FJAABA IIL ABH)XEHHE BOJAbI MO TPYBAM H NMOXAPHbLIM
PYKABAM

§ .14, Brabl rHIPaBAHYECKHX CONPOTHBICHHH

Pemrenne MHOrHX NPaKTHYECKHX 3a1a4 FHAPABIHKH CBO-
LHTCS K ONpelesIeHHI0 NoTeps, Hanopa NPH IBHXXKeHHH nepe-
KauuBaeMoii no tpy6onposofam xuakoctH. [lorepu namnopa
JABHXKYIErocs NOTOKAa BHI3BIBAIOTCA CONPOTHBJEHHAMH ABYX
BHJIOB:

CONPOTHBJNEHHAMH TO AJHHe, OOYCJOBJICH-
HBIMH TPEHHEM JKHAKOCTH O CTeHKH TPYOB H CJOEB KHJ-
KOCTH APYT O ApYyra;

MECTHBIMH CONPOTHBIAEHHAMH, 06yc/lOBIeHHEHE-
My H3MEHEHHeM CKOPOCTH NOTOKAa NO BeJHYHHE W Hanpas-
JIeHHIO.

O6myo BeJHMUHHY MOTEPhL Hanopa A Aas yyacrka
TpybOnpoBoAa, 3aKJIONEHHOr0 MEKAY ABYMS CEYCHHSMH,
onpejeJisieM, HCIOAL3YS ypaBHeHnHe Depuyinu:

h=2—z,+ (pr—p2)Ip g + (v} —0v3)/2g.

CrnenoBaTenbHo, Aasi onpejeseHusi I j0cTaToyHO H3Me-
PHTb Pa3sHOCTH TEOMETPHUECKHX OTMETOR 2i—2a, N0Ka3a-
HHL Nbe30OMeTPoB (p;—p2)/pg ¥ CKOPOCTHHIX HAanopos
(v —v3)/2¢ B yKkasammex ceyeHwsix nortoka. Ilpu pas-
HOMEpHOM JIBHXKEHHH B ropH3OHTandbHoH TpyGe (z==const,
v==consl) notepu HaNoOpa ONPEAEJHIOT M0 (OpMyJae

h=(p.~p:)/pg=Aplpg,

© T. €, IIOTEPH Hamopa HaXOAAT MO PAasHOCTH IOKa3aHHMH
NBE30OMETPOB B CeYcHHAX TPyGomposoaa.

§ 15. Tlorepu nanopa no ,xumr}e TpyGonporoaa

[Ipy  ycraHOBHBINEMCSI ABHIKEHHM IKHAKOCTH MNOTEPH
‘Hanopa 3aBHCAT OT (PH3HYECKHX CBONCTB XHJIKOCTH, CKO-
POCTH Te4eHHs,, pasmMepos TpyGonpoBoja H LIEPOXOBATOCTH
CTEHOK TPYOH. DTa 3aBHCHMOCTh MOXET ObiTp BhHIpPaXKCHA
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dopmyaoit Tapcu-Beficbaxa, nossoasoulefi paccuirath
fNoTepH Hamopa NO AJHHe H TNPHMEHHMON Kax MNPH JIaMH-
HapHoM, Tak H TNpH TypOyJeHTHOM peXHME:
hy= A .2 . (21)
d 2g
rie hy—moTepu Hanopa mo AauHe TPyGompoBoAa; A — KoapdunHeHT

reapaBanMecKoro Tpenusi; [, d — anuna BHYTpeHHHI AnaMmerp TpyOH;
0 — CPCANAS CKOPOCTb TCUYEHHSl, g — YCKOPEHHEe CHARl TSIKECTH.

M3 ¢opmyan (21) caenyer, 4ro noTepd Hamopa Ha
TpeHHe NMO JUIHHE NPSAMO MPONMOPUHOHANBHH, T. €. BO3-
pacTalor ¢ yBeJHYEHHEM CKOPOCTH TeueRns H JJIHHH
Tpy6Gonposofa H OGPaTHO TNPONOPIHOHANBHE AnaMeTpy
Tpy6u. KosddHUHEHT THIPABIHYCCKOTO - TPCHHS B dop-
myae Jlapcu-BeiicGaxa B ofuiem cayuae Onpeielsercs Be-
AmauHOil ABYX Oe3pasMepHLIX NapaMeTpoB, NPEACTaBARIO:
mux coboit umcyo Re W OTHOCHTE/NbHYI0 INEPOXOBATOCTD
AM.

VeranoBjeno, uro NpPH JaMHHapHOM peXHMe ko -
LHEHT A 3aBHCHT TOJBKO OT uucaa Re m Moxker OHTH Ofl-
penenen no Qopmyne Ilyaseitns-Crokea, nosyqaemMof Te-
OpeTHUECKHM NyTeM H XODPOWO corjacyiomlefics ¢ OMBTHE-
MH JaHHBMH: .

A = 64/Re. (22)

[Ipu TypGyneHTHOM pekHME KOI(HIHEHT THAPABIH-
YecKOro TPCHHS DPACCUMTHIBAIOT N0 SMIHPHYCCKHM dop-
MyJaM, YUHTHBAIOUAM B TOH HJH HHOMH CTElleHH BJHsIHHE
wepoxosatoctn Tpy6. 1llepoxosaTocTh XapakTepH3yeTCH
BeNHUHHO W (OPMOH Pa3JHYHBIX BHICTYNOB H HEPOBHO-
cTell, HMCIONIMXCA HA TOBEPXHOCTH CTEHOK, W 3aBHCHT OT
MaTepHana CTEHOK TPYOH, crniocoba H3rOTOBJIGHHS H YHC-
ToTH 06paboTkH mosepxnoctH. B Kkadecrse OCHOBHOH Xa-
PAKTEPHCTHKH WIEPOXOBATOCTH CJYXHT TaKk Ha3nBacMas
abcosiioTHAs IEPOXOBATOCTb A, NpeACTABAAIIAA coGoh
CpeiHuii pasMep YKasamubiX BBICTYNOB, H3MEPEHHHX B
eIHHHIaX JJIHHBL. :

Ecnu pasmep BHICTYNOB HIEPOXOBATOCTH Gyner MeHblIE
TONMUIHHE JAMHHAPHOTO NOACHOf, TypOyJaeHTHOE SLpPO
noToKa Oyner CONpHKacaTbCs HE C BHICTYNAMH 1IEpPOXOBa-
TOCTH, 2 ¢ JAMHHADHBIM NOACHOCM KHIAKOCTH, CKOJB3f 1O
ero MOBEPXHOCTH KaK MO TAaAKON TpyGe. B arom caydae
Tpy6a Ha3biBaeTcs THAPaBJAHYECKH raiajnpkoH, H
KO3 PHIIEHT THAPABAWYCCKOrO TPEHHS Gyner 3aBHCETb
TOJAbKO OT uHcaa PeiiHoabACA.
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B o6snactd ruipaBanuecKH raaakux tpy6 npum ReAld<
< 10 MoxHO HcnoJab3oBaTh Gopmyay bBaasuyca:

A = 0,3164/ Re®%, (23)

Ecau ke TOJANHHA JIaMHHADHOrO TOACJOS MEHbLIC
BeJIHYHHE BHCTYNOB LIEPOXOBATOCTH, TO HEPOBHOCTH TMoO-
BEPXHOCTH CTEHOK OyAyT BBICTYnaTh B TypOyJeHTHOE sipo
NOTOKA, YBEJAWYHBATh OECHOPSAOYHOCTb JABHIKEHHA H CY-
mecTBeHHHIM 00pa3oM BJIHATHL Ha moTepH sueprud. Takue
TpyOH Ha3LBAlOTCA THAPABJIHYECKH LIEPOXOBa-
TH MH.

Ilas ruapaBiuyecky WEPOXoBaThX TPY6 KoadduimeHT A
3aBHCHT KaK OT 4HC/Ia Re, TaK W OT WwepOXOBATOCTH BHYT-
penHeii MOBEPXHOCTH TPYOn H MOMKeT OGuITh OnpejeseH MO
¢opmyne A. JI. AnnGuryna:

A =0,11(68/Re 4 A/d)"%, (24)

B a3roit dopmyae ¢durypupyer He aGcoJIOTHHIT pa3amep
A BHICTYNOB LIEPOXOBATOCTH, a OTHOIIGHHE 3TOr0 pa3Mepa
K jauamerpy TpyOH, T. €. TAK HasbBaeMasi . OTHOCHTEJbHAs
mepoxoBatocth A/d, Tak xaxk oaHa H Ta XKe abcosOTHAR
1IePOXOBATOCTL MOXKET COBEPIIEHHO He CKa3aThCs Ha CO-
NpoTHBJACHHH TPYOb GoJsiblloro AHaMeTpa, HO cnocoOHa
3HAYHTEJLHO YBCJHYHTL cONpoTHBJAEHHe TpyOHl Masoro
AHaMeTpa. :

IMpn passutofi Typ6ynusauuu notoka M GONBUIHX 3HA-
yenHax Re u Afd xosdpduunent A nepecraer 3aBHCETb OT
Re u cTanoBuTCH NOCTOSIHHBIM AJit AAHHOH OTHOCHTEJbHOM
1IEPOX0BAaTOCTH.

B o6aactu ¢ pa3BHTON TYpGyJCHTHOCTBIO NMOTOKA NPH
ReAfd>>100 nasn onpepenenus A cnpaseanuBa dopMyJa
HIudpuncona:

A=0,11(A/d)"%, (25)

Hast BOJONPOBOJAHLIX CeTeH H3 CTANbHHIX H UYTYHHHIX
TpyO, OGBIBIIMX B 3KCIUIyaTalHH, MPH CKOPOCTH JIBHIKEHHS
Boanl U=>1,2 m/c kosduuHeHT A MOKHO ompexensTh Mo
tdopmyae ®. A. lllesenena:

A =0,021/d"3, (26)
rae d— auaMmerp TPYOH, M.

Cnenyer oTMeTHTb, UTO TOHATHE THAPABJAYECKH
rnaakas tpyba siBasieTcss yCJOBHHM. ITOCKOJBKY TOMNIIHEA
JIAMHHAPHOrO MOJCJIOs HENOCTOSIHHA W YMEHBUIAeTcH ¢
yBesMiHueEHeM v4Hcaa Re, oaHa w Ta Xe BHYTPEHHsA IO-
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A, MM
0,015
0,022
0,075

Coctonnue Tpy6

GeToHA

HoBme 3 [peIsapHTe/sHO HAnpsikKenHoro GetoHa
GaeHAH

Hosbie H MHCTHE, TUATENLHO Y/OKCHHEE
[TocJie HecKOMBKHX JieT SKCIUTyaTaluH
IMoc/e ‘HeCKO/JBKHX JeT IKCHyaTalnn
Hoprie nenRTpobesnLe

Hoeule acdansTHpoBaHKHe

C GOJBIIHMH OTJAOMKEHHIMH
Hosme 6e3 MOKPHITHA

Hosre n 9uCTHE
YMepeHHO 3apriapeBlIHe
Crapnie 3apanesuise
Hopue H 9HCTHE
Buswre B ynorpebiennn
Ouenb craphe

BuBine B ynoTpe

H3 neofpaboTauxoro

Hoebe

|

* Tpy6
CTAJbHEE
YYryHHHE

Ta6anxa 3. 3nauenus aGcoawTHoft mepoxosatocTdH A pas Tpys

MaTepran H BHR
CranpHHeE CBAPHHE

CranpHue Geclon-
AclecTOneMeHTHEE

HBE
QuuaKoRaHHBE!

Beronsne

aba
-

BepXHOCTL TPYOB MOXKET BeCTH celg mO-PA3HOMY: B OAHOM
caydae KaK raajkasi, B APyroM — Kak IlepoxoBaTas.

OpuenrnpoBounbie 3HayeHHs abCONIOTHOM IEPOXOBA-
TocTH A B 3aBHCHMOCTH OT MartepHaja TPy6 W HX cocTofl-
HHs npuBefeHs B Talba. 3.

YcnoBHS  3KCHAYaTallHH  BOJONPOBOAHMX  ceTell npil
nponycke MOXKApHHIX PACXOA0B B OOJBIIHHCTBE CcJy4aen
COOTBETCTBYIOT TYPOYJEHTHOMY TEYEHHI0 BOJbLI B TI'HJpaB-
JIHYECKH [IepOXoBaThX Tpybax, mnNpPH KOTOPOM KO3(@HIMH-
€HT THAPABJHYECKOTO TPeHHs A SIBAAETCA NOCTOAHHON Be-
JUYHHON H MOXKET ONpejeNAThCH 3apaHee ¢ yueToM BHJA
MaTepHasja H cocTosiHHsg TPYO6. 10 OGCTOATENBCTBO MO3-
BOJIIET 3HAYHTeJLHO ympocTHTs (opmyay Hdapcu-Beiic6a-
xa (21).

Bripazum B dopmyae (21) CcpefHION CKOPOCTb yepes
pacxoj, HCXOAs H3 YCJIOBHS HEPa3PHIBHOCTH MNOTOKA:

v=0Q/o.
Torpa nOTEPH MOXHO BHIPaA3HTh YypaBHEHHEM:

1 Q? 81
h _—..l — —
$ d o©'lg n? g ds

O6o3nauass A=8)\/n?gd’, nonyuum
hy=ALQ. (27)

Bennuuny A B dopmyne (27) HasuBaioT yAEALHBIM
CONPOTHBJIEHHEM, OHO ONpeje/sieT NOTepH HAamnopa, NpPHXO-
Asmuecss Ha 1 M Tpy6onpoBoxa NPH EAHHHIHOM Pacxoie
H HMceT pasMmepHocTh c%/M® 3HaueHHst yAenbHOro CONpO-

THBJICHHS JUIsi CTAJBbHBIX H UYryHHHX TpPy0O IpHBejicHH B
Tabn. 4.

1Q.

ConporaBierue no Beelt anune [ TpyGompoBoja cocra-
BHT

S=Al. (28)

Torpa dopmyna aas onpejeneHdss I10Tepb Hanopa To
AJIHHE MTPAMET BHJL:

hy =SQ*. (29)

B rabx. 4 snauenns A jpaHH IIPH CONMPOTHBJEHHSAX C IO-
CTOSIHHBIM 3HAYEHHEM A, KOTOPHE, Kak YKa3HBaJoCh BHIle,
HabGaopaloTcs NPH CKOPOCTH [BHXKeHHS Boan v>=1,2M/c.

41



Tabanna 4. 3nasenna yneabhwx conporusaennit (4)
AR TPYG pasauuHBIX AHAMETPOB

Cranbhisie TpyGw Yyryunsie TpyOs

L A (aaz Q, m¥e) A (aas Q, wYc)

20 1643000 —

25 436700 —

32 93860 —

40 44530 e

50 11080 13360
70 g 2893 -

80 1168 1044
100 267 339,1
125 86,2 103,5
150 33,9 39,54
175 20,79 —
200 6,959 8,608
250 2,187 2,638
300 0,8466 0,9863
350 0,3731 0,4368
400 0,1859 0,2191
450 0,09928 0,1187
500 0,05784 0,06782
600 0,02262 0,02596
700 - 0,01098 0,01154

[Ipu v<<1,2 m/c B dopmyan (27) u (28) Heob6xommmo
I BECTH NOMPaBOUHBIH Koshduunent Ky, Bennunsa KOTOPO-
10 33aBHCHT OT CpPeAHeH CKOPOCTH ABHIKCHHS BOAH B TpyGe
(raba. 5)

hy= Ky AIQ* = K, SO, (30)

TaGanma 5. 3nauvenns mnonpaBouHOTO Kospdpuumnenta

v,Mc |0,2 |03 (0,4 [0,5 |0,6

0,7 IO,B 0,9 |1,0 {1,2

Kn 1,41 11,28 (1,20 | 1,15 ll.ll|l,09’l,06 1,04 | 1,03 | 1,0

§ 16. Ilorepn Hanopa B MECTHHIX CONPOTHBJAEHHEX

Mecrinie motepn Hanmopa 3aBHCAT OT CKOPOCTH ABHKe-
HHA JKHAKOCTH, TCOMETPHUECKHX Da3MEpPOB H hopMbl MecT-
LbIX COMPOTHBJEHHIl H onpejeasiorcs no dopmyne Befic-
Gaxa:
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hy=C v*/2g, (31)
tne L—xosdpdHuUNEeHT MecTHOTO COMPOTHBAEGHMHA, OTHe-
CeHHBIT K cKopocTHOMY HANIOPY 33 MECTHLIM CONPOTHBJCHHEM,

Huorna kosdounment mecruoro CONPOGTHBJICHHSI BLIPa-
KaloT yepes SKBHBAJEHTHYIO ANHAY  TpyGonposoaa [y,
OKBHBANCHTHOM NAHHOM HA3bIBAIOT MJHHY TaKOro npaMo-
F0 ywacTka TpyGonpoBona maHHOTO AHaMeTpa, NyTeBHe
MOTEPH HAmopa B  KOTOPOM NpPH mpolycke NOCTOAHHOrO
no obGbeMy pacxona pasub MOTePSIM HAIOPa OT MECTHHIX
CONPOTHBJEHHI],

IlpupaBuuBas dopmyan (21) u (31), IIOJIYYHM ypaB-
HeHHe:

I, o? v?
A 2g =t 2g "’
OTKyZza i
C=13 h;’d.

B Bogonposoanux Tpy6ax norepu Hafnopa B MECTHHIX
COIPOTHBICHHAX (MOBOPOTH, 3aJBHXKH, KpaHH, passer-
BJICHHS, H3IMEHCHHE JKUBOTO CEYeHHs H 1. I.) cocraBagior
o6uyo 5—309, NOTephL manopa Ha TpeHHe No Beelt MuHHe
Tpybonposona. Ha HEKOTOPBLIX  yyacTKaX BOAONPOBOAHOMN
CeTH, HampHMep BO BCACHIBAIOLLIX JHHHAX, MECTHHE mno-
TepH Hanopa Moryr G6uTth GoJblie JHHEAHBIX  MOoTeps.

Caenyer ormerntn, uro npH TYpOyJeHTHOM peXume
ABHKEHHST XMIKOCTH BeJHuMHAa Koapduumenta mecrHoro
CONPOTHBJICHHA [ noCTOSHHA,

Hpi namunapuom PCXHME NBHMKEHHS Ha MeCTHBIe mo-
TePH Hanopa BAHSIET He ToaBKO XapakTep conmpoTHBJIEHHS,
HO W BA3KoCTL kMkocTn. A. ]I, Aaprimtyab  npemsoxus
ONpefensiTh Ko3hPUUHENT MecTHOrD COIPOTHBJEGHHA 10
Caenyiouesi  popmyae, npumensicMoir Kax IIpH JlaMHHa pHOM,
TaK H npu TypGyJcHTHOM pexuMe:

C: A;Re‘{";‘n

rae A — Koadupuuienr, 3ABMCAINAA OT BHAAZ MceeTHoro CONPOTHBACHHS

Er — Kosdduunent mectnoro CONPOTHBACHHA NPH TYpOyneHTHOM' pexH-
Me.

3Hauenus A g Ty st HEKOTOPLIX CONpPOTHBJIEHHI] npH-
BeleHH B Ta6ua. 6

) Hexoropux Cayqanx norepu Hanmopa n MEeCTHEIX
CONPOTHBJIEHHSIX hy (B moxapuwix THApANTax, KOJIOHKaX,
BOLomepax u Ap.) oupenensior no thopmyae '

hy=8@, (32)
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TaGanuna 6. 3uavenns Koa@uUMEHTOB MECTHOro CONPOTHBACHHR

Bua MectHoro conpoTHBAEHUA A t*r
IIpsimofi Bxon 3 pesepByapa B TpyGy 30 0,5
INnasuwii sxoa u3 pesepsyapa s TpyGy - 0,25
Buxon us TpyGu B pesepmyap 30 - 1,0
BuesanHoe paciupense, oqfo;==1,1—2 30 0,01—1,0
Bueaannoe cyxenne, wy/w;=0,1—-09 — 0,45—0,056
Iosopor TpyGomposoaa or 30 go 90° 130 0,2—1,1
YroasHAK: _

90° 400 1,4
135° 600 04
OGHKHOBERHEIR BEHTHIIb 3000 6,0
Yraosofi BEHTHIbL 4000 0,8
Illaposofi kaanau 5000 45
3aBHKKa:
NOJHOCTBIO OTKpHTAas, n=1 75 0,15
n=0,75 350 0,2
n=0,5 1300 2,0
n=025 3000 20
Huadparma:
n=10,64 70 1
n=04 120 7
n=0,16 500 70
BeacunBaomye KJamaisl HACOCOB — 5—6
O6paTine KaanaHsl — 5,6—6,5
Kpan npoxomuoi — 24

anasoryunoii opmyae (31), B KOTOpOit cpeaHsisi CKOpPOCTb
v Bhipa)kena depe3 pacxoa @, a nocrosiHas BeJHUHHA
t/2gw? — uepe3 conpoTHBJeHHe S. DBeJyHuHHH CONPOTHB-
Jennii S BOAONPOBOAHOH apMatypsl W npHGOPOB NpHBe-
aensl B Taba. 7.

§ 17. loTtepu Hanopa B NOXapHBIX PyKaBax

B mactosiuee BpeMf NMPOMBILJNIEHHOCTL BBINYCKaeT Ha-
NOpHBie NOKapHble PYKaBa H3 JbHSHBIX H CHHTETHYECKHX
HUTell B BHAE TKAHOro 4exJa ¢ repMeTrHsauMell ero mnoju-
MepHEIMH MaTepHasaMi wiH pesunoii. Ilauna oxxoro pyka-
Ba 20 M, Ha KOHIAaX €ro yCTaHABJAHBAIOTCH COCJHHHUTECILHLIE
roJioBKH. B oTinuHe or ecTKHx TpyGonpoBOAOB NpPH moja-
Yye BOAL B MSATCKHX DPYKaBax IPOHCXOAHT H3MEHEHHe HX JUIH-
HBl M 1JoLlafil nonepeunoro ceucHuf. TonKas peauHoOBas
IIKM JIaTeKCHas TNPOKJIAjKa TMOJ Hanopom BOJH BIABJIHBa-
eTcsi B TKaHbh PyKaBa, BCJAEACTBHE Yero 1IepPOXoBaTOCThb
BHYTpeHHej; MOBePXHOCTH HECKOAbKO yBeanynnaercs. Kpome
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TOro, NpsAMas PyKaBHaf JHHHS B CBA3W ¢ Y/JIHHCHHEM pY-
KaBOB NpPHHEHMAaeT BOJHHCTYIO (opmy.

Taxkum 00pa3oM, npH Nojaue BOAL IO PYKaBHOH JIHHHH,
C OAHOM CTOPOHH, YMCHBIIAIOTCA MOTEPH Hamopa BCIAEACT-
BHE yBeJIHUeHHs JHaMeTpa, C APYroi — pacTyr MOTepPH Ha-
nopa H3-3a YAJHHEHHs DYKaBHOH JIMHHH, YBeJHUEHHS LIe-
POXOBATOCTH H HaJHYHA MECTHLIX CONpOTHBJAEHHH. BoimoJ-
HeHHble HCC/ICOBAHHS NMOKa3aJH, YTO 3TH H3MeHEeHHs B Io-
Tepsx Hanopa ypaBHOBELIHBAIOTCH MeXAy cobofi, 1mosTomy
NPAaKTHYECKH HX MOXHO He YYHTHIBATh.

ITotepu namopa B PYKaBHHIX COEXHHEHHAX MO OTHOLIE-
HHIO K TOTEPSIM BO BCeH JIMHHH HeBeJIMKH, MO3TOMY HX OT-
JeJIbHO He YYHTLIBAIOT, @ OTHOCAT K OONIHM NOTEpsiM.

Jlsis ynpolleHHs PAacyeTOB PYKABHHIX CHCTEM 3KCIEpH-
MEHTAJIbHO YCTaHaBJIHBAKT BEJHYHHY CONPOTHBJACHHS OJHO-
ro noxapHoro pykasa aauno# 20 M mpu paGounx Hamopax,
HCNOAbL3yeMHX B NPakTHKe MNOXKapoTyUIEHHS.

[MoTepu Hamopa B NOXKapHOM pyKaBe ONpPeRefiioT IO
dopmyne:

h=S; Q8. (33)
3Has CONPOTHBJEHHE OJHOro moXapHoro pykasa (Tabu.
8), morepu Hamopa B DPyKaBHOM JHHHH, COCTABJEHHOH H3

NOCJieIOBATE/IbHO CO€JHMHEHHKX OJIMHAKOBHRIX PYKaBOB, OI-
pereastorca no (Gopmydae:

: h=nS, Q, (34)
rie h— notepn HanoOpa, M; N — YHCAO PYKABOB B JHAHH; Sp — conmpo-
THBJIeHHe OZHOro pykapa aampoii 20 M; Q — pacxos kuAKOCTH, JA/c.

Ta6annma 8. 3HauenHs CONPOTHBACHHA MNOXKAPHLX PYKABOB

Pykasa npopesuiexnLe Pysasa uenpope'suncuuue
d, Mm
Sp A p s p A P
51 0,13 0,0065 0,24 0,012
66 0,044 0,0017 0,077 0,00385
77 0,015 0,00075 0,030 0,0015
4 89 0,007 0,00035 — —_
110 0,0022 0,00011 = —
150 0,0004 0,00002 — —

W3 conocrasaenns ¢opmyn (27) u (34) BmgHO, uTO
nSp = A, [.
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CneposaTesbHO, MOTEPH Hanopa B MOXKapHLIX pyKaBax
MOXKHO pacCyYHTHIBaTb no (opmyJe:

=410, (35)

rae Ap — yaeJbHOE CONPOTHB/ACHHE ITOXKAPHHX PYKaBOB, 3HAYCHHS KOTO-
poro npuBefeHH p Taba. 8.

§ 18. luapasanuecknit ymap B Ttpybax
H MOXKAPHBIX PyKaBax

[Ipu GHICTPOM 3aKPHITHH 3aJBHXKKH HJH NpPH MIHOBEH-
HOM OCTaHOBKe IOTOKa B HamopHHX Tpybomposojax, Ham-
puMep NpH OCTAHOBKE HAcOCa, KHHETHYECKasy SHEPrus JIBH-
XKenus TpaHcdopMupyerca B pabory cua AaBaeHnns, Pes-

_KOe MOBbIlI€HHEe AABJEHHA BBI3BIBAET CXKATHE JKHIKOCTH,

COMPOBOXK/AI0lIeecs MIHOBEHEBIM yBelHYeHHeM ee oGbeMa
H pacmupeHHeM Tpy6onpoBona,—B pesyJbTare INPOHCXO-
IHT THApABJAHYECKHir ynap. Beanunna poGaBovHoOro Aasje-

‘1Ms BHYTPH TPyOonpoBoia OLIBaeT HAcTOJLKO BEJHKA, YTO

BHI3LIBAET Pa3pHB €ro CTeHoK. TakuM 00pasoM, ClpaBeiJin-
Bo Oyaer cjaeaylollee Ompejle/cHHe JaHHOrO ABJEHHN:
rUApaBJHYECKHil yAap — 9T0 pe3Koe yBCJAHYEHHE JaB-
JdeHHs B JMKHAKOCTH, BO3HHKawouee B TpyGonposope NpH
MrHOBEHHOM M3MEHEHHH CKOPOCTH nBHxeHus. [Ipomecc xa-
paxkTepH3yeTCs YCpeOBaHHEM Pe3KHX IOBHIUEHHH U TOHH-
JKeHHiT JlaBJeHHsi, NPOMCXOJSMIHX 3a JOCTATOYHO MaJbif
NPOMEXYTOK BpeMeHH. SIBjeHHe THAPAaBJIHYECKOr0o yaapa
06yc0BJAeHO HHEPUHCH Macchl XKHAKOCTH, HaXOAseHCs B
Tpy6onposojie, TIPH H3MEHEHHH- ce [BHXKEHHS BO BPEMEHH.
3TOT BHJL HEYCTAHOBHBLIErOCs [BHIKEHHs XHIKOCTH YacTo
BCTPCYACTCS B MPAKTHKE 3KCMJYaTalWH HAaCOCHBIX CTaHIHI
¥ NPOTHBOMOXKAPHBLIX BOAONPOBOAOB, pafoTaOUIHX B HeCTa-
LHOHAPHOM peXHMe. :
Hanpumep, npn BHe3anHOH OCTaHOBKe Hacoca, HMelolle-
ro NPHBOJ OT 3JEKTPOABHraTessl, NOTOK BOAL B HanopHOM
TpyOONPOBOfie CHAaYaJa OCTAHABJHBAETCH, a 3aTeM IMOXA
JieficTBHeM THAPOCTATHYECKOTO MABJIEHHS H CHJB THXECTH
MeHsIeT HanpaBJcHHe ’ yCTpeMaseTcs K Hacocy, BeTpedas Ha
cBoeM .nyTH o6paTHbIii knanan. [Ipa 3aKpLITHH KJaanada npo-
H30/IeT THAPABJAMYECKHIl yaap, KOTOPH MIHOBEHHO NOBH-
cHT naBaenue B TpyGonposoje. Oroso 70% Bcex BO3HHKaA-
ONIMX Ha BOAOBOJAX aBapHil, KaK NOKasniBaeT NPAaKTHKA,
NPOHCXOMAT OT THAPaBIHYECKHX YAaPOB NPH BHe3aNHOK oC-
TAHOBKC HACOCOB, B NMOMKapHHIX pPyKaBax THAPaBJIHIECKHH
yAap MOXET NPOH3OfTH NMpH PE3KOM 3aKPHTHH KpaHa Ha
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. NOXKAaPHOM CTBOJIE, NIDH Haes-
=i} e aBToMOOH/ISL HA PYKaBHYIO
o= ls 3 @ n 3 JHHHIO, B pesyJbTaTe «3a.0-
fote o Rt Ma» pykaBa H T. I
e Bnepehie ruapaBanuecKHii
e 7 2 P yaap B tpybax Obl1 H3ydew
= H. E. JXKykoBCcKHM, KOTOpBHIii
. a8 g 1898 r. man TeopeThyeckoe

o : 000CHOBaHHE 3TOTO SBJCHHS

H OpejaoXHa METOA ero pac-
Puc. 21. TuppaBanucckiii yaap B yerg.

Tpybonposoje A
- | — HanopnuA pesepnyap; 2 — Tpybo- PaccMoTpum siBJIeHNS, TPO
npoBoA; & — Kpau HCXoadllHe B XHJIKOCTH, ABH-

JKyllefics noj jAaBJjeHHeM p
' ¢ NOCTOSIHHON CKOPOCTBIO U MpH BHE3ANMHOM 3aKPBHITHH
kpana (puc. 21). Ecan Ob xufakocth Oblia  aGcoaioTHo
Hec)kKHMaema, a Tpy6a abcomioTHO  KecTKOH, Heaedop-
MHDYEMO#, TO MHAKOCTH OCTaHoBWiach, Owsl mno Beel
TpyGe oxuospeMenno, B neficTBHTENBHOCTH  Xe, BCJCA-
CTBHE HEKOTOPOro CXKAaTHS JKHJAKOCTH M JedopMauuHHd cre-
HOK TPyOHl, HAKOCTh OCTAHABJHBACTCH MOCTENEHHO; CHA-
yana ocTaHaBiHBaercs caoii AS, PpacnoJoXKeHHbH Heno-
CPeACTBEHHO y Kpamna,3ateM caeaylomuitnT. A. Heocrano-
BHBILIHECS JKE CJIOH JKHAKOCTH OYAYT IPOAOJAKATL JBHKEHHE
¢ mepBOHauaJbHON CKOpOCTbIO v. CKODOCTh JIBHIKEHHs dac-
THI[ JKMJKOCTH HEMOCPEJACTBEHNO Yy Kpana Oyjaer noratge-
Ha, a KHHeTHUCCKad SHEepPTrHd noToka OyAer H3pacxodaoBaHa
Ha CXKATHC MHAKOCTH H pacilipeHHe cTeHOK TPyOul. Beaea-
CTBHE CXKAaTHA XXHAKOCTH JaBjieHHE B Heil yBeJHUYHTCA Ha
peanunny Ap. Takum o06pasoM, HENOCPEACTBEHHO Yy KpaHa
(ceuenne n-—n) BO3HMKAaeT yjpapHas BoJiia, HanpapJjeH-
Hag B CTOPOHY pesepByapa.
Tloanast ocTaHOBKA JKHAKOCTH B -Tpybe MpOH30iijerT,
KOT/la yaapHas BOJIHA JIOCTHPHET pe3epsByapa, B 3TOT MO-

MEHT BO Beeii TpyGe ycraHoButest Aasienne p+Ap. B cae-’

NYIOIHH MOMEHT BPCMEHH, BCJIEACTBHE PA3HOCTH JA&BJIEHMH,
JKHAKOCTH HAUHeT [10CTyNnaTh W3 TPyOul B pesepsyap. Temepb
ceyenHe n— n nepemelnaercs B 06paTHOM HanpaBJeHHH —
K Kpamy, OCTaBJjsisi no3aju ceGst AaBJeHHE p H CKOPOCTb U,
HanpaBJIeHHYIO B CTOPOHY pesepByapa.

JlpnKeHne XKHAKOCTH B Tpybe B CTOPOHY pesepByapa
Gyzer npomoJKaThCs H IlOCJEe TOro, KaK yaapHas BOJHA
noctHrHer kpaxa. Cjou MKHJIKOCTH, PacnojokeHHble Hemoc-
peACTBElHO Y Kpana, OyAyT CTPEMHTLCS OTOPBATHCS OT He-
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ro, BCMEACTBHE YEro JaBJeHHC B HHX NOHHIKACTCA HA BeIH-
YHHY Ap, XMAKOCTb PaCUIHPHETCs, 3 CTEHKH TPYObl CiKHMa-
lorcsi. HenmocpeacrseHno v Kpana BO3HMKAeT OTpHILa-
TeNbHas ylapHas BOJHA, KOTOPas pacnpocTpansiercs
OT KpaHa K pe3epByapy, ocTaBJss 3a coboi AaBjeHHe p —
~—Ap u ckopocets v=0.

ITocne monnsKeHnst gaBjaeHnsi Bo Bceit TPyGe BHOBp Hay-
HeTcs ABMIKEHHE KHAKOCTH OT pe3epByapa K KP4aHY H Tak
Gyser NpoAoJxKaThCA N0 T€X NOpP, Moka KodeGaHus He 3a-
TYXHYT BCJAEACTBHE [0TEPh SHEPTHH Ha TPeHHe H aedopma-
HHIO cTeHOK TPyOHL.

IloBuimienne paBjieHHs Ap B OCTAHOBHBLIEMCH caoe AS
NpH THAPABJAHYECKOM yAape MOXKHO ONpeleJHThb, HCNOJAb3Ys
3aKOH H3MEHEHHS KOJHYecTa ABHIKEHHs, COTJIAaCHO KOTOpO-
My NOpHpalieHHe KOJHYeCTBA ABMIKEHHA /U CHCTEMBI 3a
HEKOTOPblH npoMeXyTok BpeMeHH Af paBHO cyMMe Npoek-
unit uMnyJascos cua FAf na nanpapjenue asuxenus. Ilpe-
HeOperasi cu/IaMH TPEHHSA M THIKECTH, COrJlacHO Teopeme 06
H3MEHEHHH KOJIHYeCTBA JABHIKEHHH, MOXKHO 3aNHCaTb 3dBH-
CHMOCTB:

FAt=mv—mu,,

rae F—ecHna papaenns muaxoctd s choe AS; Af— ppemst obpa3osa-
HHA COOH AS; m— Macca MHAKOCTH B OCTaHOBHBIUeMcCH caoe;, v-—
neppoHavaJbHan CKOPOCTH JBHMKEHHA XMJKOCTH B T]J}FGE; Uy — CKOPOCTHL
B OCTAHOBHBUICMCH CJoe, papHas HYJa.

YuntniBas, 4To AaBjienue B TpyGONpoOBOJe paBHO P, a B
ocTaBHBUIEMCH cyoe p-+Ap, cuay naBjeHHs £ Ha rpaHuue
OCT@HOBHBIICrOCH CJIO B CCYEHHH N — A MOXKHO pPacCYHTaTb
no dopmyae:

F=(p+Ap—p)o=Apo,
rae o — cedenne TpyGonposoja

Macca XHAKOCTH B OCTAaHOBHBIIEMCS CJOe DaBHa:

m=poAS,

[ToacraBasis 3HaueHus CHJAL, MacCH H CKOPOCTH (v,=
=0) B HCcxoaHOe Bhipaxkenne, noayuuM: Ap=puvAS/AtL
Ornowenne AS/A! npexpcraBasier coGoit CKOPOCTH
pacnpocTpaHeHHs YAapPHO# BOJAHH H o603Ha-
yaeTcs a.
Torna Qopmyna aasi onpejeseHnsi BeJHUHHB NOBLILIEHHS
JlaBJIeHUA NPH THAPABAHYECKOM yAape TPHMET BHA:

Ap=pav, (36)
PasgeauB Buipaxenue (36) na pg, noayumum:
AH=av/g. _ (37)
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Uz dopmyast (36) caeayer, uto npu ruapaBitecKoM
YAape mnoBpillicEHe JaBJieHHg 3aBHCUT OT HayaJbHOH CKO-
POCTH JIBHXKEHHS KHAKOCTH B TPyGe, CKOPOCTH pacmpocTpa-
HeHHs1 yAapHOH BOJHB H DJAOTHOCTH JKHJKOCTH.

CkopocTh pacnpocTpaHeHHsi yAapHONH BOJHH @ 3aBHCHT
OT NIOTHOCTH JXHAKOCTH, MaTepHaaa, [1HaMerpa H TOJIIHHEl
CTEHOK TpyOHl, BHLIYHCJHTb €e MOXHO no opmyJe:

1425

VIi+Exd/Erd '

rie Ew—Moayab ynpyrocTh OKHAKOCTH; d — BRyTPeHHHA Jamamerp
TpyOn; Ey— MOAYJ b YUPYrOCTH CTeHOK TPYOH; & — TonmmHa CTeHOK
TPYOH; 1425 — cKOpoCTs pacnpocTpaneHHs YAApHOH BOAHH B BOje B
HeorpanHyenHoM oGbeme, M/c.

Q=

Takum o6pasom, C NMOBHIUEHHEM 3JTaCTHYHOCTH MaTepH-
ajna, yBeJHYCHHEM AHaMmeTpa TpyGONpOBOJA H YMEHbLIEHHEM
TOJLIHHB €ro CTEHOK YMEeHLIIAeTCss CKOPOCTp pacmpocrpa-
HeHHsl yjapHoili BOJHH H, Kak CJEACTBHe, Habawojaercs
MeHee 3aMeTHOe MOBHLIIIeHHE AABJEHHs NpPH THAPaBJHYEC-
KOM yjape.

Ias Bonbl 3HaYeHHe @ MOXKHO NPHOJIHKEHHO MPUHAMATD
paBuniM 1200 mM/c — npu craabHbix Tpy6ax, 1000 M/c — npu
uyryHHeix Tpy6ax, 80 M/c — npu HOBHX JbHSHEIX PYKaBaXx,
120 m/c —npH JBHSAHHX pykaBaX, OBBIIHX B ynorpefJe-
HuH, g 300 m/c— npH nNpopesHHEHHBIX PyKaBax.

G®opmyna (36) cnpaBeannBa AJaA TaK - Ha3HIBAEMOro
NpsAMOro ruapaBanudeckoro yanapa. [I'mapasiau-
YeCKH§i yJap HasbiBacTcs NPSIMBIM, €CJH BpCMsi 3aKPHITHS
KpaHa { MeHblIe (ha3sl ruApaBJIHUECKOro yaapa fy, T. €. Bpe-
MeHn apoffHOro mpoera yAapHO# BOJHH BAoab TpyGompo-
Bojia t<fy=2Il/a. :

[pu {>14y BO3HHKAeT  HeNpPAMOA rHAPABIHYECKHH
yaap, NMpH KOTOPOM YZAapHas BOJHA, OTPasHBIUACE OT
pesepsyapa, BO3BpallaeTcsi K KpaHy paubuie, 4eM oH Gy-
JIeT MoJHOCTbIO 3aKpwIT. IIpn 3TOM noBLiEHHEe AABJEHHS
Gyner MeHble, YeM MPH NPAMOM YAape, H OHO MOXeT
6uiTh HafigeHo mo ¢opmyae H. 3. Ppenkens

Ap=opavlgft. (38)

U3 srofi dopmyasl craeayer, 4TO ueM MejJieHHee 3akK-
phiBaeTcst KpaH, TeM cjalee mposiBAsercs THApaBJHYec-
KHH yaap. -

Ilnsi npenoxpaneHwns oGopyaoBaHHA TPYGOMPOBONOB H
PYKaBHBIX JHHHH OT NOBPeXJeHHsl NpH BO3HHKHOBEHHH

Ll
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THAPABAHYECKOr0 yAapa NPHHHMAIOTCS PasAHIHbe Meph
3KCIVIyaTallHOHHOTO HJAH KOHCTPYKTOPCKOrO Xapakrepa.

HanGonee s¢pexTHBHLII MeTOZ CHHXKEHHMS JiaBJe-
HHfl —3TO YCTPaHEHHE BO3MOXKHOCTH NPAMOTO THAPABJH-
YeCKOro yjapa NpH YBEJHUYCHHH BpPEMEHH 3aKpBITHA HJH
OTKPHITHSI 3aMOPHOH M PEryJHpYIOUIeH  apMaTyphl.
YMeHbuIeHHE CKOPOCTH JIBHXKEHHs KHAKOcTH B Tpybo-
NpoBOJAaX, 4TO NPH 3aRaHHOM pacXoje CBOAHTCA K YBEJH-
YeHHIO AHaMeTpa TpyOH, Takike NO3BOJACT CHH3HTbL yAap-
Hoe jasjenne, [l yMeHbIIeHHs paspyluaiouniero medcr-
BHSl JaBJeHHS NPHMEHSIOT NPENOXPaHHTeJbHble KJANaHH,

.KOTOpEI¢ OTKPBIBAKWTCA MPH ONpeieJeHHOM AaBJEeHHH.

Ha BomompoBoAHBIX AHHHSIX MOryT YCTaHaBJHBATbCS BO3-
AymHble KoanmakH (puc. 22), KoTOphle MO3BOJASIOT YMEHb~
IWIHTL JaBJEHHE 3a CUeT CKATHA HaxojAllerocs B KoJnake
BO3/lyXa.

Caenyer oTMeTHTh, 4TO GJOKHPOBKA OTKPHTHS mHinGe-
POB MOKAapHOH KOJOHKH TH/APaHTa MOCKOBCKOro THIIA
TaKkke mnpeAynpexjacT BOSHHKHOBEHHe TIHAPABIHYECKOTO
yAapa B BOJONDOROLHOH ceTH, AHAJOTHYHOE HasHadeHHe
HMEIOT MOCTHKH, YCTaHABJIHBA€Mble B MECTaX BO3MOXKHO-
ro mpoesjia aBToMoGHJIell uepe3 pykaBHbie JIHHHH, . 4 Tak-
XKe NpelOXpPaHAIONIHE PYKaBa OT <«3aJOMOB» B  MECTax
NPOKNaliKH 4Yepes CTeHKH, 3abopul H JApyrue nOper-
panm.

SIBneHHe THAPABAHYECKOTO yAapa HCHOJb3yeTcss B yc-
TPOACTBe CHEIHAJbLHOro BONONONABLEMHHKA, Ha3LIBaeMOTo
rHApPaBIHYeCKHM TapaHoM. IIpunuun paborTel rHApaBiH-
YecKOro TapaHa, CxemMa KOTOpPOro TmpHBeAeHa Ha pHc. 23,
caeayromufi, Ilpm 3anonHeHHH yCTaHOBKH, HaxoAsulefcs B.
HepaboueM NOJIOXKEHHH, BOAOH yJlapHHIii KaanaH 2 3aKpHT
noji AeACTBHEM Hamnopa BoAn B TpyGompoBoje I, a Harue-
TaTeJLHBI KJanau J 3aKpuT noj AeillcTBHeM cO6CTBEHHOTO
Beca. Ilng mycka TapaHa B JeficTBHE OTKPHIBAIOT YAapHBIA
KJanaH 2, IpH 5TOM BOja, NOCTYNAoUlas U3 BOJOHCTOUHHKA
no noaBoAsieMy TpyGonpoBoay B paGouyio Kamepy 4, Ha-
YHHAEeT BLITEKATh Yepe3 NPHMOAHATHI KJanaH Hapyxy. Bu-
TeKawlleii BOLOH Kianan 2 nojJiHAMaeTcsl, 3aKPLBas OTBEp-
CTHe, BCJEJCTBHE Yero B paboueli KamMepe NMPOHCXOAHT TH-
paBJHYECKH{i ynap ¢ pe3kuM MoBulueHHeM naBjenus. Ilpn
STOM OTKPHIBAeTCA HarHeTaTeJbHLI Kjanan 3, W €acTb BO-
AB NOCTYNaeT B HanopHhlft Bo3AymHLfA koanak 4. Beaen sa
STHM JaBjeHHe B TpyGe majaer, BHOBbL OTKpPHBaeTcsi yaap-
HHI KJIanaH # BOJa, NPHXOAs B JIBHIKEHHE, BHJIHBALTCS ONATH
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Puc, 22. Cxema BO3AYHMIHOTO Koa-
naka

[ — TpyGonponon; 2 — BOZLYIWHU-BO-
AuHoll Koamax, J— Kpan

R—— = B
N ggg Puc. 23. CxeMa yCTaHOBKH
™S 0+ 200 1 — naTawouian  TpyGa; 2 — yaapruit
s Knanan; J — HarHeTaTeAbHB  Kaa-
b4 =700 nau; 4 — po3AYWANA Koamak; 5 —
a4 g #anopias TpyGa
I"—-h\\
g7 0
46 5 —
a5 4
04 g
—— 7
= d
““b
4 Puc. 24. XapakrtepucTika Ta-
o s 0 g9 g pana TI-I
yaagy rruk

Hapyxky. 3aTem Bech nponecc nopropsiercst. [lo mepe 3a-
NMOJIHEHH BOJOH BO3AYIIHOTO KOJNaka JaBjieHHe B HeM
yBesMynBaeTcs BCAEACTBHE yMenbiienus o6beMa, 3aruMa-
eMOro BO3/LyXOM, M BOJa M3 TapaHa N0 HanopHoil TpybGe 9
nofizer K noTpebuTeNio.

Taxum o6pasoMm, npu paboTe rHAPaBJIHYECKOro TapaHa
NPOMCXOANT NPeBpallieHHe SHEPTHH TNOTOKA ¢  GOABLIHM
pacxosom H MeHbLUHM Hamopom R B 3HEPrHIO 1NOTOKAa C
MEHbIIHM pacxoaom u GoabummM Hanopom f1. Kosdduruuenr
MOJIe3HOTO JefACTBHS TapaHHOil YCTAaHOBKH OIlpeae/sercs
no c¢opmyane

5 & n = gH/Qh.

HopmaapHasi BHCOTZ NOABEMA BOAB THAPABAHYCCKUM
tapaiom H= 10h. Kosdduuuest nose3Horo AEHCTBHA Ta-
pana xonebnercs oObuno B npexenax: n==0,25—0,85.

B uHacroslliee BpeMs Haula NPOMBIIIJIEHHOCTs, BHINTYyCKa-
er tapaun TI-1 juamerpamu nuraiome# Tpy6ni —50 u
76 MM, HanopHoit - Tpy6u — 36 MM  (XapakTepHCTHKa Ta-
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paHa npuBenena Ha puc. 24). Ha nopauy rapana ¢, kpome
€ro PasMepoB, CYLIECTBEHHOE BJMEHHE OKa3HLIBACT YacTOTa
yAapoB ksanaHa. YeMm TaAXKedee yAapHHLIR KJaanad, tem
Goapile Boan Q cOpachiBaercs Hapyxy, TEM MCHLlIe
K. I. 1. rapana. Yactota yaapoB KJanama peryJupyercs
TPy3aMH M yCTaHaBJHBAEeTCSl B 3aBHCHMOCTH OT JJIHHB M
AHaMeTpa mnuTaouwei TpyObl, BBHICOTH NAACHHUS MHKHAKOCTH
H BHICOTH noxbeMa. Xox yAapHOro KjamaHa kojebJercs
B npenenax 12—15 MM u peryJupyercsl BHHTOBOI BTYAKOH.
Ilpi nurawoweit TpyGe, Hanpumep, Anamerpom 76 MM H
anuno# 13,5 m, Buicote majgeHus fi=3 M ¥ BHICOTE NONb-
eMa H=27 M, yacToTa yAapoB B MHHYTY A0JXKHA COCTaB-
asth 100. 3Srtor pexknm paboTHl TapaHa COOTBETCTBYCT
nopaye ¢=64 a/mun, pacxony Q=736 afmun, K. n. 1.
npH stom cocrasur N=0,78. Tuapasanueckue Tapaunl
MPHMEHSIOT A8 BOJOCHAGKCHHA B  CEILCKOfi MCCTHOCTH.



