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BogocHabyeHua H Kanaavsaumn. JI.  Crpofiusnar
(/Tennnrp. ora-uue), 1973,

408 ¢, ¢ ua,

CnpaBoutyk TupeacTaBaseT coBofl CBCAKY OCHOBHHIX onpefenenwit, dopmya,
Pa3THYHOrO pola KoaddHUHETOB, BCNOMOTraTeAbHbIN TabaHl, H rpadHKOB, Heob-
XOAHMBIX A8 THIPaBIWYECKHX PacyeTOB CHCTeM BOAOCHAOMKEeHHS H KaHaNH3AUMH.

[as obnerdeHia NO.J1b30BaHHA MOMEMLEHHLINH B CIPaBOYHHKE MaTepHaaaMil
AAKOTCA MOACHEHHY, @ TakKe NPHBOAATCA MpHMEpbl pactera ¢ HCMOJIL3OBAHHEM
OBM. OcoGoe BHuMaHHe yZeNeHO BHEADEHHIO B MPOBKTHYK TPAKTHKY HOBRIX pe-
LIEHHA H IKCMEpHMEeHTANbHLIX AAHHLIX.

CnpaBo4YHHK nNpelHa3HayeH B KzyecTee MOCoGHS TPH NPOSKTHPOBAHHH;
PACCYHTAH HA HHIKEHEDOB N TEXHHKOB.

@Heauurpancxoe oraetenne Crpo#nzmata, [973.
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MPEJINC NOBHE

[l1an pa3sBHTHA [HAPOMLIOLO XO3sCTRA CTPAHLI, NPHIATLI B COOTBET-
crsine ¢ Jlnpektneampn XXIV cnesna KIICC, npenycmarpipaer orpou-
Huii vacwrad paboT B pasaHuNBLIX OTPAC]fAX BOAUOro xo3aiicTBa: nppura-
i, Bojociabcena, suepreTiky, Tpalcnopta. Passutue ITHX oTpacaeii
cBA3AI0 € CO3JaHHeM CJ0MHBIX KOMIIeKCOB COODYMKelHi, B npolecce
pa3paBoTKIl KOTOPBIX LIIPOKO HCMOJL3YIOTCA THAPABAHYECKNE PacyeTLl
1l pesvIbTaThl HCCAea0BalHilL

Mocranosnennes Bepxosiioro Cosera CCCP «O wepax no zanb-
pefireMy  YAYULWICHO OXpafsl NPHPOLLW H PalHOHAJBIOMY ICIOAB30BA-
re NpHPOAUBIX pecypcoB» oT 21 centabpsa 1972 r. npeaycmartpuBaoTes
ofwnpliie  OPrallH3auHOHHO-TEXHKHIECKHE MePONDPHATHA, HANpaBJenHsle
1a NpCAOTBpallenHe 3arpa3ieiHa BOL0EMOB, CTPOLTENBCTBO BOAOOYHCT-
NLiX 1 IPYTHX BOAOXO3ANHCTBEMILIX COOPYXKeHHH, ofecneyuBaruUInX 101+
ioe npexpanienne c6poca 1Hel0CTaTOHO OWINIEHHBIX CTOYHBIX BOL.

B yCTOBHSIX IIHPOKOLO CTPOHTENBCTBA CHCTEM BOJOCHAGMKEHHA M Ka-
HAnI3AULHIT 0COBYIO aKTYaJblIOCTs NPHOGPETAIOT BONMPOCH MX THAPABJIHYE-
CKOTO pacyera ¢ ICMN0Ab30BAHHEM MOCISLINHMX HOOCTHMEHHH HAYKH H TeX-
niki. TT03TOMY B nactosiuleM H3ZaHHH, SBIAIOEMCS TePBbLIM B OTeue-
CTBEHNOI JMHTEPATYPe ChellHamblbM CNPaBOUIHKOM NO THAPABJHYECKHM
pacucTaM CHCTeM BOAOCHAOMKEIHA H KaHAJH3aUWH, aBTOPE NOMLITAJHCh
11CTI0.1530BaTh HAHGOMee COBpeMeHHbIe METOAbl pacyera H JaTb CBeJIeHHT
0 IPAKTHUECKOM NpHMElelHH WX B NPOEKTHPOBAHHMH M 3KCIIYaTalHH CH-
cTCM BOAOCHAGMeHHA W KAaHAJH3alUHH.

Jamian KHHra B OCIIOBHOM NOCTPOeHa Ha TPYZaX COBETCKIX YUYEHBIX.
Bouay orpaiuennoctd ofbeMa Mpil COCTARJENHH ee NPHIUIOCH OCTa-
BHTb B OCHOBHOM TOJIBKQ OAHO PCHICHHE H.TH OOHY peKoMeHIyemylo ¢op-
MY.Ty, OMYCKAaTh MaTeMaTHYeCKHe BbIBOIB, Halfo.1ee C/10XKHBIE H OTHOCH-
Te b0 pelKO BeTpeualoliiHec B MPaKTHKe pacyeTd!, COKPaTHTb HO BO3-
NOAHOTO MHIIIMYMa Gubanorpaduio.

B Korte KAUrn noMeuLelrbl IPHJIOAEHHA, B KOTOPSIX NPIBEIeHb TaH-
msle, mangonce HeoGXOMIIMBIE [PH THADAB/AINECKHX pacyeTax CHCTEM BO-
Ionpososia H Kanaansatny. Ilepeuelt MPHMOIKelHii 1aH B OrIaBIEHHH.

Haunnle 0 BO3AYXC M HEKOTOPHIX ra3axX npiBeleHbl BCIeJCTBIE HX
11CNOIh30BAIHA B COOPYMEHNAX BOAOCHAGMKEHHA H KaHATH3ALMM.

Ti/ipaBanyeckyil pacyeT CelHanbHBIX COOPYMelilii epa3puBHO CBA-
aall ¢ TCXHOJOrHYeCKHM pacueroM. [ToCKOALKY npHBeCTil HX pacyer B
noanoM o6beMe He TPCACTABASIETCA BO3MOMKHBIM, TO MOITOMY B ra. 12
A& THAPABJIHYECKHE pacyer (B BHIE TPHMEPOB) JIHIUB HEKOTOPBIX
OCLOBHBIX™ BHOOB coopvskennii. CnopaBouniik me HCKaAlovaeT 1e0BX0MH-
MOCTIl NOJb30BAHIIA CHEIHAbUEH NHTEPATYpoOil, KOrma 3TO IYKHO 110
Xapakrepy BLINOANAeMOR paGoTLL.

Aptopu! BhipaykaloT 6AarogapnocTb KOLMexTHBY Jlennurpaackoro
oricaennsi Cowo3BoIOKana. npoekta 3a peneHsnposatude CripaBowiika
naoktopy texit nayk npod. H. ¥V Koitne 3a npenocrasnetinbie HM Ma-
TCpHAJL, HCMOMb30Bauible npit nogroroske § 4.10, 4.11, 4.12 n 8.8, u 3a
LCHiHBIe COBETHI TPH | lAKTHPOBANHH PYKOIHCH.

IMockoabky Aankeift CrnpaBoutik BULIXOLHT TNEPBLIM H3TaHHeM, TO

ce OT3BIBLI H TMOXenanna OYayT TNPHIATLL aBTOpaMil ¢ OpI3HaTeb-
HOCTLIO 1 yuTellLl MPH BO3MOIKIIOM CTO nepensmaiid. 3amMceuanis npocnda
uunpapaart, s Jlennnrpanckoe o1elenne Hajateawerna anreparypu no
crponTteasersy no aapecy' 191011, Jlennurpag, na. Ocrposekoro, 6.
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Fnasa neppan

OCHOBHbIE ®H3WYECKUE CBOWCTBA BOMbl, CTOYHbLIX
WWOKOCTEA, PEATEHTOB W [APYrHX BOAHbIX PACT30POB

§ 1.1. COGTAB BOJbl H CTOYHBIX WHAKOCTEH

Bona (H:0) —3T0 xHmMHYyeckoe €Oe[HIIgHHE, cOCTOAllee 3
11,11% sozopona u 83889% (no Becy) wuciopoia. Yucras soja npel-
cTasafer cobofi GecuBeTHY XulkocTh 0e3 3aumaxa H Bryca. [lpupoa-
nas BOJA HHKOLAA He GBBAeT cOBeplneHilo 4wctoii. B wHelt moryr co-
nepHaThbcA PAacTBOPEl(ibie BElleCTBA H BO B3BCLIECHIOM COCTOAHUH —
TBep]ble UYACTIIB! Tecka, FMHITLL, OCTATKH PACTeHNH H KHBOTHLIX, a
TaKke BCEBO3MOXKHble MHKPOOPTalHIMBL.

Oueitka €OCTaBa BOAb NPOH3BOAHTCA MO (DH3HYECKHM, XHMHYECKHM
H CcallHTapHO-GHOMOTHYCCKIM [0Ka3aTeaAAM,

K qusuueckus noxka3zareAss OTIOCATCA TeMmmepatypa BOJH, CO-
fepHanie B Hell B3BICHIbIX BEULECTB, LBETHOCTb, 3aNaXH W IPHBKYCHI,

Hannune B BOde B3BelEHNbIX BellecTd O0O0YCJ0BfAIIBAaeT €€ MYT-
HocTh. KOJHUYECTBO B3BEIUENHBX BEULECTB BHIPAKalOT B MHJJIHIpaMmax
ua auTp (Ae/2) W OUPEUENRIOT BeCOBLIM MECTOLOM.

[IlpospaunocTb BOLB BLIpaaercs Toauwuinof (cu) caos
BOJLl, uYepe3 KOTOPbIM ellleé BO3MOXKHO yTellde cTaujiapTHoro wphdra
(npospaunocts Mo CHendcHy) HaM pasjnuenie KpecTa.

MyTHoeTe poib sBAAerTca oOpaTHoil dyuxUmHeil ee npo3pauHo-
CTH H OMNPCAEAAETCH NYTeM CPaBHEHHS € MYTHOCTLIO CTAHIAPIULIX pace
TBOPOB HAH llederonicTpamy; ola Bbipaxaerca B sea/a SiOs.

[TpospaynocTb BOALI 33aBHCHT HE TOMLKO OT KOJHUCCTBA COJEpia-
WHXcs B llefl BIBEIUEHHbBIX BELLECTB, HO TaKKe OT KPYnnocTH, Gopib H
UBeTa 4acTHU B3BecH, CBA3b MeX]1y BECOBLIM COHEpiKaliHeM B3bBellci-
HLIX BCUIECTB B BOJE H NPO3PAuliocTbio MO [WPHPTY HAH 1O KpeCTy B
KaXKA0M KOUKPETHOM cayuae MOMeT ObITh npe/lcTaBjeHa rpaduueckH.

XO3sfCTBEHHO-IHTbeBaA BOJda MOAXHA YAOBAETBOPATh Tpefopa-
uuss [OCT 2874—54 (raéa. 1.1)

TlpospausocTe NHTaTenbliol BOAL AMA KOTJOB BCeX THNOB H napa-
MeTPOB JONkHA OwuiTh He Huke 50 ca no wpHdty, [TpefessHo gony-
CTHMOE COfepXaHHe B3BeCH B BOMAe, HANPABAAEMOH B X010LHJIbHHKH
MCTaJAypruyYecKHX 3aBofos, NPHBCAeHO B Tada. 1.2, a B Bode AaA IOpYy-
[HX 1pon3BOACTE — B Taba. 1.3 v 1.4,

[lpacyTc1Bie B BOmE TyMWHOBHIX M TAHHHHOBBIX BEUWECTB CO3JAeT
WBETHOCTL BOALL H3MepACMYI0 B TPaAycax Mo MLIATIHO KOBAJIbTO-
Boit wrane. 3a 1° uUBeTHOCTH MpHILAMaeTCA UBETHOCTL pacTBOPa, cOAep-
wautero B | 4 2,49 mz xaopnaatunara kaaua (1 sz Pt) w2 mez xao-
pricroro koBaabra (CoCl,-6H,0).

XapakTep 3amaxa onpelenderca oprailanentHucckd. M-
TEHCIBHOCTL ero olleunpaercss no nathGaanwiioit nrkate. JIas ouenkn
HETEICHBIOCTH 3amaxa yrasulBaeTcs pa3fasienie BOAb, OPH KOTOPOM
OH HCye3aer.



TaGnmuma I!

Tpeﬁozaﬂﬂﬂ, NpeALABAACMbIE K XO3AHCTBEHHO-NUTbCBOK Bone

Iox

Temnepatypa, °C
OnrtirMyaM TeMIepaTyphl, °C—’
MyTHOCTR, Mg;4, He 6Onee
liBeTthoeTh, 2pad, ne 6oace .,
3awax 1 npiuekyc, B 6a.a1ax, He Golice
Tlpospaunocts o wWpHdTY, cA, He MTlee
Q6ias KecTKOCTh, M2-3x8/a, he GoJee
Coaenxaiine, s2fa, He 6Gonee:
cBinga
MuIUILAKA
tropa
MEILH
nHHKa
weaeda
Koau-imiaexke (ko.
ponbl), He gostec . .
Koau-TuTp (n'm\{em,unn‘t 061,0\1 BOJ
KHUICUHYIO NAJI0YKY), MA, HE Mellee
Cojepaxaliic OCTATOMHOIO AKiHBIOr
He MeHee .
e Gonec.
OkHCAAEMOC Th, Ma, i ne ﬁonec ¥
JonycTMoe cojlep Hite (peHoaa [OTL}TLTBI!E mopcpeuo 15-
1oro 3janaxa), Mefa . . .
AKTHBHas KOl Tpalia Bonopo,nnbu i u.oa—pcaxuusl {le

eyieix natoyex B 1600 M
conep;&.nu.um onuy

alopa Me,‘;z

* HJonyckacten 30 epad.

[MTpusmeyanmnc DBonae 104KHA COA2PKATH pa3’
FCHHLIM [A39M OPralidzMoB,

AAMMBIX HEBOOPY-

Tadanuuwa 1.2

Hpenenbno JAONYCTAMOE CONEepIKAHHE B3BECH B BOXE,
u;.[ym;e}'i B XOJNOJHJIbHHKH METAANYPrHYLCKHX 33aBONOB

HonycTusoe Honycrhmoe
cORepHaAHHe BIBECH, comepicaHiie BIBECH,
X0oNoaHMbHIK Hels Xos0aunbHITK S
KopoGyYaToro Tina TpyGyaToro THAA
B n70N0- B N0.J0-
rojnnoe BOAbE PORHYNOE | poyie
D ypwbl 30 DypMLL,  L1LTAKO-
Bbie H 4yTyHHble
JeTk 50 100
Jpyrue snemen- Hpyrue saemen-
Thl . 60 TH 100 200

Xusuneckuii cocras BOAbT XAPARTePHIVETCH CJeIAVIONLHMH TNOoKa3a-

TEIAMH: HOHHLIM COCTABOXN,

aKTHBHOH KouuenTpauueii poaopoaunx noios (pH),

6

AKECTKOCTLIO, e 10YHOCThIO, OKICHAAEMOCTbIO,

CyXilxt W Mpoka-



Ta6auma .3

TpeGoBaHHA K KAYECTBY TeXHHYECKOH BOJLI ANA OXJAXKAEHHN
arperaToB NMpOMBILJEHHBIX M)eXmpHATHIH

JonyeTiyoe
cofepxkatie, Tphag
Mela

B 3aBHCHMOCTIC OT THNE X0.1014.16-

HHKOB
Coaepxanue:
cepoBoI0po1a " 05 -
keae3d ., . . 0,1 -
ritnea (CaS0y) 1300—2000 B aasuchymocT oT oGuiero cojlep-
Kanua B Bode cyangatos MgSO,
Naso,
KapGoHaTtHas HKECTROCTh,

Me-3K8la p 2~7 [Tpr TemnepaType narpesa ox.Ta-
dAawwel soisl 20—-50° C H coaep-
autn B Hed ot 10 g0 100 me/s cvoO-
G6oHoRr CO,

Ta6nuuga 1.4

TpeGopanHa K KauecTBY TEXHHUECKOH BOIbI
O pA3JHYHRIX NMPOH3BOACTE

[Mpou3seojicTEa
TEKCTHIb-
Iloka3atean . ’ noe T 6ae| o
CRERAY Byuan| ueryio-f sHokO-| o | GedbHO- AYOIE | yoxe-
Hoe |103m0e | HOe milj:E:w xkpa- | PHE | geruoe
'IKE!L[KOE] CHIbHOE
MyTHOCTB, Me/a o 2-3 1] 5 5 20 10
LseTHuCTE, epad . 30 15 10—12 5—~10 | 10—=100 -
[Tpo3payHoOCTh no
DIpHBTY, eM . . L . 30
Ub1an HecTKOCTh,
M2-3K8fa . . . 43-57 07 0,2 14-2,1 10,2~035| 1=2,65
OKHeaseMocTs,
Mz/a Oy . . 0 & 8—10
ColepxaHne,
Aeiesa . i 0,2 0,03 0,2 0,1
Mapranua . - 0,03 6,2 0,1
KpemMHeBOA
JOTHL . . . 25
cepoBoALPOIA . = - -
N10THOMO octatka | 300 - 160 - -~
pH 7-75 1-75| - 7-85 | 7-85

JeHHBIM  OCTaTKOM, OOIWHM cojecogepianuen (CyMMoH KaTHOHOB H
ailHOHOB) (t1aba. 1.6 H 1.7), coleprkaHHey pacTBOPEHHOro KHCJA0DOAA,
CBOGOJHON YIIEKHCJIOTH, cepoBoaopoza (Tabn. 1.5), aKTHBHOTrO Xja0pa.

B cocTaB BoAN B BHIE Pa3AHYHLIX XHMHYECKHX COEIHHeHHH BXOAAT
0koJo 50 9/eMEHTOB, OIHAaKO MHOrHe M3 HHX cOIep:KaTcd B MalbX
KOJHYeCTBAX H He OKa3biBafOT B/HAHHA HA ee CBOHCTRAE,



TaGnauua 15
Conepxaune p Bofle cepoboaopona (H,S), ruapocynsduaneix (HST)

H CYAbHIHBIX (SE‘) HouoB B 3asuckuMocty ot pH npu t=25°C
(8 % oT ofuero KoJaM4ecTBa ITHX coegHHeHmI)

pH
Coenu:
HeHile
, 6 ) 8 l 8.5 9 10
H.S 99,9 9849 91,8 52,9 10,1 3,4 I, 0,1
HS™ 0,1 1,1 82 47,1 89,9 96,6 98,89 99,8
g I 0,01 0,1

[Ipunmeyanne KoHUGHTpAUWH BCEX CO&JHIEHHA CEPOBOAOPONA BbHIPANKEHHI
B (1,5,

Tatauua 16

CooTHOWEHHEe MeXIAY pasJHyHLIMH OpMAMH KPEMHEBOA KHMCJAOTH
B NPHPOAHLIX Bojax npk pasuelx pH (B Moa. %)

pH
PopMul KPenmienol
KHCA0ThI
‘ 6 | 3 g 10
H,Si0, 100 100 99 97 77 2
HSIOJ_ Q 0 1 3 23 74
5i05” 0 0 0 0 0

Ta6anua 1.7
O6mee conecomepxaHie B pedHoil BOJe

Coaepmanite, mefa
Peka 5
ca®™ | mg? [Nat+k'| HCOZ | sOi” clI-
Heba 5 uw i 8,0 1,2 3.8 27,5 45 3.8
Cpemitee no CCCP 16,7 4,4 T.7 59 14,7 8,4
nnba s 166 47 333 246 346 505

[To BeaHuHue CYXOro OCTaTKa NpHPOAHBlE BOAbl Da3iedsiOTCA Ha
ceMb TPYNI:

1. ¥aeTpanpeciubie mo 100 s/a
2, Mpecuble 100—1000 »
3. CnaGocoaeHble . 1005=3000 »
4, CoaeHble 3000—10 000 »
5. CHABHOCONEHEL 10 000—-50 000 »
6. Paccoau , 50 000—300 0G0 »

7. YIBTPADACCOAL & o + v s o o & + & > 300 000 »



Hanboaee pacnpocTpaHeHbl B BOXe XJIOPHAB — COJH COJAHON KHCH
noTel 1 cynbdaThl = coftH cepHoil KucaoTel. ColepkaHHe cosedl Ka.lb-
Wi H Marypa onpeflesisieT MecTKOCTb BOAL, H3MepAeMY0 B MH.I-
qnrpaMm-3KBHBasentax ua | 4 Bomel (sme-axe/a) [Has onpedesenns
#eCTKOCTH BOJB KOJHYeCTBO BeulecTBa (M2/4), 0B6YCNOBAHRAKOULETO
MCCTKOCTDb, JeJAT HAa ero 3KBHBATEHTHHIA Bec (Tada. 1.8). ecTkocThb
woseT ObiTh H3Mepewa B rpalycax (HeMeUkHx): [° ecTKOCTH cooT-
setcrayetr 0,357 se-axg/a, a | me-9x58/4 — 2,8° KeCTKOCTH.

XHMHYECKH UYHCTas§ BOAA MONTH He NPOBORHT 3/IEKTPUUECKOTOQ TOKA.
Ee yaeabHas snexTponpoBomnocts npu [8°C paeHa 4,3-107% om™'.cu ',
TTwoboe yBesHueHHe 31eKTPOTNPOBOLHOCTH BOAH CBHIETEILCTBYET O 3a-
rpA3HEHHH ee 3JeKTPOJTHTaMH.

Bonel, HCNOAb30BaHHbe HA ObiTOBhle HJH MPOHIBOACTBEHHBlE HY-
WAB, B KOTOpbie MNPH 3TOM [0NAafal0T AOMNOJHHTEeIbHBElE MpHMedH (3a-
rpA3HEHUs), H3MEHMBIUHE HX NepPBOHAYAJBHHIA XHMHUECKHH COCTas WJH
(u3uvecKHe cBOMCTBA, a TaKike BOMbI, CTeKalollHe ¢ TEPPHTOPHH Hace-
JeHHLIX MeCT H MPOMBILLIEHHBX NPEANPHATHA B pe3y bTaTe BhNALEHHA
atMochepHbx ocamkos (Taba. 1.9) HAH NOAHBKEM yaHI, Ha3blBalOTCH
CTOYHB MH,

Crounble BONbI 3arpA3HeHbl BCEBO3MOXKHBIMH NDHMECAMH Opranuye-
CKOTO H MHIIEDAJbHOrO TNPOHCXOXKAEHHA, KOTOPhie MOTYT HaXOIHTbCA
B HHX B BHAE pacTBOpa, KOJJIOHIOB, CYCMEH3HH H IMYNhCHI; KOMNYecTBO
npHMecefl  OLUEHHBAeTCH BeCOBHIM KOJMHUECTBOM B eIHHHIE o6bema
(M&/a MW 2/4) —KOHUEHTpaUlHeHh

K pactBopam OTHOCAT MICMEPCHYI CHCTeMY, B KOTOPOR JHC-
NCprHpoOBaHHOE BelUlecTBO HOBElel0o A0 MOJEKYAAPHOro pasapobaeHns
(<<l 10-7 cm).

Tatauwa 1.8

JKBHBA/JEHTHBIE HOHE H MHOKHTEIH NJIH nepecgera
MHJIJIHIPAMM-HOHOB HA MUJAHrpaMM-3KBHBANEHTHI

MuoxHTe 1B MHuoxuteas
DKk BHBa: L3R nepe- SKBHBA- NS nepe-
dopmyana JEHTHBIH cueTa Mz QDopyna JeHTHbIH cyeta me
Bec Ha M2'5K8 Bec Ha M2-3kg
- 1,008 0,99206 NOy 46,008 0,02174
K* 39,100 0,02558 0
Na* 22,997 0,04348 50~ 48,033 0,02082
+ =
NHy 18,019 0,05543 HCOj 61,018 0.01639
+*
b k) 0.4t cos” 30,005 003333
Ca 20,040 0,04997 3
M%“ 12,180 0,08224 POy~ 31,658 0,03159
+ -
Fel 27,925 0,0338! HPO 2" 47,994 0,02084
Fe 18,617 0,05371 -
Al 8.993 011124 H,PO; 96,996 0,103
Mll“+ 27,465 0,03641 g2= 16.033 0,06237
cr” 35,437 0,02820 HS™ 83,074 0,03024
Br 79,916 0,01251 HSi0 77,008 0,01298
J 126,910 0,00788
NOF 62,008 0,01613 Siog‘ 38,045 0,02639




Tagauumwa 1.9

XapaRTepHCTHKA 3arpA3HEHHOCTH HOMKAEBBX M TAaJbIX BOX
(mo I, I'. WWuropuuy)

BIK, Basewennsvie | [Taotnbii
5 oTeT

| BellecTna, OCTATOK,
aala Mela Mela

ATMochePHEE OCAAKI:

UDH IPOXOMKAeHHHI BO31VLI-
Horo GacceiiHa Haa ropoioM 10,8 70,8
1Py CTCKAHHH ¢ Kphiu 1o
BOJOCTOUHBIM TpyGaM id no-
BEPXHOCTH ABOPA . .+« 283 0,1-250
NpK NOCTYMICHHI yeped JBO-
POBLle  HOMKIACOPHeMHHKH B
ABONOBYIO N0XKICBVIO CETh .
Jox/aeBble BOABI, MOCTY-
nawigHe ¢ NOBEPXHOCTH Y. IHLIL
H TPOTYapoB B y.auyiibie 10- .
WACIPHEeMHHKN 35—69 500—2300 107 =111
(1eTyuHx
30—33%)
120)—300Q
(neaeTyyux

~67%)

Koaaongaxi Han 3908 8MIil 11a3plBA10T AICNEPCHYIO CHCTEMY
¢ pasmepamir yacth ot 107 Mo 1077 ca. KonsoHInyio CHCTeMY CTOu-
HEelX BOA 06pasyloT Kak ruApodHabiibie, Tak Il THIpodobiible KOMJIOHIBL,

TnapoduabHbe KOANOHNAb 06pa3yioT CTYIeHHCTbE OCaA-
KH H XapaKTEePH3VITCA CNOCOOHOCTBIO AHCIEPCHBIX YACTHI CBA3bIBATL
MOJIEKY/Ibl BOJBL, Cayxawedt amcnmepcuonuoi cpeicit. K HuMm ortHocATcA
NpEHMYILECTBEHHO OpraHHyeckHe coeluHeHid, ofaatawwne GoBWHM
MOJIEKYAAPIBIM BECOM  (BLICOKOMOANMEpHble  BeulecTBa), — YIJEBOLSI,
neaJ03a, kKpaxman, Gemkn (aabBymiui, remorioBHll, KasdeuH, KuaeH),
MbI14, BOJBIIHIICTBO OPTaHHYECKHX KPAaCHTeneH, MHKPOOPraHH3Mbl H Ap.

F'noppodobuble KOAAOHAB O0OCaXIAKWTCA B Biile MOPOLIKOB
HAH XJOMbeB H OTJHYAIOTCA llecnocoblOCTb0 AHCMEPCHBIX YacTHL CBS-
3bIBATb MOJEKY/bl BOMBI, cAyMaulef nucrmepcHoHHoW cpefoil. K Hum
OTHOCATCH [JHHA, THI1DAThl CKHCH »ele3a H aJIOMHIHA, CHIHLHH, 00e3-
30JI€HHBIA Yroab H Jp.

Iicnepchas CHCTEMA ¢ YacTHUaMu pasvepom Ganee 1 10°% cu mo
1 Mt paswiBaeTesl cycmensHeidl HIH B3BeChIO,

IMYJIbCHH COCTOAT H3 JIBYX HecMayWBawILMXCA (paccaauBan-
ULHXCT) HUHAKOCTEIL.

Croydas BOAA TnpeilcTaBasieT co60il OTIHYHYIO OT THApocMecefl
cpeny co crnelliQUYeCKHMH MNPHCYUIMMH TOJAbKO efl (HIHUECKHMH CBOil-
CTBaMH, OnpelensieMblMH cOldepXanHeM B Heil pPacTBOPEHHbIX BELLECTB,
KOI.IOHI0B, cycrmeH3Hit H 3IMYJbCHA, T. € CTO4HYI0O XKHIKOCTE CleLyeT
CYHTATb H CYCIIEH30HAOM H 3MYJbCOHAOM.

BsBeweHiible BellecTBa CTOYHBIX BOA AENATCA Ha ocejlaeMble H
HeoceflaeMble. K ocelaeMbiM OTHOCAT BellecTBa, BbiNajlalollile Ha
IO cOcyla B BHIe OCajKka B pe3yasTaTe OBYXYacOBOTO OTCTaHBAHHA
B 1a00pPaTOPHLIX YCIOBHAX. XAapaKTepHCTHKA OCeIaeMblX B3BelUeHHbiX
BElIeCTB MOeT ObiTh NOAYYeHa MO KHHETHKe WX BhiNaleHHA B 0CaToK
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KoanuectBo 3arpfA3HeHHH GBITOBBIX CTOTHMX BOX
HA OMHOrO JKHTEJNS B CYTKH

eleyrrku 2leyrku
Bi3pellleHHbe BellecTBa 65 A30T aMMOBHIRLL
BITKs OCBET.IEHHOH KHIKO- Qovdarthl
CTH - & T 35 XaopHabt
BIK o4 CBEeTI€HHOA [TosepxHOCTHO-ax
AKHAKOCTH 40 sewecTsa ([TAB) 2,5

B vocyaax Jlucewko (emkoctbio 0,5 Han 1 a4, THocaAeaILi — BLICOTOM
28 cm) nam B cocynax JIMCH (2 uaw 3 4 u Buicotoi 54 cu).

TTocne cywky BeiiaBWefl B3BecH npin 105° C i1 B3RewWwHBAHIA onpe-
[ejA0T colepkaHue (B ae/a) oceaiowmx peuwlects, OTHouleliie Beca
ocTaBIUeHCA 30Jitl NOCAe NPOKaAHBAHHA BO31YLIHO-CYXOro ocaika mnpH
teMnepatype 600°C k obiiemy Becy abco/lOTHO CYXGro BellecTBa ocai-
Ka, BEIpa:eHHOe B MPOUEHTaX, JaeT 30abHOcTH ocaika. [loTepsa
NpH NPOKAaJHBaHHH ONpele deT KO, HYecTBO G€33071EHOTO BalleCcTRa,

Oflee KOJIHYeCTBO B3BEUIEHHBIX BelleCTB B OLiTOBLIX CTOYHLIX BO-
Jax COCTaBJaAeT OKono 65 2 Ha 0AHOro 4YelvBeka B CyTKH, H3 HHX 60-—
75% ocedaeMEIX ¢ 30.bHOCThIO 20—30Y% (Taba. L.10}).

B kauecTBe canurapHo-6aKTepUO.10eUECKO20 NOKA3ATLAA BOALL NPH-
HAT KOAW-THTP HJIH KOMJH HHJEeKC, a Takme obllee YHCI0
colepKauipxca B Boae GawtepHil. [o1 BO3JefCcTBHEM MHKDOOPTAllH3MOB
IpOHCXOAMT MHHepaiH3alllHA, T. e. pacnal OPTaHHYECKHX COeIHHEHHI
10 COy u H,0. Bce MWKpOOpraHHaMbl Je1aTCi Ha a3poGHbie o
anaspobuuie [lepBrle pasBHBAKTCA TOMLKO B NDHCYTCTBHH KHCI0-
poia, aHaspobiible — B DeCKHC/JIOPOAHOR cpele,

Creneils 3arpssiieliHOCTH  BOABl OPratHyecKHMH BellecTBaMH, CO-
JepiKaliuMics B pacTBOpe B BHIe Heocelawouiefl B3secH H 10.470HI0B,
wokeT ObiTb YCTAHOBAEHA N0 KOJHYECTBY KHCI0poJa, noTpeb.isesoro
Ha GHOXHMHMUYECKOE OKHCIeHHEe 3THX EBellecTB B a3poGHOM npolecce 3a
GNpele’elHbll HHTEPBAJ BPeMeH!H, W MOMET OblTb OLEHeHa 6 H O XH-
MdHyeckol notpebHocTbw B kKucaopone (BIIK), Bepa-
waemMoll B MuLTHrpasmyax Ha autp, O6eiuwo BIIK onpeieasioT B naT-
«yroytoit npobe (BITKs).

Broxuvnueckas notpe6HocTe B KHC/0DOIe He YUHTLIBAeT CTOfiKHE
OpranHyeckne BELIECTBA, HE 3aTpariBaemble BUOXHMH4YECKHM TpoOLEccoM,
f 4acTb BellecTB, HAYWHX Ha NpHPOCT OakTepHil; NOITGMY IR IMOAHOH
OLLEeHKH KOJHMYECTBA OpPraHHYecKHX BellleCTB B CTOYHON BOJe onpele-
asiot (kpome BITK) xumuyeckoe norpefGaeHHe KHCAOpPO-
1a (X[K) [Lna atoro HenwiTyeMmylo npo6y BOJbl CMEUIHBAOT ¢ XHMH-
9eCKH  YHCTOH KOHUEHTDPHPOBAHHOH CEPHOA KHCAOTOH H Jo6aBisior
ozat kaaua (KJOsz) HAH conn XpOMOBOI KHCJIOTHI, OTialolliie CBOI
KIHCAOPOA Aaf OKHCaenns. OkicaeHue Beietca npu Kumsyeimi. Komnve-
ctBo KHcaopoza (XITK), sksnBasenthoe pacxoly OKHCAHTE]d, Bhlpa-
Kaercd B muaaurpaMmax Op na 1 a anaamusupyemott xknikoctH. OKHe-
asemocts BI1Ksp OBITOBBIX cTOYHBIX BofA cocTaBaser 86% or XIIK:
%I-EKDOJ:H CTOYHBIX BOA MOAOYHBIX NpeAnpuATHil doctiraer 80—84% or
XIIK.
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Ecnn B BuITOBOI CTOUHON BOAe couepikHTes B m2/a BIsemIeHHbIX
BeIleCTB, NpHYEM 70—80% 13 HHX opraHHueckHX, TO npuH 50 < B <
<< 600 M2/4 KOJHYECTBO KOJJIOHAOB MOMeT GulTh OnpeleneHo no dop-
myae H. &. Penoposa:

B
= 8!
K= qrrroooms *e/h (L)
Konuenrtpanns GLITOBLX (rosaficTBeHHO-bexKamb-

HBIX) CTOUWbLIX BOJI 3aBHCHT OT CyTOUYHOH HOpMBI rioTpebieHns
BOALL YeJIOBEKOM H IO B2BEWEHHLIM BEUIECTBAM cocraBaner 150—
300 mz/a.

Mpuvep 1. Apanwzov yCTAHOBIO, 9To GLITOpLIe CTOYHLIE BOAB COdep-
skaT 200 Me/2 BIEEIUEHHLIX BEULECTP, B TOM dicie 73% opranuyeckkx. Qnpereinx
KOJHYECTBO KO.1.10H 0B

B 200
K= 5= 550
4,17 +0,00223 4,17+ 0,0022-20

=143,7 m2/a,

[lponzBoacTBEeHHEe CTOUHBIE BOJMLLL 3arpasiiedbl B OC-
HOBHOM OTX0AaMH H OTGpocaMi MNPOH3BOACTBA, OTAHHAACH 3ayHTEqb-
HLIM Pa3HOO6pasHeM KAk U0 KOJHYeCTBY, TaK H M0 COCTABY B 3aBHCH-
MOCTH OT TEXHOMOTHYeCKOro npouecca.

[Mo npoexkty CHuIT [I-T.6—73, cpeanss xonuenTpauus ROMKIEBLIX
BoJ mower npuiHMATECA 10 BITKuoas = 70 = 80 se/2 v no B3BelteH-
nuM Bewecteam oT 150 po 300 me/a B 3aBHCHMOCTH OT creneu 6.7aro-
YCTPOHCTBA TEPPHTOPHH.

Bona, noAsepriuascs paawauHONIIOMYy BO3JEHCTEHIO, H3MeHAeT He-
KOTOpPEIC CBOH cBOilcTBa. Tak, nol JefiCTBHEM H3AYuYeHilds TpPH Temme-
paTtype 250—300°C B Hell MpOICXOAAT XHMHYECKHe peakuwH: oHa pas-
JlaraeTcA Ha BOJZOPOL H KucJopod: ofpa3yeTcs aMMHaK H 430TUASA KHC-
J10Ta, KOTOpas, B CBOIO Oyepejb, PasfaraeTcs Ha BOJIOPOA, a30T H BOLY.
Menkasn Basech W pPaCTBOpeHHble BellECTBA CTAHOBATCA MPH 3TOM pa-
AHOaRTHBHGL M PalloakTHBHOCTE MOXeT OKa3aTe BAHANHE H LA
aHaypobiible npolecchl.

[Mo wmexiyHapoanomy cTaHIapTy, NpelenbHO AOMYCTHMBHA YpOBelb
PaAHOAKTHBHOCTH MHTLEBON BOAB YCTAHOBMEH: TpH aabha-H3TyyeHHH—
I 107% mxwxiopu/a, a npn Gera-usayuenun — 1 1078 Awwropu/a (1 Mk
pu = 10~% kropu = 3,7 10 cex~").

OCHOBHLIMH PaIHOAKTHBHBIMH 37eMeHTaMH peyHol BOoA RBAAWTCHA:

Saement K49 Y90 Ra22 Th232
PaanoaktneHocTs,
Kiopu/a 10717 (22310718 2,810~ "3 g6.10~1 20,101

§ 1.2. NJOTHOCTb W OBBEMHbIH BEC BOAbLI, CTOYALIX
WHOKOCTEA, PEATEHTO8 W APYIHX BOZHbLIX PACTBOPOB

[ThroTHOCTE — OTHOWEHHE Macchl KHIKOCTH K 3adHHmaeMoMy

eo ofveMy:
M Macca
pwv—[oﬁkem]' (1.2)
B cucreme MKICC (rexnuuecxoi) B cucrene CH
_ [ xec-cex? K2
lo] =[], o1 =45
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Hna Boxwt npn f = 4°C

Kee » cex?

o= 102 = = 1000 ke/ 4

Ob6beMmMHb # (MAH yLeabHBb i) Bec— OTHOLIEHHe Beca HI-
KOCTH K 3aHHMaeMOMy €x0 Oﬁ‘bEM)".

a BEC
vaﬂ{-&;be.\:}; (13)
v=rpg. (1.4)
B cucresie MKICC B cucrese CH
[yl = [ e ] [v] = [H/»x%].

OrtnocutenbHuh Bec O— Gespa3viepHas BeNHuHHA, PaBHAA
OTHOWENHK BeCca KHAKOCTH K Becy XHCTHAINDOBAHHGH BOAEL, B3ATOH
B ToM ke o6beve npu 4°C. OriocnTenwntili BeC § 3aBHCHT OT Tewne-
paTypel H JaBJeHHS.

B rtata. L.1l—115 npuselens OTHOCHTeNMbHEIe Beca nNpecliod H
MODCKON BO/bl, OCA1KOR CTOYHLIX BOA W BOZHOro pacTeopa Aly(S0O,)s,
a Tak:Ke o6beMHbIH Bec CHera il Abaa.

O1HockTenblbIH Bec GLITOELIX CTOMHBIX BOA TPH COJAEPKaHHH B HHX
B3BEINEHHbIX BellecTs B npejlenax 100 << B << 1500 e/ u oroao 759%
OPraHHYeCKHX BEWLECTB MoskeT 6biTh onpeaesied no dopmy.te H. &. de-
ZopoBa:

3=10002+ 7410778, (1.5)

roe B —B m2/a.

Ipn yseanuenHn KoJHUeCTBA opraliHyeckrx BellecTB Qopyyna (1.5)
AOXeT HAaBaTb OTK/JOWEHHA B CTOPOHY YMeHbIUEHHA 3Havueinh 8, a opu
YBENHYEHHH KOTHUECTBA MHHEpaNbHbLIX BellecTs, HA060poT, — B CTO-
poHy noBbileHhs 0. '

TaGanna

OTHOCHTeNBHBIF Bec mMpecHON BOAW MPH PA3JHYHWX TeMMepaTypax
(nzu armochepHOM NaBaeHHH)

t°c & t°C 6 t°C 6 t°C 8
0 0,99987 26 0,95681 52 0,98715 78 0,97307
2 0,99997 2 099626 54 0,98621 8D 0,97183
4 1,0000 30 0,99367 56 0,98525 82 0,97057
6 0,99997 32 0,99505 58 ,98425 84 0,96930
8 0,99988 34 0,99440 60 0.98.324 86 0,96800
10 0,99973 36 0,99371 62 0,98220 88 0,966(8
12 0,99952 38 0.99299 64 0,98113 99 0,96534
14 0.99927 40 0.99224 66 0,98005 92 0,96399
16 0,99897 42 0.99147 68 C,978%4 94 0,96261
18 0,99862 44 0.99066 70 0,97781 96 0,96122
20 0,59823 48 0,98983 72 0,97666 98 | 0,9598]
22 0,99780 48 0,98896 74 |, 097548 100 0.95838
24 0,99732 50 0,98307 76 0,97429 120 0,94340




TaGnuma 1.12

OTHOCHTE bHBI BeC MODCKOM BOALI NMPH PasARMHBIX TeMOepaTypax
H KOHUEHTPAUMH coJell (MpH aTMocdhepHOM HNABJEHHH)

Cojepsaiiie coit B npoxnae (%,)
°C
10 \ 15 ‘ 30 40

~2 — - -_ 1,01604 1.02415 1,03297
0 1,00397 1,.03u1 1,01:204 1ul6uT 1.02410 1,04216
2 1,00403 1,003u4 1,01204 1,Ul603 1,02400 I,u3200
4 1.00403 1,008ul 1,01197 1,u15493 1,02384 1,03179
6 1,00397 1,00791 1,01185 1,01576 1,02363 1,u3153
8 1,06385 1,00776 1,01167 1,01557 1,02338 1,03)22
10 1.00367 1,00756 1,01144 1,01532 1,0:308 1,03088
12 1,00344 1,00731 1,017 1,01502 1,02274 1,03049
14 1,00317 1,00701 1,01085 1,01468 1.02236 1,03007
16 1,00285 1,00667 1,01049 1,01430 1,02194 1,02961
18 1,00248 1.00628 1,0:008 1,01388 1.02148 1,02912
20 1,00207 1,00586 1,00964 1,01342 1,02098 1,02863
22 1,00162 1,00539 1,00916 1,01292 1,02645 1,02804
24 1,00t13 1,00488 1,00363 1,01238 1,01989 1,02745
26 1,00060 1,00434 1,0)808 1,01188 1,01930 1,02653
28 1,06003 1,00376 1,00749 1,01121 1.01867 1,0:618
30 0,99943 1,00315 1,00686 1,01057 1,01801 1,02530

Ta6aunuwa 1.13

OTHOCHTENbHEIH BeC OCAafKGB OLITOBEIX CTOYHHIX BOJ
MpH pa3/HYHOMA BAAXKHOCTH HX H NAOTHOCTH CYXOro BellecTBa

[TrotnoCTy Cyx0ro BzllelTea,
B.aaxHoCTh
0221KJB, %
1,09
a8 1,002 1,054 1.007 1,008 1,010
97 1,C03% 1.007 1,010 1,043 1.016
96 1,004 1,069 1.013 i.uis 1,022
S5 1,0u4 1,010 1,017 1,023 1,027
94 1,006 1,ul2 1,019 1,027 1,038
93 1,007 1,015 1,023 1,032 1,039
92 1,007 1,017 1,027 1,036 1,044
91 1,008 1,019 1,030 1,040 1,050
90 1,009 1,020 1,034 1.044 1,056
89 1,0l 1,623 1,037 1,049 1,062
88 1,010 1,025 1,040 1,054 1,068
87 1,011 1,027 1,043 1,059 1,074
£6 1,01¢ 1,029 1,046 1.064 1,080
85 1013 1,031 1,050 1,069 1,086
8% 1,014 1,033 1,054 1.074 1,093
83 1,013 1,035 1,058 1,079 1,093
82 1,016 1,037 1,062 1,084 1,106
81 1,017 1,039 1,63 1,089 1,112
80 1,018 1,641 1,068 1,094 1,118

YienbHblfi Bec ocafKa OLITOBHIX CTOYHLIX BOJX MPHMepHO paBeH
263 rc/w3, a of6BeMHEIl BeC € yyeTOM NOpHCTOCTH — 1,6, a B yn.orT-
HeHHOM COCTOAHHH — | 4 Te/sd,
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Tadamnua 1.14
O6beMHBIl Bec cHera H Jabja

Koanyectro
npHMecedl, %
K Becy cHera

Bi O6semibil Bec,
TC/ M3

CpexeBhlTaBmit — ox vyciuui 0,2 0,3-0.5
OK yuenblidl — qexatsil 0,3 1,0—~1,3
To we, Ha yJIHUAX C HHT

MWHEM o s o 0 0 e s wive 0.3 1,6—2,0
Cirer, ¢6por  HHBIT ¢ KpLIU 0,4 1,6—1,0
CKo 1l € y.aM4HbIX Mpoesnos 0,45 1215
Jlea upn 0° C 0,9168 -

Ta6auwuma 1.15

OTHOCHTENBHEI BeC BOJAHKIX PacTBOPOB
B 3aBHCHMOCTH 0T KoHueHTpauuH Al;(SO,);
nmpu 15°C

KoHuentpauia 6 Konuentpaunsn s
pacTBOpa, % pacTBOpa, ¥

I 1,007 7 1,0768
2 1,027 8 1,087
3 1,037 9 1,0963
4 1,047 10 1,1071
5 1,0569 25 1,257
6 1,067

OTIOCHTeAbHBI BEC UEMEHTHOTO TeCTa H PacTBOPOB 3aBHCHT OT BO-
JoueMentiioro otHowennsa (B/I}:

B/l 03 04 05 06 07
6 2052 1,857 1,80 1,72 164

OTHOCHTEAbHLIH Bec TIHHHCTEIX PACTBOPOB 3aBHCHT OT CONEpKaHHS
TBEPALIX 4acTHIL
Cogepxainite 4acTiy, 13,4 157 19,6 263 38,0
] 1,07 L0 LE2 LI9 1,32

B ITPHACKEHHAX 5u6 lIpHBEAEHBl MJAOTHOCTE H BA3KOCLTb ZKHIKO-
cTell 1 rasos, NpHMEHAEMBIX IDH OYHCTKE BOJIBL

§ 1.3. CHUMAEMOCTb

CXHMa3eMOCTb— cOocoGHOCTb KHIKOCTH 06paTiMbiM 06pa3soM
H3MeHATb CBOH o06beM 101 IeHCTBHeM BCEC10POHHETO BHeWHero Aas-
JIRHHA.

CixuMaeMocis XapakTtepHayeTcl KosddpuuUHEHTOM o06beM-
HOro cx®atus

1 Ap \V

b= =T T {8}
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Beauunna, ofpatinaa xosbbHuMenTy o0O6BEMHOrO ciKaTHH, Ha3sbl-
paeTci MOAyaeM OGBbeMHONH ympyrocTH MHUIKOCTH

[ A
Ex=g-=0 o (L.7)

Monynb o8besHO! YOPAIOCTH CYWCCTBEHUO 3aBHCHT OT rasocojep-
JKAHHA B XKIIKOCTH:
Eq
E

E RTE
=1t g P2 = e =

v paEo
=1 _ 1.8
T Paec Yeoazn p? 2}

rie Qo U QPpec — OOBEMHOP M BeCcOBOE COAepKAHHR HepPacTBOPEHHOIO
rasa B XKHIKOCTH;
p — HaBACHIC B KHAKOCTH,
Pa — atsocdepHoe 1aBaCHHE:
Eo — MOAyab OGBEMHOU YNPYrOCTH YHCTOH KHAKOCTH, HE
coneprallel llepacTBOPEHHBIA Tas.
Monyan o6beMHOi ynpyrocTH BOAL npHeedehn B tada. [.16; or-
nowennsa Eo/E ansa sonw ¢ Bozayxom — 8 tada, [.17

Ta6anua LI6

Monynu ofbemuci ynpyroctu soam E,, xec/s?

Jap. aue p h

80
0 1,89 1,90 1,92 1,95 1,98
5 1,93 1,93 1.97 201 2,07

10 1.95 1,97 2,01 2,03 2,12
15 1,97 2,00 2,03 2,09 2,17

20 1,98 2,02 2,06 2,12 2,21

Tagauna LI7

OtHowenun E [E nna Bojw ¢ BOIgyxXoM

Hapaenne p, kacjcm?
fDO.

% 5 10 2
0,1 6 1.8 1,2 1,05
0,5 26 5 2 1,23
1.0 31 9 3 1,350
1.5 76 13 4 1,75
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Cpeanne 3nayedws xoddohuunenta 06BEMHOTO cCmaTHA BOJLI [PH
oObiullofl TeMIepaType B 3aBHCHMOCTH OT JaB/eHHH:

1—500 keclemn? 4,85-10~% cm®xac
1000~ 1500 » 3,65-107%  »
2500—3000 » 2,66:107°

[Tpumep 2. [lpy ru1paBaHYecKoM HCNBITAHIH y4acTka TpySonpoBona
piaverpom & 400 st W oaaviol [ = 200 & nasneHHe BoAbkl B TpyGe 6BIIO MOBLI-
wexo A0 30 rec/cam!. Yepes yac [aB/eHHe CHH3HAOCH A0 20 keelest. CKOIBKO BOJLBI
BLITEKI0 Yepe3 HemmoTHOCTH? 4

Ecau npunsite Koz(pPPHILLEHT o6BEMHOrO € BOAB If:p=.'3-10_5 eMlree,

KHiMeHeHHe ee o00bCMAa COCTABHT:

AV==~ BV &p.

O6tenm
a4d?

V= [=123,12 M3,

Hanmeu

~ Ap=30~—20=10 kac/cn

KonuuecTBo BhiTeKweH 4epes HenaoTHOCTH BOMbI

10-2512:10¢

= =1256% ca’=12
AV PR 12 56% c4’=12,56 4.

TennoBoe pacmwupelne—izveieHHe ofbeMa Tea NpH Ha-
rpeBat Hi.

BeanuHHa TennoBOro paclHpeHHs XapaKkTepHayeTcs 0GB e MH bl M
Ko3phHUUEHTOM TeMmnepaTYypHOTO pacmwHpesus By,
KOTOpHI#l parell TPHPAWEHHIO eAMHHLL 0Obema TelNa (pH HarpeBaHHY
na 1°C:

be=v737= p AL (1)

3uavenns Ko3QdHUMEHTA TeMMepaTYPHOTO pACIIHPENHA BOLbl NpH-
BedeHb B Tadn. [.18.

B o6uiusbix ycloBuAX Ko3$dHUHEHT TeMnepaTypHOTO PAaclUHPEHHS
abia B = 50,7 10°% 1/epad (npn —10—0°C)

Ta6nuua LI8

3HaveHAsd KO3PPHUUEHTA TEMNEpATYPHOr0 PACIIH ##1HS BOJABI,
105 1/zpad

t°C
Has.ienue p,
Kacfem? |
1—10 10—20 60—70 90100
1 14 150 422 556 719
10 43 165 422 548 714
20 72 183 426 539 -
50 149 236 429 523 661
90 229 294 437 514 621
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TMpusmep 3. B oTonureabknil KOTea 8 Tedewwe qaca mocrynaer 50 MY Boabl
npy rexnepatrype 70°C. CkoabKo Ky§0MeTpoB BOABl G6yIeT BEIXONHTh H3 KOTa3,
ecqH Harpesanme ee TMpoH3BodauTcs Ao 90°C, a KOs3pUUHENT TEMNEepaTypHOLo
paclwkpenns soas B,;=0,00064 l/zpad?

YBeJIHYEHHE pacxofia COCTABHT:

AQ=5,Q, A1 =0,00064-50-20 =0,64 s%/4,

Pacxon poab
Qi=0Q + AQ=250+0,64==50,64 x%u,

§ 14. BA3KOCTH

BA3KOCTB— CBOCTBO KHAKOCTH OKAa3LIBATH COTIPOTHBJEHHE OT-
HOCHTENLHOMY LBHXelHo (CABHrY) UacTHIL XKHIKOCTIL

BA3KOCTh  OUEHHBAETCA JAHHAMHYECKHM KO3(pdHILHEH-
TOM BA3KOCTH 1 — KOIODOHUHEHTOM TNPONOPUHOHANBUOCTH, BXOLSA-
UMM B BbipaiKeHHe sakoHa TpeHus Hblotona:

du
=1 (1.10)

IAE T — KacaTebHOE HanpfieHie Ha 3jleMelTapHON NJOWAZKe. .1eKa-
uiefi Ha NOBEPXHOCTH COMPHKACAIOWHNCA CJOEB JABHKYLLelCs
JKHIKOCTII;

du/dn — npousBoAlas CKOPoOCTH o HOPM K paccMaTpuBaeMblM
CJOSAM MHAKOCTIL.

B cucrene MKI'CC

Kec - cex
) = |22 |
B cucreme CH
_ [cuna-mpena] [ H-ecex]_ -
(n] [ 001 Ak I [ ) ] ([Ta- cex].

OTHollleHHe AHUAMHYeCKOTO KodddHUIelTa BA3KOCTH K MAOTHOCTH
MHIKOCTH HA3blBaeTci KHHEMATHUYECKHM XKO3DOHUUHEHTOM
BA3KOCTH:

. [ [0 (113 Xb ]
“p | Bpems

B kKauecTBe eOHHWLB lU3MepPeHHA V OObIMHO NPHHHMAIOT CTOKC
(I er =1 c#?/cex) wunu canwrucroxc (1 ccr == 1 m#?/cex) Hepenxo
KO3p@PHLUHEHT BA3KOCTH 1 H3MepseTcA B nyasax (n3) HAM canTunyasax
(cn3) (1 n3 = 100 cn3 = 0,1 I[1a-cex = 0,0102 kec-cex/n?)

32BHCHMOCTb BA3KOCTH MKHIAKOCTH OT TEMNEpaTypbl MOMeT OblTb
Bbipanenra dopmynoit B. A, Baxapesa:

n=role @ =N 4 p(t — fo) e =] (1.12)

3Hauenna Bxoaswnx B (1.12) koadhdHUNEHTOB 1upencTaBAEHb B
1aba. 1.19.
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Ta6auma 1,19
3nauenua koadduuHeHTOB My, 4, b, ¢, Ty B (1.12)

\ Hayvano
i0*a, 10% b, 10%¢,
liepad | (jepady | llepad | °FISE
Buid 0
FTYTH . PR ~33,87
TpancdopMaToptoe
NALI0 . . § =g 65 0
HeTolpex:: HUTBLIR
yr.epoa 1,99 17 20 4 —93,8
Beusoar, . . . .. q,9 17,5 815 21,3 0
MerTi0BLA cunpr u,808 16,5 478 21 0
3TII0BLIA CLpT |, . 1,773 20 677 23,5 0
[TponiAoBLIT  cnupr 3,383 30 4380 29 0
[{opMaLHLIH rentan 3,83 34 230 20 —9.0
lexeaa ., . . ... — 23 54,5 13,6 -95,3
XAQPHCTBI HETPHA 1,6 5 2,9 0,57 + 804
A3OTHOKHCJLIA Ha
TpHA .. . 2,92 5 56 146 +308
YKCYCHAH K 1,285 18 132 20 +16,7
OkxTad —_ 23 12 17,3 +36,8

Ana whctoit npecHo#t BOJkl 3aBHCHM CThb BA3KOCTH OT TEMIepaTypsl
#eT BulTb Bblpaiiena no Qopiyae
0,01775
1 + 0,0337f 4+ 0,00022142

rie {— tevneparypa, °C;
vo — BA3KocTb Bolu npu 0°C, pasian 0,0179 cr (ra6a. 1.20).
JKH1kocTh, B KOTCPOH B3BelleHO G0.blIOE KOJHYECTBO MeJKHXK
TBEPIbIX 4acTHU, Oyier 06.1a1ath 3QGeKTHBHON BA3IKOCTBIO 1), OTJMHY-
HOH OT EASKOCTH OCHOBHOH »HIKOCTH ol

n =1, (1 4+ 25¢ + 98¢"5), (1.14)

Ta6auna 120

3Haverns Ko3bGHUHEHTA BAIKOCTH BOAH
NpH pa3fHYHEX TeMnepartypax

Vv =

~ ve (1 4 0,0188072 {er],  (1.13)

] n. el m,
0 1,79 1,79 26 0,87 0,88
2 1,67 1,67 28 0,84 0,84
4 1,57 1,57 30 0,80 0,30
6 1,47 1.47 35 0,72 0,73
8 1,39 1,39 40 0,65 0,66
10 1,31 1,31 45 0,60 0,60
12 1,24 1,24 50 0,55 0,56
14 1,17 1,18 55 0,51 0,51
16 1,12 1,12 60 0,48 0,48
18 . 1,06 1,06 70 0,41 0,41
20 1,0 1,01 &0 0,37 0,37
22 0,% 0,96 90 0,32 0,33
24 0,92 0,92 100 0,27 0,28
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rle ¢ — KOICHCTEHIHA [HADOCMECH, T, €. NOJeBOe cojepKanue B fef
TBEpPAbIX MATEPHA/JOB: OTHOWEHHE MYTUOCTH CMCCH K YAEAbHOMY Becy
MeJKodHcnepcHol dasbl.

KnuemMaTnyeckasa BA3KOCTb BOJHOrO MOTOKA, HACHILEHHOrO B3BelIel-
HuiMH yacTHuaMu (60% uactiu pasmepom mexee 0,05 muv o 05Y% —
Gonee 0,256 mM), YyBeAHYHBaeTCA B 3aBUCHMOCTH OT COLep:KalHg
B3Becn B (B 2/4) Ha:

1,0 L03 1,11 1,18 1,32 1,48 195 2,82 4,46 89 56
B =316 10 30,6 100 250 316 400 500 630 800 1000

[lpakTHYecKH BRA3KOCTb B3BEUIEHHOTO WM1gaMa BOLONPOBOIHBIX OT-
cToftiHKoB cocTtaenasietr 1, 1—1,3 cer.

BfakocTh OGuITOBBIX CTOUHSIX BOJ, coaepkaumux B < 600 a2/a
B3BeLICHHLIX BellecTB, 3 KotopulXx 70—80% ~— opraHHueckHe, MPH TeM-
nepatype t o1 2 mo 25°C momer GuiThb onpegetena no dQopmyne
H. ©, ®egoposa:

v == vy + 0,00028:~? [¢7], (1.15)

rie vs — KHHEMATHYECKHA KO3(QQHIHEHT BA3KOCTH MPecHOH BOJLL

B ta6n. 1.21 npuBeleHbl HaHHBIE O KHH:MATHUYECKOH BA3KOCTH Gl-
TOBLX CTOUYHBIX BOJ, BhluHCJenheie no (1.15), a B Ta6a. 1.22 — 3uaue-
HHA KO3(QGbHIHeHTa AHMHAMHYECKOR BR3KOCTH HEKOTOpPbLIX PacTBOPOE.

Ta6anna 121

MpuGnuxennHe 3xadeHus Ko3hGHUHEHTA KMHEMaTHYECKoN BA3KOCTH
GHTOBBLIX CTOUHBIX BOJ B ccT (MME/cek)

KoaHyecTs0 B3BeuleHIIBIX BellecTs, Mz/a

t°C
100 200 300 400 600
2 2,17 2,67 3,17 3,67 W7 4,67
3 1,83 2,05 2,27 2,49 2,71 2,93
4 1,68 1,80 1,92 2,04 2,16 2,28
& 1,60 1,88 1,76 1,84 1,92 2,00
6 1,52 1,58 1,63 1,69 1,74 1,80
7 1,46 1,50 1,54 1.58 1,62 1,67
8 1,42 1,45 1,48 1,51 1,54 1,58
9 1,37 140 1,42 1,45 1,47 1,49
10 1,33 1,35 1,37 1,39 1,41 1,43
11 1,29. 1,30 1,32 1,34 1,35 1,37
12 1,25 127 1,28 1,30 1,31 1,32
13 1,22 1,23 1,25 1,26 1.27 1,28
14 1,18 1,19 1,20 1,21 1,22 1,23
15 I,15 1,16 1,17 1.18 1,18 1,19
16 I,12 1,13 1,13 1,14 1,16 1,16
17 1,10 1,10 1,11 1,12 1,12 1,13
18 1,07 1,07 1,08 1.08 1,09 1,10
19 1,4 1,04 1,05 1,05 1,06 1,06
20 1,02 1,02 1,02 1,03 1,04 1,04
21 1,00 1,00 1,00 1,01 1,01 1,02
22 0,96 0,97 0,97 0,98 0,98 0,58
23 0,94 0,95 0,95 0,96 0,96 0,96
24 0,92 0,93 0,93 0,93 0,94 C,94
25 0.90 0,91 0,91 0,91 0,92 0,92

20



Ta6aunma 122

3pageHnd K03OPHUHEHTa NHHAMUYECKOR BA3KOCTH HEKOTOPHIX
pacteopos B cn3 (10° H - cex/m’)

XnopucThlf CepHoKITe bt Cepuokieau IllaBenesan
HATPHR HaTpHA Ka.mft KHCJIOTa
t°C Koanyectro pacrsopentoro seutectna, 2/100 o’
25,695 1,120 10,962 8,552
20 1.835 1,410 1,136 1,193
30 1,471 1,124 0.934 0,951
40 1,211 0,922 0,771 0,78)
50 1,020 0,822 0,648 0,654
[} 0.877 0,735 0,571 0,561
70 0,767 0,659 0,501 0,489
89 0,681 - - 0,430
90 0,634 - 0,403 0,382

Mpusep 4. Oppenetum BAZKOCTL GLITOBLIX CTOYHBIYX BOA, €C/IH MO AAHILIM
GASHKO-XHMHRECKOTO aHaaH3a OHHM coJep:kaT 500 me/a B3pelwlennbiX BELLECTB, i3
KoTOpLI% Oko.0 70% — opranuueckux, Tesmnepatypa crounbix sog 10° C. Mo (1.15),

Vo=V + 0.0002:500. 107" =0,01306 + 0,001 =0,0141 c’/cex.

OcaJKH CTOUHBIX BOA LPH onpelefedlblX YCJAOBHAX, B caydae HX
TOHKOAHCMEPCHOCTH, B COCTOAHHH [0KOA NPHOGPETAIOT CTyAHeodpazHylo
CTPYKTYPY H Ha3wiBaioTes rensm . J1a napywesus cTpykrypbl reas
HYAIO MPHAOKHTL [1eKOTOpOe HauaabHoe ycuane. [ean, Kak u ApyrHe
ANCNIEPCHBIE CHCTEMEl, — UEMEHTHbIE, T[JHHICTHIE W MeJ0Bule pPacTBOPHI,
siorHe napaduuHcteie HedTH BOAN3H  TeMMepaTyphl HX 3acTbiBaiug,
HEKOTOpLIE Ca304Hble Macna MPH OTPHUATEIbHLIX TeMMepaTypax, pasHo-
o6pazHble KOLIOHAHBIE pacTBOpbl (HanpHMep, GeJoK, Kpaxyalt, KJed);
HeTARBE 3MYJbcHH (cMecH ¢ BOMOH), CYCMeHSHH (LL1aMbl, FHAPO-
Toph, o3epuif Ha, Oymamuas aacca), OHTYMB, MONOUHLIE NPOAYKTHI
H T. A —OTHOCATCA K aHOMAaAbHBM (HAH CTPYKTYDHBIM)
AHIAROCTR M.

HaunGonee mnoaxo nedopyailiionHoe NoBefeHHe aHOMVAMbHLIX KHI-
KocTefl xapakTepHayetcs ¢opmyaoit [lIsenosa — Buurama:

d
T=T+ 1. %. (1.16)

T — KacaTenbHO& HANpAXKeHHe;

To — HavaJbHOe HanpA)KeHHe CABHTA, MOCJAe JOCTHIKEHHA KOTOPOro

MHAKOCTb OPHXOAHT B ABHAEHHE,;

1. — Ko3QDHLUHEHT CTPYKTYPHO! BA3IKOCTH.

BeanynHa Tp B CHIbHOA CTenmelH 3aBHCHT OT BpPeMEHH HaXOMXKIeHHR
aHoMaJbHOM JKHAKOCTH B nokoe. OObiuHO T[OL HawalbHBIM Ha-
NpAaXeHHeM [MOHHMAWGT AHHAMHYeCKOe HanpsxeHHe, M[POARAAN-
Uieecs mMpH ZBHXKeHHH.

BAaskocTe aHOMadbHLIX KHIKOCTeHd, BXxoxAuryl » topmyny Herwo-
Towa (1.10), HaseiBalT nJacTHuecKOo# (HIM Kaxyuleilcd)
BA3KOCTE IO,
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Jas ueMeHTHOTO pacTBopa
B -35,77
n,=1.2[1 & 1,49(—&-) ] ans]; (117)

rae B/Ll — BojgOLeMEHTHOE OTHOLIEHHE,
Hayanedem casur zapucnit or B/ w coctas.iaser

B/U 6.5 06 07
To. Kee/. 3,29 1,04 0,254

Jna wopckoro naa ¢ BiaaknocTeio 833Y% u f = 184°C KospdH-
UHEHT 1w = 0,364 n3 1 1o = 1,48 rec/u®

BA3kocTb HEKOTOPBIX pacTBOPOB npHBeleHa B Tadn. 1.23.

3aBHCHMOCTE BRA3KOCTH H JHHAMHUYSCKOIO COTMPOTHB/IEHHA CIBHra
OcajKa CTOYHLIX BOJ OT BJaXHOCTH NpeicTasBrieHa B Taba 1.24 (no
K. M. Jlackosy)

[TA0THOCTE H BA3KOCTH HEXOTOPBIX AHIKOCT r430B liphBedeHbl
B npHAcKeHHAX 5 ¥ 6.

Ta6auua 1.23

BaakocTh HEKOTOPHX PacTBOPOB

Pacteop Nas
LenerTHUIA (TecTO) 3 13--14.5
HMapecTroBRIA (TECTO) 3,61 17—-22
[ Aunadsil (tecto) . 5-53 33—40
LlexieHTHG-TecYaHbIA!
32
1 3. . % ;5 2,1-22
FspecTKOBO-necHaneif | 2,833
CMeWaHAbIA:
11 6. 24—2,6 7.5—10
Il 24 “xd 15

Ta6Ganwa 1.24

3aBHCHMOCTD BA3KOCTH M AHHAMHYECKOrO
COMPOTHBMEHHA CABHIY OCagka
CTOYHBIX BOJA OT BJAAXKHOCTH

Huuavuyecxoe
Baawnocte CTPYKTYDPHAR | conpoTHRaeHHe
ocaaKa, BA3IKOCTD, CABHTY,

% cn3 Kec[m?
90—91 45—-4) 1,0—0.76
92—-93 35—30 0,5-0.36
94—95 2523 0,3-0,25
9697 21-20 0,23-1,2
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§ 1.5 BO3AYX0- H TFA30COJEPXAHHE

B BoIe 0OBIYHO COLEPIKATCA PACTBOpEiHBE Ta3bl: KMCMOpOA, a30T,
Yy TeKHCIOTA, ¢epOBOAOPOA, MeTan u T. A. Koamuecrso rasa, pacreopen-
joro B BOLe, 3aBHCHT OT ¢e TeMMepaTypsl, NapUMajfbHOTO AaBJIEHHS
rasa p. H KOUUEHTpaLHn B Heft coueir. [lol napuwHanbuelM Tas-
qgel HeM MOHHMAIOT uacTb ofllerc AaBiellHsa B rasoBoii cmech, oByc-
JOBJGHHYIO JalllIbIM Ta3oM.

Jas onpejeneHis NapUManiblioro JaBields BO3AYXa [IyA(I0o H3 o8-
wero AaBjeHHs ra3oB Hail BOMAOH BbiYecTb NaBJeUHE BO LAHOrO Mapa
npH LaHHoit Temmepatype (ca. taba. 2.2).

TaGaunuga 1.25

3navenus xoapdaumHeuton Bynaena w CeueHOBA AAA BOJBI
u pactsopos NaCl npu pasfHuHBIX TeMNepaTypaX H MapuUHAJbHOM
nasacHHH rasa 760 mm pr. er.

Asor Kitcopon ¥Yriekucislf ra3s Metan
(-1
t°C | g, @10y, a-10%, a0,
Mala k MAlR k Mala k Mafa k
0 48.9 0,180 17103 0,122/0,113 *
5 —_ _ 42,9 0,168 1432 0,117/0,108 48,7 0,172
10 19,5 0,160 38,3 0.160 1195 0,112/0,105 42,1 0,159
15 17,4 0,148 34,2 0.156 1005 0,107/0,1 37,2 0,148
o0 16,0 0,137 30,8 0,149 &70 0.101/0,096 33,3 0.140
25 14.8 Q129 282 0.145 757 0,170,092 30,1 0,133
3o 13.8 0,121 26.3 0,139 665 0,093 27,5 0,127
45 12,8 0,117 — — 593 0.092 25,3 0.122
40 12,2 0,113 = 527 0,091 23.9 0,118
435 11.5 0,109 - 475 0,090 22,7 0,114
50 11,3 0,106 434 0,092 2.7 0,111
60 10,8 0,106 - —- 20.2 0,106
70 10,6 0,106 - 19,2 0,102

¥ B yucauTene — naf DacTBopoB co.deft KoduewTtpawn or 0.5 mo
sravieHaTee — A4 PacTBOpoB cogeft KoHUeHTpausdis ot 2 no 5,4 2-ak8/a,

Ta6anua 1.26

PacTBOPHMOCTb [230B B BOJE NDH MX NAPUHANBGHOM RABAEHHH
760 mm pr. cr. (B 2/4 pacTBOpA)

Temnepatypa pons, °C

0 10 20 30 40 60 8 100
CO, 3,37 2,31 1,72 1,32 1,05 0,72 0,55 -
0, §98-10— |543-10~* [443- 10— #|372. 10~ *[320. 10~ * |278- 10— * 251 - 10— * {24210 *
11,5 7,10 5,16 3 3,09 2,52 1,82 1.39 1,23
CH, [398-10—%|209-10~#[236- 10~ *|197.10~ ¥ |169- 10~ *|140. 10~ * 127,10~ * 122,10~ ¢
cl, 14,6 9.8 7.16 e 4,51 3,24 2.19 0
NH, 576 679 5% - — 307 = =
30, 228 162 112,9 - 54,1 - -
O, 1,42 1.04 - 0,45 e = -
N 4410~ |200- 10~ F[172.107 13210~ * 133001




Coraacuo 3akony enpu — [lanstona, pacTBOPHMOCTb rasa B M-
KOCTH NpPAMO NPOMOPUHOHAALHA ero NapuHanbHOMY IaBMEHHIO.

PacTBopHMOCTE rasa 08b4I0 Bblpa)asTca KOd3bPuuUHEeHTOM
Bynszena «, T. e ofbeMaM rasa B MHAIHaHTPax (npH 0°C u
760 mat pr cr.), pacTBopeniioro B l w4 pacTBOpUTens OpH DaHHOH
TeMaepaType W JaBJeHHH 2TOr0 rasa Hal MHAKoCTelo 760 ma pT. CT.
(taba. 1.25).

YuHoxkan xospduwient Bynzena o« na ofbeMiblit Bec raza rnpH
0°C, mo.yuMM KOJAH4YECTBO PACTBOPEHHOTO Fa3a B BECOBbIX edHHHLAX
npy fauuoM zasaenuu (rab.a. 1.26).

BecoBoe KOMUECTBO pPAacTBOPEIIOFO rasa H3MeHReTCA NpONOpLUHO-
HaAbllo [AaB.JIeHHIO MKHIKOCTH, (CTaBafch NO 08beVY MpaKTHUeCKH He-
M3Mel HbIM.

PactBopHMOCTe ra3oB B pacTBOpPaX COJdeH YMeHbIUAETCS C YBeJHYe-
1ieM KOHUe!ITPalUHH conu cornacHo ypasliennio-Cesedona:

N =N .107%" (1.18)

rze N’ u N — conep:kanne rasa B MHHepafNH30BaHHOW H YHCTOH BOJE;
n — KOHLeHTpalldA CcOJH B DPACTBOPe, BhIPAaXXeHHAA B 3KBH-
BaaeHTHOR dopMe (Me-aks/4);

k—rospodnunent CeyeHoBna (BblCananpatnd), 3a:
BHCAUHB OT MPHPOJIBI Ta3a H PacTBOPEHHOW COJH, TeM-

nepaTypbl H J1aBJleHHA.
B rta6a. 1.27 u 1.28 npuBesensl npeie’hl HACHILEHHA BORbI KHCJO-

pOIOM H PAacTBOPHMOCTh X710pa B BO.E.

Ta6auna 1.27

[Ipemen HAChIWEHHA BOJBI KHCAOpOmOM (#2/2) NPH AaBAEHUH
Bo3nyxa 760 mm pr. cr.

t°C
Bun Boamt
0 10 20 30
Tlpecras Bona .| 146 12,8 1.3 10,2 9.2 84 7.6
Mopckan Boaa 11,3 10,0 9.0 8,1 7.4 6,7 6,!

Ta6nuua .28

PacTBOpUMOCTE Xa0pa B BOJEe MPH PAINAYHBIX TeMmmepaTypax
B HaBJEeHHH

Coaepxatlie xnopa ( (2) opH TeMneparype Boau, °C
IlaB 1eHwue,
MM pT. CT.
1] [ 10 ’ 30 50 90
200 4,3 3.3 2,7 2,3 2,1 1.8 1.4
590 - 6.9 5.3 4,3 3.6 3,1 2,2
750 9,65 73 58 4.8 q 2.8
1099 - 9 7.3 5.9 5 3.3
2009 - 17 1 10,2 8,4 5.2
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Tagawua 1.29

PacTeOpHMOCTh BO3AYxa B Boae (B cm® na 1000 cu® soasl
npH naBaedud 760 mm n 0°C)

toC
o] | |
Kncaopod . + + .+ . 10,19 8,9 7.9 7.0 58
A30T, aprod W T, g, . . 19,0 16,8 15,0 13,5 11,3
CoznepxaliHe KHCJopopa
B PACTBOPGHHOM BO3AyXe
no ofveMy), % . 349 34,5 34,2 34,0 33,8 33,6

[Mapunanbioe maBjeHHe KHCJAOPOAA B BO3AyXe  COCTaBadeT
162 My pt ¢1, @ BBYOKHCH yraepoda (CQp) — 0,2 mm pr. erT.
PactpopumocTs Bo3nyxa B BOAe NpeActasaeHa B Taba. | 29.

§ 1.6, NOBEPXHOCTHOE HATAXEHHE

B mnoBepxHOCTHLIX C€M0AX Ha TpaHule AOBHIX IBYX CONpHKacawo-
WHXCA TeN COCPeJOTOYeH H3IOLITOK SHEePrHH — TaK HaslplkaeMas fo-
BEDXHOCTHAafA 3HEPTHA, nNPONOPUHONANEHAA BeJHYHHE NOBEpPX-
nocti. Mabuitok cBoGoaHOM sHepTHi na | cH? OBEPXHOCTHOTO CJOH
HasblBaeTcd NOBEPXHOCTHBHBIM HaTAMXEHHEM M BO3HLKAeT 3a
cyer pafoTel, 3aTpauMBaeMoil Ha obpasoBaHue 1 Ccm? NOBEPXIIOCTHOrO
cnos. [losToMy nOBepXxHOCTB KHAKOCTH kak Gbl ofpaszopana ILIeHKO,
CTpeMALLefiCA COKPATHTHCA.

[loBepxHocTHO® HaTRMEHHE MOMKHO paccMaTpHBaTe H Kak CHTY,
AefCTBYIOILYIO Ha eTHHILY [AHHB JIHHAH, OrpaHHyHBAWOULGL NOBepx-
HOCTB, NMepneHIHKYJAPHO K Hell H MO X¥acaTeNbHOH K (00BePXHOCTH, B
CTODPOHY ee COKpalueHHA.

"C noBepXHOCTIILIM HATAME! cessaH pal (uaHYECKHX [OBEpX-
HOCTHEIX ABMEHH:

CMayHBaHHe Kak DPe3yJbTaT MOJERYISPHOTO B3aH.OfefCTBHA
MeXAY MHAKOCTbIO M TBEPALIM TeNOM, BCAENCTBHE Yero NOBEPXHOCTHAA
SHEPrHA CHCTEeMbl yMeHbIUAeTCs)

o6pasopBaHue HeOOABWHX KAanenb H MBIABHBEX 0y«
supel wmwapooGpaanoil ¢opML, NPH KOTOPO BENHYHHA MOBEPXHOCT-
HOH SHEPrHH HAH cBO0O1HOH MOLEPXHOCTH MHHIIMAbHA,

cuensenHe (KOreaH#n) W NpHAHMAHHe (aAre3an);

pacnblJeHHe KHLIKOCTH B KOHLEHcall u4,

C HM3MeHeHHeM COCTaBa MOBEPXHOCTHOIO CJACHA, COMPOBOXKAAWUIHMCH
yMeHbLIEHHeM NOBepXHOCTHOH 3HePrHH, cBAsaHa afcopOuusa. Ito
HCTIONB3YeTCsl, HanmpuMep, npH GAOTalMH, AA7 GOBDLILIEHHA YCTORUH-
BOCTH MHCMEPCHEIX CHCTEM H Ap.

IlosepxHocTHoe HatAmeHHe ABAAeTCA (AKTOPOM, XxapaKTepH3Yio-
mwHM apolece GaoTaumH, T. e CNOCOGHOCTH MAHCTEPCHBIX 4aCTHY
BCIMILIBATH BMeCTe C MY3EIPbKAMH BO3AYXa.

Tak, noBepXHOCTHOe HATSKEeHHe CTOYHBIX BOL MACOKOMGHHATOB
B npejenax 6—6,6 ec/m aBngerca Hanbosee GAArOUPHATHBIM ANAA MpPO-
uecca ¢aoraunu. [Ipn o > 6,7 ec/m npoiecc ¢IOTaUNK 3aTHXAeT, a NpH
0 = 5,6 ec/m nabmogaerca GypHoe neHooBpa3oBaHHe.
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Ta6nuna 1.30
NoBepxHOCTHOe HATHAKEHHE pacTBo)A HeHoHorexHsx ITAB

(2c/m)
KoHueuTtpauua pacrsopa, TeopeTryeckast

I0TDE6HOCTh Mo.exy-

BewecTso B KiC.JOPOLC, ARPHLIA
0,01 J 2f2 BEC
orI1-7 5,2 3.8 3,26 3,06 2,25 613
Q-0 5,4 40 3,5 | 3,36 2,96 789
ITpokcanoa . — - - - .97 4343
Hagrenoke-10 5.5 3.8 - 3,36 1,87 64|
HadreHoke-16 5.8 4,0 - 3,57 2,46 905
HagreHokce-20 57 4,0 - 3,67 1,83 1081

3aBHCHMOCTbL MOBEPXHOCTIIOrO HATSAKEHHA OT TeMnepaTypsl Momer
6uiTb nNpelcTaBAeHa B BHAE:

o = go ~ Bt, (1.19)

TAe Og— NOBEPXHOCTHOE HAT,KeHHe MPH CONPHKOCHOBEHHH ¢ BO3AYyXOM
np ¢ =0°C (ana zomsl Oy = 7,73 ec/m; B = 1585-10"* ec/m-epad).

Jlaa Macaa M HedTeR o = 2,7 = 3,3, A41d pTyTH — 44, A3 Mbllb-
Ho#t Boabl — 4,6, AR ranmeprHa — 6,6, nas aumuaka —4.3 ec/a

[pn pacteopenun Kakoro-1mbo BeuwlecTBa B AHIKOCTH ee NOBepX-
HOCTHOe HaTsAXKelle, KaK ITpaBunio, H3MeHsercs, BewecTsa, BbI3bIBAtO-
IiHe pe3koe IOHHXKeHHe MOBEPXHOCTHUTO HATAMeHif, 11a3blBAOTCA M O-
BepXxunocTHO-akrnBABMH—TIAB (tab6a. 1.30); own 1umnpoko
npuMeHsioTcd  NpH  (IOTalitd,  H3TOTOBJENHH  PA3NHUHBIX  3MYJIBCHA
HT. A

Hanpusiep, 128 BO4HOTO pactBopa, colep:kauierc 60 2 npomiao-
BOFO CMHPTa B | 4, MOBepXHOCTHOR HaTA#elHe pasno 4,24, a aas
YECTON BOALI — 7,35 ec/ At

OpraHHueckHe BEILECTBA (HAMPHMEP, KIpPHbe KICAOTH, CHHPTEL,
MELT4, MPOTEHHBI, KeTOHH) BeCLMA 3HAUHTELHO MOHHKAT MOBSpX-
HOCTHO® HaTseHHe Boab. BewecTsa, nosuxawljue [OBEPXHOCT-
Hoe HaTamenHe, ancopbHPYIOTCA NOBEPXHOCTHBIM ¢/i08M, T. €. cOCpelo-
TOYHBAOTCA B HeM B Bo.bliefl KOHUEHTPalHH, Uev B 0CTAJLHOM 06b-
eMe pacTBOPa, H TeM CaMhIM elle CilibHee CHHiKalT MOBEPXHOCTHOE
HaTAxeHne. BellecTBa ke, ROBbUUANOLUZ TIOBEPXHOCTHOR HaTHAKeH:e
(nampuiiep, Heopraswyeckiue coan), 0061314107 OTPHUATEALHON ancops-
uHed, T. €. B [OBEPYHOCTHOM C€/10€ KOHUGHTPHUDYIOTCA MeHbLie, 4Yem B
ofbedie pPacTBOPa; NOZTOMY BIiHAHHE HX Ha MOBEPXHOCTHOE HaTSKeHHe
HE3HaWHTEIBHO,



Fnasa eropan

FTHAPOCTATHYECKOE [ABJIEHUE

§ 2.1, ABCOJIOTHOE W MAHOMETPHYEGKOE IABJTEHWA

AfconwrtHoe, nIAM MOAULOe, NaBJeHHe NpelcTaslIfer
co60i CcHAY, AEHCTBYRULYK N0 HOPMAaJH K TOBEpPXIOCTH Tela W OTHe-
CelHYI0 K ediiille nJowaan 3Tol NOBepXHOCTH.

as.aciine, H3GBITOUNOE Hal MOBEPXHOCTHGLIM (pg)., Ha3bBAIOT M 3-
GHTOYHBLIM (Pras). JaBnenie, uabuiTourroe nafa aTMocQepHbiM (pa),
1123bIBAIOT MAHOMETPHUECKHM (py). HexoctaTox mapaenus 1o
aTMocepHOro HasbiBAeTCA BAKYYMMETPHYECKHNM JABAEHUE M
WA MPOCTO BAKYYMOM (Poax). DTH HaBJCHHA CBA3aHBl ¢ afCoJI0T-
WM, HIH DOJHBIM (), NAaBACHHCM CNCAVIOUHME 33aBHCHMOCTAMU:

P =Po+ Puss = Pa + Pus (2.1)
P = Pa — Ppak: (2.2)

F'KOApoCTaTHYeCKOe JaBNeHHEe BHPAXKAETCA: B TCXHHUE-
ckolt cucteme — B kec/cau? WaH kec/#? B chcreve CHM — B nacxansax
(1 Tla = | H/#?); oo MomeT GuiThb BhIpasKEHO TaxKe swicoTOH cTON6A
mHuaAKocTH, npu atom 1 [la = 0,102 kec/s® = 0,102 mn 800. cT =
= 0,0075 mat pr T

AtmochepHoe  NaBneBHe  HA3LBAOT TakXKe GApoMeTpHYe-
CKUM AaBaeu e,

B rtabn. 2.1 yxka3zaHbl 3HAauelHA OABMENRfA BO3AYXa Ha pasHbLIX Bbi-
€OTax, MpHYeM 33 MJOCKOCTb OTCYETa BBHICOT NPHHAT YPOBEHb MOPA,

H LA 3TOCO YPOREA TNpuHATEL: TemaepaTypa ! = 15°C, mnoTHOCTH
0o = 0,125 kac-cex?/mt,
Has Ttponoctepsr (20 11 000 faBAacliHe H3MEHAeTCA MO 3aKOHY
h 5,236
p=pu(1*’44300) (2.3)

Iie i BBIDAXKEHO B METpAX.
Tagauua 2.1

HekoTopbie nejHYHHE craHmapTHON atmochepu (CA)

apoMeTph-
Teosmetpuue- & 3&;02)” Temnepar OtHociirensnas | KnnewvaTuuecknst
cKas nasnenme ° MOTHOCTS, KO3 dHuHenT
BHICOTA, KA kaclom? 010 BSIIKOCTH, cCT
0 1,03 1,00000 14,607
1 0915 0,90751 15,312
2 0,81 0.82171 17.116
3 0,715 0.74237 18,624
4 0,628 0.64:411 201,971
5 0,33 06012 22,103

27



Ta6auna 2.2

3aBHCHMOCTbL MaBJeHHA napoobGpasopaHust (HachIEHH)
OT TeMNepaTypbl AAA BOJEI

teC 10 20 30 50 60 701 8 90 | 100

043 0,75 | 1,25 | 2,02 | 3,17 | 4,82 | 7,14 10,33

=

Pg/Y. # 80d. cT. | 0,09] 0,12 ) 0,2

MakcaManbHoe 3nauenme BaKyYMa COOTBETCTBYET aBCOIOTHOMY
NaBJeHHIO, PasHOMY NaBaeniuw mnapoobpasopanna ps (rtadm 2.2), ompe-
IeqsAeMOMY A5 BoAbl no dopyse

p,=p, (t/t,)} = (0.01£ °C)* [rec/ca’]. (2.4)

§ 2.2. H3MEPEHHE [IABJIEHHH

MatomeTpHueckoe ZHaBjellHe H3MEPACTCH MAHOMETPAaMH HIH
nbesoMeTpaMH, BakyyM—BakyysumeTpamu [lpudope,, Ha-
MepAlOUHe  JaBjellle M BaKyyM, [A3LIBAIOTCA MAaHOBAKYYM-
MeTpaMH.

B xuaxoctuuix npnGopax (pmc. 2.1) H3amepseMOc naBMfeHIic YPaBHO-
BellHBaeTcA Aasnennlem cronfa sknakoct. [lpw 3tOM ans usMepenws
MaJblX AaBaellift AW paspexelnii MpHMENAIOTCH MKHAKOCTULIE M HKp O-
MaunoMeTpH ¢ nakjouiod tpy6roll. HakaoHuoe nomoKeHHe TpyGkH
NOBHIUAET TOYHOCTbL H3MepeHHs, Tak KaK NpH OILIOM H TOM e AaB.ie-
uHd W pastiocTH ypoBuefi h fanna ctonba KHIKOCTH B TpyOke ! yBe-
JNHYHBACTCA MPH yMelbIIeHHH Yr/Ja NAKI0HA K TOPH3OHTAH.

B npyXHHUB X MaHOMETPax B KauccTBe YYBCTBHTEALHOro 3ne-

ieliTa NCNoAb3YIOT PAa3/IHylble NPYKHILL H MeMOpallb.

HauGonee tounniM# npuGopamu AnA  H3MePeHHs JaBJelHA AB-
AAI0TCA MOPIIHEBH e MaloMeTphL.

a) 8) 8

h

s |

m#ﬁ
h

(f\ﬂ,:‘m%

Puc. 2.1. CxeMn KUAKOCTIBIX MaHOMETPHUCCKHX mpuopoB

a— A HOTPYGIibiit MaHOMeTD; 6 — U-o6naaniiil aByxTPYGULIH MAHOMETD; 8 — PTYTHBIA
GapoyMeTp; & — MHKPOMAUOMETD ¢ HAKAOHHOH TPpYyOxoH
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§ 2.3. JABJIEHME WHUOKOCTH HA MJIOCKUE SHUrYPbI

Cuna 1aBJCHHA SKHAKOCTH Ua [AOCKYO CTCHKY paslia 11pon3rele-
yHio  naowann ElJH[‘}'pbl © I3 THAPOCTATHYECKOE JaBJ/eilHe pc B ce

jelTpe TAMCCTH (pHe. 2.2):

P=p.o=yh.o, (2.5)

rie ho —rayGuHa morpyeuHs UEHTPAa TsKeCTH maowann (GUrypsl
1o CBOGOIAHYIO [OBePXHOCTb.
Touka npuIoxmenus cHiIsl P (Touka [[) nasbisaeTca meHTpOM

AaBlCHHA
MecTononokeHne TOukH I onpefesisercs KoopAHHAaTaMH

To
= (26)
_ Josin? @
hc + k © » (2»7)
J yx do
X, =t (2.8)

rae fo — MOMEHT HHepUMH NJIOWAAN () OTHOCHTEABLHO TOPH3OITAbIOMN
ocu 0O, nexxawedl B MAOCKOCTH GHrypsl H Npoxoasiiel ucpes
ee UEHTP THIKETH;
8 — yron nakaora G0KOBOI CTEHKH K FOPH3ONTY.
Ecii @ umeer nmpaBuabiy: QOPMY H ee OCbIC CHMMETPHH CHYKHT
A NV (pue. 2.2), TO ueHTp AaBJCHHA JIGKHT HA 3TOH OCH H onpe-
AeasieTes OAHON KOOPAHHATON Y .

Puec. 2.2. Pacuetnag cxema maBiIcHHSA
MHAKOCTH Ha ILTOCKYtO (urypy
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Tadauma 2.3

Moments! HHepunH J, (0THOCHTENBHO TODHIOHTANBLHOR OCH,
npoxoxsureii uepe3 uentp taxectH C), KOOpAHHATE weHTpPa
THMECTH Y, UEHTPA NABJEHHA Yp = yc+ € ¥ maowany ®

HECKO/BKHX MIOCKHUX QHTYp

Bun duryps,
0603HaY eH A Yyc )
1 2 3 4 5 -
bht h A
12 Yot 5 =
ahk? 2 bk h
36 Yo+ a-fl 5 =
W3 (a2 dab+ b2 + h{a+26)! a(a+b) h a2 lab4b?
R LAY CE) 2 6 (a+0)(a+26)
adt + 4 na? d
64 Yt 4 3
9n?—64 ir 112
T ! o+ ey 5
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IMTponoamenue taba, 2.3

Bt urypol, _
oéosﬂaqeum Lo @ e npH yo==0
1 2 3 4 5
AR —rY) - R4 2

1 yo+ R A{RI =717 -TR—..
ta’h i
3 Yot a fab 5

Ecan yuHTHIBATbL JasielHe BHEWIHeH cpeiul Ha CBOSOAHYIO NOBepx-
ROCTb Po, NepefaBaeMOe KKAKOCTbIO Ha GHrypy, TO CiMa NOAHONO AaB-
Jellng

=(p,+ \Jhc) @, (2.9)

Gurypy, HaxoAAillyiocs Ha DAyOHHe o OT CBOGOAHOW MOBEPXHOCTH
(raGa. 2.3}, MOKIIO CBECTH K CIYy4aio, KOrla BepXHAR KpOMKa GHTYpH
coBligAaeT ¢ NOBEPXHOCTBIO KHIAKOCTH, 34MEHHB AaB/eHHe CJ0f HKHA-
KOCTH BLII@ 3TOTO TFOPH30HTE JaBJeHHEM BHEILUHER Cpenkl. [Monc#ensd
Ledipa JABTEIHA OTHOCHTENbHO LEHTpa TAWKe!TH (y; — Yo =€) AaA
s70ro caydas nph B = 90° npusezeHtl B rpade 5 rtaba. 2.3 (o=h,

Yo = ha).

MoxeHT chAbl HaBReHHA KHAKOCTH OTHOCHTEIbHO TFOPH3OHTaALHOMN

ripoxofsllef Yepes WeHTP TAMXKeCTH GHrYpEl, paBeH y/o.

['paduueckoe H3oOpaiKenHe HIMEHENWHA [FIPOCTATHUECKOTO [AaBje-
HHR B 3aBHCHMOCTH OT TJAYGHHEI BAOJH KaKOH-iHGO NJOCKOR CTeHKH
Ha3LB2eTCA 3MWpPpOoN AaBaeHnA (puc. 23). O6GbeM sMiopsl Aasae-
Hilg paBeH cuJe J14BACHNA HHIKOCTH HA JAHHYIO CTEHKY.

Pacnpefenediie n pHrejefl 070CKOr0 UIHTOBOrO 3aTBopa (pHe, 2.3)
N3 YCAOBHS PaBEHCTBA AABJAEHHSA, MPHXOIALIETOCH Ha KaXXIbIfl PHrefb,
orseyaeT dopuyne

Ry 2 i

H 3 Vidm
rae afm={H[h)? — 1;
1 — YHCJO pHPefen;
i — NOpAAKOBEIH HOMep;
Ag — PacCTOAKHE MEPBOTO PHTEAA OT YPOBHA BOIu

[G+m)P~(G4+m—D"L (210
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a
<) <
S =
i 4 %
AdAdRn
Y L AL 7 h

Puc 2.3. Dmopa pasierus. K pasvemeHndio pureaefl B mI0CKHX
LHTAX

@ —Bepx LIHTa COBRajaeT €O C¢BOGOHON MOBEPXHOCTLIO; 6 ~ BEpX LIHTA
HaX0aHTcA Ha rAyGuHe fiy 0T cBOGO1HOH 1IOBEPXHOCTH

Mpumep 1 TpyGonposoa anaMerpoM d = 0,7 M NepPeKpPbLIT KPYLAbIM ApOC
cenbHulM 3aTeopom (pue. 2.4), BpallalOHMCEA Ha ropu3oHTasqbtolt ocu. Caesa or
3aTBOpa TPYyGONpoBOA 3anonuelt BoAOH (vﬂ—_—lcmo kec/m’) MOA MAHOMETPHYECKHN

LaBaedHeM pM=2,5 kec/cM?. Kakoll MOMEHT HYKHO [pDHJOKHTL K OCH 3aTBopa,

4yTO6L! OH He OTKPLIBAACA Noj feHcTBHEM AABNEHHA BOALI?

MaHowMeTpHUECKOe JaBnelHe PaBHOMEpHO pachnpelensieTcs Mo MJAollafH 3aT-
BOpa, €f0 peiynbTHpYlOUlad [POXOAHT 4epes ero ocb M, CN€A0BaTeAbLHO, MOMEHTA
He naer. MomenT cosnaeT AaBneHHe OT KHAKOCTH, HaxoAdulefdcAa B TpyGonmpoeoie
Ha ray6une hL[' Cuaa 3Toro ZapneiHsa

nd® .
P=vyheo =% e 135 xee
LIeHTp AaBi1eHHs J4aHHOA CHJIBl HaXOAHTCA HHME OCH BPALIEHHR Ha PacCTOAHHH

e=hp —ho="t =L = 00875 &,

4
M=Pe=Yy —%%—-=135v0.0375=11,8 Kec M,

§ 24. DABNEHME WHEKOCTH HA KPHBOWHEHHDIE NOBEPXHOSTH
Chra 1aBaeHHs (HIKOCTH Ha KPHBOJHHENHYIO MOBEPXHOCTDb
P=VPL+ Pl +PL, 2.11)
rae Pz P,, P;~— npoekuuu cutel P Ha koopansatHwe ocy Ox, Oy, Oz

[Tpn wHanpasiesun och Oz no BepTHKAIH, NMPoeKUHH cHau P no
KOQPANHATHEIM OCAM PaBHL;

P .=yhc 0, (2.12)
Py=vhc,9 (=15
Py=yW, (2.14)

PAg @y H Wy — MIolladn NpoekuHiil MOBEPXHOCTH S Ha MAOCKOCTH, HOP-

ma.1eHbie ocam Ox n Oy.
he B hcy— TAyGHHEl NOFPYKEHHA UEHTPOB TAMECTR MICWAtel s

H Wy,
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Puc.

2.4, K onpefeneHHId MOMEHTZ [effCTBHA CH.IH
A2BJEeHHSA KHAKOCTH HR ADOCCeNbHuH 3aTBOP

—
QrE PanN g
A, ' 53
- i Eo=—=qm /"
——— S =N L
3 N o
Puc. 25, K pacuery naBJe-

Pue. 2.6, K pacuety manjiesHs Ha cer-
HHA Ha BaJbLOBBIH 3aTBOP

MeHTHEIH 3aTBOD

W — o6vem BepTHKaMbHOrO cTonfa, ONWpAOWIErocs Ha 23a

JAaHHY NOBEPXHOCTE S H OrPaHHYERHOTO CBepXy mioc-
KOCTbH0 CBOGOJHOA MOBEPXHOCTH, -~ 06beM Tesa [JaB-
JIeHHS, ’

yW — Bec XHAKOCTH B OGBEMe Tena 1aB.eHHA.
Hanpasnerne cuabl P onpellensietcd KO“HHycaMu yrjioB @, f # v,
ofpasyemslx HanpaBaeHues P ¢ ocsanu Ox, Oy u Oz
Py Py
s e = ——; cosfi =

Py 5
cosy = ——¢-. .15
i b (2.15)
ECJIH KPHBOJIHHEHHaA MOBEPXHOCTb UUJHHApHUECKAst, ¢ MOCTOAHHbBIM
pagHycoM KPHBH3HBI, TO cuaa P
KPHBH3HLI 3TOA NOBEPXHOCTH

6yReT NPOXOLHTb Yepe3 LEHTP pajHyca
Bansuoewit 3arsop (puc

. 2.5). TlopH3oHTa.JBHAA COCTaBAAKOUAR
CHAIbl AaBNeHHA HA ILHPHHY 3aTBopa &

sz
P;;=""

(2.16)
BEPTHKAJbHAA COCTABAAKOLIAA
bD?* [ =
P,y | E - - 80%) | =
2 Y 8 [ 180° +(2 1)605 (B s0 ):l

=0,125\,Dz[1’;ga + 2 (2%—1)]/_%_—_1}=f(%)vl)’-

(2.17)

2 3ak, 54
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a yroa Hakaoma chmu P K ropraonTagvioh amnkn w = arctg (2fD7/H?),

e f (H/D)=0,393 0,0767  0,0265
npr H/D=1,0 0,25 0,125
0=38°% g 65° 50’ 73° 35

CervenTnwi 3aTBOp (phe, 2.8). Topi20HTadeHad COCTABJRAOULER
2

Py=vb -%-, (2:18)

rie b— manHa 321'['50{)3, a BEPTFEK&,’IMIEH COCTaB.IAICILLAA
P, mﬂ[nrg -ﬁﬂu— ~\HV T =BT —(H—\H)V 7= (H —AH?):
(2.19)

afieck AH Geperca co 3nmakow «mmoc», ecai UEHTp Bpamenns () Aaxo-
LHTCA EbLIE FOpH3ONTA BOAL, H CO JHAKOM «\[HHYC», eC.ail ~— IHKe,
Mpunr=1H (f = 90°

, e ‘:T yUH?b, (2.20)
P =0931yb A%, (2.21)

yTO HAKAOHA CHAB P K rophaonty
=~ arccos };f = 392° 30", (2.22)

Mpuwmep 2. OnpemednTs TOJTUIHHY CTEHOK @ HanopHoro crafiuHoro Tpybo-
nposota (O =07 M), 10ABOARILEFO BOAY H3 [OPHOrG BOLAOXPAHHIHILA, pacno.io-
KEHHOr0 Ha Bbicote 180 w nald HAAHBOM BOALI B pelepeyap, ecaH HoOyckaewvoe
HafApHAXEHHE CTEHOK HA [a3 LB nmnsle’)il Kec cvi OnpeneauTs TAKKE YCHIhe
B Ro.Jefle TaRoro Tpyv6éonposola NpH yrae nosopota f = 60°

Tpy6onporod OyieT pa3puiBATLCA N0 OHAMETPA.TbHOH M.TOCKOCTH ToA jed-
CTEHEM Cil'fbl JaBMeHH$i Ha MNPOeKUHI0 UHANHAPHYECKOR MOBEPXHOCTH:

Pp!3==pDI.

TlprpaBHieaf PaspLIBAOUIVIO CHIY CHIe COMPOTHRIGHHA MaTepHATa CTEREH,
PaBHOA “'M“non' AOAYIHM:
p DI _ 0,001-18000-70

246,00 21600

= (0,4cu=1

C yyeTom 3anaca #a KOppoiHK, HETOUROCTH OTJIHEKH H TOMY TOfabHBIX dak:
TOPOB TOMWHHY CTEHOK YBEAHYHBZIOT Ba 3—5 M.

Boatn daannes Han onopsl TpyGonNpoBOAGE caelyeT paccaHTulEaTh Ha gefi-
CTBHE CH.1 FHADOCTATHYECKOro A4B/ENHA, MPHIOAKEHHBIX B LUEHTPAIX CeqeHHRA o M
foce MOBOPOTA H UEACTBYIOULHX MO Hanpaelenkwo oced tpySonpomodd. Paexonefl-
CTBYIOWAA 3THY CH.

R==pi§-'~ sin %—ma.om-is 000 -“'fjm N,5=69200 xze.

§ 2.5. NJIABAHHE TEA

tla teno, norpyskenfoe B KILIKOCTL, AeACTBYET BLITATKHBAIOMAA
CH3, Ha3biBaeMads apxHMeNoBofi cHIOR Pe; oOna Nanpabiena
BBEDX M PpaBia Becy BuITeCcHeHHOR TeloMm Kuakociim O6Lem Kil-
kocTH W, BhlTecHeHHOH M1aBAOUIIM TEJOM, 123LIBAETCA 06 BE MH M M
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Puc. 2.7. K pacuery in1aBaHus tel

4 —[P3aBHOBEGUHO® LOJIOMENIE TCMA; § —ouTOMUHBOZ 1O.[0KEIHE @ == Her
YCTOHUIBO® N0J0MCHHE

poxonsveumenned Ecmn pec Tera G > Py, Teno Ttouer. [pu
G = P, tc10 niaBsaer B worpyseuuoM coctostind, Ecau G << Py, Teno
BCILTLIBAET Ha MOBEPXIOCTh MHIKOCTH.

Jhtung nepeceyenHa NJAOCKOCTH cBOJOAHON MOBCPXIOCTH KIAKOCTH
¢ G0KOBOIl NOREPXHOCTLIO NAABAKUIErd Teaa (B PaBHOBECHOM [10J0Xe-
nnn) Hasweaerca Batepanuued [liouazs cevenns teaa naoc-
KOCTbIO CBOGOAIIQH HOBCPXNOCTH (B PABHOBECIOM fOJOKENUHH OrpaHH-
yella BATCPJAHHHEN) Ud3bLIBACTCA NJAOUIAALIO NMAOCKOCTH anaa-
BaHIA.

Jlmina, npoxoasiwas ucpe3 uentp BolousMemteHna D (wmir ueHTtp
naBJaenna) npit paBHOBECHH TésJa H UeHTPp THIKECTH NJjaBatoulero
1eq1a C, ra3biBaeTcA ochio nJaaBailna (puc 2.7,a).

Touyka M nepeceyerrnia ocH MIaBaunf ¢ BepTHKAJIbI), [POBeleHHOM
yepe3 UEHTP BoAOH3Meuwlenus D, npu kpewe Tela Ha yroa &, Haswl-
BaeTcA MetalenTpoM (puc 2.7,6).

Ha puc. 2.7 cnmBonom e o603HaucH SKCUEHTPHCHTET, fiy — MeTa-
UCHTPHYECKasn BbICOTA, fy — MeTalelTPHIecKH# painyc.

b MeTageuTpuuecklid paAuyc moxeT ObTb BbIYHCACH 00
opay.ae
PMYy ]

Tu™= 17 (2.23)

rie J - MOMEHT HHEpLHH niIouraan MJIOCKOCTH NAdaBallHA OTHOCHTEABHO
rOPH3OHTAALIIOA MPOROJIBHOA OCH, NPOXOLAIleff 4Yepe3 UEHTP TAKECTH
3TOH MJ0ULAH,

Metaueutpuyeckan BocoTa

J
ha{“rst-e=T‘;'—e' (2.24)
Ecan by =0 M0 ry > €, TO NjaBaiontee Te10 081afaeT 0C T 0 -
YWHBOCTHIO, T, e. BO3IBPAIAETCA B COCTOAHNE PABIOBCCHA M0OCTE MO0«
syvuenns kpena. [lpn Ay << 0 W ru << e paBHoOBeCHE TeJa Heverofis
4HlIRO®,
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Mpumepld Boaa noa aas-
nenHeM p = 0,3 kacicm? NMOABOAHT-
CSl K CAHBHOMY Gauky YHHTasza no
TpyGe nunametpom 12 mu (puc, 2.8).
[Taposofi monaamsok Becom 100 2c
H M4, MepexkphiBaoulas AOCTVI
BOADLI H3 CETH, VKpenieHbl Ha [bl-
yare, NopOpPayHBarOLIEMCA B WIAP-
HHpe O, OnpexeiHTb, NpPH KakoM
cooTHOlWeHHA maed a't  wuraa
mepeKpblBaeT OTBepPCTHEe NONBOIA-
uero  BOACMPOBOZA, YTo6W MO-
niaBok awaMetpoM D =10 cat
Gbln NMorpysen B BOAY HAMOJOBH-
l HY (TpelHeM LWapHHpa, BecoM pbhl-

yara H MOM1aBKa NpeseGperaem).
Cuna, nAedcTBYWOULas HE 3a-
MopHY10 HTAY,

8 ywumas

Puc. 2.8. Cxema cauBHoro 6auka yHu-

2
Tasa Pi=p EE =03 51, 2034 rec,
BbiTaJKHBAWOULAR flonaaBok (apxHMeposa) cHaa
nD* =
Py=0.5y -5—=—[~2u.—0.262 Kec.

W3 pasencTBa MomenToB cHA P W P, oTHochTeAbHo ToukH O [ Py (a+0b)=
=P b] naitiem:

—g~=ﬂ--x=t.3—1=o.s.

B
[Tpusmep 4. [MpamoyronLuuii MonToH B (opMe HUWHKZ ¢ DPa3MepaMH
X b=6X2 M Ges rpyza umeer ocaaky h,=0,154. Onpegeints Bec rpysa H

OCTOHYHBOCTL MOHTOHAE, echH IeHTp THMEcTH MOHTOHA ¢ TFpY3OM Dacnosioked Ha
peicore hpp=07 M Han ero mWOM W ocajKa coctaBaser f =08 m.

CofcTBentblif Bec nolTena OGyIeT paBed Becy BOALI, BbITECHEHHOH ™
NOHTOHOM:
G=%ylbhy==1.6:2:0,15=18 1.

[MoAbeMHaA CH1a ANR MOHTOHA C CPY3OM
P,=ylbh=1:6-2.0,8=96r.

Bec rpysa
Grp=Pz" 0=96—-18=78T.

Has ompeneneHHs OCPORYHBOCTH MOHTOH2 HAXOAHM BEAHYHMHY MeTaLlelTpHUE-
CKOTQ pajnyca: i I

re=———

V 126k

4
=9—ﬁ_“_0'“7 M,

LleHTp BodoH3MeweHHA (Touka D) pacnonoxe: Ha BbicoTe h/2 = 0,4 4.
BeTHYKHHA 3KCUEHTPHCHTETA PaBHa

h
e=ku——2-=0.?-0.4=0,3 M,

Tax kak r = 0417 > ¢ = 0,3 #, To ‘moHTOH Oyner ocrolums,



Fnasa Tperba

FMAPABJIWMECKHE COMPOTUBJIEHHA

§ 3.1, YPABHEHHE BEPHY/UIH, YCJIOBUA Er0 NPUMEHEHHA

YpaBHenue DepHYANH Bbpaxaer 3aKOH COXDAHEHHS 3JHep-
CHH s DOTOKA peaJfbHOH KHIKOCTH:

ElﬂEg‘{" hw- (31)

rae Ey B E;— yneabnas 3SHeprus NoToKa B HAYa.TbHOM H KOHWEUHOM
CedeHHAX, T. e. MeXaHHuecKas SHeprus [0TOKa, OTHe-
cellias K ero BeCOBOMY pacXoay;
hw — Heprus, MOTepsAHHAs Ha NYTH ABHXKEHHA [OTOKa OT
ceyelina /—/ Ao ceuennn 2—2.

Ecnn nBHmende XUAKOCTH paBlioMepHOe HIH 6.113K0De K paBHOMep-
HOMY {.\16113‘16!{['10 na.ueﬂmouleecs[), Korga HBOE€ ceuyeliHe MOXKHO l'lpH-
HATE [LTOCKHM, MepneHAHKYAApPHBIM OCEBON JHUHK H npeseGpeyp cocTag-
JAIOMUMHE CKODOCTH B 3TOH MJIOCKOCTH CeYellHH, TO AaB/eHHe B MHBOM
ceueHHII pacnpefessieTcd N0 THAPOCTATHUECKOMY 33aKOHY?

P,
z+ T= idem BO BCex Toukax #HBOTO.cCeyellHs.

B naunom cayuae (3.1) npHMeT BHA, IUHPOKO npHMeHseMbIfi B pac-
YyeTax:

3205
2g

2
Py it P2
2+ Y + % 2+ y +

3/eCh 2 — BHICOTA NI0GOA TOUKH B JKMBOM CEYElHH MOTOKA OTHOCHTENb-
HO MI0CKOCTH cpaBilenua (puc. 3.1);
p/y — npHBefeHHAA HAN Nbe3OMETPHYECKAA BBHICOTA THAPOAHHAMUYE-
CKOro [daBtelis (aBCcONIOTHOTO HJAH MaHOMETPHUYECKOro) B
9TOH Ke TouKe, 118 KOTOPOH B3AT OTCUET Z;
av?/2g — cKopocTHOIl Hamnop;
@ — kodbduunent Koproauca.
Higekest / omiiocates K napaMetpas MOTOKa B ceueHHH [—/, a
HHIeKCH 2 — B cevensn 2—2.
Benuunra wosdduunenta ¢ 3aBHCHT OT pacnpelsseHus CKOPOCTH
o CeueHio H onpelensercd no Gopmy.ne

+ Aws (3.2)

[ uddw
J e

vdo

J‘@{u —0v)?do

v !

~1+4+3 (3.3)

FA® o — jecTHAAl CKOPOCTH (CKOpOCThL B /i0GOM TOUKe) MUBOrO Cave-
He,
U — cpefHsas CKOPOCTb MOTOKA.
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Puc. 3.1. Teomerpuyeckan HHrepnperausn ypaBueHHa DBepuy.

OGblyHO MPINIIIMAIOT &) = Oy = Ch.

[ipu 1a\muapﬂon RBHKEHUNH B TpyGe KPYTiIoro Wy 31 TULICOHAHOrO
coucHna & =2, B wean o = 1,55, 8 Tpyle c cevenneM B Gopye pasio-
¢Topolitero Tpeyro.'mnm(a == 23,

[Tpit TypGyaeHTUOM ABUMKEHIN ¢ \AJ0 OTAHYAETCA OT eLHUHLL

npr aorapudMiyecKoM 3akolie pacrpedelieHus CkopocTed B Tpyde

o ot el T SN g . g
e=14a [(m yu) 31n yu+3,a], (3.4)

Ile ro— BHYTPEHHII painyc TpyOul:
Yp — PACCTOAHIE OT CTEHKIl TPYGl 10 TOUEK, B KOTOPLIX MeCTHHE
CKOpOCTH paBHbl Cpediieff cKopocTil;
% — NOCTOAIHULIA  KOI(puUMeNT nponopuUlIONankIIOCTIH
A — runpasanusckii xosdbhuUHCHT Tpenns,
ITpu cTencHudM 34K0le pacnpelenchln CKOpoCIcl, NPCITozkCHIloM

A. M. KypranosbiM:
2 LI3VE
i = tyake (I = T) (3.5)
0
i€ Uyaxe = MAKCHMAJLIAA CKOPOCTH Ha OCH TpySul, BeIpaenie 417
o 1MeeT BHA
-1

a=0 31377 (1 +39)7)
33



JInHHA, CORNHHAKAA BepWIHHLL BePTHKAILHLEIX OTPE3KOB, OCTPOSH-
Hux B pnlie KHBLIX CcevyeHHH TOTOKa H PaBHBIX THIPQIHHAMHHECKOMY

Hanopy:

ay?
H=z+4+ L2
T Y + 2 '
HAZL/BAETCH HAMOPMHOH 5HepreTHUY&CROA) NHHHEeR (Ha

phe. 3.1 HEHA ee),

[eoveTpHUuECKOR MECTO BEpUIHH BePTHRANLHLIX OrPe3KoB, MOCTPOEH-
LY B pﬁ,‘le AMBBIX CEYyeHHH rnOTORKa W PQBH‘DTX nhEBO.‘v[ETpH'{E\’.‘ROM)’
HANOPY:

Hp=2+“’$"s

npeacTapafercoboi nMbesoMeTpHYeCcKY 0 anmnio (Fa pue. 3.1
aunig pp).

[anopuas auiiHg Beerfa Najlaet, a nbe30MeTPHUECKAR JTHHHA MOXET
ITVCKATBCA A MOAHHMATBCH (MO HanpasneHHIO MOTOKA),

§ 3.2, PEXHMb! ABHXEHHA XHIKOCTH

TTpn BLIYHCAEHNNW NOTepb HArmOpa Hajfo Pa3liyaTe ABa peANwa ABH-
JKeHHA TOTOKA ARHIKOCTH — TAMHHAPHGLHE H TypOyVaeHTHEH .

JAas onpenenenHA pekHMOB ABIKEHHR AMHIKOCTH HCMOIb3yeTcHd
,ecpasvepioe wHca0 PeflHoasAca

Re = —, (37)

rie » -— XapakTepHaA CKOPOCTh NMOTOKA;
! — xapakTephwlH nonepeuHulsl AHHeAHLI pa3Mep MOTOKA,

¥ — KHHeMaTHuecKni KosdipHLIeNT BAIKOCTH.

3a XapakTepuyw CKOPOCTb OOLIYHO MPHHHMAKOT CPEAHIOK CKOPOCThL
noTOKa ¥, 3a XapakTepiulil lHefiHulf pa3mep — riuapasIiyeckHH pa-
AHYC R uam ruapabaiiveckuil anaveTp dr = 4R noTORa, a AJIA KPYIILIX
ceuenni — anavMetp TpyGhl.

Cuela pekHMOB ABHMKeNHA TNPOHCXOIHT MNPH KPHTHUYUECKHX
yhctas Pefinoanica — Reyp.

Ecan asnxenhe 6bio AaVIHHAPHLIM, TO ¢ yBeaHueHlleM uyncea Pef.
0LACA NPl HAYadbHOM KpaTHueckoM uhcde PefiHonbiaca Repp
B TNOTOKE BO3HNKAIOT OTAeTblible 06aacTil TypOy.aelTioro pexnva, Ko-
TOpLIE PA3pacTarOTCA, NHCUE3IAT H CHOBA moasnAiorca. [Ipn KoHey-
HO M gkpuTiyeckoM uHeae Pefinoabiica Rexpe B0 BceM noToke ycTarna-
EMIBaeTCa TVPOVISHTILI PeKHN ABHNKENHR.

KpHTepHe pe:kHVOB IBIKEHHS CAYIKAT HepaBelicTRa;

Re < Reyy,; — aaMiHapubiit peknM RBHKEHHS; (3.8)
Re > Reypo — TypOyaenTuiii pemnam  ABIKeHIIN; (3.9)

Reyy < Re < Re,p. — o6nactb  nepemeskaiotitefica  TypGy.aeHTHO-
CTH. (3.9a)

Yuera Rewp 32BHCAT OT 1UEPOXOBATOCTH CTEHOR H OT (OPMEl ceve-
WIS Kallana. Ha ocHOBalNH ONLITOR B KPYTABIX TPY6aX MOKHO CUHTATL:
64

Regp == 5—=000 + 1600; Repo= 2600 + 3600, (3.10)
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npuyeM O64abllie 3HAUEHHA OTHO-
cATed k  TPYGaM ¢ OTHOCHTEJBHORA
raagkocTbio d/Ay > 150.

Ipu cMeHe pexHMOB ABHKEHHA
H Re << Rexp conpoTusienne Tpy-
GonpoBOAOB MNPAKTHYECKH He3HauH-
TeMbHO OTKJNOHAETCA OT 3aKOHOMEp-
HocTe, COOTBETCTBYMOLLHX  JaMmi-
HapHOMY ABHMKeHHIO. B TakoM cny-
yae yucno PefiHosbaca, nph npesbl-
WEHHH  KOTOPOTO  CONPOTHBJEHHe
Tpy6anposoja cyll(ecTBEHHO OTKAO-
HAETCA OT 3aKOHOMEPHOCTEH JamH-
HapHOTO  ABHXEHWA,  Has3blBalOT
KPHTHUYECKHM uncaom Peh-
HOAbACA. MOKHO NpHHATE:

Pic. 3.2. Ceuenns, o6pa3oBaHHble
TpyGaMH B IMIOTHOH YOakOBKe

Reqp =V Rewp 1Rexp 2 (3.11)

Jaa KpyraoUHAWHIpHYECKHX TPY6 ¢ OTHOCHTeNBHOW [/1aAKOCTbIO

d/de = 150, MoxXHO NpHHATE Rekp
Ans rubxux waaHros Reyp =
LA [pAMOYTONbHBIX KaHAJO0B
AAfl CeueHHs, 08pazoBadHOrO

= 2000;

1600;

¢ rnagkHMn cTeHkaMh Rexp = 1800;
nosepxHoctaMu {—5—6 (pue. 3.2),

Rexp = 1100;

Ana cedenns, o6pasoBaHHOrO moBepxHocTAMH 2—3—7—5, Regxp =

= 1000;

A CeueHHA, 06pa30BAHHOTO noBepxKocTAMH [—2—3—4, Rexp =
= 900;

Lns MexTpyGHoro ceuyenns, oOpa3oBaHHoro ueTuipbMa TpyGamu

c waroym §$ = 1,34 d 1 npamoyroaseelM Kopnycod, Rexp = 2000;

NpH JABHMKEHHH HeDTAHBIX 3MYJAbcHIl no tpybonpoBoiaM Rexp =
= 3200 =+ 3500.

B kpHBONHHElHBIX KaHanax nol MAefACTBHeM HHEPUHOHHOA HeHTpO-
GeKHOH CHJALI NOABAAKTCA BTOpPHYHBlE TeyeHHs, [lpn HeGoablwof CKo-
DOCTH ABHIKeHHS MHIKOCTH B KPHBONHHeHHOM KaHAa/ e CHAbl BA3KOCTH
NpenATCcTBYIOT BO3HHKHOBEHHIO BTOPHUYHLIX TeueHHH H MOTOK HMeeT Ja-
MHEHapHBIf xapakTep. [TpH

Re > 11.6]/

rie Rup — cpenHnfi paanyc Haruba Kauasia, BO3HWKAWT BTODHUHbIE Te-
yeHH4. .

[Mocne BO3HHKHOBEAHA BTOPHYHBIX T€UEHWA YyacTHUbl KHAKOCTH OrH-
CLIBAIOT HECHMMETPHYHHIE OTHOCHTE/JBHO OCH KaHasia BHHTOBHIE TPaeKTO-
PHH, HO OTAeJbHble CTPYAKH HE NepeMelIHBAIOTCA APYT € APYrOM; 3TO
JaMHHapHLIEL PeXHM ¢ MaKpOBHXPAMH. BTOpHUHBlE TeYeHHA 3ajepXH-
BalOT BO3HHKHOBEHHe TYPOY.JEHTHOCTH.

MoXHO CYHTaTb, YTO B 3MEEBHKAaX CMEHA PeXKHMOB [ABHKEHHS npo-

d

HCXOAHT MpH
0,68
2R, ) }'

rie Regp-— KpHTHYeckoe 4Hc.10 PefiHoabica B npAmMoaHHeRHOR Tpybe.

Ra
dl

(3.12)

Re,, = Rel, [1 + 16,46 ( (3.13)
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B tpy6ax, BpalIAMOMIHXCA BOKPYT CBOell OCH ¢ YrT0BO# CKO-
poc‘rblo a, 078
Reyp =2300 4 7,16 Reo'xp. (3.14)
rie Reoxp = wld/\f'. )
W, — OKPYXHAA CKOPOCTb BHYTPEHHEN NOBEPXHOCTH TPYO.L.
B paIMaibHO PAcnONOMeHHBIX Tpybax, Ocb BPALISHHA KOTODLIX neps
MeHAHKY.19pHA OCH TPYObLI, Nepexol NaMMHAPHOTO TeYeHHA B TYpPByJeHT-
yoe, COrMacHO pekoMeHaausam B, B. ManblieBa, npoMCXOZHT ApH

0 Wy '/- d 2
Rexp’“Rer[l + (U—Kp* -l, 75;-—) ], (315]

rie Reap—l(purﬂqecxoe yneno PeflHosbAca B wenoasu:KHON TpyGe:
Uygp — CPelHAs CKOPOCTb ABHIKEHHS JKHIKOCTH, COOTBETCTBYWIWAN
Rey.;
W, = OKPY¥Had CKOPOCTb HA HApyXHOM KOHUE TpySal;
Rep — Cpeliinii pajfuyc BpauleHHs TPYObL.

Mpumep 1. [lo BancpHomy TtpyBonposoay nuamerpem 200 MM npoTexkaer
CToYHas BOLA, HMEWllas KOHUEHTDaUHKW B3BElUEIIHbIX BeLlecTB 500 me/a u temme.
paTypy 10°C, co cKkopocTbio 0,6 #/cek, Onpene. HTb, KaKOH PeXHM IABHXKEHWS BOLbI
6yaer B TpyOSonposone.

[le Tada, 1.21 waxoaum, v = 0,041 ca’cex, OnpenienseMm qucao Pei-
HOABACA: 4 S
v 0
Re= szﬂss 000 > Rer.

CTe10BAaTeNbHO, DEXHM ABHMEHHS CTOUHBIX BOA TypOyneHTHuIf.

§ 3.3. OTIPEQENEHHE NOTEPb HAMOPA

IMotepy Hanmopa, BbipaKeHHble B ypaBHeHHH Depuyanu uneHom lio,
JeaT Ka ABa BHAA:

a) noTepu, MPONOPLHONANbBHBIE AJHHE FOTOKA # O6YCAOBREHHBIE Cu-
JaMH TpeRHMs MeXAY MHIKOCTbIO M CTeHKamu TpyGonpoBofa, HasbiBae-
Mblée HOTEPAMH Hanopa 0o AaHiue hy

6) moTepH, COCPeIOTOYEliHbIe Ha KOPOTKMX YYacTKaX [OTOKa
00y</NIOBJAEHHbIE H3MEHEeHHeM CKODOCTH MOTOK2 MO BeAHYKHE HAH Mo
HaMpaBJeHHIo, HasbiBaeMble MECTHHMH NOTEPAMH Halopa /i,

Motepun Hanopa no aauHe obblyHO onpefeaswoT no ¢op-
Myae Hapcu:

R TN O B s 3.16)
{1 dr'gg—ﬂgg’ {

rie ! -— nauHa ywactka TpYOGH, H2a KOTOPOM ONpelensioTcs MoTepH Ag;
dr — ruapasauueckuii Anametp Tpy6bl WM KaHana, paBHull dr =
= 4R = 4o/y, (a1 KpyraoUUMHAIpUYecKoh Tpybul dr == d);
A — ko3bduUHEHT THIPABIWUECKOTO TPEHHdA, ONpelesieMEIfi Teope-

THYECKUM HIH ONbITHLIM NYTEM;

U — CpeAnAf CKOPOCTh MOTOKA,
Lz — Ro3apdHUMEHT CONPOTHBAGHHS RO LAHHE:
Al

4= a5 (3.17)
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ITOTepH Halopa no AJHHe BHIP3ikdioT TaKXe uyeped pacxol no cre-
neHHEIM dopMyaas (4.91)—(4.53) uan no opryae

hg= AlQ*=3sQ?, (3.18)
3 takae Tepe3 Moly.ab pacxola uin wosduusent Llcan:

2f 2
f?n== Q_EQC.‘-.‘W=-W[' (319)

rae A — yleibHOe COMPOTHBJIEHHE, €. COMPOIHBIeHHe Ha eluliuuy
LaHHE TPY6ul;
§ — CONpPOTHB.JeHHe YuacTka Tpybul LauHof [
K — moayas pacxoia:

s
K= oCVR, (3.20)
'
© i R — naouiaab M CIIPABIHUECKUil pAAHYC WIBOIO CRUCHHA NOTOKA;
C — koapduurent Llesn.
3itayenns yaeaeHoro conporsBugn A, moiyas pacxoia K oo
Kos(HUKEHTa THIPABIHYECKOro Tpelin b cBA3aHbl Mem1y cooii cooT-
HOLIEHHEM
1 A
e ma
K? 20,

A= (3.21)

MectHbe TmoTepd Hanopa supamaored no Gopmyie
Beiicfaxa:
!
M= Qaﬁ%—. (3.22)

rle §u == KOIDGUUHEHT MECTHOTO COIPOTHB.IEHUR, OTIECEHHbIl K ToMY
CeYEHMIO [I0TOKA, NPOTEKAIOLLCTO YCPE3 MECTHOE COMPO1HB.€HUe, B KOTO-
poy Gepercs cpelHss CKOPOCTe .

[Torepu Hanopa A, PaBHbLl cyMMe UOTepb HAuopa oo AJHue
H BCEX MECTUBIX mOTepb Hamopa:

N\ v
ho = Wt t Y o=t o, (3.23)

rae {c = K03DOUIHEHT CONPOTHBACHHA CCTEMbI:

k n
X 0, \2 ¥ @ \2
b= 2‘ Galo )t 2‘ fu | =2 (3.24)
4 @, @,
i=l |
[ — HOMep YUaCTKA HJH MECTHOMN CONPOTHB.ICHHS;
k — ulCN0 Y4aCTKOB;
h =— YHCJO MEeCTHBIX COHPOTHB.‘IEHJIE{'\
m-II}Z:n.\tep YHacTKa, KOTOPOMY (00TBETCTBYET CKOPOCTHOM Hamop
o[22 B (3.23).
B
Ecan Beawunta ) iy Madd 10 cpaBHeHmo ¢ Bedidillol > by

H cocTasiafAeT
2 e < (0,1 +00) Dby (3.25)
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TOKHE Tp)’ﬂlzl PAcCCHHTLIBAIOT KaK rMApaB.IHYECKH «DMHHHbIE®» A MOPHHH-
QT

= 1,66 3 & (3.26)

ad BOONDPOBOIHLIX Tp\'ﬁ anaverpoM 10 200—300 sy «TIHHHWA®
TpYAUNPOBOA NQ1YU4ETCR, KOMMa ero ALIHHa Go.1ee 200—1000
B KopoTKHX» TpYGONPOBO1aX, MOMHMO NOTEph 11anopa no I.7HHe

yUHTLIBAIOT TaK#ke MecTHbE MOTepH lianopa Y Ay,

§ 3.4. ONPEAENEHHE KOIDDHLUHKEHTOB 7 H C

I INpn namMuHapHOM peXRHMe JABHXEHHA e mnpH
Re <7 Regp, B
A=— 3.27
R (3.27)
rie Re=uvd;/v;
B — nocTosHnas BenHunHa, 3aBHcAas oT GopMu cesenHa Tpybo-
nposofa (Tadéa, 3.1); Aas Kpyrauix Tpy6 B = 64
II. [Tps TypOGyaeHTHOM peXHMe JABHKEHHA / 3a-
BHCIIT OT Y4HCed PefiHO.bAca H OTHOCHTETLHOH LIEPOXOBATOCTH CTEHOK
1py6el As/d. Pazanuator Tph ofaactil conpoTHB.IEHHA:

Ta6danwa 3.1

3Hayenud napamerpa B, sxogauwero B (3.27), aan
HEKOTOPLIX CeYyeHHA KaHanos

dopyMa ceyeifna Kairaia B
Kpyraice, JOTKOBOR WK OBOHIAALHOE ., . , . . ., . . 64.0
i\aanpuriroe HJH IPAMOYTOILHLIA J0TOK ¢ 3&nu.me|me\: h-d Sb “ e 56.7
TIusMOYTOILHAR TPYOA €O cropoiaMu 2a X 20 HAH  [PAMOY O ILHLIF
JOTOK WHPHHOA b 3a10.1HeH Ha rayGiiy A NpH:
alb==0,53 (hk=b HIH b=4h) , . 61,8
afb=0,2 (b==10h wan h==2,5p) v 76,1
ajp=0,1 (b==20h san h=>5b) . 84,7
wb=005 (b=40A sin h==100), . . ., R 90,0
RKo.uwleBoe cedenne MeKAY KOKLEHTPH rpyha'.m pasnyc
W, NpIn
rir,>03 96,0
ror=ul . . 84,5
=000 ..... .. - . 81,5
[psavoyroasHui :pc\ru.mm: oqepqenuoﬂ no p:u.u)._)
Kpyra (I—3—6 Ha pue, 3.2). ., gdE & ke § o e 28,24
Pagnobeapennsii rpe'. roablHE {'?-w.j—: :{a puc 3,2) c-aRyMA cTOpO-
HAMIL, OUEPYLIHLIMI 110 paiycaM Kj.yra, KOl YyeTLIPEXYTOIbHIK, obpa-
30BaHIBIA NAOTHBIM NYYKOM (§—2—3—4 HA pHc, 3.2) H3 YeTupex TpyG, . 26,0
DAAHMCONANO0E Ceyelliie ¢ cOOTHOIIEHHENM -OCeH 37.HM1ca
aj/b=0,5 . €7.8
a/b=0,3 P 71,0
ab—-ul 5. i i 72,6
Kana. rlap260 'IHI{eu,oru CeyeHHR
R'b=0,5 . 91,0
hib=0,25 64,0
Rit>0 , .. 624
Kanaa TPE\[OTLHDPO ¢
hib=U5 . . 57,0
h bzﬂ.za HAH ,h=-=b 53_:,




o6gacTe rNaAKOro CONPOTHBACHHUA, WIH CHADpABAK:
yeCKH TAAaAKHX Tpy®O, rie = f (Re);

nepexolHYyw o6aacTe WepPOXoBAaTH X Tpy®d, korla
» = [2(Re, A/d);

o6nacTb KBAaJAPAaTHYHOIO CONDPOTHUBAEHHA, B KOTO-
poit A =f3(A/d).

EcrectBenuas 1epoXoBaTOCTb XapakTepH3yeTcA cpelHeH BBICOTOH
BbICTYMIOB HePOBHOCTEH Ha CTeHKe, YHCAEHHOCTBI) H pacnpelejerHeM
3THX BBICTYNOB Ha eIHHMUe njowamgn H uXx Gopmoi. [TOCKOABLKY KO.TH-
yeCTBEHHBIH YydeT BCeX 3THX (PAKTOPOB 3aTpPyAHHTENEH, TO B 3KCMEpH-
MEHTAJbHBIX HCCAELOBAHHANX M pACYeTHBIX 33aBHCHMOCTAX MOJb3YIOTCA
(HKTHBHOR — TaK  HasbiBaeMOH 3KBHBANEHTHOH [epOx0Baro-
cTbiO Aa.

OKBHBaNEHTHAs WeEPOXOBATOCTL — 3TO BooBpaxkaeMan paBHOMepHas
3¢pHHCTAA  LIEPOXOBATOCTE ¢ TAaKOR BBICOTOH (ZMaMeTpoM) 3epeH
(A: = ds), npH KoTopoit B 0BnacTH KBaAPATHYHONO CONPOTHBJEHHUA
(rme A 32BHCHT TOJABKO OT LIEPOXOBATOCTH H He 3aBHCHT OT Re) 3Ha-
yeH#e KoadoHuHeHTa A paBHO ero 3HAaYyeHHK [pPH eCTeCTBEHHOH LUepo-
XOBATOCTH.

Dna nosyduenus A 00 KCNEPHMEHTaAbHBIM JAHKBIM 42CTO HCMOJb-
ayercdl Takaa ¢opmyna:

ke e i D A5 (3.28)
Va As As
rie
no ITpanpriio — Huxypanse . =20 a=37 b=1,14
» A, J. ArsTwymo c=1,8 a=I[0 b=1280
» A, B, Tennosy c=1,8 g=824 b=1,65

UHcTeHHbIe 3HaueHHs 3KBHBANEHTHOH WeEPOXOBAaTOCTH As, HalifeH-
Hee o gopumyne (3.28), no Ilpanarmo — Hukypanse, s pasfHuHLIX
7p¥ 0 .NPHBOAATCA B -APHNOKeHHH-T.

[lph 3HaueHHAX As, B3ATHIX H3 NPHAOKEHHA 7, BEJHUMHY A MOXKHO
onpeaennth no rpaduky (puc. 3.3), mo dopmyne Koasbpyka — Yaira:

2,51 By AT
A=|=2lg|—— 2 3.29
[ g(ReV& + 3.7d>] G2
1i# n¢ Sonee npoctoit dopmyse A. 1. AabTmyas:
A—ou(i’-’a—ﬁs—o'% 3.30
T d Re) ( i )

[Tpn atom nocne nogcrasoBkn A no (3.29) B dopmyay Iapcu
(3.16) cpeaHiol0 cKopocTb YAOGHO BbIpaXaTb TaKOH 3aBHCHMOCTBIO:

T A 2,51y
v=—2V2gdl | ( X _._)
88 304 + dV 2gdl

rae [ — rHApaBAHYECKUA YKIOH, paBHBIf hw/l.

(3.31)

A
[pu Re—ai << 10 dopmyna (3.30) nepexomnt B cdopmyay Bnass-
yca An9 rHApaBAHYeCKH raafkux 1pyos:
0,316
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a npR Re—%a—> 500 — & dopyyay nbpurcora 114 BHOJIHE U1EPOXO-

BaTblX TPYO:
0,25

2=0G,l1 (—ii] (3.33)

Mo wucerezonannam @, A. Ulesenesa, npu TypSy.1eHTHOM peXKHMe:

AnA HOBLIX CcTanbHHX TpyO C yuyeToM YBEJAHYEHHA CO-
npotueaedns 8 1,15 pas n3-3a pa3nnuns HX YKIaAKH B /1abopaTopHEIX
H NPON3BOACTBEUHLIX YCNOBHAX B B 1,18 pa3 sa cueT CTLIKOB

0,226 = 0,226
2= ( 1,1 E,S ) — 0,01f9 (l + 0684\} (3.34)
10% 10° Re g% .

AAR HOBBIX 9YyTYHHBIX TPyl ¢ yueTOM yBeIHUEHHA CONpo-
THBAeHHA B8 [,15 pas BCieACTBHE OTJHYHA K4YeCTBA HX YKJIAAKH B
NPOH3BOACTBEHHLIX YC.I0BHAX 0T na6OpPaTOPHLIX

3274 595\ 00144 9,36 \0.284
P T e el sl 3.35
( 10% + IORe) = duzse( * ) {83

ANA HEHOBHB X CTaAbHbLX H YYTYHHEHX BOJONpPOBOZA-
HEX TPYy6 npn o= 1,2 afcer
7256 #\%% 0,021
- lobd = dO.d L

(3.36)
8npH v << 1.2 u/cex

1,5 # 119 00179 0,867 \%7
A=|——— — = — | 8 337
( 1054 T Re) a3 ( * v ) (2.87)

ans aclecToNeMeHTHHX TpYS

5,05 u 1,365 \%1° 0011 3,51 \19
(B0 LS O, SSLEE gy
C10Mg 107 Re Foel + (3.38)

AAR NMAacTM8cCOBHX TPy6 ¢ yderow kosdduunenta 1.15
Ha pa3nWuie KayecTBa YKJAaAKW Tpy6 B naBopaTopHLIX A NPOH3BOAL-
CTBEHHLIX VCJ0BHAX H BJAHANHA CTHIKOB
0,288 01344
A= oa-_wa - 1[3226 . (3.39)
Re™= (dv)™

B stnx dopmynax d — pacuetwnifi BHyTpenunf gnavetp TpySot, M
U — CpeaHAA CKOPOCTb ABHXKERHA BOMOb, AM/cex; BA3KOCTb OPHHATZ
v = 1.3-10-% m2/cex, uTo coOTBeTCTBYET Tesmneparvpe sonw 10°

A. C. UehAtaun pekoMmenyer onpegensts kodduunent mﬂpaarm
YECKOTO TPEHHA Mo caeldyrowity popMyaa:

B KepaMHYecKHX Tpybax

a) NpH CROpOCTAX v << 2,7 a/cex, T. e. B AoKBatpaTHuHof 061aCTH
CONpPOTHB.IEHNS,

0, H) 0,011

(3.40)

az(09+ ) =



Ta6iuua 3.2

3yatieHHA Lu, A“ u K., 118 o614CTH KBAAPATHNHOrO

CONPOTUBACHHSA
2
- 4| Pacuernnid K.. 1o Ain =_k8
c.10RMH BHYTPEHHHHA Lomno | A no (3.43), KR -
pgxgs auaverp d, 5.36) Reexiny e ué’r(S 46) tr‘m
d_\" MM WM N D J A Cer (3‘.47) .
Tpybbi craabhote sodozadonposodnote (FOCT 3262—62)
3 3.2 0.1015 22,11 108 0,0213 4,34
8 R 04,0583 2],1-107 (0689 3,08
1 11,6 0,074 31,43.10° 0,179 2,8
135 14.7 0,074 89.66-10° 0.334 2,26
a0 20,2 0.0633 16,6+10° 0,774 201
:_‘35 26.1 0,0614 42,78-10% 1,531 1.87
) 319 0.0375 91720 3.3 1,73
1 40,0 0,055 44 480 4.98 1,7
50 52,0 0,051 11 (8) 0.5 1,61
70 66.5 0,017 3009 18,28 1,55
50 79,5 0.015 1 167 29,2 1,51
o 92,3 0,043 529,4 43,5 1.47
1 104.0 0,041 281.3 59,6 1,46
23 130.0 0,039 86,22 17,8 .42
130 155,0 0,087 33,91 71,7 1,39
Tpybel craavHble aaecTpocsaphsie (FOCT 10 704—63)
64 0,048 - 3 685 16,49 1.56
70 0,047 2292 20,85 1,53
83 0,04 9294 32,81 1,49
95 0,042 454.3 16.9 1,48
114 0,040 172,9 76.3 1.44
133 0,748 76.36 14,5 1,42
158 0,036 31,65 180, 1 1,39
170 0.035 20,79 189.3 1,38
209 0,034 6,959 378.3 1.35
260 0,031 2,187 679 1,32
311 0,084 0.8466 1 089 1,28
363 0,028 0,3731 | 637 1,27
414 0,0263 0.1839 2 268 1,25
30 164 0,0238 9 g28. 10> 3163 1,24
3 516 0,025 5781.1073 4160 1,23
GIET] 616 0,024 2 262. Iﬂ_"? 6 644 1,22
U0 706 0,023 1098.10—° 9570 1,20
800 804 0,022 53514-10~8 13 490 1,19
900 904 0,0218 2962.10~8 18 370 1,18
1 0o I 004 0,021 1 699. lO"a 28 240 1,17
1200 1202 0,0198 6 543-10_7 39 010 1,18
1400 1 400 0,08 2916.10~7 58 500 1,15
1500 1500 0,0186 2 0_’3-10_7 70 400 1,14
1400 1 600 0,018 1 437-107 83 350 1,13
Tpybur uyeyntote Hanopuoie (FOCT 5525—61 & 9583—61)
Kaacce JIA
50 51,6 0,0509 L 11340 ¢32 1,20
80 82,6 0,044 953.4 2.4 1,15
100 102 0,04} 31,7 56,5 1,13
125 197,2 0,088 96.72 01,8 1,12
150 152,4 0,036 37.11 164 1,09
20 20,6 0,033 8.092 352 1.09
i 953 0,002 2,528 1.09
300 304,4 0,02 0,9485 1 027 1,08
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IMpoaxo.1xenHe Taba, 3,2

] A A

Pacyetinft K. . no KB KB

y;.i;%i%:ﬂ BHYTpeHHIH Agmo | A, mo (3.43) L;?K’x). i -.-:T

dy, #K nuat:‘e;p d. (3.36) (cex/u™)? Alcex no (%‘4457)) HaH

Knacc A

350 352,4 0,029 0,1365 1512 1,05
400 401.4 0,028 0,2189 2 140 1,03
450 430,6 0,027 0.1186 2910 1,05
500 500.8 0,26 677810~ % 3840 1,04
600 600,2 0,025 2595.10~5 6220 1,04
700 6994 0.023 1154107 % 9320 1,04
800 799.8 0,022 5669-10~5 13 300 1,04
900 899,2 0,022 3047.10~ % 18 170 1,04
1030 998,4 0,021 1750.10™8 24 000 1,03
1200 1199,2 0,020 6625.10~7 38 900 1,03

IIpuMeuaHHe, JIaa cTaJbHLIX H YYTYHHBIX TPYyS nHaMeTpoM MeHee 300 mu
pacyeTHH AHAMeTp MPHHAT HA | mm MeHbllle 33 CYeT KOPPOIHH HAH OTAOMEHHH,

Ta6aunma 3.3
Monpasounsie KO3hPHUHEHTH & H n K 3HAYEHHAM Lkn,
A u K, nmpuv<12 s/cex B HEHOBHX CTaXbHHX
H UYryHHeix Tpy6ax

CKopocTb v, M/cex

0,2 0.3 0.4 0.6 0.7 08 0.9 1,0 l
k 1,41 1,28 | 1,20 | 1.I5 |[I1.1153 | 1.085 | 1,06 | 1,04 | 1,03 | 1,015 1.0
n 0,84 | 0,88 | 0,91 | 0,93 |0.95 0,96 0,97 | 0,98 (0,985 [ 0,99 1,0

6) npH ckopocTAx v > 2,7 M/cek, 1. e. B KBalpalduHofi of.1acth,

0011
A= —5m; (3.41)

B CTEKJAHHBX pr6ax

0,235 ) 0,0085 (3.42)

A (1 3 i 402

Ilas yno6erea moansosannd dopaynamu (3.34)— (3.42) nprBedeHsi
Taba. 3.2—3.8.
Ilpy nonb3opanun taba. 3.2—3.8 neofxolumo MmMeTb B BHAY CJae-
ayoulee:
l. 3uayesun ynelbHoro conpoTBAenns A, moayas pacxoia K #
KO3QHLHEHTa TPEHNA CBA3AHLI MeX/Y COGOR COOTHOLLENEM
8A !

A= ——r=

gwds =K ()
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2. 3uaweHus A, A u K 1719 HeHOBBIX CTaNeHBIX H GYTYHHHIX TpPYyG
ppIYHCAAOTEA O GopMyaam

A= k;vxm A= kAKn; K= ﬂKKB, {3.44)
rae Az, Awn B Kus GepyTcs us 1aba. 3.2, a £ u n AN COOTBETCTBYHO-
prux Tpy6 — ua 1aba. 3.3.

3. 3uawdenns A, A B K 1A HOBWIX CTajibHhIS K 9YryHHHX TpYy6,

g1 acGecTOOUEMEHTHBIX, MJaCTM3CCOBBIX, KepaMHYeCKHX H CTeK/AHHBIX
Tpy0 BEIMHCWIAIOTCA 110 Qopary AaM

A= kl], A= kAl’ K = RKI, (345)

rze A A B K| BbukcieHsl No COOTBEICTBYIOUWHM (OpMynaM npH
p =1 #/cecrc B Gepyrca u3 tabs. 3.2, 34—37, a k H n—us 1aba. 3.8,

Tac6auua 3.4

3uaueHma Ay, A, u K; nprn v=1 m/cex B acGecTOUEMEHTHHX
1py6ax (FOCT 539—65)

 S——_—
YcaosHblE BHyTReHHHE A, 1o (3.43) K, o (3.43)
npoxox dy. nMametp d, A, mo (3.38) Yeer/n Ve
MM MM
Tpy6vs BT3, BT6, BTY
50 50 0,0239 6851 12,1
75 75 0,024 835,3 34,7
100 100 0,0227 187.7 73,2
125 19 0,0219 76,08 114.8
150 14] 0.0213 31,55 178
200 183 0,02 6,898 38l
250 235 0,0193 2,997 670
300 279 0.0186 0,914 1 047
330 32 00182 0,4342 1 520
o 368 0,077 0,2171 2150
500 456 0,017 7 138-10° 3740
8l - 0,0163 2123.107° 6 860
700 0,0157 9 536.10° 10 250
o0 0153 477.10™% 14 500
900 0.015 2 588.108 19 670
1 000 0,0146 1 498-10~% 25 800
Tpy6o BTI2
7 135 00362 39,54 1587
250 181 0,034 8.632 340
300 228 0,0307 2,605 665
330 270 0,0318 1,083 963
e 312 0,037 05115 1 390
500 356 00322 0.257% 1969
441 0,032 0,03489 3438
_—
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Ta6auua 3.5

3yauennun ~, 4; 1 K; npu v=1 s/cex B naacrmaccosmx
py6ax (MPTY 6-05-917—67)

Yo opublit Hapyxunni | Brnyvpeinu# !
poxon d,,. anaMerp, anaserp d, r f\;‘
oK MM MU {cer/. Jice
Tpy6ul Taxne.rozo tina T (do [0 xeclem?)
16 14 0,0353 1212 14 11,88
20 18 0,0333 2693 1) 0,61
25 22,7 0,0316 376- 102 1,149
32 29,1 0,0299 2048102 2,22
40 36,3 0,0284 65 330 3.9
50 45,4 0,0270 20 239 7.05
€0 53 57,2 0,0257 6 051 12,4
6 75 68,1 0,0247 2 43 20,3
80 90 81,8 0,0237 9.6.9 32,79
100 110 104 0,026 323.9 55,9
125 140 127,2 0,0214 92,47 103,9
150 169 145,4 0,0208 45,91 148,2
Tpy6er cpednezo runa € (o 6 xec/cm?)
200 | | o019 | 5,069 4“5
Tpybet cpedue.leckozo runa CA (Bo 4 Keclem?)
230 280 269,2 0,n18] 1.308 871
300 ‘ 315 1 a8 0,0176 0,7082 ’ 1183

Tadanua 3.6

3uaveunn Ay, 4, u K|, npn v=1 #fcex B KepaMHueCcKuX
Tpy6ax

Buytpennnii auaserp 4,

30 130 200 300
A, (cex/s®F, . .. .| 695 816 183 21,8 4.8 1,49 0,571
K no (3.43), /cex . 12 35 T4 214 456 820 1320
A no (3,40 .| 0,0236 | 0,0232 | 0,0215 | 0,0194 | 06,0181 | 0,071 | 0,0163

npuueM B Taba. 3.2, B nocaemncit rpade, naunl otHoumenna A,s/A, win
J.xs/M|, BBIYHC/ICHHHE /A HOBBIX CTaJbHBIX TPYG 10 3aBICHMOCTH

A, = 08514744, (3.16)
a AJas HOBbIX YYTYHHbBIX Tp)’ﬁ N0 3aBICHMOCTH
A, =0974""¢4,,, (3.47)

B oTaHune oT mecTkHX TPYSOMPOBOZOB, B MATKHX PYKaBax AHaMeTp
H WepOXOBAaTOCTh HX CTEHOK H3MeHfAloTeA nol BO3IEiCTBHEM BHYTpeEH-
Hero JAaBJjeHHA. I'loarony NoTepH HEI['IOPR B MHUX )ROﬁIIO onpenennarb
no qopmyne (3.18) 4epes yaeapbHoe conporusiense A (raba. 3.9),
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Ta6anua 3.7
3navenna by, A n K, npr v =1 si/cex B CTeKNAHHBX TpyBax

Yoo Cpennn®
" BHYTPEH I no (3.4 A no. ,(3-,43’- K.
P ARSMETP d, MY {cex/vi)
o F'OCT 8894—58
& 36 0,0242 31 300 5,49
2 56,3 0,0215 3 030 18,35
3 74 0,0198 501 42,7
4 105 0,0184 120 90,9
ITo PBTY 33—60
1.5 - - -
2u 0,0279 720 000 1.175
26 0,u261 182 00) 2,34
30 0,0252 86 501 3.4
33,3 0,0244 36 000 5.26
42 0,0231 14 Ty 8,27
48 0,0224 7300 1.7

Cornaco uccnenosannam BOITEO, koadhduuneHt tpenua A aas
apMHPOBAHHBX PYKaBOB (CO CMUPaibio, OMBIBAEMOA BOLOHM)
B 32EHCIIMOCTH OT HX AHAMETPA COCTABIAET:

A e . 0,055 0,060 0,080 0,030 0,095
Yea0BHLI anameTp pyKaba,
An 65

HOna rhralkHX HeapMHPOBaHHLX pykasos kosdoH-
unenT TPeNnHA BLIYHCAAETCA no dopmyae

0,44

Odasa rnagknx apMHDPOBaWHLYX PE3IANHOBH X pPYyKa-
BoB anaverpom 100 wu A R3vensercA B npeseaax or 0,02 mo 005
(npr naeiennax ot 1,25 mo 35 aru u Re or 25000 mo 600000).

B ra6a. 3.10 npusejenel yleahHble COMPOTHBIEHHSA 1.8 BCAChIBAIO-
WHX apMHPOBAHILIX PYKABOB €O CNIHPaJblo, OMbiBaeMo# BOAOA (pacwer-
naf Gopmyaa { = AQ?, B 017 CNAIKHX Pe3NHOBLIX [eapMilpoBaliliLix
piaaHros (pacuetnas dopyyaa i = A'Q"%), npn Q B #%/4.

MMpn pacueTe KananMzaUHOHHKEX CceTeH K17 ompe-
Zenenns gospguunenta A pexovenayercs dopmyaa H. ®. denoposa:

1 A? s )
—— Pl [ 2 2, 3.49
V& £ (3,42d, + Re )

rie d, = rpapasanveckufi guavetp, paBnbiii 4R;

Re = yncno PefiHoabica, BblunCIeHHOE uepe3 FHIPABIH4YeCKHA® THa-
MeTp Kak vdr/v;

A, — 3KkBHBaEHTHAR  AOCOMIOTHAA  UIEPOXOBATOCTL MO UIKA.1e
H. &. denoposa;

@y — GeapazMepHulit ko3ddHuUMenT, YuHTLIBA:OWHRA XapakTep pac-
npegenens UIEPOXOBATOCTH TPyG H CTPYKTYPYy MNOTOKA KAl
KOCTH €O B3Bechlo,
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Ta6auma 3.9

3uanenus A-10° B (cex/a)? NAA HEKOTODHX NOMKAPHAIX
(BHIKHAHKIX) PYKABOB
Pacuetnas dopmyna i =AQ% Q — B afcex

HoMHIIABHBIK OHAMETD, MM
pyxana

66 89

PeannoBble pyKaBa, npopesHHesHble PyKasa

C TO,1CTOA pPesHHOBOH NPOK.13AKOH H rJaiko#
BHYTDeHHell MOBEPXHOCTBID . . . . 46,7 12,0 5.4 -
O6hiuHple NpOPe3HHeHHLIE PYKaBa , . 67,7 17,2 7.7 1,9
HenpopesHHeHHBle pyKaRa (-1bHAHBIE) 120,0 38,5 15,0 -

3HayeHHA A, W ap, Bxoasuwux B (349), mawul B tada. 3.11.

B rabn. 312 npuBeneHbl 3HaueHHs Ay, BbLIYHCAeHHBe AAs TPY6,
yKasaHHwx B Tabn 3.1, mpuw u/v =071 108 I/n (ecam v =
= 141 10-® #%/cex, 10 v =1 mfcex), a B Taba. 3.13 — nompaBouHble
K03 dHUHERTE K A npR ufv, oTaHyHeix ot 7,1 105 1/m B v pas.

Ta6aunuwa 3.10

3uagenus A AAf BCACHBAKIHX PYKaBoB
H peaHH‘oamx UIJAHTOB

YcnoBHbIA 4 A
Auamerp d., . !
s T (u/m3)? (,‘!Mz}l.735
25 0,807 0,97
32 0,232 0,312
38 0,101 0,108
50 0,0204 0,0328
-66 0,00905 0,00873

Ta6auwa 3.11
3uauenns A, u @, Aas Tpy6 W3 pa3wmix marepuanos B (3.49)

Matepuan Tpy6 a Az MK
KepaMlu4eckHe , . o o 4 4 4 o & 85 1.0
BeToHHble H Xene306eTOHHHE , , 100 L5
AcCGecToleMBHTHbIE 70 0.6
YyryfiHe : 8) 1,0
CrallbHble 80 0.8
Kanaas:
H3 GyTa, TECAHOTO KaMHA 150 8.0
KIPIHUHBLIE o y 4 4 4 4 v o s o s ¢ = » 110 3.0
GeTOHIble H Jxesne306eTOHHBIE (H3rOTO-
B/IeHHLIE Ha MecTe B onaayGke) . . . 120 3,0
GeTOHHbIE M 3ene306€TOHHBIE, [IAIKO 3a-
TepPThIE [eMeHTHOH WTYKAaTypKo# 3 70 0.8
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Tatanua 3.13

Monpasounbie koahduuncHrer /0y K aHaucuuam 2,
BhIMHCACHHNE no dopuyac H., &. denoposa mpH v=1 sm/cex
aan d = 150 + 1600 sxxn

v, alcex
A uu
0.5 0,8 1,2 1.3 2,0
0,6 0,03=0,93 0,972=( 98 1,021,014 1.04=1,03 1,06—1,05
2,0 0,95-0,97 0,98—0,99 1,01 1,025—1,017 1,04—1.,03

Tadaunua 3.14
3HavteHHnn %, BHMHC/ACHHEE MO PA3JIHYHHM dopmynam

Jitaycnua X, BLIYUCICHIBIE WO QOpPMYy Ay
d. Mjcer
MM pan;ir: &,  lesc- | H, ®. de; H. H, [TaBaos-
Hukyp JleBa posa CKOro

0,5 0,0400 0,0413 0,041
1.0 0,056 0.0416 0,041
3.0 0,0302 0,0390 0,041
0,3 08,0378 0.0302 6.0327 0,302
1.0 0,078 0,0270 0,0308 0,0302
3.0 0,0378 0,0230 0,029 0,0302
0.3 0,0282 0,06 0.0:266 0,0245
1,0 0,082 0,0218 0,253 0,245
50 0,0282 0,0186 0,0241 0,0245

Ilpn rulporpauctopre no cTaiblwidt TpyfadM  Kos@duuuent rpe-
gua A Bbiuucanerca ao (6.21) n (6.22).

MMTpusep 2 Onpedeants KOIPDHUACHT rHAPABIHYECKOro Tpenus 2 118 Ge-
Tornhx Tpy6 auaverpod 200, 500 w 1000 mst npH OAHNAKOBON LWEPOXOBATOCTH,
v=0,3; |; 5 a'cex: _\;=2 MM, az=ﬂ)i); =201 Lv=0U,0139 cam*/cex.

Mannvie Becex pacyetos no dopsmydan [Ipanatas — Hukypanse, €. A. e
e 1era, H. @. denopora u H. H. [MaBaosckoro ceemensl B Tafi1. 3.14.

I3 ta6.a. 3.14 Mo, 970 3nayelna KopHIHENTA THAPARANYECKOrO TPEHHA A,
BbIYHCIRNHEl 110 PAsIHYIILIM (GOPMYJIAM, OTAMYAIOTCA APYr OT Apyra.

CHull pekoMclAYIOT paccyHTHBATL BOAONPOBOANbe TPYOul Mo Gop-
myaas @, A, lleseaesa, a KanaJH3auHoHHble — 10  QopMyaaM
H. ¢. dexoposa.

Kosgduuuenr Wean C caazad ¢ ko3ddiuilienroM riuIpasinueckoro

TpeHHﬂ 33aBHCHMOCTLIO .
_ / 8¢ (3.50)
c=y ¥

B kBaipatuunoii o6aactu conpotusiesusn kospduuuent Wlesn C
onpeleanerca no ¢opumyae H. H. [Nasaosckoro:

E= le— RY V ajcer, (3.51)

53



rne R — ruapaBauuecknii paidyec, M,
# — KO3DQHIUHEHT WepoX0oBaToCTH,;

y=25Vrn—1013—075VR (V7 —0,10). (3.52)

Ha npakTHKe OOLIYHO TIPIMEHAETCA ONHA H3 CJAEIYIIWHX YNPOUISH-
Weix opM Buipaikenus (3.52):

y=15Vn npn R<! x; (3.53)
=13Vn mpu R>1 a (3.54)

Mprn y = 1/6 noayuacy dopmyay Mainunra, a npu y = 1/5—
dopuyay Popxreiivepa.

Tunyyble 31aUeHHS N NPUBEAEHBl B NPHJIOKEHHH 8.

Has onpejenenna C Bo BrceX 0o6nacTAX coNpoTHBACHHUA TYpOyneHT
HOTO TeweHHA MOXKeT ObITh lcnoas3oana dopmyra A, JI. Anvtwyas:

R e R e
— =2—=" 1", (355
¢ 25‘[ (80n)¢ + 0,025/} RI ] [33 + 0,025/} Ri ] (558)

rie R n A, —ruipaBaHyecKHi paaHyc H SKBUBAJIEHTHas WEPOXOBA-
TOCTh, MAM.

§ 3.5, MECTHLIE COTIPOTHBJIEHHA B TPYBOMPOBOLAX W APMATYPE

1. Buesansoe pacwupenne. [loTepu npH BHE3AMHOM pacIUHpeHHH
rionepeyHoro cevedus (pHe. 3.4,a) Tpy6ul MOryT ObiTb BLIYHCAEHHE MO
dopmyne .

2
(v —v)? . v)
5y “ngg =g (3.56)
rie KodpdHUHEHT CONpoTHBJAeHNR [a. py, OTHECEHHHIA K CKOPOCTH Uy,
; \2
CB.PI=G-I( —""‘-) ' (3.57)

w;

hg, p =0,

a KOI(Q(HULUHEHT COMPOTHBACUHA {a. ps, OTHECEHHWIA K CKOPOCTH Up,

2
& pzwa,(ﬂ - 1) ; (3.58)
03

€| — k03(PHUHEHT KHHETHYeCKOH 31IePrHH B Y3KOM CEUEHHH [OTOKA.
2. Buixon u3 Tpy6ul B pesepsyap Gosbwnx pasmepos (puc. 3.4, 6).

Ecan pesepByap HMmeer GoJblide pa3Mepdl, TO, NpHHHMAa® B (QopMyne

Bopna (3.56) vy =0, koaddpHuHENT CONPOTHBMEHHS BHIXOJAA, OTHeCeH-

HBIA K CKOpPOCTH B TpyGonpoBoie,

fpux =0. (3.59)

3. Morepu 8 nuadparme (puc. 3.5). [Motepn B nAHadparve o6ycioe-
JeHbl TJIaBHHM 06pa3oM pacluHpeHHeM MOTOKA MoCde CXHATOro CedeHHs,
Buipaxan kodbduunest cxarna crpyu o dopmyne A, . Anetwyas:

We e 0,043
== 0,57 — 3.60
Wy & Ll — o/, ' (360)
TOC Wew H Og — NJONIAAH CHATOTO CeveHHA H Auadparmel.
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a) Puc. 3.4, Cxema BHe3amHora
[&== | paciHpenus {u) H BLIXOA H3

Lw, —=y, Og—n Tpy6ul B peaepeyap (6)

6)
_
— = : Pue. 3.5, Cxema puadparmu
A L =
L bl 5 T, 12277
—_—1 _: . —_— ; [),_lL.. wgu_: m
‘:—:__\\\__ l _1___/19)3‘)3"‘\..!
~ ! jl I2

KosbdHunenTh conpoTHBaeHHs, oTHeceHHble B QopMyne BefcGaxa
(3.22) k cKOpocTAM TeyeHHA B CeYeHHH AMadparMbl vz, Nepel AHadpar-
MOA U, H 32 AHadparmMofi vs, COOTBETCTBEHHO DABHbI:

r;m=( St —1)2=(1,7522—-ML—1)2, (361)

Wy w, LI7TO — w40,
HIH \ ,
(0]
Lae=1{m (';J‘f“) =1 (%2_) (3.62)

Ta6auna 3.15

3nauenns K03 (HUHEHTOB NOTepb H MECTHRIX COMPOTHBAEHHA
aas axadparm, conex, conea Beutypn w 1pyé Bentypu

/e
THn cyxawowero | Koshou
YCTPOﬁCTBa UHEeHTh
0,1 0,2 0,4 0.5 0,6 038
Hnadparma 3 0,613] 0,618 0,623 | 0,631 | 0,642) 0,656 | 0,713
¢ 235 49,2 18,8 8,8 44 | 2,34 | 055
Qi 0,88 | 079 | 068 | 057 |65 |04l | -
Conno LT 08 | 072 05 | 044 | 030 016 [ =
t 9) 17 6 25 L2 | og -
Coniao Bentyph Prot 0215| 0,175 | 0,143 | 0,118 | 0,09 | 0,07 -
22 4,5 1,7 0,8 0,4 0,22 -
JBofinoe comIO Pror 0,125 | 0,081 c,07 0,064 - -
Beutypn 4 12,7 2,03 0,75 0.36 - -
Tpy6a BeHTypH ®Pror 0,13 0,10 0,08 0,06 | 0,04 | 0,03 =
¢ 16 3.2 1,2 0,5 024 | 0,12 -
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TMotepH nanopa Raor, Bu3WBAPMLIE AHadparyadi, COMLIAMH, COMIA-
wi Bentypn, Moryt Guith onpefedelill 4€pe3 pa3HocTh /I Mhe30METpHYEe-
(kHX HANOPOB.

B taba. 3.15 npeicraeqens € H Lo, Beiuncaenuvie no (3.60) n
(361) npn @) = @2, @ TaKKe KOIPPUIUIEHTE NOTEPb §noz = hoor/h H
03 GHINENTL  MeCTHLIX COMPOTHBAEHNI (OTHECEHHEIE & CKGPOCTH o)
118 BOAOMEPOB € CYKAIONUNMA YCTPOACTEAMA

4. Bxon 8 Tpy6y. KosddHiHeHT cOMPOTHRILNNA 118 BYO1d B TPydy
wpex Anadparuy N3 pesepByapa 3M4UATELHBIX Pa3vepoB, COTIACHO
(3.61) n (3.62), npH @a/wy; =10

e V2
Eax ”(o,ﬁnm_, 1) (363)

Kosbduiuiedt conpoTnerennns BXoia MOTOKA B mpaMyvio TpyGy aa-
ERCHT OT OTHOCHTEAbHON TOMUHNDL §,/dr CTEHKH BXOJNON KPOMKH Tpy-
64 H OTHOCHTENBHOrO paccToAlng b/d. oT obpesa Ttpvlnl A0 CTEHKH,
B KOTOPYIO OWa 3aleiaHa (pic. 3.6).

MaxkcnyansHoe 3nauenne kod@uinedtTa conpoTHBIEHHR NEAMOTO
BXOZUOTO YYacTKa np¥ COBEPIIEHHO ocTpoh kpomke (§,/dr = 0) n yia-
senn o6pesa TpyGul OT CTEHKH, B KO10pPYIO Olia 3azelawa, Ha b =
= 0,5dr paBHo eamnnue.

080
\ =4 o b p—Cmenxd

wEy \\ & VLLLLLLI A IR PEE NS
a.aa\ ?&f\% i CURNES N
QRN

\\ 2 \L\
065 %ﬁb\;\\
060 \\

Ll DL

%7

s

k\
N

11X

N ‘\\ \§
055 020N \\ S‘§\§¥ 8-
PR B =— I
70 0008 005 0024 0032 004 Q048

Pie. 3.6. 3nauenus woadduuHeHTa conpoTnBIeHA Bxoaa B Tpyly
dr-ru.lpas.muermri% ONAMETD, PABHLI AA# KDYTIOH TpyOsl &
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MunumagbHoe 3Havenne Kodd-
i HERTE  COMPOTHB.IRHIS §u=0.§
Gu.er  UPH  YTOJUIEIHW BXOJAHOH
povki 10 6 = 005d: HAr npH
" -1ke ofpesa TpyObi 3anoiAHID

credkol (b/de = 0).

MaJsoe ConpoTHB.IEHHE cO31aet-
4 NpH TOAZBHOM BXOJe, OYEpPUEHHOM

Ayre kpyra (pc. 3.7), WM KOHH-
seckoM Bxofie (pe. 3.8).

Ecnd nepes BXOARBIM YYacTKOM
(1c 3a1ena"HbBIM B CTEHKY) YCTa-
noRIcHA CTeHKa (Han 3xpaH), To
L03(h(HIIHEHT  CONPOTHBMEHHA MO-
o7 GbITh ONpede’en Mo CAenyo-
11 dopmy.ie, npeNoXKeHHok
1. E. HMaeabunkom: Puc. 3.10. Cxeda Bsxoma nof

& i YrioM K TOpPLEBOH CTeHKE
E=tut (o) (364

l

I\hl
I

\NE

<
Qu
Ql

rie Cesx — KO3bQHUMENT, YYHTHIBAOWIMA BadsHde GopMbl  BXOJHOR
KPOMKH H onpereaseMmuli no rpadgukaM na puc, 3.6—3.8;
03 — KO3 (UUKENT, YYHTBIBAIOUIHA BJAHAHHE JKpaHa W onpeiense-
Mulit o rpadury Ha puc. 3.9, a.

KoaddpuuneHT conpoTiBaeHHs MAaBULIX KOAIEKTOPOB, 3afeNaHHBIX
3anCAIMILo €O CTEHKON, MpH HANHYHU SKpana ompeleqsercd mo rpadHky
5 = [{h/de;r/dy)_ (puc. 3.9,6).

Ilpu sajeake BXOOHOTO yYacTKa B TODUEBYH CTEHKY mod yrsioMm f
(piuc. 3.10) woabdHUKEHT CONPOTHBIEUHA oONpelenderca 0o opmyne
Beiicbaxa:

ax = 0,5 4 0,3 cos B + 0,2 cos? . (3.65)

Kos$uuueHT conpotupieHus BX0Jla 3aBIICHT OT BHIA 3aleTkH TPy
6bl B TopLeBON cTeHke (puc, 3.11).

5. BuesanHoe cymetne (pwc. 3.12). KoagduuueHT cOMpoTHBJIEHHA
BHE3AMHOr0 CYMEHHH, OTHEeCeRdbli K CKODOCTH U Bbipa)KaeTcsi 3aBH-
CHMOCTbIO

@

Eo.c=1Cpx ( — —_), (3.66)

Wy

rae fex Gepetca fo AamuuiM 0. 4 B 3ABHCHMOCTH OT YCJOBHI BXOAa
(puc. 36, 3.7 u 3.8). Tak, wHanpnyep, eCi¥ KpoMKa BXOZa Tymas, ToO
Cex = 05; ecan oua ?eaaﬂa nod yraoM o, To {sx Onpejensercs no
rpaduky Lex = f(a; {/d) (puc. 3.8.0).

6. Koudysoput (puc. 3.13, @). Kosdduurent conporupnenus xoudy-
30pa, OTHeceHHbIl K CKOPOCTH U, ONPCIEAACTCA, Kak 1A BHE3anioro
C}’}Kelﬂlﬂ co CP(‘SallllOﬁ noA yriaoM o KPOMKOi] BXOTa:

=1 (o 110) 1= 2 ) + tom (67)
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Puc. 3.11. CxeMnl pazanuiblX 3afe’]ok B TOpPIHEBUH CTEIKC NPSMLIX
BXOJIOB U X KOY(P@HUNEHTH CONPOTHBICMIA WPl TO.TUHIE BXOAHOI
rkpomin &= (0,03 + 0,04)a, rae a — AaMHA CTOPOHLI KBAAPATHOrO ceye-
HHsT TPYORI, KOrAa TOpIeBass CTellKA yCTarom.acia: @ — ¢ 0adoil cro-
poHBt TPY Gl 0 — ¢ ABYX CTAPOH; 8 — C TPEX CTOPOII, & — BXO1 B Tpy6y
ofopyaonair KO3MPLLOM Atihuil { << 0,54 ¢ 01uoit cToponL; d — ¢ ABVX
cropoi; ¢ — TpyGa PACHON0IKENa HA CTellke, 3 — B ABYIPamioy yraay;
g = Tpy0d 2a,183004  MCHAY ABYMA  CTEINRAMIL M — MEHY TPeMa
CTenKaMit



a)
@, by Wy, Uy
—_———— e
b=
6)
wflU‘ - W, Uz
i
é)
Tr—_
Wy Uy
— — —

i

Wy, Uy _gé_{:— wiy, Uy

LA

:
wy U
Wil Pt
3
y

LT

Pre. 3.12. Cxevnl BHe3anuwiX cy:®kennil Tpy&onporoios

a = KpoMKa  EXO13
8 — KPOMKA BYXO1a ¢Ne3zaHa Nnol yrioM; e, 4 H ¢ = T0 Ke, 1TO 4,
6 1 & TOTLKO BYD1HOE ceyeHsie Bbl1BHHYTO OTHOCHTE.TEHO TOP-
IIEBOH CTEHKH Bnepej

TYnas,

6 — KpoMKa BY01a 3aKpVLieHa;

a)
A2
6) Wy, Uy wo, Uy
—_— 4 —
Cre
0,14
ﬂwﬂd—w
e
7040 11T
a0 450 H1H
0,601 TTT
008 )W
0.06
0.0% A H
0,02 j
, I o
7 4 6810 2030

Pue. 3.13. Cxemul kondy3opos (a) i rpadHk
Aa8 pacuera KosdgiHeHTa CONPOTHRA.TE:
Hug TpeHna B Auddyzopax H Koudyio-
pax (6)
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0# Niz—=
1.2 Sz T "@,
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6)1'0" 8 12 16 20 2+ 28
Upmaxe
7 "
“ 2210
i Re=2 10%
(' _— ‘__ﬂ-—'-
g — Fe=2 10°
1,1
lJ
10 25
10 15 20
¢ g lu/dr

Puc. 3.14. T'padur ana onpeneneﬂuﬂg kKoshbuumentTa k;, BxoIsuero
B (3.69)

a = 3aBHCHMOCTD kl oT uuaxc/”x H @; 6 = 3aBHCHMOCTB uMaKc/u[ oT Iﬂ/dl_ H Re;
6 = cxema Anddysopa

Puc. 3.15. Cxemn CTAHAAPTHHX 4YTYHHLIX OTBOAOE Ha pesnbe
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6)

Puc. 3.1A. Pacyetnuie cxemnl
Q0 — K0.17eHa; 6 — NOBOPOTAa

rae f (o; [/d) — onpenenserca no rpaduky Ha phe. 3.8, 6;
Lrp — KO3QdNUHENT CcONPOTHBIEHHA TPEeHHIO, BHpaKaeMbill
dopuyoit

178 KpuBOAnHedHoro Kondysopa L & Lrp.

3navenns &y, npu A = 0,02 npueelenbl Ha puc. 3.13, 6.

7. Outdysopw (puc. 3.14). Kosdpduunent conpotusaenus anddy-
30pa, OTHeCEHHbIH K CKOPOCTH Mepel HiM, onpeleasetcs no dopmyne
f 12
Lang =k (1 = =) + Lo (3.60)

\ @z )

rae  ky; — rosdbdnusenT, YUHTLIBAIOULHA HEpABHOMEPHOCTbL pacnpeiene-
HHA cKopceTedt Ha Bxode B au(dy3op, onpeledseMbii no
rpaduky (pie. 3.14) B 3aBHCHMOCTII OT & A Pa3qHYHbIX
uMnHL‘/U;

By o/U — OTHOWEHIE, OonpezensieMoe B 3aBHCHMOCTH OT OTHOCHTEJLHON
AJMHLL 11a4abIIOr0 NPAMOTO  yuyacTka [u/d DpH pasaHuHbX
uncnax Pelinoapiaca (vd,/v); .

¢p — kozpduiient  noaNOTH  Ylapa, BLIYHCIAEMWA TpH @ ==

= 0= 40° uo gopayae M. E. Macavuika.

op =k (lg a/2)"%; (3.70)

ko = 3,2 — LA KOIHUeCKIX I NA0CKHX OH(QDY30pOB;

ky = 4,0 — paa keaapatnnx angpQy3opos;

Crp — KO3QQHIHENT CONPOTNBIelMA Tpennd, pulpaxaenuir (3.68).
OnTHMAALHLIT yTO paciinpelna 114 KoHHyeckoro AHQ@Ys0pa

A w4 o (49 _
_i_') . (3.71)

Gonr = 0,43 BTy : D= 0

3 3ax. 504 65



& Ceapabie crbiku, KosbduilheHTH CONPOTHBAEHHA CBApHBIX CTh-
Kop 3aBHCAT OT TEXHOMOTHH CBAPKH H MOTYT 66lTh ONpedeneilsl no AaH-

Hey Taba. 3.16.

Ta6anua 3.16

3nauenis § . 179 [AITHYHBIX BHAOB CBAPHEIX CTHIKOB

HOuavetp TpyGbl, M

Bunel cThiKOB

300 100 Bk 730 200 900
¢ MOAKMAAHBIMH  KO.Ib-
nay W=3 mu) . ... .| 0,08 J003 [0018]|0,013]| 0009 (0,007 [0,006 | 0,005
$7eKTPOAYTOBLIE N KOH-
TaxTHHE (Aa 3 Mum). 2,026 10,0135] 0,009 | 0,006 | 0,004 |0,0028|0,0023| 0,002

Tacaniua 317
3HaveHHn § A% YYryHHbLIX OTROJAOBR Ha pe3ble

Cxema Murasterp d, grofis
no ¥Yroa oTBoja
we, 3,15
L. 30 66
a 30°
3 0,52 0,32 0,19
L. 36 52 68 81
6
4 0,27 0,23
65
8 99°
(YToahHH -
t 2,19 1,98 1,60 1,07
63 85 98
m')
2 Sl
Ry Jd=1,36 = 167
g 0.80 0,58
J L, omau 140
90°
R Jd==2+213
0,53
L, M 38
8
0.65
| i

&6



Tagauuma 3.18

FnaqeHun & AJAA KOJEHA ¢ OCTPLIMH KPOMKAMH HA MOBOpOTE
(cm. pHc. 3.16, a)

1o 130‘ 150 | jan

g, | 01 | 0155

0,318 0,333 1,19 1,87 | 2,60 I 3,2 3.6

9. Oreoubl. Kosduunents! conpoTHsaciHa CTauIapTHblX 4YTYinuX
oTho10B na pesvle (puc, 3.15), oTuecenubie K CKOPOCTH U, MOLYT GulTh
B39TH 13 TA0A. 3.17, ¢ OCTPLIMH KPOMKAMH Ha [l0BOpOTe (pHC. 3.16,:1);.
13 tadn. 3.18.

ILas koaena ¢ minelt kosdpduunent conpotusacuia Ha 20% 6oap-
we, yeM LT Koaenla Ges (LN

10. Mosopothl (puc. 3.16,6). [Tpy mopopore MOTOKA Ha yroa ¢ go.
ACIOM KPY¥TaoTO cedchnAa Ko3h(ulitenT cONPOTHBAGUHA MONKIQ kajitd
no BhipaKelnio

& = (200022 4 0,105 (7?:)2'5] o (3.72)

Jlast CBapHOrO KOJena, COCTORIUErO H3 MATH-LIECTH 3BCIIbEB, koad-
PUUMEHT CONPOTHBASHHA onpelensioT no ¢opuyae A. B. [Nausenko:

= 0,6
Lo« = 0,008a%73 (Ri) 3.73)

n

tae d/Ry — oThomiente inasMeTpa Tpy6ul K paanycy 3aKpyrieHRs,
B ra6a. 3.19 nanb KoadpHUHENTH COMPOTHBMCIHA JAA YTONbHHKOB.

Ilas ameesnkos npn Re< Regp 1 30 << Re Vd2rR, <2000

t= —R% (0,556 + 0,0969 V' Re ¥ dj2R, ). (3.74)

Ilpn Re > Rexp
t=~x(140,123 R V2R, ). (3.75)

11. 3aasuaku. 3nauvenns kos(puulnenTos CONPOTHBIEHHS B 3iBHCH-
MOCTH OT CTeNeHH OTKPHITHA f1/d Hiaa NpoCcTLIX 3afBHMKEK H 3aMBUMEK
Jyano naue B tabn. 3.20, a nnA saneumex tHna «MockBa» H 1yryH-
IbIX NapajjeabHblX 3a1BHIKEK — Ha pHC. 3.17

TaBanma 3.19
3unavenns § aaf yroapHHKOB

dg 4xl R /d 4 dpe M R./d 4 dgyp M| R, fd t

3* 67
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TaGuanuua 3.20

3nayedna & A4A npocTeX 3anBHiKex H 3agsixek Jlymao

h fd

0.1 10,023 0.2 ' 0,3 ’t".-ﬁ 0,51 06 | U7 ' 08| 09 1,0

TIpocTda
ABIAKAL

EERTURTITS
ckofi Tpyde . 97,81 35 46| 2,06 0,98 | 0.44( 0,17 | 0,06 | NO3

B OpAMOYTOS
193 44,5 17,8 8,12 4,02 2,03} 0,85( 0,39 { 0,09

Hoi TpyYbe . .
3aapmxka Jlya-
70 46 |22 |12 533 128 | 1,5 |08 | 03 | 0I5

Jas cymeHHbIX 3aiBHkek (B npeaenax dofd; = 0,06 +0,8)
§=(3+6,25) tg a/2 (0o — 1),

rac o — UeHTPAJbHLIE Yr0a KOIYCHOCTH.
ITnowaab OTKPHITHA 3aABHA(KH B 3aBICHMOCTH OT CTENEHH OT-
KPbITHA MOMeET ObiTh Buipaxeda dopxyaoi

2 195(%) —ozs (L)
oo =13 ( ) -0 3 (3.76)

rae Wy — MACWALL APY 10AHOCTLIO OTKPHITOH 3aABIKKE.

12. Jpoccensubiii  3atsop  (pmc.  3.18,a), npoGxoBhlii  Kpau
(puc. 3.18, 6) u 3axaonka (puc. 3.18,8). 3nauenuna xoypduurcatTor co-
UPOTHBJEHHA B 3aBHCHMOCTH OT yraa INOBopoTa (, MOKA3aHHOro Ha
cxemax (pHc. 3.18), npupesenn B ta6n. 3.21,a ang Kouy.HOrO Kpana —
na pue. 3.19.

KospHUHEHT CcOnpoTHBICHIA KPYMJOro APOCCEAbHOr0 KJjanala

(043 +sing?
= &)

13. Bentuab ¢ xocbim 3atBopom (puc. 3.20). B ta6a. 3.22 zano

KO3 HLIEHT  CONPOTHBJCIUA, OTiHECEHHbIe K CKOPOCTH o, AIA 1BYX
auanmeTpoB d = 38 1 200 s,

a) 6) 6)

= e )

3.18. Pacueriiuie cxeant
aTBOPE ;0 — nPOOROBOrO Kpald;
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14. UlapoBsie 3aTBOpPHl  (pHC.
3.21). MHuewor ka3 nanw  (poTop)
Chepiteckint it Linoganendud €
pebpasil KecTKOCTH 1 1BYCTOPOH-
HHM VNI0THEHNE W (CXeMa a), ¢ 0Ad-
HOCTOPOHINIM  VTIIOTHEIHeN  (CXEME
) AW B BlIAe nOBOPOTHON TPYOHl
C pebpdald JKeCTKocTH, Ho Ge3 ym-
Aotnenns  (cxema  8)  KosddH-
LHeHTLl CONPOTHB.IRHIN  TPHEe;1eHB
Ha piic 3.21.

15. CermentHele 3atBopbl (pHC.
3.22). Tlo KuHeMarilke 1 KUHCTPVK-
IHIT OLIH ABASIOTCA  COYeTaliHes wa-
DOBOTO  33TBOPA M 3aABUAKKII C OUKO-
Puc. 3.20, BeuTH.db ¢ KocuM 3a-  00pasHuiv xaanapoM, T e, KJana;iom,

TBO})O\[ (IthIOllll[h{ KOLLL i B.‘[)"T])t‘ﬂ“ﬁ.\l
Asaserpom d. Kosdduunentul conpo-
THEBACHNS NPUBEIeHS na pHe. 322,

16. Bauvuoruie 3atsopni (puc. 3.23). Oum wvecoT no apa BaJjbla
niavetTpoy ds, BLIOJHANULNE POAb Kaanaka 3aTeopa. B KaxkioMm M3
BAIBUOB CI&Tdila Bilelka Takoih QOpMLi, YTO B 1OACKEHNH 110HOTO OT-
KPLITHH MeHIY BanbUaMH oOpasyercd cBOOGONHLIH LI MIAPHYCCKHA npo-
x01 Xuaverpon d. Kosdpdnriientii  cONPOTNRIEGHHA [PHBSISNLI  HA
pHe. 3.23,

17. Wuanuapudeckue 3atsopbl. Llunmaapiyeckuit saswop ¢ ymop-
mam Konveom (pue. 3.24,a) w sunveknofi tpy6oil awaverpou D > d
(rae d -~ anaverp nanopHoil TpyGnl 3aTBOpa) ob6aaLaeT CpaBiHTENbNO
BOLWHM Kos(hdluienToN conpoTnraernst (rada. 3.23), uem no106mne
A€ 3ATBOD ¢ NpHCOeMuieniblM K ilevy o6Tekarterem (phc, 3.24.6
Taba. 3.24).

18. Jdpyrue Ttunel 3anopueix ycTpoiicTs. 3uaucnud xo3bOHIHCHTOB
CUTIPOTHBICHMIT HX NpHBeledu 8 1260, 3.25.

KosdisienTs compoTusnenig, oTieceniibie K IPOXOLAHOMY ceye-
HHWO Omp, NpH Renp = 102 134 yr70BOTO  pervaupyloulero K.ianaua
“ & |, a 118 ABYXCENCILHOrMO Pery.TipyIonEro KianaHa iavensdiores

25 o 0.8 npu H3MeHeHMN Gap/wye 0T 0,734 po 0065 (Wyeq —
J0IEE A Ceucling ¥CI081H0ro npoxoaa)

19. Knanansl (puc. 3.25). Koapduuentul cONpOTHRICHIA Kaaltanos,
QIKeCCltbie K CKOPOCTAM Ha NOIAUAE K HIM. MOXHO GMNPeAcdsiTh hO
dcpuyaam baxa:

Tacaunmna 3.22

3HaueHAs ¢ ANA NPAMOTOYHOrO BEHTHAR

1/d

0.3 10,4 10,5 I w6 g a8 10

L 11Rd=33 mu
L amr d=2% um

%

1 | u95(0,85
Sl

-
e

[
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rae [ — uicio pedep;

5 i
N S LSS IIIYY il sIIP Y IASIIS. rr4 L EITIIS
N A FTRE
w
w =
n o
i L, s 3
— ' R
g
f. Y, Ll Ll

2,
: s
! ¥
Pne. 3.24. Llnansapuyeckuil 3aTBOP B HanopHoH Tpyde [

g—C YNODHBIM KOHYCOM #H Bulllyckuohi Tpyb6o#t: 6 —c obrexarelem 4 3a
YNOPHBIM KOHYCOM 8 H 6JeHI0R 2 Ha Kianade

a) ans tapenpuyartoro (puc. 3.25, a)

;=0,55+4(%—0,1)+0,!55(-‘}f—‘)2 (3.78)

6) 718 KoHycHoro (pHe. 3.25, 8)

L d\?
g=n,6+o,1a(-h-] (3.79)
B) A8 Tapeqb¥atoro c HILKHMM Hanpasgenues (prc. 3.25, 6)

5

§=(10,7-— 11,4%J[0,55+4(%_0,11)]+

— d 2
§ — wHpnxa pebpa;

@ — HCTHHHAA NJ0WAIb npoxoda (w/w, = 0,8 = 0,87);
rj aas konycHoro (pme. 3.25,2) w waposoro (psc. 3.25,4d)

{=1(27+26)— O,SL L

%J + 0,14 (—};)2. (3.81)



Ta6auma 3.23

3uadendst § MPH PA3NHYHBIX OTHOCHTENBHBIX OTKPHTHAX §/d
UHJAHHAPHYECKOro 3aTpopa ¢ yrjoM YMOPHOro Koliyca o
H BBHINYCKHOW TpyGo# 3a wum auamerpom D

a=120°
id
Djd
0.3 ' | 06 | 07 | 08 [ 09 | 10
15 8,93 3.8 \5u 2,01 1.83 1,750 1 1,710 1,68 | 1.681] 1,53
1.73 9.31 | 3.74 2,09 1,50 1,26 | L1261 1,067 { 1,03 | 1,001 [ 0,99
2.0) 11,03 | 3,78 1.97 1,30 1,16 | 1,035 0.977| 0.935| 0.995| 0,883
2,5 11,87 | 3.82 2.02 1,44 119 | 1,050 ( 04731 0.93 | 09:0 .89
3.0 12,34 | 3,84 2. 1,60 127 | 1,199 | 1,030 0,99 | 0960 0,95
o 13,30 | 4.45 2,38 1,71 L4l | 1,250 1,170 1,139 | 1,083) 1, 6
a=90°
sld
Did
0.6 0,75

1.5 1.81 1,62 1,40 1,35 1,29 1,23 1,26)
1,75 1,53 1,26 1,04 0,93 0,92 €,308 0,334
2.0 1,53 1,18 1,035 0,95 0,91 1,93 0,340
2,5 1,58 1,34 1,12 1,03 0,98 0,94 0,918
3.0 1,66 1.4 1,18 1,09 .04 0,99 (1,980
= 2,08 1,78 1,43 1,337 1,26 1,22 1,197

20. O6patHblid knanaun (puc. 3.26, @) ¥ BCACHLIBAKOUIHI KAanaH c cet~
koit (puc. 3.26,6). Koadpduumentul CONPOTHBACHHA HX, OTHECEHHHC
K CKOPOCTH U, flaibl B Taba. 3.26.

K.nanaHu oﬁpamue. nonopo‘rﬂue. MHOTOJIHCKOBLIE, ql.ﬂaHueBblE
(Dy = 800 1 1000 amx) umeor kosdpduunent conportwsienns { = 18,

21. Tpoiinuku (puc. 3.27,a). [JoTepu Hanmopa aaa oTpendAio-
Wwerocs NOTOKA hs, HANpABAAOLLErOCs B OTBETBAEHHe, NpHOIHKeH-
HO MOXHO BHIPA3uTL Cledyiowei dopmy.1oil:

2 9 9
v; — 20,0, cos @ + R0g vz
s L L ), =lo 5o (3:82)

rae ks — veAOBHLIE KoadpHUKENT, NPHHHMACMBIH:

1,18 CTaBAapTHLIX TPOHIHKOB ks = 1,2;

174 CBapHBIX ¢ do = dn 0 o = 90° — ks = 0,3;

npu ds << 0,7d, kosddinuuent ks = 0,85,

Iaa TpoitnuKoB THOA Oy = W6 =+ (n 3NAYEHHA kg MpHHIMAOTCA
B 3aBHCHMOCTH OT yria o

a 15° 30° 45° €1° 890°
ké 0,96 0,84 0,6% 3% 0



TaGamuua 324

3HayeHns § ANA LMAMHAPHYECKHX 3aTBOpOB
€ pasauuHbiMM guameTpamu D BuinyckHO#l TpyGnl
H pasawWyHol Gopmoi 0GTekaemoro TeJa

Dopymbl ;
06TeKaeMOro D'd
Teaa 0,1 | 0.2 ‘ 0,3 . 0,6-[ 07| 08 ] 09

a, =90° 1,5 | 13,02 3,1u | 1,01 [ 0,505 0,39 | 0,345 [ 0,325 0,32 |0,315[ 0,315

Q=302 1,75 | 13,80] 3,08| 1,450,685 [0,59 | 0,47 | 0,41 |0.37 [0, | 0,35
2,0 | 9,42/ 330 1,50 1,01 | 0,76 10,63 |0,58 |0,55 | 0,32 (0,51
2,5 | 11,87 4301 2,17 f 144 | 1.1 (0,93 0,84 |0.78 | 0,76 |0,76
3,0 115,99 4,92] 2,51 [ 1,66 | 1,22 | 1,1} 1.0y 10,94 |0,89 | 0,85

3akpyraeHHbIf
yopHsf KOHYyC
¢ ofTeKaTteae: -

a,= 120° 1.5 - - 0.75 0,61 0,54 {0.50 | 0.475 -

a;=3u° 1,73 = | = 0,97 0,79 | 0,685 | 0,61 (0,61 -
2,0 - - L1751 0,95 (0,83 10,77 | 0,74 -
2,5 - - 1375 [ 112 0,985 | 0,91 | 0,885 -
20 | - | = 1,495 | 1,225) 1,08 | 1,00 | 0,98 -

a,=90° 2,0 1,05 10,81 0,67 (0,60 0,55 -

a,=680° 2,5 1,49 | 1,12 [0,95 (0,86 | 0.8) -
3.0 168 | 1,72 ] Lo 099 10,915 -

a, =H5° 1,5 1.025 | 0,60 | 0,41 .34 | 0,30

a,=30° 1,75 1,59 [ 101 [0.5 [0.53|u.43
2.0 1,875 | 1,25 | 0,875 | 0,74 | 0,64
2.5 2.4 1A% 11,2 1,00 | u,89

TaGnuua 325

3navenns { Nas HeKOTOpPHIX THMOB 3aNOPHBIX YCTPOACTB

. PacyeT-
Yesosnit BT Crenens
THn aanopHoro yeTpolicTBa MPOXOA, anaveTp. | oTKpBITH (3
ALM MM
Benruaw 15418k, 'OCT 11465—65 13 6.1
To ke , « o0 s u 27 8.1
Benthan 15B1, TOCT + 13 21,9
Towme . o s oo, o0 26,2
Benutuan BBAMI3-160, rocr
5761=—36 ‘ 28,4
To we i 29,3
E Y 30,0
» 32,2
P 17,5
LI 19,0
> » 23.8
» » 37,0
Kpan npoxoawoil npubka
HUKOBLIT My roruiil 11h53 i 1,5
To we 2,8

78



a

Pue. 3.25. CxeMH K.131aHOB
@=— Tapegbuarord; & =— T4peabuaTord © HiAHUM Hanpasis

8 I 2—Kolve-
HOro; @ — Waposoro
a) 6) d
T s 190 N
dembmimbni ]
Q-
Q) 3
7,
w,l) P o oo %
P
n So|lo e
7 = %

Puc, 3.26. OfpatHuil Ka1ananw (a) 1 BcaceiBawou

wnanad
¢ cerkoil (6)

Uto6ei onpeleiHTs noTCPH

uanopa Ana NPpOXOAHOTO no-
TOKA [pH Pa3sieNeHHH B TPOHHIIKE, MOXKIIO BOCNO1b30BATbCA (opMy-
Jo#
5] 2 2
U Ao il ) v v
( {3 ||) n 11 :
hy =1 —= tion =— =Cn — 3.83
n 2 + Laon % bn 2’ ( )

rie T — Koy HUHENT cMsryc:ua yaapa;
Caon — KO3D(HILLCHT, YuuTbIBAIOUNH J0N0JHHIS bHbIE [OTepH, 0b-
ycjoBagilibie KOHCTPYKUHeR TPOHINKOB (CBapOUHKIMA Hannl-

BAMII B CBapibix TPOfIHKAN, CTeCleHHeM cedyeHHH KOHLaMmt
1py0 B CTAlIAPTUBLIN TPOMUIHKAX A T. L.).
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TaGarnma 3.26

3navenun § nas o6patHoro (§o.x) H BrackHBawiero
(Sp. ») KaamaHos

d, MM
40 100 200 300 [ 500 l 750
Lok 1. 1.9 2,1 2.5 29
L5 k 8.3 47 3.7 2.3 1.6

TaGauma 3.27

3HaveHHd [, OYH pPa3feNeHHH MOTOKOB, OTHOCSIH2CH
¥ yacTH ofwero pacxona, OBHKYWHCH NapannenbHO HAMPABICHUID
CKOpPOCTH cyMMapHoro mortoka, npu dy=d, u a =90°

QG/QD

Tun daconnoft yactn

ol |o2 |03 [04(05]06]|07]|08][09

Crad1aprusble TpofinKY 0r | 07 | 08

09 | 12| 1,7 ] 30|61 (167 8
Craniaprtubie kpectosuus | 0.9 [ 09 | 09 | 09 | 1,2 | 1,7 | 3.0 | 6,1 | 16,7 | 8
ChapHble TPORHUKH o2 lo02]02 |03 (04|06} 10] 21| 58|28
Ykazaun 1e KoadhdIUHeHTbl NPHUHMAIOTCA:
KPeCTOBHIT =233 1 c,.mn=g
B Lu=27
H o=

B rafa. 3.27 u 3.28 Janbl 3nauenHs KodpdHULICUTOB CONPOTHBICHHA
Ha npoxoA (<n) M B OTBETBJIeHHHM (5g), BxoaAunix B Qopmyay Beit-
cbaxa (3.22) W OTHECEHHBIX K YAEIblbIM KHHETHYSCKHM SHEpPrufiM [OTO-
KOB B COOTBETCTBYIOULYX OTBETBJICHHAX.

a) 6)

A On W@ Ugwp, @ Ug,wp. @
t;*'[ .._;_fl,'f’ff.ﬁﬂlmq —hws ] g e R
Yl g0° ! | 9011 n
e |
| |
1l - a, g' 11 |25 3
Q—T—‘l*'-r—*? _2__L4.ﬁ_,_.2
Ub’ws\ab ' JI.

Uﬁ1w5105

Puc. 3.27. Cxema tpoiinuka
Q—C OTAeTeHHEM Pacxojaa; G — ¢ NPHCOCLILICHIIEM DacX0 13
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Tasauuma 3.28
3uayeHnst Gs MOH pa3neTeHHH MOTOKOB, YIHTHBAOWPro Notepu
Hanopa 4atTHIHOIO PACXOUA, ABMKYWERrocH mog yraou 90°
K CYMMAapHOMY NMOTOKY, NMpH do=d;

Qs/2
dgdg

0.1 0,2 0,3 0,4 05 | 06 | 07 0,3 n.9 1.n

10l 2% 23] 7.5 52 | 4.0 3.2 2.8 24 | 22

59 157 | 7. 49 35 | 28 2.4 2.1 19 | 1.8

36 mn | 51 3.4 25 | 22 1.9 1.8 1.6 1.6

| o | | s | 7| TE | T3 | T2 | TU |70

22| 69 | 33 | 24 | 19 | 17 | g6 | L3 | 4| 13

19,9 5.7 3.0 o0 1,6 1,4 1a 1.2 11 1.0

142 | 44 2.7 2.0 1.7 1.6 1.5 1.4 1.4 1.3

Wy w23 | 77| A |2 Tr | | o | To

7.5 2.8 1.2 1.6 1,5 1,4 1.3 1.3 1.2 1,2

U | 24| 6 | T3 | T || T | 0| ©9 | 09

04 | 38 | 18| 130 14 13 | 13 1.3 1,2 1.2 1.2
3.4 [ 2| To| To|Ta | oo | 08 | 09 | 09

2.0 1,5 1,3 1,2 1.2 1.2 1.2 1,2 1,2 1,2

T7 ] LT 0| Ba | 08 ) 08| 09 | 09 | 03 | 09

1,4 1.2 i 1.2 1.2 1.2 1.2 1,2 1.2 | 1.2

To | a0 | 09 | 09| DI [ 09 | 00 | ©I [ 09 | 09

I puMeyaHIte, B qucaIdTeNe — 118 CTANAAPTHOrO, B 3HaMeHdartene — qAasd

cBApHOro Tpofinka.

Tatauuwa 3.29

3naueHna § MPH CAHAHHHE NOTOKOB, OTHECEHHLIE K YAeabHOH
KHHETHYECKOH 3HepruH MOTOKa B NpSMOM NPOXOJe,
npu dy =dy u o =90°

Q5/Q,
00| o1 02 ! 03[ 0,4 ’ 0,5{ D,B| 0,7 ‘OF& 0,9 1,0
2 HCCINIMOTPIM LI 0210508 )1.4]23({36(59(10,6f 25| 99
Craproit [cu.\mcmn'un,ui o0 193 | 42 171923841 3,2127(24] 2,2
Crau- [|lccuht,\l¢‘rpll‘]|l1,tii 07 |08 | oof1ofiafe2|3s6(67| (673
A2pTHLIFL | cirvate epuanndi ) 8) (21,511 5 391332825 2.3

B dopuyaax (3.82) n (3.83) obosuavetiis:
Up, Uy U — CPCliNe CKOPOCTH 10 pa3le/ellis neToka H nocne pas-
ACacla B HnpaMoM npoxone H B 60KOBOM OTBETBJEHHH;
Qo Qp Qs — pacxoul NOTOKA 10 PARACACHHA I N0CIC pasietcliHa B
HPIINOM NPOX0Ie 11 B OOKOBOM OTBCTBACHNIT,
@ — \YTOJ OTBETBACHIS T]oiNTKa,
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TMotepn namopa NpH CIAHANHHM noToxkop (puc. 327 6) 1nd
pacxo01a, NPHCOEeLHHAEMOra H3 OTBETBIEHNA, NPHOIHMEHHO COCTABAT:

2 p] w 2 w5 9 i
hur‘.6=(00+ Us —2—6—'{2—0“ —2@—006 cos @)/2g, (3.84)

a 11% pacxola B NpAMOM Mpoxoie:

2

[}
vy —Pm

2
h’np. n= (Ui} &+ @0

-2 toiesa)2g,  (365)
]

rie @, ©g H Q) — XKIBble CEUEHHA [IOTOKOB 10 CAHAHHA PACX0I0B B
npaMoM npoxoie, B SOKOBOM OTBETBAeMH  NOCIe
COANUA;
Uy Ug M Uy — CPellllle CkOPOCTH B YRA3AHHLIX MHBbLIX CEUYCHHHAX,
Kosduunents conporusierus Ha npoxof (Gn) U B OTBe1BICHHU
(%), Bxoamwue B copmyay Beiic6axa (3.22) H OTHeceHHble K COOT-
BeTCTBYIOWMM CKOPOCTHLIM Hanopas, Aauel B 1a6a. 3.29 u 3.30.
22. C6opuuky koHpeHcarta. Oui HMCIOT KOIPPULHEHTH COMPOTUB-
Jehus opieHTHpoBouno or 2 10 0.5.
23. Buytpennne Bopoctokn 3nanuii (puc. 3.28), Koapdiuuuents co-
NpOrHBJAeHHA HX NpHBeldeHb B Tada. 3.31.

Ta6awuwa 3.30

3HaueHun {g NPH CAHAHHH NOTOKOB, OTHECEHHbIE K CKOPOCTHOMY
HANOpPY B OTBeTBJAEHHH, JipH dy=d, 0 a ==90°

Qs/Q%
défdo

0.1 0.3 04 0,3 0.6 08 1.0

L0 —65 —1n —2.6 10 2.0 23 2.3 2,3
; —47 =33 ¥16 78 2.8 a7 20 1.7
- —43 —6,8 —-1.3 1N 1.7 2.0 2,1 2,2

,87. — — o A ol i 2R
L -7 15 3. 2,1 2.0 17 15
v =27 —4,3 (] 1.0 1.4 18 1.9 2,0

0,77 — fortuil Sl iy - - i)
=16 —06 1,4 1,8 1,8 1,7 1,5 1.3

—13 -1.3 0.6 1,0 1,2 1.6 1.7 74

66 | ——— fiailil —_— —= - ick- iy i,
05 -3.1 -0,2 1,2 1.5 1,5 1,4 1, 1,2
0 [ N % (I I NP o
—3,1 0,5 1.2 1.3 1,3 1.3 1.2 1.2

o5 |=t2| o4 [ oo | a0 b g2 o3 )o0a
! =2 07 T 1,2 1,2 Il 11 1,1
o0 |=i8 | o5 f oo b0 b | od2 | d2 | L2
' —0,2 0.9 1,0 1,1 Il 11 1,0 1,0
<o: | =0t 06 L A9, 1 s L ST L
+0.6 1,0 i,0 1,0 1,0 1,0 1, 1o

ITpusMeyganne, B wncaurede —a.l , B 3HaMziare]e — 4.5

DHOCO rpoftHuKa,
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)@ MJIT—( 7) ‘C]
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Puc. 3.28. Cxesmul Jeratell BHy-
TpeHHUX BOLOCTOKOB 3/]aHHH

24. Hacankn. [loTepy wmanmopa B Hacaikax onpedenswt no dop-

nyae
hy=3sQ% (3.86)

3leck Q BbIpaKero B a/cex, h— B M.

3HaueHus conpoTHiaennii s npnpeieHsl B Ta61. 3.32

25, Badnachl W racuTelH ruapaminueckoro ygapa, Koshduument co-
npoTHBaenns Gainaca § npw ycaosun doaan/drp = 0.2 onpereasercd
KaK CYMMa CAeAYIOUuuIx cONpPOTHBACHHIL

BXOA B Gailmac 0,6
BHIXO4 M3 Gafimac. . 1,4
ABa cBapHbIX Ko.geHa 0,26X1,5x2 0.8
3ateop ., . ooee 02

Hroro . =30

Ta6auwua 3.31

3Hauenua MecTHeIX § A dacoHApx gacTed
BHYTPEHHHX BOJAOCTOKOB 3QaHHMH

Cxema Ha
pHe, 3,23 Tun dacontnolt yaern T

Boponka Bojoctodias A8 He 3a. 1X BO10H KDOBEb
¢ KOANaKoM jutaMerpom 250 mm .

To xe, ¢ KoanakoyM 360 aa . , , N

Boponua BOLOCTOUHAN A4 3441 K]OBe.Th
C KOJINMAKOM AnaMeTpon 36 st v 2 78

Oreox 90° uyryHnusii kana: m]ouﬂuﬁ
BoaHLIA .

OrBoj 1359, . .

Oreryn uyr)imbﬁ: Kana.mazuufosuu| w

Tpoiinuk npsiMoii Har KOCO «na npoxoa»

TpoftHug npaMo# «na noBopors

Tpoiinik xocon 45° «na noaupm»

Kpecromitua kocas, ., ., . .,

3arsop ruapanaHdeckiii l{)r;u By

To xe, cTaabioli cBapuoi ,

Buinyck (B Koaoaell Han ot

o
wcrn

¢

rhuR0ERQ
o'c:o-lcmq.c-'}j.'c.nb: o oo,

—_N-—Ccoo—ocC

&3



3hayenud § AAA Hacajgok no (3.86)

Ta6auma 3.32

s,
M (cex/a)y

Ioxapuble nac
19 sm
»

25 »
28 »

»
35 »

CnpHHKARPH! B BHA2 HACAAKH IWTHHIAEALIOLO THNA C Aep-
®artenem (mpHMeHsieMubie B GHOQHABLTPAX), JHAMETpUM OT-
BepeTHA:

12,7 MM
14,3 »
15,9

17,5 .

19,0
20,6
22,2
23,8
25,4 »

CnpHsK. Tepbt c o Merads
OTBepetud 12,7 MM . . %
C!‘ipHHK.ﬂepH CIl-52 ¢ Al:awewou OTaLpLTm[ ll S5 MM,
Apenuepbl AONATOYHOTO H ,:oaerouuuro THIOB € AHAMETp

o1BepeTHA 10 MM . . . ¥

To xe, ¢ AHAMETPOM OTBchmﬂ T MM ‘
Bpbiara bHble hACAAKI (TAHCEHLHAABHLIE COTAR):
GYTLLIONHOMO THIA NpH Hanope I—7 Af

d, ¥ da=20 X 10

d, X dy=32X 16

dy X d:="50 X 25

dy X di=31X30. ...
SBOJLBEHTHOTY -mna npit uanope 5--IO M

dy X d:=19X |

dy X d,=30X25 .

d, X d2=100 X 50

ﬂHCI\!'GTpO\I

0,28—0.33

51—40
0.96—0,91
0063—0,063

lMpuMevanue, d —amaMerp Bxoaa; dy— anaMerp

Ta6awua 3.33

THApaBAHYEeCKHE COMPOTHBAeHHA Gafinacos

deann:
83 100 125 15 200 2:0 300
=h/Qe, 6100 248) | 100 430 63.5 | 306
o6, MM 400 { ggj 800 100

&4



Tacauuma 3.34

TumparinyeckHe CONpOTHBJCHHA racHTeded

d'rp‘ MM
3.0—7u0 800—900 107 1200
KosHyecTBO TackTe e, WT. 2 | 2
d:a«i:- i <00 350 350
s=hiQh 10 25.8 11,1 2,8

Fuapasanueckie conmpoTHBJenna GafinacoB pasHbiX AHAMETPOB, OM-
peneaeillibie HCXOAR U3 § = 3, npubelennl B Tabn. 3.33. B 1ot ke Tal-
JHle YKasaupl AHaMeTpbl o06paTHbiX kaanaHos (uo katamory [nmasap-
MaanTa), HMEWHX natpyGkH A18 npHcoeiHHeHwHa OafinacoB cooTBer-
CTBYIOULMX [LHAMETPOB,

Kos@dHUHeHT THIPABTHYECKOTO COMPOTHBJAEHHA TaclTeIs, COracHo
nanueint YkpBOATEOQ, pasen asym. Pekomenayemoe YkpBOITI'EO ko-
JHUECTBO H IHaMeTpLl racHTejed 1as BOLOBOJIOB Pa3HOTO AHAMETpa, a
Takae  HX  ofllee  rHAPaBAHYECKOE cONPOTHBJIEHHE NPHBeAEHbH B
Tad.a. 3.34.

26. Bopomepel. B radn. 3.35 u 3.36 npeacrass JalHLle 0 BOAO-
MEpaxX M NOTepAX Hanopa B HHX.

27. Moxapuble ruapantel. i onpejefennd MNOTeps Hamopa no
(3.86) B Tabn. 3.37 yka3zaHbl 3HaYeHHA COMPOTHBJACHHI S.

28. Knanawul nporuBonoapHbix cucTeM. [Totepu Hamopa B KOHT-
TPONBHO-CHTHAILHLIX KJAanauax M B KJamaHax TpPYNNCBOTO 2eifcTBHA
onpefeisioT no (3.86) npu 3HadeHHAX S, B3ATEIX H3 Taba. 3.38.

TaGanma 3.35

[Januble 0 KPHIJBYATBIX BOKOMEPAX C BeDTHKAJBHOH OChIO BepTYIWKH

Kaangp Bo;

[MokaaaTeau
0—13 20 3. 4 ’ 50 ‘ 69 | 80 ’ 100

XapakTtephiblii pacxoi (npu
notepe HAanopa B BOROMepe
10 M 808. cT.), M¥4 o v 0 4 0.0} 20 39 40 150 100

HJonycrHvas Harpyska npi
padore 24 4 B cyTKH, MYy, .| 0,3 0,5 0.8 1,7 3,3 53| 7.0 86170

BpeMennan ponyeriMas

Harpyaka, %« . .. ... .| 1,0 2,5 50| 10,0 15,0} 20,0 | 25,0 | 50,0
Haumenbwag A[onycTHMAs
narpyaxka, M¥%e., . .., .| 0,00 A5 0,25 05( 1,0

BeaHuniza cOnpoOTHBIEHHR §
JLAS ONpefe.ieHds NoTepb Ha-
nopa no dopayie h=sQ?
rie Q—pacxoa B xfcex,
h=BM.....0 32 14

Kosdbuunedr § 3,93 8,

3| 0,32] 0.144] 0.081 0,05%) 0.0]3
7 . - -

=
P




JlanHbie 0 BOLOMEPAX ¢ FOPH3OHTAJbHOMN

Ta6anma 3.36
0CbI0 BEPTYIWKH

Kaaunép MM
[Morazarte.in
B 30 103 ‘ 130 | 200 250
Xapaktepublfl pacxon (npH
poTepe HAMopa B BojOMepe
16 » 808, cT.), M4 . . .. 250 4“0 1700 2600
HonycTHMan Harpyaka npu
pa6oTe 24 4 B CYTKH, M¥u . 13 46 158 416
BpemenHad ponyctHyMan Ha-
Tpy3Ka, m¥u e 22 80 140 820
HausmeHbilag  aonmycTHMaR
narpyska, sM¥%s, ., ., . 3,5 6,0 11,0 15,0 50
Beanyuna conpommen.m s
AR ONpefeTeHHsi NOTeph ua-
nopa no dopMyne h=sQ?
Beextmt . ..., 26,5-104 | 2070 673 130 | 45,3 19,4
Koapdpuihert § 2,0 1,02 u,82 0,8 0,88. 0,92

Ta6nuua 3.37

3HadeHHA § AA% CHAPAHTOB H KOJOHOK B cex?/m®

ChapaHT H KOJ0HKAE

Fiapant MOCKOBCKOTO THNA
H KO.I0HKA
XapaKTep COMPOTHB.IEHHA ACHHHIPaE1-
CROTO noazeMHbLIH Hapg3eMHuf
THNA raapanT CHAPAHT
THADAHT . 1 603 -
Ilfﬁr DL‘;]E"" { KOJMOHKa . . . . . 10 030 -
yuep THAPAHT + KO.IOHKA 12 000 14 609
PHAPAHT B 36 030 | 80D -
e aea { KOIOMK . . . 21 00 3500 -
yluep CHAPAHT + Konoﬂxa 53 000 5160 6 300

86

TaGawna 3.38

3HaueHHda § AAA KOHTPOJABbHO-
CHrHAABbHBIX KJAMNAHOB

ConpoTH-
Muaserp,
THn KaanaHa BJeHHe,
A cex?/ms
Boaanoii:
BC-150 . 150 869
BC-w0 ... .. 160 3020
Boa;xymuo-o,j.nﬂoﬁ:
B 5 150 2080
BB-1 100 7260
Boa:»ummﬂ (BC ISO) 159 1€0)
65 48010
I'pynnoeoro neHcTeHS 102 6340
150 1400




29. ®pavrphl. Ceryatsle GUILTPH ABIAKTCA CBOEUGPA3HBIM MeCT-
HEIY COMPOTHBEHHEM. MO3TOMY MOTepH HAanopa NOToKa OOBYHO BHIYUC-
a1 no opmyae BeiicSaxa:

v Q*

ho =85 =% ogamar

(3.87)
rie Uc = CPelHAA CKOPOCTb B AuellkaX ceTKH;
® — ofwan niouaib GHIBTPA;
A — K03 DHUHEHT CKBaXKHOCTH, pasﬂbu”{ OTHOLWEHHI0 MIOWalH re-
UeHIIA BCEX AUEEK CeTKH KO BCeli miomand (urbrpa;
{ — ko3t dHLIeHT COnpoTIBIeHHA ceTkH, pasHbll, no 0. M. Ky3b-

MHHV
g =044 0711g(ReVT) (3.88)
__Q
Re= o ey (3.89)

fl— YHC/0 NPOBOJIOK B €NHHHLE LIHHLI CeTKH,
[To A. O. Amprwyao u H. C. Kpachosy,

21,843 Ll—A
= RE(lg cos -I—E-A) ( 1,2 — 1,564 4+ 0,4642 —A) (3.90)
2
rae
Re= gy (3.31)

@ — pasMep CTOPOHbI KBalpaTiofi AYeiiKH ceTKi.

[lpn nporexani depes ceTky pacxola uakocth Q B Teueiue Bpe-
MeHH f, ¢ BeceBOM KOHUeHTpanueil ¢ TBEP.bX uacTHIL pa3MepoM Go.lee
passepa Auciike (A/n) KospdHIHEHT CKBAXKHOCTH yMEHBLWHICA B k pa3:

cQln

k=1—0, -
ShA

(3.92)

rie y — ocpelHCHHbH o6beMHslil Bec TRepaoi (asbl.

Mpusep 3. OnpelcauTh NOTEPH HANOpPa B ceTke ¢ A =1 Ha | M4 U

A =048 ¥ wonuy nHK1a GH.ILTPOBAHHA § = 13 cex NpH CAeAYIOUHX AAHHKIX: Opo-

H3BONKTEAbHOCTb HAbTpa Q = 500 /v, maouwanb bHAbTPa @ = | 4%, gonycTHMBbIl

MaKCHManbHbIl pazsep TPepiblX YACTHIL B ouHnieHuofi Boae 0.5 s, coidepxanue

B BOAe TBEpILIX BKJOMenHil 0GheMILIM  BeCOM Y, = 2 2¢'ca®, paszMepoM Goaee
03 sy = c =02 g/a. Baskocrb BOAW | cev,
1.4-108

_—— 9
Re=aTo-001 100 — 223

M3 (3.83) § = 0,813. [loTepH B cCTKe MPH 1TPOTEKAHHK UHCTON BOIbl GblaN Dbl.
no (3.87), paeHbl hfb q= 037 cu nsod. cr. Cornacio (3.92), k = 1—0.63 = 0.3

BcaeacTsue 3arpasHeHds CeTKH MoTepH Bo3pactyr B ‘A? = 7,3 pasa M cocTaBsT
h‘b= 2,7 cut 800. ¢r.

Jna  B0od03aBOpHLIX  COOPYAMENHA WHPOKO MPHMENAIT Bpaildio-
wHecs BOJOOYHCTHBle ceTxkd. OnbiTHble dannusie K. ©. Xuvuukoro noka-
3414, yT0 KO3(QGHUHEHT CONPOTHBJIEHHA TAKHX CETOK Ji» BO3DacTaer
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l=5¢c

&y 10 ky=076  ks=076 Ky= 043 452037 k=03 kg=O0T4
o223y ko t77  kp=111  kp=1l kg 081 kp=071 kp=il3

Puc. 3.29. Cxema peweTkH

4 —Npoa0.1bHOE BEPTHKATbHOE H FOPHIOHTAIBHO® CeYEHWR pelleTxH; & — QopMbl no-
NepevHbIX ceueHHNt cTepaHefl DEWTKH H COOTBETCTBYlOWKE WM KO3hhUUHEHTS ky

K (3.95) u de K (3.98)
[ —cTepxelb pewerki; 2 — gapgac

I'lpOl'lO]JLLHOHanHO OTHOUICH HKO cxopocn—:ﬁ JABHACHIA CeTKH
H CKOpOCTH ABMXEHHA BOIbl B He# Ug.
U
bre | 40622, (3.93)
4 Ue

EcaH cxopocTh NOTOKA BO BpallalouiiXcs MaloraGapHTHLIX CeTKax
ve = 0,25 =1 a/cex, a cKOPOCTh BpalUeHHS A0CTUrACT “xp == | #/cex,
T0 Ko3p@uuuenT COMPOTHBJIEHHS CETKM [pH €€ BPAIUCHHH YBeJHYH-
BaeTcs Ha 60—2407% no cpaBHenHw C HeNoIBUAKHOU CETKOH.

30. Pewerxu (puc. 3.29). Tlovepu Hamopa B pelueTkax onpeze-
JAKTCA N0 PopMyae

. 2
h Q
hp=72p—=10¥ —, 3.94
P g & 2007 (3.94)

rie @) — TJIOLLATb JKHBOTO CEUeHIs NOTOKA Nepel pereTKoMH;
¢ — CPedHAA CKOPOCTh Nepei pemeTkoi;
Zp = KOIPOHIICHT CONPOTHRICHIA PEIICTRIL

Ly = kykykyl sin §; 5 (3.95)
88
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Puc. 3.30. 3amnckvocts Kospduunerta & B (3.95) OT OTHOLIEHHA LIH-

PHHEl CTepaHed pelWweTKH K THAPABIHYECKOMY JHZMETPY OTBEPCTHA

B peerke ([/d;) OPH PAa3HLIX OTHOWEHHAX MOJHOA MAOUIAJAH pelueTKH
B CBETY K MIOWAJH JKABOTO CEHeHHT Tmeped PeweTkod (wy/w))

8 — yroJ HakJIoHa cTepikiledl K FOPH3OHTY:

£’ — Kos@duumeut, 3ABICAULHIL OT OTHOWIEHHS MOTHOR MAOWAAH
pelleTkl B CBeTY g K NJTOULAAH JKHBOTO CedeHHs Neped pe-
WeTKON ®) (wo/®f) H OT OTHOLIEHHA UIHPHHL CTepKHed pe-
weTKkH [ K FHAPABJIHYECKOMY AHAaMeTPy OTBEPCTHA B pelleTke
dy (I/dr) (pnc. 3.30); npH 3TOM

W
dr =4 —,
f %

¥ — CMOUEHHbIT NepHMeTp OTBepCTHH;
k) — KO3(bGULMEHT 32COPEHNA, NPHUNMAEMbHI:

a) np MawwuHoli oumcTie pewerks k= L1+ 1,3;
6) npu pyuHO OuNCTKe pelieTkH ky = 15+ 2
ky — KOID(HWIEHT CTECHEUHS PEUIeTKN AONOJINITENbHEIM KapRACOM!
L 342
ky= (— 3.96
2 T + A J (

L — BbICOTa PEILeTKH B CBETY;
A — cyyuapHas BeicoTa NOMePeuHblX 371eMEHTOB!

A=nd + nyz; (3.97l
8




7Ny — KOJHYECTBO DAaCHOPHO-CBA3HLIX I'OPH30HTAJBHBEIX 3J1eMEHTOB
BulCOTON d;
N — KO.UNYECTBO [POMEYTOUHLIX OMOPHLIX 02J0K BLICOTOH 2,
k; — ko3bQuuHenT  QOPMBI  NOIIEPEYHOTO  CeueHHA  CTepAkHed
(pric. 3.29,0). -
[Mpu | =5¢ n a > ¢ woshpduunent Ly MOKHO ofpelensts no dop-
My.1e Kupuepa:
tp = kiksky (c/a)* sin6, (3.93)

riae ky, Ry u 0 — 1o Xe, uto B hopmyae (3.95);
G = 1IHPHHA NpOCBETa MEXKILY CTep K HAMH;
¢ — TOJLLHHA CTEPKIA,
kg — KO3QGRUHEHT (OPMbI MOLEPEYHOrO CEUEHHH CTEPHHEN
pellleTkH {pue. 3.2Y, 6).

Mprvep 4 Lad COKpauleHus BPeMEHH MOAHOMQ CMELeHild PacTBOpa Koary-
AsHta © o6palaTbisaeMoll soAvit M. I° HypaeBbiM npedaomed BHGPaUHORHLIR
CMECHTEAb, COCTOAULMA K3 BHGPHPYIOUIMX NJacTHHOK, YCTAHOBJIEHHEIX B ThyGo-
nposofe Ha MYTH Nolasaemoro pearenta, Ilpn TolwHHE NPAMOYro.bHBIX MAECTH-
Kok ¢ =10 mm, aomie ! =5¢c =50 mM W INIPHHE NDOCEETA MeKAY HHAMH
a =35 My no Jopuyie (3.93) nweew:

=23 (10/35) Y3 =2 34.0.19=0,45,

Ecan ckOpocTh B TpyGorpoBole Ha MOAXOAe K KOJeGTUIHMCA TJIBCTHHKAW
v, =2 Mm/cex, T0, no (3.9%4), notepn uanopa B 3TOA pelleTse NJACTHAOK CocTa-
BAT:
2

2
19,62 =009 = 0,1 »,

hp=0,45

§ 3.6. 3ABHCHMOCTD KOIDDUUKEHTOB MECTHbLIX COMPOTHBJIEHHH
0T YHCEN PEHHO/IbACA

[lpw ABHMeHHH KHAKOCTH ¢ MagabiMi umcnavu Pefinoasica wo3d-
(HLHEHTBl MECTHBIX CONPOTHB/IEHHA 3aBHCAT e TOJBKO OT TeOMETpH-
YeCcKHX XAPaKTePHCTHK Ka#{10re MeCTHOro COMPOTHBJAEHHSA, HO H OT UH-
cen Pefinonbaca. Jas opuelTHpOBOUHOM OUEHKH 3TUFO BAHAHHA MOXKeT
cay®uth QopMyaa A, J. Aabtuiyas:

. B
L=l + Re’ (3.99)

rae Lxp — k03hGHUHEHT cONPOTHBACHHS B aBTOMOISTLHON 0O dHCIAM
Peiinonpica ofracTy Teyenwa (taba. 3.39);
B — smnnpiuecknil koscouunent (taba. 3.39);
Re — uieao PefiHoapica, oTHeceHHOe K ceueHHio TpyGompopoia.

§ 8.7. B3AUMHOE BNMAHHE MECTHbIX CONPOTHBEHH

[Tpudupn Hanoxen:s notepb, T. . HE3aBHCHMOTO CYMMIPOBaHHs
BeJk.llH OTAEIbHLIX MECTHLX COMPOTHBJAEHHH, NPHIOAeH B TOM CJayuae,
KOrAa COTMPOTHBIGHHA PAcnosoKellbl HA B3alMHBIX PaccTORWHAX, npe-
BLILIIOUIHX AJTHHY WX BAHAHHA.

1. Mo aamnwm B. H. Kapepa, npn [1- n Z-o6pasHoM coelHHEHHH
KOJeH B3AalMHOe HX BAHANNe [epectaeT NPOABIATLCA NMPH OTHOCHTETb-
HOi AaHHe mpsmoro ywacTka I/d > 10+ 12. B sroa eayuae cysivap-
Hbll KO3(PHUHEHT CONPUTUBIEHHA CTallOBHTCA DPaBHBIM CyMMe KoabdH-
LUMEHTOB ABYX B34HMHO H3QIHPOBAHIIBIX KOJIEH,
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Ta6auuwa 3.39

3nayeHHA B M {ug NI HEKOTOPBIX MECTHBIX CONpPOTHBJCHHH

txn
BdesanHoe pasiiny 3) 1.0
TpoGouubld Kpad . . 130 0,4
Betrit 1h 0BbIKIIOBRNNbBIE 3 U90=3 Qoo 2,5=3,0
» kovrd . 90 2,3
» yr.10800 400 0,8
Laposoit K 1anat 5 000 45
yro. n.,ﬂ Ik 99° d 40 1.4
1:33% 99 0.4
Ko. wlm e 139 0,2
TpoiiniKk 130 0.3
[Tosopor T;I)Obl ua 9J° “/d—,, 480 0.43
Kouenio doaaniesse cranpipri
a="%7, R [d="16 2 200 0.3
a=9°, R /d=18 549 0.15
a==180°, Ruf(:’=l 3000 1.7
o=18)°, Ryd=15. . 1 802 0.4
Ko.reto craian ruoe cyannoe, a=9J° 3 500 0,1
U-00pazibiii y4aCTOK TPYyOunposo1a 3000 2,4
Koxnencarop [l-o6)aanbtii:
d=3) a. 7000 1.3
d=109 » 507 0,8
Pery nipyonmi K Yanan BO =3 ss u d=%0 "t 13 Dl'l) 1,1
3ageamsa, A=1 . 0,15
» n=0.75 310 0,2
» n=0.30 1 300 2
» n==0,23 . 3000 20
Huadparma, n==0,61 70 1
» n="4:) . 120 7
» n==0,16 500 70
» n=103 3 200 800
Koudyaop, . & 6 000 -
Konycublii pelTitIy €O cMaulelnbiM:  OCAMIT oL~
BOAALBLER H OTBOSULRHK yacTel npu cTenewn OTKDbI-
THA:
n=1,0 . 230 4
n=1, 400 6
=/, % % 1 600 12
Kouycnmit BeNTI IR ¢ pmn. o°
NP Crenetsr o1 PuiTi:
n=l| 100 1.8
n=1f, 160 2,5
n='l . 1200 9
TIpoGotHblii Kp*
==0)° | . 150 1,68
f==I0° 318 3,2
B=120° A 439 6.8
p=1° . 695 18.3
p=1r . 1680 49
p=145° . 4 500 126
n puaMeaTann TRDLITIe
appar. s —armontenie Sadara

Tpvibl,
2, 19 ApuMATYPEL moi A 0N OTEDBTIGE W OTCVTCTRINT HEendNn WiMui¥
% - . ERY P 5 -
0 Beantnite B Mokt ppubonsketna adninacs B o= A0 L.
, Opu rypGyaenvioy pes @ § noduru ne 3asucnr or Re.
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2. ITpH nocael10BaTeTbHOM COETHIIGHIIH HeCKOIbKHX OTBOI08 B (op-
Me Tak HasulBaeMmblx Kaaadell, YTOK H cKOG HenocpelcTBefHOE CYMMH-
poBalide 3HAYEHHH § BO3MOIMKHO HIIL T1PH HATHYHH MEXKLY OTIebHbIMH
0TBOIaMH NIpAMOJIMeiiibiX BeTaBok ¢ Aannolt [ = d (d — anaverp o7-
poi1a). Koraa e [ << d, To Kk 3uavenusny TL neobxo1HMO BEOIHUTh
nonpaeounblii Kosduuuent ky. Ecan nanpasienusa u3rnda notoka B
nocaedylolleM H mpedbliyuleM OTBOJAX coBnajaloT (kanau), toky =
kE 0,7, ecan e 3TH HalpaBJAeHHs NPOTHBONOJOXKIL (yTKa, ckoba), To
n = 1,5

3. Tlo pexomenaaunam HO. A, CkoBeavuniia # [1. B. Xowytosa,
k03 pHIHEHT CONPOTHBICHKA 3aNOPHOTO YCTPOHCTBA  PacmooMeHHOro
MH¥e [0 TeuellH0 OT OANOTHNUOre Ha paceToannw 0 < {/d < 6O,
YyMenbwaerca B Ky pa3. Tlpu 3toM 118 Beex yKasanuwx B raGa 3.25
BeHTHAEl, KpOMe NPAMOTOUHLIX,

k= 0,85 -+ 0,005(/d — 417 - 1077 (t/d)’, (3.100)
| 118 OpAMOTOUH
By = 0,20 4 0,0267//d — 222+ 107° (/)" (3.101)



Inapa vyevBepTan

PACYET BOJONPOBOAHOW M HANOPHOM
KAHANIU3ALWOHHOHW CETEMW

§ 4.1, PACYET CAMOTEYHbLIX TPYBOMPOBOAOB

TpyGonposod, 10 KOTOPOMY 13 PCKH, 03epa HAH APYLOro BO1OEMA
pojla noctynaeT B 0eperoBoil Kojolel. ltanbosaee wacto GelBacT caMo-
reynsty (puc. 4.1) Tiapasanuecknii pacyeT ero NMPOH3BOAMTCA Kak «KO-
poTHOTO» TpyGoupososa, T. e. obune notepn Hanopa (h.) B Hem Bal-
paKalorcs cyMmoii noteph nauopa 1o aamue (fiy) M HA MeECTHoe CoO-
nporusaenne (An).

Jlefictpytounit nanop /4, T. e. pasuocTb ypoBuelf BOAH B BOLoEME
H B IpHeMIIOM OT/edenin ©Oeperororo Xoaoiaua, pacxoayercs Ha no-
Tepnt nanopa B Tpyde /iy

H=hp=h+ ¥ hy (4.1)

K Mecrunl® conpoTHBietdayv OBLYHO OTHOCATCS: CO-
NPOTHBAEHHA Ha BXOA BMeCTE ¢ PEIICTKONR H BbIXQ1;, NOBOPOTH HJIH KO-
JI6HA, 3aJBHKA, HAXOAAUAACA B KOllle TPYGONpoOBO1a.

Buipaxas anieiinsle notepd no dopmyie dapcu, a MccTHble — 110
opayae BeficGaxa uepez cooTBeTcTBYIOULIE KO3GIILHCITH CONPOTHB-
JCUHIL H CKOPOCTHOW 11anop B Tpyfe, GyNeM HMETh:

’ 2 2
H o= (g o o+ D G 8o o T = s = 5eQ% (4)

e Q — pacxon Boaw B TpyGonposoae;
W — NJIOULAdk NONepeyHoro ceycnua TpyGonpopoia;
Lo — KO3 HUNENT CONDPOTHRIEH A CHCTCMbI:

!
E=hg bt Nt lu=rr+ N (49)

§ — ConpoTHBICHHE TpyGouposoga:

s e (4.4)

C T 220) .

K01HyccTBO caMOTeUHbIX JINHINT ONPEICASETCA PACYCTOM. HO HX lle
I0MKHO 6biTh Metice ABYX. Oilll pACCYHTLIBAIOTCA HA NPONYCK HaMBO.Ib-
UIero PacyeTHOro PacNola BOAL OPH HAHUN3WeEM PacyeTHOM T[OpPH3OHTE
ee B BO/l0eMC, MPH oIOBpeMennoll padoTe Bcex A, W npoeepsaioTes
Ha NPONYCK YKA3ANNOro pacxola UDH  BLIKJIOUYEHUR OTLOl Jinn na
PEMOIT HAH 148 UPOMBIBKIL

I Eeau Q n /f zananu., vo aHaMerp TpyOOnposola onpelcisercs
10160PON CICAVIOULIM 00pasoy,

93



119> BemEroaced — F WOROYOS — £ 'HINHE BEWIOIRHIOIRIE — 7 {BHIWY BCHROLOWED — T

{ewor) araingadioll — )7 ‘kHpg BEHCONLNOTOH — G KUNE KEHS0dRI — O HALOKON pogedadag — Y J tolaeo ‘eixad) waolor —
0 9 9

(MMM Ad00D XMULOMRO €30) BHIIIWQENIJIOTOE RWOX) BEHAreHuMILHd[] *['p "dud

. BNHIHBDAD ,
F o008 ewaondouy
™~ La
N P
i =k \
- OO S w: e By
S @7 I S
7
. . W7 & X9
I
> IH
o’ gl 5
ND_ hs -t _va%"l
_ _ = hmx unbu
z.wﬂ. %H
Mot
-1




Ta6auua 4.1
dopma aag pacuera gHamerpa TpyGompoBoAa

4; o, Ly PRI B Ser Se. Tpr
L cek d e scerjal | alcex/ar
2 6 8 9

Bel  ~ameTcs, corgacho (4.2), Tpedyevas BenHuHHa

c " -
on=(gir), =@ 5}

i noaAGHpaeTCA B COOTBETCTBHM C COpTaMeHTOM TpyG anasmerp d Tak,
ytolbl 3HaveHHe S¢, BblvHCTennoe no (4.3) n (4.4) npi 3TOM AWameTpe,
6u1a0 GIHMKARUIAM MEHbWHM K 3HAUYeHHIO Se.1p.

O6bluro 3anaiorca mobuy 10 FOCT snauennen d n BLIYHCASIOT Sec.
Ecan 3naueHue s¢ okamercs GoJblue Sc.rp, TO Halo HATH Ha yBeauye-
HHe jAnameTpa, B TNPOTHBIOM cayyae — Ha yMeubllenne. Kak npasiio,
5 [OCT ner takoro AnasmeTpa, ANA KOTOPOrc Se 6u10 6Ll PABHO Sc.rp.
[TostoMy Sc rp 11210 3aXBATHTL B «BHAKY» 311a4el#HAMH S¢, BblyHCaeH-
ULIMH 438 OBYX coceAlHX cranjaptiwx Anaserpos mo [OCT, rotopeiit
Jaer GalxKaiiulee Melbliee 3HAUYCHNE Se K Se vp.

Bee noacyetsl no noabopy AnaMeTpa peKOMeHAYeTCA BecTH no ¢op-
Me, npe;cTaBieHHol B Taba. 4.1,

Hanop, noxcuntanubii no (4.2) npn 3afaHHOM Pacxole H 3HAYEHHH
Se¢ p, COOTBETCTBYIOIWIEM pacyeTHOMY AHAMETpY, OKaXKeTca MeHbllle 34-
Jainuoero,

Urobbl TOuHO oOecmednTd 3a1aHHLIl HAnoOp, HYXKHO YBEJHUHTH CO-
NpOTHBAEHHE 331BH/KKH, YMEHBIWHB CTENEeHb ee OTKPLITHA,

Creneilb OTKDLITHA 3aABHNKH (h/d) HaXOMHTCA MO SKCMEPHMEH-
TagbHbiM  AaHHBIM Gy = J(A/d) —cv. n. 11 § 35. Kosdbduuwent co-

%

NPpOTHB.IEHHA 33ABHKKH L3 ONpelesA€TCA H3 paBeHCTBa
a9
20w H
—_ } —_—
3 = T‘ = Qc. g

200 H [
A gttt Yt + toun) . (46)

rle HHREKC «p» OTHOCHTCA K NapameTpaM TpyGonposoda, cOOTBeT-
CTBYIOULHM pacyeTHOMY AnameTpy dp.
Ouelky AnaMeTpa TpyGhl MOAUO MPOH3BECTH NG 3AaBHCHMOCTH

27\1/5,3
d=(0,00]?l -—QH—) (),

rae Q suipaxeno B s%/cex, { v f — B veTpax.
2.-Ecan 3a1aH TOMLKO pacxon, @ NHaMerp w Hanop tpebyercs onpe-
AeAHTb, TO AHAMETP CAMOTeYHuIX JAHHHA (npH HOpMaabHOfl HX paboTte)
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PACCYHTEIBAKT HA CKOPOCTh JABHXKeHHA B HIX BOIZb He Menee 0,7—
0.9 m/cex, n nHWb NpH Ma0f 3arpA3HeNHOCTH BOIL B BOJOeME CKO-
pOCTh MOXKHO yMeHBWHTbL 10 0,6 ar/cex.

¥l ypaBHeHHS HepaspbiBHOCTH TedeRHs ONpeiel1Al0T Miowaib ce-
YeHHd, a 3aTeM H InaMeTp Tpybonpoeoia:

_A/Q
d—ﬂl/u ' (47)

Hanop onpefeasioT no (4.2).

¥poBeHb BOJbl BO BcacbliBalolleM OTJeleHHH OeperoBoro Ko.10]Ua
5)’2ET HHXe YPOBHA BOAbLL B NPpHeMHOM OTIeACHHH Ha BETHYHHY NO-
Tepb HElI'IOp& B CeTKe, paa;xenmomeﬁ OTJeneH e,

[ToTeps Hanopa npH npoxoAe BOILl Yepes CETKY NPHHHMAWT:

a) 118 MNJIOCKHX CeTOK

he=0,1 = 0,15 x; (4.8)
6) anA BpaUlaUINXCA CETOK
h.=0,15 + 0,3 (4.9)

Mpumep I. Onpelenutb AHaMeTD caMOTeYHOro 4yrynuoro TpySomposoaa,
KOTOPBIFl J0.1KeH NponycKaTe pacxod Q = 120 4'cex npu Aaude ! = 100 u, wanope
H =25 m. CoraacHo (4.5),

25 * 5
;c‘ ™= TaE =0,00174 cex¥an",

Ana d=250 M.M—S‘k_:-"n,DUS 14 cek¥am®, a 1as d=300 _uu—sc=0.(}013 cexfams,
Tlpnithmaes dp=3(10 MM, 138 KOTOpOTO ':c 1)=l2,T, npi 3TOM noTpeGHBIf Hanop
H_. =187 m, UtoOL obecneunts tanop H=25 M, 3a/(BHAKA A01KND HMeTh COMpoO-

TP
THBaekHe [ =17 —12,7=4,3.

Ias cMbiBa ocatka kpynHocTbio 8 (B #) B TpyGOMpoBOlde IHamer-
poM d (B M) CKOPOCTE A0.KHa GLITh He MeHee

Oy = A (8d)™® [w/cex],

rie A — napaMeTp, HMEIOUWHH CIeIyiouLHe 3HaueHHA Npi CKOPOCTAX:

HepaamMbiBaLLel 1,7
Hayaaa TPOTAHHS HAaHOCOB 2,5
»  oOWEr: ABIMeHNS HAHOCO 5
» B3IBELIN akiA cO ANla 153

§ 42, PACYET [LHOKEPOB W CHoOHOB

IO o ke p— Hanopuuft TpyGoipoBo;1, NPOK.IajAbBaeMbli NOA  pyc-
JOM peKll WAH Kdllaaa, no ck.ouam i iy ray06okix 1014 i 0Bparos,
flo4 Aoporami H T. 1. (pHC. 4.2).

TuipaBanyecKHil pacueT JI0Kepa lpouspoautcs no (4.7) 1o sajnas-
HO# CKODPOCTH TeuelHs BO1u B TpVOe ¢, XKOTOpYIo BLIGHpAIOT Ha OCHOBE
TeXITHKO-9KOHOMIYECKHX [10CYETOB il HCX0AA H3 YCJIOBHA He3aHIdeMo-
cti aokepa. OGhIYHO NPHIMMAIOT CKOPOCTb nopaika 1—2 m/cek.

BeanynHa nortepb nanopa A, B JlIOKepe OnpelelseTcd, Kak 1A Ko-
poTKOoro HamopHoro TpyGonpomoia, no (4.1). Ilpn 3toM yunTbiBaloTes
BCe MeCTHble TOTEDH — l1a BXOJ, B pelleTKax, Ha NOBOPOTH, HA BHIXO]
H NOTEpH Nno 1IuHe Tpyé.



Puc. 4.2, CxeMa miokepa

Ilpn npoekTHPOBaHHH AKOKepOB HX KOJHUECTBO He XOMKHO GbiTh
MeHbLIE IBYX.

CudoHHmM TpYyGONMpPOBOAOM HIH CHOOHOM HasH-
BAOT TpyGonpoBod, COEIMHAIOL(HH jABa pe3epByapa H.IH KOI0AUA H
YaCTHYHO DPAcnofoXKeHHEIl Bblile YPOBHA BOJAB B pe3acpByape, KOTODhIH
ero nHuraer (puc. 4.3).

Cudonnsiit Tpy6onpoBol MOKer pa6oTaTh TOJNBKO NMPH YCJIOBHH €ro
NpeiBapHTEIbHOA «3apAJAKH», T, €. NpefBAPHTeAbHOrO 3aNOJHEHHA XKHJI-
KOCTBIO.

PasuocTs ypoBHefl BOAH B pesepsyapax paBHA CYMMe BCeX NOTeps
sanopa B cudoHnoM TpyGonpoBofde, BuluHCJAeHHBIX no dopmyne (4.1).

B ceuenussx cupoHHOro TpySonpoBuna, PACNONOMKEHHbIX Bbllie
Nbe30METPHYECKOH JHHHH, 06pa3zyerTcsi BAKYYM:

2
hpax = bz 4+ (1 + ¢/ .j—g (4.10)

rje Az — npeBLillleHHe paccMaTpHBaeMOro ceueHHs cHboHa Ham ropH-
30HTOM BOIB B MHTAlOLleM pe3epByape,;
¢’ — ko3 uLUHeRT cOnpoTHBaeHHs cudoOHA OT BXOAA TOJIBKO [0
paccMaTpHBAeMOTO CeyeHHS,
BenedctBle paspexelHa BO3AYX, pacTBOPeHHbH B XKHAKOCTH, Bbljie-
JfAeTcqd B BHAe NY3bIpbKOB H CcKanJHBaeTcs BBepXy cHGOHA, 3amo.nsd
YaCTHYHO CeyeHMe TPYGOMpOBo1a M 3aTPYAHAS JBHIKEHHE MKHIKOCTH.

Puc, 4.3. Cxema cudona
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HauGoaslan BeanynHa Bakyyma Oynet B naunfo.ee BHICOKOM H yia-
JeHHOM OT BXOAAa ceuenuu (ua puc. 4.3 — B cevennn 3—3):

n v?
hBaK. LlaKC=‘lz.\lﬂKC+(l +C3) _QE'! (4.11)
rne ;; — kospduuneHT conpoTisienns cudoHa 10 cevenun J—3:
lo—
;; =Lax T 3koa T4 Dds d

Cudon MOXeT HOpMa/NbHO PaboTaTh MPH YCIOBHH

Fpak. make < MBax. noms (4.12)

rae fisak. mon — JONYCTHMBIH BaKyYM, ONMpele.ifeMbl HEBO3MOXHOCTHIO
o6pa3oBaHHsd pa3pmBa TypBynentHoli cTpyd (XapakTepHayemoll myab-
cauuell AaBaeHust), paBHbli 6—7 s 800. ¢T. NpPH HOPMAILHOH TeMrme-
parype BOZBL

TMpumep 2. Onpexenntb pacxof Bodbl, NOCTynawuied no cudonHoMy TPY-
Gonposony d =200 mMsa u [ = 100 # W3 podoeMa A B BOAoenm B, ecsuw pasHoOCTh
ypoBHel Boaul B konoauax M =1 u (pHc. 4.3). Ocb chdonuoro rtpydonpoBolia B
céyeHMH J—J pacnojomesa Ha Az = 3 u BLile YPOBHA Boasl B Bomoeme A. Onpe-
,rll.e:mat]. BaKYyM B ceYeHHH 3—3 cudoxHoro TpyGonpoBoga, CHHTAas YHacTOK
3 = M.

Ipunnvar no taba, 3.2 2=0,033 u no zamumy § 3.5 §,, =05 §.o,=035

csux-—“l' MOAYUHM:
30,8141 _ ]
v l/ 0,033 00,0, 1 0.5 F 4035 71 . ek
Q=ro=l1 -3‘;%-01=31,4 alcex.

ITo (4.11) HaxXOAMM BEIHYHHY BaKYyyMa:

1
hgag 3 =3+ (1+0,033.60/0,2 + 0,5 +3:0,35) W=3,Fj! At 800, €T,

§ 4.3. PACYET BO/IOCTOYHbIX CHCTEM B 3MAHHUAX

Bona ¢ KpBILIH Yepe3 BOIOCTOYHYIO BOPOHKY MO BOIOCTOYHOH CH-
cTeMe MOCTYNAeT B HAPYXKHYK CeTb MO JEBOR KaHaIu3aUHH HIH B J0-
TOK OTMOCTKH Yy 3TaHHA.

T'napapauyeckHil pacyeT BOZOCTOYHLIX CHCTeM CHelyeT NpPOH3BO-
AHTL NDH MAKCHMAJBHOM CTOKe ¢ KpbIllim,

ITpun neBoabwux pacxolax (or 0 no Q) BopoHka pabotaer Kak
KOJMbUEeBOH BOAOCIHB (pHC. 4.4) H BeJH4YHHAa pacxola onpededdercd
3aBHCHMOCTBIO

Q=peV 2k, (4.13)

rAe h — BblcoTa cT0.162 BOAB Nepel BOPOHKOM;
® — naoiaib paboyero ceueHHss BODPOIKH;
M — KO3 (MHUMEHT pacxoaa, 3aBACALLINA OT KOHCTPYKUHH BOJOCTOY-
HOH BODOHKH.
Tlpu ysesuyeHHH pacxola KOJIbLEBOH MOTOK, ABWXKYIIHiCA No cTeH-
KayM TpyObl, NepHOaMYecKH CMbLIKaeTcsl, 06pasvd CMJIOLIHON NOTOK BOIO-
BO3AyWHOH cvMecu B crosike, Tlpn Q) << Q << Quaxe HeGOIBWHM npH-

pamedHsM BeJIHUYHHMH A COCTBETCTBYET SHAYHTebHOe MNpHDalleHHe pac-
X013,
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Puc. 4.4. Tpaduueckie XapakTepucTiky paGorts BOXOCTOU-
HLIX BOPOHOK Pas3TuqHord Tina

! — MocnpoekTa; 2 — ITpomerpotinpoerTta; 3 — HUM canurapu
{C KynoaoM jutaMeTpoy 250 sta)

[Tpn KOCTIDKENHH COSA BOALL Mepei BOPOIKON [CKOTOPOMA KpHTHYe-
CKOH BeJHUHNDLL, 3aBucAwell oT Axavetpa Tpy6onpoBola H KOHCTPYKUHH
KoJ1aKa BOPOHKH, NOCTYNAelHe BO3AyXa B CHCTeMY npekpaulaetcs H
ona paforaet kak nanopuas. [IpH 3TOM HacTymaer maxkcuMadabHblil pac-
%01 Quaxc W NanbHeiliice YBeAHYCIHE BHICOTH €105 BOJALI Ha Kpblue
NPAKTHYECKN lle MPHBOAMT K YBEAHUGIHIO pacxoia:

I v? E‘:u) 9
Hp = (l? + 2 Cu) EE =(A! 7+ _gg_—mz— Qmaxc’ (4.14)

rae [y — nanop, pasiuuiil pa3nocTii OTMCTOK KPOBJIH B MeCTEe YCTAHOBKH
BODOIIKH H YCTbA CTOAKA HJH OCH OTBOMION AHIHMN.

Pacxox Quaxe AoMmKen GuiTe Goablue pacueTHoro pacxofa Qp no-
HAeBOH BOJALI, NOCTynawiledl B BOJOCTOYUYIO BOPOHKY ¢ MpPHJEralouLero
y4acTKa KpOBJH, B k) pas.

Moxuo, waoGopor, npn pacuerioM pacxoie @p BHIYUHCIHTE MO
(4.14) maxcuvadabiblit 1anop fluawe 1 COMOCTABHTL €T0 € PaCYeTHHIM
Hy. Tpn srom Hy pomien GuiTe Gonslie fyane B R pas; B GPOTHBEOM
cnyyae HCOBXOTNMO YBENHHUHTb RHAMETP TPYO CTOAKOB H OTBOJHBIX M-
UHI MM YMENLIWITh BOAOCOOPHYIO N.1001a1b, NPHNOAAULYIOCE HA BO-
POHKY:.

3navenna kodbduunentos sanaca k,  ky npuMepno caelymouiue:

A" 3TaHIT ¢ MIACTMACCOBLIVIL, 2GeCTOUEMEHTHBIM

YUYy Tpy6amMu . k=11 k=12
LA NPOMBIULAGHHLIX NPCANPHATIN NPH 1
IBIX BhIGPOCOB , k=12 ko=1,45

A8 3nanuii, nepenocarncHie BOAOCTOUILIX CHCTEM B KOTOPLIX
MOKOT T IFIIIETE 3nauntenniniit Matepiaabusit yuep6 . ky=1.4 k=20

Mpumep 3. Paccuntath BOIOCTOMIYVI ¢ oot poponkoil Wi
CTORKE, ec.il pacueTil pacxon Qpﬂlti afeex, OTMETOK KPOBJIH H Bl
cKa HP=I2 M, ,oamia punyeka =11, , amnamerp TpyOGu

4* 9



natpy6ka popoHkH 100 ma. Cymwma K03 thhHUHEHTOB CONPOTHRAGHIIA BOJOCTOYHOf
BODOHKH, ABYX OTCTYMOB, KOJeHa W BLIMYCKa (eM. § 3.5) papna:

Er,=15+2-14065+1=5.15,

Ha dopmyan (4.14)

_ 12 _/ 12 -
Quake=V 700036526+ 5.15.0,00088 _ V 001377 2B 4lcex.

OTHOUWleHHe pacxonos k) = 29,6/10 = 2,96 snoane pgocratouHo. [IpHHHEMATH
nHaMeT) TPVO Menblie NpPHBELEHIOTO HE PeKOMEeH1yeTcd.

PacueTHble pacxonbt .ﬂ.O)KlIEBOﬁ BOAbl, MOCTYNawUIHe B OAHH CTOAK,
TIpH KOTOPBIX HCKJIHYAETCA BO3MOMHOCTHL BO3HHKUQBEHHA CHIDaBJAHYeE-
CKHX YZapoB W BuGpauwu Tpybonposonos, no Hecreaosanuam M, A, Typ-
BHIA, lie A0MKHBI NpeBpIIATEL CIAYHOMHX 3HAYEHHI:

Qp. aleex L3 45 95 195 35
JunaMmerp cToska, MM 50 80 100 50

§ 44. PACHET BCACLIBAIOWMX TPYBONPOBOJOB

Bcacopawmeh anuneil Hazpipaetcs Ttpy6a, mo KOTOpOH
Hacoc 3acacLiBaeT XKHIKOCTb W3 Gaccefina HIH Koaopua. Bo BeacuiBaio-
weil TpyGe 1aBACHHE MOXeET OKa3aThCcA Menblue aTMmocdepHoro (Ba-
KyyM).

HaunGoabwan senuyiia BakyyMa OyleT nepel BXOJ0M KHAKOCTH B
pabouyfo nosoCTh Hacoca:

o2

i = i + (@ + L) s (4.15)

rie fy — BLICOTA2 DACNOJIOKEHHA OCH HAcoca OTHOCHTEIBIO COPH3OHTA
Bogbl B Gacceiiie (reoMeTpHYyecKast BbICOT4 BCachiBaHHA);

U ,c — CPelHAs CKOPOCTb BO BCacbiBawleM TpyGonpoBoie;

{c — ko3pHUMENT CONPOTHBJIENHA BCachiBalolUlero Tpy6onpoBoia,
onpejensieMblii Mo (4.3).

QG6blyHO B KaTajgorax HacocHOro 0GOpYIOBANHS MPHBOIATCA JO-
NycTHMble BaKyyMMeTpHYeCKHe BLICOTHl BCACBIBAHMA Apax. poa A1 BOLB
¢ Ttemnepatypoit mo 20°C npn atmocdepuoM NaBneiHH Hal YpOBHeM
cBoOOAHON MOBEPXHOCTH BOAL B OPHEMHOM pe3epByape (5—6 ax sod.
CcT.).

: Ilpu nmepekauke ropsiuefi BOALI HJIH XKHIKOCTH, TIO CBOHM CBOfCTBAM
oT.HYlOR oT BoAbl ¢ = 20°C, a TakXe NpH PacnOIOMEHWH 1ACOCHOK
YCTaHOBKH (2 [€KOTOPO# BHICOTe Hal YPOBUEM MODSH, BaKyyMMeTpHye-
cKad BbICOTA BcacbliBalHA

h

__ gKaT Pa — Ps
sak =Ry + 5 0,76 m s0d. cr., (4.18)
rie p, — faBJelHe napoo6pasosanusa (cMm. § 2.1).

HonycTnMas BHCOTA2 PACTIOJOMEHHA HACOCA MOMeT ObiTh BbiyHc-
JI€HA 10 ypaplelHio

2
~ ¢ M ygn — hy Bc'—';}'-, (4.17)

hn. non = ‘E‘ﬂ'%p—s
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rne q — kosbduunent sanaca, pasnuf 1,1—1,3;
AH gy — MAIMabiblii H3GBITOYNLI HATIOP BCACHLIBAHHA, ONpeRenseMbliy
’ to ¢opmyane C. C. Pynnesa:

A yea = 10 (—"—‘(/j—q)vs; (4.18)

n — uucao oBoporos pafoyero Kosmeca #acoca B | Mun:
) — NPON3BOINTENBLHOCTL Hacoca, a3/ cex;
C — K03 DHUHEHT, 3aBHCAWMA OT KOHCTPYKTHBHHX ocoBeHHOCTeR

ffacoca.
S THXOXOANULIX HACOCOB C== 600+800
> HODMaJbHBIX 3 C= 900+1000
» GBICTPOXOAMBIX » C=1100-+1300

3naucHHf pa H p, GepyTcd no tabn, 2.1 u 2.2

BeanuHHa BaKyywva, BblyHcaeHHAA o (4.16), MoMeT oka3zaTbcA OT-
pruateabHol (HanpuMep, npH Temmepatype Boin Gosee 60°C). Besu-
yinta Augon Mo (4.17) MOXKeT NMOAYUYHTHCS TOXKE OTPHUATENBHON; B 3TOM
¢ayyae Hacoc NPHXOAMTCH pacnoJaraTb HHMXKe TOpPH30HTA BOAB B KO-
J011e, o

CxopocTb BO BcachbiBatouleM TpYGOnMpoBojie NMpH AHAMeTpaX MEHble
250 aat 0ObluHO NpHHEMAOT paBHoH 1—1,2 a/cex, a npm amamerpax
Boabie 250 um — 1,2—1,6 #/cex.

[Tprumep 4 Onpeneante HaHGOMBIIYID BO3MOXKHYIO BLICOTY PACMONOXKeHHA
ocit Hacoca h, Haj YPOBHeM BOABI B KOMOALE MDH CJERYOUHX NAHHBIX; d==200 MM;
=6 », Q=30 afcek; hsaK=6 M 803. ¢T. Bceacupaowaa Tpy6a uYyryuHas (mo
Taba. 3.2, A=0,026), ocHameHa ceTKoil ¢ o6paTHEIM Knananom (;3a5=5,2), HMeeTcH
nopopoT Ha £0° (cn=0,21); KO3 dHIHeHTH NPDHHATH IO JalHHYM § 3.5.

o (4.15) noayuaem:

2
iy < gy = (@4 Be) =6 (1,1 +6,19):0,046=5,66 x.

§ 4.5. PACYET NEPG:OPHPOBAHHBIX TPYBOMPOBON0O8B

B MeXxaHHYeCKHX, HOHHTOBHIX H COPGUHOHHBLIX GHABTPAX, B PeaKTHB-
HbIX OpOCHTENAX OGHOGUIBTPOB, NPH pacnpelefNeHHH BONW N0 KOPHIOp-
HOMY OCBET/IHTENIO, B paclpefenHTeJbHBIX CHCTEMaX NMPOMBIBHOR BOJLL
GHALTPOB, B pACCEHBAIOMIMX BLINYCKAaX H APYTHX MOTOGHBIX COOpYXe-
HHAX npHMensiiotcs mepdopupoBanHHWe (HHpYyaTee) TPY-
6onpoBoOXEL

HM3MeHenHe KoJHYeCTBa JBHIKEHHA 3a eJHHHIY BpeMeHH Ha yyacTke
NOTOKA C NepeMeHHBIM MO NYTH pacXoJoM B cayuae %60 TONBKO TpH-
coeflUHeHHs, NHGO TOJNBKO OTHeMeHHs pacxoja Mexiy ceyenuamu [—I
W 2—2 B NpOEKUMH Ha OCh ABHXKEHHS MOXeT ObITb 3allHCaHO TaK:

dQ,
(4.19)
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Puc. 4.5, PacyeTHrie CXeMEl

@ —TATh XapAKTepHBIX CXGM pachpeleieHds BOLL nepHOPHPOBAHKBIMM TPYyGonpoBo-
nav; § —K COKDAILEeHH®© uHcaa pPacyeTHBIX YYacTKOB (pacxoipl H3 Todexk B u D
NepeHocATCs B Y3J0Bble TOYKH A H C)

rie U — CpefHss CKODOCTb ABHM(EHHA OCHOBHOTO TOTOKA;
Uy — NpOeKUHA CKOPOCTH HBHXEHHs npHcoeIMHHeMOH (HaH oTae-
aspouefics) MacCbl Ha HalpaBiacHHe [BHMKeHUs OCIIOBIIOrO
NOTOKA;
a, M o — K03 duUHenTs ByccHxecka ocHOBIOrO MOTOKA M MPHCOSXH-
HAEMOTO HJAH OTIENIeMOTO;
® — MJIOMIALb YKHBOTO CEYEHHS OCHOBHOIO NOTOKA.

Ipu oTmenenuu pacxofa oO6BIUHO NPHIKUMAKLT O, = o = 1,0 H
vz = v. B ocpersiHTenaX, QHABTPAX H HEKOTOPHIX APYTHX COOPYMEHHSX
BCTPEYalOTcA CAeldYIOIHe XapakTepHble CXeMbl pacnpelesieHHS
Bodbl (pHc. 4.5):

1) ¢ napaJnenbHO pacnoNOMeHHbLIMH AbLIPYaTBIMH TpyOaMH, Koraa
BesMHUHHA YIeJbHOTO pacxofa ¢ Mo AJHHE pacnpelenHTens MOCTOSHHA;

2) ¢ paZHanbHO pPAacCHOJIOMEHHHIMH JAbIpYATHIMH TpyGaMH NpH NBH-
JKeHHH II0TOKAa B HanpaBJeHHH OT UeHTpa K nepudepHH COOpyHeHus
Kpyraofi GopMbl paanycoM R, KOrma BeqHuila yAelbHOro pacxojla yBe-

i -
MHIHBACTCA OT HYAA JO Gy = —— @R no JaxHeliHoMy 3aKOHY:

q=q;,%, (4.20)



rne #— 4HCI0 ABIPUATBIX TPYS B COOPYIKEHHH]
@' — pacxol BOABL, NPHXOAAULNACA Ha eAHIHLUY MAOMIATH COOpYKe-

HIISS

3) ¢ TAaKXKe PAaANAJbHO PACNOIONKEHHLIMH TPYGaMH, HO npu ABHKe-
jquil NOTOKA OT nephdepHi K LENTPY COOPYMKeHHS, KOT1a YIeabHei pac-
g0 yMeHbLWAETCd OT gu A0 HY.IH,

i) ¢ Aapipuatoit TpyGofi, pacno.IoKenHoll NMo OKPYMKHOCTH (KOJblie-
poit), KOrAa TIOTEPH Hamopa 00 AJHHe YBEIHYHBAKTCHA, BcaedCTBHe
LHPKYIHLIH ARHAKOCTH B ITOCKOCTH KHBOTO CeYEHHS NOTOKa, B Oy pas;
5) ¢ KO.11eKTOPOM C HOpMA.JIbHBIMH OTBETBAEHHAMH, KOT/Ja BeIHYHHA
1bHOTO Pacxola No ATHHE KOJJIEKTOpa, PACNONOMKEeHHOro B COOPY-

;e
;{QHHH npAMOYroabHOH (OpPMbI, MOCTOAHHA, a B COOPYKEHHH KpYIIOH
¢opiLl H3IMEHALTCA N0 3aKOHY -

¢=2wV2Rx — 27, (4.21)

rie X — DACCTORHHE OT HAYAJLHOTO CeYeHHs KOJLTEKTOpA.
ITpu ¢ = const W Qw= gL (npn pacnpemenendn 8oam 00 Mep-
ol CXxeMe HIH NO OATOA QA7 KOIIEKTOPa B NPAMOYrOAbHOM
cOOpVHeilMH) AaBJeHHe BAOAb pacnpele/HTEIbHOM TPYOH H3MeHAeTcH
no 3aBHCHMOCTH
2.

P Pu lHBx( N x?) v, ( x) v}
Y= e U Ty tT BTy U

rae L=Ly 405+ L);
— paccTOSHHEe MeX]y KpailHHMH OTBEpPCTHAMH,
Iy u Iy — pACCTOSHHR MeXIAYy ABYMA MepBbIMH H MOCTEIHHMH OTBEp-
CTHAMH;
Ay — KO3 (HLUHEAT THIPABIHYECKOTO TPEHHA B HAYAJILHOM CEYEHHH,
B — nonpaBka Ha HenocToAHCTBO Ko3dduUHedTa X Broas pacmpe-
ZlesHTed, paBHan:
Npy rnajikoM CONDPOTHB.IEHHH

o

X

B=1+40,1 I’ (4.23)

15 nepexoXHo# ofnacth compoTHBJAeHHA NpH 10 << vuAs/v << 500
o, 10 vud

B=1+0057 (2,8 —1g %) (4.24)

[Tepen mocaelHHUM OTBepCTHeM JaBieHHE
2 2
Px_ Puy % MBL U0 9
Y Y 2g 3d 2g

Haudy gwipyatoft TpyGhl, NpH KOTOPOH NOTepH HAmopa NOJHOCTBIO
KOMMEHCHPYIOTCA BOCCTAHOB/JEHHEM HANOpa 3a CYeT YMeHLIUEHHA CKO-
pocTeft mpu pa3sjaye pacxola NO NMYTH, Ha3blBAOT KPHTHUYECKO R —

hp-
BeanunHa Lyp npu TpaHsuTHOM pacxoie (Qrp = 0) MOXeT GuiTh
OnpejdesneHa H3 ypaBHeHHA

3d 1

A T+05r-T !

Lyp =
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) Ilas TaMHHAPHOro NMOTOKA
-+
Rey d
: . pr=_3i_a (4.27)
= 0
5 E o 3 rie Rew —uHcio PeliHosbaca
° 5 g By nepes pacnpefenieHHeM.
P g ) g B Ta6a. 4.2 npuseeHsl 3Ha-
® gg : & ¢ YeHHUS L“vp AJs pasHbIX TPYO upH
2 :§ E g = PacyeTHOH CKOPOCTH Up=[fUn=
Ex > 2 3§ =1 m/cex M KonuuecTse OT-
Sex 2 2 BepcTHit n > 5 (mpy n =3,
- A S =2 H n= ] npHBeAGHHYIO B
A v - Tabuule BeaHYAHY MOMHO YMHO-
i -1 8 8. = XKHTb CcOOTBeTCTBeHHO Ha 0,945;
" = Py g—‘:‘g’- 22 0,89 u 0,67), roe vz — cpegHasn
& CKOpOCTE Nepel pacnpejeieHHeM
§ — noToka, a f—cm. § 4.6.
= © B & JIbipuatele  TPyGONpOBOLH,
* 8 S0 S o AnHHa kotopbix L <C Lyp, Hasbl-
o= ¢ 92 °¢ BAlOT npejpenbHO KODPOT-
I KHMUI Tpy6oNnmpoBOAaMH.
& 8 5 8 g [TbesoMeTpryeckHil Hamop y HHX
= g | 8. 8. 2o 2o B KOHue Goblile, HeM B Hadane.
e ® ) Sd Sg oF o3 [besomeTpHYecKHit Hanop
e ] JOCTHrAeT MHHHMAJIBHOrO  3Ha-
b o o = YeHus (z—]—ﬁ) Ha paccTof-
o = = 8 Z = Y Juuu
- Bl 33322333 | mme
] Y] a o -
2 Qul  2d
g ; . _ == —— ——— =
2l | 8] %2 %z 2. 2. B o
2 S| S8 S< S5 S5 _ Qupt Qu B 2d (4.28)
—~ == _'TP =
= g | 8= 8% 32 2, rae Qrp — TPAHSHTHBIA pacxon
s = | od S SJ Sy Ha yu4acTke pacnpeje/eHHa my-
%) TeBoro pacxoza Qu.
o HMsameHertes BeNnHuHHBL Mbe-
B s E g‘i_‘ = 30METPHYECKOro HANOpa mo AdH-
@ g sEosyes He AbpyaToii TPyGbl 06YyC/IOB.H-
= e BaeTcsi HepaBHOMEDHOCTb  pac-
) — npefefeHdss BOAB  AHPUYATHIMH
- 3, =, B TpyGamH.
3% 88 8w [Tpu pacnpenesneRHd BoAbI
e Son o KosbLeBoit (nmo puamerpy D =
== 2R) pvlpuatodt TpyGoit 1ma-
- 8, 3, 8. B, metpoM d MNo uYeTBepTOf#
B 38 88§ 8 88 cxeMe  KOIQPHUUHEHT Ay B
S Sel @l S (4.22) u (4.25) yBeTnuuBaercs,
cornacCHo HCCIeJOBAHHAM
e s e, 8 A. Y. EropoBa, B ¢y pas:
TR TN T d \2.14
o, 25 1.4 O ('b“) . (4.29)
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[lpn pacApeleaeliii BOILI MO BTOPO fI cxeMe jasjeiiHe BIOJb
CHABTCS 110 3aBHCHMOCTH

py Gl 113M
P v, ([ 2 2 1 A v 1 r?
S TR\ I RETER) Ty w\P TR/

4.30)
Tagacune B KoHLE TPYGel (

2
i . e I .o, ... , (4.31)

2 2 R 5 2 4
_"13_?_'1._._..0_"._.([_!_)4.2;_ IF-T;T); (4.32)

Pr_Pu o % * R £ (4.33)

[Ipn pacripeleneddH BoA®l MO MATOH CXeMe LaBieHHe H3Me-
nseTeA TakK:

2 2
P Pa Ui A vD
?_ v i 2g IIJ]—E' 2g L2 ()

rie npu x << 0,07D

mpu 0,07 < x/D < 0,93

2

Py =(1,0814— 1,16i)
3

b2 ~ 0,357 — 0,287 (1,0814 — 1,16 %)

npu 0,93 < x/D < 1,0
Pr=10 u 1P~ 0,357.

B stuXx dopMynax OaBaeHre p ABARETCA H3GHITOUHLIM Hal JaBie-
lineM cpefkl, OKpYy)Kalollelf pacnpelefHTeNbHbill TPYGONPOBOA ¢ HapyH-

HOH CTOPOHBL
Pacxon yepes oTBepCTHE MAOWAABID W, ONpefensercs no Gopmyns

Go = gl = poo ]/ 2g {f ; (4.35)

rie | —war sexay oteepctHaMH. KoadbulHeHT pacxola npH 3ToM
A. M. EropoBniM mpefcTaBaen B BHje:

k=08 — 0,17 Re 48 7058, (4.36)
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e R d o}
en v
== 6.—-—-—;
Re, Re, ve do de

Re; — uncao Peiidoabica Mias notoxa;
Re. — uncao PeifHoabaca nas c1pyH;

U — CPeJHAA CKOPOCTb ABHMEHIR MHIAKOCTH B CEYeHHH Tpy6bl;

& — TOJIHHA CTEHKH TPYOhI;

do — ANAMEeTP OTBEPCTHA.

IMo uccaenosanuanm H. A. Topkiia, kKoapQHilHeHT pacxoda npH Hc-

TeyeHWM CTPYH H3 UIeJeH Mo AnHue TPyOGbl OMHCBIBAETCH CJEXYIOLIHM
ypaBHeHHeM:

1 = 0,97 — 0,0031 Re, — (0,1 — 0,00035 Re,) ¢? —
— (0,027 — 0,00027 Re,) ©,, (4.37)

roe @ — YroJ HaK/JOHa lieay K ocH TpyOb B pafiHaHax,
®
o, = _m‘En — W(EJTHCTOCTh TPYOHI;
@y H © — MJIOAH CeyeHHH [WeaH U TPYOHI,
# — 4Hca0 weneld Ha 1 a TpYGHI;
v da+b),

R =" 2ab

(4.38)
a W b— WINPHHA H MJHHA LeNH,
B cayyae MOCTYMIeHHA BOIbl 4epe3 LeIb B CTeHKe cGOpHIKA KpPyr-
JOTO Ceuerlsl, C YUeTOM Yr1a ee HaK/IOHa,

p=1—0005Re, —0,115¥ ¢ — (0,125 — 0,0004 Re,) 025, (4.39)

Kosdduunent pacxoza Ias NPOAOIbHBIX uleded npu c6ope Boasl
BrIpaXaerca B 3a8BHCHMOCTH OT y,ﬂ.EﬂbHOifi CKBAXHOCTH CGOPHHK& B BHJe:

p=1—0005Re, — 0,125} w,. (4.40)

Mpuwmep 5 Koanexktop u3 CTaabHOH BOAOra3onpoBGAHON Tpy6bl BHYTpeH-
BuM AmameTpom d = 131 mm (ycqoaublﬁ npoxon, dy=125 M.l:) pacnonoxes B
BepXHel YacTH OCALKOYNIOTHHTENA (OCBETJAHTE.1b KOPHACPHOrO THMA C B3BElIeH-
HbIAL 0CaAKoM) A18 c6opa OCBeT/ICHHON BoAbl. IMHHa OCAAKOYMIOTHHTEIS, 4 che-
n0BaTeAbHO, H UIEAEBOrO YyYacTKa Koanektopa L =4 s, OGwH# pacxon Boasl,
nocrynawoue B koanextop, Q =8 afcex. Onpepennm Ko3pdHUHeHTH pacxona
wen anudol b = 100 MM ¥ WHpHHOA a = 1,5 um.

[Tpumenm cpeldioie cKopocTe BxoAa B weas V. =03 wfcex. [laowaas meaeh
Ha 1 M KoaaeKTopa

Q

nm e
il
Lv,

¥ WEeNHCTOCTE TPYSB

4Q v 08

T Iado,  Lv, 403

Wy
CKOpPOCTH NOTOKa B Hadaje TpyShl vH-——O, B KOHUE KOMAeKTopa U, =0,592 u, cex.
CaenopaTenbHo, 10 (4.38), Reyy=0 1

0,592 131 (100+1,5)
Rt ™05 “— Lo o5

TMo (4.40), ko>dduuHEeHT pacxojla B Hayalde UIENEBOr0 cOGOPHHKA
By =1-0,125¥0,5 =09,
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a B Komrlie —
n,=1-0,005-87,6--0,125 V0,5 =0,47.

Ecan B TOM e KOJJEKTOPE IUENH PAcMONOMHTE NOA YIIOM 45° K ero ocH u
CPeLNIOl CKOPOCTh BXCAAa CTpPYH B weab TPHHATb T-'C=1»43 Mlcex, 10, uno (4.49),
1.1.H=0,898 H uK=0,804.

CTpyH BBITEKAlOT H3 OTBEPCTHA B CTeHKe pacnpeienuTe]s mnoj
OCTPLIM YrJom, T. €. HMEWT [Be COCTAaBJAKLIHE CKOpPOCTH — IO OCH pac-
NpeleanTe]s U K HOpManbHYK K Hell Mo OCH OTBEpCTHA Uc.

A. M. Eropos Ha ocHOBaHHH{ ONBITOB Npeisaraer:

v, = v cos (1,158,5,,) = v cos (8, - 66°). (4.41)

IIpu 8. > 1,36 ckopoets vx = 0. 5

[Tpy u3MeHeHHH HaBjeHus BNOAb AbIpYaTRIX TPYS, mo (4.22), (4.30),
(4.32) u (4.34), n nocTOAHHOM IlLare OTBEPCTHH OJMHAKOBOTO AxaMeTpa
He ofecmeuuBaercd, coraacHo (4.35), TpeGyemmui#i cxemamu 1—5 3akoH
pacnpelefleHAd pacxoda. IDTOT 3aKOH [OCTHrAeTCA NYTeM H3MeHeHHA
wiara HIH QMaMeTpa OTBEPCTHH MO AAHHE KOJEKTOpa HAH Mo AAHHE ero
OTBeTBIEHHH.

CreneHb HepaBHOMEpHOCTH DacnpeleleHHs pPAcXOM0oB ALPYaTOi Tpy-
60Ji ¢ NOCTOSHHBLIM WAaroM ” OTBEPCTHH OAMHAKOBUH NniollaaH W. K He-
H3MCHEBIM W cocTaBager (pue. 4.6 no A. M. Kypranosy):

[ pnwg \? n—2 AL,
4w Lo (e ) (2 22 ) )
Bq_lﬂ:— l_e(}lﬂ@o 2(7\'[4 —1 ! ’
(0] 4d

re
npu 01/, <1 e=0,2+40,13/84

mpn 0B, <1 e=0533~ 0,28,

§ 46, PACYET NOTEPb HAMOPA B CETH © PAGHPEJENEHHBIM
N0 EE [AJIHHE PACX0LOM

[Tpu npoekTHpOBaHKH ceTell BOACCHAOKeHHA HJM KaHAAH3AUUH NpH-
HHMAIOT YCAOBHYIO CXeMy pacnpeflefeHHs BOAE B CeTH: KPYMNHLIE pac-
XOZbl COCPeNOTOYHBAKOT B COOTBETCTBYIOLIHX TOUKAX CETH, 4 OCTAIbHGH
pacxoll mpeAnoJaraeTc PaBHOMEPHO pacnpeleieHHBIM M0 AAMHE CeTH
C yAeIbHLIM PAacXoioM g.

ITorepn manopa h; wua yuacTke L pacnpezesenus pacxoaa Qq
MOKHO BbIpa3uth no Qopmyne Iapcu (3.16) uyepes pacueTubil pacxox

P+

L Q?J 2 frAm
hn“"”"’&"WE‘ALQn:A LQy, (4.43)
rie
Qp = Q'rp + BQn: (4.44)
Qrp — TpauaHTHEIN PacXoAd, T. e, pacx0i, MPOXOAALLHA TPAHIUTOM Aa
yuacrke L;
Qn — myTeBoii pacxon, T. e. pacxop. pacnpegeaennutt (Qu = gL) Ha

yuactke L,
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Kosdpnnent f 3apucut oT crnocoda otfopa pacxona Qn H oT 3a-
.+ THAPABMNNMECKHX COUPOTHBICHHH Ha Tpeilde no Jie.
[lpi paBHOMEDPHON pachpeleselyH pacXola ¢ HHTEHCHBHOCTBIO g

o (B - () - 22, e

m — roKa3arelb CTENCHW B 3aKoHe comnpotuBaeHnii [ = A’Qm,
[Ipn KBaAPATHYHOM 3aKOUE COMPOTHBIENHA (m = 2) Benuununa f
enrseress ot 0,577 upn Qrp =0 mo 05 opu Qrp = 3Qu; B THIpaB-
cku raafkux tpybax mopu m = 1,75 (mo Bpasmycy) — o1 0,555 do
# apn JaMHHapHoM pBHXKenHu (m = 1,0) Besmumia B =0,5.
OrliocuTeabHas OULIMGKa B MCYACIeHMH noTepu uamopa Shy schen-
HeCOOTBETCTBHSA NPHHATOTO 3Hauenus § J1eflCTBHIEABHOMY cocra-

. mBQn
Ofy = —_—QTD +BQ 58, (4.46)

8B — oTHOocHTeTbHAS OWIMGKA BeNHUHHBE .

Lenn npusate B = 0,5, 70 MakcumanbHas owwnbka B 35% 6Gyner

Qrp = 0 ¥ KBaIpaTHYHOM 3aKOlHe COMPOTHBIEHHS, KOTOp:HA dakTH-

yeckl He MOKeT ObiTb ofecrneuell TpH NEPBOM YCa0Bld; nNpH Qrp => Qn
THOCHTeNbHAR OWHOKA cocTaBHT yKe 49,.

Ilpy pacnpeslenedus pacxoja TPYGONMPOBOJOM Yepes M TOYEK OT-
‘nd, PACMOJOXKENHbX Ha OJHHAKOBOM DAcCTOSHHH { ApYr oT Apyra,
»hiUHeHT B 3aBHCHT MpH KBAafApPATHUHOM CONPOTHBJIEHHH OT COOT-

woenna Qxp/Qn W OT uHcHa n Touek oT6Opa BOABI HA yyacTke L:

Qrp\? Qrp Qrp
ﬁ—l/(m—) +NIH+N2* on (4.47)
rie N,=1 1 Nz=%(2'—%);

ccai ydactox L ot nepBoft go nocnedHefi TOuKH 0T60pa CYHTATh Pas-
nww L= (n— 1)I;

ne{ied) v mmdfis ford)

ecnn yuactox L Oyuer pasueim L = nl, HauHHaAce Wa paccTosHuu !
A0 TiepBoOil TOukM ov6opa W 3aKAHYHBAACH MOCIefHeH ToukoH orGopa;

1 1
N|"—""1 1] N2=—é—(2+—n'2—)

NPH CHMMETPHUHOM pacnoJomeiHn n Touek ortGopa Ha yuactke L =
= nf, 1. e. pacueTHbll ywacTOK HawHHAETCA A0 MepBok TOYKH oTOOpa 4
3aKaHuMBAeTCA 3a TockedHell Toukoit orGopa Ha paccTOsiHHH [/2.

B tabn. 4.3 nausl 3Havenns kosdpduuuenta B 3aBHCHMOCTH JT
otdoureHHa Qu/(Qrp + Qn) ® uKcna rouek ortfopa BOABI f1 AIA lO-
CI€HEr0 Cayyas.

Benuuuna kosdpduuweita [ npr ruapaBanyecky nIaldxoM COTMpoO-
THBJIEHHH MeHbille, ueM MPH KBAJDATHYHOM CONPOTHBJIGHNH, MAKCHMYM
Ha 5% ; npn JaMmuEapHOoM ABHxeHuHH B = 0,5.



Ta6auma 4.3

3nauyeHua P nNpH KBAAPATHYIHOM 3AKOHEe CONPOTHBJEHHA
B LHJHHAPHYECKOM TpyGompoBoge

QTP Ql'l "
Q. .,+Q
i T 1 2 5 10 20 50 &
4 0,2 059 | 0515 | 03505 | 0500 | 0300 | 0500 | 050
1 05 0580 | 0560 | 0,540 | 0332 | 0532 | 0,532 | 0,5
0,43 07 0.6% | 0,586 | 0360 | 0351 | 0548 | 0,548 | 054
0 10 0707 | 0615 | 0697 | 0,502 | 0)583 | 0,380 | 0578

UroGul coKpaTHThb YHCJIO pacyeTHHX Y4YacTKOB fHpH MOJAcueTe M0-
Tepb HANOpa, HEKOTOPLIE COCPEIOTOYCHNLIC PACXOAB MEKIY Y3/JOBLIMH
TOYKAMH MOMHNO MCpeliecTH B y3JoBhle TOuxkH. Tak, ecim Ha yuacTke [
Tpybonposona mexny yaaamu A u C NpOXOAHT TpPaH3HTHBIA pacxof

tp H, KpOMe TOTO, B TOYKe B, Haxolsulelica Ha paccTosHHA [; oT yana
A, cocpefoTouena Harpyska Qp, To 3TOT DAcXCA, YMHOXKelHBIH Ha KO-
shpnuuent B’, MOKHO nepeuccTH B ysea C, a APYIYio ero 4acrh, pas-
Hywo (1 — p’)Qs, nepencctn B y3ea A (puc. 4.5,0). [Monyyaemete npu
sTOM 3navedHss B’ npu pasanuduix L1/l u Q:p/Qs ZaHu B Tabn. 4.4.

Takuy xe nyTeMm pemaercsa safada, ecan ha yyactke AC waeloTes
JBa COCpeAOTOUEHHLIX pacxofa: B Toukax B # D {puc. 4.5,6). Cua-
Ya.14 pacxoj H3 TOYKH B nepeHocHTCs ¢ COOTBETCTBYOUUIMH KO3(H-
LHeHTaMH, cormacuo tada 4.4, 8 Toukn A # D, a 3ateM H3 Toukn D —
g toukn A u C

YenoBHe ONTHMAABHOTO pacnpeneteHHs NMOTOKOB BOAL B BOLOCHOp-
HOM KOJIJIEKTOpe C OBYCTOPOHHHM OTSOPOM (ILTH N0:1BOAOM) BOIbl aHa-
JIOTHUHO YCJNOBHIO DaBHOBECHA fJNOCKOH CHCTEMbl (apafiefbHLIX CHA B
CTATHKe.

TaGaunua 4.4

3HaveHns ' npH KRANPATHYHOM 3aKOHE COMIOTHBJAEHHH

Qrp
Qq .
0,1 0,2 0,3 0,4 0.5 0.6 0,7 0.8 0.9

0,0 0,3i6 | 0,447 ! 0,548 0,707 0,775 0,837 0,891 0,949
0,1 ,261 0,400 | 0,492 0,681 0,754 0,822 0,885 0,944
0,2 0,224 | 0,366 | 0,478 0,660 | 0,738 u,810 0,877 G,940
0.3 0,200 [ 0,340 | 0,455 0,643 | 0725 0,800 0,870 0,937
0.5 0,171 0,305 | 0,422 0,618 | 0,704 0,785 0,869 0,932
0,7 0,154 | 0,285 [ 0,410 0,600 | 0,689 0,773 0,852 6,928
1.0 0,140 | 0,265 | 0,378 0,581 0,673 0,761 0,844 0,924
1,5 0,128 | 0,246 | 0,357 0,362 | 0,636 0.747 0,835 0.919
2,0 0,121 0,236 | 0,345 0,650 | 0,616 0,739 0,828 0,915
3.0 0,114 | 0,225 } 0,332 0,535 | 0,633 0,730 0.820 0,911
50 0,111 0,215 | 0,320 0,523 [ 0,621 0,718 0,814 (.908
10,0 0,105 | 6,208 | 0,312 0,513 | 0,611 0,710 0,807 0,904
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g 4.7. BbIEOP AMAMETPOB TPYG, PABOTAKOULAX TIOJ HAMOPOM,
¢ YYETOM IKOHOMMYECKOTD BAKTOPA

Bri6op JIHAMETPOB Tpy6 BHeuNiHX DOIOMPOBOAHLIX ceTefi H Kaia-
Ju3ALHOKIBIX EAMOPHbIX 1py6 cledveT NPOH3IBOINTL ¢ ydyeToM TpeboBa-
Wil SKOHOMHYHOCTH BOJOBOZOB, CETH W BCEro KOMN/EKCA COOpYXeHHit,
HeilocpeACTRCINIO CBA3ANNBIX € CeTblo, H B NEPBYI OuepeSib — HACOCHBIX
cralntui.

DKOHOMHYCCKH HANUBLITO U MU 6}-‘,1}'1‘ T€ AHaseTpbl, MPH KOTO-
piy OKA3LIBAIOTCA HaNMelbWIIMH 3aTPaThl CPeACTB H2 CTPOHTEILCTBO
i 3KCMAYaTaunlo BOJAOBOIOB, CeTH H YKA3auuoOro KOMILIEKCA COOPYHe-
Wit 3a NPHUATLIL PACUSTHBIH MCPHOL.

Ilas Kaxa0ro inaMerpa, MpH ONpelefelilblx YCJIOBHAX CTPOHTEb-
<TBA Il JKCNIYATALMWM, XAPAKTEPHIYEMBIX TAK HA3bIBAEMbIM 3 KOHO M H-
yeCKNM (GakToOpoM J, cyulecTByeT <mpelenbiblit» pacxon, npH
KOTOPOM Oli  OKa3blBaeTed SKOHOMHUCCKH DABHOLEHIBIM  CIeIYIOULEMY
AHAMETPY MO COPTaMeHTy.

BenuHHY NpeieabHOro pacxola ompelensioT no dopMysme

{ 1
5 (b U 4y —gf \ndl
npex = | ~— —_— o
w=(3)" (5

rae d; H dy — Melblni 60abluufl cMexible AMaMeTPH MO COpTa-
MEHTY;
@, B, b H m-— cocTaBJAUIHE IKOHOMHUCCKOTO (akTopa

(4.48)

et 14 -m
| —dy

mp
S=—"; 4.49
2L (4.49)
b 1 a — kosHUHENT M MokAsaTelb creneds B (4.50), onpere-
JAAi0ulelfi  CTOHMOCTb CTPOHMTEIbCTBA E€AMHHLM  AJHHBI
TpyBonposoia IHaMeTpoy d:

¢ = by + bd% (4.50)

n ¥ m— nokasatesu crteneud B (4.30), onpelessiollelf rHApaB-
JqHYeCcKHil yKI0H B TpyGonposoie AHaMeTpoM d DpH
MpomnycKe no Hemy pacxola rolel Q:

r=e (451)
B=86-10° LT (R"_‘f’;_,). (4.52)

rie O — CTOMMOCTh 3.1eKTpO3UepTHH, py6./KaT 4,

Y5 — Ko3QdHuUNEHT HepaBHOMEPILOCTH PACXONOBAHHA IHEPTHH, 3aBU-
cAmHUA 0T KO3(PHIHENTa HEPABHOMEDHOCTH MOTpeG/IeHHA H mo-
llayH DBOIBI;

1) — K. 0. 1. HAaCOCHLIX arperaTtos, MOJAKWLIHX BOIY;

T — cpok okynaeMmMOocTH B Toiax;

R —cymMMa aMOPTH3ALHUOIHBLIX OTUMCIEHHH, BKJKOYAA 3aTpaThl Ha
Kanutaablibiii peMOIT, W OTUHCAEHHi a TeKYWHH DeMOHT &
NPOLEHTAX OT CTPONTEIbHOH CTOHMOCTH NAHHOH JIHHHH;

k — rosdbduurmenr,
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Ta6auua 4.5

3HaueHHA K03hGHUHEHTOB H mMOKalaTenell cTemeHed
B (4.48)—(4.52), sapHcswHe OT MaTepHaaa Tpy6

Marepuaa 1py8 k m R b by
Cranpibe 1.9 0,00179 5,1 1,4 4,6 53 6.9
YyryHHble . . . . 1.9 0,00 79 5.1 1,6 3.3 107 8,4
AcbecToueMeHTHBI 1,85 0,001'8 4,589 1,95 7.3 78 11
Tl1acT™MaccoBbie 1,774 0,001032 4,774 1,95 4,6 150 9

TIpu nofaye cTOYHOH MKHAKOCTH € KOHUGHTPAUHeH B3BElUEHHBIX Be-
niecTs B H BA3KOCTBIO Ver, COracio HccaefoBaruam E. A, Tlperepa u
A. U. Kopabnesa,

X
b=k B, (4.53)
amech x = 0,077, LaA CTanbHbIX, YYIYHHBIX H JKene300eTOHHbIX TPYyG
y=0017, m =483, n=183, ker =00125, a nna acGecrouement-
HBIX Tpy6 y = 0,027, m = 4,73, n = 1,73 u ker = 0,0271.

CTOMMOCTb 3/1eKTPOIHEPTHH onpefensetcs 10 Tapady, ycTaHOBJeH-
HOMY IS [aHHOro pafioHa (B HACTOSIIee BpeMS JIEXKHT B Mpefenax
I—4 xon. 3a 1 ker-u).

3Hauenns xos(ouuxeHTa b M Nokasatend ¢ 3aBHCAT OT YycaOBIil
CTPOMTENbCTBA; B Tala. 4.5 NaHbl WX cpefnne 3HaueHus. Cpok orymnae-
MocTH T Onf cHcreM BOLOcHAGMeHHA OObLIYHO NPHHHMAIOT pPABHBIM
ceMH rofaM. KoadpdHUHeHTEl NO1€3HOTO HelicTBHA 1) H HepaBHOMEPHOCTH
SHepPTHH Ys B CPeIHeM MOMHO CYHTATh paBHbiMH 0,7

3HaueHus n, k U M MOXKHO NPHHUMATH AAA CTAMBHHIX H UYTYHHBIX
Tpy6 no creneHHoit popmyac M. M. Aunpuswesa:

Q'
=0,00179 o (4.54)
annpokcumupyromedt (3.36) # (3.37). [To (4.54) MoXHO oTpeRenaTs
npubinxkennoe 3uavenne / Kak Aas nepexoinofi (v << 1,2 m/cex), rtak
H LA KBajpatHuHoH (v > 1,2 afcex) oBaacreil.
3Hauenus n, k v m, npuBelenHbie B Tabj. 4.5, 441 ac6ecToueMeHT-
HBIX Tpy6 cooTBeTcTBYIOT cTeneundi ¢opmyne H. H. A6pamosa:

Q1.85
1=000118 1, (4.55)

annpokcuMupyiowed dopmyay (3.38). B (4.54) m (455) pacxon Ge-
petca B M3/cek, a Alavierp — B MeTpax.

TaxknuM obpasoM, silauellHd NpelesbHLIX PACX010B 118 ONpelereHus
copraMeHTa TpyG 3aBHCAT OT 3KoHoMMyeckoro dakTopa JI.

IlpH coBpeMeHUsIX CTONMOCTAX CTPOHTEIbCTBA H TapHbaxX Ha 3/cK-
TPO3IHEPTHIO MOMKHO MPHIHMATE CJAEIVIOWHC CPeliiHe 3HAYEHHS IKOUOMHU-
veckoro ¢akropa IJ:

s Cubupu v Ypaia (6oaburaa rnydnua 3a. uHA TpYo,

TeNAbHO JelneBas 371eKTPO3Iepriis) 0.5
ISl LEHTpa bHbIX H 3anansix paionoe Eeponeiickoit yacry CCCP 0,73
LA IOMHEBIX paiioloB (HeGoabulag ray6iHa 3a.70MeHHs TpVO, OTHOCH-

TeJbHO JOPOTaf 3.TEKTPOSUCPLUA) & & v v o s v o s s 0 o 0 s s 0 o« L0
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TaG6auuma 4.6

Mpenenblnle IKOHOMHYECKHe PACXOABl, CKOPOCTH H yXJOHH LAf
ctaapHnx Tpy6 (FOCT 10704—63)

- Sxounomuueckuit daktop
eJon- 9=0,5 3=0,75 3=1,0
el
nooxol
oM Q. u, Q. v, o 5 v, ;
d afcex | mjcex afcex | sjcer | 1000 | przow | ajce | 1000
57 3.6 1,12 48,4 3,1 0,96 36,6 2.9 0,90 32,4
67 4,7 1,22 50,6 4,1 1,07 39,3 3.8 0,99 34,1
73 6,6 1,22 40,5 58 1,07 31,8 5,2 0,96 26.0
80 9,3 1,31 39,3 8,1 1,14 30,1 7,3 1,03 24,8
100 13,4 1,32 | 31,5 1,7 1,15 | 24,1 10,6 1,04 | 20,0
195 19,0 1,37 27,6 16,6 1,19 21,0 15,1 1,09 17,7
150 250 1 L.28 19,2 21,8 1,12 14,8 19,8 1,02 12,4
175 33,4 1,48 23.3 29,2 1,30 17,7 26,5 1,17 14,7
200 53,0 1,5t 19.5 46,0 1,34 14,7 42,0 1,22 12,3
230 82,0 1,54 14,7 71,0 1,34 11,0 65,0 1,22 8,24
300 118 1,55 1.8 103 1,35 9,0 93,0 1,22 7,32
330 161 1,56 9,67 140 1,33 7,31 128 1,24 6,11
400 211 1,56 8,27 184 1,36 6,29 167 1,24 5.18
450 268 1,57 7,13 234 1.37 5,43 213 1,26 4,60
500 360 1,72 7,49 35 1.50 5,70 286 1,37 4,73
690 507 1,70 5,80 443 1,49 4,45 402 1,36 3.66
700 676 1,74 5.00 591 1,51 3,82 537 1,37 3,16
800 888 1,75 4,35 776 1,53 3,32 705 1,38 2,74
999 1130 1,76 3,78 987 1,54 2,90 897 1,40 2,40
1008 1328 1,93 3.97 1335 1,68 3,05 1213 1,83 2,50
120) 2197 1,94 3.7 [919 1,69 2,41 1744 1,53 1,98
1400 2810 1,82 2,30 2455 1.60 1,76 2231 §,45 1,45
1500 3248 1,84 2,13 | 2838 [,61 1,63 | 2578 1,46 1,35
1620 7030 3,30 - 6180 3,08 - 5620 2,80 -

B rafn. 46—4.0 npuseledbl BeMHUHHBI NpPefeTbHBIX DAcXOLOB, OM-
pelefieHHblE TIPH YKa3aHHbIX Bhllie 3HAYeHHAX J M 3HAUCHHAX &, M U A
a8 Tpy6 H3 pasaHuHBIX MatepHanos. [Ipu 3tom ans o6macTH 3KOHO-
MHYeCKH  BBITOJHbIX  AkaMeTpos npH I == 075 Aal0TCA 3HAUEHHUT
1000i u v (puc. 4.7 u 4.8).

[Mpu 3uauennsax Fg, OTARYAIOWHMXCA OT YKaszaHHbIX, Ans BoiGopa
Aiaserpa Tpy6 no manuelm Taba. 4.6—4.9 npu I = 075 Halo npea-
GApHTeJbHO ONpefledHTb NpHOJHMKENoe 3HAYeHHe NPHBENEHHOTO pace
x01a Qup:

Y Jg 3,
Gop= Q]/ T“’ =11V3; ¢, (4.56)

rie Q — pacxol BOAbl, TPAHCNOPTHPYEMOH MO NAaHHOW THHHH;
Jp — 3nauelHe SKOHOMHYECKOrO (HakTOpa Aas paccMaTPUBAEMBIX

YCJIOBHH;
3 — 3HaueHHe 3KOHOMHyeckoro ¢akrtopa N1A YCJIOBHH, KOTOPLIM
OTBeuaeT HCHOJb3yeMan TaGIHUa NMpelesbHbIX PacXoi0B.
IMo npHEeleilbIM pacxolaV, MOb3YAch Tabauled npeleib:biXx pac-
X010B, BLIOHPAKT COOTBETCTBYIOLIHE COPTAMEHTIbIE AHAMElpHL.
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Puc. 4.7. 3aBHCHMOCTb MeMKAy YKJOHAMH TpPEHHA ¥ CDEAHHMH CKOpO-
CTSMH B CTaMbHBIX H UyTyHEBX Tpy6ax B 0O0J44CTH BBIFOAHOIO HX
HCNOJb30BAHUA

EcaH pellaeTca BONPOC O NPOKJaiKe AONOMIHTCIBION HHTKH K CY-
WecTBYOUlel AHHHA HAH 00 YBRAMYEHHH dicAa HHTOK NpOEKTHpyemora
BOJOBOAA, TO Mpele/blblil pacxoa onpeaezdercs no Gopmyie

1
B (by + 0d3) Ea

m m —{ﬂ+])
'd _hT ! Cf nnt+l)
11_[JJW i R Ll ]
l l\dlj +Kd2) !

Qupen = (4.7
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TaGauua 4.7

MpencabHble 9KOHOMHUECKHE PACXO/Ll, CKOPOCTH H YKNOHb Ans
yyryausix Tpy6 (FOCT 5525—61 u TOCT 9583—61)

AkoHoMIlMecKHH dakTop
y::?kai 3=0,3 3=0,75 3=1,0
npoxon
! ; v, ; Q. v, ; v,

MYM /:f?efc Mlcex 1000 zfce slcex 10004 A,’?g,&{ Mjcek 1000£
so | =70 | 181 | 847 2,5 72,4 105 | 570
80 | 64 119 | 39,2 5,7 31 0,9 | 257

10,6 1,30
- 2 il 4 1,15 27,8 ; !
109 75 0.95 35,4 9 8.4 03 22,5
16.8 1,33
125 o9 | T 27,1 15,0 1,18 21,9 13,3 17,3
28,3 1,56
2B | Al 95,3 1,40 8 | 22, 1,2
150 3T 10 29,7 5 23 3 17,8
51,2 1,58 .
oo 1,42 ¥
200 %3 3 21,5 45,8 A4 40,6 13,6
82,2 1,63
el B o} [,4 13,6 & 1,2
250 ) 16 17,1 73,5 6 65,3 9 10,8
121 1,66
ot | == 9 08 1,48 X )
800 ] Tal 13 1 96,0 8,74
167 1,71
ELLTAT e 1, 9,69 35
350 554 07 12,1 149 53 1,35 7,60
o | 22| 2 e w7 | 156 | 80 1,39 7
4 166 132 ) . d > 6,71
286 1,79 -
. = 970 | 2 1,59 7,65
R B Tr A o sl
394 2,00
Rl 2 J9 8,40 ,6J
500 w5 | 1 | 10 32 | 1 1,69 6.66
581 2,05
—— Wil 3 ,83 3 .
600 a5 TEl 8,7, 518 1 7,0 461 1,63 5,51
808 2,11
700 0 T 7,53 722 1,87 6,0 642 1,67 4,76
1080 | 2,15
800 = | v 6,61 966 1,92 5,28 857 4,16
1396 2,19
900 % | Tar 597 | 1250 1,97 47 [ 110 1,75 3,75
1930 2,46 .
sZer | el 5
1000 1630 .08 6,51 1725 2,20 5,17 1532 1,96 4,09
1200 4690 4,15 - 4100 3.63 - 3730 3,30

Illpumeganue, B 3navenatese npin I=s13 npupegedst MOpelelbHele
PacXofbl MpH nomadye CTOYHOH IKHAKOCTH € KOHUEHTPaydel B3BemIeHHBIX BellecTB
250 2/u8, 1IpH 9TOM AR TPYG AHaMeTpoM A0 250 s DPacXoAul onpegeTeHbl HCXOms
H! Be/IHYHHEL He3aWIALIed CKOPOCTH,
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Tacanma 4.8

[penenbHble 3KOHOMHUYECKHS PACXOMb!, CROPOCTH M YKJOHB Aas
acGecTonemenTHex Tpy6 BT3, BT6, BT9 (F'OCT 539—65)

IxoHOMHYecKHH dakTop
i =05 9=0,75 9=1,0
rmé;)‘\"’»1 ]

' Q. o . ) Q. 0, . ; v, ,
leu alcex | sfcex | 10000 | pufoe | sefcen | 10008 | aicex | mjcex | 10008
50 2,4 L2 | 383 22 | 1,12 | 326 2,0 1,02 | 27,3

5,7
| W8] 52 | L18 | 220 4.8 1,08 | 19,0
10,1 1,2
Ej;—s- 087 18,4 8,1 15,2 8,4 1,08
152 | 1,37
ots | o8 | 168 | 138 ‘14.0 s | 12,0
26,1 1,67
e | Tiw | 20 | 28 1,50 | 164 | 21,8 1,39 | 143
487 | L7
=t w 151 | 440 | 1,57 | 425 | 207 146 | 108
! 782 | 1,80
250 =7 | Tor | 28 7,0 | 164 | 105 | 653 1,50 | 893
114 1,86 .
_ | —= 10,9 10 1,68 9,0 H 1,57 7,83
624 | 1,02 g L
as0 RSt VUL T 144 831 | 13 | 183 | 7.6
38 1,08
240 1 235 4 o | a7 | 205 | g9 | 201 | 1,88 | 804
136 1,28
560 | 343 - 55 | 3,00 465 | 2,85 | 135
231 1,41

ITpumeuwanwue, B anamcnarenc npr 9=0,5 H =2 npHBeneHnsl mpegeaLHble
pacXoAbl H CKOPOCTH NPH Nojaye CTOYHOH »MKHAKOCTH ¢ KOHUEHTpauHed B3BelleHHbIX
BeutecTB 250 2/x%, ITpH sToM ANA Tpy6 nHaMeTpoM A0 300 mM pacxoibl olpereeHbl
HCXOAR H3 BesHYHHBl Hedannawliell CKOPOCTH,

rae dy — gnaMerp CYINECTBYKOIWEro TpyGompoBoZa (NPOJOXKEHHOro B
ONHY HHTKY);
dy; — mHaMeTp  HOMOJHHTENBHO OPOKAAABIBA¢MOro TpyGonpoBoia
BTOpPOH HHTKH).

[Tpu t}; = dy = d ¢opmyna (4.57) ynpowaercs W NPUHHMART BHA:

1
-1 m a ‘;1'—'.
Qnmz[ﬁ_d_(ﬂLd)] +1 (458)

1 —0,57t!
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o6aacTb rNaAKOr0o CONPOTHBACHHUA, WIH CHADPpABAK:
yeCKH TAaAKHX TpyO, rieh = f (Re);

nepexolLHYyw o6BaacTb WepPpOXOoBAaTH X Tpy®d, kKorla
» = [2(Re, A/d);

o6nacTb KBAaJAPAaTHYHOIO CONPOTHUBAEHHA, B KOTO-
poit A =f3(A/d).

EcrectBenuas 1epoXoBaTOCTb XapakTepH3yeTeA cpelHeH BBICOTOH
BbICTYMIOB HePOBHOCTEH Ha CTeHKe, YHCAEHHOCTBI) H pacnpejlejerHeM
3THX BBICTYNOB Ha eIHHMUe njowamgn H uXx Gopmoi. [TOCKOABLKY KO.TH-
yeCTBEHHBIH YydeT BCeX 3THX (PAKTOPOB 3aTpPyAHHTENEH, TO B 3KCMEpH-
MEHTa/AbHbIX HCCAELOBAHHAX M pACYeTHBIX 33aBHCHMOCTAX MOJb3YIOTCA
(HKTHBHOR — TaK  HasbiBaeMOH 3KBHBANEHTHOH [epOx0Baro-
cTbiO Aa.

OKBHBaNeHTHAas WeEPOXOBATOCTL — 3TO BooBpaxkaeMan paBHOMepHas
3¢pHHCTAA  LIEPOXOBATOCTE ¢ TAaKOR BBICOTOH (AMaMeTpoM) 3epeH
(A: = ds), npH KoTopoit B 0BMAacTH KBaADATHYHONO CONPOTHBJEHHUA
(rme A 32BHCHT TOJABKO OT LIEPOXOBATOCTH H He 3aBHCHT OT Re) 3Ha-
yeH#e KoaddHuHeHTa A paBHO ero 3HAayeHHW [pPH eCTeCTBEHHOH LUepo-
XOBATOCTH.

Jna nonyuenHs A, mO 3KCHepHMEHTa/AbHLIM HAHHBIM 43CTO HCHO/b-
ayercd Taxkaa (opmysna:

ke e i D BB (3.28)
Va As As
rie
no ITpanpriio — Huxypanse . =20 a=37 b=1,14
» A, J. ArsTwymo c=1,8 a=I[0 b=1280
» A, B, Tennosy c=1,8 g=824 b=1,65

UHcTeHHbIe 3HaUYeHHA SKBHBANEHTHOH WeEPOXOBAaToCTH As, HalifeH-
Hee o gopumyne (3.28), no Ilpanprmio — Hukypanse, s pasfHyHbiX
7p¥ 0 .NPHBOAATCA B -APHUAGKeHHH-T.

[lpn 3HaueHHAX As, B3ATHIX H3 NPHAOKEHHA 7, BEJHUHHY A MOXKHO
onpeaennth no rpaduky (pne. 3.3), mo dopmyne Koasbpyka — Yaira:

2,51 Ks NT°
A=|=2lg|——— 2 3.29
[ g(ReV& + 3.7d>] ©2)
1i# n¢ Sonee npoctoit dopmyme A. L. AnbTmyas:
A—ou(i’-’+ﬁs—o'2§ 3,30
T d Re) ( i )

[Tpn atom nocne nogcrasoBkn A no (3.29) B dopmyay Iapcu
(3.16) cpeaniol0 cKopocTb YAOGHO BblpaXKaThb TaKOH 3aBHCHMOCTBIO:

T A 251y
v=—2V2gdl | ( X _._)
88 304 + dV 2gdl

rae [ — rHApPABJAHYECKNA YKJOH, paBHBIf hw/l.

(3.31)

A
[Tpu Re—ai << 10 dopmyna (3.30) nepexomnt B cdopmyay Bnass-
yea A8 PHAPABJHYECKH FMaAKHX TPYG:
0,316
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TaGauua 4.7

MpencabHble 9KOHOMHUECKHE PACXO/Ll, CKOPOCTH H YKNOHb Ans
yyryausix Tpy6 (FOCT 5525—61 u TOCT 9583—61)

AkoHoMIlMecKHH dakTop
y::?kai 3=0,3 3=0,75 3=1,0
npoxon
! ; v, ; Q. v, ; v,

MYM /:f?efc Mlcex 1000 zfce slcex 10004 A,’?g,&{ Mjcek 1000£
so | =70 | 181 | 847 2,5 72,4 105 | 570
80 | 64 119 | 39,2 5,7 31 0,9 | 257

10,6 1,30
- 2 il 4 1,15 27,8 ; !
109 75 0.95 35,4 9 8.4 03 22,5
16.8 1,33
125 o9 | T 27,1 15,0 1,18 21,9 13,3 17,3
28,3 1,56
2B | Al 95,3 1,40 8 | 22, 1,2
150 3T 10 29,7 5 23 3 17,8
51,2 1,58 .
oo 1,42 ¥
200 %3 3 21,5 45,8 A4 40,6 13,6
82,2 1,63
el B o} [,4 13,6 & 1,2
250 ) 16 17,1 73,5 6 65,3 9 10,8
121 1,66
ot | == 9 08 1,48 X )
800 ] Tal 13 1 96,0 8,74
167 1,71
ELLTAT e 1, 9,69 35
350 554 07 12,1 149 53 1,35 7,60
o | 22| 2 e w7 | 156 | 80 1,39 7
4 166 132 ) . d > 6,71
286 1,79 -
. = 970 | 2 1,59 7,65
R B Tr A o sl
394 2,00
Rl 2 J9 8,40 ,6J
500 w5 | 1 | 10 32 | 1 1,69 6.66
581 2,05
—— Wil 3 ,83 3 .
600 a5 TEl 8,7, 518 1 7,0 461 1,63 5,51
808 2,11
700 0 T 7,53 722 1,87 6,0 642 1,67 4,76
1080 | 2,15
800 = | v 6,61 966 1,92 5,28 857 4,16
1396 2,19
900 % | Tar 597 | 1250 1,97 47 [ 110 1,75 3,75
1930 2,46 .
sZer | el 5
1000 1630 .08 6,51 1725 2,20 5,17 1532 1,96 4,09
1200 4690 4,15 - 4100 3.63 - 3730 3,30

Illpumeganue, B 3navenatese npin I=s13 npupegedst MOpelelbHele
PacXofbl MpH nomadye CTOYHOH IKHAKOCTH € KOHUEHTPaydel B3BemIeHHBIX BellecTB
250 2/u8, 1IpH 9TOM AR TPYG AHaMeTpoM A0 250 s DPacXoAul onpegeTeHbl HCXOms
H! Be/IHYHHEL He3aWIALIed CKOPOCTH,
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Tacanma 4.8

[penenbHble 3KOHOMHUYECKHS PACXOMb!, CROPOCTH M YKJOHB Aas
acGecTonemenTHex Tpy6 BT3, BT6, BT9 (F'OCT 539—65)

IxoHOMHYecKHH dakTop
i =05 9=0,75 9=1,0
rmé;)‘\"’»1 ]

' Q. o . ) Q. 0, . ; v, ,
leu alcex | sfcex | 10000 | pufoe | sefcen | 10008 | aicex | mjcex | 10008
50 2,4 L2 | 383 22 | 1,12 | 326 2,0 1,02 | 27,3

5,7
| W8] 52 | L18 | 220 4.8 1,08 | 19,0
10,1 1,2
Ej;—s- 087 18,4 8,1 15,2 8,4 1,08
152 | 1,37
ots | o8 | 168 | 138 ‘14.0 s | 12,0
26,1 1,67
e | Tiw | 20 | 28 1,50 | 164 | 21,8 1,39 | 143
487 | L7
=t w 151 | 440 | 1,57 | 425 | 207 146 | 108
! 782 | 1,80
250 =7 | Tor | 28 7,0 | 164 | 105 | 653 1,50 | 893
114 1,86 .
_ | —= 10,9 10 1,68 9,0 H 1,57 7,83
624 | 1,02 g L
as0 RSt VUL T 144 831 | 13 | 183 | 7.6
38 1,08
240 1 235 4 o | a7 | 205 | g9 | 201 | 1,88 | 804
136 1,28
560 | 343 - 55 | 3,00 465 | 2,85 | 135
231 1,41

ITpumeuwanwue, B anamcnarenc npr 9=0,5 H =2 npHBeneHnsl mpegeaLHble
pacXoAbl H CKOPOCTH NPH Nojaye CTOYHOH »MKHAKOCTH ¢ KOHUEHTpauHed B3BelleHHbIX
BeutecTB 250 2/x%, ITpH sToM ANA Tpy6 nHaMeTpoM A0 300 mM pacxoibl olpereeHbl
HCXOAR H3 BesHYHHBl Hedannawliell CKOPOCTH,

rae dy — gnaMerp CYINECTBYKOIWEro TpyGompoBoZa (NPOJOXKEHHOro B
ONHY HHTKY);
dy; — mHaMeTp  HOMOJHHTENBHO OPOKAAABIBA¢MOro TpyGonpoBoia
BTOpPOH HHTKH).

[Tpu t}; = dy = d ¢opmyna (4.57) ynpowaercs W NPUHHMART BHA:

1
-1 m a ‘;1'—'.
Qnmz[ﬁ_d_(ﬂLd)] +1 (458)

1 —0,57t!
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Tagnuma 4.9

Npeneabusie aKOHOMHYECKHE PACXOMbl, CKOPOCTH H YKJOMLI
ANS MARCTMACCOBBIX TPYO

Ha- ycﬂ?’u_ DKoioMHYecKHit daxTop
pyx | HE! =0.5 =075 s
il Tpo- 3==0.5 =073 =10
nua- | XO4
MeTp, dy' 3 v, 1000 ; v, Q. v,
MM | um Alcek | Mjcex ol afeex | micex aicex lcex
63 50 2,4 1,16 33,8 2,1 1,01 26.6 1,8 C.87 20,3
75 60 4,0 1,36 36.3 3.1 1,05 23,1 2,8 6,95 19,3
90| 70 5,9 1,39 30,0 5.1 1,20 23,2 4.5 1,06 18,5
110 100 10,0 1,57 29,3 8,7 1,37 22,9 7.6 1,19 18,0
140 125 16.9 1,63 2.7 13,8 1,35 16,5 12,1 1,18 13,1
160 150 30,0 2,23 34,5 | 25,9 1,92 26,8 | 22,7 1,71 21.0
225 200 70,3 | 2.24 209 | 61,0 1,95 16,2 | 534 1,72 12,9
280 250 113 2,15 14,0 67,7 1,87 109 | 83,6 1,62 8,58
315 | 300 279 | 4,21 - 241 | 3,64 - 2 3,18 -

§ 4.8. PACYET PA3BETBJIEHHbIX (TYMHKOBbLIX) CETEH

B pesyabrate nogrorosurtenbHoit paGoThl craHoBATca (pue. 4.9)
H3IBECTIbI:

a) TpaccHpOBKa CETH;

6} AnMHBL OTAENbHLIX YYACTKOB CeTH, T. € JHHHH MeX1y Yy3.OBEIMH
ToukaMu: [—p lo—¢ W T. I

B) pacxoabl BOAbI, 3a6HpaeMule B y3.10BHX TOukax ceTH: Qy Qs Qs
BT A

r) pacxold ¢, 3adupaeMulit ¢ [ noe. M OJMHHEL TOTO WIM HHOTO
yuactka tpyGonposoia (cm. TpySonpoBoa 2+—6 Hau 3—5);

Q1) reofesuyecKkHe OTMeTKH NOBeDXHOCTH 3eMJH B Y3JOBEIX TOYKAX:
Zp, 21y 4

e) cBOGOIHblE BaMOpPH B KOHLUCBBIX TOYKAX CeTH: Hcas Hens, Acar

A. (raGa. 4.10).

7
Qg
& Qs
§
g 3 051
O— —
AW T
e, %
9 2
[ 4

Q4
Prc. 4.9. Cxema passernieHHod (TyunkoBol) ceTd
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Ta6auua 4.10

MHunManpHbll cBOGOIHEA HANOP B HApYXKHOM ceTH
X03AHCTBEHHO-NHTHEBOr0 BONONPOBOAA

Koaugectso ataxef
=
1 2 3 4 5 6
MundManbHbllt cBoboanwlill Ha-

nop, M . 10 16 20 28

MTpiMeyaHUs, [Ipy Goabures  3TAXKHOCTH Kaxkablit 3Tax
JHUHBaeTCA Ha 4 M.
2, Cpo6oanbiil Hanop B Y BOI0Pa3GopHbIX NOMKEeH 6biTh He
amenec [0 M.

3. I7A 0TACIbHBIX BHICOKHX 3XAiHA MM TPYNOLI HX, PACIHOICKEHHBIX HA MOBLI-
pICH@bIX OTMeTKaxX, HAOMYCKaeTcA MAaA yBealdeldds Hanopa ycTpollcTBO MeCTHBIX
CTARUKA [OZKAYCK,

B pesyabtate CHIPaBIHYECKOro pacyeta ONpelesiloTca AHAMETPH
Tpy6, a TaKxKe BbICOTA BoZoHanopuoit Gawil, obecneunpaiolled n01auy
33JaHHbIX pacxomoB BOAbl B 3adaHHbleé TOYKH CeTH, H ﬂDTpEﬁHb}ﬁ Ha-
TOp HacocoB BTOPOrO noAbema.

TNopsaok pacuera cleaylRumHi:

A) ycTaHaBmMIBAOTCA pacueTiible pacxolbl AR OTHEIbILIX Y4acT-
KOB CEeTH;

b) BbiGHpaeTcsi MAarucTpaJb H BbUIOJIHACTCA €€ Dacuer,

B) npou3BoaHTCA BLIGOP H pacuyeT CJAOMKHBIX OTBETBAElHIL;

I') ocywectsasiercs BHGOp M pacueT MPOCTHIX OTBETB.IeuHf.

A. YcranosaeHue pacuerdbiX pacxopoB. PacyeTibie pacxoisl ycras
HaB.MBAKOTCA [JA ONpeAcieHHA axaMerpos Tpy6 I MOTepb hanopa ta
RCCX y4acTKAaX CeTH.

Pacuernsifi pacxes AnR Kakoro-anGo ywyacTKa CeTU PaBeH cyMe
BCEX DACXOAO0B, 3a0HpaeMblXx 53 CeTH B Kolile H WHXe (MO TeveHHIO)
3TOTO YUyacTKa.

Ecnv Ha KakoM-1HGO yuacTke AAHHOH [ MMeeTcA paBiiOMepHO pac-
npefeseHHbfl N0 AJMHHE «NYTeBOH» pacxol Qn HHTCHCHBHOCTBIO g, TO OH
3aMeHseTc JKBHBAMEHTILIM [0 [OTepAM pacxoioM, paBHeiM BQn =
= fgl W COCPe/lOTOYEHHBIM B KOHUe paccMaTpaBaeMoro ydacrka. Tak,
HanpHMep, pacueTHble pacxXoAbl 1ad yuacTkos 2—3 ® Z—6 (puc. 4.9)
oyayT:

Qo—s= Qs+ Qs + glr—5 + Q3
Qi—s= Q7 + Qs + Bglo—¢

Ha yuyactke 2—3 HeT pacrnpeleiciiHOTO pacxola, H MO3TOMY pacyer-
HBlii pacxXol paBeH CYMMe BCeX PacXOl0B, HAYWHX TPAH3HTOM CT y3aa
2 k y3ay 3 yepes Bech Y4acTOK.

Ha yuyactke 2—6 npoHcxoaHT papiloMepHas OTXaya 10 LIHHE «my-
TeBoro» pacxolda Qma—s = ¢ly—s H MO3TQMY OpPH OlIpelescliHK pacuer-
HOro pacxoga 3TOT pacxol ¢ Kosdduumentonm P YCIOBHO OTilEceil K
KOHIY AaHUOrO Y4YacTKa Il MPOCYMMIPOBAll KAK Y3MOBOH C OCTAIbHLIMH
pacxoiaMH, HWAYWMMH TpaH3MTOM oOT yaaa 2 K Y31y 6 uepe3 Bech
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yuactok. JI1s ynpowleHus pacuyetos uacro npuHuMaior B = 05. Ilpu
B = 0,5 pacxoa g/ pacmpenc.iAeTcs MOPOBHY MeAC1y KPaHHHMH y3laMu
(npasuio M. M. Aunpuamesa).

Bb. Beifop MarWcTpaJH ceTH W ee pacder. B kauecTBe Maructpanu
navevaeTcsl JHHHA Tpy6ompoBojAa, HaudHalomascq OT BOLOHATOPHON
Galiy M 3aKAUHBAIOWAACS B ONHOH H3 KOHUEBBIX TOYEK TYNHKOBOH
ceTH: Hanbosee Harpy:KeHHas pacxolaMu, caMas LAHHHARA, Xapakre-
pH3yeMasi MaKCHMATbHLIMH [be30MeTPHYeCKHMH Hamnopami, Gararonaps
yeMy OT MATHCTDPAABHON CETH MOXHO NOAaTb pacxol B J0OYKW Koiue-
BYI0 TOUKY OTBETBJCHNA ¢ HeoOXOAHMBIM CBOGOAHEIM HamopOM.

" Ilpu HeH3BeCTHOI BbICOTE BOIOHANOPHOH GALUNK pacueT MarHCTpa.IH
NpoH3BOAMTCA N0 TabanuaM OpefebHbIX pPacxolLoB caefylowuM ofpa-
30M:

[. [To pacyeTHLIM pacxofaM M3 TaOMHL NpeflelbHBIX  PAacXoloB
(ra6n. 4.6—4.9) sufupatoTcd LHaMeTpsl TPYGOTNPOBOMOB JHJA KAMXKJO0T0O
y4acTKa MarucTpaJH,

2. Ins OpHHATLIX AHAMETPOB ONPefeNsioTca O,18 COOTBETCTBYROUIMX
pACUBTHBIX PAacX0AOB CpeJHHe CKOPOCTH U H MH/APaBJHYECKHe YKJOHH /.
3aTeM ANA KaX(IOrO YyacTKa MarHCTPand BbIYHCARIOTCA OBUIHE NOTepH
Hanopa

hyy = 1,057 (4.59)

3. [Ibe3oMeTPHYECKHE HATIOp MJIH OTMETKAa [be3OMETPHUYECKON JHHHH
B JoBon ceuenun TpyfonpoBola omnpefleNfeTcA KaK OTMETKA Mbe3oMe-
TPHYECKOH NHHMH B KOHIE Maructpanu Vi = (2 + hcs)x NaMoc notepw
nanopa Ha BCeX Y4acTKax oOT KOH LA prﬁonposom 0 paccMaTpHBae-
MOTr0o CeueHMs.

4. BuicoTa BOJOHANOPHOM Gawuu onpegeaderca no dopuyne

6
He=(hcs + 2)x + 2 hy — 25 (4.60)

K

rae 2g — reojle3nyeckas OTMETKA NOBEPXHOCTH 3eMaM Ha MpeanoJjarae-
MOM MecCTe YCTaHOBKH GallunH;
2y — FeOe3UYecKas OTMETKA TIOBEPXHOCTH 3eMJlH B KOHEUHOM
NyHKTe MarHcTpamH.

B cxemax ¢ mueBMaTHYECKHMH YCTaHOBKaMu BblcoTe GawHu (Hg)
GyLeT COOTBETCTBOBATH MbE3OMCTPHYECKAS BLICOTA MHHHMAMLHOTO HAaB-
JNeHHS (Punn) CKATOTO BO3AYXA B 3aKpuiToM Oake.

Ecau BhicOTa BONOHAMOPHOH Balni¥ 3aflana, TO PacyeT MarHCTPasu
CeTH NPOM3BOIHTCA, KAK CAOMHOTO OTBETB/IEHHA.

Bee BeryMcaenns ynoGHee Bcero crecth B rabu. 4.11.

B. Pacuer cnoxHpix oOTBeTBienni. OTBeTRIEHHS — 3T0 Tpy6ompo-
BOAbLI, OTXOAfAUlHe OT saructpany. [Ipy ruApaB.IHuEcKOM pacyeTe HX
Je1AT HA mpocThie H caoiKHbie [IpocTble OTBETBAEHHA COCTOAT
H3 OJHOTO, @ CJOXKHble — H3 ABYX H 60dee ydacTKoB TpySonposona.
JIHHHA COXHOrO OTBETBJeHHS BbIOHpAaeTCA HCXOAS H3 Tex ke Ycio-
BHit, YTO H MarucTpafb.

Pacuer cnoHLiX OTBETBJCUHN, PaBHO Kak M pacyer Marucrpaan
NpH 3ajaniofl BbICOTE BOLOHAMOPHOM GaulHH, NMPOHIBOIHTCA MO Tak Ha-
3LIBAEMOMY CPEINCMY THAPAaBAHUECKOMY YKJIOHY B Cae-
AyI0lIeM DOPsAKE,



1. TTocme YCTAaHOBABHHA pAacueTHBIX pacXofoB M BeBopa JHHHH
cJA0AHOTC OTBETBJIEHHA ONpeiaeaAlT JONYCTHMble NOTEpH Hamopa R
n cpelnnil THAPABIHYECKH# YKIOH [cp:

hw pon = (A + 2)y = (A + 2)w (4.61)
0
Icp — —_’FQS}/:&E' (4-62)

»i

1e (A4 2y u (B4 z)x — nbesoMeTpHYecKHe HAmOpEl B HAuANe H B
KOHL@ CI0KHOTO OTBETBJACHHS,
H
Zl — CYMMa JJAMH BCeX YYaCTKOB CJ/IOXKHOIO OT-
K
BETBJICH HA.

2. o tabmumam @, A, IleBesesa nns rHAPaBJIHYECKOTO pacyeTa
CTAJLHBIX, YYTYHHBIX, acOecTOLEMEHTHBIX M [aCTMACCOBLIX BOJAOMPO-
BOIBIX TPYO COTIACHO PACYETHLIM A2HHEIM Ha KaMJAOM YYaCTKe HaXo-
ASIT THAPABJHYECKHE YKJIOHB — OGnuxafiive 60apine ([* = fcp) u
vembiine (/** << fcp) cpedHero M COOTBEeTCTBYIOLIHE HM AHaMeTps d*
nod¥* (d* << d**). Batem no cdopuyne (4.59) BLIYHCAAIOT COOTBET-
CTBYIOLIHE HM 3HAUENHA fy.

Bce BblyncneHHA cBOJAT B Tabur. 4.12,

3. PaccmaTpHBaloT pasmuunble KOMOHHAUMH HaHAeHIBIX COPTAMEHT-

i * * * LR &

uplx AnaMerpos. Hacpuwep, [-if papraut: d, d; y dg, dy B T L 2-H
& & e .

BapHaHtT: dy, dy, dy dy M T &

Ecan yHCNO OTHEJIBHBIX YYaCTKOB MATHCTDPAAH PABHO f1, TO YHCIO
BO3MOXKHEIX KOMOHHALUHH (BapuaHToB) Oyger 2™ M3 3Toro umcna
TEXHHYECKH BO3MOXKHbIX BapHAHTOB HY:KHO OTOGPAaTb TOMLKO TE KOM-
CunauHk AHAMETPOB, AJA KOTOPBIX BLIMOJHAETCH OCHOBHOE YCJOBHE:

H
E hw g hw foi (4'63)
K

H
e Ehw—cymta noTepb Hanopa AMA BCEX YYAaCTKOB MAarHCTPaJIH.

K

4. M3 orto0paHHBIX BapHAHTOB OCTaHABIMBAKOTCA Ha TOM (MO 3KO-
HOMHUYECKHM cOOOpakeHHAM), ONA KOTOPOrO Bec TPyGOMpoBOAa3, a cie-
AOBATeNbHO, ¥ CTOMMOCTb OKA3HBAIOTCHA MHHHMAJbHLIMH.

[peanoutesve cjefyeT OTHAATb BapPHAHTY, NPH KOTOPOM CPedHHe
CKOPOCTH 1O AJHHe TpyGonpoBofia 60/ee PaBHOMEPHEL

I'. Pacuer npoctuix orBerBjenuil. [IpH pacueTe mpocTeix OTBeTBJC-
Hufi cHayama BelyHcAsioT 0o (4.61) nomycTHMele moTep® Hamopa
Hw gom, a 3aTeM TO (4.59) — TpeBGyeMblil THIpaBIHYECKHH YHKIOH [rp.

IMo Tabauuam ¢. A, llleBeseBa NpH pacyeTHOM pacxofe B JaHHOM
OTBeTBJIEHHH onpeleanior GaHMaHIWIHA MeHbWHA K [rp YKJOH H CCOT-
BETCTBYIOWHH €My pacyeTHbIH JHaMeTp.

dakTHyecKHH cBOOOIHLIA HAMOp B KOHLE OTBETBIeHHA He NO/KeH

GEITb MeHbILE 331aHHOTO.
Mpumep 6. PaccynTaem ceTb, MPLACTABICHHY Ha pHc, 4.9, OpH cleayto-
LWHX HCXOAHBIX AAHHLIX:
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Jakuse no yanam

Va.
HauMenoBalHe NOKasaTeqel
B 2 3 4 5 6 ‘ 7 | 8 9
T'eoxesnyeckHe OTMeT-
K0 2, M 30 (23 |2t |2 (17|19 1918 18(2e
Pacxoast Q, alcex . . 10 43 40 | 32 [ — |16 35| 6
CBoGo,Hble HANODPH Ayp §o M 6 16 10 16 | = |16 10| 12

Hanueste no yuactaM

Mexay yanamu

HanmenoBaHHe NOKA3AT G l > I 2_3, g | o l s ' 5_7] s l =

Paccroswae [ kM. 7T {09 (L5 L8| L2008 | 20

PacyeTHble pacXxoAbl A.I1A
Y4acTKoB cerHQp. afcek . .| 318 (258 | 135 40 | 62 | &7 16 | 35 | 60

Ha ywacTkax 2—6 m 3—5 yaesbHwifi pacxoa g = 0,04 a'cex Ha 1| nroe. .

1. 3a MarucTpalb OpHHHMAeM anuuio B—I[—2—3—5. Tlo 1aba. 4.7 npu 3 = 0,75
HAXoAMM [AHaMeTPbl HAa BCEX yyacTkax MarwcTpain, Bce BHIYHCJAHHA CBOAHM B
tabn, 4.11.

9, BelcoTa BOAOHATIOPHOH GalIHH (HAH MHHNMAMLHOE JaB/ieHNle CXKaTOro BO3-
LyXa B MHEBMOYCTaHOBKE) Roaxua GuiTb Dasia

Hg=T7,61 —30=4761 &,

3. 3a CI0XHOE OTBEeTBlNEHHe AHHHIO 2—6—8. (4.61) u (4.62)
uMeeM:
hw n0n=57'28—(18+ 10)=29,23% u;
195:29,98
oo D ity

cp™ 1800 + 800

Hag1etitivte no tabangan &. A. lleBenesa sHaueHHa /%, d* u [**, 4** ceedem
B Tagn. 4.12,

Tab6auua 4.11
Pacyer waructpann

OTMeTKH
h Hb&SGMeTﬂpH-
Homepz| Q.. d v ! w Hecko
5 P » 1 . no JHHHH
Y‘;{Z:JC;‘ aleek MM Micek M (4.59), B KOHIe
M yyacTka, M
Vi=2z+h;
i
BE-1 318 500 1.6? 0,00686 1100 7,94 69,63
1-2 253 450 1,62 0,00789 1300 12,4 57,28
2-3 135 350 1,28 0,00932 700 6,98 50,3
8—5 62 230 1,23 0,00972 1300 13.3 35,0
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TaGauna 4.12
PacyeT c¢noxHOro OTBeTBAEHHA

—
<7 ">
« cp
Hovepa Qp i
yuacTs !
T gon Alcek a* | R a | on,
MM m MM f:
1800 83 0,0107 0,00720 300 13,6 0,81581 250 6,7
800 35 | 0.0107 | 0,00102 | 200 87 | 0054|130 gail

’

Ha BOIMOJKHDIX BAPHANTOR: a) do_g=300 Mm, dg_ g==200 sum: 6) do_5==300 ss,
d643=l°0 MM B) dy_ =250 MM, dg_g==200 mm; 1) dy_5=250 ma, dg _g=130 um
ye 1osHio (4.63) Y10BJICTBOPAET TOMBKO Weppas KOMOHUAIHA NHAMETPOB: HX Mul K
niitIMaey 3a pacyetible. IIPH 3TOM 3aMeTHM, YTO Ol 0KA3aaHCh B 06.135TH SKOHO =
MUNECKIT BBIFOTHLIX AHMAMCTPOB,

1. ¥uactku 6=7, [—9 u 3—4 paccyuThl Kak MpocThle OTRETBMCHHH.

Ha ydyacTke 6—7 HMmecM: =

hay non™= (57,28 + 13,6) — (18 + 16) = 36,88 u;

:mnz%ﬁ =0,0291; d=125 ms: [=0,0248;
hoy=313 3 Ry o =70,88—(18+ 31,3)=21,58 > 16 u,
Ha yuactke I—9 HmeeMm:
By non =69.68 — (22 + 12) =33.68 #;
1o, =205588 0017, 4=250 ma: 1=0,00013;

mon ™ T 2000

hoy=192 8 Ry g0yr=62.68— (224 19,2)=28.48 > 12 a1,

Ila y4acTke 3—4 umeeM:

Py non =503 = (17 + 10)=23,3 ;
0.95.23.3
Tnon™=——gg5—=00206; d=200 us; I=0,0131;

hy=124m & =50,3 — (17 +12,4)=20,9 &> 10 s,

cB, akT
Buifop nmnamerpos TpyG no skosoMHueckomy Gaxtopy ofaamaer
TeM HeIOCTATKOM, YTO He YYHTHIBAeT B3aHMHOrO BJTHAHHA YYacCTKOB.
Bonee coseplieHHbIMH MeToJ@MH TeXIIIKO-IKONOMHUYECKOr0 pacyetra pas-
BeTBAEHHBIX ceTeli sBAf0TcA Meroasl JI. ®. Mowwuua n I'niiona,

§ 4.9. THAPABNYYECKHH PACYET KONbUEBbLIX GETEH

Inapasanyeckuii pacuer koableBoil cet (puc. 4.10) o6bluno npoxs-
BOJAT B CJeAyiOleM NOpsiKe.

. OnpeneasioT nyTeBble PAcXoIHl Ita BCEX YuacTKax CeTH H npH-
BOIAT IX K Y3J0BLIM pPacxoian,

2. Ipn nesapannwlx Axaserpax Tpy6 MDelBapHTeNLIIO HAMEUAOT
JKeraTtebHOC Hanpaefdelne MOTOKOB BOILI MO OTHEIBILIM AMIMHAM CeTH,
COOTBCTCTBYIONEE NPHAILIY NOJAUN N0 KpaTuailuiesMy MyTi Tpal3HTHuIX
PACXOIOB AJR NUTAHHA YAAJ€IMHLIX pailoloB, a Takie B3anmosavense-
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Puc. 4.10. PacuetHa® cxemMa BOIONPOBORHOH CeTH
a-—-05:uuik B, 6 —K npuMepy pacdera

MOCTb OTICHBHLIX YuacTKOB mpr asapu. [lo MpHHATHIM pacxopaM JH-
Huf Has3uayawT AHAMETPH TPYO, HCXOAS H3 TEXHHKO-3KOHOMHYECKHMX CO-
ofpamednir.

3. [lpr samaunulx JuaMeTpax TpyG 3aJawTcA NpeABapHTENbHBIM
pacnpefeseliieM y3NMOBLIX PACXOLOB MeXAY ydacTkaMH.

B ofoux ciyuasax B KOH@YIOM NTOTe Y4acCTKOBLIE PacXOAbl B Mep-
BOM NPHOISHXMEHUH OKa3biBAIOTCH H3BECTHBIMH.

[Tpn mofoM npuHuATOM pacnpeleiedHy MOTOKOB BOAbLI MO CeTH KO-
JHYECTBO BOXBI, TIPHTEKAIOWEN K KaKOMY-AHGO Y3Jay CeTH, LOJDKHO GbTh
PaBHO KOJIMYECTBY BOJBI, OTXOAAUIEH OT ITOro y3aa (BKawoyas ¥ ortGop
POABI B Y3a€), T. €. JIA KaXIOro ysna A0MKHO OblTe coGuatoaeHo
ycaoBde 6ananca pacxoJloB:

X 4 —Q;=0, (4.64)

rek’
rie [— paccMaTpHBaeMbll y3es;
Q; — BhITeKawOUlH{ H3 ¥3.1a Pacxom;
¢,; — Pacxo/bl N0 NPHMBIKAIOWHM K y3ay | yuacTkax;

r — ysen, HMewlllHit OBIIHI C Y3108 | YHaCTOK;
kj—.\[Homccho ¥3/108, MAMEOUIHX OOWHH C Y3/J0M | Y4YacTOK.

B ypasuennu (4.64)
9=~ 9 (4.65)

Hanpuavep, A4 yai1a 3 ceTH, noKasaiHOi Ha pHc. 4.10,6, ypashe-
ure (4.64) wyeeT BUL (3gech f =3, r=1;4 1 3):

Gia— G — Gas — Q3 =0,
Giat+ qast gsa — Qy=0.

HIH
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B (4.G1) UHCIO HENIBECTHEIX yUAaCTKOBEIX PAacXo0B PaBHO WHCTY
qgeTkO3 f, @ 4ncIo TakHX YpaBHeHHH PaBHO uHCIY Y3J10B n Ge3 Of-
5“?0 [lerocraomue f—n <41 ypasuenuit (m ={—n+41—uucao
iﬁje-u) HMCIOT BHAL

3 ) .
D hy= D(sign q,p) 505 =0, (1.66)
ro s Ey

F, — MHOMECTBO YYacTKOB rb, ofpasywoumnx k-e KoJslo;

rue i /

sign 4,5 — (+1) wm (=) B 3aBHcHMOCTH OT TOTO, COBMAIdeT Ha-
upaBIelie pacxoaa grs lanpasienyey 06x0l1a Kosbla
114 HeT;

CONPOTHBTEHHE YYaCTKA, paBHOEe MPOH3DEICHHI YARMLHOrO
CONPOTHBIACHAR Ha AAHNY yyacTKa.

Ypa e (+.66) npeacraBasoT cobofl paBeHCTBAa HY.TI0 anrebpau-
geCcKI!X MM LIOTCPb 11aTIOPa MO KOILLAM CCTH,

4 0K KAk NepBOHAYaNbLRO TPHHATLIE 3AYEHMS YYaCTKOBHIX pac-
yoxob. ~o0file FOBOPR, He y.108.1eTBOPAIOT (4.66), TO 3TH pacxomsl HoJ-
aiu 0iTL  NCHPABIEHbl. YUacTKOBbIE DACXOfbl KOPPEKTHPYIOT ¢ mo-
\OILBIO €y BA30UILIX» PACKOAOB:

Ah

M= —g g ; (4.67)
2 2 Sm [Grol
rbeEy
rae Vi, — aeBas gacTe ypaBHenus (4.66).
i~ 20¢ 3HAaYeHKWs Y4acCTKOBBIX DPACXOMOB MOJIYYAKOTCH PABHBIMH:
f ;

gt =ql) + 8, — Ag,, (4.68)
rac Aq; — yBAI3Oulble PACKOMBl CMEMXHBIX KOMel, rpadulleli Me-

W1y rOpbLIMH SBASETCA YyacToK rb; 3HaK g, HasHauaeTcs mpH 06-
X010 #-10 KO.IDbLA.
[losyueillible Y4acTKOBble DACXOHBI MPHXOAHTCA YTOUHATL HEOAHO-
KpaTilo, 1i0OKa HEeBA3KH Ahg e OKaxyTcA MafabiMi 0o MOIYJIO.
Pacyetsl yAo6H0 cBecTH B Tabauuy.

M~nvep 7. TpeGyercs NpOMIBECTH TriADABAMMECKHE pacueT konboesolt
iowiarandoft na pic, 4.10, 6, Tlpeapaputeablivie 3HayeHdHs YyUacTKOBBIX pac-
ALNECcaKw B 3NaMeHartesax apoGeit; HanmucaHubX NPOTHE y4yacTKOB. TpyGel

‘e
13 ju0.. 4.13 NepennceuBajOT HOMePa YUYACTKOB MO NPHAALIENKHOCTH HX K KOMb-
froadut 1w 2), AJHHBI, JUFAMETPH W COOTBETCTRYKOULHE YAENLIble COMPOTHB-
i lipadsl 3—5), a 3aTeM [OJCYHTLIBAKOT CONPOTHBAIHA yuyactkos § = Al
1 G). DTa yacTb TAGHULI COXPAUAETCA NEHIMelnHofl 10 KoHua BuiYHcneHHR.
P rpagy 7 nmepenHchbiBAIOT NPEAPAPHTEbHLIE SHAYEHHA YyYACTKOBLX Pacxoios,
TOPUNG 3anoangioTeA rpads 8 B Y B mocaeldHed nOTEPH NMOACUHTLIBAIOTCA MO

—_ 2
hrb_(stgu qrb) Sepdrpy (4.69)

1% Kasloro KOJbUa CYMMHPYIOT Aaruele rpad 8 H 9 cymma gucel
MGcqedie naeT HeBpA3KYy no koawuy Ak, [IpH Maasix no MoAviKw HeBalkax
PAIMET MOAHO 3aKOHUMTB. B nNpOTHRHOM cnyuae caeldveT NOICYHTATh 00 ¢op-
MyTe i{67) ynssovible pacxofbl M 3amucaTh ux B rpacdel 10 u (1. Jdas paccmar-
PHBC *Mar) npHMepa

-39 ~ 271
e D g C Agy=—— = 1.5 alcek.
An="ggae08 ~ 3° Aleers \=gpamey = 1.5 alcek

179 YRACTROR, $0..CIANCA FPANHOAMU MEMiY KOMhEAMI:, RBLIIHCLIBAIOT M0

1 BHI0YIbIX PAacXoAad; B NpuMepe TakoHl yHYacTOK HMEET HOMEp 4,
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PeayanTaThl pacuera KoabUegy

TMeppoe npuGaHKeHie \
S ua. |Yaeawinie| Conpo-
| B Dl sorpp | €ONPO | qykacuua
é g [ d TIlB.."I;IHlﬂ s ——
gl s q“) slql h LY Aqf
[ a
c| = |—
2|
g E MM Mocek?a?| alcex |M-cekla alcex | afce
e | e | —— —
1] 2 3 4 5 6 7 8 9 10 M
.
1| 1| s00 250 | 2,75-10—8 1375.10=%| —57 | 0,0688 | —3.44| 3.5
g | 400 950 |2.75.10—8[ 1700.10—% 50 | 00550 | 275 35
4| 450 150 | 11,9.10—% 1899.10% 10 | 0,185 1.89 | 3.5 -1
2| 350 200 | 9,0.10~% 4950.1078] —30 | 0,1485 | —445| 35
e
Zslql Zhuag 0.1608 | —3,25
21461 600 150 | 41,9.10~% 2520.107% _10 | 02510 [ 251 | 15
51 6% 200 | 9,0.107% 5850.107% —20 | oo | —231| 15
41 450 150 |41,9.107 % 1800.1075] —10 | 6,885 | —1,89 | 1.5 _3,L
Zslgl. ThuAg 0,5365 [ —~1,71 I

[ocae nojcueta no dopyyae (4.68) 1moBLIX 3tauennii yuacTKOBLIX
pPacxonoB BCChL (IpoIlece MOBTopsietes. 3aMeTHM, uTO COMPOTHBJCHHA
YYacTKoB OpH pacuerte ocTaloTeA lenamennubiMi CTporo rosops, HX Hal10
6b10 Gl H3MEHATb, TaK KaK OMH 3aBHCAT OT ckopocTH. Oanako coot-
BeTCTBym]uHG nonpaBKH K CONPOTHBJAEGNHAM MOXKIO BIUECTH B KOlille BhI-
yHcnenuii. BrpoueM, NpH yZeabilblX CONPOTHRIENHAX, OPHHATBIX A8
cKopocredt nopaika 1—1.2 M/cex, yTOUNAIOMNI pacueT MPaKTHYECKH He
HYXeEN,

dopyyay Aas NONPABOYHOr0 pPAacxolda OAUHM 113 MepBLIX Npento-
xua B, I JloGauen. TMosromy onucaunbii MeTol ripaBJIHUYECKOro pac-
YeTa KOJbLEBLIX CeTeH ppHUATO Ha3plBaTh MeTofom JloGauyesa,
Dtor Metol OOLIYIO HMeCT XOPOWYIO CXOIHMOCTb, XOTH HIOrAa Y MHO-
FOKO.IblleBLIX CeTell Haba10I210TCA MOBLIEHNLE 3HauYelHA UEBA30K 010
GoablIHM 00 BLEMAIOUIHM KOITYpPaM.

M. M. AuIpusaues npeiIONKHA <«IPOBOAHTbY YBA30UHBIE PACXOAbL]
He no oT1e ] bHbIM KOAbllAM, @ N0 KOHTYpam, OXPATHLIBAIOLWLIM Ue1ble
rpynnet koaell. Onpegeins npu npo6HOf yBA3ke BeTHuiubl Ahp u Agr,
BeJHYHILI MOMPABOUILIX PACXO0B MNPH MOCIEI0BATENBIO NPOBOJIHMbBIX
YBA3KaX HaxXOAAT H3 COOTHOUISILNT

Aqr gy
My Al (.70
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TaG6anma 4.

cerh {pHc. 4.10, 6)
—_— Yerue
TOE
Bropoe NpHG.ANHeHHE Tipetse npHG.ivenie npHG.!
HEeHH
stal | | agg @ | stal| | agy | aq | o
|
MeceKla alcex | afeek | alcex |(M-cex{a| M Afcex | afcex | ajcer
2 | 13 14 15 16 17 18 | 19 21 91 2
_43 | 00638 | =206 | o086 ~459 | 0,0831 | —2.30| 05 "y
535 ] 0,058 | 315 ¢ 541 | 040596 | 322 05 54,
120 | 02200 | 271 | 0,6 nsloaio| 280 o5 [ 02|
_o55 | 01310 | =347 | 0,6 —259 | 0.1280 | —331] 03 _os,
0,4797 | —0,57 0,6 0,4677 | -0,49) 0,5
15| 0280 | 332 12,6 | 03167 | 3,93 02
—185 | 0,1080 | —2,00 17.4 | on1020 | —1.77| 0,
—[2,0 | 0,228 | —2,71 —3.6 —11,5 | 002170 | -2,50{ 0,2 —-3,5
0,6230 | —1,39 00,6350 | ~0.29 0,2

(a9 KOHTV'POB, HMEWOINX MAT0pasHAUIHECA BETHUHHbl LIHH H IH:
1eTPOB OTHEIbHBIX YYacTKOB, 175 ONpefeJeHHA YBA30UHBLIX pacxo/lc
npelnaraerca npocras dopmy.a:

Gep DM

—— 47
q Ik (

Tjle gep — CpelHAd BeJIHYHHA pacxoia 14 BCEX BXOIALHX B KOHTY
Y4aCTKOB;
Ah — HeBsI3Ka B KOHTYpE.
5, Tlepea BuiGopoM AHaMeTpPoB MNPEABAPHTETBHO pacnpeieneHHb
Pacxoibl KelaTedbHO yBfA3aThb Tak, 4roOel cyMMa MOTepb Hamaopa, BE
paeHHpx popMy.I0i

_ m arn—m an-—-m
hl' = ki3 a+m qf a+m — Bliqi a+m (4.7:

N0 KOAbLy Gbl1a paBHA HYMK HAH MeHbllle Hamepeld 3alaHHON BeIHYHH
Ahgan, T. €. CyMMa roTepb Hanopa Ha yuacTKaX, TAe ABHMeHHe BOJ
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! 2 3 4 56788100 2 J 4 56789
g.nfcex

an—m
Puc. 4.11. Tpaduk a1 Ol'lpe,'le'IQHHﬂ pemunnn ¢ *t™  Brogsmed

B (4.72) n (4.75)
1 — craibHbie TpyObl; 2 — 9yryHilbie TPYGbl; § — NOIH3THNEHOBLE TPYOul; 4 — acGecTo-
ueMeHTIbIE TPYObl

coBeplIaeTCA MO YACOBOM cTpedke (N0 OTHOWEHHIO K JaHHOMY KOH-
Typy), NPHMEPHO DaBHA CyMMe NOTepb Hamopa Ha YYacTKax, Ha KOTO-
PbiX BOAA JBHXKETCA MPOTHB HacoBOH CTPEIKH!

Ah = Z hy < (Mh)zap = 0; (4.73)

NpH 3TOM AOJKHO GbiTh Bhllep:xaHO ycaosHe (4.64).
an—m__

atm

CornacHo gauHbiM Ta6mr 4.14, 114 MeTaldIHYeCKHX Tpyo
= —0,33, a 247 acBecTOUCMEHTHLIX H nnacmaccosmx—O.IQ.
Taganuwa 4.14

3uayenHs napaMeTpoB, Bxoasmux B (4.72)

oo B
a
m an—m B=%3 T
a1 tpy0 —
a+m| a+m

3=05 3=075 | 35=1,0
CraabHbe 0,783 -0,375 0,00378 0,02224 0,00179
YyrysHbe 0,76 —0.308 0,00303 0,00223 0,00179
AcGecTOL@MEHTHbI 0,715 —0,187 0,00194 0,00145 0,00118
Mo 3TH1eHOBLI 0,71 —0,195 0,00172 0,00129 0,001052
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M8 onpeleseHHsi BEJIHUHHLL ¢
i na pwe. 401
CyMMHpoBaTh YJloGHee He [1OTEpH,

(4.73) npHMET BHAL:
an—m

2 li4iu+m

Un—m
u+m

AR
& —_— .
\( B )33:1

a BeTHYHHB h,/B,

CAYyHHT rpadHK, NpHBEIeH-

H TOoria

(4.74)

HOHPQBO‘-{HHE pacxoabi mpH TaKo# YBA3Ke MOKHO OnpelendaTb no

opaiy e
an—nt
Aqi= a+m . E [('Q[u-rm - Y
an—m an—
) L
qi
1000:100:5,3 30
-
9,62:0,65

(<)

Aq; o
A’\ g
AG’Q“/\ E
S

wy

A /ﬂ Agy
13,5
@

27
L 300:100:3,1
7 110,38

()

.
-

6,85:1,04

/“ Aq’,
® ) |
J00:100; 1,7

038021
500 200,30,8

Ay

sl )
S5 s
3

:a.shzoa J00:92 J,

jIfrta‘:fn"m 2

138

Prc. 4.12. Cxema yBaakH 4eTh PeXKOJbUEBOH CeTH

noce

5 3ak.

JKa

(4.75)



PacueT 4eTHIpeXKOJAbUEBOH BOAOMPOBOLY,

—
ITpenpapurebHoe pacnpe- TTepauif yy

neneyHe pacxoaon an—m
Koab- |¥yac- i, d, a+m [——————

uo | 10K M MM an—m an—m (4

9 = | 4 104
alcex a+m a+m alcex | 104
q lq y
I ls=1] 1000 100 7.5 4.4 +4400 585 5,2 9,
1—6| 500 130 15 3,6 ~1800 120 18 124
6=7 200 200 16.5 3.5 —700 42,5 31,2 8%
5—7 300 100 9 4,2 —1260 140 0,6 0,8
Agq,=-23 alcek Y=4640| @38 Agy=—0y
4
1] I—6 500 150 3.6 +1870 120 18 12,
6§—2| 300 100 3,8 41149 95 0,3 0,
1=2| 700 100 44 —308) 410 8,8 15,
Aqy=407 ajcex T=—140| 6% Age=+1,
4=3 400 200 43,5 2,6 + 1300 -30 32,8 9,
5=71 300 100 9 4,2 + 1260 140 0,6 0,
3-7 400 200 |, 19,5 3.3 —1320 68 42,6 14,
4=3 200 300 B4 2,2 —440 i 94,7 8,
Agy=—107 af T=4800 | 243 Agy=+4,
8—7 400 200 19,5 3.3 +1320 68 42,6 14,
F—6| 200 200 15,3 3.5 +700 42 31,2 8,
6=2 300 100 1 38 -1140 95 0.3 0,
2=3 (] 200 43 2,6 ~1820 49 32,6 8,
Ag,=-+124 afcex T=-9i0| 245 Age=~—1,

6. [To uHeiiHBIM pacxodas, TOCHe HX MpelBapHTEILHOR YBA3KH,
3 Ta6.HL MpelenbHbIX pacxonoB (cd. Tabm 4.6—49) BeiGupaoT anae
MeTpLl BceX YYacTKOB paCCHHTbIB’rJEMOf{ CeTH.

7. Ipon3BoasT coGCTBEHHO rHApaBIMuecKHil pacyer (YBA3KY) ceTH,
1. e onpeneaalT NpH Ha3Ha4YeHHBIX JHAMeTpaX BETHUHITBL JeHCTBHTEb-
HBIX Pacx010B H MOTEpPH HamopoB mo JuHHAM ceTd. [Ipn 3toM mnoTepH
Hanopa MNo JHHHAM JydYle BCero BHPaKaTh Yepes THAPABAHYECKHI
YKIOH

hy=TI;l3 (4.76)

& gonpaBouHKf PAcX0d — Mo dopmy.ae
Ah 1l
A -_~—-—:Z Suk | 477
= l 9 ‘ 70
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TaGnuma 4.15

cerH moceaKa (cM, pue. 4.12)

p—
Bropoit un TpeTi#i UMKA YBA3IKH
il il
e e—| 22 E
i 7, . 7|4 .
alcer 10000 alcex | 10008 Mcex
49,29 1,78 4.9 8,34 +8.34 1,70 | 5,3 (4962 4+9.62 0,65
—6.2 0.34 19,5 14,4 ~7,2 0,37 | 19.0 | 137 —6,85 2,04
—1.62 0.05 29.6 744 —1,49 | 0,05 30,8| 8035 —I1.6 0,96
0 0.1 3,0 865 —28 052 ] 31| 365 =l 0,38
e b
a3 227 | Agp=+0,4 F==2,95 | 2,64 ¥ =40,07
16,2 0,%4 19,3 14,4 +7.2 037 | 190 | 137 +6,83 1,04
0.0 0.0 3.4 13 +1,29 1038 L7 1% 4038 0,21
—10.6 1.56 56 10,6 7,42 1.33 ] 37 1L,0 —-7.7 0,70
ol N e
T=—t4 | 19 Ags=—=0,1 Y=+41,07 | 2,08 Y =u0,47
+1,52 0,14 36.9 13| 4565 | 0,15 35,4 | 10,1 45,2 1,10
-0, 0.1 5.0 865 426 052 | a1 | 365 4Ll 0,38
—5,% 0,14 36,6 11,0 —4,4 S002 | 39,7 | 19,9 —5,16 1,23
—-1,7 0,02 90,6 7,77 —1,55 0,02 | 92,1 8,04 —1,61 \26
FT=-311| 040 |Ag=-1,5 T=+23 | 08l Y=w—0,47
+3.96 0,14 36,6 11,0 +4.4 012 | 307 | 12,9 +5,16 1,23
+1.63 0.05 29,6 744 +1,19 0,05 | 30,8 | 8,05 +1,6 .96
0.0 0,0 3,4 4,3 —1.29 | 038 1,7]| 1,26 0,38 21
—6,25 0.19 24,5 9,94 —6,95 020 | 329 | 9l —6,37 )
I=+136] 038 | Agy=+16 T=-235| 075 Z=+0,01

r1¢ #n-— nokazateib cTeneit B (4.51), npuniuMaeMw#i coriacHo
Taba. 4.5;
Ah — nepsizka, 1. e. airefpanueckas CyMia MOTepe Hanopa B JIi0-
60M KOALIe CCeTIL
TMonpasounosmy pacxoly AAS ONpeietenna ero nanpasiaenids npH-
Jaetca anak, o6patiiiil 3naky nessakn Al
Bennuniia meBA3KH N0 OTIAeAbILIN KOJbUAM npHITUMaercs ile 00.ee
0,5 4, a no o6beMIOUEeMY KOUTYpY cetd — ne Goaee 1—I1,5 .
IToayuenHeie H3 pacyeTa BeJqHUHHLI MOTEpPb HATopa HCHOIb3YIOTCA
Aast onpemdedenis BLICOTH Bojonanoproft Gawiy KMIH Hanopa Iacoca.
Muormyn  apropamn (JI. &, Mowmwmmuy, M, [1. Bacnabuenko,
B. TT. Cuporkmimnm, B. M. Mutanomiwst 1 ap)) npentoskenst Hinle
MeToIwl pacueta i yBSAKN KOJblleBLIX ceTeft, I3 1ix Haubomee TOUHEIM
ABIsIeTes MeTo1 Texilko-3kolloMineckoro pacueta JI. @, Moumunna,
PACUET N0 KOTOPOMY 1le1ec008pasio NpoH3BoAHTL ¢ noMombie JRML
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Mpuxep & ITpoussecTw pacyer BOIONPOBOIHON CeTH H3 UNTVHHBIX TDYS
134 Nocetka (pHc. 4.12), 3acTpoeHHOro 3A2aHHAMH BbICOTOR B TPH 3TaXa H BLllle,
Boaa nocTyhaer B ceTh B Touke 4.

Pacuernniit pacxon B 138 acex nauxoft 4800 4 pac-
npejleaeinsbl no )'qacn{a.\{ TaxK
Yyactox . [=2 2-8 3~4 4~5 5—1 -6 6~7 7=3 67 62
JauHa, M. 00 700 200 500 1000 390 209 409 317 300
Pacxoud ‘7y_=x[' 19,5 21,78 6 153 28,08 12,78 435 10,5 108 9

JoBble PAcKoALl pa
Yaea ! 2 4 6 7
Pacxea, a/cex 30 25,5 10,5 13,5 12

Hawmeuaes npeapapitencHoe pacripejielenne pacyeTHbiX CX040B TAK, KaK
nokaszaHo B TaGn. 4.15. Tlpeacie vem HasnayaTte JHAMETDR v6, MPOH3BONMM
TIPeABADHTE LI LIN PacueT UeBs3Ki.

Hepnskn Uepdoro mpeisapireiuiioro I[HKJIa oOKasaiulch 6Go.blue 3a1annpix:
[Ah"B)'aaﬂ.=224' T. e. ycoosde (4.74) ne munoausercd, Ilo (4.75) naxoium nompa-

BOUHLIE pacxolAut A, W MO HCMPABIGHNILIM DACXOAAM sLiBUpaeM Anaserpbl Tpyo,
Kax npasiuao, 214 Bwlopa JHAMETPels AOCTATOMHO OANOro-ABYX WUHKI0S NpeAB2pH-
TeAbHLIX  YB4IOK. llazunavenunie wnocne  NpeabipiTeIuLnof  YBAYKH  pacxoios
apaMeTpbl TpyG OTJNYaloTCA OT AHAMETpNB TPyO, nNpHIIMaeMmuLlx U0 Dpeasapi-
TEeNLHO pacnpeneseniLiM pacxoian.

TMocae BLIGOpa AHAMETPOB TPYG NPON3BOANM  YBAIKY
¢ Henoabzosanuem (4.76) u (4.77) npuw n = 1,9 (TaG1. 4.15).

Ha puc. 4.12 sanucanthl OKONHYATEIbHO MNOJydeHHble pacyeTiible napamelpbl:
B 4mcaMTene — gauna [ B s, AvaMeTp 4 B ALM M pacueTunifl pacxol 4 B A/ceK;
B 3H MelaTese — nNoTeps UANOPa na v4yacTtke R B M 11 CKOPOCTh U B MiCeK.

§ 4.10. THAPAB/IHYECKWA PACYET BOAONPOBOAHLIX GETEH
HA UH®POBLIX BbIYHC/HTENbHLIX MALLMHAX (LIBM)

Tlpn pacueTe BOIONPOBOLNLIX CCTCH Pa3invaioT ABe Tpynnbl 3aiauy:
TEXHHKO-3KOHOMUUECKNEe II THApaBaHueckue, [lpu or-
HEeCEHMII 3alaun K TOM Il HHOHK rpynne chielyer PYKOBOIACTBOBATHCH
HaaHulleM B Ilefl  CTOMMOCTULIX IlokasaTeaeff (nanpryep, CTOMMOCTIN
3ACKTPOIHEPTHI, NPHBERENON CTOHMOCTI CeTH): NPH 1IX OTCYTCTBHH 3a-
naua ABMSETCA THAPABAMYECKON, B NPOTHBHOV CTyuae Ola TeXIHKO-3KO-
HOMMYecKaq.

THOHYNLIM TpIMepOM THAPABIINMCCKOH 3a71aYll MOMET CJAVIKHTB Tak
fla3blBaeMast 3ajlaua 00 yBA3Ke BOLONPOBOUIOA CeTil; 3ajasa 06 onpe-
71e’eHUH JIHAMeTpoB TPY6 BOAONPOBOANONH CETH OTHOCHTCS K TeXHIKO-
IKOHOMHYECKIIM, TaK KaK OHa CBOJHTCA K MHHIMM3AUUH NDPHBELEHHMIX
3aTpaT Mo CeTH.

B ruipaBIHUCCKHX 3afayaX O BOIOMPOBOANLIX CeTAX IMAMeTpHl
Tpy6 YUACTKOB NpPEINoJaraloTcs HM3BeCTHLIMN. Berpedalotca TpPH THha
TAKHX 3a1av,

B sazauax nepmRoro THNA 3ajanul Bce Y3.7JoBble pacxoast Q(Q,
Qs, Qw), onpelelensio NOLIEIKAT VUACTKOBLIC PACXOIbl q(q,_g,
Yo g Ggopp --»)—cM. prc. 4.10, 4.

B 3anauax BTOpOro THHA V3TOBBIE PacxoALl SadaHbl lie BO BeeX
y3aax; B OTAEIbHBLIX Y3J44X MOryT ObiTh 3analibl lle Y3A0Bble PacXolsl,
a ya.oesle nanopel /1. B BOZONPOBO/HBIX CeTAX TAKUM Y3.1aM OTBEYAT
pesepByapL ¢ 3ajlalliLIMH OTMETKAMH NOBEPXNOCTH BoAu. B 3apavax
BTOPOrQ THNa OupeIefenio 10 1eKar, HoMIMO YUacTKOBLIX PacXo:l0B,
PACXOALL TEX OT/ACILINIX Y3/0B, B KOTODBLIX 3a7allbl HAMOPGI,

B sagavax nepBoro 11 BTOPOro THMOB ¥3710BBe LANOPLL NpPeAnona-
TalTCA He3aBHCAIUN OT Y3J0BLIX PACXO0B, 4TO [IepeAK0 BIOJHE
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frpIeMIeMO. O1Hako B psde CIyyaeB HAMOP B Y3I1e ¢ H3IMeHeHHeM 0T-
Gopa BOJbl X3 Fero Takike nN3MeHseTcA. JT0 HMeeT, HanpmMep, Mecro
ppi 3a60ope BO[bI HACOCOM H3 TpyGuaToro kosolua, a Takie NMpH Helo-
cTATOMHOM HAMOPE B HEKOTOPHIX ¥31aX CeTH HACEIEHHOrO MecTa.

3a7a4d, B KOTOPHIX V3J0Bblé [1aNOPLl MOTYT 3aBHCETh OT Y3J0BbIX
pacx0108, @ TaKXKe 3a1a4H O BOLONPOBOAULIX CETAX C HACOCAMH OTHO-
ciTc K TpETbeMy THIY 3aaun 3TOro Thna ABIAIOTCA TpeleanHo of-
LiHMH CHIPABJHYECKHMH 3aaYaMH O BOAONDOBOLHOK ceTH, HOO OHH
0XBATHIBAIOT BCEBO3MOZKIILIE PACYETHBE CTYuaH, KOTOpbie MOTYT BCTpe-
TuThCH NP1 TIPOCKTHPOBANNH CETH H.IH ee IKCMAYATAIHH.

Ilas peulenna 3anav nepsoro THna Ha IIBM npenroxeno BecbMma
wioro Merolos. HanGosee npocThiMH mporpaMMaMe cyera, MOJY4LB-
piMIl [WHPOKOE pacnpocTpalieliie, ABIAKTCA NPOrPaMMbl, COCTABJIEHHbIE
na ocuoadnu meroaa B. T Jlobaucsa, OpHelTHPOBA!NOrO nepBOHA-
yaapio (1936 r.) na <«pyunoit» cuer. ITH OpPorpaMMbl COCTOAT 13 ABYX
yacTeil: BCIOMOTATe blo# ¥ ocHOBHOH. BenomoraTenpHas wacTb npes-
paspauaercd MJA TOrO, urodul pacnpemcanTh V3J0Bbie PacXoLbl MeAKLy
yyacTKaMIl COracio (4.64).

AJTOpHTMLI pacnpeneqeHHS Y3JIOBLIX PacXONOB MeXIY YuaCTKaMil
paaiooGpasibl, HexoTopsie N3 HHX OCHOBaHEI Ha pACuieHeHHH Kouble-
BOif CeTH 11A Y4acTKH C TakWA pacueToM, 4rolBbl NOJYYAIach CBA3HaA
pasBeTBICHNAA CeTh, Y4acTKOBbIE PACKOABl NS Tako# ceTH ompeje-
JAIOTCST 0HO3HAYHO.

BenoMoraTtenbiiafg yacTh MporpavMbl NOaVUaeTcss [1aMHOTO C0XKHee
ochosiioi. KpoMe TOro, ona tpeSyeT BBelellllA B NaMATb MalUlHbl Y370~
BLIX PACXOJIOB H NONQIHNTELIION HHbopMauuk o6 oyepranuy cetn, das
ofcerteuclilig NPOCTOTLE §ie BCe MPOTpaMMbl, COCTABIEHHbIe Ha OCHOBAHHH
weroaa B. T Jlo6Gavesa, coxepwat 3Ty uacTe. B nporpammax 6c3
BCHOMOTATEIBHON  YAaCTH  pacmpeneneliie  y3a0BLIX PacXoJ0B Mex1y
VUACTKAMH MPOH3BOAMTCA «Bpyultylo», no cuera Ha LIBM, n B mamartb
Maunnibl BBOAATCA YKe TOTOBbIC YuaCTKOBbE PAaCXOlbl.

[lepBonauanbHble  VUaCcTKOBbLIE pAacXofbLl YAOBIeTBOPANT MNepBOMY
vcaosHio (4.64), WO, Kak 1paBHJO, He YIOBJACTBOPAXT BTOPOMY YCJO-
mo (4.66).

Ypasuennuii  Bia (4.66) MOMHO COCTaBHTH CTOJBKO, CKOJIBKO
nMeeTCa B CeTH Koder, T e. s ypasHenui. Ecour moncrasutb nmepsona-
yd.lbHble 3HAUEHHA YYAaCTKOBHIX pacxoi0oB B (4.66), To nepble ¥X yacTd,
pOOOIE TOBOPA, 1€ OKAMKYTCH PaBHBIMK HYT0, a GVAYT paBHbl HEKOTO-
puist nesaskam Aha. Ins ycTpanenus Takoil HeBS3KH AAf k-To Konblia
K YYaCTKOBbIM PacXoAaM KOHTYPa 3TOro KoJbla clelyeT A00aBHTh Tak
lla3mBaeMbli YBA3OUYUHBH pacxof, onpeleaseMbli no opmyae
(4.67) ¢ yuerom (4.51)

Ny
n Nslgt

[Tpn stom nepBoe ycaoBue (4.64) pacueTa He HApyLIMTCA.

B OCHORIOH YaCTH NpPOrpaMMbl YBA30YHbIE pPACXOAbl [10ICYHThI-
BAIOTCA /A BCEX KOJell, NOCIe Yero YyacTROBlE pPacXojghl HCnpas-
aftores no (4.68). Hosule 3iayeHHA VYaCTKOBBIX pacX0lLOB YTOUEAWTCA
no106ibM 06pa3oM CHOBA, eclH TOJLKO HeBA3KH Ahy, M0 BCeM KOMbILaM
lle OKAMKVTCH B Upejenax HOpMLL.

1Ha puc. 4.13 npuvenes airopHTM TILIPABTHYECKOTO pacyeta Koah-
nesoil cetn no meroiy B, I'. Jlodauesa.

Ag,=— (4.67a)
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| e | Baok [ npeacras.Janer co-
; r”y”" l 60ii BCIOMOraTelbHYI0 4YacTh
i MporpaMMel  cuera #.TH  He-

’[ Haaravumb [rp

: MeX&HH3IPOBauI0e  pacnpe-

l L aedehite  V3a0BhIX  PACx010a

. = MeACIY YHACTKAMI, 8 0CTalb-

ﬁzsm_bxlqr,‘.b””' 2 Hble 0.10KII—OCHOBHY IO 4acTh
HPOrpamaLbl.

B ocuopiioft yactH npo-
rpaMabl 1O MOATOTOB.IEHHBIM
vuacTkoBniM  {g'}) pacxoaawm
NOACYHTHIBAKTCS 1% BCex
Kotenr (k =1, 2, 3, , m}
3HAMCHATE M BLpaAEHHH
(4.67) (810K 2) u HeBH3KH
Newvams |8 (6a0k ), paBHblc qeBbIM

yactaM  vpaphennit  (4.66).

Econ BCe HOTYUCIHbIE
HeBH3KH N0 abcooTHOMY

— ; 8 3maveunto OKAIKYTCA  Menee
q-"_b‘,g;x_br *Aqrdgt MAKCHMAILHO  IOMYCTHMON &,
TO CUET Ha ITOM 3axKanuipaer-

} e (Gaoxit 4 8 &); B nporis-
R 7 HOM clyude BCe YuUacCTKOBbLIE
pacxoael vromisnotes (650K
ES— 6) H Becb BLMICINTEILHBIA

npouecc nontopsietcs (6.10KH

Puc. 4.13. AaropuTy rHapamauueckoro 7, 2, 3, 4): cnmBoa i ==

pacyeTa BOMONPOBOAHOH ceTd MO Me- =i 1 o3nauaer: « npu-

toay B. I'. Jlofauesa CBOHTH 3naucine { - [»,

Metor B. I [oGauesa

NPHMENHTEILHO K CHETY Hia

UBM snwveer pna pasuosuinoctefl. TlpeanpiHiuMaioTes nonsiTky npume-

HeHus 3ITOr0 MeTo1a 1.5 pellcHns 3ajai BTOPOTO H TPEThero THIOB.

B no;obHbix CIvyasx pacyeThl CBOAATCH K OGBIUIBIM YBA3KAM CETH,

BHINO.IHAEMBIM MUOIOKPATHO, KO TeX MOp, NOKa He OVIVT V/10BJETBO-

peHsl ocoBble TpeGoBalig 3a71au BTOPOro I TpeTeero Tinop, JlaHmbli

METO; NPHIOJeNn AJA PacueTa 7aK 1HasblBaeMbiX MIOCKHX CeTeil, v KoTo-
PHIX 16T YUacTKOB, nepecexkalouiuxca (ez o6uleii Touky,

Iast peinenus 3alad Nepeoro THNA TNpPeLioMkel Psl MCTOI0B .JH-
feapiaallif, KOTopule CBOIATCH K 3amelle He HUelof clicTeMst YpaBHe-
nuit (4.64) ¥ (4.66) anneiinofi. O11ako 1e Bee METOAL MMlicdpH3ALMH
V/1I0B1€TBOPHTEALHE. LlekoTopuic M3 11X NO3BOJIMOT NOavHATH BepHbE
peuleliis ANNIL B TeX CIyuafgX, KOT1a HANpPaBJIenns IBIZKElHA BOAb
Ila BCeX VUACTKANX CETH IIABCCTIILL 3apaict

Mg pewenna 3alay BTOPOro IL TPCTLETO Tinos “Io0uul Te Me-
TOALl, B KOTOPHIX apryMenvaMil fiBisiorcs y3.iobsie nanopk [/, 6o
B TAKHX 347auyaxX Ha 3T I1310PBl HAJATAOTCA OTpaliiueltils (Manpuyep,
B Bille 3aBHCHMOCTeH HX OT Yy2/10BbIX Pacx0ioB),

OxnuM u3 nauboice yI06iLX MeTOL0B ABIAETCH NEepBLIH Ba-
PHAUUONNLH KOTOPLHl oTAnuactes Nefoabums o8beMod HOIroTo-
BHTEALULIX PaGor # NPOCTOTHII APOrPAMMEL O NPHrOLCT 139 peitieisis
32131 Beex 1pex Tines. K neanctiaTk:  9Tore MeTola oTinclrtea 3na-
wreunoe Bpenst encta g TIBM. nano Gzaro.aps poery duietpo-
AciICralg MaLne 301 AeLOCTAT0R NOTepsil (B0 QUTPOTH.




PacyeT BOIOMPOBOAHON ceTH MO MepBOMY Bapna-
(aHMOMY METOIY CBOIHTCA K NAXOIKIEHINIO MHWHMAJLHOrO 3na-
v dhyrxuea T (/) NPA HEKOTOPLIX OrpaHilueHHAX:

i
r =% P Hu— Hy "+
i=1

w

N Z | fnp, p— (Hy. p — Hip) |

¥ Sn. o

n
+3 ¥ Fog @ie)

p=I s=1

Tlepmad cyMma (pyukunm T pacnpocTpaHseTca Ha BCe YUacTKH, BTO-
pa  s—1id BCe HACOCHl, TPETLA — id Bee Y3l Bo Bropoit cymve Hy H
H o= — j1anopbl TOCAe HAcoca M Nepel HHM, a flgp M Sy — napaMerTphl

4#  l1:4SJKOro BUIPAKEiHA 1aA XAPAKTEPHCTHKH Hacoca (CM. (IpHIO-
we=Hie 9) g
HY=H,— Hy=h,p — syq" (4.79)
M1 y370B, B KOTOPHIX HANOPHl 3a1dHul, NpHHHsaem F =0, 114
O TaEHbBIX
F(HY=QH. (4.80)
Hana V3708, B KOTOPLIX Pacxo.1bl 3aBHCAT OT H&MOPOB,
H
F(H)= | Qi) 4H. (1.81)
3
Tax, Hanpivep, npH ANHeltiof 3aBHCHMOCTH MEMIY Y37JOBLIM pac-
N1 HanopoM:
Q=r(H—HY (4.82)
CIZZGTEETCTBYIOLLEE CTArdevoe TpeTheli CyMMbl MPHMeT BILT:
1 \
F(H) =—2—r(H — HY2 (4.83)
[1a Hamopwl, BXOZAULNE BO BTOPYH CV HaJaralTcd orpaHuye-
He—137"
H"IRHC>H§;“‘ Hj 2}]“”?’(’ (484}
Tomme [ W MY — magcnMadeHBIR M MHHUMAAbHLIE Hanopul, obpa-

3 iulillie IHANA30H JIONYCTHMOM padoTH Hacoca,
[a namopul W pacxoisl anHeiiHol saBicHvocts (4.82) wmoryr nana-
\1ThCH OTpaHHYeHHA;
npn H<H, Q=0; npn H>=H"Y Q=r(p"— g%

[p# Heo6XOINMOCTH VYeTa [HIPABIHNECKODD cOMPOTHBIENHA 34~
JWMETHKH OHa PAaccMaTPHBRAETCA KaK ydacTOK ¢ NMPCBOINMOCTBIO

2g
P=ow ],/ =
o3
=R @ — MU0 1b MOMePeYHOTO CeHeHHay,
g — YCKOpe:He CH.Ibl TAXKeCTH;
Ls — ko3 dHUNEHT COMPOTHBIRHNA 321BHKKH, 3aBHCAUMA OT cTe-
TIEHH ee QTKPHITHA,
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DepanuveniR
Bs/noNHeHb! ?

=12 n
hSY =2n
03<ks05

Puc. 4.14, ANropuT™ HaXOXIEeHHS MHHHMyMa QyHK-
uan T meTomoM awndTa

[na Haxomaenns MHHHMyMa $yuxkuun T (M) pekoveniyetcd nmoab+
30BaTh¢st MporpaMMofi MOAMGHUHDOBAHHOIO NOKOOP-
AHHATHOTO cnoycka (MeToX mo@dTa), alropHTM KOTOpOit
noxkasan na pHc. 4.14, Ilporpavva, 6yayys QoBOMbHO npocToH, obecre-
YHBAET XOPOLIYIO CXOAHMOCTb BLIYHC/JHTEIBHOTO [Ipolecca.

Hudopmauna o6 ouepraHin BOJAONPOBOIHON cerM BBOIHTCA B Na-
mare LIBM cneayiowny o6pasoM. Bce ywacTkM H y3abl HyMepyloTca
(06blyHO BOChbMepHYHBIMH uncaaMu). CocTaBaseTcs CNHCOK HaHMeHOBa-
HHA Y4acTKOB B NOpsAIKe HX Hymepauuu. HamumenoBauwe yuacTka co-
CTOHT H3 [ABYyX HOMEDPOB Y3.10B, MEX1Yy KOTOPbIMH OH 3akTioued, Had
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ceTH, noxkasanHolt Ha prc. 4.10, 4, mudopmauns o6 OuepTaHHM MOKerT

Ha:
HyeTh B 0092 0010 0005 0007

a0lo 0007 0004 0006
0007 0003 0002 0003
0004 0003 000¢ 0002

TMpounas HHPOPMALUHA O CeTH (ANHHBI YYacTKOB, aHaMeTPH, Y3Jo-
ppie PACXOIb], V370Bbie HATOpGl H T. I.) BBOIMTCH MACCHBAMH B CTpO-
COOTBETCTBHH C [IPHHATOH Hymepauneﬁ YYacTKOB I« Y3.10B,
[IpuBeIeHlbM KPaTKHM 0630pOM 1aneKo He Hcuepnanel Bece Me-
1015l THAPABTHUECKOro pacuera ceTei, peaansyeMble Ha LIBM. Tas Go-
qee JeTA7blIOT0 O3HAKOMMEIHS C MEeTOINKOH THIPAB.IUECKOro pacyera
BO10NPOBOIHEIX, @ Takie GIH3KHX K HHM ra3oBblX, TEMIOBHEX H BEHTH-
IALHONIBIX CeTeR B KOHUe KHHIH NPHBEJeH CNHCOK BaiKUelUHX JHTEpa-
TYpiiblX UCTOUYHHKOB.

roM

§ 4.11. THOPAB/IHYECKUA PACYET BOJOMPOBOAHLIX CETEH
HA AHANOTOBLIX BhIMHCNHUTENbHBIX MAWWHAX (ABM)

.8 ri1pas1dyeckoro pacyeTa BONONPOBOIHAIX CeTell NPHMEHATCH
rHIpaBIHYeCKHe H 31eKTpiiveckie ABM,

B ruxpasatyeckHx ABM yuacTky BOLONPOBOAHOH CETH OT-
peyaer THAPABIHYECKOe CONPOTHBJEHHE B BHOE ,E[Plaq:!pa['.\ibi C OTBep-
cTuexn Hal B BHIe NEDeropoikH C yBKOﬁ uleJbia. 3aBHCH!\TOCTb Mexay
MOTEPAMH HaNopa Ay MW DACXOLOM ¢y a8 TAKHX CONpPOTHBIEHHH

g = 5,00 (4.85)

MaTeMaTH4eCKH Mo108HA COOTBETCTBYIOILEH 33aBHCHMOCTH AAA rEApaBai-
YeCcKHX napaMerpoB y4yacTHa

hy =s,q% (4.86)

Ecu Bce CONPOTHBICHUS Sy MOIeNAH CETH ClendTs NpONOPLHO:
HELMI COOTBETCTBYIOLUHM CONPOTHBACHHAM YYacTKOB:

5 = CsSys (4.87)

rie ce— KO3DGHUMEHT  1IDONOPUHONATBHOCTH, TO [MOTepH Handpa H
VYHACTKOBBle pacxolbl MOT&JH MOTVT ObITh nponopukHoHanbHbl NOTEPAM
HAropa W pacxolaM CeTH B HaType:

h =c¢ b (4.88)

1 F/ Tt

T == CqQr; (4.89)

199 3TOTO HEOGXOAHMO 0BecneunTr. (pONopUHOHA.THHOCTE | 310BEIX PAC-
X010B (MMeeTcs R BII1Y THApABNMYECKdA 3alaua NepBOrO THOA).
Mex1y Ko3hhUUIEHTAMH €5, €h H Cq HMEET MeCTO CBA3b:

_ n 3
Cp == C4Cp. (4.90}
Tuapasanueckae ABM ietopori w cpaBHHTEIbIIO MpPOCTHl B H3T0-
TOBJEHHM; OMIAKO 0llif BC1penaloTca xpaille peiko. [povosikocTs, fe-
yloGerea npH cbopke M palBOpKe Y3J0B, HANOMHEHHLIX BOI0H, KOppPO-
JHA DeTaned M T. M. — BOT OCHOBHble NPHYHHbl BbITeCHeHHA 3Tux ABM

SJPYPHMH BBIYHCIHTELHLIME MaLUHHAMK,
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Daektpryeckne ABM uvaume Bcero noctpoedbl no npUHIup
NpAMOrO MOIETHPOBAHHA, PH KOTOPOM CHIe Toka [ W nanpawenuo Uyy
MOZeJH OTBCYAIOT PACXO1 Ml HANop B KaType (B BOJCIHPOBOLHOH: ceTH),

Tlpu mpaMoM ModeanpoBalui B oriledsiblx ABM B KauecTse ama-
Jora Y4acTka BOJIONMPOBOAHON CCTH NPHMEHSIOTCA 3JCMENTH € ecTe.
CTBeHilOH BOJBT-aMneplofl XapakTepHCTHKOM

U =ol", (4.91)

rie U —mazellie Haupsikedus (1a 371eMelTe;
O — NoCTOAKHBT (He 3ABUCALLEA OT CHIbl TOKA) KO3QPUUHEHT co-
[IpOTHBIEHHA.

TaguMi 3aexeutaru OGLIYHO ABAAIOTCA AaMibl HakaauBauusa. Has
NOTyYeHHs HeoBXo1uMoro KodpQHUIEHTa CONPOTHBALHHA NPUMEHSKT
JaMObl ¢ pasaliuHbInK napaMeTpaMi, a Takxe COeINUAOT HX B TPYNmb
(Hanpumep, ABM uenponeTpOBCKOro TOPHOTO HHCTHTYTA). Jna yMeHb-
LIEHHS YHC1a JaMm B 3.JeMeHTe B Hero BBOIAT aBToTpaxcdopMatop, no-
380JAIOIWHI H3MeHATh B WIHPOKHX mnpelenaX KodQdHUHEHT CONpPOTHBJIe-
HHA O M [OMANEPKHBATE [I0CTOANHOEe 3Hauelliie nhokaszateas n (ABM
KHeBCKOTO UHKeHEepPHO-CTPOUTEIBHOrO HHCTHTYTA).

[npokoe pacnpocTpatenne noayunan ABM ¢ siementamu, annpok.
CHMUHDPYIOLIHMH HelHHelHylo 3aBHciMocTh (4.91) nmpaAMOJHHEHHBIMH OT-
peakamu (ABM Hucruryra ropuoro nesa AH CCCP u ABM Axazemuu
KoMMyHaabHOro xossficrsa uMedn K. II. ITamdurosa). B taxux sre-
MEHTaX HMEITCA IMOAE, KOTOPHE C NOBBIUIEHHeM IIANpsKeHHS Ha KO-
Uax a7eMeHTa MNOAKMOYAKT B Lenb JOMOJHHMTEIbHBIE CONPOTHBIEHHS,
YTO TIPHBOAHT K YBeTHYeHHI0 KOIQ(DHUMEHTA UPOMOPUHOHAILHOCTH r B
JHHEHHOH 3aBHCHMOCTH

Us==rl (4.92)

TakuM 06pasoy, CONPOTUBIEHHEe r K3MEHeTCA CTYMeHYaTo, ciel-
CTBHEM Yero ABJASETCH KycOulo-NMHHellHad annpokcHMAUHA BOJbT-aMMep-
HOH xapakTepueTnkn (4.91).

B nocreanux moaeaax ABM c¢ xycouHo-1uHeiiiofl annpoxchalHeil
npenycMotpelis! 6/10KH 148 pacueTa ceTell ¢ HacocaMH i peseppyapail.
Haubosee cosepwennbie ABM nmeroT neuatatumie ycrpoiictsa (ABM
Caparosckoro ['unpoHuurasa).

Ho nocaennero BpeMenyd npHMeHsiuce ABM ¢ snevMedtamu, B Ko-
TOPBIX COTNpPOTHBAEGHNIA r H3IMEHAJHCH ABTOMATHYECKH C ITOMOUWbLH 0CO-
6oro motopa (ABM BOJTEQ).

Hapectuet ABM ¢ pyunoil peryanpoBkoii nepeMeHHBIX JHHEHHBIX CO-
nporusiennil. Pacuer na nomobublx ABM cBogutca K noclteioBaTens-
HOMY H3MEHCHHIO COMPOTHBMEHHN ¢ TAKHM pacyeToM, 4TOOBI HMeN0 Me-
CTO PaBEeHCTBO U

r=0=—, (4.93)

YTO KOHTpOalipyerca ng npubopaM, NOAKIIOUEMEIM K 37eMEHTY Gea pas-
poiBa lenH. B HeKoTophlx Mole1ax KOHTPOab BHnoaHewns (4.93) ocy-
LeCTBAAETCA MO BOJbT-aMNepHON XapaKTepHCTHKe, HaHeceHHOIl Ha oc-
uua10rpadHyecKyo TpyoKY.

TIpi npsAMOM 3JEKTDHYECKOM MOJIeJIHPOBAHHH BbllepiKIIBAeTCH Co-
OTBETCTBHE OUEPTAlMii BONOMPOBOIHOM M 3.TeKTpHueckofi ceredr, Tlapa-
METpHl 3THX ceTelf NMponopUHOHATbHBL:

q=cql; h:chU; s=cs; (4.94)
KLY KOIYOHUUCHTAMH NPONOPUUOHAILHOCTH CyWEeCTBYeT ¢BaAsb (4.90).
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B ABM, ocwoBamn i1 na mpuuunne oSpaTHOrO 3IEKTPHUECKOTO Mo-
JeaftpoBAIliIf, PACXOLY 1A YHACIKE CCIN OTBEUAET NaleHHC HANPAKENNs
ja Mogell, @ noTepAM Hanopa —ciaa Toka. BoabT-awmnepnas xapak-
1epHCTIIKA HETHHEMHOTO J.1EMETA HMEeT BHA:

I=qau'l", (4.95)

B 3TOM CTy4de OuepTanua BOTOTIPOBOTHON W IAEKTPHYecKeR ceredr OKa-
uBAIOTCA DABJNUHLIMH, XOTS Medly HX SqeMedTaMi BuAepKHBaeTcs
cTpOrOe COOTBETCTBIE. [pu 0?paTHO.\l 3IRKTPHYECKOM  MOLeIPOBANIH
ga#ACMY Y31y BOLONPOBOIHOA CeTH OTBeYaeT KOJbLO 3JEKTPHUCCKOi
cetii H naofopot. [lBe ceTH, obnagaiouiHe TaKHM COOTBETCTBHEM, Ha3bi-
paloTCA AYAaJabHDMH

JlyaibHble ceTh COflep:kaT OAHHAKOBOE UHC/AD YYACTKOB M SIBJASIIOTCA
procknyn. [Tepposy yenosuio (4.64) oZHoH myanbHofi ceTH oTBeuasT
BTOpOE yCIOBHE (4.66) apyro#t u Hao0OpOT, B ¢BA3H C 4eM OKa3wlBaeTcd
BO3MOAHOH 32BHCHMOCTD

i:=chf; Q"——ch; P=c,m (4.9¢)

. *
Mexay Ko3ddHUHeHTAMH NPONOPUHOHANBHOCTH Ch, Cp cg R0a-
wHS HMETb MECTO CBA3L:

e, =epcpi (4.97)

B xauecTBe HelHHellHuX 3xeMentoB aAna ABM ofpartHoro saekTpH-
9ecKOTD MOJEJHPOBAHHA HCNO/B3YIOTCA 3/IEKTPOHHLIE /1aMibl (TPHOILI)
YO-186 u nenHefinble MOIYNPOBOJAHHKOBbie  CONPOTHBJEIHA — BapH-
CTOPLL.

AHAJ0TOBBIE BLIYHCIHTEAbILIE MAllHHbI NPHMEHAIOTCH TJAABHLIM 006-
pazoM A1 CHIPaBJAHYECKOTO pacyera BOJOMPOBOAHBIX, TEIOBEHY, ra3o-
BbX } BEHTIAsUNOHHBIX ceTefl. MoweT okazaTscs lenecooBpasHbi
HCNOAL30BAHHE HX B YUDEH1EeHHAX, CNelNaNbHO 3aHHMAloUXCA pacye-
TaMH TaKHX CeTedi. B ApyruK cAyuasx THOpPAaBJIHYeCKHE DacHeThl NpaK-
THuHee BuIMOHATE Ha LIBM,

§ 4.12. TEXHHKO-IKOHOMWYECKHE PACGHETHI BOLOMPOBOAHBIX
CETEA HA LH®POBbIX BHIYHCNHTENbHBIX MALIMHAX

Cpealt  TexHIKO-3KOHOMIYECKHX 3aAa4 O BOAOTPOBOIHOR CETH
HanGonee XOPOLIO H3yduena 3anaya 06 onpeneneiniy AHAMeTpOB TPYO.
Oxa dopMyaupyetcsd chedyiowum obpasoy. 3ajlako ouepTaHHe ceTi,
H3IBECTHB TOYKH MHTAHHA H MHHHMAa.J1bHO JlDl'l)'CTHMbIE Hamopbl B y3Jax
CeTH, H3BeCTHHl TaKKe Y4aCTKoBLle pacxoAn. TpeGyetca HafitH Takne
Luanerpel TPYS, MPH KOTOPHIX MpHBEAEHHbIE 38TPATH

O=K+T3 (4.98)

HMeMH 6bl MHHHMAaNbHO BO3MOXKHOE 3HAUEHHE,
B (4.98) o6osnaueno:
K — kanutaabHble 3aTpaThi Ha BOJOTMPOBOIHYIO CETh;
3 — rojosuie 3kéNAyatauHOHHbBlE PACXOIHL;
T — cpox OKymaemocTi.
ﬂpﬂ nojcyeTe TMPHBEIeHHBIX 3aTpar Jd0CTaTOYHO MNOPHHUMATB BO
BHIVaHHE T& CTOHYOCTH, KOTOpEIe 3aBHCAT OT AHAMETDOB Tpy6e. K HHv
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OTHOCAT CTOMMOCTE VOHTAMA STMHMUG 1HHB! TPYHONPOBOIA, CTORMOCTL
CoLepKalig CCTIL il 3aTPaThl Ha N0IaU}y BOK 11ACOCAMH.
[IpyBeeititiic 3aTpaTil HMEIOT BUA:

4+ a | >y yQ,H"
117Gy \ Y A it
n= T+ Yk + 51Wy9-365.24c, (4.99)
I:

i=]

rfe o, H 0= OTYNCTEHHA a TeKYUIHA PEMOHT H aMOPTH3aLHIO;

¢ — V@Ibl'ad CTOMMOCTE MOHTaxa TpyS, pyb.;
I — xamua yyacTka, an
y — ylleJbHLI BeC BOABI, Kec/.;

Q — pacxoX TOYKH NMHTAHHS, A4/ceK,

H" - jiancp nacochoft cTammm,
7 = K. M. 1, HACOCHON cTaulHi;

s — KO3 BieNT 1iCNO1b30BANIA 3MEKTPOIHEPTHH,
G — CTOMMOCTb 3.1CKTPO3HEpTHH, pyb./KeT 4,

W — YICA0 TOUEK NHTAHIIA ¢ HACOCAMH,

MprBelertble 3aTpaTLl MOKHO NPeACTaBUTb B BHAE QYHKUHH yaJo-
Bblx nanopoB. IIpH 3aianublX YYacTKOBBIX DAcX01ax §,p, ATHHE YUacTKa
W wanopax B Hauaae (ffr) n RoHue yvactka (fs) Anaserp TpyOsl,
cornacho (4.69), onpeaersercd oanosHawino. [To ti3BecTHOMY AnaMETpY
Tpy6bl MOMET 6uTh HalileHa YleabHad CTOHMOCTh MOHTaXKa £.

" Hamop HacocHoi cranuun JI® BeipakaeTcs uepe3 y3IOBhHIE Ha-
nopsl Qopyy.10i (4.79). Takmuy oGpasov,

t w
T=FH)=E X c(Hu Hp) i+ D Y, Q(Hey— Hiyp) (4100)
=1

=

Tna ceTd, moka3dandoit Ka puc. 4.10, @, npubeleHuble 3aTpaTht Gy-
ayT pagHEr »
T=E N cl, + DQs(H, — Hs)

i=l

(wanoptl H, n Hs npeanoiarantca 3aJanHLbH).

3ana4a o0 onpele.eHiH AxaMeTpos Tpy6 BOAOMPOBOIHOM ceTH dop-
MyaHpYeTCs Cleaywouluv o6pa3oy: MHHIMH3NPOBATh QYHKUHIO LeTH —
npupedeHtble 3atpatnl /T = £ (H) npu orpanuvesiax pHia:

H = 2™, (4.101)
H; < H}Y™, (4.102)

roe Hwa®e y HMRI — yjagenmMasabHo H o THHMAJBAO JoOyCTHMble 3Ha-
YeHH{ HAMOPOB B yajax,

B 1annoil 3ataue $yHKUHA UeAH HeJHHSHUA OTHOCHTEJABHO HEH3-
BeCTHLIX, MO3TOMY oOHa sABJAAETCA 3alauell IeIHieHiloro MaTeMaTHYe-
CKOro NpOTPaMMUPOBAHIIS,

Tak Kak Qvakupa (4.100) cTporo BLIMyKIas, TO NMPH OTPAHHUEHHAX
(4.101) # (4.102) nonyuaeTcs eRNNCTBEeHIIOE pell¢Hiie, OTBeyaioliee
Bnojie OMPeACseHHON ONTHMa bHOMf Nbe30MeTpPIMecKoli MoBepXHOCTH.

ITo H3BECTHLIM HamopaMm N1a KOHIAX YYacTKa H yWacTKOBOM pac-
x0Te MOMXHO HafiTn Hanbogee nNOIXOIAAWIME CTAHIADTHHIA JIHaMETp
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VOl MO BOCTYTINTL Hilaue, 100VITHB B CeTIH MACTKI, COCTOAMME

TABYX uacTell PalInuibIX AMeTpoB, IJTH wacTl J0axHbl HMCTh Ta-
qre AN, vToOBl MOTEPH lanopa Na BCeM coCTaBioM yvacTKe ObiiH
VO BHLL (10TCTaliin LM Ndtiriclon,

Haxontenne MuuyNa gyvugin IT(F) perovedayeTcs NPOH3BO-
4rTh U0 garopiITMY MOLH(GIPOBAN HOTO NOKUOPIHHATHOTO CNyCKa, T0-
rasattuovy ta pie. 4 14, Hidopuauiin 06 odepraninid ceTH MoxeT npel-
CTARTHTLLR B BAMATID MAUNIHBL Tak Ke, Kax Il 8 NepBoM BaPHALIOHHOM
weTw e TINPEBIIICCKOro pacyera.

A pazsersneHuux ceteit pazpafoTtan cnmeuKadLULIA aaro-

HTM «OKPYyLTenHa» quaverpos Tpy6 40 cTaHjapTHBEIX 3HAYEHHIT,
cnoddiiii ra nepeBope Bapuanton. Cnepba moouepeilo H He3aBy-
CHNMO OKPYTASIOTCA» JuHavieTpel Tpy6 ua Bcex £ vyacTKax cetd # M3 f
pupHulTUS «UKPYLICHI» BLIGHpAETCH TOT, KOTOPLI OTBeUaRT HANMeHb-
znlM TPHBEICHHBIM 3ATPATAM; Ia COOTBETCTBYIOIICM YYacTKe 3aKpeli-
ASUTCA CTARZAPTHLIA AMAMOTP, H YYACTOK HCKTHNAeTes M3 AanbHeiiulero
pacesotpeniug. [locte 310r0 B TOM Me nopaixe pacc:aTpHBAGTCH CeTh,
coctodinas i3 f— 1 vuacTKOB, n T, 4.

Taxoe <«oxkpyryieune» JIHaMeTpoB TPYO MO CTABIADTHBIX 3HAUYEHHH
CTHTHBACT  MUIUHMAIbHOE S3HAUYelHe MpHBeAGHHLIX 3aTpaT, OTBeuai-

BUIX O TIIMATBHON Nhe30MeTPHvecKol noBepxHocTil, HAa 1—2Y

B onicandoM nopsaxe onpeletaloTcs AnaMeTpol TpyG a8 cerei,
JMCIOLLHX O pacueTHLIR peskuM. Tlpy aByx n 6o.1ee pacueTHwHX pe-
smiMax  (nanpuMep, npH pacdeTe CeTH ha MakcHMaabHoe BoJonorped-
Jekie 3l 1A TPAH3HT BOJL B KOHTPpE3epByap) HCMOIbdyeTcs OyeBifliad
UBUCHMOCTL MEAKIY MOTEPAMI HAnopa HAa YYaCcTKe NPH Pa3IHyHLIX pac-

' ’ ¥ 7 \2
Ko A (7

72 I 72 I
k" HY —~HY

(4.103)

B npotiecce pacueta na LIBM uamensoTcA Hamopel B y3aax A7
024070 KaKOro-AHG0 pacuyeTioro pemivia, a COOTBETCTBYHIIHE NOTepK
Hadupa 1as APYTOTO PAcYeTHOro pe:kHMa naxoisrcs o (4.103)

Hanoxenneil MeTol onpeleacius HHaMeTpos Tpy6 HasuiBaeTcs
gaTHMH3aUuE Mbe3oMeTpPHYECKOH NMOBEDNXHOCTH ce-
Til 10 KPHTepHIo NpHBeJeNHBIX 3aTpaTt On ABagercs HaH-
“udee [POCTLIM H3 «TOUNLIX» MeToAoB pactera. [lpocTota ero ofycnos-

i BIAOM OTPAHHUYCHIIA, HaNaraeMplX Ha Y3/0Bble Hanopsl.
Cpean Ipyrux MeTOJOB HMEOTCA TaKHe, KOTOPHE TO3BOMAKT MOMY-
Th peliedns 3a KOHeuHoe 4HCTG 1LAaroB,

KaXxauit yuacTok BOZONMPOBOAHOR CeTH NpPEeIMNOM4araercs COCTOSLINM

3 pRjda yactedl Xaj, Tak 410

/i

Ky =1y (4.104)

[)

i

1ech j— HOMep AHaMeTpa H3 TabINUbl COpTAMEHTa;
p— UHCIO CTaHAapTHUX AHAMeTpoB TPyd. )
IMoTeps Hamopa Ha yuacTke NOJyuaeTcss pasHof {n = 2):

p
hy =g} 121 Agxyp {4.105)
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Orpanuaenns  (4.101), araemMuie ¥3.70BKe NANOpH, HMEWT
BHA

8=/ (x, H") =H}+ Hl— X i X Apxy; — HY'™ 20, (4.108)
ke Mg, \‘L

rie f— HoMep Yy3.ma ¢ HacOCHOM CTaHuMed;
b — HoMep y3na, Aas KOTOPOTO cOCTaBIAeTcAd HepaseHcTRo (4.106)f
be-*\momecrao HOMepOB YYaCTKOB MapuipyTa, coeIHHAOUlero yied
| ¢ y3nom b;
H, — MuHIManLHO JomycTHMOe 3iauellie Hamopa B y3ne b.
llnﬂ ceTH, mokasawuo# na puc. 4.10, @, orpannuenna (4.106) umewor
BHI:
\mH .
64 g=Hi+ Hs— —hy_g=20;

'5;’—-3=H4+H5—H§m“"h4-6““"‘6—?_f‘?—s>0;
S_g=H —HF™ —h, >0,
8y =H = H{" —hy_1g—=hyg_y=h7_3=0;

npeanoaaraetcs, uto Hy H, w HY™ sazanw,
OrpaHuueHHA Ha TpYGH, HVelomiecd Ha ckaade, NMPHMYT BHI:

!
X xSLy (4.107)
k=l

rie L; — o6mas AnHHa TPYO j-ro AmaMeTpa cOpTaMeHTa.
IpuBedennsle 3atpathl Bblpﬂ}Ka[OTCﬂ caeflyrouiny obpa3zom:

I=F(z, H)= EZ Ecx,”+ozq, (4.108)

k=1 j=I

rie c;— yAedbHad CTOHMOCT MoHTaxa Tpy6 j-ro awmaverpa copTa-
MeHTa. .

3amaua dopMyTHpYeTcA CaeayomHM 08pa3oM: MHHHMH3IHPOBATh
npHBefeHHble 3aTpathl (4.108) npu orpannuennax (4.104), (4.106) u
(4.107). Tar Kak QyHKUHA UeJH H OrpailHYeHHA .IHlefiHbl OTHOCHTETBHO
Hen3BecTHBIX X H A*, To paccmartpuBaeman 3alaua sBIfercd 3aladed
JHHEHHOro MaTeMaTHyecKoro MporpaMMnpOBailia,

B napyrax meToiax onpefenedHa guametpos 1py6 va LIBM B kaue-
CTBe HeH3BecTHLIX QurypipyloT .nbo AnaMeTpul TpyS, anGo yIe bHEE
cOMpoTHBIeHHA YdacTkoB, Orpanndenns umewt Bui (4.106):

by=Hf+ Hi— 3 hy— "™ >0, (4.109)
ke be
rRe h—noTtepH Hamopa — dydRUNA OT AHAaMeTpa yaeawioro co-

NPOTHB.JEHHA.

Orpannuenna (4.109) o6a3aTenbHO COCTABAATCA JHIIB A8 OKO-
HEYHBIX V3:10B H y370B, B KOTOPEIX CXDAATCA noTokd, Hkelo orpanmuse-
HHH Mo.TyuaeTcs PaBHHIM He MeHee

p=m+d+w-—1, (4.110)
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4 — uicao AMKTYOUWHX ToueK (uMCI0 OKOHEUHBIX Y3.10B y310B
~xOISUHMICA MOTOKaMi).
DyHKLHA Lell HMeeT BiI:

{ w
T=EXcl,+D QH, (4111
i=l j=l

r1e ¢ — QYHKUHA OT 1HAaMeTpa H.TH YIeJIbHOrO COMPOTHBIENHA.

K peleRHI0 3aiaud 0 MHHHMH3aund dyHkuds uead (4.111) npu
orpauHyenlifix BAla (4.109) MOXHO TpHBIEYb MeTOA Heompene-
neilHplx MHOXuUuTenel Jlarpauxa. ToyHoe pewchie B 3TOM
cqvu3ae MOXKHO MOJTYYHTB, ECJH HCIOIb30BaTh TeopHio Kyna — Taxkepa.
[];514 saMeHe HepaBenctB (4.109) paBedcTBaMH NOTYuaeTcs l3BecTHOE
pewenze JI. @. Mownuua.

Iaa pewedus cdopMy.HPOBaHNHOIl 3alaud MOMKHO TakKe MPHBILYD
weTOd WTpahuHuX dYHKUHE TOraa oHa CBeleTCA K Haxomie-
HHIO MHHHMYMA (QYHKUHH

§ =1+ 3 Apd%, (4.112)

rie ko3pHIHEAT 2 ABJIAETCA NOJOXKHTenAbHOH Beanunuoit npu & < 0
NpHIIHMAETCA PaBHBIM HYyJqio npH § = 0.

Onsbir onpeneaens auasmerpos Tpy6 na LIBM nokasal, uto Tou-
HO2 peliellHe 3aiayd MaTeMaTHUeCKOTO MPOTPaMMHPOBAHWA [103BOJIACT
ClPOEKTUPOBATh CeTh € NpHBeJeNNbIMI 3aTPaTasi ia 3—3%) MeHbIIHMH,
uey vV CeTH, Y KOTOpoil AmameTpsl Tpy6 HazHaueHnl NO YKPYOHEHHbIM
noxazaTteasiM (no Tadannas npelebiibiXx PACXoNOB M NO 3KONOMHYE-
ckoMy (harTopyv).

llpnBejeniinie 3aTpaTel ONTHMATBIONO peulelnd 11 KoJblLeBOH BO-
JONpOBOAHON CeTH 3aBHCAT OT YyacTKOBLIX PacX010B, HJH, KaK TMpH-
HATO TCOBOPHTb, OT NpelBapHTe’IbHOrO TNOTOKOpacnpenetennda. [lepex
onpejeneHneM JAHaMeTpOB TPYS YyyaoTKOBble pacxoiabl 06bIulio Ha3Wa-
YaloTea € TAKHM pacyeToM, uTeObl NOTOKH HANpaBaAIHCh K MOTpedHTe-
AAM KpaTyaiiuiMH NyTAMM W 9TOGLl NPH 3TOM B CETH 1IMEIHCh pe3eps-
Ubie eMKOCTH Ha cayuail BLIXOA3 13 CTPOS KAKOTO-ALGO yuacTka.

[MpeanpHiiHMaIiCL TONBITKH MHIMMH3AILMH NPHBEJEHIB'X 3aTpaT A
KO b[eBYIO CeTb NpH le3alaHublX YYacTKOBLIX pacxofax. :"'CTHHOBJIEHCI,
4TO B 3TOM CJydYae KOJBLEBas ¢eTh BLIPOKAAETCA B PasBeTBACHHYIO.

§ 4.13. PACYET CXEMbl C ABYMA M TPEMA PE3EPBYAPAMH

B cucreMe BoJOCHaGeHHs HHOr1a, HCXOIA H3 TOHOTPadHUECKHX
YCa0BHEE WIM YCIOBHE MHTAEHA BOIOM H3 HECKOIbKHX  HCTOUHHKOB,
\CTpaHBalOT IBe WIH TPH BoJoianopHble GalwHy ¢ pesepsyapaMi. Takas
lleo6X01HMOCTh B YCTAHOBKe JBYX HaIH Tpex Gallen c pesepByapamu
BO3HHKAeT HHOTda H Ha TNPOMbILLTEHHBIX MI0WAAKAEX 'C UEJbI YMeHb-
UieHHA KanKTA/abHBIX 33TPaT Ha CTPOHTENLCTBO BoAompoeona. Mammwiki
BOIM, lMeloUlHecst B CGTH B NepHO Nalens noTpel.ieHns, aKKYMV.H-
PYIOTCA, @ B Nepiiol [OBHIEIHOTO BOIOTNOTpeb.1eiHA — HCI0b3VIOTCH,

Ha puc. 415 n3o8pamena cxema BolocHadmcHUs obbekta D Ha
Tpex pe3cpBYapoB.
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Puc, 4.15. CxeMa ¢ TpeMA peaepByapaMu

{z2+Pcelp
{z+h)p

— _(/
1+7+3 |

|

|

|

1
aﬁr QM 'grua'xc ajnanc Q G.wan afuu.v

Puc. 4.16, padukd, MLnOCTPHPYIOWHMC TpapoaHaTHTHYECKHE MeToZ
peLIeHHA ypaBHeHHH:

a— (£113) = (4.116); 6 = (4,117) — (4,120)



B wyacs! MakcHMaabHoto BolopasBopa ofwvekt D cHafkaerca Bo-
i M3 Tpex pe3epByapoB, NPH 3TOM HMeeM:

Qp sake = @} yaxe T Qpp+ Qeps (4.113)
/ @+ He) —(z + ke

Q1 yaxe =K\ 1/ E .41 ”l(z B)D H (4.114)
"EF He), — (2 F hea)

QED=K2]/ Bl,1£2 s (4.115)
(z2+ Hs)p — (2 4 hea)

Qp =K, . g L, (4.116)

Aep = cBoBoMIbIit Hanop B Toyke D npH MakcuMaJbHOM BOJO-
notpeGaetiy obbekTa;
Zy Zp 2o~ reojeszHdeckre OTMeTKH Touek 4, B n C.
B uyachl MHHHMAaJMbHOrO BOIONOTPeOJeHHS uepes pe3epeyap A Hler

poincHabeHHe o6bekTa D M NOMOJHAIOTCA 3anachkl BOlbi B pe3epsya-
pax, paclojoXeHHEIX B TOUKAX BucC:

Qp sn = 9w = Qpp — Qpe? (4.117)
Qmu=mv/u+mu;f+mm5: Al
Qaa*KzV (z+h“a““}ﬁ;(z+ﬂﬁ)3; (4.119)
G Ks ]/ i hW)f),u_; Lid 0 (4.120)

Peulenne ueruipex  ypaBuenu#t (4.113)—(4.116) wmim (4.117)—
(4.120) ¢ uyeTelpbMsi HeH3BECTIEINMHK y1o6Hee BCero NpoH3BOAHTbL rpado-
alnaJ¥THYECKIIM METOAOM, KaK noxasano Ha phuc. 4.16,a ans nmepeoro
vivyan 1l Ha puic. 4.16, 6 — nna BTOpOro cayuas.

Cuntan panop B touke D nepeselllibiM, COMMAciio  YpaBHeHHRM
(4.114)—(4.120) crposT xapaxTepuctiku Berseil /, 2 w 3.

MepBOM CJYuae, NOCKOIbKY 1py6onmposoisl [/, 2 u 3 pa6o-
T210T Mapadaieiblo, CKIaibiBAOTCA HX XapaxTepHCTHKH. OpIHHATa ToY-
xit D nepeceuenns cyMMmapiofl XapakTepHCTHKIL ¢ BepTHKAJblo, TPOBe-
JeiHoit na pacctosuni Qpaawc, daeT AeCTBUTENBINI Hanop B y3uo-
Boit Touxe D, a abenucent Touex A, B, C— pacxoznl B TpyGonpoBojax
AD, BD u CD.

Bo Bropowm cayuwae vpyGonposoust 2 u 3 paGorawer napas-
Je1bHO, @ MOITUMY CK1a1BIBAIOTCA XapakTepHcTHky Bersei 2 y 3. 3a-
TeM cyMMapHasi XxapakTepHcTHra 2 43 oTodBHraeTcs B1OIb OcH afe-
wirce BUpaBo Na BedHuHny Qpwun. Oplmiata Toukn A nepecevenns cue-
wentioit cymmaprioft xapakteplicthki 2+ 3 W xapakTtepuctuky petsn [
naeT TefCTBUTEILHLIT Nanop B y3a0Boft Touke D, a abcuncea —- cyM-
MapHBIH pacxod Qaus.

3alauya ¢ OBYMA 1AM TPeMa pe3epByapaMil MOWeT G6blTh peuleHa
Ha LIBM nepsbiM BapualMOHHBIM MeTO1OM K4K 3a1ada BTOPOro THna.
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§ 4.14. OCOBEHHOCTH PACYETA BOL0BOJOB

~ MuraMeTphl HAIOPHWX BOI0BO108 00buHO BEIGNPalO i3 Tadt, 46—
4.9 QcoGennocTbio pacuera BoJ10R0OIOB SIRIAETCA pacyeT HX 710 3&l1aH-
Hoft cTenein o6eciicyerHOCTH 10MAYI 110 HHM BOIbl K OOBLEKTY,

SeaM HMCETCS Mt MapadiaeablibiX BOJAOBO/IOB M Kamlas tpyGa nepe-
KTIOueHEAMH MeXy BO10BOIaMH pasielela Ha f++ 1 yuacTKos, TO NpH
apapin lia OIHOM 113 Y4acTKOB OIHOIO H3 BOJOBOINR [HIpaBiH4ecKoe
CONPOTHBIEHHC BOJA0OBO10B YBEIHYHTCA B o0 pa3:

2m — 1

N S =Vl

a nozaya BoIb ULeuTPOOEKHLIMH 11ACOCAMH COKpATHTCA BE»/VG paas.
KosapduuuedT B 3aBHCHT OT XapakTePHCTHK Hacota I BO10BOLOB.

Ecan Hanop B HauajbHOM ceyeHHH BOJ0B0J1a NIPH 06X pacxoiaax
Q ocTaeTcs DOCTORHHBIM (HapHMep, MPH NOJaye H3 HanOpPHUOTO pescp-
Byapa C [OCTOSTHHBIM TODH3OHTOM BOAH), TO f = L.

B ta6a. 4.16 u 4.17 npuseleun 3uavenns o B 118 HEKOTOPBIX

cyyaes.
[Tpy noBpe)KAeHUH ¥31a C nepeMblukofl (HaH JMBYX yyacTKOB Bojo-
BOA4) yBe.HyeHHe COMPOTHBIEHHS COCTABHT:

. 2(2m —1)
¥=I+ et yEm-0"
B ta61. 4.18 npuBeicHel 3uatuenun o, paccuntannsie no dopmy.ie

(4.122).
Ta6aunuga 416

lg =
3Hadenua ¢ ® 1/} @ OpH BHIKJIOYEHHH OAHOLO
Y4ACTKA BOJOBOJAOB

(4.121)

(4.122)

Yie.10 Koadit-
B01080108| UHEUTHI
0 3 4 7 9
9 a_ 4 2,5 2 1,75 1.6 1.38 1.3
1,:']/(1 0,5 0,63 0,71 0,76 0,79 0,85 0,8%
" a_ 2,23 1,62 1,42 1.31 1,25 1,17 1,125
1Wa 0,67 { 0,78 0,84 0,87 0,89 0,92 0.1

Ta6auma 4.17

Cpenune 3naveHHs f M oTHOWEHHN aBapHAHOA nmopavM
BOAB K HopMaapHofi nas Hacocos 12HAC w 14HAC

Y10 v4acTKOB
Pacueribie
napaMerpsl
2 3 4 5
B 1,24 1,17 1,12
¥ a 0,7 0,83 0,9
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Ta6aunna 4.18

3nayennn @’ ® 1/} a MpH BUKNWOYENHW INgyx yuacTKOB BONOBOIOB

HHeao feg,ay -
Yucao Koadipu- ek 04 eHiA
BOAIBOACR | RHSUTH
1 2 3 4 5 6 7
2 Unr— 4 3 {51 -_{2 5 175 -
1 o 0,5 0,5 0,63 nlms 0,71 0.76 0.82
o 225 | 183 [ 162 | 15 142 ot o5
3 1y o 0,67 0,74 0,78 0,82 0,84 0.83 0.9

1lerecooBpastocts AyS.THPOBAHHA JNHI poqosona win yCTpORCTEA
fa HeM AOCTATOWHBIX DE3EPBHLIX eMKOCTEH pemaercA myTeM TeXHEKO-
SKOILOMHUECKOr0 000CHOBaH i, :

[TpoR0IKITENBHOCTD AHKBHIANHI aBap 5
ganeaeca mo mpoekry CHAIT II-T3—73: gan 1ove anaserpost. 20
4UU asl H TpH rTyGHHE NpPOMEP3AHHS [PYHTZ 10 2 4 — 8 4, mpit 6OTb-
weil riyGnAe npoMep3anns — 12 4, a aay Tpy6 mamel"pon Gonee
4007 31 — COOTBETCTBENHO 12 W 24 4 (HO e yepec 6 «),

[pn aBapin Ha BOI0BOIAX JXOIKUA furh ofecnevena n01aua
BOALL 113 XO3AACTBEHHBIE HYMKAM — He MeHee 50" pacyeTHOro pacxola
H 43 EYXKIB NPOMBIULISHHEX TPeANPHATHE « no apapuiinomy rpaduky.



= Fnasa nartan

THAPABJIMYECKMHA YOAP

§ 5.1. HCXOOHLIE YCNOBHA PACYETA FMAPAB/THYECKOr0 YIAPA

CnapasanuecKde yaapbl B BOJAOBOJAX BLI3BIBAIOTCA GLICTPBIM H3Me-
HeHHEeM CKOPOCTH JBHXKeHHS XHIKOCTH (BCHeACTBHe H3MEHeHHS CTemeHH
B3KPLITHA 3aTBOPA, 4 TaKie BKAIONEHHA M BHK/JIOYEHHA H3 paboThl Ha-
COCOB) H conpopoxpatwTcd OOJILLIHM NOBHIIEHHeM aaBieHns. Meper,
OrpaHHYMBAKIIHE 3TO NOBLILERHE JOMYCTHMBIM Npee’on, TPHHHMAKTC
HAa OCHOBAHHMH pacyeTOB THIPABJIHYECKOro yaapa, C Y4YeTOM YCJAOBHI
pafoThl 1aHHOrO BOJOBOA.

Coraaciio teopu, paspaGorannoit H. E. JKykoBckuM, H3MeHeHHH
Hanopa AH cBA3LIBAIOTCA C H3MeHEHHEM CKOPOCTH IBHXKEHHS BOJH B
HaropHoM TpySompoBOAe Ha BeJHUMHY AU dopMy.0#

a
AH =~ —Av, 5.1
i (5.1)

I1e g — YCKOpeHie cHaL TsAMecTH, pasHoe 9,81 m/cex?;
a — CKOPOCTb pacrnpocTpaileHus no TPYOOMPOBOIY BOJH P3VeHEHHS
AaBleHHs, at/cex.
CkopocTe 4 MpH OTCYTCTBHH TOPUEBOTO 3akpenneHH# TPybbl ompe-
IensieTcst 0o dopmy.e

a—-]/~ Ex [+ (1~ 095 E—] (5.2)

rae d u & — gHaveTp H TOJWIHHA CTeHOK TPYGOMPOBOAA;
— kosdduunent IlyaccoHa, paeHBIfl Aad cTagbHBEX Tpy6
0,25—0,33, a1a noaustHmeHosbx TpyS 0,32—0.5;
E\ = MOAyJb YNPYrocrH BOIRI
Er — MoAy.Te YyNPYrocTH Matepuana 1py0, paBHbiil:

478 CTanH 2,10108 xecfem?
» 4HyryHa 1,0.106  »
» Getona 2,0-10%
» TO.JHITHJIena (14+20). 103 »
» BHHANJACTA (28+30)-108 »
®» CTEKJOMTacTa (5+10)-10¢ >
> DeIHHsl 20—60 »

IOas KenezoBeToHHeix TPYG 3Hauewus E. # 8 B dopmyae (5.2)
Gepytes Ans BeroHa, Ho B BemHuHHy £r BBOAHTCH MHOXKHTEab (1 4
+9,50) = 1,14 + 147, rae @ — xko3hHUMEHT apMHPOBAHHA, OOBINHO
pasnbift 0,013 + 0,05,
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Bes HaTHuHs HEPACTBOPENHOTO B Home BO3Ayxa npH Ex == 21+
10+ wec/cM? CKOPOCTB YAAPIOIN BOANL paBha:

1493
3 2.1 10" d
V L=y

C yd4eToM HEpacTBOPEHHOrC B BOle BO3lyXa uepes £ no dopMyie
(1.8) ckopOCTb 4 OKas3bIBaeTCs 3aBHCAUIEH OT yJlapHoro JaBieHHda Ap:

2 ~0,5
PP,y ]
{per + Ap)?

re por — abcoMOTHOE cTaTHYecKoe JaBreHie,
0 — TTOTHOCTb BOJBL
B ta6a. 5.1 npuBedenn 3HaueHns dp, BEIYHCTEHHBE 1o GopMyae

ag = [st/cex]. (5.3)

a=a [1 + @ (5.4)

5:2):
: B ra6a. 5.2 mpexctasaensl pesyibTaThl pacueta mo dopuyae (5.4)
117 HEKOTODLIX cayuaes,

[TocKoABKY 3aBHCHMOCTE MeIY NOBbIUTEHHEM MAABJEHHS H yMeHbs
weHHeM CKOPOCTH, coraacHo (8.1) ¢ yueTom (5.4), OKasbiBaeTCR HenH-
weliHoil, MOCTO/bKY MPH pacueTax TiAPaBJIHUECKOrO yjiapa B BOAOBOAAX

Ta6auna 5.1
3ilaueHHs a; AJA CTANBHHEX H YTYHHHX TPyl

a, Mmfcex Qp M[cex
d, d.
MM CTa bHbIE YYTYHHLIE MM CTA.ILHBI YyTyHHbBIE
TpyOnl TpyGbl TpyGnl Tpy 6l

100 1267 1276 500 1133 1107
130 1254 1235 600 1146 1093
200 1246 1204 700 1133 1093
250 1234 1181 800 1137 1093
300 1234 1162 900 1126 1093
440 1163 1126 1000 1118 1093

Ta6auna 52

3aBHCHMOCTb OTHOCHTEJBHOTO H3MeHeHHS CKOPOCTH
PacTpOcTpaHeHHs BOJHBI FHAPABIHYECKOr0 YHapa 0T ra3ocofepxanud
’ A OTHOCHTEJLHOrO AaBjeHHA (a,/a)

4,V PPaf(Per t BP)

Pq,
%

5 19 20 30 50
0,1 1,01 1,05 1,19 1,38 1,87
0,5 1,06 1,23 1,73 2,35 3,68
1,0 1,12 1,42 2,24 3.16 5,10
1,6 1,17 1,58 2,63 3,82 6,22
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€ yueToM BINSHNS 11EpACTROPEHHOTO B BOIC BOATYXA B KOJHUECTBE OT
05 1o 1,0 MOMKHO LPHUIMATL C121V0ULIE 3ja4eldia 0TiowellHd CKo-
POUTH y1apHOH BOJHL K MaHGOIbLIET CKOPOUTi, COOTBETCTBYIOWERH 0.1
HOMY OTCYTCTBHIO B BOJEe HepacTBOpeliibiX Fason:

wpe 10 m 20—40s,
» 25 30—-55%;
50 40~-70%

Ecmau Tp_\'ﬁOﬂpOUOJ, SJIOXER B TpyHTe, TO ynp}'l‘liﬂ CTRGPp TpYHTA
KaKk Obl YBEIUUHBACT TOJUINHY CTEHOK Tp.\'f)u. CaeloBarennlio, B (52)
HIH (53) § wato VBEJINYNBATL, COr1aCHO peilledHHdaM B. C. ﬂl[KaPEB‘
CKOTO, B &:p paB:

L (35)
o = —_— o,
re 27Er &'
rae Erp — 04Y7Tb YOPYTOCTH TPYHTA, PaBHEI:
A4 necka 400 kec!
®» CYTJHN 3350
TR ROy

¥npyruit oTnop rpynTa HY:KHO YYHTHBATE TOJIbKO TPH pacyeTe
BOJTH MOBLIWEHHOTO IdBJeHHS H B OCHOBHOA 1A N.1aCTMACCOBLIX TPYO.

BoaHu naMeHeuis QaBJeinns 1 CKOpocTef ABHAKEHHA XHKOCTH, Bbl-
3BANHBIC H3MeHEeHHCcMW cTeneiH OTKDPLITHA 3aTBOpa HAH pexkHMa paboTel
Hacaca H pacmpoCTpailfAloWHecs OT MEPBHYHOMO HCTOYHHKA BOIMYMIEHHA
€O CHOPOCTBLIO @, HAa3LIBaloTcA mnpamMblyE TIpi noixole npaMuix
BO.TH K pe3epByapaM, Mecrtay ot6opa BOIu W3 TpySompoBoa, Mectam
PaspLiBa CLJIOIITOCTH MOTOKA H T. A. Oilll OTPaawTCA W B BHIe 0Tpa-
JKEHHDBIX BO.TII PACNPOCTPARAKTCA B NANpaBiIeHHn, 06patiom IBHKeHHIO
OpaAMBLIX BOJSH, JOCTHTAas 4Yepes H?KOTOPOB Bpemsa TOro MecCta, rie BO3-
HHRJH NpAMLE BOIBL, — 32ABIKEKI HAH Hacoca.

Bpems, B TeueHue KOTOpPOro BO.THA BO3MYIUEHHS BO3BPATHTCA K HC-
TOYHHRY BO3MYlleHHa B Bile o6paTHO/ BO.HBL, Ha3biBaeTeds G a3oHd
yaapa ty. Ecam 11HHa BoloBoa /[, 10 (dhasa viapa

o= (5.6)

Yzap, monvuawluifics, Xorla oTpaKeHHas OTpHIateTsHas BOJHA
HE YCrneBaeT UOJO{ITH K sa'facpy A0 MoMeHTa erd [HOJHOTO 3aKpBITHSA,
HasuBaeTcA NpPAMHM TFHIpPaBJAHYECKHM ylapos, T e

Korja
tus (5.7)

rge T — Bpeva NOJHOTO 3aKPHEITHA ceieHHS BOJIOBOIA 3aTROPOM,

Henpasmbiy raapaBauHyecKHM YJapou  Ha3elBaeTed
yAap, MOMydalowlHiicd, KOrla oTpamendas BOJHa ycneBaeT MOJIONATH X
3aTBOPY A0 MOMEHTA ero MOJIHOro 3aKphITHA, T, €, KOria

Tl (5.8)

Bpems T 3aKpHTHA 33aTBOPOB ¢ 5.71eKTPONPHBOIANM yKa3uBaeTcs B
Karta;ore apyarypw [1asapvainTa,
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§ 6.2, PACYET THOPABNWYECKOrO YOAPA B NPOCTOM
TPYBOMPOBOLE

Tl-pen 3akpeiTitey 3a1Bopa B TP0ONpPOBOAE 1101 JeHCTBHEM Hanopa
Pa3BUBARTCH CPelliAf CKOPOCTy

vo=0c} 2gH,, (3.9)

cie qp — KO3 QHUMEHT CKOPOCTA B HA4aIbHbi MOMEHT BpeMeHH:
1

Fo= 7 H (5:10)
1’ Lo + &5
Ey==1+ Ic npu ncreuenun B atmochepy;
£, = Lo IPH HCTEYEHHH 1101 YPOBeHY;
L. — GeapaamepHuil KOa((UUHENT CONPOTHBIGHHA cucTeMbl (6e3

yueTa peryadpyiomero 3arsopa), oupelelsemblii no (3.24);
&3 — koauuUMENT CONPOTHBIICNNS 3aTBOPA B HAYAMbHBIL MOMEHT
(nepell Hauya10M 3aKpHITHA ero), oupeiesfemslit no tadai, 3.20,
3.21, 3.24 wau no rpacdukam Ha puc. 3.17, 3.19—3.23 B 3aBH-
CHMOCTH OT cTenellli HauabHOrO OTKPBITHA.
Tlpy 3akpbITHH 3aTBOpa, BCAEACTBHE IONOJIEITEIBHONO COlPOTIB.A2
i €fo, CKOPOCTH Teyelllds B TPYOONPOBOAC YMEHBLIAWOTCA.
Bnarozaps mu3MeHeHHAM ckOpOcTell Teuyeiua llepel 3aTBOPOM BO3-
EUKEI0T NPAMbie BOJHMl MOBLILEHHS JIABJEHHH, pacnpoCTpatsiiolHecs
BIC.Ib TPYGONPOBOAA CO CKOPOCTbIO a npoTns TedeHus. [lpn noixoie
FNSYULX BOJN K Pe3cpByapaM BONIKAIOT OTPa#eHubie 08paTibie BOJINBI,
\TOpble € Toil Ke CKOPOCTBIO @ PACNPOCTPAISAIOTCS OT pe3epByapa X
~areopy. Ecau cocpeloTonnTh Bce THIPABAINECKHE CONPOTUBJICHHA Tpy-
$0TPOBOAA B YC.I0BHOH JAnadparMe. YCTAHOBIC1Of [epel 3aTBOPOM, TO
C[peiHsAs CKOPOCTb ¢ TP NallHOH CTeneHH OTKPHLITHA 3arsopa il yBe.li-
uc:i Hanopa lta AA oT THAPABIHYECKOTO YIapa BWPA3lUTCH Tak:

v?

Ho+$H={§o+§3)2—g‘n (5.11)

rie &s — KO3 (HUHEHT CcOMpPOTUBJIEHIS 3aTBOPA NPH 1aHHOM CTeneHH
€70 OTKPbITHA.

B Teuenue nepsoil $ase, T. €. B TCueHNE NPOMEKITKA BpeMeHH
fg = 2[/a oT Hauala 3aKpHITHA 3aTBOPA 10 BO3IBPAILEHNS OTPaMeEHHON
OT HAMOPMOTO pe3epByapa BO.HBI, HapacTalle lapopa 6yier cielo-
Bath 3aKkony H. E JKykosckoro:

L\.H=—;—(Uo =, (5.12)

Vpapuenna (3.11) u (3.12) no3soaAwT onpeleldTs CKOPOCTb H NO-
BHIIIEHHe HAnopa B Jw6ofi MoMelr nepsolt daabl.

Ecau B TeueHHe MepBoii (asbi 3aTBOp 3aKPOETCHA. TO MPoH30iler
npaMo# ruapaBaduyecknil Viap, H UOBLIWeHNe Hanopa NpH 3TOM, CO-
raacho (5.12),

AHgp =% v (5.13)



PacueT rMApaB/IHYEcKOr0 YIApa, BhI3LIBAEMOrg

HD=.1-.¥(§ «eMfcek:
¢ Crenens Tp reg 0Py "2
T | ST w e | 5 -
1 2 3 4 5 6 7 8
l/jn
2y
n nty, 0 oo 0 0

Ecan K konuy neppoii (a3wl 3aTBOp He YCIEET 3aKPbITbCA, TO OT-
paeHHas 0T pe3epByapa BO.JHA MNONHMeHUS JaBJeHH IOCTHTHeT 3a-
TBOpA paliblie, YeM IIPOH30HIET NO.1HOe NoBbienHe Hanopa. O6patHas
BOTHAa MOHHUMCHMA TaB.JIeHNHA, TlO:J.OfLJ.E K 3aTBOopy. yMelblUNT CKOPOCTH
TeyeHHA B TpyGONpoBOLe nepel 3aTBOPOM H JaBjenne NPAMON BOJHBL
3ta HoBas npaMas BOJHA, B CBOIO ouepeib, OyIeT pdCHpoOCTpPaHATHLCS
no TpyGOMpoBO1Y M BIIOBb BHIJOBET OTPAMEHHVIO OOPaTHYI BOJIHY.
[TosToMY H3MeHeHHe HANOpa B CeYyelHH Yy 3aTBOpa B Teuellle BTOPOH H
BCEX nocTeaywwax k-x ¢az 6vier onpelelATbes BIAHMOIeHCTBHEM
MpAMbIX H UﬁpaTHbiX BO.H 110 opmy.e

E—1
XHk I AH, 1 A, B
V - “EE'TG‘H§ 7T O
rae p — viapHblii llapavMetp Tpv6ONpoRoIa:
___ agy 9 a .
p= Qghru cp(] g 1 (5.15)

H @ — Koz HUMEHTE CKOpPOCTCIL B 11AYaIBHBLIA H B KOHEWIWR MO-
MenTel BpeMeid, ompefelsesie no (5.10)  (5.16):

I
= r— 5.
1% T 5 (516)

¥pastenue (5.14) MOMKIIO npeacTaBHTL B TAKOM BHIe:

-1
! [ po,
AHp =2H, Q—Toz _\Hi‘*‘(—q.f) —_

i=| -

P / £ pg, |2 .
1 142 p——-—z\h’ (—Eo_) . (317)

i=l




gakpbh THEM 3aTBOpA, Mo (5.17)

TaG6auna 53

= T=s? =
1o~
m—
—1 k=1
Y AH, | 0—(9)+(8) |2 -1 AH SETINEIE 1'2pﬂ Ally
T o=@+ @2t p H’,-_u VIi+0)+i) |02 % | o 6.5
1= Eases
e e
v 1 12 13 14
0 20 AH,
< AH AH:
0 AH

I3 (5.14) ® (5.17) BHAgHO, 4YTO MOBblUIEHHe Hamopa B k-A dase
4aRICHT He TOJBKO OT CTEMeHH OTKPBLITHA, 4 cAel0BaTeabLHo OT P, HO
IoOT CyMMBl MOBLILENHA Hanopa AH, HMeBIINX MeCTO B NPeJblTYULHX
thazax M8 MoMmeHToB i = ify = (B— 1)fg, (B —2)tg u T. I

Pe3aynbTaThl pacuetoB, BLINOJHAEMEIX mo ¢opuyae (5.17), yiobHo
cuecTH B Taba. 5.3.

Bpemsa { cieflyeT RpRHHMATb KpatuwuiM BpeMmeHn ¢ase (f; = fg,
co==2g H T. 1), T. € BbIYHCAATE HAMeHEGHHA HanmopoB B Koiille haa,
B rpady 9 Hamo noAcTaBAATh CYMMY NpeiblIyulHX 3HAYelHR M3 rpa-

i L

Beuay Toro, 4To Ha Ha4a.bHON CTaAWH 3aKpBITHA 3aTBOpA €ro ruil-
[uBANYECKOE COMPOTHB/JEHHe CPABHHTLILNO HEBEIHKO, TO B PAe Cay-
wa¢B 6Vvier JOCTATOYEH COKpAL(EHHLIH pACYeT, MPOBELeHHuIH MPH YCI0-
BHH, YTO BpeMs 3aKPHITHA 3aTBOpa A0 CTereni, COOTBETCTBYIOLIER ero
COTIPOTHBJIEHHIO

Li=0 (L\TH;) + s =~ 0,180 + s

(5.18)

:IpiHAMaeTcA Kak 6b1 3a mepByl0 yclOBHYW dasy, T. e. B TeueHHe 3rToro
BpexeHH MOBHILIENTE [aB/EHHA MOQ/KHO paccy#ThiBaTb Ge3 ydyera Haso-
HeHns oBpaTHBLIX BO.IH, K4K 1.4 [epBoH ¢asjsl.

B MoOMeHT nomioro 3akpuiTHA, T. e, npH ¢t =T

1
AHn=2H, p—-H—u EQH; ,

fn—1

=l

rie n — unucao Gas A0 NOJHOIO 3aKpeITIA 3aTBOpa.

[Toce 3aKkpLITHA 3aTROpA MOAXOAAIULHE K HeMY BOMHb MOHHKEHHR

6y1yT BoeI3blBATL TAKHE e

Bo.4Ll. Uepes npoMeXyToK Bpemenn [/a nocie 3akpuTHA 3aTBopa ¥
rn

PesepBYyapa BO3WHKEeT BOJNa MOHHIKeMHA Hamopa Aff|, onpemensemas

C YYETOM [I0Tepb Hanopa B BOMOBOJAE, y<JJOBHO COCPEIUTOMEHHBIX B ABYX

AJBTEHHA,

oTpakeHHBle OT pesepByapa,

[P?'I:'—Dr

(5.19)
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0OJIWHAROBO pPAaCTIOTOXKEHHBIX MmO ero KOHIawu ,‘mm’ppar\!ax!

vt (1 1) i, (1 -l
AH! =4H,p (1 L+ gy~ ~\H, (1 SHGQQ). (5.20)

/
PacnpocTpadenne 3T0fi BOJHL BLi3oBeT o6paz0BaiHe B BO10BOJE CKODO-
CTH ABH:K€HHA BOIu B OOPATHOM HanpaBieHVH, paBHOR UGGP-:-%- AHY,

TFawexHe 3Toii CKOPOCTH Y 3aTBOpa NpHBeIeT K CHILKeHHIO HAaNopa Ha

a
| . Y
AH" = z Vospr (5.21)

TToTepn Hanopa HAPAAY ¢ noTepeil 3HepTHH Ha ynpyTHe fedopMa-
UNH CTEHOK TPYGbi H BOXBI NPHBOAAT K MOCTENEHHOMY VMeHbLIEHHIO aM-
NAHTYAEl KOJ1e0aHHA HAMOPOB,

OtHowextle nocaelyioliedl avnanTyIsl K npeablIyuleit (¢ npoue-
HYTKOM BpeMeRil B 01ny (asy yapHOR BOJHIY) pasHo e 40 [3].

Ecan Boasa noWmmelnd JIasJelns Afr’f’ okawercd 60Jbllle CTATH-
YecKOro 1anopa B BO10OBOIe OTHOCHTETbHO YPOBIA BOIW B HAMOPHOM

7

pesepByape fler, 7. e. AH | >H ., To B BOJOBOIe NPOH3GILIET Pa3prin
CIIGIUHOCTH MOTOKA M JaBlenHe ynaaer o npeieta Hppen = 1+ 2
god. c7,

AHY =H.+h

npea ~H. ,.+8 [u g0d. cr.]. (5.22)

BAK. JION
B tpy6onposole, 060pY10BaHHOM BAHTY3GM A4S BMycKa BO3IY
AaBIeHHe MOKET ynacTb 10 atsocdepHoro, T. e

" =
H wpen == 1 (5.23)
Tlo OKOHYaHAH 33MOJHENHA pa3phiBa CILIOUTHOCTH MOTGKAa BOIOA,
Rorja BO31yX OecrmpersTCTBeRHO (6e3 cxxaTHA) BBIXOAHT H3 3TOTO Tpo-
cTpancTsa TpyGonpoeoda, [MOBEILeHHe JaBJeHHA MOMET JOCTHCHYTh
(npuMepHO)

crt

AH yage =21 + AHT' (5.21)

Mprmep 1. B sozosole anuwod [ = 2000 » 7pH MOSHOCTLIO OTKPLITOM
3aTBOpe Uo= 1 M/CEX H MOTepH sanopa  hy,=3 M. PaccyHTaew ruapapinyeckuf

ya1ap NPH YCJIOBHH, YTO 3aTBOP, YCTaHOBNEHHBI! B KOHUE BOIOBOIA, 33KPLIBAETCH
pasroMepHo B Tevedue 80 cex. Ilpumem a = 1000 xjcex, Hc1=35 M.

Ta6anna 54
Pacuer npamepa ne (5.17) npa ¢y =4 cex, 0 =10,2

t, : 2 X g
o hid ) vo r | AH/H, ::' k
1 52 0,63 0,964 0,928 0,07 0,35
2 56 0.7 0,944 0,89 0,us5 0,475
3 60 0,75 0,910 0,827 0.156 0,78
4 64 0,8 0,837 0.735 0,246 123
5 63 0,85 . 0,738 0,575 0,473 2,36
6 72 0,9 0,597 0,357 1,02 5,11
7 76 0,95 0,356 0,127 2,56 12,8
8 80 1,0 o 0 11,16 55,7
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“[n 32apwiTHH zaTRdpa, pasucro  Fd = 0.65, KOTOpOY  COMpOTHB1ExHE
TEepa COCTARIAET NPINepa 8% 0T HauaIbHOro ¢ il .oTHE.IeHHA TpyOonpnsoia,
aiﬁ'i‘{;'umme janopa cuuTaeM, kak TR nepruit chasn. Tlpi sToM 3 KpRITHE 1o
'ar,; NPAUCXCAMT 33 32 cex. PeiyanTaThl PacyeTa cEedenn B 1afi
U Mounskesnne  Ad Jdenus cicpes daly  NOCIe  3AKPRIKA, 1o .20),
AH[=533M<H

Corracin  pemismeays M. M. Azapusiwesa, npu p 07 aaplee aasaenne
p Beanpnie GYIET Me Phiuc CTATHICIKOrO H, C/IC10BATEALHD, PACUETa rKAPABANYe-

wore yazpa e TpeGyeTca.

§ 5.3. PACYET THOPAB/IHYECKOr0 YOAPA NPH BHEJAMHOM
BbIK/IHOYEHHH HACOCOB

1Tocse OTKTIOHEHHS 3TEKTPONNTAIINA YHC.T0 060POTOB HACOCA YMCHB-
acicd, UTO BaeueT 3a coBoil KaK cirmKeilMe Pa3pliBaeMOro HM Hanopa,
1aK It ero NPOH3BOAHTEILIOCTH. DTa CBA3b BHPAMAETCA XapaKTepHCTH-
gasir Q-— /1 nacoca npu pasidunblx wHcaax 06opotos. Ecan xapaxre-
PICTHII HACOCA OMHCHIBAITCA YpaBHelley

H = f2hyp — 5,Q% (5.23)

TO OP.iliATEL KPHBOR Q — H apn wiucae 06opoToB n << Ay GYIVT HIHKeE,
ues Npd uHcae 060poTOB ng (KpHBOil Ay— Q), na

NH = figp (1 — B2); (5.26)

qech B — oTHoWelHe uicaa 060POTOB HAacoca A K HOPMAJALHOMY UHC/
WBopoTOB Ny NpH ero padore.
3uavenna fap M Sy A1 BOJONPOBOANBIX H Kalali3aUHONHLIX Ha-
COCOB PAaTUYNLIX MAPOK NPHSCHENB B NpHJOMcHiH 9 (N0 AaHHmM
B. I'. Mabuua 1 E. A. Tlperepa).
Cpsasb MeXK1y H3meHenusvu nanopa AH B BoloBole H NpOU3BOAH-
WLIOCTH Hacoca AQ BeipazkaeTca opmy o

amn
ana A0 (5.27)

AH =

m — ylic.10 O,H.IIOBPQMBHHO paﬁora}otuﬂx HA4COCOB;
/t — 4lCI0 BOJOBOZOB, MO KOTOPHM NO3eTcs BOJa HACOCaMH;
« — 1110416 TONepeylioro CeveHis BOJOBOIA.
Yitc10 060pPOTOB llacoca C MOMEHTA ero BbIKMOYSHHA A0 M01XO0AA
K 11acOCYy OTPaKkeHHLIX BOJil MOMKeT OblTh OlpefedeHo no caelyloueil
thopmy.e:
t 1+ C '5cp B
— =———arclg — —arctg —|, (5.28)
T, 1'C c Ve

rle ! — ppeMs ¢ MOMENTa BLIKTIOUeHNis Hacoca;
T, — Bpeus pasrolla 1ACOCHOTO arperaTa;
C — cpelnee OTIOUICHIE MOMelTa, 3aTpayHBaeMoro na Tpeiue B
calplliKaX H WOIWIMHNKAX IAC0CA, K MOMEHTY, morpebise-
MOMY HacoCHbLIM arpel‘a]‘m! l.'pl‘f HOP.\’!aJlEHO.\[ ylicae 060[]0703:
C = 0,01 +0,02;
B — oTnocnTeaLHOE qHCI0 OBOPOTOB B PaccMaTPHBAEMbI MOMEHT

BPCMCIlT;
4 o -
Ocp — otitorientte momuoctt Ny npi mneae aGopoToB ., vaiienion
cp 0 s
110 KPHROA  TpoOnopuironamine molioetin A cootmer-

craviiei padoien rouke i
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BPEME Pa3roH4 HACMCHOTO arperara

aGo? 1y ne
e ot ot T e Bl S
Ta= 1208 T, 275.107°GD v

31ece (GD? — MaxoBoit MOMCIT HACOCHOTO arperara B kac/cM? Koto-
pHil ¢ J1ONYCTHMOil TOWIOCTBIO MUKET OblTb NPHHAT pas-
LM MIXOBOMY MOMEHTY 3,1eKTpOBlUrare.s;
My 4 No — MOMEHT M MOWIHOCTH, NoTpe1AcyLic HAcOC EP! HOp-
MasbilOM peduMe ero paloTel, kKec-ar H KO8T
Jas auanasona f ot 1 no 0,5 ¢ ZocTatounofl TOMEOCTBIO BMECTO
(5.28) MOMHO NPHHATH:

(5.20)

. Ta -
B = Tﬂ. + 5cpt » (030)
JH ¢ | ﬁ
-TT= —ﬁécp . (0.31)

Ecau B npolecce 'J1apa padouas TOYKa 11acoca nepeMellaercs no
KpHBOIl NpOMOpUHONaIbHocTH, TO & = 1.

Ipu Ty << 0,5A¢ pabouee Koieco 1acnca 3a MPOMEKYTOK BpeMenu
At, coraacio M. M. \aApnaumeny, OCTaHOBNTCA H MOXKeT NOJYUHTL 00-
pariloe Bpaulclie.

HaMeuele Bo BpeMellll pa3BIBACMOIO HACOCOM NAlopa B TeuclHe
nepBoit Gasul (10 NOAXOAA K NeMY OTPAaMKEulUbiX BOAH H3MEeHells J1aB-
H JCHHA) ONPeReIfseTca B Caeiyio-

- I IO I e | L. e nogﬁ;u(e_
12 1. CTpoiTest XapaKTepHCTH-
a-H r‘""#{ ka Q — /I nacoca nF;m pga:mt{-
Vi HLIX 'lC1ax oGOpPOTOB, H LA el
V' /T oTmeuaetcs pabouas Touka ia-
il il — coca (touxka [ na puc. 5.1) cko-
! _-‘}'7‘-& opumatasn o Q. )
f———‘ "“‘*-.‘—j.____‘\ 2. Beluncasercs  peantiia
—h—‘j?Z ™~ nOTepL llanopa B BOJIOBO.E Ay,
S —— V! o~ KkoTOpasm YyCJOBHO  KOHUEHTpu-
e —— —— pyercs B Haparse, vcratas-
e ) - S 1iBaeMoil B lauaje BojOBO1d,
. —— W 1o Heil HaxolHTCa  Toyka 2
e — ; i = cratnveckoro nanopa fler; 3Ta
== t— TOUKA pacnoloiKcia Hizke pafo-
ueif TOUKH Hacoca Ha BETHYNHY
’/5 Aa ho = Ifn‘—' et
5 fe—— 3. lla ocu aGcuiice otme-
1

yaetcs TOYKA J, COOTBETCTBYIO-

T,
/ 1nas paCXD_‘],_\’
. ;
Q=Q — 2 e (5.32)

an

~
|

Nnpit KOTOpPOM, €OI'TaCHO ypaBHe-

a un (9.27). unanop najpaer o

Pue. 5.1, K pacvery monnkenns  uyaa (v, e N/ == [l.;). Touku

Hanopa BCICMCTBHE  YMENLmenns 2 i coe IHA0TCS apsvoi, pbi-
qHCI4 0GOpPUTOR HaACoCH pamasiledl ypastenne (5.27),
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[To dopmyae

— AN 2
[=(MJ ko (5.33)
Qo
groe e THIOTVA [0TePH HAilopa B BOAOBOJE NPH PAcx0dax BOIb, MeHb
witX Qu W CTPONTCA KPHBAR HaMelneHHs HANOPA Y Hacoca (NyHKTHPHas

Lerit na puc. 5.1). Ilepecenensiens sTolt kpupoit ¢ kpupbivMu Q — H
jac  onpencagioTes ero padoude TOYKH MPH pas.iiuiibiX yHeaax o6o-

ornn. .
P Buecro rpadHyecKHX mocTpoeiitt no nn. 1—4 3aBHCHMOCTb [13Me-
Jeiil 1anopoB B BOLOBOjE OT YHCen 060POTOR Hacoca BhipameHa HaMH
vaeloM (D.25) aHanHTHYCCKH:
an
N =M. S 2 — —_ =z
f or + 5Q gne (Qe— Q)

T g 2
~H s (e Ha g} (s

am  He+ ko

= Sn + Ss}

&, — CONpOTIB.IENNE BOT0BOAA.

A [lo (5.31) onpeireasctcs BpeMs yMeHbIUEHHA ulcaa ofOpeTOB 10
ae Hyildid, 18 KOTOPbIX naiienst nanopel B Haua’le BOIOBOOA. H 1ia OcC-
HOAANTTH 3TOTO CTPOHTCA rpadﬂn{ 1I3MEHCHHS BO BpeMelH pa3BHBAeMOro

JOCOM ltanopa.

Ila ocuoBaluil JanipX VKasaunoro rpadika CTPOHTCA no ITHHE BO-
Juneia KpHBadg MHHHMAgbHBLIX HANoOpoB, onpelcafiowlas Hanop B Ka-
W1oit TOYKE B MOMeCIT noixola K HeH O‘rpa}h'e}moﬁ BOJINIBl NOBLHILE-

4 AaBaCHHA. [Teaxoa sroft BB NPOHCXOIHT B MOMEHT
. 2=k

= ~—F (5.35)

{ —:1oaHas LaHHA BOIOBOMAA;

X — paccTosllie OT Hacochoit CTalilliy 10 pPaccMaTPHBAEMOll TOUKH.
B 3toT MOMeUT K paccMaTpHBaeMoil TOYKe BOL0BOAA MOJNOHIeT
Jgia moHIKelnsa JaBaeliHd, ROTopas BO3HHK.1a y llacoca B MOMEHT

' [—
r=2-"% 1l rpapii OnNpe;  IAIOTCA MeCTa 1 BpeMsa obpa-

a
sl PA3PEIBOB CILTOWNOCTI NOTOKa B BOIoBole. LECIH ite yUHTLI
INTepUHH HACOCIOIO ATPeraTta, TO OIEilNTh BepOATHOCTb Da3pbiBOB
INTOCTH NMOTOKA MOXHO NYTeM CcOlOCTaBIeHUs BelNHUHHBL BAaKyyMa
o6pasviouterocs B BLICWIEH TOUKe BOAOBO1A UIPH NOCTYMICHHH B
110 BOABl N0 JeHCTBHEM ATMOCHEPHOro TaBAeHIIA, ¢ NPEICTBHO J0MYy-
Critmoll fpaw.on (TPH HOPMAJBLHBIX VCI0BHAX PadoThl BOIONPOBOIO0B H
Tevitepatype Boabt 25—30° C 3Ty Beuitulily MOYKHO MpPHIHMATH pPaBHOR
§—9 & god. cT.):

20 2 -
fpag = Zp + SO—B[QD ~F (s + 26)] (3.36)
Qo — HauanLuuit (10 v; °X01 BO;H B BOIOBOIE M.IOMLATbI

() TIPI CKOPOCTI o
fl5 — BeIcOTA BOAOHAMOPHON GAMIN 13, VPORHEM GCH BOIORO B
MECTe ero upiMeiRanna g faiine;



zg — TpeBHilIelKe OC1 BO10BO1A B MecTe ero npHyvEkaHis x Gaum-

He HA1 VPOBHEM RO1bl B TICTOUHIIKE!
Zy — LpeBhILICHIE BRICUICE TOUKH BO/10BOJ1a i1a1 VPOBHEM BOAW B
HCTOYHHKE;

Sg—p ~ COUPOTHBJCHIC Bacoca W Tpydonposora (skawoyas dacos-
Hble wacTH 1 apMaTtypy)} Ha yyaCTKe OT LCTOWNTKa MO pacs
CMATPIBAEMOM TOYKH BOI0BC1A.

ConpoTlinielite HACOCA NP NMPAMOM Bpaulenin ero padouero ko-
Jeca Sy MoseT ObiTh B3ATO M3 APUIOKeH!A 9; npn oOpaTioOM IBHMKE-
HHIt BOAB yepe3 HEro — KaK Npil ¢BOGOAIOM ero BpaliedHH (Soe). Tak
H IIEeMOABIIKIIOM, 3aTOPMOKeililoM paboucM Koaece (Sr) — 010 TIpH-
MEpIio B TPH pa3a Go.abure, wedM Su.

Ecan figan < flpareze  TO ONACIOCTD Pa3phiBOB CRIOUIMNOCTH NQ-
TOKa HCK.TIOHAETCA.

Pacuet riipasinyeckorc Ynapa nocie OTPaMeililalX BOJN BecbMa
TpyoeMor. [lnace naner npuéadaceiuvle Gopyy.aIb 118 OIEHKM omac-
HOCTH THIAPABINUECKOTO yI2pa NP MPINCHeHHT 118 3aDiHTel BOA0BO1A
OT Hero ¢Je1yIlouyHx MepoupilaTiii: BAVCK B MecTa pa3pLiBa CNJOLIHO-
CTH NMOTOKA BO31VXA H ero 3awemienie; BNYCK BOJB, Npel10TBPaILak-
Wi pa3phiB CMLI0UNIOCTH (0TOKA. cBpoc BOIb 13 BOJOBOZA H4Cped Ha-
coc; c6poc BOALL H3 BOI0OBOAA, MHIYA HACOC: YCTAllOBKA B MPOMEKYTOY-
HBIX TOUKax B010BOA2 0bpatiieix Kaananos (43 u 5]

§ 5.4. OLEHKA TUNPABIMMECKOr0 YAPA NPH NMPUMEHEHHH
NPOTHBOYOAPHbLIX MEPONPHATHA

1. TIpu oTCyTCTBIII Pa3pbLIBOB CILTONINIOCTH MOTOKA MAKCHMATbilblil
Hanop B BO/0BoZe, 060pvIOBAHHOM 06paTHBIM KJIAMaHOM, HE MOMeT
NpeBblaTh BCIHUHIILI

Hyaie = 2Hs + 2 + hgax. 10u (3.37)
npa
2> (H + 2
Hl BeTHYHHBI
adg -
Hyane = Ho + 2 _g" (5.38)
npu
2% < (H + 2)6

31ech Hy ge — MaRCHIMANLIO BOIMOMKHLIL Hanmop B BOIOBOTE OTHOCH-
TCABIO OTMETKH ocH ofpaTioro Kianana;
2 — NpeBulllelHe OCH K7anawa nal YpPoBHCM BOILI B BOJ0-
npieMIIHKe,

2. Beazumna Huere MOKET ObITb cuMMeHa 10 TonveTHMOr0 Huon
cOpocoM BOIH uepe3 TPeIONPAHHTebHBIT  KianaH, ycTalloBJIelHbiil
613 obpatioro xiavana. Ilpw 3toM xosd@aienT conpoTHBIenus
NpesoXpaHHTeTbHOTO KianaHa M Tpy6onpoBosa, OTBOAALIETO OT Iero
BOY, e AOLKCN OLITHL Goanle Benuni

2 U ion .
gliy (L— g =P (5.39)

{.=



ep— CYMMApABIA  ko3thdnuMent conpoTHBNeHHA  BoI10BOIa Ha
rke OT Bodonanopuoft awnn 10 Mecra YCTaHOBKH [Ipeloxpaiin-
doro Kaanua (BkIouas acomibie 4acTH H apMaTypy);
H aon
Ugop = 75—,
HmaKC

{Tpw 2a1anHo# BeanunHe {c MawCHMa/pHLifl Hanmop np# c6poce BOJl
.cpe3 kJanan Hep onpelerderes no dopuyae

a® (1/%' Hyare (Ec + Crp) + 1 — 1)
g H vaxe (Ge =+ Trp)

Tipnusep 2. Tlo HaKIORNOMY BOIOBOIY IIHOK [==2 gy ¢ uyry IHBIMH
-51'm gume'rpw 600 am BO13 HAcOCAMi MO.14eTCA CO CKOPOCThbio Uy=1 M/cex,
28 M%cex B HamopHywo Gauiino BLCOTOR HG =36 M., PAcOOTOREHHYIO HA

ik2 Zg=4 #. B01oBOX Ha OTMeTke z =1 s 060pyIOBaK NMPEIOXPAHKTETLHLM

oM cieremst YpBOJTEO (oTkpuiBaiouthMes [ NIBLIUIeHIH  1aBIeHNs)
MM, Bola oT KiaamaHa OTBOJHTCH MO MYTYHHOMY Tpy0OmMpOEOLY a‘ 300 M

i I =u1 M. Tlpnsen a/g=100 cex, a==981 m/cex.

BLISCHKM BOAMOKHWOCTL PAIPLIBA CNJOUINOCTA MOTOKA B BONOBOAEC B HAHMBLIC
el ToYKE ¢ OTMeTKoft Zg. [lpuniuMss compoTiB.iende iacoca ¥ TpyGonpouoses
Ji paccMaTtpHeaeMnil TOMKH BOAOBCAA  PABHLIM soqa=gnjlgm’=!30 cextimd,

ONLCIAEARM BRANUIAY HAKYyMa B HAHRLICWICA TOYKE BRON0BN1A NOC.Te fIPEKpalenns
n lu4H EDALL HAacocosm ma (5.36):

ffup:PIMa‘:c I -

. (5.40)

5 0,28 -
hmu=4 +1230 (0._3 = 40) =7.65 & 808,

Tar Kak hoge <8 M 808. T, TO PAIDLIB ILAOWIOCTH TOTOKA B BOTIOBOIE
nposzoftier. [Tockodbky B QaHHOM CJayuae avdg:!l)\‘l M H6+26=49 M, TO

JKCHMAJIERY BOIMOKHOE ROBHILeH: AABICHHY B Bo1oBOIE, He 060)YI0RIH-
N PELONDANHTeABHRN  KAananoy, coraacity (5.37), MoxeT A0CTHRATH Make ™

2444 8=8¢ u.
P\!'Bdlﬁ'il'meur CONNOTHB.TERHA cOpocHOro  ycTpofivTea ¢ (IPE.10XPARHTENb RLIM
ANaHOM t =I, 3aiBi&KON {, =0,I, nepexo.1HHKOM "nep_’n 2, TPOAHHKOM § p'--
W25 KO.1eHOM %01‘“0'3" (c cHo § 3.3) cocrasager t =145, OTNecem ;c G
K SHaMeTpy TpylObl d==CU) st

e (AN s (BOV
:L"‘C(dc ) _‘74'3(200 L

Kosddruent COMPOTHESeHNS TpySonponoaa oT GaulHA A0 ‘MpeloNpaHHTeTb-
Horo Knanana § 7= 14,

[To (5.40) onpeseisem Mak #Huit Hapop:
Hpyy=ot [1-0%25 (V2,6 +1—1)]=036 m.

TTpeamoae®iM, 970 B DPACCMATPHERASMOM TpHMeDe 3ajaHa He XIPAKTEPHCTHEE
cGpocHoro ycTpofcTBa, & BEJHYHHA MAKCHMAIBHO JONycTHMOro (NPH THAPAaBIHYE-
CKoM yape) Hamopa K YTo 3Ta Beanunra paena 30 M; Torda

50
on™="gy =00
o dopv ae (5.39),

2.0812 08 . .
=8 O gy s730 - 848666,
TR oy ST — 84==8568

at

®E COOTEETCTBHH C 9eM H caedyer nnzGupaTth MpeloXpamrATeIbHLIA Kiaman, Ana,
HeTpR TPyS, apMeTypy E QacoHHkle 3acTH ¢CPOCHOTO YCTPORITEA,
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3. Ecom B BoioBoxe. ofopyaoBaHHOM OBpPAaTHEIM KJAMaHOM, MPOHe-
XOJHT pa3pblB CMJIOIIHOCTH MOTOKA, TO MAaKCHMaJbHOe MNOBLILIEHHE Ha-
nopa MOMEeT JOCTHIaTh BEJIHYHHbI

atp

Hyake — Her =—— + 2H ¢y, (5.41)

rie Her— cTaTHYecKu#l HaNmop B BOI0OBOAE OTHOCHTEIBHO YPOBHA BOIHI
B HCTOUHIKe.

4. Ilpesoxpannte bHBIf KJanaH, YCTAHOB.JeHHBI y o6paTHOro K.ja-
NaHa B HAyajne BOJ0BOJIa A7 OrpaHHyeHHA MNOBLIIEHHA Hanopa Be.TH-
uynHOH AH, He 3allHWlaeT BOIOBON OT MOBHIUEHHS Hamopa B JAPYTHX
TOYKax, npOHCXO;IﬂmEI‘O NMpH COyJdapeHHH KOJOHH BOJ1bl B MECTax pas-
PHIBOB CNJOIIHOCTH notoka. MakcuMaabHblfl Hanop .B BOAOBOIe B 3TOM
cayyae MOXKET AOCTHIATb BE.THUHHLI

HMﬁNc'—_QHCT+On5(3H+ avn) (5.41a)
KosaduuneHT conpoTHBAeHHa cBpoCHOTO YCTPONCTBA He J0OMKeH

NPeBOCXOAHTh
Her +AH — 2

(00 + £ @1 — )]

Le=2g ' (5.42)

rie AH — npeBblllieHlle HAMOPa B BOJOBOJe HAJN CTATHUECKHM B MecTe
VCTAHOBKH NpeloXpalNTe bHOro KianaHa;

Zc — OTMETKa BHIXOMIOrO OTBepCcTHs CGPOCHOrO yoTpOHCTBA.

Ins orpaHHdelHA nOBuUIeHHA Banopa B BOAOBOIe M0foi 3aiaH-
HOW BeTHYHHOM HAJ0 BO BCEX MECTax BO3MOMHLIX PaspelBOB CMJAOLUIHO-
CTH MOTOKA YCTAHOBHTL NPEIOXpPaNHHTeNbHLIE XJaNahbl ¢ KoIDOHUHEH-
TAMH COMPOTHBJEHHS, BbiyncIeHHbIMH no (5.42). B Mmecrax YcTaHOBKH
NpenoXpaHHTeNbHbIX KJIaNaHOB NOJKHBL GLITE NPEAYCMOTpPeHbl BAHTY3LL

. [lpn ycraHoske B navaje BOJOBOJa KJianaHa-racHTend, OTKPHI-
BaloLlerocs TpH MOHHAKEHHH JaBjeHHs, Hanop B Pe3ybTaTe cOyHapeHHA
KOJOHH BOJAbl B MPOMEXKYTOUHLIX MO AJHHE TOYKAX BOTOBOIA MOMKET
BO3PACTH A0 BeNHYHHBL

Hyake=18Her + o~

‘“’“ (5.43)

ToBriueHHe Hanopa Meped KJanaHoM-racHreteM onpelenserca dop-
MYyJI0H

AH = [U —]/ e A——C—) +92g ——;Tfi] (5.44)

rie mpH

a? o
Zyare — 2o = _QE (5.43)
=4
U=un+2%(ﬁm—zc)+—;’-.§;:, (5.48)
a npu )
a
Tyake — Fe K 2gt. (5.47)

U=uov + 243‘ (Her — zuare) + ]/25’ B % -+ -i. (5.48)
a fe &

1€0



Urofbl 11aNOP epel KAanaHOM-TacHTeseM He NPEBHIAL Hy, xo-
sdduISIT CONPOTHBAEINA cépocitoro  yecTpoiicTBa He J0.03KeH ObiTh
Goablic caelyloulell et

ppi yeaosin (3.45)

R e T LT S Y

w- w

w =2+ £ 3l ~ 22— H);

npit yoaasnn (5.47)

V=Y 2 (ng— 2e) ~ ¥ 28 (Zuave = 20) (5.50)
U+ ‘?‘_ (3H er — 22uawe — Hy)

\H = Hy— Her — noBuiliieliite wanopa nepea  -1afiailos-racures
nem;
/T, — nauop nepex Kaananos-racHrtenes
Hep = cTaTnuecknit Hanop B BOLOBOIE;
Lc — xosdduinent conpornpienns cGpocHoro ycrtpoileTsa;
Ze — OTMCTKA N3AIBA BOAL 113 cOPOCHOTO YCTPORCTBA,
ke — OTMeTKa ocn BOJOBOJA B 1laldojee BBICOKON TOUYKe ero
npodias,

[Tpu cGpoce BoAU uepez nacoc, oGOpYAOBAINNLIT TOPMO30M, pacuer
FHPAB/IYeCKOTO Y1apa NPOM3BOUITCH TAK #e, Kak npH cOpoce BOML
yepesz KJapail-racHTeib, YCTAHOBAGHHLIN B Hawane Boaopold. B srtom
avaae kodpdrunenT conpoTaBAeHnA L cOpPOCHOrO ycTpoHeTBa doaKeH
VUHTLIBATE TIIPABAHUECKHE CONPOTHBIIENHA HAacoca (npH ABIMEHHH ue-
pE3 Helo 801H B 0Gparioy HANpaBaenus) Lo = Soo 2907 & 3su-20w2

TMTpismep 3. MaHo: zcr—--m "
tg =30 cexk.

Ecau sofosoa cGopydosan Of(paTHMM  KnanawoM, To apH  OTCYTCTBRAH  mep
GopLGal ¢ FHAPABAHYECKHM \V12POM MAaKCHMATbHLIl Hanop B BOJAOBOAE H3-3a pa3-
[Likd CNJOUIHOCTH TOTOKZ MOMET AOCTHraTh, corsgacuo (5.41), BenndyHHLI

awy

b =gt =02+ 3100= 400 4.

TMpeanono#uy, 4To B HAYANE BOLOBOJA YCTAHOBIEH (PeNOXPAHHTEMbHBIA
YAET3H, OTKPBIBAIOWHACA NPH MOBLIWEHHW Halopa CBepX CTaTHYECKOra Ha
2/ = 20 . Torda MakcHMmaienwid Hanop B BOAOBOAE, MO (5.41a), MO¥ET HOCTHraTh

H 4 60=260 m,

Ipn 3Tom  kostbdHLeRT co cGpoc ycTpokcTea, dopmyne
(3.42), He ponxeH mpeBLIWAT

120 420 — 19 " "o
Ty, 2= mT e =
S TR

g =298

_ Ecoun B wavasie BOAORONA YCTAHCBAEH K1amaH-racHTeab, TO Hanop B BOAOBO.IE
B pe3yibTaTe COYAAPENHs KOJOHH BOOLI B MecTax pai3pbiBa COACWHOCTH NOTOKA
MaKcHMaabHO MOMKeT, coraacio (5.43), AOCTHTHYTB 3HAYeHHR

H =1.5-|oa+50--§-=200 "

MaKc

6 3ak, 504 161



Onpeteanyw mo  dopwy. vGPOCHOy
yeTpofcrea npn /T =220 a

9,87 220 — 10) 41 zzo—m( 220 |0_490)_ .
L= - 135 ¥ |/931 A 57 )=

w= 2{——»—13 <100 —2.10 = 220y =73,

Tak
504590

60—|0=30>W

BLTMOTHACTCA, TO ANO3ITOMY B J2INMaM CTy4ae ,‘-'lEﬁl..TBdTE"]bHO npHMeHnya cbopmy
(5.49), a e (3.50).

ITo (3.50) onpeIeTIN, U M (c nasn K1anaHhl e nbeRocxo-
[HT cTaTiiecknlt, T. e, H,=H ..

— 443V100—-10-V61~10
Vi= 7+ 1,6

Yenoene (5.47)

=295 { =81

5. 1'1'1 = 1410

60— 10="0 <

(ropMy. (5.20)

6. Ilpn ycTawoBKe Ha BOIOBOAC BAHTY30B, a Buoiwe ux (mo wa-
NP&BAEHILO IBH/KEHHS BOIb) — 00pATHHIX KIANalN0B, OTCEKAIOUIHX CTO-
wejllHe KOJOHHLL BOIb, Uanop na A1060M yd4acTKe BOAOBOAA B MO-
MeHT IiAPaB.JIHYECKOrD YA2pa He MPeBLICHT

H we=2z3— 2y, (5.31)

TAE Zy — OTMETKA Ocll BOAOBOAA B MecTe YCTallOBKA 06[)&1‘“!0[‘0 Rna-
natia, t. e, B nadaag paccMaTpHBRAEMOTO Yy1aCcTKA BOJAOBOIA,
Zg — OTMETKA OCIl BOAOBOGIA B KOIUWE DpAcCCMATPIBAEMOro yuactka
BOJOBOJIa B MecCcTe YCTAlOBKH BaHTY3a AJA BNyCKa BO31yxa.
OfpaTHuie Kiananul cJelyet Ycrauasausath Ha 5—I0 x Buiwe (no
TeueHHI0 BOAK) ompelefeliiblX M0 (552) rpannit OTOWEAWHS KOJOHH
BOANI.
PaccrosirHe ot BAHTY3a 10 TpashuLl GTOWRINi BOILI L
NpHOIHAEHNO PABHO

L=Fl[u..+—‘i—(‘2£a-— g ‘H)]u, 5.59)

roe [ — ZNHHA paccMaTpiiBA8VOro y4acTka ROJIOBOAA:
Ll — uegoe uncao oTioen s

00— £ (Her + 20~ 220)
4, = : (5.53)

2‘%‘(2'5 -~ 2))

Ilns nocaeanero (BepxHero) yuacTka BOIOBOJA 33 GTMETK, 2y CJle-
AyeT NpHHHMATL OTMETKY BOJbl B Bawile, I. e zs = Her.
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Biyek W 3AUCMIICHHC BO3VXA B MECTC pasphina ClLOWHOCTH
noToKa (}C‘\'U_LOCTH.'IHETCH C NOMOWBLIO aBTOMATHYHECKH ,{1(.‘;[(3'5'3}'101].{“)( aspa-
qUONLX KJANAToB, OTKPUINAIOILIXCA NPH NONHACHHH AABJIRHUA NILKC
arvocheptioro. Kaanauw ycrawasmisaores B Tex Toukax npodnas, rie
0 pacueTy UBO3MOMKIBI paspuiBbl cosouiocTH notoxa. O8sutio 1na-
merp OTBEPCTIA 1A% BXOma B031yXxa cocrasaser or 0,15 a0 0.2 1wa-
jerpa B0A0BOAA. JL1% BlYCKa W 33WEMICHHT BO3NYXa ILPHMCHACTCS
cakzxe o0paTibld KI2anaH, YCTaHABIMBACMBIT Ha OTRETL.ICHHK OT BO1O-
B01a M0 TAKHM YLJIOM K CFORNIOKTY, 4TOOLI TapeTka NPH 3aKpLITOM
gTanane Haxoaunach 8 BEPTHUKIALHOM MOJOKCHHM,

[Tpyu panenny HagacuHg B poO801C mEKke atvocdepuoro Kranad
OTKPLIBASTCA, PA3PLIB CILIOWUIOCTH OTOKA 3ailualifieTCs BO3.1yXOM, Na-
xO/LMBNCA M0 AdsmeHiieM, O.an3knv K armocdepuomy. Ilpy cokpaiLe-

paphiBa COJOIRIOCTH OOTOKA BOATYX NannliaeT BLIXOINTh W3 TPY-

qpAnnja, Nag’denne ero po3pactacT [eCKOALKO Bule arvocdepuoro,

[eayALTATE UeTO KAANAU 3aKPLIBACTCH 11 3AM[EM.IsvT OCTABLIMIICA B
ol0B00 BO3AYX. Hanienne 8 o0pazomasmioMcs B BOLOBOLE BO3LYW-
JOM HYVALIPE TIPNT CORPAILEHINT JAAINELL PA3PLIBA CTAOUIHOCTIE NOTOKA ;10-
cTONENI0 BO3PACTAST;, BO3AVX, YNPYro civanace, Gosee niapilo HaMe-
(90T CKOPOCTH COKpalfeiua [MIHlbl paspuiBa CILIOWIHOCTH NOToKa. B pe-
3vibTaTe Japaeitie B BOAOBOLE NOBLIWACTCA 3HAYHIENbIO MeHblle, HCM
Jipi COYAApEHItH KOJOHH BOMB, M MOXeT BO3PACTH MAaKCHMYM 10 Beni-
L

Hy we=2ym+ Hn (5.54)
T8 Zuan — OTMOTK. NI BO3MOMKHOM TOYKHM pPaspbiBa CnAOWHOCTH
noTORA;
Hy — tanneine B TOUKE, ONpC: “AseNoe  no  rpadrry

pric. 5.2,

Ila  aamgov  rpadmke  no  ocn adeBIeS  1T0ZKCHET BCAMINIL
clfice/ave, a no ocu opuinar gHajwvs. 1Ta toM ke rpaduke myukTH-
POSL I IITPIY NYOKTIPOM 0Go3NaeHnl KPHUBLIC, 110CDOCILIE 1A OCIIORE
pesyantaton necaeopaunii K. T1. Buninenckoro,

Yuactok TPYOONPOBOIA C 3AMCMACHILIM B TIeM BORIVXOM nrpaet
Peib  ROAIYHINONO KoAasa, DhQCKTHBHOCTL BAYCKA H 3AWCMICHIH
no3ayxa Gyaer Tem Go.naue, ues GOALIIE AANIE BOIVIIIOTO My 30t
{no namen BOJITEQ, nop cTamiiqeckuy 1anopax B ameore pacnoaomwe:
ksl waanaia no 15 a0 cod. cr).

BanTyz 48 DuUMYyCRA BOZAYXA 1CGKEN PACROIANILCS  BIE 3000

AVIIHOTO NV3LIPA, npiuepio ia paccrodnnit 13 a0 ot aspawiioiizoro
Kianana., Aapamnoniitii RIanan 200w YO enamasareea e Gorne
100 4t oT nacocnoll cTannnm.

8. Bayck BOAM D MECTA PAIPLIBA CILIOUITOSTH [0TOKA MPONIRO-
MITCA Ha CRCUNAILIOTO PeIcpBYapa, COLUIHENNIOro ¢ BOJOBOAOM Ii-
uineft, oGopynopaniod oGpatneiv KiananoM. IIpn yweinmenun naeac-
IS B MECTC BMUYCKA BOjbl NPI FIIAPABAHYCCKOM Vape Hiske JAaBieHils,
COOTBETCTBYHILETO VPOBINO BOALl B pe3cpeyape, ofpariuil kianait oT-
KPHLIBAETCH, M BOTA NOCTYOART B BOJCBOL, YCTPANAf Bakyy\ o paspbip
CHAQITOCTI NOTOKA.

Eedan B 0CTAMLILIX TOUK.  EOTIRG. (PN 3roM Taisk e Gy

HPOHCXOINITL PARPUBGR CAOHINAC T TO  Hapithiit nanop B8 RO,
HOE HE BPeBucnr  JROemiofl Lot cralhiMeckoro ganopa:
e = 21 o (5.55)
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Puc. 5.2. Tpadur pas npeaBapuTeabHOrO ONPCCIeNHs ONacHoCTH THA-

PaBAMYECKOTO yZapa Npd MPHMEHCIH BUYCKA ki 32uleMJeHHS B0O31yxa

K pussle noctpocHel A/ npoduicil BoA0BOLOB, NOKA3aHHBIX COOTBET-
CTBYIOLUIMMII UIHHAMM Clpasa oT rpadiika

Q6ben Boaw W, koToputit fomuen OwiTh nojail B BOZOBOA B MecTe
pa3pLiBa COJIOMIOCTH MOTOKA, BbIYHCAACTCS 00 (opay.de

{
- -;—"’ (vu 5 % Ha) i, (5.56)

rne [, — paccrosniue OT pACCMaTpHBAeMOl TOYKH BOJ0OBO1A, B KOTOPOIl
BO3MOMen pPaspulB CNAOUIHOCTH NMOTOKA, A0 KOHUA BOIOBOAA,
) — MJ0llaib NONEpPeYHOro ceyellis Bo10R0a;
Il — icnoe yieao oTiorennsa

=1

g
o+ £ 11y
B Ty e

(5.57)
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2 — @TMETKA OCH BOAOBOIA B MECTC paspeiBa CILIOUNIOCTH MOTOKA
(OTHOCHTCABIO YPOBiS BOAL B BOLOCME, H3 KOTOPOro oia
1012€eTCR). )

q, [Tpit ycTaHopke B pauade Boldsola (ofopyiomalioro ofpatheiM
xaanaiiod) NPEIOXPANITEALHOTD Kaaliana, OTKPLIBAIOILErOCs NpH 00Bk-
el nanepa mo Her + AH, uw BNycke BOAB B MeCTaX BO3MOMKILIX
aSpI;]BOB CHJIOUIIOCTY NOTAOKA lanop npl- THIpaBAllYecKOM Yiape MO-

‘ acTi A0
Mey B3P Hyage = L5 H cx 0.6 AH: (5.58)

Ofver BOLB, HeOBXOAMMLIN A8 DOAAYH B MeCCTE Pa3pLiBa clioul-
[ocTH 1OTOKA, onpeaeasercs 1o (5.56) u (5.57).
Koa(hduunent conpoTusaeins c6pocioro yeTpoiicTsa BHUMCASCTCS

no gopyyae
¢ _832 Heao+AH — 2¢
¢ g (Her— AH)
10. TIpn ycranonke b Hauale BojoBola (oGopyaosailnoro o6pat-
HBIM K1analioM) KJaamana-racHtesid H ENyCKe BOAB B MECTe BO3MOXKHbIX

pa3prBOB CMJOWHOCTH MOTOKa NOBLILLENHe Hanopa Afl cBsizano ¢ Ko-
3@(1)!1&“0"'1‘0?\{ CONPOTHBICIIHA Qc CﬁpOCHOTO ympoﬁcwa Cneayiouuvu

3ABHCHMOCTS MH!
gLc
(I<Z V———“—
= 2(z — zc)

npil
207  Hup+ AH — 2, .
g (Ha— AR * (5.00)

(5.59)

Cc"=

- ol Bic (Pl —2) |,
a.H_HCT-l--gE[L ]/1+2 < ] (561)

oGber BoAb W npH 3tom onpeleaserca mno dopmynaM (5.56) n (5.57);

npH
g8c
a>z]/2(z—zu)
e, VHit \H—z—Vi—z B
ghe=a ;- ; (5.62)
HJIH
2(z—
fXH=HCT+a‘|/__(g€%C)_Z+
)/ 2 (ot zo— ot 0} ZE—EL J
-+ ale [1 14 o) 2Hx—2zc—2z+a ot ) H
(5.63)

o0beM BOAB, KOTOPHIA ,10/&el Oul1L 1MOMAll B MCCTO BO3MOHHOrO pas-
PHIBa CIJIOLIHOCTH,

=% [uﬂ +2(Ha—2)+ ]/%(z = zc)J oll; (361)

e — 7P J )
L = 5l.=3 ["“ i l/ Z. (z—=2) |+ 03 (565)
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Ecau npenpaphteabHas oilenxa no (3.37)—(5.63) nokassiBaer, urg
MR HaHHOTO BOJAOBOIA TIIPABJHYECKIH YIap fe onaced uauw IJA 3a-
WHTEL BOAOBOIA OT HEIOMYCTHMOTO NOBHLIUICHUA 1aBAeHHA He Tpebyetcs
nponeqeﬂue ﬂOpOTOCTOHLLlHX H TexHWYeCKH <CJJ0KIUbBIX mep. TO MOXKHO
OFpAJIHYHTLCS 3THMH (PEAB2PHTEIBHBIMH pacyeTaMi. Ecau e Benuynny
TOBbILIGHIA HANOPA OKAKETCH HedONycTHMOH Aas [IaHIIOro BO.10BOIA,
4 3al[UTa ero OT TAKOro MOBbIlIelHs Hanopa noTpefyerT Mep, CBA3AHHLIX
cO 3HAuHTeAbllLIMH 3aTpaTaMH, TO HeodX01MMO NPOBECTI JeTaldbible
pacyeThl THAPABAHYECKOrO y.Aapa, OOCTUATEILHO W3J0MEHHbIE B YKasa-
Huax BOATEO [43]

§ 5.5. MPHHLUWNBI PACYETA THAPABNHYECKOrO YJIAPA
B PA3BETBJAIEHHBIX CETAX

B nioGoM paseeTeiennn tpyGonposofa nadmolzaeres caokEas Kap-
Tt mHTepdepeHtl YAAPHBLX BOIL.

PaccMOTPHM TOUKY Pa3lBeTBICHHA TpyOonpoBOLa, OT KOTOPOH OTXO-
IHT n Betsel. [Ibe3omeTpHUecKHe Hanopbl Ay, hz B CeUEHHAX BeTBeil, lle-
focpeACTBEHHO MPHMBLIKAIOWHX K TOYKE DA3BETBJEUHH, MOXHO CUHTATh
0AHHAKOBBIMH:

h] = hz = = hn =h, (5-66)

CKOpOCTH TeueHHst BO BceX BCTBAX Uy, Up, , Vo Gylem cuHTaTh
NOJOKATENbIBIMH N0 HanpaBneHHEO K Touke passetsiedns. M3 ycmosns
Hepa3pbiBHOCTH MOMYUHM:

010 + v + + vpo, =0, (5.67).

rhe Wy, 02, , ®n — OJOUWATH CeuedNs BeTBeil.
PacnpoctpalieHHe BOJH B KaKJ10H BETBM BBIPAYKAETCA YPABHeHHIMH

T e F(f f%)+ f(t +%) (5.68)
Av=o-—-vo=-m%[."(r«—%)—-f(t‘+%)], (5.69)

rae $yuRUME F BLPAXAIOT H3MeHCHNA ZaBlelidd H CKOPOCTH, paciipo-
cTpaHaouiecs no TPyGONpoBolY B Hanpas/eHiH OCH X CO CKOPOCTHIO
a, T. e. HPAMYK BOANY yAapa; QYHKUNHM [ BHPA:KA©OT H3MellelHa RaB-
AGHHA 1l CKOPOCTH, DAcHpOCTPAlAOIIHECA 00 TPYGONPOBOAY €O CKO-
POCTBED @ B HaNpaBACIHH, NPCTHBOMO.IOKHOM NaNpaBACHHIO OCH X, T. €,
ofpaTiyio BOMHY yiapa.

TTockoabky HMEET MEITO MPHHLMN CYNepUO3HUHH BOJH, TO MOZKIIO
paccMaTpHBaTh He BCK COBOKYNHOCTH BOJIN, a JNUb OIHY OTAETbHYIO
BOJIHY.

[Tyetn no i-i BeTBN R TOuKe pa3jpeTn.aeling NOIXOANT BOANA, OPM-
naTy KOTOPOil B ceweniny, HeHOCPCeACTRONNO MPUMHKARIEM K TO'Ke
passeTBnenna, obGoanauuy nuepes [y Uactuuno oTpaskadch Ot TOUKH
PAIRCTBACHIS, 3TA BOAITA TOPOIIACT B TOM K conefili OGPATHYIO BOJ-
wy fi, a B ceuentnX NPYrux BCTBed, NPHMLIKAIOWINX K TOUKE pasBer-
Bacnus, — Bosubl fy, fo, oovy fier, Ji4n 2vs, Ju.o Ha ocuosanun (5.68)
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q (5.66), 011011 CTOPOHYI, (5.69) (5.67), apyroil, MoKeM
panicatb!

fl=f-2= 5_12F5+f;:ff+1= —'=fn; (56.70)

0 e ' A 8 U8 e
—a—l—f:+ a, f2+ + a,_ f",:1+ a, (fz 1)+

. 1 [0
2 T e

aH—I n
M3 (6.70)
fy=lp== =fo=5Fs h=rf, (72
20./a.
s, =—nm—‘/a~‘-~; (5.73)

2 0,/a

(5.74)

Koabdrunent r, xapakTepr3yeT BOMHY, BO3HHKAIOWYI0 B i-il BeT-
BH TpyGonpoBofia 3 pe3y/AbTaTe OTPAMENHA OT TOYKH pa3BeTBJAEHNA
BO.IHBI, MpHIIeAed K 370l TOYKE MO TO¥ Ke BCTEH, H Ha3blBaeTCd K O-
9t bHUNEHTOM OTDPAKEHHA

KospduuueHt §; xapakTepHiyeT BOJIHEI, BO3HHKAIOUIME B JAp.THX
BeTBAX TPyOONpoBOZa B De3yabTaTe NPOXOMAEHHA depe3 TOUKY paz-
BETBNAEHHA BOMHLI, nojorieAWwell 0o {-H BeTBH, H HaauiBaetcd Lo3d & #-
UHEHTOM NpeToMuei HA.

Ckaykoofpasnoe H3ve'enHe japameTpa TpyBonposoja HAH  BeaH-
YHHLI @ MOMHO paccyiaTPHuaTbh KAk YacTHHIA Cyyail TO4Rd paszeTeae-
1is, a HMeHHO, KaKk TOYKY Pa3BeTBAENHSs, OT KCTOPOIl OTXOAAT TO.IbKO
ase BetBH. Kak Bnano u3 (5.73) u (5.74), wo3pduunent oTpamenins
4718 TaKoro nepexola OyfeT OTJHUYEH OT NY./A, KPOMe 4acTHOTO c/aydas,
Korga o,/a, = s/qs.

Kosdduuvent oTpakenis 0T ceucHyH, B KOTOpPhIX JTaB/IeHHe COXpa-

HARTCH MOCTOAHHLI® paBeH —I1, a Kos(DPHUKEHT OTPaKEHH GT TVIH-
KOB paBeH 1.
1. Ecan & HOM_[IEHHA CEUEHHA NOAXONAT BOJHBI H3MeHeHHA
sanopa Fy u fa TPaMenHble BOAHBLI H3MeHeHHA Hanopa
28 1—£
Fy =~ Fi+ 2 5.75
peer o Bty (5.75)
2 1—§
e fy— == Fy; (5.76)
£ 2 1s &
TFE T TR

3%ech HHAekcoM | 0BO3HAYeHL! BOJIBLI lla NepBOM (MO TeyeH o BOIbl)
yuacTke Tpy6ONpoOBOAa (MO MECTa H3MEHEHHR CeUenHA), 4 dAHIEKCOM
2 — Ha yyacTke NOCAe H3IMellenna cewellns;
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Coraaciio npedaoxenmo AiTHcRa, NpH HenpdMoM YJiape MOXIO He
yyliTbIRATL OTpaskennil, a Becin npubanmensblit pacyeT Kak aas Tpydo-
NPOROAOE € MOCTOMEHABIMII CKOPOCTAME U i & DBBOAA HX CPeiuHe 3Ha-
YellHA.

Ee.  1pyGonpoBnd COCTOUT M3 N YMacTKOB AAHuO# [, /y

n

P - - %
oflwen 2ainoil L==z‘l,-, apH¥e.  CKOPOCTIl B0Mbl MPh YCra40BHE-

L

LWENMCK ABHKEHHH W nanope flyr COCTABIRWGT B HHX Uy, Ua,
a CKOpPUCTH BONLI Oy, Uy, G, dp, TO
L s
fep = —"—} (5.77)
Ve

i==]

Bep = —— (5.78)
[Ipi nenpaMoOM ynape ylapn if napaverp (5.13) 6yier:
Geplep
Pep = 3277, (5.79)

TIpn mpavow ‘1ape OOBRWUICIHE AABNCHHEA OnpeiefeTcs G.ankal-
WHM K 3aTBOPY Yuacrkoum Tpydonpopola, 1. € Yepes v M a ua 3ToM
yuacrie,

2. NMpn poaxeze K veeTy oTGopa BOJAL BOTILE HOBLILICHAA ILTH NO-
HAHACHINY 13BI7HUA ==F| olpeleaelide BeTHIHRK OTpa)enHoli BOJHB
AoMWEKeNH W NOBLUNCIING 1aBaeina =f, M BOAHL AOBLILICHHA HAH
MOHIGKENNA 1aB0eHis ==F,, pacnpocTpansionleiics Ha yuacTuk 80.10B0Ia
nocre mecta oTlopa BOALL, CICIYET IPOM3IBOAHTL Mo Qopuy.aam

iF2=iF1"_‘f1;

a

*=fh= o7 (veo — o) (5.80)
=1/ ( o, 26F
*‘1/ ot ) =5 —

3JeCh BO.IIAM ROBHIWCHHA IABACHHA NpKAaR 3HAK «N0C», BOJIHAM no-
HHKERHA 1aBAeHns — 3HAK «MHIYCH.
Ucg ~— CKOPOCTh ARIGKERHA BOIAL B BOACBOAe, COOTBETCTBYHONIAA
pacxosy BOdbl Yepe3 cSpocnoe yCTPOMicTEO B mepHof, npei-
WeCTBYIOULHT 104X0,1y BOIH H3MeHeHHR JaBICHAA,

h‘_-n

PR
Ueo

0o=2g

e

ho — notepn nanopa B cGpociioM yeTpeAcTBe MpH pacxoge BOIM,
COOTBRTCTBYIOULEM CKOPOCTA ABMAKENHA BO/Ll B BOLOBOIE Ueq)
Uc — CKOPOCTL APHA(CIHS BOLLI B B010BOJE. OTBEYaloOULAd Pacxoly
BOo1bl vepe3 ¢6pocloe yCIpONCTBO [PH N0IX0Le & HeMYy BoJ-

HLI H3MeHenus AaBJiellns,
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§ 56. PACYET THAPAB/MYECKOr0 YJAPA C HCMO/b30BAHHEM
3NEKTPOHHBIX BbIYHC/MTEAbHalX MAWMH *

QOclI0BIOM HpHYIHOR BOJUHKHOBCIAA T7.1p2Banueckix ¥1apon 8 en-
~npolaX ABIACTCA ABADIIAGOE GLIKIOUCHIC 3ICKTPOIITANEA ABRraTetel
31ac0CoB,

HanGonce 31aMUTeIbHLIN A0BLILEHNE JABICHIA MOKeT GLITL TOrla,

sqpa B npoliecce THIPABAMUECKOrO  ylapa o008pa3yiorca  pa3pesL
¢:JOUIIOCTH [IOTOKA B BO10BOAC. Tak Kak TitIpasinugckiie y1apHl, Bhl-
spigaeMble BHIKIOUYCIHENM HACOCOB, MAMMIIAIOTCA ¢ pacipocTpailchis no
$0/1PBOLY BOMLL MOINLKEHIA 12BJeHisl, CIyuai pa3pbliod CILIOIHOCTH
©0roKa MpH 3TOM JOCTAaTOulo YacThi.

Jletaabnble pacueTd THAPABIHYECKHX Y.ZPOB, BHI3bIBACMBIX BHIKAI0-
yzitileM 3JSKTPONHTaHHMs ABHrareaefl nacocos, CONPOROMKIAIONILXCA pas-
puiBaMH CIUIOWIIOCTH 110TOKA, BeckMa caoxKib i Tpyroewxs. [lpi npo-
pcacilllH - TAKHX pacyeTtoB YUH1LIBAKTCA: BeJHUHHA TCOMETPHYECKOro
noAbeMa BOAH, AAHIa, THAPARAHUECKOE COUPOTIBIEHHE H Npoditib BO-
10B0Aa, CKOPOCTh PACNHPOCTpaleHHs ylapubiX BoM, #auaibHan (10 Mo-
MeHTAa BO3HHKIIOBENHA Yy1apa) CKOpOCTb BIMEHIS RO, XapakTepH-
cTiRH HACOCOB, HUEPUIIA HAaCOCHBIX ATPEraToB H MPH HCM01b30BAilHH
CpeaCTB 3aULHTHL — X BAMANIE HA MPOLECC rA1pasnnuccKoro ynapa.

Ipn6anskelnole MeTOAbl pacyeTa MOTYT OPHBOIITE K 3HAUMTEIb-
N\ MOTPelHOCTAM B Ofpelc]elHH 1aBAeHln  1pH  THIPABIHUYECKOM
yiape.

Metoamka suwimonHeniA IeTaJbHbIX PACYCTOB Fi3IPARINUECKCTO | A3+
pa paspabotaka B BOATEO 1. . Mcwitmisiy Oaiako npy pacuerax
10 Jaumiofl MeTodWxe BPY4HYI0 3aTPaUuilBACTCA QUElb MIOTO BPEMeHI
|10 OIHOTO MecAld Ha OIMH BapnaiT pacyetal B cBass ¢ 3tuM Bo3-
111K;7a HeOGX0MIMOCTE NICTI0IB30BAIHA A8 ACTAALILIX PACUETOB CPEACTH
SLIMHCIHTEMbION TeXHHKN.

BOATEO cosvectiio ¢ THuporoaxosom Muicrepcrea BoIHoro xo-
aaitctsa CCCP paspaGoTada NMeTOIMKA pacueTa FHIPABJAHYECKOTO Yid-
pa ¢ HcroabzoBange IBM. B cooTBerciBuM ¢ 3TON MeTO4ndnY
K. Tl BitmHeBckuy €OCTAB.IeHBl ATCOPHTMbI PACUeTA, Peatnansaqdine
B Aporpavmax aaa IBM «¥paa-2» («Vpan-3», «¥paa-d»), BICM-3u
IB3CM- 4, M-220, M-222), «Muirck-22» («Mnuck-32») Asropauit sTi
nporpamy sapasiorca: K. [1. Binwuesckuii, JI. A, Ob6yxos, B. M. Tpa-
pusopa. Ilan npakTiseckoro ucgoansosania ux Ko Tl Buuescxity
cocTaBfensl cOOTReTCTBYMUIHEe MHCTpYKUMA, H3Iauibie THOPNBOIX03.9M
8 1966 w 1970 rr., a JI. @. Mounuiumy # JI. A, O6yvxoBuwM — Pykosnt-
CTBO N0 PacyeTy CPeICTB 3auliiTLl BOAOBOIOB OT FHIADARTIICCKHX Y11-
pos [47].

paJpasOTa?ﬂihlfr‘.li nporpaMsmasi B OCHOBIDOM ""SUTLIBAWMTSA Caviadid
PACcYcTa [HIPARJTUNECKOrO V1apa B oUIOM 11Tl SUDIBRIY mAapai-
A0IbHO paboTRIOWAY BOI0BO1AX QAKOr0 H TOTO ke VPIPA i 1M Al
ShI3LIBAEMOr0 ELIKADYENHEM OIHCTO IL11 HECKOILERX Napatiielsuo pa-
G0TaioutliX 1acOCHHX ATPeraToB, HMEIOUIAX HIGHTHZHME X2pakTep-
CTHEH.

[pe1ycMaTpiBaeTea BO3MOMKHOCTL NPOREIPHH  pAacieTon KAk npH
OTCYTCTEHH CPEACTB 3AWHTHL, TAK Il MpH  18AVI0 LHX MEPaXx 33ILHTal
B X KoMBuHaUNAX:

1) c6poc BOaL uepes nacorl B OOPATHOM Hampa. apH
¢BCGOIHONM Bpauletity HIH OPH DOTHOM TOPMOM i

* B uan naparpada npuniM ctue K. I, Buw:
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2) B.IycK M 33leMaeHie BO3IVXa B MecTay BepoATHOro obpasusa-
JIR PA3pPLIBOB CIIIOWMAOCTY OTOKA B BU10OBOIL,

3) BAyCK BOLE B BOAOBOI 114 1DCAOTBpAulenr  0Bpa3oBanna w
HEM pA3pLIBOB CILIOMIIOCTH NOTOK.

4} vcTanopka 1:a  nOJZoBoRAX 0BpaTil 11aHOB, OTCCHAIOWLNX
OTOLIEANIIe KO TOililbl BOAN;

5) c§poc BOABI Hepe3 Npeloxpalil K iiallbl B KAam 1Nkl ra-
crTeL.

1% pacuera BOJOBOI pa3bHBAETC 1A UPCACICKIOR YHCAO (1)
caaeTkoR, loadsl ynacTkoB  pasbnski (AL)  GipinnivanoTes  Taniwa,
yrodp spevs npodera (Af = Al/a) Bo.au #3MCHCUNA NABACEHA MO
Ja1He KawkIOFo y44cTKa Obllo OAlNM I TeM Ke, T. e. CCIH CKOpOCTs
pacrpocTpaliciiis yAapiwX BOJU UPHIATA OAHOA H TOR Ke 10 IillHe
BOIOBOAA, TO MMM BreX y4aciKoB O6yAyT ofHHakoswiMb. [Toreps ua-
nopa ({rHLpan.IHYECKHE COMPOTHUBICHHA) KOHUCHTPHPYIOTCH B AHadpar-
Max — MECTHBIX COTPOTHBJGILRX, PACUOJOMLIINbIX B HEKOTOPBIX TOHKAX
pa3buBKi BOAOBOAA 11d YuaCTKH.

3nadenisa HaNoOpos H CKOPOCTel ABHM IlHA BObl B npotecce ripa-
BJHYECKOTO YAapa Onpcle’fiorca B CCueliAX, NPHMBIKAWUIIX K TOYKaM
pa3bHBKH, B coOTBeTCTBHH ¢ dopMytanmn (5.68) u (5.69).

[MeprbiMH BapHaHTaMH 4. TPOPHTMA # COOTBETCTBEIIHO NEPBLIMH Npo-
rpaMMans npeIycMaTpHBaoCh, UTo BbrOOp uicia yHacTKOB W UHCIa
nuadparM H MeCT HX YCTallOBKI OCYLIECTRIAEICA PAcUeTylKOM MNpH 1101-
roTOBKA HCXOXHbIX dailHblX. LOnosHeH RS, BHCCCHIILIE B ATOPIUTM. 1103B0-
JAI0T aBTOMATH3HPOBaTh Pa3bMBKY BOJOBOAA HA YY4CTKH M PACCTAHOBKY
zuadparM-conpoTHBIEHHil B TOYKaX pa3BuBKIL

Peay.abTaTtavn pacueta ap sOTCA: MAKCHMAILIBIE H MIMIMaNbHble
3HayYeHHs amopa MpH "NIAPARIMYECKOM lape B TOYKaX PaidiBKH BOAO-
BOJ4 HA VYACTKH [L1% BPCMEHHM ¢ MOMENTA BBIKTIOUCINA HACOCOB, A5
KOTOPOro NPOBOIIICA PAcMeT; MAKCHMATbilog peBepCHsiloe YHCAo 080-
pOTOB Bald HACOCHOrO arperara H MaKCHMaabHbI Hanop y Hacoca
(npu_c6poce BOOW uepe3 Hacoc) 3a 10T Ke Neploj BPeMemH.

[To pesyabTaTaM pacyeTa MOKHO 3ui0paTh 1ic00X0IHMbBlE pPa3zvepsl
HCNOIb3YeMBIX CPeACTE 3aULHTH, HanpHMEp” AHAMeTD KadnaHa 1as Biy-
CKa ¥ 3alleMJeHHs BO31yXa, CCYUCHHA H BHICOTY pe3epByapa 114 BNycka
Bolbl. Kpose TOro, BO3*OXKHO MO’1yyaTh' 3HAYGHHWR HamMopa i1aCoca, cro
yucna 0GOPOTOB, 14BJ€Hi1 B TOUKAX YCTa!OBKH MPOTHBOYAAPHOH ap-
MAaTYpel, COOTBETCTBYIOLUHE ONPENeNeHHbIM PACYeTHLIM MOAMEHTAM Bpe-
MEHH,

3akauuusarouwseca padpabotkk 8 BOOTEO nossoasiioT noayuath
pesy.bTaTel pacyeta Ha 3IBM HenocpeacTsendo B Eilde rpadHKoB.

BO/ITEQ pekoucH1yeT Haw#HATL NMPOBLICHHE PacyeToB ruIpaBau-
YecKOro Yylapa ¢ BapHaHTa, B KOTOPOM CPeICTRA 3AULHTH HE HCMOMb-
sylotcs. Ecam okaxerca, yro B mpotlccce Viapa lirie no AdHie BoLO-
BOMa BaKyyM He NpeBBUNAST TONVCHTAOTO Mpeieda W onpeleleldoe
3THM DPacyeTOM TNOBBIIEIHe iaBJeiia lle TPeGyeT upuMedenHs Tpyd ¢
NOBLIWEN HEIME  NPOYHOCTHSIMH MOKA3aTEIAMH, TO B J1aIbHelilux pac-
YyeTax 11:IpP2aBJIHYecKoro ylapa HeT Heo6Xxolnvocri Ecan BeawudHAa Ba-
EYyMa He¢ DPeBOCXOAHT NDEJe.TbHOro 3HAYEHHA, HO BeJdMYHNA MOBbILle-
HHA A2BJchHR S8 UDHHATHX TPYS OKasbiBAETCR HeSONYCTHMON, To lfe-
06X0OHMO TPeIycMOTpeTh Te IL11 MHble MCPLl 3aWHTHI H MPOH3BECTH
pacyeT NpH NeHCTBHH 3THX CPeACTB. Eomi e BeTHUHHA Bakyvyma npe-
BOCXOIHT Npeje.iblioe 3HAuerHe. 10 3TO 03HAYAET, YTO B BOLOBOIE EO3-
MOXKiI0 06pa3oBatile PA3PEIBOB CMIOWIIOCTH MOTOKA, ! NOTOMY MOBLIlle-
HHe JaBJenHs, onpcieaeniloe ITHM pPacycTod, He GyNeT COOTBETCTBO-
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path ACHCTBITEILHOCTH, B 3tom cayuae HCROAL3YIOTCA JINIL Pe3yib-
aTLl pacueTd, OTHOCSULMEC K OUPCILCACHNIO BeJumiili BAKYYyMa; OHH
envIKAT LA BLIGOPA MeCT YCTAHOBKH KAaualos 4nf BIYCKd N 3auleM-
Scllild BO3LYXA,

Buyck I 3aimeMTenie Bo31yxa fpafiotes nanbolee upoctoil 1 3Ko-
goMINIOI MePOR 3aWHTI D YOJAOBHAX OOPaiOBANHST PAspeiFOB CUAOLI-
poeiin otoka. TIosToMy npeie oM HpeaycMaTpupaTh Kakine-ai60 apy-
g MEpld 3aliL, Halo RPOSecT pacueTLl B npelldioelii, 410 Bo-
JoBol 0DUPYIVETCH TOILKL K3alaHasll LT BOYCKA H 34lleMiAcHHA BO3-
Ay Xd.

JladeHeRume pacueru caelyer 1IpUBOLHTL B TEX CAVHAAX, KOria
puslltieiiie 1aBieHnA GYIeT NpeBulllaTe 1UNYCTHMOR 1l UKziKeTcHd He-
GOXONMEIM  IPHHUMATE APYTHE HAN JAOUOIIHTSILHLIE MepUl 3aULHTHL

BOACEO n TunpoBuixo3don puspaluTannl TaKKe MeTOAHKY, a1-
ropita nonporpamsu (em. luerpyrino 1970 r.), uossoasiowne npo-
B0LHTE PACHETH HECTALHOHAPILIX NPOUEC OB IBIUACHIA BOIL B BOJAO-
BOJAX, BO3NMKAIOWHX NPl [VCKe HACOCOB 112 OTKPLITu 331BIAKH HA
HANOPITLX JIHHIAX 11aCOCOB,

Kpose toro, BOOTEO paszpaGotaul aaropuTsa H mporpamMaa a1s
pacuera tta OBM BOCM-3m ruupasiideckoro yiapa B BOAOBOIaX pas-
JHMELIX ANAMETPOB i LiMH, BLi3LIBAEMOro BBIK/IO4CHHSM HACOCHBIX ar-
peraTuB. HMEIOULHX NeHISTHUHLIE XapaKTePHCTHKM (18YX THIOB).

B BOITEOQO paspaGatuiBatoTed HpOrpasMLl a4 pacueta ha IBM
BRCM-3m i «Muucw-22» ruupasandeckoio ylapa, BLi3LIBAGMOrO Bbl-
hwtEHAEM TI0CIe10BATEIRHO PAGOTAKWULIX 11dC0CHEIX CTAHLNA.



2 —— [naBa wecran

HANOPHOE ABHWWEHWE AHOMANbHbLIX YWHAKOCTEH
W TMAPOCMECEH

§ 6.1. OCHOBHBIE XAPAKTEPHCTUKA AHOMAMBHbLIX MHAKOCTERA

Paasnuaion TPH COCTONTHA TET. YNPYroe, BA3KOE W MNI1ACTHUMOE,

Mpn jefTREy HAa ynpyroe Teao0 BHENDICA TaHTeNIHAIbHOR
cHALL OHO HCNLITLIBAeT JAeOpPMAINIO CABHCA, NPONOPUHOHABIIYIO DEIH-
unie Aefictryiowefi e, [ledopyauna casmra HcyezaeT nocsie npexpa-
nieHns AefiCTBHA CHALI

Baskoe teno nol aeficTeieM Buenined cunnt fedopmupyercs,
npHuem IchopMaiin yBCIHUIiBAETCS RO Bpemenn. B pesynertaTe mpo-
HCXOAAT HeoOpaTHMBble CMeUlEnna OTIeIbHLIX WaCTHLL T€1d  OTHOCH-
TeIhHO ADYT Zpyra.

[MaoacTnyHoe Teso 3aHHMaeT OPOMEHYTOSNOE MOJ0KENNE e
KAY BASKHM 0 ynpyrns tenamu. [lon geficTBreM wvaiulx no BelHuHHe
BHEUIHHX CHA HABAOA3IOTCA YNpyrie oGpaTHMbié AcbOpMalni MIacTHU-
nore teaa. [locde 1ocviikenira onpeleienusX NPCHEIbHbIX N0  BEJi-
uiHe BUENINAX CIL NAACTAIOR Teao HCnuTuBaer HeolBpathble gedop-
MALHA, YBEJIHBAOUIKECS €O BPeMeHeM.

K naactHuumy TesaM npuvenum oGunift 3akoH rper’1s Maxceeana,
CBA3LIBAIOILHA YOPYFOCTh T2.1a T er0” BA3SKOCTLIO:

du -
Te=n, e (6.1)

rne T=nm,/E — nepnoa penakcauni;
E — woayau vapyroeTm;
t —ppexa  aedbopmaund; octa. e cfo3HaueHHs
(1.18)

Bce HIKOCTH N01pa3IsnfloTea i1a TPH 8RIa: OLJOPOAHLIE (HbLIOTO-
HOBCKHE), CTPYKTYPHLIE § HEOINOPOANbIE (HeHbOTONOBIKIE).

Has cenanopoanwx (HbTONOBCKHX) JKHIKOCTef
7 =0 n cnpasearus saxow Howotora (1.10) o BHyTpeHHem TpeHsm
B KHIROCTAX.

[ToseaeHe HOTHX REOTHOPOAHBIX (HEHBLWTOHOBCKHKX)
MHAKOCTER B ONPCARAGHROM  AHANA30HE  CKOPOCTeR  ¢jBwWra
(tada, 6.1) onucweasztca 3akonoyw OcTsanbia ae Buae:

n
e k(d_”]

= (6.2)

TJle T — HanpAKeHH: CI2iITa;
du/dr — cxkopoctb CcIBYra;

n — AHAEKC TCoUeHIIR;

k — KOHCHCTEHTHAR TOCTOAHHARA.

Mpw aavmwapacy aBRwennyn 8 Tpybax kosdbuunent riripasTive-
CKOro TpeHnd A B dopwyas dapcu (3.16) eeipawaetes dopvyaoi
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TaGauna 6.1

Pe0onOrHyeckHe XapaKTEPHCTHKM HEKOTOPHIX HENbIOTOUOBCKHX
muakocredr (no A, H. Oscsnuuxony)

k, P
Hecox™ u? k2wl
§idh soe sanm AC
¢ Mone dARON 0,56 g
oot bl piaeTBGH 2,72 [T/
Cuelaoaiiing natok, . 3,12 [RID]
Bovihidii jridc 1 BOD 1A i 3,64 126)

Crokca (3.27) npn B = 64 ucpes o6obumeunsoe gncao Pei-
40 JLACa, BupdiEennoe 3 pirle;
Spvg""

REUG = -—k— bf! + 2 )

§ 8.2. TEYEHHE CTPYKTYPHbLIX YAAKOCTEN

Hna cTpykTypHu X sKuarocteil B (61) 7 = co n oxazu-
sod enpaseainebiy 3anoH [ee1ona — Buarasta (116)
K cTpyKTYpHEM HNAKOCTAM OTHOCATCA OCATIKA CTOUHEIX BOA, TOP-
HAR 1iAPOMACCA, MEAOBME CYCNEN3NH  yroabilas ruipoMacca, Ganor-
B BN, CTPONTENLIEIE PACTBOPHL OAUTYM PN reMngparype wike 170°C
inap.
Teyeinrna CTPYKTYPILIX KIAKOCT  OPORCKOANT MPH ABYX pe:iHMax:
JYKTYPHON B TYPSy IR THOM.
Crpyktypuose tedenune B rpvie paiAnyzoM ry Xapariep-
LeTCcq HaghyHeM UeHTPaALHOro fdiapa. B KOTDpOM AHIKOCTh ABHMHETCH
rak rBeploe Teao. Paimyc # CkIpOovib ABHAEIHI UeHTPATHHOTO Adpa

\p,
ra="ro -"Tp— (6.4)
'\p Bl -~ To =
=g (0= ) = (o= 1a) el

rae Ap — nepenan nasneuni;
Apypg — MHUHMANLHAY  PA%IUCTh  NABJLHHH, COOTBETCTEYIUAR Ha-
4ay ABHAIEHHA HILIEOCTIG

[ g
Apypn =4 Oy Tos (6.6)

| — gamna upauinIpudackoro TpyGonpoBoza XHAMETDOM
Pacnpeaeeitne ckopocTH [0 paldycy r eie [ellTpadbHOTO A1pa
BLIPAWRALTCH 3AXKOHOM

= Ap (f; _ r‘_’) _ %’!__ (rd — r), (6.7)
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Pacxon crpyktypnof mAKoCTH onpeneaserca no ¢opmy.  DBy-
KHHrama:

4

-*"3 AI’—7( 4 Ap\l!lr|+_]_ AP.\HHI)__V

T8y 7\ 37 Ap Y
ary  ap (rﬂ)

. 1

7o

(6.8)

[MpakTHHECKH
npu Ap < L15 Ap

(fa\_ g
f( o ) =B
npH 0,53 < Apa un/Ap << 0,87

ra\ _ _ Apagn |
f(r—o) — 0,75 — 0,863 ~Rue

apH Apuun < 0,85 Ap

) 4 A
=13 2
0 ap
Bripaskas notepn Ha tpeHne no dopuyne Hapen (3.16), nmoyunm,
a9TQ TPH CTPYKTYPHOM PeixHMe KO3(QOHIIEHT rHIP&BIHYECKOrD TPEHHA

_ A(l+aSen) A
B Re ~ Re,’

rae Sen = Tod/n.v — kputepsii Cen-Benaua, Re = gud/n®,

nph Ap > 1,8 Apaun A =041 a=1/6

npH Ap < 1,9 Apusa® A = 854 11 a = 0,108

Ortrowenne kphTepua Re k kputepnio Sen mnpeicrasaser coboil
KpHTEepHH DNACTHYHOCTH:
2Re 2p0?

Sen g " (6.10)

A

(6.9)

[la=

OnuiTEl NOKA2BIBAKOT, YTO JEPEXO] OT CTPYKTYPHOTO pedinya K Typ-
6yaenTHOMY nponcxoaut npu [Ta = 1000.

Ecam 18 OlEHKH pexHMOB JBHKEHNS [0Jb30BaThcA uHeaoMm Re,
TO OKa3blBaeTCdA, YTO KpHTHUecKOoe uncno Pefulonpica A8 CTPYKTYDHBIX
MHaKocTell 3HauYNTenLHo Goabine (=3500), ueM AJA HBIOTOHOBCKHX.

BfisKonJacTHYHO:  TeyellHe HEeTHKCOTPONIBIX CTPYKTYPHPOBAHHLIX
cycnensuii (HanmpHMep, COMOBHIX) XapaKTepH3yeTcAd HAJHYHEeM TNPHCTEH-
HOr@ CJ0R JHCTEPCHORIION cpelbl He3HAYHTeAbHOH TOAULMHB ¥ BHYTPEH-
Hefl moBepxHocTH TpyObl. EcaH 3TOT npHCTelHbil Cc10A Toawk#ol §
npeicTaBaser co60fl HBIOTOHOBCKYIO JKIIIKOCTb BA3KOCTbIO 1), TO Bie-
cro (6.9) MOXHO pexoMeHa0BaTh CIEIVIOULYI GOpPMY.TY:

_ 64 140,125 Sen

R
1+gd.n

A s (6.11)
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Onpeelsa  MecTHbIE Ta6auna 62

anopa ap-
orepi nanopa mo qop 3nauennn B ann dacouusix wactei

; Beiicoaxa, kosppi-
;\1113;;1?1* MeCTHOTO colngo- (no mannbiv 10. fl. CrspexkuHHO)

THBJILHUS MOXKHO  Npej-

CTaRNTh 3agncxmocn,to dar B
*= Re,’
[Tpoxoa B Tpoiiltike . . 311
Nogopor B Tpotingke (npi Re, << 200) 714
Koaeno (npir Re, << 280) a5t
TTepexoa 4035
R Re ga:aumka . o, B c}ieo
B R e x01 8 ThyOy (nnit Re, < 100) 91
*~ 14 aSen’ il

B — nocroanuas, 3apucawas ot tiuna dacoiol vacth (taba 6.2).
Ko3dhHuUHeNT CONPOTHB.ICHNA NPl BHE3aMHOM paclINPeHIiil 110TOKA
“HIIFAaMOBCKOIl JKHAKOCTH, OTHEceHHOrO K CKOPOCTIOMY Hallopy B Ha-
yaabhoM TPySOUPOBOIE, MOALHO NPENCTABHTL B BHIE:
4 2
Ca.p =0 + (200 — ) (1) = 200, (4,
dy | . dp

rie ¢ i o — Kospduunentnt Kopnomica u Byccunecka,

IMoTepu RaBaeHlf Npil ABHKEHHH BA3SKOMMACTHYHON MIIIKOCTH B
MeMTPYOHOM MpOCTPaHciBe B caydyae KOHUEHTPHYECKOTO PacriosoXeHWs
Tpy6 npuMepHo B 1,7 pasa Goablle, 4eM MpH 3IKCUEITPIYIIOM HX pac-
10104 el HEL

§ 6.3, PACYET WI0TPOBOZOB

OcaflkM CTOYHBIX BOJ MO COCTaBY, CTPYKTYpe, KOHCHCTeHUMH npel-
CTABAKIOT COBOH HEOJHOPOINYH ANCHEPCHYIO CHCTeMY, rie JHCNepCHON
(pasoil ABAAIOTCA TBEpfble YACTHULI H KOOI, a AHCIepCHOHHOH cpe-
10#l — CTOYHAA BOAA ¢ PAcTBOPeHHBIMH B CH 3MeKTPoJHTAMH H Opra-
lHYecKHMH BewlecTBaMu, Crenmenb IHCMIEPCHOCTH 0calKos Konebaerca OT
10 no 108 Ocaaku MOXHO paccMaTpHBaTh KaK KOJLTOHAHYIO Cpelny C no-
BbILIEHHOH BA3KOCTBI; NPHYEM BA3KOCTH He ABIACTCS NOCTOAHHOH, &
H3MEHAeTCA B 3aBHCHMOCTH OT rPafiHeHTa CKODOCTH JBHZKeHHA.

Tpil MaJplx CKOPOCTAX. KOTA2 4acTO NPOHCXO/HT paccaoelie MNO-
TOKA & BLinalenHe B3BecH, BAIKOCTb OCagKa AOCTHTaeT GOABLWHX 3HA-
eHHni. B 9TOM cayvae conpoTHBACHIE ABHKENN0 ocajika Goabiue, uem
NpH ABHAEHHH BOAHI.

Tlpy cKopOCTAX, KOTZ2 BCA B3BECL HAXOIHTCA BO B3BEIIEHIIOM CO-
CTOAHWE, HaO/I0faeTcs Tak Ha3biBaeMblii anmoMaabHbil peXum,
¥apaKTepHIyWWHACH Tenm, 4To NOTEPH 11aniopa NpH MOBLILEHHBIX CKOPO-
C1a% JBHKEHHA OCAJAKOB CTaHOBATCA MeHbllUe, YeM MPH JIBHXKelHH BOIbl.

AHONMaIblBI peXMHUM TpH IBHMeNHI 0calKoB CTOYHBIX BOX HKMeeT
CBOM mTpedeasl — BepXHUII W HIDKInA, BepxHHA npeien HacTynaer sme-
cTe ¢ rioTepeil TEKYYeCTH ©calka, a NIKHNGT npelef. MO OMbITHBIM I2ii-
bIM, — NpH BIKHOCTH ocanxa 99—99.5% B stow cayuae ocatok re-
pAeT CBOH OCOOLIE CBORCTBA (I MOMYHNAETCA 3AKOHAM IBH/KEHHA BOILI
IJTH CTOYHOH MHIKOCTH.

Nan onpeleneda noTepb HANOPA MO AJHiHe ODH pacyere Jonpo-
BOJ10B, TPaHCNOPTHPYOLHXA CBeXUH H CG}JO}KE”Hblﬁ 0CadKH, a TaKxKe
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Puc. 6.1. 3aBucaymacTe Koa(QiilitenTa MeCTHOro COUPOTLHBAEHIH OT

oGoGutennioro Kpuiepns Pefinoasaca (o gaudwmy KO, M. Jlackosa)

1 14— LA KpecioBin Ha loBOpore TPyS aitamerpoy 100 u 1530 uag 2,7 1§ — nia

KOJeH npH anayerpe rpy6 100, 2050 g 150 MMy 3 11 § - 18 TPORUNKOB [P NORO-

pore TpyG snaMerpost 100 u 150 ma: 6 ~ a2 1polinnga npn npoxoae q==1350 st
9 — ;a4 Tpuitilisg Gpi npoxoae o =100 i

VOJAOTHEHHbH]  AKTHBLLIT 1A, PEXOMCHIVETCR ROJL3OBATLEA  HOPMY.I0iT
Hapen (3.16). Kospduwiuens ruipapinyeckoro Tpenia A PN CTPYKTYp-
HOM peXdiive ABIDKeINs MO0 onpeledsTe no dopuvie (6.9), a npu
TYPOV.IEHTHON — N0 QOpMYIAM A8 0ZdOPOMNIBLIX HHIKOCTCH; NPt »TOM
aGCOIOTIYIO ICPOXGBATOCTE ATA HIGIPOBOIOB 43 CTAIBHLIX il achecTo-
UeMeHTIBLIX TpYyO clelyver npuilumare pasnoil 0,15 aa, a n3 uyrynnix
TpYy6 — 1,0 AL

[Motepu namopa B (pacoliHbIX uy3CTAN HJOIPOBOJIOB ONPEILIAOT 10
dopsviae BeiicGaxa (3.22). Koa(duunent conpotusiessn mpi Tvpoy-
JeHTHOM peskiide MOMKHO NPHHIIMATh 00 AQIHbLIM A% CLHOPOANLIX HKUM-
KOCTCH, @ upll CIPYKTYDHOM peXiIMe — B 33BHCHMOCTIL OT uncia Res
(puc. 6.1).

B tada. 6.3 nmpisexensl MINMMAAbHLIE PACNETIILIE CKOPOCTH I1BHMKC-
HHA 0CAAKOB 110 TpyBGaM M KPITHYECKiie CKOPOCTH, Hpi KOTOPbIX UPO-
HCXOLUT Lepexod OT CIPYKTYPHOTO pekiiMa K TVPOY.AeHTIoMY.

Tadawua G3

KpHTHuecKHe CKOPOCTH UAfl HAONPOBOLOB M3 HOBHIX CTaJdbHBIX
Tpy6 d = 100400 MM 1 MHHHMAJABHBIC PACYETHBIE CKOFOCTH
(a/cex) DBUMCHUA OCAJKOB 1 AKTHBHOTO HJZ B HHX

Uy ANH akameTpon vy oA AHaMelp
Baaw- et e Boans- MITH ;
dAH KaonpoLosa N WAONROBO, [
BNCTh i HoCTh Uep
gagélhﬁ‘ ’ Dca;hrl. atjcer
0
93 0.8 0,9 93 1,5 1.3 1.4
97 0.y 1.0 92 1.8 14 1.5
93 1.0 1.1 91 2.4 1.3 1.4
9o 1.1 I=2 91 2,5 1,4 1.5
ui 1,2 1,
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Iaa onpeledenis noteph Hanopa B Ma0NpoOBOIAX Anaverpoy 150,

230, 300 1 400 s A 3. Ewwaceiuey npeliomeltbl pacieriise Ke-

jimeHTaablivie rpadilkil, BLIpaXMenHule HAMH dHAIMTHYECKHMH 3amil-
CIMOCTAMA B,

2
v
2’

— HAUAJILYBIA 1ANCP, 00YC.I0BAGHILIH BA3KOMIACTHUIbLIMA CBOLi-

c1paMIl 02a]Ka, 3aBHCALLHH OT BIAMIOCTH p ocalka, Aliul [ Jdna-
seTpa o HI0NpOBOAA:

.v'zA:/?g—I-}..%- (6.12)

4
] { p) Dz'_)s - ( )

MILICHT TPEHHA A TaKe 3aBHCHT OT BAAKHOSIH 0CaAKa:
A=0,214p — 0,191, (6.14)

@opyyia (6.14) maer Y10BJIETBOPHTC/IsHbBIE Pe3yabTaThl AnA (L10-
nposoios anaMetpor d = 2040 cu, a a1a vpyd duamerpom d =
== |5 cu snauenus A mo (6.14) wano veeauuuts Ha 0,01,

LlepoxoBaTocTe CTeROK TPY® MpH pacucTe W.IUNPOBOIOB HE HMeeT
TAKOTO 3NAUeHNA, KAK Npu ABIDKe:HN BO3NM, B cBa3n ¢ dedm (6.12)—
(G.14) npawTnyeckw npuroinpl AMA BCEX MPIMEHAEALIX ¢ 3TOH UCTLIO
1y .

HaonpoBoael, TpaucoopTnpylowie WHPKYAALIONHLIT aKTUBHLIA 11t
1amioctbio 99,2—49.5Y%  caeayer paccuiiteiark 1o dopayiam 118
CTOYIOH BILTKOCTH.

MMoteps natopa npn ABHMKEHUH CTOWION MKILLKOCTH MOXKIIO ompeie-
ath 1o (4.51) ¢ ywetom (4.53) nar no dopymyac Jlapen (3.16), uni-
M KoadruKHen1 TpeHns npi TypOyAelNTHOM pextiMe 8 0G6.1acTH Taal-

KOr0 COMPOTHB.IGHHES 3aBIUCUT OT KOUUeHTpaunu B B3BeluexlLIX BewecTs
B CTOYILOI 1 IKOCTH:

A =1(0,165 + 1,68°) R

r1e B Beipaxciio B K&/’

Ilocae nepecesennsi kpusoit (6.15) A = [i(Re. B) aas cTonnait
wuakocth ¢ kpuscii P, A, llesencsa (3.38) ) = [o(Re) aaa uucroil
Boabl B aclecToueMenTHblX TpyGax kodphuunent A Moxer onpele-
JATLCA KAK Aaf YHCTOfl BOXLI, §es yueTa KolUeHTpallin B3BECH.

—0,19 (14 80,% B
T ) (6.15)

Mpusep 1. Co» ctanuuu  aspannd  cOpoxennbil ocagok BI2KHOCTBIO
p = 0.9 nepekaunnaercs 00 4vryHHowy TpyGonpopcly apavmeipom D = 250 MM Ha
CETLCKOXOINHCTEONHLIC Y HECTKH, HANOLSIWMHECR Ha paccTosiun 15 xx. QupeacaiTs
nanop, HeoOxopumuili /A npeoiosenns rRAPABAHYECKOro 1PEHHA 0OPil [epeRauke
Q@ = 30060 M*/:vTKH oCHilna.

3 (160 MO 4Q 4355 _
Q=mjj—=~31, v= d? =m‘_—!=0,l‘2 Mlcek.
ITo ra6.a. T,=0,25 kec'.
_ ped J1000.0,72.0.75 —_—
T (l+ | Tod =00;3 gL, 2Ane o Bt
N — 02 L
GCoun. ( + 6 . )
Pesny  2saacins TMo (6.9)
64 €4 :
o = gar =008
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flotepy Hanopa

I v 1500 (0,722
=r =L a2 07
b=t oy =" T e M
ITo (6,12) = (6.14) nueex:
ho= 13805 H_seue
A=0214:995 — 0,131 = 14 —-0,19}
150m 072

hy, =364 +0.013

19,52 i

§ 6.4, PACYET NY/AbNONPOBONOB

[Tyabna (FHApPOCMECH) — 3TO MeXaHilyeCKas cMech ¢ BOAOR
TPYHTa HAH TBEPAOr0 MaTepiana B PA3MENb4eNioM COCTOAHHH.

[lyabnonpoBod— 3T0 CHCTEMa TPYD, LC KOTOpOll TRAlCRODT:
PYCTCH My.JbMa,

JuaMerp ny.bnonpopoia BHIOHPAIOT M3 YCAOBHS, 4Tofbl CKOPOCTH
ABHIKENAA THApPOCAecH (NPH 3aaHHOM pacxoie H KOHCUCTRHUMIC W rpa-
HYJOMETPHYECKOM COCTaBe rpyHTa) Obl1a OJH3KA K KPHTHYCCKOI CKo-

POCTH:
Q :
D'—Q]/m,"p (], (6.16)

Tae Q — 3anaHHmIl pacxod TeApocMecH, 3/ cex;

Ugp — KPHTHYECKAR CKOPOCTb, T. €. CKOPOCTB, NPl KOTOPOH HayH-
HaeTcs BeNafeHHe (0carkieHHe) HYacTHU TPYHTE B JAOTKOBOIL
uacTH TPYOLL, At/cex.

KpuTH4ecKyio ¢KOpOCTb CILAPOCME: BbiydcAAlOT no dopuy,

qu=9l/—pf R oD -J/cou; (6.17)

TpHHKHMas wepoxopaTocis A ~ 0,02 8R3KocTy v = J0-6
u v/A = 0,05 1/cex, GyaeM uMeTn:

o.pi325]/ pT gD; "eob. (6.172)

JI17 meCudHblX W FPAaBEIHCTHIX CPYITOB

3 6
Uyp =28 VD VW[A/CL’K], (6.176)

rle D Bulpaxeno B MeTpax.

HeﬁCTBIITeJTbHaSI o0BbeMHAS KOHCHCTEHLHSA rHapocyecit €&, paBHa
oThoweHH o6veMa e TPYyNTa B naoTHoM Tete (Be3 nop), KOTOPhIi
saksloyen B OOLeMe THApOCMecH, npoTexaiwdleil 3a elulinny BpeMeln
yepes noflepeuitoe cedenie TpyOonposola, K 3TOMY oObeMy ge. TliApo-
CMECH:

gy e i e (6.18)
q Pr— 0y

2IECH Poyy P Pr — INIOTHOCTH TIAPOCMECH, BOIbl it FPYIITA:
P — kozpPuuHetT TpaHcnoprader HocTH, APIHIN
no tada. 6.4
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TaGdauuwa 6.4
3uagenda | OAA CTAHZAPTHHIX Qpakumi rpynra

uu-n’
T DRUS 0. .-310,25-0,%0 U—1,0 [ 1=212-3]3=5] 5—10 |>10
MM |
02 0,2 0,4 U8 1.2 l , 1,8 1,9 2,0
B oayu Pa3HOpUIROrO 1py:iTa BLIYHCIAETCH CpelHeB3BellesRasd
J4a Py
by =001 X $;0, (6.19)

rae i, — Cpeulff  BeIMuMNA AR i-i cTanaapTHOll GpakuHH;
p; — HPOUENTHOE COAEPAKIHKe (pakUHH no Becy B COCTaBe Tpo-
Oul rpynTa.

B TtoMm cayuae, KOraa MNpaKTHYECKH OIHOPOJHbIM MO KDPYNHOCTH
FBEPALIN HACTHI{ TPAHCNOPTHDPYeMulil TREPALIT MaTephHa.l cOHepPKYT He
goiee 10% cpaBHHTEBHO Kpynuus (PpPakuBi. To npu  onpeleaeHHH
ipancmopTaGenbliocTh TpyuTa P H CcpelieB3BeuleHHOro guametpa 9a-
cThil dy peKOMeHYeTCA (2 YUHTLIBATb HAAHYHA VKazahHbiX Gpaxkusi,
AR, Hanpusep, NpH onpeledctiii ¢ B dy PeKOMEHAVETCS He YUHTHIBATS

Anupa 10% TpaBHs B MENKOIEPHHCTOM liECKe.

IlnaveTp, smMHCAeHnsi no (6.16) u (6.17), okpyr.serca g0 6.
LaH1ero CTANAAPTHOMO 11aMerpa No CoOpTavenTy Tpyo.

[Mprbansiendo anaMetp TpyOoipOBOIA MOMET ObIMk OliglleH B 3azH-
CHMUOCTH OT 060pY.1uBanss, PUMEHACMOIO NOH Ti1POMEXAHH3AUHY 3¢M-
AL X H TOpPHuX paduT, B pola Tpydta no 1481 6.5,

[hapuein4eckHA YKIOH NPH TpdHullupTe TRYATUS B HailOPHEIX TpY-
GunpuBodax [e, OlpeakIRE1cH o Gopyyie

feu=1Ig4 I, (6.20)

raz ls — MHApaBanyeckn yEAON B TPySUnpOBOIe MPH [1BHHEHHH BOMA
€O CKUPCCTBIO ¢, PABAOA CKOPOCTH IBHKEHHA THIPOCMECH:
Ip — JONOJIHATEALKEIR yJedbHme fuTepd Hanopa, 0GYCAOBIEHHbIE
HaHYHEM TBepIblX YacTHI, B NOTOKe THAPOCMECH.

TaGanua 65

OpHeHTHPOROUHBIE AHAMETPH HANOPHHX TPYGOMpPOBOAOB AJA
rHAPOTPAHCTIOPTA NMECYaHWX H IPaBHIHEIX FPYHTOB
(cpeanedi kpynuocthio ot 0,15 no 40 mm)

JlHaMerp TpyGonpuBola, M
o AR LYo ecaea) necyanuf PaBeTizThiA rpasRAHLIR
YT necok CPYHT
16.0-50 1009 S0 500
500-6) sud 700 690
304-4) ) 50 30
12T p-8, 3T M-37 159 400 330
8rp-8, ¢H3 30) 250 250
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Puc. 6,2 K pacuery B Qopmyte (6.20) ruapasmiueckoro ykmona
AN BOAL TIPH ABHKEHNI THAPOCMECH B CTAMbHLIX TPYGOUpUBOZaX
a == joBLle TPpy6u; 6 — mepoxopaTeie TPy Gkl

TTo H. A Channy, ruapaeandecknii ykaon /e voxer GeiTe swidnc-
JieH no dopuyie

2 3
0.
1“=JBE[1 + 0,13 (—-%) }=
Pa vVeD

v? 1 v 3 p
=3 4 —|—2_ |22, (6.20a
BD-Qg[Jra(ngDHp i

B

riae Pss— MIOTHOCTE ilecYUlel MIAKOCTH BIR2CEH2CYILETO NOTOKA, KaTO-
paf o0paayetca B pe3y.ibTaTe CMEINENHA BOAL € TBePILIMI YACTHUAMH
onpeleneHHON KPYMHOCTH B AAOTHOCTH,

[Mpu  ruapotpancnopte  rpyuton  (pr/pe = 2651) u  xsocros
(pr/ps = 3,2). comepwaunx #e Goswme 10—15% gacTHU KpynHOCTE
medee 0,1 4Ly, paa A2 pa. 4 MPH CHIAPOTPANCHOPTE WETRKOTO YTAA Kaacca
0—6 asr (pr/0n = 1,4+ 1,7) anavenne pa; NpubANAKAETCH K NJ0T-
HOCTH ruapocvech. TTpHOMHIKSHHO MOKIO OPHIATD Psa 2 Do + (Den —
— Ps)p, Tle p-— AOJEBOE COJlepXKaHile TBepAbX uactin Meree 0,05 s,

[To mammwiv H. A Cnasma wogp., npupetemible pekoMeHZawmn mno-
aydenitl npH KoHcncTeHunn ¢ = 0,03 + 0,23 necyano-nopoanbIx rugpo-
enecer kpymHocTbrd 0,32—127 s W npH KOHCHCTeHUNH ¢, == 0,028 =~
= 0,24 Bogoyroavnuix cwecell kpynuoctsio 0,5—13,2 au 8 TpyGonposo-
Aax guasmetpoy 24—800 s

[napasanveckuit ykaow B TpyBONpoBoge NpH ABHMKEHNHA 4HCTON
BOIBl ompelensercs no dopmyite dapew (3.16), kosdpHILHEHT THAPABIH-
HeCKOro TPeHHA B KOTOPOH A1A HOBHIX H.IH PaHee H.RCJIb30BAHHLIX 113

130



rHAPABMNUECKOTO TPAHCNOPTA CTATbHBLIX TpYS Buipamaerca dopmyaof

0,31

AB=(lgRe——l)'~”

(6.21)

a A78 TpYG ¢ KOppo3nposawiofl BHYTpeHiel NOBEpXIIOCTEIO CTEHOK
pakee SKCOJYaTHPOBABILKXCA B KAYECTBE BOJONPOBOANEY

1,0.16~5 4 1 )0,226
e Y i S 5.99
Y 0,-4( 5 Re (6.22)
Ha pne. 6.2 gan rpadik aaa HAxo: THAPABIHYECKOTO YKJO-

ua fIn.

[pn aBHAaennn riipocMect o TPYGOMpPoBOe €O €J0eM OTAOKEHNH
rpynta BeaHunHa [ OPHHNMAGTCA NOCTOAHION M paBiloil  yIenbllbi
NOTEPAM llanopa NpH IABHMKEIHH BOAbl CO CKOPOCTLIO U, PABHON KPHTIH-
YeCKOR CKOPOCTH ABIMKENHS THAPOCMECH Uyp.

HonosiRuteabnble yileibHLI® n0oTepn nanopa onpeleadoTes {10

dopmyne
Qup
Iv=1Ip R (6.23)
31eCh ]Np‘*“.‘lOFIO."IHHl‘E.ﬂthIE VieAniLie nNOoTepH Anopa ABHKE~
HHUH THIPOCMECH €O CKOPOCTLIO &'yp:
Nt v
Ly =0V Vel (6.24)
rie 0 — napaMeTp, XapakTepHIyIOUHA BINAHHE OTHOCHTEJLHOK

KPYNHOCTH TBepAblX nuacTiny dp/D Ha Jonoanutensiue
notepi wanopa (tabn. 6.6);

TaGauua 6.6
3uauenus keadpuunenta O

109 dy D’

P 0.10~0.35 ‘ 1 0.5 \ 0.8 | 0.9
0,05 0,05 0,751 0,052 0,053 0,034 0,055 0,056
0,10 0,09 0,10 0,11 0,125 0,14 0,15 0,16
0,15 0,12 0,135 0,155 0,18 0,21 0,23 0,23
0.20 0.14 0.17 1,205 0.24 0,27 0.30 0,33
0.30 0,18 0.21 0,26 0.30 0,34 0,375 0,41
0,40 0,215 0,275 0,325 0,37 0,40 0.435 0,475
0,50 0,23 0,303 0,36 0,405 0.44 0,475 0,505
0,60 0.24 0,33 0,38 0,43 0.47 0,505 0,533
0,70 0.247 0.33 0,40 0,45 0,49 0,53 0,56
0,80 0,25 0,363 0.41 0,465 0,51 0,545 0,58
0,30 0,255 0,373 0,42 0,48 0,53 0,565 0,605
1,9 0,26 0.38 0.43 0,49 0,54 0.58 0,615
1,5 0,27 0,402 0,46 0.53 0,58 0,63 0,663
2,0 0,28 0,412 0,47 0.55 0,595 0.65 0,69
2.5 0,285 0.425 0,48 0,565 0,605 0,665 0,705
3,0 0,29 0,43 0,49 0,575 0,62 0,675 0,715
3,5 0,295 0,435 0,50 0,385 0,63 0.68 0,725
4,0 0,30 0,45 0.51 0.595 0,635 0,685 0,73

4,5 ¥ Gosee 0,30 0,45 0,52 0,60 0,64 0,69 0,733




j=3do/dgp — KO3GPIILIENT 1Neo (OPOANOCTI TPAHCTIQPTHPYEMCTD M-
TepHaaa;
dyg, dep— KPYMIOCTIL 3€PCil TPYHTA, COOTRETCTRYIOULIE CONEPIKAHNIO
10 w 90 B coctase ipoGel.

Ecal TpaucnopTHpyYeMblil MaTEPHAT COCTOUT H2 CMecH 'lBvX TPYH-
TOB, AJ¥ KOTOPuIX KpHBafl pacupeledeHin Qpakuiil no kpvuyuciy 4B-
JAelCsH  ABYXMOTI&bIOI, KO3DPHILIENT HeuIHOPOIHOCIH OrpelaIfeTes
Kak CPelHEBIBClIcHHOS 3liduerie HeOAOPULHOCTh Kak1OTO IpyHia B
OTAET HOCTH:

_ ph+ p.is

’ 6.25
P:+ p (6.25)

i

rie p— NMpOlEHTIOe COJep.KaHHe "3, 10H pasHOBILIHOCTH TpYylTa no
BeCy B cOoCTaBe npodui.

Fay6una sawieins bz B rOpH30OHTAILHOM TpyBoNpoBo e MOMeT
6LITh OlleHeHa 1O GopMy.Ie

o
Q

hy= 04D} {6.26)

Hacrosiute pekoMelialli OTHOCATCH K HANOPHOMY THAPOTPAHC-
NOPTY NecuaHslX, PaBHillsbIX, IaNeqliHKOBLIX TPYHTUB H KPYIHUKYCKOBBIX
vatepuanoB (lopoia, melens) cpeiver kpymiociel de ot 0,15 J0
70 ma (do D << 0,15; D — auauetp Tpyficnposoaa).

[Mpit paBote seuciupaga CyuMapHBi +a10p CRIAAUBAETCA H3 1V
TEPL HAMNOpPA HA TpeiHe MO AMLle MafucTpaioHOTd TPY¥OBuIpoBOId, NO-
TePb Hanopa B [11aBY4és paspolawie. rpy\GONpoBoie, B apvatype Kop-
Nyca 3eMcidpw1a, BO BCACLIEalOllleli €r0 JiGHH M 1IOTSpL Kanopa B
MeLTHEIX CONpOTHB.chHAY,  TakMAke 3aTpaT ~ " rdil Ha TcOAE3HYeCKAH
NOZBEM THAPOLMeCH:

H=11 [!ml] +aleily + 151ty + el (Joy — ) ecs ol 4+

o° 0 P
tew | 5 T
+ Ly _——pa % + &5 573 + ha:] * hp _—pa , (6.27)

rae 1y, [y — AJHHGE TOPI3VHTAALHONO, T.T4ByUErO, Pa3BOIALLETO
hagdavitiors 1pyB6olpoBsoLoB;
Age — MOTEpH HANOpPA BO ECACLIBARLUE JHAHH,
fir — PA3KOCTL TE0IEe3HYECKHX OTHETOK YPOBHA BOAW (y
3eMchapsla) W ocH TpyGonpoBoIa B MeCTe BhINMyCKA
roapeeMect  (NpM nolbeve OepeTcs 3Hak  «NJC»,
1IPH NOHMAEHHH — «MHHVC2);
a — x03hbHLHeNT, 3aBHCAWMA OT YyrJa 10BOpPOTa NIaBy-
defl OYXTH 3eMcilapsia, #aMelsAouldea o1 1,2 no 2.8
(118 cpelilHX YCAOBHA MOXHO MpHiIHMAThL u = 2);
O — YTO.1 HAaKAOHa OCH TpyGCIPOBOLA K TOPH2OHTY:
{y — Ko3hdHLHEHT MecTHLIX THIDABIHUECKHX COpPOTHBIe-
HHIl NPH ABH:KEHHH BOIDL,
U — pacueTHas cpelnsd CKOpOCi 300
Koszppuunenr S, Geperca no tabi, 6.7
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Tadanwga 6.7
3HaueHHs ¢, 0AA apMATYPH B KOpnyce

3eMcHapsaaa
it —0.0
‘napsaa co=0¢
1000-871 n.Aa 1.0
501)-67 1. 1,43
30)-40 1,63 1,90 |
Mpuwwep 2. Paccunrarh 1pyGolpvBoA A8 FHAPARIHY CKOTO  TpaHCNoOpTa

Me1KO3EPHHCTOro Necka iia paccroanue 2000 w. leoleanyeckHft noavem no rtpacce
\GonpoBoia cuctasafer 10 a. [panynoMerpiyeckHit cocTas necka cC/CIYWOWHA:

Paamep dparuim, Mu > 0.3 0,5—-9,25 0,25-0,1 0,1—0,05
Conenmxatic, % 2,6 24,5 531 16,8

dq=0,25 su; dgy="0.11 as; dyg==0,09 sx; dgy;y=*4"5.

Pacyeriufi  pacxod  iL{pocMec Qw='w£!0) My HCUC TeHUHSA
ee c0=9.06; IAOTHOCTE FILIDOCMECH l.._;,'IE'B=I,I-

1. IMo (6.19) ompeneasenm ocpefHeHHL! KO3hGHUHERT TPaHCNOPTaGeAbHOCTI
rpynTa

o 08260425 +0.256.1 002168
o™ 100 -

(6.16) W (6.17) waxonaum awu Tpy6ornposoaa

e fi N ! _( 139 ! 0526 _ o
(’.’n) (eobo)/l4 \Z-3.14 ) 006.0230!/1% o075

nmaem D — 760
KpHTHYECLYIO  <OPOCTL BLIYL.

doee B
vep=1* 173.7170,06.0,234=8.0,80.0,491 =3,5 m/cex.
CKOpu\:Yb OBHKEH!a [HAPOCM

1,39-4
=t !
e e
5. Pacuertiue yne..bubeuorcpu Hanupa na tpcuue, no (6204), B WepoxoeaThIX
Tpydax npH v =~ 3,61 sicexk u n’

32
# —00||[|+0|3!/ s

—_— J 1,02=9,0144.
\ 3611V981-0,7

6. TIpuiiMan Ha CTAAMH NPCEKTHAMQ 33Aa4Ws MOTepPH Hanopa BO BCEX MeCT-
HBIX COMPOTIBJEHHAX OT 3€MCHapsla 0 MecTa BhiMycka FHAPOCMeCH 8 paiaMepe
1025 oT noTepb Hamopa Ha TpeHHe No g Hue TpySonposola, Mo (6.27) BeIYHCAEM
HEOOXOLEHM LI Hamop:

H=1,1{0,0141-2009 + 0, [ (0,01 $1:200%)] 4+ 1,1+10==35

Pa6oune XaPAKTEPHCTHKI! [PYITOBBIX HAacOCOB. BbLIIAHHLIC 3aBOIOM
NpH HCOBITAHHAX La BOIE, MOXKIO nepecdliTarb Ha THIPOCMECH. an
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OAHHAKOBOM O8DBCMIIOM pacxule BOAE W Ti, Hanope NpH pa-
6uTe 110BOro TPYHTOBOrO 1acoca Ha rilapoc ~u) n Bone (Hy)
CBA3GHLL 3aRBICIIMOCTHIO

o2 )
Hew=kliz| 1 2, 6.28
(i o

rae k — nonpaeounutii Kosddurment (obuiun =1,
Has Hacocos Tana 200-60 ¢ Qu.ave = 10

C Qu e = 4800 .‘l”/‘! NpH QC.\I > Qo

0)
500 s3/a 20P-11

k=14 2, lg 5“ ] (6.29)

oM
Qo=08Qcy. «c="08Qu yanc (1— §s6550)'- (6.39)

Qoy mawe B Qs.yore — MAKCHMATbHBlE PACX0AL 1acoca npu paBoTe ua
THIpOCMecH # Ha BOIe ¢ HOBHIM DaGOouHM Ko.IecoM.

CooTHowexna K.m. 1. yacoca npu paGore 13a rHAPOCMecH (New) H
lla Bole (Ms) MOMHO NPeICTABHTH B BHJe:

w = s (1 - 0'33Cu)‘ (6.31)

[pu nepecuete padouHX XapaKkTepicTHK YACTHYLO H3IHOWEHHOro
rpyunToBOrO nacoca B copuyae (6.28) Buecto Hn caemyeT nolcrasastb
Beanyuuy Hy, a 8 dopmyne (6.20) Buecro Qa.maxe ~— pacxod Qu.uaxe.
onpeiennevule no opMyiam

H,=H, (1 —alb%), (6.32)
Qi vane = Q. e (I - agb.’), (6.33)

TAe @y H @y — ONbITHbie KOSMDILHONTLI, paBlbie ATA NEcuYaHsX TPYNTOa
ap=0,15 1 a;= 030 a1a rpasuitieix 2 = 0,10
a, = (,14;
b — aona nepekavawioro HacocoM rpyiTa ot obulero ero
KO.1H4YeCcTBa, onpeijeasioilero  pecype pafoTsl  (Cpox
cav*8ul) paboyero Ko.eca.



I —— - nasa ceabman

HCTESERWE XXHAKOUTH HEPES OTBEPCTHA W HACALKH.
CTPYH

§ 7.1. 0GHOBHbLIE CBEQEHHA Ob HCTEYEHHA YEPE3 OTBEPCTHA
W HAGALKH

*TIpy  HCTCuelMN JKHKOCTII YEPe3 OTBepCTHIL ¢TpyA MpeTEpOeBasT
cmatue. OTiOUIRNHE NAOMAAN NONEPEHIOTO CeSeHUA CTPYI B &CrKATOM»
ceucliiB ®¢ K MJ0MA1N OTBEPCTHA Mg HA3LBAETcq Kodd e i
TOM CHKaTNA

=, (7.1)

Cxatue CTPVH, NpoTeralollel ¥epez OT8eDCTHe, RBAAETCA N0 f1-
HBIM, €COH OO0 NPONCXOANT NO BCeMy HEPHMETy OTaeplHs, T € 'O
BCEX CTOPOH BHITEKaiolleil CTPYH.

Lcan cxatne NPOECXOANT 1€ [0 BCeMY NEPHNOTRY OTREPCTHA, T. €.
e CO BCeX CTOPON BLITCKAWOUCH CTPYH, TO OHO  a3uiRaeTcs o € 1o -
LI M.

CxaTue CTpYil, HPO'IEI\’EHOIIIN"W 4yepe3 OTBEpPCTHE, HAILIBAETCS C O«
Bep el bl M, ecil BOMI3I OTBOPCTHA HeT AMQ, cTedok ANl CBODII-
HOM MOBCPXHOCTH GKHIKOCTH, BANIONIX HA XapARTep Mcleneita,

Ecau ano waw creini, wan csofouan NOBEP AHOCTL KHIKOCTH pac-
ilonoxeHbl BEIN2N OTBEPCTHA 1 RIAHAT Ha NapakTep HCTEIHNA (YMHbL-
[aI0T CTeNENL CHKATHA CTPYN), TO CATHE CTPY Il HASLIEAeTCA H e Cg-
pepwednu, Jio f CTHKH NPakTHUCCKI WO BANAKI M3 Xapakrep
HCTeveHNs (e yMeHBINAIOT clenelt CHATHA CTRyR), €calr puccTowiile
OT CTEHKH 0 OTBepCTHA GONbUle YTPOEHHOR INID UK OTBCPCTHA, A puc-
CTOSIHHE OT JIHa WAH 0T cBOOONOA TOBSPXIOCIH HHAKGITH A0 OTBEp-
cTHa Goabine TPeEX BbivO1l OTBEpPCTIA.

ﬂpn HCTEUEHHH B aTMOCEbEp)’ BO BCCX TOYKAX pacyeTHOTO CEyeHHT
CTpYA

2
P % + _g; = const, (7.2)

rfie p ¥ 4 --JaBAcliHe I (KOPOCTh B TOUKE CIPyp ¢ opdnuatoi Z

Coraacto (7.2), CKOpOCTIt NCTEMCHNA HILTRACTH Yepea HUKITIOW
4acTb BepPTHKAALHOTO  OTBEPCTHA GOIbIIS, USM  yzpes erv BEpSHID
4acTh.

[Ipn BrICOTE OTBEPCTHA € MaJ0f MO CpaBiewmo ¢ Hanopod /1 nax
lentpom orsepcThs, npaktiuecke npi € < 0,1 [/ manop wonno cun-
TaTh O1NHAKOBLIM BO BCex TOYKAX PACYETHOIO ceveins cipyn. Otrep-
CTIIe CYNTAIOT MaJaLiM. B

H acant-:o;"[ Ha3ulBAOT KOpDTK}‘IO TpYOY, NPHCOLTHNENHYIO R OT-
BepCTHIO B CTElKe Pe3epBy2pa. MOTepll HANLPa Mo 1aiHe KATOPOH Maiwl
N0 CPaBHEHII0 ¢ MECTHLIMH [oTepsMH 11aN0pa (phe. 7).
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Puc 7.1. Cxemnl HCTeueHHH

a —uepe3 oreepctHe (I) M nacaiki: 2— BHeNUNOK LUMIRAPHYecKYlo (BeRTypH);

3 H ¢— BHYTPElHIOKL ULHTIADHYeckylo (Bopia); §— wouHiieckn cxolfwyocs;

6 — KOHHYECKH pacxo1aluyioca; 7 — kononaalriyto, B atsmozdepy; § — nol ypoBeirs

6 — 3aBHCHMOCTE KO3GGHUHEHTOB PactXoda W, CXKATHA £  CKOPOCTH @ L0l
yeck cXoaflWehRca HacalKIl 0T yraa KOMYCHOCTH 6

CpelHda CKOPOCTE CTPYH B CXATOM ceueHHH BblyHcAserca no ¢op-
nTe
v=¢V 2H,, (7.3)

H *H*{* Po1—Poz_
o »
’Y
H — namop Hal LeHTPOV THXECTH pacyeTHOTO CeueHHd CTPYH 0pH
CBODOANOAM HCTEUEHHH HAH PasHOCT)> yPOBRENH BEPXHEr0 H HHA-
Hero ropH30#TOB BOALI NPH HCTeMeHHH MOR ypoBeHb (NpH 3a-
TOMJIEHHOM HCTEYEHHH),

Poy— DaBjeHHe Ha CcBOGOIH MOBEPXHOCTH  iHEAK B pesep-
Byape;
Doy— AaBJAEHHE CPEALl, B KOTOPYH NPOHCXOANWT ie KHIKO-
Cril,
¢ — K03GQDHIUHERT CKOPOCTH:
—-0.5,
=+ (7.4)

{ — xoshduLHedT CONPOTHBJENHA OTBEPCTHA 1T HACAIKH OT
BXOAa B OTBEPCTHE A0 PaccMaTpHBAEMOrD CEueHHs,
Pacxoa 4epes oTeepcTHe HIHW Hacajiky Bbipaykaetca GopwMyof

Q=vo.=pa¥ 2gH,; (7.5)
ajecb W—RKO3PPHUH pacxola:
R =cq (7.6)
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Tataunpga 7.1
MpoH3BOAHTCALHOCTE GYTHLIIOYHEIX H 3BONBBEHTHHX cONeJ

(s ac’/4)
Hanop ncper, con.
daasep cone:
Xy MM
10
Byretaonnoe
20 X 10 1,48 1.8 I 2,1 2,35 | 2,33
32X 16 1,5 5.6 6.0 6.3 6,3 -
50 X 25 8,8 10.2 11,0 12,1 12,8 14,2
50 X 30 (1.7 13.3 11,4 15,3 16,6 18,0
D80.1:C0CHTHOLE
193X 10 1,12 1,3 1.45 1.56 1.8
50 X 25 8,2 9,1 ;1) 10,7 11,9
100 X 50 32,0 1.9 370 39,2 43,5

Tipusmeyanuuc: d; —ANaMCTP BXOAA; da — AHANMCTO BhIxVHLA,

[Tpn wucrtevenun 13 OTKPLIIOFO pe3epByapa B aTMOC(EpPY Poi =
= Pog = Pa H Ho =1, Utofu yBC HUHTL CBOGOANYIO NOBEPXIOCTE
CTPYH, BuITEKAOULEN 12 Bpuisranbnoll nacanky, nyteM pasfapobiieiths ee
218 nosuiwernd AQPCKTURHOCTH HCNAPUTENLIIONO OXJaAACnA, npHMe-
ISTIOT  TAHFEHIHATolibIE €CONAA —3BOIbBeUTH e H 6YThH a0y
bl e, B KOTODhIX [12TIPABAATOULAsl 4ACTb COTUYTA B ABYX ManpaBJeHHAX
CO cmemelHes OCH B paaia’bHOM HanpagJseltn,

B rtaGa. 7.1 npueefenel pacxoiul TAaKIIX COMeJ B 3AaBHCHMOCTH QT
Hanopa BOABI B HHX.

§ 7.2. KOAOBOUUHEHTE CMATHA U PACXOAA MPH UCTEYEHUU
YEPE3 OTBEPCTHA W HACAIKH

KoapdnuenTul | W g 3aBHCAT 0T hopMbl BAOINOMA KPOMKIL OTBCp-
CTH$, OT OTHOWEHIA NAolWaIell OTBEPCTHA My W CEYCHU:A pesepByapa Q,
13 KOTOPOTO TPOHCXOLHT iCTECHINE, a Takke o7 urcen Peimomsica.
Banande cH1 NOBEPXNOCTHONO NaTAKENNA HA HCTEUernile BOLL MOXKIIO
e yuntweath, ecan (fld) > 100 cu?

3asucumocts  kOIPQUUHEST OB W # & OTBepcTHA 0T uucea Peii-
HOJIB/ICA MOYKHO MPENCTABHTL B CASLYIOLLCM BHIE:

npu 15 << Req < 108

-0,5
p=0,6(|+ﬂ-— 12 ) (7.7)

Re, Re2®
npu 50 << Rer << 40000
e = 1,234 — 0,138 Ig Rex, (7.8)
dy 1o
Re, = T_’-]a 2014
do -— 2N4METp orBeperis,
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Mpu Rer << 50 xoshduuuent e =1, a npn Re > 30000 e =
= 0,611 u p = 06.

Ilpn Re = 3 10% koaddnuneur c:xarua cTpyn, BulTexatouleil yepes
o1BepcTHe, MOXKIO HaiiTi 00 dopmyae A. . Anstwyas:

0,043
g=05l+ (7.9)

Hian i3 HPEJ.TOH\'EIIIIOQ 11aMH 32aBHCHMOCTH
e2(0, + 1) — 2+ 1=0, (7.10)

rie 0.=wo:%;
2 — naowaab rionepeyHoro CeueliHA NOTOKA nepel OTBEPCTieM.
[lpy HenoaitoM ¢:kaTHH Ko3dduUHEHT pacXxoda OTBEPCTHA MOMKET
dLTE onpegesel no gopay.e

k r
ulm=u(l+%), (7.11)

raie p — koshduLKenT pacxoia HPH TMOJIIOM CIKATII;
%' — YacTb MepHMeTpa OTBCPCTHS, HA KOTOPOM CHATHE OTCYTCTBYET;
o — TOTILIA TepHMETP OTBEpCTHA,
k — xoahduument, umelomni caelyoulie 3iavenns:

A0 Kpyra 0,128

» MAJ0TO KBAZPAT. 0,152
MpAMOYTOABHUK  JHpsnioit 0,2 x

Toit 0,16 At . 0,157

ST MAA0ro HpAMOYLOALHIL 0,134

Cyntanch ¢ TeM, uTO npusenciivie KodddHuHenTsl cnpaseasuBh
IaA CPABHHTCJABIO MaJbiX OTBEPCTHH i B HCROTOPBIX CJyuanx MOJb30BA-
HHe MMH [deT IeyAOBJCTBOpHTedbiLlc pesyabrarsl, H, H. [MaBaoBckuii
peKoMelayeT npuiMMate npn y'/y, GaMsKHX K elnnuie, k= 0,4 uesa-
BHCHMO OT (hopMbLI OTBEPCTHIL.

Hacanky caelyer pacCuHThiBaTb Kak KOPOTKHA TpyGonpoBOA ¢ yye-
TOM [12uafblioro yuacTtka, B npedaenax kotoporo (opmuapyercda MOTOK.
Hanop npu HcTevenun BA3IKOM MKHAKOCTH uYepe3 HacaikH 3aTpaunBaercH
1a Npeocjociiie CHA CONPOTHBAGNNA 1A BXDJE, 11d CO31aHHE CKOPOCT-
HOFO Hanopa BO BXOMHOM CeuyeHHH, HA ¢OpMHpOBANHE MOTOKA HA Ha-
yaabHOM Y4acCTKe H Ha MPeoAOJeHHe CH1 TPeHIs HAa yuacTKe NOCJe Ha-
YaJabHOTO.

Hexona n3 stux nonoxennit, A, M. Kypranos noayuuwn caenymoune
3aBHCHMOCTH Aaf kod(ipuilHenta pacxona:

npu Re << 71 I/d nan Rer << 120 1/d

15,2 2 1 15,21
- 2l i e .+0.476—(—’— G)Re“‘; 7.12
" ( d ) Re? d - ? (7.12)

npA Rexp > Re > 67 I/d nin Res = 115 1/d

W= ]/(%5 % 8.4)2 Re7" + 0,67 — (%ﬁ 4 8,4) ReTl;  (7.13)
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npi Re = Re.p = 2300

57 \ =05
g (1,.3 e B ) (7.14)

dReg,QE

iech Re = pRer;
! — pauua Haca ki,

B rabn. 7.2 npuBeaelbl Pe3yaLTaThl pacueta no 3THM (opMy.aaM.

Honyckas morpewnocts 10 10%, kosdgnunent pacxoaa sieluHed
UMIHIAPHYECKOR nacalkn (uacaikn Bentypw) aaudolr I ¥ HHaMeTpoM
d MOMKHO BbBIPA3UTL BMCC10 TpexX 3apucnMocteil (7.12)—(7.14) oxuoift
go1ee npocToi Qopyy.oi:

. Myare
=T aiRer ! ke

s koropoil, npu [/d << 10, a=264+35 I/d, a npu 50 = l/d = 10
a=110426,6 I/d.

MakcuManeible 3iravenus koddduuienra pacxosa Muaxe B 3aBHCH-
MocTd oT Aawusl npu [/d < 60 npumepuo pasiibl

' _ 14 0,822
Puake = 1754+ 1/d — 14 0,0057//d *

Koadduuent pacxona ocTaetcsl NpakTHUECKH IIOCTOSHILIM, KOr1a
nacTynaetT aBTOMOICALHOCTL Mo Re; ana xopotknx nacanok [/d << 10
npu Re > 104, a 1aq namunsix nacatok {/d > 10 npu Re > 5-104

[Tponycknian cnocoGlocTh HACAIKH OKA3HIBAETCA BLIE [PONYCKNOI
cnocoBHoCTH  OTBEPCTHS  Aas  nacatok ¢ /d=1-+20 aopu (no
10. A. Cxobeablitiny):

(7.16)

2
Re >97 + —L-l—!-, (7.17)
a 1aa nacaaok ¢ I/d = 20 -+ 50 npu
2
Re > 500 + 10(%) (7.18)

Haubosburan BricoTa BaKyyMa B HAacailke npn HCTeyellMH B aTMO-

chepy COCTaBJAET.
tbep h = 0TTH . (7.19)

BAK. K

Mpu Rer > 10* cpuis Bakyyma B nacaakax ¢ [/d =25, co-
raacno onsitam 0. A. CkoGeabusiia, NPOHCXOANT NpH

H>155 i"—;,‘—’is—, (7.20)
a mpu 10° << Re < 10*

FOR L Y =t (7.21)
1+6-107°Rel/d Y
Kospduunent pacxola BHewlel WATIMHIPHIECKOR HACAAKH ¢ pa<

ANa7olbiM BXOJOM MOXIIO onpelenats npu r =02 d, [ =d 1 Re: >

= |01, cornacno uceaeropanmin 10. A, CroGeabutinta, no gopmyne
gl e ]/ﬁ s (7.22)
VRe; V' d  4d
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rae npu 02 < r/d < 2
A =775 — 1,52r/d, (7.23)

anpur>2d
A=475;

r — paJHyc 3aKpyricina BXOAA;

ly — 174H2 URTHRIPHYCCKOH 4aCTH Jlacadki.

HaubBoabwas BeHulHa KOIDGUUHENTA pacxofla Hacalk# MnoTy-
yaeTCA MpH yrae KoHuueckoro Bxofa 40—60° M OTHOCHTeNBROH iliHe
KoHuueckoil vactit [i/d = 0,15.

Coraacrio necnegosannay B, X Mexaixosa, nuyTpeiinie WHAHH 1PI-
yeckne uacaakn (nacatki Bopaa) ¢ tomunmnoi crensy 6 = 0,14, a
Takke npu moObix O 1 Rer << 200 MOMKIO pacCuNTHB4TL KaK HacaakM
Benrypu no dopmyaam A, M. Kypranosa (7.12)—(7.14). Crenkn co-
¢Y1a, H3 KOTOPOTO MPONCKOMINT HCTeucHlie, 11¢ BAMAIOT 1a [, ecan ana-
MeTp cocyna Guaec MATH-MECTH ;LIaMeTPoB Macalki.

Mpn Rer 2= 104 kozdupuiaent pacxoa nacaixkn Bopta e zacu-
cnt oT uncna Pefinoasaca. fIpn Rer > 1.25-10° nponckoint cpuis sa-
KYY\MA 11 12CTYNACT 11€3aN0AHEeHI0e eTeuee,

Maxkcnvanbinaa Beanunna k0dhQHUHEHTA CKATHA CIPYH, BHTEKAIO-
el 4yepe3 He3ano.eHHYW Hacaaky Bopma, Moxer ObiTb BbIUHC/eld M0

dopmyae
PPN P Py | (7.24)
m*

TAe .= Wo/Q;

Q — niowals cocy1a nepel OTBEPCTHEM.

HAas 6§ <<0,04d w [ = (2 = 5)d 3asncumocrs ot §/d omnuce-
Baetc dopaynawvit

NPl 3AM0NENIOM NCTCYCHNN

p = 0,69 + 2,66/d; (7.25)

npH He3anoJielnoM HCTeYeH Il
p=10,495 + 2,48/d. (7.95)

Mpu & > 0,04d 11e33M0.THERHOE HCTEUEHIIE MOMKHO paccMarpHpart
Kak FICTEueHHe 4Yepes OTBCPCTHC B TONRON CTelKe
Bausune yraa ckoca pxoanoro ropiua ¢ nacaik  npin & > 0,01d
== 3d na xoappuument pacxoaa nacagox Bopra 0 Benrypu Bui-
paikaerca Gopmv.ioil
p— 080 — 0,115 sin c. (7.27)

[Tpit neteyemnin uepes  KOUMUECKN! CXOAAUIYIOCA 11ACAAKY CiKATHC
CTPYil 11a BXOJE MeHblLie, WeM U@ BXOAC B lacaaxy Benrypu, no 3aro
N0ABAAETCA BHCIIlee CHKaTHe a BuXole NH3 nacatkn. [loTepn nanopa
B 3TOH HacajKe MENbIIe, 4CM B HAPYIKHON [IAHNIPIYCCKOR, a CKOPOCTh
6oabuie, Koadpdnunentsl w, @ 1 & nacaaxkn npu Rer > 3000 zasnesr
ot yraa konyctioetn O (cM. pue. 7.1,8) H va10 n3vcnaoTes npio nave-
nennn Rer.

KoabduiienT pacvofia I0CTHTACT  Makci. ‘ua | 0915 (¢ =
= (963 n & =—0983) npn 8 =13 Tlpn Re: << 2000 pansune yi
KO VCHOCTIE TIONTIE 118 TPOARTICTCA 11 (L HPAKTINECRIT MOAIO BLIPRTD
hapyya

p=">0lg Rer -} a, (7.28)
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TaGnuua 7.2

3uayenng |l 18 UHAHHIPHYECKHX M KONMIeCKH CXONAILHXCH
HacanoK

Re,

l I 1070 | 3 30N 106 5.

BHewkue U g4: neHHUe Hncadku co cTeHKOE ToAL 6=01d
wau npu notos & u Re,s.<2ul)

1 0,397 | 0,524) 0,68 0,73 0,77 0,80 | 0,805 0,81 | 0.81
4 0,168 ( 0,29 | 0,19 0,57 | 0,63 0,76 | 0,77 0.78 | 0,79
10 0,08 | 0,14 | 0.1 0,44 0,35 0,70 [ 0,72 0,74 | 0,78
KN 0,02 0,05 0,15 0,22 0,36 0,56 | 0.601 0,63 | 0,68
50 — {wom jot0 | 015 0,26 | 048 | 0,53 | 0,56 | 0,61
n 0,62 0,66 0,66 0,66 0,65 0,63 | 0.65 064 | 0,69
Lo [ & 1,0 o | 085 | o8l | 077 | 0,73 07 0,67 | 0,611

BiteuiHan KorUudecky cxodawanci Hacadka
f=11 + 26° I 04 | 1,58 I 0,77 l 0,80 ' 0,84 , 0.9 ' 0.92 | l

rie nph 15 << Rer << 200 koadpuitments b = 0,0 n a = —0,45; npu
200 << Rer << 2000 woadduunentsl b = 0.2 ¢ a = 0,24. TlpHBenennbie
[aueilia KOIPOHUHEHTOB OTHOCHTCA K BLIXCAHOMY Ce4eHNlo HacaLKH.
Pacuer koadduuHeHToB no (7.28) npuseien B raba 7.2
OtHecenite Koa(ppHLHEHTA DACX0JA K CEUCTHIO OTBEpPCTHA B CTeHKe
10 32BHCHMOCTH

— Dppix
L w0y (7.29)

0KA3LIBAET, YTO KO!IYECKH CX0IAIMAHCA HacadKa NPAKTHHECKH He yBe-
11 YHBAET pPACXOAA BbITeKatOlLefl CTPYI.

B nn. 7—I17 taba. 7.3 npueelenu pesyasTathl onwitop JI. X. Mak-
civoBa 0 M. T Hypaesa ¢ oTBepcTHAMN H KOIHYeCKH CXOLAIWAMHCA
ki aKaMu pa3nanaHbix Qopm nonepewnuix cevelnit. [Ipn sToM BXOL Y
nvex Hacalok Oula KOIOHAAIhHLIM, HA BHIXOAe HMeAnach NMPpRMas BCTaB-
ka anudoft 13 auw; KosdbdHUAENTH CKOPOCTH MNOAYyUellbi NpH Hanope
Il a, a koupduunenTs pacxofa. nepBeie 3iaueHud — NpH Hanope i,
ETUpHIE 3HAUCHHA — NpH nanope 15 .

[1pin HcTeueHHH ucpes KONHYECKH pacXoASlieCA HACAfKH, BCIeld-
cTlle GOMbIUETO CXHKATHA CTPYH MPH BXO:e, NOTep!H 3HauuTenbHO 60.1b-
e, 9yeM B IHINIIPHUECKO(l Hacalke, a cseloBaTe’bHO, Kosdduuuesr
'KOpPOCTH  MeNbllle. KosddruHenTs pacxofa H CKOPOCTH 3aBHCAT OT
vrna konycHoetd 0. Tlpn yrae rRomycnoern 5—~7° B cpelHem W == ¢ ==
=045+050, e =1, { = 3,94 = 3.0, npu § = 12° (npepeauHslit yromn)
Bewx = @oux = 0,26; npy B > 12° Hacanka nepecraet palorarts nod-
LLIM_CEYEeHHeM,

Ecnn oTHecTH koadpintienT pacxoga K BXOLHOMY CeYEHHIO no
(7.29), 10 npn paBuLIX NIOWANAX BXOAHONO (EYEHHA KOHIIYECKN CX0.1d-
imeficA # BrelwHelt WHAHIIPHYECKO Hacalok PACXOA (KHAKOCTH Yepe3
nepByio H3 HHX Goablile.

B kononjanbHol nacaike, BuINOJHEHHOW 0 $opMe CTPYH, BbiTe-
Kawule#l uepes oTBepcTHe, RO3(dulenTs pACX0IA B ABTOMOLETLHOI
0012CTI CONPOTHB,IEHHA cocTaBasT | = 0,97 == 0,993,
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Ta6anua 7.3

3uazenus |IL W @ OPH HCTEUEHHH Ycpe3 OTBCPCTHA H KONHUecky

cXoafilMHecss HACAAKH Ppa3anqubix GOPM MONCPCUHOIO

ceyeHHs
—
Nl
na. QupMa oTBEpPCTH @ K
1 KD)[ YOE OTBepeTHE B TOIKON
Re > 10 0tW i i § ‘ 0,97 0.6
2 Hapg Kiad munm'xpnmcanaa nacajixka  n, M
Re> I 1 Hd=4 1 ¢ oOCTphMd  BXOZLUBIMNI
KDOMEaMi . . . . . . . s e & i 0,82 n.82
3 Buewnna winiiapitekag nacagka (Hd=3)
¢ pagnaneibiM {rld >0,2) wan ho:lu:'lt‘(‘KilM (30-~70°
u tf/d > 0.13) Bxoa0M npH Re > 5.1
4 KOHHYCCKI CXOASILASICA 112CAAKA n]u ec- b>3 :l Ouu
wO==12+15° , ,.,. . s 0,95 0,94
5 Koitndecki PACXONAL HCR r.ie
KoliycHOCTH 5—=7¢ 0.50—! 0.5—0.45
To e, npy yrae 11" R A Cae 0,26 2"
6 Konouauenag (sWnonsuian no q:u;\ e rll) ",
BUITEKAI0 e tepe3 alreperne) 1ac.i K 0,97 — 1,7
7 Kpyrnoe oteenperie anaseipon 20 au . 0,915
-] JAIMNCOHIANOE  OllHeherile € COO O M
oceli | 2 (14 28 am) ' E g - 3 098
9 To e, ¢ cootiomentien aoeft |53 (12— 10 3ty 0,931
10 To e, ¢ voolnowennes oced | 5,57
QM am), & 0,937
1 To  we, 9,41
(7:66 wm), ., .. . . 0,937 0,64
12 llleaenkanoe oThe e un. ¢ cunruwuuunc
pon 1:5,75 (8 45 M\l] L 09} 0,723—0,695
Lle e Bianoe oTseneTie, oy .| 1on'1|£||uL fJva K
HOCT M ¢ COOTNLICHIEEM  cTopOoN Il?
(6:70 Mu). . Ty 0,957 0,635—u,
1 Konnmyecrn ¢x 1 IOV R
BII<ONHLIM cetuajhey JHIHO
75 At . s oaw Ea % waa 0,92 0,980 933
[o #e, ¢ 3|-|||n|cmuim.li HLIND M ofeya-
HHeN 2 \Gamomeune\l acedl 12 ("2l 2 ) 0.963 0,97~091
16 Ta u » ¢ couTHOUICHIEN uun l 3ET B My 0,903 0,94~0944
17 To :xe. u) R BILTUDLAL BEINOM LM Cetde e\
¢ couTHOUIeHnmeM oceit | 2.8 (9 25 wm) . . . . 0,937 0,9%1—-0,9¥
15 Ulesib B ToMKoH Cieflke © ayGyatuy orsep-

cTHem (no Adsiitbis b. M, NyJleuxo), BuICOTA
ay6rer 50 Mm, yroa npy Bepuiing 3ayha 95°;
BHICOTA OTBRPCTilA OTUMHILIRASTCR OF “epelliit

rpanell 3y6nes . .

ObiTh DHPEHE‘TEHM B 3ABHCHMOCTH QT OTHOeNlHA

3uavenna @ npn Re > 10Y 218 pannwinix TiNOB Hacalok

n.1ouaaeir

= Wsux/Q 00 ﬂplléHH‘f\EHHbl%I dopwyaax M, E. Haewyura:

AR BHeIUHEedH Lll['!HH,D,pH‘-l:fLI\Oﬁ HacalkH

0815
V1i=w/3’

A4 BHYTDEHHeN WHAHHApNYecKol Hacalr
0705
) 1 =050,

(7.30)

(7.31)



(oTeckN exonameiica racatkn (0 &~ 139

0,94

T T=0.179, (7.32)

7119 KOHOHA&JBHCH HacalkH H.IH HAcaJIkH co CEpPYT.IEHHHM BXOIOM

0,97

- b e o TASE
V' 1T— 00654, L

i1

Coraactio onwtam H. M. Toasemeabtvix w 1p., Baanmuoe BiHAHHE
yacaluok la KO3(@lUHenT pacxoia He3HaUHIeawHQ NMpH lUare pacno.1o-
welln® uTBeperit Goavire 6—8 d.

§ 7.3. ACTEYEHHE YEPE3 OTBEPCTHA MPH HANHYHH BHXPEBbLIX
BOPOHOK

[lpn onpefleeHHEIX YCJOBHAX NOILX0Ja K CJIHBHOMY OTBEPCTHIO
#1AK0CTE NPIUXOAHT BO BpPALLATENbIIOE ABHAMEHNIE, B Pe3vabraTe 4ero
E03HIKAST HOTENCHBHAA BUXPCBAA BOPOHKA C BO3AVLINLIM SLIPOM, MpO-
HRGICWAM B CAMBHOC OTBUpCTHE, DBed HCKYCCTBEKHOrO 3aKpyYHBAHHA

POPLIA BO3I¥Xa B CIMBHOE OTBePCTHe MOXKET [POU30HTH MPH Ha-
wupe npubanKenno fH << 0,5 d.

Bprawenile XUQKOCTH lle CHIZKaeT Kosddiiuuenta pacxola 4o Tex

iI0Ka BO3YWIIOE 5i1p0 BOPOHKH HE NPOIHKHET B CIHBHOE OTBep-
f11E, T. e, CORIacho HeeagloBadnam A, J. Aavtwyas u M. I Mapro-
aina, npy Iep << 0,8  kospduinenr pacxona M = po, r1e [ap =
=I'/d} 2gH — npuseaennas unpkyisuusn, ' = 2aRY — smakcuvaibHasn
IHPRYAAIRNA  OKPYKholi KovioneHTsl ckopoctu V' na paiuyce R.

[pn T'wp > 0,8 B pesysbTate NpoUTIKHOBENNA BO3IYINHOrO AIpa BO-
puiEKI B CJIBHOE  OTBepcTHe  Ko3(LLIIENT pacxola WU CTAHOBHTCA
Voliblle, e npi ueteyenny 6e3 BopoHku (We) [lpn 0.8 << Tap << 2,1,
25 < R/d < 6,7 (Rer = 22000) oTHOCHTEIbHBIH KO3QGhHUHEHT pac-
X012 NpHOIHKEHHO MOXKeT OLITh BblpaseH 3aBHCHMOCTHIO

B =13 —0,38T,, (7.34)
Ko
[Ipn npuBezeHHO# UMPKYASuWy Beiwie npeaedsHod (Cop. KO-

5P PAUNRHT pacxoda He MeHgercs (taba. 7.4).

Ta6avuma 7.4

Juagenna T, o0 B 1ML,

Rid 6.7 5,0 2.5
Typ. max 3.0 | 3,8 > 40
B/ug 0.4 0,28 ‘
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Hauwvenswuf Hanop, nmpx KoTopoM oOpasyerca BOPOHKA ¢ MPOpy.

BOM BO3AyXa K AOHHOMY OTBEPCTIIO BOJIONPHEMHHKA, MOKeT OblIb Olge-
HeH no popyyne

10,35

Hum g5 leme
d ' (]’gd

2 npH npHioHHoM GOKOBOM BoJdosabope

Hun e de | 5( UotB )3"4
d Ved

rae vore = CKODOCTE TEYUEHHA B [IOCKOCTH OTBEPCTHA.

ITpn HcTewenwn H3-moa wyita (3arsopa)

§ 7.4. ICTEYEHHE M3-NOM ULUTA

(7.35)

(7.36)

yRenbHBIH pacxon,

T. €, pacxoil Ha elHHHUY IUHPIHLI OTBepPCTHA, MOMKHO ONpeleldATb M0

¢opryae
g=qe, e V2T =p eV 2T,
07
Fox I\A
06 _A_:_:: ==t
a5 /f"\\ N
TSNS
U#.-._c\.%::\\ ] j)(.. F’b“?,/
» " : ! \\‘ = L
“qi/ i )/< 15 /&/
03 = i ~ =0 P
' & vy ¢
\ “"--'.”._D/L‘ \\'}%
02 > AR
'\_ '[fb:- £ w§ p.?
5 é = -——F
= —
o1 { o i -:.?[
Y
TI7TTTRTIITITIIIIG

o

L]
S

& 8 w12 14+ 15

T/e

Puc. 7.2. Tpadux nxa onpemesnenns kosbduumuedTa i,

(cunomubie AuHAW), BXOAstero B (7.37), nph HeTeUeHHH
H3-TIOJ BEPTHKAJbHOrO [mura fo [71]

[ = cBOGOAHOE HcTeuenue; [[ - 3atonicHHoe HeTeuenne, Fry— yieao
®pyaa N8 NOTOKA, NPOTEKAKILEr) Yepea OTBejCcTHE 3aTBUpa

(7.37)



0.4
;w.g Tl
06 7 5
s es]
- 2 e 3
ol T T ] 2
) e/r:aj‘\ﬁ A 207 .
01 Vo5 / -
02— F =7 -
hir=03 | 0 alr=0f
= % ol e
U T eir=01 T .
r efr=01 ] — 7 =
06 AR ! AT A
o D 1L Yad,~
7
W LT (o 7y
er=03 / |/ A~ 7/).5/ 4
o5 |/
. i [ Ny E;
[t 0/r=05 al=03
hir=08 0 e
e [ bz |

04 08 12 167 o4 0.8 12 16 Tir

Puc, 7.3. Tpadugn aast oupeaeneuns KozpduumHenta py, BXOIAWETO
B (7.37), Aaa cerMelTHOro satsopa
I — cpoBonoe ucreiuende; J/ —3aTonnenuoe HeTevenie

IAC Py = G€y — KO3GQIULIENT, 3aBICAULHE 0T TreoMeTpPHIl KOICTPYKUHH

#  ray6unLl  NOTOKa B pepxdeM M IHHKHeM Obedax
(puc. 7.2 u 7.3);

¢ — ko3¢ duuHenT CKOPOCTH;

€ — BbICOTa OTBEPCTIH,

T — rayGuita 0T ropusolita BOAbl A0 HII3a OTBEepCTHHA;

€, — ONBITHLIH KOYHHILENT, DaBHEIA, NO HAWHM HCCIEI0Bd-
THAM [e3aToMn1eindore Heteuveus #H3-0104 LIHTA:

npn e/T < 0,45
g0 =061 —0,11¢/T; (7.38)

npy /T > 0,45
go = 0,56.

THapaBIHuecKnfi pacuer 11e3aTOMIEINILIX MIHTOBEX OTBEPCTHH Ha
rpefile BO;IOCTNBA NPAKTHYECKOro NPOMHIAS, coraaciio PeKoMeHIaludiM
B. I1. Ko3una, MO&ILO apo3Bo.uiTh 1o Qopavie

Q = qeced ) 2Ty, (7.39)

7+ 195



rae b — WwHpHHA OTBEpCTHA;
T, — rayGHHA OT rOpH30HTa BOAR IO HH3a OTBEPCTHA C YuETOM CKO-
pOCTHOTO Harnopa:

S

U,

T0=T+T§

i

£x — 3IMIUHPHUECKHit KO3 DHUHEHT:
gy = 0,611 — 0,164e/T,. (7.40)

Pacxoa AJA 3aTOIMEHHOrO MCTEUCHHH H3-1107 LUMTA ONpele.dserca
no gopMyae .
Q = pbe V' 2gzo (7.41)
rie
20="To — hy

hy — rayGuHa OT COPH30HTAZ BOALL B HHMuey Obede A0 HH3A OT-
BepCTHA:

M — kO3 QUUEEHT  pacxoda, TNPHIHMAeMbIH, COTNACHO OMbITAM
Iugua u HUuosemuesa, no taba. 7.9.

[pubauxento npu e/hy << 0,9 M0MHO NPHHATH:

p =065 -+ 0,5¢/hy, (7.42)
anpu 0,9 <<e/hu<<1,0
p =10

IpaHHUeR 3aTonfeHHA OTBEPCTHA CAYKUT 2y, (HAH grp), 3HAYCHAR
KOTOPbIX B 3aBHCHMoCTH OT ¢/T npuseleus B taga. 7.6.

Ha ocHoBanun pauubix tabr1. 7.6 Mbl nmosnaraes BOIMOMKHBIM [(pI-
HATh;

2 0,95+ 0,62 1,5]/7 (7
6 Thaa + 0, 7 b T {(7.43)

Hasnenne 0o MOBePXiiOCTH 1HTA TpH cBOGOIHOM HCTCUEIHH pac-
npefeasieTCs Mo 3aKoHY

2 2
p v 2,029
— =T+ ===y — 7.44
v %z (7.44)

[ y? T »
geﬂ\%;-—l-l—&ls" T—-e)

TaGawua 7.5
3HaueHHs Wl NpH 3aTOMJEHIIOM HCTEWeHHH H3-NOJ LIMTA

e/h“ 0,05 0,1 0,15 ‘ 0,25 0.3 0,35 0.4 0,43

i 0.7 0.7 0.7 0,725 0,74 0,765 0,784 | 0,811 0,844

e',ih” 0,5 0.55 n.6 ’ 0,635 0,7 0,75 | 0,8 0,85 ' 0.9 ’ 0,
0,89 | 0936 1,6 [ 1,03 1,07 1,08 1,075 1,06 ' 1,656 | 1,03




Ta6uanua 7.6

3HaueHHA ., W ., B 3aBHCHMocTH oT e/T, caymamue
rpannueit cBoGORHOrO M 3ATONJEHHOro HCTEYeHHi H3-IOM, IWHUTA

T 0,142 1 0,19 0,2 0,29 0,3 0,335 0,363
ool 0,45 | 0,40 0,35 , 03 | 02 | 0% | o024
appy TR 0,07 l 0,09 0,129 ' 0135 | 0,144

oT 0,392 0,42 0,45 0.5 1 0,54 0,59
- 022 ’ 02 | 018 | o | oae | o
L 2gT" ] 0,165 0,174 0,1 0,195 ’ 0,208 0,223

Tacauuma 7.7
3HayeHHs € TIPH MCTRYyeHHH H3-MOMN LIMTA

e/l 0 0,05 0.1 0,15 | 0.2 | 0.5 0,3
e 0.611 0613 | 0615 l 0.617 [ 0,619 i 062 | 062
e/T 0,35 0,4 ] 0,3 0,55 0,6 0,65
e 069 | o061 | 080 | 0,643 0652 | ossl | 0673

Ile ¥ — BepTHKAaJbIlas OpAMIIATA OT 11H3a OTBEPCTHA 10 TOUKH Ha LuTe,
B KOTOpOIii onmpefenseTcs Lap.ielile,
Ug — CpellAs CKopoCcTb NOTOKA B BepxHeM Obede;
e — ko3(@duuient CKaTHA CTPyH, BHITEKAlOWLeH H3-TIOL LiHTA
(ta6a. 7.7).
FuppoaunaMHAdeckoe Japfelide Ha JHO HENOCPEACTBEHHO MNON LLH-
TOM Pz=g BHIUHCAACTCS MO (GopMy.Ie

Peo : 2 2( ¢ ) g
T —-l+2Fro([—s)—e 1 e+ /s (7.45)
rae Fro— uncno Ppyaa:
%
Fro= —éT.

Ias’enne na o B CTOpony pepxiero Gueda or WHTA (px) OGbl-
CTPO HapacTaeT 10 CHIAPOCTATINECKOrO 1O 3aKouy

Pr  Pi=o ( P.«:u)( 2yx )'”’
— y e . 3 7.46)
Y Y + Y Py=0 (
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CH1a 1aBJeHHA 3KIIKOCTH, NPHXOIAWAEACA HA  Afe IHPHHE
UlHTa, b g i
¥ T2 2,2 P4q t ) 5
=L —g%?) — = | — —~ | }. 7.47
g 2 ( J T \ee (7.47)
KosdbuuneHT BepTHKAIbHOIO CAKATHA CIPVH [OPE I-TeueHHA H3-007
KpHBO.IMBCIIHOTO B nlaile BepTHKa.bHoro wiira, mo O. . Bacuabesy,

(7 48)

20

= 1 ¥ 1.05¢/R "’

r1e £ps — K03((HLUIEHT BepTHKA.IbHOTO CXATHA MP! HCTEYEHHI 13-NOJ
nockoro uwta (tada. 7.7);
R — paanyc u3rn6a WHTA B IL1alle C UEHTPOM KPUBHM3HL B HHXK-
Hem 6bede. ]
[lps ucTeuenHn H3-nol CcerMeHTHOrO 3aTpopa 3ilaveins Kosdou-
LHMEHTOB M == @€, B dopmyse (7.37) npx cBoboaHOM 11§ 3aTONIRH-
HOM HCTEYeHHH MOT¥T OBITh onpeleseHbl 110 rpaguky (pHe. 7.3).

£

§ 1.5. ICTEYEHHE NPH NMEPEMEHHOM HATMOPE

Hepeiko crasutca 3alaua 00 onpeiecHy BPEMelll ONOPOKHEHHSA
HAH Hano.JIHeHud BOILOJ(])&I{[L']IILLL WM Kakix-anbo eMKOCTeil.

ITycts u3 pesepsyapa [/ c maowaaibio cpofoditofl moepxuocTn £
MHAKOCTb MeperekaeT B pesepsyap 2 ¢ 11owaibio coBolioll moBspx-
HocTu Qg uwepes Tpyfy c¢ nomepeunbiy cevenmeMm o (puc. 7.4,a). Tlpn
3TOM B mepBbifi pesepByap ULOCTYnaer noctoandulii pacxol @), a H3
BTOPOTO BhITEKaeT noctosiiibif pacxol Q. Bpewms wusmeuenus uarnopa,
T. €. pa3HOCTH YpOBHed B 3THX pe3epByapax, OT f{; B HaYalbHblA MO-
MeHT J0 H,

H:
; J‘ 0,9, dH

Qi+ Qo — (2 + Q) po VIgH

(7.49)

1. Tlpn Q; = const, Q, = const u p = const

20,9, ( — p—  ar— VH,~VH )
(@ +Q)patg \ ? S VE,—VH,

(7.50)
rie
]/"H‘-_a_: gsgz+ Qle
Voguo (2 + Q)

Ecas HcTeyeHHe nponcxolnt B atvocdepy. 10 Qo> Q) Qu =0, &
nanop H OTCUMTBIBAETCA OT IMeHTPAa BHIXOAHOFQ CeveHHA TPYSH 10
CBOGOIHON MOBEPXHOCTH XKHIKOCTH B peaepBvape; TOrAa

Q (,ﬁ— r—— S Ly
= ——— -f[ — H 'rH E _‘-‘-‘:_a"-‘—.r....l 7."
o Ll R V’Ha—VHz)’ 73D
rie
) M= e,
) 2gpe

198



/

-ngnoitd
0bvem ]
L LTI G S560 >
4 ‘
Heh+ A2 + _ﬁ_‘.'_ﬂg_ <
7

Pue. 7.4 CxeMmn

a— K HCTeYeHNIo KHAKOCTH C NMeépeMeHHBIM Hanopoy; § — K onpeieeHHio Npo-
AOTKHTENMBHOITH OnOpOKHEHHA Pe3epByapa

Ecan Q, = Q; =0, 10 ]rﬁa =0,
2. BpeMmd ONOpO#HEHHA UHCTEpH (WHTHHIPHYECKHX pe3epByapoB)
¢ FOpH30HTadbHOA ocbi AHaseTpoM Dy w anueo#t b (puc. 7.4,6) npH
W = const NpHEIHAERHO PABHO:
, 4 b . (Dy — hy)"® — (Dy — )"

By no ¥ 2g Vo, —Vh,

s [l,m = 0,19(%1:;2—’;{'—)2] VH —VH,), (752

tie hy B hy —rayGHibl KHIKOCTH B UHCTeplle B HauaabHbIl  Koiley-
LU MOMeHTH BpeMeHn npH nanopax Hy u Hy

X

Mpuwvep 1. Hs Kelre3Hoi0pokKHON UHCTEDHL fHasmeTpow Dy =21 & H
Soi-oft b o= 5 a1 KHIKWA XJIOp MepesHBaeTcA B CTAUHOHADHYIO (He1epHY no Tpybo-
npoeody AJdnHOA [ = 30% u d o 15 am (puc. 74). Onpenentu BpeMa ONOPOKHEHHA
LHoTepHB, ecan py=6,5 xec cM?, p.=Hh kac/emt, Az=25 M, h=1.8 M.

puunvas no Tabn. 3.2 A - 0074 M MecTiule CONDPOTHEIEHHA B pazMepe 40
nuHelinux, safizeym KoddgMUHEHT CONMpPOTHB.IGHHA cHCTéMbl TEyGONpORO1A:
L.=140l{d=1.4-0,074-30/0,015=207;

wibdHUHERET pacxola
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B nauaz rayGuse a uuctepie A
aeficinite. S eyeie,

- TR
= ”L I.+.r“ aﬂ:nu-i-{-l-i‘_."
X,

) —
Ho= P TP | \pmp07 4t 2. or.
Yz
saech ¥, ,=1,43 xac,.n— yACALHL
Mo (7.32) uMe

4 5-4-104 3.4 —N,1614

e (1,19 =0,19.0,35) - cex =238 4,

=

3. Bpems posnmcnud csof0LHOR MOBEPKIOCTH 1I0MmaAbio £ 8 uu-
JHHADPHUCCKOM Deaepuyape npit ieTedenil 8 aTMocepy wiIH 101 o=
CTOSIILIA YPOBelb HAIl BPeMA fubbliieltilsn cBO0OTHOM MOBepXIOCTH MpH
JicTEMeHHH IPH NMOCTORAINNONM TOPH3OMTe MO fepeMcliHLi ypobeilb, B Te-
ycille KOTOPOro hanop naseufercAd ot fy 20 Hy u api iepenennow
Koaddillihesite pacxola, BupaKewuoM [0 3aBHCHMOCTH (7.15), paBHO

Qv e, I )

t=-——-—— Rer, — Rers + — In — (7.53)
cod( A ~- 2 H,

u"d" KC

4. Bpewsi onoposkHetay WicTepus JLIHNoR & ¥ anamMerpoyv Dp ¢ ro-
PH3OHTATBITON OCLI0 Hepes pfacalky fpH ilancpe, paBitoM rayGiHe KHI-
KOCTH B UUCTEepHe, N nepeseltod kozpdnurente pacxoda, BbIpamed-
HOM (7.15),

4 vbDy {_Q__dl/zguu [(l—ﬂ\l.ﬁ_( _&_}1.514_
g“.\l ;c(ﬂd 3 v Du} Du !

VB B

—|—~arctg]/—Du Hﬂ-—arctﬁ"l m-f_f_l—ﬁ—]} (7.54)

Npu Hy= Dy n Hy =10 spes JHOTO  ONIOPOACHEIHA LUCTepHb
voDy (2 dV %Dy =a )
= —5al. 7.55
Blyge®d \3 ¥ 2 e
Mpu Hy = Dy 1 Hy = 12Dy
; i /
posa V000 (0285 4V 2¢Dy —l.285a). 56)
gu.‘vlﬂ.’{cmd v
Hpn Hl = I,"QDQ H h’z =0
;/.-.-_‘-.
fimeo- S0 (0,432 21 2e0, —-0,285a). (7.57)
Gl @4 v
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§ 7.6. GBOBOQHLIE H HEGBOBOAHbLIE 3ATONNEHHLIE CTPYH

CrobGonHofi cTpyei HasLlBACTed CIpyA, HE orpa-
GElHAA TBEPALLAI CTCHEAMIL
3aronacHuoill cTpvel XKiLIKocT cTpys, pac-

POCTPAHAOUIANCA B AHAIOTHWION KIUIKOCTH.
" Heszatonmcuuofi CcTpyCi K KOCIH  (a3ppacTca CTpyd,
-wnVAelNas razodM, 3 UacTiloeCTIl BO3AYLWHOIE Cpeoil.

Crounsic BOAbl, BLIXOAAWLE 113 BLiMYCKa 1 1OCTYLAWONLe B rO-

(130HTASBHBHT OTCTONNK, IpelcTaBIsnoT coboil TypByaenTiisie satom-
LI CTPYH.

Has 3atomaenti.  ¢BoGCAE0N CTPYI XapaKIepilll j13a yyacTKa: na-
1A 16NbIA M OCHOBIIOR; 3TH YYACTKI Pa3lC1R0TCA NepeXo.llbid CEUCHHEM
IpHe. 7.9).

Ha vauaiLHoM yuacrke c1pyil, T. e. Ha yyacTxe OT .dasajkioro ce-
A (BLIXOT A3 il&caiKi) IO 1epexo/Ui0ro Ceue:dHf, HMceTCA /PO
POCTORUHLIN ckopocrell cTpyi. Bo Beex Toukax 3roro 41pa crpyi cko-
POCTH MOMIO CYHTATL OAMHAKOBHIMII H PaBHLIMII CKODACTH {ty B BbIXOX-
10M cedetdd. Slilpo orpaunueno ¢ GOKOB NpaKTH4eCKH HPAMBIMH JH-
LHAMIU, HAKJOHEHULIME 1101 YRIOM NpitMepdo 5° K ovH ¢TpyH. OTH npA-
MBI JUILIIL OTAEJRAIOT PO OT OKpyalouero TypOyJIeluTioro norpa-
HHNHOTO €105, B LIPeAelax KOTOPOTO CKOPOCTH H3MCHSIOTCH N0 TOMY XKe
32KOHY, KaK Ha OCHOBIIOM VYACTKe CTPYH.

Ocraibuas yacth CTPYH (234 Nepexolnniy cevellies) HasbiBaeTCA
OCHOBHLIM YuacTKOM. [IpHiBMAOT, YTO BHeLHHE TpallHlbl TYp-
6y.1eilTHOrO HOTPANIMIOrD CI08 OTpAINCHL OPAMBIMI TiHHANMH, TouKa
riepecedertitn O 3THX DPAMBIX HAIMBAETCR 11O IWCOM c¢TpyH bBo-
KOBOi1 yroa pacumnpenns eTpyi pased 6 = 12° 25

[Tpn pasuoMeprOM BanaaLlioM noGe CKOPOCTeH MO.KC CTPYH Haxo-
AHTCA DPMMCPHO B LUGHTPe BHIXOJHONO OTBEpPCTHA comia. CKOPOCTH

Gcwanod

1% 1 Haugnsrsi
yyocmon

yyacmox

Nlepexoduoe
ceyeHue

L,
iy

1
v
\

28,

fpanuss rdpa nocmoanmsiz
cropocmey

MozpanuvHsli crou

Puc, 7.5, CxeMa 3aToI1eHHOA ¢1pyH
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B NOrpaH{yHOM CJ10€ H3IMEHAWTCA N0 33KOHY <Tpex BTODBIX»:

= - ()T

u.\lai{(’.

THE Uyaye — MAKCHMAIbHAA CKOPOCTh B CeYeHHll NOTPaHHUYHOTO C10R
(Ha OCHOBHOM YYacTKe 3TO CKOpPOCTb Ha OcH CTPyH Ugc,
a Ha Haya.JbHOM 3TO CKOpPOCTb B f/1pe MOCTOAHHLIX CKO-
pocteit ug);
Y — OPIHHATA TOYKH, B KOTOPOH CKOPOUTH i;
b — wHpuHa norpaHuyHoro CJI0:

' b=xtg=022x (7.59)

1. das niockoil ¢TpyH, o8pa3oBaHHQil wWeIbio WHPHHOR 2by, cpea-
HAS CKOPOCTb B CEYeHHH NOrpaHHuyoro cios V = 0,448 uyaxe, Ko3d-
dulHeHT KoauyectBa IBHxkeuus (Byccuuecka) oo = 1,56 u kosddu-
LHeHT KuneTHueckoli 3uepruH (Kopuoauca) o = 2,86. IlepexoaHoe ce-
yeHHe HAXOIHTCA OT 11aYyaJbHOrO CeueHHA Ha  DACCTORHHH Xpep ==
= [4,5 bp. CKkOpOCTb Ha OCH OCHOBHOLO Y4aCTKa H3MeHARTCA [0 3aKOHY

o ]/ _";"— (7.60)

2. Oas kpyraoft cTpy, seiTekawuleli yepe3 oTBepCTHe pajiHycoM ro,
cpejHsA CKOPOCTb B CEYEHHH 1TOrPaHMUHOro C.107

V =0,2615u (7.61)
koabduunent Byccuilecka oy = 2,08 H koadpduunedt Kopuonnca o =
= 4,5. [lepexoaHoe ceuenHe HAXOIHTCA OT OTBEPCTHA HA PacCTOAHHH
Xnep = 12,4 ro. CKOpOCTb MO OCH OCHOBHOMO Y4acTKa yMellbllaeTcst Mo
3aKOHY

Makc'

oo = 12,40 —’x°— (7.62)

3. Ilasn cTpyd, o6pa3oBaHHOH HCTeUEHMEM M3 MPAMOYrOJbHOTO OT-
BepCTHA cO cropoHaMil 20.2b;, MOXKHO IPHHATH, YTO MAKCHMAJIbHBIE CKO-
POCTH B MOUEPEyHOM CEUEHHH CTPYM PACIOIaraloTcd HA OTpesKe Aau-
HOH 2(/ — bo) B MJOCKOCTH LEHTPaJbHOH OCH M H3MEHAOTCA BIOAB
CTPYH npHGJIHKEHHO [0 3AKOHY

13,76&10 ” fbo
VT 13,76 (1 — by) »

~

Uoc

(7.63)

Tlpr  fmBHKeHHM CTPYH B OrpaHHYellHOM TpocTpaHcTBe (MpH
]”—SQK“ >7[,5du) BO3HHKAeT BO3PacTHOE TeyeHHe, NPENATCTBYIOLLEE CBO-
6o1HOMY pacliHpeHHI0 CTPYH, 4TO NPHBOIMT K AedOpMAultH ee rpaHHUbI
H H3MeHeHHIO Yria paclUHpeHHs CTPYH.

[To uccaeaopanuam A. M. I'ycaka, npn cTeneHAX pacCIHpPeHHA CTPYH
B = Quau/wsx = 4 5 196 2311Ha cTpyn

L=2,048"8'd, =2,048""'D, (7.64)
rie do u D — gnaMerpsl BX0Ia H KaHana.
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CTpyf COCTOHT H3 TPeX XapaKTepibix yyacTKOB.

Hla mepBomM yuwacTtke B mpelerax x = 0+ 0,35 L pacunpe
nHe cTPYH JHUeRIO ¢ yraov packpuitna 24—25° B koHlie ydactka [ ==
= 0,30 L nioutaas nonepeuroro cewenws cTpyH cocrasaser 0,33 +
~ 035 Q kaHana. M3veHeHne JHavieTpa CTpyH, T. e. rOBEpPXHOCTH HY.1e-
gelX NMPOIO.IBHLIX CKOPOCTENl, NPOHCXOINT M0 3AKOHY

d. % -
F M 1+ 0,42 4 (7.65)
rile X — paccTosiiHe OT BX0Ja [10 AaHHOTO CceueHHHA CTPYH.

Ha Btopowm yuacTre B npelerax x = 0,35+ 0,85 L pacwu-
pelHe CTPYH MeHEe HHTEliCHBHO H3-3a CTECHeHHS ee BO3BPATHHIM MOTO-
KOM H xapaktepHsyercda HeGoablunm (6—8°) yraoM packpeiTua. Iua-
MeTp CTPYH H3MeHAeTCH Mo 3aBHCHMOCTH

de
dy

- (0,443 = 0,423‘—) B3, (7.66)
dy

Ha tpetbenm ywacTke B mpeferax x = 0,85+ 1,0 L Besex-
CTBHE OTIAYH MPHCOEIHHEHHOrO pacXola B BO3BPATHOe TeuyeHHe MPOHC-
XoLMT HauOojMee HHTeHCHBHOe pacimiupedne cTpyH. Ha stom yuactke
IHaMETP CTPYH OMHCHLIBAGTCA ClelYIOWeH 3aBHCHMOCTBIO:

de [1 — 0811 - %m B, (7.67)

dy

IOuaverp snpa dg, B CeYEHHH KOTOPOIO pacXol CTPYyH paBeH mep-
BOHaYa/JbHOMY, H3MeHARTCA O 3aBHCHMOCTH

oreif=(-5Plemn o

§ 7.7. HE3ATONJIEHHLIE CTPYH

Boganas cTpys B BO3AYWHOM IpOCTPaHCTRe MO&eT 6biTh pasje-
JeHa Ha TPH XapaKTepHue YacTH: KOMMAaKTHYIO, pasipofieHHYW H pac-
neleHHylo. B KoMDaxTHOH yacTH obecneyHBaercd CTUIOMWHOCTD
notoka, B pa3apo6aeHHOfl 4yaCTH CNJOWHOCTL NOTOKA Hapy-
maetcs, CTPya pa3puiBaeTCd Ha KpyOHLIE yacTH # pacwHpsetca. Pac-
NBEIJIEHHAaA YacTb CTPYyH COCTOHT H3 MHOMKeCTBA OT/EIbHBIX pac-
CEHBAIOWHXCA Karneb.

[Tpn npHMeHeHHH BOAAHLIX CTPYH AAA MOMKAPOTYyIUeHHs NOAb3YIOTCH
MOHATHeM paAHyca NeNCTBHA KOMNAKTHON 4acTH CTPYH Ry,
npenctaBasoilero cofofi paccTOAHHE OT HACAAKH J0 OKOIlYAHKA KOM-
NaKTHOH wacTH cTpyH (pHc. 7.6).

Jlas co3naHna  CMIOIIHBIX CTPYH HCNOAB3VIOTCH KOHHYECKHe Ha-
caikn ¢ yraosm KouychoctH ot 8 mo 15° Konwueckas uacTh HacaikH
3aKahuHBaeTcd, Kak NpaBHIC, UHJIHHAPHYECKO 4acTLIO, MHHA KOTOPOH
B HeGOIbWHX Hacalkax COCTABAAET OKOJO 0AHOTO IHaMerpa, a B 60Jb-
UIHX Hacajxkax — MpHMeplio 2/;—3y anaMerpa BLIXOZHOTO CEHYeHHA Ha-
caixky. Ha kowu€ uninnapuueckoll YacTH Hacaiak# OGBIYHO BbINOIHAETCA
BEIEMKA «B UETBEpPTb® IJA 3aMHTLI BBIXOXHON KPOMKH HacalkH oOT no-
BpeKAeHHH, B koHuueckofl 49acTH JaBjeHHe C HaHVeHbLWHMH MOTepsMH
npeoGpasyetcd B ckopocTHoll Hanop. Llmawwipuyeckas uacTe HacalkH
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Pue. 7.6. Cxema HesaTonneHHOH cTpyn

abe — rponkia RRsbiocTi G0A onJIOMAOR CTPYH, T. €. KOHIL
pasapob.aennofl waLry crpysH, HakalouenxHcl nom yraom
a’'b’e’ —rpannia (OMEAKTHOR fqacTd cTpyu

CAYKHT S YMERLLIEIA CKalla ceuelild ¢TPYH Npi BLIXOIe ee M3 Ha-
CanKll,

Tpaextopnst cTpyH, ¢o60o:110 ajatouleii nOCae HCTEYEHI  Yepe3 oT-
BEPCTHE H MACA/KY, OIICHIBAETCS CJACIYIOULNM VpaBietiles:

2=
20¢ cos?

roe v — cpejliiga CKOPOCTh B PAcUeTiOM CCYSHHH CTDVH, HalpabiedHas
noa yraoM § K ropusoHty;

2 W X - BepTHRAAbHAA (nanpaBieHHas BUHN3) H TOPH30NTATbHAA KOOP-
AAHATH CTPYH OTIIOCHTCABIIO PACYLTIIOTO Ceveliis.

B (7.69) nepea BTOpEIM charaeMbin Geperca 3HAK «MLTIOC», €CJH
Hayanbiiafd CKOPOCTb U HanpasJefla BIT3; ecit CKOPOCTb U Hanpas.ieHa
B HayanbHoM CEYCHHH BRCPX, TO HyXii0 6paTh 3HdK «MHHYC».

OapiTiisiMA HCC/IeJ0BaHHSIMHE YCTAHOBAEHO, 4TO HAaHGOALILAA Ja.Tb-
HocTb 60fA CIPYH HOCTHTAETCA DPH HAYaJbHOM YIJIe HAKJOKA ee npH-
MepHo 30-—32°, a Mawrcimaablias LAJbHOCTb [OJ€T4 FJIH BbcOTa GOA
CTPYIL~— ITPi Namnopax

2
£x 5 *xigh, (7.69)

H=14Vd [x], (7.70)
TAe d — AWaMEeTPp Hacalwil, AL
Beicota BeprkanbHoli COMOIWHGH cTpyH teT 6biTh onpedeiera
no ¢opmyne dpumana:
HB=H(I —0,000113 %) @
nau no ¢opuyre Jiorepa:
H
Hy= TFem (7.72)

rne M — Hanop y nacaixu, u;
Hpg — BLICOTA CIIOWHON BepTHKAMBION CTPYH, A
@ — K03bduumenT, onpeleasemuit mo dopryme
0,25
G = m; d—3B am (7.73)

204



TaGanwuna 7.8
3nayenna , sxonauero o (7.72)

pavers AR, ALM o] 12! ml 11| 16 ’ l wi 2 |22)25| 28 | 30

21101 ?9 8

TaG.adana 7.9

3HaueHns f, N4 ONpeReNeHHA [ANWYcR KeHCTBUA
cnaowHol ctpyn no (7.74)

‘raar wakacka B pa- 60 45 30 1 15 0
auyca HeHcrpHe

vruys, epad

i, 10 | Lo | 107 | e 1.2 ' 13 i 14

¥
3uauenns rodpduwieNTa ¢ B 3aBHCHMOCTH OT AMaveTpa BHIXOA-
NOTY CeNeHs $ACaliKk 1aHL B Ta6a. 7.8.
Paanycu nefictaind cniowHOA crpyn (Re) ¥ KOMNAKTHOH uacTH
i (Ry) BHIPaKalTCA uYepes BHICOTY BepTHKAJILKOM CILIOIWIHON CTPYH:

Re = feflo, (7.74)
Ry = fKHB: (7-75)

e fo— wospduument, saBucsinui ot yraa B, obpasyioliero pagryc
AeficTBHA ChnoWwHOR ¢TPyH Re © FOPH3OHTANLHOH MIOCKOCTBIO
(tada. 7.9);
fx — Ko HUHeHT, 3aBHCAWMHA OT BHICOTHL BepTHKAJbHON CIOLI-
KOl cTpyh (Tabn. 7.10).
Ha pne. 7.7 npHBexeilsl rpadikKH 3aBHCHMOCTH BBICOTHL H A/THHBL
1I0MINLIX CTPYR OT HaMopa npH yrae Haknioda B paanyca JReficTBHA

%%ﬁ\‘ah\m_rw\mmciﬁhiﬁ 100 T %é;’: 7“&}:{«‘/75.&7
NN ST 1 77 7]
NNN\\S LW/
N W0
l?\gﬁ\q\\'\\\{a //V/~ 4, é@m
I~ \
ﬁg»'« \ // I il LJ

52 48 W4 40 36 37 28 2 2 1522 26 30 3% 38 42 4«6 50 5%+ 58 62

Puec. 7.7. Brcotsl Hp H AnuHB! L CNOWHBX CcTpYR B 3aBHCHMOCTH OT
Hanopa H y crBosa ¥ AMamerpa Hacalki d (mpu XOpouleM KadecTse
Haca k) npe P = 40°
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Pue. 7.8. 3amicrvocTs Mexay paasycov fefictsua Ry, pacxoiou
BOIb Q, HanopoM A w JuaMeTpoy Hacaiku d AMA CTPYH H3 DyUHbIX
CTBO.JOB

CNAOWHON ¢TPYH Re N0 OTHOWIRHHIO K TOPH3OHTATRHON [1I0CKOCTH, paB-
HOM npuMepto 40°

Ha piic. 7.8 npe/lctaBaeiin! palilychl AeficTBHA KOMMNAKTIOA yacTH
cTpyil, MOAYYaeMBIX OT PYyYHLIX CTEG.IOB € AHAMETpaMH nacalok oT 13
do 25 mwm, a B 1ala. 7.1l — o1 naderduix CTBOJOB C IMAMeTpamMil Ha-
cazox o1 28 10 50 ay npr yrae wakaona f = 30°

Pagnve melicTBAA KOMMDAKTHON 4ACTH CTPYVH H3 pyvu: “TBO.IOB He
H3MeHfleTCsl NpH H3MEHeHHH yr1a 1ak10hna,

Paauyc 1eicTBHA KoMNakTHON vacTH 1aderdamx crpyil
YI1a Hak1dHa:

Ry, 1= IRy 350 (7.76)
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TaGauuma 7.10

3uauennn f nas onpemenewus pannyca neftcrsus
KOMMAKTHON YACTH CTPYH

20 23

‘ 0

0.3t 0.54 0,82 0,37 ! 0,77 ’ 0,73 0,67 l 0,65 ’ 0,62

Ta6auuya T.11

Paguycel neHcTBHS KOMMNAKTHOR YACTH JaeTHBIX CTPYH
R, npu yrae sakaona f = 30°

Paauyc aefictBaa KoMnaxtiodl yacru ctpye (u)
IpY Uraserpax HACal0K B MM
Ilanop ; -
y €TA0.4, 28 32 38 50
¥ 600. CT.

Ry Q, Ry Q. Ry Q. Ry Q.

M Alcex M alcex M tlcex M Alcer
20 2n,7 12,2 2040 15,1 0,3 22,4 21,0 38,9
25 231 13,5 23.5 17.8 24.0 25,1 25,0 43,
30 26,0 14,9 26,5 19,4 2.0 27,4 29,0 47,3
33 28,0 16,2 L85 21,0 29.3 29,7 31,0 51,3
40 30,0 17.2 a5 22,5 32.0 3.7 33.0 55,9
43 315 13,3 325 23.8 31.0 3.6 35,5 58,3
50 33,0 19.3 340 23,! 355 35.4 37, 6l.1
535 34,5 202 36,7 26.0 37,0 37,2 39,0 64,4
(9 33.5 21,1 4 arn 27.6 38,0 38,2 40,5 67,3
63 36,5 220 37,3 28,6 39,0 40,4 41,5 7m0
70 37.9 22,8 7.5 29,7 39,5 419 42,5 72,6
75 - ~ - - 41,0 3.4 [ 45 | 753
80 o = - - 40,5 43 1 4“5 | 7718
83 - - - - - - 43,5 80,1
90 - - - - - - 46,0 | 82,5
L5 - - — - - - 46,5 54.8
109 - - - - - 47,0 87,0

3urauenna kodhdiunenta nepeciera fa aawel g tada1 7.12.
B rtadn. 713 ykasaH n#swHi opele1 pabouHX 10KapHbIX CTPYH,
KOTOpLIX paiMyc HefiCTBHA KOMMAKTHOl uactd pascy 17 .

Ta6nuua 7.12

3navenus KoahuuneHTa nepecuera panuyca AeficTpHA
aadeTHax cTpyH ¢ ¥raa HakaoHa 30 ° Ha ApyrHe yrisl

Nroa 30 33 ] 45 50 60
HaK.104a
natiyca
R, epad
1,18 ‘0 1,195 0,93 0,88 0,86 0,85




TaGmnuma 7.13
Hanopsl, npHrogueie 1A ofpasosauus pabouux noxapHeix crpyit

25

HitaMeTp uacaak: 13 16 l 19 i

Hamo; y cTBo, M 800. 3l 3l ‘ 27 | 23
|

TMIpusep 2. ONpelcinTe HEOGXOANMKBI 1MANOP M PACXOZ BO.AGI JadeThbix
€T8010B, YCTAHOBACHHBIX [L1A 3aWHTRI Techoil GupxK Gymaxiuoil dadpukn. CTroaw
yeTaHOBJEHB! HAa paccTosuud 30 At Apyr oT apyra, BeicoToH 8 A, ¢ aBYX CTOpoK
BiloJib CKdafpa OApeBecHih WHPHLOR 70 # n BbicoTofl 23 M. [BasMeTp HacaaoK Ja-
detbix ¢TpoaoB 50 mMux DacdcT suie no ouaroHaJd oT ypoBHA sadeTHgro creosa
00 camoli oTaaneuncil (43 4 NO ropHidHTAIH) H BLICOKOH (23—8 == 15 M) TOYKH 10.a-
Hey COCTap1aTe pamHyc leilcteus Ry womnakrdoft 4acTH aadetHoft CTpyH.
OnpegedseM ero no dopMyne

R =V + 15 =456 m;

3Ta CTpyA H4KJOHMeHa 1Ol YrioM K FCpHs

13
= in —=ar:sin 0,33=2
fi=arcsin NG tzsin 0,33
Mo ragt. 7.12 aaa H=20° naxoand f,=1.1. [lepcbeed no (7.76) no.yuyen-
Hblff paAHyc REHCTBHA KOMNAKTHOIN YacTik cTpyy Ry 9pe=145,6 4 Ba paguyc Aeft-
CTBHE Ry 300;

Ry one 456
Rh’ 3uu=—-ﬂ-——=-l—.-1—=-"rl],.3 M.

B nocaenuct rpade tada, 7.11 118 .rmané"rpa nacaiky d = 30 wuM noTpebuuii
Hanop, COJO0TBETCTBYIOWMHA  3TOMY paauycy peilcTBHR (RK=-1!,5 .u), paseH

H = 65 #, a pacxoa eoidw — Q@ =70 a cex,

[lpn paspaboTke [CPYHTOB T[HIAPOMOHHTOPHBIMH CTPYAMH BAMKIIKINM
napaMeTpoM ABIfeTCA 1anboabwas AaTLHOCTE 60 CTPYH, MPH KOTOPOR
oHa enle He pacnanaerca. [To naunwmm H. I1. Faswpuwxa, 3ta Beanudda
MoxeT 6LiTh NPHOIHKEHHO onpele.aela no opmy.e

L= 0415V Ba.HE (], (7.77)

rie f — vroa Bulaerta cTpyH, 2pad;

dy — JilaMeTp HACALKH, MM,

H — nauop npi BbiXxole H3 HaCAIKH, M.

Benudnna Lyave nodydaerca npu p=35° a1 H =10 x npu
B =30° 1an H = 35 a.

dopmyaa (7.77) ynosJeTBOpHTeJNbHA NPH YIJe HaX10Ha OCH CTBO.IA
FHAPOMONATOPA K rOpH30oHTY P = 5+ 30° wHarope Ha BhIXOJe H3I Ha-
caikw H =10 +80 u (H = v}/2g), 1nareTpe BLX0AUOro OTBEpCTHA
uacalku dy = 5 < 50 s



s napa BOCbMAA ——

PABHOMEPHOE BE3HANOPHOE ABHXEHHE

§ 8.1. OCHOBHBIE PACHETHbIE 3ABHCHMOCTH

Kananusauno:isle ceTit 06buI0 PacCYHTHIBAIOT U3 YCI0BU paBHO-
MEPITaro Ge3ilailOpPHOTO TBHMKENHA CTOUHLIX RO,

Beananopuoe apiixenne XapakTepi3yeTcs HaJlnyneM cBoGomuoll fo-
cpxHOCTH. [IpH paBuorepHOM Ge3HaUOPHOM DBHKElHH YKJIOH [0Bepx-
HOCTH BOJBI PAaBEH YKJIOHY [Ila Kalada. Y1elbHas 3IHEPrHA CeyeHHR
no 1anse (BJAoab 1IOTOKA) NPH ITOM OCTAeTCR ileiH3MEHHOM:

ay?
d=h+ —= i g1
+ % cons (8.1)

rie 2 —ray6HHa NOTOKa, T. €. paccToAilic 0T CBOGOAHOH NOBEPXHOCTH
10 Hu3weil TOYKH EBOFO Ceueitiis NOTOKa;
U — CpelHAA CKOpOCTb MOTOKA.
[Tpu pacuete kaHaan3aumomnblx GesHa!llopHbIX ceTell NPHHHMAKTCS
C1e1YIOWIe OCHOBHBIE 3ABHCIIMOCTH:

Q = wv = const, (8.2)
v=CVRi=wV (8.3)
Q=uwCVRi =KVT, (8.4)
v? Av?
i="Tp =7 g" (8.5)
rie { — yKaoH :lia Kanana. [ = sin 8,

B — yroa nakiona Lia KanaJna K TOPH3OHTY;
R — rupaBaHyecKIT paaHyc;
dp — THAPABJHYECKHH 1HaveTp, pasibii 4R;
C — woadgununent Ilesit, ceazanusifi ¢ xosdduuneHroM THI-
paBaltyeckoro TpeHus A 3asuciiMoctsio  (3.50),
K=0C} R — moayas pacxona;
W=C) R — MOIy1b CKOPOCTH.
[Tpu TYpOY.IEHTHOM ABHXMEIUN BOAB B KaHaax koapdiuuenr Llean
C onpeseasierca no (3.51)—(3.85).
dopuyna H. ®. denoposa nospoafer YuuTLIBATE NpH TYpOyneHT-
HOM BHMXKCHHH He TOAbKO 00JIacTh COTPOTHBIIEGHHSA, HO H TeMncparypy
CTOUHBIX BOJ. @ TAKIKE KOJHYECTBO COMLEPHALUHXCA B HHX B3BELUCHHBIX
BEIleCTB H BA3IKOCTH:

I ( Aq Gg)
—_ =2l | —— —_ 8.6
7 el a0 T Re)r 58

rie Re = vd,/v — uncao Peitnoasic..
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TpaneuedTAaabHL I Kallad XIPAKTEDUIVSTCH IUSCTLIO Be-
AMYHHAME: WHPEHON Kanana no 14y b, rayGnuol nanossenus Kanana
h, wosdduuienTom oTkoca o= ctgp (¢~ yroa uaxnona Goxosoil
CTCUKIE KaHaja K rophzndty), KoaqupnuwiciToM 1CPpoXoBaTOCTiI M, YKIO-
HOM Ju1a {1 pacxoloy Q (i cperncii ckepocTsio v)

Beanunitel HIBOTO ceueliin o H CMOMCHHOID teplMe1pa ¥ y.1o8uo
BLIYHCAATD 110 CACLYIOULIM FEOMeTPH IECKIM 3aBIHCHMOCTHM:

w=(b 4+ mh) k; (87

w=0b+4 20 V1F me. (R.8)

ﬂapaﬁo.ﬂiuecz{oeuouepeqnclc ceyeH!n ONHCcHIBAETCH
ypasHeHlieM

y® = 2pyz, (8.9)

rae pn — napamertp napafoiibl;
Z 4 Y — BEpPTHKAaAbHAA H TOPH3IOHTAIbHAA OCH NApafo.bl.
[TapaveTpbl 370r0 ceueiidn MOCYT OblTh HAWIels [0 3aBHCHMOCTAM

B=2V2p.k; (8.10)
=2/,Bh. (8.11)
IMpa (k BY<<O,15 = B;
8 [ h\2
(h:B) <0,33 Aza[z+§(§”, i
033<(h B)<20 x =~ 1,784 4 0,6{B;
2,0< (4: B) 5 ~ 2h.

CeueltHe Kauaaa, IMewulee HauMelibliil cMOueRNUl nepluyeTp npH
3312HHOH NJIOWAIH HKUBOrO CCHEHHA, LA3LIBAGTCA THAPADBIHUECKH
Hauvpbiroanedwuym ccuenliev. Ha Beex cevennil & 01HHAKOBOH
NIOWAAbI0 HANMEILW A LEPAMETP I1IMEIOT KDPYT d NOJYKPYT.

Tacaumna 81
FunpapiauyeckH HauBhirogHelmHe CeYeHHHA

“Moyen- TCuapas- . _
TTonepenoe 1Taowaans | wimh ne- anecknsy | Wupiia )
ceqeHire @ plMerp pauy lnosepxy | @ B
% R 8
5 T 3
MMoayRpyr: % h* nh 0,5h — h2d
Tpaneuenia:
NOJ0BHIA . o=
YTOAbHIIKA . 0,54 = V3 h 5 R33
[Ipasoyroannos,
NOBHHA KBAApaTa, 030 2R 2
TpeyroiibHoe, no: ¥ VT
BliHa KBA1paTa . ' n? T n 2h — 2.3
[apabounyeckoe, i 5 4 - _
B=212h | FVETR VTR 03k 5 V3p%?
napoctatiye s
UenHAR 1 HHR ‘ 1,395 b2 19! 1,19 p=?
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Ta6anuma 82

3uagenus .,y OAA PATNHYUNBIX KOPDPHUHEHTOR
3AJ0KEHHT OTEQCOB

m 0,1 0,25 0,75 2 3

2 1.81 164 | 1,362 | 1,236 | 1,0 | 0,928 | 0,606 | 0,472 | 0,385 [ 0,325

TeoMeTpHUECKHE 3J1eMeHTHl WecTH THAPABJIHYCCKH HaHBBIrGIHeLNX
ceweilHit npuseientt B Ta6a. 8.1,

Has ruapasauyecks HalBbirogHefuwers Tpanelenia bHoro CeyeHHs
COOTHOWCHHA [UHPHUBN KaHala K rayGuue (fr w = b/h) 3aBucar ot
iua(pPHUHEHTE 3aM0KeHHS OTKOCOB M

By =20"T+m" —m). (8.13)
B 1a6a. 82 npumexer  navwenns Pry 1A pasiMUHBIX ML
§ 8.2, IONYCKAEMbIE CKOPOCTH TEYEHWA BOLbI B OTKPbITBIX
HAHADAX

Cpe.‘nms CROPOCTh ABHAC HHA HKHIKOCTH B KaHae OOJXKHA H3-
MCUATBCA B npeleqax

NHU Y ﬂgvxmkc' (8'1‘”
[AE Dyake — MAKCHMAIBHO  AONVCTHMAA, HepasmuiBawulasa,  Ko-
poOCTh;
Dy — MHHHIMATLHO JONYCTHMAH, HWJIH  He3ad.dioulasa, cpelHdd
CKOPOCTD,

Ecau pycno Kaila1a ¢I03eHe HecRAHBIMH TPYHTAMH (MRCU2ibLIMH,
rPABCJHCTLIMY, TAJMeWw0-NeCUdHbME 0 T. T.) MM NPHKPBITO KaMeHHOH
1abpockoil. rpasiitiioll oTewlbio Anb0 3alHTHLIY NECYAHO-TPaBeTHCTHIM
CJ0eM, BeIHUHHA NpetebHo AOMYCKAaeMOH Ha pasMblB CKOPOCTH Usawc
cnpeiedsierca no QopMy.aM, BbiOMpaeMblM B COOTBRTCTEMH © KpYNHO-
CTbKO YACTHU TPVITA.

[pu cpeasieit kpyanoetd vactiay rpyata Dep = 1,8 M Henoab3yioT
dopmyay . H. Jepn:

a) npu R/dy > 50

U!.!i]'r(c

6) mpn 10 << R/d. < 50

=13VgD, Ig 12R (8.15)
H

1ok ), (8.152)

P 9
Vyare = 3] ¥ Dy (14 Fle5-

rae Dep — cpemiasi KpyanocTb YaSTHIL TPYITA,
d, — nanboabwuin AMaverp uwacTHd rpymta, coctapadomux 90%
BCEX ero wacTHI;
R — ruapanaiiyecksi paiuyc.

211



Tpn oxHOpOIHOM TpyNTR €0 _cpexlell KPynimocTblo wacTHl
<< 0,25 a4 npuntensiot opuyy B. C. Kioposa:

000" "R"
]f7 + RU.?S

HOaa rpynToB ¢ npoveskyTouHOH cpeddell  KpymHOCTHIO
0,15 sty < Doy < 1,5 aint

0,25
Ouae = 3200 (Ig

MaKc

U, k0 = [eat/cex].

75R
Den

rie Dep n R nojcrasnsioTcss B caHTHMeTpax.

- 5.5Dcp) [cufcex],

Dep <

(8.16)

HacTHIL

(8.17)

JA8 CBA3HBIX TPYUTOB (M THHHCTBIX, CYRIUHKOB H T, L) Ustawe NPH-

HuMaeTces no taba. 8.3.

ITpu ruapaBavyeckoM paanyce R = 2 M BeNHYHKY Umaxe, B3ATYIO

ua ta6n. 8.3, Hago yseanuute B (0,5 R)%'% pas (R-—B ).

HauGonbiune CcKOPOCTH ABHIKENHA AOMACBHIX M IONYCKaeMLIX K
CMYCKY B BOAOEMLI MPON3BOACTBEHHLIN CTOuUNBIX BOJA B KaHaBax, coraace

Ho CHuIT I[-T'. 6—62, pekoMcHayeTcR mpHHNMATL no Tad.l. 8.4,

Ta6anuwa 8.3

Hepa3MbiBatoude CKOPOCTH AJfA CBA3HBIX FPYH103
NpH THAPABAHIECKOM pajHyce KaHaza R< 2 m

)

Hamvenonanne ‘-‘I!a"f"

Mlcex

Cynecsk caabas. . . . 0,7-0,8
» YI0THenHad . : 1.0

CyTaMHKIL Jerkie (B TOM ¢l 0,7-0,8
> CpealiHe 1,0

> nAaoTHLIe . 11=1,2
TanHBEL MATKHE |, . ¥ 0.7

»  HOPMA.ALHE! . 1,2—1.4

*  RJ0THLIE 1,5-=1,8
Tpyntel Hancroie 0.5

Tatanuna 84

HauGoabune CKOpOCTH ABHKEHHA NOXKIEBHX
H APYrHX CTOYHbIX BOJ B KaHABAX
npH rayiGuie notoka ov 0.4 no 1 M

HanMenoBanie rpynta wam tuna Dyenrces
YKEJETI.‘I [LARE: | .H;"CEK
IMecox menxkHit u cpesmisii, cyuneci, 0,4
>  KpynHbil, cyTAMOK TOWNi . 0,8
CyT.TiHOK . . l
CHMBA & o w & 5 v § & . 1,2
HapecTusikir, mecuatukn cpe . 4
OacpHoBka NaauMa . 1
> B CTEBKY . 1,6
Moenne oa1H04HOe . . 2
> ABORHOE , i 3-3,5
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Mp: rayGmne h <04 4 3naucing, npusenenuue o Taba. 8.4, cae-
y_\:CIIbLLIElTb 1na 15%, a nopil rivdaae b = | A — YBELIUNBATL lia
.
W B .

1060 nNpeloiBpatirh OLICTPLIR yiyoc Tp}ﬁ OT NCTHPAHHS X CTe-

TRCPABLIMIL BCUleCTBAMIL, COJEPAZLNMICA B [OTOKE, (PHHHMAIOT:

MOTALIIMECKHX TPYO  sare = 8 m/cex, a 175 1eMETANTHYECKHX

o = 4 afcex.

ITo mpoekty CHull II-T.3—73, nosepky nepasMumBacyMocTd AHa HaH
er0 KEMeHHOrO KPEJCHIS, BUE Pe3KNK BO3MY (WLEHHii 110TOKa, PeKOMeH-
AyeTesl BLINOARATL MO hopiy.1e

T R / ay LI
= ’
Upare = 15 1 €D, (a ) ] (143072, (8.18)

MaKe

dyape — HAnGONBWMI LTAMETD OT/IOMENH [HA, COAEP:KALIHXCA
B cMccH He Gogee 3%;

p-—-BE.:Ilii;IHl{a MYTHOCTH 01  pycrodopmupylomux  dpakusi,
KoM,
@ — KO3QDUUKENT KMERTIYECKO SHepTHH, Y4YHTHBAIOWMA He-

PABHOMEPHOCTE paclpelcacnns CKOpocTed H HX my.abca-
wuo, a > 1,1;

H — rny6nna noroxa.

Heszaunasniow YO CKOpPOCTL npy JsHKeHuW GBLITOBBIX H

wdepey Bol CHuITIL-T 6—62 pekomenaver onpegenats mo dop-
H. &, deropopa:

Oy = 137 lvrﬁ [n/cex], (8.19)
18 R — TIAPaBIHECCKHI PaLiye, A,
n=35+05R. (8.20)

Ha pue. 8.1 1aner MannMadblie yKAOHH H HE33iTAOUIHE CKOPOCTH
Aud pasanuunx AiametpoB TPYO Npu pasmnwioli cTeneHH HX HAmoJ-
FEILISLL

Jlns NOTOKOB B KaHANH3AWHOWALIX CETAX Ie3aHIAIOWAA CKOPOCTH

MuHHMadbibli yRaou, no C. B. Skopaesy u B. . Kaanuyny,

woC ’

Yy = ﬁn (8.21)
)

Ty == ﬁv (8'22)

rAe W, — rUApaBANYecKas KPYMHOCTL nNecka pacvyeTHOTO AHaMerpa,
mjcex; ;
C — koapuument Wesn, V afcex®
Jlnsi ropoacKHx ceTedl pasfebibix CHCTEM KaHAJIH3AUMH pacyeTHbId
AHaMeTp necka pekoMeiLtyetcd Ofpath dep = | M ¢ rHipaBiddeckoi

KpynHocTbio Wo = 0,1 M/cex miH ¢ nekoTOphiM 3anacoM dep = 0,5 avu,
A8 Kotoporo wy & 0,00 at/cex.

ITpa moaHOM HAH MONOBHHHIOAM 3amo.M Tpy6u (R =025d) n
wy = 0,05 a/cex u3 (3.22) umeer:
; 1 .
Ly = Ev (823)

rie d — gHaMeTp TpyOul,
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Puc. 8.1. MuHuMadpHbe YKJIOHH H He3anIAMHE CKOPOCTH
[BHXeHHs OBITOBEIX H JOXKJIEBHX BOA B KAHATH3ALUHOHHHIX
xoaiekropax (no H. &. dexopory)

Pacuerdas CKOpOCTb IBH:KeHHR HEOCBETNEHHLIX CTOUHHIX BOI B Ii0-
Kepax A0IKHA MPIHAMATLCA He MeHee | i/cex.

Heaannawomas cKopocTs MOTOKa BOJIbI B KaHame 2aBHCHT OT Hackl-
ILIEHHOCTH ero B3BeleHHBLIMH HAHOCAMH H HX KPYOHOCTH M MokeT GHITh
sripaxena gopyyaolt M. H. Jlesn:

=e )R [s/cex], (8.24)

v MEH

rae e = 0,5 ana KaHana, clOKEHHOTO HaHOCAMH, TPaHCNOPTHPYEMbIMH
NOTOKOM, HJH OOBIYHBIMH MECYaHLIMH, CYMecyaHbiMi, CYLJHHHCTBIMH HIH
IJIHHHCTHIMH  TPYHTAMH, XapaKTepH3yeMbIMH KO3(QHLUHEHTOM Liepoxo-
Batocth n = 0,0225, npn cpelHem 1HaMerpe mnpeobraiaromieli Macch
YaCTHL B3BelleHHHX HaHocoB Ke OGoibue 025 wmu (dep << 0,25 ),
B apyrux cayuasx

@ 4
e = 0,0l —=2—}"100p
Pl

. (8.25)

0,0225
n
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Ta6auma 85
TuapasaHIecKas KpYNnHOCT: HAHOCOR

L Wor d. Wo, d. Whe
d, Miufcex MM/ MM Mat/cex MM Mmmlcer

0.01 0,07 0,35 37,8 0,85 84,0 2,75 185.0
0,03 0,62 0.40 43,2 0,90 87.5 3,00 192,5
0.05 1,73 0,43 48.6 0,95 90.6 3,25 201,0
0,08 4,43 0,50 54,0 1,00 04,4 3.50 208.5
0,10 6,92 0.55 59,4 1,25 115,0 3.75 215,5
0,13 1,6 0,60 64,8 1,50 123,6 4,00 222,5
013 13.6 0.65 70,2 1,78 139,2 4,25 229.5
0,18 1,74 0,70 73.2 2,00 152,9 4,50 236.5
0.20 21,6 0,75 7.0 2,25 166,2 4,75 243.0
0.25 27.0 0,50 80,7 2,50 176,5 5,00 249,0
0,30 32,4

wo — THApaBIHyeckasn Kpynuocts (B Aus/cex) Aas vactHu (oM,
§ 12.1) nuamerpos dep (Taba. 8.5);
dep — cpellnii AHameTp uyacTHH npeodnajawliedl Macchl B3BelleH-
HbIX HAHOCOB, AL
p — NpPOLEHTHOE coIep:kaHue (110 Becy) B3BELIEHHBIX HAHOCOB ¢
KPYIHOCTbIO == 0,25 4.

Mopusep [. Onpenenum HeoGxoaHMble MUHHMAJAbHBIE YKIOHBI 1A DPa3ady-
HEX TPYO NPH NOJHOM 3aM0JHEHHH.

[oicramineM B oouyay H. &. dezoposa (3.49) 3HaveHus A, U a; po
rafia. 3.11, v==0,0139 cu®'cex, coorsercThyloillee B==400 mz/2 u {=10°C, a 3Haye-

HHA Uy BHlUHCIEHNbe no (8.19), it Haxodum ?'Ml-m' COOTBETCTBYIOIHE He3aHnImi0-
ulCit CKOPOCTH.

3avem, mnoacTaBans dopyy.  Hapcu lmm W Uy, ONpElenseMm MHuu-
MaaeHif YKIOK,

PesyastaTh BeiMHC,  1fl Aas TpYys, HHLIX H3 Ppa3sHbIX MaTepHaJloB,

cseledsl B Tala, 8.6,

Tacauuya 86

3HaveHud KospHUHEHTA THAPABNHIECKOro TPEHHS,
COOTBETCTBYOUIHE Heaalumomeﬁ CKOpPOCTH, H MHHHMAJIbHbIE YKJIOHBI
IJH PA3THUYHBIX TPYO MPH NMOJHOM HX 3AMOJHEHHH

Huaserpul TpYG, MM
300 | 500 1000 1500
Martepuaa Heaanasowan ckopocts v . Mcex
DY6 MHH
0,755 | 0,876 1,071 1,203
100 1000 190 100) 109 1009 109 1003
)'.\fHH ].\“Hl MK MKl AMIIH IMIIH lMHH ’MHH
BetoHusle . 3,89 3,57 3,112 | 2,42 2,523 1.47 2,249 1,1
KepaMunueckie 3,334 3,22 2,825 | 2,20 2,312 1,35 2,061 1,01
YvryHibie 3.105 3,00 2,636 2,05 2,168 1,26 1,941 0,95
Cra.bHbie 2938 2,86 2,523 | 1,97 2,075 | 1,21 1,838 0,91
AcBecrorne-
MEHTHbIE 2,786 2,69 2,382 | 1,86 1,963 1,762 | 0,86




§ 8.3. KPHTHYECKHE T'NYBHHbI Y YKNOHbI

Tlpn pacucre Geaila:iop: QTOXND PP INHHI0T HOPMATRHYIO  Kpif«
THUECKVIO TU1vOHHbL

Cav6HIlY  paBHOMEpHOro ARIKENNA  HA3h3A0T HOP MATbHO
ray6Huio# HoBo3uavalot fin.

FayOuHY 110TOKA., NpH  KOTOPOIl VIlC 1bliad 3HCpris i (8.1)
TIPH  A2.[10M pacX0te TNPIIIEMAET MIIHMAMKiI0e 3HZUCH!  HASLIBAKOT
KpaTHueckKOofl rayGuuoil 0 oBosHaTaKT fig.

[KputHueckylo rayOHily MOMHO paccMaTtpisaTh Kak Taxyw I.133uity
NMOTOKA, KOTOpas NpH I1afIoH  YAcTollOH  3UEpriil  CEYCHUSN olpeuaer
MaKCHMYMY Pacxo.1a,

Y®NOH JHA Kadliada ¢ PaBHOMCDHBN PEKTMA M 1I HOPMAJLHOIT ray-
6HHOI1, paBHOf kpHTHWeckoll ray6ilie, KOrIa UPONYCKEeTcd 3alaliibli
pacxol Q, Ha3LBaeTcd KPpHTHUECKIM yxaowom (ixp).

Pazanuaior Tpi cocroasiid GesHanopHhix notokos: Oyp:og,

HOE # KPHTIIYeCKoe,

DypH& M Ha3upaeTcA TaKoe COCTOMIME MOTOKA, IIPH KOTCPOM
TAy6HEa ero A << hxp, @ yKaoH 1ua [ GoAnlle KPHTIIYECKOrO YKI0HA
fxp;, TPH CMOKOMHOM COCIOAHHR novoKa h => N 1 i< iwy 1pH
h=hxp u i=1lxp COCTORIHE UOTOKA ABIACTCA KPHTHYECKI )M

- (=Y o
> o =)
g g 3 2 Q S Sl
A M I P
20t I- - - 3 )
E g f;ﬁ E:/_,/ ar
10E a-3 / e 3
405 w'ﬂ"'p— // :
o I- 5 . ]
20f - e e | d
1ok — ]
: | 3
L pia 4
of} 7ﬁ - ;
v F _.:
0.0% :

=
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—
T
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1.0| -
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137 onpeteleilsia COCTORNIA NOTOKA B KaHalaX MYKINO 3HAaTL Be-
Ty KPUETHICCRO{ pavonnu fyo i Bennny KpIieckKoro  yKao-
e . )
Mot oupedeselnig KPirHyeckoil rayGiiiel fiyy OPA 331amiOM pac-
xo1s (@ H Tpi 106of 3azannof QopMe pyciaa MOKET CAyAHTh ypas-
ilenke

2
mip aQ
Beyp &' (8.26)
Fle DILTEKCOM ¢Kp» OTMeYedil THAPABIHYCCRH COOTBETCTBYIO:
puie rorvGitite M.
Kou1Hueckyo AvOIHY B TpAlelleH1a,1bHOM Kai cornacHe bop-
V.12
) 3 43 9
Lot (8.27)
b+ 2mhyp g ' -
Mciing onpex MOMCILULIO CMCUNATBHO (0CTPOEHHBIX TpadHKOB
{ae. 8.2),

C rtoymocteio do [,0% Bl flo7araeM  BO3IMOKHLIM KPHTHYECKYIO
TRy B Tpanelell1dJLHOM ®afane Or'.p(-‘-.'le."lﬁTb 10 popmy.Ie

(]/a+ ¢}/ “"’JQ l); (8.28)

sdech Ko3bhHIHEHTH @ W ¢ paBHBL:

3 2802
st _M.
Kosddu- gy

I -HTEL

h
P T

setee 0,051 0,05-0,45 [ Hi—1,42

0,95
4,80

[ =

wo

Tpn V amQe/ght > 1,42
hp =5 h/l+(64 pm0; ) —1]. (8.29)

§ - bm——
IMpu } am®Q?/gb® < 0,05 wpnrnueckyio rAyOHHY MOmuo onpefde-
aaTh 0o HOpMyIe ATR NPHMOYTOALHOrO KaHa/a:

2
hyp = ]/ afq . (8.30)

3 ——————
npu J am’Q¥gb® >233 —no opmyae 18 TPRYTOAbHOrO Ka-
nana:

By (?:TQ:) (@.31)
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Puc. 83. Tpadukn K UHPe1e1eHHI0 KPITHIECKOTO yKI0HE TPy G Kpyrauro,
OBOIAAILIOTG W JOTKOBOTG CeyeHHil

KpuTHueckas T.1yduwa B napaforHueckoM Kawate — napaMeTpaMH
no (8.9) — (3.12) suipaxkaercs ypasHennem (pHc. 8.2)

= (52

Kpn?nqecxne rav6HHAB 178 Ge3HAMOPHBIX MOTOKOB B TPY-
fax ¢ 10CTATOUHOM 118 NPAKTHKH TOYHOCTBK) WOTY[ GbITb OMpeleeHsl
0 credyouny dhopuya:

a) B Tpybax kpyrioro ceveliad npu  0,0004 < -l/i -%<0,8
g

s 0,511
i 023( 1/ - ) (8.33)

Q

6) B Tpybax OBOHIAIbAOrO CEYeHHS NPH ],/—-a— '_DF< 1,3
g 1

hxo @ Q o "aQ? i
— = (),52 —_—t——] = = 8.3
H (‘/ g D”-) (2,29D°) w2l

Q

B) B Tpv0aX .OTKOBOTO CEYEHHA TPH 'V/-—U'— .F<0’54
g :

S 0,512 — 0,512
(]/% .%) =(|.7ssl/§ E:Q_) (8.35)
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173 onpeledeilid KPHTHUECKOTO YKJOHA MOMET OHTb HeMNoAb3o-
pana 32BENCHMOCTD BILia.

ikp = a“i.g -% =g—f- (%quf(%) (8.36)

n — ko3(philllHedT WepoXeBATOCTH; ')
y — nokazateas cTeneiu B (3.51}:

g — B Mfcen?;

D —n8 4

dyuxuns J(h/H) upeicrabaena wa puc. 8.3.

§ 8.4. NOKASATE/NIbHbIE 3ABHUCGHMOGTH

Moayau pacxola ¢ I0CTaTO4UOH 149 NPAKTIKH TOYKOCTHE Bhpa-
mAKT yepe3 rayGully no noka3artersHoMmy 3akoHy B. A, bBaxuersema:

(%—)2 - (ff\x. (8.37)

rie i ¥ fy ~— 1B NPOH3BOBNLIE TAyGHHLL — paccMaTpUBAEMOM [omepey- )
HOM Ceyeilns Kanaya;
K u Ky — »Moayau pacxola, oTBeyaloumiiie 3THM r1yGHias;
X — TRAPABIUYCCKUIT LIOKA3aTe b pycaa:
2h (- dy
x=-—|5B — 2R =7. 8.38
Jo dh | (8.38)
Js BecLMa yIKHX NpROYroIbLisiX  Kanajos x=2,0 }
»  UWIHPOKHX TUAMOVIOIsHBIX » x=3,4
»  YIKHUX Mapado.ilecKix » x=3,7
» UIHPOKHX NAapaGo.IMiCCKHX > x=4,1
» TPeYTO.IbLLIX » x==3,1
[Toxazatens X 08 Tpaicuen HOrO  HaJga MOMeT GLiTh onpee
aed no gopmyae P. P. Uyraesa:
10 14 2mhep/b 8 V14 m?
r=—,— ; (8.39)

3" 1 + mheplb 3 ' b/hep 42 Vi+m?

Beniiuuily % MOMHO BBIYHCIITL TAKAe NyreM JorapuMHposanus

\837): lg (Ky/K2) \
— gW/Ra) 8.40
# lg (hyfhy) ( )

3a1apanich A5 LAHHOO PyCaa NPONIBOIBILIMI 3HAUEHHAMHN Ty Oy
My W hy, BRIMMCTACM A8 HHMX MOAVaH pacxola Ky u K a sarem mg

(R.40) — x.
Kpose (8.37), MOKHO OPHIATL TaKkKe
K2 (e \®
<) =k_mT\ ) (841)

rje z -—I‘I'i,'.lpaB.’lll'I(‘("r\'llﬁ moKA3aATAThH l'IpE[ 1o aan:

v 1 . dy 10 1R dy ;
LR . . 8.42;
37 3%do 3 T 3B dk o
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0%

70+ :
0,09} -\
0,08 -

0,07
0.26

0,05
0,04 -

WL
/,//Aj//'

= LA A L

=

\\

0,03

002,727 24 286 28 30 diz

Puc. 8.4. padnk 3aBncuMocTii nokasate.as 2 8 (8.43)
or A/b Tpaneuen;iaiblioro kKaiajaa

Jas Tpanelenaaabiioro kanaaa (pic. 8.4)

T h(b 4 mh)
‘ —_— ¢
3 (b3 3mh) (6 +2h Y 1T+ m? )

M. A. MocTKoBuIN Mpeliaraercs cBfA3b, anatorzyuo (8.37) n (841),
MeXAY MOLVASMH PACXola M YIeabiroH 3lepruefi ceuclins yepes 3uep-
reTHYECKHI MOKa3aTenb pycaa.

I1s pacyera nOTOKA B KPNTHUECKOM COCTOS MOKET 6
n01b30BallA TAKAN NOKA3ATCALRAR 3ABICHMOCTD:

@® B, 0N hN\Y
——"3 LT i g : = (t) s (8.44}
hli[}

(8.43)
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rie Yy — nokasaTtedb KPHTHUECKOTO COCTOAHHA MOTOKA:

h ® dJdB
Jlasa TpaneueniafsHOrQ Kana.la
y=3 I 4+ 2mhlb 2 (8.46)

1+ mhib 2+ b/mh "

Ha puc. 101 (cm. § 10.3) noctpoeno ceMelicTBO KPHBLIX 3aBHCI-
¢TH X B y oT h/b, a Takme oT fi/dy 1AS KPYTJIOTO CedeHHA,

§ 8.5, PAGCYHET KAHAJIOB

TIpu THIPABNHUCCKOM pacueTe KananoB Kosh(HUHEHT oTKoca H e-
POXOBATOCTD CTCHOK MOMIO CYHTATh H3BCCTHBIMN,

3anaun M0 ONpeAe’enHio pacxola HAH YKJIOHA [HA DPH 3alaHHbIX
pasMepax OKHBOTO CeyellH® [(OTOKA JErKO PEWaloTcs ¢ NOMOWLbBIO
18.2) — (8.5). [

3a.oxerure OTKOCOB KaHaJga 3aBlClT [AaBHbIM OﬁpHSDM OT BHIAa
vartepnana (taba. 8.7), a Takke OT cnocoba CTPOHTEILCTBA, YCJIOBHIL
[pOCANHBANKA, KAIMATIMECKHX H3MelcHHI, pa3MepoB Kauajaa H T. L.

JLas «oneAcnis:

#3 Gerona B xeacsobetolla NpH  OTCYTCTBAI  ONanyOKH, CHABHO
y.10poxKaiouleii cTpouTeabibie pabortul, — m > 1,25;

13 DAACTHUNLIX TPYHTOB — TAHNICTHIX, CYTJHINCTBIX, TOPDAULIX o
caoncto-Topdaubx — m > 1,25;

u3 kaMentofl waGpockd Ban rpansuiinofi otcumi K achanbTobeTon-
1OH «ouexae» — m > 1.5

TaGnuua 87

PexoMennyeMble 3a10KeHHST OTKOCOB KaHana
NpH BBICOTE OTKOCOB MeHbuwe 10 m

Kosdduuwenter m
Cpyur, il Jome K

NOABOHBIX RaMBOgHBIX

01KOCOR OTKOCOB
Tecknt moLiepatuie , SEEG 3-3,5 2,5

» MeIKIe, CPeIie 11 KPYMHLC:

a) puxawsic 11 cpejieil naoTHocTH 22,5 2
6) naoTubie . 1,52 1.5
GYIECH s & % o v o i w s 1,5—2 1.5
Cyraungin, Jécchl W LanL:
8) aerkie § epoIpue cyrANnnKn Woadéccul . 1-0,5
6) TKeALle CYLJHIKH H AOTHLIC T 1-0,5
Fr)aﬂllrllll.:le H TaJgeqinKoBLIe PV
a) poIxisie i cpeaneli nyoTHoCTI 23—1,5 1
6) MIOTHLIE . + « .« . . P § J25 1
Toayckaanlinie BOAXOCTOiKIE TRYITU 0,5—1 0.5
BoiBEeTpUBIIANCA CKA 12 0,25—0,5 0,25
HenwseTplBinaaca cKi. 5 0,1—0,25 0,0

TTpuxeyauna 1. Meubuie auayeuna m OTHOCATCS k oTKocaM rayGinoit
10 5 u, Goaeme—otT 5 10 10 M,

2. Menpune 3navenun m pegoyerivioteds CHull II-T, 6~62 a1a moasos
OTKOCOB KIOBETOB Il KA Tpaneueiia bioro cetrenia,
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140

120
100
/
80 s -4
e /1’/
s 7177
271744
2 7
60 /4
[N/
Y/ ¥
7
40

AN NN
N

g 1,0

Puc. 8.5. 3uaucuns moixyIeii ckopocts W=0C} R noxcduTaHiss
no ¢opumynam H. H. [Tasiosckoro (3.51) u (3.52)

Mpusmep 2. Oupelennuts _xaorn wezxeinfeToimoro norka napaloaudeckora
CeyeHHA < TNapaMerpoM pn="),‘1 M gam nponveka pacxojga Q = 0,2 sM'lcex npu
ras6une Nt = 06 v Koadupwunent mepoxosnroctu n = 0012

Haxojum no (R.10) 10 (8.11) umpuuny MOTOKa NOBEPXY i L10LWLd1L CCYCHHA:

p———e 2 g
B=2V2.0,20,6 =0,96 u; m=§‘0.%-u,ﬁm).

Tak Kak i, B = 0,625,

1,618 =[.78:06+0,61.0,06==1,56 .\,

Tuaparigyeckuil panye
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CVR =35
; 0
- ¢ —zme T ],

oCYR 035435

3TOM Ck foTRe 6yaetT v = 0,52 KPHTH no
k="'
Ep

[CiyGidy HamoAmeNHa TpanelueHIaNbHOrO Kanama A (HIH WHPHAY
gapana no any b) PEKOMEIIYeTCsl OMpelelarh No rakoit cxeMe. 3a-
AacMeR pALOM 3HaueHnil CKOpuCTit N lIO;.’IC‘IlUBdTE‘:IhHO BbIyHCdeM 118
KaAi10T0 €€ BAPHAHTA BeaHumily moayas ckopoctn W v/} i 1 nio-
asv KIBOTO cevendd @ = Q/v. 3ateM no pie. 85 ans sanaimoru
}‘Os(pqlllllF’EHTa LIEPOXOBATOCTII  DAXO0INM  3HayeHe TCIAPABJAHYECKOrO
ln.J'lEl\-Lﬂ R OTBEUalouee MNoOAVIeHHOMY MOIYJH0 CKODPOCTH W, ﬂa.rtee
pLYHCSIeN BeJHYHHBl CMOYEHHOTO nepumerpa ¥ = 0)/ H ['-’l}'ﬁﬂllbl Ha-
nofieHNA RaHana:

o % - .
4 2K T+ m? —m) ]/4 (2} 1+m2 «--m)z 2¥ 14+m? —m
(8.47)

an COOTBETCTBYIOUIHX 3HAUYEHNAX 7 HaAXOMHM [UNMpHHY KaHanma no

b=y —2) 1+ m h (8.48)

[Toayvennsle MaHnbie NO3BOJIAIOT MOCTPONTH KpitBylw b = f(k),
coTopull 3aiaHHOMY 3Hauewio b WAM A COOTBETCTBYeT liCKoMas Bead-
wina ko owan b,

[Tpsvep 3. Onpeieants rayGuky wanoinenns A w wHpwny no 4y b seM-
“gGr0  KaHaida  uMpkyasunonnofl  cuctemm  T3C,  nponyckamowero  pacxol
¢ = |0 H¥cexk npu yhioHe [ = 0,001, ecan xua;hibuuuen'r wepoxosatocTH n = 0,0225,
FoshhIItHed T 2800KeHHH OTROSGE M = 1,5; CKOpoCcTs  TeYEHHs BOILW B KaHale

- 0,5 Mcex.
Onpeaeins 3HavYeHH “3R CKOpoC
W= 08 =25,2 M /cex.
[ TRV

JTo maWHWV pHC, 8.3 Haxoawm, 4T0 R = 0,15
BesHYHHD CMOYEHHOro nNepHmerpa

_w_ Q 0o
S R TR T TRUE T M
Mo (847 HaOJHeHIs
27.8 l/ 790 12,5
= —_— - ==
h=TGew=T5 AGAB— o  amB—15 oW
Mnpusy ny onpeaers no dopmvae (8.48):

b=278 — 3,606.0,46 =136 x.

Hna onpeaenendst rayBiyb PaBIOMEpPHOro JABH/KEHHA — HOpMalb-
40ft rayGnnu h, BOIWw B Kadade MOMKeT OLITL HCMOJSbIOBAIl NOKa3aTelb-
wulfl 3akon B AL Baxweruesa (8.37).

Buluncaas seanuuny K. COOTBETCTBYIOULYIO HOPMabiof rayOune:

Q

i
i

K,=
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?IU T T —— T T T T T T d T

b/ - fipamMoyzonensii Kahan 'ﬂ"‘ j_ %
ar Oy (1T

L 50:13—':--0.35,9:/ ?-'—*H.BUM i Li L ot
¥ i . Tt 1
Y P e
p=011+01572/0 ] PR
o f Ty 1 S =zad

N 7 ZA I [ | L4
12r A= —i—'——"‘% R
e P b i/’1
7

7
1,0 /| e (it
I 2
0,8 =15 A 1
m=1 gl
m=0-. ¥
06 I : Tpaneyeudonsiy KaHan
7 h My aye
WA i S (1vm L) (f+mJ(05)
' i - 0=075 apu G[0,>!
02 ' 17 +0.050/8, nou 0/&y<!
T /i
0 — L 1 1 1 | S i 1 Li 1 i e S 1
62 0%y Q6 48 ¢ 12 Iy 16 18 20 22
Q/ Qs

Puc, 86. Tpadukn 1aa pacyeta JOTROB NMPAMOVFOABHOTC HAH Tpame-
UEHAA LHOTO CEYEHHS NPH NpOnyCKe N0 HHM CTOYHHIX BOJ

B HCM01b30BaB AAA OIHOM H3 ravluu hy (HIH Ag) Beauunny K; (HIH
K;), u3 (8.37) nocae moicraHuBKH B Hee Ry, Ky # Ky HaxoanM:

ko= h, (-ﬁ—”m (8.49)

[Tpumep 4. Onpedenuts r7yGuHy DOTOKA B KaHale LWHPHHON b = 1.6 M,
NPUnOKENIEOM B CYFAHHHCTOM FPpyuTe ¢ yknowowm 00015, mpuy naponycke pacxola
Q =5 wicer. Ilam zanuoro rpynta B = 0,025, m = 2

3aaaanMed IByMA rayGuitaMi k=1 W h =2 M i BUYH2, reTBYROUL He
K, =922 1 K;=432 m¥cex.

TTo (8.40), x = 4,6, Bu

5.0

Ka—*"'—Q— —_—
¥ w0013

== =129 M%/cek.
Vi

Mo (8.49),

129 \2/4
hy=1 (Qfg-' )-J I'B= 1,16 a1,

C noMotwpto 3akoHa (8.41) sMoMiu0 onupe/le1aTh HE TOJbKw rAyGHAY,
HO H UIHDHIY KaHa1a 10 IHY b,
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Mprwep 5 Aas yenoeuit npeiawllyuieft aajauum mucen:

=2 Ig K.r"K, o lE 452;9-2_.2=2 g4 _, 062 =977,
lg (w/m;) Ig 1,3 Iz 3,11 0,148
HyeeM:
_ KoN\%z _, . [ 120 \2/2,77
L (b 4+ mhg=w, T.) _S,a(m = 1,11 M2,
hy==1,16 M.
Ecsn Bu Gulia sagana rayCina TO W3 [MOCIELier0 PaBEHCTBA
LeHb JIETKO HAfiTI IapHIY
oy ( Ko 21
hy \ Ky )

PacweT A0TKO0B NMPAMOYrOAbHOTO HJIH Tpaneue-
P1aadbUOT0 cedenyda IIA TPaHCIOPTa CTOYHLIX BOA CIEAYET
npoi3BoliTh no Tabanuam u rpadukav H. @. ®ezoposa # JI. E. Bon-
kosa. Ha ocuosauun azamuuix 3visx tabanu noctpoed rpaduk (pre. 86)
h/b = [(Q/Qu), nozBomswowWIi NpH H3BecTION IDMpHHe KaWaja Il0-

b n 3ajannol raybuse b naa pacxoly Q HaXOAMTL IICKOMYIO Bes

ay Q uan h. 3pece @y — pacxog paBioMeplOrO JABHIKELA CTOU-
jloit AHAKOCTH Npit TayGitde DOTOKa, paBUON WHPINlE Kanala no any
(rpn ho= b}, npusegeHustii B npuaokenunw 10 B 34BucHMocTH  OT
VRAOHA Ala Kanajna ©oero mHphuel 1o A#Y b n koadduilnentos ofT-
Koca m,

IIpnaep 6 ITo GetonioMy KaHamy SPAMOVTOILITOrO cevelna UINPHHON 2 M.

vAUAKeHHOMY € yRaonayi 0.008, mpoTexaer cTOUHAA WIULKOCTD NPH HavoIHeniH 0,5 4
OLbee T Pacxol Il CKOpoeTh HoToka, [Ipin b=2 at pacxoxn Q, =13 & a/cex. [To

dupsy puc. 8.6, npi A/b=0,25 otnoweiie Q[Q,=0,16, otxyz Q=0,16:18 K80 =
= 320 afcer; U= Q/w=3020/2:05=23,02 at/cex.

Koaddnunenr uepoxopaTocTH KaHana ¢ PadiyHOifl  DIepoXosas
TOCILIO NO CMONEHHOMY Mepuserpy MoxeT GbiTb paccutTail no dopMy.ae
. IL. [Tannosckoro:

ST F as (nafa )t
mp=m}/ —I (8.50)
vAe @ = ya/%;
%) — HacTb CMOUEHHOrO nepHM=rpa goaddaune u1epox0Ea-

TOCTH My}
%2 — ¥aclb nepuverpa ¢ kKoagupuilied TOM LIEDONOBATOCTIl Az,

§ 8.8. PACYET BE3HANOPHBLIX NOTOKOB B 3AMKHYTbIX TPYBAX
H KAHATIH3AUHOHHLIX KONNEKTOPAX

Pacuer KaHamirauioHunux 1py6 yzobliee BCero npon3BOINTe 1o

rabanuam aan rpadukav [I. &, Penoposa n JI. E. Boakosa, a Takke
novolLio rpadukos na puc. 8.7, 8.8 u 8.9,

Ha puc. 87, 88 n 89 npeicranmentt rpadukn saeMentos Oes-
NANOPHOrO MOTOKA COOTBETCTBENHO B TPYGaX KPYIaoro, OBOHAANBLHOIO
)t JOTKOBOTO Cevelllil, NpilyeM ii1eke «l» OTHOCHTCA K 3J8MeHTAM [o-
PUKA NPH NOANOM 3anogienitl TpyOur.

B npuaomennn 1 ykasana nponvekwad crocoGrocts Tpy8 Kpyre
JOPQ CeueHNA OPH KX NOAL0M 3aNOaHeHim, paccwiitanias no dopuyae
. @. degoposa.
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g2 04 06 08 sp 12
T AT T 1 " N
LT q YN
T LT ip —-f-l 2
T T 1? | aEs,
a3t sisdinaties QU0 Cos
. w e -H
Wp —J: 7 Y u 4 L T
T qu I
1 T
i 1 1T L
A | Hirs 1
87— 1 _:[:l‘ 0 on [
/ﬁ- i L 0
H il i
R HH T
=0 y
" T i3
‘ 7
w T :
LA Wh u dung
< FHHH HHHH #a=0290 [
e 0,217 - ERED” 4NN A w,.,=)',H¢3D’ 5
@ T :‘gn:j,.gﬁ‘.'jp 1
N Y Qn=anCaV&I
ry L T i
8.8, Tpaditku AR ompemeseHils M'MIPABAMUECKHX SavenTOD Ka
a2 OBOMAAJLIIOIO NONEPEYHOro CeueHHst
[Mpu 0,25 << h/H << 0,8 119 KOTOKOB MOJKHO DPHUATE:
B Tpy6ax Kpyraoro ceyedirs
Q _ ( h .
m-_-t,sss(g-—o.ls ; (8.51)
B TpyGax JOTKOBOTO ceueiis
..9_. = 161 (i — 0,15
Qn 2T L (8.52)
B Tpybax oBoHiaibioro cewenns npn 04 < I/ < 0g7
Q. il L ) .
-a“.ﬂ]ﬁB(j! 024, (8.33)

riz Qn— rpomvernas  cnocooCTd  ADGOCTLID 3400 gpya
LpH ZandoM yKaone,
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TipamMep 7, Onpencants yki0m Tpyhouponota { aM2tpoM J==500 sm u
CROFOCTD JBIGKCHIA CTOYHOI #CIKOCTH B oM © n0il pacxoie Q=200 s/cex i ¢re-
nocun qanoanenua hid=1,77 3 (8.31) uMcem:

200

=TT, =01 o Hleex-

i{=0,09372 u 2, =115 M'cex. Tlo rpad: 8.7), u,':lu=l,15 oT

v=[,15.1,15=1,32 u/

§ 8.7. MECTHBIE CONMPOTHB/EHUA B BE3HAMOPHbIX NATOKAX

Heobxoaamasn Beanumiia nlepenana Ha NOBOPSTS  IpelcfeTCHA
dopuyae
2

Us
Ah=( g’ (8.54)

rae Up — CKOPOCTb PABITOMEpIIOTO ABHMEINA Ha YY4CTKe KOIJ
TOpa nepel NOBOPOTOM;

§="Eope w-—xoaq:@ﬁmiem COMpPOTHBJABINSA MPH NOBOPOTe Ha Yyroa

B << 90°%

“aye — KOS UIHENT CONPOTHBIGHUA NpPH [OBOPOTE [a Yrod
90°, onpedensicablii, coraacio uecaenosanuam 11, B, Ca-
xapoea, no dopMyie

b =0+ FryoT + Ak §6-35)

3HayeHis ¢ H H AA7 PasnRuHBIX COOTHOLIEHHA PAJHyca 3aKpyTie-
Hust {10 OCH JIOTKa) K IUHpHUe J0TKAa — Rp/B It npu pasmiulbix cTe-
NeHAX HamoJAHeHHs KOa.1eKTopa h/d nawel ma puc. 8.10; 3unech

UZ

Fr = —g;:_p; (8.56)

hp —ray6uHa DABHOMEPHOTO JABHMeHH Ha 'vacTKe KOJIEKTOpa ncper
OBOPOTOM.

Mpuvep 8 Q=15 alcex; 1=0,0013% d==690 um. Oupezemtrs Al 211
noBOpOTAa NOTOK2 HA 63° it R"/Bml. > pue. 87, ang h/d=0,6 oTuowmente
vjvy =1,07; o -—0 91 sfcek, 0. yvaa v=0,53 u'cex. ITo pic, 8.10, @==9,233, b=0,211,

0,85% -
Yiteao dpysa Fr= xR 0,36-—'0’205'
s yraa nosopora 90° kosdbitument {gge =1,045, a x1a 60°
Le0o="2g0° %mo,we—, ARy =060 8“; =2,6 cit.

KoaQuiiient CONPOTHBACIUNA 1PNl NOBOPOTE NOTOKA Ha 180° B ne-
PEropolyaTOii KaMepe XI10Nee0Gpa3soRaHiin C IODIIONTATBHMIM ABitie-
1LieM BO1bl PaBel NPHMCPUO Gieys = 3

Tlpu npucoepniesns npHTOKAa Qap K NOTOKY B OCHOBHOM KO.1ACH-
tope (Qoc) AoGaBounblil mepenad noTka Onpeletsercs Lo dopuv
(8.54).
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SHaYeHUR KOSPPUUUEHMG T

Piuc. 8.10. 3uauenus kosd¢uuHeHToB a # b, BxoasiwKX B (8.55)

B cayyae NpPHCOeIHHENHS MPHTOKA K OCHOBIOMY KOMIEKTOPY MOA
yraoM 90° senmumia { npH Qop/Qcw << 0,9 onpedensercs, cOrvacko
uccaetopaunam M. B, Caxaposa, no dopmy.1e

an ) an
U)ch,\z I sSQC.\l '

I 4 (8.57)

Sope = (2 + Fr0,5+0,1) (

2
Up0,5

&hpo,s

rie Frn,s = — YHciao (DPY,’IB. Aa4 [OJTQBHHIOrNC 11anoaleHHa KoJ-

JEKTOPA;

Upo,s H flpo,s — CKOPOCTb H ro1y6HiA PaBIOMeDIOr0 ABIINKCIIHA Ha
yuyacTKe KOJICKTOpPA nepef  HPHCOeAHIENHAMH,
COOTBETCTBYIONLNE TIOJIOBHINIOMY  [aMOJHEHHIO;

Qup — PACX0J, NOCTYHAIONUH 1O OLNOMY HIH JBYM
NPHTOKAM B OCHOBHO{I KOJMEKTOP;
Qey — CyMMapruiii pacxoA OCHOBHIOTO KO/TEKTOpPA
pea NpHTOKaMil H MPHUTOKOB.
B cayuae nprcoednnenda TPHTOKA K OCHOBHOMY KOJNEKTOPY N0

yraom 45%:
a) xAas
2Qup 2,1 o [ Qup
;muzm ( '*‘ H’u.s + 01 ) (Flu,a + |,-J) J 5o (1 - Fr[),s) 0,9Q. ]‘
(8.58)
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Pue. 8.11. 3nauenss KospdHuHEHTA CONPOTHRACHHA §:s MPH MPHMHIKA-

HHII TPHTOKOB K OCHOBHOMY KOJLIEKTOPY nof yrJom 45° o (8.58) (kpu-

Bhle — CIpaBa, HX 3HaAuyeHHS — BBepXy), 4 Takke 31aueHHs Koa(pdu-

LHEHTa CONPOTHBIEHHS {ors MPH MOABEIEHHH CTPYH NPHTOKA, Ocylie-

CTBAAEMOr0 B BHAE MAaJOro nepemnajga, NaTpyGkoM B HanpaB/JIeHHH
OCHOBHOrO NOTOKA

6) ans GYpHOro MOTOK

2,1 Qnp ( 1 H Qnp
‘5’*5":(“Fru.5+o,1)[‘+o,wc U= Fra/l TR0 @59

Tiprnuep 9. Pacxox BepXoBOH YacTH OCHOBHOTO KO/TeKTOPA AHAMETPOM
300 wm Q _-208_4/525 CysMMapHBii pacxol, OoT ABYX NPHTOKOB, NOAXOARALIHX

¢ ofenx cropol( K [JaBHOMY KOJMJIEKTOPY MOX yraoM 43°, Qn =52,48 alcex. Cywm
MADHBI DPAacXoj OCHOBHOIO KOMAMEKTOPAa H MPHTOKOB ch—rS 28 sfcer. OnamMeTphl

HiaoBolt yacTH roatektopa 400 ms, NPHTOKOR 2::0 7 300 my. ¥YKJIOH BeDXOBOH yactH
ocHoBHOro Koliektopa 0,003, a Hhaosol — 0,0025
B sTOM c.ayyae an/QE“—.'I 6%; npH 1_0003 w d=30) msm 179 h/d=0,5

HaxoduM g==249 s/cex u v=0,7 mfcex; 1018

0,7
—_—— = 1.
Fro 5 08015 0,333 <
CrezoBaTefiLHO, MOT  CToKoRHuH, [To pue. $450 =0,937

0,77
=0,037 ——===2,2 c M,
Ak==0,937 95 22cM

B cnysae cBo6oamoOro najenus CTPYyH TNpHTOKA
B JIOTOK QCHOBHOTO KOJIJIEKTOpa

Qup ) Qup (8.60)

a
§"°P=(b+ Fros 40,1 ) (1 + 090w/ T8Qe
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1.0
0¢
0.6

Fros

02

ar
0.c8

0ce

0.6+

S

\
\

0.02

A

77

\

NS

oo!

/

|

9% & 17 16 20 2% 28 37 36 40 5 %8l

Puc. 812, 3nauenns ko3 PHUHEATa CONPOTHBACHAS {pep, BHIYACHEH=
noro no (8.57) (8.60) mpu pasusix BucoTax nepenafga (figep— B )

roe @ n b — koaddirenTs, 3aBHCAMNHE OT BLICOTH CcBOGQAHOrO naje-
HHA CTPYH — BLicOTH nepemaja (ra6.. 8.8).

B cayyae npHTOKa npH MagoM Mepenafe Yepes OTsOAHCH naTpyGok
B lianpar.1eHuH OCHOBHOTO LOTOKA:

a) AAA CNOKOUHOILGC DOTOKA

‘ 2,1 (1 =Frog) Qup ] Qup
g‘”““(‘” Fros T o.i‘) (OF o5 -+ ”[‘ 03 ] Qe *
861)
TaGnuma 88

3”8.']('}““1 an b P13 pa3|lmx BbICOT "Epenanoﬂ

h
nemy 0 50 100 150 200 250
CcH
a 2,1 4,054 4.4 4,602 4,746 4,858
b 2,0 2,173 2.203 2,221 2,234 2,244
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Tadanwua 89

JuaucHua €= (l + 6.—(%%) I,TQCS_::, sxogzawere B {(8.57) u (8.60)

il B 000 | 005 | o | 0,25

e 0,0057 | 0,0203 | 0,06:7 | 0,073 | 0,36 n174
Quap/em 0,30 0,32 040 | 0,42

e 0,222 | 0,241 | 027 0320 | 0,312 | 0,375 | 0,499
@il Vo 05 | 052 | os5 | 058 | o5 | 062 | 065 | .08

e 0,432 | 0436 | 0.492 | 053 | 0,365 | 0is2 | 0.622 | 0,663
Qissl g o7 | o7z | o7s | .78 | o | 082 | 03 | 088 ‘

e N 0,691 I 072 | 0784 | 0,803 | 084 [ 087 [ 0918 | 0,067

6) nns 6ypHOro nortoka Jeficteitetsda dopuyaa (8.60).

Ha puc. 8.1 panw rpadwmri, noctpoednsie no (858) u (8.61),
a #a pHc. 8.12—no (8.60). Ins o6ieruenna pacueros no (8.57) u
(%.60) npueejeHa taG.. 8.9,

TMTpumerp 10. Oaa gamusx npuMmepa 9 no rpaduxy Ha pitc. 5.12 npd nepe-
nale hnepzﬂ,s M HAXONUM {,nep=‘5,25. a 3zreM EBhlyMcaAZeM no (8.31) Mh=10 cm,
214 hnep=l EN

;mpz_—s,az N AR=20¢xn.

ITo B. H. Koauiy, nepenal JNOTKOB UPH CIHAHNA TOTOKOB B KO-
JOLLE cAeiyeT Ha3HauaTb PABHHM PAasHOCTH MCKAY Taybiiod ha, of-
pasywleicss B NOABOAAMEM I BOKOBbLX KOLIEXTOpAX nNepefl CAHSHICM
NOTOKOB, H TJYGHHOH DaBHOMEPHOrO ZDINKEHHA Hhg, T. €. mepenajl ops-
MOH 4acTH /J0TKa

Abgp = hn — Ronp, (8.62)
nepenai GcKOBOTO N0TKA
Ahg == by~ hye. (8.62)
Tay6usa hy HaXOAHTCH MO YPABHEHHIO
2 2 2 2
® © Q ® LS
__Q;: (1——?—2—- & Q%" . cosa,—-——ﬁ-',)ﬁ'-- g cosag)==
gm\:yc Qc mn Qc wﬂ..‘l QE 0)'5.
2
('J" ”11 ) dK h:: A
=g|l—+— — —-—=sinB, 8.61)
e ( O Yo w Yo ¢ (
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Tasaunuwa 810
3HaueHHA O MPH CIAHAHHH ABYX H TPeX TWOTOKOB

meQc ol |015] 0,2 |0,25)0,3-06 0653] 07 | 0,75( 0.8 | 0,85 0,9 [0,95

g 0,950,975 1,0 | 1,02 1,03 1,02‘ 1,01 0,99 0,97 | €,91] 0,91 | 0,87

rae Q, ®, hu Y — pacxol, nowaic XKUBOFC Cevellls, I‘.,'E}’ﬁPEHa NOTOKA
H myﬁuua norpyxenua 4edHTpa THAMNECTH MXKHBOrO

CeyeHHd,
dx — Juamerp Koaoaia;
R . (8.65)
V(dc - du)z + 4di
. 2!’0 _ dﬂ
€08 0 = s T s + 0,708 (% — &) 5
— dK bl
ro = LT (8.67)

8 — yron, nol KOTOPHIM BOKOBOH KOJI1eKTOp NMOAXOAHT
K MOABOIAILEMY KOJIEKTOPY;
0 — kosHrumeyT, 3aBucAwuil 0T Qp/Qc (Tada. 8.10).
Hunexkcom «c» ofo3HaueHsl napaMeTpbl Ha BbIXOIE NMOTOKZ B OTBO-
JAWHA KOANEKTOP, HHASKCOM «II» — MApaMeTPhl MOTOKA B MO1BOAALLEM
KOMIEKTOpe, HUIeKcaMH «B./» H «B.np» — napaMerTpbl MOTOKa B GOKO-
BbLX (COOTBETCTBEHHO JI€BOM H PABOM) KOMAJeKTOpax.
3HaueHHd On, 6, Yn, Yo BHIPAKAIOTCA UYepe3 HCKOMYIO Taybuny fn.
[Mpu6auxento rayuily B MecTe C/AHAHHST NOTOKOB (Ag) MOXKHO
NpHHATD:

hy = hehe, (8.68)

rie h, — rayGuna B Hauaje OTBOJSALIETO KOJLTEKTODA;

ke — KO3 dHUKeRT cauAnus, npHUHMaembil no Taba. 8.11.

[Tepenan nab/ieiHA TNPH HanopHoM ABHXKEHHH B KOJLIEKTOpax 10
KOJOZUA H TOCAE HEro B pe3yabTaTe [HIDPABIHYECKOTO CO/POTHBIEHHRA
Koa03la MoxeT GLITh BHIpa’KeH, COLTACHO HcclexoBanusy A, M. Kypra-

Hosa ® A. H. Ulapruiruuoi,
Tadanua 81l no dopmyiam

3Hayenus k. I1A OXHHAKOBBIX 2

IHAMETPOB KOJJEKTOPOR i»”_= Pu ™ P =} Yors |
(no B. H. Kosuuy) v Y 2g
(8.69)

Cayyai cnauna | 6=90+60° | 6 < 45°

rie /A1 MNOBOPOTHBIX KO.JOI-
I ueB Loos == 2; 1.9 JiHEHHbIX

HBYX NOTOKOB 1,38

1,34 K0a0]LeB AgHaMeTpOM D
Tpex noroxos 1,47

t1=0,25 4 0,06D/d; (8.70)
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his:) 3'3.’]03]:”( KO.101EB, B KOTDP[)}’.‘( K npﬂl\IO.’lHHeﬂHOMY NOTOKY C pac-
xo10M Q. NpHCOeIINHACTCA GOKOBOIi pacxoa QG,

Ly=2—(2— En)(%i—f (8.71)

4F Y3I0BOTO KOJIOAUA C NPHTOKOM BOAH Qap cBepxy

£y =2 %‘j (2-—%‘:—") + ;.1(1 —%)gw L1208 %":; (8.72)

Qe=Qi+ Qs BU Qc=0Q\+ Qup

Yyre — CpelHas CKOpPOCTb B OTBOISALIEM KG.‘].’]E}(mpe rocsie KoJiojaua.

§ 8.8. PACHET KAHA/TH3AUHOHHLIX CETEH HA LIHDPOBbIX
BbIYHC/THTENBHBIX MALMHAX (11BM)

MetoaNKa pacueTd KAHANHIAWHOHNEN ceTell g [IBM noka paspa-
GoTaua B HaAnexauleH Mepe Wb NPAMEHHTENLHO K GLITOBBIM CeTAM.
C nosoutbio LIBM npexcraifierest BO3MOMKHEINM gnpesesiaTs AHAMETPEHI
Tpy0 y4acTkoB, TAyOilHbl HANOJHENNA, CKOPOCTH, rjySHHE 3aM0KeHH:
Tpy0, YuacTKOBbIe PacXoibl, OObeMel 3eMIAHEX pafior, MecTa pacnoo-
JKeHHS HACOCHBIX CTaHIHH nepeKkadkH H 3JEMeHTy npHBe1eHHLIX 3aTPar
no ceTH, HakonneH ofBIT ONTHMH3ALHH O4eDTalHlg GLITORLIX KaHaJaHu3a-
L{HOHHBIX CeTeH.

B OCHOBY THIPABJHHECKOTO pacyeta Gbﬁ‘ﬁgoﬁ Kalialn3ailioHHOH
CeTH MOJ0XeHa Tak Ha3biBaeMas NpeleJdbHayg 3apHCHMOCTE,
cocTaBleHHas Ha ocuoBaihi QopMya H. @. ®egoposa 11 kosddu-
LHeHTa CONMPOTHBIHKA TPEHHA H HE3AHIHBAOWHY ckopocTeli. B TabymH-
pOBAHHOM MpeJeNbHOA 3aBHCHMOCTH QHTYPHPYIT yaTe BEANUHH: pacyeT-
HEL pacxoj ¢, YKMOH i, AHAVETp d, CIeNeib wanoawewua a = k/d 0
cKopOCTb ©. DTH BelNYHHbl ONPEIETART CAelyiomiM obpasoM. [Las
3aJaKHOrQ pacxoia no Ttabaduam HAN Padukam pacuyera KaHadH3a-
LHOHHbIX ceTell HAXOAT MHHUMAIBLHO BOIMOKHL{ yX:icl, npH KOTOPOM
CKOPOCTb HE HIDKe He3aHaHBalomleH Ummw, CTENEHL HanOsiHeHHs He Bhille
MaKCHMAJbHOH gM3XC JHasMeTp — MHHHMAEIbHO Bo3nMOMHbiil.

THGYJIHPUEEHHEH r K I..[.laLIII.'iﬂO npelentyas 3aBHCHMOCTD npH-
BeneHa B taba, 8.12.

YKNOHH KOJNEKTOPOB HAasHaualoTed M0 Tagn, 8.(2 umws B TOM
cnydae, KOria KOJVNEKTOp HeoGXOAHMO YJOHHrs mOpefenpio M0JOTO.
Ilpe yknaZke KOLIEKTOPA ¢ YKAOHOM OOJBUIE yyHuMafbHOro CKOPOCTE
H CTeNeilb HanmoJHeHns onpejensorcs no 1aba. 83 y 8,14,

[Mo tafn. 813 AnA 3ajalHOTO A¥AMETDA nasHauapTcs MOIYJb
pacxoga Kg H Moaymb ckopoctH W, OTBCY3loype nosoMy Hano:He-
nuwio. 1o (8.4) maxozuTcsi MO1ydb PacxOld, mo otwouwtenwio K/Knp no
ta6a. 8.14 onpeaeastorcst W/Wn, a 3aTeM MO1ynn ckopoctu W u cre-
neHb HanoaHeHusa a. CKOPOCTh MOACHWTHIBAGTCH ng (8.3).

BLToBOe BOZOOTBeJZeHHe B palioye ¢ H3secTHON NIOT-
HOCTBIO HACeJIeHHs pacmpelensieTcsl NPOMOPUHOKAILHO J1NHHAM yUAaCTKOB:

Ng®
Ql: == ] l;‘, (873)

3600 24 ) I
k=1
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TaGanma 812 Ta6auua 8.13

MuHEMa BbHO BO3IMOXIILIE YKIOITH H Monyau pacxoga u
HameTpsl NPH YKa3dHHOM pacxode CKOPOCTH AAH Tpy6 npmu
(mo ¢popmyaram H. ®. denoposa) NOJAHOM 3aN0JHEHHH HX
(nom ckopoeTh =2 a/cer
B dopmyarne
‘cex|v, cex a H. ®. depoposa)
w
0 0 5,00 200 % R aloer|  iden
6,1 0,600 5,4 200
4,0 0,655 5.00 200
10,6 0.671 4,88 200 200 328 10,43
12,1 0,682 4,69 2 250 59 12,15
13,6 0,692 4,52 200 300 962 13,60
13, 0,692 4,50 251 330 1456 15,15
15,1 0,703 4,33 250 400 2095 16,63
18,0 0.715 4,10 230 450 2847 17.90
20.1 0,77 3,93 250 30 3770 14,20
24,9 0,77 3,78 230 350 4570 20,50
2.9 0,71 3,75 309 600 ) 22,10
26,7 0,795 3,63 300 650 TURD 21,30
30,4 0,767 3.42 300 700 839 22,30
34,4 0,778 3,28 300 730 10300 23,30
34,4 0.7%0 328 35 800 12180 24,30
340 0,79) 3,17 350 &30 14380 25,30
49,0 0,514 2,93 350 9 16710 26,60
B4,3 c.322 2.86 350 950 194501 27,10
59,2 0,82 278 350 1009 22200 28,40
39,2 (1,835 274 400
67,0 (8i6 264 199
73,8 0854 257 100
1,0 0852 2'59 100
81.0 07 2,45 150
83,3 0,875 243 45
G4.2 8.5%5 2 jl.: 450
12,0 043 240 430 :
e o84 : é"’“ i TaGauwuma 8.14
11,0 0.943 24 50 .
123,0 0,911 [ 218 3U9 Ornocuren LH_He MOLYH
1353 0920 07 214 i) pacxona H cKopocTH (npH
146,0 3,95' 0,75 %,u 500 CKOpOCTH U=2 u/cex
146,0 935 0,53 2.8 6. B dopmyae
159,0 0,952 0,60 196 60d §
1825 0'93 064 i'g) 6 H. ®. ®enoposa) ans
205.0 047 0,70 i.gr 600 Pa3NHYHBIX CTemeHcH
92,0 0u75 0,75 &1 ] 5
22 vuss | 07 150 740 HANDRAEHME: TRV
240,0 0,995 0,60 1,76 700
266,0 i L 0,15 1,72 7.0
234,0 015 0,70 167 T /
a15,0 1620 073 156 7 a KiKp | Wiw,
315,0 1,030 0,59 1.6y §0) !
36,0 1,34 0.60 I.59 81
361,0 1,045 0,63 N 8 0,10 0,03 0,36
3920 134 070 182 B0y 0,20 0,09 0,60
28,0 1) 0,75 1,50 ] 0,3 0,20 0,78
4230 17 0,60 1,47 930 0.4) 0,34 0,90
437,0 1,052 063 1,43 ) 0.0 0,50 1,u0
52,0 1,00 0,70 1,40 G 0.5) 0,673 1,07
62,0 1,047 073 1,48 95 0.70 0,84 1,115
552,0 1,105 0,60 1,35 ) 0,75 0,924 1,128
67 ) 1,116 0,65 1,33 10u0 0,50 0,98 1,133
64,0 1,04 0.7y 1,30 1090 G.85 0,593 1,130
74,0 1,130 0,75 1,28 e 0.90 1,02 1,211
7620 1,122 £.8) 1,28 1Je 095 1,01 1,09
1,00 1,00 1,00




~e Qf — nyTeBoit pacxox;
N — uilc10 Kitench;
g"" — HopMA BOIOOTBEARHHS, 4/CyTKU;
[/ — aanna yyactka;
{ — "WICI0 YUACTKOB.
Ciapasandecknil paciueT Ha ncex ITa-
pax BLINOJAHAETCA METOJI0M OpOXO-
1 0 K, COFJIACHO KOTOpOMY ITHpopyatid 08
VdCTEAX 06pabaToiBaeTes OT MAYARLHEIX
T G4CeTKOB, HAHMEIoBANHA KOTOPHIX Nome-
borbt (Hanpnvep, undpoit 3), 40 HiENCTO
43,13 CetH,
© Tax, nanpusmep, y MEROLLe f
ulivpTaHue )
Goo3  oovd 0010
3002 0oo¢ 3007 0010
3005 o0 0010 0012
o006 0051 3011 0012
Gou3 0004 0012 GG13

neeTcs MATh Mpoxojok (pue. 8.13)!

[=3—4=10—12-13;
2—4—-10—-12—13;
5—6—d—10—12—18,
7—10—12-13;
1 ~12-13.

Puc. 8.13. Cxema 6uToBoft

KaHaMH3auHOHHO ceTH

ANA rHIPaBIHYecKoro pacs
yeTa

[To npoxoJkaM CyMMIPYIOTCH COCpeIOTOHEHHBIE Y3JA0BLIE (CM. Y318l
4 0 10 y cetn Ha puc. 8.13) W nyieBsle paLXoIbl, Noc.Te Yeru no ofby-
:10MY NPaBHAY .10ICHHTBIBAIOTCA PacyeTillie PacXO0ibl:

g, =g} +k(47°) a3, (8.74)
X03

rie g7 u 7% — HTCTOBbIE Zilavelins PACXQIUB, [I0TYYEHHLIE OT cOcpes
JOTGUEHHBEIX Y3JO0BLIN H O MYyTEBEIY PAac¥OI0B nNyTex
C\MMIPOBaIHA M0 [POXOIKAM,
k — koshGHINENT HEPaBIOMEPHOCTH.

[To H3BeCTHBIM VYacTKOBLis pacxclaM g no Tabu. B.12 naznavamrtea
MIHEMaBHEIA YKAOH, GHAMETP # CKOPOCT, a Takw#e cTenadb Hamo-
HeHHA.

OTMeTkH BOAEl GNPedelAKTCA 10 TPOX0AKAM COMAACHU CedyIOLHNM
YPABHEHHAM H HEDAEeHCTBAM!

Zr==a, ~ hy (8.75)
(178 HauaaeHOTO YuacTia);
2y <z, — il (8.76)
2, % 8y — h; (8.77)
2f < 27_1, (8.78)
rjge 3 = 0TMeTKa NMOBEPXHOITH 3{“\1!]}!‘.

2 — OTMETKAa MOBEPXHOCTH BOIL,
hyx — MuHRMATBEO  AOnyCTiMag rayGHAa 34/07KeHHA  TOBEpX-
HOCTH &KiHAKOCTH;
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r w b~ y3anu B nawale 1 B KOMUE y9acTKa,
[ — aauHa yuactya;

z;’ H z’f’“l — QTMCYKN NOBEPXNOCTH BOAL KA p-# p— |-l npoxoakax.

Conpsienile B KoJoauax TpyG pazninuinix 1HAMeTPOB NpoOl3Bo-
JUITCA 10 PacueTIOMY YPOBHIO BOLL

OTMeTKH NOB2PXHOCTI BOALI 0IpelensiorTes B Ana s1ana. Ila nep.
BOM 37ane TAYOHHA A NPINIHVMAETCH PABNO Mullnwaibivit rayOnwe
3aj0:KeHHd JoTka TPYOE Aa; Ha BTOPOM ORA lla KaAxIow YuacTke

yTOUisAeTC:
by =hy— ad. (8.79)

Ha tex yuwactkax, rie TavGina 3ano:keills okazisaetcd Goauiue
nekotopoit npejenbnolt (hn & 5+ 8 ), naveuaetcs cTaplna  nepe-
Kaukll; B 3TOM MecTe CCTL pas’puLiBacTcd, JA1A Hero yuacrtok co CTaH-
unell mepekaykH moMeuaercd (nanpnsep, widpofi §), craHoBACh Na-
uahbHuIM, CTAaNW Nepexauxst MoryT Ua3navathes W MYTeM TeXHWKO-
SKOUOMAMECKIIX PACUe10B, B peay.iLlaTe CPaBienis NPUBRAEHHUN CTOW-
NOCTel BapHanToB. [1pHEEIENNAT CrORMOCTD TIPHHIMETCH:

=K+ 73, (8.82)

rae B KannTaduikie 2atpatul K BXOAAT CTOHMOCTh MONTaKa Tpy6 H
CTONMOCTh HACOCHLIX CTaillihil, 2 B TOIOBLIE 3KCILAyaTalHONHLIE pac-
X0ALl J — roI0BAS CTOHMOCTHL peMonTa, 3apadoTHas naata o CTOHMOCTb
nepekaykn Boel Hacocamu, T — cpox oKyiaewocTi, B npouecce cueta
CTEHUHI 1EPEKAYKH JIOOUEPEAN0 pa3MCULAlOT lla yYacTKaX CCTH 1l BHl-
61paloT BapHaHTH € HAHMElLUNANR PPUBEILNHENI  CTONMOCTAMH,

[Tpu ontnwmnzaunn wa LUBM ouepTanus ceTit 3alaertcql HeKoTopas
KOMBLUEBAH CETh, KUTOPAH H3 KAK10M 3Tafe pacuiedserTcd MALINHONA HA
pasBeTBaeHNbe ¢ HoicuerTom ctonvoctell, [IpH 3TOM KaXKIwt pas mepex
pacdieleHnen N3vMedseTCA HanpaBieHte JBNeHIS BOIL HA OIHOM 13
YYACTKOB KOALIEBOH cern H QuikcnpyercA ToT BapHauT, y KOTOPOro
CTOHMOCTb BhiLle.

FHe Beskoe i3MeHeline HampaBieHNs JABIGKeNwA BOALL BO3MOMKHO.
B oraeapHuix cayuasx OpH H3MeleHHIl 1anpaBicHHd IBHAENHT BOILI
Mo¥eT 006pazoBaThCA ILHPKYJIAUHOWHBIA KOUTYP HJA HOBLIN HHMK:HHKA
ysen. [lostomy ZOnycTuwmMOCTL KaKIOTO WIMeHeHHs HanpaeaeHHs npo-
BepsieTcst N0 0coBOMY anropiTMy,

§ 8.8, BEIHATOPHLIE A3PHPOBAHHBIE MOTOKMK *

Paaanyalor caelyioulHe BHABL BOBJEYEHHA BO3Iyxa B
BOANLIN MOTOK:

1) aspauna 6e3HanopHOTO paBlOMEPiloTo H NIABHO B3MEHRIONULErocs
BOAMOIO NOTOKA, OOYyC/IOBMeHiEan paspyieHneM ero ¢BoGOIHOH fo0-
BEPXHOCTH TYPOYJHTHLIMH BO2MYLULENHAMH;

2) aspauns mnesatonienuofi ceoSoIHoft cTpyH, ofycadBrenHas ee
paspyuteHHeM Kak k3-3a TYPGYJEITHOCTI, Tak H H3-33 ofulefi HeycTod-
YHBOCTH;

3) aszpaunn GeananopHoro pe3ko H3MEHSIOIUETocA [OTOKA B ofaad-
CTAX NOBEPXHOCTHBIX BOJOBOPOTOB C TOPI3OHTAALHON OCBIO Epalughis,
HAMPHMCP B HE3aTOMNILINIOM THIPABIHUECKOM MPhIAKE;

4) aspawita GesnanopHoro noToka B o6aacisx erd oTpuiea ot 06-
TekaeMoli NOBepXHOCTH, KaKpHMep B Nasax 3aTBOPUB;

* §§ 89 B &,10 nanucanw B, TRoHLKHA,
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a)

Nomewuuans-oe adpo

Puc. 8.14. Cxema aspupopanHoro MOTOKa B kallale ¢ G0JbWIKM
YVIKJOHOM [Ha
a4 — YYACTKH 3apOXKAeHHA W Da3BiTia aspalu; 6 — 3mMopel pacnpele.1eniia 06beM-
nolt KOHWeHTPaUHH BO3AYXA ¢ B i 2POCMECH, CKOPOCTIL & ABIKEHHA U AaB1elia p
no TayditHe a3pPHPOBAUHOrO NOTOKA
, 23 3—TPH yc<AOBHpie obaactit teden:dn (I —po.la; 2—cMech BOALI € NY3INMPL-
;aMit BO3ayxa; 3 —cMeCh Boglyxa ¢ KaiaMd BOAML), ha-—no»man rayBGuig;
hn—r-'!}'f)uua nepexona (0T sropolt K Tperbell o6facTit); A —rAyOHHA, COOTBET-

CIBYIOUIAA PacXoily BOIb Q B aspHPOBANKOM NOTOKE (DU<THBINTO BOIHOrO MO-
TOKa); A—ravOHila pacucTuor> LOroKa, T. e, BooGpamaemoro poroxa Ges
aspauint

5) aspaunn BOIHOf MacCh B pe3yapraTe salleMIerNA  BO3AyXa
Hicnalaroulell B Hee CTpyeil.

Bo Bcex YyKa3ailliblx cayyanx BOBIe'leHlle BO31yxa B Ge3namophwiit
NOTOK MpUBOAHT K OGUWleMy 1La0 MeCcTHOMY cro «pasGyxanlio». a npu
60.1LWLoM BOS:I)’XOllaCbHII&’II:II——K 3aMeTHOMY BJAHAHWIO BOBJICYCHHOIO
BO31YXa Ha MeXaHl3M noTeps ranopa. B pe3y.eTaTte 3TOro B/HIAHNA
noTepH Hanaopa B 5!331ia[]0p‘-{0.‘-1 A3pNpoOBAIHOM  BOINOM [O0TOKE Mpl
60.1b1UIONM €ro BO3AYXOID CuLlLlCIii OXa3bhlEdeTLsd H2CKOTBKO Mellblle, 4deM
[]OTQpH nanopa B TaKOM BOUﬁPa}Kae.\IO‘J BO11OM 10TOKE, KOTOpbll':{ lisen
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©Obl MecTO B JaHHOM Kallaae npH JailHoM pacxole BOJbl, HO NpPH Of-
CYTCTBHH aspaltni. DTOT BooGpakaeMblii BOHLIH MOTOK HAa3blBaeTca g
JajbliciileM pacyeTHBIM BOANBM NOTOKOM, H IIA Beex
napamMerpoB ero coxpavalorca OﬁOSH(]‘ICHI[ﬁ, NpUUATLIC Bbille ANA 3ie-
MelTOB GCBIIEIIOPHI)IX BOJANLIX NMOTOKOB.

Humxe paccaarpusaloted Al Ge3iianopiitie papioMepHbLIe H NJaB-
110 H3MEHSIoIHeCH aapﬁponannble BOJIHbIE MOTOKII, BO3JHHKAIOULHE B [ipe-
fenax BOMOCIHBIOLO TPAKTa IOBEPXHOCTHLIX BOX0cHpOCOB (BO/10CTHB-
ple TIOTHIL, GLICTPOTOKH I T. N.) HIKE [0 Teueidio OT CTBOpa,
B KOTOpOM TYPOYJACHTHWII mOrpanimublil ¢aoil 3anofiscT Bee CeyeHie
uotoka (puc. 8.14).

B yecaopnsx BechbMa IIIPOKOro pyciaa npaMOYToLIIOro MOnepeviioro
ccyeHHs TYpOYJeHTHbIH NOCPalHYIbLIA CIOH BHIXOAHT Ha MOBEPXHOCTb
NOTOKAa Ha paccTofHHH L OT BXOJHOrO OroJoBKa BOJOCAHBHOTO TPakKra,
onpeienfieMOM B NepBOM NPHOAHMKEHHH COOTHOLIEHHEM

L

=125, (881)

rie i —rayGuina BoAel B CEUENIH, HauliHas ¢ KOTOPOLO MPHIGHHLIL MO-
TpanMuHmil c0H pacnpocTpaHHICA 11a BCIO TOAULY MOTOKA.

M3 MHorouscaellHLIX 3IKCMepHMeHToB U HabalofleHHi cielyer, 4TO
npi BCTPeualoulNXcsl 1fa NPaKTHKe UIEPOXOBATOCTAX MOBEPXHOCTH IHA
Ge3HamopiblX BOAOBOIOB yAe npH ykaonax = sin@ > 0,0 aspauus
NOTOKA BO3HHKAET B CEYelHH BbIX0Aa TypOY.JelnTioro norpaHHyioro
€107 114 CBOGOAHYIO NOBEPXHOCTL noToka (B8.81).

Aspuposatinplit GesnamopHbiii MOTOK npefgctapaseT coboi (puc. 8.14)
HEOJHOPOMIYIO CMeCh BO3IYXa H BOILI, COCTOAUIYI H3 TpeX obnacreil
TeyeHHd: ’

1) BoALI nal MOBEPXIOCTBIO Iila BOJoBoZa (3Ta 06/acTh MOXKeT
OTCYyTCTBOBATH);

2) cMecH BOAB € MY3bIPLKOM BO31VXa;

3) cMecH BO3AYXa C YACTHUAMh BOMAB;, HAl a3pPHPOBANHLIM NOTOKOM
MMEET MECTO CITYTHbIH BO3AYLWIHbIA NOTOK.

Bepxnais rpaifuiia aspHpoBAUHOro MOTOKA MOXKEr GHThL olpeleelia
JHIIb YCJIOBHO, HanmpHMep OpANNATON Y = Aa, OTBed2WUEH JOKAJbHOI
OTHOCHTEAbHOI 061beMioill KOHLeNTPaUHH BO31YXa B FHIPOCMeCH ¢ =
= 0,99. Tay6uny h, OGLIUHO Ha3LIBAIOT NOMAHOK FAYG6HHOHK aos-
pHpPOBAUHOIO NMOTOKaA,

TMosepxnocth pasfiena (Takae YCmOBIYK) MeMAy HIKNell BolHO-
ny3bipbKOBOH 06.1acTblo a3pHpPOBAHHOrO MOTOKA H €ro BepXilell BO3AYLI-
Ho-Kaneabtofi 061acTbl0 HA3LBAT MOBEPXHOCTHIO MEPEXO1a,
a paccTosilHe OT AHa A0 3TOH HOBEpXIOCTH — ruyGuiioli nepexosa Aa.
[lpn y = ha KOHUeHTpalHA BO3AyXa LA HHKIell 067acTH a3pHpOBAH-
HOrO MOTOKA HOCTHraeT NpeledbHOro 3Havelns Cp.

Cpeaneli no ceyeHHIO OTHOCHTeAbHOH O06beMHON
KOHLEeHTpALUHeHN BO3AYXA B a3PHPOBAUHOM NOTOKE Ha3LIBAKT Be-
THYHHY

o

= c \Qg‘_ﬁ ,
Pl — ] B
Qa Qa ? (8 82)

rae L — miowanb KHBOrO CeUeHHs a3PHPOBAHHOTO NOTOK3, ONpele-
aseMas ero noaHoi rayouuoii fa;

Qc n £ —uvacTH nNAOWAIH KHBOTO CedelHS, 3aHATHE BO3LYXOM M
B0.J10il.
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AnanorHuHbIM 05[.')330.’\:' onpeIeaa10T CpeldITiol0 KOHUEHTPAUHIO BO3-
nyxa fp QI3 HHXHEH, BOJHO-NY3bIPbKOBOH 0G1aCTH a3PHPOBAHHOrQ
noTOKA.

Koadduunent rnapabauueckoro 1pens Agr (HKTHEHOrO MOTOKA
B J1alHOM KaHaje C MJOMAJbI0 XKIBOrO ceueHHsa § (raySuuoit A)
pacxojioM BoIbl Q OyAeM HaswBaTh KOSGPUUHEHTOM TCHAPA-
BJIHUECKOTO TPeHHSN a3pHPOBAHIOrO NOTOKA:
= 2gRI? y
}.R = -_-Q_iu’ (8.&3)

rae R — rHApaBaHYecKHil paliyc GHKTHBHOTO  TOka,

§ 8.10, PAGCYET 3I/IEMEHTOB BE3HANOPHOr0 PABHOMEPHOIO
A3PHPOBAHHOr0 NOTOKA BOJbI

Konuentpaunusa Bosmyxa (oToCHTeAbIIOe BO3AyXOcOdepManie) B
YKa3aHHBIX MOTOKaX VBEJHYIBaeTCA ¢ YBeaHUENHeM YKJaOHa [Ha pycaa
H ero OTHOCHTEABHOW wlepoxopatocTit, Hauayulliee corjlacopaHHe MeXAV
ONMyGMHKOBAHHBIMH 3KCTIEPHMENTANbHEIME JaHHbIMH (KacaOUWHMHCA BO3-
JYXOCO/epKaHHs a3pHpPOBaHHbIX NOTOKOB, BAMRAUMA aspallun Ha mo-
Teplo Hamopa M JIp.) noayyaercd, ecam 3TH ¢axkTopnl 0GbeAHHHTH
B Oe3pa3MepHbIH KOMIJIEKC BHIA:

_ ﬁﬂ,? 5 0,25_
7-(2)" ()"

rie 8, — ToawnuHa npnIoHKOTO CAOA (cornacuo U. K, Hu-
KHTHHY) pacyeTHOro MOTOKa;
o Q?

R8  gQ2R cos B
cos B=(1 — f?)’lﬁ -~ KOCHHYC yria iakJoHa pia pycaa.
Beauuynna Og CBA3aHa ¢ THAPABJAHYECKHMH 3JEMEHTaMH PacyeTHOro
BOLIIOrO MOTOKA 3aBHCHMOCTHIO

6R=RAR"=R(

. B (8.84)

— yricqio $pyaa asprpoBaHiuoOro Motoka *;

3,3

As
Rt M). (8.35)

R

KOTOpYIO CaedyeT cuirath HelelicTenTesbiofi B mnepexodHoil obaacTu
CONpOTHBIEHHA L5 BOLOBOAOB C PABHO3EPHHCTON 1L1ePOXOBATOCTDHIO 110-
BEPXHOCTH JHA H CTeH.

B saBsucuMocTH (8.83) npHHATO:

A_ — 3KBBBaJeHTHAA BbICOTA BLICTYNOB 1IEPOXOBATOCTH;

w

X

Uy

v

v, =V gRi — nuuaswideckas CKOpocTh pacueTHOro NOTOK3;

v — ko3 GuUHeHT KHHeMaTHYecKoll BA3KOCTH BOLbI MpH AaH«
Ho# TeMnepaType.

— yucno PeiiHoablca pacyeTHOro moTOKa;

RE.R ==

% 3gech W J3lee THADABIHUECKHE 37TeMeHTH a3pHPOBAHHOTO TMOTOKA oMpenes
ANIOTCR B N0J10ce e1HHHGHOR LUMPHHBL, OKOAD BEPTHKAALHOH TWJCCKOCTH, fpoxo-
Asieli Yepes (POA0TbHYIO OCh BOAJBOAA NMPAMOYroapHOro WAH GaU3KOro & HeMmy
GONepeuHOro Ceuehis,
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Puc. 8.15. TpadHkH 157 371€MCilTOB a3pHDOBANIOrG LOTOKA
R.}p—ri1pas sdpiiear k R,
iR-—rnyﬁ:ma. FILIPABTHYNCCKE™ Padilye KOIPDHUNCHT THADARTIUECKOrO TOeHHR
NOTOK2 BOAbI, COOTRSTCTBYIONLCID 2sPUPORAUHOMY NOTOKY; €, — NPEACLIOE 3H14e-
Hlfe KOHUGHTPAWIH BO3AYX: R Wilzkiich 06 1a0TH A3DNPOBANIOr0 LOTOKA; & —C]e, Lins
1O CceyeHH OTHOCNTe.AbHadA Gd‘heslll:m KL)I[LLt!lSTp.’!:;'aIH BGJ,'L}‘_\':J B aspipoBUiliion 110-
TOKe TO (8.82); & —CPeINAf KORUENTPAUNA BO3.LYXA ‘LIH MILKICH (BOIHONY3LPBKO-
BOfi) o6AaCTIl a3DHPOBANILOIO NOTOKA; & — KoaddIlWieHT, BXO AN B (8.86); 0 —Ko3dh-

ey, Bxoquht 8 (8.87)

L Tpu T << ~71 (lg/l < ~1.85) aspauus He oxaanimaer npak-
THYECKH BJIHAHHA HAa ABHMENNE BOIbl B asplpOBalliioM noToke. B sToM

cnyuae Lr/hr = | = 1.05; hii=1= 1,02, T=11; R = R, npuyewm
Co =& npit Cn <03 ® £<< 055 aca=05 R=Ry npu lgll <
< 1.5,

2. Pacnpeietenne mo HOpMATN KO IuY KONUEHTPAUNH BO3IVNA B
HHKkHell, BOIHO-MY3bIPbKOBON, 0613CTH BBIPAKAETCA 3aBHCHMACTbIO

;C;—=exp [—k(h”;y H (2.56)

Puc. 8.16. Tpabnkn 11a onpeieieHus raydune i B kanaze UPAMO=
YTOJbHOTO 10MePeYlioro ceueHns
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3. Pacnpeseseiiiie mo HOpMaJH KO AHY KOINIEHTpPAUNI BO3yxa B
BepXxHeil, BO3LYLIIO-Kanmeakuoil, o6aacTH a3pHpoBaHUOro MOTOKa jocTa-
TOYHO XOPOLIO NMOJUHHAETCA 34 BHCHMOCTH

The Yy = Y —hs (8.87)

0 1 Yo )\
l—e _ 1__ J'e_'z—(_u—)
2(l—¢;) o¥V2a
*

Koshpuunentsl & u o npubeiexst na puc. 8.15. Huterpaa, Bxo-
oamuit B (8.87), caelyer BuipaiKaTh uepe3 HHTErpaabilyld QyHKIHIO
Jlannaca — Faycca, TaGaHUb KOTOPOM HMeTCs B CrhelHaIbHbiX cnpa-
BOYHBEIX NOCOGHAX. .

4, Tlpn {1 > 71 (1g{l = 1,85) BoBacuenmislfi BO3AYX CYIIECTBEIHO
BJHSET 11a ABHIKelHe BOAL B a3plpoBaHIIOM NOTOKe,

[pn pacueTe asPHPOBAHIOrO NOTOKA Ne0BXOMHMO NCXOANTh H3 3a-
BIICHMOCTef, pefcTaBielnbix Ha puc. 8.15 n 8.16.

[lpuBefientiie BLIlle 3aBHCHMOCTH /A OTpeleleHHi THIpaBiHye-
CKHX 37eMelTOB 6e3ianopiLix paBHOMCPHLIX a3PHPOBAHNLIX MOTOKOB
MOryT GLITB NPHMONKEHBL H K pacueTy M.JaBHO H3MelRIOWErocs aspHupo-
pansoro motoka. [IpH aTOM Beauynny Or HaXO BLIMHCAATL no (8.85)
214 TAyGHH MAABHO H3MEHAIOUIEroCA pAacHeTHOTO NOTOKA B COOTBET-
CTBYWIHX ero cTBopax, a uucao Ppyla onpeieasTh no ¢opuyne

02

RO gRcosB *

Pacuer naaBHO H3MeHsilolleroca NOTOKa cfielyeT HayHiaTk c pac-
yeTa PABHOMEDHOTO MOTOKa H 3aTeM YiKe NBHraTbCid BBEPX M0 TEUeHHIO.

[lnasHo H3MeNAWHACA [OOTOK MOMHO CUHTATb TPAKTHYECKH He
a3pHpPOBAHHBIN NpH KoHLenTpaunn & << 0,15 n fw < 0,02,

Fr

TMpuwmep ll. BucTPOTOK ApsiM YrompbHOrO TMoMepeullora cevenHd HMeer wH-
pHiy b = 0,457 # 1 ykAOH Ana [=sin #=+<in 15°=0,259. [duo n cTeHKH GLICTpPO-
TOKA BHINOAHEHb H3 Xopoulo oGpaGotankoro GeTowa, MpHYeM SKBHBANGHTHAN BbI-
coTa BLICTYNOB HEPABHO3EPHHCTGH LIEPOXOBATOCTH HX MOBEPXHOCTH COCTABASIET
A9=0,0004 M. Pacxon moisl B GuicTpotoke Q = 0,272 w¥fcex, yaeapHnfi pacxon
poipl g = 0,595 m¥/cek, Temnepatypa t = (0°

TpeSyatcs onpeleHTh CIEAVIOLUIHE TFHIpPABJIHUECKHE 3JeMENTH a3DHPOBAaHHOIO
notoka: rayGussl Ak, By H hy konuewtpaumn &, Zq M ep. Hailinennwe rayGurel
a3pHPOBAHHOrO NMOTOKA CONOCTaBNTh € rayGHHOl pacyeTHOro BOIHOTG MOTOKAa (pac-
HeT CM. HHKe).

ITpu M eg 12, ¥caoBig Te #e, uTO H B npHMepe 11, KO YKIOK AWa ObicTpO-
Toka i =sin 30°=0,5 s TemnepaTtypa Boakl f = 1> C (pacuer cM. uHxe),

Mpumep 13. YcnosHa Te Xe, YTo H B NpHMepe 11, HO YKAOH AHA GHICTpO-
1uka pased {=sin 45°==0,707 n TemnepaTypa rodbi { = [1,9° C ‘(pacuer cM. HH#ke),

IMpusep 4. Yenosus Te xe, yTo W B npHyepe 1!, HO YKJIOH Ana GbicTpo-
ToKa pasen i=sin 60°==0,867 u Temneparypa poam f = 14,5 C.

Onpeneneniie TRAPABIHYECKHX 5N€MEHTOB PABHOMEPHOrO &3PHPOBAAHOTO MOTO-
Ka HaYHHEaeM C BLIYHCJGHHS THAP3BJHYECKHX 3/EMEHTOB PacyeTHoro BOAHOrO MO-
TOKa, 8 HMEHHO — ¢ OITpPEABNEeHHA ero raAyOHHEI,

Hs dopmyant Hapcu # dopmyast KoapGpyka Ans koadduuuenta ruapaBin-
YEeCKOro TPEHHS, OTKOPPEKTHPOBAWHOA Ans Ge3HaMOPHEIX NOTOKOB B pycnax nps-

MOYToJAbHOro Momepeukoro cedends B. M. JIATXepOM, pacueTHas 33BHCHMOCTH
HMeeT BRA:

L1/ R yiemh (106 18 Bga2d)" (8.88)

Tpw sananAbix sHavenAax ¢, f, b,A, sTa aapHcAMoOCTL mpencTapaser co6oft

YPpaBHeHHe OTHOCHTeJ bHO TIAyGHHEI paBHOMepHOro noToka k., B Ta6a. 815 npuee-
AeHbl OKOHYATEAbHLIE pPe3yibTaTul pacieTa A.1s BCeX YeTLIPeX MPHMEPOR OAHOBpPE-
MEHHO,
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Pacuer seleM MOCNEIOBATCILWLIM MPHG.HMETIHEM,
IToayyenHuie anasenns h I 8p No3suasiorT BLIUHCINTL To (8.84) B mepmgy
npndamkenn anavcnus napamerpa [1. Ecan wwyncaennule no rayGiHe pacuer.
HGFO BOAHOTO HOTOKa ReaHSluw Napaderpa [l <71, To yToukeuHil He TpeGyercy
b b 8
Tax kaxk npu lg /T < 1.85 caeiyer cuntath, uTo h=Ah i I=1I. Tloabaysg,
HaftdennuMH madenussu i, R w 11, Moo cpa3y nepexoillth K Gnpeienenno ng
pie. B3 TIAPaBAMNECKMX  ACMENTOB  aspuposanioTo natokd, Ecam e Bhiyie.
nennue seaveiHa [T > 71, 10 3T0 3HAMHT, 4TO NMEET Mecio cavdall, npu KOTOpGy
BOB/lcdetHe BuldyXa B.AHHET ha ABHAeHHe BOML B d3PHPOBAHMUM NGTOKE, H erg
pacydeT Halo NaYHd#1b Npd A/k > 0,02 ¢ onpelesiedns uo  pHI, 26 rayOHiy
b uepes §.:
5 -
(1—iy%2 ok ¢ R 10,125 AR.373

§3=6,13 et 8,
: 0.5 s g 1375 .89
u npd Ajb < 0,02—no dopmy:
< = A ]
il .'.J..=5,453[I.3 (1—-i3)0.25 l_i)hl');'; . (8.90)
qa ila
R

OxHaKo HakleHHue T.IyOHNl A H BWUACACHHLE 3aTeM aHaueHNA napamertpa [J
MOMHO CHHTATH OKOHYATeILHLIM, elifl BelHdHHu [T OyaAyr JexaTh B HHTepBafge

anavenid 71 << TT << 263 v 1,85 <K g 17 < 2,42, TIpn Becmunuay 11, npeBbiWaioUHX
yK83aHHEIS NpelielkHbe IHaveHild, ryGuny B HIAD 1AX0aNTb nO pHe, 8,16 uepes gg;

(1= o.h o R j0.125 r2R0.ET3
=408 ————r-u- i — [ — —_— 8,01
L 0.3 q K R ) 2,873 (&.31)
a mpE hjb < 0.02—no pop:iy.
2,87 5 0.25 k453
hZ.Br 320& (l—fg) 5 __U_ITS_ (5,9'2)
gbp "

H yXe focTe 3TOro BuldHC.IHTE OKOHNATelLHBe 3HIUeHHA napaMertpa II.
B Ta6.1. &16 nplieefeHu BeiluidHE napaverpa [7 W lg ], HafizeHnHue [0 Hop-
MAABHBIM AYOHHAM h pacuerHoro BOLHGIO MOTOKa,

B rpadax 3 n 4 (nphvepu 13 u [4) taGa. 8.16 Beanuwys napaMetpa ﬁ}?l,

noToMy A8 STHX ABYX NPHMEDOB 0GP&llaeMcA K OTWCKAHHIO TAyGHHBL B yepes @ (f)
(pHc. 8.16). Iloayuaen cheaywillie YPaBHeHHA:

Ta6anma 816
3uagenns napamerpa IT

Howmepa

NPHMEPOB h, i lgn
1 2 3 4
13 0,0463 156,8 2,195
14 0,0347 571,8 2,754

Mpuseyanne, [IpH BuGHCIeHUH 3HaueHnll 71 NPHXO-
vi _ tgh
gR cosB ER
C.leAy€T HMeTn B BH1y, uTO BEeIHUHHY Ap B STOM chaydae
H410 BHYHCIATL HeTOCpeACTBEHHO no gopmyae  Jdapest
AR = QUfHQ/ ¢?=

AHTCR BEMNIIATE 4Yncad dpyda: Frp g=

.

248



06'g r e 166'1 FF80'0 60£0°0 70'0
15'g 002'0 ¥EEU0 9££0°0
01 K] 021°1 200 ¥090°0 LLV0°0
40 07 1%} 800 L2400 J090°0
> -~ R Rl Tonudt
Afty /%y y/My iy w w L] L I e
Nkt ML IHNDME OV
20 ¥39'2 0'lev 28200 £0'0 $EP0'0 18500 2980
261°0 S 561°% 8951 20p0'0 L0b0°0 §850'0 202'0
20'1 161'0 €0 219 2150'0 09900 z1e0'0 0990'0 0060
80£0'0 993°0 8081 €090°0 £280'0 $090'0 £280'0 652°0
u f . ‘ 3 aodow.adn
Marly 2 Wy 4 Wy wou edanof]

W ISH0 =g ¥ p000'0 = °V ¥/, W 96g'0=>b
eidbhded mMieldrfead IMHACSLERHON(Q

247



nas npumepa 13
1,025
g

=9,0352,

Ans mpuMepa 14
[,41
1,025 (£ '
g’ % (§)=§_~=o,0229,
1+ 28
tae E=fh/b. Pewelite 3T4X ypaBHEHHI MPHBOMHT K 3HANEHIUAM BeTHUIHB R y
BHIQIICAe HBIX 3aTeM BenHuuH /T i lg {1, cofpanuuix B tTaG1. 8.16.
Kak Brado 13 ta6n. .16, suaueline napamerpa /7 B nmpuMepe 13 okasuipaercy

B nATepBane BenWuun 7 < T<263, pnm KOTOpBIX [AelcTBHTEAbNAa 3ABHCHMOCT
aas @s (puc. 8.16), u, CNelOBATENLHO, B er0 YTOWHEHHH, paBHG Kak W B YTOUHeHHM

3naveHHs BENHYHUB! A, HeT HeoGXONNMOCTH, 3uavenue e napamerpa [I B npu.
umepe 14 mperbllllaeT BepxHHH Opeden ynoMsalyToro HHTEpsana, H, CaefoBaTenbHo,

B 3TOM NpHMeDe AAA ONPEAeNeHHT TAYGHHE A HeOBGXOAHMO HCTONL30BATh 3aBHCH-
MocTh AAA @) (§). KOTopam B NAHHOM c/Aydyae MPHMeT BHM:

0,348k, &
P (§)= —=0,0774,
] ¢ (142g)0:514
rie E=Aafb,
Pelllenne 3TOro ypaBHEHHS NPHBOAMT K CNedYIOIHM SHATCHEAM: F o= 0.0382 4
B EMUHCAGHHBIM 3aTeM BeJHauHam 11==421 u lg T=2.624 (TadAa, 8.17).

Pe3ynbTaThl BHIYHCAGHHIT HCKOMBIX 3/1€MEHTOB a3PHDOBAHHOIG OOTOKAa B MNpH-
Mepax I3 u 14, 0o maunbiy puc, 8.15, ceeiendl B Tafa. 8.17,



= Mnasa pesartas

BOAOC/IWBLI, NUBHECMNYCKU W BbINYCKH

§ 9.1. OCHOBHbBIE TUnb!I BOJQOC/HBOB H BOPMbl CTPYY

BonocanBoM HasuBaloT OGe3HanopHoe OTBepcTHe (Bppes B
¢TelKE), 4epe3 KOTOpOe NpoTeKaer KuAKOCTh, B 3aBucHMOCTH o1 reo-
MeTPHYECKOH GOPMBI OTBepCTHA PA3THYANT BOAOCHIBEL a) NPAMOYro.b-
uuie; ©) TpeyrogbHble; B) Tpaielier1ajbHble; ) KPYrobkie; A) napa-
GoaHUecKHe; €) C HaKAOHHBIM rpeGHeM H T. .

[Tlo ouepTaililq BOJIOCAHBHOMN CTEilKM B MA4de PA3IJHYAIOT:

1) BomoCAHBEI ¢ DpAMOJuMHeRHEIM B nnade TpebHem: a) HopMagbs
nele HAH N000BRIe; 6) KOckle; B) GOKOBbIE,

2) BOOOCJHMBLI ¢ HeTpAMmoOAHHEiNbIM B TaHe rpefireM: a) posHro-
nagbiible (foManble); 0) KpHBOAHHENHLIE; B) 3aMKUYTLIE, B YacTiOcTH
KOTbLeBLIe.

[lpeBbiwenne ropriontTa BoIbl Hail rpebieM BOIOCAMBHOR crTenkH
B CEUCHHH Bepxuero Goeda b6 (puc. 9.1), B KOTOPOM HauHHA®Tcs cnag
c8cBOAHOA NOBEPXHOCTH, 06YCNOBNEHABIH fIcTeYeHHEM BOIbl Y€Pes BOjo-
caiB, NpeAcTaBaser cofofi reoMeTpPHUECKHH Hanop H ua
pofocauBe. CevenHe bb 06wuf0 NPNUIMAIOT 11d PacCTORHHY (5 ~
&~ (3+5)H ot BepxoBok rpaHH DONOCAHBIOR cTeHKH. B 3aBhepmocTu
0T TOILHHB O ee MONepeyHoro CeyeHHs Pa3HUAIOT:

a) BOAOCJAHBH C TOHKOH CTeHKOH, KOTza

8<C(0,1+05) H; (9.1)
6) BOLOCAHBH C WWHPOKHM MOPOTOM, KOrAa
21 <3< BH; (9.2)

Bepxrrui boeg

. ‘ Bepr cmpyy

iy S I}
___L e T I 3035 M H
% I e N :
-1 NN I HumcHu
5 O - i et
wof \ L& L v
< A 0s 7 RN POl B
@ 7 \ ! -

Vg—3 < B Y= N /AT —h
\ \ o -« [T \ =3 S -é
ST A ST PSS =

b l‘___zﬂ—-»- Hus S|\ EypHoe dsudenye
' \ [ empyu

Pue. 9.1. Cxema cBOGOJHOrO HCTeUeHHMA BOJAK %epe3d BOdocaum
¢ TOHKOH CTEeHKOH
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TaGauua 9,

3HayeHHA X H ¥ NpodHAs CBOGOJHOR CTPYH
(ansa nwbbix mep) npu H=1

¥ ] ]

x HH3 Bepx HH3 Bepx HH3 BEpX
CTpYH CTpyH CTpYyH cTpyn CTPYH CTPYH
—3.0 - ~0,997 || 0,35 | —0,106 | —0,744 || 1,1 0,29 —0,97

—2.0 i —0.987 [ 040 | —0.007 | —072¢ | 1.2 0,38 —0,:
—1.3 - —o0980 | 045 [ —o.085 | —ou3 || 1.3 0,47 ~0,08
—1.0 - ~0963 | 050 | —0,071 | —0.6%) || 1.4 0,58 40,03
—n.75 — —0,931 | 055 | —n054 | —0651] 1.5 0,69 0.14
—0,5 - —3,022 1 0,60 | ~0,035 | —0.627 || 1.6 0,82 0,27
—9,25 - —0,895 | 065 | —n013 { —0599 | 1.7 0,95 0,41
0.0 0,0 ~0,%51 || 0,70 | 40009 | —0.569 || 1.8 1,09 0,55
005 | —0,059 | —0,539 | 0.75 0,035 | —0,538 || 1,9 1,25 0,70
0.10 | —0,085 | —0,32 | 0,30 0,063 | —0,506 || 20 1,41 0,87
0.5 | —0.101 | —0,811 || 0,85 009 | —0472 | 2,25 1,84 1,30
020 | —0.169 | —0,795 || 0,90 0,03 | —0,436 | 2,50 2,34 1.80
025 | —0,112 [ —0,779 (| 0,95 065 | —0.598 || 273 2,86 2,32
«030 | —0,111 | —o0,762 || 1,00 0,202 | —0,357 || 3,00 3,49 2,86

B) BOLOC/ANBH CO CTEHKOM NPaKTHYECKOLO Mmpo-
C}]!E N A, K HHM OTHOCATCA BCe BOJOC.HBLI, IIe YA0BJETBOPAIOLILHE V' CJI0-
Buay (9.1) u (9.2).

Ecan ypoBeHb Boab B HHKHeMm Obede BiHAeT Ha YCJIOBHS HCTe-
YenHa uepes BOJOCINB, TO BOIOCAHB CUHTAIOT NOJATOINJeHHBIM,;
eC/H K€ HHRHHIL Guedp He BJAHAET Ha HCTeYeHHe, TO HCTEYeHHe AB-
JasteTcd CBOGOIHEM (HEMOXTOMAEHH B M).

TIpH wcTeyeHuy Yepes BOAOCAMB C TOHKOH cTeHkoi B cayyae ofec-
neyeHus [OJayH BO3AVXa [O4 CTPYIO, T. €, KOTAA JdB.JeHHe [M0J
cTpyefi p = par, obpasyerca cBobosmnaa crpya. B t1aba. 9.1 npusezexsl
3HaueHilsl KOOPAHHAT X H Y BepxHeil H HHXKHell ee nomepxHOcTefl npH
wanope A =1 (puc, 9.1). [Ipn nocrpoenun mpoduaa cBoGOAHOH CTPYH
npH HHOM Harnope Bce YHCIa TaGAHUE! HAal0 VVHOKHTb Ha BEAHYHHY
3TOT0 Hamopa,

Ecanm goeTyn Bo3ayxa 001 cTPYl HeBO3MOMKEH H BOIOCIHB He
riMeeT GOKOBOTO C3KaTHA, TO CTPYA VyBJIGKaeT (OTCachlRaeT) BO3AYX
H3-110 CTPVH, H Mol HeH co3zjaercd BakyyM (P < Par). YpoBReHb BOAHL
TOA CTPYeH NMOZHHMAETCHA, H OHa HECKOJIBKO MPH#NMAeTCd K BOJIOCHB-
HOH CTeHKe.

Mpu pe/H > 25 u 2/ps > 0,75 (ps — BLICOTA CTEHKH BOJOC/]HBA;
z — Nepenal ypoBHeil Ha BojOcIHBE) obpasyeTcA nolikaras, He nol-
TONEHHAS CHH3Y CTPYA.

H3-3a npopbiBoB BO3IYyxa MO CTPYIO NMOJOKEHHE ee HeyCTOIHUYHEO.
Tlpu pe/H << 25 w 2/pe = 0,75 BCe NpoOCTpaHCTBO [OJ CTPyedl 3amo.t-
1leHO BOJOH; CTPYys HasbiBaeTcd MO 1K aTOHMH, MOITOMIeHHON CHM3Y,
a MpPLIKOK 33 BOJOCAHBOM OTOTHAHHG M, Pacxoxl B 3T0M cayuae
YBRIHUHBAGTCA O CPABMEHHIO C pacxonoM 17s cBoBOIHOH CTpYyH B
a’ past

v2
¥ =0845 + 0,176 22 — 0,016 (”7) ) (9.3)
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[pu ps/H < 25 H
2/ <9,75 CTpYR ByAET O T-
waToll, noAToNNeH O CciiH-
sv. 110 TPBIKOK 131D -
{yT lla BOJOC.IHB. Pacxo:
gylet Goable pacxola At
cﬁoao,lilou CTpyw B ¢ pas:

-z —0,05p
g’ = 0,88 40,2 —H‘—j )

2 0,05;?3 2
—002 (—H—) (9.4)

[Tpy  Maaelx  nanopax
(f <1 ca) ctpys Kak Obl
npiaHNaeT K CTCHKEe BO10- \
¢111Ba, OJHAKO TaKoe IBHXKe-
wne  Heycrtoitunso. Pacxon
npimnnuei  ctpyn na 20— Y
257, Ooablle pacxoia CBo-
G0AHON CTPYH. Puc. 9.2. K pacuery aspauus mI0CKoi
Koraa ropusoHT HMxMCHE- CTPYH HA BOAOC/IHBE
ro Gbeda HEmoOcpeICTBEHHO
y BOAOCTUBHON CTERKH Bblille
ee rpebus, TO npn 2/py > 0,3 cTpya pocJe BOJOCAHBA TajaeT Ha JHO
nuKHero Geepa~— NOHHBIH pexuM Ilpn z/ps < 0,15 ycraHasmu-
BaeTCAl MOBEPXHOCTHH I peikuM.
[Tpn HcTeyeHHH, OIHOBPCMEHNOM H3-NMOJ LIHTA H Al [HM, KOJH-
4cCTBO BO3/1YXa, HeoGXOANMOE AN aspauml, Ha elHHHmy JIHHB BOJIO-
cauBa, Mo HCCALOBANUAM XHKOKCA,

3,64
Ga= 10,3% [#2/cek], (9.3)

rie H — 3aMepenublii HaL BepxoM 3aTBopa Hamop, s (puc. 9.2);
Ah — cumeline AaBJTeHHA 001 cTpyeil, & 800. cT.;
k — ko3(pdHUHenT, 3aBHCAUIHI OT OTHOIIEHHA pacXolla Mol 3aTBO-
poM K pacXody HaJd BepXoM 3aTBOpa, BEIPANKAEMOIO 3aBUCH-
MOCTDIO
AL AT (9.6)
H I

37ech A — BBICOTA QTBEPCTHA FOI 3aTBOPOM:
Hyy — Hamop y BXoJa 112 BOJOCAHB (Al LeHTPOM OTBePCTHA Moj
3aTBOpPOM).
3mnauenng k£ B 3aBICINMOCTH 0T @ cnepyioue:

a 0 1 2
k 0,077 0,202 0,22 0,225

[.1a Bojocanpa Ge3 3ateopa 0 == 0.
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Tadanuma 9

3uaksenug ¥ W y npodman csoGonHONE CTPYH
(mas moduix sep) npy H=1

y Y v
I

X HHA HI3 Bepx
cTpYH CTPYH CTPYH
3.0 0,35 -0 —0,744 l 11 0.29 -0,27

—2.0 U,40 —u,0J7 =0,724 | 1,2 0,38 ~0,1
-5 0,45 —0,085 =0,7u3 | 1.3 0,47 —0,03
~10 0,30 —0,071 —0.630 14 0,58 +0,03
—1,75 0,35 —0,054 —0,654 1.5 0,69 0,14
-0,5 0,69 —(1,135 —0,627 1.6 0,82 0,27
—9,25 0,65 —N,013 —0,599 1.7 0,95 0,41
0,0 0,70 4,009 —0,569 1.8 1,09 0,53
0,05 0,75 0,035 —(1,538 1,9 1,25 0,70
0,10 0,30 1,063 —0,306 2,0 1.41 0,87
0,15 0,45 6094 —0,472 2,25 1.84 1,30
0,20 0,92 0,18 —0,436 2,50 2,34 1,80
0,25 0,95 0,i63 —0.-93 2,75 2.86 2,32
0,30 1,00 W202 -0,277 I 3,00 3,4 2,86

B) BOAOCAHBH CcO CTEHKON nNPakTH4YeCKOro mpo-
b nas;, K HEM OTHOCATCA BCE BOAOCJHBLI, lle Y10BACTBOpAIONlNE YyC10-
suav (9.1) n (9.2).

Ecnn ypoBeiib BOABI B HHKieM Ohede BAMACT Ha YCJI0BHA HeTe-
uelills yepea BOJOCIHB, TO BOAOCIHB CUHTAIOT NOATOMNAeHH B M;
ec.Hl e HHmunit Obe He BINHAET Ha HCTeYeHHe, TO HCTeueHue fgB-
JgfeTcA CBOGOINLM (HENOATONARHHL M.

[Tpu wcTeyernn yepe3d BOAOCIHB € TOHKOR cTEHKOH B cayuae ofec-
nedeHHs [m0l1auyl BO3AVXa NOJ CTPYD, T. €. KOM1a /laBjeHue nojJ
c1pyefl p = Par, 0Bpasyerca coBondad crpyd. B taba. 91 npuseiensl
3HayeHHsl KOOPAMHAT X ¥ U BepXHeil H HuMHell ee NOBepXHOCTEN npH
wanope H =1 (pue. 9.1). [Ipn mocrpoenun npodiia cBoGOIHOM CTPYH
NpH HHOM Hamope Bee ullcia Tabamilkl HA10 VMIOMKHTE Ha BeiuHuHHY
~TOTC Hamopa.

Ecait ZoeTyn Buiidyxa 101 CTPYK HeBO3MO:ieH H BOIOCAHB He
rivMeeT OOKOBOTO uCHaTHA, To CTpVA  VBJSKaeT IOTCaCblEaéi) BO3AVX
H3-N01 CTPYH, H NON Hell co3laeTcs BaryyM {p < Pax). YpoOBelb Bl
roJ eTpyeit NOCTIHHMAETCH, s OHA WECKOMBKO [PHXIMAeTcsl K BOIOC/HB-
HUOH CTeHKe.

Tpu pe/H =25 u &/pse = 0,75 (ps — BEICOTA CTEHKH BOIOCTHBA;
2z — mepenmaj VpoBuefl Ha BOJZOCNHBE) oO0paiayeTca Mokarad, He M01-
TONIEHHAS CHH3Y CTPYH.

H3-3a npopbiBoB BO31yxa NOT CTPYK MOJIOKIHHE €e HHeycTOoHuHBO.
pun pe/H < 25 1 z/ps > 0,75 Bce npocTpaxcTso NOI cTpyei 3au0.1-
HERO BOJOH; CTPYSA HA3BIBAeTCA MO A KaTOM, NOITONICHHON CHH3Y,
a NPBUKOK 233 BOJOCIHBOM OTOTHanNb M Pacxol B 3ToM cavyae
yBeAHYHBAeTCA MO CPaBHEH:O C pacXoioM 134 CBOGOIHOH CYPYH B
0’ paszy

P 76 Pe _ ( Py
¥ = 0,845+ 0,176 G,Olﬁ(l H) . (9.3)

2560



Tpu e/ < 23 i
s <075 cTpya 6yier oT-
8 T 01, MOATOIEHIOR CHil-
¢ N0 TPBUKOK i@ aB -
0 fra BojocauB. Pacxorx
6}' o1 Goabue pacxona 1n
¢ GOTHOH CTPpyH B 07 pas:

5" =088 409 20050 -
. \

N z—0,05p; 2

._n.og( i ,| (9.4)
[Tpy  Maawix  nanopax

(il <1 cu} cTpysn Kak 6wl

[;;-v".nnae'r K CTCHKe BOMO-

¢1i13a, OANAKO TAaKOC ABHMKE- x

neycroitniso.  Pacxon

aprolmeR  etpyd na 20— Y

25  Ooablue pacxoaa CBo-

6,108 CTPYI. Puc. 9.2, K pacyery asparuu NIOCKOf
Korsa ropmsoHT winkie- CTPYH HA BOJ0C/HBE

Obecha  HemOCPeICTBEHHO
110,10CTHBHOH CTEHKH BBbILIe
rpebHs, TO 0pH 2/ps => 0,3 CTpys noCae BOHLOCANBA MA1aeT HA o
nsiero Gpeha — gonuerit pesxxknum Ipn z/ps < 0,15 ycranan.a-
a0TCA MOBEPXHOCTHBIL pPeXHM.
[Tpy HCTCUGHHH, OTHOBPCMEMIOM H3-MOA [UNTA H [al [HM, KOAW-
TRO BO3/1YXa, HCOGXOIHMOE 1Jf a’palMH, a eIHUHLY AJHUB BOJO-
1R, MO HCCICA0BAHHAM NHKOKCA,

_ (kH)&G-'l
ga=103 W [#?/cex], (9.5
H — aavepeHlbIl HaJd BepXoM 3aTBOpa Hamop, (puc. 9.2);

Al — cumpKelHe JaBaenna nod cIpyeil, a 60d. ¢T.;

f — ko3 HuuHeNT, 3aBHCAUIHI OT OTHOWEHHA pacxola MOX 34TBo-
pPOM K pacxoly I1ail BepxXOM 3daTBOPA, BLIPAXKAEMOIO 3aBHUCH-
MOCTLIO

g ) e,

H' (26)

Jlech h — BLICOTA OTBEPCTHA 1101 3aTBOPOM;
Hgy — Hanop y BX01a na BolocTHB (11aj HEHTPOW OTBEpCTHA NOY
3aTBOpOM).
3uaucnng k B 3aBHCHAMOCTI OT @ CIeayloulHe:

a 0 0.3 1,0 .5 2 2,5
k 0077 6,095 0,175 0,2

o
L]
o

Hdo4 o, anga Ges dalsopa o = Q.



§ 9.2. PACYET HOPMAJIbHbIX BOAOC/THBOB

PacycT BceX HOPMAILHBIX UPAMOYroabliniX BO10CTHBOB  UPOH3R.
JTes no popuyie

Q=rmob V2H" (9.7)
Q=mbV2gH, (9.8)
rue b — wupHia BOLOCAIIBA;

ay,
[]-0 =H +- 2—; — 1anop ¢ y4eToM CKODOCTH 10AX0J44,

Up — CKOPOCTb M01X0aa, T. €. CPellHsis CKOPOCTH B Bepx-
ey Obetbe mepel BOJOCIHBOM,
m — wo3ddHUIeNT pacxoa BOIOC.THBA;
my — KO3 HILNENT pacxoAa BOAOC.IHBA C YUETOM CKOPOCTH
noAxoaa.
Has BOAOCAMBA C BEPTHKAaJbHOH TOHKO® CTeH-
KO # KoabdHUHENTH pacxofia MOTYT GbiTe UailleHbl MO 3MNHPHUECKOH
dopmy.ie A. B. Tenaoea:

b 1 0,53 (bH)?
mDH=(O,373+0,032 = STE T 10 cm:)[[ + B"(l‘!—i—pa}"]' (9.9)

rie B — wmpuna npAMOYroMbHOrO mnojBoiAuero kauata. Hamop H s
3uaveHaTe¢ TPeThbero YJIeHa NepBOr0 MHOMHTEN NOICTABASETCH B CaH-
THMETPaX.

Ecau ropuzouT BoAbl msnkiero Gbeda sblle rpefHs BOLOCINBA Ha
Beanuly An (fla — BbICOTA NOATOMICINA BOLOCINBA) H Z/pn << (2/Pn)wp
(ta61. 9.2), TO BOJIOCTHB C TOHKOI CTeHKOH C.eIyeT pacCHHTHIBATH KAK
3aTOMIEHHBIH, T. €.

g = TnMou (9.10)

rie KoabdHUNeHT NOATOMMIEHHA COn HAXO1H CR MO 3MOHpHYeckold dop-

my’e Basena:
ha\ 4 2
Un=l,05([+0,2?;) ?. (9.[1)

HaknoH B0OJ10CAHBROH CTeHKM Bnepeil YBEJIHYHBAET, a Ha3al yMeHb-
twaeT ko3¢ duLLenT pacxola i1n pacxod B R pa3 (rabiu. 9.3).

Ta6auma 9.2

3uagenna (2/ps)p B 3aBHCcHMOCTR OT H/py (p; — BBICOTA CTEHKH
BO/IOCJAHBA CO CTOPOHH HHMKHero Gueda)

Hip,, o (023105 | 075 1,0 [ 1,95 1,5)1,?5 20 | 292525 | 30
|

(=/Pe)ep | 1.0 | 08 | 073 069 | 067 | 067 [ 065 | 060 | 071 | 073 | 076 | 0,85
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TaGnruna 9.3

3HavernHe MONMPABOYHOIO0 MHOXKHTCAA K KoddhdHUHeHTY pacxona
NPpH HAKJOHE TOHKOW cTeHkHW na yroad 6 or sepTHkaau

tg 0°
2011 BOROCAHBHON
CTeHKYH
Iy 4 5
il 3neped ., 1,05 1,09 [,11 L,10 1,03
il Hasan 0,96 0,93 0,91 - -

Tabauma 9.4

Koopanuarhl s MOCTPOeHHS KpHBOJAHHEHHOrO mpoduas
(cm. puc. 9.2) GeamakyymHoro sojociHBa (manhbie KpHrepa—
OdHueposa) aaa Hanopa H=1

|
y x Y ‘ y ¥
! s

0,0 0.126 1,0 0,256 2,0 noss | ap 2,924
01 0,036 Nl 0,321 211 1,369 31 3.013
02 0,007 1.2 0.394 2.2 1,508 3.2 3,207
0.3 0.0 1.3 0,475 23 1,653 33 3,405
0,4 0,008 1.4 0,561 2.4 1,894 3.4 3,609
0.5 0.027 15 0,661 2.5 1,960 25 3.818
0,6 0,06 1,6 0,764 2.6 2,122 3.6 4,031
0,7 0,10 1,7 0,873 2.7 2,289 3.7 4,249
0.8 0,145 18 0,987 2.8 2452 38 4471
09 0,193 1.9 1,108 29 2,610 3.9 4,698

40 4,930

Bopocans ¢ kpHBOAHITEHLIM OpOGNIEM, MOCTPORNILIN no (hopMe
ca060IHOt CTPYH ¢ HeKOTOpslM pactuupetilieM 1ja obecnenenna Ges-
OTPLIBHOTO OB6TEKaHHA BOAOCTHBHOW cTelKd MO Koopaninaraym taba 9.4,
Lin3bIBAETCST BOMOCAHBOM NpakTnyeckKoro mpodpnna Kpu
repa—Odnueposa.

Hanop [fyp. ¢, HCXODA H3 KOTOPOro CTPOHTCA OCUOBHAR KPHBOIII-
Heiifaa 4acTh BOAOCIHBHOTO HPO¢HJ1?I Mo KOOpAHHATAM, BLIUHCAEHHBIM
LYTCM YMHOMeHHs KoopaisaTr Taba. 94 ua Mnp ¢, HaszwiBaetcd npodii-
AHPYIOLLIM.

Kosduunent pacxosa BoLocanBa ¢ TAKHM MPOPHIEM H BEPTHKA1b-
HOI 11aNOPHOfi CTeHKOH MOXeT GblTh BLIDAYKEH B BHAE:

_ H, )i,’B ,
g = 0,49 (MHW " (9.12)

8 KO3 (ILUHENT pacxoia 3aToNIEIIOr0 BOAOCHIIBA:
Mg = MyOyp; (9.13)

kodbHIUIRET TOATOMIEHNA O, MOMKIO npHINMATL N0 KpHBoi [
puc. 9.3, noctpoentoil no laugwy A, C, Llpntgesa.
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Ta6anuga 95
3HaYeHHA KPHTHUCCKOro OTHOWEeHHS mepenamoB (2/pulip

fip,,

y

0,1 0,2 0.3 04 0,5 0,75 1.0 2.0
0,35 0,92 0.87 0,85 0,84 0.84 0,86 0,87 0,94 1
0,37 0,91 0,33 0,83 0,82 0,51 0,80 0,82 0,88 0,47
0,40 0,89 0.84 0.81 0,79 n77 0,75 0.75 0,580 0,86
0,42 0.59 0,84 0,80 0.78 0.76 0.73 0,73 0.76 0.82
0,48 0,88 0,82 0,78 0,76 0,74 0,7\ 0,70 0,73 0.79
0,48 0,86 0,80 0,76 0,74 0,71 0.68 0,67 0,70 0,78

Jlas Ge3BakyyMiabiX BOJOCTHBOB TNPaKTHYecKOro npoduis ycIoBHA
DOATOMJEHHA T€ i€, UTO M 1A BOJOCNBA C TONKOH CTeRKOIL:

szl w Ll E ) ©.14)
Pe A Pa

3uayeHHA KPITHYECKOrO OTHOIIENA MepenaloB ¢BOSOIHOM MOBEpX-
HOCTH 2 Ha COOPVAENHI K BLICOTE MIOTHIL fa, M3Mepeniof B HilZKHeM
Gohee, MOKHO B3ATL no Tabi. 9.5 B 3aBiciHMOCTH OT KOG PHILNENTOB
pacxoxa mu.

Coraacno neeneosavnay H. T1. Poszanopa, Halayuinmgy BakyyM-
HelM npodmieM ApIneTcd npodildb € IMAMITHUECKHM OUYEPTAHHEM Oro-
JIOBKA NpH cooTHollenny ocelt sannnca 2—3. Kosdduuient pacxora
418 BaKyyMELIX Opoduineil B ¢peaileM COCTABIALT:

my = 0,55 +0,57.

Max  rajevoe sHauerle BakyyMa Mol cTpyed

has; = (1.3+1,6) H., (9.15)

Yeaosna NOITONIENHA TakAX BOIOCAHEOR CARIYROLLNE:
< Z<(L 516
=0T T Pu) (8.16)

3nageia xosddHUreHTa nHoATONIEKIL 0Ox, BxodAune B (9.13),
fnpeicTaB. el KpHeon 2 na puc. 9.3, 4.

Pacxon uepes HeaatonMednLifi BOAOCIHE C LIHPOKIIM NOPoroM H
NpAMOYTOMBHEIM BXOIHLIM pebpoy onmpelensercd no (9.8), a kosddu-
[IHEHT pacsula — ov Qupvyae

my = 0,32 + 0,065, (9.17)
rie o= w/Q,
@=Hb —110mals BXOIIOrO ceueHifi noToKa fpi Hanope H;
Q= (ff + ps) B — naowaib noToKa lepel BOAOCIIBOM.

Puc. 9.3. Tpaduki a3s onpeienennd RosddiiuueHTa MOATOMIEHHA

¢ — 178 pa3amIMUBIX BoaocauBob: | — Kpurepa—Odiiieposa; 2 — BIKYYMHOTO; 3 — ¢ wi-

POKIM roporoM; 4 —c napaGomnueckofl dopMOR OTBEPCTHA, § — TPaneueHIadukioro

(tnnoastTin Pg> 3h; 6~ TO e, ¢ Py =U; § ~ 179 BOIOCIHBOB TH3aMeleN1.ILHOTO

npudias; um&ue 1—4 cooTserLTBym'r BOJOTAHBEN ¢ m=m,=", l 2; 3; KpHEHe
9-—1— m, =-i 2; 3; m,=0, xpuBLle §—i0—m=U m=1
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Ta6auuma 9.6
3uavenHss § M k [0J9 BOLOCJHBA C IMMPOKHM MOPOTOM

my 0,30 0,38
1] 0,943 0,956 0,996
k 0,415 0,45 0,612

FayGuny h Ha nopore BOAOCAHBA MOXHO HAHTH M3 YPZBHEIHH
Q=chb V2 (Ho— h) (9.18)

h=kH,, (0.19)

lpHYeM @ H £ GepyTcA B 3aBHCHMOCTH OT BeaNulHbl My Mo Tada. 9.6.
[To A. P, BepeaiHckoMy, BOLOCTIB ¢ IWHPOKIM [OPOTOM CTaNo-
BHTCA NOATORJEHHLIM npH fig/ffy == 0,8, npiuex kosdduiuent noarorn-
Jelnns onpeleaaeTca no kpHsoh 3 Ha puc. 9.3 a.
Bausuue GOKOBOTO CXaTHHA YJYUTLIBAETCA BBEJeHHEM B
ocHoBnyw (Gopmyay pacxoida (9.8) koshdnuHeHTa ckatig, 8 310M cay-
yae pacxol ONpelensioT no gopyyaaM

Had no dopmy.ie

Q=meb V2gH (9.20)
HJH e
Q=mb V2gH, (9.21)

rae & — koahdniunenT OOKOBOTG  KATHA, B3aBHCAWHA OT YCJAO0BHH
BX0AA;
b: = eb — «3ddeKTHBHAA» [IIHPIIHA BOAOCAHBA.
Kosddnuuent e npu H << b vacto onpezeasiior no dbopyye

o,

% (9.22)

e=1~-~0,1n%
a be — COOTRETCTBEHYTO MO dopuyne
bo=b—0,lntH,, (9.23)
rie & — kosddunnent dopMul GeperoBslx YCT0eB BOLOCHHBA MpH BXOJ1e
HAH OPMEl OTOJIOBKOB NMPOMEXYTOUHBIX GLIKOB, MPHHHMAaeMbii
E =1 ana exoaHoil rpann ¢ yraom 90° B & = 0,7 ans ckowex-
HOM MO yraom 45° nau sakpyraedHoll no paimycy;

n — 4Hca0 GOKOBHIX caaTHiL
ITpn Hy > b, no 1. H. TTapnosckomy,

be = (1 — 0,1%n) b. (9.23a)

I'Ipn 6oslee Menkow feneHHH BOJOCAHBA HAa OTAEMAbHEE MpONETHl
TNpOMEXKYTOYHBIMH CTOHKAMH OPHHHMAOT:

e =0,85+095
256



Bangune TOHRNX 6BIUKOB HIH CTOEK HA BOJOCIHBE € LIHPOKHM Mo-
poro E. A, Uyraepa npeinaraer yYiTHIBATL He KO3QPHIHEHTOM cxa-
THA, & JOMOJNHTEIBHLIN MECTHLIM CONPOTIBIEHHeM CTOK, COrJacHo
13.98).

J11s BOJOCANBOB Tpaeueiia bHoro nNpodHIs ¢ oTHOCHTETbHON UIH-
pruHoft nopora O/H = 05+ 1.9 rosdduunuent pacxola (Ge3 moieola
BO3AYXa MOA HHCNAJLAOWYK CTPYH) MOmeT Obirk BLIPaXeH B BHIe:

H/b

iy ==——e 9.24
T e el (&2
rie

HHIKHX BOJOCJHBOB , a=10,426

CpeIHHX » a==0,510

BLICOKHX > a=0,508

Kospduunent noironneHus mpHHAT nmo rpadn  Ha puc 9.3, 6.

§ 9.3. PACYET H3MEPHTE/bHbIX BOAO0C/IHBOB

TpeyroabHsle BOROCAMBBI ¢ TOHKOA cTeHKOH. Ecmi yron mpu Beps
WHHe TPeyroabHoro Bojociusa o = 90° TO DAaCcX0A MOKHO OMpeleNATh
no dopmyae Tomcona:

Q = 1,4H% [n%/cex], (9.25)
HJIH HECKOJBKO TOYHEE:
Q = 1,343H%% [w¥/cex], (9.25)

rie H — Hanop, .

BeanuuHbl pacxoia, BeIMHCIcHIBE no (9.25) (9.26), npuBelensl
B 1af1. 8.7.

®opmyaa (9.26) AaeT TOUHLIE pe3yabTatbl Mpi

pe=2H; B>5H, H=6+65 ca,

rie pg— BLICOTA BOJOCIHBA CO CTOPOHLI BepxHero Gueda;
B — mHpHHa npaMOYToaLHOTO MOABOAAUIETO pYyea.
Tpaneuenpanbhele Bogocanen (puc. 9.4, a). Quir paccuHTbIBAIOTCA
no dopuyae

Q=m(b+08tgaH) V g Hy (9.27)

dasi Tpanellenl1anbinoro BoloCa¥Ba ¢ TOMKGH cTexkoil npu yrae
a= 14 (lga =025 n b=41 (Boaocanps HHroAeTTH) pac-
X0 MOMKHO ONMpeletsiTe no opiyae

Q=mbV3gHY, (9.28)

rae, no ¢, JI. [TonoBLAR, 1714 HesaTonJeHNMord BOI0CIBA NPH COBep-

[IeHHOM CAATHH
i S D B DR (9.29)
H,

Q 3ak. 504 237
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[ a npil HemOJHOM CXATHIN (ps = 0y

0,24 cx
|| '

= — it
my = 0,423 o 2.30)

TaGnumna 9.7

3nanenns pacxona TpeyroabHoro sonocaupa (yroa npm mepuune o —=90°) B a/cex

| 23 Pacxox  noaronnicHHOro BOI0-
=¥ | cansa VMEHLLIICTCH MO CPaBHEHID
! ¢ pacx010M,  BBHIYMCIEHHBIM Mo
‘ (9.28) ¢ yuerom (9.29) wan (9.30), 8
=% 2 i =2 | O« pa3 (kpuuwie & w6 Ha puc. 9.3):
N e
Il m = Oy (9.31)
|
l wg enesoie BomocAWBB (pHC. 9.4,
»& | a). OHil yeTpunBawTC® B KONIE Ka-
HAJOB, nepenacoB Hall GLICTPOTOKOB
6e3 nopora W nNpeaHasHaueHbl 1%
— | NoAnepianua 3apanee  3aAaHHBIX
e ypoBHeil BOABI B KaHafe, Mo Kpaii-
“ I'el Mepe npH ABYX pacxoaax.
i LleseBoit BOAOCIHB COCTOHT H3
sy | @ | 0OHOTO WJAH NeCKOTbKHX TpaneleH-
i ‘ 8% | naquueix  BOIOCHHBHEIX  OTBEpCTHl
| M paccyHTHIBAETCH NO (opay.ie
' oo Q=m(b+08lgaH)nV 2g H"
x® 2 =5 ' ¢
e |\ - (9.32)
- : rae b — mupiHa  MORM3Y  Kax10il
f‘igz LLe/1H;
- \ ¢~ Yru1  HAKAOHA  GOKOBOM
| KPOMKH K BepPTHKa i,
e s N — YHCO blesled.
5% 2 Mo E. A. 3amapuuy, npu naas-
HBIX OQUEpTaHNAX BObINKOB  (npie-
HsleMblX O6LIYHO Ha NPakTHKE) Ko-
a SOPULNEHT  pacxona My MOMHO
‘ e | mpuummare:
- -
‘ H=1 m=0.475
S -8 H=1+ m, =045
S3 aR H=i m, =0,493
& H=2+ m,=0,510
O'I:? “
| ois Hucao weaeit npHMEpPHO PaBHO:
{ B
: e -
‘f # (1,25 +1,5) Ayake * )
s | __ | rae B— wnpnna nomeoisiiero xa-
58 g3 Hana;
2 e u es hyare — .1y Guna paBHOMEPHOTrO
s g2 s | 22 ABHMKEHHA B Kanate npH
B o AT Qu



9.4 CxeMul ROLo-
CJHBOB
esepoit  (Tpaneileaan.
HBl C ph=0): 6 — monnn
Lionaasnefi; g—06c3 nopora
(PB=0) npH pasavynx yco-
BHAX GOKOBOMO CXKATNHA

Boiupcaaa s (9.32) cpeali. WHPHULI :KIBOTO CEYEIINA KOTOKA B

{1.10CKOCTH OAHON wead bicp H

@ u Qu

byep=>b+081gall;—

u{Jg ep T b + 0.8 tgﬂ[?fz =

Ha X0 HAM:

tea=123

am ) Z&Hm '

byep NpH JBYX pacueTiblX pacxojax

(9.34)

(9.35)

(9.36)



TNponopunonaasibie ronocanesl. M3McpsTe W Pery.THpoBaTE MOTOk
KHIKOCTI TIPOCTHIMI if HALEZKILNGI CPEICTBAMH [OIBOTAIOT NPOIOPLLHO-
HAJIbHBLIC BOJOCANBE € HPAMOYTOJBNON NPOPEsbIo B WAKUed uacTi o1-
Bepetiia (porocansm Cyrpo; puc 9.4,0). ¥pasdene pacxoila
yepe3 TAKOI BOLOCANB lIMeeT Bitl.

Q=mb Voga(H — Aa)=mb } 2ga I, (9.38)

Tae h = H —005b;
b — wHpIHA KaHa1a;
@ — BLICOTA NPAMOYTO.ILHOrO BhiPe3a,
A = 0,056/a — xoapduisenT, ONpCALTMOULHIL N0N0KEle HYAH OTCYera,

Tpk b fa=20 3N, m=0,60
» hmfa_lﬂ -20 . n=—U,61
hpfe= =3+ 10 m=0,61

3i1ech fig — namop Hal TAOCKOCTBIO OTCUETA, COOTBETCIHY IOLLI
MaKCHMa ILIlOMY PAcXOAy iL1i BepXueMy Mpeiely il3Mepelina npnbopa.

B ta6.. 9.8 nplBe:ciikl OCIOBUble AatiHble YIHGHUHPOBAULOrO Pfla
HPOMOPUHONAILILIX  BOAOCAHBOB  AaA Kawanos wnpnuoi ot 200 no
900 AtsL.

Yro6il NPONOPLIOHA.bHEIE BOAOCIHBL paloTalH KaK 11enoATONAeH-
Hple, OTiloulelile Vpostieii 10 H 10C1€ [PONOPUHOHA.ILIONO BOLOCHHBA
JoaxHo Guith lie 6oaee 0,6.

Koopanuathl KPHBON BOMOCAIBA MOZKIO BLIVHCIHTE NO GopMyae

92 Ty
o (1 ——arclg ] -f;) (9.39)

Tagauwma 9.8

Makcumanbubie pacxonst Q. (#3/4) npn yHHGHUM)pOBAHHKX
pasmMepax NPOMOPUHOHANLHBIX BOAOCHHEOB

Bhicora 3HaenuA BepXICro Mc/eia naMepenuii ypopue-
IHupima npsAso- Mepa to. MM
10TKa b, | Yro.sioro n
MY Bulpe3d a,
Hat 25 I 401 l 639 ) 10
200 27 125
42 161}
6t 200
30 29 15|
45 162
73 -
45 G
81
630 74 630
15 i
154 =
[']i])

200



TaGnannma 9.9
Fe3:133MepHbIe KOOPLHHATH NPOPHIA KPUBHX NIONOJUHOHAALUBIX

BOJAOC]HBOB
a0l 0,2 0.3 0.4 0,5 0,73 1 1.5
) 0,721 0,635 0,613 0,612 fee 0,511 0.438
2 2.5 l 3 [ 3.5 4.5 5 6
0.393 0,36 l 0,334 ’ 0,313 0,284 0,272 0,252
7 8 9 10 14 16 20
0,235 0,219 0,216 0,2 0,168 0,157 0,143

pitivan suavenus y uepes 005 hq B Hawane kpuBoir (wa yuacTke
focbwioll KpnBH3Hbe) W ovepes 0,1 An Ha OCTaqbidM yvacTKe KPHBOH, HaH

natinelM 1261 9.9,
lapaGoanueckne Bopochnebl. Takwe BOLOCHMBLI MOTYT pacCYHThI«

1Lca no dopmyae pisa:
Q=m YV 2p, My, (9.40)

1e Pa —-NapaMeTp napadorur

CornacHo Hccnenosanuay . JI. Tlonoswsan, kodpduukeHT pacxoaa
rpit Banopax o =7 cx papei mu = 0,632 npu pu < | ot 1 Ma =
= 0,655 npH pu =1 cx; ApH Hamopax e Ho << 7 ¢4 ue3aBHcHMO OT
BICOTH BOADCANBA 0Pl Po << | ¢

0,158 ¢ |

1y = 0,645 — H, : (9.41)
LM OCTadibHbLIX BOAOCJIHBOR
iy = 0,66 — Q-E—‘Q’ys—ii (9.42)
(1]

Jaf DHpOKHX BOAOCTHBOB € pn &2 10 cat B y10BHAX COBepluen-
Horo cxKatis ctpyn my == 0,655 npu J106wiX 3HaveHrsx Hanopa M.
3ravenns Ko3PuUHeHTa NORTOMMCHIIA On, Yeped KoTopuil no op-
1e (9.31) smpaxaerca m, npeacTasdaets Kpusoii 4 na puc, 9.3,a.
Kpyroseie Bogocaussl. Ol paccunthisalotea no bopayaas

Q=m, Vg Iy (9.43)
Q = > I’@fg n'l (9.44)
Q==m V2g DH, (9.45)

ric D — anavetp TpyvBil, B KOTOpOIi yeTpOEH BOIOCINE,

It — ray6uia na pedpe no10canA,

3uanennn woadduninenta gy, noaydeniiie mAMII 110 AAUHBIVM PO~
seaeniinx @, JI [lorosean gecaetapaniii Bo1oCaBA TOHKOI cTen-
KOiL, 1 M, npuBetetd ua pie. 9A0 Taw ke 0pHacItin 01nacHTeIbiie
P a1 i1 g rpeBie rosTec L,
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A
/8 b mou o0 = A/ D=ep( D)
0'8 ﬂg’jb / ‘
focom e Ty
SN =
U merlno/or | Y mef(h/D) .
V4 8
b AT S
e / T
62 // | == J’ﬁ‘\*h—J
[ 1 AN
| [ o7t |
0 g2 04 06 a8 1g 12 14 16 18
m Hcfﬁ

Puc, 9.5. 3naucunua kosdpduudciitoB pacxona m; H iy, BXOLAWHX

B (9.43) u (9.44), AnA KPYroBOro BOAOCHBA C TOHKOH CTEHKOH npH

BoicoTe ero pp=0 H py>3h a TaKike 3aBHCUMOCTHL MEXAY TJay-
6HHON BOAbl HA rpefHe BOAOC/HBA M HAamoOpOM Ha BOJOCJHBE

K) T T[loiyfospHuoBLIM NpemioXKeHa AelyIOULAA  34BUCHIMOCTh
a1 om B (9.49)

_ H/D
mﬁa-}-fbH/D’ (9 46)
aMnipHyeckue  koadduiie: BXOAAWNE B 3Ty GOPMY.1Y, JaHbl B
Taba. 9.10.
X. A Tubap pexomeiiyer:
Q = My V2gH (9.47)

371eCh @ — IMOLLAAb 1TONEPEYHOrO CEYEHHA NOTOKA BO BAOLHOM OTBEp-
ctun TpyOH, rae raySuna moToKa NpHUHATA paBHoil H;

g = Mogkkiky; (9.48)

o — Ko @uImenT pacxoia HOIATOMAENNONO HOPMAjibHOTO BOAO-
C.THBA € IUIIPOKHM LOPOTOM,, YUHTLIBAOWKA CKOPOCTHON Ha-
nop nOToKa, CBA3anumii ¢ koadgduiuiclitoM pacxona my 6es
yueTa CKOPOCTHOTO [fanopa, Buipakenunm (9.17), caeavio-
ulefl 3aBRCHMOCTLIO

My=-- (9.49)
(1 - G"mé)

k — rosddHuiienT, YulTHBAIOWHIL BANSHNE OTHOCHTEIEHOTO 3a-
UOJHEI S BO BXOTHOM Ceuelllih HA 1IPONYCKHYI0 CNOcOdHOCTS
TPYOBL 118 KPYT.106 Tpy6ol

T

k—=084023 { g | (9.5M)



Taﬁ.’inu\a 9.10
3uavenun q H- b, pxonsnx B (9.46)

e —
‘I BOJOCTHEDR a b
. I'. TloayGoesapuxosy: )
(0°HE ¢ TOHKOH CTenKo”
_avdena w Wrpayeay | . ‘ 2 0,43 2,65
p 100 MB € WHPOKHM ROpGTros K
al NN MOYTOJIBHBIM BXOAHLIVM Pe6poM:
upit pp=04a B> D 0,53 2.9
Pg>UrB>D 0,9 2,9
Pg>0» B=0D ' 0,7 0'576+2'3P3(D

—_— e
0.3 + U994 pB,”D
) COTPBIM FOPHIOHTATBHBIM BXOT

#, = Baa .| oss 3.0
5] CKPYTAGHHBIM (M0 patuys  r) BXOIHIM peBoom )
) f’5>0}[B>D 0,9 E%M
UL T
Mo H. T ABY — BOJOIANE € W To- 2no
rov:
it DyB=0,164, prH-_—[},”' + 0,22, H/D=0,6 + 1,0 0,51 330
DB=03% p /H=022+ 273, HID=0,% + 10| 074 219
D{B=0,8, p,/H=0,13+ 121, H/D=0,2+0,75 0,785 2.41

£ — KO3(PPHUKEHT, YyUNTRIBAKWHATL BAHAKHe OTHOCHTEILHOR gapnw
8/H u yraowa 1pyGel; npn 6/H = 10

_ . 0,04+ 8
kt—l,O‘i-f-lﬂm'ﬁ: {9.51)

kj — xosbbHINENT, yUMTLIBAOWNMI BJANA:IE OYEPTaHHS orgnosKa
TpyObl HA ee NPONYUKHYHO CNOCOBHOCTL:
a) npH pa3BopoTe OTKOCHLIX KPblibeB lin 179 OPAMOYroThHRIX
py6
A 3y =
kf=1+40089(1 —0)*}V'n, (9.52)
a Aaf Kpyrawx Tnyf
LI 37—
kf=1+0065(1 —a)*} n; (9.53)
6) AnA KOPHAOPHOrO OTONOBKA, a8 TakK»Ke OTO.JUBKOB C OTHOCHTEIb-
HEIN pazdycoM 3akpyraewnd r/b = 02 (wtn r/D = 02

1,14 40,1250

=it yrimn—o"

(9.54)

B) Aa8 pacTpybHOro H 08TeKaeMoro oronoBKoB NpH 0=0,22:023
kosbduunent £y = 1,08 = 1,00
Kpyroeo#i BOJOCTHB ¢ WHPOKHM noporom 6yieT 0OITORIey, ecad

by >(0,94+0,8) Ho (9.55)
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OBoHaaabHbic BOAOCHHBH € WHPOKHM noporom. CoriacHo Hecseno.-
Banuay . [T MapTbiiioBa, OHH Take MOTYT ObITh PaccinTaHbl ng
(9.45) n (9.46), rpe

npn D/B=0,299-+0,387 a=189 K =28
» D’'B=0,536 a=1,74 u b=2,7

Dpu stom H/D = 03+ 1,5 n ps/H = 0,02 +09.

Perynipytouiie BOAOCAHBE. ITH BOLOCINBL TIPHMEHAOTCS AR Nox-
AepHaHHuda MOCTOAHHOA CKOPOCTH B COPH3OHTAaJIBHBIX MECKOJOBKAX ¢
l']pil!:tO.ﬂlIH&I"{Hbl.\! ABHEeHHEeM BOAbl M NPEACTABIAT cobon nepenajin
BHICOTOR Ap H whpnHol b (b << B; B — mmpuna Kanata nepea Bojo-

CJHBOM): B “Bo [1—£h 3y
. o_ 1/ 9.56
mY 2g ( L5 & ) e

Quake
Quaxe ; k— kb - Quvimn . 1— &=
Bv 1—Fkh Bu 1—kh

Ap= . (957)

rae Quaxe B Quu MAKCHMAJBHBIE ¥ MHHHMAJbHLIE pacxolw, mpH
KOTOPHIX CKOPOCTH B MECKOJOBKE J0JKHBI OBITh
paBiibl v;
ng.\nm/Q.\mnc;
m — kosbdulHedT pacxola BOACCTHBA ¢ IIHPOKHM MO~
poroM npH Hyseroft BuicoTe nopora (taés 9.11),
Mpumep 1. [Tpousseser pacuet peryanpyiollero BOAOCNHBA, YCTPOEHHATO

B KOHLE MeCcKONOBKH, IWHpHHON B =1 M.

CKOpoCTh B MEcKOI0BKE NPH MAKCHMAJIbHOM (QMaKC=ESD /.;!cex) H MITHEManb-
HOM (Q“"H=w Ajcen) pacxogax gpoaxHa OuTh v=0,3 m/cex. TIpuneM KOHCTPYK-
THEHO B=145° (ctg b=/).

[To (9.56), npp m = 0,35

g T3/ 1—0.4% \Y
pm 1103 l/" 1 0,3( L0l W s
0,35 ¥ 19,62 0,15 1-0,4

TaGauuwa 9.11

3navenns m And BoAociawea Ges mopora (ps=~0)
fipH DA3JHYHBIX ycaoBHAX GokoBoro cxatus (cM. puc. 9.4,6)

ctg 0=0, ctg 8=0,5 ctg B
b/B unu r/be=0, | nau r/b=0

=10, ctg 6=2,0,
.1 =
uau efb==0 | nan e/b=0,05 | nan e/b =

1,0
0,2, | nan rib=0,3 cig B=30
0,2

0.0 0,320 0,343 0,350 0,353 0,330
0,2 0,324 0,346 0,352 0,358 0,352
0,4 0,330 0,350 0,356 0,338 0,336
0.6 0,340 0,356 0,361 0,363 0,361
0,8 0,355 0,365 0,369 0,370 0,369
09 0,367 0,373 0,375 0,376 0.375
1,0 0,383 0,385 0,385

0,385 0,385

IIpavMeuanus K pue, 94,8 [—cayyail ycToeB €O CKOUWIEHHBLIMH Mof
yraoM 0 BepXOBLIMH FpPAHAMH;

2 —~cay4all ycTOeB C HOPMA.TbHBLIMH K TEYEHH!O BEPXOBLIMH TPAHAMH H € CKDYTr-
JNEeHHBIMH pafHycOM 7 BXORNbIMIL BEPTHKA.TLHLIMH PeSpaNH;

J=Ccay4yal ycTOeB ¢ HOPMa.lbWuiMH K TeyeHljo BEPXOBMMH FPanAMHE Ha PacCTOR-
KHH @ OT BX0A3a H NPUTYNI€HHBIMH N0 yriaoM 43° BXOSHLIMH BeDTHKAMbHLIMH
pebpaMy,
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Puc. 9.6. Jlotox [Tapwans Aaa uaMepeHHs pacXxona BOAH

1 — #eaczoberoniioe aninue, 2 — noarotoBka H3 Geroda M-50-100; 3 —rasosan tpy6a
d==63 um

0,06 {—0,4—"%
103 1=0.4%s

Mo ta6a. 9.1, npn b/B ~ 0,2 koshduinent m = 0,332, 4To Ma.10 OTAHYARTCH
OT NPHHATOTO 3HAUEHHA, MOITOMY MepecdeT He MPOHIBOAMM,

Ap= =0,16 x.

Jlorks Bewtypw u Mapwaas. Oun WHPOKO GPHMENAIOTCA 218 H3M2-
|PeHHA PAcX010B B KAHAJH3AWHOHHBIX 10TKAX.
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Tatauuwa 9.12

PaiMephl maMepuTeabHHX A0TKOB, npuMeHAemux 8 CCCP,
B 33aBUCHMOCTH 01 NponyckHo# cnocobHoctH Q

Pazuepnl, ci
Qe Q.\g
Alcex A b A B B
5 [10 25 132,5 69 e 99 78 53 22,5
5 50 39 133 69 i 92,5 54 67 22,5
19 754 50 143 69 9 98,5 113 80 22,5
10 1139 73 157.5 67 @) In7 138 105 22,5
20 1370 I 170 60 . 115,35 163 130 22,5
20 2000 125 182,5 69 90 124 19% 153 22,3
30 3099 139 195 60 90 132 228 18% 22,3

Craniaptiasa KOHCTpYKUMA JoTKa [lapwais, paspabGotaHHas B
CCCP (puc. 96 u 7taba. 9.12), ceaabiBaeT pa3vepbl OTAEIbHBX 3.e-
MeHTOB onpelelenubiM o6pasos. B rop.a1oBHe 6OKOBLle CTEHKH CTPOro
BEPTHKAIBHEl, @ JHY lpuiay ykiou 0,375 B CTOpONY NBHMKeHHS BOAGL.
Mpu b > 30 ca 11MHy noapoAAwlero pactpyfa 10 ocl 10TKA NPUNH-
MatT paBHolt ; = 0,50 4 120 cu, wupuny sxeia — A = 1.2b 4 48 cu,
wHpKHy Beixoga — b = b 430 ca, 1anny ropaosuHbt — Iy = 60 ¢,
a IIHHY 0TBOIAWEro pactpyfa 10 ocH JoTka — [y = 90 cu. [Ho nmoi-
BoJAllero pactpyfa JenaloT TOPH30HTAJAbHHM, a AHO OTBONAULErD
pactpyfa — ¢ obpatHbiM YKaoHOoM (K ropjosHiz), paBHbM 0.166. Ulu-
pHHA cyxeHHOli yacTH (ropJIOBHHBI) 10TKa Ha3HayaeTcA oOBIYHO B npe-
Jleax OT 0IHOM TPETH AD NOJOBHHbI WHPHHBI KaHaJa.

Pacxoa cTourklx Bol Q .npH cBOGOIHOM HCTeyeluli ONpeielfiT Nu
SMNHPHYECKOR 3aBICHMOCTH

Q= MH" [xcex], (9.58)

rie H —ri1y6uHa BOAbl Uepel 10TKOM B ceueliitd {/—[/, Haxodsulemcs
Ha pacCTOSHUH %/3l; OT ropmoBiHel, M. 3HaueHHA Koadpouuuwexta M u
TIOKa3aTess CTeNeHH f  3aBHCAT OT WHPHHBL  TOPJOBHMHBL  OTKA
(taGa. 9.13).

Ipusenenuble 3HaueHna M u n B (9.58) Bepun. korna rayGuHa
BoLb HA TpaHuule paamg:oa [y n [y menbwe 05 H 11% J0TKOB ¢
b = 15 ¢m u menbwe 0,7 H pan aotkos ¢ b = 30 ca.

Ta6auwma 9.13
3nageHnas M u n, Bxogauux B (9.58)

b, M 0,5

M 0,384 1,182 2,365 2,958 3,348 10,95

1,522 1338 1.6
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Totrok [lapmais ycraHaBiHparT Ha Kawatax NMpavOYroILHOr)
-2uns lunpioh He venee 40 car
Jorki ¢ Kpm‘uqegxoi& ray6uuoii. Ha kananax ounerims coopymke-
vasoil CPCIHEH NpOHIBOMIITCIBHOCTH 1.d H3IMeDEHHA Dacxoil0B
AHARKOCTH V10810 NPEMeHATL NOTKA C KPHTHYECKMI r1y6uuoil,
5 Ko pLIX 34 CUYBT CYWKelH# Kanaaa oT WRpHiuW B 10 LupiHLl rop.o-
ail. b B CYKEHHOM ceueHin VCTANABIHBACICA «KPUTHUECKAA T1YOHHa»,
Or  slciide WHPHILL K JHHE LI y4acTKa cyKedifd OGLIUHO HpHilH-
wawl 113, 2 238 yyactka pacinpetins 14 iy ropaosidu l; wua-
7 wlOT B TpH pasa Guibillcl Makcivaabnol rayGiitel B Kaldde nepel
a0ikoM (f2 = 3 uanz).
[Ipi mpomycke Mak(HMagbHOTO DPAcX0.1a fuwane HPEIELILHBIA \pO-
BOALI B OTBOAAUlEM pacTpybe hy = Hupen Ne A0AXKe:d 1IPEBLILUATL
lis BOAbI Ao PaBHOMEPHOro [IBHXKEHHA, T. €. Agpen = Ay [IpH sTOM,
06ecneqitTh cBofOAHUE HeTEUeHNE B JIOTKe, KPHTHY2CKad rayGHHA
"4 B FOPAOBHHE J0AKIia ) 10B.1eTBOPATh COOTHULIEHER

hnpen= (1,2 1,25) Aype (9.59)

IIxputa TOpAOBH  MOTHa ONpPELleAReTCA MO KPHTH CKOM rayGHHe:

b= —JMake (9.€0)
hxp ¥ Ehyp

HMa pacuetnoit dopuynst A. I AabTuiyad 479 OMpele’eHHA .pacxo-
Aa CTOYHOH BOABl 4Yeépex TaKo# JOTOK No rayGHHe noroka h. B NoABO-
Adsdules KaHa.ie:

g = Abh? (9.61)

BUIYHCARIOTCR: NMPH Guaxe — BEJAHYHHA MOIMNEPTOTO YPOBHA BOALI ) yanc;
NiH anu — 31aueHHe A yau. [lepBas BeIHUHHA He JD/MKHa TpeBOCXo-
LilTh AOMYCTHMOM 1418 NOABOMAUIRrO yyacTKa JaHHOTO Kanaia, a BTO-
pdf He AonkHa Obirb CAHWKOM Manol, yTofbl He TOBIHATE HA TOY-
KUCTb H3MepeHHs PacX010B BO1b.

Kosdduument A B (9.61) 3aBHCHT OT CTeNncHH CXaTHA MOTOKA
(tabm. 9.14).

Bopocaussi ¢ 3yGuateiM rpeGHeM, 18 TakWX BOAOCTHBOB, PEKOMEH-
avemux B. M. Xyaeixo 1as aspaildit cTpyH, npH Bmcote 3yGues 50 aw,
whrpuie 100 aw, ¢ yraoMm npH BepwnAe 90° kosddHUHEHT pacxola
B {9.7) npumepHo pasex 0,41, a vanup H OTCcYHTHIBAETCA OT CcepelHHB
rpanet 3y0bes.

Ta6nmua 914

3Juavenun A, sxoaswero B (9.61)

b/B 0,2 0,3 0,35 0,4 0,6 0,7 0,8 0,9 1.0

267



§ 9.4. BOAOC/IHBbLI-A3PATOPL!

Ha nepenalax B BOJOCTIBAX 1IPONCXONIT CcuvecTBeNoe aspHponad-
HHe BOIbl KaK 3a cucl 3axpiaid €0 armMocepuoro BO3IYXa, Tak K
BCJEACTBHE TOBepXHOCTHOH TypOyaeHTUOH JnpPy3sHH KHCI0pOA2  H3
arMocdepHoro po3lyxa B Bo1y 1 T. I

Coracno Heeaeaosanusay BOJTEQ, ontevaauHblil \dedbHulil pac-
X0J Ha BOIOCJHBAX ¢, NpH KOTopoM ofectieuilBaercd HauSoautunit 3¢-
(heKT HacblLleHHs BOAL KHWIOPOIUM BO31yXa B PeiwyabTaTe aspauun
CTpYIl, cocTaBaser:

OJA BOJOCTIIBA C WIHPOKHM NMOPOTOM . . ' i 40 alcex
» » TOHKOH cTeRKOW H 3y6YaToli cTeHKoH , ~80 »
? » » TPAMOYTOALUOMO OTBEPCTHA C 3v6aTHMKH
KpOVMKAMH 120—160  »

Hanayuwe ycaoBHs aspauMil BOAB AOCTHIAKTCHA NPH COMPSKEHHH
NOTOKOB MO THMY 3aTON.JeHHOrO nphizKka MpH ray6iie B HHEKHeM Obede
he = 0,8 = 0,9 » u AanHe KoJjo1ua [k = 4 M.

3¢ dekTHBHOCTE HACLILIEHHA KHCJAO0POLOM BOAB Ha BOJOCIMBe 3aBi-
CHT OT Uepenala ypoBHeH BEpPXHEro H HHxHero Guegos z. OpueHTHpO-
BOYHO MOMKHO NPHHATE:

2= 15 (1 — 1ype) [#], (9.62)
rae Pygo =1|:1.f”— oTHONUIeHWe HeHUHTOB KHCROpOJA ANA UHCTOH
Bo/tbl nph 20°C;
Cp—Ck .
P, = ﬁ—OTHOMEJLIie medHUNTOB KHCAGPGTA ANS 3arpai-
p—FCH

weHuol ®ulkoct npu {°C;
h
ep=095¢ 1+§:_ — DaBHOBCCHAR KOIIIEHTPAHA KHCIOpoaa B BO-
a

L& NpH Aauiioii Tevnepatype,

¢ — taBInyHoe 3HAuEHNe DACTBOPHMOCTH KHCIOPO-
Aa B Bode UPH JanHOW TemmepaType H HOp-
MaapHOM  aTMocdepHOM  AaBaeHHH (ha,
M 800. cT) !

h — ray6nHa aspHpOBANHOLG C10A KHIKOCTH, A

Cy H Cx — KOHUEHTpAlMa KHCA0pOJIa B BOJE 10 H [Oc1e

BOJOCTIBA;

n = n,nyNg;

f; — YHCJO cTyneHell BO1OCIHROB;

ng=1+4 0,02 (£*C — 20°) — koadduurent, YUHTII-
BaWOULH BINAHHE TeMMmepaTypul BOIH;

ny — x03DDHUHEHT KAuecTBa BOIHI, LA OYHIIEHHBIX
CTOUABX BOX ClelyeT npHeHMath ng = 0,7,

§ 8.5. PACYET KPHBOJHHEHHLIX B NMNAHE BOJOC/MBOB

Pacxon Boawl 4epe3s KpHBOAHHEHHLI Il BLINYKIEIL B CTOPOHY Beps-
Hero 6pehba B maaHe BOLOCJHB € pajanycoM KpHBH3HL R ¥ yraom 6,
ofpasyeMblM palHvcaVH, NPOBeAEHHLIMH H3 LEHTPa KPHBHAlL Yepea
KOHLL KPHBOJTHHENHOrO BOIAOCAHBHOLO KOHTYDA, MOoXKeT OMTh NQICYH-
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Puec. 9.8. [Toanrowaaniiie BOLOETHRH

@ —cxeMu BOIOCAHBOR 0 .aaHe; 6— Tpaiikil AI8 n100pasouldyg goshdi.
LHEHTA O, B 33EHCHMUCTE OT OTHOUIEHT 1alioPa HA BOAOCAHBY g ero Bl

cote H'p;, 8—rpadin: I Kosdupiiieniia pacxopa, BxoAHWRro B ¢op-

My (W) mg=mg 0y >

Kpnaw 2 W 3 cooTeTcTRedNo K cxeMaM [, [ u /1] Tpi Bheyney mepe-
AHBE, KpitBue 4, § W 6 — MpH BEVTPEUHEN nepe.nipe

148 no dopuyte Bolocamsa (3.8), B kotopoh koapdiliTent pacxe,
HE3ABHCHMO OT OpMEL BOZOCA 1BHON CTEKH

n = MyOc, (9.63)

My — k03D QHUIICHT pacxola MPAMOro HOPMAJLNOTO  po1oc.TiiBa:
Ox — KO3 HUHENT, yWiuTWBal0UINi T0NCTHATRIhibIE Npaeina. Bhl-
3bBAEVLIE KPHEHIHOMN BOIUCTHBHON C1€HEH.
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Kosddmunent gn vodaer BuiTe HafiZern no novorpase (pue. 9.7),
cocrasacinoin B. . Cxpsrofi, npnseirnvoit upn 0,05 << H//R < 05,
30° =< 0 << 180° n B/b =2 (B—umpuna no1BolAwWero pycaa; b —
AJ1a BOLOC.LBHOTO rpebua),-

[Tpu ncTeyeHmH uyepe3 NOJHTLOiLaAblible B NAdile BOLOCIMBEH
(puc. 9.8) caeiyer pasiHyaTh BHVTpehHdee HCTeyelile, KOrla
MOTOK nupesiiBacTess BUYTPL 06beva, ou6pa30OBAIHOTO CTEHKAMH BJI10-
cIBA  (BOOCIHB BIBINNT B Bepxuuil 6ued), H Buemuee, Koria
HCTevelille MPONCXOANT H3 3T0ro o6bemMa (BOJIOCTHB BABHIYT B HIR-
Hilll 6uedd).

ITpn BHeumieM fciedcHna caenyer yumuwBate mo (9.7) Gokomoe
cxkatie. Koypdrunenr pacxoma mg Takoro BOIOCTHBA € TOHKOH CTeH-
Koll, BXoAsWHi B (9.7}, #an monpaBounkll KodphdillieRT ox K Kosddu-
LIHEHTY pacxo/,a HOPMAJLHOLO BOJOCINBA Mipn MOMKHO HaHTH no rpa-
¢HKY Ha pHe. 9.8,

§ 9.6. PACYET NPAMOJIMHEHHBIX BOKOBbIX BOAOC/HBOB

MexoAHBIMH - yPABHEHHAMH AN pactera NPAMOJIHHEHHOTO
Gokosoro BoaocauBa (puc 99) asnawred AubddepeunHaibLHEbE
ypaBHellisi ABIDKEHNA BOIbl B KaHaJe C mepeameHHbIM pacxoloMm (9.64)
H ypaBHelHe pacyola Hepc3 3acMENTapHylo LIy Bojlocansa (9.65):

duv? . )
k'g; + dh = (i, — if) dx, (9.64)
8 . Q*  dQs
ﬂ,__""_lf"l_kgm’? dx (9.642)
dx | — Q‘{E‘f
g’
dQs=—dQ=my V2 (h— p)" dx, (9.65)

roe my — KostuiieHT pacxola HOpMAALHOMO Bojocaisa Ge2 yyerTa
CKOPOCTH MOLX0/4;
k=2—u./v,
Ux — IPOEKWUNS Ha OChb Kaiana CKOPOCTH TEYeHHs YacTH NOToKa,
CANBAIOUIPTOCA Yepe3 BOIOCITHAB, B MOMEHT OT[IEI1€HHA OT no-
TuKa B Kaliafe,
U — Cpellian CKOpOoCTh TeHCHNA B Kanale.

Coraacno  nceagioeannam A, M, KyprawoBa, MOMHO TPHHATE
k=1009. Ecan ABIAKeille DOTOKA B Kanajle A0 BOJTOCHNBA Gwia0 cho-
KOWHLIM, TO npH Ay pp/hy << 0,7 0 B npenenax BOLOCIHBA MOTOK Gynet
CNOKOMHLIM  (31ech A kp — KPHTHYecKaa rayGHHA MOTOKa [eped BO10-
canBsoM, hp —rayGmira notoka B Kanade B Kowue Bogocnisa). Ilpn
3T0M B OOJBLIIIHCTRE cJytaeB B npelefax BOAOCAHBA oOpa3yercs KpH-
Baf noanopa, it B (9.64) MOXKHO NPHHATh YKJOH TPEINA PaBHBIM YKAOHY
mia kKauana: fp A iy, Torga w3 (9.64) n (9.65) noaywatca caefyoune
paBeHCTRA:

2 .
k;—g + k= const = C (B1omp BOmOCAHBA) (9.66)

P
Q=07 ff—(c e (9.67)
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Pic. 9.9. Cxema ucrTeyedHss Boabl yepe3 GOKOBON BOIOC.THB HPH
yKJI0He AHA KaHAJ1a MeHblue KPHTHYECKOro

a — cnokKofiHoe COCTOAHMC NNTOKA; UYHKTHPHAA TiHHE COOTBeTCTBYET ¢.IVilo,
noraa if > a’u; 6 — Oy pHoe COLTOAHNHE NOTOKA B NMpeje.lax Boloc..IBa; 4 —THApa-

B.IYeCKHHA NpbixoK B npeane1ax BoJOC-lBA

Hna KaHaJgaa Tpeneuenaaabtoro ceyesun
(puc. 9.10)

my (1 — pJC) I =5 [, (1) — Dy (2)] + mC [®, (1) — B, (2)], (9.68)

rae
D, = 3,39 (1 — p/C) arctg //—C_h — (2,34 = 3,39p/C) '/-C_h'
i , P b] f‘i—P ! ! ]’ h_'p ’
(9.69)
B S C—h S/ C—t
©,=(86p/C — 181)(1 — plC)arcte ) 5= =V F=5 %
X (7,35 — 8,6p/C) p/C — 2,864/C (1 — p/C)]; (9.70)

m — xo3pUUHEHT 3aT0KEHHA OTKOCA Kalaia;
p — BbicOTa GOKOBOrG BO10C/HBA.

@, 4 @y OTHOCATCE K CeYeHHAM KaHa1a B Hauale BOIOC.1HBA
W B KOHLE €ro, Li8 Korepslx sblyncidwrca @.
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Cor A
Hasa xanana napadoanyeckofl Gopusl
mu (1 = p/C) L= "2psC [0, (1) — ® (2)], (9.71)
rae o [ram—
p p? \. o, C—R ./ C—h
<133=(2,327—4,53-é7 + 221 artg i~V 7=
x[1,51 % (-g- - i)——c’l ('\-4,53 éi ~ 0.807) +2,33}

Pn — napaverp napado.is.
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Puc. 8.11. Tpadukn pacuernnx dyuxuuit @y u O, ana Kaxaos

a -~ [1paboMHCCKOro CeenHA B 3aBiCHMOCTH OT HAMGPOB: 6 ~ TO XKe, B 3a-
BHCHAICTIE OT Pacxo1nB; 8 — 1,79 BoJ0cCTBA B 1py62 npn C=D

Has Bogocniisa 8 kpyra  tpyfe amaverpom D mpn hanomHeruu

ee 02 < h/D < 055
[ -
My F:@,, (1) — D, (2), (9.73)
rae
C—3p - P 5,-39+6Cp+2905']

= = nGs L .

0, =[203¢~ 26 72 pags £ 5% e | x

C—h p D
Xarc%gl/ T — | 104 — 0,994 + 00844 2 —

e~
h—~3p h CH+h P
lsz—SCp—-Shp‘FC?].l/C——h
. (974
X D(C=p) ep O

Ha puc. 910, ¢ n 6 n 911, an 8 npuselens rpad kit 114 onpeiee-
BHs sHavendil @y, @y @3 0 Dy B 3aBHCHMOCTH oF [AYOHKE NOTOKA (W.IH
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samopa ra Bojocauee), a wa pnc. 9.10.6 n 901, 6 — aar :aut10m
NPANOYTOBIOr0, TPEYroaLioro o uapade:  cckOro ceueniil B 3anmicy-
MOCTH OT Picx01d. . )

Jasi ynpoutenns pacueton nps 7/C > 09 Q‘/?gm;C < 0,056 x
X (26 +me)/ (b4 me) R TpaAnCUCHIATBHBIX  KallanoB W npu
Q2/2gmgc < 0,078 118 napaGoiMteckux  wanalos  Buvecto (9.67)—
(9.72) npeaaaraorea Gojee MPOCTLIC 3aBHCHMOCTH:

2
B [ o1 g (9.75)
c 2ga.C

VEIC—p)=—D Q2 0.76
ey = T Thi=; o

rae (e — MAOWATL Ceueliia moToKa B Kauade upH & = C. Kpoue Toro,

Hall1eHO, 4TO npH Q/mc}"QgC <03) 1 —piC P10 OpHHNNATh:
AAa9 TpaneneHfabHOro Kavana B (9.68)
b, + mCH, = Q ; 0.77)

CH2(C—p)
Aas napaboaHyeckoro Kavana 8 (9.71)

Oy—— 9 ; (9.78)
2C) EmC(C = )

ans tpy6el kpyraoro cetchns B (9.73)

. N (9.79)
D} 2g (C—p)

Een Qi /o V.Q_gF{Q 03171 — p/C, TO MOXKHO CYHTaTh rAyBuHY
B KaHale W Hamop Ha GOKOBGM BoiOCHHBe H mocTosHHLIMH B10.1b BOJIO-
canBa H pacyer secTn mo dopvy.ie

Qs=0Q — Q:=m, /) 2g H" (9.80)

Pacxoa uepes GoxkoBofl fipavoneliHLil BOTOCTHE MoXer GbiTh BLI-
PaeH ¢ JA0CTATOYHOI TOUNOCTBIO 'epe3 cpelilHil HANOP Ha BOJOCAHBE:

(%1
_ e Y r—(H|+Hg {
Qe=m V2 H =m,iVog —-—Z*-J (9.81)
970, OJAHAKO, I‘pE‘ﬁ}‘ET BeCbVa BLICOKOR TOWHOCTH OmpeiRTeHna Hanopa
H\. Tlostomy A. M. KypraioBhwy Ha OcHOBalIll MHOTOUHCIEHHBIN OTbI-
TOBR Mpeln0XKeHa CAeAYiOU(aA 3aBHCHMCCTh:

Qs =m,ky V29 H) (9.62)
rile 1714 He2aton.JgetHsoro 50)\'0301‘0 BOI0CTN
0.7 ( @} Q;
k6=1__( ———, (9.83)
H, '\ 20y 4 2y}



1.4 3aTON) HOTO
S T 5
ks =09 1 = (TH (9.83a)

2

®y,2 — NICIAAbL CeYeHHS TOTOKA B Kada., B liayale BOJAOCTHBA
npH rayGitke ly;
hg — rayGuia noATOMIEHHS BOJDCIHBA,

Tipw hy wp/he > 1,0 = 1,2, necMoTpa ua 70, 4TO 10 BO10CTIBA H 3a
M TeueHHe B KaBaac CrOKORHOe, B upele1ax BOJlocanea Oymer nas
[HONAThCA KPHBAA cMaza nph 6ypiom cocrod:nn notoka (pue. 9.9,6).

Pacxoa uepes G0kOBOH BOLOCTHB MOKiAO BbIpa3HTh (OpMY.JIOH

Qs = muf V22 (hy o — p)21, (9.84)

rle Ha OCHOBaHWM HcCaelOBaHHT BOJOCIHBOB ¢ TOHKON CTeHKOH, pacs
JOJMOAERHEIX ¢ ORHOL H ¢ ABYX CTOPOR Kanana MpAMOYTONBHOTO cedes
iila npn 06 < I/b < 6,5 n npu fp = 0 = 0,0005,

1 -

I =Trxompm’ (9:85)
I1% BOJOCAHBA B TpyOaX:

1) ¢ rpeGheM, napaijetbibiM AHY TpyGLl, T. €. C MOCTOAHHOH Brco-
TOJ MOpora BOA0CJNBA, H PACHONOKEHHWM ¢ 0JHOW, a4 TaKxke OQHOBpe-
MEHHO C JIBYX CTOPOH TPYOLL;

2) ¢ HAKIOHHLIM rpedlieM, KOTJa BblcOra Nopora AHHeHHO YBETHYH-
BAETCA OT HAHAIA K KOHUY BOIOC.1fBA OT 2 10 4 pas;

3) npu /D = 0,5 + 20;

4) » i=0-=00l4u
5 » p/D=005%05
f : (9.86)

T 254 0,71/D "

[Mpu pacnonoewuw BONUCIHBA € JBYX CTOPON KaHamta B (9.84)—
(986) moawda BXOINTB YIBOcwHas (obumasa) 19uua BO1OC.THEA.
Fay6uia nepel BogocansoM B TpyOe hy &~ 09 Aykp, a B KaHage

hy A kp— P
=t=-03—FT". (9.87
R b ( )
Taybura B TpyGe B KOHLle BOLOCIHBE

h: =09 22‘ hy Kp» (9.88)

% Qi

a B KaHale Q p

B K2 i
¥, _( ) hy (3.89)

Mpr 0,7 < Myup/hy < 1 1 CHOKOHHOM TeysHiit 0 i 1octe BOIO-
caHMBA B KAHade, B nauane poiociusa OvieT 11abnio1atecd GypHoe co-
CTORHIHe MOTOKA. MepeXosiiee B CROKOIHOE Yeped CHAPABIHYECKHHA npui-
JKOK B mpejenax GOKOBOrC BOIOC.1HBA,
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§ 9.7. PACYET KPHBONWHEHHbIX B NNAHE BOKOBLIX BOJOC/IUBOB

Kpusoamiefiiie B niane GOKOBble BOAOCTIiBH HCMOALIYIOTCA B Ka-
yecTBe JHBHECTIVCKOB. .11 pacyeTa BOAOCJNBOB ¢ LEHTPAIBILIM YTIOM
nosopora 90° corauciio mecaedosanuan [ C. Aracsena n A M. Kypra-
HoBa (pHc. 9.12. a), pekoMeHIyerea opuy.a

Q5 =m l §E H;"‘D. (ggo)
rae
vl
Hp=(h“P)+BQ—z; (9.91)
D D
- ] — — i o | I T 0,19
B arccos( R: ) + sin [arc os( 7, )I’ ( )
npn Q6/Qi < 0.5
Qs \%
m=07(g2)" (5.93)
1
mpu 0,25 << Hp/p < 0.9
Hp 0.3
=t G (T = 0’25) (9.94)
npH Qe/Qy == 0,5 nan Hy/p = 0,9
m = 0,48; (995)

sgeck ki — ray6uHa noTtoka B TpyGe anaverpoM D mepel BOXOCAHBOM
BLICOTOH p;
Ry — paanyc 3akpyrieiss BOI0CHLa,
Up — CPedlfAf CKOPOCTh Nepel BOIOCANBOM,
Bhicotra nopora BoAocTHEa Haxoautes no (9.97) u3 ycaoBHA npo-
nycKa pacxna cToyHbiX B0 Qpass 6e3 cbpoca B BofOEM:

Qpass = Qeyx (1 + o). (9.96)
rae Qoyx — PACcXOA B KONIEKTOPe B CYXVIO NOTOIY;
%
p=hut B (0.97)
hy M Ugy — TAVGHIIG B CKOPOCTH B NO1ROIAWEM iTope mepea mile-

necnyckos npu pacxoie Qpass;
o — flopma pa3babreins.
[Npn pabute BOl10CIHBA OTBOANON pacxol Qg 6yrer meeria Go.Liie
HauaIbHOro Qpase. TIpn sToM kKoadidwunent pasfasnenns n yBeJHuH-
BAeTCH H COOTBETCTBYET

e

Qpam

(14 ng) — 1. (9.98)

Kpneaanneiiible 6okosble Boiocawebl npH Q,/Quaas = 1,5 obecne-
YHBAOT NOCTOAHCTBO OTBOANOIO pacxola, a H3ueHeHNe KoapduuHelita
paiBaBrielna NpHMEpPHO COCTABIAET:

Ayake + 1

=1,2+ I,4 .
et =12+ 14 19.99)
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TaGaunma 915
3asHcuMocTs napaMerpa B s (9.91), (9.97) u (9.100) ot Ry/D

‘ 2 25 3 | 454 45]|5 6 T 8 |i0 14

Ry/D

B 3,14] 2,57 2,17(1,918) 1,73] 1,6 | 1.45) 1,39 1.3 | 1,24 L. 15| 1,O7| 1.0 |),881| 0,73

[Mapaverp B, a caeacsaTteibio, H pajHMyc NUBVPATA BOAOC.IHEA
(tabm. 9.13) 11axo1AT 13 3aBHCHMOCTH

Qﬁ = Ql - (] + n.\w&;c) Qcyx =
—m VI (=) + o (aG ow)] D (@100

[Tpumep 2. B monpoisiueM Knisexiope AHaM2TpoM D==14 u, ¥ I0MEHHOM

C YKJI0HOM io==0.004 B CYXYH norody, QE - = 0,305 m'icex, UG=133 Micek H
g . . i} ' -»e 23 37

h;;ozs,u BO ApeMHT pacqeTiore A0MKAS Qﬂ—3,32a Mlcek, Ql":Qcyx"'Qn

=—-.5.63 Mcex, vw=24 sjcer, h=1,33 m. [Tpu kospdHuunenTe paszGasaeHus ny==

2 pacxon Q agé—anU"' nﬂ)—u 915 u'cex, 0“_-1 89 micex u h”=o,4g M
OupelenTs pauiyc 3akpyrienis R U BC P kpiBoTiHe{iHOro BO,l0C. 1182,

[lpu n“m\‘_—E,G, 1o (9.100), Q6~——Q] -(! +”.u;ucc) Qcyx':g":“' Mljcex; MPHHH-
vas, mo (9.95), m=9043, mnivouuM B=100 a no Tada, 9.[5—-RB/D=513_
Ry=9,5 #. Tlo (9.97, p==0,50 a.

ECAH ke np 3THX JAUHLIX YeID HBAre MPSMOTHHeldHNit GoKomoil BoAoOC.TIE
BLILOTOH p-_uh“=o,40 M, TO np  AlHUe ero I==13 M, coraacHd (9.84) 4 (9.%6)

npH h, =084 u m =041, uepes Bolo:x Gyfer c3pachlBaThCAd  T0.1bKO
QG—DBB Mhcex, T, e., 0o (9,98), n=9,

B npepexax BomocaHpa Syaer HabawopaTtses Kpupasi cnala npu 6ypnoM co-
CTOSIHHH MOTOKAa ¢ r1ySHHOR B KOHUE BOAOCIHARA h2w052 M; DNaJblue 33 BOAO-

c1KBOM nepexof K ray6nue fix = 1,05 M, cooTseTcTRY! pacxony Qi = 3 wdcex,
POH3IONIET uepe3 THAPABIMYECKHH MOPLIAOK,

§ 9.8, PACYET JIMBHECNYCKOB C HANDOPHLIMKH OTBETBJAEHHAMY
H THNA OOHHOTO CJIHBA

Coraacuo Hccaegosaiian Xyuels, pacyeT BOKOBmX BOAOCTHBOB
¢ HamoOpHbIM OTBeTBAEHHCM (pIIC. 9.12,6) Moxer 6biTh UpOH3BENEH TIO
(9.66) u (9.81); mpu s1OM Hailop nal rpefieM B KOHUE BOAOCAHBA

Ho=H, +U],2g. (9.101)

Kosddphunenr pacxo @ Mpy 1BYCTOpOHHEM OOKOBOM BOJIOCIHBE
yMekblwaeTcs Ha 157,

IlnaMeTp HaAnopHOro OTBETBJCHIA BhIGHpaeTcs TakHM, yTolbl pac-
X01 B ¢yxyio noroly Qecyx NPORYyCKalcd NPH HENoaHOM (pacyeTHCM)
Hanoanenitii H ¢ AOCTATOWIBIMH  (CaMOOYHWAIOILIMH)  CKOPOCTSIMH.
Yro6el orsoAioi TPYGONPOBOA lle C03A3aBAMT OOANOPA B MOABOAALUEL
tpyfe B CYXVI0 MOTO1y, BA0.1b BOAOCINBA YCTPATBAGTCH NOJVKPYr/blil
JOTOK paanveom d/2, sanixennsii Ha Beanuuiuy d/2 OTHOCHTEIBHO
J0TKa noABoaAuieh TpyOul. YKI0Ub NMOTKA H rpedHA BOIOCAMBA PaBHbI
YKIOHY OTBOAHOro rpydonposoia,
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JlaHHa HamopHere OTBeTBIeiHA onpele’sercd no dopuy.e
2
ny—d—140),/2¢
2,10 »
(007u/30d)* — Tors
rae fo-n — YKJAOH OTBOMNIGIO Tpy6unposo, seobxoauvLld a9 Apomy-
cia Qeyy TPH PACHSTHOM HANGIHEHHH,
Mpusep 3. /LiA  aAaHNb Tpe i aviiero MpHMenad  AHAMeTp  OTBOANNTO
TRYGONPOBOIL URMeM 4 =013 4. Turia I8 NPOiycka Qc (=3u3 Alcex npr
cToAneHME Rf=04d =032  u /=16 m/cex wcofixoaum yrIOH [, =0004.

oTH
(LICOTY BOAOCAHBA OyACM  CUATATL pasiolt rayGile, ConTBeTITAYIOULEH Q

(9.102)

i pa36 =
=915 afcek; p=h“ + uanfﬂq =0,67 &,

Tlpn pacxo.e Q nailop B Ha jade wolncansa H =1.33 = 0,67=0,66 &, a B KOHLe

JlocaMea, coraacuo (9.0ol), H.=0,66+0,29=0,95 x. 18 cdpuca Q6=2,715 Micex

. citHa 00KoBOro BomucAHBa AONMEL Gbith (=2,1 M, 8 HanoHull pexkum OyaeT Ha
ZaitHE lq=1090 M.

Pacyer ausHecnycka THna gowHoro causa (cm. puc. 9.12, 8). Ilpo-
13BOAKTCSA, cornacHo neenenorannan JI. M. Crpesatosoit, B caeaymomney
nopAaake.

1. las obecnesenns salamiioh Beanunnsl cbpoca Qesp o HecSpa-
cuiBaeyoro pacxoda Qp (Q) = Qz+ Qeop) yrol1 HAKIOHA CTPYH K rO:
PHIOHTY JOMKEH OTBEYaTL PABeHCTRY

[ Q2 )
cosfp=[1-—-2—2%); 9.103
P ( Qi ( )
NpH 3TOM HeoBX0IXManA BHCOTa nepenasia
p==1,5tg? Ph p, (9.104)

rie Ay xp — KpHTHYECKAd [ayGiana, oTBedawonas pavxoly Q.
2. llnpuua wenH pasHa cywse RaJLHOCTH noieta CTPYH {2 H pacs
CTOAHYA OT OCH CTPYll A0 ee HapyxHo# obpaaviouteil O

=14 b= 1,41y «p VO3 F p/k 9
a + 8, 2xp ) +p/ 2kp+231’ 2g(p+i,5hg,.;p)siﬂ6‘
(9.105)

3. ILanHa kavepsl JHBHECTYCKA
L=s+1,4+8 e (9.106)
TAe § — paccTOsHWe OT BX0l2 B kauepy N0 Nepenafa, TNpHHAHMaewoe

pasHbIM (4 = BY A, wys
[} — Aauna najeHHA CTPYNI OT BePTHKATBHOA CTEHKI 10 OCH CTPYH.

[y =141k xp 1703+ p/hixp:

8, — paccrosHse oT OCH CTpyt AC ee Hapyxuofi oGpasylolef:

Q@
| — ; (9.107)
" 9B 25 (p + Lok vy) sinp

e — paccTofilHe OT CTPYH N0 CTEeHKH Kavepol, KOHCTPYKTIBHO 0,3 .

4, Illnpnna xavepwl By paBua wnHpuie 10Tka b Mit0C WHPHIE NQ-
J0K 20, npuinMaeMas KOHCTPYKTHBHO.

Bo uabexanie [01TOLIEHRA najlatouieli ¢TPYH 3a OTBepCTHeM, OT-
METK4 AHa JiBHeQTBOAa A014MNA GbiTh  Hilhe OTMETKH AHa  HHXKHETO
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€veda kavepul. Ortverka 1na ANBHCOTBOIA B MeCTE MpHMBIKAlHA Ka-
Mepbl .TMBHECTYCKA MOYYacTCR H3 YCIUBHH BLIPABHIIBALISA MOBLDXHOCTH
BOJIW B (10TKe H TpyGe JHBHEOTHOIA.

JlnaseTp OTBOIHOrL KOAJICKTOpPA dy APHILIMAETCA HCXOIS H3 pac-
YeTHOTO pacXxodd (p (MPH HELOJIHOM HAamoAtieni) ¢ NPOBEPKOH HA mpo-
Mk Qeyx.

[Tpn ycTaHOBKe 3a OTBepcTHeM nopora (o,
puc. 9.12,2) obecneurizaerca Gonee NOCTOAUILIA pacxol (p yXOIAULKA
B OTBepcTHe B 3TOM cayyae WHPHHA ulesn onpedederca no (9.105),
HO sin B BhlpaXaeTcA TaK:

,"F
: / p
=7 —. 9.1
sin f 'l ook Tl (9.108)
O6was 1n1HHa KaMepHl.,
L=s-tadtc+te (9.109)
The - T1HHA MOpOra, YCTAHOBAEHHOTO 33 OTBEPCTHEM MO
& &= 15+ 22°%
04p _ .
C—-vtg_a, e =0,5¢; (9110)

$ M @ yKasadbl BLILIE,

Bricota nopora mpnmnsaetcs npliMepHo pasHoit 0.4 p.

Y auBnecnycka ¢ 60OKOBHM HanopHLIM oTBeTBe-
HueM cbpocHoe yerpoiicTBo npeictasaneT coloit q060BOH BOAOCNB
C mepeveHHbIM nonepeuntiM cetdenneM (cv. puc. 912, d), xoTadreHe yr.a
HaKJoita BepxoBOi TpaHu Kotoporo H3seuserca ot 1 po 5. Kosddu-
LHeNT pacxola Taxkore BoaocanBa, mo Aannum J1. M. Crpenwuosoii, u3-
Mengerca o1 0435 npn Quap = 1050 a/cex po 0,47 npu Qesp <<
< 600 a/cex. KosbduukenT coOnpoTIBAeHHS KAMEPLl JHBRECNycKa, OT-
ReCelHblH K CKOPOCT! B TpyGe OTBETRICHHH (Ha OUYHCTIIbIE COOpPYKe-
uHg), apn Rn = 1,5 d| MOMeT 6bITb BuipaXer 3aBHCHMOCTBIO

0,237

§K$0,36+m. (9.111)

Takne JHBHeCIYCKH TaKie He ofecileynBatoT NOCTOAHCTBA KO3ddH-
LHeHTd pasBaB/cHHA:

i
n:(l+nu)'l/ |+

L V. 1, (9.112)
H

H

rie Hy—tuanop Ha BoJoc.ailse nepel OTBOlibiM TPYBONPOBOIOM;
Hp — paccTosiHHe OT OCH OTBOANOrO TpyGonposoia A0 rpebHA BO-
Jdocansa (auyambHbli Hanop).
Tak, nas npusepa, danuoro J1. M. Crpeavuosol, kosddHuHenT pas-
Gasnenna H3Menserca ot g = 1,17 go n =2, 1. e. B 1,7 pasa.
I plisMep 4, ,'lflﬂ Y(‘."IOBIIT] NPEIWMAVILErO npiiseha HMeeM!
1. TipunnsaeM JIOTOK B Kamepe JNHBilecnyoka A0MHOra Tilla NPAMOYFO.TLHLIM,

LIpiHHIH b=d,. PeayisTarm pacyeta no (9.103) —~ (9.107) caeavicupie: cos B=10,496;
=088 i p=1 M hy =035 [ =273 [,=169x4 0,=0037 u;
B p 1 2 2 )
8,=0,137 #; a=1.73 #; L=35242,73+0,137 +0,3=6,60 &; wHpHIa Kame B=
= 1,442:0,25=19 u,
2. Econ npunsth nepenaj p = 0.5 M, a 3a OTBEpCTHeM CTAHOBHTL MOPOr Bbl-
cotofl 0,2 m K aauitoll ¢ = 0,6 w, KOTOpLIR Kak Ghl OTCEKaeT Bech H3IOLITOYHLIA pac-
X04 (607LIWRA Qpasﬁ)‘ TO paiMepbl KaMepLl JHBHECNYCKa GYIVT CHedyiouiHyH;

8in B=0,7; a=0,65+0,09=0,74 4; L=3,32+ J,74+0,9=516 m; B=1,9 x,
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M3 pe3ayibrator pacyera RIAHB ‘DPEHMYyLESTBA 1NHHOro JIHBHecTycka ¢ fmo!
~rON M0 CPABHEYNM ¢ AOHHBIM ¢ iH50M Ge3 mnpord.

3. Eca ¥ aupHeutycKd ¢ GORORBMYM LANOPHbIM NIBETBAEHHEM WHPHHY BAIO-
1HBa NPHUATE papyoil Jiiveipy b = dy = |,4 M, T sanop na rpebHe BoDC 1HBA

Qusp " a9t 3
H:=( ,p_) i )'*:1.02 #e
mh} 2z 0,43.1,4+4,13
TP BLICOTE & ;J=.hH + USH/'_-‘g=0.ro M THApOCTAaTHMCCRHA HANOp Ha

9
Uy (3.53-1 2
=H; = =—=1,02 = —— 5 =0, 74
H=Hy— 5=1.02 -\::-1.==) 19,6=0,742 4

{ceRe RuniA NAUTON el ),
Mepbl UHMBHCCAYCKA Gy YT mo 3 X 1,56 M.

§ 9.9. PACYET KAHANM3AUHOHHbLIX BbINYCKOB

Kouucutpauns cer 3arpaansuoiidx BeILCCTB B CTOUHBIX BUjax, ciy-
‘KaeMblX B BC10eM, J0./kiHa UA31aUATLCH ¢ yYeToM caMoouiinatoulef
ero CiloCOBHOCTH, HCXO,1st 113 KparHOCTH paidapneiis f CTOYHbIX BOX
B8N0 BOJOEMa:

Q4+ Qq Cer — Cn
At o & 1 9.113
& Qo Caon — Cp ( )

ie Q — pacxol BOZOCMA B PacueTIiOM CTBOPC
0 — Pacxol1 CTOMILX B0l COPacLIBAEMLIX B BOL0CM,
Cyuon — MPEA&IblI0 J0ONYCTHMAS KOUUENTPARIA 3arpA3HAIOLLEero Belle-
CTBA B pacueTiOM CTBOpe BOAOEMA, OlIPC]EJASEMaA PACUCTOM
B COOTBETCTBHN ¢ TIpamiiamit oxpaibl NOBEPXIOCTHLX BOA OT
3arpasnenis crounuyi pofavu (I1-372-61);
Cp — KOMUEHTPAIHA 3TOIO e HCIUeCTBA B BOTI0EME 10 BhINYCKA
B HErO CTOYHBIX BOI.
Pacuer pazGaBieHHs CTOUYHBIX BOA B OTHOCHTENIbHO 11PAMOM BOJO-
TOKEe NPH COCPEAOTOYEHHOM Bbinycke., Jlalumit pacyeT MOXeT GbITL Mpo-
H3Re.lell, coradcho uecaejoBaniny O B, Beao6pasosa, no opuyae

i=i

Cx—Cg =___Ef_ \' —miEil

7 So— T 2 e o (9.114)
=N

roe Wi = 4sin(7i’2 b/2B)/xi permcnaserca npn yeTHbIX [ W oupn ¢ =0

o = /8,
5. gy (i)’
YT TOICHO A \R

H u B — ¢pesunine ravlinma 1oninpita pyeaa;

C — soaddnuent lesn;

Co — KONIEHTPAIIA 3ATPHINAIOIIETO KOMIONEITA B CTOMHbLIX BO-
Jax HAH B CMeCH CTOMHBLIX H PedHblX BOA B HA4albHOM
cevelnmnu (x = 0);

b — mpuua couens CTpYl BOT B ceve-
e (v = 0);

£y — MARCIMAILIAN  KOULENTPAWEa  aarp: (1A10111ero
HETITA B CMevil CIOMIS 1 Petibix BOL B cevetn
IHICMS S 1A pil"-‘iOFIHII!} X O HatdLioro,

233



EAR| 1L i
801k ;
70|o ﬁ_- | f
6015

e
S0 SS S ‘

S S leka

o F SIS =
ST
25 __ﬂ.%- 1 _‘]l é
zo—L 44 - i

S e
¢

|

| I
o
e
N

""--'--.....]_._i
——r—

A NiT
’{' L

777
18/ 8/ /4

14214 16182025 30 W0 50 6 7 8 9 10 12 141618 ny

-

Puc, 9.13. Tpajux aas pacuera HauaIpHOro pasGapJe-
HHa no (9.118)

Yieno Y1eHOB DRKa [ NPH pacyerte KQHIGHTPAUMH ¢ TOUHOCTHIO 1o
o MoxeT GHITb HailleHo H3 HepaBeHCTEA
. ¢ (i 1 _
F(i, = et ”9“5' (9.115)
CoraacHo wawky nofcyetay ua-dBM, pesyabrathl xotopuix npei-
ctaBieHnl Ha puc. 9.15,a, npu ¥ = 0,15 ¢ roudocteo mo 2" moito
npHHHMaTy {€x — cs)/ (Co— ) = b2/BIL,
3a Havaabtioe ceucinie (x = 0) uprunMaoT:
a) mpu to << 4va — CcuCiile 1ICNOCPEASTBCHNO  BLIMYCKA LUADHUOL

.
b=/ %ﬂi (9.116)

¢ HayaJabloll KouucH rpamielt = Cen;
6) npu vg = 4un (Hanopuwlii BRIMYCK) — NpeIeaLHoe CeucHHe Ha-
4a,1bHOTO pa3ban.ielltisl WHPHIIOI

b=]/—”a—o—° ©@117)
14

KOHTCITP AN
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50 v Zan
/) s
40 ] / = 020
f
0
Jo // — 25
25 P
S e s e B2
L~"]
e 035
18 .
16 1—
_‘,.,.—--r’-‘ 040
14 S == 0l
- -
r2 E - Q 50
4/ 1T |
9}- A Q50
8 ] o7
7 At e
=t — 0,80
6 —
g 10 20 30 «0 50 60 70 80 o8
Puc. 911 K fnycka
a— 6—r (RN
[ pé “ernas C]JO,UIH‘:‘. CKD[)OCT[: TeHCHTd BO, wTokd]
Ug — CROPOCTL HCTCHENT!H CTOYHOH BOUML H3 BLINLCKE;
fty — Navanblioe paibamiellde CTOYHBIX BOJL, Bbl'WiCaACHN  no chop-
wyae 1L H. JTanmesa:

028  H * _:_ ds s
“T=m l?ﬂ') [‘ m? 48,1 (1 — f”)(‘“ﬁ_J -n,]; (9.118)
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Puc. 9.15. Tpadukn pas
a—p LIPAMON BOAOTOKE no (9.114); 6 4

Ha puc. 9.13 npusenc rpacduk, cocrasieHisiil no (9.118)

[lpeenbhoe ceuciMe HAXCAHTCA OT BhINYCKA Ha paccrosduy [n =
=208 H npu 0K m <0073 n [w=286 mH npn 0073 << m <<
< 0,30.

Maa 6osee MHTEHCHBIOTO Nayafbiloro pazfaBieliHs CKOPOCTh i1
BbLIXOJle H3 BbINYCKa cIe1yeT NOIIep:KnBaTh B npeieiax 1,5—5 a/cex
H HanpaBIATh CTPYIO H3 I€T0 Mo NampasleHiio TCYCHIT B BOJLOEME MOJI
HeKOTOPLIM YraoM o K ropusouty (puc. 9.14, a), Buuncaeunbin no gop-
Myae

poy i 2
clg @ = 4,08 — 0,205m>7 (%) (9.119)
1]

M Haitaeniuy o rpaduky (puc. 9.14,6), rie i — Buicora OrogaoBbka
Hal yposlieM lua.
Huavetp Bbillycka

d[,=1/4_7_ (9.120)

Sivy

—Cuy) B cedennu
Kpn pacetositnn ot
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pacueta pasdapaeHus
&— B RPHBOTHHeAHOM pyos
HauanbHOTO CeyeHNs H3GLITOUHON KOHLEeHTpaL el BbIYHC-
18eTCq no dopmyae
Cx — Cp Qo [ Q —pum®* ] :
= —e + 1 9.121
cr—us Bt O L ' S

rae Q ¥ Qo — pacueTiible pacxoiAbl BOAOTOKA H CTOUHLIX BOA,
B — KoshbHIMenT, yYHTLIBAOUUIT NapaveTpsl KPHBOJHHeH-
§OrQ pycaa, onpeieisesblii no rpaguky Ha phc. 9.15,0;
R — paanyc sakpyrJeiHs BOJOTOKE.
Mo (9121) noctpoen rpaduk Ha puc. 9.15, 8.
Pacyer pasbaBJfieHMs CTO4HBIX BOL B 03€pax M BOAOXpPaHHJHIULAX.
Mumer 6ulTb nponaseied ne gopuyie Ho H. JjTanwesa:

Cx,y—¢C 5dgy\P*
_"y_“=[l o078 L (232~ IB,lp)] (—") (9.122)
Cetr— Cp X X

rie X H § — KOOPAHNHATLI TOYKH, B KOTD[JOf:I KOHUelTpalHs BellecTsa
Cx,y, OCb X coBnajaetr C nanpag.JeHHeM BLIMVCKa: oCb Y
nepneHiHky1apia N pacnmomena ropH3o0HTa IbHO; HAUa10

KOOpAHHAT B lieHTpe cedelils BLITyCKa,
p — napaviertp, 3aBHcsuinit OT CTenelnW MPOTOMHOCTH BOJ0eMa

H HArpy3KkH CTOUYHBIX B0 Ha liero;
§ — napaMerp, 3aBHCcAuULHi OT Ty HHEI BoloeMma,
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3HaueHne p 1a4 aVuaA, KOTIa IBIKele BOAL I BO.
AARETCA CTOKOM, ONpee 10T no fopyyie

Lw W e,
p= ——L . =—rei, (9.123)
1,5+ 107°BW 5 + Lo, Wep
rie L — AJHHa BO10eMa OT TOUKH BLIIYCKZ B HallpaBie: LTOKOQBOTO
TeyeHHA;

@¢ — M10Ma1b OTBEPCTHR BBINYTKA;
W — noaHas eMKOCTb BojoeMa, M3
Wrox — roloBoil c6poc eTouitblx BO, a¥/20u;
Wep — cpennit MHorodetihii 00bem rogosoro ctoka, s*/eod.
B cayuae, ecJn Teuenwne B BOIOeMe OMPeLetsncics BETPOM HIH H3-
BECTHL BelHUHHBI GTOKOBOTO TEYEHHs$, p BbI4ICAHIOT N0 38BICHMOCTH

n
m41,5.1072°

(9.124)

Mpn awavennax m > 0,001 napasetp p npHuuMaeTcAd DaBHHIM eIH-
Hille,
Beauusniny mapaMeTpa § paccunTeeaiT mo gopuyae

Hep
r

s = 0,875 + 0,001
dy

(9.125)

rie Hep — cpeauss rayGina Boloeva B MecTe BLINyCKA.
[Tapaserp s << 1; ecan no pacderv § > 1, To cielyeT OpPHHHMATh
s=1
MaKcHVaTeHBIE 3gaueillf KOlUeHTpaliy BemecTsa 6)1yT Ha OCH X:
Cx— ¢ _dy
M_:(a __P_J (9.126)

Cop— € x

Ecnn Hanpasaeune 1eyenua B BOl0eMe He COBNAalaeT ¢ Hampasie-
HHeM BBIMYCKa, TO KHHA MaKCHMAJIbHbIX KOHUeHTpaukfl GV.IeT OnHIh-
BaTbCA YPaBHEHHEM KpPMBOH:

x! 075 . yl 3 yl
S =081m (=) 1,1 =t (9.127
d du ; + do g ﬁ’ . )

0

rie i — yroa Meay HanpaBleilHeM IBHAenid BOIM B ROJT0EVE H Ha-
npasJeirieM BbIMYCRA;

ocb x' COBMAaZaeT ¢ HAMpABJIEHIEM TEYeHiHsi B BOJOeMVe,

B aannoM cayuae B (9.126) Bumecto x 11210 N0ICTABAATH ILTHHY
KpHBOIl [ B HHTepBaae OT BLINYCKA 10 TOUKH € KQOpaHHatawH (X', y’),
KOTOpYIO ONpelesistioT NyTeM MNpubaiKelHOTO H3MEPEHHS HJAH MO mpea-
Aaraevioft HaMu dopuy.1e

p—

1= ]-/ L+ [05m (;—0] + clgp| (9.128)

Pa36apienne CYLIECTBEIHO 3aBHCHT OT THIPOIOTHYECKHX YCJIOBHIL
B MecTe c6poca M KOHCTPYKUHIN Bbiiycka. OO 03 ayumilX KOHCTPYK-
LUHH TPM3HAH pacceHBAWUINA BLINYCK CTOYHBIX BOJ. MPeIcTaBAAIOULI
co6ofl MOABOAHBI TPYOGONPOBOA C CHCTEMOIl OFQIOBKOB Ha HEM.

288



Pacuer pacceHpawouero ewinycka. Ero npouzmoast B caeayouem
VLG,

I, TlpuauvaoT  AJHHY  paccedBaloULCii yacTH BuinvCka L Taxoi,
nro”el olla coctaBasgaa he Gomee 80—90  oT norofl wapuHrsl pexkH
p MeRE(Cib I pacmonaranack B npelerax CAYGHN, NPeBLUIAOWHY cpel-
ji:0m L Jy0iYy peri B MeKeHb.

2. Hasnavaror paccrosanne [ MeXAy COCEABIMH OrOJQOBKAMH pac-
“¢BAlULCTO BBIMYCKA TaK, 4TOOH HCKIIOYHTH B3alMIOe NepeveHBaiie
~Tpyin:

a) npH pacroJoXkKelHH OroJ0BKOB Ha ONHOM TpyGOMNpoBome

[=h lyan, (9.129)

6) MpA PacroOMOKEHH! OrOJAOBKOB Ha ABYX TpyGoifipoBogax B iwax-
MITHOM NOpAike

I =2+ 0,5l0c + Laam (2.132)

r1¢ A — cpedHAs TayGriRa peklr,
loc — paccTosiiile MeXay ocAmit Tpy6OIpPOBOAOB;
l33q — 3amac, npHHHMaenblit o7 0,5 A0 1 At

3. YcraHaBIHBAKOT YHCI0 0ro0BKoB kB = L/I.

4. HasnayaroT cKOpOCTb HCTEuE!INA f13 MepBOCO, MO XOAY JBHMKEHHA
CTOYHOM KHAKOCTH, OT0.JI0BKA Uy M3 YCJIOBHS, 4YTOGEl olia BblLia He Me-
sice 2 s/cex w Uoy = 4vn. Ecan nanop r Hauale paccespaiowiefl acTH
ppimycka H ussecteH, 1o

vo1 =0} %H, (9.131)

AC (@ — KO3 HIUHEHT CKOPOCTH Or0OJIOBKA,

[oBbieble CKOPOCTH HA BHINYCKE MOMKHO €0314BATh C MOMOULBIO
OroJ0BKa B BHAe LLLTHHIpHueckoro naTpyfxa auameTpoM dn. OKaH-
GHBAKILErocs KOWHYECKH cXOAAllEHCR HacalKol ¢ OTBEDCTBHeM I1HAVeT-
pom d; << 04dy, Lns takoro orofoska ¢ = 0,94 + 0,96.

5. [TpHHHMAA HepaBHOMEDHOCTb pacnpelefeins cKopocTed B [pe-
nenax Paon = 1,06+ 1,2 (4em paablie CTBOp BOAOMO.Ib3ORAMNUA, TEM
Gosablie Pron), ONPEAESIOT AHAMETD eQHHUYHOrC BHIMYCKA

i 4Q0 , _ 2Buon 9
doi_‘ hvoy |+ Paon (R}

KOTOPBIH cliesyeT npHHHMaTh He 1eHee 100 mm. [Ipn 3ToM CKOPOCTBb
H3 TOCIeIHEr0 OTOJOBKa

Uog == 21 (9.133)

6. Mo rpaduky, COCTABJEHNHOMY HAMH HA OCHOBAH:N HCCAEIOBAHHI
M. A. Tpa6osckoro (pue. 9.16,6), onpelendoT HauMeHbIUHH AHAMETP
Tpy6onposona d pacceMpalouled yacTH Bhinycka. [Ipn 3toM, 4ToOwl mpe-
AOTBPATHTh 3aWTHBaHHe, HOMXKIO BbITh BLLAEP’KAHO HEPABEHCTBO

2
d<05 Vo ks . Qo vunt . (9_134)
wol Qo wake
rne Wo — HanBoabliaf THIpaBJIHUECKaf KPYMHOCTb B3BECH B

cBpacblBaeMofl cTouloft BoIe:
Qo vun H Qp make — MHHUMAABHEI # MAKCHMalbLHBIH PacXoabi cGpacsi-
BaeMLIX CTOYHBIX BOA.
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Puc. 9.16. PaccenBamomnii BHIYCK

@ —cxeMa BHIMYcKa C OTOMOBKAMH B BHIE WILTMHIDHUECKKX HAcamok; 6 — rpa-

$HK 14 onpeledeHiq HaMmelbuliero JfasMerpa Tpy6onpomoll; A — Kosddu-

UHEHT THAPABIHYECKOrd TpeHds TPyOOnpoBoia AHaMeTpoM d; W — Kosddh
LIIeHT Pacxoia BhiNycKa

7. Ecan ycaosne (9.134) He BuINOsHAETCSH, TO Halo YBEJIHYHTH AHa-
‘MeTPHl BBIMYCKHEIX OTBEPCTHA Tak, 4To6sl BULINOIHMTL yoaoBue (9.134).
8. NoTepn nanopa Ha yuyacTke TpyGonposoia

ALQE 1o,
T d.2ge? +F' 9

rie Qp— pacdyeTnuii pacxo] CTOYHBIX BOJA Ha NaHHOM yyacTke
§ 4.6).

Pacuer suinyckoe B mope. [Ipu pacyere BLiMyckoB B MOpe Heofxo-
INHMO YUHTHIBATb HauanbHblfl npollece paszfabnedud. CToynas XKHIKOCTE,
BHITEKAKLIdA H3 Or0.JOBKA BLINYCKA B MOpe, obpazyeT TypOyJNeHTHyIO
CTPYIO, BCMIBIBAIOWLYIO H3-3a pa3sHOCTH NAOTHOcTel. [lo Mepe NBHMKEHHS
Macca CTPYH YyBeqHuMBaetcs, a KOHLEIITPAUHS 3arpsidsennil B Hefl y6ol-
BaeT, 3TOT NpOLEeCC HA3LBAIT HaualblmM pasbaBielneM.
[Mocne pocthxenua NOBEPXHOCTH MOpPS aHGO TayBHHBl, Ha KOTOPO# MJIOT-
HOCTB B CTPye CTAHOBHTCA PABHOH MJIOTHOCTH MOPCKOH BO.bl, pacnpo-
CTpaHeiiHe CMECH CTOYHOH H MODCKOW BOABI OPOHCXOAHT B OCHOBHOM B
TOPH30HTAALHOM HanpapfennH 0ol AeACTBHEM TeyeHHH # TypOyfeHTHO-
CTH MOp#; Takoe pa3fapfeHHe HA3LIBAIOT OCH OBH Bl M.

Coraacno uccienosanusy [1. A. [paboBckoro, ock CTPYH CTOWHOR
BOAb B CTpaTHQHUHPOBAHION cpele MOXKIO ONHCAThH ypPaBHeHHeM

y __ O0316RI [ x \; X
dy cos® @ (do) W dg & o (B:426)

he ; (9.135)

290



(L0283 abas06 g8 10 2 34
N
1 laa
08

/’.0

}5’?' 2016 12108 65 « § 2 1 08 06
n¥R(

Pre. 8.17. 3atoniennaa cTpys

a—rradHl 117 onpeaeIelHA  BLICOTH  3ATOIIQIUNSN CTPYH: 6 —CXeMa CTpyH;
8= rpadui 418 OnpeleicHin uavaiuiioro pasbapiends n

0. — od
: [N . od, ) o 1/ od,
A=0,693 . - | Ri B=3,1 in T
’ dy sin®, ( 2y Py, % Ri(py—0g)
— BOCDXY

CAC X Ul y — TOpH3OMTAbIAS H BCPTHKAAbHAA KOOPAMHATH LEHTPa pac-
CMaTPHBAEMOrO CCMCHHA OT 11ayana BHAYCKA,
To — Y0 BLIX01a CTPYH K TOPH3OUTY;
Ri — uncao Puuapacona:

5 i d M
Ri = g 20 O —Po ;
Yy Pu

Py — TIOTHOCThL MOPCKON BOAILL HA YPOBIE BBUTYCKA;
Qo — TMIOTHOCTB CTOMUOH JKHIKOCTH;
Ug — CPeINAs CKOPOCTb CTPYH A BbIXOIE;
dy — AHaMeTp BLUIYCKIOTO OTBEPCTIA.
JInameTp cTpYH HAMEHSeTCs JHICH0 B 3aBHCUMOCTH OT ee

de _ S 048/ 14 (E) 9.137
=1 toa g =0t 1+ () (9.137)
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Pue. 9.18. l"pad;t1
K nas ofpe e eHHS HAaYa.TbHOr0 pasfasiaenusa p CTPYSIX,

»_—__Eﬁmagmﬁx 3 9KEKTHPYIOWC Haca Kk
——

Tops#aoutay
aakohy Y44 cocrabaIfowan OCEBOH CKOPOCTH H3MEHASTCA
x 37 cost gy 0. (9.13%)
]
Makcumany,
#e1 GhTh Hafm{”’li’f TpOrHG HukHeli rpaltiuel Crpyn 9.17,6)
H3 BbIpameHHs
» 2,16
N e (0,24 — tg gg)" cos™ g, (9.139)
0
Mas npexo

JOBHH MONX0aa Bbamerﬂsn pasMbiBa AHa, a TaKXe JIA yayuymelus yc-
JIOMEHHA OroJig,, OPCKOH BOAL K HuM(HCH 4acTH CTpyd BeicoTd pacno-
Hannune p"®a romwna 6urs na 0,5—1 4 Gosslie BedHSHHH Yo
cIysasx npngo‘r{m\\yxanbnoro rpainenTa MIOTHOCTH B MoOpe B LEKOTOPLIX
numME Gosee K TOMY, U4TO CTPY# CTOWILIX BOJA, pa3bapaeHias HAXK-
BEpXNOCTh H Hao"‘nbmrr CJ0AMH MOPCKOil BOABL, He BCOabiBaeT Ha MO-
CTOYHEIX BOJ, §"onnre;«quuom vpoBHe 0fpa3syeT 3aronnenHoe «m0Je»
BaTe/NbHO, H Hay HM ypOBHCM OTPAUNMHBACTCA I1JHHA CTpyH, 3 Crelo-
Ha pue. 9 @Mpioe pasGaB.eitte.
JCHHS Yaar CTPM{‘ a npipeled rpadux a1 oapelcacHHs BhicoTb! 3aToM-

pu ropus w
%H\raﬂbno.\-r Hanpasaennn Bunyexa (¢, = 0)
4 / 3
Yo _ 050 ﬁe‘;(u)" (9.140)
dy ady

rje g — l"paﬂ.nq
H s 6
avanbyoe ~ [JAOTHOCTH BOAB NO rayOHue BO1ocMa.
asBaBrelHe MOMCET ObITh BHIYHCICHO TO (hopMY.
_ 0,86 cos®N

RS )y Ee [ P e |

a npu qo== 0 (9.141)
n= D184 [ .
= = 1 2 oy \'h y '/3]/ 2y L)*la
Do) )y o
. (9.142)
a pHc.

V' Riy/d,, nOik'llT, 6 npenctasnens rpadukm sasucmyoctn 7V Ri ot
Mlpouec <" mranuse no (9.141) u (9.142).
GHHe MOMHQ  _. Hauanbioro pa3GaBaeHHA B MOPE MO Py-
KOBa, NyTem yc'\f‘?rencndnmnposarb, coraacuo Heeaeaopanuas B. ®. [puau-
Hacaaox ( "];‘anomm 113 BLITYCKE CTOYHLIX BOJ 2 EeKTHPYIOM HX
BIGKIIE coi ae He, 9.18), OpUNYHIAIOUHX K yHacTHio B padbanienny
Makema.r MPopekoli Tonuy.
100 pacxona ‘Ib A0l KO3QOHIICHT 23RCKIN, PABULIT OTHOMEN IO 06LeM-
a0 BHIXOe 13 ilacaikit Q¢ x pafoyeMy pacxoly U3 conaa
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Qo. noayunmaca npi D = 13 dy, ax =60° lx= (4 +5)dx u h =
~ (4 = B)dy: o )
=—C= e, S 5. 3
Ny % 1,28 a, 0,36 (9.143)

Ouruvaabioe pacc’mmme COn1a OT KaMephl CMeLUeHIlA
1y =8d; —3,1dy (9.144)

Hayanbuoe paszbapielye B CTPYAX, BHIXOAMULHX IKEKTHPVIOLLEH
HACAJKH H BHIpaKeHHbIX §PaBHCILHCM OCH

/- i 1,69
L =ri ( dK) (9.145)

MOKeT BpiTh ONpedCICHO MO NocTpoeHnbIM HaMm# rpaduxay (puc 9.18).

np HMep 5. Paccwyurars paccennawiuylo  YiacTs BLIIYCKA CTOYULIX BOT
B MOpe OpPH CIeayl INX NanHuX: pacueTisnii Pacxo 1 eTeTHAX B0 Qp=l.33 Meei,
MHEAMANRHBH Q. =0.75 Micex; UAOTHOCTL CTOMNOT MKHAKOSTH pn.»=ID’JQ KM,
EI‘IKCT=120 sela; naGoabuag THAPAB! iTUCCKAA KPYIHOITH B3B2CIl B CTO4HOR BOe
we=2 Mufcex. B mccre Buycka ray6una vojoeMa H=2 M; 1I10THOCTh MOPCKOH
BOIW ¥ AHA P, =014 K2/u® HANMEHDLINA rpanHelr NJOTHOITH B Kynmaanliift ce3ou
0=0,01 refs'; BIIK,, mMopckoh moset 1,04 atzfa.

Heo6xominmo, 4to6sl B Kynadblblfi Ce301 CTOYAANA KUIKOCTL He BCMABIBA1A HA
MOBCPXHOCTL, @ NDU  BCIIIBITHH €€ B OCEHNE-3MMHAMI  Ce301  KONUEHTPALHA B
CMEeCH CTOuMOl H MOPCKOil BOA Ite npeBbillaza 2 Mela (E'HK:(on=2 .uaf.t)-

1. OnpeaeancM neoGxoanumoe pa3iGapieHHe
BIK.. —BITIXK,, _ 120 — 1,04
l:"al'li(ﬂon——I-‘;m(_,s 2—1.0%

n=

2, ITpHudvaem yrod HeTevenns @o=0, ITo pue. 9.17, 6, 3213BafiCh PAIOM 3IHA-
yenult Ri npr n=124, HaxoauM GF=y/do. 2 3arteM pblUHIAI2M AHaMET bl C2yeHHH
BHIXOAHBIX OTOJOBKOB dp=H/J U CKODOCTH IZTCHEH IR

o=}/ EB A g/ B

Pacyer csenern B ta6.a. 9.16.
[Tpunnmaem dy=15 cm s vo=4 M'cex (sniGop Menbmell ckopocTd 05yc10BAEH

TeM, UTO 34eCh BeaHYHHa pa3baBleHHs YBEIHUHBAETCH C YMEUDLLISHHEN CXOPOCTH
HCTEYeNHA),

3. Aas 3THX HAYAALHLL" YC10BH wHcao PHuapacon
9.81+0,15 (1014 — 10001

T =1,28.10~%

Rip=

Ta6aunua 9.16
3aBucumocTs dy M vy OT Ri

Ri 0.2 0,1 0,08 0,06 0.0% 0,02 0,01
¥ 66 90 102 1 135 167 180
do M 0,38 0,278 0.2 0,219 0,153 0.15 0,130
v, mfcex 114 1,93 2.2 2,88 3.94 7.16 1.
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BeicoTa OrosOBKOB Haj AHGM mpw 3anace B 05 u
s, & e BN i e

Yor=""_—_
o YR ¥ ios0-32

5. TayOGHia 30HB HaYAJILUOFO pa3GaBieHHS
yp=[f—yor~——25— 1,39=23 4 .
6. Tlpn stofl rayGuHe pa3sGasierde cocTasnser n = 148, 4To HECKOAbKO 60.1b:

HeoGXOAHMOTO.
7. [lo (9.110) suicoTa 3aTonaeHus

4,15-107
=0,252 / <0, 15=60,6.0,15=0,03 A.
Ysax -l (1,07 lcr“)a

ITo (8.136), npH yaarfdn=50'3 BEIYHCAAEM xaa.r/du 1 3aTeM ysar/xaar=0'?84'
HitameTp cTpyH, no (9.137), :

]
dcﬁﬂ.‘lvﬁo,ﬁ 1 +W =139,2.0,15=6 &,

Pacctosiise oT AHa A0 3aToMMCHHOrO MNOAA CTOUYHBIX BOA

Hs=ysar+0'5dc+ Yor=139 4 < H.

Tak#M oFpa3omM, CTOYHAS IKHAKOCTE B Kyna/JbHLIi (€30 Ha MNOBEDXHOCTb He
BeiaLIBACT.
8. lpn pacdeTHON rayGuHe ppe flo (9.136), Gyaem

g -
v BN
..531/4 1610~ 21,28 10“3( 51 ) =0,99;

*p

TOraa pPacCcTOfARHE MEeX1y CroNoBKaMH BLINYCKa

=

1=04y, } 1+-—-g- =0,4.234 VT =133 m.
v
P

9, [puyumaen anon=l'085' CROPOCTb HCTESCHNS M3 fOCIeAHErc 0o X0y

BOAblI OrONOBKa
v 4,0

r 4
v, = = =3.69 Mjcex,
YK Bren 1,085

10. Yucao oronoekos, no (9.132),
8Qp 135

= 19,7,
2 2
o, (l + B,Elon) dy 0,393 (1,085 + 1)-3,69-0,15

k=

Mpuunvaem k = 20, O6wian AAWHa pacceHpaoued dacTH

L=I(k-1)=13,3:19=252 M.
12. [pHHHEMAaeM ABAMETD UKAHHAPUUECKOH YacTH OrofoBKa d'“=0,4 M

dﬂ 0.4 o
=268 > 25,

OtHocuTenbHas Anuna orosoeka {fd =1,59/0,4=4, [Ilpn 3THX ycarosHAX
@ = 0,935,
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13. HauGoabwHd  aua-
Z meTp TpyGonposoja, NpH Ko-

TOpOM Biapech ne GYIET 0Ca-
7 LaTbCH HA Moc/eiHeM  ero
g yuacTke, cornacio (9.134),
2
& & ondOQMHH
L=
2wy lQ,
2
3,/9-0 15
=08 TEro 15 e

UroBel u3femats 3aHIH-
BaHusl, AHAMeTp TpyGonposo-
la He J[oskeH NpeBbillaTh
800 ua.

[pHeHMaeM  pacceHBalo-
ulHl BLITYCK B [ABe BeTBH
(N =2), yaeabHoe CONPOTHB-
neHue

05N (Bgon —1)
PRy

=736-10"5 cenz.".uﬂ;

-
x
=
-3
= £y . 3TOMY CONDOTHBIEHHIO OTBE-
%. G s Y, /’/% yaeT TpyGONpPOBOA AHAMETPOM
A 800 Mm.

§ 9.10. NPONMYCK BOAbI
YEPE3 KYJbBEPTHI

CULLLE i et
;j — M 3
oy e =) —"——;_‘L—NQ
Bozonponyckxas tpy-
6a paloTaeT MOJHBIM ceye-
HHEM NpH  3aTONJEHHOM
HIH  HEe3aTONJAEeHHOM BHI-
X0me, OpH BLICOKOM YPOB-
He B BepxHem Obvede H
Goabwol  AnuHe TpyOGsL
Ecan yposeHb B BepxHeM
e H KPUTHYECKO-
Puc, 9.19. Tunbl JABHMKEHHS BOAL yepes ?; (b;P(;LH):eH-PPLOL;o;;g_
KY.15BEPTHI nyckHas TpyGa mpu He3a-
TOM.JEHHOM BbiXoje He Oy-
et paoTaTh MOJNLIM ceyeHHey. 3Hauenue H* koaeGnetcs ot 1,2101,5
BLICOTHl BO/ONPOMYCKHOM TPYGB B 3aDHCHMOCTH CT TEOMETPHH BX0ia,
xapaxTepHcTHK TPyGbl M ycaoBuit noaxoga. H.na mpenBapuTe’bloro awa-
JH3a MOXHO MCMOIL30BaTh BepxHuil npepea H* [71].
JBuxKenne BOAb B BOAONPONYCKHOH TpyOe Ky1LBepThl MOKHO pas-
AejuTh Ha wecTb THNOB (pHc, 9.19):
tu0 1 (a) —szatongenustil BLxoX: Aug = D; H > D; noasoe 3a-
noasetHe;
THn 2 (6) — HesaTongenHbii BuXoA: hye << D; ypomenb BoIm
B sepxieM Goede Buile KPHTHUECKOTo ypoBHA f* = (1,2 = 1.5)D: noa-
nog 3anoaHelie TpyGu COMMACO KPHTEPHAM, NpHBedeHHbIM Ha pHC. 9.20;
Takan TpyOa ABIdeTcA FhHApaBaHyeckn ILAHHHOHWM,
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tun 3 (8) —hn ¢ <D, H> H* Ho cornacno kpuTepusMm Ha
pic. 9.20 noaxuo OLITb UACTHYHOE HAamogHCHHe TPyObl; B ITOM cayuae

TpyGhl HA3LBAKT THAPABAHYECCKNT KOPOTKIIMIUL
— ypoBeHb BOJAbl B BepxHeM Obede HIME KPHTHUECKOTO

THOo 4 5’3)
nosoxwerus (H < H*), ypomeub BOAb B HHXKHeM Gbede Bbllue JHNHY

KpHTHUECKOH TnYOHHB (Ru.6 => fxp);

run 5 (9) —H < H*; hus << Ax  ykaoun tpySsl HOKPHTHYECKHH
(fo << inp);

THn 6 (€) — H << H*, hys < Axp; lp > ixp; YKIOH TPYGH CBEpX-
KPHTHUECKHIH.

[lepBoie aBa THna asewenus (puc. 9.19,a 0 6) npelcrasasior co-
Goit notok B TpyOe; MpH IBiaeHHH BOAB MO TiMYy 3 BoJonpomnyckuas
Tpy6a paboraer mojo6HO oTBepcTHIO ¢ KoahduUueuTom pacxona 0,45—
0,75; np# ABMW)KeHHH BoAbl o THnam 4, 5 W 6 tpyba paboraer nogobHo
BOJAOCAHBY ¢ Ko3pduuneHTOM pacxoda okoao 0,L.

a)
tg L
aaatg—‘
_'f LE-..., i ] Puc. 9.20. Kpurepun
H | ¥/ D:w/Dg4  ana  ruapaBaHueckn
3,06 KOPOTKHX H IJMHHEBIX
T if TPYG
| 0031 ad — GeTOHHBIX, KPYLJAOro H
| |t MPAMOYTOALIOLG  CeuCHHS
0,04 5 C 3A0CTPeITHBIM, 3aKPYTIeH-
; / gum g.m KCKOLL:E:‘I{;{!;UZ Bx0-
oM, o) r.io CHeHHA
f! {Tuna 0,02 ¢ Luepcxoarz’goﬁ Bo.'mli}:soﬁ
2 NOBEPXHOCTRID IIPH 1 =
002 -4 £ o =0+ 0,03; N=20n>F"/R"s
| / ] [To ocaM abeumce — L/D
i 0
!
1 jo{
a 0 20 Je
0 . 008 t,
ARG i
Ll 5% | Lo o A6
— %\\k\ 004, ?‘& 2&5‘0_"5'__
2 .
—wr'"‘“\k\\ 002 ,/ 1> TunZ 0.
FID-T0; '\ oo YI7=0
A\ Zarata A
L \rp-003 /” /aaz ;\\N ri0*002
2 N

S
71

™~ af
e Q75
0,06 N
i

7
1.
T S/ oy, e 1
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tun 3 (8) —hn ¢ <D, H> H* Ho cornacno kpuTepusMm Ha
pic. 9.20 noaxuo OLITb UACTHYHOE HAamogHCHHe TPyObl; B ITOM cayuae

TpyGhl Ha3LBAKT THAPABIHYECKNT KOPOTKIIMIUL
— ypoBeHb BOAbl B BepxHeM Obede HHMKE KPHTHUECKOTO

THOo 4 5’3)
nosoxwerus (H << H*), ypomeub BoAb B HHXKHeM Gbede Bbllue JHIHY

KpHTHUECKOH TnYOHHB (Ru.6 => fxp);

run 5 (9) —H < H*; hus << Ax  ykaoun tpySsl HOKPHTHYECKHH
(fo < xp)3

THn 6 () —H < H* hus < hxp; lo > ixp; yKia0H TPYGHI CBepx-
KPHTIHECKHH.

[lepBoie aBa THma aseenus (puc. 9.19,a 0 6) npelcrasasior co-
Goit notok B TpyOe; mpH IBiANeHHH BOAB MO TiMYy 3 BOJIonpomyckuas
Tpy6a pabotaeT mojo6HO oTBepcTHIO ¢ KoahduUueuTom pacxona 0,45—
0,75; np# ABWKeHHH BoAbl mo THnaMm 4, 5 W 6 tpy6a padoraer nogobHo
BOJAOCAHBY ¢ Ko3pduuneHTOM pacxoda okoao 0,L.

a)
ta L
aaatg—‘
_E o -] Puc. 9.20. Kpurepua
N ¥/D:w/D04  nna  ruapaBaHueckn
3,06 KOPOTKHX H IJHMHEBIX
= Y6
| 0031 4 — GeTOHNBIX, KDYTJAOTO H
| | et NPAMOYTOALIONO  CEUCHHR
0,04 5 C 320CTPeITHBIM, 3aKPYTIeH-
; / gum g.m cho%e;g{r;nz Bx0-
oM, i r.1o CHeHHT
f! [ Tun3 002] & mepoxosatok Bo.'mrs}:soﬁ
U!72 NOBEPXHOCTRID IIPH 1 o
002 + /’ o =0+ 0,03; N=20n>F"/R"s
| s [To ocAM abeumce — L/D
i 0
!
1 =
a 0 20 Jo
0 . 008 &,
s e y
— LR | 1o A8
— 0{ \\k\ 0o%|. ?\;‘& ?”3;5.‘0'1'5'_'
1 4 ’
—wr'"‘“\k\\ 002 ,/ 1> Tun2 0
7000 \V s 7170
AT\ Z e A,
L \rp-003 /” /aaz ;\\N ri0*002
2 N
004 \ B—

S
71

™~ af
e Q75
0,06 N
i

7
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Puc. 9.21. PacueTHble Ipaduki BOZONPONYCKHEIX TPYS

@ — NPAMOYTOJbHOTO CeYeHHH; § — KPYTVIOro ceyeHus



Quenka nponyckHol CcnocoBHOCTH 3THX TPYS MOKeT OblTh MPOM3-
pejicna mo rpadukaM, npeiacrtapienibiM ua puc. 921, a0 6, 119 BOJLO-
nPONYCKIBIX TPy NPAMOYTOALIOTO H KPYLJOTO CedeiHil, 1MUY BXOI
¢ 3a0CTPEIIHBIMA KpOMKaMH. [119 BOIONPONYCKHLIX TPYG, HMEIOUIHX BXO]
¢ 3aKpYrJIeHHBIMIL KDOMKaMH, 3uaueHMe [,/D MoxeT 6bITh MpuG.Iu-
#eHHO YCTAHOB.IEHO COrTacHO JaHHeIM Taba. 9.17

TaGauua 9.17

OtHomeHHe roaoBHOro Hanopa H; k sbicoTe D BOXONMPOMYCKHBIX
TpYG6 ¢ 3aKpyrAeHHbLIMH KpOMKaMH BXoja

Bripa;kenne OTHOWEHHS HafD NpH ero Be.HYHHe

dopMa ceyenusa
TPYG
<1 >1,5
Koyr.iele .| 0,87 Hoc'r/D 0,87 HOCT/D 1,09+ 0,1 HOCT/D
[TpsM yronbHbe Hy.fD 0,36 4+ 0,64 Hyer/D 0,62 4 0,46 Hoc-r/D




lnasa pecatas

HEPABHOMEPHOE BE3HANOPHOE ABHWIKEHME B KAHAJIAX
H KOJIIEKTOPAX

§ 10.1. OCHOSHBIE YPABHEHHA HEPABHOMEPHOr0 ABHEHHA

OcuoBHoe ypaBHelHe [Jsi YCTAHOBHBIIErOCS [aBHO H3MeHsAlowe-
TOCA [IBHellNA KHIKOCTH B OTKPLITOM KaHasde (pycae) HMeeT BHA

dh _  dz _ d (av? QF
f=1i ‘E“W*dl(zg) K= Hed
HIH
dh  eQ? de . .
W ger @ T Hets)
rje
do  Jdo dh
ar —ar T

Aasi LHJHIApHuecKux Kaxanos Ow/0l = 0, z — opauHata KpHBoil
cBoBoADON nOBepxHOCTH notoka; if = QK2

BosbMem 8 NOTOKe ABA cewehus # W n -+ 1, pacnoaoMKeHHbe A0-
cratoyno 6au3ko Apyr o1 apyra. Toraa ypassense {l10.1), nanucadnoe
B KONEYHbLIX pA3ilOCTHX 0Aad y4acTKa NOTOKA, OTPaiiHY4CHHOrO 3THMH ce.
ueHHAMH, OYALT NMCTb BHA:

_ (s tav ne1/28) = (hn + a7 /2g) g (10.2)

- 1

&1

Iy =l fy— i
rae 03 — usmelenne yAenbHON 3HeprHn ceueilHs Ha AdwnHe Of;
{; — cpedHee MOCTORHHOC 3NAuenHe YKAOHA TPeHds B mpelenax
paccMaTpHBARMOrO y4acTa.
PaafuBas 3alaHHblil NOTOK WO [AJHHE HA DAL yyacTKOB H NPUMEHAd
K KaMIOMY H3 HHX ypaBuede (10.2), MOXHO OOCTPOWTHL KPHBYH CBO-

60AHOH MOBEPXHOCTH NOTOKA B pyCJe HJIH HafiTH pacCToAHHE [ Mex1y
ceueHHsMH 1—1 B 2—2, ryGHHLE B KOTOpBIX paBliul h; H Ay

m
KED
1=y, 2k 10.3
2 (103)
k=] 0 fk

rie mM — UHCAO YYacTKOB, B3ATLIX MCKIY ceueHHAMH [—1 u 2—2.
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§ 10.2. PACYET KPHBbIX CBOBOSHOH MOBEPXHUGTH HA 1BM

Ilpn pacycre KPupLX CBOGOAHON 1OBCPXNOCTH 3 [IBM  11¢110.6-
syercs Kolicuno-pasitocriioe ypasuense (10.2). [porpayuy ueaccoos-
pasho CoCTaBaATb 117 nanGonee OGUIEro CAYYAf — jenpu3saTHUECKCTD
pycaa ¢ MepeMeliui (MIaBHO HIMEIAIOUNMCA) 10 Yauie noTOKA KO-
HoM Ana i [lioulazb nonepeunoro cevwenis © u CMoucunmii nepiyaTp
¥ Taly.upyloT B 3aBHCHMOCTH OT rayOunsl A W PACCroquun oT Hayadb-
HOro CITBOpa ! u 3amawT B BHAC MaTpHIL np[fi COCTapgenny TaKiix Tad-
ML PEKOMEIITYeTCA HC10Ab30BaTh MAAUHMETD 1 KYpgpyerp.

Yraon jla iy 3ajaeTca 1A HECKOABbKIX CCUeljyy. Mepea cuetom
BBOIAT B MAMATH MAWHHL KO3QQHUHENT WCPOXOBAToery kanana n. KO-
opaHilaty lo HAYaJIbHOTO CeueHHd, TAYOHHY BOABI B hey 4, upeneai:Hm&
KOOPAHHATL CBOGOAHOI MOBEPXHOCTH [w H fw, @ Takike wakcHManpHuik
rOpH3OHTAIbHLIA LWar nocTpoeHHa Kpusol Al” 0 HaYapenmi BEPTHKANb-
1uiit mar Ah.

PaccrosiiiHe MexAy CeYeUHAMH n # a1 llaxoyar CABAYIOWLAM
oBpasoM: OpHHHMAT In4) = ln 4+ AU, hagyv=tha L Ap w no sraw
JAHHBIM ONpPelenfloT Wn+1, ¥n+i o, n+1, NOACYHTLIaj0T THApaBJinue-
ckuit paanyc, kodhbuunent Wesn Cnyy, yioabiiylg JCPIUIO  ceyeHus
Ju1 H YKAOH TPeHHS if, n4y. Paccrofne MeMay Cauepnnavin paccyiTL-
BatoT mo (10.2). TMonyvennoe paccrofiune Al kak LPgpig Oy 10T 0iaH-
yaThe OT paHee npunatoro- AlY Tlpn HecyweeTseloy oramuin Koop-
AHHATEl [ngy B Aoy GHkcHpyoT. TIpn cymecTBetHOy orapyun w Al >
> Al' BepTHKaJbHLIA WIar Af yMeHblUaioT B ABa pasa M MOBTGPANT
NOACHETHL € CAMOTO Hauaaa (c ONPeACTeHHA Hutil. B upotHBHOM Cay-
yae IIPHHHMAKT TFOPH30WTAAbHbIA Ar paBHbIM O,5(Q[+A;f) H [01CHET
NMOBTOPAIOT € MOMEHTA onpefenenns /n+).

Buiuncaenns sakaiunpaior nocae MOCTHAK “HHA koopiuwatamu [n
ha TPAHHYHBIX 3HAUEIHIL.

[Tpusmaruyeckne pycaa u pycaa ¢ DOCTORHHBIM yknouom Ana pac-
CYHTBIBAIOT B TOM Xe nopaike, OlHAKO 00BeM BBOAumoii B gaMsTh Ma-
UHHBl NepBOHavalbHOH HHQoOpMAUHH O PYLae 3ilauure bHo MeHblIe:
N10ULAAH, CMOYEHHbe fePHMRTPH H YKJAOH 33432K0T guws 118 HBYX Ce-
4eHHH (cTBOpOB).

§ 10.3. PACYET HEPABHOMEPHOrG [BWUMEHWHR B KAHANAX
C NOMOULbID NOXASATEAbHSIX 3ABHCHMOGTE

[pu unterpuposanuu ypapuenda (10.1) OBUMeuws notoka B UH-
JHHAPHYECKHX KaHaAax IUIHPOKO HCMOAb3yeTcs MOKasatenn B. A. Bax-
MetbeBa (8.37), a Takike THAPABIHMUECKH MOKa3aTeny y noroka s KpH-
THyeckom coctosinun (8.44) (puc. 10.1).

Ha ocxose nokasaTenbhoro sakoHa Baxmerbeha (837) noayuens
cleaylolHe YpaBHeHHR:

a) AnA KaiaJoB ¢ MPAMLIM YKAOHOM AHa (i = 0)

iol :
th =1 — 1 — (1 — jep) [B (M2, ) — B(m,, x)], (10.4)
tae Mg = Ma/ho, My = hy/ho — oTHOCHTEMbHLIE TYOHHL B KoHIme M B Ha-
yale Yy4acTka, DaCCTOﬂHHe MeXAy KOTO-
puiMu [
by — HOopMaabHAR rayouHa;

i =(——“C?i°3) ; (10.5)
cp gx cp, 3
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L Koyenoe 2
CEYEH
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Pue. 10.1. Pacyerhiie rpadHKkH nokasaresneH

a—K. A, Muxanacea —y; 6 —B. A, BaxMerbesa - x; @ —HX couerauui
B 3aBHCHMOCTH OT h/b

C, % u B — rosddnunent Ilesn, cvouenibli nepHMerp
W WHDpHHA 7OTOKa MOBEpXy (NMPHHUMAIOTCA
CpPEAHHMH AnS yyacika {);
Ip — YKJOH AHA Kanana,
€ — YCKODEHHe CH.Tbl TAMKECTH;
dn

E(n x)= { pe DyHKUMH ~ OTHOCHTEIbHOR TaYyGHHEI [IPH
N2 H M3



0) aada KaHanos c ofpartibiy yraouom (i << C)
R
il

=G =T+ G =BG ]l (108)
0

S
ip— abcOoTI0THAA BEIHUMHA YK.IOHA InA KaHaJaa i5 =i}

~— (MKTHBHAA HOpMaJbLHaR rayGuua, T. e. ray6iHa paBHOMepHOTV
ABHXeHHS NMOTOKA B KAHAJE C YKJIOHOM iy}

A, hi,_ , aic’B
G] = K: ;25= = av, H
B(L, x)=J‘ lfcx ﬂzj' — §2x - f =~ 25(L, 26)—B (L, x);

B) IJA KaHaJOB C TFOPH3OHTAJBHHM AHOM (ip = 0)

f’Kpl . ].
= Jkp. ep (§2_ E'1) S (ES-H - §f+l) =

th
= Jkp. cp (&2~ &1) — [By (B2 x) — By (21, %)), (10.7)

rie fxp — KPHTHUECKHIT YKIO0H;
fixp — KpHTHYECKas [nyGHHa;

. ai,C*B
Jkp. cp == T e H

C, B n % — oTeeuaioT mefcTBHTeIbHOl riybuHe (a He KpHTHUECKOIl).

Bo Muorux noco6H®X 0O FHAPABAHKe HPHBefeH: TaGAHLB SHaueHHi
dyukunit 5(n), B(E) n Ho(E). Ha puc. 10.2 311 by HKIMK npeacTaBIeHb!
B BHle KPHBHIX NPH YETLIPCX 3HAUEHHAX FHIPABJHYECKOrO MOKa3aTens:
x=2;3; 4 n5 MoKHO CUHTaTb:

npH 1 << 0,85
1
B =n(l—g% **' (10.8)
npu 1 > 1,2
0 7* J'x_—xl
B(nl=T—=71 (t—n7Y) (10.9)
mpu < |
1
B)=t(4¢9 **Y (10.10)
apH {
— e B l—x A=k
B(p=2 **!' +;—i—[--2“‘1 —f U+ 5>, (10.102)
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Puc. 10.2, Hascuenne dvuwii 5, B a 5; B 3aBHcHMocTH OT THR-
paBTHIECKOrO NOKA3aTeNAT Pycaa x Il COOTBETCTBEHIO OT apryMeHTa:
a—or N, 6§ —or { 8—oT &

ITo cnocoby K. A, Muxadjosa ¢ HCIONB30BaHHeM MOKA3aTebliblx
zakonoB (8.37) u (8.44) umeem:
a) AAf KaliajqoB ¢ NpAMB YKAOHOM JHa (ip = 0)

ol
S =ne~m — [B (M %) — By, )] +
' ﬂ)y B (My, x) — B(M,, )
+ (5 rr1—y (0
M = n* = 0™V pyurunn Jesw; x = x/(x + 1 — y); ungex-
| ¥ 2 oTHocATCA K ceyeHMAM | ¥ 2, HAaXOALRIHMCA HA DacCTOAHMH [
6) mJ8 KanaloB C TOPH3OHTAJZBHBIM AHOM (g = 0)
o _ GTIogto gt
p x+1—y x4+ 1

=B (&2 x — 4) — Bo{t1, ¥ — y) — Bo (82, ) + By (E1, ) (10.12)
B) Lad KaHaJoB ¢ ofpaTHEIM YKAOHOM AHa (iy << 0)

zﬂn'
71""—-5@2; )= B (G, x)— (=) +

0
hep\Y B (1 %) = B (11, %)
g

i 10.1
x4+ 1l—y (943)

= gx,'x —_ §x+l—y‘

3uauenun 5(M, %) v B(I, ) HaxoaAT no TeM e Tabauuam A1
B(n, x) u B(§ x), HO ¢ 3aMeHOl 1] M X WIH § H X B HHX COOTBET-
CTBYIOIHMH 3HaueHuaME M w x aan [ o x.

§ 10.4. PACYET HEPABHOMEPHOI0 BE3HAMOPHOr0 ABHWEHHA
B KOJJIEKTOPAX

[Mpuwumas Bo BHEMaHHE, YTO OTUOWeEHHe MOAYyJell pacxola 3aBy-
CHT TOJBKO OT CTeNeHH 5La0THelHAa Koggektopa, T. e K/Kn =
= f(h/H) = [(a), roe Kx — MOAYyAb pacx0Aa KOIIEKTOPA NpH [OMHOM
3aN0JHEeHHH ero, u3 adddeperHanbHOro ypapnciig

ihdl _ f? (a}(l —aQ B/gw°) g (10.14)

nyTeM 4YHCAEHHOTO HHTErpHpPOBAHHA TOJYUYHM:

th=o(en &)-0lo &)-

— oo (o E)-w (o &) o)
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Puc. 10.6. Tpadukn ¢pynkuufi @, n ¥y, exogauwmx B (10,13), mis koa-

MeKTOpa KPYCLJAOro cedeHHs
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3uavenns @ w W) 179 KONICKTOPOB € MpPAMBIM YKJAOHOM AHA
(fa > 0) aanm Ha pic. 10.3—10.5, a @y u Yy 219 koaiekropos ¢ 06-
patHbiM YKaoHOM Ana (i << 0) —Ha puc. 10.6—107, rpaduku koropeiX
[MOCTpOelbl HaMH Ha OCHOBAaHHH pacyetoB Ha IBM.

a9 KOJJIEKTOPOB C FOPH3OHTadbIbIM AHOM (ip = 0)

KQ;; = ;ﬁz (o (a2) — ¥o (@)] — [@o (az) — Qp ()], (10.16)

3uauenud Qo H Wy npuselcHbl Ha pHe, 10.8.

Mpumep l. B xouue koaiexropa d = 2000 M4, MPOJOKEHHOro ¢ YKIOHOM
i, = 0,001, HMeeTcs HacocHaa CTAHUMA ¢ UpHeMmHbIM pe3epByapoM. Pacxon Ko.-
JexkTopa MpH HanojHeHHH a4 = h/d = 0,55 cocrasaser Q = 2532 alcex. OTmeTKa
10TKa KOJJIEKTOpAa y MPHeMHOro pe3epByapa HACOCHON CTaHUHH {?K=+l(m.

OTMETKAa YpOBHA CTOUHOM MKHAKOCTH B MPHEMHOM pesepByape HAcOCHOR craH«
[HIf NpH PABHOMEPHOM ee [ABHKEeHHH Mo Bcefl AJHHe KOJNeKTopa

Vo=V thy=10+ad=10+11=111 &

[IpH MOBEIWECIIHH YDPOBHA BOLBI B MPHEMHOM pelepByape Bbille Ay B KOJJNEK«
Tope HauyHeT C€031aBaThbCA MOAMNOP H BO3MOMXKHO 33HJIHRANHE H3-3a YMeHblIeHHS
CKOPOCTH.

MUHHMaABHAA OTMeTKa YPOBHA CTOYHOR JKHIKOCTH B KOHUE KOJJeKTopa MO+
#eT OBITE ONpedeneHa Mo BeAHYHHE KPHTHYECKOH raySHHbI th=0.7?2 M ¢ yue-
TOM, YTO Ha KPOMKe Mepemaja MHHHMaJabHaf rnyGHHAa parHa D.?thp: Vi =
= IB+0.?5th=10+0.58=10.58 M.

TMockonbKy MO YCAOBHAM 3ajadu hn>k!{p. TO COCTOAHHe MOTOKA CTOYHEIX

BOA B KO.JIJeKTOpe cMOKo#HOe.
OnpenedHM ANJHHY KpHBOH chmafla MpH _ YCJAOBHHM, 9TO B KOHIle Koanektopa
yCTZHOBHTCA KpMTHYecKas raybuHa A, n=0.772 4. a ray6usa B Havaie kpuBoit

cnana by = hy— 0,025 M =1,1—00% = 1,075 M. ITpu 5THX nauHblx @ = 0,537;
a; = 0.3%: Q,=4335 a/cex; Qanm0.584. Mo pue. 10,3 waxoanm: @ (a,)=0,4;

@, (a,))==0,03; ¥, (a))=9; ¥, (a))=5.
Tlo (10.15) noayyaem:

z=—f— 10,4 — 0,03) — 0,0203 (0 — 3)]=2000 (0,38 = 0,08) =380 .
]

§ 10.5. FHOAPABIHYECKHH NPbINOK

F'HipaBaHUeCKHM MNpbLIAKKOM HasbBaeTCA pe3xkoe YBeau-
yenne rAy6HHB NOTOKA OT BCJAHUHHBE f1;, MeHbllell Agp, M0 BEJHYHHBI A,
Goabwell Axp, T. € Yepe3 THADABAHYECKH[ MPbIKOK GYDHLIH NOTOK mepe-
XOJHT B CHOKOMHBIA (pHe. 10.9).

Beauuyniia @, nokasaHHas Ha yepTere, Ha3lbiBaeTcAd BHCOTO
npeaKa, lb—XauHOR nmpokka Taybuusl B ceueHuax [—I o
2—2, orpaHHYMBaIOIHX [PLIXKOK, HA3LIBAIOTCS COMpPHAKEHHB M H
(HTH B3a W MU B MH).

[Tpun HeGoablIOM YXJAOHE XHA LHJAHIIPHYECKOTO KaHasna 3TH [Jy<
GliHbl CBA3aHB Memay COOOH OCHOBHBIM YDaBHEHHeM MNpLIKKA

a9 Q? 09 Q°
—— 4 200y = —— 4 2,0, 10.17
gy 22 g0y i ( )

rie 2, H 2y — 3aray6iednsa OTMETOK UEHTPOB TAMECTH MepBOTO H BTO-
poro ceueHnii OT NOBEPXIOCTH KHIAKOCTI;
@) H @ — XKHBblE CEYEHHS MOTOKA A0 H MOC/ae MpLUKKA.
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Puc. 10.9. TumpaBaddeckHil NPBIXKOK B KPYrJOLHJHHIPHYECKOH
Tpybe
q—cxeh 6~ rpadHK NI onpenesiciiia BIaMMNUBIX FIyOHH; @ — Cpaguk Aas

onpefeacnHa ATnabl OPLKKa

[To wuccaesosanuam JI. B, Kaawnckoft, gospduuneit roandectsa
IBHKEHHA af,' B NPAMOYrOJ1bHOM CEUEHHH B KOHLe BOAOBOpoTa Bhipa-
JKaeTeA 3aBHCHMOCTBIO

2
ay =14 0,445 ()/Fr, — 1}, (10.18)

a B TpyGe KPYrJIOro ceyekua
ay =14+02()/Fr —1), (10.18a)

rae Frl=v?/gh; —u ;0 Ppyla B ceuelith neped NPLIKKOM,
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TaGauma 10.1

OTHOmMEHHE CHABl AaBJeHHA P} B ceveHHH 3a BAJBLUOM K CHae P,
NDH FHAPOCTATHYECKOM 3aKOHE pacnpefedeHHH HaBIeHHS

p,/2, 08 0,82

B nocnenpm#koBOA 08.15CTH NPOHCXOIHT AaabHEiiuiee npeodpa3o-
BaHHE W pacceHBaHHe 3HEPruH; B KOHLE atoit obnactH YCTanabpIuBaeTCq
raybuHa cnokofiHoro noToka fp > A’ 5

hyp

B = hy — 0,08 (hy — hy) (10.19)

Cornacuo necaenosainaM B, @ Jlesuuworo m B, /. [laBaeHko, ko-
s HIHEHT KOJHYeCTBa ABHXKEIHA (lp, YUYHTBIBAIOWHHE HepaBHOMepIOCTh
pacnpejeseHHs # NyJbcallH0 CKOPOCTell, AAS NPbIKKA B KPYIJIOLHANK-
JpHueckofl Tpyle Bbipa)aercA 3aBHCHMCCTbIO

6
o2 = 0,7 V' Fr) —. (10.20)

h
hyp

PacnpeieneiiHe AaBieHHs B- CeUEHHH HENOCPEACTBEHHO 3a BaJblOM
lle NOAYMHAETCH FHAPOCTA1HYECKOMY 3aKOHY, a cHia ZHaBaeuus P§ co-
CTaBJfET YacTh OT CHALL Py, MONYYeHHOA B (PeANONOMKEHHH [HAPOCTA-
THYECKOrO 3aKOHa pacTipellenedus gapienus (taba. 10.1).

Jas onpelenenns B3aHMHBIX TAyGHH MOTYT ObiTb HCTOJB30BAHBI
rpaukn Ha puc. 10.9,6, 10.10 » 10.13.

[Ipu6aKKenno cONpAKeHHbIe TyGHHBL MOMHO Onpelenate no gop-
MyJaM:

npH hofhkp << 3,5

M e gy (10.21)
Agp Tk ’ ’

tae ¢ = Q0,16 — o1 KaHanoB napaBoJuyeckOro, nPHMOYroAbHOTO H
KPYTJIOTO CeyeRrHil;
¢ = 0,13 — A1 KaHaA0B TPeYrossHOro CedeHHus;
R TpanenexAaNbHOTO KaHana *:
npe mhyp/b < 1,0

mh, ‘s
¢c=0,16+ 0,08( b"")

np mhyp/b = 1,0

b s
c=0,13+ 0,11 (mth) :

* A. H, PaxmaHos npeanaraer ¢ = 0,2,
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npn hofhxp > 2,0

hy [ A ]Uﬂ -
i D .22
he LA+ (halhy)” )
rie
I8 APAMOYTOJALHOTa Kanana A=2,0; #=3,0 u n=I1,0,
» papalo/HyecKoro 2 A==53" ®x=10 n n=I,5,
» TpeyroavHoro » A=1,5! #==5,0 k n=2,0,
nbo
1 [
A=XEl n=05(x~—1)

JAnd NOTOKOB B 3aMKHYTBIX Tpybax — no qopuyie B. H, Koanua:

hy H ok aQ? (ks
. ——k.(,hj [\gH;,J ; (10.23)
roe mnapaveTpwl ky, k; k3 3aBHCAT GOpabl CeUEHHA TPyBhL

(ta6a. 10.2).
IlnuHa npbikka B MPAMOYTOILHOM Kaiale MOMXeT GuTh ONpeleneHa
no dopmyae b. A. Baxverena u Martuke:

Ly =5 (hs — ) = Bayp (10.24)

nan no dopyyae M, . Yeproycosa:
/W 0.81
ln=1034, | } ( ) - 1] (10.25)
1

a B Kpyrablx tpyGax — no ¢opuyae B. C. Kaavda:

Wy — @y
B,
(rie ¢ B ©; —NAOWALH KHBHIX ceyeHHd mpu ray6usax hy H hy, Bi—
WKPHHA [10TOKA NoBepxy npy raybade A;) waum no rpaduram B. H. Ko-

anmya (phe. 10.9, 8).
flo ucenesosanuam . S [lsen, pauna npuikka B Tpaneleniatb-
HOM KaHame cm =015

Iy = (4,33 + 2,67m) Ay (10.27)

Ha anune luyn DOCIenpLiKKOBOLG yuyacTKka B Mpefe’ax MexAdy ce-
ueHHAMA 2—2 1 3—3 (puc. 10.10,a) npOHCXOMMT 3aTyXxaHHe nyabcallmil

TaGauuwa 10.2

3navenua k;, k, u k; B (10.23)
npu 0,05<h/HS08 u 0< a, < 1

=6 (10.26)

dopMa cevenus ky k, ky
Kpyraas . 1,08 0,745 0,442
JloTkOBaA . .| 0.653 0,84 0,50
Ulatpopas 0,931 0,85 0,54
OpoaaaeHas  + . . . . . 1,90 0,745 0,45
JloTok ¢MOTPOROrO K0.10113 1,23 0,774 0,49
Kpvraas npit h,/d < 0.5 L15 0,752 0,46
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o meNItul, CRONCTHCHHEIX PABIOMCDHOMY IBHKENHIO. a TaKie Bbl-
apiREINe  (I0PLl OCpeIHeiblY ckopocTelt o gopwbl, koTopas oTBe-
yaeT TaKKe PABIOMCPNOMY [BIKEHINO:

Lo =~ (10 + 30) ¢, (10.28)

rie {—rAyGmIa B KAHAAE 33 [0CIENPLIKKODBIM YUACTROM.

Moxkazauunit ua puc. 10.9, @ npuikok noayuaerca upu by << 0,7 Awp;
npt 0.7 fuep < fry < 0,85 huy ofpasyercs npbiXox-Boaua (puc. 10.10,6);
AbCOTA MEPBOI BOMILL npuMepo B 1,5 pasa 60abnie BHeoTH TH1PaBIH-
yeckQro MpLUKKA  dup, onpefetcninoit no Qopmyre (10.17); npu
085 hup << My << hup 1a821012€TCA «NPLIFKOK» B BHIC AEPIOIHTECKIX

I

L BeaeICTBHE TOBEPXNOCTHOTO BOI0BOPOTA NPOHCXOIHT IITEilCHBRHOC
po3IYXOBOBIEUEHHC  (a3pauss) B HEIATOMTENTOM  FHLIPABIHYECKOM
npeikie. Makcnvanbioe cpelies no ray6itite (ceweinno) Bosl1yxocoaep-
samie B Jjauane npuixKa, corgaclo mnceaetosanusy 10. B. Koxkoprua,
q0crHraeT BeMHILL fg; = 40 < 60%. Ilo Mepe yMeublteunst Hirtei-
cliplocii TYPOY.IENTHOCTII B NMOTOKE B KOMNIEBOil yacTH fipblskka W na
MOCIIPHAKOBOM YUACTKE BLIIETACTCA MeXaliHyeckl BOBJIeyenHbill Bo3-
ayx (Ipaspailst).

Fean B 6yproM NOTOKE (epel MPLIKKOM BOJa He lachlileHa pac-
TBOPEIHLIM BO3IYXOM, TO H3-332 a3pallHi KO/IYeCTBO PacTBOPEUIIOrO B
Lol BO2AVXA YBEJIHUHBAeT .

ITpic Gesnanopuelx  moToKax ¢ g=01-=+024 MY cex,
Fr, = o,/1 ghy =8+ 10 n s = 30 =509 10. B. Koxopun peko-
MetveT IAS ONpeic enns cpeinero no rayOnHe (ceUeHHI) BO3TVXO-
co.lepKania B cBOGOANOM HE3ATOMICHHOM THAPaBIHIECKOM TNpLLKKE H
Ha ENCIENPLDKKOBOM YyYacTke (Ha paccToAllM X OT 11ayana nphixka)
3MIIPIMECKYI0 33BICHMOCTD

X 2
B= (— —8) + 10%. (10.29)
Anp /

Bosiyxoco epaline B THAPABIAYECKOM MpLIKKE ABIACTCA (PYHK-
witeil ve Toanko uiena $pyna, HO TaKkKe, nanpumep, yucaa BeGepa uM
ureia Peitonbaca. [losToMy npi HCNOAb30Baliuy 148 NPaKTHYECKHX
pacuetos sapucuMocTH (10.29) 3a upelenaMH YKazamiisiX Bblllc Xapak-
TepiteTiR g, Fry, fes NyAHO HMETL B BHAY, 4YTO B THAPAaBIINECKOM
npuiEke ¢ GOanmnMit passepamn (npu nekotopom Fryp == const) 6yier
i Gogbniee BO31yXOCOdcpIiKalie,

Casoaspallist MOTOKA Mepel MPLIXKKOM, B pPe3y.ibTaTe KOTOPOH Mpo-
"XOHT TONbKO «pa3fyXaiue» MOTOKA, He BJIHACT 11a BTOPYI0 COMpH-
HENNYIo ray6uny, onpejeademylo 0e3 yueTa BOBJIEUSIIHOTO B MNOTOK
RO3VXA 11a NOCAENPBIAKKOBOM YuacTKe, 110 TIPHBOANT K [EKOTOPOMY
VMCHLINERNIO 1 THibl CHAPABIIYeCKOro npuixkka (Ha 10—20%). B npak-
THYECKIX pacuetax conpsmenns Gped0B camoaspaniio noToKka Moxio
HE VYIITLIDATE.

Bropas conpsxennan rayGuna yBeaHuHBacTcfl, €Cal NOTOK B pycle
Nepel UPLIKKOM He TOJILKO A3PHPOBaH, 110 H HMeeT ROBHIMeHUuH KO-
aebiienT KoaluecTBA ABHAKCHHS HIH OOBBLINEHHYIO CDEITHION CKO-
PUCTL, 00y Ca0BIGLNYIO VMeHDLIIEle MOTeps Ifamopa fo Adiie NOTOKA
lpI camMoaspatn,

[ipn naGeramimn  BepTHKAILNOTO MM APHIECKORO (PaINYCOM rg)
[UTCKE €O CKOPUCTLIO Ug 114 FOPH3ONTAIBIYIO LLTOCKOCTh MPOHCXOMHT ¢TO
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ainaIbioe pacrtekalie H obpasyercs KoableBoR npuixok. [Tpn kpury-
veckoll (hopMe COnpsteHHA TAySHHBI By o Ay # JZaHina 0pwixka lpp, MO
I A. [eueynnanse, pasisl

3 T
hy = 0,267 / Lo py; (10.30)

}‘ Yy

3 29

rev
hy = 0,73 /(—J 10.31
2 ] = (10.31)
lnp = 4,0h-. (10.27a)

§ 10.6. CONPAXEHWE BbLEGOB

Hepeako Ha KaHa.in3alHon! KOJJIEKTOpAaX yCcTPaHBaOT mnepenat-
5l KOJOILbI:

1) B MecTax npHcOeAHUelliA NPHTOKOB K [1YGOKO 3aMOMEHHBIM KO-
JCKTOpaM;

2) npu KPYTOM pcibede MECTHOCTH AJA YMElbWeHua (L0 MaKcH-
Magbilo DOMYCTHMbIX) CKOpOCTell ABHAKCIHA CTOYHLIX BOI,

3) B cBAsKH C 11e00XOAHMOCTLIO COTTACOBAMIIA TOJOMKCHHA [IPOEKTH-
pYeMOil KanaaH3auHonuo# ceti ¢ JIPYTHMH 00I3eMIILIMH COOPYIKel HAMH;

4} npH 3aTonnellHbIX BLINYCKAX B MOCJAelICM Nepeil BOJOEMOM KO-
a040e.

[Mocne nepenaaa (puc. 10.11,@). a Tak¥Xe nocac ApPYrIX HCKyc-
CTREHIIBIX COOpYKeHHi: BOROCTIIBA, ULMTOBOrO 34TBOPA B OTBOLSIUEM
kananse (A0TKe) € YKIOMOM iy << ixp YCTAHABNHBAeTCA cxKartas raybiila
he, MeNbINAA KPHTHYECKON FAYOHUL, 4 3aTeM TILIPABAHUECKHA NPLIMKOK,

Pasnuuator 3aTonjennulil, HaJABHUYTHIH M OTOCHANMKLI TPLIKKH.

[Tpy satonaennom npeiskke (ckema [ wa pue. 10.11,6)
rayGnia f B oTBOAAUICM Kalfane Goablle FayOHHL Ay, ABAAKNICHCA cO-
npaKenofi ¢ raySmiof y coopyskenis, nan he = hy, rae b — ray6una,
conpsxenuaa ¢ raybmiroit notoka f.

Hamgsuuytuit nmpe» oK HIM kpuTHUeckan dopva conpsxe-
lug, oBpaayercd, Korja rayoulla NOTOKAa Ae OKANKETCHA CONPAKCHHOW
¢ rayGuHOi ¢ (cxema 2 ua puec. 10.11,6).

Ortornannufi DpblXOK BO3IHKAGT B TOM Cavuae, Koria Yy
coopyelna raybuna fic sewbiue raybunsl hy waH fp > (cxema 3 na
puc. 10.11, 6).

Dopya conpaMCeHHA ¢ OTOFLANILIM NPBIAKKOM (Ay = {) nanboaee
HeGNaronpHATIA, TAK KAaK Bbi3plBaeT 11ePABHOMEPHOCTL ABHMKEINSA KHI-
KOCTH MO OCHOBIOMY KOMICKTOPY, YCHAENII0e HCTHpAlNE 1HA H T. A
Jlyuwed dopMoli conpaxe:1ia ABAAETCA 3aTOmIENbIN OpPLIKOK (£ == fp
HaH h < he).

CBA3b  THApAB.INYECKNX 2/JEMEHTOB NOABOAAWILIO KOAMEKTOpa H
CHKATOTO CedyCHWA — FAYOHHBI IIOTOKA MOCae coopymenus ke ¢ riyGu-
HOM MOTOKa A0 COOpYXKeHHA — BblpaxKaeTcs ypaBHeHHeM fanaHca yledb-
WOIT 2I12PTHH NOTOKA B CeYetHAX 0 H TOCKe COOPYIKeHda:

a@?
To=nh — 10.32
0 c + 2§(P?(1)E ( )
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(102

(]
rae To=T +2—g-yne.1bnaﬂ IHEPTrHsl MOTOKAa B CEJeHHH Mepel co-

OpymenHeM;
@ ~ pacueTHblii pacxoi;
a — xosdduuneut Kopuonauca,;
@ — KO3 (PHIIHEHT CKOPOCTH;
¢ — MJA0WAIL  KIIBOTO  CeYEHMRA, COOTBETCTBYMOLAR
ray6uie he.
Ias onpeieneHus Tay6ninl Ac MOryT BuTh HCNOJB3OBaHbl rpadHKy,
nocrpoennuie B. H. Kosuuwy (puc. 10.12,a n ¢, 1013,6) ana npsavo-
YTOJILHOTO, TPaneuen1a bHoro H Kpy rnoro ceueHHl Kanata.

[To B. H. Koainy, npu hgp/Turp << 0,4 179 NpAMOYrOJBHOrO Ka-

Haza
e 0775( .l )"53 (10.33)
Ty - 9T ’
a npu 0,02 << he/d < 0,3 B KPYrJaoM KoJMeKTope
he _ ]/ .
T_O,?'QS( T o (10.34)

[lpenenbHoe 3Hauenne yAebHON sHeprn Toump, COOTBETCTBYiOULEE
KpHTHUecKOl GopMe COMPAKEHHA, MoMKeT ObITb NPHSAHKEHHO onpede-
JeHo no gopyyae

s hy A lin 1 [ A+ (hatbp)” |*
o Bl Perm M e
Bap Jup hep | A+ (o) ong® | A (ho/hyp)

(10.35)

napametpsl A, n H ¥ —em. (10.22).
Ipu Ty ] Tonp TPEIKOK OydeT saTonJseH, a np# To > Tomp 0Bpa-
3yerca OTOrHAHHbBIA [PLIKOK,

§ 10.7. PACYET BOJ0BOAHbIX KONOLLEB

I'ny6uua Bono60iHOrO K004
dy =0dy+ (0 — 1) { =0hy —{, (10.36)

roe 0=105+ 1,1 — xo3ddHLHEHT, XapaKTEPHIYIOLIAH CcTeneHb 3atof-
JIEHHS TNIphIMKKa;
¢ — rayGuna BOIBI B OTBOASUWLEM JIOTKE;
Ay — conpskenHan ray3HHA CKATOTO CEYEHHSH;
dy — Teopetiveckas TJay6HiHa KOTOAUA, NPH KOTOPOR MPBIXKOK ycTa-
HABJIHBAGTCA B CHXATOM CEUSHHHM, Onpelensevas 0yTeM peuwe-
HHA CHCTeMbl [BYX YypaBHEHHH — IHEPreTHUeCKOro H KOJHYe-
CTBA [ABHKEHHA:

s
To+ do==2p+ g =he + —2%_, (10.37)
2890,
a 2 Q 2
BE 1 oze=2L 4o,z (10.38)
The [1)2 — {1Jio01a,IbL XHBOO CeyYeHHd [IOTOKA 34 I.'[pb[}RKO.\[ an m‘])’GHHe
hy=dg +t. (10.39)
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Ha ocHoBauii peluenHs 3THX ypaBHCHIA rocTpoensl rpa@eki mig
npsitoyroasHoro kKanara (pne, 10.10) u B0o1060iHOIO KOMOAUA C .1HOM
KPHBOIIEHHOrO Ceycilisl, O4YCPYeloro No paiuycy 1pyGel, B OTHOCH-
TeabHBIX Koopawiatax (puc. 10.13, a).

Pacuer BedeTcsd B CeAYIOUWlEM MOPAIKe.

. Mpw 3azawnux T, Q & f BBIYHCIRIOT ANMA UPAVOYTOMBHOIO 8a-
40604 OTHOCHTEABHLIE BETHUHIIEL

9
TO - ToeT ayy .
Eo= Tk rie To= +*2g—»
t 1
En= Tl':gu—gﬂ‘—j-
th 28,

2. Tlo rpadwky wa puc. 10.12,8, npuuss COOTBETCTRYIONICS 3ilave:
lite KO3h@HUHENTa CKOPOCTH (e, MO 1) HAXOIAT Ly a 3atem

do = (& — &) fpr (10.40)

Jaa BomoBos ¢ mOMAYKDPYrABIM ceveliies AHaveTpoM D BblUHCIAIOT
pazHOCTb OTMETOK cBoBOINbBIX HOBEPXHOCTeﬁ BOLbl MPH pacueTHbIX pac-
yodax B NOABOAAUIEM H OTBOAAILEM JOTkaX, YYHTHIBAR CKOPOCTBE MO1-
X0Ja nOTOKa K Mepenajay:

ad

zu=z+§. (10.41)

2 3aTeM ee OTHOCHTENb.(IVIO BeJHUM. = 2¢/D  napawverp

,4=]/_€L .ECIQE
gh " "DT -

[To rpaguky (puc. 10.13,a) onpenensior oTHOCHTEALHYIO conps-
HeHHYIO TAYOHRY a, = ho/D.
Fay6nia xoaoaua

do=hy— t = a,D — 1, (10.42)

B cayyae nepenaza BOAOCIMBHON NUBEPXHOCTBIO, OYEpUEHHOR

kpHeoR (pue. 10,11, a)
]
I D »

he="1, (10.43)

ATHHa Konhojala

rae
=115V Hy(p + 0,334,).
Adandy Bo1060MHOM0 KONOAUA OT CAATOrD CEYEHHA VOMHQ onpeie-
narts no dopyyae
lx=ﬁfn- (10.44)
TAe [y — ANHIA THIPABIHYECKOTO IIPLIKKA;

g— kostLprHuueHr YMEeHBUERHA NIMHB BO10GONHOTO KO.1011a, pas-
HulR, 1o neetedoeaknaw H, @, dedoposa, 0,6
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§ 10.8. PACYET MEPEMAQHbLIX KONMOQUEB

CTouias XHAKOCTh MOMKET NOCTYAalh B CTORK:

a) 13 JJOTKA, PACMOJOZKEIIHOTO a7 iIHM;

6) M3 OpilTOKA, NPHCOCMILCHHOTO K HCMY TNOCPEACTBOM NPsMOro

KOCOI0 TPOHNIIKA,

B) H3 BODOHKil, PACITONOHLNHOIT 1A M.

[Tpn npncoeantieunym cTOAKA K AHV NJIOCKOTO JOTKA € MAJRAM YKa0-

ol paGoTacT Kak WaxTHbIT BOLOCAHB C LIIPOKHM MOPOroM, H 11po-
WCKIAA CMocoBHOCTD CTORKA

Q=mnd ) 2g b, (10.45)

h — BLICOTA c10% B JOTKE;
d — THAMCTD CTOHKA;
= 0,354 — roappuuneiar pacxoaa HHOTO BOAOCHHBA THHPOKIM
10poOroy.

[Tpu noxaeojJe BoaLl K CTOAKY TPYGOH € MaJjbIM YKJOHOM, HMEIOLLCil
pacucTHoe HAH NOJAHOE HANOJIHENHe, MaKCHMAIsHAfl NpPONYyCKHAs Clio-
(OGHOCTh CTOAKA C OTKPHITLIM BEPXHHM KOHUOM (117 JPOUHCTKH I He-
AONYLLEHHA Bakyyva) onpenensercs no qopmy.ae

Quane = Ad?, (10.48)

rAie NpH ApHCcOCTMieHN: paMuiy Tpoitnkom A = 2,35 s/cex, npH
npicoesinenss KocwM (noa 45°) tpoitnnxom A = 3,1 m/cex.
Conpskene npnToka ¢ MepeilaiibiM CTOAKOM [L1ABTLIMIT KOChIMIT
TpoiiiliikanH Go.iec paunonalILio, TaK Kak NpH MPHCOEARNCHIH NPITOKA
¢ TOMOULBK MPAMOrO TPOMIMIKA B ITOJBOANICH CeTH RO3IMKAKIT LV/bCA-
LMl 1 NONOPHI.
JAnaMeTp mepenaaHoro CTOsika ¢ BOPONKOI paccuHTLIBAIOT no dop-
“1e )
dep = (0,55 + 0,583) Q3" [, (10.47)

rae kosddwumpicnr 0,55 orseuaer Bopouxe niagnoro mpodiis, a 0,583 —
BOPOlike ylpomentoro npoduan, Qp— pacuetnsii pacxon, A3/cex.

ConpsizRCcine MOABOAALIC™O Y THMIONG Ko :1CKTOPA W CTCHKH Uepe-
HAIOro Crofika B HpueMiiofl BOpollKe OCY!NACTBIACTCA BOJOCTHBOM-
JOTKOM 110 NJaBHOR KPHBOH ¢ paaHycoMm KpHBN3HB R = 3der. M-
Maablloe 3nadeuye ARaMeTpa croaka npuiunvaercs 250—300 s

Illupuea BonoGoitnoro koaoiua npuunyMaeted 1A der << 350 ars
pasnoit mag Goace 2der. Jlan der = 400 a3 wHpHHA €ro MOMKCT KOG
Gathest B ipedenax 0T 1.5 go 2dee. Oiuako MunmnMaibnas wipnna K
Joaua 20axia 6uiTe e Menee 0,7 e

Tlo axCuayaTaunomiM - coobpaenian, Atinia BoIOGOHION0 KO-
J01Ua Jonwna GbiTL /- == 3der, NPHYCM OCbL CTONKA 1aA0 PACHOIAraTh
1a paccTOSHHE |der OT TOPUCBOA CTEHKH.

CKopocTs B BHIXOJHOM CeuelHH CcTOSika OpH YCJIOBHH BL'X0Ia KHI-
KOCTH B aTMochepy

1-=331722 Q" [au/cex], (10.48)

rie Q — pacxol, & cer.

Mo ramcitus SHeprit najaonel TPy ApH BANHTEILILIY CKO-
POCTHX B CHUBMIIE CTOSKA VeTPaildloT MiuOroCTynelaTe nopeid il
MAKFIOTO THIA PYETL LB iPRMOYToALI0R GOy, NPeLCTIRISIOILE
coBoit cTosK, B KOTOpLil BAEwalnl CTyicHi, ofpaweiinie HaBCTpL
apyr apyry (pnc. 10.14, a).
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Pic, 10.14, K pacuery WaXTHEX mepenajgon

ABIDKEeNHA Boabl; 6 —rpaduic LI pacucera KPyrablX MHOrOCTYnanuaThX
CTOIKOB; @ — PPaQMK [LAH PACUETA UPAMOYTO.ILINX CTOAKOB
[ — Ge3nanopHoe ABMMKEnHe: 2 — noaylanoploe JBHKelle; § —nanopHoe JBHKCHHe!
B —mwipuia CTOAKA; 2 — BHICOTA OIIOK CeKUHM CTOsK  H — BLicOTA BO/\0BOPOTA;

JCTHUECKAA 3aBHchMOCTL (ta pue. 10,14, 6): D=0,55Q0-3'° A4 cTofiKoB Ge3
cryueneit (Geznanopunie noToKn)

[ponycknaa crnocoBlocTb KAcKAANOro CTOfKA CRA3ata C MJOWA/bI0
¢ra MONEPEYHOro ceyelind, cordacnd uccaciosanuay [0, 1. Ilytosa,
Cae1yIoIei 3aBHCHMOCThIO:

Q =an"?, (10.49)

rae @ — pacxox, 4/cex;
@ — NJ0UIadb ceveHHs cToska, da?;
a — Ko duumenT, 3apHCANA OT XapakTepa JABHIKeHHS NOTOKa
B crofkax (taba. 10.3).

Ha puc. 10.14, 8 opusesieH rpad@uk Aa7 nolopa CedeHHs MpAMO-
VTOMBHOTO MuorocTynenyaroro crofka no (10.49).

Ha rpannue cmeHni xapakTepa JBHMKEHHR NMOTOKa B CTOAKe BbICOTA
¢J0A KHIKOCTH HaX MepBOH CTYMNEHULIO MOMET JNOCTHIATL CaeNyIOLHX
sqaueHHit: Aaa 0e3HANOPUOTO ABIRKCIHA — 10 7 2z, 114 [oa1yHanop-
HOro — 10 14 z, aas Hanopuoro — cpuiwe 14 z.

CKOpOCTH B BEIXOAIIOM CeUellHH MOTYT ObIThb Ofpe]eneHBl [0 3IMIN-
prnueckoil 3apucumoctn 10. 1. Iyrtosa:

Uy ke = ]/% [#/cex], (10.50)

rie Q — pacueTHLIl pacxox, Afcek;
b — koapuuUHeHT, 34BHCAILHE OT TMJ0MALH CeyeHHs  CTOAKa
(tabn. 10.4). -

Jlas KackamnLix CTOAKOB CACAYET NPHIUNMATL TOAbLKO GesnanopHoe
AsmKenne, MO0 0110 ofecneyHpaeT MHHIMAJbHble 3HAYEHHA CKOpocTefl
B BLIXOIHOM CeUEHHH CTOfKA.

Ilass CTOSAKOB C BHICOTON CeKUMH 2 > 2B CcKOpOCTb B BHIXOJIHOM
CeYeHHM 3aBHCHT OT KOJHYeCcTBa CTYMeHell.

Urolul yMelbLIHTb CKOPOCTb MOTOKA B BLIXOAHOM CEYEHHH CTOSKA,
HH3 ero Halo morpymxatb Ha 15—20 cs HHe YpPOBHA BOLB B KOJAJIEK-
Tope.

Tadauma 103
3uaueHus a, sxognmero B (10.49), mo 10. J. Wyrosy

% . 3navenus
ApaKTep ABIDKEHIS TOTOKA B CTOAKe kospdHUHeNTA @

BesnanopHoe nBIKeHIe MOTOKA; BLICOTA BOIOBOPOTOR HA Mpo-
MEXYTOUHBIX CeKLHAX H < B {cxema [ na puc, 10,14, a) . 2,9

[ToayHanopuoe :{mmcetme BHICOTA BOJIOBODOTOB HA npmlemy-
TOUHBIX CeRUHAX B < H, < 2B (cxena 2)

Hanoproe neuxennz nowxa BLICOTA BOJOBOPOTOB
KYTOUHBIX ceKuMax H, > 2B (:xeua |




Ta6auna 104
3naveunn b, sxonsauiero B (10.50)

PaaMepm  ceuenus _
CTOAKA, MM 40057 500500 6003500 800300

3nadenun  Kosdu-
uHenta b 4,28 6,8 8.05

§ 10.9. PACYET MHOrOCTYMEHYAThHIX MEPEMAMOB

Tlocne pasGuskn ofwero mepenaga P ua n cryneiel co cTenkamu
nadeuna p = P/n (puc. 10.15) onpenenfiroT BLICOTH BOAOGOUABIX CcTe-
HOK.

Cornacno npesnoxenyo M. M. Hayseuxo, mpH Axp/p < 0,8 sbi-
COTa CNJOWHONH BOAOOOHHOH CTEeHKH Ha nepBOfl H NOCAEAYIOUIHX cTyne-
HAX

¢ =06V phyp, (10.51)

a npH hkp/p = 08 BolcoTy ee Ha nepsoil crymenwu Haxonst mo (10.51),
Ila BTOPOH W MOCIEIYIOUIHX CTYOEHAX BbICOTA CTEHKH HECKOJIbKO YBeJH-

yHBaeTcH:
¢ =0,23p + 0,39, (10.52)

‘Beicora npopesuoii sonoGoiHoi crenkn (Ha puc. 10.15, a — sug A)
npH Axp/p << 1 ba UepBOIl H MOCTEIYIOUIMX CTYOSHAX
¢ =0,2p + 0,644y, (10.53)

npu hgp/p = | BHICOTY NPOPe3HOIl CTEHKH WA NepBOfl CTYNCHH Caelyer
HeCKOJIbKO YyMellbllaTh B COOTBETCTBHH ¢ 3aBHCHMOCTBIO

¢ = 0,84 } phyp. (10.54)

Janua «oTneTa» cIpyit [o MOXKeT GuLITH BBIVHCIENA [0 CIEMYIOULHAM
3aBHCEMOCTAM!
NpH YCTAHOBKEe CRLIOWILIX BOIOGONHLIX CTElOK

Iy= 1,65k 5 4 0,65 (¢ 4- p); (10.55)
NpH YCTAHOBKe NpPOpestiblX BOAOGOMHIILIX CTelOK
lo=1,67hsp + 0,52 (¢ 4 p). (10.56)
JLauny cTyneueit MOKHO NPHHHMATL OAMHAKOBOIL:
ler =1y + 1,5k, (10.57)

rie hy;— BTOpam conpsaennas rayonia, BHUNCIENHAA N0 MakCHMasb-
IOMY PAcyeTIOMY paCXOAY.
Has KO3QJ(1)H]U[CHT8 CROPOCTIL (Pe B KONILE MAOIOCTYMNCHYATOrO nepe-
najfa, BXOIAUCrO B ypaBucuie annepriil
2
To=h,+ —3—, (10.58)
2gqch;
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Pyuc 10.15. K pacvyery MHOCOCTYMEHYATHIX MePemnaios

a—pacyeTHas cxema; @ —rpadHK 3aBHCUMOCTH KO3(h(gHIUHEHTa CKOPOCTH HA
OAHOCTYN eHYaTOM llepenaie
| —Ha Kan Jax NpAMOYrO/LHOrO cedeHHs; 2 — NpH Mepenajax H3 TPyGormpoBLiax
KPYCAOTO ceyelHs

fpeAsaraioTcs caelylollHe 3aBHCHMOCTH:
NpH YCTAHOBKE CI.TOILHbIX BOLOBOWHLIX CTEHOK

B
@c = 0,456 — 0,000 + (1,047 — 0,0716n + 0,0041n%) —;,—", (10.59)

MpH yCTAHOBKE NPOPE3HHX BOLOGOHILIX CTEHOK
k.
. = 0,406 — 0,0145n - (0,782 + 0,0831n — 0,0038r%) —;?—. (10.60)

Ha MHOrocTymeHwaTh!X nepenalax 6e3 BOJOBOAHLIX CTEHOK BeJH-
yniia ¢a Ha 15—20% BBIlWE 3Hadellns e 3 TeMH Ke nepematamH, HO
¢ BOJOGONHLIMI CTEHKAMH.

CornacHo onbiTHbIM AaHieiy B. C. Kaabtha, orHoulende rayGHHb
Haj KpOMKOH nepenajia K KDHTHUCKOH TI.iyGHHe TNDPH HCTEUEHHH M3
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KPYIIOH Tpy6el Auon/hip = 0,745 (npn hyp/D = 0,25 + 0,55} w pac-
CTOsHHE OT CTeHKH NageHis N0 CXKATOFO CeyeHHR COCTAB/sIET:

2
ly = Uyon V______P +ghm” . (10.61)

3rnaverna KoapduupeHta CKOPOCTH, BXOAALLEr0 B YypaBHenue Oa-
faHca YIeIbHOM SHEPruy Nph conpazkeHHH GbedoB

2
au;,

BT (10.62)

2
o+ g 4 p = e+
%

npexpctasaens Ha pHe. 10.15, 6.

§ 10.10. PACYET EPLIOBbIX CMECHTEJEH

Ha ouncmiibix coopysennuax nepel KONTaKTHbIMA De3epByapaMu a7
CMEUIHBAllHA XJOpd CO CTOUIOH BOJOH HepelKo YCTAHABJHBAeTCA epuro-
BLIfT CMeCHiedb, T. € JOTOK ¢ MATbK BEPTHKAJLIILIMH NeperopolKkaMH,
NOCTABACHUBIMH NeprelIHKYAAPHO HJAH NOX yrnow 45° NmpoTAB TeueHHs
BOabl. CKOPOCTL [BHMENER BOAB B CYXKEHHOM CEYeHHH Ha3HadaeTca fle
menee 0,8 s/cex. Oas pacxonos 10—400 a/cex wiHpuna cmecHTens
b=102-=12 u, aauna L = 2,545 », Buicota k, = 0,6 = | », nio-
1ane nonepeunoro ceuenus mean 0,025—0,5 a2

[MoTepn nanopa B KaxioMm cyxetuunw Ah Bulpaxaiotes dopMynodn
BelicGaxa (3.22) ¢ ko3(duiluenToM CcOnpoTHBAeHHs { = 3 npu nepe-
ropoikax, MOCTaBAEHHLIX NepneliHKYARPHO, a NPOTHB TewenHa — § ==
= 3,5. Paccrosinne Mexay neperopoixkamu cocrasader 0,75 b,

YKaoH cuecHTens IoJKeH ObITh:

)
3 b *

(10.63)

§ 10.11. PACYET KOPOTKMX KAHANOB

ITpu conpsaxenHn ABYX Kaknx-inGo GbedoB (BojloevmoB) A u B ka-
wanom (pue. 10.16) momuo pasnuuaTe [Ba pasubiX yuacTRa:

nepsvud y1acTok, B NpelenaXx KOTOPOro ¢sof0fiHaa NOBEPXHOCTbL M0-
TOKa TNajaer Ha BeAHYHHY sy, NpeicraBader coboil BOAOCIHB ¢ UIHPO-
KHM MOPOToM;

8TOpoil ywacTok ABIAETCH COOGCTBEHHO KaHaJl0M, B Npefenax KOTo-
poro HaGanaercA HepaBHOMEPHOE HJA paBHOMEPHOe IBHMKEHHE BOIbI.

3anayami CHAPABJHUYECKOTO pacyeTa KaHaJoB ABJAAITCA:

1) onpeaenenne pacxoia BoIbl;

2) yctauobnenne obueil XKapTHHBE NPOTEKAlHA NOTOKA;

3) ycrauomsenne Goprubl CONPAKEHHA B HUMKHEM Gbede.

[lps pacueTe caedyeT pasaHuaTh KaHAMH € Matuy ykiaonom (i <<
<C ix) B ¢ GOJbIIHM YKA0HOM (I = ix).

Pacxon Q B KkaHanax ¢ MaJIHM YyKIOHOMW ORNpefe’sior
cAeAyIOWHM o6pasov.

I. ¥cranasnupaloT npeBbllTeilHe FOPH3OHTA BOIBl Hilkilero Gbeda
Ha3 AHOM B €T0 Koule hp (puc. 10.16,a n 6),
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Puc. 10.16. CxeMu mast pacyera KaHaia npd fg > Ay (Ag= h3)

a—Hh;> hy 6—hy,<hy, 8—rpadik N8 OTHICKAHHA pacxoaa Q u TIyGHHBL fy
(B HaYyase KaHina) no ,KpHBbIM PAacxo10B Kala.ga H BoJdoc.aisa”

’ ”r rer
2. 3apaoT pAl Pacxol1oB BOAM B Kawane: Qi Q, Q)

Jdas Kaxpaoro H3 HHAX no )’pﬂBHEHH}O HEpaBHO:\IEPHOrO JBHXKeHHA HaXo-

r "

AT TAyOWilLl B ceueHHH B KOlie BOJAOCINBA (Havane kaHata): Ay, A,

rrr

hy
i 3 i P

ueckol /., coOTBeTCTBYlOUleli pacxoiaM Q,, To rayGuHy B KoHle ka-

Hana Hano MpUUHMATb He hp, 8 COOTBETCTBYIOLLYIO KpPHTHUYECKYIO Ty«
GHHY fxp.

3. Tlo nonydewnslM HNAHHBIM CTPOAT <«KPHBYIO pacxola KaHada»
(pﬂc. IOJG, 6) h| = fl{Q:l]

4, J11s pAza noaydednuix rayGHH fz;, hr. h;” mo (9.18) a1s
NOJITON1€HHOTO BOIOCAHBA € LIHPOKHM [OPOroM HAX0IAT PAcXolbl BCIbI
@&, nepeqnBaioliefica Yepes BOIOCTHB.

5. [To 3THM AAHHBIM CTPORT BTOPYK) «KpHBYIN pacxoia BOJOC.IHBA»
Qs = f2(h)) Touka nepeceueHHs 3THX KPHBHIX ONpeJe.sdeT, BO-NEpPBAIX,
pacxol coopyeHHA Q u, BO-BTOPHX, rayGHBY Ay

HpH 3TOM, €CIH r.1y6nHa g OKa3blBaeTcs Mekblle KPHTH-
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B Kauaaax ¢ 60.abWHM YKJI010M BXOINOH Bojocaie ofeluiio pabo-
TaeT KaK HEMNOATOMJAeiliblil BOJOCIHAB, H pacxol 4epes HEro onpelelsior
no (9.8), a ray6uHy B KOHLE BOAOCAHBA H B HayaJje KaHa.la MPHIlH-
MakT paBlioil KPUTHUECKOT.

Pacuyer yc.doBHH coupaxKelus B xuurax M. . Yeptoycopa
r P. P. Uyraesa.

§.10.12, K PACHETY KOBLWIOBbIX BOO3AB0POB

Bononpuevuslit koBW npeAcTaBaser Cof0f HCKYCCTBEHHMO cO3]1ali-
HLlEl BOAOEM, KOTOpbIH odpa3yercsl davOoH, BblHeceH!ICH B pycio pexH,
H1H CMeuHadbHO OTpLiTof BblevKoil. Bogonpuemubie KOBUH HCIOMB3YIOT
178 Gopbbbl C WYroH, a4 HIOTAA AIR YacTHYLOTO OCBET.IelHs BOLbI, 3a-
Gupaesoii H3 pek, Hecywiix Goabwiue koaHyecTsa B3Becn. [lonepeuiioe
ceyeHHe KoBLIA MOMeT OblTb ONpeleseHO NO CPediil™ pacyeTHOH Ckopo-
cry, pekoMenayemoli A. C. O6pasosckum B npenesax 0,05—0,15 a/cex
(1eM 60.1blle CKOPOCTH TEYEHHH BOAbl B pPEKE H ueM CJO0JKHEe wWyroie-
LOBblE YCJOBHA, TeM CKOPOCTb cielyeT NMPHHHMATL Mellbile).

Pa3annualoT IBa OCHOBIIBIX XapaKTepHbIX PeXHMa OTEOpa — pexHM
AeneHHA H pe:KHM BOLOOOMEeHA, KDHTEDHEM KOTODBIX CJAYMXHT OTHOLIelHe
cpelHeil CKOPOCTH B KOBLIE ¥ K CKOPOCTH TeYeHHS DEeKH Up, T. e. t/vujp.

Pexuy LeneHHA HMeeT MeCTO Npd oT60Ope M3 peKH OTHOCH-
TenbHO BOJMLLUMX KOJHYECTB BOLEL. [IpH 3TOM B pyc/ie peKH BO3HHLEeT
KpilBa® cnafla, 4 B KOBII BOAA NOCTYNaeT CO CKOPOCTAMH, PABHBLIMHM HJIH
GOMbIIIMI, YeM CKOPOCTH Bolul B peke. Pexxum AeleHus s yria
@ = 133°, ofpa3yenoro ocblo KOBLUA ¢ HaNpaBJeHHeM TeueHHA peklr,
6yaer npu v/vy = 0,132, a ana apyrux snaucuuit ¢ (or 150 mo 30°) —
opu v/v, > 0,125 = 0,242,

lMpi pexuMe BOAOOGMEHaAa 3HAYHTE bHAA YACTh BOILEL, BXO-
IAWasA B KOBU, BEIXOTIHT M3 Hero 0GpPaTHO B pyca0 DeKH; CO34aeTcs
cBoeo0pa3Has 3acTolHaa 3ota. Pexum BogooGaena AxfA yraa @ = 135°
6yner npu v/vy << 0,004, a ans mpyrux yrgos ¢ (ot 150 mo 30°) —
npu v/vp < 0,042 = 0,081,

IDnnuy koswa fr, HeoBxoauMyw AJs BCNIbIBAHWA KPHCTA1J10B BIlY-
TpHBOMKROrO sbda H wyrd, A. C. Ofpasoeckuil npeanaraer ol1pelefsnrTh

no ¢opayae
Iy=29 (1/5 wﬂQ_bﬂ), (10.64)

rie by = Q/Hvs — navateHan WHPHHA TPAHIHTHOH cTpyH;
Q — otBupaembiit pacxon;
iy — CKOPOCTh BCTWILITHA wlyri, pasd#as 0,016—0,02 s/cex;
H — ray6uia Koslia, Ha3TaueHHas HCXOAA M3 YCJAOBHIL
3a60pa BOAbl BOAONPHEMHHKOAM;

— (pakTiHyeckas CKOpPOCTb BXOZa B KOBLI, paBHas 0.5 vp
npu pewume BojooGmexa ¥ 0,9 wp upH peXume
neneHua.

[Nosnnas mMiHa KOBLIA MPHHHMAETCA PABHOR

L=l 41+ Iy (10.65)

rae ly =10 + 20 u — DAHHA KOBLIA, 3aHATAA OT/ICKEHHAMH LIYTH;
lg — BXOmHa® vacTb KOBLIA, OXBauexnas HepaBouuMH
UADKYIAUHAMH H paBlas Wiplie Kobwa B.
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R Fnasa opuHHAAUATAR

OUNbTPALKA

§ 11.1 OCHOBHOA 3AKOH ®H/bTPALHH

SBneHxe ABHAKenna BoIwl B 110pAX TPyNTa HaswiBaeTcAs (G HIL-
Tpauuned. Ipyur xapaktepusyelcs Ko3pPHLHEeHTOM MNODH-
¢TOCTH

ofbeM nop rpyHra

ofbeM MODP MpYHTA ~+ 00beM HacTHL TpyiTa

[IpH GHALTPALHA 33BHCHMOCTE MEXKIY [HIPABIHYSCKHM YK/JIOHOM
il JeHCTBHTE/IBHOM CKOPOCTLIO TEUEHHS ¥ HMeeT BHI!

= An _u o Bo u'
L= v Rg+ v Rl (11'1)

rae A n B — Gespasvepnsle xoadbuunents (5 <<A <<12; 02 << B <<
<< 0.5).

IuppaganueckHi paauyc R OIHOPOLIOIY CENIYYero NOPHLTOrO Ma-
TepHasa onpeleasercd no Gopy.ie

R nd

Gkgp (L —n)’ (112)
rie d — fHaseTp ilapa, paBHOBeTHKOrO (Mo ofbemy) 3epHY ChIyyero
MaTepHaia (122);
kg — xosbdrunent dopmir mo (12.3) orliomeHte NOBEPXHOCTH 3ep-
Ha K MoBepxHOCTH liapa Axamerpoy d (cd. Taba 12.1);
obriuno 1 <C kg << 1,05,
Jlns HeodHOPOIHOTG CEINYHEiG MaTepHaa

5 P (11.3)
i=1
rae y: — noas (o6bevHasn) MaTephana ¢ 3ePHAMH AHaMeTpow di;
w
2y =1
i=l
Ha (11.1) noayuyaem:
, v v \2
lﬁ—?-f-(g) (“.4)

rie k — koadpodnunent GHABTPALMIL
k1 — KosdHUHEHT TYPOyIeHTHON (iIBTpaLkK,
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Hs (11.1) u (11.4) nveen:

__ hyR%
k= An (11.5)
o/ nyR
k=T g5 (11.6)
VpastiedH npHBOIHTCH K BHAY dopyyae dapch:
. Aoou?
l=—[_—1?‘—2—g—, (117)
e 81
A= Re + 8B, (11.8)
uR
Re = e (1 lg)

ITlpn Re < 1 +5 HaGnoracTes JHiefiHan  3aBHCHMOCTD  MERIY
CKOPOCTLIO GRALTPAWIN I CHIPABLIMECKIM VKIONOM, TdK Kak BTOpo
caaraevoe npaBodl yactH (11.1) Majio NO CPABHEHHIO  I@PERIM; ¥TO —
3akon dapcu

v = ki, (11.10)

ONHCHBAKIIER daMiHapiyo GHIbTPALHIW.
Ipn ¢uapTpanun B KaveiHolt HaBpocke, TPCUIMHOBATON CKajge Ha-
6a103aeTcs KBAIpaTHGHAA 3aBHCHMOCTD

v=rt VT (11.11)

B aanuwom cayuae duibTpauus Hazusaerca Typ6yrneHTHOH Pop-
syna (11.5) cnpaseilusa 174 UACTHX NeCKOB.

HMaaomeHnas Teopus cnpapeiiusa M I8 PaclinpsAOIHXCA 3arpy-
30K (B3BelIEHHOro c104), uTo Obiio dokasado J. M. Munuem. B asrtow
¢1yyae OCHOBIILIM DPacyeTHBIM YDaBHeHHeM fABAAeTCH:

. J—n(vys )
—1 _‘—I .
i — (v , (11.12)

rZe ya — YIenbHbIfl BeC 3eped NOPHCTOTU MaTepHaaa;
i — rHIpaB.jHyeckdd ykaon mo (11.1).
[Ipn pacliHpeHHH 3arpY3KH ycTa{aBJH3AeTCH Takas MOPHCTOCTE ee,
KoTopas yloBaetBopaeT (11.12).
Jlunefnpift sakoi nisTpaunn (11.10) npHMeHHM NPH CKOPOCTAX.ee
MeHbllle HEeKOTOPLIX «KDHTHYECKHX» 3HAuYeHHi:

v< Ogpe (11.13)

KpHTHUECKYIO CKOPOCTE MOMHO BbIpa3uTh Gopmytoft M. I, Mas-

JHOHLWHKOBA! -
UKD:O?OQQnV]/%, (11.14)

rne c—KOo3QPHUHEHT NPOHHUAEMOCTH, XapaKTepH3yHOUIHA
¢HALTPALHOIlIIble  CBOHCTBA  CPEdbl HE3ABHCHMO OT pola :KHIKOCTH
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D HABTPANHOHHBE CBOHCTRA

TaGauma

THNHYNBIX MODHCTHX MAT2PHAJAGH

KosdQuir-
titent O
GORHETOC TH 2 !
n oM
1ok 9. 1u° (13+51).10~ 10
K (147d — 13)-10™¢
: (dB mM)
0,37 —1,50 L3t — 2,240 (2+18)-107°
0, 430,54 2000% — 1.10% (2.8+14).1078
Mecuanmg U,08—0,38 1,510" — 10 10} 5.0~ —3.0077
I ssecTHAK 0,01=0,10 0,15-10" —1,3.10* 2.0~ — 45,1073
Kupnie 0,12—0,3+ 3.10% —3.10 1810710 —29.1073
Kowma 0,56—0,39 1,2.10* —2,1.10* 9,5:107% —1,2.1078
Crek. 0,88—0,93 5,6.10% = 7,7+ 102 (24+351)10~7

(tabu. 11.1), OH HueeT pasveplocTb MAOWALH H CBA3aH ¢ KO3pHUHeI-
TOM QHABTPAUHH CIe 1YL 3aBHCHMOCTBIO!
v -
g, (11.13)
& Y

B oaHopolHOM rpyHTe HapylleHHe HHERHOTO 3aKOHA HaCTyii’
no T M. Jomuse, upH

iy 2L =B (11.16a)
dep
a B HeOoJHOpPOIHOW rpyHTe, no @, k. Koraxosy. npu
1.5
Vi
v>0,3 ———. (1 [.566)
4¥ 2

CropocTs ¢uabTpaunn npH TypGy.ieHTHOM pewHMe B GHIBTPyW-
WeM 08 ¢ yacTHUaMH pasvepoM oT | 10 6 cu onpedeasetcd no ¢op-
syae C. B, Hsbawa:

14 cu

u=(2o~ Jnf@, (11.17)

50
a B mebre yrToBaTOR (QOPMLI C YACTRUAMH pasuepcv oI 1 10 3 oo -
no gopuyte M. ®. CpubHoro:
u=(20—:’—5"—') Vids,.
dso
Jdaa Hauata QuabTpauHn 11eo6X0INV HeKOTOPbIH rpaIHEeHT nanopa,
KoTOpuifi CTpOHYA 6bl cBf3aiyio Boly [losToMy VOMRHO CYRTaThb, 4TO
npH QuIBTPaUHN BOZbl B fecHalio-TAHIIACTWMX 00p0Iax C CHIpaBIide-
ckuy ykaouwom [ << 0,000 zakon Jdapcn B 60JbUINNCTBE C.IY4aeR He-
npHMedHM, a rpalkentel Medee 0,00001 soodwle HELOCTaTOYHEL 1414
GHIBTPallIH BOLLL

(11.18)
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§ 11.2. KO3DOUUHEHTHI ©UALTPALUK W BONOOTAYH

Koa(pnupeHT QuabTpaluHi onpele’sieTcs OMbBITaMi B {H0JCBLIX 147K
nabopatoplibix  ycaoBuax., Jas oueinkn kodbdHiliieHta duasTpauiit B
Tabi. 11.2 npupelelsl cOOTBETCTBYIOUIHE AAHHbBIE,

Tadanwa 11.2
HexoTophle anaqeuns KosppHuMeHTa dnabTpalkn
MaTepHaa k. cm! ’I, k.
Tpasuit ¢ acpuamn Tyrcundekiti (i gy-
pasmepor 4—7 Mu 3.3 JUIHOBCKOR Tastinl) 1La- g
To :xe, 2 Mu 3.1 MOT - . 6,2.10
Huerwit necok 1-0,01 OrueynopHhih {11
TlecquHulft rpynT HASOBLAPCKOT  LoAillbLL) _
€ NPHMECBIO ToLIL 0,01—0.005 RSMOT ., ., . 58410
tlecyano-iannieroie _3 MuorowamorHaa au-
TPYUTH (30D lu Teflnad  Macea  npu
TaM¥ul . . . . ; 10_4—10""7 Ku.\mquenrg LB
IlrotHas (yrpamGo- R 02.2.16~8
BAIHAA) FANRA —10 B oU% o
J0N0UINAKOBLIA  Ma- » 4U% 33,3-10
Jepuad *, HAMBITBIU 35% 41,6:.1078
B 30,100TBAJ fIpi Cpe,l- cu . =6
1eH KPYUHOCTH: ’ 25¢ 53'10_6
0,u4 am Ro 3-10—: ;;_l?n,a,, 20810
0= VPIETLIN  H.C.AE30-
“o8 2, 10 —4 Geroti npi koabdH-
008 » (5+69)- 10 5 || wrente apMaposanud
0,18 » (1.4+10,5). 48~ 24, B/LI=0,33+145 o
0,15 » {5+ 20). 10~ 2 || KOndeviBe uemenTa
. oz g—3 Lu—230 keeim’, ¢ rpa-
Va -+ . B
?{;(};aijumaﬁiﬂ. jie- (O+2)- 10 BHANLIM 381105 HHT 26N
) % LN 38710
CCK KpynHOeTEiO do Mt | (147d —13)- 1077 [ KRY ";'0*”"‘" 0
KBapuebhifi necok i 7—10 wyu I.‘?—-—!,,ra
K YRHOCTBIO d. MSL . (8344 — 92)-10 3—7 r 1,0—0.6
[ pyHTOCHANKE THEIR o -5 * 0,7—ud
Eeroi. (0,2+9)10~ 2-3 » 0,4—9,08

* OTAOHEHHA 30M0WAAKOBUTO MAaTepHata NapiaKTepi3ylred CAOHCTON TekoTys
puR ¥ MO MHABTPARHONHEM CBOACTBAM SBAALTCA aHIS0TPONNLIMK, T. ¢, KOIddHUHEHT
GHABTPALUHH BAOAL CAOEE Ry B ABI-MATH PA3 Lbhile, YeM HOPNATHD K caoaM Rp .

B raGaHue A4aHH sHauewilg k¢=]fksk

n*

Ta6auuma 11.8
3HageHHa Uy, yIHTHBAWEr0 MOPHCTOCTL PYHTA
n |0,259-039]0,392]04 |04l [042 |043 |04 | 045 [0,46 | 0,47 | 0,47
|
ay 0,155 | 0,156 0,168 | 0,184 | 0,204 | 0,228 [ 0,252 | 0,27 | 0,308 | 0,35 | 0,415




a)
0.6

dg &
0s =]
0% \ I

\\
03 AN AN
\{: 2 \
01 2z \\‘-‘; ol
\"--__
it e N R
6) ksom =dso/lsg
0,25 2 & [ 8§ 10
0,30 ]

el

0,35 Z

040 /
7

045

Pue Il.1. TI'pagvkn 3aBHCHMOCTH Ko3(PHLUHeHTA
HEOLHOPOJHOCTH MECUAHOTO TPYHTA kg

@ — OoT cpe.duero AnasMetrpa nop dgn; & — 01 Ko3bdbHUHEHTA MOPIHTIOCTH
I —orudaoune KPHBLIC; 2 — OCPECIIAn KPHBAA

Koadhguuuent GHIbTPALUH MONHO OUE! no zMiHpHyecxoil gop-
my.1e B. C, Hcromuioii:
_ gn L AVIURY:
—5’6"«?(["0’“4 - )(dcp) (11.19)

rae n~— ko3QdULNEnT NOPHCTOCTH,  OnpedeiseMuti  mo  rpaduky
(puc. 11.1,6) B 3asucHMOCTH OT Kos(dHLHEHTA HEOLHOPOIHO-

CTH rpyuTa:
Ropin = dgo/d 1
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dgo — KOHTPOJAHPYIOUIHIT Anamerp. Mecuee KOToporo B (uasrpe colep-
xuTtes 60% uwacrtuw;
dyp ~— MeficTBYIOUHA  AnaveTp, Medce KoTOoporo B AabTpe COIp-

skuTea 10% uacruo,

dgp — cpedulil InaMeTp Mop, onpeieasemsiii no rpaduky (puc. 11.1, a)
yepc3 MHaMeTp uyacTiull dso (Medee KoToporo B QHILTPE COI~p-
KuTea 50%) i ¢ wexortopelM 3anacoM ro (11.20) npu ua-
aitaveiiuy Koaduumenta on no tada. 11.3:

&) = 0, dg, (11.20)

CkopocTe  hepepactipeiceHHs 0anopa TMpit OTKaYKe XapakTapu-
syercd Ko3dOoHUHEHTOM Nbe3onpoBOINOCTH, KOTOpbi B
HaTMOPHBIX MAacTax

s (1n.2t)
a B Ge3HanopuLix

a= s (11.22)

rie f— MOUIHOCTb BOIOHOCHOIO MAACTA:
ftep — cpenusst MOMHOCTD Oe3ITaNOPHOro Mn.1acTa 3a TMepHOl O0TKAuKIL;

Iy — KOIQQIUHEHT BOJLOOTIAUI HANOP!ILIX NTACTOB;

g — ko3h@iitnenT BOL0OTIaUA GeaNaNoPitKIX M1acTOR,

Beanuinra js masensietca ot 0,1 (MeIKO3cpuicIbie necki 1 cymneci)
Ao 0,25—0,3 (KpPYRNO3epHUCTLIE [PaBEIHCTHIC TecK!); 414 H3BecTd-
koB — ot 0,005 no 0.1 474 ciaimies, 11€CHaHHKNB 11 Pazio06pA3NbIX H3-
BepaceHHsX mopox — or 0,001 a0 0,03.

B BOJI0OHOCHEIX TOPH3OHTAX, CJIOMCEHHLIX PHIXJIBIMH MOPOIaMH, 3ia-
YCHHA fly OpH voulilocty naacta { &/ 20 <- 30 .« W nOpHCTOCTH (nycToT-
noctd) 0.2—0.3 cocrasazor 10-2—104, B nioTHBIX TPEHIHHOBATLIX mO-
poiax npu mopncrocts 0,01—0,1 orn ouenuBalores B 107 #—10 6.

;s opHeHTHPOBOUHOI OICIKH BETHYHIL Mg B Mecyanbix OT.I0#Xe-
nuax opu pe = 0,15 I1. A, Beunnckuit npeanaraer Boipaxenie

7
pe=0177 V%, (11.23)
rie k& —B s/cyTru.

§ 11.3. ®HAbTPALHOHHBIE CBOHCTBA MHHEPA/ILHOH BATBI,
MATEPHANOB M W3DENWA M3 CTEKMAHHBLIX H BA3ANbTOBbLIX
BOJIOKOH

Hccaea0BanniaNy NOCICARIIX €T YCTANOBICHO, YTO BMECTO NMECHauo-
TPaBH/HBIX (HJILTPOB B 1PEHAKAX THIDOTEXHHUECKHX COOPYHEHMIT ¢ ve-
MexoM MOMHO HCMO.Ib30BaTh oOpatible QUIBTPLI H3 HCKYCCTBEHHBIX Mil-
Hepa bHLIX BOJOKHHCTHIX MaTepHa’os (BHNYCKaeMBIX B BHIe MHT, BOil-
J0Ka, MaToB H T. 1.).

B rtada. 11.4 nprBeieHsr 3inauedxna KoshHLIEHTAa MPOHHLAESMOCTH
¢ MHHepasbHOH BaThl H He NPONHTALBIX CBASKAMH BOHJIOKA., MATOB
¥ N0J0C H3 WITaneablioro 6a3aibTOBOTO IF CTEKISIHOIO BOJOKHA C Aua-
meTpoM d = 2 < 40 MK B 3aBHCHMOCTH OT NpIIK131bIBAEMOr0 Y 1e1bHOLO
JasaexHd p Ha PUIBTPVIOWAKA MaTepHal.
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Tadauna 11.4

3unaqeHus c- 10° cm? pan Bofinoka, MATOB M HOJOC
M3 WTANCABHOr0 5d3a1bTOBOr0 M CTCKJAHHOTO BOJOKHA

dv MK
P
Kaclem i 2
0 20,6 63.3 621 72 1099 1325 1630
0.5 5,1 16,7 190 289 382 425 497
1.0 3.1 14.2 127 156 249 286 255
1,5 2,3 9,84 93,5 128 191 226 211
2.0 2,1 7,53 66.0 107 163 163 169
2,5 1,7 6,94 54,2 90,” 141 134 147

Kosdduument (uabTpaui Ing MHHeDaTbHOA BaTH, BOflI0Ka, Ma-
TOB [ CKOPJIVN H3 CTCKAAUHGLIX il §a3a7bTOBHX BOJOKQGH, HE MPONIUTAH-
HLIX LT TPONHTAHHBIX Opra#yecKHMH M MHHEDAJIBHLIMH CBA3KAMH,
MOMHO OnpelnaaTb no pHe. 1.2 wan no dopuyre

k=%cm,m2. (11.24)

B He opponwHTalnbix cBA3kamMM BOHJIOKE, Martax npil HanpasiIeduu
dutasTpaun nonepek Boaokol n p = 0,02 =3 xec/ca? koda(phHILIEHTL
my = m, =1

Ilpn nanpaBaeuns QitabTPuLUHOINOTO MOTOKA BIO.b BOJOKOH:
p=0,01--0,02 Jem?

p=0,02+0,3
p=0.3 Keclcu?

Ilas BOHJOKA, MINT. MaTOB MIH CKOPJVE H3 BOTOKHA Ha opradifve-
ckix cBA3kax (dexoaodopMaiLierniibie cMoIbl 11 HEHONOCTHPTH NPH
noie cBA3KH no Becy ¢ << 0,1) mau sa warHesuanwlio#t cBA3Ke (1pid
@ = 0.25) xoadbuusent my = 08. JLlasn naneanit na GeHTOKOJIOHIHOM
cBaske npu ¢ = 0,25 n p =002 xec/cu? anavewde my = 0,4, a npu

Tadauma 1.5
Juaqenun kg, ¢

Mpeaen m3me- B,
Marepuaa Henna A, B. T
cM 80d. cT. Licex

YTounulfl pyKapHut TPHKOTa» H3 XryToB B 13 ¢
KeHul (MeTpHUeckil 1HoMep Kryra—2) . . 0-3 1,3
CTex.70X030T MKecTKiA xclll)urpyuuuommﬁ ia
npepashoro mogokHa (MK e .
CeTa cTekasuKas 3aekrpoioasuromian (CCTI-6) 0,55
CTek. 1B 10K BHC TR ¥OICT N4 LITANeIsHarn Bd-

JoKHa (BBT) " - 0—6.3
Basaasuo-npowmneyof Materna1 (BM-2) 0—10
Yerstpexpesiaibil  yoitjedHsid A3¥X.

UH (TCCFR‘D)
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p =2 kec/cn? KoadQuuuentT m, = 0,013. HMavencnue petirullii Mex 1y
DPHBEJIEHHLIMH KPaltHlMH 3HAUEHHAMM My H P NPOICXOINT NO JHHeil-
HOMY 3aKOHY,

3Havenns kosdduunerta PuabTpaunn, BIATHE 0o rpaduKY, npu
1anpasJeHHH GHIBTPALMOILIONO NOTOKA BJAOMb BOJOKOH HAA0 YVilOMKHTA
Ha yKasaHible Buile Begndinb Kodddiiumeira m.
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Puc. 11.2. 3aBucumocts ko3thdnuHenTa GHILTpauMH k
nonepek BOMOKOA OT JHaMeTpa d 3NeMEeHTapHOro Lura-
MeNbHOTO WIH HENpepPHBHOrO CTeKJAAHHOrO W Ga3ads-
TOBOTO BOJIOKOH ¥ YIEJAbHOro MAaB.Jgemis p Ha bHJb-
TpylowHit Marephan (B MHHepaJbHOM BOHJIOKe, MaTax
H nauTax #3 6a3aJbTOBOTO H CTEKJIALHOrO BOJIOKOH Ha
deHonopopMaibaeri iHbIX CMO.IaX, (eHoJ0CnHpTOBOH
H MarHe3dasbHOf CBA3KAX)
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Jas npuiamits MatasM 1icoGXOAMMON MPOUNOCTH NPH TPANCNOPTH-
pOBKe, MOHTAKe, YKJaZKe IL1H npH paboTe GUABTPA B ApPeHaxe ol
MOKPBLITLL OIU0fl ITH ABYMS BuelHuMy 060J0YKAMH H3 CTEKJOTKaHell
I JleTkavoro crekioxomncta (BBI). Jlaa Meaxknx TpyGuartbiX dpeHa-
Aelt, i1be30OMeTPHYecKiX it BOJONOHH3NTeIbilbIX TEXIHIMCCKHX CKBaKHI
MOSKIEO JI3FOTUBHTE i ib1PLl 13 OHOTU CTEKI0X0MCTd N MIBIX CTEKAO-
TRallel.

H3 rpaduka suBi uMOuill MeHIy hepel:3zoM HanopoB AM u cko-
POCTLI0 GH.ITPUBAHHA U wePed Thali (pitc. 11.3) ciedyel, wTo 114 Ka-
HIOH TRaUH HMeKICH Hd<dLibleé YyalTKH C JHHeldOH CBA3BK

v=ky. \H. (11.25)

3navenna ko3P PHLUH i1Ta Ky, v, XapanTeplsyoOUErc BOLOINOHIilae-
MUCTB HEKOTOPLIX TKaHLIX H HeTK&ilBIX MaTepilaon, vaudosee moaxoIs-
Wwyx B Kauyectee 0Go.vdek .4 GHAbTpOB, mosellessl B Tabm, [1.5,

12,5 >
. %’3
U tex 2

/—-«4 3
10,0 74

s / o
] =

U/

a,U/ ,r{)”
2 o

254~ / /?—‘ﬁ—'j -

) =

=

25 0,50 0,75 70
AHm

Puc. 11.3. 3apncHMOCTb MeKAY MepenajoM Hamopor A
H CKOopocthio GHABTPOBAHMA v uYepe3 TKaHH

1, 8 B Il—yTOUHWH# PYKaBHBIA TPIKOTAX H3 CTEKJOMTYyTOB:
B 13 cooxeHH! (MeTpHYECKHI HOMep XFyra—2), B 30 CAOXKeHHR
(MeTpHyeckid woMep »xryta—0,8) #n B 60 caoxeruh (MeTpHye-
ckuft wovep wrytra—0,4); 2—CTEKJAOXO0JCT MECTKHIT KOHCTPYK-
uHounsifl  (XJKKH), 3—ceTka cTekagnHas (QHI6TPOBANLILAR
(CCTD-6); 4—crekaoBonokHicTLil xo.1ct (BBT); 5—BAasannho-
npownBlHoR Martepuan (BIT-2); TH-—TD meng-lbﬁ;—;e’r??:gl:g-
MIT3HBIM ycHTeHHu ABYXJHUeBoR caTuH; 9, 10, —CTeK.10-
TXali cﬁoraercraeﬁno ACTT(6)-Cy; ACTT(6)-Cii TCO()-7c h
2008-70; J3—u4eThipexpesizqpifl  caTHH  (OCHOBA  KOPAHEA),
J5—(TeKJIOTKaRb TeKCTOaHTOBAR

g
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Pue, 11.4. K pacdery BepTHKAJbHEIX CKBAKHH
1 6 —cxedbl QHARTPOB B cpelHCH YACTH “OOTBETCTBLHAN HAuopHoro  Geanamop -
HOro MAACTGB NPI ¢ + [/2=(0.35 + 0,65) {; e—rpadux L, =F (//f) ara cxem a u 6,
& H w—cxeMul GHABTPOB, NPHMBIKAWILHX K KPOBJIE HIH uo,wmne naa.rta; 22— rpa-
q_)m( cacnf(f,it]—n"ln cxeM @ Il Y; €—CXCMa CKBAyKHHBI C y4YaCTKOM HblLa‘{HBﬁHiiﬂ,

o —CXeMa CBSI3H BOJIONOCHOrO MJacTa ¢ cOCeIHHMH; 3—rpadHK HHTerpanvHoi
Gyurunu O (I/t), Bxo AWeEH B (Il.3lj.

§ 11.4. PACYET BEPTHKAJIbHbIX CKBAXHH

PasnnualoT OBa THIA CKBAKHI COBEplUeHHLIE M HecOBeplUeHHbIe,
[Tox cosepwennod NOKIMAIOT TAKYIO CKBa:KiHHY, KOTOPAd BCKPLI-
BaeT BOAOHOCHBIfl I'OPH30HT HAa MNOJNYi0 MOILKOCTL, MPHYEM CTEHKH ee
3aKpelsiedsl BOJLOTpPHeMILIM YcTpofteTBoM (puc. 11.4,e). Takue cksa-
ACHHBl MOTYT COOPYXKAaTbcfl TOJbKO B YCTOHYHBLIX, He CKJIOHHWX K 00-
pyweHHio nopoiax.

B B0n03aBopiLiX CKBauiiax, 060pyl0BaHubIX (GHALTPAMH, Pa3niH-
4aloT B4 BHA4 HECOBepLUEHCTBA:

4) Mo CcTemnenH BCKpPL THA ropl3oHTa, KOTOpas 34BHCHT OT
ANHHBEL QHALTPA MO OTHOWIEHHIO K MOUIHOCTH TJACTa;

6) Mo XxapakTepy BCKPBHITHS, KOTOPhIlL 3aBHCHT OT ycTa-
HaBJHBaeMblX B NJA4CTe KOHCTPYKLHI QHALTPOB,

JlefHT cKBaKHH B HamOPHOM BONLOHOCHOM miacTe (pic, 11.4,a
H J) MOMXKHO BbIPa3HTb ciedyollell dopayToii:

2nkt (H — he) kis

Q=""R¥t ~—R+0¢ (11.26)
as 6e3HanopHoM BOAOHOCHOM ropusonte (puc. 11.4,6 u u):
2 —_
:rtk (H c) . nks (2H — s5) (11.27).

R+t T R¥T

rae { — MOLIHOCTE BOJOHOCHOTO 1.1aCTa;
H — cratHueckHi Hanop B BOJOHOCHOM [LJacTe;
h. — paccrodtiHe OT YPOBHA BO1bl B K0.10]lle 10 AOACTHJal0-
1Iero ¢.104;
s =H —h, — ray6uia oTKauKH;
— HAbLTPaUKOHHOE COMPOTHEMSHHE, 3JaBHCHllee OT TeOMEeT-
PHH BOAOHOCHOIO TOPH30HTA B MNAaHe, CXeMbl PacmoAoXe-
HHA B HeM CKBAXKHH H ee JHaMerpa (taba. 11.6);
{ — buabTpalHOHHOE CONPOTHB/IEHHe, 00YC.I0BIeHHOe HecoBep-
IIeHCTBOM CKBAiKHHBI, COCTOANIee B COOTBETCTBHA C 0. a
H 6 H3 ABYX caaraesbix:

L ="Cln+ L. (11.28)

Paauyc 1efiCTBHA  CKBAXKHHL (VCIOBHBIF pajHyc BIHAHHA) npHO.H-
KeHHO MOKeT 6BITh Bhlpaxed QOpMYJI0H

Ry ~ 15V ar, (11.29)

rie T— BpeMA 3KcnayaTaluH (OTKAuKH):
a — k03¢ dHUHEHT MbE30NPOBOIHOCTH,
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TaGauma 11.6
COH[JOTHBJIQHHE R B 3ABHCHMOCTH OT YCJ!OBHﬁ 3aneraHnA
BOJAOHOCHOTO TPYHTA H NMOJNOKEHHA CKBAXHHL B nJjaHe
- H
m?l'l"’_“ o Bupamenne R
Crea:HHa B icdipe ora 2
€ PajnycoM BanHHAA Ry In ==
[
R? ..
LlenTp CHBAKIHN OTHAINTRILI k€
HeHTpa Kpyrosoro nn’ paw TOARHE € In R
[ 4
Ckhramuia B6anan BojoeMm paccres- i 2a
e a, n —-—r
¢
CkBa®HHa B UOJ0ce IHpitno# L wmewzy
ABYMA BomoemaMH (MemAypedie) Ha paccros
WHI L OT OZ10TO H3 HUPINICALHLIX KOHTYDOB 00,64 L . al
: =— sin ——
[N TaHHA . i T T
CkBa4iHa B moaoce wilpiiofi L Mesay
BOAOYIIOPOM H BO,10EMOM Ha PaccTosdn I ul 5 7L . al
BOMOY NOpa i cig 2L
CxBaliiHa 11 paccru ] 1,130t
BaeMoro npsivosnneiier L r
c
CxBaxMna B NOAMOYTOABHOM  NJlcTe
¢ ABYMH MeperekawlMica mog yriow 9°
KOMTYPAMIl IIMTaHUA 1ia PAaccTOANHAX U, R [,
OT HHX
CxBaxilia B NPAMOYLo.iLHOM naaute .
¢ ABYMA fepeceKIOILHMHCA KOHTYpuMmh Ha o V 2a?
paccTosHHH [, OT KOHTYpa ONTaHHs H [; ot 1 e
HENPOHHUAEMOr0 KolITYpd In =1
c.2
CxBaxHHa B NPAMOYTOJLIOM  m1acTe
¢ ABYMS JjepeceKar Ut MHcH HENLCHHLEEMLIMIL y 1,13at
KOHTYDAMH Ha paccToAMsAx [y I {; OT nHHx In :
2 2
1/““13'21/“'12
CKueaKHHA B nonoce WiHpuHod L meway
ABYMA HReENpoiHuaemMuM:d KoWTypawsd Ha pac- e
CTOAHKH | OT olHoro H3 mapajiebHbIX KOH- T ¥ ut 0,16L
TYDOR MHTAHHA ; Sp ot
resin—
Adag no6oil cKBa:KHEBL B OLIT0.HIEHOM
PALY, PACLHOAGKEHHOM BI0Ib MALAOCHL LIHPH-
HOR L mexay o6.1acTAMM NUTAHNA Il ecTecT-
BeHHOr® paperawxa. Ilpk 370M paccTofiHHe
NEXAY ApeHaMH B pAly 2, oT pRAaa APeR Ao
ofaacTi mHTauHa R, a A0 06I3acTH ecTecT- I  aR\R,
BeHHoro mpedaxa R,. . In +
. IuL
JABa AHHeHHBIX CHMMRTPHYHLIX Ha paccTos-
HHW B pfAja cKBaXHH C PaAHycoM Jempec- IRy, 1
cHil R —+1In
K i _ 1B ’
[u
l—e !

842



Tpoaonme: e Tag6.a.

Onueatie BOIOROCHOTO (172CTA H Bis -
MO.JOXKEHHE CKBAMHIN B HeM B .1dlie L e R

Ilin mo6oi H3 A CKBaIH, pacnoomet-

HpIX IO KPYI. PaIHYCOM R, U 06pasyloninx R;
padnyce aemapeccit Ry In =
R

Jas n JHcEpeTHHIX CKBIANGIR € pacx01av4

© a3 PACCTORMUHM F; GT CKBAMCHH b, : 4
Q‘.l pacer j oF CK ithl, B KOI Qo R, < Qi Ry
poit pacxof Qo ¥ MOHIKEHHEe YDOBHA § @) == g It —
ey c =1 “cym i

TMpuyeaand ua L TloimbkeHe VDOBIH B UCHTDPE CHCTEMH B3AnNMoIsHer-
BYWOLIAX CKBa}I'g ONPeacIAeTCR (10 TAKOH Ke 3aBICHMOCTH, YTO H NAR OIHHOYHON
CKBZMHHBI € pacxolioM Qnyn H pajuycor ’up" apy 3TOM .18 JHeitHolt cHeTeMu

)
CKBaMHH ¢ agnHoR paAaa 2£C paauye r_. = D,B?IC; 118 KoJabUeBoil CHCTEMBI CKBa-

op
*HH, PACMOJONENIUBIX N0 OKPYMHOUTI paldycoM R, 3HayeHue ’np=Ro' AAR Kpy-
ropol nnowagHol cHETeMbL fap = O,BLRO.
2, C.ioxHbie KOHTYPbl peaduHbX apchamell MpHBOAATCA K paBHOBETHKOMY
yry nmo dopmy ne RD=0.56 VF ride F—oSwWwan ni0wans ApeHana,

3. Qopyiyawl gas R pelCTBUTEALHL NP DAHTE il OTKaYKi T = ll)tElaKC/a,

rae [ = MaKCHMAaAbKOe PAcCTOSIHHE OTKAYKH,

AMaxc

B cnyvae nocTynsienus BOLBN B 3KCOAYATHPYyeMblH [OpPH3ONT MOL-
HOCTBIO ¢ ¢ KOI(GHUKHEHTOM k M3 COCEAHHX NA3CTOB dYepe3d caabonpo-
HullaeMylo KpoBAtO M nofowlBy (puc. 1.4, %) paanyc peiictBHa Bojio-
3afopa npubJHKeHHO paBeH:

Re=1,12 ]/

kit
kxp + knontkp/tnoﬂ !

rhae Rup, Koom, fup H foox — KOSGQHUUIHEHTH (GAABTPAUMH  MOIMIHOCTI
c1adolpolHaeMblX CA0B B KPOBJEe H [0A0LIBE.

D 1bTPAUHOHHOE COMPOTHB.IEHHE HA HECOBEPLIEHCTBO CKBAWCHHBI M0
CTeMelt BCKPLITHA B I1anopHoM naacte (puc. 11.4,3) moXeT ObiTh Hall-
Zeno no dopmysae M. A Yapuoro:

: a8 ot (1
Cac}—(T—l)ln—;c——gdl(—t—), (11.31)

(11.30)

rae [ — annHa GHIbTPA;
@ (I/t) — nnTerpanvHas ¢YHKUMA, NpeicTaBaeliHas Ha puc. [14, 3
Las onpeleieHns Lsc MOXKIIO MOMb30BAThCA CeMElICTBOM KDHBBIX,
npelcTaBseHlbix Ha pc. 11.4,8 u e
Ins HecoBeplWEHHHIX CKBaXHH B Ge3nanopHoM mn1acte fse oupe
neasieTcss npubankenilo takxe no (11.31) unx rpadukay na pue. 114
yepes pacueTHyi TayOHHY fp H LIKHY [p:

tp = A —0,5s; (11.32)
NI CXeMbl U
[]J:!—O,SS, (l].33)
4 1A cxeMbl O
lp=1H ¢p=10cy—0,5s, (11.34)
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rie cy— rAyGHIA IOTPYIKEHIA BOAOTPHeMHON #acTi ¢nabTpa OT CTaTi-
YeCcKOro VPOBIISL.
Has ¢q B. M. Wyposhiv npeatokena caelyowrad gopwuyaa:

320¢ .
Eqb—WJ (11.35)

rge d — anaMerp duabTpylomero oTeeperHs, ca (tadn. 11.8)3
n — yicao oTeepctTid na | 4 nepdopuposatnoil YacTi;
HI—B .M
1A ckBaxuubl, 060pyroBaitHoll weTeBeM HuabTpoy npu M << 0,3,
MOMeT BhTh PeKOMeH10Bala Takas GopmyJa:

2 2

rae N — 4HCTO BEpPTHKAJALHMEIX pAAOB Uleaell
1 —CKBAaMXHOCTb, T. & OTHOWEHHe cY\MapHofi miowaly Beex
meneft K mosepxnocTH Beero guastpa (rata. 11.9).
ConpoTHB/eHHe (QHILTPA TPHBOIHT K YMEHbileHHIo pacxola CKBa-
AHHBEL MaKCHMYM Ha 127
MakcHMaIbHBIR pAcX01 CKBasKIHbL MPHMEPHO PaBeH:

Quaxe = ndplpUion (11.37)

rae dg M lg — anamerp 1 Ainua dnabtpal
Ujop — LOMYCTHMAR CKOPOCTh (HALTPAUHY ¥y CTeHKH (HIbTPA,
poipaxeniad C. K. A6paMoBbiM 115 CKBa)KHH C ceTuya-
TLIMI, 1eTeBBIMH A rPaBHiiHLIMH duIbTpaMH B BHIE:

| -
vion =65 V& [sfcyreal; (11.38)

amech £ — Ko3HUHENT DHILTPALAH. M/CYTKY.

OpHeHTHPOBOUHLIe 3I1aYeHHA PAIHYCOB BAHRHHA Ry, NOJydYeHHHE M0
AaHHBIM 6OJBIIOrO Pfla OTKAWEK, B 3aBHCHMOCTH OT KPYNHOCTH mec-
YaHO-TPABHAHBIX OTJOMEHIIK, CAaralownX BOJIOHOCHM NAACT, NpHBE-
nedpl B Ta6a. 11.7 Tax )Ke mpupelcHbl 3uauenHa £ H [xp, COOTBETCTBYIO-
IHe HOMVCTHMBIM CKOpPOCTAM (HIBTPAUMH MPH BXOIe BOIbl B GHILTD.

Ta6mruwa 1.7

3uaueyusa pagHyca BIAHAHHSA, KoddhuuMeHTOoB (HABTPAUHY,
JONYCTHMBIX YKJOHOB H cKopocred

TMecok
TToxasarens TOHKO- MEIKO- cpeiHe- KDyrio- rpape.-
3epHHCThIf 3ePMcTHNt | 3eDHueThIE | 3epiHcThIA CThIft
R.u 100 100 300 602 1000
k. Mlcyrku 1=10 10—49 40-71 70—200 202—4M
'Kp 11 11—§ 6—1 i-2 2—1
LI eyt 241230 409

3



TaGavwua 11.8

Pa3mepbl oTBepcTHi GHNBTPOR B 3AaBHCHMOCTH OT KO3ddHuHeHTA
HEOAHOPOAHOCTH MOPON W HX CPejHero JHaMerpa

Pasmensl 0pOXOANLIX OTBepeTii, Ma

N ¢HIBTPa
s k“f <20 HpH k“;’-a > 20

C kpyraol nepdopauneii
Co menassit,
Ceryath”

IIpiymevanuwe Mensure 31134eilfA PA3IMEPOB MPOXDINLX GTBepPCTHi QT~
HOCATCH K MEJKOIEePHHCTBIM [ecKaM, a GO.bUWIHE — K KPYilio3epIiicTHM,

Tadauwuga 119

CKBaXHOCTb WeJeBLX GHIBTPOB, HArTOTABAHBAEMBIX
H3 TpyO pA3NHYHBIX MAaTepHAJOB

, [Tpeaeaunan

DUILTPU 13 TPYG L[[n.naﬁlluenn. rxsun:,;_mmh,
b
Craasibix 3—39 30
YyrynHsx v 3—13 15
Auﬁec*rouexmu-mux . 0,5—6 ra
Jepessinnux Kaenoui 1—4 15
Buminanacroat: 0,58 25
Touyapumx . 2=50 17
Dapdoposuix 12 6

Mpusep l. ComocTamny 1e6HT ABYX CKBAMKIH B TPy HTOBOM NOroke Moul-
noetoro H==30 » ¢ kKostpdiuuncurom ditanrpamin k=20 M/cyrky, 069pyI0BAHHBIY
dutivtpamu d,=0,1 s; do=02 a; I, =10 a; ;=3 M, T.¢. umeouplx O1HHAKOBYO
GOBEDXHOLTh (Ad,/,=md.:l)).

[Ipn paBuux moRHN.enHAX § =35 H paauyce BIK iiHA RK=IOO M gebHT
cHERKHHBE onpeaeanTea no dopuye

ks (2H = §)
Q=
K
In -rT+ ch
Tlo puc. 114 moay Tpe =85 1 Ly ,=I7: Toraa Q,=2%.:6 Mg n Q=

= 15,6 M4,

M3 pacyera BHAHA 3HAYHTESLHAR Da3dHNA B neGHTAX CKBAXKHH MPH PaBHLIX
BOACTDHEMIIBIX NOBEPXHOCTHX, (0 MPH PA3HLIX COOTHOWEHNAX MEHAY AJIHROA H
auameTpos (bHILTPOB.

CKBaKHOCTb 7} TPOBO.TOYHBIX qJH.’IprOB Bilpaiiaercsa 3aBHCHMOCTBIO

n= + 1007, (11.39)

o + dnp
rue dﬂp — JHaMeTp npoao.nonnoﬁ 06 MOTKH;

@y — NPOCBET MEWX.1Y BHTKAMH NPOBO.JIOKH.
Tlpn oTKayKe BOIbl 113 CKBAXKHH, npoGypeHHubXx 8 Ge:HanopHblit BO-
LOROCHbIIT TOPH2OHT, MEKIY VDOBH#MH BOJel B CaMOQH CKBaXiHe n 3a
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B¢ HAPYKHBIMI CTeNKAMH nabnlolaercq cKauok YposHel:
Ah = Ahg ++ Ahg, (11.40)

rae Afig — NMpPOMEXKYTOK BbiCAYHBAHAS BOALI;
Ahg — notepk wanopa B (uasTpe.

Beanusina Ahs MoxeT ObTh onpegetera mo dopuy.
Varer Q PR
Aha={[0,73 Ig (¥ Q/k/rc)—O,S'l]—k-' +h0} —hg (11.41)

sfech A — rAyGHHA BOIB B CKBAKHIle OT ee AHA.
[loTepu Hanopa B QHABTPE COCTABJAIT

402
My =L na” (11.42)

rae Ly — KosthdHIHEHT CONPOTHRACHHS DHIbTPA, PaBHLIT:
npn 7,31{g/de > 6

§[p==1; (11.43a)
npu 7,3nle/de < 1,5
()
Lp= m (11.4306)

C. K. AGpaMOBBIM MpeiToxera SMAHpHYeckas hopMmysa 11d onpe-
e eHHA BEJIHYHHLI CKAYKA Aflt ¢ Y4eTOM KOHCTPYKILU pHABTPE

Ah =001y ]/—% [#], (11.408)

rge Fg — pafiouas niomaib Guabtpa, i’

@y — k03D ILUHERT, YUHTHIBAIOULII BAKAIIHE KOHCTPYKIHI UALTPA,
paBubift @y ~20F x4 Aasn ceTyaTBIX H rpaBHinslX QHABTPOB,
ay =~ 7Va aam ABIPY4TOTO, LLETHCTOTD  # MPOBOAOUHOrO
dHibTPOE;

Q — B M3/cytau;

k — B s/eyTRu;
S§—B M
J.1a HecoBepIUEHHBIX CKBAWHH KosbdHUMEHT ax peKOMeHIyeTcs
yBenHuBaTh B 1,25—1.,5 pasa B 3aBHCHMOCTH OT CTEMEHH HECOBEpileH-
CTBA CKBAXHHK.

§ 11.5, TOPH3OHTANDBHLIE APEHbI

1. Pacxon rophusontasasHoro eoaozafopa ia | noz. a ero AAHHbI
aoxeT GbiTh omenen mo (11.26) n (11.27), B KOTOpHIX NpH pacnoaoke-
HHH BO103abopa Ha MeKAypeube Ha paccrosuinn [ ot pekn (phe. 1.5, a)—

R = ml, a na paccroannu [, orT pekn (puc. 11.5 6) — R=2n-l—-3—_—L-;
P
3jech L — AaNbHOCTh JEMCTBHA FOPH3OHTAIBHOMO Bojlozabopa:
L=1,12Var (11.44)
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Ionoanuteastae conpothn, e 58 (11.26) n (11.27):
B HanmopHOM l.7acTe

28 47 .
b={ 9(1 + 9 dfi) _"43] b (11.45)

N

p Ge3nanopHoOM MOTOKe

28 14
= [m - ‘4—5'] fep (11.46)

2. He6utr noilpycaoBoro potro3aGopa (puc. 11.5,8) moxer
6uiTe onpeledeH mo gopmy.ie
H — e
g==k ————y (11.47)
rae k — pacueTHoe 3uavenre Kozbhduurenrta GUALTPAUHE NOIPYCIO0BLIX
OT.IOMelHR ¢ VYeTOM NPOHHUAEMOCTH NOHHGLIX OCaJKOB B BO10-

eMe;
H—npenblujemie ropn30nTa BOJAB B BOJOeMe [lax AalloM BOJO-
3abopa;
hp — poicoTa 11anopa Wi rayGuHna HAanuoAHCHHS B BoJo3abope oOT

Ja ero.
[Tpn sateranun Boxoynopa na raybauc T o1 ama sotcema u ray-
Onne 3a.0zkeldHs i mopycaosoro Boo3abopa uaverpom d

‘n 4h—d ‘n d
=037 Ig [lg(‘g- f) clg \FTH (11.48)
npH raydorom 3aaeranni sojoynopa (I — oo)
h ;
5_0,371g(_43—1), (11.49)

4 B C.Tydae 1pewsl, JeAaiieil 11a Boaoynope,
B=0733 g ctg |5+ %) (11.50)

3. ORILTPAUHONIIBIA PACKO] KaMIOH Ipenbl 113 MIIOTOMHCAEHHOI HX
citcrembl (pue. 11.5,¢) ompeiennerca taxke no (11.47), npu ytoM xo3d-
uunent b npu paccroaunn Memay apenamn ! << 0,67 Bbipaxaerca

Op AV, 10i1
Popan (:t 4h —d )
sh|—+ ———

E=0371g —-_‘-‘_._—%-—. (11.51)
sh (ﬁ--—)
T

4, Pacxox npu crvMetpuuliofi QuuIbTpaunil K IpeHe H MpH OTCYT-
CTBHiI BOJOYNOpA MOMeT ObiTh onpelereil, ecIH B YpaBHeHWe KpHBOI
Jlenpeccin

LA (——%-33) (11.52)

O0ICTABHTL NpEBBILUEHHE DJl[Oﬂ H3 TO4eK Kp[‘lBOI:I SENpeccHH 2 Han
Jperoil, HAaXOIAWCHCA Ha PAacCTOAHHH Xp OT Hee (Tada. 11.10).
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Tadauwua 1110
K onpepenennio pacxona g mo (11.52)

Lt1 1.97 | 223 ] 2,54 5.3 ] 595| 67 85| 11,1 237) 38,9 66,5

zkjq | 0,4 05 | 06 106507 | 1LO] 1,05 L2 L4 16| I3

xkjg | 0OA46) 0,75 ) Li8 | 145 1,78] 53 | 6.25| 7.1 } 10,2 19.8] 38 70 133

5 Oas cicTeMbH H3 ABYX Wapanieabliwix apen (puc. [1.5.d), naxo-
JAWHXCA #@ pacCTOANHH [, MaKCHMaTIbHOe (peBLIUIEHIe MEXI1VIpeHHOk
RCTBH Zwoxc KPHBO aAenpeccHi 11ajl FOPH3OHTOM BO/B B ApeHax npH
OTCYTCTBHIt BOJOYNOpa COCTABALT:

Ik
2o = 0733 L 1g (145 ); (11.53)
A8 clicTeMbl U3 Goabinoro uilcaa apen (puc. 11.5,e)
e = 0733 L .4 -
Zyake 0.733k 1ngg(4k l—l—q/k)' (11.54)

§ 11.6. OCHOBbI PACYETA OCBETNEHWA BOAbl ®UNbTPOBAHHEM

I. Mutcucushoceth npotiecca GuALTPOBAHHSI XapaKTePH3YETCH €K O«
pocTbio dnabTpOBamu4g, npcicrasnAouleli coboli uacTioe OT
aemenns pacxoaa (uabTpyemoil BOAL Ha nTomaib QiIbTpYIOULRro CIos.

Mo xapaktepy duabTpyiomero ¢108 GHUALTPE Pa3iendoTcs Ha cJe-
AVIOlLe BHLL: '

a) 3cplnNCTH e, B KOTOPLX (IILTPYIOULI C10i1 cocTonT A3 3e-
petr mecki, ApoGAeNoro Keapla, alTpalnTa, Mpayopa, Mariuesnra H Ap.;

6) TKauen b, B KOTOPLX (PUALTPYIOUUIM CTOCM CIyKHET TKaHb
(x-1onuatodyMarkiuas, auliAnas, cykio, KanpogoBas [ CTEKNOTKAllb);

B) ceTuarTele, B ]\'OT()phl,'{ KbPl.'ll:Tp)’l()lll”\! c10eM SIBISETCA CceTKa
C O1BePCTHsMIL, A0CTATOMHIO MAJLIMH 1AS 3a/fpiaiits N3 BOJAu B3BecH;

F) uaMpBlube, B KOTOPLUX (uinTpylouutid ciroil o6paayeTcs H3
BEOIIMLIN B BOJY (MIALTPYIONLNX MOPONIKOB, OTK.IAMLIBAIOILHXCA B BNIC
TONKOro ¢I0f na kapkace QuabTpa; B KavecTBe (QHALTPVIOULIX NOPOLI-
KOB NPUMCHARAIOT 1HaTOMUT, APCBECHYI0 MYKY, acOecToBYIO KPOUIKY IT Ap.
A KAPKACOM CAYMKHT nophcTas KepaMmlKa, MeTaaiduyeckas CeTKa, CIHTe-
THYCCKAA TKAID.

3epuncrele  GuaALTPLI N0 cKOpoctn (PHALTPOBAUISN PAa3ACIAIOT A
Medacuisie (menee 05 4/4), ckopue {2—I15 a/u) w ceepx-
tkopoctuue (Goace 25 w/u4).

2. [lpn ocsetacHnn B0, coAcpiKawlnx 0coB0 NPOUHYIO BIBECH, Ud«
npuMep B3Bech, 00pa3yioulylocs (Pl KOATYASUHH B 30He ONTHMAIBHLIX
BedHyHH pH ramnucrofl cycrmenaHu ¢ ynpounesHeM KoaiyJdAHTa Mo.id-
aKpPHAAMHIOM, 112 NOBEPXHOCTH (ILTPYIOUlEro ci0A  (MelJeHHbIN i
CROPbIX (HIBTPOB) ofpasyercd f.ehKa,
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Tpy uicTO MJCHOYHOM GHUABTPOBAHIH BO1, COJEP/ALLHN HecklIMae-
MVIO B3BeChb, NPOI0JANHTEIBIOCTL GHALTPOLHKAA

- ]{KGI[ - -HO =
Ty= Bn o7 (11.55)
rae Hy M Ay — xoneunas 1 wauaaeHan (B duasTpyIOLICM

c10e) MOTCpH lanopa;
1 — AHHAMEYecKHH Ko3(duLHenT BA3KOLTH (GHIBTpYeMOi

BOABI;
U — CKOpOCTh (pHIABTpPOBANNS;
M, — BecoBoe comepXKaHiie B3Becl! B OCBETIAeMOM
BOLK;

B — yhenbloe conpoTHBJeNHie ocaika (ycTalasansaeTcs
ONBITIIBIM NYTeM M 3aBUCHT OT NPHHATLIX edHITHY
n3Mepennsa).
Ynenbsoe CONPOTHB/ENHE Ocalka MO Mepe poOCTa TOJALLIIL ILIEHKI
BO3pacTaeT; MOTEPH HAmopa B HeH ONpelenstoTcs MO 3aBHCHMOCTH

B="PRof", (11.56)

rie n — [10Ka3aTesdb CKHMaeMOCTH ocalka.
[MposomkuTe bHOCTL PHABTPOUHKAR

i e
To— HKOl?_Hdl) &
T —n) PoMrom

3. poiosaKuTeabiiocTe padoTyl GuabTpa OO NPOCKOKa B GUABTPAT
B3BECH B KOILLEHTpauuu GoJblued, YeM 3aldHHOE OTHOWICHHEM Co/Cy,

(11.57)

1 hep Sod "
T:’;ﬂlu=z W—-‘T) [quH], (11-58)

rae Ay — Toamnia QHIABTPYIOWEro 105, )
§p — KOICTaHTa, 3aBHCALIAA OT COOTHOWENIS MYTHOCTH MOCTYNAIO-
uieii Ha GHABTP ROILl Co K MYTHOCTH (PHABTpPATa Cp: NpH
co/co = 0,05 Beanuiia $o=3,7+-68 u A=169—=129, a

npn cp/co = 0,1 Benuinna sp =356 n k=151 = 124;
v — B afu;
d— B M

Tlpn oceetqelnit BoA6l € NPOMION B3BeCLIO (PHALTP BHIXOANT 4
iIPOMLIBKY 1le N0 TMPOCKOKY B3BecH B (IALTPAT, a N0 AOCTIKElHH npe-
JeabHON moTcpH uanopa Hnp. B 3ToM cayvae NponosiKHTEALIOCTE (HIb-
TPOLHK.1a
_ an — Hy i0f1¢,

HO 'h—/r, (l 159)

Te

rie hft — TeMn MPHPOCTa MOTCPH ILATIOPA;
ip — CHAPABIINECKHIT YKAOI B WICTOT PUaLTpVIoNei 3arpyaxke.
4. Kospdument buapTpaunin B npoliecce  3aWACHUA  3arPyakH

duaLTpa yMeubmacres, cordacho gaunuv 3. K. Kuceaesoil, no sasi-
CHAOCTI
aM Vv W 37
k—ko(l = noW3J = ko (1 ~ ) _ (11.60)
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tae #o — K03 QHIUIEHT NOPICTOCTH YHCTOM 3arpyaKI:
W, — oGbem 3arpyskn B QHIBTPE;
Was = aM — oGbem 3a/ep)KaHHONH B3BECH B N0pax 3arpysxi,

@ — yJeJbHblH 08besm B3BeCH B N0PAax 3arpy3KH, OpPHMepHO
paBHpli: ans nia 0,0083—0,046, 119 KOArymnHpoBaHHOrO
naa 0,016—0,022, ans rauiim 0,0019—0,008, pas koaryni-
poBaiiHoll rauHbl 0,0044—0,0085 a/Kec;

M/W, — rpaseeMKOCTb 3arpy3KH, NpaKTHYeCKH [POTOpUHOHAMLIASA

Bpevesll paloTul ¢uabtpa (npuvepHo paBias 26—
1,4 xec/s%).

5. Ilpu pacuere GHABTPOB Ha3HAYAIOT TOMUHIY BHALTPYIOILErO
cnof, AMaMeTp ero 3epeH W CKopocTb GilibTpoBanua. [1pH Bhibope pac-
ueTHOH CKOPOCTA cAIefyeT OplenTHPOBAThHCA Ha Jannue tada. 1111 wan
noMb30BaTheA rpadukoM ua phc. 116, cocTaBiIeHHHM AR OCBETAENIS
BOJ Cpeaiieil moJockl.

Pacuernnifi TeMm npupocTa noTepH Hanopa, paBHLIH NpefenbHo fo-
TIVCTHMOH BesHuHHe NOTepH Hanopa B (HabTpe, AeqeHNOH Ha pacuyer-
AYIO NMPOAOAKHTENBIOCTE MeXNPOMLIBOUHOTO neplola paBotsl duabTpa,
MOKeT OLIThb NPHHAT ANA OTKPLITBIX (HABTPOB 250 arm/4, ana Hamop-
HbIX — 850 At/ u.

IMpn ocBeTnieHnn BoOAl MyTnHocTelo M, otnsukoft ot 15 me/a, nepe-
cyeT pDACYeTHOH CKOPOCTH MNPUPOCTa NOTEpH HAMOpa MNPOM3BOAHTCA MO
topuyne

AHp=a if%'i [], (11.61)

rie o — ko3dbHUNenT, VUHTBIBAIOWNGE CBONCTBA B3BeCH; MPH OCBeTJe-
HHH KOAryJHPOBaHHON peyHoH BOAB o == 1, OpH OCBETAEHHH BNJ.I,
YMATYEHHON H3BECTKOBAHHEM C KOAaryaHpoBailked, o = 0,75.

Tab6anua

Pexo-ienpyeMble cKOPOCTH GHABTPOBAHHA H XapaKTEPHCTHKA
G HaBTpYIUETO CAOA GHALTPOB, paGoTaoWHX HAa NMOJAHOE
OCBETJNEHHE BOAA MYTHOCTHIO He Bbilue 15 m2/a

s PacyeTthasn
) CKOpOCTh
Au &3 GHIBTPOBAHHA
:‘3 (#/4) npH
25 | Beicora caos, bemHme
GuasTp =0 M
= = =i A 5
= ' = (=}
3|3 4z | &2 5 | g2
=3 o 0 =& gz = w3
22 |53 | 2& | 83 83 | &5
= == mE ~ o =T S a
Croghli 0,5 1,2 |0.7-08 2-22 700 6
07 | 1.5]0,9-1,0/18-2 1200~ 1300 8
0,9 | L8 |1,1—=12[1,5—1,7[ 180J—20U0 10
A syxcI0RHbIA:
KBapLUesbll flecok 0,5 1,2 = 400—500} 10 12
auTRaUT 0,8 1,8 1.1 2 400—-500
CkopblA AByxnotoy- | 0,5 1,5 3 2—-2,9 Keapuepblf 12 13
Hulf MeCcoK
1450—1650
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Puc, 11.6. I'padukn fas pacuera GHALTPOB

a — BANSHHE CKOPOCTH (hH/ALTPOBANIS Ha NOKasaTemt paGoTsl (piiLTpa; 6 — AIA TeM-
na NpHPOCTa noTepl HAIOopa If TOJLNIL CJAOR 3ACHY3Ki

Mpuwmep 2. Boxa pekn, mocTynaoulas Ha OTKPLITEE (PHALTPLI, COREPKHT
24 M2{Ad BIBECH H VMATYAGTCH MN3IBECTKOBanneM. BuwbpaTL pacyeTuyw CKopocTb
GHALTPOBAHIA H  XapaKTepHCTUKH (HILTPYWILEro cnof (PHABTP NpOMLIBAETCA
O4HH pa3 8 12 4).

Pacuetnad ckopocTh MpHpoOcta NOTepH Hanopa s (¢gMawTpe, pabotal Ha
BO18 MYTHOCTLIO 24 MmEja,

L\Hp=0.75.
Aas onpetedenus HCKNMEIX BEJHYHN ITPOBOAHM YePe3 TOUKH Ha OCH OpAHHAT
(pHe, 116, 6} coouTeeTcTeyOIY© J.Hp:f-ﬁd MMM AHHHIO, NApaaNenbliyid ocH

abcunce. CHOCE Ha 3Ty OCh TOYKH fepecetendf 1AUAON JHUMK © KDPHBBIMH CKO-
POCTH HALTPOBAKUA 5, 7, 10 W 13 4e/y, M0.y4aeM HHTepecyloULHe Hac BEIHYHHLI:

CropocTs QHIBTpOBANHHA, AT 15
Cpeannit anametp 3epen ¢

C108, MM 0,28 0,35 0.54 0,86
Toampha GUALTPYIOILETO C.10A, MM 180 360 800 1869

Ias  oueHkH TOMNMNLL  (PHABTPYIOUIErO €108  KPYNHOIEPHHCTHIX
GuabTpoB. (cpeanuit anametp depen d =08+ 1,5 wuu) MomeT ObiTh
HCNO530BaHa Qopuyna Aad raySHHel A MponiKauud 3arpAsHeRui B
1oAY 3arpyskh duabTpa, paboTaiomlero go moTepn Hanopa 2,5 wm H
QCRETANUIErO PeyHyd BOAY npn Tewnepatype 25 °C:

o = 42
H=33d"%0"5 [o4], (11.62)
Ple v — CKOpPOCcTh iabTpoBaHusd, M/ 4; d — B ,
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Heobxoanvaa niomaie ¢HIBTPOR KONTAXTHLIX OCBeTIHTE.IeH
Moxer GLiTh onpeleneda no gopmyne

F — Q ==
Tvy ~— 3,6nwty — nlyop — ntyvp

[#%, (11.63)

— Q
T v (T — nty — nty) — 3,6nwt

rie @ — nosesnas pacueTHas NpON3BOAHTENbHOCTH  (HIBTPOBAMBIOL
CTaHUMH, M3/ cuTiu;

T — npofonaTeabiiocTs paBoTel cranlhil B TeueHHe CYTOK, 4;
(mpn Q > 2000 #3/cyrxu BurogHa ee TpexcMeHHad paBora:
T =24 4),;

Up — PACYETHAsl CKOPOCTh GIMIBTPOBAHHA MPH HOPMAJNBHOM peXHMe
pa6ortel ctanuun, m/e (ta6a 1001, 11.13, Tl 14 u 11.15);

/L — YHCNO NpPOMBIBOK Ka)kAoro Guastpa B CYTKH;, n =[5+ 2
LA YaCTHYHO aBTOMaTHIHDOBAHHMX, M = 34 Jnd nox-
HOCTbIO aBTOMAaTH3HPOBAHHLIX CTaHUHH;

@ — pacyeTHas HHTEIICHBHOCTb NpPOMBIBKH (4/Cex-M?), TpHHHMae-
mas B ppegenax 12—20 a/cex.n? (tada. 11.12 1 11.13);

{; — DPOAO/KHTEABHOCTh NMPOMBIBKH B 4acaX, KOTOPYK TNPHHHMAIOT
pasHoii 0,084—0,1 4 gas ckopeix ¢umbtpos, 0,1—0,12 « nna
Asyxcaofinex, 0,12—0,13 & ana KOHTaKTHEIX OCBeTJIHTeJelH;
0,13—0,15 « nana dunetpos AKX;

fy — BpeMs TPOCTOS (QHABTPAa B CBA3H C €0 MPOMBIBKOK B yacax,
pasioe 0,3—0,5 4 nuna 0ObluHBIX CKOPLIX KPYMHO3CPHHCTHIX
ABYXCAOHILIX (IL1-TPOB H KOHTAKTHBIX OcBeTakTene#i u 05 4
ans buabtpos AKX;

Ta6aumga 1112

HHTeHCHBHOCTS H MPOJAOJIKUTEJBHOCTs MPOMBIBKH GHILTpOR

TpeGyemoe Hurencus- ITPo10NKH-
oTHOCHTENhHOe HOCTB TeABHOCTD
THR 32rpyskH H HALTPA pacuHpense DOMBIBKH, MPOMBIBKH,
3arpyski, ajcer s m? MUR
%
Cropble b Tphl:
d=07+08 umn i 45 1214
d=09+1,0 » 30 14—16 6—5
Cd=l.l-§)I.2 BB LN R B Bl 25 16=18
KOpule dHABTPE ¢ ABYXCJAOHUHOH
SADYIROR o s e e e s o e e 50 1315 76
Cxopyle [BYXMOTOMNEE BHALTPLL
B3pbIXeiHe HajipeHay(Horo <c.1o8
DECKR ; ;5 s i b 5 a5 o 84 . - 68 21
OCHOBHAR HHACHAS MPOMDIBKA N 30 [3=15 6—5
NPOMBIBKA APenaxa " - 10-12 2-1

[MpuMmeuwanusn |, 3HadeHHA HHTCHCHBHOCTH MPOMBIBKH yKa3aHnl MPH TeM-
nepaTtype noan 20° C,

2, BONBIIHM 3HAYeHHSM HHTelCHBHOCTH MpOAMbI COOTBETCTBYIOT MEHbIIIE
3ila4eHHA NPOAOIKHTEJLHOCTH,

3. Ipr HenoaBHXKHOM ycTpoiicTBe BepxHefl mpOMbIBKH HHTEHCHBHOCTE MPOMBIBKH
CnenyeT mnpHHWMATh 3—4 1jcex-m?, namop 30—40 m. PacnpelennTeqbHble TPyGH
Hago pacnoaarate Ha paccToaHHH 60=—80 sa oT moBep XMOCTI 3ATPY3KI Hepe3d kaxuuble
700—1000 mar, PaccTosiig MeXAy OTBEPCTHAMH B pacMPelenHTeqbHBIX TPYGax HIH
MexRy Hacaakamu HeoGxoanmo nphuiMath 80—100 s, Ipu HpﬂlJJ.alOlJ-IBMC’?2 yerpoii-
igneﬁ MHTeHCHBHOCTL NpOMBIBKM caeayer npiitvate 0.5=073 a/cex-m%  uanop

—45 M,

12 3ak. 504 353



Tacauna 11.13
BBLICOTA CJOCB 3arpy3KH, CKOPOCTh QHABTPOBAHHA

Kpyniocts,
H HHTEHC“BHOCTB NPOMBIBKH TDyﬁOSepHHCTHX d]ﬂﬂbT]JOB
————— z
Kpyn- HHTescHBHOCTD
noets | Kosddu-| Byicora | Cropocts nﬁ?"',‘:[.nuzi"
MaTe- HeHT cnon bHAL- cekM
Matepnaa sarpya®™ | pmwasa | HEOAHO laaprpyvyir | tpopanss,
3arpyaxu,|FoA0CTH, M My BO3RY UL~
UM He Go.ce BOARHOM Ol
0,8—1,8 1,8 1,5-2 10—-12 6—3 1520
Kgapuesin necok L5-25 | 2 25-3 | 13—15 | 6-8 | 1825
R ———
Ta6aunua 11,14
b (]JHJlepOBaHHﬂ B KOHTAKTHBIX OCBETJHTENAX
CkopocT
——
KomgectBo ocpe/miTeaed 2 3 4 5 |6 n Goaee
———————
, ¢Tb GILIBTPOBANNA,
Mi:acn;eman cr(o‘po 3 4 45 43 5
e ———————

Ta6aunua 11.15
CxopofTh ¢nabTpoBaRMA B MeNIeHHBIX dHABTPAX

——nes’
CkopocTh QHALTRPOBAHKSA,
My
CopeKAHHE BIBEIUCHHEIX
yacrilh B HCXOJUOA BOAE, npi M DBIKI0Ye-
Mejn HUHW OOHOro H3
pagure $uasTpos HA
Beex Qhnib- ALIp
Sl PEMOMT H.in
p CHCTRY
Oo 25. 3.° 0.2 A0 03
Cebime 5 0.1 2
——

13 — npogoMRUTEBHOCTL CIYCKA NEpBOra ¢uabTpaTa HaM Opoio.T-
skuTenrtiocTh paGoThl PHIBTPA 110CTE TPOMBIBKH TPH CIIHXKeEH-
woii n(OH3BOLMTEIbHOCTH; npmuuMaior 0,17—0,2 4 B 3aBucH-
mocTy OT MYTHOCTH QHTLTPYEMOH BOJIHI,

6. UToGs paBECh He BLIIOCHIACE H3 OCBET.IHTENA B bieTpaT, Mak-

CHMA/bHO nonyc”f-’“a“ noteps uamopa Hypp B ca0e npu ero saHamBa-
HHH JOMKHA GhIE:

Hyp = hyp (1 = 1) (%- 1), (11.64)

TAE Yo H Y — y;lc.‘lbﬂhlﬁ Bec MecKa H BOILI,
hg — TeTUUEIA CTOA 3arpY3RH.
Tas oBuunyX ECKOB DI ROPHCTOCTH yneTOl  3aTPY3KH Mg == 0,4

0 oys = 2,68 rc, M BeTHYNHA Hap = hy. Tlpeieasiio jJonycThHMas o

354



T€pA HAnopa B (t]Il.'TLTp}’IOIll&\I croe lie J0J¥Kila OpeBBIWaTh ero To.I+
LIy
7. KoauuecTBo npoMbiBHON BOW Qn onpeledsior no dopuyae

3iech W — HHTEHCHBUOCTH MPOMLIBKH (A/cex-. B nepuon uanGonee
BHICOKOH TeMIepaTyphl NpoMBIBHOH BOMLIL:

1,33 1,77
dgs (e + ng)

3KB
(e_l_ ])|,33 ,q(}.ﬁi

rae s=25 AnA neckos, § = 2,8 ans 1poGJselioro anTpauHTa;
ny =~ 04;
e — pacwupeHre GUIbTPYIOUIEro €TOA MNPH MPOMLIBKE B AOJAX €ro
flepBOHauanbliofi BLICOTL (NpHHHMaercs oT 30 a0 50%);
— B MH;
N —B A3
HirtencnpirocTs npoMsIBKH BOJIOH ¢ Temneparypoit 20°C, npu xoto-
poii HauWnaetcsl B3Be[UHBAUHC HHXKHUX HauGosee Kpymusix (dware)
dpaxuui 3arpysxu,

[2/cex « 42, (11.66)

@ep=(15 + 8) dl;ggc [a/cer » 4?], (11.67)
rae kosdduunent 15— 114 KBapuUeBOrO mnecka, a 8§ — 1as antTpalliiro-
BOH KpPOWIKH; d — B AL,
. HOnas onpeseteuus ianopa fr.c + Hg.c OpH TPOMEIBKE NEOGXOMNMO
HahTH:
a) moTepw 11anopa Ar.c B TPAaBHHHLIX MOANEPXKHUBAIOUIHX C.101X

hee ==0,22Hcw ], (11.68)

rae Hr.c — ToNmMHA 08B TPaBHA B HHIBTPE,
6) motepio nanopa 8 GUIBTPYIOWEM CJI0€

hgpe = (a + bw) Ay [u], (11.69)

rie a u b— napamerps, paBubic T8 KBapUEBOTO NCCKAZ C pa3MepoM
aeped 0,5—!1 .y cootBerctserno 0,76 w 0,017, a ans neckos ¢ pa3swve-'
pos 3sepeit ] —2 i — 086 1 0004; hg —B a; @ — B .1/cer- a7,

,H,.’U‘T }’J.El..'lC]]Hﬁ I3 BOILI pacmopeimux OpTaHHYeCKHX BeILCTTB Mpll-
POZHOTO H NCMPHPOINOTO NPOHCXOXJENHA Uenecoofpasio npuMeleric
(HIBTPOB C AKTHBHBIM YTAeM, NOTepH 11amopa B KOTOPOM MOTyT mpHilil-
Matbes no xaunwM Tadt [1.16.

TaGaumna 116

IloTepu HanOpa B CNOE AKTHBHOTO yris

Tloteps manopa (M. 80d. ¢T.) B caoe yr.af Toauumol
I M TpH CKOpPOCTH QILILTPOBAHNA B M/ 4
CpeaHHit nHaMeTp

3epeH YIJIA, MM ’
5 10 20 30
| 0.20 0,80
1,5 007 0,32
2 o 013

(o)
(=18
&1

12



§ 11.7, PACYET JAPEHAXA CKOPbIX BOAOOYHCTHBLIX ®HNbLTPOB
H3 MOPHCTOTO BETOHA

JlpeHa CKOPEIX BOJOOUHCTHBIX (HUABLTPOB u3 mnopHcToro OerToHa
HMeeT DAL 3KOHOMIHECKHX M 3KCILIyaTalHOifHLIX MpeuMyllecTs nepejg
TpyGuyaThin IPEHANOM € MOALEPXKHBAUWHMH TPAaBHIIHEIMH CJAOAMH.

[To uccuepoBaunsim H. T1. 3aBosmoxkn u ' M. Bacca, npu Haroro-
BJCNHH JPeHaka MOMKHO TDIMEHATb pa3HO3eDHHCTHI 3anofHATeNb
KpyarocThio 2—20 A, cpelHWil IHMaMeTp KOTOPOro onpelenfeTcd Ha
OCHOBE CHTOBOLO aHaJjH3a no gopmyse

n
d= ¥ pd,, (1L.70)

i=l

rie pi-- OTHOCHTE.JL10e BECOBOE COJepIKaHile 4YacCTHL 3aMOJHHTeNs Ha
cuTe Ranubpa d.

Uro6bl 3epHa ¢uibTpyOMeH 3arpy3ky He MPOCHINAJIHCE Yepes Mopbl
ApeHaska, NOJKHa CoBJioiaTheA Ceflyioulasi 3aBHCHMOCTE HaHOO0JIBIIEro
LONYCKAEMOro nHaMeTpa 3anonuiTeas dx OT HaHOoabOIEro pasMepa
3eped 3arpyaku digo:

npH dipe < 1,5

dyy =16,35d 190 — 1,0 s, (11.70a)
npH digo = 1,4 MM
dﬂ =3,56d100 J{- 3,16 MM. (11706)

Hpenax ckopelX QHALTPOB OOBIYHO YCTPAHBAIOT H3 MOPHCTHIX Ge-
TOHHBIX GJIOKOB C MPOAOJLBBIMH KallajlaMu AJHHON Ly, uepes KoTophle
pacnpeicnAeTess MPOMbIBHAA BOAA.

Ilpw ware npomoannmx kawamoB 2dy (d-— LuaMeTp NPOLOJLHOTO
KaHana) naubosee paBHOMepHOe pacrnpefe/feHHe MPOMBIBHON BoAsl 0fe-
CNeYHBAETCA MPH CAEAYIOUEM DPABEHCTBE:

8L AE dd "
—2 1 =2140 [—"V% (11.71)
nd, (1 =4y 28}

rae [ — vHTeHCHBHOCTD MpOMBIBKH BHILTPA, cM/Cek;
by, — TONIUHEHA CJOA NOPHCTOrO OBTOHA HAJ KaHAJIOM, CAf;
A, — o6beMHan OTHOCHTeJbHAs MNOPHCTOCTh GeTona (tafa. 11.17).

Ta6auma 1117

OcpenHeHHas MOPHCTOCTh GeToHa,
NMPATOTOBJEHHOro BROPOYNNOTHeHHeM HAa TPaHHTHOM weGHe 2—20 mm

d, mx)| 22 | 387 | 512) 591 [ 668| 7.46| 876 | 9.7 109 | 11,47 | 12,38} 13,21

Ao |0,131 0,116 | 0,108 | 0,103 | 0,101 | 0,101 | 0,104 | 0,112 0,126 | 0,135 | 0,152 | 0,162
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VYkaou tpenna B japei  {e 13 NOpHCTOro 6eTolla npn oBpaTuoil po-
MDIBKE INTLbTPOB

456 . {omc 1 *ly
s i—%% o (11.72)
g A d

[as BLIpaBHHBAHHA MOZAYH BOAB M3 UEHTPA’ILHOTO KIH GOKOBOrO
[0JaloLlero kasaaa B NPOAQJbHbe pacnpelelnTenbHbe KaHaJAs Ha BXO-
Ie B NoCAeflHHe HALo NPelyCMaTpHBATh NATPYOKil AHAMETPOM HA OfHH
Ka1H0p MeHblle JHaMCTPa NPOJOJLIONO pacilpeleinTelslioro KaHaua
¢ naolIa1bio OTBEPCTHIT B 3ariyluke naTpybka

_20dgLol
0,6 ' 2ghy |

rie Ay —noTepy Hamopa B narpyOke GOJLLIOrO COMPOTHBIEHHA, OpH-
nnvaemsle 2—2,5 4 god. T,

[lponosmxuTensiocTh cayxk06bl (B rofgax) nopHCTOOETOHHOro [pe-
Ha)Ka B YCJOBHAX peareHTHOW OYHCTKN BOAbI MOMKET OblThb onpeleneHa
o dopmyne H. I1. 3asosoka n I' M. Bacca:

T=3—é5— exp{%[l +]/1+ %(1 ——) Rm”. (11.74)

rie B — dakrop crolxoctH nopuctoro SeroHa (ANA nopTAaHALEMEHTA
B = 0,161, aas nyunoaasosoro B = 0,183);
A — dakTop arpeccHBHOCTH BOAM (ANR nopTnadiueMenta A =
= 0,967, naa nyunoaaHosoro A = 0,648);
k3 — KO3QDHLHENT 3anaca [IPOYHOCTH Ha CKATHE,
Ry — MCX0JHAA NPOYHOCTbL TOPHCTOrO OETOHA HA ciKaTHe, Kac/cM?,
Ecan axTHBHas peakUMs ouyninaemoll Bogel pH = 7 u wenoyHocTs
ee He Mefee 3 M2-3k6/4, TO LPCHAM MOMHO BBINOJAHHTL M3 TNOPTJIAHI-
LeMeHTa; B MPOTHBUOM CIYUac — H3 DYNUONAHOBOLO LEMEHTA.

(11.73)

TIpumep 3. A OYHCTHON CTAHLHH NPOH3BOAHTENLHOCTLIO 4] 800 sdfeyriu
NpHEATO BoceMb duauTpoB naowadeio no 30 ¢ (8,75 X 3,45). Ecnu aarpyska co-
CTOHT M3 Knapuesoro necka 0,7—1,5 mat (dyo = 1.5 M), To HanboIbWHE pOnyckae-
Mblit AHZMETP 3aMOMHHTE1s d‘ —B 35 MM; TaK YT0 B KauecTBe 3aMOJAlHTeNfN MOMK-

HO HCROMBb3OBATL TPaHUTHbLIA LU.EUE!III: co cpeaHum anasmerpom d =7,04 mu, [lpu
pacxode uementa L[ = 225 kec/#® u B/LL = 0,32 HCX021as NPOYHOCTD Rm=63 xeefem®
1 k3=63 0,42=150.

TIpu awidiBHoll peakuxnu Bolbl 7,1 ¥ IenOYHOCTH ee 3,8 m2-3xe'r, no (11.74),
T =254 ropa. [Ipw WHTEHCHBHOCTH NpPOMLIBKY (uAbTpos 14 afcex-u® Lo = 3,45 M
Hodo = 125 mm na (11.7)) umceM: by=10 cm;, i=2.,5

M3 Gokomoro Kanaia ,LiliHOH 8,75 M BOAA BXOLHT d4epes OTBepcTHA obueft
naowazsto 28,3 cu' B narpybkax GonblUoro conpoTHBaenua gxamerpom 100 ms B
pasfenHTenbHble Katianel. [ToTepu nanopa B natpyGke coctasnt 2,57 4 800. ¢cr. 2 B
apedaxe 2,57 + 0,25 = 2,82 # g0d. cT.

§ 11.8. 0CHOBbLl ®HNLTPOBAHHA CYCMNEH3WA

[Tpouecc ¢uABTPOBAlIA CYCMEeHsHi, ra30B H BO3LYXa OCHOBAH Ha
CIOCOBHOCTH TMOPHCTBIX NEPEropofoK, ABASIOULMXCA OCHOBHOH 4acTbio
GHABTPYIOULIX aMnapaTtoB, 3ANCPXKHBATL HA CBOefl MOBEPXUOCTH TBep-
Jble B3BelIelHBle YaCcTHUL H NPONYCKaTh NOX MeHCTBHEM pasHOCTH
naeaesus Ap N0 W mocae lIeperopofikH KHAKYlo (asy M ra3. Tsephwte
YACTHUBI, 3aJepXKaHHbIE Ha 10BEPXHOCTH NeperopofkH, o6pas3yloT oca-
AOK, KOTOpBI AOJMeH NepHOALYECKH HIM 1IeNpPepLlBHC YAAAATHCH, TaK
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Ka®  vpeamuen; TOIULNIL 0CAJKa MOBLIIAETCA erc ruipasinyecKoe
conpoiiaenie.

Pacxoa duiistpata @ VaJOKONUCHTPHPOBANULIX CycnensHil Bas-
KUCTBIO 1) wepe3 MOBepXilOclb ILoaiplo & Mower OLITH MOACHHTAH
no goprye
_ApQ

Rim’

rle Ru — conpoTHBICHHe $liauTpYIOWel 1eperopoIkH ¢ AHAMETPOM NOp
d' U TOMWMIA { ompeleaseMoe SKCNEPHMEHTAJBHO Had 100 GOpMyne

B 20062 (1 — n)? ¢ _

Q (11.75)

n__(WEE'S_-’ (ll.?ﬁ)
= KO3iLieHT, 3aBicAwWnil OT MOBCPXNOCTH nop (1as raal-
KoOil nosepxioctil — 1,16, 1as mepoxosatoil — 1,5);

A — iopicrocTh GILILTPVIOETO MaTepia.la.
Hakanausalonniics ocalok okasusaet 1pH GnILTPOBAIKH CyCMeH-
311l \0NOIHHTCILIO® CONPOTHB.ICHIE

_ 20062 (1 — f5c) b feg

o ; (1.77)

oc

Te /i, — BBICOTA KHAKOCTH 1ag (nabTpylouleit neperopoixoil mepex
1ayaaoM QHJILTPOBAHUS;
Roe — MOPHCTOCTE OCAIKa,
ke — K03hdHUHEHT NPONOPUHOIAABHOCTH MeX1y BbICOTONl CJI0s
MKIAKOCTH /1, H TOMMHIION Ocalka,

Kosdduunent ks onpelensiioT ONLITHHIM MYTeM HAH NOACYHTHIBAIOT,
eC.TH H3BeCTHL! KONHEHTpalHd ocajka B HCXOLHOH CYCNEeH3IHH # ero
00beMHLIT Bec.

Jaa cxnMaesoro ocajka, Korla 0CalZoK ol AaBieHHeM Ap npH-
o0peTaeT OmNpeleaeHiiyl0 CTPYKTYPY (OT PHIXJo#f 1a MOBepXIUOCTH 10
IA0THON Y MCXallHyeCKOH MOATepzKKH), ero MPOHHLAeMOCTb BLIpAXKAIOT
GyiKIIeil «c1aBIHBALHA» 5

e=——0o, (11.78)
Ap
rie b u [ — noctosiHHble Aad AaHAOrO MaTepHasaa, TpHIHMaeMble IO

ONLITADIM JallllblM.
COHPOTHB.‘TEHHE ocalka npeictan.asiioT B BHAC!

= ﬁ Vo::
Roc=——7—" ApﬂT; (11.79)
anech Ve = Qloe — 061bEM BIAXKIIOTO 0CALKA TOMLHHOH foe Ha TMOBEPX-
HOCTH;
f — KoathdHuenT CKHMAGMOCTH ocagka (H3MeHsaeTcs
or 0 o 1).
Hanpumep, mis BOAHbIX cycrieHsHil (npH Buipamenun Ap B H/m2):
TIADOOKHCH A0 ML p=10"1 2 $=0,95
> XpoMa b=2|21‘10_12 2 B=0,707
Kap6osata Marmis b=1,34. 10713 ? B=0,37
> KATBIHA o o o o v v oo e v e v v s Beml0™3 4 p=0,33
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OGvev dpabtpata V B 3apUCHMOCTH OT NPOJOTMHTE ILHOCTH (PHIb-
TpOBalHA T ¢ 06pa30Bai ey UECHKHMIEMOTo 0CalKa Ha ey AMaeMoil
PRIBTPYIOWENl Nepercpoike pasert:

v \pQt

= N (Roc F SRD)’

rde § —KO3QQUUIERT, 3aBHCAULHA OT YeI0BHit QUILTPOBAHHSA.

Ecau ¢uabTposanHe npoTexaer npi NOCTOSUIHOI pa3HOCTH JaBie-
auir, To § = 2. Ilpr dujasTpoBannn c nocroansofi ckopocrelo § = I,
a BeanunHa Ap B (11.80) MMcerT MaxcHMaTblioe 3HaueHHe, COOTBET-
cTBYIOllee KOHUY (PH.IbTpOBaHHA.

K npaxkTHUCCKM HeCKMMaeMulM MOJKIO OTHECTH 0CalKH, COCTOALLHE
H3 HacTHL HeopraliyecKHX BellecTs pa3MepoM Gogee 100 mk, Hanpumep
3 4acTHU [ccKa, KapBoilata kKaabllits, OHkapBonarta uatpua. Cosep-
WEHHO HecHKIIMaeMbiMI BIIbTPYIOWIIMI CPEFOPOAKAMH MOMNKHO CYHTATh
MOpHCTbIE Kepailyeckile [eperopoikH, a TAKKE leperopolxll M3 crhek-
WIHXCA CTERIMHUBIX Ml META11HYeckiX NOPOIUKOB,

(11.80)

Tlpusep 4, YCTAHORHTL 3a3UCHUMOCTL MPOAOTANTCILHOCTH  (IALTPOBANHA
OT PAJHOCTH AaBaelHM B npejeiax 4-100 — 8108 [1'm* cycrmessing ri,APOOKHCH a.TIo-

MHHHR B BoZe upu 20°C (11=i0‘3H-cercf.u2).
B Teuenne KaxIoH onepauin ¢HanTpoBanHs wepes Q=1 ! pasneasercs

C=D.5 M cycneisHH NpH nocToAnHOH PaiHOCTH AaBICHHI.
OThowelHe o6beMa ocaika K ofvemy (niabTpaTa npumem X, 0.01; conpo-
TuBaerHeM  QHALTPYIOWLEIl MEPeroposkH BBILLY €ro 11eGodbWOR BeIHUNHLI npene-

gpesxe,

OGuembl  duabTpata V axa Ve AVHAEMOrO 32 OAHY oONepauuio
¢y ILTPOBAHHA, COCTABRIAOT

. O R v V=495.10"%
V=TFx, = T¥om " oc =¥V =195:10
W3 (11.80) ppit Ry ==0 1 ycaopuit (11.79) p=0,93 #2 no:
- '3 =3.0.05 19512 [n !
_ R,V ﬂn(l By x,V _ 1077-0,05:0,01 (0,495)%- 10 o 1 ._\p—-(!,ﬂc'or
2Ap  20% Apl-PB 2.1 (Ap)t—0.95

B CcOOTBETCTBHH € MOJIYY€HHLIM YPaBHEHHEeM npH yBeaHsenud Ap or 4-10¢ no
§ 10* H/w% 1. e. B 1Ba pa3za, T yMeHbLLIAGTCH TOALKO oT 3600 ao 3480 cek, 1. e.
peero Ha 3,3%. OTclola  MoMHO CACAaTL BLIBOMA, HMTO NMPH CHALHO CHMHMAEMbIX
OCajKax MPOAOTIKHTENBHOCTE (DHILTPOBAHHA He VAAeTCA CYL(ECTBEHIO YMEHBIUIHTL
yBeJHUeNHeM pa3iocTH Aapacnuil,

§ 11.9. THAPABNHYECKHE XAPAKTEPHCTHKH KEPAM3HTOBbIX
3ATPY30K ®HNbTPOB

Hceeneposanuavy B. H. Maprencena M Jpyrux YCTaHOBJIEHO, 4TO
npHMeHeiiHe JIPOGJAEGHOrO KepaM3uTa B KayecTse (VHALTPYHUIEro Mare-
pHaja MO CPABHEHHMIO C KBADUCBLIM TeCKOM N03BOAAET YAYUWIHTE Kaye-
CTBO OYHCTKH, YBGAHUHTb IPON3BOIHTCALHOCTE (HABTPOB, NOBBICHTB
rPA3eeMKOCTb 34TPY3IKH, YMEbLIMTL NOTepl lianopa H CIH3HTb Ylenb-
Hble pacxo/ibl BOAbI HA perellepallHio 3arpy3kH.

O6bemublil Bec ApoGJaeHOro KepaM3HTa yyp 3aBHCHT OT 0OBEMHOTO
Beca FPaHy.THPOBAHHOTO Yy M OT AHamcrpa dpakuuu d:

vaip=1(0291g d +0,93) vy — 0,25 1g d — 0,1 2cfen®, (11.81)
rae yr —B 2c/cad;, d — cpexuuit AnmaMerp ¢dpakuuH aApobaenoro kepam-
auta, 4.
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Tuapas.lueckasn kpynioct, (npi temnepatype 5oiel 20° C) sasient
OT yap B d:

wo={(10,61gd+8) yip+ 1,03d — 1,6 cu/cex. (11.82)

Hana auanerpa 0,75 mu u o6bemuoro peca 390 xec/m® ruipabamye-
CKaf KPYMHOCTb @o = 1,84 ca/cex, a anga d=4 M4 H ypp =
= 575 kec/#m? Bennunna wy = 10,8 cufcex.

Tuapabnnyeckie YKJAOHBI npx ABdmennn colsl (I = 20°C) cBepxy
BHH3 4epe3 3arpyaky nocse cBoB0.1Or0 ocaMIelind KepaMsuTta Gea che-
UHaJBHOTO YITOTHEHHS COCTaBAAKT

_ 0,026

1= a Uvnp, ( 1 3.83)

Mg U — CKOPOCTb DHIBLTpalliH, At/4.

[Tpn ckopoctu hiabtpaund 50 /4 uepes 3arpysky ¢ aHaveTpaMH
dpakuun 0,75 am Y108 [ = 1,7, a npuy v =15 mfu u d =275 uu ou
paeen { = 0,0].

WHTeHCHBHOCTL MNpOMLBKA MOzkeT ObiTh OUeReH2 1o  Qopmyne

w=[(1ld + 17,6)e — 5d — 10] yup +
+ (7,54 — 9,5) e — 4,6d + 5,25, (11.84)

re @ — WHTEHCHBROCTb NPOMBIBKY, 4/cex- M2;

& — K03 HUHEHT paclinpelia 3aTpy3KH.

3HauenHs HUTEHCHBUOCTEH NPOMBIBKIL KOJMe6.1I0TCA B LIHPOKHX npe-
Aenax: or 3 .afcex-M? Aad liavetpa 3eped sarpysku 0,75 i koad-
Gbuurenra paclukpedus 1,2 u  obvemHoro Beca 350 «kec/a® po
46 a/cex-m? pas nguaMerpa Sepeu 3arpyskd 2,75 aa, KoadduuMeHTa
pacwupenua 1,8 u o6wemuoro Beca 575 xec/ 8.

§ 11.10. GUNbTPALUHA YEPE3 3EMNAHLIE NMEPEMbIYKH

q:'HthTpallHO]]iible pacueTsl nepeMbIYex, 3eMJIAHLIX TAOTHH, npHKa-
HAaJIbHBIX AaME OBLIUHO BRIMOJHAIOT AN YCTAHOBJEINA NOAOMKEHHS KPH-
BOi Henpecchd B tene AamGel, onpejleseHus (UIBTPALHOHHOTO PACXOAa
W TnyGHHBEL BBICAUNBAHME, a4 TaKxe 1A YCTaHOBJEUNIA pa3MepoB Ha-
CJIOHHBIX APeHa’)kefl, yCTpauBaeMblX C LeAbIO 3alIHTL! !H30BOTO OTKOCa
nambel (MepeMblyKH) OT OMILIBANKA, H T. L.

OBblyHO BEPXOBOH K.IMH MAUTHHBI 3AMEHAKT 3KBUBAJEHTHBIM (adb-
TPYIOUWIHM TpaAMoyroibhukoy mauiuodl AL = fhy (pHe. 11.7), Tak yto
nonepeuyHoe ceueilwe MIOTHHB (aMObl) YCJAOBHO 3aMeHsercs npodHieM
C BEPTHKAJbHBIM BEpXOBLIM OTKOCOM H IJHHOMH

Lpy=L+4 AL =L +BAy, (11.85)
rae
m

GunbTpauHORHLA pacxoll {Ha 1 no2, M) 4Yepe3 0AHOPOIAHYI mWIO-
THHY {pHc. 11.7) Ha BOJOHENDOHHUAEMOM OCHOBAIMH MOXeT OulTb ompe-
nejed no gopmyne , \
h] - i’lg

2L,

q
= (11.87)
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Puc. 11. 7. Tpadus a7 onpejleJcHHs BEICOTBl HPOMCKYTKA BHICAYH-
BaNHA TpH (BHABTPALMH uepe3 3eMAAHYI0 MIOTHHY (MepeMblyKy)

BEICOTY OpOMECKYTKA BbICAYHBAHHH A MOMNHO OMNpPEIEAHTh [0 rpa-
duxy Ha puc. 11.7
Kpupas 1enpeccuu Moxer OLITb MOCTpOEHA M0 YPaBHEHHIO

n=]/ 2%(f‘—x-—m23]+(h2+j)z (11.88)

Y BepX0oBOro oTKOCa KPHBAA IENPeCcCHH HCNPaBaAeTCA BH3YasbHQ
Tak, uTobm olla Oblna TepneHIHKYJAdpHa oTkocy. Pacuer nnoTHHH ¢
TpyGyaThIM APEHa:KOM HHYeM He OTAYATCA OT MpeIbllylUlero.

[lnotaiy ¢ gpeHaxom B BHAe GaHKeTa H3 KaMeWHo# HaGpOCKH
MOXIIO PACCYUMTBIBATL TAK XK, HaMeyas HH30BOe OrpaHHuyeHHe TPYHTO-
BOTO MAacCHBA NO BePTHKAJH, NPOXoJAlleft uepe3 TOUKY nepecedeHHs
YpOBHA BOAGI B HHKHCM Gbede ¢ BEPXOBBIM OTKOCOM IpeHaa.

[Mpr pacnogodenuyn OMIOPOAHOH 3eMAAHOH IMOTHHEL Ha BOJO-
NMPOHIIIAEMOM OCHOBallHM pacueT (HIbTPALMK yeped Tea0 [LIOTHHBH
MOXHO TPOH3BOIMTE MO H3J0XKeHuoMy peiue metoly. OcHoBaume e
MJIOTHHLL PACCMATPHBAIOT Kak o0nacTb Hanoptiofi dbHAbTPalMH.

[lpy pacyeTe NJAOTHHBl C AAPOM HCMOABIYETCS BHPTYaJbHbIR ClO-
co6 [72]: masosomomponHuaeMoe AIpo. HMerulee KO3PGHUHEHT (HIb-
TpauMH ky H TOJMHHY 8, 3aveuseTca APYTHM, BoOJpakaeMblM AApOM
¢ TAKHM Ke k, K4K H y OCTAJbHOH 4HaCTH ILIOTHHB, M TO/LLKHHOM

ba=8 - (11.89)
A
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§ 11.11, PACYET ®HIIbTPALHH NMOA COOPYXXEHHAMH

[lpy 1upoeRrHpOBAHNI 110138MHOTO KOHTYPA, T. C. JHHHH, OVpaHiyj-
BaioUleid CHH3Y BOJOHeIpolHIAEMble YaCTH CcOOpYyxieHisn, 1e0bX0oduyg
YUHTBIBATL (HILTPALHI BOALL MOA HHM, HEO:

a) (HILTPAUHOUHBI [OTOK OKAa3LlBaeT npoTHBolaBgedHHe W ya
NOJOUBY COOPYMXEeHHA (3TY CHIY HYXKHO YUYHTHIBATb TPH pacueTe erog
YCTOMUHBOCTH) ;

6) BO3HHKAaeT BOMNPOC O BEJHYHHe (QHIBTPAUHOHHOTO pacxoga Q;

B) B OCHOBAHHH COODYIKEIHA CO3JAIOTCA CKOPOCTH (QHALTPALMH g,
MOTYIlHe NpHBecTH K cypdosun (paambiBy) IpyHTa (QHABTPALHOHHBIM
MOTOKOM; NMO3TOMY HHOTEA NPUXOAMTCH ONpele’siTb BEJHYHHBI CKOpPOCTel
H B Pa3sHBIX TOYKaX OCIOBAHHA COOPYMEHHS,;

r} QHIbTPAUHOHHBIH MOTOK, TNPOHH3LIBAS TPYHT OCHOBAHHH, CTpe-
MUTCH CIBHUYTb ero B CTOPOHY HHXHero Obeda; 37a CABHralILafg cHaa
3aBHCHT OT BEJHUHHL! [bE30METPHUECKHX YKAOHOB [ B DajHbIX TOUKax
OCHOB2HHA.

Ilpu pacuere iranopioli GHUABTPALHH MOXKIO HCMOJIb30BATh Meron
K03hQHUHEHTOB CONpPOTHBMe!NA, npernokerHui P P. Uyraepeim.

PH 3alaHNBIX TIOA3eMIIOM KOHTYpe H TOPH30HTax BOIb B Gbedax
KOHTYP pasOHBaeTCA Ha OTAeqbHbie 3JeMeHTh (pHc. 11.8):

) BXOmHOH H BBIXOJIHOH SJEMEHTH KOHTYpa B BHIE, HamlpaMep,
BXOAHOTO U BLIXOJHOTO IUNYHTOB (cM. aaeMeHTl /—a—2 o 5—8—6);

2) BHyTpeumHi wnynt (cM. sjaeMeHT J—O6—4); TaKHX BHYTPEHHHX
UITYHTOB MOXET OuiThb [eCKO.IbKO; ecad § == 0, TO BMecTO BHYTPEHHEro
mnygra YUHTLIBAETCA TOJBKO NPOMeXYTOUHBIR ycrym I—%;

) ropH3oHTajbHble 3MeMEHTH KOHTYpa (2—3 u 4—5).

Baonb KamIOro 37CMeHTAa KOHTYpa TepseTcA Hamop Hfi, KOTOpBIW
B CAy4ae JaMHHaploH QHILTPALMH BhIpaXKaeTCAd 3aBHCHMOCTBIO

=1L, (11.90)

rae ¢ — yiaeabHbl pacxof;

&k — xoapduuuent dunbTpalny;

{ — ko3P dHUHENT CONPOTHBJEHHA, 3aBHCALULHA TOJNLKO OT pa3MepoB
paccMaTPHBAEMOrO 3JeMeHTa KOHTYpa H TAYGHILS pacyeTHOTO
Bogoymnopa Tp.

Kosd@HUueHT CONPOTHBAEHHA BHYTPEHHEro WNyHTa Ly HIH

ma fyc onpefensercs no dopmyne

f S 0,58
(:ul__z-l_'+1:5T2‘+——T2_o’7553 (11.91)

rae ! — BHICOT2 BePTHKAJBHOIO yCTYINa;
s — ray6uHa WnyHTa;
T, u Ty — 3arny6JedHa pacueTioro BOAOYNOpPa NOJ NOLOWBOH COOPY-
JKeHUsT C OAHON H ¢ JAPYrOH CTOPOHBI LUTYHTA.

Beerna Ty > Ty, npuuem Ty = T, 4 ¢ (Ha puc. 11.8 ykasaupl TpH
napel Beanuun Ty u Ty, KaKias Taxas Napa OTHOCHTCH COOTBeTCTBEHHO
K [-My, 2-My H 3-My [INYHTAM)

B cnydae s =0

t

bye =7 (11.92)
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KospduinenTtsl  cONpOTHBNEHHA BXGjqjoro (Csx) H BBIXOAHOrO
({omx) 33@MCHTOB KOUTYPA (HX UHCIENHbYIe 3nauelds He IABHCAT OT Ha-
npasJieuHa QuabTpaguu) pasisi:

Loy = Laux = Luw ~+ 0,44, (11.83)

rae Lm Onpeiesnserca Mo (11.91) B mpeArtonoxennn, yTo AAHHEI BXOL-
HOH HJH BbIXOIHOI WNYHT 8BMAETCA BHyTDeHHH.\L
Korma s = 0

4
§5x=§ab|x=—TI_ -+ 0,44, (11.94)

a npH s =0nt= 0, T B nl'lpH NJAOCKOM BXOJe HJIM BbIXOHE (Hﬂ[’[ YyH-
cTOM NoBOpoTe notoxa Ha 90°),

Esx = Lowx = Lnop == 0,44. (11.95)

KosdduureuT cONPOTHBACHUA TOPHIOHTAMBKBIX MEMEHTOB KOHTYPa
(sanpumep, ajeMenta 2—3 uan 4—5)
npu [ = 0,6(s; + 82)

[ —05
€2=———$L-jfi}; (11.96)

mph [ < 0,5(s1 + 1)
L,=0 (11.97)

Ibesomerpuueckas JHUHA pp MIA MopzeMuoro KOHTYpa [—a—32—
—3—6—4—5—8—6 npuuuMaeTca B BHIAE numup, cocTORIMIEH:

a) H3 NPAMONHHEAHBIX HAKAOHUBIX yyacTkoB (2—8 W 4'—5');

6) psAa npAMOAHHENNHIX BCPTHKANBHLIX yyacTOB-cTyneHed (/'—2;
3'—4’; 5'—6"); BenMuHHA KaMIOH TaKO CTYMeHH BBIPaKaeT MOTepIo
Hamopa Ha COOTBETCTBYIOUlEM WINYHTE WIH yoryne non3eMHOTO KOHTYDA.

v /86

NE

-
=

o L I [ I B |

e

Ta
=

R

L 77177 777777577 AR T 2 7T TR T, mmpﬁwmm«w i
losepxHocmy Pactemupap sodoynopa

ﬂnr/ el 7 TIITITTT 777777777, Crerrireicrs 77 f/f’ﬂn.
[ edcmeumensnbiy 8odoynop

Puc. 11.8. Pacuerian cxeMd Hauopros (QHALTPALHH
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[Toanwit namop W coupyaeit:n 2 (T e MOTeps HANoOpa B0k
BCErD NuT3CMHOTO XKOHTypa) PACTPe.ieTaeTCa MCAY OTISTbHBIMM 37e-
MENTaMIt KOHTYPA TpPAMO IPOLOPAHONAILIC HICTCHHLIM 3NAUSTHAM 11X
KO3(dIieiiTOB COAPOTHRICHH, T. €. noTeps namopa (hi); Ha LaHie
HEKOTOPOro i-ro 371eMCHTA KOHTYPA

() =<

PR
rae §i — KosbHIHeHT conpoTs, paccMaTpHBACMOro [-ro 3/€VeHTa
KOHTYpa.

Dniopa NPOTHBOAAB.CHNA LA FOPHIOHTAJBHBIX 3.1¢MeHTOB KOilTypa
(2—3 W 4—5) BmpamaeTcH 3AUITPHXOBAHHOM H2 uepTeKe NIONLAIBIO,
OrPAHHYEHIION CBePXY MNbLC3OMEeTPHUCCKON JIMHHEHt pp H CHH3Y — CaMHM
No3eMHbM KouTypou [- ?—3—4—5-6,

[Tpu nocTpoennit 3mopul MPOTHBOAABJICHKA 3a DACYeTHYI T.IyOHHY
Tp pacnoneelns BOLOYNOpa NPHIMMAIOT:

a) uan Tp =Ty npu T << Ty (11.99)
6) umn Tp=Tax npu T3 2= Ty, (11.100)

ri2 Ty — sarayGaentie  AeficTBHTEABHOCO BOAOYNOpa (H3mepeuHOe IO
BEPTHKAJH OT MOBEPXHOCTH BOJOYNOopa 10 ToH TOUKH noisem-
HOro KOHTYPa, KOTOpas pacrofiorkeHa HanboJee BulCOKO),
Tgx — raybuna akTHBHOfl 30HBL GHJALTPALHH, OnpejeaseMas DO cJe-
ayiouuy GopMyaam:
a) Aas pacmiacTaHioro NOA3eMHOTO KOHTYpa, Korda [o 2= 58,

(11.98)

Tak =050 (11.101)

6) kor; 34 << !l/sy <5,
Tax == 2,78¢; (11.102)
a8 2arayGiacHi M033eMnoro Koutypa, xoraa |<Clo/so<<3.4,
Tax = 0,859 + 0,5/p; (11.103)

r) aas BeCbMa Eal'.."I)'ﬁ.ﬁGHHLJT r10,13eMHoro KOUTYpa, Koraa
D &-: [1‘/31} -<._ [10:
Tax = so + 0,3lq, (11.104)

rne lo H So ~- JJHHDI MPOGKIHH [1030MHOr0 KOHTYpa HA TOPH30HTaNb H
Ha BEPTHKA.Tb.

[Tpn onpeneacHHW MaKCHMAJILHOTO BLIXOIHOTO TpagHenTa Ha no-
BEPXIIOCTL IHA HuXHero OGveda [wwx (B TOure 6, puc. 11.8) pacuernas
rayGHiia npuiMaercs:

NnpH T,'[ < 2Tu1(
=T (11.105)
ape I' = 2T
T, =27, . (11.106)

ot
[lpn sToM pacuetiioM noJOXKeNWH Boloymopa [p  “cranasgu-
BAIOTCA 3HaueHuss {' H HAXOANTCH DBETHYHHA [oux:

R . (11.107)

T[ ‘12";”
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pae T pact ROJOYNOPA  fiO. UIKHErU

aneda;

e ;7 _\*—

a B
w=T/ sin[fjl‘ 7 ——;f--lf-l]]. (11.108)
LR | /

[Ipn Ty > 2Tqy anauenue [nyx, noayuenHoe mo (11.107), caexyer
vBeIHyHBath na 109%.

Has wncroro wmyr  npi eficTBUTEIBIOM BOI0OYNOpPE, 33T03KeH-
1M BecbMa riyGoko,

Ly =0318 = (11.109)
Han6onbwasn ckopocTs GHIbTPALHH PaBlia NPOHIBELGHHIO HAaliaeH

10ro 3HayeHHA [pwx HA KO3GPHUHeNT QHIBTPALUY k.
¥ ne bubli GHILTPAUHOHHBIR PACX01 HaXoAAT 710 ¢opMyse

g= k, (11.110)

e kKo3pGnLUHenTs CONPOTHBIE I HA BHIUHCASAIOT NPH AeHCTBHTEABHBIX
sdaveHusx T (Tp = Typ).



=———= ———— [naBa ABexHaguaran =

OCHOBbI FMAAPABNHYECKOI0 PACYETA HEKOTOPbIX
COOPYXEHWA CHCTEM BOAOCHABEHHA W KAHANWSALMY

§ 12.1, THOAPABNHYECKAR KPYMHOCTb

FYuApaBAIHYeCKOH KPYMHOCTBIK @ HA3blBAIOT CKOPOCTh
paBHEMepPHOr0 MaJeHHA YaCTHIL B HENOABHKHON BOJE.

[Tpu coGogHOM 06TeKaHWH HIApA AHAMETPOM dyy MHAKOCTBIO TJIOT-
HOCTBIO P M BH3KOCThIO v mo copstyre O. M. Tomeca n P B. Pozen-
6ayMa HMeeM:

wo:%ﬁw(l&-{-o,ﬁn’?{?)"l (12.1)

2 .
roe Ar=g(p,— p)dﬂl/pv‘ — KkpuTepuit Apxumena IAfA TBepAOTO KOM-
MOHEHTA NJIOTHOCTBIO Pr.

Yactuue! HenpaBHabuoil GOpMBl XapakKTeDHIYITCA 3 KBHBAJIEH T-
HeM no of6vemy Vy nHamMeTpowm wapa

1
4, =124V} (12.2)

H reoMeTpHueckHM Ko3bdbuuuenTom (GopMb Ky
(taba. 12.1), T. e. oTHoweN:eM MOBEPXNOCTH Maxuofi yacrhupl Sy K mo-
BEpXHOCTH 9KBiHBAJEHTHOrO 11apa:

S n\h 4l
k= — — (12.3)
6V d?

IuapaBaHyecKas KPYymHOCTb YaCTHU HeMpaBHIBLHOM (GOPMHL OKasbl-
Baercs Goabwie BryHcdenHoit nmo  (12.1) npn Rer=wed,/v<0,2

Tabaunmwa 121
OnETHBE 3HAYCHHA kg A4 HEKOTODHX HenpaB¥AbHBIX YACTHL

MarTepnan yacTuy kq; MaTepHan yacriyg kd’
Iecox oxaTaHHEA ¥roae rasoBLifi . 2,07
Tlecox ¢ OKpyTabMH 3e]- Koxe . 2,86

HaMH - 1 Cnanewr . . . . 3,17—3,5
TTecox ocTtpoaennHcToifl i,5—1,67 YronpHas Gblab . 1,62—2,58
[Mecok HedPaKIHONHDPO- Tpadirt HeKycoTBEHEBLIT 1,15—=1,5

BaWHBIE AnoMuHHEBE  ILLTHH-
yroan APHKY (Hd,rﬂl-i-S) : 1.15—=1,25

Mg 3.0 AioMocH. HKaT 1,02—1,03
Anty | 1.5-=3.5

facpeiienm ?.131’
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VTI+08621gky pas, a apu 2.108 < Re, < 2-105 —n (12,4 —

=05
— 11,»1k.lJ’) pas.

Tuapapmsueckas KPYUHOCTh 340iCHT OT CTeCHEUHOCTH ABHyKCHHA
YaCTHI, XAPAKTEPHIYIONIETGch 1ByMs $AKTOpPAMH: BAHAHMEM CTEUK Ka-
Hana Y BJAMAHHEM cocclmdx vacTHu, [lepseth @arrop o6bluno otien-
BaeTcst reoMerpHyeckuv cumnaexcoM D/d; (D - mnamerp
KaHana, dr — AM3METP wWapa, SKBIBAJAEHTIONO 9acTHUE MO MNOBEPXHO-
crti), a BTOpoH (akTop 3aBiCHT OT ofmeviHOR KoWleHuTpallyu uacTHu f.
CrecHentibie yC/I0BHA YuHTHBalOTCA monpaBkaMu £y n Ep:

_ Woer _ . ﬁ\? 1,6
g, =% =1~ {3)] )
woer _ {1—P)""° (184 0,61} Ar)
E = a == ~ (I _ﬂ)n' (|2'5)
P e 18+ 0,61 1 Ar ¢l — )+

rie n— ONbITHBI KOI(QHUIENT, PaBHBH, N0 KAHHBIM 3IKCHEPHMEHTOB
O. M. Muuita ¢ neckoM n rpasieM, 2,25—4,5 (s cpeuem n = 3). Ilpa
D/d: = 10 MoXHO npekefpeub BAMAHHeM cTeHOK, a npH f < 0,01 —
BAKAILHEM KOHLEHTPAaLHH.

B tabn. 85 UpHBeJewsl rHApaBaAHUECKHE KDYIHOCTH HaHGUOB.

Cxopocth ABHXKeHHS OAMHOUYHBIX NY3LIPLKOB rasa B XHAKOCTH @,
B OTJAHYHE OT CKOPOCTH mNajeHHd TBepJBIX 4YacTHL, XapaKTepH3yercsd
ko3pdbunuenton nedopMalUHH HYSHPLKOB g, NPeACTaBJAIO-
MM co6of OTITOIIEHHe 3KBHBAMENTHOTO nHaMerpa de K QpoHTAIBHOMY
AHaMeTPY MY3LIDEKOB dg:

g, = i - 0,81 -+ 0,206 th (1,6 — 2 Ig Re M%),
¢~ dy

3.1echb 5
Wedsy [
= M= (—.
Re p” av p )

¥ H W — KHHEMaTHUECKHA H AHAaMHYecKHN K0IDGHUHEHThH- BA3KOCTA
HMHAKOR Cpelnl;
0 — Mexha3oBoe MTOBEPXHOCTHOE HATAKEUHKS,

Jas  pucThaauposainoii  Boabnl npu ! == 21°C pejgnunsa M =
== 24.10-Y, a A17 MHKepaaLHOTO Macna npu ¢ = 275°C anaueunc
M= 145-10"2

Ilpy Re << 2

2
v — &5
NI

npu 2 << Re < 350 (gp = 1)
. di gds 041
wee | g egrg Re
Ias vMakcHMaabio 1eOpMHPOBAHALIX 1iV3BIPLKOB (Puun = 0.62)

wr =0,705 ) gd; .
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§ 122. NPHHLUHN PACYETA TOPH3OHTANLHLIX W AIPHPYEMbIX
NECKONOBOK

JdnnHa ropH3OonNTaJabHOK 1eCKOaOBKH L, B mnpemelax
KOTOpPO# YacTHUA ¢ THIPARIINYECKOH KPYUIIOCTBIO &g NPH CKOPOCTH MO-
TOKa ONyCTHTCA Ha ray0uuy ff, BuiyncIsierca no dopyyae

"
f,=k’T—-U, (12.6)
o
rre v = (Q/Q — cpeiHaAn CKOPOCTb Teueinsi BOXLI NpH pacxole Q J10-

waiM KIiIBoro ceucins Q = BH;

B — mupHna meckKoIoBKH,

@y — CHAPABAHYECKAA kpyvnntocrs {(taba. 12.2) yiapausaemoi
YACTHUM B33CCH NanwvcHsliero paavepa (ofbiyHo d =
= 0,2 < 0,25 .un)

k — xoabduunent, yuHThBaOUUR TypOyaeHTHOCTD, HECoRep-
WEHCTBO THIpaBAHUecKiX VCIOBHA paGoThl, paccaoeHHe
fneck& B TOIBONAILLMX KaluaJax H ApyrHe ¢aKTophl
(Tabn. 12.2)

ko __““‘__ (12.7)
Vw2 — (0,050)°

O6was ray6GHHa mecKoJOBKH
Herp=H 4 hoc + hsopn (12.8)

rae A — rayBuiia npoTOKA DOAb B MECKOJ0BKE;
hgopr — BHICOTa GOPTOB Hajl YPOBUEM BO/kl B NECKOJNOBKE, MPHHH-
maeman 0,2—04 x;

Boc — rayGHHa CJOA BHIMABIIETO B [€CKOJI0BKE 0OCaKa.

A papyeMbc MeCKONORKI TpPEICTABIAIOT coboll Kejes0-
BETOHHBII pe3epByap NPAMOYTOAbHOI QOpMLL B niate, raybuuoit 1o § a
[TpoTexatollHe uepes TAKYIO MeCKOJIURKY CTOMILIG BOJbL AIPHUPYIOTCH
(MPOAYBAOTCA CHATLIM BO3JYXOM) MOCPeICTBOM A3PATOPOB C HHTEHCHB-
Hoetbio 3 —5  af/s?.u. Cuctema aspaiwi — suakoiranopsas (11—
1.2 # 80d. cr.).

Ta6auuwa 12.2
3uauennss k aas neckouosox (mo B. H. Kaanuydy)

AspupycMble € KO.I0BKH
npi BiH
wo UpH Fopason-
d. Mm t==15° C, TaablbLie

Matierx I1eCKOIOBKIL
0,15 13,2 - 1,34 1.25 1,20
0.20 18,7 1,67 1,22 1,13 1,04
n45 24,2 1,38 1,11 1,02 0,86
0.30 29.7 ; 1,16 1.00 0,83 0,62
0,35 35,1 1Ll 0,89 0,83 —
0.1 27 1.03 0,74 —_
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B aspupyeMoil meckoqoBKe ocafika BblllagaeT GoJblie, YyeM B obbid-
IfBIX [ICCKO.10BKaX, 30;bHOCTL €ro Bhbllie H cocTaBafer 92—95" (s ro-
pH30HTANLHLIX NECKOJI0BKAaX — A0 85%); B TO e BpcMS B HeM oca-
AaAaTea MeakHe Gpakuid necka, He 3aJep silBacMule GOLIMILIME eCKO-
SI0BKa MU,

AspupyeMas ncckonoBKa MOMeT OHITh COBMEIIEHa € Npea’pa-
ToOpoM B 3Tom ciyuae B Hee MOXIO NOAABaTh H3BBITCUIIBIA AKTIB-
WelA Ka, U OpH MOJaye BO3LYXa cO31alOTCS YCJOBHA Aaa CTabmlu3auuH
CKOPOCTH [BI¥Kefl |t BOIbL

Jrnuna neckoaoskd onpeleaserca no (12.6), B xotopoil kKosbdH-
uueut k sasucuT auwb OT orTHoweHua B/H W ruapapandeckofi Kpym-
flo¢TH pacuetnoil dpaxkuun mecka (mo B. M. Kaauuyny):

T 1,32B/H Wo 13.2w.B/H (12.9)
lg (1 —2Bwo/Hvion) Uaon g (1 — 20w B/H) ' )
rae Uaou == 0,1 a/cex — cpeliiia CKOPOCTb ABHMKEHisS BOAL B [PHAOH-

HOH yacTh (k adspatopas).

§ 12.3. MPHHUHMBI PACYETA OTCTOHHMKOB

OTcTOUHHKH [pelHa3HaueHsl AJs 3a[epxKAaHUsl M3 CTOUHBIX
BOR HepacTBOPeHHLIX rpYOOLHCIEPCHLIX BRULECTB, [PEHMYIUECTBEHHO
OpTaHUYECKOTO NPOHCXOX ACHHA,

Hexomusian gaitnbiMy DpH pacyeTe OTCTOHHHKOB Ha J100Yyi0 cTeneHb
MONMHOTH BLIAGTEHHA H3 CTOYLBIX BOA HEPacTBOPEHHBIX [pHMeceH He-
32BHCHMO OT HX TINa ABAAIOTCA:

1) pacxon cTouYNLIX BOX H HauaJNbHAA KOHUENTPALKSA B HHX B3Be-
IeHHBIX BetecT €, HPHHHMAaEMan NO NAHHBIM aHAH3a;

2) HonmycTHMas KOHeyHas KOHUEeHTpaiHa Cp B3BeILEHULIX BeillecTs
B OTCTOGHHON BOJe, MPHHHMAeMaR B COOTBEICTBHH C CAllTAPHBLIMH HOD-
MaMH WJAH  0B8YCJOBJIEHHAA

TEeXHOJOTHYeCKHMH  TpefoBa-
Konyenmpayus B386ULUICHHHIZ

HHA M.
Hanpusep, npn pacuere 40 39-’49023.”3/11

NepBHYHLIX OTCTOHHHKOB Tle- S OOV

peg A3POTEHKAMH H GHODHIb- 152 STRRIRERS

Tpaan  Beanuddy Cp Ha.lo N \“\ \

npHuNMaTh B npeaenax 100— J,0—N .

150 Me/n,  MAKCHMAJLHO \\\ \‘ \Y ‘

AONYCTHMAA [HMAPABJIHYECKAS <2’5 \\\ \

KPYIIHOCTD YACTHI  B3BECH 32)0 \

nomxna  GbITh: NpH CUyCKe \

04 Mufeox, 5 sonoxpanin 5 AT
\

wa — 0,2 ma/cex. 310 v
Heobxoaumblit et ’ \’\\\m N\ \\
OCBET/IeHHSA COCTABJSET; 03 I“—|—*— SANAHNN
3=(1 _%—%).1@0[%}. 0725 40 &0 80 10y,
1 . F@perm QCeEMAEHUT
(12,10
Haumeubmas cxopocTs @, Pnrc 12,1, T'padnk KHHETHKH BhIIA[E-
Ocax ieHus B3BEUIEHHBIX HHs B3BeCH CTOWHLX BOZ
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BewecTs H3 C¢TOUNBIX BOj, COOTBETCTBYIOWAR sfpekTy, Haxo-
autcs no rpaduky C. M. Hludpuna (puc. 12.1).

BuiGop THMOB OTCTORHHKOB (FOPH3OHTAJIbHBIX, BEPTHKAbLHHX, PAalu-
anbHblX, ¢ BPALLAOWHMHCH PACTIPEIENHTEALHLIME YCTPOHCTBAMH, OTCTOM-
HHKOB-lleperiiHBaTeeil) NPOH3DOAHMTCA Ha OCHOBAHHH TeXHHKO-3KOHOMH-
YeCKOrO CPaBiieHus BapHAHTOB.

Ecan Tpebyemblfi 3db¢dexkT ocBeTneHHs B OTCTOHHHKAaX HeIOCTHXKHM,
TO NpoLecc OTCTAHBAHHA HHTeHCHOHUUPYeTCAs TNOCPEACTBOM CMelHalb-
HbIX MEDONPHATHH (nNpeiBapHTelbHAs a3lpallds, KOary.IRpOBaHHe, YBEaH-
YeHHe NPOJO/IMKHTeIbHOCTH OTCTAHBAHUA H Mp.).

DddeKT ocBerselHs CTOYHLIX BOJL MNPHHHMAIOT HAa OCHOBAHHH TeX-
HHUKO-JKOHOMHYECKHX PACYETOB, YYMTHIBAS PaboTy MOCIEIYIIIHX COOpPY-
KEHHH.

PaccMOTpHM MOC1e10BATEABIOCTh PACUETA OTCTOHHHKOB.

l. OnpeaeasieTcA 1JHHAa TOPH3OHTAJIbHLIX OTCTOHHHKOB

vH
Lﬁkwa ] (1211
HAH PajHyC BepTHKAJbHLIX, pafHanbHblX W ¢ BpalAKIKWMHCH pacnpe-
JeJHTeIbHbIMH YCTPOHCTBAMH OTCTOHHHKOB

- Q
R—]/M ], (12,12)

— pacueTnblii pacxoj CTOYHLIX BOZ, M3/4;

— ray6uia NpOTOUHON YacTH OTCTOHHMKA (OT rpanniel Heft-
TPaJbHOTO €107 A0 YPOBHA BOJABI), M;

1,5+~ 3 4 (30 4 ) AnA rOpH3OHTAJBHEIX;

1,5+ 5 M AR pazMalbHBLIX,

08+ 1,2 nas OTCTONHHKOB ¢ BPaWAKUIHMHCA pacnpelenH-
TeIbHbIMH YCTpPOHCTBAMH,

U — cpejiHAs pacyetHas CKOPOCTh B [POTOUHON YacTH OTCTOM-
HHKa (114 pallajbHbIX — B CEYeHHH Ha MOJIOBHIE paiHyca),
Mumjcex;

k£ — K03 PHLUHEHT, TPHHHMAE MBI

= 0,5 AAf TOPH3OHTAIBILIX;

k= 0,45 — @18 painaJbHLIX;

k=0,9 — 119 OTCTOHUHKOB ¢ BPAWAIOUWIHMHCA pacnpelesHTeb-
HbIMH YCTpOHCTBaMH;

-k =10,35 — AaR BepTHKAJbHbIX OTCTOHHHKOB,

Wo — CKOPOCTb OCaXKAEHHS YACTHL B3BeCH B OTCTOHIHKe (THApa-
BJIHYECKASl KPYNHOCTR), Atat/cex:

rae

Q
H
H
H
Vi

kH A \®
wc——-'a'—(‘ﬁ) — @, (12.13)

3pech f-— npONO/IKHTENbHOCTL  OTCTaHBAaHHMA (€eK) B UHAHHAPE CO
cioeM BOABI A, COOTBETCTBYIOIARA 3alaHHOMY pderTy ocBer-

JIEHHA; ONpelejfeTcAd 3KCAEPUMEHTANbHO HJIH MPHHHMAETcsA
NpHENHKEHHO [JA OCHOBHBIX BUIOB Basecelt mo Tabm: 12.3;

@ — K03 HUHEHT, YuHTLIBAIOUIHI BAHAHHE TeMMePaTypsl BOLLI Ha

ee BA3KOCTb, PaBHbLt: &
a . 0,45 0,55 0,66 0,8 0,9 1,0 1,8
MaxcumanbHas cpefHeMe-
cAYHAR TeMmeparypa
CTOYHBEIX BOZ, °C ., ., 60 50 40 30 25 20 15 10 5 0
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Tagauma 123

MMpomonKNTENBHOCTE OTCTAHBAHUA (cex) B UHARHIpE raybunoil 500 mm
npH Temneparype ombel -+20°C

n=0,25 n=0,4 n=0,6

® ) 218 MEJAKOAHCHEPCHbIX AN CTPYKTYPUBIX

. A1 KOaryAHPYIO LUHX MiHepaIbHBIX B3pecel TAKEABX B3Becell
g B3peceh (THNa Bapeck C yAeAbHBIM BecoM C YAGTBILIM BecOM
z TOPOACKHX CTOYHBIX 1OJ) 9—3 zclcm3 526 acjems

e

[

[}

g Konuentpauus,

-

=
&
B 100 200 300 500 300 | 1000 | 2000 | 3000 200 300 400
M

20 600 360 150 140 100 40

30 900 540 320 260 180 150 120 50

40 1320 650 450 390 200 180 150 60 75 60 45
50 1900 900 640 450 240 200 180 80 120 90 60
60 3800 | 1200 970 680 280 240 200 100 180 120 75
70 3600 | 2600 | 1830 360 280 230 130 390 180 130
80 5260 | 1920 | 690 570 370 | 3000 | 580 | 380
90 2230 1470 | 1080
100 3600 1850

) — BEPTHKAJbHAA COCTABAAKIASA CKOPOCTH JRBHXKelHS BOIbL
B OTCTOHHMKE, papiias:

W, Mmfcex . 0 005 01 0,8
v, MM[cex 5 10 15 20

7 — SMOHPHYECKHI KO3DGHIUHCHT, 3aBHCALKE OT CBOMCTB B3BECH;
onpejenseTcs 3KCNePHMEHTAAbllo; AJA OCIIOBHBIX BHAOB B3Be-
cell n MOXeT npidHHMathbes 1o taba. 12.3.

[p# BLIYHCAGHHH © A PAJHAJBHLIX M rOPH3OHTAMbHBIX OTCTOH-
HHKOB B MePBOM NPHOMHKEHHH CICAYeT npHHHMaTh v = 5 = 10 ms/cex,
IAf OTCTOHHHKOB C BpallaloWHMMHCA pacnpefeHTeNbHBIMH  YCTPOM-
cTBaM# M BepTHKaJbHbIX v = 0.

KiuHeTHKa ocamjeHHs B3BElIEHHLIX BellecTB K3 CTOYHON BOABI H
[IOKa3aTeNb CTeNeHH A J0MKHL ONpefensiTbCfl NPH OTCTAHBAHHH B IO-
Koe, B cocyJlax AHaMerpoy e Menee 120 sy

3uayenust (kRH/h)™ B pacyerax nNepBHUHLIX OTCTOHHKOB IJS ro-
POJCKHX CTOYHBIX BOX MOTYT NPHIHMATBCH 10O taba. 12.4,

2. MMocne onpepenenna L 0 R yTounseTcH anadedne v:

LISl TOPH30HTAJbHEIX OTCTOMHHKOB

v=-:ﬁ%~§- Cufoer], (12.14)

rne B—meHHa OTCTGﬁHHK'OB (), npHHUMaemas B [pefeiax 95 H;
JaA pagHanabBbIX OTCTOHHHKOB

U=WQT€F [ma/cex]. (12.15)
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Ta6muuma 124
3uavenss (RH/A)"® ans oTcTORHHKOB PAa3JHYHLIX THNOB

Tun oTerolutiika
BucnTta C BpalaioLHMCA
OTCTOIHIKA . TOPH3OHTaAL- | pachpefesHTesb-
H, & BEPTHE th RTINS HBUT HbIM
YCTPOACTBOM
1.0 - - - 1,14
1,6 - 1,08 L1l 1,27
2,0 111 1.16 1,19 —_
3,0 121 1,21 1,32 -
4.0 1,29 1,38 1,41 -
5,0 - 1,46 1,50 -

Ecou yTouncuiioc stlaueite ¢ 3HAUHTENBIO OTIHUAETCA OT NPHHA-
TOro paHee (nNpr BRIUHCICHEN ), BeaHwdubnl L v R onpefensworcs
MOBTOPHO € YUCTOM NOJYUEHHOTO 3HayeHHd v. 3aMeIuM, 4TO NPOAOA-
HMUTEIBHOCTh OTCTAIBAHHA CTOMULIX BOA B Ke10obax ABYXbAPYCHBIX OT-
CTOHUKOB npuHuMaerca 1,5 «

Hcxoansle aAaHHBie 478 pacyeTa BTOPHYHBIX OTCTOMIHKOB clelyer
6paTh n3 taba. 2.5,

.15 rOPONCKHMX CTOMIILIX BOJ BBIHOC B3BELIEGHHEIX BELECTB M3 BTO-
PHYHLIX OTCTOMHIKOB AOMyCKaeTcA onpelenate no taba. 12.6, maa npo-
H3BOJCTBEIHLIX CTOUNBIX BOX — IKCNEPHMEHTAMbHO,

Tab6anma 125
Hcxoamne naHibe AR pacierd BTOPHUHBIX OTCTORHHKOB

Tpoponxure 1sHOCTE

OTCTAHBAKMA PH MakciniansHan

MAKCHMANbUOM Mpo- LKOpOCTS 1DOTOKA,
ToKe, 4 Al ek
Hajuauenne oTcTONIUHKOD e
FOPHIOHTAB- FOPH3OHTAB-
HLle H BenTH- Hble W BEDTH:

paguaibHple | KAALEBIE | oonygqpype | KaJIbHbe

_— |

BTopuyible oTeToAHMRY!
a) mocae 06biHLX GHOpH.b-

TR« o 5 sews & % i 8 5 5% 0,75 0,75 0,5
G) noc.ie BLICOKOHArpYxae-
MBIX GUODHALTPOR . , o+ 4 . 1.5 1,5 5 0,5

B) MOCAC A3)OTEIKOB Ha ile-
MONNYIO OMHCTKY:
HDIL CHIKEHHH BnKno:m

1o 50% 0,75 0,75 7 0,7
npu CHutKeHHi BIIKHU e
oo 90% . . . 0,5
r) nocae asporeny
HY© OHMHCTKY ¥ 5 0.5
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TaGauua 12.6
BuiHOC B3BelIeHHLIX BELIECTB H3 BTOPHUHBLIX OTCTOHHHKOB

Dposon: BhlHOC BaBeLjeNLIX I‘-Er!’LeC‘.‘B (Me'n) npu ljnkmlm
WHTENb O4HULEH O (sr2fa)
HOCTh
oTcTaupa- i
HHA, 4 20 l 25 50 ’ 100
0,50 25 3l 38 75 110
0,75 21 27 33 66 100
10 18 24 29 59 93
1.5 15 20 75 i [ 83
|

TlpH MUHHMAJLIOM KOJHYECTBE OTCTO{IHIKOB (EBa MEPBHUHBIX HIH
TpH BTODHUHBLIX) pAaCUeTHYI0 TNPOAOTKHTEILHOCTH OTCTABBAHHA LA
rOPOINCKHX CTOYHBIX BOA caedyer yseaauntb B 1,2—1,3 pasa. Harpyska
Ha | noz. M BOJOCAHEA He JOJXWa npeBslwath 10 z/cék.

Y OTCTOMHWKOB C BpaIAOULAMICA PACIPCICTATEABHHIMY YCTDPOI-
CTBAMH NePHOJ HX BpallieHns

nR?Hk

7

(12.16)

§ 124. NPHHUWNBI PACHETA PACGMPENENHTENbHbIX YCTPOHCTB
OYHCTHBIX COOPYMEHHH

OIHHUM H3 OCHOBHHYX yCA0BHIT HOPMAJbION PaGOTEl QUHCTILIX KANA-
JIH3ALHOHHBIX COOPYMeHnH ABAsCTCA paBHOMepHOe pacnpeleTeiine cToy-
HBIX BOJQ MEXAY COOpYIKeHHAMH C LeJbi0 BLIDABHUBAHMA UATPY3KH HA
HHX.

Hecnepopanuamu [' [, Capuelko yCTaHOBJEHO CJemqyiollee:

1. Pacnpefenntenbias Kamepa ¢ NOABOAOM BOAB JIOTKOM o0ecne-
qﬂ;g/:r MaKCHManbHOe OTKJAQHEHHe OT pPaBEOMEPHOrO pacinpeleielus
+5%.

2. PacnpefennTenbHile YallH KOJABUCBOTO THNA ¢ OJHOCTOPOHIIHM
MOABOZOM BOJIbI K HIM CHH3Y QIOKEpOM C KoJeHaMu QOecIednBaloT of-
KioHeHHe OT =#+3 nc =~6Y% npH Harpy3Ke HA COOPYMKEHHe B lpelenax
0,75—1,25 Qp.

3. PacnpenenutenbHas yaila KOJbUEBOLO THNZ € OMNOCTOPONHHM
NOLBOAOM BOAL K Hefl M KPYTOBBIM BXOLOM B HCE YeDe3 BHYTPENHIOKn
UHJHHApHYecKy10 Tpy6y (pHc. 12.2,a) ofecnevipaer HaMayuwee pace
npelenedHe CTOYHOH MKHIKOCTH npH OJAHOCTOPOHHEH Lolade (OTK.OMe-
HHE OT pPaBHOMEPHOro pacrnpefedellwf cocTapafeT =[Y npH pacuerroir
Harpyske ¥ £2,9% npu oTkioHeHHH Harpyskn Ha 25% ot Qp). Ilpn
3TOM:

a) AMaMerp UeHTpafbHOf TpyGul CleAyeT NPHHHMATb PaBILIM AHa-
MeTpY NOABGHALLETO TPYGOMPOBOAA;

6) BLICOTY KO/MBLEBOrO OTBEPCTHA NMOL UeuTpanbnoft TpyGolt Hamo
npuuumMarteh 0,25—0,5 o

B) OpH BHIXOJE CTOUHOW IKHIKOCTE N3 NEHTPanbiofi 1pyfu Hymuo
YCTPaHBaTb BHe3aNHOE pacuiHpeHHe C COOTIOWCIIEM ANAMETPOB Yaulll
H LEHTpaasHOA TPYOp ne menee 1,5 (D/d = 1,5);
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Puc. 12,2, Cxexu pacnpefeNUTeJbHHX Hall DA3NMMUHBIX KOHCTDYK-
LUHH

@ —¢ OJHOCTOPONHHM T0R0;10M BoIBI K Hefl yepes BHYyTPeHHIOW UH.THH ADHEECKYIO

Tpy6y: [ — noaRoxAWHE TPYSONPOBOY; 2 — pacnpeseanTeanrhas 1aula; 3 — BHYTpeH-

HAA UHIHHLpHYecKal TPYGA; 4— KOHOHOAJIbHAS HANPABMAOMAS BCTAaBKAa; 5 — BO-

PONKA pacTekailuf. § — pacCeKATe b, 7 — BOJOCHUBLI 8 — OTBOAHLIE TPY6EBI

6 — C JIBYCTOPOHHHM IOABOIOM BOAbI CHH3Y 1 pAcTIDegescitieM ee MexAy OJHHA~

KOBLIMH COODYMEHHSIMH 110 KOMbUEBOMY DOJOCTHBY: | — moaBonaue TpySonpo-

ROAL; 2— KOJMBIEBOR BOJOC.TMB ¢ TOHKONW cTenkoft* 3—koasueBol xonozeu;

4 — CMCHIILIC 3TCMEHTBL YalH; §=- Beprgr\'a.ﬂmme neperopojKH; 6 — OTBOANbIE
TPy 6Ll

T) KOHMuecKasm BOPOHKA OPH BbIXOJAe MHAKOCTH H3 HEHTPANbHOI
Tpy6Bl ¢ YTMOM pocnycka ee 7—16° yxyAmaer paBHOMePHOCTb pacmpe-
Jenenns;

I) paccekaTenb NOTOKAa B NMOABOAALLEM TpYSONPOBOAC TaKKe YXYI-
IaeT PaBIOMEPUOCTL pAchpeleneliHsl CTOYHOH JKHIKOCTH;

€) B Bepxilefi uyacTii yalud HCOSXOIMMO NpeiycMatpHsats cBobol-
HOe HCTevellHe MHIKOCTH Yepe3d BOLOCTHBEL C LIHDOKHM MODOroM.

ITpu cpoGOmHOM HCTeYeHHH KHIKOCTH H3 YalmH uepe3 BOIOCINB €
WHPOKAM [oporoM KoshGhHUKENT pacxola Mme, YUHTBIBAIOULHH CxaTie
i BXoLAmuil B opMy.ty

Qep=mebV2g H', (12.17)

cocranaser 0,327—0,332,

4. Pacmpemeantenbiltle 4YaWH KOJBLEBOTO THRA ¢ ABYCTOPOHHHM
NOABOLOM BOJBI K ITHM BCTPEUHLIMH NOTOKaMH M CBOGOIHBIM HCTeue-
HHEM uepe3 GOJblUHE OTBEpPCTHA B TOHKOI LHMIMIADPHYECKON CTeHKe 10J1
ueGoabwum nanopom (puc, 12.2,6) obecneynsaloT xopoulee pacrpefe-
neHHe (oTkAoHewne coctaBaser 1% npu Qp W +1—2% npn 0,75—
1,25 @Qp). Koapduuuent pacxomna oTBepcTHR MOMKeT GBITb TMPHHAT
p = 0,603 + 0,606.

§ 12.5. OCBETNEHME NPHPOQHOH BOMbI B OTCTOHHHKAX

Jna Buileaenus #3 BOILI ayrTeM TDAaBHTALMOHHOrO OCaKIAEHHA Ya-
STHL ¢ MIOTIOCThIO GobiIcH, uewm [MIOTHOCTE BOTbI nepex nocTymn.ie-
HIIeM ee l'a (171[.']].'1‘[)1:{ HAM NCnocpeICcTBeIlHO  Ha  NpOH3BOACTBeNlibie
HYX b, OPUMCAAIOT OTCTO HHIKN,
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Basemcininie BelecTBa NPHPOINLIX BOX OOLIUNO COCTOAT H3 HacTHI,
HEeOIHHAKOBOrO pasmcpa, (opMbl I mi0tHocTH, CROpOCTb OcamAeHHA
TAKOM NO.HIHCTIEPCHON B3BECH XapakKTepH3yeTcd KDHBOH ee OcaxkIeHHs
WIH NoKa3aTeJdeM 0CaX1aexM0CTi B3BEeCH, BbPaKaeMbM
HeldenuMoit 1po6bio: umcautenh A 0603aYaET KOMHUECTBO B3BEIUEHHBIX
BellecTe B NPOLEHTAX (MO OTHOMIEHNI0 K OOGIUIeMY COAEpKAHHIO B3BECH
B BOIe). KOTOpPble BHITANAIOT B OCAJ0K K MOMCHTY TOJHOrO OCaMaeHHS
YacTHI FHIpaB.IHYECKON KpynHocTblo 1.2 us/cex, a 3naMeHaTelr B —
KO.IHYeCTBO B3BELUEHIILIX BELeCTB, BHMNATAKUIMX B 0CAJ0K K MOMEHTY
OOJIHOr0 OCaXM(IeHHS uacTul[ CHIpaBInuccKON kpynuocteo 0,1 mm/cek.

TTokasaTedb OCakIaeMOCTH B3ReCH 118 PCUNLIX BOJ1 BO BpeMs fa-
BogKa KoJaeGaercs B npelenax A/B = 10/20 — 20/60, a B nepuom Ma-
a0 MmytHoctn Boasl A/B = 5/15+ 15/40; pas Boa, oBGpaBoTasHbBIX
koaryasutamy, A/B = 65/98 <+ 75/95.

PacuetHas CKOpOCTb OC2MIeHHS B3BeCH o B 3aBUCHMOCTH OT 3a-
LaHHON cTenellH OCBeT/AEHHS BOJH Y4 MOMeET OuITb OnpelefeHa MO
A. H. KactaabckomMy:

__12B—0,1A— L1y

l‘!O B—A ]

M —M
y="—75—100[%];

M; u M; — conepkaHie B3BeLICHHLX BEIleCTB B OCBeTIAEMON H B OT-
CTOGHHON BOJE, M2/

Ilns  OTCTOMHHKOB  X03fACTBEHNO-NHTLEBRHIX BOL JOMKHO OLiTh
My =812 Me/s, a 11a npoMbluLieHHbIX Boa M, ycTaHaBIHBaetcs
MPHUHTON CXeMOH OYHCTKH BOAB I TpeSOBAHHAMI, NPELBABIAEMBIMHU
TPOK3BOACTRBOM K €e KayecTRy.

[lpu pacuere OTCTOMHHKOB raybninoit Ho = 3 -5 . BeanuuHy Bep-
THKaMBHOH COCTaBJAKINEH CKOPOCTH TOPH3OHTABbIOrO TYpOYJIEHTHOrO
noToka @ oBLIuHO TPHAKMAOT paBHOM !/3 cpelnell BeJTHYHHBL FOPH3OH-
TanbHOH CKOPOCTH U'c JBHIKEHHR BOIM B OTCTOMHHKE.

MMaoowais F ropnsontatbioro orctoilnnka (puc 123, a)
B TUIaHe W ero wHpHHy B onpenetsior no dopmyaan

(12.18)
roe

F=uL, (12.19)
17

__9Q

B= 5 (12.20)

rhe H, — raySuHa oTCTOHNMKA:
Q — pacxox BOIH;
o — K03 HUHeHT, YUHTbIBAIOUIHA B3BeLIHBAIOUEe BAHAHHe BepTH-
Ka.,IbHOfl cocTaBfIOLel CKOPOCTH MOTOKA:

U
0= ————, 12.21
ity = 0.J30 23l
Cpellsas rOPHIOHTAILHAS CKOPOCTh IBHMEHHS BOAB B OTCTOHHHKe
v = kil (12.22)
3nauenHs Koshduumenta k GepyTes Ha OCHOBAHHHM MPHHATOTO CO-
OTHOWEHHA JJHNL OTCTONHIKA L K ero ray6uue H:
L'H 10 15 20 25
B oauviaaeer T3 10 12 133

oo
==l
i
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CHOPOCTb BbiladeidA B3IBECH UWn MPHIAMAILT N0 JIHHLIM TEXHOMG-
FH4CCROMO ada.ipnsa. ”pli OTCNTCTBINL TarkKix AaniHelN 1A OpHCHTHEOBOY-
{ILIX PdCUETOB MO0 HOJALIOHATLLR COe LY IOHLHNMIT e U aMH:

XNupakTzpueTisg 8005t UPHEHTUPOBOHHAR PUCHETHAA
cnocon OOFUbUIRY CROPOCTE U 0 MMCER

Buja, cozepkauwaa 10 &e'A paBemidnbX

BeIlecTB, KOarvaipe aduas 0,33 — 0,45
To xe, 30-250 ‘a. 0.45—0,7

» 230 ~ 1006 0,5 =0,6
He “aMpos: Uiz = 415

l'ipn NptsCHeEH A @.’101(3‘.’151”1‘03 BeTHuAa ilBaeTcA Ha

25—=30Y%.

Pgrovenayiotes cielyloutte ckopocTH JIBIDKEHHS BOJLI B OTCTOM-
HKE: A8 IBETHLIX BOL H 146 BoJ, coaepxanmnx 1o 250 mz/a B3BeleH-
4LIX BellewTB, — 3—8 Juu/cex; daa NMYTHLIX BoJ, colepikawnx Oonee
250 Me/.4 B3BelUeNHbX BeulecTs, — 4—8 am/cex, a 118 MyTHuLIX BOJ,
e oGpaboTaHLIX KoaryaanTow, — [—2 aa/cex.

PajliaabHbpe 0TCTORHNKH ClelyeT paccyHTHBAaTh no dop-

RN
on,:z(—-) + J {7, (12.23)
U
rge F — naoulajs orcToiiRnka B .
Q — pacuernblll pacxol, w3/u;
Ue — CKOPOCTb BRINAZeNil B3BeCH, 3a]1€p:{iBAeN0A OTCTOHHHKOM,
MM/CeK;
{ — naow s wenTpaaLHoil 30HL, BCIHUNHY KOTOPOA MOMKHO Onpe-
AenHTL Yepe3 IPOM3BOANTENLIIOCTL OTCTOMNHMHKA:

f=aQ [*). (12.24)

3uayenns kosddhUHeHTa TIPONOPINIOHAALHOCTH @ 32BHCAT OT pac-
YeTHGH CKOPOCTH OCAA TeHNT BIBECH:

Uy Ma! 0,3 04 05 0.7° 1,0
a, 87 /125 200 1116

[Mpu 310w painyc UeNTPAILIOH 305 10.TKell 6ulTh Ha 1 M Goabule
palityca  BoLopacnpedeantenstoro  ycrpoficrsa. OnpeleneHHuit  n3
(12.23) paimyc caelIver OKPMIATh 10 GJIDKaNWero 3HavyedHs no
FOCT 10876—64, u3 Ttabmiil KOTOPOTO BHYTPelAH IHaMeTp H BHICO-
Ta COOTBETCTReHHO pabuu: 18—3,6; 21—36; 30—3,6; 50—41,5; 75—86,
100—7 . .

TMnomaab NOHEPCYHOro ceyeHHst BEPTHKAJIbHOLO OTCTOH-
nnka (puc. 12.3,6) cOCTOHT M3 NJolIa1H 30HL OCAaXKIeHHA H NI0-
Wwald KaMepsl X.1onbeofpasopanud. [Liouiaib 300bl ocakIeHna caelyeT
onpelelath no dopyyic

F=su%, (12.25)

rie f—rkospbuunitent obbeMnoro HenoAb30BaHUA OT-
ctofinnka, npuunmaemuii 8 npeteaax 1,3—1,5 (WHXKHEA npeied— LIA
ordomieniia anasMerpa K Buicote [0, Bepxumii — 119 oTHOWeHHA 1.5).

Buicoty 3011 oiakieims A NpHIHMAOT B npeletax or 4 10 3 M,
OTHOLIGIIHE IH' MeTpa OTCTONIINKA K BbLICOTE €ro 30HL OCaAIeHHS — He
Goaee 1,5,
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§ 12.8. NPHHLMKNblI PACYETA FHAPOLHKNOHOB

ITpouecc ocgetiennd BoAL B rudpounkione (pne. 12.4) ocyue-
cTBISETCs 10,( AeilcTBHeM Clitbl, pasloil pasiocTy 3JHAYEHITH UEHTpo-
Gemnoii cuabl J0H TBEpAOit 11 AHAKO (a3, BoIHHKAIOWeN BCaelcTue
HHTEHCHBHOrD BpaliledHsl Macchl BOJIkl B pe3yabTaTe TaHreHUHAlbHOro
BNYCKA ee B TH.IPOLHK.IOH.

OceeriAesas BOA4 NOCTYDAeT B BepXillOK 4acTh [HIPOUHK.IOHA
TaHTEHLUHANbHO H, BPaULafACh, ABMKETCH B HeM K ‘“JABHOMY OaTpydky,
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Pue. 12.4. Cxema reApOUNHKJIOHA KoOHCTpYKUmH Ho-
BOCHGH PCKOIO HHKeHe PHO-CTPOHTE,IBHOT0 HHCTHTY TA
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PAcaIINKCIIOMY KOIKCHAILHO KOPUACY THIDOUHKIONA B ero UeHTpe.
Bipech 0TGpaceiBAeTcd K CTCHKE THAPOAHKIOHA 11 Mo ol onvekaercs
BHE3 B KOHYC, O1KY13 Oua ilenpephiBO Y.1a1AeTed B (TOK yeped Ha-
calky B HHMUIEH yacTH KoBvCa,

AR BBLICTENHA H3  CTOWHBIX BOI  CTPVKIYPIMX OCCHAIOWEX H
rpy6OTHCNepriipoBailbIX  BCHIHBAKOULHX npiMeceil pPekovelIveTcs o T-
KPBITHA FHAPOMMKIOH NPOUIBOLITEALHOCTL KOTOPOrG. OTHC eil-
naf K €IHHHIE [LI0WAald ero B NJaie, NPOMOPILIOIATIBHA THIPABAHUC-
CKOH KpYTMHOCTH 3aJepKHBAEMBX YacTHL (W, Ast/cek):

¢ = Buwgy [m3 12 u), (12.26)

rae B =22 — a19 tuppounxionoe 6e3 BUyTpeHiiX yCTPoOCTB;
B=17,15 — 114 rHApouHKI0HOB ¢ nadparMoir H LMJIHHIDH-
YCCKOH lleperopo.iKoil;
B=236(1 —d?D?) — R1s MUIOroApyCHbX TIAPOUHKIIONOB IHAMETPOM
D =2-+6 xn gnavMerpoM LeNTPanbHOrO OTBEp-
crint B anagiparse d = 0,6 = 1,4 .

OGuwan rHIpaBandeckas larpy3ka Ha MUOrOApYycilhiil THAPOUHKIOH
1PONOPLIOHAJLIIA YHCAY APYCOB.

FuagpounxkaAonu 6€3 BIYyTpPeHNIX YyCTPONCTB TMpH«
MeHATCA JTA BLIACIRNHA 13 CTOWILIX BOA KPYnlO- U MCIKOIHCUEPCILIX
nphveceil ruipasaiueckoit kpynimocTeio Gonee 5 aufcex. Boicota ux
LATHAPIUECKOR uactit [ papna anaverpy D, punaverp nunveklioit na-
caxki 0,1 D, yroa nakaona odpaayieuielt Kolnueckol noBepximocTI -
wei yaern 60°

Toppgpounsious ¢ AiragparMoil o Unidulpiue.
CKOll neperopoAKON APUMEHATCH TP PACXO1e CFOYNLIX BOA A4
ot annapar A0 200 a/4 Iaf OWNCIKH HMX OT KPYNIO- # MeIKOIHC-
liepclibiX IpHMecel THApaBnudeckol kpymiocTeio 0,2 suu/cex H Gonee,
a TakKe Koary.uipopainiofi BaBecH H IedTenpolykTos. JlnmameTp UH-
Jngaplyeckoil uactn Ax pesepnvapa D = 05+ 9 4 paGouas Bucota
ee H papua D; auamerp oTBepctua B Jmagparve 050; yron vakiosa
Auagparmst 45° suamerp meperopoaxn —0,85 D; pucota neperopon-
kil — 0,8 D; KOTHMECTBO BIYCKALIX HACATOK, TaHICILIATbHO TIpHCOelH-
HeullblX K UHzKuefl YacTH NeperopoiKH, ABE-TPI; LHAMETP BOYCKHOMH
nacaakd = 0,05 D; yron nakaoita obpasyiotieil KoliHieckoi nonepXHocTH
miKiefl yacTH paBed YNy ecTeCTBCHHOTO OTKOCAa IUAaMa B BOJe, HO
ile MeHee 60°

MHoroApycHLe TUIPONHK.TOHb MPIMENAIOTC NPH pac-
X01e CTOYHBIX BOA Ta oanu amnapat cBuime 200 w3/4 119 BuildesneHHA
(3 NITX He CIeKNBAIONUINCA KPVIIO- M MCJIKOLACHCNCILIY  npliMeced
rugpananyeckoil Kpynuoctuoio 0,2 wufcex u Goaee, a TakKe nedre-
npoayvktos. Koanuecrso apycos ofuuno 4—20; aHaMeTp I'HIPOUHK.I0HA
D =92+ 6 i AuaMeTp LenTpanulioro oTRepeTHA B adadparme — 0,6—
1.4 s, KOAHYCCTBO BIYCKIDLIX TaHrellia1bHBIX HACA10K B KamAOM Apy-
ce—TpH  {yepes 120° mo OKPYHKHOCTH); CKOPOCTh BbIXO1d BOAbI H3
nacatok 0,3—0,5 a/cex; yroa naknowa JwadparM paBen yriy ecTecT-
Beloro oTKOCa IiMiaMa b BOC, HO He Menee 15°

Jdasg Buiaeelsit 12 cTOWIMX BOI TOALKO' 0Ce1aloWwix arperaro-
VeToliunBLIY rpvBOTICHPPCIILX CTPYKTVPILIX IPHAECET  PEROMENIVIOTCS
MafopHEBe CHAPOUNKION W, KONCTPYKTHBILIE PaiMepLl KoTo-
PLIX JARICAT OT KOINFECTRA CIOMIWX BO(  "OMWVHTPALHH H CBOACTB
COABPAANMECA B HUX B3secell,
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TaGaunua 127

OcCHORBHLIE MANAMETPH THIPOUHKJAOHOB KoHcTpykuUHH HHCH
(uteliHpie pazMepnl B MM)

ﬂ}la.\iu‘l‘phl FILTNOUNK. _HOB, MM
7 100
Fax 0,% 3.1 7 15 28
de.. 14 28 12 56 73
oy 2 30 75 109 130
dyit 7 14 20 28 35
dg 15 15 20 25 25
dy 32 70 100 125 150
dpy 20 10 70 107 123
a, epad 20 20 25 3 20
k, 130 280 360 102 600
hy 300 320 340 380 400
hy 230 250 300 360~
hy 600 300 500 500
hy 9% 37,5 50 66,5
dur & 30 70 109 100 130
" 0,74 0.95 0,93 0,87 0,836
ke 0,203 0,007 0,097 0,137 0,161
LI 0,08 0,184 0,254 0,338 0,361
’ Tgx =
q. =— 0,56 0,59 0,611 0,524
B FpyV2gHgy
q:u a= q/_‘f“ 0,0515 0,112 0,199 0,241 281
o ST
- ) 2
e (Prp = Py) 28 H 5 hS 23 58,4 3.8 973
e

Kak ykasuiBaer A. M. ®omunux, nanGoavni sddexr 1 crabius-
HYIO paboTy MNpH OUIETKE BOAu 06ecneulpaloT riIPOLNKIONL], pa3pado-
TaHubie B [{0BOCHGHPCKOM IH113KeNeplO-CTPOII1eblIIOM NHCTHTYTE, KOH-
CTPYKTHBHbLIE pasMephl KOTOPLIX MNPEACTABieHB, COMIACHO  CXeMe Ha
pHc. 124, B Tabm. 12.7.

Oublthl, NPOBEIRINILIC 1A BOJAX Pa3INWILIX HCTOUIHKOB, 110KA3aMH,
yTo HanGoqce ONTIHVATLILM ABISCTCs tawaciiie 20—30 sod. cT.
YBeauuenie pasaenns Buie 30 a1 800, T 3KOUOMHUESKH  lleleneco-
obpasno. TIpon3BOAHTCALHOCTE THAPOILHKIONA - TP CBOOOJAHOM H3/HBE
onpeaelnserca no dopy.ie

Hax

b Fax )2
R G e
+ kL‘fIFC.'l + kﬂ!.'iFllL‘l

Fgy — noomans BXoMIOTO OTGEpPCTIA, NPUIIMaciyas B fpeletax
4—5% oT nAoImaAN WILTHIIPHUECKOIT YACTH THIPOWIKIO-

:2.

na, x%

Gsx =3600pFux 3/ 28 [#¥a],  (12.27)
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Hyg — 2aBaeHHe Ha Bxole, M £0d. (T
Feq 8 Fup;— n0wail cayBHOro H WaaMoBoro otsepetufl, a2
ko7 — Ke3hdHUHEHT NPOH3BOINTETHHOCTH CIHBHOTO OTBepCTHA:

b e / 0,95 — 0,1F.//Fay ;o (12.28)
=V (005 F 1Pl Fen) (25 + 225 (el Far)* Rires

B — ko3 dHuIHeNT pacxola BXOANOrO OTBEPCTHA:

—_— -0,5
Fax )2 F R '
=922 ( nx) 9 RX_ ]
H [ ¥ Fea + ] Fex  rea

R — paawuyc riipounkiona;
., — paauyc CiHBHOrO OTBEpCTHA;
Ryp — KO3OdUUHEHT nPOH3BOIHTENBHOCTH IL1AMOBOLO OTBEPCTHSA!

(12.29)

b= AL YL (12.30)
C.Ja

A=008-+012 npt dus > 04ldes 1 A =126—28 dua/dea
npi dwa/den << 041
Huamerp rpanifutioro sepua § Moser 6wt noaoSpan no dopayae

- 1/ 204nurenV FealPox (12.30a)
(pl'a - pm) Ynx {R/rcn) %
e Prg H P = MJOTHOCTH TBEPALIX YACTHW H MIJAKOCTH;

Upx — CKOPOCTb BO BXOZIOM OTBEPCTHH]
u -- paiHa.bHaa CKOPOCTh!

= £ GJen o
T mrea [HH (R —ra)ctgaf2]’ (12.31)

0 — YroJl KOHYCHOCTH;
m — NOKasaTe/b CTeNeHH B YpaBHeHHH UR™ = consf:

Fax 4 0, (12.32)
Fen

m=0,4

§ 12.7. K PACYETY KAHAMH3ALMOHHBLIX CTOAKOB

Hanexmnocts padoThl cHCTeM BiYTPNAOMOBON KaHaJH3aUHH Xapak.
TepH3yeTcHd YCTOAYHBOCTLIO MPOTHB CPbLIBA [NAPO3aTBOPOB, KOTOPBIMH
OcHalleHbl CaHHTapUoO-TeXilHYecKHe NPHGOPH, YcTaHapiyBaeMble B 3Ja-
HHAX,

Pacxon, npi KOTOPOM NPOHCXONHT CPLIB THIPO3ATBOpPAa Y KaKOTo-
400 caHuTapHO-TeXlinyeckoro npHGopa, NplCOEAHHEHHOr0 K HAHHOMY
CTOAKY, HA3bIBAIOT MpeaeJibilbi M. 3aBHCHMOCTh AHAMETPA CTOAKA
OT Npe/leablioro pacxofa Kuakoctn (Q, a/cex), cormaciio nceaetoBa-
miam A, S, lo6pomucaona u C. Tl Karakona, Bupaziaetca B BHIE:

d =60,9Q™ [yul. (12.33)
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TaGauuga 12.8

JionycTumule pacxonsl cTOuHOil KUaKocTH (4/cex)
B KaHATH3ALHOHHEIX CTORKAX

¥roa mpuiCoeMHeHIn orania:
SAHIT I CTORRY
Auametp

CcTO%Aa, MM
90°
0.63 0.81
3.4 4,73
6.5 8.1
10,1 12,6

Cpuls ruiApn3aisopa , OA0OTO 13 11pHBOPOR, .pHCOCIHHEHHHX X
CTOAKY JAlHOrQ  l1aMeTpa, I'POHCXOMNT !IPK DBMOIHE ONpeIedeHHOM
ZechiuiTe BO3IYXA B CTOfKe:

3 1,067
‘é: - (12.34)

rae d Bulpaxeno B aa; Qx H Qv — daxTHuecKlle MaKCHMaJbHble pac-
XO,1bl CTONNOI XHAKOCTH W BO3AYXa, .1/cek.

3tiauciuad JONYETHMMX PacyeTHblX PacXol0B CTOYHOH JKHJKOCTI B
KaHa 113 HONIBIX CTONKAX, NMPH KOTOPBLIX COXpaHAeTCHi TepMEeTHYHOCTb
THAPABAHYECKOrO 3aTBOpPA, YKasalul B taba. 12.8.

§ 12.8. BbIEO? HACOCA ANA 3AJAHHLIX YCNOBUA PABOTHI

s Toro utoBbl BLIGPATh 1'AcOC. MOAZIL GbITE H3BECTIIBL

1) pon nepexkaysBacMOH 2KHJXKOCTH H €C TCMIIEpaTypa;

2] OTMETKa 2y BOLI B pesepByape H J3aBNenile p; B HCM;

3) oTmera z; cBOGOINOH 1OBEPXHOCTH BO/AB B  perynidpyroutei
(npieMHOIil) eMKOCTH W JaBAciiHe B 1eil Py,

4) pacxoa Q nepexaunmaemoi MHAKOCTU.

3azanuple OTMCTKH 2 1 2z 4 TaKie Jastedilad p; H Py N03BOJSUOT
ONpelCIiTh CTATHYCCKIT ifanop ceTH:

Hs=ﬁ%gf—+zz—-zg. (12.35)
BBTEM PACCYHTHIBAIOT MOTEPH HAnNpa 7npH pa3JH4yHEIX pacxolax:
hy = 5507 = (1,05,=11H . ﬁ—z) @, (12.36)

§Wge

The Sg— CONpOTHB.1€HHE BO/I0OBO.10B;
A — vaeasHoe coNpoOTHBIEHIE HAIOPHOrO TPYBONPOBOAA IHHOM In:
Eue — KO3hhiHenT CONPOTHRACHHA  BCACHBAloWero Tpy6onposola
0L ALIO Mse
3uay BeIMUNY HoTepL npn nACX0de, CTPOAT .apax
Cart, T. RPURYIO

+ hyy = Hs+ ssQ% (12.37)
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HC|H”
&0 .t > £

8 v i
H H
aax.dazl , e /'S?

§ /" e = - ":? [ Hgax. don
4 20 = 3 gbm
+ ___.—--"“1
Z = Eilz- ; %0
<y
0
0 20 #8060 30 Grjeex

Puc. 12,5, K npuvepy pacuera

TotpeSuuit Hamop Hacoca onpeiewierca paGouelt Tonkoit A
(puc. 125), cootBetcTByioled 3amannod nozave. datee no katadjo-
raM, cojep;RallHM Janiile O KOHCTPYKUNAX H xapaKTepHCTHKAX Ha-
cocoB, noaBipaioT Hacoc, obecreudBaiolliii 2alauHyd no71auy MHKHIKO-
CTH MpH naiiacuioM paGoueM wanope B Touke A,

Ecan 6mkainiii mo Katamory Hacoc He cTporo COOTBETCTBYET
3a1aHHBIM  yeaosusM  pafoThl, TO 11e06X0IHMOE COOTBETCTRNE MOKHO
oBecreullTh, HECKOJILKO H3MEHIIB CKOPOCTb BpalLenus Basa iacoca. IMpi
3TOM CJ21yeT HMeTh B Billy, UTO C H3MeHedHeM CKOPOCTH BpallleHHd
nanop H, nozawa Q A montiocth A OpiVepHO HIMeHAIOTCA COTIACHO
thopyynay nponopUHOHAILHOCTH:

H n \?

7 = (%) (12.38)
L -~ -
B g ? (12.39)

N n\3
y (E) (12.40)

Ecan xapakTepicTika Hacoca onucerBaercss ypasueriew (5.25), 10
H3MeHeHHE PAacxoia H HaNopa NpPH KayecTBEHHOM PEryIiupoBaHHN Hacoca
MPOHCXOIHT MO 3aBHCHMOCTAM

fyzﬁ_ﬁs _;.(-[_. H‘) ?j ; (12.41)
hnp m/ Ya
s Hs\ H < Hs
[32——--(1—!— 2, )—-———-——. (12.42)
Sq hnp. HA hnp

Mprvep Hacoe noizer Bo M3 Buloema B Gek Bolouanopion Gaun,
FecveTpideckas Ewicota nodawd 3 lapievue va cBOlNIHBIN NOEEPXHOCTAX B
soloeve H Gake pasru atvocdepiiowy. [loisda poawl cocTaBaser H—85 A 'cex.
Jlsnra scacliB&EMlEro TpyGulporcia Iac=5 Mt Triaverp dp =23 Mu.
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TaGanma 129
TexHAyeckHe aaHuble Hacoca THna 6HAC

Honyerth-
MowHrocTs = \asn
xar BaKy Y Me-
TSR [Mo1- | CropocTs K. a | gpyyeckas | Anaderp
2 HEfl | BpalleHHs Hacoca Bbicota | Pa6ouero
J Hanop n, ~ 7. BCACKIBA- HOZeca
alcex | H, u = Ha pajy | 2IEKTPO- ¥ 1A D, mm
Hacoca | ABHPA- H
Tes BaK. 10T,
M
85 69,3 2950 3.8

MecTHLI® CONPOTHB.TEHHS Ha BCacHIBawiueM TpyGOnporoie: MpHeMHLIK KIanan
¢ 3aWHTHOR ceTkok {,  =6; 1Ba oTho1a (KodeHa) — 2L =2:0,4=0,8, MOHTaXKHax

324BHAKA (OTKPLITAA MOJHOCTBIO) ;1*0 l. duamety Hanoproro TpybonpoBoaa
ay =200 mm, HIMHA 1,=100) . MlepososatocTs TPYO A =0.2 su, Onpejernts

Bhuo-ry BCACHIBAHA, ‘.I‘I-ll HA20Ca W €ro MaKcHMaabHYo no;laqy
TTo 1ad.1. 3.2 HaxoanM KOa(dIIUIENT TPpeHA HA JIHHHH BCachiBaHIlA RBQ—D n32

H ylelbHOe CONPOTHB.IEHHe HA JWNMN HarneTauas Ay, =6,959 (cex/m?. Kosddu-
UHEHT CONPOTHBIEHHA Ha JHHHIL BCacbiBaHusa coc-raa:mer

! 8

Pt Bi Fosiee g I
. boe="ne = +cn_“+2go,m-{—t34l:|,|’.\32a_2_;3 +6+0,8+0,1=7,92
j BC
Bryncasen no dapvyvae (12.36), ¢ yyetom Taba. B CH-

Me NpH Pa3JHYHBIX N10134aX:

Q, alcek . 10 20 3 40 50 62 70 80 85 95
hw. M 058 217 49 87 13,6 ()6 266 39,5 9

H MO 3THM AAaHHBIM CTPOHM XapaKTePHCTHKY ceTw (pHc. 12.5),

PaGouas Touka A, COOTRETCTBYIOWAA MaKCHMaabHOH nojxaye Q = 85 4’
NOKa3blBaeT, YTO L.IA MHTAHHA AAHHOA ceTH TpeGyeTcA Hacoc ¢ Hanopou H = {i"a.u
Mo cvoanomy rpad)m\_\ paGoudx nofed AOMACTHBLIX WACOCOB YCTaHaBJIHBAEM, HTO
ANA 3aNaHHLIX YCJAOBHW naumboaee npuroaed Hacoc Ttuna 6HAC.

Ha pue. 12.5 nokasanbl paGoudile XapaKTePHCTHKH 3TOro wacoca, a B tafa. 129
MpHBEEHEl €0 TeXHHYECKHE AaHnlible.

JonycTHYas BuICOTAa BeactiBauHa (Noaposn § 4.4)
h =h Sl 38018 1.15=2.4
Be. fon™ "wak. ton T g wBe™ ’ ST e

§ 12.8. PACHETbI OBLEMOB BOJOPErYAHPYHLIWX EMKOCTEH

O6bev BoAOperyaHpyiouleii eMKOCTH Y106ii0 OnpeleAaTs NpH no-
MOIIH HHTerpaabHbXx rpadHKOB, OpPIHHATLI KOTOPHIX JawT
CcyMMapHoe KOJHYECTBO BOJIL,, H3PAcX0J0BaHHOH C Hayala CYTOK A0
KaXjoro jnaHiuoro vaca (puc. 12.6,6). Haraon wnnterpaienofi kpnsofl
K OCH alCUHCC XapaKTepH3YeT HHTEHCHBIOCTH PacXOAOBallHA BOIb 32
TOT H.JIH HHOIl IPOMEKYTOK BpeMelli.

Ha wuterpaaenbiil rpadik 8010noTpebieiig Hak’IaALBaeTcA HHTE:
rpaibHblil rpadHK modayn Boanl Hacocaviu  (1oManas JdnuHa 2 Ha
pHe. 12.6, @, TOYKH H3JM0MA KOTOPUN COOTBETCTBYIOT MOV2HTAM H3MeHe-
HHA TOLAYH BOAbLL HACOCAMH, T. €, MOMEHTa\ NVCKa HJIH OCTaHOEKH OT-
AeqbHBIX HACOCHBIX 4rperaTos),
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Tpe6yembifi ofbeM peryanpyiowell eMiocTH Gaka paBeH CyMMe af.
COTIOTHBIX BeJHUHH MAKCHMaabHON nNOJOKATE IBHOI H MaKCHMadpHgy
OTpHUATE bHONH pa3HocTedl OPIMHAT KPHBBIX nolaui d norpebileHus ya
HaTerpaJsHon rpaduke.

Hanpuvep, npu pasioyeproil padore Hacocos (KpHBas uodauy 3)
peryaupywowan emxocTb Saka coctasnaa 13+ 6,14 = 19.14%, a npy
cTynenuatoll padote (kpusas nolaykd 2) 540,56 = 5,5%.

Bonee ke ToudbiM cnocoboy onpeledehisi 06beMa BOASPErY.Iupyio.
mell evKocTH ABafercs Tabauupbmi cnocob [To1o6uuv obpasoy
onpefelserca odbeM pery.1Hpytolied eMKOCTH 6akoB BOIOHaNOPHBLIX Ga-
lIeH, HANOPHBIX PeryaHpylUIHX pe3epByapoB, pe3epsyapoB UIICTOH BOIk
u T. 0. Kpose peryampyloweit eMkocTd, B pesepsyapax H OalllHAX 10.-
MeH codep:KaThed 0GBEM B0, 08YCJA0BAHBAEMbI NPOTIBONOMKAPHLI MY
TpeGoBaHHAMH H TpeGoBanHAMH oecnedeHHOCTH ciab:xeHdd  Bolof
notTpeduTesell Ha cayuafi apapun. Ha BOIOOUMCTHBIX COOpPYWKEHHAX 3
norpebiion obbeme pe3epByapoB YuMThIBAacICH pacxol BOAb Ha ape
NPOMBIBKH HALTPOB.

Has  npelotsBpallleHHs epenojHEHHS eMKOCTH OOBIYHO  YeTpau-
BAKTCA nepeausrbie TpyGonposoasl. [lepennsoll TpyGonpoBoa ¢ BOpOH-
KOH MOXHO paccMarpiBaTh Kak WaxTdblil sofocbpoc npocTefiwed kou-
CTPYKIHH.

Coraacio nccaezosanunv B. T Cxpara w M. 1. Iuvaxun, pazuyce
BOJOCAHBHOH BOPOHKH R ompeleaseTca 0 3aBUCHMOCTH

Qp

= —— 1 12,43
Mo+ 2 ) 2g H (12:43)
rge A — Hanop Hal BOAOCIHBHON BOPOHKOI,
my — KosddHWIeHT pacxoaa, 3aBHcauLii o1 H/R:
i =048 — 0,25 7 (12.44)

0 — k03 GHUMEHT, 33BHCAWINA OT VI3 HAKiIOHA CTEHKH BOPOHKH
K BePTHKA.IH:

a° 45 30 I3 0
o 0,93 094 0,9 1,0

PekoMenayercs nmpuHuMate H/R = 0,2 + 0,46, uto cporpeTcrayer
paBoTe BOpPOUKH KaK He3aTONAEHHOIQ BOIOCIHBA.

HNuavetp otBoisulero TpyGonposola nocte BOPOHKH 10.0:KeH GHTb
TakHM, uTobbl B Iepe/ilBlioM TpyB6OnpoBoIe NO1IeprKHBAACH HANOPHHIH
pexuM, a JeffcTBylownit Hanop [fn, T. . Pa3HOCTb OTMETOK 1OBEPXHOCTH
CAHAUMA BCTPEYNLIX CTPYil B BOPOHKE M OTMeTKH ocH TpySomposoia
B MeCTe H3.1HBa, Gbl1 110JHOCTLIO 3aTPayeH HA (PeOIOJellHe CONpOTHB:
JeHHH H C03.1aHHe CKOPOCTH:

2
Ho=ha+ Emgg_. (12.43)

ILas ycTpaHewiA BAHAHHA CTeH pe3epByapa Ha HCTeYeHHe ocb BOIO-
CMBHOI BOPOHKH [JOJMHA OTCTOATH OT HHX Ha paccroawii 3= 3R.
TpenoTspauwelie BpallaTeabHOro JIBMyKenHA obecneyusaercad nyTeM
ycTpoiicTBa Ha BXOJe B BOPOHKY NPOTHBOBOJIOBOPOTHBIX pedep.
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§ 12.10. K PACHETY [OWAEAPHEMHUKOB

[pHeMias cnocobHOCTL A07KACIPHEMHIKOB ¢ DEWeTKON B V.IHUHOM
JOTKE 3aBHCHT, COrMacHo uccrnegoBannav A, M. Mvypaseiickoii, oT Tuna
H KOMCTPYKIMH DeLeTKN, B YaCTHOCTH OT Hanpas/eHis CTCPAKHeH pe-
WeTKH OTHOCHTEILIIO OCH TOTOKA, YiC1a H Da3aepoB MPO30POB B pe-
meTKe, TOJHHLL CTEDPAHEH,

Beanunna «NpOCKOKa» NOTOKA (op MHMO JIOM/JeNpHeMHHKA & Mpo-
JOJBHEIMH CTEPAHAMH DelleTOK MOMeT OblTh BHIDANKEGHA 3aBICHMOCTHI

'
chp =0,139 %" ~5 (12.46)
0 o
pl i,

rie Qo — pacxol BOA B Y.HYHOM JIOTKE;
{p — MPOJO.TbHLIH YRIOH JIOTKA;
p — napaMeTp pelleTKH, HMEWLH pasiMepHoCcTh pacxoia:

p=AbybV gd; (12.47)

A — Geapaamephblit KosdHLUHeHT, 3aBHCAWIKNA OT b/ (Taba. 12.10);

b, — wupHHA pewleTkH;

b — uIHpHHA NpPO30pOB;
¢ — TOJUIMHA CTepHHEeH.

PetteTkn ¢ KOCO HanpaBMeHHBLIMH CTepPKHAMH 061a7a10T HecKOJBKO
Goabluelt, a ¢ MOMepeulilMi CTepAKHAMH Melbilefl TpHeMHON crocob-
HOCTDbIO, YEM DEWETKI ¢ NPOJOTbHBIMH CTEPHHAMN,

HanGonpwit «BeinOC» (1a1LHOCTb BLIIETA) CTPYH HA peuleTKax
C MPOIOALHLIVH CTePHHAMH [yan MOKeT GLITb ompefienied no dopMymae

q ; ; _
Make == [(“Q—':‘ = 0.5) + 0,012] nphlmxc = 18k V[O (12.48)

rle gp — pacxol, MpHHHMAEMHH pelieTKoil;

ho — HanGoabwaa ray6HEA BOIL B JOTKE;

fg — UYHCTO TIPO30POB PelIeTKII,

Hanna pewetkH [p, wmg C NPHMEPHO ABOKHBIM 3aMacoM Ha cayuail
BO3MOMKHOrO ee 3acopedHa

Ip, win = 5% 'Qi ﬂ—lh; (12.49)

Tatnuwma 12,10
3nauyenua 4, p/A a p

b/8 plA, m3fcer A { P

3,50 0.01100 1,02 0,01120
4,28 0,00845 1,01 0,00852
3,22 0,00620 1,21 0,00750
2,14 0,00358 1,61 0,00576
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3lech Uy — cpefiissa CKOPOCTh ABHKEHHA ROJILI B JIOTKe!
vp = 184S YV iy [m/cex];

2o — rnyGHHA BOALI B JIOTKe Meped MOXIeNpHEMHHKOM ¢ yueroy
NpOJOIBHOTO YKIOHA N0TKA:

zg=hy+ folp.
ho— B ca.
HauBonee panuoHaibHol cieiyeT CudTaTh AIHHY PElIeTKH B mpe-
nernax 0,3—0,5 a.
JINKBHAHPOBATE <«MPOCKOK» 10/KIEBOIl BOAB MOKHO € MOMOUbIO
ABYX CTapeHHblX A0 IeMpHeMHHKOB, PacnoJoXeHHLX OAHH OT JpyToro
Ha paccTOsHHH len, OMpedensieMoym no dopyy.e

len = 6.751 i (.%L)v,' 1850,

rge lp — AIHHA pelleTKH,
IpuevHuas cmocobHocTL GOPAIOPHOrO JOAKIENpPHEMHHKA 3HAUHTEIbHO
HHe, 4em pelleTdaToro, H MoKeT GLITb HaHAeHA MO 3aBHCHMOCTH

—_ 2
Tnp VHLgop:r. )
Qo 85Qoi0 /'

rne Leopa — ANHNHA OTBEPCTHA B GOPIIOPHOM O IENpHEMHHKE.
[ns  onpemedeHus paccToARHH [ MeXIy 10 AeNPHEMHHKaMA
A. M. Mypagefickoli pekoMen10BaHa ¢opwmyaa

_ Qo — Gnp
T g (MF05m)y

3]eCh ¢ — pacyeTHas HUTEHCHBHOCTB 10K 1A, a/cex-2a;
M ~— wupnna keapraga, X
m — UIHpHHA YJAHLDbI, M,
P — KoshdHUHEHT CcTOKA.
[lepenonnente yaHuHLIX J0TKOB O6BIYHOD MPOHCXOIHT BC/eACTBHE
HEJIOCTATOYHOTO KOJHYECTBA YCTAHOBJIGHHLIX JOM I2(pHEMHHKOB HIH
NOMHOrO 3arpfA3HgHHA HX pe'u_le'rok.

= 0,074 (lg (12.51)

l «10* [a]; (12.52)



NMPHI0KEHHA

NPUNOKEHHE 1

Mexnaynaponnaa cucrema egHuy, CH (no FOCT 9867—61)

OcHOBHBEE eJHHHILH

Eauuiga
HauMeHoBaHHE BeaHYH HaMepeHHs O6oakayenxn2
JIRGTE : Metp M
Macca . Kuaorpamm K2
BOOMA. v v w e g w5 % 5 CekyHaa ¢ (cex)
TepMOAUHAMINECKAA TeMNe) KeabBssii

M e 1 p~—pauna, pasnaa 1 650 763,73 ANMH BOJIH B BaKyyMe H3JyUYeHIs, COOTRET-
CTBYIOLLErO Nepexoly mMexay ypOBHSMIL 2P, H 6ds aToMa KpHm10'1a-86,

Kunorpamw—eliHHUA Maccal — PaBeH MIcce MemAYHApoAiOre TPOTOTHRA
KHJ0rpaMya, 3TanoHOM Macchl OCTARMCHA ILIATHII-HPHAMEBAS PHPSA, XPAHALLANCH B
MesxkpayHapogHoM Glopo Mep B Cespe (6.au3 ITapixa),

CexkyHAaa—9192631 770 nepHojl0B H3AVYEHHS, COOTBETCTBYIOL(ErO Nepexoly
MeXIY NBYMA CBEPXTOHKIANI YPOBHHMI OCHOBHOrO COCTOAHHA aToMa Le3HA-133,

Kesab BHH—eLiHALA TepMOTIAMHYECKOR TeMnepaTypul —1/273,16 vacTb Tep-
MOAHHAMHYECKOR TeMIepaTyphl TPOTHOA TOYKH BOZRL,

TeMmmepaTypa MOKeT ObITE BLIpaKeHa TakKe B Tpagycax Lleidscusa:

TK=t°C+ 273,15 K.

NMPHNOXEHHKE 2
Bﬂ)KHaﬁl.lng NpoH3BOAHLIZ eRHHHIbL!

HauneHoBaHlHe Hanvenosanue 0 onpege.iende 0O60o3Ha-
BEJHUHH eqHH Kbl qeHuHe

Maowaap Ksadparnsui merp — njoulans Keajapara Mm?
C JAHHOH CTOpOHBLI, paBHoO# | M

O6new, BMeCTH- Kybuueckui merp —obber Ky6a ¢ AIHHOH

MOCTh pe6pa. paBHol | am

CkopocTh Merp 8 cexkyHdj— CKODOCTb MNDAMOJH-
HeliHO K paBHOMEPIIO JABHKYUleACHd TOUKH,
NpH KOTORPOA oHa 3a BpeMA | ¢ npoxoaut
nyTh LIHHOMA | M

YcKopeHHe Merp Ma cexyndy 8 ksadpaTe— ycKope- Ml
HHe NPAMOTHHeRHO H PaBHOYCKOPEHHO ABH-
KYWEMCa TOUKI, MPH KOTOpOM 3a Bpews | ¢
CKODOCTL TOYKH H3MeilfeTcd Ha | aje

ITaothoeTts Kuasoepausm na Kybuweckli smerp — n.iot-
HOCTb OLHOPOAHOMO Te1d, HMelollero npi
ofveMe 1 u% macey | ke
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Mhojomkenue npitox,

Q6oina-
YeHHe

Citaa (Bec) HyjoTon — ool , cooBularL: S Teay Mac- H
cofi | K2 yCROpense | Mle: B nanpasaeHms

RENCTOHA CH.ThI

JHaBneHve [Tacxa. e — naBIeHile, BLILiBaeMOE CH.IOA Ia

| H. paputoMepno  pacnpeleieti Kol no no-

HePXHOCTIL ONA L0 | a?

Pa6Gora, 3neprHa Amoy.ae—paduota ciast | H npw nepeme- P
uicHuil te1a na pacerosude | om B manpa-

RAeHI aefcrBua Cinu

MouHoeTs Barr — MOINOCTH, NpK  KOTOpoit paGoTta Bt
| & coBepuiaetes 3a BpeMa | ¢
Hunamiieckan BA3- Mackanre-cexyHda — 1inavigeckan BsI3- Ma.c
KulTh KOCTh CPeAabl, Tpil JaMitlaphoM TeuepdH kHo-

TOpOil B CJOAX, WaXOAAmwHXcA HAa pacctosi-
I | M, B HATRABJICHIN, MepneHiHKynp-
HOM  TEUCHMio, TIOA JedcTBileM 1aB.Tenus
caira 1 [Ta BO3nuKaeT pasnocts CKOpOcTelt
Tevennsg 1 wmfe

KuneMaTHyeckan Keadpathoui meTp Ha ceKyHBY — KilHema- Hie
BAIKICTH THYeCcKaA  BA3IKOLTH  Cpelbl MNAOTHOCTLIO
| kals® RHaMItiecKas BAIKOCTE KOTOLOM
pasna | Ia-¢
OGnemntf pacxol Kybuuecxuid smerp 8 cekyndy — 061evHbll mfe

pacxojl, mpH KOTOpPOM 4Yepes oOllnefie.teHHOe

ceyeHile 34 BpewA | ¢ PABHOMEDHO Mepeve-
maer-q 1 u¥ Beiuectsa

Ynenswaa raszosas Jdxoyas Ha Ku1s2pusm-keio8UH — yiedab- | Jhw(ke-K)
NOCTOAHHAA naf rajoBasy HOCTOANUAIRA HACIALHOrD ra3zd
MACCOR | ke, cOBEpIIalOWEry 0pl 1OBLILE-
st Tesneparypsl wia LK 0 itpin moeTOAHHOM
Janierun pagory | Ow
PamnoakTHEHOCTH Kropu — KOaiuecTRO  paad0aKTHRHOTO 1130- Ku
TOMa, B XQTOpOM 0, .oMexoalt 3,7 10 pacna-
nos B I cex

NPHNOXEHHE 3

CooTHOWEHHA MeAY EeAHHWUAMH HBMEPEHHH B CHCTemax
MKICC, CIC » CH

Jlo cux Gop Ha MpaKTHKE WHPOKO HCMO/b3YeTcs H3MepeHHe:
CH.TH — B KHMJorpaMvax (kec); .
LaBfeHHe — B KIlJAorpamM\iax Ha KBaapaTHEI castHmerp (xec/em®),
B MuaIuveTpax moasliore (ma €0d. cr.) HaH pryTioro (ma pr. er.)
croa6a, atMocdepax (ar) nan Gapax (6ap);
AWHAMHTECKOH BSI3KOCTH —— B Nyasax (n3) H KHHeMaTHuecKoit — B
cTokcax (er) 1M caHTHeTokcax (ceT)
I H=10° dun =0,101972 kec; | kec = 9,80665 H.
1 Ma=1 H/x*=10,101972 xec/n?=10 Gunfcx?®=0,00001 6ap=
=0,102 mm 800. er. = 0,0075 st pr. cr.;
kecfen? =98 066,5 [Ta= 98,0665 x[Ta == 0,098 MTa;
sm god. cr. = 9800665 [la;
My pr. cr. = 133,322 [Ta.
Ma.e=1 H-.¢/nu?=0,102 xec-cex[n®=10 n3
nz=0,1 Tla-¢;
cr =1 cu?/cex = 10 cer == 0,0001 x%/cer.

—— e — Tt
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NMPANOMEHUE 4

MHOXHTONH W NpHCTABKH AnR 06pa30BaAHAA NECATHYHbLIX
KPaTHbIX H HONbHBLIX BAHHHL H HX HAWMEHOBAHWA

Muaox! HauMelnosanite Qdoan Ha:xenosanue O603ua-
F-RTY npHcTansd ueiil npHeTangy YcHie
102 Tepa I =8 MM M
10° rura r 1078 MIKPO MK
iug Mera M ] 10:912 HaHO I
102 KiL10 K i IO__ is ITHKO n
10 (rekT0) r 10_ id dento b
no_,, {1eKa) da 10 aTTo a
10 (cadTi) ¢

MpryeuwaHisa |, HanMeuopauia ACCATHIMLIX KDATHHIN W I0JbHEIX efH-

HHU O5PAa3yOTCR JIPULOAHHCHACM NPHCTABOK K HAUMOHOBAHHAM HCOXCIHBLIN e1MHHL.

2, B CK0SKAX YKazaHhl TPHCTABKH, KOTOpHE 10MYCLAGTCA [MPHUMCHRATE TOALKO
B HAUMEHOBAUHAX KPaTHAIX H I0JbHLIX €LHHU, HO:IYHi(BWUX UWLIpOKue., paclipoeTpa-
HeHde,

NPHTOMEHHKE 5

MNOTHOCTD W BASKOCTb HBKOTOPbLIX MHAKOCTEH
(npH Temnepatype KHUNEHWA)

Tesmneparypa, | [Taotuoors, | Baikocts 1,
HKiakocTs °C & 2femM? n3 K
HKuarHin krcaopoy —183 1,14 0,00218
» XJ0P . —38 1,43 0,005
s dTop — 188 1,5 0,00.57
AMMEAK . -30) - 107.10™8
> % -33,4 0,634 —
HuAkuf ant —195.7 0.8 0,00138
» BOAY, —150 - 0,00083
Cepoyriepor . . . .. il - 0,0037
XaupucThiR HaTpu#t (pacTmOp ¢ 26%

NaCh. ... - - 0,0184
X 19podopy . - - 0,0055
Merau . . ., - 162 0,422 0,00098
JKHax«il 030H —110 1,16 -

» > -3 0,537 =
> BOAUPOA L . . . - 53 0,07 L Tt
» dropis bt xa0p . -1 1,6 -
XJI0PHCTHA Bo1OpoA -85 1,2 -
Brom f 58 3.l -
Pox wues & 183 4.9 -
Huaxuk 6yran 0 0,691 0,00207
MeTg.anponax . -10 0.332 0,0024
[leutan 20 0.526 00024
Toayoa 20 0,67 0,0N386
3rtaH . —588.6 - 0,/0137
Mpnnand , -7 - 0,933
Ppeok-22 — 1N - 0,00343
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NPUNIOKEHHE 8

MnoTHOCTD W BH3KOCTh HEKOTOPLIX ra3es nNOH NABNEHHHW

760 mm pm. cm,

Yaeashan
" " v rasosas
Tas ka’ugl-apaa npu 0° C, | npu 20° G, |npu 20° C, TRRRE Rt AR
- 105 3 105 n3 ccr Kawa
K2-2pad
AzoT . 1,25 166 174,38 13,31 30,26
AMMItdK . 0,77 93 100 13.7 40,8
Boaopoa . . . 0,09 84 8% 98,2 420.6
Bonasoit nap. i 0,763 89.3 96,7 11,24 47.1
Bosayx . .. .. 1,293 171,2 181 13,9 29,27
I syokich yrﬂcpoﬂ.a .

(CO) G e e 1.977 138 147 7.3l 19.27
IlByokHch cephl i 2,0%6 116 126 44 13,24
Kucnopog . 1,429 192 202,5 13,49 26,5
Meraw  , .. .. 0,717 102 108 13,1 52,9
OKHeb erIepo.a.a

(CO) .. .. . 1.25 183 176,8 14,3 30,29
Ceposoiopoa . 1,539 17 124 8.04 24,9
Oson (Oy) s 2,14 - i - i

NPUNOXEHHUE 7

JIKBHBANEHTHAA WepexoBarocTh Tpy6 W Kananos,
BbluHCNeHHaa no topmyne (3.28)

BH1 TpyGel, MaTepHaa N Xapak repuctil
nNOBEPXHOCTH TpYG ¥ Kanajon

MM

LearHoranyToie TPYGoL

Texnuueckire rrajkie U3 JaTyHM, MelH H cBHHD

To ®e, 13 ATOMUHBA |\ L o 4+ v 4 4 0 s o«

IHoBble cTa ThHble, B 33aBIUCHMOCTII OT VveJd0BHIT xpatedis . .

CranbHbie, ouuureniibie mOCIe  MIOTHX JAeT  IKCHIyaTauil
GATYMHINPOBANHEIC, YMCPEHHO KOPPOAHpOBAHIIbe; ¢ HebOThiIHMH
OTIOAEHHAMI HAKIITIN

Craablible BOAAUKIX cHETEM

mennoro napa; nedTenpoROAL A CPEANHX yc nosuit skcnava-

OTOM TeHIIA; MAPONPOROJLI HACH -

TAIH o v v v 0 v 0. P
Craabible BO lnnpnnovmme prﬁu. lulleua B 3KCM. na
TAUHH & v o 4 6 & s 0 v s e e e e e
Cranbnbie Tenaodikan naponpoaonhl neperpc'roro
OAPA 4 v v o w s o v s s 4 a0 s e
CrabHble KOHIe1caTonpoBohl, paﬁoramu.me I'IEDIIO’T."‘-I@CK“ .
Cra:ibHble Ta30MpoBnasl Nocie rofa sKenAyaTauhd . .« .« o . o
Craablible BO31yXONpPOBOAKl CXKATOrO BO3MyXa OT. KQMHDECCO-
POB . . . .

ITeasHoceapHble cTarpHble TPYGLL

Homwle u B ayuin cTOANN
T ORIGMANRIE o, 4 4 . 4 4 s
Homhie 6ATYMHIUPOBAHHKIE

coefiliHenna” ¢Bapikie

0,0015-0,01
0.0[5—0,06
0,02—-0.1

0,15=0,3
(10 0,4)

02

0,1
1
0,12

0.8

0,04—0,1
~ 0,05
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TMpoio.1xkerte npuiox, 7

Bia TpySH, MatepHan W XapagKrevicT

MOBEPXHNCTH TpyH H KaHA.10B MM
BeiBiuite B gkcnayaraniiy . . . . FE R ~0,1-0,13
TlokpuiThie HIHYTPH JIAKOM. HO Iie CBOGOANBIE OT OKHCASHHA;

3arpA3HeHHble B WPOLECCE SKCMIVATAUMI HA BOJe, HO HE KOppO-

AMPOBAHbIE , . . . i . .0,95—1
C asoiinoit nmsepermoﬁ x.'xen:-.tm. uexoppom:posau. . 34rpas-

HeHilble B MPOUECCE IKANAyaTAWNs Ha BOAe . . . " 2=1,3
C amoftHoit nonepetHof KIenkofi; cHablio hﬂp[JO..lH]JOBaHllhle %
MardcTpa.aHble Ta30NpPOBOAL [1OCJAE MUOTHX JeT sKcniyara-

ol ., P . 0,5—1.1
Co 3HATHTC.IbH BN AESHHAMI . 2—

Kaenanoie cra.tonbie TpyGet
Bioab W houepek no OAHOMY DALY 3aKJelOK;

KDPHITH JAKOM; XOpOUIGe COCTOAHNE MOBEpYHOCTH , , , 0,3—0.4
C neoftofi npojonbHoft H mpocTofi nonepeunol K.'Ierlr(')l"l

H3HYTPH MOKPBITH JAKOM 14K Ge3 JaKa. HO HEKOpDOAHpPOBAH-

Hol® o o o a0 wow e w woe - p 0,6—0,7
C npoctofi nomepeunoil H ﬁam‘inon nnn:.onhuoﬁ KJaert

HYTPH TTPOCMO.elIIble WA MOKDBITbIE JAKOM . . 1,2=1.3
C YeTHPhMA-IIECTHIO MPOAOALHBIMH PDALAMH K. 1enm|.

Hoe BpeMA B sKCTMAyaTauUME . . . ¥ i
C 4eTUPLMA TOMEPCUHHIMI #  UIECTHIO NPOAOTHHAIMK pALAMN

KAEMKI, CORNITHCHUA HAYTPH NMeneKpuTh . e w W 4
IMaBepxHOCTh TPY6 B MJOXOM COCTORMNHIL oMepHoe fe-

peKpbiTHe coeaxnensi =5

OnUHKOBAHMblE TPHENE
CranbHble HOBble TPYGBLI ¢ €iCTOM OWIHKOBKO! . 0.07-0.1
Ta %e, ¢ o6HYHON OUHHKOBKON ., . . 0,1-0,15
QuUUHKOBAaHALIE K3 JCTOBON CTAAM, HOBbie 0,15
To xe, ObiBWHE B IKCMIYATAUHH HA BOfde . B
Hyzyuhole TPy6olL

HOBEI@ . & v o s ¢ v o 64 0,25—1
Hossle 6HT}\H!3HDOBaHi|bl . 0.1-0,15
AccaibTHPOBAHIbIE . , , . . . 0,12-0,3
Bononposoaitkie, GhiBNIHE B sxcn.n:,arausm F 14
Buipwine B 3kcnayataiiiy, KOPpPoAH[EOBaHHbI (e

HHAMIH L . . e 1—-1,5
CO 3HANNTEABNBIMS OTI0KEHHAMA |, . 2—4
OyiuleiHbie MOCTe MIOFI T 3K ; 03-15
CHutbilo KOPPOILIPOBAIH | . z0 3

Ilesentrote, depesantble U dpyaie TPyGsL

Beroiliible; Xopowas NOBEPXHACTL ¢ 3aTIPKOf 0,3-0,3
Berotnble; nOBEpXHOCTh CPCAICTO KAYECTBA . . . 2,5
Beroutinle; ¢ rpy6oil (lwepoxoBaTofl) NOBEpPXHOCTLI 3-9
JKenesobeTonnbie . + . . 2,5
AcBecToueMCcHTHNE HOBBIC R K 0,050,
AcBecTolieMeHTHbIe, ObiBUIItE B 3KCMAyaTaLMN ~0.6
LleMeNTrble; NOBEPXHOCTh CTIlaMeHa . . 0.3—0,8
LleMeHTHbIE. 0BEPXHOCTh He oBpaboTana . o -
LleyeHTlibie; UeMeHTHLIT PAacTBOpP B MecTax ne

CrUIAKeH o . . . - 1,9—-6,4
Jepenauinie 13 cr.mranw\ AOROK « « e e o . 0,15—-0,3
JlepeBAHEbIe M3 KICNKH AN 13 TPYGBIX JAOCOK . . . . o 06—1
Danepubie npH nonePeUOM hacno.l0xKel i BOJOKOH Gepeanl . 0,12
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lMpoioakenHe NPHIOK.

Bua TpyGbl, MarepHan If XapaKTepHCTHKA uu
nose pxHOCTH TPYS 11 KaHa10B
DaHepHHE TIPH NPO10.1bHOM Pacroi0KeHHH BOJOKOH Gepeasi . 0,03—0,05
Tpy6bl H3 YHCTOLD CTEKIA 4 " 0,0015==10,01
VII. Q6auyoska Karna.ao8
Xopolas WTryKaTypKa H3 YHCTOrO LeMeHTa CTMaKeHHbIMY :
COBHUHEHHAMH . . + « + & o s ¢ o & o & v e @ ¢ 0,0J—_0,22
LITYKaTypKa LCMEHTHBIM pAacTBOPOM C xe.aeaHeHHeM , . D..:s_
IITYKaTypka no Meraa1iHueckolt cetke 10—13
KepaMuyecKie COIAHO-T.1a3yPOBAHHbIE 1.4
[I1aKOBETOHHbBIE ILIHTHL = &« o v 4+« o & . " 1.5
HIaako- H onuukoa!eﬁachoaMe NJHTH, TLI_laTc1BHO BHIMO-
HeHHblE , . |=1,5

NPHNOXEHMUE 8
3Havenua K03tHLUHEHTA WEPOXOBATOCTH

KosdduuHeHr n

Onucanke BOAVIVKA
MHILIE- HOpMa.ib- MaKCH-
Ma.1bHbIH bl Ma.abHuIA
M3 crex.a & ¥ f 0,019 0,01 0,013
& [nanKoH JaTyHH - 0,003 0,01 0,013
€ CTAJAH NEAOCOBOI ¢ dJ’IdHII.eBh‘I\IllHCBap

HbIMH COBJTHHEHHAMI P 0,010 0,012 0,014
H3 yepuoro cBapoysoro )m feaa 0,012 0,014 0,015
» ranbaaﬂmupuaanuoro cpapou

KL - e 0,013 0,016 0,017
M3 o6anuosannoro qyr) Ha . 0,010 0,013 0,014
» HeOGJHUOBAaHHOrO 4yryua . , 0,011 0.014 0,016
» leMeHTa ¢ YHCTOH 110BEPXNOCTBIO . 0,010 0,011 0,013
Berodnaa npsamaa TpyHa 6e3 sacopeHud 0,010 0,011 0.013
Bertonsas Ttpy6a ¢ noBopOTamH, coomme.

HUAMI H HEKOTOPLIMH 33COPeNHIMY . 0,011 0,013 0,014
Berosnaa Tpy6a c 3ateproit rnanKoﬁ no

BEDXHOCTBIO & & & & ot 4 4 4 o 4 4 0,011 0,012 0,140
BeroHlasa mpAMasn KauajiM3aMonHas 'rny()a

c JKOKAMH H BhINYCKHBIMII OTBCNCTHREMI 0,013 0,015 0,017
Betonnas tpy6a ¢ neo6padoranHoii noBepx-

HOIThiO, BBINOJHENHAA B CTAJILHON opmasay6ke 0,012 0,013 0,014
To e, B raafKol AcpeBaAntol onaiyGke 0,012 0,014 0,016
To we, B wWepoxoBaToll Jepepsinoit ona-

VOKE. ow w v vow g w8 & %5 % 05 0,015 0,017 0,020
O6biydan apeHaxuaa Tpy6a us TAnEeL . L i 0,011 0,013 0,017
[aasypoBannaf KaHa.aW3allutonHad TpyGa H3

THHHBL & 4 o o . . e e 0,011 0,014 0,017
To e, ¢ OKAMH, BXONOM H T, Wowia & & 0,013 0,015 0,017
[1aaypoBaHHan ApeHa)Has prda C OTKpbI-

THIMIE LWBAMH . . . 0,014 0,016 0,018
Kana:nzauionnas 'rpy6a, nuuphrraa cTou-

HbIM H.IOM, ¢ B3rHGaMH H COCAHHeHMSIMH . . 0,012 0,013 0,016
Koanexktop ¢ 3aMOLIEHHbIM OBpaBOTAHHBIM

CBOAOM H T.13JIKNM JLHOM 0,016 0,019 0,020
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»
NPHNOXEHHE 9
MapameTpbl GHANHTHYECKHX XAPAKTEPHCTHK
BOAOMPOBOAHLIX H KAHANH3AUHOHHLIX LEHTPo6eX Hbix

Hacocos

3 - ~ -~

£ — 2

§ |85 |s . s |25 |s )

& SE | =% 2 % 3 £E |29 ]

z oF | g% N = Sz |ax3 T

] O So ® ] E ] o 30 = £ §

= 5 2SS - < = = I N <

§ |22 |8z5 B = s |2al2zz| 2| i

= e |g8s & %D = 5 |H88 £ »

BodonposodHste Hacocbl
1,5K-6 2960 1281 21,7| 498000 | 6H/B 1450 | 405 61,7 1 570
2K-6 2 900 162 36,0 175000 || 8H/B 960 | 525 47,8 484
2K-9 2900 129] 22,1 124000 || 8HAR 1450 525 | 100,4 285
3K-6 2900 213] 658| 356300 |f 10d-6 1450 465 80,7 840
3K-9 2900( 163} 385] 50000 || 10/-9 1450 | 366 51,2 590
4K-6 2900| 2727 1056( 23700 (| 12/1-6 1450 | 546 | 110.8 435
4K-8 2 900 218 67,3 21700 || 1971-9 1450 | 432 68,8 258
4K-12 2 900 1741 41,8] 12400 || 1271 I3 1 450 | 363 453 194
4K-18 2900 148} 295! 13700 || 1271-19 1 450 | 300 29’0 168
6K-8 1450 38| 393| 2970 | 14706 1450 | 660 | 150 290
6K-12 1450 263| 252 2590 || 2006 970 855 | 121 75
&K-12 1 4530 3191 36,9 1290 || 320-19 585 | 740 26,7 4,87
8K-18 1450 268 | 243 913 || 320-19 730 | 740 40,7 4,49
28B-12 600| 1100) 767| 11,8 48]1-99 485 | 083 34°0 0,84
32B-12 00| 1369 782| 412 | 20Hge.p 730 | 785 36.2 29,3
40B-16 363 | 143Y) 43,8 102 |l 20HTIc-B 960 | 785 92 23,2
40B-24 500 11831 51,8 1,04 || 24HTe-B 600 | 990 62.6 5,55
52B-11 ar5| 200v1 115 0,676 || 24HTec.R 750 | 990 97 5,55
52B-17 375 1800| 748[ 0,412 | M-8X4 1450 375 | 208 12 gua
70B-36 375 | 1990 89,5| 02 10M-7¢6 1470 | 456 | 4490 8770
16H O x 950 460| 261 17 LOM-8%6 1470 400 | 381 9500
20H [L1 960 550 383 7.8 28M-12%2 980 | 880 | 263 90
24H/n 730 690| 363 5,18 | ToHMEX2 | 1450| 590 | 241 735
6H /e 2950 2421 92,6 3300 (| 10HMKx2 | 1430 545 | 200 780
12H /e 960 460 342 129 [ 3B-200%2 1450 445 | 134 21920
12H de 1450 460 76,5 100 || 3B-200%4 1450 | 445 | 268 4150
14H e 960 540 47,3 83,5 SMI-7%3 2950 285 | 293 40 Q00
l4H de 1 450 540 107,3| 88 SMIT-12%3 | 2900( 262 | 263 10200
18H de 730 Tuu| 46,0) 40 sMIO-axe | 2950| 360 | 375 8950
18H /e 960 | 700| 752( 30 12ZHA XS F450 ] 210 78,4 | 13600
20H 1c 730 765| 55.3| 29 12A-1$X6 1450 | 210 96 17 409
20H 11c 960 763| 92,2 2386 20A-18X3 1450 340 | 125 1 450
2H e 730 860 | €7,0] 15 24A-18%1 - - 63,7 167
22H /e 960 860 118,21 167 BATI-9X6 2830 82 59,8 | 3,35.10
24H e 600 990| 62,0| 5,2 SATI-OX6 2830 LIl | 1241 | 1,04.108
24H ¢ 750 990 088! 6,14 10ATT-18%6 | 2830| 120 [ 131 138 000
4H1s 1430 | 980| 28,6 7280 12AT1-18%2 | 2#63 | 185 91,3 | 114000
4Hdm 2950 2%0| 12 9 600 14ATT-18X2 | 2880 305 | 373 90 060
SH/B 1450° 350, 452" 2860 ATHS8-1X7 — ' = a3 227 0L0
FopuszoHrartHole hexanyvHble HACOCHL

21/2H® 1450 195 | 11,3| 7100 | 16d-72 750 - 78,7 41
212H® 2940 195 | 47,5 8800 [ I6b-76 750 | — | 66,3 39
21/2H® 2940 -— 42,21 7700 BepTruxaabHpe
21)2H® 2940 - 37.8| 8200 || 2H®Bwm 1450 250 20,7 2900
4HO 975 300 | 12,0| 2700 || 411®BxM 1450 = |17 13 000
4HP 14350| 300 [ 28 29200 || 4HB-5M 14350 — | 786 15 900
gH®D 90| 430 | 25,3 270 || 169B-18 740 | 675| 36,6 17,3
8d-5 1430 535 | 109,2 620 | 16HB-182 70| — | 337 17,9
gd-52 1450 = 93,8 670 || 24dB-13 30| tosn| 33,8 4.8
gP-56 1450 = 70,7 600 || 26 B-22 485 | 1630 | 39,5 9.7
sHO 950 | 540 | 37 140 || 26 B-228 485 — | 356 ST
169-7 7501 965 | 92 59




APHUNOMEHHE 19

Mponycknan cnocoBHocTL TpaneueHanbHbix KAHAAOR Ny
rnyGxHe, pasHOH wWHpUHe Kawana no AWy (no dhopmyne
H. &. degoposa)

Souilil B OTRICATYHLIX

Paz-
Mep 9 Iy -
ceye- 01 0.2 1.3 (] 0,5
Ha b, ;
cH Q o Q v Q o, Q. v v

alcex | micex| alcex | m'cen| a'cex | mlcen| .ijcex | Micex| a'cex | Mlcex

m=|
20 8.0} 0,1 16,8 | 0,21 2),8 | 0,2 240 | 03
40 76,8 | 0,24 108,8 | 0,34 131,4 | 0,42 150,4 | 0,47
60 323,21 0,31 3168 [ 0,44 358,3 | 054 453 0,63 -
& 473,6 | 0,37 | 6784 | 0,53 | 8i1.8| 065 | 9723 | 0,78 -
100 889 0,44 (1240 U,62 | 1520 0,76 | 1769 0,88 =
120 1372 0,49 |1 960 0,7 2408 0,86 | 2 &0 1,u -
130 12565 0,57 [3645 0,81 | 4433 0,99 15173 1.15 1,29
m=1,5
20 15 0,15 23 0,23 28 0.28 33 0,33 38 | 0,33
40 105 0,26 148 0,397 184 0.46 212 6,53 2:0 | 0,6
60 306 0,34 432 0,43 540 0,60 621 0,69 702 | 0,78
80 636 0,41 928 0,58 | 1152 0,72 | 1314 0,84 | 1304 | 0,94
100 |1 200 0,48 |1 700 0,68 | 2100 0,84 | 2425 0,9 2 700 1,08
120 11944 0,54 | 2736 0,76 13384 0,94 3924 1,09 | 4392 | 1,22
150 | 3 487 0,62 ) 500 0,89 (6131 103 | 7087 1,96 | 7978 | 1,2
m=2
20 19,2 | 0,16 3u 0,25 37,2 | 03! 3.2 8,35 48 | 0.4
40 134,1 | 0,28 192 0,4 235,2 | 0,49 2746 | 0,57 397,2| u,64
70 399,6 | 0,37 561,6 | 01,52 631,2 | 0,64 810 0,75 9u7,2 0,84
8, 844,8 | 0,44 | 1210 0,63 1498 0,78 |1728 0.9 1978 | 1,03
100 | 1533 U5 2190 0,73 | 2740 0,9 (3120 LO4 | 30 [ 1,16
120 | 23506 0,58 | 3548 0,82 |4320 1,0 [5011 LI6 | 5650 | 1,31
130 1 4455 0,66 | 6412 0,95 |7 830 1,16 |9112 125 f w92 | 1,31
VHEI0HB B TLICAUNLIX
Pas-
Mep 0,6 0.8 2 3
ceqde-
HHA b,
e Q, v, Q. v, . T Q. Q. o,
alcex | Mlcexr| alcex | micex| afcex | M cex| a'cek k| alcex | micex
m=]
20 29,6 | 0,37 44,4 0,43 33,4 | 018 53.2] 0,69 63,8 0,88
40 192 0,6 224 0.7 249,6 | 0.74 35840 1,12 435,4| 1.37
€0 | 561,61 073 | 648 | 09 THL6 | 13 | loat [ L45  1282 178
80 | 1203 0,94 |1 421 1,11 | 1474 1,23 | 2240 | 1,75 2752 | 215
100 | 2180 1,09 | 2520 1,26 2840 1,42 g | 262 [ a0 | 247
120 12 464 112 2833 1,29 (3190 1,45 1558 | 207 | 7&2 | 279
150 | 6345 Lal | 7335 1,63 5233 1,83 |11 7w 2,6 |l14m | 3.2




ITjonoaxente mpiaoK,

LivHUIBIX
Pas-
Mep 0.6 0,3 3
ceye-
Hua b,
cH Q. v, Q. o, Q. v, Q. v, ' v,
acex | Mecex| acex | micek| a‘cex | M'cex| afcex | M'cex| alcex | m;
m=15
2v 41 | 0,41 48 | 0,48 55 | 0.35 77 | 0,77 95 | 0,95
40 264 0,66 301 u.76 344 0.56 488 1,22 600 1,50
60 765 | 0,83 891 | 0.9 999 | 1,11 1422 | 1,58 | 1755 | 1,95
80 1648 | 1,03 1904 | LY 2 144 1,34 3036 | 1,81 3760 | 2,35
160 2950 | 1,18 | 3450 | 1,38 3875 | 1.55 5525 | 2,21 | 6750 | 2,7
120 4 824 1,34 5 580 1.53 6923 1,73 & 856 2,46 |10 872 3,02
159 8719 | 1,55 |lwwe9 | 1,79 | 11250 | 2,0 16144 | 287 119687 | 3,5
m=
20 52,8| 0,44 62,4 0,52 69,6| 0,58 99,6 0,83 1224 1,02
40 336 | 0,7 393,6) 0,32 432 0.9 6286 1,31 768 16
60 993,6| 0,92 1138 1,07 12385 1,19 1 836 17 2 968 2,1
80 2 131 1,11 2438 | 1,28 2763 | 144 3955 | 2,06 | 4838 | 2,52
100 3840 | 1,28 | 4440 | 1,48 [ 4980 | 1,66 | 8110 [ 2,37 [ 8700 [ 29
120 6221 L44 7171 1.66 8035 | 1,86 (11448 [ 2,65 [14083 | 3,26
150 | 11147 | 1,65 | 12892 | 1,91 14647 | 2,17 | 20587 | 3,05 (253110 | 372
YHAOHW B THCAYHEIX
Paa-
Mep .
ceule- 4 & 8 15
HHA, b :
€4 Q. v, Q. v. Q. v, Q. v. 1 v,
Alcex | mM'cer| Acex | Micéx| ..'cex | M'cex| alcew LCCK| A CeK | M'Cex
me==]
20 80,0 1,0 98,4] 1.23 114,4] 1,43 128,01 1,6 136.8| 1,96
40 505,6] 1,58 620,8) 1,94 723,2| 2,26 812,8 2,53 998,4] 3,12
60 1483 2,06 1764 2,45 2110 2,93 2 369 3,29 2 894 4,02
& 3162 | 2,47 3 591 3,04 148%) | 3,5 5043 | 3.4 6157 | 4,81
100 574U | 2,57 7.000 | 3.5 8010 | 4,05 9120 ) 4,56 | 11080 | 554
120 | 9016 | 3,22 | 15976 | 3,92 | (2712 | 4,54 | 14224 | 508 |17 444 | 6,23
130 (16605 | 3,69 | 1u&s | 44 23423 | 52 26325 | 585 |31905 | 7,03
m=1.5
20 110 | 1,1 135 | L35 — - 176 | 1,76 218 | 2,18
40 696 1,74 856 2,14 684 2.46 1117 2,79 ) 368 3,42
60 2034 | 2,26 | 24384 | 2,76 | 2820 | 3.2 3240 | 3,6 3951 | 4,39
80 - - 5312 | 3,32 | 6208 | 3,88 | 6850 | 43 8400 | 525
100 7800 | 312 | 9500 | 3,8 1o | 44 12325 | 493 |16 160 | 6,06
1?0 12 600 3.5 15 144 429 |17 712 4,92 | 19 980 5,55 |24 516 6,81
150 |22669 | 4,03 {26719 | 4,75 [32062 | 57 36000 | 6,4 13875 | 7,80
m=
20 135.6| 1,19 175,2| 1.46 202,6| 1,69 228 1 1.9 232 | 2,35
40 897,6| 1,87 1104 | 2.3 1272 | 2,65 1430 | 2,98 | 2750,8) 306
&0 2614 | 242 | 3197 | 2,95 3834 | 3,55 4168 [ 386 | 5076 | 4.7
&0 5 587 2,91 6 854 3,57 7 872 4,1 8§70 4,62 | 10529 5,64
10 110110 | 3,37 12300 | 4,1 14220 | 4,74 [ 15930 | 5,31 | 19500 | 6,5
1?0 16 200 3,75 [ 19785 4,35 |22 939 5,31 125574 592 | 3] 536 73
130 | 29 082 4,31 | 353672 5,27 | 41175 6,1 46 237 6,53 -— —_




MPUNOXEHHE 11

Mponyckkan cnoco6HocTb TPYO KPYraoro ceveHHA NpH HX
nonHom sanondeduH (no thopmyne H. &. depoposa npu
v=20,0141 cm, A,=— 1,35 #»»# W a,=90 ana d <C600 wu H

Ay=2 mm n a,=100 ana d > 600 »w)

Hua-

YKJIOHBL B TLICAYNBIX

MeTp, 08 0.8
MM
¥ v, i v, Q. v, Q, v, : v,
Aicex | Micex| alcex | m'cex| acek | m'cex| a‘cex | m cex| alcex | M'cex
150 3,18 | 0.18 3,71 | 0,21 4,42 1 0,25 6,36 | 9,36 9,19 | 0,52
200 7,23 | 023 848 | 027 9,42 | 0,30 13,82 | 0,44 19,79 | 0,63
250 13,25 | 027 15,22 | 031 17,67 | 0,36 25,03 | 0,51 36,32 | 0,74
300 21,91 0,31 2545 | 036 | 28,27 | 0,40 | 41,00 | 0,58 59,37 | 0,84
350 | 32,71 | 0,34 | 3848 | 040 | 4329 | 045 | 61,58 | 0,64 | 89,48 | 0,93
400 47,75 0, 8 55,28 0,44 62,83 0,50 89,22 0,71 128,2 1,02
450 65,21 0,41 76,34 0,48 85,88 | 0,54 120,5 0,77 176,5
500 86,39 0,44 100,1 | 0,51 1139 | 0,58 163,0 | 0,83 233,7 | 1,19
550 11,7 0,47 130,7 0,55 3| 0,62 209,1 0,88 3o1,7 1,27
600 141,4 | 0,50 164 0,58 186,6 | 0,66 2658 | 0.9 ®L7 | 1,35
650 1659 | 0,50 192,5 | 0.58 [ 219,0 | 066 | 311,9 { 0,94 4446 | 1,34
700 204,0 | 053 238,6 | 0,62 265,5 | 0,69 381,0 | 0,99 546,5 | 1,42
750 2474 | 0,56 | 2828 | o064 | 3181 | 0,72 | 4395 | 1,04 | 6338 | 1,48
800 291,5 | 0,38 336,8 | 0,67 20| 0,76 | 5429 | 1,08 774,1 1,54
850 340,5 | 0,60 | 397,2 | 070 | 448,3 [ 079 | 641,2 | 1,13 | 907,9 | 1,60
900 400,8 0,63 464,4 0,73 521,7 0,82 714,3 1,17 1 062 1.67
959 460,7 0,65 538,7 0,76 602,5 0,85 854,8 1,22 1 226 1,73
160N 534,1 0,68 6126 | 0,78 | 691,2 | 0,88 | 9396 | 1,26 1406 | 1,79
1100 6842 | 0,72 7388 | 0,83 | 843.3 | 0,94 1254 1,32 1806 | 1,90
1250 957,2 0,78 1104 0,90 1 232 1792 1,46 2 528 2,08
1400 1293 | 0,84 1493 | 0,97 1678 1,09 24ul 1,56 3414 | 2,22
1300 1537 [ 087 1802 | 1,02 2014 | 114 28%0 | 1,63 | 4100 | 2,30
1600 180 | 092 | 2131 1,06 | 2393 | 1,19 3418 | 1,70 | 4825 | 2,40
1750 2133 | 0,97 2 694 1,12 3031 1,26 4329 | 1,80 | 6134 | 255
1500 |- 2892 | 1,02 3346 | 1,18 3771 1,33 | 5359 | 1,89 | 7627 | 2,69
2000 3330 | 1,06 | 384 | 1,23 | 4335 | 1,33 ] 6138 | 196 | 8765 | 2,79
2250 4533 1 1,14 5248 | 1,32 5885 | 1,43 | 8429} 2,12 | 11888 | 2,99
2500 5849 | 1,02 6 921 7805 | 1,59 | 11143 | 2,27 | 15757 | 3,21
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TIpoioaxenue npunox, 11

YK.10KHbl B ThICAYHbBIX

i 3 10 2 40
MM
Q, v, Q. v, Q. v Q. v, Q. v,
alcex | micex| afcex | micex| alcex | micex| alcex | mlcex| alcex | m.cex
150 31 0,64 A3 0,74 14,84 0,84 | 21,200 1,20 30,22
209 24,50 0,78 28,59 | 0,91 2,35 1,03 45,87 1,46 63,66 | 2,09
250 | 44,87 | 0,91 | 52,03 | 1,06 1,19 | 23,45 | 1,70 | 118,3 | 2,41
390 72,81 | 1,03 | 84,82 | 1,20 | 95,43 | 1,35 57 ¢ 1,92 193,0 [ 2,73
350 110,6 1,15 128,0 1,33 1443 1,50 2059 | 2,14 291,5 | 3,03
40) 133,3 1,26 183,5 1,46 1,64 2953 | 2,3 4159 | 331
430 2163 | 1,36 | 25,3 | 1,58 | 2847 | 1,79 f 4024 | 2,53 | 571,0 | 3,59
286,7 | 1,45 | 333,8 | 1,70 | 3770 | 1,92 9,72 b 759,9 | 3.87
550 4706 | 1,56 | 4324 | 1,82 | 487,0 | 2,05 | 6800 | 2,90 } 978,8 | 4,12
600 | 4694 | 1,66 | 5429 ] 1,92 | 6164 | 2,18 | 8708 } 3,08 | 1233 | 4,3
659 ) 1,66 633,8 1,91 716,8 | 2,16 1015 | 3,06 1 434 4,32
700 663,8 1,73 769.7 2,00 869,7 [ 2,26 1233 [ 3,21 1 747 4,
750 | 7952 | 1.80 | 9278 [ 200 [ 1u4d | 2,36 | 1430 [ 335 | 2004 | 474
800 944,09 .88 1 106 2,2 [ 242 2,47 1759 3,50 2 438 4,93
850 1,96 1294 2,28 1459 | 2,57 2066 | 364 | 2917 | 5.4
900 208 | 2,04 1308 | 2,37 1698 | 2,67 2 405 3,?3 3301 3,33
950 1 503 1737 | 2,45 1963 | 2,77 2764 | 3,90 3913 | 5,32
1000 28 [ 2,20 1987 | 2,53 2246 | 2,86 3173 1 4,04 4 477 5,70
1100 2214 2,33 2566 | 2,70 2880 | 3,03 4 067 4,28 5778 | 6,08
3092 359 | 2,93 50 | 3,30 | 5695 | 464 | 8075 | 6,38
1100 4136 [ 2,70 1834 3,14 5434 | 3,53 7635 | 4,96 | 10852 | 7,05
1300 2,83 5814 | 3,29 6 321 3,69 913 | 518 | 13023
1600 3951 | 29 | 6876 | 3,42 3,85 | 10877 15 521
732% | 3,13 | 80683 | 3,6l Y765 | 4,06 | 13734 | 5,71 | 19335 | 8,12
1909 91356 | 3,30 | L0774 3,50 | 12107 4,27 | 17 097 | 6,03
2700 10 6% 3,40 | 12346 | 3,93 | 13823 | 4,40 | 19503 | 6,21
2250 14392 3,67 | 16779 4,22 | 18 886 4,75 | 26 640 6,70
2500 [ 19193 | 3,91 | 22236 | 4,53 | 24936 | 5,08 | 35342 .20
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