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Annomayusn. Ha ocHoOBaHNYM (pyHIaMEHTaJIBHBIX OCHOB, OITUCHIBAIONINX YCIIOBUS 00pa3oBaHHs TOprOYei
cpelbl B TEXHOJIIOTHYECKOM OOOpYIOBaHUM, a TaKkKe MAEHCTBYIOIIMX HOPMATHUBHBIX MPABOBBIX aKTax
¥ HOPMATHBHBIX JOKYMEHTaX, COIepXallux TpeOOBaHMs MOKapHOW Oe3zomacHocTh [1-3], B cTaThe MpoBeneH
aHaJIN3 MMOYKapHOH ONACHOCTH Pe3epByapoB ISl XpaHEHUS HePTH U He(PTEIIPOAYKTOB B MIEPUOJ] CBA3aHHBIH
C UX BO3MO)KHBIM TOPEHHEM U JIEHCTBUAMH IO TYHICHUIO Tokapa. OmnrcaHbl MPOIECCh JBIKEHUS MapOra30BbIX
MOTOKOB, XapaKTepPHBIX TPH BO3HUKHOBEHHH OJ(P(PEKTOB «OONBIIUX» W «MANBIX» JbIXaHWH, KOTOpPbIE
HaOJMIONMAfOTCA TPU TYIIEHUH 3alIOJHEHHBIX HE(PTENpOIyKTaMH TOPSIINX pPE3EepPBYapoOB C MOBPEXACHHBIM
KOPITyCOM B 00JIaCTH €ro CBOOOIHOTO 00bEMa U CIMBO-HAIMBHOTO MAaTPyOKa, pacloI0KeHHOTO B HIDKHEH JacTH
eMKoCTH. PaccMOTpeH mprmep ropeHHs MOBPEXISHHOTO pe3epByapa C TOpoYeil JKHIAKOCTHIO M INPEIOKEeH
AITOPHUTM JICHCTBHI, HaNlpaBlIeHHBIN Ha 3 dexTHBHOE 1 Oe30MacHOe TyIIeHHE TI0)Kapa 1 MPOBEeHNE aBapUiTHO-
criacaTeNbHBIX paOoT. s HariasgHOCTH MaTepHalbl CTaThbH WILIFOCTPUPOBAHBI PHCYHKAMHU pe3epByapa
BEPTUKAIFHOTO CTaJbHOTO CO CTAIlMOHAPHOW KpBIIIEeH, ¢ JeTanu3alyell MpeayCMOTPEeHHOTOo Ha pe3epByape
00Opy/lOBaHMs, a TaKKe€ BapHaHT BBIOPAHHOIO IO KaTajoraM XOMYTa, KOTOPBIH MOXKHO HCIOJb30BaTh LIS
repMeTH3aliy TOBPEKIACHHBIX (IaHIeB W TPyOOIPOBOIOB pe3epByapa. Tarkke Ha PHCYHKE IPEICTaBICH
npeJiaraeMblid allrTOPUTM ASHCTBHH C yKa3aHUEM UX IT0CIIeI0BATEILHOCTH.
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Abstract. Based on the fundamental principles describing the conditions of formation of a combustible
environment in technological equipment, as well as current regulatory legal acts and regulatory documents
containing fire safety requirements [1-3], the article analyzes the fire hazard of oil and petroleum products storage
tanks during the period associated with their possible gorenje and fire extinguishing actions. The processes of
movement of steam-gas flows characteristic of the occurrence of the effects of "large" and "small" breaths, which
are observed when extinguishing burning tanks filled with petroleum products with a damaged body in the area of
its free volume and a discharge nozzle located in the lower part of the container, are described. The processes of
movement of steam-gas flows characteristic of the occurrence of the effects of "large" and "small" breaths, which
are observed when extinguishing burning tanks filled with petroleum products with a damaged body in the area of
its free volume and a discharge nozzle located in the lower part of the container, are described. An example of the
burning of a damaged tank with a flammable liquid is considered and an algorithm of actions aimed at effective
and safe fire extinguishing and emergency rescue operations is proposed. Gorenje For clarity, the materials of the
article are illustrated with drawings of a vertical steel tank with a fixed roof, with details of the equipment provided
on the tank, as well as a variant of the clamp selected from catalogs, which can be used to seal damaged flanges
and pipelines of the tank. The figure also shows the proposed algorithm of actions with an indication of their
sequence.
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IToxapHast omacHOCTH JI000r0 OOBEKTa, B TOM YHCIE TEXHOJIOTMYECKOTO IIPOIEecca, KaKk U BCETO
000pyIOBaHUs, — 3TO TO COCTOSIHUE, KOTOPOE XapaKTEPU3YeTCs BO3MOXKHOCTHIO BOSHUKHOBCHUS U Pa3BUTHSA
H0XKapa, HanpsIMyI0 CBA3aHHOE C YCIOBHSAMH OOpa3oBaHMs TOploYed Cpelbl U HCTOYHUKA €€ 3aKHUIaHWs
[2]. Korma paccMaTpuBaeTcsl IOXapHas ONACHOCTb PE3EPBYapOB NSl XPAaHEHUs TOPIOYMX KHUJIKOCTEH,
YYUTHIBAETCSI BOSMOXKHOCTh 00pa30BaHUS B HUX TOpPIOYEH Cpelsl U, Kak MPaBHIIO0, PACCMATPHUBAIOTCS BapHAHTHI
XpaHEHUs KHUIKOCTH B pe3epByapax oA HAJTMBOM WIIM O] H30BITOYHBIM JIaBiieHHeM. B ctaThe Oynem omuparbes
Ha yCJIOBHSI 00pa30BaHKs TOPIOYe cpelibl B HAJMBHBIX PE3ePBYapax BEPTUKAIBHBIX CTAJIBHBIX CO CTAllMOHAPHOM
kpsieit (PBC).

Teoperuueckue NPeANOCbIIKH BOSHUKHOBEHHUS M0Kapa B pe3epByapax BePTUKAJIbHBIX CTATbHBIX
€O CTAMOHAPHOIl KpbILIEii.

Kak u3BecTHO, 10 yCIIOBUIO XpaHEHHS TOPIOYMX KHUAKOCTEH B pe3epByapax UMeETCsl HUINUUE CBOOOTHOTO
00BeMa, KOTOPBI 00pa3yeTcss MeX/ Ty BEpXHIUM aBapHUIHBIM YPOBHEM JKHIKOCTH B PE3€pBYape M €ro Kpsiei [4].
Kaxnprii Takol pesepByap o0opymoBaH [wIxaTenbHO apmartypoit (Pmc.l) [5], xoropas obecneumBaer
BO3MOXKHOCTH CBOOOIHOTO CJIMBAa M HAJIMBA JKUAKOCTH, a TakXke oOecrednBaeT IbIXaHHE pe3epByapa,
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00yCIIOBIIEHHOE M3MEHEHHEM TeMIepaTyp OKpyxaromei cpenpl. Kak n3BecTHO, H3MEHEHUE YPOBHS W JIABJICHUS
JKUJIKOCTEH BCIENCTBUE OTEpaLlMil CIMBa-HAIMBA WM KOJIEOAHUS TEMIIEPaTyp OKPYXKAroOIIeH Cpeibl HAa3bIBAIOT
COOTBETCTBEHHO «OOJIBIIUMY» U «MajbIM» JbIXaHHeM [6]. B pe3ynbrate B pe3epByap Npu YMEHBIIEHHH YPOBHS
JKUIIKOCTH U, KaK CIIeJICTBHE, YBETMUEHHN €ro CBOOOIHOTO 00bheMa, IMOCTYMaeT BO3AYX, YTO IPH ONpeIelIeHHBIX
YCIOBUSIX IPHUBOIUT K OOpPa30BaHMIO TOpIOYEH Cpeabl BHYTpH pesepByapa. ['oprowas cpema B obmacta
PAacIoNOKEHUs IBIXaTeIFHOTO KJIAllaHa BO3MOJKHA MPU BBIXO/IE TIAPOB TOPIOYHX KHUJIKOCTEH MPH YBENUIECHUH €€
ypoBHA B ammapate. Ilpu mosABIEHNM W3BECTHBIX HMCTOYHHKOB 3aKHTaHMS TOprodas cpella BOCIUIAMEHSETCS.
Kaxnpiii npIxaTebHBIN KJlalaH IMeeT OTHeNperpaauTellb, KOTOPHIN MPEeJOTBPaIlaeT pacpoCcTpaHeHHE TNIAMEHN
U3 OJTHOTO 00beMa B CMEXXHBIH, KOUM SBIISICTCS allapaT U OKpYKarollee ero mpocTpaHcTBo. [Ipu moBpexaeHun
pe3epByapa B 00JIaCTH HATMYHUS CBOOOIHOTO 00beMa pacipoCTpaHeHHE TUIAMEHH MTPOUCXOAUT OECTIPETSITCTBEHHO
KaK CHapy)KH BHYTPb pe3epByapa, Tak U U3 pe3epByapa B OKPYXKaOIIyI0 Cpesy.
PBC

3 4

Puc. 1. Bepmukanvhulii cmanvHou pesepeyap co CmayuoHapHou Kpbluietl,
eoe: 1 — cmenka pesepsyapa; 2 — Onuwe pesepsyapa, 3 — CmayuoHapHas Kpvliia, 4 — OblXxamenvHas apmamypa

(knanawn); 5—yposersv sxcuokocmu; 6 — c80O0O0HVIL 00beM,; 7— CIUBO-HANUBHOU NAMPYOOK

IlocTanoBka u peuieHue 3ajavuu

PaccmoTpuM mokap pesepByapa Juid XpaHeHUs au3enbHoro TorumBa (nmanee J(T). o mpuesna mepBbIx
NOJpa3feIeHUil MoXKapHOH OXpaHBI MPOUCXOIUT CIEAYoIllee: TOPEHUE AM3ETBHOr0 TOIUIMBA B OOBAJIOBAHUM
¢ 4 PBC; ero ucredenue u3 CIMBHOTO nmarpyoka ogaoro u3 PBC u ropenue B MecTe MOBPEXISHUS MPOKIAAKH
(hTaHIIEBOTO COETMHEHHS MEXTy 3aIIOPHON apMaTypoil 1 MaTpyOKOM; TOpeHHe B BEPXHEH MOBPEXKICHHON YacTH
pe3epByapa HIDKE CTallMOHAPHOW KPBIIIM, KPBIIA pe3epByapa He MoBpexaeHa. CTalloOHApHBIE YCTAaHOBKH
NOXAPOTYIIEHNS pe3epByapa OTCYTCTBYIOT.

3aMephl TeMIepaTyp ¢ MOMOILBI0 OECKOHTAKTHOTO MUPOMETPA MOKA3bIBAIOT, YTO PE3EPBYap pa3orpeT 10
temnepatypsl + 580°C, 910 BbIe TemnepaTypsl camoBocmamenenus T — ot + 210 °C [7].

[locraBnena 3amayda: OXJaKICHHE TOPSILNETO pe3epByapa, 3allluTa COCETHHX pe3epByapoB, Tymenue AT
B 00BaJI0OBaHWH, JTUKBUAALUS TOPEHUS HA TOBPEXKICHHOM (IaHLIIEBOM COCAUHEHHH.

[TpoGieMHBIME BOIPOCAaMHU CTaHOBATCS: pasrepMeTH3auus (UIaHLEBBIX COCAMHEHHH, a TAakKe BBICOKAs
temneparypa /T, mepBoe HMpHBOAUT K YMEHBIIEHHIO YPOBHSA JKHMAKOCTH M, KaK CIEICTBHE, 3aTSATHBAHHUIO
B CBOOOJHBIH 00BeM aTMOc(epHOro Bo3ayxa (3(dexT «OOoNBIIOro ABIXaHUS»), BTOPOE HE JaeT BO3MOXKHOCTH
JIOKaJIM30BaTh TOPEHHE MCTEKAIOUIeH JKuAKocTh. Taroke Habmromaercs W 3(QQEKT Majoro ABIXaHUS, KOTOPBIH
BO3HMKAET [IPH OXJIAKACHUM Pa30TrPeTOro, FopsIero pe3epayapa.

OxnaxeHne ropsuiero pe3epByapa M pacxoJOBaHHE KHCIOPOJa Ha PEaKLUI0 T'OpEeHHs, UTPAET CBOIO
MOJOKUTEIBHYIO POJIb U C TEYEHUEM OIPEAEICHHOI0 NMEPHOa BPEMEHU B MOBPEXXJEHHON BepxHel uactu PBC
MPOIIECC TOPEHNS MPEKPAIIAeTCs, OAHAKO CIIyCTS HEKOTOPOE BPEMs MPOHCXOIUT CaMOBOCIUIAMEHEHHE TOPIOYeH
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Cpezbl BHYTpU CBOOOAHOTO 00beMa pe3epByapa, KoTopasi 00pa3oBajiack 0J1arogapst €ro AbIXaHUAM («OOJIBIIOMY»
U «MaJoMy»). VICTOYHNKOM 3a)KHTaHUsl CIY)KHT BbICOKas TemrnepaTtypa T B ciiodx, yJaqeHHBIX OT HapyXHOM
CTEHKH pe3epByapa, KOTopas BBIIIE TeMIepaTypbl ero caMOBOCIUIAMEHEHHs. B pe3ynbraTe MpoUCcXoauT cOpoc
M30BITOYHOTO JaBJICHHE B3pbIBa M3 CBOOOTHOTrO 00beMa uepe3 MOBPEXIEHHbIE y4acTKH CTEHKH pe3epByapa M
BOCCTaHOBIIEHHE Tporecca ropeHus. Tak kak mpomcxomaut ucredenue /T depes moBpexaeHHoe (hraHIEBOE
COeZIMHEHNE, CBOOOAHBIH 00BEM yBEIIMYMBACTCSA M CO BpeMEHEM 0OBeMbl TApOBO3AYIIHON CMecH B pe3epByape
HapacTaloT, YTO B MTOre NMPHBOAWT K YBEIWYEHHIO M30BITOYHOTO JaBIEHHS B3phIBa. lIpM HEZOCTATOYHOCTH
TUTOIIA/TN TIPOEMOB, 00pa30BaBIIMXCS OT TIOBPEXKICHHUS, 3TO IIPUBOAUT K €r0 OOJNBIIEMY HITH BO3MOKHO MOJTHOMY
Ppa3pylIeHuIo.

[IpoananuzupoBaB Bce BO3MOXKHBIE (DAKTOPHI, HYKHO BBINONHHUTE CIEAYIOIINE MEPONPHATHS TI0
3¢ (GEeKTUBHOMY TYIIEHHIO TOBPEXJICHHOTO pe3epByapa H IPOBEICHHUIO aBapHilHO-CIacaTeIbHBIX paboT (maiee
ACP), JNOTONHUTENBHO K OXJXISHHIO TOpPSMIEr0o M COCeTHHX pe3epByapoB, TymieHWto meHoi [T
B oOBanoBaHWM [8], a IMEHHO: OpraHW3aIMIO MOJaYl MHEPTHBIX I'a30B B 00JIACTh MOBpexaAeHui cteHkn PBC
C MOMOILBI0 UMEIOLICHCS TOXKAPHOW TEXHUKH, KojleHuaToro noabeMHuka - AKII, apronecTHULBI MOXKapHOH —
AJl; mpoBecTH YCTaHOBKY Ha MOBPEXKAECHHOE (DIAHIEBOE COSAMHEHHE (MIIM TPYOOIIPOBOJ) PEMOHTHOTO XOMYTa
(Puc.2) [9], koTopHIii 00ecTIeYnT ero 00XBaT U TePMETHU3AIIHUIO.

Puc.2. Xomym pemonmmuuwiii

Tarke Ha OCHOBaHWM aHanmu3a NoxapHoW omacHoct PBC ¢ TOprOYMMH JKUIKOCTSAMH HEO00XOIUMO
YYUTHIBaTh OCOOEHHOCTH IPOBEICHUS aBapHUMHOIO CKAYMBAHMA JKUAKOCTH M3 ITOBPEXKICHHOTO pe3epByapa
B pe3epBHBIC (aBapuitHbie) eMKocTH. CBOOOMHBI 00BEM aBaPUIHBIX E€MKOCTEH HEOOXOIMMO 3aIlOHHUTH
YTJIEKHUCIIOTOH, YTO IPEeOTBPAaTUT oOpa3oBaHue roprodei cpens! (g AT HmkHMI KOHIIEHTPAIIMOHHBIA Mpeesn
pacnpoctpanenust wiamend — 0,5 % 00. [7]) 1 UCKIIOYNUT BO3MOXKHOCTh BOCIIaMeHeHus napoB [ K, Harperoit
BBIIIIE TEeMIepaTypbl caMoOBOCIUIaMeHeHUs. Hanuume yriiekuciiotel Oyler crocoOCTBOBATh CHUXKEHHIO
BEPOSITHOCTH 00pa3oBaHMUs rOproYeii cpelibl B 00IaCTH ABIXaTeIbHOTO KiIallaHa aBapHIfHOTO pe3epByapa.

AJITOpPUTM TylIeHUs noxkapa u npoBenenuss ACP

Ha Puc.3 mpencraBuM anroput™ IeHCTBUI MO TyHIeHHIO Moxapa u nposeneHnto ACP noBpexIeHHOTO
PBC c AT.
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O1ieHKa 0OCTAaHOBKU
(pa3Benka noxapa)

A 4 A 4

JeiictBus o JeiicTBHS 1O TyHIEHUIO
nposeaeHuo ACP rno>kapa
v v
I'epmeruzanus OxJaxaeHue
(hITaHIIEBBIX COCTUHEHMI [% pe3epByapoB, TYIICHUE
MIEHOH B OOBaJIOBaHUE
!
3anonuenue CO? l
pe3epBHBIX (aBapUItHBIX) [omaua CO?
€MKOCTEH B CBOOOIHBIN 00BEM
l pesepByapa

A

A 4

IlepexaunBanue B

pe3epBHbIE (aBapUHHBIE) Jlokanusanus 1 TymeHue

EMKOCTH ToKapa

Puc.3. Ancopumm oeticmeust no mywenuro noxcapa u nposederuro ACP noepesicoennozo PBC ¢ /T

3akjoueHue

B crarbe mpencraBieHsl NpoOJIEMHBIE BONPOCH, CBA3aHHBIE C TYIICHHEM IOXKapa IOBPEKICHHBIX
pe3epByapoB PBC B MecTax, orpaHM4€HHBIX B JOCTYIE AJIA MOKAapHBIX MoJpa3AesieHuid. PazButre pa3inuHbIX
CUTyalluii B MOMEHT TyILIEHUs oxkapa u nposegeHus ACP paccMOTpPEHO ¢ y4eTOM aHaau3a NOKapHOU OaCHOCTH
pesepByapoB. lIpemmoskeHbl ~ MepompuSATHSA, HampaBieHHble Ha 3(Q¢QeKTHBHOE TyIIEHHE IoXKapa
¢ yderoMm nposeneHuss APC, 4To MO3BOMUT YMEHBIIUTH BpeMsl TYLICHUS IOXKapa, U CHU3UT BEPOSTHOCTH
MOBPEKACHUS pe3epByapa OT BO3AEHCTBHSA OMACHBIX (PaKTOPOB MOXKapa, B YaCTHOCTH M3OBITOYHOTO JABICHUS
B3pBIBA APOBO3AYLIHOHN Cpebl B €ro cBOOOTHOM 00BeMe, PacIpOCTpaHEHHE TToJKapa Ha COCEIHNE Pe3epBYyapsl,
TpPaBMUPOBAaHHUE JIMYHOT'O COCTaBa, IPUHUMAIOIIETO Y9acTHE B TYIIEHHE NIOXKapa Ha TEPPUTOPUH CKIa0B He(TH
u Hedrenpoaykros [10].
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