3asucamocts kodduunenta pacxoga
OpH HCTE4eHHH H3 OTBepCTHH oT unciaa Pedinoann-
ca (Maapie Re) [1-2]
ocHoBauuu pHc. 1-15. 3asucmmocts p=f{Re,)
woDo '

npu Mamix Reg(Rey= =pRe,) nama wHa

puc. 1-16.

8. 3HayeHus p JUIS OTBEPCTHH W HACAIKOB
OoTAENBHRIX ¢opM (puc. 1-17) Moryr OHITH ompe-
meneusl mo rtabn. 1-12 u no puc. 1-18 u 1-19.

CxeMBl HCTEYcHHS M3 coCyja d4epe3 palIuHbie HACAIKH
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1-12. 3aavenmn xo>pdmpaenToB pacxona H

QopMyns AN pacseTa p

dopma OTBEpPCTHA, HAcadKa

npu pasmuuasix FyfF, npu F,/F,~0
OTtsepcrue B TOHKOH
(l/Dogo,lg CTEHKE HIH JAHE
cocyma [1-2; 1-27] (puc. 1-
17,8) Rep="2225 10° n : 0,59
,a = > = B0,
‘ 140,707 /1= Fo/F;
Re, < 10 = Re,
Y~ 252+ Re,
10<Re, <40 — Re,
. H~¥T0+1,5Re,
40 <Re, <300 — Re,
B ST 5Re,
300 <Re, <10 — 0,2
p=:0,59 + m
10*<Re_ <103 —

W05+ —i,

v Re;

B, =5,5—nna xpyraoro
ceuenus [1-2]; B, =8,9—
IUIs NPAMOYTONBHOIO Cce-
yegua [1-60]

OTpepcTdHe B TOHKOH CTEHK®
¢ KOJIBIIOM Yy TOpHa BXOna

(puc. 1-17,6) npn

[+]
=0,11 u [ /Dy=0,5 (onmTu-
MabHbIE NapaMeTPH);
FO/F51>4—:-5 Re=2,6-10*+
4-10° [1-13]

0,925

OrBepcre CO CKPYTJIEHHBIM
sxogoM (r/Dy,>0) (xoHOH-
JATBHBI HacajoOK, puc. 1-
17, )

Re>10° [1-27]

1
p =
v 1,07—=0,07F,/F,

0,97

Hapyxubii mmnmxpmecx‘nﬁ
Hacagox [1-31]

BXOOHAA KpoMKa ocTpas
(pac. 1-17, a, 2); Fuf/F,>.
>4=5; I[Dy=1+7

Re, < 102//D,

p=./a3+0,463—a,;

14,8 58
—I/D
Re

T T

102//D, < Re, < 3-10%//D,

p= 4/ b2%5+0,588——b0.‘
7.4

b= I/D d

°7 Re / °+Re

T T
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ITpodoarncenue maba.

1-12

®opma OTBepPCTHA, Hacalka

QopmMynbl 1JIa pacyeTa U

np" FO/FI —)O

3.103//D, <Re, < 1051/D,

Re>10° [1-27]

1

NpH pa3znu4Heix Fy/F,
0,336
e%25

Jrsvs
1

W= J15-0,5F,/F,

u:

/D,

0,82

BXOJHAA KpPOMKa 3aKpyr-
nesa (r/Dy>0; puc. 1-17,
2);, Fo/Fy>4-+5

Re,<10//D,

u Vai+0,5—-a, (a)

6,3
(0 25¢/Do+1o/Do)+ 5

T

10//Dy <Re, < 102D,

Ipu [,/Dy<0,5:

= /b3+0,714—b, (6)

30,4 .
bz—ﬁ—e—(o 25"/D0+lo, 0

npa lp/Dy>0,5 p—mno dopmyre (a)

102/D, < Re,<103/D,

_ p—rmo ¢opmyne (6)

Re,> 10D,

(0,25r/ Do+ 1o/Do),

0,33
N0+Cr R 025

Ng—mo zmarpammaM 42 u 4-3;
{,—mno mmarpamme 3-4

Hapyxusii THIHHAPHICCKUR

HAcamoK, BXON KOHHYECKHH
([pnc. ]1-17, 0); Fy/F>4+5

Re,<10//D,

u=./ai+0476—a,;

15,2
= Re, (nlll/D°+1°/Do)+Re,;
ny—nmno Tabnuue .
a®...0

()

10 20 40 60 80 100 120

0,63 0,46 0,26 0,13 0,04 0,02 0,01
Tipu I,/D,<0,05

c..1,70 1,40, 1,40 1,42 1,45 1,48 1,53 1,56
Hpa 1,/Dy>0,05

c..1,70 1,56 1,48 1,41 1,43 1,45 1,50 1,54

10//Dy < Re, <60//D,

Npu [,/Dy<0,51/Dy:
- b2y 252
H= 3T, Re,

85 25,2
"11/D0+10/Do+ )
cRe

—bs; (6)

3T 2cRe

T
n; ¥ ¢—no Tabmuue.

Ipu [,/Dy>0,51/D,:
p—no dopmyne (a)

60l/D, <Re, < 103/D,

p—mno ¢opmyne (6)
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ITpooo.incenue maba.

1-12

dopma oTBepcTHA, HACAOXA

dopmyasl nasg pacyera p

Re>10° [1-27]

BuyTpeHHAN WHIHHIPHYCCKHH
HacatoK. BxoaHas xpomMxa
PasjIHYHON TOUIHHEI ,
(3/Dy>0); l/Dy<3;
Fo/Fi>4=5

CpriBHoe TeueHue (puc. l-
17, x) [1-48]

J2=FolF;

n=0,495+245/D,

npu pasanunbix Fo/F, npun F,/F,~0
Re,>2-10° 1
p= X ;
\/N0+C +Re0 25(” 11/D0+IO/D )
Ng—mo guHarpamMmam —
4-2 u 4-3;
{,—mno muarpamme 3-7
Hapyxueiil koBUYecKH#i cxo-
gsmmiics  Hacamox (a=13°; 1
puc. 1-17, e) = 0,92
Re,>10° [1-27]  1.2=0,2F/F,
Hapyxubiit koudueckuit pac- — 0,65—0,7
xomammiics Hacagox. Bxon-
Has KpOMX4 OCTpas; F|Fy=
=2; a=15° (puc. 1-17, xc)
Re,,IO5
HapyxHsi#l 1aBHo cxoms- | Re-107° 1 2 3 4 =6 —
oifca — pacxoaduwmics Ha- i 2,15 232 243 250 2,52
cagox (Tpyba  Benrypm)
=6+8°% F,/Fy=4+5 (puc.
1-17, 3) [1-27]
BHyTpeHHnd WLIMHIpHYEC- IIpu mobom &/D,
Ku¥#l Hacanox:
BXOIHAA KpOMKa pasmuanoifl Re_...5 10 20 50 100 200
Tomnnﬂm (6/D0>0); p..0,03 0,05 0,11 0,21 0,34 0,46
(puc. 1-17, ) IIpu onpencneHHEbIX 8/D%
Re, <2-10* [1-48] Re,... 500 10° 10+
Hpu 8/D,=0,004~ 0006
0. 057 0,64 0,69 0,70
Opu §/D,=0,02-- 003
059 066 072 0,75
Hpn 8/D°=0,04
n... 0,62 0,70 0,75 0,80
BXOIHAA KpDOMKa oOcCTpas
(8/Dy=0); I/Dy=3
(puc. 1-17, u) 1 0.7

s caMaeMoil  KUOKOCTH
raza) [1-43]

N MaZ, N Ma*
P SHT T8 T 750
wcx
Ma,, = ——suncro Maxa
as
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Puc. 1-18. 3aBucaMocTh KoddduuMeHTa pacxoaa
OpH HCTEYCHHM M3 HAPYXKHHIX OHIHHIPAYECKAX
Hacajok or 9Hcaa Pefimomsaca Re [1-55]:
1—xo2pduumenT pacxoaa BRI OTBEpPCTHH B TOHKOH
cTetike; AaHHA Hacagka: 2—1dy 3—1,5¢; 4—3d; 5—54;
6—10d; 7—20d; 8—304; 9—50d

y Y7
7| |z
~ 478 :r@ oS Las0 N
347 =71 18% §
14 S e
472 854 o
<9 852
68 0

0002 QU5 410 4 418 Y

Puc. 1-19. 3asucumocTs ko03¢¢nuHenTa pacxoga
OT OTHOCHTE/LHOH TOMUAHBI CTEHKH N3 BHYTPeH-
Hero mMIHNIpHYeCKoro macaaka [1-48]:
1—d=10 Mm; 2—d=15mm; 3—d=30 Mm

Hcredenne cxnamaeMoro rasa

9. Ilpu wmcTeyeHuH rasa (mapa, BO3AyXa)
B OKpYXAIOIYIO CPEAY TIO BLICOKAM NaBlleHHEM
pe3ko H3MeHseTca ero obrem. [TosTtomy Heobxo-
JHMO YYHTBIBATH CKHMaeMOocTh ra3a. [Ipenebpe-
ras HoTepAMH B HAC3JKE, U3 XOTOPOro IpPOMCXO-
OHT HCTEYCHHE HAEAJIbHOIO ra3a, W BIHAHHEM
ero Macchl, CKOpOCTb aAdabaTHyeCKoro HCTeye-
HHS MOXHO oNpedenuTs no ¢opmyne Cel-
Benana —Bennens:

k-1

2—f—&[1—<§9) * :l (1-79)
k—1p, 1

MaccoBslit pacxon ¢ yueTom TIOTeph B Hacaaxe

(u=1//)
k+1
2k 2o\ (o) l
k—;lplpl[(p—l) —(ﬂ—) , (1-80)

TAe MHAeKC | nmoka3biBaeT, YTO COOTBETCTBYIOIHE
BEJIMYHHBI OTHOCATCS K CedeHHIo TpyOuI (Cocyna)
10 y3Koro cedyeHds Hacanka, a 0—x caMomy

Wy =

Y3KOMy CeYeHHWIO HacajJka WIM K cpeile, B Ko-
TOPYHK) TIDOHMCXOAMT HCTEYCHHE Ta3a,

10. Ilpu 3anaHHBIX JaBACHHWH P, U MIOTHOCTH
p; rasa s CoCyJe CKOPOCTb UCTEYEHHS M MACCO-
BLIA pacxod MpH 3agamHoM F, 3aBucAT OT
danlleHdA Cpedbl, KyJd MPOMCXOAHT wuCTeucHUe
rasa, T.€. OT OTHOWIEHUS po/p,.

ITpH yMeHBIICHHU po/p, CKOPOCTb HCTCYCHUS
Wo BO3pAcTaeT HO TeX Mop, Moka TO OTHONIEHHE
HNaBjIeHHH He CTAHET DABHBIM KDHUTHYECKOMY:

k
P_c_) _(_2_>"“-“'
P21 1/ xp \k+l .

TIpH po/py =(Po/P1)xp CKOPOCTB B y3KOM Ce4EHHMU
F, Hacanxa paBHa CKOPOCTH 3BYKa B JAAHHOI cpeje.

IIpn nanpHeHuleM NOHMXEHHAH po/p, CKo-
POCTb B Y3KOM CCYeHHH OCTA€TCH pABHOM MecT-
HOH CKOpOCTH 3BYKa:

2% 2% p,
=d4ad,.. = — 1= ——
k+1p,

Wep

*® k+1

Taxum o6pa3oM, npH yMeHbLICHHH OTHOMICHHS
HaBleHUll HAXe KPUTUYECKOIO0 MAaCCOBBIA PACX0.
ra3a He yaennqusaeTcx l'IpH NOCTOAHHBIX P
pl H Fo.

G=pFypowo=
1

SR ET
ik P k1 Per

IToatomy (1-79) u (1-80) moryt ObITH npuMe-
HeHBI U1 BBIYUCICHAA CKOPOCTH H COOTBETCTBEH-
HO pacxofa IHIIb mPH Pof/p; 2(Po/P1)wp- IlpH
PolPi<(Po/pi)sp cheayerT Hcmomszosatsh (1-81).
MaccoBnlif packoa B 3TOM cllydde OT BHEHIHErO
HOaBJeHHA po HE 3aBHCHT, @ ONpEACNAETCS HaB-

(1-81)

JeHWeM p, B pe3epBydpe, BO3PACTas C ero
yBEJIMYEHHEM.
1-10. PABOTA HATHETATEJIA

B CETH*!

1. JIns npuBedeHHS B IABAKCHHH XKHAKOH MIH
ra3oBoil cpedAbl IO KOHUAM J3aHHOro Y4acTka
Cllefyer co0371aTh ONpefieICHHYK pPa3HoCTh MHOI-
HbIX JABJICHHI C MOMOIIBIO HATHETATEIH (HACOoCd,
BCHTHNSTOPE, NbIMOCOCA, KOMIIpEccopa).

2, INonmoe mgaBjieHHe, pa3BHBACMOE HarHeTaTe-
IeM, B caMoM oOImeM ciy4ae pacxofyerci:

a) HA NMpeojoJIeHde Pa3HOCTA AaBileHHUil B 005-
eMax BCACHLIBAHMA H HArHeTaHWs; O) Ha nipe-
O7i0JIeHHe U30BITOYHOrO reOMETPHYECKOro AABIIE-
H1A (OTpUIATETBHOH CaMOTArM), T. e. Ha TOAbeM
XKIUIAKOCTH HJIM ra3d, KOTOpLIH Tsikelee BO3AyXa,
H2 BBICOTY 7 OT HA4yaNmbHOIO CEUYSHHS CETH IO
KOHEYHOro CeuyeHHUs (MpH NOJOXHUTEILHOH CaMoO-
TAre <€ BLIYHTAOT H3 JaBJACHUA Hal'HeTaTCHH);

*! PaccmatpuBaeTcs HECKAMAEMOHR

KHUIKOCTH.

cray4a#l
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Puc. 1-20. Cxema ycra-

I \I :]'ﬂmm HOBKH HAarHerarejls 8

1 CETH

8pya

B) Ha CO3JaHHE NHHAMHYECKO-
ro JaBJACHHA HA BBIXOAEC XUIT-

TH (H€ M3 HarHeTaTed), T. C.
nonxoe nasienue p, ([Ta)*!,
pa3BUBAEMOE HArHETATEIEM,

pn=(p|nrn—pnc)ipc+

Pac w?
+(APne + AP yars) LA™ 2""‘,

(1-82)

TaE p,.—H30BITO9HOE gaBieHue B 00beMe cocy-
Ja BCACBIBAHUA, Py, — H3OBITOYHOE HaBleHHE
B 06BEME COCyNa HarHETaHuA; p — H3OBITOUHOE
reOMEeTPHYECKOe [aBjleHHEe (caMoTaTra), Ap,.—
MOTEPHA HAaBNCHHA (CONPOTHBJICHHE) HAa Y4YacTke
BCACHLIBAHHA; Ap,, .—TOTEPH NaBNeHHA (compo-
TUBJICHHE) HA YYAaCTKEe HATHCTAHMA; W, — CKO-
POCTh BBIXOAA TOTOKAa U3 CETH, M/C.

3. dan cinyvyad, KOrga JaBiieHHA B 0ObeMax
BCACHIBAHHA H HATHETAHHUA PaBHBI MeEXIy coboil

(pnc =p naru)’

pwfux ’

pu=Apnc+Apmrn'*'—z—ipcaApcerm (1-83)
rne Ap..,, BorHCHAOT 1o (1-66) wmm (1-68)
[wm (1-69)] mns Beelt ceTH Kak CymMMy HOTepb
BO BCACHIPAIOLIEM M HATHETATENBHOM Y4acTKaxX
ceTH (BKMIOYAA TMOTEPIO AMHAMMYECKOro JaBJle-
HMA Ha BBIXOAE H3 CETH) H CaMOTAT® p_. MO
dopmyne (1-59).

4. Tak kax mpr p.=0 cymma Bcex HOTeEph
B CCTH pABHA Pa3HOCTH MOJHBIX [aBJICHHH IEpEX
H 32 HarHeTaTteineMm, TO

PW pacu
14 u ={ Peruarat -

2

w2

—(pct.nc+ .‘)_25.":) =p:arn .'p:c: (1'84)
rae pt u pr,..— mOLITOYHOE MONHOE AaBlEHHE
COOTBETCTBEHHO MEPEJ HArHETATeNieM H 3a HHM,
Ta: Persc B Poryara— H3OBITOUHOE CTATHHECKOE
JapJieHHe COOTBETCTBEHHO IMEPeN HArHETaTelleM
H 3a HuM, Ila: w,, B8 W,,,—CpPEAHAS CKOPOCTH
[IOTOKA COOTBETCTBEHHO IlePEN HarHeTaTesieM

H 332 HHM, M/C.
5. Ipu HopMaybHBIX ycnoBuax paboThl Harwe-
raTens BequuMmHa p, Oonbile Hyad, T. e.

pﬂ.ﬂlrﬂ >pll.lc'

*1 B paneHejimem Benduuny p, GygeM Hasnl-
BaTh IPOCTO JABJIEHHEM, @ HE IOJHBIM JaBJie-
HHEM.

42

kocTH (rasa, puc. 1-20) u3 ce-

B To %e BpeMs xaK CTaTHYECKOE, TaK U JHHAMH-
yeckoe JaBJIeHHE mOCie HArHeTaTeNd MoryT OuiTh
HHXKE COOTBETCTBYIOUMX BEJIMYMH 40 HAIHETATEA.

6. B yacTHOM Cily4ae, KOrJla IJIOWIAQA CeYeHUH
BCAaChIBAIOWIErO0 M HATHETATENHLHOIO OTBEPCTHi
HATHETaTe/A OJUHAKOBBI,

2 2
PWae _ PW yaru

2 2

H, ClIeA0BATENbLHO, nas.ner'mc, C03aBacMOc Ha-
THETATEIIEM,

b

PL = PDermarn —Peracy (1 '85)

T. €. aBJIeHUE, CO3AABAEMOE HATHETATEIEM, PAaB-
HO pa3sHOCTH CTaTHYECKUX [aBJIcHHE Hemocpej-
CTBCHHO 32 HArHETATCNIEM H nepen HHM.

7. MOWHOCT HA BaJIy HATHeTaTeNs

Nn - Qp pn.p - QPAPCBTH,

(1-86)

n noau n noaH

rae Q,—o0beMHBIH pacxos nepememaemoit cpe-
Al NpH pabouux ycroBHsax, m?/c; ero ompenens-
IOT QUL TOrO Ce4eHMd, K KOTOPOMY NpHBEACHEI
BCE MOTEPH MOJHOrO JABNeHudA, NO (opmymam,
ananormuueiM  (1-66)—(1-69); p, ,— naBneHxe,
CO3J4BaEMOE HAarHeTaTenaeM (NpH pabouux ycio-
BHSX), PaBHOE ODIIMM MOTEPAM MOJHOrO AaBje-
HUA Ap,..,, IDABEJEHHLIM K JaHEOMY 00BeMHO-
MY PACXOXY; Myeme — KIIJ Harseratesns.

8. O6GpeMHBIH pacxon IepeMEIaeMoOil  Cpeabl
06br4HO 3aaH. [aBieHne, co3saBaeMoe HarHeTa-
TeneM, suiaucasioT mo (1-82)—(1-85) ana sagan-
HBIX YCJIOBHHA ceTH, T. €. JI1 Pa3sHOCTH AAaBJIeHHH
B 0OLeMax coCcyl0B BCACHIBAHHA W HarHETaHHA
(Puarn—Ps) M H3GBITOYHOTO T[EOMETPHYECKOIO
maBneHusa (+p.). Kosddumuents: conportusie-
Has (,, u §,, CKOPOCTE MOTOKA B KAKIOM
JIEMEHTE, a CIEAOBATENBLHO, M BENAYHMHA Ap gy
3aBHCAT OT GOpMBI H pa3MEpPOB CETH.

9. YUtobbl OnpeaciMThL, YIOBIETBOPAET JIM Ha-
HHbIH HarHeraTens TPeOyeMhIM DacYeTHHIM 3Ha-
qenuaM Q, H pg ,, HeOOGXOOHMO NMPEaBAPHTENBHO
TMPHBECTH B COOTBETCTBHE MX 3HA4EHMA K TeM
yCIOBHUAX (MMOTHOCTH NMepeMeInaeMoif cpesr), A
KOTODBIX [2€TCA XapakTepHCTHKA HACHETATENA.
Tlpu 3TOM, €CnH pacxof nepeMeliaeMoil cpeasl
3a7aH B M3 /C MU HOpMANBHLIX YCIOBHH, TO ero
HepeCYMTHIBAIOT Ha paGoume ycrosus mo (1-16).

10. IMpuseseHrOe AaBlNEHHAE HArHETATENs
—— (1-87)
Pay Tiap Puacn
THE Ppace— PACUETHOE [aBNCHHE HACHETaTENH,
IMa; p,,p,—MWIOTHOCTL Cpelsbl, MpH KOTODOH
NONyYeHa XapakTepHCTHKA HATHETATENR mpPH HOD-
ManeHeIX ycnoBuax (¢=0°C; B=101,325 xITa),
Kr/m3; Pay—IUIOTHOCTH CPEMBl, LA KOTOPOH
nOJ0UpAIOT HArHETATENb NMPH HOPMANBHEIX YClO-
Busx, xr/m’; T,—pabodas Temmepatypa mepe-
MemaeMo# cpenbl B Harnetatene, K; p,,.,— pa-



6ouee nabiende (abcoMmoOTHOE) NepeMeraeMoi
cpeast B HarHerarene, Ila; T,,,, p,,,— Temnepa-
typa (K) u nasnenue (I1a) cpenpl, npu xoTopom
NOJIy4eHa XapaKTePUCTHKA HarHeTaTess, Ans BeH-
THAATOPOB p,,,= 101,325 xI1a.

11. [Ang BBICOKOHANOPHBLIX Har”HeraTeneil mio-
THOCTH MNepeMeIlaeMOH cpedbl pacCYMTHIBAETCH
[0 CpenHeMY [aBJEHHIO B paboueM kolece.
B atom crnysae B (1-87) BmecTo p,,, NMOACTaB-
IAI0T cpefHee aGCOMIOTHOE OaBICHHE B KOJece:

Pep=Puaru + (Apnarx - O’SApcetn)’

rae Ap,...,—NOTEPH JABJIEHUA HA yIacTKe HarHe-
tauud cern, Ila; Ap . —ob6mue norepd nosHo-
ro nabBilenus B cetd, Ila.

12. MoumocTs HpH PACYETHHIX YCIOBHAX HA
BaJly HarHeTarens

QoPrsce_ DoPusap Puy

N,=
nnonn nnonn pnp
o Jaap Tnp pn“=Nup &,LT p.pum,
T, P Prap Tp Prap

TOE Py .p— AABICHHE HArHeTaTeNd IO 3afMaHHOH
xapaxtepuctuxe, Ila; N, g
HArHETaTead IO 3aJaHHOH XapaKTepUCTHKe, BT.

1-11. CXEMbI PACYETA
T'MAPABIMYECKOTI'O -
COITPOTUBJIEHUA CETEN

Ilpumep 1-1. IlpuToudas cHcTema
BEHTH/ISIHA

PacueTHaA cXemMa CETH CHCTCMBl BEHTH/IAILMR
Jana mHa pHc. 1-21.

3anaso: :

1) ofmee xoMMYeCTBO 32CaChIBAEMOro BO3AyXa
Q=0,89 M3/c Npu HOpMANBHLIX YCIOBMSIX;

2) pacxod depes “eThIpe OOKOBRIX OTBETBJICHHA
0=0,22 M3/c pH HODMAJLHBIX YCIOBHIX;

3) TeMmepaTypa HapyXHOTO (aTMOCOHEpHOro)
Bo3ayxa t=—20° C;

4) TeMmepaTypa BO3ayxa 3a kajopudepom
t=20° C;

5) matepuan BO3ZYXONPOBOJIOB — KPOBENbHAs
cTans (mpoonudeHHas); WEPOXOBATOCTE A=
x0,15 Mm (cM. Tabmd. 2-5).

Tax xax BAONL CETH TeMOepaTypa rasa HiMe-
HAeTCA (HarpeBamue B Kajopudepe), TO IpH-
MEHHM NEPBLI METOA HAJIOKEHAA NOTEPh — CyM-
MHPOBaHHE abBCOMOTHBIX IOTEPhL B OTHCHbHBIX
JEMCHTAX CETH, NPUBCACHHBIX B QAHHOM ciry4qae

4

3 5

— MOIHOCTb Ha Baiy ,

K obmeMy pacxoly 4epe3 BXOHHOE CeHeHHE
BeHTHAHATOPa (pHC. 1-21, mo3. 7):

Apcenl ZApl Z ——"—‘ZC

roe §;=1,2 xr/M .

Pacder conporupiieHus npusesen B Tabm. 1-13.
Cornacuo 3ToR Tabumne, mna noxbopa BeHTH-
natopa umeem: Q,'=0,955M3/c B Ap,ry=p.=
=225 Ia.

MoumocTs Ha Bany BentunATopa npm KIT[
BEHTHJIATOpA T\, =0,6.

N = Q!’pﬂ - Q7Apcem - 0,955 -225
) n‘“ﬂl Naoan 016

P7Wl

Br= 0,36 kB:.

Ilpamep 1-2. YcramoBka s Mokpoi
OYMCTKH arjioMepalHoOHHLIX Ta30B

Cxema YCTAaHOBKHM MaHa Ha pwc. 1-22.

3anaso:

1) obupgi o6vemARLi pacxon raza (mpH t=20° C
u p=101,325 xIla) Q=278 m3/c;

2) MI0THOCTS ra3a IpH HOPMAJLHBEIX YCIIOBHAX
p=13 xr/M’;

3) xMHeMaTH4YeCKasd BA3KOCTL rasa IpH HOp-
MaJbHEIX yCnoBuax v=1,32-10"% m?/c;

4) BHyTpeHHAS OOMIMBXA OCHOBHBIX Ia30X0J0B
(MMeromUX CPaBHUTEIBHO OOJIBIIYIO NPOTIKEH-
HOCTB) —JIMCTOBas CTalb; IUEPOXOBATOCTb €€
0epyT, Kaxk MUI% LENbHOTAHYTHIX KOPPOOHpOBaH-
HBIX CTaJbHBIX TPyO (MOC/IE HECKOJNBKMX JIET
akcruryatamman) A=x1,0 MM (oM. Tabm. 2-5);

5) ra3 oYdImaeTcs B MOKpPOM cCKpyOOepe; cre-
neHs opomreHHs A ~0,014 Mm?/(M*-c) (cMm. maa-
rpammy 12-11).

B nmamnoM ciydae TemmepaTypa ra3a U3MeHs-
eTcs BOOAL CeTH (B pesyibTaTe OXJIAXIEHHA);
NOSTOMY, KaK W B npuMepe 1-1, npurmAMaeMm
NEpBBIH METOH HAJIOKEHWA TOTEph: CyMMHpO-
BaHHe AGCOMOTHBIX NOTEPh B OTHENBHLIX 3I€-
MEHTaX CeTH, IPUBENCHHBIX X O0BEMHOMY pac-
Xony, Hanpumep, depe3 cedemue 0—0, T.e.
cedeHHe Bxoga B konemo ! (puc. 1-22), rne

=0,84 xr/m>. PacYeT CONPOTHBJIECHHS NPHBENEH
B Tabm. 1-14.

Camotsra, cosnaBaemas OBIMOBOH  TpyGoi,

p.=H_(p.—p,)g rne H_=62 M—BbicOTa TPYEHI;
P,— IUVIOTHOCTH Boanyxa, Kr/M3%; P~ IUIOTHOCTD
raza Ha BXOZE B JOLIMOBYIO Tpyby, xr/m>; g—
IPHHHMAEM

YCKOpeHHE CBOOOXHOrO NaJeHHUA,

2=98 m/c?

Pnc. 1-21. PacderHas cxe-
MA CETH CHCTEMbI BEHTH-
JISHHH

q 16 /
/\’2 /7r —— |
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IPOTHB/IEHHS OTHENBHBIX WIEMEHTOB CETH (CM. Na-
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PA3EJT BTOPOU

COINNPOTHUBJEHHE INPU TEYEHUU IO NPAMBIM TPYBAM
N KAHAJIAM (KOD®PULIMEHTBI COIIPOTUBJIEHUA TPEHUA
H INAPAMETPHI INEPOXOBATOCTH)

2-1. ITIOACHEHHUA U
IMPAKTUYECKHME PEKOMEHJIALIUN

1. IloTepHn naBneHus MO IUTHHE TPSIMOH TPYOHI
(xaHas1a) MMOCTOAHHOIO MONEPEYHOro CeYeHus (Ju-
HEHWHBIC NMOTEpH WIN NOTEPH HA TPCHUE) BBIYMC-
JaTes no ¢opmyne apcr-BeiicGaxa:

Ap, =—— L= — = — . (2-
®"4F, 2 4F, 2 4R, 2 1)
ji)h’ g
[ pwd _pw}
Bprp=hp—o=0=2, (2-2)

rane Il,—nepumerp; R,.—TUApaBIUYECKHHl pa-
Auyc; S,—IUIoIaAb NOBEPXHOCTH TPCHHAL

2. Ucnons3oBaHue THIPABINYECKOTO (3KBHBA-
JeHTHOro) amamerpa D, B kadecTBe Xxapakrep-
HOro pasmepa B dopMynax conportupnedus (2-1)
H (2-2) pgomycTHMO TOJABKO B TEX Ciydasx,
KOrZia 1o BCEMY MJIM IOYTH TI0 BCEMY NEPUMETPY
CeueHHsA TOMNIWHA J, TIPHCTEHOYHOro cnos (B
npegeiax KOTOPOro CKOpPOCTb H3MEHSAETCA OT
HyJsi OO 3HaueHHs, OaM3koro k MakcuMymy)
OYeHr Majla TO CpPaBHEHHIO C pa3MepoM IiomNe-
peuHoro ceuenuss kamana (8,< <D,) [2-88].

3. B cnydae TypOyneHTHOro TeueHHUA TIPH
Gonpiux yucnax Re=wyDy/v CKOPOCTE B OCHOB-
HOM H3IMEHSETCH B TpeAe]aX TOHKOIO IpPHCTe-
Ho4yHoro cnosi. IloaTromMy, ecnM wHCNOAB30BATH
D_ B xavecTBe XapakTEpHOro pa3Mepa, TO 3aKOH
CONMPOTHBIEHUA Mg TPYO pa3znuiHO#i (opMmsl
NONEpPEYHOro CEYEHHA OKasbIBaeTCAd MpHOIU3M-
TEeNLHO ONUHAKOBRIM. OpHako u npu TypOy-
JIEHTHOM TEYCHHM IUIA OTJAENBLHBIX IeoMeTpHyec-
KX GopM Ko3p(PHILHEHT CONPOTHBIICHHS TPEHHS
AMeEET pa3jM4HbIE 3HAYEHHS.

4. [lna pacdeTa THAPABIHIECKOrO COMPOTHB-
Jenns TpyOnl (kaHasaa) npu craGuiu3upoBaHHOM
JNaMHHADHOM TEYEeHHH HCIONB3CBAaTL D, Hembas.
Ilpu 3TOM pexHMeE ero NpHUMEHEHHe NONMYCTHMO
TOABLKO M1 BXOJHOH 4ACTH HAYAJNBHOTO Yy4acTka
TpyGbI, KOrZa TOMUHHA O, e€llle OYEHb Mana
[2-42]. [Ans omnpenefeHHss CONPOTHBIEHHAA 110
(2-1) 7 (2-2) BBOOAT COOTBETCTBYIOHIHE IONPAB-

60

KH, YYHTEHIBAIOILME BAHAHHE (OPMBI MONIEPEIHOTO
ceueHusa TpyO (xaHasoB).

5. Conporupiesne OBHXEHHIO XHIKOCTH H.TH
raia MmpuM JAMHHADHOM pexuMe 0oOyclIoBIeHO
CHJIaMH BHYTDEHHETO TpeHHA (BA3KOCTLIO), IO-
ABJISAIOWAMUCA NPY NEPEMELICHUH OIHOTOQ CJIOH
WHOKOCTH (rasa) oTHocUTenbHO gpyroro. CuIlml
BA3KOCTH MNpPOMODLMOHANLHBEl MEpPBOil CTENneHH
CKOpOCTH [OTOKa.

6. Bnaromaps npeoOaagaHuio OpH JIaMHHAp-
HOM DpeXHME CHA BA3KOCTH [faxke oOTekaHue
BBICTYNIOB UIEPOXOBATOH NOBEPXHOCTH TPOHCXO-
AT TIaBHO. I103TOMY LIEPOXOBATOCTb CTEHOK,
€CIM OHA HE OYEHL BEJHKA, HE BJIMIET Ha
CONIPOTHBJICHHC, H KO3hGOHIHEHT COMPOTHBICHHA
TpeHHA NpPH 3TOM DpeXUME BCerga 3aBUCHT
TOJILKO OT uucia Pefinonsnca.

7. Hpu yBenuuyenun yucia Re HauunatoT mpe-
o0namaTe CHABI HMHEPUHH, TPONOPUHOHAILHEIE
KBagpaTy ckopoctu. IIpm 3TOM BO3HMKAET Typ-
OyNeHTHOE [OBWKCHWE, XapakTepud3ylolicectd TMO-
ABJIEHMEM TIOTEPEIHBIX COCTABISIOUIMX CKOPOCTH,
BLI3LIBAIOIIUX MEPEeMEIINBAHNE KUIKOCTH (rasa)
BO BCEM MOTOKE M OOMEH KONHYECTBOM [IBHXe-
HHs OecnopAZOYHO ABHXKYIUXCS MACC XKMIKOCTH.
Bce 5TO mNpPHBOAUT K pPE3KOMY BO3PACTAHHIO
COTPOTHABNEHUS ABWKEHUIO Npd TypOyneHTHOM
pEXHME TO CPABHEHHIO C JaMHUHAPHBIM*!.

[pu wmepoxoBaToil NMOBEPXHOCTH CTEHOK O00-
TEeKAHWE BBICTYNOB IPOHUCXOOAT C OTPLIBOM
CTPYH, H X03)UUHEHT CONMPOTHUBJECHHA B ITOM
Clydae 3aBHCHT He Toibko OT uncia Re, Ho
H OT OTHOCHTENbHOH UIEPOXOBATOCTH

- A A)
A, =— A=—).
° 0 ( Dr

*! Bmecte ¢ Tem, NOCKONBKY Kodhdunuent
COMpPOTHB/ICHUS A ONpegensieTcs KaKk OTHOMIEHHE
MoTeps NOJHOrO JABACHHS K IHHAMHYECKOMY

[ pw}
maBieHuto | A=A4p / B‘—; , C yMeHblle-

HueM Re oH Bcerza BO3pacTacT.



8. TpyOel M KaHaibl MOryT ObITh Kak raaf-
KUMH, TaK W IIEPOXOBATHIMHA. [IpH 3TOM miepo-
x0BaTOCTh MOXET ObITh PaBHOMEPHOH (paBHO-
MCpHO-3CPHACTOH) M HepasHomepHO#. O6a muaa
WEPOXOBATOCTH PA3NAYAIOT MO (opme BhICTY-
{IOB, HX Pa3’MEpaM, NPOMEKYTKAM MEXAY HHMH
# T. A. BOJBIIAHCTBO TeXHHWYEeCKHX Tpyb xapak-
TepH3yeTCA HEPABHOMEDHOH WIEPOXOBATOCTBIO.

9. Cpemsiol0 BBICOTY A, BBICTYNOB IIEPOXOBA-
TOCTH, BHIPAXKEHHYIO B €IWHMLIAX [UIMHbLI, Ha3bl-
pajoT abCONMIOTHOW 1epoxoRaTocThi. OTHOIIE-
HHe CpeIHEH BBICOTBI BBICTYNOB K FHIpPaBIHYEC-

- A
koMy JauaMerpy Tpybnl, T.e. Aoz_D_" HIH

0

T,

WEepOXOBaToCThio. BBEmy TOro, 4ro reomer-
pHUdeCKAE XAPaKTEPHCTHKH abconroTHOH wrepo-
XOBATOCTH HE MOIYT B JOCTATOMHOH# CTemeHH
oNpeJeNaTh CONPOTHBIEHHE TPYOnl, BBEACHO MO-
HATHE O THAPABIAYECKH 3KPUBANEHTHOH DaBHO-
MEPHO-3¢PHACTON IMIEPOXOBATOCTH A, KOTopas
onpeaenseTcs myTeM H3MEPEHHS CONPOTHBIICHHS.

10. HecMOTpa Ha TO, 9TO I CNagkux Tpyb
¢ mo3pacranHeM 4HciIa Re xosdouument conpo-
THUBJICHHS AOJIKEH YMEHBIIATLCA, B LIEPOXOBATEIX
Tpy6ax INpH yBeJMHYEHHH 3TOro 4Hcaa obuapy-
XHBAETCK YyBemWueHHe xodpdmmenta A npu
HeW3MEHHOH TICOMETPHIECKOH I[IepOXOBaTOCTH.
OOBACHAETCA 3TO BIMAHAEM BA3KOrO ' MOACTOA.
Ecam ToMuMHA BA3KOIO NOACNOA GOJbINE BLICTY-
nos (9,>4, pHC, 2-1, a), TO OHH NETHKOM
NOKPLIBAIOTCA ITAM CJIOCM. IMpu mMamx cxopo-
CTAX, XapaKTEPHLIX A BA3IKOro HOACIOA, MOTOK
UTapHO 00TEKAET HEPOBHOCTH, H OHA He OKa3biBa-
10T HAKAKOro BIMSHMA Ha Xapakrep NOTOKA.
B atom ciy4ae A ¢ ypenudeHnseMm Re ymeHbmaerca.

11. C podpacranueM uncna PeitHoabaca Ton-
[MHA BA3KOIO TOJACNOA YMEHBUIAETCH, H IPH
IOCTHXEeHHH opnpefefieHHoro 3HaweHHs Re oHa
MOXET CTaTh MEHBIIE BEICOTHI BBICTYNOB (8, <A,
puc. 2-1, 6). IlpH 3TOM BHICTYNIM YCHIHBAIOT
Buxpeobpa3oBande, a CJEJ0BATENLHO, TOBBINIA-
10T NMOTEPH AABNIEHUS, 9TO BLIPAXKACTCA B YREIH-
4eHHH A C yBelnMYeHMeM umcria Re.

Taxum oOpaszom, TPYObI MOXHO CY4HTATL Tiai-
KHMH, @OKa BHICOTA IIEPOXOBATHIX BBICTYIOB
MEHbIIE TOMIMHB BA3KOro NOACHOA.

12. DxBuBaneHTHAA IIEPOXOBATOCTH A 3aBH-
CHT:

a) OT MaTepHala H cmocoGa IMPOH3BOACTBA
Tpy® (HanpHMep, YYryHHBIE TPYOHI, M3roToBNIEH-
Hble NeHTPOOEXHBLIM JIHThEM, Oonee raaaxue,
4eM CBapHbLIC); IpA 3TOM TpyOsI, H3roTOBJIEHHEIE
OHMHM H TeM Xe CcnocofoM, Kak MpaBHIIO,
HMEIOT OJHY H Ty Xe ISKBHBANEHTHYIO HIEPO-
XOBATOCTh HE3aBUCHMO OT IMaMeTpa;

6) oT cBo¥icrBa XHAxocTy (rasa), nporexa-
omed o TpyOe; BIHAHHE KHIKOCTH Ha BHYTDEH-
HIOIO [10BEPXHOCTb TPYObl MOXKeT IpPOABJIATHCS

- A A
Ay=—2{A=—), Ha3blBaIOT OTHOCHTEJIHLHOI

Puc. 2-1. Cxema ofrexanss IHEPOXOBATHIX BBICTY-
NOB HpH Pa3dHYHBIX PEXHMAX TECYCHHNA:
a—d,>A; 6—56 <A

B BHIE KOPPO3UK CTEHOK, 06pa3oBaHMS HApOCTORB
H BhLINAaJeHAS OCAMKa;

B) OT NPOHOJKHTEILHOCTH IKCILTyaTalHH TpYO.

13. 3aBucumocTe K03(hHIMEHTA CONPOTHBIIE-
HUs Tperua A oT Re m A,, ycraHosienHas Omsi-
tamu Huxypamse [2-87] mna crabunusupoBas-
HOro TedeHHa (cm. maparpadeul 1-3) B Tpybax
C PpaBHOMEDHO-3ePHHCTOH IIEPOXOBATOCTHIO*!
(puc. 2-2), yxa3plBaeT HA CYLIECTBOBAHUE TPEX
OCHOBHBIX pekuMoB (obmacreil) mpoTekaHds
MOTOKa.

14. TlepBuiit pexuM, Ha3bIBAEMBIX JIAMHHAp-
HBIM, OTHOCHTCA X MANbIM 3HAYEHHAM 4HCEl
Re (no Re=x2000) u xapakTepH3yeTICd TeM, 4TO
IIEPOXOBATOCTh HE OKA3bIBAET HHKAKOIO BIHAHHMA
Ha BeymuuHy A. Ilo 3axony Tarena —Ilyaseiins
[2-172]

. 64
A= Re 2-3)

15. Bropo#t pexHm, Ha3hIBaeMbIil MNepexon-
HbIM, CONEPKHT TPH Y4acTKa KPHBBIX COTMPOTHB-
neAna pni Tpy® C paBHOMEPHO-3€PHMCTOH Iiie-
POXOBATOCTRIO.

V4acTok, OTHOCAIHiiCA X TNepexoqHOH (KpH-
THdeckod) obmacTu Mekay JIAMUHAPHEIM H Typ-
OyneHTHBIM TeveHHAMY (TPHMEDHO B Hpeenax
Re=2000--4000). B atoit obnactu ko3pHHIHEHT
COIPOTUBIEHHS A BO3PacTaecT C yBEIUYCHHEM
qucia Re. Bmecte ¢ Tem 3TOT K03QOHUHEHT

*! Mmecrca B BHAy MCKYCCTBeHHAA NecyaHas
DABHOMEPHO-3€PHUCTAA [IEPOXOBATOCTh B TOM
BHJE, B KAKOM OHa Osita mony4esa Huxypamse.
XapakTep KpWBBIX IPH JOpYrdX BUIAX HCKYCCT-
BeHHOH IIEPOXOBATOCTH MOXKET MOJYYHThCAH Hec-
KOJIbKO HHEIM [2-152].
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Puc. 2-2. 3aBucumocTh X023 ANMEHTA CONMPOTUBIIEHHS A OT 4ncia PeiiHoasaca aas TpyS ¢ paBHomep-
HO-3epHHCTOH WICpoOX0BaTOCTLIO [2-190]

MPOOIKAET OCTABATHCA OJHMHAKOBBIM UTA Pas3- [7 U3 copmyn comporusnenns Hukypangse

JMYHBIX 3HAYEHud OTHOCHTENbHOR IlepOXoBa-
TOCTH.

Vuyacr 0K, AJI1 XOTOPOro XpPHUBLIC CO]'IpOTHBJIEHHﬂ
TpyG ¢ pa3nu9HON IMEPOXOBATOCTHIO COBMANAIOT
¢ xpuBoii Bnasmyca ana rmagxkux Tpyod

_0,3164

A=rpas- -4

3aKoH COMPOTHBIICHMS MO NochenHell popmyse
ClpaBeUIHBE B TE€M MEHBIIEM UHTEpBalie YHCEN
Re, 4eM GOJIpLIE OTHOCHTENLHAS IEPOXOBATOCTD.

V4acTok, AN KOTOPOrQ KPpUBBIE COONPOTHBIIE-
Hus TpYG ¢ pa3HMYHOH MIEPOXOBATOCTBIO PACXo-
AATCH, OTXOAA OT nOpAMOH, Mojy4aemMo#d IO
(2-4). Tlpu 3ToM KO3DPHUIMEHTEI CONPOTHBICHAS
B ONpeNeieHHBIX HHTEpBaNax 4ducen Re*! Tem
Gonbiie, YeM 3HAYUTENbHCE OTHOCHTEIbHaA ILie-
pOXOBATOCTh.

16. Tperuit pexuM, Ha3bIBACMBIA KBaJpaTHI-
HBIM, WIH PEXAMOM BIOJHE [IEPOXOBATBIX CTe-
HOK, a TaKke pexXHMOM TypOyleHTHoi aBro-
MOZeNLHOCTH, XapaxTepH3yercs TeM, 4TO Kodd-
(WUMEHTHI COMPOTUBIICHUA Ui KAaXAOro 3Hawe-
HMA OTHOCHTEILHOH [IEPOXOBATOCTH CTAHOBATCH
MOCTOSIHHBIMH, HE 3aBHCAINMAMHU OT 4ducna Re.

*! B »Tux mHTepBanax 3dadeHnii Re Bo3pac-
TaHHE A IIpeKpalaeTcs.
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{2-87] nana mepoxomarbix Tpy6 {cm. (2-5)]
H (bopMynsl COmpOTHBJCHMA PIWIOHEHKO-ANLT-
wynd [2-6, 2-141] gna rmagkux Tpy6 [cM. (2-8)]
cnemyer, 9To TpyObl ¢ PaBHOMEPHO-3EPHHUCTOR
[IEPOXOBATOCTLI0 MOTYT CYMTATLCA THIpaBIH-
9eCKH FJaJKUMH, €CJH

A<Appens

A 181gRe—16,4
Appeu=| = =——R:=—_'
r/ open

Jns 3naqenna Re g0 103, ucnonb3ys dopmyny
Brasnyca, nmojyaum:

Bypen~17,85Re 0875,

Orcroa rpaHuM9HBIE (TIpeacibHBIE) 9ACHIA
PeiiHonbaca, mpu KOTOPBIX HAYUHAETCA BIMSHHUE
HIEPOXOBATOCTH,

rne

26,9

r
Reupen = RAL143°

18. Ons tpy0d ¢ paBHOMEPHO-3EPHHCTOM LIEPO-
XOBAaTOCTLI0  MpeflefisHOE  3HaueHue  qucia
PeitHonnaca, TPH KOTOPOM HaduHAaeT NEHCTBO-
BaTh KBAJPATUYHBIA 32aKOH COIPOTHBIICHHMS,

217—-382ng_

Z I
TO0 cnenyeT u3 ¢opmyast Hukypamse [2.87]
IS CTaODWIX3HPOBAHHOTO TEYEHHS B MCPEXOa-

n —
Reppen=



wolf ¥ KBAZPAaTHYHON obnacTax, T.e. B Tpe-
JAenax
269

51.143< X

217-3821gA

St1a $opMysia HMEST CICAYIOMMA BUA:
1

A= :
[a,+b,1g(Re /) +c,1gA])?

rae npu 3,6<ARe /A<10 a,=—0.38; b, = +2,0;
¢, =0 (rnagxkue CTEHKH);

npu 10<ARe /A<20 a,=+0,068; b=1,13;
¢, =—087

(2.5)

npu 20<5Re\/x<40 a,=+1,538, b,=0;
c;=-20;

npu 40<5Re\/x<191,2 a,=+2471;
b,=—-0,588; ¢,=-—2,588;

np  ARe /A>1912 a;=+1138; b, =0;

¢, = —2,0—KBa[PATHYHLIE 3aKOH, NIpH KOTOpOM **

Am o (2-6)

z,
)

19. Hcxoas u3 npeanoaoXeHHs OJHOBpEMEH-
HOCTH CYWIECTROBAHHA JAMHHApHOro #u TypOy-
JIEHTHOTO TEYEHHH H WCHOJb3YyA HOPMAJIbHBIA
3aKOH pacrnpenefieHHs IUIA onpelesieHAs BEPOAT-
HOCTH MNOSBJIEHHS COOTBETCTBYIOIIHX PEXHMOB,
A. M. Kepenckuit npemnoxun [2-50] ana 30us
CMEHBl PEXUMOB CTAOWIM3UPOBAHHOTO TeYEHHA
enunyio GopMyiy pacyera Kod3dpPHUHEHTA CONpo-
TURJICHHA TpeHus TpyO ¢ paBHOMEPHO-3epHUCTOM
LIEPOXOBATOCTHIO *1:

A= )“npn + 7~'mprzx + 7"mpm’ (2_7)

rae A,, A, Ay, —K03hGbHIHEHTH CONMPOTUBIEHUS
TPeHUS COOTBETCTBEHHO NPH JIAMHHADHOM Teye-

*1 A B. Tennos [2-127] ua ocHome Gonee
npaBwibHOM obpaborku  omsiror  Hukypanze
[2-87] moxa3an, ¥yTo ANA XBaOpaTHYHONH oOJacTH
ToYHee GopMmyna

1

(181 8’3)'2.
,018 A

Bnuska x mocnegneit m popmyna, npensioxes-
Has A, JI. AmpTiynem [2-6) |

1.
(1,81g10/A)*

YuurteiBas, ogHako, 410 fo (2-6) Habromaercs
OTK/IOHEHHE OT ONBLITHLIX XaHHBIX He Oojee 5%,
H TO B CTOPOHY YBEJNHHYEHHA, OHA MOXeT OBITh
HCIIONB30BAHA HPH  pacyeTax TpybompoBOMOB,
B TOM 4HCJie U [j11 HEOOIHIOBAHHBIX HAMOPHBIX
TyHHenei [2-7]

HUH (2.3), TypOy;leHTHOM TeYeHWH B TIAIKHX
(2-4) u wepoxoBateix Tpybax (2-6); p,=1-p,,
Pen =(I _pm.r) P Pu™ Py 1Py~ COOTBETCTBEHHO
BEPOATHOCTH [MOABICHHA NPH [OAHHOM HHCIE
Peftnonpaca pexnmoB namuHapioro ¥ TypOy-
JICHTHOIO T€4YeHHWA B [NaJKAX M LIEPOXOBATHIX
TpyGax; npu 3TOM

Re 275
e =2D(U), U=—; =—
Dus. (U), rme 5 O 3
1 Re—Re_ Re—2850
T=-+(D U, U= L ;
pr=3+®(U), rze "y 600

U

1
®(U)=—— lexp(—12/2) dt— HOpMupOBaHHas
(0)= == frp (= 122) ar—nopra

0
Gyuxrus Jlamwtaca (ueTerpai BepoOATHOCTEH; CM.
[2-56] Tabn. 18.8-9).

20. Kpusste conpotusnesus A=f(Re, &), wis
crabunusapoBaHHOTrO Te4eHHs B TpyOax c Hepas-
HOMEDHOW WIEpOXOBATOCTRIO (TEXHUYECKUE TPY-
Obl) MOATBEPXKIAIOT, YTO B 3TOM Clly4ae TaKXe
CYWIECTBYIOT TPH OCHOBHBEIX peXHMa Te4CHUS:
JNAMUHADHBIA, TEPEXOOHBIH U  KBAJAPATHUYHLIN
(puc. 2-3). OqHaxo B OTIMYHe OT CJIyYas TeUeHHS
B TpyDax ¢ paBHOMEPHO-3€PHUCTOH WIEPOXOBa-
TOCTBIO NOpH 3TOM CHENyeT Y4YUTHIBATE [BE
0COoOeHHOCTH:

a) Ha Y4YaCTKE, OTHOCAUIEMCA K MNEpeXOmHOM
objacTu Mexay NaMHMHApHBIM H TypOyleHTHRIM
TeueHHaAME (KpUTHIECKas 30HA WiIH 30HA CMEHBI
pexuMoB), KO3(QPUIMEHT CONPOTHRICHHA TPEHHR
3aBHCHT OT OTHOCHTENBHOH IIEPOXOBATOCTH
H 4ucia PeifHOIhACA; MOTepH JaBieHUS B ITOif
30HE TNPONOPUMOHAIBHBI CKOPOCTH B CTENeHH
Bhmie OByX [2-100);

6) Ha nepexOAHOM yyacTKe 4HCTO TypOyneHTt-
HOrO peXHMa HeT BNaJMHBI, XapaKTepHOH s
KPUBBIX A IIpH TeuyeHHH B TPyDax ¢ paBHOMEDHO-
3epHHCTON IIEPOXOBATOCTBIO (CM. puc. 2-2);
B JAHHOM CJlydae KpHBLIC CONPOTHUBJICHHA IOCTE-
HEHHO ¥ ILIABHO MOHMXKAIOTCA C YBEIHYCHUEM
Re, mocTuras HaWHHU3ILETO TOJIOXEHHS NPH KBax-
patudHOM pexxume [2-82, 2-171].

21. Kpuseie x03dpduiuesToB CONPOTHBIEHHS
TpeHHS TCXHHYECKHX Tpyd ¢ OTHOCHTENbHOMH
JKBHUBANEHTHOH lepoxoBaTocThio A>0,007 mpu
HEKOTOpPOM 3HaYeHHH Re OTKIOHAOTCA OT

*2 PaccMoTpeHHe  TypOyNeHTHBIX — TeueHHi
B TpHCTEHO4YHOM cinoe u Tpybax, OCHOBaHHBIX
Ha TpUHIMIE CYNepHO3HUMY MOJEKYJIApHOH U Ty-
pOyneHTHOH BA3KoCcTH, mo3Bonwio M. . Mui-

THOHIIMKOBY [2-77, 2-78] takxke HalitH obliyio

dopMyny ns cCompoTHBIEHWA TpPEHus, NPHION-
HYIO IS BCEX peXumoB TeueHns. [IpumepHo
Takoit e MOAXOJ HCONb30oBaH B paboTax
[. 3. Ceupckoro u B. I1. Ilnartona [2-107], a Ta-
ke B pabore I'. A. Azamoma [2-4].
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Prc. 2-3. 3aBucuMocTh K03¢(umHeHTa CONpOTHBJennst A OT ¢mciaa Peiiomnaca m  oTHOCHTENLHOM
BIEPOXOBATOCTE A 0pH HEPaBHOMEpPHOH inepoxosarocTn [2-100, 2-106)

sakona I arena — I[Iyaszeilnia B cTopoHy yse-
JHYCHUS A, H 4eM Oojbllle OTHOCHTENbHAA
[IepOX0OBATOCTb, TeM paHbIle HACTYHAeT 3TO
oTkinoHenne (cM. puc. 2.3). Yucnao Peiinonnaca,
COOTBETCTBYIOUIEE HAuaJly OTKNOHEHUSd, MOXK-

HO onpegeldTE Mo ¢GoOpMyJe, NpeAIOKeHHOH
JI. A. Camoiinesxo ([2-1061
0,0065
Rco—754exp( 006)

22. B 30He CMEHBI pEXHMMOB JBUXEHHA OT
Re, no Re, xaxaomy 3uaveHmio A coorser-
CTByeT INepexoJHas KpHBas, HMeomas CBOH
rpamunel Re; u Re, (cM. puc. 2-3). Jins Tpy6
¢ A>0,007, no aamHnM [2-106],

1 0,11
Re1=1160(z-> ,

T. €. BemuauHa Re; yMeHbIaeTcA C yBeJHYEHHEM
OTHOCHUTENbHOR IepoxoBaTOCTH A

Yucno PeitHonpaca, onpefenstollee IPAHHIY
Re, mnis tpy6 ¢ mobo#l 1EpOXOBAaTOCTHIO,

1 0,0635 "
Re, =2090 (K) -

23. TpyObnl C HepaBHOMEDHOH IIIepOXOBa-
TOCThIO  (TexHmueckwe TpyOel) B  oOBGnacTu
Re> Re, MOryT CYMTATBCS FHAPABIMYCCKH -
KMMH, el (C TOYHOCTBIO 10 3 —4%)

15
A<A

npen RC .
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Orcrona npenesbuoe wmcno PeitHombaca, npu
KOTOpOM TeXHW4ecKHe TPyOml mepecraior OnITh
TBAPaBAAYECKH IJ1aJKHMHA

15
Re,,p,nz—z—.

24. ]Ina HepaBHOMEDHOH  ILEpOXOBATOCTH
npeJenabHOe 3HadeHde 4wucna Peifmombaca, npr
KOTODOM HAaTMHAET NeUCTBOBATL KBAApPATHYHBIN
3aKOH CONPOTHMBJICHHA, MOXHO C TOYHOCTBHIO N0
3—4% npunats (cM. amarpamMmy 2-4)

560
Re,,p,,, e K .

25. Ilpun crabaan3upOBaHHOM JIAMAHAPHOM
TedeHud (mo Re=x2000) xovpdument coupo-
THBJieHHA A TpyO kpyrioro cedenms, HE 3a-
BHCSINHHE OT OTHOCHTEJIbHOH 1IEPOXOBATOCTH
CTEHOK, oOnpepensercs mo (2-3) wm mo Ha-
rpamMme 2-1,a.

26. [ns xpuTHdeckoi OONACTH CTaOHIHM3M-
poBaunoro teuenus (Re=2000-+4000) xo3¢-
bUUEEHT COMPOTUBNIEHUA TpEHUA A TPYO Kpyr-
JOTO Ce4eHHA C IHIPABIMYCCKH (TEXHHYECKH)
rA3AKUMH CTEHKaMH HAXOAAT NO JHarpamme
2-1,6.

27. Nna obnactu aucto TypOynenTHoro crabn-
ausupoBarHoro Teuenus (Re>4000) xo3ddn-
IMUEHT CONPOTHBJIEHUS TpeHus A TPyO Kpyrioro
CCYeHHN C THIPaBMYeCKd (TEXHHYCCKM) Iai-
KHMH CTCGHKGMM OMNpDeACAAIOT [0 JAHarpaMMe



2-1,4 WIH BBMHCISIOT N0 QopMyne fbmxo-
HCHKO-—-AHBTHI}’J!SI“ [2-6, 2-141]:

1
“(1,81gRe—1,64)%

28. KoxppHIMEHT CONPOTHBIEHHS TpPEHHSA
TeXHH4YeCKUX TpYO 1mpu CTabHIN3upOBaHHOM
TeqeHuH B 30HE CMeHbI PEXHMOB HaXoIAT II0
nuarpamme 2-3 (rpaguku A=f(Re, A) wmu no
dopmynam, npeanoxerHsm JI. A. CaMmoityieHKo

(2-8)

[2-106]:

npu Re,<Re<Re, u A>0,007
0,0

l=4,4Re"°'595eXp(—- %275>;

npn Re; <Re<Re,
A=(rA,—A*)exp {—[0,0017 (Re:2 —Re)}?} +A*,

roe nps A<0,007 A*=XL,;
npu A>0,007

A* =1, —0,0017.

Kospbumaertst A; u A,;, COOTBETCTBYIOLIME
rpasmnaM Re;, u Rey:

npn A<0,007 A, ~0,032;
0 0109

mpu A<0,007 A,=7,244 (Re )~ °'643;,
npu A>0,007

145
Az =—0’——' Reo =754 exp (

5—0.244’

1 0,11 1 0,0635

0,0065\
5 k4

29. KoopduuuenTsl CONpOTHBICHHS TpEHHA

A BCex TeXHHYeCKHX TpyO *? (c HepaBHOMEpHO
LIEPOXOBATOCTBIO CTEHOK) KXDYTIOro CeveHus,
KpoMe CHemdanbHBIX, AJIS KOTOPRIX 3HAYEHHA
A [JaHEl OTHENbHO, NpU Cra0IIASHPOBAHHOM
TEYEHUH ¥ HA YYacTKe 49HCTO TypOysenTHOro
pexama (Re>Re,) MOKHO ONpCHeHHTh 110 gHa-
TpamMMme 2-4, MOCTPOCHHOHR Ha OCHOBaHWH dopMY-
Bl KonLprKa———Yarrra*?‘ [2-171}

1

el

WIH JUIS MHKEHEPHBIX - pacrleron——no apulim-
XeHHOH ¢opMyne, npemitoxerHod A. . Anpr-
uynem [2-6]**:

A= (2-9)

*! C aro0it dopmysoit ovenpr 6aM3Ko coBma-
matotr  dopmynasr  B. K. KornakoBa  [2-54],
I. A. Mypuna [2-82] n A. K. SAxumosa.

2 Bxmroyas CTanbHbIC, OCTOHHBIE H XKene3o-
Geronyple HanmopHeie BomoBomm [2-7 ).

3 3ak. 1584

- 68)025

A=0,11 <A+—) . (2-10)
Re

30. Jns obmacTn CMeHBI pekHMOB CTabHIM3H-

POBaHHOTO TEYEHMA B TEXHMYECKHX Tpybax

MOKeT OBITh TaKXe MPUMeHEHa eauHas popMmyta

pacyeTta k03(QGUUHEHTA CONPOTHBJICHUA TpPEHHSA

(kax  3t0 mpemnoxero JI. A. Anamosuuem),
a HUMeHHO

A=A, (1-p)+2p,
rae A, mpHHAMaeTcA mo (2- 3) A,—mo (2-9)
HITY (2 10), a

o522

B Kotopoit Re,=1530(3)"%% u o=540. IIpu
3TOM HCHOJB3YIOT TabynupoBaHHyo QYHKIMIO
ombox BHOA

z

erf(z exp (—1%)dt

f

(cMm. [2-56] rabOn. 18.8-10).

31. Enunas cdopmyna pacdera xosdunmneHrta
CONPOTHUBJICHUS TPeHHsA B 30HE CMEHBI PEXHMOB
npeanoxena Takke IL. M. Caucckam [2-110F

A=A, (1—y)+27y,

rae Yy —Ko3QpHIHeHT mepeMeXaeMOCTH;

y=sin¥2{ /2 E_I_{.e_" :
Re,—Re,

Re,=1000exp (0’0%465),

*3 Kpusnie Koan6pyka — Vaiita pacrnosnosxe-
HBl HEMHOTO Bbillle (Ha 2—4%) aHaJIOrHYHBIX
xpuBbix I'. A. Mypuna [2-82), a cnenoBaTelsHoO,
AarOT HEKOTOPLIH 3amac B pacyeTax. AHUIOrHY-
Hole  GopMynsl  nojydeHst  I'. A. AxaMOBHIM
[2-3], . K. ®unonenxo [2-141], H. 3. Openxe-
aeM [2-144].

Hurepnonsaumounas dopmyna Koapbpyka mo-
JAyYHaa TeopeTHdeckoe ofocHoBaHue [2-6).

** Qopmyna, 6mmskas K (2-10), momyueHa
takke I. A. AnamossiM [2-4); mpu 68/Re <A
ona cosmanaer ¢ (opmynoit b. JI. ludpuncona
[2-159]:

A=0,11(&)*25.

IMpoctoit u ymoGHO# (B mpegenax A=
=0,0001-0,01) ssnseTca Takxke fopMmyna, npel-
noxenHas bB. H. Jlo6aeBbiM:

14
" [lg(Re/A)?
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Puc. 2-4. Cxembl BTOpHHMBLIX Teueumii:
a— B nApsMoyroibRoi TpyGe; 6—B paBHOCTOpOHHeH
TpeyroJnHoil Tpyde

Re, =1600(A) -8,

3qech Re, ¥ Re,—HWXHAS H BEPXHAA TPAHHLLI
NepeXoaHON 30HEL.

Kosbduuuentst A, # A BBIYHCAAIOT COOTBET-
crBeHHO 1o (2-3) ¥ mo dopmyne A. B. TemioBa
[2-128]:

825 \~2
ro=(181g—222 )
. < g56/Re+z)

32. Koa¢dHuHeHT conpoTHBIEHHS TpeHHH
A Tpy6 Xpyriaoro Ce4eHus, KPOMe CIEHHATbHBIX,
JUIs  KOTOPBIX 3HAYEHHA A JAaHBEl OTHENLHO,
¢ moOBIM BHAOM IIEPOXOBATOCTH (KaXK pDaBHO-
MEDHOMH, Tak YW HEPaBHOMEPHOH) mpu cTabmiu-
3UPOBAHHOM TeYEHUW B KBaApaTH4oH O6JACTH,

560
T. €. NPaKTUYECKH IIpH Re>—5—, HAxXoZAT WO

nuarpaMme 2-5, MOCTpOeHHOH mo (2-6).
OcobeHHOCTBIO ABHKEHHA MOTOKA B KaHajax
cnoxuoi GOpMBI NONEPEHHOTO CeYeHUs ABIALTCS
HaJIHYME KOHBEXKTHBHOIQ [ME€PEHOCA MONEpeK
NI0TOKa, BHI3BAHHOIO [BHXEHHEM KpyIIHOMAC-
mTabHbIX BUXpeH M BTOPHYHBIMH TEYEHHAMH
(puc. 2-4)*!. D710 06CTOATENBCTBO, a Takke
nepeMeHHas epOXOBATOCTL CTEHOK KaHaja Mpu-
BOJAT K HEPAaBHOMEDHOMY  pacnpele/eHHUIo
HaNpsOKEHUA TPEHHs HA TrpaHUNAX [OOTOKA.
IMosTomy HauGosee TOUHBIA pacyeT Koadumen-
TOB CONPOTHBJICHHS TPEHHS MOXET OBITH MHOJY-
4YeH TIPH Mepexofie OT XapaKTePHCTHK IMOTOXa,
OCpDEeJTHEHHBIX 110 Ce4YeHHI0 KaHama (CpcaHei
ckopocty, 4ucna Peifnonbaca, cpenmmeit |OTHOCH-
TENbHOH INEPOXOBATOCTH, CPEXHErO KacaTellb-
HOTO HaNpSUKEHHs), K JIOKAJbHBLIM XapakTepHC-
THKaM (MeCTHBIM OTHOCHTEIbHBIM ILEPOXORATOC-
TaM, MECTHbIM uHciaaM Peltnonbiaca, MeCTHBIM

*! Heo6X0aMMO DPasjiH4aTh BTOPUYHBIE TOKH,
HabMogaeMble B IPAMONIHHENHbIX KAHAIAX CI0XK-
HOro TIonepeYyHoro CeYeHHUsA, U BO3HUKAIOLIHE
B KpHBOIIHHeﬁHLXX Kanajax no HHbIM NpHHIHAM.
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KOYbbhUIHEHTAM THAPABINYECKOTO TPEHUS, MECT-
HbIM HanpsikeHHaM Tpenus) [2-113]. B kauectse
MECTHBIX ONpEASHAOINX napaMeTpoB TMNOTOKa
PEKOMEHAYETCA MECTHBIH XdpakTepHBIX pa3Mep
MOTOKA, OCPCAHCHHAN Ha 3TOM pa3sMepe CKOpoCTh
MOTOKA H MeCTHasA IUEPOXOBATOCTL CTEHOK.
Jdpyrue MecTHble XapaxTepHCTHKH NMOTOKA BbIpa-
KAFOTCA d9epe3 3TU OMNpedesifiOlIne BEIHYUHBI.
33. MecTHoe HamnpsKeHde TpeHHA T, B TOuKe
CMOYEHHOI'O NepHUMeTpa  BRIpakaeTcs  4epes
MECTHYIO OCpDelHEHHYI0 TO HOpManM K CTeHKe
CKOPOCTb W '

2
PWer

t=kM2,

rae A, —MecTHbiH K03QPULHERT conpoTHBIEeHUS
TPeHHs, 3aBUCIIMI OT MECTHOro 4ucia Peilnonbaca
A MEeCTHOH OTHOCHTENIbHOH LIEPOXOBaTOCTH:

wel A
A=f o T ;

[—xapaKTepHbIfl MECTHBIH pa3mep HOTOKa, 3aBH-
cAIMi OT (HOPMBI NMONMEPEYHOTO CeYEHHA KaHasz
(HanpuMep, oI KaHajJa KBAAPATHOrO CeHeHHs
[—paccroanne OT CTeHKH A0 OHCCEXTPHCH YTJa)

34. [nd v4acTHOrO ciaydas KaHalos npsMo-
YIOJBHOTO CEYEHHA H B MNPEANOJOXEHHH, YIC
HAIPSCKEHUS TPEHUAs pa3MIHbBl HA KOPOTKOI
A INHHEHOH CTOPOHAX KaHaJIa, HO MX paclpeie/e
HHe 1o cTeHkaMm pasHOoMepHo, I'. IT. CxpebGko
BoiM {2-112—2-114] nonyyena ¢opmyna, kOTO
pas CBA3biBaeT KO3 GHIMEHT CONPOTHBJICHH:
TPEHHA KaHaa C ero $OpMOi H IIEPOXOBATOCTbIO

x=4—li/-}~'—; 1+3“Zf Ay
1+b/h A, b

rae A, A,—KO>P(QHUUHMEHTH! CONMPOTHBICHA
TpEHHA COOTBETCTBEHHO Ha KOPOTKOH H AJIMHHO!
CTeHKaX KaHana, b ¥ h—COOTBETCTBEHHO MOJIO
BHHA ILUMPUHLI M BHICOTHI KaHAJA.

Koadduunentol A, ¥ A, BBITHCIAIOT HO 3aKC
HAM CONpPOTHBJIEHHA IUTOCKOH ctenku (A,,) B 3a
BHCHMOCTH OT XapaKTEepHbIX 4ucenr PeliHoanac
# 1IEpOXOBATOCTH cTeHOK [2-112—2-114]:

(ade =S [(Rendo BT (ane=/[(Reaa)t 3],

Re Re 1+ b/}
rae (ReM),=T(l+b/h), (Re,,,,),ﬂ—4— bk
Re=W°D'.

v

Lns rnagxux creHox
A : ;
"7 (3,61gRe,, —2)
1A TEXHHYCCKHX CTEHOK
54 A)"'“_

=0,024 -
Aya =00 (R +

enn



it mepoxoaarmx CTEHOK
A = 1
" (alg (I/A)+3,48)F

35. Bo MHorux ciy4asx Kod(pduuHeHT compo-
TUBJICHUS TPEHHA TPYO HEKPYrJIoro cedyeHus
npoile ONpeleNsTh BBeAeHHEM B GOPMYIBI Asis
Tpy6 KpYIJIOTO CEYeHUS COOTBETCTBYIOILAX TNO-
NpaBo4HbIX kodboutmeHToB A, =k, A, roe A—
ko3bHUIHEHT CONPOTUBNICHHS TPEHHUS TpY6 Kxpyr-

woD,
7Oro CevYeHus NpH TOM Xe 4uCile Re= =
v
woD
=—270. A —T0 e mmA Tpy6 Hekpyr;Ioro
v
ceyeHus;  k,—TONpaBOYHBIA  KO3pbHUUUEHT,

yYATHIBAIOIIMA BIUsHue (HOPMaI TOMEPEYHOTO
ceueHust Tpy6 *!.

36. Jlna Tpy6 ¢ dopmamMu IONEPEUHBIX cede-
HHil, OMM3KUMM K KpPYrio#d (Hampumep, Kpyr
¢ OJHOM HIIH AByMs BBIEMKaMH, 3Be3x0o00pazHas
¢opMa —CM. AMarpaMmy 2-6), COrnacHo NaHHBIM
Huxypamse [2-87] u IMMwinepa [2-158], nmna
BCEX PEKMMOB TEYEHHS MOXHO MpPHHATH k,~1,0.

HAns Tpyd npsAMOYTOJILHOTO CeyeHus Mompa-
BOYHBIA x03(Q}UIHEHT, 3aBUCALMI OT OTHOLIE-
HHUSA CTOPOH ay/by, TNpH NaMHHAPDHOM TeYeHUH
(Re<2000) k,=k,,=0,89+1,50. Ipu >rom
B cydae ao/by=1,0 (xsanpar) k,,=k,,=0,89 nmu

57
< ] _RC’

a B cmywae ao/by—0 (mmockas wenw) k,,=
=k, =1,50 nm

I3

96
n Re .
IMpr TypGynenTHoM Tewesuu (Re>2000)

kopo=1,0+11. Ecmu ao/by=1,0, To £,=x1,0,
a ecnn aofby—0, T0 k,,~1,1 [2-40, 2-180].
37. HNonpaBoyHniit xo3ddunmenr mra Tpyd
IVIUATUYECKOr0 CedeHus, 3aBUCALIMIA OT OTHO-
wenns oceit smwmnca (emM. b, C. Tleryxos
{2-95]), npu namunapHOoM TedeHun (Re<2000)

1/D,\? bo\2
k=k,==|—} {1+{—] |,
=emie) [ ]

rae a, u b,—Oonsmas H Maaas NOIyocH
JnMmCa.

[Ip TypOyneHTHOM TeYeHHH C HEKOTOPHIM
OpubIMKeHHeM MOXHO HpuHATH kK, = 1,0.

*' A.T. Temxun [2-125, 2-126] npemnaraer
nonpasoyHniii xo3duiuesT k, HA3LIBATH KpH-
Tepuem JI. C. JleitGenzona (Le), BHeciero 0osb-
Woi BxIaJ B TrHApaBIMKy Tpybonposomos.
B ykaszamubix paGorax A. T. TeMkuH npusogut

COOTBETCTBYOWME (GOPMYJIBI pacdeTa KPUTepHs
Le. ‘

3*

38. HOaa kpyrioii xoawueBoit Tpy6er (Tpyba
B Tpy6e) nonpasBoyHbli K03hHUUNERT, 3aBACALUMIA
OT OTHOWIEHUS AHameTpos d/D, (em. JI. C. Jlei-
Oenson {2-68] u b. C. Ileryxos [2-95]), npu na-
MuHapHoM TeueHud (Re<2000)

j 2
k —_k =

H xon d 2 1—(d/Do)2)
t <F) " TndD)

rne d 1 Dy— quaMeTphl BHYTDEHHEro U HApyX-
HOr0 [HJIMHIDOB KOJbIEBOH TpYOHI.

ITpu TypGynenTHOM Tedenuu k., clrabo 3asu-
cut ot d/D, u HaxomuTcs B mpedenax 1,0—1,07
[2-29]. KoadduuuerT conpoTusnienus A,,, Takoi
TPYOB MOXKeT OBITh TakKe BbIMUCAEH 1O ¢op-
myne [2-39]

l - d
Aron=(0,02d/Dy +0,98) (i_ 0,27 oot 0,1).

39. Ina ueHTpHpOBAHHUA BHYTPEHHErO IMJIMHI-
pa B KOJblIeBOH TpyGe HCIONBb3yiOT MPOJONLHLIE
WM cnupansHble pebpa (cMm. puarpammy 2-7).
Y3kas komsueBas Tpyba (d/Dy=0,9) c Tpemsa
IPOAONBHBIMH DpeOpamMi HpUOIHKEHHO 3KBHBA-
JIEHTHA IPAMOYTQJIBHOMY KaHAaJly C OTHOLICHHEM
CTOPOH a,/by=0,06, mus KoToporo mnpu jamu-
HADHOM TEHYCHWH IIONPABOYHbIA xo03hdunueHT
(ma ocnopanun omsiToB B. K. Cy66otuna n mp.
[2-119]) k. ,=ky,=~1,36.

Ilpu TypOyneHTHOM Te4e€HUH NOUPABOYHBIN
ko3 duuMeHT MOXHO IPHHATH TaKUM Xe, Kak
H TpH OTCYTCTBHH pebep (o m. 38).

40. HOnsa xonbueBoif TpyOm! cO cHHpanbHLIMH
pebpaMu nmonpaBodYHBIH k03ddUIMEHT, 3aBHCHA-
UMHA OT OTHOCHTENTBHOIO IIara HaBHBKU Dpebep
T/d (cMm. muarpammy 2-7), A8 BCeX pEXHMOR
Te4eHUs npuOanmxenno [2-120]

20
k,x,on= 1+ k;:om
( +(T/d)z>

rae ki, —TONPABOYHEIE KO3QQUIHMEHT ANId
KOABUEBOH TpyOBl C NMPOAOJSHBIMHU pebpami.

41, JIna 3KCUEHTPU4ECKOW KOJbLEBOH TpyOH
(cM. puarpammy 2-7) x03b¢UIMEHT CcONMPOTHB-
JEHUS TPEHHs KaK NpH JAMHHADHOM, TaKk H IpH
TYpOyJeHTHOM pCXKUME Te4yeHHs 3aBHCHT OT
IKCUEHTPHCHTETA H OTHOCHTEIbHOH IIHMPUHBI
KOJIBIIEBOM IIENH.

42. TIpn JaMHHAPHOM TeYeHUH IONMPAaBOYHbIH
K03 GUIHUEHT BBIYUCAAIOT 1O NpHOIMXEHHOH

dopmyne, mnpennoxennoit E. A.TocteBbiM H
H. C. Pumanom [2-30]:
k,=k,= : k
HT a"(l+Ble-)2 X0
_ 2e
rae é= — 3KCLIEHTPUCUTET (e — paccTos-
Dy—d

HHUE MEXKJY HEHTPAMH BHYTPCHHEIO M HApyXKHOIO
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wMHEApoB); B, —kosxdduuneHT, 3asHcammi ot
oTHowleHus d/D,, NoNyYeHHBIE Ha OCHOBAHUH
nanubix 3. IxoxcTona n E. Cnopoy [2-178] (cwm.
ouarpammy 2-7, rpadux 8); k., — MONpPaBOYHLIN
K03QPUUUEHT AJA KOHUCHTPHYECKOTO KOJIbLA.
43. Tlpu TypOyJEHTHOM TEYEHHH MONPABOYHBIH
KodpHIUEHT
k,=kyk

X0J1°

rae ky= — OTHOlIeHHEe K03pbuuyeHTa conpo-

Xon

THBJICHHS KCLHEHTPHYECKOHd KOIbLEBOH TpYOHI
K K03 HIUEHTY CONPOTUBICHAA KOHUEHTpHYEC-
KO KoabueBo# TPYOBI.

Ko3bdunuesT k) a1 y3KHX KOJBLEBBIX KaHa-
108 (d/Dy=0,7) nouTu He 3aBHCUT OT OTHOLLE-
HUA d/Dy H 33aBHCHT TOABKO OT 3KCUCHTPUCHUTETA
(cMm. guarpammy 2-7, rpaduk 2, ans d/Dg=0,5
n d/Dy=0,7).

Ilpu d/Dy=0,7 nonpasounslil Ko3¢puuHueHT
MoxeT OHITHL ompegesleH Mo GopMyne, MONy4eH-
Hoit A. B. Kosuecmuxosnim ([2-21]:

ky=1-09(1-2/3¢) &>

44. TlompaBo4Hbii xo3ddunuenr k, ana
Tpy6 C CeYeHHMeM B BMJEe paBHOOeADPEHHOIO
TpeyroNbHAKA IpPH  JaMHUHAPHOM  TEYEHHH
(cm. B. K. Murait {2-76))

k=g . (1=te?B)(B+2)
T 4 (B—2)(1gB++/T+1g2B)?

5/ 1
4+2<tg2[3 1) napamerp; B
NONOBHHA yrjla NpH BeplUWHE paBHOGEAPEHHOro
TpeyroibHHKa, °

Jns paBHOocTOpOHHero TpeyroiasHuxa (f=30°)

k1p=0,833;
UIS TPSAMOYroJbHOTO TpeyroJbHUKA
. 3 (1-3tg?p)(B+2)

? -5'(3/3-—4)(th+«/1+tg2(3)2;

U1 paBHOOEApPEHHOTO MPAMOYroJILHOIO Tpe-
yrogpHEKa (B=45°)

Ky =0,825.

45. TTpu TypOyNeHTHOM Te4eHHH MONpPABOYHbLIN
xo3(durmenT k, nans pasHoGenpeHHOro Tpe-
yronbHUKa MEHseTCs B npenenax k,=k ,=
=0,75+1,0 B 3aBHCUMOCTH OT YyTria f; d4em
Gonbiie 3TOT yrox, .TeM Oonasblue k., [2-170]
Jns paBHOCTOPOHHErO0 TPEYrOJNbHHKA MOXHO
npunsth k,,=0,95 [2-158].

46. [na TpyOsl ¢ ceueHueM B BHAE CeKTOpa
Kpyra nmnpd JTaMHHADHOM TeweHmu Kk, =k =
=(,75+1,0 B 3aBmcumoctd ot yrma B [2-95];
npd TYpOYNEeHTHOM Te4eHHW K, MOKHO NPHHATH
T4KMM XK€, KaK U1 PaBHOOEAPEHHOrO Tpeyroib-
Huxa (cM. 1. 45).
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47. ConpoTupiieaue HAYAIBHLIX YIacTkoB TpY6
(MOMELLUEHHBIX HEMOCPEACTBEHHO 33 I1aBHBIM
BXOZHBIM KOJUIEKTOPOM), XapaKTEpH3YIOUIMXCH
TEM, 4YTO TEYCHHE B HHX HeCTaOMITM3MPOBAHO
(cMm. maparpad 1-3), moayyaercs Gonbiue, ueM
Ha y4acTXaX CT40MINIHPOBAHHOIrO TeYeHHs. Yem
OnaMxe K BXOQHOMY KOJUIEKTOpY, TeM Oonslue
k03O(QHUUHEHT COMPOTHBJICHHA TPCHHA  Agecr
y4acTKa HeCTaOMIM3MPOBAHHOrO TedeHus. [Ipn
IUTaBHOM BXOAC TOJMUHMHA IOrpaHUYHOrO CJIOA
B MEPBOHAYANBHBIX CEYEHUAX 3HAYUTEILHO MEHb-
e, yeM B MOCACAYIOUWMX, a4 CeNOBATENBHO,
HANpSKEHUS CUA TPEHHA Yy CTEHOK B 3THX
cedeHusAX Gospiie. 3TO OTHOCHTCH KaK K HecTa-
OMMU3HPOBAHHOMY JaMUHADHOMY, TaK M HecTa-
OMITH3UPOBAaHHOMY TYpOyJeHTHOMY TEYEHHIO,
€C/IH TOTOK MOJHOCTBIO TYpOYNH3HpOBaH yke
Ha BXolZe B TpyOy.

48. Ilpu oyeHb IUTABHOM BXOAE, KOrja Iipu
Re> Re,, coznaercs «CMEIAHHBLN PEXUM TeUeHHS,
x03bOuIHeHT A, ., KOPOTKHX TPYD (I/DHHA XOTOPSIX
HAMHOrO MeHbIIE HAYAJIBHOTO Y4Yacrxka) MpH
ONpedcICHABIX 3HA4YeHUAX 4UCna Re 3HawHMTEIBLHO
MeHBIIE A IUTA cTabRm3upoBaHHOro TypOyneHTHO-
ro Te4eHus, YTO 0OBACHAETCS BIAUSHAEM TaMHHAD-
HOCTH HOTPAHHYHOrO CAOA BO BXOAHOM y4YacTkKe
Tpy6sl (cMm. maparpad 1-3). Ilpu Re=2-10°
cpenuuit Kx03pUILEHT COTPOTHBIICHAS TPEHUA Ao
KOpOTKOi TpyOrt mmanoi [,/ D) =2,0 Mersitie A Ans
CTa0WTM3HPOBAHHONO TeyeHns B 7 — 8 pa3 (puc. 2-
5), cm. Taxxe paGory I'. B. dwimmmmosa (2-138).

49. Coszgaune ycioBuH, IpH KOTOPHIX MHOTOK
CTAHOBHUTCA TYpOyJNEHTHBIM TakXe.B TOIPaHHY-
HOM CJlo€ Ha BXome B TpyOy, nmpuBOOMT X MO-
BLIIEHHIO KOIQPHLMERTA A ., U VI KOPOTKHX
y4acTkoB (cM. puc. 2-5). [ToaToMy A KOPOTKUX
TPY0 peaibHBIX YCT2HOBOX (B KOTOpBIX, Kak
[paBWIO, TOTOK HA BXOJ€ 3HAYHTENbHO BO3MY-
uleH) JIOKajdbHOE (MeCTHOe) 3HadeHHe Xo3hdu-
UMEHTA CONMPOTUBIEHAS TPCHUS Apecy CICAYET
OnpelenATh, HampHMep, N0 QopMy’e, TOny4YeH-
Hoit  A. C. CykomenoMm, B.W. Benuuko u
FO. I'. AbpocumoBbiM  [2-122] pns  ycaoBmid
TypOyNeHTHOrO TEYeHHA B NOrpaHUYHOM CJIOE:

Ap
pwi/2 - Ax/Dgy
0,344
" (Re - x/Dg)2

==

! v
Z-uec-r =

=Kecths (2-11)

rae

Reo.os
Kiecr® 1,09 =53,
0,2?

(x/Do)
h — ko3t PUUMEHT COUPOTUBJICHUS TPEHAA INpPH
CTa0MIU3HPOBAHHOM  TedeHHW; Ax=Xx,—X;—
Manblif y4acTOK AJIEHBI TPYOBI OT X; OO X,.
Cpentee 35aueHHe x03bPHUIIHEHTA CONPOTHRIIE-
HHSA TPEHHA Aye; 1O BCell 33aJaHHOH JNTMHE
! HauanbHOrO ydvactka TpyOsl AnA  ycloBHi

2-12)



Puc. 2-5. 3aBUCH- == :
MOCTh KOYbPHULMEH- s = :
Ta COTPOTHBIIEHUSA PR —— _ Qisse : .gi
Tpenus h OT UnCila X\ #e?E g e vy
Peiinonkaca Aasi Ko- < - o/ s ) inldg
TKOro HAYLILHOCD 402 e
yuacrka (1,/Dy=2) N
¢ rAAIKHMH CTeH- qor5 g
KaMH: L]
] — HCOLITYeMBIH  yuac- q01 AN
TOK pacnonoxceﬂ Heno- 21703
CcpeJCTBEHHO 3a map-
KOJLIEKTOPOM q005 P\ /

HbIM
(ly/Dy=0); 2—mexny
KOMIEKTOPOM M HCIbi-

Q005 \\ A= 64/Re

TyemblM YIacTKOM pac- 2004 )
noJoxen NpAMOil Hod- N

BO i ysacToR [~ 4007
toii lo/Dy=0,4; 3—oT-

HOCHTEIbHAS AJTHHA Q002 N,
foaBoJsIero  y4acTKa "1 N
Iy/Dy=3,4; 4— xpupast ao01s A
cONpOTHBJICUHS 1O Baa- N
3uycy; S—xpusaa Ia- \
rena — ITya3eitns 4001
N
0 : D
Q' qr5 82 43 Q% 46 48 10 15 20 30 40 40 Re- 1

TypByJeHTHOTO TeYeHHs B MOrPAHUYHOM ClOe
MoxeT ObITh BBIYMCAEHO MO ApYrod Qopmyre
TeX Xe aBTOpOB:

., . Ap
T owd/2-x/Dy
0,43 Y
"o e O
rae 0,05
, Re™
uet:'l'z 1)36 W (2-14)

dopmyisl (2-11)—(2-14) BepHsl, Mo xpaiiHei
mepe, B mpeaenax 1,7 104<Re <108 Jna npak-
THYECKHX pacuyeToB 3TH GOPMyYJibl MOXKHO mpHMe-
HATh W TpA pacdeTe KaHAIOB HEKPYrjoro ceue-
HUs; KpOMe Toro, BepXHuii npexen Re moxer
OuITh yBenHueH. 3HaYeHHS Ky.or H ki, TNpHBE-
neusl B t1abn. 1 guarpammsr 2-21.

50. [Ipun GonblIAX MO3BYKOBBIX ¥ CBEPX3BYKO-
BRIX CKOpPOCTAX Tra30BOro MHOTOKAa, T.e. MpH
CKHMaecMOM rase, Kak B YCHOBHUSX OXJAaXIcHHS,
TAK H npu aanabaTuveckoM TedeHuu Koddou-
UMEHT COMpDOTHBACHHA TPECHHS Ul yCIOBUM
TypOyNeHTHOrO TeYeHHs B MOFPAaHUYHOM ClOe
[2-122]

}'::x =)";i=c1' [T ( )"c)] 04
H COOTBETCTBEHHO '

ox= Hect I—_-T ()"C)]OA’
rae t(X)—rasomunamudeckas QYHKUMS, OMpene-
asemas 1m0 (1-47); Apeer H Apecr NPHHHMAIOT
cooTBercTBeHHo mo (2-11) u (2-13).

51. TIpH HecTaGMIM3MPOBAHHOM JIAMHHAPHOM
TedeHuH KO0o(QQUIMEHT COMPOTUBJICHHAS TDPEHHS

HAYATLHOrO YYacTXa BBIYMCIMOT mo dopmyine,
amanoruysoit (2-13), B koropoit k.., ABJALO-
umiics ¢ynkumedt mapamerpa x/(D,Re), ompene-
nserca mo tabn. 2 muarpammsel 2-21, noay€es-
HOMY Ha OCHOBaHMH JaHHbIX Dpenkens [2-44].

52. TIpoTouHbIe KaHaNbl ATHHAPHIECKHX TPYO
WIH CTepxHell, IIMPOKO NPHMEHAEMBIX BO MHO-
rux TerwrooOMeHHBIX CHCTemax (mampHMmep,
TEIIOBLIIE/ISIOUME  DIIEMEHTHI — TBINIE — ATOM-
HBIX PEAKTOPOB WiH OOBIYHEIE TCIIOOOMEHHHKH),
HMEIOT (GOpMY nomnepedHoro CedeHUsA, OTIHYHYIO
oT xpyrnoii. OObIMHO CTEPXKHH B IIyYKe pacmoa-
rajoT WM [0 yriaM PaBHOCTOPOHHEro TPEYTroJb-
HHKa, WIK 1o yriam kBagparta (puc. 2-6). ITonpa-
BOYHbIA KO3hbuumeHT A1 HOPMBI CEUEHUS NpO-
JIOIBHOTO TMYHKA 3aBHCUT KaK OT OTHOCHTE/IBHOTO
wara UMNHHAPOB S/d (s— paccTOAHME MEXAY
OCAMM LMWIMHIPOB), TaK H OT (OPMBI yNaKOBKH
WIHHAPOB H WX HHCHA.

53. B caydae jaMHHApHOrO TE€4€HHUS XKHAKOCTH
BROJbL nNyuxka Oe3 ofewaex (B HEOrpaHWYEHHOM

NpOCTpaHCTBe)  MONPaBOYHBIA  KodpouuUMEeHT
[2-68]
8
iy a Al \&°
. el (418 \
w N 5 \\ - 0 5 §
s ' s
a) )]

Puc. 2-6. CxeMbl pacrnoONOXKEHHS HIHHIDAHECKHX
Tpy® WIH CTepXHEH IO yriaam:
4— PaBHOCTOPOHHErO TPeYrobHUKA, 6—xBagpara
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L (#-1)3
= b= T R T E T

roe d=d,/d,
a) Tpd PACMOJIOKEHHH UMIMHADOB MO YTIAM
PaBHOCTOPOHHErO TPEYroJIbHMKAa (TpeyrojbHas

yIaKOBKa)
2. /3\V?
d,=< ) s;
T

oy}

s
B stoMm cay4ae mpu 1,0<2< 1,5 monpaBoyHsiit

K03 bHIUeHT
k,=0,89s/d+0,63;

0) npH pacnONOKEHWH NWIAHAPOB HO YIIaM
KBaapaTa cO CTOPOHO#A s

d,=2s/ /m;

D, =4s*/(nd)—d

k,~0,965/d+0,64.

54. B cay4ae TypOyneHTHOro TeveHHS XHJ-
KOCTH 1epe3 nydoK Cco CBOOOZHBIM (0Oe3 06e-
yaiiku) pACMOJOXEHHEM IMIHHADOB INpU Tpe-
YyronpHON MM KBaAPATHOH ymakoske ¢ s/d=1,0
nompaBodHeli  koahdmmment k,=0,64 (cM.
M. X. UGparmmoB u ap. [240)).

Ilpu ynmakopke Majgoro 4YMciIa IUIMHAPOB
B ofecuaiixe noupaBodHBIA KOIQGPHIMEHT BO3pac-
TaeT U MOXET OmTh 0OJblle eTUHUIBI.

OTHOCHTEIbHBIA Iar IMMAHAPOB S/d BIMAET
Ha KO3((HMIHEHT CONPOTHBJICHHA MO-Pa3sHOMY —
B 3aBHCHMOCTH OT GOpMEBI ynaKoOBKHM (CM. Oua-
rpaMmy 2-9).

TIpu opeOpeHuy IMIMHAPOR B Mydke ¢ obewaii-
kot n s5/d=1,05 nompaBouHwll x03QdUMHMEHT
MOXHO OpHHATH TakKHM Xe, KAK H JJIA KOJbIC-
BhIX TpyO c opebpemmem (cMm. mm. 39 u 40).

55. ®opMa (OXpYIJIEHHOCTB) IONEPEYHOrO
CeyeHHs IUIOCKOCBODAYHBAEMEIX TPYO (W3 MeTa-
MAYECKUX JIEHT) 3aBHUCHT OT MX pa3fAyTHA Ton
BJIAAHHEM BHYTPCHHEro IABJCHHA H XapaKTcpH-
3yercs OTHOIUCHHEM MOAYyocei CedeHus agofb,.

Ko3h¢pHuuueHT conpoTHBIeHHS TPpeHUd ILIOCKO-
CBOpAQYUBAcMEBIX aTIOMHHHEBBIX W CTATbHBIX TPYO
(cm. B. . Mapon u T'. A. Poer [2-74)):

npu 4-10°<Re<4-10%

A,

)‘=Reo.zs’

a npu 4-10*<Re<2:10°
A,

)‘=Reo.12’
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rae koadpdummeHTsl A; H A, 3aBHCAT OT OTHOLUE-
HUs Mnonayocell TpyObt ao/b, u onpeaesisroTcs
no auarpamme 2-10.

56. ConpoTuBieHde cTanbHelXx TpyD co cBap-
HbIMHM CTBIKaMH, 0OpH KOTOPbiX 0Opa3yroTtcs
HAITBIBKL MeTanIa (rpar), Gonbiue CONMpOTHBIIE-
HHs criomHbix Tpyo. JomonHuTeNbHOE COMpO-
THBJIEHHE CBapHBIX TpPYO IPH PACIONOXEHUH
CTHIKOB OJMH OT [OpYroro Ha OTHOCHTE/bHOM
paccrosun  I=/_[5_.>50 MOKHO TNpUHSATH
MOCTOMHHBIM, HE 3aBHCAIIAM OT /.

B npencnax /<50 BauAHHE CTBHIKA CHHXKACTCH
C yMEHbIIEHHEM OTHOCHTEILHOrO pPAaCCTOAHHA
MeXIy HUMH, TaK YTO

Ccr =k4§2n

rae {., u (O —xoapopummentrr conpoTusieHus
OJHOTO CTHIKA COOTBETCTBEHHO Ha JIOOOM pac-
crosuuu | u Ha paccrosuuum [=50; k,—rmo-
TpaBKa, yYHTBHIBAIOHMIAdA B3aUMHOE BIMSHHE CThI-
KOB. OTa NoflpaBKa MOXeT ObITh NPHOMKEHHO
OIpeneicHa HA OCHOBaHUY 3aBUCHMOCTH k03¢¢u-
OMEHTA COUPOTHBJCHWS NPOLOJIBHOTO pAna
IIMTHHAPOB, IOMELIEHHBIX B TpyOe, OT OTHOCH-
TeNLHOTO paccrostius [=[ /d=[[d Mexnmy mH-
nWHApaM¥ —B BHIe ([2-18]:

Cu=n, [21g7+ 1] (d/Dy) 4, (2-15)

FAe n . -— YUCNO IMATWHIPOB WM B JAHHOM CiIy4ae
YHCITIO CTHIKOB HA YYaCTKe TPYObl 3a1aHHOM ATHHEL.

57. B3aumHOe BIHAHHE IMUIMHAPOB IPOLOJIL-
HOro psja NpoABJIAETCH NpHMEPHO 10 [=350.
B3aauMHOe BIHAHHE CTHIKOB AHAJIOTHYHO TAKOMY
Xe BIHUAHMIO WWIMHADPOB B MPOAOJIBHOM DAXY.
IToatoMy mnompaBky 4, MOXHO HPUOIMKEHHO
onpeaenats Kax otaomenue (/G o OTO
3HAYMAT, 9YTO HA oCHOBaHMHU (2-15) mocie COOTBeT-

_ CTBYIOIIMX COKpAIeHN’k OymeT MNOJy4eHO

k,=023[2lgl+1].

Kosppunmenr (2. onpenenstor B 3aBUCHMOCTH
or &.,/D, mo rpapuxy a mmarpammel 2-1 wmn
oo dopmyne [2-6]:

Cgl‘ = 13!8 (8‘:1-/D0)3l2 =k5 (SGT/DO) 32wl

OO6uee
CTBIKAMH

CONpOTHBIEHUE Yyd4acTka Tpy® co

1
=n_ (2= ,
C nc'r ( Do + CCT)

Tde A OmpeaemsioT B 3aBHCHMOCTH OT Re u A Ha
auarpammax  2-1-—2-5. A

58. CThIXY, BHITTOJHEHHbIE JYTOBOA W KOHTAKT-
HO# CBapKoif, OKa3hIBAIOT 3HAYMTEIbHO MEHbIUCC
BIIMSHHE HA COMPOTHBJIEHHE, YEM CThHIKM C TMOM-
KJagHBIMA XOJNbLAMH, TaK KaK BBICOTa CThIKA

*! CornacHo onsiram  [2-6], xoa¢pduuneHT
ks=8,26 njis CIBIKOB HPSMOYTOJBLHOH (QOPMEI
H ks=4,14—nns CxpyrineHHbIX CTHIKOB.



IpH 3TOM MOJYYaeTCss COOTBETCTBEHHO MEHbLIE.
B cpelHeM MOXHO MPHHATbL «¢IKBUBAJIEHTHYHO
BBICOTY MAYTOBOTO H KOHTaKTHOTO CTBIKOB» *!
5,,=3 MM, B TO BpeMs KaKk BBLICOTa CThIKA
¢ MOJKJaJAHLIMH KONbLUAMH &.,=35 MM.

59. ConpoTuBleHHE CTalbHLIX TPYO ¢ MydTO-
BLIMH CTBIKAMH LIS ITPAKTHYECKHX PaCYETOB
MOXHO NMpHHMMAaTh TaKWM Xe, Kak COMpOTHBJe-
HHe CBApHBIX Tpyb.

Ilpu pacvere TpyOoNMpOoBOJOB W3 HyryHa
MOXHO 1peHeOpeub TOMOMHATENbHBIM CONPOTHB-
JleHHeM, BbLI3BIBAEMbIM HAIMYMEM PacTpyOHBIX
CTBIKOB.

60. Hamryue Ha BHYTPEHHEH TTOBEPXHOCTH TPYOBI
KOJBIIEBbIX BIEMOK TaKXKe MOBBIIIAET €€ CONMPOTHB-
nerrie. Ofblee CONPOTHBICHHE YIACTKa C BhIEMKAMHU

Ap ]
= =n (A2
=i "‘( D0+C‘)’

rae n,—4HCJIO BBIEMOK Ha paccMaTpHUBaeMOM
yyacTke TpYOBL;, /,—PpacCTOsHHE MEXIy BbIEM-
xamH; {,—Ko3bPUUHEHT COMPOTHUBIEHUA OAHON
peiemkn; npu [/Dg>4 [2-133]

Cn = 0’046 b/D07

roe b— mMpHHA BbIeMKHY,
npH [/Dg=2

£,=0,059b/Dy;
npu [,/Dy<4
&=/ (6/Do, 1,/ Dy)

onpegesseTcs no aMarpamme 2-12.

61. ¥ Bonosoaos I'9C, GriBIUX B 3KcHIyaTa-
MM, BO MHOIMX CJIy4asX CYIUECTBEHHO MeHseTcs
1IepoXoBaToCTh CTeHok. [l ydveTa BIHMAHHA
atoro ¢aktopa [2-7] B (2-10) pexoMennyercs
BBECTH MHOMOJHHTENbHLI# mnapaMerp «, (mo-
NpaBka Ha MECTHYIO WIEPOXOBATOCTh), Tak 4TO
yxazaHHas ¢opmyna npuobpeTaeT BHI

68 0,25
X=O,11(5+ami—e') .

IMapameTp o, MOXET MEHAThCS B MIMPOKHX
npenenax (cMm. tabn. 2-5).

62. TIMlosepxHocTu OGeTOHHBIX TPYOONpPOBOJOB
OT/IHYAIOTCH OT NMOBEPXHOCTH APYrHx Tpyb TeM,
YTO Ha HHX OOBIYHO MMEIOTCH IIBbI, MPOJOJIbHBIE
H TOmepeyHble, Cilefbl OnNanyOkH, pPaKOBUHBI
H IpyrHe HEPOBHOCTH. B mpomnecce-3xcILIyaTanuy
cocTrosiHde OeTOHHBIX TOBEPXHOCTEeH TpyOompo-
BOJOB H3MeHseTcs, T. €. IepOoXoBaToCTh YBEH-

(2-16)

*! TMon «dKBHBaNEHTHOR BBICOTOH AYTOBOIO
H KOHTaKTHOrO CTBLIKOB» TIOHMMaeTCs BBICOTA
CTBIKA € TOAKJAJHBIM KOJIBIIOM, CONpPOTHBJIEHHE
KOoToporo JKBHBAJIEHTHO CONMPOTHBIIEHHIO CThI-
KOB, BBIMOJIHEHHBIX JYTOBOH HJIM KOHTAKTHOI
CBApKO#.

4YuBaeTCA. an pacyeTe CONPOTHUBICHHA TaAKHX
TpyOONpOBONOB  BIMAHME CTBLIKOB, MECTHBIX
COTMPOTHBJICHUH, 3apacTaHHil H Jpyru{X OCIOXK-
HAKOLWIUX d)axropos MOXHO TakXKe Y4Y4TbIBAThH
no (2-16), B xoTopyio BXOAMT MNoONpaBka o,
3HaYeHUs KOTOPOH mpuBedeHbl B Tadm. 2-5.

63. OG6pa3oBanue otnoxenuit B TpybGomposo-
Jax NpencTaBiseT coOOH KOMILIEKCHBIA npolecc,
3aBHCAIUMA OT (U3IHKO-XMMHYECKHX CBOWCTB
TPaHCMIOPTHPYEMOMR JKMIKOCTH (C yYeTOM MeToja
u macuTaba ee ouucTKH), Marepuana Tpybonpo-
BOAa H XAPAKTCPUCTUKH NOKPHITHA, a4 Takke
OT TMAPAaBIAYECKHX NapaMeTpOB — CpPefHedl CKo-
POCTH TeHCHHs, JaBJIeHUS XHUAKOCTH M AMaMeTpa
TpyO®L.

64. YVuuTeiBas cBoiicTBa BOALI 0GpPa30BLIBATHL
oTNiokendd, Kamepmiteitn npeanaraer npupon-
Hple BoAbl pa3sOHTL HA CAEAYIOW(HE TPYIIILI,
KakJas U3 KOTOpPHIX onpenenseT XapakTep W HH-
TeHCHBHOCTb IHpollecca NOHMXKEeHHS NPONMyCKHOM
crnocoGHOCTH TpyOolpoBOAOB.

I'pynna 1. Cna6oMuHepaiH3oBaHHble HEKOPPO-
3HOHHBIE BOABI C ToKa3aTejeM CTaGHIbHOCTH
or —0,2 no +0,2; Boma c He3HAYUTEILHBIM
COOCPpXKAHHEM OpPraHM4YeCKHX BeIUeCTB M pac-
TBOPEHHOTO JKeje3a.

I'pynmna II. CmaGomuHepam3oBaHHLIE KOpPpoO-
3MOHHBIE BOJB! C IIOKa3zaTerneM CTaGHIBHOCTH
no —1,0; Boael, coaepxaluMe OpraHAYecKue
BellIeCTBA M PACTBOPEHHOE )KeJIe30 B KOJIHYECTBE,
MeHblleM 3 1/M°3,

I'pymmna III. BecbMa KOppO3NOHHEIE BOJIBI C TIO-
Ka3aTejeM craGmiubHoctn oT —1,0 mo +2,5,
HO C MaJIbIM COZEpKaHWEM XJIOPHOOB M CyiIbda-
ToB (Meubme 100—150 r/M3%); Bomm ¢ cogep-
WaHHeM 3eie3a 6oisie 3 r/m3.

I'pynna IV. Koppo3HoHHble BoABI ¢ oTpHUHa-
TEJLHBIM NOKa3aTeNeM CTaGHILHOCTH, HO ¢ 60JIb-
MM ColepXaHHeEM CyJsdaToOB H XJIOPHUAOB
(60mbme 500 — 700 r/m>); neo6paboTaHHble BOAbI
¢ 60IbIIMM comepKaHHeM OPraHHYeCKUX BEILECTB.

I'pymma V. Bopbl, xapaxTepH3ylouuecs 3Ha4H-
TeJbHOH KapOoHaTHO# u ManoH mOCTOAHHON
ILIOTHOCTBIO. € ToKa3aTeleM CTabWiIbLHOCTH
oosee 0,8, cuIbHO MHHepalM30BaHHBIE H KOp-
PO3HOHHBIE BOJBI.

65. 3aBHCHMOCTb BBICOTHI BBICTYIA IIEPOXOBA-
TOcTH A, (B MM) OT YHCia JET 3KCryaTauuH
onpenenseTcs GoOpMyJIoil, mosyyenHodn MocTko-
BbIM Ha OCHOBaHMM onbiToB Kamepmredina:

A=A+al, 2-17)

rae . A —HawanbHOE 3HaUeHHE BBICOTHI BHICTYTOB
mepoxoBaTocT (cM. Tabi. 2-5); a,— CKOpOCTh
yBeJIMYeHUs BLICTYNIOB IIEPOXOBATOCTH (MM
B rox), 3aBHCAmas oOT (GH3HKO-XHMHYECKHX
CBOWCTB Boanl (cM. Tabm. 2-1).

66. 3aBucuMMOCTL TNpPOMYCKHO# cmocobHOCTH
Tpyb6OonpoBofoB BOAOCHAOXeHHs OT Cpoka HX
city0bl, CBOACTB TPaHCIOPTHPYEMOM BOIBI H HA-
MeTpa TpyGonposoaa BuipakaeTca (opmyroii
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Q,=Q(1-0,01ney),

roe (J-—pacd4eTHas TIPONYCKHasA CHOCOOHOCTD
Tpybonposona; 1, — IPOAOIIKHUTENBHOCTS
JKCITVaTalMH B TOA4X; n W m—MmapaMeTpsl,
3aBHCALHE OT (PHU3UKO-XHMHUYECKHX CBOICTB
TpaHCIOPTHPYeMo# Boas! (cMm. tabm. 2-1)*!,

2-1. 3navenns napaMeTpoB o *, n, m

I'pyu- Ouamerp
na |Tpybomposonz | o,, MM B roj n m
BOAOBI Dy, MM
I 150—300 0,005—0,055 |44 |05
400 —600 0,025 23105
11 150—300 0,055-0,18 6,4 10,5
111 150—300 0,18—0,40 (11,6 | 0,4
400 — 600 0.20 6,4 10,5
v 150—300 0,40—-0,60 18,0 } 0,35
400 —600 =7 (11,6 | 0,40
0,51
v 150—300 0,60 — 3,9 32,0 | 0,25
18,0 | 0,35
* 3vayeHHe TmapaMe€Tpa o, BO3pacraer
¢ yMeHblUEHUeM aUamerpa TpyOorposoaa.
[MpumMmeuanHe. B uHcIHTeNe NpPHUBENEHBI
npeaejibi. M3MEHCHHA O,, B 3HaMeCHaTeClC—
HauboJlee BEpOATHOE CpelHee 3HaYeHHE.

HBIX BO3yXOBOJOB B MpOLECCE IKCILIyaTalHH
MOXHO y4eCTh 10 QOpMyNe, aHaTorHyoi Beipa-
xenuro (2-17) [2-62]:

A=A+a,t,,

rae d,,—CKOPOCThb YBE/JMYEHHN BRICTYMOB LUIEPO-
XOBaTOCTH, MM B Mecan (cM. Taba. 2-2);
t,— NpONOIKUTEILHOCTD  OKCILIyaTalluu, Me-
CHLILL.

70. [BuxeHWe raza B rasonpoBomax HH3KOrO
nasjenud, no nasHeiM B. B. Jarouwnoro [2-31],
BO3MOXHO NPH BCeX pexXHUMAX, KpoMe KBadpa-
THYHOTrO, 4 JBWXEHHE Ta3za B Tra3onpoBoaax
CpeaHero M BBHICOKOIO J@BJeHHS MPOUCXOIUT
OPH MEPEXOJHOM M KBRAPAaTHYHOM DEXHMAX.
B ocHoBHOM Bce razomnpoBoasi paGoTaioT B Iie-
pexonHo#it obiacTu.

YTO0YHeHHBIe HOpMYyJIBI pacyera ra3onpoBOxOB
HU3KOTO H BBHICOKOTO HaBJIeHAs cM. [2-6].

2-2. CkopocTb YBeIHYeHHN BBICTYNOB
11epOX0BATOCTH BO3AYXOBOJAOB BO BpeMms
akcnayatauun [2-62]

67. TazompoBoant Omaromaps ©oJlee 3Havu-
TEJbHHIM CKOPOCTAM IIOTOKa MeEHblIEe MOABEp-
FAlOTCH MEXaHWYECKUM 33rPA3HEHHSM, YeM BOJIO-
nposoabl. Ilpm cyxmx rasax, ecad BHYTpPeHHsSA
NOBEPXHOCTE TPYOBI HE MOABEpPraeTcs KOPpO3HH,
IIEPOXOBATOCTh MOXET Jaxe HECKOJBbKO CHH3HUTHCH,
TaK KaK TpyOsl oTyactd HUIHQYIOTCS CYXUM ra3oM.

68. Biara, a TaxXe cogepxamuecs B rale
CepOBOJOPON, YIJIEKHCIIOTa H KMCJIOPOX Crnocob-
CTBYIOT XOpPPO3MM MeTaula Tpyl, KoTopas
COMPOBOXKAACTCS U3IMEHEHHEM pa3MepoB, GopMbi
H pacnpeliefienus BBICTYTIOB IIEPOXOBAaTOCTH Ha
BHYTpeHHeH NOBCPXHOCTH TpyGompoBozaa. Ilpo-
NyCKHas CNOCOGHOCTD . MATHCTPAILHBIX ra3onpo-
BOJOB CO BpeMeHeM CHIXaeTcs MHoraa Ha 15%
H Golee BcleACTBHE KOPPO3MH H HX 3arpA3HEHUA.

69. VBesHu€HHe BBICOTHI BBICTYNOB I€époXoBa-
TOCTH BHYTpeHHell MMOBEPXHOCTH BeHTHJISIHOH-

*! YpenHueHHe THAPABIMYECKOTO CONPOTHBIe-
HHs TpyGonpoBoaoB BoAOCHAOKEHMA B Ipolecce
JKCIUlyaTallMd yTOYHeHO B pabore [2-128]

72

ObnacTts fpuMeHesus Mectabiit Oy
BO3AYyX0BOOOB oTCcOoC MM B Mecan

IMaitka Menxux "pa- | Boponka 23—44

IHoxeranel Ha KoH-

BeHepe ¢ mpuMeHe-

HueM ¢moca KCT

IMporutka Gakenn- | Kamepa 6a-{ 0,92—1,36

TOM abpa3uBHLIX | KEJTHTH3a-~

KpYros AU

TIpurotoBnenne xy- j Konsuesoir | 0,34—0,49

JTMHApHBIX H3xenui

H2 KYXOHHOH ILIHTe

Xpomuposauue u3- | Isyx6opro- | 0,49—0,80

[eJMA B TrajlpBaHMU- |BOH OT BaH-

4eCKOi BaHHe HBI

Beixsionuodi yuacrox — 0,03

BO3IyXOBOoga, pac-

TIOJIOKEHHBIH BHE

30AHUA

71. ComnpoTtuBienue rubkux Tpyb, BBINOI-
HEHHBIX W3 MeTauluyeckoit JseHTHl (MeTamno-
pyxaBsa, cM. auarpamMMmy 2-13), CYIECTBEHHO
Gonsme (B 2—2,5 pa3a) conpoTHBIIEHH TIagKHX
Tpy6. B npenemax uucen Pelinonpaca Re=
=5:10*+4-10° xo3pdHUHEHT CONPOTHBIIECHHSA
TpeHHs TaKHX TPYO H3MEHAETCH HE3HAYUTENILHO
(A=0,025+0,0285). ITpu 3ToM OH 3aBHCHT OT
HampaBficHHs JIBWXEHHd BXOJL pyKasa: UOpH
cOeragHl TOTOKZ ¢ KPOMOX BHYTpeHHeH JSICHTHI
A Hecko/Ibko MeHbllie, 4YeM TIpu Haleranun Ha
HUX noToka [2-146].

72. TMoBbillleHHBIM THAPABIHYECKHM CONPOTHB-
JeHueM o0nagaloT ¥ rubkMe  BO3ayx0BOABI,
H3rOTOBJICHHBIE MyTEM HABHBKM JIGHTBL U3
CTCKJIOTKAHH HaA l(apxac H3 CTajIbHOIl MMpOBOJIOKH.



ConpoTHB.IEHHE TaKHX BO3AYXOBONOB B OCHOB-
HOM oOlpeaendeTcs CXNAA4aATOCTbIO HMX MOBepX-
HocTH (2 He oObIYHOH mepoxosaTocTuio). Koad-
¢ULUHEHT CONPOTUBJIEHHA TPEHHA CTEKJIOTKaHe-
BLIX BO3OYXOBOAOB C PEryjlspHO# ckiaavaToil
[IOBEPXHOCTBLIO MOXET OBITH ONpesAesieH MO Mpel-
noxkenHoil B padore JI. C. Knsuko u T. I'. Maka-
penkoBoit  [2-33] npubmkxcHHOR  QopMyse,
oTpakaromel CTPYKTYpHYIO 3aBHCHMOCTb A OT
JuaMeTpa BO3JYXOBONA H IUMPHHBI JIEHTH! b:

Az, (DO/D o) Do/Pq (b/bo)m,

rae Ay, Do, bg—cooTBeTcTBeHHO KO03bDOHIHCHT
CONpOTHBJICHHs TPEeHHA, [JHAMETP H IUMpHHA
nenTht  0a3oBoro  BO3AYXOBoH3; A,=0,052;
Dy =0,1 M; by;=0,02 M; m—xoadpdunuenr, yyn-

THIBAIOIIMHA W3MEHEHME IIara HaBWBKH, AJIS pac-

cMaTpUBaeMoi KOHCTpykuwn m=1/5. Bo3amyxo-
poasl nHameTpoM D <0,2 M uMEOT WHpHHY
CTEKJIOTKAHeBOA JIEHTHI b=0,02M, a aHaMeTpOM
Dy>0,2 m—mupuHy 5=0,03 M.

Bonee TouHble 3HaueHHS A CTEKJIOTKAHEBBIX
BO3AYXOBOJOB, [TOJYHYEHHBIE OIKCIEPHMEHTAIBHO
[2-53], npHBefeHBI B COOTBETCTBYWIEH Tabmune
maarpaMMel 2-13 B 3aBHCHMOCTH OT AMaMeTpa
D, u uncna PeiiHOMbACA.

73. CompoTuBieHHe THOKHX ToQpHpoBaHHEIX
1py® npm TYpOyJeHTHOM TEYEHHH 3aBHCHT OT
OTHOMICHAA BBICOTHI h rpebuis rodpa k ero
JUTHHE /. B Majlo 3aBHCHT OT 4ucjla PeilHoJbAca.

KosbduuueHT CONpOTHBNEHHWS TpeHHs A
aDMHDOBAHHBIX DE3HHOBBIX DPYKaBOB, XapakTe-
PUCTMKH KOTOPBIX NpPHBEACHHI HA JHarpamme
2-14, ne 3aBHCHT OT uHcna PeifHonbnca B mpeme-
nax uaMexenus ero ot 4000 M Belme BCIEACTBUE
3HAYHTENBHOM IIEPOXOBATOCTH I3THX PYKaBOB.
3nHaveHe A C yBelMYEHHEM JHAMETpPa DYKaBOB
pacTeT, TaKk Kak BMeCTe¢ C JTHM YBEJIHYHMBAETCA
1 BbiCoTa BHyTpeHHuX py@Gnom (cm. [2-131,
2-132]).

Tlpn omnpenenesun mnoTeps DaBieHHs mo (2-2)
BMECTO d,., CI€AyeT NOACTABNATh dy,,, OTpEne-
JeHHoe no rpadpuxy 6 Auarpammet 2-14 B 3a-
BHCHMOCTH OT CPEJHEro BHYTDEHHETO AaBJICHHA.

75. Ko3bduiuaeHT CONMpPOTUB/IEHHS TpEHHS
A INagKHX DE3UHOBBIX PYKABOB, XaPaKTEPHCTHKU
KOTODHIX MpUBeJeHbl HA auarpamMme 2-15, MoxHO

HaWTH 1o dopmyse B. ®. Tompumana x
®. A. Illepenena [2-132]:
A
T Re0-265°

rae upm umciax PeitHOmbaca . (Re=wqd, ,/v)
5000 — 120 000 Benuumsa A=0,38+0,52 (B 3aBu-
CHMOCTH OT KayeCTBa pYKaBOB).

Ilpn onpepenennu moteph maBiieHHs 1o (2-2)
PacYEeTHBIA AWAMeTp claeayeT HA3HAYATL HCXOOS
M3 CpesiHero BHyTpeHHero gaBjieHHs (mo rpaduxy
0 puarpammel 2-16).

76. KooppHUMEHT COMPOTHBJICHHA TpEHHA
A IMajgkux apMHpOBaHHBIX DE3HHOBBIX DPYKaBOB

onpedenAwoT mno rpadudxkam gHarpaMmbel 2-16
B 3aBHCHMOCTH OT CPE[HErO BHYTPEHHEro nasle-
HHS U d .

Tlpu onpenemesuu mortepr naBiaeHHs Mo (2-2)
cleflyeT NOACTABNATL He YC/AOBHBIA JHaMmerp
pykapa, a pacueTHBIA W [UIMHY PyKaBa YMHOXKATb Ha
nofnpaBoYHbid KOIpHHUMEHT Kk, KOTOPHIA HAXOMAT
no rpaduxaMm g ¥ ¢ THarpamMmsi 2-17 B 3aBACHMOCTH
OT CPEAHEr0o BHYTPCHHErO [JaBIIEHUA.

71. duaa tpy6 Gombimx puamerpos (300 —
500 MM) 43 npopeswHeHHOro MaTepdalia, IpH-
MEHSEMBIX 78 NpPOBETPHBAHHA ILAXT, C COeAH-
HEHHAMH, OOBIYHO BBHINONHAEMBIMH C MOMOIIbIO
NPOBOJIOYHBIX KOJIEN, 3AaIeJaHHBIX B  KOHIIBI
natpybkoB (cM. mmarpamMmy 2-17), cymmapHoe
conpoTHBJIeHue ckiagsiBaeTcsa (mo I'. A. Apamo-
BY) H3 CONPOTHBIICHHA TPCHHSA W COTPOTHBIICHHUA
COEIHHEHHIA:

‘ Ap N lc,+c
= =n ———
pw(z,/Z ‘\' Do A

e n,—4HUCIO coemwuHeHui; A (CM. gHarpamMmy
2.17) onpemeialoT Ans  pa3dYHBIX CTemneHed
HATAXKCHUSA: IUIOXOro (C GONBMIMMM CKJIaJKaMH
H H3JTOMAMH), CpenHEro (¢ He3HAUNTEIbHBIMH
CKJIafKaMH) W Xopomero (Ges ckiamok); [, —
PacCTOSTHHE MEXIY CThIKaMH, M; (. —xoaddu-
UMEHT CONPOTHBJIEHHA OJHOrO COENHHEHHS (CM.
JHarpamMmy 2-17).

78. KosddbuuvenTol CcONpoTHBICHHUA TpeHUs
A darepubeix TpyO (43 Gepesoso¥l daHephl ¢ Mpo-
JONBHBIMH BOJOKHAMMY) ONDEREJISIOT MO MaHHBIM
I'. A. Agamosa u W. E. Upenbuuka, npusenes-
HpIM Ha nOmarpamme 2-18 [2-1]

79. KosdbdunnaeHTsl CONPOTHUBIEHAA TpeHH:
TpyO ¥3 MOJHMEPOB (ILUIACTMACCBI) MOTYT OBIThH
onpeneneHl 0O ¢QopMyaaM, NpelloXEeHABIM
10. C. Oddenrengenom [2-91, 2-92] u npuBenes-
HbIM Ha Juarpamme 2-19. Tam xe yKasaHsl
obnacti npuMcHeHus 5THX dopmyn. Kax mpa-
BHJIO, ILTACTMACCOBRIE TPYORI OTHOCATCS K MaJo-
miepoxoBaThiM (A< 30 MxM).  Haumensuryro
abCOMIOTHYIO IIePOXOBATOCTh HMCIOT TPYOHI M3
bTopontacTa, - HanboIBLIYI0 — CTEKIOMIACTHKO-
Bble W (aoaHToBnie. Y INTaCTMacCoBBIX TPYO
HabnogaeTca TakKe MHKPO- H MAaKpOBOJIHHC-
Tocth [2-92]. B nepBoM npubmukenuH Ipu
5-10*°<Re<3-10° (¢ morpemHocThio 10 25%
u Oosee) mia% rUapaBIHYECKOro pacdera Miacr-
MAaccoBBIX TPYG MOXHO MCIOJIb30BaTh GopMyiy
Kom6pyka — Vaiita (2-9) unm' 6:u3kHE X Hed
dopMysil (CM. BBILLE) C MOACTAHOBKOH 3HAYCHHA
A, npuseleHHsIx B Tabn. 2-4. 14 moaudTHIEHO-
Buix (HecTaGunu3uposaHHBIX), (ropomracrosuix
H MOJHIpPONHJAEHOBbIX Tpyo 3HadeHWe A mHe
OUpENeNsIOT, Tak KAk X HHUX KOIDOHIHEHT
A MoxeT OwITb Haiimed mno dopMysaaM ang
rnagkax Tpyo [2-921.

80. KoappuuueBTsl MeCTHBIX COMPOTHBIICHUA
Pa3UYHLIX BHIOB CTHIKOBBIX COCJAMHEHMI MnacT-
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MaccoBhIX TPYO MOryT OBITb ONpedeseHbl Mo
cooTBeTcTBYoIMM dopmynam [2-92], npusenen-
HeIM Ha agarpamme 2-20. Haumensliee runpas-
JIMYeCKOe COMpPOTHBIIEHHE HAOIOJaeTcs IpH
My}TOBOM cOefMHeHMH, a Haubombiee —IpH
CBapOYHOM (B OCHOBHOM H3-3a ILUIOXOTO Kayecrsa
CBapHOTO INIBA).

81. Bce pexOMEHAOBaHHBIE BLIMIE 3HAYEHHSA
A OTHOCATCA K HeCKHMaeMOH xmaxocTtu. [na
NpHOAMKEHHOrO Y4YeTa BJMAHHA CKAMAeMOCTH
raza npd odyeHbs GONBINOH [AIHHE YYaCTKA MOXET
OblTh HcmoOnb3oBaHa (QopMyna, HoJIydeHHas
®. C. Boponmubmv  {2-221]:

k—1 -0,47
)“Cx=)a<l+"—2—"Maz> ’

rae A, A, — K03huIenTsl CONPOTHBICHHS Tpe-
HHS COOTBETCTBEHHO IpH HECKHMAeMOH
CXAMaeMO# KHIKOCTH (rase).

dopMmyna MOATBepKAAET, YTO C TOYHOCTHIO
10 3% BAHAHHEM CHHMAEMOCTH MOXHO MpeHel-
peub ans 3HadeHuirs Ma no 0,6. 3aMeTHOE
yMenbllenne kodduunenta A, Habmonaercs
TONBKO B Y3KOH OKOJIO3BYKOBO# OO6nacTH, a Tak-
e TIpH CBEPX3BYKOBBIX CKOPOCT#X TMOTOKa (mpH-
MepHo Ha 15%) [2-121, 2-122]

82. [Tpu mBMXEHHU XHUIKOCTH B TpyOomposone
MOCTOAHHOrO CEYeHHA C OTTOKOM HJIH MPUTOKOM
YACTH IOTOKA Yepe3 NOpHCThIe GOKOBBIE CTEHKH,
NpONOJbHYIO Wedb Wi GOKOBbiE OTBETBICHHUS
KoqutekTopoB (pHc. 2-7) xodbduuneHT COnpoTHB-
JICHUA TPCHHUA A H3MEHHeTCsa BCJIEeACTBHE H3ME-
Hewus BIOML IMYTH CKOPOCTH MOToka (Yucna Re).

83. JloxanbHelil Ko3¢dOhUIHEHT CONPOTUBICHHS
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Puc. 2-7. Cxembl TeueHHsl KHIKOCTH
B KOJLIEKTOPaX € H3IMEHeHHeM pac-
X0Ja BJ0Jb NYTH; KOJIEKTOPLL
2—c nepdOpHPOBAHHLIMM CTEHKAMN; 6—C¢
NpoACILHOH wWeski; A—c GoxoBnMEe oT-
persiaennsmy: 1 —v=10=const; 2—7¥
| IPR NepeMeHHOM OTTOKe

TpeHHs A, LMIMHIpHYECKOil TpyOul
C TODHCTBIMH CTEHKAMH NIpH pas-
HOMEDHOM M KpPYroBOM (110 BCEMY
MepUMETPY) OTTOKE, T.é€. Koraa

L
i

i=vfg=1 1 w=w/wy=1—-04%,

B Cyvae JAMHHapHOTO TEYEHWA BhI-
YHC/IAETCA HA OCHOBE (POpPMymI, MO-
JTydeHHOH II. Y. BeictpossiM
7 B. C. Muxaiinossim [2-18]*%:

Aa=32 (3+do)/[Rep (1 —t00)]-

3aech vg= oW,/ f— CpemHss CKOPOCTh
orroxa (mpHTOKa) uepe3 OOKOBLIC
otsepcrus; f=) f/F,— OTHOIIeHUE
~ CyMMapHO# miomand GoKOBbIX OT-
BEPCTHi (OTBETBICHHA) TMOPUCTOrO
yuactka  TpyOe;  ao=1—w;/w,;
x=x/l, Reyg=wyDy/v; 4, onpencns-
ercs mpoduieM CKOpPOCTH HAa BXoae B pas-
Jaromui kosrekrop (as mapaGomayeckoro mpo-
uns dy~ —0,17, W18 KOCHHYCOMOAILHOrO do~
~~0,33); wy U w,;—cCpeguas CKOpoCTb COOT-
BETCTBEHHO B HawadbHOM (x=(0) H KOHECYHOM
(x=1I) ceuenHmsx MOpHUCTOTO y4acTka TPyOBL
KosdpduuueHT ruapasjindeckoro CONpOTHBIE-
HHA NODHCTOro y4acTka TpyOsl Amumoii [ [2-44]

Ap 32(3+4d,)
E———=l D 1_0’5 .
P °[ Re, (105
84. Jloxanbueiid xo3dpdultMesT CONPOTUBIEHAN
TpeHHs A, NpU TeX Xe YCIOBHAX, 4To B M. 33,

B cny4ae TypOyneHTHoro TeyeHMs H [pH
20<L/D<125 muumcnsercs no  GopMynam
[2-181:
npu €'<0,2
Ay =A+5,54€"v/w; (2-18)
opu £'>0,2

N
A=A+ 5,54 v/w+—= <l
€ v/w

"evfw

_Y W“). (2-19)

3peck A—xoabduuMeHT CONPOTHBIIEHHA TPEHUA
rIaAxoii TpyObI, ompefesseMbli 1O AHArpamMme
2-1;

N,=0,0256B (¢ - v/w)®**%;
' A—A

B=o,2—x’

*1 Bpeneunslif aBTOpoM B 3Ty GopMyny Koad-
(QUUHEHT O, PACTpOCTPAaHAET ¢e H Ha Clyyai
TpaH3IHuTHOro pacxoda (o,<1).



A, HaxXoOAT H3 BBbIPAKECHHA
lgh,=lghexp(—6,63¢"%),

rne & —X03QPHUIMEHT TOPHCTOCTH  CTEHOK

TpYyOBI.

B umrepBane 20<//D<125 xoadduumenr
rMApaBIHYECKOrO  COMPOTHBJIEHHS TOPHCTOTO
yyacTka TpYOH UIMHOA [:

mpu £'<0,2

Ap ! od
= =—( Al l—0,+— ]+
: pwi/2 Do[ ( %73
+5,54e - ao/f+ (1 —0,5010):];
npu €>0,2
& 1 :
Al l—og+— | +5,54e" -y /f %
t= P“"o/2 Do{( Yo 3) olf
0,00157a 433 72563
x (1—0,50¢,) + P x

x [1—4,565(1 =0t0)*385 +3,565(1 — arg)**%% ] }

85. Jlokanbuelil x03bOUIHEHT CONMPOTHUBIICHHS
TpeHus A, Pa3Jalowiero KOJUICKTOpa ¢ OAHOCTO-
POHHHM U DaBHOMEPHBIM OTTOKOM HpH TypOy-
neHTHoM Teuenmm [2-18]

A, =A+8ev/w,

a xo3bdHuUeHT IHIpPaBIHYECKOrO COIPOTHBIIE-
HWS BCEro Y9acTKa KoJUIeKTopa IJinHoH [[2-44]

A 1 ol
C pwp/Z—B—_I:x(l -0 +—39"> +8¢’- dol}‘ x
0 o

x(l_o,s%)].

86. Ilpu ‘xpyroBOM H PpaBHOMEpHO-IIEpEMEH-
HOM OTTOKe W3 IDUIHHAPHYECKO# TpyOml, KOrja
OTHOCHUTENbHaf CKOPOCTh OTTOKA ¥ H3MEHACTCH
JMHEHHO OoT Ty=1—A0 mo ,=1+AV ¥ coor-
BETCTBEHHO W=w|wy=1—0,(1 —Ad)X—a ADX?,
i=vfvg=1—A0+2A0X, rae Av=Av/vg—
OTKIIOHEHHE OTHOCHTENHLHOH CKOPOCTH OT Cpel-
HEro ee 3HaueHHs (0T eJHHMIBI— CM. PpHC. 2-7).

JlokamsHbI KO3GEdUIHEHT CONMPOTUBIEHUA Tpe-
HAS B Cly4ae JAMHHAPHOIO TEYCHHA

_ 32(3+d,)
" Reg[1—ao(1 — AD) % — o ATF2]

Kosddunuenr ruapapaageckoro ConpoTHBlle-
HUS TIOPHCTOro ywacrka UIHHOH [[2-44]

c Ap  32(3+4,)
pw2/2  Re,
87. B cnyyae TypOyneHTHOro TeueHHs IIpH
TEX JKe yCloBHAX, YTO B IL 86, JIOKajabHBIH

K0oQUUUEHT coTpOTHBIEHHS TPEHHA A, TpH-
HuMaroT npubmaxenHo no (2-18) u  (2-19).

A

1/Dy[1-0,500+1/60,A7].

KosdobuuneHT ruapaBanyeckoro conpoTUBICHHA
MOpHCTOro ydactka mmHou [[2-44]:
npu £'<0,2

L=

=Il/Do{\[1—ay+

2/2
+—3—(A6+a0—0,5a0A17+

+0,1a,A5%) ] +5,54e" 0y [f- (1 —0,500) } 5
npa €'>0,2

c==2__yp a1
Sowaz oM LT

—0,54,A5+ 0,la0A62)] +5,54e" ot [f - (1 —

%(Aﬁ +a,—

—0,50,) + AA},

0,02568

(- 0/ 7050 x
1

< {f [1—ao(l =Ad)x —a,ATR?]*365

(1—Av+2A5x)%383

roe Ah=

dx —

[l—oc0 1-AD)x —a,Az%2] 3363
(1— A7 +2A5x)%%63
0,0256B

a0 A _Jz)};
J, 1 J,—COOTBeTCTBEHHO NEPBBII W BTOPOI
HHTETPAlIkI B BhIpakeHHH AM\.

Bemumyuna AN Moker OBITBH omnpeneieHa 4HC-
JeHHBIM MeToaoM Ha 3OBM. IloacuuTaHHbIe
3HauYeHMs pasHocTu J, —J, IpuBeeHnl B Ta61. 2-3.

88. B ciaywae TypOyNIEHTHOTO TEYEHHA U OI-
HOCTOPOHHEr0 HEPaBHOMEPDHOro OTTOKa (CM.
puc. 2-7) nokameHBI Ko3ddumeHT compoTusie-
HAS TpeHHa cornacHo [2-18]:

npu e'<0,2

A, =A+6,5¢"v/w;
mpH &' >0,2
A =A+N,,&v/w,
rne N, .~ 7,4¢'(1/Dg)%*[1—exp(—0,016//D, x
x Lol P) T

_ o
b=
TUBJIEHHA OOKOBOrO OTBETBJICHUS KOJUIEKTOpA,
IpUBEJEHHLET X CKOPOCTH vg.

KoobodummesT ruapaBmiyecKoro CONpOTHBJIE-
HHS INOPHCTOrO y4acTka UIMHoH [{2-44]:

npH £'<0,2

Ap
"———lD All—
C= wif2 /Do{M
x (AT +aq —0,5a0A6+0,1a0A62)] +6,5¢" g/ fx

x (1=0,5a0)};

—cyMMapHbIi ko3¢hdHOHEHT COIpo-

— o+ a/3 %
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2-3. 3uauenns J,—J,

Av
U
0 0,1 0,2 0,3 0,4 0,6 0,8 1,0
0,1 0,042 0,040 0,038 0,036 0,035 0,031 0,028 0,024
0,2 0,070 0,067 0,064 0,061 0,059 0,053 0,048 0,042
0,3 0,086 0,083 0,080 0,077 0,074 0,068 0,061 0,054
0,4 0,093 0,091 0,088 0,085 0,083 0,077 0,070 0,061
0,5 0,094 0,092 0,090 0,088 0,086 0,081 0,074 0,065
0,6 0,090 0,089 0,088 0,087 0,086 0,082 0,076 0,067
0,7 0,084 0,084 0,084 0,084 0,083 0,080 0,075 0,067
0,8 | 0,076 0,077 0,078 0,079 0,079 0,078 0,074 0,066
0,9 0,068 0,070 0,072 0,073 0,074 0,074 0,072 0,065
1,0 0,061 0,064 0,066 0,068 0,070 0,071 0,070 0,063
npu &'>0,2 npH cnapeHHelX Kosuiektopax (IT-o6pasHas
Hmu Z-o6paszHas dopma)
{= 2/2—1/1)0{1[1—<10+CL0/3(AU+<10 C_nn=0’25j’z+1’75+gm+cyq'

—0,5a0A0+0 1ogAFY) ]+ N, & a7 (1—0,50,)} .

89. B cnyyae TypOyJIeHTHOTO TeHeHHWS U paB-
HOMEpHOro NpuToka (BAYBA) JIOKANMbHBIA Ko3d-
(HIHEHT COTPOTUBJICHHA TPEHHUA

hy=1,5¢"v/w. (2-20)

IIpu 31oM kodddHIMEHT rHAPaBIHIECKOTO CO-

IPOTUBJIEHHA TIQPUCTOTO Y4YaCTKa KIHHOM [ [2-44]
Ap :
C‘Epwé/2=l’58 “0to/f*1/Dg +(1=0,5a,).

90. B cayuae TypOyNeHTHOTO TEYEHHS U pas-
HoMepHo-NlepeMEeHHOro NpHTOKa (BOyBa), INpH
KOTOPOM OTHOCUTEIbHAsA CKOPOCTb MPHTOKa Me-
HAETCS NMO NuHeHHOMY 3akOHy OT fy=1+A0 g0
5,=1—Af m coorBercTBeHHO W=1—ay(l+
+ AD) X +aoATE?, T=14A0—2AD%.

Jokanpuelil X03¢dHIMEHT CONPOTHBJIEHUS Tpe-
HuA TpHHMMaeTCs NpubnwikenHo mno (2-20), a xo-

3QQHIHEHT THUAPABIHYECKOTO CONPOTHRICHUS
TMOPHCTOro Y4acTka IMHOR [
Ap
= =1,5¢"ay/f -1/ Dyl ~0,505~
C pw(z)/z Olf‘ / 0( aO

—0,17d0 ‘ Aﬁ).

91. Ko>pdunuent cONPOTHBIEHHS GOKOBOID
OTBeTBieHHs KosulekTopoB [7-15, 7-161]:
OpH OoTTOKe (pasmarolndil KOJIIIEKTOD)

A
Co“ / =0 2572 + %/f;) + Can + qu + 1
Q L
npa spyBe (coOHparomiuii KOJIIEKTOD)

1 1
Gora= 1,52 (— — = —0,125)+ 0,75 + (£ /£.)* +
ng  ng
+ ot Cyus

7€

3pmech f; U f,—COOTBETCTBEHHO ILIOMAXH OOKO-
BOrO OTBEPCTHS H KOHEYHOrO Ce4YeHHs BCETo
OTBETBJICHHA (BLIXOJ B HEOTpaHHYCHHOE MPOCT-
pPaHCTBO), {,, —X0dhDGbHIMEHT CONMPOTHBIIEHUA
Jreforo ammapara, BKJIIOYEHHOTO B CeTb OOKOBO-
TO OTBETBJICHHS, NPHBEACHHBIA K CKOPOCTH Ug;
{yu— K02 OHIHEHT COMPOTUBIEHHS BCEX y4acT-
KOB GOKOBOro OTBETBJIEHHs JO H Ilocile ammapa-
Td, [PHBEJEHHBIA K CKOPOCTH U Mg— HHCIIO
GOKOBBIX OTBeTBJ/ICHHI.

92. Beenende B NOTOK JXKHOKOCTH HJIM rasa
MAKPOCKONHIECKHX YaCTHL HH no0aBiIeHHe K Ka-
TIeIbHBEIM KHIKOCTAM MOJUMEpPOB ¢ OoJIbIIOH
MONEKYJISPHOM Maccoif CYIIECTBEHHO CHHXAeT
Ko3bdunveHT COMPOTHB/IEHHS TPeHHS B Tpybax
(«acpdbext Tomca» [2-264]).

Ipa TypOyneHTHOM peXHME TEYEHHS TIOX
BJMSHHCM TMOJHMEPHBIX N00aBoK K KameabHOH
XHUIKOCTH HIM TBEPOBIX 4acTHN B rase CylecT-
BEHHO YMEHBIIAIOTCH MONEPEYHLIE COCTABIAFOUIME
NyJIbCalMA CKOPOCTH H TYpOYIEHTHOe TpeHHe,
BhIpaxaeMoe peiHOIbICOBbIMH HANPIKERHIMU;
B pe3yjbTaTe CHHkaeTcd Kod(POdHUHMEHT CONMpPOTH-
BiaeHus. [Ipu JIaMHHApHOM PEXHMC YKA3aHHBIC
OO0aBKH He CHHXAIOT KOMpDHIHEHT CONPOTHB-
JleHMs H He 3aTACHBAIOT 3TOT PEXHM TCUCHHA.

KosdpbaunenT cOMpOTHBICHHS MaKCHMAJbHO
YMEHBIIAETCA B OONMACTH HHU3KHX 3HAYEHHH Huces
Peiiojibaca MOJHOCTBIO PA3BHTOrO TYpPOyJeHT-
HOTO TedveHHs (puc. 2-8).

93. KoaddunueHT CONPOTHBIIEHHS TPEHHA H3-
MEHSETCS Taxke B 33aBHCMMOCTH OT KOHUEHT-
pallid H BHJA IonmuMepa (B BOJAE) H COOTBET-
CTBEHHO pa3MEpPOB B3BEUICHHBIX TBEPIbIX 4aCTHL
(8 BozmywHOM mnoroke). Yem Oonelie npd JaH-
HOM 4ucre PeiiHOMNBIcA KOHUEHTPAUHNA NOJHMEPA
(monmuaxpusnamui— I[TAA) B Bone (puc. 2-9), Tem
3HAYMTENbHEE CHUXKaeTca koddbduuueHT X (aHa-
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Pre. 2-8. Ko3ddunnesT CONpoTHBIEHMA TpeHHs
FAA0KO0H IUIACTHHM B 3aNbiJeHHOM N[OTOKE BO3-
ayxa (G,=3,7rlc) [2-214]:

] —He3anbUICHABIE BO3AYX; pa3Mepsl TBePALIX YACTHU:
2—1680 mxm; 3— 840 mxcm; 4— 200 MxM; 5— 100 MKM

jorMuHbie Pe3yIbTaThl MOXHO HaGmOJaTh W MO
JaHHBIM Apyrax pabor [om. 2-11, 2-12, 2-97,
2-98, 2-111 u gp.)).

KospdanuenT A
dopmyne

! = 21g|:<Re'nop)un/5'75<2_’51__+_A.—.)]
\/X RC. Reﬁ 3’7 ’

w, Dy “
TIIe Re,=——v———mmamecxoe qucno Peitromsa-

onpepemsatoT  [2-210] mo

wanop D 0

ca; Reppn=

ca, OTBEYAIONEE HAYaNly CHIDKCHMS TMIpPaBIH-
4eCKOTO CONPOTHBICHAR; [w,=+/T,/p — AUHAMH-
yeckas CKOPOCTb (To— KacaTe/IbHOE HATpsKeHHe
Ha CTCHKE), W, —OPOroBas MHHAMHYECKAS
CKOPOCTB; | O, — NAapaMeTp, 3aBUCAINMHA OT BHaa
¥ KOHIEHTPAIHH TIouMepa (HaXORUTCA U3 OMNKIT-
HBIX QAHHBIX).

94. C yBelM¥eHHEM KOHIECHTPAIMA TBREPABIX
vactun p, (puc. 2-10) xoatbdumresT conpoTuse-
HMS TPEHHs A BHAuaje Pe3K0 yMEHbIuaeTcs HIIH,
YTo TO Xe, oTHoweHHe (Ag—A)/Ay (rme A,—

i

Z

\A
W

A
e
o~
£
4.703 ”*

]
) 20* 510 0°
Y1/}

Pac. 2-9. 3asacamocrs 1/./A= f(Re /}) aaa
BOORI ¢ go0askama [IAA pazau<mbIX KOHUEHTpa-
wwii  [2-210}:

I—pna cangxux 1py6; 2, 3, 4—no dopmyne n. 93 npu
Paznuunsrx kouveutpaipsx [JAA: 4 — BoxonpoBognas
Boaa; (1 —sopa+ITIAA (¢=0,0053%); O —sopa-+TIIAA
(¢=0,008%); A -—Boma+TIAA (¢=0,012%)

~—ToporoBoe 9Hcia0 PeiHOMLA-

3HaveHue A npu p=0) pesko Bo3pacraer [2-214];
npu p,=0,8+1,5 oTHomenue (A,—A)/A, ZOCTH-
raer MaxKCHMyMa, MNOCIE 4Yer0 JTa BEJIMYUHA
HAaYHHAET YMEHLUIAThCA, TOKa MpH p,=2-+3 He
CTa”eY DaBHo# Hymo. Yem MeHbue pa3Mepsl
B3BELLCHHLIX 4aCTHI, TEM OOJhIllE MaKCHMyM
(Ao—M)/A¢ W TeM paHblle ITOT MAKCHMYM
HaCTynaeT, HO NpPH TE€M MeHBbIUIUX 3HAYEHHAX
M TIpexpalnaeTcs CHuwxeHHe koddpduuuenta co-
OPOTHBIIEHHA TPEHUA.

95. Ilpn nHeBMOTpaHCHOpTE KOHUEHTpALMS
W pasMepnl B3BEWIEHHBIX B IIOTOKE TBEPHIbBIX
YACTHI IIOYTH BCEerf2 3HAYHTENbHBI, MO3TOMY
BIIMSIHHE MONEPEYHBIX COCTABAAIOUWIMX CKOpOCTel
TypOyJIeHTHOTO TMOTOKAa HA MEXAHHU3M B3BEIUHBA-
HHS OTHX 4YacTWl M CONpOTUBJIEHHWE TpEeHH:
CT4HOBUTCA mnpeHeOpexuMo ManbiM, OCHOBHoe
3Ha4YeHHe TPH 5TOM HMEIOT TakHe HOTOIHUTEID-
Hble ($akTOpBl, Kak J060Boe CONPOTUBIEHHE
yacTuil, AcHcTBYIOMAA HA HHX NOAbEMHAS CHIA,

A:;A’o/l’

w | N

\
/

BN

0 1 2 Gu/G

Puc. 2-10. ConpoTuBiiense TpeHaq HA HOBEPXHOCTH
KPYTJoi TpyOsl MpM pPA3IMYHLIX OTHOWEHHNX
MACCOBBIX pacxonos [2-214]; pasmepmt TBepabIX
9acTHI:

1—60 Mxm; 2—15 mxm; 3— 100 My 4— 200 viem;
5—840 Mxm; 6— 1680 Mxm; A,—3mauenwe A opE p=0
CHIa THKeCTH H JIpyrHe (aKTOpHl, KOTOphIE
NOBLIAKOT CONPOTHBIEHHE [BUXKEHHIO TpPaHC-
MOPTHPYIOMIETO MOTOK2 (CM. CIMCOK JHTEPAaTyphl
KO BTOpOMY pasfeny).

96. Ilpx ycraHoBHBIIEMCS NBHXCHUU B TOpH-
30HTaJBbHOU TpyOe (Xaneko oT BXxoJa, OTCYTCTBHE
BOJIOYEHHS TPAHCIOPTHPYEMOTo MaTepuana), Ha-
JTMYMM 3HAYHTEILHOA Pa3sHOCTH ILTOTHOCTEHR B3BE-
MIEHHBLIX YacTWL H BO3[yXa W HOCTATOYHBIX HX
pa3Mepax OTHEJIbHbIC YaCTHILI MNEPUOTHYCCKH
MajgaroT Ha CTEHKY TpYOB H cHOoBa OT Hee
OTCKaKMBAIOT, coBeplias TakUM obpasoM Herpe-
pBIBHOE CKa4YK00Gpa3Hoe NBHXKEHHUE.

97. TloTeps >Heprud, BO3HUKIIAA TIpH yaape
O CTeHKY, SABJISeTCS IPHYHHOH yMEHBINCHHS
NMOCTYNATEIbHOA CKOPOCTH 4YacTHl, KoTopas 3a-
TEM CHOBa BOCCTAHAB/JIMBACTCH BC/ENCTBHE B3a-
AMONENCTBUSA 9ACTHI[ C MOTOKOM. JTO 0OCTO-
ATEILCTBO H TNPHBOZHT K JOMOJHHTE/IbHOMY
pacxolly SHEPTHU TPAHCIOPTUPYIOUWUM MOTOKOM.

98. Ilpu manuuum TerutooOMeHa uepe3 CTEHKH
TpyObl TeMmepaTypa KHIOKOCTH (rasa) MeHsercs
KAK MO €€ JUTHHE, TAK M IO CEYEeHHIO TPYOsI
nocienHee MPHBOOMT K H3IMEHEHHIO TNJIOTHOCTH
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2-4. 3navenna mokadatean n B [2-21]

Ner/Ma Ner /M
Pe-d/! Pe-d/i

0,1 1,0 10 100 | 1000 0,1 1,0 10 | 100 | 1000

60 0,78 { 0,67 | 0,58 | 0,51 | 0,44 1000 0,33 10,29 | 0,25 | 0,22 | 0,19

100 0,67 | 0,58 | 0,50 | 0,44 | 0,38 1500 0,36 | 0,26 | 0,22 | 0,19 | 0,17
150 0,59 | 0,51 | 0,45 | 0,39 | 0,33 2500 0,28 {1 0,25 10,21 | 0,18 | 0,16
200 0,54 | 0,47 | 0,41 | 0,35 | 0,31 5000 0,26 |1 0,23 1 0,20 | 0,17 | 0,15
400 0,44 | 0,38 | 0,33 | 0,29 | 0,25 10000 0,25 10,21 { 0,19 | 0,16 | 0,14
600 0,39 { 0,34 { 0,29 | 0,25 | 0,22 30000 0,22 1 0,19 | 0,17 | 0,14 | 0,13

KHAKOCTH W ee BA3KOCTH H, KaK CIEeACTBHE HMH XKHAKOCTH M /Me<l; A, CTAaHOBHTCA

3TOro,— NpoQuis CKOPOCTH ¥ THAPABIMYECKOTO
conpotuBieHus [2-51].

99. KoadduuuerT conpoTHBiIeHus TpeHHd NpH
HEH30TEPMHUYECKOM [JBWKEHHUH KaNenbHOR XHI-
KOCTH PACCYHTBIBACTCH MO (opmye

kﬂlﬂJ_(nCT)”
=1 ’
A \MNa
TOE Ayeys ¥ Ay, —KOIDHIHEHTBI COPOTHRIEHHA
TpeHHs IPH HEU3OTEPMHYECKOM M H3IOTEPMH-
YeCKOM JBMKEHUH COOTBETCTBEHHO (IpH BbI-
YUCTEHAH A, IWIOTHOCTb M BS3KOCTh NMPUHAMAIOT
A CPeRHEH TEMUEPATYPHl JKUAKOCTH); T,
H T, — IUHAMUYECKHE BA3KOCTH COOTBETCTBEHHO
Opd TeMmeparype CTeHKH Tpyoml T, u Cpen-
Heil TemmepaType XuAXKOCTH T n=f(N./Mw
W
Pe-d)l—cm. 2-4; Pe=—-—xpurepuii
a‘l‘
Iexne; a,— TeMOEPATYPONpPOBOAHOCTh, M2/C.
Tpu  oxmakAeHMH  XKHOKOCTH T /N.>1;
u3 (2-21) cmenyer, 4to x03¢ppHIHEHT comnpo-
THBJICHHs TpeHHs Bo3pacraer. [Ipm Harpesa-

(2-21)

Ta0.

MEHBIIE A,,.

100. A onpenenends xo3pouuyeHTa Compo-
THBJIEHHA TPEHHS THAPABIMYECKH TJaAkAX TpyO
Ipu TYpOYJIEHTHOM NBHXKEHHH XUAKOCTH MOKeET
ObITh HCHmosb3oBaHa Gopmyina B ¢dopMme [2-75]

1

kﬂen:!: .
[1,821g(Rey/n,/n,) — 1,64]2

101. Kox(pdunueHT CONpoOTUBIIEHUS TpeHUS NpU
HEH30TEePMHYECKOM TYPOYJIEHTHOM IBIDKEHMH Ha-
IPeBaeMoro ra3a MoXeT ObITh BBIMUCIEH 1o NpH-
Ompxennoit dopmyne Kyraremagze—JleonToesa,
BepHOit B 1peaenax Re=10%+6-10°
H T /T,=1+3:

4
l'115113/}“!3 =—_———-—.’
(VT T+ 1)

rae T,—cpegHeMaccoBas TeMIepaTypa rasa.

102. IIpu onpenefienuu 3KBHBAJIEHTHOMW Ilepo-
XOBATOCTH CTEHOK pAaCCYMTHIBaeMOI'o Y4acTka
Tpy® (xaHaj1a) MoOXHO PYKOBOACTBOBATLCA NaH-
HbIMH, NpUBEJcHHbIMH B Tabi. 2-5.

2-5. DKBHMBAJIEHTHAsl WEPOXOBATOCTL UBOBEPXHOCTH TPYO M KaHaloB

Tpymia] Bux tpy0 u Mmatepman [CocCTodgnue HOBEPXHOCTH TpyO M yCIOBHS 3KCILIya- A, MM
Taluyu
MeTtaannveckue TpyObI
I |LlensgoradyThie H3 naTy- [ TeXHHUECKH TIJIaaKHe 0,0015—0,0100
HH, MeOH U CBHHLA
ATIOMHAHHEBbIE [2-187] 0,015—0,06
I |UencHoTanyTele cTanb- { HoBrle, He OmiBlune B ymoTpelGsienun [2-42, 0,02—0,10*
HblE 2-152, 2-185, 2-197]
OuuimeHHpie MOCe MHOTHX JIeT JKCIUIyaTaldu Ho 0,04
[2-187]
ButyMusuposanHbie [2-187] Ho 0,04
TennodukauHOHHbIE /1S NeperpeToro napa # 0,10
BOJASHBbIe NpH HAIWYUHM JCa’palHdl H XHMHUe-
CKON OYHCTKH NpoTouHod soawr [2-82]
Tlocne omuoro Tropa I3KCIUIyaTauMH Ha raso- 0,12
nposone (2-42]
b
* B 3aBUCHMOCTH OT BpeMeHH XPaHEHHd HAa CKiaje.

78



Mpodoarncenue mad.. 2-5

Mpynna

Bua rpy® u matepuan

CocTosinMe NOBEPXHOCTH TPYG M ycioBus IKCILiya-
TaUHH

A, MM

L}

[1

L{enbHOTAHYTRIE  CTallb-
Hble

[Tocne HeckoMbKMX NET IKCILIyaTAIMM HACOC-
HO-KOMIIPECCOPHBIX TpyO HA raloBoil CKBaxu-
He B PA3NHuHBIX YycioBuax [2-4]

ITocne HeckosbkuX neT JkcmilyaTaudd Ha ra-
30Boil ckBakuue [2-7]

[TaponpoBonoB HacuilieHHOro napa u BoAd-
HBIX TEIJIONPOBOAOB TIIPpH HEe3HAYHTEC/IbHBIX
yreuxax Bogsl (o 0,5%) u meaopanuu mnon-
maTka [2-82]

BOID'!HLIX CUCTEM OTOIJIEHHS BHE 33aBHUCHMO-
CTH OT HCTOYHHKA HX NHTAHHSA
HedTtenpoBonoB Ans cpeXHUX YCAOBHA K-
cinyaTanuu [2-82]

YMepeHHo XxoppomuposaHHeie [2-197]

IIpu HeGombMx oTnoxeHusx Haxumu [2-197]
Naponposonos, paGoTarolIUX NepUOIHYECKH
(c mpocTOsMH), H KOHASHCATONPOBOAOB C OT-
KpbITOH CHCTeMO#l KomnpaeHcata [2-82]
BoanyxonpoBomos cxkatoro Bo3myxa OT mop-
IUHEBLIX KOMIIPECCOPOB H TypOOKOMIIpecco-
pos [2-82]

HOCJ'IC HECKOJIBKMX JIET JKCIIyaTauHH B pas-
JIAYHBIX YCIOBHAX (KOPPOAHPOBAHHBIE WIH C
HeGOMNBIIMMH OTNoXeHuAMHA) | [2-4]
Konpgencatonposonos, paboTaromux mepHo-
JWYECKH, ¥ BOMSHBIX TEIUIOMPOBOJOB NIPH OT-
CYTCTBHM Aead’panuyl ¥ XHMHYECKOH OYHCTKH
DOANMTOYHONH BOALI U IPH OONBUINX yTeukax
3 cetd (a0 1,5—3%) [2-82]
BOJIOIIpOBO,EIHbIC, HaXoAHBUIMECA B OIKCILIya-
TaUHH

C TmnoBepXHOCTBIO B IUIOXOM  COCTOSHUH
[2-176]

0,04—0,20

0,06—0,22

0,20

0,20
0,20

~0,4
~0,4
0,5

0,8

0,15—1,0

1,0

1,2—1,5

>50

I

UensHoCBapHbIE CTANb-
Hble

HoBble M CTApHIE, B XOPOUIEM COCTOSHAU
[2-179, 2-187]

Hossie, GUTyMu3uposauhuie [2-136]
Boisune B 3KcmIyaTauHd (OUTyMm 9acTHYHO
pacTBopeB), koppomupoBarubie [2-197]
BriBiue B JKCIuTyataudu (paBHOMEpDHas Kop-
posus [2-197]

Be3 3aMeTHBIX HEpPOBHOCTEH B MecTaXx coelH-
HEHMH; H3HYTPH MOKPHITH JIAKOM (TOJILIHHA
cnos okono 10 MM); xopoluee COCTOMHHE MO-
BepxHocTH [2-182]

MarucTpalibHbIX Ta30NPOBONOB TIOCIE MHO-
JUX neT oKcmayarauuu [2-1971 .

C mpocToii HnH [BOMHOH monepeyHOH kiem-
KOH; M3HYTPH TWOKDBLITH JNakoM (TOJIIHHA
ciosa 10 MM) HIH O¢3 j1aKa, HO HEKOPPOIAHPO-
BaHubie [2-179] ‘
V3HyTpY TNOKpBITHIE NAXOM, HO He CBoDOX-
Hble OT OKMCIIeHHS, 3arpA3HCHHBIC B TPOLECCe
JKCcnayaTauud Ha BOJE, HO HCKOPPOAHPOBAH-
Heie [2-179]

0,04—0,10

~0,05
~0,10

~0,15

0,3—0,4
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Hpodosncenue maba. 2-5

I'pynna] Bun Tpy6 ® wmartepuan [CocTOsHHE TNOBEDXHOCTH TPYS M YCIOBHS IKCILTYad A, MM
TauMy
III {HenbHocBapHbie cTane- |MarucTpansHoro rasonposoga nocie 20 jer 11
Hble 3KCIUTYaTAIUY CO CIOEBBIMH OTIOKEHHSIMHU
[2-197]
C nBoiiHOM TOmepeyHOH KienKoi, Hexoppo- 1,2—1,5

OupoBaHHbie [2-197], 3arpsa3HenHnle B mpo-
Iecce OSKCIUIyaTamuu Ha Boge [2-152]

Co cmabuiMu oTnoxenusmu [2-197] 1,5
C napoiiHoif monepetHON KIeNKO#R, CHIBHO 2,0
KOppoaHpoBaHHubie [2-179]

Ipu 3nauuTenbHeix oTioXeHHax [2-197] 2,0—4,0
Ilocne 25 nmer oSKcITyaTausd Ha ropoACKoM| 2,4

raszonpoBoOJe, C HEPABHOMEPHEIMH OTJIOXeE-
HUAMH cMoisl ¥ HabrammHa [2-197)

C NOBEpXHOCTBIO B IUTOXOM COCTOSHHM =350
2-179]
IV |Knernaunie crajbHbe KrenaHnie BOOJIb H NMONEPEK MO OMHOMY Py 0,3—0,4

3aKenoK; H3HYTPH NMOKPHITH JIAKOM (TOJIIH-
Ha ca0s 10 MM); Xopolllee COCTOSIHHE TOBEpX-
HoctH [2-179]

C npoiiHO¥ TPOJONBHON KNenko# M mpocToi 0,6—0,7
TIOTNepPEeYHO| KIENKO#; HW3HYTPH MOKPHITHI fa-
KoM (Tonmmua cioa 10 Mm) wym Ges saxa, Ho
HEKOpPPOANpOBaHHbIE [2-179]

C mpocToit monepeYHoil H JBOWHON NMPOAOab- 1,2—1.3
HOH KJENnKoi; M3HYTPH INPOCMOJIEHHbIE WIH
TIOKPBITHIE MAakoM (ToyuumHa crnos 10—20 Mm)

[2-179]

C 4eTHIpBMSA-IIECTBIO IPOXOILHBIMA PANAMHA 2,0
KJIeNKA, OMUTENIbHOEe BpeMd B OKCILTyaTauwmu

[2-179] '

C 4eTHIpDbMA TNONEpPEHHBIMH M LIECTBIO NPO- 4,0

AOJIIBbHBIMHU pAOAMH KIICIMKH; COCOHHCHHA H3-
HYTDH IlepexkphiTet [2-179]

C IOBEPXHOCTBIO B HAHXYMIUEM COCTOAHHM, =50
HepaBHOMEPHOE MEPEKpPhITHE B MCECTE COCAH-
Hermust [2-179]
V N3 kposenpHo#t cramu | Henpoomidiennas 0,02—0,04
Tpoomudnennas 0,10—0,15
VI |QOuurkoBaHHbIE cTanbHble| YucTas OUMHKOBKA, HOBBIE 0,07—0,10
O6siyHaa onuuHkoBka [2-197] 0,1—0,15
VII |OuuukosanHble U3 jmcTo- | HoBele [2-185] 0,15
Boll cTasmyu BuiBuIMe B OKCIMyaTandH Ha some [2-171) 0,18
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IIpodoaxcenue mab.r. 2-5

25 MM

—
Tpynnal Bua Tpy6 m Marepuan [CocrodHue MOBEPXHOCTH TPYO H YCIOBHS OJKCILTya A, MM
TalHH
VIIT | CTanbHble C ABYCTODOHHHMM CTEKJI03MAJIEBRIM IOKPBITH- 0,001—0,0t
eM [2-85]
X (YyryHHbBIE Hosuie [2-171] 0,25—1,0
HoBbie, OHTyMU3upOBaHHbie [2-197] 0,10—0,15
AcdanstupoBannsie [2-185] 0,12—0,30
BogonpoBsoanbie, OBIBIIHE B IKCHOIyaTalHH 1,4
[2-152]
BuiBlIMe B IKCILIyaTalll, KOPPOAHPOBAHHBIE 1,0—1,5
[2-197]
C otrnoxenuamu [2-185, 2-197] 1,0—1,5
Ipa 3xauATenbHBIX oOTHMOXeHUHAX [2-197] 2,0—4,0
OuuilieHHbIE NOCIIE MHOTHX JIET 3KCILTyaTALHH, 0,3—1,5
CuwirHO KoppozdposaHHeie [2-179] Ho 3,0
HoBbie gucTHE
X |Bozosoam I'OC, crans-|Becmosusie (6e3 CTBIKOB), TLIATENBHO yHO- 0,015—0,04
Beie [2-7, 2-26] KEHHBIE
C OpoaonbHBIM CBAPHBIM IIIBOM, TLIATENb- 0,03—0,012
HO YJIOXeHHEIe
To ke ¢ nonepe4yHLIMH CBAPHBIMH CTHIKAMH 0,08—0,17
. HoBBle dHCTHIE,
¢ BHYTPEHHHMM TNOKPEBITHEM
ButyMHBRIM B 33BOACKHAX YCIOBHAX - 0,014—0,018
To e €O CBAPHHIMH HONEpPEYHBIMY CTHIKAMH 0,20—0,60
OuuHrOoBaHHBIE 0,10—0,20
I'pybooumukoBaHubIe 0,40—0,70
TlokpeiThie OMTYMOM, KPHBOJMHEHHHIE B 0,10—1,4
IUIaHe
CTapeie 94HCTHIE
C He3HaudATENBHOH KOppo3uedi HIH HUHKDY- 0,10—0,30
cTanmei
C yMepeHHO! KOppo3uWeil WM JEerkuMd OT- 0,30—0,70
TTOKEHAAMH
Co 3HaYUTEILHOA Koppoluei 0,80—1,5
OuulneHHEIE TIOCTe 32pacTaHus WA pXas- 0,15—9,20
JIeHus :
Brisuine B 3KcOayaTanmuy
(MOHTaX B NPOU3BOACTBEHHBIX YCJIOBUAX)
UenpHOCBapHbIE, 10 2 NeT 3KCILTyaTanuu, 6e3 0,12—0,24
OTIOXEHUuR
" | To xe mo 20 et IxcruTyaTanyu, 6e3 OTJIOXe- 0,6—5,0
HHHA, HApPOCTOB
Mpu Hamuyud Xene3oOaKkTepHANbHOR KOPPO- 3,0—4,0
3ud (CHJIBHO 3apXaBeBLIUE)
C oueHsr CHIBHOH KOppO3HE#l ¥ MHKpyCTany- 3,0—35,0
el (mpu To/uHE OT/IO0Xerd# or 1,5 1o 9 Mm)
To xe, UPH TOJUIMHE OTJOXEeHWH oT 3 O0 6,0—6,5
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IIpodo.ascenue mab.i.

2

r4

5

I"pynna

Bua Tpy6 u marepuan

CocTosHie MOBEPXHOCTH Tpyd M YCJIOBHS OKCmya-
TauuH

A, MM

X

Bogoso3si I'2C, crasb-
Hble [2-7, 2,26]

beronuse [2-7, 2-26]

boiBwiue B 3KCcnjyaTtduuu,
C BHYTDEHHHUM TOKPBITUEM:

IToxpbiThle GHTYMOM (Ky30aciakom, KaMeH-
HOYTONBHOH CMOJIOH); CPOK 3KCIIyaTaluu
Jo 3 ner

[Mpumeganune. [Jns HOBBIX BOAOBOAOB
o, =1,3+1,5.

Jlns HOBBIX BOJZOBOAOB, TIOKPBITBIX GUTYMOM,

o, =1,3.

HAnsa BogoBoaos, OBIBIIAX B IKCTIYyaTAUMH,
BENMMYMHA O, MOXET MEHATHCH B IIHPOKUX
npegelax (2o 85) B 3aBHCHMOCTH OT Cpoka
IKCIUTYyaTalldH, CBOHCTB BOJBI, Xapakrepa OT-
JIokeHAA ® 1p.

BeTonnnle, UeMeHTHBIE H ApYrHe TPYObI
H KaHajabl

Bopgosoas ©e3 oTAenxd noBepx-
HOCTH

Hossie, ¢ uCKMIOYHTENBHO THAXKOR (MOMHpO-
BaHHOH) IOBEPXHOCTBIO, BHUTONHEHHOR € MO-
MOLIBIO CTANbHON onanyGku Mpu mepBOKJIAC-
CHOM KavecTBe paboT (CEKIUH TIIATENBHO CO-
CTHIKOBaHbI, CTHIKH XOPOIIO 3arpyHTOBaHEl U
3armaxenst) (o, =1)

BriBime B 3KCIUlyaTalldd, ¢ KOPPOAMPOBaH-
HO# M BOJHHCTOH NOBEPXHOCTBK); CHOPMUDPO-
BaHHBKIE C HOMOWIBIO AEPEBAHHOW OMATyOKH
(et >3,0)

Crapsle, NI0X0 BhIIOJIHEHHbIE, HE TUIATEILHO
yAOXeHHbie, HOBEPXHOCTh 3apociuad, npu Ha-
JAYUU OTAOXKEHHH IeCKa, TpaBuA, TIUHHCTBIX
yacTHU (0t > 3)

OueHp CTapsie, C CHJIBHO Pa3pyLIEHHOH U 3a-
poclllefl IOBEPXHOCTBIO B MPOUECCE THTENb-
HOM JKcIutyatanmuu (o,>3)

Bogosoael ¢ mocneayroweidt oThen-
KOH MOBEPXHOCTH (OMITYKATYpPEeHHBIE, 34~
rilaxxeHHble)

Hosbie, ¢ o4enb riaaxodl HOBEPXHOCTBIO, BhI-
[IOJIHEHHBIE C NOMOIIbIO CTAJIBHOH WA Tpo-
MACJIEHHOH CTajbHOH omanyOxu TNpU nepBo-
KJTACCHOM KadecTBe paboT; OTHesI0uHbIH CIIOH
TUIATEABHO CriiakeH BPYYHYIO MAacTEPKaMHu,
CTBHIKM 3arpyHToBaHH M CriaxeHsl (Oe3 Bbi-
crynos) (o, =1)

HosBbie uny ObiBiIME B IKCITyaTauuu, ¢ riaai-
KO TOBEpXHOCTHIO, a TakXke MOHOJIMTHBIE
(oTnuTEIE B CTaNbHOK omanybke) uau cHop-
Hple TpyOBl OAMHOW ceKumH 5O 4 M ApH XOpO-
weM kadecTBe paloT; OTOCOUHBIA ClOH —
HEMEHTHAA TIOBEPXHOCTH, CIJIAXKCHHAS BpPYd-
HYI0, CTBIKM crmaxednl (o,>1, HO <1,5)

0,1—0,35

0,05—0,15

1,0—4,0
3,0—6,0

5,0 u Gonee

0,10—0,20

0,15—0,35
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IIpodvancenue mab.a. 2-5

[ pynma

Bud Tpy6 w marepsan

tocrosmne TTOBEPXHOCTH pr6 # YC/IOBHA IKCILTya-
TaUAH .

Berouunie [2-7, 2-26]

BriBiile B SKCIyaTalMu, Oe3 OTJIOXeHHH, ¢
YMEDEHHO TAAAKOH NOBEPXHOCTBHE), MOHOJIUT-
HbI€, BLINOJIHEHHbIC B CTATbHOH HMH AepeBsH-
HO#l omayly6Ke ¢ 3aTHMPKO# HOBEPXHOCTH, CThl-
KH 3arpyHTOBaHbI, HO HE CriaxeHsl (o, > 1,5,
HO <2.,5)

3aBOACKOTO H3rOTOBJAEHHA M MOHOJIMTHBIE
(A3roTOBNEHHBIE HA MECTE), GBLIBIIME B 3KC-
nayaTtatmdd, ¢ LeMeHTHOH IWTYKaTypKoOd, 3a-
raxeHHo! OepeBsSHHOM TepKoi, CTHIKH Wepo-
xoBaThle (a,>2,5, HO <3,0)

Bogosoas ¢ TOpDKpPEeTHPOBAHHOM
NTOBEPXHOCTHIO HNH W3 HaOphI3r-
G6erona

TmartensHo 3arjaxeHHBI TOPKPET WM TiIA-
TeJIbHO 3arjaXceHHbiH HaOphI3r-6eTon mno be-
TOHHOH ToBepxHOCTH (2,~2,5)

3aTepThI INETKAMH TODKDET WM 3aTCPThIi
uleTkaMM HaOphi3r-0eTOH mo OeTOHHOH ©O-
BepxHocTH (o, >3,0)

Hesarnaxensblil TOpKpeT WM HAOpBI3r-0eToH
no 6eTOHHOH mnosepxHOCTH (o, >3,0)
3armdxeHHbId TOPKPeT WJIH 3ariaKeHHbIH Ha-
6pLI3r-6eTOH 1O MOBepPXHOCTH (o, >3,0)

0,50—1,0

0,50

2,30

3,0—6,9
6,0—17,0

11

XKenezobeToHnnle

Hosrie [2-26]
Heo6paGoranusie [2-187]

0,25—0,34
2,5

111

AcbecToueMeHTHbIE

HoBsie
Cpennue

0,05—0,10
60

IV

IlemeHTHBIE

CriaxeHHbie
HeobpaGotaunsie [2-187]
Crpixyd He criaxessbl [2-179]

0.3—0,8
1,0—2,0
1,9—6,4

Kanan co mrykarypkoit
NEMEHTHBIM PaCTBOPOM

C xopoue# WTYKATYpKOH H3 9HCTOrO LEMEH-
Ta CO CrAaXeHHEbIMH COEIHHEHWSAMM: BCe He-
POBHOCTH YCTpaHeHbl, 06paGoTaHHAs MeTai-
H4Yeckon omanybkod [2-179]

C oxene3HeHdeM

0,05—0,22

0,5

VI

Kanan co wmrykatypkoid
0 METAJLUIMYECKOH CeTke

10—15

Vil

Kanansl KepamMUKOBLIE
COJISHO-TJIa3ypOBAHHbIC

1,4

VIII

Kananer u3 mIaxobeToH-
HBIX MAUT

1.5

33




ITpodoancenue mapa. 2-5

pynna] Bun 1py6 u Marepuan [CocTofiHHe INOBEPXHOCTH TPYG M YCIOBHA DKCILUIya- A, MM
TalHuy
IX Kaaanbx W3 mmako- 4 |M3 TwarvensHo BemosHeHHbIX mwMT [2-171] 1,0—1,5
OMUIIK0ANe0aCTPOBBIX
TUTMT
Ulepensimbie, (QaHepHble H CTEKJASHHBIE TPYObI
1 | Hepessiunsic W3 BecbMa TWATENBHO OCTPOraHHBIX AOCOK 0,15
W3 xopoino oCTpOraHHeiX H0COK 0,30
M3 HecTporaneIXx ZOCOK, XOpOWIO TPHIHAHHBIX 0,70
W3 rpy6eix pgocox [2-197] 1,0
Ha KJIenKe 0,6
I ;<danepHsie W3 xopoweii Gepe3oBoii daHepbl mpu rorme- 0,12
PEYHOM pAacCHOJIOREHUH BOIOKOH [2-1]
M3 xopouwredi Oepe3oBoit ¢amepsi mpu npo- 0,03—0,05
JIONBBOM PAacCroJIOXeHHd BOJIOKOH [2-1]
ITT | CrexnaBubie N3 wcroro crexia [2-185) 0,0015—0,010
Tynnesm [2-26]
I'pynna Meroasr npou3soacTea paboT, XapakTEPHCTHKA [O- A, MM
BEPXHOCTH
I TyHHeAHd B CKadbHBIX rpyuHrax (6es
OT A€ IKH)
BhiceyeHHbIe ITAAKHM B3PLIBAHUEM B MACCHBE
co Ci1abofl TPELHHOBATOCTHEO 100-—140
BriceyeHHble TIaAKHM B3pBIBAHHEM B MAacCHBE
C BBIPAXKeHHOR TPEMHOBATOCTLIO 130—500
I'py6o BBICedeHHBIE C BecbMa HEPOBHBIMII
TIOBEPXHOCTAMH 500—1500
11 TyHHenu HeoONHUOBAHHEIE
Topaele noponst:
reeitie (D=3+13,5 ™) 300—700
rpadutr (D=3+9 M) 200—700
cnanen (D=9+12 M) 250—650
«Bapn, KBapudrhl (D=T7-+10 M) 200-—600
ocagounsie (D=4-+7 M) 400
HedpuTonocHbie (D=3-+8 M) 200
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2-2, JUATPAMNMDBI KODOOUIIMEHTOB COIPOTUBJEHUA TPEHMA

Tpy0a Kpyriaoro cedeHus (rAagKoCTeHHadA); CTaOWIHNIHPOBAHHOE TedeHue

12-6, 2-175, 2-193]

Junarpamma

2-1

Wy, o

[4

ooy

222220 22

Z

koo M LLLLLLLLL

Re=

woD,

|. Jlamunapuuii pexuM (Re<2000):

2. Iepexonnsiit pexum (2000 <Re <4000):

A=f(Re) cM. rpadux 6.

3. Typ6ynentuniit pexnm (4000<Re<107):

_0,3164

A=——F5< oM. rpajux 6.
Re%25

4. Typ6ynentHbiii pexuMm (moboe Re>4000):

Ap 64 1 A
el " _f(Re) oM. : - , 6
A v iDy) Re f(Re) cM. rpadux a [3lgRe— 1697 cM. rpaduxd 6 u ¢
Re 100 200 300 400 500 600 700 800 900 1000
A 0,640 0,320 0,213 0,160 0,128 0,107 0,092 0,080 0,071 0,064
Re 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000
A 0,058 0,053 0,049 0,046 0,043 0,040 0,038 0,036 0,034 0,032
A

s ®

85 Y

Q¢

A\,
X —
q2 ST
a1 L L
NS v
0 1Y }
7 2 J ¢ 5 6789 0° xe

Re 2-10%12,5-103{3-10°| 4-10° 5-103 6-10° 8-10° 104 1,5- 104
A 0,032 0,034 0,040 0,040 0,038 0,036 0,033 0,032 0,028
Re 2-10%| 3-10* [4-10¢| 5-10° 6104 g8-10* 10° 1,5-105| 2-10% | 3-10°
A 0,026 0,024 0,022 0,021 0,020 0,019 0,018 0,017 0,016 0,015
Re | 4-10% | 5-10% | 6-10° | 8-10° 106 [ 1,5-106| 2-10° | 3-10% | 4-10°
A 0,014 0,013 0,013 0,012 0,012 0,011 0,011 0,010 0,010
Re 5-10° 8-10° 107 1,5-107 | 2-107 3-107 6-107 8-107 108
by 0,009 0,009 0,008 0,008 0,008 0,007 0,007 0,006 0,006




Tpoodo.1xcenue

Tpy6a xpyrioro cevenns (raagkocTewHas); CTaOWAHIUPOBaHHOE TeveHHe Jnarpamma
[2-6, 2-175, 2-193} 2-1
A
A ==

9026 =

2026 0030 & ==

4022 4024 —

9020 04,020

4016 - ao1s

4014 24 s W7 10Re

qorz '

Q010 — @

qaos

Q008 _—

Q097 ~

4008 N

go65

2 4 _§& o 2 ‘,4 & 10\ 2 74 10iRe
x10% x70 x10
Tpy6a Kpyrioro ceuenns C paBHOMEPHO-3EPHACTON LIEPOXOBATOCTLIO CTEHOK; Juarpamma
crafaau3npoBannoe Tedenne; Re>2000 [2-87, 2-190] 2-2

- Ap [
- CE 28 =M
pPws/2 Dy
) - —8 A= AP = 1 .
< (pw3/2) - (I/Dy) [a1+bllg(Reﬁ)+clng]2,
4 A=f(Re) cm. rpadux; BenuuMHHI @, b, W ¢, NpHBe-
JeHbl HUKe
Re=w°D°
v
Epunyro ¢opmynay pacsera A cM. n. 19, maparpadp 2-1
ARe \/X a, b, cy ZRe\/-): a, b, ¢
3,6—10 —0,800 2,000 0 40—191,2 | 2,471 —0,588 —2,588
10—20 0,068 1,130 —0,870 >1912 1,138 0 —2,000
20—40 1,538 0,000 —2,000

IMpn A<A

- A
A=—; A cM. Tabn. 2-5 (maparpa¢ 2-1); v cm. naparpad 1-2.

D,

npea

D, amasenuss A cm. mwmarpammy 2-1, rae A, ~17.85Re” %873
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IIpodo.ixncenue

Tpyba Kpyraoro cedemns ¢ paBHOMEPHO-3EPHACTO! IEPOXOBATOCTBLIO CTEHOK; JAnarpamMma
crabHan3upoBannoe Teuenue; Re>2000 [2-87, 2-190] 2-2
A
qo80 L
] d=q050
4070 1] 0040
qos0 ] 2030
3
0050 4020
—~ {11 4015
Vi Tt
g040 b - 0010
N ~— 4,008
N A LA < 2006
9030 =d s H goouo
t
4023 N 0,0020
ot N
6020 N1 q0010
i 40008
T Q0006
qo15 dP% 20004
> N - d N 00002
2 A= 4 2 / S L1 = A
4 18lgRe-164) 1~ ~ 1 {qo007
0010 oo 2176 - 382,4 tg 7 L (S 1] ™ d=gano0s
, = i -
q009
4008 >, .
2 3 456 10 2 3 456 01 2 3456 M1 2 3 456 wy 2 3456 10Re
1g? x1g* x10% _ x 706 x107
3naveuus A
Re
A
B=~D— ]
° 2-10% [ 3-10% | 4-10% | 6-10° 104 2-104 | 4-10* | 6-10* 10° 2-10°
0,05 0,032 | 0,052 | 0,060 | 0,063 | 0,069 | 0,072 | 0,072 | 0,072 | 0,072 | 0,072
0,04 0,032 | 0,044 | 0,052 | 0,055 | 0,060 | 0,065 | 0,065 | 0,065 | 0,065 | 0,065
0,03 0,032 | 0,040 | 0,044 | 0,046 | 0,050 | 0,056 | 0,057 | 0,057 | 0,057 } 0,057
0,02 0,032 | 0,040 | 0,040 { 0,041 | 0,042 | 0,044 | 0,048 | 0,049 | 0,049 | 0,049
0,015 0,032 | 0,040 | 0,040 { 0,038 | 0,037 | 0,039 | 0,042 { 0,044 | 0,044 | 0,044
0,010 0,032 | 0,040 | 0,040 | 0,038 | 0,033 | 0,032 | 0,035 | 0,036 { 0,038 } 0,038
0,008 ) 0,032 | 0,040 | 0,040 { 0,038 | 0,033 | 0,030 | 0,032 { 0,033 | 0,035 | 0,035
0,006 0,032 | 0,040 | 0,040 { 0,038 | 0,033 | 0,028 | 0,028 | 0,029 | 0,030 | 0,032
0,004 0,032 | 0,040 | 0,040 | 0,038 | 0,033 | 0,027 | 0,025 { 0,025 | 0,026 | 0,028
0,002 0,032 | 0,040 | 0,040 | 0,038 | 0,033 | 0,027 | 0,023 | 0,021 | 0,021 ] 0,021
0,001 —0,00005| 0,032 | 0,040 | 0,040 | 0,038 | 0,033 | 0,027 | 0,023 | 0,021 | 0,018 | 0,017
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[Tpooo.1ucenue

Tpy6a Kpyraioro ceueHHs C PaBHOMEPHO-3EPHHCTOI ILEPOXOBATOCTBIO CTEHOK; Jduarpamma
craduaninpoBannoe Teuenne; Re>2000 [2-87, 2-190] 2-2
3usavenus A
A Re
A=—
D,

4-10° 6-103 106 2108 4-106 6-10° 107 2-107 >108
0,05 0,072 0,072 0,072 0,072 0,072 0,072 0,072 0,072 | 0,072
0,04 0,065 0,065 0,065 0,065 0,065 0,065 0,065 0,065 0,065
0,03 0,057 0,057 0,057 0,057 0,057 0,057 0,057 0,057 0,057
0,02 0,049 0,049 0,049 0,049 0,049 0,049 0,049 0,049 0,049
0,015 0,044 0,044 0,044 0,044 0,044 0,044 0,044 0,044 0,044
0,010 0,038 0,038 0,038 0,038 0,038 .} 0,038 0,038 0,038 0,038
0,008 0,035 0,035 0,035 0,035 0,035 0,035 0,035 0,035 0,035
0,006 0,032 0,032 0,032 0,032 0,032 0,032 0,032 0,032 0,032
0,004 0,028 0,028 0,028 0,028 0,028 0,028 0,028 0,028 0,028
0,002 0,023 0,023 0,023 0,023 0,023 0,023 0,023 0,023 0,023
0,001 0,018 0,018 0,020 0,020 0,020 0,020 0,020 0,020 0,020
0,0008 0,016 0,017 0,018 0,019 0,019 0,019 0,019 0,019 0,019
0,0006 0,015 0,016 0,017 0,017 0,017 0,017 0,017 0,017 0,017
0,0004 0,014 0,014 0,014 0,015 0,016 0,016 0,016 0,016 0,016
0,0002 0,014 0,013 0,012 0,012 0,013 0,014 0,014 0,014 0,014
0,0001 0,014 0,013 0,012 0,011 0,011 0,011 - | 0,012 0,012 0,012
0,00005 0,014 0,013 0,012 0,011 0,010 0,010 0,010 0,010 0,011

Tpy0a Kpyriioro cedeHHs C HepaBHOMEDHOil MIEPOXOBATOCTbIO CTEHOK; Hdunarpamma
craGnim3npopansoe Tedenne; KpuTndeckas 308a (Rey <Re <Re,) [2-100, 2-106) 2-3
- - A !
Tz r=—2 2,
pwo/2 Dy
””'f”__-_._-_.;__ - Ap
wi |
2z d B2l 2 .b—o

1. Re,<Re<Re,; A>0,007

2
A=4,4Re™ %% exp ( —0’0%"75) =f(Re, A).

2. Re,<Re<Re,
A=k, —A*)exp {~[0,0017 (Re, — Re)]*} + 1*=f(Re, 4)

Mpu A<0,007: A*=i,~0,032 u A,=1,=7244Re; %%, nmpu. A>0,007: A*=%,—0,0017=

0,0109 0,145

=00758 5555 1 ha=hi=3"57a

- 0,0065 0.11
mpu A>0,007: Reo=754exp( X ); Re1=1160<z> ;

1) 00635
npu nmoboMm A: Rez=2090(z> .
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IIpoodoaxcenue

Tpy6a kpyrjloro ceveHHs ¢ HepaBHOMEPHOH I1€POX0OBATOCTLIO CTEHOK; Jdnarpamma
cTa6GUIH3HPOBAHNOE TeeHne; KpHTHUeckan 3oHa (Re, < Re <Re,) [2-100, 2-106] 2-3
, ) weDy - A
3nauends Rey, Re,, Re,, A;, A% u A7 cm. Taxxke TtaGnuny; Re= ; A=—5—, roe A oM.

tabn. 2-5, maparpad 2-1; v cMm. maparpag 1-2.

3. Enumnyro ¢opmyny pacyera A cM. m. 30, maparpad 2-1.

A
0,06'2\ A=0,0250
\ |
/ 49,0170
G03% = | 0125
\/ / 40100
0046 N A 8080555
, N PG ———
A A=
4030 | j —
19 14 18 42 26 30 g4 . Reld
Tpy6a Kpyraoro ce4eHHAa C HepaBHOMEpHOH WIEPOXOBATOCTBIO CTEHOK; Junarpamma
CTa0HIM3ApOBaHHOE Tedenne; KpaTAdeckas 3oHa (Re, < Re<4000) 2-3
ITpomexyTO4HBIE .3Haqeuux Re u A
A Re, | Re; { Re, A, A A5 A Re, | Re; | Rey A, AL A5
0,00125{2000 (2000|3195} 0,032 | 0,0404 | — ] 0,0070 {1908|2002}2864(0,0320 | 0,0434 | —
0,00197|2000|2000(3104| 0,032 |0,0412 ( — [f0,0072 186019962859 0,0328 [ — 0,0435
0,0020 [2000|2000(3101| 0,032 |0,0412 | — || 0,0080 |1699(1973{2840]0,0341 | — 10,0446
0,0024 [2000[2000{3066| 0,032 [0,0415{ — || 0,0100 |1444/1925{2800{0,0368 | — |0,0471
0,0028 200020003036 0,032 | 0,0418 | — [} 0,0125 |1268{1878}2760| 0,0393 | — 0,0498
0,0030 }2000|2000}3022| 0,032 | 0,0419 | — |} 0,0170 |1105|1816|2707| 0,0425 | — {0,0536
0,0036 12000{2000{2988 | 0,032 {0,0422 | — || 0,0185 |1071{1799(2693]0,0434 | — |0,0548
0,0040 |2000}2000{2968| 0,032 |0,0424 | — || 0,0250 | 978{1740{2642|0,0462 | — | 0,0589
0,0050 |2000{200012926| 0,032 |0,0428 | — }10,0270 | 95917262629 0,046% | — | 0,0601
0,0060 [2000{2000{2892] 0,032 | 0,0431 — {|0,0450 | 871{163212545}0,0510 | — | 0,0680
0,0063 |2000]2000{2883| 0,032 [0,0432 1 — {]0,0600 | 840{1581{2499}{0,0531{ — 10,0730
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Tpyba Kpyrioro ceueHus ¢ HepaBHOMEPHOH [IEPOXOBATOCTLIO CTEHOK; Jnarpamma
CTa0HJIH3NDOBAHHOE TedveHHe; KpHTH4Yeckan 30Ha (Re,<Re<4000) 2-3
3navenns A

Re-1073
A
1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,8 2,0
0,025 0,065 0,061 0,058 0,055 0,053 0,051 0,050 0,049 0,051
0,017 — — 0,055 0,053 0,050 0,048 0,046 0,043 0,046
0,0125 —_ — — 0,050 0,047 0,046 0,044 0,041 0,043
0,0100 - — — — — 0,043 0,041 0,039 0,040
0,0080 —_ — — — — — — 0,036 0,037
0,0070 —_ — . — — —_ — — 0,032 0,033
0,0060 — — — — — — — — 0,033
0,0050 e — — — — — — — 0,033
0,0040 — — — — — — — — 0,032
0,0030 — — — — — — — — 0,032
0,0024 — — — — — — — — 0,032
0,0020 — — — — — — — — 0,032
Re-1073
a
2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 3.8 4,0
0,025 0,054 | 0,059 | 0,059 | 0,059 | 0,059 | 0,059 | 0,059 | 0,060 | 0,060 | 0,060
0,017 0,049 0,051 | 0,053 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054
0,0125 0,045 0,047 | 0,049 | 0,050 | 0,050 | 0,050 { 0,051 | 0,051 | 0,051 } 0,051
0,0100 0,042 0,044 | 0,046 | 0,047 | 0,048 | 0,048 | 0,049 | 0,049 | 0,050 | 0,050
0,0080 0,039 0,041 | 0,043 | 0,045 | 0,046 | 0,046 | 0,047 | 0,047 | 0,048 | 0,048
0,0070 0,035 0,038 | 0,041 | 0,043 | 0,045 | 0,045 | 0,045 [ 0,046 | 0,046 | 0,046
0,0060 0,035 0,038 | 0,041 | 0,043 | 0,044 | 0,044 | 0,044 | 0,045 | 0,045 | 0,045
0,0050 0,034 0,037 | 0,040 | 0,042 [ 0,043 j 0,043 | 0,043 | 0,044 | 0,044 | 0,044
0,0040 0,034 0,036 | 0,039 | 0,042 | 0,042 | 0,043 | 0,043 | 0,044 | 0,044 | 0,044
0,0030 0,033 0,035 | 0,038 | 0,041 | 0,042 | 0,042 | 0,043 | 0,043 | 0,043 | 0,043
0,0024 0,033 0,035 | 0,037 [ 0,040 | 0,041 | 0,041 | 0,042 | 0,043 | 0,043 ; 0,043
0,0020 0,033 0,034 | 0,037 | 0,039 | 0,041 | 0,040 | 0,041 | 0,042 | 0,642 | 0,042

TpyGa kpyriaoro ceuenHsi ¢ HepaBHOMEPHOH (IEPOXOBATOCTBIO CTEHOK; Jnarpamma
crabmimdupoannoe Teuenne; Re>Re, [2-6, 2-171} 2-4
t Re, cMm. nuarpammy 2-3
Lo Lok rosorrerer, A p I
‘ (=—pm=A o
. pw3/2 D
Wo, o
- L Ap 1 -
, $ A= = — WM B npedenax A=
5 i pwd !/ [71 ( 2,51 4 Z):'Z D
—— e, 2 g e
2z O 2 D 0 Re \/7: 3’7

=0,00008 - 0,0125:

Re—= woDy

90
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Tpyba Kpyrjioro cedeHHs ¢ HEPABHOMEPHOH ILEPOXOBATOCTLIO CTEHOK;
crabniansnpoBanHoe Tedenwe; Re>Re, [2-6, 2-171]

JduarpaMma
24

4]
Mpu A<A,..D, A cM. muarpammy 2-1; A

0.25
A=0,11 (Z& +-——) cM. rpaduk a.
Re

A
5=D—; A cM. Tabn. 2-5, naparpad 2-1; v cM. maparpad 1-2.

upen

cM. rpadux 6 B 3aBUCHMOCTH OT Re.

VBeluueHue MIEPOXOBATOCTH CTEHOK TPYOONpPOBOAOB BO BpeMs IKCIUTyaTaldd YHYTEHO B I
63—69, maparpad 2-1.

A 4 1ped) e
= d=q050, @
”’”70 Bes ﬂ,l)#l)\ AA 1 ,5
go60 e ) g03q v dnped = g
™ il [ ~
4050 NG 4020 y !
NRORS = 0015, ot
_‘W\ \‘ 4 A w4 4 Il
ao40 N = gonn. HH AR plaee
- T 70 ST A 080 A0
117
. I~ T /ot ,05 ,06 Re
4”3” N\ N - \ aﬂﬂﬁ ) S
T ®
4025 { a0020 o
qooio
N I N
aoz0 N =2 / 4omg
=5 00
A= A— NN s 40004
(18g Re - 164)
4on B 20002
e~ 5
gorz Rempes = {iﬂ d s Bk 20007 _
g m 0,00005 Ht
14 d N
aoto Remes = 7| S ~13 q00001 [
N < = e
4909 T T 4=4000005
aagﬂ LTI LTI Ll
23456 O)r 2z 3456 101 2 3 456 10/ 2 3456 10/ 2 3 456 D|fe
x10° x10* x19° x10% _ xg7
Re, cM. auarpammy 2-3
3navenns A
Re
A 4 s 5
B=B— 3-10° 4-103 6-103 104 2-10* 4-10% | 6-10 10 2-10
1 2 3 4 5 6 7 8 9 10
0,05 0,077 0,076 0,074 0,073 0,072 0,072 | 0,072 | 0,072 | 0,072°
0,04 0,072 0,071 0,068 0,067 0,065 0,065 | 0,065 | 0,065 | 0,065
0,03 0,065 0,064 0,062 0,061 0,059 0,057 | 0,057 | 0,057 | 0,057
0,02 0,059 0,057 0,054 0,052 0,051 0,050 | 0,049 | 0,049 | 0,049

91




[Tpodo.incerue

Tpyba kpyrioro cedyeHHs C HePABHOMEPHOH MIEPOXOBATOCTHI0 CTEHOK; * Jmarpamma
crabuausnposannoe Ttevenme; Re>Re, {2-6, 2-171] 24
1 2 3 4 5 6 7 8 9 10
0,015 0,055 0,053 0,050 0,048 0,046 0,045 | 0,044 | 0,044 | 0,044
0,010 0,052 0,049 0,046 0,043 0,041 0,040 | 0,039 | 0,038 | 0,038
0,008 0,050 0,047 0,044 0,041 0,038 0,037 | 0,036 { 0,035 | 0,035
0,006 0,049 0,046 0,042 0,039 0,036 0,034 | 0,033 | 0,033 | 0,032
0,004 0,048 0,044 0,040 0,036 0,033 0,031 | 0,030 { 0,030 | 0,028
0.002 0,045 0,042 0,038 0,034 0,030 0,027 | 0,026 | 0,026 | 0,024
0,001 0,044 0,042 0,037 0,032 0,028 0,025 | 0,024 | 0,023 | 0,021
0,0008 0,043 0,040 0,036 0,032 0,027 0,024 | 0,023 | 0,022 | 0,020
0,0006 0,040 0,040 0,036 0,032 0,027 0,023 ( 0,022 ( 0,021 | 0,018
0,0004 0,036 0,040 0,036 0,032 0,027 0,023 | 0,022 | 0,020 | 0,018
2-1074—5-10"% 0,036 0,040 0,036 0,032 0,027 0,022 | 0,021 | 0,019 | 0,017

3uauenun A
A * Re '

K=E 4-10° 6-10° 106 2-10°8 4-108 6-10¢ 107 2107 >10%
0,05 0,072 0,072 0,072 0,072 0,072 0,072 0,072 0,072 0,072
0,04 0,065 0,065 0,065 0,065 0,065 0,065 0,065 0,065 0,065
0,03 0,057 0,057 0,057 0,057 0,057 0,057 0,057 0,057 0,057
0,02 0,049 0,049 0,049 0,049 0,049 0,049 0,049 0,049 0,049
0,015 0,044 0,044 0,044 0,044 0,044 0,044 0,044 0,044 0,044
0,010 0,038 0,038 0,038 0,038 0,038 0,038 0,038 0,038 0,038
0,008 0,035 0,035 0,035 0,035 0,035 0,035 0,035 0,035 0,035
0,006 0,032 0,032 0,032 0,032 0,032 0,032 0,032 0,032 0,032
0,004 0,028 0,028 0,028 0,028 0,028 0,028 0,028 0,028 0,028
0,002 0,024 0,023 0,023 0,023 0,023 0,023 0,023 0,023 0,023
0,001 0,021 0,020 0,020 0,020 0,020 0,020 0,020 .0,020 0,020
0,0008 0,020 0,019 0,019 0,019 0,019 0,019 0,019 0,019 0,019
0,0006 0,018 0,018 0,017 0,017 0,017 0,017 0,017 0,017 0,017
0,0004 0,017 0,017 0,016 0,016 0,016 0,016 0,016 0,016 0,016
0,0002 0,016 0,015 0,015 0,014 0,014 0,014 0,014 0,014 0,014
0,0001 0,015 0,014 0,013 0,013 0,012 0,012 0,012 0,012 0,012
0,00005 0,014 0,013 0,013 0,012 0,011 0,011 0,011 0,011 0,011
0,00001 0,014 0,013 0,012 0,011 0,010 0,009 0,009 0,009 0,009
0,000005( 0,014 0,013 0,012 0,011 0,009 0,009 0,009 0,008 0,008

Tpyba Kpyriaoro cedeHHsi C UIEPOXOBATLIME CTEHKAMH; CTAGHIA3HPOBAHHOE Jnarpamma
TedeHHEe; PEKAM KBAAPATHYHOr0 3aKOHA CONPOTHBJICHHA (Re>—z.— [2-99, 2-190] . 25
1 - l C— AP —)\' 1 .
Fm 77 “owi2 Dy
s -—S|T A 1
P —_
A= = =f(4)
- A < 2 1 3,7 2
a=t gK o (2%
D, ¥ Dy
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Tpyba KpPYrfioro cedyeHHs ¢ MIEPOXOBATHIMA CTeHKawh; CTabHIM3HpoBaHHoe

5
TeueHHE; PeKHM KBAAPATHIHOrO0 3aKOHX CONPOTHBJICHHA (Re>T [2-99, 2-190]

JAnarpamma

2-5

A cMm. 1aba. 2-5, maparpag 2-1; v cMm. naparpag 1-2.
[Ipu yBeauYeHHH MIEPOXOBATOCTH CTEHOK TPyOONPOBONOB BO BpeMsA OJKCILIyaTaUMH CM.

mr. 63 —69.
A=A/D, 0,00005 0,0001 0,0002  0,0003 0,0004 0,0005 0,0006 0,0007 0,0008
A 0,010 0,012 0,013 0,014 0,015 0,016 0,017 0,018 0,018
|
A=A/D, 0,0009 0,001 0,002 0,003 0,004 0,005 0,006 0,008 0,010
A 0,019 0,020 0,023 0,026 0,028 0,031 0,032 0,035 0,039
A=A/D, 0,015 0,020 0,025 0,030 0,035 0,040 0,045 0,050
A 0,044 0,049 0,053 0,057 0,061 0,065 0,068 0,072
A
Q06
a0 ra—
Q07 /
1
g qoos 4ol goz¢ Qo522 Q040 3
TpyOnl OpAMOYT0JIBHOTO, FJTHITHIECKOro H APYTHX BHIOB NONEPETHOIO CE4eHNS; JmarpamMa
cTabunA3uposannoe tevenne; [2-87, 2-158] 2-6

._ Ap !
{=—m=h—s
pw0/2 Dr
4 4F, WD,
~ > D,.=—°; Re=——%;
Wor FQ E g
| T 7«.“.=—"—‘5—A—’1——_=ku)\',
(pwd/2)- (/D))

rae A HaxouaT mo amarpammam 2-1—2-5 (xak gas Tpyd

KpyrJIOro ce4eHus)

93
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TpyOsl HPAMOYT0JILHOr0, ALIHNTHYECKOTO H APYTHX BHIOB MOMEPEYHOTO CEYEHHS; Juarpamma
crabuan3uposanHoe Teyenwe; [2-87, 2-158] 2-6

dopma MONEPEYHOrO CedeHHA TpyObI

(xaHama) M cxeMbl . IMonpasounsiit koddpduuHEHT
ITpsaMoyrossHuK: Jlamunapueiit pexum (Re <2000, xpusas /)
i bola, {0 }0,1 10,2 04 |06 |08 |10
< ky=kgy |1,501,34]1,20 | 1,02 | 0,94 | 0,50 | 0,89

_ 2ayb, TypbynenTreit pexum (Re>2000, kpusas 2)

T a +b
orTe k.=k.  [1,0011,08]1,06} 1,04 {1,021 1,01 1,0

®
12
_— 2
NG :
10
D
480 g2 94 a6 48 bglag
Tpanenus: 5,
k, HAXOgAT npUOMMKEHHO TaK 3Ke, KaK Ul
" = ” MPAMOYroJIbHAKA
I b .
| o
2h

Dr=1+ i L
b, +b,\sing, sing,

Kpyr ¢ oaHOH WIH ABYMS BBIEMKAaMH.
Kpyr 3Be31000pa3HOit (GOpMBI

94
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om—

rpyﬁbl MPAMOYIroJILHOT 0, JJIJTHNITHYECKOr0 H JPYTHX BHIOB NONEPEYHOT0 CeYeHHH;

Jduarpamma
cTabman3uposanHoe Tevenme; [2-87, 2-158] 2-6
ILIMIC Jlamunapusiit pexxuMm (Re <2000):
[
o 1/D.\?* bo\? .
) Y] k“=k’”=§<b—or> [1+<;—Z>] cM. Tpadux 6
2 bolay 10,1 (0,2 [0,3 0,4 10,5 (0,6 0,7 0,8 {0,91,0
4a.b
D~ 0% . Tousee D~ k,, 11,21{1,16/1,11]1,08]1,05{1,03{1,02]1,01{1,01{1,0
1,5 (ao+bo)— A/ aobo
naybh Kaa
. obo ®
~0,983a,+0,3115,+0,287b%/a, \
12 \
2 \
\\
10 —_—
/] g2 g4 g6 48 bgla,
Typbynentrriii pexum (Re>2000): k,,=1,0

TpyOnl KolbleBOro nomepevHoro cedeHHn; CTaOMIM3HPOBAHHOE TeueHHe JInarpaMMma
[2-29, 2-30, 2-39, 2-68, 2-95, 2-120, 2-205] 2-7
woD Ap i
L D.=D,—d: Re=—2%; (= =A, —:
— r V] ] € v ] C pw (z) /2 b Dr
‘ pwp |
,F,, }\- EA —_—— =ku}\.,
Wo, QQL__ ] 4 / ( 2 Dr)
A—rmo puarpamme 2-1—2-5

dopma nonepeyHOro ceveHUst TPyObl

(kaHama) M cxema TMonpapsoudbiit ko3 HUHEHT

JlaMuHapHbIH pEXAM (Re<2000):

1—(d/Do)?
ky=ki on= 3 CM. KPHBYIO
. 14(d/D)? +1_:(£/_1.)i
° Ind/D,

ki .. Tpaduka a

dip, |0 0,1 (0,2 {0,3 (0,4 |05 [0,6 |>0,7

Ky xon 1,01,40]1,44|1,47|1,48)1,49 1,49 1,50




ITpodoaxncenue

Tpy6ni xoubiieBoro nonepevnoro cedenms; CTaGHIH3APOBAHHOE Teyelne
2-29, 2-30, 2-39, 2-68, 2-95, 2-120, 2-205]

JuarpamMa
2-7

TypOynentubiit pexum (Re>2000):

A'u = }"xon =

k,=k,,,, CM. XpuBble rpaguxa a
3uavenna k,,,,

0

1 d
0,02d/Dy+0,98){ =—0,27 — +0,
( /D, + )(X 7D +0,1

)

aip
Re /D,

0 0,1 102 {03 (0,4 (0,5 |06 10,7 |08 |10
10%1,01,031,041,05[1,05{1,06}1,06{1,07{1,071,07
103/ 1,0 {1,021,03]1,04|1,05{1,05[1,06/1,06}1,06|1,06
106 1,0 {1,0211,03{1,04|1,04{1,05[1,05|1,05!1,05|1,06
107(1,011,01{1,02{1,03{1.03{1,04|1,04{1,04(1,05|1.05

Kyxon_ Kznop
/ Kyxan @
14 106 -
7 Re=10%
’”5 / | smerrmamones
s
13+ 108 >
Y o
fa e=
12 b 102 v/
A Y Y TR TR T8

3 |
ﬁg%‘
&

Ipononsueie pebpa (d/D,~0,9)
Jlamuuapusii pexum npm Re<3-10%:
ky=ki=1,36.
Typ6ynentsntit pexkum npu Re>3-10%

kion oM. k,,.,, Xomsnma Ge3 peGep.

Vakoe xomwno ¢ Tpems peCpamu: A,
TIPOJOJILHEIMH ®
. 6b 5 \
vansfiran-2] | o
D.=D, , 3 \
(14+d/Dg)+—(1=d/Dg) =2 “
“r 0 D, \
18
— — =% \
. : ST 14
@ f T~
10 T
g & 8 1z 16 20 1% T/d

96




Ipooo.axncenue

TpyOnul KoabueBoro NONEPE4HOro CeYeHHs; CTAOHINIHPOBAHHOE TedeHHe
[2-29, 2-30, 2-39, 2-68, 2-95, 2-120, 2-205]

2-7

Jmarpavma

(i

Crnupaneuble peGpa @ns Bcex 4ucen Re

CNUpaJIbHBIMH
T ” 20 ’ '
2—diD kxonzkn=<l+—')kxon=-’4 kxom
\—diDy zd! °( 18 | p (T/d)? ’
- ————(A—-B)——— | Yo
( 1 1-dD, nD, roe A, cm. rpadux 6.
D = . kion CM. KomBOO ¢ peGpamu
i L +3(1 gpy) -2
Doza\a™ 5 )= /o)nDo
xd
A 1+ ¢ T 2'
/ = D, nd)’
¢ T/d 3,5 |45 |60 |80 |10 25
T 2
~ B=d|D 14| —
o +(nd> A, 263 (1,99 | 1,56 | 1,31 | 1,20 | 1,03
W, /
W/
Jlamuuapnsnii pexum (Re, <2000):
1
k=k=——m—k, 0
n 3 (1+Blé)z 1xon
rae B,=f(d/D,) cM. rpadux s;
kyon CM. xoIbmo O6e3 pebep
8,
DKCLEHTPHYECKOE KOJIBLIO ”
Dr=D0 d, ’ /
_ 2 /
= 10
e Do_d g //
9, 02 04 a6 a8 d/D,
d/Dy) 00,1 10,2 10,3 J0,4 }0,5 j0,6 }0,83 J1,0
B, 1010,65(|0,90(1,10({1,22(1,30{1,39|1,45(1,43
y $4 @
10 _ﬁ
\ .
a8 ‘
2 \_
o3 gs a5 a8 ¢
4 3ax. 1584 97
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Tpy6el KoabilcBOrc nonepevHoro CevedHs; CTaOH.TH3HPOBAHHOe Te4YeHHE Jnarpamva
[2-29, 2-30, 2-39, 2-68, 2-95, 2-120, 2-205] 2-7

Typbynentuniit pexum (Re>2000):
ky=k'ky on TOE Ky,0n M. KOABIO 6e3 pebep;
k), npu d/Dy=0,5-—cM. kxpuByto [ rpaduxa

2, TipH
d/Dy20,7 cMm. kpuByro 2 rpadpuxa 2 uiaH
k,=1-0,9(1-2/3¢) &

3unauenus k.

LT}

d/D,

0 02 {04 (06 (08 {10

0,5 (xpuBag I) | 1,0 {1,0 |0,95]0,8710,80(0.77

=0,7 (xpuBag 2) { 1,0 10,98 {0,9010,800,73{0,70

TpyOsl TpeyroasHOro (M OJIH3KOro X HEMY) MMONEPEYHOrO CEueHHS: Huarpamma
crabunniaposannoe Teuenue [2-76, 2-95, 2-158] 2-8
- : 4fF, woD, Ap I Ap
7/1/ 22z [(wrovosrosnoa Dr=-—‘; Re: ; = =A’H—; E—_—"‘-"—_=k )\., l')le l Ha-~
= T, v =i D o) (D)
wo, XOZAT mo guarpamMmam 2-1--2-5 (xax ang Tpyd Kpyrjoro ceueHus)
24 — S+ -
dopma nonepeyHoro ITonpasouHbli KO3 PHINEHT
CedeHUA TpyOst
(xaHama) ¥ cxeMa
)
3
£
1 Jlamunapusii pexum (Re<2000):
3 1—tg?B(B+2)
ky=ki,=- CM. KpHByIO I
4, 4 (B—-2)(tgB+/1+1tg*p)?
PaBHOOepeHHBIN Tpe- _ B.° 0 10 20 30 40 60 80 90
yrOJIbHHK: .
501 kip 0,75 |1 0,81 { 0,82 { 0,83 | 0,82 | 0,80 0,75 0,78
B= [44—| —==1);
2\tg’p
2 TypOynentrelii pexxum (Re>2000) cMm. kpuByio 2
D =
1
R peeras ki 0,75 | 0,84 | 0,89 | 0.93 | 096 | 098 | 090 | 1,0

98




IIpooo.incenue

Tpy6rt TpeyrosbHoro (M GAH3KOro K HeMy) MONEPeTHOro CeYeHHS: Huarpamma
cTabunH3upoBanHoe Tevenne [2-76, 2-95, 2-158] 2-3
JIaMUHADHBIR peXKHM:
< |z b 3(1=3@)(B+2)
S, T 20/B-9(tgp+ /T teB)?
CM. KpUBYIO 4
Zg
B,° 0 10 20 30 40 60 30 90

[IpaMoyronbubiii Tpe-
YrO:IbHHK: Ky, 0,75 10,78 ; 0,80 § 0,81 | 0,82 0,81 0,77 0,75

D, cm. paseOOeapen-
HBIH TPEYroJIbHAK

TypOynentreii pexum: k7, cM. kj, paBHOOeapeHHOro
TpeYronpHuka (KpHBas 2)

Jlamuuapubii pexum: k,=k;;,=0,835.
TypOynentHenit pexum: k,=k7;x0,95.
Jlamunapnsiit pexum: k =k, oM. xpusyro 3

o —--

a

10

20

30

40

60

80 90

PaBHOCTOpOHHMIT Tpe-
yronbauk (B =30°):

D, cm. pasuobGempen-
HBIA TpPeyroJbHHK

0,75

0,82

0,86

0,89

0,92

0,95

0,98 1,0

TypOyseBTHoid pexuM: k, cM. ki, PaBHOGEIPEHHOTO
' TpeyroJnHHKa (kpHBas 2)

1/(0 7P
25 4 I,
\ 2 3
a8
é ’%§_
CekTop xpyra: '
_ 2mroP/180° %9 20 W &0 30 p°
1+nB/180°
(B—5°
Iyuxn TpyO, crep:xued; OpoJoaLHOEe MeXTpyOHOe TedeHne JInarpamma
(240, 241, 2-68, 2-119, 2-120, 2-157] -
t
- 4F, woD, Ap /
-] =——: Re= ; L= =N~
-——-1// s /.11 Z : o /_ 222 Dr Ho ¢ v C’ pW (2)/2 Dr
= = | = . A s———A—p———=knk, rde A HaxoddT MO Juar-
Woy o = == = ) n (pW%/Z)‘(Z/Dr)
] = _i ,  pammaM 2-1—2-5 (xax nas TpyO Kpyrjioro ceyeHus)

4*

99
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Ilyuxn Tpy6, crepxkHeii; npogosbHoe MeKTpyOHoe Tedenne
[2-40, 241, 2-68, 2-119, 2-120, 2-157]

PopMma NONMEPEYHOrO CeHEHHA
KaHa1a H c€xeMa

duarpavwa

29

IonpaBoyxbiit ko3hPHUHEHT

Tpeyrons- Jlamunapunnit pexum (Re<2000); 1,0<s/d< .S
Has csoboa- k,~0,89s5/d+0,63 umu cM. kpuByro ! rpaduxa a (1ad1. 1)
Hasd yNakoB- Tab.uya 1
xa (Be3 obe-
dadKd, pas- s/d 1,0 | 1,05 | 1,10 | 1.20 | 1,30 { 1,40 | 1,50
HOCTOPOH- )
HHH  Tpey-
rOJIGHHK) kg 1,52 j 1,56 | 1,61 { 1,70 | 1,79 | 1,88 | 1,97
D.=d[ 6 (s/d)?—1] TypOyneutneii pexum npu s/d=1,0:
/3 ko =0,64
ITpamoy-
ronbHad cBo- L > C) A
fogmas yma-
xoBka (Oe3- ~ JlamuHapueiii pexuM mpu 1,0<s/d<1,5:
obevaiikn) /‘i: o k,=0,96s/d+0,64 umu cm. kpuByto 2 rpaduxa a (rad.x. 2)
D D))
G UV
$7

D,=d(% s:;,__ ) Tabauya 2
s/d 1,0 11,05 1,10 1 1,20 | 1,30 | 1,40 | 1,50
k, 1,59 | 1,64 | 1,68 [ 1,78 | 1,88 | 1,98 | 2,07
ky .
@
TypOynenTusiii 2~
P 19 >
pexuM npH s/d=1,0 / /
k,=0,64 17 /'/ 7
lst,a 1 12 13 (4 s/
TpeyronbHas ymakoBka B oOevaiike: Typ6ysenTHEH pexHM kn -
Z—9HCIO CTepXkHe# (WAMMHApOB) B (Re > 2000): )’——-r—'®
nydxe, a) ynaxosxa Ge3 opel- iz
D_ cMm. TpeyronbHyo cBoOGIHYIO yma- perus: k,=f(s/d) cm. /2,.
kOBKY : rpadux 6 10 /
AZAN
a8
7 N
qﬁzo 171 12 13 sk

100
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IMywxn Tpyd, crepkueit; mponoasHoe MexTpyOHOE TedeHHe Jnarpamma
12-40, 241, 2-68, 2-119, 2-120, 2-157] 2-9

3uavenns k,

sid
A 1,0 1,05 1,10 1,20 1,30 1,40
/A/gx I I& ®urypuas obevaitka, z=19 u 37
// NYAVAYAVAYA 2 VA IoJoss | 1o | L2 | 125 | 1,29 | 130
- RAAYL AV |
mxﬂ& w Mlecturpannas oleuaitka, z=37
Q
"m\’@}"g 2 lo7 | o084 | 095 | 1,06 | 1,13 | 1,15
/// VAL IHTS -
o Tpeyronbras oOeuaiixa, z=3
3 — 1,30 1,25 0,95 0,72 0,57
)

6) ymakoBKa CO CHMPaIbHBI-
MH pebpami:

20 |
[ K= 1+ ——5 V=4 .k, 74
o < +(T/(I)2) n 1%o \
20

rae k, cm.rpadux 6; A4,
cM. rpapux  ¢; T cm. aua-

A

rpamMmy 16
A ]
T/d 3,5 4,5 6,0 10
A, 2,63 1,98 1,56 1,20

IpamoyronsHad 4eTnipexTpy6nad yna- | TypOysmenTaniii pexxum:

KOBKa: a) ymakoBka Oe3 opebpesnd:
D, cM. TpAMOYrojbHYH CBOGOIHYHO 1) npu s/d=1,45 k =097,
yNaKoBKY 2) ecyim CTepXeHb kacaeTcd creHok, 1o k,=0,71;
3) npH B3aUMHOM KACaHHM CTEPXHEH H CTCHOK
k. =0,68;

Ll Ll Ll

6) ymakoBka CO CHHpaJdbHbIM OpeOpeHHEM;

%
4 7
7 . ;
Z 7 xy B oOcuaiixe
2 fi\ N 2 k, cM. TpEYyronbHyIO YIAKOBKY
7 \]J \L/ 2
A d -« b
“ N7
4 4
7, 2
7 Ly
Y N\ 7
DI
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TpyOut H3 ATIOMHHMEBBIX MM CTANBHLIX JeHT (IUIOCKOCBApHLIE):

Jnarpamva
cTabunn3ApoBaHHoe Tedewne [2-74] 2-10
A [
2222 T V22T p w 0/ 2 Dr
n A a) 4-10°<Re<4-10%
wﬂ',,:g - P N A Ap l Al
I § ?\_=_ b — s
pwi/2 D, Re®?
: 1 a
‘M Vvt rsssosrsssse,] roe Al =f 52 cM. rpa(bHK a;
0
6) 4-10*<Re<2-10%
4F, woD 4,
D =—; Re=—; =t
T, =Ty Re®12

D, HaxondT, xak jis JIIHICa
a,
(cM. muarpammy 2-6) rne A,=f (EQ) cMm. rpadux a; Re®?® u Re®'? cm. rpagux 6
0,

A
G
430 / = ao/bg 0,4 0,5 0,6 0,7 0,8
4z A, 0256 | 0,275 | 0300 | 0310 | 0316
020 A, 0,165 | 0,17 0,18 0,185 | 0,185
a15 s
"ge 85 86 47 a/by
RebE e
@
20 / 445 .10-5
Reu//g“”" Re- 10 ‘ 041060811 12114116718
18 2] 40
/7 d Re0-2% 14,1)15,7116,8)17,8 118,6]19,3120,0)20,6 21,1
g .
6 / 3 Re%12 3,5713,75(3,88 | 3,98 [4,07 | 4,15 | 4,21 | 4,27 | 4,33
P 7 T R Ty A
JAnarpamma
Tpyba co croikamm (cBapuas); cTabmamimposanHoe Ttedenme [2-6, 2-194] 2-11
>
N A I
(= f =n_| A=+, |,
X pwi/2 D,
W, Sl _ - Te n,—4UCIO CTHIKOB Ha y4acTKe; A CM. AMArpaMMbl 2-
o - 2—2-6; { ,—xo03dpuIHenT COMPOTHUBIIEHUS OMHOrO CThIKA!:
y Ap
lcr )HpH c-r/ 0< Cc-r pW%/2 4C
rre (& =138 (3./Do)** cM. rpadux a;
Tabauya 1 k,=0,23 (21g(l,/Dy)+1) cM. rpacdux 6;
Ap
2 I_/Dy250; { ,=—F—= cM. Tabmr 3
8../D,| 0,01 (0,02 0,03 { 0,04 [ 0,05 | 0,06 ) mpH /Do 230; L=
9 [0,017/0,039/0,0750,115{0,15 0,20
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TTpodoancerue

Jnarpamma
Tpy6a co creikamu (cBapman); crabHian3upoBanHHoe Tedenne [2-6, 2-194] 2-11
I @
Tabauya 2
97 2
/ I./Dy 10|24 |8|12|16]|20]24]30]50
408 <
/ k, 0,2310,37/0,5110,6510,730,7810,830,86|0,91{1,0
0 402 a0% 812,
g i
g8 -
— 9,
-
06 /
a5 >
g4 =
43 |~
q2 - )
10 14 20 30 40 5060 8o 10 % 20 30 401,15
Tabauya 3
3uadenna {, Qs CcBapHBIX CTBIKOB PA3JIHYHBLIX BHIOB
Huamerp Tpy6er Dy, MM
Bugsr cThIKOB
200 300 400 500 600 700 800 900
C nonxnagmervu | 0,06 0,03 0,018 0,013 0,009 0,007 0,006 0,005
KompHaMH (8., =
=5 MM)
Buinonuennrie nxy-| 0,026 0,0135 0,009 0,006 0,004 0,0028 | 0,0023 0,002
rOBO# ¥ XOHTAKT-
HOH cBapkoit (3.,=
=3 MM)
Tpy6a ¢ npsmMoyroaLHLIMA KOJIBLUEBRIMH BhieMKAMH; CTa0AIH3HPOBARAOE TEYERHE; Juarpamma
Re>10° [2-133] 2-12
Ap
s——=n_|M/D¢+(,):
- - C pW% /2 nn( B/ o} C)
lg b rae n,—4HCIO BLIEMOK HA Yy4acTKe; A CM. JHarpamMmsi 2-

%
v

1 2—2-6; {,—x03bdUnKenT CONPOTHBJICHHS ORHOH BBHIEMKH:

N

oA npu /[,/Dy,>4

£, ~0,046b/Do;
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ITpooo.ixcenue

Tpy6a ¢ NPAMOYTOILHEIMA KO.TbUEBbIMA BEICMKAMH; CTaGHTHIMPOBAHHOE TedeHHe; JuarpamMma
Re>10° [2-133] 2-12
Ls
40, T~
-\ y opu [,/Dy=2
b/0,=028
~—_ 77 " o= ~0 ;
4070 4 é& '*—4:42_6‘ Ga Cmax )Osgb/D()’
/ § I npu [,/Dy<4
/ — __—_&‘Ej’: Ca=/(b/Dy, /D) cM. kpusbie
Gaag ; > 4”2;72_
7~ 010 <
~ 6408_
/—— no
b/Dpg=804
0 2 4 ¢ ts/0s
3uaveuns A
b/D
/D, Do
0,06 0,10 0,14 0,18 0,22 0,26 0,28
0,35 0,0019 0,0033 0,0048 0,0065 0,0075 0,0090 0,0097
1,0 0,0027 0,0043 . 0,0062 0,0081 0,0105 0,0127 0,0137
2,0 0,0028 0,0047 0,0073 0,0094 0,0120 0,0142 0,0156
3,0 0,0020 0,0039 0,0064 0,0084 0,0113 0,0133 0,01438
40 0,0017 0,0033 0,0052 0,0070 0,0089 0,0110 0,0120
Tpy6nt Kpyrioro cedeHus rudKoil KOHCTPYKIMK; JnarpamMa
cTabunn3apoBannoe TypOyienTHoe Tedenme [2-53, 2-146, 2-194] 2-13
A-A
15
. € -}
0
} ? | mi 3 - ]
e TR ] || e e || e P | e e |
[ w LT l”””l“lLl-l. LI[[UIII[II[ IIIHIIIII”HJJ‘Ll”””””” o -”J
!”LILL[JI}J" | JeNa SR RERE JOTTPrp Ty ISARENRERRARRI MIRERERRENIRINN ‘ 8L RRENNI ' 1eE00RERREE1E0 ‘
% l H ‘
2390 2507 4 2977 3585
s 1146%
Ap 1
CE 27 =A
pws/2 D,

1. Tpyba u3 MeTaIM4ecKOd NedaTsl (MeTaulopykaB) [2-146] A cM. rpaduk a
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ITpooa.oxcenue

TpyObi kpyritoro cedenms rmbKoOH KOHCTDPYKIMM, Junarpamma
cTa0WIH3HPOBAHHOe TYpOY/eHTHOe Tewenne [2-53, 2-146, 2-194] 2-13
3uavennst A
Re-1074
Kpun-
< Bl os ) o8 | 12 | 16 4

Wg.Fo

22 N e vl

TloTox cOeraer ¢ xpomox

1 0,0250 | 0,0254 } 0,0256 | 0,0257 | 0,0257

TloTtox HaGeraetr Ha XpomKu

2 10,0250 | 0,0262 | 0,0275 | 0,0284 | 0,0285

2. Tpyba rocpuposannas [2-194]; A cMm. rpadux 6

3uavenust A
Re-1073
kil
A . 0,4 0,6 0,8 1 1,4 2 2.5 3
}-""7 @
qoz7 // 0,421 10,150(0,155)0,162]0,16810,17510,1800,185]0,190
1.
q025 ; + 10,083

T T R T R TN 0,0820,0880,09010,092:0,098 |0,103 {0,105{0,110

1 T2 - — 0 0,0220,023}0,024)0,025)0,026 0,027 0,028 10,029

976 Math| | (0 ‘

q1%

412

410 — 083, 3. Crexnorkauenas Tpy6a [2-53] (eM. . 72, maparpag 2-1)

108 (4-4" Xz0,052(10D0)°'”Dg (506)%% cm. Tabmany; b— mmpuna
, NMeHTH, HaBMBAaeMOW Ha TIPOBOIOYHBIH Kapkac CTekio-

Q06 TxaueBo#l TpyOm (npu D,<0,2 M 5=0,02 M; upd

q05 , _ Dy>0,2 M b=0,03 M) :

Q0%

q03

h/[z.-. a7 ///

g4« g6 0F 10 14 20Re10"

3navenns A

Re-10~°
DO? M
1,0 1,1 1,4 1,6—1,71 1,8 1,9 2,3 i2,6—27] 28 2,9 3.3
0,100 — 10,053 | 0,053 | 0,051 | 0,05 . — — — — —
0,155 — 10063 — — — 10,063 | 0,064 | 0,064 | — — —_
8,193 0070 | — — — — 10,072 |0,072 |0073| — — pol
250 - ) - -] =) =] = | — ] — 0085|0077 0082
I




Pykaea M3 apMHDOBaHHOH pe3duLl; CTaOWIH3APOBaHHOe Tedenme [2-132]

d
Re=20%er 4. 0%
\Y

JuarpamMma

2-14

Ap {
= =3
: pwdf2 d

pacyq

b

rae A— B 32BHCHMOCTH OT YC.IOB-
HOro jamameTpa d,., cM. rpadux
a; d,.,—DPAacuCTHBIA IMaAMETP,

omnpenendeMBd B 3aBUCUMOCTH OT
BHYTPEHHEr0 H30OBITOYHOrO [as-

JdeHMA p, 0OpH Da3iH4HBIX d, .,
(cM. rpajpux 6, v oM. maparpad
1-2)
XapaKkTepucTHKE PyKaBoB
BuyTpenHuii ycnosusii auamerp d,.,, MM 25 32 38 50 65
JduaMerp MPOROIOKU-CIIUPAITH, MM 2,8 2,8 2,8 3,0 34
Mlar, MM 15,6 | 15,6 | 17,6 | 20,0 | 20,8
Txanesas Hpoxiafxa TOMHHOK 1,1 MM, wrT. 1 1 1 1 1
Pe3snHoBLIiH C10H TOMIMHOM, MM , 1,5 1,51 20} 20| 20
Coupanp xmonyaToGyMarkHas THAMETPOM, MM 1,8 1,8 1,8 1,8 1,8
Peaunoruiit co#ft TOMUUHOK, MM 1,5 1,5 1,5 1,5 1,5
TkaneBad mpokiagxa TommuuaOoR 1,1 MM, wr. 2 2 2 2 2
dyo, MM 25 32 38 50 65
Y 0,051 —0,057 ) 0,053—0,066 | 0,072—0,090 ; 0,083 —0,094 | 0,085—0,100
dpacy dpacy
| ®
dyc”=33MM
A <::> 40 - 69 ::::::::-—r"‘=r;;;
qo9 /Z /
/ S
408 = |8
N w
o | S 2
lz‘77 - ﬁZ;IZ - %;5( F:::----ll===""
006 / v
/ 281 57
a05 25\
25 35 45 :i5.agmn;ﬁfﬁ' L-__,-';'-J--——::’/dyfl:=22;‘ﬁ"‘L
|
- 9, a0 020 pyMia
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Jnarpamma

Pyxkapa m3 raaaxoil pe3mdn; CTaGHAM3MpOBAHHoe Tedenue [2-132] 2-15
4 A |
14
wp, F, 1 C = = )\. N
B 3 'a-‘-' 5 -1 pw(l)/z dpacq
A
roe A = Qo036 CM. KpHBBIE
B . A=f(Re) rpapuxka a; A=
P =0,38+0,52—nB npeaenax
w acy
Re=—1P2—5000+120 000 ¥ B 3aBHCHMOCTH OT KayeCTBAa DyKaBOB; dypeq — PACYETHBIH

\Y
AHaMETD, OHpE}ICHHeMbIﬁ B 3aBUCHMOCTH OT BHYTDPEHHEIO W30BITOMHOTO AABJIEHHA Py CM.

rpaduk 6; v cM. maparpagp 1-2.

XapakTepHCTHKH pyKaBoOB

BHYTpeHHMIt YCIOBHBIA AMaMeTD d,.,, MM 25 { 32 | 38 | 50 | 65
Pe3uHOBBIH cJjiOH (BHYTPEHHMH) TOILIMHOH, MM 2 2 2 2,21 2.2
Tkaresad Opoknanka TommuuEON 1,1 MM, mT. 2 2 2 3 3
Pe3dHOBBIH Cnoit (HApYXHBIN) TONIUHHOH, MM 09 092 09 1,21 12

3uavedun A

Re-107*
A
0,4 0,6 1 2,0 4,0 6,0 10 20
0,52 0,057 0,052 0,045 0,038 0,031 0,028 0,025 0,020
0,38 0,042 0,038 0,033 0,028 0,023 0,021 0,018 0,015
A : @ G - dpacq g - T @
05 =N yr”= MM
4 \\éw'ﬂ — |
Q04 wy 80
NN j\ /
q03 o S
A=038 65
402 : O]
— ; "X 12
07 » Ly
“, ’gjam 12 K 660\ 2 Re N ~ / — |
x x7 0 v
- o x § 32t ‘i 64
-3 S
.
. 28k 55
50
ﬁ
/ dy[/,':Zj MM
L 48
% 0 q7 92 p,,Mla
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Pykas u3 raankoii apmuposannoi pe3nHbl; CTaOMIM3MPORAHHOE TeueHue Jnarpamwva
[2-132] 2-16
';E A-,p =k IHCT ,
jod oy o 4 e aing = § Lo SED s IS +d pW6/2 dpubq
p f rae A=f(Re, d,.,, p,) cM. Tpadmkn a u 6; d,,.,—
__:f;_‘ S—1 pacyeTHBIR JMaMeTp, ONpelendeMblii B 3aBHCH-
s MOCTH OT CpENHEro BHYTIPEHHEro HaBJIEHHA p,,
oM. rpabux 6, [, =kl k—B 3aBucumocTd OT
S = > > ' e e W™ CpedHEr0 BHYTPEHHEro H30BITOYHOro AABIICHHUSA P,
[
oM. rpaduk 2z Re=—27%.  cm. maparpad 1-2
3navenna ) wpu d, ., =65 mm
Re- 1073
Do, MIla
04 0,6 0,8 1 1,4 2 2,5 4
0,025 0,03 0,03 0,03 0,03 0,03 0,03 — -
0,05 0,04 0,03 0,03 0,03 0,03 0,03 0,03 0,03
0,10 0,05 0,05 0,05 0,04 0,04 0,04 0,04 0,03
0,15 0,07 0,07 0,07 0,07 0,07 0,06 0,06 0,05
0,20 0,09 0,09 0,09 0,09 0,09 0,08 0,08 0,07
0,25 0,11 0,11 0,11 0,11 0,11 0,11 0,11 —
A - A '
018 F—' d{r” §3mm pu=0,25[—l‘lna@ 206 L—dycn:/UUMM — Pu=025 Mﬂla @
y 20 ==
a,00 < 404 m— 420 [
0,06 9,75 903 - WL‘
1 \\ — e s U 210
804 A~ ] \15&12 402 — 145
0,03 =S 0,05 Pu=0025Mlla
iy v Lt 1 11
0,02 : Py=0,025 Mia 001 I
J & & @810 2 3 & & Re 2 3 4 6 8noft 2 7 4 b Re
x10* x10% x10* x10°
3uauenua A opu d, =100 MM
- Re-1073
P> MIla _
0,25 0,4 0,6 0,8 1 1,4 2 2,5 4 6
0,025 0,03 0,03 0,03 0,02 0,02 0,02 — — — —
0,05 — 0,03 0,03 0,03 0,02 0,02 0,02 0,02 — —
0,10 — —_ 0,03 0,03 0,03 0,03 0,02 0,02 0,02 —
0,15 - - 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,02
0,20 — — 0,05 0,05 0,04 0,04 0,04 0,04 0,04 0,03
0,25 — — — 0,06 | 0,06 | 006 { 005 | 005 | 0,05 —
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[Ipoooaxncerue

Pykas M3 raaqKod apMHPOBAHHOH pe3HHLI; cTalMAHINPOBAHHOE TeweHue Jnarpamma
[2-132] 2-16
pacy = ,
dy"/, 55”(1
58 > //
Kk T
&7 // dym=55mﬁ/’®
P 1,06 > A
66 ﬂ >/
1,04
65 ¢ //
1,02
4 ;
106 T 1,00
d =
105 m.go/":/ WO dyeg=r00mn]
102
104 /’ -
1,00
103 // 0 005 010 0,15 py,MNa
102
0 005 010 0,5 py,M0a
Tpy6a m3 npope3RHenHoro MaTepHaia THma OpelesiTa; JnarpamMma
CTa0MIM3HpOBalHOEe TeYeHHe (M0 AJaMoBYy) 2-17
Ap L
= =n{,A—+
C pw% /2 c Do Cc »
rae n,— 4ucio natpy6xoB (coeaunenuil); /. — AMHA OQHOrO

0; Re=
A
=
41 \3 @
a2 S
008
\q’é’o
,"99 \\
qo4
~— 'raﬂﬂulaﬂ S -
L T |
a8 24 40 56 72 88 Re-l0
i
42
\\P—‘g
0
8 24 0 56 72 88 Re.107?

matpybxa; A=

wo D,

Ap

PasHBIX CTenenel HaTaXeHus Tpyows; {.=/; (Re) cm. rpadux

; v cM. maparpad 1-2

=f,(Re) cm. rpapux a nnsa

3uagenns A

Crenenn Re-10~%

HaTsKe-

e | 1 2 3 4 5
Xopowas | 0,024 | 0,020 | 0,018 0,016 | 0,014
Cpenusas 0,064 | 0,042 | 0,034 | 0,028 | 0,025
Inoxas 0,273 | 0,195 | 0,139 | 0,110 | 0,091

CreneHs Re- 1073

HaTLKe-
HUS -
ij;py 6 7 8 9
Xopowas | 0,013 0.012 0,011 0,011
Cpenuss 0,023 0,021 0,020 0,019
IMnoxas 0,074 0,063 0,054 0,048
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ITpodo.arncenue

TpyGa 3 npopesunenHoro MarepHaia THma GpesenTa; Jmnarpamma
CTa0nMIu3upoBanHoe Tedenue (no AgaMomy) 2-17

Re-107° 1 3 4 5 6 7 8 10

C. 0,20 0,17 0,14 0,12 0,11 0,10 0,09 0,08 0,08

TpyGa n3 GepedoBoit Ganepbl ¢ NPOJOILHLIME BO.IOKHAME, Juarpamma
crabminsnpoBantoe TypOynmenTHoe TedeHme [2-1] 2-18

Ap -
A=——————— oM. kpusbic A=f(Re) mng pasnuudsix A;
| (w32 (D) (k)
o S| A D
Z=b—; A oM. Tabnm 2-3; Re=20 L. v cMm. maparpag 1-2
4F,
D =—
r Ho
3avenns {
Re-10°°
A
0,2 0,3 0,4 0,6 0,8 1 1,5
D,00140 0,030 0,028 0,027 0,025 0,024 0,023 —_
D,00055 — —_ — 0,021 0,021 0,019 0,018
[,00030 — — — — — 0,018 0,017
D,00015 — — — — — 0,018 0,017
0,00009 — — — —_ — 0,018 0,017
Re- 1073
A
2 3 4 6 8 10 20
0,00140 — — — — — — —_—
D,00055 0,017 0,018 0,018 — - — -
0,00030 0,017 0,016 0.016 0,016 —_ — —
0,00015 0,016 0,015 0,014 0,014 0,014 0,013 -
0,00009 0,016 0,014 0,014 0,013 0,012 0,012 0,011
RO
: NN F=gq00m0
qozs |
N
™ 400055
000030
4016 490015
-
4=000009
4008 . :

2 3 456810

xi0*

2 3 456 811 rRe

a0’

x108
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Auarpavma

Tpy0dst naacTmaccosble; CTaduWanluposanioe Teuchde [2-91, 2-92] 2-19
Ap
= =NID
. C PW(2)/2 140
? & 1. TlomuatuneH (CTaOWIM3MPOBAHHBIN), BHHHILIACT
‘ D
Qg npu 40 MM<D,<300 MM H 8-10° < Re=—0 0<7,5-10%:
O I~ . \Y
=)
W ' : 0,29 —-0,00023D,
. g A= Re02 cMm. Taba. 1.
Tab
abauya I 3mecs u ganee Dy—B MM (k03¢¢uUMEHT NpH
3uavenHs A 148 NOJMITHIEHA H BHHHILIACTA Dy mm™1).

2. Crek0MmiIacTuk
e 104 Do, MM npu 100 MM<Dy<150 MM 1
10*<Re<3-107:

e 0,282 —0,000544D,

40 100 160 200 250 300

cMm. Tabn. 2.

0,8 0,039 10,037 (0,035]0,034 10,032 10,031 Re®1?
2 0,03110,030 (0,029 10,028 | 0,026 | 0,025 3. daour
5 0,026 0,025 10,024 10,023 |0,022 | 0,021 ' 4 2.105-
10 |0,022]0,021 [0,020 0,020 0010 [0j018| P 70 MM<Do< 130 mvu 107 < Re <2107
50 0,016 0,015]0,01410,014|0,013(0,012 k_0,274-0,000662Do c 61 2
80 0,014 [ 0,013 {0,013 {0,012 | 0,012 | 0,011 = Re02 M. T4on.
Tab.tuya 2
3uavensn ) [ crexqomnacrmka u ¢aoauta
D,, MM
Re-1074
60 20 100 120 140 160
Crexnoniactax
1 0,043 0,041 0,040 0,038 0,036 0,034
5 0,032 0,031 0,030 0,028 0,026 0,025
10 0,028 0,027 0,026 0,024 0,023 “ 0,022
30 0,023 0,022 0,021 0,020 0,019 0,018
Paomur
1 0,037 0,035 0,033 0,031 0,029 0,027
5 0,027 0,025 0,024 0,022 0,021 0,019
10 0,023 0,022 0,021 0,019 0,018 0,017
20 0,020 0,019 0,018 0,017 0,016 0,015
TpyOstl maacrmaccoBble (UOJHITHACH HIH BHHHOIIACT) CO CTHIKAMH; Juarpamma
craGuau3HpoBannoe TedeHne [2-91, 2-92] 2-20
Chaprod wof  (xneina 1 32
. -\

11



ITpoodo.ixncenue

Tpybui naacTMaccoBuie (NOJHITHAECH R/IM BHHMILIACT) CO CTHLIKAMH; Jdunarpamma
CTaOHIH3HpOBaHHOe Tedeune [2-91, 2-92] 2-20
| —pacrpy6; 2—xkpyroBoit mna3; 3—mydra; 4—
dnanen; 5-—oTOopToBaHHBI KOHEW TPYOHI, 6 —mpo- Ne Coenunenve Marepuaz
Kiagka (KOJbIo M3 pe3uHnl) 15x4 mMm. :
Ap a |C nomowsto ceapku | [TonusThnex
t=——=n_(A/Dy+C,,), 6 |» pacrpyba Bunumnacr
pwg/2 8 |» MydTH »
rae n.,—4ACNO CTEIKOB HA YHACTKE; A CM. AMarpamms |2 |» (ianues HomusTusen
2-1—2-5; { ., —K03(PUUHEHT CONMPOTHUBJIEHHA O/HOIO

CTHIKA;
mpH 50Dy <300 MM:

a) CBapHOe CoelHHEeHHe
mpu 1,8-10°<Re<5-10°

0,0046

Cer =—757 cM. Tabnuuy.
Do'

3pece U panee Do—B M (ko3douumedt npu

Dym™Yy;
6) coenuuenne ¢ mOMOIIBIO pacTpyba

3navenna (., Aus pasawmbix TamoB coegudeuns H D),

mpu 2,4-10°<Re<5,6-10°

G, =0,113-0,225D, (cMm. Tabaumny),
B) COEIHMHEHHE ¢ IMOMOIIBI MYy(QThHI

mpu 1,8-10°<Re<6-107

Le,=0,045—0,156D, (cM. Tabmumy);
I) COefMHEHHe ¢ TOMOUIBIO (UIaHIEB
mpu 2,8-10°<Re<5-10°

{..=0,148—0,344D, (cM. Tabmumy)

Dy, M
Coenupenue
0,05 0,075 0,10 0,15 0,20 0,25 0,30
C moMombr CBapKH 0,411 0,224 0,146 0,079 0,051 0,037 0,028
» pactpyba 0,102 0,096 0,091 0,079 0,068 0,057 0,046
» MydTHI 0,044 0,033 0,029 0,022 0,014 0,006 0,002
» ¢dnannes 0,131 0,130 0,114 0,096 0,079 0,062 0,045
Tpybda moGoro cedends 3a WIaBHBIM BXOAOM (MAYAJLHBIH YYaCTOK); Jnrarpamma
HecTaOWIM3upoBaHHoe Tedenme [2-22, 2-144] 2-21
Ap
E—-—'=K:¢“1 D 9
: pwd/2 1P
~ i TypOyTeHTHOE TEYeHHE:
-4 PSS T T TINS Ap 0,43
1 x';;m: = == :k; >‘"
" (pwd/2) - (x/D,) (Re-x/D)*? o
9 WG’FG QQ 0,05
T k" . ~136 ———— cM. Tabn. 1; A cMm. aHa-
. X rae ki...~1,36 (1D)°"
Vo2l %’z l'paMMbI 2"1“"2‘20
0,344
VT —_ =K,
(pw3/2)-(Ax/D;) (Re-x/D.)>
D 4Fo 0,05
T kieer® 1,09 ——— cm. Tabn 1
o e (x/D.)°
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{Ipodoancerue

Tpyba moboro ceveHnd 3a MJIABHBIM BXOJOM (Hadaabubiii y4acToK); JAnarpammva
HeCTaDRIU3NPOBAHHOEe Tedenwe [2-22, 2-144] 2-21
Tabauya 1
x/D,
[Tapamerp _
1 2 4 6 8 10 14 20 30 40 50 70
Re=10*
ket 2,16 | 1,88 [ 1,63 | 1,51 | 1,43 | 1,36 | 1,27 | L,18 | 1,09 | 1,03 | L0 1,0
K eer 1,73 | 1,50 | 1,31 1 1,21 § 1,14 | 1,09 | 1,02 ] 1,0 1,0 1,0 1,0 1,0
Re=5-10*
keer 234 1203 [ 1,77 | 1,63 | 1,54 | 1,47 | 1,38 | 1,28 | 1,18 | 1,12 | 1,07 | 1,0
Kiecr 1,87 | 1,63 | 1,42 | 1,31 | 1,23 | 1,18 | 1,10 | 1,03 | 1,0 1,0 1,0 1,0
Re=10°
Kicer 2,42 | 2,11 | 1,83 | 1,70 | 1,60 | 1,53 | 1,43 | 1,33 | 123 | 1,16 | 1,11 | 1,03
kiecr 1,94 | 1,69 | 1,47 | 1,36 | 1,28 | 1,22 | 1,14 | 1,06 | 1,0 1,0 1,0 1,0
Re=5-10°
kect 2,62 1228 | 1,99 | 1,84 |-1,74 | 1,65 | 1,55 | 1,44 | 1,33 | 1,25 | 1,20 | 1,12
Kieer 2,10 | 1,83 | 1,59 | 1,47 } 1,39 | 1,32 | 1,24 | 1,15 | 1,06 | 1,0 10 |10
Re=10°
ke 2,71 | 2,36 | 2,06 { 190 | 1,79 | 1,71 | 1,60 | 1,49 | 1,37 | 1,30 | 1,24 |} 1,16
kieer 2,17 { 1,89 | 1,64 | 1,52 | 1,43 | 1,37 | 1,28 { 1,19 | 1,10 | 1,04 { 1,04 | L0
Re=5-10°¢
ke 2,94 [ 2,56 | 2,23 1205 | 1,94 [ 1,65 | 1,73 | 1,62 | 1,49 | 1,41 | 1,34 | 1,26
Keer 2,36 | 2,05 | 1,78 | 1,64 | 1,55 | 1,49 | 1,39 | 1,29 | 1,19 | 1,13 | 1,08 | 1,0
Re=10"
kieer 3,05 | 2,65 | 2,31 | 2,12 | 2,02.] 1,92 | 1,80 | 1,68 | 1,55 | 1,46 | 1,39 | 1,30
Kieer 244 | 212 1 1,85 | 1,70 | 1,61 | 1,54 | 1,44 | 1,34 | 1,24 | 1,17 | 1,11 | 1,04
JlamMunapnoe Te denne (Re<2000): Kyeor =f(g— . R%) em.tabn. 2
f Tabauya 2
x 1
Hr-R—e-lo3 2 5 10 15 20 25 30 >40
Kueer 1,95 1,64 1,37 1,25 1,17 1,12 1,08 1,0
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PA3EJ TPETHUH

COIIPOTUBJIEHUE ITP TEYEHNU HA BXOIAE B TPYBbI
U KAHAJIbI (KO2®OUUUWEHTHI COIMMPOTUBJIEHUA
BXOJHBIX YYACTKOB)

3-1- ITOACHEHUSA
U INTPAKTUYECKHUE

PEKOMEHJAIIMIA

1. Ilpu Bxome mnoToka B mpsaMmyw TpyOy
(kaHaT) TOCTOSHHOTO MOMEPEYHOTO CEYeHHA
(pHc. 3-1) compoTHBICHHE ONpeNeNAeTCs NAByMS
mapaMeTpaMH: OTHOCHTeNBbHOM TonmmmHON §,/D,
CTEHKH BXOIHO# KDOMKH TpyOBI M OTHOCHTENb-
HBIM pacctosiHueM b/D_. ot Mecta o6pe3a Tpy6ur
JO CTEHKH, B KOTOpDYIO OHa 3ajefasa. ,

2. MakcumanbHOe 3HadeHHe k03pdUuMeHT Co-
NPOTHUBJICHUA { MPAMOro BXOQHOIQ y4CTKa HMeeT
NMpH CcoBeplleHHO OcTpoit kpoMmke (5,/D.=0)
u ynaneHuH ofpe3a TpyGel OT CTeHKH, B KO-
TOpyl0 OHa 3aJenaHa, Ha OeckoHeuHO Go.Ib-
mwoe paccrosHne (b/D,.=oc). B aTtom chyuae
{=1,0.

3. MuunamaibHoe 3Hawenne koddduurenta
CONpOTHUBNEHHA (, KOTOpOe MOXKeT ObITh JO-
CTHTHYTO MpH yTOJNUIEHHM BXOAHOH KpPOMKH,
paBHo 0,5. Takoe xe 3HaueHHe umeeT { npH
3agenke obpesa TpyOml 3amOUTMLO CO CTEHKOM
(b/D.=0).

4. BnusHuwe crTeHxM Ha xo03dpdUIMEHT CO-
TIPOTHBJIEHUS BXOJa IPAKTUYECKH IIepecTaeT
cKaspiBaTbca mpu b/D_>0,5. Dtor cnyqail co-
OTBCTCTBYCT BXOAY IOTOKAa B Tpyoy (kaHan),
o0pez  KOTOpoi#t  QeckOHeYHO  ymameH  OT
CTEHKH.

5. Ilpu Bxome B mpsMyio Tpyby (xanamn)
NOTOK OOTEKaeT XPOMKY BXOZHOFO OTBEPCTHA,
HO [p¥ HEeAOCTaTO4YHO 3aKpyryieHHO# KpOMKe
BXOJHOrO OTBEPCTUSA MOTOK IO MHEPOHH OT-
pBIBaETCA BOJIM3HM BXOOAa OT BHYTpEHHelt moBep-
XHOCTH. DTOT OTpBLIB MOTOKAa H BBI3BAHHOE HX
BUXpeOOpa3oBaHHE SABAAIOTCS OCHOBHBIMH MC-
TOYHWK3aMM [IOTEpPh NaBieHud npu sxoge. OTphiB
NOTOKa OT CTeHOK TpyOLl Bie4eT 3a cobo#t
YMeHBIUCHHE [OMNepedYHOro cedeHus (cxartue)
crpyd. JJ1a mpsMoro BXOZHOTO OTBEPCTHS C OCT-
po# KpOMKOH k03(pQUIHEHT 3aNONHEHHS CCHCHUA
(xkoadpdunment cxatuqa) e=F,,/F, B ciyyae Typ-
6yneutHoro Tevueuuss pased 0,5.
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6. VTommenue, cpe3 HIH 3aKpyrjeHue CTEHKH
BXQ/THOTO YYacTka, a Takxke GIM3K0e pacmoioxe-
HHE oOpe3a TpyOml (kaHana) OT CTEHKH, B KO-
TOpyio 3Ta TpyDa 3anenaHa, OPHBOAAT K TOMY,
4TO INOBOPOT MOTOKAa BOKPYI BXOJHOH KpOMKHM
monydaeTcs Ooslee MIaBHBIM, M 30Ha OTphIBA
NMOTOKa yMeHblNaeTcd, OnmaroJaps 4YeMy YMEHB-
niaeTCd M COINpPOTHBJICHHE BXOHa.

7. Haubonee 3HAYUTENLHO YMEHBUIAETCA CO-
NpoTHBJIEHHe B CnydYae BXOHa TOTOKa d4epes
IIaBHBI KOMNJIEKTOp, OYEpYEeHHBLIA N0 myre
KpUBOH (xpyra, JIEMHHCKATHI 4 T A
puc. 3-2,a). Hanpumep, Ang KpyroBoro Kon-
JIEKTOpa ¢ OTHOCHTEIbHOH BENHYMHOH paamyca
3akpyrnesus r/D_=0,2 x03bPUOHEHT CONPOTHB-
neuns { cumxaercea no 0,04 —0,05 smecro {=1,0

)
npu r/D, =31= 0 (ocTpas kpomxa)*!.

r

*! TIpu nmasHOM BXOAe B Tpyby emHHCTBEH-
Hblii HCTOYHHMK MOTEPh-—JTO INOTEPH IOJHOTO
[NaBeHds B MOrpaHMYHOM cioe. B sape mortoka
moTeph Het. ITooTtomy naubonee To4YHOE IKCme-
pUMeHTAIbHOE Ompeneiende xoadpduuuerTa co-
NPOTHBJICHHS ILIABHOTO BXOAHOTO KOMJEKTOpa
MOKeT OLITh JOCTHTHYTO H3MEPEHHEM paclpele-
NeHHs TOJHOro MAaBJIEHHA M CKOPOCTH B BBI-
XOJHOM cedeHHH koJuiekropa. Ilpu atom B mo-
I'PAHH4YBOM CJI0€ U3MEPCHU A CIEAYET BBINICJIHATD
¢ NOMOMBIO MHKpOHacagka. B a3rom cayuae
K02)PULHEHT CONMPOTHBIECHHUA

1
— J‘(po —~ po)wdF
Fy
Ap - F,
pwh/2

G

pw3 '
2

Fy

Te w-——CKOpOCTb B BBIXOJHOM CE4YeHHH KOIJIeK-
TOpA; Po, Po— MOJHOE JABJEHHC COOTBETCTBEHHO
mepes BXOAOM B KO;UIGKTOp ¥ Ha BBIXOAE M3
Hero.
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Puc. 3-1. CxemMa BXoJa moToka B mpPAMYI0 TPYDy
U3 HeOoTpPaHHYeHHOT0 MNpPOCTPaHCTBA

8. CpaBHHMTEIBHO MAaJIOE CONMpPOTHB/IEHUE CO3a-
gTcs TaKxe NpPH BXOAe NOTOKA yepe3 KOJLUIEK-
TOpHI C IPAMBIMH 06pa3yromIuMK, 0GOPMIIEHHbIE
B BHIE yCedeHHOro koHyca (puc. 3-2,0 u 6) uny
B BHIE CYXAIOUIMXCA YHY4CTKOB € NEPEXOAOM
C NpAMOYrONbHMKA Ha KpYr HIH C Kpyra
ga mpaMoyroibuuk (puc. 3-2,2). Koabduunment
COMPOTHBJIEHUSA TAKHX KOJUIEKTOPOB 3aBHCHT KaK
OT yrila CykKeHHS &, TaK H OTHOCUTENBLHOR
pmael [/D, cyxaromerocs ysacrka. Kaxpoi
JUTHHE KOHHYECKOTO KOJUIEKTOPa COOTBETCTBYET
cBO€ QUTHMAJIBHOE 3HAaYeHHe d, NpPH KOTOPOM
ko3¥bduunuerT conpoTusieHus { NpUHUMAaeT M-
HMMAajbHOe 3HadeHue. I[IpakTHYeCKH ONTHMYM
« J1s WIHPOKOro AuamasoHa //D. (mopsamxa 0,1 —
1,0) Haxoputca B upenenax 40—60°. Ilpu srux
yraax W, HampAMep, TPH OTHOCHTEIBHON M-
we [/D,=0,2 xo2pUUMEHT CONPOTHBICHUA
paBer 0,2.

9. lloTepu paBjieHHUd B KOHMYECKOM KOJJEK-
TOpe B OCHOBHOM CBSA3aHbI C OTPHIBOM IOTOKA
B OBYX MeCTaX: HENOCPEACTBEHHO 33 BXOAHBIM
ceyeHHEM KOJUIEKTOpa H B IpAMOM Y4YacTKe 3a
HuM (puc. 3-2, 6 u ¢). B neproM cny4ae morepu
npeobi1afaloT, Korfga yroj CyxeHHS o KOHHYeC-
KOTO KOJLIEKTOpa CpaBHUTENbHO Man (puc. 3-2,
6), BO BTOpOM cllydae NMOTEpU HAYMHAIOT Hpeob-
JanaTth Npd OONBIIHX 3HAYCHUAX o ¥ CTAHOBATCA
TEM 3HauWTellbHee, 4eM OoJible 3TOT Yron
(puc. 3-2, ). Ilpu o=0 wumeer

MecTo OObIMHBIE Ciy4all mpamoro |

A
C_.D

= PR 20,5+0,3cos5+0,2cos? 3.
0

s npyrux dopm ceueHus kaHaaa koddduun-
€HTBI CONpOTHBIICHHUS NMpPHUBEICHB Ha JuarpamMe
3-2 (mauml c oxpyrnerdem pmo 10%) [3-20].

11. Ecnuw smomb cTeHku, B KOTOpyH 3anesiaHa
Tpy6a (cM. nouarpammy 3-3), OpOXOAUT TOTOK
CO CKOpOCTBYO W, , TO #ABleHHe OymeT B oc-
HOBHOM AaHaJOTHYHBIM TOMy, KOTOpOe MMeeT
MECTO NpH HUCTEYEHHW 4Yepe3 OTBEPCTHUE B CTEHKE
Opu TeX Ke ycnoBuaAX (CM. 4eTBepThiil pa3sfei,
nm. 40-47). Bmecte ¢ TeM CyIIeCTBYHOT U He-
KOTOpBIE pasnuund. Tak, MpH OTCOCE B MPAMOI
KaHaJl OTCYTCTBYIOT MOTEpH OMHAMHYECKOrO Aas-
JIEHHs OTCAChIBAEMOI CTpyH, TOITOMY KO3(d-
GULIMEHT cONMpOTHBIeHUS B XAaHHOM cliydae cy-
IECTBEHHO MEHBIUE, 4YeM TIPH MCTEYEHHH U3
oTBepcTud. boslee TOro, npH yriax HakioOHa
OPAMBIX y4acTKOB 6>90° BCIEACTBHE YCHIICHHMS
ABMieHUs HajnyBa { OpH onpenesieHHbIX OTHoIIe-
HUAX CKOpocTed w./w,>0 DpUHHMaeT OTpHUa-
TejbHblE 3Ha4YeHHS (cM. auarpammy 3-3).

12. VcraHoBka Breped BXOXHOTO Y4acTKa
9KkpaHa (CTeHKH, pHC. 3-3) Ha OTHOCHTEIBLHOM
paccroauuu f/D <0,8—1,0 nopriIaeT CONpPoOTH-
BJIeHHE BXONa, M TeM 3HauHTeNbHee, YeM Ouke
OPUIBUHYT B 3TUX Ipefe/lax dKpaH X BXOQHOMY
OTBepCTHIO TPYOBI, T.e. 4eM MeHnute #/D..

13. KoadbduimeHT CONPOTHBICHWS BXOXHBIX
y4aCTKOB, He 3aAc/IaHHBIX 3amo/UIMI0 CO CTeH-
KOif, Impu pa3.IMYHON TONUIMHE 3aKPYTJICHHH HITH
CPe30B H HANHYHH JKpaHa olpeaenseTcd Io
npubmuxennoit dopmyne astopa [3-12, 3-13%

c
g+,

n

t=22 o
Tpwd2”

rae ('—xo3pUnMeHT, yYHTBIBAIOUMH BIHSHHE
dopMbl BXOAHOM KDOMKH; OIpefendeTcs Kak
{ Bxoma mo guarpammam 3-1, 3-4 u 3-6; o, —
KO3(QPUIHCHT, YYHTHIBAIOLIHNA BIHMSHHE 3KPaHa,
o, =f[h/D,) cM. xpusywo HHarpammst 3-8.

BXOMa, mi1s koroporo {=1. Ilpu —]
a=180° BxogHo#l xaHan 3apenaH ___‘""_'F; ol e — WarFo |
3anommuuo B cTeHky H §=0,5. s | - o— ai}g_: —
10. TIpu  3afmenxe  BXOAHOTrO e Al e
y4acTka TpyGhl B TOPLOBYIO CTEHKY a R e

nox yrioMm (cM. aumarpamMmsi  3-2
U 3-3) compoTHBNEHHE BXOAA TO-
Bhilmaetcs. Koadouuuent conpotu-
BJICHHS B Cllyyae Kpyrjoro MM
KBaapaTHOro ceyeHud U w, =0 Mo-
KeT OBb(Tb BBIYUCIEH N0 GOpMyIe
Beiic6axa [3-49}:

Puc. 3-2. Cxemnl Bxog08 no-
TOKA B MIaBHBIE Y4ACTKH




Prc. 3-3. BxoaHoil y4acToK € JKpaHoM mnepen
BX0JIOM

Koa¢duuueaT COnpoTHBIIEHAS IABHBIX KOJI-
JeKTOPOB, 3afe/laHHBIX 3aMOMIMLO CO CTEHKOHW,
TIPY¥ HAJIM4YWH 3KpaHa ONpeaenseTcs MO KPUBBIM

h r
b B,

14. Ha BxommsIX ydacTkax C BHE3AIHbIM Ilepe-
xogoM oT Gombllero cedenus ¢ mwomagso F;
K MeHbllleMy CeYeHmO ¢ moniagsio F, (Ha-
cagok bopna, puc. 3-4), npu Somsimx yucnax Peit-
Homsaca (Re=wqyD,/v> 10*) xoadbumzent compo-
THBJICHHA 3aBHCHT OT OTHOLICHHS ITomaneit Fo/F,
U MOXeT OBITH BBIMHCIEH mo (opmyne asTopa:

_Ar L FY

) maarpammer 3-5.

G-1)

rae { —xo3¢phHIMEHT cMArYeHUs BXOOa, 3aBHCH-
1M OT GOpPMBI BXOAHOK KPOMKH Y3KOrO KaHaa
(cM. gmarpammy 3-9); onpepensierca xak { Bxoaa
no guarpammam 3-1, 3-2 n 3-6; m—nmoka3aTens
CTeNeHH, 3aBACAIIUA OT YCIOBUH BXOMa; B NMpene-
max b/D.=0-+0,01 o menserca or 0,75 nmo
1,0, a npu b/D.>0,01 MoxeT ObITh NPUHAT
pasasiM 1,0 [3-12, 3-13]

IIpu 3apenke BXxORHOK KPOMKHM Y3KOro KaHala
3aMOUTHII0 C TOPHOBON CcTeHKOU kanana Oonee
nmpokoro cedenus (b/D.=0) nomyuaercs TUNHY-
HbI CITy4adl BHE3aIlHOTO CYyXeHMs, paccMaTpu-
BaeMBIif B 9eTBepTOM pasfene (mm. 22-—24).

15. Koa¢p@uuueHT COMPOTHBIEHHS BXOIHBIX
y4acTKOB 3aBHCHT OT MeCTa H Crocoba 3ameiku
HMX B CTeHke. B yacTmocTH, Mansli koagdHmHeHT
COOPOTHUBEHUS MOXET OLITL JOCTHTHYT IIpH
yCTaHOBKE Ieped BXOAHLIM OTBEPCTHeM KOJIbIe-
Boro pe6pa WM KONBLEBOr0 YCTyHa, OXBAThIBA-
romero orsepcTHe (puc. 3-5). Ecnn xpomka pe6pa

Was Fo

(A

Puc. 3-4. Cxema JBHKEHHA HOTOKA NPH BHE3ANHOM
CYKeHHM cCeyennn
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WM yCTyna OCTPas, TO mpA BXOZE B oOpa3osau-
HBbIl 3THMMH YCTPOWCTBAMH PAaCIWIMPEHHLIA ydac-
TOK TOTOK OTphiBaeTCAd OT €ro IOBEPXHOCTH.
Buxpsb, Bo3HHKalOUmMA B 067IACTH CPRIBA NOTOKA,
CIIOCOGCTBYET ILIaBHOMY, Oe30TpBIBHOMY BTexa-
HHIO JKHOKOCTH (rasa) B OCHOBHOM BXOIHOH
y4acToK TpyOwl. B pelyneTate COIpOTHBIIEHME
BXOOAa 3HAYHTENBHO CHHXKAETCH.

16. OntTiMambHBle pasMepbl  paclUHMpPEHHOro
y4acTKa, B KOTOpOM obpa3yeTcs BUXPEBOH «ko-
JIEKTOp», JOJIKHB! COOTBETCTBOBaTh pasMepam
BUXpeBOW oOmacty no Hanbonee CXAaTOro cede-
HUS CTPYd MpH BXOJe B TNpaMmyro Tpyby c ocT-
pPHIMH KPOMKAMH ¥ COOTBETCTBEHHO B Tpydy,
3aeNaHHYIO 3aM0AIMIO co CTeHkoH. M nedicTu-
TeNbLHO, Kak mokaseiBatoT omeiThl B. Y. Xamxkou-
xoBa [3-30], MUHEMANLHBIN K0O)PUUHERT Compo-
Tupnenus {=0,10--0,12 npu npumeHenuu pebpa
nonydaercs mnst //Dy=~0,25 u (D,/Do)=~1.2, a
yeryna—pna 1/Dy~0,2 u (D;/D,)~1,3.

Ilpu CxpyrneHWH BXOTHOH KPOMKH MHHHMATb-
HBIH KO3(OHIHEHT CONPOTHBICHHA B 3THX CIIy-
yagx CHmwxaercs po 0,07—0,08.

17. 3uagenus { andg Apyrux cnocobos 3aeixu
BXO[HBIX Y4aCTKOB (B TOPIIOBOM CTEHKE WM MEXKIY
CTeHKAMM) NpuBeAeHbl HA quarpammax 3-10 u 3-11.

18. KoaddhuuueHT CONpOTHBIIEHAs NPU BXOme
B NpsAMOHK y4aCTOK yepe3 WAiOy Hid pelueTky
(BXom <C BHe3amHbIM pacmmMpeHdeMmM F,=c0
cM. muarpammy 3-12) mpm Re=w,d./v> 105
B ofmeM cnydae (mobas dopma KpaeB OTBep-
cTHA M mobasd TONUWHA) BBLIYHCIAETCS WO
npubnwkenHo#t ¢dopmyne apropa [3-13, 3-14]):

_ A T ALl
= g TP D g |

(-2

rae §'—xodbouimenT, y4dThBarOmMi Qopmy
BXOAa, OIpenenseMblil Xak { BXOZHBIX YYacTKOB
¢ TopnoBoil crenkodf mo guarpammam 3-1, 3-2,
3-4 u 3-7; t—xo03ddHIACHT, YyYUTHIBAIOMIHIT
BJIMAHME TOJILMHLI CTEHKH DelleTKH (IaH6sI),
¢opMBI BXOAHOH KpOMKHM OTBEPCTHS H YCIIOBHA
NpoTeKaHusi TOTOKA 4Yepe3 OTBEPCTHE; A—KO-
3 ¢ULHMEHT COMPOTHBIICHHS TPEHHS IO [JHHE
(rryOMHe) OTBEPCTHH pPeLETKH, ONpencsIeMbIi
B 3apucuMocTH OoT Re u A=A/d. mo puarpam-
MaM  2-2—2-6; f=F, [Fo=F, /F,—x03ddu-
IMEHT XWUBOTO CEYeHHs peleTkH (waiber).

19. O6umit cnysait Bxopga 4epe3 Mmaily umu
pelIeTKy COCTOHT M3 psa YacTHBIX CIY4aeB:

a) ocTpble xpas otsepcruit ([=/,/d, ~0), nia
kortopeix ('=0,5 u =141, B 3TOM cCnay4ae
BRIpaXeHue (3-2) NPUBONMTCA K Cleqyrolel
dopmyne asTopa [3-12, 3-13):

rw}

LU (1707 N\
CEAP/-2—=(1’7O7—/—) ]7;——(—}-.——1> ;(3-3)

6) YTOMILEHHbIE Kpast OTBEPCTHH, LIS KOTOPKIX
xoodoument §'=0,5, a
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Puc. 3-5. Cxema BXx0Ja MOTOKa Yepel KOJALUEBOE
peGpo mam ycryn
©=(24-0-10"°D, (=yD),  (3-4)
rue
¢o()=0,25+ 0,53573/(0,05 +7); (3-5)

B) Cpe3aHHBlE HJIM 3aKpYrJicHHEIE TO IOTOKY
Kpas OTBEpCTHHl, IS KOTOpPBIX NPHHHUMAETCS

AllD_ =0, a mz\/E; B 3TOM Cly4ae

Ap - =, |
o VT g

Ilpu Cpe3aHHBIX 110 HANpaBJlIeHUIO TOTOKA
Kpasx oTBepcTHil ko3ddumuent (' onpenelsior
kak { KXOHMYECKOro KOJUIEKTOpa C TOPLOBOH
CTEHKOH B 3aBUCUMOCTH OT yTJIa CYXEHUSA O H OT-
HocuTenbHO# nmuHel /=//D, no nuarpamme 3-7
win opd «=40+60° mo dopmyne

¢'=0,13+0,34-exp(—7,941—203,5I>%). (3-T)

Tlpu 3akpyrieHHBIX KpasXx OTBepCTHHR ko3dou-
uMeHT (' HaxonmaT kak { Kpyrosoro koJuiekTopa
C TOPHOBO} CTECHKOH B 3aBHCHMOCTH OT rF=r/D,
no mvarpamme 3-4 und no ¢opmyie

{=0,03+0,47 -exp(—17,737).  (3-8)*!

20. Ons nepexogHON ¥ TaMHHapHO# obiacTei
TedeHust (Re=w,D,/v<10*+10%) u, oObiumsIX
BXOJOB NMOTOKa (6e3 miali® unu pelueTok) KO3p-
$unvenT compotuBienus MoxeT ObITh oONpene-
e mo c¢dopmyne, aHamorudmon (1-3):

Ap A

CEPW%/2=R—E+CH’

(3-6)

i

8

*! PacyeT Mo Nn. 6 M B MOKHO BbIIOJHSTD
ApakTH4YeckKM HauyWHas CO 3Hayenmii Re=10*
u Gomee [3-5].

rae {,, TpUHAMAETCs KaK { [UIs aBTOMOJe/bHOM
obaactn (Re>10*+10°); 4~30 [3-2].

21. JIna nepexoQROW ¥ namMuHapHo# obnacreit
Te4eHHs TpH BXOJe TOTOKA dYepe3 wWaiby muau
pemeTky xo03bGHUNEHT CONPOTHBIEHHS MOXET
ObITH BBIYHCIICH TIO CNENYOUINM NPUOIHKEHHBIM
tdopmynam (B cooTBeTcTBHH ¢ mir. 30 —36 yer-
BEPTOro pa3feda):

npu 30 < Re < 10*+10°

_ 4y ' .
sz—c‘“’fz_JreOR‘C“’

mpu 10<Re <30

331 _
C=Eé7f+aokec:a;

npu Re<10
331

“RF

3nece {,=f,(Re, Fo/F,) cM. rpadux AmarpaMmsl
4-19 (mmeercs B BuIy, uTo f=F, /F, COOTBETCTBYET
OTHOWEHUIO Fy/F,); Eyp. =/ (Re) CM. OHarpamMmy
4-19; {,,—xo2dPunneHT CONMPOTUBIEHHS BXOAA
C [aHHBIM BKAOM HIAHOH (pelIeTKH), OnpeAense-
Mbiit kak { coorsercrBedHo mo (3-2)—(3-8).

22. CompoTuBjienue np#d GokoBOM BXOne B KO-
HOeBOM y4acTox TpyGHl (pHc. 3-6) CylecTBEHHO
Gonbule COTMPOTHBIICHMA NIpH TNPAMOM BXOAE
C BHE3ANHBIM pacIIMpeHHeM (depe3 maiby, pe-
werky), ocobenso npu f>0,2, Tax xak mpu
60KOBOM BXOOe TMONydaroTcs OoJslee CNOXKHBIE
YCNIOBHSI [IBWKeHWS XUAKOCTH (BO3XyXa).

23, B. 4. Xanxonxos u H. W. Jassixenko [3-
31] Ha OCHOBAaHMM BH3YaJbHBIX HAaGIIOOCHHH
TIOKa3a7HM, YTO NPU MATBIX 3HAYeHHAX f CTpYH,
BXOAsIlas Yepe3 OTBEPCTHE BHYTPh TPYObi, Ha-
npaBiseTcs K IPOTUBONOIOXKHOR CTEHKe, IO
KOTOpOif OHa pacTekaeTcs BO BCE CTOPOHBI.
Tpu 2TOM YacThb CTPYH HOeT B KOHEN TPYOHI
C 3aKpBITHIM TOPLIOM, NMOBOpauMBaetca Ha 180°
H yXOM4T B [JpYro# koHel TpyOel B BHAE HBYX
BpaINAIOINMXCS BHXpEBBIX KIyToB (pHC, 3-6, a).

Z2)\&))

a)

Z

Puc. 3-6. Cxemnl BXoJa mnoTtoka B 0OOKOBOE
OTBEPCTHE KOMIEBOIO Y4YacTKa TpyoOsl:
A—DpH ManbiX 3Havennsax £ O—upu’ SoubHX 3HAve-
miax f
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Puc. 3-7. 3asucamocTs Ko3(uuMenTa CONPOTHRACHHN BX0Aa B GOKOBOE OTBEPCTHE KOHUEBOro Y4acTKa

IpyObl OT OTHOCHTENBHOR uaomamm I

CIUIOIINLIE JIMHAH —ONBITHE [3-31] mpn omHom oTBepcThH;

ITPHXOBLIC JIKHMH —ONLITLL aBTOpa [3-15] mpm ABYX Oo0KOBBIX OTBEpCTHAX, PACHOJIONKEHHLIX OOHO

OpOTHB Jpyroro; (=

Tipu HexOTOPHIX («KPHUTHYECKHUX») IHAUEHMSX
f TpHTOK BO3AyXa B 3aKPHITOE IPOCTPAHCTBO
TpyOM TOYTH NpeKpamaeTcs, a CTpyd B BHIE
JOBYX BUXPEBBIX XKI'YTOB YXOIHT LIEJIMKOM B IpO-
TUBOIIONOXHHIA KoHel TpYyO®l (puc. 3-6, 6).

24. Takoe TedcHHe CTpyH 0GyclnOBNUBAET He
TONBKO IIOBHIINEHHOE COMPOTHBJCHHE BGOKOBOro
BXOIIa, HO H CHOXHYH 3aBHCUMOCTH Kod(pduuu-
€HTa CONpPOTHUBICHHS { OT OTHOUICHMA IUIOmIanei
f (puc. 3-7). Pe3skoe mapmeHHe { COOTBETCTBYET
«KPHTHYECKOMY» 3HAYEHHIO f, NpPH KOTOPOM
TMPOUCXOAMT ONHCAHHASA Bhillle MEpeCcTpPodKa IIo-
TOKa IIOCNE BXOZa B TPYyOy.

25. Bxon mortoxa B TpyOy 4epe3 nBa GOKOBBIX
OTBEpPCTHUS, PACHOJIOKEHHBIX OJHO IPOTHUB APYro-
ro, COTNacHO ONLITaM aBTOpa, MOBBIHIAET COMPO-
THBjIeHHE BXOja B TeM Oosbllell cremedu, 4eMm
Goneme f.

26. Bxon d4epes GOKOBbIE OTBEpPCTHSA WCIOJNb-
3yeTcs 4acTO B BEHTHIANUOHHBIX IHAXTAX NPAMO-
YrONBHOTO ceYeHUS. J[Insd mnpeJoXpaHeHHs OT
NOMAfaHusA OCAAKOB OTBEPCTHS CcHAGKAKOT ka-
mosHiHbIMY  pemteTkamid. Koadouuuent conpo-
THUBJICHUS TaKMX WIAXT 3aBHCHT TAKXKE HE TONBKO
OT OTHOCHTEJIGHOM IIOMANH OTBEPCTUH, HO H OT
HX B34UMHOrO pacmojokeHus. Ha auarpavwe
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3-17 npuseneHnl k0XhOHUHEHTH COTPOTHRIICHUA
NMPUTOUYHBIX 1MAXT ¢ OOXOBBIMH OTBEPCTHSIMH,
[0-pa3HOMY PpaCIOJIOKEHHRIMH ONHO OTHOCHTE-
neHO apyroro. IIpH 3ToM 3HAa4eHHS § HaHBI
IUIS. OTBEPCTHH KAK ¢ HEMOABMXHEIMH KATIO3HH-
HbIMK pelleTKaMH, Tak H 0e3 HuX.

27. ConpoTHBIICHHE NPHUTOYHBIX LIAXT C MpA-
MBbIM BXOJOM, HO CHaOXeHHBIX 30HTaMH (CM.
guarpamMmy 3-18), aHaJOTWYHO CONMPOTHBJIEHHIO
OOBIYHBIX BXOOHBEIX YHACTKOB C OKpaHaMu. JIis
BEHTHNALHMOHHBIX LIAXT KpYrjioro CeYeHud, Y
KOTODBIX OTHOCHTeJibHAS TOJIMHA O, BXOA-
HBIX KpPOMOK nexut B npegenax 0,01—0,002,
MOXHO npeHeSpedb BIMSHHEM 3TOrO IapameTpa
M TpUHMMATh 3HaucHWe KOod(p¢uuEeHTa cOmpo-
TUBJeHHs {, xax A1 LIAXT, MMEIOWMHX OCTPYIO
KPOMKY.

OrtHOCHTeNbHOE pACCTOSIHUE h/D, MeKAYy 30H-
TOM-KOJITAKOM M BXOQHOM KpOMKOH HIAXTHI
MOKeT OblTh mpuHATO paBHBEIM 0,4. YBenuyexue
3TOTO pACCTOSHHSA BBI3LIBACT HEOOXOAMMOCTD
YCTpO#tCTBa 30HTA-KOIMAKa Ype3MepHO Gombliuux
pa3MepoB Bo W30eXaHWE MONAJaHHs B WAXTY
aTMOCQEPHBIX OCAAKOB.

W3 Bcex MMEIOHIMXCA KOHCTPYKIHMHA MPHTOYHBIX
LWIAXT ClleqyeT PEKOMEHIOBATH AXTY C KOHHYEC-



xuM ydactkoM (auddyzopoM) Ha Bxome. Ira
[LAxTa OTJIMYAETCS MUHHMATbHBIM KO3(duIMeH-
toMm conporuBieHns ([=0,48 [3-28].

28. B cny4ae yCTAaHOBKH CETKM Ha BXOHE
[oTOKa CYMMAapHbIA KoahhuiMenT comnpoTHBe-
Hus MOXKET OBITE NPHOIMXKEHHO OIpede/icH Kak
cymma K0DQQHUUMEHTOB CONPOTHBIEHUS CeTKH
4 BXoJa, T.¢€.

rae { —Ko3¢duimeHT conpoTuBeHUs Bxona 6e3
ceTKM, ompepenseMbii xax { npH  [al-
yoil (opMe BXOJHOH KPOMKY MO AMArpamMMaM
3-1, 3-4—3-8; {,— k032G PUUHEHT COMPOTHBIIEHHA
ceTKH, ONpenenseMblii kak { IO COOTBETCTBY-
oMM rpajguxkaM Ha guarpamme 8-6; n=
=F, |Fy— OTHOIIEHKE ILIOANA CeYEeHHsS B MecTe
YCTAHOBKH CETKM K IUIOMANH Y3KOTO CeveHHs
BXOJHOIO Yy4acTKa.

29. Koa¢d¢puuueHT CONpoTHUBIEHHS HENOIBHX-
HOIl KATIO3HIHOM pelleTkH 3aBHCHT OT Ko03¢-
(pMLMEHTA KHBOTO CCHCHHA f=F,./F, n oTHOCH-
TeNpHOH TNyOMHBI kaHamoB [fb}. I'Ipu 3TOM
s Kaxnoro ko3Q¢HImeHTa XKHBOTO CedeHHS
pellIeTKH CYLIECTBYET ONTHMAJbHAS BeJHYMHA
oTHOCUTeNbHO# ray6unsl (I/b)),,,, TPH KOTOPOH
noJlydaeTcs MHHHMAaNbHLIE kKod3d¢uuueHT conpo-
tHpjaeuns. [103TOMy pDeKOMEHAYIOTCHA pelIeTKH,
KakK TpaBHJIO, ¢ ONTHMANLHBIMH 3HaueHHsMHU [/b":

(1 Yome = 11 (1 =F)**.

30. B craHOapTHBIX peMIeTKaX ¢ HEMOABHK-
HBIMH JKAJIFO3H BXOJHBIE KPOMKH NEphbeB Cpe3aroT
NO BEpTHKAIM (CM. CxeMy d nuarpamMmel 3-19).
OnHako BBIrOJHEE NMPUMEHATH KAJIO3H C BXOX-
HBIMH KPOMKaMH, CPE3aHHBIMH IO TOPH30HTAIU
(cM. cxeMy 6). ColpOTHBACHHE TIPH 3TOM yYMEHb-
waered Ha 40%.

31. Koa¢ppHuuueHT CONpOTUBICHHUS peLIETOK
C HENOABMXHBIMH JKaJIIO3H IIDH YCTAaHOBKE HX
Ha BXOIE B xaHa.n*

1) mpu /64 2(1/6%)ous

_ b AN 1 (Fo\*.
oo () )

2) npu I/b'y <{I/b\)one

_Ap AL 1 (Fo\*

gt o8+ (17 ) o () +
+AE,

I. :
roe A§=0,5l:11 (1 -]')——b—,]; Cep=Al/b%;
1

*! ®opmyma momyyena aBTOPOM Ha OCHOBA-
HiHd o6paGorku mauHeIXx BeBuepa [3-37].

*2 DopMYIIBl YIOBIETBOPUTENLHO COT/IACYIOT-
C4 ¢ onmTHRIMH OaHHbIMH beBuepa [3-37]
u Ko66a [3-40].

f=F,a/F, oM. puarpammy 3-19; k=10 aas
CTaHOApTHON pclleTkH (BXOIOHBIE KPOMKH Cpe3a-
HBEI BEPTUKANbHO); k=0,6 ans yiyymenHo# pe-
werkyu (BXOJHBIE KPOMKHM CPE3aHbl FOPH3OHTANb-
HO); A-—K03h}pHUUHEHT CONPOTHBICHUA TPCHUS
mo LiIHHe (TnyGuHE) KaHAIO0B XAJllo3M, Onpene-
JseMBlf B 3aBHCMMOCTHM OT Re=w,,bi/v mo
pHarpaMmam  2-1—2-5.

32. OcHoBHOe TpeGoBaHue, UpPeRBABIAEMOE
K BXOOHBIM MATpyOKaM OCEBBIX CTAIMOHADPHBIX
Typbomamun (puc. 3-8),—3T0O MMHHMYM NOTEph
TIOJTHOTO JAaBlEHUA W MaJlaf MCKAKEHHOCThL Tpo-
¢ung ckopocTeéf B BLIXOZHOM CEYCHHH KOJIEK-
TOopa, [OXBOIALLETO BO3AYX HENOCPEACTBEHHO
K. IONATOYHBIM BEHIAM TYpOOMAIIHHEL

33. Ong narpyOkxoB, MOCTPOEHHBLIX HA OCHOBE
HCNONB30BAHMA KOJUICKTOpPa C OBYMs KPHBOJIH-
HEHHBIMH TOBepxHOCTsMHU (pHc. 3-8, a), kak 1o-
xazamu omertel C. A. Josxkuxka u B. M. Kapra-
BeHko [3-10), 3TH ycnosus Jydille BCErO BRINOSI-
HAOTCA TIPH BBICOKOH CTENEHH MOMKATHS MaT-
pyoka (n,=3,5, roe n,=F,/F, Fy=H B—
wIowanb BXoga B yJATKy). IIpn 3TOoM cTemenb
HO/UKATHA KOJUIEKTOPa NO/DKHA ObITh Gam3koi

H - 8
ﬂ/( o N
N /‘ o5
ST fJ
a)
7
L
SR
2
. 5
H 8
8 < !
A ¢

a

8)

Puc. 3-8. Bxognnie naTpybkn oCeBbIX CTalHOHap-
HLIX TypOomammu:
24— KOJIbLieBOH KOJIEKTOpP, 00paloBAHHBIA ABYMA KpH-
BOJIHHE HHLIMH DOBCPXHOCTAMH; 0—TO0 XKe C HAKJIOHOM
HHKHCH “acTH Y/IHTKH; B—KOJILIIBBOII KOJJIEKTOp
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Prc. 3-9. Paznnansie CIyyan sxoga noroka B marpybok [3-11})

a-—UpH MIX xodpdummenrax pacxona (w,,/w, cyWlecrnenno meHnine equuunbi); 6—npH Goarumx KoddduHenTax
pacxona; s—uapu w, /w_>1

K CTemeHM mnomkarus matpybka (m,=n, roe

F, 2hn, D d=d/Dy)

=22, X = o)» @ PAAVAIbHbIC
* Fy hy Do(1+d) ’

rabaputTsl naTpybka NOJLKHBEI OBITH NOCTaTO4HO
6onemmmu (Dy,=D,,/Dy>1,3). Haknon 3apHeit
CTEHKH B HWXHER 9acTH YIHTKH
(puc. 3-8,6) B HexoTOpHIX TNpeneNax HE3HAUM-
TEJIbHO YMEHBIIAET MOTEepH NaBJIEHUS B NaTpyO-
ke. IIpn yxasaHHBIX ONTHMANBLHBIX MapaMeTpax
ko3 duient COIPOTHBICHUS narpybka

PoWs
{=Ap 5 =0,12+0,15 [roe wy=c,—cpen-

HiA OCeBas CKODOCTb B BLIXOJHOM CeYeHHH
KOJIBIIEBOr0 KOJUIEKTOpa (B cewennmu Fy); po—
IUIOTHOCTL ra3a B TOM JK€ CeueHHH ).

34. Kosnextop (cM. puc. 3-8,a) pekoMeHayeT-
CJ NpHMEHATH B TeX CllyJasx, KOr4a HaTpybok
HOMKEH HMETh OONBIIYIO CTENeHb IMOMKATHS
(oceBbie xOMIIpecCOpEI, TypOuHbl). Ecnu cremens
NMOMKaTUA JOJIKHA ObITh HEOOBLIOH (BeHTHNSA-
TOpHI) M paguandbHble rabapuThl marpybka cy-
IIECTBEHHO OrPAHWYECHBI, PeKOMEHIYeTCA HCIOJb-
30BaTh NaTpybokx, B KOTOpOM KOINBIEBOH KO-
nexTop 00pa3yeTCs OOHOW KpWBONMHeHHOH moO-
BepxHocThio (puc. 3-8,8). Ilpu arom marpybBox
OymeT uMeTh MUHUMANBHBIA KO3)PUUUEHT CO-
npoTHBieHHa npu n,>3,5; H/Dy>095; D=
=1,15+1,25. ITpu OOIBIIHX 3HAYEeHHUAX
D,y (>1,0) uenecoo6GpasHO NEPEOHIO CTEHKY
YJIMTKH JelaTh HAaKJIOHHOH B mpegeniax Ao
a/H~0,4. Taxo#l HAKJIOH CTEHKH HOMOJHHTEILHO
cHuxaeT Ko3pPHIHEHT CONPOTHBIIECHHAA.

35. HepaBHOMEDHOCTh pacmpenesicHHs CKOpO-
creifi Xak B paAMaTbHOM HanpaBlleHHM, Tax
M 10 OKDYXHOCTH BBIXOZHOTO CEYEHHS KOJIIeK-
Topa, IOJyyaeMad MpH YKa3aHHbIX ONTHMAIIb-
HEIX NapaMeTpax maTpyOxoB (OTKIIOHEHHE OT
CpeJHEro 3Ha4eHMA CKOpPOCTH ¢, Nopsaka 15—
20%), ue oxa3bIBaeT BMMSHUS HA XapaKTEPHUCTH-
KH CTYNEHW Komrpeccopa. OgHako HepaBHOMep-
HOCTb CKOPOCTH NpHBOAHT K IEPHOANYECKOMY
H3MEHEHHIO a9DOAMHAMMYECKUX CHI, JeHCTBY-
IOIIKUX Ha JomaTrkd pabodero kojeca, yro OT-
paXaeTCd Ha CONPOTUBICHHM YCTAIIOCTH MallM-
Hel [3-19].

36. Jlna nBuraTened NeTaTeNbHBIX AMNTapaToB,
CYHOB, a TaKXe I BarOHOB MeTPO YCTaHABIIH-
BAlOT BO3JYXOWpHEMHbIE YCTPOUCTBA (BCACHIBAIO-
mue narpybku, puc. 3-9). AspomuHamuveckue
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XapaKTEPHCTHKH 3TUX YCTPOHCTB 3aBHCAT OT
PEKUMHBIX M KOHCTPYKTHBHBIX I1apameTpoB.

IMonpo6uble HCCENOBaHUA A3POAMHAMHYECKUX
XapakTepHCTHK BCACHIBAIOIIMX NaTpyOKOB aBua-
Jsarateneit omucaHsl B pabote [3-11]. Pesyrsra-
Thl MCCTIEAOBAHUH a3POAMHAMHUKH BO3AyXOHpUEM-
HBIX YCTPOWCTB ra3oTypOMHHBIX CYyHOB MpuUBene-
Hel B kHHTe ([3-6].

37. YcnoBua Bxolla BO BCACHIBAIOMIMIA Natpy-
60K, BXOJHOH y4acTOK XOTOpPOro nomemied Ha
TBepAO# MOBepXHOCTH (KpbLIEe CaMoneTa, KamoTe
aByaasuraTens, (ro3elsoke BEpTONeTa, KOpIyCe
CydHa, Xphbllle BaroHa M T.M.), 3aBHCAT OT
OTHOLICHHs CKOPOCTH W, Ha BXoje B maTpybok
I, 4TO TO Xe, CKODOCTH W, Ha BBIXOAE H3
naTpybxa x cxopocTu w, Haberaromiero IoToka
(cxkopocTy mosera, OBH)KeHWS CyaHA, Barosa).
B cnyuae, koraa nmomanb Bxoaa monobpana Tak,
9TO TMpH JAHHOM pacxoxe depe3 narpybokx
OTHOILUEHHE W, /W, MEHBINE E€AHHMIBI, HAOI0-
JaeTcs TOpMOKeHHe (paCWIHPeHue) CTPyH, CONpo-
BOXJaeMOe BO3PACTAHHEM CTATHICCKOTO [ABICHMUA.
OGpa3oBanye MONOXKATEILHOIO I'PaAHEHTa AaBe-
HUS BOOJIL CTPYH TPH HANMYHH CPaBHMTEILHO
TOJICTOTO MOTPAHHYHOTO CJI0S HA TBEPAO MOBEpX-
HOCTH TpHBOAMUT (xak B oOblMHOM auddy3ope
C TBEPABIMH CTEHKaMH) K OTPBIBY IIOTOKa OT 3TOH
IIOBepXHOCTH (pHC. 3-9,a). Yem Gonbiie rpaguenT
JaBlieHASA W, CNIEOBATE/IbHO, YeM MEHBLIE OTHOIIIE-
HHS w,,[w,, TEM MHTEHCHBHEE OTpBIB H Bosbiue
notepu [ABJEHHsS NpPH BXoAge B MaTpybok.

38. TLaomanb BXOOHOIO OTBEpCTHA NaTpyOka
MOKeT OBITh M TAKOH, MpU KOTOPO# II1 JaHHOIO
pacxoma OTHOIIeHWe ckopocteit w, [/w, Oyner
paBHO wiM Gonbure enuBHibl. B ciydae
Wo /W, =1 nuomans CedeHHs U COOTBETCTBEHHO
CKOpOCTb, 4 CJENOBaTeNbHO, M CTATHYECKOE
JapJieHWe BIOJb CTPYHM OCTAIOTCS NpaKTUYECKH
MOCTOAHHLIME OO BXoaa B marpybok. B orom
Cllydae HUKAKOro OTPLIBA IIOTOKA OT MOBEPXHOCTH
He MoxeT GMTE (puc. 3-9,6) U BTEKaHHE BO3AyXa
B DaTpy6OK MPOMCXOAMT IPAKTHYECKH be3 mOTeph.

39. B cnydae w, /w,>1 BXOX MOTOKa B mHat-
py6ox TPOMCXOAUT C YCKODEHHEM (CTpYd MOL-
KUMaeTca) H, CleIOBaTelNbHO, CONPOBOXKIAETCA
nagesneM naBneHdsa. [losToMy oTpeiBR MOTOK2
OT TBEpAOW MOBEPXHOCTH TeM Oonee OwiTh He
MosxkeT. OXHAKO NpH OYeHb GONMBUIOM MOMKATHH
CTpyH Takoe BTEKaHHE MOXET IPHUBECTH K OT-
PBIBY NMOTOKA OT BHYTPeHHeil KpOMKH maTpybka



(puc. 3-9, 8). DTOT OTPBIB MOXET ObiTh yCTpaHeH
npd AOCTATOYHO MIABHOM OQOPMIIEHHH (YTOJ-
1eHuH) BXOTHOW KPOMKHM.

40. 3uavenus ko3QOUIMEeHTOB CONPOTHBIEHUS
cobcTBEHHO BXOJa BO BCachiBaloie narpybku

A
(C“E——-—zg/—z NPy DPa3HYHBIX BapdaHTaxXx pac-
pwo

[1OJIOKEHHS CedeHHS BXOAA OTHOCHTENILHO TBED-
f0it TTOBEPXHOCTH (B maHHOM cllyyae —noBepx-
HOCTH KallOTA aBHAJBHTATENS) U pPa3IM4HBIX
OTHOLUIEHHAX CKOPOCTEeH w,/w, NpuBEOeHbI Ha
anarpamme  3-22. Tam ke mOkasaHel CXeMbl
BAPMAHTOB MCOBITAHUA NMaTpyOxos. Hammensiume
noTepH JABJIeHNsd, CBA3aHHBIE C BXOMOM IMOTOK2
BO BCAChIBAIOUMHA NATDPYOOK, IPH PACHOJIOKEHHU
ero HEmOCPeICTBEHHO Y MepeaHel KPOMKH KaroTa
(papuaHT 1). B 3TOM ciydae oTpeiBa moToka
nepe/i BXOJOM HET, a CYLUIECTBEHHOE BO3pPACTaHHE
noTeps € YMEHBIIEHUEM OTHOLIEHWS CKOPOCTeit
apu wo/We <0,3 CBA3aHO C OTpBIBOM MNOTOKa
nocne BXoja ero B matpybox (cm. m. 39).

4]1. BnusHue OTpbIBa IIOTOKA OT TBEPAOH
NOBepXHOCTH MNepell BXoAoM B mnaTpybok Ha
CONMpPOTHUBIICHHE BXOAA MOXHO 3HAYHUTENHHO
YMEHBLIIUTD HIH MOJHOCTBIO YCTPAaHHTh IyTEM
yBEJIMYCHNA DACCTOAHHA A BBHICTYNAIOmeEH 4acTH
natpybka OT TBepAO# mOBepXHOCTH, 0OCOOeHHO
€CIId 1IpM 3TOM Iiuefixa naTpyOka OymeT BmimosHe-
Ha ynoGooOTexaeMol A ClMUBA NOTPAHHYHOTO
cios (CM. BapHaHT 6 ma Auarpamme - 3-22),
Onuaxo IpH 3TOM ClleyeT YIHTHIBATH BO3pACTa-
HHe JTIOGOBOro CONPOTHBIICHHA naTpyOka ¢ yBe-
TMUYEHHEM YKQ3aHHOrO pACCTOSHHA OT TBephoil
TIOBEPXHOCTH.

42. CymmapHBIe TOTEPH 3HePrun Ap BO Bcachl-
BalouleM NaTpyOKe (BO3OYXONPUEMHOM YCTPOWC-
TBE) CKJIQABIBAIOTCA H3 1OTEPh 3HEPIUH Aps,
[IPH BXOJE B HEero NOTOKA ¥ BHYTPEHHHX NOTEPb
Ap,, BO BceMm ydacTke maTpybkxa OT BXxola IO
BBIXOOA MOTOKa u3 Hero. CooTBeTCTReHHO 00wnmii

(mos1HBIA) KOI>bODHUUMEHT CONMPOTHBIEHHUS BCACHI-
BatOLIErO NaTpyOka

A
b= =L+ L
pw5/2
Apex
roe [, = —‘Dz——-— kodpduureHT COnpoTUBIEHUs
pwo/

BXOJ4, 3ABHCALUHH OT OTHOIUEHHS CKOpOCTei
Wo/W, W MECTONMOOKECHHs TaTpyOka (BO3XyXo-
NpHEMHOTO YCTPOHCTBA) HAa [JAaHHOM OO0beKTe;

_ Ap,, _
G =—5——K0dDPUIMEHT BHYTPEHHEro CONpO-
pwia /2
TUBJICHHA BCEro Y4Yactka BO3JAyXOINpPHeMHOro
ycTpoiicTBa 0T BXOAAa [0 BeIXOoAa MOTOKA
U3 Hero.

43. Jlo6oBoe compoTuBieHHe maTpyOKa Ckia-
ObIBAaeTCA M3 ABYX BeJIM4MH: «rHApaBIHYECKOro»
C,r W BHeElllHero JIO0OBOrO CONPOTHBIIEHHA (..
I'mapasimdeckoe J71000Boe COIPOTHBJICHHE BO3-
HHMKAeT BCJIJCTBHE MOTEPH MOTOKOM, BXOXAIIMM
B natpyOok, Konu4eCcTBA [BWXKeHHA. BHellHee
N060BOC CONMPOTHBIEHNAC BHI3LIBAETCA BHEUIHUM
obrexanemM matpyGka u wuHTepdepeHmMer ero
HA OPUIIErarollyI0 4acTh camojieTa (BepToJeTa,
CymHa, Barosa).

44. Ha mmarpamme 3-23 n0Ka3aHbl HEKOTODEIE
CXeMbl BXOIHBIX 3JIEMEHTOB BEHTWIATODHBIX YC-
TAHOBOK C OCEBBIMM BEHTWIATOpaMH oOIenpo-
MBIIUIEHHOTO Ha3HaveHHd. TaMm xXe AlA pas3iny-
HBIX YCJIOBUMM BXOJA M peXWMOB padOThl BEHTH-
IATOpa mnpHBedeHB! 3HAUeHHA Ko3ddHIMEHTOB
COTIDOTHBIIEHHS BXONHBIX 3NIEMEHTOB IO DPEKO-
MeHnamuaMm, paspaboranubiM JI. A. BrrukoBoi
[3-3, 3-4].

45. Ha auarpamme 3-24 npuBENEHBI CXEMBI
BXOMHBIX 3JIEMEHTOB paAMalIbHBIX (HEHTpOOeK-
HBIX) BEHTWIATOPOB H 3HaueHHA KO3(PPUIHEHTOB
CONpPOTHBJIEHHA 3THX DO3JIEMEHTOB IO TeM XKe
peKOMEHJAHAM, 4TO B 0. 44,
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3-2. JMATPAMMBI KO3®OUUMEHTOB COIMPOTHUBJIEHUA

Bxoa B npsmyio TpyGy NOCTOSHHOrO mnomepevHOro CeveHus:
Re=wyD,/v>10*[3-12, 3- 13]

Jnarpamma
3-1

1. Bxox 8 TpyOy, 3aenannylo B CTEHKY H2 Ko-
HEYHOM PpaccTosHHH (6/D, <0,5).

b v ,
< [, _Cmenxa 5( CmeHxa 2. Bxog » TpyOy, 3anenaHHyio 3anoIduo B
. ‘ 2 crenky (b/D,=0).
} VIS LI SIS S IS, ] 3. Bxog B Tpy6y, yAaNeHHyIO OT CTeHKH
Wo, Fa L UCENS (6/D,>0,5).
- - § =Y
1 LIS S IISIIISITY, 2
E 2. v
‘ 1 v 2. {= 23 cM. kpusyoo §=/(8,/D,) npu
= pwi
D, =4F,/T, 3agannmix b/D,.
L= f oM. kpusywo {=f(3,/D,) npu b/D, >0,5.
pwy/2
- Oas  seiuncnesss BwBa  OBM ompu §,/D.<0,05
< u 0,01 <b/D,<0,05:
Ll L L i yoys g
Ap 3
mofy _) (=—2oo {‘2 (o101} 6.2,
) /2 t=Q “j=9Q
J. 2Tl rae 4., oM. Tabmany
3mavenma @, ;
. J
!
0 1 2 3 4
0 0,549356 9,22856 -79,0065 258,742 — 268,925
1 —4,93702 ~681,756 7189,72 ~24896,6 26416,2
2 160,273 17313,6 —212416,0 766932 —827816
3 1650,38 —139018 1930080 —7239530 795042
3uavenns {
b/ D,
81 /Dr
0 0,002 | 0,005 | 0,010 | 0,020 | 0,050 | 0,100 | 0,200 [ 0,300 | 0,500 @
0 0,50 0,57 0,63 0,68 0,73 0,80 0,86 0,92 0,97 1,00 1,00
0,004 0,50 0,54 0,58 0,63 0,67 0,74 0,80 0,86 0,90 0,94 0,94
0,008 0,50 0,53 0,55 0,58 0,62 0,68 0,74 0,81 0,85 0,88 0,88
0,012 0,50 0,52 0,53 0,55 0,58 0,63 0,68 0,75 0,79 0,33 0,83
0,016 0,50 0,51 0,51 0,53 0,55 0,58 0,64 0,70 0,74 0,77 0,77
0,020 0,50 0,51 0,51 0,52 0,53 0,55 0,60 0,66 0,69 0,72 0,72
0,024 0,50 0,50 0,50 0,51 0,52 0,53 0,58 0,62 0,65 0,68 0,68
0,030 0,50 0,50 0,50 0,51 0,52 0,52 0,54 0,57 0,59 0,61 0.61
0,040 0,50 0,50 0,50 0,51 0,51 0,51 0,51 0,52 0,52 0,54 0,54
>0,050 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
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ITpoodo.xncenve

Bxoa B npsmyio TpyGy HOCTOSAMHOIO MNOMEPEYHOTO CeUeHHs; Juarpamma
Re=wyD, [v>10*[3-12, 3-13] 3-1

0,90

0,80

N\

0,70

0,60

250

0,040 0,043 8,/

Bxox #3 Heorpanuvenvoro mpocrpanctBa (w,=0) B TpyOy, 3anenannyio Juarpamma
3aNOMJIHIO B CTEHKY MOl JHOObLIM yrijiom &; 32
Re=wyD_[v>10* [3-20, 3-49]

HOns Kpyrioro ¥ KBaJpaTHOIC OTBEPCTHH
Ap

{=—75-==0,5+0,3cos3+0,2 cos?$
pw5/2
- Ins orsepctrit mobbix dopm
r Ap
- =——=f15
(=7~
a
D, =4F,/Il,
3naveuns { (oxpyriemno no 10%)
. 8°
lla i
20 30 45 60 70 80 90
0,2--0,5 0,85 0,80 0,70 0,62 0,56 0,5 0,45
1,0 0,96 0,90 0,80 0,70 0,63 0,56 0,50
2,0 1,04 1,00 0,90 0,80 0,70 0,58 0,45
5,0 1,58 1,45 1,20 0,95 0,78 0,60 0,45
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ITpodo.axcenue

Bxoa u3 meorpanuuennoro mpocrpancrsa (w,=0) B TpyOy, 3agenaHnyio
3aN0/TANO0 B CTeRKY mox /MoGLIM yriaom §;

Re=wyD,/v>10% [3-20, 3-49]

Auarpamma
3-2

S~
~J
=

\\

\

Ya=02:05 | o]

| ]

20 30 40 50 60

70

a0

Bxoa B Tpy0y, 33aQeJaHHYI0 3aNOMJIHIO B CTEHKY, NPH HAJHMHE

npoXosmero moroka (w,>0);

Re=w,D,/v3>10* [3-20]

Aunarpamma

3-3

ol | ,/

pwp/

Ap
2

2

cMm. xpussie {=f(w_/w,)

/ 45 / Buavenna § (c oxpyriaeunem no 10%) npaa xpyrioro

20 e g 50 H  KBagpaTHoro cevemwwii, T.e. mnpH [/a=10 (cm.
/
10 // . Wo!Wo
' 90, 3
_ o [05] 10 1,5 2,0 2.5
7 S 8 8 3,50 4,00
a5 —~—17 20 wWoo/wy 30 10,901(1,55{ 2,1 2,85 s A
N"‘,’ZT\ 451080(1,30] 1,72 | 2,08 | 230 | 2,60
N~ 60 [0,65(1,04] 1,35 1,58 1,70 1,86
~i0 {7 90 |0,50]0,56| 0,62 | 0,66 | 0,70 | 0,70
521507 120 0,65 0,15 —0,15 [ ~0,30 | —0,50 |—0,60
150 10,850,151 -0,60 | —1,22 | —1,70 | ~2,0
-2,0




ITpodoaxmcenue

Bxoo B Tpy0y, 3a0elaHHYW0 3anOJIMNO B CTCHKY, IPH HATHAMM [Anarpamma
npoxonsmero moToka (w, >0);
Re=wyD, /v 10* [3-20] 33
4 o 3uayenns { (¢ oxkpyriemwem no 10%) npu [/a=0,2+0,5
- / pyr p » gl
ﬂ / @ (M. rpaduk a)
20 45 o
/:——?/ 5° vl
%
0 0 | 05 1,0 1,5 2,0 2,5
' 90,
10 15 30 {080 | 1,30 | 1,85 | 2,20 | 2,50 | 2,75
0 7 20 wTvts 45 10,67 | 1,10 | 143 | 1,65 | 1,83 | 20
N~ 2 60 | 0,58 092 1,25 | 1,45 | 1,60 [ 175
N 135 90 | 045 | 0,45 | 0,60 | 0,67 | 0,75 | 0385
-10 120 } 0,53 | 0,15 } —0,10 | —0,30 | —0,40 | —0,50
521500 150 { 0,80 { 0,13 | —0,50 |—1,00 | —1,35 | —-1,70
20 l
7 i Buavenus ¢ wmpu //a=5,0 (cM. rpadux 2)
—zn®
f—fgif 5 Ww/WQ
50 °
/// 0 0,5 1,0 1,5 2,0 2,5
20 = 60 —
,7 " 45 | 1,20 | 240 | 330 | 412 | 485 5,50
| 60 | 090 | 1,72 | 2,47 | 3,08 | 360 | 4,10
0 / - |90 90 | 045 | 060 | 1,18 1,78 1,88 | 210
' — == 120 | 0,80 | 0,12 | —0,23 | —0,10 | —0,35 | —0,80
—1 135 | 120 | 012 | —0,53 | ~1,05 | ~0.88 | —0,45
g 1.0 15 20 Woo/W,
45 — -
% 120 7 o
. ~ | 735
iy N 6= 45‘3/
50 '
-20
J=/5T 40 =
60
20 N arsd
30 / /
3dasensn C npu //a=2,0 (cm. rpaduk 6) / /
/ 20 /V P s
WeolW
) : // / '9{
0 0,5 1,0 L5 2,0 2,5 19 // /
30 | 1,00 {168 222 | 278 | 3,32 | 380 L w | T
45 (0,88 [ 1,46 [ 1,90 | 2,30 | 2,77 | 3,20 g 35 (=15 20 wea/wo
60 | 0,60 | 1,02 | 1,35 1,60 1,75 1,87
% | 045 | 0,55 | 075 | 0,87 | 0,95 | 0,95 1o N LT
120 | 0,60 | 0,10 | —0,13 | ~0,20 | —-0,23 [ —0,30 ! &= 135°
150 | 1,00 | 0,15 | —0,60 {~1,30 | —2,00 {—2,50 | I
L -20
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KoJaexrop, ouepyennnii no ayre xkpyra, De3 Jxpana; Juarpavma

Re=wyD,_/v>10* [3-12, 3-13] 34
Ge3 TopuoBOH CTcHKH D 45,
& o
A _ Ap
W, Fa {=-——-— cM. xpuBnle 4, 6 B 3aBHCcHMoCTH oT r/D,
— = pwo /2
g cnydas 6): £=0,03+0,47-exp(~17,737); F=r/D,
4
C TOpuUOBOH CTeHKOR 96 \<
a6

fQ\\Y‘
-

a
wo, Fo g4 \
—3|- | \

: 42 N
1 |
0 ao« Qo8 §iZ 816 6,20 r/D;
3navenns §
XapaxTepucTHKa . r/D,
KOJLTeKTOpa
0 6,01 |1 0,02 ] 0,03 | 0,04 | 0,05 | 0,06 { 0,08 { 0,12 | 0,16 | 20,20
p) Oes CTenkH 1,0 10,87 0,74 | 0,61 | 0,51 | 0,40 | 0,32 | 0,20 | 0,10 } 0,06 { 0,03
6) ¢ Topuoso#i cremkoit | 0,5 }0,44 0,37 | 0,31 ) 0,26 } 0,22 | 0,20 | 0,15 | 0,09 | 0,06 | 0,03

Konnexrop, ouwepuenHniii 1m0 Ixyre Kpyra, ¢ IJIOCKOH TOPIOBOi CTEHKOH Jdrarpamma
B ¢ 3xpaHoM Re=w,D_[v>10* [3-18] 35
7
Inpau
A/ v
7L~ v
7
7 a6
7
AFL woFo i \
2 o e ——C ] 45
é )
1. 44
\
TV a1
Dr=4Fo/no 0’2 \\\
r/B-202 43 r/Dr=05
B h r qr \" q/ / lr /
=———— CM. KpHBBIE (=f| —, —
¢ pwj/2 P : f(Dr Dr) 0

al 4z 03 g+ g5 046 47 r/0r
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IIpodo.axncenue

Koa/IeKTop, ouepueHHbilk MO Oyre Kpyra, ¢ ILI0CKOH TOPHOBOW CTeHKOI duarpamma
M ¢ okpaHom Re=w,D /v>10* [3-18] 3-5
3uavennn
ki D,
r/ D¢
0,i0 0,125 0,15 0,20 0,25 0,30 0,40 0,50 0,60 0,80
—
0,2 — 0,80 0,45 0,19 0,12 0,09 0,07 0,06 0,05 0,05
0,3 — 0,50 0,34 0,17 0,10 0,07 0,06 0,05 0,04 0,04
0,5 0,65 0,36 0,25 0,10 0,07 0,05 0,04 0,04 0,03 0,03
Pactpy0 (kouudecknii KoJiexTop) Ge3 TopuoBoil crenky; Jnarpamma
Re=wyD_[v>10* [3-12, 3-13] 3-6
=4 A
D, =4F, /M, (= ;p cM. kpuBble {=f(o) ana pasmuusbix [/D,
pw5/2
4 PR
<
\\ ey 40@5
0,8 N 2
2 o s ~——
F 0,5 \\\)‘r \h\\‘
N AR e ——
~ =7
0,4 &)
’ \k )f’"‘ /
_L 0,2 R (/.o»~ - \\- ,/
i
0 20 40 60 80 100 120 140 160 «x°
3uavenus { (npuGimixenso)
ac
I/D,
0 10 20 30 40 60 100 140 180
0,025 1,0 0,96 © 0,93 0,90 0,86 0,80 0,69 0,59 0,50
0,050 1,0 0,93 0,86 0,80 0,75 0,67 0,58 0,53 0,50
0,075 1,0 0,87 0,75 0,65 0,58 0,50 0,48 0,49 0,50
0,10 1,0 0,80 0,67 0,55 0,48 0,41 0,41 0,44 0,50
0,15 1,0 0,76 0,58 0,43 0,33 0,25 0,27 0,38 0,50
0,25 1,0 0,68 0,45 0,30 0,22 0,17 0,22 0,34 0,50
0,60 1,0 0,46 0,27 0,18 0,14 0,13 0,21 0,33 0,50
1,0 1,0 0,32 0,20 0,14 0,11 0,10 0,18 0,30 0,50
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PacTpy6 (koumdeckuit KkonjlexTop) ¢ TOPHOBOH CTeHKON; Jnarpamva
Re=wy,D, /v>10* [3-12, 3-13] 37
' (== cu. xpuesc C=f(a) 3 1D
2 =——— cM. kpuBbic {=/(ot} ANd pa3HIHBIX .
Z_L'memra pw5/2 P P
¢ o,
: N s B et
« wo, FU o 0,4 V T ///
T > S Zop
y 2,3 \\('\ofr ; //'/
(=4
% \__// /
SR 0,2} <5 e~
(4 . J‘\\qf e
Dr=4F0/H0 0,/ l
[/} 20 40 50 80 00 120 M0 180 «®
Suavernst { (npub.orkenno)
o4
I/ D,
0 10 20 30 40 60 100 140 180
0,025 0,50 0,47 0,45 0,43 0,41 0,40 0,42 0,45 0,50
.0,050 0,50 0,45 0,41 0,36 0,33 0,30 0,35 0,42 0,50
0,075 0,50 0,42 0,35 0,30 0,26 0,23 0,30 0,40 0,50
0,10 0,50 0,39 0,32 0,25 0,22 0,18 0,27 0,38 0,50
0,15 0,50 0,37 . 0,27 0,20 0,16 0,15 0,25 0,37 0,50
0,60 0,50 0,27 0,18 0,13 0,11 0,12 0,23 0,36 0,50
Bxomst ¢ axpanom; Re=wyD_[v>10* [3-12, 3-13] HAunarpamma 3-8

. 5, r
' CTTOIITIITITOITIIINT TSNS [
Jxpan ] 1
I) f-’ o wﬂ)f-o _'-S 2) F’ wﬂlfo —§ 3)
Z r
Prrrrrrsrrsrsrseresses y>
) A= O Lo
6, \ D =4F,/I,
2,0 , 8, b
rae 1) £ cm. xpusyio (=1 B pH —5-20,50 Ha guarpamMme
T, r
36 r
\ . 3-1; 2) {' cM. kpuebie (=f (—l-)-—> Ha muarpamme 3-4; 3)
12 . l )
\ ' cM. KpHByIO §=f(a, 3-) Ha mguarpamme 3-6; O, M.
0,8 \ xpusytro o, =f(h/D,) ’
0,4
h/D, |0,200,30{0,40 0,50 0,60 0,70 | 0,80 | 1,0 | c©
g \F
hE Gk 4E 08 R0 /O o, |1.60{0650371025|0.15/0,07 0,04 0 | 0 |
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Bxoa u3 orpanuuessoro odwvema (F,/F,>0) npu b/D,>0;

Re=woD,./v>10* [3-12,

3-13]

Jnarpamma

Ap Fy
D =4Fy[ll,; {=——={{1—-—
r 0/ 0 g pw% /2 Q ( Fl)
Kpomxa BxoAa Cxema Kosbdumuenr ¢
WA yTOJ- 3 6, b
Octpun w3 i T |nomwnt=s(3 5)
e 5 Sy adarpaMmal 3-1
3akpyrileHHas ] r
by wy, 5 wa’/-L S IMTo xpuBbIM §=f(—5—
\ guarpamMmsel 3-4 (rpaduky a u 6)
71
CpezaHa IIOA YTJIOM o & _ -
o kpuBeM (=11 o, =~
(pacTpy6) pustiv =/ & 7

auarpaMMal 3-6

Bxoas npu pasiMuRrol 3aJeike npAMOH TPYOB B TOPHOBOil CTeHKe;
ToMmMMA BXOAWOH Kpomku §,=(0,03+0,04)a, Re=wya,/v>10* [3-12, 3-13]

JAnarpamma
310

Bxoa ¢ TOpHOBEIMA CTEHKaMH Cxema Koadpumment ?nporunneu}m
=P
=i
/43 €3 <
C onuolt cropoHsl Tpy6hI | W, Fy i J 0,58
(xanana) I ? S
| = \
C mByX nUpOTHBONONOXKHBIX wo, 5 . 0,55
CTOpoH TpyDOsl (kaHana) | -
7 ] [ .3

D 3ax. (584
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{Ipodoaxcenue

Bxoasl mpm pa3imuHoil 3ajesiKe NPAMOR TPYOLI B TOPUOBO# CTeHKC; Jnarpamma
To/MIAHA BXOAHOH Kpomkh &, =(0,03+0,04)a,;, Re=wguy/v>10* [3-12, 3-13] 3-10
Bxoa ¢ TOpHOBBRIMH CTeHKaMH Cxema Koadpdunuent conportusirenus

__ A
=i
C OBYX CMEXHBIX CTODOH 0,55
TpyOnl (kKanana)
C Tpex cropoH TpyObl (ka- 0,52
Hama)
C d4eThIpex CTOPOH TpYyOHI 0,50
(xanana)

Bxonra npu pazauumoli 3agenxe npaAMOH TPYOBI MeKIy CTeHKAMH; Juarpamma

TonmM#a Bxoamol kpomxm §,=(0,03+0,04)a, Re=wya,/v>10* [3-12, 3-13] 3-11

6 Cxer A
Broa B Tpyby (xasar) xema Koaddummenr conpotuBneHus (= ‘p
pw5/2
C XO3BIpbKOM C OJHOMH lfay { 0 ]0,10(0,20]0,30]0,40 | 0,50
CTOpOHBI " s,
oA |5 ¢ 0,60]0,63]0,65]0,67 0,68 0,68
2
C xo3blpbKaMH ¢ [JBYX Ry 0,82
cropor npu ljay,=0,5 7l
ol
ay

130



IIpooo.tucenue

anm—

Bxoanl APH pasiuuHON 3ajesKe NpAMOH TPyOnl MeKIy CTeHKamu;
roJMAA BXOAHOH kpomkm §, =(0,03+0,04)ay; Re=wgao/v>10* [3-12, 3-13]

Juarpamma
3-11

Bxoa B TpyOy (xaHam) Cxema Ap
Koaddunuedr conpotdrnenns (= 2
pwo/2
ay,
P
PacOTOKEHHYEO HA CTEHKE @1 % o> 0,63
J 7
wy /
JajJelaHHYO MeXOy ABY- 0,71
MA CTEHKaMH
PacnonoxeHHYXO B nOBYy- 0,77
rpaHHOM yray (Mexay
JBYMS CTEHKaMH)
A
VZ
3axaTyro Mexay TpeMs / 0,92
ETEeHKAMM ) 5
Y4 1
2o
Bxoa B npamyro TpyGy €epe3 mai0y HJH pelIeTKY C OCTPHIMH KpPasMH Anarpamma

oreepernii (//d,=0+0,015); Re=wg,d./v>10° (3-12, 3-13]

3-12

fnocxan pewemnn (Fyrg = xuboe cevenue)

Wwors, fors W, 5y

000
©0d
0000d
ALY
0090000
ooop
o o

Waibsa (Frg - #udoe ceyenue)

§ wors, foré o, 2
| piAAs AL LAARACAC S
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[Tpodo.iwcenue

Bxoa B npamyio TpyOy ueped maiiGy MiIM pewleTky ¢ OCTPHIMH KpasMA Jnarpamma
orgepcrmii (//d =0+0,015); Re=w,,d./v>10° [3-12, 3-13] 3-12
4 4
a - bl
\ Yeacmox A / ¢ U ¢
180 5
0,05 1100 0,50 58
4 A 0,10 258 0,55 44
120 2 0,15 98 0,60 3,5
2 e 0,20 57 0,65 2,6
0,405 0,6 0,7 08 0,9 F 0,25 38 0,70 2,0
80 0,30 24 0,75 1,7
\ | 0,35 s 0,80 13
\ 0,40 11 0,90 0.8
40 0,45 7,8 1,0 0,5
\ .l/vaama/r A
\r
/] 0,2 0,4 0,6 0,8 f
Bxoa B mpamyio TpyOy duepe3 waii0y WM pemleTKY ¢ pasJHuHbIMH (QopMamu HAnarpamma
KpaeB orBepcTHil; Re=w,,d./v>10* [3-12, 3-13] 3-13
d =4f;n . _7= F:)n=2f;n
iR 1 F, F,
XapakTepucTaka Cxema Ap
aHOb, PELUETKH. . Kosp¢nmmenT conpoTusnenns (= 3
Kpas oTBepcrhil A pwo/2
1 2 3
Y TONMIeHABIE 11
gz[0,5+(1—j')2+r(1—f)+x:i—]ﬁ,
rae T cM. rpaduk a )
| WIH
t=(2,4-T)-107%",
Wort)Sar8 Bz 1 Wa, /7 ¢ (1)=0,2540,53578/(0,05+T7);
<k A cM. AmarpamMMmel 2-2—2-6
S
S T
L 12 @

AN

4 / 0,8
] \
WorlﬁrK | R 0,4 ~\
"”I ST ~ -

o 0% 08 1,2 1,6 20t/d,

- T=ljd 0 0,2 0.4 0,6 0,8
T 1,35 | 1,22 | 1,10 | 0,84 | 0,42
I=l/d, 1,0 1,2 1,6 2,0 2,4

T 0,24 | 0,16 | 0,07 | 0,02 0
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[podo.ancenue

Ap—

Bxoa B HpaMy1o TpyDy uepes miaiify waW pewleTRY ¢ pa3aMuHbIMH dopmamy Anarpamma
KpaeB OTBepCTHil; Re=wd,/v=10* [3-12, 3-13] 3-13
T 2 3
Cpeaatbic C=(1+VT=1P 17
rae npn a=40-+60" ' cMm. rpadux 6 wan §=0,13+
+0,34- 10— (3.457+88.47 "3); npu APYITHX ¢l
{'—xax { no auarpamme 3-7
% 2 ®
WUTJ/,:ﬁTJK W,f,ff 0,5 \\
o
‘\* ~Dors 0,1 \\-—
4 0 004 8,08 0,12 /d,
a=40-+60°
o
Word,/5r8 ] I=l/d, 0,01 | 0,02 | 0,03 | 0,04
Wors,fors
oz o 0,46 | 0,42 | 0,38 | 0,35
I=l/d, 0,06 | 0,08 { 0,12 | 0,16
g 0,29 { 0,23 { 0,16 | 0,13
sy 1
g=(1+\/a—-j)2?—5, rae § cm. rpaduk &
-7.9F
CKpyriieHHbie wm {=0,034+047-10 i
[ . 7
Ward,fard LISk wo, b9 0,4 \
S
9,2 \\
\\N
0 004 008 02 0I5 r/d,
Word, Fyrd wa, F r=rid. |0 0,01 | 0,02 | 0,03 | 0,04 | 0,05
— —
r =Zors - 0,50 | 0,44 | 0,37 | 0,31 | 0,26 | 0,22
! -
r=r/d. 0,06 | 0,08 | 0,12 | 0,16 0,20
- 0,19 ; 0,15 | 0,09 | 0,06 0.02
Bxoa B npsmyio TpYOy (kauan) vepe3 mwaiiby uin pemweTKy ¢ pasinunpivMA dopmamn Hmnarpamma
KpaeB oTBEPCTHil; mepexoanas W JaMHHapHasd 001aCTH TeueHHs 3-14
(Re=w,yD,/v<10*+=10%) [3-16]
1) 30<Re<10*+10°: 2) 10<Re<30:
wort forg  wo, Fp A { 331
—— p - -
= = =+ ebxas =—-:7+8 eGxny
. g owd/2 Cq)/_ Eorel g Re [ ore
3) Re<10:  rae {,=f)(Re, Fo/F,) cm. nuarpammy 4-19
33 1 (cmeayeT uMeTb B BHAY, 4TO f=F..,/F
Ty =, COOTBETCTBYET Fy/F,), €or.=/2(Re) cM. ToOT
wort:fors  wo- 17 Ref Ke Tpauk; §,~—kak { mpn Re>10*+10°
cm. amarpamwmer 3-12 u 3-13
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Bxoabi B Tpydy ¢ ceTKoil Ha BXode Anarpavma
3-15
XapaxrepucTuxa Cxema Kosdpduunenr conporusienus = 4p
BXoAa CONPOTUB n —D_Wgﬁ

Bxoa ¢ octpoit
BXOJHOH KPOM-
xoit (8,/D,=0)

Cemna (Farg —muboe cevewue)

Vi

™

*-
Wyrs, Fore Wo

A\ -

t=14¢,, :
rae . onpenemoT Xak { AnA CeTKH MO AnMarpamme

Bxox ¢ yrox-
LIEHHO# BXOX-
HOH KpOMKO#
(8,/D.>0)

]

[

L Ll Ll Ll

wa, Fa~F

<

/7 LLLLLLLLL L,

Cemual I-;,,,}&

L=0+Ce
C=U4+C,, rae {' cM. kpuBble {=f %l , -g-) AMaTpaM-

mel 3-1; {. cM. BbIue

Komersop ol \_ o |
u!/,,F, wo, F3 roe {' cM. kpuBble {=f (Dr_,) muarpaMmsel 3-4; . oM.
i BBILIE
?q‘emm (Fors)
. e
Ges mapyodod cmewne e '*'E
§ | rae & cMm. xpusnie {=f] a, —b{— COOTBETCTBEHHO Ha|
Ilfoonljg:(?;: " w,',F,' N Wo, %3 marpammax 3-6 u 3-7; (; M. BBIIE
Cemra(Fors)

£ mapyodod cmenxod

w’, f;

wﬂr FI

4

/

cemna (Fgrs)
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m——

Bxoa B npAMYylo Tpy0y Kpyrioro ceueHHs d4epel nepBoe 0GoKoBOe oTBepcTHE;

Re=wonb/v>10* [3-15]

Anarpamma

3-16

(= CM. KpHBBIe (=
< oY p c=A(f)
D, §
/'}r Q:]
N ST
s
<Y
e Z
l‘\fl 60 @
S 40
1 0dno omlepemue
A\
F=—07”2 lg }
AN
= . ST
4 AN \w
2. 48a omlepcmus N I 2
& nApomuBononoxnsix 7 g
EmopoK 2 ! 9
N
7
Fe ZZZ 0,2 0% 06 08 1,0 1,2 L4 L6 F
z
5
3uavenns § (rpadux a)
Yucno oTeepeTuit 7
0,2 0,3 0,4 0,5 0,6 0,7 0,8
Onxo (kpusas 1) 64,5 30,0 14,9 9,0 6,27 4,54 3,54
Hpa (xpuBasa 2) 65,5 36,5 17,0 12,0 8,75 6,85 5,50
Yucno oTeepeTHit 7
0,9 1,0 1,2 1,4 1,6 1,8
Omuo (xpusas I) 2,70 2,28 1,60 — — —
JBa (xpuBas 2) 454 3,84 2,76 2,01 1,40 1,10
P) 3navenns § (rpadux 6)
N2
WM - Kpusas b/ D, 7
Hird
0,1 0,2 0,3 04 0,5 0,6 0,7 0,8
Dy
& 1 0.13 335 | 850 | — — — — - —
fl 2 0,26 305 | 85,0 | 422 1 22,5 | 156 | 11,6 ) — —
3 0,38 280 | 79,0 { 38,3 | 23,2 | 16,0 | 11,7 | 9,30 | 6,40
4 0,48 260 | 750 { 36,3 1 22,0 {152 | 11,3 | 8,80 | 6,85
b} 0,62 235 | 67,0 | 32,5 20,0 { 13,8 { 10,2 | 8,00 | 6,50
6 0,7 230 | 63,0 | 30,2 | 18,4 | 12,8 | 9,40] 7,35 | 5,95
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[Ipodo arncerue

Bxon B npsmyio TpyOy Kpyriioro cedeHHs d4epel mepsBoe GOKOBoe oOTBepCTHE; JAnarparima
Re=w,,b/v>10* [3-15] 3-16
Kpusaa b/ D,
0.9 1,0 1,1 1,2 1,3 1,4 1,5 1,6

1 0,13 — — —- — — — - —
2 0,26 — — — — — — —_ —
3 0,38 540 | — — — — —_ — _
4 0,48 4,20 | 3,40 | 3,80 | — — — — —
5 0,62 4,00 | 3,30 { 2,82 | 2,50 | 2,30 { 2,15 | 2,05 | —
6 0,7 4,85 12951250 12221202 1,83 1,70 } 1,56

200
\ -4

100 X
A\

&0

40

20

10

.6

lf

2

7 : —
01 0,3 0,5 07 - 09 1,1 1,3 1,5 f
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axTei (HPATOYHBIC) NPAMOYTOJIBLHOTO CedeHHAA; OOKOBbie OTBepCTHA
¢ HEOJBHKNLIMH KANIO3MAHLIMA pewleTKAMH ¥ Ge3 mux [3-19]

Anarpamva
317

<y
NN

~..‘
»\\t\\&

b

Tlpavbie miaxTo

Yucno Cxema pacnonoxeHus 7 b KozbduuuenT conporubnesna
OTBEPCTHH oTBepcTHi h _ Ap
T pw3/2
6e3 peleTOK |C pelueTKaMy 6e3 pewe-ja=30°% b)/h=0,029; | x=45% b4/h=0,024;
TOK I161=1,6; 1oy =1,4;
3/by =0,058 8/61=0,07
1 l 0441 1,5 12,6 17,5 -—
2 l 0,88 1,5 3,60 5.40 —
2 B 0,88 1,5 4,20 6,30 —
3 H H 1,30 { 1,5 1,80 3,20 —-
4 D 1,74 | 1,5 | 1,20 2,50 3,80
4 @ 116 | 1,0 | 2,00 3,60 6,00
4 D 0,58 | 0,5 8,00. 13,7 21,5
L .
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[Ipodo.wiceriue

IHaxTel (NPHTOYHBLIE) NPAMOYrO/ILHOFO CeYeHus; OOKOBLIE OTBEPCTUS
C HeMOABWKHLIMA JKATIOIWAMLIMA pemleTKamu W Oez umx [3-19]

Anarpamma
3-17

UlaxTel ¢ noBopoToM

Yucao CxeMa pacnosoxeHHA 7 Q KoadduumerT conporusiictns
OTBEpCTHH OTBEPCTHH h _ 4p
=
0e3 perueToK |¢ perueTkaMu Ges peme- | x=30°% b1/h=0,029; |x=45° b)/h=0,024;
TOK /by =1.,6; l1by =14,
3/b1 =0,058 5/b,=0,07
I ¢ t 044 | 15 | 140 18,6 —
S —
1 044 | 1,5 16,0 19,0 —
1 Q 0,44 | 1,5 | 16,7 20,0 —
2 l 6 } 0,88 | 1,5 4,50 6,50 _
2 Q Q } 0,88 | 1,5 5,20 7,00 —_
2 E 0,88 | 1,5 5,30 7,20 —
2 0,88 | 1,5 5,30 7,50 -
3 l ¢ 1,301 1,5 2,60 3,90 —
3 ” [j } 1,30 | 1,5 3,00 4,50 —
3 i Q f 1,30 | 1,5 3,40 5,10 —
4 Q 0 1,74 | 1,5 2,70 4,00 5,60
4 Q Q i 1,16 | 1,0 3,10 4,70 6,90
4 C * 0,58 | 0,5 9,00 144 22,0
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laxTsl (ApATOuYHbIe) KPYTI0ro cedeHHs; NpAMbIE;
Re=w,D,/v>10* [3-28]

Juarpamma

3-18

XapaKkTepUCTHKA Cxema Kosddunmenr conporusnenus
IAXTh

. C mnrockuaMm 20,

SKpaHOM e

19

C pacceukoH

3. C 30HTOM H
0cTpOit BXOgHOR
KpOMKOH

4. C 30HTOM H
YTOJILIEHHOK
BXOJHOH KDOM-
Ko#

5. C 30HTOM H C
pacceukoit

6. C nuddpysopom
H C 30HTOM

!
2 S
1 2,
§
S
1
A
1N
20, S
]
dJy l?,
I
w2 ¥
e
D
2
o
Q
m, S
51 ! B
Lq.‘
=
0y
)
20, )
&
<
-
Dy
4
2
20, 2
[R =
4 LNy
3
Jy
s
Y
5, =
260, ]
15°
o
|
i
2

h
(= B%Q/_z CM. KpHBEHIE =f<-l—)—;)

3,0

Z,G‘i
2,2

1

1,8

L4

\

\
\
\

1,0

N

6

0,6

0,2

Cxe-
Ma

0,1

0,210,3

0,4

0,7

0,8

0,9

1,0

QLR g

2,63

2.90
132

4.40(2,15
@8,0 |6,40
1,8311,53
1,3010,95
1,9011,59
0,7710,60

1,78
2,72
1,39
0,84
1,41
0,48

1,58
1,73
1,31
0,75
1,33
0,41

1,35
1,47
1,19
0,70
1,25
0,30

1,23
1,26
1,15
0,65
I,15
0,29

1,13
1,16
1,08
0,63
1,10
0,28

1,10
1,07
1,07
0,60
1,07
0,25

1,06
1,06
1,06
0,60
1,06
0,25

1,06
1,06
1,06
0,60
1,06
0,25
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Bxoa B npamoit xaman uepel HENOABHAKHYIO KATIOIMIAHYW pelierky apw HAunarpamma 3-19
FOTB
f=—==0,1-09
FP
¥
45° / / "1
)
0 bl bl onr bl oar
Wor§ Fore A 1 Ap —Fp 2
= ~k 5 —-f ==
g Wi 2 0.8 +(21 / Fo> +CTP]’<
1
X= fﬂ) =kL
a) AL,
Bxoanble XpoMKH nepbeB Cpe3aHs!
BEPTHKAJIBHO
{ < I\ _
o' b&)on{
\Jl ) Ap N
450 % ;: v,y Q:pwé/zzk(, +Al, roe k=1,0 nns cxemsl a; k=06
.WDTJ;FOTB/ Y
" | amsa cxemel 6, ALx0,5[ 11(1—f)—— 1
. A 4 [ (1-7) b&}
/
C,p=?«.})—,-; A oM. muarpammel 2-1—2-6.
6') lA l) Fo-rn FOTB
ipg —={—} , —= u A=0,0604 (upu
S (ba o’ By Fo =

BxoaHbIe KPOMKH NEDBEB CpPE3aHbl FOPH-
30HTAJIBHO

/

A
Q‘h <

! 03 a5 a,7 99 f

’

Re=w,,b1/v~10%) suauenns ' cm. xpusyio §' =f(f)

710,11 0,2¢{ 0,3} 0,4!0,5 10,6 0,7 10,8 10,9 {10

£ 123552,5)20,5]10,5{6,00(3,60}2,35]1,5611,180,85
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Bxoa B npamoii Kanan

HAR JauTble GHrypHbie peuleTKH

Hepe3d IMTaAMNOBAHHBbIE )Inarpamma

3-20

4

¢ Word, Forg

ﬂ word, Ford

vm—

|

Wors = Q/Forn; FoTn_' KHBOC cCUye-

Wo,Fg

HMe pEWeTKH; (=—7p—

aeHHo cM. kpuByw (=f(f) mma-
rpamMer 3-12

\.”‘r B \ i" \.',' N
"u_. A /‘u, /&n. /&u
\|‘| '\n’r -\III 1\”I \1"
' /"n /‘1: /"\ /&;
, W " A\ ,-\l"' . \1"’
.'l. . /'»' A A

oW W W W

& & &

%

4
L I\‘ur
&

BxoaHble narpyokH oCeBLIX CTRHHOHAPHBIX TypboMammn [3-10]

Huarpamma
321

H H
leJ’. g .
5y K Y A8
A
Fx - ——
cf
0 (

N ) N o]
F. o P
i s 3 Lwa. £

a) 7).

h, D,
hy-Do(1+d)’

nu:‘FBx/FO; "K=FK/FO=2

d=d|Dy; D,,=D,,/Dy; H=H/D,

Komnextop (cxema a), ob6paso-
BaHHBIA ABYMSA KPHBOJHHEHHEIMA

BudA
e NOBEPXHOCTAMH NpPH 71, =>3,3; n, &
~ny Dy,>1,3 (onTHManbHbIE Na-
paMeTpsl)
Ap
= ~0,07
b pw5/2

S

[}

Konnextop (cxema 6), o6pa3oBaHHBIA ONHOA KPUBO-
JMHEAHOM NoBepXHOCTBIO TpPH 7,23,5; H2=0,95;
D,,>1,15+1,25 (onTuManbHEle NapaMeETphbl)

~0,08
2
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BoaayxonpreMHbie ycTpoHcTBa (BcachiBaiomme natpydxm)
(npH CKOPOCTAX 3HAYHTEJLHO HHKe 3BYKOBBIX) [3-11]

JAnarpavma
3-22

Bapuanm! Bapuawm? Bapuawml . z
[ pu P Sapuarms Fy~Q00554m

Yoo ™

—

\9:\,;‘4

=

Ap
pwi/2

= CBX + gﬂjs

tae (p=—ar Ap, f( > ¢M. rpadux
0/2 W,

T
e (W ——cxopocn: HaGeraioulero noTo-
- 2 HJ
fapuaum 1 foradn xa); (;,,,_ onpejaenseTcs B 3a-
o, o ¥ pw3/2
3 BPICPIMOCTPI 0T GOpPMEL ¥ reoMeTpH-
1101 YeCKMX NAapaMETPOB BCErO y4acTka
] —FST BO3IYXONPHEMHOIO YCTPORCTBA 11O
— R MaTepHanaM CIpaBOYHHKA

3uavenns (,,

Ba- Wo/Wq
PHAHT
0,110,210,2510,310,4{0,5 0,6 10,7 10,8 10,9
1 15,0/1,511,0{0,70,4/0,3510,25/0,15/0,03{0,03
2 |—|—]86,0]5,0{2,511,5 |0,8 |0,45/0,250,10
3 |—}—16,015,012,51,5 10,8 10,4510,25{0,10
4 |—i—15,413,2{1,5/0,70{0,45/0,25/0,20{0,05
N 5 |—15,3{3,2{2,3{1,210,70{0,40{0,20/0,100,05
\ N 6 |—143]2.8 [1.9]0,9]0,5 0.2510.20[0.10(0,05
50 i 7 | —P3.5|2.6 |1.91.2/0.9 0,7 0.5 J0.4 |0.15
g g7 g2 93 g% 45 4§ 4r 0,8Wa/wm
Bxonmnie 3aeMeHTHI OCEBbIX BenTWaATopos [3-3, 3-4, 3-26) Junarpamma
3-23
I
¥ } * I \Z/lz
Y~z {Bapuanm) | v i
—_ a - b > a2 5 | A
f T\ ‘ < SIS SIS S
) . | \ o i
. ' 220 z
L c ) Paccevxa b)) 8 2
a) e Y j(ﬂz d")
&= = 72 4
pwi/2 ZLs — s wed
z,—4HCTIO JIOMATOK KOJIECH BEHTHIIATODY, 7
Fo="(D?=d%: wy=QFy: T=I/D; d=d/D : 7




ITpodo.incenue

Bxoausie 31eMentni oceBbiXx BeutHasTopor [3-3, 34, 3-26| Juarpavma
3-23

3uauenna { ’aementon
(d=0.3-045; z,=3+4)

BXOJHOH JIEMEHT Pexum paborsl BxogHo#t anemenr Pexxnm paBothi
BEHTHIATOPA BEHTHJIATOpPA
Makcn- Makcn- Makcu- Makcu-
MaJIbHOE | MAJbHBIH MaJIbHOE | MaJIbHbIH
HOJHOE | pacxog nonHoe | pacxon
AddaBjIeHUe Qmax aasfcHAE max
pmax pmnx
BxonHas kxopobxa (a): 1=0,1; a=80° 0,07 0,06
a=0,75D; b=2D; c¢= 0,15 0,07
=0,2D; /=0 : T A~ o ano
c=a 034 | 02 1=02; 0=30 0,03 1} 0,05
T _ ) Yeryn (2):
C=O,2D, T—I/D—'O,l 0,03 0,08 Dl/’D=I; l=0 CprB 0,35
_ MOTOKA
¢=0,2D; 0,1</<0,3;] 0,03 0,06
o =40° . D,/D=125; T=0,1 0,07 0,15
Kondy3op, xonyc (6, 6): 0,1<7<0,3 0,03 0,10
a=60° 1=0,1 0,07 , 0,09
Huapdysop (9):
1=0,2 0 0,02 a=8+12°% n,=2 0,12 0,15
1=0,3; a=60° 0,03 0 Mpumeuanue. Tun Bewrunstopa K-121.
Bxoamnie dneMenTnl UEHTpOGeKHBIX BeHTHasTopes [3-3, 3-4, 3-25, 3-33) Anarpamma
3-24
Ap
{=—73
pwi/2
! A
A W, W
ARSI R | Wo 1\ efley
i o A 1 ] l }
| 4 /- _\ S %: " T
- 1 w
= \\\‘-;*_/// e !I [ S ﬂE t e s
/ \ 1
N — %
i 7 v
) g nn'ﬂﬂyﬂlz
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IIpooo.axncenue

Bxoample 37eMeHTHI HeHTpoOexHbIX Bewrmawropos [3-3, 3-4, 3-25, 3-33)

HAuarpamma

3-24

V/;-fea*'

V Wp

bror

0 —KIIf sestunsaropa; Fo=B-C; wo=Q/Fy; F,=ab; F0=§D5; T=1/D,

3uavenwn { JiemeHTOB (iomaTku paGouero KoJeca 3arHyTH! Ha3an)

BxogHo# 3leMeHT Vron ycra- Pexxum paboTm BemTHAATOpa *! Tun Ben-
HOBKYH :EJ_IC- THIATOpA
MeHTa Poo | 0<Q,; n*> |soMmmammsit| 0>0,; n°>
20902, |0=0, n'= ?g,§ﬂ£.x
= Nmax
Bxonuas xopoGOxa (a):
F /F,=1T7, bla=23; a=12° 0 0,3 0.3 0,3
F |Fy=12; bjla=23; a=12° 90 0,5 0,5 0,5
180 0,6 0,6 0,7
270 0,5 0,5 0,3 114-76
F |Fy=1+15; b/a=23; a=0% 0270 0,07 0,7 0,7
CoctaBuoe xojeHo (6): 0—270 0,15 0,15 0,15 114-70
Ro/Dy=1,5
HAupdysop (a):
=0,8;, n,=1,5 — 0,5 0,5 0,5 114-76
1=08; n,=2 — 0,5 0,8 0,8
I=14; n,=1,5 — 0,2 0,3 0,3
I=1,4; n,=2 —_ 0,2 0,3 0,65
Mpoctoe komeHO (2) 0—270 1,0 1,0 1,0 114-70
Konnvecknit koudysop (0):
I=1; n,=0,67 : — 0,7 0,3 0,2 114-76
=12; n,=0,5 — 0,8 0,4 0,3
I=14; n,=04 — 0,5 0,1 0,1
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lipocoancenue

BxoaHble 3JeMEHTH UeHTpoOexnLIX BeHTHANTOpOB [3-3, 3-4, 3-25, 3-33) Asarpamma
3-24
3Hagvenns [ djeMcHTOB (onaTkE paGodero Koueca 3arHyTH Briepen)
BxoaHo#t 31eMeHT Yroa ycra- Pexxum pabotnl BenTHAATOpPA *! Tun Bsed-
HOBKH 3Jle- THJISTODA
MeHTa By Q<. N> |HOMEHANBLHLI | 0>0,; 1>
20’9"]::" Q= Qn; n.= 201971:1“;
= n;nx
BxonHas Kopobxa (a)
F [Fy=13; bla=24; a=12° 0 0,3 0,35 0,3 119-55
90 0,4 0,4 0,3
180 0,45 0,45 0,5
270 0,2 0,2 0,3
F |Fy=11; bla=23; a=12° 0 0,5 0,5 0,5 119-55
F/Fy=12+18; bla=273; 0—270 0,85 0,85 0,85
bt = 0°
CocrasHoe koJieHO (D):
R,21,5D, 0 0,3 0,3 0,4
90 0,4 0,4 0,4
180 0,5 095 074
270 0,3 0,3 0,35
Hiddysop (e
1=0,5; n,=1,5 — 0 0,2 0,2
1=0,5; n,=2,0 _ 0,5 0,8 0,7
1=0,8; n,=1,5 —_ 0,1 0.15 0,1 L[14-46
Z=O,8; n, =20 — 0,3 0,3 0,2
{=04; n,=15 — 0,2 0,2 0,15
1=0,4; n,=2,0 -—_ 0,4 0,5 0,4
IIpocroe koneno (2) 0--270 2,0 2,0 2,0 119-55
Konngeckuit xoudysop (9):
I=1,5; n,=0,4+0,7 — 0 0 0
[114-46
YcTyn (Buxpesoit xosuekTop) (e):
n, 20,7 — 0 0 0

*! Pexum pabOTbl BEHTIIATOPA, COOTBETCTBYIOWMH MaxcHMaTbHOMy 3HaueHHio KU Miu
HaselBarOT HOMHHAJIBHBIM, Cc pacxonom Q.. PaGoweit o00macTpio XxapakTEpHCTHKH Bemmxropﬂ
HA3BIBAIOT Ty €€ 4acTh, AIA KOTOpoH nN°=0,9Mbax-
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PA3OEJNl YETBEPTHIU

COINTPOTUBJIEHUE IIPU TEYEHUU C BHE3AITHBIM
MBMEHEHUEM CKOPOCTHU U ITPU NEPETEKAHHUHN ITOTOKA
YEPE3 OTBEPCTUA (KO2PPUUIMEHTHI COIMTPOTUBJIEHUA
YHACTKOB C BHE3AITHBIM PACHIMPEHMEM CEYEHWUA,
BHE3AIIHBIM CY)XXEHWUEM CEUYEHUSA, MAWB, AVADPPATM,
ITPOEMOB H JP.)

4-1. TIOACHEHUA U
IMPAKTUYECKUE PEKOMEHJAUNU

1. TIpn BHE3amHOM PpaCUIMPEHMH NONEPEYHOrO
ccyeHHA TPyO®! (KaHala) BO3HMKAIOT Tax Ha3bi-
BaeMsle OTepH Ha «ydap». Koadduument mecr-
HOro CONPOTHBIEHHA yJapa B Cily4ae paBHO-
MEDHOI'O paclpeAeeHAs CKOPOCTEH IO CeYEeHHIo
y3Kkoro KaHaja # TypOyneHTHOrO TedeHHs
(Re=w,D,/v>10%) 3aBucAT TONBKO OT OTHO-
eHUsA TUIOMAZeH y3Koro M IUMPOKOIo cedeHuil
Fy/F, (crenenn pacmmpesus n,=F,/F;) A BbI-
ygcagercs mo ¢opmyne Bopaa-— Kapao:

A F,\?
(= ~_-(1—-2>. @-1)
pws/2 F,
CymMapHsli  KO3bOHUMEHT CONPOTHUBIEHUS
YyYaCTKa ¢ BHE3ANHbIM pactapeHuem *!
Ap Grp
S——= 0 =Gt > 4-2
C pw%/Z CM+C P C +n§ ( )
Apsp
iy =——=Al/D;..
rae & T 2/ D2y

2. Mpu BHE3ANMHOM pACIUMpPCHHH CEHYCHHS TPY-
6u1 0Gpasyercd cTpyd, OTACICHHAA OT OCTalbHOH
Cpexbl TIOBEPXHOCTBIO pa3jesia, KOTopas pacla-

OacTcsl H CBCPTHIBACTCA B MOIUHBIE BHXPH
(puc. 4-1). [Omuea y4yactka [,, Ha XOTOPOM
IPOMCXOAMT BHXpeoGpa3oBaHME, NOCTENECHHOe

paccachiBaHME BHXPEl M MOJHOE pacTeKaHHe
NOTOKa MO CEYEHMIO, COCTABJIACT NPUMEPHO
8—12 D, (D, — rMapaBINYeCKuil AMAMETp LIH-
poxoro cedyenns). [Torepu HAa ygap npH BHe3amn-
HOM pacIIMpEHHH CBA3AHLI C YKAa3aHHBIM BHXpe-
obpa3oBaHnemM Ha ydactke /;.

3. B cnyuae, Korga BHE3ANHOE paCIHIMpEHHE
ceyenus TPYOH IPOMCXOOHT TOJNBKO B ONHOM

1 a

*! Ilo6aBoussill KOIGYULUMEHT (  NPUMEHSIOT
B TOM Cjy4yae, €ciid OH He OblT YYTE€H IIpU
ONpelencHHM NOTEPh HA TPEHHE HA BCEM YYaCTKE
JaHHOH ceTu.
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nimockoctd  (puc. 4-2), TmoTepH Ha
YMEHBIIAXOTCA ¢ YBEIMYCHWEM  OTHOUICHHS
cropos B/H (B—mmpuna OGonbuero ce-
YeHus, H-—-TocTOsAHHaA  BBICOTA  KaHaja);
MeCTHBIM KO3(QQHUIMEHT CONPOTHBICHUA B JTOM

ciryyae
F. 2
o5

rae k; €1 —nonpasounsiii koahduUHEHT, 3aBH-
CAMi OT OTHOLICHUA CTOopoH B/H.

4. B peaJIbHBLIX YCJIOBMAX paclpemesieHue CKO-
pocTell Ha y4acTKe QepeA BHE3amHBIM paclLuMpe-
HHMEM, KaK NPaBWIO, He ObIBAeT PAaBHOMEDHLIM.
D10 O0OCTOATENBLCTBO CYWECTBEHHO IIOBHIIIAET
INOTEPH 0O CPAaBHEHHIO C BBIYHCICHHBIMH [0
4-1).

Hna noacyera xoaddHUMEATa MECTHOrO CO-
TIPOTHBJICHAA yIapa B MOTOKE C HEPaBHOMEPHEIM
pacnpeneneHueM ckopoctedt u nprd Gomeinx Re
cnexyeT OpEMEHsTH 0000LEHHYIO GOPMYITY, YUH-
THIBAIOLILYIO 3TY HEPaBHOMEPHOCTH, €CIH TOJBKO
H3BECTEH 3aKOH pacCnpelesleHHs CKOpOCTel Mo
ceyeHuro kaHaia [4-13, 4-15]:

Ap 1 2M
P N2

Towdz m

«ymap»

CM (4'3)

i}

CymMapubplii  k03QOUIMEHT COMPOTHBIECHAS
BHIYHCISIOT N0 ¢opMmyne, aHAMOrHYHON (4-2).

2
B 43) M =}1—J‘(w/w0) dF — ko3¢ dunnest
0

F
(1]

KOJIM4ECTBa ABHXKEHHA moToka (Koadduuuent

ByccuHecka) Ha BhRIXOJe H3 Y3KOro Kxawana

1 3
B IApOKMiL; N =& j‘(w [wo) dF— K03 duIHEHT
0 .

F
KHHETHYECKOR JHepriM mNoToKa (KodddummenTt
Kopuonuca) B TOM Xe CEYEHHH.

C HexOTOpHIM NMPUOIIHKEHHEM MOXHO IIPUHSTH
N=z=3M-2.

BTo TeM TOYHEE,
K eRHHHLE.

geM M u N Oamxe



Puc. 4-1. CxeMa ABUXEHMA NOTOKA NpH BHE3AI-
HOM DacUIMPEHHHM CeYeHHs TpPyOsI -

Puc. 4-2. 3amucamocts k ot B/H

[TocnenHee BHIpAXKEHME NPUBOTHT K CIEAYIO-
weit npubmmkeHHo# Qopmyne ana onpeneneHus
x0d(QQHUUMEHTa MECTHOTO COMPOTHBIIEHUA:

2 I 4

QMEA—sz<1-——)+—Z———.
pwé/2 3n,) nz 3n,

5. Ecnu W3BecTeH 3aKOH pacnpeiesieHds CcKo-
pocTeil 1O  CEYeHHMIO, TO  KOIPPHUUMEHTHI
M u N Moryr ObiThb Jlerko BBIYHCIEHbL. Eciu
JTOT 34KOH HEHU3BECTEH, TO OH [OO/KeH OBITh
ompeneneH 3KcoepuMmeHTansHo. Torma Ha oc-
HOBAHMHK TIOJYYCHHBIX KpHBBIX pacHpeneseHas
ckopocTed M u N MOXHO HAWTH METOAOM
rpadudeckoro HHTETPHPOBAHMA.

6. B muddylope ¢ yrnamu pacluMpeHAsS Q0
a=8+10° ® Ha [IMHHBIX HPAMBIX YYacTKax
MOCTOSHHOTO TIONEPEYHOro CEYEHMA C Ppa3BUB-
uMcs  TYpOyJieHTHBIM MNpoduieM CKOpocTed
{cM. maparpad 1-3) pacnpegenende ckopocTedt o
CCYEHMIO OJIM3KO K 3aKOHY CTEHeHHOH (yHKuuu

w _(, y i/m
Wenax R, ~

FAE W, Wpax — COOTBETCTBEHHO CKOPOCTH B HaH-
HOM TOYKe M MaKCHMAaNLbHAas CKOPOCTL HO cede-
HHIO, M/C; Ry—paguyc cedeHus, M; y — paccTos-
HHe OoT ocH TpyOnl OO0 HAHHOM TOUYKH, M;
m—MOKa3aTC/b CTCNCHH, KOTOprﬁ MOXET ME-
HATBCE B MNpedenax OT | mo co.

7. Ipu m=1 npodmip ckopocTeif noaydaer
bopMy Tpeyronvuuka (puc. 4-3). Ilpm m=co
npodunie ckopocTell monydyaetr ¢GopMmy NpsAMO-
YrofbHHKA, T.e. pachpeneseHue CKOPOCTEd Io
CCYEHHIO COBEpINEHHO paBHOMepHOe. IIpaxTu-
Ycckn Ipodwias cxopocredl, OGIH3KHH K NpamMo-
YroJlbHOMy, mojiy4aeTcs Yyxe Ipu m=8-+10.
Takoe 3Hawenme m MOXET OBITH HPHHATO LIS
UIMHHBIX MPAMBIX Y4acTKOB NPH TypOyleHTHOM
TeveHud. 3HaueHns m=2--6 NI LLTHHHBIX Aub-
bysopos (n,=F,/F,>2) NPUHUMAIOT:

upu a=2° m=a6; npu a=6" m=3;

mpu o=4° m~4; npu a=8° m=x2.
8. Buavenus M u N, Bxogswme B (4-3), mpu
CTCMICHAOM 3aKoHe pACTpeJeNeHHA CKOpOCTeH

10
\\
a8 A
a8
’ \
g4 \\
\
42
1]
a 70 20 E/H

MOTYT ObITH BBIYHCIIEHBI 110 Cliexyrommm ¢Gop-
MyJiaM, BbIBEJCHHLIM aBTOopoM [4-12, 4-13):

ons  Tpy6 kpyrnoro W KBaApaTHOro  Ce-
YEHMH
M=(2m+1)2(m+1);
4m? (m+2)
_ em41P(m1)
~am* (2m+3)(m+3)’

U9 njockoil TpyOsl unu nnockoro auddyzopa
(IpaKTHYECKH € OTHOILUEHHEM CTOPOH IpAMO-
YIONBHOTO CeYeHus d,/b,=0,3+3,0)

(m+1)*

m(m+2)’
_ (m+1)?

m*(m+3)’

9. Ha nmumuunBIXx @OpsMbIX yyacTkax Tpyod
H KaHanoB (NpAaKTUYeCKH HA PaccTogHHM Go-
nee 100D, OT BxOma) mpH NaMHHAPHOM Te4e-

HHM YCTaHaBnuBaeTcs napabonudeckuit npodunn
CKopocTei

2y/by
— e =0 V’”=dﬂo
TN g m=
48 ~. N 500
| o NENY
4 =50 DR
44 g/\' L \‘; 3 ]!
m=77 NN
42 <)
sj ¢ 325 76 G N
— = —24/p /" i
Cl=azt W=Wnax (7 /s
T b —— W= Wnar [ 1- (240, Yrapadum) A
~RQ4 1 o JKxcnapumenm T o M;‘{/gfg_
' T o
e = ’/" o e d'//“r_-
I 10 legaer= T oot [
Puc. 4-3. Cxempl pacupelefeHus  cKopocTei

B mjaockux auddy3zopax ¢ YyrjamMi paculHpeHHs
o 10 8° W CpaBHEHHS CO CTC{IeHHbIM 3aKOHOM
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[lpn d>ToM [ TpyO®l KpYyrjIoro MM KBai-
patHoro cevuenus M=133 nu N=2, a pma
unockoit Tpybet M=1,2 u N=1,55

10. B Tpybax u xaHa1aX HEMOCPEACTBEHHO 3a
pelieTKaMH, B XOJleHax 33 HAlpaBiIslOUIHMHE
JomaTKkaMH H B JAPYrHX NOAOOHBIX cay4asx
ycranasauBaercs npoduns cxopocreit, OMM3KMi
Kk Tpuronomerpuycckod $yHxumu (puc. 4-4), xo-
TOpYH [AS TJIOCKOIO KaHaja BBIYMCIIAIOT IO
dbopmyne astopa [4-13, 4-15]:

w

A 2
1+—j£sin2k1u—}—),
Wo b

Wo o
rne b,—umMpupa NIOCKOro KaHaia, M; Aw—
MAKCHMAbHOE OTKJOHEHHE CKOpOCTH (o Mo-
Oy1}0) B RAHHOM CEYCHHH KaHajla oT cpemueif
10 JTOMY CEYEHHID CKOPOCTH Wy, M/C; K, — 1elioe
HHCTIO.

B stoMm cnywae

Il. 3a Takumu ywacTKamH, xak Iuddysop
C yriaMu pacIIMPEHUs, NpH KOTOPBIX MpOHC-
XOOMT OTpHIB moToka (22 14°), xonena, oTBOnL
U T. ., YCTAHABJMBAETCA HECHMMETDHYHOE MOJe
ckopocteit {puc. 4-5). B 4acTHOCTH, B IIOCKMX
auddy30pax ¢ yriaoM paclldpeHds a=15--20°
¥ B fIpAMBIX KojeHax (8=90°) pacnpenenenne
ckopocTeil onuceiBaeTca Gopmynoi [4-13, 4-15]

wiwg=0,585+1,64sin (0,2+ 1,95 2—)-)>
by
Iipn stoM M=187 u N=3,7.

12. Tlpu obpa3osarnn B Tpybe (xanane) ¢ no-
CTOSHHLIM TIONEPEYHBIM CEYCHUEM HepaBHOMeEp-
HOTO ToOMst CKOpOCTell JanibHeliulee BbIpaBHH-
BaHHE IOTOXA TAKXe CONpPOBOXIAETCA HEBOCION-
HAMBIMH NOTEZPSIMH JaBJIeHUs (IOTepu Ha nedop-
MAalHIO TI0TOKA), KOTOpBbIE BBIMMCIAIOT MO (op-
Mysie, BbITexaroumied u3z (4-2) u (4-3):

Ap
(=—
pwg/2

=14+ N=2M+{,, (4-4)

HJIK COOTBETCTBCHHO

Ap 1

2 A 2
M=1+:(2) m=1e2(2YY
2\ wy 2\ wy

{=

f~v§ (N‘— 1)+§Tpv

3
pwo/2
29/bs _— —
] .
Pewemnayi of 0,8 |
Wa Petuem/rao 5 1+
-y s }-
Konews ¢ wanpabanouad AONGMATH f i~ Henpatnaauue
/ y = _ﬁﬂ . 0," ¥
70" Peuremru
[ 0,2
iy
o 0 ; —_
2 =
-0,4
! Puc. 44, Cxema pacnpenene-
om0 , HHL CKOpOCTell M0 TPHroHOMeET-
2 pudeckoil Qymiumu (3a peurer-
~0,8 KaMKH H HaNpaBJaIoMEMH JI0-
=24/ r L narkamn) [4-15]
8,5 b4/) 15 w /Wy
y 2y/be
fd
%, % slgs S IN
a/?
llvomysop g3 “4 Tip 2900 P,
S wl |
! S= lgbp -y. (Z? [P /
R | & 1—Foneno N LA Manena
< 10 _"7’5 a %0:5 10 15 20 w/w,
-0 o
/Aw’&t;‘
%ﬁ%{ﬂ Puc. 4-5. Cxema necummerpnd-
Jfff - _as HOTO pacupefesenss cropocTed
yrj’/ Y (3a xoneHoM u B ouddy3ope
4 -G8 ¢ YrIOM pPACIUSipenusi, upH Ko-
(gi N F2y/b TOpOM  HPOUCXOAUT  OTPHIB
’ crpyn) [4-15)



rae M u N ONpeIeTdarOTCd B COOTBETCTRUAU
¢ MONYYEeHHBIM XapaKTepOM HEPaBHOMEDHOCTH.

ITM TIOTEPH YUHTHIBAIOTCA TOJILKO B TOM
cayuae, €CJIA OHU HE MPHHUMAHCH BO BHUMAaHHE
(p¥ ONpECTEHAH MECTHOIO CONPOTHBEHHS (a-
COHHOif YACTM WA MpPENATCTBHA, KOTOPBIMH
y 6BUIO BHI3BAHO HEPARHOMCDHOE pacipcAcieHue
cKopoCcTell B NpSAMOM yHacTKe.

13. Koadpduumentst M u N ngas BxogHOro
ceqeHHS CMECHTEJIHOM Kamepsl KeKTopa UpH
pxOfe B Hee COCHOBHOTO»*! y4acTka cBOGOIHOM
crpy¥ (pHc. 4-6) BbMUCHsIOTCS TO  BopMylTaM
apropa [4-13, 4-15]:

rae F,/Fy,— OTHOIIEHHE ILIOWANA HAHHOTO Ce-
weHHs CBOOOIHOH CTPYH (CMECUTENLHON KaMephl)
K IUTOLIANM HA4aJIbHOTO CedeHds CcTpyu (mon-
pomAwero comna); §=Q/Q,— 6e3pasMepHbIi
pacxXoA 4epe3 OaHHOE CEYEHHE, T. €. OTHOMICHHE
pacxoma Cpedbl, mnpoTekarowei wepe3 TPYyOy
(cMecHTENBHYIO KaMepy), K Ha4adpHOMY DacXomy
cTpyH (Ha BBIXOJE u3 TONBOASIIETO COMNA);
¢=FE/E,—6e3pa3sMepHbIil 3amac KHHETHYECKOH
JHEPrAM CTPYH B OAHHOM CE€4Y€HHH, T. €. OTHO-
|UGHHWE 3aTiaca PHEpruM CTPYH Ha Bxode B Tpyby
{cMecuTENbHY) KaMepy) K HAYaJbHOH JHEPrHH
CTpyH. .

Benwuunnt Fy/F,, F.,/F,, § wu & 3aBu-
CIT OT OTHOCHTEJBLHOM -[UTHHLI cBOOOAHOH CTpyH
s/D, m ompepessizorcs To puarpammam  11-24
u 11-25.

14. ConpoTuBieHne Yy4acTka ¢ BHE3ANMHBIM
PACIIHpEHHEM MOKHO CYLIECTBEHHO CHH3HTH
nyTeM  YCTAHOBKM B HEM  ACIEKTOPOB
(puc. 4-7,a). Tlpu npaBuasHO{l ycTaHOBKE ned-
nexTopoB *2 noTtepu cumkarotcs Ha 35—40%,
TaK yro Ko3Q(GHUHEHT MECTHOIO CONPOTHBICHUA
TAKOro y4YacTka

=2 0,61,
pwo/2
rae {,—xoQpHUHEHT CONPOTHBJICHHA YYacTKa
C BHE3amHBIM pacwugpeHueM O6e3 nednexTopos,
ofipenenseMslii xax { 1m0 AaHHBIM, NPUBEICHHBIM
Ha pumarpamme 4-1.

15. CymectseHHOE YMEHBIUCHHE CONPOTHBIIC-
HUS YYacTKa ¢ BHE3aMHBLIM DaCIIMpedHeM AOCTH-
raeTcsi npw YCTPOHCTBE 3@ Y3KHM CeUCHHEM
«xapmaHos» (puc. 4-7,6), crnocobcTByromux 06-
P230BaHMIO B HHX CTAllHOHADHOTO BHXPEBOrO
konbna (y Tpy® KpyTJIoro CeYyeHMs) HIM [ABYX
CTANMOHADHBIX BHXpeil (y IMJIOCKOIO KaHaja),

*! Onpepencnne «OCHOBHOTO» y4YacTka CBO-
Gommoit cTpym cMm. ogMHHAANATHIl paszen.

*2 OcHOBHbIE JAHHBIE, KOTOPHIMH CIedyeT py-
KOBOJCTBOBATECK TPH YCTAHOBKE TAKHMX jedJiex-
TOpOB, TpuBeacHbB B TATOM pasdacie (. 63).

KOTOpbiE ABISIOTCH CBOEOOPAZHBIMHM «HACOCAMHE»
[4-44].

16. [ToTepn maB:1eHMS HA yyacTke ¢ BHE3amn-
HbIM DAacCIUMPEHHEM MOrYT OBITh 3HAYUTENRHO
YMCHBIICHRl NyTEM OpoOfeHHs BHXPER B 3ITOM
YYacTKE ¢ NMOMOUIBIO MOIMEPEYHBIX NEPEropoOnoK
(puc. 4-8) [4-21]. BepxHHe KpOMKH 3THX NEpEro-
POAOK [MO/UKHBI HaXOMMTbCA HAa YPOBHE BEPXHEER
TPAaHWUBLI BUXPEBOH 30HBI U HE BLICTYTIATL B ak-
TuBHBIA noTok. IlomepeuHsle peGpa, oOveBHAHO,
YMECHBIIAOT MHTEHCHBHOCTL OOpPaTHOro TOXa
B KaHalle, a4 TaKXKE 3aMEHAIOT HEYCTOUYHBBIE
BHXpH Ha cTramMoHapHeie [4-21].

17. Ecal cKOPOCTh rasoBOro HOTOKa B ceue-
HER 6—¢ (puc. 4-9) O6mM3Kka K CKOPOCTH 3BYKA
¥ HA YYaCTKE CTPYH MEXKIY CECYCHHAMH C—C
H n—n OCTAETCA Q03BYKOBOH, Ta [4-7] ¢ mocra-
TOYHO! TOYHOCTBIO TOTEPH HA «YAAp» MOKHO
ONPENENATh 10 NPHBEACHHBIM BhlIe GOpMyJIaM
U1 HECKMMAEMOHR KHAKOCTH [NpH OTHOCATENE-

HOW (IpUBENEHHOMH) CKOpOCTH )\,,=ai<0,75 no-
xp

CPEUTHOCTh MPAaKTHIECKH PaBHA HYIO, IpA A, =1
NOrpelIHOCTh CocTaBnser 8% ).

18. B ofweM cnyuae crymendarslil Kamam,
B KOTOPOM HPOHCXOJUT TEYEHUE, MOXET HMETh
Ha BXOIE CBEPX3BYKOBOE COILIO, U TOTJa reOMeT-
padeckas ¢dopma xanana OymeT XapaKTepH3o-
BAaThC pasMepaMy TpeX CEYEHHI: IUIOWAnLio
Icpm'nqecxoro ceqyCHua F‘p, TUIOINAABIO CCUEHUA
comna Ha BbixoAe F,, IUTOMIANBLIO CEYEHUS IMIIMH-
Opuueckoro kanama F,. B dacTtHOM ciydae
F,,=F, 1 cBEpXBYKOBOE COILIO OTCYTCTBYET.

19. Ecntu B xaxkoM-mubo CeYeHHH CTPYH Ha
Y4aCTKE ¢— 7 CKOPOCTH CTPYH GOJIbIE CKOPOCTH
3Byka, TO B 3TOM CAy4Yae CIEQYeT YYMTHLIBATH
HOTepH B CKaykax yIUIOTHeHHsA. TakmMm 06pasom,
ToTep¥ NOJNIHOTO JABJIEHHUS SIBASNIOTCH CyMMOi
MoTeph B NPSMOM CKauke YIIIOTHEHUS H NOTephb
Ha «ymap» (mo Bopma-—KapHo), Bo3HHKarommx
IpA PacUIMpPEHHH AO3BYKOBOH CTPYHM OT CEYeHHS
2—2 pgo cedyemus n—n [4-7].

20. OTHocHTenbHEBIE TNIOTEpH I[IOJHOrC OaBje-
H¥A B CTYNEHYATOM KaHAjie MOXHO ONpEeReNATh
KaK

rae o©-—OTHOIICHHE IOJHBIX OABJICHWH B Ccede-
HUAX n—n a 0—0:

. 2
p’l pn pnw’l
O=—R—+T
Po Po 2pb
WIH TOCJe COOTBETCTBYIOWIMX npeobpa3oBaHmi
1

Kl 2] -1\

8=£1+-]\E -—2—— k (F'p —-;(1————“ k- 1,
7 2\k+1) “\E ) 2\ k1

(4-5)

w
rvae )\.1'—“-~—1-~~ npuseaeHas CKOpPOCTh B CCYCHHH

Xp
!/ —1; ona onpejenderca H3 COQTHOIIEHUSA
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!
Pn , k-1 k—1_ \—
LY (i W giapamy | gy a— 3% P
7o (‘ k+1)< Pl
km k+li | m k+l_‘.
— —— — PR [P — X
+>"1 7 ke—1 x 3 1~k
1
k—1 o
| m— A2 _
X( k+1;"1>]1 ks

rac m=F,/F,.
Jna sosayxa (k=1,41)

(4-6)

mZ

o= 402344 1
Po M-

u (4-6) NpUHHMAET BUI

1 7&2 2,5
ﬁ:(x%--)(l——‘) +0,7396 — x
o 6 6 "

m
xil— 7 33 .
1,5774(1—€7sf) Ay

21. 3aBuceMocTh p,/ps OT A, u m upu k=1,41
npeacraBiaeHa Ha puc. 4-10,a, a 3aBHCHMOCTH
o=f(po/p,, m)—ua puc. 4-10,6.

(IIppn Manelx 3HaYeHWsX A, QA% 3aAAHHBIX
3HAYEHWHA p,/po M m TONYYarOTCA ABA 3HAYEHUS
A,. Omuako Bcrencreue ciaboit 3aBHCHMOCTH
G OT A, NPH MaIbIx A, BHIOOp A, NpaKTHYECKH
He oTpaxaercs Ha BemuuMHe o [4-7]).

IIpencrasnennbie GOPMYNBl OPAMEHHMBI JJjiA
sHaveHuid | <A, <Ajm, TA€ Aym COOTBETCTBYET
NOJIHOMY pPACILINPEHHIO CBEPX3BYKOBOW CTpYH [0

1 =Ly

22. [Ipu BHe3aNHOM CYKE€HUM Ce4YeHHHA CXeMma
MOTOKAa B OCHOBHOM aHAJIOTMYHA TOH, KOTopas
HaOurofaeTcs NpH BHE3ANMHOM DACLIHPEHHH, KOr-
' Ia BO3HMKAIOT NOTepH Ha ymap. Toneko B paH-
HOM Clly4ae 3TH MOTEPH HPOSBIAIOTCA TJIABHBIM
00pa3oM OpH paclUMpeHHH CTPYH, CKaTOH mocie
BXOla M3 IIMPOKOro KaHajla B y3KHH (ceyeHHe
¢—c, puc. 4-11), mo nomsOro ce4eHUs Y3KOro
xaHana (ceuenme 0-—0).

23. KoadopuumeHT MECTHOTO CONMPOTHBIICHHS
BHE3ANHOMY CY:KCHHIO IpH OOMBIIMX 4YHACNAX
Peitnonbaca (Re>10*) moxer 6piTh OmpexelleH
npubITWXKeHHO MO pacyeTHOH ¢Qopmyre aBTOpa
({412, 4-13)):

A F
L=t =o,5(1-—2)
pws/2 F 1
wm Gonee TOYHO NO Qopmyle, MNONTYyIEHHOH

2BTOpOM Ha ocHoBe 00paloTKM pe3yabTaToB
OINLITOB pa3/iMYHBIX HCCICOOBaTENEH:
_ APy
b=

A Fy\*
=—7F==05 1-=22)
pwo/2 Fy

Ipd ITOM CyMMapHEI K02 HUUEHT COMPOTUB-
JICHus

485,
<m=f 0’7
950
a5
%4
425
0 m=4a1
10 125 150 475 20 Ay
a)
6
04
g2
49278 \m=qar100
7 Pa/Pn

Prc. 4-10. 3aBucaMocTH  OTHOINEHWA  gaBieHwi
Plpy ot Ay (a) u kodddunuenTa BocCTaHOB CHHS
Oasiennss o ot pylp, (6) [4-7]

8 o
C: pw%/z_CM+Srp’
Apyp Iy
’ = =>\‘ _—
rae oy w2 Do (l,—ommHa  mpaMoro

Y4aCTKa IHOCAC CYXKEHHA).

24. ConpoTHBieHNe CyXaroMerocs ydacrtka
MOXHO 3HAYATENbHO YMEHBIUUTH NIPH OCYUIECT-
BJIECHHA MepeXoda OT LUMPOKOTO CEYEHHA K y3-
KOMY IUIABHO C MOOMOILLIO KOJJIEKTOpa C XpH-
BOJIMHEMHBEIMH HWJIH NPAMOIMHEHHBIMH oOpa3sy-
owrMi  (cM. guarpammy 4-9). Koaboundenr

N )

\\___ ]

Puc. 4-11. Cxema aswKeHns NOTOKA NPH BHE3an-
HOM CYKEHHH Ce4YeHHst

151



7 Z
—--\ 70 2
4 \\r i/:----"—
wy, Fy Wy, B9 | | Wes Fr Wi, £y

NN

/
1

a%% A e e e Ay . A
X et TR b o
A S owie's!
e .‘ .0'0’."

¥, o8

P
QLD

Wesrr ) Foux Wer B2

-9 o ol SRR
I KK RIE K KL
DAL K
AR :sv‘ e
79,2,

Wy, Fy

N

2)

Puc. 4-12. CxeMpl mnepeTexanns NOTOKA 4Yepe3 OTBEPCTRe B CTEHKe W3 OJHOro ofbeMa B Opyroii:

a-—OTBEpCTHE B CTeHKE C TOHKHMH Kpaamu (//D x0); 6-—o0TBepcTHe B CTEHKE ¢ YTOSILEHASBIMH KpagMHu

(!/D_.>0); e—oTBepcTHE B CTEHKE C KpasMH, CPE3aHABLIMH ITO [BHXKECHHIO IOTOKA; 2— 3aKPYyIJICHHBIE [Q MOTOKY
Kpas OTBepCTHA

MECTHOTO COINPOTHBJICGHHS TAKOTO CYXAIOHIerocs
yuactka npu Re>10* aBTOp pexoMeHOyer ompe-
aenarsy 1no gopMmyne

APM ’. F. 3/4 %t
95—7—=c@—J9 :
pw5/2 Fy

roe (' —xo3¢p¢aumenT, 3aBucadi oT dopmul
BXOJHOM KDOMKH Y3KOro KaHala, 3afenaHHoro
3aNOAIHIO Cco cTeuxod (cMm. mumarpammer 3-1,
3-4 u 3-7).

25. B ofmem ciydae NepeTeKaHAS HOTOKA
Ygpe3 OTBEPCTHe B CTEHKE M3 OAHOro ob6meMma
B IpYToif UMEIOT MECTO SBJICHHS, MILTIOCTpHpYe-
Mbie puc. 4-12. [loTox neperekaer U3 KaHaja
1, pacrionoxeHHOTr0 mepell meperopoaxou 4 c or-
BepcTHeM OHaMeTpoM D,, B KaHAI 2, pacmollo-
XKEHHBIH 34 neperopoixoi. Pasmepsi nonepedHbIx
ceueHUit 060MX KaHAJIOB MOTYT GBITH GOIbIIMME
WIH paBHBIMH pa3Mepy Ce4eHUs IPOXOJHOTO
oTeepcrHd. IlpoxoxaeHHe notoxka 4Yepe3 OTBepC-
THE CONPOBOXKAAETCS HCKPHBIEHMEM TPACKTOPUH
OBHXCHMUS 4ACTHL, BC/CACTBHE 4Ye€ro OHH IO
HHEPUHA INPOMOIKAIOT CcBoe [BHKEHHE X OCH
OTBEPCTHH. DTO BBIZHIRAST YMEHRINIGHHE TIEPBO-

*1 PexomeHpyemas B [4-3] dopmyaa (7.25)
naeT GIM3KOe COBMAJEHHE C ONLITOM MpPH 60Jb-
uX 3HAUYeHHAX Fy/F, A 3HAa4MTEJIBHOE pacXoK-
metme (0 20%) 1pH MANLIX OTHOWEHHAX £o/F).
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Ha4asibHOM INomARM CedeHds CTpyH F, no
nnowanu F, (ceuenus ¢ —-¢), MeHbIIER TUTOIAIM
ceucHAs oTBepCTHs F,. OT ceueHHs ¢—c¢ Tpaek-
TOPHH [ABHKYIUMXCS YACTHU  BBINPSMISIOTCH,
H B nanbHeiiliem HaGMIoNaeTcs BHE3AMHOE pac-
IIHDeHHe CTPYH.

26. KosdouiueHT CONPOTHB/IEHHS INEpeTeka-
HHIO TOTOKA 4epe3 OTBepCTHE B CTEHKE C OCT-
peiMA xpasmA (//D, =0, puc. 4-12,a) B obuem
Clydae BBIUMCIIfeTCA [N aBTOMOAENbHOH (KBazg-

(Re=“’°D°> 105)
v

no yrouHeHHod ¢opmyne aBTopa:

Ap FN\¥* F]?
S = | 140,707 | —— - =
¢ pwj/2 [+ ( Fl) F,

FO 0,375 FO 2
=]0,707{1-=2 1-=2). @7
o7 ( ﬂ) \R) P

27. YTonweune (puc. 4-12,6), cpe3 Mo moToxy
(puc. 4-12,6) wmm 3axpyrnenue (puc. 4-12,2)
KpaeB OTBePCTHA CHIKAET ddexT CKATHA CTPYH
B OTBepCTHH (yBejMuHMBaeT kK03bdHUIMEHT 3amo-
HEHHS €), T. €. YMEHbIIAET CKOPOCTL CTPYd B ee
caMoM y3xoMm cedenuu (F.>F, 1 w,<w). 3Ta
CKOPOCTL B OCHOBHOM OIpeReNseT MOTepH Ha
yHap, Hab/roMacMble MOC/e BBIXOJA W3 OTBepC-
THS, 4YeM YyMeHbIaercs obuiee COMpPOTHBIEHUE
MPOXOAY Hepe3 Hero.

paTu4HOi) obnacT¥ TedcHMA



28. Kodbdunuedt comporusienus mnepertexa-
HiIO TTOTOKA 4Yepe3 OTBEPCTHS B CTEHKE ¢ 1060
thopMO# W NtOQOH TOIIMHONW Kpaes B paccmart-
pUBAEMOM (n. 25) obmiem cnywae BBIYHCHSAETCS
npu GoapuiMx 4uciax PeHHosmbaca (upaxTuyecku
npn Rez10°) mo oGobuwentodt u yTOYHeHHOH
(opmMyJie aBTOpa:

A F 374 F, 2
(=—0 =§'(1——°) +(1——°) +
pwo/2 F, F,
F\**/( F,

+ | —— l——)+8,,=
i ( £ (7))
0,75 ‘ 0,375
=( 1—52 +1 l—f2 1-& +
Fy Fy Fy
Fo\?
+<1"E> +C,.p,

roe (' —xoabduneHT CMATYEHHMS BXOHA B
OTBEPCTHE, 3aBHCALMI OT GOPMEBI €ro BXOJHOH
KDOMKH H OnpeaeiseMplit kak { no auarpaMmam
3-1—3-4 u 3-7, T xo3pdummeHT, y4UTLIBAIO-
IHii BIIAAHHE TOJLMHLI CTEHKH, GOPMBL BXOJHOHR
KPOMKH OTBEPCTHS M YCJIOBHS NPOTEKAHAS IO-
TOKa 4epe3 OTBepCTHe (OMpeleNseTCs Npu yTol-
LWEHHBIX KPasX OTBEPCTHS HO (OpMyJiaM, aHAJIO-
rmunem (3-4), (3-5), mnm no xpumBoit t=f(//D,)
Ha puarpamme 4-12, a mpu Cpe3aHHBIX WIH
3AKPYTJICHHBIX [0 TOTOKY KpasX OTBEPCTHS —
npubaHKeHHO no dopmyite tzZ\/-C—' , toe §
onpenenseTcs no GopMynaM, aHaAToOruYHbIM (3-7)
# (3-8), wm no muarpamme 4-13); =X -I/D —
x03(pdHUMEHT CONPOTHBIEHUS TPEHHS HA BCeil
TJIyOuHE OTBEPCTHS, ONpeNe/IieMblii IO JHATPaM-
MaM BTOPOro paspena.

IIpyu cpe3saHHKIX WM 33KPYIJIEHHBIX HO IIOTOKY
Kpasx oTBepCTHA npuHMMaercs (_,=0.

29. O6muit cnydyad mepeTexaHMs MOTOKa 4yepel
OTBEpCTHE B CTeHKe pPACHafacTCA HA DS/l YaCTHBIX
CITy4aeB:

a) F,=F,—BHe3anHoO€ paCIUHpEHHE CeYCHHS
(cM. puc. 4-1); npu 3T1oM (4-8) mmeer Bua (4-1);

6) F,=F,—BHe3aHOE CYXCHHE CEYCHHA (CM.
puc. 4-11); npm sTtoM (4-8) mpusondTca X BAOY
(3-1) npu m=3/4;

B) F, =00~—BXOJ ¢ BHE3aMHLIM paclIdpeHHEM
(Bxon 4epes a0y WM pelIETKY, HOMELICHHYIO
B Mecte o0pesa Tpy6eI); mpu toM (4-8) mmeer
BUN (ecam { mTpHBeJeH X CKOpPOCTH w, 32
OTBepcTHeM) *!

_ A | [ _FY
C=PW%/2_[C+<1 F2> -

*! Unpexc O COOTBETCTBYET HHIEKCY OTB,
4 ungexc 2 —ungexcy 0 B TpeTbeM pa3fene.

(4-8)

£ Fy\?

+r{ =22+ {2 4-9
( fz) Cp}(F) et

r) £, = —WcTeuenue U3 OTBEPCTHA B HEOTpa-
HWYEHHOE TMPOCTPAHCTBO (BLIXOJ TOTOKA dYepe3
waiby uaIM peuleTky 8 xoHHE TpyOBL, M.
nuarpammy 11-22); npu stoM (4-8) umeer BuA

(ecmd { mpuBeneH K CKOpOCTH W, mepem OTsepc-
THEeM) *2

_ AP _ , FO /4
C—————pwf/z-[ug( —E> +

Fo\** Fr\*.
+7T (1_Fl‘> +C,Tp] (};) ; (4*10)

) F, =F,— mmadparma (waitba, pemerka, cM.
auarpammel 4-14—4-17); B atom ciaydae (4-8)
uMmeeT Bua (ecnd { mpuBeleH K CKOPOCTH W,
nepex OTBEPCTHEM)

+C,p:|(%)2=|:(;’(1 mgg)o,vert( _%)1.375+
0 1 1

Fy\? F\?

{-2) =]

e) Fy=F,=c0—IpoeM B CTeHKe HeOrpaHMMEH-
HOM mIomann (NEpeTeKaHHE 4epe3 OTBEPCTHE
u3 omHoro Gosbiioro o6sema B Apyroi Gonsinoi
oOpeM, cMm. guarpammy 4-18); npum arom (4-8)
HMEET BHI

@-11)

(=l _riper 412
.—pW(Z)/2—C T +Crp‘ ( = )

30. KoatoumueHT conpoTusiieHHS auadparMul
IpH  pa3smM4HBIX QopMax KpaeB OTBEpPCTUA

u Re>10° monyyaer cnemyromme BHIDAKEHHS:

a) npH OCIpeIx Kpasx ortBepcruit '{'=0,5,
t=1,41 n {,=0, a (4-8) npusonutca x popmyie
aBTOpPa BHIA

A F 3/4
(=—2 =[0,707 (1-—°> +

.IFozFlz.
TR \R)

*2 WMugekc .0 COOTBETCTBYET HHAEKCY OTB, a
nraekc 1 —wunnexcy 0 B ogqWHHAILATOM pal3jene.
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6) Dpu yTOJIUEHHBIX Kpasx oTBepcTuit ' =0,5;
oTcIona

1 Fbsml Fo\ o (4 Ry’
“JUTF, F, F,) "o
F 2 F 0,75 F 1,375
x{—=) ={05{1-=2 e +

Fy Fy F,

Fy\? F\?
(o) s]®) o
rae t=(2,4—7j- 10" (4.15)
¢ (1)=0,25+0,5351%/(0,05+1"y (T=//D,); (4-16)

B) NpH CpE3aHHBIX HIM 33aKPYTJACHHBIX 110
MOTOKY KPasX OTBEPCTHIA T~ 2 \/E u ., =0; Torma

3 Ap 3 , & 3/4
<=m“[‘+ Q(‘-J -

\ 1
Fy 1?
£

ﬂ. 2_—_ ]_§+
Fy F,
F, 0.375]2 ’(Fl)z
+ ST 1=-22 +(2). @17
C( Fl) Fo

JIng cpe3aHHBIX MO MOTOKY KpPaeB OTBEPCTHH
mpu a=40-+60°

¢'=0,13+0,34 - exp (—7,94T—203,55]>3) (4-18)

Wi cM. guarpammy 4-13; npm gpyrax o« §’
npuauMaetcs xax { mo auarpamme 3-7.

Jns 3akpyrijieHHSIX N0 MOTOKY KpaeB OTBEpC-
Thit ' onpefesaroT Tak Xe, kKak [ nas xpyrosoro
KOJUTEKTOpPa C TOPLOBOW CTEHKOH, T. €.

§'=0,03+0,47 -exp(—17,737) (r=r/D,) (4-19)

Wi mo rpaduky maarpammer 4-13.

31. KosbduuyeHT CONpPOTHBICHAS NpoeMa
B CTEHKE HEOTrpPaHHYCHHOM IJIOMALM IPH pas3idy-
HBIX QopMax kpaeB oTsepcTus u Re>10°
Ho/My4aeT CJenylollHe BhIPaKEHHS:

a) mpu OCTphix Kpasx oteepetus ('=0,5,
t=1,41 n {,,=0, TaK 9T0 Ha ocHomaHuu (4-12)

A2 29,
pwo/2
no ombiTamM aBTopa [4-12]
£=2,7+28,
6) npH yTOMLEHHBIX Kpasx oTeepctud {'=0,5,

a (4-8) nmpuHUMAET BHA

Ap
= =1L54+1+Cp =00 +Cps
g Wi Crp=Co+Csp

{=

(4-20)
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rae Jo=1,5+7T mojiy4eH aABTOPOM OJKCTEpHMeH-
TaILHO M TpEACTABICH B BHUAE 3aBUCHMOCTH
So=/(l/D,) va muarpamme 4-18. Cornacro (4-15)
Lo=1,5+(2,4=0)-107°®, (4-21)

rae @ (j—mno (4-16);
B) INIPM CDe3aHHBIX MM 3aKPYrJEHHBIX IO
NOTOKYy Kpasx OTBEPCTHA NpPUHHMAeTCR (. =0

M oTR2 \/E;_’; Toraa

_ _Ap _ rr
§=Pwﬁ/2“(1 Ve,

(4-22)

roe (' onpemensoT, Kak yka3aro B 1. 30,6

32. Koa(punueHT CONPOTUBIIEHUs BHE3AMHOMY
M3MEHEHHIO CeYeHMs I10TOKA 3aBHCHT (puc. 4-13)
HE TONLKO OT TEOMETPHYECKHX [ApaMETPOB
JAaHHOTO Y4YaCTKa, HO 4 OT Sexmma TCYEHHA

WOD r

ypcna PefiHoneaca Re= [4-20]). B pac-
CMATPUBAEMOM Ciy4ae, KAk H [UIS CIy4Yas Tpe-
HHMA, MOXHO BBIOEAUTE TPH

XapaxkTepHble
00acTH TedeHus: o

a) JJaMUHApHOTO pEXHMa, B KOTODOH 3aBHCH-
MocTs { or Re (B norapmndmudeck#x KoopaHHa-
Tax) NpSMOJIMHelHA,

6) nmepexomHOro pexuma, B KOTOpO# Hapylua-
ercs THHeliHas 3aBucuMocTs (= f(Re);

B) aBTOMOJENbHOro TYPOYJIEHTHOrO pexuma
(obsacTh KBAAPATHYHOIO 3AKOHA CONpPOTUBJIE-
HHAA), B KOTOPOH TIPaKTHYCCKH OTCYTCTBYET BJIHA-
HHe uncia Pefnonbpca Ha xodbduuuent conpo-
THBICHHAS.

[IpepeneBrle umcna Re, mnocne xoTophIX
HapylaeTCs JaMHHADHOCTh TEYEHHs, A TaKXKe
npeneibHble 3HaYeHUs Re, IpH KOTOPHIX 3aKaH-
YABAETCA MEPEXOJHBIA pEXKHM, 3aBHCAT OT [E€O-
METpHH HAaHHOTO Y4YacCTKA.

I'4 K
\\ /
,”J N = - - i-—-r-
N
el % A
N, [P0 X! -1
\\*.
10 X 7
T Sy cadpeei— -
h .
ﬁ“#. |‘T~.--'
; , has® ]
*‘tpl*&
0 / 10 02 13 ot re

Puc. 4-13. 3apucamocts KodPdummenra conpoTHs-
neHAan Juadparm oT umciaa Peiimoabaca Re gas
paznmuHLIX 3uavennii F,/F, [4-20]:
1—0,05; 2—0,16; 3—0,43; 4—0,64



33. B oOteM BHIE I BCeX 00JIacTedl TeveHHs
x0J((HUIMCHT CONPOTHBIEHMA TIDH BHE3AMHOM
43MEHEHHH CEUYEHHST MOKET OblTh BhIpaXEH MO

(1-3) mpu ky=1.

S (¢-23)

Re
rne A —Kk03bdHUHEHT, 3aBUCAUI OT IeOMETPUH
paccMATPHBAEMOTO  Y4aCTKa CONPOTUBIICHMA.

34, [lpn BHe3aMHOM pACHIMPEHUH CceqeHUs
k0d(OUIAEHT COMPOTHBJIEHHS B MeEpeXOQHO
o6macti (10 <Re<10*) moxeT 6uITh ompenesien

FO
qo onbiTHeIM KpusbiM {=f| Re, 7 ) oNy4eH-

1
e A. . Anmptmiynem  [4-3], B. H. Kapessim
[4-17] u P. E. Besupssom [4-6] (cM. nua-
rpamMmy 4-1).
Jns namMuHapHO# 0o6nactu (Re<10) xo3ddu-
UHEHT COMPOTHBIIEHUS

Ap 30
(=i (4-24)

35. s ciaydas BHE3ANHOro CyXEHHsS CedeHHs
ko3$HIUMCHT CONPOTHBJICHHS B INEPEXONHOM
obnacta (10 < Re <10%) MoxHO onpegenuTs (CM.
[4-18]) mo xpuBkiM {=f(Re, F,/F )) AMArpaMmsl
4-10, a B JaMuHApHO#R o6nactu (Re<6—7)—10
4-29).

36. Jna cnydaeB mepcTekaHHs IOTOKA dYepes
OTBEPCTHSA B CTEHKe (0Ommil ciay4ail meperekaHus
oM. puc. 4-12, ouagparma, npoeM) Ko3dbdunueHT
CONPOTHBIICHHS B MNEPeXOAHOH H JNaMHHADHOH
06nacTaX MOXHO HalTH:

a) B mnpememax 30<Re<10*+10°**—rmo
BLIPAXEHUIO aBTOpa [4-16]

(4-25)

rae @—xo3pPHImMEeHT CKOPOCTH HCTEYeHHS H3
OTBEPCTHA € OCTPHIMH KpasMHi, 3aBUCALIMH OT
uncna PeifHonbaca H OTHOMWIEHHS IUTOMAAEH
EFolFy; €ope=Fon/Fo—K03QdHIHEHT 3anI0NHEHUSA
CEYCHHS OTBEpCTHS C OCTPHIMH KpasMH TNpH
Fo)Fy=0 (F,=o0), 3aBHcammit oT 4ucna Pei-

= Cp + _8_0 Rerm

ONpeRejagOT N0 KPHBBIM

' ) - 0,342
Go=/1(Re, Fo/F;) muarpammsl 4-19; gyg.= Py
ORe

HAXONT MO XpHBOH €op.=f(Re) HA ToM xe

HOnbhca,; (= (5-2- -1

*! ns oTBepCTHil C OCTPLIMM KpasMM BEDX-
Huit pegen Re Gepyr pasHbiM 10°, a mns or-
BEPCTHII ¢ kpasMH APYrHX popm — nopsaaxa 10%.

rpaduxe;  {,,—xkodQGHIMEHT  CONpPOTUBIIEHAS
HaHHOrO THUMNA JWadparMbl A8 aBTOMOAEILHOM
(xBagpaTuyHOM) 007aCTH, oupeaensgeMsil kak

{ mo (4-7)—(4-22), rme C=Ap/(%);

6) B npengerax 10<Re<30—mo npeanarae-
MOH aBTOpoM TPHOJHXeHHOH dopMye

=22 A +€ 4-26
‘-pW%/Z—RC ORerm (' )
a npu Re<10
Ap A
==, 4-27
¢ pwi/2 Re 27

rae A=33 [4-3].

37. Ecmu k03bQHUHEHT CONPOTHBACHAA MNpH-
BEleH X CKOpOCTH w; B ceucHuum F, mepen
OTBEPCTHEM (2 HE W, B CAMOM OTBEPCTHH), TO
BMecTO (4-25)—(4-27) OpHHHMAIOT

__Ap = Fi\2,
C1=m—(co+ﬁon£n)(};) ;

_ 4p 3 _ F\?
§X=W“<E+80Re§xn)(ﬁ) ;

(= Ap 33(F, 2
YT pwl2 Re\F,)

38. Ilpn mameix xoaddunmenTax XKHBOro cede-
Hus Fy/F, miadparMbpl moTox 4epe3 OTBEPCTHS
nprobGperaer Gonpwme CcKOpocTH  (Gosiblume
yucna Maxa) maxe npu cpasHHTeNbHO HeGomb-
LIOH CKOPOCTH B TpyOonpoBone mepex muacgpar-
moit. Ilpn 3TO0M HavYMHAET CKA3LIBATHCA BIIMAHHE
CKUMAEMOCTH, pe3K0 noswiuaromee korbdu-
UHEHT CONPOTHBJEHHA AHA(parMel.

B stoM cnyugae

Ap

=———=k,(,
o lef/z ;

rae {——xod>pdHmeHT ConpoTHBleHus nuadpar-
MbI NIPH MaMLIX uKcaax Ma,, omnpenensemsli,
KaK ykasaHo B mn. 25—31; ky— xoxdbdbunuenr,
Y‘{HTLIBa!OUIHfI BJIMAHUC CXKHMACMOCTH MNOTOKA
B CKaTOM CeYeHUH CTPYH OpPU NMPOTEKAHHH 4Yepes

oTBepcTHe (cM. guarpammy 4-20); Ma1=—:il-——

1
yucno Maxa B cedeHunm mnepepn auadparmoit.
39. ConpoTrnBneHue OTBEPCTHS MOXHO pe3Ko
YMEHBLIIATEL ITyTEM MCHOAL30BAaHHA KOJbUEBOro
peOpa NpH BXOAe B NMPAMOH KaHal WM YCTyna
npHu BXxome B oTBepcTHe (puc. 4-14). Tax, Hanpu-
Mep, no paHHeiM B. . Xamxonxopa [4-27],
npu ycraHOBKe kombuesoro pebpa (¢ Dy/Dy=
~1,22 u [/Dy=0,25) x03bOUIMEHT CONMPOTHBIEHUS
OTBEPCTHS B CTeHKE HEOrPAaHHYEHHON ILIOIIANU
ymenbmaetes go (=1,15 Bmecto {=x2,7+238,
mojlyyaeMoro npd orcytcTBud pebpa.
40. IIpu meperexaHWHW NMOTOKA 4Yepe3 NNABHEIA
KOJIIEKTOp, BAe/AaHHbIA B CTEHKY HeOr PAHHYEHHOH
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Puc. 4-14. Cxembt BXOJa B OTBepCTHe:
a—4epe3 KoJbliesoe pebpo; G——uepes ycryn

wiomand (cM. quarpaMmy 4-21), conpoTusiieHue
CKJIAIBIBAETCA H3 CONPOTABJICHAS BXOJa B KOJLIEK-
TOp, CONPOTHBJIEHHS TPEHHS Ha NpAMOM Y4acTKe
H COIPOTHBJIEHHS BBIXOJA, T. €. KO3(pOHIUEHT
CONPOTHBIIEHHA TAaKOro y4acTka

Ap
pw§/2

rae {’—xosbduimenT, yIUTHIBAIOIMAH TMOTEDH
BXOAA H BLIXOJ2, ONDEJE/AeMBbIHi HO KDHBBIM
{=f(/D,, r/D;) Ba muarpamme 4-21; (=
=Al/ D~ x03bdHIACHT CONMPOTHBIEHUS TPeHHUI
HA TPAMOM Y4YacTKe KOJUICKTOopa.

41. B cioyyae HCTe4YeHHS 4YEPE3 OTBEPCTHE
B CTEHKE NpH HAJIHYMA TPOXOMAIEro moroka *!
(cM. muarpammy 4-22) xo3¢p@HAMHCHT CONPOTHB-
JIEHHS Kak TpH BXoAe (OTcoce), Tak W BLIXOjE
(upuTOKe) sBASETCA, KaK IoOKasaHo B [4-27],
dyuxnuelt OoTHOIIEHHA CKOpOCTEd w/w,.

42. Tlpu oTcyTCTBHH NpPOXOAAIEro MOTOKA
(We=0) XxHIaxocTs (ra3) MOATEKAET X OTBEPCTHIO
CO BCEX CTODOH, A HCTEYEHHE MPOHCXOJHT CHM-
METPUYHO M C HAMMEHLIIHM NOIXATHEM CTDYH.

[Ipu HAJIMYMK MPOXOASAIIErO MOTOKA MHAKOCTD
(ra3) mOATEKaET K OTBEPCTHIO C ONHON CTOPOHSL,
a MCTEYCHHE MPOHMCXOOHT IOJ YIJIoM mpH Oonee
mokaTtoii ¢Tpye 3a oteepcraeM. IlomxaTHe
cTpy# OOyClIOBNHBAaeT NOBHIICHHWE B Hell AuHa-
MMYECKOTO JABJIEHHS, KOTOpOE IUId [HaHHOW CeTH
TepAeTCA HAa BBIXOJE.

43. I1pu He3HAYHTEIILHBIX CKOPOCTSX IIPOXOnst-
mero noroxa (w,, << w,) yKalaHHoe MOBHIILEHHE
JHHAMMYECKOTO JABICHAA MEHbINE, 9eM YBEITHHYE-
H¥Ee DPa3HOCTH JABJICHWA NEpex OTBEPCTHEM U 3a
HEM (mOO MJeiiCTBHEM KOTODOTO NPOHCXOJHT
ACTeYeHUe CTpyH), Bbi3BaHHOe S(dexToM Han-

(= =L +6ep

*1 TIpoxoadminii MOTOK OBHXKETCS HE32BHCHMO
OT HCTEYeHHS 4Yepe3 OTBEPCTHE HOX BIIHAHUEM
cobcTBeHHOr0  BO30ynATens, HaOpHMED MOX
BIHSHHEM BeTpa, BCTPEYHOrO MOTOKA H T. IL
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AyBa, CO302BAEMOT0 IHHAMUHECKUM [ABICHUEM
HaGeraroylero motoka. Tako#f HA@OyB crnoco6CT-
BYET HCTCHEHHIO YEPE3 OTBEPCTUE, YTO pPABHO-
CHJIBHO yMmeHbLIeHHIO Ko3bdHIHEeHTa COMPOTHE-
aenus G

ITpm OGombiuMX CKOPOCTAX W, YBEIHYEHHE
AYMHAMMYECKOro AABJIeHUsA CTPYH u3-3a OOMblilero
NOAXKATHA €€ 3a OTBEPCTUCM CTAHOBHTCH 3HAYH-

TeabHee 3(dexkTa HagmyBa; B pelysnbTaTe Ko3d-

(unyeHT { BO3pacTaeT.

44, B ciydae nNpHTOKA yBeMHUEHHE CKOPOCTH
NpOXOASAINEro NOTOXa B Mpeaenax w/wy=1+2
takxke yMmebwaeT {. O6wacHieTrcs 3T0 TeM,
410 B pesyavraTe obtexanns Haberarowum mnoro-
KOM TNpHTeKkarollleH Yepe3 OTBEPCTHE CTPYH Ha
€e HABETPEHHOH CTOpPOHE BO3HHKAeT 001acTh
NOBBIUIEHHOTO [aBJleHMSA, 4 Ha IOABETPEHHOR
CTOPOHE — 3HAYUTENLHAS O pAa3MEPAM BUXpEBas
30HA, B KOTOopo# co3pmaercd paspexeHue. [Ipu
Majioll CKOpOCTH W, pa3Mephl BHXDEBOH 30HBI
BeJUAKY, B OEHCTBATENbHAA Pa3sHOCThL [ABJICHHH,
NOX BIHAHHEM KOTOPOH HPOHCXOZHT HCTEYECHHC
TMOTOKa H3 OTBepcTHd, Oosnpllle Pa3HOCTH aaBJle-
HHH, monydeHHO#R npm w,=0.

Ilpu Gonee 3HAYHTENBLHBIX CKOPOCTSAX IPOXOJA-
mero MOTOKAa MOCHeXHHW OKasbiBaeT CUIBHOe
JPOCCETHPYIOIee BO3ACHCTBHE HA CTPYIO, HCTe-
KaloUIy}o M3 OTBEPCTHSA, NPHKUMAS €€ K CTEHKE,
(mpu w,>w,). BenencTBue 3T0r0 pasmepni BUX-
peBoHl 30HBI YMEeHBIJAIOTCA, a Kodddumment
{ yBenu4uBaeTcs.

45. Koapduunenrsr conpoTusnenns [ Kax npu
OTCOCE, TAK M NPUTOKE OCTAKOTCHA NPAKTHYESCKH
OOMHAKOBBIMH JUIs KBAaJAPATHBIX H  KPYribIX
OTBEpCTHH, a TakXe IUIS OTBEPCTHI C 3aKpyTJIeH-
HeIMH yriIamMu. BMmecTe ¢ TeM 3TH KO3 GHIHEHTHI
3HAUMTENBHO  3aBHCAT OT  PacHOJOXEHHA
OTBEPCTHIl BBITSHYTHIX (HPAMOYTONBHBIX) dopM.
HauGomnsluiMe 3HayeHWS { MONy4aloTcs HPHW pac-
MONOXEHHH OTBEepCTHIT OOJILIIMMH CTOPOHAMH
NONEpeK MOTOKA.

46. B cnyuae otvcoca yBemmuenue Koaddu-
UAeHTA { TpH PACcloOKEHWH MPOXOIrOBATHIX
OTBepcTUR DOoNbllled CTOPOHOH TOMEpEK MOTOKA
oDBaCHsSETCS TeM, 4TO mnpeobnafaroiuas dacTh
MOTOKA MOCTYIAET B 3TH OTBEpCTHsN H3 OPHCTEH-
Ho¥t 06mactu. [Tosromy Bxoaswuit B oTBepcrae
MOTOK MMeEeT MaJIblif 3alac KUHETHYECKOH SHep-
THH, ¥ OONOJHATEILHLIA dddexT HagayBa OKa3bl-
BaeTCid HeGONBUIHM.

[lpu pacnonoskeran IPOACATOBATHIX OTBEPC-
THit GoJipiied CTOPOHOH BIOJbL MOTOKA YacTb
HepAMeTpa, oOpamIeHHas K MOTOKY, MaJa, H Mpe-
ofjlafalomas 4acTh MMOTOKA MOCTYNAaeT B OT-
BEPCTHE M3 BEPXHUX CJIOEB, HMEIOIMX OOBIIYIO
CKOpOCTh. D70 ycuiuBaeT 3bdexT HaIyBa H CO-
OTBETCTBEHHO yMeHbIIaeT k03 dunmesT
COTPOTHBIIEHHS.

47. B ciaywae npHTOKA yBeamueHue ( I8
MPOJONroBaTLIX OTBEPCTHH HpH PACHOJIOXeHHH
ux OoJibmel cTOpOHOH Monepex IoToka o0BAC-



pseTci TeM, UTO JpOCceMpyiollee ACHCTBHe,
0Ka3bIBAEMOE NIPOXOMSALIAM MOTOKOM HA CTPYIO,
BLIXOASUIYI0 W3 OTBEPCTHA,  MNPOABIAETCH
CHIbHEE, 4YEM [PH PACNOJOXEHHH OTBEPCTHH
Goipllcit CTODOHOH BJONbL TMOTOK3, TaK Kak
g MEPBOM Clyyae 1060Bas MOBEPXHOCTH CTPYH
GoMBLIE, YeEM BO BTODOM.

48. Ha senuuunbl { XKax mnpu oTcoce, Tax
¥ UPHTOKC 3HAYHTENLHO BJIMAET YCTAHOBKA
y KpacB OTBEPCTHH KO3BIPHKOB (CM. OHAarpaMmy
4-22). TIpu 3ToM HAKJIOHHBIA KO3BIPEX MOBBILIA-
eT, a TNpAMO#A— MOHWKALT KOOdpOUUMERT CO-
npoTuBNeHHs. B [EPBOM CITydac KO3BIPEX OKa3bI-
paeT TNOMKAMaloINee AeiicTBUe Ha INOTOK, IIpO-
ONAIUMI 4epe3 OTBEpCTHE, A CJICNOBATENBHO,
yBe/MYHBAETCS JUHAMUYECKOC nNaBjieHHe, Teps-
eMOE TIOCHE BBIXOJA W3 OTBepCTHA. Bo BTOpOM
ciiyqae KO3bIpek ocnabnger sddext momxaTus
[IOTOKA, 9TO COOTBETCTBEHHO YMEHBIIAET HOTEpPH
JMHAMHAYECKOTO [aBIeHAS HAa BBIXOAE M3 OT-
BEPCTHS.

49. Tpu neperexaHun XUOKOCTH (rasa) Hepes
mpoeMbl B CTeHe, CHabXeHHBIE pPa3NTHYHBIMH
CTBOpKaMHM, CONpPOTHBICHHC Oonblie, 4YeM IpH
OTCYTCTBHH CTBODOK, TaK KaK OHH YCJIOXHSIOT
TpaekTOpHIC ToToka. Ilpm 3TOM ko3ppuLmeHT
CONpPOTHBJICHHA CTAHOBMTCA (YyHKUMEH yria
OTKDBHITHS CTBOPOK O W OTHOCHTEIBHOH JUTHHBI
CTBOpOK ICTB/bCTB'

50. K ydyacTkaM ¢ BHE3AMHBIM PACUIHPEHHEM
MOXHO OTHECTH H OTKpBITYIO .pabodyio 4acTs
a’podMHAMHYeCKHX TpyO (cM. mmarpammy 4-25).

OCHOBHBIM HCTOYHMKOM MOTEPb B OTKPHITON
paboueit 4acTH a’poaHHaMHYecKOH Tpy6bl sB.IS-
€TCA YKEKUHOHHOE paccesnde JHepruu. Bropsim
HCTOYHHKXOM TOTEPL ABIAETCH OTCeKaHHe MUPdy-
30poM TpYOBl OT cBOOORHON CTPYHM «HpHCOEdH-
HEHHBIX MACC» OKPYXKArOUIEH Cpensbl.

KrneTHueckas 3Heprus OTCEKaemMOW dacTu
CTPYW OKa3BIBAETCA 11 TPyO MoTepsHHOH M co-

CTABNAET  TOITOMY  4acTh  CONMPOTHBJIEHHS
OTKpBITOIl paboueit uacTu.
Kospduuuesr cymMmapHOro CONpOTHBIEHHS

OTKpPBITOH patodeil YacTH BBIMUCASIOT 110 (opMmy-
nam [. H. AbpamoBuua [4-1].
HAna  kpyrioro (uam NPSIMOYTOJIBHOTO) ce-

YeHMS
A l L\?
(=—2_ 0,1 220,008 22}
pwi/2 D, D,
rae D =4F,/I1,—rugpasnuveckuit  gHamerp
BBIXOJHOI'O CEYEeHWs CoIula TpyObl, M.
Jdnga onaanTaveckoro cevedHs
Ap l I}
= =0,14522—-0,0017 ==,
. pwi/2 D, agh,
4a0bo

rue

D = ;L —anuHa
L,5(ao+bo)~ /aobo

OTKpBITON pabodein 4actu TpPyOBL, M; dg, by -
AOJyOCH 3JUIANCA, M.
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2. JUATPAMMBI KO2®OULIMEHTOB COITPOTUBJIEHUA

Pacwmupenne (BHe3anHoe) MOTOKA € pPaBHOMEPHBIM pacnpee/ieHHEM Aunarpavva
ckopocreii {4-13, 4-15, 4-17] 4-1
D
1. Ipn Re=22"r>33.103;
wy, £y A A W2,
2 i‘w S 28 a) Ge3 pmednextopos
w Ap Fy\?
, SV PO\ SR
. pwi5/2 Fz n n
Lepnexmops F
|~ roe £,=f (—9) eM. rpaduk a; (., =MAl,/D,; A cM. BTopoil pasier;
Wy, Py =" Wy, FZ Fz
= --= 6) ¢ nebnexropamu
Ap F,
gz ———~0,6(1-=2 +§-’-‘i
4F, wg/2 F, ni
D =—; I1—nepumerp;
I,
n =F,/F, OrHocHuTEIbHBIE MOTEPH MPH BHE3AMHOM PACUIAPEHHMH
u— 5200 OPH  CBEPX3BYKOBHIX  CKOPOCTAX  ¢M. mm. 20-21
naparpaga 4-1.
im
70 @ 3uavenns (
, \ !
9,6 FolFy=—
n

n

0,6 \\ﬁ'\/

0 {01(02;03}041]05({061]0,7]08 (1,0

TN

Be3 nedaexropoB (kpuBas I)
1,00 10,81 10,64 10,50 10,36 10,25 10,16 10,09 10,04 10

0 0z 04 06

0,8

?

“t \\N C nedaexropamu (kpuBas 2) '
== 0,60 |0,49 |0,39 |0,30 |0,21 ‘0,15 IO,IO |0,05 |0,02 ’0

hlF

2. Ipu S00<Re<3,3-10% §, cM. rpadux 6 wm mo dopmyse
C= —8,44556 —26,163 (1 — F,/F,)*—5,38086 (1 — F,/F,)* +1gRe [6,007+ 18,5372 (1 = F,/F,) 2+
+3,9978 (1 — Fo/F3)*]+(1gRe)? [ — 1,02318—3,0916 (1 — Fo/F;) > —0,680943 (1 — Fo/F,)*]

3nayenuq (
Fy 1 Re
F o
10 15 20 30 40 50 | 10% {2-10%{5-10%{ 10° [2-10°|3-10° >3,3-10°

0,1 3,10 13,20 13,00 12,40 12,15(1,95] 1,70 | 1,65 { 1,70 { 2,00 | 1,60 | 1,00 0,81
0,2 3,10 13,20 {2,8012,20|1,85(1,65]1,40{1,30 (1,30 1,60 |1,2510,70 0,64
0,3 3,10 {3,10 2,60 (2,00¢1,60]1,40]1,201,10]1,10(1,30]0,95]0,60 0,50
0,4 3,1013,00 2,401,804 1,50} 1,30} 1,10 | 1,00 O 851 1,05]0,80 | 0,40 0,36
0,5 3,10 1 2,80 | 2,30 | 1,65 { 1,35} 1,15 O 900,75 | 0,65 0,90 | 0,65 | 0,30 0,25
0,6 3,102,770 | 2,15 | 1,55 1,25 { 1,05 { 0,80 | 0.60 | 0,40 | 0,60 | 0,50 | 0,20 0,16
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1Ipodoaxncenue

a—

Pacunpenne (BHelamHoe) MOTOKa

ckopocreit  [4-13, 4-15, 4-17]

C paBHOMepHBIM pacnpec/icHneM llnar pamMMa

4-1

3. Mpu 10<Re<500 §, cMm. rpadux 6 unm mo Qopmyrne

1
. =3,62536+10,744(1 — F,/F,)* —4,41041 (1 —FO/F2)4+@— [—18,13-56,77855 (1 — F,/F,)* +
(¥

1
+33,40344 (1 = Fo[Fy)* |+ == ;
( (l Re)) J,; Aﬁ ®
x [30,8558 +99,9542(1 — Fo/ F,)? \'\
—62,78(1 —Fo/F)* ]+ 7—=3 ! e \§ \\
(igRe)® " y N 7m0 L
x[—13,217-53,9555(1 ~Fo/F,)* + 7 NH P27
33,8053 (1~ Fo ) ). 20 ST SN
4. TMpu Re<10 £/F =08 =
30 0 ar’r 7 h::
¢~ = ! p? mir 2 ‘192 |7 zme Re
e -
Pacummpenne (BHe3amHoe) 32 IJIHHHLIM NpAMbIM Y4YacTkoM, xuddysopom HAprarpamma
H T.0. C pacnpejejeHHeM CKOpPOCTeH MO CTENmeHHOMY 3aKOHY; 4-2
KpyrJjioe WiA OpAMOoyroabHoe cevenme; Re=woD /v>3,5-10% [4-13, 4-15]
T _ Ap -l M G, (‘;.,p
8 §=DW§/2_n—§+N— Tz T
i”:fok n S we, Fy "
e _—
Wmna x rae M=(2m+21)2 (m+ 1);
N d 4 (m+2) c¢M. rpaduk 6
4 .
. (2m+1)? (m+1)3 P
4F, F “am*
D,=—2; Il—nepumerp; n,=—; m* (2m+3)(m+3)
I1, F,
Dy =4F,/11y;
1
w ._-(1__1.)"—'; m>1 Gu=S(m, Fo/F;) c™m. rpadux a
wmax RO .
. Cep=AL/Dy,; A cM. BTOpOH padgen
3uavennn {
FolFy=1/n,
m
0 0,1 02 | 03 0,4 0,5 0,6 0,7 0,8 1,0
1,0 2,70 2,42 2,14 1,90 1,66 1,45 1,26 1,09 0,94 0,70
1,35 2,00 1,74 1,51 1,29 1,00 0,93 0,77 0,65 0,53 0,36
2,0 1,50 1,28 1,08 0,89 0,72 0,59 0,46 0,35 0,27 0,16
3,0 1,25 1,04 0,85 0,68 0,53 0.41 0,30 0,20 | 0,14 | 0,07
4,0 1,15 0,95 0,77 0,62 0,47 0,35 0,25 0,17 0,11 0,05
7,0 1,06 0,86 0,69 0,53 0,41 0,29 0,19 0,12 0,06 0,02
u 1,00 0,82 0,64 0,48 0,36 0,25 0,16 0,09 0,04 0
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I[Tpodo.arncenue

Pacumpenne (BnelanHoe) 32 [JJBHHBLIM NPAMbIM ydacTkom, auddyiopom
H T.MI. C pacnpede/leHHeM CKOpocTell 1[0 CTeneMHOMY 3aKOHY;
Kpyrjice HIM NpsaMoyroabuoe cevenme; Re=w,D /v>3,5-10° [4-13, 4-15]

Jnarpamma
4-2

{ oM
" ® 6)
2,4 N
’ 2,0 —
m =i, 0 ! M
\ 0 01 62 03 0% 05 06 0,7 08 091/nm
' % \\270\] \\ <
0;5\&4‘0\4 ‘\
= ] m |10 [1,35120 |30 [40 |70
0,4 i §\§Q\‘ [~ N 1270 1200 | st | 125 | 116 | 106 | 1o
7,0 oo NN\\ M 1,50 11,32 | 1,17 | 1,09 051,021 10
o o7 02 03 04 05 06 07 08 09 F/R
Paciunpenue (BHezanHoe) 33 JJIMHHBIMH ILIOCKHMH HPSMLIMH YHACTKaMH, Juarpamma
wiockimMu muipdyzopaMn B T. n. ¢ picnpefe/ieHHeM cKopocTeil 1o 4-3
creiennomy 3aKony; Re=wyD /v>3,5-10% [4-13, 4-15]
¥ A 1 2M . .
g °= wfz=F+N—7:—'+%ZE=C“+£§’
o WVIFV i 8 Wz,Fz p 0 o o o o
N m+1)?
= " roe M=( ) ;
e m(m+2)
-y ; 3 cm. tpadux 6; §, = f(m, Fo/F,) cM. rpadux a;
| : (m+1) {p=Aly/Dy; N cM. BTOpOR pazpen
2 .
D,=4Foflly; Dyy=4Fy/Ily; m?(m +3)
IT— nepumerp; L
nn=F2/F0’ . @
2 1 ;5 \\\\ m=10
m ]
o 1~.ZZ> S m>1 RN \/.% )
Wmax [V 7 N T~
”f?\b\z«” [~
SIS S I Sy
36;;: b ]
g4 40 -~
I==°O
o g1 gz 43 6% g5 g6 47 48 49A[hH
3navenns C,
Fy/Fy=1/n,
m
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 1,0
,0 2,00 1.74 1,51 1,28 1,19 0,92 0,77 0,64 0,51 0,34
1,35 1,65 1,40 1,20 1,00 0,83 0,67 0,53 0,41 0,32 0,20
2,0 1,35 1,14 0,94 0,77 0,62 0,43 0,36 0,26 0,19 0,10

1

60



[Ipodoancenue

Pacuikpenne (BHe3amHoe) 32 [HHHLIMH INIOCKMMH HOPSMBIMH Y4acCTKAMH, Jinarpamma
njocknvn gaddy3lopaMn B T. 0. ¢ pacnpelielicHueM CKOpOCTel 0o 4-3

creflensomy 3akoHy; Re=wyD /v>3,5-103 [4-13, 4-15]

Fo/Fy=1/n,
m ‘ ,
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 1,0
3,0 1,19 | 098 | 08 | 064 | 049 | 037 | 024 | 0,18 | 0,12 | 005
4,0 1,12 | 092 | 0,74 | 060 | 046 | 033 | 023 | 0,14 | 009 | 004
7,0 1,04 | 0,85 | 0,64 | 054 | 0,41 028 | 0,18 | 0,08 | 005 | 0,02
© 1,00 | 0,81 064 | 0,49 | 036 | 025 | 0,5 | 0,08 | 004 | 0
’ @] m 1,0 |1,35[2,0 13,0 [4,0 |70 |
' e N |2,001,64[1,35]1,1811,121,04] 1,0
Y M {1,33{1,2211,13[1,07{1,04{1,02} 1,0
g ——

0 o1 02 03 0% 45 45 07 48 49 lm

Paciinpenne (BHe3amHOE) IVIOCKOro KaHANA® 32 pelleTKaMH,

32 MANpaBJSIONHMM JONATKAMH B KOJIEHaX H T. . € pacnpefencHHeM Jmnarpamma
CKOPOCTell 10 3aKORY TPHrOHOMETPHYECKOH Qyukimn; 4-4

Re=w,D,/v>3,5:-107 [4-13, 4-15]

e Ap 1 2M C,,,
3 = N——— =
w5, = Wy, Fy C pr/2 ”n+ +Crp/n CM nn
| VER o
W Aw
- ot 1/Aw\? 3[Aw\?
4 i, roe M=1+4- 27 ; N=14- ualid cMm. rpadux 6;
2\ w, 2\ wy
D _A4F, ‘D _4F, = F, F,
T, " N, ™ F, ¢ -f(m —) cM. rpadux a; {,=MAl,/D,; A cM. BTOpO#
F,
I1 —nepumerp pasaen
Aw 2
L l+~—-—sm2k T— 7.
WO Wo bo
k,—muenoe uucio;
3uavenun
Fo/Fy=1/n,
Aw/w, il
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 1,0
0,1 1,01 0,83 0,66 0,50 0,38 0,26 0,17 0,10 0,06 0,01
0,2 1.06 0,88 0,70 0,54 0,40 0,29 0,20 0,13 0,07 0,02
0,4 1,24 1,04 0,84 0,68 0,54 0,41 0,30 0,22 0,16 0,08
0,6 1,54 1,31 1,18 0,92 0,75 0,61 0,48 0,39 0,29 0,18
0,8 1,96 1,70 1,47 1,27 1,07 0,89 0,75 0,60 0,49 0,32
1,0 2,50 2,21 1,95 1,70 1,46 1,25 1,05 0,88 0,74 0,50
— e
6 3ak. 1584 161



[Ipodo.ixcerue

Paciumpenne (BHe3amHOE) ILIOCKOTO KaHAJA 32 pelleTKAMM,

32 HANDAB/IAIOWIAMY JIOUATKAMH B KOJEHaX H T.I. C pacipene/reHmeM Anarpavva
CKOPOCTed No 3aKoHY TPAroHOMeTPHYeCKOoH (YHKUHK; 4-4

Re=woD /v>35-10° [4-13, 4-15]

2
27"\\ ! , @ ?&3
\"7”’0”» Awiwy 0,1 102 (03 0.4 |05
Zﬂ\ ~\ N 11,02]1,06 1,13 [1,24]1,37
N g M |1,00]1,02|1,04[1,081.12
. Q Awwy |06 10,7 0,8 0,9 |1.0
/,2 < w 0 2 ) b} ) s
N8N N o|1,54(1,73 (1,96 [2,22(2,50
N A S s M {1,18]1,24|132(1,40{1,50
N 9,27 \‘ S~ S~ T~~~
o e e
] au/y=0,1 S
0o or 02 03 04 05 0,

mMM ®
2,2

19 ]

5o p— /,/ - z

y T T

0o or 02 43 0% 05 45 87 48 09 dw/w,

Pacuispenne (Bnesamuoe) 3a niaockumu nnddysopamu npr o> 10° Hduarpamma
32 KOJECHAMH H T. [I. C HECHMMETPHYHBIM pachpelleienneM CKOpOCTeil; 4-5

Re=w,D /v>3,5-10° [4-13, 4-15]

y Inm

g %w © 32 CE%=%+3’7_
_[w,,,ﬁ,, *i = w5, ! V . pPWS -
B s i \ —3’7—4-+5’§= M+€—‘§,
-y 2,4 N fm T "
L \ e Gy =f(Fo/F)
4F, 2,0 N o rpaduk; Gip=Aly/Da;
Dr-_-_I__I._; D, =4F,(T1,; N CM. BTOpO#l pa3mel

. 1,6
_ N

I1—nepumMerp;

1,2
F, N

=2 g8

Fy’ 0 02 04 06 08 FK/F
2 20,585+ 1,64sin p;

w
° 2y Fo/Fy=1/n, 10 10,1 10,2 {0,3 |0,4 |0,5 |0,6 [0,7 10,8 |1,0
B= 0,2+1,95;,7— .

0
g 3,7013,3412,9912,6712,362,081,8211,57}1,3510,96
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Pacuinpennie (BHe3amHoe) 3a YYACTKAMH C 0Apad0.THYECKUM Anarpamma
pacnpenenesueM ckopocTeil; Re=woD, /v>3,5-10° [4-13, 4-15] 4-6
9w ] l. Tpyba kpyrmoro ceuenus:
WmFﬂal Wy, Fy _ Ap _1 2 2~66 C\'p C+Crp
2 ~ = —— = — —_ — “ —
- = S pwd/2 ni n M ng
-y 7 2. Tliockuit KaHam:
2
Ap 1 24 ¢ .
(= ==+ 155 ——+ 2 =(,+3
D:ﬂ; Dzr-_-ﬁ; pwi/2 n2 . M 2’
"I, I1,

[1—nepumMerp;

F, w Y 2
== =1-|—=
FO Wmax RO

in

1,6

\\

roe (y=f(Fo/Fa); Gep=A,/D3; A cM. BTOpO#t pa3men

3navenns
F,
—=1/n,
F,

o o1 ]o02|031]04]051]06]07]08]10

14 >\<\
0,8 \\\
’ \\

0,% - e
\\

1. Tpyba kpyrioro cedeHus
2,00 1 1,75 1,51 11,30 1 1,10 1 0,92 | 0,78 | 0,63 | 0,51 | 0,34
2. Mnockuit xaHan
1,55 I 1,32 ‘ 1,11 l 0,92 10,75 s 0,60 ‘ 0,47 | 0,36 |0,27 ’0,15

Jehopmaunsa motoxa B npsAMoit TpyGe (xamane);

_ Anarpamma
~Re=wyD,/v>35-10° [4-13, 4-15] 4-7
g CTeneHHOH 3aKOH paclpefesieHds CKOpocCTei:
4w 1 W y # .Y B . .
£ WthFa { Wmax-<1_—§(;) ,m?l, C:pwé/z—-]+N—2M+CTP—CM+CTP,
J° S
Lu=fl—); MuN cm. rpabux 6 guarpamm 4-2 u 4-3;
-y L=(5+10)3, m
Cep=Mly/Dy; L cM. BTOpDOH pasgesn.
D, =4k, /1l,; [MapaGonnueckuil 3ak0H pacnpenesicHUs CKOPOCTEil:
IT— nepumeTtp w 7 \?
- 1 —(_> -
Wmax RO
i=(5+10)0,
p Worax 1. TpyGa xpyrjioro cedeHus:
T \ A
. (o =—r—=0,34
w,. ) pws /2
< 3 2. MMnockuin xaHam
: A
y L=—L 015
Yopws/2
5%




IIpodo.xncenue

Hdedopmauns noToxka B npsMoik TpyGe (xanaie); JAnarpamma
Re=w,D,/v>3,5-10° [4-13, 4-15] 4-7
Sm
0,6
0,5 // m 1,0 1,35 2,0 4,0 70 |
04 / 1. Tpyba xpyrmoro cedyeHus
. / ) €. 1 07 | 036 | 016 | 005 | 002 10
93 . / / 2. Tlnockuit KaHan
’2 A G l 0,31 [ 0,19 l 0,10 | 0,04 | 0,02 lo
. ///(z \ ,
' /
_.é%
0 92 04 06 a8 I/m
JdedopManus moToxa B OpAMOiA Tpyde KpYTJOro cedcHHs mpH BXode B Hee Jnarpamma
cBOGOaHOI cTpPYH (3:KeKTOp); 4-8

Re=w,D,/v>3,5-10° [4-13, 4-15]

- .
"——-."‘Wo wZvF!

e e i

MM T Ly
N
st 32 % \ .
sz
ali6 / ~
Lpm \
2} gs
o1

8 S/0r

CEpw%/Z

Ap

=1+N—2M+CTP=CM+CTP,

(%)
F,

Bemwuunn £, M u N onpenensor mo rpaduxy B
3aBHCHMOCTH OT JUIMHBI CBOGOOHO# cTpyu S/D;
F=F,|Fy=F.,|F,, § 1 & HAXOIAT B 3aBHCHMOCTH
OT [UIHHBI CBOOOAHOM cTpyH S/ D, no auarpaMmam
11-28 u 11-29; C;,=Al;/D;,; A cM. BTOpoOii pa3aen

1
M==

q

(E) -

F(; ’

1
=3

q

ITapa- S/D,
METPLI
0,5 1,0 1,5 2,0 2,5 3,0
£, 10,16 10,46 | 0,84 | 1,43 | 2,02 | 2,54
N 1,652,389 |3901{485](565]6,35
M | 1,25 1,71 [ 2,00 | 2,20 | 2,30 | 2,40
ﬁapa- S/D,
MeTphl
4,0 5,0 6,0 3,0 10
Lo | 3,261 3,65 3,80 3,81 3,81
N |72 | 7,55 7,68 7,70 7,70
M 245 245 2,45 2,45 2,45
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Cyxenwe (BHe3amuoe) npu b/D =0; Re=w,D,/v>10* [4-12, 4-13] Hunarpamma

(b cm. pmuarpammy 3-9) | 4-9
N | Tun Cxema Kos}pduunent conpoTtusieHns
1o | KPOM- _ bp
. Ha =
P gicozxe pwg/2
1 | Ocrt- [= 1 [ F )34 =
pas | Wi Fr wo, Fy oA =05 (1= Fo/ Fy)™ + =058+ e,
- > $|—
J
roe a cM. kpusyio a=f(Fy/F)); Crp=xg—°;
4 : r
P —— A cM. BTOpPOi pazgesn
D,=4F,/Il,
F,/F, [0 j0,2 (04 0,6 10,8 1|09 1,0
a 1,0{0,850 } 0,680 | 0,503 {0,300 {0,178 | 0
a
98
g4 P~
N
0 42 g« 45 W &[5
2 |3ax- ” (=0 (1—Fo/F ) +Lp=0a+Lm,
EZ;: \ rae ' oM. xpusyio {=f(r/D,) auarpammmbr 3-4
Has WIIFI Wo, FD§ F
- ) al’ (xpuBas 6); a CM. KpuByIO a=f] -F»-Q
1
! lo (m.1); Cro=MAy/D,; A cM. BrOpod pasnen
3 | Cpe- F (=0 (1=Fo/ Fy)** + L =0"a+Lw,
F
JaHa i “I‘}"?iu rae {’ oM. xpusyo {=f(«, //D,) mmarpammer 3-7;
non v a oM. xpusyro a=f(Fy/F,) (1) Gw=M,/D,
i E'M f , A cM. BTOpOil pa3gen
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Cyxense (BHe3anHOe) B NepeXOqHOH M TaMHHAPHONH 06.12CTAX; HAmnarpavva
Re=wyD, /v>10* [4-3, 4-18] 4-10
Ap
C=m—cm+Cw
W,,F] - a" WOIFU \
= 1. Mpu 10<Re<10* {, cm. xpusme [,=f(Re, F,/F,) v no
bopmyne
Cu=AB(l=Fy/Fy),
4F, ]
D’=H_ roe A= Z ((1gRe);  ay=—25,12458; a,=118,5076; a,=
° ——-l704147 a;=118,1949; a,=—44,42141;, a5;=9,09524; us=
= —0,9244027; a,=0,03408265;
2 (T 2 ' .
B= Z{ Y aij(Fo/Fl)’:l(lg Rc)'}, a; CM. HUKC.
i=0 (L j=0
30 3uauennn a;

2. IIpn Re<10 Cuz~R—
e

10gReg2-103

2-10°<Re<4-103

0 1 2 0

I 2

2 0 0 0 0,0

0 1,07 1,22 2,9333 10,5443
1 0,05 | —0,51668 | 0,8333 | —0,06518

5239

—17,298 | —40,715
8,7616; 22,782
~1,1093 | -3,1509

Suavenun [,

Re
Fo/ F,
10 20 30 40 50 10 (2-10215-102 10 {2-10°{4-10>|5-10%| 10* | >10%

0,1 |50013201240|20011,8 {1,30 1,04 |0,8210,64 0,5 {080 |0,7510,5 }0,45
0,2 | 500]3,001}230]1,84 ]| 1,62 ] 1,20 | 0,95 | 0,70 | 0,50 | 0,40 | 0,60 | 0,60 | 0,40 | 0,40
0,3 |s500(2951]215¢1,70| 1,501 1,10 1{0,85|0,60 {044 0,30 |0,550,551}0,3510,35
0,4 {500 (280120011607 1401]1,00]0,78 | 0,50 |0,35](0,25 /{045 ;0,5 |0,30]!0,30
0,5 | 500|270} 1,80 | 1461} 1,30 }0,9 | 0,65 0,42 | 0,30 | 0,20 } 0,40 | 0,42 } 0,25 | 0,25
0,6 | 500 (260¢170]135]1,2010,80]0,5 |035]|02410,15|0,35]0,3510,20 0,20

&

48

\\

o FofFr =0

—

32 a7

0,3
24 \\\ 04
NS 05

m—

a8 SIS \::-~~~~\__ ul

0 [T

7 701 ? s ) 1011 Re

x10' A x 103
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Juadparva ¢ ocTpbivu kpasmu (//D =0-+0,015), ycranosiennas Anarpamva

Ha nepexoaHoM yuacrke; Re=woD /v>10* [4-13, 4-14] 4-11
A F 0,375 F 2
7 (=P _logor(1-20) " (1o | o Lo, Lo
pwa/2 F, F, FF,
WI-’I o wlh"';l WZ:FZ
<
3navennn {
{
Fol Fy
FolFy
0 0,1 0,2 0,3 0,4 0,5
Dr=4Fo/no
0 1291(282]2,72|2.61]2,51(2,39
S 0,2 12,27]2,19(2,10|2,01 1,91 1,81
, 04 |1,71|1,64|1,56|1,48|1,40(1.31
g =
, N 0.6 [1,23(1,171,10(1,0310,97 (0,89
N ~250 0,8 [0.82]0.77/0.72|0,67]0.61 | 0.56
) 1,0 10,50 /0,46 0,42 0,38|0,34 (0,30
20 & \\
16 e \\‘ N [ Fol Fy
4 \\i& T~ \ Fol Fy
2 Pk 06 |07 108109/ 10
g —~— 27 T — 0 225 | 2,10 | 1,92 | 1,68 | 1,00
— *\i\\ 0,2 | 1,69 | 1,56 | 1,41 | 1,20 | 0,64
o —] 04 | 1,21 1,10 |0,97 | 0,80 | 0,36
o/ 240 § 0,6 | 081 {072]0,62]0,48 0,16
0 gt 42 93 g% 45 Q6 47 48 R/A 0,8 | 0,49 | 0,42 | 0,34 | 0,25 | 0,04
1,0 ] 0251020015009 | 0

dnadparma ¢ yromuennsimu xpasmu (/D _>0,015), ycranoBiennas Aunarpamma
HA mepexoaHom ydacTke; Re=w,D . /v>10° [4-13, 4-14] 4-12

Ap FO 0.75 FO 2 FO 0,375 FO
{= zO,S(l——) +{1l—=] +1{ 1 —— l—— |+
pw /2 Fy F, F, F,

1
+15—, 1=(2,4—0107°0, o(H=0,25+0,5353/(0,05+17),

.
____% {
! rae r=f<—> cM. rpaduk WM A—cCM. BTODOH pasgen

wr, By N [y Wy, 2
)

D,

Dr=4F0/H0
I=1

/D 0 0,? 0.4 0,6 0,8 Irz R @

; ! N

T 1,35 1,22 1,10 0,84 | 0,42 \
S 0,8 X
I=4p, | 10 | 12 | 1,6 | 20 | 24 04 <

o) — -

o 024 | 016 | 007 | 0,02 | 0 R I Rt ar s
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Junadparma co cpe3aHHBIMM W 3aKPYT/ICHHBIMH MO NOTOKY KpammHu,
YCTAHOBIEHHASI HA TIepexXoIHOM YyuacTke; Re=w,D /v> 10* [4-13, 4-14]

Jnarpamma
4-13

Auapparma Cxema Koohpuumwenr conporupieHus
D =4Fy/l1 A F.\075 F\?2
oI ) (e
pw /2 Fy F,
F 0,378 F
+2fo<1——°) 1-=2),
Fy r,
Co cpesas-
HBIMH TIO PR s § VAR rpe npa «=40+60" ' cm. rpaduk a
TIOTOKY e 3| 2 &2 o umn ' =0,13+40,34-10 ~CAT+8847%%)
KpasiMu ¢°‘ Ilpu npyrux a {'—xax { no auarpamme 3-7
7
i
4D, 10,01 | 002003004 0061|008 |02 [>0,16
¢ 1046 042|038 10,35029 0,23 | 0,16 | 0,13
!I
@
0,3 \\
a,1 a—
0 0,04 008 12 t/7
C 3akpyr- Ap , Fy\%73 F,\? -
JIEHHBIMHA L= w2/2= I—F + 1—;— ~+2\ﬁ;_ 1—-
KpasMu w1, 1o wo, o w2, P2 PP ! 2
=3

N\

roe {'=f(r/D,) cM. rpadux 6 wim { =0,03+0,47 x
x exp(—17,73r), r=r/D,

0.010,02/0,03/0,04{0,05(0,06{0,08/0,12{0,16 {>0,2

£ 10,50/0,44/0,37/0,31]0,26{0,2210,19{0,15/0,09{0,06

!I
0,4 @

7,2

7 g0+ 008 072 0,6 0,20 r/D:
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[Aunadparma c ocTpeivu kpaamu(//D_=0-0.0(5) Juarpammva
B npsMoil TpyGe; Re=w,D /v210° [4-13, 4-14] 4-14

I .
sl Tl Cipj§/2=[<1—%)+0,7O7<1~}-‘f)0375]2
7 cM. kpuBywo S=f(Fo|F,); f=F,/F,
4F,
P, L 2 L Z,

1000 100 10 2,0\
900 90 9 16 \
800 80 § 12 \

700 70 7 \

600t 60 5 \ 04 <
500 50 5 0 N

400 4«0\ 4 \
30 7

J00

200 20 2 \
100 7\{ { \\
\&

0 g1 g2 43 Q4 495 Qf 47 48 49 F

Fyo/F, 0,02 0,03 0,04 0,05 0,06 |{ 0,08 | 0,10 | 0,12 { 0,14 | 0,16 | 0,18 | 0,20

¢ 7083 | 3089 1716 | 1082 | 733 | 402 | 250 | 168 | 119 | 83,1 | 67,2 | 52,6

FylF, 0,22 | 0,24 | 0,26 { 0,28 | 0,30 | 0,32 | 0,34 | 0,36 | 0,38 | 0,40 | 0,42 | 0,45 | 0,47

aay

41,8 (33,8 127,7 230 {192 {162 | 13,8 | 11,8 | 10,1 | 875 | 7,57 | 6,12 | 5,31

FolF, 0,50 | 0,52 | 0,55 | 0,60 | 065|070 {0,75|030 | 085|030 {095 1,00

€ 4,37 3,81 3,10 2,24 | 1,60 | 1,13 {0,779 | 0,54 { 0,34 | 0.19 | 0,09 0

2
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JAnadparma ¢ ytomuennsiMu kpasmu (/D >0,015) a npamoii
TpyDe {xanane); Re=w,D /v>10° [4-13 4

141

177

dnarpavva

4-15

wy, £y
—

roe T cMm. tabn
1=(2,4=0)-10"%
IMpu A=0,02 3mavenns {,=f(I/D,, Fy/F,) cM. rpacdux

.

b

-2

F 0.75

F) +1:<

(B
r FO

y (mmxe), rpadux a puarpammsl 4-12 uam

0()=0,25+0,5357%/(0,05+7") cM. BTOpOIt pa3iesn.

3pavennn (, mpy A=0,02

FolFy

0,02

0,04

0,06

0,08

0,10

0,20

0,25

0,30

0,50

0,80

1,00

6915
6613

1676
1602

716
684

394
376

244
233

51,4
49,0

30,0
28,6

18,8
18,0

4,27
4,08

0,53 10,19

710,51

6227
5708

1533
1382

655
591

360
324

223
201

47,0
423

27,4
24,6

17,2
15,5

1,03
0,94

0,50
0,46

0,01
0,01

4695
4268

1137
1033

485
441

266
242

165
150

34,6
314

20,2
18,3

12,7
11,5

0,78
0,72

0,39
0,37

0,02
0,02

3948
3783

956
916

408
391

224
215

139
133

29,1
27,9

17,0
16,3

10,7
10,2

0,68
0,68

0,36
0,36

3783
3833

916
929

391
397

215
218

133
135

16,4
16,7

0,71
0,75

0,39
0,42

0,20
0,22

3883
3933

941
954

402
408

221
224

137
139

17,0
17,4

0,79
0,83

0,45
0,48

0,24
0,27

oo

3983
4033

966
979

413
419

227
231

141
143

30,0
30,6

17,7
18,0

0,87
0,91

0,51
0,54

0,29
0,32

4083

991

424

234

145

31,0

18,3

0,95

0,58

0,34

10,0

4133

1004

430

147

31,6

18,6

11,9

5.62

0,99

0.61

0.37
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ITpodo.ixncerue

Jnadparma ¢ ytomuennsiMn kpasmu (/D >0,015) B npawvoi Jnarpamma
TpyGe (kamane); Re=wyD /v>10° [4-13, 4-14] 4-15

Lfe— .
== T
2000
1000 Lad

600 >

400 3~ Mf

200 PN 410

00

&0 — _ =

40 420

20 ‘

& F

4 450

2 |

1 470

a6 Z

g4 —— 490
02 pet— T VeyR=100
g1 i —1 | |

4 1 2 3 4 5 6 7 & 8o

Jnadparma (oTBepcTHE) €O cpe3aHHBIMH N0 HOTOKY KpasMum (x=40--60°) Juarpamma

w 416
B Hpamoii TpyGe; Re=

D
07> 10* [4-13, 4-14]

0,3757]2 2
§1: Ap 1—-—+\/_(1———) J (—5> cM. rpaduxk;

Fy

L YA wi, = fy
u=40°sd0 =/ —) cM. Tabmuny (Huxe), rpadux a amarpammer 4-13

Z wm U'=0,13+0,34 exp (—7,947—203,55%3); T=1/D,

3uavemns €,

I= 1 ¢ Fol Fy

r

0,02 | 0,04 [ 0,06 | 0,08 { 0,10 | 0,15 { 0,20 | 0,25 | 0,30 | 0,40 | 0,50 | 0,60 | 0,70 | 0,80 } 0,90

—
[=

0,01 0,46 {6840]|1656] 708 | 388 * ~41 {98,2|50,7{29,5 | 18,5|8,39 (4,18 12,13 1,08 10,51 10,18
0,02 0,42 [6592(1598| 682 | 374 | 232 {94,5 | 48,7 | 28,4 17,8 | 8,05 |4,00|2,03 | 1,02 0,48 0,17
0,03 10,38 [6335}1535| 655 | 360 | 223 190,6 | 46,7 |27,2 /17,0 7,69 |3,80 1,93 10,97 |0,45)0,16
0,04 {0,35]6140{1488| 635 | 348 | 216 87,7 |45,2126,2116,4 | 7,40 {3,66 |1,8410,9210,43 {0,15
0.06 0,29 |5737{1387| 592 | 325 | 201 {81,5|41.9|24,4{15,2|6,83|3,35(1,680,83 (0,38 0,13
0.08 |0,23 15297(1281] 546 | 300 | 185 |75,0|38,5]22,3(13,9(6,20(3,02|1,510,74 10,33 |0.11
0,12 10,16 {4748 {1147 488 | 267 | 165 {66,7 | 34,1 { 19,7 (12,2 5,40 {2,61 (1,29 0,62 10,27 10,09
0,16 |0,13 |4477(1081] 460 | 251 | 155 62,7 {32,0 |18,4|11,4{5,02}2,42]1,1%'0.56{0,24 10,08

OCOOoOODOO OO

)
—



[Tpodo.axcenue

Jnadparma (0TBEepCTHE) CO Cpe3aHMLIMH N0 NOTOKY Kpasmu (=40 60°) JAnarpavma

woD, 4 4-16
y >10* [4-13, 4-14]

B npamoii TpyGe; Re=

“ L ¢ ¢ e
800 80 oy o,a‘\
%)
700 70 7 \ 46\ /émr
408
500 50 6 04 \\(\ 416
N
500 50 5 \ \\ 02 \\\
g
400 40\ ARV N 0
\ \NANE 97. 08 39 Rk
1o, 17 /D,
=N TS %
00— 20 i 2 X Yo
\\ Q&\\ N\
100 10 NN >
AN N N
—

0 -1 62 63 064 G5 4665 .07 08 09 RR

HAnadparmMa ¢ 3aKpyrieHHBIMH 110 NOYOKY KpasMH B npaMoii TpyGe; Jnarpamma
Re=w,D,/v>10% [4-13, 4-14] 4-17

Ap FO FO 0,75712 Fl 2
- B e 1= - . ;
g, w22 [ F, +\/E (1 F1) A cM. rpaduk

&= DL> eM. Tabauny (Huxe), rpagux 6 amarpammel 4-13
win (=0,03+0,47 exp(—17,737); r=r/D,

3navemus

r/D, g - Fol Fy

0,02 {0,0410,06 10,08 10,10 10,1510,20{0,2510,30 {0,35 } 0,40 | 0,45 { 0,50 | 0,55 10,60 { 0,65 10,70 | 0,75 | 0,80 {0,90 | 1,0
0,01 0,44 1671711628 695 | 382 | 236 196,4[49,7120.0118,2112,018,24(5,75{4,1012,9112.08 11,49 {1,0510,7310,4970,18| 0
0,02 0,37 16273 (15201 648 | 356 | 221 189,7146,2126.9116,8]11,17,5915,29 [3,75(2,65}1,90{1,35]0,95{0,66 {0,44 |0.15| 0
0,03 0,31 {5875{1421| 607 | 332 | 206 |83,6143,0{25,0115,6{10,3|7,01 {4,873,45(2,43[1,7411,2310,86{0,5910,40(0,14| O
0.04 0,26 1552011336 570 | 312 } 193 |78.3{40.2123.4 14,6 {9,54 {6.51 14,51 ]3,19}2,24]1,60]1,1310,79 10,54}0,36]0.12} ©
0,06 0,19 |14982|1206| 513 | 281 | 174 170,3136,0 {20,8 | 12,9 |8.46 5,76 |3,97 2,79 | 1,96 | 1,38 {0,97 { 0,67 | 0,46 | 0,30 {0,10] ©
0,08 0,15146571125{ 479 1 262 | 162 {65,3133,4119,3112,0]7,8015,29]3,63]2,55]1,78}1,2510,88{0,6010.41026]0,08] 0
0,12 0,00 |4085t 986|420 | 229 | 141 | 56,8 {29,0 [ 16,6 {10,2 16,65 4,48 | 3,06 [2,14 11,48 | 1,03 (0,71 |0.4810.33 | 0,21 {0.06| ©
0,16 (.06 |3745 9021384 210 [ 129 151,8126,3[15,0(9.3 |599(4,0212,73{1,90}1,31 0,91 {0,620,4210,2810,17[0,05| ©




I[Ipoooaoncenue

Anadparma ¢ 3aKpyrieHHbIMH N0 NOTOKY KpasMM B NpAMOH Tpyoe; Jnarpamma
Re=wyD, [v>10* [4-13, 4-14] 4-17
& 2 & [
800 80, 8 \ g8 \\
700 1 \ \
() 7 ‘ g6 75y
Wl
600 60 6 08
\ b4 4 \%;,/5
N
500 50 5 \ 42 VAN
! WA "N
r/D, r/D, r/D, .
400 401 40 ;{,a; 4 A\ {7.0,;— g
\ 67 68 49 R/F
4o /5| NN
a0 — 30 — I\ d
\/ AN A
200 20 \ 2 N \
I\ D N
\ AN N
100 10 N\
\\ \\'\\ \\Q‘F
0 g1 62 G635 04 G5 06 67 08 8I RfR
OTBepcTHs C PA3IHMHLIMH KPafMH B CTeHKe C HeorpanHHMeHHO Juarpamma
wromaasio [4-13, 4-14] 4-18
K C A
pai otmeperit xema Koadduuuent conpotusnesns L= ;D
pwy/2
1 2 3
Octpsie (I/D, = _4F, Re=w,D [v>10*
=0-0,015) T, £=2,7+238
)
f=00 Worf R=oc0
YTonuenusle 2o @
(rny6okoe oT1- N 2,6
BEpPCTHE)
\ 2,2
(/D,>0,015) | F=oo \
! 18 <]
14
0 a4+ a8 1,2 16 20 2,4 2,8 L/D,
/4 !
Re>=10* C=C0+kD—r,
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IIpodo.tncenue

OtBepcTns ¢ pa3M“HBIMH KPAfAMH B CTeHKE C HeOr PAHAYEHHON Anarpamma
naomageio [4-13, 4-14) 4-18
1 2 3

rae Go=f(!) cm. rpadux @ wmm §=1,5+(2,4—7) x
x 107*W £ Al/D, ¢(1)=0,25+0,535P/(0,05+T7);
A CM. BTOpO#l pasaen

I=1/D, 0 [02 |04 |06 [08 |10

Co 2,85 1272 2601234 ]195]1,76

I=1/D, L2 |14 1,6 | 1,8 |20 |40

Co 1,67 | 1,62 | 1,60 | 1,58 | 1,55 | 1,55
Cpesannsre Re>10* {=/(7) cm. rpadux 6 wmm {=(1+./C)?, rae
O NOTOKY §'=0,13+0,34 -exp (—7,947—203,551%:3)
4
N ®
22 ~~.
) 1,8 |
] 0,04 008 072 06 (/3
a=40-60°

1=1/D, 0 0,01 { 0,02 { 0,03 | 0,04 | 0,05

& 2,85 12,80} 270 ) 2,60 | 2,50 | 2,41

I=(/D, 0,06 | 0,08 | 0,10 | 0,12 } 0,16 | 0,20

g 2,33 12,18 12,08 1,98 | 1,84 [ 1,80
3akpyriennsie Re>10%
no noToKy {=/{(7F) cMm. rpadux ¢ wmm §=(1+\/E)2, rae {'=
=0,03+0,47 -exp(— 17,73 7)

4

SR

2,2 \\\

- L8 ——
l,(f \
10
/] 0,0% 0,08 0,12 0,16 r/o,

r=r/D,|0,01}0,02{0,030,04{0,06{0,08{0,12,0,16 (0,20

G 2,7212,5612,4012,27|2,06(1,90]1,67|1,541,46




ﬂnad)parwm (oTzepctna) ¢ a00nIMH dopMaMu KpaeB LA PA3THUHLIX
yCAIOBHH MIEPeTEKAHAN MOTOKA B nepexomlou A JaMHHApHO 00J1acTaX
(Re=w,D,/v<10*=

Juarpamva

4-19

~J

Wiy £y May WD,Fﬂ Wy,F;:&
e 5

N

3. MIpu Re<10:
Ap 33
(==
pwp/2 Re
_ 4
Co.xn—-pw(z)/z’

1=

L,=[18,78—7,768F, /| F,+6,337(F,| Fo)*] exp {[ ~0,942— 7,246 F,/ F,

Ql.xn=

_Ap

Ap
pwi/2
{, cM. Tabi. 1 wm no Qopmyie

6=

Ap
pwi/2
2. Tlpu 10<Re<30 (=

1. Mpu 30<Re<10*=

+E0reC1xsy THE E€ore CM. HMKE.

33
pw1/2 Re

F

7

fore CM. TAbn. 2 mnm no ¢opmyne

£or

5

=X

i=0

a;(1g Re),

a,=—0,2648592; a,=0,2030479; a,=-0,06602521;

1. 3savemns (,

roe a,=0,461465;

10%) [4-16]
10 =22
pwi/2
F\*
=Cq,<‘}'7_;) +Eoreb 1 xa-
Ap 33 ‘
v0/2 R EoreGoxs U

ul, =

_bAp

33
pw1/2 Re

a,=0,01325519; a5=—0,001058041

—3,878(F,/F,)*]lg Re};

={,+E0relors U COOTBETCTBEHHO

2

—xak § npu Re>10* mo coorsercTByromum auarpammam 4-1—4-18;

F
2 Re -
F
30 40 60 102 [2-10%(4-10%] 10® [2-10°|4-10%] 10* {2-10*| 10% [2-10°] 10°
0 1,94 | 1,38 1,14 | 0,89 | 0,69 } 0,64 { 0,39 } 0,30 | 0,22 | 0,15 | 0,11 0,04 } 0,01 0
0,2 1,78 1,36 | 1,05 | 0,85 | 0,67 | 0,57 | 0,36 | 0,26 | 0,20 | 0,13 { 6,09 | 0,03 [ 0,01 0
0,3 1,57 | 1,16 { 0,88 | 0,75 | 0,57 | 0,43 { 0,30 | 0,22 | 0,17 } 0,10 | 0,07 | 0,02 { 0,01 0
0,4 1,35 1 099 | 0,79 | 0,57 | 0,40 } 0,28 | 0,19 | 0,14 | 0,10 } 0,06 | 0,04 } 0,02 | 0,01 0
0,5 1,10 | 0,75 | 0,55 | 0,34 { 0,19 | 0,12 | 0,07 | 0,05 | 0,03 | 0,02 |-0,01 | 0,0l | 0,01 0
0,6 0,85 | 0,56 ] 0,30 | 0,19 [ 0,10 0,06 0,03 | 0,22 { 0,01 | 0,01 0 0 0 0
0,7 0,58 1 037 4023 | 0,11 |1 0,06 | 0.0% | 0,02 | 0,01 | 0 0 0 0 0 0
0,8 0,40 | 024 | 0,13 | 0,06 | 0,03 | 0,02 |. 0,01 | 0 0 0 0 0 0 0
0,9 0,20 | 0,13 | 0,08 | 0,03 | 0,01 0 0 0 0 0 0 0 0 0
0,95 0,03 0,03 0,02 0 0 0 0 0 0 0 0 0 0 0
2. 3uadennn £yp,
101200304060 180 [10%]2-10% |4-10% [ 6-10% [10°] 2-10° | 4-10° | 6-10° [10* [ 2:10% | 4-10* | 6-10* | 109} 2:10% | 3-10° | 4-10°
0.34/0,3510.36{0.37(0.40]0.43]0,45} 0,52 | 0,58 | 0.62 10,65] 0,69 | 0,74 | 0,76 10,80| 0.82 | 0.85 | 0.87 {0.90} 0,95 | 0,98 | 1.0
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IIpodo.ixncenue

Huadparmet (otaepcTust) ¢ moGhiMu GopMavMn KpacR QNS priIHMHBIX HAnarpamma
YCNIOBHI NepeTeKanns NOTOKA B NEPeXOJHOH H JIAMAHAPHOH 06aacTax 4-19
(Re=w,D, [v<10*+10°%) [4-16]

Cor Egpe
2,0
18
16 \Fe
i 92
T 0,3
b \A L1} 84
(1
KL a5
52 1 a6
\ViraH
Lo UMY 48
/ 189
ool il o
FofFi =895
05 AR L LSy ]
” N
A N _J».f/
04 WA 7 S
\ N__| W\\
a2 N N "J\ NN
s HE.N ‘\ L N::N:s
0 Ny N 5:‘- e bl | M ::E._ i
2 461011 2 4 67011 2 4 6100 2 4 610/ 2 4 6Re
270'_ - x1g2 w10% - x10* 1%
Jnadparma B 1py6ax nps OOMBIIHX NO3BYKOBBIX CKOPOCTAX Junarpamma
(boapiunx uncaax Maxa) [4-34] 4-20
OcTpbic KPOMKH OTBepCTHIi:
A
- QME zpz=kMCa
y SPI WD:FO. fz'rrf= ?er : pwo/ [

rae { cM. muarpammsr 4-11, 4-12; ky=f(Ma,); Ma,=—; a;= [——
a,

CKODOCTH 3ByKa; kK cM. Ta6a. 1-4. Ilpw cpezaHHBIX HMAM 3aKPYyI.IEHHEIX

KpPOMKax OTBepCTHH cM. auarpammy 8-7

3uavenns k,,

Ma,

0 0,05 | 0,10 |0,15 | 0,20 | 0,25 | 0,30 | 0,35 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,65
02 | 1,00 § 1,09 | 1,30 - - — — — — — — — —
03 | L,oo | 1,03 | 1,13 | 1,51 — — — — — — — _ —
0,4 1,00 1,00 1,03 1,14 | 1,41 — -— — —_— J— —_ -—
0,5 1,00 1,00 | 1,00 | 1,03 1.10 1,27 | 1,85 —~— - - — - -~ -
0,6 ~| 1,00 1,00 1,00 1,00 1,05 1,14 | 1,30 | 1,77 - —_ — — — —
0,7 | 1,00 { 1,00 § 1,00 { 1,00 | 1,03 | 1,08 | 1,18 | 1,35 | 1.68 | — — — -
0,8 1,00 1,00 1,00 | 1,00 1,01 1,03 1,07 | 1,12 | 1,20 1,37 | 1,63 | 2,01 -— —_
09 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,00 | 1,02 } 1,04 | 1,07 | {,13 § 1,21 | 1,33 | 1,50 | L75

—
~J
[#2)



podo.ixcenue

Auadparma B Tpy6ax nNpm $oaAbWIMX JO3BYKOBLIX CKOPOCTAX Juarpamma
(6oabamx uucstax Maxa) [4-34] 4-20
K = ' =
y F=02-_J43| 34 q.f\v g5] grf| |g¢ F=q9. |
58 7
g / / /
td
i // [/ /
.2 / » ////,/ |
0 §05 810 815 §20 825 430 435 G40 945 450 455 460 465 My,
KoanexTop, BAe/lanHblii B CTeHKY € HEOrPAHRHYEHHOH ILIOMAALIO; Juarpamma

Re=w,D, /v>10* [4-27] 4-21

:
A
N \rioras

NN Jow

18 :
’ L
: \/\( \<Z ”0,/.7 472 \g20 | r/n =450

! [ or ¥ - / r/r / /[
e Gp=ho; U=fl=, =) e
A8 Grp D, C f(D, Dr> 7’,0 *=£
L oM. BTODNE paznen ' 92 6% 10 1% 38 272 26 30 g% /D,
Suavenns ('
/D,
riD,
0,25 0,50 0.75 1,00 1,25 1,50 1,75 2,0 2,5 30 3,5 4,0
0,02 | 2,64 ) 225 | 1,89 |. 1,68 | 1,60 | 1,56 | 1,54 | 1,53 | 1,50 | 1,50 | 1,49 | t48
0.04 | 220 1,70 1,42 1,37 1,34 1,33 1.33 1,32 1,32 1,32 1,31 1 1,30
0,06 1,90 1,30 1,23 1,22 ) 1,22 1,21 1,21 1,21 1,21 1,2]_ 1,20 I,ZQ
0,08 1,44 1,19 1,16 1,15 1,15 1,15 1,15 115 1,13 1.15 1,15 | 1,15
0,10 | 1,12 i,10 1,10 1,10 1,10 1,10 1,10 1,10 1,10 1,10 1,10 | 1,10
0,12 | 1,08 1,08 1,08 1,07 1,07 1,07 1.07 1,07 1,07 1,08 1,08 1,083
0,20 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1,04 1.05 1,05 | 1,05
Q.SO 1,03 1,03 1,03 1,03 1,03 1,03 1,03 1,03 1,03 1,03 1,03 | L,03
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OTBepcTHR B TOHKOH CTEHKE NpH HAIHYAK NPOXOJIAMEro MNOTOKA
(w,>0); Re=woD,/v=10* [4-28]

Jmarpavva

4-22

vt Woo

—éj?w&
W,

(]

Cxema 1
vv——gpe W o

\ éw"
wo \

Cxema 2 fTonowenue
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AW ALY 4 | ¥
1Y Wn'l/ y 7 Woo Q_/
g ‘$‘ N2
OO F
24 o (T 099
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Woc. —n. W —— W
)y o \| g Wo \ 1 £
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a)

Be3 xo3wbippkoB (cxempbl | u 2): [=

Wo '//,;)

cM. rpaduxku a—a.

C FKOo3bIpbKaMHU y KpYIJIOTO OTBepCTHS

(cxema 3): (=

XOBBIe CTpEJIKH)

3uavenus { gas cxembl 1 (rpadmx )

pwi /2
A. Otcocurie oTBepcTUs (BXOA w,— INTPHU-

Ap

pw/2

cM. rpaduku 4 u .

1/ Wm/Wo
a
0 0,5 1,0 2,0 3,0 4,0 5,0 6,0
0,17 2,70—2,80 | 2,75—2,85 2,95 4,00 5,20 6,65 8,05 9,50
0,5 2,70—2,80 | 2,65—2,75 2,85 3,35 4,15 5,00 6,00 7,00
1,0 2,70—2,80 | 2,65—2,75 2,85 3,35 4,15 5,00 6,00 7,00
2,0 2,70—2,80 | 2,65—2,75 2,85 3,20 3,80 4,50 5,20 5,95
6,0 2,70—2,80 | 2,55—2,65 | 2,65— 3,15 3,55 4,15 4,75 5,45
2,75
z N
e (XEMA F
g @ -—6‘xma2/ @
g
d tfa=4q17 / )
-4
g 7
7 /
a f 7 q / A
7
. /// ?/ 5 p. i
4 g : / /
J 7 AN
e
2 - )
0 7 2 J 4 5 Woo/Wy 0 7 P) 3 b Woo/Ws
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ITpooo.tnceiue

O'TBepCTH;I B TOHKOH CTeHKe fpH HAJIAYAH TWPOXOJIAINIEro NoToKa Anarpavma
(wm > 0); Re=w,D /v=10* [4-28)] 4-22
3uavenne { aas cxemsl 2 (rpadux 5
[lonoxXeH#e W,/ Wo
oTBEpCTHA
0 0,5 1,0 2,0 30 4,0 5,0 6,0
N 1 2,70—2,80 | 2,70—2,80 | 2,80—2,90 3,50 4,10 4.95 5,75 6,70
Ne 2 2,70—2,80 | 2,55—2,65 | 2,60—2,70 3,40 4,05 495 5,75 6,70
3uavennsn { gas cxemst 3 (rpadux &)
—
Wc.o/WO
Kpupas
0 0,5 1,0 2,0 3,0 4,0 50 6,0
a 495 5,75 6,60 8,45 10,0 — — —
b 2,73—2,85 4,00 5,00 6,50 7,80 8,95 10,0 —
8 2,16—2,20 | 2,60—2,70 3,20 4,20 5,20 6,20 7,2 8,2
b. TlpuTo4Hble OTBepCTUS (BBIXOL Wo— CIUIOLUHBIE CTDPEJIKH)
3navenns { aas cxemut 1 (rpadmr 4)
wylw
e | o
0 0,5 1,0 1,5 2,0 3,0 4,0 5,0 6,0
0,17 2,70— 2,50— 2,45— 2,55— 3,05 4,75 7,00 9,00 | —
2,80 2,60 2,55 2,65
0,5 2,70— 2,40— 2,25— 2,45— 2,80— 4,10 5,70 7,30 | 9,00
2,80 2,50 2,35 2,55 2,90
1,0 2, 70— 2,25— 2,20— 2,25— 2,60— 3,65 5,00 6,50 | 8,00
2,80 2,35 2,30 2,35 2,70
2,0 2,70— 2,25— 2,05— 2,05— 2,40— 3,35 4,50 5,80 | 7,25
2,80 2,35 2,15 2,10 2,50
6,0 2,70— 2,25— 2,00— 1,90— 1,90— 2,25— 2,75— 3,30 | 3,90
2,80 2,35 2,10 2,00 2,00 2,35 2,85
FMavenus { s cxembl 2 (rpadgur )
TTonoxenne W[ Wo
OTBEPCTHH
0 0,5 1,0 1,5 2,0 3,0 40 50 | 6,0
No 1 2,7—2,8 | 2,25—2,35 | 2,0—2,1 | 2,05—2,15 | 2,5—2.6 35 4,95 16,45(7,90
Ne 2 2,7—2,8 2,4—25 2,1—2,2 | 2,05—2,15 | 2,1—2.2 | 2,5—2.6 l3,00 3,60 14,20
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ITpodo.xcenue

OTBepcTsi B TOHKO# CTeHKe NPH HAJIAYHH NPOXOJALIEr0 NOTOKA HAnarpavma
(We>0); Re=woD, /v10* [4-28] 4-22
l
@
: : Cxema 1 A 7
//“\
——— fXeMQ 2
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5 £/
*" NP7
) \ |
P W /
30 Z.
== L/
10 {9
)
0 10 20 30 40 7 Woo/W, ZM/
] 1 g : 40 Woo/Wp 7 7 2 7 P 5 Weu/W,
3navesrns { pum cxemm 3 (rpadgmx o)
Wm/Wo
Kpusas
0 05 - 1,0 1,5 2,0 3,0 4,0 50 6,0
1 4,75 4,40 4,05 3,85 3,85 4,40 | 535 | 6,55 | 71,75
2 3,00 3,00 3,00 3,00 3,15 4,00 | 5,65 | 6,45 | 7,70
3 2,16—2,20 | 2,05—2,10 1 2,10—2,20 { 2,35—2,45 | 2,65—2,75 | 3,50 | 4,75 | 6,20 | 7,55

CrBoprn  {4-5] JAnarpamMma
4-23

-BeITAXHaA oguHapHas BepXHENoOABECHasd
CTBOpKa

Ap
pw3/2

L=

[.s— DSTHHA CTBOPKM; wo=0/F,
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Hpooo.ixcenue

CrBopxn  {4-5] ﬂnarpa;mma
4-23
[4
. .
26 :”_'°° @ 3uavennn { (rpapuk 2)
bers
22 \ . o’
78 <Ta
’%0 bc?n
74 15120 125130 145]60 90
10 \\ '
\%J 1,0 |11} 6,3| 4,5/4,013,0(2,5]2,0
PAMEAN 3 2,0 [17)12 | 8,5[6,9{4,0{3,125
oo {3016 |11 |8,6(4,713,312,5
2 7
15 25 J5 45 55 65 75 85 of
Z
lere @
[pYTOYHAs OJMHAPHAS BEPXHEMOJBECHAS CTBODKA 70 X brrg =0
3uavenun § (rpajux &) 26 \
" 22
lc'!'l r& \\
P \\}(,;a
15120 ) 2513045160} 90 14
\&
1,0 {16{ 11 8,5/5,7(3,7{3,1]2.6 70 \\\
2,0 1211131 93i6,9]4,013,22,6 5 \‘\‘\\
oo |(31] 18 [12,5/9,2(5,213,512,6 2 J

52 I 45 55 65 75 &sa’

4
56 o
OpnnHapHas cpeqHenoABeCHas CTBOpXa bcre
‘ 48
3uavenua { (rpadmx ¢) \
“I\
b i 32
A\
151201251301 45 |60 ] 90 V\
16
1,0 (46|26 [ 16 |11 [5,0]3,0(2,0 s 70 \
w |59135]21]14(50(3,0]24
::

I5 25 35 45 55 &5 W &5«

181



Tlpodo.ancenue

CrBopkn  [4-5] Juarpavivia
4-23
. 4
[BOiiHbIE CTBOPKH HAa REPXHEM MOIBECE Jof lerd _,p @
L'Ta ’ B
3uavennsn { (rpadwx o) 26 \/
o 2z
ICTB \
ber o
151 20125 {30 {4560 |9 4 \
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2,0 (3121 |14 {9,8]5,2(3,5{24 5 N
. 7/ \\
2 1,0
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4 . @
__C_TF_=0°
56 \/bz‘rﬂ
3navenns § (rpadmx J) 48 \
o 40 \
lc'rn 32
bcn - \ 210
15{20 | 25130 ]45|60 |00 2% iy
76 ™\ ¢
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2,0 (4424 15 {11 16,0|4,0]2,8 8 —
o |5936 24 117 |8,6(57|2,38 ’ =t
15 25 J5 45 55 §5 15 85«°
Pewetka (kanro3miiHas) ¢ DOBOPOTHBIMH OePbSAMH B CTeHKe HeorpaHm4yeHHoi JAuarpamma
naowann; f~0,8 (oNmoe OTKpPbLITHE :KAAHO3H) 4-24
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Pabouass uacTb (OoTKpPbLITAA) adponHamMuueckoil Tpyowt [4-[] Juarpavma
4-25
_,,,_:11/ Jas npaMoyrofibHuKa
wo,Fo | _ daghy
- . ©ay+by’
—— -
LP;\\{:\“\ A QJUIMICA
D dayb,
4F, e —
Dr=_11_o 1,5 (ao+b0)'— aobo
Q

rie 4o M by—CTOPOHBI NPSMOYIOIbHMKZ WM I[OJTYOCH 3IUTATICA.
Kpyrioe (and TpSMOYTONBHOE) CedeHHe:

A Ly Lo \?
(= 4 =0,1%———0,008(p') CM. KpHBYIO C=f([p'“)

pwd/2 . D, D,
[_B_q O 0,5 1,0 175 210 215 370 335 4’0 4’5 5’0
o 0 0,04 0,08 0,12 0,15 0,18 0,21 0,23 0,25 0,27 0,29

0,24 : /

0,20

0,16 ,/

DIUTMNTHYECKOE CEYCHHE:

A Ly L.
(= =0,14522-0,0017 - o2
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0,08
0,04
g W40 30 lpq/DF
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PA3OEN IIATBINA

COIMPOTUBJIEHHUE ITPF: TEYEHUNK C IMJAABHLBIM M3MEHEAUEM
CKOPOCTH (KO23®OUIIMEHTbI CONPOTUBJIEHUA AU®PY3OPOB,
KOH®Y30POB U APYTHUX MNEPEXOAHBLIX YYACTKOB)

5-1. THoscuenus
N NpaKTHYECKHE PpPeKOMEeHIANHH

Anddyzopsl B ceTn

1. [ins mepexofa OT MEHBIUErO ceueHuf TPyOh
(xanana) x GossiueMy (mpeobpa3zoBauus KUHETH-
YeCKOR JHEPrMH TMOTOKAa B NMOTEHHUANBHYIO WM
JMHAMAYECKOTO MABICHHS B CTaTHYECKOE) C Mu-
HAMAJIBHBIMH HOTEPSIMH IIOJHOIO  JaBJICHHSs
YCTaHABIMBAOT IUIABHO pacHIMpsIOMMiicS yuac-
Tox — muddysop (puc. 5-1)*1. Benencraue Toro,
410 B muddysope ¢ pocTOM WIOWIAAM MOHepey-
HOTO Ce4YeHHs CpEeaHAs CKOPOCT: IOTOKA mnpH
yBEJMYEHUH YIiIa PacHIMpeHHS o Mafaer, oduiuit
ko3dduumenT conpoTusnenus maddys3opa, mpu-
BENEHHBLIH K CKOPOCTH B Y3KOM (Ha4aJIbHOM)
CedYeHUH, CTAHOBUTCH N0 ONpEAesICHHBIX MpeesI0B
® MEHBLUMM, YeM /1S Takoil kK€ IIHHB y4acTKa
TpyOBI MOCTOAHHOrQ Ce4EHHA ¢ IUIOIAfbio, PaB-
HO#l HavaTLHOM IUIOHIaAM cevyeHus Iuddysopa.

Haumnag ¢ HexkoTOporo yrna pacliupeHHs
anddysopa 3amaHHON IUIMHEBL, AalLHEHIIEE yBe-
MUYMEHHE JTOTO Yrila 3HAYATEIbHO MOBHILIAET
K03 UIMEHT CONPOTHUBJICHHS, TaK 4TO OH CTAHO-
BMTCS BO MHOTvu pa3 GAssmHM, deM [Ans npsMoit
TpyObl TOI X€ AJIMHBL

2. BospacTtanue koadpHINEHTA COMPOTHBIEHNS
mahdysopa 3amanHON ANMMHBI C AAJbHEAIIAM

*1 OCHOBHBIMH reOMETPHYECKHMHU XapaKTepPuc-
TvKaMH mudpy30pOB € MNPAMBIMHA  CTEHKaMH
ABJIAIOTCS Yrojl paclUMpeHus o, CTEreHb pacllly-
perud n , = F\[F, 1 OTHOCHTENbHAS AnuEa [,/ Dy,
S5TH BeIMYUHbLI CBA3aHBI MeEXAY coboil cooTHO-

!
R
IeHUSIMH, JUIS KOHHYeCcKoro Auddyzopa ~—=
0

—1 /

=—%—— nna unockoro mubdysopa —
2tga/2 a,
n,—1

T tgas2’
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YBEIMYEHMEM YIJIa PACUIMPEHMSA BHIZLIBAETCS YCU-
JMBAIOMMMCH TYPOYJIEHTHBIM IEPEMELIHBAHMEM
IIOTOKA, OTPLIBOM TOTPAHUYHOLQ CJI0K OT CTEHKYU
mnboy3opa M CBA3AHHBIM C 3THM CHJIBHBIM
BUXpeoOpa3oBaHueM.

[Morpann4neii Cc0#f OTPLIBAETCS OT CTEHOK
(cM. puc. 5-1) non Bo3eHCTBHEM NMONOKHATETLHO-
ro Tpadg¥eHTa MdaajdeHus BAOAbL mupdy3opa,
BO3HMKAIOIIETO BCJCJACTBHE MNaJCHHS CKODOCTH
IIpH YBEJIHYEHUH TIONEPEeYHOTO CEUEHHUs (corjlacHo
ypaBHeHMIO Bepuymnm).

3. [lpy MNOCTOSHHBIX YCHOBHMAX TEUCHHA HA
BXOJE M ITOCTOSHHOM OTHOCHUTENBHOH tHHe [
28) 3 CTeNneHu pacilpenns nuddyzo-
pa n,,=F/F, ysenuuenue yria pacClIUpEHAL,

o2 Wk

Wa Fa o
S

7 {

a=180°
Puc. 5-1. Cnextp notoka B nuddysopax ¢ pas-
JHSHBIMU YrA2MHE paclidpeHus npd

n,, =F /F,=33 [5-48]



pauuHas C a=0", TPUBOAUT TNOCIEAOBATEITLHO
K qCTblpCM OCHOBHbBIM pC'IKHMaM TEYCHH A

a) ycroﬁqusbrﬁ poxkuM; 6e30TpLIBIOE TeueHHE
(«Ge30TPBIBHBICY madohy3ope);

6) pe)l(ﬂl\/[ (& GOHLUJHM HCYCTAHOBUBILIHMCH
cpbiBOM MOTOK2, KOTH2 paimep 30HBl U WHTEH-
cuBHOCTh OTpBIBA HM3MCHAIOTCS BO BPEMEHH
(peuM CHITBHO NyTLCUPYIOLMX TeYeHuH, nudpdy-
j0pbl € MECTHBIM OTPLIBOM HOTOKa),

B) PeXHM NOJHOCTBIO DA3IBATOTO OTPHIBA TIO-
roka, KOTJIa OCHOBHas wacTh Ju¢poy3opa 3anara
oGIMPHOR 30HOA 06paTHOR MHPKYyNIAMH (and-
(y30pel CO 3HAYUTETLHBIM OTpBIBOM MOTOKA);

[) pekMM CTDYHHOrO TEYECHHS, MPH KOTOpPOM
OCHOBHOM TIOTOK OTOpBAH OT CTEHOK AH¢ppy3opa
no BceMy TNepHMETpY (muhdy30phl € MOTHBIM
OTPBIBOM MOTOKA).

4. Hauano oTpeiBa B muddy3ope 3aBHCHT Kak
oT ero FeOMeTPHHYECKMX NapaMeTpoB, Tak H OT

WO Dr

pexuMa TEYCHHA | MHCE] Peitnonbaca Re=

n Maxa Ma0=l:—9> M COCTOSHMS TIOTOKA Ha
1
gxome (TOMUMHBl BHITECHEHHS TMOrPAaHHYHOTO
cros &*' MAM TOMIMHBI «IIOTEPH HMITYJIBCAN»
$*2, creneHd TypOyJeHTHOCTH W T. T.). OmbITEI
. E. Ugenvunxa n A. JI. Tunz6ypra [5-54] mo-
Ka3bIBAIOT, 9TO NPH HANMYMH KOHHYECKOro aud-
dysopa ¢ yrioM a=4°, I[OMEUICHHOIO KaK
HEMOCPENCTBEHHO 32 IUIABHBIM  KOJUIEKTOPOM
(uet npocTasky: lo/Do=0 ¥ TONMIHMHA BLITECHEHHA
MOrpaHUYHOrO CIIOA Ha BXoze d * =0), Tak ¥ paneko
3a HuM (AMeeTCs mOpsMas npocTaBka: lp/Dg#0
u 5% #0), He HabMoAaeTCA OTPHIBA MOTOKA HA BCEl
amage mapdysopa Jake HA JUIMHE, COOTBETCTBY-
jolnedl CeueHMIO C OTHOMHIEHMEM TOmanei
n,=F,/Fy=16 (puc. 5-2). «PasMmbiBaHHE» IOTEH-
UHANBHOTO fAfpa (AApa NOCTOAHHEIX CKOPOCTEi),
HAIYHE KOTOPOIO ONpEAe/seT UIMHY «HaqyaILHOr0
yyactka Juddy3opar», T. €. YIaCTKa ¢ HeCTaOHIM3H-
DOBAHHBIM TEYEHHEM, M- COOTBETCTBYIOLICE «BBITA-
ruBanye» BCero Ipoduis CKOpPOCTH B Ciaydae
[o/ Do =0 3aKaH4MBAIOTCS IPHMEPHO NpH 7™ =6+ 8.
3a 3TMM CeyeHHMEM, T. €. Ha yJacTke CTabuIM3upo-
BAHHOTO TeueHHA (Ha KOTOPOM IOrPARMYHBIA CNOH
3ANONHAET BCe ceueHye), HAUMHAETCH 3aMETHOE
BBIDABHMBAHHME BHITSHYTOrO MPOQHIs CKOPOCTH.
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o= [(1-5) o
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Puc. 5-2. Tlons ckopocreii mo amamerpy II—II

PA3IMYHBIX cedeHui (Pa3IMYHLIX 71,) KOHHYECKOro

muddy3opa mpu a=4° n Re=(4+5)-10° [5-54]:
a—1,/D,=0; 6—1/D=20

5. Ipu Hamu4uKd OpsAMOH MpocTaBkH (Iy/Dgy#0)
[JMHA HavyaJpHOTOo ydacTka auddysopa (¢ AApOM
NOCTOSHHBINA CKOpocTel) cokpamaerca. Hampu-
Mep, opu [)/D,=20 nm a=4° AApO COXpAHACTCA
TONBKO A0 n*=4 (cM, puc. 5-2). B coormeTcTBHH
C 3TuM OpodUITH CKOpPOCTH B LEJIOM B IEPBHIX
CeYEHHAX HAYANBLHOTO ydacTka MoJIy4aroTCd 3Ha-
yATeNbHO 50Jiee BRITAHYTHIMH, 4eM mpH /Dy =0.
B mocneayronmx cedeHMsX 3a HayaJbHLIM y4acT-
KoM (n*>6) npodumn ckopoctu mpu [y/Dy#0
CTAaHOBATCA OoJlee BRIDOBHEHHBIMM, HEM IIpH
lo/Dy=0", 49TOo MOXeT OBITb OOBACHEHO HHTEH-
cupukamdedi  TYpOYJEHTHOrO  NepeMellMBAHAA
MOTOXAa.

6. Mo Mepe ysemuuenus o (mo 10—14°),
COTTACHO TeM e ONbITaM, Be/IMYMHA R, NpH
KOTODOH eme CcOXpaHsAeTcs SApPO MOCTOSHHBIX
CKOpOCTEH, yBENHuMBAeTCA (TaK XaK JIHHA AH(p-
dy3opa nMpH TOM Xe n, yMeHblIaeTcs). Bmecre
C Tem UpH YKa3aHHBIX YrlaXx pacIIMpeHHs
M ompejelleHHBIX MMMHAX /o/D, moABAAETCA OT-
pbIB TMOTOKa JaXe MpH COXPaHEHHH sapa MoCTo-
AHHBIX ckopocrelt (puc. 5-3—35-5).

7. Jlaa npaxtmdeckux neneil ofmacte 6e30T-
pHIBHEIX 1updy30poB, KaK TPOCTPAHCTBEHHBIX,
Tax M IUIOCKHX, MOXHO C OMNpeNe/IeHHOH
TOYHOCTBIO BBIJEJATH C IOMOLUBIO PHC. 3-6.
Kpusblie /] ¥ 2 Ha pHC. 5-6 TIOCTpoeHBl Ha
ocHoBaHMH O006IuEHHS peE3y/ibTaTOB MHOrO-
YHC/IeHHbIX OMmbITOB [5-36, 5-54, 5-129). Kpusnie
pazgenstor Bco obmacrs a=f(n,) Ha nOBe
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Puc. 5-3. Tlona cxopocreii mo guamerpy I—1

pa3siM4HBIX CEYEHMH (gamuqmﬂx 1) KOHHYECKOro

aupdysopa npa a=8° u Re=(4+5)-10° [5-54]:
a—1,/D,=0; 6—1,/D,=10

yactn: Oe3zoTpeiBHLIXx guddyzopoB  (oOmacth
I) u otpemBHbix guddy3opos (obnacts II).
Kpueas I otHOcHTCH Kk Oonee GraronpusTHHIM
ycnosusam Bxoma (l,/Dox0 ; 83=0). Kpusas

I
/) W
TR
ZANT 1 7Y
£1 AR
ginvulirivi
4 i Qi gmmtemOn,
4 Lo/0) f
fd 0 ) F Vi
0 10 - 0
2 § /]
a 0 0
-r/R-06 ~G2 42 45 r/R -r/R-G6-02 42 4§ r/R
a) 5)

Puc. 5-4. [Tons cxopoctell B xoHMuecKoM auddy-
sope mpu a=10° no cevenno n,=4 opu Re=
=(4+95)-10° u pazamuneix /D, [5-54]:
a— puametp I— L 6— pwamerp UO— U
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Puc. 5-5. ITona ckopocreit B koHMYeckoM guddy-
3ope npu a=10° no cewenmo n,=4 npn Re=
=(4+5)-10° u pazmumerx L/D, [5-54]:
a—puamerp I—F 66— pwamerp O—1T

2 OTHOCHMTCH K CiIy4ar0 YCTaHOBKM aubdysopa
33 AAMHHBIM BXOMHBIM YYacCTKOM, NPH KOTOPOM
83/ Dy>>0.

8. OTpbiB moTOKa OT CTeHOK gupdy3opos
C yroaM# paclIupeHus INpumepHo no a=40°
HA4WHAETCH, KaK IPABHIIO, He MO BCEMY NepUMer-
py cedenus, a B Toif o6iacty, rAe mno TeMm
WM MHBIM NpUunHaM (HecnMMeTpus muddysopa,
HECHMMETPHYHOCThL NpoQUIIsa CKOpoCTedl Ha BXO-
I€ ¥ T.I.) CKOPOCTL MOTOKA B NUPUCTEHOYHOM
CJIoe MEHBUIE, YEM B APYruX 0DIACTAX CeueHHUS.
Kak Toneko oTpelB mpou3omlen Ha OXHOHN
ctopoHe muddy3opa, nanbHeilee NOBLIUCHUE

CTaTH4ecKoro JgasleHua sRoib  nubdysopa
“0
26. L \
NEE

L \\\
NTT—

2
25 35 45 855 m
Puc. 5-6. O6nacTu OTphiBa NOTOKa B AM(dY30-
pax:

1— 1,/ Dy~ 0; 2—1,/Dy>0 [5-54, 5-129]
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Puc. 5-7. Hoas c¢xopocreit B xonuveckom auddy-
jope Opn o= 20° oo ceyennio n.=4 npn Re=
=(4+5)-10° n pasamunbIx I/ D, ]5—54]
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Puc. 5-8. Tpoduiu npusenennoii ckopocTi B BbI-

XOJHOM cevenun BACcKuX Anpdyzopos npn f=0

W a=4; 6 u 8% A —npuBeJeHHAs CKOPOCTh Ha
BbIxoge u3 gudysopa

rnpexpauaeTcs ud oc1adadercs, 1 OTPBIB MOTO-
ka OT nosepxHocTH auddy3lopa Ha NPOTHBONO-
JIOKHOH CTOPOHE yXKe H¢ BO3HHKaer. IT0 06CcTOos-
TeNbCTBO 00YCI0BIAMBAET HECHMMETPHYHOE pac-
NPEJeICHAE CKOPOCTEN MO CeYeHHsIM Auddysopos
(cMm. puc. 5-1 n 5-3).

9. B cummeTpuyroM muddyiope ¢ cumMMeTpuy-
HBIM npoduieM cKopocTeil Ha BXOJE OTPbIB
NOTOKA OT CTEHKM BO3HUKACT IIOTNEPEMEHHO TO
Ha OJHOH, TO Ha ApYrod cropoHe auppy3opa
(puc. 5-7), 4TO NPUBOAMT K 3HAYUTENLHBIM KOJlE-
0aHdAM NOTOKA B IEJOM.

10. Ha puc. 5-8 nmoka3zaust npodnnu npusegeH-
HBIX CKOPOCTEH A, =Ww;/a, , Ha BBIXOJAE U3 ITOCKUX
auPy30poB ¢ yriaMu pacumpemm a, paBHLIMH 4;
6 u 8° u [y/Dy=5,8 kaKk 19 3ByKOBBIX CKOpPOCTei
TEYCHHA, TAK M [JIA CBEPX3BYKOBBIX B HadaJibHOM
vacty quddysopa (o onsiraMm E. JI. Beapkuuxoro
{5-6]). o HexoToporo 3HauyeHHs pf B KaMepe
HalAyBa (Ueped BXOAOM B MpsAMoit BXOXHOR
y4acTOK), COOTBETCTBYHOUIEr0 00pa30BaHMIO B Ha-
yaJbpHOH YacTu auddyzopa mecTHOlM cBepX3BYKO-
BOH 30HBI, He HabmiopmaeTcsa OTPBIBA IOTOKa OT
CTeROK aHGpdy3opa (OTPHIB «HU3-MOL CKAYKa»),
H Tote ckopocTedd Ha Beixome u3 auddysopa
ocTaeTca paBHoMepHEM. OnHako, HAYHHAS C HEKO-
TOPOI'O NMOIOKEHUA CKAYKA YIUIOTHEHUA, 3aMblKa-
FOLUErO MECTHYIO CBEPX3BYKOBYIO 30HY, TPOUCXOIUT
OTPBIB H pe3Koe BO3pAacTaHHe HePpaBHOMEPHOCTH
MOt CKOPOCTEH B BRIXOOHOM cedeHuH nubdysopa.

11. Koadpduumentsr comporneienus auddyso-

pos {,= Kak M CTPYKTypa NOTOKa B HHUX

B

wh)2’
U OTpLIBHRIE SBJCHHSA, 3aBHCAT OT MHOTHX
HapaMeTpOB, OCHOBHEIE M3 KOTODBIX — YFOJ pac-
muperds o (a1s auddy3opos ¢ NpIMOIMHEHHEI-
MU CTEHKAMH); CTENEeHb PACIUUPeHus ny, =F /F,;
dopMa nomepedynoro ceuenus; ¢opma obpasyro-
melt; TOMIMHA MOTPAHMYHOrO Cnos (TOMIMHA
HOTEPH HMIyIhCa) HAa Bxoge; (opMa mnpodums
CKOpOCTell Ha BXoje; CTelneHb TYPOYIEeHTHOCTH
MIOTOKa HA BXOXE, pEeXUM TedeHus (uucmo Peii-
HonbAca Re) kax B TIOrpaHAYHOM Cloe, TaK
M B OCHOBHOM MOTOKE; CXKMMAEMOCTh MOTOKa
(mcmo Maxa Ma,).

12. Bnusuue uucia Pelfimonsaca Ha ko3ddu-
IHEHTEl CONMpOTHBIeHUA AA(QPY30poB pPa3NU4HO
IS pasHbIX YraoB pacumpeHns. B ciydae
Be3oTpeiBHBIX MG DY30pOB XapaKTep 3aBUCUMOC-
Teil {,=f(Re) 61m30K K XapakTepy 32BHCHMOCTH
A=f(Re) mpameix TpyG: 3Hauenus (, NamaroT
MOHOTOHHO ¢ poctom Re (puc. 5-9).

C ysenuyeHWeM yriaa pactumpeHus oubdyso-
poB 3aBucuMocTh 4, oT Re ycnmoxusercs
(cM. puc. 5-9), Tax kak HAYMHAET CKa3bIBATHCA
BIIMSHHE OTpbIBA IIOTOKA OT CTEHKM KaHana.

13. [Ipu ycranoske andhy3opoB He TOJBKO
C MalbIMH, HO M € MHOCTATOYHO OoabLUMMH
yriIaMi ¢ HEMOCPEACTBEHHO 32 ILTABHBIM KOJ-
snexropom (ly/Dy=0) TedeHue B MOrpaHUYHOM
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Puc. 5-9. 3asncnMocTh kodhdpuMeHTa ConpoTHRIenHs 4 { xoumeckoro nuddyzopa or 4ncaa Re upu
n,=4 n pazammnix o a L,/D, [5-54):
I—a=4% 2—a=10% 3—a=30°

cioe nudody3opa Ha HexOTopoM pacCTOSHHMH 32
BXOOOM COXpaHseTcs JIAMHHapHBIM Jaxke MpH
ycnax Re obmero moToka, CyINECTBEHHO
66piMX KpHTHICCKOTO wHCaAA Re,,. 310 obyc-
JIOBNMBAET, XKaK W AN A OpAMBIX TpyO, Gostee
rnyboxoe mnageHHe C YyBelddeHHEM Re Kko3g-
(uumueHTa CONMpOTHBJIcHUs O€30TPHIBHBIX aud-
tdyzopor u mupdy3opoB ¢ MECTHRIM OTpHIBOM
noroka (o< 14°), geMm ecid OB OHO MOJYUHIOCH
NpH NOJHOCTBIO TYpOYNEHTHOM peXHME B IO-
rpaHMuHOM cjloe Ha Bcell mmuHe muddysopa.

14. [Ipy HamuyM® MpsAMOH MPOCTABKM [OCTa-
TOYHOW [IIHHBI MEXJY IJIAaBHBIM KOJLIEKTOPOM
u paddyszopom: 1) gomomHHTEIBHO TYpOyau3H-
pyeTcs MOrpaHu4HbIA cioif B Hauane aupdysopa
(puc. 5-10); 2) ysenmuuusaercA TOJINMHA Torpa-
HHYHOTO CJOA (M COOTBETCTBEHHO «BHITATHBAIOT-
csa» npoduIM CKOPOCTH) yXKe Ha BXoxe B IHD-
by3op (cM. rpadpux 6 muarpammmer 5-1).

062 3TH (akTOopa OKa3bIBAIOT NPOTHBOMOIOK-
Hoe pelicTBMe Ha conportuBsicHHe mubdysopa.

15. llpn mouHe OpsiMoif MPOCTaBKM NMPHMEPHO
mo lo/Dy~10 nmpeobnamaronaM sBISETCS Iep-
B (axtop. Ilpu 6GOnbux 3HaueHHAX [o/D,
pauaHde nepsoro ¢axrTopa craduimsupyerct,
B TO BpeMs Kak BJHfSHHe BTOpOro (axropa
NpPOJOMKAET HECKOJLKO pacTu. B urore mnpm
JajbHefleM ypessvenud [/ D, ycTaHaBiIHBaeTCs
NOCTOSHHOE BJHsAHHE 9TOrO Napamerpa (IocCTo-
AHCTBO OTHOWIEHHA Kk, =C,; .o/0yy =0, YUYHTHI-
BaOLIEro BJiMsHUE NpeAllecTBYIOmMX muddy3opy
npsAMBX A (acoHHBIX YYacTKOB) HIM Oaxe
HEKOTOPOE CHIKEHHME €ro BIMAHMA HA CONpPOTHB-
nerne 0Ge30TpeBHBIX Aupdy30pos.
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16. YTonlleHHe NOTPAHHYHOrO CIOSA HA BXOHE
B nubdy3op cnocobeTByeT Gojlee paHHEMY mOsB-
JICHHIO HEYCTORYMBOCTH IIPHCTEHOYHOrO o4,
NEePHONUYECKOMY CPhIBY OTACIBHLIX BHXped. Uem
Oonsire yronm paclumpenus audpdy3opa, TeM
CHJIbHEC 3TO ABJICHHE, I0KA NPpH ONpPEAENCHHBIX
3HAYeHHAX o HE NPOUCXOAMT HOMHEI OTPHIB
MOTOKa OT CTeHoK. Bce 3TO, B CBOHO O4EPENh,
noBbitiaeT o6Iuee conporwBieHne nuddysopa.

17. dns muddysopos ¢ OoMbIIEMH  yriamu
PACUIMpEHHs, TIPH KOTOPHIX TOTOK MHOJHOCTBIO
OTpBIBAaETCA OT CTeHOK (o> 14°), BOMAHME 4HCIa
Peltnonbaca m ycmoBuit BXona Ha W3MEHCHHE
ko3 duunenta conporusnenns obycnosauBaeTcs
HECKONBKO MHBIMH (paxTopaMu, a MMEHHO: Iepe-
MellleHHeM TOYKH OTDPHIBA BHOAb CTEHOK mudbdy-
30pa ¥ H3MEHEHMEM TOJIUMHBI CPBIBHOH 30HBI
BMCCTE ¢ H3MCHCHHCM DEXHUMA TCYCHHA B HOrpa-
HUYHOM CJIO€.

1o/ 0y=085

RN -

)

lo/0,= 685

Puc. 5-10. Hamenenne npomombHOH mylbcaud-
OHHOU CKOpoCTH W =W /W, BO BXOXHOM Ce4enHH
muppy3opa ¢ HIMEHeHHEM OTHOCHTEJLHOH [IHHB
npaMoro BXoaHoro ysactka l/D, [5-172, 5-173]



|8. Yka3aHHple OOCTOSATENBCTBA ONPEAEIIOT
c0XHBIH X2paKTep KPHBO#1 CONPOTHUBIIEHHA OT-
pHIBHBIX AHpdY30pOB, TOMELIEHHBIX HEMOCPECT-
heHHO 32 IUTABHBIM KOJUIEKTOPOM, T. €. Mpw
lo/Do=0' [pu ouens mansix Re (puc. 5-11)
BCHYEHHE OTOTO WHCNA NDUBOZMT  CHAYAA
x pe3koMy NaneHHIo kodgdunuerTa £, °, noka ox
{e NOCTHTHET OMNDENENCHHOro MUHHMyMa (yvac-
rox A, puc. 5-11, @), 3aTem L, HauumaeT pesko
p03paCTaTh N0 MAKCHMAIBHOM BeMMIMHEI, KOTO-
pasi HACTYNAcT B Mpefelax Re=(0,8—-1,4)-10
(y4aCTOK b5). 3a aTuM MaKCHMyMOM Ha4MHaeTCs
yosoe pe3koe majenue G, (KPH3HC COMPOTHBIIE-
aug), noka npd Re ~3,3-10° me nmocturaercs
pTOpOH MHMHHMyM 3HauYeHHH £, (yuacrox B).
[locne 3TOrO MHHEMyMa xodbduiment {, Haun-
yaeT ONATL BHRYAJIE CPABHHTENBHO pedko (yyac-
tox [), 3areM HesHaunTensHo (yyactok JJ)
803PacTaTh C YBEIMYCHHEM Re.

19. Yuactox A4 xpusoii I (cm. puc. 5-11, a)
COOTBETCTBYET 0E30TPLIBHOMY JIAMHHADHOMY Te-
yenuto, korga kosdduumenT conpoTHBIcHUS 06-

*1 B xauecTBe MpUMepa paccMaTpuBaeTcs AUG-
¢by3op, yCTaHOBHeHHbIﬁ Ha BBIXOJE M3 CeTH, A
xotoporo {, NMpeacTaBigeT coG0H xoapduuueHT
[OJIHOTO CONMPOTHBNEHHUS (YYHTHIBAIOMEIO W HO-
Tepd JMHAMHMYECKOTO JaBIEHHA HA BBIXOJE).
AHaJIOrM4HOE fBlcHHe HaOmopaeTca H B Au]-
dy3opax, MOMEMEHHbIX B CETH, T.e. Ui, K03¢-

paTHO TIponopuMoHalten 4mcdy Pelinonbpfca,
a y4yacTok 5 —pa3BuTHIO OTpPbIBa JIAMHHAPHOTO
norpaHuydoro ciof. Maxcumym §, oTBevaeT
MOJHOMY JaMHHapHOMY OTDBIBY, KOTODBIH Mpo-
HCXOAUT HauOoliee OJIM3KO K BXOJHOMY CEHEHUIO
mabdyzopa. Tlpn naMuHApHOM peKMME. 30HA
OTPBLIBHOTO TeueHHA MNOAy4aeTcs Haubonee 06-
IIMPHOM KaK BCJIEJCTBUE €€ IONEepPeYHbIX pa3me-
pOB, Tak M  BCJIEACTBUE  MPOTHKEHHOCTH
(puc. 5-11, 6, obnmacTy o), a XHBOe CEUEHHE
OCHOBHOTO NOTOK2 HAMMEHBIIMM, OTCIO/1a W MaX-
CMMYM IIOTEphL MAABJICHHUA. ‘

20. Peakoe uagenue {, Ha yvyacrke B kpHBo#l
I (cm. puc. 5-11, @) cooTBeTCTBYeT Havyany Kpu-
3uCa, KOTAa OTOpBaBUIMHCA TaMMHApPHBIH CIIOH
nepexomuT B TypOynenTHeii. [Ipu 3ToM pexnme
TONUMHA CJI04 YyMEHbHUIAeTCH, M BCIEACTBHE
YCHIIEHHOTO TYpOyJIEHTHOrO HMEepEMEUIMBAHHS IIO-
TOX CHOBa IIpDHCOENMHSETCA K CTeHke. Tem
caMbiM ToYKa OTpsiBa (B HAHHOM Cilydae YxKe
TypOyNeHTHOro) HepeMellaeTcss BHU3 IO MOTOKY.
3oHa OTphIBA HpH 3TOM 3HAYMTENBHO YMEHbIa-
€TCs, a SKHBOE CeYeHHME IOTOKa COOTBETCTBEHHO
yBenuyuBaeTca (cM. puc. 5-11, 6, obmacte B),
YTO ¥ NPUBOJHT K PE3KOMY CHUKEHHIO KO3d-
tbuuuenta comporuBieHus augdysopa.

21. JanwHeiiimee ysenuwueHme koaddunmenta
conpotusiieans {, B 3aKkpHTU4ecKOH 0O6iacTH
(yuactkm I’ w [, puc. 5-11, a) obwacusercs
HEKOTOPBHIM OGPATHBIM MEPEMEIICHHEM TOYKH

dummenta . TypOymeHTHOrO OTpbIBA BBEPX MO HOTOKY
(r/R)_
i .
;/3 / \ oy NA‘*\T @
/ \/ * a p r l > Z
o)
\ 0| 2% | 98 | 12 X} ey
102 - -
22 R0
A 2 | ')
o ®
ﬁ b \ \h 7 oo S
954% - ] N b adl
)q‘ F \ 1 "N 0 |
' 'l 'l T ! -
438 ’!‘ L/ ! l’l '\\ '(m '}/E
2] / Y 16 24 40 48 56 re-1072
v

Puc. 5-11. 3asncamocts §, = f, (Re) n ¢, = £, (Re) (2) u nons cxopocTeii 10 cedennio n,=2 B KOHHIECKOM
mdpysope npn a=30°% n,, =2 u L/D =0 (6) [5-54]:
I—Re=0,3-10% HO{a)—Re=12"- 105 IMI{p)—Re=3,3-10% IV(y)—Re=4" 10% 1—1,|Dy=0; 2—5|D,=2;

3—1Io/Dy=

¢ Typoy.msaropom; 4—1,/D,=20
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(puc. 5-11, 6, obxacts y). Takoe nepemcuICHUe
B Ouddy3lope MOXET MPOUCXOAUTL MO BIIHA-
HHEM CHJ WHEPUHH, KOTOpble BO3PACTAIOT C YyBe-
quyeHUeM Re.

22. Xapakrep xpuBbix 3aBucuMocTn (.= f(Re)
I OTpbIBHBIX Mu(dy30pOB MEHAETCA B 3aBUCH-
MOCTH OT ycloBu# BXoma. B 4acTHocTH, Hamuuue
nepen aubdyzopoM npaMoil MHpPOCTABKH Jaxke
oTHocuTeNbHO Hebomsmo# AmuEnt  (l,/Dy=2)
TypOymM3MpyeT M ORHOBPEMEHHO yTOMUlAeT
norpaHu4Hblt cr1ol Ha Bxode B muddysop
yKe IpH poctaToyHo wMajelx Re. Ilpu srux
ycioBusax, € OAHOH CTOpOHBl, B  mpege-
max 0,4-10°<Re<2,3-10° ymensmraercs Max-
camyM (., a ¢ gpyroit, mpu Re>23-103
3HayeHns {, B LEJIOM YBeqMYHBAIOTCH (CM. Kpu-
Bele 2, 3 u 4 Ha puc. 5-11, q). [Tocnenree cag3ano
¢ HEKOTODPHIM MepeMelIeHHeM TOYKH TYpOY/IeHT-
HOTO OTPhIBa BBEPX M0 NOTOKY (IO HampaBleHHIO
kK BXxoaxy muddysopa), BLI3BAHHBIM YTOMIEHAEM
NOrpaHm4Horo ciios. Takoit xe addekt MoxkeT
ObITE MOCTUTHYT NrOOOH MCKYCCTBeHHOM TypGy-
am3anMedl MOTOKa mepesn BXxomoM B auddysop.

23. IIpn yrnax pacmpenus naudp¢y3opos
o> 30° BiausHMe NpAMON OpOCTaBkH mepen Aud-
¢dby3opoM HauMHAeT pe3KO MaxaTh H TpU o =60°
ApaxTHYECKH Hc4Ye3aeT. I[IpH odveHs OoOnbIIHx
ot OTPLIB MOTOKAa HAYMHAETCA YK€ HACTONBEO
61M3K0 OT BXOXHOro cedenns aupdyzopa, 4TO
JajpHellllee mepeMeNeHne Ha3aJ] TOYKM OTpHIB2
CTaHOBHTCH, €CTeCTBEHHO, HEBO3MOXHLIM.

24. ITpamas npocrtaBka nepen auddyszopom
CO3J2€T Ha BXOJE B HEFrO CUMMETPHYHBIH Npodunb
CKOPOCTH C MAKCHUMYMOM B IIeHTPe ¥ MOHHKCHHEL-
MH CKOpOCTSMH Yy CTeHOX («BbImyKias» ¢opma).

Ecau nepen nuddyszopom ycraHosurs acos-
HYI0 4acTh TpyOompoBoxa MMM kakoe-nubo mpe-
NSTCTBHE, CO3JalONiMe Ha BXOAE B HETO HEPABHO-
MEpHBIH NpOGHIL CKOPOCTH C HOHMXEHHBIMH
CKOPOCTSMH B IEHTPE ¥ NOBBIIIEHHEIME Y CTEHOK
(«Borryras» ¢opma), TO BO3HEHCTBHE TaKOro
npopuns Ha compoTuBiaeHue puddysopa Oyger
IIPOTUBOINONOXHBEIM BIUAHHIO NPOQUIA BbLIMYyK-
noif QGopMel, 2 HMEHHO: NPH MalbIX Yriaax
o comporusienre muddysopa SyaeT Bo3pacTats,
a npH OOJIBIIHX O, BO3MOXHO, OYAET HeCKONBKO
MOHMXKAThCA MO CPABHEHHIO C CONPOTUBIEHHUEM
OpH PaBHOMEDHOM I[OJIeé CKOPOCTeH Ha BXOJe.

25. lllepox0BaTOCT, BHYTPCHHEi NOBEPXHOCTH
nuddyzopos IpH ONpenesieHHbIX Npeaesiax yrios
M CTeNeHW pacUIMpDEHMA, KaX IoKa3add ONBITHL
u pacdetst JI. H. Boiitosua u I'. H. Emenbsano-
Boit [5-14], moBbimaer MX compoTtuBiende. Ha-
uboMBLIMA TPHPOCT CONMPOTHMBICHHA BCIENCTBHUE
IWEPOXOBATOCTH MPOHMCXOAMT APH MalkIX yriax
pactunperus (puc. 5-12).

26. Ha conporusnerue maubdy3opor BamsioT
yciaosus Bxopga. C yBeIHYEHHEM TOJILIMHBL MOT-
panupyHoro cios nepen uddysopamu (Hanpu-
Mep, BCJEACTBHE YBEIHYEHHA M[JIMHBI TPAMOH
npocTaBkd 3/ D) OTHOCHTENbHBIA NPHPOCT KO-
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Puc. 5-12. 3aBucumocTb compoTHBJICHHS aubdy-
30poB 0T mepoxoBatoctn A [5-14]:

a__Cn = {(”nl’ o, IO/DO’ Z); 6_— (Cmn —Cnr)lgm' = {(IOIDO’

nﬂl’

sddunmenta conporunaennst (G, —Cq r)/Ca. r H3-
32 IIEpOXOBATOCTH PE3KO YMEHbUIAETCH (CM.
puc. 5-12). B ocHOBHOM 3TO IPOABIIAETCA C YBE/IH-
4eHMEM YI/la M CTENeHH pacumpeHHs nuddysopa,
T. €. B CIyya€ Te4eHHS C OTPHIBOM MOTOKA.

27. Bo Bcex clygasx wmEpOX0BATOCTh CyulecT-
BEHHO BJMAET TOJIbKO HAa HAYaJbHOM YYaCTKe
muddy3opa, COOTBeTCTBYOLIEM CTEIEHH DPaclly-
penns n,<1,5, T.e. TaMm, TOe IIOrPaHHYHBIA
CROf MMeeT ellle Majiayl TOJUHHY, Tak dYTO
BhICOTa OyropkoB NpPEeBOCXOAMT TOJIIIMHY BA3-
xkoro nogciosa, C yBenddyeHueM TOJIIMHEI BA3-
KOTO MOACAOA BAONL N0 TEYCHHIO BIIHAHMC
HIEPOXOBATOCTH YMEHBIIAETCH.

28. CtpyxTypa moToxka B auddy3opax mpsaMo-
YTOJBHOLO CEYeHHS H XapaKTep KPHBBIX COIpO-



.

> Puc. 3-13. 3aBucumocTh TOMUWIMH mOrpa-
"] HUYHOro C.10d4 B JOOTPBIBHBIX KOHHUYEC-
/ @ KuX auddy3opax OT HX OTHOCHTEILHOM
708 / ATMHBI TIDH PA3THYHBIX YIJIaX pacluupe-
! =87 / Vs a=c| wmw, Re=5-10* n Ap=002 [5-14]:
\ y P \ a—3*/R = fI/R 6—6**/R f(LIR,
agé L~ mw— 1) D***l R, a)
T |
04 ==
’ Z/ // 30. Ecotn Teuenue B muddysopax 6e3-
002 S OTPBIBHOE, TO BCE €r0 XAPAKTEPHCTHKH,
B TOM uHClIe U KoapduUUeHT compoTHB-
JieHusA, MOlUYT ObITh paccY¥TaHel ¢ 1O-
SRy MOUBI0 METOOB TEOPHH HOrPAHUYHOIO
@ citoa. HanbGonee oGeroarensusle pe3yiib-
" TAThl ¢ TOMOIIBIO 3THX METOJOB MOJY-
qus /g f vedbt A. C. lunesckuM, E. E. Conoaxi-
// oM, A. B. KonecuuxoBeiM u ap. [5-5,
/48 EEE PR [ 4° // [ 5-14, 5-19—5-25, 5-36, 5-43, §5-77—
L~ e, e a=0 5-811.
oz 4//%5—“"" 31. Pacuernas dopmyna compoTuBme-
A——/ BUd, MOJIyYeHHas METOOOM TEeOpHH TO-
o TPAHUYHOTO C0H IS HAYAIBHOIO Y4dc-
L TKa (y4acTka ¢ sOpoM TIOCTOSHHOH
B P ckopoctd) au¢dy30poB, paboTarouIHX
408 et B ceTH [C y4eTOM MOTEeph Ha BBIPABHUBA-
A 2° HHE TIOTOKA B MPSMOM BBIXOJHOM ydYacT-
006 // P xe—Ha ocHosauuu Gopmyns (4-37), HO
w=s?| 42 / // N Oe3 Tpenus], uMmeer Bum [5-20]
30 e (o dp L1
N Zs ' =TI AT
’ 2(1““A1_‘A1 ) Ao
ni (1-A7)? (l—A )’

g 4 & 1z 16 20 % 28 12 Lg/ R rae s KoHudeckoro mudpodyszopa
rHBJiEHH B OCHOBHOM Takue >Ke, Kak H I &%  [5*\2 Gk [§rx\2
xouuuecknx  mugdyzopos. OnHAXO Ha YCIOBHA A*—Z——(—) ; A**=2 -—( ) ;
redeHds B IU(py30pax NPAMOYTONBHOTO CeqeHis Rxsu*R" g xkw\ 2 B \Ks
JONONHMTENHO HAKIAALIBACTCS BIMAHHE YIJIOB A %% ) _ .

NOMepEYHbIX CEYEHWH, 4YTO, C ONHOM CTODOHLI, R, ( R, ) ’

croco0cTByer Ooslee paHHEMY OTpPBIBY MOTOKA OT

cresxn. B pesymerare B Takux auddyzopax 5* u 3**—cM. gHOCKY Ha c. 185, ¥***=
CONMPOTHBJICHHE MOJTY4aeTCs NOYTH BCeraa BbOUE, — _ f ——[l— (1 rdr— TomuHa noTepu
YcM B KOHMYeCKHX. C OpYToit CTOPOHBI, HECKOIbKO oW W,

YMEHBIIAETCS BIMAHUE MPOCTABKHM, TaKk YTO OT-
HOCHTENIbHOe Bo3pacTauue koddduumeHTa comnpo-
TUBJleHMA TIpd yeemuuenuMu ly/D, B Takux nwud-
(byzopax mony4aercs MeHBIINM, YEM B KOHUYECKHX.

29. Conpotusnenue miockux  auddysopos
(paciiMpeHue cedeHus B OJHOW ILUTOCKOCTH) MpH
ONMHAKOBBIX Yrjax M CTENEHAX PpACUIMPEHHS
3AMeTHO MeHbille, YeM B Auddy3opax ¢ paciumpe-
HWeM CeveHMs B ABYX TUTOCKOCTSX, H BO MHOTHX
Clyqasix [Jake HECKONbKO MEHBbUIC, Ye€M B KOHH-
deckux. Ilpw ognHakOBHIX YraaXx H CTEMNEHAX
paciupenns niockde gubQy3opbl cOOTBETCTBEH-
HO NNUHHEe, YeM KOHMYECKHE U NPAMOYTOJILHEIE
C pacwmpendeM B [I8yx miockoctsx. Otcropa
nony4aetcs Gonee NMAaBHOe U3MEHEHME CEYEHHUA,
MCHBWIHA rpajyeHT MAasleHdsS BAOAb TOTOKA
4 cnabec OTpbIB MOTOKA OT CTCHOK.

SHePruM; R,— paguyc TeKYIUEro cedeHus (x—Xx)
audidysopa; §,— TONUHEA [OrPaHUYHOrO CIIOA;
uuaekc 0 OTHocHTCA X HA4YaJdbHOMY CEYEHHIO
nubdyzopa, a uHEIEKC 1—K KOHEYHOMY.

3aBucumoct d*/R,, 8**/R, u 3***/R, or
OTHOCHUTENLHON IUIMHBI KOHHYEeCKoro mupdysopa
[,/R, ¥ yrmoB pacCIIMpeHHA ¢ TpHBEIEHBI HA
puc. 3-13. AHanoruyHobie 3aBHCHMOCTH IIOJy4eHBI
[5-5] mns mnockux Auddy3opos.

32. Ha puarpammax 5-1—35-5 npuBedeHbl 00-
wme XKo3hOUUHERTH! CONPOTUBNICHAS §, MOIyyeH-
it Ha ocuose onmitos M. E. Mpennuuxa
u 5. JI. Tunabypra [5-51—5-55] ¢ muddyzopa-
MM, YCTAHOBJIEHHBLIMH BHYTPH CcerTH, TpH pas-
TuuHBIX opmax ceveHus (KOHUYCCKHE, KBagpar-
HOTO CeqeHMsd, IIJIOCKHE) B 3ABUCHMOCTH OT
OCHOBHbIX [EOMETPHYECKUX NapaMeTpoB (&, 7,),
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yciaosuii Bxoma (/y/Dy=0) m pexuMa Teyeuus
(yucna Re).

33. Obwnii ko3 PUUHEHT cOMPOTHBICHUS Tuth-
(by3opa, YCTAaHOBJIGHHOTO BHYTDH CETH, B obuem
ciaydae (mpH moOOHIX yCIOBHAX BXoJa)

Ap
Clo>osm=kncn,a=o, (-1
rae §,,,—obwmuit xodpdunneHT conpoTHBnEHUA
mpdyszopa npu [/ Dy=0 (cM. muarpammy S-1);
Cat,>0 —X03QduLUenT conpoTuBneHus mrddy-
30pa NpH HAJIMYMY NEpel HUM NPSAMOrO ydacTka
umu dacoHnot wacTu.

34. Tlpn  HecUMMETpPHYHOM  pacrpeleNesHu
CKOpOCTEH 33 pa3siMYHBIMH (HACOHHBIMH YaCTAMH,
OpOCCENbHBIMU YCTPOHCTBAMM M T. IL. ANA Tpax-
THYECKHX PpacdeToB MOXHO YaCTHYHO IIOJB30-
BaThbCA 3HAYEHHAMHM Kk, NPHBEJCHHBLIMM Ha JMar-
pammax S5-1 (m. 3) u 5-19 (uw. 2). Hauswie mo
n. 3 gmarpaMMei 5-1 HoNyYeHBI Ha OCHOBAaHHH
0o6paboTku pe3ynLTaTOB MCCIENOBAHMIA KOHHYEC-
Koro maddysopa, DOMEUIEHHOTO 3a OTBOJAMH
C Da3jIMYHBIMUA TCOMETPHYECKHMH TapameTpa-
My [5-180}, a mo m. 2 puarpammel 5-19—ma
OCHOBaHHMH HCC/ledOBaHHH xonsleBbIX muddyso-
pOB, BHEDEIH KOTODBIX HCKYCCTBEHHO €O3JaBa-
JIOCH pa3fiiYHOE pacnpelelieHe cxopocTed ¢ mo-
MOINBIO CHEHMANBLHBIX ceTok [3-127].

35. Janusie, TnpuBedeHHLIE Ha OWarpaMmax
5-1—35-5, y4uTHIBAIOT OJHOBPEMCHHOE BJIHAHHE
napameTpoB Re u Ay=w,/a,,. Boobme, stu
TmapaMeTpsl B3aUMHO BJIMAIOT HA XapaXTEPHCTH-
xd aubdysopoB [5-26} Omnako mpH OTCyTCTBHH
oTpriBa m OoxpimMx wdciax Re 370 B3aumHOE
BJHAHHE He3HAWWTENbHO. CXKUMAEMOCTh MOTOKA
HanGonee NMpoSBJAETCA TPH MajbIx wuciaax Re
B 00JIaCTH KPH3MCHOrO NajeHus CONPOTHBIIEHHAS.

Jng npaxTHYECKAX pacyeToB, BBUAY OTCYTCT-
BUA JOCTATOYHBIX NAHHHIX I yIeTa B3aHMHOrO
BIMAHHA YKa3aHHBIX MApaMETPOB, 3THM BIMAHH-
eM MOKHO mpeHeGOpeus, TeM OGonee 9TO BO
MHOTHX TIpaKTWYECKAX cnyyadx Re u A, uamens-
IOTCE OMHOBPEMEHHO.

36. Ina AHXKeHEPHBIX pacYeTOB MHOTAa yXOGHO
TIPUMEHATH YCIOBHBIA METOA pasjesieHHs OOmmx
noTepb B mubdy3ope Ap Ha nse sactu*!: Ap,  —
TIOTCpH HA TPEHHe 10 WnmHe maddysopa u Ap ... —
MECTHBIE [IOTEpH, CBA3aHHBIE C pACUIHPEHHEM
ceuenna. CoorsercTBeHHO OO ko3dduument
conpoTuBieHuA quddy3opa {, neuTcs yCIoBHO Ha
k03¢ HIHEAT CONPOTHBIEHHA TPeHus {,, ¥ X03¢-
(bHUMEAT CONPOTHBJICHAA - paclidpeHnd {

e
" pws/2

pacm *

Clp+Cplcm‘ (5'2)

*1 TTockoNbKy Taxkoif METOA He HMeeT YeTKOro
o0ocHOBAaHUA, TPHBOJUMBIC HUXKE BLIPAKEHUI
crellyeT paccMaTpHBaTh Kak yRoOHBIe IUIA mpak-
THYECKMX pPacdeTOB MHTEPIOAAnuOHHBIE (op-
MYJIBL.
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37. Iotepn Ha «pacumpende» yaoGHO Bhipg.
3UTh 4epe3 KodQPHUIMEHT TOJHOTHI yOapa {5-47,
5-49], npeacraBasroumi coboil oTHOWEHHE nig.
Tepp Ha pacwmpeHue B auddy3opax K TeopeTu.
YECKMM IIOTepsM Ha YyJap TpH  BHE3alHom
pacumipeHud cedeHus (o=180°), T.e.

- Appac
Pacw"p/z.(w%_w%)'

Ipu paBHOMepHOM npoduile CXOPOCTH pg
BXooHOM ceuennn (k,=1,0) u Gombumx ducmax
Peitnosenca (Re > 2 - 10°) xoadduument noasory
yaapa maddysopos ¢ yriaamMu  pacuiHpeHusy
B npefenax 0 < o < 40° MOxeT ObITh BBIYHCTey
TI0 NIPeIOXCHHO| aBTOpOM (opMyne [5-47, 5-49]

(ppacm= 32ka tgl.ZS(a/z)’ (5'4)

rZe Ha OCHOB4HHH OMBITOB [5-26, 5-52, 5-54]
Ans XOoHH4eckuX mubdysopos k,~1; m1a mm-
paMHIAILHBIX  gu((y30poB C  paclpeHHeM
B ABYX ILTOCKOCTAX

k,=0,66+0,12a npn 4°<a<12% k,=33-
—0,03a mpu 12° < a < 30%; :
st mnockux puaddyzopos

k,=2,0-003a nmpu 4° <a<12% k;=20-
—0,040 npu 12° <o < 20° roe o°. '

Koadhduauenr conpoTuBlieHUs pacIIHpEHHS
BbIpaxaercs yepe3 ko3 (HIHEHT NONHOTH yaapa:

(5-3)

=3,2kotg1‘25;- (5-5)

38. B 6onee o606uieHHOM BMAEC KO3 PHAIHEHT
CONpOTHRJIeHHA mudPy3opa MOXKET ObITb BLITHC-
JIeH MO HHTEPHNONAUHOHHOW (QopmyJie, MmoJTydyeH-
poit JI. K. Yepusasckum H H. H. [N'opaeessiM
[5-97, 5-98] na ocnoBe OOpabOTKH IKCIIEPHMEH-
TANBHBIX JaHHBIX, N0 KO03pPHAMEHTaM COIIPOTHB-
JIeHHsA, TIpUBEJSHHEIM Ha AWarpammax 5-2, 5-4
u 5-5:

Ap
pw3/2

C = = c;'p + Cvnu + cmep s

, 0,5
roe L= 1+1—? Ceps

{ pase — KOOGGHUMEHT, XapAKTEPH3YIOUMH MOTEPH
Ha paclIdpeHAe, KOTOphle HMead OBl MecTO
B mudpdyzope NpH paBHOMEPHOM mNpOQHIE CKO-
pOCTH B €ro HAa4yaJbHOM CEYEHHH, T.e€. HOpH

- l .

ly=—==0; {,,—K03bdHUIHEHT, yIHTHIBAIONDH
0

JOTIOTHUTEIbHEE TOTEPH Ha pacluHperne, oby-

CHOBIEHHblE HEPaBHOMEPHOCTBIO NPOQHAA CKO-
pOCTH B HAYaJIbHOM CeYeHHMH AHGp¢y3opa, T. €.
TpH HATMYKKA NEpPen HHUM MPIMOH TPOCTaBKH
umHOR 1.

39. JIna xoHHyeckuX aHPPy30poB ko3bPuum-
eHT CONpOTHBJIEHHs Tpexus [5-47, 5-49]

BEp



Ap A 1

I = wp —_ l— _

Srp pW(2\/2 ) a( H;'l)’ (5 6)
8sin—

rqe A—B 3aBMUCMMOCTH OT uucia Re u A
cM. muarpammbl 2-2-—2-6;

_tdx_ j_ d(x/Dy)  _
Do o 1+2x/Do-tg;- 2tg—

O"—'ak

rae x=x/Dy;

Cpaan = (D(l ——1')"‘,
Nyt

roe ©=f (a, Re)—-aaanor K03 UIHEeHTA TIOHO-
Thl yAApa, IPHBENEHHBIH Ha rpadmke 2 quarpam-

b1 5-2; m=1,92; (.. =0,044(0,3450)") 1—(0,2n,; +

(-7

+O,8)‘3'32](0,15470)”[2,31 -10"5Rey,+0,2 +

+2,54(1 +0, osw)"-“J ,Tae a=0,924/(1+1,3 x

x107%a>14);  b=(0,3+1,55-1,17%)/(1+1,03 x
x107%18); ¢=1,05/(1+2,3-10"%*Re}*);

Reg=woDy/v; o°.

40. Jna nupamMuaansabix quddoyzopos co cro-
POHAMHU BXOIHOI'O CEYEHHA dy M by U C OOMHAKO-
BRIMH YTJIaMHW pacmuvpesus B oOemx miockocTax
KO3(pQMIHCHT TpeHHA ( , BHIYMCIAETCA To (5-6).

Jna mapaMupainHoro madpdysopa ¢ Heomm-
HAaKOBBIMH YTJIaMH DPACIUHPEHHA (a;éB) B 0beux
mrockocTax [5-47, 5-49]

Ap, A 1 1 1

Lo e —+— ). (58

= pwé/2 16\ ma sinoc-}_sinB o
2 2

Kosdduuuent ., npaaumaror mo (5-7), rae
® cMm. rpagpux ¢ muarpammer 5-4; m=1,76,
a Ko3(pdHIHEHT, YYHTHIBAIOWIHI HEpABHOMED-
HOCTb Tpoduia CKOpOCTH, T. €. Tpu I, > 0 [5-97,
5-981],

Cuep=0,024(0,6250) | 1—(2,81n,, —1,81)" 1.04] X

x(0,3037,)'(4,8 - 10" "Re,y+ 1,8)%,

rie  s=1,06/(1+2,82-1073a>2%); +=0,73/(1+

+4,31-107 6733 u=1,0/(1+ 1,1 1073%1Re3%?).
Bespasmepuniil ruapaBauyeckuil quaMeTp auod-
dy3opa npu ag # bola, # b,) u @ #B, a cnenosa-

o
TENBHO,IPY a4, =do+2x1ig5 H bx=b°+2xtgg

pPaBeH

e T = T

7 3ak. 1584

B . a . a B
tg~+b,tg— Ftg-tg—
g2+ 0 g2 +8% tgztgz

- a2 B ’
(10+b0+2x tg_‘+ tg—'
2 2
2 b = by )
DrO DrO
an 3TOM OTHOCHTEJIbHAA JITHHA nn(b(by3opa
nocje HHTCTPUPOBAHNKA

=}“df= dgt+by
OD—rx

.. B o
4a0tg-2~—b"0tg-2~

_ . B - o B
te—+byte— |t tg— =
(ao g2+ 082 g2+tg2 :|
— X

roe d, .=

p
2tg—tg—
\ 82 gz
S 2 aB e B @ B
2aoxt52tg 2+a050tg2tg2 tg2+tg§
x In 5 B-}— " Bx
CZ
2b,xtg? =t t Btg—tg—
oXtg 2gz+a075 th g5 85183

o o
4x* tg—tgg+2f(&o tgg+50 tg§>+ dgb,

x In 2
dgby
IMpu a=p
22,02%  5o(o ., -
. 4% tg 5+2x(a0+b_o)tg§+aob-o
X= In —F
o ayb,
dtg=
£2

MNpu ag=by u a=f umeem dy=b,=1 u

o o
In| 4%82tg®> = +4xtg=+1
OLn(x g2+xg2+

4tg=
3

41. Ona miockoro mudpdyszopa €O CTOPOHAMHU

a, ® b, (rme by mnOCTOAHHO TO MAJHHE)
[5-47, 5-49]
A A 1 1
= tte Mo L(y L),
pwd/2 4 bO a\
g3
1 1
+ <1— 3 ):| (5-9)
2sinz M
2

[lpaxTHyeckn MOXKHO NPHHATHL

A [@<1——L>+o,5<1— 1)]
4sin b M1 Mat
2 (5-10)
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Koodpduuwent (... npunumaercs no (5-7),
rane ® oM. tpadux ¢ ouarpaMmel 5-5, m=1,64,
a KoX(pPHUHMEHT, YUHTBIBAIOLWIHH HEPABIIOMEPHOCTD
npodus CKkopocTH, T. e. npH [, > 0 [5-97, 5-98],

L1 B dh2
£y =0,0106(0,625 a)l,O/(l HA3L10 )
x {1 —{0,658(n,; — 1)+

+1]7179 40,3037, N+ 1R

x (1,65-10 3 Rey +1,4)

Be3pa3MepHbIii THAPABIMYECKHA UaMeETp au-

LO/(1 46,4107 129Red )

o
dby3opa npu a°=ax+2xtg—2- u b,=bg

2 ao+zftg§>5°

o

H OTHOCHTeNbHas IMHa Aubdysopa

Tdx ag+b,t  dx
;:jﬁ - 02b— | at
0rx 0 060+2itg-—
2
. o
B3z a4z,
+— =
0 %G, +23tg~
o o o
&o(l—tg~2-)+50 &o+2ftg—2- ftgz
= In — + T
o a
4b_otg'2' 0 . °
Iipu ag=b,
o
2—-tg—
' 21n 1+2xt & +xt &
X= - —.
At o g2 g2
£3

42. Tlpn o < 40+50° xo3phHIUEHT NMOTHOTHI
yAapa @, TONYYaeTCA MEHBIUHM EIHHHIEI
(cM. puc. 5-12). Dto moxa3miBaer, 4YTO IOTEPH
B audpdyslope MeHBUle, 4YeM IOTEPH HaA ymap
npd  BHe3amHOM pacmupeHrd (a=180°). [Ipwu
yrnax «=50-+90° BemduHMHA @,,., CTAHOBHUTCH
HECKOJLKo OGofplleii eaWHUIE!, T.€. MNOTEPH
B aud@dy3ope BO3PACTAIOT NO CPABHEHHIO C IIO-
Tepsmu Ha ynmap. Haummas ¢ «=90° go a=180°,
BEJIMYMHA @, YMEHBUIACTCH, NpHOIMXKasiCch
X eQUHHIE; 3TO O3HAYAET, YTO NOTEpH B IHb-
dy3ope craHOBATCA OIM3KHMH K NOTEPAM IIpU
BHE3AMHOM pPACUIMpPeHHH, MMOTOMY eClH 3a aud-
(y30pOoM He TOpeanonaracTcs MNOJIYYMTb DABHO-
MepHOE pacnpejeieHHe CKOpOCTel MOTOKa Mo
CEYEeHUIO, HEUEJICCOo0pa3Ho HpUMEHATs auddy-
30phl ¢ yriaMd pacumupends o > 40+ 50°
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Ecau ke M3 yciosus orpaHumveHHOCTH raba-
puTOB TpebyeTcs OYCHL KOPOTKMH TCPEXOaHbI
Y494CTOK, TO TPHUMEHUTCILHO K COTIPOTHBICHHIO
ITOT y44CTOK MOXKHO OCYUIECTBUTHL C BHE3AMHbLIM
pacunperueM (o= 180°).

43. Ecit 33 nepeXofHbIM Y4acTKOM HEo0X0-
AUMO HMeTh paBHOMepHBIH mpoduls cxopocTy
W O4 JTOro MNpeAnonaraercd YCTaHOBHTh Ha-
NPABNAIOUWINE JIONATKH, Pa3fde/UTeNILHble CTEHKH
MM peleTKH (CeTKH, Hacagku), TO cledyer
NpeanoYyecTs IpuMeHeHHe modoro mudbdysopa,
axe ¢ O4eHb OOMBIUMM YIJIOM pACUIMPEHHS
(> 50°), MCMONL30OBAHHIO BHE3ANMHOIO paclIMpe-
aua (u=180°).

44, Tak xak TUIaBHOE pACLUMPEHHE CcedYeHus
TPyOBl C NPAMOMHCHHBIMM CTEHKAMH HPH Ma-
JIBIX  yriax —pacluMpeHds TPHBOAUT  BHAYanie
K yMEHBIICHUIO HOTepb JAB/ICHUS IO CPAaBHEHHUIO
¢ morepsMu B TpyOe MOCTOAHHOrO ce4YeHHs Toi
e JUTMHBI, 2 Npy O0MBUIMX yraaX paclIMpeHHs —
ONATE K MOBBIUIEHHIO ITHX NOTEPh, TO CYLIECTBY-
€T, O4eBHOHO, ONTUMANILHEIA yTron, Npu KOTOPOM
notepu OynyT MUHHMANEHBIMH [CM. XpHBBIE { =
=f(a) mmarpamm 5-2, 5-4, 5-5].

45. MuanMyM KoabduIHMedTa CONPOTUBJIEHHUS
Cmin A8 KOHMYECKUX auddy30poB HalromaeTcs
MpaKTHYECKH B TIpelenax Ooy =4 -+ 12° u 3aBucur
TNAaBHBIM 00pa30M OT CTENEHH pacliupeHus
Ry M OTHOCHUTENLHOM OJIMHLI g/ D! 1eM MeHblle
My, TeM GONBLIE Oy, IPH KOTOPOM NOCTHTAETCH
3TOT MHUHAMYM (CM. Tpaduk g AHarpaMMel 5-2);
napaMeTp lo/D,, HaoOOpOT, yMeHbIIAET 3HAve-
HHA Olog;.

Jns 1OpAMOYronbHBIX (KBagpaTHBIX) mudidy-
30pOB BEDXHUH NPEAER Oy HONYYACTCH 3HAYH-
Tesbuo MeHbwie (7°). Ilpu atom srnusuue /,/D,
Ha yMeHbUIEHHE o, B OAHHOM Cllydae elle
3Ha4UTENbHEEe (CM. Auarpammy 3-4).

Hns nnocknx nuddy30poB ONTHMANIBHBIA yroi
paciuupeHus, NpH KOTOPOM JOCTHraercs MHUHH-
MyM [OTEPb AaBlieHudA, HalaromaeTcs npaxkTuvec-
KM B mpeaenax o,,,=6-+12° (cM. auarpammy 5-5).

46. Bo MHOrMX mpaKTHYECKHX CNy4asX Ba>KHO
BOCCTAHOBHTL MAKCHMAJBbHO BO3MOXHOE CTaTHd-
YecKoe MAaBlileHHe Ipd MHUHUMAJbHOH  AnuHe
oaddysopa gaxe nyrem O60AbLIMX [OTEPHL JHEP-
THH B HEM.

TeopeTuyecku, 4eM Gonblle OTHOIUEHHE ILIO-
maneit n,, HIM oTHocuTensHas muHa [,/D,
npM [aHHOM yIjie paclUHpeHds, TeM Beille
K03 PHMUHAEHT BOCCTAHOBIEHHS CraTU4YecKoro naa-
BleHus T, mubdy3opa:

Pi—Do

UM Wi (5-11)

47. Ha ocHoBauuu ypaBHeHWH bepHynmH, He-

paspLIBHOCTH H BoipaxkeHus (5-11) momydaetcs

creayrolas CBA3L Mexay kodhduuueHTOM BOC-

CTAHOBJICHHA AaBNeHUs U KodddumueHTOoM cO-

npotusneHus Auddy3opd, yCTaHOBICHHOTO BHYT-
pH ceCTH:



Mo (D) g (5-12
1= —_ _ 1 -
n 0 1 7, )
rac
1 {/w)\?
1V0=_ -— dF,
0J \Wo
F, .
1 {/w)?
N,=— |{— ) dF.
Fy J \"1

1
Ecnu mpeHebpeys HEpaBHOMEDPHOCTBLIO paclpe-
fgelleHuss CKOpOCTedl BO BXONHOM H BBIXOZHOM
ceueHusAx auddysopa, T. €. npurITE Ng=N,=1,0
(4TO 1A (IPAKTHYECKMX PACYETOB YacTO AONYCTH-
MO), TO

1
n,= 1 “T—Ca.

R

(5.13)

AsanoruyHas CBS3b Moaydaetcd ¢ Kkoadpdu-
(MEHTOM JIOJTHOTO conpoTurienus nubbdysopa,
YCTAHOBJIEHHOTO HA BHIXOAE H3 CETH:

nn=l—Cu'
48, WUnoraa sddextusrocts muddy3opa xa-
PaKTepH3YIOT K0IQPHUIMEHTOM MOJIE3HOTO JEHCT-
sus (KITH), npenctasasiommum coboil oTHolwe-

HUe [eHCTBHTENLHOTO MNPHPOCTa CTATHYECKOTO
JaBieHNns K HOEAIbHOMY MpHpocTy (0e3r noTepsn):

Nia= Pi—Po _ - P1—Do
o —Pous No-pW3/2—N,-pwi/
e (Py —Po)ua— PA3HOCTH CTATHYECKHMX AABIIEHHI
B ceyeHusix [/—71 u 0—0 pas HOeansHOTO
midy3opa (6e3 noTEPH).
Ceazp Mexay KIIJ u xosddummerToM co-

nporusienus uddy3lopa, yCTAHOBICHHOTO BHYT-
PH CeTH, Beipaxkaercs QopmyJioi

Ca .
NO—N,/n,Z,I’

5, (5-14)

Mi=1-—

npu No=N,=1
Nya=1=Ca/(1=1/n3y).
AHanoruyHag cBs3b NOJy4aeTcs ¢ K03dhdu-

[MEHTOM TIOJHOTO ConpOTHBIeHHs nupdysopa,
YCTAHOBJICHHOTO Ha BbIXOAC H3 CCTH!

n1n=(l—Cn)/(1__’1/nr211)'

49. BermegcTBde OTphHIBA IIOTOKA OT  CTEHOK
mabdyzopa ¢ Bonboil CTeNMeHblo paCUIMPEeHUs
H 3HAYMTENbHOH HepaBHOMEDHOCTBIO pacmpene-
neHus ckopocreft mo cedeHmo  adpexTuBHOE
OTHOLUEHHE Maouaged n,,, Npd KOTOPOM Jo-
CTHTaeTcs MaKCHMAaJIbHO BO3MOMKHOE BOCCTAHOB-
JICHUE CTATUYECCKOTO [JAaBJICHHUA (BCIICIICTBHE YMEHb-
UIEHHS CKOPOCTH TOTOKa), 3HAUMTENIbHO MEHBILE,
YeM 5710 ObL10 Obi B HacansHoMm  auddgysope
(0e3 oTpeiBa W MOTepb MW C DPABHOMEDHRBIM
paclpefeleHHeM CKOPOCTeHd N0 Ce4eHUI0). IDTO

7*

NO3BOIAET B TEX C.IyYasAXx, KOrAa reoMeTpHUYECKHE
paimepni  auddy3opa (OTHOIIEHHE ILTOWAACH
Ny, ATMHA [) He OrpaHdYcHbl KaKAMH-THOO
YCI0BHAMHM (He 3a]aHbl), MPUMEHATh Au(dy30pn
C ONTHMASIbHON CTeNneHbI0 paclupeHus [(1,),..
u ({;/Dg)on: ], TP KOTOPOH T, mOCTHTaeT BO3-
MOXHOTO U1 JaHHBIX YCIIOBHH BXOA3 (TOJLHHEI
NOrPAHUYHOTO Clos MAM JMJHHBL [y Dj) ab-
COJIOTHOTO Makcumyma *!.

50 3Ha‘lCHI/I${ Tl;zmax: Cﬂ’ (nn)om' u (IO/DO)om' ons
IHbbY30pPOB KPYTIIOro U NPSMOYTOILHOrO CEYeHHUH,
a TaKkKe 1A MmIockux auboby3opos, monyyeHHbIE
¢ noMoulsro (5-13) ¥ HcHoNbL3IOBAHHA HHArPAMM
5-1—35-5, npusenenst B Tabn. 5-1 (em. erp. 209).
[penensl reoMeTpuveckux mapamerpos audEy-
30pOB JaHel B TOH K€ MOCNENOBATENbHOCTH, Kak
ITA Mamae H Gy

51. Koadduunertst BoccTaHOBICHHS cTATUHYEC-
KOro pJaBneHds B Oud@y3opax ¢ 33adaHHBIMHA
reOMETPUYECKHMH MapaMeTpaMd MOTYT GBwITh
ONpeAENeHbl NO 3aBUCHMOCTH T, OT Hhy; A4
p43J44YHBIX YIJIOB paclUMpEeHHd o M ycJaOBUi
Bxoga (ly/Dy), npuBeneHHbIX HA puc. 5-14—5-16
(XpUBBIE NOJyYeHBI Ha OCHOBAHWH THATPAMM
5-1—35-5 gna Re>4-10%).

52. Ha puc. 5-17 u 5-18 mpuBemeHBl OaHHEIE
(5-144] mna xoHuueckux aubOYIOPOB C YriIioM
pacumpenus o=10° B Bume 3aBUCUMOCTH
N1z, — KI1 mudbysopa, sbiuucienHoro no ¢op-
Myne, aHajlorHyHoO# (5-14), H© COOTBETCTBEHHO
Ko duIHeHTa CONPOTHBICHNS (), BHIYUCIEHHOTO
KaK OTHOUIEHHE Pa3HOCTH TIONHbIX [JaBIeHHUA
B ceueHusx 0—0 u /— ] K pa3HOCTH AUHAMMUYEC-
KHX [JaBfEHHH B TeX JKe CeYEHUsX, T. €.

. Do—D1
&= poWh pwi’
Ny 22Ny =

OT NapaMeTpoB n,, d*/Dg u Ma,.

3mecs Ny u N —kodddpuuueHTs HEpasHO-
MepPHOCTH paclpefelicHHs NapaMeTpoB TMOTOKa
no cevenusm 0—0 u I—1I; May,—uuncno Maxa
B ceveHun 0—0. Csa3zp Mexpgy uuciom Maxa
¥ TpUBENEHHOH CKOPOCTHIO Ay cMm. (1-41).

53. Jlausple mno  kodhoduummMeHTaM TNy, H
{, nonyuenst mupu uHciae PeiiHonpaca Re=
=2-10%+1,7-10°, uncne Maxa npHu JO3BYKOBBIX

*! TTockonbKy OKOHHYATelbHOE BhIDABHMBAHHE
CKOpPOCTEH W [JABJEHHH IO CEYECHHUIO NMPOUCXOOUT
He HenocpelncrseHHO 3a muddysopoMm, 4 Ha
HEKOTOPOM pPacCTOSHMM Ha MpAMOM Yy4acTke 3a
HUM, TO H YKa3aHHHIA MAaxCHMyM BOCCTaHOBJe-
HHAA CTAaTHYeCKOro [JaBjeHHA [JOCTHraercd Ha
HEKOTOpPOM paccTosiHud 3a Iuddysopom (npak-
THYeCkH Ha paccrosuud no 2D, roe D, — aua-
METp BeIXOAHOro cedeHus auddysopa; a1
mtockoro guddysopa smecro D, clelyer TpH-
HUMATh UWHMPOKYIO CTOPOHY BLIXOJHOIO CeHEHHS,
T.e. 2a,).
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2
941
g6 -
gel
2y Ma, =4,2 %4 06 09s
T~

98 \f: - 2

o May a1t .
o6 nr =2°,ﬂ; . Qo;f #
el o =i IYp,=0,025 0020 %07

’
i Mag=03—J% 45 44
494 - -~ \\\ S~42
TIESIT TN

a5 gy =40; ’””0354
ol a=70° J'/p”=a’ng 0’0200,075
Puc. 5-17.  3asucumocts KIIZX  auddysopa

2 € ®=10° or uwmena Maxa (Ma,), ycaoswuii
sxona (8*/D,) u cTenenn pacumpenns (n,) [5-144]

ckopocTax B mpenenax oT May=0,2 mo Hacryn-
JeHHst peXXHMa 3anUpaHusA TOTOKA M NpH CBepX-
3BYKOBBIX CKOPOCTAX B nipeAenax Ma,=1,2-+14.

Mexay BenduuHaMu (, ¥ N, CYWECTByeT
cem3b h=1-—n",

54. Haubonee mnogpoOubie AaHHBIE B BHAEC
JABUCHMOCTH  K03(duIMeHTa BOCCTAHOBIICHHA
_ i
Po=—

Po
KOHHYECKUX OupPy30poB B HONAX TOTHOTO IaB-
feuus (TOPMOXeHUS) P B HX Y3KOM CEYEHMH
(0—0) or uucen Ay M Re mnpusenensr Ha
nuarpamme 5-3. 3aBucuMocTH Jo =f(A,, Re) (10
onsitam H. E. Unensuuka u A. JI. Tun3bypra
[5-27, 5-51+5-54]) nansl AnA yrioB pacUIHpeHHs

=4-:14°, CrencHd pacCIUUPCHHS Ny =216
H OTHOCHTeNbHOR IHHE ly/Dy=0-+10.

Ilpun cxopocrax, OMH3KHX K 3BYKOBOH, 3aBu-
CHMOCTB fy OT A, BBHIPOXIAETCS B BEPTHKANIbHLIE
npaMele (CM. auarpaMmy 5-3). 310 00BsicHAETCH
HactyreHneM B Audy3ope pexuMa 3anupaHUs
MOTOKa, MPH KOTOPOM TPOMCXOAMT CKA4oK YII-
sloTHeHus. Yem Oolblle OTHOCATENbHAs ANIAHA
NPAMOro BXOJHOrO y4acTKa, TeM paHblle, T. e.
MPU TeM MEHBIIAX 3HAYEHUAX A, HACTyHmaeT
PeXHM 3amupaHus. -

55. Ceaan Mexny xo3QOHIHEHTOM COMPOTHB-
Jenus aupdylopa u k0dQOHUHMEHTOM IMOJHOTO
AABICHUA MoXeT OnITh MONyYeHa Ha OCHOBAaHHH
Grenyromteit dopmymner [5-191:

HOJIHOrO J[aBlieHWA p) HA BHIXOAE U3

=W kM,

Fae pp—MIOTHOCTL 3aTOPMOXKEHHOTO MOTOKA
BO BxogHoMm ceucnun auddysopd.

4

98 m=16

osl o= 10°

g2

z", . Ma,=02 0% 06

gor

2 s A AN I
0z ST 3, 3Ma°=1'4

O~  M1,=0Z 0% 05 038

3
051

1’7,"'—‘4,0
G4 oa=19° Jypﬂ*
02} =5 TS
oL ma,=57 0% G5 48

Prc. 5-18. 3aBucnmocts koadidmmenta comporns-

Jdenns [ auddysopa ¢ a=19° ot wmcaa Maxa

(Ma,), ycnouii Bxoga (6*/D,) n cremenn pacun-
penns (n,,) [5-144]

s nuddy3opoB ¢ ueGonmbmuMH  yriamu
PaCIUMpEHHs, TIDH KOTODHIX NOTEPH HABJ/ICHHSA
HEBEMMKH [5-2],

Ap k+1 1
2= e (1 — P a):
CH pg(-)w,(z)/z k }\[2)( p0)7
OTCIOA
k
Po=1— ;\‘Zy- ,
Po 1 O%n;
e A Wo 2k RT .
e E—, Qp= [— ; — IJAOTHOCTH
0 ey P k+1 o> Po

32TOPMOKEHHOTO MOTOKA BO BXOJHOM CEYEHUU
aupdysopa; Ty —TeMmneparypa 3aTOpPMOXEHHO-
IO TIOTOKA B TOM K€ CCYEHHH.

56. Ha puarpamme 5-6 mpusencdsl koaddu-
HUEHTEI BOCCTAHOBNCHHA TOJHOTO NABNEHUA Pg
H KodduurdeHTs rHAPABIMYECKOTO CONPOTHBIE-
HUS §; IJIOCKOTO MATHKAHAIBLHOTO JO3BYKOBOrO
muddysopa npu  CHEAYIOMHAX TEOMETPHYECKHX
napamerpax: o, pasioM 8; 12; 16° 1, paBHOM
3,23, 6,45; 9,68; n,; =6,45 Re=(0,6--4) 10°.

57. Ilpu ouensr Mmansix uuciaax Peitronsaca
(mo xpafine#t mepe B mpemenax 1 <Re<30+50)
koobdunuent conporunienus Auddy3opos omH-
CBIBAETCA TeM IKE YD4BHEHHEM, YTO H UpH
BHE3ANIHOM pacuupesuy [5-4]:

_4p A
Tpwi/2 Re’

Ilpu stoM Bemnunna A #siserca Qydkuueil xak
yrna, Tak H CTCICHH pAacUIHpEHH S

A=f{a,n,).
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58. Ilpn OGonbWIHX CKOPOCTSX MOTOKA rala
yoobHee onepupoBaThL He KOXPOUIMEHTOM CO-
OpoTHBIEHMS, a XK0dbdHuHeHTOM BOCCTAHOBIIE-
HHsl TIOJTHOrO AaBlieHHs po, B Konue muddysopa,
B3ATOTO B JONAX MONMHOTO JaBiieHHs (TOpMOe-
HUK) pgoo B ero y3koMm ceveHuu (0—0):

_n
s

59. Hanuuue 3a auddyzopom conpoTusiienus,
PaBHOMEDHO paclpefeneHHOro Mo ceYeHu o (ceT-
Xa, pelleTka, Hacajka, xkajnopudep U T. 1.), yno-
pAxoYMBaeT MOTOK Kak B guddy3ope, Tax ¥ B xa-
Hane 3a HuM. Ilpn arom notepm B auddyzope
HECKOJIbKO YMeHbmatoTcs. OpHako CyMMapHbIe
norepu B gubdgylope M pemreTke (CeTKe u mp.)
H3MEHAIOTCH MaJo.

Jna npaMonunedHbIXx OUPPYIOPOB € yriaMu
pacumipeHna o g0 40—60° u ocoOGenno nna
KpUBONHHERHBIX OH(DY3IOPOB 3TH MOTEPH ocTa-
JOTCS PaBHBIMH CyMME IOTEDb, B3STHIX OTHEIBHO
ang mubdyzopa u pewietkn [5-47—5-49], T.e.

Ap
pwh/2

rae S, =Aps,/(pw§/2) - kordduiment conpo-
TuB1eHnd Anddy3opa Oe3 pelueTku, onpemeise-
MBI#, Kak {, 10 COOTBETCTBYIOUIMM AHATPAMMAM
Ap,
pwp /2
NPOTUBIIEHHS DPeUIeTKH (CeTKH, HACalKH | mp.),
NpUBEJEHHBI K CKOPOCTH [OTOKA mepen eec
bpoaTOM, onpegesnsemMsli, kKak {, O COOTBETCT-
BYIOIIMM JauarpaMmaM BOCBMOIO pa3fena.

60. VcmoBust npoTeKkaHus MOTOKA B KOPOTKUX
maddysopax (¢ GOMBUIMMH YriIaMu PACUIHPEHUS)
MOryT OBbITh 3HAYMTENBHO YIYYIIEHBI, 4 CONpPO-
THBJICHHE YMEHBILUEHO, eC/IU NpeAYNpPeaUTh B HUX
OTPBIB TIOTOKA MM OClabuTh BUXpeoOpa3oBaHue.

K ocnoBHbIM MeponpHaTHaM, croocoGcTsyro-
IUAM YIyYIUeHHIO TeueHHs B muddysopax, oTHo-
carcs  (puc. 5-19): orcaceiBanue (puc. 5-19,q)
W coysaude (puc. 5-19,6) norpaHd4yHOro cios;
YCTaHOBKA HaNpaBASIOUMIAX JIONATOK (Zed.ex-
TOpOB, pHC. 5-19,8) U DPa3JEAUTENBHBIX CTEHOK
(#a Bcro anuHy auddysopa, puc. 5-19,2 wm
YKOpOUYeHHHIX, pHc. 5-19,0); nprmeHeHHe Kpuso-
JMHEHHBIX CTeHOK (pHcC. 5-19,e, ¢ U 3), cTymeH-
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Puc. 5-19. Cxembl cmoco6os yay4qweHnst paboTsl KopoTkux anddysopos
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Puc. 5-20. Cxema orcacuiBanus

YaThIX cTeHok (CTymeH4aTnie AUbdYy30pHI, puc. S-
19,4) u npeporpwmiBHeIXx auddy3opos (puc. S-
19, u); coBMelieHne BayBa C MpUMEHEHHEM HpO-
¢GuNMpOBaHHOrO MOOTPBIBHOTO ywacTka mubdy-
sopa (muddyzop Ipuddura, puc.5-19,s, oM.,
Hanpumep, [5-67]); ycTpoiicTBO TONEPEYHOro
opedpenuns (puc. 5-19,x).

61. IMpu oTcaceIBAHMH TIOIPAHMYHOTO CJIOH
(cMm. puc. 5-19,4) orTopBaBMIasC® OT CTEHKH
4acThb [OTOKA BHOBbL [NPWIHNAET K HOBEPX-
HOCTH, BCJeJCTBME Yero 30Ha OTpeIBA OTO-
OBHTAETCA BHM3 II0 MOTOXY, TEYEeHHE CTaHO-
BUTCS OOJiee MIaBHBIM, @ CONMPOTHUBICHHE yMEHb-
IAeTCHA.

Cnysaune TIOTPAHHYHOTO cros (cMm.
puc. 5-19,6) ymenuuHBaeT CKOPOCTb NOTOKA
BOMH3M CTeHOK. B 3TOM ciydae “30Ha OTpbIBa
TAKKE TMepeMeliaeTcsi BHUA3 IIO- MOTOKY.

62. D¢dexTuBHOCTE OTCACHIBAHHSA TNOTPAHMY-
HOrO ci10s 32BHCHT OT OTHOWNEBUS pacxona
4 OTcacelBaeMOU cpelsl 4Yepe3 IENTU B GOKOBBIX
CTeHkax mudbysopa k obmemy pacxomy () oroi
Cpenpl 4epes auddy3op (ot koadbunuenra pac-
X0ga §=¢g/Q) M OTHOCUTENHLHOTO pAaCCTOAHUNA
OT wenM fgo BXOAHoro cevenns auddysopa.
Mpu §=0,02+-0,03 conporusnenne mubdysopa
Cumxaercs Ha 30—40%. Ilpu oTOM cOOCTBEHHBIE

NorpaHA4Horo cjod (2) H 3aBHCH-
MocTh {, oT OTHocHTeabHOro pac-
xona ¢ (6) [5-93}:
CILIOLHAA JIMEHA —NOpPH OTCACHIBAHHH
HOTOKA uepes LIedh B HAYAMLHOM cede-
HHH Juddysopa (X=0); urrpaxosas—
OPH OJHOBPEMEHHOM OTCACHLIBAHHM 'e-
pe3 aBe mMmed# B cedeHuax X=0
u X,=0,78D, mpg a=30°% x=0 m
X, =0,35D, mpn a=60° I—n , =8;
2—n,=4; 3—n,=3; 4—n,=2

MOTepH B CHCTeME OTCOCA ANA YXa3aHHHIX § Cpas-
HUTeNbHO Hesenuku [5-91, 5-93].

63. Ha puc. 5-20 npuBeeHBl pe3yIbTaThl OIbI-
ToB M. O. ®panxdypra [5-93] no onpeseneHuro
3HaueHMi {; xoHmyecxux muddysopos, paboraro-
IMEX Ha BBIXJION, C yriamd pacuupesds o 30°
u 60° 1 cTenensro pacurupesus n,, =2+ 8 B 3aBu-

_ 4
CHMOCTH OT CTENeHH OTCOCA §=-—— W MeCTOIO-

JIOXKEHHMA OTcachlBalOUIed memu X;=Xx;/D, TpH
Re=(3,7+4,8)-10°. 3pmecs {, yunTsiBaeT u mote-
pH B cucreme otcoca. Jng a=30° onTuManbHas
CTeNeH, OTCOCAa HAXOQUTCcd B IIpeaenax g=
=0,02+-0,03. IIpx 3TOM HauMeHblLIMe NOTEPU
MONYYaloTCA B ¢jIyyae NpPHMeHEHHS KOMOHHHpO-
BAHHOTO oOTcoca Yepe3 elld-—HA PacCTOAHUA
Xo=0 U X,=x,/Dy=0,78D,. Ona a=60° on-
THMajleHas CTeleHb oTcoca HabjrogaeTcs Npd
¢=0,04. Haumeupilide TOTEPH MOAYYAFOTCH, CCIIH
Uiesis OTCOCa paclojioXeHa B HAYadbHOM ceve-
Hun puddysopa (x,=0).

64. B cayvae cayBaHHs MOTPAHMYHOIO CHOS
B KOHHYeCcKHX auddy3opax ¢ GONBIMIAMHA yriamu
pacumpenus o (30° u 60°) onTUManbHEIM IBSCT-
cs HyJIEBOE MecTonosloxkeHue (¥, =0) wesan caysa
[5-95). DddexTusHocts guddyzopa co caysa-
HUEM 3QBUCHT OT OTHOCHTEIbHOH rulomagd
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Puc. 5-21. 3aBucuMocTh {, OT § UOpPH CAYBAHHH

norpanu4Horo ciaos [5-95):

a—a=30° n,=3+8 1—£=003 2—{=006;

3—f£=0,08; 6—& =60% nm,=4 u 8 1—£=0,03; 2—
£=0,06; 3—£=0,08

ceuenua wenn fy=(f;/n)F, (n,=F,/F,). 3abucu-
MocTh KoabduuueHTra {; (YYHTHIBAIOIIEIO H 3a-
TpaThl JHEPrUM HA CAYBAHHWE) OT OTHOCHTEIbHOTO
pacxoa Ha CAyBaHWE NPU Pa3NMYHEIX 3HAYECHMAX
f. u crenenn pacwHpenus auddysopa n,; A
a=30° u 60° npuBemena Ha puc. 5-21. On-
THMAJILHAS CTCHEHb CAyBaHHSI HAXOOMTCSH B npeme-
nax ¢=0,04+0,12; npu 3TOM OHA HE 3aBHCUT
OT BENMYHHEL M,;. 3HadeHue {, MOXET ORITH
yMEHBIIEHO MyTeM CIYBAHHSA INOrPaHHYHOrO CIOA
B 2—3 pasa, WiM TpH OJUHAKOBHIX (, Bo
CTONBLKO X€ pa3 MOkeT ObITh YMEHBIUCHA JIMHA
mudupysopa. Ilocnenuee TIOATBEPKOAETCA
puc. 5-22, Ha KOTOPOM INpHBEAEHA 3aBHCHMOCTH
MHHAMaJbHOTO Koddduumenta L mn OT f, Ipu
Pa3HYHBIX 0.

65. Hanpasnsromue fgonarku  (dediekTopsl)
OTKIOHAIOT 4YacTh NOTOKa C GONBIHMH CrOpOC-
TAMH H3 cpenme#t oOnactd muddy3opa K ero
CcTeHkaM, B 30HY oOTpeBa (cM. puc. 5-19,4).
B pe3yibTaTe 30HA OTPhIBA YMEHBIUAETCS HIIM
NONHOCTRIO ycTpanagTes. Haubonsmuit apdexr
OT npuMeHeHus AcGIEKTOPOB OOCTHTAETCH IIPH
GonpliMX yriax pacumpenus. Tak, mpr o, =
=90+ 180° x03¢bUNMEHT CONPOTUBIECHUSA YMEHD-
maercs MOYTH B 2 pasa.

Onst  ycradoekn  aedUIeKTOpoB  (JIONATOK)
B miudpdysope MOXKHO CHOPMYNHPOBATL HECKOIb-
KO OOmMX npasHIL

a) NONATKM HYXHO NOMeWaTth Nepel yrjiom
pacliMpedus y BXoaa B Adbdy3op U 33 HUM
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{cM. puc. 3-19,6), npHueM 4HCIO JTOMATOK HeEol-
XOAMMO VBEJIMYUBATH NO MEPE poOCTa Yyria
PACLIMPEHNS,

0) KaHaTBl MEKAY JIONATKAMH H CTCHKAMH
ROLKHBI, Kak TPABUIIO, CYXKaTbhCH, OAHAKO s
60IBIWIKMX YrJIOB DPACIMPEHUS MOXKHO NOJYY4HTH
YAOBJIETBOPHUTENIbHbIC PE3YIbTATH H NMPU PACLIH-
psromuxcs xaHanax. [lotoxy HeoOxomuMo gath
BO3MOXHOCTb PACIIMPATHCA B KaHAMNAX y CTEHOK
TaK e, KaK B IEHTPalbHOM KaHale;

B) ALI4 yrja pacmmpenas o=90° oTHocuTeNb-
Hoe paccrosHue h,/h,=095; s a=180°
hy/h;=14 (cm. puc. 5-19,5);

) JomaTku JOKHBI MMETh MAJIYI0 KPHUBH3HY
H MOTyT OBbITH CAENaHBI W3 JHCTOBOrO MeTaa
C TIOCTOSHHBIMH KDHBH3HOW H XopHoil;

A) XOpAa JONATOK MOKET COCTaBATh 20—
25% nuaMerpa MM BHICOTH ceveHus muddysopa;

¢) HauboJiee BRITOOHBIH Yo HAKIOHA JIONATOK
MOXKHO BsIGpaTh, YyCTAaHaBAMBAS KX CHAY4JA
OIHa 3a ADPYroil BIPUTHIK M 3aTeM IIOBOpAvHBas
KaXIyl0 JONaTKy HAa HEKOTOpPLIA yronx, moka ue
OyZeT NONyYeHO MHHUMAJIBHOE CONPOTHBIICHUE
mupdyzopa.

66. PasgenuresbHbie CTeHkH Xefar Aduddyszop
c GonslMM YIJIOM PpacUIMpeHHs Ha pap aud-
dy30pos ¢ MenbIUMK yraaMu {cM. puc. 5-19,2).
DTUM [MOCTUTAETCA KAK YMEHbIUEHHWE CONPOTHB-
NleHHs, TaK 4 OONee PABHOMEpHOE paciipenencHne
cxopocTeil nmo ceuendro [5-501].

D¢dexTUBHOCTE pasOeNUTENbHBIX CTEHOK TeM
3HaYHTeNLHee, YeM Oonblie oOuIHMiA yron pacuin-
perus nuddyzopa. IIpn cpaBHUTENBHO MAJBIX
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Puc. 5-22, Croanas 3aBUCHMOCTh MHHEMAJILHAIX

NOoTeph MOJIHOrO [JABJICHAS OT WJIOWAaH Liead

NpH PaIHuMBIX YrjaX packpuiTHs auddysopa
H cAyBauMM morpauuumoro cios [5-95]
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Puc. 5-23. 3asmcamecte yraa AQ . OT crenmeHH
pacumpenust 1, [5-96]

ymax paC[I_IHpCHHﬂ pasaenuTeIbHbIe CTEHKU MO-
VT MOBLICHTL COMpPOTHBMeHHe auddyszopa, Tax
aK yBeJHYMBAETCA OOWas MOBEPXHOCTb TPEHHA.

HOBGOP 1 IIOCTPOCHHE PA3ACTIHTEIbHBIX CTEHOK
4a BCIO MHHY mubdyzopa ¢ GONBINEMH yriaMH
paclIMPEHHs TMPOBOAMTCA CENYIOMMM 06pazom:

a) HHCNO Z Da3lelMTENLHLIX CTenok Geperca
B 3aBHCHMOCTH OT YTJia DAaclIHDEHHA o

L irmseesrerssrsssssssseins 30 45 60 90 120
e 2 4 4 6 8

6) pasdenuTeNblble CTECHKH
Tak. 4YTOOBI pAacCTOAHUA dp MEXIYy HUMH
na Bxome B muddy3op ObUIR CTPOro ORHHA-
KOBHIMH, @ 4) Ha BBIXOHe M3 Hero-—IMIpUMepHO
OANHAKOBBIMUY; !

B) Mepel BXoxoM B nuddy3op 4 nocse BrIxoAa
H3 HEro pa3JeNdTeNbHbIE CTEHKH BBICTYIAIOT
napatensHo oc adddyszopa; maauHa ! BhICTY-
MAFOUHX YYACTEOB NOMXKHA ObITH COOTBETCTBCH-
o He Memee 0,laqy u 0,la;.

67. Tlpaswra mocrpoenus Auddyiopa ¢ yko-
pOYEHHBIMH CTeHKaMH (onaTkaMH) N0 CXeMe
puc. 5-19,0 Takossl [5-96]: :

a) no puc. 5-23 maxomAT Al (yroa Mexmy
NPONO/KEHNEM JIHHMH BHEIHe# cTerkd mauddy-
30pd M JUHHEHd CMemleHHs «HCTO4Huka» M *,
T. €. TOYKH, B KOTOPOH CXORATCA NPOLOIKEHUA
JIMHKIA BceX J0maTok, pHe. 3-24);

B) BRIMHCHAIOT QUKTHBHLIN YroJ DPACIIHPEHHA
‘uddysopa

pacnonararTca

1

oy

ap/Z

M g

Puc. 3-24. Cxema pacnonoxKensst pasfe;uTeNbHbIX
aenatok B auddyzope {5-76]

H BBIMCDYHBAIOT AYTY d— 6 OKPYKHOCTH, COCAH-
naIoWy0 yrael u3ruba creHoxk anddyszopa (Au-
HHA Tlepexola MOTOKa B rOpJIOBUHE K TOTOKY,
CIeaYIUIEMY «DAIHAILHO» M3 HCTOYHHKA M *)
O paauycy

3a,
2’
TAe do— IUMpHHA ropnoBuHbl  muddy3opa;

o, =0,01745 «*.— uxTUsHLIA yroa pacmmperns
anddysopa, pax;

B) OMpENEIAIOT YUCJIO .IONATOK TaK, 4YTOOHI
Yo/l pacIMpeHHS KAHAIOB MEXIY HHUMHU

[0}
B_z+1

r=

*

~7+10°

OTKy/aa

a*
7+10
I) HaxXOAAT OTHOCHTENLHYH InuHy ['/ay no-
MaTOK B 3aBUCHMOCTH OT P (cm. puc. 5-19,0):

S 7 8§ 9 10 12
Uy oo, 20 16 12 10 9

Z=

1;

O) WHPHHY BXoaa B auddysop HeasT Ha
(z+1) paBHBIX 4YacTeil ¥ JOmATKM pacHoONararT
panHaILHO, HauMHAA C TOYEK MePCCeHeHMs JTHHMM
JAeneHHs C JMHHell nepexoma a—~6; AnuHY
JIOATOK OTKIANBLIBAIOT OT JIMHUH Nepexoma (CM.
puc. 5-19,40);

€) JTOnaTkM B 30HE NEepegHMX KPOMOK M3TH-
6aroT ¢ TeM, 4T0GBl 0GecneunTsh NUIABHLIL Mepe-
X0 H3 [OpNOBHHLl B DACIUUPAKIIYHOCT 4YaCTh
KaHana;

*) ecnn auddy3opbl CpaBHUTEIBHO KOPOTKHE
M [IVHA JIONATOK NPEBbIlllaeT ATHHY Jdddy30pa,
JIOTIATKH  MOXHO YKOPOTHTb [0 OTHOLICHHSA
I']1,=0.,6;

3) €CMM HYXHO YMEHBIUHTL YHCIIO JIOMATOK,
HalpPHMED, BCJACACTBHE TOrO, YTO LIMPMHA BXOA-
HOTO CeYeHHR Majla U MOXKHO OXupath sdgexTa
CTCCHEHHA, CIEAyeT YMEHBIUHTL IUIHHY JIOMATKH,
NOCKOJLKY  Yrodl paciiupeHus [ npu  9ToM
YBEJAHYHBACTCH.

68. B gudbdysope ¢ KpHBOMHEHHBIMH CTEH-
KaMH (cM. puc. 5-19,e), mpH xOTOpHIX NIOUIAIb
CeYecHHA BO3pacraeT B Hadalle Me/sicHHee, UeM
B KOHIfe, IPaJuEHT AaBJAeHHA H3MeHseTca bonee
TUTaBHO; 3THM oc/ab/geTcd OCHOBHAA TNPHYYHA
OTpPLIBA IOTOKA W, CHEZOBATeILHO, OCHOBHOM
HCTOYHAK 1:0Tepb;, YIOA4HBIM ABIACTCA TakoH
mudPy30op, B KOTOPOM MpPH HOTeHUHAIbHOM
NOTOKe cOGII0KaeTCA MOCTOSHCTBO TpasMesTa
Jasneuus (dp/dx=const) BAOJb KAHATA.

IMpu yraax pacumpenna «=25-+90 motepu
B Takux AudQy3opax yMeHLINAKTCH MO Cpas-
HeH{ro ¢ npaMonudciHeiMK Ha 40%. Ilpu otom,
tyeM Oosiplle Yrod pacliHpeHUS B YKABAHHEIX
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npejaesiax, TeM 3HAYHTeIbHee YMEHBIUAIOTCA MMO-
Tepu [5-47].

[Mpn maabix yraax pacwupenus (x<15-=207)
noTepd B KPHBOJIHHEHHLIX Ouddy3opax crano-
BATCH OdXe OOMBIUMMH, YeM B MPAMOMUHEHHBIX.
[TorTomy kpHBONHHeHHbIe (Qy30psl Uenecood-
Pa3HO NMPUMEHATbL TONBLKO nNpH GOJBIIMX yrjax
pacuIHPEHHMA.

VpasneHue obpasyroméit
auddy3opa Kpyrnoro (M XBajpaTHOTO) cedeHus
sk dp/dx=const (cm. puc. 5-19,¢) umeer sua

T

YpasHenne o06pa3yrolied AnA TUIOCKOTO aup-
¢y3opa

y:

N

> .
1+K&) I
Yo ln

Kosbdunuest conpoTuBIeHnd KpHBONHHEHHO-
ro pubdyzopa npH dp/dx=const B mpemenax
0,1<F,/F;<0,9 MoxeT ObITh BBIYHCIEH IO
NpH6IHKeHHON ¢(opMyJie, OCHOBAHHONH Ha JaH-
HLIX OMLITOB aBTopa [3-47]:

1,3 1\?
(= Af =(p0<1,43——’—-—><1——> ,
pwo/2 Rgy /N0 Mmi

rae @, —k03bQHIMEHT, 3aBHCAUIHI OT OTHOCH-
TenpHOH MJIHHB! KPHBONMHHEHHOro mudbdy3opa
(cm. guarpammy S5-8).

69. 3aMeTHOE CHH:KEHHE CONMPOTUBIICHUA NOCTH-
raercs Takke B «paguycHeix» nuddysopax, B xo-
Topeix oOpa3zyromme uemukoM [5-100] unu ua-
CTHYHO [5-55] BBINONMHEHHI MO Ayre OKPYXKHOCTH
(cMm. puc. 5-19, ac u 3).

Koadbduimertsr conpotuBnedns Auddyzopos
C YACTHYHLIM CKDYINeHHeM oOpasyrommx H 3k-
BUBAJICHTHBIMH yriamu o 45° u 60° 6mmikn x §
ana Gonee muuHHOTO auddyzopa ¢ a=30° Ges
CKpyraeHus. DTO 03HA4aeT, 4TO BMECTO NpPAMO-
nmuueitHoro muddyszopa ¢ a=30° BuirogHo npH-
MeHaTh Gonee xopoTkue aubdy30pbl ¢ 3KBHBA-
TNEHTHLIMH yrjaMu a=45+60°, HO co cxpyrie-
HHeM. JnuHa Takdx OHbGDY30poB MeHblue OHD-
dy3opa ¢ a=30° Ha 40+50%.

70. DddexTuBasl Takke Auddy3opsl ¢ mpen-
OTPBLIBHEIM COCTOSIHHEM TypOyJNeHTHOro morpa-
HHYHOrO cnod {«pemoTpeIBHLIE» TUPDY3IOPHI),
NpuOMHKEHHBIA METOJ pacdeTa KOTODHIX HaH
A. C. T'unescxum u JI. A, Brrukosoit [5-10, 5-21].
Taxue guddyzopsl HMEIOT BHagane (moclIe BXO-
ga) Konokonoobpasuyr ¢opmy, NepexomAmyio
jaTeM B y4aCTOK C NPAMONHHEHHBIMU CTEHKAMU
(cMm, puc. 5-19, k). IIpu 3stom B anddyzopax
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