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WHHOBALMA ANA normet

MPOU3BOAUTEJ/IBHOCTMW NORMET.COM

Cepus -L B npounasoacTeeHHon nuHenke Normet obnagaeT BbICOKOM
NPOM3BOAUTENBHOCTBIO U HAAEXKHOCTBIO ANA CaMbiX TAXKENbIX YCNOBUA paboT
B LWAXTax M TOHHEeNAX.

> MUHMMaNbHBIA BbIGPOC BLIXNONHBIX ra308 = YUCTHIN BO3AYX B BbipaboTKax
> HoBasn ycoBeplweHCcTBOBaHHAaA KabuHa C NyYiunM 0630pOM U 3PrOHOMUYHOCTLIO
> YeenuyeHHan mowHocTs [IBC u apyrux y3noe ANns BbICOKOW NPOM3BOAUTENBHOCTH

Utimec LF 130 Material Regular

Utimec LF 130 Material Flat

Utimec LF 1000 Water

Utimec LF 1000 Fuel

Utimec LF 090 Dumper

Multimec LF 100

Utimec LF 700 Transmixer

Utimec LF 700 Agitator

Utimec LF 600 Transmixer

Utimec LF 600 Agitator

Utimec LF 500 Transmixer

COOBLUWUTE HAM CBOW NOTPEEHOCTM!

Normat International Ltd.

Npepcransurensaino o Peony@rake Yabakuaran, rTawsecenr, 100084, yn. ATemypa S5A.
Ten. +598 83 380 0799

Paxc: +998 78 140 82 92
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THEORETICAL STUDY OF THE FEATURES OF GEOMECHANICAL PROCESSES OF EXTREME DEFORMATION IN
THE VICINITY OF THE WORKING FACE

Nazarov Z.SAssociate Professor, Department of Mining, PhD in Technical Sciences.
Buriev Sh.USenior Lecturer, Department of Mining and Processing of Rare and Radioactive Metal Ores.
Jhiyanov A.BAssociate Professor, Department of Mining and Processing of Rare and Radioactive Metal Ores, PhD.

Navoi State Mining Institute. Navoi, Uzbekistan.

This article examines the features of extreme deformation of rock masses surrounding mine workings, pnnteifpchatacterfizéstinct zones
of extreme deformation and residual strength of the rock. It has been established that the stress $\sigman0# thadimsnaamafim{l2}$ separat-
ing the zone of subcritical deformation from the zones of failure. With an increase in the brittleness tineteaxynofthetnesk $\sigma_0$ remains
at the same level under equal conditions but shifts deeper into the rock mass. Closed failure zones are oomsltsTEd|usiodeh afea homogene-
ous isotropic mass with an initiallycequabdnent stress state, consisting of solid rocks with rheological propsdimenAis assiducted, and the influ-
ence of the reactive support resistance $p$ and the residual rock strength $\sigma_0$ on the size of fslilatelzsnsisowestalthe size of failure
zones and radial displacements increase over time according to a nonlinear law.

Keywordsdeformation, mine working, strength, failure, stress, equilibrium, relaxation, rheological properties, lenitflgeessechspimsemeac-
tive resistance, support, working contour.
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«GORNIY VESTNIK UZBEKISTANA», 2025. Nds 3103
COMPREHENSIVE GEOTECHNICAL APPROACH TO IMPROVING THE STABILITY OF DEEP PIT SLOPES

1Zairov Sh.ShRrofessor of the «Mining Engineering» Department, Doctor of Technical Sciences.

2Fathiddinov A.UQeputy Dean for Academic Affairs of the Faculty of Energy and Mechanical Engineering, PhD.
3Ergashev N.KHDeputy Head of the Production and Technical Departmenfrdantoirzdline, Northern Mining AdminiBin&tion
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This study examines the impact of mass blasting ondfnaiststst® of the rock mass and presents a methodologinfpslagsestability using the
safety factor. To reduce the risk of slope failure, a technology for advanced reinforcement of the rock ntassratngdsinégocepgosed, ensuring
load redistribution and the formation of a new equilibrium state. A formalization of tHeondodifiedridobn is présd, taking into account anchor
reinforcement, which allows for the consideration of additional resistance provided by strengthening eletedntsatlthe deplenstntation of this
technology increases the slope stability factor to regulatory values, confirming its effectiveness anddeegcpitad qrodéiutied. in

Keywords:Operpit mining, slope stability, safety factor, deep pits, drilling and blasting, seismiCauipantt, dvtehion, @icéd concrete rods,
rock bolting, rock strength properties, modified criterion, rational use of mineral resources.
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UO'K624.078.7 DOI:10.54073/GV.2025.2.102.004

OLTI N VA KOOMI R KONLARI DA ANKE
TEXNOLOGIYASI RIVOJLANISHINING JAHON MIQYOSIDAGI HC

Muminov R.O., Tobxtayev B. Il .,
NDK va TU «Muhandislik mexanikasiXNDK va TU «Muhandislik mexanikasi»
kafedrasi professori, t.f.d. kafedrasi katta o0dgituvchisi
Ushbu magqgolada oltin va kodomir konl arida anker mu s Ka hk asmal aksoho mti
konlarida yer osti gazil malarini mustahkamlash usul | ar s thikmagnl tasrhi x
bosqgichl ari kodérib chigqiladi. Anker mustahkamlashning ushédluikbhadan
XxXususan, yer osti gazil mal arini mustahkaml ash sifatini oshirisil
optimallashtirish jihatlari tadkidlanadi . Bugungi kunda a@dHeli mus
yuqor.i i shlab chigarish haj ml arii vV a samaradorl i kka erishishning
shuni ngdek, anker mustahkaml ash texnologiyasining kel gusi dagi ri
usull arining joriy etilishi shuningdek, konchilik shamgdbioltll ari nikmog
chiqgilgan.
Kalit ®odéddzlnarwvia koomir konlari, anker, mustahkamlash texnol ogiyal
smol a, -itgex sioldi y samarador | i k.

] HOdds?2 MOl | ftjHmisOodj &0 ddzii seBOYdY 5 bjRdsdscdws OdS jtodascets

sOR . [Ofr]fr]ds@lstedaocjlsfn dimsstedyjMStsj w©wWOLodIsd) HBjlssHtses Ctojtfdzj deadw tsSHL
9 Cdzs yow 1 sOfr Ctojfdzjdedw Hjtojotds, COdRdzj 3 d MkOdz dz"@ d&3d Ot OdRRI. 1 tsHYJ !
WiMSdj ftjddzh jmiso O OdS jtodzsets Ctojf dzj ded™ 5 MeOodej deds M OHJY(J tsdads
Ctoj fdzj dedw fsHLjd3dz' = o' ttOBBISESE, Mdzdy jdzdj L OlsteOls dzO Stej fdzjdzdy d s Is
Hdgw h dgd 2 HJjdz2 OdeC jtedetsy Ctoj ff dzj q’; hdiesSts fteddzd dav jIsipw o L sdzsSlstsHESB ™ 8 C
sHdzdd3 dL 90y dz' » WOCIktstetse HMisdydddw or MsSCdr GBI jdse ftesdL oHMIss O ¢
sl BEHEN]) IsjdHjdudd ©wOLodlsdw IjRdsdscdd OdeS jtdscts Ctojfdjddy, o
O OS] fitemfjCider tjhjddy §ttsdj B¢ iiodacajdd S (if Hijpdrspdj2dzd | & ¢ st dat

sdzs yjor mmmm@smszrJ d ketsd! d j hOLk', OdCjte, kjodsksecdd St d
ZO toj d3tsdzls Mddzlsd Isd ud M Qs détpage daQ@ M CION R dzdfi WG S Isd o dzs My ls

Bugungi kunda OO6zbeki st on xarRmttap gdzishi igharsing: teatigg va mustdhkamlash tzimiasnin

ijtimoiy taraqgiyotida foydali gazilmalar gazib olish strategiki ahamiyat c h | i | i gi oltin va koomir

kash etadi. Mamlakatning birlamchi energiya resurslarini ishlabhétpgetisting igtisodiy samaradorligi va ishchilarning xavfsizligig
va i stedmol gilish bal an &inidae vkoosni t saa n caadtsii mi nkgo 6u lswag luiv c h a x miu
tashkil eti b, uzogq muddat | i samaral vagshandhldnaustdhlkemiaske texaalogiyalpreni ishlab @higism
manbai bodélib qolishi kut i |jonp gtdha kon $anachéning —satqardr arivollamishi, ishlab ahigarist
milliy iqgtisodiyoti miz s har xaiajatiarthiaoptimdlldshtinsh wa davglladdanvaziyatlasnéng oldini olig
tobor a ortib bor moqda. Shuucshaubna bdtir,atma@a kurahamhypat ga ae gna .
barqgaror, mustahkam va mut Badmi b gqazioh | ehi ghi ns h txidkdiind ian

igtisodiy siyosatining muhi mamaralidvanxaifsiz anmalgaashiritisai konlariing umuimiy ishoncHliligir
O6zbekistonda oltin va kod¢migorgazisthl abi €£hi gahi ghké&popyesat

shaxta usullarida amalga oslibzblea&dst obu keesna voal tk em6 miar k b 6 mi
murakkab geologik sharoitlari (katta chuqurlikda joylashuvi, gazadmdmika vy i ri k ol tin va kodmir q
hodi sal arning yugor.i eht i nuoclhir,a b ntolbraa djia.r o®@61 tmglol pt hatar

xarakterlanadi. Boshga sanoat tarmoglari bilan giyoslaganda, ©lknivagan konl arda sodir bool adi
kodmir qazib olish texnol og landagl talirxi avariyalarprdsadé keomyudoragysminirg gulashijued & jial
chiqgarish jarayonining xavf smualmmgi dda soibs aatan . yOgoiin val &lol

osti oltin va kodédmir gazib oiliwshstahlkymnastkatxav fthaijandwaii «
(shtolnyalar, kvershlaglar,inuklbatgqarorlvai bosth@@dmam) aoldit h
etadi Todéliqg bodl magan st atoinsotnilkarmadigu matplianda skodrag I
yirik va oé6rta davlatga qgar asNdml aokatiinmivzad ak oodlntiirn kvoan | kaor 6i ndi ar
kilometr uzunlikdagi yangi kon gazilmalari barfij Btiladiay keng?-4 mtezlikdan oshmoqgda. Zarmitan, Angren, Zarafshon kabi hududlal
kool amdagi yer osti i shl ar i dagazi blighachugualigi allagachdn 4 000modgnl oshib kedda bir kilame
holatdir. Shu sababli, kon qazilmalarini mustahkamlashga sadlemadigamr t i ¢ chuqur |l i kdagi konl ar
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gazib olish texnologiyalaridagi taraqqiyot va konlarni modernizatsiyh i s h xarajatlaridan bir nech
gilish unumdorlik va samaradorlikning oshishiga yordam beradiabulesak at i mi zda ol tin va koomir kon
06z navbatida qazib olish ckatqtual bgdbhgagl bghi shibraibl i e zIlkaosnht q a

20 yil ichida davl ati mi zZIBOm o u ko § p Ixaalr ag lattilmrv a jkuodbami yugomni ar iS
chuqurlikka yetishi kut i | modahidaaish talablarigj ugondirggta xai kon gdziimaldrining uavisizligini t o
sharoitida qgazil malarni mustabkkaml ash Isihlaan i bdgadlaing khoinr qgaaztiolrn
Il arni keltirib chigaradi, mraerbpatl aoigdi zkamayarrishtrohdagi a
katta deformatsiyalari, tiphagni rod tk innc hvlai kkooddmiarr ikloinslhair ivak droxsd
O6zbekistonning ol ti n -geolgikiwngim Ogilonakkonmghzénmalariti anustahkaméaghkeanologiyasi gltin va
sharoitlar keng targalgan. Bunday sharoitlarga ega konlkrobuteri r konl arining iqtisodiy samar :
maml akat bodéyl ab uchraydi, m XX aasrrang :S0lafidan roashlad nyugoriAmugtahkamlikka Sega x 0 n ©
Zar af s hon.-gedbgik shdcditlar ldeyarlidgreha asosip @t | g a n sintetik smol al i ankerl ai
va kodmir qgqazib oluvchi hudsamanradar ItiugnanVar dal ayg hrodydiatv & hk o

deyarli yarmi bu giyinchiliklarga duch keladi. Yangi konlaemkéstdati bosgichhmsgich sigib chigarib, ankerli mustahkamlashning
chigish va eski konlarni gazib olish chuqurligining oshisisbslarsuliga aylandi. Ankerlarni sementlash texnologiyasi ham keng

mu r a k kgediogik shayaitlarga ega konlar soni oshadi. Bumday | ani | a boshl andi . Avstraliya v
sharoitlarda atrofdagi t od&® 6 mji ir n kloanrl iarrii mg n gb agreqoalroogril ki gs h a mpais
deformatsiyalar vV a buzilishHwqur yagiadaayjomzdalol thiorol adi k o 6lma xm

mustahkamlash esa | uda -geologkalklkab | bo driuasd ia.h k-ddwwatlayldik @ldmingkangedi q o 61
sharoitlarga ega bodélgan bamust Xlonhadmlraah bitexmetogl gamni nmsdtad
narxi 1000000066 0 000 000 soo6mga vy &adnlaridagi,bardhaqazsknaalarki onostalskamiashdagankertammihgaulushi
chiqgarishi wva igtisodiy s amaeyald®0% mnidashiilaetadii Askba, yAvstradiyad sva AQShda, amat i
Oltin va koomir konl ari dakonanxinn ga rynui g omu s t(a hokrme mlgai sshmi t exnkelr d g i

uzogq rivojlanish yoolini bwilsab boodsthdga uysaddaeachmi mgesvahlkasmhash
mustahkaml ash vV a pood6l at amagk adébi hisobtaydilar. a Avktralijainiags ankealin mustahkdméash
mustahkamlashgacha. Xorijdawmgexnkooléopgi wialslii kni shpt aha mskhaminalk otéir
anker mustahkamlash oltin wadkhbomkonl aximdagi nbamulsd ap&aimé lama
igtisodiy va samarali usulidir. Ramali mustahkamlash obdldni q ul angan sintetik smol ali an
taggoslaganda, anker mustahkamlash laxmlarni mustabkamzlasits h ma |l ar kesimining yuzasi k a
samaradorligini sezilarli darajada oshiradi, mustahkamlash xarajatlariniador | i gi yaxshidir. Murakkab
kamaytiradi va ishlarning magazishmdlar skésighgan mjoyhai, katta mkesmt iyuzaid kameralamin a d
anker mustahkaml ash t 0 z a | mustdhkamlgsio kabi murakldita sharoglarda ankebamiosentehtlash dsulin i
mustahkamlashni va oldingi mustahkamlashni sezilarli qlarajasieh i mc h a mustahkaml i kni tadmin
soddal ashtirishi, |l axmlardadef oamatf si padi nishhaerior Baj miidii s$e zuic
gisgartirishi, tozalash joylarining tez ilgarilash, unumdsSrlikt wat | ar i ning ol tin va kodmir kon
samaradorlikni oshirish uchun qulay sharoitlar yaratishi mumkino Hokirgib , anker | axidin imagalant mexanik Klinli  h a m

vaqtda anker must ahkaml as h arkerlar,u sintetku snyotali bnkeslar,] gilbrid ailarigann ankedar, k o 6
konlarida keng qgqoé6l 1l anil adik osnibuinn antgsdieyka | amalsthigrmnva mhked®mhkamlaas b
yugor i unumdor |l i gi v a saanamatdwmr dli @i ng o 6 Itlaadmii Ind div.c hA ma ladsao,s i
texnologiyalardan biri hisoblanadi. Ish maydonlarining bunddlymyst@iikamlash usullari va parametrlari tanlanadi [4].

ishlab chigarish haj mi va o0yYiesvhr opuarnd antgi nayrgi mmea$ ashy s tkio 6 kno mn

mustahkamlashga mi sl koérilam@gam qgnettd@ily taarlkaablliarmu s tqaohbkyandli g s h
o6yi sh surdatining t e zI| as higaziBhmalami mastalmkamiabha snhrakkabtigh wa mustainkamigsh z i |
o6tkazish surdati sezi | ar | ixarajadarirang ashishi lwlanhular gakzishmalarni nustahlkamlashniagk s
ishlarining uzluksizligi buzilishi va ish maydonining ishlab achidarsh | i usuliga o06tib, ankerli mu
hajmining pasayishiga olib keladi; ikkinchidan, konlarningqharqgaros h , sinovdan o6t kazish vV a k en
yuqgori ishlab chigarishini boradgdalarnl ash uchun ish maydonl ari ga
kodrsatuvchi kon qgazil mal ari mBiunygwkdoBmi tyamiaywa s hydeav riophlna silgi 4 aa
kerak. O6tish ishlari ol i b mamlidlytolt graind g mar abyiornid a bkooon i da zi Imma
tadmirga muht oj bodl mas| i gifoydalamgas tmarhldkatlaniing gigik vakid mdi. r188d ojilgdchagBuyukt r a
shamoll atish wva ishchil ar niBirgi tamtiiysahik okdarbiir iksohnllaabr i dlaigd a rqiaszhi
javob beri shi ker ak, aks haonkathra bilkno nmustghkamiahgema | kur iesai mustahBamlash | a s
l axmlarining od6tish i shl ar i samaraglorligining fastligi, xkarajadamikg wuboaligih gakibr alishi ish i s
i shlab chiqgarish hajmini p a guaigagi iishlab cchigansha va lsamaradorlikning asayst, stiuoingdels, h i
mumkin [3]. konl arning iqgtisodiy zarar koori s
Kon qazil malarini kovl ash cvha gmaudtia h kKeamhlgaas o dlotziom daag i k k@miki nl
korxonalari xarajatlarining muhim tarkibiy gismidir. Bundan tashgami,ckent i j i ddiy ingirozga yuz tutdi
gazil mal ari qurib bitkazi lkgoatnndiarn ssawndmg, nignegol ogighkbagsthamraiotslhe
murakkabligi yoki togo6 bosisntirnaitnegg i tya&sg idrain tbhuifray |l i fualtairdnai adnodie
tadmirlash zarur bodladi. Madbrakagthi mnkeadgi awsitmhhkamidlalsdmi kgl
gazilmalarini ekspluatatsiya gilish jaraydnidanla r t a t g ® imidral AAsvlsty aki yadan il gdéor ankerl:i
gayta qurishga todgodri kel @ggdil gakKdan qaszoidnmga | arBiuryiukt aBmi r dmaisha
kodépincha ul arni guri sh X a& reaxjnaotl loagri iydaasn deezhasuoéai barkekialdan
gazil malarining Xi zmat koorBgdttiamh yd akmiddna gi komu mir y daxagir apat £l
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1jadval belgilovchi asosiy omillardan biridir. Tayanch plastinkasining shakli \

Buyuk Britaniya ankerli mustahkamlash texnologiyasini 061 chamil a; ri y uk l_ ‘_5‘ manin g _t aq 5 i ml
texniki gt i sodiy samar ador | ilRnayotgan yuzanipg gnystahkamligiga moslashtiriladi. Plastinkanir
yetarlicha qattigligi deformatsiyalanishning oldini oladi va kuchning t

Koodr sat ki chl a/n984il|1994yil - - . : - A
Tozal ash joyi nitseuy oc')rFiOLgt hﬁ\?)/0unutmedl§)lr.ls'd i .(L.jz atbl I. . Ikr:'lh'k tkagmkl n_I ?)y'
Me_ h_n at unumdor |l iginifn g 9 OléBI ac hsée”qu'%gr,rgaée{'aw iV% ¢gPasiga ,mF’S e'§ | Kerak. ay arllng ure
(t/kishi-siit : qgotirilishi natijasida hosil k
Koomi rning fonBir t acha |t @nhadsx|i (Samaradorligini 0 d-tasmr Anlsehqdtiauvchmu h i
Laxmlarni oét imhéithi ng 646 { 0¥E@|h a nogdal sifajida odatda sement asosidagi gorishmalar, polimer smolal
Laxmlarni mustahkamlash xarafa}lari ( 100 50 yoki boshga maxsus kompozitsiya
Baxtsiz hodisalar sé)i 100 10 mustahkaml ik kodérsatkichlari (
adgeziya xususiyatlari (sterjer
gobiliyati), oginuvchanligi va qotish vaqti muhim parametrlar hisoblana
Qotiruvchi moddaning reologik xususiyatlari (ogish vaqti, govushqoqli
teshi kni too6liq va sifatli t ool
| met al l tod6rning mustahkamligi,
muhim xususiyatlardir. Todérning
gal inligi mustahkamlanayotgan m
2 kutilayotgan bosimga mosl ashtir
‘ l-rasm. Ankerli mustahkamlagitfi ankerning ma h_k ami as h va qo0o0s hi mc _h_a taran
1~ sterjeni; 2 ankerning qgotiruvchi kallak qisrﬁ},umk'ln- Ularnlng. mlustahlfalmllgl va uzunchogligi yuza deforma
i 31 ankerning shaybasi;ahkerning bolti SIyaIarlga moslashish imkonini beradi.

Agar anker bol ti alohida kobor
koondal ang o6l chamlaridan sezil
mexanika fani nugtai nazaridan uni uzunchoq sterjen sifatida talgin eti

3 1' mumkin. Mazkur konstruktiv element asosan ikkita asosiy mexan
funksiyani bajaradi:

/n%? Chood6zilishga A Amgleshibloilk i kiodg s ats

4 massividagi chodéziluvchi kdmwoghl an

boo6l gan ichki gatlamlarga yoki m

ankerlarning ulushi 980g a yetdi, b wyillatning&amarali ttakzda cubatishda® BaBat. Bu orgali gazilma atrofidagi nobarga

o6rtalarida deyarli nol%nal9%7emgpaédr dal9P0di gli d dmi rbgu dkcohdirl si asthki i

yilda esa 9% ni tashkil etdi. Buyuk Britaniya ankerli mustahKkaimnlase | ar i ni ng bodél inib ketishi (d

texnologiyasini keng joriy qilish orgali sezilarli darajigtesaeinik Si | j i shga qgaArskhed i kbolktoid,r s asthiu

samaradorlikka eristigiaval[5]. gatlamlarining -biri r i g a ni sbatan siljis

Qazishmal arni mu st ahkaml a sghbiliyatiga lam aegal. Aynigsa, \geologkk ibuzilishlar rfyoriglar, ksijig
tannarxi pasaydi, qazib olish ish yuzidagi ishlab chiqarishyhajmiavd ar i ) mavjud boo6l gan zonal e

ishchilarning umumiy samaradorligi sezilarli darajada oshdi,yavaryalgra kel i s hi mumkin boél gan
soni keskin kamaydi va qaziodhlmaliarodiimchdaawudiial irlol holdgniay
Hatto bir qator yopilish arafasida turgan konlar ham shu tutaydi gayta j i n s i bilan mustahkamlovch
ti kl andi . Buyuk Britaniyadayuzasid& yurabga keladigas adgdzikaaven isteyaamish ikuzhdam hisobig
gazi shmal arni mustahkaml asht attenx moé lao@idy a s iAdv&@ir 9 tnar jl roibniyn g
sifatida qgabul gi lindi va bgoidlzigwatiishnigslsaanamwaktchichi aodk
bunchal ik katta foyda kel oot ghaamibausmhgag ked&kmobdlogng aodboh
boél maganligi tadkidlandi. egilish va sigilish deformatsiyalariga nisbatan u ancha nozik eleme
Boshga kodédmir gazi b ol uv c hisobladaaivSha galbabliy rmuhandislikitmibtakida bu garshitiklasit a h
texnologiyalarini rivojlantkadpihncbhar @@t l doir gah aarl mae ki kb ondul
Fransiyada 1986 vyilga kelib barcha gazishmalarni mustahkamlashde b o 61 s a, unda siqgilishga o
ankerlarning ulushi%@an oshdi. Rossiyada turli xildagi ankadaga kelishi mumkinligini ham nazarda tutish lozim. Anker sterj
ishlab chigqgildi va Rossiyanmexgareinlg wvahi kl dk@anlbamri doadnl cthiarml il
koomir konidagi barcha qaziasshonsaalnar o h o dnaiisltiashtk a mlaa skhasi |a nskhe
ulushi 50@6dan ortigni tashkil etdi [6]. mooél jall angan. Egilish va siqil
Ankerli mustahkamlash materiallari anker sterjni, tayahchy | i , kodop holl arda inobatgas
plastinkasi, gayka, anker qotiruvchi moddasi (smolali yoki (semerglig | a n , katta koodondal ang yukl
pool at tasma (yoki armatur agloibit agma) ar meaml mu a yoyodf, damrmlag ra
boshqgal arnilrasmpz i chiga ol adi Ankeri mustahkamlash materiallarining mexanik xususiyatlar
Anker sterjni, odat da, vy u gmustahkamiashsldyibakiring taldblarigejavob eegishi kelbak, hli Igilan mir
tayyorlanadi. Uning geometrik parametrlari (diametri, uzunligit tishli yoki  x i | mexani k xususiyatlarg
sillig yuzasi) mustahkamlanayotgan muhitnimgxdimik xusukelishi va ankerli mustahkamlash tizimining umumiy samaradorligi
siyatlari (mustahkamligi, yorigliligi, suvliligi va boshqalar) va kotiéajotgganma | darajada taominlashi I

yukl amal arga bogod6liqg hol da uskanalaril antaxdologiyasiT gazishihalasiaphkamalash sifatieir j e
gotiruvchi modda bilan mustah&mmnbagihhlaeai sbt hazi ald mamd.laly di
garshiligini oshiradi. SterPénmanigs muwsg lathrkalmd ri ikg ac heengkaerra sh u
chanlik xususiyatlari tanlangan mustahkamlash usulining ish@nchilgini 0 6 r ndari, iaskérlar rfyoketkatmma oldindan
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zoO6rigtirish usku
O6rnati sh t elarm odiloo

joylashtirish, ishjgra ni ni tobd f“
mehnat ni muvofiaql i

ichiga oladi. Fagat qgazishmaning M

Anker sterjern
| G

RS, Ankerlovchi smola

|| e e o2

Tag' jinsi qaflamiming kengayisiy
e e e

NN

i\

Anker zo'Tigisi fag’ insi gaflamining
| harakatlanishin fo'xtatads

]

geologik sharoitlari va ishlab chic

talablarini hisobga olgan holda, mos ki ey ruwer="x

uskunal ar va tegi fH

tanlash orqaligina mustahkamlash

tezligini oshirish mumkin. tivt
Ankerli mustahkamlash yas

tugagandan sodng 1%’“““’%@%@3&;

o6tkazil masa, ma v ?“

mustahkamlash ishlarining sifatini n W”

o6rnatishning geol

xususiyatlari va barcha elementle

tadminlash bilan

muhandi sl ik i shi It
giyinlashib, xavfsizlikka tahdid soladi. .

gilish asosan ankerlar (yoki setke

o6rnatish sifatini

Geometrik parametrlarga ankerlar fyokis m. Ankerning tog6 massivi ichiga oé6rnatilishi
setkalar) orasidagi masofa, qatorlar orasidagi
masof a, ankerl ar (yoki set kmaasi)wni o6rnasidh Ppugohagiadgamkenl

setkal arning) ochigq gi smi nihlagg 6d awnn Isihqli artiadimi wmlbab ,i cahvivggad dahat b
xususiyatlarga anker st er j nlgalamlanga rsgnaralihtransferiini amalga oshiraglit Arhakyetdal ankgri

(yoki setkalarning) ol di ndanmuzsotdarhikgatnlraisshh eluecrhd ratrliarkii rladd pi nche
Ankerli mustahkamlash mexanizmini tadqiq gqilishdan haragsigh holatlarida ishlashi mumkin. Anker boltining mustahkamlash
gazishmaning deformatsiyasi va buzilishining xususiyatlaximeaar ador | i gi bir gator muhim omil!]

gonuniyatlarini, ankerli mustahkamlash konstruksiyasining idhlAsiiker materialining mexanik xossalari: (mustahkamlik chegarasi,
prinsiplarini, ankerlarningetagbdi kliinlsl mod ulbii,] acnh cm&@zialrwv cthaadnsliirl
etuvchi omi |l arni anigqlashdan2.i bdog® bjoiérd dibni nogu anHeexanik ik a mb ah &
loyihalashtirish uchun nazariy asos yaratadi. Ankerli mustghkamlasme t r | ar i : (mustahkaml ik, yorig
mexani zmini vV a gazi shma a ganli darajasd).g i togo jinslarining me X a
Xususiyatlari bodéyicha sinovliZar f@dabsj al artiunvic htiody ulgl aomalgamn isrhg
mustahkamlashning dastlabki loyihasi ishlab chigiladi.taqsmitanishi, dinamik yoki statikligi).
gazi shmaning kesimining 0061 @&dh amin&reir ,ni nnyu sktoanhskt ar nul kasn aydaisga v a od &
gatlamining  qgalinligi, ankerli mustahkamlashning shakli 5. vAnkerlovchi tarkibning xossalari: (adgeziya mustahkamligi,
mustahkamlash parametr| ari Roaushiqoglik,aatishwagti).a r n i 06z ichiga ol adi
vaqtda ankerli mustahkamlashBfi O@Odryn ahtail sats htte xn slhog inyga sk md miga ks i
mavjud, masalan, empirik usul, nazariy hisoblash usuli, Banli i mer ankerl ovchi tarkibl ar
modellashtirish usuli va joyida kuzatish usuli. Ankerli mustahkaméashaih k a ml i g i vV a togéo jinsi yuza
loyihalashtirishning samarali usuli ikkita shartga javob berishi kdrak:dandims hi sh) qobi |l i yati tufayl:i ank
etilgan ankerli mustahkamlash shakli va parametrlari ogilona, ishondhdi eat | i mustahkamlani shini tadmin
mustahkamlash samarador |l i gi jihsiganguklanxaningf béritekisda Kagsindanishiga gordan beradioveni n |
shu bilan birga must ahkaml a skontaktyuzasigdagitkucllanish kensegtratpiyasini karbaytioadi9 hi | o 2
usuli kon muhandiknik xodimlari uchun tushunarli, qulay va ogom k er st er j eni bargaror va musta
o6zlashtiriladigan bodl i shi odkrenr&tdsn)l .adhNo {easaarudrar gak i musottaegnisli a
loyihalashtirish imkonini ber@diagandéeltirilgan [8] kamroq bargaror gatlam anker tomonidan osilib turadi va uning pastga
2-rasmda(sxemada) smolali anker misolida anker boltinindgp @asosig k at i ga qgarshil i k kodérsatil adi
funksiyal ari vi zual ravi s hd &uchtagnisgabulgilagi.n g a n . Ushbu rasmda anker
massi vi ichiga odérnatilishi, Aghlhaodézankerh d&kaaclhd@irk yardisqr iyo&gi -
yuzal arini kesib o06tib, ul abmad Inga ,h au atk @ didiga jpisbatzsh igljlsbinang @ldina alpoihngi qrod
Smol al i ankerlarda mustahkamBuomdahiankaerksbernpngnroyoriad opudasit al
boo6lib, u anker va togo6 jinsil joiédsh a sd edfaogri mantussityaahlkaarm gbhao g glaa sihs |
yuklanishning samarali uzatilishiga xizmat giladi. Taq@irasstitgpg ar shi | i k kooér sati sh qobiliyati un
togd massivida kuzatilishi maokkeirhobobl gamr gebt dxdialn rkoma racka r oy
Xususan, togod jinsining hajbnodolbazdgia.ri shi (shishishi) va buni ng
yuzaga keladigan deformatsiyalar aks e@irdgamda shuningdek, Taqdim etilga&rasmdea n k e r mustahkamlash el e
anker mustahkamlash elementker sterjenining mazkur nobargarorn s i gatl amlarining ni shiy silji
|l ikka garshilik koorsati sh pmsigiatarzdamsvifladganm tasvi rl angan. Anker
avvaldan tortish kuchi nati j aSsxiednaa dtao sainlk eqinli inmgg aml du snhdbaun kbuucrhg 6t
jinsining harakatiga aktiv maxshs!l ikk mMyodrn yat mwstah kamlho vheohsii | t
pol i mer ankerl ovchi tarki b malismvidla omahkaydiani dhankedrsaer| gt
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Bu yerdaPi anker boltining bk&Muvchi
' . Anker [mefal sterjen) Buankerning mexani k buzilishiga c
e e / ifodalaydd i anker boltining nominal diametri, mm. Anker sterjenining
LEEE v koondal ang k esi mihnii anger noatenialiniagc h a
chodézilishdagi MRas Bu aamkera malteriatining ¢ h
chodézilishga qgarshilik kood6rsati:
e bildiradi. Materialning pasporti yoki laboratoriya sinovlari orgali aniglanz
e T xavfsizlik omikoeffitsienti. Amaldagi yuklamalarning hisoblangan
buzuvchi yukl amadan past bool i
koeffitsient. Xavfsizlik omili konchilik sharoitlarining murakkablig
yuklanishlarning noanigligi va mustahkamlash tizimining ahamiyatiga gal
P S belgilanadi (odatda 1,5 dan 3 va
' Anker boltining chodézilishga

f ' o 3 edti borga ol inishi l ozim bodl ga

PR e TR Anker materialining fizékanik xossalafinkerning kimyoviy

tarkibi, ishlab chigarish texnologiyasi va termik ishlov berilishi unin
mustahkaml i k koérsatkichlariga
el asti kl ik modul i, choézil uveche
mustahkamli kka ega bodélgan pool
3—r_asm.Anker‘ mu st ahkaml ash‘ e_I emenq(iartitnagr otché’hdbﬁ$i_l i @t Iyauﬂkpé_imrannagr i
nisbiy siljishiga garshilik koor sgtiieshy imﬁ)éjan'kzonb'r{]dchl"a(?]fgkri‘gk'iepdlif"émS)
koorsatish gobiliyati ankerni
Togod6 jinsi gatlamlarida tekobporki @anahtdiar, Kaonht arschd adii aanmen
boshga geologik omillar natijasida nisbiy harakatlanish (siljishjuyazagai g a ega bool i b, shunga m
kel ganda (sxemada o6ql ar yhiikll aama | kaa @ rnsi a t ki of @timasiaaynan sakdriling F o
mustahkamlangan anker bu hakakbatdgh apags kiesi qnar yohzhisknkoér saf

massivining yaxlitligini saglab turishga xizmat giladi. Togo6 jinsining mustahkamligi
Anker atrofidagi shtrixlangan qg&rmsn y u k | a maqobiliyatiyn kteagné ng togdé massivida is
jinsiga tagsimlanish zonasimhoodyzoiklii sdn kyeurknliannga sd tnrio f dargar atloi
mexani k tadsir kodorsatish gaduvwshhni ahdmidyad taggad i e g aA n klenrkgear |
kuchl anishl ar aynan shu zojniansargedai ahhghob massingida bbpazi.i

Ankerlash uchun smola

Tag’ pnst qatlamiming
harakai —2

taqgsimlanadi . Shtrixl angan asmkiernningg odlldhasmligear igavahishiadgi n
tipiga, mustahkaml ovchi t a-rikknibmg ngogxkdspahardga whidiolpokaeti
mexani k parametrl ariga b o gmulsitga h baomll iaglii .yoNukbameni ogchhke|
tagsimlani shi ankerning samakadoi Iniggicnhhoéas hi shda ©baodltgoagmd
mahalliy kuchlani sh konsentdamjada pagagtisishimurikik.@sniary t ¢ r adé¢ hi Syxwekraa
togo jinsi gatl amlarining ppoténAhkéhigal adbiyoemnakvichhl aruikd
yoriqgq yoki siljish yuzasiniukiesgbchodzibli dDlugehabaklagam aosd
koorsatadi . Ankerning siljiAnkea gatac &dh@Gii kd hlad&ri d atsihstbho gy
materialining kesish mustahkamligiga, ankerlovchi tarkib biléinikentaki | a n g a n chodézilish must ahk

yuzasidagi adgeziya kuchlariga va ankerning siljish yuzasiggiyishtéada buzilishiga olib kelishi mumkin. Agar yuklama burcha
joylashish burchagiga bogo6losqgtilWadlyaokii. k8doldal angnkedénahga
mustahkam bogél ani shi natijasidiasthokut¢thlbamil ghalna rme xyawna &g ag uk
gatlamlarining -biriga nisbatan siljishini samarali ravishda chéklay@il gan umumiy kootarish qobil i
Ankerning atrofidagi yukl ama Anrlgesn mlbaoditsmiagnashogainlcihah g &
togao massivining bar gar or |yugpiidag ddrchen entillarni kdmplekg wagishdai hisodga@ dlishazdru
mustahkamlash tizimining samaradorligini oshirish uchun Bokeriingl) anker materialining mustahkamligi va kesimi yuzasig
opti mal parametrl arini ( u z u asbslaggan, idedllashtinigah hdlatni ifodalaydi.aAmialdagi shmaroitlaco
mustahkaml ovchi tarkibning axlosrsmilmg imaqi gogoé k ojditmsrii sihn gq o ly
sharoitlarini hisobga olgan holda tanlash muhim ahamiyatga ey&ibhikgr sifati va yuklanishlarning xarakteri kabi boshga omilla
sterjenl arikogursialnioaht i da keg@Oogionil danséaidi ar IUl adarianjgada f a
asosiy vazifasi tuprog va tloylgataridanarkey i mustankamlashu siziimdahink &isoblasisda tegish
kodchkilar, t osh gul ashl arixawd sibolsihlg ao ngieloltaerxinniik gqob&fl d mmdit
oldini olishdan iboratdir. Anker mustahkamlash elemeatidrinikga z i s h[1lt avsi ya eti |l adi
funksiyal ari va s ama-koa daoqutilishg iAmik e c h ubqaulrt i md mggans shj itsohg6 def o
sohalarida xavfsiz va ishonchli mustahkamlash tizimlarini loyilgpladitiridhi y at i ni aniglash togo6 mass
va amaliyotga tatbiq etish uchun muhim ahamiyatga ega [10].olish va mustahkamlangan kon inshootlarining bargarorligini

Anker boltining choo6zil i shga mjarl satsihldiak maudd rms aathiasmth yaqd lgial ie
mu hi m muhandi sl ik vazi f asi silighguklamabi quyidagi enmpinils formulakoegali Itaansirfan hisoblanis
i shonchliligini tadminl ashdmaumkinsosi y rol ooynaydi . Anker
oladigan kritik choozilish yukl amasi Bduyidagi empirik fc
taxminan hisoblanishi mumkin: Q=—/j.m (2)

pd’ N

P= 2 Shim 1) Bu yerda:Q 7 anker boltining buzuvchi siljiish yukldasi,
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Bu ankerning koéndal ang kesomido Mbodiymicmian gmehxoalnaitki nbuziulril $ hidaa

keladigan maksimal siljish kuchini ifoddlatier boltining nomimalu st ahkaml agandan sodng, togo jin:
di ametri, mm. Anker st er j emodut,i birigjsh Kuchio vadicoKki dsingglanisk eosréhagi kalbi rmgxanik 6 r t
diametrilin 1 anker materialining siljish mustahkamligi cHd@arapiar amet r | ar i ortadi; ankerl ar tog
Bu anker materialining koonmuasitaanhgk akné $ igmini boéhwi chdi si bgi bhghl

kodérsatish bodyicha eng yabaedi, ktucdcd api sbl adar anmaasssiinvii nibngd d
€ 1 xavfsizlik omili. Amaldagi siljish yuklamalarining hisabkrganr a d i ; ankerlar togd6 jinslari m
buzuvchi yukl amadan past bbétadhj nt ogd 6bbmd ;nil misrhi ngc thwod aki ni ty
koeffitsient. Xavfsizlik omili konchilik sharoitlarining murakkablgil a r i massivining od6zini must ah
yuklanishlarning noanigligi va mustahkamlash tizimining ahaimigatiga t . Ankerl ar togo6 jinslari ma s

garab belgilanadi (odatda 1sSrdi&n u3 awa yurydizmalyuq droiéo yd adl iaghrialr
Muhandi sl i k amaliyoti da a nmassivihing ryaxhtligioi pmaksinal adarajeld asaglayti ve hgazistmia | i <

siljish yuklari tadsiriga haatmm odudbagkeltiogghda dji i. n sMaasraiIlnainn,g tkoagtot
siljishi yoki konstruksiya &uegment Inarsitmihnkgand 6 karwa t gadgori rod td
siljish kuchl ari paydo boahkehi i muunsktianh. k a Blhais hs ah ablInml,ar iank
mustahkamlash tizimlarini loyihalashda ankerning siljishgaamadhiiiing mustahkamligiga, balki mustahkamlash tizimining qattigligi

kodérsatish qgqobiliyatini hamveiwmbmgiay otlaidsshi rmwghai, mdiiym.i gkadopaink &
juml adan podl at kabi pl ast ihd qiluwehi religa \a |mustahkamlashhelementlarinihgj birilkén hotda s t

chegarasii va chodézilish minyst abkitsanbliagsehi ohegarmwshii ml i gi ga katta e 0
muayyan empirik bogoligli k nmmasvtjauhdk a mMilatsehrniial Haqi qgayr shadl givana
kooér a, koopgina met aldlharh o @ mbstaikaniissh| ysuligah aylantiradi. a Ankedi minustghkamléshning
mustahkamligiY bi |l an chamal ab quyigdamgadar andionrolsiagpiat yagboidodadke] 1Rt il gan
Grd (501 Qi 7)) (3pifatli ishlab chigarilishi va tod:
Muhandislik hiskbi t ob |l ar i da k oi®Figabael h dJsddmut aecl heameqityinaartni ng birgali kdag!
gilinadi. Bu nisbat materiamassgvl ahkni mgl ebkauwlgyaarrordaoggélinani sad
va choo6zilish deformatsi yal austagkamlaghetizisihiiloyiialkshda anditrasdslar imsiHitninm geolagiki z r
xosligi bilan izohlanadi. Anig giymat materialning turiga vandiestdjalik sharoitlarini, kutilayotgan yuklamalarni va mustahkamlash
omillarga bogdélig bodlishi miogmhkagsadini hdbganoigandolda @iguoptimal gechinoi tdnlashlarih a
podél atning siljish mustahkalozimi gi bodéyicha maxsus madl umotl ar
boé6lish tavsiya etiladi. I I mikKo §p hywitldlaink wadhpiugqd2l)arf ovaulaaaha
izotrop materiallar uchun soddalashtiriigan taxminiy natija deradij i y maml akatl arda oltin va ko
Shunday qi li b, anker mater malsit aihkkg micho zitleixs1lo | omgisy av ik a mloizg ig ¢

boodl sa, uning siljish mustabkharklil @indii .t aAxrkiemr a Mmuasniachlkaasm amsuhmkoilr
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