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CocraButens — KaHAMAAT TeXHUYECKUX HayKk Jleatkun IlaBen
HukomnaeBny, pmoueHT MypMaHCKOro TrOCyJapCTBEHHOIO  TEXHUYECKOTO
YHUBEpPCUTETA.

PaccMOTpeHBI OCHOBHBIE TEOPETUYECKHE U MPAKTUYECKHAE BOMPOCHI IO
Kypcy «TexHosnorus U 0€30MacHOCTh B3PBIBHBIX padoT». YueOHOE mocooue
npeaHa3HaYeHo JJIs CTYJICHTOB YETBEPTOro Kypca 3a04HOM (OpMbI 00y4YeHUs
cnenuaibHOCcTEM Hamnpasienuss «l'opunoe geno» MO MITY. Hekotopwsie
pa3zenbl MOTyT OBITh TaKKE€ WCIOJB30BAHBI CTYACHTAMH, W3YYarOIMMHU

JTUCHUILINHBI « PU3UKAY U « XUMUD).

PenenseHTnl:

- Kadenpa ecCTECTBEHHOHAyYHbIX M OOLIENPO(PECCHOHATBHBIX JUCLUILIMH
Monueropckoro ¢uimana MypMaHCKOTO TOCYAapCTBEHHOIO TEXHUYECKOTO

YHUBEPCHTETA,

- 3aBeAyroNMi Kadenpoil eCTECTBEHHOHAYYHBIX W OOIIETPO(ecCcHOHATbHBIX
aUCcTMIUIMH ~ Monderopckoro (Qrmana MypMaHCKOTO TOCYIapCTBEHHOTO
TEXHUYECKOTO YHHBEPCHUTETA, JOICHT, KaHAUIAT TEXHUIECKNX HAayK bommHsIkoB

EBrenuit AHaroinbeBuY.



1. TexHoJiorusi 1 0€30MaCHOCTH B3PbIBHBIX PadoT

1.1 Beenenue

B3peiBHBIE pabOThl B WHXEHEPHOW TNpPaKTUKE TOPHOTO Jena - 3TO
BOKHEUIIIMI CMOCO0 pa3pyIIeHUs] TOPHBIX TIOPOJ, SBJIOIIMICS TJIaBHBIM
TEXHOJIOTUYECKUM TMPOIECCOM TPU CTPOUTEIHCTBE IIAXT, JOOBME MOJIE3HBIX
HCKOIIAEMBIX M IPOBEIECHUU T'OPHBIX BBEIPAOOTOK (0OBEM B3PHIBHBEIX pabOT B
TEXHOJIOTUYECKOM ITUKJIE TOPHOTO Mpom3BocTBa jocturaet 90% u Gonee).

OnTtuMaibHOE UCTIONH30BaHUE SHEPTUU B3PHIBA B MPOMBIIIUICHHBIX TENSIX
BO3MOJKHO TOJIPKO Ha OCHOBE MPaBUJIBHOW OIIEHKH BAXHEHUIIINX XapaKTEPUCTHUK
B3PBIBYATHIX BEIIECTB M PEAKIMI MX B3PHIBUATOTO MpEBpalIeHUs (BEIHMYMHA
KHACJIOPOAHOro OanaHca, a TaKKe BEJIMYMHA TEIIoBOT0 3¢deKTa peakiuu
B3PbIBA, XUMHYECKH COCTaB, Macca M IUIOTHOCTb 3apsjia, T€OMETpUsl €ro
3aKJIQJKU U T.1T.).

2. OCHOBBI TEOPHH B3PHIBYATHIX BEIIECTB
2.1 BBenenue

B3pbIBOM  HA3BIBAIOT  YPE3BBUANHO OBICTPOE XHMHYECKOE WU
¢u3ryeckoe NpeBpallleHHe BelecTBa (UM CHUCTEMBI), COIMPOBOMKAAIOIIEECS
TaKUM JK€ OBICTPHIM IEPEXOJO0M TOTEHIIMATbHON SHEPTrUU B MEXaHUYECKYIO
paboTy. XapakTepHbIM TPU3HAKOM B3pbIBA SABJIAETCS 00pa3oBaHUE YAApHOU
BojHbl (YB) B cpeae, mnpumbikarouied K MecTy B3pbiBa. [IpuumHoi
BO3HUKHOBEHHsI YB sBisercst ObicTpoe pacumpeHue (co CBEpX3BYKOBOH
CKOPOCTBIO B JJAHHOM CpeJie) ra30B WM MapOB, COAEPIKAIIUXCS IO B3PbIBA WU
BO3HUKIIMX B CHUCTEME B MOMEHT B3pbiBa. B3pbIBbI JenAT Ha @usuueckue u
Xumudeckue.

[lpu pusnueckux B3pbIBaX, BHI3BAHHBIX, HAIPUMEP, B3PHIBOM MapOBOIO
KOTJIa, OAJUIOHOB C Ta30M M T.II., U3MEHSETCS TOJBKO (PU3MYECKOE COCTOSTHUE
BEIIECTBA C COXPAHEHHWEM IOCTOSHCTBA €r0 XMMHYECKOTO cocTaBa. B ropHom
Jiefe MpUMEpPaMHM TaKUX B3PBIBOB SBISIIOTCA OTOOMKA YIrisli NPU TMOMOIIH
METAUTMY€CKUX MaTPOHOB "KapJ0Kc", coeprKaluX KUJIKYIO YTJIEKUCIOTY, WX
METAUIMY€CKHUX MaTPOHOB "3pJI0KC", COMIepIKAIMX CHKATHIA BO3AYX.
XUMHUYECKOE TPEBpAILCHUE BELIECTBA SIBISIETCS 00S3aTENIbHBIM  YCJIOBUEM
XUMHUYECKOT0 B3pbIBAa. B3phiBUaroe XUMHUYECKOE IMPEBpalllCHUE BEIECTBA
0o0yclaBiIMBaeTCS  HATMYHWEM TpeX (PaKTOPOB: BBICOKOM  CKOPOCTBIO,
00pa3zoBaHMEM T'a30B WM MApOB, BHIAECICHUEM TEILJIOTHI.

OO01muMu yepTaMu (PU3UIECKUX U XUMUYECKUX B3PBIBOB SIBJIIETCS TO, YTO
BBIJICIIAIONIASACS DHEPTHUS TPU B3PHIBE TEPEXOJAUT B MEXaHUUYECKYHO paldoTy,
KOTOPYIO COBEpPIIAIOT C)KaThle Ta3bl, MMEBIIMECS A0 B3pbIBa ((pu3mueckuit
B3PBIB) WJIM 00pa30BaBIIMECsS B MOMEHT B3pbIBa (XMMHUYECKHM B3PBIB). Bbicokas



CKOpPOCTbH BBIICJICHHSI SHEPTUM KaK CJICJICTBUE BBICOKMX CKOPOCTEH M3MEHEHUS
COCTOSIHUSI BEIIECTBA M BEChbMa BBICOKOE JIaBJCHHE (OT JECATKOB JO COTEH
TBICSTY atmMocdep) C)KaThIX razoB npeIoTpenesieT 0COOBIH
OBICTPOTIPOTEKAIOIINNA PA3PYIIUTEIBHBIN XapaKTep MEXaHUYECKOTO JAEHCTBUS
B3PbIBA.

2.2 YiapHble BOJHbBI

BrIcTpO pacumpsronyecs CKarbl€ ra3bl BBI3BIBAIOT B OKPYKAKOIIEH Cpene
(ra30BOM, >KMAKOW, TBEPIOW) CKAuOK MAABJICHUS WIM BOJHY BO3MYILEHU,
KOTOPYIO Ha3bIBAIOT yAAPHOM BOJIHOM. CKOPOCTh paclpOCTPaHEHUs yIapHOU
BOJIHBI B CpPEIE BCErla MPEBBIIMIACT CKOPOCTh 3BYKa 3TOM cpenpl. JInHenHas
3aBUCUMOCTh CKOPOCTH YJAapHOM BOJIHBI OT IapaMETPOB CPEIbl 3alMChIBACTCS
CIEAYIOIIUM 00pa3oM:

D=C+ Al (1.1)
rae D — ckopocte yaapHoW BoiHbI; C — CKOpPOCTh 3ByKa B Cpele; A —
k03 dUIMeHT (HaX0aAT B TaOIMIIAX WK OMPEACISIOT SKCTIEpUMEHTaIbHO); U —
MaccoBasi CKOPOCTh YacTHILy 32 PPOHTOM yIapHOU BOJIHBI.

[Ipu B3pbIBE OAHOIO U TOTO XK€ B3pbIBUaTOrO BelecTra (BB) oqunakoBoit
Maccbl B BO3AyXE, BOJAE M B TOPHOW IOPOAE CKOPOCTH COOTBETCTBYIOLIMX
yIapHbBIX BOJIH U JaBJE€HUS OYAYyT MOUUHATHCS HEPABEHCTBAM:

DFOpH.l‘I.>DB0)I.>DB03£[yx; PropH.n.>PBozl.>PBo3ﬂyx. (12)
@pOHT yIapHOM BOJIHBI MOKHO IPENCTABUTH KaK JIMHUIO, Pa3JIeisIOLIyI0 JBa
OPUHIUIHATIBHO PAa3IUYHBIX (U3MUECKUX COCTOSIHMS B OJHOM  cpene.
CocTostHUS, BO3ZHMKUIETO B pPeE3yJbTare NPOXOXKIAEHUS YIAPHOW BOJIHBI, U
HEBO3MYIIICHHOU cpedbl, Mo koTopor YB eme He mpomnuia. Takum obpazom,
bpouT YB, pacnpocTpaHsSIONMiicsS CO CBEPX3BYKOBOM CKOPOCTBHIO B CpEIIE,
OPEICTAaBISIET CKAuKOOOpa3HOE€ W3MEHEHUE JIaBJICHUS, TEMIEpaTypbl U
miotHoctd. Ha HekotopoM pacctossHuu oT 3apsina BB mo  cpene
pacnpocTpaHsieTcsl yAapHas BOJIHA, KOTOpas C PAacCTOSHUEM IOCTEIEHHO
BBIPOKIAETCS B 3BYKOBYIO, T.€. D ctpemurcs k C npu U> 0.
YnapHas BOJIHA OTAMYAETCA OT YIPYIrOM TEM, YTO CO3JAET IOTOK BEILECTBA,
cuenyrommidi 3a ee ¢GpoHTOM. PaccTosiHue, Ha KOTOPOM yAapHas BOJIHA
ocjabmsieTcs 0 3BYKOBOH, B Ta3e HAMHOTO 0OJIbIlIe, YeM B TBEPJOM BEIIECTBE.
[Ipn 3amaHHOM &nMameTpe 3apsaa 3TO PACCTOSHUE B BO3JYXE COCTAaBISET
HECKOJILKO JIECATKOB U JlaKe COTEH JUaMETPOB 3apsia, B BOJE — OKOJO 2—3
JMaMETPOB, B TBEPJIOM TEJIE — MEHBIIIE OJHOTO JUAMETPA.
VYcnoBusi Ha QpoHTE ynapHOW BOJHBI (WacTo TOBOPST "Ha yAapHOM CKayke')
0COOEHHO y/I00HO 3aIUCHIBATh B CJICIYIOIIEM BUJIE:
(3aece ungexkcom "0" wu "1" oOo3HaueHBI COOTBETCTBEHHO MapaMeTphl
HEBO3MYLICHHOM CPENbl M BEIWYNHBI, XapaKTEPU3YIOIINE COCTOSIHUE BEILECTBA,
CKaToro
yJIapHO¥ BOJIHOM)
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OOBIMHO CUMTAETCS, YTO HEBO3MYIIECHHAs Cpela HAXOAUTCS B COCTOSIHUU
nokosi. Ho mipu BeIBosie ypaBHeHMM coxpanenust macchl (1.3), nummyneca (1.4) u
sHepruu (1.5) mpenmonaranock, 4YT0 UMeeTCs HadalbHas ckopocTh Up. DTOT
Oosiee 0OmMI XapakTep pEIIEHUST B HEKOTOPBIX CIIydasX OKAa3bIBAETCs
HOJIE3HBIM.

Ecimu cuurtath, uTo HeBo3mylleHHas cpena nokoutcs u Uy=0, mpeneOperas
HavyaJIbHBIM JaBjieHueM Py, ypaBHenus (1.3) - (1.5) moxxHO nepenucath B 0oJiee
y100HOM J1J1sl pacy€TOB BUJIE:

poD = pl(D - Ul); (1.6)
P,=pDU; (1.7)

El :%Pl(vo _Vl)’ (18)

rae Vo 1 Vi COOTBETCTBEHHO HAYAIbHBIM M KOHEUHBIH 00beM; Eq — BHyTpeHHSSA
sHeprus; P; — nasienue B cpene; 'OV Pos Vi= 1P

[[Inpuna ¢hpoHTa yIapHOM BOJHBI B BO3/yXE Ha YPOBHE MOPS COCTABIISICT
0,025 MkM (11 cCpaBHEHUS: IJIMHA BOJIHBI B MH(GpaKpacHO! 0071acTH MPUMEPHO
paBHa 1 wmkm). Ilpu pacnpocTpaHeHMM yAapHOM BOJIHBI B JIHOOOW cpene
JlaBJIeHHE, TUIOTHOCTh U TEMIIEpaTypa B BO3MYILIEHHON 00JIacTH yBEIMYUBAIOTCS
BO MHOTO pa3. [lostomy /roaM W KWBOTHBIE, MONABIIME B 30HY JACHUCTBUSA
yIlapHOH! BOJIHBI, THOHYT, @ COOpPYKEHHUs1 paspywatrorcs. Kpome 3Toro, motok
BO3/lyXa, BO3HUKAIOWIMI 32 (PPOHTOM yJIapHOU BOJIHBI, TAK)KE HAHOCUT OOJIBILIOM
yiepO JKUMBbIM OpraHuzmaMm u coopyxkeHussMm. Ha puc.l mokasan mpoduib
yIapHOU BOJIHBI B KOOPJIMHATAX JIABJICHUE - PACCTOSIHUE.



Eciu npodwis naBieHuss yaapHOl BOJIHBI B Cpell€ pacCMOTPETh BO
BPEMEHH, TO OKAXKETCS, YTO P (MakcUMalbHOE AABJICHHE) MajaeT ObICTPO -
o0parHo mponoprroHanbHO paccTostHUIO (1/R). Ha puc.2 npencrasneHa cxema,
n3o0paxaromas B3peIB 3apsga BB B MomeHThl Bpemenu t;, l, u ts.
OOpazoBaBumiicsi MpU B3pbIBE a3 "TOJIKAET' B3PBIBHYIO BOJHY C KpPYThIM
(pOoHTOM, 1aBJICHHE B KOTOPOM MAJaeT C YBEIUYEHUEM PACCTOSIHUSL.

&
P

¥
I max

¥
Py

Puc.1 Ilpoduns naBnenus npu B3phIBE:

©_ som pazpexxenus (P < Py); B 3T0l 30HE NOTOK BeliecTBa OyIeT HanpaBiieH
B CTOPOHY, NPOTHBOMOJIOXKHYIO IBHXEHHIO (DpOHTA yAapHOW BOJHBL, T.€. K
UCTOYHUKY B3pbIBa; R — pacctosHue. CipenkaMu MOKAa3aHO HampaBJICHUE
JBIKEHUST (PPOHTA yIapHOU BOJHBI M YaCTHUI OKPYXKAIOIIEH CpeJibl

I'a3, oOpazoBaBuMiicsSi TpU B3pbIBE, PAaCIIUPSAETCA JO KOHEUHOIO
KoJieOmorierocss o0bemMa, B TO BpeMs Kak 00beM BO3/1yXa, OXBaThIBAEMBIN H
HarpeBaeMbli YAapHOM BOJIHOW, PACTET C YBEIIMYEHUEM PACCTOSHUS — yIAapHas
BOJIHA PacXOJy€eT CBOIO SHEPTUIO U 3aTyXaeT.

N30b1TOuHOE naBnenue (B [1a) Ha ppoHTE yaapHOU BOJIHBI B BO3AYXE MPH
B3pbIBE HazemHOro 3apsina BB maccoit q paccumtsiBaor mo dopmyne ..
[ToxpoBckoro:

1/3 2/3
P, —10°7 D004 A3 1) (g g)
R R R
rae R — paccrosiaue ot 3apsiia 40 UBMEPSIEMON TOUKHU.

Ecmmu 3apsin BB B3pbiBacTCs Haj MOBEPXHOCTHIO 3EMIIM, TO [ABJICHUE
MO>KHO HAaWTH U3 CJICAYIOIIETO BhIPAKECHUSA

1/3 2/3
P :105(0’8;q + 210 7q3j (1.10).
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N30b61T0uHOE 1aBIIEHKHE HA ITPErpajie Npu OTPAKEHUHU yJapHOU BOJIHBI P o,
JIETKO PacCuMTaTh, UCTIONB3Yys U3BECTHYIO (POPMYILY:



P, =2-Ps F_PB (1.11)

PB + 7P,

rae P, - naBiaeHmre yaapHo#t BOJHBI B BO3AyXe; Py - aTMoc(epHOE TaBiIeHne Wil

Ha4YaJIbHOC AAaBJICHHUC B CPCC.

Baxxubim nmapamMeTpoM BO3AYIIHBIX YAAPHBIX BOJIH ABJEICTCA BpCMA

nercTBus Ghasbl CKATUS (C) Ly cx -

Lo = 1.7-10 : -.||J{ F{fa (1 12)
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Puc.2 Cxemarmyeckoe W300paKEHWE B3PHIBOB  ITWIHMHIPHUIECKOTO
cepraeckoro 3apsina BB.

2.3 ®opMbI XUMHYECKOT0 NpeBpallieHUsI B3PbIBYATHIX BelIECTB

20048

B 3aBucumoctn oT Tuma B3pbeBUaroro BeuiectBa (BB), ycnoBuii
BO30YXAeHUS (MHULMUPOBAHMS) MPOLIECCH XUMUYECKOT0 MPEBPAIICHUS MOTYT



NPOTEKaTh B Pa3JIMYHBIX (POpMax C pa3IMYHBIMU CKOPOCTIAMH, OTIINYAIOLIUMUCS
Ha TOpsaoK u Oonee. K OCHOBHBIM (opMaM XMMHUYECKOTO HpEBpaICHUS
OTHOCATCS TEPMHUUYECKOE PA3JIO)KEHUE U TOPEHHE (JO3BYKOBBIE IPOLECCHI),
JeTOHaIMS (CBEpX3BYKOBOM MPOIIECC).

Tepmuyeckoe pa3noxenue BB sBisiercs roMOreHHbIM IPOLIECCOM,
OpOTEKAIOIIEM BO BCceM OObeMe 3apsiia npH AaHHOW Temmneparype. CKOpocTh
TEpMUUYECKOTo pacmnana BB wu3mepsercs yuciom Mojel, pearupyrommx B
CIMHWIY BPEMEHH B CAMHHAIE 00BEMa - Moib/(c-ecm’). Takum oOpasom,
CKOpPOCTh TEpPMOpPAcCIiajia COOTBETCTBYET JAHHOW TEMIIEPATYPE U OJMHAKOBA BO
BceX To4ykax oObemMa BB. OcHOBHbIE TPOAYKTHI PpA3JOKEHHUS — OKCHIIBI
roptounx snementoB (CO, CO,, H,O np.), a30otT, aibaeruapl, KUCJIOTHl U T.II.
TepMuueckoe pa3ioKeHHE MOKET 3aBEPIIMTHCS MPU ONPEACICHHBIX YCIOBUAX
TeIVIOBBIM B3PbIBOM.

I'openne BB sABmiercss camMopacnupOCTPaHSAIOMIMMCS TIe€TEPOrE€HHBIM

HAIpPaBJICHHBIM ITPOLIECCOM C BBIPAKEHHOM 30HOM XUMHYECKOW PEAKIUH,
pa3aeNSIOEN UCXOQHOE BEMIECTBO M MPOAYKTHl ropenus. Kak u B ciydae
TEPMUYECKOTO pa3siokeHus, npoaykramu ropenus ssisitorces CO, CO,, H,0,
N,. 'opeHne MpOTEKaeT 3a CYET XUMUYECKUX PEAKLINNA MEXAY OKHCIUTEIEM U
rOPIOYMMHU KOMITIOHEHTAMH, COAEep KaluMmucs B coctaBe BB, u onpenensercs
MEXaHH3MOM MEPENauYu DJHEPruM M3 30Hbl XUMUYECKOW pEaKIUu B
IIPUMBIKAFOIIMNA K HEN CJIOW UCXOTHOTO BEILECTBA.
Tak Kak OCHOBHBIE COCTAaBIIIIOLIME IPOLECCA TEIUIO- U MAaCCONEPEHOCA IPU
ropeHun (KOHBEKIUS, IUPQPy3usi, TEIUIONPOBOJHOCTh) MEMJICHHBIE, TO H
pOIeCC TOPEHHsI MPOTEKAET MEIJICHHO - C JI03BYKOBOW CKOpPOCThbIO. OOBIUHO
JMHEWHAsI CKOPOCTh TOPEHUsSI COCTABIIIET HECKOJIbKO MHJUIMMETPOB B CEKYHY
(penko HOecsITKM M COTHH MHWUIMMETPOB B CeKyHIy). CKOpPOCTb TOpEeHHs
CYILLIECTBEHHO 3aBUCUT OT Macchl BB u BHemmHux (akropoB — [aBjieHUs U
TemIieparypbl. B BeCcbMa OrpaHM4E€HHOM IPOCTPAHCTBE JABJICHHUE MOBBIIIAETCS
OBICTPO Y TOPEHHUE MOKET IIEPENUTH B IETOHALMIO. B CBA3M C 3TUM YHUUTOKEHUE
BB cxxuranuemM npoBOAST HA OTKPBITHIX MUIOIIAIKAX.

N3BecTHa smniupuyeckas 3aBUCUMOCThD JIMHEIHOM ckopocTu ropenus (V)
OT JABJICHUS:

r v

V=a~+hbP. (113)
rie P — naBieHue; a U b — MOCTOSHHBIE, V — TMOKa3arelb CTENEHH,
koneomommiicss ot 0 go 1. [Ipu 3HaueHusax v OoJibllle €IUHUIIBI BO3MOKEH
IIEPEXO/] TOPEHUS B IETOHALMIO.

OCHOBHBIM BHJIOM pEaKIMU MEIJIEHHOTO TepMuueckoro pacnana BB
SABIIETC MOHOMOJIEKYJSIDHBIA — pacnan, Ha KOTOPBIM  HAaKJIAJbIBAIOTCS
BTOPHUYHBIE PEAKLIIUH C YUAaCTUEM NPOAYKTOB IIEPBUUHOIO pacmana. Y CKOpEeHue
peaKiMu pacmana OCOOCHHO AaKTHMBHO TMPOUCXOAUT TIPU  TIOBBIIICHUH
temriepatypsl BB. Ecmm npuxonm Teruia mpuw peakmuu mpeoOiagaeT Haw
IIPOLIECCOM €r0 OTBOJIA B OKPYXAIOILIYIO CPEIy, TO BO3MOKHO IPOrPECCUBHOE



HarpeBanre BB v B jganbHeWIeM 3HAYUTEIIbHBIM POCT pEAKIMU, 4 B UTOTE -
TeIUVIOBOM B3pbIB. Takas KpuUTHMUECKas TOYKA HA3bIBACTCS TeMIIEPATypOi
Benbliku BB. Mm apyrumu crioBamu, Ta MUHAMAaJIbHAs TEMIEparypa, Ipu
KOTOpPOMl B TEYEHHE YCJIOBHO 3a[aHHOTO OTpE3Ka BPEMEHU IMOABOJ Teria
CTAHOBUTCS OOJbIIE TEIUIOOTBOJA M XUMHUYECKas peaklus BCIEICTBUE
CaMOYCKOPEHHMS IPUHUMAET XapaKTep B3PbIBYATOrO MPEBPALLECHUS, HA3bIBACTCS
TEMIEPATYPOU BCIIBIIIKH.

CranuoHapHoe ropeHHWe IMPEACTaBIsET COOON MPOIeCC XUMHUYECKOTO
peBpalleHus], pAaCHIPOCTPAHSIOUIMICS C MaJIbIMU CKOPOCTIMU (MUJIUMETPHI B
CEKyHIY) W  OXBaThIBaIOIIMKA  MOCJEIOBAaTEIbHO  CJOW  BEILUECTBA.
PacnpocTtpanenue ropeHns npoucXoauT MmyTeM Terjonepenadu. B ciayyae ecnm
OTBOJI MPOJYKTOB T'OPEHUSI 3aTPYJIHEH, YBEIMUMBACTCS MOBEPXHOCTb T'OPEHUS
win Obljla HadallbHasi CKOPOCTb TOPEHMS BBICOKOM, TO MEIJIEHHOE TOpEHHE
MOXET NEPEUTH B ACTOHALMIO, MO0 BO B3pbIBHOE ropeHue. llpu m3BecTHBIX
YCJIOBHSIX JETOHAIMS WM B3PBIBHOE TOPEHUE MOTYT INEPEUTH B MENJICHHOE
(craumonapsoe). Hampumep, mnpu mnepeymiotHenun BB B pesynbrare
NOBBILLIEHHOIO JaBJICHUA. Takue MpOLECChl B IIAXTaX HA3BIBAIOT BBIFOpPaHHEM
3aps/10B B LIIIypax.

JdeToHaumuss - O3TO MpPOLECC XUMHYECKOTO TmpeBpamieHus BB,
COIPOBOKJAIOIIMICA BBIACICHUEM TEIUIOTBI W PACHpPOCTPAHAIOLIMICT C
MIOCTOSIHHOM CKOPOCTBIO, MPEBBIIIAKONIEN CKOPOCTh 3BYKA B JIAHHOM BEILIECTBE.
B oTimune OT ropeHus AETOHAIUS TPEACTaBIsSET COOOM KOMIUIEKC MOIIHOMN
yIapHOW BOJHBI M CleAyromeid 3a e¢ (QPOHTOM 30HBI XHMHUYECKOTO
IIPEBPALICHUS BEILIECTBA.

Ncxonnas CTPYKTypa B3PBIBUATHIX BELIECCTB ABJISIETCS
TEPMOJIMHAMUYECKH  METacTaOMILHOM. Ilepen  pocTwkenmem  OoJjee
CTaOMJIBLHOTO COCTOSTHHSI C MEHBINICH DHEpryuel cucTeMa J0JDKHA MPOUTH depe3
IPOMEXYTOUHOE MEHEe CTAOUIbLHOE COCTOSTHUE C TOBBIIIEHHON 3HEpPrue, 3To
O3Ha4aeT Kak Obl Hamuuue Oapbepa, MNPEISITCTBYIOMIETO HENPEPHIBHOMY
NpEeBpAICHUIO, €CJIM TpPH STOM He oOecredeHa HeoOXoamMas aKTHUBaIWs
npouecca. XUMHUYECKUE IMpeBpamieHuss BB B KOHeYHbIE NPOAYKTHI B3pbIBA
MOTYT OBbITh MHHUIMHPOBAHBI MyTEM IMOJBOJA TEIIa, MEXaHUUYECKOW SHEPTHUU
(ymap, TpeHue), 10O APYTUMH BUIAMU BO3/IEHCTBUA.

Ha puc.3 B kadecTBe WUIIOCTpallMU Mpolecca rpapuieckd MpPencTaBICHO
U3MEHEeHHe CBOOOIHOM sHeprun BB B mpoiecce xuMuueckoro npeppaiieHus. B
UCXOAHOM cocTositHun BB o00siagaer HEKOTOpbIM HU30BITKOM BHYTpPEHHEH
SHEPTUHU, KOTOPBIM U ONPEAENSET €r0 TEPMOANHAMHYECKYIO METACTAOUIbHOCT.

[lepexon W3 WCXOMHOTO COCTOSIHMS, KOTOPOE OTBEUACT IPEBpaIlIeHN0 B OoJiee

AF 4.

cTaOUJIbHOE, CIEPIKUBACTCSI YHEPreTMUECKUM OapbepoM — Jns cuctemsl

. AF 4. . N
(BB) HaumeHbIMI OpPUPOCT SHEPTUU A", TIO3BOJIIONIMN TEpEeHTH uepe3
Oapbep, TpencTaBisieT coO0M CBOOOJHYIO SHEPTrHIO aKTHBAIMW PEAKIUH, M
cuctema (BB) ¢ MakcumanbHO#M cBOOOmHOW »dHepruert F, sBmsercs
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HecTaOUIIbHOM, HAaX0A5Ch B ""mepexoqHOM" WK "aKTUBUPOBAHHOM' COCTOSTHUM.
MuHMMaNbHBIA BHEUIHUNA HMITYJIbC, CHOCOOHBIN, Hampumep, WHULIUUPOBATH
nepexoasl "BB > mpoaykTel B3pbIBa", M1 pa3IMIHBIX B3PBIBUATHIX BEIIECTB

OyIeT pa3IMIHBIM U COOTBETCTBOBATH BEIIMYMHE AFa. s kaxaoro BB. Tak,
JUIsl IEpBUYHBIX MHULMUpYlommx BB sta BenmunHa Oyner HaMHOTO OOJblIe,
yeM A1 OObMHBIX Opm3aHTHBIX BB. IlosToMy nms BO30OyKAeHHS peaKIuH
B3PBIBUATOTO TPEBpAIICHUS B MEPBUYHBIX HHHNHMUpYOIMX BB Tpebyercs

MEHBILIAsl SHEPT U aKTUBALUN AFa , UeM JJis1 Opm3aHTHBIX BB.

IIpy B3ppIBE B3pBIBUATHIC BEILICCTBA IPEBPAIAIOTCS B XUMHUYECKHU
YCTOWYMBBIE CHCTEMBI W 3TO NPEBPALICHUE MOXKET MPOTEKATh C pPa3HOU
ckopocThio. CKOpPOCTH B3PHIBYATOrO MpeBpalleHUusl - ST0 ObICTpOTa
pacnpoCTpaHeHuss 3TOW pEaKuuu II0 B3pbeIBYATOMY BemecTBy. (CKOpOCTH
B3pPBIBUATOTO MpEBpallcHUs Uil  JaHHOTO BB sBisiercs nOCTOSIHHOU
BeMUMHOM. B 3aBHCUMOCTH OT XMMH4Yeckod mpupoasl BB, ero dusmaecknx
XapaKTEepPUCTUK, TeOMETPUYECKUX MapameTpoB (s NpoMbINUIeHHBIX BB —
BEJIMYMHBI Pa3MEPOB YACTHII, COJEPKAHUSA BJArd M JPYrUX XapaKTEPUCTUK)
CKOPOCTh B3pBIBYATOTO MpEBpaleHus KoJjebnercs B 6ospimmx mnpeaenax (1,0-
10,2 km/c).

& [MepexoaHoe
COCTOSHNE

Hexonnoe
COCTOHHHALZ

(BB}

'IlIIl._‘|".II HH

=

Koneunoe
cocToaHue (118)

Croboanad

-

Koopaunara peakumnn
Puc.3 M3menenue coOomuoi sHeprum cuctemsl (BB) mpu mepexome ee B

AF 4. :
CcTa0WIBLHOE COCTOSTHHE: A cBOOOIHAs SHeprus akTtuBamum; AP —
JBIDKYIIAs CHJIa TIpoliecca mnepexoaa. KoopauHaTtoi peakiuu sSBIsieTcs Jroodast
TIEpEeMEHHAsT BEJIMUHMHA, CITy’Kalllass MEpOM pa3BUTHS P CaKIIHH.

2.4 JleTroHauusi B3pbIBYATBLIX BellleCTB
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Ciy>xeOHO# (opMOIl B3pBIBUATHIX MpEBpaIleHUN NPOMBINLIEHHBIX BB
ABJISAETCS AEeTOHALMUS, MPEICTaBIAIONAas COO0OM  CaMOIOAIEpPKUBAIOLIHIA
npoliecc mepemerieHus mo BB co ¢cBepx3BykoBOM CKOPOCTHIO yIapHOTO (hpOHTA
(ckauka JaBiI€HHUS), COMPOBOXKIAIONIMICA XUMHUYECKHUM TpPEBpaIleHuEM
BelecTBa. MiMmynbcoM /Ui Hadajga pa3BUTUS XMMHUYECKOM PEAKLUH SIBIIETCA,
KaK TMpaBWIO, YyJapHas BOJIHA, BO30YyKJlaeMas B3pbIBOM KarClOJb-JeTOHATOpa
WIN 3JIEKTPOJETOHATOPA, T.€. MPOMEXKYTOUHBIX JE€TOHATOPOB. Takum o0Opaszom,
XUMHUYECKasi peakiisi BO3HUKAET B pe3yJbTaTe aJnabaTHUeCKOro CXKaTus M
paszorpeBa BellecTBa B ynapHoM ¢ponTte. KoMmiuiekec u3 ymapHoro (poHTa u
30HBI XUMUYECKOU PEAKIIMHA HA3BIBACTCS A€ TOHALIMOHHOM BOJIHOM.

B 3aBucumocTs ot THIA BB, maBieHue Ha ymapHOM (PPOHTE MOXKET OBITH
OT JecsTKOB armocdep (ra3oBble B3PBIBHBIE CMECH) 10 COTEH THICSY
(bpuzantHbie BB). B pexume cTanmoHapHOTO pacnpoOCTPaHEHHsI CKOPOCTh
dbpoHTa AeToHaAMKU MOXKET 11 pasHbix BB cocTaBnsats ot 1 go 10 xm/c. Temo,
BBIJICIISAIONICECS TPU  JETOHAIIMOHHOW (OpME XUMHUYECKOrO TMpPEBPAICHHUS,
KOMIIEHCUPYET MOTEPU 3HEPrUM, WAYLIIME HA CHKATHE W JBWKEHUE BEILECTBA,
obOecrieuuBasl IMOCTOSTHCTBO IapaMeTPOB JAETOHAIMOHHOM BOJHBL. Crlenyer
NOJYEPKHYTh, UYTO CKOPOCTh JETOHAIIMM HE 3aBUCHUT OT HAYAIBHOTO MUMITYJIbCA;
OHA SBJSIETCA XapaKTEPUCTUKOM M TOCTOSSHHOW BEIMYMHOW JaHHOro BB.
YyacToK 3apsiia OT TOYKM HMHUIMUPOBAHUS [0 Hadajla pacupoCTpaHEHUs
JETOHAIlMM  CO  CTAaMOHAPHOM  CKOPOCTBEO  HA3BIBAIOT  yYACTKOM
HECTALMOHAPHOM e TOHALIMM.

Teopernueckue OCHOBBI JETOHANMM ObUTM 3aJ0KEHBI B KOHIE XIX
cronerusi B.A. Muxensconom (Poccust), JI.JI. Yenmenom (Aurmmsi) u E. XKyre
(Opanrus). Marematudeckast MOJIeNb, CO3/IaHHA UMW HE YUYUTHIBATIA KUHETUKU
XUMHUYECKOW PEAKIUM B JETOHAIMOHHOW BOJHE, a NPEACTaBiisIa YIApHBIN
bpoHT PopMaTbHO B BHIE TTOBEPXHOCTH Pa3pbiBa, OTACAIOMEH ncxoaHoe BB
OT IPOAYKTOB B3pbIBA.

DK30TepMHYECKas peaklus, BO30yKIaeMasi MEXaHHUYECKUM YJIapoM,
KOTOpBIM TEepelaercsi OT pEearupyrouiero cjaosi K COCEIHEMY  ClIOIO,
pacnpocTpaHsaeTcss B BUJE BOJHBI J1aBJIeHUsA. Takol Mpouecc BO3MOKEH JIUIIb
IPU TOM YCIOBHUH, YTO XHUMHUYECKas PEaKUUs 3aKaHYMBACTCA MPEXKIE, YEM
CHaJeT [aBJIEHWE 3a CYET BOJHBI pPa3rpy3ky, HAyHEH OT CBOOOJHOM
MMOBEPXHOCTH CO CKOPOCTHIO 3BYKa. TakoW CUEHApUX BO3MOKEH TOJIBKO TIPHU
OYEHb BBICOKMX JIABJICHUAX, KOrJa BOJIHBI JABIIEHUS MEPEXOAAT B YIAAPHYIO
BOJHY. Takum 0Opa3oMm, AETOHALMIO MOXKHO TMPEJICTAaBUTh Kak COYETaHHe
YIapHOU BOJIHBI C 30HOM XUMUYECKOU PEaKLUU.

VYnapnas BoJiHA BO30YKIaeT PEAKIMIO B BEIIECTBE, a PEAKIIHs YCUIMBAET
YIApHYI0 BOJIHY, TIOKa HE YCTAHOBHUTCS PaBHOBECHE MEXIY NEPEIaBacMOn U
paccenBacMOM  JHEprued HE  YCTAHOBUTCA  CTALMOHAPHBIM  PEXKUM
pacnpocTpaHeHus BOJIHbI JAeToHanuu. MccinenoBaHue npoLEeccoB B TaKOM
YCTAaHOBUBILICHCS BOJHE B OJHOMEPHOM CJlydac SBJSIETCA  3aja4yeH
auopoournamuveckor meopuu oemonayuu. C y4eTOM SHEPTOBBIJCICHUS TPU
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JI€TOHALIMK, OCHOBHBIE COOTHOIICHUS MEXIY HAYaJbHBIMU W KOHEYHBIMU
napaMeTpamMu COCTOSIHHSL BEILECTBA, a TAKXKE CKOPOCTbIO JETOHALMU M
MacCOBOM CKOpPOCTBIO ABM)KEHHUS IPOJYKTOB XMMHUYECKOTO NpPEBpALICHUS 3a
(GpOHTOM HAXOAATCS W3 3aKOHOB COXPAHEHHUS MACChl, UMITYJIbCa U SHEPTUH B
BOJIHE.

HezaBucumo npyr ot mpyra fA.b. 3empposuu, /[ Heiiman, B. [IépuHr
NPEIIIOKWIN MOJIENb JETOHAMOHHOW BOJHBI, KOTOPasi y4UTHIBAET XUMHUYECKYIO
30Hy TipeBpamieHus (30Hy '"xumnuxa") BB B KOHEuHBIe TPOAYKTHL B
COOTBETCTBHE C TAKOM MOAEIBIO, HCX0AHOE BB ¢ HauanbHBIMM mapaMeTpamu po,
Vo (puc.4) cxxumaercs B ynapHoM (ppoHTe (Touka B), paznaraercst u BBIXOAUT U3
30HbI peakiuu (Touka C) CO CKOPOCThIO0, YMEHBILIEHHOW HA BEJIMYUHY U, PaBHYIO
CKOPOCTH Ta3000pa3HbIX MPOAYKTOB B3phiBa. B cilyuae 0JHOMEpPHOro MOTOKA
3aKOHBI COXPAHEHMSI MAaCChl U UMITYJIbCA 3AMKCHIBAIOT CIEAYIOMUM 00pa3oMm:

Po = P (D—u) (1.14)

po D™+ Py =p(D —uy + P. (1.15)
rae Py u P — HauambHOe maBieHue u gasienue [1B cooTBercTBeHHO; pe=1/V0,
p=1/V — cooTBeTCTBEHHO HavaabHas IIOTHOCTH BB 1 miotHocTs T1B.
3aK0H COXpaHEHUsl SHEPTUH 3aNKUChIBaeTcs B popme:
E—Eg— Qup= I2(P-Py )vy —v). (1.16)

rae E, Eq - coOoTBeTCTBEHHO yjenbHas BHYTPEHHSS SHEPrusi B KOHEUHOM H
HavyaJIbHOM cocTossHUsX. Beipaxkenue (1.16) siBnsiercst onHout w3 GopM 3anucu
ypasHerus yoapHou aouabamawi I 1oconuo ons I1B.

NOBEPAHOCTE J0HA XHMHYE- NOBCPXHOCTE

LY P - A Ve - LY P SIC Y U
lenviena-Kyre CKOIl peaKLK lenyena-dKyre

\ "yuvnmia

/
\ [~
D Pa: Vg
i

¥
-~

- | C B
Puc.4 Cxema ¢ponta aeronaruu: D — ckopocTs pacnpocTpaHeHUs
JIETOHAITMOHHOM BOJIHBI; U — ckopocTh [1B.

Ha P-v-amarpamMme J€TOHAIMOHHOW BOJIHBI, PHC.D, HAYAIbHOMY
COCTOSIHMIO COOTBETCTBYIOT TOUKa A, cxkatuio BB ynapusiM ppoHTOM — TOouKa
B. Dx3orepmuueckas peakuusi B BB, HauaBmasics Ha ynapHoMm (poHTe (TOuka
B), 3akanunBaercsi Ha moBepxHocTu Yenmena—Kyre, puc.4, wm B 1ouke C,
puc.5. Touka C HazbBaercsa Toukol JKyre wim Yenmena—Kyre; OHa JIEKUT Ha
aguabare TPOMyKTOB B3phIBa (agmabare ['toronmo). Ilporecc mpeBpareHus
comnpoBoxkaercs pacumpenuem [IB, nmostomy nasnenue 1B magaer: B Touke
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Kyre naBnenme PXX mnoutu BaBoe HIKE AaBAIMA0ATUYECKOMY CHKATHUIO
BellecTBa oOTBeuaer npsimas AB, puc.6 ¢ o4eHb MaJbIM HAKIOHOM
OTHOCHUTEIBHO OCU a0CIMCC, YTO CBUAETEILCTBYET O KpailHe MalloM BpEMEHU
CXKaTUsl U MAJIOM TOJIIIMHE CYATOro CJ0sl. 30HE XMMHKa oTBedaeT yyacTtok BC
Ha KpuBoU criaaa nasienus. Touka C otBeuaer Touke JKyre, yuacTok 3a 310
TOUKOW XapaKTepu3yeT craj JaByieHUs B paciuumpsitoumxcst [T/1.

Takum 00pazoM, BEIIECTBO B JETOHAIIMOHHOM BOJHE MOCJIENI0BATEIbHO
npoxoAuT Bce coctosiHud 1o mytd ABC 30Ha ckatust B yIapHOU BOJIHE OYEHb
mana (nopsnaka 0,1 MkMm), 30Ha XMMH4YECKOH peakui 3aBUCUT OT XUMHUYECKHUX U
¢usnueckux coricts BB u nmeer umpuny 0,5 Mkm (a1 a3una ceunua) ao 10
MM (@i TpoTWiaa M Terpwia). lIpoaomKUTENbHOCTh BPEMEHM XHMMIIMKA B
BBICOKOIUIOTHOM (DIErMaTH3HPOBAHHOM IEKCOreHe cocTaBmsieT ~(2,5+5) 107 ¢
Ipy MakCUMallbHOM JaByieHuH B BosiHE — 40 ['Tla.

HecmoTps Ha TO, 4YTO oOmnMcaHHas MOJEIb HE BO BCEX Ciydasx
COOTBETCTBYET HAOJIIOJJaeMbIM SIBJICHUSIM B CTPYKTYp€ ACTOHAIIMOHHBIX BOJIH,
0011Me 3aBUCHMOCTH BIHMCHIBAIOTCS B THUIPOAMHAMHYECKYIO TEOPHUIO IyTEM
IPOCTPAHCTBEHHO-BPEMEHHOI'O  YCPEAHEHMsI MapaMeTpoB  JAETOHAIMOHHOM
BOJIHBI C HEOHOPOIHBIM (PPOHTOM.

P

F WOHA  MHMHYSCKON

/ PEAKLIHH { XHMITHED )

b}
Py npamas Muxeascona

annabara B (aawna-
oara [wrodio )

BB

¥
L T

v Vo Vi
Puc.5 P-v-nquarpamma neToHaImoHHOM BOJIHBI.

Heronanus no Yenmeny—XKyre ynosierBopser ycioButo (touka C):
D=U+C, (1.17)
rae U — maccoBas ckopocth yactull [1/]; C — ckopocts 3Byka B IIJ[; D —
CKOpPOCTh JETOHALIMM, PaBHAasg CKOPOCTU NEPEMEIICHUS 30Hbl XUMHUYECKOU
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peakuuu. J[pyrumu cioBaMu, XUMHUYECKast pEaKIusl BO B3pPhIBUATOM BEILIECTBE B
(dopme geToHanuu otBeyaeT yciaoBuro (1.17).

Ecim D>D,,. n#aBiieHHME MOXKET NpEBbICUTHL P, W Torma roBOpsAT O
"nepecocamon" neronamuu. Ilpm D<D,, BomHa Ha3wIBaeTcs "unedococamoi'.
HeB0o3MOKHOCTh CYHIECTBOBAaHUSL CaMOIOJJEPKUBAIOLIECHCS  "'TIepecKaTtoin’
JIETOHALIMOHHOM BOJIHBI CIIEAYET U3 TOTO, 4T0 B He D—-U<C, BcaenctBue uero
BOJIHA Pa3peXEHUs, CIEAYyIolas NPy JAETOHAIMM 3a CKAYKOM YILJIOTHEHHS,
JOTOHHUT (DPOHT JETOHAIMOHHOM BOJIHBI. /laBiieHue B HEM OyJeT YMEHbIIATHCS
U JIOCTUTHET BEIMYMHBI, COOTBETCTBYMOIIEH ycioBusim UYenmena—XKyre. Ha
rpaduke 3aBucumoctd P ot v (puc.5) Bemmuuna D onpenensercs Kak HaKJIOH
npsiMO  MUXENIbCOHA, CBA3BIBAIONICH HAYAbHOE COCTOSHUE M COCTOSIHHE,
COOTBETCTBYIOIIEE OKOHUYAHHIO PeaKInu. TakuM oO0pa3om, PpearoiaracTcsi, 4To
B YCJOBUSIX YCTOMYMBOM JeTOHAIMM TpsiMas MuxembcoHa COBIMAIaeT C
KacaTeJIbHOM K KpUBOU [ FOTOHMO /1711 IPOAYKTOB B3pbIBA.

&
B

Nasnenue. P

¥

i A

PACCTOAHHE, X
Puc.6 HpO(l)I/IJ'IB I[CT‘OHaHI/IOHHOﬁ BOJIHBI B KOOpAWHATAX HABJICHUC—PACCTOSHUC

CosmectHoe pemrenne ypaBHenuid (1.14) u (1.15) maer dbopmynbl mis
pacdera KHHEMaTHYECKUX ITapaMeTpOB JICTOHAIIVH ;

D= Vi

L= .J{IJ—I*"D]UEI —v).

Cpenu mnpuOMMKEHHBIX METOJIOB pacuera MapaMmMeTpoB JIETOHAIUU
MoIIHBIX BB "acTo ncnosie3yercs COOTHOLIEHUE |

p— PoD’

k+1 (1.18)
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rae P — namnenme; k — mokazarens MOJMTPONBI — BXOAUT B ypaBHEHHE
coctosiHusa 1IB B BHIE NOIUTPOIEBI Pv=const. Benmumua k Moxer GbITE
pazmmusHoi. YacTto B pacuerax mpunumaercs k=3. [lIsegqoB K.K. pekomenmyer
IIpU pacyeTax AaBJCHHS JETOHALMH IOJb30BATHCS CIEAYIOIIMMU 3HAYEHUSIMU
k:
- k = 3,25-3,3 — st TpoTtuna mpu ¢ = 1,59.1,63 r/em’;
- k = 2,7-3,0 — 011 rekcorena u OKTOreHa.
Ecmu B coctaB BB BxoasT mHepTHBIe no6aBku (Hampumep, NaCl wm
QTIOMUHUI), TO JTaBJICHUE MOKHO paccuuTarh 1o Gopmysie:
p— p,-]JJ2
k+1

Pa
(1 — |

Po 05 (1.19)

Unoi

, 0

rae ¢ — BecoBas J0J1 100aBKH B cocTaBe BB; d — HavyaJibHas IUIOTHOCTH
3
00aBKH, T/CM".

2.4.1 Nlpunuun FO.b. Xaputona

[Ipy BBIBOAE OCHOBHBIX COOTHOIICHHA B JICTOHAIMOHHOW BOJIHE
paccMarpuBanachk OJHOMEPHAS 3a7a4a sl IUI0CKOM BOJIHBL B 3TOM citydae Bes
NOTEHUAIbHASI XUMUYECKasi SHEPrUs Pealn3yercsl B I€TOHALMOHHON BOJIHE M
OIIpeIeNsieT mapaMeTphl JETOHAMU — €€ CKOPOCTbh, IaBJIEHUE U T.J. B ciydae
HEOJTHOMEPHOTO TEUEHHUs 3a YIapHbIM (PPOHTOM napamempvl OemoHayuu 6
ONpeoesieHHbIX ePAHUYAX CIMAHOBAMCS 3ABUCUMbBIMU OM NONEPEUHbIX PASMEP OB
3apsoa. Bnepsbie 310 nokazaHo K0 .b. Xaputonow.

[TockoybKy 30Ha XMMHYECKOrO IMPEBpAIICHHs B JETOHAMOHHOW BOJIHE
MMEET KOHEUHBIE Pa3MEPBI, TO 33 BPEeMsl XMMHUYECKOW PEAKIUH, NPOTEKAOLIEH
Ha ydactke BC, pwmc.5, oOpasyrommecs ckaTtbleé Ta3000pa3HbIC MPOIYKTHI
CTPEMSATCS K PaCIIMPEHUIO B PAIHAJILHOM HAIpaBJIEHUWU. B pe3ynbrare 3T70oro B
30HY peakuuu ¢ OOKOBOM MOBEpXHOCTH 3apsina BB Bxoaut BosiHa paspexenus,
puc.9, a oxXxBaueHHas €0 Macca BEIIECTBA TEPSETCA KaK IMOCTABIIMK SHEPTUU
OTHOCHUTENILHO YJapHOTO (DpOHTA.

[lockonmbky  riyOMHAa TPOHUKHOBEHMSI  BOJHBI ~ pa3peXKeHUs  OOpaTHO
IPOINOPLUMOHAIBHA PAAUYCY 3apsAla, TO OTHOCHUTEIbHBIE IOTEPU SHEPIUU B
JNETOHAIMOHHOW BOJIHE JOJDKHBI YMEHBILATHCS C YBEIMUECHUEM PaZuyca 3apsaa.

Ilpunyun Xapumona yTBEp)KIAaeT CIEAYIOIIEE: JETOHAIMS MOXET
YCTOMYHMBO PACTPOCTPAHATHCS IO 3apsAly, €CIIU NPOAOJIKATENBHOCTh PEAKIIUU B
BoJHE (1) MeHblLIe BpeMEeHU pa3Opoca BEUIECTBa B paJMajIbHOM HalpaBJiCHUU
(V). Mcxoma U3 3TOTO, MOYKHO HAiTH TakOW MHUHMMAJIBLHBINA JHAMETD 3apsja,
IIpY KOTOPOM €lI€ BO3MOKHO YCTOMYMBOE PACIpPOCTPAHEHUE JETOHALMH, T.€.
HaWTU KPUTHYECKUN quameTp 3apsaa BB. YcnoBus ycToMUMBOCTA ONPEAEIAIOT
caenyommM  obpazoMm.  [IpoJODKUTEILHOCTh  XUMHYECKOW  pEaKIMu B
JIETOHALIMOHHOM BoNHe © OyzeT paBHa
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WM, yautbiBas, uto U=D/4

Oyz1eM UMETh

T= (1.2

'-f-;'l-l—
=2

Bpems pa3zOpoca BeliecTBa B pauaibHOM HAPaBJICHUU COCTABUT

ds

@3
2

CJICA0BAaTCIbHO,

dep = 2ot (1.21)

D
e el e 1

/ 0

Puc.7 3oHa XuMHUYeCKOM peakiiuy B IETOHAITMOHHOM BOJIHE:
d; — nmuamerp 3apsna BB; @ — Bonna paspexenus; ©=0,5-Dgp; b — riyOuna
NPOHUKAHUS BOJHBI Pa3peKEHUs; ¢ — IIMPUHA 30HBI peaknuu; D — CKOpoCTh
neroHanuu BB.

|

(=8
wd

|
I
|
selLll ELLERL

[AH]

F 3
¥

C yaerom Beipaxenus (1.20) u Toro, ato © = D/2 opmyny (1.21) MosxHO
nepenucarh CIACIYIONMM 00pa3oM

= 7.
K =

-
£

D d .

L (1.22)

T.€. KPUTHYECKHUM TUaMeTp OJIM30K MO BEIMYMHE K MIUPUHE 30HBI XUMHIECKOM
peakuuu. [lpun ds>d,, moTepu sHepruM B JETOHALMOHHON BOJHE MIOJDKHBI
YMEHBIIATBCSA, A  IapaMeTpbl  BOJIHBI  COOTBEICTBEHHO  BO3pPacTarh,
ACHMMNTOTHIECKH TPUOIIKASICh K MAKCUMYMY.

JleToHanuIo ¢ MaKCUMaIbHBIMU MTapamMeTpaMHu U1 JaHHOTO BB n nanHOM
IUIOTHOCTA HA3BIBAIOT MACAJBbHOM JeTOHAIMEeH WIM JeTOHAluen B
HIeAIbHOM peskuMe. /namerp 3apsiaa, Ipy KOTOPOM IMapaMeTpbl AETOHAIUU
O3k K MakcuMalbHBIM (puc.8), T.e. Kk Dy, Ha3bpIBalOT mnpeaeJbHbIM

auameTtpom (d,,).

d

e

4

—t
'—--3'|-|—
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D

HIZUTEHLA CROPOCTE ICTOHAIHA

[y

HEHASA I EHBIH

=T PEKHM JSTOHALNHA

*
dyp l3-lI'II'*
Puc.8 3aBucumocTts ckopocTH aetoHaruu BB ot nuamerpa 3apsiaa.

JleToHaluo0, MpOTEKArOLyrd B 3apagax ¢ d,<d;<d,,, Ha3bBaOT
HeWIeaIbHOM, WIM JeTOHAIlMe B HeuJaeaJbHOM pexxuMme. CBs3b MEXKIY
CKOPOCTBI0 MICATBHOM JETOHALMM, IIUPUHOW 30HBI PEAKUMU W JUAMETPOM
3apsia BeIpaxaeTcs GopMyJoH, mpeaokeHHon A. JIyOHOBBIM:

( & |
D=Dy1-—1.
! Iy |

Benmuunnaa KpuTHYECKOTO AUaMeTpa 3aBUCHUT OT IJIOTHOCTU BB, Hammuus

000JIOUKM W €€ Marepuaia, BHEIIHErO JaBJICHUs, TEeMIIEpaTypbl U JIPYTrUX

apamMeTpoB.
2.5 JkcnepuMeHTAJIbHBbIE UCC/Ie0BAaHUS feToHauun BB
2.5.1. OnTuyeckuii MeTO/ onpe/ieIe HUSI CKOPOCTH e TOHAMHU

OcHOBHBIMU ~ TIpUOOpaMHU,  HUCTOJB3YEMBIMHU  JJISI  ONTHYECKUX
UCCJICIOBAHUM, SBISIIOTCS (POTOPErUCTpaTopbl C 3€pKAIbHON Pa3BEPTKOU —
C®P; ontuueckass MpUHIMIIAATBbHAS cXema npuBeaeHa Ha puc.9. C momomipio
COP cBeueHue, cOMpoBOXKAaroliee AeToHalMi0 3apsga BB, 3anuchiBaloT Ha
HENOJABIKHYIO (DOTOIUIEHKY, HAa KOTOPYIO OHO OTOpachIBaeTCs IUIOCKUM
Bpamaronmmcs 3epkasiom. KoiamuecTBO (PUKCHPYEMbIX Ha IUICHKE KaJpoB
TOCTUTAET 2-X MIH. B cekyHay. OObraHO 3apsa BB B3pwiBaroT B OpoHEKamepe,
UMEIoIeH 1IeNb, Yepe3 KOTOpYI0 M MpOHMKAaeT cBeueHue. M3oOpaxeHue Ha
IJICHKE TMIOJIy4a€TCS YMEHBIICHHBIM II0 OTHOIIEHUIO K JI€MCTBUTEIbHBIM
pasMepam 3apsza.

[TpakTrueckoe ucrnosib3oBanue COP BO3MOKHO B HECKOJIBKUX PEKUMAX:

- cvemka ¢ 60Koeol nosepxHocmu 3apsaoa BB (B 3ToMm ciiydae Ha (OTOIIICHKE
bukcupyercss BpEMEHHas pa3BepTKa pPaclpOCTPAHEHUs] 30HBI CBEUCHUS —
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dbpoHTa yIapHOW BOJIHBI, JETOHAIIMOHHOW BOJIHBI WJIM IUIAMEHU TPU TOPEHUU
BB — mno nmuHe 3apsana. JlaHHas ITOCTaHOBKA HKCIIEPUMEHTA MO3BOJISIET
pETUCTPUPOBATh M TIEPEXOJ HBIC MPOIECCHl, T.K. M300paKCHHWE Ha TUICHKE
SIBJISIETCSI QHAJIOTOM t,X-7THarpaMMBbl);
- CbeMKa ¢ mopyesol nogepxHocmu 3apsaoa (NaHHas MOCTAaHOBKA MPUMEHHUMA
JUISL pETUCTPAIIMU CKOPOCTHU JICTOHAIIMOHHOW BOJIHBI);
- nokaoposas cvemka (B 3TOM cllydae Tmepea (OTOIICHKOW yCTaHaBIIMBACTCS
JWH30Bas BCTaBKa, TIO3BOJKIIONIAS IOJy4daTh TIOKAJIPOBOE H300paKeHUE
poIecca CO CKOPOCThIO J0 2-X MWDIMOHOB KaJpOB B CEKYHAY; IeJeBas
nuadparma npu JaHHOU ChbEMKE OTCYTCTBYET).

Tunmaxas KapTUHA MOKaPOBOTO M300paKCHUS pa3BUTHS
BBICOKOCKOPOCTHOT'O MpoIiecca nokazana Ha puc. 10.

™~ ¢

Puc.9 IpunuunuanbHas onTHYECKas CXeMa 3epKalbHOM pa3BepTku: 1 — 3apsij
BB, pacnonoxeHHbIil NepHIeHINKYISIPHO K IUIOCKOCTH YepTeka; 2 — 0ObEKTUB;
3 — meneBas auadparma; 4 — OoOBEKTHB; 5 — Bpamaromieecss 3epkaio; 6 —
doTorieHKa;, / — HampaBJeHWE BpaIICHHWS 3€pKaja;, 8 — HalpaBlICHUE
nepeMenieHrs n300paKeHusl.
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1
2 3

4 MKC 8 MKC
10 MKC 12 MKC 14 MKC

Puc.10 Cepust mocienoBaTelbHBIX KaapOB CBETSIIMXCS MPOAYKTOB B3phIBA
3apsina ammonuta 6)KB: 1 — snekrponeronarop; 2 — 3apsia BB; 3 — kapTonHoe
OCHOBAHHUE.

2.5.2 MeToa HOHU3ALMOHHBIX TATYUKOB

JIlaHHBI METOA U3MEPEHUSI CKOPOCTH JE€TOHAIMM OCHOBAH HAa MOHM3AIUU
IMPOIYKTOB B3pbIBa 3a (PpoHTOM JAeToHANMWOHHOW BoJHBL Kak  ObL1O
YCTAaHOBJICHO TIPU JETOHAMU 3apsaoB BB MOryr BO3HMKAarb BBICOKHE
HampspkeHusi. Hampumep, Mexay JByMs MNPOBOJAHUKAMH, HWAYIIUMH OT
anekTpoaeroHaropa Ne8, mosydensl curHaibl BenuuuHou 2 kB. Bosiee Bricokue
sHaueHus (20 kB) 3adukcupoBaHbl B 3aps/ax, MOKPBITBIX O00O0JOYKON M3
MOBAPEHHOM COJM. DTH HAOIIOICHHS TTOCTYKIJIM IPUIUHON UCCIIEAOBAHUN KaK
MOHU3UPOBAHHOIO COCTOSIHUS B Opm3aHTHbIX BB Bo Bpems aetoHaiuu, Tak u
CBS3M JeTOHalMM ¢ HoHm3anmed. Ha ocHOBaHMM MHOI'OYMCJIEHHBIX
AKCTIEPUMEHTOB OBLIO YCTAHOBJICHO, YTO BBICOKAsI CTEIICHb MOHU3AIIMHA B 30HE
peakiMy JICTOHAIIMOHHOW BOJIHBI SIBJISIETCS YHUKAILHOW OCOOEHHOCTBHIO
JETOHAMU KOHIEHCUPOBaHHBIX BB.

DJIEKTPUYECKOE COMPOTUBJICHUE TMPOAYKTOB B3pbIBA COCTABISAET OT
HECKOJIbKUX €IMHMI] I0 HECKOJbKUX JecATKOB OM Ha mwumuMetp. [Tomemnas B
3apsan BB Ha HEKOTOpOM paccTOSHUUM APYT OT JApyra UCKPOBBIE MPOMEKYTKU
(MOHM3ALUOHHBIE JTATYMKH), K KOTOPHIM MPUJIOKEHO HEKOTOPOE HaIpsKEHUE,
MOXHO BO BpeMs JeTOHalMu (UKCUPOBATh BO3HUKAIOIIUN B  IEMH
anekTpuueckuii umnyiabc. Ha puc.1l mokazana cxema m3MepeHHUs] CKOPOCTH
JETOHALIMY C TTIOMOIIbI0 MOHU3AIMOHHBIX 1aT4 UKOB.
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JAETOHATIHA
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Puc.11 IlocTaHoBKa MeTO1a HOHM3ALMOHHBIX JaT4Y UKOB:
1 —3apsa BB; 2 — nenecTku JaTYMKOB.

HNoHn3anmroHHbIe TaTYUKY OMEIIAOTCA B 3apaa BB, nenecTku KoTopbix
BKJIFOUAIOTCSI B II€Mb OCHUUIOTPAPUUECKOTO H3MEPUTENsE BpeMeHU. Takum
o0pazoM ¢ oMol ocuuiuiorpada u3MepseTcss BpeMEeHHOW MPOMEXyYTOK (t)
IPOXOXKICHUS TETOHAIMOHHON BOJHBI yuacTka L -- Dgz=L/M. [Ing manHOTO
meTona AD /D zp~+0,5%.

Kpome wmerona MOHM3AIMOHHBIX [JaTYMKOB B SKCIEPUMEHTAIbHBIX
UCCJIENOBAHUAX  IIMPOKO  HUCIOJB3YKOTCS  DJIEKTPOMATHUTHBIM — METOJ
perucTpan MacCOBOM CKOPOCTH 3a (PpOHTOM yHapHBIX U JICTOHAIIMOHHBIX
BOJIH, METOJI H3MEPEHUS CKOPOCTH JETOHAIMA C TOMOUIBK) PEOCTATHOIO
natyuka. B mocnemHue roapl pazpabOTaHbl CIOCOOBI M3MEPEHUsI CKOPOCTH
JIETOHAIMA C TIOMOIBI0 CBETOBOJOB, OCHOBAHHBIE HA IIEPENAYE CBECUECHUS
JIETOHAITMOHHOW BOJHBI K (OTOMpHEMHHUKaM. MeTorKa U3MEpPEHHUs MO CBOEH
cytn OJM3Ka K METOJy U3MEPEHUs DJJIEKTPOKOHTAKTHBIMHU JaTYHUKAMH.
Otnuuaercss TeM, 4YTO K PErUCTPUPYIONMM TpubopaM IO CBETOBOJIAM
MEPENACTCS CBEUEHUE JE€TOHAIIMOHHO N BOJIHBL.

2.5.3 MeToa loTpuma

Jlnst xoHTpoJisi kadectBa BB Ha monmronax HamOosiee MpPOCTHIM U
JTOCTYITHBIM CTIOCOOOM OTIPEIENICHUS] CKOPOCTH JETOHAIMH SIBIISIETCS XOPOIIO
ucmpITaHHbIn  MeTon  [lotpmma, puc.12. C OOKOBOM CTOpOHBI 3apsaa
ucnbiThiBaecMoro BB mmnoi 300 MM (Miu apyroul JUIMHBI) BBOJST OTPE3KH
neronupytomiero mmypa ([ALI) mmuuoit ot 1,5 mo 3-x merpoB. PacctosiHue
MEXIy TOUkaMi A 1 b B 3aBHCHMOCTH OT JIJTMHBI TIaTpOHA JTOJDKHO ObITh 200 —
300 mMM. PaccrosiHMe MeXay TOYKaMH W JJIMHY JETOHHPYIOIIEro IIHypa
THIATEJILHO H3MEPSIIOT, TPU 3TOM cKopocTh aeroHaruu JIII momkHa OBITH
U3BECTHA A0 MpoBeneHus ombita. CBoOOnHBIN oTpe3ok I ykmanbiBaroT Ha
METAUINY €CKYIO TUTACTUHY TOJIIMHOU HE MeHee 2—4 MM 1 juiHO# 300—400 mm.
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Ha cepenune mnmacTuHbl OTMEYarOT y4acTOK (Touka O) MEXIy paBHBIMU
otpeskamu: AO=Ab+BO.

DIIEKTPOACTOHATOP YCTAaHABIMBAIOT KaK TOKa3aHO Ha cxeme puc.l12. Bo
BpeMsi B3pbiBa 3apsiga BB jgeroHanuoHHas BOJIHA, JOWAS A0 TOYKH A,
BO30YKJ1ae€T JETOHALUMOHHYIO BOJHY B oTpe3ke AQ IEeTOHUPYIOUIEro UIHYpa,
xoropas nouzer o I B ctopony Touku O. [Iponoinkas IBMKEHHUE 1O 3apsaay
BB, neromanmmonHas BoJiHA AOWIET MO TOYKM b W BO3OYIWUT IETOHAIMIO B
otpe3ke bO neronmpyromiero mmHypa. Takum o0pa3oM, JETOHAITMOHHBIC BOJTHBI
B otpe3kax AO u BO Oyayt ABUratbcs HaBCTpeuy APYr APYTY U B KaKOW-TO
MOMEHT BCTPETSTCS, HANpUmep, B Touke B. Eciau ckopocTe neroHanuu 3apsana
BB 6yner menbme ckopoctu aeronanuu I, To CTOIKHOBEHHE ABYX BOJIH
npomsoier cupaa ot Toukd O. Eciam ke cKkopocTh JeToHaiuu 3apsaa BB
OKakeTcsi OOJbIlie, YeM JETOHHUPYIOIIEro MIHYpa, TO CTOJIKHOBEHHE JBYX BOJIH
npomoiger cieBa or Toukn O. Pesymprarom "1n000BOro" CTOJIKHOBEHUS
JETOHAIMOHHBIX BOJH, uAynmx mo oTpeskam [, OGymer ckaukooOpazHoe
MOBBIINICHUE JABJICHUS M O0Opa3OBaHME JBYX CUMMETPHUYHBIX T'a30BBIX CTPYH,
HanpaBJICHHbIX NepneHAuKysipHo K ocu I Beicokoe paBieHHe razoB
CO3/1aCT XapaKkTepHOEe yriyOJeHrne Ha MOBEPXHOCTU METAJUTMIECKON TJIACTUHBI.

Bpemsi, B Teuenrne KoToporo (PpOHT AETOHAIIMHM MPOUIET OT TOUKH A K
Touke B, Oyner paBHO

t; = (AO +a) Dy

Bpewmsi, 3arpauerroe ¢ppoHTOM AeTOHANMH B 3apsae BB Ha mpoxoxaenue
ydacTka oT Touku A K Touke b (pacctosinue b), onpenensieM u3 BoIpaKeHUS

t_ b/ DISH'
a Bpems npoxoxaeHus /IB nmo mmypy oT Touku b k Touke B nerko Haxoast w3
BBIPKCHUS
ty = “__){) —d P DJ.““.

[TockoJbKy JI€TOHALIMOHHBIE BOJIHBI, paclpocIpaHsomuecs B otpe3kax (AO +
a) u (bB — a) neToHupyromiero mHypa, BCTpedyaroTcs B Touke B, To odeBUHO,
qT0 t;=0+t;5:
(AO +a)/ Dy = b/ Dgg +(BO —a)/ Dy
1001
Dgg = Dyu'b/(AO +a— bO + a).
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b = 200 Mm 20

b

Dy

Puc.12 Cxema omnpeneneHust CKOpOCTH JeToHaruu no Jotpumry:
1 — snexkTpoaeToHaTOp (UK KarcroJib-aeToHartop); 2 — 3apsn BB; 3 — JIII; 4 —
Metaimmmyeckas miactuna; D/ — ckopocts neronanuu I DBB — ckopocTth
(¢poHTa neToHAIMOHHOM BoJHBI B 3apsae BB. Crpenkamu ykazaHo
HalpaBJICHUE JBWKCHUSA (PpOHTA JETOHAIIMOHHOW BOJHBI B 3apsge BB u B

JETOHUPYIOUIEM IIIHYPE.

Hcnons3ys HayanbHOE ycioBue, npu kotopomM AO=b+bO, npousBenem
3aMEeHy B MOCJICIHEM YPABHEHUU U MOJTyYUM:
Dgg = Dyyrb/(b = BO +a - BO + a).
OkoHuarenbHO Oy/1IeEM UMETh
Dgp = Durb/(b + 2a) (1.23),

OnmoOka B M3MCPCHIAX, KaK IOKasajla MHOTOJICTHAA IIPAKTUKA, HC IPCBLIIIACT
3-5%.

2.5.4 Tlepenaya 1eTOHAIMU HA PACCTOSTHUE

Ilepenaya peroHalMM Ha PACCTOSHUE XapaKTEPU3YET CIOCOOHOCTH
B3pbIBa 3apsaa BB (akTuBHOIO 3apsiia) BI3BIBATH IE€TOHAIMIO APYTOTO 3apsia
(maccUBHOTO 3apsiga), YCTAHOBJICHHOTO HAa HEKOTOPOM PAaCCTOSTHUM OT
nepBoro. Peakups B3pbIBYATOrO IMpeEBpalleHUs ITacCUBHOro 3apsaa BB
OOBSICHSIETCS PE3KUM CXKaTHEM IEPBOrO €ro CJoS U CHIbHBIM Pa3orpeBoM
YAApPHOM BOJIHOM, BO3HUKIIEW IPU B3PbIBE AKTUBHOTO 3apsja. JlalbHOCTH
nepenadyr  BO3PACTAET € YBEIMYEHUEM JIMAMETPA, IUIOTHOCTH, Macchl U
MOIIHOCTH AKTUBHOTO 3apsna. Pakropamu, OT KOTOPBIX 3aBUCUT JaJIbHOCTb
nepefayy, SBIAIOTCS CBOMCTBA MACCHUBHOTO 3apsifla, Haluuue OOO0JIOYKH,
CBOWCTBA Marepuana OOOJOYKH, CPEIbl, pa3ACIIIoNICH 3apsabl, W Jp.
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VY CTaHOBIIEHO, YTO M3 CBOWCTB aKTUBHOIO 3apsja ONPEACISIIOIMMU SIBISIOTCS
CKOpPOCTh JETOHAIMM K IUIOTHOCTE BB. Ha ocHoBe mnpuHmmna mnepenadu
JNETOHALMM Ha pacCTOSHHME BBEACHO UCIBITAHUE YyBCTBUTEIbHOCTH BB K
BOCIIPUATUIO JETOHAINH, puc.13. DTO UCTILITAHUE 3aKIIF0YACTCS B OMPEETICHUN
MAaKCUMAaJIbHOIO PacCTOSIHUA MEXAY ABYMs NATPOHAMH JHaMeTpoMm 31-32 mwm,
Opy KOTOPOM B3pBIB aKTUBHOIO 3apsiia BbI3bIBACT OE30TKA3HYIO JIETOHAIUIO
nacCUBHOTO 3apsina BB.

JInsg  kaxaoro npomblnuieHHOTO BB yCTaHOBJIEHBI MUHHUMYMBI — TaKHX
paccTosHuiA (X).

AKTHBHEIH 3apan

Ilaccueuslii sapan
Heronatop

[nvHT

Puc.13 Cxema ucneitanust BB Ha nepenauy netoHamnmm.

Ha rpyHre yknaneIBaroT JBa maTpOHA HAa PacCTOSIHUM, yKa3aHHOM B TVY.
Ecmm npm nByxX B3pbIBax OTKa30B HE MNpous3ouuio, 1o BB cuwrator
BBIJICP)KABIIIMM  MCIbITaHWA. Ecid mpousomen OTKa3, TO KOJAYECTBO
UCIIBITAHUNA yBENMMYUBAIOT BABO€. llpu mMOBTOpHOM oOTKa3e Opakyercs BCA
naptusa BB Ilpu ucnbeitanusax BB, mocTynuBmmMx B MEMIKax, U3TOTaBIMBAOT
naTpoHsl auamerpom 31 + 1 mm, amunoit 200 £ 10 MM npu IOTHOCTH 3apsiaa
BB 0,95-1,05 r/em’. BonoycToiunBbsie BB UCTIBITBIBAIOT NOCJE WX BBIJICPKKH B
BOJI€ B TeueHue | yaca Ha riryOune 1 m.

2.6 TepmoauHamMuKa NMPoOLECCOB rOPeHU M B3PbIBa

PaboToCIIOCOOHOCTE B3pHIBUATOTO BEIIECTBA KaK HCTOYHHUKA SHEPTHUU
OTIpeeNseTCs TEIIOTOM B3phIBa (TEIIOTON B3phIBYATOTO IIpeBparieHus). Yacto
B CBsI3U ¢ 3TUM 0 BB roBopsT kak o cBoeoOpa3HOM TEIJIOBOM MallHE, KOTopas,
B KOHEYHOM CYETE, NPEBPAIIACT NOTEHIMAIBLHYIO HEPTHI0 B MEXaHUYECKYIO
paboty. B pesynbrate B3pbiBa BB paboTy B okpyXaroleil cpeie coOBEpLIaoT B
poLECCe PacIIMPEHUsi HarpeTble W ckarble NMpoAykThl B3pbiBa (IIB). Takum
o0pazoM, OJHUM M3 YCJOBHMM B3PHIBYATOTO TMPEBPALICHUS  SIBISETCA
3K30TEPMUYHOCTH mpouecca. Temno, BeLAEIIEMOE NIPU B3PBIBE, CUIBHO BIHSIET
Ha caM XapakTep B3pbIBa, HAa Temmeparypy W nasienue [IB, OpuzantHocTh U
pabotocmocobHOCTH BB.

2.6.1 TemnoBoii ek peakuuu B3pbiBa. 3akoH 'ecca
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B umxeHepHOU mpakThke ompezaeleHre TermioBoro »¢¢ekra peakuuu
B3PBIBYATOTO TPEBPALLEHUS MPOU3BOJSAT B COOTBETCTBUM C IEPBBIM Ha4ajloM
(3aKOHOM) TEPMOIMHAMUKHA M BAKHEHIIUM 3aKOHOM TEPMOXHUMHUHU - 3aKOHOM
I'ecca.

CoryacHO nepBOMY Haualy TEPMOJMWHAMUKU BCS TEIUIOTA, COOOIECHHAs
CHUCTEME, PACXOYETCS] HA U3MEHEHHE BHYTPEHHEW SHEPTUU CHUCTEMBI, a TAKKE
Ha COBEpIIICHNE PabOThI CUCTEMOM:

Q=AU+A nmm 6Q=dU+dA
rae U — BHyTpeHHsist sHeprus; A — padoTa.

Jlns ciydas m3o0apHOTO TIporiecca (TIpy MOCTOSTHCTBE J1aBJieHust P=const)
3TO ypaBHEHHE, OTpenesItoNiee TeoBoi 3QdekT peakuu B3pbiBa Qp, mpuMeT
BU/I:

0Qp=dU+PdV=d(U+PV) mmu 6Qp=dH
rae BemnmunHa H=U+PV Ha3bBaercss sHranbnuend. OHTAIbIUS  SBISETCS
(yHKLMEN COCTOSHUS CUCTEMBI M OTIPEJIEISIETCS €€ TapaMeTpaMu.

B caydae m3oxopsoro mpormecca (Ipu MOCTOSHCTBE 00BEMa V=CONSt)

TEII0BO# 3 (EKT peakuu B3phIBa PaBEH

SQv:d U num QV:AU(zgg):AH(zgg)-z n-R-298
rae XN — cyMMa CTEXHUOMETPUYECKUX KO3(D(PUIMEHTOB TpU Ta30BBIX
KOMIIOHEHTaX B ypaBHeHUM peakiuu B3pbBa; R=8,31 J[x/(Moms-K) —
YHHUBEpCaTbHAs Ta30Basi TIOCTOSTHHAS.

JIns  peakuuii, NPOTEKAIOUMX B H30TEPMUUECKHX YCJIOBUSX (MpH
MOCTOSTHCTBE Temreparypbl T=const), TtemwioBoil 3¢pGdeKT BBIYUCIAIOT B
COOTBETCTBUHU C 3ak0HOM ['ecca

ATH0298:[znKOH(AfH0298)KOH_ZnI/ICX(AfH0298)I/ICX]

rie: AfH',0s — CTaHIAPTHBIC SHTANBIME 0OPAa30BAHMS MCXOJHBIX M KOHEUHBIX
BemiecTB (MHAeke T o3Hauaer GpopmupoBanue, a I - PEaKIKIo), T.€. SHTAILIINN
peakiuu oOpa3oBaHus | MOJIb 3THUX BEILLECTB M3 MPOCTHIX BEIIECTB, B3SITHIE B
dopme, yctoiumBoi mpu HopMmanbHBIX ycioBusix (Py=101,3 kIla; Ty=298K).
Pa3smeprocTh ux cremyromas: kJ[K/MOJIb WM KKaI/MOJIb (B 0oJjiee IO3THEH
adteparype). OTH  BEIUYUHBI TMPUBOJATCS B CIPABOYHHKAX (PUBUKO-
XUMUYECKMX BEJIMYUH (CM. TPUIOXKEHHE); N — CTEeXHOMETPUYECKHUE
K03((PULIMEHTHI B peakluu.

B Hacrosiiee BpeMs MOMUMO TEPMOJMHAMHYECKOM CHCTEMBI 3HAKOB
CYILIECTBYET TEPMOXHUMHUUECKAsI CUCTEMA 3HAKOB TEIUIOTHI U paboThl. CoracHO
nocyieaHe TeroBo 3pdext Q MNPOTHUBOTONOXKEH M0 3HAKY HW3MEHEHUIO
suTanbmmi peaximn AH p:

Q= 'ArHozgg, kJ>x/Mob mm Q= 'ArHozgg'n, kJx
rje N — 4uciio MoJiel BemecTBa. TakuM oOpa3zoM, eciii BeTUYrHA ArH0298<0, TO
peaknus npoTekaeT ¢ TeroBblneneHueM (+Q, -AH), u, HaoGopoT, B ciyyae,
Korja ArH0298>0, peaxius npoTekaeT ¢ TemionoroiieHueM (-Q, +AH).
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Kak cnenyer u3 3akona I'ecca, cymMMapHbIii TemioBoi 3pekT HeKoTopoi
MOCJIEI0BATEIbHOCTU XUMUYECKUX PEAKIIMA HE 3aBUCUT OT IyTH MPEBpaIICHUs
UCXOIHBIX BEIIECTB B KOHEUHBIE TIPOAYKTHI, @ OTIPEAEIISAETCS TOJHKO HadaIbHBIM
Y KOHEYHBIM COCTOSIHUEM CHUCTEMBI:

Qp:zQHB_QBBV (124)
rae Q, - TeIIoTa B3pbIBUATOTO MPEBPAILEHUS; Qyp, 2.Q,y - TEILIOTA 00pa30BaHUS
BB u cymma Teriot o0pazoBaHusi POAYKTOB B3pbIBa COOTBETCTBEHHO.

B obmem Bume 3akon I'ecca MoxHO chOpMyTUpOBaTH CICTYIOIM
00pazoM: meniosoll d¢hghexm Kpy206020 npoyecca paser Hyio.

[Ipu BbMMCIEHUN TEIJIOTHI OOpa3oBanuss BB 00bIYHO paccmaTpuBaroT
Takhe TPU COCTAaBISIONIME CUCTEMbI, puc.l4, kak B3pbiBYaTOE BemiecTBO (1),
IIPOIYKTHI B3pbIBa (2) U CBOOOIHBIC MOJICKYJIBI XUMHUYECKHUX DJIIEMEHTOB (3).

2

A\

Qes S Que
7 X

1 (\)u!.r.n — )

Puc.14 Cxematnaeckoe nzo0pakeHnue 3akona [ ecca.

ITpu mepexone (1)-->(2) BBLACTUTCS TEIUIO, PABHOE TEIUIOTE MOJIHOTO
cropanus — QBB. B ciydae nepexoaa (2)-->(3) npou3oiaeT NorjaomieHue Temia,
paBHOE cyMMe TermroT oopasosanus IIB — > Qms. Tak kak nepexon (3)-->(1)
COOTBETCTBYET Tpolieccy oOpa3zoBaHus MoJiekyn BB, To Ttemmora 3TOro
poliecca paBHa TEIUIOTE B3PbIBYATOTO MpeBpatieHus - Q.

Takum 00pa3oM, B KaueCTBE MIEHJIOMbl 63PbIEYAM 020 NPEBPaAULeHU

(Qy=Qssp) paccMATPUBAIOT KONMYECTBO TEIUIA, BBIACISIEMOE IPH B3PHIBIATOM
MIPEBPAICHAH OJTHOTO MOJIS BEIISCTRA.
Temnoroii o0Opa3oBaHusl BellecTBa (Q06p:-AfH0298) Ha3bIBAIOT KOJMYECTBO
TeIu1a, KOTOPOE BBIJIETSETCS WIM TMOTJIOMIAETCS NMPU 00pa30BaHUU OJHOTO MOJIS
BEIIIECTBA U3 MOJIEKYJI Ta30B COOTBETCTBYIOMMX 37eMeHTOB (H,, O, Ny 1 T.11.) 1
npocTbix BemectB (C, metawt u T.7.). [Ipu 3TOM peakiuu 0Opa3oBaHUS MOTYT
OBITh KaK pealbHbIMU

Hy + 0.5:05 — H0 + Qg
C+0,—CO,+Q

< obpe

TaK ¥ BUPTyaIbHBIMU (PUMEp - PeaKiys 00pa3oBaHMs TPOTHIIA):

7Crg + 2.5'Hy = 3:05 + 1.5 Ny — C;HsOgN;3 + Qs

B o0mem Buje BupTyanpHas peakius oopazoBanus BB 6pyrro-hopmysisl
C,H,OcNy 3anmuceiBaercs crieayrommm oopa3om:

a-Crpt(b/2)-Ha+(c/2)- O+ (d/2)-N; ---> C,HpONg+Qosp
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Teroty oOpazoBanust BB Q,, B mnpsMoM »3KCHEPUMEHTE OIpPEACITUTDH
HEBO3MOKHO. BemmunHy QBB pacCUUTHIBAIOT C YYE€TOM JKCIIEPUMEHTAILHO
HaWJICHHOW CTaHJAPTHOW TEIJIOTHI CTOPAHUS JAHHOTO BEIIECTBA.

CrangaprHasi TeIUI0OTa CrOPaHMsl BelIECTBA - 3TO KOJIMYECTBO TEILIA,
BBIJICJISIIONIEECS] TIPU CTOPAHUM OJHOTO MOJISI BEIECTBA B arMocdepe U30bITKa
KHUCJIOPO/Jia MPU YCJIOBUH, YTO YIJIEPOJ1 ¥ BOJOPO]I 00pa3yIOT MIPU ITOM BBICIIIHE
okcunsl (CO,, H,0).

Jlns BB dopmynsr C,H,ONy peakiius cropanus B m30BITKE KHCJIOpOaa
MOKET OBbITh MPEJCTABJICHA CIICAYIOIIMM 00pa3oM:

CaHyONGH[,+(0/4)+(C12)]O; —> (CO, +(B/2)H,00+H(A/2)No+ Qep:

Jna OpusantHeix BB nomyctumel HeOOJbIIME OMMOKK NPU OHEHKE Qoq, TAK
KaK OKOHYarelbHas npueMka BB mpou3BOAUTCA MO HATYpPHBIM HCTIBITAHUSIM
3apsoB: OpHU3aHTHOCTh, pa3pyllieHUE TMperpaja, MeTaTelbHbIe eUCTBUS,
paboToCTIOCOOHOCTH U T.J.

B Ttabmuue npunoxenuss [I-1 mpuBeaeHBI CTaHAAPTHBIE SHTAIBITHH
o0pazoBaHus AfH0298 HEKOTOPBIX MHAMBUAYAIbHBIX BB, roprounx, okuciurenen
U TMPOAYKTOB HEKOTOPBIX peakuuid B3pbiBa, a B Tabmmmax [1-2 u II-3 -
KOHTPOJIbHBIC 3a/1aHUS.

2.6.2 IlpuMepsl pacyeTa TEIIOBBIX I(P(PeKTOB peaKuHii
B3pbIBYATHIX MpeBpPalIeHUit

IIpumep 1. Paccumrare TemioBoM dS(PQPEKT peakuu B3PHIBYATOTO
npespanieans 320 T 1pIMHOTO TIopoxa cienytomiero cocrtana: 75% KNOs, 15%
Cul0%S.

Pemienne. Peakuuss TrOpeHHs JBIMHOTO TIOpOXa, COCTOSIILETO W3
yYKa3aHHBIX KOMIIOHEHTOB, UMEET B/

2,38KNO ;35 +4C 5+ S=1,19K;0 51505 +3,95C0O ;)+0,05C ) +1,19N, (), re
5 gg= Mino, _ 75% _320r ., mc _15% 320r .
’ Myno, 100% 101r/moms ’ M. 100% 12r/momns ’

=My _10% 320r M MOJIbHBIE€ MAacChl, T/MOJIb; M Macchl B
Mg 100% 32r/morms ’ ’
COOTBETCTBHH C IIPOIICHTHBIM cojiepxkanuem, T; 320 T — obmas macca BB).

JlanpHeummi pacyeT yao0Hee MPOU3BOAUTE MPHU TIOMOIIM TAOJIHIIHI.

1

Bemec TBO KN 03(5) C(s) S(S) KzO(s) SOz(q) CO(q) C(s) Nz(q)
AH g, -492 5 0 0 -361,5 | -296,9 | -110,5 | 0 0
kIx/Moub

Hcxo nHble BelecTBa Koneunsie BemectBa (Mpo Ity KThI )
n 2,38 4 1 1,19 1 3,95 0,05 | 1,19

Ilpumeuanue: uHaeKCHl (S) U (J) y BelecTB 0003HAYAIOT UX arperaTHOe COCTOSIHUE (TBEpAOE U ra3000pas3Hoe).
CrnenyeT yYUTHIBaTh, YTO BEIUYHHBI AH g5 s MPOCTHIX BELIECTB paBHBI Hymo (Hanpumep, w1 C, S u N, B
JaHHOM TIpuMepe).
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Haiiném no 3akony ['ecca temoBoit apdekrt peakiuu nist 1 moss BB:
ArHOZQSZZnKOH(AfHOZ%)KOH'Znucx(AfHOZQB)ncx:['361’5'1!19+(_29679'1)+
+(-110,5-3,95)+0-0,05+0-1,19]-[(-492,5-2,38)+0-4+0- 1]=8,59 kJI>k/MOJIb.

Jlnst pacdera TerutoBoro 3(dexTa paccMaTpuBacMON PEAKIIUU TOPCHHS
320r ABIMHOTO TIOPOXa HEOOXOJWMO OMPENETUTh KOJMYECTBO MOJIb BEIIECTRBA,
cozepkalleecs: B ykazaHHOUM macce. [[st aToro BeiBeneM OpyTTo-hopmyry (wiu
ycnoBHyto hopmyity) naHHoro BB (2,38KNO;3)+4C+Sy)):
bpyrro-popmyna umeer caenyromuii Bua: C,SyN.OK,, roe a, b, ¢, d u e —
kosmuectBa yriepona (C), cepol (S), azora (N), kucimopona (O) u kamusa (K),
COOTBETCTBCHHO.
a=4-1=4; b=2,38-1=2,38; ¢=2,38-:1=2,38; d=2,38-3=7,14 u e=2,38-1=2,38.
Taxum o6pazom, mosmyuum: C4S;38N2 3807 14K 35. Crienoarensno, B 320 r BB
coctaBa C4S;38N,380714Ko38 comepxurcss crenyromiee KOJIMYECTBO MOJIb
BEILICCTBA
Mg 320r

= =0,877voms , T Mpp=12-4+32-2,38+14-2,38+
Mgz  365r/momnb
+16-7,14+39-2,38=365 r/Mmoap — MoJIbHAs Macca ykazaHHoro BB; mgg=320T —

Mmacca ganHoro BB (cwm. yciosue).
Torma Q= -A,Hy, -n=-8,59 xJI/mMomab-0,877 mois—= -7,53 xJ[x.

n=

IIpumep 2. Paccumrarh TemioBoW >S(PQPEKT pEaKIud B3PHIBUATOTO
npeBpaieHus | KT HUTPOTJIMICpHHA:
C3Hs(ONO,)3y—>3C04+2,5H,0+1,5N,+0,250,.

Pemenue. Pacuer npomsBenéM npu NOMOIIM TaOJIUIIBI:

Bemectso | C3Hs(ONOy)aq CO, H,0 N, 0,
A5, 364,8 -3935 2418 |0 0
x/I>x/MOJb

Hcxo mapie BemecTBa | Koneunsle Bemec tBa (IIp O My KTHI )
n 1 3 | 25 |15 [025

Tpumeuanue: nunexe (1) y BemecTBa 0603HaYaeT arperaTHoe COCTOSIHIE (5KH JIKOE).

CornacHo 3akony ['ecca HaiiiéM TermoBoil 3ddekt peakuuu 111 1 MOJb
BB:
ATH0298=ZnKOH(AfHOZQS)KOH_Z nI/ICX(AfHOZgS)I/ICX: [_39315 3+(_ 241s 8- 2’5)+
+0-1,5+0-0,25]-[(-364,8-1)]=-1420,2 x]I>x/MOIb.

B 1 xr BB coctaBa C3H5(ONO,); comepkutcst cieayromiee KOJIUIeCTBO
MOJIb BEIECTBA
Mg 10°r
Mps 2271/ moms
ykazaHHoTo BB; Mgp= 10° r — macca nausoro BB (cM. ycroBue).
Torma Q= -A,H 3, -N=1420,2 xIx/Moib-4,41M016=6263,1 kXK.

n= =4,4lvoms, 1A Mpg=227 r/MOJIb — MOJBHas Macca
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IIpumep 3. PaccuuraTh CTaHZAPTHYIO DSHTAIBIMIO OOpa3oBaHUs
anermtennga cepebpa AfH’5(AQ,C,) mo peakmum Ag,C,=2Ag+2C, eciu
TeruioBo# 3¢ ekt manHol peaknuu cocTaBisieT Q=364,53 kJ[x/Mob.

Pemenne. OOO3HaUYMM  CTaHIAPTHYIO OSHTAIBNHMIO  OOpa3oBaHUs
arleTwiieHn1a cepebpa depes x (uckomas BenuuuHa). Pacuer mpomsBeném mpu
TIOMOIITY TaOJIHIIBI:

BemecTsB Ag,Cy Ag C
o
AeH%0g, X 0 0
k]I / MOJI
b
VICXOIOHBIE KoHneuHEe BemecTBa (NPOOYyKTH)
BelmecTBa
n 1 2 | 2

Torna MOYKHO COCTaBUTH ypaBHEHUE:
AI’HOZQS:ZnKOH(AfHOZQS)KOH-znI/ICX(AfHOZgS)I/ICX: (0-2+0-2)-(x-1)
[To ycmoButo 3amano, uro Q=364,53 k/[/Momb, T.e. ArH0298=-Q=-364,53
k/[k/M0JIb ¥ ypaBHEHUE MPUMET BU/:
(0-2+0-2)-(x-1)=-364.53, oTtkyna X:AfHozgg(A92C2):364,53 kJ>x/MOJIB.

2.7 Kuciaopoanslii 6ajianc BB

C XUMHUYECKOW TOUKHM 3pEHHUsI B3pBIB — 3TO HeoOpaTuMas XMUMHYECKas
peakuusi mpeBpamieHuss ucxogHoro BB B ra3ooOpazHble  MPOAYKTHI.
Hanpasnenue peakuuyd U cOCTaB KOHEYHBIX MPOAYKTOB OMNPENENSIOT OCHOBHBIE
napameTpbl B3pbIBA: TEILIOTY, TEMIIEPATypy, AaBjieHHe W np. Bxopasime B
coctaB npoaykroB B3pbiBa (IIB) oxuciabl a3ora M OKUCH YIiepona, Kak
M3BECTHO, 00JIaJal0T BBICOKOM TOKCHYHOCTHIO. OHHM CTaHOBATCA OCOOCHHO
ONacHBIMH B TIOA3E€MHBIX BBIPA0OTKAX, KOTJAa HMX KOJWYECTBO NPEBBIIIACT
JOMycTUMBIE Tipesenbl. boppba ¢ SI0BUTHIMU Ta3aMu B TOPHBIX BbIpaOOTKax
BEJIETCS B TEYEHHWE MHOTHUX JIECATKOB JIET, & B HACTOSILUEE BPEMS B CBA3H C
pacimpeHueM acCOpTUMEHTa MpuMeHseMbix BB u pa3Butrem ropHbsix padoT
CTaHOBHTCS BeChbMa BaXHOW U akTyalbHOW. Hewm3OexHble oTrpaHWYEHHS,
HampuMep, MO YCJIOBUSM BEHTHISIIIMM B TOJ3EMHBIX BBIPAOOTKAX OO0S3BIBAIOT
BBOAUTH OTpEC/ICHHbIE HOPMBI /1711 BB B 0THOIIEHNH KOJMYecTBa 00Opa3yeMbIX
IIPU B3PBIBE SITOBUTHIX I'a30B.

NpeanbHbIMM  KOMIOHEHTAMHM B3pPBIBYATOrO MPEBPAIICHUS SIBJISIOTCS
HanboJiee TEPMOJUHAMUYECKH YCTOWuMBbIe coenuHeHus. OIHAKO B CIydasx
OPOMBIIUIEHHOTO  KCHOJb30BaHuss BB  HaOmopmaloTcs  OTKIOHEHHS  OT
uaeanbHOro cocrana [1B no HeckompkuM npuanHam. Hanpumep, Ha coctas 1B
C OTpHIATEIbHBIM KHUCJOPOAHBIM OaJaHCOM CHJIbHOE BIUSHHUE OKa3bIBACT
WIoTHOCTh 3apsina BB, ckopocte 3akanku IIB (ckopocTh TemnooOMmeHa c
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OKpYKaroIlen cpeoit), yciopus pasziera [IB, T.e. Bpems mpoTekaHus peakiiuy B
30HE€ XMMHUUYECKOTO MHKA U OCOOCHHOCTH XapakTepa B3aUMOJCHCTBUS MEXIY
komnoHeHTamu [IB, a Takke XMMHUECKUI COCTaB W KOHIIEHTpaIus A00aBOK.
Kpome »TOTO, CBOWCTBA TOPHBIX TIOPOJA TPHU BEACHWHM B3PBIBHBIX pPadoT
OKa3bIBaIOT BEChbMa 3aMETHOE BJMSHUE Ha o0O0pa3oBaHHE, COCTaB W
KOHIEHTPALUIO SIAOBUTHIX Ta30oB. [IpMYHMHON OTKIOHEHHS OT WACAIBHOTO
cocrtasa [IB sBisieTcss KaTaAIUTHYECKOE IEVUCTBUE TOPHBIX MOPOL — IIPU B3PHIBE
oxaHoro BB B pa3nudHBIX TOPHBIX MOPOJIax, OBIIM OOHAPYKEHBI 3HAYNTEIbHBIC
OTKJIOHEHHSI KOJIMUECTBEHHOTO COCTaBa AJ0BUTHIX Tra3oB. J[pyruMu clioBamy,
TOPHBIE MOPOJBI BCTYHAOT B XHUMHUYECKOE B3ammojeictBue ¢ 11B, oka3biBas
KaTAUIUTUYECKOE IEMCTBUE HA CIICHAPUY BTOPUYHBIX peakiuid B camux [1B.

DKCIIEPUMEHTHI UCCJIEIOBAHUS COBPEMEHHOTO TIEPHOAa CBUIETEILCTBYIOT
0 TOM, YTO BJIMSIHUE MOPOJBI, OKpYKaromien 3apsaa BB, 3HaunTenbHO cUiibHEE,
yeM BiMsiHUE cocTaBa BB Ha xommuecTBO simoBuUThIX Ta3oB B [1B. Konebanus
CYMMApHOTO KOJIMYECTBA SIIOBUTHIX Ta30B IPU B3pbIBE pa3M4HbIX BB B 0/1HOM
ropaoii opoae apocturaimm 200%, a npu B3peiBe ogHOro BB B paznnuHbIX
nopoaax — 10 1000%.

[Ipu B3peIBaHuHU 3apsia0B BB B ropHOM MacCuMBE BO3HUKAIOT PagUAIbHBIC
U TaHTCHIUAIbHBIC TPEUIMHBI, MEXaHW3M OOpa3oBaHUS KOTOPBIX MOAPOOHO
onucan B jquteparype. 11B moa gelicTBHEM BBICOKOTO JIaBJICHUS MPOHUKAIOT HE
TOJBKO B CBEXE0Opa30BaHHBbIC TPEUIMHBI, HO U B TPEIIMHBI €CTECTBEHHOTO
MIPOUCXOXKIECHUSA, BbI3bIBAs UX pa3BuTHE. [Iponecc pazpyiuenus, nmpu KOTOpoM
MPOUCXOAUT  O00pa3oBaHWE  TPEUIMH, COMPOBOXKIACTCS  pa3JieliCHUEM
PA3HOMMEHHBIX  DJJIEKTPUYECKUX  3apsJiOB HA  CBekeoOpa3oBaHHBIX
MOBEPXHOCTAX, MPU 3TOM, B 00JIACTH pa3pbiBa BO3HUKAIOT DJIEKTPUUYECKHUE TTOJISI
BBICOKOW HANPS)KEHHOCTH, YTO MPUBOJIUT K PE3KO HEPABHOBECHOMY COCTOSTHUIO
MMOBEPXHOCTH, BBICOKOM TMOBEPXHOCTHOM MPOBOJAUMOCTA M XUMHYECKOU
AKTUBHOCTH. Ha CTOMKOCTH MOJIEKYJT U XOJ XMMHUYECKUX PEaKUUK B LIEIOM
OKa3bIBACT pEIIAOIIECE BIMSHUE IUIOTHOCTh MOBEPXHOCTHBIX 3apsaqoB. [lon
JICVCTBUEM [IaBJICHUA Ta30B BEPOATHOCTL coyaapeHuss wmoJiekya IIB ¢
MOBEPXHOCTHBIMU 3apsijlaMd TPELIMHBI PE3KO BO3PACTaET, T. €. CYIIECTBYET
OoJibIllasi BEPOSITHOCTh WX COMDKEHHMS] HA PAacCTOSHUSA, CpPaBHUMBIC C
MEXBbSACPHBIMU PACCTOSHUSIMU B MOJIEKyJe. B pe3ynbrare 3TOro BO3MOKHA
JMCCOIMAIUST UCXOAHBIX MOJIEKYJI U O0Opa30BaHUE HOBBIX, B TOM YHUCJIE€ M TaKHX
TOKCHUYHBIX, KaK OKHUCJIbI a30Ta, YTJIEpoia U Jip.

s olieHKHM sHepreTudyeckux mnapamerpoB BB HeoOXxoauMo HaxonuTh
COOTHOIIEHHE MEXIY FOPIOYMMHU KOMIOHEHTAMH U OKHCJIMTEIEM B MOJIEKYJIE.
DTO COOTHOIIIEHUE XapaKTEPHU3yeTCsl BEMMIMHOM KuciaopoaHoro 6amanca — Kb,
BBIPQKEHHOI'O B MPOIIEHTAX.

KucaopoaasiMm 0ajJaHCOM HA3bIBAa€TCA BBIPAKEHHOE B TMPOIEHTaX
OTHOUIEHWE MacChl CBOOOJHOTO KHUCJIOPOJIa, OCTAIOIIETOCs MOCJIE OKUCICHUS
BCEro yriepoa, cojaepxariierocs B BB, B yriekucisiii ra3 CO,, Bcero Bojiopojaa
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B H,O, Bcex MeTauioB B BHICIIHE OKCHABI K Macce B3aToro BB. A30T npu 3tom
JIOJKEH 0CTaBaThCs CBOOOIHEIM B BHUIE N,.

Takum oOpa3om, w3 ompeneneHus cieayeT, 4yro Kb Moker OBITH
MOJIOKUTEIbHBIM, OTPUIATEIbHBIM U HYJIEBBIM.

Honoxureabnbiii Kb - Hammuue kuciopona B coctaBe BB mpesbimaer
KOJIMYECTBO, HEOOXOJMMOE JIJIi OKHUCJICHUS TOPIOUYMX JJIEMEHTOB (IIpU
B3pBIBUATOM TpeBpamicHnn BB  00pa3yroTcs sSm0BUTBIC OKHCIBI  a30Ta,
BCJICAICTBUE Yero Takue BB He qormyckaroTest 11 B3phIBHBIX pabOT HaT 3eMIICH).
BemectBa ¢ nonoxurenbubiM Kb (cenurpa, HUTpOTIUIIEPUH), T.€. OKUCIUTENH,
JUIsl yBEJNWYEHUS MOIIHOCTH BB HEoO0X0AuMMO CMelmMBaTh C COEIUHECHUSIMU,
UMEIONMMH  OTPHIIATEIbHBIA KUCJOPOIHBIM OanaHc, WM C TOPIOYMMH, B
KOTOPBIX HE COJIEPKUTCA KUCIIOPOIaA.

Hyaesoit Kb — B coctae BB kucnopos coaepkutcsi B KOJMYECTBE,
HEO0OXOAUMOM JIJIs TIOJIHOTO OKUCJIEHUSI BCEX TOPIOYUX JIEMEHTOB.

Otpunareabnbiii Kb — Hammuue kuciaopoga HEAOCTATOYHO JJIS
OKHUCJIEHUSI BCEX TOPIOYMX OHJIEMEHTOB M KOMIIOHEHTOB B MPOJYKTax
B3PBIBYATOTO MPEBPAIICHHUS.

[Ipu oTpuIaTENLHOM KUCIOPOJHOM OallaHCE B PE3YJIbTATE B3PbIBA MOTYT
oOpazoBathcst smoBuThie Tazel (CO), caxa (C), a NMpHU TMOJIOKATECIHLHOM -
SAOBUTBIE OKCHAbl a3oTa. [lo3TOMy B  MPOMBIIUIEHHOCTH CTPEMSITCA
ucnosib3oBath BB Takoro cocrtaBa, 4YTOOBI WX KHUCJOPOAHBIM OanaHC
npubmkancs kK Hymo. Kucnoponq BB B 3TOM ciiydae pacxomyercs Takum
00pa3oMm, 4TO B MEPBYIO OUepeab OH HAET HA OKUCIICHUE METAIJIOB, BOJIOPO/A,
Cephl B JUOKCU]I, YIiiepoia NEPBOCTENEHHO B OKCHU/I, JAJ€€ B JUOKCH/I,

ITo coctaBy BB nensitcsi Ha MHIAMBUIYyaIbHbIE XUMUYECKHUE BEILIECTBA U
MEXaHMYECKHE CMECU KOMIIOHEHTOB, KOTOpbhIE BCTYHAOT MEXAY CO00 B
pEaKIIHIO.

Kucaopoanslii 0ajaHc HWHAMBUAYAJBHBIX B3PbIBYATHIX BeIECTB
MOYKHO BBIYUCIIUTh IO UX XUMHUYECKUM Gopmynam. Ecim nnauBunyaisHoe BB
COZEP>KUT aTOMBbI KHUCJIOPOJa, BOJOPOJIa M a30Ta U €ro XMMHYECKUU COCTaB
onuceiBaercs opmynoit C,HyN.Oy, TO ero KucaopomHsiil 6anaHc BEIYUCISICTCS

o dopmyze:
{d —(Za + bﬂ -16
3 2

 12a+b+14c +16d
rae 2a - yuciao atomoB kuciopoga B CO, , b/2 - unuciao aroMoB Kuciopoaa B

H,O, a 3mamenarens - 310 Macca Moyt BB, r/MoJIb.

JIns  cmeceBoix BB Beiumciienme Kb mpowsBoautes, ucxons U3
IIPOLIEHTHOTO COJIEpPKaHUsI KOMIIOHEHTOB CMECH U I10 €€ YCJIOBHON XMMUYECKOU
dopmyIie, UIM MO BEIMYMHE KUCJOPOIHOrO OanaHca KaKAOTro KOMIIOHEHTa,
IPUBOJMMOTO B CIIPABOYHUKAX.

B Tom ciywae, eciii TOMEMO aTOMOB BOJOPO/A, KHCJIOPOIa, YIiepoaa U
azora B cocTtaB BB BXOOUT aFOMUHUN U €r0 XUMHUUYECKUN COCTAB BBIPAKACTCS

-100%,
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yenoBHoi hopmyinoit C,H,N.O4Al , xuciaoponusiii 6ananc BB BeIYHCIAIOT 110

bopmye:
{d —(2a+b+3lﬂ-16
~ 2 2

 12a+b+14c+16d + 27
B koTopoii 3/2 | - uncio aromoB kucopoaa B Al,Os.

Kuciaopoauslii 0aanc cmeceBbix BB Ha npaktuke yaiie BBIYHCISIOT,
OTHOCSI K OJHOMY KWJoTpamMMmy cMmecH. B »ToM ciyuae pacuerHas dopmyina

UMEET BU:
{d —(2a+b+3lﬂ-l6
2 2

1000

-100%,

Kb = -100% .

B nHXEHEpHOU NPAKTUKE MPUMEHSAIOT TAKKE CJEIYIOIIME PaCUuETHBIE
dbopmynel npu ompeneneann Kb. Tak mma wamuBuayanpHbix BB MoxHO
UCIIOJIb30BATh CJIEAYIOIIEE BBIPAKEHUE:

Ap -100

Mo
rae Ar — rpaMM-aTOMHBIM BEC M3JIMIIKA WIA HEJOCTAaTKa KUCIIOPOAA B COCTaBE
BB; M — rpamm-mouiekyisipHbIii Bec naHHoro BB; 16 — rpamm-atoMHBIN Bec
kuciopona; Kr— HeoO0XoaMMoe YHCJIO0 aroOMOB KHCIIOpOJa [Jisl TIOJHOTO
okuciieHus: atomoB yriepoga B CO, u aToMOB BoJiopojia B Body; Kg — ducio
aTOMOB KHUCJIOpO/ia B cocTaBe B3phIBUYaToro Bemectsa; Ar=(Kg—Kr)-16.

Kr =2-C,+0,5-H,,

¥
l”

Kh =

Hynesomy KB cooTBeTCTBYeT KHUCIOPOAHBIN KOA(DGUIUEHT Ok, PaBHBIN

o=d/(2a+0,5b)=1.
OtHocutenbHOo 1 kr cmecu BB pacuer Kb MOXHO Npou3BOAUTH IO
dbopmyire:
Kb =16|d—(2a+0.5h).%
Ecmu B cmecu BB conepxurcsa amromunmii, T0 ypaBHeHus g Kb u ok
OyAyT UMETh CIIEAYIOIIMI BU:
KE =1 {]I_-:e" —(2a+0.5h+1 5 }-| .o

Oy =d /(2a+0.5b+1.5¢).
I71€ € — KOJMYECTBO IPaMM-aTOMOB AJTFOMHUHHSL.
B Tabmuue 11-4 npunoxenus npusenensl 3HaueHust Kb nekoropsix BB u
X KOMIIOHEHTOB.

2.7.1 Ilpumepsl onpenenenuss Kb BB
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Ilpumep 1. Bbryuciuth KUCHOPOJHBIM OanaHC HUTPOIIIMIEPUHA

Pemenue. B Mostekye HUTPOTIMIIEPHHA YHCIIO aTOMOB: Kucjaopona d =
9, yriepona a = 3, a3ora C = 3 u Bogopoaa b = 5. IloacraBisiss 3Tv 1aHHbBIE,
MOJYYHM:

[2a+2]]. 5
{d [2a+2ﬂ 16 . [9_(2.3+E)].16 8

= . = -100=——-100 = +3,52% .
12a+b+14c+16d 12-3+5+14-3+16-9 227

HutpormmieprH uMeeT cierka moJIoKATEIbHbBIN KUCJIOPOTHBIN OanaHe.

Ilpumep 2. BbluyKCIUTH, KHUCJIOPOJHBINM OajlaHC TPUHUTPOTOIYOJIA
(TpOTI/IJ'Ia) C7H5(N02)3 .

Pemenune. B Mosekyse TPHHUTPOTOTYOIIa YHCIIO aTOMOB: Kuciopozaa d =
6, yriepona a = 7, a3ota C = 3 u Bogopoaa b = 5. IloacraBnsiss 3Tv 1aHHbBIE,

MOoJIyduM:

b
{d—(2a+ﬂ-16 [6—(2-7+§)]-16
2 o — 2 100 = -105-16

T 12a+b+14c+16d T 12.7+5+14-3+16-6 227
Kak criemyer u3 3TOro pacuera, TPUHHTPOTOIYOI UMEET PE3KO OTPHIATENLHBIM

KHCJIOPOHBIN OasaHc.

-100=-74%.

IIpumep 3. BpluuCIHTh KHUCIOPOJHBIM OajmaHC HUTpaTa aMMOHMS
(ammuagnoit cemutpbl) NH4NOs.

Pemenne. B mosexyne NH4;NO; uucino aromos: xucnopoma d = 3,
yriepona a= 0, azota C = 2 u Bogopoaa b = 4. B utore nomy4nm:

b
d—[2a+ﬂ-16 [3_(0+f)].16
= { ’ 100%= 2 10

= . -100==—-100=+20% .
12a+b+14c+16d 4+14-2+16-3 80
Tomoxurensubii Kb.

IIpumep 4. BeiuucimTh KUCIOPOHBIN OanaHc aMMoOHala, cMeceBoro BB,
cocTtosmero w3 aMmuadHou cemutpel (80% 1o macce), Tpotmiia C;Hs(NO,)s
(15%) n amomunus (5%). Pacuer BbINOIHUTE, UCX0As U3 Macchl BB, paBHoii 1
KT.

Pemenne. IlepBblii cmocod — 1o yCJIOBHOW XUMHUYECKOW (opmyrie
CMECH.

B 1000 r BB 3agannoro coctaBa coaepxurcsa 800 r NH;NO; (macca
oaHoro mojisi M = 80), 150 r tpotrna (M = 227) u 50 r amomMunus. Yucio
MOJIeH 9TUX KOMIIOHEHTOB B 1 KI' MX CMECH 3aJJaHHOI'O COCTaBa COCTABJISICT:
NNHaNO3 :% =10, nc7H5(N02)3 - ?2(7):&66, Nl = 2—3: 1,85 501051 B HeM
conepxkurcs 10NH;NO; + 0,66 C;Hs(NO,); + 1,85Al. [Ins BeiBoma ycIOBHOM
XUMHUYECKOH (hopMyiibl, KoTopas movkHa umers oommii Bux C,H,N.OJAI |,
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BBIYHCJISIEM YHCJIO MoJiel: atomMoB yriepoma a = 0,66-7 = 4,62; atoMoB
Bojgopona b = 10-4 + 0,66-5 = 43,3; atomoB a3ora ¢ = 10-2 + 0,66-3 = 21,98;
aromoB kucyopoga d = 10-3 + 0,66-6 = 33,96; aromoB amomunus | = 1,85.
YcnoBHas xummnaeckast popmyina BB, Takum 00pa3om, UMeeT BUI:

Ca.62 Haz 3N21 26033 06Ah g5
a kucyopoaHbii 0amanc BB pasen

b 3
{d —(2a+2+2|ﬂ ‘16 [3396—(2-4,62 + 42’3 +g-1,85)]'16

-100%= = -100= +
1000 1000

Kb =

0,47% .

Bropoii cmocod perieHuss 3TOM 3aadd — MO BEIMYUHE KHUCJIOPOIHOTO
Oananca (MpHUJIOKEHUE) U JI0JIe TI0 Macce (M;) KaKI0ro KOMIOHEHTa CMECEBOTO
BB. ®opmyna n1st pacueTra KUCJIOPOIHOTO OajlaHCa B 3TOM CIy4ae UMEET BUIL:

Kb = 2(Kb;- o))

Kucnoponueiii 6amanc NH;NO; paBen +20% (cm. mpumep 3), s

tpotuia Kb = — 74% (npumep 2), nna amomunus Kb = —% =-88,9%. ns

cMecu 3aganHoro coctasa Kb = 0,8-20 + 0,15-(-74) + 0,05-(-88,9) = + 0,46%.

IIpumep 5. Kakoe xommaectBo tpotuna (Kb = -74%) ciaenyer 1o6aBUTh K
1 kr Hutpara ammonust (Kb = +20%), 4ToObl KHUCIOPOAHBIN OalaHC ITOW cMecH
OBLI paBeH HYJIO?

Pemenne. O003HaYMB UCKOMYIO MAacCy TpOTHJIA 32 X, IOJIy4YHM

KB=3(KB;- 0)) = ~74-— % 420.—2990__ ¢ oreyma x= 22202703 1
1000+ x 1000+ x 74

2.8 UyBcTBHTEIBbHOCTH BB K BHEIIIHUM B03/1€ HCTBUAM

BspeiBuateie cBoiictBa BB  ompenernsror  ymmb  NOTEHUUAIBHYHO
BO3MOXHOCTb HMX B3pBIBUATOrO IpeBpaimieHus. g peanmsauuu  3TOU
BO3MOYKHOCTH HEOOX0JMMO Tpoum3BecTH Ha BB Takoe Bo3jeiicTBHE, KOTOpOE
ObT0 OBl CIIOCOOHO BBI3BATH B HEM B3PBIBUATOC TIPEBpAIllEHUE, T.C.
BO3JIEHCTBHE, KOTOPOE HA3BIBAIOT MHULIMUPYIOUMM HUMITYJIbCOM. CIIOCOOHOCTD
BB pearuposare Ha BHEIIHHME BO3JECUCTBUS ITyTEM XUMHUYECKOTO IIp EBPAILCHUS
B (opme meroHanmu (B3phIBa) - 3TO YYBCTBHTEIBLHOCTH BB Kk BHemmum
Bo3aecTBUAM. UyBCTBUTENBHOCT, BB sBisieTcs BaXHEMIIMM IapameTpom,
ONPENEISIOIMM HE TOJBKO NPUHIMIHAIBHYIO BO3MOYKHOCTH ITPAKTUYECKOTO
npumeHeHus BB, HO u o0nacTy npuMeHEHMUsL.

HavanpHBIME MIMITyJIbCaMHU MOTYT OBITh Pa3JIMYHBIC BHALI BO3JICHCTBUI.
JIto6oe BHelIHee BO3EHCTBHE IO (PU3MUECKOM CYTH SIBJIIETCS SHEPTETUYECKUM.
BB 006-

JafaerT u30uparebHON YYBCTBUTEILHOCTHIO K Pa3MUHBIM BHUIAM HayalbHbIX
umnynbcoB. Tak, oguu BB 0onee 4YyBCTBUTENBHBI K MEXaHUYECKUM
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BO3JIEUCTBUSAM (TpEHHE, HAKOI U T.I1.), APYTUE — K TETIOBBIM (OTKPBITHIN OTOHb,
KOHTaKTHBIM HAarpeB), TpeTbM — K DSHEPIrUM JIA3€PHOTO  U3JIyYEHHH,
PEHTT€HOBCKOTO WM  HWH(ppakpacHOro. UYyBCTBUTEILHOCTh K BHEIIHUM
BO3JECUCTBUSIM  KIacCUPUIMPYIOT MO BHAAM  HAYaJIbHOTO  MMITYJIbCA,
paccMmarpuBasi OTAEIbHO YYBCTBUTEIBHOCTb K yAapy, Jydy OrHS, yAapHOU
BOJIHE U Jp.

OCHOBHBIMU BHIaMU HAYaJbHBIX HMITYJIbCOB SIBJISIIOTCS CJIEAYIOIIHE

dbopMbl  BHEpruUM: TEIUIOBas, MeEXaHWYeCcKas, OJEKTpUUYecKas, DSHEprus
AJIEKTPOMAarHUTHOI O U3JIy4ECHUS, YIapHO-BOJHOBOE BO3/ICHCTBHE,
JNE€TOHALMOHHBIA UMITYJIbC, YIIBTPA3BYKOBBIE BOJIHBI U T.JI.
[Tockompky HamboJiee pacTpOCTPaHECHHBIM BHUIAOM CIIYYaHOTO BO3JICHCTBUS
SBJISIETCA MexaHudeckoe (yaap, TpeHHe, HaKoJ), TO YyBCTBUTENbHOCT, BB k
3TOMY BHUJY BO3JIEWCTBUS MCCIEAYETCS B MEPBYIO OUEPEAb Il OUEHKHA YPOBHS
UX ONACHOCTH, a TaKXKe /I OLEHKUM Oe30Tka3HocTH cpadareiBaHus BB.
OCHOBHBIMH 3KCHIEPUMEHTAITLHBIMA METOJaMU OLICHKH YyBCTBUTEILHOCTH BB K
MEXAHHUYECKUM BO3IEUCTBUSM SIBISIFOTCS: OINPEAEICHUE YYBCTBUTEILHOCTU K
TPEHHIO yAapHoro xapakrepa (Meron boynena—Ko3znoBa), k TpeHuro mnpu
UCTUpaHuu, K yaapy (komep Benepa, konep K-44-1, xonep K-44-1I, poiukoBsie
npuOopel Nel wm  No2), Meron KpUTHYECKUX HAMPSHKCHUH (M3MEPSIOTCS
HanpsbKeHus, pa3BuBawommecs B BB mpu yagape B MOMEHT BO30yXkaeHUS
B3PBIBHOTO NPOLIECCA).

B npouecce npousBojcTBa, nepepabOTKH, CHAPSIKEHUS WM MPUMEHEHHUS
BB pacnpocTpaHeHHBIM BHAOM BHELIHErO BO3JAEWUCTBHUS SIBISIETCA TEIUIOBOE —
KOHTAKTHBIA Harpes, JEWCTBUE OTKPBITOIO OrHs. B3pblBUaroe BEIIECTBO IPU
HarpeBaHUM TEPMUUECKH Paz3jiaracrcsi C BBIIEICHHEM TeIula. Ecim cKopocTh
OTBO/JIa TeIJIa B CUCTEME OYy/IeT MEHbIIIE CKOPOCTH TIOCTYIUICHHUS B HEE TEIUIa, TO
peaKuus MOKET COINPOBOXKIATHCS BO3HUKHOBEHHWEM BCIIBIIIKK. TemMmeparypa,
OpU KOTOPOM XUMHUYECKas pEaklus TMPUHUMAET XapakTep B3PbIBUATOIO
IIPEBPALLICHUS - 3TO TeMIIEPATYPa BCIbIIIKH.

OnHMM U3 BapUAHTOB UCHbITaHUsI BB Ha 4yBCTBUTENBHOCTH K TEMJIOBOMY
Bo3nencTBUIO sBIsieTrcss Metof JITU, paspaborannsiii B Cankr-IlerepOyprckom
TEXHOJIOTUYECKOM yHuBepcurere. [Io 3ToMy Merony Temmeparypy BCHBIIIKH
ONIPENEISIOT MPH  5-TM  CEKyHJHOM  3aJepKKe BoOcCIulaMeHeHus BB.
Hcnonw3ytores cnenyromme HaBecku BB: qyiss UBB — 0,02 r, nnst BBB — ot 0,05
o 0,1r.

UyscTBUTENIBHOCTE BB K 3l€KTpUUECKOMY UMIYJbCY  SIBJISETCS
BaXHEUILIEH XapaKTEpUCTUKOM, NOCKOJIbKY OOJBIIMHCTBO B3PBIBYATHIX BEILIECTB
TUDJIEKTPUKA M 00JIaAAI0T CTIOCOOHOCTRIO K dJIEKTpU3aIiu. | JaBHast OTTacHOCTh
COCTOUT B TOM, YTO HAKOIUICHHBIM CTaTUYECKWW 3apsiJi Ha CTEHKaX
obopynoBanus wim BB MoXeT mNpeBBICUTH 5SJIEKTPUUECKYI0 MPOYHOCTD
OKpYXKaroleW cpenpl, a AIEKTPUUECKUNA pas3psil IPHU 3TOM MOKET BBI3BAaTh
BOCIUIAMEHEHME WiH neToHanuo BB.
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HckpoBoit pa3psa  MOXKET BO3HHUKHYTh OT OJIY)KIAlOIIUX TOKOB,
CTaTUYECKOM DJIEKTPU3ALMU U APYTUX NpUYUH. B MOMEHT npo0osi B pa3psiIHOM
MIPOMEKYTKE 00pa3yeTcss TOHKAN TOKOTPOBOISIINNA KaHAT XOJIOJHOU TIA3MBI C
IUIOTHOCTBIO ToKa 104-105 A/cm®. 3a Bpemst 0,1-1,0 MKc BO3IyX HarpeBaercs
no temneparypsl 10000K, yTo sBasiercss mpuYMHOW OOpa3oBaHUsS YHapHOU
BoJiHbl. Eci BB (B BUJE MbUIM WM TOPOIIKA) OKA3bIBAETCS MO KaKUM-TTUOO
OpUYMHAM B Pa3PSIHOM IPOMEXKYTKE, TO OHO MOJKET BOCIUIAMEHUTBHCS WIIU
JIETOHUPOBATh.

B cootBerctBHe ¢ mpaBwiaMu 0€30MAaCHOCTH M OXpaHbl  Tpynaa
PEAyCMOTPEHbI
CIIEYIOIIME OCHOBHBIE MEPHI 3AIIMTHI OT ANEKTPHU3ALUU:

- HENpepBIBHBIA OTBOA OOpa3ylOIMXCS 3apsoB TyTeM  3a3eMJICHUS
000pyI0BaHMS;

- IPUHSTUE MEpP JIs1 TMOBBIIIEHUS] OObEMHOU U MOBEPXHOCTHOM MPOBOJAMMOCTH
(YBI@KHEHHE  TOBEPXHOCTH  YacTWll, TMOJJEpPKAHUE B  IOMEIIECHUU
OTHOCHUTEILHOU BJIIAXKHOCTH CBBIIIE 65%, BBEICHUE aHTHCTATUYECKUX JT00ABOK,
AIEKTPONPOBOIIIMX J00ABOK (METAIUIOB, TpaduTa U T.11.);

- 00CITy)KMBAIOIIUI TepCOHAN JO/DKEH OBITh B AJICKTPOTPOBOIHOM OACKIC H
00yBH (4eNIOBEK, M30JUPOBAHHBINA OT 3€MJTH, MOXKET HAKOTIUTh Ha cebe 3aps 110
15000 B);

- B Hau0oJiee OMACHBIX C TOUKU 3PCHUS JICKTPU3AIUHU Y3JIaX YCTaHABIUBAIOTCS
IpUOOPHI, HETIPEPHIBHO (PUKCUPYIOITHE (PaKTHUECKUI YPOBEHb JIEKTPH3 AllHH.

C mnempro co3maHMS HANECKHBIX, OE30TKAa3HO JEUCTBYIOIMX CPEICTB
WHUIIMApOBaHus (Karctoyier neroHaropoB — KJI, amexkrponeronaropoB — 3/1)
MPOBOJSITCSI  UCCJICJIOBAHUS  YYBCTBUTENBHOCTH  Opu3aHTHhIX BB K
J€TOHAIIMOHHOMY UMITYJIbCY.

UyscTtBuTEnbHOCTH bBB K B3pbhIBHOMY MMMyJibCy mHHIMUpYyrommx BB
ompenemnsiercs g obecrneueHuss OezoTkazHoro gneiictBus K u DOJ1 u
XapakTEPU3yeTCs BEIIMUMHON MUHUMAIBHOTO MHULMHPYoLero 3apsaga MIBB. B
Tab.1 mpuBenens 3HaucHnss M3 mrataeix IBB.

Taommna 1
MuHUMAIbHBIN HHUIUUPYO UM 3apsia wraTtibix UBB nuist HekoTopbIx
bBB (BropuuHbIX HHMIUUpPYOIIUX BB)

bpuzanTHOE B3pBIBUATOE MWN3 unuimupyromux BB, 1
BCIICCTBO a3y CBUHIIA rpemydast pTyTb
Tpotun 0,1 0,36
Terpun 0,023 0,3
I'excoren 0,02 0,19
TOH 0,01 0,17

2.9 OTHOCUTEeIbHAS OLIEHKA 110JIE3HO0I padoThl B3pbIBa
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2.9.1 Padorocnocoonoctrs BB

Jlnst ompeneneHrss OTHOCUTENbHOM pabotocrocoOHocTH BB Hamboiee
IIMPOKO TIPUMEHSACTCS MeTOodA CBHHIOBOW 06omMObI (mpoda Tpaymus),
npuHATHIN Ha Bropom MexayHapoJHOM KOHrpecce NpukiagHoi xumud. bomba
Tpaymis npencrtasisieT cOO0M CBUHIIOBBIM MUJIMHAP THAMETPOM U BhICOTO# 200
MM, B KOTOPOW MMEETCs IMIJIMHIPUUECKOE HECKBO3HOE OTBEPCTHE AUAMETPOM
25 MM u raybunoit 125 wmm, (cm. pwc.l5). bomOy omimBaroT U3
paduHupoBaHHOro cBuHua rpu Temmneparype 390-400°C. Ha nHo otBepcTus
nomemaroT 3apsiiy BB Becom 10 r B OymaxkHoi rwib3e. Ha 3apsn BB
yCTaHaBJIMBAIOT AJIeKTpoaeToHatop D/1-8-0, a cB0O0aHYIO YacTh KaHaima OOMOBI
3aChINAIOT CyXUM KBapIIeBbIM MeCKOM. VcTbITaHUs MPOBOIAT NPU TEMIIEpaType
+10 °C. llpu wu3MeHeHuM TeMmeparypsl IPOU3ZBOLAT COOTBETCTBYIOLIHE
nonpaBku: pu 0 °C NOJSy4yeHHYIO BEIUYHUHY PAaCIIMPEHUs YBEIUUUBAIOT Ha 5%,
npu +30 °C — ymenpmaroT Ha 6%. B 6omOe B paiioHe pa3MerieHus 3apsaa mpu
B3pbIBe OOpazyercst moJiocth (cMm. puc.15, B). Pacumpenue kanana OGOMOBI
OPOUCXOAUT 3@  CYET  JACHCTBUA  JaBJEHHUS  MNPOJYKTOB  B3pbIBA
3JIEKTpOJAETOHaTopa W ucmbiTyemMoro  BB. Mepont  oTHOCUTENHLHOU
paborocrocoGHocT BB (B ¢M°) SIBISIETCS BEIMUMHA PACIIMPEBIIErocs 00beMa
KaHaTa CBHHIOBOH GOMOBI 3a BBIYETOM HadagbHOTO o0Bbema (61 cm’) u
pacumpenus (30 CM3) 3a CYET B3pbIBA AJIEKTPOIETOHATOPA.

[MpuHIMNHMAILHBIE HEAOCTATKUA ATOTO CIMOCO0a COCTOSAT B cieAyromiemM. 1o
BEIMYMHE PaCUIMpPEHUsl KaHaja HENb3sl KOJUYECTBEHHO cpaBHMBaTh BB, a
MOYKHO JIMIIb PACIOJIOKUTh UX B HEKOTOPOM TOCJIENOBATELHOCTH, T.€. B
HEKOTOPBIN OTHOCUTENHHBIN DS, MOCKOJbKY BEIMUYMHA PacIIUpPEHUs oobema
CBsI3aHA ¢ ICTHHHOM paboTocTIoCOOHOCTHIO BB HEeMHEHHOM 3aBUCHMOCTBIO.

A.®. bensgeBblM TMPEIJIOKEH METOA 3KBHUBAJIEHTHBIX 3apsjioB,
3aKJIIOYAIONIMKACS B ONPEEIICHUA JKBUBAJIEHTHOM Macchl ammoHuTa 6KB,
MPOM3BOAIIEH Takoe K€ JICMCTBHE, Kak HCcleayeMbli 3apsa  BB.
OO0s3arenbHBIM YCIOBUEM METO/A SABJIAETCS HCIOJIL30BAHUE 3apsA/I0OB PaBHOTO
oovema. Ilpu coOmofeHHH JAaHHOTO YCJIOBHSI OJWHAKOBBIM PaCUIMPEHUSIM
JI0JDKHA COOTBETCTBOBAThH OJIMHAKOBAs padoTa.

[loMmuMo MeToa CBMHIOBOW OOMOBI Ha MPAKTUKE MOJIYYWIM HIMPOKOE
MIPUMEHEHUE:

- MeTO/1 0aJUTHCTHYECKOTO MASITHUKA
- MeTO/J 0AJUTHCTUYECKOM MOPTHPHI;
- OLIeHKA padoTOCIOCOOHOCTH M0 BOPOHKE BLIOpOCA.

C MeToIMKOM TIPOBEIECHUS UCCIICIOBAHUN M OLIEHKH Pad0TOCTIOCOOHOCTH
NEPEYUCIIEHHBIX CTIOCOOOB MOKHO MTO3HAKOMUTHCS B CIIELIUANILHOM JIUTEpaType.



37

25
] 1
1
1 52 e
| U Tl
hE i 4 | %
F e o F
| -] = b [ i
; = o 5 2z 72
~l 4,.!'-::,: “/’f G
L i O
I
200

a 0 B
Puc.15. Onpenencare paboTOCIIOCOOHOCTH B CBHHIIOBOM OoMOe:
1 — cBunmoBas Oomba; 2 — kaHam; 3 — CyXOW KBapueBbld mecok; 4 —
ANEKTPOAETOHATOP; 5 — wuchbiTyemoe BB; 6 — monocTs, oOpa3oBaBLIascs B
oombOe npu B3peiBe BB 1 D1,

2.9.2 bpuzantHocth BB

BpuszanTHOCTH MM Ipo0sILee eUCTBUE B3pbIBA ONPEIEISIOT IPOCTHIM U
IIMPOKO PACTpPOCTPAHEHHBIM METOAOM, HCIOJB3YS CTaHIapTHYIO Mpoly Ha
o0kaTue CBHUHIOBBIX cToIOMKOB wiu mpody IT'ecca, puc.16, koTopas
UCIIOJIb3YETCsl B KAY€CTBE KOHTPOJIBHOU MPUEMOYHOMN MPOOBI.

Mepoit OpuzantHoctt BB (Bb) sBnsiercs BenmmuuMHa 0O0XKaTHUS WM,
JIPYTHMH CIIOBaMH, Pa3HOCTh BBICOT CTOJIOMKA 10 oOxatws (60 MM) u mocie
oOxatus (Hg, MM): 5=60-Hp, MM.

Jlns npombinuieHHbIX BB BenmunHa o0katvs cTOIOMKAa 3aBUCUT OT
CKOpocCTH aetoHanuu BB, koTopas Bo3pacTaeT ¢ M3MEIbUYEHUEM KOMIIOHEHTOB,
YBEJIUYEHUEM TOMOTEHHOCTH UX CMEIIMBAHUS.

ITomumo mpoOwI 'ecca HA MpaKTUKE HCIOJIB3YIOT METOJbI MCIBITAHUNA
OpmantHocTi BB ¢ wucnonp3oBaHMeM — OaUIMCTHUUECKOTO  MasTHUKA
(9KCTIEPUMEHTAIbHOE 3HAYEHUE HMITYJIbCA PACCUMUTHIBACTCS MO HU3MEPEHHOMY
OTKJIOHCHUIO MasiTHUKA).

bpmantHocTs mnpomeiimieHHBIX BB ucciaemyror mytem  apoOieHus
KyOMKOB TOpHOW moponbl (MOCJae B3pbiBa paspylIeHHass TOpHas Mopoja
NOJIBEPracTCsl CUTOBOMY AHAIN3Y — OMPENEISIOT BBIXOJ 3€PEH pasMepoMm S5— 7
MM).
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a 1]

Puc.16. Cxema kx onpeneneHnuro Opu3anTHOCTH 10 Tipoode ['ecca (a):
1 — OrHEenpOBOAHBIN IIHYP; 2 — KalCIoJb JETOHATOP; 3 — 3apsyl UCTBITYEMOIO
BB (50 r); 4 — 6ymaxknas 000Ji04Ka; 5 — CcTajbHas IUJIACTUHA; 6 — CBUHIIOBBIN
CTONOUK; / — MeTaJuIMYecKas minTa; (0) — CBUHIIOBBIN CTOJIOUK MOCTIE 00XKATHS.

3. O0mas kaaccupukanusi NPOMbIILIEHHBIX
B3PbIBYATHIX BEIIECTB M MX XapPaKTePUCTUKA

3.1 Knaccudukauus npoMbIILIEHHBIX B3PbIBYATHIX BElIECTB

Hauwnnas ¢ XIX-XX BekoB (IosiBJieHHE NEPBbIX OPU3AHTHBIX B3PhIBUATHIX
BenlecTs (nanee BB)) B xuMuueckoil MpOMBIIIEHHOCTH Hadajlach pa3padoTka U
MPOM3BOJICTBO IIMPOKOTO COPTAMEHTA Pa3JIMYHBIX B3PHIBYATHIX BEIECTB.
Jlaneko He BC€ M3 HUX MOJYYHIM MPOMBINUIEHHOE MPUMEHEHHE, HEKOTOphIe
paccMaTpuBalOTCsl TOJBKO C TEOPETHMYECKUX IMO3MILMKA, a HEKOTOpbIE H3-3a
BBICOKOW TOKCHUYHOCTH W JPYTUX HEJOCTATKOB BBIBENECHBI B HACTOSILIEE BPEMS
u3 akcIuryaranuu. CymiecTByeT 1eibii psig BB, koTopbie MpUMEHSIOTCS TOJBKO
B BOCHHOM jeiie. MHorue BB mmpoko uUCTIONB3yHOTCS B TOPHOM JI€Jie, B
CTPOUTENIbCTBE, MAIIMHOCTPOCHWU M JPYTUX OTPacisiX HPOMBIILICHHOCTH.
Hauboubiee xkonnuecTBo npoMbinuieHHBIX BB (okoso 90%) ucnosbzyercst B
TOPHOM JieNie pu J0ObIUe TOJIe3HbIX UCKoTaeMbIX. [loaToMy, HE CMOTps Ha TO,
YTO B3PbIB OCBOWJI JECATKU Mpodeccuil, B NEPBYIO Ouepedb, OH SBISETCS
HEOThEMJIEMBIM aTPUOYTOM MPO(HECCUU TOPHOTo PO PuIs.

Bce npomeinuienasie BB MoHO pa3nenvTh Ha 1Ba OCHOBHBIX KJlacca:

a) 83pblBYAMbIE XUMUYECKUE COeOUHEHUS |
0) 63pviguamoble cmecu.

B3pbiBUaThle XMMHYECKHE COEAMHEHHUSI - O3TO0 OTHOCHUTEIBHO

HEYCTOWYMBBIC XUMUYECKHUE CHCTEMBI, CIIOCOOHBIC MO BJIMSHHUEM BHEITHHX
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BO3JIEUCTBUM K OBICTPHIM 3K30TEPMHUYECKHM MpEBpaIleHUsIM (peakiuu C
BBIJICJICHUEM TEIUIA), B PE3yJbTaTe KOTOPBIX NPOUCXOJIUT Pa3pblB XUMHUECKUX
CBSI3E Kak MEXKIYy MOJIEKyJaMH, TaK M MEXKAYy aroMamMud B MOJIEKyJaxX u
NOCJEAyIoasi  PEeKOMOWHAIMSI ~ CBOOOIHBIX  aTOMOB WM  HOHOB B
TEPMOJMHAMHUYECKN YCTONUMBBIEC HOBBIE COCAMHEHUS (MOJIEKYJIbI ra3a, TBEpIble
yIBTPAAUCIIEPCHBIE YIJIEPOJICOAEPIKAIIME YaCTULbl - anMas, rpadut u 1p.). B
aTO¥ Tpynme OoapmMHCTBO BB mpenctaBistor coOoi KHCIOPOICOAESpIKAIINE
OpraHMYeCKUEe COCAUHEHMS, CIOCOOHbIE K YacTUUHOMY WM TIOJHOMY
BHYTPUMOJIEKYSIPHOMY ropeHnto. HeycToNuMBOCTh B3pBIBYATHIX XUMUUECKUX
coenuHeHuil, corimacHo Bant-T'oddy, oOycrmaBnuBaeTcs NpPUCYTCTBUEM B HUX
MOJIEKYJIaX METacTaOWUJIbHBIX aTOMHBIX KOMILJIEKCOB, Hampumep, rpymnn C=C B
npom3BoAHBIX aneTuieHa, N=N B azugax, N=C B coOJIIX TpeMy4deill KHUCJIOTHI,
N=0 B Hutpocoenunenusx, C—O B nepekucsax u o3zonugax, O—Cl B xjioparax u
nepxjoparax v Jip.

YKa3zaHHbI€ TPYMITBI TPUAAIOT COOTBETCTBYIOIMM BB 1 coenmuenusm
B3PBIBUATHIE CBOWCTBA 3a CUET TOTO, 4TO HeKkoTophle n3 HuX (N=0, C—O u O—
Cl) conmepxaTr HECBS3aHHBIA C TOPIOYMM CBOOOJHBIM KHUCIOPOA, KOTOPBIA
BCTYMAET B XHMHUYECKYIO PEAKIHUI0 C TOPIOYMMH KOMIIOHEHTaMHU CO
3HAYUTENIbHBIM BBIICJIEHUEM TEIUIOTHI. Jlpyrue rpynmbel ¢ HEYCTOMYMBBIMHU
xumudeckumu cBs3siMu (C=C, N=N, N=C) nmacTtaro4Ho JIErKO pacIajaaroTcs.
B3priBuareie BellecTBa 3TOM TPYIIbl HA3bIBAIOT €IlI€ MHAUBUAYyaIbHBIMU. K
HUM OTHOCSITCS: a3ujl cepedpa, a3ull CBUHLA, [EKCOTEH, TpeMydasi pTyTh, AUHA,
HUTPOTJIMIEPUH, HUTPOKCHINH, HHUPOTJIMKOJb, OKTOT€H, TPOTWI, TEHepec,
TETPUJI, TAH U Jp.

B3pbIBUaTBIE CMECH - 3TO TAKUE CHCTEMBI, KOTOPBIE COCTOSIT, MUHUMYM,
U3 JIByX KOMIIOHEHTOB, HE CBS3aHHBIX XMMHUYECKH MEXAy coO0oi. OmauH m3
KOMITOHEHTOB, KaK MPAaBWJIO, SIBJSIETCS BEIIECTBOM, OOTaThIM KHCJIOPOJOM, a
BTOPOW - COCTOUT MPEUMYILIECTBEHHO W3 TOPIOYUX AJIEMEHTOB, MPHU 3TOM HE
COZIEPKUT KHUCIOPOJ, MO0 COAEP>KHUT, HO B KOJUYECTBE HEAOCTATOUYHOM IS
MOJHOTO BHYTPUMOJIEKYJSIDHOTO OKHUCJEHMs. Takue CcMecu MpencTaBisioT
cobo¥t razoo0Opa3Hble, KHUAKUE, TBEPJbICE WIM TE€TEPOTCHHBIE CHUCTEMBI.
[Ipumepsl: ra3000pa3HbIe CUCTEMBI - CMECh METaHa C BO3AYyXOM (PYAHUYHBIN
ra3z); OSKMJKAE - CMeCh TOpPIOYHUX KOMIIOHEHTOB (O€H30J, TOJIyOJ) C
OKHCIIMTENSIMU (a30THAsl KUCJIOTa, TETPAHUTPOMETAH); TBEPIBIE - CMECh
OCHOBHOTO KOMIIOHEHTa (HampuMep, aMMHAYHOW CEeIUTPBhI) C TOPIOYUMU
(TpOoTHJI, TMUHUTPOOEH30J U JAp.) - K TaKUM CHCTEMaM OTHOCSTCS TMOpOXa;
reTepOreHHbIe CUCTEMBI (2-X U OoJsiee (ha3HbIe) - CMECh aMMUAYHOW CEJIUTPHI C
HEPTSHBIM MAacJioM, AU3EIbHBIM TOTUIMBOM, a’pO30JiH, THIJIEra3oBas CMeCh U
T.1L.

K coBpeMennbsiM npoMbiniuieHHBIM BB nipenbsiBisiercs psa TpeboBaHMid,
CpeIU KOTOPBIX IJIABHBIMU SIBJISTFOTCS .

— JOCTaTOYHas  MOINHOCTb,  KOTOopasi  oOecredynBaeT  HEOOXOJAUMYIO
MEXaHHIECKYIO pPaboTy;
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— MPOCTOTa U 0€30MaCHOCTh MPHU U3TOTOBIICHUH;

— yn00cTBO M 6€301IaCHOCTh B OOpAIlICHUU;

— TOCTOSTHCTBO CBOMCTB MPHU JJIMTEILHOM XPaHEHUU U IPUMEHEHUY;

— 0€30TKa3HOCTb ACHCTBUSI NIPU IOCTATOYHOM MHULUHUPYIOLEM UMITYJIbCE;
— TEXHUYECKH U SKOHOMUYECKH JOCTYIHbIE B U3TOTO BIICHUH.

JUis  mpuMEHEHHsT B YCJIOBUSIX IOJ3EMHOM  JOOBMH  IMOJIE3HBIX
MCKOTIAEMBIX K OTAENbHBIM TIpynnam BB npenbsBisiorcs ciemyromme
JOTIOJIHUTEIbHbIE TPEOOBAHMUSA:

— o0pa3oBaHKe MUHUMAJIbHOTO KOJIMYECTBA SIIOBUTHIX T'a30B;
— 0€301acHOCTh MPUMEHEHHUS B I1aXTaX, OMACHBIX 10 B3PbIBY I'a3a WM MbLIH.

[lo cmocoOy BO30YXIEHUS B3PBIBYATOTO IMPEBPALLEHUS B3PbIBUATHIE
BEIIECTBA U B3PBIBYATHIE CUCTEMBI YCIOBHO Pa3ALISIOT Ha:

- IEPBUYHbIEC UHUIIUHUPYIOLIHE;
- BTOPUYHBIE UHULIUUPYIOILIHE.

B cootBercTBUM ¢ 0OmacTamu npuMmeHeHus BB gensat Ha:

- uaunuupyromme (MBB);

- OpmzanTHbie WK apoosiue (bBB);

- MeTaTebHbIe (MOPOXa U PAKETHbIE TOIUINBA);
- MUPOTEXHUYECKHUE COCTABBHI.

3.2 XapakTepucTHKA MPOMbINLIEHHBIX B3PbIBYATHIX BelIECTB
3.2.1 Ununuuupyronme B3pbIBYATHIE BElllECTBA

Nuunmupyronme BB npuMeHstoTcs B KauecTBE BO30YXKIEHUS JIETOHAIINH
B 3apsagax bBB. Otimuurenshsie cBoiictBa BB oT apyrux Opmantaeix BB
COCTOSIT B MX CIIOCOOHOCTH JI€TOHHUPOBATh TOJ BJIMSHUEM HE3HAYUTEIbHBIX
TEIIOBBIX (JIyd OTHS) WM MeXaHuyeckux (yaap, TpEHHE, HaKOJ) BHEIIHUX
BO3JICUCTBUI, T.€. 00JIaalOT YPE3BBIYAMHO BBICOKON UYBCTBUTEIHHOCTHIO K
MEXaHUYECKUM BO3JCUCTBUSAM. BeliecTBa 3TOW Tpynmbl XapaKTEPU3YIOTCA
BEChbMa MaJlbIM BPEMEHEM pOCTa CKOPOCTH B3PHIBYATOIO IPEBPAILCHUS OT
Havyajia BO3OYXKICHHS JO CTallMOHApHOW JCETOHAIMHM. Y a3uaa CBUHIIA,
HampuMep, MEepPUOJI YCKOPEHHUsS TMpollecca MPAKTUUYECKH OTCYTCTBYET, T.€.
OpPOIIECC HE3aBUCHMO OT PasMEpOB 3apsjaa cpa3y Ke INpoTekaeT B (opme
JETOHAIUH.

Nuunuupyronme B3pbIBYATHIE BellleCTBA (marnee NBB)
NPEUMYIIECTBEHHO HCIMOJIb3YIOT B CPEACTBAX MHHUIIMUPOBAHUSA — KAaIlCHOJIAX-
neronaropax (KJI), anextpoaeronaropax (3/1). K a1oit rpyrmme oTHOCST:

1. Comu TSKEMBIX METAIOB TpeMyded KHUCIOTHI ((yIbMHUHATHI): TpemMydas
ptyth — HJ(ONC),, rpemyuce cepedpo — AGONC.

2. Coy a30THCTOBOIOPOTHOM KUCTIOTHI (a3ubl): a3uz cBuHIA — PD(N3),, asum
cepedpa — AgNs.

HekoTtopeie oprannueckue azusl: nanypTpuasum — C3Nz(Ns)s.
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3. Conmu TOKENBIX METALIOB CTU()PHUHOBOW KHUCIOTHI: TPUHUTPOPE3OPIIMHAT
csunna (THPC).

4, Kapouapl TSOKEIBIX METAIIOB (alleTUIICHUIBI ): alleTHIICHUT cepedpa.

5. l'anmonaHeble cOeqUHEHNS a30Ta.

6. HexoTopble HUTPOAPOMATUYECKUE THA30COETUHEHHUSI.

OTH BelIeCTBa HA3bIBAIOT MNEPBUYHBIMH WHUIUMPYIOIMMH WU
nepsudHbiMu BB.

B nocnennee Bpemsi pazpaboTaHbl U MMOJIydyeHbl HHULMUpYomue BB
HOBOTO KJIacca, OCHOBHBIM CBOMCTBOM KOTOPBIX SIBJSIETCS OYEHb BBICOKAs
YyBCTBUTEIIPHOCTh K XMMHUYECKOMY TPEBPAILEHUIO B JACTOHAMOHHON (opme
IPU BO3JCUCTBUHU JIA3EPHOTO WM3IYYEHHUs] ONPEACICHHOW IJIMHBI BOJHBL [lo
CPaBHEHUIO C a3W0M CBHMHIIA YyBCTBUTEIHLHOCTh HEKOTOPHIX HOBBIX IBB BhIIIIE
noutd B 100 pa3. OqHako 4yBCTBUTENBHOCTh K TEIUIOBBIM U MEXaHUYECKUM
BO3JICUCTBUSIM MPAKTUYECKU COOTBETCTBYET AHAJIOTMYHBIM XapaKTEPUCTHUKAM
TOHA. HekoTopble U3 HUX B3pPBIBAIOTCS TOJIBKO MPU JIEUCTBHUM JIA3EPHOTO JIyda.
Takue B3pbIBUATBHIC BEIIECTBA MOTYT OBITh KCIIOJIB30BaHbl KaK MEPBUYHBIC B
ontuueckux aeronaropax (OJl), mmubo kak oObrHbIE OpmzantHbie BB mpu
NPOBEJICHUU CIEIHATBHBIX B3PBIBHBIX paboT; B Tabn.2 MpencTaBICHbI
HekoTopeie BB aToro knacca.

Tabmna 2
CBeTO4yBCTBUTE/IbHbIE B3PbIBYATHIC BEIECTBA
Ilnotn | Cxkopoct | YUyBcTBUTEeAbHOCT | Temmnepat JHeprus
OCTh, b b K yIapy ypa 3asKUTaHusA
BB r/em’ AeTOHAIM | (HUKHUM MOPOT), | BCIBIMIKH, JIa3ePHbIM
U, KM/C MM C MOHOUMITYJILCHOM,
I[)K/CM2
BC-2 | 30 6,5 50 185 2,3-10”
BC-7 4,6 6,2 60/100 350 5.10°
BC-16 | 1,1 5,1 - 139 12.10°

3.2.2 Bpu3aHTHbIE B3pbIBYATHIE BellleCTBA

B Opmszantnbix BB (nanee BBB) neronanus Moxer ObITh BbI3BaHa
BJIMSIHUEM OTHOCHUTENBHO OOJBIIMX BHEUIHMX BO3JCHCTBUI, OOBIMHO NIpHU
nomou MIBB. OCHOBHBIM BHIOM HX B3pPbIBYATOIO NPEBPAIICHUS TaKXKe
ABJSETCSl JAeToHauus. Y OpuzanTHeix BB B3pbBuathle XapakTepUCTUKU
3HAUMUTENBHO BbIIIE YeM y MHHUIMHUpYoumX BB. DTy rpynmy npeacTtaBistoT
crenyromue BB:
1. O-HUTPOCOETUHEHMS: HUTPOTJIMIIEPUH — TpUHMUTpAT riuiepuHa, TOH —
TerpanuTpar neHTa3pUTPUTA, HUTPAT LEIUTIOJIO3BL.
2. C-HUTPOCOGOMHEHUS: TeTpui (TPUHUTPOTOIYOJI), MUKPUHOBAS KHUCIOTA
(tpurUTpOhenomn); TerpanuTpomera — C-(NO,),.
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3. N-aHutpocoenuHeHusi: TeTpui (TPUHUTPOPEHUIMETUIHUTPAMUH), TEKCOTEH
(UMKJIOTPUMETUIIEHTPUHUTPAMHUH), OKTOI'€H
(LMKIIOTETpaMETUIICHTE TPAHUTP aMUH ).
4. bBBB — Mexanundeckue cMecH. aMMOHUTHI (CMECHM Ha OCHOBE aMMHUAYHOMN
CEJUTPHI), NMHAMUTBI (CMECH HA OCHOBE HUTPOTJIMLEPHUHA), CIUIaBbl TPOTUJI-
rekcoreH (TT) u np., mmactuynbie u aactuuHbie BB Ha ocHoBe MonHbIX BBB.
B T1abn.3 mpencraBiensl HekoTophle cBoiicTBa BBB. TaH, rekcoren,
TETPWJI HCHOJIB3YIOT Kak BTOpWYHbIE HHULMHpYyromme BB B cpeacTBax
MHUIIMUPOBAHUSI OCHOBHBIX 3apsiioB BB — B neronupyrommx mmuypax (A1), B
karncrossix-geronaropax (KJI) umu anexkrpoaeronaropax (/1)

Ta6mmna 3
CBoiicTBA IITATHBIX OPU3AHTHBIX B3PLIBYATHIX BEIIECTB
IHoxa3zaTenn Tporun | Terpua | I'ekcoren | OKTOrex TOH
Temneparypa 80,6-80,9 | 129,45 204-205 | 281-284 | 139-141,3
maBiienus, °C
[TnoTHOCTH 1,663 1,730 1,806 1,904 1,770
MOHOKPFHCTAJIIOB,
/e’
VenbHas TemioTa 1010 1150 1290 1354 1400
B3PbIBa, KKAJI/KT (4228) (4815) (5392) (5668) (5866)
(xJIx/KT)
CkopocThb 7 7,6 8,85 9,25 8,35
JIETOHAIMH, KM/C
YyBCTBUTEIHHOCTh 4-8 48-60 80 84-96 100
K yapy 1o
I'OCT 4545-88, %

Bo Bropoil monoBuHe XX Beka ObUT CHHTE3UPOBAH U HM3YYEH pAJ
MOUIIHBIX Opm3aHTHbIX BB, wumeroumx pexkopAHble 3HA4YEHHS CKOPOCTHU
neronaruu  (9,1-10,2 km/c) - Tabm.4. B mHacTosmee BpeMs HaumOoJee
NEPCIIEKTUBHBIMU Cper MOIHBIX BB mpencraBnsitorcsi Takue MpOmyKThl Kak
CL-20 u otuactu TNAZ.

3.2.3 MeTaTe/ibHbIE B3PbIBYATHIE BellleCTBA

K wMerateabubim BB oTHOCATCS mopoxa W pakeTHbIE TOILIMBA.
Cny>keOHBIM BHJIOM TPEBpAIEHUS] PAKETHBIX TOIUIMB M TMOPOXOB SIBISIETCS
rOpeHue, MPOTEKAIOIIEE 32 CUET CONEPIKAIIMXCS B HUX TOPIOYETr0 U OKUCIUTEINS.
B ciaywyae wucnonp3oBaHHS MOIIHOTO HWHUIMHMPYIOIIETO UMITYJIbCA MOTYT
JIeTOHUpoBaTh. [Ipn yTunm3anuu pakeT TBEpAO€ TOIUTUBO HCTIOJB3YIOT B BUIE
no0aBoKk B mpombilnuieHHbie BB; paspaborana TexHOJIOTHMsS ~CHUHTE3a
yIABTPAJAUCIIEPCHBIX alIMa30B NPU B3PhIBAHUM TBEPJIOTO PAKETHOTO TOIUIMBA.
OntumManbHbBIM JUJII PAKETHOTO TIOpOXa M CMECEBOT0 PAKETHOTO TBEPAOIO
TOIUIMBA  SIBJSETCA  KUCIOPOAHBIM  Kodpduiment mopsaka  0,65-0,70
(KUCTOPOAHBIN  KOX(PPUIIMEHT XapakTepHU3yeT COJepkKaHUEe B  TOIUIMBE
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OKHCJIUTENIbHBIX AJIEMEHTOB IO OTHOUICHHIO K HEOOXOAUMOMY JUJIsl TIOJHOTO
CrOpaHus TOPIOYUX KOMIIOHEHTOB).

B3psiBuaroe mpeBpailieHue JAbIMHOTO 1OpoXa MpU BO30YKIEHUU UCKPOU
WM TUITAaMEHEM MPOUCXOAUT B (OpMeE B3PBHIBHOTO TOPEHMS, CKOPOCTH KOTOPOTO
BCErJa MEHbIIE CKOPOCTU JETOHAMM M H3MEpSIETCsl COTHSMU METPOB B
cekyHay. Ilpu BO30yKOeHMM  B3pbIBa  KalCIOJEM-IETOHATOPOM WM
JETOHUPYIOUMM  IIHYpOM  JBIMHBIM  MOpPOX CIOCOOEH JE€TOHUPOBATh.
Hcnons3yroT nopox B oruenpoBoaHbIx muypax (OIIl), B kauecTBe 3aps10B Mpu
0TOOMKE HEKOTOPhIX BHUAOB MOACIOYHOTO KaMHSI W B JPYrUX ONepalusix,
TpeOYIOIMX COBEPIICHUS MeXxaHudeckod paboTel. Ilopoxa  siBIsirOTCS
MHOTOKOMITOHEHTHBIMM MEXaHMYECKUMHU CUCTEMaMHM U JENSATCS Ha JIBIMHBIN
(uepHbIi) IOpoX U Oe3abIMHBIN. JpIMHBIN IOpoX u3BecTeH ¢ XI cTonerus. B ero
coctaB BxoasaT Hutpar kamms KNO; (75%), npeBecHbiii yrosb (15%) u cepa
(10%). Ucrionb3yroT IbIMHBIN IOPOX B OTHENPOBOAHBIX MIHYpax (bukdopaoBbix
IIHypax), B KaUeCTBE OXOTHUYLETO MOpOXa.

Tabomua 4
CgoiicTBa MOIIHBIX Opu3aHTHHIX BB
IL1oT- TeM- . CropocTh
HOCTh nepa- | JHTAJIBNHA YAcanHas OEeTOHAIIHH,
_ TeILI0TA ,
BipsiBUaTHIE MOHO- TYpa | odpa3oBaHHA BIpRIBa, KM/C
BEMIECTBA KpHC- |IJIaBJIe- KKAJ/KT KKAT/KT (IpH NIIOTHO-
TALIO0B, HHA (RIR/KT) o CTH 3apfAIa
r/es’ °C (RIL&/Kr) BB, r/cm)
[NexcaHHTpOGEH30II 2.0 249 ;;;5 022, ({15 2 9 g) ( 19_ jOEG)
. , e A 470 1788 10,2
4,4'- THEATpOoA30 Py POKCaH 2.0 128 (1967.4) (7484.6) (2.0)
BHc-HHpOd Y pazaHATOBEIH 1,007 62 331.8 1610 0.2
3(pHp i (1389) (6738) (1.9)
3.4-GHc(4-HHTpOdYpasaH-3- 1.93 109- 496 1457 9.25
HI)pypokcaH T 110 (2075) (6097) (1.93)
AjzoxkcH-0HC(HHTpOodypa3za-HHI- 188 148 7157 1446 0.5
O.N.N-azokcH)pypazad i (2995) (6052) (108)
[ekcaHHTpOreKcaas3aHs3o- 504 40 230.5 439 9,49
BEOpTOHTAH (CL-20) o B (964.9) (6023.6) (2.0)
1.3, 3-TpHHHTpOA3ETHIHH 1.84 101 45.3 1460 9.10
(TNAZ) j (189.6) (6111,6) (1.84)
4.4'-nuHHTpOoa3oKcHpypa-3aH 1.82 110- 565.0 1395 9.13
(TATHH) T 112 (2365) (6781.3) (1.8)
1.3.4.6-TeTpaHHTpOTETPa-
THIpOHMHI-a30[4.5-d] HMHIa- > 03 249 11.8 1395 9.15
301-2,5(1H,3H)-nnor (THI'Y, o - (49.4) (5839.,5) (2.0)
Copruia)

Be3abiMHBIE TTOpOXa WM TOPOXa KOJUIOMTHOTO THIA HMCIOJL3YIOTCS B
CTPEIKOBOM OPYXKHH, apTHWUICPUHUCKUX CHapsAgaX M B KA4ECTBE PAKETHBIX
TOTIMB. OCHOBHBIM KOMIIOHEHTOM SIBJIIETCS HUTPOILICIUIIONIO03a Pa3IuYHOU
CTENEHW HUTpauMM (TaK, IMHUTpAT MLeUTr0JIo3bl coaepxkut 11,11% azora,
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tpunutpar — 14,14% wu t1.1.). llemwmonoza mpenacTaBiasieTr  coOOM
TUJIPOKCHIICOJEpKAIMM  TIPUPOAHBIA  TOJIMMEpP  KJlacca  IMOJIMCAaXapUIoB.
Hutparer nemmronos3sr 06bpMHO conepkar 12,5-13,5% azoTta (MX Ha3bIBAIOT
nupokcwimHamu) wi  11,5-12% (xomnokcwnunsl). [lpu  sxenatuHuzauuu
HUTPOUEIUTIONO03bI UCTIONB3YIOT IUIACTU(MUKATOPHI PA3JIMUHON MPUPOMABI, YTO
00yCNIaBIMBAET JICJICHUE 3TUX TOPOXOB Ha PsiJI TPYMIL.

JlazepHble mopoxa, pazpaboTaHHbIE CPABHUTEIBHO HEIABHO, SBIISIOTCS
CHeUaIbHbIM TOILTUBOM, 00ecTIeUHBAIOIIM npu CropaHuu
BBICOKOTEMIIEPATYPHYKD CMECh MPOAYKTOB CTPOIO OIIPEAEIECHHOIO COCTaBa,
CIIOCOOHBIX B  OMNPEACNICHHBIX  YCJIOBUSIX TE€HEPUPOBATH  KOTEPEHTHOE
3IEKTPOMAarHUTHOE M3JIydeHre ¢ TpeOyeMoi JIMHON BOJIHBEL. B cocTaB nma3zepHo-
AKTUBHOM CpeIbl BXOAAT KaKk MUHUMYM 2-3 Ta30Bbleé KOMIIOHEHTHI (OKCHIBI
yriepoJia, MOJIEKYJIbl BOJbI, a30Ta U JIp.).

PakeTHble TOINIMBA SIBISIIOTCS CMECEBBIMM CUCTEMAaMU U MOTYT OBITh
KUJIKAMU, TBEPIABIMU W KOMOWHUPOBAHHBIMH. OCHOBHBIMH KOMIIOHEHTAMH
JKUJIKOTO TOIUIMBA SIBJSIFOTCSL JKHAKOE TOPIOYEE M KUJIKUM OKHUCJIHUTENb. B
KAueCTBE JKUJKOrO TOPIOYEro HCHOJB3YIOT BOJIOPOJ, KEPOCUH, THUJIPHUIbI
METAUIOB,  HECUMMETPUYHBIA  JUMETWIruapa3udH. (OCHOBOM  KHUIKOTO
OKHCIIUTENSI SABJIAIOTCS (TOp, OKUCHh (TOpa, KHUCIOpOaA, cMech ¢Topa ¢
KHCJIOPOJIOM, a30THAs KACJIOTA, TETPAHUTPOMETAH U JIp.

OCHOBHBIMU KOMIIOHEHTAMHU TBEPJIOIO0 PAKETHOTO TOIUIMBA (CMECEBOI0O
TBepJoro pakerHoro TtommBa — CTPT) sBIsOTCS  KpUCTAUIMYECKUI
OKHCJIUTENh: aMMOHMEBAsI COJIb JUHUTPA30BOM KHUCIIOTHI, IEPXIJIOpAT aMMOHUS U
ap. B KkadecTBe TOpIOYEro UCHOJB3YIOT KaydyyK, KOTOPBIM SIBJISETCA
OJTHOBPEMEHHO U CBs3yroIMM kKoMmrnoHeHToM. Kpome storo B CTPT nobasssitor
pa3IMYHBIC TUTACTH(UKATOPHI, OTBEPAUTEINH, Toptoure 100aBku — MolHbie bBB
(HampuMep, OKTOTEH), MOPOIIKOOOpa3HbIE METAUTbl M THAPUIBI METALIOB,
CTaOMIIN3aTOpPBbI.

IIpn yrwmzauuun CTPT u BBINOMHEHMHM JOpYrux pabOT CIEAYyeT YYHUTHIBATH
BBICOKYIO TIOTEHIIMAIBHYIO OTACHOCTh, CBSI3aHHYIO C WM3MEHEHUSIMHU (PU3HKO-
XUMHAYECKHX XaAPAKTEPUCTHUK, TMPOUBOIICAINIMMA 3a BpPEMS JUIMTEIHHOIO
XpaHEHUs: U3MEHEHHUE B3PbIBUATHIX XapAKTEPUCTUK, YXYJIIICHUE IACTUYHOCTH
U TPOYHOCTH, HAPYIUIEHUE CIUIOIIHOCTH 3apsiJIoB, TMOSBICHUE JCPEKTOB
(TpetuHbl, OTCIOCHHUS U JIp.), CHIDKEHUE YYBCTBUTEIBHOCTH K yJ1apy U TPEHUIO.

[TupoTexHnyeckue COCTaBbl — MEXAHUYECKHE CMECH HEOPTaHWYECKHUX
OKHUCJIUTENEU ¢ OPTaHUYECKUMU WM METALTMYECKUMU TOPIOYUMH BEIIECTBAMHU
U TEXHOJOTHMYECKUMHU J00aBkamu. ['opeHue sBisieTrcss ciry:keOHOU Gopmoi
XUMHUYECKOro TpeBpaiieHusi. [lupoTexHuyeckue cocTaBbl HCIOJB3YIOT B
Pa3IMYHBIX OTPACIIAX HAPOJHOTO XO3SHUCTBA W OOOpOHHOUW TexHuKe. [lpum
OTIPENEICHHBIX YCJIOBHS MOTYT J€TOHUpPOBaTh (B3pBIBEI Ha 3aBojax
nupotexunueckux cpeacts B Hupepnanmax, Urtanuu, Mcnanumn, Kutae u ap.

CTpaH).
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3.2.4 TlpombIlLIeHHbIE B3PbIBYATHIE BELIECTBA

BonbImMHCTBO ~ MpOMBINIUIEHHBIX — B3pbiBUaThix  BemiectB  (IIBB)
NPENCTaBSIIOT COOOM CMeCh XUMHUUYECKH Pa3HOPOIHBIX MAaTepHalioB; Kak
OpaBWJIO, OHU BBIIYCKAIOTCS B BHUIE IMOPOIIKOB, TPAaHyJ WM CYCHEH3UM,
COCTOSILIMX M3 KOMIIOHEHTOB C YaCTULAMH Pa3JIM4HbIX pPa3MepoB U (OPMBI,
Pa3IMYHBIX 0 (PM3UYECKUM CBOWCTBAM, IO arperaTHOMY COCTOSHHIO. Takue
HEOJTHOPOJHOCTH SIBIISIIOTCS TMPUYUHON (UBHKO-XMMHUECKUX OCOOCHHOCTEN
BO3OYXKJIEHUSI M Ppa3BUTHUS JETOHALMM, TMpollecca B3phIBA, MO MHOTUM
napaMerpam OTIMYAIOLIMXCA OT 3aKOHOMEPHOCTEM B3PbIBA WMHIMBUAYAIbHBIX
BB. Oco0sie cpoiictBa [IBB mpumaroT Takne KOMIIOHEHTHI KaK OKHCIIUTEIH,
diiermaTu3aTopbl, CEHCHOWIM3ATOPHI, CTIPYKTypooOpasylolme, Topouue u
ruipodoOHbie TOOABKY U Jp.

OxkuciauTe M — BEUIECTBA, COJAEpKAIME H30BITOYHBIN  KHUCIOPOI,
pacxonyeMblii MPU B3phIBE HA OKHCJIEHUE TOPIOYHMX 3JIEMEHTOB (aMMHa4dHAs
cemutpa — AC, xaimmeBas cemutpa — KaC, narpueBas cemutpa — HaC u 1.71).
l'oproune noGaBku — TBEpAblE WM JKUAKHAE BEIIECTBA, KaK IMpaBUio,
HEB3PbIBUATHIE — TOHKOM3MEJILYEHHBIN YTrOJib, JPEBECHAass MYKa, COJISIPOBOE
Mmacjo. ['oproune noGaBkm BBOAAT B cocTaB BB nis yBenmueHmsi KoJmdecTBa
SHEpTHUH, BbIIETsIEMON TIPpU B3pbIBE. POJb Toprounx J00aBOK BBITIOJHSIOT TAKKE
BB (TpoTHi, rekcoreH m Ipyrue), UMEKUMe B CBOEM COCTABE HEAOCTATOUHOE
KOJIMYECTBO KHCJIOpOAA Uil TOJHOIO OKHCJIEHUS COJEpKalUMXCs B HUX
TOPIOYUX JIEMEHTOB.

Ilnameracuresm BBOAAT B COCTaB TOJILKO IpenoXpaHuTenbHbIX BB s
CHIKEHUSI TEMIIEPATypbl B3PbIBA U YMEHBILIEHHSI BEPOSTHOCTA BOCIUIAMEHEHHUS
METAaHOBO3JIYIIHBIX M MbUIEBO3IYIIHBIX CMecel B Mmaxrax. B kauectBe
wiameracurenieii yvarme Bcero BBomAT NaCl m KCl  Ilnameracurenn He
YYaCTBYIOT B pPE€aKUWW NPU B3PbIBE, TOJHKO HAIPEBAIOTCS W HCIAPSIOTCA,
CHIKasl TEM CaMbIM TEMIIEPATYPy ra30B B3pbIBA.

CencnOwIm3zaTopbl — BeElIeCTBA, BBOJAWMBIE B coctaB BB s
NOBBIIIEHUSI €0 YYBCTBUTEIBHOCTU K BOCHPHATHIO U TEpENavye JIETOHALNH.
D10, Kak mpaBwio, MolHble BB (TpoTun, rekcoreH, HUTPOIPUPHI),
YyBCTBUTEIIbHBIE K HWHULUUUPYIOIIEMY HUMIYJIbCy, KOTOpblE B CMECHU
MaJIOYyBCTBUTENIbHBIX B3pbIBUaThiX BelecTB (AC M T.I.) ¢ HEB3PBIBUATHIMHU
(IpeBecHass  WJIM  XJIOMIKOBas ~ MyKa)  OOECMEYMBAIOT  HOPMAJbHYIO
YYBCTBUTEIBLHOCTL Takoro cMeceBoro BB k wuHunuupoBanuto. Poub
CEHCHOWJIM3aTOpa MOTYT BBINIOJHITh M HEB3PHIBUATHIE BEILIECTBA (TOproYne
100aBKH): COJSIPOBOE Macjio, JpeBecHass Myka wWid yrojbs. I[lpm »ToMm
o0Opazyrorcs npocteiiime cMeceBbie BB: qTuHaMOHBI, UTTaHUTBL, TP AHYJIUTHI.

CradmmsaTopbl (OpeBecHas, Top(siHas MyKa U Jp.) BBOIAT JIs
MOBBILICHUS XUMHYECKOU U (pruzmdeckoii ctoiikoctu BB.

dDiilerMaTH3aTOPbl — JIETKOIUIABKME BEUIECTBA, Maciia, HWMEIOIIUe
BBICOKYIO TEIJIOEMKOCTh U BBICOKYIO TEMIIEPATypy BCIBIIIKHA, 00OBOJAKUBAIOIIHE
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yactuisl BB 1 He BcTymnaroiye ¢ HUM B peakiuio. Beenenue guiermaruzatopos
CHIJKACT YyBCTBUTENBHOCTH BB K MEXaHMYECKHM BO3JICHUCTBUSM H
oOecricumBaeT Ooyiee Oe€30MacHBIC YCIOBHS €ro TpuMeHeHums. Yacto
UCIIOJIB3YIOT Ba3eNnH, mapaduH 1 pa3JMdHbIe MacJa.

CwMmeceBble BB 1151 maxt u kapbepoB — nopouikooOpazusie BB Ha ocHoBe
CyXuX MOPOIIKOOOPa3HBIX KOMIIOHEHTOB, a TaKXke C J00aBKaMU KUAKUX
BeriecTB. I3 MHOTOKOMIOHEHTHBIX CMECE HamOoJbIllee MPUMEHEHUE HMEIOT
CJIEAyIOlME OCHOBHbIE Ipynmnbl BB: a) aMMOHUTBEI — cMech aMMHUAYHOU
CEIUTPBI, TPOTUIIA U HEB3PBIBUATHIX TOpIOYMX N00aBOK. B cocTaB ckambHOTO
aMMOHHUTAa BXOAUT A00aBKa I€KCOT€HA; aMMOHHUTHI MPEIOXPAHUTEIbHBIE IS
IaXT ¥ PYJHUKOB BBIMTYCKAIOT ¢ TOOABKOM IiaMmeracureseit - amMoHuT Ne6)KB
(oxeneznenHas cemutpa mapku JKB), ammonut AII-5XKB, ammonut I1DKB-20,
amMmMoHHUT T-19 u np. 6) AMMOHaIBI - aMMOHUTHI C JO0ABKOW alfOMUHUEBOM
nyapel. B) JleTOHMTBI - cMeChb AaMMMAYHOM CEIMTPbI, HUTPOIPUPOB U
ATIOMUHUEBOW myapel. T') JIMHAMOHBI - CMEChb aMMHAYHOW CEIUTPhI U
HEB3pBhIBYATHIX TOpIOUMX 100aBOK. A) [panymupoBanHsie BB — cmecu Ha
OCHOBE CYXMX TIpaHyJUMPOBAHHBIX, YEIIyM4aTblX KOMIIOHEHTOB  WJIH

IPaHyJIMPOBaHHBIX CIUIABOB KOMIIOHEHTOB. €) ['paMMOHMTBI — CMeCh
IrPaHyJMPOBAHHOM aMMHA4YHOW CEJMUTPHI C IPAHYIMPOBAHHBIM TPOTUIIOM WIIM C
YyenryuarelM  TPOTWIOM. k) ['paHymuTel — cMecH TIpaHyJIUpOBaHHOMN

aMMHUAUYHOM CEJUTPbl C JKUAKMUMH M TOPOIIKOOOpPa3HbIMH HEB3PBIBUATHIMU
roproyuMu j1o0aBkamu. 3) UrgaHuTel — CMeCh TPaHyJMPOBAaHHOW aMMHAYHOM
CEIUTPHI C KHUIKOW roproyeit nobaBkoil. u) ['paHynoTON — rpaHyIupPOBAHHBIN
TPOTWII. K) AJIOMOTOJI — TPaHYJIMPOBAHHBIA CIUIAB TPOTHJIA C ATIOMHUHHEBOM
nyapoi. ;1) Bogocoaepxkaime BB — Ha 0CHOBE CyXuX rpaHy/IMpOBaHHBIX WU
YEIIyW4aTblX KOMIOHEHTOB WJIM TPaHYJMPOBAHHBIX CIUIABOB KOMIIOHEHTOB C
n100aBKaMH XOJIOMHOTO WJIM TOPSYEro pacTBopa aMMuadHoit cenutpsl, NaCl mmum
KCl, 3arymaronmx pacTBop U CTAOMIM3UPYIOMIMX 3apsi 100aBOK. M) AKBATOJIbI
— CMeCh I'PAHYJIMPOBAHHOM aMMHAYHOW CEJUTPBI U TPAHYIIMPOBAHHOTO TPOTUIIA
C pacTBOPOM CEIUTpP, 3arymalluX H CTAOWIM3UPYIOMMUX J00aBOK. H)
OMynbcroHHbIE BB — cMecu X0JI0/THOTO WJIM TOPSYEro HACKIIIEHHOTO pacTBOpa
CEJIUTP C KUAKON HEB3PBIBUATON roproueit J00aBKOM U SMYJILraTOpOM, KOTOpast
npu o0paboTKe e€e B JuCIepratope NpeBpaliaeTcs B BOJOYCTOMUYMBOE
noasmxHOe BB. IIpu octeiBannu ropsiuee smynbcuoHHoe BB TBepaeer.

HanbGonee BaxkHbIMH CBOWCTBaMU MpOMBIIDIEHHBIX BB (kpome
B3PBIBUATHIX XapaKTEPUCTHUK, IKCILTyaTallMOHHBIX KauecTB BB, cTtabunbHOCTH)
OTHOCST TUIPOCKOIIMYHOCTb, CJIEKMBAEMOCTb, XUMHYECKAs CTOWMKOCTD,
BOJIOYCTOMYHUBOCTh, IUIACTUYHOCTb, TEKYYECTb, YIUIOTHAEMOCTb, CBHIITY4YECTb,
CTapEeHue, JIETY4YECTh, SKCYJALUIO U JP.

I'MrpocKoNMMYHOCTB - 3TO CIIOCOOHOCTH MPOMBIILICHHBIX BB nornoniare
BJAry U3 OKpyxaroueh arMocgeppl. CiocOOHOCTh K YBJIQKHEHUIO aMMHAYHO -
cemuTpeHHBIX BB 00yciioBIIleHa BBICOKOM THTPOCKOIMMYHOCTHIO OCHOBHOTO
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KOMITIOHEHTA - aMMHUAYHOU CEIUTPBI, — YTO MPUBOJUT K OCJIAOJICHUIO U TOJHOMN
NOoTepe B3phIBUATHIX cocTaBOB. HakonuBiiasics Biara ¢guermarusupyer BB.

Cie:kuBaeMOCTb - 3TO CIIOCOOHOCTh HEKOTOPBIX MOPOIIKOOOPa3HBIX
BELIECTB TEPSATh NPU XPAHEHHHM CBITy4eCThb M MPEBPAATHCS B MPOYHYIO
cIulomHyr0 Maccy. Cnexasmmecs mnarpoHsl BB MMEOT  MOBBIIIEHHYIO
ONIaCHOCTb. B Takue marpoHBl 3aTPyIHEHO BBEICHHE JETOHATOPA.
CrnexaBiecss aMMOHHTBI (OCOOGHHO B TMATPOHAX MAJIOT0 JgUamMeTpa) Majo
BOCIIPUMMYMBA K TEPBHUYHBIM CPEACTBAM HWHULHUHUPOBAHUS, OTIAYAIOTCA
NOHM>KEHHOH JIETOHALIMOHHOM CITOCOOHOCTBIO.

XumMnuyeckasi CTOMKOCTb (CTaOMJIBHOCTh) XapakTEepPU3yeT CKOPOCTh
paznoxenns BB npu xpanenun. Ecm BB o0nmamaer HU3K0# ¢Tab MITBHOCTBIO, TO
B pe3ylbTaTe XpaHEHUs OOJBIIMX €ro KOJUYECTB MOXKET MPOUBOUTH
CaMOYCKOPSIIOIIIEECS] PA3JIOKEHUE W B3pbIB. B 3TOM cilydae NpOIYKTHI
NIEPBUYHOTO paclafa KaTaIu3upyrT NJAIBHEUIIYIO PEAaKLUI0, YCKOPSET, TAKUM
00pazoM MpoIIecC Pa3IoKEHHUS.

BopoycroiiuuBocth — 310 criocooHocTh BB coxpaHsiTh B3phIBUaThHIC
CBOMCTBA IIPU MHOTPYKEHUU B BOAY. s moBhIlIEHUsS BOAOYCTOMUUMBOCTH BB
pa3paboTaHO MHOTO CTIOCOOOB, OJTUH M3 KOTOPBIX XapaKTePU3yeTCsl BBEICHUEM
cTeapara KaJblMs WIA [MHKA B MOPOIIKOOOpa3HbIe HUTPOTHIepruHOBbie BB —
JE€TOHUTHI, YIJIEHUTHI M Jp. [ CHW)XKEHHs CcMaduBarolle CrnocoOHOCTH
KUAKUX HUTPo3(pupoB B 31X BB ux cmabo xKemaTMHUPYIOT KOJUIOUIHBIM
XJIOIIKOM.

[Inactuunsie BB - 370 BB BBICOKOBSI3KOM CTPYKTYpBHI, CIIOCOOHOE JIETKO
nehopMHUpPOBATHCS TPU HE3HAYUTENbHBIX HAarpy3Kax M TMOJIHOCTBIO 3alloJIHATH
3apsaHble nojocTh. K tTakum BB 0THOCSATCS AMHAMUTEI U aKBAaHUTHI.

Texkyune (nprommecs) BB — Hu3KOBs3kMe akBarojbl, H(3aHUTBI W
HEKOTOpbI€ aKkBaHUTHI, cojaepskamme 10 30% BogHoUl >kenatuHbl. Takue BB
MOYKHO TPAHCIIOPTHUPOBATH IO IIIAHTAM.

YmwioTHsieMocTs - 3TO KadecTBO BB, omnpexpensironiee IUIOTHOCTB
3apsDKaHds 3apsAOHOM E€MKOCTH. YIUIOTHSEMOCTb BO3pPAacTacT MPHU HAIAYHHA
xuaKon (azel B BB.

Chbinyyectb - 3T0 crnocodHocTh BB Jerko TpaHcmopTHpoBaThCs MO
Tpy0aM M LUIaHraM K MECTy 3apshKaHusl, CBOOOJIHO BBICHINATHCS, XOPOLIO
3aMOJIHATh NPOCTPAHCTBO CKBAXHUH. ChIy4ecTh HHOT/IA XapaKTEPU3YIOT YIIIOM
€CTECTBEHHOTO OTKOCAa. ['paHymuThl, 3€pHOTPAHYJIUTHI, TPAHYIOTON - 3TO
IIPOMBILIUIEHHbIE BB, Xapakrepu3yrommecs: XOpoIIen ChITy4eCTbIO.

Crapenmne - 3170 HeOOpaTUMOE yXyILIEHHE B3pbIBUAThIX CBOWCTB BB npu
XpaHEHUH, BbI3BaHHBIE (UBUKO-XUMHIECKUMU HM3MEHEHHMSMU B BEIIECTBE B
pe3yabTare BHYTPEHHUX MTPOLECCOB WM B3aMMOJIEMCTBHS C BHEIIHEN cpeno. B
CBsI3M C mpoueccaMmu crapenus Ui Bcex [IBB ycranasivBaercs rapaHTUHHBIN
CPOK XpaHEHHUs, B T€YEHUE KOTOPOrO IapaHTUPOBAHO COXPAHEHUE OCHOBHBIX
MOKA3areiel TEXHUYECKUX YCJIOBUN HE HUKE PETIIAMEHTUPOBAHHBIX HOPM.
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JleTydyecTh - 3T0 CIOCOOHOCTH HEKOTOPBIX JKUIKUX KOMIOHeHTOB [IBB
ucrmapsaTeca. K =~ TakuM ~ KOMIIOHEHTaM  OTHOCSAT  HUTPOIVIMLIEPHH,
JTUHUTPOSTUIICHTJIMKOJIb, HUTpOoTJIMKOJb. [loTeps Beca takux BB mpuBoaut k
BEChMa 3AMETHOMY M3MEHEHHIO UX B3PhIBUATHIX CBOMCTB.

JKeyaanusi - 3TO TPOLECC BbIIETEHUS JKUAKOW (a3bl M3 TBEpAOU
MHOTOKOMITIOHEHTHOM CHUCTEMbl. JTO SBJIEHHE HaOIIOJAETCAd NpPU CTapeHUU
JMHAMHUTOB, B PE3yJIbTaT€ KOTOPOTO Ha MOBEPXHOCTH 3aPSI0B MOSABISIIOTCS
KaleabKl YHUCTOTO HUTPOTJIMUEPUHA, MPH 3TOM HM3MEHSIOTCS B3pbIBYATHIE
XapaKkTEpUCTUKH, BO3PACTAECT OMACHOCTh B oOpamenun ¢ Takumu BB. K
HapylIeHUIo0 (pU3u4ecKor cToiikocTd BB Moryr npuBoauTh pacciiauBacMoCTb
KOMIIOHEHTOB CUCTEM, PEKPUCTAIUIU3ALMSI KOMIIOHEHTOB U JIp.

Jns  OTKpeITBIX  paboT  gomyckaiorcss BB, 'y  koTopbix He
PErIaMEHTUPYETCS COCTAB NMPOAYKTOB B3pbIBa. K HUM HE MPEeNbIBISIIOT CTPOTUX
TpeOOBaHMI1 MO JIETOHAIMOHHOM CIOCOOHOCTH.

K BB, npenna3zHadeHHbIM 151 BEICHUS B3PBIBHBIX Pa0OT MPH TOI3EMHOM
00bIUE TIOJIE3HBIX MCKOMAEMbIX, KPOME IIAXT, OMACHBIX MO MUK U Tazy,
NPEabABISIIOTCA TPEOOBaHUS IO MUHUMAJIbHOMY 00pa30BaHUIO 5/I0BUTHIX T'a30B
(CO, CO,, NO, NO, , SO,) npu B3pHIBE.

CrniexxaBimecs: 1 He TIOJAIONIHECS Pa3MSITHIO PyKaMU MTOPOIIKOOOpa3HbIe
BB, He coxepxanmie TrekcoreHa WIM JKUIAKAX HUTPOIPHUPOB, JIOIKHBEI
U3MeNbyaThcsi B COOTBETCTBHE C  TpeOoBaHusiMM "EnuHbIX  npaBui
0€30MacHOCTH MPHU B3PBIBHBIX paboTax'", MOCIe 4ero MOTYT HCIOJb30BaThCS
TOJILKO B IIaxTax (pyAHHUKax), HE OMACHBIX MO Ta3y WU pa3padaThIBAIOIIMX
1acThl (pyAHbIE Tela), He OMAacHbIE MO B3pbIBAM IbLIM, a TAKXKE NMpHU padoTax
Ha 36MHOM ITOBEPXHOCTH.

CrnexaBumecss mopomkooOpasaele BB, coaepikamme TeKcoreH wiM
KUJAKAE HUTPOIPHUPBI, MOHKHBI HCTIONB30BAThCA 0€3 pasMUHAHMS WU
U3MEJIbYEHUS TOJBKO NPHU B3PBIBHBIX pa00Tax Ha 3€MHOM MOBEPXHOCTH.

B yroyibHBIX M CIAQHIEBBIX IIAXTaX, OMACHBIX MO ra3y WIM MbUIM, MPH
3apsLKaHKUM 3aMpPeIaeTcs: pa3pe3arb 000JI0UKY NaTPOHOB.

3.2.5 OcHOBHbIE COCTABISIIOIIME NPOMbILILICeHHbIX BB

B 1867 roay B llIBenun M. Oncon u U. HopOuH mnonydwsim mareHT Ha
UCIIOJIb30BAHHE aMMMAYHOW CEIMTPhl B cocTaBax BB. AMMuadHasi ceaurTpa
(a3oTHOKMCIBIN aMmoHMH i HUTpat ammonus ), NH4NO; npeactasinsier codoit
OECIIBETHOE KPUCTAUIMUECKOE BEUIECTBO. BbINycKaeTcss B BHAE YELIYEK,
rpaHyi, KpuctauioB. JIerko pactBopsiercst B Bojae, [InotHocts 1,56-1,74 r/em’;
npu temneparype ot —18° 1o +32°C mioTHOCTh cocTaBisieT 1,725 r/em’.

B 3aBucumoctu oT Temmeparypbl ammuadHas cenurpa (AC) Moxer
CyLIECTBOBAaTh B pa3imyHbIX Mojupukamusax. Pazosbie mnepexoapl B AC
OCYIIECTBJIIIOTCA TIpu Temieparypax: —16°C; +32°C; +85°C; +125°C. Ilpu
temrieparype 169,1°C AC mnaButcs. [Ipu pa3nokeHUH OOUH rpaMM CEUTPBI
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BbIZIessieT 0,2 T KACJIOPOJA, OKUCISIOIIETO BOAOPO, YIIepol, altoMUHUN. 13-
3a aroro cpoiictBa AC HCIONB3YIOT B KAayeCTBE KOMIIOHEHTA B3PbIBUATHIX
cMmeceit. Haceimuas miotaHocts AC 0,8-0,9 r/em® . TonmmHa CJI051, IO KOTOPOMY
YCTOMYMBO MOKET PAacHpOCTPAHAThCS AeToHalus, paBHa 30-50 MM, a cios u3
neum AC - 1520 mMm. Kputnueckuid nuamerp oTkpeitoro 3apsna AC mpu
mwiotHoctu 0,8 r/em® - 100 MM, a cyxas U ToHkom3menbueHHas AC umeer
kputndeckuii  auamerp 10 MM, ToBapHas (OOBIMHAS CEMUTpa) HMEET
kputnueckuid guamerp 200250 mm. PactBopenrne AC B BoJ€ MPOUCXOIHUT CO
3HAUUTEIbHBIM MOTJIOMIEHUEM TEIUIA U MOHWKEHUEM TEMIEPATyphl 3aMep3aHus
pactBopa. llpu pactBopeHun 6 uacteii B 10 yacTaX BOAbl TeMmIieparypa
cHmxkaercs Ha 17°, a pactBop, coaepxkamuid S0r AC Ha 100 T Bojpl, 3amep3aer
npu —18°C. B cB43u ¢ 31iM B MecTax xpaHeHUs: AC 1 aMMHUaYHO-CEIUTPEHHBIX
BB cnegyer cucremMarmuecku BECTH HAOMIOAEHMS 3a TEMIIEpaTypod U
BJIQKHOCTBIO BO3yXA.

M3BecTHBIC TPYAHOCTH BO3ZHUKAIOT MPH padoTe co ciexaniieics AC. s
yMEHbIleHUs ciiexknuBaeMOoCcTH AC BBINTYCKalOT B BHIAE TPaHyJd WIA KPYIHBIX
yenryek.  BopoycrtoiiumBas — ammuadHas — cenurpa KB,  comepikamas
ruapoGoOHyIO0 cMech apaduHa B KENe3HBIX COJICH KUPHBIX KUCJIOT, 00J1a1aeT
3aMETHO MeHbIIeH clieknuBaeMocThio. CrkopocTs aeToHanuu AC B 3aBUCUMOCTH
ot ycioBuir 1,5-3,4 xm/c. Wnumumposanue 3apsagoB AC 0OCYLIECTBISIOT
OPOMEXYTOYHBIM JIETOHATOPOM (HallpUMep, 3apsiaoM AaMMOHMTA, Maccoi
5+20% wmaccel 3apsana AC). TemmoTa B3peiBa 335+375 kkan/kr. B 3aBucumocTn
OT MaTtepuaja 000JIOYKH CYIIECTBEHHO M3MEHsIeTCs Kputndeckuil nuamerp AC:
B OymaxkHO# o0osiouke - 10+12 cm, a B ctanbHOM - 5 cM. ['panynupoBaHHast Win
yenryrnyartass AC B Melke He AeTOHUPYET OT B3pbiBa 500 I TPOTHIIOBOM LIAIIKH.
[Io ycnoBusiM XpaHEeHUsT M TpPaHCHIOPTUPOBAHUS AMMMAYHAS CEIUTpa HE
oTHOcUTCs K BB.

HatpueBasi, kajueBasi M KajablMeBasi CEJIUTPbl HMEIOT BBICOKYIO
mIoTHOCTH (Goltee 2 r/cM’) U B ABA paza OoJibliie cojepskar kucyioposa, uem AC.
Ho 3tu cenmuTpsl UMEIOT OTpaHWYEHHOE MPUMEHEHHE, UX JOOABKU MOBBIIIAIOT
wioTHOCTh BB, cHIKaloT TeMrepaTypy ero 3aMep3aHusi, XOpollo YIAep>KUBaOT
Boay B coctaBe BB. Cmecu mepeducieHHbIX CEUTP C TOPIOYUMU J00aBKaMu
00Jiee YyBCTBUTENbHBI K MEXaHUUECKUM BO3ECHCTBHUSIM U BOCILIAMEHEHHUIO.

J{uHamMoHBbI - 3T0 cMecu AC ¢ TOprOYMMH HEB3PBIBUATHIMU BELIECTBAMM:
ToHKOHcTiepcHOM cmecu AC ¢ rOprOYUMHU BEILIECTBAMU THUIIA JIPEBECHON MYKH,
U3MeNIbYEeHHOTO Topda M APYruxX IE/UTIOJIO3HBIX MAaTepHajoB, a TakKke
QIIOMUHUEBOW NyIpbel W roprodux xuakocter. K atoi rpymnme oTHOCATCSA
UTTaHAT W rpaHyiaur.  llepBblid  NOIy4yaroT  IyTEM  CMEIIMBAHUSA
rpanynupoBaHHoil AC ¢ nquenbHbIM TotumBoM (/IT). Ha3zano sto BB Obuio
aBTopam (1958 r.) B uecTh uHCTUTYTA TOpHOrO Aena uM. A.A. CKOUMHCKOTO -
UI'/]. Bropoe BB - rpanynut - npeacTaBisieT co00i CMeCh ITPaHyJIMPOBAHHOM
AC ¢ MHUHEpaJIbHBIMHM MacllaMH, MHOT/a cojep Kallue 100aBKy aTlOMHUHHUEBOMN
nynpsl. M3BectHsl rpanynutel AC-4, AC-8, rpanyimt-M u 1ip.
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Tporua (TpuHUTPOTONMYOJd, TOJ) - 3T0 BB Kiacca xumudeckux
coenuHeHul (oqHokoMnoHeHTHOEe BB). Briepsbie nmonyuden B 1863r., a B 1891 r.
€ro CTAJIM BBIITYCKaTh KaK MPOMBIIUIEHHBIN MPOAYKT BO MHOTHX CTpaHax MHpa.
KpucTamibl 4HCTOro TpoTHIa UMEIOT LBET OT CBETIIO- I0 TEMHO-XKEJITOTO.

IeeT NnorHocTe, T/cM’ Tonasnens, °C CkopocCTe HAeToHauuM,
M/c
XKesnTet 1,66 (npu 20°C) 81 6900
KB, % TemMnepaTypa BSpHBa, t °C M, r/mone PacrBopuMocTe B H,0, %
-74 2950 227 0,02 (mpm 15°C)

Tpotun CeH,(NO,);CH; siBisiercss omHUM M3 caMbIX pacipocTpaHeHHbIX BB u
OpeicTaBIsieT co0OM  KpucTalummueckoe BemecTBO. OH  BbLACPKHUBAET
HarpeBaHUE€ B TEUEHUE HECKOJBbKUX 4acoB mpu Temmeparype mo 240°C. C
XUMHUYECKON TOYKH 3PEHHS] TPOTHI MPEACTaBIseT cOO0W TPUHUTPOTOIYON U
OTHOCHUTCS K KJIACCY HUTPOCOEIMHEHUN apOMaTHUECKOr0 psia:

_Hx

O] e

e

BriepBbie umcthiii TpoTun Obul mosydeH B 1863 romy, a mpumeHsiercsa B
npaKTHKe B3pbIBHOTO Jena ¢ 1891 roma. Ha ero ocHoBe pa3paboTaH LeNblil psijg
cmeceBbix BB. Tak A.A. CosoHuMH u300pen aMMOTOJI - CMECh aMMHUA4yHOUN
CEJUTPbl C TPOTWIOM. YKe K Hadamy XX BeKka TPOTWI CTall OCHOBHBIM
OpmantHeIiM BB, He ycTynas cBOMX MO3UIIUNA U B HACTOSIIIEE BPEMSL.

brnaronapst HeBbICOKON pEaKIMOHHON CIOCOOHOCTH, OH BeChbMa CTOEK M JIETKO
CMEUIMBAETCSI WM CIUIABISIETCS € PAa3JIMUHBIMU BELIECTBAMHU (CEIUTPOA,
AIIOMMHHUEM, T€KCOTEHOM, KCWIWIOM U T.[.). TpOTWI Malo 4YyBCTBUTENEH K
MEXaHU4YEeCKUM BO3JeHcTBUsIM. B3priBaercs npu nageHuu rpy3a 10 kr ¢ BBICOTHI
25 cM. YyBCTBUTENBHOCTh K JACTOHALIMM Maja, NMPUYEM YYBCTBUTEIbHOCTH
JUTOTO TPOTWJIA 3aMETHO HIMKE, YEM INPECCOBAHHOIO. JIMTOW TpOTWII HE
B3pbIBAacTCAd Jak€ OT IUTATHOTO KarCIOJIsA-JeTOHAaTopa, €My HeoOXoaum
IIPOMEXYTOYHBIN IETOHATOP.

TpoTrs1  MOJMy4yarOT ~ HUTPOBAHMEM  TOJYOJia,  NPOM3BOJAMMOIO U3
KaMEHHOYT'0JIbHOM CMOJIbI Ha KOKCOBBIX 3aBOJ[aX WJIM U3 HE(PTH, MOABEPTILIEHCS
nupoamsy. HuTpoBaHue  nOpou3BOAWUTCS  KOHIEHTPUPOBAHHOW  a30THOM
KHUCJIOTOM:

C5H2(N02)3C H3+3HN03: C6H2(N02)3C H3+3H20.
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Hapsany ¢ onHOCTanMMHOM TEXHOJIOTUEN PUMEHSIOTCS IABYX- U TPEXCTAAUMHBIE
cnocoObl HUTpoBaHus. [locie HUTpOBaHUS HEOOX0JUMAa TIIATEIbHAS TPOMbBIBKA
ropsieid BOAOM OT KHCJIOTBI M OYHMCTKA OT HECUMMETPUYHBIX H30MEPOB,
JUHUTPOTONIyoJla U Jpyrux npuMeced. OYUCTKY TPOMBBOAAT PacCTBOPOM
cylb(uTa HaTpUs WM MEPEKPUCTALIM3AUUEH U3 YHCTOTO ATUIOBOTO CHHPTA.
[locme OYMCTKM TPOTHI CyHIaT W YEHIyHMPYIOT. ['OTOBBIM TPOTHII JOJDKEH
IPENCTaBISITH COO0M OAHOPOIHYIO MAaccCy, COCTOSIIYIO U3 YellyeK (KpUCTaioB
poMOnUecKoil (OpMBI) CBETIIO-KENTOTO WM KENTOTO I[BETA C TEMIIEPATypOM
3aTBEp/ICBAHUS HE MEHEE 80,2°C, ¢ COJIEpKAHUEM BJIard U JIETY4UX HE OoJiee
0,07 %, c xucinotHocthto He Oosee 0,01%. Conepkanue npumeceil, He
PacTBOPUMBIX B O€H30JI€ WM TOJyoJie, TOJHKHO ObITh MeHee 0,1%. HacwimHas
IUIOTHOCTH TopomKooOpasroro Tpotwra 0,9 r/cm®. Ilpu mpeccoBaHWM MOX
naBienneM oxono 4000 kr/cM® mioTHOCTH mocturaer 1,6 r/em®. JIuToit TpoTH
MMeeT IIoTHOCTEL 1,54 - 1,59 1/ e’
Temneparypa Bcmbllikd TpoTwia okojio 310°C. Bcemblilika B3pbhIBOM HE
comnpoBokaaercs. ['openue TpoTuwia B 3aMKHYTOM MPOCTPAHCTBE WM OOJIBIINX
MacCc MOXET TMpPUBECTH K B3pbIBY. BoCHpuMMYMBOCTH TpOTWIA K
WHUILMAPOBAHUIO MOKHO 10 MEPE €€ YMEHbIICHUS NPEACTABUTh TAKUM PSAIOM:
MOPOIIKOOOPa3HBIM, MPECCOBAHHBIN, YENTYyHYaThIM, TPaHYIMPOBAHHBIN, JTUTOM.
[IpeccoBanHbId TPOTWJ HUHUIMHUPYIOT KarciojgeMm-neronaropom (KI) wm
HECKOJbKUMH BUTKaMu JeToHupyromero maypa (AL0). [ng B3peiBa JIUTOTO
TpOTHJIa TPEeOYeTCs] MPOMEKYTOUHBIM MOIIHBIA JIETOHATOP W3 MPECCOBAHHBIX
HIaniek TPOTWIa WM TMaTpOHOB aMMOHMTA. TeruioTa B3pblBa TPOTHIIA TPHU
miotHocTsx 0,85 r/em® u 1,5 r/em® cocrasisier cootBetcTBerHO 3393,9 KJ[K/KT
u 4231,9 x/lx/kr. CKOpOCTh JETOHAIMH CYXOTO TPaHYJIUPOBAHHOTO TPOTHIIA B
OTKPBITBIX 3apsgax amamerpom 60 wMm  coctaBmger 2,7+3,3 kM/c, B
BOJIOHAMIOJJTHEHHOM COCTOSIHUU - 6 kM/c. KpuTmdeckuii numaMmerp AeTOHAIUU
CYXOT0 TPaHYJIMPOBAHHOTO TPOTWIA B OTKPBITBIX 3apsjax oOkojo 60 M,
BOJOHAMOJHEHHOT0  25+30 MM KHCJIOPOJIHBIH  OayaHc (-74%).
PaboTociocoOHOCTh BOMOHANOIHEHHOTO TPaHYIMPOBAHHOTO TPOTHIIA IO TIPoOe
Tpayws naer 310-315 M, CYXOTO MOPOIIKOOOpa3HOTO - 285 cm’,
bpuzaHTHOCT, ~ BOJOHANIOJIHEHHOTO  TPaHYJIMPOBAHHOTO  TPOTUIIA
COCTaBIIIET 23 MM, CyXOro I'paHyJIMPOBAHHOTO - 9 MM, @ TOHKOM3MEJIBYEHHOIO -
16 mM. B HacTosiiee Bpemsi U3-3a TOKCUMHOCTH MPAKTUYECKH BCE CTpaHbl MUPa
HE
IPOM3BOJISAT TPOTHII M HE UCTIOJIb3YIOT €T0 B MPOMBIIUIEHHOCTH.
TpoTusl MpakTUYECKH HEPACTBOPUM B BOJIE, MMEET BBICOKYI) XHMHYECKYIO
CTOMKOCTh. BcerbImka ero 0ObIMHO HE COTIPOBOXKIACTCS B3phIBOM. TemIieparypa
BCcrbllkU TpoTuia coctaBisier 310°C. Ilepexon ropeHuss B J€TOHAIUIO
Ha0JII01aeTCs TOJIBLKO MPU BOCIUIAMEHEHUH TPOTUJIA B 3aMKHYTOM MPOCTPAHCTBE
WA B OY€Hb OOJIBIIMX KOJIMYECTBAX.
[IppuMeHAIOT TPOTHI B TOPOIIKOOOPa3HOM, MPECCOBAHHOM, YEIIyHYaToOM,
IrpaHyJIMpOBAaHHOM BHJE, @ MHOTJA B BHAEC KYCKOB W JMTHIX 3apsnoB. [lpwu
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MOMAJaHUKU B TPOTUJI TIECKA WM IPYTUX TBEPJBIX NPUMECEH PE3KO BO3PACTAET
€ro 4yBCTBUTEJIBHOCTh K yAapy U TPEHHIO, YTO HEOOXOJUMO YUYUTHIBATH MPU
3aKIaIKe B CKBaKWHBI. HambOosiee YyBCTBUTEIBLHBIM K WHHIIMAPOBAHUIO
SIBJISIETCS TTOPOIITIKOOOPa3HBIA TPOTHJI, HAMMEHEE — JIUTOM.

[TopomkooOpa3HbIli W MPECCOBAaHHBIM TPOTHJI B3PHIBAIOTCS OT KaIlCHOJIS-
JIETOHATOpa WM OT HECKOJbKUX BUTKOB JIIII. /[nst B3pBIBAa rpaHyIMpOBAHHOTO
WM JIMTOTO TPOTHIIA TpeOyeTcst 00Jiee MOIITHBIA MPOMEKYTOUHBIN JETOHATOD M3
TPOTUJIOBBIX IIAIIEK UJTM NTaTPOHOB aMMOHUTA.

OudeHb 4acToO HA MPAKTUKE NPUMEHSIOT HOHITUE SHEPTETUIECKOTO SKBHUBAJICHTA
— TPOTWJIOBOIO IKBHBaJIeHTA. J[Jisi TOTO BHIOMPAIOT B KAYECTBE STAIOHHOTO
BB TpoTua ¥ OMNBITHBIM IyTEM JJII HEr0 HaxXOJAT TOYHOE 3HAYEHUE
cootserctBytompx (yrkimit P=f[(G)"*R™] u I1=[(G)"°R™], rue: P — nasnenue
npu B3phiBe, | — nmonHbIN uMmynbe, G — Bec 3apsina, R - paccTtosiHue OT 1eHTpa
3apsga o wecta wusmepeHud. llocne dero ompepenstor Bec  3apsnaa
ucciaenyemoro BB, koTophlii Ha JIF0OOM pacCTOSTHUU 1a€T OJJUHAKOBOE 3HAYEHHUE
napaMeTpoB BOJIHBI C 3apsi/IOM TPOTWJIAa M3BECTHOTO Beca. DTa BEIUYMHA U
HAa3bIBACTCS TPOTWIOBBIM JKBUBAICHTOM BB. TpoTWioBbIA 3KBUBaJIEHT M
COOTBETCTBYET OTHONICHHIO ITOKa3areied pabotocrmocoOHOCTH maHHOro BB
(Qun)sg MO OTHOIICHWIO K TaKUM JKe TokasareiaaM Tpotwia (Qun)rp:
m=[(Q\n)ss/(Qun)re]-

B GonbpmmHCTBE CiydacB NPU OIICHKE TPOTHUIIOBOTO IKBHBAICHTA IOJIB3YIOTCS
OTHOIIIGHUEM TOJIbKO TerioT B3pbiBa M=[(Q,)ss/(Qv)rp], YTO 1IETECOOOPaA3HO
17151 BB ¢ O5u3kuM cocTaBoM NPOIYKTOB B3phIBA.

PaznokeHne TpoTwia TIpU  B3phIBYATOM TMPEBpALLIEHUHM MPOUCXOJUT B
COOTBETCTBHUU C YPABHEHHUEM PEAKIIUU:
CeH,(NO,);CH3=2,5H,0+3,5CO+3,5C+1,5N, ¢  TemioBeIM  3ddeKkToM
932xJ>x/Monb mmn 4235 xJ[K/KT, mpu 3TOM 00bEM ra3000pa3HbIX NPOIYKTOB
coctapysier nopsiaka 0,750 M® Ha | Kr TpoTuna. TpoTwnm wmmeer OOJBIION
OTpUIATENILHBINA KUCJIOPOIHBIN OalaHC, U3-3a YETO MPU €r0 B3PHIBE BHIIEISIETCS
3HAYUTEITHLHOE KOJIMYECTBO TBEPBIX MPOTYKTOB - CAXKHU.

AJIIOMOTOJI - 3TO CMECh TPOTHJA C ATIOMUHHEBBIM MOpoIkoMm (Nel)).
['panynupoBaHHBI AIOMOTOJI TOTOBSIT IMyTeM CMEIIMBAHMS PaCILIaBIEHHOTO
TPOTHJIA C AIIOMUHUEBBIM TIOPOIIKOM M MOCJEAYIONIEH TpaHyJsLUd
noJiydeHHOU cMecH B Boje. [IpoaykT npenctasisier coboit cepedprcToro mpera
rpanyisl auaMmeTpoM 3-5 mMm. TermoTta B3pbiBa BOJOHANOJHEHHOTO aIOMOTOJIA
coctaBisieT 5195,6 x/[x/kr; padoTocnocoOHocTh 420-430 CM3; OpU3aHTHOCTbH -
24,5 mm. CKOpOCTh AETOHALMU B OTKPBITHIX 3apsaax auamerpoM 60 mm 5,5+6,0
KM/C.

Terpuna (tpunutpodenmmmermHuTpamu) CeHo(NO,),NCH; —
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IeeT [InoTHOCTSH, r/cM’ T sareepresams 1 CxkopoCTe AeToHauuM,
oc M/c
KesrTein 1,78 (mpu 20°C) 127,7 7470
KE, % TemnepaTypa BS2pHBa, t °C M, r/mMons Ipeccyemocrs, r/cMm’
-47,4 3900 287 no 1,68

NPENCTaBISIET CO0OM TMOPOIIKOOOPa3HYID MacCy MENKOKPHCTALTHYECKOTO
BEILIECTBA CBETJIO-KEITOTO LIBETA C TEMIIEpaTypoil masieHus okoo 130°C.

B cooTBercTBMM € XMMMYECKOW HOMEHKJIATYPOU  TETPWI  SIBJISICTCA
TPUHUTPOPEHWIMETUITHUTPOAMUHOM M OTHOCUTCSI K KJIACCY HUTPOCOCIMHEHUIM
apOMAaTUYECKOTO psiaa:

CHz—MN—ICo

DQN NOE

MO

Bce HutpocoenvHeHuss HEpPaCTBOPUMBI WM MaJlOpacTBOPUMBI B BOJE,
NPAKTUYECKH HE TUTPOCKONMUYHBI M BOJOYCTOMYMBBHI. C yBEIMYEHHUEM YMCIa
HUTPOIPYNI B3pPbIBYATBIE CBOWCTBA HUTPOCOCAWHEHUN YCWIMBAIOTCH, a
TOKCUYHOCTb, HA0O0OpOT, CHWXKaeTcs. Temreparypa BCHBIINIKKM TETpUIIa
HaxoauTcs B wuHTepBaie Ttemneparyp 190-194°C. Ilpu ropeHun paxe B
CPaBHHUTEILHO HEOOJBIIMX KOJIMYECTBAX OH CIOCOOEH B3PHIBATHCA. TeTpui
OTHOCUTCS K Kareropun BB BechbMa 4YyBCTBUTENBHBIX K TEIUIOBOMY H
MexaHnyeckoMmy BoszaenctBuro. [Ipmmecs naxe 0,05% mnecka pe3ko MOBBIMIAET
YYBCTBUTEJILHOCTh TETpWIA K yaapy U TpeHuro. CoeauHEHUs, Y KOTOPBIX
HUTPOrpyMIa CBA3aHA C YTJIEPOAHBIM aTOMOM Ye€pe3 a30T, XapaKTEpHU3YIOTCS
MEHBIIIEH XHUMHYECKON YCTOMYMBOCTHIO. bosiee Toro, oHM 0071a/1atl0T BBICOKOM
YYBCTBUTEJILHOCTHIO U TOBBIIICHHONW OMACHOCTHIO B OOpAIlICHUH: TETPUI,
UMEIOLIMNA TeMIIepaTypy IJIaBiaeHus: 0Kojo 128°C, npu AIUTENbHON BBIAEPIKKE
npu temmeparype 140°C cmocoOeH K caMOBOCIIAMCHEHHIO. TeTpui Takke
o0iamaer OOJBINONW BOCIPUUMYHUBOCTHIO K JETOHAIMM M OYEHH XOPOIIO
nepenaer ee ApyruMm BB. UyBCTBUTEILHOCTh K MEXaHUYECKOMY BO3JIEUCTBUIO U
JI€TOHAIIMY BHIIIE, YeM Y TUKPUHOBOM KUCIIOTHI, OPU3AHTHOCTH Takke Bhie (19
Hcnons3ytoT 111 M3roTOBJIEHUS IHAIIEK - MPOMEXYTOYHBIX JI€TOHATOpOB. B
BUJly OOJIBIIOW MOIIHOCTH TETPUJI OCOOEHHO MPUTOJIEH sl M3TOTOBJICHUS
Karictosieii-neronatopoB u jperoHaropoB (D1, KJI). Ha OoTKpbITBIX B3pBIBHBIX
paboTax TETpWJI MPHUMEHSIOT B BHJIC IIAIIEK KaK MPOMEXKYTOUYHBIA JIETOHATOP
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JUTsL THUIIMMPOBaHUST MarioBocipuMuuBbiX BB. [l cHapsikenus 6oenpunacos
IIPAKTUYECKU HE NIPUMEHSETCH.
[onmy4aroT TeTpus HUTPOBAHUEM CYJib(aTa TUMETUIIAH UIIHHA ;

— — +
H

ISHE——PL—4:H§

«H30,

Cynbdar auMETWIAHWIMHA TOJy4yaloT PAacTBOPEHHEM JHUMETWIAHWIMHA B
n30bITKE cepHOUM KucloThl. CMech oOpalarhiBaeTcss a30THOW Kuciotou. U3
OPOMBITOIO OT OCTATKOB KHCJIOTBI OCaJKa TMOJYy4aroT TOTOBBIA TETPUI
KPpUCTAUTM3ALKMEN B TIPOLIECCE CYIIIKHU.

Pa3noxxenue TeTpwia TpuU  B3pHIBYATOM TMPEBPALICHUHM MPOUCXOAUT B
COOTBETCTBUHU C yYpaBHEHUEM peaKuuu:
CsH,(NO,)4sNCH;=2,5H,0+5,5CO+1,5C+2,5N, ¢ TemmoBbiM sddektom 1246
k/x/monme mmu 4610 xJDx/Kr, mpu 3TOM 00BEM ra3zo000pa3HBIX MPOTYKTOB
coctapmsier mopsaka 0,740 M° ma | kr Terpmma. TeTpHI HMeET YETKO
BBIP@KECHHBIN OTPHIATEILHBIA KUCIOPOJHBIM OajaHc, YTO HE0OXOJIMMO
YUUTBHIBATh Ha MPAKTHUKE.

Fekcoren  (UMKIOTPUMETHICHTPHHUTPOAMUH,  IMKIOHHUT, RDX)
(CH,)3N3(NO,); NpEICTaBIISIET co0oit Oenoe MIOPOIIKOOOpa3HOE
KPUCTANIMYECKOE BEIIECTBO O€3 BKyca M 3araxa ¢ TEeMIEepaTypod BCIIBIIIKH
230°C. C XuMHYECKOW TOYKM 3pEHUS TEKCOT€H TMPEACTABISIET COOOM
HUKIIOTPUMETHUICHTP UHUTPOAMUH:

IieeT InorHocTs, r/cM’ T asnemys, °C CkopoCcTs meToHauum, M/cC
Beset 1,816 (mpmu 20°C) 205 8100
KE, % TemMnepaTypa BSpHBa, t °C M, r/monm llpeccyemocTs, r/cm?®
-21,6 3800 222 no 1,73
ZHz
Oal -b/\N-NOg
HaC ZHz

N0,
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B Bozxe OH mpaxkTUyecKu HEPACTBOPUM. ['€KCOTEH 4YpEe3BbUANHO TOKCUYEH U
00J1a1aeT XMMUYECKOU CTOMKOCTBIO: IPU3HAKY PA3JI0KEHUS 3aMETHBI JIMIIb TPU
temneparype okoJsio 200°C. Obnagaer paboTocnocoOHoCThIO TI0 Tpayiymo 475
em’, dyracaocts coctaBimsier 470 M. Ilpm BocmmameHeHWM Cropaer ¢
XapaKTepHbIM SpKUM IlameHeM. Temneparypa Bemblmku - 290°C.
YyBcTBUTENBHOCTh K yaapy - 30 cm. TermoTa B3pblBa B MPECCOBAHHOM BHJIE
5447 x/lx/xr. Ilpm wucnblTaHuaxX TO cTaHAapTHOM mpobe I['ecca HaBecka
TeKCOreHa pa3pyIlacT CBUHIIOBBIN CTOJIOMK. BriepBbie TEKCOreH ObLI MOJTyd eHbI
B koH1le XIX Beka, Ho kak BB Haten npumenenue toiabko ¢ 1920 r.

[Ipumensiercss kak BTopuuHOE€ MHUIMHUpylolmee BB B geronaropax; B
CMECH C TPOTHJIOM WM B CIUIAaBE C TPOTWJIOM B BUJe mamek T1'; B kauecTBe
CEHCHOMIIM3aTopa B HEKOTOPHIX COPTaX MOIIHBIX aMMOHHUTOB (HampuMmep, B
aMMOHHUTE CKaTbHOM Nel).

I'ekcoren (uermMaru3upyroT BOCKOOOpPA3HBIMU BEIIECTBAMH B COCTaBAX
A-IX-I, A-1X-2 nnmm crienuanbHBIM JakoM B coctaBe ['®I'-2; ¢ TpoTrioM wiu
amoMuHueM — mamkyd TI'A; B BUIe MIaCTUUHBIX U 3JacTHUHBEIX BB Ha ocHOBe
rekcoreHa. Mcnosib3yloT B HEKOTOPBIX THUIAX TBEPABIX PAKETHBIX TOIUIMB B
Ka4y€eCTBE aKTUBHOTO T'OPIOUYETO.

I'excored Mo MOUIHOCTH 3HAYUTETHHO MPEB3OILIEN PaHEE TPUMEHSBIIUECS
Opu3aHTHBIE B3pBIBUATHIC BEHIECTBA: | KI' T€KCOreHa, 3aHUMAIONIUN 00beM
0,61, BegesieT mpH B3psiBe 5,40 MJDx 3a 10 ¢, 9to cootBercTByer 500
I'Br - T.e. B gecsatku pa3 OoJibllle, 4Y€M MOIIHOCTb KpyIHEHen
AJIEKTPOCTAHIIMU; a dHEPTuH, nogydeHHoi npu B3psiBe 200 r sToro BB npu
YCJIOBUM TOJHOTO MCTOJB30BaHUS, JOCTATOYHO I TOTO, YTOOBI MOJHATH
Maccy B 120 ToHH Ha BeicOTy B 1 meTp. Bo BpeMs BTOpoii MUPOBOU BOWHBI OH
[IMPOKO UCIOJIB30BAJICS JJI1 M3TOTOBJICHUS IETOHATOPOB U PA3pPhIBHBIX 3aps/I0B
OpOHEOOMHBIX U KYMYJIITHBHBIX OOEIPHUITacOB.

[Monyuatot rekcoren HutpoBanueM yporponuna (CH,)sN; (Temneparypa
riaByieHus 165°C, xopowo pacTBOpUM B BOJE, TeMIieparypa Bensluku 190°C,

¢yracHocts 190 mi.):
T
20 C{Q
mC Yy CH
oty
y

C uenbio yBeIMYEHUs BBIX0J1a FEKCOT€HA BO3MOKHO UCTIOJIB30BAHNE JUHUTPATA
YPOTPONIMHA BMECTO YKCTOTO YPOTPONMHA, HO NPHU ITOM BAKHOE 3HAYECHUE
UMEIOT KOHUEHTpPAluUs a30THOM KHCJIOTHI M HAJIMYUE OKCHIOB a30Ta, KOTOPHIE
CIOCOOHBI BBI3BIBATH OKHWCJIEHHWE WM "BbiropaHue" ypoTponuHa. ['ekcorew,

CHz
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MOJYYEHHBI1 HUTPOBAHMEM JIMHUTpaTa YpPOTPONHHA, TIOYTH TOJHOCTHIO
pacTBopsieTcss B a30THOM kucyote. (11 ero BbIACIECHUS AAHHBIM PacTBOP
paz0aBISIOT 0 KOHIIEHTpAMKu KUCJIOTHI <60%, MpU KOTOPOW pacTBOPUMOCTD
reKcoreHa HezHauutenbHa. [Ipu 3ToM HE0OXOIMMO TIPEAOTBPAIAThH MOBBIIIICHUE
TEeMIIEpaTyphl.

UyBCTBUTENBHOCTD K yAapy MeHblle, ueM y TOHa, Ho Oosibliie, yem y TpoTuia.
Hapsny ¢ TOHowm rekcoreH sBiseTcs CHILHEUITMM W HanboJjee OpHU3aHTHBIM
BB. Jl;is ymMeHbIIeHHsSI 9yBCTBUTEIBHOCTH TEKCOTE€H OOBIMHO (hIIerMaTU3UPYIOT
napauHOM WM BOCKOM. B 4HWCTOM BHUJE OH TMPUTOICH TOJbKO JJIst
U3TOTOBJICHUS KaICloJIei-1eTOHaTOPOB (B KayecTBe BTOPUYHOTO
uHunmupytomniero BB) u neronupyromux mHypoB. B cMmecsx ¢ TpoTuioM
TEKCOT€H MCTIOJIL3YETCS JIJIsl CHApSKEHUs O0ETPUIIACcCOB, a TAKKE MPUMEHSETCS B
Ka4eCTBE KOMIIOHEHTa HEKOTOPBIX COPTOB AMMOHHUTOB C LIETbIO YBETMUEHUS UX
MOIIHOCTH M JJIi W3TOTOBJICHUSI 3apsiIoB W TOPIEN, MCIOJB3YEMBIX MpHU
npocTpenke HeTAHBIX CKBaXWH. B KkauecTBe mpumepa HCMOIH30BAHMUS
TeKCOoreHa B IJIACTUKOBBIX B3PhIBYATKAX MOYKHO yKa3aTh IUIACTH(HUITUPOBAHHBIH
rexkcored C-1 (Ha3BaHue MO BOGHHOM Kiaccudukaiuu) - cMmech 88% rekcoreHa,
11% Bazenmuna u 1% 0enKoBOTO (Ka3eMHOBOTO) KJiesl B TNIACTUKOBON YKYTIOPKE.
Jlnst BB ¢ otpumiatensHpIM KHCJIOPOAHBIM OaTaHCOM, KOUM SIBJIETCS TEKCOTEH,
npeobyagaronied  peakuuell cyurtaroT okuciieHue yriepoaa po  CO:
2C+0,=2CO. Ecnu npu 3TOM HE BECh KHUCJIOPOJ PACXOAYETCsl, TO €ro OCTaToK
MPaKTUYECKU paBHBIMH oMM ujeT Ha okuciaeane CO go CO, u H, no H,0,
9TO  OOYCJOBJIEHO  OJM3KMMU  TEIUIOBBIMU  ddexTaMu  peakuui
CO+0,50,=C0O,+242 xJIx/moms u Hy,+0,50,=H,0+282 x/[>/momb. Ilo atoii
CXEM€ TIEKCOTE€H MpH B3pbIBE OOpa3yeT CJEAYIOIMEe NPOAYKThl pacrnaja:
C3HgN3(NO,);=3H,0+3CO+3N, ¢ TemnoseiM 3dexkrom 1128 kJ[K/MOIb K
5400 xJIx/kr. O0bEM 00pa3yrONMXCs Ta30B MPHU B3PBIBE COCTABIISIET TOPSIKA
0,890 M°/kr.

Oxkroren (uuknoterpamerwieHreTpanutpamu, HMX) C4HgNgOg -
KPHCTAUIMYECKH OelIbIii TOPOIIOK; MIOTHOCT MOHOKPHCTAIOB 1,9 r/cm’;
TeMIleparypa IulaBjieHHus C pazioxeHueM 277°C. Temmneparypa BCIBIIIKHA
335°C. TokcuueH. CxopocTh aeroHanuu okosio 9 km/c. [lomyuen B 1941 r.
OO0JiaaeT OTHOCHUTEIILHO BBICOKOW TEpMOCTAOMIBHOCTHIO. BXOAUT B cOCTaB
TBEPABIX PAKETHBIX TOIUIMB. Ero ucmoss3yloT B 3apsinax i nepdopanuu
ryOOKuX He(PTAHBIX CKBaXUH ¢ Temneparypoir Bbime 180°C. Mmeer 4
Kpuctammmueckux moaupukannu. OnHa w3 HuX - B-moaudukanus - sBISETCS
cTabmiapbHOW  (GopMOH, o00damaeT HaWMEHbBIICH YYBCTBUTEIBHOCTBIO K
MEXaHUYECKHUM BO3JECHCTBUSM.

TIH (trerpanurponenta’putpur) CsHg(ONO,), nmomyden B 1894 rony.
Kpucrammaeckunii moporok 6emoro npera. IlmotHocTs MOHOKpHCTAIOB 1,728
r/cv’. Biarm He GowTCS. Cxopocth neronanuu 8,2+8,7 km/c. Temmeparypa
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Benblkn  255°C, Temmeparypa IUIaBlieHMsT C pasjiokeHueM - 141°C,
paboTocmocobnocTh 500 cm’. UyBCTBHTENBHOCTE K yAapy 30 cM. XUMHYCCKH
cToiikoe BemecTBO. TemmoTta B3pbhiBa 6201 x/[x/kr. BpW3aHTHOCTH BBICOKAS:
CBHUHIIOBBIN CTOJIOMK pazpymiaercs. HeOouspime KojinMuecTBa TIHA CTOPAIOT
CIIOKOMHO, TpHU TMOBBIIIEHHOM [IaBJICHUM TOPEHHE TMEPEXOJUT BO B3PbIB.
OO6nanaer BBICOKOM UYYBCTBHUTEIBHOCTHIO K TPEHHMIO U yAapy, MOITOMY €ro
BBIIYCKAIOT HE TOJILKO B YUCTOM BHUJIE, HO U (uierMaTU3UpOBaHHBIM MapapruHOM
U JpYrUMH MOJO0OHBIMH BellecTBaMU. KpuTuueckuid [uaMeTp JeTOHAIMKU TIHA
npu wiotHocTH 1 r/cM° paBeH 3 MM. MCIIONB3YeTcst B Ka4eCTBE BTOPUUHOTO
uHunuupyromero BB B Hekotopeix K/I. 3acTeiBIIas cycrneH3ust T9HA B TPOTHIIE
(MEHTOJIUT) MPUMEHSIETCS B IIAIIKAX B KAYECTBE MPOMEKYTOUHBIX JCTOHATOPOB.
Hcnonb3yercs st M3TOTOBIIEHUS IUIACTUTOB M 3iacTUTOB. [lpumensercs B
KAueCTBE MEIUIIMHCKOTO mpemnapara noj HazBanueM 'OPUHUT", kotopslii
ABJSIETCA aHAJIOTOM HuTporimuepuHa. Kpome sroro, TOH Hamen mmpokoe
OPUMEHEHHE B JETOHHUPYIOIIMX IIHYpaX, MOCKOJbKY HMEET KPHUTUYECKUHI
JUAMETP JACTOHALMM - 1 MM.

Hurtporaunepun (tpunutpar riauuepuna, HI', HI'IT) C3Hs(ONO,),

IieeT OnorHOCTE, T/cM> T oamepoamm, °C CxopocTs meToHauum, M/cC
BecupeTeH 1,600 (mpm 16°C) +13,2 7500
KE, % TeMnepaTypa B3pHBa, t °C M, r/Mone PacreopumocTe B HY0,
r/mm?
+3,5 4100 227 1,800 (mpm 20°C)

NpENCTaBIsieT COO0M MacSTHUCTYIO OECIBETHYIO J>KHMIKOCTh C XapaKTEPHBIM
CIaIKUM BKYCOM (TEXHHYECKUW HUTPOTJIMLIEPUH HMEET CJab0 KENTYIO
okpacky). IIpu temmeparype Oonee 50°C neryd. Xopolo pacTBOPUM B
OOJILIITMHCTBE OPTaHUIECKUX PACTBOPHUTEINICH, XOPOIIO PACTBOPSAET KOJUIOMIHBIN
XJIOTIOK, HA YeM OCHOBAHO TOJyYEHHE JKEIaTHHU3UPOBAHHOTO HUTPOTJIMIIEpUHA
JUIS1 TUTACTUYHBIX IMHAMHUTOB. 3aKiIr04YaeT B cebe OOJIBINON 3armac SHEPTUH: ero
pabortocrocobHocTs 590 cm®, GpmanTHOCTS MO eccy 24-26 mm. SIBisercs
CUJIbHOJICHCTBYIOIMM $IJI0OM, BBI3BIBAsI OCTPBIC TOJIOBHBIC 0OJIM TIPH BIBIXaHUH
€ro WM MPU COMPUKOCHOBEHUH ¢ KOXkei. OT MIaMeHH 3aropaeTcsi ¢ HEKOTOPhIM
TPYAOM; JISTKO BOCIUIAMEHSETCS MCKPOM OTHENpPOBOJHOIO IMHypa. B
HEOOJIbIIMX KOJIMUECTBAX (0 2 Kr) Cropaer crokoiHo. ['openue OonbImx
KOJIMUECTB MIEPEXOIUT BO B3PHIB.

C XUMHYECKOW TOYKH 3pEHUS HUTPOTJIMLEPUH TMPEACTABIACT COOOM
riunepurTpuauTpatr: CH,ONO,-CHONO,-CH,ONO..

Tpunutporiuiepun BrepBbie nodyuwn B 1846 1. B Uramum xumuk-
ucciuenonatesib A, CoOpepo. D10, O0€3yCIIOBHO, CIOCOOCTBOBAIO LEIOMY
KOMIUJIGKCY HCCleqoBaHUM 10 Tmoucky HOBbIX BB. Opnako g0 1854 r.
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HUTPOTJIMIEPUH U3-32 OOJIBIION OMACHOCTH NPU MOJYYEHUH M UCTIOJIb30BaHUU
Ha MpPaKTUKEe He ObLI BOCTpeOoBaH. BrepBble NpensiokeHne O MPaKTUIECKOM
NPUMEHEHUH HUTPOTJIMLEPHUHA I Pa3phIBHBIX 3apsIOB B apTUIUIEPUHCKHUX
cHapsimax BHec B 1854 rony, Bo Bpemsi Kpeimcko#t Boitnel, mpodeccop H.H.
3unud. Ho BcieactBue OOJBIION OMNACHOCTH NPU CHAPSDKEHUM W TIPU
UCIIOJIb30BaHUM  OOEMPHUIIACOB, HAYMHEHHBIX HUTPOTJMUEPUHOM, [ JaBHOE
ApTUJUIEPUIICKOE YIIPABIEHUE OTKA3aJOCh OT NMPHUMEHEHUS HUTPOIIMLEPHUHA.
[loaTOoMy BIiepBBIC YUCTHIH HUTPOTIUIIEPUH OBLT MPUMEHEH JJI1 U3TOTOBJICHUS
B3PBIBUATBIX CMECE B TOPHO-AOOBIBAIOIIECH MPOMBILIUIEHHOCTH TOJILKO B 1867
r. OgHako Ha 30J0ThIX NMpuKuckax B Boctounoit Cubupu npu Npou3BOACTBE
B3PBIBHBIX PaboT apTuiuiepuiickuii opurep 3.D. IlerpymeBckuii, padoTaBmii
10/1 pYKOBOJICTBOM 3HaMeHUTOTO pycckoro xumuka H.H. 3ununa, ncnoss3zoBan
pa3zpaboranHoe uM B 1853 r. BB Ha 0CHOBE HUTPOTJMILIEPHHA, AHATIOTUYHOE T10
COCTaBy JUHAMHUTAM - «MarHe3ualibHbld AUHAMUT» (75% HUTpPOTIIMIIEpPUHA U
25% yraekucioro Maruus). Ho moamMHHYyI0 peBOJIIOIMIO B MUPHOM M BOEHHOM
OPUMEHEHUH JMHAMHUTOB M TMOPOXOB HA OCHOBE HUTPOTIIMIEPHHA, a TaKkKe
CPEICTB MX HMHHUIMHUPOBAHUS MPOU3BESl 3HAMEHUTHIA IIBEACKUNW HHXEHEpP U
npeanpuanMareiab A. HoOenb, paspabdoTapmmii B 1888 r. HUTPOrIMIICpMTHOBBIM
OAJUTMCTUTHBIN MOPOX, MOJIYYaEeMbIi MyTEeM KETATUHU3ALUKN HUTPOLEIUTIOIO03bI
HUTporimuepuHoM. B Poccuu TexHOmOrnio O€3bIMHOTO MUPOKCHIMHOBOTO
nopoxa pazpadotan B 1891 r. J[.11. Mennenees.

Hutpormunepun [OJTYyYaroT 006paboTkoi [JIMLEpUHA CMECHIO
KOHIEHTPUPOBAHHBIX A30THOM M CEPHOU KHUCJIOT. XOPOLIO OTMBITBIM OT 3THUX
KHCJIOT OH JIOCTATOYHO XUMHUYECKH CTOEK IMPU KOMHATHOU TeMIIepaType, HO MpH
HAJIMYUU CJIEI0OB KUCJIOT CMOCOOEH MOCTENEHHO pa3iararbCs ¢ MOCIEAYIOMIUM
B3PBIBOM.

UyBCTBUTENBHOCTh K yAapy BECbMa BEJMKA: JIETOHUPYET NPU MAJAECHUH Ipy3a
Maccoit 2 kr ¢ BbIcOThI 4 cM. [IpumensieTrcss B cMecH ¢ HUTPOIEIUTIONI030M JIs
NOJIy4YE€HUSI HUTPOIJIMLEPUHOBOIO MOPOXa, & B CMECHU C HUTPOULEIUIIOJIO30U U
APYTMMH TOPIOYMMM  HANOJHUTEISIMUA JUII  TIPOU3BOACTBA  JITMHAMHUTOB.
B3peiBuarteie cmMecu Ha OCHOBE HHUTPOTJMIIEPUHA COAEPKAT OOBIYHO
HUTPOTJIMUEPUH B KEJIATUHU3UPOBAHHOM BHUJE, T.€. B BHJIE CMECH C
pacTBOPAOIIEH €ro HUTpoueinrono30i. [lodydueHHbli renp TpedyeT 100aBOK
MHEPTHBIX F'OPIOYMX KOMIIOHEHTOB (IPEBECHON MYKH, BaThbl, IeCKa U T.J.) WIH
HEOPTaHUYECKUX OKHUCIMUTENEeH (aMMUAYHOW WM KaiueBOW cenuTpbl). OnHaKo
CIelyeT OTMETUTh, YTO WU3-3a BBICOKOW YYBCTBUTEIBHOCTH M OMACHOCTH B
oOparieHuu, a TakXke JOpPOTOBU3HBI B3pbIBUATBIE CMECH Ha OCHOBE
HUTPOIJIMLEpPUHA (JUHAMUTBI) B TIOCJEIHEE BpEMsl YTPaTHIM CBOE ObLIOE
3HaUEHHE BO B3PHIBHOM JIEJIE.

Hanpagnenue nporekanusi peakuuy Jr0O0ro B3phIBUATOrO MpEBpAILCHUs
mumutupyercss npuHuunom Jle-Ilarense-bpayHa u 3akoHamMu XMUMHYECKOM
TEPMOAMHAMUKU. B3ppIB MOXHO paccMaTpuBaTh Kak TEPMOXMMHUYECKYIO
peaKkiyio, TMPOTEKAIIIyI0 B  aauabaTUYecKuX YCJIOBUAX, TIOTOMY B
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COOTBETCTBHUHM CO BTOPBIM 3aKOHOM TEPMOJMHAMUKH, Oa3upyrolmieMcs Ha
byHIaMeHTaTbHOM MPUHIKIE  MaKCUMU3AIUU SHTPOIIHH, ro0ast
M30JIMPOBAHHAs CUCTEMa OYyJIeT CTPEMUTHCS TEPEUTH B TaKO€ COCTOSHHE, MPHU
KOTOpOM Obl OOecreurBaJICi MaKCHUMyM 3HAu€HHWs DSHTPONUU CHUCTEMBI. B
OpeleabHOM ClIydae 3TO OO0YyCIIaBiIMBAeT OOpa3oBaHUE TEPMOJIUHAMUYECKHU
Han0oJiee YCTOMUYMBBIX COEUHEHUI (CTa0MIbHBIX (ha3), 4TO, B CBOIO OUYEPE/lb,
COTPOBOXKIAETCSI MaKCHMaJbHBIM TEIIOBBIM  3(ddexkrom mporecca. Tak
PazJIoKEHNE HUTPOTIUIIEPUHA OCYIIECTBISIETCS B COOTBETCTBUU C YPaBHEHUEM
peaKuu:

C3H5(ONO,);=2,5H,0+3C0,+1,5N,+0,250, ¢ TemoBeiM 3pdexkrom 1420
k/[x/Moms mimm 6200 x/[x/kr. PaBHOBecHe 3TOW XMMHUYECKOW PEaKIUHA TPH
B3PBIBE CMEIAECTCS B HANpaBJICHUH 00pa30BaHMs BBICIIMX OKCHIIOB YIJIepoa U
Bojiopona CO, u H,0O, monekymspubix azota N, u kucmopoma O,, T.e. B
HampaBJeHUW oO0pa3oBaHMsI TPOAYKTOB peakiuu. llpu B3pbiBe oOpazyercs
nopsiaka 0,715 M ra3000pa3HbIX NPOAYKTOB Ha | KT HUTpOrJIMIIepHUHAa.

OrpaHnyeHHO TPUMEHSETCS B KauyecTBE CEHCHOWIM3ATOPOB TpH
U3TOTOBJICHUM HEKOTOPBIX MpeaoXpaHuTeNbHbiXx BB: moOenuToB, yriieHUTOB,
cepHoro m HedTIHOTO aMMOHHUTOB. ExmHcTBeHHOE mTatHoe BBB kuakoe u
€IMHCTBEHHOE C TIOJIOKHUTEIbHBIM KHUCIOPOIHBIM OaTaHCOM.

Hutporaunkoar C,Hs(ONO,), - mpospauHas XHIKOCTb C YACIbHBIM
Becom 1,5 r/em’. 3arBepmeBaer mpu —20°C. B cMecH ¢ HUTPOTIHIEPHHOM
oOpasyeT pacTBOpBL, UMEIOIIME TemrepaTrypy 3arBepaeBanusi ot —17°C mo —
23°C. XuMU4ecKu CTOeK; TeraoTa B3pbiBa 7120 kJ[/Kr, CKOPOCTh JAETOHAIIUU
7,4 km/c; pabotocriocoGrocTs 600 cM’. [Tpu paboTe ¢ HUTPOrIMKOIEM HyKHA
0c00asi OCTOPOKHOCTb — HEAOIMYCTUM KOHTAKT OTKPBITHIX IMOBEPXHOCTEW Tena.
OO0nacTu NpUMEHEHUS TaKUE ke, KaK Uy HUTPOTJIUIIEpPUHA.

B 1a6:1.5 npuBeneHpl TEXHOJOTUIECKHUE XapaKTEPUCTUKUA HEKOTOPhIX BB.
Tadmuna 5
TexHoI0OrMYeCKUe XapaKTepUCTHKN HeKOTOpPbIX BB

TeMnepaTypa OGzem TemnnoTa
BB YnpomeHnHasi peakumsi BSpiBa KB, BBpHBa, t rasos BBpHEBA,
% °c npn xkIx/ KD
BBpHEBEE,
n/xo
NH4NO3 NH4NO3=2H20+N2+O, 502 +20,0 1950 980 1400
T'ekcoTeH C3HgN3 (NO,) 3=3H,0+3CO+3N>, -21,6 3800 890 5400
- = + +C+
IMTJIJIMKOJIb C4HgO (ONO,) ,=4H,0+3CO+C+N, -40, 8 a B 1000
OVHUTPAT
IyHuTpOoHabTaNMH C1oHg (NOy) ,=3H,0+CO+N, +9C - 2500 750 2940
129,14
KosmonoHeM CgH703 (ONO,) 3=3, 5H,0+3, 5C0O+2, 5CO,+ 233,56 950 936 3630

XJIOTIOK +1, 5N,
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Kcunun CgH7 (NO,) 3=3, 5H,0+2, 5C0O+5, 5C+1, 5N, - — — 4300
HuTtporanuepuH C3Hs (ONO,) 3=2, 5H,0+3C0O5+1, 5N,+0, 250, +3,5 4100 715 6200
HUTpOTJIMKOJIb Co,H4 (ONOy) » = 2H,0 + 2CO, + Ny 0 4200 738 6620

TOH CsHg (ONO») 4=4H,0+3C0,+2C0O+2N, -10,2 4000 790 5700
[IMKPUHOBA A CeHz (NO2) s0H=1, SH,0+5, 5CO+0, 5C+1, 5N, |, - - 3300

KIMCJIOTa '

Terpun C7HsN (NO»y) 4=2, 5H,0+5, 5CO+1, 5C+2, 5N, -47,4 3900 740 4610

TpoTun C7Hs (NO,) 3=2, 5H,0+3, 5C0+3, 5C+1, 5N, -74,0 2950 750 4235

3.2.6 Jlono1HUTE/IbHbIE KOMIIOHEHTHI AMMHAYHO-ceJIUTPeHHbIX BB

B cocta ammuauHo-cenmuTpeHHbIXx BB BXoasT  HeB3pbIBUaThIe
opraHu4yeckue roprourie ;100aBku, Oorartbie roprounmu daemeHtamu (H,, C),
KOTOPBIE OKHUCIIIOTCA M30BITOUYHBIM KHCTIOponoM AC C BBIIEIEHHEM TeEIUla
(TpeBecHas MyKka, MyKa XJIOTIKOBOTO JKMbIXa). B kauecTBe 100aBOK MCTOJIb3YIOT
kapOamuy (MoueBuny) - CO(NH,),. Kapbamun ¢ ammuauHoi cemuTpoit (48/52)
o0pazyer cMmech ¢ TemIriepaTypoit iasnenus t,,,,,=48°C, a pu 15% kapbamua
cmecb miaBurcs npu 75°C. Kumkoil roprouedr goOaBkoit (5%) siBisiercs
COJISIPOBOE MAcCJi0 BCEX BBIMMYCKaEMbIX MapOK. VCTIONB3YIOT TPU M3TOTOBJICHUHU
rpanynutoB. [IIupoko mpumeHsieMol B KauecTBE TBEPJbIX TOPIOYMX J100aBOK
SABJISIETCS
ATIOMUHMEBAs  MyApa WM  aJIOMAHUEBBI  TIOPOIIOK,  TOBBIMIAOIINE
qyBCTBUTENLHOCTh BB, TemnoTy B3pbiBa 1 00bEMHYIO KOHIICHTPAIUIO SHEPTHH
BB.

AIOMUHMI 4acTO 3aMEHSIOT (eppocIuiaBaMu, COJEPKAILMMU KPEMHUH,
beppocumnmii (cogepsxut 20—-80% Si, 1-3% Al, 0,2-0,4% Cr, 0,2-0,6% Mn) u
cwmkokanbIwid (comepxut 10-30% Ca, 1-2% Al, 6-25% Fe).

B cocra BopoyctoituuBbix BB BxomaT runpodoOHbie 100aBKH
(mapadguH, creapar KaiblMs, ac(aiabTHUT), BBIMOJHSIOUME PpPOJb TOPIOYUX
KoMrnoHeHTOB. Ilpu  HeoOxomumoctu 3arymeHuss pactBopoB AC B
BoJoconepxkammx BB mpuMeHsOT mnonMakpuiamui, u3apraM, Tyapram,
KOTOPBIH MOJTy4aroT pa3mMoaoM 0000B TPOIHUYECKON aKalluH.

CrpykTypoobpazyroiye 100aBKU MPUMEHSIOT JJIsl CO3/1aHUs TIOTIEPEYHO N
CBSI3M MAaKpPOMOJIEKYJI 3aryliaroiux MoauMepoB. i 3TON 1enu NpUMEHSIOT
cynbdar xpoma, OMXpomar HaTpHs, CEPHOKHUCIILIN ATIOMUHUM, Oypy, KaJHUeBbIE
KBacIlbl XpoMa U JIp.

ITopoxa koymiongHOTO THUMA (MUPOKCHIMHOBBIC MOPOXA) JJIST B3PBIBHBIX
paboT UCHOJB3YIOT CpPaBHUTENLHO peako. [lpu  3apskaHuM  CKBaXUH
MUPOKCWIMHOBBIM TMOPOX CMEIIMBAIOT C HAchIIEHHbIM pacTBopoM AC, 4TO
NOBBIIIAET OPU3AHTHOCTh U SHEPTHIO B3PHIBA.
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KonBepcroHHbIMU B3phIBYATHIMU BEUIECTBAMU MPUHATO Ha3biBaTh BB u
cpenctBa uHumMupoBanus (CU), koTopble MCHOJB30BAIM B BOCHHOM JENE, a
3aTeM M3-3a UCTEUEHHUS CPOKOB XPAHEHHUS MNPUMEHSAIOT B TOPHOM Jene JJist
B3PBIBOB JIPOOJICHHS WK BBIOpOCa.

Bce BB (3apsiabl B cHapsinax, aBuabomOax, Toprenax, pakerax), a Takxke
apTUWJUIEPUIICKUE U paKETHbIE MOPOXa UMEIT OoJbloN oTpuuarenbHbii Kb,
MOBBIIIEHHYIO 9yBCTBUTENHHOCTH (BB ¢ moGaBkamu rekcoreHa, ToHa, CIIJIaBOB
QTIOMUHUSA M MarHus), CUJILHYIO 3JICKTPU3YeMOCTh (TIopoxa), T.€. OHHU Topaszio
omnacHee MpH UX NPUMEHEHUH B POMBIIUICHHBIX B3pbIBaXx.

Ilopoxa u HekoTopsle BB BbIIENAIOT, KpOMe TpaguIMOHHBIX ra3os CO,
NO,, a Takxe SIIOBUTHIE XJIOPHUCTHIE Ta3bl. DTO TO3BOJISIET HCIOJB30BaTh TU
BB Tonbko Ha 3eMHON MOBEPXHOCTH, MPHU 3TOM, OHHU SKOJOTHYECKH OyIyT
BpEAHEE MPOMBIILICHHbBIX.

Konsepcronnsie BB 6onee noaxoast (1o opraHu3aliMOHHBIM (pakTopam)
K HMCIIOJIb30BAHUIO Ha BPEMEHHBIX OOBEKTaX - COOPYXKEHHE JOPOT, KaHaJOB,
IUIOTUH, B3PHIBOB HA BBIOPOC U T.1.

B kauectBe cpencTB MHULIMUPOBAHUS MOXKHO HCIOJIb30BaTh TPOTHIIOBbIE
u Tpotui-rekcoreHoBble mamku (TI) amas OpoMeKyTOYHBIX JETOHATOPOB, a
TaKke 0o0Jiee BHICOKOKAYeCTBEHHBIE, Ye€M TNPOMBINUICHHBIE, OoeBbie D] ¢
IUIATUHOMPUIMEBBIMU MOCTUKaMH HaKaJMBaHUsl, a Takke KJ[ 1 ornenpoBojHbie
nmypsl. B HacTosilee BpemMs HaKOILIEH OMBIT MEpepabOTKU U UCTIONb30BAHUS B
KAueCTBE BOJOYCTOMYMBBIX BB 1Mo Ha3BaHWEM TPAHHUIOPOB APTHIUIEPUNCKUX
MOPOXOB,  BBIIUIABKM U3  CHapsIOB  TPOTWIA,  MOCJEAYIOIIEro  €ro
IPaHyJIMpPOBaHUsI U MCIOJBb30BAaHUS B3aMEH TPAHYJOTOJIA TMOJ Ha3BaHUEM
KOHBEPTOJ.  YCHEWHbIE pe3yJbTaTbl IMOJYYEHbl MPH  HCIOJb30BAHUU
OQUIMCTUTHBIX TIOPOXOB I M3TOTOBJICHUS YIJIMHEHHBIX KyMYJISITUBHBIX
3apsAoB  JUIA  ApOOJCHHMS HerabapuToB, PE3KM METAUIOKOHCTPYKIMA TP
YTWIN3AIMK WA Pa3pyIIeHUs] OObEMHBIX OCETOHHBIX U JKEIe300€TOHHBIX
COOPYKEHHUI.

Pa3paboTrana TexHosorus mnepepabOTKH 3apsaoB TBEPAOTO TOIUIMBA B
IpaHyJibl, MPUTOAHBIX JIJISI POU3BOACTBA CUHTETUYECKUX aIMa30B, MOPOXOBBIX
3apsiIOB TBEPAOTOIUIMBHBIX PAKeT B TpaHyJbl Pa3HbIX Pa3MEpOB, MPUTOIHBIX
TUIsL 3apsiKaHusl OOBOTHEHHBIX CKBAYKHUH.

3.2.7 Hutporununepunosbie BB

BeicokonponenTHeie  HuTporiuiepuHoBele BB umeror  Becepma
HEOOJBIIIOE TMPUMEHEHHWE TI0 CPaBHEHHIO C aMMHUAYHO-CEIUTPEHHBIMHU.
OcHOBHBIC KOMITOHEHTBI: HUTPOTJIMIICPHH W HUTPOTJIMKOJb. OYCHb OIacHBI B
oOpameHuu. V3  BBICOKONPOIICHTHBIX HHUTPOIJMIIEPUHOBEIX BB  mmeer
NpUMEHEeHHe, MPU TOM BeChbMa He3HauWTelnbHOe uib 62% nuHamut. OH
COCTOMT U3 cMecH HuTporiumnepuna - 37% wu HuTporimkons - 25%,
YKEITATUHUPOBAHHBIX KOJUIOWIHBIM XJIOTIKOM - 3,5%, KaquiHOW WJIM HATpOBOM
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cemutpel - 32%, npeBecHoi Mmyku - 2,9%. Tyras nnactuunas macca BB
NaTpoHUpyeTcsl B OyMaXXHbl€ TWIb3bl, IUIOTHOCTH NarpoHoB 1,45. JluHamut
BoJioycTOMYMB. bpmzantHocTh 16 MM. UyBCTBUTEIBLHOCTH K yaapy 28 cw.
Temneparypa 3amep3anus  t,e,= —20°C  (omacHocts B OoOpamieHnu
yBEJIMUMBACTCS). 3amep3lide JUHAMUTBl Tepel  yNoTpeOJeHUeM  Hajo
oTorpesars npu remrneparype He Boiie +30°C. Ilpu otorpeBanuu, a Takxe npu
XpaHEHUM B YCIOBHAX INOBBIIMIEHHOW TEMIIEpaTypbl MOET NPOUCXOIUTH
JKCyAalMsi - BbUICNICHHME M3 MacChl MaTpOHa JKUIKUAX HUTPOI(UPOB.
OKCyAUpYIOIIMHA JUHAMUT CTOJb JK€ ONaceH B OOpalleHuu, Kak U
HuTporimuepud. [loatomy paboTa ¢ TakUM JHHAMHUTOM M €ro XpaHEHHE
3anpemaroTces.  JIMHAMUT = MOJIEKUT  HEMEIJIEHHOMY  YHHYTOKEHHIO.
Huskonponientasie HuTporiuiepuHoBsie BB coaepxar 1o 15% uutposdupos.
[lo ycnoBusiM XpaHeHHMsT U TPAHCHOPTUPOBKM OHU NPHUPABHUBAIOTCA K
aMMHUadyHO-CcEMIMTpeHHbIM BB, HO B oOpamieHMM OHM OINAcHee, HUMEIOT
HEKOTOPYIO TOKCUYHOCTb.

Henpenoxpanurensusie BB II knacca. Jletonut NelOA u petonutr M -
nopoukooOpasHele HempenoxpanurenbHble BB, coaepxaume o 10%
HUTPO3(pupoB u 1o 10% mnopomka amomunwns, 8+11% Tpotuna u 6onee 70% -
AC. IImotmocts 1,1+1,3 r/iem’®, bpmantHocts 17-18 MMm. B Bome 3apsiabl
JIETOHUTA BBIJIEP)KUBAIOT HECKOJIbKO 4acoB 0€3 CHIDKEHHUs KauecTBa. OTu BB
PEKOMEHYIOTCS MPU 3apsiyKaHUM OOBOJHEHHBIX CKBKUH U LIIYPOB B KPEMKHUX
nopojax.

BB sroro kiacca paspemaercs mpuMeHSTh:

- TOpU TPOBEIECHUU TOPUZOHTAIBHBIX, HAKJIOHHBIX, BOCCTAIOUMX H
BEPTUKAIbHBIX BBIPAOOTOK, a TaKKe YINIyOKE WIaXTHBIX CTBOJIOB C
JIEUCTBYIOUIMX TOPU3OHTOB LIAXT MPU COOIONEHUH CIETYIOIINX YCIOBUI:

- OTCYTCTBUU B 3a0051X YTOJIbHBIX IUIACTOB, MPOIUIACTKOB, a TAK)KE BbIIEICHHUS
METaHa;

- TOATOIUIEHMH BOAOW 3a00s1 yriayOiseMoro CTBOJia MEped B3phIBAHUEM Ha
BBICOTY HEe MeHee 20 ¢M, cUuTas 10 HaMBBICIIICH TOYKE 320051,

- OTCTABaHUU OT JIFOOOM TOUKH 320051 10 YrOJILHOTO TUIAcTa (MPY MPUOIKEHUH
K HEMY) HE MeHee 5 M, cuuTas o Hopmaiu. [locie nepecedyenns miacta 3aboeM
BBIPAa0OTKU PacCTOSIHUE OT JE00O0H TOUKHM 32005 10 IiacTa JOJHKHO ObITh Oosee
20 M, cyuTas MO NPOTSKEHUIO BBIPAOOTKU. Eciu BbhIpabOTKa 3aKpersieHa
MOHOJIMTHOM Kpenblo, UCKITIOYAIOIIEeH MOCTYIUIEHUE B HEE METaHa U3 TUlacTa, U
paboThl MO M30JSILMM IUIaCTa BEIYTCS MO TMPOEKTY, COTrJIAaCOBAHHOMY
opraHuzauueil — skcrepToM o OesomnacHoctd pador, BB II kimacca moryr
IPUMEHSTHCS MOCJIE IEPECEUEHUS YTOJIbHBIX TUIACTOB U MPOILIAC TKOB;

- B 3a0051X, MPOBOIMMBIX C TIOBEPXHOCTHU IIyp(OB WM CTBOJIOB IIAXT, OMACHbIX
N0 ra3y WM MbUIM, B TOM YHUCJE NPU NEPECEUCHUH 3TUMH 32005 MU IJIaCTOB,
OTIaCHBIX 10 BHE3AMHBIM BBIOpOCAM YIJIsl, IOPO/Ibl U ra3a;

- TIpU COTpsiCaTeIbHOM B3PBHIBAHUM B BBIPAOOTKAX, MPOBOAMMBIX IO
BBIOPOCOOMACHBIM TIOPOJIaM MPHU YCIOBUU NPUMEHEHHs BOJAOPACTIBUINTENbHBIX
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3aBEC, CO3/1aBa€MbIX B3PBIBHBIM pPAaCHbUIUTENEM BOJBI W3 TOJUITUICHOBBIX
COCYJIOB B COUETaHUU C TYMaHOOOPa3yIOIIMMHU 3aBECAMH.

[Ipenoxpanutenpusic BB III xmacca. [To6enut BII-4, comepxut mo 10%
HUTPO3(PUPOB, MMEET XOPOIlMEe JAETOHAIMOHHBIE CBOMCTBA. B 0OBOJHEHHBIX
3a0051X W B Kpemkux mnoponax Oosnee 3ddextuBeH, yueM aMmmoHuT AIl-5KB.
bpmantHocts — 14 MM, mmotHOcTh 1,1+1,3 r/em’, Temmneparypa B3pbIBa -
2565°C. TlpumensieTcss B TOPOJHBIX 3a00sX, OMACHBIX 1O METaHy, HO HeE
OTIACHBIX IO MBLIH.

AmMonutT cepHbiii NelJKB, mopomox »kentoro IBera, >KMpHBIM HAa OLIYIb,
CEHCHUOWIM3UPOBaH HUTPOIPUpamu. MiMeeT HU3KyI0 BOJOYCTOMYUBOCTD, MATYIO
MOIITHOCTh, XOPOIIYIO JACTOHAIMOHHYIO CITOCOOHOCTh. TOKcHdeH, Tpedyer
MOBBIIIEHHON OCTOPOKHOCTH B OOpallleHWH, UYYBCTBUTENEH K HHU3KHUM
oTpunarenbHbiM Temneparypam. CoctaB: 5% nutposdupos, 11,5% TtpoTuia;
52% - AC. bpuzantnocts 11 MM, Temneparypa B3psBa 1570°C. IInotHocts BB
B marpoHax 0,95+1,05 /e’

AmmonuT HepTsHOM Ne3)XKB. Ilo mHOrmm cBoiicTBaM OJM30K K aMMOHHUTY
CEPHOMY, HO OTJIMYAeTCsi OT TMOCJEIHEr0 BBICOKOM BOIOYCTOWUHUBOCTBHIO.
CoctaB: 9% nutposdupos, 7% Ttpotuna, 52% AC. BpmzantHoCTh 12 MM,
mwiotHocTs 1+1,3 /eM’. Temneparypa B3pbiBa — 1925°C.

[Ipenoxpanurensusie BB III knacca paspermaercs npuMeHsTh:

- B 3a0051X BBIPA0OTOK, NPOBOJMMBIX TOJIBKO MO MOPOJE, B TOM YHUCJE U IO
BBIOPOCOOIIaCHBIM MOPO1aM, TIPY BBIIEJICHUN METaHa U OTCYTCTBUM B3PBIBYATOMN
IBLTK; B 3200SIX CTBOJIOB, MPOBOAMMBIX TOJIBKO MO TOPOJE, MPU UX YIIyOKe ¢
JENCTBYIOIIUX TOPU30HTOB U BBIZICIICHUN B HUX METAHA;

- IPU BCKPBITUM IUIACTOB, OMACHBIX N0 BHE3AIHBIM BbIOpOCAM YIJIA U rasza, 0
oOHa)KeHUS IJIacTa MPHU yCJIOBUU MPUMEHEHUS BOJOPACTILUIUTENBHBIX 3aBeC U
HATMYAA MEXIY TUIACTOM M 3a00€M BBIPAOOTKH TOPOJTHON MPOOKH MO BCEMY
ceueHuto BbIpabOTKU. Pasmep mpoOku (cuwTas 1Mo HOPMaJM) JOJDKEH ObITh HE
MeHee 2 M MNpPH BCKPBITUU KPYTHIX IUIACTOB W HE MEHEe | M mpH BCKPBITHU
MOJIOTHX TUIACTOB.

IIpenoxpanurensusie BB IV knacca. Ammonut IDKB-20, AMMonut T-
19. Otmuuarorcst yBenuueHHbIM Ha 3% cOJiep’KaHUEM TPOTHIIA U JIydlled
TEXHOJIOTUYECKON 00pabOTKO#, 3a CYET 4Yero HECKOJbKO YBEIUYWINCh HX
B3PbIBUATHIC XAPAKTEPUCTUKU. BBIMyCKalOTCA B MAaTPOHUPOBAHHOM BUIIE;
MEJKOJIUCTIEPCHBIE  MOPOIIKM  CBETJIIO—KEITOBATOTO I[B€TA C  BHUJIUMBIM
yacTuiiaMu miameracureneid. CriocoOHbI IETOHUPOBATH TIPH YIJIOTHEHUU 110 1,7
r/em’. PaBortocmoco6HOCTs ammonnTa IDKB-20 — 265-280 cm®; TerioTa B3pEIBa
3400 xJIx/kr. Cxopocth neroHamuu 3,5+4,0 km/c. CoctaB: 64% -AC; 16% -
tpotui; 20% -xnopuctelii Hatpuil. PabotocmocoOHocTh ammonuta T-19
coctasister 270-280cm’; Terota B3psiBa 3380 kJIi/Kr. CKOPOCTh IETOHALHH
3,6-4,3 xM/c. OcnHoBHble KoMmoHEHTH: 61%-AC; 19% -tpotwm; 20% -
XJIOPUCTBIM HaTpuil. O0MacCTh W YCJIOBUS MPUMEHEHUS: IIITYPOBBIE 3aps/ibl B
CYXUX U MOKPBIX YTOJIbHBIX U CMEIIaHHBIX 3a0051X, OTIACHBIX MO0 B3pPHIBY METaHa
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U IbUTH (KpoMe 3a00€B, OTHECEHHBIX K 0CO00 OTAcCHBIM), a TakKe CKBAKUHHBIC
3apsiibl TIPU BCKPBITUM YTOJIHBIX IUIACTOB COTPSICATEIIbHBIM B3PBIBAHUEM.
AMMOHUTBI Il TOJ3E€MHBIX pPabOT BBIMYCKAIOT B BHUAE TMOPOIIKA WJIH
MIPECCOBAHHBIE U TOJHKO MaTPOHUPOBAHHbIE (TVIOTHOCTH NaTpoHa 1-1,15 r/em’;
nuametp narpoHa 32, 36 u 45 mM). [TOTHOCTH MPECCOBAHHBIX AMMOHUTOB 1,4-
1,58 r/em’. [laTpoHBI MpEcCOBaHHBIE pPa3MHUHATH HE JOIMYCTUMO. | MIIB3bI
NaTpOHOB JIENAlOT W3 TepramMeHTHod Oymarw, mapaduaupyiorT. Ha Twms3bl
MaTPOHOB TPOCTABISIOT (PabpuyHOE KJIEWMO ¢ O0O3HAYCHHEM HaWMEHOBAaHMS
3aBoja, Tuna BB u maccel nmarpoHa. Maccel aTpoOHOB CTaHIAPTHOTO AUAMETpa
100, 200, 250, u 300 r. LIBer rwab3sI (WK KiIeliMa) COOTBETCTBYET kiaccy BB.
I"apanTuiiHBIA CPOK MCIOJIB30BAHUSI aMMOHHUTOB MPEIOXPAHUTEIILHBIX — 6 MeC.
HenpenoxpanurenbHbix — 12 mec.

[Ipenoxpanurensusie BB IV kitacca pasperaercss npuMeHATh:

- B YrOJIbHBIX M CMEIIAHHBIX 3a005X BbIPAOOTOK, MPOBOJUMBIX MO YTOJbHBIM
IJ1acTaM, OMACHBIM IO B3pbIBaM MbUIA, NPU OTCYTCTBUM BbIIEJIEHUS METAHA B
ATUX BbIPabOTKaX;

- B YrOJIbHBIX M CMELIAHHBIX 3a00fX TOPU3OHTAIbHBIX, HAKIOHHBIX H
BoccTaronmx (10 10°) BEIpabOTOK, MPOBOAMMEBIX TIO TUIACTAM, OITACHBIM I10 Ta3y
Y TIBUIH,

B KOTOPBIX OTCYTCTBYET IMOBBIIIEHHOE BBIIEJICHUE METaHa NPHU B3PBIBHBIX
paboTax;

- IPU COTPSCATEIILHOM B3pPBIBAHUH, B T.4. KaMy(JIECTHOM, BCKPBHITUU YTOJbHBIX
IUTACTOB TIOCJIE MX OOHaXEHHsI W TOCJEAYIOIIEM MPOBEACHUHM BHIPAOOTOK Ha
npoTsiKeHuu He meHee 20 M;

- B OyTOBBIX IITpEKax C HWKHEH NOJAPBIBKOW MOpOX; B OYTOBBIX LITPEKAX C
BEPXHEH TOAPBIBKOM TIOPOX TPHU OTHOCUTEILHOM METaHOOOMIILHOCTH
BBIGMOYHOTO y4acTKa MeHee 10 M°/T; pH B3pBIBHOIT BEIEMKE YIUIS B JIABAX;

- MPU B3pPBIBAHUM TIO0 TIOPOJI€ B CMEIIAHHBIX 3a0051X BBIPAOOTOK, MPOBOIUMBIX
0 IUlacTaM, OMNACHBIM TI0 BHE3almHbIM BbIOpOcaM yIyid M rasa, IpH
OTIEPEXKAIOIIEM TTOPOTHOM 3a00€;

- JUIS TIOAPBIBKM HEKOTOPhIX OOKOBeIX mopoxa (f>4) B cMemmaHHBIX 3a005X
BBIPAa0OTOK, MpHU YCJIOBUM, YTO TMpe/BapUTeNIbHAs BbleMKa Yris Oyner
IPOBOAUTHCS 0€3 MPUMEHEHUS B3PbIBHBIX paloT.

[Mpenoxpanutensupie BBV xmacca. VYrmenutr D5-6. OcHoBHbIC
KOMITOHEHTBI: HUTpodpupsl — 14%; HatpueBas cenmutpa — 46%; XJIOPHUCTHIN
ammoHui — 30%; xnopucTeiil Hatpuil — 7%; npeBecHass myka — 2,5%. TemnoTa
B3pbIBa 2680 k/[XK/Kr; CKOpOCTh JeTOHAUMM 2 KM/C; paboTtocrocoOHocTs 130 —
170 cm3; mano BogoycToiumB. CBOOOJHO MOABEHICHHBIM 3apsii HE BBI3BIBACT
B3PbIB METAHO-BO3AYIIHOM cMecH. IOHHOOOMEHHBIE COJIM B 30HE MOBBIIIICHHBIX
JaBJICHUA U TeMIleparyp, OOeCHeYyrMBaeMbIX JETOHAlKMEH HUTPO3(HUPOB,
BCTYHAIOT B pPEaKUUI0 OOMEHa, KOTopas COINPOBOXKIAETCS BbIIEJICHUEM
WHEPTHBIX razoB 151 MIBIJIEBUTHO M WHEPTHOU COJIM:
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NaNO;+NH,Cl—-NaCH+N,+2H,0+0,50,. MN30bITOYHBIH KHUCIOPOJ OKHCIIAET
TOPIOYHE JIEMEHTHI IPEBECHON MYKH.

VYrmenut NeS5. Terota B3pwiBa 1300 kJIK/KT; CKOpPOCTh AeTOHaAmuH 1,8 KMm/C;
paboTococoGHoCTh - 50 cM’. COCTaB OCHOBHBIX KOMIIOHEHTOB: HUTPOI(bUPEI -
10%, ammuaunas cemutpa - 14%, xmopucThlIiii Hatpuii - 75%, npeBecHas Myka -
1%. Ilpumensercs nysg nepeOMBaHUS CTOEK OPraHHOW KpEnu B JaBax W IS
PBIXJIEHUS YIJISA, 3aCTPSBILETO B YIJIECITyCKaX.

Yrineuutr Ne7 oTmmyaercs OT yriaeHuTa Ne6 TBepAOW CEHCHUOMIM3UPYIOMIEH
no0aBkoil - okucu KpeMHus. llpegnasHauen ana pa3OypuBaHus Iedeil B
ra3oBbIX IIaxTax W IepeOMBaHUS KPENEeKHbIX cTOeK. PaborocmocoOHocTh §0-
120 em’.

[Ipenoxpanurensusie BB V knacca pa3zpemaercss ipUMEHSATh:

- B YrOJIbHBIX M CMEUIAHHBIX 3a00fX TOPU3OHTAIbHBIX, HAKIOHHBIX H
BoccTaroumx (10 10°) BeIpabOTOK C MOBBIIIEHHBIM BBIJIEJICHUEM METaHa IMPHU
B3PBIBHBIX paboTax. [Ipu 3TOM B CMemaHHBIX 3a005X MO YIIO U MO TOPOJe
JNOJDKHO TPUMEHSTBCS OAHO W TO k€ BB. B otrmenbHbIX ciydasx 1o
paspemieHuto opradHa ['oCHaa30poXpaHTpyla, BbIJIAHHOMY Ha OCHOBAaHUU
3aKJTIOYCHUS OpTaHM3aIllMU-dKCIiepTa 1Mo Oe3omacHoCTH paboT, JOMyCKaeTcs
npuMeHnenue 1o yrimo BB V knacca, a mo nopoze - IV kiacca;

- B YIOJIbHBIX U CMEIIaHHbIX 3a005X BoccTaroumx (1o 10°) BbIpabOTOK, B
KOTOPBIX BBIACIISIETCS METaH, MpPH MPOBEACHUU HUX C MPEIBAPUTEIHHO
NpoOYpPEHHBIMU CKBa)XMHAMU, 00ECTICUMBAIOIIMMHI POBETPUBAHKUE BBHIPAOOTOK
3a CYeT OOUICHIAXTHOW NIETIPECCHUM; B HUIIAX JIaB, HE OTHECEHHBIX K 3a005M C
MOBBIIICHHBIM BbIICJICHEM METaHa;

- B OYTOBBIX IITpEKax, NPOBOJMUMBIX C BEPXHEW MOAPHIBKOW MOpOA, MpHU
OTHOCHTEILHON METAHOOGMIIBHOCTH BBIEMOYHOTO yaacTka 10 M>/T u Goutee;

- JUI1 BEpXHEH M CMEIIaHHOW MOAPBIBKM OO0KOBBIX mopon (f=4 u menee) B
CMEUIAHHBIX 3a0051X BBIPA0OTOK C TOBBIIICHHBIM BBIIEJICHUEM METaHa MpPU
B3PBIBHBIX pa0OTax MpHU YCIOBUH, YTO MpPEABAPUTENIbHAS BbIEMKA yrisl OyneT
IIPOBOJIUTHCS 0€3 MPUMEHEHUS B3PhIBHBIX Pa0OT.

[Ipenoxpanurenpusic BB VI knmacca. Yraenut 1211b (kpome marpoHOB
CII-12) xak u yrinenut [I-1211b oTHOCATCS K MOHHOOOMEHHBIM CEJIEKTHUBHO-
netonupytroumM BB. B kauecTBe ceHcuOMiM3aTopa COAEPKUT HUTPOI(UPHI
(autpormunepuH). TemnoTa B3pbiBa 2300 kJ[K/KT; CKOPOCTH AETOHAIIMN OKOJIO 2
KM/c; paboTococo6HOCTs 120 em’.

[Ipenoxpanurensusie BB VI kimacca pasperaercss npuMeHATh:

- B BEpXHUX HHUIIAX JIaB C MOBBIIICHHBIM BbIIEJICHUEM METaHA;

- B YrOJbHBIX 32005X BoccTaronmx (10 10°) BBIpabOTOK, B KOTOPBIX BBIIEISCTCS
METaH, MPHY NPOBEACHUU UX 0€3 MpeIBapUTEIbHO NPOOYPEHHBIX CKBAKUH;

- B 320051X BBIPAOOTOK, IPOBOAUMBIX 110 HAPYILIEHHOMY MacCUBY (B TOM YHCJIE U
B 320051X BBIPaOOTOK, MPOBOJAUMBIX B IMIPUCEUKY K HAPYLIEHHOMY MacCUBY), pU
BBIJICJICHNH B HUX MeTaHa. [Ipm 3ToM riryOnHaA IImypoB JI0JDKHA OBITh HE OoJtee
1,5 M, a macca mimypoBoro 3apsiaa narpoaupoBanHoro BB — we 6o1ee 0,6 kT
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- ISl BEpXHEH MW CMelaHHOW moapeiBku mopon (=4 u MeHee) B
BEHTWIIIMOHHBIX IITPEKAX, TPOBOJAUMBIX BCJIE 3a Jiaou. [lImypoBbie 3apsapl B
BEPXHUX HUIIIAX JIaB U B BOCCTAIOMIMX BRIPAOOTKAaX, 0COO0 OTMACHBIX IO METaHy,
u3rotaBiauBarorcs u3 yrienura [1-1211b.

[lpenoxpanurensusle BB VII kmacca. HMonutr - 310 OGe€30macHoe
npenoxpanutenbnoe BB VII knacca; ckopocts aeroHanuu 1,8 km/c; Temiora
B3pbIiBa 1900 xJIx/kr. B cBoeM cocTaBe COIEPKUT KOMIIOHEHTHI TaKHe e, KaK 1
YTJICHUTBI.

[Ipenoxpanurensapie BB 3T0ro kiacca paspemaercs NPUMEHSTb IS
CIIEYIONIUX BUOB CHIEIUAIBHBIX B3PBIBHBIX PA0OT:

- ISl TMKBUJAIIUN 3aBUCAHUI TOPHOM MacChl B YIJIECITYCKHBIX BBHIPAOOTKAX H
npoOJieHnsT HerabapuTOB HAKIIAHBIMU 3apSTaMHU;

- IJI1 B3PBIBHOTO MepeOMBaHMs JEPEBAHHBIX CTOEK NpPH Mocajke KpoBiu. B
3a0051X BBIPA0OTOK, I'/I€ MMEETCSl Ta30BBIACICHUE WM B3pbIBUaTas yroJibHas
IbLIb, paspemaercs IIPUMEHSTH TOJIBKO [P EIOXPAHUTEIBHBIE
3JIEKTPOIETOHATOPHl MTHOBEHHOTO M KOPOTKO3aMEIJIEHHOTO JIEMCTBUS.

CocTtaBbl U CBOMCTBAa HEKOTOPHIX MOHOOOMEHHBIX MPOMBINUIEHHBIX BB
JUTSL YTOJIbHBIX IIaXT, OMIACHBIX T10 Ta3y U MUK, PUBECHBI B Ta0J. 6 1 7.

B CIIA nons motpebnenus npenoxpanutenbHeix BB coctaBmser 1% ot
00I1Iero BBITYCKa, TMPW 3TOM CHHCOK JomymieHHbIX BB Takoro kmacca x
OPUMEHEHUIO B YTOJbHOW OTPACIM HAacUMTHIBaEeT OOJiee CTa HAaMMEHOBAHMIA:
TPaHyJIMPOBAHHBIX COCTAaBOB - OKOJIO 50 HaMMEHOBAHHWI, BOJOCOAEPKAIMX U
AMYJBCHOHHBIX COCTAaBOB - OoJsiee 25, ocTanbHbIE - HUTPOI(PUpOCOIEpIKAIIIE
BB. IlpenoxpanutensHbie BB, B cOCTaB KOTOpPBIX BXOAUT TPOTWI, HE
npomsBogiATCA. B menom, accoprument npenoxpanurensHeix BB CIIIA we
TUTNAYEH JJIs1 TPUMEHEHUS B YCIIOBUSAX YKPAMHCKHUX IIAXT, OMACHBIX IO razy U
neu. C yd4eToM TPUHATON METOAWKH HICHTH(UKAIUU TPEeI0oXpaHUTEIbHBIX
BB B Ykpaune B3priBuarsie BemecTa CILIA otHOocaTes k 111 u IV kmaccam.
OueBunHO HECOBEPILIEHCTBO U OIPaHUYEHHOCTh  CYLIECTBYIOLIETO
ACCOPTUMEHTA NPEAOXPAHUTEIBLHBIX IPOMBILIUIEHHBIX BB B Ykpauue, koTopsie
Ooee MOJTyBEKa IIPEACTABJICHBI Tpems MOPOIIKOOOpa3HbIMU
narpoHupoBanHbiMu  aMmmonuTamu Il u IV kiacca mpenoxXpaHuTeNbHOCTH,
HecKOJIbKUMHU HUTpodpupHEIMU BB V-VII knacca. OpHako uX ypOBEHb
MIPEIOXPAHUTENILHBIX CBOMCTB U YCTO MUMBOCTH MPOTUB BHITOPAHUS HE B TIOJIHOM
Mepe OTBEUAIOT CYHIECTBYIOIIUM TPeOOBAaHUSIM CBEPXKATErOPUINHBIX IIIAXT.

3.2.8 Jleronanusi mnpoMbilieHHbIX BB
I'maBHas ocobenHocTh mpomeinuieHHBIX BB (IIBB) coctouT B TOM, 4TO
OHU SIBJITIOTCS (DM3UYECKH W XUMHYECKH HEOMHOPOJHBIMU CHCTEMaMH. DTUM
OOBSICHSIFOTCSI  OCOOEHHOCTM HX JICTOHAIIMM W HEKOTOpPhIE  aHOMAJIMHU
OTHOCHTEIIbHO M0JIOKEHU I KJIACCHUECKOM TEOpUHU JIETOHAIIMU
KOHJICHCUPOBaHHBIX BB.
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Tabmmua 6
CocTaB HEKOTOPbIX HOHOOOMEHHBIX NpeI0XpaHuTeIbHbIX BB
JJIS1 YTOJBbHBIX LIAXT, ONMACHBIX 110 a3y U NbLIX

NHMHUCCKUI cocTae B Bee, Yo
BB Crpana 18] "fﬂ'”i NI [Tpoune komnonentsl IIBB
(KN I
I 2 3 4 5 A
Yrnenuar 1311 Yipapna | 130 364 250 Kapbonat kaaeuns — 5.0, NaKMIL]
? (00 muaTpar amvodds (KB 15,0
OIHCTHPOT — 2.3; CcTeapaTt Kalbliia
D 8 koJnonaHBEH xtonok — 03
Yragunr 131V | Yepawna | 130 47.7 J0.0 Wapbonat kaasuns — 5,0, NakMII A
2 00 nonrcTapoa — 15 creapar Kalik
A — U5 KOJUTOMIHLI xaonok — 0.3
Aosvenonur T1-3 Yupanna | 16-17 fi3-644 5.0 Tomudwcdar narpus — 4.5, rpadut
rpoTHa | suTpar | cons PS5 syka - 2.5
AMMO-
HHA
YraenuTt M Poccus 110 41.1 [3.0 [Hatpar amwonna (GKB) — 182 xap-
oaving — 1204 KonaonaHsl X10nok
0.2-04; NakMILL -2.0; apesechas)
MyEa — 2.5
Yroenwt 1216 COCP 120 4.0 [ aphanma 2300 KONIOKCHIHH
0.3. kapbouar kansuma — 100 xno
WMCTRI HaTpuii — 6,0 NaliMIL - 3.0
Monnt CCCP 10,0 340, 33,7 Popocua — 0.8, NakKMIL — 1.0; xond
AOMIHLI sonokr — 0 20 3
CrennaibHEl [onswa 10,0 33,8 340 flansk — 2.2
meTaHuT Vi
Ny pekc Prpanuma | 200 34.0 22,0 [Hutpar ammonns 7.0; modcenHa
7.0 {newa)
Jaiinansrere AHrmas 16,0 15,1 700 Hurpar ammonna — 2700 HUTpOKIST
fiarka 0,37 NaliML]L — 1,00 xnopucreii
HaTPHi 5,60 hopvHAT HATPHA
25.0; kuzensryp — 3.0
Berrepcexstoput U epma- Q.0 5.0 339 Creapar kansuma — 0050 npesecHas|
HII (35.3) vyka — 145; kapbonar kansums — 5.0
oot — (02
[HTapGpuT 4/50 Benbrus 9.5 5525 28,00 Okcanar amsonna — 5.0, kpeMHeseM
.65 npepecHas Mvka — 1.6

Hpveweuanpe: NalkMLL - satpieeasn coik KapOOKCHMETHILEITION0EL!

bompumucTBo I[IBB  mpencraBnsier coboit  cMmecu  MaTepuaioB
Pa3HOPOJHBIX TI0 XHMHYCCKHM M (pu3mdeckuM cBoiicTBam. Kak m3BecTHO, B
[IBB Moryr coaepXaTbCi U BBICOKOAKTHUBHBIE WHIMBHUAyaIbHbIC BB,
pazjiararoimecs B JE€TOHAIMOHHOW BOJIHE C OOJBIION CKOPOCTHIO, M MEHEe
AKTUBHBIC BEILIECTBA, HO C CHJIbHO BBIPAKEHHBIMU B3PBIBUATHIMU CBOMCTBAMHU
THUIIA TPOTHIIA; BEMIECTBA CO CJIA00 BHIPAKCHHBIMHU B3PBIBYATHIMU CBOMCTBAMH —
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aMMHa4YHas CeNUTpa, IUHUTPOHAPTAIMH U Jp., pa3jiararolyecs npu AeTOHAINH
CO CKOPOCTBIO Ha MOPSAA0K MEHbIIEHN, ueM MollHbie bBB.

Ta6uua 7

CrBoiicTBa HEKOTOPBIX HOHOOOMEHHBIX NPeJI0XpaHUTeIbHbIX BB
JJISl YTOJIBHBIX IIAXT, ONIACHBIX 10 ra3y v NbLIH

Bipsiguareie ceoiicTEA peroxpanureabnbie CBOHCTEA
Kananw| .
VBT CropocTi Yrio-
Patioroc- POCTE | TIpenen Had past |Veroirmupocrt
1. Fro i Y CTD BOCTE
[IBB M- eTOHA AeTOHA- |MOpPTH-
- — MOpPTH- | [IPOTHE BLITD-
CONHOCTh, . LHH, pa,
. 3 _ . pa. PaEs
AW, e D, kmic | L.owm .
Myeps K1
My KI
Yrneuut 1311 180 2324 10/5 [.0 0.1 NeToue
Yraenur 31171 |55 2.0-21 85 [.2 0,25 NeToHuE
Aoemonur [1-5 2600 3.9-41 7Ia 0.3 0025 YeToliuue
Yrnenur M 200 1.8-19 11/9 ) 3% NeTodnue
Nrnenur 12115 120 1.9 &/ [.01 .6 Heveroivue
Hommt 110 |.6-1.7 3/ 1.0 |.00 Heveroiyie
CrenMansHBIH METAHWT ) - ) - N
VI 100 1.7-1.8 11/5 [0 0.5 Heveroiiune
AN )
My pexc 180 105 .0 YCTOHYHE
Jaiinarwkerc 140 23 2510 [.0 YeToluue
Berrepcekbtopar O 100 1.5 3 2.2 2.0 YT HE
[apbtpur <4/ 50 05 | 6165 3 2.2 2.0 YeTolHE
Hpumenanue: ™ — nepenaia JSTOHAIMH MEHTY CYXHMH NATPOHAME B YHCIMTENS, B 3HAME-

HATEIE — MEHUTY MOKPBIMHA DATpOHAME, ¥% — CBOOOIHONOBCILISHHEI 3apal B ONBITHOM LITPEKE,

B coctas IIBB BxoasT roprodue Marepuaibl, He oOsagaronme
B3PBIBUYATHIMU CBOMCTBAMM (QIFOMUHHM, JpeBecHass Myka, napaduH U 1p.), U
COBEPIIECHHO WHEPTHBIC, HE NPUHUMAIOIIUE YYaCTU B XMMHUUYECKUX PEAKIMUAX
IIPY B3pBIBE U CTIOCOOHBIC TMPETEpIIeBaTh JIUIIG (ha30BbIC MPEBPAIICHHUS TaKUE
BEIIECTBA KaK MHHEpaJbHbIE COJM (IlaMeracutenu), Bojga u ap. C TOUYKH
3pEHHs] KOMIIOHEHTHOTO COCTaBa MNPOMBINUICHHbIE BB dABIsItOTCA Takke u
KUHETUYECKU HEOJHOPOIHBIMUA CUCTEMAMHMU.

OcHOBHBIE 0COOCHHOCTH JIETOHAIIMY MPOMBINIUICHHBIX BB ciemyronme:

1. Xumuueckue peakiuu Npu B3PbIBE NPOMBINUICHHBIX CMeceBbix BB
MPOUCXOJISIT B HECKOJIBKO CTaAWK. TUIMMIHON CXEMOW PA3BUTHUS XUMHUYECKHUX
peaKIuii SABIIIETCS MEePBOHAYAILHOE PA3JIO’KEHNE WM Ta3u(pUKAIASI UCXOTHBIX
KOMIIOHEHTOB B JETOHAIMOHHOM BOJIHE W MOCJICAYIOUIEE B3aMMOACHCTBUE
MPOIYKTOB PAa3JIOKCHUS] MEXKIY COO0OM WM C BEIIECTBAMH (QIFOMUHUMA,
dbeppoCHIMIIMKN U Jp.), HE IPETEPIEBIIMMH Ha IEPBOM CTAAUN XUMUUYECKUX WU
da3oBpIX mpeBpaimieHuid. Kpurtmdeckas IDIOTHOCTh, TOYKa MaKCMMyMa Ha
kpuBoilt D=f(p0) m npyrue XxapakTepHCTHKH, CBA3aHHbIE C AIKCTPEMaJbHBIM
BUJOM 3aBUCUMOCTH MApaMETPOB JETOHALMU OT IUIOTHOCTH, HE SIBJISIOTCA
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KOHCTaHTaMM Toro wiu wuHoro I[IBB, ompenensieMbIMH €ro XUMHYECKUM
coctaBoM. OHU MEHSIOTCS C W3MEHEHHEM (PU3UYECKUX XapakTepucTuKk BB
(pa3Mep 4YacTHll, pPaBHOMEPHOCTb pAaCHPEICICHUS KOMIIOHEHTOB M T.H.),
MOTIEPEYHBIX Pa3MEPOB 3aPsI0B, CBOMCTB 000JIOUKH 3apsa.

2. Ha neronammonHyro crnocoOHocts I[IBB MoOeT cCyIiecTBEHHO BIMATH
PaBHOMEPHOCTh  CMEIIMBAHUS  KOMIIOHEHTOB. Yem  Melbue  YacTHIIbI
Pa3HOPOIHBIX KOMIIOHEHTOB M YeM 0oJiee paBHOMEPHOE WX paclpeneieHue B
obObeMe, TeM OBICTpEE 3aBepIIaeTCs WX CropaHue, CMEIIMBaHUE U
B3aUMOJICHCTBUE MPOJAYKTOB CTOPaHMUSL.

3. nsa npomeinuieHHBIX BB XapakTepHbl Takue SIBIEHHS KaK PAaCTAHYTOCTb
30HBI XMMHYECKOW peakiuu, Oomnpimoi wHTepBan wMexay dKP wu  dITP
(OTHOIIIEHWE HATHX BEIWYMH Moker pocturath 5-10). Hampumep, dKP
TOHKOJIMCTIEPCHBIX aMMOHUTOB B OTKPBITHIX 3apsiiax Npu pabouyel MIOTHOCTU
coctasysier 10-15 MM, a MakCUMalbHAsE CKOPOCTh JE€TOHALIMM HA0II0AaeTCs IPU
3apsage auamerpoM  80-100 mMm. I'paHylIMpoBaHHbIE CMECH YCTOMUYMBO
JNETOHUPYIOT B OTKPBITHIX 3apsigax auamerpoM 40-150 MM W AOCTHUraroT
MaKCHUMaJIbHOM CKOPOCTH JI€TOHALMM B 3apsnax auamerpoMm Oojnee 200 M,
CUJIbHAsA 3aBHCUMOCTh ATHUX XapaKTEPUCTHUK OT TEXHOJIOTHMH W3TOTOBJICHHS;
SKCTpEMalbHas 3aBUCUMOCTh CKOPOCTH JCTOHAIIMA W OPU3aHTHOCTH OT
wiotHocTy 3apsiaa npu d3<dIIP (puc.17 u 18) u pan apyrux.

4. Ina muorux [IBB cnan ckopoctu aeroHanuu (puc.1l/) wiau Opu3aHTHOCTH
(puc.18) mociie MakcuMyma MOKET OBITh JOCTATOYHO PE3KUM, a, HadWHAas C
HEKOTOPOW TUIOTHOCTH, JACTOHAIMA B 3apsiie JAHHOTO JuaMmerpa BooOIIe
CTAaHOBUTCS HEYCTOWYMBOM. B CBS3M C 3TUM SIBJIEHHEM /Il IPOMBILLIEHHBIX BB
BBENM TOHATHE KpuTuuecko miotHocTh pKP. Hopwmanbsblli  xapakrep
3aBucumoct D=f(p(0) oTHOCHTCS K 00aCTH HACATLHON JETOHAIINH.

5. MHoroctaguiiHOCTh MPUBOJAUT K yCWJIEHUIO (10 CPaBHEHUIO C
UHAUBUAYaTbHBIMU TOPOIIKOBEIMU BB) 3aBUCHMOCTH KPUTHYECKHX YCJIOBHIA
pacmpoCTpaHEHUsT MW MapaMeTpoB  JIETOHAUMKM OT  Pa3MEPOB  YaCTHIL
KOMIIOHEHTOB.

6. dKP u dIIP 3aBucAT HE TOJIBLKO OT XUMHUYECKOTO cocTaBa BB, HO n oT mroTHO-
ctu 3apsna. C Bospactanuem 1wiotHoctd [IBB 3nauenus dKP u dITP
YBEJIMYUBAIOTCS.

7. YCTaHOBJIEHO BIMSIHUE IUIOTHOCTM BB Ha MMHUMMAabHBIA WHULAWUD YIOLIWANA
UMIYJIbC: TPH YBEIUYEHUH TUIOTHOCTHM YBEIMYMBACTCS MHUHUMAJIbHBIN
uHUIMUpyrouwit ummnynsc (MUN), puc.19.
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D. xv/c D. xm/c
5 6
9 1 "]
- \ _’___L--"" ?ﬂ_ﬂ-—-"‘_"‘ 2
N R
/7 <
3 N — 13
3 2
1,2 1.4 1.6 0.8 1,0 1,2 1.4 1,6 1.8
Po. T/oM® Po. T/CAT
a 0

Puc.17 3aBucuMOCTh CKOPOCTH JETOHAIMU OT TWIOTHOCTH 3apsina BB a — (1)
nooequt BII-3, (2) ammonnt IDKB-20, (3) mo6enut BII-1; 6 — B 3apsmax
ammonuTa [DKB-20 pazmmunoro auamerpa: (1) 100 mm, (2) 40 mm, (3) 20 mm.
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Pwuc.18 3aBucumocts OpmzanTHOCTH b 0T motHOCTH BB: 1 — moGeaut Ne6; 2 —
nooenut [1Y-2; 3 — amMmouuT Ne§.

3
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MHHIHHPYIOMIHA HMITYIBC, T

Puc.19 3aBucuMoCTh MUHUMATBHOT'O WHUITMHPYIOIIETO MUMITYJIbCa TIPU B3PHIBE
rpeMydeii pTyTd OT IJIOTHOCTH 3apsikanus nooennta BII-3.

3.2.9 Cnioco0bI U cpeAcTBa 0eCIIAMEHHOI0 B3PbIBAHUA

Bce cmocoObr OecruiaMeHHOTO B3pBIBAHHS OCHOBAaHBI Ha OBICTPOM
o0pa3oBaHMM B CT&IbHBIX IAaTPOHAX, Pa3MEIICHHBIX B IIIypaX, ra3oB IO
Beicoxnm (10° ITa u 0oJiee) aBJiecHWEM W MTHOBEHHOM HMX BBIOpOCE B IIIITYD.
[lpumensiercss B HamOoJiee OMACHBIX YCJIOBHUAX YrOJbHBIX INAXT, TJE€ HE
pasperraercsi BeACHUE B3PHIBOB JakKe NpeAoXpaHuTenbHpIMU BB, 111 paboTt no
yIJI0, TJIaBHBIM 00pa3oM B JlaBaX C MAIIMHHOW 3apyOKoM, a Takke st
MOJIPBIBBI HEKPETIKUX OOKOBBIX ITOPO/I.

HanOonee 3¢h(pekTHBHBIMU SABIAIOTCS CIAEAYIOLIME CTIOCOOBI:

Kapooxc - o6pazoBanne ra3oB MPOUCXOAUT B pe3yjibTaTe OBICTPOTO HCIIapEHUS
KHUJIKOU YTIIEKUCIIOTHI TP €€ MHTCHCUBHOM HarpeBaHMUH.

T'uopoxc - o6pazoBaHue Ta30B MMPOUCXOIUT B PE3YNIbTATe XUMHUUECKUX PEaKIIni
HOPOIIKOOOPa3HbIX COCTABOB IOJT ICUCTBUEM HarpeBaHUs;

Aspodoxc - Ipy KOTOPOM B TIATPOH, Pa3MEIICHHBIN B IIIType, MOJACTCS CKATHIN
BO3yX oy gasienneM (3-8)- 107 ITa.

JHoctonHcTBa crioco0a 0eCIIaMEHHOTO B3pbIBaHMSL:

- oJiHasi 6€30MaCHOCTh OTOOMKH YIJISl HA I1aXTaX, OMACHBIX M0 B3PBIBY T'a3a WU
TIBLIH;

- OTCYTCTBHE BPEIHBIX Ta30B;

- MIOJTyY€HHE KPYIMTHOKYCKOBATOTO YTJIsl C YMEHBIIEHUEM MbLIe0Opa3oBaHus B 3-
4 paza;

- COKpallleHWe BPEMEHHW Ha TMPOBETpHBAaHHWE 3a00s TIPU OTOOMKE CIKATHIM
BO3yXOM;

- BBICOKas1 0€3011aCHOCTh B 0OpaIeHNH C NMaTpOHAMU;

- OTCYTCTBHE BO3MO>KHOCTH MPEXKIAEBPEMEHHOIO B3PHIBA;

- MEHbIIass BEPOSTHOCTH TMOBPEXKICHUSI MPU3a00HWHONW Kpenmu U OTCYTCTBHE
Hal00HOCTH B ckiagax BM.

- YAy4IIaeT TUTHEHHYeCKUE YCIOBUS TPYAQ;
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- o0ecrieunBaeT JO0OBIMY YIJIsl 00Jiee BLICOKOTO KaueCcTBa.
4. Cnoco0bI U cpencTBa B3pbiBaHus 3apsaoB BB

Bo30yxnenue neronanuu B 3apsinax BB, ocyiiecTBisiemoe HaleKHBIM U
palMOHATLHBIM ~ CTIOCOOOM,  SIBJIIETCS. OJHMM W3 TJIABHBIX  YCJIOBUH
3((PEKTUBHOTO pa3BUTHS TEXHOJOTHH B3PBIBHBIX padb0OT. B MuUpoBO# mpakTHhke
UCTIOJIb3YIOTCS Pa3JMYHBIE CIIOCOOBI B3PBIBAHUS 3aps0B, KOTOPHIE MOYHO
pa3IeIuTh Ha TPH TPYIIIIHL:

- DIIEKTPHUYECKHE,
- HEDJIEKTPUIECKUE,
- KOMOMHHUPOBAHHBIE.

4.1 IloapeiB ¢ IOMOMIBIO WTEKTPOAETOHATOPOB

B cucremax 3neKTpUYECKOTO WHUIIMHUPOBAHUS DHEPrUsi OT BHEIIHETO
MCTOYHHMKA NIEKTPUUECKOTO TOKA MEPENAcTCsl K IEKTPOAETOHATOpaM (3apsaam
BB) no anexktpoB3pbIBHBIM ceTsM. OCHOBHBIMM 3JIEMEHTaMH 3JIEKTPHUYECKOTO
B3pPbIBaHMSI SIBJIIIOTCS AJIEKTPOJIETOHATOPHl HOPMAIbHOM YYBCTBUTEIBLHOCTH,
puc.20,a.

A
KA

[

Puc. 20 Dnexkrpoaeronatopsl MrHOBeHHOTO — D /] (a), KOpOTKO3aMEIJICHHOTO —
OJIK3 (0) u 3amennennoro 2 /(31 (B) neicTBUs:

1 — mpoOka; 2 — 3axkurarenbHas TOJOBKa; 3 — Kopiyc (ruib3a); 4 — BTyJKa
(vamiedka); 5 — BoCIIaMEHSOIIAs CMeCh; 6 — 3aMEJIAIOMMNA COCTaB;, 7 —
nepBu4HbIH 3apsin BB; 8 — Bropuunsiii 3apsin BB.
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Bb1aensoT cieayromme TUIIbI 3JIEKTPOIETOHATOPOB:

- 0 BUAY 3apsaa uHANMMpyrounero BB, koTopeli B HeM HaxoguTcs
(rpeMy4epTyTHO-TETPHUJIOBBIN U a3UA0-TETPHUIIOBBIN);

- IO BpeMEHH cpadarbiBaHus (MTHOBEHHOTO, puc.20,a, KOpPOTKO3aMEIICHHOTO,
puc.20,06, u 3amemsieHHOTO nekcTBus, puc.20,B);

- TI0 KOHCTPYKTUBHOMY O(OPMJICHHUIO U TI0 Ha3HAYEHUIO (00IIero Ha3HAYCHMUS,
JUISL CeiCMOpa3BEIKH, 0OPabOTKH META/UIOB, JJIT TOPTEIHPOBAHUS HEPTIHBIX
CKB&XXHH U JIp.);

- 110 YCJIOBUSM MPUMEHEHUs1 (HENpeIOXpaHUTEIbHBIE U MPEAOXPAHUTEIbHBIE —
JUTSL IIIAXT, OTIACHBIX TI0 B3PBIBY T'a3a WM IMbLIN);

- 10 YYBCTBUTEIHLHOCTH K OJyKIalOIUM TOKaM (HOpMaJlbHOM, TMOHIDKEHHOW U
0YEeHb HU3KOW YyBCTBUTEIILHOCTH WU TPO30yCTONYHUBEIE).

MupoBbie QUPMBI MPOM3BOIAT 3JIEKTPOJETOHATOPHI BBICOKOTOYHBIE C
KECTKO (PUKCHPOBAHHBIMM HWHTEPBAJIAMHU BPEMEHHM 3aMEIJICHHs, HOBbBIC
cuctembl /I, 3amMIIEHHbIE OT JACHCTBHUS CTAaTUYECKOTO DJIEKTPUUYECTBA,
OJMy’>KIAlONMX W JIPYTHMX MOCTOPOHHUX TOKOB, NPEHU3HOHHOIO JIEUCTBUS,
OPUMEHEHUE  AJIEKTPOHHBIX  YCTPOMCTB i HPOrPaMMHUPOBAHHOTO
MOCJIEIOBATEILHOTO WHUIMUPOBAHUS 3apsoB U T.1. Pa3zpaboTaHbl pa3imyHbIe
npuOOPHI IJIs1 X B3PBIBAHUS M KOHTPOJBHO-U3MEPUTENIbHAS armapaTypa.

[IpermyriecTBa 3MEKTPUUECKOTO CHOCOOBI B3phIBAHUS TEpeN JPYruMu
3aKJIF0YAETCd B BO3MOYKHOCTHU IPOBEPKHU KaXI0oro ) m BCel B3pbIBHOM CETH
nepen B3pbIBOM. BeaynmiMu MUPOBBIMH MPOU3BOAUTEISIMU 3IEKTPUYECKHUX
cpenctB B3pbIBaHMs sBIsitorcss  kommnanuu  "Hutpo HoGems" (IlIBenus),
"Mronon", "Arnac Ilaynep", "Octun Ilaynep", "I'epkronec Muk", "EHcaiiH-
bukdopa" u ap. (CIIA), "Ai-Cu-Ait Ho6enbs Ukcmno3usc" (BenmukoopuTtanus)
u Jp.

HambGonee pacmpoctpaneHHbIMH TuUaMu JJ[ B COOTBETCTBYIOIIMMH
croco0aMy B3pbIBaHUS B YroOJIbHBIX Iaxtax siBisitoTcs: "Akyaer Mapk V",
"Tpenuner", "I'epkronec Muk", "Mactepaer"”, "Marnaner"”, "Marna" u ap.

OcHOBHbIE TApaMETPBI JIEKTPOJAETOHATOPOB:

- compoTuBieHue JJ[ — cymMma 3JIEKTPUYECKOTO COTPOTUBIICHUS MOCTHKA
HAKaJIMBAHUS U BBIBOJHBIX MPOBOJIOB B XOJIOAHOM COCTOSIHUU;

- 0€30MacHbI TOK — MAKCUMAIbHOE 3HAYEHUE (BEPXHSS TPAHMIIA) TOCTOSIHHOTO
TOKa, KOTOPBI HE BBI3BIBAECT B3PBHIB IPU HEOTPAHWYEHHOM BPEMEHU €r0
npoxoxaeHus uepes J/1;

- JUTMTENbHBIN BOCIUIAMEHSIONIMA TOK — MHUHUMAJIbHOE 3HAYEHHE (HUKHSAS
IPaHMIIA) IOCTOSTHHOIO TOKA, KOTOpBIN, MpoTekas uepe3 D/ 3a Bpems Gonee 1
MUH., BbI3bIBA€T B3PbIB;

- CTOMWUIUCEKYHIHbIN BOCIUIAMEHSIIOUMI TOK — 3HaU€HUE MOCTOSTHHOTO TOKa,
KOTOpBIH, npoTtekas yepe3 I/ B Teuenue 10 Mc, BBI3BIBAET €0 B3PHIB;

- HMIIYJIbC BOCIUIAMEHEHHMS — HAUMEHbIIEE 3HAUYEHUE UMITYJbCa TOKa
(MOCTOSTHHOTO), npu KOTOPOM MPOUCXOAUT 3aKUTaHNE
AJIEKTPOBOCTIIIIAMEHUTENIS;
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- BpeMs  nepejayd —  BpeMs  OT  MOMEHTa  BOCIUIAMEHEHHS
aNIeKTpoBoOcIuIaMeHuTenst BB 10 MOMeHTa BbIX0/1a Jiyda OTHSI U3 €r0 NOJIOBKH, a
17151 D1 MrHOBEHHOTO JIEUCTBUS — JIO €r0 B3PhIBA;

- Bpemsi cpabaTbiBaHUsI — BpEeMsi OT MOMEHTa BKJIIOYEHMsI TOKa 0 MOMEHTa
B3pbIBa D /1.

l'apaHTHiiHBIA TOK — 3TO MUHUMAIbHBIM TOK, KOTOPBIW, IMPOXOAS 4epes3
MOCJIEIOBATENbHO BKIIOYEHHBbIE DJI, BBI3BIBAET B HUX BOCIUIAMEHEHUE BCEX
3JIEKTPOBOCIUIAMEHUTENECW. ['apaHTuMlHAs  BEJIMUMHA IIEPEMEHHOTO  TOKa
IIPUHUMAETCs paBHOU 2,5 A. B ciydae MCIOJIb30BaHMs MOCTOSIHHOTO TOKa €ro
rapaHTUiiHas BEIWYMHA JOJDKHA ObITh HE MEHBIIEH YEM YABOCHHOE 3HA4CHHE
CTOMUJUTUCEKYHITHOTO TOKAa M OOBIMHO MPWHUMAETCS paBHOUW 1 A, ogHaKo mpwu
ogHOBpeMeHHOM B3pbiBe 200 D/ 310 3HaUeHue yBenmuuBaercs 10 1,3 A.

JI1a mpou3BOACTBA B3PBIBHBIX PA0OT B YrOJbHBIX U CJIAHLEBBIX IIAXTax,
ONIaCHBIX 1O B3pbIBY Traza wm neumM, ¢ 1990 1. BeIIyCcKarOTCA
npeAoXpaHuTeNbHble  MOIIHbIe D/  KOpPOTKO3aMEIJIEHHOrO  JEHCTBUS
MMOHWKEHHOM YYBCTBUTEIBHOCTA K JICUCTBUIO 33pSAA0B  CTAaTUYECKOIO
anekTpuuecTBa U Omyxnaronmx TokoB Ttuna JJ[-K3-IIK u HOpmanbHOMU
YYBCTBUTEJILHOCTH K JIEUCTBUIO 33pAJOB CTATUYECKOTO HJIEKTPUYECTBA U
omyxxmarormx TokoB tuma 3 J[-K3-ITKM. Jlims maxT, omacHBIX O B3pBIBY Ta3a
WJIH TIBLIH, BBIITYCKAKOTCS HEMpenoXpaHuTenabubie D/ ¢ 3amennenuem tuna 3 /-
3-H, koTopsie uMeroT 23 cepuu 3aMeIJICHUS.

"EquHpiME  TpaBUIaMH  O€30TIACHOCTH TPHW  B3pBIBHBIX paboTax"
NPENyCMOTPEHBI CJEAYIONIME OCHOBHBbIE TpeOOBAaHUSA TPU B3PBIBAHUH C
IIPUMEHEHHUEM 3JIEKTPOAETOHATOPOB:

- mpoBoja DJ1 mociie NpOBEPKU UX COMPOTUBIIEHHS JOJDKHBI OBbITh 3aMKHYTHI
HAKOPOTKO W B TaKOM IIOJIO)KEHWM HAXOJUTHCS BCE€ BpeMs JI0 MOMEHTa
MPUCOEAUHEHNS K B3PBIBHOW ceTW. [IpW BBINOJHEHWMM 3TOM OIEpalMK Ha
paboueM MecTe MPOBEPSIOIIETIO A0MycKaeTcst uMeTh He 6osee 100 D/1;

- B maxrtax (pydHUKax), ONACHBIX 1O Ta3y WIA [bUIM, MPOBOAA
ANIEKTPOIETOHATOPOB U 3JIEKTPOB3PBHIBHOM CETH JOJKHBI COEAUHITHCS TOJIBKO C
IPUMEHEHUEM

KOHTaKTHBIX 3a)KHMOB;

- 3JIEKTPOB3PbIBHAS CETh JAOJUKHA OBITh ABYXIPOBOAHON. Mcnoib30Banue Bopl,
3eMJIM, TPYyO, pPelbCcOB, KaHATOB M T.II. B KaY€CTBE OJHOTIO M3 IMPOBOJHUKOB
3anpemraerca. Jlo Hauana 3apsKaHusl B3PBIBHUK 00s13aH OCMOTPETH B3PBIBHYIO
MarucTpalib, YOSIUTHCS B €€ UCIIPaBHOCTH;

- B IIaxTax (pyAHHUKaX), OMACHBIX IO ra3y WM MbUIM, JOJDKHbI MPUMEHITHCS
ANEKTPOJETOHATOPHl TOJBKO C MEOHBIMH TMPOBOJAaMHU. JTO TpeboBaHWE
pachpoCTpaHAeTCsl TAKKE HAa COCAUHUTENIbHBIE M MaruCTpallbHbIE IPOBOJA
(xabenun) B3pBIBHOM CETH;

- 3ampemaercs MOHTHPOBATh JJIEKTPOB3PHIBHYIO CEThb B HANPABICHUM OT
MCTOYHUKA TOKA WJTM BKJIFOYAIOILIETO TOK YCTPOMCTBA K 3apsiy;
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- T1OCJIe MOHTaXa »dJEKTPOB3PHIBHOM CETH HEOOXOJMMO TIPOBEPUTH €€
IPOBOAUMOCTS;

- TIOCTOSIHHAsI B3pbhIBHAsI MarucTpajb JOJDKHA OTCTaBaTh OT MECTa B3phIBa HE
MeHee ueM Ha 100 m;

- BKJIIOYEHUE TOKa JJISi B3PBIBaHMS JOJDKHO MPOBOJUTHCA W3 OE30MaCHOTO
MecTa. B3pbIBHOW mnpubOp [MODKEH HMMETh CIEUUAIbHbIE KIEMMbl IS
MOJICOEIMHEHNUS ~ MAarucTpajbHBIX  MPOBOJOB  AJIEKTPOB3PHIBHOM  CETH.
[loacoenuuenne MarucTpaibHBIX MPOBOJIOB K B3PHIBHOMY IPHOOPY (MAIIMHKE)
CJIEJIyeT MPOBOJUTH B MECTE YKPBITHUS B3PbIBHUKA;

- KOHIIbI MPOBOJOB CMOHTHPOBAHHOM YaCTU SJIEKTPOB3PHIBHON CETH JOJLKHBI
OBITh 3aMKHYThl HAKOPOTKO HA BCE BpeMS, MPEAIIECTBYIOIIEE MOACOEANHEHUIO
UX K TPOBOJAM CJICAYIOIIEH YacTH DJIEKTPOB3PBHIBHOW CETU. 3ampeniacrcs
NPUCOEIMHEHUE MPOBOJIOB YK€ CMOHTUPOBAHHOM YaCTH 3JIEKTPOB3PHIBHOM CETU
K CIEAYIIMM IPOBOJAM, IMOKa MPOTHBOIOJOXKHBIE KOHIbI TMOCJIEAHUX HE
3aMKHYTbl HAKOPOTKO;

- KOHIIBI MarucTpajbHBIX IMPOBOJOB JJIEKTPOB3PHIBHOW CETH TaKXKE JOJLKHBI
OBITh 3aMKHYThl B T€UEHHE BCEr0 BPEMEHM JI0 MPHUCOEIUHEHUS UX K KIEeMMam
npuOO pa UK YCTPOICTBA, BKIIIOYAIOIIETO TOK JJIsl B3phIBAHUS;

- CO BCEX 2JIEKTPOYCTAHOBOK, KaOenel, KOHTaKTHBIX M BO3AYIIHBIX IPOBOAOB U
JIPYrUX WCTOYHUKOB  D3JEKTPOSHEPruu (B T.4. KCTOYHHUKOB  OIACHBIX
ANEKTPOMArHUTHBIX  W3JIY4YCHMI), JEHUCTBYIONIMX B  30HE  MOHTaxa
ANEKTPOB3PBIBHOM CETH, HANPSKEHUE JODKHO OBITh CHATO C MOMEHTAa MOHTaXa
CeTH;

- B MIOJI3EMHBIX YCJIOBUAX B 30HY MOHTaXa 3JIEKTPOB3PHIBHOM CETH HEOOX0IUMO
BKJTIOYATh BBIPAOOTKH, B KOTOPHIX MOHTHPYETCS TaKas CETh;

- IPY MOHTAXE AJIEKTPOB3PHIBHOM CETH B MOA3EMHBIX BBIPAOOTKAX TOMYCKAETCS
HE OTKJIIOYaTh HAaxXOJdIMecss B TMpeaenax 30Hbl MOHTaXa OCBETUTENbHBIC
ANEKTpUYECKUe ceTu He Ootiee 42 B, BEHTWIATOPBI MECTHOTO MPOBETPUBAHUS U
anmnapatypy B ucnoigienuu PO;

- IIpY B3PBIBAaHUU C MPUMEHEHHEM 3JIEKTPOJETOHATOPOB BBIXOJ B3PbIBHUKA U3
YKPBITHS TIOCJIE B3pbIBA pa3peliacTcsi HE paHee, YeM 4Yepe3 5 MUH. U TOJIbKO
NOCJIE OTCOETMHEHUS AIIEKTPOB3PHIBHOM CETH OT UCTOYHUKA TOKA M 3aMbIKaHUS
€€ HaKOPOTKO;

- €CJIM IpU BKJIIOYEHMH TOKa B3pbIBA HE IPOM3OLUIO, B3PBIBHUK O00s3aH
OTCOEIMHUTH OT NpHOOpa (MCTOYHMKA TOKA) JIEKTPOB3PHIBHYIO CETh, KOHIIBI €€
3aMKHYTh HAKOPOTKO, B3sIThb ¢ COOOU K04 OT Tpubopa (SAIuKa, B KOTOPOM
HaXOJUTCS B3PBIBHOE YCTPOMCTBO) M TOJIBKO MOCJIE ATOTO BBISICHUTH NPUUYHHY
OTKa3a. BeIXOIUTh U3 YKPBITHS B TAKOM CIIydae MOXHO He paHee, ueM yepe3 10
MUH., HE3aBUCUMO OT THIIA MPUMEHSIEMbIX 3JIEKTPOETOHATOPOB;

- B3pbIBHbIC NPHOOPHI (MAalIMHKK) Tepel BbJadyell B3pbIBHUKAM JOJDKHBI
OPOBEPATHCS COIJIACHO MHCTPYKLMSM M0 DKCIUIyaTalliM Ha COOTBETCTBHE
YCTaHOBJIEHHBIM TEXHUYECKUM XapaKTepPUCTUKaM, B T.4. HA Pa3BUBAEMbIH TOK,
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UMIyJbC TOKa M, HAa IIaxTax (pyJIHUKAx), OMACHBbIX MO Ta3y WM MbLUIM, Ha
JUIMTENbHOCTh UMITYJIBCA HAIPSDKEHUS.
B Ta611.8 nmpuBeneHbl XapakTepUCTHUKU TPEX TUTIOB AJIEKTPOIETOHATOPOB
(puc.20), npuMeHsieMbIX MPH B3PBIBHBIX pad0TaxX B YrOJIbHBIX IIAXTaX.
TexHonorust  SIEKTPUYECKOTO  B3pbIBaHHUS  TpeOYeT  BBINOJHEHMS
CIlIenyIolIeH Mmocie0BaTeIbHOCTH padoT:
- POBEPUTH U TIOJ00PATh IEKTPOAETOHATOPHI N0 COTIPOTHBIICHUIO;
- U3rOTOBUTH MATPOHBI-00EBUKH (puc.21);
- MOJIaTh MPENyNPEAUTEIbHbIN CUTHAT (OJMH JJIMHHBIN), BBECTU 3apsaasl BB B
HITypbl, CKBAKUHBI WJIM KaMEPbI U MPOU3BECTH UX 3a00KKY;
- BBITIOJIHUTHh MOHTA 3JIEKTPOB3PBIBHOM CETH;
- TPOBEPUTHh HCIPABHOCTb JJEKTPOB3PHIBHOM CETHM W ONPENEIUTh €€
COIPOTHUBJICHUE;
- mojarb OO0€BOM curHan (JBa JJMHHBIX), TOACOCAMHUTH MAarucTpaibHbIC
IPOBOZA K UCTOYHUKY TOKA U POU3BECTHU B3PHIB;

=

L
L

4

Puc.21 TlocnenoBaTeibHOCTh M3TOTOBJICHUS MAaTPOHA-O0EBUKA:
1 — co3panue yriyOJsieHUs O] JeTOHATOp B Tople natpoHa BB; 2 - yctaHOBKa
JI€TOHATOpa KOHTPOJIbHOW TPYOKH B MATpOH; 3 - 3aKpBITHE TOpIAa MATPOHA; 4 -
3aBA3bIBAHME TOPLIA [TATPOHA.
- 1OCJI€ MPOBETPUBAHMSI OCMOTPETh B30PBaHHBIN 3a001; NMPU HATMYUU OTKA30B
JMKBUIWPOBATH UX;
- TI0J1aTh CUTHAJ 0TOOS (TPU KOPOTKHUX).

[Tpu B3pbIBanuM DJ] B YroJbHBIX U CIAHIEBBIX IIaXTaX NPUHATA €IHHAS
CXeMa — IIOCJIEIOBATEIbHOE COEIMHEHHUE JJIEKTPOAETOHATOPOB. JlocToMHCTBA
CXEMBI TIOCJIEAOBATENILHOIO COCAUHEHUS |
- yepe3 Bce D] MpoXoaUT ANEKTPUUECKUI TOK O TMHAKOBOU BEJIMYMHBI;

- JI71s1 B3pbIBa HEOOXOIUM HCTOYHUK TOKA MUHUMAJIbHOW MOIIHOCTH;

- MEHbIIAs JUIMHA NPOBOJOB, MPOCTOTA MOHTAXKA, JIETKUKA KOHTPOJb 3a
UCIIPABHOCTBIO AJIEKTPOB3PBIBHOM CETH;

- POCTOTA PACYETOB JIEKTPOB3PBIBHOM CETH.

Henocrtarku cxeMbl NOCJIEA0BATEIBLHOTO COETUHEHMS |
- OITACHOCTh MACCOBOTO OTKa3a B CJydyae MOIAJAaHUs B AJICKTPOB3PBIBHYIO CETh
nedextHoro D/1;



-  HCBO3MOXHOCTbL OJHOBPCMCHHOI'O B3PbIBAHUS

SJICKTPOACTOHATOPOB.
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OOJIBIIIOTO  KOJIMYECTBA

Ta6mnua 8

Tunsl 3JIEKTPOAETOHATOPOB U HHTEPBAJIBI 3aMe/1JIe HUI

JreKTpOIETONA- Hurepsa zamei- Javeanenne ¢ mMawcnvaib- | Heer nlq}.;.wuu
ropu: JCHISE MEAKTY ce- | HBIMH :r'l'lc. IOHCHHAMH  (Bpe- | NPHIOHHOH “ac-

PHSIMI, MC M CpadaTBIBAHKA ), MC TH B3k

]1-%e - MIHOBEHHOE HE OKPAIIHBASTCA

M-S - MATHOBEHHDE

DJIRE - 03 - 4x2

IS - 13M |5 157 HEPHBIN

IKS - 23M |5 30+7 EPACHEIH

KE - 35M | 5 45+ 7 HE OXPALHBAETCA

IS - 43M 15 6l =7 2IIEHLIN

MK - 53M 20 sl + 10 AHENTHIN

MIKS - 63M 20 [ 00+ 110 DEbIi

DJIRT - T3IM 20 |20 = 10 CHHMA

WIKE - 13 25 25+7 HEePHBIA

KT - 273 25 507 EPACHELI

r :','-1|“;'§ _ -; g :-: T - '| ||. HE ORpAlllHBEaeTCH

WIS - 43 25 100 = 10 3e/IEHBIH

IS - 53 25 [25 =10 AHETITRI

23N -7 S00) 500 + 30 (— 150)

13 - 8 2350 750+ 125 (— 150) pPO30BLIH

13- 9 250 000 = 300 (- 75) OPAHIKEBLII

3 - 10 A00 [ 300 + 350 (— 150) rou1y O0ii

13- 11 00 JO0 A SO0 (— 100 CRETAO-CHPEHERLI

13- 12 2000 4000 + 500 DETLI

I3 - 13 2001 Gon0 = 600 HEPHBIA

3 - 14 2001 BO00 £ 900 lIEHbIH

O3 - 15 2001 10000 £ 1600 (— 8007 (O TOBBI]

COBepLHeHCTBOBaHI/Ie TEXHOJIOTUHN 151 METOJ0B KOHTPOJIA 3a

0e30ITaCHOCTHIO QJICKTPOB3PBIBAHUA OTKPBIJIM HOBBIC BO3MOXXHOCTH  JIA

Pa3BUTHUA IJICKTPHUYCCKOTO crnocoba B3pbIBaAHUs Ha OTKPLITBIX M IOJA3CMHBIX

TOPHBIX pabdOTax.

OnHako pa3BUTHE JIIOOOW TEXHUYECKOM CHUCTEMBI, KaK U DJIEKTPHUUECKOTO
croco0a B3pbIBaHUs 3apsi10B BB, B KOHIIe KOHILIOB, MPUBOJUT K HEOOXOAMMOCTH
CO3[1aHus. MPUHLMIIAAIBHO HOBBIX DJJIEMEHTOB (Kak, HalpuMep, CUCTEMa
"Marnazner"), muOO0 NPUHIUIHAILHO HOBOM CHUCTEMBI, (PHU3UKO-TEXHHUYCCKHE
napaMeTpbl KOTOPOI UCKITFOUMITN Obl HEAOCTATKU CYIIECTBYIOICH.

Ha 0Oaze anamm3a 5>IEKTpUUECKOM CUCTEMBI B3pbIBaHUsA 3apsioB BB,
MOYHO BBIJIEJIUTh HEJIOCTATKU, XapaKTEPHbIE ISl pPA3HBIX ATANOB €€ Pa3BUTHSL
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1. Henocrarku, OTIpEICIIIEMbIE (UBUKO-TEXHUYECKUMU
XapaKTEPUCTUKAMHU  HJIEMEHTOB  (HENOCTATKM  OYEBHUAHBIC). ITOT  THI
HEIOCTAaTKOB JIGKUT B OCHOBE, T.€. B CIOCOOE TEXHWYECKOW pearn3anuu
ucrmosb3yemMoro ¢uznaeckoro d¢gdekra. K atomy THIy OTHOCSTCS HETOCTATKH,
CBSI3aHHBIE C OTTACHOCTHIO MPEXKICBPEMEHHOTO B3PhIBA B PE3YJIbTATE MOSBICHUS
B CETHM MOCTOPOHHUX TOKOB, CJOKHOCTHIO MOHTa)Xa CETH, OCOOEHHO MpH
0osbImoM KosmdecTBe D /1, TOKCHIHOCTHIO MPOTYKTOB B3phIiBa D /1.

2. HepocTarku, posIBIISIIONIMECS B MPOLIECCE IKCIUTyaTalldd CUCTEMBI U
€e DJIEMEHTOB (HEIOCTaTKU CKpbIThie). K 3TOMy THIly MOKHO OTHECTH,
HalpuMep, CHIDKEHHE YPOBHS O€30TKa3HOCTH jeWcTBus OJ] B TedueHue
FapaHTUHUHOTO CPOKA XPAHEHUS.

3. Henmocrtarkum mOTEHIMANbHBIE, T.€. CBSA3aHHbIE C W3MEHEHUEM
AKCIUTyaTallMOHHBIX TPEOOBAHUM MPU YCOBEPIIIEHCTBOBAHUM TEXHOJIOTHIECKOTO
npouecca B 1esoM. OT TOro, HECKOJBKO BBICOK (DM3MUECKUN TMOTEHIIMAI
CHUCTEMBI, €€ HEBOCTPEOOBAHHBIE CKPBITHIE BO3MOXKHOCTH, 3aBUCHUT OymyIiee
CHUCTEMBI, CBSI3aHHOE ¢ 3(PPekTUBHOM ee FkcTuTyararuei. K Takum HegoctaTkam
OTHOCSITCS HEYJIOBJIETBOPUTENILHBIE MapaMeTPhl, XapaKTEPU3YIOIIME TOYHOCTh
WHTepBasa 3aMmeieHus D/I.

4. Texuomoruyecknue HEIOCTATKH, CBSI3aHHBIE C HECOOJIONEHUEM
TEXHUYECKUX YCJIOBUM M3TOTOBJICHUS AJIEMEHTOB CHCTEMBI. YCTAHOBJICHBI Kak
CKpbIThIe AedekThl D/l (HeKaueCTBEHHBIM KOHTAKT MOCTHKA HaKaJIMBaHUS C
BUJIOYKOM U T.1I.).

[lepeunicrnieHHble HENOCTATKU PE3KO CHUKAIOT YPOBEHb OE30MACHOCTH U
3 PEKTUBHOCTH DBJIEKTPUYECKOTO CTOco0a B3pHIBaHMSA. YCTAHOBJIEHO, YTO
OTKa3bl IITYpOBBIX 3aps0B BB B yroJIbHBIX U CJIAHIIEBBIX IIAXTaX MPOUCXOJAT,
B OCHOBHOM, 0 TEXHHUYECKUM MPUYMHAM U 3aBUCST OT KaueCTBa M3TOTOBJICHUS
OCHOBHBIX 3JIEMEHTOB cHUCTeMbl. Kpome 3Toro, ypoBeHb KayecTBa 3JIEMEHTOB
olpenesneH HOPMAaTUBHO-TEXHUYECKOMN JIOKyMEHTALMEN, KoTOpas
YCTaHABJIMBAET JOMYCTUMYIO BEPOSTHOCThH TOSBJICHUS OTKa3a B TEUEHHUE TOJia,
paBHyt0 10—6. A ypOoBEHb AKCIUTyaTaAllHOHHOTO KauyeCcTBa MPOMBIIUIEHHBIX /]
coctapisger 3-10-3. Takum 00pazoM, B 3JIEKTPUUECKOW CHCTEME OCHOBHBIM
AJIEMEHTOM, TPUBOJAIIMM K CHIDKEHHIO O€30MacHOCTH JEWCTBUS CHCTEMBI,
siBisiercs D/1.

4.2 HeaiekTpuueckue crnoco0bl B3pbIBAHUSA

K HeanexTpuueckuM criocobam MHULIMUPOBaHMS 3apsnoB BB oTHOoCcHTCS
OTHEBOE B3pPBIBAHUE, KOTOPOE OCYILECTBISETCS C MOMOIIBK) OTHEIMPOBOJHOIO
IIHypa, KalCHJI-IETOHATOPa M 3aKWIaTelIbHOI0 IarpoHa. B COBpEeMEHHBIX
HE3JICKTPUUECKUX CHOco0ax B3pbIBaHUSl MeEpenayy 3HEPrud OT BHEIIHEro
UCTOYHHUKA K JIETOHATOPaM OCYILECTBILIIOT C IIOMOLIBIO CBETOBOJIOB, a TaKXKe
[0JIOTO IJIACTUKOBOTO IIHYpa pa3jMYHbIX KOHCTPYKIUH, Y KOTOPBIX:
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- BHYTPEHHSISI IOBEPXHOCTh IIHYpa MOKPBIBaeTCsA TOHKMM clioeM BB (cuctema
"HOHEJIB" — HIeeumsa, "Oguwmun", "YHCH", "Cuaexunka" — Poccus,
"leranaitn" — CIIA u 1p.);

- BHYTPEHHHM OOBEM IIHypa 3amoJIHAETCS B3PHIBUATOM Ta30BOM CMECHIO
(cuctema "Xepkyner" — CIHIA); BHyTpEHHUE CTEHKH MOKPBIBAIOTCS TOPrOYEi
cMechlo, ropsiiei co ckopocTsio A0 1000 M/c (cuctema LVST — CIIIA).

4.2.1. OrHeBO€e HHUIIUMPOBAHHUE 3aPS/IOB

OrnenpoBoansiii  mmHyp (OL), puc.22, mnpencraBmsger  coOoii
CIIPECCOBAHHYIO M3 JBIMHOIO TMOpOXa U J00aBOK IJIACTU(UKATOPA CEpALEBUHY
C LEHTPAJbHOW HAIPABJIAIOMIEW HUTHIO, 3AKPBITYIO HUTSIHOM OIUIETKOM C
TUAPOM3OJMILMOHHBIM  cjoeM. Baemmnnii guamerp mHypa 5,5 MmMm. B
COOTBETCTBHE C TpeOoBaHUsAMU "ENHMHBIX MpaBuUil 0€30MaCHOCTH MTPU B3PBIBHBIX
paboTtax" ompesok O gmHO# 60 cM moJDKeH cropath 3a 60-68 c.

OcnoBubie Buabl OILL: skctpy3uonnbii OIID B moJuAITHICHOBOM 000JIOUKE,
acanpTupoBanHblii OLLIA mnpegHasHaueHbl AJIi CYyXHX U BJIAXHBIX 3a00€B,

miactukataeiii O -~  gng oOBogHeHHBIX — 3a00€B,  ABOMHOM
acampTupoBanubiii OIIIA npenra3zHadeH 17151 MOKPBIX 3a00€B.
34 3 2 1

_ ]
l f{/

@5,5
|
NN

Y

Puc.22 OruenpoBOHBIN HIHYD:
1 — npampapnstomas HUTKA; 2 — MOPOXOBOM CEpIEeYHUK; 3 — oruieTka; 4 —
TUAP O30S LS.

Kancronb-neronarop, puc.23, TpeACTaBIsIET COOOW IMIJIMHAPHIECKYIO
rwib3y (MEIHYI0, ATFOMUHUEBYIO WM OMMETATMUECKYI0) TuaMeTpoM 6 — 7 MM
U 1auHON 48—51 MM, CHapsKEHHYIO 3apsiaMH TEPBUYHOTO MHUIIMUPYIOIIETO
BB: rpemyuas pryts (0,5 1), THPC (0,1 r), a3un cBunna (0,2 r) 1 BTOpUUHOTO
nHunuupyromiero BB — tetpuna (wm rekcorena) maccoi 1 1.
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Puc.23 Kancroms-netonarop rpemydepTyTHOoTeTpriioBeii Ne 8C (a) w
azunoreTpuiioBsiit Ne 8A (0): 1 — runb3a; 2 — rpemyyas ptyth; 3 — THPC; 4 —
a3uJ]] CBUHIIA; 5 — TeTpUiI; 6 — yaleyka; 7 — KyMyJIsITHBHAs BbIEMKa.

B kancromsx-meroHaropax 3apsii NMEPBUYHOTO MHHULMHUpYromero BB

BbIOMpaeTcss  TakUM, 4YTOObl  Bb3BATh  JETOHAIMIO BO  BTOPUYHOM
uHuupyromem BB. 3apsan Btopuunoro BB mnopOupaercs w3 yciaoBuit
0€30TKa3HOr0 MHHUIIMUPOBAHUS 3apsIOB MOPOIIKOOOPA3HBIX MPOMBIIUICHHBIX
BB. J[lns ycunmenuss wuHMnmMupyromed crnocoOHoctu aHo K] mmeer
KyMYJISITUBHYIO BBIEMKY.
B nactosimee Bpems ucnosb3yror caenyromme K@ Ne8M B MenHoW THUIb3E,
Ne8b B Oymaxknoii ruip3e, Ne8C B Oumerammmueckod ruibie. Karcromm-
J€TOHATOPbI,  CHApsSIKEHHbIE  a3WJIOM  CBUHIA,  HEMHONO  MOIIHEE
IPEMYUYEPTYTHBIX, HWMEIOT BBICOKYIK) UYYBCTBUTEILHOCTh K TPEHHIO, YIapy,
CYKaTHUIO U OTHIO.

3axuraTeNbHbIC TMATPOHBI, puUC.24, TPHUMEHIIOT JJIsI TPYIIIOBOTO
B3pbIBaHuA 3apsaoB BB nmyrem 3axkuranus 10—38 3axurarenbHbIX TPYOOK HITH
otpe3koB OIIl. 3axwurarenpHas cMech COCTOMT M3 85% MEIKO3EpHHUCTOIO
nopoxa, 5% kanudpomn u 10% mnapapuna. JlimHa 3axwurarensHoro Ol
coctapisier 15-25 cm. EnuHbpiMu npaBujiaMd O€30IMAaCHOCTU TIPU  BEJACHUU
B3PBIBHBIX pa0OT OTHEBOM CIIOCOO B3PhIBAHUS B YTOJIBHBIX U CJIAHIEBBIX IIaXTax
3anpelieH K NPUMEHEHUIO.

2-3

.
£

Puc.24 3axurarenbHblil NaTpoH:
1 — runp3a; 2 — 3axuraembie otpesku Ol wmaymme x 3apsmam BB; 3 —
nopkurarommii OILl; 4 — dukcupyrommii mmarar; 5 — 3aKUraTelbHbII COCTaB
(ToymmuHa cyost 2.3 Mm).
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4.2.2 Cucrema "HOHEJIb"

Bce coBpeMeHHbIE  HEIJIEKTPUYECKHE CHCTEMBl  MHUIMUPOBAHUS
HOJIHOCTBIO 0€30MacHbl K Pa3IMYHOIO POJia AJIEKTPOMArHUTHBIM HABOJKaM H,
IIPX 3TOM, MO3BOJIIIOT CO3[aBATh CXEMbl B3PBIBAHUS 3apsIOB C NPAKTUYECKU
HEOTPAHUYEHHBIMUA BO3MOKHOCTIMU YIPABJICHUS MPOLECCAMH Pa3pyIICHUS
MacCHBOB TOpHbIX TIOpoJ. OcHoBHbIM »3iemeHToM cucteMbl "HOHEJIB"
SABJISICTCA TOJIBIM IUIACTUKOBBIM IIHYP-BOJHOBOJ, BHYTPEHHSAS IOBEPXHOCTH
KOTOPOr'0 TOKpPBITa TOHKMM CJIOEM B3pbIBUaTO cMecu. [Ipu mHMUIMUpOBaHUH
BO3IYIIHAs yJIapHas BOJHA paclpOCTPaHSIETCs M0 KaHAy IIHYpPa CO CKOPOCTHIO
2 km/c. VYpapHas BOJIHA TIEpelaeT SHEPTrUI0, KOTOPOW JOCTATOYHO JJIs
uHuumrpoBanus K[, 3akpemieHHOro Ha OJHO W3 KOHIIOB LIHYpa-BOJHOBOJA
(puc.25).

[Mayp “HOHEJIB”, BBIMONHEHHBIH B BHUAC ILIACTUKOBOM TPYOKH
(BHEemHUM nuameTrp 3 MM, BHYTpeHHUH — 1,5 MM), He uUMeeT B3PBIBUATHIX
CBOMCTB, OH HE MPU KaKUX YCIOBUIX HE BO30YXAAET JETOHALMIO HA B OTHOM U3
BB, koTopsie ncnonp3yrorca Ha npaktuke. [IIHyp He B3pbIBaeTCs HU OT yaapa,
HA OT Bo3aeucTBUs oOrHsi. [lpuw mnepemade ymapHOM BOJHBI IIHYP HE
pa3pylIaeTcs, BbINOJIHASA POJIb TOJBKO JUIIb ITPOBOIHUKA CUTHAJIA.

[Mrypsr cepun HD uMEOT MNOBBIMIEHHYK0 IIPOYHOCTh HA Pa3phbIB,
U3HOCOCTOMKOCTh M COXPAHSIOT CBOIO PabOTOCMOCOOHOCTH 1O TEMIIEpaTyp
+50°C. K “HOHEJIb” mnpenctaBnsier co00il allOMHUHUEBYIO THIB3Y, B
CepearMHE KOTOpPOM HAXOAWUTCS YYBCTBUTEIBHOE K OTHIO IEPBHYHOE
uHuIMpyouee BB, BeI3bIBatOIIEE 1E€TOHALMIO BO BTOpUYHOM Opu3anTHOM BB.

JoctounctBa cucteMbl "HOHEJIB" - 310 Oe3pasmmuue kK JEHCTBUIO
OJIy’>KIAIONMX TOKOB, OJJIEKTPOCTATUYECKHX 3apsAJ0B M DIIEKTPOMArHUTHBIX
NOJIEW B AUANa30HE Pa3HbIX YacTOT;

- IIOBBIIICHUE ITPOAYKTUBHOCTH BCJIEACTBUE YCKOPEHHMSI TIOATOTOBKY B3P bIBA;
- CHIDKEHUE CTOMMOCTH B3PBIBHBIX PadOT;
- BBICOKAsl Ha/IEKHOCTb.

Henocrarkn cucremsr "HOHEJIB" — 3T0 HEBO3MOXKHOCTH MPOBEPKHU
LIEJIOCTHOCTH B3PBIBHOM CETH;

- MHOTORJIEMEHTHOCTb.

Heanextpuueckas cuctema "HOHEJIB" npeanazHaueHa Ayt OTKPBITBIX U
MO/I3EMHBIX B3pPBIBHBIX PAa0OT, B TOM UMCJI€ U B YCJIOBUSX LIAXT, OMACHBIX IO
B3PBIBY I'a3a WJIU IIBUIN.

4.2.3 Cuctema "OIICHUH"

B cucreme nazepnoro ununmuponanus "OIICHUH", puc.26, nepemaua
SHEpPruu OT Ja3epa K ONTUYECKHM JETOHATOPAaM OCYILECTBIISIETCS C MOMOIIBIO
CBETOBO/IOB JINOO HETMOCPEACTBEHHO Yepe3 BO3AYIIHYIO aTMOCdepy.

O6nacTu npuMeHeHus: HoOBoM npenn3uonHoM cuctembl OTICUH:
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- IPOM3BOJICTBO MAacCOBBIX B3PHIBOB IIIMYPOBBIX U CKBAXKUHHBIX 3apsJIOB,
CBapKa, IpaBUPOBKA, KOMIIAKTUPOBAHUE B3PBIBOM; YIPOUHEHHUE H3JCIUN CO
CJOXHBIM penbeoM MOBEPXHOCTEH; B3pBIBHbIE pabOThl B CTECHEHHBIX
YCJHOBUSIX TOPOJOB, MPOM3BOJACTBEHHBIX NpeAnpusitdii u T.0. [lomydyeHue
npoQWIMPOBAaHHBIX  JETOHAMOHHBIX  BOJH  (IUIOCKHUX,  C(epUuecKuXx,
OWIMHAPUYECKMX M Jp.), KOTOpbI€ HEBO3MOXKHO pEAIM30BaTh IpPHU
UCIIOJIb30BAHUM  TPAAULMOHHBIX CPEACTB MHULIMUpPOBaHWs. lcnbiTaHus
KOHCTPYKUMI KOPIIYCOB pakeT Ha NPEAMET YCTOMYMBOCTH K HMITYJIbCHOMY
BO3JICUCTBUIO PEHTTCHOBCKUX U YJIbTPA(PHUOJETOBBIX H3JIy4eHUH OOEBBIX
Ja3€pOB U T.1.

Cuctema obOecrnednBacT 0c000 BBICOKHE YPOBHH OE€30MACHOCTH W
TOYHOCTH YIPABJIECHHUS] MHOTO3apSAHOTO B3PbIBAHUSI.

Bbicokas Oe3omacHOCT, OOYCIIOBJI€HA HCMOJB30BAaHUEM CIIEHUAIbHBIX
B3pbIBUaThix cocTaBOB (BC), BBICOKOUYBCTBUTENBHBIX K BO3JAEHCTBUIO
XapakTEPHOTO HUMITyJIbCA JIA3EPHOIO M3JIY4YEHHMs W HMEIOIIMX HHU3KYIO
YyBCTBUTEJILHOCTh K MEXaHUYECKHUM U TETIOBBIM BO3ICHCTBUSIM.

Bbicokue TOUHOCTh ynpaBieHUs 00eCIIednBaETCs 3a CUET:
- MaJIOTO BPEMEHU 3aJ1epKKu cpabaTtbiBanust BC (<10° ¢);
- IPOrpaMMHUPYEMOTO YIpAaBJIEHUS PabOTON OTAEIbHBIX KAaHAIOB JAa3EPHOTO
YCTPOUCTBA, OOECTIEUMBAIONICTO IIOAAYy JIA3CPHOW DHEPTUM B JIOKAIbHBIC
Y4aCTKA

ONTOBOJIOKOHHOW KaOeIbHOM CEeTH;
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Puc.25 CoenmHUTENBHBIN OJIOK U MOCJIEN0BATEILHOCTh €TI0 MOHTAKAa B CUCTEME
HOHEJIb: a) — oOumii BuJ COEIUHUTEIHHOTO OJI0OKa; 0) — TMOJKIIOYCHUE
IITHYPOB-BOJIHOBOJIOB K COCTMHUTEIHLHOMY OJIOKY; B) — COCAMHUTEIHHBIN OJIOK B
300pe C 4YeThIPbMsI IIHYpaMHU-BOJHOBOJAaMU;, 1 — MIHYpP-BOJHOBOI;, 2 —
HEDJIEKTPUUECKUN KarCIOJIb-I€TOHATOp; 3 — COCAUMHUTENbHBIM OJiok; 4 —
3aCJIOHKa; 5 — KpbllIKa; 6 — BBIBOJHBIE IIHYPHI JJI1 TMOJKIIOYEHUS K
CKB@XMHHBIM 3apsinaMm; 7 — BHyTpuckBaxuHHbIM wmHYp "HOHEJIB" nna
3aMeJIJIEHHOTO B3pbIBaHMs 3apsa410B BB; 8 — ckBakuHa.



84

7 i 5 < i vl
Puc.26 Cxema yctpoiicTBa ontudeckoro aeronaropa (O/1):

1 — amomMuHueBas TpyOka; 2 — BTy/Ka; 3 — BropuuHoe nHuuupytouiee BB; 4 —

CTakaH ¢ MEepBUYHBIM HHHUIMUpYlomM BB (cBerouyBcTBUTENbHOE BB); 5 —

KaHaJI 71 YCTaHOBKH CBETOBO/Ia; 6 — CBETOBOJI; 7 — MUPOIMATPOH.

- MOBEPKHU LEITOCTHOCTU ONTOBOJOKOHHOW CETH NEPEJ B3PHIBAHHEM 34 CUET
U3MEPEHUSI YPOBHS JIA3€PHOI0 M3JIYYEHUSI MAJIOW MOIIHOCTH OTPAXEHHOTO OT
MOBEPXHOCTH BBICOKOYYBCTBUTEIBHOTO B3PBIBUATOIO COCTABa ONTUYECKHUX
JIETOHATOPOB.

4.2.4 Cucrema «IIpuma-IP A»

JI1st UICKITIOUEHUS HEJTOCTATKOB TPAIMIIMOHHBIX CPEACTB UHUITMUPOBAHUS
BB paszpaborana Hesnektpuueckas cuctema uHuuuupoBanus (HCH) Ilpuma-
OPA. Cuctema Ilpuma-OPA sBnsiercs BOJOCTOMKOM €  TMOBBILIEHHOU
0€30MacHOCThI0O MO0 TMPOMZBOJACTBY U NPUMEHEHHIO, TMpeIHa3HAYyeHa IS
WHUIIMAPOBAHUS TMPOMEKYTOUHBIX JICTOHATOPOB W TATPOHOB OOEBUKOB TPU
BEJICHUH B3PBIBHBIX pabOT HAa JHEBHOW TOBEPXHOCTH, B 3a00sX TOI3EMHBIX
BBIPAaOOTOK (B PYAHMKAX M IIaXxTaX, HE OMACHBIX IO Ta3y W TbUIK), TPHU
CTPOCHUM TOHHENEH, a Takke 1oa BoJoW. [lo3Bosnsier co3maBarh CXEMbI
MTHOBEHHOTO U 3aMEJIJIEHHOTO B3PBIBAHMS C MIMPOKUM JIMANIa30HOM UHTEPBAJIOB
3aMeIJICHHUS.

ITo 3aka3zy motmpedbutenss HCU Ilpuma-DPA MoXkeT KOMIUIEKTOBATHCS
pa3IMuHBIMUA TUTIaMH 3JieMeHTOB: [Ipuma-OPA-C coequnuTeNnb (KOHHEKTOD),
[Ipuma-OPA-JI neronarop, Ilpuma-OPA-C/l nBoitnas, [Ilpuma-OPA-T (Ilpuma-
OPA -Tm) TOHHENbHAS.

[Tpuma-DPA-C coenmaUTENs (KOHHEKTOP ) TOBEPXHOCTHAS, TTPEACTABIISIET
co0OM KOMIUIEKT, cocTosimii u3 Kamncroms-aeroHatopa (K) Ne6 ¢
3amemienueM 0, 9, 25, 42, 67, 109 u 176 mMc co cTaHAApTHBIM HHTEPBAIOM
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3amensieHusi W BoJHOBoja. CucrtemMa TMpedHasHaueHa JUid TNepefayd |
pacrnpeiesieHus MHULUUPYIOIIEro UMITYJIbCa NPU BEICHUH B3PBIBHBIX padOT Ha
JTHEBHOM TIOBEPXHOCTH, Ha OTKPBITHIX TOPHBIX pa3paboTKax.

KoHcTpykiusi TIacTUKOBOTO  KOHHEKTOpA TMO3BOJISIET MPOU3BOAMTH
KOMMYTALIMIO 10 IIECTH BOJIHOBOJIOB, a TaKXe MPU HEOOXOIUMOCTHU MPOBOAUTD
NEPEKOMMYTAIMIO CETH, BBINOJHATH paOOThl B 3UMHEE BpeMsi U 00ECIIeUnBaTh
VCKIIFOYEHHE PA3pYILICHUS IOBEPXHOCTHOM KOMMYTHUPYIOIIEH LICTIH.

[Ipuma-OPA-JI neroHaTtop BHYTPUCKBaXUHHAs, MPEICTABISAET COOOM
KOMIUIEKT, cocTosammii u3 KJ[ Ne§ ¢ 3ameanennem ot 0 1o 400 mc ¢ uHTEpBAIIOM
100 mc, ot 400 no 500 Mc ¢ uHTEpBasIOM 25 MC M BoJHOBoAA. [IpenHazHauena
TSI THULIUMPOBAHUS TPOMEKYTOYHBIX IETOHATOPOB M MATPOHOB-00EBUKOB MPHU
B3PbIBAHNHU CKBAKUHHBIX 3aPS/I0B.

[Ipuma-OPA-C u llpuma-OPA-JI mnpenHasHadueHbl Ui COBMECTHOTO
UCIIOJIb30BAHUSI TIPU KOMMYTAI[MM B3PBIBHOM CETHM NPUBEACHUM B3PBHIBHBIX
paboT Ha THEBHOW MOBEPXHOCTH.

[Mpuma-OPA-CJ] nBoiiHOro neWcTBUs, MPEACTaBISET COOOM KOMILIEKT,
cocrosimmid u3 KJ[ Ne 6 ¢ 3ameanenuem ananorndHo IIpuma-DPA-C,
OCHAILIEHHOTO COEIMHUTENEM (KOHHEKTOPOM) COOTBETCTBYIoIIEro 1sera u KJ
Ne8 ¢ 3amennennem anajmoruaHo [Ipuma-DPA-/], coemnHeHHBIX MEeXTy CO00i
BoJIHOBOJOM. KoHenr cucteMbl ¢ KJI Ne ucrosib3yercsi BHyTpH CKBaKUHBI, a
koHer cucteMbl ¢ KJ[ Ne6 ¢ mnoMompr0 KOHHEKTOpa COEIHMHSIETCS CO
CJIEIYIOIMM BOJIHOBOJOM CHUCTEMBI JJI1 KOMMYTAIlMH B3PBIBHOM CETH.

[Ipuma-OPA-T ToHHenbHas MpencTaBisieT COO0M KOMIUIEKT, COCTOSIIIN
3 KJI Ne® ¢ 3amennenuem ot 100 1o 400 mc ¢ uatepBasiom 100 mc, ot 400 no
500 mc ¢ unrepBanom 25 mc, ot 500 1o 6000 mc ¢ uatepasiom 500 mc, ot 6000
10 9000 mc ¢ untepBaiom 1000 mc u BosiHOBOJOM. CHCTEMa MpeaHa3HaYEeHA
TSI BEIEHUSI B3PBIBHBIX paOOT B MOJ3EMHBIX TOPHBIX BHIPAOOTKAX HE OMACHBIX
10 Ta3y U MbLIH.

BonnoBoxy cuctembl Ilpuma-DOPA  mnpegnHasHaueH i mepenavyu
JETOHAIIMOHHOW BOJIHBI OT WHUIMHUPYIOIIErO0 YCTPOMCTBA K KaICIOJIO-
JIETOHATOPY W TPEACTABIsIET COOON MOy IUIACTHKOBYIO TPYOKYy ToJryOoro,
YKEJITOTO WJIM OPAH)XEBOTO IIBETa C HApYKHbIM auamerpom (3,00+0,15) mm. Ha
BHYTPEHHIOIO TOBEPXHOCTh TPYOKH HAHECEHO aKTUBHOE BEIIECTBO Maccoil 20
MT/TI. M JJIMHBI, 00JIa1aro0IIee CKOpOCThIO mepenadu ummyibea 10 2000 m/c.

CtpykTypa BOJIHOBOJA OOECTICUMBAET €My MPOYHOCTHBIE KauecTBa MpPU
IuHeNHbIX Harpy3kax no 120 kr. Ilpu nedopmammu B 200% coxpansiercs
CTa0WJILHOCTh BOJIHOBOJA K I€pelaye WHULUUHUPYIOLIEr0 HMITyJbca. OTa
CIMOCOOHOCTh BOJIHOBOJIA COXPAaHSIETCSI M B CJIy4yae HEOJHOKPATHOTO €ro
nepernda U 3aBs3bIBaHUS y3J0M. Bo30yXkaeHHe MHULIMUPYIOIIETO MMITYJIbCA B
BOJIHOBOJIE MOKET OCYIIECTBIISITbCA OT CTAHJAAPTHBIX KarClOJeW-1eTOHATOPOB
tuna KJ[ Ne6, KJI Ne8, snekrpoaeToHaToOpoB, AECTOHUPYIOUIMX IIHYPOB C
HAaBECKOM HE MeHee 6 T/M, a TakKe OT BBICOKODHEPTCTHUYECKOW HCKPBI
MOIITHOCTBHIO HE MeHee 5 JIxk.
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JInsi VHUIMUPOBAHUS TPOMBINUICHHBIX B3PBIBYATHIX BEIIECTB B
CKBOKHMHAX Y IIIMypax MPUMEHSIOTCS MPOMEKYTOUHBIE JETOHATOPHI U MaTPOHbI
ooeBuku, cobpannsie ¢ HCHM B kauecTBe NPOMEKYTOYHBIX IETOHATOPOB H
NaTpOHOB OOCBHMKOB MOTYT HWCIIOJIL30BAThCS  JIBYXKaHAJIbHBIC  IIAIIKH-
neronaropel tuma "T", "TT", a Takxke OJHOKaHAJIbHBIE IIAIKU-IECTOHATOPHI
tuna T-400I", natponsl ammonnTa Ne 6)KB 1 maTpoHMpOBaHHBIE 3MYJIbCHOHHBIE
BB kn.1.1.

HCHU Ilpuma-OPA B oTiiiuue OT IPUMEHSEMBIX TPAIAUIIMOHHBIX CPEACTB
WHUIIMMPOBAaHUSI 00€CTICYMBAET TMOBBINICHHYIO Oe30macHOCTh. biaromaps
HU3KOM YYBCTBUTEIBHOCTH K OJyXJAlOIMM TOKaMm, OHa TO3BOJISIET
MPOM3BOJINUTh B3pBIBHBIC pPaboOTel 0€3 00eCTOYMBAHHUS DHEPTETUYECKOTO
000pyIOBaHMA.

[IpenmymectBamu HCH. [Tpuma-OPA SIBJIAETCS HU3Kas
YYBCTBUTEILHOCTh K MEXaHUYECKMM BO3JECUCTBUSM, MPOCTOTA U HAIEKHOCTH
MOHT&Xa B3PBIBHOW CETH, TIOBBIIIIEHHAs OE30MacHOCTh TMPH XPaHEHWH,
TpaHCIOpTUpOBaHMM U  ucnojb3oBanuu. HCHU Ilpuma-OPA  no3Bossier
CO3/71aBaTh CXEMbl KOPOTKO3aMEJIEHHOTO B3pPBIBAHUS 3aps0B C MPaKTUYECKU
HEOTPAHMYEHHBIMU BO3MOKHOCTIMU YIPABJICHUS MPOUECCAMHU  Pa3pyLICHUS
MacCHBOB TOPHBIX TOPOA, d(PPEKTUBHO CHUKATH CEHCMHUYECKOE M BO3MYIIIHO-
yAapHOE JCHCTBUE B3pbIBA U OJTHOBPEMEHHO YJYUINIAET PE3YyJIbTAaThl B3PHIBHBIX
paoor.

[Ipy WHUUIMHUPOBAHUM OTHOCHUTEIILHO HEYYBCTBUTENBHBIX B3PBIBYATHIX
BEIIECTB, TaKUX KaK 3MYyJbCHOHHbIe BB, neronupyrommi mHYp MOXET
CIOCOOCTBOBATh HEXKEIATETLHOMY YIUIOTHEHUIO M BBIKUTAHHWIO B3PHIBUATHIX
BEIIECTB, YTO CHUXAeT A(PPEKTUBHOCTH WX MNPUMEHEHHs. B oTomumm ot
neronupytoniero muypa HCU He paspymaer u He ymiotHser OBB,
COOTBETCTBEHHO, HcTioib3oBaHne HCU mo3Bosisier moBeICUTE 3(PGEKTUBHOCTD
UX MPUMEHEHHUS TIPU BEAECHUU TOPHBIX paloT.

4.3 KoMOMHMpOBaHHbIE CIOCOObI B3PbIBAHUS

N3  u3BecTHBIX  KOMOMHHMPOBAHHBIX  CIIOCOOOB  MHUIIMHUPOBAHUS
HauOoJblIEE PACHPOCTPAHEHUE TMOJYUYMJIM DJIEKTPOOTHEBOW M €moco0
B3PbIBAHUS C MOMOIIBIO IETOHUPYIOMMX HYpoB (JI1).

4.3.1 DneKTpOOrHEeBOE B3PhIBAHME

DIIEKTPOOTHEBOE MHUIIMUPOBAHUE MPUMEHSIOT BMECTO OTHEBOTO CIoco0a
B TOM CJIy4ae, KOrJla CBOEBPEMEHHBIN OTXO0 B3PLIBHUKOB B YKPBITHE 3aTPyIHECH
no kKakuMm-nmu6o mnpuyuHaM. [lokuranne otpeskoB OIIl ocymiecTBasieTcs
B3PHIBHUKOM W3 0€30MaCHOr0 MeCTa TOJa4u JJIEKTPUYECKOro TOKa B
ANEKTPO3AKUTATENILHOE YCTPOUCTBO, 3aKkperieHHoe Ha KoHue OLLL
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Onektpo3axurarenbubiii  marpon 93-Oll-b (puc.27,a) coctout wu3
OYMaXHOW TMJIB3bl C BOCIUIAMEHUTEIILHOW CMECBIO M AJIEKTPO3aXKUTaTElsl.
Onekrpo3akurarenbHeii  matpon  O3Il-b  (puc.27,0) npenHazHadeH A
3aKUraHusl HecKoJIbkuX oTpe3koB Ol B cyXux M yBIQKHEHHBIX YCJIOBHUSIX.
Otpe3ku OIIl BBOAAT B MATPOH U 3aKPEIUIAIOT MyTeM O0KHMMa PE3MHOBBIM
KOJIbIIOM Ha T'MJIb3€
naTpoHa.

17 2
—4
a) .,

\ O
2

Puc.27 KoHCTpYyKIIMHU 3JIEKTPO3aKUTaTeNIbHBIX MaTPOHOB:
a — narpon 33-Ol-b: 1, 3 — 00)xKUMHBIE METAIUTMYECKHUE BTYJIKH; 2 — OyMaXKHas
(MeTayumyeckas) ruib3a; 4 — OyMaxkHas BTYJIKA; 5 — 2JIEKTPOBOCIUIAMEHUTEb;
6 — matpon I3I1-b: 1 — s7eKTpOBOCIIIIAMEHUTEND; 2 — 3aKUTATEIbHBIA COCTaB; 3
— OyMaxHasi TWIb3a C BbIpe3aMH; 4 — PE3WHOBOE KOJIBIO; 5 — BBIBOJHBIC
MPOBO/1a; 6 — BCTABHOE JTHO THJIB3HI.
Bo BpeMs wucnonp3oBaHUS — DJIEKTPO3AKUTATEIIbHBIX  IMAaTPOHOB  KOHIIBI
OTHEMNPOBOJHBIX IIHYPOB CJIEAYET MOJpe3arh sl CO3MaHus HEOOXOIMMBIX
WHTEPBAJIOB MEXKIY B3pBIBaCMBIMHU 3apsmamMu. MwunuManpHas mamuaa  OILL
JI0JDKHA OBITh HE MEHee 25 cMm.
DJIEKTPOOTHEBOE B3pPbIBAHUE JTOJDKHO MPOBOUTHCS c y4€TOM
COOTBETCTBYIOIIMX TpeOoBaHuil EauHbIX mpaBuil 0€30MaCHOCTH NIPU B3PHIBHBIX
paboTax. DJIEKTPOOTHEBOMY B3PBIBAHHIO IITYPOBBIX 3apsIOB MPUCYIIN TE KE
HEIOCTATKH, YTO ¥ OTHEBOMY B3PBIBAHHMIO.

4.3.2 B3pbiBaHUe ¢ IOMOIIbIO IeTOHNPYIOIero mmypa (L)

JII npennaznaven miisa nepenayu aeroHaunu ot K/ wim D1 k 3apsay
BB u ot 3apsiaa k 3apsiny Ha TpeOyeMble pacCTOSTHUS.
Ha puc.28 noxkazansl anementst /I Cepanesuny /I usroraBmuBaror w3
TOHa ¢ HanpaBigOMMMU HUTKaMH WM 0€3 HUX M TOKPHIBAIOT OIUIETKAMH M3
JbHSHBIX M XJIONKOBBIX HHUTOK. J[J1 NOBBIMIEHUS BOJOCTOMKOCTH BHEIIHHE
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OIUIETKH IIHYpa NOKPBIBAIOT BOCKOM WM 030KepuToM. IIIHyp 1151 moBOAHOTO
B3PBIBAHUS JOMOJHUTEIBHO IPOKPHIBAIOT NOJIMXJIOPBUHUIIOBOI 000J0YKOM.
2 3 4 5 6 7

)

Vs

AN

/

6) 7

Puc.28 Jleronupyronme mmypst JIIIA (a) u JIIIIB (6):
1 — BHeNIHAS OIJIETKA C IBYMsSI KpaCHBIMH HUTSIMU 2; 3, 4 — JIbHSHBIE OTUIETKH; S
— xJonKoBas oreTrka; 6 — TOH; 7 — HanpaBisironasi HUTh; 8 — MOJUATUIIEHOBAS
00607109Ka; 9 — apMHpYIOIINE KAapOHOBBIC HUTH.

Bcee mmypsl ycroitunBo aeronupyroT ot K/ wim D] g0 TemmepaTypbl
+55°C, a npu oxJIaXAEHUU B TeUeHUe 2 4yacoB — A0 Temneparypsl —35°C. [lns
CO3/laHusl HEOOXOAUMBIX 3aMEIJICHUM MEXIy B3pbIBAEMbIMU 3apsilaMU
UCTOJIL3YIOT THUPOTEXHUUECKUE 3aMEJIUTEIN JICTOHUPYIOUIErO IIHypa —
K3 A111-69, npenycmarpuBaromue 3amensienus B 10, 20, 35, 50, 75 Ta 100 mc.
3amenmurens K3I-69 nnst co3manus HEOOXOAMMBIX 3aMEIJICHUN BKIIOYAIOT B
paspeiB HUTKH Il Cnexyer mOMHHTB, UTO IETOHAIMIO 3aMEIJTUTEND MIEPEIAcT
TOJILKO B OJTHOM HAIPAaBJICHUH, KOTOPOE CTPEIKOM MOKA3aHO HA €r0 KOPIyCE.

B nameil crpane Hauar Beimyck 3amemymtened PII-8 nByxcTtopoHHEro
TUNA C JBYMS JETOHATOpaMH W 3aMEUIMTEISIMH, pa3BepHyThiMu Ha 180°.
3amequrens yaoOHO MOHTHpoBaTh B pa3peiB cetn JIII ¢ momomibio
TOJIMATUIICHOBBIX 3KUMOB, MPETYCMOTPEHHBIX B KOHCTpyKInu PTI-8.

N3 ombiTa B3pBIBHBIX padOT, KOTOPBIE MPOBOJAWIMCH B HAIllEH CTpaHe,
CIIA, IIBenuu, VMicmannu 1 Ipyrux CTpaH, AETOHUPYIOUIUE IIHYPhI YCIIECIIHO
MIPUMEHSIIOTCS B YCJIOBUAX:

- MOTEHIIUAIHHON OTIACHOCTH BO3HUKHOBEHUS OJTYKTAFOIX TOKOB;

- OJIHOBPEMEHHOTO WHUIIMMPOBAHUS Tpynn 3apsanoB BB 0e3 cyiiecTBEHHBIX
3aMeJIeHUi B cpabaThIBAaHUU OTIEIbHBIX 3aPsiJIOB;

- MHOTOPSAHOTO MJIM MHOTOSIPYCHOTO MHHUITMHUPOBAHUS 3apsa0B BB B rimy0okmx
CKBaXMHAX OOJIBIIIOTO JUaMETPa;

- NyOJIMpOBAaHMS JJICKTPUYECKOM CHCTEMbl WMHHUIIMHUPOBAHUS B  TKEIBIX
YCJOBUSIX — B TUIYOOKHUX JIOPOTUX CKBOXKUHAX, TPOOYPEHHBIX MO TPEIIUMHOBATHIM
Iopo/J1am;
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- HWHUIUMUpPOBaHUA 3apsigoB BB Bo BpeMs BTOPUYHOTO  B3PBIBAHMS
HeraOapUTHBIX KYCKOB B PYJIOCITyCKaxX U T./I.

Texnosorusa B3pbiBanus ¢ nomoipto L. /{ims B3pbIBaHUs C MTOMOIIBIO

JIIII HeoOxoauMO:

- pa3pe3arh IHYp Ha OTPE3KU JIJI1 U3TOTOBJICHUSI MATPOHOB-00EBUKOB;

- U3TOTOBUTH MATPOHBI-O0EBUKH;

- ToaaTh TPERYNPEAUTEIIbHBIN CHIHAJ, BBITIOJHUTH 3apsHKaHWe M 3a00HKY
3apsIoB;

- BBIIIOJIHUTH MOHTaxX cetu JII1I;

- moAarb 00€BO#l curHai, npucoequHuTs ko Maructpamu K3/ (PII-8), K]
v EJ] 1 mpou3BeCTH B3pHIB;

- TIOCJIe B3phIBa OCMOTPETH 3a001;

- IPU HATMYUHU OTKA30B JIUKBUIUPOBATH UX U MOJAaTh CUTHAIT OTOOS.

Otpe3kun LI mexay coboil coOenMHAIOT BHAKIAAKY WIA BHAKpYyTKy Ha
nmHe He MeHee 100 My, puc.29. IHypsl 3aKperuIsitoT N30 SIIMOHHON JICHTOM,
mmaratoM win ckotdeMm. Hambomee HamexHbIM criocoOoM HapanmBanus [
SIBIISIETCS] UX CBSI3BIBAHUE MOPCKUM Y3JIOM WJIU TIETIICH.
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Puc.29 OcuosHbie criocoObl coenuuenus J(11I mpu MoHTa)Ke B3pBIBHOM CETH.

Jlia Gonee BBICOKOM HAaEKHOCTU MPUMEHSIOT nyonupoBanue HUTOK (L ITpwu
ATOM JTyOJIMPYIOUIHE U OCHOBHBIE CETH MHUIIUUPYIOT OJJHUM J€TOHATOPOM.
JlocTonncTBa B3pbIBaHus ¢ momoupo 111
- MUHUMAaJIbHasE OTIACHOCTh BBITIOJHEHUSI 3apsDKaHUsI M OCOOCHHO JIMKBHIALIUHU
OTKAa30B ¥ NPOCTOTA UX BBITIOJIHEHUS.
Henocrtarku B3peiBanus ¢ nomouiso JII1I:
- OTCYTCTBHE MPUOOPHOTO KOHTPOJSI MCIPABHOCTH CETU TIEpEN B3PHIBOM U
BbICOKast ctoumMocTh JII1I.
B T1abn.9 mnpencraBieHbl HEIEKTPUUECKUE CPEACTBA HHULIMMPOBAHMS
3apsiioB BB m anekTpo3axurarenbHble  YCTPOWCTBA, IPUMEHAEMBIE Ha
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OTKPBITBIX W ITOA3CMHLIX I'OPHBIX pa60Tax B MaxXTax WU pyYAHHUKAX HC OITACHBIX
I10 B3PLIBY I'a3a W IIbLIM.

Ta6mmua 9
HeaJyiekTpruyeckue cpeicTBa HHUUIMHMPOBaHUA 3apsaioB BB

Noan. | Hausmenopasne cpeicTea HHHLINH-
poOBAHHS

I JeTonHnpy KoLt wHyp JI-A B nnranoil oboaovse, acfaib-
THPOBAHHBIH

Tun IHpumeuanns

2 JleTonnpyronmil mHyp JUID-12 | Obonouka 03 KOMIOZHLHK M0~
JAHITHIIEHA

3 Pene nupoTexHiieckoe PI1-92-0

4 R anciuib-1eToHaTop L J-8C

3 JeroHaTop 3aeKTpo-orueBoii JI7H0 Mutepean samenacuns 3., 60 ¢

fy Jeronatop orHeeoro aeicTeMa JoJ Hurepean HMENJIZHHA
100, 300 ¢

7 CNERTPOAKHIATENE OFHEPOBOIHOD 3-0111-M

LLIHY P&

b JasHMraTeILHEI NATPOH OrHSTTPOBO/]- l-I
HOCO LIHY A
g OrnenpoBoaHbli WHY P OITA AchaneTuporaddeiil (¢ 1996 |
saneHaet OLIIT) e naacTsac-
COBOI 0D0I0HKE

5. OcHoBBI TEOpHUHM NIPeAOXPAHUTEIBHBIX BB

Ho cepenunbl XIX Beka B IIAXTax M PYJAHUKAX YEPHBIM MOPOX
UCHOJIb30BAICA A0 TEX IMOp, MOKAa HE MOSABWIMCh OCHOBHBIE KOMIIOHEHTBI
COBpPEMEHHBIX MNpoMmbInUIeHHBIX BB. Korga B yrojibHbIX mIaxrax cCTajid
OPUMEHATh TUHAMUTHI (quHamMuT u3ob0peteH A. HobGemem B 1867 1.), TO C
CaMoOro Hadajia CTajo SICHO, YTO IUHAMHUTHI 10 CPABHEHHIO C YEPHBIM MMOPOXOM
ABsitOTCA  Oonee  OezomacHbiMM  BB.  Opnako  moclieayronmii — OmbIT
VCHOJIb30BAaHMs TUHAMHUTA TOKA3bIBAJ, YTO M 3T0 BB MoOXeT BoCIUIaMEHATH
IbUIe- W METaHO-BO3AYUIHBIE CMECH. bbUIO YCTaHOBJIEHO, 4YTO JUIA
BOCIUIaMEHEHUsI MeTaHO-Bo3AylHOM cMecu (MBC) B Helt JOCTaTOYHO B30pBaTh
1 r. yepHOTO MOPOXA WM HECKOJIBKO IPaMM JUHAMMUTA.

B cBs13u ¢ pocTOM aBapuid B yroJIbHBIX IIAXTaX, BEI3BAHHBIX BOCILIAMEH CHUEM

u B3psiBoM MBC u neiieBo3nymnbix cmeceit (I11BC) npu nucnonw3oBanuu BB, B
HEKOTOPBIX CTpaHax ObUIM CO3/]aHbl CIEHUATbHBIE KOMHCCHUU, C IEJIbIO
U3Y4YEHHs] MPUYMH BOCIUIAMEHEHHMsI IIAXTHOTO BO3AyXa M pa3pabOTKu Mep U
CI0cC000B OOPHOBI C ATHM SIBJICHHEM.

KauecTBeHHbIE MpEACTABIEHHUA O MEXaHMW3ME TEIUIOBOIO YCKOPEHUS
XUMUYECKUX PEaKIUid B YCJIOBUSX BO3HUKHOBEHHUS B3pbIBA OBLIM CO3/IaHbI
Bant-I'opdom B 1884 r. [IpumepHo B 5T xe roasl Mamwmsap u Jle-lllatenne
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U3y4dalad IIPOLECC BOCIUIAMEHEHHUS CMECEd HEKOTOPBIX TOPIOYMX Ta30B C
BOo3ayxoM. [Ipu mpoBeneHHMM HCCIENOBAaHUN UMHU OBUIO OTKPBITO SIBJICHHE
3aJep)KKH  BOCTUIAaMEHEHHUs1, Hamboiiee xapakrtepHoe mangs MBC. bmaronaps
ATOMY OTKPBITHIO YAAJIOCh HAYYHO 00OCHOBATh BO3MOKHOCThH MpuMeHeHus: BB
B IIaXTax, ONACHBIX MO B3pbpIBYy raza wiu neum. Mawpsip u Jle-lllatense
IPEANOJIOKWINA, YTO JAeicTBHE B3pbiBa 3apsna BB ma MBC mnpexne Bcero
3aBUCUT OT TEMIIEPATypbl NPOAYKTOB B3pbIBa. B COOTBETCTBUM C UX TMIOTE301
MBC Oyner BOCIJIaMEHSIThCSI BCET/a, €CJIM TeMIlepaTypa IpOJIyKTOB B3phIBa
(IIB) mpesicut 2200°C, u He OyneT BOCIUIaMEHSIThCS, eciii Temreparypa [1B
Oyner Menbiie memnepamypsl ecnviwku — 650°C. Ilpu temneparypax IIB,
COOTBETCTBYIOIIMX 3HAUCHUSIM BEJIWYHWH, JEKalMX B auanazoHe ot 2200 no
650°C, BOCIJITaMEHEHUE MOKET MPOU30OUTH WIA HE MPOU30UTH B 3aBUCUMOCTHU
OT TOTO, ycneroT ju 11B oxmaauTeCcst HUKE TeMIIEpaTypbl BCIBIIKM 32 BpEMs,
MEHBIIIEE, YeM BpEeMsSA 3aAEPXKKH BCIBIIIKHA, COOTBETCTBYIOLIEE JAHHOMU
Temrieparype. M3mokeHHBIE COOOpaKEHHWS SIBWJIMCh OCHOBOW  MNEPBOI
AHTUTPU3YTHOM (TePMHUYECKOI) THMOTE3bL.

@paHiy3CKass aHTUTPU3YTHAsT KOMMCCUS HAa OCHOBAaHUM PE3YJIbTATOB
pabot Mamsapa u Jle-1llarense npunsiina pemenne, uto BB, ncrnonas3zyemsie mpu
B3PBIBHBIX pab0OTax Mo MOpPOe, JOJLKHBI UMETh TEMIIEpaTypy B3pbiBa HE OoJiee
1900°C, a npu B3pBIBHBIX paboTax B yroJibHbIX 3a0051x — He O6oJsiee 1500°C. Ha
IIpaKkTUKe, OJHako, B3pbiBBI MBC mnpoucxomwmm, eciau temmeparypa [IB
npeBbllIajla MUHUMaIbHYIO Temneparypy Bociuiamenenus MBC — 650°C.
Oxkazanock, 4to B3peiBBI MBC MOryT ObITh BBI3BAaHBI B CIIyyae yBEIUYCHHUS
maccel BB (c yBenmmuenwem Macchl 3apsifa MejieHHee oxiaxpaarotcs [1B,
YBEJIMUMBACTCS] BPEMsI BO3/IEUCTBUS BBICOKOW TEMIIEPATYPHI HA F'a30BYIO CMECH ).
[TosiBUOCH MOHSITHE TMPeAeIbHOI0 3apsijia, MPEBBIIIEHUE MacChl KOTOPOTO
BBI3BIBAET BOCIUIAMEHEHHE Ta30BOM cMmecH. [IOCKOJIbKY pacueTHble METObI
npeneabHoN Macchl 3apsina BB He cymiecTBoBaiM, BO MHOTMX CTpaHax ObLIO
pEIIEHO TPOBOAUTH OLEHKHA B OMNBITHBIX INTPEKaX, BOCHPOM3BOAS HauOoJiee
OTIaCHBIE YCJIOBHSI, KOTOPhIE MOTYT MMETh MECTO TPH B3PHIBHBIX paldOTax B
YIOJIbHBIX IIIaXTaX.

HakomuieHHBI ~ 3KCHEpUMEHTaIbHBIM ~ MaTepuan,  pa3paboTaHHas
akanemukom H.H. CemeHOBBIM TeOpHs TEIUIOBOTO CAMOBOCIUIAMEHEHUS,
NPEACTABJICHUS O UEMHBIX PEAKIMAX M OMNbIT BEIACHUS B3PBIBHBIX pabOT B
EJIOM, CTaJId OCHOBaHUEM JJIs pa3pabOTKHU HOBOTO MEXaHM3Ma BOCIIJIAMEHEHUS
MBC. B 4acTHOCTH, MpEIoOJarajioch, 4YTO OCHOBHBIMHU HCTOYHUKAMH
BociiameHeHnsi MBC MoryT ObITh yJapHasi BOJIHA, TOPAIIME WM HarpeTbie 10
BBICOKOM TeMIleparypbl 4YacTHIlbl, BBICOKOTEMIIEpATYpHbIE Ta3000pa3HbIe
IPOYKTHI B3pPbIBA.

@panny3ckuil uccnenoBarenis E. Onudep, mpoBoAs 3KCIEPUMEHTHI 1O
BociuilaMeHeHnro MBC, ycTaHOBWIJI, 4YTO NpU CBOOOJHOM NAJEHUU YaCTHIL
necka, Harpetbix 10 900-1100°C, B MBC Habmonanoch BociuiamMeHeHue. B
CBsBM C TIONYYEHHBIMM pe3ynbTatamu, E. Onubep npeanosiokuia, dYTo
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BOCILJIJAMEHEHHUE BBI3BIBAETCSI TBEPABIMU HarpeTbIMHU YacTHIIAMHU. DTa THIOTE3a
Ob1a pazsuta K. belnmHrom, KOTOpbI MPOBOANI UCCIIEAOBAHUS U B OIIBITHOM
mraxte. OH TPEJIONKUIT paccMarpuBaTh 4eThlpe (akTopa: yaapHyIO BOJIHY,
BOJIHY COKaTusi, ra3o00pa3Hble TMPOAYKTHI B3pbIBA M TBEPJAbIC YaCTHUII.
HeyOenutenbHOCTh NPUBEACHHBIX MM JOKA3aTebCTB B TOJb3y MEXaHU3Ma
BOCIUIAMEHEHUS TOPSAIIMMHU YaCTULIAMH, BEPOSATHO, SABUJIACH NPUYMHOW, H3-3a
KOTOPOM MPEACTABICHUA belnmMHra HE TOJBKO HE TMOJYyYWIM IIMPOKOU
NOJUIEPKKH, HO U BBI3BIBAIOT JIO CHX TOP PsJ CEPHE3HBIX COMHEHUM.

Bxknan B pasBuTHE npencTaBieHuld O MexaHu3Me BociuiaMeHeHnss MBC
canenan E. Onubep, mpenmnonokuB, 4TO BOCIUIAMEHEHHE 3aBUCUT OT OOIICH
sHeprun [IB, mubo0 OT ymenmpHOW HHEPrUH, MPUXOAAIICHCS HA OIWH MOJIb
ra3o00pa3HbIX MPOIYKTOB B3pbiBa. Mexanusm mporiiecca Bocruiamenenus MBC
caenyrommi. [Ipu B3peiBe 3apsaaa BB npoayKkTel B3pbIBa, UMEIOIIME BBICOKYIO
Temneparypy, cMmemmBatrorcss ¢ MBC (mosToMy MeXaHM3M HMHOTJA Ha3bIBAIOT
"MexaHM3MOM BOCIIaMEHEHUsT mnyTteM cMmemieHus"). Ecim B mporecce
pazoasnienus [1B meraHo-Bo31ylIHON cMechlo OyJIeT JOCTUrHYyTa TeMIieparypa
BCIBILIKY, TO Tpoms3oiieT Bocmiamenenne MBC. Onubep nokaszan Takxke, 4To
BB ¢ monoxuTenpbHBIM MM OTPUIATEIbHBIM KHCIOPOAHBIM  OajaHCcOM
SBJISIIOTCS OMAacHbIMM B OTHOUIEHMHM BOCIUIAMEHEHUs1 MeTaHa. HanmeHblnyro
omacHOCTh npeAcTapisiior BB ¢ HyneBbiM kuciopogueiM Oanancom. Ilo mepe
HAKOIUICHUS OIbITa BCE 00JIbIlIE BO3HUKAIO OCHOBAHMM /1JIs1 BO3PaXKEHUS ITPOTUB
""MexaHn3Ma CMelIeHus "

O.M. TNanamxunt m b.M. BalHmTeliH yTBEp KOy, YTO BOCIUIAMEHEHUE
B3PbIBUATON T'a30BOM CMECH MPHU CHKATUU €€ B yAapHOU BOJIHE 00Jiee BEPOSITHO,
yem cMmemienue MBC ¢ ObicTpo octeiBatomumu [IB. D10 yTBepkaeHue
OCHOBAHO Ha AKCIEPUMEHTAIbHBIX pe3ysbTarax. M3BeCTHO, YTO CMECh METaHa
CH; ¢ Bo3myxoMm maer HanOoJjiee CUIBHBIA B3PBIB MPH COACP)KAHWM B HEH
metaHa 9,46% wu Bo3ayxa 90,54% mo oObemy. B3pbiBHas peakius uuer 0e3
u3MeHeHus1 o0beMa razoB. Termnora B3pbBa (Qp), mpuxoasmascs Ha 1 KMOJb
MBC cocrasiser 75,8 M/, a va 1 M> — 3377,14 kJIx (kax i npu B3psiBe | Kr
ammonuta IDKB-20). Ilpu OonbineM comepaHUM MeTaHAa WA KHCJIOpOJa
B3pbIB Oyner ciabee, MOCKOJIbKY HM30BITOUHBIM KOMIIOHEHT, HE Yy4acTBYsS B
XUMUYECKOM pEaKIUU B3pbIBA, MOIVIOIIACT YacTh TEIUIOTHI B3pbIBA Ha
coOcTBeHHOE HarpeBanue. [Ipeaensl conep)kaHusi MeTaHa, 3a KOTOPHIMH CMECh
€ro ¢ BO3JyXOM MEPECTAET TOPETh M B3PHIBATHCS, 3aBUCSAT OT JIABJIICHUS — YEM
OHO 00JIbIIIe, TEM IIMpE 3TU Npeaensl, Taou. 10.

Taoauma 10
B3pbiBoonacHsbIe nmpenensl cogep:xanust merana B MBC
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agaeHue, aTm
I
&l

Dostee 100

Ipeaens: coaepxannn Merana, o
451472
4529
3

—
£ 2

B3pbiBoonacHOCTh xapakTepuzyercs Temmeparypoil BeublKU (Tgog) H

3aJIep)KKON BCIBIKK (Tgcrr). Ha wyBcTBUTENpHOCT, MBC K HarpeBaHHIO
BIMSIIOT TPUMECH HEKOTOPBIX Ta30B M PAaclbUICHHBIX TBEPABIX BEIIECTB.
N3BecTHO, HampuMep, YTO MOBBIIIAIOT YYBCTBUTEIHLHOCTh K HarpeBanuio CO,
NO,, O,, a ymenbiatot — CO,, N,, NaCl, KCL
Bcenpiika MBC npoucxoauT ¢ HEKOTOPBIM 3aMEIJICHUEM, 3aBUCSILEM OT
TEeMIepaTypbl HarpeBaHus. Benmuwmna 3amensieHus: (NMEPUON HMHAYKIIUM) C
TIOBBITIICHHEM TeMIepaTypbl yMeHbInaercs (tads.11).
Taomma 11
3aep:KKa BCOBINIKY B 3aBUCHMOCTH OT TeMIEePaTypbl

Temneparvpa narpesanua MBC, "C

h’l,l[‘[!'erCll BCNEBEIINKH

650
{ MHHHMAaNbHAA TEMIIEPATY P BOCTUIAMEHEHHA
METAHO-BO3IYVITHOH CMECH )

gepes [0 CceryvHI NPOMCXOINT BIPLIE

750 dgpes 1,8 cervHIbl NPOHCX0IHT BIDLIB
RO aepes 0.5 ceryHb NPOHCXOIHT BIDLIE
2000 BIPLIB [MPOHCXOIHT NPAKTHYECKH MIHOBEHHO

HeiictBue conelt (NaCl, KCl) kak oTpunarenbHbIX KaTaau3aTopoB 0ObSCHSAETCS
TeM, uTo peakiuu okuciaeHuss CHy no CO, u H,O sBisItOTCS LIEMHBIMU U LEMU
0OpBIBAIOTCS HA MOBEPXHOCTH YACTHUI] YKA3aHHBIX COJICH.
CH;+20,-->CO,+2H,0.
LenHasi peakuusi — 3T0 XUMHYECKAsI PEAKIIUS, B KAKIOM AJIEMEHTapHOM
aKT€ KOTOPOW IOSIBJISECTCS IO KpaulHEW Mepe OJHA aKTUBHAS YacTHIA, YTO

BBLI3BIBAET e MpEBpAICHUN. Henu npeBpaleHUun - 3TO
[OCJEAOBATEIbHOCTh ~ XUMHUYECKUX  PEAKLUH, B  KOTOPBIX  IPOIYKTHI
NPEABIIYIIMX CTAAUK SBJSIFOTCS peareHTamMu i1 mocienyrommx. Jlms

noHmwkeHus: BenuuuH Qp U Tpsp B3pHIBUATHIX BEIIECTB, COJAEPKAIIMX 0OJIbIIOE
KOJIMYECTBO aMMUAYHOM CEITUTPHI, UCTIONB3YIOT T00aBKkU MHEPTHBIX coJierr NaCl
u KCL Hanpumep, no6asku 20% NaCl camxkarot Qp 1 Tyzp Ha 25-30%. NaCl u
KCI siBasiroTcsi HE TOJBKO OTPHIATEILHBIMU KaTanu3aropamu (Tabin.12), Ho u
TJIaMETaCUTEIISIMH.
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H,O

CO;

H-0O

Puc.30 Cxema B3anMoeiCTBHSI KHCJIOpOAa BO3/TyXa C MOJIEKYJIOM MeTaHa.

Ta6auma 12
Ilepuoa MHAYKIMH B 3aBUCUMOCTH OT THIIA OTPULATEIHHOTO KAaTAIU3ATOpPa

OrpuuaTenbHbIH Hepuoa HHAYKUKHN, €
KATAJIHIATOP 750" s00°C
NaCl 32 0.6
K 7.1 0,92

Kl 3.6

HexoTopsle rnaBHble (DakTOpbl, BIUMSIHUE KOTOPHIX Ha 3axuranne MBC
Han0oJIee CYIIECTBEHHO:
- BO3/IyIlIHAs yAapHas BOJIHA;
- pacKaJICHHbIE WM TOPSIIIME TBEP/IbIE YaCTHIIbL;
- ropstuue razooopasusie [1B.

Cyl1ecTByoIHE TUMOTE3bl YYUTHIBAIOT UMEHHO 3TU (DAaKTOPBI, HO AaXKe U
B OTOM CJydac¢ OHHM TIO3BOJSIIOT JIeJlaTh MEHBIIE OMMMOOK TP TOA00pe
IIPEAOXpAHUTENbHBIX BB 1 yciioBuil B3pbIBaHuUs.

OcHogHvle mpeboeanusl, npeovasisiemble KO 8ceM NpeoOoXpaHUmenbHbIM
BB, aenaiomcsa obszamenvuvivmu U 0Jis 8bICOKONPe00XPaAHUMENbHbIX COCMABOE.
DT TpeOOBAHMS CBOASTCS K CIICAYIOIIEMY
- IMETh HEOOJIBIIYIO TEIJIOTY U TEMIIEpaTypy B3pbIBa;
- uMerh HeGONBIIYI0 PaboTOCIOCOOHOCTs — mopszka 200-240 cm® mpu
B3PBIBAHUU TI0 YTJIIO, 2 B 0000 omacHbIX 3a005x — 170 cm®; 240-300 cm® — npu
B3pPbIBAaHUH 10 MOPOJIE;
- BHEPTHUS B3PbIBA J0JKHBI ObITh OTPAaHUYEHA,;
- BB 10KHBI XOpOI11IO 1€TOHUPOBATh;
- UMETh KUCJIOPOIHBIN OanaHc, OMM3KUN K HYIIIO;
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- B cocTtaB BB 11e1eco00pa3Ho BBOAUTH MHEPTHBIE BEIIECTBA, 00J1a/1al0IIUE B TO
K€ BpEMSI OTPULATEIBHBIMM KATAIUTHYECKUMU CBOMCTBAMH OTHOCHUTEIILHO
pEaKIMK OKUCJICHHUSI METaHa,

- HE JOJDKHBI CO/IEpKaTh MOCTOPOHHUX BKIIIOYEHMN (METALIMYECKUX W JP.),
CIIOCOOHBIX TOPETH B BO3yXE C PA3BUTHUEM BBICOKOU TEMIIEPATypPhL

OtBeyas sTuM TpeOOBaHUAM, MpeAoxpaHuTenbHble BB nmeror cBow,
MPHUCYIIHE TOJIBKO MM OCOOCHHOCTH, Oarofapsi KOTOPEIM OHH 00€CTICUMBAIOT
BBICOKYIO CTENeHb 0€30MacHOCTH MpHU B3PBIBHBIX paboTax. CoBpeMeHHBIE
npenoxpanutenbueie BB, 6e3omnacHbie ¢ Touku 3peHus BocmiameHenus MBC,
MOXXHO  CYUTaTh OE€30MaCHBIMKU W B  OTHOIIEHUU  BOCIUIAMEHEHMUSI
MBIJIEBO3TYIITHO M CMECH.

I[To omenkam crneuuanuctoB A0 25% OT KOJUYECTBA CIIy4acB
BociuiaMeHeHuss MBC umm [IBC B omacHbIX BbIpaOOTKAaX IIAXT SIBISIIOTCS
B3pbIBHBIC PAa00OTHI. AHAJIM3 B3pHIBOB B IlIaXTax IMoka3biBaeT (ombiT Poccuu u
VYKpauHbl), 4TO IIABHBIMU NPUYUHAMU SBIISIFOTCS] BBITOpaHUe 3apsaaoB (~25%) u
ux oOHaxeHue (~25%), mamee WAYT TpemmHbBl B MaccuBe mopon (~20%),
OTCYTCTBUE WJIM HEAOCTATOYHOCTh 3a00MKH (~12%), HU3Kast BOJOYCTOMUUBOCTh
3apsinoB. Takum oOpazom, moutu 50% aBapuii CBsi3aHbl ¢ TIpuUMeHEeHHEeM BB,
KOTOpbIE HE COOTBETCTBYIOT YKA3aHHOMY KJIACCY MPEIOXPAHUTEIbHOCTH U
BOCIUIAMEHSIIOT Ta3 B pe3yjbTare OOHaXEHUs 3apsjia, MPU HAJMYUKU TPEIIUH B
MaccHBE IOPOJ W OTCYTCTBHM 3a00iiku. CyIIecTBYIOUMH aCCOPTUMEHT
npenoxXpaHuTesbHbix BB mmeer  psn HEJIOCTATKOB. Hammpumep,
peIoXpaHUTENbHBIE AMMOHUTBI CIOCOOHBI K BBITOPAHHIO, CJICKHUBAEMOCTH,
OHHU 00J1a71al0T MaJIOW BOJIOYCTOWYMBOCTHIO, BBICOKOM YYBCTBHUTEIHLHOCTHIO K
yIUIOTHEHUIO U T.1. BB, conepxaime HUTp0d(pupsl, UMEIOT CJIOKHBIN COCTAB,
CoZiep>KaT TOKCUYHBIE COEMHEHHUS, 00JIaal0T BHICOKOW YYBCTBUTEILHOCTHIO K
MEXAaHUYECKUM BO3IEUCTBUSM, HIMEIOT BBICOKYIO CTOUMOCTb.

B mnHactosimee Bpems mpenoxpanutenbHbie BB eme He MOryt ObITh
OPU3HAHBI a0COJIIOTHO O€30MacHbIMM JUJII BEACHHS B3PBIBHBIX PabOT BO
B3PBIBOOIMACHOCHOM atMocdepe maxT. [loaTromy HeoOxX0auMo WX AanbHEHIIee
COBEpPLICHCTBOBAHWE B HANpPAaBJICHUM IMOBBIIICHUS AHTUTPU3YTHOCTH, T.€.
YBEIIMYEHU Macchl mpenenbHoro 3apsna B MBC. Pemenne storo Bompoca
SIBJISIETCA BaXKHOW 3a7adeil, UMEIoLIEH OOJbIIIOe HAyYHOE U TPAKTUYECKOE
3HAUYEHUE JJIs1 TOBBIIICHUS] TEXHUKH 0€30TIaCHOCTU U OXPaHbl TPY/a.

HamGonee mepcneKkTHBHBIM  HANpaBJIEHUEM  TOBBIIMICHUS  YPOBHS
IIPEIOXPAHUTENILHBIX CBOWCTB BB sBiIeTCS INpUMEHEHHE B HX COCTaBe
XUMUYECKH aKTUBHBIX COJIEM- MHTUOUTOPOB pEAKIMM OKHUCJICHHMS METaHa
KHUCJIOPOJIOM BO3AyXa. B pe3ynbTare TOpMOXKEHHS 3TOU peakliui HHTHOUTOPOM,
KOTOPBIN HAaXOJUTCS B COCTaBe MpeaoxpanutenbHoro BB, ynaercsa obecnieuuts
npenynpexnenne B3pbiBoB MBC npu B3pbiBHBIX paborax. OpgHako ObLIO
YCTaHOBJIEHO, YTO COJIM-UHTHMOUTOPHI, BBEJCHHBIE HEMOCPEICTBEHHO B COCTAaB
npenoxpaHuTelbHEIX BB, B 000704Ky 3apsma wiam 3a00HKYy, MOTYT TIOJ
JNEHCTBUEM B3pbIBAa TEPSATh CBOWCTBA OTPULATEIBHBIX KaTalUu3aTOpPOB
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(MHrUOUTOPOB), YTO SIBJISIETCS] AHOMAJILHBIM SIBJICHUEM, KOTOPOE paHee He ObLIo
WU3BECTHO. DTO SIBJICHUE XapaKTEPU3YETCA TEM, YTO B TEUEHUE OMPEIAECICHHOTO
BPEMEHH IO JICWCTBHEM TMPOAYKTOB JeToHanmuun BB comm-uHruOuTOpHI
CTAQHOBSITCSI HE CIOCOOHBIMH TOPMO3UTh PEAKIUIO OKHUCICHHS METaHa, B
pesynbTate 4ero mnpoucxonut BocmiameHeHue MBC. Cuwurtaercs, 4YTO
OTBETCTBEHHBIM 32 KATATUTUYECKOE MHIUOUPYIOIEE JICUCTBUE COJIA SIBJISIETCS
oOpazyronmii ee Meramia. MoHBI MeTalia Ha MOBEPXHOCTH KpPHCTALIA COJIH
CHayaJsia 3axBaTbIBAIOT WA aJICOPOUPYIOT pajuKall, a 3aTeM MPOUCXOAUT €ro
peKOMOMHALIUS C JPYTUMHU paaukaiaMud. B pesynbrare pekoMOUHAIUU Ha
MOBEPXHOCTH COJIM-UHTMOUTOpA PaIUKaAIIbl BBIBOISITCS M3 30HBI pEaKIUU, U
CKOpPOCTh PEAaKLHUHU OKHUCIIEHUSI METaHa PE3KO TOPMO3UTCS BIUIOTH JO TMOJHOTO
MIPEKpAaIICHUS PEaAKIUU.

O1HaKo, KaK MOKAa3aIM MCCJIEA0BAHUS 110 U3YUEHUIO MPEAOXPAHUTEIbHBIX
ceoictB [IBB B MBC, nnru0upytomas akTHBHOCTb COJIU CYILIECTBEHHO 3aBUCUT
OT BpEeMEHM KOHTakTa WHruHOWTOpa co B3pbeBoomacHo MBC. beuio
YCTAaHOBJIEHO, YTO CYLIECTBYET HWHTEPBal BPEMEHH, B TEYEHUE KOTOPOTO
UHTUOUTOpP OKa3bIBAETCSI HE CHOCOOHBIM 3aTOPMO3UTH PEAKLUIO OKUCIICHHS
MeTaHa. OTOT HWHTEpBaJ BpPEMEHH, B TEUCHHE KOTOPOTO Yy HMHTHOUTOpa
CYIIECTBYET JICPEKOMOMHAITMOHHBIA A(h(dEKT, COOTBETCTBYET HWHTEPBATY
BPEMEHHU, KOTJIa KPHCTAUIbI COJIM-UHTUOUTOpA HAXOIATCS HETOCPEICTBEHHO B
30HE ICMCTBUSI HA HUX CUJILHOM JETOHAIIMOHHOW WM YAAPHOU BOJIHBI.

B T1abn.13 mpuBeneHsl pe3ynbTaThl PacuEeTOB JABJICHUS JTHUHAMUYECKOTO
CXKaTHsl KPUCTALIOB COJM-UHTHOWTOpa BO (DPOHTE NETOHAIMOHHOW BOJIHBI
npenoxpanutenbHbix BB. B 1a6i1. 14 npuBeneHs! pe3ynbTaThl pacuera JaBJIeHUs
yIapHOTO CXXaTUsi MHTHOWTOpa npu JeroHanuu BB u mpuparieHust sHepruu
KpUCTAIaMH COJI, paBHOE paboTe X CXKaTUs. OTH BEIUYHUHBI OBLIH
COIOCTABJIEHBI CO 3HAYEHUSIMU MACC MPEAEIIbHBIX 3apAA0B MPEA0XPAHUTEIbHBIX
BB IV-VII kiiaccoB, KOTOpbIE XapaKTEPU3YIOT YPOBEHD UX IPENOXPAHUTEIBHBIX
CBOMCTB.

Pesymbrarel, mpuBenennple B Ta01.13,14 moka3bpIBaroT, YTO CIKaTHE
BEIllECTBA HMHTrHOWTOpa mpW JeToHanmun BB mpoucxoauT mom npeilcTBHeM
BO3HUKAIONICH B HEM yAapHOU BOJIHBI. BennuuHa naBieHuWs, BO3HUKAIOIIAS B
KpUCTAUIaX COJIM, OKa3blBaCT CYIIECTBEHHOE BJIMSHHE HAa  YPOBEHb
NpeIoXpaHUTENIbHBIX CBOMCTB BB, T.K. KpUCTaIBI COJU-MHTHOUTOpaA MO
JIEUCTBUEM BBICOKOTO JABJICHUS CTAHOBATCS HE CIIOCOOHBIMU TOPMO3UTH
HEMHbIE PEaKLUMU OKUCIEHHMS METaHa KHUCJIOpoAoM Bo3ayxa. HeoOxoaumo
OTMETUThb, YTO BEIMYMHA 3aTpaThl HHEprum JneroHanmu BB Ha cxkarue
KPUCTAJIOB COJIM-UHTHOWTOpA HE OKa3bhIBACT CYIIECTBEHHOTO BIUSHHUSA Ha
YpPOBEHb MpPENOXpAHUTENbHBIX CBOWCTB BB. [Ins yrinenuta 2-6 U umoHuUTa
pa3nuyue B TaKUX 3arparax sHepruu He mnpesbimaer 10%, Toraa Kak ypoBEHb
X TPEOOXPAHUTEIIbHBIX CBOWCTB OTJIMYACTCS CYHIECTBEHHO — BEJIMYMHA
npeeapLHOro 3apsiga nonuta B 10 pa3 60JibIiie, 4eM y yrieHUTA.
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5.1 llepcniekTHBBI Pa3BUTHS NIPEeIOXPAHUTEILHBIX BB

CyliecTByronmid  aCCOPTUMEHT TMpenoxpaHuTenbHbix BB umeer psa
HEJOCTATKOB. Y TNPEJOXPAHUTEIHLHBIX AaMMOHHMTOB OCHOBHBIMM U3 HHX
SIBJIIFOTCSL BBITOPAHUE, CJICKUBAEMOCTh, Majasi BOJIOYCTOMYMBOCTTH, BBICOKAs
YyBCTBUTEIILHOCTh K YIUIOTHEHUIO U T.1. Hurposdpupocoaepxamme BB nmeror
BBICOKYK0 YYBCTBHUTEIIbHOCTH K MEXAHUYECKUM BO3IACUCTBUSIM, TOKCHUYHBIC
KOMITOHEHTBI, CJIOKHBIN COCTaB U BBICOKYIO CTOUMOCTb.

[lonbiTKM cO31aHUST HOBBIX IPEAOXPAHUTENBHBIX BB yCTOWYUMBBIX K

BBITOPAHUIO, C TOBBIIICHHON JIETOHAIIMOHHOW CMOCOOHOCTHIO NPU TPYIIIOBOM
B3PBIBAHUM, C TOHW)KEHHOM  YYBCTBHUTEIBHOCTBIO K  MEXaHUYECKUM
BO3JIEUCTBUSIM, C XOPOWIEHM BOJOYCTOMYMBOCTHIO, MEHBIIEH TOKCUYHOCTHIO
KOMIIOHEHTOB M TPOAYKTOB B3pPbIBA, HE TMPUBEIM K MOJOXKUTEIbHBIM
pe3yybTaTam.
C nmnosiBieHWEM B MPOMBIIUIEHHOCTH HOBOTO TIOKOJIEHUS 3MYJIbCHOHHBIX
B3pBIBYATHIX BEIIECTB BO3HUKJIA pEalbHasi BO3MOXKHOCTh CO3/1aHUSI Ha HX
OCHOBE HOBBIX IMpenoxpaHuTenbHbiX BB, koTopwie coueralor B cebe
Oe3omacHbIe CBOMCTBA M TpeOyemMble JETOHAIMOHHBIC XapaKTEPUCTHUKH.
TonkoaucnepcHas CTpykTypa 3Tux BB npu Hanm4uuu BOJbl, UMEIOIIMX TEIIOTY
B3pbIBa B npenenax 2933 kJ[>k/Kr ¥ BEICOKYIO IETOHAIIMOHHYIO CTIOCOOHOCTH 0€3
WCMHOJIb30BAHUSI ~ MHAWMBUAYAIBHBIX  B3PBIBUATBHIX  BEIIECTB,  IMO3BOJIMIIU
POCCHICKKMM y4eHBIM c031aTh ipoMbItuieHHbie BB 11—V kinaccos (Ta6:1.15).

Taommma 13
JlaBjieHUe JUHAMUYECKOI0 C:KATUS KPUCTAJJIOB COJIM-MHTHOUTOPA
BO ()pOHTE 1€ TOHAIMOHHON BOJIHBI

Hapaycrps: BB n acronaumon- [TapaMerprl ¥1apHoro c#a-
HOro hpoHTa THH COTH-HHTHOWTODA
AABJICHHE
- CKO- 80 Hpom MACCOBAN CKO- AABJICHHE
" ] ] C
BB (kanace) HOCTE POCTh I pOCTh BellecT- | Bo poute
I}'[} Il.‘l"ll:’lIIH- na
. AETOHA- .. Ba 3a hpoHToM VIAPHOH
OHHOI .. :
Pans umu BB, \ VIAPHOI BOJ- BOTHEI,
3 . BOJHEL Py, | : -
KT/™M D, s [Tla Hbl, Uy, M/C Py. I'lla
Avivoant T-19 {1V | 10500 41640 5,58 TO5.67 7681
¥YIICHH TR
-6(Y) 1220 2224 1.958 357.52 2.990
[T 1220 2350 2. 1804 38549 3,256
HFWT-2 (V) 1200 2080 [.675 31233 25705
[21IE (VT 1350 1927 .55 2881 2.350
H-12 (V1) 1250 1911 1.51 28646 2,336
[2TT (W) 1250 948 9 [.348 256,71 2.07066
[OTT (W) 1250 [985.0 [,589 297 88 2439
HMonut (V1) 1170 16760 1,02 2065 [ 635
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Ta6auna 14
JlaBJjieHHe yIapHOTO C:KATUSA COJIM-UHIHOUTOpA BO hpoHTe AeToHauu BB
U NPHPALICHUE JHEPIUM ee KPUCTAJLVIOB B pe3yJibTaTe UX C/KATHA

IMapaverpel YIAPHOO CEATHS COJTH-
nnrubuTopa o gpoute aeronanun I1BB Ipupa-
P LCHHE Macea npe-
15 .
BB (kaace) AD VA ypas- IHCPIHH, | ICILHOTD 33-
, 2, aB- AT e
PPy 3 M HCHIC AL, psaaa, Ki
KM HCHHE _ o
(9). I'lla (16), (S PN
a ' I'lla
Ananmodnt T-19 e e - e o
. 1.21603 464 46 7713 7681 R26RT 0,010
(V)
YIIIeHWTEL,
-6V 1,10243 220,22 3,03 2,99 GTRR.T 0,125-0,150
2L (V) [O833 179,14 2388 2,35 65591 0.60-0_65
HouuT (VI | D043 124G 492 | 66 | 635 (2923 | 20-1_40

DU3UKO-XUMHUYECKHE TapaMeTpbl M B3pBIBUATHIC CBOWCTBA MOPIMUTOB
COOTBETCTBYIOT HE TOJHKO TEXHHYECKMM TPEOOBAHUSIM TOPHOI0OBIBAIOIICH
OTpacjy, HO ¥ JIy4IIIUM MHPOBBIM 00pa3iam (tadi.16).

[IpenMyIiecTBa PEAOXPAHUTEIHLHBIX TOPIMHUTOB B CPaBHEHHUH C
MaTPOHUPOBAHHBIMY IITATHHIMU MPEIOXpaHUTEIbHBIMU BB:

- BBICOKas 0E30MacHOCTh IO OTHONICHHIO K MEXaHHYECKMM H TEIUIOBBIM
BO31EHCTBISIM (YIapy, TPEHHUIO, IPOCTPEITy MyJIeH, OTHIO H T.IL);

- HU3Kasl CTIOCOOHOCTh K TOPEHHUIO HJIM OTCYTCTBHE K BHITOPAHUIO;

- BBICOKAs YYBCTBUTEIHLHOCTh K MHUIIMUPOBAHKIO CTaHIapTHBIM KJI;

- OTCYTCTBHE MBUICHUS, JCKTPHU3AINH, YKCYIAMH ¥ KOHTAKTa C TOKCHYHBIMU
IPOIYKTaMHU;

- COXpaHEHHE B3PBIBUATHIX XaPAKTEPUCTHK B MHTEPBaIE MIOTHOCTEH OT 0,5 10
1,5 F/CM3;

- BBICOKAsI BOJIOYCTOHYHUBOCTE, COXPAHSIOINIASACS B BOJIC HA OOJBIION TIIyOuHE U
B IIPOTOYHOM BOJIE;

- 00eCIIeunBAKOT TP B3PHIBE BBIJCICHUE I'a30B HU3KOH TOKCHUHOCTH;

- JICIIICBBIC B M3TOTOBIICHUM, BBICOKAs TEXHUKO-IKOHOMHYECKast 3QPEKTUBHOCTh
PUMEHEHHSI.

Taéauna 15
XapakTepuCTHKH NATPOHOB 3MYJILCHOHHBLIX BB
Boaove-
Jduamerp v ILwoTHoCTE
- Macea na- roiium-
BB Mapea Kaace NaTpoHa, . o narpoua,
TpoHA, KI BOCT, CYV- 3
MM riem
TKH
[Topanm [ITT-1-1 Mulv 36 0.3 Bonee 14 1,10-1,20
[TT-1V-1 I 36 0.3 bonee 14 110120
Mownozapan | MITTTM-TY Vv 36 04n07 Bonee 14 1,10-1,20
MOPIMHTA
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Taoauua 16

HexoTopslie B3pbIBYaTBIE CBOMCTBA NPEI0XPAHUTEIbHBIX
NaTPOHMPOBAHHBIX IMYJIbLCHOHHLIX BB

Temnepa- Tertora Patorocno- | YUyecren- | Cropoers | Yeroiiun-
MLTOTE - -
rypa COOHOCTE TEIEHOCTE ICTOHA- BOCTh M-
BB : BIPBIBA,
BIpLIBA, . OTHOCHT K YAapy, LIHM, THE BEITO-
" e THT Yo KMl pAHN, |
[Topas . . - - :
II]|I vy | /010 &0 0930497 0 3.2-3.5 Bonee 2-x
[Topst . } . )
||]| vy |27 720 (951 9% il 36472 Bonee 2-x
Monosapan | 780 590 0,90-0.93 it 3,040 bonee 2-x
MOPIMHTA

5.2 UcnbiTanue npenroxpanuteibubix BB

HcnbiTanue HA 0€30MACHOCTD JAeCTBUS B3PbIBA
B METAHO-BO3AYLIHOH cpejie

Ha Ge3omacHocTh Mo MeTaHy TpenoxpaHuTenbHbie BB ucmbIThIBalOT B
ombITHBIX mTpekax (puc.31). ONBITHBIN MITPEK MPEACTABISLET COOOM CTATHLHYIO
TpyOy amamerpom 1,5-1,8 M u nmuHoit 15-25 m. C oaHOU cTOpoHBI TpyOa
OTKpBITa, & C IPYrOM — UMEET CTaJbHOE JHHUILE C OTBepcTHEM auamerpom 400
MM JJ1  MOPTHpPbl. B0  BHYTpEHHEHM TIOJOCTM  OMNBITHOIO  IITPEKA
yCTaHaBIMBaeTcsl OymMaxkHas quadparMa, paziessionas ITPEK Ha JIBE KaMephl.
O6beM Kamepsl OT aHuma 10 auadparmbl (10 M°) Ha3bIBAIOT B3PHIBHOl
KaMEPOU, B KOTOpOW mepesn ucnbiTanneM BB co3gaercs MeraHO-BO3ayIIHAs
atMocdepa B3pbIBOOMacHOW KoHIeHTpaiuu (~ 10% wmerana mo oObemy).
PaBHOMEpHOE pactipeeieHne KOMIIOHEHTOB CMECH OCYIIECTBISIIOT C TOMOIIBIO
JonacTHOM Mewanku. KoHIEHTpanuio raa BO B3pBIBHOW KaMepe H3MEPSIOT
ANEKTPUYECKUM Ta30aHaIM3aTopoM. MopTupa MpecTaBisieT co00il CTalbHOM
uuHap amHoM 1200 MM u guamerpom 550 MM C HECKBO3HBIM KaHAJIOM
nuamerpoM 55 MM u rryousnoit 900 MM. B kaHanm MOpPTUpPBI yCTaHABIMBAECTCS
3apsin npenoxpanutensHoro BB maccoit 600 T, 3a60iika MpOU3BOAUTCS TIIMHON
(50 1), TommmHa cios 3aboiiku 10 wmMm. 3apsg BB B3pwiBator
AIEKTPOIETOHATOPOM.

B3priBuaroe BENIECTBO CUUTACTCS MPEIOXPAHUTEIbHBIM, €CM 1pu 10-Tu
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KpatHOM wHcnojiHeHuu B3pbiB MBC He mpowusoiiner Hu pa3y. HcnbIThIBarOT
npenoxpanutenbabie BB Il u IV kmacco. BB V kitacca ucneiTeiBatoT BHYTpHU
3ara3oBaHHOM KaMepbl, B3pbiBas mnarpoH Mmaccod 200 r. BB VI kracca
UCTIBITBIBAIOT BHYTPM 3ara30BaHHOW KaMmephl, B3pbIBAs 3apsjll, YJIOKEHHBIN
MEeXIy peOpamu yrosikoBoi Moptupbl (puc.32), mpu 3TOM YCTAHABIMBAIOT
MakcuMaibHy10 Maccy BB, He B3 piBarontyto B3peisa MBC.

[moaada rasa

¥

SR

oW ¢

1

3 N \ N \
3 i 7 4 3 !

PHc.Si Cxema OTIBITHOTO IITPEKa:
1 — cranmpHas TpyOa; 2 — AHO WITpeKa ¢ oTBepcTUeM; 3 — nuadparma; 4 —
B3pbIBHAsA Kamepa (10 m3); 5 — mopTHpa; 6 — 3apsan BB; 7 — rimusiHas 3a00iika.

Puc.32 Cxema yroinkoBoii MOPTHUPBI C OTpaKaTeIbHOW CTEHKON B OMBITHOM
mrpeke: 1 — yroyikoBas MmopTtupa; 2 — 3apsija BB; 3 — oTpaxarenbHas cTeHKa.

VYroskoBas MOpTHpa IPEACTABIISIET COO0HM CTATLHOU HMWIMHAP JUAMETPOM
230 mm u gmuHoit 2000 MM ¢ mpoAobHBIM Ma3oM ryouHOUM 90—100 MM.
OTtpaxatenbHas CTEHKA BBIMOJIHIETCS U3 CTAJIBLHOTO JIUCTa padmepoM 1x2 m. BB
VI knacca cuuTarOTCs BBIAEPKABIIMMU UCTILITAHUS, €CJIM 3apsia Maccoil 1 Kr He
BOCIUIAMEHSIET METAHO-BO3IYIIHYIO cMeCh B 10 mocienoBarenbHbIX OMbITaX Ha
PaCCTOSTHAH YTOJIKOBOM MOPTHPBI OT OTPAXKaTEIbHOU CTEHKH 20 cM.

HcnbiTanue HA 0€30MACHOCTD JA€elCTBHUS B3PbIBA
B NIBLJICBO3IYIIHOM cpe/e

. . 3
JI1st co3ganust B3phIBOOTIACHOM B3BeCcH yrobHOM mbumn (400—600 r/M”) B

ONBITHOM IITpEKEe Ha pacctositHuu 8—11 M or nauma nox yriaom 20° k

TOPU30HTAILHOM OCH IITPEKa YCTAHABIMBACTCS MbLIEPACTIBUIUTEIbHAS MOPTUPA
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(puc.33), Ha ngHO KOTOpoi momemaoT 3apsx BB maccoit 50 r© ¢
AJIEKTPOJIETOHATOPOM MIHOBEHHOTO aeuctBus. CBepxy 3apsn BB moxpeiaroT
YTOJIbHOM TBUIbKD Maccod 6 Kr. YTojbHYIO MbUIb pactbuiiioT 3a 2—10 ¢ 1o
B3pbIBA OCHOBHOTO HCIBITBIBAEMOro 3apsiaa. lIpu mpoBeaeHMH HCTBITAHUN
nuadpparmy B WITpeke He cTaBsAT. BB cunraercs npegoxpaHuTenbHbIM, €CIIU TPU
10-tu kparHOM B3pbIBaHMU 3apsina Maccoid 700 r He MPOM3OUUIO HU OJIHOTO
B3PbIBA IBLIH.

-
¥

B,

Puc.33 Cxema nbliepacnibUUTeIbHOH MOPTHUPHI:
1 — mopTtupa; 2 — 3apsa BB (50 r); 3 — yroibHas MbLIb.

6. Bo3aeiicTBre B3pPbIBA HA OKPYKAKOIILYI0 IPUPOIHYIO Cpeay
6.1 Knaccudmkauus 3apsios BB

JInst  pa3pylleHHUssT MacCHBa TOPHBIX TIOPOJlI TPUMEHSIIOT B3PBIBbI
Pa3JIMYHBIX 3apsiIOB B3PHIBUATHIX BEIIECTB, T.C. OMPEICICHHOTO KOJMYECTBA
BB, noarotoBiaeHHOTo K B3phIBY. 3apsiabl B 3aBUCUMOCTH OT I1€J7TM, HA3HAYCHUS
U YCJIOBHM, B KOTOPBIX OHHU palbOTarOT, KIACCUPUIMPYIOT MO HECKOIbKUM
npu3HaKaMm: Mo (Gopme, KOHCTPYKIMH, CIIOCOO0Y MPWIOKEHHSI K B3PHIBAEMOMY
00BEKTy U M0 XapakTepy ACUCTBHUSI Ha MaCCUB MOPOIbI.

Ilo goopme pa3nuyarOT CIEAYIONIUE 3APSIbI:
- cocpeaoToOYeHHBbIE (3apsipl, uMeronme ¢hopmy Iapa, Kyda, HWIMHApa U T.1L.,
y KOTOpPBIX OTHOIICHHWE HAUOOJBIIEH CTOPOHBI K HaWMEHbIIEH MeHee 3—9
€IWHUII);
- YIJIMHeHHbIe (IWIMHAPUYECKUE 3aps/ibl, Y KOTOPHIX OTHOIICHUE JJUHBI K
JMaMeTpy TpeBbIIaeT 3—5 €IWHUI, TaKue 3apsjbl Ha3bIBAIOT  €IIe
KOJIOHKOBBIMH );
- ¢urypnble (ycioBHo oOpasytoume II-, I'-, T-dbopmy u npyrue 3apsisl
CJIOKHOU (popMBI);
- JIUCTOBBbIe (OTHOIIEHUE JJUHBI WU IIMPUHBI BO MHOIO pa3 TMPEBHIIIACT
TOJIIUHY, 0OBITHO 3TO 3aps/ibl TUIacTHdeckoro BB).

1lo nonooscenuio:
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- HAPY/KHBIN WM HAKJIAJAHOM (3apsij, IOMELIaeMbIii Ha B3pbIBAEMbI OOBEKT,
OPUMEHSIOT B OCHOBHOM JJIs1 ApOOJIeHUs] Herabapura, oOpyIIEHHUsS KO3BIPbKOB
Ha yCTYyIax, B OTIEPAIMAX IO METALIO00paboTKe);
- BHYTPeHHM# (3aps, MOMENaeMblii BHYTPbh B3PhIBAEMOTO O0BEKTA — IIIYPHI,
CKBa)XMHBI, KAMEPbI; MPUMEHSIOT 111 OTOOMKN MUHEPAILHOTO ChIPbS, C LENbIO
ero ApoOJieHHs. W TMOCJEAYyIolIeH nepepaboTKu; sl MPOBEACHHS TMOJI3EMHBIX
TOPHBIX BbIPaOOTOK, COOPYKEHHUSI KaHAJIOB, TPAHILIEH U T.1.).

Ilo koncmpyxkyuu:
- CIUIOLHOM (HE pa3/IeNICHHbIN IPOMEKYTKAMM );
- paccpeI0TOYCHHbIN (OTAEIbHBIE YaCTH KOTOPOTO Pa3elIEHbl MPOMEKYTKaMU
BO3/yXa, N3MEIbYEHHON MOPO/Ibl, BOJBI U T.I1.).

Ilo xapaxmepy Oeticmsus na cpeoy:
- 3apsaa  kamyduieta (IpU  B3pbIBE pA3PYILICHHE, M3MEIbUYECHUE U
TPEIMHOOOPA30BaHUE TPOUCXOAAT TOJILKO BOKPYI MECTa PacloJIOKEHHUS
3apsaaa 0e3 MpOSBICHUS BHUJIUMBIX Pa3pyIICHUH HA OTKPBITOM MOBEPXHOCTU
(puc.34,a));
- 3apsAl OTKoJa (IpU B3pbIBE IPOUCXOAMT OTKOJ MOPOJAbI Y OTKPBITOU
MIOBEPXHOCTH M pa3pyIIICHUE BOKPYT 3apsaa, puc.34,0);
- 3apsa pbIXjeHust (IpoOJjieHne Mopobpl NPOUCXOIUT B 00bEME, HauMWHasi OT
MECTa PacroJjioKeHUs 3apsiia 10 OTKPHITOM IMOBEPXHOCTH MaccuBa Oe€3 ee
BbIOpOCA W3 30HBI WM BOPOHKH pa3pyIleHus, puc.34,B);
- 3apsil BbIOpoca (BbBBIBAaeT ApPOOJEHHME U BBHIOPOC TOPOIBI 3a MpEnesbl
BOPOHKH B3pbIBa, puc.34,Tr).
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Puc.34 [lelicTBue B3pbIBa pa3IMuHbIX 3aps10B BB:
a — kamy(}aeTHOT0; 6 — OTKOJILbHOT'O; B — PBIXJIEHUS; T — BBIOpOCA.

6.2 XapakTepuctuka 3apsizos BB
Kymynamuenvie 3apsovl

Kymyasiuusi — 3TO CYLIECTBEHHOE YBEIMYECHHUE JCUCTBHS B3pbIBAa B
OTIPENIETICHHOM HaIlpaBJIeHUH, JOCTHraeMoe creuudpuueckor GopMmoit 3apsia
B3pbIBUATOTO BeniecTBa. KymynsitTuBHbIN 3apsa — 3apsa BB ¢ BeleMkoit
(koHMYEeCKOM, moycpeprudeckoid M Jip.) B OCHOBAaHWHU, B pE3YyJbTaTe B3pbIBa
KOTOPOro0 Ta3000pa3Hble NPOAYKTHl JETOHAUMU OO0pa3yloT CXOASIIMHCS K
BBIEMKE TMOTOK, HAa3bIBAEMbIM KyMYJSITUBHOU CTpyel. KyMmyssaiTUBHBIEC 3apsiibl
OBIBAIOT LWIMHAPWYECKUE W YyIJIUHEHHbIe. [IpumeHstoTcs 11 paspylieHus
METAUIMYECKUX TPErpaj, TOPHBIX MOpPoa M Apyrux marepuanos. Illupoko
UCIIOJIb3YIOTCS MPH MPOBEACHUU NPOCTPENOYHBIX PAOOT B CKBAKHHAX.

[lepBble MyOnMKaUKy O MPUMEHEHUH KyMYJSITUBHBIX 3apsJI0OB B TOPHOM
nene mnosiBWMCH lopHom xypHane B 1947r. KymynsatuBHbll 3¢dekT
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OPUMEHSIICSA TJ1aBHBIM 00pa3oM Uil WHUIMUPOBAHUS aMMOHMTA, Pa3pyILLICHUS
KPENKUX MOPOJ, MEP3JILIX TPYHTOB, B KaICIOJISIX-A€TOHATOpax u J/I.

Ha pwuc.35 mokazano naeWcTBue Ha cpeay KyMYJISTHBHBIX 3apsioB.
OCHOBHBIE COOTHOIICHHS JJIs1 KyMYJISITUBHBIX 3apsiioB (cM. puc.36).

Cropocmv kymynamuenou cmpyu V.
Vi=Vo/(1/sina)+(1/tge)],

rae Vo — CKOpoCTh, KOTOPYIO COOOINAIOT MPOAYKThI B3phIBa METAJLTY 0OJIMIOBKU
KyMYJISITUBHOM BBIEMKH; 0, — TIOJIOBHHA yTJIa pacTBOPa KOHMUECKOU BHIEMKH.

laenenue, npouszsooumoe KyMyisamueHoUu cmpyet Ha npezpaoy:

P:0’5'(VK)2'P0,

/i€ Po — IUIOTHOCTh MaTepuaia O0IUIOBKHU.

CymMmapnas nnuHa kKaHana L, mpoOuBaeMoro KyMyJsiTUBHOW CTpYeH,
pacTeT ¢ yBEIMYEHHUEM HAYaIbHOW JJMHBI CTPYH, OTHOIIEHHSI TOJIOBHOW U
XBOCTOBOM CKOPOCTEW CTPYHM, OTHOILIEHUS IUIOTHOCTEHM CTPYH U TIPETrPazisbl

(puc.35,0,8).
/

HAEN . B
7

Puc.35 Cxemarnueckoe n300pakeHHE ACUCTBUS KyMYJSTHUBHBIX 3apsoB Ha
nperpany. a — HWIMHApUYecKui 3apan; 6 — 3apsg BB ¢ kymynstuBHOM
BBIEMKO; B — 3apsi/i BB ¢ KyMyJIsITUBHOM BBIEMKOM, OOJUIIOBAHHOUN MeAbto; 1 —
nperpana; 2 — 3apsg BB 6e3 kymymatuBHoi Beiemku; 3 — O], 4 —
KyMYJSITUBHBIE 3apsiibl; S — KyMYJSTUBHAasg BbleMKa; 6 — BBIEMKA,
00JIMIIOBaHHASI MEIBIO.

Poct cymmapHo¥l niuHBI KaHata L ¢ yBelMueHHEM pacCTOSHUA Xg
(puc.35) mo mperpaapl MPOUCXOJUT JI0O M3BECTHOrO Ipezesia (CM. TOYKa Ha
KpHBOH 2), COOTBETCTBYIOIIETO (OKYCHOMY paccTossHuio X®, mociie dero
HauMHaeTcs cHkeHue L. Pe3skoe mnageHue mnpoOMBHOTO JACHCTBUS TpH
YAAJICHUH 3apsia OT MPErpaabl CBA3aHO C HEYCTOMUHUBOCTBIO CTPYH.
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Puc.36 3aBucumocTs TiTyOMHBI TPOOMBAHUS KaHaIa KyMYJISITHBHOW CTpyen
B TIperpaie oOT pacctosiHus (0): a — cxema pasmenieHuds 3apsga; 1 —

TEOPETUUYECKAs KPUBasi; 2 — SKCIIEpUMEHTaIbHAsA KpUBas.
DnemeHmul 80POHKU 8b10POCA

I'eomerpuueckue napamerpsl U opma 0OpazyemMoil BODOHKM IIPU B3pbIBE
3apsana BB 3aBucsAT oT CBOMCTB B3pbIBacMOl Nopoapl. Popmy BOPOHKH B3pbIBA
0OBIYHO MPUHUMAIOT B BUJI€ KOHYCA C BEPIIMHOM B 1ieHTpe 3apsiaa BB, puc.37.

Kak crnempyer u3 pUCYHKA, OCHOBHbIMU INEMEHMAMU BOPOHKU 6blOPOCA
SBJISIFOTCA:

- W — ruryOuHa 3an0xeHus 3apsaja Wik JIMHUS HAaUMEHBIIEro COMPOTHUBICHUS
(JIHC);
- I — pairyC OCHOBAaHHMsI BOPOHKHU WJIM PaJlyC BOPOHKH B3PbIBa;
- 20, — yroJI pacTBOpa BOPOHKH.
[lokazarens neMCTBUS B3phIBA OTIPEACTISAETCS U3 BHIPAKCHUS
n=r/W.

B 3aBucrMOCTH OT BENMUYMHBI MOKA3aTens ACHCTBHS B3pbIBA Pa3jMuarOT

TPH pa3HOBUIHOCTH 3aps/10B BHIOpOCa:

- HOpMaJIbHBIHN BRIOpOC, N = 1;

- YMEHbIIIEHHBIN BHIOpOC, N < 1;

- YCUJIEHHBIH BBIOpOC, N > 1;

- 3aps]1 pHIXJIEHUS, BOPOHKA He obpazyercs, n < 0,7.

3apsaabpl HOpPMaJIbHOTO U YMEHBIIEHHOTO BhIOpOCA MPUMEHSIOT Ha Kapbepax s
IpoOJIeHNsT CKaNbHBIX MOpoa. [lpm mom3emMHOM OTOOWKE TOPOJA, MPOXOJIKE
BBIPA0OOTOK U CTPOUTENILCTBE COOPYKEHUH MPUMEHSIOT 3apsibl YCHUJIEHHOTO
BBIOpOCA ¢ MoKazareneM JeiHCTBYS B3phIiBa 2-3.
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Puc. 5.4. DneMeHTH BOPOHKH BBIOpOCaA.

[Ipu mpoBeneHnu 3KcHepuMeHTOB Mo mopoxam (f>12) ycranoBiaeHo, 4To B
Ka4eCTBE XapaKTCPHUCTHKHM JCHCTBHS B3phIBA HanWOOJIee YYBCTBUTEIHLHBIM
napaMeTpoM K W3MEHEHUWIO YCJIOBUH B3pPHIBAHUS SIBIIICTCS TIyOMHA BOPOHKH
BbIOpOca hp, a He mapamerp n. [Ipu MakcUMaTbHOM 3HAYEHUHM COOTHOIICHUS
hg/Q3 3aBUCUMOCTD yriia pacKphITHS O OT TJIYOMHBI BOPOHKH TPECTaBJICHA Ha
puc.38.

PammonanbHast qyMHa 3apsI0B BRIMHUCIISAETCS TI0 (hopMyIie

1,=3.5(hp)*%a*% u.
['ryOvHA BOPOHKH MOJKET OBITh pacCUMTaHA U3 BBIPAXKEHUS
hy=4,34f2P ;2% 0, 0%

rae P; — nmokazarens ahpekTuBHOCTH 3apsiia.

25 0,65

>h
0,3 0,6 0.8 B

Puc.38 3aBucuMocCTh yria pacKphITHS BOPOHKHU OT €€ TTyOHHBI.
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Benmnuuna paspylieHuss MEXIIIMYpoBOTO Ienuka Iy yObIBaeT 1o
CTETEHHOM 3aBUCHMOCTH OT PACCTOSIHUSI MEXKIY 3apsiiaMu, a MpH COMDKESHUU
3apsiIOB HA MUHUMAIILHO JOTTYCTUMBIE PAaCCTOSTHUS TIIyOHHA MOJIOCTU B KPEIKUX
MOPOJIaxX TOCTUTAET TIIyOUHBI BOPOHKH BHIOPOCA OMMHOYHOTO 3apsiia

1,=0,2-0,7a*-0,25n 5a+0,98h,", m,
I/Ie 2 — PaCCTOSIHUE MEXAY IITypaMHu.

3aBUCUMOCTbH yTJIa PACKPHITHS BOPOHKH BBIOpOCA 0L OT €€ TIyOMHBI hp
(Tpu MakCHMAaJIbHOM COOTHOINICHHH hgp/(3) clleyeT HaxOAHUTh U3 CJICAYIOIICTO
BBIPAYKCHHUS :

0=(0,31hy*-0,36h,”+0,086h;+1,04)/ I, rpax.

N3menenne xapaktepa qeiCTBUS B3pbIBA 3apsiia MOKET ObITh TOCTUTHYTO
KaKk MyTeM YMEHbBIICHUs TIyOWHBI 3aJI0°KEHUs 3apsAa MOCTOSHHOW BEJINYMHbI
(puc.39,a), Tak ¥ MyTEM YBEIMYEHUS MacChl 3apsja MpHU MOCTOSTHHOW TiyOuHE
3anoxkenus (puc.39,0).

B3pwi6 oounounozco 3apsoa 6 spynmax

['pyHT sABnsIETCS TPEXKOMIOHEHTHOW CPEIOM, COCTOSIIEH W3 TBEPIBIX
YacTHIl, XKUJAKOW W TazoBol (a3. Hammume BO3gyxa B mopax IpyHTa CHIIBHO
BJIIMAECT HA YCJIOBUS pPaclOpoCTPAaHEHWs] B HUX YyJapHeIX BoJH. llpm
pacnpoCTpaHEHUHU yAapHOU BOJIHBI PHEPI'Usl B3pbIBA PACXOYETCs HAa COMMKEHHE
TBEPJIbIX YACTHII 32 CYET YMEHbIICHHUsI 00beMa TOP, IPHU 3TOM pa3oTrpPeB BO31yXa
B YJIapHOUW BOJHE NPHUBOAUT K TMOBBIIICHUIO TEMIIEPaTypbl TBEPABIX YaCTHUII
(3arpaumBaercs ~90% osneprun BB). 30Ha yrmioTHeHHs OyneT BO MHOTO pa3
00JIbI1IE 30HBI YIJIOTHEHHUSI B CJIA00 TOPUCTHIX TPYHTaX.

\
\ij

vy

LI
T
|

-

a 0
Puc.39 CnocoOb1 m3MeHEHHsI XapaKTepa ICUCTBUS B3phIBa Ha CPEIY:
a — M3MCHCHHWEM TJIyOWHBI 3aJl0KeHHs 3apsna BB; 0 — m3MeHeHHeM MacChl
3apsina BB.
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Pazpymienue rpyHTa NPOUCXOAMWT TJaBHBIM 00pa3oM 3a cyeT 3araca
KMHETUYECKOW dHEPTUU, MPUOOPETEHHOU Cpeioll Mpu paclIMpeHU MPOAYKTOB
B3pbIBAa (paspylleHUWE TNOJA JCHCTBHEM BOJIH HANps)KEHUH B TIPYHTaX
HE3HAYUTENbHbI). BOKpyr 3apsiia mpu B3pbIBE 00pa3yercsl pacIIvpsIOLIascs
cepuueckas MOJOCTb, 3alOJHEHHAas Tra3aMd B3pbIBA, KOTOpas NpH
NPUOJIMKEHUH K OTKPBITOM MOBEPXHOCTU MPUOOPETAET IPYIIEBUAHYIO (opMmy,
Oousbimas ock KoTopoit copnamaer ¢ JIHC 3apsma, puc.40.

B 6o0onacviwennvix epynmax 3Heprus epeaacTcsi NpEeUMyIECTBEHHO 110
BoJe. [loaTomy aeiicTBHE B3pbIBa B TAKUX TPYHTAX MO CBOEMY XapaKTepy, Kak U
IpH B3pbIBax B BOJE, OJIM3KO K TUAPOCTATUYECKOMY JIaBJICHUIO, HAIPABICHHOMY
OJIMHAKOBO BO BCE CTOPOHBI.

B nesooonacwiwyennvix (Cyxux) epynmax, Tak k€ Kak U B TBEPABIX TeJax,
HanpsHKEHHOE COCTOSIHUE B KaXJI0M TOUKE ONpEAENseTCs IBYMs BETMYUHAMH —
pagualbHBIM  (G,) W TAHTCHUUAIbHBIM (G )HANpSHKEHUSMHU.  Xapakrep
3aBUCUMOCTH Je(OpMallUM TPYHTA € OT HAMIPSIKEHUsI G TOKa3aH Ha puc.41,
N3menenne (opMbl MOJIOCTH OOBSCHSETCS Pa3IMIHON COMPOTUBIISIEMOCTHIO
NEPEMELICHUI0 YYaCTKOB MaccuBa. B HMXKHEW 4yacTu MOJOCTH pPaclIMpEHUs
OBICTPO MpeKpalalTCs, B TO BpeMsl Kak pa3Mepbl BEPXHEHW HacTU MOJIOCTH
YBEJIMUUBAIOTCS, YMEHbIIAs TOJIUMHY CJIOSI TPYHTa, IOJAHMMAEMOrO Haj
noJiocthlo. B nanbHeiiimem o0oJiouka NpOpPHIBAETCS B BEPXHEM YacTH U
JIBUKEHUE TOPObI MTPOUCXOUT 3a CUET OAJUIMCTUYECKOTO MOJIETa OTAEIbHBIX
YJacTHI[ — B TPyHTE 00pa3zyeTcs BOPOHKA.

6 7
Puc.40. IlocnenoBarenbHOCTH (a3bl NBIKEHHS TPYHTA.

N

B3pwi6 3apsoa 6 ckambnom MOHOTUMHOM Maccuge
Mexanu3sMm paspylieHUusT CKaIbHOM MOHOJMTHOM TIOPOJbI  B3PBIBOM
COCPENOTOYEHHOTO 3apsana BB npuHOMNUAIbHO OTIIMYAETCS OT MEXaHWU3Ma
JEUCTBUS B3phiBAa B TPYyHTaX. B CKalbHOW TOpoje BOIM3M 3apsaa IO
JNEUCTBUEM YNApPHOW BOJIHBI M BBICOKOW TEMIIEparypbl IIPOAYKTOB B3pbIBa
o0pazyercst 30Ha CWILHO Je(OpMHUPOBAHHON MOPOJIbL, DTy 00J1aCTh HA3BIBAIOT
30HOM CKaTUsl WK MBMETbYEHUs, pUC.42.
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Puc.41 3aBucumocTs AedopMaliuu rpyHTa OT HANPSIKEHUS:
1 — BOJOHACHIIICHHBIN TPYHT; 2 — HEBOJOHACHIIICHHBIN TPYHT, 3 — KpHBas
Pa3TPy3KH TMOCJIE B3pbIBa (COXpaHIETCsa ocTarouHas Aedopmarius); A — y4acToK
CMEHBI 3HaKa KPUBU3HBI G(E).

d

Puc.42. Cxema pacnipesiesieHusi TPEUIMH B TIOPOJI€ OKOJIO MECTa B3PhIBA:
a —30Ha cKarus (M3MeJbYEHUs ); O — 30Ha pa3pbIXJICHUS.
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[lo mepe ynmaneHus OT 3apsijia HaNpsDKEHUS B BOJIHE CXKaTHsL OBICTPO
CHIDKAIOTC M Ha OIPEACICHHOM pacCTOSHUM CTaHOBSATCS  MEHBIIE
CONPOTHUBJICHUS MOPOJIbI PA3JaBIMBAHUIO, U3MEHSAETCS XapakTep Aeopmaluy,
YTO MPHUBOJIUT, COOTBETCTBEHHO M K U3MEHEHUIO XapaKTepa pa3pyllIeHUs CPEIbl.
[lonx nericTBMEM MPSIMOM BOJIHBI HANPSIKEHUH, PACIPOCTPAHSIOLIEHCS OT 3apsaa
BB, B nopoae B paguanbHOM HaIlPaBJIEHUU BO3HUKAIOT CWIIBHBIE CKUMAFOIINE
HanpsDKEHsl, a B TaHICHUMAIbHOM — pacTITMBAIONIMe, oOecreyuBaromme
NOSIBJICHUE PaIHAIbHBIX TPEIMH. B pe3ynbTaTe Takoro IEWCTBUS B MOPOJE
HapyIIaeTcsl CBI3HOE CTPOCHHUE, U OHA PACIIafacTCs HAa OTHAECIbHbIE KYCKU. DTy
30HY Ha3bIBAIOT 30HOM PA3PBIXJICHUS.

B crosix Goniee ymaneHHBIX OT 3apsja yJaapHas BOJIHA BBIPOXKAAETCS B
YVOPYIYI0  BOJIHY, pAacTATHBAIOIIME M  TAaHTCHLHUAIbHBIE  HAIPSKEHUS
YMEHBIIAKOTCA M CTAHOBATCS MEHBIUE BEJIWYHUHBI COINPOTUBJICHHUS IOPOABI
PACTSKEHUIO, CBA3b MEXIY YacTHIA CPeAbl HE HApYLIAETCS — MMEKT MECTO
UL KojieOaTenbHble CMeIleHusT 4vacTull. PaspylieHne mopoasl MNpsSiMbIM
JNEMCTBUEM BOJIHBI 3a MPENENaMH 3TOTO PAacCTOSIHUS HE MPOUCXOAUT. CHIIbHO
c)Karas NopoJa CMELIAeTCsl B CTOPOHY LEHTpa 3apsa M y4acTKH IOPOJIbI,
IPWIETAOIIME K TIOJIOCTH, MCIBITBIBAIOT HANPSOKEHUS PACTDKCHUS B
paanaIbHOM HAlpPaBJICHUU: B IIOPOJIE IMOABIIIIOTCS KOJBIIEBBIE TAHI CHIUAIBbHBIE
TPELIMHBI. JTa 30HA HA3bIBAETCS 30HOU COTPSCEHHUS .

Mexny 30HaMu U3MENBYEHUS, PA3PBIXJICHUS U COTPSCEHUS HET YETKUX
rpanul. Kaxxaasd u3 Ha3BaHHBIX 30H IUIABHO NEPEXOIMT OJHA B IPYIYIO U B
LEJIOM OTH 30HBbI HA3bIBAIOT 30HOM pa3pylleHus. Panuyc 30HBI pa3pyllieHHs
3aBUCUT OT BEJIWYMHBI 3apsija, napamerpoB BB. OueBunHo, 4T0 yeM OoJibiie
3apsi ¥ €ro MOILHOCTb, TEM OOJIbIIE paguyc NEUCTBHS B3PhIBA.

[pu B3pbIBE 3apsiaa BOIM3H OTKPHITOM MOBEPXHOCTH YACTHUIIBI CPEIbI TIOA
BIIMSTHUEM BOJIHBI HANPSDKEHUM, AOCTUIIIEH 3TOW IOBEPXHOCTH, HAYMHAIOT
CBOOOJTHO TepeMelaThCcsi B €€ CTOPOHY, BOBJIEKas B ATOT Mpoliecc Bce Ooliee
OTAAJICHHBIE YYaCTKU Cpelpl. BoJHA HanpsHKeHWM, NOWAS 10 MOBEPXHOCTH,
OTPAXKAETCS, U B MacCUBE BO3HUKAIOT PACTATMBAIOIIME HaNpsDKEHHs, puc.43.
[Ipy 3TOM BOJIHA pacTIKEHUS, PACIIPOCTPAHSAIONIAACS B MAacCHUB, MPEACTABIISAET
c000ii PpOHT, KOTOPBIN pacTpocTpaHsics Obl OT MHUMOTO 3apsna BB takoii ke
Macchbl, HO HAaXOIAIIErocs HaJ MOBEPXHOCThIO Ha paccTosiHuy, paBHoM JIHC
peaTbHOTO (B30PBAHHOTO) 3apsia.

Tak kak ropHaia mopona umeer B 10-30 pa3 MeHblIee CONMPOTUBIIECHUE
PACTITMBAIOLIMM Harpy3kKaMm IO CPABHEHUIO C CYKUMAIOIIMMH, TO Y OTKPBITON
NIOBEPXHOCTH NPOUCXOAUT Pa3pPyLICHUE MAaCCUBA OTPAXEHHOW BOJIHOM C
oOpa3oBaHUEM TPEUMH U (POPMUPOBAHUEM OTKOJHHOM BOPOHKH. OTpaxKeHHas
BOJIHA "MPOBOLMPYET" MpoliecC pa3pylIeHUs] MOPOabl OT MOBEPXHOCTH B TIIyOb
MaccuBa. PaspylleHusi, BbI3BAHHBIE OTPAKEHHOM BOJIHOM, CMBIKAKOTCS C
pa3pylLICHUsIMY, IPOUCHICAIIMMU pPaHee BOKPYr 3apsaa, 4YTO NPUBOAUT K
paspylIeHUsIM BCEro 0obeMa nopo bl BHYTpU BOPOHKH.



Puc.43 Cxema o6pa3oBaHus y OTKPBITOM MOBEPXHOCTH OTPAKEHHOM BOJIHBI:
1 — peanbhsbiii 3apsan BB; 2 — muuMmelid 3apsin BB; 3, 4 — npsiMble BOJIHBI CKaTHs;
5 — oTpakeHHas BOJIHA.

B cropony MaccuBa mopoapl paspylIEHHST HE PACHPOCTPAHSAIOTCS Ha
3aMETHBIE PACCTOSIHUS, MOCKOJIbKY BOJIHBI Pa3pekeHHs 3]1eCh HET, W Mopoja
UCTIBITBIBAET TOJIBLKO BCECTOPOHHEE CHKATHE.

BS’pbl@ 3apﬂda 6 mpewuUHoeanom CKajlbHomM mMaccuese

OCOoOEHHOCTPIO  pa3pylIeHUsT  TPEIIMHOBATBIX  TMOPOJ  SIBJISIETCSA

COBMEILEHUE IBYX MEXaHU3MOB: I10]1 IEUCTBHE Ta30B B3pPbIBA U NOJI IEUCTBUEM
BOJIH HaIpsOKEHUM (pa3pyllieHUs] paclpocTpaHsaroTces oT 3apsaa BB u ot
OTKpPBITOM MOBEPXHOCTU MacCcHUBa HaBCTpeuy Apyr Apyry). [Ipu B3peiBe 3apsna B
NopoJie BOKPYT TOJIOCTH, OOpa30BaHHOW B3PHIBOM, pacriojiaraercsi 30Ha
pa3pyLICHUN. Tpenmnbl SABJISIFOTCS MOBEPXHOCTAMH paszena,
IPENATCTBYIOIMIMMHU PACIPOCTPAHEHUIO BOJIH HANPSDKEHUM W Pa3pyLICHUAM
IIOPOJIbI 38 NPEEIAMU 30HbI, KOTOPast OTPAHUYEHA TUMU TPELIUHAMU.
[Ipu nmepeceyeHHM TpPEIIMHBI MPOUCXOJUT CKAa4KOOOpazHOe  MajeHHe
HaNpsHDKEHUA  BOJIHBL, OOYCJIOBIIEHHOE YAaCTHUYHBIM €€ OTPAKEHUEM OT
IIOBEPXHOCTH TpelmuHbl. KayecTBeHHas KapTMHA 3aBUCHMOCTH XapakTepa
W3MEHEHHSI HAIPSDKEHWM TIPU  TEPECEYEHUWH TPEIIMH YOPYrou BOJHOM
npuBeIeHa Ha puc.44.

N3 puc.44 BUIHO, YTO HANPSHKEHUS CHIKAIOTCS 00JIe€ MHTEHCUBHO, YEM
B MOHOJINTHOM MAacCHBE. 3a IPEAEIaMy TPEUIMH NTOPOAA Pa3pyLIAETCs TJIABHBIM
oOpa3oM TMoja JIEHCTBUEM MEXAHWYECKOTO COYAApeHUs KYCKOB TOPOJIbI
(pa3pyiieHHOW BOKPYT 3apsia) C OCTAIbHBIM pa3pyIlaeéMbIM 00BeMOM. Takum
0o0pazoM, B TpPEHIMHOBATOM MACCHBE MOPOAbI MOJ JCHCTBHEM MpPSIMBIX M
OTPa’KEHHBIX BOJIH CO3/1a€TCs1 HECKOJIBKO 30H PA3PYLICHMUS.
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Puc.44 I'padux u3sMeHeHUs BEIMUMHBI HAIPSHKEHUM HAa Pa3HBIX PACCTOSTHUSIX
OT MecTa B3pbiBa B TpemmHoBaToM (1) u moHosmtHoM Maccuse (2): |, 11 —
IUIOCKOCTH TPEUIMH B MacCHUBE.

Hexomopuie 3akonomeprnocmu 83aumooeicmeus 2pynnvl 3apsaoos

B3anmopenictBus  Mexay 3apsAgaMu, Kak IPaBUIO, M3Y4alOT C
UCIIOJIb30BaHUEM ONTUYECKM aKTUBHBIX M TMPO3pauHbIX MOAENeHd mpu
ckopocTHOU chemke (CDOP) pazButus npouecca. IKCIEPUMEHTATIBHO MOKA3aHO,
YTO A0 MOMEHTAa BCTPEYM BOJH HAINPSHKEHW cpela BOKPYr KaXKIOro 3apsjaa
BeZleT ce0s Tak, Kak Oy/I-TO MpOM30IIeT B3pPHIB OJWHOYHOTO 3apsijia, a 3aTeM
BO3HUKAET CJIO’KHAS KapTHUHA MHTEp(EpPEHLMU BOJIH HANpsSKEHUM ¢ 3aMEeTHOM
pa3HUIE B HMHTEHCHBHOCTH JpPOOJICHUS Cpelbl MO JIMHUW, COEAUHAIOIICH
3apsabl, U B Hanpasienuu JIHC. [Ipu BcTpede BOJIH HANPSHKEHU OT COCETHUX
3apsoB  oOllee HampsHKEHHOE COCTOSHHE Cpelbl PE3KO MEHsSeTCs: B
HaMpaBJICHUH, TNEPIECHAUKYIPHOM K JIMHUHU, COCAUHSIONIEH COCEIHUE 3apsiibl,
JNEHCTBYIOT YBEJIMYEHHBIE [0 CPAaBHEHUIO C OJMHOYHBIM B3pPBIBAHUEM
pacTIrMBalONIMEe HAMPSIKEHUS, BHI3BIBAIOIIME B 3TOM HAlpaBJICHUU YCHIEHHOE
JEHCTBUE B3phIBA U OOpa3oBaHWE MAaruCTpaJbHOW TpemmHbI, puc.45.
[losiBnenne TpeuwHbl OOYCJOBIEHO PACTITHBAIOIIMMU  HaNpsHKEHUSIMU,
BBI3BAHHBIMU OTPAXKEHHBIMU BOJIHAMU.

B »T01i 30HE MoOpoaa moaBepraeTcsl HauMeHbIeMy apooaenuio (puc.46).
B oObemax mopojil B TiIyOMHE B3PbIBAEMOI0 MAacCUBa CYIIECTBYIOT 30HBI, B
KOTOPBIX MPOUCXOIUT B3aMHasi KOMIICHCAIUSI HAPSDKEHUH, MOSBISIOIIUXCS B
MacCHBE OT COCEIHUX 3aps/I0B, U 0011Iee 0cIabJIeHNE HAIPS)KEHHOTO COCTOSIHUS
(puc.47). B Takux 30Hax 1MOpo/ia MOABEPTacTCsl HAMMEHBIIIEMY JPOOJICHHIO.
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1a , g 0

Puc. 45. BzaumojelicTBUE ABYX COCpelOTOYEHHBIX 3apsanoB BB: la, 10 —
3apsinbl BB; 2a u 20 — npsiMble BOJIHBI HANIPSKEHUM, paclipOCTPaHSIOUECsS OT
3apsoB la U 16 cooTBeTcTBeHHO; 3a M 30 — BOJIHBI, OTPAXKEHHbBIC TIOCIE
"1000BOr0" coyaapeHus BOJIH cxkaTus 2a u 20; 4 — MarucTpajibHasl TPELIMHA.

0, 67
. G,—> +«—0
6,—> “—g, .
g, G,

Puc. 46. CxemMa HampspKEHHOTO COCTOSIHMS MacCHBa MIPH OJHOBPEMEHHOM
B3pbIBaHUU 2-X 3aps10B BB: 0=0,+0,.

30HbI IOHWXKEHHOW ApOOMMOCTH MOpoA (Kak M 30HbI MEPEU3MEIbUECHHUS )
ABIISIIOTCS HEXKENATeNbHBIM pPe3yJbTaTOM BelEeHUs B3PBIBHBIX paloT. 3amaua
MaKCHUMallbHOTO yMEHBIIEHUS pa3MEpPOB TaKUX 30H pEIIaeTcss IyTeM
yBEJIMYEHUST KOYPPUIIMEHTa COJMKEHHUsS] CKBa)XKHUH, YMEHBIICHHEM JHaMerpa
CKBa)XMH U pa3HOBPEMEHHBIM B3pbIBaHHEM 3apsiioB BB.
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Puc.47 Cxema HanmpspKEHHOTO COCTOSIHMSI MacCHBa TMPH  OJTHOBPEMEHHOM
B3pbIBaHUU 2-X 3aps70B BB: o0=0,—05.

Paspywenue nopoo kopomrozameodieHHbIM 83pbléaHUEM

Kopomxosameonennoe 63pviganue — 3T0 MOCIEN0BATEIILHOE B3phIBAHUE
cepuil WM OTIEIbHBIX 3apsI0B C WHTEPBAIAMHU B THICSYHBIE JIOJIM CEKYHJIBI.
OTtOoT  crmoco®  B3pbIBaHUA ~ HA3BIBAIOT  MHOTA  MHWUIMCEKYHHBIM.
KopoTtkozamensiiennoe B3peiBanue (K3B) BrmepBbie ObLJI0O  MPUMEHEHO
uHxeHepom bepmuabim B 1934-1935 rr. ¢ 1951 r. stoT Meron Hayan
BHEAPSATECS Ha Kapbepax. OcCHOBHBIMH  (DaKTOpaMu, OMPEACTSIOMUMU
3((PEKTUBHOCTH KOPOTKO3AMEIJICHHOTO B3PbIBAHMSI, SIBJISTFOTCS:

- UHTEpBaJI 3aMEIJICHHUS;
- MOCJIEIOBATENILHOCTh PA3PYIIIEHHUS y4aCTKOB MacCHBa.

[lepeuncnenHple TapaMeTphbl MPUMEHSIOTCS B 3aBUCUMOCTH OT CBOWCTB
TOPHBIX MOPOJ, CXEMBbl PAacroJIOKEHHs 3apsiioB M 3amadu B3pbiBa. [Ipu K3B
OPOUCXOJUT HE TOJBKO B3aUMOJECHCTBHUE B3PBHIBOB COCEAHMX 3apsloB, HO U
CMeXHBIX cepuil. OddexktuBHOCTs pazpymeHuss npu K3B ompenensercs
CIEYIOMUMH (haKTOPaMHU:

- uHTep(pepeHIel BOIH HANPSIKEHUM OT COCEIHUX 3apsioB (OCTUTaeTCs Mpu
MaslbIX UHTEpBAIAX 3aMeIJICHU N );

- o0pa3oBaHMEM JOTIOJHUTEIbHBIX OTKPBITBIX MOBEPXHOCTEH (MpU CpeaHuX
MHTEpBaJiax 3aMe/JICHUN );

- COy/apeHHEM DAa3JIETAIOIIMXCSI KYCKOB MPU B3PBIBE COCEAHUX 3apsiaoB (IIpH
OO0JILIIMX MHTEpBAJIaX 3aMEIJICHHUN ).

[lepeuncnennpie (HakTOPHI SABISIOTCS COCTABHBIMH DJIEMEHTaMU €IUHOTO
npoIliecca B3auMOACHCTBUS 3apsiI0B MPU KOPOTKO3aMEIJICHHOM B3p bIBAHHUH.

Nutepdepeniius BoJIH HanpsKeHU, puc.48, MpOUCXOAUT B TOM Ciydae,
KOT/Jla HaIlpaBJICHUs CMEIICHUS YacTULl OT MPEIbIIYIIEro B3pbIBa COBIAAAIOT,
OpyU  5TOM  YBEIMYUBAIOTCS CYMMapHbIE CMEIICHUS, HamNpsOKEHUS U
MHTEHCUBHOCTh Pa3pyIlCHHUs MacCUBa.
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Puc. 48. Cxema wmHTepdepeHumn BoaH HampspkeHuid npu K3B cocemnmx
3apsi0B: 1 — BoJiHA HANpsKEHUM; 2 — oTpaskeHHast BoJiHa; Q4, Q, — 3apsinbl BB;

Bosina nanpsixkenuit 1 ot 3apsaa Q; pacnpocTpaHsieTcss 10 OTKPBITOM
MOBEPXHOCTH U, OTPAXKAsCh OT Hee, 00pa3yeT OTPAKEHHYIO BOJIHY PACTIKEHUS
2, KOTOpas pacnpocTpaHsieTcs BrilyOb MacCHBa, Kak OT MHUMOTO 3apsiaa BB Q.
1. B3psiB BTOpOro 3apsna Q, 10KeH ObITh MPOU3BEAEH B MOMEHT, KOI'/la BOJIHA
pacTsbKeHUss 2 OT MEPBOrO 3apsijia MEPeceKacT MECTO PACIOJIOKEHUSI BTOPOTO
3apsina BB. B aTom ciyuae obGseryaercst neiicTBue 3apsifa 2 U yBEIHMUHUBACTCS
addext pazpymenus nopoabl. OMNBITOM  YCTAaHOBJEHO, 4YTO Haubosee
s dexTuBHOE cpabaTbiBaHWE 3apsI0B 2 MPOUCXOIAUT B CiIydae, KOTAa Bpems
NoJpbIBa 3apsia 2 COBMAJIET C MOMEHTOM IEPECEUEHUS] MECTa PACMOJIOKEHUS
3TOTO 3apsifia BOJHOM pacTsikeHus, 1100 oTnyaercs He 6osiee ueM Ha 0,1 mc. C
yYBEIMUEHUEM YHCJIa OTKPBITBIX MOBEpXHOCTEH 10 2-x — 3-X, puc.49, y
B3PBIBAEMOr0  3apsja O00beM pa3pyLICHUs  YBEIMYMBACTCS  NPUMEPHO
OpOTIOPIIMOHATBHO WX 4Hciay. [[poOneHwe TOpoAbl  COMPOBOXKIACTCS
YBEJIMYCHUEM €€ TNIEPBOHAYAIBHOIO OO0beMa MPU CMEIIEHHMH B CTOPOHY
OTKpBITBIX NOBepxHOCTeW. [lluprHa mnpocTpaHcTBa MEXAy HapyLIEHHOM H
HEHApYUICHHOW 4YacTsMM MaccuBa JOJDKHA ObITh mponopuuoHanbHa JIHC u
K03 OULIMEHTY pa3pbIXJICHUS! JaHHON TIOPOIBI.

Heob6xonumast mmpuHa mpocTpaHcTBa (10 SKCIIEPUMEHTATBLHBIM JTAaHHBIM )
IUIsL TIOJTy4€HOUsT OTKPBITOM TOBEPXHOCTU J0JDKHA OblTh B mpegenax (1/10-
1/30)W.

CxemMa pa3pymieHuss MaccuBa TpW  0Opa3oBaHWM JOTOJHUTEIBHBIX
NOBEpPXHOCTEN MokazaHa Ha puc.50. PacueTHblil HHTEpBaAN 3aMENJICHUS] B 3TOM
cllyyae JOJDKeH ObITh B mipezenax 25 — 75 mc. C yBeIM4eHueM KpernocTH mopo/1
MHTEpBaI 3aMEJIJICHUS] YMEHBILACTCSI.

CoyaapeHune KyCKOB MOPOJbI, MEPEMEIIAIONIUXCS B pe3yibTaTe B3phIBA,
00YCJIOBIIEHO TEM, YTO pa3Hble YYacTKH MacCHMBa IPHU B3pPHIBE MUMEIOT Pa3HBIC
CKOPOCTH W HarpaBJIeHUs IBWKEHUS. IpH CTONKHOBEHMH KYCKOB MPOUCXOJUT
UX JOTOJHUTENbHOE ApoOieHne. OMBIT MOKa3bIBaeT, YTO APOOJICHHE MOPOIBI
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CYIIECTBEHHO YJy4IIaeTCs, €CJAM TPAacKTOPHUH paslieTa KYCKOB IOPOJIBI
nepecekaroTcs o yriom 90°,

/ J
2 —— W 2 W
1 { —

d 0 B

Puc. 49 — CxeMbI pacmioio;KeHUs 3apsI0B MpH 01HOH (a), 1ByX (0) 1 Tpex (B)
OTKPBITBIX TIOBEPXHOCTAX: 1 — 3apsy B3pBIBYATOTO BEIISCTBA B IIIype
(ckBaxkuHe); 2 — 3a00¥Ka; CTpEIKaMH MMOKa3aHbl OTKPHITHIC IIOBEPXHOCTH.
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Puc. 50. Cxema paszpymieHuss MaccuBa TpH O0Opa30BaHUM JIOTIOJHUTEILHBIX
OTKPBITBIX MOBEPXHOCTEN KOPOTKO3aMEJICHHBIM B3pbiBaHueM: 1 — 3apsasl BB
NIEPBOU OYEpeaU B3pbIBaHUs; 2 — 3apsaabl BB BTOpOI 0uepenu B3pbIBaHus.

[Ipy KOpOTKO3aMENJIEHHOM B3pPBIBAHMM MPOLECC pa3pyLICHUs MacCUBa
3apsiiaMy NIEpBOM OuYepeu MPOTEKAeT TaK K€, KaKk U B pe3yJibTare AeHCTBUSA
oauHO4YHOTO 3apsna BB. Ilpu B3pbeIBE rpynimsl 3apsoB BTOPOU U CIEIYOIIMX
odepenel ¢ MaJIbIMA MHTEPBAJIAMU 3aMEJICHUN B MaCCUBE BO3ZHUKAET CJIOYKHAs
KapTUHA HMHTEp(EpEeHIIMd BOJH HampsikeHWi. Bpemsi, B TeueHue KOTOPOTO
MacCHB HaXOJUTCS B HANPSKEHHOM COCTOSIHUM, YBEIMUYMBAETCS, MPOUCXOIUT
YMEHBIIEHUE celcMuueckoro 3(Qexra OeiCTBUS B3pbIBA HA OKPYKAIOIIME
coopyxermsi. OmHOM W3 pasHOBUIHOCTEH crioco6a K3B siBnsiercs B3ppiBaHHE C
BHYTPUCKBAXUHHBIMU MWIUIMCEKYHHBIMU 3aMEJIMTENIIMA OTAEIbHBIX YacTel
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3apsJIOB B CKBOKMHAX, YTO TIO3BOJISICT YBEIMIUTH UMITYJILC JCHCTBUS B3phIBa HA
MaccuB. B pesysnbTare 3TOro JOCTUTAIOTCS JIydIIME Pe3yJbTaThl B3phIBA IO
JIPOOIICHUIO U CEHCMHUKE.

7. TexHOJ10rusl MPOBEICHUS B3PLIBHBIX Ppa0d0OT
NP MOA3eMHBIX BBIPAa00TKAX

7.1 BBenenue

IIpy BeneHuM B3PBIBHBIX PabOT B YrOJbHBIX IIaXTaX B OCHOBHOM
UCTIOJIb3YIOTCS HITypoBbIe 3apsaabl. [locnenoBarensHOCTh onepanuii: B MacCuBe
no 3abor0 OypsAT WIMyphl, B HIMypbl momemaroT 3apsan BB, 3aboiiky, 3atem
coOMparoT B3PBIBHYIO CEThb U B3PBIBAIOT 3apsAAbl C 33JaHHON OYEPETHOCTHIO B
COOTBETCTBHE C YTBEPKJICHHBIM MMACTIOPTOM OYpOB3PBIBHBIX pa0dOT

7.2 IlInypossbie 3apsinsl BB

IInyp npencTaBisieT co0OW MOJOCTb, BBIMOJHEHHAs B BUIE MIJIMHAPA
adaMeTpoM 10 75 MM HM JIMHOM 10 5 M, mpoOypeHHas B TOpOJe |
MpeIHAa3HAYEHHAs I pa3MeleHus 3apsna BB. Hawano mmypa HaszwsiBaroT
ycmvem, a KOHel Imypa (TopiieBasi 4acTh) — 3a00em WIA OHOM Wnypd,
OOKOBYIO TOBEPXHOCTb — cmenkamu wnypa. OCHOBHbIE TapameTphbl HIMypa:
muamerp dyy, amHa 'y v ry6usa Iy (puc.51). M3-3a TOTO, 9T0 CTEHKH IImypa
UMEIOT BBICTYIBI 10 1,5 MM 1 Ha nmarpoHax BB umMmerorcs Takke HEPOBHOCTH
(BMSATHUHBI, YIIUPEHUS U JIP.), B YTOJIbHBIX IIaXTax MpU OYpEHUU HUCTIOJb3YIOT
KOpOoHKHU uameTpoM 41 — 43 mMm miis narpoHoB BB auamerpom 36 u 32 M.
Kopoukamu nuamerpom 51-53 mm OypsT mmypsl 1t narpoHoB BB nuamerpom
45 MM.

Jlnuna wnypa — pacCTOSIHUE IO OCH IIITypa OT JHA JI0 €r0 yCThs ().
I iyouna wnypa — nepneHAUKYISP, OMYIIEHHBIN OT JHA IITypa 0 MOBEPXHOCTH
32004 (Ij), T.€. 3TO €cTh riTyOUHA 3aJ0KESHHS IIITypa B TOPHOM MAacC UBE:

l,=I"; sina,
I7I€ 0L — YroJ MEXIy 3a00€M BBIpAOOTKH M OCBIO LIITYpa.

[lpakTuka mnpoBeneHUS B3PHIBOB B 3a008X C OJHOM OTKPBITOU
MOBEPXHOCTH TIOKA3bIBAET, UTO PaAIllMOHAIBHBIC JJIMHBI IIITYPOB B 3aBUCHMOCTH
OT KPEMNoCTH MOPOJ] CIEAYIOIIHE:

- B KPEMKHX MOPOJIAX: 11m=1,5—1,8 M;
- B TIOpOJ1aX CPEIHEH KPEMOCTH: Ilm=1,8-2,2 M;
- B CJTA0BIX MOpPOJax: I'y=2,2-2.5 m.

IIpu B3pBIBax ¢ ABYMsI OTKPBHITBIMU IOBEPXHOCTSIMHU JJIMHA IITyPOB
cocrasiser 1,8-5,0 m, Ho wame ';=2,2-3,0 m. [Ipu B3pbIBaHUM TIO YIJIIO U
Nopo/ie JUIMHA IITypOB J0JDKHA ObITh He MeHee 0,6 M. Kak mpaBuio, mmrypoBoi
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3apsi1 pa3pymaeT mopoay B 30He, Ofmkaiiien k 3a0010. JloHHas 4acTh ocTaeTcs
B HEpa3pyIICHHOH MOpo/ic B BUJIEC TaK Ha3bIBaeMoro "'cTakaHa" (puc.52).

Puc.51. OcHoBHBIE mapamMeTphl HITypa.

BOPOHKA B3PEIBA
CTaKaH

I

4 g

1'3.5.}(
- >

Puc.52. YacTs MaccuBa MOPOJ MOCJIE B3PHIBA IIITyPOBOTO 3apsiya.

3anpemaeTci BO Bcex cJydyasax pa3dypuBarth ''cTakaHbl'' BHe
3aBHCHMOCTH OT HAJMYMSA MM OTCYTCTBHS B HUX octaTkoB BM. Ctporo
3ampelicH0 OypuTh WIMYpPbl CJIEAYIOIIEro NUKIA Yepe3 CTAKaHBbI,
MOCKOJIbKY B CTAKaHAX YacTo ocTaercs BB.

BaxHbpIM mapamerpoMm SBISICTCS BEeNMWYMHA |34y — MpoaBuranue 3ados 3a
OJIHO B3pBIBaHHE WM 3a OJWH IMKI, Lyx Bcerma menwiie ly. OTHOIIEHHE
OpOJABUraHusl 3a00s1 3a OJHO B3pbIBAHUE K TJIYyOMHE IUIMYPOB Ha3bIBACTCS
KOI(PPUIEHTOM MCTI0JIb30BaAHUA HIMYPOB — Ky
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Kuu=hax/h; Ky < 1).

HopmatuBnoe 3nauenue Ky paBao 0,8. Ha nepenoBbix npoxoakax Ky
nocturaer 0,9 — 0,95 wmuorma 0,97 — 1,0 B cmabeix mopomax. Ilpu
NPOEKTUPOBAHUU OYpPOB3PBIBHBIX paboT 3HaueHuss Ky pexkoMenmyercs
BBIOUpATh CJIEAYIOINIHUE:

- Ha OJIHY OTKpPBITYI0 noBepxHocTh 0,8 —0,85;
- Ha 1B OTKpBIThIe TToBepxHOCcTH 0,9 — 0,95.

[Ipyu mpoBeneHMHM NTPOMBILUICHHBIX MCIBITAHWW HOBBIX TUIIOB BB
HOBBIX TEXHOJIOTHI BeneHus B3pbIBHbIX pador KMUII ycranaBimuBaroT 10
IOPOJBUraHUIO 33005 3a ONPEAENCHHBIN MEPUOJ BPEMEHHU, Kak IpaBuio, 3a 10
B3pBIBAHMI 32 3TOT KOHTPOJbHBIN NIEpUO/] (IIUKIIOB).

7.3 OcHOBHBIE B3pbIBHbIE BPYObI

[lpu npoBeaeHuu BbHIPAOOTOK HMMEETCS Yallle BCEro OJHA OTKPbITas
MOBEPXHOCTh — 3a00i, B KOTOPOM MEPHEHIUKYIAPHO W HAKIOHHO K €ro
HNOBEPXHOCTH OypsT M B3pbIBAIOT KOMIUIEKT 1mypoB (oT 10 go 60 u Oosee).
B3pbIB KOMILIEKTa HITyPOB JOJHKEH OTBEYATh CJIEAYIOUMM TPEOOBaHUSAM:

1 — nepBoHauanbHO HEOOXOAMMO CO3/[aTh B3PHIBOM YacTU IIITYpOB
JOTIOJTHUTEIbHYIO  BTOPYIO  OTKPBITYIO  TOBEPXHOCTb, YTOOBI  YCHIIUTH
pa3pyLIUTEIbHOE IEUCTBUE OCTAIBHBIX 3aPS/I0B;

2 — pa3pyLIUTh MOPOJY B CEUEHUU BBHIPAOOTKU Ha KYCKH TpeOyeMbIX pa3MepoB,
a HaBaJ TMOPOJbl TOJYYUTh KOMIAKTHBIM 1 3(P(EKTUBHOU pabOThHI
NOTPY304YHBIX MaIIMH, OOeCreuYuTh O€30MacHOCTh JIIOJEH U HUCKIIOUMTH
NOBPEXACHUS KpEenu U 000pyI0BaHUs BEIPaOOTOK;

3 — oOpa3zoBaTh cedeHHe BBIPAOOTKH, MAaKCHUMAaJIbHO OJHM3KOE K MPOEKTHOMY,
CBEII K MUHUMYMY HETOOOPHI U TIepeOOPBI TIOPOIbI, 00ECTIeUNTh BRICOKUH Ky,
a TaKKe HCKIIOYUTh HapyUIeHWEe €CTeCTBEHHOW IPOYHOCTM MaccuBa 3a
KOHTYPOM CE€UYEHUS BBIPAOOTKH.

Kpurteprem mnpaBuUIbHOTO OKOHTYPHUBAHUS SIBISETCA KOI(PPUUHUEHT
m3aumka cedeHust (Kyc) — oTHOIICHHE (HAKTUUECKOW IUIOMIAAN MOIEPETHOTO
Ce4yeHMs BBIPAOOTKU B MPOXOJKE Sqpp, K IJIOIMIAAN MPOEKTHOTO MONEPEYHOTO
CEUEHHUS BUEPHE Spy.

Kuc=SonplSsy
Hopmarusnoe 31Hauenne Ky pasro 1,03-1,05.
4 — 3arpaThl BpEMEHH U CTOUMOCTHbIE moka3zarenu BBP (ynenbHble 3aTparhi)
JOJDKHBI OBITh MUHUMAJIbHBIE.

JIJist TOCTHKEHUST YKa3aHHBIX PE3YJIbTAaTOB B3phIBA B KOMIUIEKTE IIITypOB
OPUMEHSIOT BpYOOBbIE, OTOOWHBIC, OKOHTYPUBAIOIIME W HAKJIOHHBIC IITYPHI,
npsiMble (IpU3MaTHYECKUE BPYObl) U KOMOMHHUPOBAHHbBIE BPYOBI.

BpyooBble nmypsbl (Ha puc.53 NoNe 1-4) — B3pbIB 3apsiioB CO3/aeT
JOTIOJIHUTENbHYIO (BTOPYIO) OTKPBITYIO TIOBEPXHOCTh B 3a00€ U YIIydIlaeT
YCJIOBHSI B3pBIBAHUS OCTAILHBIX HIMypOoB. BpyOoBbIe MITypbl 0OOBIMHO OypsAT Ha
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0,2-0,3 M roy0xe OCTalbHBIX, a BEIMYMHA 3apsJ0B BPYOOBBIX IITYypOB Ha 15—
20% Oob11e, Y4eM B OCTaIbLHBIX.

OT6oiinbie mmypbl (Ha puc.53 NeNe 5-9) B3pbpIBalOT mocye BpyOOBBIX,
npeIHa3HaYEHbI JIJIs1 pacIIUPEHUs MoJI0CcTH, 00pa3oBaHHOM BpyOoM. [Ipu manbix
CEUCHHUAX BBIPAOOTKH OTOOMHBIX IIIMYPOB MOXKET HE ObITh, @ NPU OOJBIIOM
Ce€4eHUH OTOOMHBIMU LIITypaMH pa3pylIaloT OCHOBHYIO YacTh IOPO/Ibl B 3a00€.

OxontypuBaonme mmypsl (Ha puc.53 NeNe 10-22). 3apsiapl B 3THUX
HITypax B3pbIBAIOT TocieAHMMUA. OHM TpeAHa3HA4YeHbl [JIsI  MNpUIaHUS
BBIPA0OTKE MPOEKTHOTO ceueHus. KOHITbI OKOHTYpUBAIOIIMX IIITYPOB B KPEMKUX
IIOPOJIAaxX BBIITYCKAOT 3a NPOEKTHBIM KOHTYp Ha 100-150 mm, a B MATKHX
opoJiaXx pacrojiaratoT Ha TPOEKTHOM KOHTYpe BbIpabOTOK. B BbIpaboTkax
OPSIMOYTOJILHOTO, TPANEIUEBUIHOIO M CBOJUATOTO CEUEHUS MPUMEHSIOT
HAKJIOHHBIE U TPSMbIC BPYOBHI.

HaxkJionHbIe BpyObI 00pa3yioT mimypamu, NpoOypEeHHBIMU HAKJIIOHHO MO/
yriom 60°—70° k moBepxHOCTH 3a00s. PaccTosiHMEe MeXTy KOHIIAMHU IIITYPOB
10-20 cM. B TpeumHoBaThIX MOPOJax LIMyphl PACIOJIAralOT TakK, 4TOObl OHU
NIEPECEKATIM TOBEPXHOCTH TPEIIMH oA yriaoM 90°.

IIpsimbie (Mpu3MaTHYecKHe) BPYObI (puc.54) oOpa3yloT MITypamH,
NpOOYypEHHBIMH TIEPIICHIUKYISIPHO TIOBEPXHOCTH 3a00s (MapauielbHO OCH
BbIpaboTKM). [Ipu 3THX BpyOax, Kak MpaBWiIO, OJMH WM HECKOJBbKO IIIMYpPOB
OCTaBIISIIOT HE3APSHKCHHBIMHM UL CO3/IaHUSI  JIOTIOJHUTEIBHBIX  OTKPBITHIX
MOBEPXHOCTEH, 00JIErJaloMuX Pa3pymmTeNbHOE IEHCTBUE OCTATBHBIX IITYPOB.
PaccTosanue mexny cocenuumu mimypamu 20-30 cM, B 04€Hb KPENKHUX MOPOAax
—5-10cm.

Onnako Haubosiee HagexHble BpyObl - mIejdeBble, puc.54,a,
npusmMatudeckue, puc.54,6, W cnupajbHble wIaraoume, puc.54,B.
[IpumeneHne crivpanibHO-IIATAIONMX BPYOOB TpeOyeT MCTOJB30BaHUS TOJBKO
npeccoBaHHbix BB. O6nactu npuMeHeHUs NpsiMbIX M HAKJIOHHBIX BpYyOOB
3aBUCST OT ITyOUHBI
mmrypoB (1), cedenus Beipabotku (S), kodddumnmenta kpernoctu nopon (f) u
MOTYT OBITH OTIPEACIICHBI TI0 TpadukaM puc.S5.

N3 xOMOMHHMpPOBaHHBIX BpYOOB HaMOOJIBIIMI HWHTEPEC MpPE/ICTaBISIET
ATA AN TMPAMHUIATBHO-KJIMHOBOM BPYO, puc.56, COCTOSIIINNA U3 JIEBATH
mmypoB. myp Nel — neHTpanbHblid, UMeET HauMeHblIyto Tiyouny (1 — 1,2 m)
3apsim W3 onHOoro martpoHa BB. DToT mmyp OypuTcs mepneHIMKYISPHO
noBepxHocTH 3abos. Ilmyper NeNe 2 — 5 pacnosaratorcsi Ha paBHBIX
pacctosgausix oT Nel. I'myOuHa »THX WITypoB, cyuTas OT UEHTPAIbHOTO,
nocTeneHHo yBenmuuuBaercss ¢ uHTEepBaioM 0,2 — 0,33 M. 3apsael Takke
YBEIIMYMUBAIOTCS HA OJTUH MaTpoH, T.€. Ha 0,25 — 0,3 Kr B KaXKA0M MOCIEAYIOIIEM
HIIType MO0 CPaBHEHMIO C MPENbIIYIIMM. BypaT ¢ HEKOTOpPHIM HAKJIOHOM K OCHU
mmypa Nel. OuepenHocTs B3pbIBaHUSI COOTBETCTBYET HOMepaMm mypoB. Ilocie
B3pbIBa IypoB 1 — 5 yepe3 15 — 30 Mc B3pwIBaroT 3apsipl B mimypax NeNe 6 — 9.
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Puc.53. Cxema pacmoyiokeHusi BpYOOBBIX, OTOOWHBIX M OKOHTYPHBAIOIIMX

IIITypOB: @ — IPUMEP Pa3MEIIEHHs IITypOB B cedeHnH 3a0051; 6 — B COOKY; B —
BHUJ] CBEPXY.
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Puc. 6.4. HekoTopble cXEMBbI paCcIOJIOAKEHUS MPIMBIX BPyOOB:
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a — uieneBoil BpyO; 0 — npusmaTHueckuidl BpyO;; 1 — 3apspKeHHbIN mimyp; 2 —
HE3apsDKEHHBIN 1IIMyp; B — CHUpaibHbIA maratoumii Bpyo: 1, 2, 3, 4, 5, 6 —
HOMEpPA 3aps 0B U COOTBETCTBYIONIAS MOCIIEI0BATEIbHOCTh UX B3PBIBAHMS.

I. M | | Slu 1 _
\ TIpsMoit BpyO HakI10HHBI
3..0 \ i 08 pr}gﬁ
- e [ ———
29 HahJ]lDHHBIHI BpYyO 0
! ook f 4 8 12 f
A 6

Puc.55. I'paduku 3aBUCUMOCTH 00JIACTH ONPEAECIICHUS] HAKIOHHBIX U MPSMBIX
BpyOOB OT I'TyOMHBI IIITypOB (@) U ceueHus: BbIpadoTku (0).

Puc.56. Ilararommuii mupaMuaaibHO -KIMHOBBIN BPYO

IIpsimble BpyObI ¢ IIIYOOKMMM HIIypPAMH, B KOTOPBIX HCIOJIb30BaH
3¢ deKT B3PBHIBHON 3ampeccOBKH, CBOOOAHOW OT 3apsijia 4YacTH IIypOB,
B3PbIBAEMbIX C 3aMEIJICHHEM, a TaKKe IMpsSMbIe BPYObI C JOMOJHUTEIbHBIMU
OYMINAIOUMMHI BpPYOOBYIO TMOJIOCTh 3aps/iaMu, MokazaHbl Ha puc.57,a u 57,0
COOTBETCTBEHHO.

Ha pwuc.58 mnpuseneHsl cxembl BpyOOB, KOTOpbIE HambOOJIee 4YacTo
NPUMEHSIOTCS B IIAXTaX MPU B3PhIBHBIX paboTax.

LenecooOpa3zHplii WHTEpBA 3aMEIJICHUS MEXIy BpYOOBBIMH U
oTOOMHBIMM TIITypamMu cocTaBisger 50 — 75 Mc, a MeXAay OTOOWHBIMU U
OKOHTypHUBaroUMMH mimypamu — 15 — 25 mc. C yBenMueHrneM KpenocTH MOpoa
UHTEPBANl 3aMEIJICHUsS YMEHBIIACTCS. YBEIWYEHHBIM WHTEPBAN 3aMEJICHHS
MEXIy BpPYOOBBIMM W OTOOMHBIMHU IIIypaMU OOBSICHAETCS TEM, YTO BpeMs
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paspylleHus TopoAbl BpYyOOBBIMHM 3apsjaMM, pabOTaIONIMMU MpPU OJHOMU
OTKPBITOI OBEPXHOCTH, OOJIbLIE YEM Y OTOOMHBIX U OKOHTYPUBAIOIIUX.

Puc.57. Cxema pacniosioskeHus: MpSMbIX BpYOOB C IITyOOKHUMH IITypaMHU:

a — CO B3pPBIBHOW 3ampeccOBKOW; O — C OUMINAIOIMMU BPYOOBYIO MOJIOCTbH
3apsanamu; 1 — pazpymarontuit 3apsia; 2 — ourmaromui 3apsa; 0, 50 — Bpems
3aMeIJICHHs, MC.

MuHuUMaIbHO JOMYCTUMOE PACCTOSHUE MEXKIY CMEKHBIMU IITYPOBBIMU
3apsiiamMu JI0JHKHO COCTABIISITH HE MEHEE BEJIMYMH, YKa3aHHBIX B Ta0OJ. 17.

B mopomax ¢ f >10 paccTosiHHe MEXAy CMEKHBIMH IIITyPOBBIMHU
3apsyiaMu  JOJDKHO — OTIPENESITRCS ~ HOpMAaTWBaMHu, pa3paOOTaHHBIMH IO
COrJIaCOBAHUIO C OpTaHM3aUEN-IKCTIEPTOM MO 0€30MaCHOCTH PalboT.

7.4 3aboiika IMypoB NPH B3PbIBAHNH B YTOJBHBIX IIAXTAX

B3pbiBHBIE pabOThI B YroJIbHBIX IIAXTaX SBJSIIOTCS HCTOYHUKOM
MOBBIIIEHHOW  OMACHOCTH,  CBA3aHHOM C  BBICOKOM  BEPOSTHOCTHIO
BocmiameHeHust MBC u TIBC npoaykramu neroHanuu 3apsjgioB BB. Oqnum u3
nmyTed perieHus 3Toi mpoOJieMbl SBIISIETCS NMPUMEHEHHsI B IIITYPOBOM 3apsijie
CIIEUATBHBIX 3a00€YHBIX MAaTEPUATIOB, KOTOPBIE, C OJTHOM CTOPOHBI, MOTJIU Obl
MOTJIOLIATh YaCTh HYHEPrUU MPOJYKTOB B3phIBA U TEM CaMbIM CIIOCOOCTBOBATH
OBICTPOMY WX OXJXKJICHHIO, a C JIPYrold — Kak MOXKHO JIOJIBbIIIE YAEp KUBATh
MPONYKTHI B3pbIBA B 3apsiIHON Kamepe IImypa. DTO IMO3BOJIAT IOBBICHTH
K03((QULIMEHT TOJIE3HOTO JAEMCTBUS B3phIBA W CO3/1aTh YCJIOBHUS IS
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Ta6auma 17
MuHHUMAJIBHO JONMYCTHUMbIE PACCTOSIHUS MEKIY LILyPaMH
VCI0BHA MHHHMAIBHO JONYCTHMOE PAacCTOAHAE (M) MEKIY CMEKHBIMA
B3PBIBAHHA IINYPOBEIMH 3apdIaMu IPH DpHMeHeHHH BB, Kmacca
II M-IV V VI
Ho yaiw 0.6 0.6 0.5 0.4
no nopooe:
npu f Menee 7 0.5 0.45 0.3 0,25
npa f=7-10 04 0.3 — —

ITo obecneueHmto 6e30macHOCTH pabOT, XUMHIECKOMY B3aUMOCHCTBHIO
C MIPOIYKTaMH B3PhIBA M XapaKTePy COMPOTUBIICHUS (3aITMPAIONINM CBOWCTBaM),
NPEMSITCTBYIONIEMY HMCTEUCHUIO W3 IITypa BBICOKOTEMIIEPATYpPHBIX Ta30B —
NPOIYKTOB JeToHaimu BB, Bce ucmonp3yemple B HACTOAIIEE BPEMS THUIIBI
3a00MKM MOHO YCJIOBHO pa3AeiuTh Ha CcleAylmue rpynmnsl: 1 - u3
TUTACTUIHBIX MaTEPHUAIOB, 2 - M3 UCKYCCTBEHHBIX WHTMOUTOPHBIX IUIACTHIHBIX
MaTepuaioB, 3 - W3 CHIMyYHX MaTepUaOB, 4 - >KUIKOCTHas 3a0oiika, 5 -
npoOKaMHU M3 TBEPIBIX MaTepHalioB, 6 - pacTBOpaMu OBICTPOTBEPICIOIINX
BSDKYIIIMX BEIIECTB M 7 - KOMOMHUpOBaHHAs 3a00iika, Tab. 18.

Nurnduropunas 3adoiika

W3 nanwpix Ta61.18 BHAHO, YTO OAHMM M3 HauOoOJee MPOCTHIX B
UCTIOJTHEHNH W 3((EKTUBHBIX BHUIOB 3a00€UHOr0 Marepuajia TpH BEICHUU
B3PBIBHBIX Pa0OT B YIOJIbHBIX IIaXTaX, OMACHBIX MO ra3y U pa3padarbIBaOIINX
IUIaCThI, OMACHBIE O B3pbIBaM MbLIM, SIBJISIETCS 3a00MKa M3 HCKYCCTBEHHBIX
WHTUOUTOPHBIX IUTACTHYHBIX MaTepuajoB. VIHTHMOWTOPHBIM  TUIACTUIHBIM
3a0oeuHblid MaTepuan Ha ocHoBe mopoika KCB-30 ynosnerBopsieT ycaoBusmM
nyHkra 2 T1a01.18. Ilo OCHOBHBIM MOKa3arelsiM pa3pabOTaHHbIE COCTaBbI
3HAYUTENIHHO TMPEBOCXOJAT MpPUMEHSEMbIE B HacTosiliee Bpemsi 3a00eyHbIe
marepuaibl. HoBblil Matepuan cepTuUUMpPOBaH U JOMYIIEH K MOCTOSHHOMY
IPUMEHEHHUIO.

Hcnonb30BaHre MHTUOUTOPHOTO TUIACTUYHOTO 3a00€UHOTO MaTrepuasa B
[IaxTax [O3BOJSIET 3HAUMUTENBHO  YBEIMYHUTh  TEXHUKO-DPKOHOMHYECKUE
MOKa3aTeN BeACHUs B3PBIBHBIX paboT — Ky Bo3pacTaer (B pa3iauyHbIX TOPHO-
reoJIOTMIECKUX YCJIOBUAX) HA 5S—15%.

Bun 3a0oeyHoro Marepuana UrpaeT BaXKHYK pOJIb B 00ECIeYyeHUU
O0e3omacHOCTH M 3(PPEKTUBHOCTH BENEHUS B3PBIBHBIX pPalOT B YTOJbHBIX
maxTax, OMacHbIX MO ra3zy M pazpabaThIBAIOUIUX IUIACTHI, OMACHBIE 1O B3PBIBY
IBLIN.

IIpumeHsieMble B HACTOsIIIEEe BpeMs 320 0e4HbIEe MATEPHAJIbI

OPheKTUBHOCTh TNPUMEHEHHUS 3a00MKH WIMypOB W CKBAXHUH MpPH
B3PBIBHBIX paboTax 00yCJOBJIEHA CIEAYIOMIMMHU MTPEUMYILIECTBAMHU:
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- MIOBBIIIAETCA PA3PYILAOLIEE IEUCTBUE B3PHIBA;
- npenoTBpamaercs socmiamesenue MBC u [IBC nponykramu B3pbIBa;
Tabmuma 18

OcCHOBHBIE XapPaKTePUCTUKH 3200€ YHBIX MATEPHAJIOB

Tun 3ad0iKH XapaKkTepHCTHRA JOCTOHHCTEA HexocTaTkH

1. 3abofixa u3 |3ammpatomme cBoHcTBa 00y- |[lemreBmsHa, moctymHocTh B |He sammmaer mpHsa-
MIACTHYHBIX ~ MA- [CIOBTeHBl COBMECTHBIM JeHCT- |H3TOTOBISHHH,  IIPOCTOTa |DofHOE IPOCIPAHCTBO
TEPHATOE (ITHHA, |BHEM MHEPIIHH MACCHI 3300€UHO- |HCIIOTh30BAHMA or B3peisa MBC n
CYTIHHKH, CMeCh |TO MATEpPHATA, CHI TPEHHA H CHI I[IBC mpu Bo3mefcT-

TIECKA © TAHHOI)

BHYTPEHHETO CUEIUIEHHA 3a00-
€UHOTO MaTepHATIA

BHH TPOIYKIOB B3PHI-
Ba H TOPSHHH 3apANOB

BB
2. 3aboiika m3 He- |3ammparolmHe  cBolicTBa  00y- |JocTymmHoeTe B m3rotoBie- |[loBbimernas — cToH-
KYCCTESHHBIX HH- [CIOBICHBI COBMECTHBIM [OeHCT- |HHH. IPOCTOTA HCIOIb30- |MOCTB
THOMTOPHBIX IITa- |BHEM HHEPIIMH MAcCH 33a00€UHO- |BAaHMA, HANSKHAA 3alllHTA

CTHYHEBIX
PHATOB

MaTS-

TO MaTepHaia, CHI TPEHHA H CHI
BHYTPEHHETO CUEIUIEHHA 3a00-
€UHOTO MaTepHATIA

npH3aboHHEOTO IPOCTPAHCT-
Ba oT Bemeimek MBC m
IIBC. Iloeemmenme KIIIII,
CHIDKAST BBIOPOC TOKCHY-
HBIX Ta30B.

3.3abofika H3 CEHI-
OyYHX  MaTepHa-
10B (Tecok, Tpa-
HYyJIHPOBAHHEIH

JTOMCHHBII IIITAK)

3ammparomue  cpoficTBa  00Y-
CIOBICHEI COBMSCTHBIM HcHcT-
BHEM TOMBKO 3a CUET HHEPIHH
MACCEl 3a00SYHOIO MaTepHAIA H
CHIT TPEHHA

,:[OC TYOHOCTE B H3TOTOBIC-
HHH, IOpPOCTOTa HCIIOIbB3IO-
EBEaHHA

He sammmiaer mpusa-
OOIHHOS TPOCTPAHCTRO
oT B3peia MBC n
[IBC: TexHoTOTHYe-
CKHE HEYIOOCTBa pas-
MeIOeHHA 3a00HKH B

IIIType H ap.
4.  Kugxoctmaz ([lo sammparomenmy 3¢dexty 3a- |lemepnssa, noeTymHOCTE B | HuakocTs MOJKET
3abofika (¢ TION- |HAMAeT NPOMEKYTOWHOS MOMIO- |H3TOTOBACHHH,  IPOCTOTA |BEITEKATH H3 IIMYPOE U
HoH 3aIHBKOH |HeHHe MexIOy 3a0olikaMH H3 |HCIOTBb3OBAHHA. CHHKAeT |aMIryl.  Heobxommm
IIIypa BONOH K (IIIACTHYHBIX H JKHIKHX MATe- |BEIOPOC TOKCHYUHEIX TA30B B |IOIOIHHTEIBHEIH IIBIK
HCIIOTIE30BAHHE PHAIIOB BEIPA0OTRY H3 IUIACTHYHOIO MaTe-
INIACTHKOBBIX aM- pHAIa
Iy:)
5. 3aboifixa mmmy- |3anmparomme  cpoficTBa  00y- - Henocratousaa — 3g-
POB NPOOKAMH H3 |CIOBICHEI 33 CUET PAcKIHHHEBA- (peKRTHBHOCTE
TBEPOBIX  MATe- |HHA IPOOOK B YCTBAX INITYPOB
pHaTOB  (ZepeBo,
mIacTMacca, MH-
HepalpHad BaTa)
6. 3abofixa mmmy- |3anmparomme cpoiictBa  00y- |Hamexnocrs sanupanna ([loBeimenHas CTOH-
POB  PAcTBOPAMH |CIOBICHBI COBMECTHBIM [I€HCT- [3apAmHOH KaMepsl INIypPa, (MOCTb, TeXHOIOIHYE-
OBICTPOTBEPACIO- |BHEM HHEPIHH MAcCH 3a00euHo- |mosermerme KITIIT CKHE CIIOMHOCTH, TIpe-
IIHX BAKYIIHX [FO0 MAaTepHATa, CHI CLEIUICHHA OyeT OodBINE BpeMEHH
MaTepHATIOB 3300€THOr0 MATEPHATA CO CTEH- HA IIOATOTPOBKY B3pPEI-
KaMH IOIypa H YacTHYHO 3a CcdeT BaHHA
CHII TPSHHA
7. Koumommupopa- |[IpocTpancTtee MmexIy OeyMa |PackinHuBaeT obonouxy B |[loBmimeHHaa — cToH-
HHAA 3a00Ka (aM- | [LIACTHKOBBIMH 00OMIOYKRAMHE |INIType, 9T0 00YCIABIHBAST |MOCTE. | eXHOIOTHYE-

oyna ¢ JBoiHoi

000IIOUKOH, 3a-
TIOJIHEeHHOH MHIH-
OHTOpOM)

JallojIHACTCA IPaHy IHPOBAHHBIM
HAaIIOJIHHTEIIEM, 3aTeM acpes
KJIaIlaH B 06010‘&1(}’ HAarHeTasTca
BOIA

HAISKHOCTE JATHPAHILA
3apAIHOIl KaMepsl IIIypa H
noseimenne KIITT

CKHE CIOMKHOCTH IIpPH
MOHTAME, Tpedyer
OomIpIIE BpPEMEHH Ha
MOATOTPOBKY B3pEIBA-
HHA
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- HUCKIIIOYAeTcs  MOJKUT  JIETKO  BOCIUIAMEHSIIOUMXCSA ~ MPEIMETOB
BBICOKOTEMIIEPATYpHBIMH YaCTHI[AMH, BbIOPAaChIBAEMBbIMH IIPU  B3PBIBAaHUU
3apsI0B U3 LIITYPOB U CKBAXKHH;

- 3HAUUTEJIHbHO YMEHbINACTCS COJEp KaHne TOKCMYHBIX ra3oB B [1B.

Hanpumep, mnpu HCHOMB30BaHMM B IIAXTaX MPEAOXPaHUTENbHBIX
ammMoHuUTOB T-19 n IDKB-20 3¢¢dexkTuBHOCTL B3phIBa MPU LIITYPOBOM METOE
coctaBisieT ot 18% no 23%. D1oT 3ddexT cBsazan ¢ Tem, yto [1B mombmie
HAXOASTCS TOJI BHICOKMM JaBJICHHUEM M XUMHYECKHE peakinu paszioxenus BB
OPOTEKAIOT 00JIee MOJIHO.

Bpems 3azepkku BblIeTa ra3oB 3a00€4YHBIM MaTepUaioM NPH LITypOBOM
METO/I€ cocTaBiAeT 5 — 15 mc.

B miaxrax, omacHbIX MO ra3y W B3pBIBY IbIIN, PEKOMEHAYETCS MPUMEHSTH

CJIEIYIOIIME BUJIbI 3a00€UHBIX MATEPHUAIIOB:
- JKMJIKOCTHAas 3a0oiika (rumpo3adoiika), puc.59, npuMeHseTcsl B BUIE 3aJTUBKU
HAKJIOHHBIX IIITypPOB BOJAOW M B BHAE BOJOHAMNOJHEHHBIX IOJIMATUICHOBBIX
amnyi. ['mapozaboiika HUCTONB3YeTCS B COYETAHHWU C 3alMPAIOIEH MecdyaHo-
INIMHUCTOM 3a0oikoil. IlpumeHeHmWe 3anupaomei 3a00iiku SIBJISIETCS
00s3aTeJIbHBIM.

Puc.59. llnyp c xkunkoctHOM (2) u 3anuparonieit (1) 3a00UKOiM.

- 3a00liKa W3 IJIACTMYHBIX MAaTepHajoB (IJIMHA, CMECh TJMHBI C MECKOM,
nactooOpaszHas cmech Thuna [IM3-3 wim yBla)XHEHHBIN Me);

- 3a0011Ka U3 CHIMYYNX MATEPUAIOB B BUJE B3PbIBO3AILMTHON IPaHyIMPOBAHHON
uIamMeNnokanu3yroriel cmecu coctaBa 3BC-1 u yBnaxkHeHHO# cMecu kapbaMmia
C XJIOPUJOM KaJIusl.

['unpo3aboiika ¢ UCTIOIB30BAaHUEM BOJOHAIIOIHEHHBIX aMITyJl ¢ 00OpaTHBIM
KJIaIlaHOM SIBJISIETCSL OCHOBHBIM BHIOM 33a00MKHM TP B3pPBIBHBIX paboTax B
I1aXTaxX, OMACHBIX MO a3y U NbUIH.

BonoHanoHEHHbIE aMITyJIbl B IIITyPE YCTAHABJIMBAIOT MEXAY NaTpOHAMU
BB u 3anuparomieii 3a00iikoil. PyKoBOACTBOM MO NMPUMEHEHUIO 3a00MKU MpH
B3PBIBHBIX pabOTax B  YrOJbHBIX IAXTaX JIOMYCKAaeTCs IPUMEHATH
BOJIOHAIIOJIHEHHBIE aMITyJIbl, pacliojlaraéMble y JHa LIIypa Brepeau 3apsaa BB
U MEXAY TJIMHSHBIMU TBIKAMU.



128

[Ipu B3pBIBaHUU 110 YIIIIO U MO NOPOAE MUHUMAJIbHASI BETMUMHA 3a00MKH
JU1s1 BceX 3a00€UHBIX MaTEpUAIOB JOJKHA COCTABIIATH:

- mpu riayoune nmypoB oT 0,6 101,0 M — MOJIOBUHY TIyOWHBI IITypPa;
- ipu TiryOuHe mimypoB 6osee 1,0 m — 0,5 Mm;
- Y B3pBIBAaHUM 3apsJI0B B CKBaXHHAx — 1,0 m.

Paccrosinue ot 3apsaa BB 1o 6mmkaiiiieid moBepXHOCTH AOJKHO ObITh HE
Menee 0,5 M no yrimo u He MeHee 0,3 M 1o mopoje, B T.4. U MPU B3pbIBAaHUU
3apsIoB B MOpoJAHOM Herabapurte. B cimydyae mpumenenust BB VI kmacca npu
B3PBIBAHUU TI0 YTJIIO 3TO PACCTOSIHUE JIOMYCKAaeTCsl yMEHbIIUTH 110 0,3 M.

7.5 IlpyyuHBI 0TKA30B U BbITopanus 3apsiioB BB

[Io omeHkaMm cCHeNWaIMCTOB HWCTOYHHUKOM BOCIUIAMEHEHUS METaHO-
BO3JYILIHOM U MbUIE-BO3YLIHON CMECH B ONACHBIX BbIpadOTKaxX MWAXT 10 25%
SIBJIIFOTCSI B3PBIBHBIE pa0OTHI. [ TaBHBIE MPUYHMHBI 3aKIIIOYAIOTCS B BHITOPAHUH
3apsnoB (~25%) u B ux oOHaxeHuu (~25%), HAIMYUK TPEIIMH B MAacCUBE
(~20%), B OTCYTCTBUU WM HeAoCTaTouHOCTH 3a0oiiku (~12%). Kpome storo,
NPUYMHOW OTKAa30B WJIM HEMOJHBIX B3PBIBOB MOJXET OBITh  HH3Kas
BOJIOYCTOMYMBOCTH 3aps/ioB BB. DTo roBoput o Tom, 4yto okosio 50% aBapwii
CBSI3aHO C NPUMEHEHUEM MNPENOXPAHUTENbHBIX BB, HE COOTBETCTBYHOIIMX
KJIacCy NPEAOXPAHUTEIbHOCTH, KOTOPhIE BOCILIAMEHSIIOT ra3 NpU OOHAXKEHUU
3apsifa, MPY HAIMYWKA TPEIIMH B MacCuBe M OTCYTCTBHM 3aboiiku. HambGosee
omacHas CUTyalusi co3laercsi B 3a00e, KOTJa JeTOHAlWs 3apsiia 3aTyxaeT U
nepexoautr B TopeHue. [lpuauHONW MOXKET OBITh HEYAOBIETBOPUTEIHLHOE
KauyecTBO TMpenoXpaHuTeNbHbIX BB (MOBBIIIEHHAs BJIAXXHOCTb, CIIEKABIIUECS
NaTpOHBl W T.J.) WM BCJIEACTBUE TEXHOJOTHMYECKUX HAPYIICHUW JETOHAIUS
3apsga B IIIMYpPE MOXKET NPEKPATUTBCA U MEPEUTH B TOpeHHE. B mepBoM wu
OCOOEHHO BO BTOPOM CJIy4yasiX KayeCTBO B3pbIBA MOXKET ObITh HHU3KOE,
BO3MOXHBl aBApHWM, CBSA3aHHBIE C JIMKBUJAUMEH OTKA30B, W BCIIBIIIKU
HaXOJSIMXCS B aTMOC(epe BRIPaOOTKHA METaHa U YTOJIbHOU MBLIH.

Tak kak BbIropanue 3apsaoB BB mpoucxomuT B TedeHHME HECKOJBbKHUX
CEKYH/, TO 3a 3TO BPEMs C BBICOKOW JOJIE BEPOSTHOCTH MOYKET BO3HHUKHYTH
B3pBIBOOTIACHAsI aTMoc(epa M3-3a BBIACIMBIIETOCS METaHa U 0Opa3oBaBLIECHCS
YrOJAbHOW TMBUIM. OKCIIEPUMEHTAILHO YCTAHOBJIEHO, YTO OOBIYHOE BpEMs
00pa3zoBaHus B3PHIBOOINACHON KOHIIEHTPALIMKM METaHa U MUK cocTaBisieT 250
500 Mc, a Ha HEKOTOPBIX IUIACTaX MOXKET OBbITh elle MeHblle. B aToMm ciydae
CTENEHb IPEIOXPAHUTENBHOCTH ropsuero 3apsina BB He Bimser Ha
BOCIUIaMeHeHre MeTaHa. (OuYeBHIHO, UYTO BO3HHKAaET HEOOXOJMMOCTH
UCKJIFOUUTh YCJIOBUSA B3pPBIBaHUS, NMPH KOTOPBIX MOTIYT MPOU30UTH 3aTyXaHUE
JneToHanuu 3apsaoB BB u nmocniegyroniee nux BeIropaHue.

Yame Bcero oTkKa3 3apsga MNPOUCXOAMT B peE3ynbTare KaHAJIBHOTO
addekTa, MpopkiBa raza B COCEHUHN IITYP, MOBBIIIIEHHOTO THIPOCTATHYECKOTO
JIaBJICHUS B 0OBOJIHEHHBIX IIITypax M T.I.
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3aryxaHue JETOHAlMU 3apsiia MOXKET TMPUBECTH K CICAYIOIUM

OTPULATEIILHBIM SIBJICHUSIM:

- ropenuto 3apsina BB;

- 00pa30BaHMUIO STIOBUTHIX T'A30B;

- B3pbIBY METaHO-BO3yILIIHOM CMECH;

- B3pBIBY IIbLJIE-BO31YIIHOM cMeCH B 3a00¢€.

PaccmoTpum nocienoBaTebHO NPUYHHBL, IO KOTOPHIM MOJKET MTPOU30UTH
OTKa3.

1. Kananonoui sghghexm — TpOSIBASETCS TPU HAIMYUU 3a30pa MEXKITY
natpoHamMu BB u cTeHKkOW mimypa B pe3ynbTare pacupOCTPaHEHMs yAapHOU
BOJIHBI B 3a30P€ CO CKOPOCTHIO, OOJIbIIIEH 4YeM CKOpOCTh AeToHamuu BB. DTa
ylapHas BOJHA YIUIOTHSET 3apsil J0 IUIOTHOCTA BBIIIE KPUTUYECKOH, B
pesyibTare 4ero JeToHauus BB 3aryxaeT wim nepexoauT B TOPEHHE.
OTpuliarenbHbIMU SIBJICHUSMU B 3TOM CJlyda€ MOTYT OBITh OOpa3oBaHME
SIIOBHUTHIX Ta30B, B3PBIB METaHA WJIM YTOJIBHOMU IBLIH B 3a00€. Mepbl 00PHOHI:

— HEOOXOJMMO YMEHBIIIUTh paJuaibHbIA 3a30p MEXIy MaTpPOHAMU U CTEHKaMU
Hirypa,

— npuMEHATh BB ¢ MOBBINIEHHO KPUTHIECKOH TNIOTHOCTHIO;

— TNPUMEHATh CHEIHUAIbHBIE KOHCTPYKIMU  3apsA/ioB, YCTOMYHUBBIX K
BO3JICCTBUIO KaHAJTLHOTO 3(deKTa.

OnHuM 13 cr1oco00B OOPHOBI ABIIAETCS MPUMEHEHUE MOHOTIATPOHOB, O TAEIbHbIE
YacTU KOTOPBIX BBHIMOJIHEHBI U3 MJIACTMACCOBBIX TPYOOK CO CTEHKAMHM TO JIIIMHOM
2-3 MM U C 3aMKOBBIMHM COCJIWHEHHSMHU Ha KOHIIAX, 3anmojHeHHBIX BB. Takas
KOHCT PYKIIMSI TTO3BOJISIET OBICTPO COOHMpaTh 3apsiaibl JIIOOOH JIMHBI U BBOAUTH
ux B mmyp. [IpruMeHeHue miacTMaccoBbIX 000JI04EK (HAmpuMeEp, U3 KarlpoHa)
HE BJIUSCT HA KUCIIOPOIHBIN OajaHc MU B3pHIBE.

2. IIpopeiB raza B cocemauii mmryp. Ilpu B3pbIBE B yroJbHOM MacCHBE
BOKpPYI 3apsj/la BO3HHUKACT CHCTEMA DPAJAHAIbHBIX TPEIIMH, KOTOPbIE MOTYT
COCIMHATH 30HY B3pbIBAa C TOJOCTHIO PSIOM PAacCMOJIOKEHHOTO —IIIMypa.
CxopocTh pactpocTpaHeHUsl TpeUmH B yrisx coctaBisieT 360 — 900 m/c. Ilo
3TUM TPEIIMHAM PaCIpPOCTPAHSAIOTCS MPOAYKThI B3pbiBa €O CKopocThio 300 —
400 m/c tpu maBieHun ra3oB (25-40)-10°I1a B MOIOCTH COCEIHETO 3aPsKEHHOTO
nmypa. [IpoHukarommii ra3oBbIil MOTOK NPU TakuUX [apaMeTpax CIOcOOeH
BBI3BATh HAPYILIEHUE CIUIOIIHOCTHU 3apsiia MEXIY OTIAEIbHbIMH €ro YacTsIMH
(marpoHamMu) ¢ 0Opa30BaHUEM TPOMEKYTKOB, 3aINOJHEHHBIX BO3IYXOM WU
YyroJbHOW TbUIbIO; TOJINPECCOBKY 3apsa B pPagUAIbHOM WM OCEBOM
HanpaBJICHUM; BbIOpachiBaHUE TNaTpoHa-OOeBUKa W3 mirypa. llepeuncreHHbie
SBJICHUST MOTYT BbI3BaThb OTKa3 JETOHAllMM WM €€ MepexoJ B TOpEHUE.
DKCMEPUMEHTAILHO YCTAHOBJIEHO, YTO NPHU pacCcTOSTHUU Mexay timypamu 0,4-
0,6 M, ux rmyoune 1,6-1,8 M u 3apsane yrienura D-6 maccoit 600 r raszsl
IIPOHUKAIOT B cocenHui mmryp 3a 0,7-1,5 Mc, BbI3pIBas yKa3aHHOE HapyILICHUE

3apsjia.
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[InotHOCTH OTHENBHBIX yacTed BB mpu stom nmocturaer 1,5-1,6 F/CMS, T.C.
MpEBbIIIACT KpUTHUECKOE 3HaUeHue (~1,4 F/CMS).

AHanoTHuYHas CUTYyallds BO3HUKAET MPH BEJECHUH B3PBIBHBIX Pa0OT MO MOPOJIE.
[Ipy TOM K€ NMaBlIeHWH Ta30B CKOPOCTh PAaCMPOCTPAHECHUS TPEUIUH B MOPOJIEC
MoxeT pocturarb 2000 m/c. OTpunarenbHbie SIBICHUS, CBI3aHHBIE C OTKa30M
JIETOHAIIUU WJIM €€ MEePEX0/I0M B TOpEHUE:

— oOpa3oBanue 0OJIBIIOrO KOJMYECTBA AAOBUTHIX Ta30B (110 1000%);

— B3PBIB ME€TaHa WJIM YTOJbHOM IBLIIH.

Mepsb1 60pbOBI:

— MapaMeTpbl PacIOJIOKEHUS U KOHCTPYKILUS NMPUMEHSIEMBIX 3apsiioB JOJHKHBI
UCKJIIOYUTh TMPOPBIB Ta30B B COCEAHUN IIMYyp WM HEUTPAIM30BaTh HUX
BO3JCHCTBUE HaA 3apsd, 4YTO perjaMeHTHpoBaHO EawHbIMM mpaBwiIaMu
0€30MacHOCTH TIPU B3PHIBHBIX padOTaXx;

— PacCTOSIHUA MEXIY IIypaMH B YIiasX W B MOPOAE JOJDKHBI CTPOTO
COOTBETCTBOBATH JTaHHBIM TA0JI. 17.

B Hacrtosmmee Bpemst pazpaboTaHa KOHCTPYKIMS 3apsifa M3 TPaHYJIMPOBAHHBIX
BB, pa3neneHHbIX PE3WHOBBIMU 3aKMMaMU B TOJIMITUICHOBOM IUIAHTE Ha
mopuur 1mo 200 1. B 3aBucumocTH OT TpeOyeMOl BEIWYWHBI 3apsaa
HEOOXOIMMO€ KOJIMYECTBO MOPIMIA COSANHIIOT B OIMH IIUIAHTOBBIM MOHO3apsII,
IIPU 3TOM JICTOHAIIMOHHASI CMOCOOHOCTh TaKUX 3aps/IOB BBIIIE, YEeM 3apsJioB,
COCTaBJICHHBIX U3 MATPOHOB.

3. TloBbIeHHE THIPOCTATUYECKOTO AABJICHWS B IITypax MPOUCXOIUT
BCJICZICTBUE TOTO, YTO IIMITyp TOCJIE 3apsoKaHUS TEPMETH3UPYETCS IeCYaHO-
IJIMHUCTOM 3a001Ko#. 3a Bpems 3apsbkanus 3a00s (30-40 MuH.) IaBiieHHE MO
OKCIICPUMEHTAIBHBIM ~ JAHHBIM ~ MOXET moBeicHTecs 10 3-10° Il
Otpunatenbueie  siBieHus. [lpu  jgaBieHun 3-10° Tla BOJI0YCTOMYHMBOCTh
060m0uky matpoHa BB cHmkaercs, 4To MpUBOIUT K HAMOKAHHUIO B3PHIBYATOTO
BEIIeCTBA W OTKa3aM 3apsaoB. Mepbl OopbObl: TpeOyercss MOBBIILIEHUE
BOJIOyCTOMYMBOCTH TmaTtpoHoB BB u mnpumMmeHnenue mnopuctoit 3a00¥KH,
UCKJIFOYAIOIIEH MOBBIIICHUE JaBJICHUS B IITypPaX.

Hu oaHoO w3 paHee pacCMOTpEHHBIX MpeaoXpaHUTEIbHBIX BB He
obecrieuMBaeT  IMOJHOM  TrapaHTUHM  HEBOCIUIAMEHEHHUS  B3PBIBOOTIACHOM
pynHUYHOU atMocdepbl. B cBA3M ¢ 3TUM ISl BEACHUS B3PBIBHBIX pPadOT
pa3paboTaH KOMIUIEKC MEPOTPUATHHN, MPEA0TBPANTAIOIINX WIN JIOKAIN3YIOIINX
Bocmiamenenne MBC u I1BC.

s ysenuuenus eapanmuu KayecmeeHHo20 83pbléd U NONHOU OemoHayuu
3aps006 He0OXOOUMO 8bINOIHUMbB CledYIowUe Npasuia.

- JIHC nnst 3apsimoB B mmmypax AoJbkHa ObITh HE MeHee 0,5 M;

- cofieprKaHue MeTaHa y 3a00s 1 Ha pacctossHuM J10 20 M OT 320051 TOJKHO OBIThH
He 6oee 1%:;

- 3apsj, COCTOSAIIMM M3 HECKOJBbKMX NAaTpoHOB BB, ciegyer BBOoAWTH B mImyp
OJTHOBPEMEHHO.



131

CymMapHblii  WHTEpBaJ  3aMEMJICHHST TIPU  KOPOTKO3aMEIJICHHOM
B3PBIBAHUU B I11aXTaX, OMACHBIX MO B3PBIBY ra3a U MbUIM, BEIOUPAIOT UCXOMS U3
YCJIOBUH, YTOOBI B MeECTE€ pPACTOJIOKCHUS 3apsA/IoB 3a OTOT HMHTEPBAI HE
00pa30BaIOCh B3PHIBOOIIACHBIX KOHIICHTPAIIMA METaHAa W YrOJbHOW mbLIH. J[Jis
YTOJIbHBIX U CMEIIaHHBIX 3a00€B CYMMapHbIA UHTEPBAJ 3aMEIJIEHUSI HE JIOJDKEH

npespimaTh 200 Mc, a 111 TOPOIHBIX 3a00€B MOATOTOBUTENBHBIX BRIPAOOTOK —
300 mc.

Cnoco0b1 HHEPTH3ALMHU B3PbIBOONIACHON aTMOC (e pbl

lapantuelr ToOTrO, YTO pyaHMYHAs armocdepa B MPU3a0OKWHOM
MIPOCTPAHCTBE BBIPAOOTKH OKaKeTCs '"Oe3pa3nudHON" K JIFOOBIM HETaTUBHBIM
CUTyallMsIM, BO3HUKAIOLUIMM IPU BEJECHUU B3PBIBHBIX PadOT, SBJISAETCS 3aMEHA
B3pbIBOONIACHOM aTtMmocgepbl Ha HHEpTHY0. C 53TOH LEIbI0 HMCHOJIB3YIOT
BOJISTHBIC 3aBECHI, BO3AYIITHO-MEXaHUYECKYIO TICHY, PACTIbIJICHHbIE HHTMOUTOPBI,
WHEPTHBIE Ta3bl, MHEPTHYIO TMbUIb, BOASHBIC 3acJOHBl M T.1. Paccmotpum
HEKOTOPBIE U3 3TUX CTHIOCOOOB.

Cnoco6 co3maHusi BOASIHBIX 3aBeC COCTOUT B IpeIBapUTEIbHOM (3a 25
MC JI0 B3pbIBa BPYOOBBIX IIITYPOB) B3pbIBaHHWH 3apsmamu BB moBwimeHHON
npenoxpanutenbHocTd (VII knmacc BB) monaMaTUIEHOBBIX MENIKOB C BOJIOM
eMKOCTbIO OT 20 10 50 11, MOJBEUICHHBIX Y 320051 WM YKJIaIbIBAEMbIX Ha IOUBY
BbIpabOTKU. B »TOM ciyuae atmocdepa B 3ab60oe Ha ydacTke 3 — 6 M mpu
OMHOPSIAHOM M JBYXPSATHOM  PAcTONOKEHHUH  COCYIOB  HAaCHIIIACTCS
TOHKOJIUCTIEPTUPOBAHHOW BoJOM. OOBMHO 3apsAbl B COCYAAaX B3PBIBAIOT
MIHOBEHHO, a BpyOOBBbI€ WINMypbl HMHULMUPYIOT JeroHatopamu OJK3 c
3amengienneM 25 mc (15 mc). Bee 3apsiibl MOHTUPYIOT B €1UHYIO CETh.
WNuorna nyst co3manus BOASAHBIX 3aBEC MPUMEHSIOT CTiealbHbIe (QOPCYHKH, W3
KOTOPBIX JIMCIIEPrUpPOBaHHAsI BOJA BHIOPACKIBACTCS HA HEKOTOPOM PACCTOSIHUU
OT B3PHIBAEMOTO 320051, KOIMUECTBO BO/IBI IPUHNAMAIOT 3 pacyera 5 i1 Ha 1 M
cedeHwus 320011

IlpuMeHeHue  BO3IYHIHO-MEXAaHMYECKOHl  MeHbL. OTOT  CIOCOO
peanmsyercs cienyroumM oopazoM. OT mneHoreHeparopa IEHa BO3AYIIHBIM
BEHTWIILIMOHHBIM MIOTOKOM TI0 TpyOaM TPaHCHOPTUPYETCS B 3a001 U 3al0JIHSET
BCE ceueHre BrIpaboTku Ha npoTokennn 10 — 15 M. Bee rassl BeITecHSIOTCS U3
npu3abOMHOTO MPOCTPAHCTBA, YeM M oOecreurBaeTcsi 0e30MacHOCTh B3phIBa.
Hcnons3yroT neHoreHeparophbl KEKIIMOHHOTO THIIA, TPOU3BOAUTEIHLHOCTHIO OT
0,8 no 1,5 mM3/mun. Heobxonumblii Hamop paboder >KMIKOCTH Ha (HOPCYHKH
NeHoreHeparopa co3jaercsa HaocoM. JlaBieHue B neHe nagaeT B 12 — 14 pa3 u
CUJIbHYIO TEHJICHIIUIO K 3aTyXaHUIO UMEET MPU YBETMUYECHUN PACCTO STHUSA.

IIpuMeHeHue pacnbLIEHHBIX MHTHOMTOPOB. MHrubutop — BeELIECTBO,
CHIKAIOIIEe CKOPOCTh XUMUYECKHX peakiuil. [Ipu onpeneneHHOM conepxaHuu
ATUX BEIIECTB B BO3JyX€ BCIBIIIKA B3PHIBOOMACHOW CMECH HE MPOUCXOAUT. B
kauectBe mHruOMTOpOoB mMpumMmeHstoT KJ, NaJ, NaBr, kotopsie HEUTpaIbHBI 10
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JEUCTBUIO HA OPraHU3M YEJIOBEKA, XMMHWUECKU CTOWKHE. PacmpuieHue wux
JIOCTUTaeTCs IyTEM B3phiBa 3aps10B BB.

Hcnonb3oBaHue MHEPTHBIX I'a30B B NMPHU3a00iHOM 30HE OCHOBAHO Ha
TOM, 4TO MpoOKa (meperopojika) U3 UHEPTHHIX Ta30B TOMIIMHON 0KoJio 1,5 M B
BbIPA0OTKE TapHTUPYET JIOKATU3ALUIO BCIBIIIKA METaHA WM YIOJIbHOW IBLIH.
He paer BO3MOXHOCTM pa3sBHBATbCS BCIHBIIIKE, €CJIM OYar pPacloJIOXKeH
BILTOTHYIO K 3a00¥0.

MHOro OecATKOB JIET B YIOJIbHBIX IIAXTaX MPUMEHSIOTCS BOASIHbIC WIH
NbLIEBbIE 32CJIOHbI, KOTOPBIE CO3JAIOTCA IIyTEM pa3MEILEHUs Ha HEKOTOPOM
paccTossHUM OT 3a00s1 CTEIUIaXKeil, Ha KOTOPBIX YCTAHOBJICHBI BaHHBI C BOJAOM
WIA JOCKH C MHEPTHOM Mbulbl0. CTEUIaKH U JOCKH JIETKO ONPOKHUIIBIBAIOTCS
BO3AYIIHOW YJIAapHOW BOJIHOW, HWAYIIEW BIEPEAM IUIAMEHH, IPEPHIBAs €ro
pacmpocTpaHeHue OOpasoBaHHOM Nperpajgoil W3  BOJOBO3AYIIHON WM
IIBUIEBO3AYIIHOM CMECH.

7.6 Oco6eHHOCTH B3PbIBHBIX Pa0OT NPHU NPOBeAeHUH BHIPAOOTOK MO
BBIOPOCOONACHBIM ILIACTAM

IIpu oTpaboTKe TIIaCTOB, OMACHBIX MO BHE3AHBIM BBIOpPOCAM YT,
MOPOJIbI M Ta3a, a TAKXKE Ha YIPOXKAEMBIX IUIACTaX, T TEKYIIUM IIPOTHO30M
MOJy4eHbl 3HaUeHUd "OnacHo'", B ONPEIEICHHOM PEXUME, HAIPABICHHOM Ha
3aIUTy JIOJAEH OT TIOCHEACTBUH BO3MOXHBIX BBIOPOCOB, TPUMEHSIOT
COTpscaTeNIbHOE B3phIBAHUE.

CotpsicarenbHOE B3pbIBaHHME — CMOCOO oOecriedeHuss Oe30MacHOCTH
paboT, COrJacHO JEHUCTBYIONMM €IWHBIM TpaBWJIaM O0€30TacHOCTH TIPHU
B3PBIBHBIX pabdoTax. OH mMpuUMEHseTCS MPU BCKPBITUU OTMACHBIX MO BhIOpOCaM
IUIACTOB, TIPY TPOBEACHUU TOATOTOBUTEIBHBIX M OYUCTHBIX BBIPAOOTOK IO
TaKUM IUIaCTaM, a TaK)Ke MPU BCKPBITHH YTPOIKACMBIX TUIACTOB.

CoryilacHO COBpEMEHHBIM IMPEACTABICHHUSIM, COTpCaTeIbHOC B3PhIBAHUE —
3TO B3pbIBHBIE PabOTHl HA TUIACTaX, CKIOHHBIX K BHE3aMHBIM BBIOpOCAM YTJIA,
MOpOJbI W Ta3a, KOTOPHIC BBHITIOJHAIOTCS B  OMNPEACICHHOM PEXKUME,
HaIpaBJICHHOM Ha 3alllUTYy JIIOJIeH OT MOCJICACTBUN BO3MOKHBIX BRIOPOCOB YTJIs,
nopoapl U raza. CoTpsicaTellbHOE B3pHIBAHHE HMMEET JiBa MPHUHIIUITHAILHO
Pa3HBIX 3HAUCHHUS:

- ITOJTHAsT 0TOO¥KA YIJIsl ¥ TIOPOJIBI B 33JJaHHOM CEUCHHUHU BBIPAOOTKH;
- MPEI0TBPAITICHUE BHIOPOCOB YTJISl U Ta3a.

Bbe16pockl yrist u ra3a, MpOUCXOAIIUME B PE3YIbTaTe COTPSACATEIHLHOTO
B3PBIBAHUS, XapaKTEPHU3YIOTCS CIASAYIONMMH TPU3HAKAMH:

- oTOpocOM yTJII OT 3a00s1 Ha PacCTOSHHE, MPEBBLIIIAIOIIECE MPOTIKEHHOCTD
BO3MOYKHOTO Pa3MEIIEHUS YTJisi, OTOMTOTO B3PBIBHBIM CITIOCOOOM;

- 00pa3oBaHKEM B yTrOJIbHOM MAacCHBE XapaKTEPHOU MOJIOCTH;

- TIOBBIIIEHHBIM TI0 CPAaBHEHUIO C OOBIYHBIM Ta30BBIJCICHUEM B TOPHYIO
BBIPA0OTKY.



133

OcHoBHbIE TPU3HAKU BHIOpOCA:
- pa3pyllIeHHe MOPOIbI 3a MPEAEIaMU ITPOEKTHOTO CEUEHUS BBIPA0O TKH;
- oOpa3oBaHH€ B MacCHBE IOJIOCTH, OKOHTYPEHHOM TOPOAOM, PacCIOMBIICIHCS
Ha TOHKHE YelryeoOpa3Hble TIACTUHKH,
- 0TOpOC MOPOABI OT 320051 U APOOICHUE 3HAUUTEIBHON YacTH €€ 10 pa3MepPOB
KPYIHO3EPHUCTOTO MECKA;
- OBBIIIICHHOE Ta30BbI/IETICHNE B BHIPAOOTKY.

Bnusinue Ha MHTEHCHUBHOCTH BHIOPOCOB OKa3bIBACT YTOJI MAJCHUS TIacTa.
Tak, mpu NOJIOTOM MaJleHUM MaKCHMajlbHAs MHTEHCUBHOCTh HE MpEBbIIIAA
2000 1, mpu kpytom — nocturana 14000 T! YBenmuueHnue ceueHus BbIpaOOTKH
OPUBOJUT K YBEIWYEHHUIO WHTCHCHUBHOCTH BBHIODOCOB yIWII MW Tasa.
CotpsicarenpbHOE B3pBIBAHUE YCJOBHO JENAT Ha IIECTh BHUAOB (B JaHHOM
paszzjene paccMarpuBaeTca Tpu BuAa). Pa3paboTka HECKOJbKMX BHJOB
COTPACATENILHOTO B3PbIBAHUS 3aBUCUT OT Ha3Ha4eHWs OO0JacTH W YCJIOBUH
s¢dexTuBHOTO €ro mnpumMeHeHus. Kaxapli #3 BHUIOB HWMEET BIIOJIHE
OTNpEeNiEHHYI0 00JacTh NPUMEHEHHUs, 3alaHHbIl PEXUM  B3pbIBaHMUS,
XapakTepu3yercs crnenupuuecKuMy napameTpaMu BeJeHUs B3pbIBHBIX paloT.

1. BeckpeiThe miacta (3TOT BUJ B3PbIBaHUS MpETHA3HAYEH AJIs1 OTOOMKH
NopoJbl U YIJIA B 30HAX NPUOMDKEHUS W yhaneHus). BckpbeiTHe miacToB
COTPACATENbHBIM B3PbIBAHUEM MPOU3BOIUTCS ¢ UcTob30BaHueM BB IV kiacca
(ammonut T-19, ammonut IDKB-20). B 3a60s5X BBIpaOOTOK, MPOBOJUMBIX IO
nopojaam ¢ f > 5, gomyckaercs UCMOJIL30BaTh A0 OOHAXKEHUS YTOJIHHOTO IJIacTa
BB 1II xmacca (mampumep ammonuT All-5)KB), wumeromero BBICOKYIO
PpaboTOCIIOCOOHOCTD.

BekpeiTHe WM mepeceueHue IiacTa — 3T0 KOMIUIEKC paboT, CBA3aHHBIX C
NpUOIMIKEHUEM K IUIACTY, €ro MEepeceYeHruEeM W yJajeHweM OT Iiacta. Yaiie
BCEro MepeceueHMe MIacTOB MPOU3BOIUTCS KBepliaramu, puc.60.

Bo Bcex ciyyasx cieayer cuuTarh:

— IPU BCKPBITUU MOJIOTUX, HAKIOHHBIX U KPYTOHAKIIOHHBIX YTOJIbHBIX IJIACTOB
"yqacTKOM MPHOIMKEHHUSA'" — yJ4aCTOK BCKPBIBAIOIICH BBIPAOOTKH ¢ 4 10 1 M
nepesl BCKphIBAEMbBIM IJIACTOM U ''yyacTkoM yaaiieHus" — ¢ 1 10 4 M 3a mmactom
(BCce paccTOsiHUS MPUHUMATh N0 HOpMAJIM K IJ1acTaM) puc.60;

— MpPHU BCKPBITHM KPYTHIX YIOJIbHBIX IUIACTOB 'y4yacTKOM NpHOIMKEHUA"
y4aCTOK BCKPBIBAIOILIEH BBIPAOOTKH € 4 10 2 M nepes BCKPbIBAEMBIM IIIACTOM, a
"yyacTok ynaneHus" —c 2 10 4 M 3a IIacToMm.

[Ipu nepeceyeHnn BbIOPOCOOMACHBIX TJIACTOB HEOOXOUMO HCIIOJIH30BATh
takod macriopt bBP, mpu kotopom 3apsnsl BB pacnonararorcss B mopoaHou
TOJIIE MW B YrOJbHOM MacCuBe. 3aMENJICHUS  DJEKTPOJETOHATOPOB
KOPOTKO3aMEIJIEHHOTO JIEUCTBUSI JOJDKHBI OBITH PACTIONOKEHBI TAKUM 00pazoM,
YTOOBI BHaYaJle pa3pylIniIach MOpoJHas MpoOKa, a 3aTeM IacT yris. Beidop
napamerpoB nacnopta BBP nnd BbeIpabOTOK, NPOBOAMMBIX IO YIOJIbHBIM
lacTaM W TopojJaM, OMNacHbIM IO BHE3AMHBIM  BBIOpOCAM, JIOJDKCH
obecreyuBaTh MOJHYIO OTOOMKY yriisi (MOPOJIbI) 10 BCEMY CEUCHHUIO BHIPAOOTKH,
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€cIM TpU  COTpSACATeTbHOM  B3pBIBAHMM HE JIOCTUTHYTa Tpedyemas
KOH(purypanuss 3a00s, CJeAyeT MPOBECTH MOBTOPHOE COTpPSCATEIbHOE
B3pbIBAaHHE 10 OKOHTYPUBAHHIO BbIpaOOTKH. B MecTax Treojorudyeckux
HapyIIeHU! B3pbIBAHUE IO YIVIIO W TMOPOAE JOJHKHO TPOBOAUTHCS
OJIHOBPEMEHHO.

Puc.60. Cxema BCKpBITHS N0JIOrOro IUIaCTa KBEPIIUIArOM :
1 — yyacTok npuOIMKEHUs; 2 — y4aCTOK NEPECEUEHUS; 3 — yIaCTOK yaJIeHHUS.

[Ipy ocCymecTBIEHHH COTPSCATENLHOTO B3PBIBAHUS JOJDKEH BECTUCH
"XXypHan mnpoBeneHHs COTPACATEILHOTO B3pbIBaHMs 1o Maxre", Qopma
KOTOPOr'0 YTBEPKIAECTCA PYKOBOJAUTENEM NPEANPUATHSA. 3344l MPOBEICHHUS
COTPSACATEIbHOTO  B3pBIBaHUSI B  YIOJbHBIX W  CMENIAHHBIX  3a005X
MOJATOTOBUTENILHBIX M OUYHUCTHBIX BBIPAOOTOK SIBJSIETCS TOJHAs OTOOMKA yriist
WIN YIJIs U TIOPOJbl B 33JJaHHOM CEUYEHHUU BbIpAaOOTKHU. Pelenne 3Toi 3agadu
obecrieuuBaercsi mpumeHeHneM BB IV kimacca u mpaBUIIbHBIM  BBIOOPOM
nacroptoB bBP, uckmouaromux momosHuTeIbHOE 0(hOpMIIEHHE BBIPAOOTOK C
IIPUMEHEHUEM PYYHBIX YAAPHBIX HHCTPYMEHTOB U MalllVH.

[IpakTrka BeeHHs B3pbIBHBIX pa0OT MOKA3bIBAET, UYTO CXEMa B3PbIBAHM S
C omepe karolieii 0TOOIKOM yrjisi MOKeT ObITh MCIIOJIb30BaHA MPH MPOBEICHUH
BBIPA0OTOK CMEIIAaHHBIMHU 3a00sIMU Ha IJIaCTax CpeAHed MOIIMHOCTU. Btopas
CXeMa B3pPbIBaHHUS, MpEIycMaTpuBarollas OJHOBPEMEHHYIO OTOOWKY yris u
NIOPO/JIbI, UCIIOJIB3YETCA HAa TOHKMX M BEChbMa TOHKHX IUIacTax. Mcnonbp3oBanue
ATOM CXEMbl COKpallaeT YHUCJIO B3PBIBAHUM M YMEHbBIIAET BEPOSTHOCTD
BocrameHenust MBC u [1BC.

B macnopre BBP g1 mpoBeneHus MOATOTOBUTENBHBIX BBIPAOOTOK
(mIacThl MOJOrOro M HAKJIOHHOTO MaJl€HUs) YCTAHABJIMBAECTCS MUHHUMAalIbHOE
YUCJIO COTpSICATENbHBIX B3pPHIBAHUI NMpPH MaKCHUMaJIbHOM TMOJBUTAHUU 3a00sl.
[Ipu B3pbBIBaHuU TO yriaw TiyOWHa mImypoB coctaBimsier 1,8 — 2,9 m, Ky
nokeH ObiTh He mMeHee (0,85; mMpu OJTHOBPEMEHHOM B3PBIBAaHUM MO YTIJIO U
nopo/ie riryouna mmypos 1,8 — 2,6 M, a Ky — He menee 0,8.

B yrompHeIX W CMemIaHHBIX 3a005X BBIPAOOTOK, MPOBOJMMBIX TIO
BBIOPOCOOIACHBIM YTOJIbHBIM IUIacTaM, MPU B3PBHIBAHUU 33PSAA0B TOJBKO IO
VIO WIA 10 YO0 W MOPOJAE OJHOBPEMEHHO, a Takke N0 mnopoae 0e3
omepexarouied  BBIEMKM  yIJls, TpU  NPOBEACHUH  BbIpaOOTOK 1O
BBIOPOCOOIACHBIM TIOPOJIaM U TIPH BCKPBITUM TaKUX IMOPOJI, PacCTOSTHUE JI0
YKPBITHS MacTepa-B3pbIBHUKA JOJHKHO OBITh HEe MeHee 600 M oT 3a00si, HO He
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ompke 200 M OT MecTa CIUSHUS HCXOSINCH M3 B3PBhIBAEMOTO 3a00s CTPYyH
BO3/yXa cO cBexkel cipyen. [Ipu 3TOM nroau, HE CBA3aHHBIE C MPOBEACHUEM
B3PBIBHBIX pabOT, JOJDKHBI HAaxXOJIWUTHCSI HAa CBEXEW CTpye BO3AyXa Ha
pacctosauu He MeHee 1000 M OT B3pbIBaEMOro 3a0osl.

BbeipaboTka, B KOTOpPOW MPOBOJAUTCS COTpsicarelbHOE B3pbIBaHHUE, MEpeEN
B3PBIBHBIMHM pab0OTaMU JIOJDKHA ObITH OCBOOOK/I€HA HA MPOTIKEHUU HE MEHEE
100 M oT 32005 OT BarOHETOK M JPYTHX MPEAMETOB, 3arpOMOKIAIONTNX ee Ooee
YeM Ha Ha OJHY TPETh MOIEPEYHOTO CEYeHHS. PyKOBOICTBO TMOATOTOBKOM M
MPOBEACHUEM COTPSICATEILHOTO B3phbIBaHUsS B 3a0o0e (rpyrie 3a00€B) JOJKHBI
OCYIIECTBJISITh HWHXKEHEPHO-TEXHUYECKUE PaO0OTHUKU Y4acTKa, HAa KOTOPOM
TIPOBOASITCS B3PBIBHBIC PAOOTHI.

3a00u BBIPa0OTOK, MPOBOAHUMBIC MO BbIOPOCOONACHBIM MOPOAAM —
00JIaCThb  COTPACATENILHOTO B3pPhIBAHMUS, HA3HAYEHUEM KOTOPOM sBISIETCS
0TOO¥Ka OPO/Ibl B 3aJJaHHOM CEUYEHUHN BBIPAOOTKMU.

Ontumuzanmsi TapaMeTpoB  B3PBIBHBIX pabOT, HampaBlieHHas Ha
YMEHBIIICHHE WHTEHCUBHOCTH M 4YacTOThl BBIOPOCOB TI€CUaHWKAa U Ta3a,
BKJIFOUAET MPOBEACHHUE BHIPAOOTOK C ONEPEkKAIOUIMM 3a00€M MajloTO CEYEHUs,
KOTJla B3pBIBHBIC PaOOTHI BBIMIOJHSIOTCS B 00OMX 3a00AX 3a OJWH TPHEM
(moxanm3aryss BBIOPOCOB JOCTUraeTCs TEM, YTO OTOWTas B3PHIBOM IOpPOJa
OCHOBHOTO 3a00sl TOJIHOCTBbIO TEPEKPHIBACT CEUEHHE Olepexaromero). B
cooTBeTcTBHE ¢ macnioptamu bBP riyOuny mmypoB BeiOuparoT pasHo# 1,6—-1,8
M, YHCJIO IIITYPOB B OTNEpeKaroneM 3a00€ B 30HaX BBICOKOM CTEMEHU OMAaCHOCTHU
He Oosiee 12, a B 30HAaX HEBBICOKOHW M CPETHEH CTENEHN OMacHOCTH He Oosee 21.
Pa3mepbl omepexaroiiero 3a00si B 30HAX BBICOKOW CTENEHH OMAacHOCTU
crenyromme: mmpuda 1,6 M, Bbicota 2,0 M, B 30HaX HEBBICOKOW WU CpEeaHEU
CTEMEeHM OMACHOCTU COOTBETCTBEHHO 3,2 u 2,0 M. JlomycTuMOe 3aMejICHUE HE
ooxnee 135 mc.

[Ipu npoBeeHNH BEIPAOOTOK OJHOBPEMEHHO IO BEIOPOCOOTIACHOMY CJIOI0
NECYaHWKa U CJIOI0 CJAHLa WIM MO BBIOPOCOOTACHBIM U HEBBIOPOCOOMACHBIM
NeCYaHUKaM IIITyphl PacoiaratoT B MECTax, MOKa3aHHbIX Ha puC.61.
[IpumeHeHre pacCMOTPEHHBIX METOJIOB HE HW3MEHSET COCTOSIHME ouvara
BbIOpOCA, a JIMIIb YMEHbBINAET HWHTEHCUBHOCTh BBIOpOCA, YTO SIBISIETCS
CYILIECTBEHHBIM HEAOCTATKOM. B CBs3M ¢ 3TuM pazpaboTaH psi CIOCOOO0B,
KOTOPBIMU  MPEAYCMOTPEHBI TPE/IBAPUTENIbHbIE AKTUBHBIE MEXAHUYECKHE
BO3JIEUCTBHSL Ha ouar BbIOpOCa, HaNpuMep, NpeABapuUTeNbHas Jerasalus oyara
BBIOpOCa TIIyOMHHBIMU B3pBhIBAMU. DTOT CIIOCOO XapaKTEPHU3YETCs CIEAYIOIIeh
MOCJIEI0BATEILHOCTRIO MPOBOAUMBIX omepaiuii: 1 — pa3BenodyHbIM OypeHHEeM
00HapyKMBAIOT BBIOPOCOOMACHBIA OYar; pacCTOSHHE OT 3a00s 0 oyara He
JIOJDKHO OBITH MEHBIIE 5 M, UTO OOecTieuMBaeT CO37aHue HAASKHOM MOPOTHOM
npoOKku; 2 — B 30HY ouara Oypsat 3—4 riry0okux ckBaxuHbl Auamerpom 100—-150
MM, MOIIHBIC 3apsAabl B KOTOPBIX Pa3MEMIal0T TakuM 00pa3oM, YTOObI OHU HE
BBIXOJ] WIM 3a KOHTYyp ouara BbiOpoca. CHUIbHOE pa3pyllieHHEe MacCHUBa H
TPEMMHOO0O0Pa30BaHUE IPUBOAUT K JIeTa3allMi METaHa, KOTOPBIH BBIXOIHT Yepe3
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CKB@)XHMHBI B BBIPAOOTKY, BBIOPOC TPU 3TOM HE MPOUCXOJUT; 3 — MOCJIE MOJHOMN
Jera3aiii  BO3OOHOBJISIOTCS ~ pa0OThl MO  NIPOBEICHUIO  BBIPAOOTOK
COTpsiCaTeNbHBIM B3PbIBAHUEM.

Puc.61. Cxembl pacnoJio)keHus UIIIypOB IIPU OJHOBPEMEHHOM IIPOBEICHHUH
BBIPADOTOK TO BBIOPOCOOTMACHBIM M HEBBIOPOCOOTACHBIM TMECYaHUKaM (WITH
cmanuam): 1 — BbIOpOcOOmNAacHBI  TMecHaHWk; 2 — IOypel; 3 —
HEBBIOPOCOOTIACHBIN MEeCUaHUK (UJTU CJIAHEIT).

K ocHOBHbIM cmiocO0aM CHIDKEHUSI MHTEHCUBHOCTH BBIOPOCOB TIPH
COTpsICaTEeIbHOM B3PBIBAHUH OTHOCSITCS:
- 63pbleaHUe 3apsA008 8 KOpomkux winypax (OCYIIECTBISIETCS PEryJupoBaHUe
rIyOWHBI LITYPOB B 3aBHCUMOCTH OT Pa3MEPOB €CTECTBEHHOU pa3rpyKEHHON
30HBI YTOJILHOTO TIIacTa BIEpeny 3a00s1 BIPAOOTKH — COCTABIISIET HE MEHEe 2 M;
- nepedogoe puixieHue emewjarowux nopoo (Co3JTaeTCS  OIepeKaroIias
pasrpy3ka B MacCHB yIJIf 3a CUET B3PBIBAHUS TIIyOOKHX WIMTypOB IO TOPOJIE
BOJIN3HM BBIOPOCOOTIACHOTO TLTACTA);
- npogedeHue BulpabOMOK ¢ ONepelcarnwum 2uoposspviearnuem (MOKET
OCYIIECTBIATHCS CMEMIAHHBIMU 3a00SIMH TOJILKO TP OJTHOBPEMEHHOUN OTOOMKE
YIS |
nmopoael. Ha TiyOmHy omepexaromield dYacTH IIIIypa YCTaHABIMBAIOT
MOJIMITUJICHOBBIC aMITYJIBI, 3alOJHEHHBIC BOJOW. OKOHTYpPHBAIOIIHME IITYpPHI
pacroJiaraloT TakuM o0pazoM, 4ToObl 3apsaasl BB BbIXxogmnu 3a mpOEKTHBIN
KOHTYp BbIpa0OTKHM He MeHee 4yeMm Ha 0,2 M, a omepexarouas 3a0oiika — He
MeHee yeM Ha 0,5 M; MakcuMalibHasl TJIyOrHa IIITypOB MPUHUMAETCS He OoJiee 4
M, a olepexKaroias ruapo3adoiika - MoJOBUHY TIyOUHBI IITypoB. Macca 3apsia
B IIITypax C OIepexaromiel ruaposzadoiikoit mpuaumaercs Ha 0,3 kr OoJibiie
MAacChl 3apsJI0B B IIITypax, UCTIOJIB3YEMBbIX i1 OTOOMKH yIiif);
- nposederue Nnoo20moBUMenbHblX Bblpabomox ¢ onepedcarouieti omooUuKoll
60K06bIX NOP0oO (WCTIONB3YETCsl HAa KPYTHIX IIACTaX, CKIOHHBIX K BBICHITIAHUIO,
MOIIHOCTHIO 70 0,8 M).

7.7 B3pbIBHBIE TEXHOJIOTUM NOJA3€MHOI 0TOOMKHU yIJIsl
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B3peiBHOE pazpylieHue yriisg B JlaBaX B HAcTosIIee BpeMsi HE UMEET
HIMPOKOTO pacnpocTpaHeHusi. OOHAKO HAa TUIAPOIIAXTaX i1 YBEJIMYEHUS
OPOU3BOAUTEIBHOCTH THAPOMOHUTOPOB pa3pyllIeHHE U OCIa0JIeHHE YroJIbHBIX
IUTACTOB, TOJCEYKA YTOJbHBIX IEIMKOB TOHKUX IUIACTOB KPYTOTO TMaJCHUS
OCYILECTBJISIIOTCS. C MOMOIIBIO B3pbBa. lllMpokoe mNpUMEHEHUE B3PBIBHOTO
pa3pylleHHsl yrisi UMEEeT MECTO NpU LIMTOBOM cUCTeME pa3pabOTKU IJIACTOB
KpYyTOTO MajeHust 00JIbIION MOITHOCTH — OoJiee 8§ M. PaccMoTpum 1Ba BapuanTa
B3PBIBHOM OTOOWKM YIJis B JiaBe: 0e3 MallMHHOW TOJAPYOKH U C MAaIIMHHOMN
noApyOKOiA.

B3pbiBHas 0T0OMKa yriasi 0e3 MAaIUMHHOM MOAPYOKH. DTOT METOJ
PENYCMATPUBAET PACIIOJIOKEHHE IIITYPOB MPU MOIIHOCTH IIacTa <1 M B 0quH
pAd, a IpU MOIIHOCTH TiacTa Oosiee 1 M B JBa psiia HAKJIOHHO K JIMHUU 330041,
yTOOBI 00€ecreunTh OTOpackiBaHue yriis, puc.62. Ilpu stom ynenbHBIN pacxon
BB cocrasmsier 0,2—0,4 kr/nm. ['myOuHy mmmypoB BHIOMpAOT B 3aBUCUMOCTH OT
YCTOWYMBOCTH MOPOJ KPOBIIM, @ €CIU IITypbl OYpAT MOJ YIJIOM, TO C y4E€TOM
yIJjia HaKJIOHa.
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Puc.62. Cxema B3pbIBHOTO pa3pyILEHUs YIJId B JIaBeE:
1 — yronbHBIN M1aCT; 2 — KPOBJIs; 3 — MOYBa; 4 — 3apsiKEHHBIE IITYPHI.

[IponBuranue 3a0o0s 3a OAWMH IMKI TpPU HEYJIOBICTBOPUTEIHHOMU
ycToMunBOCTH KpoBiHU coctaBisieT 0,8—1,0 M, mpu HOopmambHOU — 1,0-1,2 M.
Yucio mimypoB Ha JiaBy ompeensercs no Gopmysam:

npu pacnonoxcenuu 8 0our pso N=L/a;
npu pacnonoxcenuu 8 06a psoa N=L(1/a,+1/a,),
rae L — nnuHa naBbl (B3phIBAEMOTO y4YacTKa); @ — PACCTOSTHUE MEXIY IIITypamMu
B DAy, a MW a, —PacCTOSHHE MEKAy IIIypamMH, PacmoJIOKEHHBIMH
COOTBETCTBEHHO B TIEPBOM U BTOPOM PSITY.

Ecmu pacctostHue Mexay mimypamMu B psijaX OJMHAKOBOE, TO YMCIIO
HIITYPOB OMPEEISIOT 1o (hopmye:

N=L-n/a (n=1,2,3...).

Pexomennyemas BennuvHa 3apsiaa BB Ha oquH mnyp:
- 0,2-0,4 xr mpwu 1;=1,0-1,3 m;

- 0,4-0,6 kr pu l;=1,5-1,8 Mm;
- 0,5-0,8 kxr mpu l;>1,9 m.
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PaccTosnne wmexnmy mmypamMu B PSAy Ha aHTPAIMTOBBIX IUIACTAX
HaxoasTca B npenenax 1,2-1,8 m.

Ot6oiika yrjs B JaBaX ¢ MalIMHHOW moapyokoii (puc.63). Ilpu
OTOOMKE YIJIA MO 3TOW CXeMe IIMyphl OypsAT MEPIEHANKYJISIPHO TIOBEPXHOCTH
32005 Ha BenmuuHy BpyOa (lgpyp=ly) ¥ 3apspkaroT ux w3 pacuera ynenbHOTO
pacxona BB (tuna ammonuTos IDKB-20, T-19) 0,1-0,2 K/,

OOpazoBaHue HUII B JaBax OOBIYHO MPOW3BOAST C MOMOIIBIO B3PHIBOB,
CpencTB OeCIUIaMEHHOTO B3pBIBAHUS WM MPUMEHSIOT OTOOMHBIE MOJOTKU. B
pe3yJbTaTe B3pbIBa MOXKET 00pa30oBaThbCsl HaBec Mayku yriisg (puc.64). UtoObl
ATOTO HE MPOM30NLI0 HeoOXxoauMo |y yBemmauts Ha 0,1-0,15 M o cpaBHeHH!O ¢
BEIMYUHON lgpyg. B ¢1a0BIX yrimsix pexkomeHayroT BbiOupath ly=lgpys — (0,1-

0,15).

i

1BP‘.v"E

Puc.63. Cxema pacmiosiokeHusI IIITyPOB B 3a00€ MTPH MAIIMHHOU MOAPYOKE yTIJIs:
1 — yronbHBIH 1acT; 2 — nouBa; 3 — mmyp ¢ 3apsaos BB; 4 — kposiis.
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Puc.64. HaBec mauku yriis:
1 — yroJibHBIN T1ACT; 2 — KPOBJIS; 3 — MOYBa; 4 — HABEC MAYKU YIJIsl.

[Ipu xopoiieM oTAeNeHUM YIS OT KPOBIM PACCTOSHUE, HA KOTOPOM
OypsAT wmmypsl OT KpoBiau, coctaBiger 10-20 cm (mpu mpp>1,2-2,2 wm).
PaccrosiHue mMexnay mmypamu B psily Ha aHTPALMTOBBIX IUIACTaX COCTABJISIET
1,8-2,5 m. B miaxTax, omacHbIX MO B3pBIBY r'a3a U MbUIM OTOOMKA MOAPYOIeHHO
ayku yrisg ¢ npumeHeHneM BB mnpexacraBmsser omacHocTh. Tak  Kak
noaApyOJieHHass Mayka MoJ IeUCTBUEM COOCTBEHHOM MacChl U J1aBJICHUS HA Hee
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KPOBJIM OCEIAaeT ¢ 00pa30BaHUEM TPEIIUH, B KOTOPHIX OBICTPO HAKAIJTUBACTCS
MeTaH. 3apsil, TMEPEeCEKANUA TPEUMHY, MOXET JErko BOCIUIAMEHUTH
B3pbIBUATYI0 cMech. [loaToMy B mpoliecce MalIMHHOM TOJPYOKM TadykKy
HAJASKHO 3aKPEIUIIOT MO AIIaNTKaMHu, puc.65.

Puc.65. Cxema 3akperieHus moapyoJeHHON TTauKH YTJIsl TIOIIIAIKaMHu.

B maxrtax, omacHbIX MO Ta3y W NbUIM, NPU B3PbIBAHUU B 3a004X
IPUMEHAIOT npenoxpanurensHslie BB B narponax nuamerpom 36 — 37 MM; B
HEOIACHBIX IaxTax — guamerpom 36 — 37 mMm, 31 — 32 mm. {1 KOHTYpHOTO
B3pbIBaHUSI MCHOJB3YIOT BB B marponax guamerpom 28 mm. Ilpm mpoxonke
BEPTUKAIbHBIX CTBOJIOB MpHUMEHs 0T BB B marponax nuamerpom 36 — 37 MM H
44 — 45 MM, 17151 OKOHTYPUBAHUS — TUAMETPOM 32 MM.

B yronpubix 3a005X OypsT mImypsl Ha S — 8 MM OOJIbIIIE TUMETPaA aTpoHA
BB. /Inamerp mimypoB NOpoHbIX 3a00€B Ha 3 — 5 MM 0OJIbIIIe TUMETpa MaTpoHa
BB (momyckaercs 2 — 3 wMm). 3ampeuiaercs OypeHHE UIIIypOB CHJIBHO
U3HOILLIEHHBIMM KOPOHKAMM U PE3LIaMH, JTUaMETp KOTOPbIX MEHbLIE JUaMeTpa
narpona BB. Beibop riayOuHBI IIITypOB MPOM3BOAUTCS C y4ETOM IUIOLIAIUA U
dbopMbl 32005, CBOWMCTBA B3pBIBAEMBIX TOPOJ, paborocrocodHocTr BB, Thna
OypoBoro o0opyAoBaHUs, TpeOyeMOil BEIIMUMHBI MPOJABUTaHUA 32005 3a OJUH
B3PBbIB.

Ha npaktuke npu ojHON cBOOOHOM MOBEPXHOCTH TIyOuHa mmypa 1,5 —
3,0 m:

- 1o 1,8 M B kpenkux nopojax (f = 7-20);
- 1,8- 2,2 M B mopoaax cpenneii kpenoctu (f= 4-6);
- 2,2 — 2,5 m B c1abwIx mopoaax (f= 1,5-3,0).

CpenHioro rayOuMHYy IIImypa B MOPOJHBIX 3a005X B 3aBUCHUMOCTH OT
BEIMYUHBI KOA((PULIMEHTa KPEMOCTH U IUIOIIAAH 32005 B MPOXOJKE HAXOIAT U3
tabmui. Tarke u3 TabJWIl HaXOMSIT CPEIHIOI TIIyOHWHY IMITYyPOB B YTOJIbHBIX
NOJATOTOBUTENBHBIX 3a0058X C OJHOW OTKPBITOW TOBEPXHOCTHIO C Y4YETOM
k03¢ duLIreHTa KPETIOCTH TOPO/I U IIIOIIAIH [TOMIEPEUHOTO CeUeHUs 3a0051.

IIpu npoBegeHUN BePTHUKAJIBbHBIX CTBOJIOB IIAXT:

- rayouHa mmypoB 3 — 2,6 M mpu = 1,5 — 3,0;
- r1youHa mmmypoB 2,5 — 2,2 M nipu f= 4 — 6;
- rryouna wmypoB 2,1 — 1,5 m mpu f=7— 20.
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7.8 OTBeTCTBEHHOCTH MEPCOHAJIA 32 HAPYIIEHHE MOPSI/IKA XPaHEeHHS,
y4eTa M UCI0JIb30BaHNsl B3PbIBYATHIX MATEPHAJIOB

JIOJDKHOCTHBIE JMIIAa U paboyre, BUHOBHBIE B HAPYIICHUH TpeOOBaHMIA
HOPMAaTHBHBIX JOKYMEHTOB O MOPSAKE XPaHEHUs, UCIIOJIb30BaHuA U yuera BM,
HECYT OTBETCTBEHHOCTh B JUCLMIUIMHAPHOM, aJAMMHMCTPATUBHOM WM
YTOJIOBHOM TOPSIKE.

PykoBoauTe/ b M IVIABHBIN HHKEHEP IIAXTHI HECYT OTBETCTBEHHOCTh
3a.

1) cBoeBpeMeHHOE OQOpMIICHHE pa3pelieHHd Ha TMpaBO IPOM3BOJICTBA
B3PBIBHBIX paboT, mpuoOperenue BM u ux nepeBo3ky;

2) CBOCBPEMEHHYIO T0J1a4y BBILIECTOSIICH OPraHNu3alluK 3asBOK HA MOJIYYCHUE
BM, oGecrniedeHne ycTaHOBIEHHOIO MOpsIKa AOMYCKa JIMI JJis PyKOBOACTBA U
NpOM3BOJACTBA B3PBIBHBIX padoT, a Takke XpaHeHus: BM u oOparieHust ¢ Humu;
3) obecrieueHre MPEANPHUITHH, CTPOCK, OpraHU3aIuii HEOOXOAUMBIM YHCIOM
ckianoB BM TpeOyemoil BMECTUMOCTH, HX MCIPABHOE COCTOSIHHE,
HEIONYIIEHUE 3arpy3KH CKJIAI0B CBEPXYCTAHOBICHHON BMECTUMOCTH;

4) obOecneuenue ckinagoB BM oxpaHOil B COOTBETICTBHE C YCTAaHOBIICHHBIM
NOPSAJIKOM, OOECIIEUEHHE €KEMECSIIHON MPOBEPKU MOPSKA yUeTa, XpaHEHUS U
Hannuus BM Ha ckiagax;

5) obOecrieueHne MopsyIKa M OXpaHbl TIPU pasrpy3Kke U TpaHCTIOpTUpOBaHNKH BM
Ha CKJIaJbI ¥ K MeCTy palboT;

6) oOecrieueHre MpaBUIBHOM MOCTAHOBKU ydera BM Ha ckianax; paspericHue
IPUMEHATHh TOJBKO T€ BM, KOTOpBIE NTOMYIIEHBI K MCIIOJIb30BAHUIO B JAHHBIX
YCIIOBHUSAX PaOOTHI;

7) HE3aMeJINTENLHOE Cco00IIIEHNE BBIIIECTOSIIEN OpraHu3aIuu,
HENOCPENCTBEHHO KOHTPOJIMPYIOIIEH OPraHu3alud W MECTHOMY OpraHy
BHYTPEHHMX JI€]1 O CIIy4asaX XUILEHUs U notepb BM;

8) cBoeBpeMEHHOE TPUBJICYCHUE K OTBETCTBEHHOCTH HAPYIIUTENIEH MOpSIKa
XpaHEeHus1, UCTI0JIb30BaHMs U yuera BM;

9) Ge30MmacHyIO OPraHU3aIMI0 B3PBIBHBIX PA0OT.

PykoBoauTe/ b B3PBIBHBIX Pa00T HECET OTBETCTBEHHOCTD 32
1) obecmedeHne TOYHOTO COONIOJCHUS TOMYMHEHHBIM €My TIePCOHAIOM
MOPSAJIKA XPAHEHHUs], yUETa, PACX0J0BAHUS U TPAHCIIOPTUPOBKU BM,;

2) IOMYCK K TPOW3BOJICTBY B3PBIBHBIX PabOT, MCTIBITAaHWIO BM TOJBKO JHiI,
MMEIOIIMX HA 3TO IIPaBo;

3) oOecrnieueHre KOHTPOJS 32 CBOCBPEMEHHON OTYETHOCTHEO MAacCTEpPOB-
B3PBIBHUKOB 00 M3pacxoJ0BaHHbIX BM u ciauy UMy 0CTaTKOB Ha CKIIAJ;
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4) opraHuzali0 PEryJspHOTO HAJA30pa 3a COCTOSIHHMEM CKIaJioB BM,
YYaCTKOBBIX Pa3laTOYHBIX ITyHKTOB, MOA3EMHBIX Pa3JaTOYHBIX Kamep H 3a
paboTOM 00CTYKUBAIOIIIETO TIEPCOHANIA U OXPaHbI;
5) opraHu3anui TMPOBEICHHS OTBITHBIX B3PBIBAHUA [T  YCTAHOBJICHUS
nmapaMeTpoB macmopTa OypOB3pBIBHBIX pabOT; PEryISpPHYIO TMPOBEPKY
NPaBUIHLHOCTH pa3pabOTaHHBIX NPOEKTOB W MACMOPTOB Ha MPOU3BOACTBO
B3PBIBHBIX paloT;
6) oOecrieueHre coOJIOACHUS TPEOOBAHUI MPABIJI U MHCTPYKIMIA W TIACTIOPTOB
Ha MMPOU3BOJICTBO B3PBIBHBIX PadOT;
7) BHECCHHWE 3allMCU B KHUTH y4YeTa, BbIa4u U Bo3Bpara BM Ha pacxogHOM
CKJIaJIE;
8) opraHmzanMI0 TEPENOATrOTOBKM M WHCTPYKTaKa MaCTEPOB-B3PHIBHHUKOB,
7a0OpaHTOB, Pa3AaTYMKOB, JOCTABIIMKOB, TOJHOCYMKOB BB, momomniHukos
B3PHIBHUKOB TI0 BOTIPOCAM BEACHHUS B3PBIBHBIX PabOT, o0ecriedeHus YCIOBUU
Oe3omacHOCTH, TpaBWIbHOro oOpamieHuss ¢ BM u ucnonb3oBaHust UX IO
Ha3HAYCHUIO.

HayanbHHUK yyacTKa B3PbIBHBIX Pa0oOT HeceT 0TBETCTBEHHOCTD 34!
1) opraHuzanmio MpOBENEHHs B3PHIBHBIX Pa0OT HA IIaXTe B COOTBETCTBHUE C
JNEHCTBYIOUIMMU TIpaBWJIaMH; CBOEBPEMEHHYIO pa3palOTKy IPOEKTOB Ha
B3PbIBHBIE PA0OTHI;
2) O3HaKOMJICHHE C YTBEP)KICHHBIM IPOCKTOM JIHMI[ Haja30pa ydvacTka |
COOTBETCTBYIOIMX MPOU3BOJICTBEHHBIX YYacTKOB, a TaKXke MacTepoB-
B3PHIBHUKOB,  OCYIIECTBJICHHWE  KOHTPOJII 32 HAIMYUEM  MAclopTOB
OypOB3pBIBHBIX paloT;
3) JOoMyCK K MPOW3BOJCTBY B3PBIBHBIX PA0OT TOJBKO JIMI], UMEIOIIHMX HAa 3TO
COOTBETCTBYIOIME MIPABa;
4) ompejeneHre B COOTBETCTBUH C MACOPTaMU OYPOB3PBHIBHBIX PabOT HOPM
pacxona BM mno oTaensHbIM 00BEKTaM H B IIEJIOM IO TPEANPHUSATHIO, a TAKKe
ompeneseHue MOTPEOHOCTH B HHUX B3PHIBYATHIX MATE€pPHAJIOB B IEJIOM TIO
OPEINpPUATHIO JJISL TIPEICTABICHUs 3a9BOK Ha TUIAHUPYEMbIN nepuof (KBapTall,
ron);
5) oGecrieueHue COOIIOICHUS TIPABUIT XpAHEHHUSI, UCTIOJIb30BaHus U yuera BM, a
TaKKe UX YHUYTOXKEHHS B COOTBETCTBHHU C TPEOOBAHUSAMH TIPABUIT,
6) oOecrieueHHE EXKEMECSYHOTO TpHeMa OTYETOB Y MAacCTEePOB-B3PHIBHUKOB
(B3pBIBHUKOB) O BBITIOJHEHUU 3a[aHU HA MPOU3BOJCTBO B3PHIBHBIX PadoT, a
TaKxe 0 pacxogoBannv BM u Bo3Bpare ux 0CTaTKOB Ha CKJIAI;
7) OCyIeCTBIGHHE Mep M0 TPEIyNPESKIACHUIO HEMOJHBIX JETOHAIUH,
BBITOPAHUN U OTKA30B, OPTaHM3AIMIO JUKBUAAIUNA HEB30PBABIIMXCS 3apS/IOB B
COOTBETCTBUHM C TpPeOOBAaHUSAMHU TMPABUJ, BEIACHHUE IOCTOSIHHOTO YdYeTa BCeX
CJIy4aeB OTKa30B W BbIropaHuii BB u cpencTB WHUIMHMpOBAaHWS, a TaKKe
BCIIBIIIEK U B3PHIBOB METaHA M YT'OJILHOW MBUTM MIPH B3PBIBHBIX pad0TaXx;
8) cucTemaTtHyeckoe TIPOBEICHUE HMHCTPYKTAKAa MAacTEpOB-B3PHIBHUKOB
(B3pBIBHUKOB), JJaDOPAHTOB, Pa3AaTyMKOB, JOCTABIIMKOB, MOAHOCUYUKOB BM 10
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BOIpOcaM 0€30MacHOCTH MPHU B3PBIBHBIX pab0TaX, MPaBUIHLHOIO OOpaIlleHHs C
BM u ucnoip30BaHus UX M0 HA3HAYCHHIO,
9) opraHuzammoo  oOecreYeHHs  MacTEPOB-B3PHIBHUKOB  (B3PHIBHHKOB)
UCIIPAaBHBIMM  B3PBIBHBIMH M KOHTPOJbHO-U3MEPUTENBHBIMU  MPpHOOpaMHu,
B3PbIBHBIMHU MarucTpaisiMi, CyMKaMH WM APYTUMHU €EMKOCTSIMU JIJISl IEPEHOCKU
BM, razoanammzaropamu, 3a00HHUKaMU W JAPYTUMU [PUHAMJICKHOCTIMH,
HEO0OXOTUMBIMH IS IPOU3BOICTBA B3PHIBHBIX PadoOT;
10) cBOEBpPEMECHHOE BBISBIICHHE HEUCIPABHBIX B3PBIBHBIX W KOHTPOJHHO-
U3MEPUTENBbHBIX NIPUOOPOB U HANIPABJICHUE UX B PEMOHT.

HavyaJbHHK y4acTKa, HA KOTOPOM BeAYTCsl B3pbIBHbIE pa00Thl, HeCeT
OTBETCTBEHHOCTD 32
1) cBOEBpEeMEHHOE TMPOBEJACHUE OIBITHBIX B3PBIBAHUHA [JIS YCTAHOBJICHHS
TpeOyeMbIX MoKa3zatesneil mpu cocrtaienuu nacnopta bBP nis kxaxnoro 3abos
(o0bekTa), o3HaKoMIieHHe ¢ macnopToMm bBP (mpoekTom) nmi Haa3opa ydyacTka,
TOPHBIX  MacTepoB  (MacTepoB), HaYaIbHUKOB CMEH H  pabouynx
COOTBETCTBYIOIIEH KBaM(PUKAIIMK; OO0ECTICUCHHE CTPOTOrO COOIOACHUS Ha
yuactke nacnopToB bBP (nmpoekToB);
2) To4HOE COONMOeHNe6 TIOJUUHEHHBIM €My MEPCOHAIIOM MOPSAKA XpaHEHUs,
y4€Ta, UCI0JIb30BAHUS U TPAHCTIOPTUPOBKU BM,;
3) HOmycK K TMPOW3BOJCTBY B3PBIBHBIX PabOT M OOCTY)KMBAHHIO 3apsIHBIX
MaIlIMH TOJIbKO JIMI, UMEIOIIMX Ha 3TO MPaBo;
4) CBOEBPEMEHHYIO OTYETHOCTh TOJYMHEHHBIX €My MAacTEpPOB-B3PHIBHHUKOB
(B3phIBHHKOB) 00 m3pacxoaoBannu BM u caady mmMu ocTaTkoB Ha ckiaa BM;
obecriedyeHre MPaBUIBHOCTH TOJTBEPKIAEHUS JaHHBIX O pacxojoBaHuu BM
JMLIaMU TEXHUYECKOTO Haa30pa (TOpHBIMU MacTepamHu);
5) npuBIIeUCHKE B KauecTBe NOoCcTaBIIMKOB BB oT ckiaga BM k MecTam paboThI
TOJIKO CTaXKEPOB-B3PbIBHUKOB HJIM MPOUHCTPYKTUPOBAHHBIX padOuHX;
6) moAroTOBKY, 00OPYIOBAaHUE U COJCP)KAHUE B HCIPABHOCTH KOHTCHHEPOB
(ceiipoB, smmkoB) s xpaHeHuss BM  Ha ywyacTtkax (BOIM3M MecTa
IPOM3BOJICTBA B3PBIBHBIX PA0OT); CBOEBPEMEHHYIO IEPECTAHOBKY KOHTEMHEPOB
(ceiioB, AMMKOB) U UX PEMOHT;
7) oOecrnieueHrie MecT XpaHeHHs BM NpOTHUBOTIONKAPHBIMH CPEACTBAMH U
TeNe()OHHOM  CBA3BI0 €  KOMMYTAaTOpPOM  MPEANpPUSTHs,  O€3yCIOBHOM
coxpanHoctd BM Ha yudacTtke.

I'opHblii MmacTep, MacTep, Ha4YaJbHUK CMEHBI Y4YacTKa, [I]e
NPOU3BOASATCS B3PbIBHbIE Pa00ThI, HECET OTBETCTBEHHOCTD 32
1) moaroToBKy 320051 (00BEKTa) K MPOM3BOJCTBY B3PBIBHBIX Pa0OT B MOJHOM
COOTBETCTBUM C TpeboBanusiMu IlpaBunm ©Oe30macHOCTM B YIOJIbHBIX U
CJIAHLIEBBIX IAXTaX WM JAPYTMX BEJOMCTBEHHBIX NpaBUJ OE30MaCHOCTH H
BbIJjauy MUCbMEHHOI' 0 pa3pelleHns (Ha Hapsiie-ITyTEeBKE) Ha B3PhIBAHMUE;
2) MTOTMYCK Ha TOCTHI OXpPaHbl MECTa MPOU3BOJICTBA B3PBIBHBIX PabOT pabovuX,
NPOIIEAININX COOTBETCTBYIOUMI MHCTPYKTAX; PACCTAHOBKY NOCTOB OXPAHBI U
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BBICTABJICHUE OTPaXTAIOUIMX 3HAKOB JI0 Hayaja B3pPBIBHBIX pPabOT; OCMOTp

MeECTa MPOU3BOACTBA B3PBIBHBIX palOT MOCJIE B3PbIBAHUS U POBETPUBAHUS;

3) PyKOBOZCTBO CBOEBPEMEHHOM 1 O€30aCHO# JIMKBUAALNCH HEB30PBABIIMXCS

3apsmoB  (OTKa30B); JOMYyCK paboyux B 3a00H TMOCiHe B3PBIBAaHUS W

POBETPUBAHUS;

4) obGecnieueHre KOHTPOJISI 32 UCTIONb30BaHueM BM TOJIBKO 10 Ha3HAYCHUIO;

5) noaTBepIKICHNE MPABUIBHOCTH CBEICHUM B Hapsie-MyTeBKE O (PaKTHUECKOM

pacxone BM,;

6) BBIIOJIHEHHE OYPOB3PHIBHBIX Pa0OT IO MPOEKTY WIH 110 MacTIopTYy.
MacTep-B3pbIBHUK (B3PbIBHHK) HECET OTBETCTBEHHOCTD 32!

1) obGecnieueHne MOCTOSTHHOTO HaI30pa 3a MOJIydeHHbIMH UM BM, He qomyckast

nepefayu ux JpYyruM JuiaM (KpoMme CiIydaeB, OrOBOPEHHBIX MpPaBHIIAMHU),

yTepH, pazOpachblBaHUsl WM OCTABJIEHMSI B MOJ3EMHBIX BbIpabOTKax JuOO Ha

HOBEPXHOCTH, a TAK)KE CAMOBOJILHOTO YHUUTOXKEHMUS;

2) WCIIOJB30BaHUE MOIyYeHHBIX BM TONIBKO 10 Ha3HAYEHUIO,

3) nmpoBeneHe B3phIBaHUN B COOTBETCTBHHU ¢ nactioptoM BBP (mpoektom) Ha

B3PbIBHbIE PA0OTHI;

4) mpoBelcHUE B3PBIBHBIX PA0OT TOJBKO TMPH HAIUYHMH TIOCTOB OXPaHbI U

COOJTFOICHUH BCEX JIPYTUX TpeOOBAaHWI MpaBUI 0€30TIaCHOCTH;

5) cBOEBpEMEHHYIO C/1ady Ha CKJIAJl WM YYaCTKOBBINA ITYHKT XpaHEHUsI OCTAaTKa

HEHCII0JIb30BaHHbIX BM, NpaBMIIbHBIN yUET pacXo/ia X B Haps/1€-IyTEBKE;

6) ocmoTp 3a00€B TOCIie B3pBHIBaHHS, CBOEBPEMEHHOE COOOIICHHE JIUILY

CMEHHOTO Hal30pa WM PYKOBOAMTENIO B3PBIBHBIX PadOT O HEB30PBABIIMXCS

3apsiiax u

oTMeTKy B "JKypHalie 3anmucu OTKa30B IMPHU B3PbIBHBIX Pa0OTaxX U BPEMEHU UX

JUKBHIAIMK'", a TaKKe 3a CBOEBPEMEHHYIO JIMKBHUIAIMIO HEB30PBABIIMXCS

3apsJIoB;

7) TpW HEBO3MOXXHOCTH JIMKBHJAIIMM 3TUX 3apsAJoB — 3a YCTAaHOBKY

OTP@XIAIIMX 3HAKOB, NpEAyNpexaaloumx o0 ONAacHOCTH  MOAXOJa

NOCTOPOHHUX JIMI] K HEB30PBABIIMMCA 3apsiaM, U HEMENJIEHHOE W3BEILECHUE

JIMII TEXHAA30pa O UX YUCJIE U MECTOHAXOKICHUU;

8) ctporoe coOionenne mpaBui TpaHcropTupoBanust BM ot ckimama BM no

MecTa paboThl U 00pPaTHO;

9) mpoBepKy Ha OTIACHBIX MO THIIH [IaXTaX Ka4eCTBa OPOIICHUs BEIPAOOTKH WITH

CBSI3bIBAHUS OCEBILEH MBLUIH;

10) mpou3BOACTBO B3PHIBHBIX Pa0OT B BBHIPAOOTKAX INAXT, OMACHBIX IO Ta3y,

TOJIBKO MPU JIOIYCTUMBIX KOHUEHTPALUAX B3pbIBUATHIX I'a30B;

11) mpoBepKy MOATOTOBJICHHOCTH 3a00s K IPOU3BOJCTBY B3PBIBHBIX padoT;

PacCTaHOBKY MOCTOB OXPaHbI U BBICTABJIEHUE OTPAXK/IAIOIINX 3HAKOB JIOT Havasa

B3PBIBHBIX PabOT (B CIIEUUAILHBIX CIy4asiX, OTOBOPEHHBIX MPABUIIAMH );

12) ocMOTp MeCT MpPOW3BOJACTBA B3PHIBHBIX pPabOT TMOCJE B3PHIBAHUS H

NPOBETPUBAHUS;, TIOJa4y COOTBETCTBYIOIIMX CHUTHAJIOB 00 OKOHYAHHH
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B3PBIBHBIX pa0OT M paspellieHre Ha JOIMYCK COBMECTHO C JIMIIOM CMEHHOTO
TEXHUYECKOTO HaZ30pa paboyuX K MECTY B3pBhIBAHUS JIJIS IOCJIEAYIOIIMX padoT;
13) ocyuiecTBIeHHE KOHTPOJS 3a TMPAaBUIILHOCTHIO BBITIOJHEHHBIX OYpPOBBIX
paboT B COOTBETCTBHH C MPOEKTOM MiH mactioptom bBP;
14) 3amep ra3zoaHaNIM3aTOPOM COJICPIKAHMS METaHA HA MIaXTaX, OMACHBIX IO
rasy, HEIOCPEACTBEHHO MEPE 3apsKaHUEM U B3PBIBAHUEM; 3aMep COAEprKaHUsA
METaHa Iiepell B3PbIBAHMEM Yy MeECTa HaXOXJIEHHUS B3PBHIBHOIO MpHUOOpa;
BBIIIOJIHEHUE MEPOTIPUITUH IO TIPEAYIIPEKACHUIO B3PhIBOB I'a3a U IbLIN.

8. OcHoBbI poekTHpoBanus nacnopros GBP

(Ha mpuMepe MPOXOAKHU I'OPHBIX BHIPAOOTOK)

8.1 BBenenue

OnauM 3 OCHOBHBIX BOTIPOCOB npu TIOJITOTOBKE
BBICOKOKBATHM(DUITUPOBAHHBIX  CHCIUAIMCTOB  TOPHOTO  Jieia  SIBIISIETCS
IOJTy4€HHE HABBIKOB TI0 pacyeTy M COCTaBJICHHIO TMAcIOPTOB OYPOB3PHIBHBIX
paboT Ha MpoBeIeHrEe TOPHBIX BbIpadoTOK. OCHOBHAs paboTa Mo MPUOOPETEHHUIO
TAaKMX 3HAHWW 3aKIFOYaeTCs B M3yYEHHHM OCHOBHBIX TPHHIIMIIOB BBIOOpa WU
pacuera mapameTpoB OYpOB3PBIBHBIX M B3PBIBHBIX pPa0OT TPU IMPOBEICHUH
KalTUTATbHBIX U TTOATOTOBHTEIBHBIX BEIPa0OTOK.

8.2 OcHoBHble TpeOoBaHus kK BBP npu npoBeeHun ropubixX BLIPadoTOK

B 3aBucUMOCTH OT THIIa TOPHOW BBIPAOOTKH W TUIOIIAX TOTIEPEUHOTO
ceueHns, Kod(pduImeHTa KpernocTH BMEMIAOIMX IOPOJ MO IKame mpod.
M.M. TlpoTtoapsikoHOBa, a Takke psga Apyrux ¢HakTopoB OypOB3PHIBHBIC
paboThl UMEIOT CBOM crenuduueckue ocoOeHHOCTU. OHAKO HE3aBUCHUMO OT
criocoba  MpoBeAeHHS ~ BbIPAOOTOK  OypOB3pBIBHbIE  pabOThl  JIOJDKHBI
00ecreynBarh:

1) MakCHMaJIbHO BO3MOXKHBIC 3HAYCHUS KO3(D(DUIMEHTa HCIIOIB30BAHMUS
IITypOB B J@HHBIX TOPHO-TEOJIOTUUECKHUX YCJOBHSIX, TO3BOJIIONME Hanboiee
3¢ (}HEeKTUBHO MCTIONB30BaTh JJIMHY IIITYPOB WM CKBAXKHH;

2) moay4eHre BhIPAOOTKH TPEOYEMOro MOMEPEYHOr0 CEUCHUS C COOIIOIEHUEM
MUHHMAJIbHO JIOMYCTUMBIX TEepedOpOB TIOPOJ 3a TMPOEKTHBIM KOHTYPOM
BBIPA0OTKH, PEKOMEHIYEMBIX JCHCTBYIOIIMMHA HOPMATHBHBIMU TOKYMEHTaMU, U
YMEHBIIEHUE 30HbI TPEIMIMHOBATOCTH 3aKOHTYPHOTO MAaCCHUBA;

3) MHTEHCHBHOE Pa3pYIICHUE MOPOJbI IO ONTUMAIBHBIX Pa3MepoB (pakiiuii
B30pPBaHHOUW TOPHOW Macchl, HEOOXOAUMBIX IS PaOOTHI MOPOJIO TOTPY30UHBIX
MalIMH ¢ MaKCUMaJTbHOW TIPOM3BOIUTEIHHOCTHIO;

4) KOMIIaKTHOE pAaCIOJIOKCHHE B30pBaHHOW TOpoabl B 3aboe C ¢e
MUHHMAaJIbHBIM Pa3BaJIOM TI0 BBIPA0OTKE, CHIKAIOIIEE HCIIOJIh30BaHUE PYIHOTO
TpyZa Npy NOrpy3Ke B30OPBAHHOM TOPHOU MacCCHI;

5) COXpaHHOCTh BPEMEHHOM, MPEA0XPAHUTEIBHON 1 TIOCTOSTHHOM KPEITH B BbI-
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paboTkax.

JI1s yi0BIETBOPEHNUS BBILLIENIEPEUUCIICHHBIX TpE0OOBaHU HEOOXOIMMO B
KOKIOM  KOHKPETHOM CJly4yae yCTaHaBJMBaThb MapaMeTphl  MHacropTa
OypOB3pBIBHBIX pabOT U CpPEACTBA MEXaHU3AllMK, HauboJiee COOTBETCTBYIOIINE
JAaHHBIM TOPHO-TEO0JIOTUYECKUM YCJIOBUSAM U 00ECIIEYMBAIOIIUE MAKCUMAIIbHYIO
TEXHUKO-DKOHOMUYECKYI0 3(PPEKTUBHOCTh MPOBEAEHUS TOPHBIX BbIPAOOTOK.
KauecTBO B3pBIBHBIX PabOT MpuU OOBIMHOM B3pPBIBAHUHU CIIEAYET OIEHUBAThH
KOd(pPHUIMEHTOM HCTIOJB30BaHUA IIITYPOB M Ko3(duimenTom mepedopa
HOPOJIbI.

YBenuueHue MOTIEPEYHOTO CeueHus TOPHBIX BBIPaOOTOK
peryiaMeHTHPYETCs M He JTOJDKHO TPEBBINIATh 3HAYEHUH, yKa3aHHbIX B Ta0:1. 19.
B aT0ii Tabnuiie mpuBeIEHBI JOMMYCTUMbBIE CPEIHNE TMHEHHBIC TTepeOOPHI MTOPO/T
IPYII BBIPaOOTOK MO CEYEHHUIO.

Taomauna 19
JdomycTuMble yBeJIH4eHHUs pa3MepPoB MOMEePeYHOr0 ceYeHU st
TOPHBIX BbIPA0OTOK

JTOIIyCTHMOE YBeIHYeHHe [IONePeIHOI0 CeveHHA TOPHBIX BEIpadoTOK IIPH
C‘etI‘EHH"‘J' KaTeTOPHH KPenocTH Nopo[ o mkate npod. M.M. IIpoToasaKoHOBA |
if;g?f{h 0,9-2 2-10 Goree 10
MM { % MM [ % MM { %
CTBOJIEI IMAXT
1o 20 45 4 75 7 110 10
20-40 45 3 75 5 110 8
Gouee 40 40 2 60 3 110 5
I'opH30HTANEBHEIE, HAKIIOHHEIE H BEPTHKAIBHEIE BEIPA0OTKH
Io 8 60 5 110 10 130 12
8-15 55 4 110 8 130 10
Godee 15 55 3 20 5 125 7

KpurepusiMu o1ieHKH KauecTBa KOHTYPHOTO B3PBIBAHUS CITYXKaT: CPEIHUI
JMHEHHBIN niepedop h, koaddunment nepedopa M, riayOouHa 0OpyIICHHUS CTCHKH
HITypa B 30HE pacmoJioxkenus 3apsana I. [lokazarenn kauyecTBa OKOHTYpHUBAHUS
HaxomaTcs B cieayronmx npexenax: h = 0,05-0,1 M (MeHbIMe 3HAYCHHS
NPUHUMAIOTCS JIUIS TIopoa ¢ Kodddunuentom kpenoctu f = 1-1,5; Gonpime —
s opon ¢ f=2-9); M= 1,02-1,12; r < 20 mm.

B3pbiBHBIE  pa0OTBI  JOJDKHBI  BBITIOJIHSATHCS —~ B3PBIBHUKAMHU  TIOJ
PYKOBOJICTBOM JIMIIA TEXHUYECKOTO HaJa30pa IO NHCHMEHHBIM HapsiiaM C
O3HAKOMJICHMEM TII0J] POCHHCh U COOTBETCTBYIOIIMM HapsiJ-IIyTeBKaM U
NPOBOJUTECS TOJBKO B MECTaX, OTBEYAIOIIMX TPEOOBAHUSAM TMPAaBUI U
MHCTPYKIIMIA 10 6€30TacHOCTH padoT.

[lepen HauanoM 3apspKaHWs MIITYPOB TPH BEACHUM B3PBIBHBIX PadOT B
MOJ3EMHBIX BBIPAOOTKAX HEOOXOJAMMO OO0ECTIEYUTh NPOBETPHUBAHUE 32004,
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yOpaTh paHee B30pPBAHHYI0 B 3a00€ TOPHYIO MacCy, BBIBECTH JIIOJICH, HE
CBSI3aHHBIX C BBINIOJHEHHUEM B3PBIBHBIX PadOT, 3a MPEIENbl OMACHOM 30HBI, B
MECTa, OIpeIe/ieHHbIe MacIopTOM OYpOB3PBIBHBIX PaldOT, a TaKkKe OYUCTUThH
HITYypbl OT OYpOBOI MEJIOUH.

Benenue B3pbIBHBIX paOOT 3ampeniaercs, ecjid Ha paccTostHUM MeHee 20
M OT MECTa 3aJI0KEHUS 3apsI0B B3PbIBUATOTO BEILIECTBA HAXOASATCS HEyOpaHHAs
oTOWTasi TOpHAas Macca, BaroHETKW WM MPEIMEThl, 3arpoOMOKIAOIIIe
BBIpaOOTKYy OoJsiee Wem Ha 1/3 muomaaum €€ TONEpEYHOro CEUEHHs, IpHU
OTCYTCTBHH CBOOOIHBIX MPOXOOB.

3apspkaHue IIIIypoB Ha BbicoTe Oosiee 2,0 M pa3pelaercs TOJIBKO CO
CHelHUaIbHO  OOOPYJIOBAHHBIX  MOABEMHBIX  IUIOHIAZOK  (TIOMOCTOB),
MO3BOJIIIOIMX 00ecneunuTh O0€30MacHOCTh PaboT, MpaBMUIIbHOE pa3MEIICHHE
3apsiIOB U MOHTaX
B3PBIBHOM CE€THM, M JOINYyCKaercss ¢ JIECTHUI MO COlJAaCOBAHUIO C
TeppUTOpUATLHBIMU Opranamu ['ocroprexnaazopa Poccum.

[locnre MoHTa)ka M OCMOTpa BJIEKTPOB3PHIBHOM CETH HEOOXOAMMO
IPOBEPUTH €€ TOKOMPOBOAUMOCTh. llepea B3pbiBaHHEM 3apsiIOB B3pbIBYATOrO
BEIIECTBA JOJDKHO OBbITh MPOU3BEACHO H3MEPEHHUE OOILEro COMPOTHBICHHUS
AJIEKTPOB3PBIBHOM CETH 3JIEKTPOUIMEPUTEILHBIMU MTPUOOPAMU, JOMYIIEHHBIMU
I'ocroprexnan3opom Poccuu. B ciydae pacxoXaeHusI BEIMUYUH U3MEPEHHOTO U
pacyeTHoOro comnpoTuBieHui Oosnee dyem Ha 10% HEOOXOAMMO YCTPaHUTH
HEHCIIPABHOCTH, BBI3bIBAIOIIME OTKIOHEHUS OT PacyeTHOr'O COMNPOTUBIICHUS
3JIEKTPOB3PHIBHOM CETH.

JIns u3MepeHust CONPOTUBIIEHUN 3JIEKTPOB3PBIBHOM CETU UCIIOJIB3YIOTC 51
cepuitHo BblyckaeMbl 1udpoBoit ommerp XH-2750 u cHATBIN C TPOU3BOACTBA
MocT P-3043. JIns KOHTPOJI TMPEACIbHOTO COINMPOTUBIICHUSI B3PBIBHBIX IIerei
MIPUMEHSIETCS B3PhIBHOM MCTIBITaTENb CBETOAUOIHBIN BUC-1.

TexHnyeckne XapakTepUCTUKU YKa3aHHBIX NPUOOPOB MJIi KOHTPOJA U
U3MEpEHHsI COTPOTUBIICHUS SJIEKTPOB3PBIBHOM ceTH npuBeieHb! B Ta0:1. 20.

Taoauma 20
TexHnyeckue XapakTepuCTHKUA KOHTPOJILHOMI
U U3MEPHUTENBHOM annaparTypbl
Tuo npudopa
ITapametp — -
XH-2570 P-3043 BIIC-1

IIpenensr H3MepeHHA, OM 1.0-19000 0.3-3000 320 (KOHTpPOTB)
OcHOBHAA NOTPLIHOCTE H3IMepeHH, % +2 5 +5
TOK B H3MepAeMOH HenH (He §olee), MA 5 7 5
OCHOBHEI Pa3MepEl, MM 1458035 180x160x62 135x65x40
Macca, KT 0.38 1.6 0.3

[Ipy HEBO3MOXXHOCTH M3MEPUTh CONPOTUBJICHHE SJIEKTPOB3PBIBHON CETH
JOITYCKAEeTCsl T0 PAa3pEIICHUIO0 JHIAa TEXHHYECKOTO HAI30pa, PYKOBOIIETO
MPOBEJICHUEM B3pbIBA, OrPAHUYMUTHCS MPOBEPKOM €€ TOKOIMPOBOJUMOCTH.
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B3peiBHBIE  TIPUOOPHI, TNPUMEHSEMbIE JUII  WHUIMAPOBAHUS,  JIOJDKHBI
HPOBEPSATHCS Mepel Bbllaueli B3phIBHUKAM Ha COOTBETCTBUE Pa3BUBAEMOTO TOKA
U UMITyJIbca TOKAa, a Ha IaxTaX, OMACHBIX MO Tra3y WIM MbUIM, U Ha
JUTATENTbHOCTh MMITYJIbCa HAmpsDKEHHS. B3pbIBHBIE TPUOOPHI CTAIOHAPHBIX
B3PBIBHBIX ITYHKTOB JOJDKHBI MPOBEPATHCS B MECTAX MX YCTAHOBKU HE PEXKe
OJTHOTO pa3a B 15 gHen.

Jlis n3MepeHus: mapaMmeTpoB B3PHIBHOTO UMITYJIECA BCEX MPUMEHSIEMBIX B
HIaxTax B3PBIBHBIX MPHUOOPOB, MCIOJIB3YETCS CEPHIHO BBITYCKAEMBIA MPHOOP
KOHTPOJISL DJIEKTpUYeCKuX cpenctB B3pbiBanus «Komep-1». s mpoBepku
KOHICHCATOPHBIX B3PBIBHBIX NPUOOPOB UCTIOJIL3YETCS CEPUMHO BBIITYCKACMBbIN
npuOOp MpOBEpKH TMapamMeTpoB B3pbIBHBIX mpuoopoB [, Texauueckue
XapaKTEePUCTUKU YKa3aHHBIX MPUOOPOB MpUBEIEHBI B Ta0.21.

Taomma 21

Texnuueckne XapakTepuCTUKU NPUOOPOB KOHTPOJISI IapaMeTPOB

IIeKTPUYECKHUX CPEICTB B3PbIBAHUSA

MapaveTp Tun npudopa
«Komep-1» TIIIII

JMHTeIBHOCTE H3MepAeMOT0 HMIIYIBCA, MC ot 0.1 g0 9.999 ot 0.1 go 32
AMIITHTY 14 HaOpAKEeHHA H3IMepAeMOro HMITyIbca, B ot 100 mo 1999 He Gomee 1600
AMIITHTYA TOKA H3MEPAEMOI0 HMIIYIECA, A — oT 1 g0 50
BenHuHHA 3HEPTHH H3IMEPAEMOr 0 HMITYIIBCA, A Me oT 1.0 70 199.9 ot 0.1 1o 50
OCHOBHEIE pa3MepBl, MM 211x375x134 300x240x200
Macca, KT 3.5 9.0

8.3 Cocrapinenue nacnopra bBP npu B3pbIBaHUN 00 IYHBIM CIIOCO00M

B3pbiBHbIE paOOThI MPU  TPOXOJKE TOPHBIX BBIPAOOTOK JIOJKHBI
NPOBOAUTHECS 1O OQGOPMIICHHBIM B YCTAHOBJICEHHOM TOPSAKE MacTiopTam
BeZicHUs] OypOB3PBIBHBIX PadOT M YTBEPKACHHBIM OJHUM M3 PYKOBOJUTENCH
TOW OpraHu3alliy, KOTOpas BEIeT B3phIBHbIC padOThL. B3pbiBHBIE pabOTHI B
UCKYCCTBEHHO 3aMOPOKEHHBIX, 3aTAMIOHUPOBAHHBIX IMOPOJAX WM B 30HAX
C)KaTOTO BO3/ayXa (KECCOHAxX) MOJDKHBI MPOBOAUTHCS TOJBKO IO MPOEKTaM, C
COOJTIOJIEHUEM CIIEAYIONIMX JOTIOTHUTEIbHBIX TPEOOBAHMIA:

1. ¢ 1eNbI0 YMEHBIIICHUS CEHCMUYECKOTO BO3/ICHCTBUS Ha 3aKOHTYPHBINH MacCHB
JIOJDKHO TIPUMEHSITHCS KOHTYPHOE B3PBIBAHMUE;

2. B clly4dae, €cJM KOHTYPHOE B3pbIBAaHUE M0 KAKUM-TMOO MPUYMHAM HE MOMKET
OBITH OCYIIIECTBJICHO, MapaMeTPhl B3PHIBHBIX PAa0OT NMPUHUMAIOT TAaKHUMH, Kak
JUUISL TIPOBEJICHMS BIPAOOTOK MPHU OOBIMHOM METOJI€ BEACHUS B3PHIBHBIX PadoOT,
OJTHAKO Macca OJIHOBPEMEHHO B3PBIBAEMOr0 3apsijla B HCKYCCTBEHHO
3aMOpPO’KEHHBIX TIOPOJIaX BO BCEX CIydasx HE JIOJDKHA mpesBbimarh 10 kr, a B
3aTaMIIOHUPOBAHHBIX MOPO/IAX U B KECCOHAX — 15 Kr;

3. mapamMeTphl BEIEHHUS B3PBIBHBIX pPab0OT (0COOEHHO TJIyOMHA IIIITYpOB)
YCTaHABJIMBAIOTCS C TaKUM Pacuye€ToOM, 4TOObl yIENbHBIA PACXO] B3PHIBUATOTO
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BemiectBa (amMoHuT Ne6)KB), kr/mM3, He mpeBblman s TOpoa ¢
k03¢ dunreHToM KpernocTH no mkaie npod. M.M. IlpotoapsikoHOBa:
—f=1,5-0,40;

—f=2-3-0,60;
—f=4-6-0,75;
—f=7-9-10,90;

4. rnmyOvHA MIITypOB B MCKYCCTBEHHO 3aMOPOKCHHBIX M 3aTaMITOHUPOBAHHBIX
MOPOJIax HE JOJDKHA MPEBBIATh 1,5 M, a ipu OypeHnn B KeccoHax — 1,2 M;
5. paccTossHME OT OKPYXHOCTH pAacCIoOJIOKEHHU KOHTYPHBIX MIIMYypOB [0
3aMOPXHUBAIOIINX KOJOHOK HE JOJDKHO OBITh MEHEE YKa3aHHOTO B Ta0s.22.
[IpoexT OYpOB3PBIBHBIX pPadOT ITODKEH YTBEPKAATHCS TEXHUIECKUM
PYKOBOJUTENEM U BBOAUTHCS B  JEUCTBUE MPUKA30M PYKOBOJUTENS
opranuzainuu. [IpoekThl OYpOB3PHIBHBIX PAa0OT B YHUCJE MPOYUX BOIPOCOB
JIOJDKHBI COJIEPKATh PEIICHUs Mo 0€30MacHOM OpraHu3aluy padoT ¢ yKa3aHUEM
OCHOBHBIX MapaMeTPOB OYpOB3PBIBHBIX padOT; croco0aM WHUIIMAPOBAHUS
3aps/I0B; pacyeTaM B3PBIBHBIX CETEH; KOHCTPYKIMSAM 3apsioB U OOCBUKOB;
MPEIOoIaraéMoOMy pacxXxoAy B3pbIBUATHIX MATEPUATIOB; OMPENEIICHUIO OMAacHOM
30HBI U OXpaHE ATOM 30HBI C Y4ETOM OOBEKTOB, HAXOJSAIIMXCA B €€ Mpeienax;
MIPOBETPUBAHUIO paliOHA B3PBIBHBIX pabOT M APYrUM MepaMm Oe30TacHOCTH,
JIOTIOJTHSFOIIIM B KOHKPETHBIX YCJIOBUAX TpeboBaHus naercTByronmx [IpaBuit.

Taoauna 22
Be3onacHble paccTOSIHUSI MeKTY KOHTYPHBIMH IIITYPaAMH H
3aMOPaKMBAIO MMM KOJIOHKAMH

MHHHMAIBHO OJOIIVCTHMEIC PACCTOAHHA MCEIY
OEPYAHHOCTBR) PacIIOIOKeHHA KOHTYPHBIX HINTYPOB H
3aMOpaHBaIMHMH KOJTOHKAaMH, M. ITPH B3PEIBAHHH

ITypoB THAMeTPOM. MM

36 45

HanmMeHoBaHHe H KO3 (QHIHEHT
KPEMOCTH 3aMOPOKEHHBIX TOPOT

Meprens, TAXeNBIE TTIHHEL, CYIIHH-
KH, crmalble apTHIIHTEL, ATeBPOIHTEL 1,0-1.1 1.3-1.4
HT.O, f=2-

ITecuaHHCTEIE H HecdaHo-
[TTHHHCTRIE CIIAHIIEL. [eCHUaHHKH, H3- 1.4-1.5 1.8
BECTHAKH, JOTOMHT H T.IL., f = 4-6

[TacriopT cocTaBIIsIeTCS. HA OCHOBAHUU U C YYETOM PE3YJIbTATOB HE MEHEE
TPEX ONBITHBIX B3PBIBAHUM, KOTOPBIM JIOJDKHO IPEAIIECTBOBATH COCTABIICHUE
OpUMEPHON CXeMbl PabOT, YUYUTHIBAIOUICH KPEMOCTh B3PHIBAEMOM TMOPOABI
(yraist), MOITHOCTh U YTOJI MaJ€HUsl IJIacTa, CTENEHb TPEIIMHOBATOCTH, KIUBAK,
BOJOHOCHOCTb,  TpeOyeMble  pa3Mepbl CEUEHUs  BBIPAOOTKM  BYEpHE,
XAPAKTEPUCTUKY BMELIAIOIMIMX IOPOJ, AUAMETP IIIMYPOB U IPOECKTHPYEMYIO
JUIMHY 3aXOJKH 32 OJUMH UK. OTBITHBIE B3pBIBAHUS MPOMU3BOIATCS KOMHUCCUEN
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B COCTaBE€ HayaJlbHWKA YYacTKa B3PBIBHBIX PabOT (€ro 3aMecTUTENsI) WU
3aMecTUTeNsl HadanbHuMka ydactka BTDB, HavanpHMka ywactka (ero
3aMECTHUTENSI), Ha KOTOPOM IPOU3BOJIATCS ONBITHBIE B3PBIBAHMS, TOPHOTO
macTtepa yuactka BTh, Mactepa-B3peiBHIKA 1 Opuraaupa.

[o pa3pereHno pykoBOJUTEIS B3PbIBHBIX pa0OT OpraHU3aluu J10MyCKa-
€TCS BMECTO ONbBITHBIX B3pPBIBAHUM MCIIOJIB30BATh PE3YNIbTAThl B3PBIBOB,
IPOBEECHHBIX B AHAIOTUYHBIX YCIOBUAX.

[TactiopT BezeHust OypOB3pPHIBHBIX PA0OT BKIIIOYAET:

a) CXEMy pAacCIOJIO’KEHHUs IIIIYPOB; HAUMEHOBAHHME B3pPbIBUATBIX MaTepUAIOB;
JaHHbIE O crIocO0€ 3apshKaHUs, YHCJIE IITYypOB, UX [IIyOMHE U JUaMETpPE, Macce
U KOHCTPYKLMHU 3apsiloB M OOEBHKOB, IOCIJIEAOBATEIHLHOCTH M KOJMYECTBE
IPUEMOB B3pBIBaHMsI 3aps10B, MaTepuase 3a00iKe U ee JJIMHE; CXeMy MOHTaXa
B3PBIBHOU (PJIEKTPOB3PHIBHOM) CETH C YKa3aHWEM [JIMHBI (COMPOTHUBIICHUS)
3aMEeNJICHHI; CXEMY U BpeMsl IPOBETpUBaHUs 3a005;

0) ykazaHus O MecTax YKpBITHS MacTepa-B3pbIBHMKAa M paboOuMxX Ha Bpems
NPOM3BOJICTBA B3PBIBHBIX pabOT, KOTOpbIE JOJDKHBI pacrojiarathCsi 3a
IpeAeiaMy OMaCHOM 30HBI;

B) YKa3aHMsI O PaCCTaHOBKE IOCTOB OXPaHbl WM OLEIJIEHUS, PACIOJIOKEHUN
IPEIOXPAHUTENBHBIX YCTPOMCTB, MNPEAYNPEIUTENBHBIX M 3alpelarouX
3HAKOB, OTPAKIAONIMX JOCTYII B OMACHYIO 30HY U K MECTY B3pbIBa.

Kpome Toro, mis maxr ornacHsIX 10 ra3y WK MbUIH, B TACIIOPTE JOJLKHBI
OBITh YKa3aHbl KOJMUYECTBO M CXEMa PACIOJIOKEHUS CIEUUAIBbHBIX CPEICTB IO
NPEIOTBPAILIEHUIO B3PHIBOB ra3a (MbIJIH), a TAKXKE PEKUM B3PBIBHBIX pPalboT.

JUis  cocTaBieHusi  macmopTa  BeACHHS ~ OYPOB3PBIBHBIX  paboT
UCIIOJIb3YIOTCA CIICAYIOIINE JaHHbIE:

— (hopma momepeyHOro ceyeHusi BhIPAOOTKU, pa3Mephbl MO BHICOTE U HIMPUHE
BbIPAOOTKHU U IJIOLIA][b CEYCHUS B IPOXOJIKE;

— KpernocTh 1o 1ikaie mpod. M.M. TIpoToapsikoHOBa ¥ MOIITHOCTH BM EIIAFOIIMX
OpOoJ, MONAAIIMX B IPOEKTHBI KOHTYP BbIPAa0OTKH, UX TPEIHIMHOBATOCTh U
HaIpAaBJICHUS 3aJIETaHus OPOJ U KIIMBAXKHBIX TPEILNH;

— OKH1a€MbIH BOJOTIPUTOK B IPOCKTUPYEMYIO TOPHYIO BBIPAOOTKY;

— KaTeropus IaxThl U MPOEKTUPYEMOH BbIPAOOTKH MO ra3y U MbLIN.

[lapamerpsl macmopta OYpOB3PBIBHBIX pPabOT (KOJMYECTBO IIITYpOB,
PacCTOSTHAE MEXAY HUMM, BEITMUMHBI 3apsJI0B B3PBIBUATOrO BEIIECTBA HA ILIITYP
U JIp.) YCTaHaBIMBAIOTCS PAacyETHbIM MyTEM C YYE€TOM CYIIECTBYIOIIECH
NPaKTUKU BEACHUS B3PBIBHBIX PabOT B aHAJIOTMUHBIX TOPHO-TEOJIOTUUECKUX U
TOPHOTEXHUYECKUX ycJIoBUAX. Ilpu cocTaBieHun macnopToB OYpOB3PBIBHBIX
paboT AaHHbIE, MOJYYEHHbIE PACUETHBIM ITyTEM, PEKOMEHAYETCS YTOUHSTH C
TaOJIMYHBIMU JTAHHBIMH B COOTBETCTBHUHM C PEKOMEHIOBAHHBIMU MAaCMOpTaMU
OYpOB3PBIBHBIX PaOOT.

AJITOPUTM pacyeTa MNACMOpPTa BeJeHUs1 OYpPOB3PBLIBHBIX paldoT
BKJIIOYAET CJICAYIOUIYIO MOCJIeA0BATEIbHOCTD ACCTBHIL:

1) [MpuHATHE K UCTIOJIL30BAHUIO B3PhIBYATHIX BEIIECTB.



150

2) 3amaroTcs TuaMeTpoM OYpEeHUs U TIIyOHMHOU IITypoB (ONPeAeIsieTCs B CIydae
3aJlaHHBIX TEMIIOB MPOXOAKH BBIPAOOTKM) M BeTHmuuHOU K.

3) 3a/1a10TCs TUIIOM M KOJIMUECTBOM HCIIOB3YEMbIX OYPHIIbHBIX MAIIIKH.

4) OnpenensroT o01ee HEOOX0AMMOE KOJIUMYSCTBO B3PHIBYATOIO BEIECTRA.

5) IlpousBoasT BeIOOp THUIIA BpyOa.

6) Ompenensitor pacdeTHOE U (HaKTUIECKOE KOJMYECTBO MIITYPOB HA 32001

7) OnpenensitoT 3apsi B3pbIBUATOIO BEIIECTBA HA IIITYP.

8) Omnpenenstor 0011ee KOJMIECTBO B3PHIBYATOTO BEIIECTBA HA 3a001.

9) [Ipou3BoOAAT BHIOOP KOHCTPYKIMH 3apsijia B3phIBUATOrO BEIIECTBA B LIIMYPE U
TUNa 3a00MKU.

10) OmpenenstrtoT  ONTHMAaJAbHOE BpeMs 3aMEIJICHHSA, M  OJOHUPAOT
ANEKTPOAETOHATOPBI.

11) IIpou3BOJAT pacyeT JIEKTPOB3PHIBHOM CETH.

12) IlpuHuMmaroTcsi HEOOXOAMMBIE TPEAOXPAHUTEIbHBIE  MEPOTPUATHSA,
YKa3bIBAIOTCS] MECTA YKPBITHI M PACCTAHOBKU MTOCTOB OXPaHbL.

13) OnpenenstoT BpeMs MpOBETPUBaHUS 3a00s1.

14) HerocpencTBEHHOE 3al0JHEHHE acropTa OypOB3phIBHBIX pabOT.

®opMma 0JIaHKA NACNOPTAa OYPOB3PHIBHBIX Pad0T NPUBE/ICHA B
MIPUJIOKECHUH.
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HNPUJIOKEHHME

Taomuma I1-1

CraHgapTHbIe SHTAIBIIANA 00Pa30BaAHUS AfHozgg HEKOTOPbIX
HHAUBUAYAIbHBIX BB, ropounx, okucanreneil u npoayKToB

HEKOTOPBIX peaKkuMii B3pbIBa

BemecTBo Afl-lozgg, BemecrtBo AfHozgg, Kk/l:x/Moub
kJk/Moub
AMMuadHas cenmrpa -365,4 Kenman CgH7(NO»)3 -94,1
NH;NO3
JuautponadTamH -196,9 Hutpormkois C;Hi(ONO,), 27,38
Ci10Hs(NO,)>
TCTpI/IJ'I C7H5N(N02)4 33,5 TOH C5H8(ON02)4 '531,4
E:&?g:?gﬁ%:ionm{ 1081 Jurnuxons - manutpat C4HgO(ONO;), 428,0
HuTtpormuepun -364,8 AneTtuneHun cepedpa 364,53
GsH5(ONOy)s Ag,Cy
Cepa S; (g 128,4 [IMKpHHOBAS KHCJIOTA -215,5
CsH,(NO,)30H
Texcoren C3HgN3z(NO;)3 71,5 Tpotun C7Hs(NO3)3 -59,4
Oxcup yrnepoga CO) -110,5 Oxcn g xenesa (111) Fe,0q -822,16
Hwuoxcun yrnepoma COy(g) -393,5 Oxcu g amomunus Al,O3 -1675,69
Juoxcun cepsl SOy (q) -296,9 Kanuepas cemtpa KNO; -492,5
Oxcupasota NOg 91,3 Tonyon C7Hg (g 50,0
Huokcup azota NOy(g) 34,2 Tomyon C7Hg oy 12,0
XnopucTsiii Bo nopoa HClg -92,31 Homucterit Bogopox Hlg) 26,5
E'pé)rl(\:?cmn BOJIOPOJL -36,38 Dropuciii o 0pon HFg) -273,3
IMep xmopat kamst KCIO, -430,1 Stunoserit cp T CoHg Oy -277,0
Xiopat kayms KCIO3z -391,2 Benzon CgHg 1) 49,0
Oxkcu g xkamas K,O -361,5 H-oxtan CgHysg () -250,0
Boma HyO -241.81 Tmanepur C3HgOs 1y -668,6
Boga H,O() -291,85 Anetunen CoHjz (g 226,75
BOLLa H20(|) -285,83 DTHIeH C2H4 @) 52,30
Iepekuck Bo jopoma HyOy ) | -135,88 | D1an CoHg (g 84,67
Iepekucsh Bo jopoaa HyO, ) -187,86 | Ilponen CzHg (g) 20,41
ByTaH C4H10 (q) -126,15 Ha(bTaJTI/IH C10H8 (s) 78,1

Taouua I1-2
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KoHTposibHbIE 3a1aHs

3amanme 1. Paccuutare TerioBoil 3(PQeKkT peakuuyd B3PHIBUATOTO
npeBpaileHus 1aHHoro BB ykazaHHON Macchl B COOTBETCTBUY C BAPUAHTOM:

Ne Macca Ha3sanue BB Peaknus B3pbiBa 1Js faHHoro BB
BapMaHTa BB,
KI

1 1,12 Hutpar ammonwus NH;NO3z=2H,0+N,+0,50,
2 0,861 | I'ekcoren C3HgNgOg = 3H,0+3CO+3N,

No Macca Ha3zpanue BB Peakuus B3pbiBa 1Jis1 1aHHOr o BB

BapHaHTa BB,
KI
3 0,782 | OuuutpoHadTaMH C10H6(NO;),=3H,0+CO+N, +9C
4 1,98 Konnonmgueri C6H703(ON02)3:3,5H20+3,5CO+2,5C02+
XJIOTIOK +1,5N,
5 2,45 Hutpormmepun C3H5(ONO;)3=2,5H,0+3C0O,+1,5N,+0,250,
6 0,358 Hutpormikons C2H4(ON02)2 =2H,0 + 2CO, + N,
7 5,41 TOH C5H3(ON02)4:4H20+3C02+2CO+2N2
8 0,698 | Tetpun C;Hs0gNs=2,5H,0+5,5C0O+1,5C+2,5N,
9 1,02 TpoTwi C;H5(NO,)3=2,5H,0+3,5C0O+3,5C+1,5N,
10 1,56 I'pemyunii ras 2H,+0,=2H,0
11 25,2 TepMuTHas cMech 2Al+Fe,03=Al,03+2Fe
12 1,07 | Kap6ux cepeGpa (anetunenun cepebpa) AgoCr=2Ag+2C
13 4,52 IukpuHOBAs K-Ta CeH307N3=1,5H,0+5,5C0+0,5C+1,5N,
14 2,48 Keumn CgH;06N3=3,5H,0+2,5CO+5,5C+1,5N,
15 0,785 | Juriaukoss- C4HgO;N,=4H,0+3CO+C+N,
JIMHU TPAT

Taouuna I1-3

KoHTposbHbIE 3a1aHMS

3ananme 2. PaccunTtarh CTaHIAPTHYIO SHTAIBIINIO 00pa30BaHMS
YKa3aHHOT'O COEJIMHEHMSI IPU U3BECTHOM TEIIIOBOM 3(peKTe peakiuu B3pbIBa
(Q) B.COOTBETCTBUU C BAPHUAHTOM:

Ne Q, Ha3zBanue Peaxuus B3pbIBUATOIO
Bapua | k/lx/Moab BelllecTBa npeBpaLieHUs
HTa
1 118,2 Hurpat ammo Hust NH;NOs=2H,0+N,+0,50,
2 1128 I'excoren C3H6N606 =3H 20+3CO+3N2
3 639,0 HI/II-H/ITPOHa(bTaIH/I CloHe(N02)2:3H20+CO+N2 +9C
H
4 1136 Komnonausrit CeH;03(ONO,)3=3,5H,0+3,5CO+
XJTOTIOK +2,5C0O,+1,5N,
5 1420 Hurp ornumep nx C3Hs(ONO,)=2,5H,0+3CO,+1,5N+
+0,250,
6 1298 HI/lTpOFJ]I/IKOJ]b C2H4(ON02)Z:2H20+2C02+N2
7 1837 TOH CsHg(ONO,)~=4H,0+3C0O,+2CO+2N,
8 1246 Terpun C;Hs0gN5=2,5H,0+5,5C0O+1,5C+
+2,5+N,




155

9 931,9 Tportun C;H5(NO,)3=2,5H,0+3,5C0O+3,5C+
+1,5N,
10 483,6 Boxa 2H,+0,=2H,0
11 853,5 OKCHI ATFOMHHHS 2AI+Fe,03=Al,03+2Fe
12 364,53 (auermenun cepedpa)
Kap6un cepebpa Ag,Cr=2Ag+2C
13 755,0 nl/lel/IHOBaﬂ C6H307N3:1,5H20+5,5CO+0,5C+
KHUCJIOTa +1,5N,
14 1029 CgH;0gN3=3,5H,0+2,5CO+5,5C+
Kewmun
+1,5N,
15 870,7 JIMrTHKOJIb - C4HgO;N,=4H,0+3CO+C+N,
JTUHUTP aT
Ne Q, Ha3zBanmue Peakuus B3pbIBYATOIO
Bapua | kJlx/Moab BellecTBa npeBpalle HUs
HTa
16 1182 | Boma NH NOs=2H,0+N,+0,50,
17 1128 Boza C3HeNgOs = 3H,0+3CO+3N,
18 639,0 Boxa C1oHg(NO,),=3H,0+CO+N, +9C
19 1136 Bona C6H703(ON02)3:3,5H20+3,5CO+
s +2,5C0,+1,5N,
20 1420 Bona C3H5(ONO,)=2,5H,0+3C0O,+1,5N+
+0,250,
21 1298 Boma C2H4(ON02)2: 2H20 + 2C02+ Nz
22 1837 Boma C5Hg(oN02)4:4H20+3C02+2CO+2N2
23 1246 Bona C7H503N5:2,5H20+5,5CO+1,5C+
+2,5+N,
24 931,9 Bona C;H5(NO,)3;=2,5H,0+3,5C0O+3,5C+
+1,5N,
25 483,6 Bona 2H,+0,=2H0
26 853,5 OKCHIT ATIOMHH U 2A|+F8203=A|203+2Fe
27 755,0 Bona C6H307N3:1,5H20+5,5CO+0,5C+
+1,5N,
28 1029 Bona CgH;0gN3=3,5H,0+2,5CO+5,5C+
+1,5N,
29 870,7 Boma C4HSO7N2:4H20+3CO+C+N2
30 1128 Oxkcnp yriepona C3HeNgOg = 3H,0+3CO+3N,
31 639,0 Oxcuyt yritepoza C1oHg(NO,),=3H,0+CO+N, +9C
32 1136 CeH;03(ONO,)3=3,5H,0+3,5CO+
Oxcup yriaepoaa +25C0,+1,5N,
33 1420 C3H5(ONO,)=2,5H,0+3CO,+1,5N+
Junokeun yriepona +0,250,
34 1298 ,HI/IOKCI/II[ yTIepona C2H4(ON02)2: 2H20 + 2C02+ Nz
35 1837 JIwoKcuz yIiieposa CsHg(ONO,)~=4H,0+3C0O,+2CO+2N,
36 1246 Ox o C;Hs0gNs=2,5H,0+5,5C0O+1,5C+
cHUJ yTiiepoJia 12.5+N,
37 931,9 Oxemt yreposa C;H5(NO,)3;=2,5H,0+3,5C0O+3,5C+
+1,5N,
38 546,6 Drop UCThIH Ho+F,=2HF
BOJIOP O]
39 184,62 Xop ucThIit H,+Cl,=2HCI
BOIOP O]
40 72,76 Bp omucThIit H,+Br,=2HBr
BOZOPOJ

Taomuma I1-4
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npombilLIeHHbIX BB

KHUCJI0Ta

HazBanue XuMuuecKast Monekyasipuas | Kuciaopoansbrit
BelllecTBa opwyaa Macca oamanc, %
A TIOMUH Wi Al 27 -88,9
AMMHayYHas CeUTpa NH;NO; 80 +20
AMMOHMIT Y TTIEKHUCIT. (NH4),CO3 96 -52,2
Haspanue XuMuecKast Mouexkynsipuas | Kucnopoanbrii
BellecTBa popmya macca oamanc, %
AMMOHWI XTOp HCT. NH,CI 53,5 -44,9
A3y cBHHIA Pb(N3), 291 -11
bywMara (obomouxa i i 130
HIaTp OHOB)
I'excoren C3HgN3(NOy)3 222 -21,6
I'pemy4ast pTy Tb Hg(CNO), 284 -11,3
JIMHUTP OTJIUKOJIb C,Hg(ONO»), 152 0
JusuTp oHA TATHH C1oHg(NO,), 218 -139,4
KanueBas cenutpa KNO; 101 +39,6
Kanust op xitopar KCIO, 138,5 +46,2
Kanms xmopar KCIO3 1225 +39,6
fsa(itliiicnmﬁ Ca(NO3),-4H,0 236 +33,9
Kepocun - - -343,0
Kieraarka CeH1005 162 -118,5
M arumit Mg 24,3 -65,8
Myka 1p eBecHast Ci5H2,04g 362 -137,0
Myka 371aK0B CH,0, 381 -132,0
HarpueBas cenurpa NaNO; 85 +47,0
Harpwus nepxiopar NaClO, 122,5 +52,2
Harpust xiopar NaClO; 106,5 +45,0
Hurp ornuuep ux C3H5(ONO,)3 227 +3,5
Hurp ornukosns C,H4(ONO,), 152 0
Hurp ory anunux CN4H,0, 104 -30,8
Hurp ogurimnkosns C4HgO(ONO,), 196 -40,8
32?}?;;?;?“ CagHaiNsOss 11053 -38,6
i“ﬂ;}’oi‘zﬁ;;‘)m C24H29N11045 1143 -28,6
Koo CoH705(ONO,); 313 38,7
OKTOreH C4HgNgOg 296 -21,6
[MapaduH (TBep 1pblit) CysHso 338,5 -346,0
ITep xI0p aT aMMO HISt NH,CIO, 118 +34
Muxpurosas CeH,(NO,):0H 229 45,4
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Caxap C12H22011 - '112,3

Tenepec PbO,(NO,);'H,O 395 -25,6

TerpanuTp oMeTaH C(NO,),4 196 +49,0

TeTpI/].]'I CGHz(NOZ)4NCH3 287 -47,4

Tpunutp oToy on ]

(tpoi) CsH2(NO,)3;CH3 227 74,0

TpoTmioBoe Macio - - -84

TOH CsHg(ONOy), 316 -10,1
Haspanue XuMuuecKkast Mounexkyasipaas | Kuciaopoansbrii
BellecTBa macca oamanc, %

$hopmyaa

yraepox C 12 -266,7

(amop HBII)

Tporun / rekcoren ) ) 48

(cmech 50:50)

95% NH;NO3+ 5% ) ) +18

CeH2(NO,)sCHs

79% NH;NO3+ 21% ) ) +0.3

CeHa(NO)sCH54 '

Taomna I1-5

3apanme 3. PaccuuTtarh BCEMHU BO3MOJKHBIMH CTIOCOOaMU KHCJIOPOIHBIN
Oamanc cMeceBoro BB ykazaHHOTO cocTaBa B COOTBETCTBUU C BAPUAHTOM:

Ne Cocras BB Ne CocraB BB
BapuaHTa BapuaHTa

1 Awmmvuagnas cenurpa 50% 31 TpuauTp 0TONTY 011 68%
Tpunurp otoiry oi1 40% Amomunuii 12%
KanmeBas cenurpa 10% Ammvuagnas cemutpa 20%

2 Ammumagnas cemutpa 50% 32 Tpotun 50%
Kanuesas cenurpa 30% Amromunuii 11%
T3H 20% Ammvuaunas cenurpa 39%

3 Xnopar xamus 36% 33 Xnopar kamus 25%
Amomuanit 54% Amomuani 65%
Tporun 10% TOH 10%

4 Xnopar kanus 45% 34 Hurpar Hatpus 49%
Amomunuii 55% I'excoren 51%

5 Ammuagnas cenurpa 25% 35 Kanmesas cenurpa 35%
Hurpar Hatpus 35% Hurpar Hatpus 35%
I'excoren 40% Hurp orsmmep s 30%

6 Ammnaunas cenurpa 61% 36 Kanueas cenurpa 71%
Terpun 39% Terpun 29%

7 Amvmadgnas cemurpa 30% 37 Ammvumagnas cemurpa 40%
Tpotun 55% Kewmun 55%
Kanuepas cenurpa 15% Kanuepas cenurpa 5%

8 Ammnaunas cenutpa 18% 38 Ammnaunas cenurpa 38%
Oxroren 50% OkxkroreH 40%
Hurpar Hatpus 32% Kanuesas cenurpa 22%

9 Oxrtoren 60% 39 Oxkroresn 30%
Caxap 20% Caxap 15%
Hurpart Hatpus 20% Ammuaunas cenurpa 55%

10 I'excoren 75% 40 I'excoren 60%
Caxap 15% Tpotun 40%

11 Terpanutp omeran 40% 41 Hurp onerutionosa 30%
Tpotunosoe macno 20% Tpotunosoe macno 10%
Terpun 40% Terpun 60%

12 Hurp ormunepun 65% 42 Hurp ornmunepun 75%
Hurp orsmkoins 25% Terpanurtp omeran 15%
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Yruepon 10%

VYraepon 10%

13 M arnuii 25% 43 M arnuii 15%
Kneraarka 25% Krneryarka 5%
Jurntp onadranmma 50% Ammvumagnas cemurpa 80%

14 Aswux cBuaIa 85% 44 A3swux cBurIa 75%
I'pemyuast pry e 15% JuanTp ornukons 25%

15 Myxa npeecHast 5% 45 Marnuit 15%
I'excoren 95% I'excoren 85%

16 Ammvumagnas cemurpa 50% 46 TpunuTp 0TOIY 011 68%
TOH 40% Amromunmit 12%
Kanuesas cenurpa 10% Caxap 20%

Ne Cocras BB Ne Cocras BB
BapHaHTa BapHaHTa

17 IMuxpusoBas kucnora50% 47 Terpun 50%
Kanuesas cenurpa 10% Amomunmnit 11%
Terpun 40% Kanuesas cenurpa 39%

18 Xnopar kanus 46% 48 Xnopar kanus 25%
Amomuanit 44% Amomuani 55%
I'excoren 10% Oxkroren 20%

19 Xnopar Hatpust 55% 49 M arnuit 9%
AnromuHuii 45% I"excoren 91%

20 Kewunun 45% 50 Kanuesas cenurpa 65%
Hurpar Hatpus 55% Hurpar xanusa 35%

21 Ammvumagnas cemutpa 71% 51 KanmeBas cenurpa 61%
Tpotun 29% Tpotun 39%

22 Ammnaunas cenutpa 30% 52 Ammnaunas cenutpa 35%
Tporun 55% I'excoren 60%
Xinopar kanus 15% Kanuesas cenurpa 5%

23 Ammumagnas cemutpa 18% 53 Ammvuagnas cemurpa 38%
I'excoren 50% TOH 50%
Hurpart Hatpus 32% Kanuesas cenurpa 12%

24 Oxkroren 60% 54 I'excoren 30%
Caxap 20% Caxap 5%
Hurpar xanus 40% Ammnagnas cenurpa 65%

25 I'excoren 45% 55 I'excoren 80%
Xnopat kanus 55% TOH 20%

26 Terpanurp omeran 50% 56 Hurp onerutronosa 50%
Tpotunosoe macio 10% Tpotunosoe macio 10%
Kemmun 40% Xnopar kamusg 40%

27 Hurp ornmumepun 55% 57 Hurp ormuuepun 75%
Hurp onurnukons 35% Terpanurpomeran 5%
Yruepon 10% M arnuii 20%

28 M arnnii 25% 58 Amomvuanii 15%
Knergarka 25% Kneruarka 15%
I'excoren 50% Ammuaunas cenutpa 70%

29 Asupn cBuHna 95% 59 A3swup cBuHIa 85%
AmmuauHas cenurpa 5% Tporun 15%

30 Myxa npesecHast 10% 60 Anromuamit 5%

TOH 90%

I'excoren 95%
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IHoka3atesin 0ypoB3pbIBHBIX Pad0OT

KauectBennas | [lopsn- Konpr n
HaunmenoBaHue mokazaresei XapaKTepPUCTUKA | KOBBIH 3HAYCHHS
noKasaresei HOMEp | PEKBU3UTOB
3aIuCH
A b 1 2
YHCIIO0 1
MacropT AeHCTBUTENIEH MeCSII] 2
c roj 3
Bzamen nmacnopta YHCII0 4
BBEPEHHOTO MeCsI] o)
ron 6
OmnacHOCTh MIAXTHI 0 Ta3y 7
10 MbLIN 8
o ra3y 9
OmnacHocTb 32004 0 MBLIN 10
(BBIpaOOTKM) 10 TOPHBIM yZIapam 11
10 BHE3AITHBIM 12
BBIOpOCaM
CTerneHb OMacHOCTH 3a0o0s1, Tpynmna 13
[Tnomanp momepeyHoro B ITPOXOJIKES 14
CedeHHs BHIPAOOTK, M2 B CBETY 15
Tun HauMEHOBaHHE 16
OypuUIIbHO#H | KONHMYECTBO OyPHIbHBIX MAIMH OJ{HO- 17
MAILMHBI BpPEMEHHO paboTraronmx B 3a00e, IIT.
Koaddunuent kpenoctu yriis 18
1o [IpoToabpIKOHOBY IOPO/IBI 19
Tun BpyOa 20
Tun BB 21
Tun CU JIETOHATOPOB 22
IIH ypa 23
Tun nprumensieMoil 3a00iku 24
Ha/m PE3IO0B, IIIT. 25
BBIPA0OT. KOPOHOK, IIIT. 26
5 BB, kr 27
S JIETOHATOPOB, IIIT. 28
A cu
IIH ypa, IIT. 29
3aboiika, Kr 30
Pacxon Ha mpuem | BOJIBI 31




161

B3priBanus, kr WHEPTHOM IBUIM 32
Koadpdumment 10 YIJTEO 33
UCIOJIb30BAHMSI LIMTYPOB 1o 1opoje 34
[Mogsuranme 3a605 3a 10 YIITIO 35
B3PBIB, M 10 TTOPOJIe 36
Bpewmst Ha 3apspkaHue U B3phIBaHUE, MUH 37
Bpewms npoBeTpuBaHusi nocie B3pbIBAHMUS, MUH 38
Bpemst ocMoTpa 32605 1ociie B3pbIBaHUsI, MUH 39
KonTponsHas cyma 40
XapakTepucTUKa LITYPOB
CpencrBa
Homepa yrox Macca | E e
5 m JlnuHa, M | HakIoOHa = WHUITUAPOBAHUS
S| mmypo | o = 3apsana, Ko |’ = <
= g s Hmypa K S = B3pbIBaHUS = §
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CXEMA PACHOJIO’KEHUSA LIITYPOB
N MMO2SJIMITUIEHOBBIX COCYAOB C BOJAOHU
MACHITABBI 1:50 WJIN 1:100

JlonoJiHUTE/IbHBIE TPe0OBAHUS MO 0€30MACHOMY BeJACHHUI0 B3PbIBHBIX

padoT, He NPEeAYCMOTPEHHbIX €IWHBIMU MPaBUJIAMHU 0€30MACHOCTH NPH
B3PbIBHBIX padoTax

1. B3pbIBHAs CTaHUMSI YCTaHOBJICHA

2. bypenue B «cTakaH» 3amperieHo, CMEICHHE MIIMYPOB CICAYIOIIEro KA —
10 cwm.
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