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PO3ITIOAIJ 3TUHAJIBHOI'O MOMEHTY IITJI YAC
I'TAPABJIIYHOI'O YJAAPY Y TPYBI HOXKEKHOI'O
BOJOIIOCTAYAHHA

(npencraBneHo a-pom TexH. HayK Kyrienkom JI.M.)

3anpornoHoBaHa METOAMKA PO3PaXyHKY HAIpyKeHO-Ie()OpMOBAaHOTO CTaHy
TOHKOI IMJIIHAPUYHOI TPyOH IpH TiAPaBIIYHOMY yAapi Y MOMEHT BKIIIO-
YEHHS 1 BUKJITFOUEHHS T0’KEKHUX HACOCIB.

Kio4oBi cj10Ba: mpoTUNIONKEKHHUNA BOAOMPOBIM, TiAPABIIYHUN yIap, OCECH-
MeTpuvHa Aedopmaltisi, TUCK, OKPYKHI HANPy>KEHHS 1 HANPy>KCHHS 3TUHY.

Ilocmanoexa npoonemu. Cucrema MPOTUIIOKEKHOTO BOJONOCTaYaH-
HS — KOMIUIEKC 1HXEHEPHHUX CIIOPY[, OCHOBHUM €JIEMEHTOM SIKOTO € BOAOMPO-
BIJTHI MEPEXKi, IO MPAIIOITh B JIBOX PEeXUMaX — JI0 TMOXKEXKI (3a0e3medyroTh
MIPOITYCK BOJM HA TOCIOJAPCHKO — IMUTHI, BUPOOHUY1 TOTPEOU BiJIMOBIIHUX
BOJIOCIIOKMBAYIB) 1 MPU MOXKEXK1 (3a0€3MeUyI0Th J10aTKOBY MOAAYy BOJAM Ha
nmoTpedu noxexoracidas). [Tomaya 107aTKOBUX MOXKEKHUX BUTPAT BOIM 31M-
CHIOETHCSI TIOKEKHUMHU HAacOCaMH, BCTAHOBJICHUMH B HACOCHHMX CTaHIIISX, SIKI
BKJIIOYAIOTHCSI B pOOOTY NPU HAJAXOKEHHI CUTHAITY NIPO BUHUKHEHHS TTOXKEXKI.
[Ipu panrToBiil 3ynuHLI Hacoca B TPyOOIIPOBO/II BUHUKAE TIAPABIIYHUNA yAap,
KU MOXE MPU3BECTU JI0 MOPYIIEHHS HOPMaJIbHOI poOOTH TpyOONpOBOIY i
HAaBITb 70 pyWHYBaHHS TPYOH, III0 HETATUBHO MO3HAYUTHCS HA MOKITUBOCTI 3a-
Oe3rneuyeHHs 10/1a41 BOAM Ha MOXKEKOTACIHHS.

Te 1o BiiOyBa€eThCs MPH TiAPABIIYHOMY yAapi pi3Ke MiBUILCHHS TH-
cKy AP sBisie cOO0I0 TOCUTH HeOe3NeuHe SABUIIE, TOMY PO3pOOJICHI Mpak-
TUYHI 3ax01u OOpoThOM 3 HUM. ICHYIOTH KOHCTPYKTHBHI CIIOCOOM 3MEH-
meHHss AP, HanmpuKiIaa yCTaHOBKA TiAPOaKyMyJssiTopiB abo miadparm, mio
PYWHYIOTBCSI MpPU MIABULIEHHI THUCKY Ta CKHAYE PIIMHY B KOMIIEHCATOP.
[IpoTre ocTaHHIM YacOM MPOEKTYBaJIbHUKHU BOJIIOTH 301JIBIIEHHS MILIHOCTI
TpyOH, 10 MPU3BOJIUTH 10 HEOOX1MHOCTI MOOYMIOBU PO3PAXYHKOBUX CXEM,
10 BPaXOBYIOTh BCl 0COOIMBOCTI mpouecy aedopMyBaHHs TpyOW Mpu Tif-
paBIIYHOMY yaapl.

Ananiz ocmannix oocnioxcensv i nyonikayin. IcHyr049l METOAM PO3-
paxyHKy TpyO Ha MIIHICTh 1 JKOPCTKICTh 0a3ylOThCsl Ha OE3MOMEHTHOI T€O-
pii AeopMyBaHHS TOHKUX IMTIHIPHYHUX OOOJOHOK MiJl JI€I0 MOCTIHHOTO
TUCKY, pIBHOTO cyMi P — ekciutyarariitHoro 1 AP — ygapHOro THCKIB. Y Ta-
Kill TIOCTAHOBIII PO3TATYIOTh OKPY>KH1 HAIPYTH MOCTIHHI B YCiX OCHOBUX TI€-
peTuHax TpyOH, 1 B I[bOMY BHUIAJKy KOE(]ILIEHT 3amacy MIIHOCTI 7 II0J0
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Hacnpapai mijg gac rigpaBiaigyHOTO yapy OjHa YacTHUHA TPYyOH 3HAXO-
TUThCS A THCKOM P, a iHma mig tuckom P+ AP . Y 3anpomonoBa#iii po-
00Tl BUKIAJAETHCS METOJUKA PO3PAXyHKY HaIpPyKEeHO-Ae(hOPMOBAHOTO
CTaHy Ti€i 4YaCTUHU TPYyOH, SKa 3HAXOJUTHCS B OKOJUII CTPUOKOMOIAIOHOT
3MIHU TUCKY.

Ilocmanoeka 3a60anna ma o020 eupiwienna. J{ns 3abe3nedeHHs Mi-
IIHOCT1 MPOTHUII0KEKHOIO TPyOONPOBOY MPHU BIUIMBI T1IPABIIYHOTO YJapy
HEOOXIJTHO PO3paxyBaTH HampyKeHo-Ae(hOpMOBaHUI CcTaH TpyOM B 30HI
CTpUOKOMOIOHOTO MIJABUILEHHS TUCKY. OOIpYHTYBaHHS SIBHILA T1paBiid-
HOTO yJiapy B TpyOax 1 MEeTOJ HOro po3paxyHKy OyJiu 3ampornoHoBaHi npod.
H.€. Kykopchkum. Moro im's 30kpemMa HOCUTb (OpMyJIa sl BU3HAUCHHS
HaJuikoBoro AP ynapHoro tucky [1]

AP = pVa, (1)

Ie p — IyCTHHA PimuHH, KT/M’, V — cepeHs MBUAKICT PiAMHM, 11O Tepe-
KauyeTbCsl 10 TpyOi, M/C; @ — MBHUJIKICTh MOUIUPEHHS yAApHOI XBUIIl, M/C,
sIKa BU3HAYAETHCA 1O (popMyti

2)

ne E, — Momynb npyXHOCTI pisusy, Ia; E; — MOIyJIb MPYKHOCTI Marepia-

d . . .
ay Tpyou, Ila; i BIJIHOIIEHHS] BHYTPIIIHBOTO JlaMeTpa TpyOu 10 TOBIIM-

HU 11 CTIHKH.

st goCTiJKeHHsT ocecuMeTpruyHoi aedopmaliii BUTHHY TpyOHu, sKa
HE3aJIeKHO BIJl BEJIMYMHU EKCIUTYaTallliHOTO THCKY BHU3HAYA€THCS TUIBKU
BEJIMYMHOI0, PO3IIISTHEMO PO3PaxyHKOBY cxemy puc. 1.
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Puc. 1. Po3paxyHkoBa cxeMa BUTHHY TPYOH B 30Hi Pi3KOro miiBHIEHHSA THCKY
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Pozninumo TpyOy Ha JIBI YaCTHHM: MEpIIa y PO3TISHYTHH MOMEHT
BKe mij nier0 AP, npyra e HiYMM HEHaBaHTaXXEHA, 1 JUIsl KOXKHOI 3 YaCTUH
BBEJIEMO CBOIO JIOKaIbHY cucTeMmy koopauHat OX.

OOuaBI yacTUHM TPYOH Jaii PO3TIISIAIOTHCS SIK JIOBI1 TOHKI ITUJIIH/I-
pHUYHI 000JOHKH MOCTIHHOT TOBIIMHY h, pagiycom cepeauHHoi moBepxHi R 1
koedimiearom Ilyaccona marepiany Tpyou — p. HeBimomumu kpaiioBUMU
PO3MOUICHUMH HaBaHTAXEHHAMU (Q — MOMEPEYHOI0 CUJIOK 1 M — 3ruHaro-
UM MOMEHTOM 3aMIHMMO CHJIOBHH BIUIUB OJIHI€] YaCTHMHHU TPyOU Ha IHIIY.
[{i HEeBimOMI BU3HAYMMO 3 T€OMETPUYHHUX YMOB CIOJIYYEHHS 000X YaCTHUH
TpyO mipu X =0

Wy =Wy, ¢ =0¢,, (3)

ne W, u W, — panianbHe nepeMillleHHs; ¢, U ¢, — KyTH IOBOPOTY 4aCTHH

TpyO mix Ji€r0 BCIX HArPy30K.
dopmynu 1715 BUBHAYCHHSI LIMX BEJIMYUH MPEJCTABICHI B HACTYITHOMY
BUTJISLIL

M APR’ M
1_Q3+2+ ;WZZ_Q3+2;
< 2°D 2B°D E;h 28°D 28°D )
o M, Qo M
» = T o P = 2 T
26°D pD 26°D pSD
E.W : :
ne D=—F"—-- — UWIHIpHYHA  KOPCTKICTh  OOOJIOHKH;
12(1 = u7)
1— .2
p=4 ?)(Rz—}f;) — mapameTp 00O0JOHKH.
2 93
[Tincrapmnstoun (4) B (3) 3naxogqumo M =0, O = %ﬁl)
T

Ockinbku 1o TpyO1, KpiMm AP, nie mpocTiiiHUI ekcIuTyaTaliitH1ii THCK
P, sxuii cTBOprO€ mMoOCTiiiHE MO BCil MOBXHUHI TpyOW pajiaibHe Mepemi-
R>
HIEHHS 11 CTIHOK, pIBHE ——, TO OCTAaTOYHUU BUIIISA (DYHKIIT pO3MOILTY
T
paniagbHUX MEepeMilleHb B 000X YacTUHAX TPYOU 3alUIIEeThCs TaK

2 2 (AP
W, = R [AP(I - le " cos fx) + P} w, R—(—e_ﬂx cos fx + PJ. (5)
E;h 2 E h\ 2
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OcboBuil 3ruHaJIbHUIl MOMEHT M, [itoumii B mepiiii yacTuHi Tpyou

BU3HAYAETHCA BUPA3oM [6]

:Ddzl/Vl :APRZhZﬂZ
dx*  6(1— u?)

M, e ™ sin fx. (6)

Hocnimkyroun 10 (QyHKIII0O HA €KCTPEMYM 3HAXOAMMO, IO CBOTO
HAaWOLIBIIOTO 3a MOMAYJEM 3HA4YCHHS 3THHAJIBHUH MOMEHT J0CsTae

T :
OpU X =—— 1 JOPIBHIOE
4p

B ’\/EAPR2h2ﬂ2 e_%
Imax 12(1_qu) .

(7)

Binnosiguuit MomeHT M ,, nitounii B qpyTiid 4acTuH1 TpyOu BiApi3HA-
€TbCs Bin M| TUIbKM 3HaKOM M, =—-M,.

[Ipu rmuiockoMy Hampy»XEHOMY CTaHI MILIHICTh TPYOH OLIHIOETHCS ¢ 3a
JIOIIOMOT'0}0 TOJIOBHUX HApyT o, — JIIOTh B OKPY>KHOMY HampsIMKy 1 G, — B

OCEBOM HAIIpaBJICHUU B CEUEHUU TPYOBI, B OCOBOMY HAIPSIMKY B IEPETHHI

TpyOH, Zie 1€ MaKCUMaJIbHUM 3TMHANBHUN MoMeHT M, . Ili Hanpyru Bu-

3HAYAIOTHCS 3a TaKUMU (popmyramu [3 ]

(P + AP)R 6MM max max
Gy = - + hzl ;G :i—hlz : (8)

Jlist 3abe3neyueHHss MIITHOCTI 3 KOe(IIEHTOM 3aracy HI0JI0 Mexi Te-
Ky4OCTI G HEOOXIJHO MpHU NPOEKTyBaHHI BUKOHATH YMOBY:

2
6. — 06,04 +6; < [G—T} . 9)
n

Bucnoexu. 3amporoHOBaHO METOAMKY PO3PaxXyHKy HampyKeHO-
ne(OpPMOBAHOTO CTaHy TPYOH B 30HI CTPHUOKOIIOAIOHOTO MiABUIIESHHS THC-
Ky, BUKJIMKAHOTO T1IPaBIIYHUM YJapOM IIPHU BUKITIOYEHHI MOXKEKHUX HACO-
ciB. Bona no3Bossie BpaxoByBaTu jAedopmallii 1 Hampyrd B OCbOBOMY Ha-
NpsIMKY, BKa3aHl MEPETHHY, B SKUX 3THHAIBHUA MOMEHT JOCSTa€ CBOTO
HaMOIJIBIIOrO 3HAYEHHS, 1[0 A€ MOXKJIMBICTh 3a0€3IIEUNTH MIIHICTh Ha €Ta-
i IPOEKTYBaHHs TPYOONPOBOLY MPH T1IPaBIIYHOMY yIapi.
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C.4. Kpasuus, B.M. Xanbina

Pacnpenesienue u3rndarmero MOMEeHTa NPH THAPABJIMYECKOM yaape B Tpy-
0e mMoKAPHOr0 BOJOCHAOKEHU S

[Ipennoxxena meronuka pacdyéra HanpsHKEHHO-AE()OPMUPOBAHHOTO COCTOSHUS
TOHKOM IWJIMHAPUYECKON TPyObl MPH THIPABIUYECKOM yIape B MOMEHT BKIIIOYEHUS U
BBIKJIFOUEHHUSI T10KAPHBIX HACOCOB.

KiaroueBble cj10Ba: NpOTUBOMOXKAPHBIN BOJOMPOBOJI, THAPABINYECKUN yaap,
ocecMMMeTpHuYHas Aedopmaius, IaBICHUE, OKPYKHbIC HAMPSHKCHUS W HAMPSIKCHUS
u3ruoa.

S.Ya. Kravtsiv, V.M. Halypa

Distribution bending moments during water hammer in pipes fire water

The method of calculation the stress-strain state of a thin cylindrical pipe with
water hammer at the moment of switching on and off fire pumps is offered.

Keywords: fire-prevention water supply, water hammer, axisymmetric strain,
pressure, circumferential stress and bending stress.
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