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Anomauin. Busnaueno ¢haxmopu, wo Haubinbuie 6niuUaomev Ha 2AUOUHY NPOHUKHEHHS.
IH €EKYTUHUX YeMEeHMHUX PO3UYUHIB ) 3A00pOOKOBI MpPiuHy8ami cKeibHi nopoou 6i0 NpupoOHUx i
MEeXHONI02IUHUX HaKkmopis, po3pobIeHO MOOeNi 3anNeHCHOCmell IUOUHU NPOHUKAHHA 8i0 Yux
gaxmopis. YV pezynomami 0ocniodxcenHs mooenel 6CMaHo81eH0 BeNUYUHU MEeXHOL0ITYHUX aKmopis,
Y m. 4. OUHAMI4YHOI 8 SI3KOCMi PO3UUHy, Wo 3ab6e3neuyioms NOmpioHe NPOHUKHEHHS YeMeHMHUX
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po3zuunis. Ilokasano, wo 3acmocysanus 0006a80K-CYNEPRAACMUDIKAMOPIE 0036015€ eheKmusHo
3abe3neuysamu NiOBUWEHH B00OHENPOHUKHOCMI Ma Hecyyoi 30amHoCcmi 00poOKU CHIIbHO 3
MPIYUHYBANOIO CKENbHOI0 NOPOOOI0. YOOCKOHANEHO U ONpaybO8aAHO MEXHOJO02I0 IH €KMYBAHHSL
YeMeHmMHUX PO3UUHI8 3 000asKamu-cynepniacmupixamopamu 3a 00pooOKy nio3emMHux cnopyo ma 6
MACUBHi  KOHCMPYKYii wmyyHux cnopyo. TexHonozilo pekoMeHO08aHo 3acmocosysamu OJis
2i0poizonayii ma nioGuWeHHs Hecyuoi 30amHOCMi KOHCMPYKYI MYHeNi8, 6000NPONYCKHUX mpyo,
MOCMOBUX ONop.

Knrwowuosi cnosa: mynenn, obpobka, mpiwunysama nopood, iH’€KyitlHull po34uH, 1ubuHa
NPOHUKHEHHS, OUHAMIYHA 8 SI3KICMb.

Abstract. The natural and technological factors influencing on the depth of injection cement
mortars penetration into the cracked rocks and emptiness under the lining of mountain tunnels have
been studied. There are the width of cracks in rocks and groundwater pressure in them, the dynamic
viscosity of the solution, which is determined by the content of additives-superplasticizer and water-
cement ratio W/C, the magnitude and duration of pressure during the projection (crimping). These
facts were established after the analytical of literature sources and the analysis of features, design
and a technical condition of real tunnel, geological structure of processing rocks under their lining.
Based on the fundamental rheological equation - Newton's law in viscous flow models of dependences
of depth of penetration on factors mentioned above are developed. Because of research of these
models the sizes of technological factors, including dynamic viscosity of the mortar, providing the
required penetration of cement mortars were received. To ensure the penetration of the solution to a
depth of 10 m in cracks with a width of 10 mm, the dynamic viscosity should not exceed over 0.05 Pa:s,
and in cracks of 1 mm — 0.01 Pas. To ensure the penetration of the solution to a depth of 2 m in
cracks with a width of 1 mm, the dynamic viscosity should be in the range of 0.03—0.1 Pa-s, and in
cracks of 0.1 mm — 0.0025-0, 01 Pas. Superplasticizers allows reducing the dynamic viscosity of
solutions to such values and effectively increasing the depth of their penetration into cracks and, as
a result increasing the water resistance and load-bearing capacity of the fractured rock. The
technology of injecting cement mortars with superplasticizer additives has been improved and
developed for: the reconstruction of underground structures and massive artificial structures, the
designing of a spherical bearing between galvanized concrete without a bald spot and the exposed
metal beams. The technology is recommended to be used for waterproofing and increasing the
bearing capacity of tunnel, piers, bridges, and for the device of a laying layer between a without-
ballast reinforced concrete bridge plate and longitudinal beams of metal bridges.

Keywords: tunnel, retaining walls, fractured rock, injection solution, penetration depth,
dynamic viscosity.

Beryn. Ha 3anizaumsx Ykpainu ekcruny-
aTyeTbes moHaa 40 3ami3HUYHUX TyHENiB. Bik
OimprmocTi 3 HuX mnepesuinye 50 pokiB, a
3Ha4yHOi KimbkocTi — 100 pokie. Ilim dac
eKCIuTyaTalii BHACTIOK BIUIMBY NPHUPOIHUX
(Ma3eMHUX BOJI, TOMEPEMIHHOTO 3aMOPOXKY-
BaHHS ¥ BigTaBaHHSI) Ta aHTPONMOTEHHUX
dakTopiB (arpeCMBHUX Ta3iB, CTPYMiB BUTOKY)
00poOKa TyHEIiB 3a3HAa€ MOIIKOKECHb 1, OTKE,
¢i3ugHOTO 3HOCY [ 1, 2]. HaliGinpim pyiHIBHUM
3 nuxX (PaKTOpiB € BIUTUB MiA3EMHUX BOJ, SIKi
MICTATBCS y TpINIMHAX CKEJIBHUX TIOPiJ,
IPYHTax 1 HaMararThCs QIIBLTPYBATH 3 MACUBY

710 BHYTPIIIHBOTO MPOCTOPY TyHemo (puc. 1).
®dinpTparis ma3eMHUX BOJ BCEPEIUHY TYHEIIO
CIPUYMHSE BHIYrOBYBaHHS 3a0yTOBKH a0o
[IEMEHTHOTO  PO34YMHY, SIKMH Mg d9ac
OyZiBHHUIITBA HATHITAJIH y 3a30p Mk 00pOOKOIO
1 MacuBOM, Cy(03110 IPYHTY, BHACIIIJIOK YOTO 32
00poOKOoI0 YTBOPIOIOTHCS 00BOIHEHI
nopoxHuHH. lle 1me mpuckoproe 3a3HaveHi
pYHHIBHI TIpoIlecH, a y MiJICYMKY NPU3BOAUTH
70 TIOPYIICHHSI CHiJIBHOI PoOOTH 00poOKH 3
MacuBOM, i1 gedopmariii ax 10 MOpyIIEHHS
rabapuTy 1 HaBITh 3aBay.
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Puc. 1. BurikanHst BoJu 4epe3 iH’€KTOpP, BCTAHOBJICHUH B IIMTAPHHY, IPOCBEPJICHY
B 00pOOI1i TyHENIO 10 3200pOOKOBOTO MPOCTOPY

3anobirtu ¢inbrpanii Ta i pyiiHIBHOMY
BIUTMBY JIO3BOJISIE TiAPOI3OJAIiss OOpOOKH.
Uepes HEMPUITYCTUMICTh 3MEHIIIEHHS TabapuTy

TYHEITIO JI0aTKOBUMU KOHCTPYKIIISIMU
HaWOIIBIII  PO3MOBCIODKEHUMH  CITOCOOaMHU
rigpoizomsuii  0OpoOKM  eKCITyaTOBaHUX

TYHENIB € 1H €KIiHI, 3A1HCHIOBaHI INIJIIXOM
HarHiTaHHA 3a 00poOKy [JIMHSHUX,
MOJIIMEPHHUX, IEMEHTHHX po3uuHiB [1, 2].
I'muHsHI po3uMHM HaiinemeBmr, 3aJ0BLIBHO
TipOI30I0I0TE  00pOOKY, TPOTE€ HE 3/aTHI
BIZTHOBUTH 11 HECYUy 3JJaTHICTH 1 B TETIEPILIHIH
yac Maibke He 3acTocoByiOThes. CydacHi
HOJiMEepHI  PO34YMHH, OCOOJIMBO Ti, IO
PO3MIUPIOIOTHECS, 3 BHUCOKOKW €()EKTUBHICTIO
TiIpOi30MII0I0Th 0OPOOKY Ta BiJHOBIIOIOTH i
HECY4y 3/IaTHICTb, TIPOTE € Ay>Ke KOIITOBHUMH.
LementHi pO3UMHU 3/1aTHI no6pe
BIJIHOBJTIOBaTH SIK BOJOHETPOHUKHICTh, TaK 1
HeCcydy 3/aTHICTh TyHEJIbHOI 00poOku [3, 4],
npoTe 3a0e3nedyeHHs iX MPOHUKHOI 3/IaTHOCTI y
IPpYHTH Ta TpPIIIMHU  CKEJIBHHUX  TOPIiJ
3QJIUIIAETHCS HETIOBHICTIO BHPIIICHUM
3aBJIaHHSM, Y T. 4. 4epe3 CKIIaJHICTh KOHTPOJIIIO
TMMOWHW TIPOHWUKHEHHS TICs 1H €KTYBaHHSI.
CrarTss TpuCBsiYeHA PO3POOJICHHIO MOJEINI
MIPOHUKHEHHS 1H €KIIHHUX IEMEHTHUX

pPO3YMHIB Yy 3a00pOOKOBI CKENbHI IMOPOIN
TYHEIIB 1 JOCHiIKEHHIO 3aJIeKHOCTI TJIMOUHU
MIPOHUKHEHHS B1JI MPUPOTHUX 1 TEXHOJIOTTYHUX
¢dakTopiB. Buxomsum 3 BHKIAJEHOTO TeMa
JOCITIJKEHHS € aKTYyaJIbHOIO.

AHani3  OCTaHHIX  JocCiaigxkeHb i
nyoOaikaniii. HaraiTanHs IEeMEHTHUX PO3YUHIB
3aCTOCOBYIOTh HE TUTBKH ITiJ1 4ac OyIiBHHUIITBA
TPAHCIIOPTHUX TYHENIB, a ¥ Mg 4yac OymiB-
HUIITBA 1 PEMOHTY TYHEJIB METPOIIOJITEHY |[5,
6], TyHemiB 1  KOJIGKTOPIB  CHCTEM
BOJIOBi/IBe/IeHHS [ 7—9]. B 1iux BUMagKax Takox
3a0e3meuy€eThCs  3allOBHEHHS 3a30py  MIXK
TipCHKOI0 BUPOOKOIO 1 KOHCTPYKIIIERD 00pOOKH
3  MeTor  3a0e3MedeHHs  PIBHOMIPHOTO
nepelaBaHHs HABAHTXKEHHS Ta 3amo0iraHHS
MOAAITBINOT 1HGUIBTpAIli B CIOPYAY M1I3EMHUX
abo  rpyHTOBMX BOoa  a0o,  HaBIaKH,
eKkciIbTpaIii CTIYHUX BOJ 13 KaHATI3aIIHIX
TYHEJIB 1 KOJIEKTOPIB.

1’ exmiitai criocoou TaMIIOHAXY
(HamaHHS BOJIOHETIPOHUKHOCT1) BCHOTO
I'PYHTOBOT'O MAaCUBY 3 TPIIIIMHYBATUX CKEILHUX
nmopia m1oOpe BiAmpanboBaHi IMija 4ac OypiHHSA
cepayioBuH [10], TpPOXOMKEHHS TipCHKUX
BupoObok  [11, 12]. Jlna  TaMmoHaxy
3aCTOCOBYBaJIM B OCHOBHOMY IIEMEHTHI
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PO3YMHHM 3 BOJOIEMEHTHUM  BIJHOUICHHIM
B/l = 0,8-1,0, BBaxkarouu, 110 3a PaxyHOK
BIJITUCHEHHSI HaJIJTUIIIKY BOJIM Y TOHKI TPIIIUHA
B/11 3menmyersest mo 0,32-0,35.

CTBOpeHHSI TaMIIOHAKHUX PO3YHMHIB,
croco0iB iX 1H’€KTYBaHHS 1 TEXHOJOTIYHOTO
KOHTPOJIIO TPYHTYETHCS Ha 3aKOHOMIPHOCTSIX 1
MeTogax  (PI3UKO-XIMIYHOI ~ MEXaHIKH  Ta
peoutorii JTUCTIEPCHUX CUCTEM [13].
[pYHTYIOYHCh HA 3a3HAYEHUX 3aKOHOMIpHO-
cTaX, y poborax [14—17] O6yno oOrpyHTOBaHO
PEOJIOTiuHI BJIACTHBOCTI cymepruiacThdikoBa-
HUX  IIEMEHTHO-BOJIHHUX  CYCHEH3il  uis
iH’eKTyBaHHA 3a 00poOKy TyHenmiB [14-16], y
MDKTpYOHHMH  3a30p 'y  pa3i  PEMOHTY
KaHaJi3aliiHUX KOJEKTOPiB METOJIOM BCTaBOK
[17]. Y  crarti [18]  oOrpyHTOBaHO
OPOHUKHEHHS ~ CWJIIKATHUX  PO3YMHIB Yy
NopucTH TpyHT. Y pobortax [14, 17] mnsa
aHaJizy 3aKOHOMIPHOCTEH pyXy PpO3YHHY Y
TPIIUHI B TIOPOJIi, MIKTpYOHOMY 3a30pi
3aCTOCOBAHO 3aKOH B’s13K0CTi HploTOHA

dv
dx

T="m-"

’ (1)

Jie T — HampyXeHHs 3cyBy, H/M?,
T — AMHAaMiYHa B’SI3KiCTh po3uuny, Ila-c;
dvldx — mnomnepeuyHuid HaNpSAMKY Tedil
rpagieHT ii mBuaKocTi, 1/c.

Bbyno [IOKAa3aHo, 10 rubrHa
IPOHUKHEHHS PO3YMHY B CKEJIbHI MOpPOAH
3aJICKUTh BiJl IIUPUHU PO3KPUTTS TPIIIMH B
HUX, PO3MIpYy 4YacTHHOK pO3YMHY, HOTO
JIUHAMIYHOT B’SI3KOCTI, TPHUBAJIOCTI
MPUKIIAIaHHS TUCKY HArHITaHHS.

VY crarti [19] nmpoananizoBaHO 3B’S30K
MDK  GyHIAMEHTATPHUMH  PEOJOTIYHUMHU
BJIACTUBOCTSIMU (B’s3KicTio, [laxc, rpaHUYHUM
omopoM 3cyBy, Ila) 1 TeXHOJIOTIYHUMHU
pPEOJIOTIYHUMH  BJIACTUBOCTSMH ~ PO3YHHIB
(pi3HUMH BHJAaMH TJIMOWHM TIPOHUKHEHHS
IHICHTOPIB, MM, OCITaHHS, CM, LIUPUHH
pO3TiKaHHS, CM/MM, TPHUBAJOCTI BHUTIKAHHSA
Yyepe3 OTBOPH, C), OJAEPKAHO TEOPETHYHI Ta
eKCTICPUMEHTAIIbHI MOJIEN 3B 3Ky MK HUMH.
VY poborax [20-23] oTpuMaHO Takox 100pe

y3TO/DKeHI MDK CcO0OI0  TeopeTHyHi Ta
eKCIepUMEHTaIbHI ~ MOJIENI  3B’SI3KYy  MiXK
(dbyHIaMEHTATPHUMH PEOJIOTIYHUMH  BJIACTH-
BOCTSIMH ¥ €JICKTPUYHUMHU  [TOKA3HUKAMH
poOOTH €NeKTPONPUBOAA, 10 3a0e3Meuye pyx
KYJIENOIOHOTO 1HAEHTOpa Kpi3b PO3YMH, a B
JOCIIDKEHHX [22, 23] 111 MOJeNi 3aCTOCOBAHO
JUISE pO3pOOJIEHHST aBTOMATHU30BAaHOI CUCTEMH
peryJoBaHHs CKJIaay PO3UMHY Oe3mocepeIHbO
miJ 4yac HOro iH’€KTyBaHHA y MDKTpYOHUI
3a30p Y pa3i  pPEMOHTY KaHaJi3amiiHuX
KOJICKTOPIB METOJIOM BCTABOK.

Y pobortax [24, 25] 3a A0OMOMOTrOIO
pOTAIIHHUX BICKO3MMETPIB BCTAHOBIICHO, IO
JUHaAMIYHA B’S3KICTh IIEMEHTHOTO PO3YUHY
nopisHioe 3a B/I] =0,5 —n =0,2-0,3 ITa-c, a3a
B/11 = 0,32—-0,35 36inbmyetses go 10 IMa-c. V
pobotax [15, 16] BcTaHOBIJIEHO, 110 TMHAMIYHA
B’S3KICTh IIEMEHTHOTO PO3YUHY 3 J00aBKaMH
cynepracTudikaTopis, 1o € anioHHuME [TAP,
3HIDKYETBCS 10 BEJIMYUH, OJIM3BKUX 10
n = 0,001 ITa-c HaBiTh y pasi 3umwxkeHns B/L] no
0,35-0,32.

OTxe, ns aHai3y 3al€KHOCTI TITHOUHU
MIPOHUKHEHHS 1H’ eKIIMHUX LIEMEHTHUX
pPO3YHHIB Y 3200p0OKOBI TPIIIUHYBATI CKEIbHI
MOPOAM BiJl TPUPOTHUX 1 TEXHOJOTIYHUX
(bakTopiB 3HAIIEHO TEOPETUYHI MEPETYMOBH.
Busznaueno 1 npwuitHsATO 10 aHAmizy (akropw,
0 Hai0inplle BIUIMBAIOTH HA TIUOUHY
MPOHUKHEHHS: IMUPUHA PO3KPUTTS TPIIIMH B
nopojax, JAWHAMi4HAa B’SA3KICTh PO3YHHY,
TPUBATICTh TPUKIATAHHSA THUCKY T dac
1H’€KTyBaHHA. AHaII3 JOUUILHO 3/IHCHIOBATH
Ha OCHOBI piBHSHHSA (1).

Bu3zHayeHHss MeTM Ta 3aBIaHHA
JOCJiIKEeHHS. Merta TOCJIIIKEHHS —
BCTaHOBJICHHS 3aJI€KHOCTI 050705051
MIPOHUKHEHHS 1H  €KIIITHUX LIEMEHTHUX

PO3YMHIB Y 3200pOOKOBI TPIIIMHYBATI CKEIbHI
MOPOJX BiJl TPHUPOJHUX 1 TEXHOJOTIYHUX
dakTopiB, a TakoXK YMOB 3abe3medeHHs
BCTaHOBJICHOT MTHOMHH TPOHUKHECHHSI.
Metoau DOCTIKEHHS: aHaTI3 3a JliTepa-
TYPHUMH JaHUMU (PaKTOPIB, 110 BIUTUBAIOTH HA
TIHOUHY MIPOHUKHEHHS 1H EKIITHIX
[IEMEHTHUX PO3YUHIB Yy 3a00pOOKOBI Tpilu-
HYBaTl CKeJbHI OpoaH, moldymoBa (Gi3udHOI 1
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MaTeMaTU4YHO1 MOJEIIEeH [IPOHUKHEHHS,
PO3paxyHKOBHH €KCHEPUMEHT 3 JOCIHIKEHHS
3QJIOKHOCTI  TJIMOWHM  TIPOHMKHEHHS  BiJl
INPUPOIHUX 1 TEXHOJOTIYHUX (HAaKTOPIB.
3aBgaHHS  JOCTIDKCHHS:  pO3pOOHUTH
¢i3uyHy 1 MaTeMaTUYHy MOJENI TPOHUKHEHHS
1H’ €KIIITHOTO PO3YHMHY B TPIIIMHY; BUKOHATH
JOCITKSHHS 3aJIeKHOCTI TIIHOUHU
MPOHUKHEHHS PO3YMHY B TPINMHUA BiJ
TPUBAJIOCTI ompecyBaHHS (iH’€KTyBaHHA) 3a

PI3HMX  BEJIWYMH IHIIUX  TNPUPOJHUX 1
TEXHOJIOTIYHUX ¢baxTopis; BUKOHATU
OCIIIDKEHHSI 3aJIEKHOCTI MHAMIYHO]I

B’SI3KOCT1 IEMEHTHOTO PO34HHY, TOTPiIOHOT IS
MIPOHUKHEHHS PO3YMHY Ha TIuOuHy /, Big [ 3a

pI3HUX  BEJIMYMH IHIIUX [PUPOJHHX 1
TEXHOJIOTIYHHX (akTopiB. 3 ypaxyBaHHSIM
OTPUMAHUX  PEe3yJbTaTiB  yJOCKOHAJIUTH

TEXHOJIOTII0 1H €KTYBaHHS IIEMEHTHHX PO3-
YHHIB 3 J00aBKaMH-CynepriacTudikaropaMu
3a 00pOOKY MiA3€MHHMX CIOpPYJ Ta B MacHBHI
KOHCTPYKLUIi IITYyYHUX CHOPY/I.
OcHoBHa  4yacTHHA
Pospobnenns  ¢hizuunoi i

OCJIiKEeHHS.

mamemamuynor

MoOenel NPOHUKHEHHS. IH EKYTIIHO20 PO3UUHY 8
mpiwuny. CxemMa 0OpOOKH 31 BCTaHOBJIICHHM
1H’ EKTOPOM, 3200pOOKOBOT CKEJIbHOT
TPIIMHYBATOI TMOPOAM Ta TMOPOXKHUHH 3a
00p0oOKOIO HaBeIeHa Ha PHC. 2. 3 TOPOKHUHOIO
CIIOJIYYa€ThCSl  OApa3y JACKIIbKa  TPIIIHH.
[Topo>xHUHA 1 TPIMHK 3aMIOBHEHI i THCKOM
P, migzemHoOl0 BOJMOIO, KA OIpasy MicCIs
CBEpJTYBaHHsI IITMApH TIOYNHAE BUTIKATH KPi3b
BCTAHOBJICHUH B Hel iH exkTop (puc. 2). ITix vac
1H’€KTyBaHHS CIIOYATKY BiZIOyBa€eThCS
3allOBHEHHSI PO3YMHOM TMOPOKHHUHHU, MPHU
I[bOMY THCK Ha MaHOMETpP1 PO3UYMHOHAcoca €
MiHiManbHUM. [licist 3aTI0BHEHHS OPOKHUHU
MOYMHAETHCS  MPOHUKHEHHS  PO3YUHY B
TpiMHYU 1 Tedis B HUX. Lle cympoBoIKy€eThCs
pI3KUM 30UTBIIICHHSM THCKY Ha MaHOMETP.
ITicnst mOCATHEHHS THCKOM IIEBHOI BEJIMYMHU
P, sKa BHU3HAYAETHCS MOTY>KHICTIO
po3umHOHacoca abo  cTaHoOM  OOpOOKH,
3/1IACHIOIOTH ONPECYBAHHS — BUTPUMKY THCKY
OpOTATOM  Yacy ¢ Jans  3a0e3MedeHHs
MMPOHUKHEHHS PO3YMHY Y TPIIIIUHU HA TOTPIOHY
rmouny /.

1
ﬁ“—\
5
—-

i

A

2
//_
3
//_

P
ST
"0ee
ele gl

Puc. 2. Cxema nopoxHHHH 32 00POOKOIO TYHEJIO:
1 — 006po0ka; 2 — CKeNbHUM IPYHT; 3 — TPIMUHU; 4 — TIOPOKHUHA; 5 — 1H €KTOP

Oxpema TpiluHa Ipe/icTaBICHA
3allOBHEHUM BOJOK O€3KIHEYHO [IOBTHUM
IUTACKUM KaMUIIPOM IUPUHOKO by, TOBIIUHOIO
hr (br >> hy). [1n0ma MOBEPXOHB 3aMIOBHEHOT

YaCTHHHU TPIIMHU Sy 1 MOMEPEYHOro mepepisy
TpiluHU St CKIayTh

SH = 2]'(hT + bT) z 2le (2)
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St = bih. 3)

Po3unH Tedye B KamijsApl MmMia THCKOM
in’ektyBanHa Pi. Teuii 3aBakae MPHUPOTHUIA
TUCK BOJU B TpimuHI Pz 1 THCK Pr BiJl CWIH
TepTts B TpimmHi F. CTamioHapHHA MOTIK 3i
IIBUJIKICTIO V BCTAHOBJIIOETHCS 32 YMOBH

P =P;-Ps. (4)

3aroBHEHHS TPIIIUHY IIUTMHHOIO BOJOIO
JI03BOJISIE 3HEBAXKUTH €(heKTaMHU, OB’ I3aHUMHU
3 YTBOPECHHSIM MEHICKa.

[Togamo piBusiHHS (1) y HaBeEeHOMY
BUTJISAJIL 1 3HAHZEMO 3 HBOTO CUITY TepTs Fr:

F, V
=n-_; (5)
S, 0
.
F o .S .« —
r =19y 5" (6)

1€ Vv/0 — TIONEPEeYHNI HAMPSAMKY Tedii Ipai€HT
i1 mBuaKocTi, 1/c;

0 — TOBIIMHA APy PO3YUHY, B SKOMY
HMIBHAKICTh Tedii 3MiHIO€eThCA Big 0 10 v, M.

Tuck BiJ cuiam TEpTS CKIIae

P_FT_n'SH'V_n'szl'V_HZZV
Cose S0 RS TS
(7)

[TincraBuBim piBHAHHA (7) Y Qopmyity
(4), oTpumaemo
P-P _, 2y (8)
1 B hT8

ITing uyac iH’€KTyBaHHS, 30KpeMa CTafil
OTIpeCyBaHHs, MOTIK PO3YMHY 4epe3 TPIlHHU
JIOPIBHIOBAaTUME

O=":/t, M/c, 9)

ne Vi — 0o0’eM po3uMHy, IO iH EKTYETHCS Y
TPINIUHYU, SKI BIAKPUBAIOTHCS y TMOPOKHUHY,
M

{ — TPUBAJIICTh OMIPECYBAHHS, C.

JliniiiHa MBHUIAKICTE PYXYy PO3YHHY Yy
TPIIUHAX CKJIA/e

V:Q/ST, (10)

ae Sr — cyMapHa IUIOIIUHA Iepepi3y TPilluH,
SIK1 BIIKPUBAIOTHCS Y TIOPOKHUHY,

S, =y — (11)

Jie Y — TMOBEpXHEBa TPIUIMHYBATICTh CKEJIBbHOI
MOPOJIH, BITH. OJI.;

Vi — 00’ €M MOPOKHUHH, IKHI BU3HAYAETHCS
IiJ] 9ac i €KTyBaHHS, M3;

hn— cepenHs TTMOMHA TOPOKHUHM, SIKA BU-
3HAYAETHCSI I11]] 9aC CBEP/UTYBAHHS IIMAPH, M.

[TincraBumm (11) y (10), motim (12) y
(8)1(9) y (13), orpumaemo:

Oh

I

V= 12

W .
2nl0Oh,

1 B hTS'YVH 5 (13)

P—P 2NV,
o2 mdyre. (14

T II

O06’eM po34HHY, 10 TPUWHSIHA TPILIHHH,
3 ypaxyBaHHsM (11) cranoBuTHME:

Vi
h

VT:STZ:y ) (15)

I

[MincraBuBom (15) y Bupaz (14),
OJICP’KUMO PIBHSHHS CTAI[lOHAPHOTO PO3YHHY Y
TpIIUHAX
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2nlh Vi 2l
= 0 Xy 0T —=____ . 16
h. oYV, t ! h, ho-t (16)

I

P -P

B

PiBusinas (16) € Moaemtto, MPUIATHOIO
JUIL  aHali3y  TEXHOJOTIYHUX  PEXUMIB
iH’eKTyBaHHA. 30Kpema, 3a HHUM MOXHa
JIOCJTITIATH 3aJICKHICTh TITMOWMHN TPOHUKHEHHS
po3uMHy B TpilIMHU [ Bi TPUBAJIOCTI
OTNPECYBaHHSI { Ta IHIIMX NPHUPOAHIX 1
TEXHOJIOTIYHUX (HaKTOpiB

(f)i_f)s)'hT6 -t
2n

I = , (17)

a00 JOCHIIUTH 3aJIeKHICTh TOTPIOHOT ISt
3a0e3meueHHs] EeBHOT TTIMOMHU MPOHUKHEHHS
pO34YuHy [ TPUBAIOCTI ONpecyBaHHs ¢ BiJ [ Ta
1HIKX (pakTopiB

mi®
1= _ (18)
ho(P,—P,)
abo JIOCIIIUTH 3AIEKHICTh rJIMOUHU

NPOHUKHEHHS pO34YMHY [ BiJ JWHAMIYHOI
B’S3KOCTI PO3UHUHY

h3(R-P)
N 22 . (19)
Pesynomamu  docnidoicenns ma  ix

002080peHHS

BukoHaHO HOCIIHKEHHS:

- 3anexxHocTi (17) rmuObuHN MpOHUKHEH-
HS PpO34YMHY B TpIilMHU [ BiX TpUBANOCTI
ornpecyBaHHs (iH’€KTyBaHHS) ! 3a pI3HHUX
BEJIMYUH 1HIIMX MPUPOTHUX 1 TEXHOJIOTIUYHUX
dakTopiB — MMPUHU PO3KPHUTTSA TPIUH A,
HasBHOCTI (BMICTY) y pO3uuHI J00aBKH-
cynepmiactudikaropa CII, BomOIEMEHTHOTO
BimHomeHHss B/Il, nmHAMiuHOi B’sA3KOCTI
PO3UYUHY 1|, TUCKY OIIpecyBaHHS P;;

- 3anexxHocTi (19) auHamMigHOT B’SI3KOCTI
[IEMEHTHOTO PO3YMHY 1), NOTpiOHOI JuIs
MIPOHUKHEHHS PO3YMHY Ha TIuOuHY /, Bix [ 3a
pI3HUX  BEJIMYMH IHIIUX [PUPOJHHX 1
TEXHOJIOTTYHHX (aKTOpiB — /i, Pi, t.

JlociKkeHHs POBEICHO [Tl 3HAUEHB Ta
MeX BenuuyuH nux (akropis: Ar — Big 0,1 1o
10 mM; BMiCTY 100aBKH cynepruiactugikaropa
CIT-011 % Bix macu uemenry, B/I] — 0,35 1
0,5, sixum BianoBiaaoTh 3HaueHHs 1): CII=0 %,
B/11=0,35-n =101Ia-c; CII=0%, B/l =
=0,5-n=0,25Ia-c; CII=1 %, B/I1=0,35 -
1N =0,005I1a-c; Pi— 16 i 8 arm. Tuck mig3emMHoi
Boau Py mpuitHato piBauM 0. Pesynbratu
JOCITIJDKEHHS y BUTJISIAI BIAMOBIIHUX TpadikiB
3aJIeKHOCTEH HaBeeH1 Ha puc. 3 1 4.

I3 puc. 3 BUHO, 1110 HIEMEHTHUNA PO3YUH
6e3 nmob6aBok 3 B/I| = 0,35, sxe 3abe3medye
BHUCOKI TOKa3HHUKH BOJOHENPOHUKHOCTI Ta
MIIIHOCTI, HE 3JaTHUN MMPOHUKATH Y TPIIIUHU 3
BEIIUKUM pO3KpUTTAM 10 MM Ha TIuOUHY
oimpme 0,5 M HaBITH Mig MaKCHMaJIbHUM
TUCKOM 16 aTM 3a BeIUKOI TPHUBAJIOCTI
onpecyBanns 10 xB. 30utbmenns B/L po3unny
06e3 mo6aBok 10 mpuHATHOI BenmuuuHU 0,5
JI03BOJISIE 301TBIIUTH TUOMHY TPOHUKHEHHS
n0o 3-4 wm. Ilpore y TpimuHH 3 MEHIIOO
IIUPUHOK PO3KpUTTA | MM  po3uuH 06e3
n00aBOK MpoHHKaE Ha rmobuny 3a B/I] = 0,35
— e ouremre 0,1 M, a 3 B/I] = 0,5 — He OinbIne
0,8-1,2 M, a y Tpimuuau 0,1 mm wmaibke He
npoHukae. Omxke, €PEeKTUBHICTh IEMEHTHHUX
po3umHiB 0e3 100aBOK [UIsl  IMiABUIEHHS
BOJIOHETIPOHUKHOCTI Ta HECY4Ol 37aTHOCTI
00pOOKH CIIBHO 3 TPIIMHYBATOIO CKEIBLHOIO
MOPOJIOI0 HE MOKE OYTH BHCOKOIO.

30UTbIIUTH  THOWHY  MPOHUKHEHHS
LIEMEHTHUX PO3YUHIB J03BOJISIE 3aCTOCYBAHHS
n00aBOK-CymnepriacTu(ikaTopiB, sKi 3HUKY-
I0Th iX JWHAMIYHY B’SI3KICTH 10 BEITUYHH
0,005 ITa-c. Po3uun 3 100aBKOIO-
cyneprutactugikaropom HasiTh 3a B/L] = 0,35
MIPOHUKAE Yy TPIIUHA IIUPUHOIO PO3KPUTTS
10 MM Ha rubuny 10 M 32 0,5—1 XB, y TpilIUHU
1 MM — 3a 3-7 xB. Tinbku Takuil po3uuH
MPOHUKAE Yy TPIMIMHUA MIUPHHOIO PO3KPUTTH
0,1 MM, 30kpema, 3a 10 XB Ha TIMOUHY 2 M TTi]T
TUCKOM 8 aTM 1 Ha TTIMOUHY 2,7 M MiJ TUCKOM
16 arm. Otxe, iH €KTYBaHHS LIEMEHTHUX
po3uuHIB 3  jJo00aBKaMU-CymnepruiacTudika-
TOpaMU J03BOJIsI€ €PEKTUBHO 3a0e3medyBaTH
TIJIBUIIICHHS] BOJIOHEITPOHUKHOCTI Ta HECY4oi
3IATHOCTI OOPOOKH CHUIBHO 3 TPIIIMHYBATOO
CKEJIbHOIO MOPOOI0.
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a
10 I, m
9 @@= h1=10Mmm; CN=0%;
8 B/L=0,35; h=10Ma-c;
7 Pi=16atm
6
5
4 —&— hTt=10MMm; CM=0%;
B/L=0,35; h=10Na-c;
3 Pi=8atm
2
1
0
0 2 4 6 8 10 &€
9]
5
—-@= hTt=1MmMm; CM=0%;
4 B/L=0,35;
h=10Ma-c;
3 Pi=16atm
—&— ht=1MmMm; CN=0%;
2 B/LI=0,35;
h=10Ma-c; Pi=8atm
1
0
t,C
6
3,0 ,m
25 =@ h1=0,1Mmm; CM=0%;
¢ B/L=0,35; h=10Na-c;
2,0 Pi=16atm
1,5 —&—hT=0,1mm; CM=0%;
B/L=0,35; h=10MNa-c;
1,0 Pi=8atm
0,5
0,0 |
0 2 4 6 8 10 &¢C

Puc. 3. 3anexxHicTh IMOMHA TPOHUKHEHHS [IEMEHTHOTO PO3YHMHY / BiJl TPUBAJIOCTI iH’ €KTYBaHHS
(onpecyBaHH1) ¢ 3a pi3HOTO BMICTY 00aBku cymnepriactugikaropa CII, BomoneMeHTHOTO
BiHOIeHHs B/1, B’13K0CT1 pO34MHY 1), TUCKY ONpECyBaHHs P; y TPIIIMHU IIUPUHOIO PO3KPUTTSL:
a—10mm; 6—1 Mm; 6 — 0,1 MM
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a
0,5 M, Ma-c
=0 ht=10MMm;
Pi=8atm;
0,4 t=10x8
—f— hT=10MMm;
Pi=16atm;
0,3 t=10x8
== hT=10MMm;
Pi=8aTtm;
0,2 t=5x8
—~/— hT=10MMm;
0,1 Pi=16aTm;
’ t=5x8
0,0 - |
o 1 2 3 4 5 6 7 8 9 10M
9]
0,10 n, ﬂac§
é& —O— ht=1MMm;
0,08 Pi=8aTtm;
I=10m
—— hT=1MMm;
0,06 Pi=16ar
Mm; 1=10m
0,04 —O— h1=1mm;
Pi=8aTtm;
0,02 [=5m
\ ks
0,00 ~
o 1 2 3 4 5 6 7 8 9 10hMm
6
0,0lOT], Ma-c
—O— h1=0,1MM;
0,008 Pi=8aTm;
' I=10m
== h1=0,1Mmm;
0,006 Pi=16atm;
I=10m
0,004 == hT=0,1MMm;
Pi=16aTtm;
I=5m
0,002

\(/mc
0,000
o 1 2 3 4 5 6 7 8 9 10hM
Puc. 4. 3anexxHicTh AMHAMIYHOI B I3KOCTI IIEMEHTHOTO PO3YMHY 1|, TOTPIOHOT ISl TPOHUKHEHHS

PO3UMHY Ha MIMOUHY / B TPILMHU IUPHHOIO PO3KPHUTTS /ir, BiJ [, PI3HOI 3@ PI3HOTO TUCKY
orpecyBaHHA P; y TPIIIMHU IIUPUHOIO PO3KPHUTTA: a — 10 Mm; 6 — 1 Mmm; 6 — 0,1 MM
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I3 puc. 4 BUIHO, 10 JJI1 POHUKHEHHS
IIEMEHTHOTO PO34YMHY Ha ThHubuny /[ = 10 M
JTUHAMIYHA B’S3KICTh 1| HE Ma€ MEPEBUIIYBATH:
y TPILIMHU IIUPUHOIO POKPHUTTA /ir = 10 MM —
0,05 ITa-c; Ai-=1 mm — 0,01 Ia-c; hr = 0,1 MM
— 0,001 ITa-c. [Inst mpOHUKHEHHS Ha TIMOUHY
/ = 2 ™M pauHaMiyHa B’S3KICTh 1] HE MOBHHHA
NEPEeBUIYBaTH 3AJIEKHO BiJ THUCKYy W TpH-
BAJIOCTI ONPECYBaHHS: Yy TPiUHU /r = 10 MM —

¥ . ;
3 % ﬁﬁt’" {py
L . SR
Puc. 5. I’ exTyBaHHS IEMEHTHOTO PO3YHHY 3 I00aBKOIO-CYNEPILIACTH(DIKATOPOM:
a — 3a 00poOKy 3ai3HUYHOTO TyHeNto Ha 128 kM ninssHku Camo6ip-Cstaku JIbBIBCBKOT 3aiTi3HMIII;

6 — B 3a30p MIX CTaJI€BOIO0 OOOJOHKOIO METAJIOIH €KIIIHOT COPOUKU Ta 0OPOOKOIO BOAOIPOIYCKHOT
Tpyou Ha 110 kM nimpHUII XapkiB — Ky’ sacbk [liBaeHHOT 3ami3HuIIl

BucHoBkHu Ta pekomMeHaanii

1. Jlnsg aHamizy B3aJIe)KHOCTI TJIHOWHH
MPOHUKHEHHS 1H €KIIIHHUX LIEMEHTHUX
PO3YHHIB Y 3200pOOKOBI TPIIIUHYBATI CKEIbHI
nopoau [ Big TPUPOTHUX 1 TEXHOJIOTIUYHUX
(bakTopiB K TEOPETUYHI MEPETyMOBH OOpaHO
3akoH B’sa3kocti  Hprotonma.  Busnaueno
dakropu, 10 HaWOUIBIIE BIUIMBAIOTH HA
MIHOWHY TPOHWKHEHHS: MIUPUHA PO3KPUTTS
TPIIIMH B MOPOAAX /iy 1 TUCK ITiI3EMHOI BOJH B
HUX Ps, TMHaMIYHA B SI3KICTh PO3YHHY N

0,25-1 ITa-c; Ar = 1 mm — 0,03-0,1 Ila-c;
hr=0,1 mm — 0,0025-0,01 ITa-c.

Pesynprat  mOCHIKEHH  JO3BOJIMIH
YAOCKOHAIUTH PO3POOJICHY paHillle TEeXHOJO-
ril0 PEMOHTY TYHEJIB LUIIXOM iH €KTYBaHHS
LIEMEHTHUX pPO3YMHIB 3 noOaBKaMHU-
cynepruiactudikatopaMu  3a  ix 00poOKy
(puc. 5, a) [25] Ta 3acTocyBatH ii i1 pEMOHTY
HE TUTHKHU TYHENIB, a i BOJAONPOIYCKHUX TPYO,
MOCTOBHX o1op (puc. 5, 6) [26].

(BU3HAYAEThCSA  HASBHICTIO Ta  BMICTOM
nobaBku-cynepiiactudikaropa Ta BOJOIIE-
MeHTHUM BigHouieHHsM B/L]), Benuuuna P; i
TPUBAJICTh ¢ TPUKIAAAHHS THCKY IIiJI Yac
i’ exTyBaHHa  (ompecyBaHHs1). Po3pobieHo
MOJIeli 3aJIeKHOCTEH / Bif IUX (PaKTOPIB.

2. B pesynbTaTi DOCHIKEHHS MOJENeH
BCTaHOBJIEHO, 110 €()EeKTUBHICTh LEMEHTHHUX
po3unHiB 0e3 J00aBOK I  ITiIBHIICHHS
BOJIOHETIPOHUKHOCTI Ta HECydoi 3JaTHOCTI
00pOOKH CHIIBHO 3 TPIIMHYBATOI CKEIHLHOIO
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MOPOJIOI0 HE MOXKE OyTH BHCOKOIO. 30UTBIIUTH
ITIMOMHY TPOHUKHEHHS I[EeMEHTHUX PO3YHMHIB
JI03BOJISIE 3aCTOCYBAaHHS 00aBOK-
cynepriacTuikaropiB, SAKi 3HHXKYIOTh 1X
JTUHAMIYHY B’s3KiCTh. PO34mMH 3 100aBKOIO
NPOHMKAE Y TPIIIMHU HIMPHUHOIO PO3KPUTTS 10
MM Ha Tubuny 10 m 3a 0,51 xB, y TpiluHA
1 MM — 3a 3—7 xB. Tinpku Takuii po3uuH
MPOHUKAE Y TPIIMHYU IIUPUHOIO PO3KPUTTS
0,1 mMm, 30kpema 3a 10 xB Ha 2-2,7 M. OTxe,
1H €KTYBaHHSI ~ IIEMEHTHUX  pPO3UYMHIB 3
nobaBKaMH-cyTiepIiacTudikaropaMu
JI03BOJISIE e(heKTUBHO 3a0e3nevdyBaTu
M1 IBUIIICHHS BOJAOHEITPOHUKHOCTI Ta HECy40i
3IaTHOCTI OOPOOKH CHIJIBHO 3 TPIIMIUHYBATOIO

y Tpinan 10 MM — He Oinbine 0,05 IMa-c; 1 mm
— 0,01 Ma-c; 0,1 mm — 0,001 ITac. [dna
IIPOHUKHEHHS Ha TJMOMHY 2 M 1| HE MOBHUHHA
nepeBumryBaT: y TpimuHH 10 mm — 0,25-
1 IMa-c; 1 Mmm—0,03-0,1 ITa-c; 0,1 mm —0,0025-
0,01 ITa-c.

4.3 ypaxyBaHHSIM OTpPUMaHHUX pE3yib-
TaTiB  yJOCKOHAJIEHO ¥  OIpanboBaHO
TEXHOJIOTIIO 1H’€KTYBaHHS I[EMEHTHHUX pPO34H-
HIB 3 J00aBKaMH-cymnepruiacTudikaTopaMu 3a
00poOKy mMiI3eMHUX CHOPYA 1 B MAacHBHI
KOHCTPYKIIII IITYYHUX CHOpPyA. TeXHOJOrito
PEKOMEHIOBAHO 3aCTOCOBYBATH ISl TiIPOi30-
JAmii  Ta TIABUIEHHS HECydoi 3JaTHOCTI
KOHCTPYKILIN TYyHEIB, BOJONPOIYCKHUX TPYO,

CKEJIBHOIO TIOPO/IOIO.

3. BcTaHOBIEHO BENWYMHH JUHAMIYHOT
B’SI3KOCTI 1], 32 SIKUX 3a0€3MeUy€eThCs] TPOHHK-
HEHHS [IEMEHTHOTO PO34rHY Ha rmoOuny 10 m:

MOCTOBHX oriop, JUIST BJIAIITYBaHHS
MPOKIATHOTO Imapy MK 3a1i300eTOHHHM
0e30a7acTHUM  MOCTOBMM  IIOJJOTHOM 1
IMOJOBKHIMHU OaJIKaMU METAJIEBUX MOCTIB.
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