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Mera. [linBuIieHHS PiBHS €KOJIOTTYHOI O€3MeKH MiAPUBHUX POOIT B Kap’epax 3 BUIOOYTKY He-
pyaHHX 1 OyniBeTbHUX MaTepiaiiB Ha OCHOBI iX paIliOHATBHOTO BUOYXOBOTO JIpOOJICHHS, CIIPSIMOBA-
HOT'O Ha 3HWXXEHHA e(heKTy MepenoApiOHEeHHS, 1110 CYIPOBOPKYETbCS YTBOPEHHAM TOHKUX (pakiii
MaTepiajiB Ta 3HAYHUMH BUKHUIAMHU TTWITY B aTMOochepy.

MeToaunka q0cJiaKeHHsI Tiependadaia TCOPETUIHHIN aHaIi3 POIIECiB pyHHYBaHHS MaCHBIB Tip-
CHKHUX TIOPiJ] CBEPUIOBUHHUMU 3apsiaaMu BUOYyxoBHUX peuoBrH (BP) Ha 0CHOBI po3paxyHKiB yAapHHUX
aniabat BUOYXOBO1 XBHJII B OpoJax Ipu pi3Hiil mBuaKkocti netoHanii BP. ExcniepumenTanbhy me-
PEBIPKY BUSIBJIIEHUX 3aKOHOMIPHOCTEH BUKOHAHO LIUISIXOM OI[IHIOBAHHS SIKOCT1 BUOYXOMIATOTOBKH 32
IpaHyJIOMETPUYHUM CKJIQJIOM MOPOJIU B PO3BAJIL.

Pe3yabTaTi gocaigxenHs. BupimeHa HayKoBO-TIpaKTHYHA 3ajada 3a0e3MeueHHsI pallioHab-
HOTo BUOYXOBOIO JIpOOJIEHHSI MaTepialiB B Kap €pax 13 3aCTOCYBAaHHSAM IOJIOBXXEHUX CBEpPAJIOBHH-
Hux 3apsaniB BP. BcraHoBieHo MexaHI3MU pyilHYBaHHS MacHBIB TipChKHX MOpPiA Ta 0cOOIMBOCTEN
PO3MOALTY 30H pyHHYBaHHS 32 IUCHEPCHUM CKJIaJIOM, 1110 CIIPHsIE€ 3HUKEHHIO BUKUIIB MUY B aTMO-
cdepy A0 MPUIHATHOIO PiBHS €KOJIOTTYHOT Oe3MeKH MIAPUBHUX pOoOIT B Kap’epax. OTpuMaHoO Mopi-
BHSUIbHI OLIIHKM y/IapHOTO HAaBaHTAXKEHHS IT1J] yac BUOYXY 3apsity BP 111 OCHOBHHX TipChbKUX HOP1J
IIpY PI3HOMY PIBHI IIBUJKOCTI JA€TOHAI] 3apsiaiB. BcTaHoBiIeHO 3aexHIcTh 00’ eMy nepenoapioHe-
HO{ IMOPOJIU B 30HI 1 IPUMHUKAHH J10 3apsily BiA mBHIKOCTI neToHauii BP. Bukonano excnepumen-
TaJbHY NEPEBIPKY BUSABIEHUX 3aKOHOMIPHOCTEH B YMOBax JIIFOUOr0 Kap'epy LUIIXOM OIL[IHIOBAHHS
SKOCT1 BUOYXOBUX pOOIT 32 TpaHyJIOMETPUYHUM CKJIaJIOM TipChKOi MacHu y i1 po3Baii Micis JOCIHiI-
HUX BUOYXIB 3 pI3HUMH [TapaMeTpaMHu.

HaykoBa HoBu3Ha. Illnsgxom po3paxyHKOBOIO BH3HA4YE€HHs MapaMeTpiB yAapHUX ajiadar
BUOYXOBOi XBWJII Yy PI3HUX MOPOAAxX Ta MPH PI3HUX IMIBHIKOCTAX jAeroHauii BP nmocnimxeno
6aratoga3zoBuil mporec pyiHyBaHHs mopia BuOyxom. IlokasaHo, 1o npu pyiHYBaHHI TipCbKOTO
MacuBYy BUOYXOM IOJOBKEHOTO CBEPIIOBUHHOTO 3apsiay BP yTBoproroThes nekinpka crenupiyHux
30H pyWHYBaHHS, XapaKTEPUCTUKHU SKUX BIIPI3HAIOTHCS 3a IPAaHYJIOMETPUYHUM CKJIaJJoM. BuaineHo
00JacTh pPeryaboBaHOrO JIPOOJICHHS, /1€ IHTEHCUBHICTh PYWHYBaHHS MOPOAM MOXKHA 3MIHIOBATH
[UIIXOM PEryJIIOBaHHs MapameTpiB BUOYXOBOTO HaBaHTAXXEHHs Ta 00JacTh Mano abo MPaKTHUYHO
HEperyJbOBaHOTO JpoOsieHHs. OOrpyHTOBaHA MOKIJIMBICTb YIPABIIHHS MPOLIECOM MUJIOYTBOPEHHS
Ta BIAMOBIAHO PIBHEM €KOJIOT1YHOI Oe3MeKH MiJPUBHUX POOIT B Kap €pax 3 BUIOOYTKY HEPYIHHUX Ta
Oy/iBeIbHIX MaTepiaiB.
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IIpakTHyHe 3HaYeHHs. BusBieHH] 3aKOHOMIPHOCTI 1 MOJIOKEHHS 1010 3MEHIIEHHS e(eKTy
nepenoApiOHEeHHs MiHepaIbHOT CHPOBUHH BUKOPHUCTAHI MPU PO3POOJICHH] 3aXO0/IiB 3 IiIBUIIICHHS Pi-
BHS €KOJIOT1YHOT Oe3MeKku MiAPUBHUX POOIT B yMOBax Kap'epy, IO 30KpeMa mepeadadanu 3011b-
IIEHHST MIXKCBEPAJIOBUHHHX BiJIcTaHel y miana3oni 10 3,0-3,4 M Ta 3HWKEHHSI TUTOMUX CHEPTOBU-
tpat 3 1,27 r/em® 10 0,97 r/em’.

Knrwowuoei cnoea: exonociuna oOesnexa niopusHux podim 6 kap’epax, 6ubyxoge OpoOJeHHs
MIHEPANbHOT CUPOBUHU, SPAHYIOMEMPULHUL CKIAO 2iPCbKOI NOpOOU 6 pO38alli.

Beryn. Ha cydacHomy erami 1 B cepeHbOTPUBAIIA TEPCIEKTUBI PO3BUTKY
TIpHUYOI MPOMHUCIOBOCTI BUKOPUCTAHHS €HEPrii BUOYXY Uil pyHHYBaHHS TIPCHKUX
nopijg 3aliMae JOMIHYIOUY TIO3HUINI0 1 € HalOuIbll e(EeKTUBHUM METOJI0M
BUOYXOMIATOTOBKK TipHUYOT Mach. SIKICTh OCTaHHBOI CYTTE€BO BIUIMBA€E Ha
e(eKTUBHICTh TMOAATBIINX MPOIECIB MEPEPOOKH MIHEPaTbHOI CHPOBHHH Ta iX
€KOJIOT1YHy Oe3neky. ToMy TipHMYl NIJOPUEMCTBA MPUAULIIOTH Wil (a3l CyTTeBY
yBary mpu BUPIIIEHHI MTUTaHb, 3 OAHOTO 00Ky, €(EKTUBHOCTI TEXHOJOT1i IPOOJICHHS
MarepialiiB 13 3aCTOCYBaHHSIM BHOYyxoBUX pedoBuH (BP), a 3 iHmoro, - 3a0e3ne4eHHs
MPUMAHSITHOTO PIBHS €KOJIOTTYHOT O€3MEeKH BUKUIIB MUY B aTMochepy.

VYkazaHa BHUIllE TEXHOJOTIUYHA 1 €KOJIOT1YHA CKJIaJIOBI OOYMOBJIEHI HEJOCTATHHO
panioHaJIbHUM APOOJICHHSIM MIHEPAIbHOI CAPOBHHH M1 4ac BUOYXY, TOOTO 3 yTBOPEH-
HSM HerabapuTiB a00 HaBMaKu — MEPENoAPIOHEHHSIM Marepiaiy, 10 CYNPOBOIKY-
€TbCSI YTBOPEHHSAM 3HAYHOI Macu TOHKHMX Ta YJIbTPATOHKUX (hpakuiii MaTepiaiy, I10
npobutkes. Came ToMy npoOsieMi MiABUIIEHHS €PEKTUBHOCTI IPpOOJICHHS MaTepiaiB
BUOYXOM IMPHUCBSYEHO 0arato TEOPETUYHHUX Ta €KCIIEPUMEHTAJIbHUX HAYKOBHUX pOOIT
[1-7].

IMocranoBka 3anaui. Ha xap’epax HaltO1IbIII MOMIMPEHUM METOJOM PYHHYBaHHS
TIPpCbKUX TMOPI1A € BUKOPUCTAHHS TMOJOBXEHUX CBEPAJIOBUHHHUX 3apsiiB pI3HUX
iaMeTpiB 1 KOHCTPYKLIii. BukopucTaHHS TaKUMX CBEPIJIOBUHHHUX 3apsiB J03BOJISE
pPO3NOAUIATA E€HEPrito BUOYXy B MacuBl Ta KepyBaTH HaNpyXEHUM CTaHOM 3
ypaxyBaHHAM (PI3MKO-MEXAHIYHUX BIACTUBOCTEH TIPHUYUX TOPId, a 3HAYUTH,
BIUIMBATH HA CTYMIHb APOOJICHHS MaTepialiB Ta PIBEHb €KOJOTTYHOI O€3MEKH.

KepyBaHHs SIKICTIO NIATOTOBKY BUOYXY, @ OTXKE 1 HAIPYKEHUM CTAHOM T1pCHKOTr0
MacHBY, 3aCHOBAaHO Ha 3aKOHOMIPHOCTSX, IO OMNHCYIOTh B3a€EMOJII0 MPOIYKTIB
neronartii (IT/1) 3apsimy BP 3 oTouyrounm Horo cepeoBuIieM — ripCbKUM MacHBOM 1
MarepiaioM BuOoro [8-10]. [cHyroui 3ac00M 1 METO/IM YIIPaBIiHHS SKICTIO BHOYXOBOi
HIATOTOBKM PO3KPUBHUX TMOPIJl IOLIUPIOIOTHCS, TOJIOBHUM UWHOM, Ha 30HY
PEryJIbOBaHOTO JPOOJIEHHA, IO MiAJAETHCS aKTUBHOMY, CYKYMHOMY BIUIMBY BCIX
KOMIIOHEHTIB BUOYXY — YAapHUX XBUJIb, IPSIMHX 1 BIAOUTUX XBUJIb HANPYKEHHS, a
Takok TazomnomioHux I[IJ[, mo 3pemroro HaAXOAsATh B aTMocdepy, 3HUKYIOUH
eKoJIOTiuHY Oe3reky BHOyxoBux po0it [1-5].

Came TOMY TMOJIMIIEHHS €KOJOTIYHOrO CTaHy 3a MUJIOBUM UYMHHMKOM Ha
TEPUTOPIAX, MPUIIETIIUX 10 Kap'epiB, MOXKE OYTH JOCATHYTO 3a PAXyHOK PO3POOKH
Croco0iB YMpaBliHHS SKICTIO BUOYXOBOI MIJITOTOBKM HEPYAHHUX 1 OyJIBEIbHHX
MarepialiiB, 0 BUA00YBaIOTLCA, CaMe 3a PaxXyHOK iX palioHajdbHOTO ApoosieHHs. Lle
JO03BOJIUTH 3a0€3MEUYUTH PIBHOMIPHICTh MOAPIOHEHHA Ta MIHIMI3yBaTh BUXIJ, SK
HerabapuTHOI, Tak 1 TmepenoapiOHeHoi dpakiii, HAHOIIBII ApiOHA YacTHUHA SKOI
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YaCTKOBO MEPEXOUTh Y 3BAXKCHHM CTaH y BUIJISIL MUTY 1 MOXKe nepeOyBaTH B MOBITPI
JOCUTH TPUBANUI yac, 3a0pyIHIOI0UM aTMoc(epy Ta IpUJIeri A0 Kap'epy TEPUTOPii.

Ha cboroaHimHiii 1eHb BUSHAYEHHS SKOCTI BUOYXOIMIATOTOBKH TiPCHbKOI Macu B
Kap'epax MPOBOJUTHCS ILISXOM BI3yalbHOI OIHKMA KPYMHOCTI IIMAaTkiB abo 3a
pesynbTaTamMu ekckasarii. [Ipu 1ipoMy, BIACYTHICTH CHCTEMHOTO MIAXOAY 3 OOMIKY
HerabapuTHUX Gpakiiii He T03BOJIIE B MOBHIM Mipi BUSIBUTHU 3aJICKHICTh SIKOCTI
M1JTOTOBKHU T1PChKO1 MacH 1 BeMWYuHU BUTpatu BP, HeoOXimHuX 11 ii €eKTUBHOTO
noApiOHEHHS 3a MOKa3HUKaMU BUXOIy HOpMaIbHUX (ppakiiiid. Takoxk B MOBHIN Mipi €
TPYAHOIIl 3 BHU3HAUCHHS TOKAa3HUKIB BUXOAY IepenoApiOHeHuX (Qpakxiiii, sKi
NPU3BOATH JI0 IHTEHCUBHOTO MUJIOYTBOPEHHS 1 (hOpMYBaHHS MUIIOTAa30BOi XMapu
MicJisE MacoOBOTO BHOYXY B Kap'epi, pO3CitOBaHHS MUY 3 KO 0OYMOBIIOE MPU3EMHI
KOHIICHTpAIlii TBEPIUX CYyCIIEHIOBAHUX YaCTOK, 110 epeBUIIy0Th [ JIK B cepenabromy
y 20 paziB npotsiroM 10-20 xBunuH micis BUOyxy [6].

OTxe MeTOw po00TH € MIJBUILECHHSA PIBHSA €KOJOTIYHOI OE€3MEeKH MIIPUBHUX
poOIT B Kap’epax 3 BUAOOYTKY HEpyAHUX 1 OyIIBEIbHUX MarepialiiB Ha OCHOBI iX
palioHaIbHOTO  BHOYXOBOTO  JApPOOJICHHS,  COPSIMOBAHOTO  HA  3HIDKCHHS
nepenoipiOHeHHs] MIHEPAJIbHOI CUPOBHHM Ta BIJIIOBITHO BUKU/IIB MUY B atMOc(epy.

OcHoBHi pe3yjabTaTu. [[71s JOCATHEHHS MOCTAaBICHOI METH BHpIITyBajacs
3a/laya 3a0e3MEeUeHHs pallioHaJBLHOTO JAPOOJIEHHS MarepiajiB 13 CBEPAJIOBUHHUMU
3apsnamMu BP Ha OCHOBI BCTaHOBJICHHS MEXaHI3MIB pyHHYBaHHS MAacCHBIB TIPCHKHX
nopiJy Ta OCOOJMBOCTEN pPO3MOAUTY 30H pPyHHYBaHHS 3a JAUCIEPCHUM CKJIAJIOM,
CHpPSMOBAaHUX Ha 3MEHILIEHHS e(eKTy MepenojpiOHEHHS MIHEpPaIbHOI CUPOBUHU
Ta BIJIMOBIJTHOTO 3HWKEHHS BUKHUIIB MWIy B aTMoc(epy MpU MacOBUX BHOyxXax 0
MPUIHSATHOTO PIBHS €KOJIOTIYHOI O€3MeKH MIIPUBHUX POOIT B Kap’ €pax.

CnoyaTKy BCTAaHOBITIOBAIMCS MEXaHI3MH pyHHYBaHHSA MacCUBIB IPCbKUX MOPiJ Ta
0COOJIMBOCTI PO3MOALTY 30H pyWHYBaHHS 3a AUCIEPCHUM CKJIAJIOM, CIIPsIMOBaHI Ha
3MEHILIEHHS e(eKTy nepenoApiOHEHH MiHEPAJIbHOI CHPOBUHU. Tak, BIIOMO, IO MpU
BUOYXy CBEPAJIOBUHHOTO 3apsily 3MIHIOEThCS HamNpyXeHOo-Ie(popMOBaHUN CTaH
MacCHBY TIPCBKUX TOPiJl, 32 PaXyHOK 4YOTO 1 BiIOyBa€eThcs WOro pyiiHyBaHHs [7-11].
HaBkor0 3apsiny BUHHKAIOTH JIeKiJIbKa CIICIU(IYHIX 30H PyHHYBaHHS, XapaKTep SKUX
3MIHIOETBCS 3 BIJJAJICHHSAM BiJl OCi 3apsiay. 3arajibHUM MaciuTad 1 IHTEHCUBHICTh
PYWHYBaHHS B IUJIOMY 3QJICKUTh BiJl (I3MKO-MEXaHIYHMX BJIACTHBOCTEH TIPCHKUX
MopiJi, PiBHA €HEPrOHACUYEHOCTI, Yacy NPHUKJIAJaHHS HABaHTAXEHHS BHOYXOBOIO
IMITYJIbCY, KOHCTPYKTUBHUX OCOOJIMBOCTEH 3apsliB, YMOB Ta CIIOCOO0Y iX MiApuUBaHHS.

VY Bumanky BUOYXYy CBEPAJIOBUHHOTO 3apsay NpPH HASBHOCTI Xouya O OJHI€q
TJIONIMHU OTOJICHHS TIPHUYOTO MACHUBY 3araJIbHUM XapakTep WOTO PYyWHYBAaHHS MOXKE
OyTH MpeACTaBICHUHN Y BUIJISIIII CXEMH, SIKa HaBeJeHa Ha pucC. 1.

Ha Bigminy Bij MIBUAKOIUIMHHOTO mpoliecy jaeToHarlii BP, skuii BinOyBaeThcs
(aKTMYHO MUTTEBO 1 JIJISl CTAHJAPTHUX CBEPJJIOBUH HE TepeBulIye 1-2 Mc, mpoiiec
pYWHYBaHHS TPChKUX MOP1JT € OUTBII PO3TATHYTUM Y Yaci 1 TPUBA€ HE MEHIIIE 15-
25 mc. Tomy mpu BUPILICHH] MUTaHb PYHHYBaHHS TIPHUYMX MOPiJ BUOYXOM OUIbII
3pYy4YHO PO3TJIsAIaTh HOro sik 6araTtoda3oBuil mpoiiec.

Buxoasuu 3 cy4acHOi ysiBU PO MEXaHI3M pyHHYBaHHA TIPCbKUX MOPiA, Nepiia
foro (aza MOYMHAETHCS BHACIIIOK PI3KOTO CTPUOKA THCKY 1 TEMIIEPATyph B MOMEHT
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AeToHaIl1 3apsaay BuOyxoBux peuoBuH (BP), renepyroun mpu 1ipoMy yaapHy XBHITIO.
Sxuo mapaMeTpu yIapHOTO CTHCHEHHS NEPEBHIYBAaTUMYTh MEXY IUIMHHOCTI
MOPOIH, 11 MPU3BEE M0 ii Ae3iHTerpaiii y ONFKHIN 30H1 3apsay. Po3moBCloKeHHS
yAapHOi XBHJIl Y TAKOMY CEPEIOBHINI MOXE OYTH OMUCAHO JIIHIHHUM PIBHSHHSM, IO
3aCHOBAHO Ha ii yapHii agiadari:

Dy;=¢,+4-U, 1)

7€ co — WIBUAKICTH PO3MOBCIOMKEHHS 3BYKY y TOpOJi; A — MOCTiiiHA AJis JaHOTO
cepenosuia; U — MacoBa MIBUIKICTh YaCTOK CEPEAOBHUIIA 32 (PPOHTOM yAapHOT XBUIIL.
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Puc. 1. Cxema yTBOpeHHS crieliudiyHUX 30H pyHHYBaHHS MAaCUBY T1PHUYUX MOPiJ
npu BUOYXy cBepuioBUHHOTO 3apsany BP: R, — 30Ha nepenoapiOHeHHs (CTUCHEHHS)
nopoju; Ry — 30Ha apoOieHHs mopoau; Ry — 30Ha TpilIMHOYTBOPEeHHS; Ni — 30Ha
BIJIKOJIbHUX I11apiB; W — BeJIMunHa Onopy MOPOJHOTO MAaCUBY 1O MMiJIOIIBI YCTYITY;
S — Mmexa ycryny (TUIOIIHMHA OTOJICHHS)

Jlis oTpuMaHHs MOPIBHSUIBHOT OI[IHKM YJApHOTO HAaBAHTAXCHHS JUIS JCSIKUX
TIPHUYKX MOP1J mijg yac BUOyxy 3apsay BP npu pizHOMYy piBHI IIBUJKOCTI I€TOHAIT
OyJ10 BUKOHAHO PO3pPaxyHOK yaapHOi afgiadatu 3a MeToaukoro [12].

OcHOBHI pIBHSHHS JaHOI METOJUKH, 1110 HEOOX1H1 /ISl BUBHAUCHHS MapaMeTpiB
piBHsHHS (1), HABEICHO HUXKYE:

c -la .(@_1”1
02 1 p
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0 2
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(3)

(4)
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Pol Pp2 Pos

[TapameTpn cepenoBuia, SKI BHKOPUCTOBYBAJM Yy pPO3paxyHKax IpH

MOJICJIIOBAaHHI YAApHOIO HAaBaHTA)XXEHHsSI TIPHUYOI NOpoAM BUOyXxoMm 3apsniB BP

HaBesieHO y Taou. 1.

Tabmani 1
[TapameTpu cepeioBHINa, IKI BAKOPUCTOBYBAIN y PO3paxyHKaxX MpU MOJIETIOBaHHI
yJIapHOTO HaBaHTAXCHHS TpHUYOI mopoau BUOyXxoMm 3apsiB BP

HaitmenyBanns nopoau

= = = 8
[TapameTpu = = i S =)
E < % o <
< = (¥ S >
M E ~ = X
[Toporosuii Tuck P*, Ila 6,5-10° 17,5-10% 16-10°| 21,4-10% 36,2-10°
1;1/[;quch Ha OJHOBICHE CTUCHEHHS, 2108 | 0.97-108] 10° | 0.9-108| 4-10°
Koedimient Ilyaccona 0,2 0,25 0,25 0,38 0,08
Koegiuienr Tepmitnoro 8:10°| 4,510 11109 15-10¢| 10°
posmmpenHs, K
Monyns FOHra, [1a 10-10%] 6,2:101°| 6-101°| 8-10'° | 9,6-10%
. 600- 700-
[Tutoma TemnoeMHicTh, Jx/kr K 1000 830 920 1500 1300
[IBUAKICTB 3BYKY, M/C 2000 | 4400 5000 7500 3690
[ToyaTkoBa LIIBHICTh, KI/M° 2900 2650 2600 2650 2650
Jlns BU3HAUGHHS THUCKY JETOHAIiWHOI xXBWwIl B Toull Yemnena-J[xyre

BUKOPHCTOBYBAJIM BiJOME PIBHSIHHS:

p= Pz Dys

k+1

2

)

e Py — ryctuna BP, kr/m3; Dy, — mBuaKicTs geToHamii M/c; K — KaBOIOyM IPOLYKTiB
neronaiii (B pasi emysbciitanx BB (EBP) k mopishioe 3)
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VY Bunaaxky maminHsg ynapHoi xBuwii (YX) HOpMaIbHO 10 MTOBEPXHI BEIWYHA ii
TUCKY Ha Mexi BP mopona 3poctatume 1 Oyze ckiiagaTu:

P=059-p,,-D,,’, (6)

OcCHOBHI pe3yJIbTaTH YUCEIBHUX PO3PaXyHKIB yJapHOi ajiabaTd HaBEIEHO Ha
puc. 2. Xapakrep amiadaT J03BOJMB BCTAaHOBHUTH, IO IS MilMIAHUKA, JOJOMITY,
BalHSAKY Ta TPaHITy MOPOTOBI 3HAYEHHS THCKY, IMPH SKOMY PO3IIOYHHAETHCS
IHTEHCHBHE JIpIOHEHHS TOPOY HABKOJIO 3apsi1y, MEHIIEe, HDK TUCK Ha MEX1 «TPOTHUJI-
IOPOJIa.

!
“w
1

Trc = rpoaTor yapHo] =ee, [11a

i 500 1000 1500 2000 2500
Macopa mMERTRKICTE YacTHEGE 23 dpoEToM VX, Mc

Puc. 2. Yaapni agiabatu y pi3HUX MTOPOJIAX:
® — MMIIAHUK; A — KBapIl; O — JOJOMIT; [ — IpaHiT; M — BaITHAK ; X — IOPOTOBHI THCK;
+ — HaYaJIBHUI TUCK B IOPOJ1 mpu BUOyXy mpuiiersioro 3apsany BP; 1 — i3oenTporna
IPOLYKTIB AeToHawii TpoTuiy (po=1637 kr/m3; D=6940 m/c); 2 — i30eHTpOona
npoxaykris geronanii EBB (po=1120 kr/m3; D=4175 m/c); 3 — i30eHTpONa NPOAYKTiB
neToHanii rpanyiTy (pe=900 xr/m*; D=3600 m/c)

VY Bumaaky 3actocyBanHs EBP piBenr mnepenonpiOHeHHsT mopoan Oyne
3MEHIIyBAaTHUCS, OCTIIILKA THCK Ha Mexi1 « BP-mopoaa» MeHIle moporoBoro TUCKy JIst
MIIIAHUKA, T0JIOMITY Ta TPaHITy. 3HAUE€HHS TUCKY MPOYKTIB BUOYXY ITJAHITY HA MEXI
«BP-nmopona» He pocsrae moporoBoro piBHs JJIs yCIX TUIIB MOPiJ, K1 3aCTOCOBYBAIIU
MIPY MOJIETIOBaHHI NPOLECY TX HABAHTAKEHHS.

Po3BuTOK 0051aCTI CTUCHEHHS, e caMe 1 BIIOYBA€EThCS NMEPENOAPIOHEHHS TOPOIU
HaBKOJIO 3apsIHOI TOPOKHUHM, TPUBATUME JIO0 TUX Mip, J0KU TUCK [1]] He 3HU3UTHCS
710 MEK1 MIITHOCTI TTOPOJIU 10 CTUCHEHHS.
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[TapameTpu 30HM CTHUCHEHHS MPH BHOYXOBOMY HaBaHTa)XEHHI T1PCHKHUX TOPiA

MOKHA OIUCATH 3AJICKHICTIO:
2
-D
Rey = d,/’)gg— , (7)
0O

ne R., — paniyc yrBopeHoi 30HM mepenoapionenns; d — miamerp BP y 3apsnai, m;
D — mBuakicTs gertoHanii BP, M/c; ps — rycruna BP y zapsani, kr/m®, ¢ — mexa
MIITHOCTI MOP1J Ha CTUCHEeHHS, []a.

3 HaBeAeHOi 3ayexHOCTI (7) BUIHO, IO HA PO3MIP 30HU MEPENoJpiOHEHHS B
NepIy Yepry BIUIMBAIOTh MOYATKOBI MapaMeTpH 3apsiay, A€TOHaIlIlHI BTacTuBOCTI BP
Ta 6a3UCHI BIACTUBOCTI T1PCHKOT MOPOIH.

OOcsr yTBOpeHHs MepenoApiOHEHOT TIPChbKOI MOPOAM MNpU BUOYXY OJHOIO
CBEPAJIOBUHHOTO 3apsTy MOYKHA BU3HAYUTH 3a (hOPMYJIOF0:

2
-D
Q.= a8 trp, L, (®)

ne Lsqp — NOBXKUHA 3apsALy, M; e — ryctuna BP, kr/m®; p, — ryctuna nmopoau, Kr/m>;
0 — M€a MIITHOCTI TTopiJ Ha cTUCHEHH4, [1a.

3a pe3yJibTaTaMu YHCEIBHUX PO3pPaxyHKIB 3a Mojewio (8) Oylo BU3HAYECHO
3JICKHICTh 00’ €My TepernoapiOHeHO01 TOPOIX Bl MBUAKOCTI AeToHalii BP.
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Puc. 3. 3anexHicth 00’ eMy niepenoApiOHEHOT MOPOIU B 30H1 TPUMUKaHHS 3apsiay BP
B1JI IIBUIKOCTI HOTO JE€TOHAII:
— MIIIAHKUK; A — KBapIl; O — JOJIOMIT; O — TpaHiT; M — BaITHAK
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3a pe3ynbTaTaMu aHalli3y 3aJeKHOCTEH, HaBEIEHUX Ha PHC. 3, BCTAHOBJICHO, 1110
31 3pOCTaHHSAM MIBUAKOCTI JETOHAIlli 00’e€M mepenoApiOHEHOT MOpPOaAU 3pOCTaE 3a
3QJICKHICTIO Yy BUIISAI TUIKH Tapaboiu, SKy TOCTaTHRO TOYHO MOXKHA OIHCATH
MOJIIHOMOM JIPYroro crymneHs. Taka 3aleKHICTh MOSCHIOETHCS THM, IO IIBHIKICTDH
peakiii BHOYXOBOTO TIEPETBOPEHHS Ta THCK MPOIYKTIB JETOHAIlli IOB’sA3aHl
piBHSHHAM (5), Ta 11 OLIBIIOCTI BUOYXOBHUX PEYOBHH ii 3pOCTaHHS IPHU3BEIE 10
30UIBIICHHS! TUCKY y (DPOHTI JMETOHAIMHOT XBWUJI, 1 SK HACIIJOK — JO 3pPOCTaHHS
yIapHOTO HaBaHTAXKEHHSI HA MOPOy. ToMy O4EeBUIHUM € TOM (PaKT, 10 BUKOPUCTAHHS
BP 3 BHCOKMM MOYaTKOBUM JETOHAIIHUM IMITYJIbCOM Ma€ HEraTMBHUW HACHIJIOK,
AKUM (DAKTUYHO HEMHHYYE TPU3BENIEC 10 YTBOPEHHS JIPIOHUX Ta YJIbTPAIUCIEPCHUX
YaCTHHOK 3 MIHEpaJIiB MOPOU Y OJMKHIM 30H1 710 3apsTy.

3a pe3yabpTaTaMy MPOBEACHUX JOCIIIKEHb BCTAHOBJICHO, 110 MEPENoApIOHEHHS
MOpPOJIY CKIIaJa€ He3HAYHY YaCTHHY 30HU PYHHYBaHHS, aje 3a BUTpaTaMu €Heprii B
npoteci (hopMyBaHH1 ApiOHOAUCTIEPCHUX (paKLIiid 115 30Ha € BU3HAYAIBHOIO CTOCOBHO
nepenoipioHeHHs ripcbkoi nopoau [11-14]. IIpu oMy HasBHICTh AMCHUIATHBHUX
BTpaT €Heprii BUOYXy B 30HI CTUCHEHHS MOPOJM HEMHHYYE BILUTMBATUME Ha MacmTad
Ta I1HTEHCUBHICTh MOAAJIBIIOTO Mpouecy (popMyBaHHS 30HU paJlajJbHOTO Ta
TaHTeHTaJIHLHOTO TPIIIMHOYTBOPEHHS HABKOJIO CBEPAJIOBHHHOTO 3apsiy.

Hpyra (aza nounHaeThCs HA ACSIKINA BIACTaH1 BiJ 3apsALy MICIsS TOTO, SIK yJIapHa
XBWJISL TEPEXOJUTh B XBWJIKO HAMpPYKEHHs, sika (OpMy€e PO3BUTOK pallialibHUX 1
TaHTCHIIAIBHUX TPIIMMH Ha BifacTaHi Big 15 go 20 pamiyciB 3apsay. YMOBH
PO3MOBCIOJIKEHHSI TaKWX TPILIIMH 3ajexarbh BiJ BiaacTuBocted BP Ta mpuponnoi
TPIIMHYBATOCTI MACUBY 1 B IIIJIOMY BIUIMBAIOTh HA SIKICTh BUOYXOIM1ArOTOBKH T1PHAYO1
MacH.

3akiaoyHa cTaaisi BUOYXY, SIKIM BiJIBOJUTHCA TOJIOBHA POJIb Yy pPyHHYBaHHI
CepelOBHINA, TOYMHAETHCA IICIS 3aBEPIICHHS XBUJIBOBOTO TMPOIECY, KOJH TIO
HAsSIBHUM MPUPOIHUM Ta HOBOCTBOPEHMM TpiluHaM nomuprotothes [1/], 3a paxyHok
TUCKY SIKUX TPUBAE PO3MIIIHEHHS Ta BIJIIJICHHS MOPOM BiI OCHOBHOTO MacHUBY B 01K
BUIbHOI noBepxHI. [Ipu npomy, yac BBy IIJ[ Ha ripceky mopoay Mae BaKIIUBE
3HAYeHHS MPU YTBOPEHHI CTHUCKAIOUOl Ta PO3TATYIOUOi HAIMPYTH, B AKHX 3aJeXKaTh
napaMeTpu pyiHHyBaHHS MaCHUBY.

TakuMm 4YMHOM, BIIMOBIJHO A0 BHINEBUKIAJACHOTO, TIPH PyHHYBaHHI T1pPCHKOTO
MacHBY BUOYXOM CBEpJUIOBHHHOTO 3apsiy BP yTBoproroThcs nekinbpka crernudiaHux
30H pPYWHYBaHHS, XapaKTEPUCTUKH SIKUX BIAPI3HAIOTHCS 3a TPaHYJIOMETPUYHHUM
CKJIa/IOM.

3riHO 3 HaBEIEHOI0 Ha pucC. 4 CXeMolw, pyiHYBaHHS TIPCHKOI MOPOIH MpPH
BUOYXYy CBEpJIOBUHHOTO 3apsay IMPOTIKAE B CEPeIWHI CKJIAAHOI (IrypH, IO
CKJIaJIa€ThCsl 3 LWIIHIPY PajilyCoM 30HHM TPIIIMHOYTBOPEHHS Ry Ta mpuiiersoi 1o
HBOTO 31 CTOPOHHM HEI03apsly TOJOBHHHU TOPa, PaliyC SIKOTO MPUONM3HO CKIagaec
r=0,5 Ry [Ipu 11poMy y BUMaiKy 6aratopsiiHOro MiApUBaHHS MACUBY CIOCTEPITaeThCs
HE MEHIIIE YOTUPHOX creluiyHuX AedhopMaliiiHuX 30H, sIK1 BIIPI3HAIOTHCS CTYIIEHEM
PIBHOMIPHOCTI ApOOJIEHHS TIPChbKOT HOPOIH, & CaMe:

I — 3ona nepenoapiOHEeHHS Ta APOOIEHHS MTOPOJIHN;

II — 30Ha po3MilTHEHHS TTOPi HA OKpeMI IPUPOHI HparMeHTH;
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[T — 3oHa po3miHEHHS MOPia B 00JacTi epedypy HMXKYE MPOEKTHOT BIAMITKH

ycrymy,
IV — 30Ha pO3KpUTTS NPUPOTHUX TPIIIKUH Ta MIKOJIOYHHUX 3pPYILICHb.
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Puc. 4. Cxema pyiiHyBaHHSI MacHBY TIPHUYUX MOPIJ] IO BUCOTI YCTYITY
nedopwmartiitii 30uu: [ — 3oHa nepenoapiOHeHHs Ta ApoosieHHs nopoau; II — 3ona
PO3MILIHEHHSI TOPi Ha okpeMi npupoHi hparmenTH; 11 — 30Ha po3MiliHEHHS TTOP1T
B 00J1acTi nepedypy HUXKYE MPOEKTHOI BIIMITKH ycTyny; IV — 30Ha po3kpuTTs
MPUPOJHUX TPIUIUH Ta MI>KOJIOUHUX 3pYILIECHb

TakuM YMHOM TPaHyJIOMETPUYHUM CKJIaJ rPChKOi MAacH B 3araJIbHOMY PO3Bal €
pEe3yIbTATOM «IIACYMOBYBAaHHSD JMCIEPCHUX Mac 3 OKpeMHux JedopmaniiiHux 30H
3pyWMHOBAHOTO MACHBY.

JUisi aHaTITUYHOrO OMMCY TPAaHYJIOMETPUYHOIO CKJIaAy AMCIEPCHUX CHCTEM
HalfuacTile BUKOPUCTOBYIOTh piBHSIHHS Po3uHa-Pamnepa [14]:

R =100 -exp- (- -d,,"), (9)

ne R — cymapuuii Buxin ¢pakuiidi HeoOXigHoT kKoHmuIIii, %; d., — PO3MIp cepeTHbOTO
KYCKY; & Ta 3 — MOCTIliHI YUCJIOB1 KOE(IIIEHTH.

OpnHak, BpaxOBYIOYM HEPIBHOMIPHICTh TIPHUYOI Macu 3a TpaHyJOMETPUYHUM
CKJIQZIOM, 110 3MIHIOETHCS 31 3MIHOIO BIJICTaH1 BiJl CBEPUIOBUHHOIO 3apsily, aBTOPAMHU
poGoTtu [15] 3anpornoHoBaHO BU3HAYATH TPAHYJIOMETPUYHHUM CKIIaJl 32 POpMYIIOLO:

dcp dcp _5 (9.11.dy -exp-(-1.12.dy )
R=100-exp-|-(1.2+15-d, )| 2 -5+
dk dk

(10)

YucenbHe BupinieHHs piBHsHHS (10) mpeacTaBieHo Ha puc. 5.
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Puc. 5. 3anexHictb BUXoAy ApiOHMX (hpakiiiil Big 11aMeTpy CEpeIHbOr0 IIMaTKa
nopoau (dy): 1 — mpu dep=0,2 M; 2 — ipu dep=0,22 m; 3 — ipm dep=0,3 M; 4 — ipu
dep=0,35 M

3 ypaxyBaHHSIM LIbOIO IHTETPAJIbHUM BUX1J HEradapUTHUX (pakUiid MOMKIUBO
BU3HAYUTH 3 PIBHSHHSA:

d 5 (9.11.d -exp-(-1.12-d}))
—5+|—— (11)
d k

B, =100-| 1—exp- —(1.2+1.5-dk)-

k

YucenbHe BupinieHHs piBHsHHS (11) npeacTtaBieHo Ha puc. 6.

Buxonsuu 3 mpuBeeHUX Ha puc. 5 Ta 6 3a1€KHOCTEN, € OUEBUTHUM, IO 11aMETp
CEPEIHbOI0 KyCKa 1 TpaHyJOMETPUYHHUIA CKJIaJ 3pYHHOBAHOI BI/I6YXOM opoAH
KUIBKICHO B3a€MO3B’si3aHl. [Ipy 11bOMy 1CHY€ TICHUN KUIBKICHUN B3a€MO3B’SI30K MIX
PIBHOMIPHICTIO JpOOJIEHHA 3pYWHOBAHOTO MACHBY 1 PIBHOMIPHICTIO PO3MOJALTY
HerabapuUTHUX Ta IHIIUX (PaKIii.

HasBHICTh Takux 30H B pO3Baji rpHUYOI MacCU MOXKE MPU3BECTH IO YTBOPECHHS
30H HEKOHTPOJIHLOBAHOT'O JPOOJICHHS 1 K HACTIIOK — J0 3HWKEHHS HE TIIbKH SKOCTI
BUOYXOITIITOTOBKH, aJie 1 10 YTBOPEHHS APIOHUX Ta YIbTpaApiOHUX ¢pakxiiiid, mo €
HEraTHBHUM YHHHHUKOM.
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Puc. 6. 3anexHicTh BUXOy HETabapuUTHUX (PpaKiliid BiJ AlaMeTpy KOHIUIIMHOTO
mMvatka mopoau (di): (di): 1 —mpu de=0,2 M; 2 — ipu de=0,22 M; 3 — ipu dep=0,3 Mm;
4 — mpu dep=0,35 Mm;

3 ypaxyBaHHSIM BCTaHOBJICHHX MEXaHI13MiB pyHHYBaHHSI MAaCHUBIB T1PCbKUX MOPiJ
Ta OCOONMMBOCTEW PO3MOALTY 30H PYHHYBaHHS 3a JUCIIEPCHUM CKJIAJOM MOXKHA
BUJILJTUTH JIBI OCHOBHI 30HH PyHHYBaHHS:

1. OGnacTh peryib0BaHOTO APOOJICHHS, JIe IHTEHCUBHICTh PYWHYBAHHS MOPOIH
MOKHa 3MIHIOBaTH HUISIXOM PETYJIIOBaHHS MapamMeTpiB BUOYXOBOTO HaBaHTAKEHHS.
OTxe — TEBHOIO MIpPOI0 BIUIMBAaTH HA CTYMiHb TNEPENOAPIOHEHHS Ta 30KpeMa
3MEHIIyBAaTH YTBOPEHHS TOHKOI 1 YIBTPATOHKOI (Dpakiliii MmaTepiaiy, 1mo ApoOUThCs, 1
BIJIMOBIJTHO MIABUIIYBATH PIBEHb €KOJIOT1YHOI O€3MeKu BUOYXOBHUX POOIT 3a MHJIOBUM
YUHHUKOM.

2. O6nactb Mano ab0 NPAKTUYHO HEPETYJIbOBAHOIO JAPOOJICHHS, B SKIH
pyiiHyBaHHS BIIOYBA€ThCSI BHACIIIOK MEXAaHIYHUX 31TKHEHb.

PylinyBaHHA TmOpi 3aJ€XUTh BiA psay ¢GakTopiB, TakuMxX fK: IIHPUHA Ta
CHOPSIMOBAHICTh TPIIIMH B MAacuBl, PO3MIpH BIJIUJIEHHS Ta HAsABHOCTI B HHX
MikpoaedekTiB, napamerpu OyponiapuBaux pooiT (bIIP) Ta iHmux dakTopis, 110 HE
M1JJISITAI0Th PETYIIOBAHHIO.

Ha ocHOBI TeopeTHYHO BUSIBJICHHUX MEXaHI3MIB Ta OCOOJIMBOCTEH PO3MOLTY 30H
pYWHYBaHHS 3a JAMCIEPCHUM CKJIAJJOM BHKOHYBaJach pPO3poOKa 3axoJiB II0JIO
MiIBUIIEHHS piBHS exoioriunoi 6e3neku bITP. OcunoBui napamerpu Beaerns bIIP npu
MIPOBENICHHI Ccepii eKCIIEMMEHTAIbHIX BHOYX1B HaBeIeH] B Ta0JI. 2.
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TaGmuis 2
XapakTepucTuka OCHOBHUX mapameTpis BITP

HomMep ekcnepuMeHTalbHOTO BUOYXY

HaiimenyBaHHs mapameTpiB

1 2 3 4 5

Bucora ycryny, M 11,5+£0,5(11,5+0,5|12,5+0,5|12,5+0,5|11,5+0,5
JloB)KMHA CBEPAJIOBUH, M 13,5+0,5(13,5+0,5|14,5+£0,5|14,5+£0,5|13,5+0,5
JloBxpHa 3a01MKU, M 3,0 3,0 3,0 3,0 3,0
KinpKicTh CBEpUIOBUH, T

- OCHOBHHUX 51 89 67 78 68

- KOHTYPHHX 0 58 56 0 34
Biacranp Mk cBepjyioBuHamu, M| 3,0 3,2 3,4 3,0 3,2

Bincranp Mix psaamMu

3,0 3,0 3,4 3,0 3,1
CBEPIUIOBMHAMH, M

OG6c¢sr BP, kr:

- EBP mapku «EPAx»-IIl H 7295 14800 7040 0,0 0,0
-EBP mapku «kEPAx»-II1 @90 MM 304,5 919,3 707,6 1160 1067
- EBP mapku «kEPA»-I11 070 mm 52,2 0,0 0,0 0,0 61,2
- EBP mapku «kEPA»-I11 040 mm 0,0 527,4 454.8 93,6 285,6
- I'panymnit [1K-1 (IrmaniT) 850 950 2800 12110 8300
ITutoma Butpara BP, kr/m® 1,47 1,18 1,21 1,17 0,98

JUIst OIIHKKM AKOCTI BHOYXOIIJITOTOBKM MICJSI KOKHOTO €KCIIEPUMEHTAIbHOIO
BUOYyXy BHUKOHYBaJd BHUMIp T'PaHYJIOMETPUYHOTO CKJIaJy HAa TOBEPXHI pO3BaIY
TIPHAYOT MAacH 3 BUKOPUCTaHHSM (POTOIUIAHOMETpUYHOro Meromy. OTpuMaHi 1O
KOXKHOMY BHUOYXy (OTOIUIaHITpaMy aHami3yBaldM 3a JOIMOMOTOI0 CHUCTEMHU aHalli3y
rpanyioMmerpuyHoro ckiamxy « WipFrag» [16].

JI71st oTpuMaHHs MOPIBHSJILHOT XapaKTEPUCTUKH PO3IOALTY TPaHyIOMETPUIHOTO
CKJIaZy 3a pe3yJibTaTaMM IJICYMKOBOTO aHalli3y OTpUMaHUX (oToruia”irpam Oyiu
moOyI0BaH1 €KCIEPUMEHTAIbHI KPUBI PO3MOUTY TPaHYJIOMETPUYHOTO CKIIATy IS
KOXKHOTO JIOCJIIIHOIO BUOYXY 3 pI3HMM EHEProHaCHUYEHHSIM MacuBy. PesynbraTtu
TAaKOTO aHaJ13y HaBeJEeHO Ha puc. 7.

AHalli3 KpUBHMX, HaBEJEHUX Ha pUC. 7/, TOKazye, M0 301IbIIECHHS
MDKCBEp/UIOBUHHUX BiAcTaHe y mianmazoHi 3,0-3,4 M Ta 3HWKEHHS MUTOMHUX
eneprosutpar 3 1,27 r/em® 10 0,97 r/cm® npu nposenenni gocmigaux Budyxis NeNe 2,
3,4, 5 He npuBENO 0 MOTIPIIEHHS XapaKTEPUCTUKHU 30H pyHHYBaHHS T1pCbKUX MOPIJ,
a MaKCHUMaJIbHE BIIXWJICHHS BEJIMYUHHU CEPEIHBOTO IMIMATKa MOPOJAM MIOAO0 0a30BHX
napametpiB bIIP ve nepesurye 20%. OgHouacHO, pe3yabTaTH JOCIITHUX BUOYXiB Ne
4 Ta 5 BUABWIM HAMEHIIHK BMICT (PpaKIliii y po3Baji TipChbKOI Macu HANMEHIIIOTO
pO3MIpy, Kl JO3BOJIMJIA BUSBUTH Ha (POTOIUIAHITpaMi PO3ALIOBA 3aTHICTh CUCTEMH
«WipFrag». A 11e cBiAUUTH 1 MPO BIIHOCHO MEHIIE MEPEenoApiOHEHHST MiHEPaATbHOT
CUPOBHHH Ta BIAMOBITHO MEHIINN BUKHU MIJIy B aTMOchepy Ta MiABUIICHHS PiBHA
€KOJIOT1YHOT 0€3MeKH MiPUBHUX POOIT 32 MIJIOBUM YHHHUKOM.
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Puc. 7. Posnoain ¢pakiiiii y po3Baii ripcbKoi MacH micist BUOYyXY

BucnoBku. 1. [lokazaHno, 110 B kap’epax 3 BUAOOYTKY HEPYIHUX 1 OyAiBEIbHUX
MarepiaiaiB HalOUIbII MNOIIMPEHUM METOJOM pYyWHYBaHHS TIPCBKHX TIOpLI €
BUKOPUCTAHHA TMOJOBKEHHX CBEPMJIOBUHHUX 3apsAiB  pI3HUX JIIAMETPIB 1
KOHCTPYKIIiii. IX BUKOpHCTaHHS 103BOJSE PO3MOLIATH EHEprilo BUOYXy B MacHBi Ta
KEepyBaTH HAIPYXEHUM CTaHOM 3 ypaxyBaHHSIM (13MKO-MEXaHIYHHUX BIIACTUBOCTEH
TIPHUYUX TOPIJ, a 3HAYUTh, BIUIMBATU HA CTYMIHb APOOJICHHS MaTepialliB Ta PiBEHb
€KOJIOT1YHOT Oe3MeKH MiPUBHUX POOIT 32 MUJIOBUM YHHHUKOM.

2. Ha OCHOBI TEOPETHMYHOTO aHaNi3y MPOIeCy PyHHYBaHHS MacHUBY TIPCHKUX
nopin Bix BuOyxy 3apsgy BP BusBieHi mexaHi3Mu YTBOPEHHS Ta OCOOJIMBOCTI
PO3MOITY 30H pyHHYBaHHS 3a JUCIIEPCHUM CKJIAJIOM, IO 3aJIeKaTh BiJ (i3UKO-
MEXaHIYHUX  BJIACTUBOCTEW  TIPCHKUX  TIOpiJ, PIBHA  EHEPrOHACHYCHOCTI
CBEPJIOBUHHHUX 3apsiB, 4acy MPUKIIaIaHHs HaBaHTAXKEHHsSI BUOYXOBOTO IMITYJIbCY 1
yAApHUX XBWIb. B pe3ynbTaTi BUJILJIEHO /1B OCHOBHI 30HU PYWHYBAaHHS, a CaMe:

- 00J1acTh PEryJjabOBaHOTO JAPOOJICHHA, A€ IHTEHCUBHICTh PYWHYBAHHS MOPOJU
MO’KHa 3MIHIOBAaTH IUISXOM PETYJIOBaHHSA MapaMeTpiB BHOYXOBOTO HAaBaHTAXEHHS,
OT)KE TIEBHOK MIpPOK0 BIUIMBAaTH Ha CTYMIHb MNEPENoJpiIOHEHHS Ta 30Kpema,
3MEHIIyBAaTH YTBOPEHHS TOHKOI 1 yIBTPATOHKOI (hpakiiiii MaTepiaiy, 0 APOOUTHCS, a
BIIMIOBITHO TIJBUIIMTH PIBEHb €KOJIOTTYHOI O€3MEeKH BUOYXOBHX POOIT 3a MUJIOBUM
YHHHUKOM;

- oOmacte Masio abo0 TPAKTUYHO HEPETYJIHOBAHOTO MAPOOJICHHS, B SIKIN
pyWHYBaHHS BiZIOYBa€ThCsSI BHACIIJOK MEXaHIYHUX 31TKHEHb YJIaMKiB TIOPOJIH.

Ha o6c¢siru BcTaHOBIIEHUX 30H TaKOXK BIUIMBAE IMIUPUHA Ta CIPSIMOBAHICTh TPIIIHH
B MAacHBi, pPO3MIpIB BIJJUICHHS Ta HAsABHOCTI B HUX MIKpOAE(PEKTIB, MapaMmeTpiB
OypomiipuBHUX POOIT Ta IHIIWX BUMAJAKOBUX UYWHHUKIB, IO HE MiIJIATAIOTh
PETYJIIOBaHHIO.

3. BukoHaHO eKCHEepUMEHTaNbHY MEPEBIPKY MiABULIEHHS PIBHA €KOJIOT1YHOI
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6e3neku BIIP nuisixom omniHIOBaHHA SKOCTI BUOYXOMIATOTOBKH 32 TPAaHYJIOMETPHUYHUM
CKJIaJIOM TIpChbKOI Macu y 1ii po3Baji mMicisg AOCHIAHUX BHOYXIiB 3 pPI3HUMHU
napamMeTpamMu. AHaJ3 OTPUMAHUX KPUBUX TPAHYJIOMETPUYHOTO CKJIAIy BHSIBUB, IO
3017BIICHHS MIXCBEPJIOBUHHUX BijAcTaHed y miamasoHi 3,0-3,4 M Ta 3HUKCHHS
nuToMux eHeprosutpar 3 1,27 r/em® mo 0,97 r/em® npu npoBeneHHi 4-X DOCITiTHUX
BUOYXIB 3 5-TH HE IPUBEJIO J0 MOTIPIICHHS XapaKTEPUCTUK 30H PyHHYBaHHS TPChKUX
MopiJl, a MaKCUMaJbHE BIIXWUJICHHS BEJIUYMHU CEPEIHBOTO IIMaTKa MOPOJU IOAO
0a3oBux mnapametpiB BIIP He nepeBumryBaio 20%. OpHovacHO, pe3yibTaTH 2-X
JTOCTITHUX BUOYXIB BUSBWJIM HaWMEHIIWH BMICT ¢pakiiiii y po3Basli TipchKoi Macu
MIHIMAQJIBHOTO PO3MIpY, IO J03BOJIJIA BUSBUTH Ha (OTOMIIAHIrpami po3aiioBa
3natHicTh cucteMu «WipFragy. A 1e cBiIuuTh 1 MpO BIAHOCHO MEHIIE
nepenoipiOHeHHST MiHEPAJIbHOI CHPOBUHM Ta MEHIIHWA BHUKHUJ MUY B aTMochepy 3
BIINOBITHUM TI1JIBUILICHHS PIBHSI €KOJIOT1YHOI O€3IeKHU MIAPUBHUX POOIT 3a MUIOBUM
YUHHUKOM.
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AHHOTALUSA
Hesan. [ToBbimenne ypoBHS SKOJIOTHYECKON 030IIaCHOCTH B3PBIBHBIX paboT B Kaphepax 1o J00b4e
HEPYAHBIX M CTPOUTEIBHBIX MaTEPUAIIOB Ha OCHOBE MX PALMOHAIBHOTO B3PHIBHOTO ApOOJICHUS,
HAIpaBJICHHOTO Ha CHW)KEHHE 3(PQeKTa NMeper3MeNbUeHUs, YTO COMPOBOXKIACTCS 00pa3oBaHHEM
TOHKHX (ppaKkIUii MaTepPHUAIOB M 3HAYUTEIHHBIMH BEIOPOCAMHU MTBLTH B aTMOChepy.

Metoauka HcCJIeJ0BaHU IIPELyCMaTPUBaIa TCOPETUUECKUH aHAJIN3 IIPOLIECCOB pa3pyIIECHUs Mac-
CHBOB TOpPHBIX MOPOJ| CKBAXMHHBIMM 3apsilaMH B3pbIBUaThIX BeulecTB (BB) Ha ocHoBe pacueros
yAapHBIX anuadaT B3pHIBHON BOJIHBI B TOPOJAX MPH Pa3HOi ckopocTu aeToHanuu BB. Dxcnepumen-
TajbHas IPOBEPKa BBISIBICHHBIX 3aKOHOMEPHOCTEN BBIIIOJIHEHA ITyTEM OLICHKU KayeCTBa B3PBIBOIIO-
JOTOTOBKH 10 T'PAHYJIOMETPUUYECKOMY COCTaBY ITOPOJIbI B pa3Baje.

PesyabTaTsl HcciienoBanus. Peniena HayqHO-TIpakTHUECKas 3a/1a4a 00eCneYeHrs palioHaIbHOTO
B3PBIBHOTO IPOOJIEHUS] MATEPHAJIOB B KApbepax C IPUMEHEHHUEM Y UTMHEHHBIX CKBAKUHHBIX 3aps/I0B.
VYcTaHOBIEHBI MEXaHU3MBI Pa3pyLICHUs] MACCUBOB FOPHBIX MOPOJ M OCOOEHHOCTH paclpesiesieHus
30H pa3pyLICHUs MO AUCHEPCHOMY COCTaBY, YTO CIIOCOOCTBYET CHUKEHMIO BHIOPOCOB MBUIH B aTMO-
cdepy 10 MPUEMIIEMOTO YPOBHS IKOJOTUYECKON 0€3011aCHOCTH B3PBIBHBIX PaboT B Kapbepax. [Ipu-
BEJICHBI CPABHUTEIIBHBIE OLIEHKH yJIapHOW Harpy3KH IpH B3pbIBe 3apsina BB 111 0CHOBHBIX TOpHBIX
MOPOJI TIPH PA3JIMYHOM YPOBHE CKOPOCTH JECTOHALMU 3apsA0B. Y CTAHOBJEHA 3aBUCUMOCTb 00beMa
IIEPEN3MENIbYUEHHOM NTOPOABI B 30HE €€ MPUMBIKaHMS K 3apsity OT CKOpOoCcTH AeToHauuu BB. Brimoan-
HEHa HKCIIEPUMEHTAaJIbHas IPOBEPKA BBIBICHHBIX 3aKOHOMEPHOCTEN B yCIIOBUAX AEUCTBYIOLIETO Ka-
pbepa MyTeM OLIEHKU KauecTBa B3PBIBHBIX PAa0OT MO rPaHYJIOMETPUUECKOMY COCTaBY FTOPHOM MacChl
B pa3Bajie M0CJIE€ IKCIIEPUMEHTAIBHBIX B3PBIBOB C PA3JINYHBIMU NTapAMETPaMH.

Hayunasi HoBu3Ha. [lyTem pacdeTHOro ompeneieHus NMapaMeTpoB yJApHBIX anuadaT B3pBHIBHOU
BOJIHBI B Pa3HBIX IOPOJIaX U MPH Pa3IMUHBIX CKOPOCTAX AeToHanuu BB nccnenoBan MmHOro¢azoBslii
IIPOLIECC pa3pyIIeHUs MOPOJ B3pbIBOM. 110ka3aHo, 4TO IIpH pas3pylIeHU TOPHOIO MacCUBA B3PbIBOM
YAJIMHEHHOTO CKBa)XMHHOTO 3apsiia BB oOpasyeTcst Heckoiabko criennuyeckux 30H pa3pylIeHus,
XapaKTePUCTUKH KOTOPBIX OTJINYAIOTCS 110 FPaHyJIOMETPUUECKOMY COCTaBy. Bbienensl o0iactu pe-
TYJIUPYEMOro IpOOJIeHHUs], 1€ MHTEHCUBHOCTD Pa3pyIIeHUs MOPOAbl MOKHO U3MEHATD IyTEM PETy-
JMPOBAHUS MTapaMeTPOB B3PBIBHOM HArpy3KH U 00JaCTU MaJlo WM MPAKTHYECKH HEPETyJINpyeMOro
npo6nenusi. O60CHOBaHA BO3MOXHOCTH YNPABICHUS MPOIECCOM MbLICOOpPa30BaHUsI U COOTBET-
CTBEHHO YPOBHEM HKOJIOTHYECKOM 0€30I1aCHOCTH B3PhIBHBIX paboT B Kapbepax o J00bI4e HEPYAHbBIX
Y CTPOUTEIIBHBIX MATEPUAJIOB.
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Texnonoeii 3axucmy HaBKOAUUHBLO20 CEPe00sULLA

IIpakTHuecKoe 3HAUeHNE. BBIABICHHbIE 3aKOHOMEPHOCTH 1 MOJI0XKEHHS 110 YMEHBIICHHIO dpdeKTa
TIepen3MeNbYeHNs MHHEPATBHOTO ChIPhS HCIIOJIb30BaHbI IIPH Pa3paboTKe MEPOIPHATHIA 110 TIOBBILIE-
HHUIO YPOBHS 9KOJIOTHYECKOM 0€30M1aCHOCTH B3PBIBHBIX pa0OT B YCIOBUSX Kapbhepa, 4To, B YaCTHOCTH,
TIpelyCMaTPHBAIIO YBEINUCHHE MEKCKBKMHHBIX PACCTOSHUIL B IMana3oHe 10 3,0-3,4 M ¥ CHIDKCHHE
yIenbHBIX 3Heprozarpar ¢ 1,27 r/em® 1o 0,97 r/em?.

Knrueegvte cnosa: sxonocuveckas 6e30nacHoCmb 83PblEHbIX pabOm 8 Kapbepax, 63pvleHoe Opobiie-
HUe MUHEPANIbHO20 CbIPbS, SPAHYIOMEMPULECKULl COCMA8 2OPHOLL NOPOObL 8 pazeaie

ABSTRACT
Purpose. Improving the environmental safety of blasting operations in quarries for the extraction of
non-metallic and construction materials based on their rational explosive crushing, aimed at reducing
the effect of overgrinding, accompanied by the formation of fine fractions of materials and significant
dust emissions.

The research methodology provided a theoretical analysis of the destruction processes of a rock
massif by well charges of explosives on the basis of calculations of shock adiabats of an explosive
wave in rocks at different speeds of detonation of explosives. Experimental verification of the iden-
tified patterns was performed by assessing the quality of blasting by the particle size distribution of
the rock in the collapse.

Research results. The scientific and practical task of ensuring rational explosive crushing of materi-
als in quarries with the use of elongated borehole charges has been solved. Mechanisms for the de-
struction of rock massifs and the peculiarities of the distribution of destruction zones by dispersed
composition have been established, which contributes to the reduction of dust emissions into the at-
mosphere to an acceptable level of environmental safety of blasting operations in quarries. Compar-
ative estimates of the shock load during the explosion of the explosive charge for the main rocks at
different levels of the rate of detonation of charges are given. The dependence of the volume of over-
grinding rock in the zone of its adjacency to the charge on the detonation velocity of explosives has
been established. An experimental verification of the identified patterns in the current quarry by as-
sessing the quality of blasting by the particle size distribution of rock mass in its collapse after exper-
imental explosions with different parameters is done.

Scientific novelty. The multiphase process of rock destruction by explosion was investigated by the
calculated determination of the parameters of the shock adiabats of the blast wave in different rocks
and at different detonation velocities of explosives. It is shown that during the destruction of a rock
mass by the explosion of an elongated borehole charge of explosives, several specific zones of de-
struction are formed, the characteristics of which differ in particle size distribution.

The area of controlled crushing is highlighted, where the intensity of rock destruction can be changed
by adjusting the parameters of the explosive load and the area of little or almost unregulated crushing.
The possibility of managing the process of dust formation and, accordingly, the level of environmen-
tal safety of blasting works in quarries for the extraction of non-metallic and construction materials
IS substantiated.

Practical meaning. The identified patterns and provisions to reduce the effect of mineral overgrind-
ing were used in the development of measures to improve the environmental safety of blasting in the
quarry, which, in particular, provided an increase in well spacing in the range up to 3.0-3.4 m and
reduce specific energy consumption from 1.27 g/cm?® to 0.97 g/cm?.

Keywords: ecological safety of blasting works in quarries; explosive crushing of mineral raw mate-
rials; particle size distribution of rock in the collapse.
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