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Beeoenue. CHabxeHne Trofell KaueCTBCHHON NMUTHEBOH BOJOW BCETIa HMMENO IIEPBOCTETICHHOe 3HaueHwe. Ho eé
TPAaHCIIOPTHPOBKA IO TPYOOIPOBOJHBIM CHCTEMaM 3a4acTyi0 ObIBaeT CBsi3aHa C MPOOJEMaMH, BbBI3bIBACMBIMH,
HarpuMep, TeMIIEpaTypol BOIBI U OKPY’KaroLeH Cpelibl, a TakKe BO3MOYKHOCTHIO BO3HHUKHOBEHHUS I'MPABINYECKUX
ylapoB Ha OTHAEJNBHBIX YydacTkax TpyO. B Oosbmiedl crenmeHu 3TH NpoOOJEMbl KacaloTCsl CHCTEM, B KOTOPBIX
UCIIOJNIB3YIOTCS TPYObI M3 MONMATWIIEHA. TemrepaTypa — 3TO OJMH W3 Haubosiee BaXKHBIX (haKTOPOB, BIMSIOIIMX HA
THOKOCTb MOJIMATHIICHOBBIX TPYO, M 9TOT (hakTOp OKa3bIBa€T BIMSHHME HE TOJILKO Ha MPOSKTUPOBAHKE BOJOIPOBOIHBIX
ceTel, HO W Ha KalHWTAaJOBIOXEHUS B WX pa3BUTHE. L[erbl0 HACTOANINX HMCCIIEOBAHUN SBHJIOCH M3YYCHUE BIVSHUS
TeMIepaTypbl BOOBl W OKpY)KAOMIeW cpemsl Ha CBOWCTBA MaTepwaia Tpy0 M CKOPOCTh PacHpOCTPaHEHHS
THIPaBIMYECKON yIapHOW BOJHEI B IIOJIMATUIICHOBBIX TPYOax.

Mamepuanst u memoost. B IpoBEICHHBIX aBTOPAMH OTIBITAX MPUMEHSIICS METOJ HATYPHBIX UCCIICTOBAHUMA, KOTIA IS
WCTIBITAHAS HCIIONB3YIOTCS CIICIMATN3UPOBAHHOEC O0OPYIOBAaHNE W CIEHHANBGHO HM3TOTOBJICHHBIC UIS DTHUX IIEJIeH
oOpasupl. B naHHOM ciyyae HCIONB30BANIMCH 00pa3lbl TPyO M3 MOJMITHICHA BBICOKOW IUIOTHOCTH, KOTOpBIE
IOJIBEPraJIUCh MCHBITAHUSM Ha PacTsHKEHHE HA Pa3pbIBHOM MalllMHE, NTPUUEM KaXKIbIH OIBIT MPOBOJIMIICS TPOEKPATHO.
B niporiecce npoBeieHHs OMBITOB 00pa3Ibl MOIBEPTaINCh BO3ACHCTBUIO ONPEICIEHHBIX TEMIIEPATYPHBIX PEKUMOB (Kak
BHEIITHHX, TaK ¥ BHYTPEHHHX ), IPH 3TOM HCCIIEIOBAIOCH TAK)KE BIMSHHE TMIPOJMHAMHYECKOTO JaBJICHHUS )KUAKOCTH B
TpyOe B pe3ynbTaTe U3MEHEHUS! CKOPOCTH JKUJIAKOCTH B €€ cekumsix. [yt aToro B 00pasibl nogaBaiach KUAKOCTh MOJT
OTIpe/ICIIEHHBIM JIaBJICHUEM, YTOOBI BRIICHUTD BIMSHUE HA TPYOBI 2P PeKTa, M3BECTHOTO KaK THIPOYIap.

Pesynemamut uccnedosanus. B Xone wuccienoBaHusi ObUIO yCTaHOBIEGHO, YTO 3HA4YE€HHE MOMIYJNS YHPYTrOCTH
MoJMATWIEHa BbICOKOW MuioTHOCTH PE100 yMmeHbIaeTcsi ¢ MOBBIMICHHEM TEMIEpaTypbl BOJbI, NPHUYEM BEIMYMHA
cHmxeHus npu Temneparype 60 °C mocturaer 60,21 % 1o cpaBHEHHIO € €T0 3HAUEHUEM IIpH TeMIiepatype Boasl +4 °C.
B pesympTare OMBITOB IO OMpPEACICHHIO U3MEHEHUS MOIYJS YINPYTOCTH TOJMATHICHA C MOBBIIMICHHEM TEMIICPaTypPHI
ObUTO BBIBEICHO SKCIIOHCHIIMAIFHOE YpaBHEHHWE /I pacueTa 3HA4YCHHS IIONMAITHICHOBOTO KOd((HUIMEeHTa Kak
dynkuun Bpemenn E =1,312¢ " ¢ kosddurmentom koppensiumn R’ =0,988, a s pacuera 3HAYCHHS CKOPOCTH
pactpoCcTpaHeHHs THUIPABINYECKOW YHapHOH BOJHBI OBLJIO BBIBEICHO SKCIOHCHIMAJIBHOE ypaBHEHHE KaK (DYyHKIMH
spemenn C = 275,9¢ """ ¢ kosddurmentom koppemsn R =0,987.

Obcycoenue u 3axnouenus. B pe3ynpTaTte 3KCIEPUMEHTOB OBLIO YCTaHOBIICHO, YTO BPEIHOE BO3JICHCTBUE HA CTCHKU
TpyO OKa3bIBaeT TaKoe SIBJICHME, KaK THIpOYAap, BOSHUKHOBEHHE KOTOPOTO 10 BO3MOXKHOCTH HEOOXOJMMO HM30erath
emé Ha dTare MPOCKTUPOBAHKS BOJOIPOBOIHON ceTH. B XoJe mcciienoBanus ObUIO OMPEICNICHO, YTO C YBEIUMICHUEM
TEMIIEpaTypbl 3HAUEHHs] MOAYJISl YIPYTOCTH MOJUITHICHA YMEHBIIAINCH MPU OJHOBPEMEHHOM TIOHMKCHUH 3HAUCHHUN
CKOpPOCTH paclpOCTpaHEHUS TUAPABINYECKON YAAPHON BOIHBI.
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Introduction. Providing people with high quality drinking water has always come first. However, its transportation
through pipeline systems was often associated with some problems, such as the temperature of the water and the
environment, as well as the possibility of water hammer on certain pipe sections. This was especially true for systems
that use polyethylene pipes. Temperature is a key factor affecting the flexibility properties of polyethylene pipes, and it
affects not only the design, but also the investment in the development of water supply networks. The purpose of these
studies was to study the effect of water and ambient temperature on the density, properties of the pipe material and the
speed of propagation of a hydraulic shock wave in polyethylene pipes.

Materials and Methods. In the experiments performed, the method of field research was used, when tests are carried
out on specialized equipment on samples specially made for the pursued purposes. Here, samples of high-density
polyethylene pipes were used, which were subjected to tensile tests on a tensile testing machine, and each experiment
was carried out three times.

In the course of the experiments, the samples were exposed to certain temperature regimes (both external and internal),
while the influence of the hydrodynamic pressure of the liquid in the pipe was also investigated, as a result of the
change in time of the liquid velocity in its sections. To do this, the samples were supplied with liquid under a certain
pressure in order to find out the influence on the pipes of an effect known as water hammer.

Results. In the course of the research, it was found that the value of the elastic modulus of high-density polyethylene
PE100 decreases with increasing water temperature, and the decrease at a temperature of 60° C reaches 60.21%
compared to its value at a water temperature of +4° C. Based on the results of experiments to determine the effect of the
elastic modulus of polyethylene with increasing temperature, an exponential equation was derived to calculate the value
0% with the correlation coefficient R* =0.988 ; and

based on the results of the studies carried out to calculate the value of the propagation velocity of a hydraulic shock

of the polyethylene coefficient as a function of time £ =1.312¢

-0,01¢

wave, an exponential equation was derived as a function of time C =275.9¢ with the coefficient correlation

R*=0.987.

Discussion and Conclusions. In the course of the research, it was found that such a phenomenon as water hammer has
a harmful effect on the pipe walls, which, if possible, should be avoided even at the design stage of the water supply
network. During the experiments, it was found that with an increase in temperature, the values of the elastic modulus of
polyethylene decreased with a simultaneous decrease in the values of the propagation velocity of the hydraulic shock

wave.
Keywords: polyethylene pipes, temperature range, water hammer.
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BBenenne. TemrmepaTypa mNpoTEeKaromield JKUIKOCTH W TEMIIEpaTypa OKPYXKArolleH Ccpeasl OKa3bIBAIOT
CYIIECTBEHHOE BJIMSHUE HAa CBOMCTBA Marepuaia TPyO, M3TOTOBICHHBIX W3 IMOJUITUIICHA BBICOKOH IUIOTHOCTH. [Ipum
MOBBIIICHUH TEMIIEPAaTyphl MaTepuall TPYObl CTaHOBUTCA OoJice THOKUM, YTO MPHBOJUT K CHIDKCHUIO CKOPOCTH
pacIpOCTpaHCHHS THIPABIMYCCKOW yNApHOW BOJHBL, a 3HAYUT, M K CHIJKCHUIO JaBICHUA. [IpOMBIIIICHHO
M3rOTOBJICHHBIE MONMATHIICHOBBIE TpyObl n3 PE100 (HDPE) sBnstorcss TepMmoracTamMu, Tak Kak UX TUIACTUIHOCTH
BapbUpPYyeTCsl B COOTBETCTBYIOUIMX MpEJeiax, 3aBUCSIIMX OT pabo4yux YCIOBHH. DTH IJIACTMACCHI MMEIOT Pl
MPEUMYIIECTB, B TOM YUCIIE CPAaBHUTEIHHO HEOOJBIIION yACIbHBIN BeC, OHU AAalOT BO3MOXKHOCTh paboTaTh MpU HU3KUX
TeMIIepaTypax, ClOCOOHBI BBIJEPKUBATh YMEPEHHOE JaBJieHHE, 00JaJal0T BBICOKON KOPPO3HOHHOH YCTOHYHUBOCTBHIO
(0COOEHHO K KHCIOTaM M IIEJ0YaM), XOPOIIMMHU DJIEKTPOU3OJISIUOHHBIMU CBOMCTBAMHM, JIETKO OKPAIIMBAIOTCS MU
MpOCTBl Tpu ycTaHoBKe. OHM HM3TOTaBIMBAIOTCS cpa3y OOJNBINON JJIMHBI, YTO COKpamlaeT MPH HX MPOKIAJKe

KOJIMYECTBO COCAUHUTECIIBHBIX 3JICMCHTOB, KOTOPBIC CUUTANOTCA OJOPOTrMMHU U XPYINKHMHU W BbI3BIBAIOT HpOGJ’IeMLI,
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cBs3aHHBIE ¢ yTeukamu [1—6]. ITommsTHieHOBBIE TPYOBI OTHOCSTCS K THAPABINYECKH TJIAJAKHM TPpyOaM, B KOTOPBIX
MOTEPH DHEPTUH Ha TPEHUE B MPOIIECCEe MPOTEKAHUS KUAKOCTH HAMHOTO MEHBINE, YeM B METAIUTMYECKUX TPyOax, 4To
MPUBOAAT K ODKOHOMHH DHEPTHH IIEPEKAauMBaHUSL. OTH TPYOBl XapaKTEepHU3YIOTCSI OYCHb MAaJlBIM IHAITa30HOM
mepoxoBatocTh (k=0,001-0,008 mm), uto B 3—20 pa3 MeHbIIE MIEPOXOBATOCTH HOBBIX CTANBHBIX TpyO. Temmeparypa
SIBIISICTCA OJHUM W3 HanOosee BaXKHBIX (PaKTOPOB, BIMSAIONINX Ha CBOICTBAa THOKOCTH MONHATHIICHOBHIX TPYO, M TOT
(hakTOp HE TOJBHKO BIHSET HA MPOCKTUPOBAHKME U KAIMUTAJIOBIOXKCHUS B Pa3IMYHbIC CETH CHA0KEHUS MUTHEBON BOIOM
Ipu CTaOMILHOCTU IIOTOKA, HO W BBI3BIBAET HECTAOMJIBHOE €ro TEeYeHHE B BHAE THAPOYyAapa B IMOJHITHICHOBBIX
TpyOax [7-10]. MexayHapoaHble CTaHAAPTHI ONPEICISIOT CBONCTBAa MOJHITHUICHOBBIX TPYO B CETAX MUTHEBOTO
BoJlocHaOkeHust mpu Temreparype 20-23 °C, B TO BpeMsi Kak €BpOIEHCKUE CTaHAapThl ONPENeNsioT HX MpHU
temneparype 10 °C. Moayap ynpyrocTd MONUITHICHOBBIX TPYO OTHOCHTENILHO BEJHMK MPU HHU3KUX TEMIIEpaTypax
BOJIHOTO TIOTOKA, 3HAYEHHE €T0 MOHIKACTCS, KOTJa MPH THAPABINYECKOM yIape TeMIlepaTrypa MOTOKa IOBBIIIAETCS.
[MosTOMy THAPaBIMYECKUHA yaap MOKET OKa3blBaTh 3HAYUTEIHHOE BIUSHIE Ha CTCHKHU IONUATHICHOBBHIX TPYO B CETSIX
MUTHEBOTO BojocHaOkeHus [11-14]. Llenp HacTOSIINX HCCICTOBAHUN — W3yUCHHE BIUSHUS TEMIIEPATYPHI KUIKOCTH
U TEMIIepPaTyphl BO3IyXa, OKPYKAIOIIETO MOJUITUICHOBEIC TPYOBI, HA IUIOTHOCTD, IPYTHE CBOMCTBA MaTepHaia TpyO u
Ha CKOPOCTH PACIIPOCTPAHEHUS B HUX THAPABINIECKOHN yIapHOM BOJIHEL.

Metoasl u MaTepuaabl HucciaeaoBaHus. I'mapaBiauyeckmii yaap. ['mapaBimuecKuM yaapoM HAa3BIBAIOT
YBEIMUEHUE WM YMEHBIIEHUE THIPOJUHAMUYECKOTO JaBICHHS KHUIKOCTH B TpyOe B pe3yiabTaTe U3MEHEHUSI CKOPOCTH
KHUJIKOCTH B €€ CeKIHMH. JTOT yAap MOXET CO37aBaTh OOJBIIOE IaBICHHE, KOTOPOE HEOOXOAMMO YYHUTHIBATH NPH
pacdere TOJNIIUHBI CTEHOK TPYObl. CKUMAEMOCTh >KHIKOCTH M CKIOHHOCTh CTEHOK TPYObl K JedopMaiiuu MPUAAOT
THIPABIMYECKOMY yaapy YIpPYroCTh, MMOCKOJIBKY OH IPEACTABJICH B BUJE BOJIH JAaBIICHUS, PACIPOCTPAHSIONIAXCS 110
TpyO€ B HECTAaOMIBHOM MOTOKE. Pa3nuyaror 1Ba THIa THApOyAapa:

1. [IpsiMo¥t TUApaBIMYECKUIA YAap ONACCH M BO3HUKACT, KOTJIa BpeMs OCTAaHOBKM MEHBIIEC IIepUOIa
TH/IPABINYECKON BONHBIL, . <{ .

2. KocBeHHBIN THIpaBIUUECKUN yaap, KOTOPBI He ONaceH U cpabaThiBaeT, KOTAa BpeMsl OTKIIIOUEHHS OoJbliIe

IIEPHOJIa TUAPABINYECKOM BOJIHEL, [ > 1,
t,=2L/C,, (1)

rae f, — TEpHOJ THAPABIMYECKOH BOMNHBL C; L — nuuHa TpyOsl, M; C; — CKOPOCTH pPacnpOCTpaHeHHUs

TUJPaBINYECKON yIapHOH BOJIHBI, M/C; . — BpEMs 3aKPbITHs WIN OTKPBITHS KJallaHa, C.

Hp?[MOﬁ FI/IZ[paBHI/I‘IeCKI/Iﬁ yAaap BO3HHKACT, KOTAa Ha KOHLE pr6bl BHE3AITHO OTKPBLIBACTCA HJIM 3aKPbIBACTCH
KJiamaH, CO€,I[I/IH€HHLII\/’I C LHPIpOKOfI MOBCPXHOCTBIO pe3€pBYyapa, UK BHE3AIIHO MPEKPAIIACTCA IMoJAava 3JICKTPOIHECPTUU
Ha HACOCHYK CTaHLMHIO. H3menenne JAABJICHUA B PE3YJIbTATE MPAMOI0 THUAPABIMYCCKOTO YyAapa OINPCACIIaCTCA

cootHoweHueM JKykoBckoro-Jleu:
APy = p;-Cy Y, 2)

m;

rae AP

max

2
— BCJIMYMHA U3MCHCHHS BBICOKOT'O WJIM HU3KOI'O OJAaBJICHHA, H/m 5

3
p; — IUIOTHOCTb XKHJIKOCTH IIPH YCTAHOBUBLIEMCS Pacxone, kr/mM’; C; — CKOpPOCTb pacnpoCTpaHEHHs

THAPABINYECKON YAApHOH BOJIHBI, M/C; V, — yCTaHOBHUBIIASCS CKOPOCTH IIOTOKA JKUIKOCTH B TPyOe, M/c.

Uro KacaeTcss HEMpSMOTO THIPABIMYECKOTO yaapa, TO OH BO3HHMKAET IPH MEAJICHHOM OTKPBITHH WU
3aKpBITHN KJIallaHa Ha KOHIE TPYOBI, COSAMHEHHON C IIUPOKOW IMOBEPXHOCTHIO pe3epByapa, WM TPH YBEIHMUCHHU
BPEMEHU OCTAHOBKHM PabOTHI HACOCHOW IPYMIIbl HA HACOCHOW CTaHLWH. BennunHa n3MeHeHHs NaBlEHHS B PE3yJIbTaTe
HENpsMOTO THAPABINYECKOTO yAapa ONpeAeseTcs CIeAYOIUM COOTHOIECHUEM:

AR, =2p,-L-V,/RT,. 3)

max

Bemnunna CKOPOCTH PpaclpOCTpaHCHUA I‘I/Iﬂp&BJ’IH‘ICCKOﬁ yﬂapHOﬁ BOJIHBI B IIOJIM3THJICHOBBIX pr6ax

ompenensieTcs 1o cieayomei Gopmyie:

4)
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rne M — nocrosiHHas KoHCounayu npu D/ e > 40

JIns mOIep KKK OJHOM CTOPOHBI Tpy6hl M =1,25— 11, M =1— /2, Beeit Tpyos — M =1—4°; ma Tpy6 Ges
omopsl (¢ komnencaropamu) — M=1. 3necs ¢ — monyis Ilyaccona, cocrasusier 0,45 s tpy6 us HDPE [3-4]; E,, —
ko3 durment ynpyroctu Bogsl, H/m?; f; — TUIOTHOCTH BOJBI, Kr/M’; D — BHYTpEHHHUI HAMETp TPYOEI, M.

CKOpOCTh pacIpOCTpaHEHUs] THUAPABIMIECCKOW yIapHOH BONHBI B IOJMITHICHOBBIX TPyOax HAXOOUTCS B
mnamazone 180-370 m/c [1, 9]. B tabnmme 1 mpencraBieHsl aHHBIE O GU3NIECKAX CBOHCTBAX BOIBI IIPH aTMOC(HEPHOM
JaBIeHUH Ha e€ moBepXxHOCTH. Ha puc. 1 mokasaHo yMeHbIICHHE IMIIOTHOCTH BOJBI C YBEJIMUYECHHEM TEMIIEPATYphI, a Ha

pHcC. 2 — yBeJIMYEHHE 3HAYCHUS MOIYIIS YIPYTOCTH BOJBI C MOBBIIICHUEM €€ TEMIIEPATyPHI.

Tabmuma 1
Om3IYecKue CBOMCTBA BOIBI IIPH aTMOC(HEPHOM JaBIICHUH Ha €€ TOBEPXHOCTH
Temmnepatypa, °C 0 4 10 20 30 40 50 60
T110THOCTb BOJIBI, KI/M 999,8 1000 999,7 | 998,2 995,7 992,2 988 983,2
M
OAYIT> YUPYTOCTH BOXEL, 2,02 | 2,06 2,1 2,18 2,25 228 | 2,29 2,28
T'H/™m
1002
1000
998
= 99
o]
>
) 994
S
A 992
=
g 990
S
= 988
=
986
984
982
0 10 20 30 40 50 60 70
Temmneparypa, °C
Puc. 1. I3MeHeHNe MIOTHOCTH BOJABI C MOBBILICHUEM TEMIIEPATYPhI
2,35

2,3 L ——

2,25 /
22 o

2,15

2,1 /
2,05 /

0 10 20 30 40 50 60 70

Mopayns ynpyroctu Bojsl, I'H/™®
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B rabuuie 2 npuBeieH MOIy/b YIIPYrOCTH MaTepuana Tpy6sl u3 nonustuiena npu 16 °C[2, 10].

Tabmuma 2
Moyib YIPYrocTd MaTepraa TpyOsl U3 MOJIMITHIIEHA P TemmiepaType 16 °C
Moayab ynpyrocru Mopyab ynpyroctu Moayab ynpyrocru
noamdTHIEHA, Ib/in’ nosmsTHIeHa, MH/m? MoJIMATHIIeHA, 1b/ft2
150 000 1030 22000 000

JlabopaTopHble ucnbITanus. V3 nonudTrineHoBoi TpyObl Bbicokod mmiotHoct HDPE Obut m3rorosnen
21 obpazen. B xome mMpoBeNCHHBIX HCIBITAHUI OBIM M3MEPEHBI 3HAUYEHHS ONPENEICHHBIX XapaKTEPUCTHK, KOTOPBIC

NIPUBEJICHEI B Ta0ue 3.

Tab6muma 3
Texuuuaeckue xapakrepuctuku Tpyo n3 HDPE
D, mm €pin, MM €max, MM PE SDR PN, MPa
110 6,6 7,4 100 17 1

Jyist ipoBeieHusI MCCIICIOBAHMIA OBUTH BBITOJHCHBI CICIYIOIIUE NCHCTBUSA:

— BBIOpaHBI U MPUHSATHI 3HAUSHUSI TEMIIEPATyp, NPU KOTOPBIX IPOU3BOIMINCH ucnbiTanus: 4, 10, 20, 30, 40,
50, 60 °C;

— JUTSL KQKJIOW U3 BRIOpAHHBIX TEMIIEPATyp HCIBITHIBAJIOCH IO TPH 00pasiia;

— B XOJIC MCTBITAaHUH ONpeesiuch (PU3NKO-MEXaHUUECKHE XapaKTEePUCTHUKHU, CPETHHE 3HAUEHHs] KOTOPBIX
TIpUBEICHEI B TabmmIe 4;

— 00pa3Ipl Ha pacTsHKCHHUE HArPEeBalld B TCUCHUE Yaca B IIUPPOBOH dIIEKTPUIECKOM ITeUH, 3aTEM PaCTATHBAITH
C TIOMOMIBIO CHENHUATBHOTO YCTPONUCTBA, OTYUYEHHBIC pe3yJIbTaThl IPECTABICHBI B TaOIuUIE 4 U Ha pHC. 3;

— MOJUATUICHOBYIO TpyOKy amamerpoM 110 MM 3amoiHSIHM BOAOH NpH ONpeAeNieHHBIX TeMIlepaTypax a0
MOMEHTA €& Pa3phblBa U PACCUMTHIBAIIM OTHOCUTENBbHYIO AedopManuio o popmyne & =AD/ D (tabnuua 4).

M3MmeHeHns yIpyrux pacTATHBAONINX HANPSDKEHUHA B 00pa3nax TpyO U3 MONMATHIICHA C BHEITHUM JTHAMETPOM
110 mm npu HOMUHaANBHOM naBneHuu 10 bap u ux medopmanmu, u3MepeHHble PU BHIOPAHHBIX paHee TeMIepaTypax,

AHAJIM3UPOBAJIMCh B TCUYCHUE T'OJIa. HonyquHme JIJAHHBIC IPEACTABJICHBI B Ta6HI/IHe 5uHa puc. 4,

Tabnuua 4
MakcumanbHble 3HaYCHUsI YIIPYTUX PACTATMBAIOIINX HANPSIKEHUN
M OTHOCHTENILHOM AedopManuy 00pasloB U3 MOJMITUIEHA B COOTBETCTBHU
C YTBEPKIACHHBIMH TEMITEPATypaMu
Temneparypa, °C 4 10 20 30 40 50 60
C
PEARHE SHATCHI YIPYTHX 29576 | 26,074 | 23,656 | 22340 | 19716 | 18426 | 17,229
HanpsbxeHuid, MITa
Cpeane SHAUCHNA OTHOCHTENLHOM | ) 1o | 0 0506 | 00256 | 00275 | 0,0293 | 00306 | 00319
nedopmanuu, %
Tabmuma 5

MakcumaabHbIe 3HAYCHUS N3MEHEHUS YIPYTrux pactaruBaronmux HaHpﬂ)KCHI/Iﬁ JJIA 06pa3u0B U3 IIOJIN3TUJICHA B
3aBUCUMOCTH OT UBMCHCHUA TEMIICPATYPhI B TCUCHUC roia

Mecsubl SAuBapsb Deppaiib Mapr Anpenb Maii Hronb
Yupyrue nanpsoxkenus, Mlla 28,16 31,30 26,49 26,01 24,71 24,64

Mecsiip Hrons ABrycr Centsi6pp | Oktsa6ps | Hos6pn JlexaOpb
VYupyrue nanpsbxenus, Mlla 23,32 22,02 24,20 24,27 25,40 27,57
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Puc. 3. Hapr{)I(eHI/ISI TIpH pACTAKECHUU IMOJIUITUIICHA IIPU NOBBIIICHUH TEMIIEPATYPhI
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Puc. 4. 3naucHus HaHpH)KCHI/Iﬁ IIpU pacTAKECHUN 06pa3u0B U3 IIOJIM3THUIICHA B TCUCHUEC Iroga

Pe3yabTaTnl. PesynbraTer oOpadaTeiBaimch 1o 3akoHy ['yka ciemyromum o0pazom:
e=AD/D=c/E, (5)

rae & — oTHocuTenbHas nedopmaims; AD — uzmeHneHue nuamerpa TpyOsl, MM; D — nuaMeTp TpyObl, MM;
O — HanpsDKeHUs pacTshKkeHHs B creHke TpyOobl, MIla; £ — moxynb FOnra, MIla;
B tabnuue 6 mpuBeaeHs! 3HaueHHs MoAyns ynpyroctu nommatwieHa PE 100 u ckopoctr pacnpocTpaHeHus

a THPaBIMYECKOH yIapHOH BOJIHBI IIPH NPU BEIOPaHHBIX TEMIIEPATypax.

% Ha pucynke 5 mnoka3aHO yMEHbUIEHHE 3HAUEHUS MOMAYNsS YOPYrocTH MOJIMATHIEHA C YBEJIUYEHUEM

g TEeMIepaTyphl, a Ha pUc. 6 — yMEHbIIEHNE 3HAYCHUS CKOPOCTH PACIIPOCTPAHECHHUS THAPABIMYECKON yIapHOH BOJIHEI C

E YBEJIMYEHHUEM TEMIIEPaTyPHI.

g Ta6nuna 6

§ 3HavyeHus MoAyia ynpyroctu noimatuieHa PE 100 u ckopocTu pacinpocTpaHeHUs THAPABINIECKOH yAapHOI BOIHEI

= IIpY YTBEP>KICHHBIX TeMIepaTypax

=¥

E Temneparypa (°C) 4 10 20 30 40 50 60
Monyns ynpyrocru, E (MI1a) 1357 1154 924 812 673 602 540

Cropocts rupaseckoii 280 259 233 219 200 190 180

324 yaapHoit BoiHbI, C (M/c)
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Puc. 6. 3HaueHNsa CKOPOCTU PAaCIPOCTPAHEHUS THIPABINYECKON yJapHOI BOJIHBI IIPU MOBBIILIEHUN TEMIIEPATyphl

O0cyxneHue U 3aKJII0YEHUs
Ha ocHOBaHMM NOITYYEHHBIX JAHHBIX, MPEICTABICHHBIX HA PUC. 5, aBTOPAMH BBIBEACHO HKCIOHEHIHAIBHOE
ypaBHEHUE Ul pacuera 3HauyeHUs KOd(PQUIMEHTAa YIPYroCTH IOIMITHIEHA Kak (QyHKIMM BpemeHu E =1,312¢7%".
2
Koapuunent xoppensimu Juist JaHHOTO ypaBHEHHUs cocTaBisier R° = 0,988 .
Ha ocHOBaHMM TaHHBIX, IPEACTABICHHBIX Ha PHUC. 6, TIOIY4YEHO 3KCIIOHEHIIMATFHOE ypaBHEHHE IS pacdera

3HAUEHUST CKOPOCTH PACIPOCTPAHEHUs THAPABIMYECKOW yIAapHON BONHBI Kak (GyHKiud BpemeHd C =275,9¢ .

KoaddumueHT KOppensiuu 11 JaHHOTO YPaBHEHUS COCTABIISCT R*=0,987.

IIpoBens aHanu3 pe3yiabTaToOB, MOJYYEHHBIX B X0J1€ UCCIECOBAHUI, MOKHO CHI€NaTh CJAEAYIOLIUE BbIBObL:

— BBICOKas TeMIlepaTypa BOJBI OKa3bIBACT CYIICCTBEHHOE BIHMSHHAC HA CBOWMCTBA Marepuana TpyO u3
nosmdTUNeHa Beicokoill maoTHocTH PE 100 1 Ha ruapaBindeckue CBOMCTBA yIapHO BOJIHEL,

— 3Ha4YeHHe MOJIYJsl YHPYrocTH HojudTuieHa BbICOKOM miuoTHOCTH PE 100 ymeHblaeTcsi ¢ MOBBILIEHUEM
TeMIieparypsl Boasl. Hanpumep, npu nossieHuu teMnepatrypsl oT 4 1o 60°C cHrkeHue 3Ha4eHUsI MOIYJISl yIPYTrOCTH
nocturaet 60 %. 3To IPUBOIUT K 3HAUUTEIFHOMY CHIDKEHHIO CKOPOCTH PaclpOCTPaHEHHS THAPABIMYECKON yHAapHOI
BOJIHBI. BenmnunHa CHUKEHUS JOCTUTaeT mopsaka 35 %, 4To BeJeT K 3aMETHOMY CHIDKEHUIO 3HAUEHUSI MaKCUMAaIIbHOTO
W3MEHEHHUS JIaBJICHUS B pe3yJIbTaTe TUAPABIMUECKOTO y1apa.
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