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(u3menenus ot 23 aBrycta 2012 r. Ne 1080);
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CarmaeBay» I1 029-05-01.3.01 — 2021;

5. MexrocynapctBennbie ctanaaptel: ['OCT 7.32-2001 (u3menenus ot 2006
r.). Otder o0 Hay4dHO-UCCleNOBaTeNbCKOM pabdote. CTpyKTypa U MpaBuiia
oopMieHus;

6. TOCT 7.1 - 2003. bubmuorpadudeckas 3anuch. bubnuorpapuueckoe
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OIIPEJAEJIEHHUS, OBO3ZHAYEHUSA U COKPAILIEHUSA

B Hacrosmed aMccepralMd  NPUMEHSIOT — CIEAYIOINIME  TEPMHUHBI  C
COOTBETCTBYIOIIUMU ONPEICIICHUSIMHU.

BypoB3pbiBHbIe padorbl (BBP) — COBOKYNHOCTH IPOM3BOJCTBEHHBIX
MIPOIIECCOB IO OTMEJICHHUIO CKaJIbHBIX TOPHBIX MOPOJ OT MACCHBA C MOMOILBIO B3PhIBA.

B3pbiBHbIe padoThl (BP) - kommuiekc pa®oT, BBIMNOJHSEMBIX C  IEJIBIO
palMOHANIBHOTO U 0E€30MacHOTO Pa3pyLICHUs TOPHBIX IMOPOJ C HCHOJIb30BaHUEM
DHEPI'UH B3pbIBA.

B3pbiBUaToe BelmecTBO - KOHJECHCHPOBAHHOE XHMHYECKOE BEIIECTBO WIIH
CMECh TaKHX BEIIECTB, CIIOCOOHOE MPH OMpPEIEIEHHBIX YCIOBUSAX IO BIUSHUEM
BHEIIHUX BO3JIEUCTBHM K OBICTPOMY CaMOPACHPOCTPAHSIOMIEMYCS XUMUYECKOMY
NpEeBpallleHuI0 (B3phIBY) C BBIJCICHHEM OOJBIIOIO KOJMYECTBA TEIUIA U
ra3000pa3HbIX NPOAYKTOB.

Boixoa Heradapura - cyMMapHoOe cojiep;KaHre HerabapuTta B TOpPHOM macce.

I'panyjioMeTpu4yeckuii cocTaB TOPHBIX NOPOJ ((PPaKLUHOHHBIA COCTaB) —
OTHOCUTEJIBHOE COJEpP’KaHWE B FOPHOM IOPOJAE YAaCTUI[ PA3JIUYHBIX pPa3MEpPOB
HE3aBUCUMO OT UX XMMUYECKOIO MM MUHEPAIOTMYECKOTO COCTaBA.

JlpoGsieHne M M3Medb4YeHHEe — 3TO IPOLECC Pa3pyLICHUs U yMEHBUICHUS
pa3MepoB KyCKOB MUHEPAJILHOTO ChIPbs (ITOJIE3HOIO MCKOIAEMOro) MoJ JAeHCTBHEM
BHEIIHUX MEXAaHUYECKUX, TEIUIOBBIX, OJJIEKTPUYECKUX CHJI, HAIPABJICHHBIX HAa
IPEOAOJICHHUS] BHYTPEHHUX CHJI CLEIIJICHUS, CBA3BIBAIOIIUX MEXIY COO0N 4acTHUYKU
TBEPAOTO TEA.

Kapbep - COBOKYNHOCTb FTOPHBIX  BBIPaOOTOK,  OOpa30BaHHBIX  IPH
00bIYE MOJE3HOT0 HMCKOMAeMOro OTKPBITBIM  CIIOCOOOM; TOPHOE MPEANPUATHE T10
N00bIY€E MOJIE3HBIX HCKOMAEMBIX OTKPBITHIM CIIOCOOOM.

Koportko3zameniiennoe B3pbiBanue (K3B) - cioco0 B3pbiBaHus, MPU KOTOPOM
JETOHALIMSI HECKOJIbKMX 3apsf0B  B3pHIBYATOrO BEIIECTBA MPOU3BOJAUTCA B
ONMpeAeNEHHON TOCIEeI0BATEIbHOCTH 4Yepe3 3aJaHHble TPOMEKYTKH BpPEMEHH,
u3MepsieMble 00bIYHO MUJITUCEKYHIaMU.

Jlunuss HamMenbliero comporusjieHus (JIHC) — 5310 Kparuaiimee
paccTosiHuE OT IIEHTpa 3apsiia B3pbIBYATOIO BEIIECTBA JO CBOOOJHON MOBEPXHOCTH.

MaccuB roOpHBIX MOPOJX — 3TO TOJIIA TOPHBIX MOPOJ 3€MHOM KOPbI, UMEIOIINX
ONpENENEHHBI COCTaB U CTPYKTYPY, OTIMYAOIME €€ OT IPYTuX TOJII TOPHBIX
IIOPOLI.

MaccoBblii B3pbIB — 3TO MPOLECC OJHOBPEMEHHOTO WUJIM MOCIIEI0BATEIBHOTO
(c omnpeneI€HHBIM UHTEPBAJIOM BPEMEHH) B3phIBAHUS OOJIBIIOTO KOJIMYECTBA 3apsiioB
BB B ropssix noponaax.

Herabapur, HeradlapuTHbIH KYCOK - OTAEJIBHOCTh CKaJbHOT'O IIOJIE3HOTO
MCKOIAEMOI'0 WJIM MOPOJbl, MOJTy4YeHHas B 3a00€ MpHU BEACHUM TOPHBIX (TJIABHBIM
00pa3om OypOB3PHIBHBIX) pabOT, MPEBHIIIAIONIAS IO pa3MePy KOHAUIIMOHHBIN KYCOK.

OT10o0iika - OTIEJICHME FOPHBIX MOPOJ OT MACCHMBA IOJ ACHCTBHUEM YyAapHBIX
Harpys3oK.


https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B7%D1%80%D1%8B%D0%B2
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D0%B2%D1%8B%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D1%8B%D0%B5_%D0%B8%D1%81%D0%BA%D0%BE%D0%BF%D0%B0%D0%B5%D0%BC%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%B1%D1%8B%D1%87%D0%B0_%D0%BF%D0%BE%D0%BB%D0%B5%D0%B7%D0%BD%D1%8B%D1%85_%D0%B8%D1%81%D0%BA%D0%BE%D0%BF%D0%B0%D0%B5%D0%BC%D1%8B%D1%85_%D0%BE%D1%82%D0%BA%D1%80%D1%8B%D1%82%D1%8B%D0%BC_%D1%81%D0%BF%D0%BE%D1%81%D0%BE%D0%B1%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%BF%D1%80%D0%B8%D1%8F%D1%82%D0%B8%D0%B5
http://www.mining-enc.ru/g/gornye-porody/

OT1kpoIThIe TOpHBIE pa6oThl (OI'P) - crmoco6 100bIUM TOJIE3HBIX MCKOTIAEMbIX
C TIOBEPXHOCTH 3E€MJIM C IIOMOINBIO TOPHBIX BBIPAOOTOK, HAXOJSAIIUXCS TIOJ
OTKPBITBIM HEOOM.

CkBajkMHa — IWIMHIPUYECKAass TOpHAs BBIPAOOTKA, XapaKTEePU3YIOMIAsCS
MaJIbIM MTONIEPEYHBIM CEUCHUEM 10 OTHOIICHUIO K €€ JIJIUHE.

CkopocTh JIeTOHAIIUM - CKOPOCTh PACHpOCTPAHEHUSI JIETOHAIIMOHHOW BOJHBI
1O 3apsily B3PhIBYATOTO BEIIECTBA.

CpeacrBa unumnuupoBanusi (CHU) - wusgenusa, colaepskaliyue B3pbIBUATOE
BEILIECTBO U TpE/IHa3HAUYCHHbIC NJIsi BO30YXKIEHUS WIM Tepelladyd U BO30YKIEHUs
JIETOHAIIHH.

Tensiora B3pbIBa (yAeabHasi JHEPrus) - KOJUYECTBO TEIIa, BBIJCISIEMOE MIPH
B3PBIBYATOM MpeBpalieHur 1 Mosist wiin 1 Kr B3phIBYATOrO BEILIECTBA.

YaenabHbI pacxo/ B3pbIBYATOI0 BeleCTBA - OJIMH U3 TJIABHBIX MOKa3aTeen
pa3pylIeHUs BCKPBIITHBIX MOPOJI B3PHIBOM U XapaKTepusyeTcs: koauyecTBoM BB (kr),
KOTOpOE TpedyeTcs uist pa3pyuieHus 1 M3 Iopos! ¢ 3aJaHHOM CTENEHBIO IPOOICHHUS.



BBEJAEHHUE

HecmoTpss Ha 3HAuYWTENbHBIE YCIEXHM B COBEPIICHCTBOBAHUM TEXHOJOTUM
B3PBIBHBIX pPabOT M OOHOBJICHHH aCCOPTUMEHTA IPOMBIIUICHHBIX B3PBIBUATHIX
BEILIECTB, UX TEXHUKO-3KOHOMHUYECKHE TOKa3aTeau MPU Pa3pylICHUU CKaJIbHBIX
MopoJ, HE BCerJa YAOBICTBOPSIOT COBPEMEHHBIM TPEOOBAaHUSM TOPHOTO
npous3BojacTBa. KadecTBO npoOneHUsT SBISETCA KPUTUYECKUM (PaKTOpOM IS
OOJBIIMHCTBA TEXHOJOTMYECKUX M HKOHOMHUYECKUX IIOKa3aTesleil mocienyromen
nepepaboTKu pysl [1].

Heabio padoThbl sBISETCA HCCIEIOBAHUE TEXHOJOTHMU MPEIBAPUTEIHHOTO
pa3yIlpoyYHEHUs MacCUBa JIJisi MOBBIIIEHUS Y(PPEKTUBHOCTA OTOONKH PYIbI.

Hayuynasi HOBU3HA JKccepTallUU 3aKII0YAETCS B:

- pa3paboTKe TEXHOJIOTUU OTOONKU PYJIbI C TIPEIBAPUTETHLHBIM Pa3ylpPOYHEHUEM
MacCHBa, OTIUYAIOIIYIOCS OypEeHHUEM JIONOJHUTEIBHOTO PsAJa CKBAXKHH C YYETOM 30H
JEUCTBUS B3PBIBHOW BOJIHBI M B3PBIBAHUEM 3apsiIOB, MOITHOCTBIO HE MPEBBINIAONIEH
npezen NPOYHOCTH Pa3pyIIaeMbIX TOPHBIX TTOPOJI;

- YCTAHOBJICHMU 3aBUCHUMOCTH YJIEIbHOTO pacxoja B3pPbIBUATHIX BEILECTB OT
CETKH PACIIOJIOKEHUSI CKBAXXUH MPU OTOOMKE PYJbI C CO3aHUEM MPEABAPUTEIHLHOTO
pa3ynpOYHEHHOTO COCTOSIHUS MACCHBA;

- YCTaHOBJICHMM 3aBUCHUMOCTH BBIXOJa HErabapUTHBIX KYCKOB OT CETKHU
PACIoJIOKEHUSI CKBRXUH TPU OTOOMKE PYJbl C CO3/aHUEM MPEBAPUTEIHHOTO
Pa3ynpoOYHEHHOI'O0 COCTOSIHHSI MAaCCHBA.

Hay4yHble mo/10:keHus1, BHLIHOCUMbIE HA 3aIIUTY:

- TIpeABapUTENIbHOE pa3ylpOYHEHHE OTOMBAEMOr0 MacchBa ¢ OypeHueM
JOTIOJIHUTENIBHOTO pPsila CKBAaXWUH C YYETOM 30H JEWCTBUSL B3PBIBHOM BOJHBI U
B3PBIBAHMEM 3apsiIOB, MOIIHOCTBIO HE TMPEBBIIAIOIICH TMpenen MNpPOYHOCTH
pa3pyliaeMbIX TOPHBIX MOPOJ, MO3BOJISIET MOBBICUTH KAu€CTBO APOOJICHUS PYyAbl U
CHU3HUTH CE0ECTOMMOCTh OTOOMKHY;

- ONTUMAaJbHBIE MApaMETPbl CETKU PACIOJOXKEHUS CKBAXHH TPU OTOOMKE C
CO3/IJaHUEM TMPEJBAPUTEIILHOTO Pa3yNpOYHEHUsST MacCHBa TO3BOJSIOT CHU3UTH
YACIBHBIN pacXo] B3pbIBUATOrO BEIIECTBA U BHIXO/a HEraOapUTHBIX KYCKOB.

AKTYaJIbHOCTh MCCJIEJOBAHUSI OOYCJOBJIEHA TEM, YTO KAa4eCTBO IPOOIECHUS
B30pPBAaHHON TOpPHOM MacChl HMMEET KIIIOUEeBOE 3HaueHHe i 3PHEKTUBHOCTH
MOCJICTYIONTUX ITAIOB OYMCTHON BBHIEMKH U TepepaboTKu pyabl. OCHOBHBIC ACTICKTHI,
KOTOPBIE TIOTYEPKUBAIOT BAXKHOCTD IPOOIICHHUS:

- CHIDKEHHE 3aTpaT Ha TPAHCHIOPTHUPOBKY W mepepaboTky. Menkas ¢paxius
TOPHOM Macchl O0O0Jier4aeT TPAHCHOPTUPOBKY PYIbl K TepepadaThIBAIOIIAM
MPEANPUATHSIM, YTO CHIDKAET PAaCXOIbl Ha TOTUTMBO U 00CITy )KMBaHUE TEXHUKHU. boee
OJTHOPOJIHBIE KYCKH TIPOIIE TIEPEMEIIATh U 3arpy’KaTh B IPOOUIHHBIC YCTAHOBKH.

- YBEJIMYEHUE MPOU3BOJAUTEIHHOCTH 000pyaoBaHus. KauecTBeHHO ApoOieHHAas
rOpHasi Macca MUHUMHU3UPYET HArpy3Ku Ha JPOOUISIKM M MEJIbHUIIBI, yBEIUYUBAS
CPOK MX CIY>KOBI M CHIKAsl 4aCTOTYy PEMOHTA. DTO MO3BOJIAET N30€KaTh aBapUHHBIX
OCTaHOBOK U MOJAEP>KUBATH BBICOKYIO ITPOU3BOIUTEILHOCTh O00PY/I0BaHMUS.

- ONTUMMU3AIMS JalibHEeHIIero odoraneHus pyasl. Yem paBHOMEpHEE U Mejbye
dbpakuus, TeM 3pQdeKTUBHEE HAET MPOLECC W3BJICUEHHUS MOJIE3HBIX KOMIIOHEHTOB.
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DTO 0COOEHHO BAXKHO JJI PYJl C HU3KUM COJEP>KaHUEM METAJUIOB, T/I€ HEOOXOAMMO
U3BJIEYh MAKCUMAJIbHOE KOJMYECTBO CHIPBS.

- YMEHBIIEHHE MOTEPh W OTXOJOB. XOpOWIO JpoOJeHHas pyJa CHHUXKAET
KOJIMYECTBO OTXOJIOB Ha mepepadarbiBaromux (adpukax. Menkue 4acTUIbl JTydlle
MOJITAIOTCST OOOTAIICHUIO U U3BIICYCHUIO METAIUIOB, YTO CHIKAET MOTEPU CHIPHS.

Takum 0Opa3zom, mpaBUiIbHAsT OpraHU3AIMs U KOHTPOJIb IPOOJICHUSI B3OPBAHHOM
FOPHOM  Macchl  MO3BOJIAIOT  CYIIECTBEHHO  NOBBICHTH  3KOHOMHYECKYIO
3G ()EKTUBHOCTh BCEH NPOM3BOJCTBEHHOW IEMOYKH OT BBIEMKHU 10 MepepadOTKU
pyabl. OIHAKO TpPHU PEIICHUWU 3aJladyd TMOBBIIIEHUS KauyecTBa OTOOWKH pyabl He
YUHUTBIBAECTCS BAXKHOCTD MIPEABAPUTEIILHOTO Pa3ylpOYHEHUSI MAaCCUBA.

Ha nannblii MOMEHT pacdeT mapamMeTpoB MAacCOBBIX B3PHIBOB OCHOBBIBAETCS Ha
MEXaHU3ME pa3pylICHUs] HEHArpy>KEHHOT0 MacCHUBa C MU3BECTHBIMU MEXaHUYECKUMU
CBOMCTBAaMHU M YIPYTMMHU KOHCTAHTAMH, YTO HE BCErJa COOTBETCTBYET pPEAIbHBIM
YCIOBHSIM, TaK KaK CKOPOCTh HArpy»€HHUs BIIMAET HA MPOYHOCTHBIE, YNPYTHUE H
aKyCTHYECKHE CBOWCTBA Pyl U IOpox [2].

['opHBIIT MaccuB B Kapbepe MOABEPraeTcs CHUCTEMATHUYECKUM MEPUOIUYECKUM
Harpy>kKeHusIM 10 OCHOBHOI'O B3pbIBa, YTO MPUBOAUT K U3MEHEHHUIO €r0 HaIPSKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHUA. ONIEpATUBHBIE METOJIbI OLEHKH 3TOTO0 COCTOSHHS 10
CUX TOp He pa3padoTaHsl [3].

UccnenoBanus, HaIpaBJICHHbIC Ha U3y4YeHUe 3aKOHOMEPHOCTEM
pacrpoCTpaHEHUs] JAMHAMUYECKUX BOJH HAIpPSOKEHUM TpU B3pbIBE B YCIOBUAX
BBICOKOTO TOPHOTO JIaBJICHUS, a TaKKe pa3paboTkKa METOJMKHU pacyeTa MmapameTpoB
OYpOB3PBIBHBIX PalOT, SIBISIOTCS aKTyaJIbHBIMH M TPEACTABISIIOT 3HAYUTEIbHBIN
HAaYYHbBIA U NPAKTUYECKUI UHTEPEC.

O0BeKT HCCJIeI0BAHUS: VYyacTok MECTOPOXKICHUS Asx-Komkan,
pacrnoyio)keHHbIH B DkubacTy3ckoMm paiioHe I[laBimomapckoit obGmactu, 135 kM K
CEBEPO-BOCTOKY OT I. Temupray M 85 KM IOKHEE MKEIEC3HOAOPOKHOU CTaHIUU
[InnepTsr.

IIpeamer ucciienoBanus: OypoB3pbIBHbIE PAOOTHI.

3axauu ucciie10BaHNSA:

- AHaJIM3 METOI0B MOBBILLIEHUS KauecTBa IPOOJIEHUS PY/IbI.

- Pa3paboTka TEXHOJOTMU CO3[aHUsl MPEABAPUTEIBHOIO Pa3yNPOUYHEHHOIO
COCTOSIHHUS.

- [IpoBeneHue ONMBITHO-MPOMBINIJIEHHBIX B3PBIBHBIX PA0OT.

- OOpaboTKka JaHHBIX OMBITHO-TIPOMBIIIUICHHBIX B3PHIBOB W (DOpMYyIHUpPOBKA
PEKOMEH AU .

IMpakTuyeckoid 0a30i aricCepTAllMOHHOW pPaOOTHI SIBISIOTCS COOpaHHBIC B
paMKax Hay4YHO-HCCIICIOBATEIBCKON PabOThl MaTepuasbl Pa3BEIKH, DKCILTyaTaIlH
MectopoxaeHus: Asik-Komkan, pe3ynbTaTbl ONBITHO-MPOMBIIUICHHBIX HCIBITAaHUH,
HaIpaBJICHHBIX HAa HMCCIIEIOBAHUA IO CO3JAHHUIO MPEABAPUTEITHLHOTO HANPSHKEHHOTO
COCTOSIHUS B MAcCCHBE JJisi TOBBIMIEHUS S(YPEKTUBHOCTH OTOOMKH, aHaIU3
MOJIyYeHHBIX PE3yJIbTaTOB.

Iyomkanuu n anpodauus padorsl. [lo Teme nuccepTanuu NpeAaCcTaBICHbBI U
OITyOJIMKOBAHBI CIEAYIOIINE CTATbU:



1. «lloBbimienne >(H(PEKTUBHOCTH B3PHIBHOW OTOOWKH C MpeaBapUTEIbHBIM
pa3ynpoyHeHueM MaccuBa» B «I'opHOM xypHaiie», r.Mocksa, Nel2, 2022r.;

2.  «lloBeimienue  3ddexTuBHOCTH  OTOOMKM  C  MpeABapUTEIHHBIM
pasynpounenueM maccuBay / «Improving efficiency of rock breaking using the pre-
weakening of rock mass», «EurasianMining» Ne 2-2023r.;

3. «CpaBHUTEIBHBIM aHAU3 METOJOB OIEHKH YCTOMYHMBOCTH OTKOCOB B
u3oTponHou cpeae» / «Comparative analysis of methods for assessing slope stability
In an isotropic environmenty, «I"opusbiit )xypHai Kazaxcranay, Nell, 2024r.;

4. «BausiHue TOYHOCTH 3aMeJIEHUN 3JIEKTPOHHBIX CPEJICTB MHUIIMUPOBAHUS Ha
KauecTBO OypoB3phIBHBIX padoT» / «The effect of the accuracy of the deceleration of
electronic means of initiation on the quality of drilling and blasting operationsy,
«l"opHslit xxypHan Kazaxcrana», Nell, 2024r.

OCHOBHBIE pe€3yJbTaThl MCCIEAOBAHUW MOJYyYEHbl HA OCHOBE COBPEMEHHOM
MOHUTOPUHTOBOM CHUCTEMBI C TMPOTPAMMHBIM OOECIIEUEHHEM B J1a0OpaTopuu
«l'eomexanukn u  reorexHonorun»  MuxuaupunroBoro nentpa CatmaeB
yHuBepcuteta B pamkax [II[d BR21881939 «Pa3paboTka pecypcocOeperaromumx
HHEPrOr€HEePUPYIOIUX TEXHOJOTHM Il TOPHO-METAUTyPru4ecKoro KOMIUIEKCa U
CO3/JaHH€ UHHOBAIIMOHHOTO MHXXUHUPUHTOBOTO IIEHTPaY.

Crpykrypa u 00bem padorhbl. /(uccepranus COCTOUT U3 BBEACHUS, 4 TIIaB,
3aKitoueHus, onbarorpadguyeckoro cnucka u3 34 HaMMEHOBAaHUN M COAEPXHUT 96
CTpaHMI] MAIMHOMUCHOTO TeKcTa, 37 pucyHkoB, 10 dopmyn, 14 tadmu u 20
IIPUIIOKEHUM.

ABTOp BBhIpaXkaeT 0JIaroIapHOCTh 32 COJICUCTBHE B HAMMCAHUU JAHHOU PabOTHhI
TOO «HIIIT Unteppun», a Takke CBOEMY HAYYHOMY PYKOBOIUTENIO JI.T.H., IPOQ.
FOcynoBy X.A. 3a IecHHbIE COBETHI U HACTABJIEHUS B PEILICHUH MOCTABJICHHBIX 3aa4.



1 OBIHIUE JAHHBIE Ob OBBEKTE NCCJIEAOBAHUA

1.1 O61ue cBegeHUs 0 pailOHEe MECTOPOKIECHUS

Mectopoxnenre Asak-Komkan pacnojiookeHoO B OJKHOACTy3CKOM pailioHe
[TaBomapckoii oonactu B 135 KM K ceBepO-BOCTOKY OT I'. TeMupTay U 85 KM r0KHEe
JKEIE3HONOPOKHOW cTraHuuu Ilnneprel. bnvkalmi HAceneHHBIM NYHKT —
11.POTHUKOBCKHIA, pacioJIOKEHHBIN B 8 KM K 3amagy OT MeCTOopoxaeHud (puc. 1.1).

HemocpenctBeHHO Ha  MECTOPOXACHHHM  TPAHCHOPTHBIE  KOMMYHUKALIMH
OTCYTCTBYIOT, KDOME I'PYHTOBBIX JIOPOT.

Penved paiioHa TrpsAOBO — MEIKOCOMOYHBIA, 4YacThIO PABHUHHBIN, C
abcomoTHbiMU oTMeTKaMu 430-502 M, aOCONMOTHBIE OTMETKH BBIXOJOB PYAHBIX TEll
Ha MTOBEPXHOCTH COCTaBIAIOT 0T 450 M Ha ceBepo-3anazae 10 480 M Ha I0ro-BOCTOKE
MECTOPOXKACHUS. B npeaenax caMoro MeECTOPOKIAEHUS OTHOCUTEIIBHBIE TIPEBBILICHUS
nocturatot 30-40 m.

I'moporpaduueckass  ceTb  mpeacraBieHa  gonauHod  p.  unepts
OJMM3MEPUINATIBHO — CEBEPO-BOCTOUHOM OPUEHTHPOBKU U €€ HEOOJIBIIUM IpaBbIM
nputokoM p. Kapacy, umeromuMm BpeMeHHbIH BOJOTOK. B pomune p. Iluupepts
nerctByer kaHan Mprteimn — Kaparanga, pacnosioXeHHBIM B 8 KM 3amajHee
MecTtopoxaeHus. Pycno p. HluaepTsl coxpaHWIOCh JHIIb (PparMEHTapHO B BHJIE
OTJIEJBHBIX IIJIECOB U CTAPULL.

Kimumar pailoHa — pe3KOKOHTUHEHTANbHBIA, 3aCylUIMBBIA, C OOJBIIUMH
aMIUTUTYJJaMU KOJIEOaHUI TeMIepaTypbl BO31yXa, Kak B TEUEHUE I'0/1a, TaK B TEUCHUE
CYTOK.

Cpenneromosas Temmeparypa Bosgyxa coctaBmser +2,2 °C.  Jlerom
TeMmIIeparypa Bo3ayxa mosblmaercs 10 +35 - 40 °C, 3umoii Hepenko ormyckaeTcs J1o -
35° - 38°. HawmbGonee >xapkuil Mecsl — HIOIb, CPEJHEMECAYHAs TEMIEpaTypa
kotoporo cocraBiser +21,3 °C. Haubomee XomomHblii Mecsll — SHBaphb,
cpennHemecsunas Temmeparypa -13 °C. Ammimrtyna kone6GaHuii TeMIIEpaTypbl
BO3/lyXa B TEYEHUE CYTOK B JIETHEE U BECEHHE-OCEHHEE BPEMSI MOKET JOCTUTHYTH 10
~12°C.

CpenHeronoBoe KOJMYECTBO OCaakoB 322 mM. PacnpeneneHue ux B TEUEHHUE
roja KpailHe HEpaBHOMEpPHOE, MpPHU 3TOM BO3MOXHBI PEAKUE KPATKOBPEMEHHbIE
JUBHUA C OOJIBIIMM KOJUYECTBOM o0caakoB. HanOonblliee KOJMYECTBO OCAIKOB
BBITIaJIacT B WIOHE, MIOJIe, HauMEHblllee — B (peBpane, Mapre. B cuity BbICOKOI
TEeMIIepaTypbl BO3/IyXa 3HAUUTENIbHAS YacTh JIETHUX OCAJKOB TEPSAETCA Ha UCHIApEHHE
U TPaHCHUPALMIO PacCTEeHUSIMU U B (OPMHUPOBAHUM BOJHBIX PECYPCOB TOYTH HE
IPUHUMAIOT y4YacTHs, 32 WCKIIOYEHHEM JIMBHEW W 3aTsKHBIX Hoxkaed. OCHOBHOE
3HAYEHHE B MUTAHUM MOJ3EMHBIX BOJ UMEIOT OCAJKH 3UMHEE — BECEHHETO IEpHOJIa —
c HOs10ps o MapT. CpeTHEMHOTOJIeTHEE KOJTMYECTBO TAKUX OCAJIKOB COCTaBIISAET 78
MM.

[Ipeobnanatomiee HampaBiieHHE BETPOB C 3amana W roro-zamaga. CpemHss
CKOpOCTh BeTpa 3,5 m/c. Hepenkum cunbHBIE BETPBI, 3UMOM - CHEKHBIC IITKBAJIBI,
JIETOM - MbUIbHBIE OypU U CYXOBEH.
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CHexHbIA TTOKPOB, BbICOTa KOTOporo He mnpeswimaer 0,3 — 0,5 M, aepxKutcs
HOSIOps 10 KOoHIIa MapTa. [ myOuHa mpomMep3aHus MOYBHI HE MPEBBIMIAET 1 M.

[TouBBI B OCHOBHOM CE€pOBATO-Oypble U TEMHO-KAIUITAHOBBIE HEMOJHOPA3BUTHIC
¢ 6aiutom 6onuTeTa 15. KopeHHbIe BBIXOAbI TOPHBIX MOPO/] COCTABISAIOT 0K0JI0 40 %.

IxubacTys
ExiBacTys

WingepTsi

EpermenTay

Maiikaum

MecTtopoxkaeHune «Aak-KoarkaH»

®

Baanayn
BannaysLn

Monogemssbii

Pucynok 1.1 — O630pHas kaprta paiioHa

1.2 T'eotoruyeckoe cTpoeHue paioHa U MeCTOPOKICHUA

VYyactok wmectopoxaenus Asax-KomkaH oXBaThIBaeT JIOKaIbHBIM (parMeHT
HEHTPAJIBHOM  YacTH  3alaJHOTO kpbta  Komxkandaa-IIbIOBIHIBIKOIBCKOM
OpaxUCUHKINHAIIH.

OpyaeHeHne CBsI3aHO C TEKTOHUYECKOW 30HOM MHTEHCHBHON TPEUIMHOBATOCTH,
4acThlO paccianieBanusi, C3 mpocTUpaHusi U CyOBEPTUKAIBHOTO TajieHus. BbIXo bl
pyAHBIX Tenl mpociexuBaroTcs B nosioce ¢ C3 na OB na 600M npu mmpuHe OT
HECKOJIbKUX MeTpoB Ha (pyianrax, 10 150-200M B 1ieHTpaIbHOM ee 4acTH.

MecTopokIeHHE CIO0KEHO OTIOXKEHUSIMU TPEThEH BYJIKAHOTEHHO-0CAT0YHOMU
Mayky >KAPCOPCKOM CBUTHI JEBOHA, NPOPBAHHON MajlbIMH TEJIaMH JIOJIEPUTOB
(m1aba3oBbIX  MOPPUPHUTOB) W CYyOCOTJTIaCHBIMH  CWJUIAaMH  TOP(QUPUTOB
aHe3uT00a3aIbTOBOTO COCTaBa. B mpemenax MECTOPOXKICHUS 3ajieraHre TOpO.l
JKapCOPCKOM CBUTHI MPAKTUUECKH MOHOKJIMHAJIBHOE C BEChbMa MOJIOTUM IMAaJICHUEM Ha
FOTO-BOCTOK. YTJIbl MAaJCHUSI COCTABISIIOT Nopsaka 4-5°, nokanbHO gocturaroT 10-
15°.  Tlopduputel  aHAE3UTO-0a3aJIBTOBOIO  COCTaBa  MPOCIEKUBAIOTCA  HA
ITOBEPXHOCTH B CEBEPHOW M 3aMaJHON YaCTAX MECTOPOKIAECHHUSI, OTPYKAICh MOJIOTO
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Ha MIyOMHY B IOT0-BOCTOYHOM HampaBiieHHH. B oOiieM paspese TpeTbed Nayku
JKAPCOPCKOM CBUTHI — 3TO BepXHUU CWLI. [[oMMMO NMOBEPXHOCTH, €r0 HAIUYHUE U
YCIIOBHSI 3aJIeTaHMsl yCTAHOBJIEHBI OYpE€HHMEM B IIEHTPAJIBHONM W IOr0-BOCTOYHOMN
4acTsIX MECTOPOXKICHHS, HAUMHAs OT YpOBHS pa3BenouHoro npoduist VI. MoirHocTh
cuiia Bapeupyetr oT 20-25m 1o 45M, coctaBisis B cpegHeMm 30-40m. Kpomist ero
3aneraeT Ha riyouHe ot 7-20m B pasBegounbix npoduisax VII-VIII no 35-45m nHa
foro-soctoyHoM  (uanre (mpopunu  XII-XIV). CrpykTypHO BepXHHMM CHIUT
NPUYpPOYEH K TMOAOIIBE TOPHU30HTA KPYMHOTAJ€YHBbIX KOHIJIOMEPATOB H
arJoMepaToBbIX Ty(OB, KaK K OJTHOM U3 HanboJee «0CcaabIeHHBIX)» B pa3pe3e 30H.

Mennoe opyleHeHHE  JIOKAIM30BaHO B  Tpefenax CyOBepTHKaIbHOMN
TEKTOHUYECKOM 30HBI OPEKYMPOBAHHUS W HWHTEHCUBHOM TPEHIMHOBATOCTU MOPOA
(peaxko — pacciaHleBaHHUS B TOHKOOOJIOMOYHBIX Pa3HOCTSX) CEBEPO-3aIragHOro
npoctrpanus. MuUHepaan30BaHHAs TEKTOHUYECKAas 30HA 3aHMMAET PE3KO CEKyIlee
IIOJIOXKEHUE I10 OTHOWICHHWIO K BMEIIAOIIMM IOpPOJAaM KapCOPCKOW CBUTHI U
OpeJCTaBlICHa CEpUell  OpylNeHeNblX M  OE3pyAHbIX TEKTOHWYECKUX IIIBOB
KyJMCOOOpa3HO W MOCJEA0BATEIbHO CMEHSIOUMX APYr Apyra Mo MPOCTHPAHUIO.
[IpoTsEHHOCTD PYIHOM 30HBI O pocTupanuio 600 M, MKUPUHA OT MEPBBIX METPOB
Ha ¢rnanrax o 150-200 m B nenTpanbHOM ee 4dactu. Ilo mameHuro opyneHeHue
npocnexeHo a0 riayounsl 150-200 M. B mpenenax pyaHoi 30HBI BbiAensieTcs 16
pynHbix Ten. Ilo 3amacaM pynbl U MeOu K OCHOBHBIM CIIEIYET OTHECTH BOCEMb
pyasabix Ten: NeNe 1, 3, 3a, 4, 4a, 8, 5 u 6, B TOM YHCIIE TPH U3 HUX 3aKIIIOYarOT 62-66
% pyIbl 1 MeIH OT OOLIUX 3aacoB; B MOPsAKE YObIBaHUS 3HAUUMOCTH: pPyAHbIE Tela
6,8ml.

XapakTepHbl CIOUCThIe TeKCTypbl. Hambonee mmpoko pa3BuTa mapajiesibHast
CIIOUCTOCTh, pE€XEe — KIWHOBUAHAS WJIA BOJHUCTO-MApajiiebHas CO 3HaKaMu
BOJIHOBOM psiOM Ha INIOCKOCTSIX HAIUIaCTOBAHUSI.

1.2.1 I'uopoceonozcuueckue 0cobeHHOCMU MeCMOPOHCOEHUS

Mectopoxnenne Adk-KomkaH B PErMOHaIbHOM THUAPOTrEOJOTMYECKOM IUIAHE
pacnionaraercsi B npenenax Kokueray-basHaynbckoro OacceifHa —TpeUIMHHO-
XKWIbHBIX MOA3E€MHBIX BoA Il mopsaka, cOCTOSIIEr0 M3 JABYX BOJOHOCHBIX CpPEXl C
pa3HBIMU THJPOr€OJIOTMYECKUMHU TapameTpaMu. BepxHss yacTe paspe3a HOCHT
0J10kOBO-KWJIbHBIN Xapaktep (@0 30-60 ™M), a HWKHSS NTpeAcTaBlgeT CoOOU
TpPEIIMHOBAThIE OJIOKU. XapakTepHOW OCOOEHHOCTBIO 3TOro OacceilHa SBISIETCS
BBICOKAsT aHU30TPOMHOCTh (DUIBTPAIIMOHHBIX CBOMCTB BOJOBMEIIAIONINX MOPOJ,
MPE/ICTABIICHHBIX BYJIKAHOT€HHBIMU M BYJIKAHOT'€HHO-OCAJ0YHBIMU OOpa30BAHUSIMU.
AHU30TPONTHOCTh  BOJOBMEILAIOLIEH Cpelbl MPOSIBIAETCS B  MHOrooOpazuu
JUTOJOTHYECKOTO COCTaBa, pa3IUYHONM TJyOWHE TMPOHUKHOBEHHUS SK30T€HHOU
TPEIMHOBATOCTH MO JIUTOJIOTMUECKUM Pa3HOCTAM, TEKTOHHUECKOHN pa3IpOOIeHHOCTH
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NOPOJ BIOJb PA3JIOMOB, YCIOBHSIX MUTAaHUS U MHOTHX APYTruX (hakTopax MpUpOIHO-
re0JIOTUYECKOTO XapaKTepa.

[lutanue MOA3EMHBIX BOJ MPOWCXOAUT, B OCHOBHOM, 3a CUET MH(WIbTPAIIUU
aTMOC(EPHBIX OCAaTKOB Ha IUIOMAAIX BBIXOJA CKAIBHBIX OTJOKCHHWHA Ha
MOBEPXHOCTh. [1oa3eMHBII CTOK B rITyOOKHUX YacTsaX OacceilHa TpeuMHHO-KUIIbHBIX
BOJ TNEpPEPACIPEACISIETCS [0 CUCTEMaM pPa3jioOMOB. B NpUMOBEPXHOCTHBIX YaCTAX
npeo0iasaeT paauaibHOE HAPaBICHHE T0I3EMHOTO MOTOKA OT OOPTOB BMAJMH K MX
LEHTPAJIbHBIM YaCTSM, [JI€ OCYIIECTBISETCS pa3rpy3Ka MOJ3EMHBIX BOJ IIyTEM CTOKa
B peku Illumeptei, Kapacy m B ux Oojiee MeNKHE TMPUTOKH, a TAKKE ITyTEM
TPaHCIHUPALIMKU U UCTIAPEHUS.

[To ycnoBusiM 3ajeraHusi U TEHE3UCY BBIJCISIOTCS CIEAYIONIUE BOJOHOCHBIC
TOPU30HTHI:

- TOPU30HT aJUTIOBUAIBHBIX CPETHEUYETBEPTUYHBIX - COBPEMEHHBIX OTIIOKEHU;

- 30HAa TPEIIMHOBATOCTH MPEUMYIIECTBEHHO OCAJOYHBIX KUBET-PPaHCKUX
OTJIOKCHUM;

- 30Ha TPEIIMHOBATOCTH BYJIKAHOTEHHO-0CAJOUYHBIX TTOPOJT 5KapCOPCKOUN CBUTHI;

- 30Ha TPEIIMHOBATOCTU HUKHECHITYPUNUCKUX TEPPUTEHHBIX OTIOXEHUH.

B npenenax mecropoxkaenus Asik-KomkaH NpeMMyIIECTBEHHBIM Pa3BUTHEM
MOJIB3YIOTCSl TPEUIMHHBIE U TPEUIMHHO-KUJIbHBIE MOA3EMHBIE BOJIbI BYJIKAHOTE€HHO-
OCaJIOYHBIX MOpoJ xKapcopckoi cBuUThl (D1zr). TpemmHHBIA THUI BOA CBSI3aH C
HK30TE€HHOM TPEIIMHOBATOCTHIO MOPO/I, TITyOUHA MPOHUKHOBEHUS KOTOPOU IOCTUTAET
60 M. TpemuHHO-KWIbHBIA TUI MPUYPOUYECH K MAJIOMOIIHBIM 30HAM JAPOOJICHUS U
MOKET JoCcTUrath rryouHsl 200-250 m.

[Io kadecTBy BOABI YyJbTpampecHole ¢ MuHepanuzauuend 0,3-0,4 1/m,
rupokapOOHaTHBIE HATPUEBO-KaJUEBbIC, MPU ITOM BOJOPOAHBIM IOKa3aTelib B
npeaenax 6,8-7,3 (Boapl HelTpanbHbie). [log3eMHbIe BOJIBI OTHOCSATCS K MSTKUM
(o6mras >xectkocth 1,8-3,8 Mr-skB/AmM3) W NPUTOIHBI JIJISi MPUMEHEHHSI B JIOOBIX
TEIUTIODPHEPTETHYECKUX YCTaHOBKaxX. Boapl He o0namaroT cynb(aTHON arpeccuer 1o
OTHOIIEHUI0O K OETOHy, HHU3Ka M KOPPO3WiHAas arpeccusi K MEeTATHYECKUM
KOHCTPYKIIUSIM, CBUHIIOBBIM U aJTIOMUHUEBBIM 000JI0UKaM KaleseH.

[lo XxUMHYECKOW  XapaKTEPUCTHUKE TMOJ3EMHBbIE BOJBl  COOTBETCTBYIOT
tpedoBanusim CaunlluH 3.01.067/97 «IlutheBast Bojga» W MOTYT HCIIOJIb30BAaThCS B
XO03IMCTBEHHO-TIUTHEBBIX 11EJISIX.

Krnaccuduxkaruys mopos mo B3pbIBAEMOCTH Ha MECTOPOXACHUHN «Ask-Komkan
MOCTpOoeHa Ha oOcHOBe kiaccudukanuu TtpyHToB 10 CHull, BpemenHoU
KIaccu(uKanmuyM MOpoJa TO TPEIIMHOBATOCTH B  MAacCUBE, MEKOTPACICBOM
KJIacCU(UKAIIMU TOPOJI 1O B3PHIBAEMOCTH Ha OCHOBE PACUE€THOTO YJIEJIbHOTO pacxoja
BB (ta6n.1.1).
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Tabmuna 1.1 — Knaccudukanust mopos no B3peIBAEMOCTH

BBIBETPUBAHNUEM JUOPUTOBBIE
nop(pUPUTHI

CreneHb VY nenbHbI
Kareropus no .
XapakTepucTuKa mnopo/ TPEUIMHOBATOCTU U | ¥ pacxo
B3PBIBAEMOCTH 3
B3pBIBaeMOCTH 1oposi | BB kr/m
UpesBblyaliHO U
1. JIerko B3pbIBacMbIe
CUJIbHO
MIECYaHUKH KOPBI I 0,2-0,45
TPEUIMHOBATHIE, JIETKO
BBIBETPUBAHUSI
B3pbIBAEMbIC TTOPOIbI
2. CpenHe B3pbIBaEMbIE: Cpenne
BBIBETPUBAHUE JTUOPUTOBBIC I TPEUIMHOBATHIE 0.4 0.75
nop(pUpUTHI, U3BECTHAKHU MOPO/IbI, CPEIHEM ’ ’
Ty(QBbI. B3PBIBAEMOCTH
3. TpyaHo B3pbIBacMble
MpaMOpPHU30BaHHbIE Maro TpemmHOBaThIE,
W3BECTHSIKU, 3aTPOHYThIE 1l TpyaHo B3peiBaeMbie | 0,7 —1,0
BBIBETPUBAHUEM MTOPHUPHUTEL, IOPO/IbI
Ty bl
4. BecbMma TpyIHO
Rid IIpakTruecku
B3pbIBaeMbie: OKpEMHEHHbIE
MOHOJIUTHBIE BECbMa
W3BECTHSIKUA HE3aTPOHYThHIC vV 1,0-1.2

TPYZIHO B3pPbIBAEMBIE
IIOPOJIbI

Ha BepxHuX ropu3oHTax MOpoJbl NMPEICTAaBICHbI KOPOU BbIBETpUBaHUs. Huxke

MOopoAbI Pa3zpymi€cHbl A0 MCEJIKHUX OTI[CJ'IBHOCTGfI, pasMEp KOTOPBIX YBCINMYMUBACTCA C

TJTyOUHOM.

CreneHn B3PBIBACMOCTH IIOpPOA HaXOJUTCA B HCHOCpC}ICTBeHHOﬁ

3daBUCHUMOCTH OT TPCINHMHOBATOCTH, YCM BBIIIC TPCIIHMHOBATOCTL IIOPOA, TCM MCHBIIIC

sHeprun BB TtpeOyercs Ha ee apobienne u HaoO00poT. TpenmHOBaTOCTH MOPO.

OIICHUBAETCS MO KJaccuUKaIy, pa3paboTaHHON MeXBEIOMCTBEHHOW KOMUCCHUEH

o B3peiBHOMY ey (MBK), Ta6muma 1.2.
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Ta6nuna 1.2 - TpemmuHOBaTOCTH TOPOJT

Kareropu
A
TPEIINHO-
BaTOCTH

Crenenb

TPEIINHOBATOCTH

(CJIO)KHOCTH)
MaccHuBa

Cpennee
pacCcTosIHUEC
MEXITY
TpEIIMHAMH,
M

AxkycTuyec
KUH
[10Ka3aTellb
TPEIIMHO-
BaTOCTH

Conepxanue (%) B
MAaCCHUBE OTAEIILHOCTEN
pa3sMepoM, MM

+300 | +700 | +1000

UpesBbrualiHO
TPEIIMHOBATHIE
(Menko006J10MOY-
HEBIC)

0,1

0-0,1

100 0 0

CunbHO
TPENTUHOBATHIC
(cpenne-
00JIOMOYHBIE)

0,1-0,5

0,1-0,25

10-70 | 30 5

Cpenne
TPEIINHOBATHIC
(kpymHoO-
00JIOMOYHBIE)

0,5-1

0,25-0,4

10-70 | 30-80 | 5-40

Maiio TpemuHo-
BaThie(BEChMa
KpyTHOOJIOYHBIE)

1-1,5

0,4-0,6

10 |80-100 | 40-100

[IpakTruecku
MOHOJIUTHBIE
(MCKITFOUUTENBHO
KpyIHOOJIOYHEBIE)

1,5

0,6-1

0 100 100

1.3 CocTOosiHME TOPHOTEXHMYECKHUX YCJIOBHH Pa3padboTku pya

OTtpaboTtka kapbepa « Ask-Komkan» Benércs ycrynamu - 4,0 - 15 m.
bypeHue BepTHKaIbHBIX W HAKJIOHHBIX B3PBIBHBIX CKBAXXUH ITPOU3BOIUTCS

CTaHKaMHM THEBMoyAapHoro Tuna Oypenuss Roc L3,

JK-580,

XapakTepucTUKU OypoBbix ctaHkoB ROC L8, JK-580 mpexacrasnens B Tabnumax 1.3,

1.4.

I[OCTaBKa B3PbIBHATBIX MATCPHAJIOB Ha pa6oqI/Ie MCCTa HPOU3BOIHUTCA
aBTOMalllMHaMM CIICIHUAaJIBHO 060py,HOBaHHBIe JJI1 OTHUX ueneﬁ. 3ap$1>I<aHHe CKBa)XH1H
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NPOM3BOJIUTCS ~ BPYYHYIO  aTTECTOBaHHBIM B YCTAaHOBJIEHHOM  TIOpSIZIKE
B3PBIBIEPCOHAIIOM.
Tabnuna 1.3 - Texauueckue xapakTepucTUKu OypoBoro ctanka Roc L8
Ne HanmenoBanue nokasareneu En. uzm [TapameTpsl
1. | JluameTp CKBakxuH MM 110-17/8
2. | I'mybuna 6ypenus M o 31,5
3. | Yron HakioHa CKBaKUH K BEPTHKAIIH rpas. 5% 1o 30°
5. | Xox norayu craBa M 8.1
6. | Kpyrsammii MOMeHT Hwm 6200
7. | Yactora 00/MUH 20 - 40
8 | M'mapaBiaumdeckuii BpamaTeb DHR 48H — 45
9 | Jlopo>kHbIil MPOCBET MM 405
10. | [IpeomoneBaeMblil YKIOH 20
11. | TaroBoe ycuiaue kH 110
12. | CkopocCTh IepeaABUKCHHS KM/4 3,4
13. | CxopocTh mogauu Mm/c 0,92
14. | Ycunue nogauu kH 40
15. | PaGouee naBieHue kommpeccopa oap 25
16. | MomHoCTh ABUTaTEN kBT 431
Tabmuma 1.4 - Texanueckne xapakTepucTuku 0ypoBoro cranka JK-580
No HaumenoBaHue nokasareseu Enx. usm [TapameTpsbl
1. | AuamMeTp CKBaKUH MM 90-165
2. | 'myOuna Oypenus M o 18
3. | Yroa Hak/IoHa CKBaXUH K BEPTUKAJIN rpa. 59 1o 30°
4. | Xox nogayu ctaBa M 3
5. | Kpytsmuii MOMEHT Hwm 4500
6. | IIpeongoneBaeMblii YKIOH 30
7. | CKOpoCTh epEeBUKEHUS KM/ 2
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[Tponomkenue Tadauubl 1.4

Ne | HaumeHnoBanue nokasareneun En. uzm [TapameTpsl

8. | CxopocTh mogauu m/c 0,92
Ycunue nonayu kH 30

10. | PaGouee naBiieHHE KOMIIpeccopa 6ap 19

B3pbiBHBIE paOOThl BBIMOJHAIOTCS MoApsiaHOW opranuzamnueit TOO HIIII
«HTEppUH», B CTPOrOM COOTBETCTBUU C TPEOOBAHUSAMH HACTOSIIETO THIIOBOIO
IpOoeKTa TMPOU3BOJACTBA OypOB3PHIBHBIX pPabOT W JEHCTBYIOIIMX HOPMAaTUBHBIX
JOKYMEHTOB M HHCTPYKLHUI IO MPOU3BOJICTBY B3PBIBHBIX PadOT.

3apsiaKa CKBaKMH MPOU3BOAUTCS B pyuHyt0. 3a00iKa CKBa)KUH IIPOU3BOJUTCS B
PYUYHYIO.

[Ipu npou3BoACTBE B3PBIBHBIX pabOT B Kapbepe  MPUMEHSETCI METOA
CKBaQXUHHBIX 3apAJIOB, MpU 3TOM JauameTp ckBaxuH 90 — 165 mm, JIHC - 4m.,
KodhGuImeHT 3apsokanus ckBaxud — 0,8.

B3ppiBaHHE CKBOKMHHBIX 3apsOB  OCYIUECTBISIETCS  HEAJIEKTPUYECKUMHU
cuctemamu B3pbiBaHus (HCB). B3psiBHas cerb MonTupyercs HCB, LI wmm ux
KoMOuHanuen. UHUIuupoBaHue B3PBIBHOM CETU MPENYyCMATPUBAETCS OT CTAPTOBBIX
yctpoiicTB DS2 mnu aHanoruyHbIX AOMYIIEHHBIX K MOCTOSSHHOMY HPOMBIIIIEHHOMY
IIPUMEHEHUIO Ha TeppuTopun PK.

Bunbsl npumensiembix BB

Bri6op BB npousBoautcs ucxoas U3 GpU3MKO-MEXaHUYECKUX CBOMCTB TOPHBIX
nopoA U 0OBOJHEHHOCTH 3a00€B, C YYETOM HEOOXOJUMON MEXaHM3alUU 3apsKaHUs
U JOCTHKEHUSI MaKCUMaJIbHO BO3MOKHON OOBEMHOMN KOHIIEHTPALIMK SHEPTUH 3apsia.

OcHoBHbIE BUABI BB, pekoMeHayeMble Uisi IPUMEHEHHSI HA OTKPBITBIX TOPHBIX
paboTax ¥ UX CBOMCTBA MpUBEAEHBI B Ta0uIE 1.5.

Tao6muma 1.5 - OcuosHble Buasl BB

PacueTHbie XxapaKTepuCTHKH

Tennora Haceinnas CkopocThb
HanmenoBanue PaboTocrmo-

B3pbIBA MJIOTHOCT, JICTOHAIIHH,

COOHOCTh
KKaJI/KT r/cM.Ky0 KM/CEK
Nurteput 40 3573 1,25 3376 5,7-5,8

Urmapun OT'A 3640 0,96 3345 5,5-5,6

Ha kapbepe NpPUMEHSIOTCS T'PaHYJIUPOBAHHBIE B3pbIBYATHIE BEILECTBA
cooctBenHoro mpousBoactBa TOO HIINI «MHTEPPUH»: nns cyXuxX CKBaKHH
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npumMensiercss BB HWureputr 2011, Urmapun OI'A; miis 0OBOJHEHHBIX CKBa)KUH
npumensiercss BB Unrtepur 40.

1.3.1 Ilpobaemwvl npouzsoocmea Ha 0Ovekme uUCcieo008amus

B Hacrosiiee Bpemsi Ha pyIHUKE HaONIONAIOTCS CEpPhE3HbIE IMPOOJIEMBI,
CBsI3aHHBIC ¢ HER(PEeKTUBHOCTHIO OypoB3phIBHBIX padoT (BBP). B nmepByto odepensp,
oOpamaer Ha ce0s BHUMaHUE NOBBILICHHBIA YJEIbHBIA pPACXOJ B3pPHIBUATHIX
BEUIECTB, KOTOPBII MPEBBINIAET IMPOEKTHbIE 3HAYEHUSA. OJTO O3HAYAET, YTO Ha
eIMHULy Oo0beMa TOpHOM Macchl pacxonyercs Oonbliee KoaudyecTBo BB, uem
IJIAHUPOBAJIOCH, YTO HAINPSMYIO YBEIMYHMBAET 3aTpaThl HAa MpOM3BOJCTBO. OmHAKO,
HECMOTpsI Ha MOBBILIEHHBIM pacxon BB, BbIxon HeradapuUTHBIX KYCKOB PY/IbI
IPOJIOJKAET OCTaBAaThCsl BBHICOKUM M gocturaer 10 10%. HerabapuTHble Kyckw,
MPEACTABIIAIONINE COOOM KpYyMHbIE ()parMeHThl MOPO/Ibl, TPEOYIOT JOMOIHUTEIBHOTO
IpOOJIEHMS, UTO YBEIMYHUBAET 3aTpaThl HA MepepabOTKy, a TAK)KE BPEMsI BBIIIOJIHEHUS
olnepanuii Mo TPaHCIIOPTUPOBKE U 3arpy3ke. ITO OKa3bIBAET HETATUBHOE BIMSIHUE Ha
3¢ ()EKTUBHOCTH MOCIEAYIOIINX TEXHOJOTUYECKHX MPOLECCOB, TAKUX KaK APOOJICHHE
U oboralieHue, CHIkas 00LIy10 IPOU3BOAUTENbHOCTD PEIIPUATHS.

[TomuMoO »3TOrO, CyHIECTBYET cepbe3Has MpoOjema, CBs3aHHas C HEMOJIHON
popaOOTKOM MOJOLIBHI yCTyIa MOCIE B3PbIBHBIX padOT U dKcKaBaluu. OTKIOHEHUS
BBICOTHBIX OTMETOK OT IPOEKTHBIX 3HAYEHUN CTAHOBATCS YaCTBIM SIBJICHUEM, YTO
O3HA4aeT, 4To nocie nposefaeHuss bBP u skckaBanuy HUKHUE CIIOM TOPHOW MaccChl
HE TMpopabaThIBAIOTCA JIOJDKHBIM 00pa3oM. OTO MOXET OBITh CJEICTBUEM
HEPaBHOMEPHOI'O  paCHpeAesieHUs]  B3pbIBHOM  HDHEPruM, 4YTO MPUBOJUT K
HEJOCTAaTOYHOMY JpOOJIEHHI0O MaTepuaia B HI)KHEW yacTu ycTyna. B pesynbrare
MPUXOAUTCS BBIMOJIHATH JOMOJHUTENBHBIE OMNEPAMH MO J10pabOTKE MOBEPXHOCTH,
TaKhe KaK MOBTOPHOE OypeHHe MM JOB3pPhIBAHUE, UTO TAK)KE YBEIIMYMBAET PACXOJIbl
U 33JIep>KUBAET MPOLECC BEIEMKH PYIbI.

DT npobJeMbl UMEIOT KOMIUIEKCHOE BJIMSHUE Ha BCIO LIEMOYKY JOOBIYM U
nepepaboTku. [loBBIIEHHBIN BBIXOJ HErabapuTOB HE TOJIBKO CO3[AET CIIOKHOCTU
IpU TPAHCHIOPTUPOBKE U 3arpy3ke B APOOUIIbHBIE YCTAaHOBKH, HO W YBEJIMUYMBAET
Harpy3ky Ha oOOpyJOBaHHE, COKpallasi €ro CpoK CIy>KObl M BBI3bIBAas YacThle
nosoMku. HempopaboTka MOAOMIBBI yCTyNa NPUBOAUT K CHIDKEHHUIO KauecTBa
IUTAHUPOBKHU pabOyero MpoCTPaHCTBA, UTO MOXKET OCIIOKHUTH PabOTy IKCKAaBATOPOB
U IPYToil TEXHUKH, a TAKXKE CO3/1aTh OMACHBIE YCIOBUS AJIs pabOUHnX.

Jlig peuieHust NaHHBIX MpoOjeM ObUTHM NMPOBENEHBI OMBITHO MPOMBIIIJICHHBIE
UCIIBITAaHUSI C TEXHOJOTHWEW CO3/laHUs MPEIBAPUTEIBHOTO Pa3yNpPOYHEHHS] MAcCCHBa
JJIs1 TOBBITIIEHUS Y(PGEKTUBHOCTU OTOOMKU U Ka4ecTBa IPOOJICHUS PYIbI.

1.4 3apaum ucciaenoBaHus
KauecTBO B3pBIBHBIX PaOOT ONpEEseTCs] pABHOMEPHOCTBIO, a TAK)KE CTETICHBIO
JIpoOJIeHHsI TOPHOTO MAacCHBa, IMapaMeTpaMHu pa3Baja B30pBaHHOW Macchl. JlaHHBIE

(l)aKTOpr BJIMAKOT Ha NPOU3BOAHUTCIIBHOCTH BCCX IMOCICAYIOIHNX TCXHOJOTMYCCKHX
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IPOLECCOB TOPHBIX paboT. Mcrnonp3oBaHuMEe HOBEHMIIEro  O00OpYyIOBaHUS IS
NOTPY3KH W TPAHCIOPTUPOBKH PYIbl, MOOMJIBHBIX YCTAHOBOK IUIsl APOOJICHHS U
COPTUPOBKU TPEOYIOT MKECTKOI0 KOHTPOJII KadyecTBa MOArOTOBKH FOPHOM MacChl K
B3pBIBY, TaK KAaK 3TO HEMOCPEICTBEHHO BJIMSET HA MOKA3aTENIU MPOU3BOJUTEIBHOCTH
JTAHHOT'O0 000pYI0BaHMUSI.

B nacTosiee BpeMs OypoB3pBIBHBIM paboTaM yIenseTcs OrpOMHOE BHUMAaHUE,
OHAKO JIO0 CHUX TMOp OCHOBHOM TPETPafoM K NOBBIIIEHUIO II0Ka3aTeleu
IPOU3BOJUTENIBHOCTH TPY/Ja, YMEHBIIEHUIO CE0ECTOMMOCTH BBIEMKH U IOBBIILIEHUIO
00bEMOB  JOOBIBAEMOM  pynAbl, SBJSETCS HEKAYECTBEHHOE, HEPABHOMEPHOE
npoOjieHne,  KOTOPOMY  COIYTCTBYET  IOBBIIIEHHBIM  BBIXOJ  KpPYIHBIX,
HEKOH/IULIMOHHBIX (PAKIMI MOJE3HOT0 HMCKOMAEMOT0 M OTKJIOHEHHE MapaMeTpoB
YCTylla OT MPOEKTHBIX 3HaueHuu. Mccxonms U3 3TOro, ynpaBJICHHE KadyeCTBOM H
XapaKTepUCTUKaMH MMOATOTOBKH FOPHOW Macchl K B3phIBHBIM Pa0OTaM Ha OTKPBITHIX
TOPHBIX paboTax SBISETCS 3HAYUTENBHOW NPAKTUYECKON 3amauved. B Hacrosuiee
BpeMsi, HECMOTpsL Ha OO0JbIION 00BEM HCCIIEOBAaHMM B JTAHHOW 00JIaCTH, BOIPOC
BIUSIHUA TapaMeTpoB OypOB3pPBIBHBIX pa0OT Ha pEryJupoBaHHE  KaueCTBOM
JpOOJIEHHS] TOPHOM MACChI C IIOMOIIBIO OCTAETCSI OTKPBITHIM[4 ].

3amauaMu UCCIICHOBAHUS SIBIITIOTCS:

- aHAJIU3 UCCIIEOBAHUM 0 YBETUYCHHUIO Ka4yeCcTBA APOOIEHHS TOPHOU MACCHI;

- aHaAJM3 HCCIEAOBaHUN MO CO3JAaHUIO MPEABAPUTEIBHOIO HAIPSIKEHUS B
TOPHOM MacCCHBE;

- pa3pa0oTKa TEXHOJIOTUM CO3JAHUSA MPEABAPUTEIBHOIO HANPSKEHHOTO
COCTOSIHHSL B MaCCHBE;

- IPOBEJEHUE OIBITHO-IIPOMBIIIJIEHHBIX UCIIBITAHMI;

- AQH&JIW3 JAHHBIX  OMNBITHO-IPOMBIIIJIEHHBIX HCIBITAHUM W BblAaya
PEKOMEH AU .
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2 ITIPEJVIA'AEMAS TEXHOJIOI'YSA ITOBBIINEHUSA KAYECTBA
APOBJIEHUA PY bl

2.1 AHaM3 MccJIeJOBAHUM 110 MOBBILICHUIO KaYecTBa Apo0JIeHUs PYAbI

KauecTBO B3pBIBHBIX paOOT M ApOOJIECHUS TOPHOW MAacChl 3HAYUTEIBHO BIUSET
Ha OSKOHOMHYECKHE TIIOKa3aTelM BCEX TEXHOJIOTMYECKUX IMPOLIECCOB A00BIYU
MTOJIE3HBIX UCKOIAEMBIX.

OnpeneneHue ONTUMANIBHBIX IMAPAMETPOB CTEMEHH JPOOJeHUS M BBIXOJA
HerabapUTHBIX KYCKOB 3aKJIIOYAeTCs B CIACAYIOIIEM:

a) ompenensieTcss 3aBUCMMOCTh MEXIy MPHUHATHIM IIOKa3aTelieM CTENeHH
JpOOJIEHUS] 1 OCHOBHBIMHU TEXHOJOTUYECKUMH MPOIIECCaAMHU,

0) yCTaHABIMBAIOTCS AKCIIEPUMEHTAIBHBIE U TIOJyIMITUPUUECKUE 3aBUCUMOCTU
3aTpaT Ha Ka)KIbli MPOLIECC OT MPHUHITOrO MOKA3aTeNsl CTENEHH TPOOIeHUs,

B) MUHUMM3UpYeTCs QYHKIMSA OOIIMX 3aTpaT Ha pa3paboTky 1 M3 ropHoit Macchl
Ha BCE IMPOLECChl TOOBIYM M yCTAaHABIMBAETCS ONTHMAJIbHAs BEIUYMHA MTOKa3aTells
CTENEHU APOOJICHUS TPU HAUMEHbLIEH Ce0ECTOMMOCTH.

YuurtsiBasg yaenbHbld pacxon BB, a Takxke ucXoasd W3 T€OMETPUUYECKUX
COOOpPAKEHUI, ONIPEACIIUTCA KOJIMYECTBO CKBAYKMH WUJIU IIITYPOB M UX PACIIOIOKEHUE
B TopHOM MaccuBe. OOBIUHO OIpeAenseTcs BelWyuHa 3a00WKH, mepedypa H
Helo3apsaga CKBAXKMH, a Takke Kodp¢uuueHT coOmmkenus. Mccexons w3 3Toro,
yaenbHbI pacxon BB sBmdercs BaxkHEWIIMM MOKa3aTeleM sl ONpPEACIICHUS
napameTpoB bBP u pacxona B3pbIBUaTHIX BEIIECTB HA APOOJICHUE TOPHOTO MACCHBA.

N3menenune mo0oro mapamerpa OypOB3pPHIBHBIX PabOT BIMSIET HE TOJIBKO Ha
KadecTBa JpoOJICHHWs, HO W BJICUET HM3MEHEHHE OCTaJbHBIX IapaMeTpoB bBP.
Hanpumep, yBennueHue yAeNbHOTO Pacxo/ia B3BBIBYATOTO BEHIECTBA MOBJIMUSAET HA
CETKY PAcMOJIOKEHHsI CKBOXXKHMH WIIM TUaMeTpa 3apsja, CIelI0BaTelbHO, MOTpedyeT
W3MEHEHHUE BEIMYMHBI 3a00MKH WM BeIMYUHBI mepedypa. OTcroaa cieayer, yTo
onpezenssi 3aBUCUMOCTh M3MEHEHMsI CTENEeHHU APOOJIEHHS TOPHOTO MaccuBa MpuU
W3MEHEHHH YJEIBHOIO PAacxoJa B3PbIBUATOrO BEIIECTBA, HAN0 IPUHUMATh BO
BHUMAaHHE MOCTEAYIOIIEe BIMIHNE HA IpOoOJieHre U3MEHEHUE TuaMeTpa 3apsaa Wid
CETKM PACMOJIOKEHUSA CKBAXHH U T.4. [loaromy, mis nenoro psaa napamerpos bBP
HEBO3MOKHO OINPENETUTh BIMSHUE HA KAY€CTBO JAPOOJIEHHUS TOPHOM MACChl KaXa0ro
U3 HUX B OTJICJIBHOCTH, HE U3MEHSISI ITPU 3TOM 3HAYCHHM IPYTUX MapaMeTpPOB.

Cpenun Bcex crocoOOB TOBBHIIICHUST KauecTBa APOOJICHHUS TOPHOTO MacCuBa C
MOMOIIIBIO SHEPTUHU B3PbIBA MOKHO BBIICJIUTH 4 3HAUUTEIBHBIX HAIIPABICHUS:

1. mepepacnpeneneHre YHEPTUU B3pbIBAa MEXAY (PYracHbIMH W OpPU3aHTHBIMHU
dbopMamu 17151 TOBBIIICHUSI TIOCTICTHHX;

2. TIOBBIIICHWE JOJM DHEPTHHM B3pPbHIBA, MPEOOpa3yemMoil yJapHOW BOJHOW B
OPOLY;

3. olecrieyeHue YCIOBHM JUIsi ONTHUMAIbHOW palbOThl BOJIH HaNpPsSKEHUH,
pacrpoOCTPaHAIOIMIMNXCS B TOPHOM MACCHUBE;

4. ompeneneHue pacrojoKEHUs 3apsA0B B3pPbIBYATHIX BEUIECTB B TOPHOM
MacCHBE.
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PacnipocTpaHeHHBIM METOJIOM YJIyUIIIEHHs KauecTBa APOOJIEHUsI TOPHOU MacChl,
ABJIAIETCSI KOPOTKO3aMeMJIEHHOE B3pbiBaHHE. HecMOTpss Ha 0oOIMpPHOE NMpPUMEHEHHE
K3B, Bompoc ¢usnyeckoil MpUpPOAbI TMOBBIIICHUS KauecTBa JpOOJCHUS TpU
KOPOTKO3aMEUIEHHOM B3pPBIBAHUM OCTAETCSA OTKPBITBIM. [pymnma wuccienosareneu
noyiaraeT, 4ro npu K3B B3pbIB mepBbIX 3apsA0B BBI3BIBAET pa3pylICHHE MAacCUBa U
BO3HHUKAIOT IJIOCKOCTH OOHAXEHHUS, OT KOTOPBIX OTPA)KaeTCsl BOJIHA HAIPSIKEHUS
CIIEYIOIIUX 3aps/IOB, MPOU3BOMASA JOMOJHUTEIBHOE APOOJIEHHE TOPHOTO MAacCCHBA.
OcTanbHble YUEHBIC ONPEACISIOT YIayUllleHue ApoOIeHHs TTOPO/I PU UCTIOJIH30BAHUHU
K3B na ocHoBe uHTepdepeHIuu NpsMON M OTPaKEHHOW BOJHBI, B3aUMOACHCTBUSA
yaapHbix BosiH. JlpykoBanubli u Jlanrepopc  mnpeamnonarator, uro mnpu K3B
MPOUCXOJUT CYMMHPOBAHHE CMEIICHHM YAaCTHUI] CPEAbl WM HaINpsKCHUH, WIN
cCKopocTed KojeOaHuii wyacTul maccuBHOro MmaccuBa. Hccnemosarens K.XunHo
[0JIaraeT, YTO JTOTOJIHUTEIbHbIE TUIOCKOCTH OOHAXKEHUS MPU KOPOTKO3aMeIJIEHHOM
B3PBIBAHUH BBI3BIBAIOT 3HAUNUTEIBHBIN OOKOBOM pacnop, IPUBOIAIIMN K MOBBILIEHUIO
KadecTBa JpOOJIEHUS.

AHanu3upys HanpapJeHUs MOBBIIIEHUS KadecTBa JPOOJEHUS TOPHOM MaccChl C
ITIOMOIIBIO SHEPTUU B3PbIBA MOKHO OTMETHUTH CJIEAYIOIICE:

A) MHcnonp3oBaHME — pa3IMYHBIX  paJuajIbHBIX  3a30pOB  HMCXOAS U3
TEXHOJIOTUYECKUX 3aTPYJHEHUU HAaBpsA JHM TOAXOAMUT I KPYIMHOMAaCIITAOHBIX
B3pBIBHBIX paboT. [laHHBIM MeTOJ HamOoJiee MPUMEHUM NpHU crheruanbHbiXx BP,
HalpaBJICHHBIX Ha JOOBIUY JPArollEHHBIX M  TOJYJParoleHHbIX IMOJIE3HBIX
UCKONAeMBbIX, U TaKXke I1aJIKOr0 OTKOJIa B CTpoiipaboTax.

AHaJIOrMYHO CUTyalusi 0OCTOUT U C METOAOM IOBBIILIEHUS KauecTBa APOOIECHUS
TOPHOM MacChl ¢ TIOMOIIBIO OKOHTYpHBaroIero spyoa [5].

b) HecMmoTps Ha TO, 4TO pallMOHAJIBHOCTh MCIOJB30BaHUS OCEBBIX BO3IYIIHBIX
MPOMEKYTKOB MOATBEPKACHA TEOPETUYECKM M MMIUPUYECKH MHOTUMH YYEHBIMU,
UCIIOJIb30BAHUE MX Ha MPAKTUKE HY)KHO PEllaTh B IJOTHOW CBSI3U C TPeOOBaHUSMU
MexaHuzanuu BP npu 3apsikaHuy CKBaKWH KaK Ha OTKPBITHIX, TaK U HA MOJ3EMHBIX
pabotax [6].

B) BaxnbiM criocoOOM TMOBBIIICHUSI KayecTBa APOOJIEHUS TOPHOTO MacCuBa
SBJIIETCSI HMCIIOJIb30BAaHWE HAKJIOHHBIX CKBaXHH. Tem Ooiiee, JaHHBIA METOA
MO3BOJISIET PEUIUTh TEXHOJIOTMUYECKYIO Mpo0sieMy NMpopadOTKU MoaomBHl ycTyna. Ho
HY>)KHO OTMETHUTh, UTO B HAcToOslIee BpeMsi OypeHue CYHIECTBYIOIIMMHU CTaHKAMH
HAKJIIOHHBIX CKBOKMH MeHee S(PPEeKTUBHO M  MPOU3BOJUTEIHLHO, YeM OypeHue
BEPTUKAJIbHBIX.

[') IIupoxoe mnpumenenue K3B cBuaeTenbCTByeT, 4YTO JaHHBIM METON
MOBBIMICHUS KayecTBa JPOOJICHUSI TOPHON MacCCHI sIBIsAeTCS Hanbosee BakHbIM. Ho,
KaK T[IOKa3bIBalOT HCCJIEIOBAaHUSI JIaHHOTO BOIPOCAa, ONTUMAJbHBIA HMHTEpPBA
3aMEJUICHUSl YCTAHABJIMBAECTCS HA OCHOBE KOHKPETHBIX YCJIOBUW. beprman u
Jlanredopc cUMTAIOT  BaXHEHIIMM M3 3THUX YCJIOBHM - PACCTOSIHUE MEXITY
B3PBIBAEMBIMU 3apsiaamu [7].

1) Omnpenenenne cxeMbl KOMMYTALIMM 3apsiiOB yCTaHABIMBAETCS UCXOIs UX
TEXHOJIOTUYECKOW HEOOXOJUMOCTH M3MEHEHMsI HalpaBlieHUs OTOOHKH WM
OpHUEHTAlMEN CUCTEM TPEIIMHOBATOCTH.

21



He3aBuCUMO OT 3HAUYUTENBHO PA3IUYHBIX IMOJXO0/I0B B OLIEHKE BIIUSIHUS CBOMCTB
BB Ha npoOsiee neiicTBHE 3HEPrUU B3pbIBA, MCCIEAOBATENNM MEPBOrO M BTOPOIO
PACCMOTPEHHBIX HAIMPABJICHUN CXOISATCA BO MHEHHUSX B TOM, YTO Ba)KHEUIIMM
(dhaKkTOpOM, pPENIarOIINM 3a7a9y TOBBIIMICHUS KauyecTBa APOOJICHHsS] TOPHOTO MAcCHBa,
ABJISIETCA HUcmoJib3oBaHUe BB ¢ BBICOKOII OOBEMHOW KOHIIEHTpAllME€ SHEPTrUMu.
JlanHOe MHeHue Oa3upyeTcs Ha TOM, YTO MOBBIIICHUE YNEJIbHBIX 3aTpaT SHEPrUU
B3PBIBYATOrO BEHIECTBA HA OTOOMKY TOPHOM MacChl COOTBETCTBEHHO MPUBOJUT K
MOBBIIICHUIO KayecTBa APOOJICHHs] TOpHOM Macchl. TeM He MeHee, UHTEHCUBHOCTb
JpOOJICHHS C YBEIMUECHUEM YICIbHBIX 3aTpaT YIHEPTUU MAJAET. ITO CBUIACTEIbCTBYET
00 YMEHBIIEHUHU JOJU 3aTpaT DHEPruu B3pblBa HA pa3pylIeHHE, TO €CTh O
nepepacnpeiesieHuy SHepTun Ha pyrue Gopmbl pabOThI B3pbiBa [§].

JL.U.bapon u I'.Il.JInuenu, ucxonss U3 NPOBEACHHBIX HCCICHOBAHUN HEIAIOT
BBIBOJI, YTO [UJIi HamOojee NPOJYKTUBHOTO MPUMEHEHUSI HHEPrud B3pbIBA U
MOJYYEHUH ONTUMAIBHBIX T[OKa3aTeled JpoOsieHus TpeOyeTrcsi paBHOMEPHOE
HACBIIIEHNE SHEPrUuel B3phIBYATOrO BEILIECTRA.

Bce BblIEn3nokeHHOE  O00yCIaBIMBAaET HEOOXOJWMOCTb  MCCIEIOBAHUS
3aBUCHUMOCTH  KauecTBa JIpOOJICHHST B30pPBAaHHOW MacChl OT  IapaMeTpoB
OYpOB3PBIBHBIX PadOT, CBSA3AHHBIX C PACHPEICIICHHUEM OMPEACIICHHOTO KOJUYECTBA
SHEPIrUM B €AUHUIIE 00beMa TOpHOTO MaccuBa. K JaHHBIM mapaMeTpaM OTHOCSTCS
BBICOTA KOJIOHKH 3apsijia, AMaMeTp CKBaKUHBI, CETKA PACIIOI0KEHUS CKBAXKHUH.

N3yuast MmaTepuaibl, OTHOCSAIIMECS K BOIIPOCY UCCIEI0BAHUS BIUSHUS TUAMETPa
3apsa Ha KadecTBO JpPOOJIEHHWS TOPHOTO MAacCHBa, OTMEYaeM, 4YTO OOJbIIOoe
KOJJMYECTBO YYEHBIX, Oa3upysach Ha HMMIUPUUYECKOM MaTepuase, BBIICISIOT
yJIy4IlIeHHEe KadecTBa JIPOOJIEHHS TOPHOTO MAacCHBa MPU YMEHBIICHUH JHAMETPA
3apsiga BB.

Benmnunna mnepeOypa ycTaHaBIMBAaeTCs WCXONSd U3 YCIOBUA TpeOyemoit
MpopabOTKU TMOJIONIBBI YCTYNAa U HANPAMYI 3aBUCUT OT (PU3UKO-MEXAHUYECKUX
CBOMCTB MacCHBa, MPUMEHSEMOr0 B3pBIBYATOTO BEIIECTBA, AMaMeTpa 3apsja,
napaMeTpoB YCTyNa U JIMHUU COMTPOTUBJICHHUS IO TOOIIIBE.

BricoTa K0JIOHKH 3apsiia ONpeesiseTcsl B 3aBUCUMOCTH OT BEJIMUMHBI Iepedypa,
pa3mepa 3a00MKU U BBICOTHI yCTymna. AHaIu3Upys BapHaHThl 3TUX 3 TapaMeTpoB,
HEOOXOJIMMO YUMTHIBaTh, UTO BHICOTA YCTYyIa OMPEIEIISICTCS Ha OCHOBE TpeOOBaHMUI,
NPEABSIBIAEMBIX TOTPY30YHBIM 00OpPYJOBAaHUEM, CUCTEMOU pa3pabOTKU U SIBISETCA
BEJIMYMHOW MOCTOSIHHOM ISl ONPEICIICHHOTO PEeANPUSITUS

AKTyaJbHBIE TIPEAMOIOKEHUS O TIPOIECCe B3aUMOJICHCTBHUS B3pPhIBA C 3a00MKOM
0a3upyIOTCS Ha Pa3HBIX (PaKTOpax COMPOTHUBISIEMOCTH MaTepHalia 3a00UKu. ITO
BBI3BAJI0 BO3HUKHOBEHUE PA3IMYHBIX PEKOMEHIANMN 1O BhIOOPY ee d(pekTuBHON
JUMHBL. TeM He MeHee, OOJIbIIOE YHCIIO HCCIeAoBaTeNield CXOASTCS BO MHEHHH,
OCHOBAaHHOM Ha pe3yJibTaTax MPaKTUYECKUX HaOMI0IeHUd, O BBIOOpE caMou
3¢dexTuBHON MUHBI 3a00MKM Uil TEPBOrO  B3PHIBAEMOIO psiia  CKBaXHH,
OCHOBBIBAsCh Ha HEPABEHCTBE JUIMHBI 3a00MKM W JIMHUM HaWUMEHBIIETro
COMPOTHUBJICHUS, T/I€ JiTTMHA 3a00iiku MeHbIe JIHC.

s moclenyomux psiIOB B 9TOM HEPABEHCTBE BMECTO 3HAYCHMS JIMHUM
HaWMEHBLIEr0 COMPOTUBIICHUS UCIIOIb3YETCA BEIMYMHA PACCTOSHUA MEXAY PsAIaMU
B3PBIBAEMBIX CKBAKHH.
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Matepuan 3a00iKH OKa3bIBAET 3HAYUTEIHLHOE BIMSHUE HAa €€ KauecTBO, HO Ha
MPEANPUATUASIX €r0 BHIOOP MMEET IKOHOMHUYECKHMX OOOCHOBAHWE U B OOJIBITUHCTBE
CJIy4aeB OTPaHUYEH.

CeTka CKBAXXMH OMPENEISICTCS PACCTOSSHUEM MEXKIY CKBaXWHAMHU B PANy U
MEXIy ckBaxkuHamu. OTCroJa CJIEQyeT, YTO OJIHUM W3 MapaMeTpOB, KOTOPBIM
OKa3bIBaeT BIHUSHHUE Ha APOOJICHHE TOPHOTO MAaCCHUBA, SBISIETCS OTHOCHUTEIHHOE
COJIKEHUE 3apsI0B.

3aBucuMOCTh KOd(hduiMeHTa COMMKEHHUS 3apsoB M KadecTBa APOOJICHUS
TOPHOM MaccChl OIEHMBAETCS YYEHBIMH HEOJHO3HAYHO: OJAHM OTCTaMBalOT MHEHHE
HanOoJiee PaBHOMEPHOIO HACHIIIEHUS B3PhIBAEMOro OJIOKAa SHEPIHel B3pHIBYATOIrO
BEI[ECTBA, YTO BO3MOXKHO IpHu Koddduiuente commkenus pasuom 0,9-1,2, apyrue
PEKOMEHIYIOT YBEJIMUMBATh KOAPHUIIMEHT A0 2, a B HEKOTOPBIX paboTax 1o 3.

CxemMa kOMMyTaluu ormnpeaensercss (QU3NKO-MEXaHUYECKUMH CBOWCTBaMHU
FOPHOTO MAacCHBa, TOYHEE — TPEIIMHOBATOCTHIO IOPOJl, COOTBETCTBEHHO
ONTUMAajbHble 3Ha4YeHUs Kod(pUIMEeHTa COJMKEHHS  yCTAHABJIMBAIOT IS
KOHKPETHBIX YCJIOBHM, MPUHUMAsi BO BHUMAHHE TEXHOJIOTUYECKUE W MPUPOIHBIC
(bakTOpBHL.

Hcxonas u3 BBIIEU3I0KEHHOTO MOYKHO CII€NIaTh CIIEIYIONIUE BBIBOIBIL:

1. BO3MOXHOCTH BIHUSIHUSI Ha KayeCcTBO JApPOOJEHUS TOPHOTO MacCHUBa
CYILIECTBYET IPH U3MEHEHHUH JTH000ro napaMmerpa OypoB3pbIBHBIX PaldoT.

2. Texnuka u TexHomoruu BeneHus BBP, a Takxke ¢usznko-mexaHuyeckue
CBOICTBA TOPHOTO MacCHBa Ha KaXJIOM KOHKPETHOM TOPHOAOOBIBAIOIIEM
NPEANPUSATANA, CWIBHO OTPAaHUYMBAIOT JHANO30H H3MEHEHUS [apaMeTpoB
OypoB3pBIBHBIX paboT. Hampumep, mpu MOBBIIIEHUH YIETBHBIX YHEPro3arpar, 4To
MOBCEMECTHO TPUMEHSIETCS KaK B Halled cTpaHe, TaKk W Ha 3apyOeKHBIX
MPEANPUATUIX, KOIPDUIIUESHT CONMKEHUsI UCXeMa KOMMYTAllUd HE MEHSIOTCS, TaK
KaK ONTHUMAJIbHBIC 3HAYEHUSI TAHHBIX MMapaMETPOB 3aBUCIT OT (PU3UKO-MEXAHUYECKUX
CBOMCTB TOPHOT'O MaccuBa. BricoTa KOJOHKY 3apsijia U BeTUYMHA 3a00MKH MEHSIFOTCS
B NPSMOM 3aBUCUMOCTH OT HM3MEHEHUS PACCTOSHUNA MEXIy IMOCIeA0BaTEIbHO
B3PBIBAEMBIMU PSJIaMH CKBa)XUH, MPU 3TOM HE BIMSS HAa KA4eCTBO JPOOJICHUS
TOPHOT'O0 MacCHUBa.

CrnenoBatesibHO, TOJILKO CeTKa OypeHHUs CKBaKUH U YJIeJIbHBIC YHEPTro3aTpaThl
MOT'YT U3MEHATHCS B IIUPOKOM AuamnazoHe. COOTBETCTBEHHO, JaHHBIC TMapaMeTphbl
bBP sBnsaroTcs Hambosnee 3HAYMMBIMH MapaMeTpaMud OYpPOB3PBIBHBIX pPabOT st
MOBBINICHUS Ka4eCcTBa APOOJIEHUS TOPHOTO MACCHUBA.

Hcxoms w3 9TOrO, pacyeTsl mapamMeTpoB OYpPOB3PBHIBHBIX pabOT Ha
OTIPEJICIICHHBI TPAHCOCTAB B30PBAHHON TOPHOM MAacChl JOJDKHBI 0a3upoBaThCs Ha
WHBapHUaHTaX, OCTAIOIIUXCSA TOCTOSIHHBIMU BHE 3aBUCUMOCTHU OT Harpy3Kd M CBOWCTB
TOPHBIX TOPOJI.

[TapameTpbl  3apsbkaHusi  OTOOMHBIX  CKBOXKMH M HUX  PACHOJIOKEHHUS
YCTaHABJIMBAIOT UCXOJISI U3 PABHOMEPHOTO paclpe/iesieHus] B pa3pyliaeMoM TOPHOM
MacCHBE OINPEACIICHHOTO KOJMYECTBAa B3PHIBYATOrO BEIIECTBA, TPEOYyEeMOTO IS
JIOCTUKEHUSI HEOOXOAUMBIX MMOKa3aTesie B3phIBHBIX paloT.

BaxkneiiimM mnokaszaTenem, BIMSIOUUM Ha 3()(PEKTUBHOCTH B3PBIBHBIX padoT,
SBJISIETCS yAENbHBIN pacxo] B3pbIBUATOTO BEILIECTBA, 3HAYEHUE KOTOPOr'O 3aBUCHUT OT
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CBOMCTB U CTPYKTYPHBIX OCOOEHHOCTEIl TOPHOrO MaccHBa, pa3Mepa KOHAUIIMOHHOU
dbpakuun 1 TpeOyeMoro BhIXOJa HETa0apUTHBIX KYCKOB TOpHOUM Macchl. Takke Ha
BEJIMUMHY YJEIBHOTO pacxoja B3PbHIBUATOrO BEIIECTBA BIHUSET HW3HAYAIBHOE
colepkaHME B OTOMBAEMOM TOPHOM MAacCCHBE ©CTECTBEHHBIX  ITOPOJIHBIX
OTZIEJIBHOCTEW HEKOHIUIIMOHHBIX Pa3MEpOB.

2.2 lIpeanaraemMmasi TEXHOJIOTHS OTOOMKH C MPeABAPUTEIbHBIM
pa3synpoYHEeHHEeM MaccuBa

[Iponecc pa3pylIeHHs] TOPHBIX MOPOJ B3PHIBOM IPOUCXOJNUT B HE3HAUYUTEIIbHBIC
MPOMEKYTKA BPEMEHU, HAXOUTCS B TPSIMOM 3aBUCUMOCTH OT MHOKECTBa (PaKTOPOB
U BBI3BIBAET MHOI'O CIIOKHOCTEW IJIsl HCCleNoBaHMs. EauHON Teopuu mporecca
pa3pylIeHHs] OPOJ B3PBIBOM Ha JAaHHBIM MOMEHT He cyuiecTByeT. Mcxons u3 Toro,
YTO MPHU B3PbIBE pa3pylICHHE MOPOJ B OCHOBHOM ITPOUCXOJMT 33 CUET SHEPIHH BOJIH
HalpsDKEHWM, JIEWCTBHME B3phIBA OJMHOYHOIO COCPEIOTOYEHHOIO 3apsia B
HEOIPAHUYEHHON OJHOPOIHOM Cpelle MOKHO IIPEACTAaBUTH B CIEAyrOIEM Buae. Bo
BpeMs B3pbIBa OTPOMHOE JIABJICHHE MPOJIYKTOB B3pbIBAa MTHOBEHHO BO3/JIEHCTBYET HA
CTEHKHA 3apsAHOM KaMepbl M MPOUCXOJUT BO3HUKHOBEHHE YJApHOW BOJIHBI.
Bo3pacranue HanpsikeHus ckaTusg Ha PPOHTE yAAPHON BOIHBI MPOUCXOAUT CKAYKOM
U CKOPOCThb pacnpOoCTpaHEHHUs! JAHHOW BOJHBI OOJIbLIE CKOPOCTH 3ByKa B FOPHOM
MaccuBe. HampspkeHus, BO3HHMKarolMe Ha (POHTE BOJIHBI y CTEHOK 3apsaHOU
KaMepbl Ha HECKOJIBKO IOPSJIKOB OOJIbIIE CONPOTUBIICHUS Pa3/IaBIUBAHUIO JaXKe
caMmblX Kpenkux mnopoja YacTuupl ropHOro maccuBa HpUOOpETAOT paauaibHbIC
JBIKEHUS M CMEIIAIOTCS BCIie 32 PPOHTOM yAapHOM BOJHBI. JlaBieHHE B 3apsTHOM
KaMepe CHIKAETCsl MOociie MPOX0XKICHUS yAapHOU BOJHBI, M MOpoJa BOJIM3H 3apsiia
pacimMpseTcs B HallpaBJICHUM LEHTPA 3apsiaa U pasrpyxkaercs. B urore nossisercs
30Ha 3HAYUTENIbHO JedopmupoBaHHOW moponabl. C ynaneHueM OT 3apsijia dHEprus
B3PbIBA PACCPEAOTAYNBACTCSA MO BCE YBEIMYMBAIOIIECHCS Macce TOPHOrO MacCHBa, B
pe3yJIbTaTe 4ero yJeJbHAas HHEPIrHs CYLIECTBEHHO YyMeEHbIIaeTcsa. HampspkeHus
COKAaTHS CTPEMHUTEIBHO YMEHBIIAIOTCS C pOCTOM paccTostaus [9].

BakHeiiiel 1enpio Npyu MPOU3BOJCTBE B3PBIBHBIX PA0OT ABISIETCS MOJIyYEHHE
TOPHOM MaccChl 3aJJaHHOTO TPaHYJIOMETPUUYECKOro cocTaBa. JlocTuxkeHune naHHOU
nenau Oa3upyeTcs Ha OCHOBE H3YYEHHMs MEXaHM3Ma pa3pylleHus Cpenbl Mpu
NPWIOKEHUN HMITYJIbCUBHBIX HAarpy30K, ITO3BOJISIOIIEM OIPEACIIUTh HAWIY4IlINe
napamMeTpbl HMMITYyJIbCa B 33JaHHBIX TOPHO-TE€OJIOTMYECKUX YCIOBHUSAX. BOJHBI
HaIPSDKEHUS SIBJISIOTCS. OCHOBOIMOJIAralOIMMU B MEXaHU3ME pa3pyILICHHs TOPHBIX
OPOJ, B3pBIBOM

Astopamu pa6ot [10,11] Opima pa3paboTaHa MeTOAMKA pacueTa MapaMeTpoB
BOJTH HaNpsDKEHWs. JTa METOJAMKA MOJyuniia pa3Butue B paborax [12,13,14], taxxke
aBTOp paboThl [15] mpeanpuHsI NOMBITKY YYECTh CKOPOCTh AETOHALUU U PEAIbHYIO
JUIMHY 3apsiia. AJTOPUTMBI U TPOTPaMMBbl, PACCMOTPEHHBIE aBTOPOM, OBLIIU CHUIIBHO
OTrpaHUYEHbl TUMAMHU BBIYUCIUTEIBHON TEXHUKU U OBLIM HE COBCEM IPeIHA3HAUYCHBI
K 00JIBIIIOMY 00BEMY PacUETOB.

ABTOp MPOU3BENI pacueTbl reOMETPUUECKUX MapaMeTpPOB BOJIHOBOTO (PPOHTA,
KOTOPBIM BO3HUKAET BOKPYT 3apsia UWIMHIPUYECKOW CHMMETPUHM, BBEN H
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MMIIUPUYECKU OMNPEETNI CKOPOCTh YMEHBIIEHUSI KOHUYECKOTO y4acTKa BOJHOBOTO
dbponta. Tem He MeHee, Ha CTaAWH OMNPEACICHHS BIUSHUS KOHCTPYKTHBHBIX
mapamMeTpoB 3apsna IMWIMHAPUYECKOW CHUMMETPHUU Ha (OPMHUpPOBAHUE TIOJIS
HaIpsHDKEHU B O€3rpaHUYHOM Cpelie, OH HE MPUHAJ BO BHUMAHHME TAKOW BaKHBIN
nmapaMeTp Kak AuaMeTp 3apsga. B urore, mpemiaraeMblid pacu€r NpenOCTaBISIET
JUIIHF  BO3MOXHOCTh KaueCTBEHHO OIEHUTH (opMy BomHOBOro (¢poHTa, B
3aBUCHMOCTH OT CKOPOCTH JETOHALMU U JIJIMHBI 3aps/a.

ABTOp paboThl [16] ycTpaHWI 3TH HEIOCTaTKH, OJIHAKO HCCJCAOBAT IPOIIECC
dbopMHpoBaHUSs MO HAPSDKEHUM OT yAJIMHEHHOTO 3apsAjia, YTO HE B MOJHOW Mepe
OMMUCHIBAECT HACTOSALIYI0 KapTUHY BIUSHUA HANPSDKEHUM Ha pa3pylI€eHUE TOPHOTO
MacCcHBa, TaK KaK Ha MPAKTHKE MOBCEMECTHO MPUMEHSIETCS T'PYIIOBOE B3PHIBAHHE
CKBaYKUHHBIX 3aps/I0B.

B pabote [17] onrcana MeToIMKa YUCIEHHOTO pacyeTa MmapaMeTpoB BOJTHOBOTO
TIOJISI HAPSKEHUH OT 4 CKBaXXUHHBIX 3apsA10B. OHAKO, 3TO METOAMKA TPUHUMAIIA BO
BHUMAaHHE TaKue€ 3HAYMMbIC MapaMeTpbl OYpPOB3PBIBHBIX pabOT, KaK KOJIUYECTBO
TOYEK WHUIMHPOBAHUS W HampaBjieHWe uHUIMUpoBaHus. [lomumo »3TOTO,
ONPEAEISAINCH TOJIBKO PAJUAIbHBIE HANPSXKEHUS WIM COCTABJISIIOIIME BOJHBI
HaNpsDKEHUM 1O KOOPAWHATHBIM OCSIM, YTO YCJIOXHSJIO aHaliu3 II0 BCEMY
PacYETHOMY TIOJIO.

JIns Hamrero ciydas B Kapbepe MCHOJIB3YETCS Ul pa3pyLIE€HUs] TOPHBIX OPOA
JIBa psifia B3PBIBHBIX CKBAKUH WJIM TPU Psijfia B3PHIBHBIX CKBaXXUH. M3y4unB nmonpoOHee
UCIIOJIb3YEMYI0 TEXHOJIOTHIO Pa3pylICHUsI TOPHBIX MOPOJ HAa HAUIEM Kapbepe, HaMHU
OBLJIO CHENaHO TPEUIOKEHUE TI0 KJIACCHMUECKOW TEXHOJOTHUH Yy4yeTa HadaJbHBIX
HaIpsOKEHW MOJy4aeMbIX OT B3pbhIBa MEPBOTO psila CKBAKHH, YTO Jaj0 HaM
BO3MO>XHOCTh YTOUHUTbH BpPEMSI 3aMEJJIEHUSI BTOPOTO PSJa B3PbIBHBIX CKBAKUH.

PaccmoTpeB moapoOHel mporece pa3pyiieHus TOPHBIX MOPOJI, MBI BUJIUM, YTO
IIpM  3aMEJUIEHUM Hadajla B3pbIBa BTOPOrO psa MCIHOJNB3YETCS HadalbHOE
HaIpsDKEHUE, TOJIBKO Ha YYacTKE MEXKIY TEpPBBIM U BTOPHIM PsiIaMU B3PBIBHBIX
CKBaXXUH, TIpUYeM OOJbIIasi 4acTh yyacTKa pa3pyllaeTcs pa3fAaBiIUBaHUEM MOPO/IbI
MOIIHOM B3PBIBHOW BOJIHOM, BO MHOTO pa3 IMPEBBIIAONIECH MPEaea IPOYHOCTH, a Ha
OCTaJIbHOM YacTH BO3HUKAIOT 3aMKHYTBhIE€ TPEIIUHBI, KOTOPbIE€ TMPU B3PHIBAHUU
CJIEIyIOLIEro psiia CKBRXHH HE CIOCOOCTBYIOT HM3MEIBUYEHHUIO, & B IPOMEKYTKE
MEXIy OOpTOM Kapbhepa M TEPBBIM PSIOM B3PBIBHBIX CKBAKHH TOpHas MOpojaa
pa3pyliaeTcs BOJIHOM PAaCTSKEHHS, KOTOpasi BOZHUKAET MPU OTPAKEHUU B3PBIBHOMN
BOJIHBI OT CBOOOHOM OBEPXHOCTH O00Ta Kaphepa.

s ucronb30BaHUs HAYaJbHOIO HAMPSKEHUS C LEIbI0 U3MEIbUYEHUS] TOPHOM
MOPOJIbI MPHU B3PBIBE CKBAXUH  MPEIJIAracTcsi CXEMa pPACHOJIOKEHUS CKBAXKHUH
MOKa3aHHbBIX Ha pUCYHKE 3.1.
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Pucynok 2.1 - IIpeanaraemasi cxema pacnoJIOxKEHUsI CKBOXKUH

C uenplo cO3/laHMS HA4yaJlbHOTO HAMNPSHKEHUS HA BCEM IUIOMIAaU OTOOWKH,
MpeAHA3HAYCHHON M1l pa3pylIeHUs, CO3JAETCA JOMOJIHHUTEIbHBIA PSAI 3apsIHBIX
CKBaXXWH, MPUYEM MOIIHOCTh B3pbIBA JIOMOJHUTEIbHBIX CKBAXXUH HE JOJDKHA
MPEBBIIATh MpEAe] MNPOYHOCTU paspymaeMbix TopHbIX nopox. JIHC ckBaxkun
ONpeNeNaeTcsl s KaXKIOro ciaydas OTAEIbHO C YYETOM TOPHO-T€OJOTHYECKUX
YCIIOBHM MECTOPOXACHUS U PaAuyCOB 30H. PaccTosiHre 0 MOMOJHUTENBHOIO Psiaa
CKBAQXXUH W PACCTOSTHUE MEXKIY CKBakuHamMu BbiOupaercs ¢ ydetom JIHC mepBoro
psla CKBaXMH M BCE OTOOMHBIE CKBaXXWHBI MO TOBEPXHOCTH JIOJDKHBI OBIThH
paBHOYJAJIEHbl OT JTHUX CKBAXMH. TakuM oOpa3oMm, cO3daeTcsi ymnpyras BOJHA
HaNpsDKEHWM, HE pa3pylialpmnias TOpHYK TMOpPOAYy, a CO3Jarollas HayajlbHbIC
HaIpsHKEHUS.

B3pbiB niepBOro psifia B3phIBHBIX CKBAXKUH JIOJKEH OBITH MMPOU3BE/IEH B MOMEHT,
KOTJja BOJIHA MEPBOr0 B3pPbIBA 3apsiIOB JIMHUM CKBAXKHUH IJI1 CO3/IaHUSI HAYAJIBHOTO
HaIpsHKEHUST TPOMIET MEpBbIA psAl B3pbIBHbIX CKBaXHWH. Ilomydennsiii npu K3B
ahdekt obecieunT HHTEPDHEPECHINIO BOJIH HANIPSDHKCHHS, YTO OOJIETIUT ero ACHCTBHE
U yBesMUIUT 3G DEKT pa3pylieHus, IPOU3BOIMMOTO B MaCCUBE.

2.3 BeIBOABI IO IJIaBe

KauectBo apo6siennst ropHON MaccChl CYIIECTBEHHO BIUSAET HA 3(P(HEKTUBHOCTH U
HKOHOMMKY BCEro mnpoiiecca 100buu. OnTuMaabHble MapaMeTpbl IpoOIeHUS JOTKHbBI
OBITH OMNpENIETEHBI C YYETOM YAEIBHOIO Pacxojia B3phIBYATHIX BELIECTB, TNIyOUHBI U
PaCIOJIOKEHUS] CKBAKUH, a TaKKe JPYrux (PakTopoB, BIMSIOUIMX HA pACIpPECICHHE
HSHEPruM B3phIBA B MAaCCUBE. YJIENbHBIM pacxoj B3pbIBUATHIX BEIIECTB SIBIISAETCA
KPUTUYECKUM TIapaMeTpoM, ONpenestomuM 3PGHeKTHBHOCTh OYPOB3PHIBHBIX padoOT
(bBP). N3MeHeHwe 3TOro mnapaMeTpa OKa3blBaeT NPSIMOE BIMSHUE Ha JIpyTrHe
acTeKThI MpoLecca, TAKMe KaK CeTKa PacroJIOKEeHUsI CKBaKUH M Ka4eCTBO JPOOJICHUS
MaccuBa.
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CyliecTByeT HECKOJIbKO HaIlpaBICHUH IOBBILIEHHMS] KadecTBa JApOOJIEHUS
TOPHOW MAacChl, BKJIIOYasl IIEpEpaCIpENEICHUE SHEPTUU B3pbIBA, HCIIOIb30BAHUE
HAKJIOHHBIX CKB&)XWUH, ONTHMHU3AIMIO MapaMETPOB B3PBIBHBIX PAaOOT, U OCOOCHHO
BAKHOE 3HAUEHUE HMMEET KOopoTko3amemsieHHoe B3pbiBaHue (K3B). OntumanbHbie
napametpsl K3B 3aBHCAT OT KOHKPETHBIX YCJIOBUH TOPHOAOOBIBAIOIIETO
npeanpuatud. KOHCTpYKTUBHBIE MapaMeTphl 3apsiioB, TAKUE KaK AUAMETP U BbICOTA
3apsa, a TAKKE CXEMa PacCIlONOKEHUS CKBAKUH, OKAa3bIBAIOT 3HAYUTEIIBHOE BIIUSHUE
Ha (OpMUPOBAHUE BOJHOBOTO IOJI HAIIPSDKEHUN B MAacCUBE M, COOTBETCTBEHHO, Ha
KayecTBO ApOOJIeHUs. DTU NapaMeTpbl HEOOXOAUMO YUUTHIBATh NP IUIAHUPOBAHUU
Y BBITIOJIHEHUN OYPOB3pPBIBHBIX pPadoT.

[Ipenyiaraemasi  TEXHOJOTUS IMPEIBAPUTEIBHOTO PaA3yNPOYHEHUS MAacCHUBa
SBJIIETCSL KJIIOYEBBIM HAIPABJICHUEM ISl MOBBIIIEHUS 3()(PEKTUBHOCTU APOOIEHHUS.
Ona 3akiroyaeTcs B CO3JaHUHM HAYAJIBHBIX HAIpPSDKEHUWM B MAacCUBE 3a CUET
JOTOJHUTENBHOTO PsIIa  CKBAXKHUH, YTO TO3BOJISIET YCWINWTH JIEWCTBUE BOJH
HaIpsHDKEHUS M YIYYIIUTh KAa4ecTBO JPOOJEHUS MpPHU MOCIEIYIOIEM B3pbIBAaHUU
OCHOBHBIX 3apsI0B. JTa TEXHOJIOTUS OCOOCHHO Ba)kKHA B YCIIOBUSAX, /1€ CTaHIApPTHBIE
METO/bl APOOJIEHHUsSI HE 00ecredynBalOT HEOOXOAMMOro KadectBa. (s moctuxeHus
ONTUMAJIBHBIX PE3yJbTAaTOB OypOB3pBIBHBIE PAOOTHI TOJKHBI OBITH aAalNTHPOBAHBI K
cnequ(pUYEeCKUM TOPHO-TE€OJIOTMUYECKUM YCIOBHSIM KOHKPETHOTO MECTOPOXKIEHUS, C
Y4E€TOM CBOMCTB MaccHBa M LeJu paldoT.
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3 UCCJIEJOBAHUA 110 CO3JAHUIO ITPEJIBAPUTEJIBHOTI'O
PASYIIPOYHEHUA MACCHUBA

B pesynbTaTe B3phIBa 3apsA0B B3pHIBUATHIX BEIIECTB, B TOPHOW MOPOJAC
oOpa3yeTcsi ToJie HalpsDKEHUH 3a CUeT TEPENaHHOTO €W WMITyJIbca. BeaudmHbl
JAHHOT'O UMITYJIbCA JUIsl COCPEIOTOUYEHHOTO U yITIMHEHHOTO 3aps/10B pa3Hble. Pacuer
3TOM BeJIMYMHBI pon3BoauTcs no meroguke O.E. Brnacosa.

VcmoBust K pacyeTHBIM ~ CXE€MaM  OCHOBBIBAKOTCA ~ HA  CIEAYIOMIHUX
MPEANOJIOKEHUSIX

- MTHOBEHHOE IIPOUCXOXKJIEHUE IETOHALINH, YETO B PEAIbHOCTH HE IPOUCXOUT;

- OKpyXKaromias cpella HE OKa3blBa€T COMPOTUBJIIEHUSA, YTO TOXKE HE
JEWCTBUTEIBHO B PEATIBHOCTH.

B cBs13u ¢ Tem, 4TO rOpHBIN MaccUB B Kapbepe OTpabaThiBaeTCs MOCTENEHHO, B
pe3ynbTaTe psaa B3pbIBOB, HAarpy3Kd Ha HErO OKAa3bIBAIOTCSI CHCTEMATHUYECKH C
ONPEIEIICHHON NEPUOJANYHOCTBIO €I1I€ JO ITPOU3BOJICTBA HEMOCPEACTBEHHO HA HETO
OCHOBHOI'O B3pbIBA ISl OTPbIBA U JAp00JieHHs ero oobeMa. CiegoBaTellbHO, KaXabli
M3 Y4YacTKOB €Ille JI0 €ro B3pPbIBAHMS IMPEABAPUTENILHO HampsbkeH. B pesyinbrarte
JTAHHOW TEXHOJIOTMH MOJITOTOBKU U BBIEMKH MOPOJI, MACCUB HAXOJUTCSA B TTOCTOSIHHO
U3MEHAIONIEMCS  HANpPsDKEHHO-A€(OPMUPOBAHHOM  COCTOSIHUU.  OmnepaThBHBIE
CIOCOOBI OLIEHKH 3TOT0 COCTOSIHUSI HE pa3pa0dOTaHbl A0 HACTOSIIETO BPEMEHHU.

CHMXEHUE MPOYHOCTH MOXKET CTaTh PE3YJIbTATOM HAYAJIBHOrO HarpyxkeHws. B
KaueCTBE MPHUMEPA MOXKHO IPUBECTH MpaMop, MpeAea IPOYHOCTH KOTOPOro
coctasun 100-700 krc/cm?, BMecto 700-800 Kre/cM? mpH CTATHYECKOM HArPYKEHHMH.
[To Bceit BepOSITHOCTH, 3TO OOBSICHSIETCSI COCPEIOTOUCHUEM HAMPSHKEHUH y MaKpo- U
MUKpPOACHEKTOB U JUCIOKAIMNA. DHEPruu s pa3pylieHus: mogoOHoro obpasia
TpeOyeTcs 3HAUUTEITLHO MEHBIIIE.

HauanbHble Harpy>kKeHusi TOPHBIX TMOPOJ CO3/1Aa0T YCJIOBHUS JJISi TTOBBIIIECHUS
Kod(pduireHTa 0JIE3HOTO JEeUCTBUS B3phIBa. JlaHHOE NOBBIIIIEHUE HAOII01aeTCs TIPU
Pa3JIMYHBIX COOTHOIIEHUSX CKOPOCTEN ETOHAIIUU 3apsia U BOJTHBI HAMPSHKCHUS.

B cBsi3u Cc Tem, 4TO MOATOTOBKAa TOPHOM MacChl K B3phIBAM Ha Kapbepax
MPOU3BOJIUTCSI TIPU MHOTOPSITHOM PACIOJIOKEHUHM B3PBIBHBIX CKBAXKHH, JCHCTBHE
NOoJ00HOrO B3pbIBA AK€ MNPU KOPOTKO3AMENJIEHHBIX B3phIBaX, OCOOEHHO s
MOCJIETHEr0  psia  3apsAaoB, CJIEAyeT paccMaTpuBaTh KakK  B3pbIBaHHE B
MOJIyIIPOCTPAHCTBE C OJHOM OOHAXKEHHOW MOBEPXHOCTHIO. B TakoMm ciiydae MOXKHO
BBIJICJIUTH JIBE 30HBI — 30HY CXKAaTUS BOJIM3M 3apsifa ¥ 30HY IUIACTUYHBIX AehopMaIiuii
3a Heit. O0e 30HBI pacnoiaraloTcs B npezenax 3-5 paanycoB 3apsija.

3ona or 3 gnmo 20 paguycoB 3apsiga  SBISIETCS 30HOM MEPBUYHOIO
TpemMHOOOpa3oBaHus. B maHHOW 30HE TMOpoaa pa3pyliaeTcss MOa BO3JAEHCTBHEM
TAaHT€HUUAIIBHOM COCTABIIAIOLIEN PACTATMBAIOIINX HANPSHKEHUW €  BEIMYUHOU
OoJblIe Mpeena MPOYHOCTH Ha PACTSKEHHE.

3ona B mpeaenax 15-20 paauycoB 3apsiga HE BBI3BIBAET TPEUIMHOOOPA30BAHUS
JI0 TE€X MOp, MOKa BOJIHA HAIPSHKCHUM HE JOCTUTaeT OOHaKEHHOW MOBEPXHOCTH. A
MOCKOJIbKY OHa OTCYTCTBYET, PACTATHBAIOIIME HANPSOKEHUS MEHBIIE Tpejena
IIPOYHOCTH U TOCJIE€ BO3JCHUCTBUS BOJIHBI €CTECTBEHHBIE TPEUIMHBI CMBIKAIOTCS. B
CJIEJICTBHE YE€Tr0 MOXKHO paccMaTpUBaTh KakK CIUIOLIHYIO cpeny ¢ aedexkramu. Eciu
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’Ke OOHa)KEeHHas MOBEPXHOCTh HaxXoAUTCs Ha pacctossHuM a0 100 paauycoB 3apsiaa,
pa3pylIeHus MOTYT OBbITh BbI3BaHbI BOJIHOM B MOMEHT €€ OTPaXXE€HUsI OT 0OHaKEHHOM
MOBEPXHOCTH, TaK KaK B TOUKE OTPAXKEHUSI OHA SIBJISICTCS] BOJHOM pacTSLKCHUS, a Y
MOBEPXHOCTU MPEJEN MPOYHOCTH HA PACTSHKEHHE HUXKE Mpeena MPOYHOCTH Ha
pacTshkeHHuE B Oe3rpaHMdHON cpenme. T.e. MPOMCXOAUT OOpa3oBaHHWE OTKOJIHHOU
BOPOHKHA TMpH OOJIBIIOM pACCTOSHUU A0 OOHaXEHHOW TMOBEPXHOCTU. A Tipu
paccrosinusix ot 40 1o 60 paguycoB 3apsjia 00pa3yeTcs B3pbIBHAS BOPOHKA.

3a mpenenaMy JIMHUM B3PBIBHBIX CKBAXKWH MOSBIISIIOTCS TPEUIMHBI M 3aKOJIBI.
Pa3pymienust B ThUJI MaccuBa 3a JIMHUEW TMOCJEIHEr0 psa Ha MOBEPXHOCTH MOTYT
nocturatb 200 panamycoB 3apsija Ha YpOBHE NOAOIIBHI ycTyna; a0 40 paguycos
3apsja - IpU BICOKUX ycTynax u 10 60 paaunycoB 3apsia - IpU HU3KKUX; a B CTOPOHY
nepedypa - Ha 10-15 pamuycoB 3apsiga HUXKE €ro. ITO OOOCHOBAHO OOJIBIIMMU
cMeleHusIMU. M cMmemeHuss HampsMyr0 3aBUCSIT OT MacChl MU KOJUYECTBA
OJTHOBPEMEHHO B3pbIBaeMbIX 3apsoB [18].

Kak mokaszanu sKCIepUMEHTHI, TPEIIMHHAsA MYyCTOTHOCTh (MJIM O0OBEM TPEIIHH)
MIOCJIE BO3/JCHCTBUS Ha MAaCCHUB B3pbIBAa YBEJIMYMBACTCS 3a JIMHUEW KpalHEro psjaa
CKBaXuH U nocturaetr 2-10%. DHeprum, oOpa3oBaHHOW HpU MaccoBOM OTOOIKeE,
JIOCTATOYHO JiJ1s1 00pa30BaHMs 3aKOJIOB U TPEIIMH Ha paccTosiHuu Oosiee 90 pagnycos
3apsana. Kak mnpaBuiio, OHM TMpOSIBJIEHBI HAa MNOBEPXHOCTH ycTyma. Mx minHa
cocrasisieT 25-30 M, a B rimyOuHy oHUM npoctupatorcs Ha 2/3 ycryna. A.H. XanykaeB
MPOU3BEN OAKCIEPUMEHTBI, B PE3YyJbTaT€ KOTOPHIX C IOMOIIBID YCTAaHOBKH
BUOporpadoB orpe/esieHbl CKOPOCTH CMEIICHHS B TTyOnHe MaccuBa [19].

W3mepenHble 3HAYEHUS] CKOPOCTEH HAa TPaHUIE TPEIIMHOOOPA30BAHUS
OKa3aJIMCh HIDKE MOBEPXHOCTHBIX. Tak, Ha paccTosiHuu 25-30 M CKOPOCTH B TITyOHHE
¥ Ha TOBEPXHOCTU HAXOAATCS B COOTHOIIECHUH Vi =(0,5-0,6) Vyos, @ Ha paccTOSHUH
oomee 30 M - Vra = (0,3-0,4)Vyes. DTO TOATBEPXkAACT pPACHPEICICHUE OIS
CKOPOCTEN, TOCTPOEHHOT'O MO UTOTaM ONBITHBIX B3PHIBOB.

3.1 OnpenesieHne YpOBHS U CKOPOCTH POCTA MPeAeJbHOr0 HANPSIAKEHU s

JlelicTBue B3pbIBa BBI3BIBACT B TPYHTax OBICTPONMPOTEKAIOIINE MEXAaHWUYECKHUE
MPOLECChl: BO3HUKHOBEHME B3PHIBHOW Ta30BOM KaMepbl B BECbMa KOPOTKHUE
MPOMEXKYTKA BpEeMEHU (MHOTIa B THICSYHBIC JOJM CEKYHIbI), JaBsiieil Ha
OKpYXKalOlMA €€ TPYyHT C OrpoOMHOM CujIol (mopsAlKa JECATKOB ThICSY
Meramnackasnei), OOYyCIOBIMBAET 3apOXKIACHHUE W JBWIKEHHWE B3PBIBHBIX BOJIH,
M3MEHSIOIIMX BO BPEMEHM HAIPSHKEHHOE COCTOSIHUE MAcCUBA TPYHTA U JABHKCHUE
YaCTUL €r0 CO CKOPOCTHIO, MEHSIOLIECUCS OT HECKOJIBKUX THICSY METPOB B CEKYHY 10
HYJISL.

Jlnst Hamero coywash B3pbhIBHasS Kamepa MPEICTaBIseT COOOW CKBaXKUHY
ryOuHOM 9,6 METpOB, BMECTUMOCTb 1M ckBaxkuH P = 21 Kr., Bec 3apsiia B CKBOKHHE
Qo= 161,3 kr. DHeprus, BbiaensaeMas 1 Kr IpUMEHSIEMOT0 B3pbIBYATOrO BELIECTBA
E=3904,24 xxan/kr. Torma moJjiHas TOTEHIMAJbHAs YHEPTUs] OJHOU CKBAKUHBI
poBHa E;=629753,9 x/[x/Kr, cO CKOPOCTBIO JAeToHauu 5476 M/C., KOTOpas SBISETCS
CKOPOCTBIO HAPACTAHUSI HAYaJIbHOM HArpy3KH Ha CTEHKH CKBAKUHBI.
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C oaHOM CTOPOHBI CKBa)XKMHBI 3Ta Harpy3ka IpUJIaraercs Ha oObeM TOpPHOTO
MaccuBa, OJHa CTOPOHA KOTOPOrO, SIBISIETCS OTKOCOM YCTyIa, T.€. CBOOOJHA OT
Harpys3KH.

[Io MpOTUBOIIONOKHONW CTOPOHE B3pBIBHAs yAApHAs BOJHA, HUCXOAAIIAS OT
B3pbIBA 33JAa€T HMILYJIbC YACTHULAM TPYyHTA, CKOPOCTH KOTOPBIX BBIYHUCIIAECTCS I10

bopmyue [1]

2nqQV
pV

D=
,M/C (1)

rae 7 = 0,05 - ko3 PUIHEeHT TOJIE3HOTO IeHCTBUS B3phIBa Ha cOPOC;
0= 1,17 - ynensHslii pacxon BB, kr/m3;
Q = 3904,24 - ynenbHas TETUIOTA B3PHIBA, K/[oic/Ke,
p = 2800 - IWIOTHOCTL FOPHOM MOPOIBL, KI/M°.
[Toacrasmnsist B popmynny xapaktepuctuku BB Urmapun DI'A, ucnonb3yemoro
Ha PYJHUKE, MOJy4YUM CKOpocTh yactuil: v = 0,40 m/c.
CKOpOCTh YacTHUIl JAET HaM BO3MOKHOCTh MOCYUTATh KHHETUYECKYIO SHEPTHUIO

2 (2)

3aTpadyeHHYI0 Ha OTOpachbIBaHWE B3PBIBOM IIEPBOTO CJIOSA TPyHTA 00BeMOM V =
100,8 M3, xoTopas pasHa E,= 22,6 xJIx. O6beM BIJIEAIEMOM SHEPIUU CKBAKUHHOTO
3apsaa Eqe= 629753,9 xJIx.

Jns  ompeneneHuss KOJIMYECTBA SHEPrUM B3pbIBA PACXOJIOBAHHOM IS
pa3pylieHus MOJyIpPOCTPAHCTBA, HAXOAIIEECs MPOTHB OTOPOIIICHHON YacTH OTBaja,
U3 oO0IIel SHEPTUH B3phIBAa BBIUTEM PACXOJIOBAHHYIO B BUJIC€ KMHETUUYECKYIO SHEPTUU
1 nonyduM Eoer= 629731,3 x/[x.

[Toay4uuB KOJWYECTBO DHEPTUM, PACXOJOBAHHOE Ha MOJIYMPOCTPAHCTBO — 3TO
JaeT BO3MOKHOCTh ONPENEIUTh €ro JalbHellIee paccpeioTOUEHHUE.

B cBsi3u c uem, ompedenuM paauyChbl 30H JACHCTBHUS B3PBIBHOW BOJIHBI TIO
KJlaccuyeckor cxeme. B pabote paccmaTpuBaeTcsi TpU 30HBI JCUCTBUSL B3PHIBHOM
BOJIHBI:

- 30HY IJIJACTUYECKOTO TE€YEHUSI U UHTEHCUBHOTO cxkaTus B 3-7 Ro, 4yTo BrosiHe
COOTBETCTBYET MEPBOM 30HE;

- 30HYy ympyro-tactadeckux nedopmaruii 10 120-150 Ro;

- 30Hy ynpyrux aedopmarmii 6onee 150 Ro.

B namem ciyuyae Ro= 0,0825 m (quameTp ckBaxuH 165 MM) ¥ COOTBETCTBEHHO:

- paJilyc 30HbI MIJIACTUYECKOr0 TEYEHUSI U UHTEHCUBHOTO cxkaTust R = 0,5775wM;

- paanyc 30HBI yIpyromiactTuueckux aedopmanuii Ro= 9,9 m;

- paguyc 30HbI ynpyrux aedopmanuii Ry = 12,375 m;

3Has paauMychl COOTBETCTBYIOUIMX 30H, TMOACYUTAEM CKOJIBKO SHEPIUH
pacxoayeTcsi B KaxJOW M3 30H BO3JECUCTBUS B3PHIBHOW yJapHOW BOJIHBI, IJIsi YEro
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HEOOXOMMO ONPEIEINUTD IJIOMAAbh BO3ACUCTBHS (PPOHTA BOJIHBI JIJIs1 KAXKIOW M3 30H.
B namewm ciyuae, ucciemyeTcst MoyIpoCTPAaHCTBO IJIOMIAIN YCTYIIa, MpudeM (HpOHT
BOJTHBI Oy/JeT paBeH OOKOBOW IMOBEPXHOCTH MOJMYIWJIMHAPA B HAYAIBHBIA MOMEHT
B3pBIBa, 3aTeM (DPOHT AETOHANMOHHOUN BOIHBI, UMesl (OpMy OOKOBOHM MOBEPXHOCTH
MOJIYIWIMHAPA CO BPEMEHEM YBEIWYUBAACH I10 IUIOMIATH MPOMOPIHOHATBHO
CKOPOCTH YIApHOW BOJHBI W JOCTHTas CBOOOAHOW TIOBEPXHOCTH YCTyIa OHa
OTpaXkaeTcsi OT CBOOOTHON MOBEPXHOCTU YCTyIa CO3/aBasi BOJHY PACTSIKEHUS O]
JEHCTBHEM KOTOPOH, OTOpackIBaeTCs MOJIOCa TPyHTA.

Ha ocHOBaHWY BBHINIEU3II0KEHHOTO U0 (DPOHTOB IS KAXKIOH 30HBI Oy Iy T
paBHBI:

1. npu R=0,5775m,h=9,6M.S1= 2rrh/2=17,41m?;

2. npu R=9,9m,h=9,6m.S,= 27rrh/2=298,43M?;

3. npu R=12,375m,h=9,6M.S3= 2rtrh/2=373,03m2.

Tak kak ompeseneHa IUIONIaaAb BO3ASHCTBUS BOJIH Si, Sy, S3 (pucyHok 3.2) H
U3BECTEH TMpeAeN MNPOYHOCTH G, AuadazoBoro mnopduputa, paBHbii 400MIIA
(OCHOBHBIE TOpHBIC TIOPOJBI, COCTABJISIONINE MACCHB), TO MOYXHO OIPEACIIUTD
KOJIMYECTBO dHEepruu E 3aTpaueHHOE HA MEXaHWYECKOE BO3JICUCTBHE B KaXKI0W 30HE:
E1= Si0, = 6,964 x]Ik; E2 = Sy, = 119,372 xJIx; Esz= Sson = 149,212 xJIx.

Pucynok 3.1 — OGnactu pa3pyiieHus

HManee u3 Eoer - E1+Ex+E3z=11811,32 k/I>)k — nmosy4eHHOE KOJIMYECTBO IHEPTUH,
pacxonoBaHHOe Ha ynpyrue aepopmamuu 3a Rz — SBISAIOTCS HadallbHBIMH
HanpsbkeHussMu. Kak BujHO, HavasibHOE HanpsikeHue o, =11811,32 kJ>k cocraBisier
OOJBIIYI0 YacThb OSHEPrUM B3pbIBAa IMEpelIe/liee BO BHYTPEHHEE HaudajJbHOE
HaIpsHKEHUE TOPHOTO MAacCUBa, KOTOPOE MEHSET XapaKTepUCTUKU TPYHTA. YUer
YPOBHSI HAuaJbHBIX HAIpPSKEHUH, OOPa30BaBIIMXCS B PE3YJbTATE MPEABITYIIETO
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B3pbIBA, JIaCT BO3MOXKHOCTh CHH3HUTHh pa3Mepbl TPaHyJIOMETPUYECKUN COCTaBa
MIOPOJIBI.

C yderom paauyca 30H JIEWCTBHs B3PHIBHOW BOJIHBI U TIOJIHYIO TIOTCHIIMAIBHYIO
DHEPTHUIO B3PHIBA, MOJIyYCHA 3aBUCHUMOCTh PACIIPEACIICHUS YHEPTUHU B3PhIBA 110 30HAM
(pucyHok 3.3).

11811,500
11811,000
11810,500
11810,000

11809,500

E', KOXK

11809,000
11808,500
11808,000

11807,500
0,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

R, m

Pucynok 3.2 — Pacnipenenenus sHepruy B3pbiBa 10 30HAM

3Hasg paguychl 30H JEUCTBUS B3PBIBHOM BOJHBI M YPOBEHb HadalbHBIX
HalpsHDKEHUH B yHNpyroil o0JacTH MOXHO TIOJyYUTh HEOOXOJIMMOE KadecTBO
JIpOOJIeHHs C MOMOUIBIO PEryIMPOBaHUS HHTEpBaIoM 3aMe ienus npu K3B.
Nurepran 3amennenus npu K3B onpenensiercs no hpopmyiie:

t= AW, mc (3)

rne W - Beamunna JIHC, m;

A — ko3 uIMeHT, 3aBUCIIINNA OT CBOMCTB B3PHIBAEMOW MOPOJIBI (IS
OUYEHb KPEMKUX TOPHBIX MOPOJI: TPAHUTHI, TOPPHUPUTHI U Jp. - 3; KPENKUX: MMECUAHUK,
YKEJIE3UCThIE KBAPIIUTHI U JIp. - 4; CPeIHEN KPEMOCTH: U3BECTHIK, MpaMOp, MarHe3ur,
CEPIICHTHHHUT W JIp. - 5; MATKHUX MOPOJI; MEPTeiib, TIIMHUCTBIC CIIAHIIBI, apTHILIUTHI,
aJICBPOJIUTHI U Ip. - 6), MC/M.

Hns pacuera wuHTepBana 3ameiieHuss npu K3B 0e3 yuera HadalbHOTO
HaIPsHDKCHUS Ul YCIIOBUH 00BeKTa uccienoBanus mpuHATEI W=4,5M, OCHOBHBIC
TOPHBIC IIOPOJIBI — MIECYAHUKH U aJICBPOJTUTHI.

Torma, t =6 x 4,5m =27 mc.

C yueToMm Ha4aJIbHOTO HANPSDKEHHSI, KOT/Ia, B PE3yJIbTaTe B3phIBA MEPBOTO psiia
CKBOXWH, B TOPHBIX TOpPOJAX CO3/IaeTCsA TMPEABAPUTEIBHON pa3ylpOYHEHUE, a
MPOYHOCTh TOPOJ YMEHBIIAETCS MPOMOPIMOHAIBHO, TO HAa 3TOM IMPOMEKYTKE
koadummeHT A yBenuuuBaercsa Ha 25% u coctaBut 7,5. A=7,5

Torma, t =7,5 X 4,5 =34 mc,
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T.e. JUIS YCJIOBUH yuacTka MecTopokieHus Ask-Komkan, s moimydeHus
KayeCTBEHHOTO JpoOeHusI HeOOXOANMMO IPUHUMATh UHTEPBAJ 3aMeieHus 34 Mc.

OOpaboTkON JaHHBIX pacyeTa, ObUTM TOJYyYEHBl 3aBUCMMOCTH  HMHTEpBaia
3aMmeieHnsa ¢ yuyetoM BennuuHbl JIHC nmns pa3snuyHbIX TOpHBIX TOpPOX (PUCYHOK
3.3) ¥ CKOPOCTH pacIpOCTPaHCHUS HEOOXOAUMOTO HAPSKCHHUS.

i
[}

L
[=]

AmeepoaET V=0 MM

(=)
(%)}

15 Tergamme V=4 sm/mc

Bpema, mc

L
[}
Ln
Ln

2 25 3 3.5 4 4

JHC, m

Pucynok 3.3 — 3aBucuMOCTh HHTEpPBaJa 3aMeJICHHs ¢ yueToM BenmunHbl JIHC s
Pa3IMYHBIX TOPHBIX MOPOJ U CKOPOCTH PACIPOCTPAHEHUS yIAPHOU BOJIHbI
CO3JaroUIe Ha CBOEM ITyTH M0JI€ HaYalbHBIX HAPSHKEHUM

Kak BugHo M3 rpaduka, s pa3HbIX TOpHBIX mopoa u BenuwuuHsl JIHC
uaTtepBasl K3J[ M CKOpOCTh pOCTa HayaJdbHOIO  HANpsHKEHUs u3MeHsercs. i
YCJIOBHM MECTOPOKIEHUS, KOr/la B OTOMBAa€MOM MACCHBE MPE00IalaeT ajJeBPOIUTHI
CKOPOCTb PaclpOCTPAHEHUs HaYaJIbHBIX HANPSKEHUM cocTaBisieT 6M/Mc, a HUHTEpBaJl
3aMeJIJICHUs IPUHUMATh 34 McC.

3.2 OnpegejieHe HA4YaAJIbHOIO HANPSKEHUSA IS MOJIyYeHHM s
He00X0AMMOro Apo0JIeHUs OTOUTOM PyAbl U MHTEPBAJIA 3aMeIJIeHUil

B3peiBHBIE pabOTHI, TPOU3BOJMMBIC Ha Kaphepe MPUMEHUTEILHO K BPEMEHHU
HAarpyXK€HHUs OKPY’KaIOIIMX MAacCUB yYacCTKOB, MOXKHO pacCMaTpUBaTh Kak
OJJTHOMOMEHTHO Harpy>K€HHbIe, B TOM 4YHCIIE U B CJIy4ae KOPOTKO3aMEIJICHHOTO
B3pBIBAHUS, A TAK)KE KaK NEPUOJUUYECKHA HArPYKEHHBIE OT OJJTHOTO MAaCCOBOTO B3PhIBA
K Ipyromy.

B ATOM  CBSI3M  1I€JIECOOOpa3HO  MpOaHAIM3UPOBATh  HMMEIOIIUICS
AKCIIEPUMEHTAJILHBI MaTepuaja, B TOM 4YHCIE, TOJYYEHHbIH B J1a00OpaTOPHBIX
YCIIOBHSIX, C IO3UIMK PAa3yIPOYHEHNS MACCUBA TOPHBIX MOPO/I.

['opHblE TOPOIBI, MOABEPTHYTHIE HAIPYKEHUIO OO CTaAuUd pa3pyLICHUs,
MPUOOPETAIOT CBOMCTBO YCTaJOCTH, CTEMEHb KOTOPOTO HAXOAWTCS B TMPSIMOU
3aBUCUMOCTH OT YCHJIMM HaYaJIbHOTO HATPYKEHUS U UX YaCTOTBHI.
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OOpa3ipl NPSAMOYTroJIbHOW (DOPMBI U LMIIUMHAPHI U3 KEJIE3UCTHIX KBApLMTOB,
O0eTOHa, U NECYaHUKOB MOABEPrajuch B3PBIBHOMY HarpyxeHuto. Ilocie kaxmoro
Harpyxenuss msmepsuii Cp ¢ momormipio mpudopa JAVK-20 (mpumensiemoro st
WCCJIEIOBAHNUS MAaTEPHAIOB YJIbTPAa3BYKOBBIM METOIOM). YCTAaHOBJIEHO, 4YTO C
YBEIMYECHHEM YHCJIa B3pbIBHBIX Harpy3ok Cp ymesbliaerca B 1,5-2 pasza.
OAHOBpPEMEHHO OMpeAesiin U JehOPMAIMOHHBIE XaPAKTEPUCTUKU €, IO KOTOPHIM
paccuutbiBaiu E 1 L.

bb10 ycTaHOBJIEHO, YTO MpPOJOJIbHBIE JedopMaliil C YBEJIUYEHUEM 4YHUCIa
B3pBIBOB OT | /0 5 CHMKAIOTCS U B 3aBUCHUMOCTH OT YPOBHS MPEIBAPUTEIHHOIO
HArpyXeHUsl, T.€. Oya/Owun= KH pacTyT U Oosiee MHTEHCHMBHO ueM Oosbiie KH, a
nonepeyHslie aedopmai oT TexX ke (pakTopoB pactyT emre Oonbiie. Tak, mpu Ku =
0,55 npu 1 B3psIBE U 5 B3pBIBAX Enpoy PACTYT B 1,3 pasa, a €yon - B 2,5 paza. 3aMeueHa
Takke 00Iasi TeHACHIIMS POCTa |l C YBEJIMUYECHUEM YHCJIa B3PHIBOB U IMOBBIIICHHEM
KH, a mpounocTs nmopoxa ymensinaercs Ha 45-50%.

OKCHNEPUMEHTAIBHO YCTAHOBJIEHO, YTO TIOCIE€ JABYKPAaTHOTO B3PBIBHOIO
HarpyXeHusi B 00pa3lax MOSBISAIOTCS MHUKPOTPEIINHBI, HO OHU HE OPUEHTUPOBAHBI
(HampaBJIEHBI B PA3JIMYHBIX HAMNPABICHUSX), a MPU MOCIETYIOUIEM HArpy>KeHUU OHU
pacCHIMPAIOTCS M HaONIOAAIOTCS HOBBIE BETBSIIMECS TPEIIMHBI, T.€. 0Opa3yeTcs JiBa
BUJIa IE(PEKTOB:

- CCTEMa HE3aMKHYTBhIX MUKPOTPEIIUH;

- CUCTEMA 3aMKHYTBIX MUKPOTPEUIUH.

[Ipu B3pbIBHOM ApOOJICHWH TIEpBasi HE MPEMSATCTBYET IPOOJICHUIO, a BTOpas
npensaTcTByeT. ClaeaoBaTesbHO, CYIIECTBYET ONTUMYM YCTAJIOCTHOTO HarpysKEeHHs.
Kak nmoxazanu sKcriepMMEeHThI IO OTNPEAETICHUI0 CPEIHEro nuaMeTrpa Kycka dc mocie
paspyllieHusl TPEeABAPUTEIIbHO HarpyKeHHbIe 00pas3ioB, Jydmuid 3¢hdexT Obut
JOCTUTHYT Tipu  2-3 1ukiax. Takke YCTaHOBIEHO, YTO Jydmuil 3¢ dexT
YCTAJIOCTHOTO HArPY’>KEHUS pean3yeTcsl IPU UHTEpBAJIaX C 3aMeAJIEHuEM 10 4 MC U
HaIpsHKEHHO-e(hOPMUPOBAHHOE COCTOSTHUE JOJKHO OTPa)KaThCAd Ha B3PbIBAEMOCTHU
TOPHBIX TIOPOJ, BBIPAXKEHHOM 4epe3 yaenbHbi pacxon BB. Cnexgyer umers B BUny,
YTO €CJIM B Pe3yJbTaTe MPeAbIAYIINX B3PHIBOB B MACCHMBE HAKAIIUBAIOTCS JE€(PEKTHI,
TO 3TO JOJKHO OBITh MOBOJOM JMJI CHWXKEHHUSA YyAenbHOro pacxoga BB s
nocienyroumx B3pbiBOB. C  yBelIMYEHHEM  HaIpsSKEHHO-AEPOPMUPOBAHHOTO
coctostHus (H/IC) maccuBa q ymenbiaetcs Ha 17%.

Jns ompeneneHusi BIMSHUS YPOBHS HAINpPSOKEHHOCTH Cpelbl HAa XapakTep
pa3pylieHuss U CTENeHb JPOOJICHUS TPOBENIEHBI JKCIIEPUMEHTAIbHBIE PabOTHI TIpH
pa3NUYHON CTETICHH HArpy>KeHHsI o0pas3lioB M3 OPrcTekia[6], mecyaHO-IIEMEHTHBIX
omokax u ap. Crarnueckas Harpyska co3JaBajach THIPABIMYECKUM MPECCOM OT
2000 1o 5-10 B 4H. IIpu miomany rpanu 7,2 cM? HAOPSHKEHUS U3MEHSJIUCE OT 3 JI0
70 MIla mpu BpeMEHHOM CONpPOTHBJIEHUU cCxaTuio oprcrekia 100 MIla, T.e.
KO(PhULIMEHT HANpPsSKEHHOCTU U3MEHsuicsi cooTrBeTcTBeHHO OT 0,03, 0,1, 0,2 1 1o
0,7. Iocne B3peiBanus 3apspamu 75, 100, 200 mr, T.e. npu q=3, 3,6 u 5,1 mr/cm®
OTpPEEIISIICS TPAHCOCTaB. Y CTAaHOBJIEHO, YTO:

1. UurencuBnocte HJIC cpenpl yxXyamaer ee pa3pyliaeMoCTb, MOCKOJIBKY
TPEIIMHBI PACHIPOCTPAHSIIOTCSA B HAMPABICHNUN CKUMAIOIIUX HANPSKEHUH;
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2. B cmywyae nepenanpsikeHus, T.e. npu kKodpdunmente 0,6 u Ooiee
Ha0JI0JaeTCs YBETMUYECHNE HHTCHCUBHOCTH Pa3pyIICHUSI.

CrnenoBaTellbHO,  CYIIECTBYE€T  HEKOTOpPbIM  ONTHUMYM  HAaIpSYKEHHOCTH,
BJIMSIIOLINI Ha pe3yJbTaT IPOOICHHUS.

B unncturyre ApMmHUUNITPOLIBETMET Ha ynapHoM Kompe ObUIO MPOBEPEHO
U3MEHEHNE MEXaHUYECKUX XapaKTEPUCTHK 00pa3I[0B MEeTHO-MOJIUOICHOBBIX Py MPH
cOpacblBaHMM Ha HUX Ipy3a C pa3nyHOMl BbICOTHI. [lockonbKy »Heprus ypapa
U3MEHSUIACh TakK, 4YTOOBl B 00pa3lax He TMOSABISUIOCh TPEIIMH, TO OHU BCE
Harpykajlucb C pPa3jIMYHOM HHTEHCUBHOCTHIO. YCTaHOBIIEHO, YTO IIOCJIE TaKOro
Harpy>KeHHUsl UMEETCS IpsiMas CBSA3b MEXIY IPOYHOCTHIO U SHEPTUEH yaapa.

DKCHEPUMEHTHl 1O MHOTOKPaTHOMY B3pPBIBHOMY HArpy>K€HHIO 00pasiioB
JKeJIe3uCThIX KBapuurtoB, BeimosiHeHHbIe B MIIKOHe PAH P® nyrem oaHoro u
TPEXKPATHOTO HATPY>KEHHs MPU HEU3MEHHOW OOIeH SHepruM MoKaszald, YyTO MpH
TOM YBEJIIMYMBAETCA JOJS BBIXOJA MEIKUX (pakiuii, BUAMMO, HMEET MECTO
saBjeHue, cooTBeTcTBYIOMIECE AhdexTy K3B.

B pabore B.H. PoamonoBa, korma oOpasubl M3 KaHH(OJIW IOJBEPraKCh
Harpy>K€HUIO C pa3JIMYHBIMU CKOPOCTSMH, B pE3yJIbTaT€ OKAa3aloCh, YTO MpHU
BBICOKHX CKOPOCTSIX Harpy>KeHHsI MEJIKMX (ppakiuil Takxke ObLI0 OoJIbLIE.

[loBbllIeHHE KadecTBa APOOJICHHS TOPHOTO MacCHMBa MPOMCXOAUT IyTEM
YBEIUYECHHUS]  BpPEMEHW  JCHCTBUA  B3phlBA HA  MAacCuMB, BO3HUKHOBEHHUS
JIOTIOJIHUTENBHBIX OTKPBITHIX IIOCKOCTEW, COYIapEHUsI TOPHBIX MOPOJ IIPU B3PBIBE U
OOJBIIEeH 1EJTOCTHOCTH THUIBHOM YacTH MAacCMBa B CPaBHEHUM C MTHOBEHHBIM
B3pbIBAaHMEM. OJTa Melb JOCTHKHMa TOJbKO TMpPU MPABUIBHO PACCUUTAHHBIX
napamMeTpax CeTKM OypeHHs CKBa)XXMH, WHTEpBaje 3aMEJICHUNH C y4YeTOM
OCTaTOYHOT'O HANPSIHKEHUSI.

Pa3zpyuienne ropHbIX HOpOJ MPU OJAHOPSAIHOM B3PBIBAHUU: TTPU B3PHIBE MIEPBOTO
3apsa MpolLecC pa3pylIeHHsT MacCuBa HWIAEHTHUYEH pa3pylIEHUI0 €ro B3pPbIBOM
onvHOYHOro 3apsna. I[lpu3ma BbIOpoca oOKa3bpIBaeTCs pa3ApoOJEHHON IO HTOTY
NENUCTBUS BOJH HANPSKEHUM, TaK)Ke MPOUCXOANUT CABUKEHUE NPU3MbI BBIOpOCA MOA
JENUCTBUEM OCTATOYHOTO AAaBJICHUS ra3000pa3HbIX MPOIYKTOB B3pPhIBA.

HecMoTpst Ha TO, 4YTO [aBJIEHHE Ta30B K 3TOMY MOMEHTY B CKBa)KHHE
YMEHBIIIAETCS, OHO NPOJOJDKAET JEUCTBOBATH HA TOPHBIM MAacCHUB, KOTOPBIN
HaXOJUTCS B CIIOKHOM HAIpPSHKEHHOM COCTOSIHUM B 00JIACTH MEPBOTO U COCEIHErO
3apsaa. B3pblB BTOpOro 3apsja BbI3bIBaET elle 0oJiee CIOKHOE HampsKEHHOE
COCTOSIHHE MacCHBa, [0 MPUYHMHE TOr0, YTO B 3TOM CIIy4ae PacTeT HANpPsHKEHHOCTb
MaccHBa, MOJl ACHCTBUEM B3pbIBA MPEABIIYIIErO 3aps/ia U MOBBIIIACTCS Pa3pyIICHHUE
32 CYET OTPAXECHHOW BOJHBI HAMPSHKEHUS OT BHOBb OOPA30BAHHBIX OTKPBITHIX
ITOBEPXHOCTEMU.

NHTeHCUBHOCTh JApOOJEHUST YBEIMYMBAETCS 3a CYET Mepeladyd HEKOTOpOil
SHEPruM B3pbIBA BTOPOrO 3apsjla B Y4YaCTOK MacCHBa, pa3pyllaeMblii MEepBbIM
3apsA0M, NPUBOJUALIEMY K YBEIUYEHHIO MPOJOJDKUTEIBHOCTH JEUCTBUS BOJIH
HampspkeHUd Ha MaccuB. [Ipu pa3sHOBpEeMEHHOM B3pBIBAHUM COCEAHHUX 3apsiioB
MPOUCXOUT COYJApPEHHE U, KaK pe3yjbTaT, JOMOJHUTEIBHOE APOOJIEHHE TOPHBIX
MOPO/I.

35



Kak ObLI0 yCTaHOBJIEHO BbIIIE, JJISI YCIOBHM MECTOPOXKIEHUS PAUyC 30HBI
ynpyromiactudeckux nedopmanuit R2 = 9,9 m, 1.e. JIHC HeoOXoquMoO NMpUHUMATH
paBHbIM 9,9 M, YTO MO3BOJIUTH MOJYYUTh HEOOXOJUMOE HANPSIKEHHE MacchBa H
COOTBETCTBEHHO KAYECTBEHHOE JIPOOJICHUE OTOUTON PY/IbI.

Bpewms (nHTEpBaN) 3aMeaJICHUS ONPenesseTcs mo GopMyie

[42 2
N AW
t= 1 MIIC (4)
9
y
I7I€ @ - PACCTOSIHUE MEXKTy 3apsiiaMu, M;
W - conportusnenue no nogouse (JIHC unu CIIII) , m;
8, - cKOpOCTh pacHpOCTpaHEHUs BOJHBI HAIIPSDKEHUN B MAaCCUBE, M/C.
[Ipu ucnonws3zoBanuu npeagaraemoi Texuoiaoruu K3B HeoOxXoauMoO NpUHUMATD
paBHbIM 30 MIIC.

3.3 TexHosiorusi NPEABAPUTEIBLHOIO0 Pa3yNpPOYHEHUS] MAacCHMBa C
NpUMeHEeHUEeM JJIeKTPOHHBIX CPeJICTB HHUIUMPOBAHUA

Tema "lloBbieHne 3¢ PeKTUBHOCTU OTOOMKH C CO3/ITaHUEM IPEABAPUTEIBHOIO
pa3ynpoyHEHUsl B MaccHBe" TECHO CBSA3aHa C UCIOJIb30BAaHUEM JIEKTPOHHBIX CPE/ICTB
WHULMUAPOBaHUs. BHeApeHne 3TUX TEXHOJOTUH MO3BOJIIET 3HAYUTEIBHO YIIYUIIUTH
KOHTPOJIb 3@ B3pPbIBHBIMM pa0OTaMH, MOBBICUTh KaueCTBO APOOJEHUS MNOpOa U
CHU3HUTH HETaTUBHOE BO3JEHCTBHE HA OKPYIKAIOIIYIO cpey. [locTosIHHBIE NHHOBAaLUN
U YJIy4YIIEHUS B 3TON 00JIACTU OTKPBIBAIOT HOBBIE MEPCIEKTUBBI AJIS JlajdbHEHUIIEro
Pa3BUTHS TOPHOU TPOMBILIEHHOCTH.

3.3.1 Ilpakmuueckoe npumeneHnue

[IpakTYeCKOE€ TNPUMEHEHHE DJIEKTPOHHBIX CPEACTB HWHULUMHAPOBAHMS B
COYETAHUM C METOJAMU CO3/IaHUS ITPEABAPUTEIBLHOIO Pa3ylIPOYHEHNS B MACCUBE yiKE
MOKa3ajo CBOIO Y(PHEKTUBHOCTD.

TOO «HIII «Wuteppun» ObulM MOPOBEAEHBI  ONBITHO-IPOMBIILICHHBIE
VCIIBITAHUS B YCIOBUSAX MPOEKTA «XaI)KUKOHTaH» JJIsl ONPEIEIICHHUS] SKOHOMUYECKOM
1eJIeCO00Pa3HOCTH MPUMEHEHHUSI YCTPOUCTB 3JIEKTPOHHON CHCTEMbl HHULIMHUPOBAHUS
DaveyTronic.

3.3.2 Ilpeumywecmea 31eKMpOHHbIX CUCHEM UHUYUUDOBAHUSL

DOnekTpoHHble cucTeMbl uHUIMHpoBaHus (DCU) cramm BaXHBIM IIaroM B
Pa3BUTHHU TEXHOJOTUN B3PBIBHBIX pabOT. OHM 00eCneynBalOT BBICOKYIO TOYHOCTh U
KOHTPOJIb 33 B3PBIBHBIMM padOTaMH, YTO OCOOCHHO BaXXKHO TIPU CO3JIaHUU
NPEBAPUTEIILHOTO PA3yNpPOYHEHUsT B MaccuBe TopHBIX mopon [20]. Tounblie
BPEMEHHbIE 3a€pKKH, obOecrneunBaecmble OJCH, MO3BOJAIOT JIydllle YIIPaBIATbH
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pacrnpeneseHieM SHepruy B3pbIBa U KOHTPOJIMPOBATH MPOLECC Pa3pyLICHUS MOPOA
[21].

HcnonszoBanne OCU 1o3BONII€T 3HAYUTENBHO YIy4IIUTh 3(PGEKTUBHOCTD
orOoiiku. Hampumep, wucciaenoBaHus MOKAa3bIBAIOT, YTO JJIEKTPOHHBIE CHUCTEMBI
UHUIIMUPOBAHUS TO3BOJSIOT CHU3UTH BBIXOJ HEraOapUTHBIX KYCKOB M YJIYYIIHUTb
Ka4yecTBO APOOJCHHS PyJbl. ITO JOCTHUTAETCS 3a CYET TOYHOTO KOHTPOJIA BPEMEHU
cpabaTblBaHHs B3PHIBYATBHIX BEIIECTB, 4YTO TMO3BOJsieT Oonee 3(h(HEKTUBHO
pacrpeensiTh SHEPTUIo B3pbiBa [22].

Pe3ynbTaTel MPOBEACHHBIX UCTBITAHUN MPHUBEACHBI B MpHIOKeHHMH A, b u B
tabmure 3.1.

Tabmuua 3.1 — BausHue npUMEHSEMBIX CpPEICTB WHUIIMUPOBAHUSA HA 3arpy3Ky
CaMOCBAJIOB

Cpencrsa Mecsn, 2022r. 3arpyska camocBana, M°
WHUIIUAPOBAHUS
HCU («Hckpa-Cy) HIOHD 16,8
HCU («Uckpa-Cy) UIOJIb 16,4
HCU («Uckpa-Cy) aBrycT 16,6
DCH(«DaveyTronicy) CCHTSIOPh 17,0
DCH(«DaveyTronicy) OKTSIOPb 17,6

[To pesynbraram Mapkmenaepckux 3amepoB 3a nepuon ¢ 07.09.2022r. mo
10.10.2022r. yCTaHOBJIEHO, YTO B XOJI€ ONBITHO-NIPOMBIIUICHHBIX HCIBITAHUNA C
NPUMEHCHHEM YCTPOWCTB 3JICKTPOHHON CHUCTEMbl HHUIIMHpPOBaHWs DaveyTronic
3arpyska camocsaioB MT 86 H B cpennem cocrasuna 17,3m3,

OOpaboTkoil gaHHBIX Tabmumbl 3.1 TOMy4eHBI 3aBUCHMOCTH 3arpy3Kd
CaMOCBAJIOB OT BHJIa MPUMEHSIEMbIX CPEICTB HHUIIMUPOBAHUSI.

3arpy3Ka caMocCBasia No Mmecsauam

17.6 | —#— HCW (‘Wckpa-C')
—e— 3CW ('DaveyTronic')

17.0f

16.8

3arpyska camoceana (M?)

16.6

16.4

WioHb Wone ABrycT CeHTAbOpb OkKTAbpbL
Mecay

Pucynok 3.4 - 3aBHCUMOCTb 3arpy3KH CaMOCBAJIOB OT BUAa PUMEHSIEMBIX CPEJICTB
WHULAAPOBAHUS.
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B Teuenune mecanes ¢ npumenennem HCU 3arpyska camocBasia BappUpOBaIach
or 16,4 no 16,8 M?, 4TO yKa3pIBa€T Ha OTHOCUTEIBHO CTAOWJIBHBIE PE3YJIbTATHI.
OpnHako, HECMOTPS Ha CTa0MIIBHOCTD, 3arpy3Ka OCTaBajach Ha YpOBHE UyTh HUXe 17
m?. C mepexomom Ha OCU B ceHTa0pe HaOMIOJaeTCsl TOBBIIICHUE 3arpy3Kd
camocBasia a0 17,0 M3, a B okTsi6pe — 10 17,6 M3, T.e TOBBIINICHUE 3arpy3Ku
cocraBisieT 4,2%. OTO MOXKET CBHUJIETENIBCTBOBATh 0 Ooiiee 3¢ dekTuBHON padbore
CUCTEMbl MHULIMMPOBAHUS B3pPbIBA, YTO MPUBOIUT K JIydlIEMY APOOJIEHUIO TOPHOMN
Macchl U, COOTBETCTBEHHO, 00JIee IIOJHON 3arpy3Ke camocBala.

Opnum u3 KiIrodeBbIx npenmyniecTB DCHU sBisieTca NOBBIIEHHE 0€30MaCHOCTH
B3pbIBHBIX paboT. TouyHOe yIpaBieHHE TPOIECCOM B3pbIBA CHIDKAET PHUCK
HEO’KHMJIaHHBIX B3pPBIBOB M BBIOPOCOB MbUIM W Tra3a, 4To JeiaeT paboTy Ooiee
0e30macHO! U1 pabovHX U MEHEe BPEIHOM JIJIsl OKpY Karoleit cpens [23].

Taxke HEMAJIOBaXXHO 3aMETUTh, HA MPOTSIKEHUU BCETO NEPHOAA ITPOBENCHHUS
OINBITHO-TIPOMBIIIJIEHHBIX HCIHBITAHUN C NPUMEHEHUEM YCTPOMCTB 3JIEKTPOHHOU
CHCTEMbI MHUIIMHPOBaHKs DaveyTronic Bce B3phIBHBIC Pa0OTHI OBUIM TPOBEICHBI C
IPUMEHEHUEM OJHOr0 MAaTpOH-OOEBHKAa HAa CKBAXKHHY, B IPOTHUBOBEC IITATHO
IPUMEHSEMON CUCTEME C HMCIOJb30BAaHUEM JBYX MAaTPOH-OOEBMKOB HA CKBAXUHY
riyOuHoM HaunHasa ot 10Mm u Oornee.

JlaHHBIN OTIBIT UCTIONB30BAHMSI OJHOTO-NIATPOH OOEBUKA HA CKBAKMHAX OT SM J0
18M B CBSI3KE C 3JIEKTPOHHBIMH KaICIOJIIMH CHCTEMbl HHUIIMMpOBaHus DaveyTronic
Jlal TOJIOXKUTENbHBIE Pe3yJIbTaThl 10 MPOPadOTKE MOAOMIBBI YCTYIA 10 MPOEKTHBIX
OTMETOK U OTPabOTKHU OTKOCOB YCTyIa /10 NMPOEKTHBIX MECSYHBIX KOHTYpPOB, YTO
OBLJIO MOATBEPKACHO MAPKILIECHIEPCKON CIy>K00i O UTOraM OTIPy3KH B30PBAHHOMU
TOPHOM MAcChl BBIEMOYHO-TIOTPY304YHOM TEXHUKOM.

DJIEKTpOHHAsT CUCTeMa WHUIMHpoBaHus DaveyTronic mo3BoiiseT pacuiupsiTh
ceTKy OypeHMs] CKBaXXMH O€3 IMOTEepH KauecTBa B30PBAHHOW MAacChl B3PHIBHBIMU
paboTamMH 3a cUeT BO3MOXHOCTU PEryJUpOBaHUS B MIMPOKOM auanazone (ot 0 1o
14000Mc) 3aMe/IeHui CKBaXKUHHBIX 3apsioB [24].

B xoxe ucnbitanuii npu npousBojactBe bBP Ha maTh Onokax ceTka CKBaKHMH
Obla pa3nBuHyTa Ha 1M. JlaHHOE paclIMpeHue CETKU MO3BOJISET YMEHBIINUTh 00bEM
OypeHusi, pacxoJi B3pbIBUATHIX MaTEPHAJIOB, CPEACTB WHUIIMMPOBAHUSA, BpPEMs Ha
MOATOTOBKY OJIOKA.
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4 OIIBITHO-ITPOMBIIIJIEHHBIE UCIIBITAHUSA
4.1 Meroanka npoBeaeHusi ONbITHO-NPOMBIILJIEHHBIX HCIIBITAHUI

JInsg  [OpoBEpKM  BIMSHUSL  TEXHOJIOTMM  CO3JaHUS  MPEIBAPUTEIBHOIO
pPa3ynpOYHEHHOTO COCTOSIHHMSI Ha IOKAa3aTeld B3pbIBa OBUIM MPOBEIEHBI OIBITHO-
IIPOMBIIIUICHHBIE B3PBIBBI HA MECTOPOXIeHUU «Ask-Komkan», Ha Omokax: Ne 03-08
ropu3zoHT +407-395m; No 03-10 ropuzont +445-435m; Ne 03-05 ropuzont +450-
445m. [1nst cpaBHEHHS pe3yJIbTaTOB OMBITHO-IIPOMBIIIIEHHBIX B3PHIBOB, CTiepBa ObUIH
NPOBEJCHBl B3pPbIBHBIE paOOThl MPU TMPUMEHSEMON TEXHOJOTHUHU, BCETO OBLIO
npoBeneHbl 14 B3pbpIBOB, B T.4. / B3PBIBOB IPH NPUMEHSIEMOW TEXHOJOTMH U 1
B3pPBIBOB C CO3JaHUEM MPEIBAPUTEIBLHOTO Pa3ylpPOYHEHHOIO COCTOSIHUS MaccuBa. B
XO0Jle TPOBEAECHUS HCMBITAHUM OBbUIM TMPOBEAEHBI OYpPOB3pBIBHBIE PpPadOTHI C
U3MEHEHUEM T[apaMeTpoB  OypOB3pBIBHBIX pabOT C LENbI0  ONPEICNICHUs
ONTUMAJbHBIX 3HAYEHUM Ui MOBBIMIEHUA 3(PPEKTUBHOCTH OTOOMKM € CO3/1aHUEM
pa3ynpoOvYHEHHOTO COCTOSIHMSI MaccuBa. PacdeTsl mapaMeTpoB OypOB3pBIBHBIX padoT
Y IIPOEKTHI IPUBEICHBI B MIPUJIOKEHUAX B-P.

['panynomerpudeckuit COCTaB B30PBAHHOW FOPHOM MAacCChl OBbLI OMPEIEIIEH C
UCIIOJIb30BaHUEM TporpaMMHoro komiuiekca K-Mine Granules (mpousBojactsa
xomnanuu K-Mine, Kpusoit Por, YkpanHa) s onpezielieHus TpaHyJIOMETPHIECKOTO
COCTaBa B30PBAHHBIX T'OPHBIX MOPOJ U OLEHKH KayecTBa OypOB3pBIBHBIX pabOT BO
BpEeMs SKCKaBaluu ropHoit maccel (mpunoxenus: C-11).

[Tocne kaxxa0ro B3phIBa, B X0J1€ KCKaBAlMU MTPOU3BOIMINCH MO 3 POTOCHUMKA
B30PBAHHOM TFOPHOM MAaccChl Ui aHAJIW3a IPAHYJIOMETPUYECKOIO COCTaBa B JTAHHOM
IIPOrPAMMHOM KOMIUIEKCE.

4.2 OnbITHO-NIPOMBIIIIJIEHHbIE HCTTBITAHUS

[lepBbIii 0a30BbIN B3pHIB MPU MPUMEHIEMOW TEXHOJOTUU ObLI MPOU3BENEH B
NOpOAHOM OJIOKE CO IITaTHO NpHUMEHseMoll ceTkod 4*4m 0e3 OypeHus
JOTIOJTHUTENBHBIX CKBAXXWH JJI1 CO3/JaHMS TPEABAPUTENIBHOIO HANpPsHKEHUS B
maccuBe. OObem Onmoka — 6420m°. Jluamerp ckBaxkuH — 165 mm. Komuuectso
CKBaXUH — 49 1mT; cpennss rimyOuHa ckBaxuH - 9,27 M. O6beM OypeHusi cCocTaBIII —
454,3 n.m. CKBOKHMHBI 3apsDKajNCh IO INTATHOM TEXHOJOTHH: 0OpaTHOE
WHULIMMPOBaHUE; B KauecTBe 0CHOBHOTO BB ucnons3zoBancs Urnapun OI'A, natpoH-
6oeBuk llerporen I1, nuamerp narpona — 90 mMm, HaBecka -1,5 kr, BennunHa 3a00MKH
— 20% riyOunbsl ckBaxkuHbl. Pacxoq BB Ha 6ok coctaBun 7632,24 kr, ynenbHbIN
pacxoz - 1,19 kr/m®. Beixog ¢ 1 .M. ckBaunbl - 14,13 M3/m.m.

[Tocne 1-ro 6a3oBoro B3pbIBA M BU3YaJIbHOIO OCMOTpa OJIOKa KauecTBO
IpOOJEHUs] — YIOBJIETBOPUTENIBHOE, JUHUS OTPbIBA MPOCIIEKUBAETCS YETKO, BO
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BpeMsl SKCKaBallud OTPaOOTAaHHOTO OJIOKa BBIXOJ HETrabapUTHBIX KYCKOB TOPHOM
maccel coctaBui 0,8%. 3aBblllieHUs] MO TOJOIIBE HE OOHApyX eHbI. 3aKOJIOB Ha
OTKOCE HE OOHAPYKEHO.

[Ipu pabote sKckaBaTOpa Ha JAHHOM OJIOKE CKOPOCTH MOTPY3KH TOPHON MaccChl
B aBTOCAMOCBaJIbl yBenuuuiaach Ha 10% 1o mpudmMHEe XOpouiero ApoOsieHHs] TOPHOU

MAacCCBhI.

MitHiMym ananasona

02

Maxcimym ananasona

2

Konu4ecTso aHaveHni 8 Buibopke

131

MUHUMANLHOE 3HAYeHWEe B BeIDOpKE

0,250681042671204

MaxcumansHoe aHaueHne 8 Buibopke

0,800880789756775

CpegHee apuhmeieckoe

0,328838193917092

Moga

0,29

Meanana no CTaTHCTHHECKOMY PRAY

0,29

MaTtemarMyeckos OXWAaHNe

0,331221374045802

0,00918324106986772

Ci

0,0958292286824209

KoadhpmumenT sapuaumn

0,289320787218187

AcvMMETDUA

2,57585075843736

Okcyecc

7,00721110927761

Cpeanii pasmep kycka

0,421221374045802

08

Pucynok 4.1 — Ananus Nel rpaHyioMeTpUYECKOTO COCTaBa B30PBAHHOM rOpHOM
MAacchl ¢ IpUMEHEeHHeM nporpammHoro komiiekca K-Mine Granules (1 6a3oBbiii

B3pHIB).
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PucyHnok 4.2 — Anain3 Ne2 rpaHyIOMETPUYECKOTO COCTaBa B30PBAHHOM rOPHOM
MAaccChl ¢ IpUMEHEeHHeM mporpammHoro kominiekca K-Mine Granules (1 6a3oBbrii
B3pbIB). POTO 2

08

06
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Pucynok 4.3 — Anaim3 Ne3 rpaHy10MeTpHUUE€CKOr0 COCTaBa B30OPBAHHOW TOPHOM
Macchl ¢ MpuMeHeHneM porpammHoro komruiekca K-Mine Granules (1 6a3oBbrit
B3pbIB)

[lepBbIli  DKCIIEPUMEHTAIBHBIA B3pBIB  C CO3JAHHEM IPEABAPUTEILHOTO
HAIPSHKEHHOTO COCTOSIHHSI B MAaCHBE OBLT MPOM3BENICH B TOPOAHOM OJIOKE CO MITATHO
npuMeHsieMol ceTkoi 4*4m ¢ OypeHHeM JOMOTHUTENbHBIX CKBAXUH ISl CO3/IaHUS
MPEeIBApUTEILHOTO HANPSDKEHUS B MaccuBe, B konnuecTBe — 14 mt. OObeM Onoka —
3372 m3. JInameTp ckBaxkuH — 165 mM. KonmuecTBo ckBaxuH — 60; cpequss riyouna
ckBaxuH — 5,1 M. O6bem Oypenust coctaBui — 305,8 .M. CKBaKUHBI 3apsKaIUCh 10
CJIEMyIONEed TEXHOJOTHUU: OOpaTHOE WHUIIMUPOBAHUWE; B KadecTBE OCHOBHOTo BB
ucnosb3oBascs Urmapun DI'A, matpon-6oeBuk [lerporen I1, muamerp matpona — 90
MM, HaBecka -1,5 kr. Benuunna 3a00¥iku B IITaTHBIX CKBaxuHax — 20% riayOuHbI
CKBa)XHHBI, B SKCIIEPUMEHTAIbHbBIX CKakuHax — 50% rayOuHbl CKkBaxuHbl. Pacxon
BB Ha 610k coctaBun 4588,11 kr, yaensHslii pacxos - 1,36 kr/m®. Beixoq ¢ 1 m.m.
ckBakuHBI - 11,03 M3/m.Mm.

B pesynpraTe BuU3yanmpHOTO oOcMoOTpa OJioKa KauyecTBO JApOOJICHUS —
YIOBJIETBOPUTEIBHOE, JTUHUS OTPbIBA MPOCIEKUBAETCSI YETKO, BO BPEMsl AKCKaBalluu
OTpabOTaHHOTO OJIOKA BBIXOJT HErabapUTHBIX KyCKOB rOpHOW Macchl coctaBui 0,6%.
3aBbIILICHUS 110 TIOJIOIIBE HE OOHAPYKEHBI, 3aKOJIOB HA OTKOCE HE OOHAPYKEHO.

[Ipu paboTte sKCKaBaTOpa Ha JAaHHOM OJIOKE CKOPOCTh MOTPY3KH TOPHOM MAacChl
B aBTOCAMOCBaJibl yBenuuuiach Ha 10-15% 1o mpuunHE XOpOIIero ApoOJIeHUS
TOPHOW MacChl.

MusiMym auanasona 02

08

Marxcumym auanaosa 2

Konuyecreo axavexiit 8 Buibopre 276

MutiumansHoe aHavenne 8 suibopke  |0,250081151723862
MarxcumansHoe aHaqexue 8 suibopre  |0,741721332073212
CpenHee apudmeTiveckoe 0,338907368589139

0.6+

Mopna 029

Megwasa no crarncruseckomy pray 10,29

Matemariieckos oxuaaHme 0,339565217391304
Nlucnepca 0,00975198487712665
CpeAnerBanpaTiiecsoe oTnoHerie | 0,0087521385952054 |
p 0,290819358218915
AcummeTpua 2,01012253108789 |

044

Orcyece 3,70753045183101
CpepHuit paamep kycka 0,429565217391304
TIpoLeHT Herabapwta 0.7

021

0004 0 |0 [0 Jo p 0
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011 031 051 071 081 1M 13 15 1 9
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Pucynok 4.4 — Ananuz Nel rpanysioMeTpuyecKkoro cocrtaBa B30pBaHHOM FOPHOM
Macchl ¢ MpuMeHeHneM nporpammuaoro komruiekca K-Mine Granules (1
HKCIIEPUMEHTAJIbHBIN B3phIB)

MuHiMyM QHaNa3oxa 02
1 Maxcumym auanasoHa 2
Konu4ecrso aHavenuit 8 Beibopke 285
MunimansHoe aHavexme B sxibopke | 0,250250160694122
0 MarcumansHoe anavenie 8 suibopre  |0,872468590736389

084 CpegHee 0,333636313572265
Moga 029
Mepmasa no craticriieckomy pray (0,29
Maremariieckoe oxuaanme 0,333578947368421

0.6+ Ancnepcin 0,00935561218836565
CpanHexsagpaTiiecios omnorenie |0,0067244136108648 |
KoadhmumenT sapuaumm 0,28005058640051 |
AcCHMMETDIA 2,42377712828257

044 Hcuecs 5,14365838560168
Cpegyuit paawep kyoa 0,423578047 368421

0.24

0034
0007 0 |0 |0 |0 P

04
011 031 051 071 081 1M 13 s 7 19

Pucynok 4.5 — Ananu3 No2 rpaHyIOMETPUYECKOTO COCTaBa B30PBAHHOM rOpHOM
Macchl ¢ MpuUMeHeHreM nporpammuaoro komruiekca K-Mine Granules (1
HKCIIEPUMEHTAJIbHBIN B3PHIB)

MuHianyM AHanasona |02

08— Marcumym auanasoHa }2_
Konusectso sHavexmit & Beibopke 534
MusimansHoe 3vavenue g eebopke  |0,25014391541481
MaxcumansHoe aHavexme 8 sbibopke | 0,788292467594147
CpegHee apudmeTiyeckos 0,335154840338989

06 Mopa 029
Mepuara no cratucriyeckomy pray 10,29
MaTemarieckos oxuaaHHe 0,335842696629214
[ncnepcna 0,00833440222194167
CpepHexsagpaTiieckoe otknosesme  (0,0912929472738265

& I S P
ACHMVETDHR T95530375741679 |
Oncyece 3,49552628773346
Cpeayit paauep yoa 0,42504 2606629213

TTpougHT Rerabapnia 07
013 —

0,02

002 0 |0 [0 Jo P

0+
011 031 051 071 081 1M 13 18 171 19
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Pucynok 4.6 — Anaimm3 Ne3 rpaHy10METpHUUYECKOr0 COCTaBa B3OPBAHHOW TOPHOM
Macchl ¢ MpuMeHeHneM nporpammuaoro komruiekca K-Mine Granules (1
AKCTIIEPUMEHTAJILHBIN B3PHIB)

Bropoii 0a30BbIil B3pbIB MpPU MPUMEHSEMON TEXHOJIOTUM ObUI MPOU3BEACH B
nopogHoM Oioke ¢ cetkoil 4,5%4,5M 6e3 OypeHus: AOMOJTHUTENbHBIX CKBAXXUH JJIS
CO3JaHMsl TPEJBAPUTEILHOTO HamlpskeHUus B MaccuBe. OObem Onoka —21100 e,
Huametp ckBakuH — 165 mm. KonmdecTBo ckBakuH — 80; cpeHsis riyOrHa CKBaKUH
- 17,Im. O6bem Oypenusi coctaBuin — 13527 m.m. CKBaXHHBI 3apsKajIuCh IO
MITAaTHOM TEXHOJOTUH: OOpaTHOE WHHUIMHPOBAHME;, B KauecTBE OCHOBHOro BB
ucnosb3oBasics Urnapua O1'A, marpon-6oeBuk [lerporen I1, muamerp marpona — 90
MM, HaBecka -1,5 kr, BenuuuHa 3a00iku — 20% rioyOunsl ckBaxxunbl. Pacxon BB Ha
ook coctaBun 22725,36 kr, ynenbHeli pacxox - 1,08 xr/m3. Beixox ¢ 1 mwm.
CKBaXHHBI — 15,60 M3/m.Mm.

B pesynbraTe BH3yanbHOro OcCMOTpa OJIOKa KayecTBO JApOOJIEHUS —
YAOBJIIETBOPUTENBHOE, JIMHUS OTPBIBA IPOCIIEKUBACTCS YETKO, BO BPEMS SKCKABALMU
OTpabOTaHHOTrO OJIOKA BBIXOJI HErabapUTHBIX KyCKOB FOpHOW Macchl cocTaBui 1,1%.
3aBbIlLICHUS 110 TTOJIOIBE HE OOHAPYKEHBI. 3aKOJIOB Ha OTKOCE HE OOHAPYKEHO.

[Ipou3BOANTENBHOCT, 3KCKaBaTOpa Ipu paboTe Ha JaHHOM  OJOKe-
CpeHEe3KCILTyaTallMOHHAs!.

[Muuuuw Manaosa 02
Maxcumym uanasoHa 2
Konuiecrso aHavexii 8 suibopke 122

[ MitHiMansHO® 3HaveHne B Beibopke 0,250377267599106
[MaxcumansHoe aHaqenme 8 suibopre  [0,711722552776337
Cpeavee ap 0,332718840632282

Moga 029

Me/marxa no CTaTHCTHHECKOMY PRAY 0,29

MaTtemarn4eckoe oxuwiaHne 0,326885245901639
0,0074034130610051
CpenHexBanpaTieckos oTknonenwe | 0,0860430883076459 |

[Koaduuyent sapraiyn 0,263221082861404
AcHMMETDHA 2,31227377843716
Skcyece 4,61469943158873
CpeaHuit paamep kycka 0,416885245901639

TpoueHT Herabaputa 08

Pucynok 4.7 — Anaim3 Nel rpanyiomMeTpruuecKkoro coctaBa B30OpBaHHOW TOPHOM
Macchl ¢ MpUMeHeHreM porpammuoro komiuiekca K-Mine Granules (2 6a3oBbrit
B3pbIB)
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Pucynok 4.8 — Ananuz No2 rpaHyJIoMEeTpUYECKOr0 COCTaBa B30PBAaHHON FOPHOM
MAaccChl ¢ IpUMEHEHHEM mporpammHoro komiiekca K-Mine Granules (2 6a3oBbrii
B3pbIB)

MUHUMANGHOR 3HA4EHNHE B 0,250040680170059
MaxcumansHoe aHa4enme 8 oibopke | 1,19499778747559

Pmemm OTKNOHEHHE X
0.4+ K ap! 0,338652008847293
ACAMMETDIR 741008767962892 |
Oxcyecc 8,41100083087858
Cpensuit paamep Kycka 0,443826530612245
[TTpoLerT Rerabapuia :
00 IPOLEHT Hel Mra |1 3

0,05
0003( 0003 (0003 [0 [0 P

01
011 031 051 071 081 1M 131 18 71 8

Pucynok 4.9 — Anaim3 Ne3 rpaHy10MeTprUUYE€CKOr0 COCTaBa B30OPBAHHOW TOPHOM
MAacchl ¢ IpUMEHEeHHeM mporpammHoro komiiekca K-Mine Granules (2 6a3oBbiii
B3PBIB)
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Bropoii »sKcrepuMEHTanbHBI  B3pBIB € CO3JAaHUEM  MPEIBAPUTEIBHOTO
pa3ymnpouYHEHHOTO COCTOSIHUS B MacCHUBE OBbLIT IPOU3BEICH B TOPOIHOM OJIOKE CETKOU
4,5*%4,5m ¢ OypeHuEeM JOMOJHUTENbHBIX CKBKUH U1 CO3JaHMs MPEABAPUTEIHLHOTO
HAIpSHKEHHSI B MACCHBE, B KonmdecTse — 16 mr. O6bem 6moka — 10701 m3. Jluametp
ckBaxuH — 165 MMm. KonmuaectBo ckBakuH — 70; cpenuss rimyouna ckBakud — 10,67
M. O6bem Oypenus coctaBui — 1352,7 m.M. CKBaKUHBI 3apsbKaiuCh MO CIAEAYIOMIEH
TEXHOJIOTUH: 00OpaTHOE MHUIIMHMPOBAHUE; B KauecTBe OCHOBHOro BB ucnosnb3oBaiics
Urnapun OI'A, natpon-6oeBuk Iletporen II, nuamerp natpona — 90 MM, HaBecka -
1,5 xr. BennunHa 3a00MKH B IITAaTHRIX CKBaXMHaX — 20% IIyOMHBI CKBaXXUHBI, B
IKCIIEPUMEHTAIBHBIX CKakuHaX — 50% rmyOunbl ckBaxuHbl. Pacxon BB Ha 6mok
coctaun 11205,24 xr, yaensHbli pacxof - 1,05 kr/m®. Bexog ¢ 1 .M. CKBa)KHHEI -
14,32 mM%/m.m.

B pesynpraTe BuU3yanpHOTO oOcMoOTpa OJioKa KauyecTBO JApOOJICHUS —
YAOBJIETBOPUTEIBHOE, JTUHUS OTPbIBA MPOCIEKUBAETCS YETKO, BO BPEMS IKCKABALIMU
OTpabOTaHHOTO OJIOKA BBIXOJI HETrabapUTHBIX KyCKOB TOpHOU Macchl cocTaBui 0,8%.
3aBbIlICHUS 110 TOJIOIBE HE OOHAPYKEHBI. 3aKOJIOB Ha OTKOCE HE OOHAPYKEHO.

[Ipu pabote 3KCcKaBaToOpa Ha JAaHHOM OJIOKE CKOPOCTh MOTPY3KU TOPHOM MaCChI
B aBTOCAMOCBaJIbl yBenuumiiach Ha 10 % mo npuunHe xopouiero 1poOaeHust TOPHOM
MAacCCBI.

[ Mitsimym auanaaova 6.2
[Maxcusys amanasona 2
KONUMecTso SHavesi b Bubopke 105

MUHIMANSHOE IKa-HKE B BxO0DKE 0,25050550699234
MAKCHMANWHOO IMEOHUE B BMBOpKe
Cpeogmee apudmenmeckoe

Mopa

Me/IMaxa N0 CTATHCTHHECKOMY PRAY
MaTOMATHHECKDR ONAIAHNG

Thicnepcm X

CpeaHexsanparwecsoe ormnonenve  |0,112151501031745
[KoawumenT BapvaLyn 0.312773110447007 |
ACHMMETRHA 1,40211824

Jxcyece X

CpegHwin pasmep xycxa 0,44857 1428571429
TipouenT nerabapwia

; b 3TN

L8 bt~ 3
<0 s TN

Pucynok 4.10 — Ananu3 Nel rpaHy0METPHUYECKOTO COCTaBa B30OPBAaHHOM TOPHOM
Macchl ¢ MpUMEeHeHHeM porpammuoro komiiekca K-Mine Granules (2
HKCIIEPUMEHTAJIbHBIN B3PBIB)
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|Muuuuyu| AManaloHa ]0,2

Maxcumym auanasosa ‘2_

Koni4ecTso aHavyexiit 8 Bubopke 665

MUHUMANEHO 3HAYEHHE B BLIDOpKE 0,250040054321289
3HaqeHme 8 suibopke [ 0,892919301986694

Cpegree apudmeTiieckoe 0,334912574336045

Moga 0,29

|Meawara no CTATUCTHHECKOMY PRAY 0,29

MaTemariieckos oxuianne 0,334390977443609

[Ancnepcus 0,00855335089603708

CpepgHexeaspatyeckoe otknoesne | 0,0924843278401107

[ BapHaLin 0,276575428401644

ACHMMETDHR Z,IW

Oxcyecc 4,42118814314711

CpegHuit paamep kycka 0,424390977443609

[ipougnt weratapa 103

Pucynok 4.11 — Ananu3Ne2 rpaHyJIOMETPUYECKOTO COCTaBa B30PBAHHOM rOpHOM
Macchl ¢ MPUMEHEHHEM IporpaMMHoro komiuiekca K-Mine Granules (2
HKCIEPUMEHTAIbHBIN B3PBIB)

MuHitMym AHaNa3oHa

Maxcimym auanaaoHa

Konusecrao aHavexinn 8 Beibopke
MUHUMaNsHOE 3HaveHue B Buibopke
MaxcumansHoe aHaqexue 8 suibopke
CpenHee apubmeTieckoe

0.6+ Moga

Meauaxa no CTaTHCTHHECKOMY PRAY
Martemaruyeckos oxuaaxne

0.8

Qucnepcus
CpeaHeKsanpaTyeckoe 0TKNOHeHHS

044
ACHMMETDHA
Oxcyece 4,05214475129433
Cpeanvin paawep kycka ’W
TipoLenT Herabapwta [T

0027
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Pucynok 4.12 — Ananu3Ne3 rpaHy10MeTpHUYECKOTO COCTaBa B3OPBAHHOW TOPHOM
MAacchl ¢ IpUMEHeHHeM mporpammuoro komiiekca K-Mine Granules (2
HKCIIEPUMEHTAJIbHBIN B3PHIB)

Tperuit 0a30BbI B3pbIB NpU MPUMEHSIEMON TEXHOJOTUU ObUT MPOU3BEICH B
NOPOJHOM OJIOKEe C ceTKoM 5*5M 0e3 OypeHus NOMOJHUTEIbHBIX CKBAXHH IJIs
CO3/IaHUs IIPEIBAPUTENLHOTO HANpsbkeHUs B MaccuBe. OObeM Omoka —8730 3.
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Huametp ckBaxuH — 165 M. KomnuectBo ckBaxkuH — 47 IIT; cpedHsis TIyOuHa
ckBaxuH — 10,84 M. O0bveM Oypenus coctaBua — 509,4 n.M. CKBaXUHBI 3apsKAIHUCh
[0 IITaTHOM TEXHOJIOTUU: OOpaTHOE WHUIMHUPOBAaHUE; B KauecTBE OCHOBHOro BB
ucnosb3oBasics Urnapua O1'A, marpon-6oeBuk [lerporen I1, muamerp marpona — 90
MM, HaBecka -1,5 xr, BeauuuHa 3a00iku — 20% riayounsl ckBaxuHbl. Pacxon BB Ha
6110k cocTaBua 7886,97 kr, yaensHbli pacxon — 0,9 kr/m®. Beixos ¢ 1 .M. CKBa)KHHBI
—-17,14 m*/m.m.

B pesynpraTe BH3yanpHOro oOcMoTpa OJIOKa KayecTBO JApOOJICHUS —
HEYJIOBJIETBOPUTENIBHOE, JIMHHMS OTphIBA MPOCIEKHBAETCS HEUYETKO, BO BpeMs
IKCKaBallMM OTPaOOTaHHOTO OJIOKAa BBIXOJ HETA0APUTHBIX KYCKOB TOPHOM MAaccChl
coctaBmi 2,4 %. 3aBbimieHus 1o mojomBe oOHapyxkeHs: V=8 Mm% L = 1,5-2m.
3aK0JI0B Ha OTKOCE HE OOHAPYKEHO.

[Tpon3BOUTENBHOCTh HKCKAaBaTOpa IMpH paboTe Ha JaHHOM OJIOKE — HUXKE
CpeIHEeIKCIUTyaTallMOHHOM Ha 12% 1o mnpuuMHE HEKAYeCTBEHHOIO JpOOJIeHHUs
TOPHOM MacChl, HAJIMYHSI 3aBBIIICHH 110 TIOIOLIBE.

|Munuuw AManaloHa 02
Maxcumym QManasoHa 2
KoniecTso aHa4exii 8 BiGOpKe 635

MuHimansHoe 3Hayenue 8 eeibopke  |0,250430136919022
3Havenne 8 ebibopke | 1,0806382894516
Cpepree apwhmeriieckoe 0,361559729923414

Mopa 029
Mepwaxa no cratucruieckomy pray 10,29

MaTeMarn4eckos OXWIaHHE 0,360582677165354
Tincnepcnn 0,0163063833219666
Cpeavekeagpatuyeckoe otknoHenne | 0,128050706058056

[Ki sapaL 0.355121624434928 |
ACHMMETPHA 7,20753014369407 |
Oxcyecc 5,78000126288299
CpenHuit pasmep kycka 0,450582677165354
TipouewT nerabapwta 75

oortfos o (o [0 P
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Pucynok 4.13 — Ananu3 Nel rpanyJIoMETpHYECKOrO COCTaBa B30PBaHHOW FOPHOM
Macchl ¢ MpUMeHeHHeM porpammuoro komiiekca K-Mine Granules (3 6a3oBbrit
B3PBIB)
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Emnnw AManaloHa |0.2
Maxcumym auanasoqa ’2_
Konuyecrso aHauexmi 8 Buibopke 96

MuimansHoe aHavexue 8 eeibopre  |0,251182019710541
MaxcumansHoe 2Havexue 8 ebibopke 0.794M:W
CpenHee apubmeTieckoe 0,342083774196605

Mopa 029

Meguana no crarucruseckomy pRay (0,29

MaTtemariieckos oxuiaHne 0,340625

[lucnepcua 0,009924609375
Cpenxexsanpatuyeckoe otknosenne  (0,0996223337158892
[Ki BapHaLIm 0,202069236507106 |
ACAMMETRHA 221520121724393 |
Okeyece 5,64644300668224
Cpenunit paamep kycka 0,430625

IPOLEHT Hel ura 21

00 oo [0 Jo p
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Pucynok 4.14 — Ananu3z Ne2 rpaHyI0METPUYECKOTO COCTaBa B30PBAaHHOUN TOPHOM
Macchl ¢ MpUMeHeHHeM porpammuoro komiuiekca K-Mine Granules (3 6a3oBbrit

B3pbIB)
MuHiMyMm a1ana3oHa 02
Marcumym auanasoHa 2
KonwecTso aHaueHmit 8 Beibopre 776
MiHUMansHO® 3HaveHne B Bxibopke | 0,250165194272995
MarcumansHoe 3Havenme 8 soibopre  [1,34861719608307
Cpearee apuhmetnieckoe 0,364027122285255
[Mona 029
Meqmaxa no cratucriyeckomy pay (0,29
MaTemarn4eckoe oxuaaHne 0,362835051546392
[ucnepens 0,0174919624827293
Cpenvexsanpatuqecroe otknosenme | 0,13225718310447
[K BaphaLn 0,364510401863435 |
ACHMMETDHA 2.4:{WI
Akcyece 8,37015486568693
Cpeayi paswep Kyoa 0,452835051546302
TIpoLeHT RerabapuTa 77

0 poor |0 0

011 031 051 071 081 1M 13 15 A7 9

Pucynok 4.15 — Ananu3 Ne3 rpaHy10METpHUUYECKOTO COCTaBa B30OPBAHHOW TOPHOM
MAacchl ¢ IpUMEHeHHeM mporpammHoro komiiekca K-Mine Granules (3 6a3oBbiii
B3PbIB)
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Tperuii SKCHEpPUMEHTAIbHBIA B3pbIB  C  CO3/JaHMEM IPEIBAPUTEIHHOIO
pa3ynpoOYHEHHOTO COCTOSIHHSI B MACCHUBE OBLT MPOU3BEICH B MIOPOTHOM OJIOKE CETKOM
5*5m ¢ OypeHHEM OTOJHUTEIBHBIX CKBAKWH IS CO3JAHHS MPEABAPUTEIHHOTO
HAIpsHKCHHSI B MAaccuBe, B KonuuecTse — 13 mr. O6nem 61oka — 7134 M3, Jluamerp
ckBaxuH — 165 MMm. KonndecTBo CKBakMH — 48 IIT; CpeaHss TNIyOMHA CKBaXUH —
8,65 M. O0obem Oypenusi coctaBuil — 4152 nmm. CKBaXHHBI 3apsKaIUCh IO
CJIeIyIOIEeN TEXHOJOTUU: OO0paTHOE WHUIMHUPOBAHUE; B KadecTBEe OCHOBHOro BB
ucnonb3oBaics Urgapun OT'A, marpon-6oeBuk Ilerporen I1, nuamerp marpona — 90
MM, HaBecka -1,5 kr. Benwunna 3a00iiku B MITaTHBIX CKBaXWHAX — 20% TrIyOWHBI
CKB&)XMHBI, B 3KCIEPUMEHTAIBHBIX CKaxuHax — 50% riyOuHbl CKBaxuHbl. Pacxon
BB na 610k coctaBun 6397,9 kr, yaenbHbil pacxon — 0,9 kr/m%. Berxog ¢ 1 m.wm.
CKBaXHHBI - 17,18 M3/m.Mm.

B pesynpraTe BuU3yanpHOTO oOcMoOTpa OJioKa KauyecTBO JApOOJICHUS —
HEYJOBJIETBOPUTEIBHOE, JMUHUA OTPbIBA IPOCIECKUBAETCA UYETKO, BO BpeMs
DKCKaBallud OTPaOOTAaHHOTO OJIOKA BBIXOJ HEraOapUTHBIX KYCKOB TOPHOM Macchl
coctaBun 1,9 %. 3aBplmenus 1mo nopomse oOHapyxkensl: V=4 M3 L = 1-12 wm.
3aK0JI0B Ha OTKOCE HE OOHAPYKEHO.

[Ipu paboTte sKCKaBaTOpa Ha JAaHHOM OJIOKE CKOPOCTh MOTPY3KH TOPHOM MAacChl
B aBTOCAMOCBaJIbl CHU3WIACh HA 9 % 10 MpUYMHE HEKAYECTBEHHOIO APOOJIECHUs
TOPHOU MacChl, HAUIMYMS 3aBBIILICHUH T10 ITOJOIIBE.

Witnisym Ananasona 6.2

Maxcusym auanasona

KONUMECTBO SHavesatit 8 BubopKe 53

MUHUMANSHOE 3HA“EHUE B BuO0pKEe 0,251577436923981
MaKCHMAmHOO IHaNonio & smbopre | 0,705046474033624
Cpesgoe apudimetwecroe

Moga

Ma/IMaHa N0 CTATHCTHHECKOMY DALY
[VATOMATINGCKOR ORWIAHNG
HAncnepcs

=

KOG(DAWUMEHT BADMELNK
ACHMMaTPHA
Sncyece 8
Cpezii pasmep xycxa 0,430943306226415
TIpougHT wmwva 19
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PucyHnok 4.16 — Ananu3 Nel rpaHyJIoMeTprUYECKOro cocTaBa B30pBaHHOM TOPHOM
Macchl ¢ MpUMeHeHreM mporpammuaoro komiiekca K-Mine Granules (3
IKCIIEPUMEHTATBHBIN B3PHIB)
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[Mmuuyu AManaoHa 02
08 Maxcumym auanaosa 2
0728 Konuecrso aHavexii 8 Buibopre 707
[MuHiumansHoe aHavenne 8 eubopke | 0,250083088874817
[ MarcumansHoe aauenwe 8 Buibopke | 1,32922899723053
CpegHee apudmetnieckoe &54740977835254
06 Moga 0,29
Mepnaxa no CTAaTHCTHHECKOMY PARAY 0,29
Matemarieckos oxuaaHne 0,356195190947666
[ucnepens 0,0160572348849352
CpenHeKeanpaTviecko oTnonenwe  |0,126717145189336 |
04 g ESEE
[Acmmetpun 757950489176999 |
BKcyece 6738172445845 |
CpezHnn pasmep Kyoa 044619519004 7666
i TIpoueHT Herabapwta |2

0.2

00 0004 | o poor [0 b

0
011 031 051 071 081 1M 131 15 1 1@

Pucynox 4.17 — Ananuz No2 rpanyJIoMETpHYECKOTO COCTaBa B30PBAaHHOW FOPHOM
Macchl ¢ MpUMeHeHHeM porpaMMmHoro komruiekca K-Mine Granules (3
IKCIIEPUMEHTATBHBIN B3PHIB)

[Muuuuyu [HanaloHa 02
Maxcumym auanasosa 2
KonuyecTso aHavexii 8 suibopke 164
MUHAMANSHOE 3HaveHNe B Bsbopke  |0,251059353051503 |
sauibopke  [0,915435492992401

Cpeasee apudmetiiackoe 0,3452835769915
Vo o=

no ypaay (029
Matemariieckos oxuaan1e 0,342682926829268
[lucnepcna 0,0118440214158239
Cpenxereanpatnyeckoe otknosesme  |0,108830241274307
K 0,317582910480185 |
ACHMMETDHA 740702550683043 |
Oxeyecc 6,30110477668442
Cpeguwit paamep kycka 0,432682926829268
ITipoLeHT Herabapwta T8

PucyHnok 4.18 — Ananu3 Ne3 rpaHyJIOMETPHYECKOTO COCTaBa B30PBaHHOW FOPHOM
Macchl ¢ MPUMEHEHHEM mporpaMMHoro komiuiekca K-Mine Granules (3
AKCIIEPUMEHTAJIbHBIN B3PBIB)
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AHanoruuHple pe3yapTaThl ObUIM MOJIYYEHBI NPU OCTAJbHBIX 0a30BBIX U
HKCIIEPUMEHTAIbHBIX B3pbIBaxX (Tabmuua 4.1).

4.3 Ananu3 PE3YJILTATOB UCCJICAOBAHUSA 110 YCTAHOBJICHUIO BJAUAHUSA CETKH
PACMOJI0KECHUA CKBAKUH Ha IMOKAa3aTEJIn OTOOMKH

Pe3ynbTaThl MpOBEACHHBIX OYPOB3PHIBHBIX PaOOT MPUBEICHBI B CPAaBHUTEIHLHOM
tabmnuie 4.1

Tabnuna 4.1 - CpaBHuTenpHas TaOIUIA PE3YIBTATOB MPOBEACHHBIX OYPOB3PBIBHBIX
paboTt

Obmem Cetka Cpen, Brixo

No TOpHOU 5 riryouHa O0BeM Pacxon | Ya.pacxon 5 A

B3pbIBa| MACCHI, YPerii, CKBaXuH, | Oypenus,n.mM.| BB, xr | BB, kr/m3 Hera ?/pHTOB
M3 M M 70
ba3oBbie B3pbIBBI
1 6420 4*4 9,27 454,3 7632,24 1,19 0,8
2 6850 4*4 9,3 456,2 7980,12 1,16 0,85
3 21100 |4,5*%4,5 17,1 1352,7 22725,36 1,08 1,1
4 8730 5*5 10,84 509,4 7886,97 0,9 2,4
5 8950 5*5 11,0 520,0 8220,50 0,92 2,3
6 14222 |5,5*%5,5 14,1 817,3 13730,64 0,97 2,5
7 18860 6*6 12,4 843,3 13188,42 0,7 2,7
DKCIepUMEHTAIbHBIE B3PBIBBI

1 3372 4*4 51 305,8 4588,11 1,36 0,6
2 3450 4*4 53 320,2 4820,15 14 0,65
3 10701 |4,5*45| 10,67 747,2 11205,24 1,05 0,8
4 7134 5*5 8,65 415,2 6397,9 0,9 1,9
5 7420 5*5 8,9 420,0 6530,60 0,88 2,0
6 7980 |5,5*55| 10,02 541,2 8572,19 1,07 0,95
7 22140 6*6 12,7 1129,6 17671,79 0,8 1,1

4.3.1 Awnanuz pesyrbmamo8 uUcCCied08aHus NO YCMAHOBGIEHUIO UMEHEHUs.
yoenvHozo pacxooa BB u évixoda necabapumnulx KycKos

O6paboTkoil TaHHBIX TAONUIEI 4.1 ObUIM MOJY4YEHBI 3aBUCUMOCTH M3MEHEHUS
yaenpHOTO pacxona BB mpu 0a3oBoil u mpemsiaraeéMoi TEXHOJOTHSX OT CETKH
pacrosiokeHus: ckBakuH (pucynok 4.19, 4.20).
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1.4 =4~ Bazoswe BIpLBL
—8— IKCNEPUMEHTANLHLIE BIPLIBL!

¥a. pacxon BB, krim®

0.9

0.8

0.7

4*4 4,5%4.5 5*5 5,5*5,5 6*6
CeTra BypeHua

Pucynok 4.19 - 3aBucuMocTh U3MEHEHUS yIeTbHOTO pacxoaa BB npu 6a30Boii u
IpeaIaraeMoi TEXHOJIOTHSIX OT CETKU PACOJIOKEHHS CKBAKUH

[Ipu menkoii cetke Oypenusi (4x4) pacxon BB mis skcnepuMeHTaNbHBIX
B3pPbIBOB 3HAUUTEIBHO BBIILIE, YEM JJI1 Oa30BBIX B3PHIBOB.

[To mepe yBenuueHus: pa3MepoB ceTku OypeHus (10 55 u 0oJblIe) MoKa3aTeau
pacxoza Juist SKCIEPUMEHTANIBHBIX M 0230BbIX B3PHIBOB COIMKAIOTCA.

[Ipn cetke 6%X6 HSKCHEPUMEHTAIBHBIE B3pPbIBBI ITOKA3BIBAIOT MUHUMAJIBHBIN
yaAenbHbI pacxon BB, uro yka3biBaeT Ha X 3(PEKTUBHOCTD B YCIOBUAX KPYITHOU
CETKH.

Basosble B3pbiBbl BHCHEDMN\EHTaﬂbeIe B3PbIBbI

e
O ST -

08

0,6 R?=0,9732
y =-0,007x*+0,1076x* - 0,5575x* + 1,0336x + 0,6057

R? = 0,9902
y =-0,0132x*+0,2092x%- 1,1025x? +2,0729x +0,1943

va.pacxoa BB, Kr/m3
¥Ya.pacxon BB, kr/m3
%

o
h o o

04

o

0,2

o
o
o W

a*4 a*4 15%4,5 5e5 545 5,545,5 6% 4% a4 4,5%45 5¢5 55 5,5%5,5 6*6

CeTka BypeHuna, M CeTka BypeHua, m

Pucynox 4.20 - U3menenue ynensHoro pacxoaa BB B 3aBucumocTt OT ceTku
PaCIOJIOKEHUS CKBXKUH MPU 0A30BOM U MpeTaraeéMoil TEXHOIOTUSIX

Taxke o00paboTkOM JaHHBIX TaOauIbl 4.1 ObUIM TOJy4eHBl 3aBHCUMOCTH

W3MEHEHHUS] BBIXOJA HErabapuTHBIX KyCKOB IMpu 0a30Boil W mpenjaraemMon
TEXHOJIOTUSIX OT CETKHU PACIIOIOKEHUS CKBaXHH (pUCYHOK 4.21, 4.22).
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—e— ba3soBble B3pbIBbI
—e— 3KCNepuMeHTallbHble B3PbIBbI

2.5}

N
=)
-

=
(]
T

Bbixoa HerabapuToB, %

=
o
T

0.5L— ' : : :
44 4,5%4,5 545 5,5%5,5 6%6

CeTka bypeHus

Pucynok 4.21 - 3aBUCHMOCTb U3BMEHEHUS BbIXOJa HErabapuUTOB MpU 0a30BOM U
IIPEIIAraéMoOM TEXHOJIOTHAX OT CETKU PACIIOJIONKEHNS CKBAXKUH

CpaBHeHME  TO  BBIXOJly  HeErabapuToB Mexay ~ 0a3oBBIMH U
HKCIIEPUMEHTAILHBIMU B3PhIBAMU:

- CpenHuii BbIX0JT HerabapuToB A 6a30BbIX B3phIBOB: 1.9%

- CpenHuii BHIXO]T HErabapuToB JJI SKCIIEPUMEHTAIBHBIX B3pbIBOB: 1.07%

DKCcrnepUMEeHTAIbHBIE B3PHIBBI MMOKA3aJy 3HAYUTEIHLHOE CHUYKEHUE BbIX0/Ia

HerabapuTOB MO CPAaBHEHUIO € 0a30BbIMU B3pbIBaMH Ha 43%. DTO CBUIETENBCTBYET O
TOM, YTO 3KCIIEPUMEHTAIBbHbIE TEXHOJOTUHU 00Jiee F3((HEKTUBHBI B YMEHbBIICHUH JOJIN
HerabapuToB.

BasoBble B3pbiBbl JKCNepMMEHTaNbHbIE B3PbIBbI

w

y =0,0054x%-0,09x" +0,4831x%-0,8313x+0,2402x + 1,0071 2,5
R* = 0,9535

N
n

N}

Boixon Herabapuros,%
Bbixoa Herabaputos,%

R*=0,9918
y =0,0221x°-0,411x%+2,757x%- 8,1458x* + 10,639x - 4,2571

4*%4 4*%4 4,5%45 5%5 5%5 5,5%5,5 6%6 4*4 a*4 4,5%4,5 5%5 5%5 5,5*5,5 6%6

CeTra GypeHua, M CeTua Gypenmna, m

Pucynok 4.22 - 3MeHeHne BbIxo/1a HerabapuTHBIX KYCKOB B 3aBUCUMOCTH OT
CETKH PacoJIOKEHHS CKBAKUH MPU 0A30BOM U TIpeasiaraeMoi TEXHOJIOTHIX

OO6paboTKON AaHHBIX OMBITHO-MIPOMBIIUICHHBIX B3pbIBOB (Tabmuua 4.1) Obuin

MOJTyYeHbl U3MEHEHHS BBIXOJa HerabapuTHBIX KYCKOB U yAeIbHOTO pacxoaa BB ot
JIHC nipu B3pbIBE MPUMEHSIEMOM U TpeajiaracMoi TEXHOIOTHsIX (PUCYHOK 4.23).
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CpaBHWTENbHAsA AUarpaMmma rnapamMmeTpoB B3pPbIBOB

| mmm JTHC, m
W Y. pacxop BB, kr/m3
N Buixog HerabapuTos, %

[92]

-y

[MokasaTenu
w

Ne B3pbiBa
Pucynox 4.23 - 3amenenus yaenbHoro pacxoja BB u Beixona HerabapuTHBIX KYCKOB
ot JIHC

N3 pucyHnka 4.21 MOXHO cAenaTh CIEAYIOIIME BHIBOBIL:

- KauectBo npoOneHusi: DKClIEpUMEHTAIbHBIE B3pPBIBBI UMEIOT 00Jiee HU3KH
BBIXOJ1 HETa0aAPUTOB.

- Pacxon BB: OxcnepumeHTanbHbIE B3pPBIBBI MPOU3BOIAT 0O0J€€ BBICOKHIA
yAenbHbIN pacxos BB Ha HauanbHBIX cTagusX (Hampumep, Ipu ceTke 4x4 M), HO TIpH
aToM obOecnieunBailoT Oosiee dddexTuBHOE apobieHne. B 0a30BbIX B3phIBax
yAenbHbIN pacxoa BB cHmkaercs ObicTpee, OJHAKO ATO MPUBOAUT K YBEIMUCHUIO
BBIX0/1a HETa0apUTOB.

- O0bem OypeHusi: DKCHEPUMEHTAJIBHBIE B3PHIBBI, HECMOTpPsI HAa MEHbBIIUN
obbeM OypeHus W oOmMIA 00BEM TOPHOM Macchl, AAIOT 0oJiee KadeCTBEHHBIC
pe3yJbTaThl B IJIaHE APOOJICHHUS.

4.3.2. Auanuz pe3ynibmamos UCCIe008aHUsl NO YCMAHOBIEHUIO U3MEHEeHUs.
00vema OypeHust Om cemKU pacnoOHCEHUsI CKEBANCUH

O6paboTKOoi JaHHBIX TaOIUIEI 4.1 TTOJTyYeHbI 3aBUCUMOCTH U3MEHEHUSI 00BheMa

OypeHusi mpu 0a30BOM U TMpeajaracMoil TEXHOJOTHUAX OT CETKH PaCIOJIOKEHUS
CKBaxuH (pUCyHOK 4.24, 4.25)
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1400

—e— ba3oBbie B3pbIBbI
—8— JKCMEepUMEHTabHbIE B3PbIBbI

1200

n.m

: 1000

800

Obbvem bypeHus

600

400 |

444 4,5%4,5 5+5 5,5*5,5 6*6
CeTka bypeHuns

Pucynok 4.24 - 3aBucuMocTh u3MeHeHUs1 o0beMa OypeHus rpu 0a30BoO U
IIpeIIaracMoi TEXHOJIOTUSX OT CETKU PACIIOJIOKEHHS CKBAKUH

Ha Bcex aTamax sKCIepUMEHTaJbHbIE B3PbIBbI MOKA3bIBAIOT MEHBUIMM 00BEM
OypeHHs 10 CPaBHEHHIO C 0a30BBIMH. DTO MOXKET CBUAETEILCTBOBATH O TOM, YTO
HKCIIEPUMEHTAJIbHBIE TEXHOJIOTUU MOTYT OBbITh OoJiee 3(PPEKTUBHBI C TOUKH 3PEHUS
OypoBbIX paboOT, CHIKas HEOOXOAUMBIM o00beM OypeHHus i JOCTHUKEHUS
aHAJIOTUYHbBIX PE3YJIbTaTOB.

Basosble B3pblBbl 3chepv1meHTaanb|e B3pPblBbI
1600 v =-21,745% + 434,56x°- 3196, 153 + 10542x2 - 15007 + 7690,7 1200

1400 R2=0777 y =-7,0675x%+148,68x*- 1139,8x + 3881,2x? - 5620,3x + 3037,2

1000 R?=0,938 3
800

600

600

400

Obbewm BypeHua, n.m
0b6bew Bypenua, n.w.

200

4%4 4%4 45%45 5*5 5*5 5,5%*5,5 6*6 4*4 4%4 4,5%4,5 5%5 5*5 5,5%5,5 6%6

CeTra GypeHus, m CeTka Gypenusa, m

Pucynox 4.25 - H3menenme oOneMa OypeHHS B 3aBUCUMOCTH OT CETKH
PaCoJIOKEHUS CKBOKUH MPU 0A30BOM M TIPEAJIaraeMOM TEXHOJIOTHSIX

[Ipu cetke Oypenust 6*6 o0bem OypeHus Ajis 0a30BBIX U IKCHEPUMEHTATBHBIX
B3PHIBOB CTAaHOBHUTCS 0OOJie€ CXOXKUM. DTO MOXKET O3HA4aTh, YTO TPH KPYIHBIX
MacmTadbax pazaudusi MeX1y TEXHOJIOTUSIMUA YMEHBIIAIOTCA.

B uenom, sxcriepuMeHTanbHbIe B3PhIBbI JEMOHCTPUPYIOT MOTEHIMAN s Ooee
HKOHOMHUYHOTO OypeHHUsi, 0COOEHHO Ha MaJIbIX U CPEJHUX CETKaxX OypeHus.

[To pe3ynpTaTam MpPOBEACHHBIX OIBITHBIX B3PHIBOB, MOXHO CII€IAaTh BBIBOJ, YTO
HaWIydlllee  KauecTBO  JApoOJeHuss  ObLJIO  JOCTUTHYTO  NPU  TNEPBOM
HKCIIEPUMEHTAJIBLHOM B3pbIBE MpH ceTKe OypeHus 4*4M U HCIOJIB30BAHUU

AOMOJJIHUTCIIbHBIX CKBAKHWH JII CO3JaHHA AJOIIOJIHUTCIBHOIO Pa3yIIpPOYHCHUS
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MaccuBa. Beixos HerabapuTHbBIX KyCKOB ropHO# Maccel coctaBui 0,6 %. OgHako npu
JTAHHOM B3pbIBe ObUIO 3a(UKCUPOBAHO HAMOOJbIIEEe 3HAYCHHE YAEITBHOTO pacxoja
BB — 1,36 xr/m°. Haubonee onNTMMAabHBIE IApaMETPhl C SKOHOMHMYECKOH TOYKH
3peHus ObLIM JTOCTUTHYTBHI IIPH BTOPOM SKCIIEPUMEHTAJbHOM B3phIBE. [Ipu BhIXOHE
Herabaputos, pasHbM 0,8%, ynenbHbli pacxon BB coctasun — 1,05 kr/m°. Taxxe
CTOWT y4€CTb ITOBBIIEHUE CKOPOCTH dKcKaBauuu Ha 10 %.

4.4 Bausinue nNpuMeHsieMOil TEXHOJIOTHUH HA YCTONYHUBOCTH OOPTOB Kapbepa

OmHMMHM W3 CIOKHBIX TIPOLIECCOB MPU JOOBIYE TMOJE3HBIX HMCKOMAEMBIX
ABJIAIOTCS OypOB3pBIBHBIE pA0OTHI U YIIPABICHUE COCTOSIHUEM MacCUBa. B3pbIBHBIE
paboThl, KaK JOMUHHUPYIOHIMI CcHoco0 pa3pylieHus OoJbIIMX OOBEMOB TOPHBIX
Mopo/JI, B ce0eCTOMMOCTU JOOBIYM TOJIE3HBIX MCKOMaeMbIx 3aHumarotr 10 30%, Tak
KAaK KauyeCTBO B3PBIBHBIX Pa0OT MIPaeT OCHOBOIIONATAIOIIYI0 pOjib B MOCIEAYIOMIEH
nepepaboTKe  pynAbl, SBISAACH  ONpEACISIIONMMU  (akTopaMu  MHOXKECTBa
TEXHOJIOTUYECKHUX U SKOHOMUYECKHX rmokasateneit [25]. [ToaroMy aBTOpamMu JaHHO#
paboThI ObLIA TIPEITIOKEHA TEXHOJIOTHS OTOOMKH TOPHOM MAaCChl C MPEIBAPUTEIHHBIM
pa3yIlpoyHEHHEM MAacCHMBa B COYETAHUU C BBHIOOPOM ONTUMAJIBHBIX MapaMeTpOB.
CETKH PACIOJIOKEHUS CKBaXUH, CYIIHOCTh KOTOPOW 3aKJIIOYaeTCsd B CO3JaHUU
JOTIOJIHUTENBHOTO  PSAa 3apsiAHbIX  CKBAXKHH, MIPUYEM  MOIIHOCTh  B3phIBa
JOTIOJIHUTENBHBIX ~ CKBAKMH HE JOJDKHA TMPEBBINIATH MOPEAEa  MPOYHOCTH
paspyliaeMblx TOpHBIX Topoha. OjHako, TMPU TPOBEIAECHUU ONBITHBIX B3PHIBOB
BO3HHKJIAa HEOOXOJUMOCTh ONPEJEICHHS YCTOMYMBOCTH.

CpaBHeHUS U TOWUCK pa3IU4Yui TPU HCIOJB30BAHUU PA3TUYHBIX METOJIOB
OTpeIeSICHUs] YCTOMYMBOCTU OOPTOB MMEET OOJIbIIIOE 3HAYEHUE, TaK KaK BJIMSIET Ha
0e30macHOe BEACHHS OTKPBITBIX TOPHBIX paboT. OnpeneneHHble KO3PPUIUEHTH B
TEOPUU MOTYT MEPEUUTh JIPYT APYTY, TaK KaK UCIOIB3YIOTCSA PA3IUYHBIE MOIXO0IbI K
JTMCKpETU3aIK pacueTHO! obmactu [26]. Tak Hanmpumep, s METOIOB MPEACILHOTO
PAaBHOBECHUSI TMPUHITO HKCIHOJIb30BAaTh KPYTJIOUUIUHAPUYECKYIO WIH JIOMAHYIO
MOBEPXHOCTU CKOJBKEHUS, U KOA(D(UIMEHT 3araca yCTOMYMBOCTU OMpPENesieTcs
OTHOCHUTEJIBHO MTOBEPXHOCTU CKOJIBXKEHHUS, KOTOPasi B HEKOTOPBIX CIy4yasiX HE MOKET
MOJIHOLIEHHO OIKCAaTh PEAJbHYI0 IOBEPXHOCTh CKOJBXKEHHUS, METOJl KOHEYHBIX
AJIEMEHTOB pa3feiisieT BCIO pPacyYeTHYIO OOJacTh HAa KOHEYHBIC DJJIEMEHTHI U
UCIIOJIb3YET METOJ/I CHUKEHHUSI TPOUYHOCTHU JIJISI BCEX AJIEMEHTOB MacCUBa, 4TO, B CBOIO
ouepe/b, MOAPAa3yMEBAET HEOOXOJUMOCTh ONTUMAJIBLHOTO BBIOOpPa paszmepa
KOHEUYHBIX 2JIeMEHTOBV[27].

AHanu3 METOJI0B pacuéTa

MeTon KOHEUYHBIX 3JIEMEHTOB OTHOCUTCS K METOJIaM YHMCIEHHOTO aHajiu3a, Ha
CETOJIHSIIIIHUM JICHb TMOJYYMJI IIMUPOKOE PACHPOCTPAHEHUsS JIS PEIICHUS MHOTHX
WH)KCHEPHBIX U HAyYHBIX 3a/1ad.

Cytp Merona KoHeuHbIX 3jeMeHToB (MKD) cBomutcs Kk OHCKpeTH3aluu
IIPOCTPAHCTBA HAa MHOXECTBO KOHEUHBIX 31meMeHTOB (KD) (puc. 4.26), koTophIe
MPEICTABISIOT COOOW TOIMOJOTHYECKA W3BECTHBIE TreomeTpuueckue (urypsl (B
HAIlleM Ccllydae MpPOCTPAHCTBO pa30MBaeTCs HAa TPEYTrONbHUKH). TpeyroibHUKU
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MEXTy COOO0M COUIEHSAIOTCA (COSIUHSIOTCS) B y3J1axX (ToUKax, BepIInHax), GopMupys
TakUM O0pa30oM HENPEPHIBHOCTh TMEPEMEIICHU MO BCEW pacueTHOW 00JacTH.
Kaxaplii TpeyronbHUK HMEET KOHEYHOE YHCJIO CTEeMeHed CcBOOOJbl (CTemneHu
cBOOOABI  TPEACTABIAIOT  COOOW  KOMIIOHEHTHI ~ BEKTOPOB  OMpEAesieMbIX
nepemeniennil). [lockonbky cunraercs, uro KO counens! apyr ¢ ApyroM B y3iax, TO
MoJisi TMEpPEeMEIICHUH CUMTAIOTCS HEMpEephIBHBIMU, a TMoJis JedopMauuidi U
HANpsHKCHUH MOTYT H3MEHSThCs [28].

JUia HaxoXAeHUs HanpsHKEHHO-1e(OPMHUPOBAHHOIO COCTOSHUS HEOO0XOAMMO
BBECTHU IPaHMIIBI MOJEIH (B TOYKAX HA TPAHULIAX MOJEIH MEPEMEILEHUS B/I0JIb OCEN
cTerneHel cBoOoabl paBHbl () HAa yAaJeHUH OT OTKOCA, YTOOBI OHM HE BIIMSAJIU Ha
pacder cocTosiHUS OTKoca. Marpuna sxectkoctd B KD crpoutcs, ucxons us
IPUHLIAIIOB MUHUMU3ALMN MOTEHIMAIBHOW 3Hepruu Jlarpanka, U mpeaHa3sHaueHa
JUISL CBSI3BIBAHUSl Y3JIOBBIX CHJI W mepemelieHud. DopMUpoBaHUS TII00ATBHON
MaTpPHIbI )KECTKOCTH CUCTEMBI MPOU3BOAUTCS IyTEM HAJIOKEHUSI MATPULL )KECTKOCTH
KD npyr Ha npyra [29].

VYpaBHEHUs, CBA3BIBAIOIINE EPEMEILEHNUS Y3JI0B U Y3JIOBbIE CHJIbI, U3BECTHBI U3
TEOPUH YIPYTrOCTH. DTH ypaBHEHUs (HOPMHUPYIOT OOIIYI0 HEpa3pbhIBHYIO CHUCTEMY
YpPaBHEHUH, KOTOpasi BbIPAKAET PABHOBECUS CHUCTEMbl M  HENPEPBIBHOCTH
nepemenieHui B y3nax K3 [30].
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Pucynok 4.26 - ITpuMep NOoCTpOCHUS CETH KOHEYHBIX 2JIEMEHTOB, BBITTOJTHEHHOTO B
nporpamMmmaom obecrieueHnu K-MINE

2} I il

Kak wu3BeCTHO B TEOpUH YNPYrOCTH, HCHOJB3YKOTCS TPU  TPYIIBI
ONPEAEIAOIIMX YPABHCHUM:

3aKOH paBHOBecus B (opme auddepeHImaIbHbIX COOTHOIIEHUM YacTHBIX
MIPOU3BOJIHBIX BHYTPEHHUX HAIPSIKCHUI:

doy | dtyy

o Tag TX70 )
Tax 4 8% 47 =0
dx dz -
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JIMHCHHBIC reOMCTPHUIYCCKHEC COOTHOIIICHHUA Ko CBs3U MCKIY
MNEPpEMCIICHUAMN )41 I[GCI)OpMaL[I/IHMI/I, BbBIpAXXaromue HCTIPCPBIBHOCTD u
OTHOCHUTCIIbHYIO MAJIOCTh HGpGMCIHCHHfII

_du_ _dv_ _du dv
Ex_&f EZ_E' YXZ_& Ea (6)

nuHelHbIe Pu3nyeckne ypaBHEHUS (3akoH ['yka) CBSI3M MEXIy HANPSKCHUSMHU
¥ OTHOCUTEIBHBIMH JIehopMaIusMu

Oy 1—v % 0 £y

E
o 8 =— = | v 1-v 0 g, b (7)
T, (1+v)(1-2v) 0 0 1-2v -

2

CyTb pacyeToB CBOAMUTCS K (DOPMUPOBAHUIO U PEIICHUIO CUCTEMbI JTUHEHHBIX
yYpaBHECHUH, HCM3BECTHBIM B KOTOPBIX SIBJISIFOTCS repemertienus [31]:

{F} = [K[{U}, (8)
rae {F} — Bekrop-crosber mepeMenicHni;
[K] — MaTpuIa 5K€CTKOCTH CHCTEMBI;
{U} — BekTOp-CcTOIOECI] TEPEMETTICHHUIA.

[Touck ko3¢ duimenTa 3amaca MPOU3BOJAUTCS «METOIOM CHIDKCHHS MPOYHOCTH
Ha CIBHUT», CYThb KOTOPOTO COCTOMT B TIOCTCTICHHOM YMCHBIICHHH CIBUTOBBIX
XapaKTEPUCTHK CIEIJICHUS C W yIjla BHYTPEHHETO TPEHHUS (¢ TIOPOJ, ClaraeMbIX
OTKOC, JI0 MOMEHTA MOJIy4eHHsI HEYCTOMYMBOTO cocTostHus [32]:

C
Cf=—, 9
= ©)
(¢ = artan (t?(n (p>. (10)
3y

B K-MINE peanu3oBanbl METOABI MPEACIBHOTO paBHOBecUs (METOA
MHOTOYTOJIBHUKA CHUJI, METOJ ainreOpamveckoro CIOXKEHUS CHUJl), CyTh, KOTOPBIX
CBOJMTCS K OMPEIEICHUI0 Takoro Kod(duimeHTta 3amaca JENCHHS, HA KOTOPBINA
MIPUBOJUT OTKOC B MIPEAETHHOE PABHOBECHE.

Metoa MHOTOYTOIbHUKA CHIT Oa3UpyeETCsl Ha MPEANOIOKEHUH O TOM, YTO OTKOC
HAXOJUTCS B PABHOBECHHM, TO €CTh CIBUTAIONIME U YIACPKUBAIOIIME CUJIBI PaBHBI
MEXy co0oi. B 3TOM MeTo/e K CABUTAIOIINM CUJIaM OTHOCSITCS: PEaKIMsl OTOPHI 110
nojomiBe 0JI0KA; peaKIui CO CTOPOHBI CMEXKHBIX OJOKOB; CHUJIbI THIPOCTATUYECKOTO
JaBJieHusl Mo rpaHunaM 0yokoB. K yaepkuBaromuM OTHOCATCS: CHJIBI CIEIUICHHS,
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KOTOpbIC ICHCTBYIOT MO OOKOBBIM IpaHsIM OJIOKOB; CHJIa, ACHCTBYIOIIAS 0 MOIOIIBE
O70ka (HampaBJieHHas B  IPOTHUBOIOJOXHYI)  CTOPOHY  MPEANOJIaracMoMy
JIBY)KEHUIO), PEaKIIMU CO CTOPOHBI HIDKE JiexKanux 0710koB [33].

B cocrosHuM TpeNenbHOr0 paBHOBECHS MHOTOYTOJBHUK CHJ  JIOJKCH
3aMKHYThCSI. ECITM MHOTOYTOJIbHHK HE 3aMKHYT, CyllecTByeT HeBsiska cui AF, To
HPUHATHIH KOI(GHUIMCHT 3amaca yCTOWYMBOCTH HE COOTBETCTBYET YCTOWYMBOCTH
otkoca [34]. B aToM ciiyyae MOBTOPSIOT pacyer ¢ ApyruM koddduimeHToM 3amaca
(CHIDKAsI MITH YBEJIMYIMBAs €T0), MOCTIE Yero He0OX0AUMO OIPEICTUTh HEBS3KY CHIL, U,
B cirydae AF # 0, HeoOXoauMo ompenenuTh GpakTHaeckuil KodhPHUIUEHT 3amaca 1o
3aBHCHMOCTH HEBSI3KH OT Kod(ddurmenTa 3amnaca (puc. 4.27).

Y

FZ

Pucynok 4.27 - I'paduk k onpenenenuto Gpaxktuyeckoro kosdduireHTa 3anaca
YCTOMYHUBOCTH

Ha puc. 4.28 nokaszaH mpuMep pacdeTa METOJOM MHOTOYTOJIbHUKA CHJI B
nporpammHom odecnieuennu K-MINE.

Pucynok 4.28 - [Ipumep pacuera koddduiirenTa 3anaca MeToAaMu MpeIeIbHOro
paBHOBecus B mporpamMmMHoM obecrieuenun K-MINE
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Ha puc. 4.29 mokazaH mpumep pacueTa METOJOM KOHEUYHBIX 3JIEMEHTOB B
nporpammHoM obecnieuernn K-MINE.

(d6ueobrie depopmauyuy

oLl

16E-003
2.70E-003

Pucynok 4.29 - [Ipumep pacueta kodddunnenta 3anaca merogam MKD B
nporpaMmmHoM obecrieuennn K-MINE

JUis cpaBHEHHMsSI METOJOB MEXIy COOOH ObUIM ONPENEIEHHbl OTKOCHI C
pPa3IMYHBIMHM yIJIaMU HAKJIOHA U BBICOTAMH, (PU3UKO-MEXaHUYECKUMHU CBOWCTBAMH,
orpeeeHbl KO3 GHUIIMEHTHI 3amaca yCTOHUYNBOCTH JJIsl 3TUX OTKOCOB (Tabu. 1-2).

JUis aHanmM3a W CpaBHEHHMS METOJOB pacdyeToB ObUIO  HCIOJIB30BAHO
nporpammHoe obecrnieueHuss K-MINE, BBuay Hannuusi BcmomoraTesnbHbIX MOAYJIEH,
KOTOpBIE YMPOINaloT paboTy WHXKEeHepa-TeoMexaHuka. K TakuMm MOZyJsIM MOXKHO
oTHecTn MonynH ['eonorus, [IpoektupoBanue, Mapkueinepus.

Hcxomgnple mapaMeTpsl (Yroil OTKOCA, BBICOTA OTKOCA, OOBEMHBIN BEC, Yrodi
BHYTPEHHETO TPEHUs, CIETUICHUs) s TIONyYeHUS aHAIM3HPYEMBIX JTaHHBIX
OTIpEACIISIINCH CITy4aifHbIM 00pa3oMm.

Kak BugHO M3 Tabnumpl 4.2 pa3Hulia B onpeacicHnn koddduimenTa 3anaca He
npesbimaer 0,1 cpennee 3HaueHuss pasHuubl no 19 pacueram cocraswio 0,04,
cpennee kBaaparnuHoe otkionenue 0,009.

Tabmuma 4.2 - CpaBHeHUE pe3yJIbTaTOB pacueTa METOJOM MHOTOYTOJbHUKA CHJI U
METO/IOM KOHEUHBIX JIEMEHTOB

VYron Bricota | OO0bemHBIM VYron Va.cuemnnenue, kyy | ksy (MKD) | Ak,
OTKOCa, | OTKOcCa, Bec, T/M° BHYTpPEH- Kr/cM? (MC)
rpa. M HETO
TPEHHSI
52 25 1,98 24 1,65 2,64 2,59 0,05
35 25 1,8 32 0,17 1,14 1,2 0,06
40 16 1,75 33,5 0,15 1,46 1,39 0,07
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VYron Bricora | OObeMHBII VYron Vn.cuemnsenue, ks | ksy (MKD) | Ak,
OTKOCa, | OTKOCa, Bec, T/M° BHYTpEH- Kr/cm? (MC)
rpa. M Hero
TpeHHs

40 26 1,9 25 0,3 1,25 1,28 0,03
60 30 1,96 14 0,8 1,03 1,07 0,04
45 75 2,04 35 0,1 0,93 0,9 0,03
67 43 2,06 38 0,52 0,99 1,04 0,05
59 79 2,36 21 0,15 0,38 0,38 0
44 55 2,05 25 0,27 0,86 0,8 0,06
60 20 2,09 31 0,46 1,28 1,32 0,04
49 98 2,07 24 0,98 0,94 0,87 0,07
45 a7 1,83 19 0,92 1,27 1,32 0,05
59 31 1,7 23 0,34 0,87 0,91 0,04
42 46 1,86 28 0,2 0,98 0,96 0,02
31 12 1,94 41 0,09 1,98 1,93 0,05
46 95 2,11 41 0,67 1,31 1,33 0,02
50 41 1,8 15 0,16 0,51 0,51 0
46 21 1,98 37 0,96 2,58 2,58 0

ITpumeuanne — MC — MeToa MHOroyrojibHuKa cuji, MKD — MeTos KOHEUHBIX

QJICMCHTOB

B rtabnune 4.3 mnpuBeneHO CpaBHEHUE pPE3yibTaToB pacuéra KoddduimeHTa
3araca METO/I0M anreOpandecKoro CIOKEHHUS CHUJI U METOJIOM KOHEYHBIX HJIEMEHTOB.
[IpoBeneno 15 pacyeTroB, MakCMMallbHas pa3HHUIA COCTABUJIA -
sHauenue - 0,05, cpennee kBagparnaHoe oTkioHeHue - 0,0142,

0,11, cpennee

Tabnmunma 4.3 - CpaBHeHHE pE3yJbTaTOB pacueTra METOJOM aireOpanyecKkoro
CJHIOKCHHUS CHJI U METOJIOM KOHEYHBIX DJICMCHTOB
Yron Bricota | OObeMHBIi Yron VYa.cuemnnenue, ks, ksy Ak,
OTKOCa, | OTKOCa, BEC, T/M° BHYTPEHHETO Kr/cM? (ACC) | (MKD)
rpaj. M TPEHHSI

35 25 1,8 32 0,17 1,11 1,2 0,09

40 26 1,9 25 0,3 1,21 1,28 | 0,07

60 30 1,96 14 0,8 1,01 1,07 | 0,06

22 45 2,04 35 0,1 1,46 1,47 | 0,01

38 84 1,9 25 0,3 0,88 0,83 | 0,05

59 68 1,94 22 0,73 0,99 0,88 | 0,11

67 43 2,06 38 0,52 0,96 1,04 | 0,08

59 79 2,36 21 0,15 0,41 0,38 | 0,03

44 55 2,05 25 0,27 0,81 0,8 0,01

60 20 2,09 31 0,46 1,35 1,32 | 0,03

49 98 2,07 24 0,98 0,89 0,87 | 0,02

45 47 1,83 19 0,92 1,26 1,32 | 0,06

59 31 1,7 23 0,34 0,83 0,91 | 0,08

42 46 1,86 28 0,2 0,92 0,96 | 0,04

50 41 1,8 15 0,16 0,5 0,51 | 0,01

[Tpumeuanue — ACC — metop anreOpanueckoro cioxenus cui, MKD — meton
KOHEYHBIX JIEMEHTOB
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Ha pucynkax 4.30-4.31 mnpuBeneHsl auarpaMMbl CpaBHEHHUS MOTYYEHHBIX
ko3¢ pumreHToB 3amnaca.

JnarpaMma cpaBHeHHS K03 QHIIHEHTOB 3a11aca

2.5

1.5

0 II
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 2

—

19

B Ko3ddunueHT 3anaca (MHOTOYTO/TBHHK CHI) B Ko3dduuerT 3amaca MK

Pucynoxk 4.30 - [lnarpamma cpaBHeHUS! KOOPPUITUSHTOB 3amaca yCTONYUBOCTH
OTKOCOB ITOJIYYE€HHBIX METOJOM MHOTOYTOJIBHHUKA CUJI U METOJAOM KOHEUYHBIX
JJIEMEHTOB

['McTorpamma cpaBHeHUA KO3 hULMEHTOB 3anaca

1.6
1.4

1

1
0.
0.
°' |
|
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

B Ko3¢dHirHeHT 3anaca (atredpandeckoe cioxeHHA cH1) M KosddHuneHT 3amaca MK

o

]

(=)

=

Pucynok 4.31 - luarpamma cpaBHEeHUS! KOO PUIIMEHTOB 3araca yCTONYUBOCTH
OTKOCOB IOJyYEHHBIX METOZOM are0pandeckoro CI0KEHHUs CUI U METOAOM
KOHEUYHBIX 3JIEMEHTOB
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[Ipu mpoBenenun aHanmuza Obul OOHapykeH psin mpeumyiiectB MKD 1o
CPaBHEHHMIO C METOJAMU IMPEAETBHOIO PABHOBECHS:

1. JIns MeToma KOHEYHBIX JIEMEHTOB HET HEOOXOIMMOCTH ONPEACIISITh 3apaHee
THII IIOBEPXHOCTU CKOJIbKECHUS.

2. MeTron KOHEYHBIX AJIEMEHTOB MOKET OBITh HCIIOJNB30BaH ISl pacuera
HEOJTHOPOJHOTO OTKOCa He mpuleras, K yCpeIHEHHOMY B3BEUIMBAHUIO (HU3HUKO-
MEXaHUYECKUX CBOMCTB MOPO/I, ClIaraloluX YCTYM (Spyc oTBajia) Uiu OOpT Kapbepa.

Jns omnpenenenus koddduimeHTa 3amaca yCTOWYMBOCTH OOpPTOB OOBEKTa
uccinenoBanus  (Mectopoxaenue — Ask-Komkadn) ¢ ydeToM  IIPUMEHEHHS
npejyiaraeMol  TEXHOJIOTHHM OTOOMKM TOpPHOM MacChl C  MPeIBapUTEIbHBIM
pa3ynpoyHEeHHEeM MaccHBa OB BEIOPAH METO/I KOHEYHBIX 2JIEMEHTOB

Hcxoanbsie mapameTpsl (Yrojs OTKOca, BbICOTa OTKOCA, OOBEMHBIN BEC, Yroi
BHYTPEHHETO TPEHUS, YACIbHOE CIEIJICHUE) JUIs TOJYYEHHUS aHaJIU3UPYEMBbIX
JAHHBIX OBUIM B3STHI M3 «THUMOBOrO MpOEKTa BEACHUSI OYpPOB3PHIBHBIX pabOT
MecTopoxkaeHus: «Ask-Komkan» U (U3MKO-MEXaHMYECKUX CBOMCTB BMENIAOIIUX
MOPOJT JAHHOT'O MECTOPOKICHUS:

- yron oTkoca — 65-80 rpan.;

- BBIcOTa OTKOCca — 4-15 M;

- 00beMHBIH Bec — 2,5-2,7 T/M3;

- yroJs BHyTpeHHero tpenus = 30-38 rpan.;

- yaensHoe cueruienne — 0,5 kr/cm?2

Tabmuma 4.4 - Pacuer koaddunmenta 3amaca YCTOMYMBOCTH OOPTOB JUIS
MecTopoxaeHusT «Ask-KomkaH» METOJOM KOHEUHBIX JJIEMEHTOB C  YYETOM
MpeIaraéMoi TEXHOJIOTUH

Yron Bricota | OO0BbeMHBbIH VYron VYnenbHoe k 3y
OTKOCa, OTKOCa, M Bec, T/M3 BHYTPEHHETO CIICTIJICHHUE, (MKD

rpaj. TpPEHHUS Kr/cm2 )
76 15 2,61 36 0,5 2,2
/8 12 2,5 37 0,5 2,32
70 4 2,6 32 0,5 2,64
66 14 2,5 30 0,5 2,24
80 14 2,5 33 0,5 2,24
76 13 2,6 31 0,5 2,28
69 15 2,6 37 0,5 2,2
65 15 2,6 33 0,5 2,2
76 6 2,5 31 0,5 2,56
74 15 2,5 35 0,5 2,2
70 10 2,6 35 0,5 2,4
77 7 2,5 33 0,5 2,52
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Kak BugHo u3 tabmunpl 4.4, kodpduuueHT 3amaca yCTOMYMBOCTH OOpPTOB
MecTopoxkaeHus «Ask-Komkan» npu mpUMeHseMOl TeXHOJOTUU OTOOWKHU TOpHOU
MacChl C TIPEIBAPUTEIHHBIM Pa3yNMPOYHCHUEM MAcCHBa B COYECTAHHH C BBIOOPOM
ONITUMAJIBHBIX ~ [MApaMETPOB CETKH  PACIOJIOKEHUS CKBAXHUH H  CO3JaHUEM
JOTIOJIHUTEJIPHOTO PsAJia 3apsIHBIX CKBaKHUH, BapbUPYETCS B JMANO30HE OT 2,2 10
2,64, 4TO UCKJII0YAeT PUCK MOTEPU YCTOMIMBOCTH OOPTOB Kaphepa.

4.5 OxugaemMblii IKOHOMHYECKUI 3PP eKT

Haubonee ontumanbHbIe MapaMeTpbl ¢ YKOHOMUYECKOW TOYKU 3pEHHS ObLIH
JOCTUTHYTBI TP BTOPOM 3KCIIEPUMEHTaJIbHOM B3pbiBe. [Ipu BbIXO/I€ HEradapuToOB,
pasueM 0,8%, yaensHbli pacxon BB coctasun — 1,05 xr/m°. Takke CTOMT ydecTb
MOBBIIIEHNE CKOPOCTU 3KCcKaBauu Ha 10 %.

OO0beM OypeHusi mpu B3pBIBHBIX padOTax Ha OSKCIEPUMEHTAILHOM OJIOKE C
pacIIMpeHHON CeTKOW OypeHMs U 100aBOYHBIMU CKBaKMHAMU cocTaBuil 747,20 m.m.
[Tpy mpyMeHEHUHU IUTATHOW CETKU OypeHHUs CKBaKUH NPH aHAJIOTHYHBIX YCIOBHSIX
o0beM OypeHust coctaBuil Obl 749 .M — TO ecThb pacxojibl Ha OypeHHe MPaKTHYECKU
HE MEHSIOTCS.

Pacxon BB mpu B3pbIBHBIX pabOTax Ha 3KCOEPUMEHTAIBHOM OJIOKE C
pacuIMpeHHON ceTKo OypeHust U J0OaBOUHBIMU CKBakMHaMu coctaBui 11205,24 xr.
[Ipy nmpuMeHEeHHH MTAaTHOW CETKH OYpEHUs CKBa)XMH MPU AHAJIOTMYHBIX YCJIOBHSIX
pacxon BB cocraBun 6b1 12145,35 xr. Oxonomust BB — 7,74% 3a cuer pacummpenus
ceTku OypeHus ckBakuH 10 4,5%4,5M u yMeHbUIEHMEM Macchl 3apsiaa B
DKCIEPUMEHTAJIbHBIX CKBakuHax Ha 30%.

OnbITHBIE B3pBIBBI MPOBOAWINCH ¢ npuMeHeHneM BB — Urmapun OTI'A.
Pacxonwl nanHoro BB no mectopoxnenuto «Ask-Komxkan» cocraBunu 1097544 xr
(mannabie TOO «HIIIT UnTteppun»). llena na nannoe BB — 142,32 1r/kr (manHbie
TOO «HIIIT UnTeppun»).

Tabmauna 4.5 — Dxonomus mo BB

Iena Pacxonbl Croumocts DKOHOMUSA IKOHOMH IKOHOMIA
Urpapun OI'A, 3a | Urpapun OT'A, 3a
Urpapun Urpapun Urpapun Urpapun . .
STA. tr/kr | OFA. ko STA 11 STA. % AQHAJIOTMYHBIN AQHAJIOTMYHBIN
’ ' ' ’ IIEPUOJ, KT IIepUoL, TT
156 202
142,32 1097 544 462 08 7,74 84 949,9 12 090 070,56

Oxonomusi BB (7,74% 3a cueT pacmidpeHus CeTKH OypeHHs CKBaXHH 0
4,5%4,5M W yMEHBIICHHEM MacChl 3apsia B JKCICPHUMCHTAIBHBIX CKBOKMHAX Ha
30%) cocraBuna 661 12 090 070,56 Tenre unu 13,7 Tr/T.

JlomycTUMBIH BBIXOJ HETabapuTa I MECTOPOXKACHUS «Ask-Komkan» mpuHAT -
4%. B pesynapTaTe BTOPOr0 AKCIIEPUMEHTAILHOTO B3phIBa BBIXOJ HeradapuTa
coctanui 0,8%.
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dakThyecKkuii 00beM O0TOMTOM rOpHOM Macchl 3a rog — 2 479 440,9 m® (nannbIe

«HIIT UnTeppun»).
Tabnuma 4.6 — 3aTpaThl Ha BTOPHYHOE APOOIJICHNE TIPH IOy CTHMOM BBIXOJIC
HerabapuToB
O6bem Cpennsis
. 3arpatel Ha
O6bem Homyctu- rOpHOM ce0eCcTOUMOCTh
. N BTOPUYHOE
oTOUTOM MBIl BBIXOJI MaccChl, Ha BTOPUYHOE
o . Ipo0sieHue, Npu
TOpHOM HerabapuTa), | TpeOyromui npoOJieHHe o
3 PH paBHbIM 4%,
MaccChl, M % BTOPUYHOIO | HErabapuToB, T
npobIeHus M° /M3
24794409 4 991776 4 000 396 710 400
Tabmuua 4.7 — 3aTtparTbl Ha BTOpPUYHOE JpoOJeHHEe Mpu (AKTHUYECKOM BBIXOJE
HerabapuToB
O6bem Cpennsis
. 3aTpaTsl Ha
Ob6beM daxTuuec- TOpHOHU ce0ecTOMMOCTh
. N BTOPUYIHOE
oTOUTON KHUW BBIXOJ Macchl, Ha BTOPUYHOE
. . Ipo0sieHue, npu
TOPHOU Herabapura), | TpeOyromuii npoOieHue o
3 PH paBabIM 1%,
MAacchl, M % BTOPUYHOIO | HErabapuToB, T
npobiieHus M° Tr/M°
24794409 1 24 794,409 4 000 99177 636

Tabnmuma 4.8 — 3arpaThl Ha BTOpUYHOE APOOJEHHE TPU BHIXOAE HErabapUTOB,
MOJIyYEHHOM B PE3YJIbTaTe 3KCIIEPUMEHTAIBHOIO B3pbIBA

Beixon O06bem Cpenusis
HerabapuTa, . pea
O06bem N TOpHOM ce0eCcTOMMOCTh 3aTpaThl Ha
oTOUTOM Y MAaccChl, Ha BTOPUYHOE BTOPHYHOE
N B pe3yJIbTaTe .
TOPHOM KCLCDIMEH TpeOy oMU JIpoOJIeHHE npoOJieHue, mpu
Maccel, M° Tan}f{oro BTOpHYHOTO | HerabaputoB, | PH paBabIM 0,8%
- ApoOIeHns M /M3
s /0
2 479 440,9 0,8 19 835,5 4 000 79 342 108,8

[Ipu BeIXOME Herabaputa, paBHBIM 0,8%, SKOHOMHUS Ha BTOPUYHOE APOOJICHHE
10 CPaBHEHUIO ¢ (PAKTUYECKUMHU 3aTpaTaMu 3a roja coctaBmia 0w 19 835 527,2 Tenre

i 22,4 Tr/T.

DKOHOMHUS C Y4YeTOM yMEHbIeHHUs 3arpaT Ha BB um BropuunHoe mnpoOrieHue
HerabapuToB cocTaBmiia 0w 36,12 Tr/T.
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3AK/IIOYEHUE

B pesynbrare TpOBENEHHBIX HCCICAOBAHWA W OOpaOOTKM MAaHHBIX MOXKHO
CIeNaTh CIEAYIOIIUE BBIBOIBL:

1. KagectBO npoOIeHNs TOPHBIX MTOPOJ] OKA3bIBACT BIUSHUC HA YKOHOMUYECCKUE
MOKA3aTeIi BCEX OCHOBHBIX TEXHOJOTHYECKUX TIPOIECCOB TOPHOIOOBIBAIOIITIX
MPEANPUATANA, TIPHYEM 3TO BIUSHHE IS Pa3JIMYHBIX TEXHOJOTHYECKHX IPOIECCOB
Pa3IUYHO.

2. Jlns moBBILIEHHs KadecTBa JAPOOJICHUS TOPHBIX TMOPOJ MpPEeaoKeHa
TEXHOJIOTHUSI CO3JaHUsS MPEABAPUTEILHOIO Pa3yNPOYHEHHOI'O COCTOSIHUSI MAacCHBa,
CYyThb KOTOPOM 3akitouaercs OypeHHMH JTOMOJHHUTEIBHOTO psiia 3apsiAHBbIX CKBAXKUH,
IPUYEM MOIIHOCTh B3pbIBa JOMOJHUTEIBHBIX CKBAXWH HE JOJKHA IPEBBIIIATH
npeies MPOYHOCTH pa3pyiiaeMbix ropHbIX mopoj. JIHC ckBaxkun onpenensiercs A
KOKIOTO  Clydas OTACIBHO C  YY4E€TOM  TOPHO-T€OJOTHYCCKUX  YCIIOBHM
MECTOPOXKICHUS U PAINYCOB 30H. PaccTosiHMEe 10 TOMOHUTEIBLHOTO Psiia CKBAKUH U
pPacCTOSsIHME MEXTy CKBakMHamu Bbioupaetcs ¢ yueroM JIHC nepBoro psiga CKBakuH
1 BCe OTOOMHBIC CKBAXKUHBI IO TIOBEPXHOCTH JIOJDKHBI OBITh PAaBHOYAAICHBI OT THX
CKB)KHH.

3. C ydY4eToM TOpPHO-TEOJOTHYCCKUX YCIOBUHA OTOMBAEMOTO MacCHBa W
apaMeTpOB CKBAXKWH OMNPEACICHBl 30HBI JEHCTBHS B3PHIBHOM BOJHBI H
COOTBETCTBEHHO PACCTOSHUE JI0 psifa CKBXHUH JUIsI CO3JaHUSl Pa3ylpPOYHEHHOTO
COCTOSIHUS M PACCTOSIHHE MEXAY dTUMM CKBaXKMHAMH. JJig yCIOBUH HCCIEAyEeMOro
MECTOPOKJICHUE ITO PACCTOSIHUE COCTABIsAET 9,9 M.

4. Jlnis mpoBEpKHU TEXHOJOTUHU CO3/IaHUs MPEIBAPUTEIHHOTO Pa3ylMpOYHEHHOTO
COCTOSIHUA Ha TIOKa3aTeld B3pbiBa OBLIM MPOBEACHBI OMBITHO-NPOMBINIJICHHBIC
B3pbIBBI Ha MecTopokiaeHun Asik-Komkan, Ha 6mokax: Ne 03-08 ropuzont +407-
395m; Ne 03-10 ropuzont +445-435m; Ne 03-05 ropuzont +450-445m. [lnd
CpaBHEHHUS PE3yJbTaTOB  OMBITHO-TIPOMBIIIICHHBIX  B3pPHIBOB, CIIEpBa  ObUIH
MPOBENCHBI B3PBIBHBIC pPaOOTHI TPH TPUMEHSIEMON TEXHOJOTHH, BCETO OBLIO
npoBeeHb! 14 B3pBIBOB, B T.4. 7 B3PHIBOB IIPH IITATHO MPUMEHIEMON TEXHOJOTUN U
7 B3pBIBOB C CO3/ITaHUEM TTPEABAPHUTEILHOTO Pa3ylpOYHEHHOTO COCTOSHUS MacCHBa.

5. Tlo pe3ynpTaTaM MPOBEACHHBIX OMBITHBIX B3PHIBOB HAWJIyUIllee KadeCTBO
npoOJieHusl ObUIO JIOCTUTHYTO TIpU CeTKe OypeHuss 4*4M W UCHOJIB30BAHUU
JOTIOTHUTEHHBIX CKBAXUH JJIS CO3/IaHUSI JIOTIOJIHUTEILHOTO HAIPSIKEHUS MAaCCHBA.
Brixon HerabapuTHBIX KyCKOB ropHOM mMacchl coctaBmi 0,6 %. OqHako npu TaHHOM
B3pbIBE ObUTO 3a()UKCUPOBAHO HaMOOJIbIIIEE 3HAYCHUE yAeIbHOTO pacxona BB — 1,36
kr/mM3. Hanbosiee onTuManabHbIe TTApaMeTPhl ¢ SKOHOMUYECKON TOUKH 3pEHUS ObLIN
JOCTUTHYTBHI TIPU DKCMEPUMEHTAIBHOM B3phIBE ¢ mapamerpamu 4,5*4,5M, BBIXOA
Herabapura coctaBuin 0,8%, ynenpHbli pacxoq BB — 1,05 kr/m3, uto mpuseno k
MOBBIIEHUIO CKOPOCTH 3KcKaBauu Ha 10 %.

6. IlomydeHbl 3aBUCUMOCTH BbIXOJa HETa0APUTHBIX KYCKOB W YACIBHOTO
pacxonma BB ot JIHC npu B3pbiBE NpUMEHSEMOW U MPEHJIAraéMOM TEXHOJOTUSIX.
OsxugaeMblii 5koHoMudecknii s3pekt cocrasun 31925597,76 tenre na 2479440,9 m®
TOPHOU MacChl.
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[Tpunoxenue A

OHBITHO-HpOMBIIHJ'IeHHI)IC HCIIBbITAHUA I OIPCACICHUA AKOHOMHUYECKOM

11€71€CO00Pa3HOCTH MPUMEHEHHUS YCTPOUCTB JICKTPOHHON CUCTEMbI HHUITUHUPOBAHUS
DaveyTronic.

O0nem, Kon-Bo

N/N Jara BP bnok 3 Cetka Pacmmpenune | Ya.pacxon kr/m3 CKBAKIH

1. | 09.09.22 | 04-09-22 | 20000 5+5 - 0,74 56
2. | 100922 | 01-09-22 | 18000 5+5 - 121 100
3. | 120922 | 06-09-22 | 18465 5+5 - 0,78 54
4. | 13.09.22 | 05-09-22 | 22224 6*6 i 0,85 53
5. | 150022 | 07-09-22 | 26342 5+5 - 1,02 143

6. | 160922 | 08-09-22 | 4321 5+5 - 0,84 35

7. | 18.09.22 | 09-09-22 | 32273 6+6/5%5 - 0,81 82

8. | 200922 | 11-09-22 | 19500 6*6 - 0.8 a4

Ha nByx
9. 21.09.22 | 10-09-22 | 36815 6*6/5*5 BEPTHKATLHBI 0,62 84
x pagax 0.0
x 1.0

10. 23'32'20 12-09-22 | 20500 6+6/5%5 ) 0,83 56
11, 25'32'20 13-09-22 | 30000 6+6 0.0x 1.0 0,69 60
12. 26'23'20 14-09-22 | 19200 5+6 0.0x 1.0 1 92
13, 28'23'20 15-09-22 | 32600 66 0.0x 1.0 0.6 60
14, 28'23'20 16-09-22 | 31750 7*7 0.0x 1.0 0,65 47
15, 02';2'20 17-09-22 | 22100 4%5 ] 0,98 144
16. 02';2'20 10-09-22 | 21600 6*5 ] 0,98 100
17. 05';(2"20 01-10-22 | 13950 44 ] 113 110
18, 05';(2"20 02-10-22 | 28000 7*7 0.0x 1.0 0,71 42
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[Tpunoxenue b

MapKwengepckan cnpaska

[laHa cnpaBka otaeny napameTpos BBP B TOM, 4TO MO MapKwenaepckum
3aMepam npoekTa «XaAKMKOHraH» 3arpy3ka aBTocaMoCBaNoB COCTaBuNa

Mecay, 2022r. 3arpy3ka, m3
UIOHb 16,8
nioNb 16,4
aBrycr 16,6

ceHTAbpb 17,0
OKTABPbL 17,6

NS NPORY
APEANPNETHE

“HHTEPPHH

WOACTRANNOL

TnaBHbIM MapKwenges KygpaiibepreHosa A.K.
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[Tpunoxenue B
[epBriit 6a30BbIi B3phIB. CeTka Oypenus 4,0%4,0 m
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[Tpunoxenne I

[epBriit sxcniepuMeHTanbHBIN B3phIB. CeTka Oypenus 4,0%4,0M ¢ JOMOTHUTETHHBIMU

CKBaKMHaAMH
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[Tpunoxenue /]

Bropoii 6a30Beb1it B3psIB. CeTka Oypenus 4,5%4,5m
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[Tpunoxenne E

Bropoii skciepumenTanbHbIi B3phIB. CeTka Oyperus 4,5%4,5M ¢ TOTOTHUTETFHBIMA
CKBaXMHAMU

TIp XII
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[Tpunoxenune X

Tpetuit 6a30Bb1it B3psIB. CeTka Oypenus 5,0%5,0m
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[Tpunoxenune 1

BTtopoii sxcniepumenTanbHbIi B3phIB. CeTka Oyperus 5,0*5,0M ¢ 1omoTHUTETFHBIMA
CKBAKMHAMU
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Pacuetsr BBP. [1epBriii 6a30Bbiii B3pbIB. CeTka 4*4M

[Tpunoxenue K

o | I'my6bu- | 3aboiixa, OCH(V)B_ Hraa- Ne I'myOu- | 3aboiika, OCH(EB- Hrza-
HOM pHUH HOI1 puH
KB Ha,M M sapsa,M | OI'Akr KB Ha,M M 3apsaa,M | OT'Akr
1 10,4 2,08 8,32 174,72 30 9,6 1,92 7,68 161,28
2 10,2 2,04 8,16 171,36 31 9,6 1,92 7,68 161,28
3 10,0 2 8 168 32 9,6 1,92 7,68 161,28
4 10,2 2,04 8,16 171,36 33 8,5 1,7 6,8 1428
5 9,8 1,96 7,84 164,64 34 8,5 1,7 6,8 1428
6 9,5 1,9 7,6 159,6 35 8,8 1,76 7,04 147,84
7 9,7 1,94 7,76 162,96 36 9,5 1,9 7,6 159,6
8 9,8 1,96 7,84 164,64 37 9,9 1,98 7,92 166,32
9 9,5 1,9 7,6 159,6 38 9,7 1,94 7,76 162,96
10 9,5 1,9 7,6 159,6 39 7,8 1,56 6,24 131,04
11 10,0 2 8 168 40 7,9 1,58 6,32 132,72
12 9,5 1,9 7,6 159,6 41 8,4 1,68 6,72 141,12
13 9,3 1,86 7,44 156,24 42 8,9 1,78 7,12 149,52
14 10,0 2 8 168 43 9,1 1,82 7,28 152,88
15 9,9 1,98 7,92 166,32 44 9,9 1,98 7,92 166,32
16 10,1 2,02 8,08 169,68 45 9,5 1,9 7,6 159,6
17 8,7 1,74 6,96 146,16 46 8,5 1,7 6,8 1428
18 9,1 1,82 7,28 152,88 47 8,3 1,66 6,64 139,44
19 9,5 1,9 7,6 159,6 48 8,2 1,64 6,56 137,76
20 9,3 1,86 7,44 156,24 49 7,9 1,58 6,32 132,72
21 9,1 1,82 7,28 152,88 Hroro | 4543 7632,24
22 9,1 1,82 7,28 152,88
23 8,7 1,74 6,96 146,16
24 9,6 1,92 7,68 161,28 Hroro BB, xr 7632,24
25 9,4 1,88 7,52 157,92 Hroro BYP, n.m 454,30
26 9,5 19 7,6 159,6 O0BbeM ropuoii Macchbl, M3 6420
27 8,9 1,78 7,12 149,52 Ya.pacxon, Kr/m3 1,19
28 8,9 1,78 7,12 149,52 Bpixoa ¢ 1 .M. CKBasKHHbBI, M3/11.M 14,13
29 9,0 1,8 7,2 151,2
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[Tpunoxenue JI

Pacuetsr BBP. [1epBsiii skcriepuMenTanbHbii B3pbIB. CeTka 4*4M

OcHoB- | Urna- OcHoB- | Urpa- | Urmapun
cxjs FEZ?VI;I_ 3aboiika,M | HOM puH CTB FEZ?VI[/I_ 3a0oiika,M | HOM puH OT'A(-
’ 3apsam,M | OT'A xr ’ sapsM | OT'Akr | 30%),kr

1 4,5 0,9 3,6 72 36 5,0 1 4,0 80

2 50 1 4,0 80 37 5,0 1 4,0 80

3 45 0,9 3,6 72 38 5,0 1 4,0 80

4 5,0 1 4,0 80 39 55 1,1 4.4 88

5 55 1,1 4.4 88 40 5,0 1 4,0 80

6 55 1,1 4.4 88 41 5,0 1 4,0 80

7 58 1,16 4,6 92,8 42 50 1 4,0 80

8 55 1,1 4.4 88 43 50 1 4,0 80

9 53 1,06 4,2 84,8 44 5,0 1 4,0 80

10 53 1,06 4,2 84,8 45 5,0 1 4,0 80

11 50 1 4,0 80 60 5,0 1 4,0 80

12 50 1 40 80 Hroro | 234,6 3753,6

13 50 1 4,0 80

14 5,0 1 4,0 80 Hroro BB, xr 4588,11

15 4,7 0,94 3,8 75,2 Hroro BYP, n.m 305,80

16 5,3 1,06 4,2 84,8 O0bem ropuoii macebi,M3 3372

17 55 1,1 44 88 Ya.pacxon, Kr/m3 1,36

18 55 1,1 4.4 88 Brixoj ¢ 1 n.M. CKBasKMHbBI, M3/TI.M 11,03

19| 53 1,06 4,2 84,8 | |

20 4,7 0,94 3,8 75,2 IKCNEePpUMEHTATbHbIE CKBAKUHBI

21 50 1 4,0 80 46 5,0 1 4 80 56,00
22 50 1 40 80 47 50 1 4 84 58,80
23 5,0 1 4,0 80 48 5,0 1 4 84 58,80
24 5,0 1 4,0 80 49 5,0 1 4 84 58,80
25 50 1 4,0 80 50 5,0 1 4 84 58,80
26 50 1 40 80 51 50 1 4 84 58,80
27 50 1 40 80 52 50 1 4 84 58,80
28 5,2 1,04 4,2 83,2 53 5,0 1 4 84 58,80
29 6,0 1,2 4,8 96 54 5,4 1,08 4,32 90,72 63,50
30 5,0 1 4,0 80 55 53 1,06 4,24 89,04 62,33
31 50 1 4,0 80 56 5,3 1,06 4,24 89,04 62,33
32 5,0 1 4,0 80 57 5,2 1,04 4,16 87,36 61,15
33 5,0 1 4,0 80 58 5,0 1 4 84 58,80
34 5,0 1 4,0 80 59 5,0 1 4 84 58,80
35 50 1 4,0 80 Hroro | 71,2 834,51
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[Tpunoxenne M

Pacuetst BBP. BTopoii 6a30Bsrii B3psIB. CeTka 4,5%4,5m

o | I'my6bu- | 3aboiixa, OCH(V)B_ Hraa- Ne I'myOu- | 3aboiika, OCH(EB- Hrza-
HOM pHUH HOM puH
KB Ha,M M sapsa,M | OI'Akr KB Ha,M M 3apsaa,M | OT'Akr
1 16,8 3,36 13,44 282,24 45 16,8 3,36 13,44 282,24
2 16,8 3,36 13,44 282,24 46 16,7 3,34 13,36 280,56
3 17,0 3,4 13,6 285,6 47 16,6 3,32 13,28 278,88
4 17,2 3,44 13,76 288,96 48 16,7 3,34 13,36 280,56
5 17,2 3,44 13,76 288,96 49 16,7 3,34 13,36 280,56
6 17,2 3,44 13,76 288,96 50 16,7 3,34 13,36 280,56
7 17,2 3,44 13,76 288,96 51 16,7 3,34 13,36 280,56
8 17,2 3,44 13,76 288,96 52 16,8 3,36 13,44 282,24
9 17,2 3,44 13,76 288,96 53 16,9 3,38 13,52 283,92
10 17,1 3,42 13,68 287,28 54 17,0 3,4 13,6 285,6
11 17,0 3,4 13,6 285,6 55 17,0 3,4 13,6 285,6
12 16,8 3,36 13,44 282,24 56 17,1 3,42 13,68 287,28
13 16,8 3,36 13,44 282,24 57 17,0 3,4 13,6 285,6
14 16,8 3,36 13,44 282,24 58 16,9 3,38 13,52 283,92
15 16,9 3,38 13,52 283,92 59 17,0 3,4 13,6 285,6
16 16,8 3,36 13,44 282,24 60 16,9 3,38 13,52 283,92
17 16,7 3,34 13,36 280,56 61 16,8 3,36 13,44 282,24
18 16,7 3,34 13,36 280,56 62 16,8 3,36 13,44 282,24
19 16,7 3,34 13,36 280,56 63 16,7 3,34 13,36 280,56
20 16,7 3,34 13,36 280,56 64 16,7 3,34 13,36 280,56
21 16,8 3,36 13,44 282,24 65 16,7 3,34 13,36 280,56
22 17,0 3,4 13,6 285,6 66 16,7 3,34 13,36 280,56
23 17,1 3,42 13,68 287,28 67 16,7 3,34 13,36 280,56
24 17,1 3,42 13,68 287,28 68 16,8 3,36 13,44 282,24
25 17,1 3,42 13,68 287,28 69 16,8 3,36 13,44 282,24
26 17,1 3,42 13,68 287,28 70 16,9 3,38 13,52 283,92
27 17,2 3,44 13,76 288,96 71 16,8 3,36 13,44 282,24
28 17,2 3,44 13,76 288,96 72 16,7 3,34 13,36 280,56
29 17,0 3,4 13,6 285,6 73 16,9 3,38 13,52 283,92
30 16,9 3,38 13,52 283,92 74 17,0 3,4 13,6 285,6
31 16,7 3,34 13,36 280,56 75 17,0 3,4 13,6 285,6
32 16,7 3,34 13,36 280,56 76 17,0 3,4 13,6 285,6
33 16,8 3,36 13,44 282,24 77 16,9 3,38 13,52 283,92
34 16,8 3,36 13,44 282,24 78 16,8 3,36 13,44 282,24
35 17,0 3,4 13,6 285,6 79 16,8 3,36 13,44 282,24
36 17,0 3,4 13,6 285,6 80 16,8 3,36 13,44 282,24
22725,3
37 17,1 3,42 13,68 287,28 Hroro | 1352,7 6
38 17,1 3,42 13,68 287,28
22725,3
39 17,1 3,42 13,68 287,28 Hroro BB, xr 6
40 17,1 3,42 13,68 287,28 Hroro BYP, n.m 1352,7
41 17,2 3,44 13,76 288,96 O0BbeM ropuoii Maccbi,M3 21100
42 17,1 3,42 13,68 287,28 Ya.pacxon, Kr/m3 1,08
43 17,0 3,4 13,6 285,6 Boixoa ¢ 1 .M. CKBa;KHHbBI, M3/11.M 15,60
44 16,9 3,38 13,52 283,92 |
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[Tpunoxenune H

Pacuerst BBP. BTopoii sxcniepumenTanbabiid B3pbIB. CeTka 4,5%4,5m

OcHos- | Urna- OcHoB- Urnapun
(ji('; FIJ;Z?\?- 3abotika,M| HOH puH CNK(; Fﬁz?\f- 3aboiika,M | HOU pngﬁ r OT'A(-
’ 3apsana,M | OI'Akr ’ 3apa,M ’ 30%),kr
2 12,0 2,4 9,6 192 61 9,0 1,8 7,2 151,2
4 12,0 2,4 9,6 201,6 62 9,5 1,9 7,6 159,6
6 13,0 2,6 104 | 2184 64 10,0 2 8 168
7 13,0 2,6 104 | 2184 66 10,5 2,1 8,4 176,4
8 13,0 2,6 104 | 2184 67 8,0 1,6 6,4 134,4
9 13,5 2,7 10,8 | 226,8 Hroro | 502,2 8427,36
10 | 135 2,7 10,8 226,8 HakioHHbIe CKBAKHHBI
11 | 13,0 2,6 10,4 | 2184 1 10,5 5,25 5,25 105
12 | 13,0 2,6 10,4 | 2184 17 10,5 5,25 5,25 110,25
13 | 13,0 2,6 104 | 2184 32 10,0 5 5 105
14 | 12,0 2,4 9,6 201,6 33 11,0 55 55 115,5
15 | 115 2,3 9,2 193,2 41 10,0 5 5 105
16 | 10,5 2,1 8,4 176,4 63 10,0 5 5 105
20 | 12,0 2,4 9,6 201,6 65 10,5 5,25 5,25 110,25
21 | 12,0 2,4 9,6 201,6 Hroro | 72,5 756
23 | 12,5 2,5 10 210
24 | 13,0 2,6 10,4 218,4 JKCNePUMEHTATbHbIE CKBAKUHBI
25 | 12,5 2,5 10 210 3 12,0 2,4 9,6 192 134,40
26 | 115 2,3 9,2 193,2 5 12,5 2,5 10 210 147,00
28 | 11,5 2,3 9,2 193,2 18 11,5 2,3 9,2 193,2 135,24
29 | 11,0 2,2 8,8 184,8 19 12,0 2,4 9,6 201,6 141,12
30 | 12,0 2,4 9,6 201,6 22 12,5 2,5 10 210 147,00
31| 11,4 2,28 9,12 |191,52 27 12,0 2,4 9,6 201,6 141,12
34 | 10,5 2,1 8,4 176,4 35 11,0 2,2 8,8 184,8 129,36
37 | 12,0 2,4 9,6 201,6 36 11,0 2,2 8,8 184,8 129,36
38 | 11,0 2,2 8,8 184,8 44 10,0 2 8 168 117,60
39 9,0 1,8 7,2 151,2 47 10,5 2,1 8,4 176,4 123,48
40 | 11,0 2,2 8,8 184,8 52 10,0 2 8 168 117,60
42 | 10,0 2 8 168 54 9,0 1,8 7,2 151,2 105,84
43 | 11,0 2,2 8,8 184,8 56 10,0 2 8 168 117,60
45 8,5 1,7 6,8 142,8 57 8,5 1,7 6,8 142,8 99,96
46 | 10,0 2 8 168 60 9,5 1,9 7,6 159,6 111,72
48 | 10,5 2,1 8,4 176,4 70 10,5 2,1 8,4 176,4 123,48
49 | 11,0 2,2 8,8 184,8 Hroro | 172,5 2021,88
50 | 10,5 2,1 8,4 176,4
51 | 10,0 2 8 168 Hroro BB, kr 11205,24
53 9,5 1,9 7,6 159,6 | |Mroro BYP, n.m 747,20
55 | 10,8 2,16 8,64 | 181,44 | |O6BbeM ropuoi Mmaccbi,M3 10701
58 8,5 1,7 6,8 142,8 | | ¥Ya.pacxon, Kr/m3 1,05
59 9,0 1,8 7,2 151,2 Boixoj ¢ 1 .M. CKBa;KHHbBI, M3/11.M 14,32
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Pacuetst BBP. Tpertuii 6a30Bbiit B3pbIiB. CeTka 5*5Mm

[Tpunoxenue 11

Ne | I'mybu- | 3aboiika, OCH(V)B_ Hraa- Ne I'myOu- | 3aboiika, OCH(EB- Hrza-
HOM pHUH HOI1 puH
KB Ha,M M sapsa,M | OI'Akr KB Ha,M M 3apsaa,M | OT'Akr
1 9,0 1,8 7,2 151,2 37 11,5 2,3 9,2 193,2
2 9,0 1,8 7,2 151,2 38 11,0 2,2 8,8 1848
3 9,5 1,9 7,6 159,6 39 11,0 2,2 8,8 1848
5 12,0 2,4 9,6 201,6 40 11,0 2,2 8,8 184,8
6 9,5 1,9 7,6 159,6 41 6,5 1,3 5,2 109,2
7 9,0 1,8 7,2 151,2 42 11,3 2,26 9,04 189,84
8 9,0 1,8 7,2 151,2 43 10,8 2,16 8,64 181,44
9 9,0 1,8 7,2 151,2 45 12,3 2,46 9,84 206,64
10 9,0 1,8 7,2 151,2 46 12,0 2,4 9,6 201,6
11 10,0 2 8 168 47 12,5 2,5 10 210
13 12,0 2,4 9,6 201,6 Hroro | 4029 6768,72
15 12,0 2,4 9,6 201,6 HaxkoHHbIe CKBaKHHBI
16 12,0 2,4 9,6 201,6 4 10,5 5,25 5,25 110,25
17 9,0 1,8 7,2 151,2 12 12,0 6 6 126
18 9,0 1,8 7,2 151,2 14 12,0 6 6 126
19 10,0 2 8 168 23 12,0 6 6 126
20 9,5 1,9 7,6 159,6 24 12,0 6 6 126
21 12,0 2,4 9,6 201,6 26 12,0 6 6 126
22 12,0 2,4 9,6 201,6 34 12,0 6 6 126
25 12,0 2,4 9,6 201,6 36 12,0 6 6 126
27 12,0 2,4 9,6 201,6 44 12,0 6 6 126
28 10,5 2,1 8,4 176,4 Hroro 106,5 1118,25
29 10,0 2 8 168
30 10,5 2,1 8,4 176,4 Hroro BB, xr 7886,97
31 10,5 2,1 8,4 176,4 Hroro BYP, n.m 509,4
32 115 2,3 9,2 193,2 O0BeM ropuoii Maccbi,M3 8730
33 115 2,3 9,2 193,2 Ya.pacxon, Kr/m3 0,90
35 12,0 2,4 9,6 201,6 Bpixoa ¢ 1 .M. CKBasKHHbBI, M3/11.M 17,14
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[Ipunoxenune P

Pacuetsl BBP. Tpetuii sxcriepumeHTanbHblid B3pbIB. CeTka 5-5M

OcHos- | Urna- OcHOB- Urna- Urpapun
cxjs FEZ?:I_ 3a0oiika,M| HOI puH CJEQB FEZ?\T_ 3aboiika,M| HOH puH OT'A(-
’ 3apsam,M | O A xr ’ sapaaM| OIAxr | 30%),kr
1 9,5 1,9 7,6 152 29 10,0 2 8 168
2 8,0 1,6 6,4 134,4 30 10,0 2 8 168
1 9,5 1,9 7,6 152 31 8,0 1,6 6,4 1344
2 8,0 1,6 6,4 134,4 32 8,0 1,6 6,4 134,4
3 7,0 1,4 5,6 117,6 33 6,5 1,3 5,2 109,2
4 7,0 1,4 5,6 117,6 34 7,5 15 6 126
5 8,0 1,6 6,4 134,4 35 8,5 1,7 6,8 1428
6 9,5 1,9 7,6 159,6 Hroro | 303,0 5082,8
7 9,5 1,9 7,6 159,6
8 9,5 1,9 7,6 159,6 IKCMePUMEHTAIbHBIE CKBAKHHBI
9 9,0 1,8 7,2 151,2 36 7,8 1,56 6,24 1248 87,36
10 7,5 15 6 126 37 8,3 1,66 6,64 139,44 97,61
11 7,0 14 5,6 117,6 38 8,3 1,66 6,64 139,44 97,61
12 7,0 1.4 5,6 117,6 39 9,5 1,9 7,6 159,6 111,72
13 7,5 15 6 126 40 9,3 1,86 7,44 156,24 109,37
14 8,5 1,7 6,8 142,8 41 9,8 1,96 7,84 164,64 115,25
15 9,5 1,9 7,6 159,6 42 9,0 1,8 7,2 151,2 105,84
16 9,5 1,9 7,6 159,6 43 8,8 1,76 7,04 147,84 103,49
17 9,0 1,8 7,2 151,2 44 8,8 1,76 7,04 147,84 103,49
18 10,5 2,1 8,4 176,4 45 7,5 15 6 126 88,20
19 8,5 1,7 6,8 142,8 46 7,8 1,56 6,24 131,04 91,73
20 9,0 1,8 7,2 151,2 47 9,3 1,86 7,44 156,24 109,37
21 9,0 1,8 7,2 151,2 48 8,0 1,6 6,4 134,4 94,08
22 9,5 1,9 7,6 159,6 Hroro | 112,2 1315,10
23 10,0 2 8 168
24 10,0 2 8 168 Hroro BB, kxr 6397,90
25 9,5 1,9 7,6 159,6 | | Mroro BYP, n.m 415,20
26 9,0 1,8 7,2 151,2 | | O6bemM ropuoii Maccb,M3 7134
27 8,5 1,7 6,8 142,8 | | Ya.pacxon, kr/m3 0,90
28 8,5 1,7 6,8 142,8 | | Boixox ¢ 1 m.M. CKBa:KHHBI, M3/I1.M 17,18
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[Tpunoxenue C

AHanm3 rpaHyJIOMETPUUYECKOTO COCTaBa TOPHOUW MacChl. 1 0a30BbIN B3PHIB

1 Gasoswit B3pbB. [lanHbie rpancocTasa. Kapbep Ask-Kogxan.

1 Mana0Ha
WaorA B Bubopie
averme B ssbopre
| Marcmmansoe uavenin 8 ewboprs

" el o o o o p
011 031 051 071 091 1M 131 15 171 19

oy LIS
A TR R P

1 6a3osbii B3pbiB. [laHHbie rpaxcocTasa. Kapbep Ask-KopxaH.

1 anana
KOMMeCcTso 3aqerani 8 axbopes
IM390HE B BLOOpEe
08)? MarCumans+oe aavenme B suibope
0.84
0.6

0.0

. 008l o [0 o [0 P
011 031 051 071 091 1N 131 15 17 19
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1 6asosuin B3pbie. [laHHbie rpaHcocTasa. Kapbep Ask-KopkaH.

08
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[Tpunoxenune T

AHanm3 rpa”HyJIOMETPUUYECKOTO COCTaBa TOPHOUW MacChl. 2 0a30BbBIN B3PHIB

2 Ga30sbif B3pLIB. [lakHble rpancocTasa. Kapeep Ask-Kopxan.,

08+

04+

0.24

0

0
04

o]0

0

0

D

2 6asosbin BapbIB. [lanHbie rpancocTasa. Kapbep Ask-Kogkan.
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2 Basoeblit BapbIB. [laHHble rpaHcocTasa. Kapbep Ask-KomxaH.

MUHMMYM QHANa30HA 02

08 Maxcumym auanazoxa 2

o7y KQnW4EcTBO aHaveHMit 8 BLI0OpKE 392

MuHuMansHoe 3HaveHue 8 suibopke | 0,250040680170059
MAKCHMANGHOE 3HAHERHE B BIOpKE | 1,19400778747550 |
CpagHee apudmetHieckoe 0,353619520077292

06 Wora 0,29
'Me/mara no CraTHeTWaecKkoMy paay 0,29
Martemarn4eckos oxuaan1e 0,353826530612245
Twcnepcna 0,0143578066430654
Cpennexaanpatuyeckoe otknonenme 0,1 19824065375305 |
KoabduuyieHT sapHaLi 0,338652008847293 |
AcAMMeTpHA 241038767082892 |
BKcuece 8,41100083087858
CpeaHuit pasuep kycka 0,443826530612245
TIpOUEHT Herabapwta 13

0003( 0003 10003 0 |0 P

031 051 071 081 1M 131 151 1A ¢
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[Ipunoxenue ¥

AHanM3 rpaHyJIOMETPUUECKOTO COCTaBa TOPHOUM Macchl. 3 0a30BBIN B3PHIB

3 basosbiit B3pbiB. [laHHble rpaHcocTasa. Kapbep Ask-KomxkaH.

MuHitMyM QManaona 102
08 Iy AHana30Ha P—
KonwudecTso aHauexmit 8 Beibopre 635
o MusuMansHoe 3HaveHne B xibopke  |0,250430136919022
Marcumansoe anaqenie 8 suibopre | 1,0806382894516
CpegHee apumeTieckos 0,361559729923414
06 0,29
Memana no CTaTCTHHECKOMY PAIY 0,29
MaTemarn4eckos OXuIaHne 0,360582677165354
[Incnepcna 0,0163969833219666
CpenHeksanpatuqeckoe orknosesme  |0,128050706058056
04- K BaphaLN 0,355121624434928
AcHameTpHR 7.20750014369407 |
xcuece 5,78000126288299
Cpeaywit paswep kyo@ 0,450582677165354
02 [ﬁm«r HerabapHTa 25
0.21
0,054
R T T R

0+
011 031 051 071 081 1M 13 15 17 19

3 6aaosuiit B3pbiB. [laHubie rpaHcocTasa. Kapbep Ask-Kogxan.

Minaturyu apranadowa

08 ) Marcyw 21anaiowa

KOnsmecTao Havenmi 8 eubope
(NMitratuansroe 3navenme 8 Bu00pke
Marcvmansoe sxavesne 8 swbopee
Cpeawee apudueTiieckoe
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[Vezaa no
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3 6asosbiit B3pbIB. [laHHble rpaHcocTasa. Kapbep Ask-KomkaH.

MuHiMyM AHaNa30Ha 02
08 Maxcumym auanasosa 2
KQNHECTB0 HajEHHi B BLIDOPKE 776
L, MuHimansHoe aHavexie B eeibopke  |0,250165194272995
MaxcumansHoe 3HaqeHue 8 sbibopke | 1,34861719608307
Cperviee aprbmeTiieckoe 0,364027122285255 |
0,64 Moga 0,29
Meawara no crarueruieckomy paay  |0,29
MaTemMaTH4eckoe OXMIaHHe 0,362835051546392
[Nucnepena 0,0174919624827293
CpenHeKsanpaTieckoe oTkNOHeHHe 0,132_2-575310“7
KoadhdmumenT BapuaLmm 0,364510491863435
AcmmeTpHA 743654189533505 |
Oxcyece 8,37015486568693
CpenHuit paawep kycka 0,452835051546392
TpoueHT Herabaputa 2,
00131 000 [ o hoor [0 P
|

031 051 071 081 1M 13 15 1 @
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[Tpunoxenune O

AHaJIN3 TPaHyJIOMETPUYECKOTO COCTaBa TOPHOM MacChl. | IKCIEPUMEHTAIbHBIN

B3PLIB
1 aKCnepUMeHTanbHLIA B3psIB. [JanHsie rpancocTasa. Kapsep Ask-Kogxan.
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1 aKenepumMeHTanbHbIi B3pbiB. [lanHbie rpaHcocTasa. Kapbep Ask-KomkaH.

0,64
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[y pvanazona [02

Maxcumym uanasoxa 2

Konusecreo aHavesmit 8 Beibopre 534

MusimansHoe aHavenue B eeibopke  |0,25014391541481
MarcumansHoe 3Haqeme 8 suibopke | 0,788292467594147
CpenHee apuhMeTH{eckos 0,335154840338989
Mopa 0,29

(Mepwana no cratucriyeckomy pay (0,29

M; OXMaaHHe 0,335842696629214
Ancnepcns 0,00833440222194167
Cpenuexsanpatniecxkoe ominowesme  |0,0912929472738265
[Koawment sapnaLim 0,271832462608583
ACAUVETDHR 195696375741678 |
Brcyece 3.49552628773346
CpaaHiit pasuep kycka 0,425842696629213




[Tpunoxenune X

AHanu3 TpaHyJIOMETPHUUECKOTO COCTaBa TOPHON MAacChl. 2 IKCIIEPUMEHTATbHBIN
B3pBIB

2 IXCNepUMEHTaNbHE BIpHB. [laieibie rpancocTaea. Kapovep Asc-Kogwan,

0s
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2 aKkcnepuMeHTanbHbIN B3pbiB. [laHHble rpaHcocTasa. Kapeep Asik-KogxaH.

= 02
038 Makcumym auanasoxa 2
Konu4ecTeo aHaueHmit 8 Buibopke 665
MUHIMANLHOE 3HaYeHKe B BeIDOpKe 0,250040054321289
[MaxchmansHoe sHawerme 8 Buibopke  |0,802019301986694 |
CpegaHee apudmeTieckoe 0,334912574336045 |
0,61 Moga 0,29
Meamaxa no CTaTHCTHHECKOMY PRAY 0,29
Matemarnieckoe oxuaaHHe 0,334390977443609
[Aucnepcis 0,00855335089603708
Ci 0,0924843278401107
0,276575428401644 |
AcHMMETPHR 2,13016022723352 |
Skeyecc 4,42118814314711
CpenHuit pasmep kycka 0,424390977443609
TiroueHT RerabapnTa 103
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[Tpunoxenue 1]

AHanu3 rpaHyJIOMETPUYECKOr0 COCTaBa FTOPHOM MaccChl. 3 3KCIEPUMEHTAbHBIN
B3pBIB

3 axkcnepumMeHTanbHbIn B3pbie. [laHHbie rpaHcocTaea. Kapbep Ask-Kogxas,

8
08 5
06
04

0.204
024

0039

o 0 0 0 0 0 r
011 031 051 077 091 1M 13 18 vy @

3 aKcnepuMeHTanbHbIA B3pbiB. [laHHble rpaHcocTasa. Kapbep Ask-KopxaH.

{ Missieneyms aanazona 02
08 Marcumym quanaosa 2
0726 Konu4ectso 3HaveHi 8 Beibopke 707
MuHimansHoe 3Havexue B subopke  |0,250083088874817
MaKCHMANLHOR HAHEHHE B BLID0pKS | 1,32022800720053 |
CpeanHee apbmeTHieckoe
06+ Mona
Me/imara no CTAaTCTHHECKOMY PATY
MaTtemarn4eckon OxviaHne
Tincnepcis
CpenHeKBaapaTMHECKDe OTKNOHEHHE ¥
04+ [} 0,355751982086568
AcAumeTpA 757950489176999 |
Akcyece 9,67381724458458
CpegHuit paauep kycka WW
% TIpoLeHT RerabapnTa 2
0.2
0,051
000w [ o poor o p
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3 akenepvMeHTanbHbIi B3pbiB. [laHHbie rpaHcocTasa. Kapbep Ask-KopxaH.

[Misseyw pwanazona T02

08 Maxcumym auanaosa 2
Konusecrao sHauexii 8 seibopre 164
MiHiMansHoe 3Haverwe B ealbopke | 0,251059353351593
MaxcumansHoe 3Haxexie 8 Bbibopke W
CpeaHee apudmeTiieckoe 0,3452835769915

06 Moga !ﬁ!?
Mefaxa no CTaTHCTHHECKOMY pARY
Matemarieckoe oxnaanie
Awcnepcus
Cpepneraaspatiieckoe omnosenne  |0,108830241274307

04 [K 0,317582910480185 |
AcHMMETDHA 2,40702556683943
Srcuece 6,30110477668442
CpepHuit paamep kycka 0,432682926829268
(TipouenT Rerabapita [T8

0.27
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