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blasting performance significantly: combined effect of
static and dynamic stress fields both natural (caused by
the geological structure of the undermined area or the
rock pressure behavior) and man-made (created by
means of various technical solutions). This can make
breaking more efficient through improvement of the
quality of ore crushing, reducing the consumption of ex-
plosives, increasing productivity of workers, etc.
Originality. We have found out that when breaking
underground uranium ore in the narrow space the wells,
commonly, are located in the points affected by the high
compressive stress. This increases the resistance of the

When breaking process is carried out in wide area
and wells are located in the unstressed place the resis-
tance of ore to explosion is reduced. This reduces the
amount of energy spent on breaking.

Practical value. During determining the parameters
of the drilling and blasting operations for underground
mining of uranium ore deposits we recommend to use
improved method of Professor Yu.P. Kaplenko, which
takes into account the stress-strain state of the massif,
and improves the quality of ore reduction during the
breaking.
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layer affected by blasting, and it causes incomplete well, uranium deposit
breaking of ore or well shooting. In this case the actual
specific consumption of explosives during breaking ex-

ceeds the optimum.
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Hean. Pa3paboTath Teopuro pacuéra Hecyiei cnocoOHOCTH TpyOoOeToHHbIX 31eMeHToB (TBD) mo mepsomy mpe-
ACJIbHOMY COCTOAHHUIO NPHU UX MNPOU3BOJILHOM HArpyXCHUU HOpMaﬂLHOﬂ CUJION U I/I3FH63}OL[II/IM MOMCHTOM, YCTaHO-
BUTH 3aKOHOMEPHOCTH COBMECTHOH PabOTHI CTAILHOM TPyOBI M TBEPCIOIIETO COCTABA.

Metoauka. [Iy1s1 aleKBaTHOTO TPEJICTABICHHSI COBMECTHOM pabO0Thl MeTaiia 1 OETOHHOTO 3aroJIHUTEINsS B TpyOoOe-
TOHE HCIIOJIb30BaHO YCIOBHE UX COBMECTHOTO /1e()OPMUPOBAHMS HA ydacTKaxX KOHTAKTa C MTOMOIIbI0 aHATUTHYECKON 1
YHCIICHHON MaTeMaTHdecKux Mojeneld. OCHOBHBIM OTIMYHEM METOIUKH SBISETCS YUET pa3IMYHBIX THIIOB HATIPSIKCH-
HO-neopmupoBanHoro cocrosaust (HAC) cramu u OetoHa B TpyO0oOETOHE IIPU HACTYIUIEHUH MPENETBbHBIX COCTOSHUH
Ha KpalHUX BOJIOKHAX CTAIEHOW OOOWMBL.

PesyabTaThl. B pesynprate yctanoBnens! Tpu paznyHbix tuna HJIC B Tpy6oGeToHe, BBISIBICHB OCOOCHHOCTH Ha-
CTYIUICHHS TIPEAETBHOTO COCTOSHUS IS Kakaoro Tuma. IIpemmoskeHa pacuéTHas cxeMa pacupenesieHus BHYTPECHHUX
ycuinii B TpyO0OETOHHOM 3JIEMEHTE IIPH €T0 MPOU3BOJIEHOM BHEITHEM HArpy>XeHUHU U, HAa OCHOBE (PH3MUYECKH 00OCHO-
BaHHOM MOJICITH B3aUMOJICHCTBUS OCTOHA U CTAIBHOM TPYOBI, HCCIICIOBaHA HECyIas CIIOCOOHOCTh TpyOoOeToHa. YcTa-
HOBJIEHBI 3aKOHOMEPHOCTH I1E€PEX0/ia OJTHOTO TUIIA NPEIEIILHOIO COCTOSIHUS B JIPYroe M0 Mepe W3MEHEHHs] BHELIHETO
Harpyxenust TBD, 3amaHHOrO B BUE OTHOIICHHS HOPMAaJbHOW CHIIBI K M3rubaroiieMy MOMeHTy. Paszpaboran meron
pacdera Hecymiel criocoOHocTH TpyOoOeToHa. [TomyueHsl aHaNUTHYECKHE 3aBUCUMOCTH /ISl pacueTa MpeebHbBIX CO-
OTHOLLIEHHUH BHEIIHUX Harpy3ok uist Tpex tunos HJIC.

Hayunasi HoBu3Ha. BriepBrie pa3paboTaHa aHATUTHIECKAs TEOPHS IMPOYHOCTH CKATO-U30THYTHIX TPYOOOSTOHHBIX 3ie-
MEHTOB TIpH JIFOOOM COOTHOIIICHHHM BHEITHUX HATPY30K B TIEPBOM IPEIEITHHOM COCTOSIHHHU. TEOpHs OXBATHIBACT IPOM3BOIIH-
HBIE COYCTAHMS MEXaHWYECKUX CBOWCTB M TEOMETPHUYECKHX MapaMeTPOB TBEPACIOIIETO 3ATIONHUTENS M CTATbHOW OOOHMEI.
YcranosieHo Hammaue Tpex pazmmaHbix THoB HJIC B THD. Briepeie npesioxkena o000meHHas JuarpaMmMa peaeibHbIX
yewmii B ThD B BHzie 3aBUCHMOCTH TPENETbHO JOMYCTUMBIX MOMEHTOB OT IPOAOIBHOM CKMMAIOIIEH CHITBI.

IIpakTHyeckas 3HAYMMOCTh. Pa3paboTaHHas aHATUTHYECKAs TEOPHS IO3BOJISET JOCTOBEPHO PACCUUTHIBATH MPOYHOCTH
paznmmusbix THED 1o nepBoMy mpenenbHOMY COCTOSTHUEO, YTO HEOOXOAMMO IS UX TIPUMEHEHHS B CTPOUTEIILHBIX KOHCTPYK-
IUAX TPOMBIIIJICHHOTO W I'PaXKJaHCKOI'oO HasHA4Y€HUs, MOBEPXHOCTHOT'O KOMILIEKCA T'OPHBIX HpeZalI/lﬂTI/Iﬁ u HOﬂSeMHOﬁ
KpeIy T'OPHBIX BBIPAOOTOK.
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D¢ deKTUBHOCT MPOMBIIUIEHHOTO U TPAKIAHCKOIO CTPOH-

TCJIbCTBA BO MHOI'OM 3aBUCUT OT CHHIKCHUA MATCPHUAIIOCM-
KOCTH U CTOMMOCTU MPUMCHACMBIX CTPOUTCIIBHBIX MAaTe-
PpUATIOB, KOHCTPYKTHUBHBIX 3JICMCHTOB.
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B mocnenHee Bpemsi Bc€ Ooree IMepCIieKTUBHBIMHU
CTaHOBSITCA KOMIIO3UTHBIE KOHCTPYKIHH, PAIlOHAIBHO
COYETAIOMINe Pa3HbIe M0 CBOWCTBAM CTPOUTENBHBIE Ma-
TepHanbl, B YaCTHOCTH — TPYOOOETOHHBIE AIIEMEHTHI
(TBD), roe B KadecTBe HECYLIUX KOHCTPYKIHUM CIIyXaT
CTaJIbHBIC TPYOBI, 3amoHEeHHbIC OeToHOM [1-3 1 ap.].

TpyOobeToH obJiaiaeT BHICOKOW Hecyllei crocoOHO-
CTBIO IIPU HEOOJBLIMX IONEPEYHBIX CEUYEHHSX SJIEMEH-
TOB, SIBJSSICH IIPUMEPOM ONTHMAIBHOTO COYETaHUS
MIPOYHOCTHBIX XapaKTepUCTHK MeTauia u Oerona. [Ipm
9TOM CTaJIbHBIE TPYOBI BHITOMHSIIOT PYHKIIUN HECHEMHOM
OmaxyOKH TIpH OCTOHMPOBAHWH, OOecreunBas Kak Ipo-
JOJBHOE, TaK M MOIIEpeYHOe apMUpOBaHUe OeToHa.

OcobeHHo 3(deKTHBHBI TPYOOOETOHHBIE KOHCTPYK-
LMY IIpH paboTe Ha CKATHE C OTHOCUTENFHO MaJIbIMH JKC-
HCHTPUCUTETAMMU. Kak moka3zand MHOIOYHCIIEHHBIE HC-
cienoBanust [1-3 u np.], Hecymas cocodHocTh THD, kak
NPaBUIIO, BBILIE CyMMapHOH HeCylleil CIocoOHOCTH Me-
Tajula 1 OeTOoHa, U3 KOTOPOro OH M3roToBiieH. IIpu mpo-
JIONBHOM Ckatuu ThD peakTnBHOE OOKOBOE JIaBIICHUE,
JIEHCTBYIOIIEE CO CTOPOHBI CTAILHOW 000JIOUKN Ha OETOH-
HOE SIIPO, co3/aeT Uil OSTOHA ONArONPHATHBIC YCIOBHS
paboTel — 00BEMHOE CKaTHE, B PE3yNbTaTe Yero pPe3ko
CHIDKACTCS BO3MOXKHOCTh BO3HHKHOBEHUS IIPOIOJIBHBIX
TpeuwH B 6eToHe. [Ipu 3TOM poyHOCTH OE€TOHA TP CHKa-
THH CYIIECTBEHHO Bo3pacraeT (mpumepHo B 1,8-2,7 paza)
[3]. CranpHas oboiima, B CBOIO ouepesb, Onarogaps Oma-
TOIIPUATHOMY BJIMSHUIO BHYTPEHHETO IABICHUS TBEPAOH
Cpenpl, He TepseT MECTHyI0 ycToitumBocts. Kpome Toro,
TBD obnanaroT 3HaYMTENBHO 0OJIEe BBHICOKOW OTHECTOM-
KOCTBIO, YeM MeTaJUTM4YecKHe 3aeMeHTbl. OcOOeHHO Baxk-
HBIM JUII TOPHOCTPOMUTEIBHBIX KOHCTPYKIMH M IIAXTHON
KpeTy SIBIISIETCS COMPOTUBIICHIE KOPPO3UU MeTaia B ar-
peccuBHO# cpene, kKotopoe y TED Oomnbine B 2 pasa n3-3a
HEBO3MOYKHOCTH KOPPO3UH BO BHYTPEHHEH MOIOCTH.

CpaBHEHHE TEXHHKO-DKOHOMHUYECKHX IIOKazaTeleit
METAJUIMYECKHX, >KEIe300€TOHHBIX W TpPyOOOeTOHHBIX
KOJIOHH TIOKa3bIBAa€T, YTO SKOHOMUS CTaJH IpH TpyOoObe-
TOHHOM MHCIIOJIHEHUHN KOHCprKL{Hﬁ, Mo CpaBHEHHUIO C
METaJUIMYECKUM, cocTaBiiser a0 56%, uX CTOMMOCTh
yMeHbl1aercs 10 74%, a puUBeJEHHbIE 3aTPaThl CHIDKA-
1orcst Ha 62%. Macca Tpy00OeTOHHBIX KOJOHH IO CpaB-
HEHUIO C KeJIe300eTOHHBIMI YMEHbIaeTcs 10 83%.

Hepemennas yacts npo0iaemsl. Ilupoxoe npume-
HEHHE TPyOOOETOHHBIX KOHCTPYKIIHHA CIEpKUBAETCS OT-
CYTCTBHEM JOCTOBEPHON METOAMKH pacdyéra UX MPOYHO-
CTH W  HECymed  CHOCOOHOCTH. BonpmmHCcTBO
HCCIIeIOBaHUN 1Mo pa3paboTke MeTofoB pacueta ThD
BBITIOJTHEHO JIJISl IIEHTPAILHOTO (Peke BHEIIEHTPEHHOTO)
cxarus [1-10]. OnHako, U3-3a SMIUPHUECKOTO MMOAX0/1A,
TIOJIO)KEHHOTO B OCHOBY MHOTHX HCCIIEIOBaHUM, pe3yJIb-
TaTbl MMEIOT OTPaHUYEHHYI0 00JacTh NPUMEHEHUs, He
OTpaXkaloT (HM3MKY IPOIECCOB IepepacrpeneseHus] Ha-
npsokeHu 1 gedopmaruid pu padore TpybobeToHa H,
MI03TOMY, HE MOTYT OBITh paclpoCTpaHEHBI Ha BCE MHO-
roo0Opasue CBOHCTB MCIIOJIB3YEMBIX CTPOUTEIHHBIX MaTe-
puanoB, 0COOEHHO Ha HOBBIE MapKH CTayled, BBICOKO-
MPOYHBIE W JIETKWE OCTOHBI, MOJMUMEpHBIE W ApYyTHE
TpyOb! u T.A. IlodydeHne HOBBIX SMIUPUIECKUAX KO-
(ULKEHTOB Il TAKUX MaTepuajoB MOTpedyeT oOIIup-
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HBIX ¥ TPYIOEMKHUX SKCIICPUMEHTOB, TIOCKOJBKY CYIIIECT-
BYIOIIME 3aBHUCHMOCTH HE CHOCOOHBI y4ecTb 3TH OCO-
O6eHHocTH Tipu pacueTax ThD.

Kpowme Toro, no Hacrosmero BpeMeH! HE CYIIECTBY-
eT MeToaukH pacuera ThD, Haxonammxcs moj NeHCTBU-
€M MIPOU3BOJILHOT'O COUCTaAHUSA 1/13r1/16a}01u1/1x MOMCHTOB H
MMPOJAOJBHBIX CXUMAIOIIUX CHJI, T.C. B CIIO)KHOM Halps-
JKEHHOM COCTOsSIHUM. [I03TOMy NOCTOBEPHO pPacCUUTAThH
MPOYHOCTh U HECYLIYIO CIIOCOOHOCTH CXKAaTO-M30THYTHIX
TBED He npeacTaBisieTcsi BO3MOXKHBIM. A UMEHHO TaKoOi
BUJ HAarpy3Kd YacTO BO3HHUKAET B PA3NUYHBIX CTPOH-
TENBHBIX KOHCTPYKLHUSAX, OCOOCHHO B KOHCTPYKIIHSIX
MOJI3eMHBIX TOPHBIX KpeTieil.

OTKpBITBIM OCTaeTCsl BOTIPOC TPAKTOBKU CTaIHH pa3-
pymenns TED. OmHu mccnemoBaTeny, OCHOBBIBASICH Ha
JaHHBIX 3KCHEPUMCHTOB, CHUTAIOT MPCACIbHLBIM COCTOA-
HUE TOJHOrO paspyuieHus ThD B MOMEHT NOCTHXKEHUS
MakcUMalbHOM  Harpy3ku [4,5]. [pyrue aBTOpHI
[1,2,6,7] npeqnaraloT paccMaTpuBaTh B KadecTBE Ipe-
JIETTBHOTO COCTOSIHMSI HayaJlo TEKy4eCcTH TpyOBl B IIpo-
JOJILHOM HampapieHnn. O0a moaxona SBISIIOTCS Tpa-
BIWIIBHBIMH, OJIHAKO, IIOCKOJNBKY 3I€Ch YUYHTHIBAIOTCS
pasHbIe TpeaenbHble cocTosHUuS ThD, OHM HOIDKHBI HC-
TIOJTF30BATECS B 3aBHCHMOCTH OT YCJIOBHHA SKCILTYaTaIllH
paccmarpuBaeMbix TED. B 0TBETCTBEHHBIX COOPYKEHUSIX,
KOT/1a mpezebHbIe fe(opManii HECYITUX 3JIEMEHTOB Or'-
paHWYEHBl TEXHOJOTHYECKHIMHU TPEOOBAaHMSAMH, pacuer
JIOJDKEH BECTHUCH IO NEPBOMY MPEAENbHOMY COCTOSIHUIO,
T.€. Harpy3Ke, BbI3bIBaIOIEH B 000HMe HAIPsHKEHUs, PaB-
HBIE TIpe/ieNTy TeKy4eCcTH CTald. B mocieqHee Bpems MHO-
ro BHUMaHus pacuery TBD yxensiercs m 3apyOeKHBIMU
uccienoBareasimMu [8, 9], riae ocoOeHHBIN aKIEHT JeIaeTcs
Ha OTBETCTBEHHEIE COOPYKCHHUS BHICOTHOTO THIIA U B paii-
OHAaX BEPOSTHBIX 3eMJICTPSCCHUI.

B cBs131 ¢ BEIIEN310KEHHBIM, 0CO0YIO aKTyallbHOCTh
npuoOperaeT mpobiemMa pa3pabOTKH JOCTOBEPHOTO |
Hay4HO oOocHOBaHHOTO MeTona pacuéra ThD mpu Ha-
TPY)KEHHH TPOW3BOJBHBIM COYETAaHHEM IPOJIOIHHBIX
CKUMAIOIINX CHJI M U3THOAroNMx MOMEHTOB. OcoOeHHO
9TO BaXXHO MNPH UX NPHUMCHCHHWU B HIAXTHOM M MOA3EM-
HOM CTPOUTCIILCTBE, B YaCTHOCTH, B KOHCTPYKUHUAX T'Op-
HBIX Kpenei U TOHHEIbHBIX 001e10K [10].

ens uccienoBanMii COCTOUT B PaspabOTKE TEOPHU
pacuéra Hecymiel CHOCOOHOCTH TPYOOOETOHHBIX 3JIeMeH-
TOB TIO MIEPBOMY IIPEIEIIBHOMY COCTOSHHIO TIPH MX ITIPOU3-
BOJIbHOM HAarpy>K€HUM HOPMAIbHOW CHJIOM M MOMEHTOM,
YCTaHOBJICHHH 3aKOHOMEPHOCTEH COBMECTHOH pabOTHI
CTaIBHOM TPYOBI M TBEpACIONIEro cocTaBa. QO0beKmom wc-
cienoBanuii sBisiercst ThD U ero KOMIIOHEHTHI, a npeomem
uccneooganuii — Hecymas crocoonocts ThD. 3adauu uc-
¢71€006anuil COCTOST B pa3pabOTKe TEOPETHIECKON MOJIENN
W METOAMKH OmpejerneHus Hecyued crnocodHoctd TBO.
Ocnoenaa udea VCCIEAOBAHUN 3aKIIIOYAETCA B HUCIIOIb30-
BaHUM (QU3MIECKH 0OOCHOBAaHHON MOJIEIN B3aHMOJICHCTBHS
6eroHa 1 craim B TBD 15t OCTPOEHMS TEOPHH pacdera.

OcHoBHas 4actb. Paccmorpum TBD kBagpaTHOTO TM0-
TIEPEYHOTO CeYeHMsI Kak HanOomee >P(EeKTUBHBIN IS MC-
TIOJTE30BAHMS B KPEILsX TOpHBIX BhIpaboTok [10]. O Haxo-
JIUTCA TIOJI IECTBUEM LIEHTPAILHON CHKUMaroIied cuiibl N u
n3rubaroriero MoMeHTa M (CM. pacyeTHyIo cxeMy puc. 1).
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OcHoBHas (pu3nUecKas THIIOTe3a, TOJI0KEHHAS B OCHO-
BY TEOPETHIECKON MOJIENIN B3aUMOJICHCTBHUS OETOHA U CTa-
mu B TBD, cocrout B TOM, YTO MOJ ACHCTBHEM BHEIIHEH
Harpy3ku 00a marepuaia Ae)OpMUPYIOTCS COBMECTHO, T.€.
KaK eJTMHasi KOMIIO3UTHAs! KOHCTPYKIIUS, CIIE0BATENHHO

£, =€, =const, (1)

r7e €., € — OTHOCHUTEIbHbIC NeOopMalii Ha KOHTAKTE
CTAJIBHON 000MMBI 1 OETOHHOTO SI/Ipa COOTBETCTBEHHO.

I A

VYuréM, uT0 OETOH TOYTH HE BOCTIPHUHUMAET PACTSTH-
BaIOIIMX HANPsDKEHUH W paboTaeT TONBKO Ha CXKaTue, T.€.
IJIOIIAafb €r0 CXKAaTO 30HBI paBHA A;, TOrAa Kak IUIO-
IaJb ero pacTsAHyTOH 30HBI cienyeT npuHATh A7 =0. B
CKaToil 30HE MaKCHMaJbHBIC HAINPSHKEHUs, BBI3BAHHEIC
BHEIIIHE! HArpy3Koil, COCTaBST 0j & B METALIMYECKOM
o0oiiMe AEHCTBYIOT CXKUMAIOIIME W PACTATHMBAIOIINE Ha-
NPSDKEHU 0. PaBHONEHCTBYIOLIME STHX HAaNpsLDKEHUM
0003Ha4YeHbl Ha pacyeTHOH cxeme N;, N:, N7 .

0.:3 Ts

Puc. 1. Pacuemnas cxema

IMon nefictBuem wusrubaromero momeHTta M (mipn
N =0) npoucxoaur cMmerieHue HeWTpanbHOH ocu THD,
KOTOpasi TEepecTaeT COBNAAaTh C €ro IeOMETPUYECKOH
OCBI0, TIOCKOJIBKY HalpsDKEHHS B PAacTSHYTOH 30HE OeTo-
Ha PaBHBI HYJIO M3-32 BO3HUKHOBEHHS B HEM IOneped-
HBIX TPEIIUH.

O0603HauMM 4Yepe3  OTHOIIEHHE CHKATOM 30HBI OETO-

Ha A; K ero obueil miomanu 4,
V= 4 Ui Y = e
A, h,~

6
rae h.u h, — BBICOTa, COOTBETCTBEHHO, CXATOIl 30HBI
0eToHa M €ro IoJIHas BBICOTA.

[Mapamerp y (oTHOCHTENBHAS CKaTasi 30HA OeToHa) Oy-
JIET UMETh MUHUMAIEHOE 3HAYCHUE V,,;;, TIPH YACTOM H3TU-
6e TBO (xorma N =0). Poct mpomonsHO CKUMAOIIEH Cch-
761 N yBEIIMYMBACT Y M TPH ONPEeTICHHOM COOTHOIICHUH
k = N/M napamerp y mocturder 1. V3 pacu€rHOi CXeMbl
SICHO, YTO, HECMOTPSI Ha BO3MO>KHBIN JaTbHEUILINI pOCT CO-
OTHOIIEHUsI k, OTHOCUTENbHAsl ckatasi 30Ha OeToHa y He
MOJKeT npeBbIcHTh 1. Takum 00pa3oM, Beera coomoaeTcst

ycnosue ¥, < <[ .B 3aBHCHMOCTH OT COOTHOIIECHHUS k

6y/IyT pa3pyIIaThes MO0 HIDKHKE BOJIOKHA TpYObI 0,7 = R,
00 BEpXHHUE — a2=R.

Crenyer ydecTb, 4TO 31€Chb MMEIOTCS B BHIY IIpe-
ACJIBbHO AOIMYCTUMBIC 3HAUCHUS MPUJIOKCHHBIX HArpy3okK
N u M nns nanHoro TB3, KoTOpbIe MPUBOAAT K BO3HHK-
HOBEHHIO HAIPSDKCHUI B CTallbHOM 000#Me, paBHBIX
TIpeaeNny TeKy4ecTH CTanu R,, T.e. BOSHUKHOBEHHIO TIpe-
JIETIBHOTO COCTOSIHUSL.

[TosTOMY 17151 KOPPEKTHOTO ONHMCAHMS MTPOLIECCOB CO-
BMECTHOH paboTHI U IepOPMHUPOBAHUSI MeTauia u OeTo-
Ha B ThD HEoOXoamMo pa3inuyath HECKOIBKO THITOB Ha-
npsokéHHO-nedopmupoBanHoro  cocrosHus  (HJC),
KOTOpBIE AOJKHBI OBITh YYTEHBI IPU pacueTe MPOYHOCTH
u Hecymel ciocoonoctr ThD (puc. 2).
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Ecmu mocnenoBaTenbHO yBENIMYMBATH IMPOJOIBHYIO
cuty N or 0 go makcumyma, To mnepsbii tun HJIC
(puc. 2, a) xapakrepusyeTcs COOTHOIIeHHeM k = N/M,
IpyU KOTOPOM OTHOCHTENbHAsi ckaras 30Ha OeToHa
¥ <0,5. BHemHue Harpy3kd BBI3BIBAIOT pa3pyLICHHE

HIDKHHUX BOJIOKOH CTaJbHOM O0ONMBI M COOMOJaroTCs
cootHourenust o, = R. = Const u 6> <R,

ITo mepe pocra npoposibHO# cuitbl N (T.€ TIpH pocte
COOTHOIIICHUSI k) OTHOCHTENIbHAs C)KaTas 30HA OETOHA
yBeNm4HuBaeTcsl U pocturaer Y =0,5. B sTtom cimyuae

HaTpPSDKCHUST B BEPXHUX M HIDKHHUX BOJIOKHAX OOOWMBI
OJIMHAKOBBI O'CH = O'CB W JajgbHeHui poct N BbI3bIBacT
MIEPECKOK pa3pyIIeHUs] ¢ HIDKHUX Ha BEPXHHE BOJIOKHA
000MMBI, KOTJ]a HAYUHAIOT COOJIOIATHCSI COOTHOLICHUS
O’CH <R.mu O’CB = R. = Const, 9TO COOTBETCTBYET BTOPOMY
tuny HJIC (puc. 2, 6). Tlocne aroro 0,5< y <I u pacrs-
TUBAOINUC HANPSOKCHUSA B HWKHUX BOJIOKHax O'L.H
YMEHBIIAITCS A0 Hyns (Korma ¥ = 1).

[Mocnennwmit Tpetnii tin HJC (puc. 2, 6) Habmonaercs,
KOTZa ckarasi 30Ha OETOHA CTAaHOBHTCS PaBHOM €ro OOIei
wiomanu (¥ = I ), pacTsaruBarouye HanpsHKeHUs! Be3/ie B

CEYCHHH OTCYTCTBYIOT, pa3pylICHHE CTaJbHOW OOOHMBI
TIPOVICXOUT B BEPXHUX BOJOKHAX OT Cxkaths o, = R,. Ipe-
JlenbHbIA ciyyaid atoro tuna HJIC — nenTpanbsHoe coxaTue
TBD, 1.e. orcyTcTBUE M3rHbaroiiero Mmomenta (M = 0).

Jns onpenenenus npeaeabHbIX BHEIMIHUX HArpy30k N
U M 3anuieM ypaBHEHHs PaBHOBECHUS, UCIOIb3Yys pac-
YeTHYIO0 cxemy (puc. 1).

s ypaBHeHHs1 paBHOBeCHs MOMEHTOB Yy M(A4) =0

M=M(N;)+M(N;)+M(NZ)+M(N), (2)

rne M(N;), M(N.), M(N?), M(N) — MOMeHTHI
OTHOCHUTENILHO TOYKHU A, BHI3BAHHBIE PABHOJIEHCTBYIOIIUMHU
CKMMAIOIIMX HanpspkeHuit B 6etone Ny, cramn N, pac-
TATUBAIOIIMX HANpsDKEHU B Meramie N, f’ BHEIIHEN
CXKUMaIOIIEH CUiibl N COOTBETCTBEHHO.
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o o gf=R, a5 aB=R, o

N Ns .
Ng we0,5 N

N

N# NF
—
H
UcH= R, e UcH USH

aj &i

&)

Puc. 2. Tpu muna nanpsasxcénuo-oegpopmuposantozo cocmosanus Th3: a)w <0,5;0) w=0,5;8) ¥ =1

st ypaBHenust paBHoBecus cui y, N (x) =0
N=N,+N;-N!. 3)

OmnpenenM 4ieHsl ypaBHeHU (2, 3). Ucxons u3 (1),

o
o.=—“-E_. 4
R 4)
Bsenem 0003HaueHne
_ A E;
&s A -E

4

Ige g, — OTHOCUTEJbHAs JKeCTKOCTb OeToHa; A;, A

IUIOIIa s> OETOHA M CTalbHOM OOOMMEI COOTBETCTBEHHO;
E,,E_— Momynb ynpyroctu OETOHA M CTajld COOTBETCT-

BEHHO.
BeIpasuMm y uepe3 HaNpsDKEHUs] B BEPXHUX M HUOKHUX
BOJIOKHAX CTalbHOM 000MMBI (puc. 2)

)

Tornma mmst caaraeMbIX Cril 1 MOMEHTOB B (2) 1 (3)

N, =05-y’0. -g;-4,; (6)

c Ac B
NC=7~O'C (1+y); (7

A, v
N/ =Zc.g" . (1-1); 8
d=00 (=) ®)
2

M(N6)=0,5-l//20'f-g5-Acnghﬁ; )
M=ol by (1+5y)s (10)

4
M(N)="2-o! -h,;-(l—w-(g—%w); (11)
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M(N)=N-h;,-(05-vy). (12)
Onpenenum npenebHbIe MOMEHT M U COKUMAIOIIYIO
cuiny N s kaxxnoro tuna HIC TED.
1 mun H/IC: ipu ¥ < 0,5 pa3pymaroTcsi HIKHHAE BO-
JIOKHA CTaTbHON 0OOWMBI, TOATOMY B BEIpaskeHHs (2 —12)
noacrasuM o, = R,. ITocie mpeobpasoBanmii [IOJIyYUM

2P - 1
[N] =”"’~(2+z//-gﬁ —J, (13)
1- v
roe P, = ¢ e _ MIPOYHOCTh OJIHOM IpaHH CTaJbHOU
000IMBIL.
[M] =4Pc'h6'l//[,/,2 g, +31/,+5_3]+
3(1-y) 4y (14)

+[N] h;-(0.5-y)
2 mun HJIC: npu 0,5 <y <] paspylIatoTcsi BEpXHHUEC

BOJIOKHA CTaJIbHON OOONMBI, TTOSTOMY B BEIpaXEHHS (2 —
12) nozcrasum o,” = R... Tlociie npeobpasoBanuii moTy4um

[NJ=2PC-[2+w-g5—V’J; (15)

[M]:M(y/ ‘g, +31//+5—3)+
3 dy

+[NJ] h;-(05-y)

(16)

3 mun HJ/IC: xorjna w =1 HET pacTATHBAIOIINX Ha-
MpsSOKEHUH B METajlle, SII0pa HANpPsLKEHUM Tparelue-
BuaHasA (puc. 2, 8). [Ipenensusie Harpy3ku M u N BBI3HI-
BAIOT pa3pylleHHEe BEPXHUX BOJIOKOH OOOMMBI o’ =R..
Bripaxxenus (2, 3) npuHUMAIOT BUJ

M=M(N,)+M(N,); (17)

N=N,+N,. (18)

ITocne mpeoOpa3zoBaHWA IMOMYYMM BBIPKCHUS IS
OIpe/ieNIeHNs] IPEETbHBIX MOMEHTA M IPOAOIBHOMN CHIIBI
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[sz’i" (R +0")(1+g;); (19)
()=l (R 0t ) (24 g,). )

ITonmyuennsie Boipaxkenus (13—16, 19, 20) no3BomstoT
paccuuTaTh 3HA4YEHHs MpeNeNbHBIX Harpy3ok Ha ThD
JUIsL BCEX BO3MOJKHBIX CIIy4aeB €ro 3arpyeHus — OT

gucroro m3ruda (N =0, k = ]%/I = () 10 IEHTPAIILHOTO

cxarugs (M =0, k= ]%/[ =00 ) U I0OOT0 MPOMEKYTOU-

HOTO cooTHOmeHUs1 k. OmHAKO ISl KaXA0ro M3 TPEX
paccmotpennbix Boinie tHnoB HJIC TBD nHeobxomumo
HCII0JIB30BaTh COOTBETCTBYIOLIUE BbIPpAKCHUA: I 1 -
na— (13, 14); 2 tuna — (15, 16); 3 tuma — (19, 20).
OnpenenviM rpaHUYHBIE 3HAYCHUS k TIpU Tepexoie
onHoro tuna HJC B apyroit. IlockonpKy mepBbIi THII
HJIC 3aBepmaetcst mpu ¥ = (0,5, MOACTaBUM ITO 3HAUe-
Hue B BelpaxkeHus (13, 14) u paccumraem mpenenpHOE

COOTHOIICHHUEC k1 Z% Ha rpaHule MEXIOYy TUIIaMHA

HJC 1 u 2. ITocne npeobpa3zoBaHuii TOIyYHM

3g
k=—2>90 21
"y (g, +4) @D

I[J'ISI OIpeaACICHN COOTHOLICHUA k2 , Ha T'paHUIIC IIC-

pexona mexnay tunamu HJC 2 u 3, Heobxoaumo 6o
MOACTaBUTh Y = [ B BeIpakeHus (15, 16), nmubo npuHATH

o =0 B Bepaxenusx (19, 20). Bemosuus npeodpaso-
BAHHS, OJTY4HM

_6-(g+1)
= h; ’(ga +2). 22

UYroObI ONpenenuTh NpeaeibHO TOMYCTHMbIC Harpy3-
KU CleAyeT, 3aJaBasiCh BEJIMYMHOW JeiCTBYIOLIEH Ha
TB3 mpononpHOH CxxuMaromed cuiel [N], paccuuTarh
OTHOCHUTEIIbHYIO CKATYIO 30HY OCTOHA I/, M3 BBIpaXKe-

Huid (13 wim 15) qust 1 u 2 TamoB HJAC 6o Hampsbke-
HUSL B HUGKHHX BOJIOKHAX 06oiimMbl 0 u3 dpopmyist (19)

st 3 tuna. [locie 3Toro onpenenuTh AOMYyCTUMBIA H3-
rudaroumii MoMeHT [M] u3 Beipaxkenui (14, 16, 20) s
cootBercTBytomero tTuna HJC.

Pacuerpl 1o mnpeIOKeHHOH METOAMKE JAloT BO3-
MOJKHOCTh TOJYYHTH OOOOMIEHHYIO AuarpaMmy Ipe-
nensHBIX yewtnid [N] u [M] mnst TBD, T.e. 3aBUCUMOCTB
JIOITyCTUMOTO M3rudaromero Momenta B TbD ot mewcr-
BYIOLLEH B HEM IIPOJIOJIBHOM CoxnMarowelt cuibl. Ha puc.
3 mpuBeneHa Takag auarpamma ains ThD co cmemyromm-
MH IapameTpamu: 00oiimMa — cTaiabHast TpyOa KBagpaTHO-
ro TonepevyHoro ceueHus ¢ pasmepamu 160x160x4 mwm,
npeaen Tekydectu cranm R, = 240 MIla, moxyns ynpy-

roctu E, = 2,1-10° MIla; GeToH — METKO3EpHUCTHIHA
kiacca B7,5 ¢ momynem ynpyroctu E; = 1,3-10* MITa.

20
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Puc. 3. Obobwennas ouazpamma npedenvroix ycunuii ThD

Bo3spacraromuii yuacTok auarpaMMbl COOTBETCTBYET /
ity HJIC TBD, korma paspyiieHue CTajabHOH OOOHMBI
MPOUCXOMUT B €€ HIDKHUX BOJIOKHAX OT PaCTSATHUBAIOIINX
HAIPsDKCHUH, BBI3BAHHBIX HM3IHOAIOMIAM MOMEHTOM [M].
IosTomy nefictBytomast B cedennn ThD cxumaromast cra
[N] IpUBOMT K YMEHBIIICHUIO HAIIPSHDKEHUH B PACTSIHYTBIX
HIDKHUX BOJIOKHAX, YeM W OOBSCHSCTCS BO3pAacTaHHE JO-
MyCTUMOTO MOMeHTa [M] ¢ yBenmmdeHueM [N] Ha 3TOM ydJa-
cTke auarpammbl. [lpu k= k; HaOmogaeTcs MakCHMalIbHO
BO3MOYKHBIH M3rHOArONMiA MOMEHT y1s AanHoro ThD. Ipu
2 u 3 tunax HJIC mpoucxoauT paspyileHue CTaabHOU
000MMBI B BEPXHHX BOJIOKHAX OT CIKUMAFOIIUX HArpshKe-
HUIi, TOATOMY Ha HUCTIA/IAIONIEM yYacTKe TUarpaMMbl pOCT
MPONOJABHOM Cuiibl [N] YBEIMYMBAET HANpPSDKEHUS, UYTO
MIPUBOJUT K YMEHBILIEHHIO AOIyCTUMOro MoMeHTa [M].

BriBoabI.

1. [Ipemnoxkens! Guzndeckn 0O0CHOBAHHAS MOJIENb U
pacuéTHas cxema B3aMMOACWCTBHS OE€TOHa W CTad B
TBD3, ocHOBaHHAs Ha y4€Te COBMECTHOTO AehOpMHUpOBa-
HUS MeTaia 1 0eTOHa 1O MOBEPXHOCTH KOHTAKTa B €IIH-
HOHM rpy30Hecylield KOMIIO3UTHOW KOHCTPYKUHUH — TpY-
6o0eToHeE.

2. Pazpaborana Teopus pacuéra mpounoctu TBI mo
MIEpBOMY TIPEJEIbHOMY COCTOSIHUIO, YYHMTBIBAIOIIAS TPH
BO3MOKHBIX THIa H/IC B 3aBHCMMOCTH OT ITPOM3BOJIEHO-
TO COOTHOLICHHs BHELIHUX HArpy30K, — MOMEHTa U Ipo-
IONMBHOM CHJIBI, JFOOOTO COYETAaHWS MEXaHHIECKUX
CBOWCTB M TEOMETPHUYECKUX TOKa3aTenell OeToHa W CcTa-
mm. [lpuMeHeHne TeopuH MPOIEMOHCTPUPOBAHO HA TIPH-
Mepe TpyObl KBaIpaTHOTO NONEPEYHOTO CEUCHUSI.

3. [Ipeanoxkena 0600mEHHAS AWAarpaMMa Ipeaeib-
HBIX yemnuit it ThO, rae otpaxkens! Bee Tpu tumna HJIC
pabotst THED.

4. K 3amauaM JanbHEHIINX HKCCIENTOBAaHUM MOMKHO
OTHECTU NOJYYCHHUE AruarpaMm NpeacjabHbIX yCl/lﬂl/Iﬁ JJIs
TBD kpyrioii, npsMOYyroinbHOH M Apyrux (opm Imore-
pedHoOro ceueHus, uzyueHue noseaeHus ThD mpu npy-
TUX TPEACTbHBIX COCTOSHIUSIX.
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MeTta. Po3po0OuTu Teopito po3paxyHKy HeCydoi 31atr-
HocTi TpyOoOeTonHux enementiB (TBE) 3a nepium rpa-
HUYHHMM CTaHOM IIPH IX IOBUJIbHOMY HaBaHTa)XEHHI HOD-
MaJIbHOIO CHJIOIO Ta 3TMHAJIBHUM MOMEHTOM, BCTAHOBUTH
3aKOHOMIPHOCTI CcyMicHOi poOoTH cTajeBoi TpyOu Ta
CKJIaJy, IO TBEPIIE.

Metoauka. /s anekBaTHOTO TIPENCTABICHHS CyMi-
CHOi poOOTH MeTany Ta OETOHHOTO 3aIlOBHIOBAYa y TPY-
0600eTOHHOMY €JIEMEHTI BUKOPUCTAHO YMOBY iX CyMiCHO-
ro nedopMyBaHHS Ha AUISTHKaX KOHTAKTY 3a JOIIOMOTOIO
AHAIIITHYHOI Ta YHCEIbHOI Mozeieit. OCHOBHOIO Pi3HH-
LEI0 METOJMKH € BPaXyBaHHs Pi3HUX TUIIB HaNpPyXKEHO-
nepopmosanoro crany (HIC) crani ta 6erony y Tpyoo-
0eToHI NpH HAaCTaHHI IPaHUYHMX CTaHIB Ha KpaWHIX BO-
JIOKHaxX CTaJIeBOi 000MMHU.

PesyabTaT. Y pesyibraTi BCTAHOBJICHO TPH PI3HUX
T HZC y Tpy6o0eToHi, BUsIBIEHO 0COOIMBOCTI HAacTaH-
Hs TPaHUYHOTO CTaHy JULS KOXKHOTO THILY. 3alpOIIOHOBaHA
PO3paxyHKOBa CXeMa PO3MOALUTY BHYTPILIHIX 3yCHITb Y TPY-
000ETOHHOMY eNleMEeHTi TIPH HOTO JOBLUTFHOMY 30BHIIITHBO-
My BaHT)KEHHI Ta, Ha OCHOBI (Di3MYHO OOIPYHTOBAaHOI MO-
Jeni B3aemoii OeToHy i craneBoi TpPyOH, IOCIIKEHa
Hecyua 3[aTHICTh TPy0oOeToHy. BcTaHOBIEHO 3aKOHOMIp-
HOCTI IIepeX0/ly OJIHOTO THITy IPAaHMYHOIO CTaHy B iHIIE Y
MIpy 3MIHM 30BHIIIHBOIO BaHTXEHHS TPyOOOETOHHUX
enementiB (TBE), 3ananoro y Burisai BiHOLIEHHS HOpMa-
JIBHOT CHJIM JI0 3TMHAIBHOTO MOMeHTY. Po3pobneHo Meron
PO3paxyHKy Hecydoi 3maTHOCTI TpyOoOeToHy. OTpuMaHO
AHANITHYHI 3aJIEKHOCTI ISl pO3PaXyHKY TPAHWYHHX CIIiB-
BiIHOIIICHB 30BHIMIHIX HABaHTaXeHb s TphoxX TrmiB H/IC.

HayxoBa HoBuU3HA. Yrepiie po3poOJiicHa aHATITHIHA
TEOpisi MILHOCTI CTHCIIO-3ITHYTUX TPYOOOETOHHUX elleMEH-
TIB 1pU Oy/Ib-SIKOMY CITiBBIHOIIICHH] 30BHIIIHIX HABAHTA-
JKEHb y HepIIOMY I'PaHUYHOMY CTaHi. Teopis 0XOIUIIoE J10-
BUIbHI TIO€THAaHHS MEXaHIYHUX BJIACTUBOCTEH 1 reoMeTpHy-
HHUX TapaMeTpiB TBEPIHYYOIO 3allOBHIOBaua Ta CTaJIeBOI
o0oiimu. BeraHoBnena HasBHICTH TpboX pizaux tumis HJIC
y TBE. VYmepiue 3amponoHoBaHa y3araibHEHa jiarpama
rpaHu4HuX 3yciib Y TBE y BT 3a1€)KHOCTI TPaHUYHO
JIOITyCTUMUX MOMEHTIB BiJ] IOJIOBKHBOI CTUCKYIOYOi CHJIH.

IpakTuyna 3Ha4yuMicTh. Po3pobneHa aHamiTHYHA
TEOPis TO3BOJISIE JOCTOBIPHO PO3PAXOBYBATH MIIHICTB pi-
3anx TBE 3a mepmmm rpaHudHIM CTaHOM, 110 HEOOXiTHe
IUIsL iX BUKOPUCTAaHHS B Oy[iBENbHUX KOHCTPYKIISAX IPO-
MHCIIOBOTO I LMBUIBHOTO NpPU3HAYEHHS, MIOBEPXHEBOI'O
KOMIUIEKCY TIpHUYMX MIANPUEMCTB 1 MIiJ3EMHOrO Kpir-
JICHHSI TIPHUYUX BUPOOOK.

KarouoBi cioBa: mpybobemon, nasanmasicenus, mi-
YHiCMb, MOOENb, 2PAHUYHUL CINAH

Purpose. To develop a theory of calculation of
bearing capacity of concrete-filled-steel-tube (CFST) of
the first limit state being loaded by normal force and
bending moment. To establish the laws of the joint work
of steel pipe and hardening concrete mix.

21




PO3POBKA POAOBULU, KOPUCHNX KONAJINH

Methodology. For adequate representation of the
joint work of metal and concrete mix in CFST we took
into account their joint deformation in the contact zone in
the analytical and numerical mathematical models. The
main characteristic feature of the method is consideration
of different types of stress-strain state of the steel and
concrete in CFST depending on the limit states of the
fibers of the steel container.

Findings. We have considered three different types
of stress-strain state of CFST elements, and determined
conditions of the limit state approach for each type. We
have created formulas for calculation of the distribution
of internal forces in guncrete element being loaded by
external force. The carrying capacity of guncrete has
been determined based on the physical model of the
interaction of concrete and steel pipe. The laws of the
transition of one type of limit state to another with
changing external loading of CFST have been defined as
the ratio of the normal force and the bending moment.
We have developed the method for calculation of the
guncrete bearing capacity. Analytical dependences for

YK 004.942:553.044
B.I1. PaukoBcKMii, KaH/. TeXH. HAyK, JI0L.

calculation of the limit relations of external loads for the
three types of stress-strain state have been found out.

Originality. For the first time we have proposed
an analytical theory of strength of beam guncrete column
for any ratio of external loads in the first limit state.
The theory is applicable for any combination of
mechanical and geometrical parameters of concrete and
steel. We have determined the presence of three types of
stress-strain state in CFST. For the first time we have
proposed a generalized diagram of limit forces in CFST
as a function of maximum allowable moment of the
longitudinal compressive force.

Practical value. The theory allows us to calculate the
strength of the first limit state of CFST elements. It is
necessary for their use in construction of industrial and
civil engineering structures, surface complex of mines
and underground mine support.

Keywords: guncrete, loading,
limiting state

strength, model,
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MATEMATHUYECKAS MOJIEJIb YCTONYNBOCTHU BEPTUKAJIBHON
T'OPHOU BBIPABOTKHA

V.P. Rachkovsky, Cand. Sci. (Tech.), Associate Professor Private Higher Educational Institution “European University”,
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MATHEMATICAL MODEL
OF MINE VERTICAL OPENING STABILITY

Hesb. PaccunTaTh yCTOWYIMBOCTE MAaCCHBA BOKPYT TOPHOH BBIPAOOTKHM TIPH Pa3pabOTKe alMa30HOCHBIX MECTOPOKIICHHH.
Metonuka. MeTogoM MaTeMaTHYECKOTO MOAETHPOBAHUS HCCIENOBAHA YCTOWYHBOCTH COCTOSIHUS PABHOBECHS
HIOKHEH YacTH OYHCTHOW KaMepbl BEPTHKAIBHOW BBIPAOOTKH B KUMOEPIMUTOBOM IOPOAE C YYETOM COCTOSHUS
paBHOBeCHs OECKOHEYHOTO MPOCTPAHCTBA UL 3TOH IOJIOCTH O AeHCTBHEM Harpy3ku Ha riyoune 6oee 1000mMeTpoB.
Pe3yabTaThl. Pa3zpaborana Mozenb yCTOWYMBOCTH BEPTUKAILHOW OUYMCTHOM BBIPAOOTKY LIMJIMHIPHYECKON (hopMbL. Bbi-
SIBJIEH JIOKAJIBHBI XapakTep KPUTHYECKOTrO JaBjeHus NpH NedopMaly MacCHBa, OKPYXKAIOIIEro TOpPHYIO BBIPAOOTKY.
[pennoxxena cucrema pa3padOTKH ajMa3HbIX MECTOPOKIIEHHH C Mara3iHUPOBAHUEM PYIIbl B BRIPAOOTaHHOM IPOCTPAHCTBE.
Hayuynasi HoBm3na. Co3gaHa KOMOWHAIMsI OCECHMMETPHYHBIX pacdyeTHHIX OJIOKOB MoOJeNell HampsuKeHHOTO
COCTOSIHUSI IWIMHAPUUYECKON BBIEMHOM KaMephbl C OCEBBIM CXKATUEM U BHEIIHUM JABJICHUEM, KOTOpPBIE COUETAIOTCS C

IUIOCKOCTHOM ITOCTaHOBKOM 3ala4u U ONpeaACIAr0T YCTOI\/‘I‘II/IBOCTL KI/IM6€pJ'II/ITOBOFO MacCHBa.

IIpakTHyeckass 3HAYMMOCTD.

3axmoyaercss B pa3paboOTKe W HCIOIB30BAHWM METOIUKH OOOCHOBaHHS

FEOTEXHOJOIMYECKUX IapaMeTpoOB Ppa3pabdOTKH KUMOEPIUTOBBIX MECTOPOXKICHUN YKpaHbl M METOAUYECKUX
PEKOMEHIALUH ISl OLIEHKU TEXHOJIOTHYECKHUX MapaMeTPOB BRIEMOYHBIX KaMep B KUMOEPIUTOBBIX TPYOKax.
KiroueBble cji0Ba: maccug Kumbepaumos, YuiuHopuieckas 060104Ka, ynpy2oniacmuieckas Mooeib

IMoctanoBka mpodiaembl. Co3IaHNE ITOA3EMHBIX
COOPYKEHHI Pa3IMuyHOr0 Ha3HAYCHHS, B TOM YHCIIE IITy-
OOKHX TTOA3EMHBIX COOpPY)KEHHI BCEBO3MOKHOU KOH(U-
rypanuy, a TaKKe BBIEMOYHBIX Kamep OOJIBILIOro aua-
MeTpa HEMOCPEACTBEHHO CBA3aHO C HEOOXOIUMOCTBIO
pa3paboTku 00OCHOBAHHBIX METOJOB UX pacueTra. ITOro,
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B TEPBYIO oOdYepenb, TPeOYIOT yCIoBHS Oe30MacHOCTH
TPyAa U COXPAaHHOCTH, HAXOJSIIEroCs B IOJ3EMHBIX CO-
OpPYKEHHAX aJIMa30HOCHOTO CHIPBS, 000pYIOBaHUS U [Ip.
HccnenoBanue J0KaabHOW HEYCTOMYMBOCTH B 3a7adax
TEOMEXaHHUKH, B IIEPBYIO OYEPeb, CBSI3aHO C OMpezese-
HHEM OCHOBHOIO  (IOKPUTHYECKOT0) HAMPSIKCHHO-
Je(OPMHUPOBAHHOIO COCTOSIHHMS MaccuBa. B ciydae mo-
JIGJII/IpOBaHI/IH HeCTaHZlapTH])IX HOHepe‘lelX ceqeﬂnﬁ
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