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TEOJIOTUYECKUE OCOBEHHOCTHU U ®U3UKO-MEXAHUYECKHUE CBOMCTBA
I'OPHBIX ITIOPOA MECTOPOXKIAEHHUS BO3BIMYAK

E.A. Anvnuee, M.M. Illamcymounos, M.C. Akmamanuesa

AHHomauusi. TlpuBoAsTcs o6LUMEe CBEAEHUS O TeoriorMyYeckMx OCOBEHHOCTSIX FOPHbIX MOPOL MECTOPOXAEHWS
Bosbimuak. MpeacTaBneHbl MeToaMKa 1 AaHHble UCCNefoBaHUIA CBOMCTB FOPHbIX MOPOA, MECTOPOXAEHWS], B YaCTHOCTMH,
pesynbTaThl OnpeaeneHust NNOTHOCTHBIX, aKyCTUYECKUX, AedOPMaLMOHHBIX U MPOYHOCTHBLIX XapaKTEPUCTUK FOPHbIX
nopoA, oTobpaHHbIX HEMOCPEACTBEHHO U3 MPUKOHTYPHOTO MaccyBa BOKPYr NMOA3EMHbIX FOpHbIX BbIpaboTOK pyaHUKa
BosbiMyak. YCTaHOBNEHO, YTO FOpHbIE NMOPOALI MECTOPOXKAEHUSI UMEIOT [OCTAaTOMHO BbICOKWE MOKasaTenu ynpyroctu
W npoyHocTu. [lokazaHo, YTO BbLICOKME 3HAYEHUS MPOYHOCTHbIX U AeOPMALMOHHBIX XapakTEPUCTUK TFOPHbIX
nopoa CBWUAETENbCTBYIOT O BO3MOXHOCTU AMHAMUYECKOTO MPOSIBIIEHUSI TOPHOMO AaBMEHWs B MAccuBE, CIOXEHHOM
rpaHoaVMopUTaMn 1 PyAOHOCHBIMU FTOPHBIMY NOpodamu, CBOWCTBA KOTOPbIX HeobXxoaMMo m3yyaTb B AanbHenweM Ans
OnpeAeneHns reHeTUYECKNX OCTAaTOYHbIX HAMPSXKEHWI U YAapOoOornacHOCTU 3TUX MOPOA.

Knrouesble criosa: pyoHuk; BblpabGoTka; ropHasi mopofa; MECTOPOXAEHWE; MIOTHOCTb; MPOYHOCTb; aKyCcTUKa;
nedopmaumoHHas xapakTepucTuka.

BO3BIMYAK KEHUHJIEI' TOO TEKTEPUHHUH
OU3NKAJIBIK-MEXAHUKAJIBIK KACUETTEPH
KAHA T'EOJIOT'UAJIBIK O3T'OYOJIYKTOPY

E.A. Anvnuee, M.M. Illamcymounoe, M.C. Akmamanuesa

AHHomauyus. Makanaga Bo3bIMyak KEHVHWUH TOO TEKTEPUHWUH FreonormsinblK ©3reuenykTepy XeHYHAS Xannbl MaansimaT
GepunreH. KeH YblkkaH XEpAMH TOO TEKTEPUHWMH KacueTTepUH WU3WNAee MEeTOoAMKachl XaHa MaanbiMaTtTapbl, aTan
aiiTkaHaa, BosbiMYyak KeHUHWH xep acTblHAarbl TOO KeH WLITETYYNepYHYH TerepervHaern KOHTYpAyK MacCUBAEH
TY306H-TY3 anblHraH TOO TEKTEPUHWH ThIrbI3AbIrbl, aKyCcTUKanbik, AedopMauusnblk xxaHa 6ekeMank MyHe3aemenepyH
AHBIKTOOHYH JKbIAbIHTBIKTAPbl KENTUPUNreH. KeHAMH TOO TeKTepu >KETULLIS3PNMK XOropKy WIAKEMAYYIYKKe >aHa
GekeMaVKKe 33 SKEHAUM aHbIKTanraH. Too TEKTEPUHUH GekeMaVK xaHa AedopMaLmsibIKk MyHO346MeNepYHYH KOropKy
MaaHWUCK TPaHOAMOPUTTEP KaHa pyaarnyy TOO TeKTEpWM MEHEH Ty3ynreH maccuBae ToO 6acbiMbiHbIH AMHAMUKANbIK
KOPYHYLUTOPYHYH MYMKYHAYTY XOHYHAS KyGeneHaype TypraHabirbl AanunaeHreH, anapabiH KacUeTTEepUH reHeTUKarbIk
Kanablk YblHanyynapabl >xaHa 6yn nopoganapablH COKKY KOPKYHYYTYYnyryH aHbIKTOO YYYH aHAaH apbl U3Unaee 3apbis.

TylyHOyy ce30ep: KeH; ULITETYY; TOO TeK; KeH; Thirbl3ablk; GeKeMauK; akycTuka; AedopMaLmnanbiK MyHO34eMe.

GEOLOGICAL FEATURES AND PHYSICAL AND MECHANICAL PROPERTIES
OF ROCKS OF THE BOZYMCHAK DEPOSIT

E.A. Alpiev, M.M. Shamsutdinov, M.S. Akmatalieva

Abstract. General information about the geological features of Bozymchak deposit rocks is given. The methodology and
data of research of the properties of Bozymchak deposit rocks are presented. In particular, the results of determination
of the density, acoustic, deformation and strength characteristics of rocks directly selected from the contour mass
around the underground mine workings of Bozymchak ore-mine are presented. It was revealed that the rocks of the
deposit have rather high characteristics of elasticity and strength. It has been established that high values of strength
and deformation characteristics of rocks evidence on the possibility of dynamic development of rock pressure in a rock
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mass composed of granodiorites and ore-bearing rocks, the properties of which need to be studied in the future to
determine the genetic residual stresses and rock burst hazard of these rocks.

Keywords: ore-mine; mine working; rock; deposit; density; strength; acoustics; deformation characteristic.

BBenenne. 3omoromennoe mectopoxaeane bo3piMyak pacmonoxkeno Ha tepputopun Ana-byknHckoro
paiiona /xxanan-Abazackoii obnactu Keipreizckoit PecriyOnuku.

B nmronoro-crparurpadndeckoM OTHOIICHWH B CTPOSHHH MECTOPOXKICHHS MPUHUMAIOT ydacTHe Oca-
JIOYHbIe, HHTPY3UBHbIE 1 MeTaMOop(pUUeCKHe CKalbHble TOpHbIE MOpoabl. Ha MecTOpOXKIEHUH BBLACTSIOTCS
CIICTyTOIIIE KOMIUIEKCHI CKaJIbHBIX TOPHBIX IOPOJI M Py MPaMOPU30BaHHEIC, OKEJIC3HCHHBIC U TOJIOMUTH3HU-
pOBaHHBIC U3BECTHSIKHU, CKAPHBI, CEPIICHTUHUTHI U TPAHOAHOPHUTHI.

W3BecTHAKH nekadero O0Ka pyTHOH 30HBI TPyOOCIONCTHIE MPAaMOPHU30BaHHBIC, YACTUYHO OKBAPIIOBAH-
HbIE€ U CKapHUpOBaHHbIE. [lopoabl BecbMa KpenKue, TPEUMHOBATOCTh He3HAUNTENIbHASL.

CKapHBI pyAHBIX TeJ MPUYPOUUBAIOTCS K KOHTAKTy MHTPY3WH TPAHOAMOPUTOB ¢ M3BecTHsKamMH. Ckap-
HOBasl 3aJIe’Kb B OCHOBHOM TaJIa€T B I0’)KHOM HANpaBJICHUU 1O/ IPaHOAUOPUTHL, & B BOCTOUHOW YacTH, MOCe
ITOBOPOTA PYIHOI 3aJISKH K I0T0-BOCTOKY, YCTAaHOBIEHO 00paTHOE TAJICHNE — ITOJ] H3BECTHSKH.

Haubonee cnabbiMu OpoiaMi Ha MECTOPOXKACHUM SIBIIAIOTCS CEPIIEHTHHUTBI, YePETyIOIIUecs ¢ OI0KaMu
CKapHOB M KCCHOJMTAMH U3BECTHSIKOB M OPOTOBUKOBAHHBIX ITECYAHUKOB. YUAaCTKH MACCHBA, TJIC BCTPEUAIOTCS
CEpPIIEHTUHUTHI, HEYCTOWYMBBIE, TOITOMY IIPH MIPOXOAKE MOA3EMHBIX FOPHBIX BHIPAOOTOK B Mpeenax JaHHbIX
TOPHBIX TIOPOJ HEOOXOANMO MMPUHUMATH MEPHI IO OAIEPKaHNI0 KPOBJIH B BHJC CIICIIHATIBHBIX KPETIei.

Nmerommecs B npeaenax MECTOPOXKIEHHUsI TPAHOIUOPUTHI CKaPHUPOBAHbI, OKBApLIOBAHBI M CEPIIEHTH-
HU3UpOBaHBl. OOBEM 3THX TOPHBIX MOPOJ COCTABISIECT 3HAYUTENHHYIO YaCTh MECTOPOXKIACHHI. JTH TOPHBIC
MOPOJIbl JOCTATOYHO NPOYHBIE, UMEIOT HE3HAYUTEIbHbIE HAPYIIEHUS CIJIOLUTHOCTH.

B menom ropHBIE TTOPOIB! U PYABI MECTOPOXKICHHS B OCHOBHOM CBOEH Macce SIBISIOTCS] yCTOHYNBBIMH,
HauMeHee YCTOWYMBBI T€ YYaCTKH MacCUBa, 1€ BCTPEUAIOTCS CePIEeHTUHUTH. OCOOEHHO HEYCTONYMBbI MH-
TEPBAaJIbl CEPIICHTHHUTOB U Py BOJM3HU 30H TCKTOHMUYECKUX HAPYIICHUI 1 00BOTHEHHBIX y4acTKoB [1].

Metoabl U pe3yJbTaThl HccaeqoBaHus. /g OLEHKH HanmpsyKeHHO-Ie(hOPMUPOBAHHOIO COCTOSHUS
MaccHBa, B KOTOPOM ITPEAYyCMaTPUBAETCS MPOBEICHNE MTOJ3EMHBIX TOPHBIX BEIPAOOTOK M BEITIOJHEHUS pac-
YyeTa yCTOWYMBOCTH UX OOHAXKEHUH, HE0OXOAUMO, B MEPBYIO O4YEPEIb MPOBOIUTH UCCICAOBAHHS CBOMCTB Top-
HBIX TI0POJ], OTOOPAaHHBIX U3 YYaCTKOB MACCHBA, TA€ OYAyT MPONHACHBI TOA3EMHBIC TOPHBIC BRIPAOOTKH U HE-
MOCPEACTBEHHO U3 MPUKOHTYPHOTO MacCUBa BOKPYT MOJ3EMHBIX TOPHBIX BEIPAOOTOK (OOKOBBIE CTEHKH).

B 970i1 cBs3M OBUTH MPOBEIEHBI MUCCIECIOBAHNS IO ONPEACTICHUIO (PH3UKO-MEXaHHIECKUX CBOWCTB OC-
HOBHBIX TOPHBIX MOPOJ, HEMOCPEACTBEHHO OTOOPAaHHBIX K3 MPUKOHTYPHOTO MAcCHBa BOKPYT MOJA3EMHBIX
TOPHBIX BBIPaOOTOK pyaHuKa bo3piMuak.

Jnsa onpenenenusi 00b€MHOTO Beca aBTOPbI MIPUMEHSIIM METOJ THAPOCKOIMMYECKOTO B3BEIIMBAHUS, IS
9TOTO OBLIM W3TOTOBJICHBI 00PAa3Ilbl HEMPABHILHONW (OPMBI U3 TIPOO TOPHBIX MOPOJl — MOHOJIHMTHBIX OJIOKOB.
B3BemmBanue 00pasoB OCYIECTBISLIN C TIOMOUIbIO BEICOKOTOUHBIX (ToyHOCTH 0,15 Mr) BecoB mapku BJIP-
200. ITpu onpeneneHnn 00beMHOTO Beca (INIOTHOCTH) IPUMEHSIIACH Clienytolnas pacdetHas Gpopmysna [2]:

P

- ()

P
e P — Bec cyxoro obpasua, r; P, — Bec 00pasia, Morpy>KeHHOro B BOLY, T.

JlaHHBIe 00BEMHOTO BECa TOPHBIX MTOPOJ] MECTOPOXKACHHs Bo3bIMUaK, MOTydYeHHbBIC B pe3yJabTare uccie-
JIOBaHUiA, MpUBe/CHBI B TaOuIe 1.

B nocnieanee BpeMst 11 HCCIIEI0OBAHUS YIPYTOCTH TBEPIBIX MATEPUAIIOB, H B YaCTHOCTH FOPHBIX TIOPO/I,
HINPOKO IPHUMEHSETCS YIbTPA3BYKOBOH AMHAMHUUYECKHUI METO/I, CYITHOCTh KOTOPOTO 3aKJIF0YAeTCs B IEPBOHA-
YabHOM OIPEIEIICHHY BPEeMEHH MTPOXOKACHUSI YIPYTHX BOJH MPOJOIBEHOIO M IMOMEPEYHOTO THIA. 3aTeM 10
pacdeTHbIM (GOpPMYIIaM OITPEIEIISOTCS aKyCTHIECKUE U JIe(OPMAIIMOHHbBIC XapaKTePUCTHKH.
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Tabmuna 1 — JlanHbIe 00BEMHOTO BECa FTOPHBIX MOPOJ] MECTOPOKACHHUS bo3biMuak

I'opnas nopona

Howmep o0pasua

Bec B cyxom
COCTOSIHUM, T

Bec B BozE, T

OO6bemHBIi Bec, T/cM?

1 25396 16088 2,72

2 29694 18882 2,74

3 34500 21934 2,74

ITpoda No 1 4 52774 33503 2,73
W3BeCTHSIIK MpaMOpPHU30BaHHBIN 5 55780 35345 2,72
Cp. 3Hau. 2,73
Cp. KB. OTKJL. 0,006

Koao. Bap. 0,2

1 29981 19153 2,76

2 28661 18268 2,75

3 28425 18130 2,76

ITpoba Ne 2 4 34466 22088 2,78
W3BecTHAK OxKeNe3HeHHBIH 5 38713 24809 2,78
Cp. 3Hau. 2,77

Cp. KB. OTKIL. 0,01

Koad. Bap. 0,3

1 16663 10764 2,82

2 30434 19380 2,75

3 29586 18955 2,78

Ipo6a Ne 3 4 35689 22843 2,77
M3BeCTHSIK TOTOMHTH3HPOBAHHBII 5 40583 25876 2,75
Cp. 3Hau. 2,78

Cp. KB. OTKIL. 0,02

Koad. Bap. 0,8

1 19024 12646 2,98

2 29138 19473 3,01

3 33782 22215 2,92

IIpo6a Ne 4 4 34258 22570 2,9
I'panonuoput 5 37319 24284 2,86
Cp. 3Ha4. 2,94

Cp. KB. OTKIIL. 0,04

Koad. Bap. 1,6
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IIpu npoBeneHUN SKCIEPUMEHTOB aBTOPBI IPUMEHSIM YIbTPa3ByKOBOM MMILYJIbCHBIA METOJ, KOTOPBII
OCHOBaH Ha (DMKCHPOBAHWHU BPEMEHH IPOXOXKACHHS YIBTPa3BYKOBBIX BOJH Yepe3 MpH3MaTHYeCKnil oOpaserl,
IIPU 3TOM IIpeoOpa3oBaTeNr Uil U3TyueHUs U IpUeMa yCTaHaBIMBAJIM Ha Toplax obpasua. CKopocTH Hpo-
XOXKJICHHS YIBTPA3ByKOBO# MPOAONLHOM (V) 1 nonepedHoi (V) BOIH NPy CKBO3HOM HPO3BY4YHBAHUU OIpe-
JETAIN TI0 CIeyomuM hopMynaMm:

L L
V. =—,V =—, 2
bt St
p s
rae L — BeIcoTa o0pasiia, M; t, t, — BpeMs IPOXOKICHUs YABTPa3BYKOBOM IPOAOJILHOM U IONEPEYHON BOJIH
CKBO3b 00pa3ell, CeK.
Ilocne ompeneneHus CKOPOCTH yIBTPa3BYyKOBBIX BOJH NPOBOIMIM pacyeT Mokasareseil koddduuuenta

[yaccona (w) [3] u nuHaMu4eckoro Moayis ynpyroctu (E) [2] TopHBIX TIOPOL 10 (hopMyam:

14 1+ u)(1-2
im= S , E:VSZ'p( :u)( ,u) (3)
Vp + Vs (1—u)
Monynb cIBUTa HAXOAMIIH 110 popMyIIe:
G=Vs-p. 4)
Pacuer monynst o6bemMHO# ynpyroctu (K) mpou3Boguiiy no Gpopmyie:
E
K=—— (5)
3(1-p)

JlaHHBIC aKyCTHYECKUX U Ae(OpMaMOHHBIX XapaKTEPHCTUK TOPHBIX TOPOI MECTOPOXKACHHSI bo3pIMUaK,
MOJIYYEHHBIC C TIOMOIIBIO YABTPa3ByKOBOTO HMITYJILCHOTO METO/IA, TIPEICTABIICHBI B TAOHIIE 2.

st 0TOOpaHHBIX TOPHBIX TOPOI MECTOPOXKICHHS Bo3bIMUaK mpeiern MPOYHOCTH MPU OMHOOCHOM CiKa-
THU SKCTICPUMEHTAILHO OTPENEISTH ¢ ToMOIIbI0 cTranaapTHoro merozaa [4] (TOCT 21153.2—-84). Ucxoxas u3
TpeOOBaHMH cTaHIapTa OBUIM H3TOTOBICHBI 0OpAa3Ibl TOPHBIX MOPOJ, UMCIONINE MPABUIBHYIO IIPH3MaTHIC-
CKyHO (OopMy, ITPH ATOM BbICOTa 00pa3iia Obla B /{Ba paza OOJbIIe, YeM IIUPUHA eT0 OCHOBaHMS. VcTbITaHus
00pa3oB MPU3MATHUECKOH (POPMBI IPOU3BOIMIIH TOCPESICTBOM JaBICHUS IUTUT THAPABIHMYCCKOTO TIpecca Ha
€ro NpOTUBOIIOJIOKHBIC TOPIEI.

Pacuer npenena npoYHOCTH MPH OTHOOCHOM CYKaTHU IPOU3BOIMIIH IO (hOpMyIIe:

o, = o ©
rae P — MakcuMasbHas paspyliaiomas Harpyska, KI'; S — IIonaib nomnepedHoro ceueHus oopasma, cM’.

Jiis ompeneneHus mpeiea NpOYHOCTH MPH PACTSHKEHUH ObLT MPUMEHEH M3BECTHBIN KOCBEHHBIH METOT
('OCT 21153.3—85 — bpa3uibckuii METOM), TIPH 3TOM OBLITH W3TOTOBJICHBI 00Pa3Ibl HIMITHHIPUICCKOH HOPMBI
C BBICOTOI, PHUMEPHO PAaBHOU ero nuaMeTpy. Packon o6pasiia OCyIIeCTBISUIN ¢ IOMOIIBIO TUIUT TIpecca, 1aB-
JICHHE TIPOU3BOAMIOCH MIEPIICHINKYISIPHO K 00pa3yIoMyM IUIHHAPHIECKOTO 00pasia [5].

[Mpenen mpOYHOCTH HPHU PACTHKEHUN OMPEACIISIIN 1O hopMyIie:

o, =2.F o637l ™)

7 d-l S

rae F — MakcuMasbHast pas3pymiaromas Harpy3ka, K['; S — mioiaas ocHOBaHUs 00pasia, cM>.

Ilo JaHHBIM TpeEciia MPOYHOCTHU Ha CKATHUC U PACTIKCHHUEC, ONPCACIICHHBIX 3KCIICPUMCECHTAIbHBIM I1Yy-
TEM, TIPOBEJICH pacyeT ITOKa3aTellsl CUEIUICHHs U yIla BHYTPEHHETo TpeHus 1o gopmynam [2]:

c=)YF ¢
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Tabnuia 2 — JlaHHbIe aKyCTUYECKHX U Ae(OPMAIIMOHHBIX XapaKTEPUCTHK
TOPHBIX ITOPOJ MECTOpOXKAeHUs bo3biMuak

CKOpOCTh TIPOXOXK-

CKOpOCTB TPOXOXK-

N . Monyns ynpy- Mo-
Topras mopoja HeHif);f;ﬂ%anOH HCHP;EJ?:SGI\)ZHHOH Hliiiq;;{a rOCTH, IyJIb CIIBHTA,
" P e 4 E-10°, MITa | G-10%, MITa

5938 2671 0,183 6,356 2,685

5970 2661 0,182 6,452 2,729

g;z;‘;g‘;;mﬂmﬁ 5941 2661 0,182 6,375 2,694

5941 2663 0,183 6,373 2,693

5938 2663 0,183 6,365 2,690

Cpen. 3HaueHHe 5945,6 2663,8 0,183 6,384 2,698
Cpen. KBaj. OTKIIL. 12,27 3,70 0,0004 0,03 0,01
Koa¢. Bapuanmu 0,2 0,1 0,2 0,5 0,5

5781 2632 0,185 6,077 2,563

I —— 5805 2694 0,188 6,071 2,554

W3BECTHSK 5805 2694 0,188 6,071 2,554

5806 2697 0,188 6,070 2,553

5806 2697 0,188 6,070 2,553

Cpen. 3HaueHne 5800,6 2682,8 0,187 6,072 2,556

Cpen. KBaj. OTKIIL. 9,81 25,43 0,001 0,002 0,003
Koad. Bapuanmu 0,1 0,9 0,6 0,04 0,1

5994 2802 0,189 6,450 2,711

. 5994 2802 0,189 6,450 2,711

i";gﬁ;ﬁiﬂm’m 5997 2811 0,189 6,447 2,709

5997 2811 0,189 6,447 2,709

6001 2811 0,189 6,458 2,714

Cpen. 3HaueHHe 5996,6 2807,4 0,189 6,450 2,711

Cpen. KBaj. OTKIL. 2,57 4,40 0,0001 0,003 0,001
Koad. Bapuanmu 0,04 0,1 0,1 0,06 0,06

5530 2457 0,181 5,625 2,380

5530 2457 0,181 5,625 2,380

I'panomgmnopur 5496 2463 0,183 5,534 2,339

5496 2463 0,183 5,534 2,339

5515 2460 0,182 5,585 2,361

Cpen. 3HaueHue 5513,4 2460 0,182 5,581 2,360

Cpen. KBaj. OTKIIL. 15,22 2,68 0,0005 0,04 0,018
Kosd. Bapuanmu 0,2 0,1 0,3 0,7 0,7
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tgp = —2 8
P 2jo o ®)

PesynbraTsl onpeneneHus NIpOYHOCTH Ha CKATUE U PACTKEHUE, CLIEIUIEHUS U yIvla BHYTPEHHETO TPEHUS
TOPHBIX IOPOJ MECTOpOKaAeHHs Bo3bIMuak MpuBeAEHbI B TAOIHILIE 3.

Tabnuia 3 — Pe3ynbrars! onpeeseHus POYHOCTH Ha CXKATHE U PaCTSKECHUE,
CLEIIJICHUS U yIJIa BHYTPEHHET0 TPEHUS TOPHBIX ITOPOJ MECTOpOXKAeHUs bo3biMuak

IIpenen npoynoctu Mpexer VYron
[Nopnast mopoxa Ha OJTHOOCHOE TPOIHOCTH Cuemnenne, MIla BHYTPEHHETO
cxarue, MlIla f1a OIHOOCHOC TpEeHwUs, rpaj.
pactskenue, MIla
40,8 4,2 6,5 54
42,0 3,5 6,0 57
N3BecTHAK MpaMOpU30BaHHBIN 51,7 5,1 8,1 54
43,2 3.9 6,5 56
49,4 3.8 6,8 58
CpenHee 3HaUCHUE 454 4,1 6,8 56
Cpen. KBaJp. OTKJIOH. 4,30 0,57 0,71 1,72
Koad. Bapuaryn 9,4 13,8 10,4 3,0
79,2 8,3 12,8 54
74,0 6,1 10,6 57
H3BeCTHSK 03KEIC3HECHHBIN 69,5 6,3 10,4 56
62,5 6,2 9,8 54
72,9 7,6 11,8 54
CpenHee 3HaUCHHE 71,6 6,9 11,1 55
Cpen. KBaJp. OTKJIOH. 5,52 0,88 1,06 1,46
Koa¢. Bapnanuu 7,7 12,7 9,5 2,6
80,3 8,0 12,7 54
- 78,2 7,1 11,7 56
zlc?J]:z:/lTI/lHTiII;HpOBaHHMﬁ 83,7 6,4 11,6 o8
103.4 9,4 15,5 56
92,3 6,1 11,9 61
CpenHee 3HaUCHUE 87,6 7,4 12,7 57
Cpen. KBazp. OTKJIOH. 9,25 1,17 1,48 2,18
Koad. Bapnanmn 10,5 15,8 11,6 3,7
147,7 13,4 22,2 56
180,5 18,0 28,5 54
I'panoauoput 179,1 14,9 25,8 57
149,7 11,5 20,7 58
199.,6 13,3 25,7 61
CpenHee 3HaUYCHUE 171,3 14,2 24,6 57
Cpen. KBap. OTKJIOH. 19,82 2,18 2,77 2,10
Ko3¢. Bapuanuu 11,5 15,3 11,2 3,6
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BoiBonbl. Pe3ynbrarhl 3KCIIEpUMEHTAIBHBIX Pa0OT IO ONPESIICHUI0 CBOMCTB TOPHBIX MOPOJ, OTOOpaH-
HBIX U3 MPUKOHTYPHOIO MAcCHBa BOKPYT HMOA3EMHBIX FOPHBIX BBIPAOOTOK pyaHHKa Bo3bIMuak, MO3BOJISIOT
OTMETHUTH CJelyIOIIee:

TopHble mopoapl pyJHUKA OTHOCSATCS K JIOCTaTOYHO IUIOTHBIM mopoaam. Ilokaszaresnn INIOTHOCTH U3-
BECTHSKOB (MpaMOPHU30BaHHBIN, 0KETIC3HEHHBIN M JOJJIOMUTH3UPOBAHHBIN) B CPETHEM BapbUPYIOT OT 2,73 1o
2,78 r/em?, rpanoauropuTa — ot 2,86 10 3,01 r/cm?.

CKOpOCTh MPOXOXKICHUS TPOJOIBHON YIBTPa3ByKOBOW BOJHBI JJIsi U3BECTHSIKOB BapbUPYET B CPEIHEM
ot 5800 10 5996 m/c, momepeuHoi — ot 2663 10 2807 M/c; IS rPaHOTUOPHUTOB — 5513 M/c, TonepeyHoOn —
2460 m/c. Moaynb yIpyrocTH U3BECTHIKOB BapbUpyeT B cpeaneM ot 6,0-10* mo 6,4-10* MIla, a myist rpaHo-
JuopuTa B cpegneM — 5,5-10% MIa,

CpenHee 3HaYCHUE MPOYHOCTH MPU3MATHYECKUX 00pa3I0B MPH OJTHOOCHOM C)KaTHH U3BECTHSIKOB BapbH-
pyet B npeaenax ot 45 no 87 MIla, a ans rpanoauoputa — 171 Mlla, npu 3ToM Haubosiee HU3KKUE 3HAUCHUS
MIPOYHOCTH UMEIOT MECTO Y U3BECTHIKA MPaMOpHU30BaHHOT0. OOpasiibl IPaHOAMOPUTA Pa3PYIIATUCH B IIEJIOM
pu OONBILINX HArpy3Kax, XapakTep pa3pylIeHus: 00pa3loB JaHHONW TOPHON OPOABI — IMHAMHUYECKUH.

PesynbraTel ompeseneHuid MPOYHOCTHBIX M Je(OPMAIMOHHBIX XapaKTEPUCTUK OTOOPaHHBIX TOPHBIX
MIOPOJ] CBUJETEILCTBYIOT O BOBMOYKHOCTU JMHAMHUYECKOTO MPOSIBICHHUS TOPHOTO JaBJIEHUS B MacCCHUBE, CJIO-
KCHHOM T'PaHOJMOPUTAMH U PYJOHOCHBIMH TOPHBIMH MOPOJAMH, CBOMCTBA KOTOPBIX HEOOXOJMMO H3ydaTh
B JaJIbHEHMIIEM JUIsl ONpe/IeTIeHNs] UX TeHEeTUUECKUX OCTAaTOYHBIX HANPSKEHUN U yIapOOIacHOCTH.

Ioctynuna 15.12.22; peuensupoBana: 29.12.22; npunsara: 09.01.23.
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