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3abesneuenns exonociunoi b6esneku mpyoonpogioH020 MPAHCNOPMY 8Y2IeB00HE8UX eHEePEZOHOCII8 € OOHUM i3
npiopumemHnux 3a80ans y Hagmoeazosiu eanysi. Mazicmpanvhi 2a30npo6odu € 06 ekmamu niosUWeHOT Hebe3neKu.
YV eunaoxy 6iomosu mazicmpansHux 2a3onposooié UHUKAE YOAPHA XGUISL, SIKA € OOHUM I3 YUHHUKIS, W0 YPANICAIOMD.
Marouu eenuxuii 3anac enepeii, YOapHa Xeujis € Hebe3neuHo 0 He3axuwjeHux aooet ma 00eKiuis. 13 30inbuennsm
siocmani 6i0 eniyenmpa eubOyxy yOapHull MuUcK 3MeHULYEMbCSL.

Jlocniooceno 3MiHy HAOTUUIKOBO20 MUCKY 8 MOMEHM BUHUKHEHHS. 8UOYX060L X6l 6I0 dlamempa mpybonposo-
9y, wacy ma 8i00aii 6i0 MICYsi NOWKOONCEHHsL mpyOu.

IIposedeno ananiz posnooiny muckis y 4aci no3a mexcamu ubyxy ma eUHaAueHo epaHuyi Ge3NeyHux 30H.

Kitro4oBi cltoBa: ra3omnpoBij, yaapHa XBHIS, BIIMOBA, TUCK

Obecneuenue dK0I02UYECKOl 6E30NACHOCMU MPYOONPOBOOHO20 MPAHCHOPMA Yeie8000POOHbIX IHEPSOHOCU-
meneil A61emcsi OOHUM U3 NPUOPUMEMHBIX 3A0aHull 6 Hepmeeazoeoi ompaciu. MazucmpanvHvle 2a30npPo8o0bl
AGNAIOMCA 00beKMAMU NOGbIUEHHOU onachocmu. [Ipu omkaze Ma2ucmpanbHbIX 2a30MP080008 603HUKAEM YOaAPHAsL
BONHA, AGIOWAAC OOHUM U3 NOPAdNCalowux gakmopos. Hmes 60nbwiol 3anac snepauu, yO0apHas 60JHA AGNAEMCSL
ONACHOU 0N He3awueHHbIX To0ell U okpysicaioueli cpedvl. C yeeruueHuem paccmosHus Om SNUYeHmpPa 83puléd
yoapHoe 0asleHue YMeHbULAemcsl.

Hccneoosarno usmenenue u3bublmouH020 OAGNeHUs NPU 603HUKHOGEHUU YOAPHOU GONHbL 8 3A6UCUMOCTU OM
ouamempa mpyoonposooa, 8pemMeH U pAcCmMOosiHUsL Om Mecma nogpedicoenust mpyowl. [Iposeden ananus pacnpede-
JIeHUst OAGIEeHUsL 60 6PEMEHU 30 2PDAHUYAMU G3DbIEA U ONPEOeNIeHO SPAHUYbI OE30NACHBIX 30H.

KiroueBsie ciioBa: ra3onpoBo/l, yAapHas BOJNHA, OTKAa3, TaBICHHUE

The ensuring of ecological safety of pipeline transport of hydrocarbon energy carriers is one of the priority ob-
jectives in oil and gas industry. The main gas pipelines present the heightened danger. In case of main gas pipelines
failure, a shock wave becomes one of the damaging factors. With a large energy content, the shock wave is danger-
ous for unprotected people and environment. The impact pressure decreases with the increase of distance from the
explosion epicentre.

The change of the excess pressure in case of the shock wave with consideration of the pipeline diameter, time
and distance from the pipe fault location was studied. The analysis of pressure distribution in time beyond the ex-
plosion limits was conducted and safe zones were defined.

Key words: gas pipeline, shock wave, failure, pressure

TpyOonpoBiaHMI TPAHCIOPT — HalWOe3MeuHi-
IIMH CIoci0 MmocTavyaHHs MOXKESKOBHOYXOHeOe3me-
YHUX PIIKAX Ta ra30MoAiOHMX BYIJICBOIHIB. Ajie
U Oe3rmeyHoi Horo ekcruryaTaillii HeoOXiIHO H0-
TPUMYBATHUCS MIEBHOTO Psily 000B’I3KOBUX YMOB.

Tax, 3a0e3neueHHsT Oe3MeKkn TPyOOIPOBITHUX
CHCTEM B 30HAX X MPOXOJIKEHHS € 0araToacreKT-
HOM (1H)KEHEPHOIO, COIiaIbHOI0, TIPAaBOBOIO) MPO-
6nemoro. Ii BupimenHs 3a0e3neuyeThbcss KOMILICK-
COM HOPMATHBHO-IIPABOBUX, BUPOOHUYO-TEXHIYHUX
Ta aJMIHICTPATUBHO-TOCIIOAAPCHKUX 3aXOJiB, SKi
HEHTPATI30BaHO 3IMCHIOIOTBCS Ta PEryTIOIOTHCS
HAK “Hadrorasz Ykpainu” 3a akTHBHOI MiATPUMKH
Jep>KaBHUX Ta MICIICBUX OpPIaHiB BIIaIH.

J1o TakuX 3aXOMiB BITHOCATHCS:

- HOPMATHUBHO-TIPABOBE PEryIIOBaHHS OC3IIEKH;

- Oe3nepepBHE MIABUIICHHS TEXHIYHOIO PIBHS
eKCIUTyaTallli, pO3BUTOK 3aC00IB aBTOMATHU3allil Ta
TeIeMexaHizalil;

- PO3BUTOK CHCTEMH J[iarHOCTYBAHHS TEXHid-
HOT'O CTaHy Ta METOJIB OIIIHKH 1 MPOTHO3YBaHHS
3aJIMIIKOBOTO Pecypcy TpyOONmpoBOIIB Ta 00iai-
HaAHHS,

- YIIOCKOHAJICHHSI TEXHOJIOTil Ta oprasizaii
MMOTOYHHUX Ta KalliTaJbHUX PEMOHTIB TPyOOIPOBO-
IIiB Ta 00Ia HAHHS;

- YIOCKOHAJICHHS OpraHizallii KOHTPOJIIO Ta
Harsgay 3a OE3MeKo TPYyOOIPOBITHOIO TpaHC-
opTy;

- MOKpallleHHs iHpopMaliiiHoro 3abe3mneueH-
Hsl 3 TUTaHb OE3MEKH Ta30IPOBOIIB;

- YJOCKOHAJIEHHS CHCTEMHU OXOpPOHH MaricCT-
paJIbHUX Ta30MPOBOIIB.

Jlo HaiOLIBII CepHO3HUX HEBUPIIICHUX IPO-
Onem Oesreku 00’€KTIB MaricTpalibHUX TPyOOHpo-
BOJIIB BIIHOCATHCS HACTYITHI:

- CTpEC-KOpo3is;

- HECaHKI[IOHOBaHE MOPYIIEHHS OXOpPOHHUX
30H Ta MIHIMaJbHUX BiJyIajied Bin oci TpyOoIpo-
BOJLY;

- 3HIDKEHHS pecypcy oONagHaHHS KOMIIPECO-
PHHX CTaHIIIH;

- 00MeXKeHI MOMKIIMBOCTI e eKTOCKOIIT Tpy-
OOMPOBOIIB;

- TeNeMexaHi3alis JTHIHHIX KpaHiB;

- TpoOJIeMH OXOpPOHW MAariCTpaJbHHUX TIa30-
npoBois [1].
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H1m2Z

1- HC TexHorenHoro xapakrepy; 2 - HC npupogHoro xapakrepys;
3 - HC inmoro (coriaasHO-MOMITHIHOT0) XapakTepy

Pucynok 1 — Po3noain nagzsuuaiinux curyauiii (HC) 3a xapakTepom nposiBy

Bcei 3ramaHi 3axoau COpsMOBaHI Ha IiIBH-
IIICHHS SKOJIOTIYHOT Oe3MeKky npu (PyHKIIOHYBaHHI
MaricTpajbHUX TPYOOIIPOBOIIB.

Huni ra3oHa)TOTPaHCIOPTHUI KOMILIEKC B
VYkpaini BKIouae 37 THC. KM Ta30npoBoiiB, 4,77
THC. KM Ha(TONpoBOIiB. [I0BKHHA aMiaKOITPOBOIY
TonbsitTi-Opeca ckianae 810 km. 3a manmmu BAT
“VikpHadra”, Ha BKa3aHMX TPAHCIOPTHUX Mepe-
Kax IMOPIYHO BiNOYBAETECS, B CEPEAHBOMY, Bil
1200 mo 1500 aBapi¥i pisHOro CTymneHs HEOE3NEKH,
BHACNIZIOK YOTrO COTHI TOHH BYIJIEBOJHIB, IO
TPAHCIOPTYIOTHCS, TOTPAIUISIOTh y HABKOIUIIHE
cepenosuiie. Ha pucyHky | HaBeleHO pe3ynbTaTH
JOCTIKEHb PO3MOILTY HaJA3BUYalHUX CUTYaIlil 3a
XapaKTepoM BUHUKHEHHs B YKpaiHi. 3riHO 3 pe-
3yJIbTATaMU JIOCIIDKEHb HAHOUIbIINK BHECOK Y
CYKYIHICTh HaJ3BUMAHHNX CUTYaLliii pOOIATE Hall-
3BHYAIHI CUTYAIlil TEXHOTEHHOTO XapakTepy, SKi y
2008 p. cknamu 49 %. ToOTO, HEOOXimHI 3aX0AU
pearyBaHHs, 3aro0iraHHs Ta JIIKBimaIil HACIAKIB
HaJ3BUYAMHUX CUTYallii TEXHOI'€HHOI'0 XapaKkTepy
SIK HAMOLIBII PO3MOBCIOIKEHMX 1 3arPO3IUBHX [2].

Otxe, po3pOOJICHHS KPUTEPIiB BUHUKHEHHS
Ta PO3BUTKY aBapiliHUX CUTYyallid, iX 3amo0iraHHs
Ta TIPOTHO3YBaHHS HACIIKIB aBapiii € OXHHMM i3
MEpIIOYEPTOBUX 3aBJIAHb.

AHauni3 JiTepaTypHUX JDKEpeN CBIIYUTH, IO
Ha pO3B’S3aHHS HAYKOBO-TIPAKTUYHHX MPOOIIEM
CKOJIOTTYHOI O€3MEeKH CHPSIMOBaHI 1HTEICKTYallbHI
3ycruIs 0arathox ydeHux. IIpoOriemi 3abe3mnedeH-
HSl TEXHOTEHHO-EKOJIOTIYHOT O€3MeKH MOTEHIIIHHO
HeOe3nmeuyHux  00’eKTiB, 30KpeMa  IaJuBHO-
CHEePreTHYHOr0 KOMIUIEKCY, MPHCBIYCHO Oararto
HayKOBHX pOOIT, cepel SIKUX YUIbHE MICIle 3aiiMa-
I0Th TIpalli Ta JOCHIDKEHHs akaneMikiB Jleracoma
B. A., Anekcanaposa O. O., Ilatona b. €., Masypa
I. L., IsanmoBa O. M., Konapateera f1. 1O. ta iH-
mx [1, 2, 3].

3 aHamizy JuKepel, MPUCBIYCHUX MpodiieMam
CKOJIOTIYHOI O€3MeKH, BHUILIMBAE, 10 ICHYE HEOoO-
XIIHICTh y MPOBEIECHHI KOMILICKCHUX JTOCTIIKEHb

100 BILIMBY YMHHUKIB Ha XapaKTep MOLIMPCHHS
YAapHOi XBWJIi y aBapifiHMX CHTYallisiX, IO PO3-
TIISAA€ThCA Y JaHil CTaTTi.

Cnix 3BepHYTH yBary, 1o Ipy BiJIMOBI Maric-
TPabHUX TA30MPOBOJIB yJapHa XBUJIS € OIHUM 3
YHHHUKIB, 10 YpakaroTb. BoHa yTBOPIOETHCS BHA-
CITIJIOK PO3IOBCIOIKEHHS B aTMOC(epi IPUPOIHO-
ro rasy, SIKAd IiJ TUCKOM “BHpBaBCs’ 13 3pyiHHO-
BaHOTO Ta30MpPOBOIY, a TAKOXX CTHCHEHHX XBHIIb,
AKi YTBOPIOIOTBCS TIiJI 4Yac 3aropsiHHs Ta30BOro
mieii(a 3 pO3MOBCIODKCHHSM MPOLYKTIB 3TOPSIHHSI.

Maroun BenuKuii 3amac eHeprii, ylapHa XBHIIs
MOX€ ypakaTn HE3aXUILICHHX JIIO/IEH, 3pyHHYBaTH
pi3ui cniopyau, Gyaisimi, obnanHauHs i TexHiky. I3
3OUIBLICHHAM BIACTAaHI BiX emiueHTpa BHOYXY
MIBHJIKICTh PO3MOBCIOJKEHHSI yIapHOI MOBTOPHOL
XBWII Ta yAapHHA THCK 3MEHIIYIOThCs. be3mneuna
Biactanb (I';) BiA BIUIMBY yIapHOI XBHJII IMiJ 4Yac
BHKHJIIB ra3y 3 TPyOOIPOBOAY, IIO CYIPOBOKY-
€ThCS CllajaxyBaHHIM, BH3HAYA€ThCS 32 BiIIOMOIO
dbopmysioro [1] :

I' =K, 3/W,, (H

ne Wy - TPOTHIOBHIA €KBIBAJICHT, T;

K, - xoediieHT MpOMOPIIHHOCTI, BEIUYHHA
SIKOT'0 3aJIGKHTH BiJI XapakTepy MOIIKO/DKEHHS Ha-
BKOJIMIIIHIX 00’ €KTIB, M/T.

[TpuOaM3HO Yy MOJOBHHI BUIAJIKIB aBAPIHHOTO
pyHHYBaHHS MaricTpajibHHX T'a30IPOBOJIB 3aro-
psIHHS a3y BinOyBaeThCs Oe3M0CcepenHbo Ha MicHi
TIOMIKO/DKEHHs1. XapaKTep rOpiHHs ra3y i mMacmra-
Ou BIUIMBY Ha JOBKULIA 3anexath Oin Garathox
YUHHHUKIB, OCHOBHHUMH CEpell SKUX €: POoOouHii
THCK 1 _JliaMeTp TpyOONpOBOAY, IyCTHHA IDYHTY
TOIO. BUHMKHEHHs aBapiiHUX PO3PUBIB Ha Maric-
TpaJbHUX Ta30MPOBOJAX Ta TEXHOJOTIYHUX Ta30-
NpoBOJAaX KOMIIPECOPHUX CTaHIliii MOB’s3aHe 3
TakuMH Qi3MYHUMH e)eKTaMu:

- YTBOpPCHHS XBWJIb CTHUCKAHHS 3a PaxyHOK
PO3LIMPEHHS B aTMOcdepl MPUPOAHOro rasy, siKui
BHPHUBAETHCS i TUCKOM 3 MOIIKO/HKCHOT TUTSTHKH
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PucyHnok 2 — 3ane:xxHicTh ocepeaHeHOl NPOTAKHOCTI aBapiliHOro po3puBYy Bia aiaMmeTpa ra3onpoBoay

TpyOONpOBOMY, a TaKOX XBWJIb CTUCKaHHSI, IO
YTBODIOIOTBCS y BUIIAJIKY CHAIAXyBaHHS TIa3s0BOi
XMapI/I BHACITIZIOK PO3LIMPEHHS TIPOJTYKTIB 3rOPSHHS;
- YTBODCHHSIM Ta PO3JITaHHAM (parMeHTiB
TIOLIKOJDKEHOI IUISIHKK TPyOOnpoBoy;

- TEPMIYHOIO €0 MOXEXI HAa HABKOJHIIHE
CepenIoBHIIIE.

[lix yac posrmsgy mpolecy MOIIKOIKEHHS
MaricTpajdbHOTO Ta30MpPOBOAY MOXHA BHJIUIUTH
TPH CTaIil:

- 3apOJKEHHS TIOIIKO/IKEHHS,

- IIBUJKE IOMMPEHHS HACKPI3HOI TPIIIUHU
B3JIOBXK Tija TpyOu;

- TaJIbMYBaHHSI 1 3yITUHKA MTOIIKO/PKEHHSI.

B MOMEHT NOIIKO/PKEHHSI NUISTHKH Ta30Ipo-
BOJly PEaNi3yEThCs JIMIIE EHEepTis CTUCHEHOTrO ra-
3y. 3aropsiHHsI ra3y MOYK€ BUHHKHYTH JIHIIE 3 Jie-
SKOI0 3aTPUMKOI0 11032 TIOPOKHHHOIO TpPyOOIpo-
BOJLy, TOOTO IiCJIS 3MINTYBaHHSI a3y 3 TMOBITPSM 10
MeBHUX KoHIeHTpalii (5...15 % 3a 00’emom) i
MpH OJHOYACHOMY BHHUKHEHHI JDKepena 3amalo-
BaHHS 3 (i3UYHO HEOOXIMHUM EHEepPreTHYHHM TO-
TEHIIaJIOM.

PyiiHyBaHHSI Ta30mpOBOJIB, IO EKCILTyaTy-
IOTBCSI TIPH KUTBIEBUX HAMPYKEHHAX B TUIl TpyOH
HUYKY€ MEXKI IUIMHHOCTI, MOXKE BIIOYTHCS JIUIIE 3a
HASBHOCTI B TiMl TpyOW HACKpi3zHOro nedekry, mi-
Hil{HI PO3MIPH SIKOrO BUILEC KPUTHIHUX. BHACIINOK
L(bOTO Ha IPOLEC PyHHYBaHHS TPYOH BUTPa4acTh-
Csl BI/IHOCHO HE3HAYHA YaCTHHA BUXiTHOI MOTEHIIi-
aNbHOI eHeprii CTUCHEHOro Ta3y, fKa CKiIajae
2...10 % (mpuiimMaeTbest 5 %).

Jlist po3paxyHKy 3aTpaT eHeprii Ha yTBOPCHHSI
BUPBH B IPYHTI HEOOXiHO BBOAMTH MONPABOYHUM
Koe(iliEHT, SIKUI JJIs1 CepeiHiX IPYHTIB JOPIBHIOE
0,65, a 1S MITBHUX CYTIMHKIB Ta riuH — 0,8.

OTmxe, 3 ypaxyBaHHSIM BHIICHABEICHOTO JUIS
HaniBcepryHOT XBHIII THCKY Maca “TPOTHIIOBOTO
CKBIBAJICHTY’ BHPaXKA€ThCs Tak [1] :

M, A
M,, =2-0,95(0,65+0.8) f ; 2
m

ne M, - Maca CTUCHEHOTO rasy, o 6epe y4acTb

y opMyBaHHI IEpBUHHOI YIapHOI XBHUII;

A, - poboTa pO3LMIMPEHHS OJMHHII MacH
rasy, JUK/KT;

Q,, - TeIIoTa 3rOpsHHS TPOTHILY (4,24-10°
JDK/KT).

Bimomo, mo mis marictpaJbHUX HaTOMPO-
BOZIB icHY€E KPUTHYHUH PO3MIp HACKPIi3HOT Tpimu-
HHU 10 TBIPHIA TPyOM, 1€ MPUOIM3HO YBEPTH Jlia-
METpa, NpPH IEPEBUIICHH] SKOr0 1 MOAAJIbIIOMY
MHMMOBUIbHOMY POCTY TpIllMHA NPU3BOIUTEH [0
pO3pHMBY LLTICHOCTI TPyOM i imeHTHdiKyeThCs K
aBapis. A SIKIIO XOBXKMHA TPILMHI MCHIIA KPHTH-
YHOI, TO HaWiMOBIpHilIe Takuii epeKT He cTaHOo-
BUTH HEOE3ITEKH.

IcHye miATBEpIKEHA CTATUCTHKOK KOPEIALis
MDK TIPOTSDKHICTIO PO3PUBY Ta TEXHOIOTTYHUMH
napaMeTpaMy ra3onpoBojJy. PexkoMmeHmoBaHa aB-
Topamu [1] 3alexHICTh ycepeqHEHHWX 3HA4YeHb Y
¢GyHKIIT giaMmerpa ra3onpoBoy HaBeldeHa Ha pH-
CYHKY 2 .

OOpoOeHHS akTIB JOCTIIKEHHS aBapiii Ha
MaricTpanbHuX ra3onpoBoO/ax, SKI BUHUKAIM 32
OLIBLI HDK JBaJLSATHPIYHMIL IIEPIO] X eKcIuryaTa-
uii, mMoKasaso, 1o pyHHYBaHHs ra3onpoBOAIB Cy-
MPOBOKYBAIIUCS B OCHOBHOMY YTBOPEHHSIM BiJl-
HOCHO HEBEIIMKOro uuciia (parMeHTiB TpyoO 3 ix
posinitaHHAM Ha BincTasi g0 150...200 m. Berano-
BJICHO TaKOX, IO JJIS CyYaCHHX MapoK ‘‘BHCO-
KOB’SI3KMX CTajiel, 0 3aCTOCOBYIOThCSA M BU-
TOTOBJICHHS Ta30IpPOBOJIB BEIUKUX JliaMeTpiB,
4acTo BiIOYBAETHCS HE PO3PUB HA IIMATKH, a BEp-
XHE PO3BAJIBIIOBAHHS TPYO, YacTO IO BCIH JTOBXKH-
Hl MHOMIKOYKEHOI IUISHKK 1 0e3 BHUKMIAHHA iX 3
TpaHILE].
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AHai3 nokasas, 10 HMOBIPHICTh MEXaHIYHO-
T'O TIOMIKOPKEHHS PI3HUX PEIHITIEHTIB OCKOIKAMH
TpyO 3Ha4YHO HMKYE HMOBIPHOCTI Aii iHIIMX YHMH-
HUKIB, B IEpUIy Yepry, TepMI4HOI aii mpH 3aro-
psuHi rasy. KinbKiCHI XapakTEpUCTHKH TOKEKI
(mpu piBHMX ymMOBax) OyIyTh BU3HAYaTHCA B OC-
HOBHOMY IHTCHCHBHICTIO aBapiifHOr0 BUKHJLy rasy.

Inentudikamiss aBapiifHOro po3pHBY MOXKeE
MPOBOJAMUTHUCS OINEpaTOpaMHU Ha KOMITPECOPHIH
CTaHIIIT 32 OJHIEIO 3 JBOX XapaKTePHUX YMOB: abo
3a MaJiHHSAM THCKY Ha JIBI TEXHIYHI atMocepu B
HATHITaJIbHOMY KOJIGKTOpP1 KOMIIPECOPHOI CTaHIIi,
sKa po3TalloBaHa JI0 Micls pO3pHBY (3a HampsM-
KOM pyXy IOTOKY Trasy), abo 3a cCIIpaifoBaHHSIM
AQHTUTIOMIIQ)KHOTO 3aXHMCTy Ha KOMIIPECOpPHIN cTa-
HIII, AKa PO3TAallOBaHA TCIs MicLs po3puBy (3a
HANPSIMKOM PYXy TMOTOKY Ta3y), 31 3MCHIICHHIM
KOMEpUIHHOI IPOAYKTHBHOCTI y BCMOKTYBAJbHO-
My KonekTopi Ha BenmuauHy Q1 [3].

Jnst MOZIeNIOBAaHHST aBapiifHOTO MOIIKOJKEH-
HSl Ta30MpOBOJly BHUKOPUCTAHO PIBHSHHS TOIIU-
peHHsI 3BYKY B TPHBHMIpHOMY Impoctopi. [Ipu
BOMY PO3IIISAAEThCS CepuIHa 00JIACTh BUCOKO-
T'0 THCKY, HABKOJIO SIKOT 3HAXOIUThCS HECKIHUCHHA
00JIaCTh OJJHOPITHOTO THCKY. MeXero MK HUMU €
TBepJa CTiHKa (TpyOONpoBim), 1 cHUcTeMa 3Haxo-
IMTHCSL y cTaHi piBHOBaru. [Ipu aBapiliHoMy po3-
pHBI Me&Xa MHUTTEBO 3HUKae. BuHHMKae BHOyXoBa
XBHJISL.

Meror OCTiKEHHS € 3HAXOJKCHHS 3MiHH
HAJJTUIIIKOBOTO THCKY B MOMEHT BUHUKHEHHS BU-
OyXxOBOI XBHJII B 3aJIKHOCTI Bija aiamerpa TpyOo-
MPOBOMY, Yacy ! Ta Biguaiai BiJl MICI IOIIKO-
JDKEHHS TPYOH.

O0’€KTOM IOCTIIKEHHS € MariCTpajabHHM Ta-
30MPOBiJ 13 3HAYHUM TEPMIHOM EKCILTyaTallil.

PospaxyemMo 3MiHYy HaJIHIIKOBOTO THCKY Y
¢$poHTI ymapHOI XBWIIi, BUKOPHUCTABIIH PIBHSHHS
MOUIMPEHHS 3BYKY B TPUBHUMIPHOMY IIPOCTOPI, SKE
Mae Takuid BUTILA [4]:

2
6—§” =22, 3)
ot

Y ¢dopmyni (3) ¢ - nmoTeHmian MBUAKOCTI, a
KOMIIOHEHTH IIBUKOCTI JOPIBHIOIOTh

op
. 4
u; ox; 4)
Tuck
op
P=—-p— 5
pat (5)

e p - TyCTHHA.

JU1s1 mo3HayeHHS TUCKY BHUKOpHUCTaeMo P,
OCKUTBKH B MOJANBIIOMY OyJIeMO BHKOPHUCTOBYBa-
TH p 7151 oriepaTopa XeBicaia.

Sxmo ¢ - dyHKUiA aHIIe 7 1 ¢, ae 7 — Biagaib
BiJ 3aJaHOI TOYKH, f - 4ac, TO

1 6 ,0 0’0 20
Vip=— —(? =T+ 2L
7 or or or r or
|2 (6)
=———(rp).
r or?

3Biacu

62 2
(0= ). ()
C r

Tenep ¢opma piBHsHHES (7) BiAmoBigae pis-
HSIHHIO KOJIMBaHHS CTPYHH 1 MOUIMPEHHS 3BYKY B
OJTHOBUMIPHOMY TIPOCTOPi, 3aJie)KHA 3MIHHA JIOpi-
BHIOE 7' (D .

3BificK 3arajbHHI BUIJISA PIBHAHHS Ma€ Ta-
KHUH BUTTIS:

ro = f(r—ct)+g(r+ct). (8)
[epmmii 4yneH piBHAHHS ONKMCYE PO30ODKHY
XBHITIO, IPYTUil — 301KHY.
Posrisiremo chepuyny 00acTh BUCOKOTO TH-
CKY, HaBKOIIO SIKO1 3HaXOIUThCS HECKiHUYEHHA 00-
JIacTh OMHOPIMHOTO TUCKY. ['paHuIIel0 MiXk HUMH €
TBEpJa CTiHKa, TOMI CHCTEMa 3HaXOAUThCS Y CTaHi
crokoro. Hexail rpaHUIs MHTTEBO 3HHKAE, norpio-
HO 3HAWTH MOJAJIBIIMI HANPAMOK PyXy rasy. [Ipu-
IlyCTUMO, 10 MACOBi IIBMJKOCTI HE3HAYHi, 1100
MOXKHA HEXTYBATH KBaJIpaTaMH 3MiIlCHb. B yeix
Toukax mpu ¢ > 0 BukoHyerbca (3). IlozHaummo
yepe3 P HaJJIMIIKOBUM THUCK B IMOPIBHSHHI 3 HE-
30ypeHUM THCKOM 11032 ceporo. OCKiIbKH crioya-
TKy OYyB CTaH CIIOKOIO, (0 CTajia BCIOJU 1 MOXKe
OyTh mpwifHATa piBHOIO Hymo. HaamuimkoBwii
THCK TOJI Oyme

@ )
ot
B mouaTkoBHiI MOMEHT THUCK JOPIBHIOE J10]1a-
THI KOHCTaHTI Py mpu r<a 1 HyJIIO IpH 7r>a.
JlonoMi>kHE pIBHSHHS Ma€ TaKUH BUTIIS;
- 32 YMOBH (< a)

P=-

62
(- —)(rco) =—2 pr; (10)
or? pc
- 32 yMOBH (7> a)
62 2

(———BﬂU¢)0

[Ticnst MaTeMaTUYHUX TIEPETBOPEHD 3MiHA TH-
CKy B 3aJIGXKHOCTI BiJl 4acy Ta BificTaHi BiJ| IIEHTpa
BUOYXy Mae€ Takuil Burisiz [4]:

r—a

Po(
P=——|(ct—r)H(t - )—
2r

(11

—«x—mﬂa—r+“ﬂ,
C

ne Py - Ha[IMIIKOBHI THUCK B TPYOOIIPOBOII JI0O
MOMEHTY aBapii;

7 - paaiyc TpyOOnpoBoy;

¢ - NIBHJKICTh IONIMPEHHS YAAPHOT XBUIII;

Q- Bijyiajihb BiX IieHTpa BUOYXY;

p - oniepaTop XeBicalia;

H(t) - onuanyna Qynkuis Xeicaiina, H(t)= 1
mipu ¢ >0.

Jyis gaHOro 7> @ THUCK JOPIBHIOE HYIIO JIO
MOMEHTY 4acy (7-a)/c, Koy npudyBae mepiia XBH-
JIs 13 CTUCHEHOI 00JI1acTi, 1 micist MOMEHTY (r+a)/c,
KOJIU MPUXOAUTh XBUJS 13 HAHOLIbII BiaganeHol
TOYKH. Y MPOMiKHI MOMEHTH 4Yacy THCK JIOPIBHIOE
Py(r - ct)/2r, T00TO Poa/2r B MOMEHT HaJXO[KCHHS
nepiroi XBuii, - Poa/2r B MOMEHT NPOXOKEHHS
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=
2t 2 B = d=0,7m
< ——d=1lm
1.5 B-d=12wm
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0
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Pucynok 3 — 3ane:xknicTb 3MiHU THCKY BiJ yacy A/ pi3HUX AiameTpiB Tpyoonposoay npu a = 0,7 m

OCTaHHBOI 1 JIHIHHO 3MIHIOETHCS B TPOMIXKKY.
CTUCHEHHIO Ha TEpeHbOMY (POHTI XBHJI BiAIO-
BiJIa€ PO3PI/DKEHHS Ha 3aHBOMY (hPOHTI.

Bcepenuni cdepu THCK TOPIBHIOE
P=PR|( _i(£+a)(e—p(a—r)/c _e—p(a+r)/c) (12)

2r p

Tuck nopisHioe Py 1o MoMeHTy (a-r)/c, micns
yoro MUTTEBO cmnamae no Po(1- a/(2r)), miHiiHHO
3MEHIIYETHCS 3 YaCOM JIO THX MIip, MTOKH HE JIOCAT-
He - Py a/(2r) B MoMeHT (a+r)/c, a IOTIM MUTTEBO
3pOCTae JI0 HYJISI.

HeckinueHHHUH THCK B TIEHTpI IiCHYeE JHIIe
MHTTEBO, OCKUIBKH 4aC iCHyBaHHS TAKOro 30ypeH-
Hl B JJaHIA TOYUi NOPIBHIOE 27/c 1 IPAMYE 10 HyJIA
B 1IeHTpi. BiH BMHMKae BHACIIIOK OIHOYACHOTO
YTBOpPEHHSI €IEMEHTapHUX XBUJIb 3 YCIX TOYOK I10-
BEPXHi, B IHIIMX TOYKAX XBUII Bijl PI3HUX JUISHOK
NPUXOIATh B PI3HUH 4Yac, WO NPU3BOAUTH J0 KiH-
1IEBOro 30ypeHHsI THUCKY B KIHHeBOMy iHTEepBai
yacy. Skmo 7> 1/(2a), TUCK CcTa€e Bil’€MHHM, SIK
TiNBKH BiOyBaeThes 30ypeHHs. [losBa HecKiHYEH-
HOCT1 B PO3B’SI3Ky O3HA4ae€, MI0 HE MOXXHA HEXTY-
BaTH KBajpatamu 30ypeHb BCepeirHiI TIEBHOTO Ji-
ama3oHy 7 1 f, OHAK IIeH Jiara30H THM MEHIIUH,
YUM MEHIITHH Pj.

[loBeninKa WIBUIAKOCTI Yy BiJUTANICHUX TOYKax
aHaJIorivyHa MOBEIHUI TUCKY. SIKIIo u — paxianbHa
CKJIaJIOBA IIBUAKOCTI, TO

y=0__r9_9 (13)

or c r

SKmio 7 BEeNMUKWH, Mepumii 1wieH piBHOCTI J0-
piBHIOE p - P/c, 1 1ioro moBeniHKa odeBHHA. Bin

Hponopummm l/r JAPYTHH 4IeH NPONOPUiHHAH
1//°. Tlepumii uneH He nae IHTErpanbHOro 3Mi-
LIEHHs 32 HANPSAMKOM BiJl LIEHTPA, OCKUIBKH PyX
BiJl LIEHTPA HA €Talli POCTY THCKY O1pasy HE KOM-
MEHCYEThCSl 3BOPOTHUMH 3MIIIEHHSIMH Ha eTari
criajry TUCKy. OJIHaK JIPYTUid YIEH ONKUCYE HEBENH-
Ki IIBUJKOCTI, SIKi 3HAKAIOTh HA MOYATKY i B KiHLI
XBUJII 1 JOCATIOTh JOJATHOTO MaKCHMyMy B MO-
MEHT 7/c. BiH mae pesynbryioue pajianbHe 3Mmi-
HICHHS TOPSAKY a/7 BiJl MAKCUMAIIBHOT aMILTITYIH
MepIIoro 4jeHa; Iie BigoOpaxae Iiel (akT, 110
CIIOYATKy CTHCHEHAa PEUOBHHA PO3IIUPIOETHCS JIO
WX Mip, TOKH HE JOCSATHE HOPMAJbHOTO THUCKY, 1
OTOUYIOYa PEYOBMHA BIAXOIUTH, 100U 3BUILHUTH
oMy Mmicrie.

st aHani3y MOJKJIMBUX HACIIJIKIB BiJ BUHUK-
HEHHsl aBapii Ha MaricTpajbHOMY Ta30NPOBOAL BH-
3HAYMMO XapaKTep 3MiHM THUCKY Bil LEHTpa BuOY-
Xy B 3aJIKHOCTI BiJl JliameTpa TpyOOoIpoBoIy, 4a-
Cy Ta Bifjani BiJ meHTpa BUOYXY, BUKOPHCTABIIH
3anexHicte (11). PesynpraTét po3paxyHKiB HaBe-
JICHO Ha pUcyHKax 3, 4, 5, 6, 7.

I3 amanisy, HaBeneHUX Ha PUCYHKY 3 rpadi-
KiB, BUILUIMBAE, IO 3 BIIIAJCHHAM Bij emilleHTpa
Bn6yxy 0,7 M 13 30UIBLICHHSM JiamMerpa TPyOo-
nposoay Bix 0,5 M 10 1,4 M 3MiHa THUCKY yaapHOI
XBHJII BHACHIZIOK PO3pUBY TpyOM HaliMEHIIOro JI0-
CII/pKyBaHOTro aiameTpa Ha 0,5 CeKyHJi CTAHOBUTH
1,5 MIla, a mpu po3puBi TpyOd HaWOUIBIIOrO
nmiamerpa — 3,7 MIla, a 3a cexkyHay micis BUOYXy

&)
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PucyHnok 4 — 3ajexnicTb 3MiHN THCKY Bil yacy Juisl pi3HUX AiaMeTpiB TPyOGonpoBoay

npu a= 0,9 m
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Pucynok 5 — 3ane:xknicTb 3MiHM THCKY BiJ leHTpa po3pUBY /ISl Pi3HUX AiaMeTpiB TPyOOonpoBoay
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Pucynok 6 — 3ane:kHicTb 3MiHM THCKY BiJ leHTpa po3pUBY /ISl Pi3HUX AiaMeTpiB TPyOonpoBoay

nput=0Sc
3
2 \
5 [
z, —+—d=0.5u
2l 15
<1 —a—d=0.Tm
b ——d=1m
1 B-d=12wm
—=—d=1.4m
0.5
0
0.6 0.7 0.8 0.9 1
a, M

Pucynoxk 7 — 3ane:xkHicTh 3MiHU THCKY BiJ leHTpa po3pUBY /ISl Pi3HUX AiaMeTpiB TPyOonpoBoay
nput=1c
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Tpaucnopr Ta 36epiranHs HadTm i rasy

Ha Tif e BiIgali HaJUIMIIKOBI THCKHM Y BHOYXOBIii
XBWJII BUHHMKAIOTh JIMIIE MPH JiaMeTpax Tpy0o-
npoBony 1 M i Oinbiie (puc.7).

BucHoBku

JUist IPOrHO3YBaHHsI MOXKIIMBHX HACIJKIB Bill
BUHHMKHEHHs aBapii Ha MariCTpajbHOMY Ta3onpo-
BOJIi BU3HAYEHO XapaKTEP 3MiHM TUCKY BiJl IIEHTPa
BHOYXY B 3aJI©KHOCTI BiJ Jliamerpa TpyOornpoBoy,
Yacy Ta Bigalii Bij] IICHTPa PO3PHRY.

I3 anamizy mpoBemeHUX JOCTiKEHb BUILIU-
Ba€, MO yJIapHa XBWIS, SKa BUHHKAE BHACIIZOK
PO3pHBY Ta30MpOBOJIB, HE HEce MPsMOi 3arpo3u
JUISL SKUTTS JIFOAMHH, SIKa 3HAXOOWUTHCS Oinpmie 30
METpIB BiJl IEHTPA PO3PHBY, 1 HE 3/1aTHA MTOIIKO/HU-
TH CHOPY/AH, IO 3HAXOMAATHCS 332 MEKaMH ICHYIO-
YhX HOPMATUBHUX pospuBiB. lle miaTBepmwKYE
aHani3 rpa¢ikiB, HaBeJIEHNX HA pUCYHKaX 3-7 Ta B
[1].

[Noganpmuii HANPSAMOK JTOCTIKEHB MOJISATAE
y po3pobieHHi GaraTtodyHKLIOHAIBHOI CHCTEMH
3a0e3MeYeHHs] eKOJIOTIYHOT Oe3MeKH MaricTpalib-
HUX ra30Ha(TOMPOBOIIB.
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