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METOAUKA BU3HAYEHHA AOBIrOBIYHOCTI EJIEMEHTIB BYPUIlb-
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Ha 6ypunvny xonony 6 npoyeci it excniyamayii 0ilome pisHi 6UOU HABAHMANCEHb, 8 MOMY YUCL | GIOPAYITIHI.
Ha niocmasi 6baecamopiunozo 0oceidy excniyamayii OypuibHuUX KOJIOH, MeOPemuiHUx ma eKCnepumMeHmaibHux 00-
CL0JICEHb 6CMAHOBICHO, W0 PYUHYBAHHS KOHCMPYKMUGHUX eleMeHmié OypulbHoi KOIOHU nio Oi€r 8iopayiiinoco
HABAHMAICEHHS. MAE 6MOMHULL Xapakmep. B 36°a3ky 3 yum akmyanvholo € npobrema usHaueHHs 0068208i4HOCI
enemMenmis 6ypwle0i' KOJIOHU nio yac it eibpayii.

Y ecmammi sanpononogarno memoouxy pospaxyHky ma OCHOGHI AHANIMUYHI 3NeACHOCMI Ol OYIHKU 0062081U~
HOCMI eleMenmie OyPUlbHOI KOIOHU 6 YMOGAX 6IOpAYiliHO20 HABAHMAICYBAHHA. Y Cmucnill popmi nodano aneo-
PUMM PO3PAXYHKY, SIKULL 6KIIOYAE 8 cebe CIMPYKMYPHULL aHANI3 OYPUTLHOL KOJOHU, CNEKMPATbHULL AHAI3 Npoyecy
8ibpayii, ananiz OUHAMIKU, MIYHOCMI MA 006206IYHOCMI eleMeHmi6 OYPUIbHOT KOJIOHU I HABEOEHO NPUKAAO 3ACmo-
CYBAHHSL 3ANPONOHOBAHOT MEMOOUKU.

KurouoBi crioBa: OypuiibHA KOJNOHA, BiOpallisl, HAITPYXESHHSI, JOBrOBIUHICTb.

Ha 6ypunenyio xonouny 6 npoyecce ee sxcniyamayuu Oeticmayiom pasuvle 8Uobl HA2PY30K, 8 MOM YUcie U 6u-
opayuonnvie. Muoconemnutl onvim KCHIAYAMAayuu OYPULLHLIX KOJOHH, MEOPemudecKux U 9KCHepUMEHMAIbHbIX
UCCe008aHUIl NOKA3AT, YMO pA3pyuleHue KOHCMPYKMUBHBIX J1eMEHMO08 OYPULbHOL KOJLOHHbL HOO Oeticmeuem 6Uo-
PAYUOHHOU HAZPY3KU HOCUM YCMATOCMHBIIL Xapakmep. Dmo 00yclogusaem akmyaibHOCmby npobremvl onpedee-
HUSL 001208€4HOCTU DJIEMEHIO8 OYPUTILHOU KOIOHHbL NPU ee 8UOPayul.

Ipeonoosicena memoouka pacyema u OCHOSHblE AHAIUMUYECKUE 3AGUCUMOCTIU OJiL OYEHKU O0J208eUHOCHU
9EeMeHMO8 OYPUTIbHOU KOIOHHbL 8 YCI08UsX subpayuonnou nazpysxu. Ilpedcmasnen cokpaujeHubill aneopumm pac-
uema, BKIOYAIOWUL CIPYKIYPHBIT AHATU3 OYPUTLHOU KOJIOHHDL, CHEKMPATbHbIL AHAU3 npoyecca subpayuu, ana-
U3 OUHAMUKU, NPOYHOCIU U OO0N208EHHOCIU INEMEHMO8 DYPULLHOU KOJIOHHbL U NPUBCOEH NpUMep NpUMEeHeHUs

npPeoNioNCEeHHOU MEMOOUKLL.

KuroueBrie crosa: 6ypI/IJ'H>HaH KOJIOHHA, BI/16paHI/IH, HaIps>KCHUE, JOJITOBEYHOCTD.

Different kinds of loadings, including the vibration load effect a boring column in the course of its operation.
Long-term operating experience of boring columns, theoretical and experimental researches have shown, that
destruction of constructive elements of a boring column under the influence of vibrating loading has fatigue charac-
ter. It causes an urgency of a problem of determing the durability of a borehole under vibration.

The calculating methods and the basic analytical dependence for an estimation of durability of a borehole
under vibration are offered. The reduced algorithm of calculation including the structural analysis of a boring
column, the spectral analysis of the vibration process the analysis of dynamics, strength and durability of a borecole
are presented and the example of the offered technique application is resulted.

Keywords: boring column, vibration, stress, durability.

BiOpariiiHi HaBaHTa)KEHHS € OJHUMH 13 OCHO-
BHUX JIWHAMIYHMX HaBaHTa)KEHb, M0 JIIOTh Ha
eJIeMEHTH OYpUJIBHOI KOJIOHU B IIPOIieCi 11 eKCILTy-
atauii. BiOpauii GypunbHOi KOJIOHH, SIK BUCOKOYA-
CTOTHI MEXaHiYHi KOJMBAHHS, 3yMOBJEHI TaKMMH
TOJIOBHUMH YMHHUKaMH [1, 2]. B3aEMOJIIEI0 JIONIOTA
3 TIOPOJIOIO, JIE0 3MIHHUX CHJI TEPTS KOJIOHHU JO
CTIHKM CBEP/UIOBUHH, 3MIHOIO BEIMYUHH KPYTHOTO
MOMEHTY | MOMEHTY OIOpY Ha JI0JIOTi, €0 Bia-
HEHTPOBUX CHJ Ha He30amaHCOBaHUX JUISHKaX
KOJIOHHU, TMylbcaiielo OypoBoro po3unmHy. Haii-
OUTBII EHEPrOEMHUMH € TI03/I0BKHI HHU3BKO- Ta
BHCOKOYACTOTHI KoNMMBaHHs. [lepekodyBaHHS Ia-
POIIOK J0JIOTa SIMKYBaTUM BHOOEM CIPUYHHIOE
MO3/IOBKHI HU3bKOYACTOTHI KOJHMBAHHA JIOJIOTA.
ITo3/10BXHI BUCOKOYACTOTHI KOJIMBAHHS € HACIIJI-
KOM TIepeKOYYBaHHS 3yOIiB MIAPONIOK JON0Ta
TBepauM BUOoeM [1, 2].

Bararopiunuii mocBin ekcrutyaraiii Oypuitb-
HBIX KOJIOH Ha CBEpJUIOBUHAX YKpaiHu Ta 3a ii Me-
*amd [3, 4, 5] cBiguuTh, IO NepeBa)kHa OUTBIIICTD
BIIMOB OYpUJIBHBIX KOJIOH 33 BECh TEPMIH €KCILIY-
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aTarlii mpuIajae Ha Tak 3BaHi BiOpalliifHi BIIMORBH,
a pyiHYBaHHsS KOHCTPYKTHBHHUX €JIEMEHTIB OypH-
JIbHOI KOJIOHM IMiJ Ji€0 BiOpaIiifHOro HaBaHTa-
JKEHHSI Ma€ BTOMHHI XapakTep.

BypuibHa KonoHa € JOBrOMIpHAM 00'€KTOM,
IO CKJIaJA€ThCsA 3 BEIMKOI KiNBKOCTI €IEMEHTIB.
IneanpHO OIiHMTH piBeHB BiOpallii, a, BOJHOYAC 1
Hampy)KEHUH CTaH KOYKHOI'O eJieMEHTa OypHIIbHOT
KOJIOHM MO)KHA IUISXOM BCTaHOBJICHHS aBTOHOM-
HMX JaBadviB Ha KO)KeH 3 IuX eneMmenTiB. OmHak,
4yepe3 3HAYHY KUIBKICTh TaKMX EIEMEHTIB Ta 00-
MEKEHE B 4Yaci nepeOyBaHHS JaBadiB y CBEpPJIO-
BHHI 11¢ 3pOOUTH CKJIaJIHO, a 1HOZI MPaKTUYHO HE-
MOJKJTHRBO.

PeectpyBat BiOpamito OypHIIbHOI KOJOHH
(BiIOpOIPUIIBUIIIEHHS, Y1 BiOPOIIBHIKICTD) MOXK-
Ha OJHMM JlaBayeM Ha TUPJII CBEPIJIOBHHH, BUMi-
protoun BiOpalito Bemydoi OypuibHOI TpyOu B
nporieci OypiHHSI BUOIHHUME JBUTYHaMH, a00 Bep-
TJIIOTa NIPH POTOPHOMY OypiHHi. B boMy BUIaaKy
nepezaya BIOpauiiHOro CHrHajy BiJi KOHKPETHOTO
elieMeHTa OypHIJIBHOI KOJIOHHU SIK By3J1a JIIarHOCTY-
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BaHHS 0 JaBada Oyne 3MiMCHIOBATHCS MeEXaHid-
HUM KaHAJIOM 3B’s13Ky — OypHIIBHIHM KOJIOHI.

BypwibHa konmoHa SK MeXaHIYHMHM KaHam
3B’SI3Ky BOJIOJIE “‘QiNTbTPyBaIbHOIO” 31aTHICTIO
(cMyra mporryckaHHsI KaHATY 3B’SI3KY € BY>KYOIO 32
HNIUPUHY CHEKTpa KOIMBaHb JI0JIOTA), a MapaMeTpH
KOJIMBaHb MAlOTh 3arajioM BUIIaJKOBUH XapakTep.
Lle mpu3BOIUTH 10 TOr'O, IO BIOPOIIBUAKICTD €lle-
MEHTIB BEPXHBOT YAaCTUHU OypHIILHOI KOJIOHH BiJl-
pI3HSETHCS BiJ BIOPOMIBHIKOCTI €JIEMEHTIB KOM-
MOHOBKH “‘HHM3Y” KOJOHU. 3aJeXKHICTh MiX BiOpo-
IIBUAKICTIO €JIEMEHTIB BIAMOBIZHO “BepXy” Ta
“HU3y” OypWIIbHOI KOJOHHM BHPAKAETHCS 3a JIOMO-
MOTOX0 IIEBHOI NEpEeJaTOYHOI XapaKTEPUCTHKHU -
KiHEeMaTU4HOI mepeaarounol ¢yHkmii W . Jlocii-
IMTH TaKy TepenaTodny (GpyHKIiF0 BHSIBHIOCH MO-
KIIMBUM 3aBJISIKA KOMIT IOTEPHOMY MOJICITIOBAHHIO
MO3I0BXHIX KOJIMBaHb OYPHJILHOI KOJIOHH [6].

3 BpaxyBaHHSIM 3apeECTPOBAaHOI BIOpPOILIBHU/I-
KoCTi “BepxXy” OypWJIbHOI KOJIOHH Vg(t), BiOpo-
MIBHUJIKICTD €IeMEHTIB 11 “HU3Y” BU3HAYaTUMEThCS
HACTYITHOO 3aJICKHICTIO;

v, (e)=V,()-w . (1)

Y mporeci JUMHAMIYHONO HaBaHTAKYyBaHHS
CJIEMEHTH KOMITOHOBKM HHU3y OYpHJIBHOI KOJIOHH
3a3HAOTh i1 0CHOBOI ﬂHHaMquo'l' CHJTH, IO TIepe-
JIAETHCS 6ypHJIBH1PI KOJoHI Bixg monota. [lpu mo-
CIIIDKEHH] JUHAMIKU 6ypHJIBH01 KOJIOHU B Ppo0OTI
[7] oTpuMaHO 3aJIeKHICTh 3MIHH OCHOBOTO HaBaH-

TKCHHs Ha JI00TO Pp BiJl IIBUAKOCTI BEpTHKA-

JLHOTO TIepeMillieHHsI KopITyca JI0J0Ta V(t):

Py =—0(), @)

ne E — Monynb TPYXKHOCTI Marepiaidy Oypwiib-
HOI KOJIOHH;

F — muroma momnepevyHoro nepepizy OypHiib-
HOI KOJIOHH;

a=+E/p — MWBHIKICTb pPO3MOBCIOKEHH

MO3I0BXHIX 30ypeHb KOJIOHOF0;
0 — T'yCTHHa MaTepiaity OypuibHOI TpyOu.
ABtopamu [7] pO3TISHYTO TPU CXEMU XBU-
JIbOBHX TMPOIECIB, 10 BUHUKAIOTh B OYpHIIBbHIN
KOJIOHI MPH PI3HUX XapaKTepax CHJ OIOPY PyXy.
[Ipu 11bOMY CHJIM OIIOPY MOJAHO Y BUIJIAIL JUCH-

" oUu
naTuBHOI QYHKIIT f (x, U, 6—), sKa 3aJIeKUTh
t

Bix 3MiHHUX X, U, —, e X — KOOpAMHATA Iic-

pepi3y KOJOHH, MPUYOMY BICh X CIPSAMOBaHA Bix
THpJa CBEPUIOBUHU JI0 BUOOI0; U — mepeMillleHHs

mepepizy KOJMOHM 3 KOOPJAWHATOI0 X; —— — IIBH-

ot
JKICTh PyXy Tepepidy KOJIOHH 3 KOOPIUHATO X .
B nepiromy Bumajky AMCHITATUBHA CHJIA BiJl-

oUu .
CYTHS, TOOTO f (x U,— > =0. JIunamiuna ckia-
t
JI0Ba OCHOBOI'0 HABAHTA)KCHHSI Ma€ BUTJISIL:

EF
Pp=="V. 3)

&)

B npyromy Bumnajaky cuia ornopy Hmpomnopiriii-

Ha LIBUIKOCTI nepeMileHHs
oU oU .
f (x U, 5 j=2,u6—. JunaMmigyHa ~ CcKJIajioBa
t t

OCbOBOI'0O HaBaHTAXXCHHA 3alUCYETHCA TaKUM 4YU-
HOM:

“4)

e 6 — Kpyropa 4acTOTa BIACHHUX KOJIHBAHb;

U — KOeiIieHT TepTsi OypHIBHOI KOJIOHH JI0
CTiHKH CBEPJUIOBUHH.

B TpersoMy BUTIaAKy cuiia OMOPY MiAIOPSII-
KOByeTbCA  3akoHy  KynoHa-AMOHTOHAa — mpu

f{x, U, aa—ltjj = fosign(aa—(t]j . Tomi

ne  f°=pgsino — OMCHNMATHBHMIA YleH;

a — KYT BIIXWIEHHS OCi CBEpJIOBHHHU BiX
BEpTUKaMTI (3CHITHUH KYT).

OchOBI1 HaNpyKEHHS B eIeMEHTaX OypHIbHOL
KOJIOHH IIPH BHIAJKOBHX JHHAMIUYHUX HaBaHTa-
JKEHHSX BHUPAXKarOThCS BiTHOIICHHSM OChOBOI JIU-
HaMIYHOI CHJIM JO ILIOII MOIEPEYHOro mepepizy
OypUIBLHOT KOJIOHH:

o, =2, (6)

Posrisimaroun OypuiibHY KOJOHY SIK JTOBTOMi-
pHHI CTEp)KEHb, IO CKIAJAETHCS 3 BEUKOI Killb-
KOCTi €JIEMEHTIB, HEOOXIIHO BPAaXOBYBAaTH PO3IO-
JUI aMIUNTY[ BEPTHKAJIbHUX BIOPOIIBHAKOCTEH i
BIIMOBIIHUX IM HANPYyKEHb M0 00’ €My KOXHOIO 13
HUX. 3 BpaXyBaHHSM CKa3aHOT'O BHIIE, HANPYKEH-
HS B elIeMeHTaX OypHJIbHOI KOJIOHM BHACIIOK il
OChOBHX BIOpaIliiHUX HaBaHTaXXCHb BU3HAYATH-
MYThCS K [8]:

o = A"\ pE Vx> (7

ocmax

ne A =,/FJ/W - xoediuient, sxuii BpaxoBye
PO3IIONIUT aMIUTITY/ HaIlpy>KeHb 1 BITHOCHUX BiO-
POLIBHIKOCTEH M0 00’ €My TIPYKHOTO eJIeMEHTa;

F, J, W — BigmoBigHO IUIOIIA, MOMEHT iHe-
pIIii Ta MOMEHT OIOpY MOMEPEYHOT o Mepepizy.

Kpim ochoBHX HanpyKeHb, 3yMOBIICHHUX JIIE€0
0CBOBOI BiOpallii, B mepepizax HU3y OypUIbHOI KO-
JIOHU CYTTEBUMH TaKOX € HAMpPYXEHHS 3THHY,
CTIIPUYMHEHI BTPATOK MPSAMONIHIHHOT (opMH KO-
JIOHW BHACIIJIOK 11 00epTaHHs a00 BHKPUBIICHHSM
oci cBepmioBuHu [9]. Ilpu oMy MakCHMasbHI
HaTPYXXEHHS 3THHY BU3HAYAIOTHCS SIK:

. =0, +A0 0 8)

32 max
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EJ
e o, A HaTPYXXEHHS 3THHY, CIIPUYHHE-
Hi BTpaTOK KOJIOHW MpsAMOINiHiIHOT (popmu BHa-
CITiZIOK 00epTaHHs KOJIOHH TP POTOPHOMY OypiH-
Hi, 00 BHACTIIOK BUKPHUBIICHHS OCI CBEP/IJIOBUHHU;
R — paniyc BUKpUBJICHHS CBEP/UIOBHHU;

A _ 32 max
O somax =
w .
JIbHUX HAMpPYXXCHb 3TMHY, 3yMOBJICHHX €0 MakK-
CUMAaJIBHOT'O 3rMHAJIbBHOT0 MOMEHTY B YMOBax BiO-
patiii KOJIOHH.
AmIutiTyia HaHOUIBIIOrO 3MIHHOI'O 3rHHAIIb-

aMILTITy]a MaKcuMa-

HOro MOMeHTy AM ™ :

mx 0 45fAP(2Q+AP)

¥ 4g*EJ ql o*r?
2 -0
[ 2g

ne f=(D-d)/2 — crpina mporuny GypHIBHOI

KOJIOHH;

d 1 D — BiANoOBiAHO 30BHIIIHIN miameTp Oy-
PHIILHOTO 3aMKa Ta BHYTPIILIHIM JiaMeTp cBepuio-
BHHU;

QO — 0CbOBE CTaTHMYHE HABAHTAKCHHS Ha JIi-

JISHII KOJIOHH, IO ISl HU3Y OYpHJIbHOT KOJIOHH
NPUIMAETHCS PIBHUM OChOBOMY HaBaHTa)KECHHIO Ha
JI0JIOTO;

AP — amIUTiTY1a MO3J0BXHBOI 3MYIIyBajlb-
HOI CHJIH,

AP=P

@ =7 n/30 — KyToBa LIBHAKICTH KOJIOHH;

1 — YacToTa 00epPTaHHSI KOJIOHHU;

¢ — Bara OfIHOTO MeTpa TpyOu;

g — TIPUIIBUJIICHHS BUIBHOTO TIa lIHHS,

AM ©

[, — NOBXMHA MIBXBUJII BUTHYTOI KOJIOHH, 10
BH3HAYAETHCS 32 (POPMYJIOH:

2
P =T &) sy 2 AT g
ol 2
Je z— Biajaib Bif HeTpansHOro nepepizy (o,. =0)

JI0 TIEPEpI3y KOJNOHH, B SIKOMY BU3HAYAIOTH JOBXKHHY
TBXBUJI 3MUHY, 3HaK IHOC ("+") — U1l pO3TATHYTOI, a
3HaK MiHyc ("—") — JUIsl CTHCHEHOT YaCTUHU KOJIOHHU.

VY HaBeseHMX BUpa3ax MPOTUH OOMEKYEThCS
CTIHKaMH CBEpUIOBHHH. AJie 1pu OypiHHi B He-
CTIHKMX TIOpOJaX, 3a HAasBHOCTI KaBEpH Ta IHIIUX
(axTOpiB CTBOPIOKOTHCSA YMOBU JUls 30UIbLIECHHS
CTpUIM NPOTHHY, &, OTKE, i HaIpyKeHb. 3011b-
IICHHS JMHAMIYHOI CKJIAJIOBOI HaBaHTa)KCHHs Ha
JIOJIOTO TIPHU3BOJMTH JIO 30UTbIICHHS 3TUHATBHHUX
MOMEHTIB Ta HANpyXeHb B eIeMEHTax OypHIbHOL
KOJIOHH, SIKi B EKCIUTyaTal[ifHHX yMOBaX MOXYTb
TIEPEBHIIYBATH JIOMYCTHMI.

BpaxoByroun 3mict Bupasis (7) i (8), makcu-
MaJIbHI HaIlpy>KEeHHsI, 10 BUHUKATUMYTh y TIOIe-
pEUYHHX TIepepi3ax eleMeHTIB HU3y OypHIIBHOI KO-
JIOHU, BU3HAYaTUMYThCS SIK:

+0 0 ma - (11)

Gmax = GOCITIBX
B Takuii jxe criocid BCTAHOBIIOETHCS 1 3aKOH
3MiHU HaIPYKeHb K QyHKIIA yacy:

o(t)=0,.(0)+0..(0). (12)
JJis KUTBKICHOT OIIHKK aMILIITYl MEXaHIYHUX
KOJIMBAaHb BUKOPHCTOBYIOTH Pi3HI BHITaIKOBI a0CO-
moTHi (po3mipHi) xapakrtepuctuku [10]. OcHoB-
HUMH 3 TaKUX XapaKTEPUCTUK € JTUCIIePCis Ta clie-
KTpaJibHa MIUIBHICTh mporecy. Jucnepcis € eHep-
TeTUYHOIO OI[IHKOI0 TIPOIleCy, Ma€ pPO3MIPHICTh
KBaJ[paTy po3MipHOCTI BUMIPIOBaHOTI'O TapaMerpa i
YUCEIbHO JOPIBHIOE CEPEAHIN MOTYXKHOCTI KOJH-
BaJILHOTO TIPOIIECY:

T o0
Gg = lim T_lj.az(t)dt = J.Gzp(G)dG, (13)
T—w

0 —00
me T, p(a) — BIAMIOBIZHO Yac peecTpalii Ta ry-
CTMHA  PO3MOALTY  HANpPyKEHb  BHIIAJKOBOIO

LEHTPOBAHOIO (3 HYJIbOBMM MAaTEMAaTU4YHUM OYi-

KyBaHHSM) IIPOLIECY 3MiHHM HaNpY>KeHb G(t).
CnekTpanbHa MUIBHICTb KOJUBAHHA S ( f ) B

Aiamna3oHi 4acToT Bif f,., HO f,.. . Ta JAUCIEpCis

IIbOr0 KOJMBAaHHS Yy BKA3aHOMY Jiala3oHi 4acToT
OB’ s13aH1 MK co0oto piBHicTIO [TapceBais:

f:ﬂaX
2
o= [So(f)dr. (14)
f‘min
MiHiMaJIbHa YacToTa MPOILECY f min » TIOZIAHA

B CIIEKTPAJIbHIN IIUIBHOCTI, SK IIPaBUIIO, BU3HAYA-
€TbCSL TPUBAIICTIO aHAI3y, TOOTO MOBHUM Iepi-
0JIOM HHU3bKOYACTOTHOI KOMITOHEHTH CIIEKTpa.

MakcumanbHa 9acToTa f max K BEPXHS Ipa-

HUIS CIIEKTPY MOKe OyTH OIliHEHA Ha OCHOBI BH-
Oopy 3HauylIol YacTKH Aucrepcii, Hampukiam 90-
99%, 110 MICTMTLCS MK JBOMA YaCTOTHMMH Me-
KaMH, NUISIXOM IHTErpyBaHHS CIEKTPaIbHOT MIUTh-
HOCTI:

f:"ﬂaX

Sg(f)df =(0,9+099)c
oo

[Tpu BUpilIEHH] MPaKTHYHKX 3aBAaHb € TAKOXK
JOIIIBHUM BHKOPHCTAHHS CEPEIAHBOrO a0COJIIOT-
HOr0 Ta CEpPeAHBOKBAJPATHYHOIO 3HAUCHHS BHUMi-
PIOBAHOTO MapaMerpa.

JlocBin ekcrutyaTailii OypHJIBHUX KOJIOH MOKa-
3aB, 110 HAJMIPHUHN BILIMB BHIIAJIKOBHX ):[I/IHaMiq-
HUX HABAHT&KEHb MPU3BOIUTEH 10 BTOMHOIO py¥i-
HyBaHHs 1i enemenTiB. Yepes cKIaaHiCTh po3paxy-
HKM Ha BTOMHY MIIHICTh €JIEMEHTIB OypHIIbHOT
KOJIOHH Ha JIaHW# 4ac MaroTh 31eOLIbIIOro (eHo-
MEHOJIOTTYHUH xapakTep. [Ipu iboMy BOHH PO3po-
OJieHI, TOJIOBHMM YHHOM, JJI CHHYCOIZaJIbHOT'O
a00 3 BpaxyBaHHSAM BY3bKOCMYT'OBHX BHIIQJKOBUX
MPOIIECIB  HEPEryJIAPHOI'0 HABaHTAXCHHS, IS
SKHX MOPIBHSHO MPOCTO BH3HAYAIOTHCS PIBHI amIl-
JITYJ| HAIPY)KEHb Ta IX OBTOPIOBAHICTH (LIMKII).

Omyckaro4y TPHBIalbHMiA OIMC JOBCIACHHS,
[0 OIMHUPAETHCSA HA TEOPI0 HMOBIPHOCTI 1 TEOPirO
BUNAIKOBUX (YHKIIIH, HaBenemo popmymy [11, 12],
3a SIKOK0 BH3HAYAETHCS JOBrOBIUHICT I pi3bbo-
BOro 3’€IHAHHS IIiJ JICK0 JBOKOMIIOHEHTHOI'O
3MIHHOTO HaBaHTakeHHs. [Ipu 1boMy oOuaBa

(15)

—
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Pucynok 1 — Peasizanisi nponecy Ko1uBaHb HU3y OYpUJIbHOI KOJTOHU
(cBepanoBuna Caraiinak-52 Ctpuiicbkoro BGP)

KOMIIOHEHTH € HE3aJICKHUMH, PO3MOIUT aMILTITY
HM3bKOYACTOTHOI CKJIaJIOBOI 3aJlaHWi B Hemepe-
PBHII (opMi Y BUTIISII TYCTUHH HMOBIPHOCTI pO3-
nominy ammiuityn  p(M a), a BHCOKOYaCTOTHA
CKJIaJIOBA BPAaXOBYETHCS 3HAUYCHHIMH CIEKTPAIb-
HOI T'YCTHHH JAil0YMX HaBaHTAXKEHb, IO € CTaIlio-
HApPHUM HOpPMAJIbHUM BUITaJIKOBHUM IIPOLIECOM 32
Yac BiANpalloBaHHS OTHOTO J0J0Ta. TakuMm 4u-
HOM, JTOBI'OBIYHICTh MOXKHA OIMCATH BUPA30M:

T=(a,-C)- jM p(M )M, +

BM_,

(16)

-1
m

woE (m+2\( 7 2 . 2
+72 -r( : j(zlf S(f) df] ,

e a

b KOC(IIIEHT KOPEJIAIT JTIHIHHOT TiM0Te3
CYMyBaHHsl BTOMHHUX MOLIKO/UKEHb, @, = 1;

C — KOHCTaHTa KpHBOI BTOMU;

1)
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M, =o,W — ammuityna 3MiHHOTO 3TUHAJIb-

HOT'O MOMEHTY;

M _,, — rpaHuus BUTPUBAIIOCTI KOHCTPYKUIi
eNIeMEeHTa KOJIOHH;

P — xoedilieHT, 0 BpaxOBYy€ piBeHb HABaH-
TaXXEHb, SIKI BIUTUBAIOTh Ha BTOMHE pPyWHYBaHHS
3’eananb, f=0,5+0,7;

k — xoedilieHT po3MoALTy 30BHIIHHOTO Ha-
BaHTa)KEHHS MK eJIeMEHTaMH 3’ € THAHHS;

F( m+2

2

m — TMOKa3HUK HAXHMIy KPUBOI BTOMH 3aMKO-
BUX pi3pOoBHX 3’eaHanb (it OBT-146 m=5,4;
st ObT-178 m =5,7; mst OBT-203 m=5,9);

S( f ) — CIIeKTpajbHA HIUIBHICTH BHUCOKOYAC-
TOTHUX HaBaHTaXKCHb (BIOpaIlliii).

SIKImo MUPOKOCMYTOBUI MPOLEC HABAHTAXKY-
BaHHS TMOJATH CYKYIHICTIO JTUCKPETHHX BY3bKO-

CMYT'OBHX CKJIaJIOBHX, TO 3aJIeKHICTh (15) Habyne
BUIIISNY:

j — rama-¢ynkuis Eiinepa;
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PucyHnok 2 — Pe3yjabTaT cieKTpajbHOI 00pPOOKH KOJMBAHb HU3Y OYPHJILHOI KOJIOHH
(CBepasioBuna Caraiinak-52 Crpuiicskoro BBP)
M, HOi Konouu (puc. 1) na ceepanosuni Caraiinak-52
_ (ap -C)- z M"-n + 17) Crpuiicbkoro BEP. Komnonoska GypusbHoro in-
i CTPYMEHTY HACTyIHa: OypuilbHi TpyOH miaMeTpom
Moy >PMorg 140 mMm; oOBakHeHi OypwIiIbHI TpPyOW AiaMeTpoM
m 1! 178 mM; momoro giamerpom 205,9 MM; HaBaHTa-
won m+2Y s 2 2 keHHs Ha noioro — 180 kH; wacrora obGepraHHs
+—.02.T z fimS?2 , nomora — 60 006/XB.; TAMOMHA CBEPIJIOBHHHA —
k e 4580 M. SIx BHOHO 3 pe3yJbTATiB CHEKTPAIbHOL
00poOKH (pHC. 2) IpU BKa3aHMX OCHOBOMY HaBaH-
Je N — YMCIO LMKIB TOBTOPEHHS aMIUTITY/H Ta)KCHHI Ta 4acTOTI 00EepPTaHHS J0JI0Ta HAHOLIbIII

M , 3a Bechb mepiof eKCIUTyaTallii eleMeHTa KoJo-
HU B CBEP/UIOBHHI;

S, — cepeaHbOKBAagpaTHYHE 3HAUYCHHS i-0i

BY3bKOCMYI'OBOI CKJIaJIOBOI 3 LIEHTPAJIBHOIO YacTo-
TOIO f; .

Xapaxktep 3anexHocteir (16) 1 (17) mokasye,
10 BUCOKOYACTOTHI CKIIQJIOBI CIIEKTPY HAIPY>KEHb
3HaYHO 3MCEHIIYIOTh JOBI'OBIYHICTH KONOHH. Ha-
BiTh TOPIBHSHO HEBEIMKI YACTKU AUCIEPCIi, 1110
MPHUIAJAI0Th Ha BUCOKOYACTOTHY OOJNACTh CIEKT-
pa, CYTTEBO BIUIMBAIOTh HA KUIBKICHY OIIIHKY JIOB-
TOBIYHOCTI.

HaBenemo onHy i3 peanizaiiii mpoiecy Biopa-
HIHHOrO HABAaHTAXXCHHS €JIEMEHTIB HU3Y OYpHIIb-

HaTpyXXEeHHs B Tepepizax OypHIIbHOI KOJIOHH CIIO-
cTepirarotbess B okom yactor 8,7 'y ta 28,5 I,
IO BiNMOBIIaIOTh TPYHTOBIM Ta 3yOKOBil 4acToTi
MO3JIOBXKHIX KOJHMBAaHb JoioTa. Ha 1ux ke gacro-
Tax CIOCTEPIraloThCs i GUIBLII 3HAYCHHS CIIEKTpa-
JIBHUX IHIHLHOCTGPI Hanpyxenb: 0,87 MITa*c i
2,9 MIIa*¢ BIJIIOBITHO.

Sk cBimuath pospaxynku 3a popmynamu (16)
1(17), PO3paxXyHKOBE 3HAYCHHS nepionxy Hanpauo-
BaHHS Pi300BOT0 3’€THAHHS 10 BTOMHOTO PYHHY-
BaHHs craHoBHTHME 785 roa. Bomuouac, 0e3 Bpa-
XyBaHHS BHCOKOYACTOTHOI CKJIaJ0BOI HaBaHTa-
KEHHS TIepioJl  HaNpalloBaHHS CTAHOBUTHUME
1042 rox. PobGora OypuIbHOrO IHCTPYMEHTY IpO-
TSATOM HEBpaxoBaHUX 257 TOM € MEePEayMOBOIO BU-
HUKHEHHs apapiiiHoi cutyanii. OTxe, NpH BU-

—
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¥
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¥

PizeDoBl 3" eqHaEET
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v

CIeKTpalsHHHE aHATIS

BHO cHI0EOTO NDHEOTY

Y

EiOpocHMHATY OVpHEIBHDT
KOIIOHH

BHzHATEHET TACTOTHOID CEIATY EiOpOCHTHATY

Y

v

AHaT? THHAMIEH

PozpaxvHOE Ta moOVI0EA CIRKTPATEHHX
XapaKTepHCTHE

Y

DVpPHIBHOI KOIOHH

TMocTasoBEa 3a7aqi, OMHECAHET MOIET

Y

CHMEOIBHHI CHHIES PIEHAHE VXY

Y

YEeTeHHA BXiTHHX MapaMeTpis MOIei,
IOYaTEOEHX Td IPAHHMHEN VMOE

AHATITHHHH a0 0 THCe/LHAH PO3E 130K PIEHAHE
Pyxy

Y

v

Amam: MITHOCTI

AHam3 BEXITHEX DapaMeTplE MOOell Ta
P O3PAXVHOK NEpeJaTOMHIR QVHEIIH

Li

EIEMEHTIE OVPHIEHOL
KOTOHH

BH3HIYCHEY HABAHTAKCHE
(CHNOBHX §VHELIH)

PozpaxyHOK re OMETPHIHEX XapakTepHCTHE
IepepisiE eleMeHTIE OVPHIBHOL KOIOHE

Y

v

AHAT2 JORTOBIMHOCTI

Po3paxvHOK HATIDVEEHE B E1eMEHTaX
OVpHILHOT KOIOHH

Y

elIeMEeHTIE OVpHIEHOL
KOJIOHH

JocIin#eHEA 3aK0HY SMIHE EHITAIKOEHK
HANPVEEHE

¥

BrsHaTeHHs YA UHKNE HABAHTAXKCHE

Y

Omi=Ea JOBETOBMHOCTI eTeMeHTIE OVpHIBHOL
KOIIOHH

Pucynok 3 — CxeMa ajropuTmy JJisl OI[iHKH JOBrOBiYHOCTI Ti esleMeHTIB
B YMOBAX BiOpauiiiHOro HABaHTaKEHHSH

3HAa4YCHHI JIOBIOBIYHOCTI €JIEMEHTIB OypHIbHOL
KOJIOHM HEOOXITHO BPaxOBYBAaTH BHCOKOYACTOTHI
CKJIAJIOBI TIPOIIECY HABaHTa)KEHHsI, IO 3yMOBJICHI
BiOpanisiMu OyprIIbHOT KOJIOHH, SKHMH 33 pEeKOMe-
H7aissMu, Hanpukian [13], B cuiny iX JiicHO mmo-
PIBHSHO Malloro piBHS, HEXTYIOTh MPH IPAKTH4-
HUX PO3paxyHKax.

1)
118 )

Amnpobaris Ha OypOBUX MiANPHEMCTBAX 3a-
MPOTIOHOBAHOI METOJMKH PO3PaxyHKY JIOBTOBiY-
HOCTI eJIeMEHTIB OYpHIIBHOT KOJIOHU B yMOBax Bi0-
paliifHOro HaBaHTa)KYBaHHs, aJTOPUTM SKOi Ha-
TIISIHO UTIOCTPYETHCST HA PUCYHKY 3, J1acTh MOX-
JUBICTh  BIPOB/KYBATH TEXHIKO-TEXHOJIOTIYHI
3aX01M, CIPSIMOBaHI Ha 3HM)KCHHS PIBHS BiOparrii
70 3HA4YeHb, SIKi 3a0€3Me4y0Th JOCTATHIM pIBEHb
MIIHOCT1 €JIEMEHTIB KOJIOHU.
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