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CYUYACHUH CTAH ITPOBJIEMH AHAJII3Y HAIIPYKEHO-
JAE®OPMOBAHOI'O CTAHY I'TPCBKHUX ITOPIZ HABKOJIO
I'NIMBOKUX CBEPAJIOBUH

Hagedeno pezynomamu  aumanizy Haykoeo-mexuiuHoi Jaimepamypu, npuceéadenoi
PO3DAXVHKY — HANPYIHCEHO-0eDOPMOBAHO20 CMAHY 2IPCbKUX NOPIO0  HABKOAO  2AUOOKUX
c6eponosul. Buodineno axkmyanvHe 3a80aHHs 3 NPOSHO3Y8AHHA NOBEOIHKU MACUBY HNOPIO
HABKOJIO 2IUOOKUX C8EPONOBUH.

Knrwowuosi cnoea. enuboka c6epOnosuHa, po3nodil  HANPYHCEHb, HANPYIHCEHO-
degopmosanuii cmaw, 2ipcbka nopood.

ITocranoBka mnpoljeMHn B 3arajJjbHOMY BHIJIsiAI Ta T 3B’A30K i3
BAKJIMBHMH HAYKOBHUMH Ta TMPAKTHYHUMH 3aBAAHHSAMH. Y CHINIHICT
OCBOEHHS ¥ eKcIulyaraiii Ha(TOTra30BUX CBEPAJIOBUH, a TaKOX PO3BIIKH
ponoBuill HaQTH 1 Ta3y 3HAYHOIO MIPOIO BU3HAYAETHCS €EKTUBHICTIO OYypiHHS
CBEPIJIOBUH. A y 3B 3Ky 3 HEOOXI/IHICTIO TIPOBEJICHHS PO3POOJICHHS POIOBUII]
Ha 3HAYHUX TTMOMHAX 3POCTA€ aKTYyaIbHICTh TPOOIEMH 3a0€3MeUeHHs CTIMKOCTI
CTOBOYpa CBEpJUIOBHH, TOMY II0 €(hEKTHBHICTh OypIHHS TaKUX CBEPJJIOBUH
0arato B YoMy 3aJICKHUTh Bl CTaHy W CTIMKOCTI TIPCHKHUX MOPIJ X CTOBOYpa Ta
npUCTOBOYpHOi 30HU. 3a0e3leueHHs TPUBAJIOl CTIMKOCTI MOPiA 3a IIUX yMOB
MO>KJIMBE JIMIIE IPU BCEOIYHOMY BUBUYEHHI i PO3YMIHHI CKJIAJTHUX MPOLECIB, 10
B1I0YBaIOThCS B TIPCHKUX MOpOAAX IiJl CHIJIBHOIO JI€I0 3HAYHUX HAMNPYKEHb
O1YHOTO rPCHKOTO THUCKY 1 B3a€EMO/I1i OYpOBOTO PO3UHMHY 3 ITOPOAOIO.

AHaJI3 OCTaHHIX IOCHIIKeHb i MyOJikaumii, y sIKMX 3al04aTKOBAHO
pPo3B’si3aHHA 1i€i Mpo0JieMH i Ha sIKi CIUPAaETbCsl aBTOP, BU/IJIEHHSI He
PO3B’sI3aHUX paHillle YACTHH 3arajbHol NP00JieMH, KOTPUM NPHUCBAYYEThCS
o3Ha4YeHa cTaTTs. He3Bakaroun Ha 3HAUHI JOCATHEHHS Y BUBUCHHI HAIMPYKCHb
1 nedopmarliii TipCbKUX MOPiJ HABKOJO PO3BIAYBAJLHUX Ta €KCIUTyaTaIliiHUX
BEPTUKAJIILHUX CBEPAJIOBUH, 3HAYHA KITBKICTh MHUTAHb BIUIMBY TEKTOHIYHUX
MpoIeCiB y TIPCBKOMY MacHBI Ha PO3MOAUT TEKy4YMX HANpyXeHb Y
Oe3mocepeTHbOMY HAOIIMKEHH] O BEPTHUKAIBLHOT CBEP/UIOBHHH 3aJIMIIAIOTHCS
He 3’scoBanmmu [1-5]. JlocmimkeHHSM MmpoOjeM aHamily HaIpyKeHO-
nedopmoBanoro crany (HJIC) ramOOKMX CBEpPAIOBHH IPHCBSIYEHO POOOTH
B.I. Kapronra, €.I. llemskina, [.JI. Yepnusaka, [.K. ®omenka, A.M. Ilanymi,
€.M. bapanoscekoro, B.M. Cracenka [1-12]. Ha choroani € HU3Ka pillieHb 3
ypaxyBaHHsIM THX a0o0 IHIIMX BJacTUBOCTed MacuBy (aHi3orpormii,
HEOTHOPITHOCTI, (haKTopa Yacy TOIIO).

AHani3 npoduTo cCToBOypa CBEpAJIOBHH Ha IIJIONIAX MOKa3aB, IO YacTillle
YCKJIJIHEHHS! BUHUKAIOTh YHACIIJIOK MOPYIIEHHS CTIHKOCTI CTIHOK CBEP/JIOBUH.
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Uepes 1e CBEpUIOBHHH HE JIOCATAIOTh IPOSKTHUX TJIMOMH 1 MiJISIraroTh
nikBigamii. [Ipy 11boMy JTUINAIOTHCS HEBUIIPaBIAaHUMH €KOHOMIYHI BUTpATH Ha
OyIBHUIITBO ITHOOKHUX CBEPJIOBUH.

3HauHy IIKABICTh JI1 ONEPATHUBHOTO MPUMHSTTS pillleHb Mpu OypiHHI
CBEPUVIOBUH Ta iX NPOEKTYBaHHI BHUKJIMKAIOTh 3aKOHOMIPHOCTI PO3MOALTY
HaIpy>XeHb y MPUCTOBOYPHIM 30H1 ITHMOOKOI CBEPAJIOBUHHU.

®opmyawBaHHs el crarTi (MOCTaHOBKA 3aBAaHHA). TOMyMETOIO
poOOTH € TpOBEACHHSIAHANI3y HAyKOBO-TEXHIYHOI JITEpaTypH, MPUCBIYECHOI
po3paxynky HJIC ripchbkux mopia HaBKOJIO TJIMOOKHUX CBEPJJIOBUH, 1 BUAUICHHS
aKTyaJIbHUX 3aBJIaHHb 3 IPOTHO3YBAHHSACTAHY MACHBY ITOPiT HABKOJIO TITUOOKHX
CBEPJIOBHH.

Buxaang OCHOBHOI'O MaTepiajgy  JA0CJHiIKeHHs 3 MOBHHUM
OOIPYHTYBAHHSIM OTPUMAHMX HAYKOBHMX pe3yiabTaTiB. [IpoGiemu OypiHHS
rMOOKHUX PO3BIAYBAIBHUX CBEep/JIoBMH Yy JIHinpoBo-/loHerpKii 3amaauHi
MOJIATAIOTh B TOMY, 110 JJOCUTh YaCTO BUHUKAIOTh CUTYaIlii, KOJI CTa€ TEXHIYHO
HEMOXKJIUBUM 1 €KOHOMIYHO HEBWTITHUM TOJAJIbIIE TMPOJOBKEHHS OypOBUX
po6iT. Ha ocHoBi 3Ha4yHOi BHOIpKHM (aKTHYHUX JAaHUX JOCIIJKECHO, IO
YCKJIQJIHCHHSI Ta aBapii, JIKBIJAIllsd SKUX BHUMara€ 3HAYHUX MaTepiaJbHUX
BUTpAT, BUKJIMKAHUX HacaMIiepe MposiBaMu po30ypIOBaHHS TiPChKOTO MAacHUBY,
1 BUHHMKAIOTh 37€0UIBIIOr0 BHACHIJIOK MOro He3piBHOBaxkeHOCTI. IIpakTuyHO
KOMHY 31 CBepIoBMH 3aBramOmku moHany 5500 M He mpolOypeHo 6e3
YCKJIQJTHEHB 1 aBapiil.

3 T[pUYMHU HEBU3HAYCHOCTI pPEATbHOTO IOTOYHOTO  HAMpYKEHO-
nehopMOBaHOTO CTaHy Ta HEBpaxXyBaHHS WOTO ITiJT YaC HOPMYBaHHS TYCTHHHU
IMPOMUBHUX PITUH SK y TPOIECI MPOEKTYBaHHS, Tak 1 OypIHHA CBEPJJIOBUH
TipCHKUI MacHB 3aBXIU € HEBPIBHOBAXKCHUM. BiH 3aBXKIU € HEOTHOPIIHUM 3a
cBO€I0 OynOBOIO ¥ BiacTUBOCTAMU Topin. HampyskeHo-aedopMoBaHuii cTaH
MOpiJT y MacuBl B OJHHUX 1 TUX CaMHUX CTpPATUTPa(pIiUHUX TOPU30HTAX MOXKYTh
MaTd PI3HY BEIWYWHY, IO Ha CTajii po3poOJieHHS TMPOEKTIB 3 OypiHHS
nepeadaYnuTH HEMOXJIMBO. ToMy MW BHHHMKAaE HEOOXITHICTh OIIHIOBAaHHS Ta
nporuo3yBanus HJIC.

[IporHO3yBaHHS [ifOYMX HAIMPYKEHb Yy MacHBaxX IIOPiA Ma€ BEITHKE
MpaKTUYHE 3HAYEHHS, TOMY 1110 IIi KOMIIOHEHTH pa3oM 3 (13UKO-MEXaHIYHUMH 1
PEOJIOTIYHMMH  BJIACTHBOCTSIMU TIPCBKUX MOpiA € 0a3010 s po3paxyHKy
CTIMKOCTI  CTIHOK HE3aKpIIUIEHUX CTOBOYpiB CBepAJiOBUH. Biamosiai
pO3paxyHKH BHUKOHYIOTh TMPH OIIHIOBaHHI MPOJYKTUBHOCTI IUJIACTIB JI0
IPOBEICHHS BUIPOOYBaHb, OOTPYHTYBAHHI PaAlllOHAIBHOCTI MPUUHIATOI CXEMHU
pyiHYBaHHS MOpPia Ha BUOOI Ta HAMIMHOCTI 13011111 MPOAYKTUBHUX IIACTIB BiJl
BOJIOHOCHUX IICJIS [IEMEHTYBaHHS 00CaaHOl KOJIOHU. ['0JIOBHUM YMHHUKOM, IO
BU3HAYAE CTIHKICTh CTOBOYpa CBEP/UIOBHHH, € HOTO HANPY>KEHU CTaH 3aJIEKHO
BiJl BEJIMYMHHU 30BHIIIHBOTO BBy (Py, P,,P. ), THCKY IUIacTOBOrO (QuItoimy i
(b13MKO-MEXaHIYHHUX BJIACTUBOCTEHN MOPIJ 32 YMOB iX 3aJISATaHHS.
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[Ipu BuBuenni HJIC wmacuBy, 1o He BTpaTHB CYIUIBHOCTI, IIMPOKO
3aCTOCOBYIOTh METOJM MeXaHIKu AePOPMIBHUX CEPEJOBHII, 30KpeMa Teopii
MPYXKHOCTI, TJIACTUYHOCTI, MoB3y4yocTi Tomo. HaykoBi ocHoBu anamizy HJIC
ripcekux mopix  wmictare nparmi O.K.  Axrenmomyny, b.B. baiimioka,
B.C. Boiitenka, A.A. TaiiBopoHcekoro, B.J[. T'oponnoBa, X. @ekera,
b.C. ®inatoBa, C.A. Xpuctuanosuua, JI.LA. Ipeiinep, P.M. Eiireneca,
P.C. Spemiituyka Ta iHmmMX. OCTaHHIM YacoM BiJOYBA€TbCS 1HTEHCHUBHE
HaKoMu4yeHHs1 iHpopmalii moao BumBY pi3HuX (aktopiB Ha H/IC ripcbkux
IOpiJT HABKOJIO CBEPIJOBHHHM M YJAOCKOHAJICHHS METOJIB JIOCIIKCHb [6].
Metoau nocnimxenns HJIC ripcbkux mopiji HaBKOJIO TVIMOOKHUX 1 HAATTMOOKUX
CBEpJIJIOBUH MO’KHA MOJAUIUTH HAa AaHAJTITU4YHI, YUCIOBI, METOIU (PI3UYHOTrO
mojemoBanHs (puc. 1).

HAC y npyxHi#i TOCTaHOBII 3ajja4l HABKOJO BEPTUKAIBHOTO CTOBOYpa
CcBepIoBUHU TpoaHanizoBaHo A.M. Jlunnukom y 1926 p. binbm neranbHe
PO3B’sA3aHHS 3a/1a4l sl He3akpimieHoro croBOypa orpumano C.I'. JIeXHUIIBKUM

(1937 p.).

Mertoau Busznauenus HJ1C
TipCBKUX MOPiJ HABKOJIO TITUOOKUX CBEPIIOBHH

AwnaniTnaHi YucinoBi Di3MYHOTO MOIETIOBAHHS
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Puc. 1. Knacudikauisi metoniB Busnauenuss H/IC ripcbkux nopia HaBkoJ10 riiméokux
1 HAATIHOOKHUX CBEepIJIOBHH
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[Ipy>XHO-TUTACTUYHUI HAIpPY>KEHO-I€(POPMOBAHUNA CTaH MACHUBY HABKOJIO
BEPTUKAIBHOI BUPOOKH po3risiHyB P. @ennep (1938 p.). A. Jlabac (1949 p.)
3alpOIOHYBAB PO3TISAATH CTaH MOPiA y 3pyHHOBAHUX 30HAX HABKOJIO BUPOOOK
AK CHIy4€ CEpEelIOBHUILE, WLI0 XAPAKTEPU3YEThCA BHYTPIIIHIM TEPTAM 1
3YEIUICHHSM.

SIKI0 po3rnsgaTH MacuB, Y KOTPOMY II€ HEMAa€ TIpHUYMX BHUPOOOK, SIK
OJIHOPIIHUM Ta 130TPOMHHUIN 3 TOPU3OHTAIHHOIO TMOBEPXHEI0 1 BPaXOBYBATH
JUIIE TpaBiTaIlifiHI CUJIM, TO B HHOMY OYIyTh MISITH TMOYATKOBI HOpPMAaJbHi
HarnpykeHus: o; = YH; ox = o, = &yH, ne H — rmubuna Bim moBepxHi;, y —
o0’emHa Bara; & — KoedilieHT OIYHOTO PO3MOPY MACHBY TIPCHKOI IMOPOIH.
[loyaTkoBl JOTHMYHI HANpPYXKEHHA JOPIBHIOIOTH HYIIO. TOMYy TOYaTKOBI
HaIpYy>KE€HHA SIBJISIOTH COOOI0 TOJOBHI HOPMaJibHI HAINPY>KEHHs, a OCl Z, X, Y —
TOJIOBHI OCI.

["0n0BH1 HanpyXeHHS Gy MOOJIU3Y CBEPAJIOBUHH 3MEHIIYIOTHCS MOPIBHIHO
3 Hampy>XEHHSMHU B HEMOPYIIHOMY MAacCHBi, a HalpyXeHHS Gy, MOXXYTh 3HAYHO
3pOCTaTd YM 3MIHIOBATH 3HAK, BUKIWKAIOUM HeOE3MeuHe 3YyCHILIS PO3TATY.
['ooBHI HOpMallbHI HANPY>KEHHS, CHIPSMOBaHI MapaienbHo (abo Maiixke
napajeibHO) OCi BHPOOKH, MaJeKO BiJ BHOOIO MPAKTUYHO HE 3MIHIOIOTHCS.
KonuenTparis HanpyXeHb Gy, SK IPaBWJIO, HEOJHAKOBa B PI3HUX TOUYKAX
MOBEPXHI BUPOOKHU i 3HAYHO 3POCTAE B KyTax 1 3a0KPYTICHHSAX MAJIOTO pajiyca
KPUBU3HU. SIKIIO KOHIIEHTpAI[isl HANpy>KeHb HE HAJATO BEJIMKA, TO HANPYKEHHS
Oy MalwTh 3araJbHy TEHJICHIII0O J0 3MEHIINCHHS TPH BIIAJCHHI Bij
CBEP/UIOBHHH, & G,— 0 3pocTanns (puc. 2) [2, 3].
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Puc. 2. Po3paxynkoBa cxema 3agaui C.I'. JlexHMIbKOro

B.I. KaproBum posrassnyro HIAC HaBKOJIO CBEPIJIOBUHU 1 MOTO 3MiHY MpHU
30UTbLIEHH] JIenpecii I PI3HUX BapilaHTIB KOHCTPYKLII BHUOOIO: BIAKPUTHUI
CTOBOYp, oOcaykeHul CcTOBOYp, HasBHICTh mepdopalli, TrOpU30HTAIBHUX,
BEPTUKAJIIbHUX INUIMH. HaBegeHo omuc eKCHepUMEHTAIbHOI YCTAHOBKU —
BUMNPOOYBAJIBbHOI CUCTEMU TPUBICHOTO HE3aJI€KHOTO HABAHTAKCHHS, Ha SIKIM
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3niCHIOBANIOCS (DI3MYHE MOJICIIOBAHHS TPOIECIB, MO BIJOYBAIOTHCS HABKOJIO
CBEPJIJIOBMHHU MPU BUKOHAHHI TEXHOJOTIYHUX OMEpaIlii, 1 TOCIiKyBaBCsl BILINB
3MIHU HampyXeHb Ha QUIBTpAIiiiHl BJIACTUBOCTI PI3HUX THUMIB mopia. Jlo
pO30ypIOBaHHS CBEPJIOBUHM HA CKEJIET MOPOJIU MPOIYKTUBHOTO IJIACTa JIFOTh
MoYyaTkoBl e€(QEeKTHBHI HAMpPYXKEHHA, fAKI 3a a0COJIOTHOK BEIMYMHOIO
JOPIBHIOIOTh PI3HUIII MDK TIpHUYAM THCKOM Ta IIOYaTKOBHUM THCKOM
riactoBoro Quitoiny. Ilicns OypiHHSA CBEpAJIOBUHM B HABKOJOCBEPJIOBUHHOMY
IpocTOpi BIAOYBAETHCS NEPEPO3NOALT HaNpykeHb. PaniaabHl HampyKeHHS
NaJial0Th, KUIBIIEBI 3pOCTA0Th, OCHOBI 3AIMIIAIOTHCS TOCTIHHUMU.

Mo>kJIMB1 JIBA OCHOBHUX BapiaHTH KOHCTPYKLII CBEPIJIOBUHH: BIIKPUTUN
cTOBOYp 1 oOcamxkeHuid ctoBOyp. HampykeHHS B I'pYHTOBOMY CKEJETI, IIO
BUHUKAIOTh HABKOJIO BIJKPUTOTO CTOBOYpa CBEPJIOBUHH, BU3HAYAIOTh BIJJOMUM
3 TEopii MPYKHOCT1 PO3B’sA3aHHAM 3aAa4i Jlame JuIs UTIHAPUYHOT TOPOKHUHH,
mo mnepebyBae Tij MI€I0 30BHINIHHOTO W BHYTPIIIHHOTO TUCKIB. [lpu 1pomy
MOPOKHUHA 3aITOBHEHA P1AMHOIO

Sr:_(q+ pc)(R /r) +q+ p(r)(l—d)’ (1)

=(a+p.)(R/r) +a+p(r)(t-d). @)

s, =q+p(r)(1-d) 3)

ne Sr13»S, — KOMIIOHCHTH HANpYXeHb y paliaJbHOMY, TaHT€HI[IAIbHOMY

Ta 0cboBOMY Hampsimax; d — ripcekuii Trck(q< 0; p, — THCK Y CBEPUIOBHHI; p(r)—
THCK Ha Bigcrani I Bix cepmnoBunu (p,p.> 0);R — paxgiyc momepednoro

nepepisy cBepanoBunn; 0 — gacTka IUIOLI KOHTAaKTy BiZHOCHO BCi€l MOBEpXHi
3epEeH I'PYHTOBOT'O CKEJIeTa.
MakcumanbHi JOTUYHI HanpyKeHHst =1/2(s, - s, ) JIOPIBHIOIOTH

t=- (CI"' pC)(Rc/r)Z'

Jist  OaraThOX TIPCBKUX TOPIJT XapakTepHA aHI30TPOIid MPYKHHUX
BJIACTUBOCTEH, TMOB’s3aHa 3 IX MLIAPYBAaTOI0 CTPYKTYpPOIO, HAsBHICTIO
TPIIMHYBATOCTI. [[71s1 Takux mopia npyxHi Ta nedopmariiiiii XapakKTepUCTUKH B
HAMPsIMKY, TEPHEHAUKYISIPHOMY IlapaM, MOXYTh 3HAYHO BIJIPIHITHCS BiJ
XapaKTEPUCTHK y TUIONIMHAX HalapyBaHHs. Taki mOpoau MOXYTh OyTH OMUCaH1
K TpaHCBEpCaJbHO-130TponHe cepeaoBuule. JledpopMyBaHHS TpaHCBEPCAIBHO-
130TPOITHOTO MPYXXHOTO Marepially XapaKTepU3YEThCs I IThbMa HE3aleKHUMHU
NpyKHMMHU KoHcTaHtamu: E, E'—monymi IOura B miommui izorpomii Ta
NepHeHANKYJIApHO ii; N, N'—koedimienTn [lyaccoHa B miomuHI 130Tporii Ta

neprerauKyasapro iit; G'— Monyns 3pymreHHs mns 6yap-AKOi IUIOIIMHH, IO
NEePIeHINKYIIIpHA TIONTMHI 130TPOITii.

Sk mokaszajau YUCIEHHI €KCIEPUMEHTalbHI JOCHIKCHHS, Ui OLIBIIOCTI
TIPCHKUX MOPiJ MOKHA BKa3zaTW HaOJMKeHy (QopMyily, 110 MO3B’S3y€ MOAYJb
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130TPOITHOTO CEPEIOBUINA PEKOMEHIOBAHO TaKl 3HAYEHHS MPY>KHUX MOYJIIB:
E/E'=2; n=n'=0,2; G'=0,53E'. B.l. KapboB ycTaHOBHB, IO HasBHICTb

3pYIICHHS 3 PEIITOI0 MPY>KHUX KOHCTAHT, Gt » Jl71st TpaHCBEpCAIbHO

aHI30TpOIIi 3 ypaxXyBaHHSIM HaOJIMKEHOI 3aJIeKHOCTI HE3HAYHO BILJIMBAE HA
HanpyxeHHs. Tomy npu ananizi H/IC HaBK0I0 CBEpyIOBHHH, 110 MA€E JTOBLIBHY
KOHCTPYKIi}0O 320010, PO3paxXyHKH MOKHA BHUKOHYBaTH [UIsl 130TPOIHOTO
cepenosuia [1].

Metoau nocnipkenHss HJIC, 3anpononoBani [.K.®domeHKOM, YKIIIOYaIOTh
y3araJlbHeHHSI  JTOCBiLy MareMmatnyHoro wmojemoBanHs HJIC  macuBiB
aHI30TPOIHUX TIPCHKUX TOPIA 1 3aCTOCYBaHHS OJHOTO 3 YHCIOBUX METO/IIB
pO3B’sA3aHHS 3a/lay Teopii MPYKHOCTI aHI30TPONHUX CEPENOBUII — METOAY
TPAaHUYHUX E€JIEMEHTIB 13 mupokuM Bukopuctanusm [IEOM. VY 3arampHOMy
BUIIAJIKOBI JIJI1 BU3HAYEHHS HAIMIPY>KE€Hb Y BUJIIJIEHOMY TpChKOMY MAacHUBi BiOMi
BUIIAJIKK 3aCTOCYBaHHS MeToay cKiHdeHHUX eneMeHTiB (MCE) npu KOHKpeTHUX
TPaHUYHUX YMOBax, Hampukian makeT mnporpam ANSYS ta COMSOL
Multiphisics [4]. 'mo6anbHI Hampy»eHHS TiPCHKOTO MAacHBY BHOCSATH ICTOTHI
3MIHU Yy PO3MOAUICHHS JIOKAJIbHUX HAIMpYXXEHb OIS BEPTUKAIBHOI HANOLIBII
ribokoi ceepamoBunu (0m3pko 8000 Mm). OgHak BUMAAKU HMPOBEACHHS TaKHX
nocimkeHsb s ceepaioBuH rimouHoro 3000 — 4000 M HeBimomi. Y To# ke
yac aBTOpPOM JOBejeHO, mo s ouiHioBaHHd HJIC Ha cTiHII CBepAJIOBUHU
JOCTaTHBO OJTHHX JIMIIE KIIACHYHUX METOIIB PO3pPaxXyHKY.

Jna  BuszHauenHss HJC  rmOokuX  CBEpAJIOBUH  3/1MCHIOBAJIOCS
MOJICJIIOBaHHSI CTaHy MOPOAM B MOJIOHUX YMOBax SK (I3UYHHMMH, TaK 1
aHAJIOTOBUMHU MeTojaMu. Jlo mepmux BiHOCATH, 30KpeMa, MOJCIIOBAHHS Ha
CKBIBAJICHTHUX  Marepiajiax, BIAICHTPOBE  MOJICIIOBAHHSI Ta  METOJ
dhoTONPYKHOCTI, 10 aHAJIOTOBUX - MOJICTTFOBAHHS METOJIOM
enexTporiapoarnHamiunoi ananorii (EI1A).

Hampukinazn, monentoBaHHS (Pi3UKO-XIMIYHOTO BIUIMBY OypOBOTO PO3UHUHY
Ha HJIC ripcekux mopin OUIs CBEPAJIOBUHU MOXKE 3IIHCHIOBATUCA SIK
0e3mocepe/IHbO IMIIAXOM 3MIHM JIIOUYHUX HAMpPYKeHb, TaK 1 OMOCEPEIKOBAHO
IUIIXOM BIUIMBY Ha pEOJIOTIYHI mapamerpu nopoau. Lle ao3Bosisie KUIbKICHO
OIL[IHIOBaTH BIUIMB Pi3HUX (PAKTOpPIB Ha HANpyXeHO-Ae(dOpPMOBAHHUI CTaH
TipCHKUX MOPIJ] HA MiICTaBl BUNIPOOYBaHHS MiHIMAIBHOT KUTBKOCTI 3pa3kiB [7].

[loBeniHka €IEKTPUYHOIO MOJIA MA€ MEBHOIO MIPOIO BIIOOpakaTH KapTUHY
HAC ripcekoi mopoau. OnHaK HE MOXKHAa OYIKYBaTH TOYHOI KOPEJIALii
napameTpiB, OCKUIbKH €JIEKTpUYHE T0Jie Ma€ Crneuudiky, a TEH304YyTIUBICTbH
H0T0 3aNeXUTh Bl 0araTb0X 0COOIUBOCTEN TpPChKOi MOPOIN.

[ToTpiOHO 3a3HAUMTH, IO 3ajada MOJICIIOBAaHHS BCiX (akTopiB, IO
Bu3HavaroTh H/IC macuBy ripcbKux mopij, 0COOJIMBO MPU KOHTAKTI 3 OypOBUMHU
po3unHamMu, MaOyTh, y3arajl He po3B’si3Ha. Mojelnl HEBEIMKHX PO3MIpIB, fAKi
BUKOPUCTOBYIOTh y IIUX JIOCHTI/IAaX, HE aJeKBaTHI MOBEMIHII CBEP/IJIOBUHU. Take
MO/ICIIIOBAaHHS, K 3a3Ha4yuMB 3acHOBHHMK MeToay I'.M. ITokposcekuii (1939 p.),
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YKOJTHOIO MIpOI0 HE MOXKE MPETeHAYyBaTh HI HA TOYHICTh, HI HAa BUKOHAHHS
NICBHUX 3aKOHIB moaioHocTi [7].

JIist  aHamizy TreoMeXaHIYHHX TPOIECiB BUKOPUCTOBYIOTH (I3UYHE Ta
MaremMaTudHe MojemoBaHHa. Cepen  (PI3MUHMX METOMIB  MOJICIIOBAHHS
HalJacTille 3aCTOCOBYIOTh MOJICTIOBAHHS Ha €KBIBAJCHTHUX Martepiajiax 1 Ha
ONTUYHO aKTUBHUX Marepiajax. Sk moka3zaB aHaii3 eKCIUTyaTtalii TIpHUYUX
BUPOOOK y OaraTOpiuHMX MEp3JIMX TMOpojax, Ha CTaOUIBHICTh MOPOJAHUX
OTOJIEHb ICTOTHO BIUIMBA€ TEIUIOBUM pexuM BUpoOseHHs. ToMmy 3MmiHa cTaHy
MacuBy OyJie 3ajeXaTH TUIbKU BiJ MEP3JIOr0 YU TaJIOr0 CTaHy TIPChKHUX MOPII.
3a HasABHOCTI IUIOHIMHU CUMETPIi B MOPOJHOMY MACHBI PO3IIISIAAETHCS IIOCKA
3amada. Po3B’a3ytoun 3aBllaHHS B MOCTAHOBII IUIOCKOI Aedopmarrii, HEOOX1THO
nam’siTaT, 1o PO3B'sI30K Oy7ie KOPEKTHUM TIIBKU JJIs TIEpepi3iB, AKi B MPoIieci
nehopMyBaHHS 3aIMINAIOTHCS IUIOCKUMU [8].

Hocmimxyroun HJIC rambokux CBEpAJIOBUH, CHiJ 3BEpPHYTH yBary Ha
MOKJIMUBICTh 3HWKEHHS EHEPrOEMHOCTI pPYHHYBaHHS TIPCHKUX TIOpI TIPH
rOoOKOMy OypiHHI 3a pPaxyHOK BHUKOPHUCTAaHHS EHEPrii TIPCHKOTO MAacCHUBY.
YcraHoBieHO, 10 Ha MEBHINA MIMOWHI CBEPIJIOBUHU 111 €HEPTis JIOCATAE TaKUX
PO3MIpiB, IO Ja€ MOXJIMBICTh 3IHCHIOBATH €(PEKTUBHE PYyHHYBAHHS TOPOJIH.
€.M. bapaHOoBChKHII BU3HAUYMB CKJIA/I0BI OaJlaHCy €HEprii I[bOro MPOLECY, KU
MOKJIaB MOYATOK KOMOIHOBAaHOMY PYWHYBAHHIO MOPOAN NpH OypiHHI TIIHOOKUX
cBepJIOBUH. E(exTuBHICTH OypiHHS 3aJ€XKHUTh BIJl CIIBBIJIHOIIEHHS MUTOMOL
MEXaHIYHOI eHeprii pyWHYBaHHs 1 MUTOMOI MOTEHIIMHOI eHeprii 3MiHU 00’ eMy
[9, 10].

Bigomuii KOMIUIEKCHUNA METOJT oliHIOBaHHA 1 nporHo3dyBanHs HJIC, sxuit
O0a3yeTbcsi  HAa  BUSBIEHHI Ta  BUKOPUCTaHHI  (DPEHOMEHOJOTIYHUX
3aKOHOMIpHOCTEH jaedopMyBaHHs Tipchbkoro macuBy. Jlmst omintoBanas HJIC
OPUMHATO y3araJlbHEHUN napameTp ne(opMyBaHHs TpCbKOIO MAaCUBY:

Ig &L (A™h) /H,
0

dai = i
lg & (Ah)/H,
0 . ; (4)
A=—
10°D, . 5)
d = Ign, /3600n,
' lg A (6)

ne Gj — ochOBEe HaBaHTAKEHHS HA MOPOJAOPYHHIBHUH iHCTpyMeHT, H; Di—
JiaMeTp MOpOAOPYHHIBHOTO iHCTpyMeHTa, M; O — eKcloHeHTa, Oe3po3MipHa
BEJIMYUMHA, V; — MEXaHIYHa IIBHJKICTh OypiHHs, M/TOM; Nj — YacToTa 0OepTaHHS
MOPOJIOPYUHIBHOTO 1HCTPYMEHTA, ¢l h - MPOXOJKa Ha MOPOJOPYUHIBHUIA
IHCTpyMeHT, M; H— faocsaraytuii (moTounuii) BUOil (r1MOUHA) CBEPUIOBUHH, M.

AHaNITUYHUN MOHITOPUHT I1IHOTO IMapamMeTpa 3a TJIMOMHOIW OypiHHS
CBEpUVIOBUHM JAa€ MOXKIJIMBICTh OIIIHIOBAaTH Ta TMPOTHO3YBAaTH HAIPYKEHO-
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nedopMoBaHuii Teo0apUYHUM CTaH TIpCBKOTO MacuBy. JlOCBiA 3acTOCyBaHHS
IIbOI'0 METOAY BKa3ye Ha HEOOX1AHICTh HAIBHOCTI 00’ €KTUBHOI, HECKOPUTOBAHOT
BX17HO1 ¢akTuuHOi Teosoro-¢izuunoi iHdopmarii. Bin ocHoBaHuii Ha
HAsBHOCTI 1H(MOpMaIli Mpo KOHKPETHI TIpHUYO-TEOJIOTi4HI yMOBH. PoGoTu
BUKOHYIOTh 13 3actocyBaHHsM [I[EOM 3 BiANOBiIHUM MPOTPAMHHUM
3a0e3nedyeHHs M. Bigomuii (HEHOMEHONOrIYHUIT METOJ, B OCHOBY SIKOTO
MOKJIQJICHO BIJHOIIEHHS, 110 JOPIBHIOE BITHOIIEHHIO JIECSITKOBOIO jorapudma
rpaJiieHTa CUIM JUIsl po30ypeHHX MOpiA A0 JECATKOBOro Jiorapudma rpaaieHra
cuimuM s po30ypeHuxX TMopia JiToJioriyHoro Oap’epa. OnHak BiH HE
BUKOPUCTOBYETHCS Yepe3 BIJICYTHICTh MIOTOYHOI IEpBUHHOI iH(popMarrii [11].

Jlns  BIOCKOHAJIEHHS  (DEHOMEHOJIOTIYHOTO  METOJly  3aCTOCOBAaHO
aHAMITUYHUA  METOJl  OIIHIOBaHHS Te00apUYHO-MEXaHIYHUX TapaMeTpiB
OypIHHSAM Ta METOa CcelcMopo3Biaku. OCHOBHI €JIEMEHTH aHaJlITHYHOTO
METO/y — TEXHIYHI 3ac00M MEePBUHHOI 1H(POpMAIIii; MOJIENIb HAMPYKEHOTO CTaHy
(3 ypaxyBaHHSM MPYKHUX BJIACTUBOCTEH CYIIIJIBHOTO CEPEIOBHINA), YTBOPEHOT'O
MPOIIECOM  OCaJKOHAKOIUYEHHS TIPCHKOTO MAaCHBY, MOJIeJIb PyWHYBaHHS
ripChKOTO MacuBy, IporpamHi 3acoou[12].

ITpu ominroBanHi HJC MacuBy mopij HaBKOJIO TTMOOKUX CBEPJIOBUH CIif
3BEPHYTH YBary Ha BpaxyBaHHs 3MiHU CTaHy MacCHBY TipChKOi TTOPOJH HABKOJIO
CBEpPJJIOBMHU 13 YacoM, OJIHAK BOHA pO3poOJieHa JHIIEe [Js COJISTHUX 1
MMHACTHX 1opia. Po3pobnena MeToauka gae 3MOTy €KCIEPUMEHTAIBHO
BU3HAYUTH 3MIHY (DI3UKO-MEXaHIYHUX Ta PEOJIOTIYHUX BIIACTUBOCTEW MOPOAM B
cTamii HempyXHoi nedopmMarlii 3aJexHO BiJg HampyxkeHoro ctany [13].
MeToauka BKIIIOYAE.

— BHU3HAYEHHS MIBUIKOCTI TUIMHY COJITHMX Ta TJIUHUCTUX TOPIJ 3aJ€KHO
BiJl HAIIPY>KEHOT'O CTaHy PO3KPUTOTO IJIaCTa,

— BU3HAYEHHS MIIHICHUX MMapaMeTPiB COJSTHUX 1 TITMHUCTUX MOP1J 3a7I€KHO
B1JI IIBHKOCTI HEMIPY>KHOT edopmarrii;

— MPOTHO3YBAHHS TUCKY Ha KOJIOHY B 4Yaci BIJ] MOMEHTY MEPEKPUTTS HEIO
HEMPY>KHO-1e(POPMOBAHUX TOPIJ 10 3aBEPIICHHS OypiHHS CBEPIJIOBUHHU.

Bigomuii meron orminroBanHs HJIC 3a HasBHICTIO IMapy 31 3HHKEHUMH
(b13MKO-MEXaHIYHUMH  XapaKTepucTukamMu. HaBeleHo MeToAu pO3paxyHKy
MILIIHOCTI ¥ YIpaBiiHHSA CTIMKICTIO BEPTUKAJbHOI CBEPJIJOBMHU 3a YMOB
POCTOPOBOI BICECUMETPHUUHOT AeopMaliii Mopia NPUCTOBOYPHOI 30HU B MEkKaX
mapy 31 3HIKEHHMMH (PI3MKO-MEXaHIYHUMHU XapaKTepUCTUKaMu. K yMOBY
MILIHOCTI BUKOpucTaHO yMOBYy Kyinona — Mopa, mo BpaxoBye HE3BOPOTHI
00’emH1 aedopmarlii. ¥ 3amadi BUKOPUCTAHO TOJIOKEHHS Teopii CTIMKOCTI B
MeXaHiIl Tipchbkux mopia, pospodienoi M.T. Amimkanosum [15, 16]. Oxnak
el METOJl PO3paxyHKy Oa)kaHO 3aCTOCOBYBATH, KOJIM DaHiIIe€ BiJIOMO PO
HASIBHICTb I1APY 31 3HIKEHUMH (PI3UKO-MEXaHIYHUMU XapaKTEPUCTUKAMHU.

128 36ipHuk HayKoeux npaub (2any3eee MawuHobydyeaHHs, 6ydieHuymeo). — Ne1(36)., m.2. — 2013. — lMonmHTY




BHCHOBKM 3 IBLOI0 J0CTiIKEHHSI i MePCNEeKTHBH MOJAJBIINX PO3BiI0OK
Yy IbOMY HANPSIMI:

1. IIpoGnema  MPOTHO3YBaHHS  HAIMpPY>KEHO-ACHOPMOBAHOTO  CTaHy
ITMOOKUX CBEPVIOBHH JIOCHUTh akKTyallbHa 1 IIHPOKO JIOCTIPKEHA, OJIHAK
3aCTOCYBaHHS KJIACHYHUX aHATITUYHUX IIJIXOMIB PO3B’S3y€ 3ajauy JIUIIC IS
MIEBHUX YaCTKOBUX BUTIAIKIB.

2. BukopuctanHsd  (EHOMEHOJOTIYHUX MiIXOJiB 13  3aCTOCYBaHHSIM
y3aragpHeHuX napameTpiB ouiHtoBaHHa HJIC rinmbokux cBepIJIOBUH BUMAarae
HAasIBHOCTI 00’€KTUBHO1, HECKOPUTOBAaHO1 BX1AHOI (PaKTUYHOI reosnoro-hiznyHoi
1H(opMaIlii, 110 HE 3aBXKIU MOXKIUBO.

3. 3amoBinbHI pe3ynpTaT nporHosyBanHs HJIC cBepamoBuH MOXyYTh OyTH
OTPUMAaHI 13 3aCTOCYBaHHSM METOJy CKIHYCHHUX €JIEMEHTIB Y BXKE alpoOOBaHUX
MpPOrpaMHUX KOMIUIEKCaX Yy KOMOIHaIii 3 KIACHYHUMH pPO3paxyHKaMH Ta
GI3BUYHUM  MOJIETTIOBAaHHSM, OJIHAK PO3B’SI3aHHA MPOOJEMHU TaKUM YHHOM
BHMarae BiJIIOBITHOIO HAYKOBOTO PiBHS (haxiBIIiB.

4. ITutanns oninroBadHs HJC rimmOoKuX CBEpIJIOBUH 3QJIMIIAIOTHCS HE J0
KIHI[I BHUBYCHHMMH Ta BHMAaraiTh TI€BHUX 1H)XKEHEPHUX METOAMK JIJIs
OIEePaTHBHOTO OI[IHIOBaHHS CTaHy CBepyIoBHHHM [17].
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COBPEMEHHOE COCTOAHHUE ITPOBJIEMbI AHAJIU3A
HAIIPAXKEHHO-AE®@OPMHUPOBAHHOI'O COCTOSAHMSA I'OPHBIX
IHOPOJA BOKPYI I''1YBOKHUX CKBAKHNH

Ilpugedenvl pesyrbmamvl AHAIU3A HAYYHO-MEXHUUECKOU TUMepamypuvl, NOCEAUeHHOU
pacuémy Hanpa#CeHHO-0ePopMUPOBAHHO20 COCMOSHUS 2OPHBIX NOPOO BOKPY2 2YOOKUX
ckeadicun. Bvidenena axmyanvhas 3a0aua no npocHO3UPOBAHUN) NOBEOEHUs MACCUBA NOPOO
BOKpY2 27IYOOKUX CKBANCUH.

Kniouesvie cnosa. 2nyboxas ckeadicuua, pacnpeoeieHue HAnpAfCeHull, HanpsiceHHo-
depopmuposantoe cocmostue, 2OpHas NOpPood.
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Poltava National Technical University named after Yuri Kondratyuka

CURRENT STATE OF THE PROBLEM ANALYSIS STRESS-STRAIN
STATE ROCK AROUND DEEP WELL

Results of the analysis scientific and technical literature devoted to the calculation of
the stress-strain state of rocks around the deep wells. Highlighted an urgent task for
predicting the behavior of the rock mass around deep wells.

Keywords: deep well, stress distribution, the stress-strain state, rock.
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