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NPEAVNCIIOBHUE K TPETBEMY U3JAHUWIO

Tpetbe H3gaHHe CNpPaBOYHUKA HOUOJHEHO
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.

3navenus xo03puUIMEHTOB  CONPOTHUBIICHHMSA,
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- HHS TOTOKA
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 Had DaBHOMED-
CTEDXHIMH B HO-3€PHHCTAaA
My'Ke Tpy®, WIEPOXOBATOCTh
MEXAY oT- CTEHOK
BEPCTHAMH pe- A, Cpennsa  Bul- M
WeTKH A T. 1.) COTa BBICTYNOB
Se Ilnum{a cBoboa- M LIEPOXOBATOC-
HOM CTpyH 5 TH cTeHOK (a6-
So Hnowans rno- M COMIOTHAs 1Lue-
BEPXHOCTH POXOBaTOCTB)
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 KJIa- N, KoadduumesT —
naHa OYHCTKH
8, TommuHa cTen- M ]
K#, DOTpaHW4- A=Cp/— KoaddumuenT —
HOro CJIOA HIH D COTIPOTHBIICHNA
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- xx 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

Eauuuna H3MepeHus mmijc, cCt| eMm?fc, Cr M3 My dyT/c byT 2y
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:

100
V. —4
P Un’
—rm -
vy Vy v,
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, +&
N,
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

T

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

a/b=0,7=1,5
L _ 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-
HHA CKopocTelf N0 NonepeyHoMy
CceueHHI0 TPYORI:

a-— aehopMalia NOTOKA B HAYAIb-
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)

fwdF
F
Wep= = (1-14)
oTKyaa
Q=w, (1-15)

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

Ecay npd HopMmansHnix  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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Pp= Puy T

YpaBHeHHe Hepa3pLIBHOCTH HOTOKA

5. YpaBHeHue Hepa3phIBHOCTH €CTbh pe3yjIinTaT
IpHUMEHEHHa 3aKOHA COXpaHEHHWa Macchl K
ABHXymeiica cpeae (KHOKOCTH, rasy).

B oGmem cnyuae npu mo6oi dopme pacnpe-
IeJIEHNA CKOpPOCTEel ypasHEHHE HEpa3phIBHOCTH
AnA OBYX cedeHHN TpyOs! (kanama) 0—O0 un 1—1
(puc. 1-10) moxer OLITH 3aIUCAHO B BUIE

| powdF= | p,wdF,
Fo Fy
rae uHOekchi 0 m 1 yKa3mBalOT, K KaKoOMy
CEYeHNIO OTHOCATCS AaHHbIE BETAYHHLL.
Ipn mecxkumaeMoif OAHOPOAHOM cpene IUIOT-
HOCTb IO CEYEHHIO BCErja NOCTOAHHA; MO3TOMY

(1-19)

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 w?
Aeoﬁm= G"Gm___a J‘(£+—“+

Fo

*! 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

L (2 gz 4 U) pwarF
e, == -+ -—+43gz —
1 G o 5 g pw YACJbHBIE
3rxe:prmzx,1 OCpeAHEHHEIE MO MACCOBOMY PacXoly
COOTBETCTBECHHO 4e¢pe3 ceyewns 0—O0 uw [— ],
Ix/xr; Aey,=ANy,/G—obmas norepa ynesrs-
HOH O3HeprmM HA YYACTKE MEXKAy CeUYCHHAMH
0—0 n [—1, Ix/xr.
PasgenuB (1-22) Ha g, moJy4um:

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

g G J\gp 2
Fg
1J<p+wz+z+U)ptvdF—H H
G\ 22 g o
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

pw?
=— D+ > +gpz+pU | wdF—

1 pw? )
—~— | | pP+——+2pz+pU | wdF
Qo .K 2

anm

l 2
Aposm=—— j(p+pl+g92+pU) wdF —

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



Ho PoQo=p,0,=G

0,

No3TOMY MOXHO HalHcaTh
ANoGux
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
Fo
HOE JaBJIEHHE, OCPEAHEHHOE MO MacCOBOMY pac-
1
xomy duepes ceuenue O0—0*!; p; =P
Py G

pw?
x p+-—2—+gpz+pU pwdF—nomnHoe pasie-
Fy ’

HME, OCpelTHEHHOE M0 MacCOBOMY pacXoly 4epe3
cedene /—1*' M npuBeacHHoe K 0GBLEMHOMY
pacxogy B cedeHun 0—0, T.e. Kk Q
Ap06m=

]

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)

1 3 1 3
e No=~f(1> dF n N1=—j(i> dF —
Fy Wo F, wy
Fy

Fo
KO3 PHIMCHTHL KMHETHICCKHX SHeprui (xoaddu-
menTsi KopHoNHca) COOTBETCTBEHHO AAA ceye-
Hul 0 —0 u 1—1; oM XapakTepH3ylOT CTeleHb
HepaBHOMepHOCTK 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 °om

WiIn

AN
Ae o6m

Q

Do wd
+No _'+g20+ Uo -—
Po 2

w2
—<&~+N1 '—2~1+gz1 + U1>=e0—-el (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
po AN,
(P1+N1 +g9121+P1U1)“2+ oo
2 P1 Qo

plw%
={ p+N, T'*‘gpxzx‘*'Pxe x

%22 L AD g (1-28)
1
HUTH
AN, Powd
Apoon= Q"“‘“=(po+No : °+gpozo+povo)—
]
2
Piw1 p
"<P1+N1"17—+3P121+91U1>'—0—
P1
=pl(;“P'1., (1‘29)
2
wo
rae P0=P0+No +8PoZo+PoUy—
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 °,

={p,+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)

w wi n
Aeosm=g(zo-z1)+No?o—N1‘?l+n_l><
=
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 ‘
Po

d

f—’f=52 nZe, (1-34)
P Po P:

py

Torga B OKOHYaTEJIbHOM BHAE HAa OCHOBAHHK
(1-27) n (1-34)
w3 wi
Aeosm=8(Zo—2;) +No——~N, — BonPo,

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*
a*= 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* .
xp / k+1p* / 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_l —
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

k+1
5 ——Ma

k—

1+ 1M2
— a
2

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

p k—1 j—
TC(A.C)EP—*'=(1——}C—+—1X ) . (1-44)

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-

3YIOLIME MOTOK Macchl
pw k+1 k—1

A= = 1y 1——7~.z

a2 e

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

H
(e
2 k-1__°
1 ———22
k+1

For* _a(A)
Fp =(\)

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 4

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 0,106052 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
0,23 0,99118 0,96948 0,97810 0,35487 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_

prFa)_  pFa(h) _ pFy(h)
g\/ﬁ n(}.)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~~Mal.
24 4
JAns cTpy¥ HeckuMaeMOH XHAKOCTH TNoAHOE
JaBJICHHUE

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, —T,= TO[C—Z-‘—)T—I]=
0

k-1
Ma3=56,0 Ma3.

(1-49)

=T,

(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
H  BBIYCCTb  COOTBCTCTBEHHO  BENMYMHBI p,.
H 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]
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a) J)
z
# A 12y [P21 ’5"214/': Pz
b sy, N F. .00 P 29
\\\ ':‘r Pa.fa__ \\\ N f IPa.Pa
\ 1 1

A\

9)

)/

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

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,

Fo Fl

1
rae E J‘(p" +p ) wdF—n3abeiTouHoe  nomHOe
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

arPo L (2% U ) pwdF
X PW 0. P 2+gPZ+P pwar .

' (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 PoWs
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-(—~> . (162
PoWs/2 T po\W
TaK KaK APosm={o pow‘)_c‘ 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\?
=C—]. 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
HHUS TPCHHS naﬁnoro aneMenTa TPYGHI (KaHana);
C= Ap,,
" 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-
CYUTLIBAEMOrO 3/E€MEHTa BBIpaXaercsd 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) yucao 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

Ay R AN_LANO & po_
Peern= i=1 QO i=1 i QO i=1 ' i
PoWu
=y Lo 166
gC 2 P, l_Zlc (1-66)

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-
IICHBI.
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w3 PoWi
Apcetl—COcern Po 0" Z Cm 2 0
PoW3

e esea)
Po(Qo)

s § (5 (22

i

i=1

(1-68)
a TmpH p;=po=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, o6m 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
hi_ {(pl—1> + [gpa-x(-’i-x —-z,-) +
Pa Pa n

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

Pi-3 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),

i 1
In L=_—{gpi—l(zi—l - z)+

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

(1-71)

pl’“ lw"

+ Ny 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-
CTBIAIOT ¥ g cnydad n=1, UCHOAB3ys M
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
%___ anO ”lpw0+zfl i_zg"—-z,
L ? {
2 3ax. 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;////////////!//////////////////, osiirie
tboe—— | ,‘w, ) \ wﬁ-f :
W, W,
——— n i
IF N ’) \‘ (‘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

_or _2_1_2__21:‘, (1-74)
L pw§ B
Re
rae B=1 " SFF SFR (1-75)
+k—1 o kinwq + k,nw,

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 n, Re n,
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
l+—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
Yad
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

2k,
T e—— -

A R 177
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

B=

b




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’
I +—Re+-— 2
* k, ¢ ki mw,

roe [=D; §~3-10"%*+5-107* m.

TMpu Teuennu pasiuyHLIX Macen B Tpybe
ko3pdunuent A npuuumaror mo (1-77), a npm
TedeHnu B kamaje 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(pHIHIICHT 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
HacagKka;, €CId WMEeTCAd OTBEPCTHE B TOHKOM
crenke (puc. 1-14), To F ,—miomwians cxaToro
cedeHHs CTPyH, M%; F,—nnomaas BBIXOJHOTO
CeueHUA HacamKa (oTBepcTHSN), M>;
Ap, _,

Cex(l —z)=m

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

— K0(UIMERT CONPOTHBIIEHUS

\ /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+

Fy Fy Fo\?
] — 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=nFoy 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.) Reg="2225 103 M ! 0,59
.4 = > = p=0,
‘ 140,707 /1= Fo/F;
Re,<10 — Re,
Y~ 252+ Re,
10<Re, <40 — Re,
. H~¥T0+1,5Re,
40 <Re, <300 — Re,
M ST 1R,
300 <Re, <10 — 0,2
p=:0,59 + m
104 <Re, <10° —

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; IIDy=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/D o +1,/Dy),

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;

u=0,495+248/D,

npu pasanunbix Fo/F, npun F,/F,~0
Re,>2-10° 1
p= ) ;
\/N°+C"+Re° 25(n 11/Do+1o/Dy)
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)
a=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 0,34 046
(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*
Hex U 3 20 ’
wcx
Ma,, = ——suncro Maxa
a
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/I
1217 ~]
AT
7 g
WIINEY(N7// 00758
7 77
2 I @Y.
AL
BIINE 79117
41484
4 : -
7 solr smr  sAi SA1 5w ke
xm’ xmt xp7 xg*

Puc. 1-18. 3asucumoctn kod3¢¢uunenTa pacxoja
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

M M
Y4
~ 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

(h=1/0)
k+1
2k Po\*"* [P0\ *
oo G) -G fow

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

F 2 \v-1T [ 2k
=Wl P k+1911’1-

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?
+ (AP +APara) +p—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

nnonn

N =

MNoonx pnp

gat... Tnp pnarn=N pu.y

oy 22 2120 Puarn
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

13 15

— 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 = QoPs — Q7ADccrn - 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
p=0,84 xr/M>. PacYeT CONPOTHBJICHHA NpPHUBENEH
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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IIpn Ttemnmepatype Bo3ayxa £,=0°C mnmoT-
HOCcTh P, = 1,29 xr/m>.

IIpr Ttemmeparype t=40° C cpenusd mwior-
HoCcTh rasa p,=1,13 xr/M3; orcroma p,=62 x

5
. :j:“
R

. Puc. 1-22. PacuctHas cxema
i YCTaHOBKH 19 MOKpOH O9ACT-
* KH arjioMepalnoHHLIX Ta30B:
a—pu] B iane; G—Ban choky

JTa [OJIOKHTENLHAS CAMOTATa CIOCODCTBYET
TIEPEMELICHHIO [IOTOKA; MO3TOMYy ee cregyer
BBITHTATL H3 o0mpux 1oreps (cm. T1aba. 1-14).

MomHocTh Ha Bajly ABIMOCOCA, NPegHAIHAYEH-
HOTO TOJBKO JUIA ONMCAHHOW YCTAHOBKHM, INpH
nnonn=096

= Qppn = QlApcenl =430 : 1320 BT=946 KBT.

N vonm 0,6 0,6 :
IIpamep 1-3. AspoamnamMmveckas Tpyba
MaJbIX CKOpPOCTedl 3aMKHYTOr0 THDA
C OTKPHITOH palbo4eil HacTbIo

Cxema aspommHamuucckod TpyOsi (aspoauHa-
MUYECKH# KOHTYp) mHpHBedeHa Ha puc. 1-23.

3apaust:

1) muamerp paGoueil yacTu (BHIXOAHOrO ceye-
HuA comna) D,=5000 Mm;

2) mmHa paboueit uactd [/, ,=3000 mm;

3) ckopocTb mOTOKa B paboyeft wactu (HA
BBIXOAe H3 coImIa) wy=60 M/c;

4) temnepatypa Bosayxa tx20°C; p=
x(1,29—1,13)9.81 ~98 Ta. 0y e T y
L3 iy ir
\ ﬂf/z . /‘7 <
g \'V'/ 3 17 1 4
gl o M
= ; W, st s U __? gl '.5’--
10 LU
b, = / [ tg s tn ¥
4 - B
- 50
N 7 \
- s e
5. )
ix A

Puc. 1-23. Cxema aspoauHamu¥ecKo#

yObl  (AIpOAMHAMMYECKUN KOHTYP) 3AMKHYTOrO THNA

¢ OTKpbITOH paboweil 4acTelo (pasMepel B M)
D,=5; D,=535; D,=8; d,=4; b,=8; b,=8; bs=8; b;=12; b, =12; by=12; t, =2.2; t,=1,5; I, . =8; 1,=13,5; [,=2;

L=5 L=6; 1,=435; I =15 [=135 r=1,6; a,=7°
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1-14. Pac4eT coONpOTHB/IEHHA C€TH YCTAaHOBKH 114
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I'|Koneno co  cpesaHHRIMH  YTJaMH  MOBOpOTa | F,
'1::'=1,0 430
Wro £y | F=d0mt °
F:=JDM’ _tl=gi)_q= \5;
.L:' by=5000mm by 5000
A | tr=25m . A
Sl 530 8 =—=0,0002
7_ s_
bo ‘ﬂ,-=7,:-—22—-5,4fn by
2| CocraBHoe KOJIEHO ly
—=5.6; 430
A=0,0002;
a=30°
8= 28500mm; by=5000KK, Dp=5,5m
3 {Pazparonsit  KOJUICKTOD Wi Wny Was Wus Wi Lo: 430
Wo Wa Wg w,,_wo T
- fe Lo 00014,
D, 410 77
T 'w,.,F,,,,--_, el e —— o Arcp l 1,0 0,00024
vars| EZIN AR "IN "D, 4100
' k=1=F /F,=1=F,4/Fq=
Fom6 2%, Fi322,54%; Fy=2x2n?); Ly=b0nm; =1 _Z’E=0 75:
4F 475 . 3.,*D, 545+2,73 0o
p,-.ﬁ;t_.m-z,nn, Drpye =y 2t 27220 ot 10 ; SF, Y F 4x2x4 .
“F F, 3
4 | BokoBsoe OTBETBJICHHE 2=90° 430'273+120*
4 273+150
[ —— s Foe % 24 =100
‘ r—wno,ﬁn 17=7'5—=1,0, =
] ’
LS 0. G,
[Pn F"’=7'5”z Qc Qn4
- Fre=40m2 Ws
.f Wp=Wp ;«::1’0
5 | Apoceensupid 2arzop ot F, ., 100_
(Mpu  saxperram ma ) 'F—=-“0,9 (8=57) 7—50
10%, §=5°) X °
F=4m?
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IneMeHT CeTH.
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Ipodoancenue maba. 1-14

]
giﬂ
h = g g
v | e |afc® SEICH Nl B ¢
Q ~— = = - " " N =
S T e e A I IS IGO0 I I T - |
< N < £ -‘-_'N E = vl SR v S
a . <l I 5 n i S
> [ o Q‘: [ =
& < 8w
ek
120450 P
> = 10 — 1,42 0,85 — 960 — — 960 816 12-11
=85
50 1,0 — 9,8 04 — | 20| — — 2,0 | 80,8 |{Opuenruporod-
HO, Kak Ha M-
arpamme 4-9
(BHE3amEOE Cy-
JKeHHE), M CHM-
Merl:[nmxﬁ
TpoHEHK 90°
{marpamma
7-29)
50 1,10 1,8 19,0 152 1,9 —_ 0,018 { 0,10 0,10 16,0 2-5
50 1,10 | 1,8 19,0 152 | 19 053 — | — 053 | 80 |41 (enesamoe
pacumpenye)
40 113 1,7 49 10,1 1,3 — [ 0015 {0,074 {0,074 | 0,75 2-5
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e c DneMeHT CeTH.
XCM3 M OCHOBHBIE 3
?, PAIMEDBI TTapaMerpui Op M7C
a
2
11 | IlepexogHeni y4acTok — koH(yzop u:; F, 705 313
X —=—=045 80 -—=775
F, 158 323
P Dy, 3000
— a=34°
«/2 7 1,0
=——==0,00033
4
EY
.ﬂ, = ‘f,s”
ﬂv - J, ””
Fp =15,8m2
Fp=1705m2
Iy = 2, bm
o = J4°
12 | Bropoit npaMoit ydacrok 1 Iy 41500 . 313
IBIMOBOH TpPYO6bI Jp ‘5;-——-—3000 =14 80 5—77,5
1,0
A=—1—-=0,00033
X 3000 00003
-
B
«<Q
$
1
-”pad, ”’”
Fy=T1,05m2
ln = 4’, 5m
Bbxo U3 ObIMOBOH TpyObI — %0 _32__77 5
32377
Camotsara B AMOBOH Tpybe — —

5) xaHEMATHYeCKask BSBKOCTh v=15-10"% m?/c;

6) marepuan TpPyObI—O€TOH; ILNEPOXOBATOCTH
BHYTpeHHeil  moBepxHocTw A=25MM (oM.
10 2-5). )

IIpy MaJBIX CKODOCTSX MOTOKA H3MEHEHHMEM
JABIEHA W TEMICPAaTypel BAJIL TPYOBI A
I'HOpaB/IMYECKOTO  pacdeTa MOXHO TpeHeOpevb.
B oarom cmoydae ynoOHO mnoOML30BATHCA  BTO-
pulM  METOAOM  HAJOXKEHHA TMOTEPh;, CYMMH-
poBaHMeM [IPMBENCHHBLIX Ko2(duimeRToR  co-
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IPOTHB/IEHHS OTHENBHBIX WIEMEHTOB CETH (CM. Na-
parpa 1-6).

Pacuer conpotuBneHus TpyOnl  NpHBEdeH
B Tabn. 1-15. Comporusnenme TpyOBl COIJIacHO
aroit Tabmaue

pwi 1

11 22
AP cers =3 b~ = 0,30 —~+607 %660 Tla.

O6beMHBIH  pacxofl BO3QyXa 4vepes pabodyro
49aCTL (COILIO)




Ipodosncenue maba. [-14

R
° 2
I -l s M- 5ig
z " 2 = il TN B R w3 2
o = 2 = = g 3 -~ < +. 2lm é g8 5
. i “«" S N S ~< i i al, e
-~ u =) 2 Tl | = . s N v &
& | 2 2 & ] - U E 2
> [ E - ] =
o 2’ D o
g=
8 &
40 1,13 1,7 11,0 510 | ~20 ] 0,05 | 0,014 | 0,01 0,06 3,4 5-23
40 1,13 1,7 11,0 540 2,15 —_ 0,014 | 0,20 0,2 10,2 2-5
11-1
Dopmyna
(1-59):
p.=
=z(pl—pr)g7
roe p,=l1,2
nps 1=0° C;
40 1,13 1.7 11,0 51,0 2,15 1,0 — — 1,0 51,0 » _Pt
1,13 73 “082“ c
- ' - - N S S I R S e P X
WA
(npuseieHo K
N 0,)
Y Ap,=Ap,...~1320Ta
i=1

Q=woF,=60-19,6=1175 m3/c. MEHSIOT TMOHATHE «xadecTBo» TpyOom K, mon
. KOTOpbIM [OHMMAIOT OTHOWIEHHAE CKOPOCTHOrO
nasnesus B pabodweit wactm TpyOer x ee obwemy
Moumocts Ha Bany Bentwnaropa npu KIII  conpotusnermmo.

BEHTUNATOPA B nmamnHoM ciydae
N ~0,7
A 1175660 3 i
Nﬂ_—_Q Poars _ Bra 1110 xBr. K=___gip_fuﬁ...=___z3,3_
Mo 0,7 . 030
0,5pw 3 Z Sol

Ilpu pacderax ajpooMHAMHYECKHX TPYO HpH-
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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-
P 4 F, 2 4F, 2 4R, 2 -
wm
[ 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)
E,==2 [(E==)
° 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-
KHMH, TaK H mIepoxomaTerMH. [IpH 3Tom 1mepo-
x0BaTOCTh MOXET ObITh PaBHOMEPHOH (paBHO-
MCpHO-3CPHACTOH) M HepasHomepHO#. O6a muaa
WEPOXOBATOCTH PA3NAYAIOT MO (opme BhICTY-
0B, KX Pa3sMepaM, NPOMEXYTKaM MEXIY 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

- Ao( A) .
Ay=—|A=-—), Ha3bBAIOT OTHOCHTENHLHOI
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-
THBJIEHHS AOIKEH YMEHBINATECSA, B IIEPOXOBATHIX
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-
noB (3,>4, pHC, 2-1, @), TO OHHA NETHKOM
NOKPLIBAIOTCA ITAM CJ'IOCM. 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-
HIOI0 [OBEPXHOCTh TPYObl MOXeT NPOSBIATHCH

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].

61



’& & Z=A/”f H
o N Y o §0333
; o o 40163
= 5% o 90083
< Re ® §0040
% \e, & goozo \
< © 40004 Pemumil; A=f; (Re,A) \ _Pexumlll; A=fy(4)
>\
o \
&\ 0ot
2\e N o Coood
- )
g6
e PR
q[,, L) [ * l 1
1‘-'-64/”&’ O ¢ & y
.@n : Py ahe
a0, . e
\
aq
2 25 30 34 7] %2 %6 50 34 %4 47 P

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;
[ _0,87;

(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)

3-
(2 lg%])

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
W =20(U), U="2. g, =2,
Du, (U), roe o Tu="3%
1 Re—Re_ Re—2850
T=-+(D U, U= m R
pr=3+®(U), rze 5. 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 .

64

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"0.595exp(_‘ %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

o) (52]

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.

66

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
pWCT
M 2 b

T..=A

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

wel A
A=S v

[—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 1+ b/}

(Reashy=7- b/A

R
e (Re,),= —; (1+b/h),
Re= WOD'.

v

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

=0,024 -
A=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-

WODr
7Oro CevYeHus NpH TOM Xe 4uCile Re= =
A\
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
b 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)

d 2

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 =

= k;ect)‘" (2'1 1)

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 )
noJ0:xed npsmoil oA~ N

BO i y4aCcTOK AdH- a001
doit Iy/Dy=0y4; 3—oT1-

HOCHTEIbHAS AJTHHA Q002 N,
foaBoJsIero  y4acTKa "1 N
IyI Dy=3,4; 4— xpupan qoors N
cONpOTHBJICUHS 1O Baa- N
3uycy; S—xpusaa Ia- \
rena — ITya3eitns 4001
N
0 : D
4 Q5 g2 93 Q& 46 48 10 15 20 I0 40 40 Re-lD

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

. . Bp
T pwd/2-x/Dy
0,43 ,
"R e G
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.=< ) 5,
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]:

Co=ne, [21g7T+1](d/Do) ™, (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

{
= A= s
C N, ( Do + Ccr)

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 ]
= .
=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 —0,01111':)3

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

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

A=A+a,,,

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]

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 10,35
1 150—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 —=i {116 | 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.

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]
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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 TOPHUCTHIMH CTEHKAMH NpH pas-
HOMEDHOM M KpPYroBOM (110 BCEMY

L
i

MepUMETPY) OTTOKE, T.é€. Koraa
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]*%:

Ay=32 (3 + o) [Reo (1 — 0 ))-

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+4,)
= e, 2 —————————— —-0 .
g Wi I/DOI: Re, (1-0,5a,)

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+ 5,54e"v/w+— <l
g “vfw

_Y W“). (2-19)

vfw
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
= =—{ A 1-op+— |+
¢ pwi|2 Do[ ( ~ %3
+5,54e - ao/f+ (1 —0,5010):];
npu €>0,2
_bp [ 2
Al l—og+— | +5,54e" -y /f %
t= P“"o/2 Do{( Yo 3) olf
0,00157a 433 72563
x (1—0,500) + ()35 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]

] 2
C= 4p ————I:x(l—-oco+%9->+88'-a0/]x

pw5/2 Dy

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+&0)
pwi/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==22__yp,a| 1
B R o

—0,5a,A5 + 0,la0A62)] +5,54e" ot [f - (1 —

%(Aﬁ +a,—

—0,50,) + AA},

0,02568
e X
(8' . aO/])O,SGS

{f [1—oo(l —AF)x —ayATX?]?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 Gl )¢ T;

_ o
Corn = Y
TUBJIEHHA OOKOBOrO OTBETBJICHUS KOJUIEKTOpA,
IpUBEJEHHLET X CKOPOCTH vg.

KoobodummesT ruapaBmiyecKoro CONpOTHBJIE-
HHS INOPHCTOrO y4acTka UIMHoH [{2-44]:

mpu £'<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"”"’{’“["°‘°+°‘°/3(A”+°‘° Can =025+ 1,75+ Con

—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( Qo

—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

\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’

/S

\
/

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

kﬂGHJ = (Bﬂ)n
M \Ma/
Toe A

wems M Ay — K0DGDHIMEHTEI COMPOTHRIEHHS
TpeHHs IPH HEU3OTEPMHYECKOM M H3IOTEPMH-
YeCKOM JBHXEHMH 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

Pe-d/l—cm.

(2-21)

W
tabn. 2-4; Pe = KpHTepHi

T
Iexne; a,— TeMOEPATYPONpPOBOAHOCTh, M2/C.

IMpu oxmaxjaeHMA  KHOKOCTH T /M.>1;
u3 (2-21) cmenyer, 4to x03¢ppHIHEHT comnpo-
THBJICHHs TpeHHs Bo3pacraer. [Ipm Harpesa-

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
AJITIOMHHHAEBbIE [2-187] 0,015—0,06
I |UencHoTanyTele cTanb- { HoBrle, He OmiBlune B ymoTpelGsienun [2-42, 0,02—0,10*
HBIE 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.
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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

80



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

I'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 ML LLLL

222

Re=

woD,

|. Jlamunapuuii pexuM (Re<2000):

e et T e

64

f(Re) cM. rpadux a.

2. Iepexonnsiit pexum (2000 <Re <4000):
A=f(Re) cM. rpadux 6.

3. Typ6ynentuniit pexnm (4000<Re<107):

0,3164
X=W cM. rpaduk &

4. Typ6ynentHbiii pexuMm (moboe Re>4000):

1

5 CM. Tpadgukd 6 u ¢

(pwd/2)(//Dy) Re (1,81gRe—1,64)
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 1900 2000
A 0,058 | 0,053 | 0,049 | 0,046 0,043 0,040 0,038 | 0,036 { 0,034 | 0,032

P

as ®

a5 Y

Qs

1
< —
42 ST
ar S 7]
NS v

9 [RR11) }

w? 2 J ¢ 5 & 789w R
Re [2-10%1]25-10%!3-10%] 4-10% | 5-10% | 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* | 6-10* | 8-10* 105 {1,5-10% 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 | 5-10°5 | 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
)y 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 =

8024 6030 2 N

g022 4024 =

Q020 04,020

4016 - ao1s

4014 I z, 10Re

qorz '

Q010 — @

qaos

4008 —~

Q097 ~

4008 N

go65

2 4_6 mlt 2z 4 6wl 2 4 6 wike
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
ERe\/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
- A
A=—5——; A oM. Tabn. 2-5 (maparpag 2-1); v cMm. naparpad 1-2.
)
Mpu A<A,,.,D, 3Hadenust A cm. amarpammy 2-1, rae A, ~17.85Re™ %873
_J
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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
Q050 4020
—~ {11 4015
Vi Tt
g040 b - 0010
N ~— 4,008
N atlPy < 2006
9030 =d s H goouo
t
4023 N 0,0020
ot N
6020 > gqo010
i 40008
T Q0006
qa15 [ L] J.000%
> N - d N 00002
4 ({8lgRe-154) 1= ~1[go001
0010 oo 2176 - 382,4 tg 7 L (S 1] ™ d=gano0s
, = i -
q009
4008 >, L
2 3 456 10 2 3 456 mwy 2 3456 M1 2 3 456 0OV 2 3456 10Re
1g? x1g* x10% _ x 706 x107
3naveuus A
Re
A
B=~l)— o
° 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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