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OBIIAA XAPAKTEPUCTUKA PABOTBI

AKTYaJIbHOCTh TeMbl HcciaenoBanus. Ha maxrtax YkpauHsl ¢ mepexogom
paboT Ha TIIyOOKHE TOPU30HTHI, YBETUUEHUEM MPOTSIKEHHOCTH TOPHBIX BhIPAaOOTOK
U Tra3000MIBHOCTH CTAHOBUTCS MPOOJIEMATHUYHBIM AKTUBHOE TYUIEHHE MOXKapOB U
JUKBUJALUS TOCIEACTBUI B3PbIBOB METAHOBO3IYIIHBIX CMECEN M YTOJIBHOM INBLIN.
OnacHOCTh ATOTO BHJIA aBapyil BEJIMKA €HI€ U MOTOMY, YTO IOKApPbl B YTOJBHBIX
[1axTax, OMacHBIX O a3y, MOTYT COITPOBOXKIATHCS B3PhIBAMU, a B3PHIBbI BBI3HIBAThH
HOBBIE MOKAapPHI.

CornacHo CTaTHCTUYECKMM JAaHHBIM OKOJIO 90 % B3pBIBOB M BCIBILIEK
METaHa B YrOJIbHBIX IIaXTaX MPOUCXOAAT M3-3a IMOBBIIMIEHHOW KOHUEHTpAIUU
MeTaHa B BbIpaOOTKax B pe3yJIbTaTe UX 3ara30BaHHOCTH.

VY4YeHbIMU U CHIENUANKNCTAMU Pa3HbIX CTPaH HAKOIJIEH M CUCTEMATU3UPOBAH
3HAUMUTENIbHBIM 3KCIEPUMEHTAIBHBIM MaTepuanl IO 3ara30BaHHOCTH TOPHBIX
BBIPa0OTOK TIpHM pa3IMYHBIX Ta30JMHAMUYECKUX Tpolieccax. TemM He MeHee
AMIIUPUYECKUH XapaKTep MOJTYyUYECHHBIX 3aBUCHUMOCTEN HE MO3BOJIAET UCIIOIb30BAThH
UX BHE BBIMIOJIHEHHOTO JIMAIa30Ha 3KCIEPUMEHTAIbHBIX UCCIIEIOBAHUNA MO NEOUTY
MeTaHa, PacXxoJly ¥ CKOPOCTH BO3/yXa, MapamMeTpaM BbIPaOOTOK.

Bo BpeMs B3pbhIBOB Ta30NbLICBO3AYIIHBIX CMECE B YroOJIbHBIX IIaxTax
BO3HUKAIOT BO3MYIIHBIE YAapHBIE BOJIHBI, KOTOpbIE 00JaIal0T OOJBIINM 3aracoM
SHEPIrUM M CIOCOOHBI PACHpPOCTPAHATHCA Ha OOJIBIIKE PACCTOSHUSA 10 TOPHBIM
BbIpaboTkaM.  Beimomunennesie B 80-X  rogax — mpoLUIOr0  CTOJIETHUS
AKCHEPUMEHTAIbHBIE HCCIEAOBAaHMS NAapaMETPOB BO3AYIIHBIX YAAPHBIX BOJH,
BO3HHUKAIONINX BO BPEMsl B3PHIBOB ra3a M yroJIbHOW MBLJIM B TOPHBIX BBIPAOOTKAX,
MO3BOJIMIIN Pa3paboTaTh METOAMKY OIPEACIICHUS MapaMeTPOB BO3AYIITHBIX YAAPHBIX
BOJIH TIPU B3PbIBaX ra30B U MBUIH B TOPHBIX BRIPAOOTKaX (0€30MaCHBIX PACCTOSIHUM).

VYKka3zaHHas METOJMKA UMEET PsiJi CYIIECTBEHHBIX HEJOCTATKOB, B TOM YHUCIIE
HE COJIEP)KUT PACUYETHBIX JIaHHBIX O 3ara30BaHHOCTH TOPHBIX BBIPAOOTOK [0
B3PBIBOOIACHBIX KOHILIEHTpanui. Pacu€rbl pgaBineHWs 10 Mepe 3aTyXaHus
BO3IYLIHBIX YJAPHBIX BOJIH MPU JBHKEHUU 10 TOPHBIM BBIPAOOTKAM OCHOBAaHBI Ha
CTaTUYECKOM METOJE OIpEAeiIeHUs H30BITOYHOTO JaBJICHUS M HE YUYHUTHIBAIOT
JUHAMHKA BO BpPEMEHU BO3AYIIHBIX YIAPHBIX BOJH, HX OTpPaXEHUs NpU
CTOJIKHOBEHHH C TEpEeMbIYKaMU W 3a005SMU TYNHKOBBIX BBIPAOOTOK, a MOTEpHU
JaBJICHUS HA COMNPSDKCHUSX BBIPAOOTOK MpPUHUMAIOTCS 0€3 ydéra CKOpPOCTH
JBH>KEHUS CMECH Ta30B U €€ TeMIEPaTypPBhl.

Bce ckazanHOe MpUBOAUT K TOMY, 4TO O€30MacHOE pPAcCTOSHUE OT MecTa
B3pbIBAa JO MECTa BEACHUS TOPHOCHACATEIBHBIX PAOOT ONpENENsieTcs HEBEPHO.
XapakTepHbIM NPUMEpPOM  MOXKET ciayxkuTb aBapus Ha All «Illaxra
uM. A.D. 3acsaabko», rlie BO BpeMsi BO3BEACHHUS B3PHIBOYCTOMUMBBIX MEPEMBIYEK
MOTru0JI TOPHOCTIACATEINH.

JI71s1 3aIUThI TOJ3EMHBIX COOPYKEHUM, KOMMYHUKAIIUN U 000pyJ0OBaHUs OT
BO3JICMCTBUSL BO3AYIIHBIX YIAPHBIX BOJH W H30JSIIUM aBApUUHBIX YYaCTKOB
MPUMEHSIIOT pa3JIMuHble KOHCTPYKIMU B3PHIBOYCTOMUMBBIX MEPEMBIUEK, OJIHAKO
BBIOOp KOHCTPYKIIMU U MaTepuaa Jjisi HUX He 000CHOBAH.



4

Bce ckazaHHOe BbIlIE TOBOPUT 00 AaKTyaJIbHOCTH M HEOOXOJUMOCTH
KOMIUIEKCHOTO PEIIEHUSI BAKHOM HAYYHO-TEXHHYECKOW MpOOIEMBI OOecTieueHUs
0€30MacHOCTH BEACHUS TOPHOCIACATEIBHBIX PadOT MpPHU HM3OJSAIUU MOKAapOB Ha
YTOJIBHBIX MIaXTaX, OMACHBIX MO Ta3y U MBLUIH.

CreneHb pa3padOTAaHHOCTH TeMbl MCCJIeI0BaHMsA. TeMaTMKa U YPOBEHb
pa3paboTok cooTBeTCTBYIOT «lIporpamMmMe moBBIIIeHUS O€30MacHOCTH paboT Ha
yriuenoO0bIBalONINX H  IIaXTOCTPOUTENBHBIX  NPEANPUATHAX», YTBEP)KJICHHOUN
Kabunerom MunuctpoB VYkpauaslr 29.03.2006 Ne 374 ¢ u3MEHEHHSIMHU,
BHECEHHBIMU NocTaHOBNIeHHeM Kabunera MunuctpoB Ykpaunsl 18.05.2011 Ne 521.
Couckatenb TpUHMMAJI YydYacThe KaK pYKOBOIAWTENb WJIA OTBETCTBEHHBIH
UCTIOJHHUTENh B pabore mo Temam «Pa3paboTath HOBYIO peNakKiHio ,,YCTaBa IO
OpraHu3alMd M BEJEHUI0 TopHocnacarenbHbix pador I'BI'CC MUC JIHP”»,
«Pazpabotka COY «Meroaunka omnpeaeraeHusi napamMeTpoB BO3AYIIHBIX YAApHBIX
BOJH W 0€30MacHBIX pACCTOSHUNM TpPH B3pbIBaX Tra3oB W TBUIM B TOPHBIX
BbIpaboTkax» (Ne I'P 0109U0097649), «Pa3pabdotka orpacneBoro crangapra (COY)
«IIlaxTHBIE B3PHIBOYCTOWYNBBIC M3OIHPYIONIHE coopykeHUs. OOmue TeXHUIeCKHe
tpeboBanus» (Ne I'P 0108U005875), «Pa3paborka orpacieBoro cranmapra (COY)
«BeHTUNSIIMOHHbBIE, W30JUPYIONINE ¥ B3PHIBOYCTOHYHMBBIC MEPEMBIYKH IIPH
JVKBUIAIMY aBapyuid B YTOJIBHBIX ImaxTaX. KOHCTpyKIKs, MaTepHabl U TEXHOJIOTUS
Bo3BeneHus» (Ne I'P 0109U006491), «MccnenoBanue xapaktepa GOpMHUPOBaHUS U
OTpaXeHHUsS YIApHBIX BOJH TMIPU B3pbIBAaX METaHA B TOPHBIX BBIPAOOTKAX)
(1991110065), «HccrmenoBanue pacupOCTpaHEHUS W B3aUMOJCHCTBHS yIapHBIX
BOJIH MPHU TIOBTOPHBIX B3phIBAX METaHA B CETH T'OPHBIX BBIpaboTok» (1991210599),
«MccnenoBanue xapakTepa B3pHIBOMOJABICHUS YAAPHBIX BOJIH TMEPEMbIYKAMM)
(1991210125).

ean u 3axauu ucciaenoBanuii. Llenp paboTel — obecreuenre 6€30MaCHOCTH
BEJICHUS TOpHOCTAcATEeNbHBIX pabOT MpH H3OJALMHU TOXAPOB B  YCIOBHSX
MOTEHIIUATBHON YIrPO3bl B3PbIBA METAHOIBLICBO3AYIITHBIX CMECEH.

B cooTBeTcTBUM € MOCTAaBIEHHOM EBIO OMPEAETICHbI U PEIICHBI CIEIYIONTNe
3a/1auu:

® BBHINIOJIHUTH aHAU3 COCTOSHUS PEHICHUS MPOOJIeMbl B3PBIBO3AIIMUTH TPHU
U30JISLIMU TI0KAPOB;

® HCCJIEIOBATh HECTALIMOHAPHBIE MPOIECCHl BHE3AITHOI'O BBIJIEICHHUS METaHa B
TOPHBIX BBIPAOOTKAX W YCTAaHOBUTH 3aKOHOMEPHOCTH (HOPMHUPOBAHUS
B3PBIBOONIACHOW CPEIbI;

® BBIMOJIHUTH TEOPETUUYECKHE MCCIEAOBAaHUS IPOLECCOB (OPMUPOBAHUS U
pactpoCTpaHEeHHs] BO3MYIIHBIX YAAPHBIX BOJH TPH B3pHIBaX METaHAa W
YTOJIbHOMU TBUTH B CIIOKHOW CETH TOPHBIX BHIPAOOTOK;

e pa3paboTaTh ANTOPUTM H MPOTPaMMy pacyeTa MmapaMeTpOB pacIPOCTPAHCHUS
BO3/YIIHBIX YJAPHBIX BOJH B TOPHBIX BBIPAOOTKAX C IEJIBIO OMPEACICHUS
0€30MacHBIX PACCTOSHMIA OT SMUIICHTPA B3PHIBA;

® JWCCIIEIOBaTh BO3JCWUCTBHE BO3IYIIHBIX YAAPHBIX BOJH Ha PpPa3IUYHBIC
Mperpajbl ¥ CPEICTBA B3PHIBOIIOAABICHUS,
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e pa3paboTaTh MaTEMaTUYECKYIO MOJIENIb HaMpsKEHHO-Ie(POPMUPOBAHHOTO
COCTOSIHUSL B3PBIBOYCTOWYMBON MEPEMBIUKH, OMPENEIUTh €€ MPOYHOCTH B
3aBUCUMOCTH OT MEXAaHUYECKUX XapaKTEPUCTHUK MaTepuasia, YCIOBUU
Harpy>keHusi ¥ IOTIEPEUHOT0 CEUCHUSI TOPHOM BBIPaOOTKHU;

e pa3paboraTh CMOCOOBI M TEXHUYECKHWE CPEJCTBA B3PHIBOMOJABICHUS TIPU
U3OJISIIIUU TTOXKAPOB.

O0bekT MccaenoBanust — odecrieyeHue 0E30MACHOCTU TOPHOCIACATEIbHBIX
paboT mpu U3OJISIIIUU TTOKAPOB B YTOJIBHBIX IIaXTax.

IIpeameT wuccieoBaHUsi — TMPOLIECCHI U 3aKOHOMEPHOCTH OOpa3oBaHUs
BO3JIYIITHBIX ~ yAQpPHBIX BOJH B TOPHBIX BBIPAaOOTKaX, a Takxke MYyTH
COBEPIIICHCTBOBAHUS MEP U CPEJICTB UX MOJAABICHUS U JIOKAJIU3AIUH.

Hay4yHnasi HOBH3HA MOJIyYeHHBIX Pe3yJabTATOB

1. Bnepesuvie:

® PACKpHIT MeXaHU3M OOpa30BaHUS BO3YIIHBIX yJapHBIX BOJIH TPHU B3pbIBAX
METaHOIBUICBO3IYIITHBIX CMECel B TOPHBIX BhIPAOOTKAX, 3aKJIFOYAIOITUNICS B
TOM, YTO BO3HUKHOBEHHE HMCTOUYHMKA 3a)KUTAHUSI TPUBOJIUT K OBICTPOMY,
IIEMTHOMY PAaCIpPOCTPAHCHHUIO TOPEHMsI 1O BCEMY B3PBIBOOTIACHOMY O0BEMY
(koHIIEHTpaIMs MeTaHa oT 5 110 15 %) ¢ BeIAeIeHHEM OOJBIIOT0 KOJIUYECTBA
TEIJIOThI, OOpa30BaHMEM CKA4YKOB TEeMIIEpaTyphbl, JaBJIEHHUS, TUIOTHOCTU
CMECH T'a30B U BO3BHUKHOBEHUEM BO3YIIHBIX YAAPHBIX BOJH. JTO IMO3BOJIHIO
000CHOBaTh HCIOJBb30BAaHUE B YPAaBHEHUU HHEPruv (YHKIIMU HUCTOUYHUKA
BBIJICJICHUSI TEIUIOTHI C YYE€TOM CKOPOCTH PACHPOCTPAaHEHHs IUIAMEHU Ha
y4acTKE 3ara3oBaHHOM 30HbBI [JII YCTAaHOBJIEHHUS XapaKTepa MOBBIIICHUS
JaBJICHUS B aBapUIHOM BBIPAOOTKE;

® YCTAaHOBJICHBl 3aBUCHMOCTH TIapaMETpPOB pACIPOCTPAHEHUS BO3AYIIHBIX
YIApHBIX BOJH B CKBO3HBIX, TYINHKOBBIX M HW30JUPOBAHHBIX TOPHBIX
BBIpa0OTKAaX TMpU  Pa3IMYHOM  HAYAIbHOM  HW30BITOYHOM  JIaBJIICHUH
(mo 0,1 MIla — no3BykoBoe u cBoime 0,1 MIla — cBepX3BykKOBOE TE€UE€HHUE
raza), OT a3pOAUMHAMHYECKOTO CONPOTHBJIEHUS U TIEOMETPUUYECKHUX
mapaMeTpoB BHIPAOOTOK, a TaKXKE HAIUYUS MPErpajl, BHI3BIBAIONIUX CKAYKU
JaBiIeHUS. DTO TO3BONIMIO pa3paboTaTh alrOpUTM M MPOrpaMMy pacuera
JUHAMHUK{ BO3AYIIHBIX YAAPHBIX BOJH B CETU FOPHBIX BBHIPAOOTOK C y4ETOM
NOTEPh JAABJICHUS B MECTAX COMPSIKEHUI pa3IuyHOro BUJIA;

® YTOYHEH MEXaHW3M paCHpOCTPAHEHUS M B3aUMOJEHCTBUE BO3IYIIHBIX
YIApHBIX BOJIH C Pa3JWYHBIMU THUIIAMU Tperpaj M IMEpeMblYeK IpHU
pacpoCTpaHEHUH MO CETH TOPHBIX BBIPAOOTOK. YCTAHOBJIEHO, YTO TPH
B3aMMOJICICTBUM  BO3JAYLIHOW  YyJApHOM  BOJHBI CO  «CKBO3HBIMHY
KOHCTPYKIIMSIMHU, TUTA TapalIfoTHAas IMEepEeMbIuKa, HAOIIOMAeTCs CHUKCHHE
naeineHust Bo (¢GpoHTe BoiaHbI Ha 20 — 25 %, oTpaxkeHHash BOJHA HeE
reHepupyercs, a (QPOHT TUIAMEHH, TMPOXOJAs dYepe3  IEePEMBIUKY,
pacnpocTtpansiercsi Ha pacctosiHue 10 100 M OT smuineHTpa B3pbhIBA U IIPH
OTCYTCTBUM B3BEIIEHHOW TMBUIM — 3aTyXaeT; IMpU B3aUMOJECHCTBUU
BO3JIYIITHOM y/IapHOM BOJIHBI C OAATIMBBIMU PEOJIOTUYECKUMU CPEIaMu THUIIA
MEHHBIX MEPEMbIUYEK MPOUCXOAUT IUIABHOE JEeMII(PUPOBAHUE AABJICHUS BO
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(bpoHTE BO3AYLIHON YJapHOUN BOIHBI, CHUYKEHHUE €€ KUHETUYECKOU IHEPTUM U
MOJIHOE TalleHWe IUIAMEHH, B pe3ylbTaTe Yero HaOII0JaeTcs pe3Koe
YMEHBIICHUE €€ CKOPOCTU HUKE 3BYKOBOM; IIPU B3aUMOJIECHCTBUU BO3AYIIHOU
yIapHOW BOJIHBI C TMOPOJAHBIMHU 3aBajlaMH, THUIICOBBIMU WJIM OETOHHBIMU
nepeMbIYKaMH TTPOUCXOIUT PE3KUI CKAuOK JaBJeHUs BO ()POHTE BO3IYIIHOM
YIAAPHOW BOJIHBI, B PE3YJbTATE YEr0 [ABICHUE OTPAXKEHHOW BO3AYLIHON
yAapHON BOJHBI MOJKET MPEBbINIATh IE€pBOHaYaibHOE B 3 — 7 pa3.
[TonyueHHble pe3ynabTaThl MMO3BOJMIA pa3paboTaTh TEXHOJOTUIO TEHHOU
3alUTHl TUIICOBBIX M OCTOHHBIX TMEPEMBbIYEK B TEUYEHHUE BpPEMEHU
«CXBaTBIBAHUS» BSKYIIETO pacTBOpa W MPUOOPETCHHUS TEPEMBIYKON
3a/IaHHBIX CTPYKTYPHO-MEXaHUYECKUX CBOMCTB;

000CHOBaHa  BO3MOXKHOCTb U 00JIaCTh ~ NPUMEHEHHS  Pa3IUYHBIX
UCKYCCTBEHHBIX TMperpaja (MEeHHbIe U TMOPOJHBIE MPOOKHU, TMapaIIOTHHIC
NEePEMBbIYKH, BOJHBIC M CJIAHIEBBIC 3aCJIOHBI) JJIsI TalleHUS BO3YIIHBIX
yYIApHBIX BOJIH B CETU TOPHBIX BBIPAOOTOK, YTO IIO3BOJISIET COKPATUTH
Oe30MacHbpIe PACCTOSIHUS MECT BEACHHUS TOpPHOCIACATENIbHBIX paboT mpu
yIpO3€ B3pbIBa METAHOIBUICBO3YIIHBIX cMeceil. Tak, 3amojiHeHue TOPHOU
BBIPAOOTKHU TIO0 BCEMY IOINEPEYHOMY CEUYCHHUIO MEHHBIMHM MPOOKAMH JIJIMHOU
He MeHee 180 M, a mopoIHbIMU TPOOKAMK HE MeHee 6 M MPUBOJIUT K PE3KOMY
COKpAILIEHUIO PACHpPOCTPAHEHHS] TUIAMEHM U CHIDKEHHMIO H30BITOYHOTO
JaBJICHUS B BO3AYIIHOW ynapHoi BoiHe 110 0,01 MIla;

TEOpETUYECKHU  OOOCHOBAaHBI U JKCIEPUMEHTATBHO  TMOATBEPKICHBI
palMOHAaJIbHBIE TIapaMeTphl THUIICOBOW B3PBIBOYCTOWYMBOW IEPEMBIUKH,
oOecrieunBaroiield  0€30MaCHOCTh aBAPUMHO-CIACATENBHBIX PaboOT  MpH
M30JSILIUH TTOKapHOTO Y4acTKa B YCJIOBHSIX MOTEHUHMAIBHOW yrpo3bl B3pbIBa
METaHOIBUIEBO3IYIIIHBIX CMECEH. YCTAaHOBJIEHAa 3aBHCUMOCTH TOJIIHHBI
B3PBIBOYCTOMYMBOM MEPEMBIYKA OT IUIOLIAAMA IONEPEYHOTO CEUYECHUS
BBIPA0OTKH, TIIYOMHBI MECTa BO3BEICHHS, MPOYHOCTHBIX XapaKTEPUCTHUK
MaTepHalioB MOHOOJOKa TMEpPEeMbIYKM TP MAaKCUMAaJbHOM  Harpyske
BO3AYIIHOW yaapHoi BoiHbl 2,8 MIla. Tak, 111 B3pbIBOYCTONYMBOM
NEPEMBIUKM W3 CTPOUTEIBHOrO TUIICA MPH IUIOAAN MONEPEYHOTO CEYEHUSs
TOpHOH BBIpAOOTKH 16 M’ rryouHe mecra ee Bo3BeaeHus 900 M TommmHa
Oyznet paBHa 3,2 M, a U3 BBICOKOIIPOYHOTO TMIACTH(PHUIIUPOBAHHOTO THIICA TIPH
TEX K€ YCIOBUAX 2,2 M.

2. llonyuunu oanvheiiuiee pazeumue npeoCcCmagieHus 0 MeEXaHu3mMax:
dbopMupOBaHUS B3PBIBOOMIACHON CPEAbl MPU BRIOPOCAX YIJIA W ra3a B JaBax U
TYIHUKOBBIX BEIPAOOTKAX, YTO MIPUBOIUT K HAPYIICHUIO HOPMAIBHOTO PEXXUMa
IPOBETPUBAHMS,  BCJIEACTBUE  4YEr0  MPOUCXOAUT  OMNPOKHUbIBAHUE
BEHTWIALIMOHHOTO TMOTOKA W 3ara3oBaHUE CBEXell CTpyuM BoO3AyXa.
VYcTaHOBIEHO, YTO MPHU a0COTIOTHON Ta30HOCHOCTU TIJIACTOB CBBIIIE 25 M1
B3pBIBOOMACHAS cpena popMUpyeTCs B TOPHBIX BBIPAOOTKAX HA MPOTSHKEHUU
1000 M 11 MOXKET COXpAHATHCS B TEUCHHUE YaCa;

JaBUHOOOPA3HOTO TIpollecca HapacTaHUsl AAaBJIEHUSA NpPU LIEMHOM peakuuu
OBICTPOrO TOpPEHHUs, KOrjJa MakCUMalbHOE JaBjieHHEe BO ()POHTE BO3AYIIHOU
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yIapHOH BOJHBI YBEIMYMBACTCS B 3aBHCHUMOCTH OT TEMIIEpaTypHl,

CYMMapHOH JUIMHBI 30HBI TOPEHUS ¥ 30HBI PaCIPOCTPaHEHUS TUIAMEHHU;

® DPACMIPOCTPAHEHHUS M OTPAKECHHS BO3AYIIHBIX YAAPHBIX BOJTH B CIIOKHOHN CETH
TOPHBIX BBIPAOOTOK C Y4YETOM pa3jIMYHbIX BHUIOB COMNPSHDKCHUH W YTIIOB
OBOpPOTa, 3(H(PEeKTOB yBeNWUCHHS AABICHUS BO3AYIIHBIX YAAPHBIX BOJH MPHU
UX HAJIO)KCHHUHU JPYT Ha APYTa;

e (GopMHPOBaHHS CKAa4YKOB JAaBIICHUS, BBI3BAaHHBIX  B3aUMOJCHCTBUEM
BO3AYIIHBIX YAApHBIX BOJH C THUICOBHIMH M OETOHHBIMH MEPEMBIYKAMHU,
TICHHBIMU M TIOPOAHBIMU TPOOKaMH, BOASHBIMU U CJIAHIIEBBIMH 3aCIOHAMH.
IIpakTHyeckasi LEHHOCTh MOJYYeHHBIX Pe3yJbTATOB 3aKIIOYaeTCs B

pa3paboTke crnocoOOB M TEXHHMUECKHX CPEACTB oOecnedeHus 0e30MacHOCTH NpH
M30JSIIMM  TIO)KapOB B  YTrONbHBIX MmaxTtax. OCHOBHBIE pE3yNbTaThl pPabOThI
MCTIOJh30BaHbl MPU CO3JaHUM W BHEAPEHHUH B MOApa3eieHusX [ ocyaapcTBeHHOM
BOCHHM3MPOBAHHOW TOPHOCIACATENIBHON CITy’)KOBI B YTOJBHOH MPOMBIIUICHHOCTH
HOPMaTHBHO-TIPABOBBIX JOKYMEHTOB:

VYcTaB 1o opranuzanuu 1 BeJeHuto roprocnacarenssix pador ' BI'CC MUC
JIHP: ytB. MUYC JIHP 09.12.2015 Ne 965, 3apeructpupoBano Munroctom JHP
28.12.2015 Ne 856. — Jlonenk, 2016. — 332 c.;

COVY-H 10.1.00174102.012:2010 ITapameTpsl BO3AYLIHBIX YAApHBIX BOJIH U
0e30macHbIX PAcCTOSHHUM TpPH B3pbIBaX ra3a M MbUIM B TOPHBIX BBIPAOOTKAX.
Meronuka pacuera,

COY 10.1-00174102-016:2011 BeHTWISIIMOHHBIE, HU3OJUPYIOIIUE H
B3pHIBOYCTOMYMBBIE MEPEMBIYKH TPHU JMKBUIAIMU aBapUil B YrOJbHBIX IIaxXTax.
KoHcTpykius, MaTepuaibl U TEXHOJIOTHUS BO3BEICHUS ;

COVY 10.1.00174102-022:2012 I1laxTHBIE B3PHIBOYCTONYUBBIC U3OJTUPYIOIINE
coopyxkenus. O0mIe TeXHu4YecKrue TpeOOBaHMS.

BrinosiHeHHbIE UCCIIeI0BAHUS TO3BOJISIOT!

® PACCUMTHIBATH OE30MACHBIE PACCTOSAHMUSI OT MECTa BO3MOXKHOTO B3pBIBA [0
MeCTa BO3BEICHUS B3PHIBOYCTOMYUBBIX IMEPEMBIUCK;

e pa3pabotath TpeOOBaHMA K MaTepuajaM, a TakKe TEXHOJOTHIO W
TEXHUYECKHUE CPEJICTBAa JUCTAHLIMOHHOTO COOPY)KEHHUS  B3PBIBOYCTONUMBBIX
NEePEMbIUYEK THAPOMEXaHUIECKIM CIIOCO00M;

e 000CHOBAaTh MapaMeTpbl U BBHIOPATh KOHCTPYKLHIO B3PHIBOYCTOMUYMBBIX
NePEMBIUEK;

® 1aTh OLIEHKY CYILECTBYIOIIMX U CO3JaHHsI HOBBIX CPEJCTB B3PHIBO3AIIUTHI B
TOPHBIX BBIPAOOTKaxX, YTO TO3BOJIIET UX MPOEKTHPOBATh C 3a/JaHHBIMU
TEXHOJIOTUYECKUMHU  TapaMeTpaMH W  3allUTUTh  BBIPaOOTKM OT  B3pHIBA
METaHOMBUIEBO3IYIITHBIX CMECEH.

Metonosioruss U MeToAbl HcciaenoBaHus. [lpu BemMomHEeHWH pPabOTHI
UCIIOJIb30BaH KOMIUIEKCHBIA METO]I MCCIIEIOBAaHUs, KOTOPBIN BKIIIOYAET 00pabOTKy
U 0000IIeHNEe JIUTEPAaTypHBIX HCCIENOBAaHMH W TATCHTHBIX MaTepHaJIoB,
MPOBEJCHHE TEOPETHUECKUX, IKCHEPUMEHTANbHBIX HMCCICAOBAaHUNA M ampoOaiuio
MOJTyYEHHBIX Pe3yIbTaTOB HAa MPOUCIIEAIINX aBAPUAX B YTOIBHBIX IIAXTaX.
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Mopenu (GopMUpOBaHUS U PACIPOCTPAHEHUsT BO3IYIIHBIX YJAPHBIX BOJIH I10
TOPHBIM BBIpA0OTKaM pa3padaThbiBaJUCh Ha OCHOBE KJIACCUYECKUX YpPAaBHEHUM
TEYEHHs] Ta30B C OOpa30BaHUEM YAApHBIX BOJIH; PAcUeThl B3pPbIBOYCTOMYMBBIX
COOPY’KE€HUH BBINOJHSAINCh HA OCHOBE pa3pa0OTaHHOM MaTeMaTH4YeCKOW MOjeNu
HaIpsHKEHHO-e(DOPMUPOBAHHOTO  COCTOSIHUSI  B3PBIBOYCTOWYMBOW  MEPEMBIUKH,
MPEJCTABICHHOW B  BHUJIE TPEXMEPHOW IIJIACTHMHBI C  OJHOPOAHBIMH U
HEOJJHOPOAHBIMU TPAHUYHBIMU YCIOBHSIMM, TIOJ JACHCTBUEM HArpy3okK OT
BO3AYIIHON yJApHOW BOJIHBI M Pa3pyLIEHHBIX TOPHBIX MOPOJ, HAa OCHOBAaHUHU
pE3yAbTaTOB KOTOPOM ONpENEICHA OCHOBHAs TEXHUYECKAs XapaKTEpUCTHKA
NEPEMBIYKM — TOJIIMHA B 3aBUCUMOCTH OT MEXAaHMYECKHX IapaMETpOB €€
MaTepHasa, CeUYCHUs U TIyOMHBI PaCTONOKEeHUs BbIPAOOTKU; IKCIIEPUMEHTAIbHbIE
UCCJIEIOBAaHUs 3aKioyalu B cebe MoJeTMpoBaHUEe (PU3UYECKUX MPOLIECCOB MpHU
BO3HUKHOBEHUM U  PACHPOCTPAHEHUM BO3AYIIHBIX YIAPHBIX BOJH B MOJENSAX,
NPUOIMKEHHBIX K YCJIOBUSIM TOPHBIX BBIPA0OOTOK U B3aMMOJICHUCTBUU HX C
Pa3JINYHBIMU MIPErpajiaMu U CPEACTBAMH B3PbIBO3AUTHI. OLIEHUBAIN PE3YIbTaThI B
yCIOBUSX peanbHbiXx B3pbiBOB Ha maxrtax All «Illaxra um. A.®. 3acsaabko»
(Yxpauna), «Pacnanckas» (Poccus).

ITos10:keHNsi, BBIHOCUMbIE HA 3aAIIUTY:

® yHUDUIIMPOBAHHAS MaTeMaTh4yeckas MOJENb (POPMHUPOBAHUS, PACTIPOCTPAHEHHUS

U OTPaXCHHUsI BO3AYIIHBIX YJApHBIX BOJH B CJIOKHOW CETH TOPHBIX BHIPAOOTOK

IpY B3phIBAX METaHA U MBUIA M pa3pabOTaHHBIN HAa ATON OCHOBE METOJI pacueTa

0€30MacHBIX PACCTOSHUI OT MeCTa BO3MOXKHOTO B3phIBa JI0 MeCTa BEACHUS

rOpHOCIacaTeIbHbIX padoT;
® ANTOPUTM U IIpOrpamMma pacdera paclpOCTPAHEHUsI BO3IYIIHBIX YAAPHBIX BOJIH B

CJIO’KHOW CETU TOPHBIX BHIPAOOTOK, OTIMYAIOIINECS OT U3BECTHBIX BEIYMCICHUEM

M30BITOYHBIX JABICHUM M TEMIIEpaTyp C YYETOM BIIHSHUS OTPaKEHHsI BOJIH OT

Pa3IMYHBIX MPETMATCTBUNA 1 HAJIOKEHHS TIPU BCTPEYE U3 pa3HbIX BHIPAOOTOK;

® pe3yJbTaTbl AHAJIUTUYECKOTO W  YHUCIEHHOTO MCCIENOBaHMs  Ipolecca

B3aMMOJCMCTBYA BO3IYIIIHOW YIAPHON BOJHBI C M30JUPYIOIIUMHU MEPEMbIUKAMHU,

AKCIIEPUMEHTAIBHO [POBEPEHHBIE B HATYPHBIX YCJIOBUSX, 4YTO I103BOJIAJIO

YCTAaHOBUTh MAaKCHUMAaJbHO BO3MOXKHBIE JIaBICHHUS HA TMEPEMBIYKH pPa3IMYHBIX

TUTIOB Y KOHCTPYKILIUH;

® TCOPETUYECKUE 3aBUCHUMOCTH, TIOATBEPKICHHBIE HKCIEPUMEHTAIbHBIMU

VICCIIEIOBAaHUSAMU MPOLIECCOB TallIEHUs] BO3AYIIHBIX YIApHBIX BOJH IEHHBIMHU

U TOPOJHBIMHU TPOOKaMH, HYTO TO3BOJWIO OOOCHOBATh MapaMETPHI

BO3JYIIHBIX FAIICHUS YAAPHBIX BOJIH CPEACTBAMHU B3PBIBONIOJABIICHUS;

® KOHCTPYKTUBHBIE [TAPAMETPHI U30JUPYIOLIEN B3PBIBOYCTONYMBOUN MTEPEMBIUKU

C Y4ETOM MPOYHOCTHBIX XAPAKTEPUCTUK MATEPUATIOB JUII UX COOPYKECHUS

TUAPOMEXAHUYECKUM CIIOCOOOM, TMONEPEYHOTO CEUYEeHUs BBIPAOOTKH U

TIIyOWHBI MECTa BO3BEICHMSI.

CreneHb /J0CTOBEPHOCTH U OOOCHOBAHHOCTH HAYYHBIX IOJOKEHUH,
BBIBOJIOB M  PEKOMEHJAIMKA MOATBEPKACHA COOTBETCTBUEM  MOJYYEHHBIX
3aBUCUMOCTEM  OCHOBHBIM  (PU3MUECKMM  3aKOHAM U YCTaHOBUBLIUMCS
MPEACTAaBICHUSM O MPOTEKAHHM IPOLIECCOB TOPEHUS M B3pbIBA; HEOOXOIMMBIM



9

00bEMOM SKCIIEPUMEHTATBbHBIX JIAHHBIX, MOJYYEHHBIX B YCIOBUSIX, TPUOIMKEHHBIX
K IIaXTHbIM, M B IIaXTHBIX YCJIOBHUAX; YJIOBIETBOPUTEIBHON CXOJUMOCTHIO
PACUYETHBIX U SKCIEPUMEHTANbHBIX JaHHBIX OTHOCUTEIBHO PACHPOCTPAHCHUS U
raiieHus: BO3AYIIHBIX YAAPHBIX BOJH Pa3JIMUYHBIMU CPEJICTBAMU; CXOIUMOCTBHIO
TEOPETUYECKUX 3aBUCHUMOCTEH TOJIIMH B3PBIBOYCTOWYMBBIX TEPEMBIUCK U3
Pa3IMYHBIX MAaTEPUATIOB C PACUETHBIMH, & TAKXKE COTJIACOBAHHOCTHIO PE3YJILTATOB C
W3BECTHBIMU TEOPETUYECKUMU U DKCIEPUMEHTAIBHBIMU pE3yJIbTaTaMH JAPYTHUX
uccleaoBaTesei, moJydeHHBIMU IPYTUMHU METOaMU.

JInunblii BrJIag couckaresasi. Bkiang aBropa B pabOThl, BBIIIOJIHEHHBIE B
COABTOPCTBE, COCTOUT B (DOPMUPOBAHUM HAIPABICHUN HUCCIICIOBAHUM, TOCTAHOBKE
3a/1a4, BeIOOpE MyTel WX PEIICHMs, MOCTAHOBKE M IPOBEJACHUU HCCIICIOBAHUMH,
00paboTKe, aHAJIU3e U UHTEPIPETUPOBAHUU PE3YIIbTATOB.

Bce pe3ynbTaThl, MOJy4eHHBIE TIPU PEIICHUU MOCTABICHHBIX B JIUCCEPTAIIUU
3a/1a4, BBINIOJIHEHBI ~ aBTOPOM  caMoOCTOsITeNibHO. B HayuHbix  pabortax,
onmyOJUKOBaHHBIX B COaBTOPCTBE, aBTOPY NpuHamjexar: [4, 6, 8, 12] — ananu3 u
OIICHKA XapaKTepa pacHpeesIiCHUs] Ta30B B UCXOMSAIIMX CTPYSIX JaB B aBapUHHBIX
yenosusix; [4, 9, 10, 18] — ob6ocHoBaHME ra30MHAMHYECKOIO MOAX0/a U METOIOB
YUCJICHHO-aHATUTHYECKUX PEIICHUN YpaBHEHUH Tra30BON JUHAMUKN (DOPMUPOBAHUS
U BO3JYIIHBIX PACIpOCTPAHEHHUs YAApHBIX BOJH MO TOPHBIM BbIpaboTkam; [13] —
000CHOBaHHE MMapaMeTPOB OaphepHBIX TepeMbluek; [15] — aHanmu3 pe3ynbTaToB
MOJICTUPOBAHMSI  B3aUMOJICUCTBHUS  BO3JYIIHBIX YAApHBIX BOJH B TOPHBIX
BeIpaboTKax; [16] — pa3paboTka MPHUHIIMIIOB COBEPIIEHCTBOBAHUS 000PYIOBaHUSA
JUIS M30JIAMK TIokapoB; [8, 19, 23, 24] — pa3paboTka MareMaTH4YeCKOH MOJEIu
(GopMHpOBaHUS B3PHIBOOTIACHOM Cpeibl MPH Ta30MHAMHUYCCKUX sBICHUAX; [20] —
aHaJIM3 PE3yJIbTATOB KCIEPUMEHTOB MO TAIlIEHUIO BO3AYIIHBIX YyJIApHBIX BOJH B
TOPHBIX BBIPaOOTKAX OTHETYIIAIMMMHU Topomkamu; [25, 28] — pa3paboTka
MAaTEMATUYECKOW MOJICNIM HANPSXKEHHOTO COCTOSAHUS IIAXTHOM B3PBIBOYCTOMYMBOM
nepembiuku; [26, 31, 32, 33, 34, 35, 38] — 4uCIEHHOE SKCIEPUMEHTUPOBAHUE
Pa3BUTHS U PACHPOCTPAHEHUSI BO3AYIIHBIX YAAPHBIX BOJIH B TOPHBIX BBIPAOOTKAX;
[12, 30, 37] — wmeromsl pacueta W BBIOOp MapaMETPOB OOOpPYAOBAaHUSA IS
BO3BEJCHUS B3PbIBOYCTOMUMBBIX IEPEMbBIYEK.

Anpodauus pe3yJbTaTOB HCCIeT0BaHMI. Pe3ynbTaThl paboOThI JOIOKEHBI U
oOcyXJleHbl Ha: 3acemannu cexuuu «lIpemynpexnenne u TUKBUIAIUS MTOA3EMHBIX
aBapui» yudenoro coseta HUUNI'/I «Pecnuparop»; 1-1 MexnyHapoIHOW Hay4dHO-
TexHnuecko KoH(pepeHmmu «[lom3emHble KaTacTpodbl: MOJETH, TMPOTHO3,
npenynpexaenue» (Juenponerposck, 2009); X1 MexmyHapoaHoi KOHPEPEHITUU

no marematudeckomy wmozaenupoannto MKMM - 2010 (Xepcon, 2010);
X  MexnaynaponHoi — Hay4HO-TIpakTHueckodW  KoH(pepenumu  «IloxapHas
6eszonmacHocte — 2011» (XapekoB, 2011); 2-ii MexayHapomgHOW Hay4dHO-

TexHnuecko KoH(pepenmmu «[lom3emHble KaTacTpodbl: MOAEIH, MPOTHO3,
npeaynpexaenney (Juenponerponck, 2011); VI MexnynaponHoir koHbepeHIINU
«MaremaTuueckoe MOJEIUPOBaHUE B O0Opa30BaHMM, HAayKe U MPOU3BOJICTBEN
(Tupactoste,  2011);  MexnyHapomgHOH  KOH(MepeHIMH 1O  MaTeMaTHKE
MJIO3M® - 2011 (Xapekos, 2011); XII MexayHapoaHOW KOH(MEPECHIIMH 10
MareMatudeckomy moaeiaupoBannio MKMM - 2011  (Xepcon, 2011);
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MexnayHnapoanoit koHpepenunn «Popym ropuskoB — 2012» (HenpomneTpoBck,
2012); XXIV  MexnyHapogHOW  HAyYHO-NPAKTHYECKOW KOH(PEpPEeHIUH IO
npobsiemam mnoxkapHoit Oe3zonmacHoctd (Mocksa, 2012); XIII MexayHapoaHou
KOH(EepeHIIn Mo MareMaTudeckoMy mojenupoBannio MKMM — 2012 (Xepcow,
2012); XI MexayHapoaHOil HaydHO-TIpakTH4eckoil koHpepeHuuun «lloxapHas
0e30IacHOCTh W aBapUilHO-CIacaTelbHOE JIENI0: COCTOSIHUE, MpOOJeMbl H
nepcnektuBb»  (Kue, 2013); VII  MexayHapoaHoii — KoHGepeHIIMU
«MareMaTnueckoe MOJIEIMPOBaHUE B OOpa30BaHMM, HAyKE M MPOU3BOJICTBEM
(Tupacmonb, 2013); XIV MexayHapoaHoi KOH(EPEHIMH M0 MaTeMaTHYCCKOMY
monenupoBanrio MKMM — 2013 (Xepcon, 2013); MexayHapogHoi KOHQEpEeHIINH
N0 METOJaM JUCKPETHBIX OCOOCHHOCTEH B 3ajJayax MaTeMaTH4ecKOW (u3uku
(XapekoB — XepcoHn, 2013); MexnyHapoaHoi koHpepeHun «IloBbilicHrE YPOBHS
OXpaHbl TpyAa W MPOMBIIUICHHOW O€30MacHOCTH Ha MPEANPUSTHSIX YroJbHOU
OPOMBIIJIEHHOCTH YKpauHbl. Jlerazamus ¥ yTWIM3alus MIaXTHOTO ra3a METaHay
(SnTa, 2013).

Iyoaukanmu. OCHOBHbIE  HayyHble M TPUKIAIHBIE  PE3YJbTATHI
UCCJIEIOBaHUN OMYyOJIMKOBAaHbI M MPEACTaBIEHB B OJHOM MOHOrpaduu, IBYX
OTKPBITUSIX, 37 HayYHBIX CTAThsIX B CIEIIMATIM3UPOBAHHBIX KypHajaxX U COOpHUKAX
(8 Tom umciie B Poccuu, Kazaxcrane, [lonbie), yeTpipex maTeHTax YKpawHbl Ha
CIocoO0BI U cpecTBa OE30MACHOCTH.

Crpykrypa m o0bem amccepramum. /[uccepranusi COCTOMT M3 BBEICHUS,
BOCBMHU DPa3/€liOB, 3aKJIIOUYEHHUs, CIHCKAa HCIOJIB30BAHHOW JIMTEpaTypbl U3
250 wucrounukoB Ha 28 ctpanunax. Pabora wusnoxeHa Ha 438 crpaHuUIax
MAaIIMHOMMCHOTO TEKCTa, U3 HUX OCHOBHOro Tekcta 389 ctpanun, 124 pucyHka,
17 taOmuir.

OCHOBHOE COAEP)XAHME PABOTbI

Bo BBeneHum 00OCHOBaHA aKTyaldbHOCTh TEMBI, MPEACTABICHBI II€Nb U
3a/1a4M MCCIIEIOBAHMS, TPUBEICHBI OCHOBHBIE MTOJIOKEHHUSI, BLIHOCUMbIEC Ha 3aILUTY.

B nepBom pa3zjese mpeacTaBieH 0030p padOT U J1aH aHAU3 COBPEMEHHOTO
COCTOSIHUSI KCCJIEIOBAHUM BOMPOCOB B3PBIBO3AUIUTHI MPU H3OJSIUU IOKApOB B
VrONbHBIX MIaxTax. @DyHIaMeHTaJbHBIE HWCCIEIOBaHUS B oOmactu GU3UKA U
Mmexanuku B3peiBa JI.J[. Jlanmay, S.b. 3enppoBuua, C.A. XpuCTHAaHOBHYA,
M.A. CanoBckoro W JApYrux TOCIYXHWUJIM OCHOBOM  CO3[aHUSL  TEOPUU
dbopmupoBaHus, pacrpocTpaHeHUs u JIOKaIu3aluu B3PbIBOB
METaHOIBUIEBO3AYIIHBIX CMECe B YroibHbIX IMaxtax. CylllecTBEHHbIH BKJIAJ B
pa3BUTHE OTOW TEOPWHU, YCTAHOBJICHHE YCJIOBHA 0Opa30BaHHS B3PHIBOOTIACHOM
Cpempl, a TakXKe CO3JlaHhe CIMOCOOOB MW TEXHUYECKHX CPEJCTB BEICHUS
ropHocnacareibHbix pabor BHecanm A.A. CkoumHckuit, B.f. banraiituc,
B.JL. boxko, A.A. MscuukoB, A.A. T'ypun, K.K. Bbyceirun, A.W. BboOpos,
A.M. Yexosckux, H./l. 3pensiir, B.®. Jlouenko u ap.

JlanpHelee pa3BUTHE BOMPOCHI B3PHIBOIMOJABICHUS MPU TYIICHUH MOKapOB
B YroJIbHBIX IaxTax mnoiayuuiun B pabotax A.M. bproxanoBa, A.M. Mopesa,
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C.II. TI'pekoBa, IO.®. DbynrakoBa, B.M. IlnotHukosa, J[[.}O. Ilaneesa,
10.B. Kynunosa, 1.H. 3unuenxo, O.I1. bpaGannepa u ap.

BoinosiHeHHBIH 0030p CYIIECTBYIOIIMX HMCCIEIOBAaHUN MO (POPMUPOBAHUIO B
TOPHBIX BBIPAOOTKAaX BO3AYIIHBIX YJIApHBIX BOJH U CPEIACTB 3alIUThl OT HHUX
MOKa3aJl, 4To JEWCTBYIOIIME B HAcCTOsIEe BpeMs HOpMaTUBHbIE akThl, [IpaBuia
0e30MacHOCTH B YroOJIbHBIX IHAXTaX M YCTaB MO OpraHu3aldd W BEACHUIO
ropHocnacarenbHbix pador I'BI'CC MUC JJHP npenycmaTpuBaroT KOMILUIEKC MEP U
CPEICTB, SABIIAIOMIMXCA OCHOBOM Mg cO3laHMsl O€30MAaCHBIX YCIOBUH paboT B
[1axTax, OJHAKO B3PBIBbI BCE €Il MPOUCXOMST, YTO CBUIETEIBCTBYET O TOM, UTO
OPUHATBIX MEpP M CPEACTB €lIe HEJOCTATOYHO U OHM HYXAAIOTCA B
COBEPIIEHCTBOBAHHUH.

B nurepaType OTCYTCTBYIOT MaTeMaTH4YeCKHME MOAeNd (POpMUPOBAHUS,
pacnpoCTpaHeHUs] W OTPAKEHHUS BO3JYIIHBIX YJIApPHBIX BOJH B CIOXKHOM CETU
TOPHBIX BbIPaOOTOK MPHU B3PbIBAX METAHA U YTOJIBHOMU MBUIH.

JIJist 321U Thl MOA3EMHBIX COOPYXEHUN, KOMMYHHUKAIMK U 000pYyJ0BaHUS OT
BO3/JICHCTBUSA BO3AYIIHBIX YJAPHBIX BOJH HCIOJB3YIOTCS Pa3IMYHbIEe KOHCTPYKIIHH
B3pHIBOYCTOMYMBBIX TepemMbiuek. [lapaMeTpbl mepeMblyek HEJ0CTATOYHO HAYYHO
o0ocHoBaHHBI. CyIIECTBYIONIME METOJbl pacyeTa IMepeMblueK JJisi TalleHUs
BO3/YIIHBIX yJAPHBIX BOJH CJIOKHBI U HE YUUTHIBAIOT pa3HOOOpa3us KOHCTPYKIIH.
[ToaToMy pa3paboTka METOJOB pacuera B3pPHIBOYCTOMYMBBIX MEPEMBIUEK, B TOM
YHUCJI€ MHOTOPA30BOr0 MCIOIb30BAHUS, OCHOBAHHBIX HA CTaHAAPTAX MPEINPUATHS U
colepKalux TpeOOBaHUS HENOMYIEHUS YTEUeK Yepe3 HUX BO3[yXa SBISETCS
aKTyaJbHOM 3aJjaueil.

Ha ocHoBanuu ckazaHHOTO c(pOpMYyIMPOBAHBI 1I€JIb U 33/1a41 UCCIIE0BAHUIA.

Bo BTOpOoM  pa3gene  H3I0XKEHBI  PE3yJbTAThl  MCCIEAOBaHUU
3aKOHOMEPHOCTEN (OpMUPOBAHUSI B3PHIBOOMACHOM Cpellbl B TOPHBIX BBIPAOOTKAX
pu Ta3oluHaMUuYecKuX siBjaeHusx. Ocobas poib yaelneHa BpIOpocaM yris U rasa, a
TaKKe MPOphIBAM METaHAa KaK HaumOoJiee OMACHBIM SIBICHHUSM, HPHUBOIAIIUM K
3ara3oBaHUIO BHIPAOOTKH.

[lokazaHO, YTO TMOCTENEHHOE, & HE MIHOBEHHOE Ta30BBIJCICHUE MpPHU
BbIOpOCax HEOOXOAMMO CBS3bIBaTh C MEPEXOJOM METaHa U3 CBS3aHHOIO B
CBOOO/IHOE COCTOSIHME, a CJIEeI0BATENIbHO, C €r0 MOJIEKYJIsIpHON nuddy3ueit B mopax
copbeHTa 1 ¢ necopOrueii MeTaHa ¢ TOBEPXHOCTH YACTHIT YTJIsl M TIOPOIBI.

O0OpaboTka  JKcmepuMeHTaNbHBIX  naHHbIX ~ MakHUWU,  coOpaHHBIX
Ha 40 yroiapHbIX AaxTax YKpausbl, rae 3a nepuon 1990...2006 rr. mpowusouuio
38 BBIOPOCOB yIJs W Tra3a B TYNMUKOBBIX BhIpaboTkax u 27 B JaBaX, Mokaszaja, 4To
CYLIECTBYET JIOCTATOYHO TECHAas KBaJpaTHU4Has 3aBUCUMOCTb KOJIMYECTBA
BBIJICJIAIOIIEr0Csl METaHA OT MacChl BEIOPOIIEHHOIO YISl B TYIMKOBOM BBIPAOOTKE

V = 28,3G —0,005G> (1)
" B J1IaBC

V =25,6G —0,004G* |, )

N 3
rae G — macca BEIOPOIICHHOTO YIuIs, T; V — 00BEM BBIZICTUBIIECTOCS METaHA, M.
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NHTEHCUBHOCTh HMCTOYHMKA TAa30BBIIEIEHUS CBSi3aHa C [polleccaMmu
JecopOIuu U ¢ MEPEeX0J0M MEeTaHa M3 CBA3AHHOrO B CBOOOAHOE cocTosinue. Yem
MEHbLIE YacCTULbl yIis, TeM ObICTpee OOJKEH ObITh BbIHOC MeTaHa. OO 3ToM
rOBOPAT  J@HHbIE AHAJIUTHYECKUX U  DKCHEPUMEHTANbHBIX  HCCIEAOBaHUM,
nonyyeHnsle B HUMUID'/] «Pecniuparop» C.II. I'pekoBpIM, 4TO Aal0 BO3MOXKHOCTH
MpeACTaBUTh (YHKIIMIO MHTEHCUBHOCTH (1/C) HCTOYHMKA Ta30BBIICIICHHS B BUJIC

ey WY
i) = ¢ % %) exp(—pt), (3)

rae B — ko3hUIMEHT CKOpOoCTH JecopOiuu MeraHa u3 yris, 1/c; S — miomanb
MOIIEPEYHOr0 CEYCHHs BHIPAGOTKH, M°, t — BpeMsi ¢ MOMEHTa BBIGpOCA YIUIS, C;
X1 — paccCTOsSHUE BBIOPOIICHHOW MacChl YIUIS OT JICBOTO KOHIIA BBIPAOOTKH, M;
X2 — paccTOsTHUE BBIOPOIIIEHHOW MAacChl YT OT JICBOI'O KOHIIA BHIPAOOTKH ILITIOC
JUTMHA 30HBI BEIOpOCA, M.

VYcraHoBiieHO, 4TO KOA(@PUIIMEHT CKOPOCTH AecopOlMH MeTaHa OOpaTHO
IPOIOPIIMOHAJICH MPUBEJICHHOMY PaJMYCy YacTHI[ YIJISI W, TaKMM 00pa3oM, YeMm
MEHBIIIE PaINyC, TEM HHTEHCUBHEE Ta30BbBIJICIICHHC.

@DyYHKIMS WHTCHCHUBHOCTH WCTOYHWKA Ta30BblaeicHUsS (3) BBelIcHa B
ypaBHEHHUE TypOyJIEHTHOTO IMepeHOca METaHa 1Mo BBIPAOOTKaM |

ac, oue)_ o, oc

o ox ox| Xox (D, )

rae C — KOHIIEHTpalusl MeTaHa B BBIpaOOTKe; U — CKOpPOCTh Bo3ayxa, M/c; Dy —
ko3 GuUIMeHT TypOyneHTHOM Anbdy3un MeTaHa, M>/c; X — KOOPMHATA BJOJb OCH
BBIPAOOTKH, M.

Jnst ypaBHeHus (4) B KaueCTBE HA4aJbHOI'O M TPAaHWYHBIX YCIOBUM MPUHATA
HadaiibHas (oOHOBas KoOHIEHTpanus Metana Cp [ BBIPAOOTKH IITPEKO-
KBepiuiarooOpasHoro tuma. B ciydae TynmukoBOi BBIpAOOTKH Ha JICBOW T'PAHHIIE
MIPUHUMAETCS] PABHBIM HYJIIO TPAJAUEHT KOHLIEHTPALUU METaHa.

VpaBHenue (4) pemasoch B KOHEYHBIX Pa3HOCTSAX MPOTUB MOTOKA ra3oB C
UCIIOJIb30BAaHUEM YKa3aHHBIX HAYaJIbHOTO M TPAaHUYHBIX ycloBuil. Ilpu sTOoM
kodhpurmert nuddy3un npuHUMAIICS JTHHEHHO 3aBUCHUMBIM OT CKOPOCTH BO3yXa.

Ha pwuc. 1 mnpuBeneHsl pe3ynbTaThl MOJETUPOBAHUS (POPMUPOBAHUS
B3PBIBOOIIACHON Cpe/bl B JIaBe W 3a €€ MpejaesiaMH Toclie BhIOpoca, TZIe OTPe30K
100...300 M 03HayaeT WIMHY JIABBHI.

Kak mnoka3piBatoT pe3yiabTaTbl MOJIECIUPOBAHUS, B3PHIB B JIABE MOXKET
MPOU30MTU Cpa3y K€ MOCJE BbIOPOCA, €CIU MUMEETCS MCTOYHUK BOCILJIAMEHEHWS,
WU B3pbIB BO3HUKHET YK€ B YKJIOHE MU MTHOBEHHOE TOpPEHUE PACHPOCTPAHUTCS
oOpatHO B n1aBy. B 3TOM ciydae B3pbIB OyAeT OOJIbIIONH MOITHOCTH, TOCKOJIBKY, KaK
BHUJIHO Ha puc. 1, anuHa 30HbI ¢ KOHIeHTpauuei merana 10...12 % — noutu 900 M.
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Ha puc. 2 npuBeneHbl pe3ynbTaThl MOACIUPOBAHUS (HOPMUPOBAHUS
B3pPBIBOONACHOM Cpebl B JJaBE U 3a €€ MpeaeraamMu Iocie IpopbiBa METaHa U3 MOYBBI
BBIPAOOTAHHOTO MTPOCTPAHCTRA.

C.% C, %
" AR 18 0
N \ |\ |4 5 16
1L
ol N X — N
\ 12 5
NEN ARV p TANRE
6 8
NER AUAWAN . L L
\\ \l A ) L NATN A
2 i N 2 (// A /\(//\ //\\ \\

0 100 200 300 400 500 600 700 800 900 X,m 0 100 200 300 400 500 600 700 800 900 1000 1100 X, M
Pucynok 1. ®opmupoBanue B3pbIBOOIIACHON Pucynoxk 2. ®opmupoBaHue B3pbIBOOIIACHOM
Cpellbl Ha BEBIEMOYHOM YYaCTKE Yepe3 Pa3jIMuyHOEe CpeJlbl HA BBIEMOYHOM YYacTKE Uyepe3 pa3InyHoe

BpeMsI ITOCJIE BHE3AIMHOTO BHIOPOCA YIS U Ta3a: BpEMS TTOCJIE TPOPHIBA METaHA:
1-t=7¢;2-t=1,2mun; 3 —t=23,7 mun; 1-t=10¢;2-t=48c¢;3-t=1,6 mun;
4—-t=73wmuH; 5 —t=61 Mmun 4—-1=32wmun; 5 —t=4,8 Mun

B cinydyae mpopbIBOB MeTaHa ACHCTBHME MCTOYHUKA Ta30BBIICICHUS MPUHSITO
KpaTkoBpeMeHHbIM. Kak BuaHo (cM. puc. 2) 1O JaHHBIM pe3yJIbTaTOB
MOJIeNTMpoBaHusl, yxe yepe3 10 ¢ B jJaBe oOpa3yercs HeIOmycTUMasi KOHIIEHTPALUs
MeTaHa Ha npotrsbkeHun 100 M, KoTopasi MOKET BbI3BaTh MOIIHBIA B3pBIB. JTO K€
MOJKET MPOU30NTU U B BEHTWJIAILIMOHHON BBIPAOOTKE CIyCTs OAHY MHUHYTY. Jlanee
ra3oBoe 00Jlako OyJIeT pacceuBaThCsl M Yepe3 5 MUH TOCIe MPOphIBa METaHA €ro
KOHIIEHTPAIIHS B YKJIOHE CTAHET MEHBIIIE HIKHETO TpeJieia B3PhIBAEMOCTH.

[Ipu MonmenupoBaHWHM PACCMOTPEHBI Takke ciaydan (QopMUpOBaAHUS
B3pPBIBOOIIACHOM Cpefbl B TYMUKOBOM BBIPAOOTKE MPHU BHE3AITHOM BHIOPOCE MOPO/IBI,
yIiasi W Ta3a. YCTaHOBJEHO, YTO 37eCh MpPH MPEKPAIICHHH IPOBETPUBAHUS B
TYNMUKOBOW BBIpaOOTKe mmHOW 500 M, HecMOTps Ha HEOONBIION BHIOPOC YIS
(Bcero 10 1), obmmii 06beM MerTaHa 282 M°. DTO NPUBOIUT K CYLIECTBOBAHHIO
B3PBIBOOIIACHOW KOHIIEHTpAllMM METaHa Jaxe depe3 12 4 Ha mpoTsKeHun 225 M,
YTO MOKET MPUBECTH K MOLITHOMY B3pbIBY.

Hcnone3ys TmoOdaydyeHHBbIE JaHHbIE M 3aJaBas BpeMsi C MOMEHTa
BO3HUKHOBEHHUSI Ta30JIMHAMUYECKOrO SIBJICHUSI, €r0 BUJ W MOLIHOCTb, MOXHO
ONpEeNIeNIUTh AJIUHY 30HbI CO B3PHIBOOMACHON KOHIIEHTpAIIMEH MEeTaHa U OKHIaeMOe
M30BITOYHOE JTaBJICHNE TP B3PHIBE.

Tperuii pa3ges DOCBAIMIEH TEOPETUYECKUM HCCIIECIOBAHUSIM IPOLIECCOB
dbopmupoBanusi 0hOpMIICHUS W PACHPOCTPAHEHHUS BO3AYIIHBIX YAAPHBIX BOJH B
TYNUKOBBIX M CKBO3HBIX BBIpaOOTKaxX TMpU 3apaHee 3aJaHHOM H30BITOYHOM
JABJICHUU B CETH TOPHBIX BHIPAOOTOK.

Cokpai€HHas 3aluch YpaBHEHHUM TE€UEHUS Ta30B MPU B3PbIBE MIPEACTaBICHA B
0e3pa3MepHOM BHJIE:
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Y cFLG-0. (5)
ot OX

3necy Qynxuun U, F,G npeactaBnsior co0oil  ymopsaodeHHbIe HaOGOpbI
OCHOBHBIX IIEPEMEHHBIX U BHIMJIAIAT TAKUM 00Pa3oM:

_ - 0

_pl _ M _

U=qUp; F={P+0%/p ; G= FULU/ﬁ L (6)
P [YP + (Y —l)U2/2yﬁ]U/ﬁ a(p /5 _1) _ q

rie p= p/po — OTHOCHUTENbHASA TUIOTHOCTh Ta30BO3AYLIHOW cMecu; U= pu/poC —

OTHOCHUTEJIbHAS MaccoBas CKOPOCTh CMECH Ta30B BJIOJIb BbIpaboTkHM; P= P/Py —
OTHOCUTEIBHOE JIaBJICHUE; F=Ac/2NS — OTHOCHTEIBbHOE a’POJIMHAMHUYECKOE

conporusnenue, 1/c; @ =4a/(pgc,'S) — oTHOCHTENBHBINA KOXDHULMEHT TermooOMeHa

co creHkamu BbIpaboTkM, l/c; 0 =(y—1)q/PF; — oTHOCcHMTenpbHass MOLIHOCTh

MCTOYHHMKA TETIOBBICNICHHsI IPU B3pbIBE, 1/c; ¢=./Py/py — ckopocTh, Oin3Kas K

ckopocTu 3Byka u paBHas 290 wm/c, m/c; Py — naBieHue 10 B3pbiBa, lla;
Po — IUIOTHOCTB BO3IYXa 10 B3PbIBA, KI/M°; A — KOO(G(PHIHEHT a3POIHHAMIYIECKOTO
COIPOTHBIICHHS BHIPAGOTKH; S — IUIOMAb MONEPEIHOTO CEUCHHS BHIPAGOTKH, M;
o — KodpUIMEHT TemiooOMeHa CcO CTeHKaMu BbIpaboTkH, Br/(K-M?);
 — MOLIHOCTh MCTOYHHKA TEIUIOBBINEGNCHHS IPH B3pbiBe, Br/M>; t — Bpems, c;
X — KOOpJIMHATA, HAIIPABJICHHAS BIOJb OCU BHIPAOOTKH, M.

JIJisi 4uCIeHHOTO pelieHus 3aadil PacpOCTPAHEHUs] BO3IAYIIHBIX YAapHBIX
BOJIH ypaBHEHUE (D) MPECTABICHO B KOHCUHBIX LIECHTPATBHBIX Pa3HOCTSX:

UM =02 +Cu(FP,—FN,)/2-GMAt+kCuUn 20" +0N. ),  (7)

rie Cu = CAt/Ax — cxemHoe umcino Kypanra; K — kxoaddunueHr cxemHOH
mubdy3un, BI3KOCTH M AWCCUMAIMU DHEPTUM TPU YUCICHHOM MOJECITUPOBAHUU
ra3oIMHAMUYECKUX TPOIECCOB; AX — Iar mo JjJuHe BBIpaOOTKH, M; At = miar mo
BPEMEHH, C; 7 — HOMEpP 1Iara 1o NpoCTPaHCTBEHHOW KOOpAMHATE; N — HOMEp Iara
10 BPEMEHHU.

JIns nOpoBEepKM TOYHOCTHM YHUCJIEHHOTO METoJa pacyéra IOJIYy4YEHBI
aQHAJUTUYECKHE DPEIICHUsl 3aJlaud PACHpPOCTPAHEHUS] BO3AYIIHBIX YJIApHBIX BOJH
HEOOJIBIION MOITHOCTH B TYMTMKOBOW M CKBO3HOM BBIPAOOTKAX, KOTJ]a KHHETUYECKAS
SHEPIrusi MEHbIIE NOTEHUUATBHOM W MOXHO TMPUHITH M30TEPMUUYECKUN 3aKOH
TEUEHHUS ra30B, MOJIb3YSICh TOJIBKO YpaBHEHUEM (5) U MEPBBIMU IBYMSI YPaBHEHUSIMU
cuctemsl (6). IIpu 3TOM BBITIONHSIETCS paBeHCTBO P/p = Py/pp. B aTom ciydae
MIPUHUMAJIOCh HAYaJIbHOE JABJIICHHE B BHUJIE HEKOTOPOrO CKayka J10 F:F1>1 Ha

Y4aCTKC BBIpa6OTKI/I OT X1 OO0 X2 IIpH OTCYTCTBHH TEIJI0O00OMEHA CO CTCHKaMM
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BBIpaboTKU U ( = 0. AHanuTHYeCKUE pelIeHus NOoNydeHbl MeTooM Dypee B BUJE
GeckoHeuHbIX psiaoB g = 0 u |u[~const.

Kak moxaszamu panpHEHIIME WCCICIOBaHUSA, JAaHHBIE YHCIECHHOTO METOJa
pacuéta o Qopmyine (7) npu K = 0 COBEpUICHHO HE COOTBETCTBYIOT JaHHBIM
aHATUTHYECKOTO METOAa PEIICHUs 3aJaud, MOCKOJbKY BO3HHMKAIOT OCUMJUISAIUH,
WCKKAIONIUE WCTHHHYIO KapTUHY Ipolecca. TONbKO ¢ IOMOIIBIO BBEICHUS
Kod(HIMeHTa CTAOMITM3AITUK BOJTHBI JaBICHUS Pa3ABUHY/IUCH W MTOYTH COBITAIAIOT

PIPy-1 C TOYHBIM pELIEHUEM, KaK BUAHO Ha puc. 3,
0,35

iy il 0 0 pACHONOKEHUI0O U MO MaKCUMyMy C
0.5 g% L1 / HOrPEIIHOCTBIO He Oonee 14 %.

’ IR

0.2 |

| / : Ha ocHOBaHNY BBINTOJIHEHHOTO aHAIM3a
0. !
[ 1k MOIIIHOCTH YCTAHOBJIEHO, YTO JI03BYKOBBIE

|
0,15 ; \ : ’ \'_\ PECKUMOB TCUCHUS I'a30B IIPH B3PbIBAX MaJiou
i
\

0,05 - e AT TS
0 lomd’ J V\’\“\N\A/\/ > JBMOKEHHUS Ta30B IIPOTEKAIOT, IO CYTH, B
-0,05 L \ HU30TEPMUUYECKUX YCIOBUSIX C TOBBIIMICHUEM
0.1 temnepaTtypsl Bcero Ha 20...40 K.
0o 0102 03 04 05 06 0,7 08 09x/L
B u4erBepTOM pa3nene paccMmaTpu-
Pucynox 3. Pe3ynbTaTel CpaBHEHHs BAIOTCS (DU3UUECKHE OCHOBBI M MOJIEIHPO-

yucieHHoro (1) u ananuruyeckoro (2) BaHUe TIPOLIECCOB dbopMupoBaHHs "
PEILIEHHS 331211 PACTIPOCTPAHEHHS BOJTHEI PACTIPOCTPAHEHHS ~ BO3NYIIHBIX  YIAPHBIX
JTaBJICHUS B CKBO3HOM BBIPAOOTKE CITycTs 1 ¢ .
C MOMEHTA B3pbIBa B CPEIAHEH YacTh BOJIH MPU LIEMHOHN peakuuy ropennus (q # 0)
U TEIJI000OMEHE CO CTEHKaMH BBIPaOOTKH, a
TaK)Ke OMHCAH CIOCO0 OmMpejeseHUus MapaMeTPOB BO3AYIIHBIX YAAapHBIX BOJIH Ha
COMPSDKEHUSAX TOPHBIX BBIPpaOOTOK. OOBIYHO TMPU PACCMOTPEHUH BOIpoOCca
dbopMupoBaHUs BO3JAYIIHBIX YAAPHBIX BOJH B KaueCcTBe HAYaJIbHBIX YCIOBUM
IpUHUMAETCSI, KakK yKe OBLIO IOKa3aHO, KaKOe-TO H30BITOYHOE JaBJICHUE Ha
HEKOTOPOM YydYacTKe BbIpaOOTKH. CTporo roBopsi, 3TO HE COOTBETCTBYET (HH3UKE
npoiiecca. B pealbHBIX YCIOBUSAX MCTOYHHUK BOCIUIAMEHEHHUS B KaKOM-JIHOO MecTe
MO/KUTAaeT TOPIOYYI0 CMECh T'a30B, B pe3yJIbTaTe YeTO BO3HUKACT IEITHAS PEAKITHS
OBICTPOTO TOpPEHHUS C XUMHUYECKHUMH PEaKIUsIMH W BBIJEICHUEM OOJIBIIOTO
KOJIMYeCTBA TeIUIOTHL. [loaTOMY TIpeiaraercs 3a1aBaTh HE JIaBJIICHHE, a KOJTUYSCTBO
TEIIJIOBOM PHEPTHH B KAKOM-TH0OO MECTe BBIPAOOTKHU ¢ OBICTPBIM PacIIpOCTPAaHCHHEM
IJJAaMEHH BJIOJIb 3ara30BaHHON 30HBI.
[IpuHumaeTcsi, 4To (YHKIHUS MTHOBEHHOTO HCTOYHHKA TEIIOBBIACICHUS,
MePEMEIAOIICTOCS C 3aJaHHOTO MECTa BIO0JIb BRIPAOOTKH Ha KaKJIOW UTEpaIldH I10
BPEMCHH, TIPE/ICTABJICHA B BHJIC

qn =35nAx/ S . (8)

[IpHHATO TaKXKe, YTO KOIMYECTBO mAroB mo Bpemenu N < N = 70VS/Ax
MEHBIIIE  HEKOTOPOTO  IEJIOTO  YHCJAa, COOTBETCTBYIOIIECTO JUIMHE  30HBI
3ara30BaHHOCTH BBIPAOOTKH TIPH JOCTWKEHWH B €€ KOHIIE MaKCHMAaJIbHOTO
3HAYCHMS U30BITOYHOTO AaBiaeHud 2,8 MIla.
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OTO NaéT BO3MOXKHOCTBH NMPOU3BOJIUTH YMCIEHHBIE PACUETHI PACIpPEACICHUS
[1apaMEeTPOB IIJIOTHOCTHU, CKOPOCTH, TEMIIEPATYPhl U NABJICHUS BIOJb TYIIUKOBBIX U
CKBO3HBIX BBIpaOOTOK HpPH B3pbIBax OONBIIOW WM MajlOd MOUIHOCTH M LIEMHOU
pEaKIMU TOPEHUs, UCTIOB3Yys cucTeMy ypaBHeHwuit (5) — (7).

Ha puc. 4 npencraBieHbl pe3yabTaTbl YUCICHHBIX Pacu€TOB paclpeieeHu I
JaBJICHUS BIOJb TYIMKOBON BIPAOOTKU YEPE3 pa3IMuHOE BPEMsi C MOMEHTA B3pbIBa
IpH LIEMHON peakluy ropeHus B npru3aboiHOM YacTu Ha mpoTskeHuu 50 M.
CormacHo naHHeIM puc. 4, mpH

zlpo I 3aJJaHUM  LEMHOW PEAKUUU TOpPEHUS
. A 1=004c JIaBJICHUE U MAaKCUMaJIbHAasl BO3YIIHAas
] ](/ yaapHas BOJHa (DOPMHUDYIOTCSA yKe 3a
\ \ T=008¢ 30HOM TOPEHMS TJE-TO HA PACCTOSHUM
° \ )/\ 75 M oT 3a00s MPH JJHUHE 30HBI TOPEHUS
4 \\/ \ To0l7e 50 m. Takum 06pa3oM, JaBIEHUE — ITO
3 \ Jh T=043c BTOPUYHBIH (akTop W HE MOXKET
2 — t=086c | 3a/1aBaThCs 3apaHee.
1 Sl S T . Pe3ysbTaThl CpaBHEHHS JTaHHBIX

0 100 200 300 400 500 600 700 800 900 x, M YHCIIEHHOTO MOJEIMPOBAHUS JIMHAMHUKH

PucyHok 4. PacripesieieHie OTHOCHTEIBHOTO  BO3JYIIHBIX YJAPHBIX BOJH TPH ICITHOU

JIABJICHUS BJIOJIb TYITMKOBOW BBIPAOOTKH Y€PE3  peaKUWH TOPEHHS C  HM3BECTHBIMH

Pa3siIM4IHOC BpEMA C MOMCHTA Hadajia HEITHOU JAHHBIMU ITOKA3bIBAIOT, YTO FpaHHHLI

peaKuu TOpeHHUsL: N

1 004c:2-008¢:3 017c4_043c; MAKCHMAIBHBIX M30BITOYHBIX JaBICHHUN

50,86 ¢ IPUMEPHO COBMAMAIOT, OJIHAKO B HAIEM

Cllydae OTMEUAIOTCsl HECKOJIbKO OoJiee

BBICOKME WX 3HAYCHHS, YTO TOBBHIIMAET KOIPPUIIMEHT HAAEKHOCTH TpU BhIOOpE
0€30IMacHBIX PaCCTOSTHHIA ITPH BEICHUU TOPHOCIIACATEIILHBIX PadoT.

Kpome TOrO, NMpM 4YHCICHHOM MOJCIMPOBAHUN YCTAaHOBICHO, YTO HEIB3s
NPUHUMATh HAYallbHOE paclpe/ielicHHe HaBJICHHWsS B BHJC CKauyka HAa Y4YacTKe
mmHoN Oonee 50 M. DTO TPHUBOAUT K MAJUTEIBHOMY YracaHWIO BO3IYIIHBIX
yIApPHBIX BOJH W HE COOTBETCTBYET ACHCTBUTEIHLHOCTH. B 3TOM ciydae ciemyeT
paccMaTpHBaTh MPOIECCHI C IETTHON peakIuel TOPEHUsI MeTaHa U TbLIH.

BreimoniHeHO Takke MaTeMaTH4YeCKOe MOJICTUPOBAHUE B3aUMOJCHCTBUS
BO3/IYIIHBIX yJIAPHBIX BOJH MPHU MOBTOPHBIX B3PHIBAX METaHA, KOT/Ia MIEPBHIN B3PHIB
MIPOUCXOIUI B BBIPaOOTKe, a mocienyomuid B gaBe. [Ipu 3ToM 3a7aBajics cKadyok
JaBJICHUS HE HAa HEKOTOPOM YYacTKE BBIPAaOOTKH, a B BHJE IEMHOW pPEAKIUU
OBICTPOTO TOpPEHHUs, TMEPEXOASAIIETO BO B3PBIB, KaK YK€ OBUIO PacCMOTPEHO U
MOATBEPKACHO IKCTIEPUMEHTAIBHO.

Ha puc. 5 mpeacrtaBiaeHsl pe3yabTaThl MOJACIUPOBAHUS B3aMMOJCHCTBUS
BO3JYIIHBIX YyJAapHBIX BOJH TIPHU MOIIHBIX B3pHIBAX CHAYajla B TYMHKOBOM
BBIpaOOTKE, a 3aTE€M B JIaBe.

Kak ycTaHoBieHO, MEXIy SMHIICHTPAMH B3PHIBOB 4YEPE3 HEKOTOPOE BpPEeMS
BO3HHKAET pa3pekeHne, a B 3a00€ TyMrKa MPOUCXOIUT YIBOCHHUE CKaYKa JTABJICHHMSI.

Takum  0o0Opa3oMm, TPENJIOKEHHBIH  METOA  YHCIEHHBIX  pacdyéToB
pactpoCTpaHESHUS M OTPAKEHUS BO3IYIIHBIX YIAPHBIX BOJIH JTIO00W MOITHOCTH
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P/P;-1 OTJIMYAETCs OT MU3BECTHBIX METOAOB: 1) yuéToMm 1enHou
20 > peakuuu ropeHusi, 2) BBEJEHUEM BO BCE ypaBHEHHS
16 CXeMHOro ko3 duuuenta 1updy3un Macchl, BA3KOCTH U
12 . /J JNUCCUIIALIMU DHEPIUU IS NOTAIICHUS ocunnnﬂunf{; 3)
8 VICIIOJIb30BAHUEM U1 YU CIICHHBIX pacuéToB
s th / KOMOMHUPOBAHHON CXEMBbI MJii pEUIeHUs YpaBHEHUS
N / KOJINYECTBA JIBUKEHHUSI, ITOBBIILIAOIIEH TOYHOCTD.
0 400 800 X, M Jna  MonenupoBaHus IOBEACHHUS BO3AYIIHBIX

Pucynox 5. BsaumozeiicTBie  ynapHBIX BOJIH Ha COMPSDKCHHUSX TOPHBIX BBIPAOOTOK
BOSAYIIHBIX yAAPHBIX BOTH  Gpii MCMOJB30BaHbl T€ ke ypaBHeHus (5) u (6), HO ¢
TPH B3PLIBAX MCTANA CHAYANA  yyaroy cpenTeHHs MOTOKOB B y37Max jisd 1-To M 3-TO
B TYNHUKOBOH BbIpaboTke (1), N
a 3atem B nase (2) YPaBHCHHUI CHCTEMBI.
Haubomnee pacpocTpaHEHHBIM CIIOCOOOM 3a/TaHHSI
T'PaHUYHBIX YCIIOBUU NP PEIICHUU CETOYHBIM METOJIOM
YPAaBHCHHMH JO3BYKOBBIX M CBEPX3BYKOBBIX TEUCHHMH Ta3a SBISETCA CIOCO0
oTpakeHHs. B 3TOM citydae BBOAUTCS ST JIOMOJHUTEIBHBIX Y3JI0B, PaclojiaraeMbIx
Ha CTEHKax BbIpaOOTkH. Torma, B3sB JIFOOYIO BETBh BEHTUIISIIITUOHHOW CETH B JTFOOOM
HANPaBJICHUW (TOPU30HTAILHOM WM TIOTIEPEYHOM), MOXKHO TPUMEHUTH YKE
pa3pabOoTaHHBIN YUCIICHHBIA METOJI. B 3TOM citydae Bce y3i1bl OyayT BHYTPCHHHMH,
a B y3Jax Ha TPaHUIIAX MOXKHO MPUHATH TPAJUCHTHI ILUIOTHOCTH W JaBJICHHS,
pPaBHBIMH HYJIIO, & TAK)KE€ CKOPOCTh, PABHOM HYIIIO:

=N+l _=n+l. ~n+l _n ph+l _pn+l
Pm1=Pm > Una=0 Ppi1=Py )

[lony4yeHHsle pe3ynbTaThl B BHJE 3aTyXaHUS BO3YIIHBIX YAApHBIX BOJIH
NPEJICTABIISIOTCS B BUJE TAOJHUIIBI.

Takum 00pa3zom, BBITTOJTHEHHBIE UCCIIETOBAHUS TIO3BOIMIN PACKPHITH MEXaHU3M
o0pa3oBaHUsl BO3AYIIHBIX YyJAPHBIX BOJIH TPU B3PbIBAX METAHOMBUICBO3IYITHBIX
cMecell B TOPHBIX BBIPA0OTKAX, 3AKIIOYAIONIUICS B TOM, YTO BO3HUKHOBEHHE
MCTOYHWKA 32)KUTAHUsI TIPUBOJUT K OBICTPOMY, IIETTHOMY PAaCIpPOCTPAHEHUIO TOPCHHUS
M0 BCEMY B3pPHIBOOMACHOMY 00BeMy (KOHIIEHTpamusi meraHa or 5 mo 15 %) c
BBIJICJICHHEM OOJIBITIIOrO KOJIMYECTBA TEIJIOTHI, 00pa30BaHUEM CKAYKOB TEMIIEPaTYPHI,
JABJICHUS, TUIOTHOCTU CMECH T'a30B U BO3HMKHOBEHUEM BO3AYIIHBIX YAAPHBIX BOJIH.
OTO0 TO3BOMMIO OOOCHOBATh HCIOJNB30BAaHWE B YpPaBHEHUH OHHEPTruu (HyHKIUU
HMCTOYHUKA BBIJEICHUS KOJUYECTBA TEIJIOTHI C YYETOM CKOPOCTH PacHpOCTpaHEHUs
MJJAMEHU Ha YYaCTKE 3ara30BaHHOM 30HBI ISl YCTAHOBJICHUS XapaKTepa MOBBIIICHUS
JABJICHUS] B ABAPUIHOMN BBIPAOOTKE.

B naTom pa3mene BBHINOJHEHA pacyeTHas OLEHKAa IapaMeTpoOB
pactpoCTpaHeHUs] BO3JAYIIHBIX YyIApHBIX BOJH B CETH TOPHBIX BHIPAOOTOK U
0€30TMacHBIX PACCTOSTHUN OT SIUIICHTPA B3PHIBA.

JInst 9TOro BBOJATCS CIEAYIOIIME HWCXOAHBIE JaHHbIE: naaBieHue Py u
IJIOTHOCTh P BO3JAYyXa B BBIPAOOTKAX MPU HOPMAJbHBIX YCIOBUSIX; KOJIHUYECTBO
BbIpa0OTOK K3, NIl KOTOPBIX OyAeT MpOU3BOAUTHCA PACUET; KOJIMYECTBO Y3JI0B
(TYnUKOB M cONpsbKeHUM BhIpaOOTOK) Kj; mepuoa BpemeHu T pacnpocTpaHEHHs
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BO3JYIIHBIX YAAPHBIX BOJH B Ce€TU BbIpaOOTOK, uncio Kypanrta Cu. lna kaxmaoit
BBIPAOOTKH TaKXe 3aJal0TCs €€ MapameTpbl: JiauHa L, miomans monepeyHoro
cedeHus Sj, KOIPPUIMEHT a’pOIUHAMUYECKOrO0 CONPOTUBICHUS Aj. UTOOBI
YCTaHOBUTbH, KaK CBSI3aHbI MEKy COOOM BBIPAOOTKH, JAJI KaKJOM U3 HUX 3aJal0TCs
HOMEpPaA HAaYaJIbHOTO U KOHEYHOI'O y3JI0B. B MOCTpOEHHON MaTeMaTHYECKOU MOJIEIN
pacnpoCTpaHEeHHUs] BO3JAYIIHBIX YJApPHBIX BOJH B CETH TOPHBIX BbIPAOOTOK
MPEANnoiIaraercsa, 4ro BbIPAOOTKM MOTYT OBIThb COMNPSKEHBI IO ONpPEeeICHHBIM
yriaoM. Iloatomy st Kaxaoil BbIpaOOTKM JOJDKHBI OBITh 3aJaHbl YIJIBI, IO
KOTOPBIMU OHH COTPATAIOTCS C JPYTUMU BbIpaObOTKamu. it conmpspKeHH TOpHBIX
BBIpaOOTOK  3a7aloTcsi  KOP(DPUIMEHTHI  MECTHOTO  adpOJAMHAMHYECKOIO
comporuBneHus. Kaxnas BeipaboTka pazOuBaercs Ha M, y4acTKOB, B KOTOPBIX

ONPEACISAIOTCA TaKUE MapameTpbl, KAK OTHOCUTEIILHOE JaBJIC€HUE, OTHOCUTEIbHAs
CKOpPOCTb, OTHOCUTEIbHAS TIJIOTHOCTh U OTHOCUTEJIbHASL TEMIIEpaTypa.

Hanee dopmupyercss MaTpulla HWHUIHACHTHOCTH, KOTOpas COJEPKHUT
UH(OPMAIIUIO O TOTIOJIOTUU CETH TOPHBIX BBIPAOOTOK.

UtoObI 3aBEpIINTh BBOJ MCXOJHBIX JAaHHBIX, HEOOXOIUMO 3a/1aTh Ha4YaJIbHBIC
U TpaHUYHBIC YCJIOBUS JJIs KaXa0i BeIpaOoTku. Kak yxe ObUI0 OTMEYEHO, B3PHIB
METaHa MOXXHO MOJICJIMPOBAaTh JBYMs CIIOCOOAMHU: B BHJI€ IIEMTHOW pEaKIUU
TOpEHUsl, KOTOpasl YYUTHIBAETCS MapaMETPOM TEIUIOBBIACICHUS ( U C MOMOIIbIO
3a/1aHUsl TTOCTOSIHHOTO JaBJEHUSA B 30HE B3phiBa Pi. B mepBoM ciiyyae OCHOBHBIE
napaMeTpbl B Ha4albHbIH MOMEHT BpeMeHH t = () ocTaroTcsi HEM3MEHHBIMU B JTFO0O0M
BBIPA0OTKE U B JIIOOOM Y3JI€ CONPSIKEHUS : Ein = Pioj = Tin = Ejo: Py = Tjo =1,

HabGops1 3HaueHnii i+ ik bopMUpYIOTCS B 3aBUCUMOCTH OT MECTa B3PbIBa

METAaHOBO3AYITHOW CMECH, €€ 00beMa U MECTOIOJOKEHUSI B CETH TOPHBIX
BBIPAOOTOK.

Bo BTOpoM cilydae Ha 3ara3oBaHHOM Y4YacTKE BBIPAOOTKH B HadaJIbHBIN
MOMEHT BpEMEHH 3ajaeTcsi HeKoTopoe jaienue P,. OcTalbHble MapaMeTphl B

HayaJdbHbII MOMEHT BpPEMEHHM OCTAIOTCA TAKUMH K€, KaK U MPU HOPMAIbHBIX
YCIOBUSIX.

[locne NMOATrOTOBKM MCXOAHBIX IJAHHBIX MPOU3BOAUTCS PacyeT MapameTpoB
BO3/IYIIHBIX YJAPHBIX BOJIH B CETH TOPHBIX BHIPAOOTOK.

Jlns npumepa Ha puc. 6 MpUBeAEHA cXeMa BEHTWISLUOHHBIX COEIUHEHHI
TOPHBIX BBIPA0OTOK C YKa3aHMEM paclpeleseHud MaKCHUMalbHbIX 3HAa4YC€HHUI
OTHOCHUTEJIbHBIX JABJICHUM.

[locne 3amaHusi MCXOAHBIX JAHHBIX BBIMOJHSIEM pacyeT M[apaMeTpoB
BO3IYUIHBIX YIAapHbIX BOJH W Oe3omacHeIX pacctosiHuil. IIpoBepum, Kakoro
3HAQUYEHUS JOCTUTIIO MAKCUMAaJIbHOE OTHOCUTENbHOE AaBieHue. OUeBUAHO, YTO OHO
HAXOJWUTCS B 30HE B3phIBa, T.c. B BeTBU 10 (puc. 7,a). Ha puc. 7 mo naHHBIM
YUCJICHHBIX PAcUu€TOB MPUBEICHBI KPUBBIE pACIIpEICIICHUS TapaMeTPOB BO3AYIITHBIX
yAapHBIX BOJH B 30HE B3pbiBa B BeTBUM 2. Ha rpaduke MoxeM BHUAETH, 4YTO
MaKCUMaJIbHO€ OTHOCUTENIbHOE HW30bITOUHOE JaBieHue (mopsaka 2,8 Mlla)
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3adukcupoBano Ha 870 M BetBH 10. OOpaTuMcs K pacnpeaeaeHu0 MaKCUMaIbHOTO
OTHOCHUTEJIBHOTO JaBJICHUS BO BCEH CETU TOPHBIX BBIPAOOTOK (CM. puc. 6).

29,1

1,7

14

11

1,06

Pucynox 6. Pacnipenenenre MaKCUMAJIbHBIX TTO0 BPEMEHU 3HAUEHUHN
OTHOCHTEILHOTO JIaBJICHUS BO BCEU CETHU TOPHBIX BEIPAOOTOK

B

ol

0 200 400 600 XM

PI/ICYHOK 7. PacnpeneHeHHe mapaMeTpOB BO3AYIIHBIX YAAPHBIX BOJIH B BETBU 2:
a — pacpeACJICHUEC MAaKCUMYMOB OTHOCUTCIIBHOTI'O JABJICHUS; 0— pacnpeacjicHue MakKCuMyMOB
OTHOCHTEIBbHOMN CKOPOCTH; B — paclpCACICHNC MAKCUMYMOB OTHOCHUTEIBbHOMI IIJIOTHOCTH,
I — pacnpeaciicCHuC MakKCUMyMOB OTHOCHTEJIbHOM TEMIICPATYypPhL

Kaxk BuaHoO 13 puc. 6, 6e30macHbie MecTa, IJile OTHOCUTEIbHOE AaBICHUE HUXKE
1,06, o6o3HaueHsl OenbiM 1BeTOM. Halimem mecta B BO3AyXOIOJAIOIIEM YKJIOHE,
Oe3omacHble MO JaBieHUI0. bezomacHoe Mecto HaxomauTcss B BeTBU 20 (Mexmy
yanamu 19, 20). Haitnem uckoMoe MecTo ¢ TOYHOCTHIO /10 10 M, BOCIIOIb30BABIIIUCH
MpeACTaBICHHBIMU pe3yibTaTamu (puc. §).

OO6pamiass BHUMaHUE HA pacHpeiesieHUe OTHOCUTEIBHOTO JABJICHUS, BUIIUM,
YTO OHO OIyCKaeTcs HuKe Oe3omacHoro 3HadyeHus 1,06 na 167 m B BetBu 20, T.e.
HenocpeAcTBeHHO B y3ie 20 (cM. 3-t0 cTpoky Tabnuubl). [lockonbky nanee 3a
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BeTBbIO 20 HE ObUIO 0OHAPYKEHO OTHOCUTENBHOIO AaBieHus 6oisee 1,06, To Bcrogy
rocie y3ia 20 BO3MOKHA YCTaHOBKA U30JIMPYIOIINX NIEPEMBIYEK.

OTHOCHTENEHOE AABIEHHE

x 0 10 |20 |30 |40 |50 |60 |70 |g0 |s0 |
P 1 1 1 1 1 1 1 1 1
Maxcnnyom mo t |1,04416 | 1,03321 | 1,02777 1,02523 1,02417 1,02498 102568 1,02635 1,02702 102773
<

>

COTHOCHTENRHAR CEOPOCTE

x 0 10 |20 |30 |40 |50 |60 |70 |20 |0 |
[ 0 0 0 0 ) 0 0 0 )
Masxcuuynm mo £|0,00537 0,01032 0,01383 001573 0,01666 0,01702 0,01704 001685 00165 0,01604
4

>

CITHOCHTENBHAA IIOTHOCTh

x 0 10 |20 |20 J40 |50 |60 |70 |20 ED |
Rho 1 1 1 1 1 1 1 1 1
Meaxcmyom ot |1,08494  1,08082 1,07621 1,07138 |1,06659 1,06198 105764 105362 |1,04992 1,04655

< >

OTHOCHTENMbHAA TEMIEPATYRA

x 0 10 20 [0 a0 50 fso Jro [so o |
T 1 1 1 1 1 1 1 1 1
Maccamys no £ |1,00611 |1,00393 |1,00318 |1,00293 |1,0028 |1,00298 100311 100326 100342 100359
<

>

Pucynox 8. Pe3ynbrarsl pacuera B BeTBU 20

IIlecToit pa3ges TOCBSAIIEH HCCIEAOBAHUIO MPOLIECCOB B3aUMOACHCTBUS
BO3AYIIHBIX YJIApHBIX BOJH C pa3iWYHBIMM TIperpajaMu U CPEACTBAMU
B3PBIBO3AIIUTHI.

JInst mpoBEpKM TOYHOCTU YHMCJIEHHOTO METOJa pacuéra IMOJy4eHO, Kak U B
TPETbEM pas3lielie, aHAJIUTUYECKOE pEIIeHHWE 3aJauyd paclpoCTpaHEHUs U
B3aUMOJICHCTBHS  BO3AYIIHBIX YJIApHBIX BOJH HEOOJBIIOW MOIIHOCTH B
M30JIMPOBAaHHOM MEpPEMbIYKaMU ydacTke. B 3ToOM cilyyae mpuHHUMAanoCh Ha4aJIbHOE
JaBJICHUE B JIaB€ B BHUJIC HEKOTOPOrO CKayka [0 F:F1>1 Ha JUIMHE X1...X2, 4 Y

MEPEMBIUCK MPUHATO YCIOBHE MX HEIMPOHUIIAEMOCTH, KOT/Ja TPAaJMCHT JaBJICHUS
paBeH HYJIO. AHAIUTUYECKOE PEIICHUE MOJIy4YEeHO Takke mMeTogoM dDypbe B BUIE
OeckoHeuHBIX psAAoB mpu ( = 0 u |u| = const.

[Ipy ™MonenupoBaHWM YHUCICHHBIMM METOJAMH JUHAMHKU BO3IYIIHBIX
yIapHBIX BOJIH OOJIBIIIOW MOIIHOCTH HMCIOJb30BaIHCh Te ke ypaBHeHHs (5), (6) ¢
KpPaeBbIMU YCIOBUSIMU U1 TYNHUKOBOW BBIPAOOTKH, HO C JOOABICHHEM YCIOBHMA
HEMPOHUIIAEMOCTH Ha IIPaBOil IEPEMBIUKE.

[lepBble AKCIEpUMEHTANIBHBIE UCCIIEIOBAHUS TAlIEHUS BO3AYIIHBIX YAAPHBIX
BOJH THUIICOBBIMU IEpPEMbIYKAMU OBUIM TPOBEACHBI B HATYPHBIX YCIOBHUSIX B
mronbHe Kaparaitnuackoro nmomurona KO BHUWI /. [tonsHs anuHoi 190 M u
TJIOIIAIbI0 TIONIEPEYHOro ceueHus 4 M? npoiiieHa OypOB3pBIBHBIM criocoboM 0e3
KpEIUICHHS B TOPOJIax.

MertaHoBo3aylIHasE cMeCh ¢ KOHUEHTpauueil 9,5 % co3naBanach B IITOJbHE
MyTEM BBINTyCKa METaHa K3 OaJVIOHOB MO PE3MHOBOMY PYKAaBY B H30JHUPOBAHHYIO
nuadparMoit 30Hy JJIMHOU puMepHO 160 M.

I'uncoBylo mnepeMblyKy C oOnalyOkold U TpoEMHON TpyOoil BO3BOIWIIU
JUCTAHIIMOHHO TI0 PYKaBHOM JIMHUKM C TMOMONIbI0 KoMmIuiekca «Temm» c
HCIIOJIb30BaHUEM IIACTU(PUIIMPOBAHHOIO TUIICA.
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KOHTpOnbHBIN B3pbIB OBLT MPOU3BEAEH O€3 TUIICOBOW IMEPEMBIYKH, HO CO
HIIPEHreIbHBIMU NIEPEMBIUKAMU, YCTAHOBJIEHHBIMU BO BTOPOM M TPETHEM BpyOax.

B pe3ynbpTaTe B3pbIBa METAHOBO3AYIIHOW CMECH Ha y4YacTKe IJIUHOK 165 M Obuin
packoyioTel JBa Opyca IINpeHredabHbBIX nepeMbluek. [Ipm 3ToM MakcuMmanabHOE
M30BITOYHOE JIaBlieHue y nepeMbruek obu1o 1,45 Mlla.

[Tocnenyromue nATH B3PBIBOB IIPOBOAWIN B IITOJBHE, W30JIMPOBAHHOMN
TUIICOBOM IEpEeMBIYKOM. TOJIIMHA NEPEMBIYKA B Ka)XXOM HOBOM JKCIEPHUMEHTE
BappupoBanack B mnpexaemax 0,55...1,5 M. B pesynbrare nsATtH B3pBIBOB, Kak
MoKa3zajii HaOMI0JeHUs, M30BITOYHOE /JaBJICHHE Ha TUIICOBOM MEpeMbIYKE ObLIO
0,96...1,36 MIIa.

PIP,-1 Ha puc. 9 npusBeneHsl
13 pe3yNnbTaThl  YUCIEHHOTO U
3 =
i 7| HATYPHOTO OKCHEPHMEHTA IpH

——A U30JISILIUM TYMUKOBOW BBIPAOOTKU
2
1 / TMIICOBBIMU MIEPEMBIYKAMH.

Kak ycTaHOBIIEHO B YETBHIPEX
DKCIEPUMEHTAX, NEPEMBIYKH W3
BBICOKOIIPOYHOIO  THUIICA  HE
paspylmiarorcss  OpU  TOJIIHUHE

Pucynox 9. Pacnipenenenue usositounoro nasinesuss B 1...1,5 M 1 n30B6ITOYHOM JaBJICHHHU
LITOJIBHE NPU €€ U30JIALUH TMIICOBOM IIEPEMBIYKOM: 0.96...1.36 MlIla OHu HE
,90... 1, .

1 — pe3ynbTaTh IivaeTa Ha MOAXO0€E BO3IYIITHOM Pa3PYIIAIOTCS aKe MPH TONIIHHE
yIapHOM BOJIHBI K IIEPEMBIYKE;

2 — Ha TIepeMBbIUKe; 3 — HIDKHEE M BEpXHEEe 3HAUCHUS B 0,55 M u nasnennu 1,0 MIla. B
HATYPHBIX SKCIIEPUMEHTAX Y HEPEMBIUEK TO XK€ BpEMA IMEPCMbIMKA W3
CTPOUTEIIBHOTO TUIICA TOJIINHON

0,75 m B pe3ynbTare B3phIBa OblIa cMemieHa Ha 0,1 cM co cpe3oM 1o IepuMeTpy Ipu
M30bITOYHOM faBieHuu 1,3 MIla.

DKCIEpUMEHTAIIbHBIE HUCCIEAOBAaHUSA TAlll€HUs BO3IYUIHBIX YIAPHBIX BOJH
NIEHHBIMU M TTOPOIHBIMH TTpoOKkamMu mipoBesieHbl B HUMI' /| B HaTYpHBIX yCIOBHSX B
mroibHe «['paHuT». MeTaH B TYNUKOBYIO YacThb IITOJbHU, OTACIEHHYIO OT
OCTaJbHOM YacTH BBIPAOOTKU nuadparMoil U3 MOTUITHICHOBOH MIEHKH, TTOaBaJICs
U3 IUCTEpH MO TpyOOompoBoAy uepe3 peaykTop. JlnuHa 30HBI, 3amOJHIEMOMN
METaHOBO3AYIITHON CMeChio, OblIa pa3auyHor. C MOMOIIBI0 BEHTUJISTOPA MECTHOTO
MIPOBETPUBAHUS METAH PABHOMEPHO IEPEMEUIMBAICA C BO3AYXOM CO CpEOHEU
koHueHTpauen 10 %. Bo3nymHo-mexaHWyeckass TMEHa 10 BEHTWISIIUOHHOMY
TpyOOTIPOBOAY TMOJaBajach Ha pa3IUYHBIE PACCTOSHUS OT YCThS INTOJIHHH.
Kparnocts nensr K = 150+200. PaccTosHue nmeHHO#M TPOOKH OT KaMephl C BHICOKOM
KOHIeHTpanuerd meraHa — 10 S50 M. VCTOYHMKOM BOCIJIAMEHEHHUS CITyXKUja
HHUXPOMOBas MPOBOJIOKA, HArPEBAEMAasl C TOMOIIBIO BEICOKOTO HAIPSIKEHHUS.

3anosHeHrne NeHOW MTOoMbHU Ha 220 M ¢ 3a30pOM MEXy MEHHOU MPOOKOW U
ra30BbIM TOTOKOM MPHUBEJIO K YMEHBIICHUIO MAKCUMAJILHOTO U30BITOUYHOTO AaBICHUS
B ABa paza. [Ipy 5TOM MakCMMyM [aBJIEHUSI HAaXOJUJICS HA TOM K€ PACCTOSHHH,
paBHOM 175 M, OTKy#a CIEQyeT, YTO HEMNOJHOE 3allOJHEHHUE IMEHOW MONEPEYHOro
CEUYEeHUS IITOJIbHU IPUBOJIUT K MPOHUKHOBEHHIO TUIAMEHU Ha OOJIBIIINE PACCTOSIHUSI.

\
|
\
\
\
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JIpyras kapTHHa UMEET MECTO, €CJIM IIEHA 3aIIOJIHAET BCE CEUYECHHE IITOJIBHMU.
Kak moka3bpIBaloT JaHHBIE SKCIEPUMEHTAJIBHBIX UCCIEAOBAHUN, IEPEKPHITHE BCETO
CEYEHUs IUTOJIBHU NPUBOAUT K PE3KOMY COKpALIEHUIO JIMHBI tuiameHn Ha 100 m.
OdeBuAHO, BO3AYIIHAS ylapHas BOJHA, BO3ACHCTBYS Ha MEHHYIO NPOOKY, CKUMAET
e¢ Ha 50 M W He Naér NMPOCKOYUTH IUUIAMEHM JAJIbIIE, CYILECTBEHHO CHUKas
MaKCcUMaJibHOE JaBlieHue. Tak, Ha 225-M MeTpe HU30BITOYHOE OTHOCUTEIHLHOE
nasinenne nagaer g0 0,25 momm m 0,1 1oaM MO OTHOIIEHMIO K HA4YaJlbHOMY
nasieHuto. [Ipu aTom anvHa npoOku paBHsJIach cooTBeTCTBEHHO 180 1 250 M.
Heckonbko mHas kapTuHa HaOMIOJAeTCs NPU TalIEHUH BO3AYLIHBIX YJIApPHBIX
BOJIH TIOPOJIHBIMH MPOOKaMu WK OapbepHbIMH TepeMblukaMu. C 3TOW 1eNbl0 MpH
AKCIIEPUMEHTANBHBIX HCCIEIOBAaHUSAX HAa PacCTOAHMM 12 M oT 3a00s WITOJBHU
BO3BOJIMJIACH ITOPOJHAS MTOJIOCA PA3IMYHON TOJIIIHUHBI U C Pa3IMYHON KyCKOBAaTOCTBIO
nopoasl. Ilocne 53TOro mnpou3BOAMIMCH 3allyCK METaHa, €ro PaBHOMEPHOE
NIEPEMEIIMBAHNE U CO3/IaHUE CTEXHOMETPUYECKON CMECH B M30JIMPOBAHHOM YYacTKe
UTHHOU 12 M.
PIPo—1 Ha puc. 10 mnoka3aHsl
: PE3yBTaThl SKCIIEPUMEHTAIBHBIX
11755 Y TEOPETUYECKUX UCCIICTOBAHUI
125 pacnipoctpanenust (kpuBas 1,
1 HYJIECBOM  JKCIEPUMEHT) U
0;)7: rameHus BO3AYILIHBIX YAAPHBIX
025 BOJIH MOPOJHBIMH MPOOKaMH
0 (xpuBbIe 2 — 3).
0 2 4 6 81012 1416182022 242628303234363840 x, M KaK YCTaHOBJIeHO B
Pucynox 10. ["amienre BO3AyIIHBIX YAAPHBIX BOJIH pe3yabTaTe dKCIICPHUMCHTAJIbHBIX

MOPOAHBIMH HPOOKAMH: uccienoBaHuid (MO0 TpU DKCIe-

1 — HyneBoO# SKCIEPUMEHT; 2 — Hp06KaUTOJ'IHlI/IHOI/I 3mc PHMEHTA B KaXIOH CepHH), IIPH
3a30pOM;3 — MPOOKHU TOJIIUHON 6 U 8 M

OTCYTCTBHUH MTOPOTHON TPOOKHU
U JIJTMHE 3ara30BaHHOM 30HBI 12 M MPOUCXOJHUT TMIJIABHOE HAapacTaHWE H30BITOYHOTO
nanenuss jgo 0,2 Mlla wa paccrosaun 150 M oT 3a00s IITOJNBHHU.
DKCIEpUMEHTAIIbHBIE M PAaCUETHBIC 3HAUCHUS MAKCHUMYMa JaBJICHUS HAXOMISTCS B
IIOJIHOM COOTBETCTBUH APYT C IPYTOM.

[Ipy Hanwuum MOpPOAHOW MPOOKU PE3KO MEHSETCS IMHAMHKA BO3IYITHOM
yIapHOW BOJHBI MU MAKCUMYM JaBJICHHS TMPUOIIKAETCI K MECTY PaCIHOJIOKCHHS
nopoabl. Tak, Mpu TOJIMHMHE MOPOJHOW MPOOKHM 3 M MaKCUMyM H30BITOYHOTO
JTaBJICHHST HAXOAUTCS Ha paccTOsAHUU 24 M, a ero 3HadeHue paBHo Bcero 0,075 Mlla
(cm. puc. 10, kpusas 2).

VYBenuueHue TONIIUHBI TOPOJHON MPOOKU 0 6 M, a 3aTeM 0 8§ M MPUBEIO K
pacpoOCTPaHESHHIO TIIAMEHH JIMII JI0 MPOOKH, TO €CTh Ha 12 M. DTO TOBOPHUT O TOM,
YTO BHA4aJIe 3a30p MEXAY MOPOAOM M Ta30BOM CMECBhIO OTCYTCTBOBAJ, a 3aTEM
BO3/YIIHAs yAapHas BojJHA oO0pa3oBajia TOJA KpOBJEH IITOJNBHU CBOOOJHOE
MPOCTPAHCTBO JJIS €€ TAIBHEUIIIETO PACIIPOCTPAHECHUS.

JlaHHBIE SKCIEPUMEHTAIBHBIX UCCIECIOBAHNUN U YCTAHOBJICHHAS a/IEKBAaTHOCTD
MaTeMaTU4eCKOM MOJENM HATYpHOMY OOBEKTY MO3BOJIAIOT MPOTHO3UPOBATH
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YUCIICHHBIMU MeToAaMu 3()(PEKTUBHOCTh TallleHUs BO3AYIIHBIX YyJIapHBIX BOJH
MEHHBIMHU U MOPOJIHBIMU IPOOKaMH UM OApbEePHBIMU EPEMBIYKAMH.

Cenbmoii pa3aes NOCBSALIEH 0OOCHOBAHUIO NMapaMETPOB B3PbIBOYCTOMYUBBIX
nepeMbruek. [IpuBeneHbl MaTeMaTndeckass MOJENIb U pe3yJbTaThl HCCIIECIOBAHUI
HaIpsHKEHHO-Ae(OPMUPOBAHHOIO  COCTOSIHUSL  B3PBIBOYCTOWUYMBOM  MEPEMBIUKH,
BO3BOJMMOM TOpHOCHACATENSIMA M3 THUIICA B PAa3IMYHBIX IUIOMIAIAX CEUYEHUU
TOPHBIX BBIPAOOTOK.

PaccmoTrpena Hambosee o0000IIeHHAss pacyeTHasi CXeMma TMEPEMBIUKU C
MPOEMHBIMU TPyOaMH B BUJE TOJICTON IMIACTUHBI (ITUTHI) C PAANYCOM KPUBHU3HBI,
MEHSIOIKUMCS 0 TapaloJIMYecKol 3aBUCUMOCTH WJIM TOJYOKPYKHOCTH, TOJ
neiictBreM HOpMaibHON P, (0T BO3AYIIHOW yIapHOU BOJIHBI) U CokUMaromied — Py,

(OT pa3pylIEHHBIX TOPHBIX MOPOJ) HArpy30K C 3alEMJICHHBIMH TpeMs KpasMu U
CBOOOJHBIM YETBEPTHIM KpAaeM B BEpPXHEW 4YacTH, a TaKXKe, B YaCTHOCTH, C
3aIeMIICHHBIME Kpasimu ipu P, = 0 (puc. 11).

XA

XA

Ny
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Pucynoxk 11. PacueTHast cxema B3pbIBOYCTOMYHNBON MTEPEMBIYKH:
1 — HanuBHAs THIICOBAs IEpPEMbIUKa; 2 — MpoeMHas TpyOa; 3 — KOHTYp KpEeIH B CBETY,
4 — moaCkINKa MOYBBI BEIPAOOTKH; 5 — MOHOJMTHAs TIopoja; 6 — omanyoka; 7 — KOHTYp BpyOa B
30HE MMEePEMBIUKH; 8 — 3aKIIajKa mopoaoit; 9 — metamnueckas apouHas kpemnb; 10 — 3aTspkka

B kauectBe KpUTEpHEB MPOYHOCTH MCIOJIB30BAHBI MEPBasi U BTOPasi TEOPHH,
COIJIACHO KOTOPBIM MAaKCHUMAIbHBIE HOPMAaJbHBIE M KAaCaTEIbHBIE HAMPSIKEHUS HA
paCTSKEHUE, CKATHE M COOTBETCTBEHHO Ha CIABUI HE JOJKHBI MPEBBIIIATH CBOUX
NpeaeIbHbIX 3HAYCHU, T.€. Gmax(pack) < Onu(p, cx)r Tmax < Tn.

[TomHBIE KOMIIOHEHTHI HANIPSDKCHUH G U T (0€3 yKa3aHHWs HIKHUX WHJESKCOB),
MllIa, B BUAE CyMMBbI HAIPSKEHU UMEIOT BUJL

c=0°+0° t1=1"+1°, (10)

I7Ie MHACKC «C» OTHOCUTCS K MOHOJUTHON NEPEMBIUKE, «0» — K MEPEMBbIUYKE C
OTBEPCTHUSIMH (IPOEMHBIMH TPYyOaMu).

C ucnosib30BaHKEM BapHAIMOHHOTO METO/1a PEILICHHS KPAaeBbIX 3a]1a4 TECOPUU
YOPYTrOCTU TOJIYYEHBI CIEIYIONIUE YPaBHEHUS [JIi HOPMAaJbHBIX M KacaTeJIbHBIX
HaNPSHKEHUN CIUIOIIHOM MEPEMBIUKU
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i " 1 I
i=1
Eh n " 1
—QZZ ajf; gJ+cJquJ+4v(a f;95 +cjuvi) |

J E'h: (11)
—EZZ v(ajfig; +cjuijvy) += (a ;95 +cjuvi) |

, ., Gh
__Z_Zbipiqi ZZ(a 97 +c;ujvi);
i=1 j=

1 1
— = =1-v2 |—=—<z7z<=
GZCJJJ,T GZCJJJ,A 1-v*%; S SZ=5 |
rae a; b j>Cj — HEM3BECTHBIC NApPaMeTPhl, ONPEIEIAEMbIE U3 CHCTEMbI JIMHEHHBIX
anreOpanveckux ypaBHeHHit; f jr--Vj — KOOpIMHATHBIC (YHKUMH, 3aBUCSIIHE OT

TpPaHUYHBIX YCJIOBHM U OMpenereHHble coracHo Merony byOnoBa-I'anepkuna;

—%
G - monmyns casura marepuana (rumca) nepemerukn; Ug,U — pasmepras wu
Oe3pazMepHas (QYHKUMM @OTEHIMana Harpy3ku P, ; mTpuxamu 0003HaYEHBI
IIPOU3BO/IHBIE.
HanpsikeHust ¢ yueToM OTBEPCTUH UMEIOT BH/T

-

0_ -0 =0 — - _ " PN ! .
JOy ~Oox+ 2Ty, =2 (z le(p (zlj ¢ (21) + % (21) ; (12)
o3 +05 =4Re¢'(z),

r7ie Z3, Z — COOTBETCTBCHHO KOMIUICKCHAS U COTPSKCHHAS IEPEMCHHBIC, M.
Hckomble KOMIUIEKCHBIE OTeHIUAbI O(Z;) ¥ (Z)) mpencTaBuM B BHJE

m+2 1 (-1 k+1)
o(z9) = ZAkRk (z9): x(z) = ZBk Re(z1): Re(z) = (z 1) + (g +F

(13)

Koadpounumentsr A, B, ompenenseM n3 IpaHUYHOTO YCIOBHUS Ha KOHTYpE

OTBEPCTHUH, JJIsl YETO UCIIOIB3YEM METO]I Majioro napamerpa u byonosa-I"anepkuHa.

Ha ocHoBanum pa3paOOTaHHOTO aaropuTMa M COCTaBJICHHOW MPOTrPaMMBbI
MPOBEJICHBl HCCIIEAOBAHHS HANPSKEHHOTO COCTOSIHUS MEPEMBIYKM C PaguyCcoM
npoemMHoil Tpyosl 0,6 M, KOTOpas mHpollljia UCHbITaHUS B IITOJdbHE Kaparaisbl
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(Kasaxcran) i1 HauXyAIIMX YCJIOBUM MCIIBITaHU o Harpys3ke P, = 1,36 MIla n

tommuHe h = 0,55 M ¢ MUHUMATBHBIMH MEXaHHUYECKUMHU XaPAKTEPUCTHKAM IS
CTPOHTEIHHOTO THIICA.

Pesynbratel ncciaenoBaHMil MOKA3bIBAIOT, YTO MPHU BO3BEICHUHU MEPEMBIUCK B
BBHIPAGOTKAX C ILIOMIAABI0 CeueH s 4...7 M” MOXHO HCIIOIB30BATh OJHY IPOECMHYIO
TpyOy nuamerpom 0,8 M, a ¢ OOJBIIMM €€ CEYEHHEM — JIBE, MPUYEM 3arac
MIPOYHOCTH paseH 1,7...2,0.

. ‘ H, Ha OCHOBAaHUU IIOJIy4E€HHBIX
, o
. 5 % pEe3yJIbTaTOB pacyera Ha MPOYHOCTh
: 1 % IIEPEMBIYKHU OIIpeAeIiCHa €€ TOJIIINHA,
4,0 X /@/9 3HAYCHUs  KOTOPOM  TPUBEAECHBI B
Q
. X HOMorpamme (puc. 12).
- £ % = - )% Otcroga cieayeTr, 4TO OHU yMEHb-
2
30 /; AT 2500 IICHBI 10 CPABHEHUIO C AHAJOTMYHBIMU
25 A /)%!%; € 3HAUYECHUSIMH, [PUBCICHHBIMU B
- %5 ]
= < = é// = HOPMAaTUBHBIX IOKYMEHTAX, B CPEJTHEM B
20 A 1] %4/
’ o o e\ 1,3 pa3za.
A 1 o
R 2 [Ipu 3ameMIIEHHOM Kpae B BEpXHEH
Lo A 4acTH MIEPEMBIYKHU (oTcyTCTBHE

04567 89101112161820222426 S,m?  HArpy3ku P, OT pa3pylICHHBIX IOPOJ

KPOBJIN) €€ TOJIIUHY MOKHO YMEHBIIIUTh

Pucynox 12. 3aBucUMOCTb TOJIIIAHBI
B 1,5 paza.

B3PBIBOYCTOMYMBOM TepeMbIUKH N OT mutoriaam

CeYeHHS BBIPAOOTKH S, TITyOMHBI BO3BeaeHMs H,
MPEICIbHOTO HAIIPSDKEHUS Ha TIPOYHOCTD
MaTtepuaia Gy.

Takum oOpa3om, pazpaboTaHHas
MaTeMaTH4decKass MOJIEIbh HAIPSKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHHS B3PBIBO-

1-3,0<0,<9,0 MIla (CTpoUTEILHBIN TUIIC);
2 — 6y, > 9,0 MIla (BBICOKOTIPOYHBIHA
MJIaCTU(OUITMPOBAHHBIN THIIC)

YCTOMYMBOM  MEPEMBIYKH  ITO3BOJIHAJIA
HAy4YHO OOOCHOBAHO OMPEJEIUTH OCHOB-
HYIO €€ TEXHUYECKYIO XapaKTePUCTUKY —
TOJIIIMHY B 3aBUCMMOCTM OT MEXAaHMYECKUX XapaKTepUCTHK Marepuala,
JEUCTBYIOIINX HArpy30K, TPaHUYHBIX YCIIOBUHM, IUIONIAJAM CEUECHUS W TIIYyOUHBI
pacmoyioKeHHsl  BBIPAOOTKH,  KoTOopas  oOecreyuT  Oe3omacHyro  paboTy
ropHOCIacareyied U CHU3UT 3aTpaThl NPH BO3BEJICHHM IEPEMBIUYEK B pe3yJbTaTe
JUKBUJALMN aBapUil IPU B3PbIBAX B YIOJIbHBIX HIAXTaX.

Bocbmoii pa3ges TOCBSILEH BOIMPOCaM COBEPIICHCTBOBAHHUS CIIOCOOOB U
TEXHUYECKUX CPEJICTB B3pbIBO3aIMTHL. Ha OCHOBaHMH HCCIENOBaHUM 3HAYCHUMN
JNABJICHUS B BO3JIYIIHOW YJApHOW BOJIHE M IAPaMETPOB B3PBIBOYCTOMYMBBIX
MEPEMBIYEK MPHUBEICHO OOOCHOBAaHHWE CBOMCTB MATEpUAIOB Uil OOEcHeueHUus:
COOpYKEHUST OBICTPOBO3BOJUMBIX B3PBIBOYCTOMUYMBBIX TiepeMbruek. [lokazaHo, 4ToO B
KaueCTBE MaTepUaloB MOTYT ObITh HCIHOJb30BaHbI BSKYIIUE U3 CTPOUTEIBHOTO U
BBICOKOIPOYHOro rwumca. JlaHa WX XapakTepuCTHUKa, TMPUBEJIEHBI CBOWCTBA.
Pa3paboTtanbl pazinuuHbie 100aBKU C MIaCTUGUIUPYIOMUM 3((HEKTOM i YIIydIlIeHUs
XAPAaKTEPUCTHK PACTBOPOB M3 THUIICOBOIO BSDKYIIETO C LEIbI0  3aMEJICHUS
CXBaTbIBaHMS, TOBBIIIEHUS BOJIOCTOMKOCTH COOpYXeHWd u ap. B mporecce
MIPOMBIIIEHHBIX HCIIBITAHUN COOPY>KEHUH, BO3BEICHHBIX U3 IUIACTU(UIIMPOBAHHOIO
TUIICOBOTO BSDKYILETO, U3YYEHO BIMSHUE IIAXTHBIX YCIOBHUI Ha CBOWCTBA TUIICA MPHU
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JUINTENBHOM JKCIUTyaTalliy BO3BEACHHBIX M30JIMPYIOIINUX COOpYyKeHuH. OnpeneneHsl
Mapku THUICOBBIX BsKymux (I'—5 ... I'-25), mpuMeHseMbIX Npu NPUTOTOBICHUU
pPacTBOPOB JJIsi BO3BEICHUS B3pPHIBOYCTOMYMBBIX NepeMbluek. [lnactuduimpoBaHHbIN
BBICOKOIIDOYHBIM M CTPOMTENIBHBIM THIICBI PEKOMEHIYIOTCA [UIsl  BO3BEICHUS
B3PBIBOYCTOMUYMBBIX U U30JIUPYIOLIUX NEpEMBbIUEK. JlaHbl XapaKTEpUCTUKN CMECEMN IS
B3pPBIBOYCTOMYMBBIX NIEPEMBIYEK HA OCHOBE LIEMEHTHBIX BSKYILUX.

BbeiOpana KOHCTpPYKIMS  B3pBIBOYCTOMYMBOM  mepeMbluku. Pa3pabortana
KOHCTPYKIIMS ObICTPOBO3BOAMMOM KapKacHOW ONaiyOKH B BUZE TOTOBBIX KOMIUIEKTOB
HECKOJIBKMX THUIIOPAa3MEpPOB Il  PA3JIMYHBIX TIONEPEYHBIX CEYEHHM TOPHBIX
BeIpaOoTOK. KapkacHas omanyOka mpUMeHHMA JJisi BO3BEIEHHUS B3PHIBOYCTOMUYMBBIX
NepeMbIYeK THIPOMEXaHUYECKUM CIOCOOOM TONIMMHOM OT 1,6 10 4,5 M B TOpHBIX
BbIpaboTKax ¢ ceueHuem 4...30 M. Pa3zpaboranbl paziuyHbie CIOCOOBI KPEIUICHHUS
NpOEMHBIX TPYO B KOHCTPYKIUSIX B3PHIBOYCTOMUMBBIX MEPEMBIYEK U PACCUUTAHBI
AIIEMEHTBl UX KperuieHus. Pa3zpa®oTanbl TpeOoBaHUS K BBHIOOPY MECTa YCTaHOBKHU
B3PBIBOYCTOMYMBON TMEPEMBIYKM W TEXHOJOTUH €€ COOPYKECHHS, TEXHUUYECKUE
TpeOOBaHUSI K OOOPYIOBAHUIO Ui JUCTAHIIMOHHOTO BO3BEACHHUS MOHOJUTHBIX
nepembiyek. Co3aH KOMIUIEKT 000pYI0OBaHMS JJIsi PUTOTOBJIICHHS U MEpeKaunBaHUs
pactBopoB OIIP1 npousBoautensHOCTBIO 110 10 M/, KOTOpBIA, IO CPaBHEHUIO C
CYLIECTBYIOIIMMHM  aHAJOraMu, HMEET MPEUMYLIECTBA, 3aKIIOYarOUIMecs B
PUTOTOBJICHUH 6oree Ka4yeCTBEHHBIX HeTUIaCTU(PUIIUPOBAHHBIX u
TUIACTU(QUIIMPOBAHHBIX OBICTPOTBEPACIOMIUX PACTBOPOB U3 THUIICOBOTO BSHKYIIETO C
TpeOyeMbIMU (PU3NKO-MEXAaHUYECKHUMH XapakTepucTukaMmu. [loBbIllIeHHE KadecTBa
[IPUTOTOBJIIEMBIX PACTBOPOB JTOCTUTHYTO 34 CUET NPUMEHEHUS BUHTOBOI'O ITUTATEJIS
JUIsL TO3UPOBAHUSL CYXOrO THIICOBOTO BSDKYILETO, 3arpy’KaeMoro B CMECHUTEIb, IPU
3TOM yBEJIMYEHA JATbHOCTh NEPEKAUYNBAHUS PACTBOPOB IO ropu3oHTamu 10 150 m 3a
CYeT MPUMEHEHUS YCTPOMCTBA I BBOJAA YKMJIKON IIACTH(HUITUPYIOIIEH 10OaBKU MPU
UX TPUroToBIeHMH. K OCHOBHBIM y371aM KOMIUIEKTa OOOpYIOBaHUS IS
NPUrOTOBJIEHUST W TepekaunBaHusi pactBopoB OIIP1  oTHocATcs — arperaTsl
CMECHUTEINIbHBIM W HacocHBIA (puc. 13). /laHa xapakTepuCTHKa TEXHUYECKUX CPEICTB
JUTS1 BO3BEIACHUS BapLIBoyCToﬁqI/IBHX [IEPEMBIYEK.

7 8 9 10

&’@%W/M m A %&\\W\

»’ \

(r

HETHS

Pucynox 13. TeXHonoqueCKaﬂ cXeMa BO3BEJICHUS B3prBoyCT0ﬁqHBoﬁ HEePEMBbIYKH:
1 — moxapHO-0pOCHTENBbHBII TPYOOIIPOBOA; 2 — PyKaB IUTAHUS; 3 — PYKaB IPOMBIBKH; 4 — pyKaB
10JIa4id BOJIBI B CMECHTENbHYIO KaMepy; 5 — CMecuTelbHO-HarueratenbHbiil arperat OIIP-1;
6 — pacTBOpOIPOBOJI; 7 — MepeKItoYaTesb MOTOKa; 8§ — Tpyda A U3MEPEHUs IeNPeCcCHu U 0T60pa
po6 Bo3ayxa; 9 — Tpyba BeimyckHasi; 10 — TpyOa koHTposdbHas; 11 — nmpoemuas TpyOa; 12 — TpyOa
JUI1 OTBOJA BOABI (IlepemycKHas); 13 — IuIaHr cMbIBa yTeuek pacTtBopa; 14 — mynbT ynpaBieHMUS;
15 — pykaB cnuBa
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Pa3pabotan KOMILIEKT [IPOTHUBOB3PBIBHOM OBICTPOBO3BOIMMBIH,
IIPEIHA3HAYECHHBbIN JUIA 3alUThl TOPHOCIIACATENIEH OT ACHUCTBUA IOPAKAIOIIUX
(akTOpOB BO3AYLIHBIX YAAPHBIX BOJH HMHTEHCUBHOCThIO He Oonee 0,06 Mlla,
KOTOpbIE MOTYT BO3HUKHYTH IIpH B3pbIBE€ la3a W IbUIM B YIOJBHBIX MIaxTax.
OmnpeneneHo, yTo B BbIPAOOTKAaX C OOJBIION TUIONIA/IbI0 MOMEPEYHOTO CEYEHUs B
Ka4yeCTBE BCIIOMOIaTeNIbHBIX CPEACTB TallleHUus BO3AYIIHBIX YAAPHBIX BOJH
JIOIYCKaeTCsl UCIOIb30BaTh OaphepHbIE IEPEMBIUKH.

SAKVIFOYEHUE

B nmuccepranvonHoit  paboTe, SBISIOMICHCS ~ 3aKOHYEHHOW  HAy4YHO-
UCCIIEIOBATENIbCKOM paboTOM, JaHO TeopeThyeckoe o0000IeHne U perieHue
aKTyaJbHOM HAyYHO-TEXHUYECKOW TMPOOJIEMbI TMOBBIINICHUS O€30MacHOCTH TMPHU
W30JLMU TIO)KAPOB B YTOJBHBIX IIAXTaX MYyTEM YCTAaHOBJIEHUS 3aKOHOMEPHOCTEU
dbopMHUpoOBaHUSs B3PBIBHOM Cpe/Ibl MPY BHE3AITHBIX BBIJICIICHUSAX METaHA U HAPYIICHUH
IPOBETPUBAHUS B TOPHBIX BBIPAOOTKAX, MCCIIEIOBAHUS MPOIECCa BOSHUKHOBEHUS U
Pa3BUTHSI LIETHOM pEeAKIUKU TOPEHUS], MEPEXOASAIIET0 B BO3AYIIHYIO YIAPHYIO BOJIHY,
W3YYCHHUS] HA OCHOBE Ta30JMHAMMYECKOr0 TMOJX0/Ja MapaMeTPOB BO3AYIIHBIX
yIapHBIX BOJH, CTENEHN MX TOJIaBJIICHUS Pa3IuYHBIMU IIperpajamMu u pazpaboTka Ha
ATOM OCHOBE OE30TMACHBIX MTAPaAMETPOB B3PHIBO3AIIUTHI.

OcCHOBHbIE HayyHble U IIPaKTHYECKUE pE3yJbTaThl, BBITEKAIOIIUE U3
JTUCCEPTALMOHHBIN pabOThI COCTOAT B CIAEAYIOIIEM:

1. B nucceprallmoHHOM paboTe KOMIUIEKCHO peIlleHa Ba)KHash Hay4HO-
TEXHUYECKass MpoOJieMa TOBBIIICHUS OE30MaCHOCTH MPH H3O0JSALIMU TOXKAPHBIX
YY4aCTKOB B YrOJBHBIX IIaXTaX HAa OCHOBE M3Y4YEHHUS MPOIECCOB BHE3AMHOTO
3ara3oBaHMs TOPHBIX BBHIPAOOTOK M (hOPMUPOBAHMS HA ITOM OCHOBE B3PHIBOOIACHOM
cpenbl B maxtax. Pa3paGorana yHuUIIUpOBaHHAas MaTeMaTHYecKas MOJETb
dbopMUpOBaHUs, PACIIPOCTPAHEHUS U OTPAKEHHUS BO3AYUIHBIX YJApPHBIX BOJIH B
CJIOXKHOM CETH TOPHBIX BHIPAOOTOK MPHU B3PhIBAX METAHA U IMBUIM U CO3/IaH Ha 3TOU
OCHOBE METOJ] pacyeTa 0€30MaCHBIX PACCTOSHUN OT MeCTa BO3MOXKHOTO B3phIBa 0
MecTa BeJEHUsI TOpHOCHacaTENbHbIX padoT; MPETI0KEH METO pacueTa HapaMeTpoB
B3PBIBOYCTOMYUBBIX COOPYKEHUM, WX KOHCTPYKIIUH, CIIOCOOOB W TEXHHYECKUX
CPEACTB BO3BECHUS.

2. BrIlloTHEHO MaTeMaTUYeCcKoe MOJCIUPOBAHUE TIPOIIECCOB (DOPMUPOBAHHS
B3PBIBOOIIACHOM CpeIbl HAa aBAPUMHOM YYacCTKE Yepe3 pas3juyHble ITPOMEKYTKHU
BpemeHd. [lokazaHo, 4YTO TmpU ONPEAEIEHHOM BHE3AIIHOM Ta30BbIICICHUN
B3PBIBOOIIACHAST KOHIIEHTpalMs MeTaHa oOpasyercsa Ha pacctosHuu 10 900 M oT
JIaBbI M COXPAHSIETCs B TeueHue Oosiee 1 4, 9To CBSA3aHO C NITUTEIBHOCTHIO TIpoIecca
necopOLK MeTaHa U3 YIJisl.

3. Pa3zpabortana yHuduupoBaHHas MaTeMaTHYeCKas MOJENb U MPEHJIOKEH
YUCJICHHBIN METO/J] pEIlICHHs] YPaBHEHHH, OMUCHIBAIOIINX MPOIECChl (HOPMUPOBAHUS
U pacnpoCTPaHEHUs BO3AYIIHBIX YAAPHBIX BOJH, OTIMYAKOMIMNCA OT HW3BECTHBIX
paHee METOJIOB YYETOM LIEMTHOM peakinu ObICTPOro TOPEHUS.

4. Pa3paboTaHbl aJropuT™M M TMpPOrpaMMa pacyeTa PpacHpOCTPaHCHUS
BO3JYIIHBIX yAapHBIX BOJIH B CJIOKHOW CETH TOPHBIX BBIPAOOTOK, OTIWYAIOLIUECS
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OT paHee M3BECTHBIX BBIUMCICHHEM M30BITOUHBIX JABJICHUN U TeMIEpaTyp, Y4eTOM
Ha HUX BIUSHUS OTPAXKEHUS! BOJH OT PA3JUYHBIX MPEMSATCTBUN U HAJIOXKEHUS TIPU
BCTpEYE U3 Pa3HbIX BHIPAOOTOK.

5. BrepBeie IOAYy4eHO U DOKCIEPUMEHTAIBHO IPOBEPEHO B HATYPHBIX
YCIOBUSX AHAIUTUUYECKOE U YHUCJICHHOE pelIeHHWe 3ajlaud B3auMOJCHCTBUS
BO3IYUIHON YJIAapHOW BOJIHBI C HW3OJUPYIOIIUMH TMepeMblukamMu. Pe3yiabTaThbl
HCCIIEIOBAHUM TO3BOJIMJIM YCTAHOBUTh MAaKCHUMAJIBHO BO3MOXKHBIC IaBJICHUS Ha
MEPEMBIYKU PA3IUYHBIX TUIIOB U KOHCTPYKIIMH.

6. DBbITIONTHEHBI TEOpPETUYECKHE U AKCIEPUMEHTAJbHbIE HCCIICIOBAHUS
ramieHuss BO3YIIHBIX YyAAPHBIX BOJH TIEHHBIMU M TOPOAHBIMU TPOOKAMHU.
TeopeTnueckn ONMMCaHO B3aUMOJICUCTBUE BO3YIIHBIX YAAPHBIX BOJH C BOJSIHBIMHU
U ClaHIeBbIMU 3acioHaMu. OOOCHOBaHBI MapaMeTpbl TalleHUs BO3YIIHBIX
yIapHBIX BOJIH CPEJICTBAMU OTHEMPETPAKICHUS.

7. Pa3zpaborana Hambosiee ajeKBaTHasi pacueTHas CXeMa B3pPhIBOYCTONYMBOM
NEePEMBIYKH € TIPOEMHBIMU TpyOamu. [l pemieHuss 3amadd  HaIpsHKEHHO-
neOPMUPOBAHHOTO COCTOSIHUSL B3PBIBOYCTOMYMBON TIEPEMBIYKUA HCTIOJIb30BaH
METO/, 3aKJIIOYAIONIUNCS B ydeTe BIMSHUSA HAa M3TMO MEPEMBIYKH BHYTPEHHUX
MOTIEPEYHBIX CUJI M DHEPTUU CJIBUTA OT HUX.

8. YCTaHOBIIEHO, YTO MPOYHOCTHh IMEPEMBIYEK C OJIHON MpPOEeMHOIN TpyOoii
muamerpom 0,8 M obOecrieueHa MpH WX BO3BEJACHUU B BBIPAOOTKAX C IUIOMIABIO
ceuenus 4...30 M°, ¢ JIByMsI aHAJIOTUYHBIMU TPyOaMu, — HaUYWHas ¢ 8 M7,

9. O60cHOBaHBI KOHCTPYKTHBHBIE napamMeTpsl U30JIMpYIOLIEn
B3pHIBOYCTOMYHMBON MepeMbIuku. Pa3zpaboTaHbl paznuyHble BapUaHTHl KpETUICHUS
OpPOEMHBIX TpyO B MOHOOJOKE B3PHIBOYCTOWYUBBHIX IMEPEMBIYEK U KapKacHas
ormaqyoka MHOTOpPa3OBOTO JEHCTBUSL JJii BO3BEIECHUS  B3PHIBOYCTOWYMBBIX
NEPEMBIYCK THAPOMEXAaHMICCKUM CITIOCOOOM TOJIUHOK OT 1,6 10 4,5 M B TOPHBIX
BBIPAOOTKaX C IUIOMIAbIO MOMepeyHoro ceueHus 4...30 M2,

10. O6ocHOBaH BBIOOP MaTepualioB, MpEIHA3HAYCHHBIX NJII COOPYKCHHS B
IIaxTax TUIPOMEXaHUYECKUM CIOCOOOM OBICTPOBO3BOAMMBIX B3PBHIBOYCTOMYUBBIX
nepemMbluek. B kKadyecTBE OCHOBHOrO MaTepHalia IMPUHATHI PacTBOPbl HA OCHOBE
TUIICOBOTO BsDKyIIero. Pa3zpaboTanbl paznuyHble JO0ABKH € TIACTHPUITUPYIOMIAM
s dexTom IS yaydieHnus: XapaKTepUCTUK PACTBOPOB M3 THUIICOBOTO BSDKYIIETO C
LEJIbI0 3aMEIJICHUS CXBAThIBaHMUSI, TOBBILICHUS! BOJOCTOMKOCTU COOPYKEHUU U JIp.

11. Paszpaboran kommekt obopymoBanus OIIP-1 mgns mpurotoBneHus u
[ICPEKAYMBAHNS PACTBOPOB IMIPOM3BOAMTEIBLHOCTEI0 10 10 M>/4, KOTOPBIHA, IO
CPaBHEHHMIO C  CYIIECTBYIOIIMMH  aHajJoramu, HMMEeT MpEeuMyIllecTBa B
MIPUTOTOBIICHUH Oosee KaueCTBEHHBIX HEIIaCTU(PUIUPOBAHHBIX u
MIACTH(UITUPOBAHHBIX OBICTPOTBEPACIONINX PACTBOPOB M3 THUTICOBOTO BSIKYIIETO C
TpeOyeMbIMH (PU3UKO-MEXaHUUYECKUMH XapaKTEPUCTUKAMMU.

12.  OcyliecTBI€HO ONBITHO-IPOMBIIIJIEHHOE BHEIPEHUE Pe3yJIbTaTOB
IUCCepTallMOHHON palboThl. OXHUAaeMblii ToA0BOM 3KOHOMHYECKUM 3(DPEKT OoT
BHEAPEHUS paBeH 0,6 MITH I'PH.
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AreeB B.I'. HayuHble OCHOBBI CO3/1aHMsI CIIOCOOOB M CPEJCTB JOKAIM3ALUU
YAApHBIX BOJIH IPH BEJEHUU TOPHOCHACATEIbHBIX PAa0OT MO M3OJSILUHU IO0XKApOB
B I1axTax. — Pykonucs.

Juccepranys Ha COUCKaHUE YYEHOU CTENEHH JOKTOpa TEXHUYECKHX HAyK I10
cnenuanbHoctu 05.26.01 — «Oxpana Tpyna». — ['ocynapcTBeHHOE BbIciiee yueOHOe
3aBesieHHE «JlOHELKUI HAalIMOHAJIbHBIN TeXHUYECKUI yHuBepcuter». Jloneuk, 2016.

HuccepranonHass pa0oTa MOCBSIIEHA PEUICHUI0 AaKTyalbHOW Hay4HO-
TEXHUUYECKOU MpoOsieMbl — 00ECTIEUEHHIO 0€30MaCHOCTH TOPHOCTIACATENbHBIX padOT
IPU U30JISIIUU TTOXKAPOB B IIAXTAX.

[lo pe3ynbrataMm BBINOJHEHHBIX pPa0OT M MX aHajiM3a MOKa3aHO, YTO B
BOMpPOCAxX 3ara3oBaHus M B3pPHIBOB B TOPHBIX BBIPAOOTKaX OCOOYIO aKTyaJlbHOCTb
UMEIOT UCCIIeI0BAHMUS

XapakTepa MpoTeKaHUM B3pbIBa ra3a U YroJbHOMW MbLIH;

xapakTepa (OPMUPOBAHUS M PACIPOCTPAHEHUS BO3AYIIHBIX YIApPHBIX BOJIH
0 TPSIMOJIMHEHHBIM y4acTKaM BBIPAOOTOK M HA COMPSIKEHUSX;

B3aUMOJICHCTBHS BO3IYIITHBIX YAPHBIX BOJH C Pa3IMYHBIMU MPEMSTCTBUSIMU,

MO/IaBJICHUS BO3AYIIHBIX yIAPHBIX BOJH Pa3IUYHBIMHU CPEJICTBAMU.

[Ipennoxxena MmaTemMaTuyeckasi MOJI€Ib, MOJTYYEHO YUCIEHHOE PEIICHHE 3a/1auu
U BBINOJHEHO MAaTEMAaTUYECKOE MOJEIMPOBAHUE PACIPOCTPAHEHUS] BO3AYLIHBIX
yIapHBIX BOJH B TYNHMKOBBIX M CKBO3HBIX BBIPaOOTKaxX MpH 3apaHee 3alaHHOM
JABJICHUHU TIOCIIE B3pPhIBA B KAKOM-TTHOO MECTE.

PaccmoTtpen mporuiecc (popmMupoBaHUST W PACHPOCTPAHEHHUS BO3AYIIHBIX
yIapHBIX BOJH TMpPH LEMHON peakiuu TOpEeHUs M TEINIOOOMEHE CO CTEHKOU
BbIpaboTkH. [lokazaHo, 4yTo ¢u3HKe MpoIlecca COOTBETCTBYET TpeOOBaHUE 3a/1aBaTh
KOJIMYECTBO TEIUIOBOM JHEPruu B KaKOM-ITHOO MecTe BBIPAOOTKH C OBICTPHIM
pacrmpoCTpaHEHWEM IUIAaMEHM BJOJb 3ara30BaHHOM 30HBL. DTO  IMO3BOJIWJIO
IPOU3BOAUTh UHUCJIEHHBIE pAacUeThl paCHpEAesICHHs IapaMeTpoB IUIOTHOCTH,
CKOPOCTH, TEMIIEPaTyphl U JABJICHUS BJIOJIb TYMUKOBBIX U CKBO3HBIX BBIPAOOTOK TPH
B3pbIBaX OOJBIION W MaJIOil MOIIHOCTH W IIETTHOM pEeakiud TOPEHHS, HCIIONB3Ys
CUCTEMY YpaBHEHMI T€UEHUS T'a30B IPH B3pbIBaX.

HccnenoBan mnponecc B3aMMOJEHUCTBHUS BO3AYLIHBIX YIApHBIX BOJH C
pPa3IMYHBIMU TMPErpagaMu U CPEJCTBAMH B3pPHIBO3AIIUTHI, B TOM YHCIIE MEHHBIMU H
MTOPOJTHBIMU TIPOOKAMU, BOJSTHBIMH 3aCIIOHAMH.

[Ipennoxen cnocod omnpeaeneHus: NapaMeTpoB BO3AYUIHBIX YAApPHBIX BOJH U
0e3pa3MEepHBIX PAaCCTOSHUN MPHU B3pHIBaX METaHA.

Brnepsbie pa3zpaboTraHa MaTeMaThyecKas MOJIeIb HaIpsiKEHHO-
nehOPMUPOBAHHOTO PACCTOSIHUS B3PHIBOYCTOWYMBOM IEPEMBIYKA B BHIC TOJICTOU
IJIACTUHBI (TUIUTHI) C OAHOPOJHBIMU M HEOJHOPOJHBIMU T'PAHUYHBIMU YCJIOBHUSIMU
1o, ACHCTBUEM HArpy30K OT BO3JYIIHOW YJapHOW BOJIHBI U Pa3pyIHICHHBIX TOPHBIX
MOPOJl KPOBJIM, TO3BOJIMBIIASI ONPEACIUTh €€ TOJIIUHY B 3aBUCUMOCTH OT
MEXaHWYECKUX TMapaMeTpoOB MaTepuaia, CEYEHUSI U TIIyOMHBI PaCIOJIOKECHUS
BbIpaboTOK. Ha 0a3ze moiydeHHBIX pe3yJabTaTOB pa3padoTaHa TEXHOJIOTUS H
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00OCHOBaHbI MapaMeTpPbl TEXHUYECKUX CPEICTB TalleHHs BO3AYLIHBIX YAAPHBIX
BOJIH.

KuroueBble cioBa: 1iaxra; asapusi;, B3pbIB ra3a W YrOJIBHOW IIbUIH;
ra3oMHaMUYECKOE SBJICHHE, BO3AYIIHAS YyAApHAas BOJHA, B3PBIBOYCTOWYMBAS
nepemMbluka; 0e30MacHbIE PACCTOSHUS.

ANNOTATION

Ageyev V.G. Scientific fundamentals of creation of methods and means of
localization of shock waves by carrying-out the mine-rescue operations on isolation
of fires in mines. — Manuscript.

Thesis for a degree of Doctor of Technical Sciences on the speciality 05.26.01
- «Labour protection» - The Governmental Institution of Higher Education
“Donetsk National Technical University”, Donetsk, 2016.

The thesis is devoted to the solution of an actual scientific-technical problem,
I.e. protection of the mine-rescue operations by isolation of the fires in the mines.

According to the results of the works fulfilled and their analysis it is shown
that the investigations of:

character of developments of gas and coal dust explosions;

character of formation and spread of air shock waves along the straight
portions of the mine workings and at conjugations;

interaction of the air shock waves with various obstacles;

suppression of the air shock waves with various means
have the special actuality in the problems of gas-pollution and explosions in the
mine workings.

The mathematical model was proposed, the numerical solution of the problem
was received, and the mathematical modelling of the spread of the air shock waves
in the blind drifts and through mine workings at the predetermined pressure after the
explosion in some place was made.

The process of the formation and spread of the air shock waves by the
combustion chain reaction and the heat exchange with the wall of the mine working
was considered. It is shown that the requirement to specify the heat energy quantity
in some place of the mine working with the fast flame propagation along the zone
gas-polluted conforms to the physics of the process. It allowed performing the
numerical calculations of distribution of the density, velocity, temperature and
pressure parameters along the blind drifts and through mine workings by the
powerful and not strong explosions and the combustion chain reaction using the set
of equations of gas flows by the explosions.

The process of interaction of the air shock waves with various obstacles and
explosion protection means including foam and rock plugs, water barriers, was
investigated.

The method of determination of the parameters of the air shock waves and
dimensionless distances by the methane explosions was proposed.

The mathematical model of the deflected mode of the explosion-stable
stopping in the form of a thick plate having homogeneous and inhomogeneous
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boundary conditions under the influence of the loads owing to the air shock wave
and the roof rocks broken that allowed determining its thickness depending on the
mechanical parameters of the material, section and depth of disposition of the mine
workings was worked out for the first time.

On the basis of the results received the technology was worked out, and the
parameters of the technical means to damp the air shock waves were substantiated.

Keywords: mine; accident; gas and coal dust explosion; gas dynamical
phenomenon; air shock wave; explosion-stable stopping; safe distances.
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