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KopposuonHoe pacTpecKMBaHMe MaruMCTpanbHbIX
TPy6ONpOBOZIOE M BO3MOXKHBIE MEPhI N0
npeaynpexaeHnI0 aBapHiiHOCTH!

FO.A. JALOHOB, C.H. MOKPOYCOB (I'ocroprexna,qsop Poccuu)

BHyTpuTpy6Has aedexrockonus

BHyTpuTpy6Han aedekrockonus TpyGonposoaos — adicpex-
TUBHbIM METOR OBHapyXKEHMs Pa3nuuHbIX MOBPEXAEHMH Ha
TPy6onpoBoaax, 0COBEHHO KOPPOIMOHHOTO yTOHEHUS CTEHOK
TPY6 1 MameHeHuit reomeTpuu. C nomoLusio Takol pedbek-
TOCKONMK TPYBONPOBOAOE MOXHO OBHapyMBaTL TaKk)Ke Npo-
AoneHble TpewpHbl KPH 1 nonyyats uicopmaumio o6 ux pas-
mepax. [ins aroro TpebytoTca HapexKHble 1 TouHble NpHEOpPSI,
NO3BONSIOLUME YCTAHABNMBATL MECTOHAXOMKAEHHE KPUTMYeC-
KMX N0 pa3mepam Miu 6nu3kux K KpuTHYeckum TpewmH KPH.

B rakux npubopax cronb3yioT ynbTpassyKoByro TeXHONO-
Ui, KOTOpPas 3th(HeKTUBHO NPUMEHAETCA B APYIriX OTPACNAX
NPOMBILNEHHOCTH. B CBA3M C Tem, 4TO NpMHUMN KOHTpONS
MOCTPOEH Ha PErucTPaLui OTPAXKEHHbIX OT TPELLMH CHrHanos,
npobnema AeeKTOCKONMM 3aKNIOHAETCA B COPTUPOBKE MH-
POPMaLKH NO ONACHBIM M HEONACHBIM TPELLMHAM Ha Tpy6o-
NPOBOAAX C BbICOKMMH OTPaXKaTenbHbIMU CBOMCTBAMM.

B 1997 r. ana obHapyseHus TpewumH KPH Ha esponeiickux
1 CeBepOamMepHKaHCKUX TPYEOMpPoBOAax NPUMEHANHCH ABE MO-
Aenn BHYTPUTPY6HbIX NPUEOPOB:

1. «YneTpackan CD»,paspaboranHbiv cupmoit «Pipetronix»
(Tepmanua) Ans HCNONb30BAHKS Ha MArKCTPaNbHbIX ra3onpo-
Bopax, Tpebyer popmuposaHms GonbLuoro obbema BoasHOMN
npobku, 4TO co3paeT NPobnemb! C 3aNMBOM, yAaneHem Tako-
ro KOnM4ecTsa BoAbl 4 OCYLUKOW ra3onposoga. Stum npubo-
POM MOXHO onpeaenaTs TpelwmHbl AnuHoi 30 Mm, rnyBuHoM
2 mm. CKOpOCTb BbINONHEHUS BHYTPHTPYEHOIN pedekTocKo-
mm 1 m/c.

2. «MARK lI», paspabotaHHsii oupmoit «British Gas» (Be-
nukobputaHua) u He Tpebyewmin Npu KCNNyaTaumu ero Ha
rasonpoBoAax 3anuea BOASHOM NPobKy, TaK Kak Koneca npu-
6opa, 3anonHeHHbIe XUAKOCTEIO, 0BeCreYUBaIOT HEOBXOaMMBIN
KOHTaKT ynbTpa3ByKOBbIX 4aTUMKOB ¢ TPy6oM. Takum npubo-
POM MOXHO OnpeaensaTh TpeLmHb! AnHor 50 MM U rnyBuHoM
1,5 mm. CkopocTs BHYTPHTPYEHOM AedekTockonuu 2 m/c.
lMpu 3TOM MOXHO YCTaHaBNMBATL OTCNOEHUS H3ONALUOHHOrO
NOKPbITHS.

Paspabatsigaetcs cepus npuBOPOB ¢ yNnyuLeHHbIMM NOKa-
3atensmu. MNonyyeHue fOCTOBEPHOM MHEDOPMALMK C NOMO-
LBIO BHYTPUTPYBHOM AeheKTOCKONUM NO3BONUT KOMNAHMSM
MNPMHUMAaTL PELLIEHMA NO PEMOHTY U 3aMeHe y4acTKoB Tpy6o-
nposopos Gonee aheKTHBHbIE, YeM Ha OCHOBE Mopaenei
NPOrHO3a UMK NO Pe3ynbTaTam NepPemcnbITaHuH.

B 6ynyuiem BHyTpuTpy6Has aedekTockonus cmokeT obec-
NeymTh:

MOHWTOPMHI BO3HMKHOBEHUSA M pa3BuTus TpewmH KPH;

COBepLUEHCTBOBaHWE MOfenen NporHo3a ans obcnenopa-
HUS Y4aCcTKOB TPY6ONPOBOA0B, Ha KOTOPbIX HEBO3MOKHO Bbi-
nonHeHue BHYTPUTPYEHOM AecheKTocKonmy;

BbISBNEHWE YYACTKOB TPYOOMPOBOAOB C OTCNOMBLUMMCS
M3ONALMOHHBIM MOKPbITHEM.

BoamoskHocTH nponycka BHYTPHTPYGHBIX cpepcTs no Tpy-
6onpoBoAaM OrpaHM4eHbl M3-3a Pa3NMUHOTO POAA CyMKEHMH
NPOXOAHOrO ceveHns (HepPaBHOMPOXOAHbIE THMbI 3aNOPHON
apMarypbl, KPyTbl€ Yrnbl NOBOPOTOB, pa3Has TOMNLLUMHA CTEHOK
TPY6, pasHbie aMameTpbl TPY6) M UX HEYKOMNNEKTOBAHHOCTH
obopynoBaHHeM ANs 3anycKa M NPUEMa BHYTPHUTPYGHbIX
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cpeacte. [ina obecneyenis BO3MOXKHOCTH NPONYCKa BHYTPH-
TPY6HbIX NPHEOPOB TPYBONPOBOABI AOMKHLI BbiTe MOAEPHM-
34pOBaHbl, YTO TpebyeT 3HauuTenbHbix 3atpar. B KaHage u3
33 tbic. km Tpy6onposopos D, = 500 mm u Gonee nponyckats
BHYTPUTPYBHbIE NPUEOPLI MOXKHO TOMBKO NO TPYEONPOBOAaM
NPOTMKEHHOCTBIO 15 Thic. KM. 3aTpathl Ha MOpEepPHU3aLMIO
3TUX CUCTeM oueHusatoTes B 270 MnH. KaHap,. aonn.

Chnenne paboyero pasnenus

Chuxenme pabouero aaBneHus No3BonseT yCTpaHuTL OauH
3 pakTopoB Bo3HMKHOBeHUA KPH 3a cuet cHmmenus KonbLie-
BbIX HANPSKEHM B CTEHKAX TPY6, T.e. yCTpaHeHUs OfHOro M3
TPEeX yCnosuii, HeO6XOaMMbIX ANA BO3HUKHOBEHUS KPH.

Brusnue HanpsxeHus Ha pocT Tpewun KPH paccmarpusa-
nock paHee. A B3aMMOCBA3L M@XKAY HANPAKEHHEM U KPUTH-
HECKUM PasmMepoMm TpelwHbl ByeT paccmoTpeHa Hiue.

ObLume 3aKnioueHus No paHee PaccMOTPEHHbIM acneKTam
KPH.

BosnukHosenne tpewpmH. MeHblune BenuumuHbl Hanps-
XeHUA NPUBOAAT K MeHbLLIEMY TpeLuHoobpasosanuio. OpHa-
KO MoKa He yCTaHOBNEHO NOPOroBoOe 3Ha4eHUe HanpPsKeHus,
HHXKe KOTOPOro TpewuHoobpasosanus HelTpansHoi KPH He
BO3HMKaer.

Passurue rpewmn. He onpepnenero snusHue konebanus
HanpsXKeHus B npepaenax HOpManbHbix pabounx Hanpsmke-
HUI Ha CKOPOCTb POCTa TpewuH. He ycTaHosneHo noporo-
BOE 3HaYeHue HaNPAXKeHWs, HUXKEe KOTOPOro POCT TPEeLMH
npekpaliaercs.

Kpurnueckne pasmepsi Tpewpn. C ymensleHnem pa-
6ouero nasnenms 3ameanseTcs PasBUTHE KPUTHUECKHX Tpe-
LWMH, T.e. NpoanesaeTca cpok cnyx6bl Tpybonpoeopa Ao
aBapuu.

MocneacTsus CHKEHUS AaBNeHUs pasnuuHbl ans Tpy6o-
NPOBOAOB € 3W(HEKTUBHLIM 33LUMTHBIM NOKPLITHEM MnK Bes
Hero. [Ins Tpy6onpoBoaos ¢ 3hheKTUBHBIM 3aLUMTHBIM NO-
KPbITHEM YMeHbLLIEHHEe paboyero AaBneH1s HexenaTensHo,
TaK KaK BEPOATHOCTb BO3SHUKHOBEHMS aBapui u3-3a KPH mu-
HumansHa. [ina Tpy6onpoeopoe 6e3 addekTeHOro 3awmr-
HOro NOKpPbITHA BO3HUKHOBeHHe KPH & ocHoBHOM 3aBMcHT OT
3KCNNyaTauMoHHbIX Ka4ecTs nokpeitka. Mo xapaktepy pas-
8uTus KPH Ha tpy6onposopax ¢ noHmkenHsim paboumnm aas-
NeHMem aBapuu MOryT BbiTh OTCPOUEHbI M UX KONUYECTBO CO-
KpaiieHo. OAHaKo B LIeNOM TaKe MEPONPUATUS CReLUanic-
TaMM NPU3HAIOTCA HENPaKTHYHBIMM, TaK Kak OTCyTCTBWe
AaHHBIX MO NOPOrOBOMY HaNPRXEHUIO, NPEAOTEPaLLaloLLe-
My Bo3HukHoBeHue KPH, He paet ysepeHHocTH B Tom, uTO
aBapua He npousoiiner. B atom cnyyae tpebyrorcs nepenmc-
nbiTakus. CHkenre paboyero HaNPAXKEHMA NO3BOMUT yYMeHb-
WKTb NEPUOAUYHOCTL NePEeUCnbITaHUH U BHYTPUTPYBHOM ae-
EKTOCKONMH, YTO AACT BOIMOXKHOCTL CYLUECTBEHHO COKpa-
TUTb 3aTpaThi Ha TeXHU4ecKoe obcnyxuBaHue Tpybonposopaa.
Kak nokasanu pacuersl no ogHol M3 mogenei nporHosa,
cHuKeHne pabounx HanpseHuit ¢ 77 po 64 % npepena
TeKy4eCTH NPoANeBaeT Ha 25 Mec BPeMA IKCNNyaTaLum Tpy-
6onpoeona po asapum. Bmecre ¢ Tem cHikenme paboyero
AaBNeHUA NPUBOAMT K NoTepe NPOoM3BOAMTENbHOCTH Tpy6o-
NPOBOAOB, YBENMYEHHIO 3aTPAT Ha NepeKayKy NPoAyKTa, 4To
MOXKET NPUBECTH K TAXKENbIM COLMANbHLIM U IKOHOMMHECKMM
NOCNEACTBUSM ANS OTAENbHLIX PeroHos. Tak, ana paga Tpy-
6onposopoe Boctourok KaHaae! 3ta mepa Bbina npuaHaHa
HeaheKTMBHOM.
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[onrocpoyHoe ymeHblueHue paboyero fasneHus He npe-
portepalyaer asapurHocTb no KPH B npouecce akcnnyaraumu
Tpy60ONpOBOAA, NOABEPIKEHHOrO €ro BO3REUCTBUIO, XOTA NPO-
ArieBaeT CpoK cnyxbbl A0 aBapuu.

CHuxerue pabouero pasneHus obbi4HO peKomeHayeTcs
KaKk BpeMEeHHas mMepa Ans y4acTkos Tpybonposoaos, Ha ko-
TOPbIX CyLLECTBYeT NpsAmMas yrpo3sa asapuu. Hanpumep, ecnu
aBapua NpoM3oLLNa Ha y4acTke Tpy6onpoBoaa, CHUTaBLIEM-
ca bnarononyuHbim (4To ceupeTenscTeyeT ob owubke gony-
LieHHOM NpH oueHke BesonacHocTn Tpybonposopa), To Ao
3aBepLUEHMUs peanu3auui npodunakTHYeckux mep paboyee
AaBNEeHMe Ha 3TOM y4acTKe [OMKHO BbiTh ymeHblueHo. Pa-
6oyee faBneHne [OMKHO TaKIKe CHMKATLCA A0 3aBepLUEHHs
nepemcnbITaHui TpybonpoBoAa U YCTPaHEHHS BCEX OMacHbIX
RedeKTos, ecnu B pesynbrare obcnesosanus Bbiny Bbisene-
Hbl KPUTMHECKME MMM OKONOKPUTHYECKME NOPaXKeHHs Tpy6bi
u3-3a KPH.

Pabouee pasnenue Ha Tpybonposoje pekomeHayertcs
CHWKaTh, ecnu Tpy6onpoBoaHas KOMNaHKa Ang NoATBepPXXae-
HUS NPOYHOCTH BbI3bIBAIOLLLETO COMHEHUs Tpybonposopaa pe-
LUMNa BLINONHUTL NPOrPaMMy ero nepemcrbiTaiui. MoHuKeH-
Hoe paboyee faBneHMe QOMKHO AEpPXKaTbCA A0 OKOHYaHMA
nepeucnbITaHuii. BenuunHa ero onpepenseTcs NPOAOMKUTENb-
HOCTBIO NEPEeUCbITaHHA BCeX HEHAEeXHbIX y4acTkos Tpy6o-
NPOBOAOB.

B uenom, obliee cHueHne paboyero naBneHus npuaHa-
eTcs HeaheKTHBHbIM pelueHrem npobnembl KPH no tpem
OCHOBHbIM (haKTOpam:

Nonb3a OT 3TOr0 MEPONPUATHA AN NPefynpexaeHus asa-
puvi Ha TpyBonpoBogax He noaTeepXAeHa AaHHbIMK UCCne-
[0BaHMH M OMbITOM 3KCNNyaTaumK;

B CBA3M C TEM, YTO noTeHuuan so3HukHoseHus KPH cyuwie-
CTBYET TONBKO Ha NOKaNbHbIX y4acTKax Tpaccel, obliee CHu-
»eHue pabouero aasnenus bynet HeahheKTUBHOH MEPOK;

HanuuMe pspna Apyrux bonee penCTBEHHbIX Mep No pelue-
Huro npobnembl KPH.

TuapaBnuyeckue nepencnbiTaHus

lMppasnuyeckue ucnbiTaHus — 3dheKTHBHOe CPeacTso
NOATEEPIKAEHMA CTPYKTYPHOM NPOYHOCTH TPYBONpOBOAOB, OHM
obszatenbHbl Npu NpuemKe 06bEKTOB B 3KCnNyaTaumio, B Npo-
Lecce KOTOpoM HEOBXOAUMOCTb B NEPEHCTIbITaHUAX MOXKET BO3-
HUKHYTb NOCne aBapui.

Mpu Hanuuuu Ha Tpybonposoae AedeKTOB, Pa3BMBAIOLLMX-
A BO BpeMeHH, NoTpebHOCTL B nepeuncrbiTaHusx Byaer cyue-
CTBOBaTh B TEYEHWE BCEro cpoKa akcnnyarauuu. Mepeucnsi-
TaHMA NO3BONSIOT YCTPaHATL OCHOBHbIE ONAacHble AedeKTbl U
OLEeHH1BaTb CTPYKTYPHYIO NpoyHOCTL Tpy6onposoaa Ha onpe-
AeneHHbIX Nep1of BPEMEHM.

3 heKTHBHOCTL NEepPencnbITaHWKH B NpepynpemaeHH!
aBapPMHHOCTH

Mporpamma ruppaBnMyeckux nepemcnbiTanuin — addek-
TUBHBIH MHCTPYMEHT MO BbISBIEHUIO OMacHbIX fedeKTos Ha
Tpybonposopax. Bmecre ¢ Tem ee peanusaumus co3naer 3Ha-
yuTenbHbIEe TPYAHOCTH ANA TPYOONPOBOAHBIX KOMNAHMH, CBS-
3aHHble KaK C TPYAOEMKOW MOArOTOBKOW M MpOBEfeHHEeM
UCMbITaHWHK, TaK M C NPOJOMKHMTENbHBIM NO BPEMEHH BbIBOAOM
yuacTka Tpybonposopga 13 akcnnyarauuu. Bee ato nosbiwaer
3aTparbl Ha Takoe meponpuaTue. o onbITy KaHapCcKuX Tpy-
60npOBOAHbIX KOMNAHHMH, NPAMbIE PacXoAbl Ha NepPencrbITa-
HWA COCTaBNAOT 26 ThbiC. KaHad. Aonn. 3a | KM, a Ha PEMOHT
opHoro pedekta — 75 Tbic. KaHaa. Aonn. 3aTparhl Ha nepe-
MCMbITaHME YHaCcTKa NMHEHHOM HacTH NpoTaxeHHoCTbo 30 Km
Mmexay KpaHamu coctaensiot 780 Thic. kaHaa. ponn. Kpome
Toro, 8 nobom cnyyae ByayT HenpsAmble Pacxofbl, CBA3aHHble
C noTepei NpoU3BoauTENbHOCTH TPYBONPOBOAA, BbIBEAEHHO-
ro W3 3KCNnyaTauuu.

CEPA onpepenvna pe OCHOBHble Lenu NepencnbiTaHus
TpybonpoBonos, nopaxerHbix KPH: ycTpaHeru1e TpewwH, fo-
CTUTLLMX KPUTHYECKMX pa3mepos; obecredeHue He3onacHo-
ro Nep1oaa BPeMeHH Ans pocTa cyBKPUTUHECKUX TPELLMH A0
cnepyrowMxX NepencnbITaHui.

Kpome Toro, nporpamma nepeucnbiTaHuit ponxkHa obec-
neYuTb AONrOBPEMEHHYIO MPOYHOCTL TPYBONpoBOAa NyTeM Mu-
HUMMH3aLMH CKOPOCTH POCTa CYBKPUTUHECKMX TPELUMH, a TaK-
e U3MEeHEHHEe NapameTpPOB TEKY4ECTH CTanu BO BPEMS MC-
NbITaHWM.

[pu oueHke 3hheKTUBHOCTH rMAPABNHYECKUX NEPEenCnbl-
TaHWH ANA NpeaynpexpaeHus asapuiHocTH u3-3a KPH Heob-
XOAWUMO Y4MTbIBATb CNEAYOLLME acneKTbl.

Ycrpanenune Kpurndeckux TpewymH. JlaboparopHbie uc-
cnepfoBaHuA M OMbIT 3KCNNyaTauuu TpybonpoBofoB Nokasany,
YTO NPU MMAPABAMHECKUX UCMbITAHHAX YCMELIHO YCTPAHRIOTCS
NpoAonbHbie AeMEKTbI M YEM BbilLe [aBNEHHE, TEM MEHbLUKE
no pasmepy AedeKTsl ocTaroTes Ha Tpybonposope. 3asucu-
MOCTb pa3mepa KpMTUHECKOM TPeLLuHbI OT AABNEHMs NoKa3a-
Ha Ha puc. 8.

BmecTe ¢ Tem ruppasnuyeckue UCnbITaHUs He CToNb 3dh-
(heKTHBHbI ANA yCTPaHeHUs feteKToB, OPUEHTUPOBaHHbIX NO
nepumeTpy Tpybbl. 370 06BACHAETCA TEM, YTO OCEBblE Ha-
NPAYKeHUs B CTEHKax TPpyb COCTaBNSIOT TONMbKO OfIHY TPeTh
KonbueBbIx HanpsykeHui. [oaToMy rugpasnuyeckue nepe-
MCNbITaHWA KpaiHe HeadheKTHBHbI B NPefynpexaeH1u aBa-
puiHOCTH M3-3a Konbuesoro KPH.

Onpeaenenne 6e3onacHoi NEPHOAMYHOCTH nepe-
ucnbiTaHui. Mocne nepsbix aBapui B cucteme Tpybonposo-
108 KomnaHui « TpaHCKaHaaa» NepUOAMHHOCTb MMAPABNUYeC-
KWX NepencnbITaHuit onpeaensanack Ha OCHOBE ONbITa 3Kcnny-
ataumuu. Hanpumep, ¢ 1986 no 1992 r. nepeucnbitTanus
marucTpanbHbix Tpy6onposoaos, noasepxerHsix KPH, npo-
BOAMMUCH C UHTEPBANOM [Ba-TPH rofa Ha ocHose onbita CLUA
no npepynpexaeHuto wenouHoro KPH. Ecnu yuactok Tpy6o-
NPoBOAa MEXAY NUHENHbIMU KPaHaMM BbiflePIKUBAN UCNbITa-
HUSi, TO OH NEPENCrbITLIBANCS Yepes YeTbipe-naTh nert.

70T NOAXOMA OCHOBBIBAETCA HA YCTAHOBNEHUM COOTBETCTBY-
JOLLLEro KPUTEPHUS aBapHK U OLLEHKE CKOPOCTH POCTa TPEeLLMH
Ans paccmatpusaemoro Tpybonposopga. ;

Ha puc. 9 nokasaHo B3aMMOOTHOLLEHHE MEXAY pa3me-
POM TpelLLMHbl U BpemeHem Be3onacHoi akcnnyaTauuu Tpy-
6onposopa (3anac 6e3zonacHocTy). Mocne ruapasnuyeckoro
nepeucnbITaH1s B HeM ocTaroTcs Hebonblue HeonacHble fe-
theKTbl, KOTOPblE MOTYT PacTu Bo BpemeHu. Ecim ux pocr He
KOHTPONMPOBaTh, TO HaUBONbLUMK AEEKT MOXET Pa3BUTLCA B
asaputo. OcHoBHas 3afaya cneunanucTos — obHapyKeHue 1
ycTpaHeHue 6onbluMx AedeKTOB [0 TOro Kak OHW NpHBeayT K
paspyLweHuio TpybonpoBopaa, T.e. OH fomKeH bbiTb nepeuc-
NbITaH NPEXKAE, YEM TPELLMHA OCTUIHET KPUTHYECKHMX pasme-
pos. 3anac 6e30nacHOCTH Nocne nepemcnbITaHui onpeaens-
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Pasmep mpeuwjunsl

Puc. 8. 3aBHCHMOCTb pa3mMepa TPEUIHHBI OT JAABJICHHA:

P_— ucnbitatensHoe napnexue; MOP — makcimanbHoe paGo-
yee JABMEHHE; @, @, — KPUTHYECKHIT pasMep TPEWMHBI COOT-
BETCTBEHHO Npy asnexuu P u MOP

besonacHocTs TPYAa B NPOMBILLIEHHOCTH
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Pasmep mpeusutis
L

Bpems

Puc. 9. 3aBHcHMOCTb pa3Mepa TPELIHHBI OT BPEMEHH:
t — BPEM$ POCTa TPELLIMHBI OT 4, 110 a,

eTCA PasH1LLEn MeXY Pa3MepOMm TPELLMHbI, KOTopas Npuse-
AeT K aBapuu npu paboyem [aBnNeHM, U Pa3MEPOM TPeLUMH,
OCTaBLUMXCA Nocne nepeucnbiTaHuid. Moatomy yem Gonslie
PasHULLA MEXAY UCTbITaTeNbHbIM U PabOYMM [aBNEHHAMM, TEM
6onblue pasHULE MEXAY pazmepamu TPeLmH 1 3anac bes-
onacHocTH ans Tpybonposoaa.

CEPA ycraHoBuna, 4To WHTEpBan MEXAY rMApaBnMyecku-
MM NePEeUCnbITaHUAMK AOMKEH NPMHUMATLCS C YHYETOM pas-
Mepa OCTaBLUMXCA NOCNEe NPEXHMX UCMbITaHUIA TPELMH, CKO-
POCTH U 0COBEHHOCTEN X POCTA, COOTBETCTBYIOLLErO KPUTE-
pUs aBapum.

Kpurepuit aBapuu ycraHasnusaeT Habop AaHHbIX O pasme-
pax 6e3onacHbix (M4 onacHbIX) TPELMH A8 UCMbITATENLHOTO
M MaKcumanbHoro paboyero pasnenus. [laHHble npeacTasns-
FOTCSA B BMAE ABYX KPMBbIX, OMUCHIBAIOLLMX KPUTHHECKHE pa3-
Mepbl TPeLMH ANA ABYX BUOOB AABNEHWS: UCMbITATENBHOrO U
pabouero (puc. 10). PasHuua mexpay aTMMM KpHBBIMK — 3anac
6e30NacHOCTH POCTA BbIAEPIKABLUMX NEPEUCTILITAHHA TPELLWH
AO KPUTMHECKHX Pa3MEpPOB B Npouecce 3Kcnnyaraumu. B ces-
31 C TEM, YTO NOMy4aembie AaHHbIe 3aBHCAT OT MPUMEHAEMOro
KpMTEpMs aBapuu, Ans Kaxaoro Tpybonposopa Heobxoanmo
onpepaensTb CBON KPUTEPHH.

Kpusble cTposTcs no pesynbtatam nabopartopHbix uccne-
AOBaHHI CKOPOCTH POCTa TPELUMH M (haKTHYECKMX AaHHbIX pac-
cnepoBaHui asapuit. [Ins onpegenenus 6esonacHon nepuo-
AMYHOCTH TMAPABNMYECKMX MEPEMCrbITaHMH BaXKHO onpepge-
NUTb [OCTOBEPHYIO CKOPOCTb POCTA TPELUMH NO KaXKAOMY
KOHKpeTHomy Tpybonposoay.

PaccmoTpum fieTanbHo Bonpock! Bbibopa KpuTepus asapum
u onpefenexns CKOPOCTH POCTa TPELUMH.
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Tpeusutb!

Puc. 10. Onpenenenne KpHTHYECKOr0 pasmMepa TpPellMHbI
aas pabouero (I) m uenwmitatenshoro (2) AaBJieHHi

3anac 6e3onacHoCTH ANA POCTa TPELMH RO OYEPEaHOro
nepeucnbiTaHksa ONpPeRenseTcs B CNy4ae, Cnu TOHHO YCTaHoB-
NeH pasmep TpeLUmHbl, KoTopas ByaeT NpuuMHON aBapu 8o
BPEMS 3KCMNYaTalum MPH MaKCHManbHOm paboyem faBneHuu.

Mpyn pacyete GesonacHoro cpoka akcnnyataumu Tpy6o-
NPOBOAA A0 OYEPEeAHOro NePemCnbITaHNA Pa3mMep KpUTHYEC-
KOM TPELUMHbI ONpefensieTcs 3Ha4eHMeM UCTbITaTENbHOrO AaB-
nevus. Kpurepui aBapuu, 3aHMMKalOWMIA 3HAYEHHE MCMbiTa-
TENbHOTO [ABNEHUS, NPMBOAUT K 3aHWKEHWIO pasMepos
KPUTH4ECKOH TpelumHbl. [pu aTom 3anac besonacHocTH ans
ee pocTa Gyner 3aBbilueH, T.e. aBapHA NPOM3OMAET BO Bpems
oXmMpaemoro cpoka 6e3onacHol akennyartaumu. :

B cBoto ovepenp, cBEPXKOHCEPBATMBHLIN NOQXOA MOXKET
co3pare npobnems! npu oueHke BesonacHoro cpoka aKkcnny-
ataumn TpybonpoBoaa, a TakKe Npu NPUHATMM PelueHmi no
peanu3auun mep 6e3onacHocTy.

Opyras npobnema npu NPUMEHEHHM KPUTEPHS aBaphu —
HECOBMECTMMOCTb pe3ynbTaToB. O4eHb COXHO nonaratscs
Ha KPMTEPHH aBapHK1, NPUMEHEHHE KOTOPOro CBA3aHO C H3me-
HEHMEM B LUWPOKOM AMaNa3oHe YPOBHS KOHCepBaTH3ma. Ms-
NUWHMA KOHCEPBATH3M U HECOBMECTMMOCTb Pe3yNbTaToB MO-
YT NPUBECTH K HenpasunbHOW oueHke Be3onacHoro cpoka
cnyx6bl Tpybonposoga.

[ns oueHKK ypPOBHS KOHCEPBATM3MA U COBMECTUMOCTH pas-
nu4Hbix Kputepues asapuii CEPA npoussena pacyers! asapmii-
HOro gasneHns ans 14 pa3mepos TPeLUH M CpaBHMNa CNPOrHo-
3MpPOBaHHble 3HaYeHMs AaBneHuH ¢ haKTUYECKUMK. PesynbTa-
ThI MOKA3aNK, YTO Pa3NuyHbIE KPUTEPHM aBAPHH MOrYT NPHBECTH
K OYeHb KOHCEPBATHBHBLIM M HECOBMECTUMbIM Pe3ynbTaTam.

MosbiweHue paboTocnocobHOCTH KpUTEPHS aBapHK B NPo-
rHo3e 6esonacHoro cpoka akcnnyarauuu Tpybonposoaa Tpe-
6yer Toro, 4robbl AONYLLEHHS, 3aKNaAEIBAEMBIE B OCHOBY KpH-
Tepua aBapuu, U AaHHble, €ro noaTBepIaaroLme, bbinu makcu-
ManbHO NP1BA3aHbl K KOHKPETHOM cuTyauuu. Mocne esibopa
KPUTEPHS aBapHH MOXHO OMPEefeniTb KPUTUYECKME AN UCMbl-
TaTenbHoOro AaBneHus Pasmepbl TPELMH M YCTaHOBMTL Beso-
nacHoe 3HayeHue paboyero faBneHus.

Ckopocrs pocra TpeuwmH. Paccuntas 3anac 6esonac-
HOCTH /15 POCTa TPELLYH, NErKo onpeaentTs besonacHbii cpok
akcnnyarauuM Tpy6onposoaa Ao CNepytowero nepemncnbITa-
HUS, Pa3[enMB ero Ha CKOPOCTL pocTa TpelH. OpHako npo-
Lefypa BbI6Opa CKOPOCTH POCTa TPELUMH LOCTATOYHO CNOXK-
Ha. OnybnukoBaHHble AaHHbie NabopaToOPHbIX HCCNEAoBaHMH
NOKa3bIBAKOT, YTO AMArNa3oH CKOPOCTH POCTA TPELUMH M3MEHs-
ercs ot 0,03 po 30 mm/rop. Kpome Toro, npegnonaraercs,
4TO CKOPOCTL POCTA TPELUMH HEOAMHAKOBA U XapaKTepu3yer-
c Nep1oAamu 3actos 1 bbicTporo pocra.

CEPA pekomeHnpnoBana npu onpeaenesinu nepuoausHoc-
TH NEPENCNLITaHUH OCTOPOIKHO NOAXOAUTE K YCTAHOBNEHMIO
CKOPOCTH POCTa TPELUMH U UCNONb30BATh 3HaYeHWe ee, pPaB-
Hoe 0,6 mm /rop (onpepeneHa no pesynstatam paccnego-
BaHMA MPUYUH NPOMCLUEALIMX aBAPWMH) — MaKCUManbHas
CpenHerofoBas CKOPOCTb POCTa TPELWMH Ha OfHOM W3
Tpy6oNpoBOAOB CHCTEMBI, IKCNAYaTUPYEMON KoMNaHMeH
«TpaHckaHaga». [To3ToMy OHa NpUMEHHMa TONbKO Ana TPYy-
60NpoBOAOB, IKCNNYATUPYIOLUXCA B AHANOTHYHBIX YCNOBMAX
No OKpYy)Katolwei cpefe, MeTannypruieckum xapaKTepucTH-
Kam TpyBHbIX cTanei u pexxumam pabotbl. Ecnn ang KoHkper-
Horo Tpy6onpoBoga 3TH YCNOBMS CYLLLECTBEHHO OTNMYAKOTCS,
TO MPH ONPeAeneHun CKOPOCTH POCTa TPELUMH CNeayeT yuu-
TbiBaTb BONONHUTENbHbIE hAKTOPLI, BAMstowMe Ha Hesonac-
HOCTb. Hanpumep, ecnu napameTpbl U3MEHEHHIH HaNPXKEHMS
8 cTeHKax Tpy6 Ha Tpy6onpoBoae 3Ha4HTENLHO BbiLE, TO CKO-
POCTb pocTa TpewmH, pasHas 0,6 MM /roa, MOXET CyLLecTBeH-
HO NOBAMATL Ha Be3onacHbIi Nepuop, 3KcnNyaTauum, T.e. asa-
PHf NPOU30MAET PaHbLLE 0XXMAAEMOrO CPOKa.

Onpepenenne ROCTOBEPHON CKOPOCTH POCTA TPELWMH Tpe-
6yer Gonbumx o6bemos nabopaTopHbIX UCCNEROBaHMH, XOTS
XKenaTenbHO OnMpaThCs Ha haKTHHECKHMe faHHbIe MO IKCAnya-
TauMu paccmatpueaemoro TpybonpoBofa, pesynbTathl pac-
CNefoBaHus aBapui Ha HeM.
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AonrospemenHas NPOYHOCTL

HemanosaxkHoe 3HaueHue B NPOrpamme rapaBnyecKux
NepencnbiTaHki MMEET YCTaHOBNEHHUE AOMNTOBPEMEHHOM NPoYy-
HocTu TpyBonposoaa. MHTepec npeacTasnaioT aga acnexrta
BNMAHWA NEPUOAMHECKMX MCMbITaHWM Ha [ONrOBPEMEHHYIO
npouHocTs Tpy6onpoeopaa:

1. MocTrosHHoe 3kcnaHpaupoBaHue Tpybbl Kak pesynbrat
NepPHOANHECKMX MCMbITAHWI MPU HANPAXKEHUAX, MPEBbILIAIOLLMX
npepen Teky4ectu Tpy6esl.

2. MpopomxeHne pocta CyBKPUTUHECKHX TPELUHH.

3Kcnananposanmne Tpy6bl. Ucnbitanus Tpybonposopos
Ha NPOYHOCTB, Bbi3bIBAIOLME B CTEHKaX TPY6 HanpsKeHus, npe-
BbILLAIOLME NPeAen TeKy4ecTH MeTanna, MoryT NpMBECTH K
NOCTOSHHOMY 3KCNaHAUPOBaHHUIO TPY6bl. Ecnin BennunHa akc-
NaHaMpOBaHMA 3aBbilLeHa, TO NPoYHocTs Tpybonposopa Gyper
cHmieHa. MocTosHKoe IKenaHaMpoBaHKe B cBapHbIX WBax Tpy6
MOXET BO3HWKHYTb B Cy4asX, €CI1 KONbLEBbIE HANPSKEHHs,
BbI3BaHHbIE UCMbITAaTENbHbIM AABNEHUEM, MPEBLILLAIOT peans-
HbIH Npegen TeKy4YecTH cTanu CBapHOro wea. [Ans 6onbwmnH-
cTBa TPY6ONPOBO/OB MEXaHHYECKHe CBOWCTBA U rEOMETPH-
yeckue gonycku Tpy6 fenatoT cBepxaKCnaHAMPOBaHHE Mano-
BEPOATHbIM AAXKe NPU MCMbITAHUAX MOBbILIEHHBIM AaBNEHHEM.

CEPA ycraHoBuna, 4To ucnbiTaHus yyacTka Tpy6onposopga
AABNeHWeM, CO3AIIOLMM KONbLIEBbIE HANPSAXKEHMA B CTEHKAX
1py6, pocturatowme 110 % npegena Texkyuectu cranu, He
NPMBOAAT K 3aMETHOMY 3KCNaHAMPOBaHUIO TPYBbI M NO3TOMY
HE OKa3bIBAKOT OTPULLATENBHOTO BNMAHKA HA MPOYHOCTL TPY6O-
nposoga. MaKTMyeckue faHHbIe, NONy4eHHbIE NPU UCMbITaHUM
MOBbILLIEHHbIM [aBNEHHEM, HE BbISBUNM (PaKTOB CBEPXIKCNAaH-
puposanns. OgHaKo ana MCKMoHeHHs Noboi BO3MOXKHOCTH
NOKaNbHOro CBEPX3KCNaHAUPOBAHUA NPU MCNbITAHMAX NOBbI-
LUEHHbIM faBNeH1eM HEOBXOAMMO HKECTKO KOHTPONMPOBaTh Aas-
nexue U obbem MUAKOCTH.

Pocr cybkpuTnyeckmx TpeumH. Biumanue K pocty cy6-
KPUTHHECKHX TPELLWMH CBA3aHO C TEM, YTO rMAPaBNUYecKme ne-
PEHCMbITAHUS MOTYT NPUBECTH K MOAPACTAHUIO HEKOTOPBIX Tpe-
LMH A0 Pa3mepa HEPACKPbITUA M HEKOTOPOE KONWYEeCTBO Ta-
KWX NOYTH KPUTHHECKMX TPELLMH MOXKET roapacTath B npouecce
rMAPAEBNMYECKMX NEPEMCIbITAHUN U, TEM CaMbIM, CHUXKaTb Ao~
roBPeMeHHYHO NPOYHOCTL TPYBONPOBOAHON CHCTEMBI.

CEPA cuutaet, 4To npu nepeucnbiTaHusx pocT Herny6o-
KMX TPELUMH MANOBEPOSTEH, B 3TOM Crly4ae MoAPacTaroT TOMLKO
TpewuHsl, coctasnaowme fo 50 % ToNLMHBI CTEHKHK, HO M
OHM He AOCTUraloT KpuTHYeckux pasmepos. Beisogsi CEPA
OCHOBaHb! Ha pe3ynbTartax MCCNEAOBaHNH, NOATBEPIKAAMOLLMX,
YTO BO BPEMS WUCMbITaHWH M3MEHEHWH Ha KOHLax HernyBokux
TPELWH HE MPOUCXOAMT, @ HEBbISBNEHHbIE rNy6oK1e TPeLLMHBI
MMEIOT 3aTynneHHble KOHLbI H3-3a NnacTMYeckon pedopma-
uMM, DOPMUPYIOLLEH HAa KOHLIE TPELH OCTATOYHYIO 30HY
CMMAIOLWMX HanpsiKeHui. B pesynbTate TpelwmHa passu-
BAeTCA Yepe3 30HY CHKMMAKOLMX HANPMKEHWH C MeHbLUen
CKOPOCTBIO MMM U3MEHSIET Hanpasnex1e pocta, obpasys sun-
Ky (puc. 11). B nobom cnyyae ckopocTs pocta TpewmH
ymeHblwaetca. [laHHble BbIBOABI NOATBEPIKAEHbI pPe3ynbTa-
TaMM NEPUOAMHECKUX MCMbITaHWM Ha AencTByroWwMx Tpybo-
npoBogax.

MoppobHo acneKTbl BO3REMCTBMA MCMbITaHMH Ha CKOPOCTb
Pa3BUTHA TPELWMH NPUBEAEHbI B OTYETE aMEPHKAHCKOM raso-
8ok accoumaurn AGA NG-18 Report Ne 194, kotopelit sens-
eTCA Pe3ynbTaTom W3y4eHus noKasaTenei pocTa TPeluH B
Tpy6ax Kak (yHKUMK PasnuyHbIX NapameTpoB ruapasnuyec-
KWX MCMbITaHMH, XapaKTepuCTUK TPyBbl M reomertpuyeckmx
XapaKTePHUCTUK TPELLWH, CBOHCTB MaTepMana U YCnoBui npo-
senenus ucnoitauuid. CEPA ycranoeuwna, yto Report Ne 194
obocHoBLIBaET NPoOLERyPY MCNbITaHWH, KOTopas nossonset
MaKCMManbHO YCTPaHHTb MOYTH BCE KPUTHYECKME TPELUUHbI
NPy MMHUMaNEHOM MOBpPeXaeHun TpyGonpoeoaa B npouecce
MCTIbITaHWMA,

OcHoBHoe 3aknioueHre or4eta Report Ne 194 — makcu-
mansHoe paboyee pasnenve B npepenax 100-110 % npepena
TeKyyecTn Tpy6HOM cTanu obecneymsaeT xopoLumi 6anaHe Mex-

¢ Lo VY

Puc. 11. Ilonepeynoe cevenne CTPeCCKOPPO3HOHHON TpeulH-
HBI NOC/Ie FTHAPABJAHYECKOr0 HCNBITAHHA H NMOC/eAyIOmedH IKC-
IJIYaTalMH B TeYeHHe roja:

] — pacluennesne CTpecCKOPPO3HOHHOMN TPElMHb, 2 — 30Ha
OCTaTOYHOTO CXHUMAIOLLETO HANPSKEHHs

AY BbIABNAEMOCTLIO FMyBOKMX TPELLMH, YrPOKaIOLMX Pa3BHUTH-
€M B aBapPUIO U POCTOM OTHOCHTENBHO HEBOMbLIOro KonM4ecTsa
NOYTH KpUTHUECKUX TpelumH. Kpome Toro, ycTaHoBneHo, uro
NPOAOMKUTENBHOCTL YAEPKAHUS MAKCUMANBHOrO AABNEHMS NPy
MCMbITaHWM B TEYEHUE OFHOrO Haca CMYKUT XOPOLUMM BEPXHUM
NPeaenom no BPeMeHH, BbISBNAIOLMM HaUBONbLIKMH NPOLLEHT
NOYTH KPUTHHECKMX TPELUMH U MUHUMM3UPYIOWMM POCT OC-
TanbHbix. Ha atoi ocHose CEPA pekomeHnposana nposoputs
OfiHOHacoBOE MUCMbiTaHKe Ha NpoyHocTs B npeaenax 100-110 %
npenena TeKy4ecTH TpyBHON CTanu ¢ NOCNeAyOWMM HCNbITa-
HueM Ha repmeTuyHocTe fo 90 % npepena TekyyecTy.

Dpyroi sbiBop, B ot4yete Report Ne 194 — koHkpetHoe
3HaYeHWe UCMbITAaTeNbHOro AABNeHUs NPUBOAMUT K POCTYy Tpe-
LWH TONBKO ONpepeneHHoro auanasoHa pasmepos. C ogHow
CTOPOHbI AMaNa3oHa PacnonoXeHsl Hebonblune TpeLLyHb!, pas-
Mep KOTOPbIX MEHbLUE HWXKHEro mpepena A1anasoHa, W BO
BPEMS MCNbITaHWI OHU HE YBENMYMBAIOTCA, @ C APYroM — Ha-
XOAATCH O4YeHb rNy6oKHe TPeLMHbl, pa3mep KOTOPbIX NPeBbi-
LUIaeT BEPXHIOKO rPaHuLly AManasoHa. STH TpeluHbl paspy-
LIAKOTCA UNK BHE3ANHO NPY NOBLILIEHMU [aBNEHUS, MK NocTe-
NEHHO NMPH BbIAEPIKKE UCMbITaTeNbHOro pasnexus. B naHHom
cnyyae B TpybonpoBofe OCTalOTCA TPELMHbI, KOTOpble NpH
MucnbITaHuax ByRyT PacTH, HO He paspylatbes. Yem sbile Hc-
nbiTaTeNbHOE [AaBNEHUE, TEM YIKE AMana3oH pasmepos, pac-
TYLMX, HO HE Pa3pYLLAIOLLMXCS MPU MCMbITAHUAX TPELLUMH.

lMpoueaypa ucnbiTaHui, pekomeHpoBaHHas otyeTom Report
Ne 194, 6bina paccuurtaHa cneumansHo Ans rasonpoBofos,
paboTarowmx Npu AaBNEHUsX, CO3RAOLUMX HANPAIKEHUS OKO-
no 72 % npepena TEKy4YeCTH C AMaNa3oOHOM eXXefHEBHbIX KO-
nebanuit gasnerus uuknuuHocTbro 10 % makcumanbHoOro aas-
neHus. ITOT CLEHAPHH UCMbITAHWI MOXKET He NOAXOAUTL A
MMAKOCTHbIX TPY6ONPOBOAOB M ra3onpoOBOAOB, KOTOPbIE pa-
60TaloT B APYrMX peXMMax.

Pesynbrathl MccnepoBaHuii NoKasanu, YTo ecnu npoueay-
pa ucnbiTaluii paspaboTaHa npasunbHo, To Tpybonposoasl,
nopsepxenHble KPH, moryt nepeuncnbitbisatbcs 6e3 nocnea-
CTBWM B BUAE 3HA4UTENBHOTO POCTa CYBKPUTHHECKMX TPEeLLWH.
Mpoueaypa ucnbiTalui ans pasnuyHbix TpybonpoBoaoe pas-
NMYHA U 3aBMCUT OT CBOMCTB MaTepuanos, cneuuduKaumi Ha
TPY6bl M PEKMMOB IKCMNYaTaLMH.

Takum obpaszom, Nporpamma rMBPaBAMHECKUX Nepemc-
NbITaHUA MOXeET IhPEKTMBHO NPEAOTBPALLATL aBAPHH M3~
3a npoponbHoro KPH, ecnu sbisenstoTcs Bce TpewwmHbl, anm-
Ha M rnybuHa KOTOPbIX AOCTUraeT KPUTHYECKOM TOHKH onac-
HOCTM Pa3pyLUEHUA NPU HOPMArbHBIX YCMOBUAX KCMNYyaTaLMH;

besonacHocTs TPyAa B NPOMBILINEHHOCTH
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Puc. 12. 3aBHCHMOCTb TePMHYECKOro0 BO3EHCTBHS HA JII0-
Jeil 0T PACCTOAHHSA B KAKOH-TO MOMEHT BpeMeHH:
1, 2, 3 — cootsercterHo 0, 120, 900 ¢

MHTEPBANbI MEXAY NePEeHCrbITaHUAMM MeHbLLE BpeMeHH, Tpe-

6yemoro ans Toro, YTo6bl OCTaBLUMECS TPeLWHbI noppocnu
AO KPUTHYECKNX PAa3MEPOB; NepeHcrbITaHue He CHU3MNO AoN-
roBpemeHHyto NpPoYHOCTL TPYBonNpoBoaa H3-3a NOCTOSHHOrO
3KCNaHAMPOBAHMS U POCTA CYBKPHTUHECKMX TPELLMH.

MapameTpbi nepemcnbiTaHHi 4ns KOHKpeTHOro Tpy6onpo-
BOAA 33BUCAT OT YCTAHOBNEHHOIO KPUTEPHS aBaPHM M OLLEHKM
ckopocTh pocTa TpewmH. Mpu pacyere nepHoaMYHOCTH M-
MbITaHUH, B OTCYTCTBME HEOBXOAMMBIX BaHHbIX NO haKTHYeC-
KMM Pasmepam aBapMiHbIX TPELMH, HyXKHO NPUMEHSATL KOH-
CepBaTHBHYIO OLIEHKY CKOPOCTH POCTa TPELUMH M MUHUMAaNb-
HOro 3anaca NPOYHOCTH.

PocT cyBKpHUTHUECKUX TPeLLMH MOXKET BbiTb MUHMMMIHPOBaH
3a CH4eT 4YeTKOrO YCTaHOBNEHMA HCMbITATENBHOrO AABNEHHS M NPO-
AOMKUTENBHOCTH UCMbITaHMA.

Bui6opoyHas 3ameHa Tpy6bi

JTOT MeTOA NpeaynpexXnaeHms aBapmii Ha TpyBonposogax,
nopsepxentbix KPH, npumensercs s cnyvasx, korga apyrue
MepbI Henpuemnembl. 3aMeHa NPOM3BOAMTCH Ha CTpaTert-
YECKMX y4acTKax TPacc: cONMKEHMS C HaceneHHbIMH NyHKTa-
MM; MeCTa OTApIXa MIOfeH; NepeceyeHHs ¢ aBTOLOPOramM,
YKENe3HbIMK AOPOramm; HYBCTBUTENbHDBIE 30HbI OKPYIKAOLLEH
CPeAbl U APYrue y4acTku, Ha KOTOPbIX NOCNEACTBUS aBapMii
MOTYT BbiTb TAXKENbIMM.

3atpatsl Ha 3ameHy Tpy6onposoaa prameTpom 500 mm
cocraensior B cpeaHem 1400 kaHag. gonn. 3a 1 m, a gHamer-
pom 900 mm — 3200 kaHap,. gonn. Mpw BeIBOPOYHON 3ameHe
TPY6 NpoTAKEHHOCTs 3ameHsemoro TpybonpoBoaa AomKHa
ONPeAenaTbCs C y4eTOM 3alUuThl CTPATErHYECKMX yYacTKOB
TPacchl OT BO3MOXHbIX NOCNEACTBMH aBapui. BaykHo oLeHuTs
NoTeHUManbHble ONAcHOCTH OT aBapwuii Ha Tpybonposope K
BO3MOJXXHbIE NOCNEACTBUA OT HUX.

CEPA saseuna, 4to xoTa KpuTepHi no BbIBOpY yyacTKoB
TPY6onpoBosos Ans BLIGOPOYHON 3aMEHbI B 3HAYMTENLHOIN
MEpe 3aBUCUT OT BUAA TPAHCNOPTMPYEMOro NPOAYKTA, OH B
noBom cnyyae fomkeH obecneunBaTh MUHUMANbHYIO BEPOST-
HOCTb TOrO, YTO U3BECTHbIE NOCNEACTBMA OKAXKYT BO3AEHCTBHE
Ha nrofiel, coBCTBEHHOCTL M OKPYKaKoLLYIO Cpefy.

Mopenuposanue onacHocTel M nocneacTBMi OT aBapHit

TsKecTb NOCNeACTBUI OT aBapui Ha MaruCTPanbHbIx PY-
6onposopax cassaHa ¢ ux aHameTpoM, paBouum aasneHHem,
BUAOM TPAHCMOPTMPYEMOro NPOAYKTa M OBBEMOM YTEUKM K
BbIbpoca npoaykra.
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Puc. 13. 3aBucHMOCTD TepMHYECKOro BO3AeHCTBHS HA JII0-
Jiell 0T BpeMenu:

1, 2, 3 — cootserctenHo 99 %, 50 %, 1% CMEPTHOCTH,
4 — oXoru BTOpOii cTeneHu

[ns oueHku Bo3pelicTeus onacHocTel Ha nopen, cobereen-
HOCTb M OKPYXKalolyto Cpefy BO BPeMms aBaphy B Nepsyio
o4epenb PacCMaTPHBAIOT XapPaKTEPHCTUKM yTeuKku NPOAYKTa
M €€ MrHOBEHHbIE 1 AONrOCPOUHbIE 3GHPeKTbI, 3aTem NPOrHo-
3MPYIOT M aHANU3UPYIOT NOCNEACTBMA TAKMX yTe4eK Ans Nioaei
u cobcreeHHocTH. pu 3TOM NPUMEHSIOT pasnuyHOro Tvna
mopen. CnoxHOCTb TaKOro MOBENHPOBAHMA 3aBUCHT OT BIAA
yrNeBoAOPOAHOro NPOAYKTa M YCNOBMH, NP KOTOPBIX MPOKC-
XOAMT yTeuKa.

Mpyu oueHke nocnencTsui paspbiBa MarCTPanbHOro ra-
30MPOBOAA, Ha NEPBOM 3Tane MOAENMPYIOTCA XapaKTepPHCTH-
KW BO3ropaHua ra3a u CBA3aHHaA C HUMM TepMUYECKan paau-
auus, NOTOM OLLEHMBAIOTCS BO3NEHCTBUA TEPMMUECKON paava-
UMM Ha MOAeH M COBCTBEHHOCTb Kak (yHKUMA PaccTOsHMS, a
3aTeMm yxe onpepensercs «6e3onacHoe» paccTosHue, MCKNIo-
yarollee TAKEnNble NOCnencTBMs.

Ha puc. 12 nokasax npumep mopenuposanms T€pPManbHo-
ro BO3AEMCTBUA KaK (hyHKUMH PaccTOSHMA ans rasonposoga
Aametpom 914 mm, paboratowsero nop aasnexuem 6,2 MlMa.
Mpeanonaraercs, 4To paspyLUEHHBIN Y4acTOK NOKaNM30BaH He-
MeaneHHo, a yTeyka rasa socnnamenunacs vepes 30 ¢ nocne
paspyLenua Tpy6onposoaa. Paccuntbisanocs, 4to npomcxo-
AMT NafeH1e NOTOKa ra3a BO BPEMEHH U TaKoe e yMeHblue-
HHe Tepmudeckon papuaummu. Kaxnas kpusas oTpaxaer na-
PaMETPbI B KaKOM-TO MOMEHT BPEMEHH.

Mocne nocTpoenms KpMBLIX TEPMMIECKON paguauum npo-
FHO3MpyeTCs W aHanuampyertcs adihekT Bo3feicTBUA ee Ha
nopei u cobereenHocTs. Ha puc. 13 nokaszaHo B3aumMooTHo-
LUeH1e TepPManbHOro BO3AEHCTBMA U BPEMEHW BO3AENHCTBUA
Ha NIOREN C Pa3NUYHLIMU NOCNEACTBUIMH. OYEBUAHO, YTO BbI-
COKWe YPOBHM TEPMHMYECKON PapMaLymM NPUBOAST K BbICOKOM
CTeNeHu BEPOSTHOCTH CMEPTENbHOTO TPaBMaTH3Ma B KOPOT-
KMH MPOMEKYTOK BPEMEHM.

3aTem ypoBeHb TEpMUHECKON PafMaLIuM, CBA3aHHBIN ¢ on-
peneneHHbim BO3AENCTBHEM, BbIGUPAETCS B KayecTse KpuTe-
P ANs onpeaeneHma y4acTkos BbI6OPOUHON 3ameHs! Tpy6bi.
B kauecTse KpuTepms komnanua «TpaHcKaHana» HCMONb30Ba-
Na KpUTEpUH 3aropaHus ApeseciHbl oT HeboNbLIOro BM3Ko
PacnonoeHHOro K NoBEPXHOCTH MCTOYHMKA.

CEPA otmetuna, uto oguH 3 HeRO0CTaTKOB BbI6OPOYHOI
3ameHbl Tpy6bl — HEROCTaTOUHOE KOMHYECTBO HaboPOB TOY-
HbIX MOAENeH, YYuTbIBAIOWMX CBOHCTBA TPaHCNOPTHPYeMbix
NPOAYKTOB.

(Okonuanue caedyem)
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