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A.M. (RU) JyYaroT TPH TOMOIIH JJIFHEI YIapHOH TPyOKH, KOTO-

past SBIETCS HEOOXOOUMON JUIA TIepeayn CUTHAJIOB
WHHLUAPOBAHUS BO B3PBIBHBIC CKBAXXHUHBI, 1 HCTIOJIb-
3yeTCsl B HEAEKTPHUUCCKHX JIBYHAIIPABICHHBIX CHUCTE-
Max B3pbIBaHMsA, Takux Kak cucremMa PULKKOT. Ca-
Ma yzapHas TpyOKka IpeacTaBisieT co00i TOUHOE Cpe-
CTBO B3pBIBAHUS U 3aMEUICHHS, KOTOPOE MOXKET obec-
MEYNTh KOPOTKMH WHTEPBAT 3aMEUICHHS NPH Hau-
MEHBIIIEH ce0eCTOMMOCTH IPON3BOCTBA, IPEIOTBpa-
TUTh OTPOMHBIH AKOHOMHYECKHH ymiepd m3-3a uc-
MIOJTb30BAHUS AETOHATOPOB 3aMEUIEHHOTO JICHCTBHS C
MEKCKBKUHHBIMH 3aMelIeHUsIMA B 9, 17, 25 u 42
MC, ¥ yBEIHIHUTh BO3JICHCTBHIE SHEPTUH B3pbIBa Oolee
yeM B 1,5 paza. KopoTkuil MEXXCKBa)KMHHBIM HHTEPBAI
3aMeUICHHS MOYKHO TAaKXKe 00€CIIEUNTh ITyTEM YIIpaB-
JIEHUS DJIEKTPOHHOM CHCTEMO MHULIMUPOBAHHUSA, HO B
9TOM CITydae CTOMMOCTE OyJeT BBIIIEe Ooliee, 4eM B 5
pa3. Hacrosimee n3obpeTeHue 0cCHOBaHO Ha Oojiee yeM
50-neTHEM NMPOU3BOJACTBEHHOM OIBITE M HCHOJIB3YyeT-
csl B TEXHUKE B3PBIBHBIX paboT Oomnee 20 yeT.
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Cnoco0 MeKCKBAKHHHOIO B3pPbIBA ¢ KOPOTKHUM HHTEPBAJIOM 3aMEAJICHUA U CPEACTBO AJISA

B3pbIBa H 3aME€AJICHUSA

O0sacTb TEXHHKH, K KOTOPOii 0OTHOCHTCSI H300peTeHue
Hacrosiimee m3oOpereHue OTHOCUTCS K CrmocoOy B3pbIBA, M, B OCOOEHHOCTH CBSI3aHO C
VMHHUIMMPOBAHUEM B3PBIBHBIX CKBAXXMH C KOPOTKMM HHTEpPBAJIOM 3amMenieHusi. H3o0pereHue

AONOJIHUTECIIBHO OTHOCHUTCA K CPECACTBY AJIsA B3pbIBa U 3aMCIJICHUSA.

I[IpeanochLiku co3aaHus H300peTeHUs

B o0ObriHBIX crioco0ax B3pbIBA TOPHBIX TOPON B3PBIBHBIE CKBAXKHHBI MPOOYPUBAIOT BO
B3PbIBAEMON TOPHOM MOpoze. B3pbIBHBIE CKBAaXKHUHBI, IO MEHBIIEH Mepe, YaCTHUYHO CHAPSIKAOT
B3PBIBYATKOH, M K KaKAOMY B3PBIBHOMY 3apsfy NPHCOSOUHSIOT OJHO WM Ooyiee CpPEAcTB
uHUIMHpoBaHus. CUTHAJIBI HHUIIMUPOBAHUS TIEPEAAI0T OJTHOMY WUJTH O0Jjiee CPEACTB MHUITUHPOBAHUS
BO B3PBIBHBIX CKBAJKMHAX Ha MECTE B3PBIBHBIX PaldOT, YTOOBI BBI3BATh pa3pylIESHUE.

Jlo HacTosIIero BpeMEeHH pa3padoTaHbl Pa3IMYHbIE CHOCOOBI B3PBIBA, OJHAKO, BBIMYCK
JNETOHAIMOHHOTO Ta3a W BBIPAOOTKA H3JIMINHErO 3BYKa CUYUTAIOTCS HEM30EKHBIMH SIBJICHUSIMHU,
COMPOBOKAAIOIIUMHU B3pbIBHBIE padoThL. Takue SBJICHUS SBHO MOAPA3YMEBAIOT TMOTEPIO SHEPTUU
B3PBIBYATKH, 3arPyKEHHONW B KAXKAYIO U3 B3PBIBHBIX CKBAXXUH, IPUHOCS CEPHE3HOE YCTPAILLIEHUE U
MOTPSICEHUE OKPYKAIOLIEH MECTHOCTH.

O} dexTuBHOCTH B3PbIBA MOKHO U3MEPUTH IO CTETIEHH Pa3pyLISHHsI TOPHBIX TTOPO.

Cnoco0 3aMenieHHOrO B3pbIBa, KOTOPBIH 3aMEIUISIOT C ONpeNesieHHbIMA HHTEpPBAJaMH HpPU
B3pbIBE B 3a00e, 00lafaeT HECKOJbKUMH MPEHUMYIIECTBAMH B YCHJICHHHM KaueCTBa pa3pylUeHHsI
TOPHOM MOPOJbI, B MPOU3BOACTBE MEHbINE BHOPAIIMOHHBIX Pa3pyIIEHUH CTPOSHUN U YJy4ILIEHUH
3¢ (PeKTUBHOCTD B3pbIBA.

Crioco® MeXpsTHOTO 3aMEIJICHHOTO B3pbIBA INMHPOKO HCHONB3YETCS B YPOBHE TEXHHKH, a
MEKCKBOKMHHBIN B3pPbIB C KOPOTKMM HMHTEPBAJIIOM 3aMEMJICHUSl BCE €I1e HAXOAWUTCS Ha CTaguu
W3YUYEHHUS], U Il TOCTUXKEHUSI PA3yMHOIO MEXCKBAXKMHHOTO MHTEPBaja 3aMEJICHUs] TPOBOAUTCS
OO0JIBLIOE KOIMYECTBO SKCIIEPUMEHTOB U UCCIIEIOBAHHH.

Haubonee BaxHBIM (PaKTOPOM SIBJISIETCS OIPEAENIEHHE PA3YMHOTO MEKCKBaKHHHOTO HHTEpPBAIa
3aMeJIeHHs! IO JUTMHE psifia TIPH B3pbIBaX B 3a00e, KOTOpoe OyAeT BIUSTh HA KOMOWHAIMIO MOJeH
HaNpsHKeHUs, PaCPOCTPAHSIOIIMXCS OT KaKIOH U3 B3PbIBHBIX CKBAKUH.

BaxHo onpenenuTb MEKPSAAHBINA U MEKCKBAKMHHBINA HHTEPBAJ 3aMEJIEHHS] MOJPbIBA, KOTOPbIN
o0ecrieyrBaeT MaKCHUMAaJbHOE KauyeCTBO Pa3PYIICHUS M TaKKe ISl CO3MaHUS 3aMEIUIIOLIETO
yCTPOMNCTBA, TAK)KE KaK U CPEJCTBA B3PbIBA, KOTOPbIE 00ECTIEUNBAIOT TOYHBII HHTEPBAJ 3aMEJICHHS.

B YPOBHE TEXHUKHU U3BECCTHBI MHOTI'OYHUCJIICHHBIC CHOCO6I:;I, B KOTOPbBIX OMHCAHO PACIIOJIONKCHUE



B3PBIBHBIX 3apsiI0B M YIPaBJIEHHE HWHTEPBAJIOM 3aMEJIEHWs] TOApPbIBA, B  KOTOPBIX
NPEANPUHIMAIOTCS TTOMBITKH ONTUMU3UPOBATh pa3pylleHue rOpHOi nopoasl 6€3 He0OXOAUMOCTH B
UCTIOJIb30BAHUH U30BITOYHOTO KOJIMYECTBA B3PBIBUATOIO MaTepHala.

B onnom mpumepe, narenre CIIA US 3,903,79 BeinanaoM S ceHTsiOpst 1975 1., packprIT criocod
B3pbIBa, B KOTOPOM o0Opa3oBaHHME pasjomMa NpoucxoauT B TeueHne 0-10 MUILIHCEKYHA MOCie
VMHHLMMPOBAHMS B3PbIBA, PACIIPOCTPAHEHNE TPELIMHBI IPOAOJIKAETCs MpuOIu3uTeNnbHO oT 10 10 60
MUUTMCEKYH/] T10CJIe MOJPbIBA, U BBIMYCK U MOCIEAYIOLIee yaleHne ropHOil MOpo/bl HAUMHAETCSI
nociie mpudu3uTenbHo 100 MUJITUCEKYH/I TIOCIe MOAPBIBA.

MHOecTBO 3apsiI0B PACIONIOKEHO B psAax, HAXOAIIMXCS Ha PacCTOSHUU JPYT OT Apyra C
NOJPbIBAMU BHYTPH Psifd, MPOUCXOISIIIMMHU C MHTEPBajJaMu 3aMemieHns B 10 MUJUTMCEKYHA MU
Oonee, U ¢ MOAPBIBAMH MEXIY IMOCIENOBATEIBHBIMH PSIAMH, MPOUCXOASIIUMH C HHTEPBAJIAMH
3amenieHns ot 25 1o 150 muncekyHa.

B nokymenre WO 2005/124272 rpynmel ORICA, onybnmkoBanHoMm 29 nekabpsi 2005 r.,
NPEAJIOKEH CrIoco0 B3pbIBA, B KOTOPOM TOAPBIBBI MEXKAY COCEIHUMH B3PBIBHBIMH CKBAKHHAMH B
rpyrre 2-7 CKBaXKHH MPUBOAIIIN B IEHCTBHE C HHTEPBAJIOM 3aMeIJICHHsI MEHee 5 MC, YTOOBI BBI3BATh
CTOJIKHOBEHHUE TOJIeH HANpPSDKEHWs, B PE3yJIbTATE Yero KadeCTBO Pa3pyLIEHHs] TOPHOW ITOPOJIBI
yJIy4IIajochk ¢ ocnabieHneM BUOpay B3pbIBa.

B Blasting engineering hand book, kyorits-pub.cojp, 2001.8.1., printed in Japan Ttaxxe
NPEANOoNaraeTcsi, YTo MHTEPBAJ 3aMeIUIeHUs MOApbIBA IO JUIMHE psifa, KOTOPBIA obecreunBaer
3¢ (}eKTUBHOE Ka4eCTBO Pa3pyLIEHHs], MOJKHO YCTAHOBUTD IPH IOMOLIH cieayromen popmysl (1).

t=kxw (1)
k : paxrop skcrepumeHTa, M c/M, W .| MUHUMAJIbHAsl PACUETHAS JINHUS HAUMEHBIIETO
COTIPOTHUBJICHUSI TPH B3PbIBAHUU
k = 3~5(Langefors, 1967), 5~8(Gustafsson, 1981), 3.3-10(Stagg, 1987)

U. Langefors coobmas, 4To MHTEpBa 3aMeIJIEHUsI COCTABJISIET, PEANOYTUTENBHO, 3~5 MC Ha
METP MHHUMAJIbHOW PAaCYEeTHOW JIMHUU HAUMEHBIIETO CONPOTUBJICHUS TPHU B3PBIBAHHU, U KOTIA
UHTEPBAJ 3aMEUJICHUsI paccUUThIBAIOT 1o ¢opmyJie (10, ecniu W Haxomgures B quamnasoHe 3~12 M,
WHTEPBaJ 3aMEJICHHUs] HAaXOAUTCS B Uana3zoHe 9 mc ~ 60 mc.

IMonxonmsiuii maTEpBaN 3amemienus coodman R. Gustafsson kak 5~8 mc/M, B KOTOpOM, eciiu
MUHHMAaJIbHAsI PACUETHAsl INHHSI HANMEHBIIErO COMPOTUBIICHUS MPU B3PbIBAHUU COCTABISET 3~12 M,
WHTEPBaJ 3aMeJIeHUs COCTaBsIeT 15 Mc ~ 96 Mmc.

M. S. Stagg u S. A. Rholl onuceiBany, 4To NOAXONALINA WHTEPBAJ 3aMEJICHUST OTPENEISIOT
kak 3.3~10 MC Ha MeTp MHUHHMMAJIBHOW PACYeTHOW JIMHUA HAUMEHBLIETO CONPOTUBIICHUS MPU
B3PBIBAHUH, B KOTOPOM €CJI MUHUMAJIbHAsI pacueTHasi JMHHUA HAUMEHBIIErO CONPOTHBIICHUS TPH

B3PbIBAHUM COCTaBJIAET 3~12 M, HHTEpBa 3aMeayIeHust cocTasiseTr 9,9 mc~120 mc.



Tak kak UHTEpPBaJ 3aMEJICHUS 0 JUIMHE PSAAOB cOcTaByseT 9 mc ~120 mc, a nHTEepBaN 3aMeJICHHS
MEXKIY psaamMu coctaBysger 25 Mc ~ 120 mMc, auana3oHbl BbILIENPUBEAECHHBIX HHTEPBAJIOB
3aMeIJIeHHs! TOAO0HBI APYT APYTY.

IToBepXHOCTHBIN COENMHUTENbHBIN 3JIEMEHT, pacKkpbIThiil B “‘Non-Electric Initiation System
User’s Guide"(Austin, January 2014) obecnieunBaeT HHTEpBAJbI 3aMeieHust B 9 mc, 17 mc, 25 mc,
33 Mc, 42 mc, 67 mc, 100 mc u 200 mc.

Orica Ha cBoeM BeO-caliTe onyOJIMKOBajia JaHHBIE O CBOEM HEDJIEKTPUYECKOM MOBEPXHOCTHOM
COEAMHUTENIbHOM 3JIEMEHTE C UHTepBajiaMu 3ameiieHus B 9 mc, 17 mc, 25 mc, 42 mc, 65 mc, 100 mc,
150 mc u 200 mMc u mpemyokmia crnocod B3pbiBa B 3a005IX C HCMOJIb30BAHHEM 3JIEKTPOHHOTO
aeToHaTopa W HU(POBOI B3PBIBHOM CHCTEME, KOTOpas BbIAENseT OOJbIIOE KOJUYECTBO
JNETOHAIMOHHOTO ra3a.

Dyno Nobel mnpennoskuna TOBEPXHOCTHBIM COENUHUTEIBHBI 3JIEMEHT, OOECTeunBaIOIIUI
WHTepBaJbl 3ameieHus B 9 mc, 17 mc, 25 mc, 42 mc, 67 mc B 2014 1.

IToBepXHOCTHBIE COEOUHHUTENIbHBIE 3JIEMEHTBI JJIs B3pPbIBA B 3a00sX M TMOJ3€MHBIX INAXTax,
KOTOpBIe 00ECTIEUNBAIOT HHTEPBAI 3aMeieHus B 9 mc, 17 mc, 25 mc, 33 mc, 42 mc, 50 mc, 67 mc, 72
mc, 100 mc, 150 mc, 200 mc u 250 mc paspadoransl B CIIA u Bo MHOTHX Apyrux crpaHax. OmgHaKo,
TaKk KaK TakUe COCOUHUTEJIbHBIC SJIEMEHTBHI, NpPUHAAJEKAIINEe K HEIIEKTPUUECKON CucTemMe
uHunuupoBanusi NONEL, o0ecnednBalOT OJHOHAIPABICHHOE WHHUIIMHPOBAHKE, HAIEKHOCTh
WHULIUUPOBAHUS SIBJIAETCS HU3KOMU. [ yBEIMUEHUS HAI€)KHOCTH COCIUHUTEbHBIX 3JIEMEHTOB JUIs
B3PBIBHBIX Lienel B TeueHue Oosee 40 eT myOnnKoBaNInuch Takue JOKyMeHThI, kak WO 2008/039484,
Dyno Nobel, 3 anpens 2008 2. u WO 2010/046596, Davey Bikford, 29 anpena 2010 2. u Tak nainee.
OnHako, aBTOPbI HACTOSIIIIETO U300PETEeHNUs SIBHO yKa3anu B cBoeM fAokymeHte WO 2008/146954, 4
oexabps 2008 2., 9TO HANEKHOCTb TEX OJHOHAIPABJIEHHBIX CHCTEM HHUKOTAA HE CMOXKET HOCTHYb
TaKOBOU y IBYHAIPABJICHHBIX CHCTEM.

B marenTHoit 3asBke CIIIA US 7406918, 5 aBrycra 2008 r. omyOnuMkoBaH crocod B3pbIBA,
BKJTIOYAKOIINI B ce0sl pacroyio)KeHHe B3PBIBHBIX CKBAXKHMH M TOYHYIO PEryJIHPOBKY HHTEpBaja
3aMeNJIeHHs 3JIEKTPOHHBIX JIETOHATOPOB, B KOTOPOM IEpeMeElleHHe HABajJOB OTOWTON MOPOIbI B
JKE€JTAa€MOM  HAIPaBJIEHUU YJYUYILIAOT MYyTeM HCIOJIb30BAHMS 3aMEIJICHUS] MEKCKBAKUHHBIX
MOJPBIBOB MO JUIMHE PSOOB B3PBIBHBIX CKBAXKHH, MPU O3TOM PSIIbl SIBIISIIOTCS, B 0OIIeM,
MEPNEHANKYJISPHBIMU JKETaeMOMY HAIPABJICHUIO TMEPEMEIICHHs, BIUIOTh 10 4 MC Ha MeETp
pazzaenieHus: MpoOOUH B TAKUX PsiAax.

KoHkpeTHbIe TeOMeTpHUH B3PBIBOB JJIsl YJIYUIISHHUs TIEpEeMEIleHHs] HaBajla OTOUTON MOPOJBI B
OTpENENICHHOM HAMPAaBJICHUH BKIIIOYAIOT B CeOsl HCIMOJIb30BAHHE ONTHUMH3UPOBAHHON CXEMBbI
B3PBIBHOM CKB&)XUHBI, KOTOpasi, MNPEANOYTUTENbHO, SBJSETCS IIAXMaTHOM CXEMOM, Tak, 4TO

COOTHOIIEHHE MEXCKBRXKUHHBIX PACCTOSHMH (a) MO JUIMHE PSIOB B3PBIBHBIX CKBAKUH (T€ PsizIbI



OepyTcsi MEpEeHANKYJIAPHO HAINpPABIEHHIO TPeOyeMOro mepeMeLIeHns) W MEePIeHANKYJISIPHOTO
paccTosiHUS (W) MEXIy psSAaMH HaXOAUTCs B nuana3zoHe 1:2-3:2 u, mpeanoyYTHTENIbHO, B AHAa30He
7:10-6:5. Haubonee npeAnouTUTENbHO, COOTHOLIEHNE HaXOAUTCs B nuanasone 7:10-1:1.

VBenudeHne M yMEHbLIEHHE NepeMelIeHHs HaBajla OTOUTOH MOpOAbI JOCTUTAIOT IyTeM
MaHUIYJISILUY FeOMETPUEN B3phIBa U 3aMEJIEHUEM MEX/y B3PbIBHBIMH CKBa’KUHAMHU.

B noxkymente WO 2011/127540, ORICA, 20 HosOpst 2011 r. packpbIT B3pBIB BBICOKOIA
MOIIHOCTH, B KOTOPOM HOMUHAJIbHbIE HHTEPBAJIbI 3aMEJJICHHSI B3PBIBHBIX CKBa)KUH COCTABIIIIOT 150
MUJUTUCEKYH]I, C MEXCKBAaXMHHBIM 3aMellJIeHneM 1o anuHe pAnoB B 10 Mc B psaay 1, 5 Mc B psanax
2~6, 15 mc B pany 7 u 25 Mc B psay 8.

B HeMm OOBEKTHBHO MOKA3aHO, 4TO B 3a00sIX SHEPIHIO, 3aTPAYMBAEMYI0 Ha TOPHYIO MOPOAY,
MO>KHO KOHTPOJIUPOBATH ITPH TIOMOLIH PACTIONOKEHUS B3PBIBHBIX CKBAXKHH H, B OCOOCHHOCTH, IIyTEM
PEryJIMPOBKH HHTEPBAJIOB 3aMEAJIEHHUS] MHUIIMUPOBAHUS MEKY B3PBIBHBIMU CKBaKUHAMH IO JTHHE
psina.

XoTs 32 MOCJNEAHNE TOMbI B COCO0aX B3pbIBA MPOM3OLIEN 3HAUYUTENbHBINA MPOTPECC, BCE €IIe
OCTaeTCsl MOTPEOHOCTh B Pa3padoTKe YJIYUIIEHHBIX CHMOCOOOB B3PhIBA, KOTOpPBIE OOECMEYHBAIOT
s¢pexTuBHOE paspylIeHHe rOpHOW MOpoAbl Oe3 HeOOXOIUMOCTH B UCIIONb30BAHUN M30BITOYHOTO
KOJINYECTBA B3PBIBUATOIO MaTepHalIa.

bonee toro, ocraercs moTpeOHOCTH B CHOCO0AaxX B3pbIBA, IJI€ MOXKHO YJIYYIIUTh Kade€CTBO
pa3pyLIeHHsI TOPHOM MOpoAbI O3 N30BITOYHOrO BO3AEHCTBUS HAa OKPYKAIOIIYIO Cpeay, Halpumep,
IpU TOMOIIM OOJBIIOrO KOJUYECTBA BBIIENSAIOLIErOCS Ias3a, TPOMKOrO B3pbIBa M HM30BITOYHBIX

BUOpaLuii 3emiu.

3anaua u3o0pereHus

ABTOpPBI HACTOALIETO U300PETEHUS YIETHIN OOJbIIOe BHUMAHHE OIPOMHBIM 3KOHOMHYECKHM
NOTEPSIM HM3-32 UCIIOIBb30BAHUS JETOHATOPOB ¢ MHJUIMCEKYHIHBIM 3aMEIJIEHUEM JJIsi 00ecTieueHHsI
MeXCKBaKMHHBIX HHTEPBAJIOB 3aMeJICHUsI IOJPbIBA U BO3JEHCTBUS Ha OKPY KAIOILYIO CPeNy MyTeM
BBITyCKa JETOHAIMOHHOTO Tra3a M BBIPAOOTKHM H3JIHUINHETO 3BYKa, W PACKPBUIM HACTOSIIEE
nu3o0pereHue.

3agadell HACTOSINErO H300peTeHHs SABISIETCS CO3JaHHE Ccrocod0a B3phIBA TOPHBIX IOPOZ,
KOTOPBII MPEeNoTBpaIlaeT BBICBOOOKACHHWE SHEPTUU B3PbIBA B BBINYCK JETOHALIMOHHOTO Tra3a U
BbIPAOOTKY U30BITOYHOTO 3BYKA.

Jlpyroti 3amaueii HaCTOSIIIEro H300PETEHHUS SIBIISIETCS CO3JaHUE CIIOC00a B3PbIBA TOPHBIX MTOPOT,
KOTOPBIN MPUBOAUT K YJIyYIIEHHOMY pa3pyLIEHUIO TOPHBIX MOPOJ MyTeM NPUBEIEHUS B JEHCTBHE
B3PBIBHBIX 3apsAJ0B C MEKCKBA)KMHHBIM MHTEPBAJIOM 3aMEJJIEHMs], C KOTOPbIM K FOPHBIM IOPOAaM

IpUJIaraeTcsi MaKCHUMasbHast SHEPTUsl, 1 00pa3yeTcst yCTaJIOCTHOE pa3pyLIeHue.



Taxxe Apyroil 3amadeid HACTOSIIETO M300PETEHUs SIBISIETCS CO3NaHUE CPEACTBA B3pbIBA U
3aMCJICHUs, KOTOPOC O6€CH€‘II/IBaeT TOYHBIM MEKCKBAKMHHBII UHTEPBAJI 3aMCIJICHUSA IIpU

HauMeHbIIEH CTOUMOCTH.

Onucanue u3zodpereHus

1) Crioco® MeXCKBaXMHHOTO B3pPBIBA C KOPOTKUM MHTEPBAIOM 3aMEIJICHUS B 3a005X.

Hacrosimee n3o0perenne 0THOCUTCS K CIIoco0y B3pbIBa FOPHBIX MTOPO, JAIOIIEMY 3HAUYUTEIBHO
YIY4IIEHHOE pa3pyLIeHHe TOPHBIX MOPOJ ¢ MajbIM KOJIMYECTBOM JE€TOHALMOHHOIO ras3a U 3BYKa,
KOTOpBII OCHOBaH Ha Oonee yeM S50-eTHEM MPOM3BOICTBEHHOM OIBITE, M YK€ MPOSBUJI CBOKO

s¢pexTuBHOCTD B TeueHue Oojiee 20 jiet B 3a0051X, MPU 3TOM CIIOCOO BKJIFOYAET B CeOsl:

Bbypenue 2 unu Oonee psiioB B3PBIBHBIX CKBAXKHUH B TOPHOM MOPOJE, TIE P COCTOUT U3 2-
25 wnm Gonee B3PbIBHBIX CKBAKHH, IPU 3TOM KaKAast U3 B3PbIBHBIX CKBAXKHH IO JUIMHE Psiia

" MCXKAY HUMU SABJIACTCH COCGI[HefI OTHOCHUTECJIBHO I[I)YFOI\/'I B3pI:>IBHOI\/'I CKBA>KHHBI,

3arpy3Ky B3pbIBHOTO 3apsiia B K&XKAYIO U3 B3PBIBHBIX CKBAXKUH;

CoenuHeHne KaKI0ro U3 B3PBIBHBIX 3aPsiIOB CO CPEICTBOM MHHUIIMMPOBAHMSI B3PbIBA,;

NpHUBEIEeHUE B IEHCTBUE B3PBIBHBIX 3apsiIOB MPU TMOMOIIHM MPUCOSTUHEHHOTO CPEICTBA
WHUIIMHPOBAHUS B3PbIBA, TAKHUM 00pa3oM, 4TOOBI KaXKIbIil B3PBIBHOMN 3apsi/i MOAPBIBAJICS ObI
C KOPOTKHUM MEKCKBOKMHHBIM MHTEPBAJIOM 3aMENJICHHUs, TakKuM O0Opa3oM, MOIpbIBas
B3PBIBHYIO CKBA)XHHY BHYTPU IOJISI HAMPSKEHUSI, IPEIBAPUTENBHO PACIPOCTPAHUBIIETOCS
OT IpeABIAYLIEH COCEHEN B3PbIBHONW CKBAKUHBI.

[IpennpuHUMANOCh MHOTO TMOMBITOK MPEAOTBPATUTH BBICBOOOKIEHHWE SHEPTUH B3pPbIBA B
BBIMYCK JIETOHALIMOHHOTO Ta3a U B BbIPAOOTKY U3JIHIIHETO 3ByKa, KOTOPBIE JIUIIb 3aMEJISTH BBITYCK
JIETOHAIMOHHOI'O Ta3a, HO He MOTJIM MPENOTBPATUTD €0 MOJHOCTHIO.

ABTOpBI U300peTEHUs], BO BpeMsl IIPOBENEHUS PA3JIUMYHBIX UCTIBITAHUN C B3PbIBAMU, MPUIILIH K
BBIBOJIy, YTO Ja)K€ BBICOKOCTAOWJIbHBIE 3a0O€4YHbIe MaTepuanbl (Takue Kak OBICTPO
CXBATBIBAIOLIUICS OETOH) 3aKphIThbie 3a00€duHble 3apsiabl W SIPYCHOE 3apspKaHWe He MOTIH
MPEeIOTBPATUTh AETOHAIMOHHBIN ra3; U B TEUEHHE ITUTENbHBIX UCCIENOBAaHUN OOHApPYIKHIIH, YTO
MOIXOASIINA MEKCKBAXKUHHBIA WHTEPBAJT 3aMEIJICHUST MOKET PEIIUTh 3Ty 3a/1a4y.

ITo sToit mpuuuHE aBTOPBI H300PETEHUS TOJIAraj, YTO BBIMTYCK JETOHALIMOHHOIO Ta3a CBs3aH
CO CTOJIKHOBEHHEM B3PBIBHBIX BOJIH, PACIPOCTPAHSIOMIUXCS OT KAKIOW U3 B3PBIBHBIX CKBAXKUH.
Hanpumep, eciiv B3pbIBHBIE BOJHBI, PACITPOCTPAHSIOMIUECS OT IBYX COCEIHUX B3PBIBHBIX CKBAYKHH,
CTOJIKHYTCSL IPYT C APYTOM Ha MPSIMOW, TNle COCOUHSIFOTCS JBE B3PBIBHbIE CKBAJKUHBI, U, TAKUM
00pa30oM BBI3OBYT KOHICHTPAIMIO HAIMPSKEHUS, TO MO YKa3aHHOW MpsIMOi oOpa3yercst TpeuinHa
nepen; oOpa3oBaHMEM TPEIIMH B JAPYTUX 4acTsX. ['a3 BBICOKOrO NaBJIEHHsS] BHYTPH B3PbIBHBIX

CKBQXXVMH YBEJWYMBAET TPEIUMHBI, M, HAKOHEI], BBIXOAUT B aTMocdepy Imepen NepeMelieHueM



B3pbIBAEMbIX FTOPHBIX MOPOJ.

ABTOpBI W300peTeHus B3I W TpoaHanmmsupoBain (Qororpadum B3pbiBA B 3ab0e ¢
HCIIOJIb30BAaHUEM JETOHHUPYIOLIErO 3amaja B KA4eCTBE CPEACTBA ISl B3PbIBA, U MOATBEPAWIH, YTO
BBIITYCK JE€TOHALIMOHHOIO ra3a MPOUCXOAUI HEMEJIEHHO MOCIE MOAPbIBA.

KacarenbHO XapakTepUCTHK JETOHUPYIOLIETO 3anaja ¥ FOPHOW MOpozbl, ¥ (PakTOPOB B3pHIBA B
OTKPBITBIX Kapbepax, MOCIEAOBATENIbHOE CO3JAAHUE B3PBIBHBIX BOJIH OT KaXIOH W3 B3pBbIBHBIX
CKBQ)KUH IIPUBOJHT K IMOCJIEIOBATENbHON KOMONHALINY (CTOJIKHOBEHUIO).

IIpu B3pbIBE B OTKPHITOM Kapbepe, I7ie COOTHOLIEHHE MEKCKBaKUHHBIX PACCTOSHUMN I10 JAJIMHE
PSII0B B3PBIBHBIX CKBa)KUH U MEPIIEHAUKYIISPHOTO PACCTOSIHUS MEXAY PsiAaMH y IEPBOTO U BTOPOTO
psimoB coctaBmsiror 1:2 m 1:1(m=a/w=0.5 u 1) COOTBETCTBEHHO, U MEKCKBAKUHHOE(-bIC)
paccrosiHue(-usi) (a) COCTaBISIOT 5~7 M (AWaMeTp B3PBIBHBIX CKBAKUH COCTABISIET 205 MM),
B3pbIBHBIE BOJIHBI, PAaCIPOCTPAHSIIOIINECS OT B3PBIBHBIX CKBA)KUH, SIBJISIFOTCSI MHTEHCUBHBIMHU, U
B3PBIB MIPOUCXOIUT C TOCIIEAOBATENbHON KOMOWHAIMEH (CTOIKHOBEHHEM ) B3PbIBHBIX BOJIH.

PacnonoxeHne B3pBIBHBIX CKBAKUH YBEIMYMBAET KOMOMHALMIO (CTOJKHOBEHHE) B3PBIBHBIX
BOJIH, HampuMmep, 2 MOl HANpsDKEHUs, PacHpOCTPAHSAIOIIMECS OT MEPBOM U BTOPOW B3PBIBHON
CKBAXXKHMHBI, OOBEOUHSIOTCS (CTAJKUBAIOTCS) BOKPYr ydacTka 0,5 M psAOoM cO CTEHKOH BTOPOH
B3PBIBHOM CKBAXKUHBIL, & 3 MOJIsI HAIPSKEHMS, PACTIPOCTPAHSIFOLUECS] OT BTOPOU U TPEThEN B3PBIBHOU
CKBa)XMHBI — BOKPYT y4acTka 0,5 M u 1 M COOTBETCTBEHHO PSAOM CO CTEHKOH BTOPOW B3PBIBHOU
CKBaKUHBI.

IIpennonarasi, 4TO PsiA COCTOMT M3 N 4YHCJIA CKBAKWH, IOCIEAOBaTENbHAas KOMOWHALUA
(CTOJIKHOBEHNE) BO3HHUKAIOLINX HAIMPSDKEHUH, COCTABISIOIMX N-1 M OTPa’KeHHBIX HAMPSIKEHUH,
OCTaBJSIIOLIUX N-5, NPUBEAET K JIOKAJU30BAHHON KOHLEHTPALUU HANPSKEHUH, U, B TO XK€ BpeMms
OyIeT COnmpOBOKAATHCS YCTAIOCTHBIM Pa3pPyLICHUEM.

OOBIYHO MPHUIIOJKEHHUE YCTATIOCTHOTO Pa3pyIIEHHsI K MaTepHay CHHKAeT MPOYHOCTh MaTepHaa
Ha 1/2 ~ 1/5. KoHIleHTpauus yCTajloCTHOTO pa3pyLIeHUs] 1 00pa30BaHUE TPELIUH PSIOM CO CTEHKAMH
B3PBIBHBIX CKBAKHUH SIBJSIFOTCS OoJiee CHJIBHBIMH, 4YeM B JHOOOH YacTH, W MO KOTOPBIM
NETOHALMOHHbIH Tra3 Ha4yWMHAeT BbIXOAUTb W3 B3PBIBHBIX CKBAXKUH HEMEMJEHHO IIOCIe
VMHULIMHPOBaHUs JE€TOHUPYIOLIETO 3araa, I7ie 1eTOHALlMOHHBIN ra3 BbIMyCKAeTCs Ha BBICOTY BILIOTH
no25m~35m

ITo 3TOM mpUYHMHE CTOJKHOBEHHs B3PBHIBHBIX BOJH HEOOXOAMMO IPENOTBpAINaTh, YTOOBI
n30€eKaTh BBIMYCKA JI€TOHALMOHHOTO Ia3a.

Tax kak CTOJIKHOBEHUE B3PbIBHBIX BOJIH IPOUCXOAUT B TO BPEMs], KOI/1a B3PbIBHbIE BOJHBI OT 2
B3pBIBHBIX CKB&)XMH BCTPEYAIOTCS JPYr C APYIOM, CTOJKHOBEHHE MOXHO IPENOTBPAaTUTh MyTEM
MOJpPbIBA B3PBIBHOM CKB&)XMHBI IIOCHAE TOrO, Kak B3pbIBHAs BOJHA, MPEABAPUTEIBHO

PacCHpOCTPaHAIOLIASACA OT COCEHEN B3PbIBHOM CKBAXKUHBI, IPOUET MUMO.



UroObI MONHOCTBIO MPENOTBPATUTDH BHICBOOOKIEHIE SHEPTHH B3PbIBA B JE€TOHALIMOHHBIA ra3 u
W3JIMIIHUN 3BYK B T€OMETPUSX B3PbIBA, I7I€ COOTHOLIEHNE MEKCKBAXKUHHOTO PACCTOSHUS 10 JJINHE
PSIIOB B3pBIBHBIX CKBAXKHH U MNMEPHEHIUKYISAPHOIO PACCTOSHUS MEXOY pslaMU HaxOAWUTCS B
nnanasone 1.2 ~ 6:5 (m=a/w=0.5~1,2)) nns obecrnieueHUs ONTUMHU3UPOBAHHOTO Pa3pyLIECHUS
clenyeT NPUMEHATb KOPOTKUM MEKCKBAKUHHBIN NHTEPBAJT 3aMEAJICHHUS.

KopoTkuii MeXCKBRXMHHBIH MHTEPBAJ 3aMEIJICHUS] MOKET 3aBHCETh OT TaKuX (pakToOpoB, Kak
THUI TOPHOM MOPOJBI U COCTOSTHUE, U T€OMETPUS B3pbIBA.

B mpeamodtuTeNnbHOM BapuaHTE OCYLIECTBICHMs AJisi OOJBIIMHCTBA THIIOB TOPHBIX IMOPO
KOPOTKUHM MEXCKBOKUHHBIM MHTEpBaJ 3aMe[JIeHHs] Ha METP MEXCKBAXMHHOTO pPAaCcCTOSHUS
Bappupyercsa or 0,182 mcek. no 0,334 mC, U BHYTpHM 3TOr0O AUAINAa30HA SIBJISETCS BO3MOKHBIM
NPUJIOKHUTh MAKCHMAJIBHYIO SHEPrUI0 JJIsl  pa3pylleHUss TOPHOW TOpoAbl, H  H30ekKaTh
BBICBOOOKIICHHSI SHEPTUHU B3PbIBA B 00pa30BaHUE N30BITOYHOTO IE€TOHALIMIOHHOTO Ta3a U 3BYKA.

Ecnn MexckBaXMHHOE paccTosiHue Bapbupyercst oT 0,5 M 10 7 M, KOPOTKUN MEKCKBAaKUHHBIN
HMHTEpBaJ 3aMellJIeHHs Bapbupyetcs ot 0,1 mcek. 10 2,5 Mcek..

KopoTkuii MexxCKBaXMHHBIM HHTepBal 3amennenus ot 0 mcek. 1o 0,181 mcek. ~ 0,333 mcek. Ha
METP MEXCKBa)KMHHOTO PACCTOSHUS BBI3bIBAET BO3/AEHMCTBHE HA OKPYXKAIOLIYIO Cpeny, Takoe, Kak
BBITYCK JETOHALIMOHHOTO ra3a M BbIPAOOTKY U3JMIIHETO 3BYKa, IMPU KOTOPOM, AaXKe IpH
UCIIOJIb30BAaHUH 3a00€K, SIPYCHOTO 3apsDKAHUS U 3aKPBIThIX 3a00€UHBIX 3aPsIIOB JIULIb 00ECTIEYNBAET
3aMeJIJIEHHs] B HECKOJIbKO MJIM HECKOJIBKO 1€CATKOB MUJUIUCEKYHA.

Hcnonb30BaHne BBICOKOTOUHOM CHCTEMBbI 3aMEJIEHHs], TAKON, KaK HE3JIEKTpUUeCKasl CUCTeMa
npusenenuss B aedicteue PULKKOT, wnu 30eKTPOHHOH CHCTEMbl MHULIMHUPOBAHUS TTO3BOJISIET
KOHTPOJIUPOBATDb 3T 3aMEAJIEHUS C MOIPELIHOCTBIO MeHee 4eM 0,1 MunucekyHaa.

JIpyrum acriekToM u300peTeHust Ay 00JacTeil, rae cieayeT yiay4dilaTh pa3pylieHHue TOPHBIX
NOPOJ, SIBJISIETCS WCHOJb30BaHUE 1~3 wmiu Oosiee BBICOKOTOYHBIX JETOHATOPOB BHYTPU KaXKIOM
B3PBIBHON CKBa)KHHBI C 3aMeIJICHUEeM MeXly HUMU B 1,5 MC 1 MeHee, PeArnouTUTENbHO, HOJIb.

B coorBercTBHM ¢ M300peTeHHEM BEPXHsISI YAaCTh KOJOHKH B3PBIBYATOIO BEIIECTBA MOKET
COIEpKATh YCHJINTENb WM JETOHATOPBI, KOTOPBIE TOXE IENAI0T BO3MOKHBIM BBICBOOOXKIEHUE
MaJIoro KOJIMYeCTBa SHEPTUH B3pbIBa B BBINYCK JI€TOHALIMOHHOTO ra3a U 3BYK.

IIpennouturenbHO, ONMH U3 3THX WHULUATOPOB PACIOJOXKEH PSAOM C JTHOM WM BepXHei
KOJIOHKOI B3pBIBUATOIO BEIECTBA B3PHIBHON CKBaXKUHBI, & JPyrHe PaclojoXKeHbl Jajee BBepX IO
KOJIOHKE B3pPbIBYATOrO BEIECTBA C PErYJISIPHBIMU IIPOMEKYTKaAMU.

B nononHenue, Op110 0OHAPYKEHO, YTO pa3pyLICHNE U NIepeMeIeHIe HaBaia OTOUTONH OPOABI
YCUJIMBAETCS IPY TTOMOIIY HCIIOJIb30BAHUS BEIOPAHHOTO COOTHOIICHUST MEXPSATHOTO 3aMEICHHSI U
MEXKCKBAXMHHOTO 3ameuieHus. OObMHO COOTHOIIEHHE OyneT coCTaBisATh cBbime 6:1 u,

MPEANOYTUTENBHO, cBbIle 30:1.



B 3aBucumocTH OT THUIIa FOPHOM NOPOABI U T€OMETPUH B3PBIBHON CKBAXKUHBI MEXKCKBAKUHHBIN
UHTEPBAJ 3aMEAJICHUS tpsx COCTABIISAET:
tpax = 25 MceKk. ~ 65 MCek., €ClIM pacCMaTPpUBaTh MAaKCUMAJIbHOE YJIy4YLIEHUE Pa3pyLUECHUs
TOpPHOM NOPOJbI U NIEpeMeleHIe HaBajla OTONUTOH OPOJbI, HO
tpax =05 Mcek. ~ 300 Mcek., ecid paccMaTpuBaTb MHUHUMAJbHOE IMEpEMELIeHUE HaBaja
OTOUTOH MOPOIBI.
MeskCKBaXKUHHOE 3aMeJIEHHE OOBIYHO SIBJISIETCS TOCTOSIHHBIM TI0 JUIMHE KasKA0TO PSa; OHAKO, €ro
MO>HO BapbUpPOBATh.

MeKCKBaXXMHHOE 3aMEJICHHE Ha METP PacueTHOM JIMHUM HAUMEHBIIErOo CONPOTUBJIEHUS NTPU
B3PBIBAHUH HaBaJla OTOMTOH MOPOJIBI MOKHO MOJAEPIKUBATH MOCTOSIHHBIM HITH BAPHHPOBATH OT Psifia
K psAAly B 3aBUCHUMOCTHU OT Ka4eCTBa Pa3pyLIEHUs.

IlonoxeHne MHULMUPYIOIIKUX JE€TOHATOPOB BHYTPH B3PBIBHBIX CKBAXKUH U 3aMEIJICHUE MEXKIY
BHYTPUCKBA)KUHHBIMU YCHJIUTEISIMUA BHYTPU CKBa)KUH MOJKET TaKXe€ BapbUPOBATbCS B TEUEHUE
B3PBIBA, B COOTBETCTBUHU C TPEOYEMBIM Pa3pyLICHHEM.

Ecnn mexckBaXMHHBIM WHTEepBai 3amemneHust cocrasister (0,182 ~ 0,334) mc/m * a M, TO
SIBJIIETCST BO3MOXKHBIM H30€XKaTh CTOJKHOBEHHE MOJIEH HANPSIKEHUS, PACIPOCTPAHSIIOMUXCS OT
Ka)XJIOM B3PBIBHOM CKBA)XKMHBI U 00ECIIEUUTh PACIPOCTPAHEHNE HOBOTO ITOJIS HANPSDKEHUS] BHYTPH
MIPENBAPUTENIBHO PACIpPOCTPAHUBINErOCs MOJs HanpsbkeHus. Hanpumep, mnosne HanpsbkeHus,
pacnpoCTpaHUBLIEECs] TOCJE MOAPbIBA MEPBOM B3PBIBHOW CKBAXKUHBI, IMPOXOIUT 4Yepe3 BTOPYIO
B3PBIBHYIO CKBXXHHY, IOCJE€ YE€ro MHULMUPYETCS BTOPas B3PbIBHAs CKBAKMHA, TAKHM 00paszoMm,
pacnpocTpaHsisl NOoJie HANpPsDKEHUs] OT BTOPON B3PBIBHON CKBAKUHBI BHYTPHU MOJI HANPSKEHUS OT
NEePBON B3PbIBHON CKBAKUHBI.

Ilone HampsikeHUsl, pacCpOCTPaHUBILIEECsS OT BTOPOM B3PBIBHOM CKBAKUHBI, NIPOXOAUT Uepe3
TPETBIO B3PBIBHYIO CKBAa)KHMHY, IIOCJE€ YEro MHULIMMPYETCS TPEThbs B3PbIBHAsI CKBAXXMHA, TAKUM
0o0pas3om, pacrmpoCTpaHsis MOJie HAMpPSDKEHHs OT TPEeTbel B3PBIBHOW CKBAKUHBI BHYTPH MOJIEH
HaIpPsIKEHUs OT MePBOM U BTOPOM B3PBIBHBIX CKBAXKHUH.

ITonoOHbIM 00pa3zom, Mojie HANpsDKEHHs, BO3SHHMKIIEE OT N-H B3PBIBHOW CKBAXKHHBI, OyaeT
pPacnpoCTPaHATLCA BHYTPH N-1 KOIMYECTBA BOSHUKIINX U OTPAKCHHBIX MOJIEH HANPSKEHUS.

Ilyrem wu30eraHusi CTOJKHOBEHHUs TMOJIEH HAMpPsDKEHHs, KAk ONHUCAHO BBIIIE, MOXKHO
NPEAOTBPATUTH BBITYCK JAETOHALMOHHOIO ra3a U BbIpaOOTKY M3JUIIHETrO 3BYKa, PU IMOMOIIH YeTro
SHEPTHI0 B3pbIBA MOXKHO pacrpeneinTh Oojiee paBHOMEPHO MO TOPHOM MOPOAE AU YIIyHULISHHUS
paspyLUEHHs].

B nomonHenune, oOpa3oBaHME HOBBIX TIOJNEH HampsDKEHUS BHYTPU TIPEABAPUTEIBHO
pacIpoCTPaHUBLIErOCs MOJIsT HANPSDKEHUST OKa3bIBAET BO3JEHCTBUE HA TBEPAOCTb TOPHOU MOPOABI.

Mexanuuecky, €cid MaTepual HeceT Harpy3Ky WM NepUOAMYECKYIO HarpysKy, KOTOpas



MEHSIETCS CO BpEMEHEM, IPOYHOCTh MaTepraa pe3ko yMEHbIIaeTcs (MPUMEPHO B 2~5 pa3 MEHbLIIE),
YTOOBI CUJIBHO PA3PYIIUTHCS.

Ycnemnoe pacnpocTpaHeHue OJIA HaIPsHKEHUs BHYTPHU NPEeIBAPUTEILHO
pPacIpoOCTPaHUBLIErOCs MOJISl HANIPSKEHUs Pa3JIMYHBIX Pa3MEPOB IPUBOIUT K PE3KOMY YMEHBLICHUIO
TBEPAOCTH TOPHOH MOPOABL, TAKUM O0pa3oM, yiydllas pa3pylleHHe C HCIIOJIb30BAHUEM TOH JKe
CaMoOM SHEepruu B3pbIBA.

PacnpocTtpaneHue nons HanpsDKEHWs BHYTPHU NMPEABAPUTENIBHO PACIPOCTPAHHUBIIETOCS OIS
HANPSKEHUs] 00eCTIeYnBaET MPEHUMYIIECTBA:

« IlpenoTBpaineHre CTOJIKHOBEHHs B3PbIBHBIX BOJIH, TAKUM 00pa3oM, n30ekKaHHE BBIYCKa
JIETOHALIMOHHOTO ra3a M BIPAOOTKH U3JIHINHETO 3BYKa

« IlpenoTBpamieHrie KOHLEHTpPAlMM HANpsDKEHUH, TakuM oOpasoMm, obecriednBas
PaBHOMEPHOE pacIpenesleHHe SHEPTUH B3PbIBa M0 B3PbIBAEMON FOPHOH NOpPOZAeE,

+ CHuxeHue TBEPAOCTH TOPHOH TMOPOABI MyTEeM IOCJIENOBATEIbHOIO MPUIIOKEHUS
NEPEMEHHBIX TUHAMHYECKUX HArpy30K, TAKUM 00pa3oM, yiIydliasi pa3pyeHue,

+  Makcumusanuss BO3ACUCTBUS PACTATMBAKOLIETO HAMNPSDKEHMs, pas3pylIaroIlas Cuia
KOTPOr0 TOpa3f0 MOIIHEE, YeM TaKOBas y HAMpPsOKEHHs AABJIEHHS, TaKUM 00pasoM,
yJly4liasi pa3pyLieHue.

ABTOpPBI NOATBEPAMIIN Ha MPAKTUKE B TEXHUKE B3PBIBHBIX Pa0OT B 3a0051X Ha MPOTsLKEHUH Ooee
20 ner, uyto KOpOTKMH wuHTepBan 3amemieHus B 0,182 ~ 0,334 mc/M, ONHMCAaHHBINA BBIIIE,
o0ecreyrBaeT B3pbIB C MAJIBIM BBIITYCKOM JIETOHAIIMOHHOI'O rasa 1 3ByKa.

Kak onmcaHO Bble, B3pBIB ¢ MEXKCKBLKMHHBIM 3aMeIUIeHHEM O0OeCleunBaeT YIy4IIEeHHOe
paspylIeHHe FOPHON MOPOIBI.

Ha Touky O BHyTpM MHUHUMAJBHON pPACUETHON JMHUM HAUMEHBLIETO CONPOTHUBIIEHUS IPHU
B3PBIBAHUM B OTKPBITOM Kapbepe BJIMSIOT IyTeM MOCJIEI0BATEIbHOIO NNEPEKPHIBAHNS HAPSKEHUH,
PacIpOCTPAHSIOIUXCS OT COCEHUX B3PbIBHBIX CKBAXKHH.

Bynyun 3aBHCHMBIM OT YCIOBHUW B3pbiBa (TaKMX, KaK Macca 3apsga, BBICOTA KOJOHKH
B3PBIBYATOrO BEIIECTBA, PACIOJIOKEHUE B3PBIBHOM CKBAXKUHBI, T€OMETPHs B3PBIBHON CKBA)KUHBI,
pacdeTHasi JIMHUs HAUMEHBIIErO0 CONMPOTHUBIICHMs MPU B3PbIBAHUU, MEXKCKBA)KMHHOE PACCTOSHUE,
BbICOTa 3a001KH) Jydlee pa3pyLIeHHe TOPHONW MOPOABI MOJKHO OOECIEYUTh MO Mepe YBEINYCHUS

YHUCJIa NOJIeN HANPsKEHMs], KOTOPOE BJIUAET HA TOUKy 0.
d

HNHTEHCUBHOCTE OTHOCHUTENIBHOTO HAIPSKEHUS (‘50 ) BTOpOW B3PBIBHOW CKBAKUHBI 1O JJIUHE
psina cocrtaBisieT 67%, a TakoBoe y 9-# B3pbIBHON CKBa)XMHBI 10 JUIMHE psifa cocTasisieT 3,1%.
BrleykasaHHble NPOLEHTHBIE OONM IOKA3bIBAKOT, YTO 4YE€M Jaibll€ B3PbIBHAs CKBAKHUHA

pacIoioKE€Ha OT TOYKHU O, TeM citabee CTAaHOBUTCSI MHTEHCUBHOCTD HaIIPsIZKEHUsL, KOTOpasi BJIUACT Ha



TOYKYy O.

bonee Toro, 4yem MeHbl€ MEKCKBAKMHHBbIE MHTEPBaJbl 3aMEUICHUs IO JUIMHE psifa, TeM
OoJblIe YHCIIO MOJIeH HANPSDKEHUs, KOTOPBbIE BIUSIOT HAa TOYKy 0, TakMM 0Opa3oM, yBeIHYUBas
MHTEHCUBHOCTb OOBEIMHEHHBIX TOJIeH HanpshkeHus. Hanpumep, MexCKBaKMHHOE 3aMeieHue B 1,5
Mcek. OyneT naBarh 7 MoONiel HampspKEHHs, CO3MAIOLINX HArpy3ky Ha Ttouky O, 3amemnenue B 0,5
MCEK. — 3 MOJii HampsDKeHWs, a 3aMeiyieHue B 17 Mcek. — | mose HanpsbkeHus, OTCHOAA
3¢ (PeKTHBHOCTb SHEPTUHU B3pPbIBA C 3aMEJJICHHEM B 5 MC sIBJIsieTcsl B Ooniee 4eM 1,5 pasza OoJibliei,
YeM TaKoBas ¢ 3ameuieHueM B 17 mcek., a 3pekTHBHOCTb SHEPruK B3phIBA C 3aMeIJIeHueM B 1,5
MCeK. sIBJIsieTcst OoJiee ueM B 2 pa3a OoJbIel, ueM TakoBasi ¢ 3aMelJiecHHeM B 17 Mcek..

SBnsieTcsi BaXKHBIM OOECIEUUTh PABHOMEPHOE paclpeleieHue SHEPTHH B3pbIBa MO TOPHOU
Nopozie AJisl JOCTUKEHUs JIYYIIEro pa3pyLIeHUsl U MCIONb30BaHUEM TOTO JK€ CaMOIo KOJIMYEeCTBa
B3pPBIBHOIO 3apsfa.

B ofmewm, mpome pa3pylmuTh TOPHYK MOPOAY PACTATHBAIOIIUM HAIPSDKEHUEM, XOTS €ro
UHTEHCUBHOCTB coctasisier 1/10~1/15 takoBoil y HanpspkeHus: naBienus. ClaenoBaTenbHO, KOTIa
COOTHOLIEHHE MEKCKBAXUHHOTO PpAacCTOSIHMSI 1O JJIMHE PSIOB  B3PBIBHBIX CKBAXUH M
NEePIEHINKYJISIPHOTO PAcCTOSIHUA MeXAy psgamu cocrasisier 1:1 (m= a/w= 1), nmamasoH
MEXXCKBRXMHHOTO 3aMEJIEHHUsT Ha METP pPacyeTHON JIMHUM HAUMEHbIIEro CONpPOTUBIIEHUS INpHU
B3PBIBAHUH WJIM PACCTOSIHUS MEXy CKBaskuHaMu coctasiisieT 0,43 mcek. ~ 0,8 Mcek. B OONbLIIMHCTBE
TUIIOB TOPHBIX MOPOX.

OtpaxkeHHOE TOJIe HANpPsDKEHUs, 00pa30BAaHHOE OTPAKEHHEM Ha CBOOOIHOM NMOBEPXHOCTH,
pacmpoCTpaHsIeTCsl U AOCTUTAeT BTOPOH B3pPbIBHOH ckBakuHbI 32 (0.43-0.8) Mc/M X a M, BHYTpH
kotoporo 100% oOnacteit pa3pyuieHHs, COOTBETCTBYIOIIMX TMEPBOH M BTOPOH B3PBHIBHBIM
CKBOXMHAM,  Jie)KaT  BHYTPU  BO3HUKIIETO M OTPAKEHHOrO  TMOJed  HampsDKeHUs,
PaCIpPOCTPAHSAIOLINXCS OT NMEPBON B3PbIBHON CKBAKUHBI.

CrnenoBarenbHO, HMHTEHCUBHOCTh OTPAXKEHHOTO MMOJISI HAINPSDKEHHsI, XOTsl OHa U ciadee, 4em
TAKOBAs y BOSHUKILETO IOJIS1 HAMIPSDKEHUS], OKa3bIBaeT OOJIBIIOE BJIUSHUE.

O¢phexTuBHOCTD BO3NEHCTBUS OTPAKEHHOTO MOJIST HAMPSDKEHHSI HA YJIYYIICHUE Pa3pyLIeHHsI
MOJKHO TaK)K€ JIOKa3aTh MPH IMOMOIIH B3PBIBOB C OOJIBIINM MEKCKBRKMHHBIM PACCTOSTHUEM.

ABTOpBI M300pETEHUs] M3YYHJIN MPOLIECC PACIPOCTPAHEHHUS B3PBIBHBIX BOJH Y B3PBIBOB C

OOJIBIINM  MEKCKBAKMHHBIM PacCTOAHUEM, U 3aKJIFOYHIIN, 4qTOo Koraa COOTHOIICHUE

2
MEKCKBAKMHHOTO PACCTOSIHUSI MO JJIMHE PSAAOB B3PBIBHBIX CKBAXKWH U MNEPHEHAUKYJSPHOTO
paccTosTHUSL MEXKIY psimamu yBemmuuBaeTcs oT 1:1 1o 4:1, obnacte pacnpocTpaHeHUs BOSHUKIINX U
OTPa’KEHHBIX HATIPSDKEHUH YBEIMIUBACTCS TOJILKO B 00JIACTH pa3pyIISHHs Ha B3PBIBHYIO CKBAKHUHY,

TaKUM 00pa3oM, yiydluas pa3pylieHue.

Ucnerranus, nposenennslie U. Langefors, nokazanu nydinee pa3pyueHe y B3pbIBOB ¢ OOJIBIINM
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MEXCKBRXHMHHBIM PACCTOSHUEM. OJTO IOKa3bIBAET, YTO OTPAKEHHbIE IOJI HANPSIKEHUS JaroT
BO3MO>KHOCTB YJIYULIEHHOT'O Pa3pyLIEHUs] TOPHOM MOPOBIL.

MakcuMaabHOE MEKCKBAKUHHOE 3aMEIJIEHUE MOKHO OTPAHUYUTh BPEMEHEM J10 NEPEMEILEHHUs
TOPHBIX ITOPOJ MOcie 00pPa30BaHUs TPEIIUH.

Ecnu pazmep TpeuyH BHyTpU TPECHYBIIEH FOPHOM MOPObI cocTapisieT 6osee 10 MM, TO MOXKHO
CUUTATh 3TU TPEIIUHBI CBOOOJHON MOBEPXHOCTHIO, B KAKOBOM CJIydae Ha CaMOM JieJie HEBO3MOXKHO
PacpOCTPaHATh B3PbIBHBIE BOJHBI BHYTPU TOPHON MOPOJBI.

Ccputasicb Ha pe3ysbTaThl BBICOKOCKOpOCTHOH (otorpaduu (Quarry management 19923
25~27p) u npyryro uHPOPMALIUIO, I/ie OBLIO PACKPBITO, YTO B OTKPBITHIX Kapbepax Kaxele 17 Mcek.,
33 mcek., 50 Mcek. rocye noApbIBa B3PBIBHON CKBa)KMHBI MPUBOAMIIN K NepeMerieHo 45%, 70%,
90% TOpHOW TOPOABl COOTBETCTBEHHO, AaBTOPBHI HACTOSILEr0 HM300PETEHHs OTrPaHUYIIIH
MAaKCUMAaJIbHBIA UHTEPBAJ 3aMejieHus 10 17 Mcexk..

CnenoBaTenbHO, MEKCKBAKUHHBIM MHTEpBall 3aMEIJIEHUS, KOTOpbIE JENaeT BO3MOXHBIM
HamIydIIee pa3pymeHne st OOJbIINHCTBA TUIIOB TOPHBIX MOPOJ U 00ECTIEUNBAET MAaJIble BBIYCK
JETOHALIMOHHOIO ra3a U 3ByKa, COCTABJISAET:
t= (0,182 ~ 0,334), (0,43 ~ 0,80) mc/M X a M

2) CpencTto aJist B3pbIBa U 3aMEJICHUS

MHorue aBTOpBI M300pETEHUH Mpenjarald CBOM MHEHHs, YTO BHYTPUCKBAKUHHBIN B3PBIB C
3aMeJIEHUEM MOXET YJIYyYIIUTh Pa3pylieHne rOPHON MOPOAbIL, HO TaKOH croco0 B3PBIBHBIX paldoT
IIUPOKO HE HCIIOJIb30BAJICS, B OCHOBHOM, H3-32 OTCYTCTBUSl NPAKTHYHOrO U 3()(HEeKTUBHOrO 1o
CTOMMOCTH CPEACTBA ISl B3PbIBA U 3aMEAJICHUS, KOTOPOE MOIJIO Obl 00ECHEeYNTh TOUHBIN MEPUO
3aMeJIJICHHs], U BBICOKOHAEKHOM B3PBIBHOM LIETIN.

Tax xak OHOHANPaBIEHHbIE HEAJIEKTPUUECKIE CUCTEMbl HHUIIMUPOBAHUS, TAKHE, KaK CUCTEMBI
NONEL, EXEL, SHOCK *STAR u SINB ¢ ucronb30BaHUEM JETOHATOPOB 3aMeIEHHOT'O IeHCTBUSI
C MEKCKBaKMHHBIM 3aMeJIeHHEM B 9 Mcek., 17 mMcek., 25 Mcek., 42 Mcek. 1 67 MCeK. 00eCTIeqrBaIOT
MEHBIIYI0 HaJeXHOCTb, 4Y€M JBYHANpaBjeHHas CHUCTEMa WMHULHUHUPOBAHUSA C JETOHHUPYIOLIUM
3arajgoM, TPU B3PBIBHBIX pabOTax B OTKPBITHIX Kapbepax MEpPBbIe HE TaK YaCTO UCIONB3YIOT, KaK
MOCJIETHIOK.

MeXCKBOKMHHOE 3aMEIJICHHEe MOJKHO O0ECIeUHMTh IPH IOMOLIH 3JEKTPOHHOH CHCTEMBI
WHHULUHPOBAHMS, TA€ CUCTEMA SIBIISIETCS MPOrPAMMHUPYEMOH, TaK, YTOObI KOHTPOJIHPOBATH TOYHBIE
UHTEpBaIIbl 3aMeuieHus. OIHaKo, MPOU3BOCTBEHHAsE CE0ECTOMMOCTb TAKOH CUCTEMBI OoJiee YeM B
5 pa3 Bblllle, U, KPOME TOrO, CHCTEMa IO/BEpKEHA BO3AEICTBHIO BHELIHMX MOMeEX, TaKUX Kak
3JIEKTPUYECKOE WM 3JIEKTPOMArHUTHOE MOJIE.

VY aBTOpPOB M300peTeHNs, HA OCHOBAHUM X Oojiee yeM S0-JIeTHEro NpOU3BOACTBEHHOTO OIBITA,

NosABUIIACh MPOCTass UACsA, YTO BbIHICYKA3dHHBIC 3ada4H MOXKHO pPEIINTb NPHU NOMOINHU AJIMHbI
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yIapHbIX TPYyOOK B ABYHAIPABIEHHBIX CHCTEMax HHULUHPOBAHUA, OOJiee IMPEANOYTUTENBHO, B
HESJIEKTPUYECKOH TMapajuleNibHOW cucreMe uHuuuupoBanusi Pulkkot, B KakoBoil cucreme
TOMYCKAeTCsl IBYHAIIPABIIEHHAS ITepelaya CUTHAJIOB HHUIIMUPOBAHUS YIAPHBIMU TPYyOKaMH, Kak 3TO
JEJIaI0T AETOHUPYIOIIUE 3aMaJlbl.

JleToHUpYyIOIKE 3ananbl UMEIOT CKOPOCTh aeToHanuu B 6000 ~ 6500 m/c, uto B 1,2 ~ 2 pasa
ObICTpee, YeM CKOPOCTh PACIPOCTPAHEHUS MPOIOJIbHBIX B3pbIBHBIX BOJIH (3000 ~ 5500 m/c) BHYTpH
TOPHOH TOpPOJBI, CJIENOBATEIbHO, HEBO3MOXKHO H30€KaTh BBINYCKA IETOHALMOHHOTO TIas3a,
00pa30BaHHOTO CTOJKHOBEHHEM B3PBIBHBIX BOJIH, PACIPOCTPAHSIOUINXCS OT B3PBIBHBIX CKBAYKUH,
0e3 TOMOIIM JETOHATOPOB 3aMEMJIEHHOTO JEeHCTBHSA, U, KPOME TOro, NPOHM3BOIACTBEHHAS
cebecTONMMOCTS BbILIE OoJiee YeM B 2 pasa.

YnapHyroo TpyOKy, Tak Kak ee CKOpOCTh IeToHauuu coctaisier 1600 ~ 2000 m/c, u BenuduHa
OTKJIOHeHUs1 cocTaBisieT 1,09%, MOXHO HCHOJB30BaTh Kak CPEACTBO U AN B3pbIBA, U JUIS
3aMeJlJIEeHHs, KOTOPOE€ MOJKET CJeaTh BO3MOXKHBIM PaclpOCTpaHEHHe MOJis HaNpshKEHUs] BHYTPU
APYTOro MOJIsl HAMPSDKEHHSI B OOJIBIINHCTBE THIIOB TOPHBIX MTOPOI.

B 3aBucumocTu ot ckopoctu aeroHaunu (D) yrnapHbx TpyOOK, HHTEPBaJBI 3aMeICHUS (tiaven)
Ha METP YAApHOH TPYOKH COCTABIISIIOT:

D=1631=+ 17,7 M/c, tsavexr = 0,613 £ 0,0063 mc/m;
D =2000 =+ 21,7 m/c, tsavexr = 0,50 £ 0,0051 mc/m.

Bo B3pbIBax B TYHHEJISX U LIAXTaxX NPEANOYTUTEIbHBIN AUana30H UHTepBaia 3ameieHus Ha 0,5
M MEKCKBA)KMHHOIO paccTtosiHus coctasisieT ot 0,1 mcek. 10 0,4 mcek..

Wurepsan 3amennenus, odecneunBaemMslii 0,5 merpa ynapHoi TpyOku, cocrasmser 0,25 ~ 0,30
MCEK..

Tak kxak anuHa ymapHOW TpyOKHM BapbupyeTcss OoT 2 M ~ 7,5 M, KOrZla MEXKCKBLKHHHOE
pPacCTOsIHUE MPU B3PbIBAX B OTKPBITBIX Kapbepax BapbUPyeTCs OT 2 M 10 7,5 M, MEKCKBa)KUHHBIN
WHTEepBaJ 3aMeyieHus Bappupyercs ot 1,0 mcek. 10 4,5 Mcexk..

Kak BunHO BbILIE, yaapHas TPyOKa, KOTOpast epeaaeT CUrHaJIbl MHULTMHPOBAHUS OT CKBAKUHBI
K CKBa)XXHMHE, obecreunBaeT Hauboiee TOYHbIH WHTEPBAJ 3aMEeJICHHUs C €€ JJIMHOMN, IMOTPEeIIHOCTb
koToporo He npesblmaer =0,0063 mcexk..

IlorpemtHOCTE WHTEpBaJa 3aMENJIEHUs] DJIEKTPOHHOIO JETOHATOpa COCTABIsET MeHee =+
0, Tmcex..

UroOBb! yIy4IIUTh HAIEKHOCTD B3PBIBHOH LienH, 7-20 B3PBIBHBIX CKBAXKHH 10 JUTMHE Psiia MOTYT
UMETh ABYHAIPABJICHHBIH COEIMHUTENbHBIA 3JIEMEHT 3aMelUIeHus (Kak MOoKa3aHo Ha durypax
HIDKE). YKa3aHHblE ABYHAIPABICHHBIE MEXPSIHbIE COCIUHUTENbHBIE 3JIEMEHTHI 3aMEIJICHHS
o0ecreunBaOT TMPOTUBOHANPABIEHHbIE W MIHOBEHHBbIE JEHCTBUS, TakuM o0Opa3oM, aBas

BO3MOXKHOCTDb I€pE€aaBaTb CUTrHAJIbI THULITUUPOBAHUSA OT 3aAHETO PsAAa K NEPEAHEMY pAAy, €CJiH, IPpU
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B3PBIB€ B OTKPBITOM Kapbepe, MEPCAHAA LECIb OKAMKCTCA OTpGSaHHOfI, B KOTOPOM MECKPAAHDBIC

YTO IIOCJHE€OHUN CUTHaJ

2

COEAMHUTENbHBIE 3JIEMEHTBl 3aMEMJICHHs PACIOJOXKEHbl Tak
WHULIUAPOBAHUS JOCTUTAET MOCIEAHEN B3PbIBHON CKBAXKMHBI NepenHero psiaa 3a 100 mcek. wnm 3a
BpeMsi, HE IIPEBBILIAIOIIEE €TO.

ABTOpbI HM300peTeHHs], WCIONb3Yysl BBILICNIPUBEICHHbIC NPUHLMIBL, PACKPBUIM B CBOEM
nokymenre WO 2008/146954 (4 nexabpss 2008 r.) HOBYH CHCTEMY WHHLIUHPOBAHUS
(HE’NIEKTPUUECKYIO TapaIESIbHYI CUCTeMy UHHUIIMUpOBaHus Pulkkot) ¢ MHOTOKOJIBLIEBOM LIETBIO,
cofep Kalieil mapajuieNbHbIi (BYHANPABICHHBIN) COEIUHUTENbHBIA SJIEMEHT Oe3 NeTOHATopa, U
yIapHYIO TPyOKy; MPH 3TOM CHCTEMY HCIIOJIb30BAIN B OTKPBITBIX Kapbepax Uit MACCOBOM BBIEMKH
¢ 1995 r. TlpousBoacTBeHHass Ce0ECTOMMOCTb CHUCTEMbI COCTaBsieT Juib 75% TakoBOH
onHoHanpasieHHbIX cucteM NONEL win EXEL, v Haie:)KHOCTh OTKPBITOH B3PBIBHON LIETTH SIBJISIETCS
NPEUMYIIECTBEHHONH OTHOCUTEIBHO TAKOBOH Y 3JIEKTPOHHOH cucTeMbl. Cioco B3pbIBa ¢ KOPOTKUM
MEKCKBAXMHHBIM ~HHTEPBAJIOM 3aMEUIEHHUs, B KOTOPOM HCIIOJB3YETCS HEIJIEKTPHUECKas
napajjienbHasi cucreMa wuHuLMHpoBanus Pulkkof, yxe Ob1 BBemeH B ymoTpeOJeHHE B
KpynHOMaciuTabHble B3pbIBHbIE Pa0OTHI HA OTKPBITOM MPOCTPAHCTBE MHOTO pas3, M MPOU3BeEN Ooee
1,% MuIMOHa TOHH PyZibl U TOPHOM MTOPOABI.

B Hacrosimmem wn3o0pereHnn mnpenioxkeHo 3((EeKTUBHOE HCIONB30BAaHUE JIMHBI yIAPHOM
TpyOKH, KOTOPOMY MNpPHAABAJIOCh MEHbINE 3HAYEHHs B OOBIYHBIX HEIIEKTPHUECKUX CHCTEMAx
unnuuupoBanus (takux kak NONEL, EXEL, SHOCK *STAR, SINB), ynpaBisromumMu
MEKCKBXXMHHBIM 3aMe/IJIEHHEM IPU MOMOIIM JAE€TOHATOPOB 3aMeANieHHOro aeicraus. 0,1 mcek. ~
4,5 Mcex., KOPOTKHI MEKCKBXMHHBIN MHTEPBAJ 3aMeJIeHHUs], 00eCeYrBaeMblil JITMHONW JyapHOH
TpyOKH, BbIpa0aThIBa€T M0 AETOHAIIMOHHOIO rasa W 3ByKa, TakuM obOpas3om, mpuiarast B 1,5
OOJNBLIYIO SHEPTHUIO, IO CPABHEHHUIO CO CIIOCOOOM C MCMOJIb30BAHHEM JIE€TOHATOPOB 3aMEIJICHHOTO
JNENUCTBHSI ¢ MEXKCKBAKMHHBIMH 3aMeUIEHUSIMU B OMcek., 17mcek., 25Mc, 42Mmcek. 1 67MceK., YTOOBI

CYLLECTBEHHO YJIYYIIUTh Pa3pyLICHHE.

Onucanue yeprexeil

Ha ®ur. 1 nokasana B3pbIBHas LeNb C KOPOTKUM MEKCKBAKUHHBIM HUHTEPBAJIOM 3aMEJICHUS B
OTKPBITBIX Kapbepax C MEXCKBAKMHHBIM HHTEPBAJIOM 3aMeuieHus B 2,% MCEK. U MEXPSIHbIM
WHTEPBAJIOM 3aMeAJIeHUs B 45 Mcex.

Ha ®ur. 2 nokazaH npouecc pa3pyLIeHHUs.

Ha ®ur. 3 noka3aHa B3pbIBHAs1 LIETlb C KOPOTKUM MEXCKBAKMHHBIM MUHTEPBAJIOM 3aMEAJICHHUS
BHYTPU TYHHEJIEH C MEXKCKBAXHUHHBIM HMHTEpBaJIOM 3amenieHust B 0,1 Mcek. U MeXpsaHBIM
HUHTEPBAJIOM 3ameasieHus B 30 mcex.

Ha ®ur. 4 nokazana B3pbIBHAs LICIb C KOPOTKHUM MECIKCKBAKMHHBIM UHTEPBAJIOM 3aMCIJICHUS B
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OTKPBITBIX W MOA3EMHBIX WLIAXTAaX C MEKCKBAXKUHHBIM HMHTEPBAJIOM 3aMelJIeHHs B 1 Mcek. u
MEXKPsIIHBIM UHTEPBAJIOM 3aMezieHus B 30 MCcek.

Ha ®ur. 5 nokasana B3pbIBHas L€Nb C KOPOTKUM MEKCKBAKUHHBIM HHTEPBAJIOM 3aMEJICHUS B
OTKPBITBIX Kapbepax C MEKCKBAXUHHBIM HHTEPBAJIOM 3aMEIJIEHHs B 2 MCEK. U MEXPSAHBIM
HUHTEPBAJIOM 3aMeJJICHUs B 45 MCeK.

Ha ®ur. 6 noka3zaHa B3pbIBHAasI LIETIb ¢ KOPOTKUM MEKCKBAXKMHHBIM HHTEPBAJIOM 3aMEJICHUS B
OTKpPBITBIX Kapbepax C MEKCKBAXUHHBIM HHTEPBAJIOM 3aMENJICHUsT B 3 MCEK. U MEXPSAHBIM
HMHTEPBAJIOM 3aMeAJIeHUs B 45 Mcek.

Ha ®ur. 7 noka3ana B3pbIBHas LieNlb C KOPOTKUM MEKCKBAKMHHBIM MHTEPBAJIOM 3aMEJICHUS B
OTKPBITBIX Kapbepax € MEXKCKBAKUHHBIM HHTEPBAJIOM 3aMeJIeHUs B 3,5 MCEK. U MEXPSAHBIM
WHTEPBAJIOM 3aMeAJIeHUs B 45 Mcex.

ITepeyeHb MO3MIMOHHBIX O0O3HAYECHUH !

1 JIByHampaBlieHHasi yoapHas TpyOka

2 JIByHamnpaBJICHHBII MEXPSAAHBIA COEAUHUTENIBHBIN 3JIEMEHT 3aMeAJICHUS

3 IlapannenbHbIi COEAUHUTEIbHBIN 3JIEMEHT

4 HHTepBaJ'I 3aMEJICHH B MUJUJIMCEKYyHOaxX
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dopmyJia uzodpereHust

1. Crioco0 B3ppIBa TOPHBIX MOPOJI, B KOTOPOM B3PBIBHBIE CKBKUHBI TIOAPBIBAIOT C KOPOTKUM
MEKCKBOKMHHBIM HMHTEPBAJIOM 3aMEJICHUs, TaK, YTOOBl MPUIOXKHUTh MAaKCHMAJbHYIO
SHEPrHI0 K FOPHOM Mopoze U NpeAoTBPAaTUTh BHICBOOOKAEHNUE HEPTUU B3pbIBA B BBINYCK
JETOHALOHHOTO Tra3a M BBIPAOOTKY M3JIMIIHErO 3ByKa, MPU 5TOM CIIOCOO COAEPIKUT CTAIMH!

- Oypenus 2 nnu GoJee psiioB B3PbIBHBIX CKBAXKHH B TOPHOH MOPOJAE, I'e P COCTOUT U3
oT 2 10 25 unu 6oJiee B3PBIBHBIX CKBAKHMH, IIPH STOM Ka1asi U3 B3PbIBHBIX CKBAJKUH I10
JUIMHE DPsiia U MEXKIY HUMHU SIBJISIETCSl COCEAHEH OTHOCHUTENBHO IPYroil B3pbIBHOU
CKBA)KUHBI,
- 3arpy3KH B3pPBIBHOTIO 3apsifia B KAKAYIO U3 B3PbIBHBIX CKBAKHH,
- COEIUHEHUs] Ka)XI0r0 U3 B3PBIBHBIX 3apsII0B CO CPEACTBOM MHULIMUPOBAHUS B3PbIBA;, U
NPUBEACHUS B IEHCTBHE B3PBIBHBIX 3apsI0B IIPU NOMOIIY MPUCOESAUHEHHOIO CPENCTBa
WHULIMHUPOBAHMS B3PBIBA, TAKUM 00pa30oM, YTOOBI KaK/IbIi B3PBIBHOM 3apsi/i MOAPBIBAJICS
ObI C KOPOTKUM MEKCKBOKUHHBIM MHTEPBAJIOM 3aMeIUICHHUS, TAKUM 00pa3oM, MOIPbIBAsT
B3PBIBHYIO CKBaXXUHY BHYTpPH OJIA HAIPSIKEHUS, IpPEeBAPUTENILHO
pPacnpoCTPAHUBLIErOCs OT NPEAbIAYLIEH COCEIHEN B3PbIBHOU CKBAKUHBI,
B KOTOPOM JJIs1 OOJIBIIMHCTBA TUIIOB FOPHBIX IMOPOJ KOPOTKUN MEKCKBAKHMHHBIM HHTEPBAJ
3aMEJUICHMs, BHYTPU KOTOPOrO IIOJI€ HANpPSKEHUs PacHpOCTPAHAETCs BHYTPU ITOJIA
Hanpsiokenusi, Bappupyercs ot 0,182 mcek. 1o 0,334 mcek. u ot 0,43 mcek. 1o 0,80 mcek. Ha
METP MMHMMAJIbHOW PACcUETHON JINHUU HAUMEHBLIETO CONPOTUBIIEHUS NPU B3PbIBAHUH WUJIH
MEXCKBAKMHHOT'O PACCTOSTHUS.

2. Crnioco0 mo 1. 1, OTIMYAOLIMIACS TEM, YTO, B 3aBHCUMOCTH OT THIIA TOPHOM MOPOJIbI KOPOTKUI
MEKCKBXHMHHBIN HHTEpBa] 3amennieHus B 0,182 mcek. — 0,334 mcek. mpencrasisier coO0i
KOPOTKHUI HMHTEPBAJ 3aMEAJICHUs], KOTOPbII MaKCUMHU3HPYET HAIpsDKEHUE OT BO3AEHCTBUSA
JaBJIEHHS] HA METP MEKCKBAKUHHOTO PACCTOSIHHS, TAKMM 00Pa30M, BbI3bIBasi MAKCHMAIIbHOE
nepeMelleHre HaBajla OTOUTOH IOPOXAbI U YCTAJOCTHOE paspylIeHue, TaKuM o0pasoM,
BBICBOOOJKIast MAKCHMAJIbHYIO SHEPTHIO B3PbIBA B Pa3pyLISHHE TOPHOH MOPOIBL.

3. Crmoco® mo m. 1, OoTAMYarOIMMIACS TeM, 4YTO, €CIM COOTHOIIEHHE MEKCKBAKUHHOTO
PacCTOSIHUS 110 AJIMHE PsAIOB B3PBIBHBIX CKBAXXKUH U NEPIEHANKYJIIPHOTO PACCTOSIHUS MEXAY
psinamu coctaisier 1:1 (m=a/w=1), MeXCKBa)KMHHBIN HHTEPBaJ 3aMmeieHus B 0,43 Mcek. ~
0,80 Mcek. Ha METp MUHMMAJIBHOW PAaCcUETHON JIMHUM HAUMEHBIIErO CONPOTHUBJIEHUS MPU
B3PBIBAHUHM  TPEACTaBIsA€T COOOW  KOPOTKMH  HHTEpPBAJ  3aMEMJIEHUs,  KOTOPBIH
MAaKCUMU3HUPYET BO3AECUCTBUE PACTATUBAKOLIErO HAIPSKEHUS.

4. Crnoco® mo m. 1, oTIMyaroImuiics TeM, 4TO IMOJAPHIB BEPXHEH YacTH KOJOHKH B3PbIBUATOTIO
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BEIIlECTBA [IPOM3BOJUT MAJIO€ KOJIMYECTBO JETOHALIMOHHOIO Ta3a U U3JIMILHErO 3ByKa, TAKUM
o0pa3oM, peaoTBpalLas MOTEePIO SHEPTUH B3PbIBA.

Croco® mo m. 1, ornmuaromuiicss TeM, 4To 7-20 B3PBIBHBIX CKBAXKUH [0 JUIMHE psifa
COEMHEHBb! [IBYHAIPABIEHHBIM MEXPSAHBIM COEIMHUTEIbHBIM 3JIEMEHTOM 3aMeJIeHMUs],
TaKUM 00pa3oM, yJydlnas HaAe>KHOCTb B3PbIBHOI LIETTH.

Cnocob no 1. 1, oTuYaroImuics TeM, 4TO B OTKPBITOI B3PBIBHOI LIeNH, TA€ MEPEaHss Lenb
OTpe3aHa, W, TaKUM OOpa3oM CHUTHAJ WHULUHMPOBAHMS IEPENaeTcs OT 3aJHEro psama K
nepesHeMy Py, IPU 3TOM MEKPSAHbIE COeIMHUTEIbHBIE 3JIEMEHTHI PACIIONIOXKEHBI TaK, YTO
MOCJIEHUN CUTHAJ HHULMMPOBAHUS TOCTUTaeT MOoCceHeN B3PbIBHOW CKBaKUHBI [IEPEAHETO
psina 3a 100 mcek. UM 3a BpeMsi, He MPEBBILIAIOLIee ero, IAe MeXpsAaHble COeAMHUTEIbHbIE
3JIEMEHTHI 3aMeJICHHUs] 00ECTIeYNBAIOT MPOTHBOHAIIPABIEHHBIE 1 MTHOBEHHBIE JIEHCTBUS.
Cnoco6 no 1.1, oTnyaromuiics TeM, 9TO COOTHOLIEHHE MEXPSAHOTO HHTEPBAJIA 3aMe JICHHs]
1 MEKCKBOKUHHOTO MHTEpBaJa 3aMeJICHHUSI.

CpenctBo sl B3pbIBA M 3aMEIUICHUS ISl O0OECIIEYEHHS KOPOTKOTO MEKCKBKHHHOTO
UHTEpBaja 3aMmemjieHus mo 1m 1

OTIIMYarIIEeCa  TEM. YTO  HESJICKTPpUUICCKaA

2 2

IBYHANpaBJeHHAasl CHCTeMa MoapbiBa, Takasg, kak PULKKOT obecneunBaeT TOYHBIHI
MEKCKBOXMHHBIM WHTEpPBAJ 3aMEUIEHHUs] JUIMHON yaapHOH TPyOKH, KOTOpas SIBISETCS
HeoOXOIMMOMH JJIst epejadl CUTHAJIOB HHUIIMMPOBAHUS BO B3PBbIBHbIE CKBAXKHHBI.

CpenctBo s B3pbIBA M 3aMeIUIEHUs] Al OOECIeYeHUsT KOPOTKOTO MEXCKBaKMHHOTO
UHTEpBala 3aMeMJIeHusl MO M. 1, OoTiaMvarolieecss Te€M, 4TO B 3aBUCHUMOCTH OT 0O0JacTu
B3PBIBHBIX Pa0OT MO OOBIMHONH METONOJIOTHHU 3JIEKTPOHHASI CUCTEMa MHULIMUPOBAHUS MOXKET

00€eCITeYnTh TOUHBINH MEKCKBAKHUHHBIH HUHTEPBAJI 3aMEIJICHUS.
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