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PO NIABUIIEHHS TOYHOCTI PO3PAXYHKY HEIIPAMOI'O
I'TPABJIIYHOTI'O YJAPY Y CUCTEMAX
MICBKOI'O BOJAOIIOCTAYAHHS

Posensoaromvcst  ocobaugocmi  6naugy 3MiHU ONOPY 3AcCy8Ku nid uwac il
3aKpumms HA  3MEeHUWeHHS WBUOKOCmi 8 MpYyOOnpo8oodi npu  Henpamomy
eiopaeniunomy yoapi. Bnepuie noxasamo, wjo nioguwjenHs mMucky 3MIHIOEMbCS 3
yacom He 3a NIMIUHUM, a OinbWl CKIAOHUM Ccmenenesum 3akoHom. Hasoodsamuvca
KOHKpemHi peKomMeHOayii wooo U3Ha4eHHs NiO8UWeHHA MUCKY abo Yacy 3aKpummsi
3acysKu.

Krouosi crosa: eiopaeniunuil yoap, smMiHa 0nopy 3acyeKu 3a 4ac it 3akpummsi,
nioguwennss MUcky, ¢asza yoapy, 3a1edcHicns Onopy 3acy6Ku 80 4acy it 3aKkpummsi.

3poCTaHHS MICT Ta PpO3BUTOK  HPOMHCIOBOCTI IIOCTIHHO BHMAararoTb
BHpIIICHHS NpoOJeMH TOJavi BOAW Ta BiJBEACHHS CTOKIB, IO YTBOPIOIOTHCS Y
MpoIeci BUPOOHMIITBA Ta XHUTTEMSUTLHOCTI Jioaei. BomompoBimHi Mepexi, Ta y
JIeTKAX ~ BUTQJKaX BOJOBIJABIAHI KOJIGKTOPH, WO TPAHCIOPTYIOTH  PiTUHY,
MepeKavyroTh i 3a JOMOMOTOI0 HACOCHUX CTaHIIH Ha 3a7aHi BIAMITKH.

TakuM YHHOM, HamipHi TpyOONPOBOAM € BAKIMBOIO JIAHKOIO CTPYKTYpHU
BOJIOTOCTIOAApCTBA. Bin HafgiiiHOT po0OoTH 1WMX JiHIHHUX TIISTHOK —3aJIeKHUThH
(yHKIIOHYBaHHS BCi€l MiChKO{ iHPaCTPYKTYPH.

Pi3ke mijBUILIEHHS THCKY B TaKMX Mepe)kax BKpail HeraTHBHE, OCKUJIBKH MOXE
NPU3BECTH 0 pyHHyBaHHs TpybOomnpoBony. 1106 3abe3neunty HaxiiiHy poOOTYy HUX
CIOpYH, SIK Ha CTajil HMPOEKTyBaHHsS, Tak 1 B Mpoleci eKCIuTyaTamii, HeoOXixHO
MPOBENICHHS BIAMOBITHUX PO3PaXyHKIB HA MOXKIIMBICTh BUHHKHEHHS TiJpaBIiYHOTO
ynapy.

lgpaBniuHUM  ynapoM Ha3uBalOTh PIi3Ky 3MiHY THCKY B TpYyOOIpPOBOAI
(migBuImEeHHS a00 3HIDKEHHS) HPH Pi3Kii 3MiHI OIBHIKOCTI PYyXy PIAWHHE BHACITIIOK
3aKPUTTS apMaTypH 4YM 3YIHHKH HAcOCiB. 3pOCTaHHS THCKY IpU yJapi Moxke OyTH
HaCTUIBKH BEJIMKHM, IO 1€ MOXKEe IPHU3BECTHU JI0 PO3PHUBY TpyOomposoxy. OcobanBo
HeOe3MeYHUH TiIpaBIiYHUN yZap B MariCTpaJbHUX BOJONPOBITHHX Mepekax, IO
SIKUX TPaHCTIOPTYIOTHCS BETMKI MacH PiJIMHHU.

B 3anexHOCTI Bif Wacy 3aKpHTTS 3aIlipHOro mpucTporo ¢, i ¢asu ymapy T
TiIpaBIIiYHUN yiap MOKe OyTH MpsIMHUH a00 HENPsIMUIA.

daza ynapy BU3HAYa€ThCS

Tr=— > (1)
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ae [ —nosxuHa TpyOu, C, — HNIBUAKICTH HOIIUPEHHS yOapHOI XBUIIL.
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C — MBHUJKICTH MOMINPEHHS 3BYKY B pinuau, C, =1425 / TSI BOJIH,
—P _ BiJHOIICHHS MOJYJIB IPYXKHOCTI PifMHN i MaTepiany TpyOH.
Ry
SIk1mmo 3acyBKa 3aKpUBA€ETHCS Maike MUTTEBO ab0 4ac i1 3aKpUTTS MEHIIHNH 3a
¢azy ynapy, To0to ¢, < T, T0 ynap Oyzne npsAMuil.
[ligBumeHHs THCKY Yy TAaKOMY BHIIAIKy BH3HAYA€THCS 3a (HOPMYJIOO

KyxoBcbkoro

Ap=pV,C, , 3)

ae V, — IUBUAKICTh pyXy piiuHU B TpyOi A0 yAapy.

SIKmo 9ac 3aKpUTTS 3amipHOrO HPHUCTPOX0 ¢, >T, TO BHHMKAE HEMPSIMUM
TifpaBIiUYHUNA ymap, cHWia SKOTO MeHma, HiX mpamoro. Ilpm Hempsmomy ymapi
CTIOCTepiraeThCs OINbII CKIagHA KapTHHA. IIpy 1[bOMY MiIBHUIEHHS THCKY 3aJEXHTh
BiJl BTPQYEHOI NP 3aKPUTTI 3aCyBKH WBUAKOCTI V, =V, —V Ta BU3HA4aeThCs 3a
¢dhopmyor

Ap=p C, (V,=V)

abo Ap=p CVVO(I—VK), “

0

Je V' — WBHIKICTB ITiCIIsl YaCTKOBOT'O 3aKPUTTS 3aIliPHOTO HPHCTPOIO.
B mitepaTypi HaBOAATHCS PEKOMEHAALlii, SKi MPOMOHYIOTh BBaXKaTH, IO HPH
HENpsAMOMY yZapi BTpaueHa IBUAKICTh V, =V, —V 3MiHIO€TbCS 3a NiHIHHUM

BTP
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3aKOHOM, TOOTO MMPOMNOPUINHO CIIBBIAHOMICHHIO —. TO,I[I
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Aue 111 hopMyna Mae cBoi HElOJIKH, 00 BOHA HE BPaxOBYE 3MiHY IIBHUAKOCTI

BiJl BITHOCHOTO BIIKPHUTTS 3aIlipHOTO IIPHUCTPOIO %) , STKE TaKOX 3aJIC)KUTH Bifl 4acy

1l 3aKpUTTSL.
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SIKmo TPWITYCTHTH, IO 3aKPHUTTS 3aCyBKH IPOXOAWTH piBHOMIpHO [1], TO

. . . . T
MOXHa OTPpUMATU 3AJICKHICTh BIJTHOCHOT'O BIAKPUTTA a/D B1J] BCJIMYMHU —
t

. ,
%:1—7.

5

Bix Bumy 3acyBKHM Ta BiJHOCHOTO BIJKPHTTS 3aJICKHUTHh TaKOX 1i KoedimieHT
omopy &,. B noBimnukoBiil mitepatypi [2,4] HaBomsTCS Tabmmui Ta dopmynu, 3a
SAKAMH MOXXHA OOYMCINTH KOe(iI[ieHTH OMopy 3amipHUX HMPUCTPOIB &, 3aI€XKHO Bif
ix koHCTpyKuii. Tak, I 3aCyBOK KOC(QILi€HT OMOPY 3aJCKUTh BiJ CTYIEHS

BiIKPHTTS % (puc.1) i omrcy€eThCs PIBHAHHIM

(6)
Puc.1. Cxema npoTikaHHs BOIH 4€pe3 3aCyBKY HPH CTYHEHi BIAKPUTTS %)
Jlst noBOpOTHOTO 3aTBOPY (pHC. 2) Koe(ilieHT OMopy 3aJIeKHUTh Bijl KyTa
HOTo NMOBOPOTY 1 BU3HAYAETHCA 32 (HOPMYJIIOI0
g, =v-e", (7)

Koedinientn I',®,I1,Y 3amexars BiA THITy 3allipHOTO MPUCTPOIO 1
3HAXOATHCS 33 AOBiAHUKAMH [2].

Puc. 2. Cxema npoTikaHHs BOAU 4Yepe3 IIOBOPOTHHIA 3aTBOP MPH KyTi HOBOPOTY (P

BBaxaroun, mo 3akpuTTAd BigOyBaeThCs pPIBHOMIPHO, MOXKHA OTPHMATH
dopMyity st Koe(illieHTIB OMOpy 3amipHUX MPUCTPOIB B 3aJEKHOCTI Bi yacy ix
3aKputTs [3]
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Ha puc. 3 mokazano rpadik 3anexHocTi KoeillieHTy Omopy 3aCyBKH THILY

. T
“Jlynno” BiJ BIAHOCHOI'O Yacy 3aKpUTTS —.
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Puc. 3. I'padik 3MiHKM ONOPY 3aCYBKH BiJl BiJTHOCHOTO Yacy ii 3aKpUTTS

Amnami3 rpadika mokasye, oo npu HaOMMKEHHI 4acy 3akpUTTS ¢, 10 ¢a3u
ynapy T pi3ko 30iTbIIyETHCS OMip 3aCyBKH, IO CIPUYMHSE CYTTEBE MiJBUIICHHS
THCKY B TpyOi. SIKII0 He BpaxoBYBaTH KOJIMBaHHS THUCKIB Ipu yzaapi [3], To MoxHa
BBAKATH, IO BeIMUMHA 3aJIOKUTH BiJl BIIHOIIGHHS  BTpaT Haropy B
Tpy6GONpPOBOi 10 yaapy Ta micis Hporo. To6To

V:J $,0%+ 3¢, 5Q°
Ve \S,0°1+Y ¢, BQ°+(,,BQ°"

a0o0 micis nepeTBOPEHb OTPHMAEMO

V_\/ S, I+>¢, B

Vo \Sol+X0,5+8,5 "

)

ne S,Q°l — BTpaTH HaMOPY 11O JIOBKUHI TPYOH;
Y&, 5 Q° — cyma MiCLEBUX BTpAT HATOPY;
>(,, — cyMma Koe(iIi€eHTIB MICIIEBUX OIOPIB (KPIM 3aCyBKH);
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b= 8/ gﬁZD4 — mapameTp, 110 BpaxoBye€ JiaMeTp TpyOu micis 3aCyBKHM Ta iHILIOTO

MICIIEBOTO OTIOPY;

C3(7) — KOCDILIEHT OIIOpY 3aCYBKH (3aTBOPY) B 3aJIEKHOCTI Bijl 4acy 3aKPUTTS 5.
JI1a IpakTHYHUX PO3paxyHKiB, KoM 3amaHi BuTpata Q, miametp tpyom D,

TOBIIMHA ii CTIHKM O, 4Yac 3aKpUTTS 3aCyBKH f, — IOCIIIOBHICTb pPO3paxyHKiB

HacTynHa. BusHauatots a3y yaapy 7 (1), mBHIKICTE mommpeHHs yaapHoi xsuii C,,

(2), mani 3a dopmyioro (8) 3HaxoIsTh KOCDILIEHT ONOPY 3aCyBKH ;). IlotiM 3

piBHsiHHSA (9) — % , 13 (4) po3paxoByIOTh MiIBUIICHHS TUCKY Ap NpH HENPSIMOMY
0

TripaBIivHOMY yapi.

Hpuxnaa.

Po3paxyBati miABUIIEHHS THUCKY B CTaleBOMY TpPyOONPOBOII CHCTEMH
BojomIOCTa4aHHs nHiamMerpoM D =200MM, TOBIIMHOKO CTIHKH Tpyon O=6MM,
noBxuHOK [/ =1000 M, sxmo Butpara Q =55 % , 4ac 3aKpUTTA 3aCyBKM ¢ =2cC,

KOe(iLieHT Omopy 3aCyBKH Cagt) = 0,148e7’9(T/t3).

Po3B’s13aHHS.
HIBUAKICTH MOLIMPEHHS yIapHOT XBHJII

1425 1425

14 2 Eoi \/1+200-0,01
SE, 6

=1234,2m/c.

®azaymapy T =2//C,=2-1000/1234,2=1,62c.

. 40 4-0,055
IIBuakicTh BOAM 10 ynapy V, = = =1,75m/c.
PIICTE PYRY BORIAO YASRY T0 = 0p? T3 142.0.22 /

Bignomenus Ey, E = 0,01 — mns craneBux Tpy6d [1].
™

KoedimieHT omopy 3aCyBKH B 3aJI€KHOCTI Bifl Yacy ii 3aKpUTTS

Gy =0,148 - e 289,434 ,
Brpatu Hanopy 110 joskudi k=S, 0> 1 =6,96-0,055> 1000 = 21,054 M,
ne S,=6,96 C%/IS — MIATOMMIA omip Tpyowu 3a [1].

Mapamerp 5 =8/gn’D* =8/(9,81-3,142> -0,2*)=51,69 ¢*/m’ .



Micmobyodysanns ma mepumopianvHe niaHy8aHHs 67

v S,0°1 - 21,054 —077s
V, \S,0%+5¢,, 0" \21,054+51,69-89,434-0,055°
Bu3HavyaeMo miBUIICHHS TUCKY IIPU HEMPSIMOMY yaapi

Ap=pC,V, (1 - ;j =1000-1234,2-1,75 (1- 0,775) = 485966,2 T1a = 485,97kI1a

0
Jis TOpiBHSAHHA IPH MIPSIMOMY yJapi npu (t3 <T ) MiIBUIIEHHS TUCKY Oyne
Ap=p C V,=1000-1234,2-1,75=21598501Ta =2159,85 kIla.
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K.T.H., JoueHT I'mxa E.A.,
KueBckuil HalMOHaNBbHBIN YHUBEPCUTET CTPOUTEIBCTBA U APXUTEKTYPHI

O ITOBBIINEHUU TOYHOCTHU PACYHETA HEIIPAMOI'O
I'NAPABJIMYECKOTI'O YAAPA B CUCTEMAX
IropOACKOI'O BOAOCHABXEHUA

Pe3koe moBHITIeHNE JaBICHAS MIPU THAPABINICCKOM yIape MOXKET IPUBECTH K
paspymiennto  TpybompoBoga. OCOOEHHO 3TO OMacHO B MarkuCTPAIBHBIX
BOJOIIPOBOJHBIX CETAX, TAC TPAHCIIOPTHUPYECTCA 6OJ'ILI_HOC KOJIMYECTBO JXHAKOCTH.
IIpn HenpsMOM TIMIPAaBIMYECKOM YAApe IOBBILICHHE NABICHHUS 3aBUCUT OT TakK
HA3bIBAEMOU MOTEPSIHHOM MPH 3aKPBITHU 3aIBUKKH CKOPOCTH.

CymecTByrone peKOMEHIAMA HE YYHUTHIBAIOT H3MCHCHHE CKOPOCTH B
3aBHCHUMOCTH OT OTHOCHTEIIFHOTO OTKPBITHS 3aIlI0PHOTO YCTPOHCTBA, KOTOPOE B CBOKO
odepenb TAK)Ke 3aBUCHT OT BPEMEHH €T0 3aKPBITHSL.

B pabGore paccMaTpuBaroTCs ~ OCOOCHHOCTHM  BJIMSHUS ~ M3MCHEHUS
COIPOTHUBJICHUA 3aABUXKH BO BPEMA €€ 3aKpbITHA Ha YMCHBIICHHUEC CKOPOCTU B
TpyOONpOBOJE NpH HENpsiIMOM yzaape. BriepBble IOKa3aHO, YTO MOBBIICHHUE
JIABJICHHUS M3MEHSCTCS B 3aBHCUMOCTH OT BPEMCHH 3aKpBITUS HE 110 JHMHEHHOMY, a
0oJee CI0)KHOMY CTCIICHHOMY 3aKOHY.

[IpuBomUTCS KOHKPETHBI TPHMEp pacdyera IIOBBIICHUS MaBICHUS IIPH
HENpSMOM  THIPABIMYECKOM  ymape  TpH  3aJaHHBIX  THAPABIMYECKUX
XapakTCpUCTHUKax MMOTOKa, TAKMX KaK pacxo, MaTepuall, [MaMETP U TOJININHA CTCHKU
TpyOBI, a TaKKe BPeMsI 3aKPBITHS 33 IBIKKH.

KiroueBple cioBa: TuApaBIMYecKuil yngap, H3MEHEHHE COIPOTUBIICHUS
3aJ[BIDKKHU 32 BpeMs €€ 3aKphITHs, MOBBIIICHUE TaBlicHus, (paza yaapa, 3aBHCUMOCTb
COIIPOTHBJICHUS 3aIBIKKU OT BPEMEHH 3aKPBITHSL.

Ph.D., associate Professor Gizha O.0O.,
Kyiv National University of Construction and Architecture

ON IMPROVING ACCURACY OF CALCULATION OF INDIRECT
HYDRAULIC IMPACT IN MUNICIPAL WATER SUPPLY SYSTEMS

A sharp increase in pressure during water hammer can lead to destruction of
the pipeline. This is especially dangerous in the main water supply networks, where a
large amount of liquid is transported. With indirect hydraulic shock, the increase in
pressure depends on the so-called lost speed when closing the valve.



Micmobyodysanns ma mepumopianvHe niaHy8aHHs 69

Existing recommendations do not take into account the change in speed
depending on the relative opening of the locking device, which in turn also depends
on the time it was closed.

The paper discusses the features of the effect of changes in the valve resistance
during its closure on the decrease in speed in the pipeline during indirect impact. It
has been shown for the first time that the increase in pressure varies depending on the
closing time not according to a linear, but to a more complex power law.

A specific example of calculating the increase in pressure during indirect
hydraulic shock with given hydraulic flow characteristics, such as flow rate, material,
diameter and wall thickness of the pipe, and also the valve closing time is given.

Key words: hydraulic impact, change in the resistance of the shutter during its
closing, increase in pressure, impact phase, the dependence of the shutter resistance
on the closing time.
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