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Ha oypunvuy xoaony ma nopoOoopyuHienuil incmpymenm 6 npoyeci ix excnayamayii 0itoms cmamuyHi ma ou-
HAMIYHI HABAHMAICEHHS, 8 MOMY Yuci i siopayiuni. Ha niocmasi baecamopiunozo 00cgidy excniyamayii 6ypuibHux
KOJIOH, MeopemuyHuUx ma exCnepuMeHmanbHux 00CaiONceHb 6CMAHOBNIEHO, WO PYUHYBAHHA KOHCMPYKMUBHUX elle-
Menmie 6ypuIbHOI KOJIOHU Ni0 0i€l0 8IOPaYiliHO20 HABAHMANCEHHS MAE BMOMHUU Xapakmep. B 36’ a3ky 3 yum axmy-
ANbHOIO € NPOOIEMA GUIHAYEHHS HANPYJCEHb, Kl UHUKAIOMb 8 elleMeHmax OypuibHoi KoIOHU niod yac il eibpayil.
Aoexsamna oyiHKa MAKCUMATbHUX NIKOGUX HANPYIHCEHb OACHb MOICTUBICING NPOSHO3YEAMU NOSBY PE30HAHCHUX
peodtcumia, excniyamayis 6ypuIbHO20 IHCMPYMeHmY HA AKUX € HeNnPURYCMUMOIO.

3anpononosano ocHo6Hi aHALIMUYHI 3ANEANCHOCIT 0151 OYIHKU OOHOBICHO20 HANPYICEHO20 CMAHY eleMeHmis
OYypunbLHOIL KONOHU, KT NPAYI0IOMb 8 YMOBAX BIOPAYIUHO20 HABAHMANCYBAHHS. 3 MEMOI0 NepesipKU 3anpoNnOHOBANUX
3anedxcHocmetl y 8ION0BIOHIU NOCTIO08HOCME NPOBEOEHO eKCHePUMEHMANbHI O0CTIONCEHHS 8 CMEHO08UX YMOBAX.

KirtouoBi ciioBa: OypuiibHa KOJIOHA, KOJTUBaHHS, BiOpallisi, Hanmpy>KeHHSI.

Ha 6ypunvbnyio Kononny u nopooopaspyuiarowuii UHCMpyMeHm 6 npoyecce ux dKCRAYAmayuu 8030etcmseyom
cmamuyeckie u OUHAMUYecKUe HAZPy3Kul, 8 MoM Yucie u gubpayuonnsie. Ha ocnosanuu mHozonemue2o onvima skcn-
Jyamayuy 6ypunbHbIX KOJOHH, MEeOPemMUIecKUx U IKCRePUMEHMATbHbIX UCCIE008AHULL YCMAHOGNEHO, YO PA3PyUieHe
KOHCIMPYKMUBHBIX 2eMEHMO8 OYPUTLHOU KOTOHHBL NOO 6030eliCIBUeM 8UOPAYUOHHOU HASPY3KU UMEENT YCINAOCTHbIIL
xapaxmep. B céa3u ¢ amum axmyanvHoul A61semcs npobiema onpeoeneHus Hanpsa’CeHuil, 603HUKAIOWUX 8 DNEMEHMAX
OYyPUNLHOL KOTIOHHbL Npu ee 8ubpayuul. A0eK8amHas OYeHKa MAKCUMALbHBIX NUKOBbIX HANPSIICEHUL NO360AUM NPOSHO-
3UPO6ANTL NOSAGIEHUE PE3OHAHCHBIX PENCUMOB, IKCATLYAMAYUsL OYPUILHO20 UHCIPYMEHMA HA KOMOPbIX HeOONyCImuMd.

TIpeonooicenvl OCHOBHbIE AHAMUMUYECKUE 3ABUCUMOCIIU OISl OYEHKU OOHOOCHO20 HANPSNCEHHO20 COCMOSHUA
9NeMEHMO8 OYPUILHOU KOOHHbL, pabomalowjux 6 yciosusax eubpayuonnoi Hazpysku. C yeivlo nposepru npeonoiceH-
HbIX 3G6UCUMOCIIEL 8 COOMBEMCMBYIOWel NOCIE008AMENbHOCHIU NPOBEOCHbI IKCNEPUMEHMALbHbLE UCCLe008AHUS 8
CMEHO0BbIX YCTOBUSIX.

KiroueBblie croBa: OypuiibHasi KOJIOHHA, KoieOaHus1, BUOpaLysi, HATPSHKCHHUE.

In the course of the operation, static and dynaloégls, including the vibratory loads are applied ardrill
string and a rock-destruction tool. On the basislaxfgterm operating experience of drill columns, theima
and experimental researches, it was proved thatrdetson of constructive elements of a drill columnder th
influence of a vibratory load is of fatigue natuiecause of this, there is amgent problem to define the stres
which arise in the elements of a drill column dagrits vibration. The adguate evaluation of the maximum pes
stresses will give the chance to forecast the domeref resonant modes, drilling tool operation irhieh is
impossible.

In the article the basic analytical dependencestii@r evaluation of a singlaxle stressed state of the elem
of a drill column that work in the condition of abxatory load are offered. In order to check thefeoéc
dependences in the respective succession, expéaimesearches in test bed conditions are held.

Keywords: drill string, oscillating motion, vibrati, stress.

Beryn 30ypenb. CpudHATTS OypUIBHUM 1HCTPYMEHTOM
BypwibHUI 1HCTpYMEHT 3mIHCHIOE CKIIamHI  CHJIOBOTO 30ypeHHs, IO BUKIIMKAE BiOparllii, xapa-
KOJIMBAJILHI PyXW MiJ JIi€I0 BUMAJAKOBHX CHJIOBHX KTEPHU3YEThCS HOTO BiOPOHABAHTAXKEHICTIO, Tapa-
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MeTpaMH SIKO1 € BiOpONpHUIIBUAIICHHS, BiOpPOIIBU-
JKICTh Ta BiOpomepeminieHHs. Peakuis OypuibHOT
KOJIOHU HA BILUIMBH, 3yMOBJICHI BUIIAJKOBUMH 30Y-
PeHHSMY | B16paH1}IMI/I OLIHIOETBCS B 3aJIEKHOCTI
Bil iXHBOIi IHTEHCHBHOCTi, YaCTOTH, HANPAMKY i
qacy. BiOpamii BHGHOTO JIBUTYHA 1 OypUIBbHOL
KOJIOHH, IO 30yAXKYIOTBCSl IIAPOIIKOBUM JOJO-
TOM, CTBODIOIOTH JMUHAMIYHI CHJIM, IO ITiBUIILY-
I0Th IHTEHCHBHICTb PYHHYBaHHS MOPOIH, ane Of-
HOYAaCHO 3MEHINYIOTh MIIHICTh 1 JOBTOBIYHICTB
€JIEMEHTIB OypHJIBHOI KOJOHH, IIAPOIIKOBHX IO-
JIT, TPHUCKOPIOIOTH CHpALIOBaHHA 1 pyHHYBaHHS
BUOIMHMX ABUT'YHIB MpH OypiHHI TypOo- Ta eleKT-
poOypoM; 3MEHIIYIOTh BEJIMYUHY MOMEHTY, Iepe-
TaHOTO OYPHIIBHOIO KOJIOHOIO TIPH POTOPHOMY OY-
piHHI, TOOTO 3HIKYIOTH ii EHEPrompOBiIHICTE;
CHPHAIOTH YTBOPEHHIO B CTOBOYpI CBEPUIOBUHH
KaBepH 1 K01I000MoAIOHMX BUPOOIIEHD, WO TIPH-
3BOJIUTB JI0 MOTIPIICHHS MMOKA3HUKIB OYpiHHS.

AHaJi3 cy4acHMX 3aKOPAOHHMX i BiT4M3-
HSIHUX JIOCJIizKeHb i myOJrikanii

PesynpTaramMm  TEOpPETHUHHX  JOCHTIIKEHB
[1, 2, 3, 4]BcTaHOBIEHO, IO YMOBOIO BUHUKHEHHS
MO370BXKHIX aBTOKOJIMBaHb OYPHIILHOTO 1HCTPY-
MEHTY, BHUKIMKAHUX KPYTHJIBHHMH, € PIBHICTb
BJIACHUX YaCTOT Oyb-sIKOi TApMOHIKH KPYTHIBHUX
1 Oyzap-siKoi TapMOHIKM TO3J0BXHIX KOJHBaHb. B
3B’ 13Ky 3 MM MOXKIIMBUM € YaCTKOBE MOJIEIIOBaH-
HSl B CTCHIOBUX yMOBax IPOLECY MO3J0BXKHIX aB-
TOKOJIMBAaHb OYPHJIBHOTO IHCTPYMEHTY 5K MeXaHi-
YHOI CHCTEMH 13 30CEPePKEHHMHU IapaMeTpaMu.
CucreMa mofiOHOrO THITy BIEpILE 3aCTOCOBAHA B
poborax [5, 6] mas BUBYEHHS MO3IOBXKHIX KOJIHM-
BaHb TPHINAPOIIKOBUX IOJIT Ta (OPMyBaHHS He-
piBHMX BHOOIB NP pO30YPIOBaHHI aHI30TPOIHHMX
nopiz.

[lig yac konuBaHb OypWIBHOI KOJNOHM Ha ii
€JIEMEHTH, KPIM CTATHYHOTO HABAHTAXKECHH, [IIOTh
1 IMHAMIYHI HABaHTAXCHHS, 10 € TMPHUYHHOIO I10-
SBU B TIONEPEYHUX Mepepizax 3MIHHUX AMHAMIY-
HUX HanpyxeHb. s BU3HAUEHHS TUHAMIYHOTO
HaBaHTAXXCHHs aBTOPaMU [2] pO3IIITHYTO TpH CXe-
MH XBHJIbOBUX TPOLECIB, IO BUHUKAIOTH B Oypu-
JMIbHIA KOJIOHI NMPH Pi3HUX XapakTepax CHI ONopy
pyxy Ta ix mexaHiuHi ananoru. B poGorax [7, 8]
aBTOpPaMH JIOCIIKCHO IUHAMIYHI PEKUMH KOJIU-
BaJIbHOI CUCTeMH ~OypHibHa KOJIOHA — JOJIOTO —
BHOIi” Ha OCHOBI MaTeMaTHYHHUX MOJEINeH IM03/10-
BXKHIX KOJIMBaHb NpH OYpiHHI TPHUIIAPOIIKOBUMH
JOJIOTaMH.

Ha ocHoBi ananisy BiiMOB OYpHJIBHUX KOJIOH,
o BiAOyBaOThCs BHACHINOK Bibpauii [9, 10], Bu-
TUTHBAE, IO HaiOlnpIIa 4YacTKa TaKUX BiJMOB
NIOB' s3aHa 3 OCJIA0JEHHAM Ta PYHHYBaHHSAM Pi3b-
0oBux 3'e€aHaHb. BTOMHE pyiiHYBaHHS 3aMKOBHX
pi3b00BUX 3’€lHAHb OYPUIBHUX KOJIOH B YMOBAax
IHTCHCUBHHX BiOpamii, SIK IpaBUIIo, BigOyBaeThCs
B enmementax KHBK min miero ammumtyn Hampy-
JK€Hb, OJTM3BKUX JI0 TPAHUIl BUTPUBAIOCTI.

BucsiTiieHHss mpo0seMH i OCHOBHI pe3yJib-
TATH JOCTiIKEeHD

Binomo [1 - 4], mo Haii6inbul eHeproeMHi mpu
pOTOPHOMY OypiHHI IHTCHCHBHI IIO3/I0BXHI KOJIH-
BaHHs OypHJIBHOTO iHCTPYMEHTY € NPUYMHOIO BU-

HUKHCHHS BUTIQJIKOBHX JWHAMIYHHX HANpPyKCHb B
enreMentax KHBK. 3aBmaHHAM CTEHIOBHX IOCII-
JoKeHb OyJO0 BU3HAYEHHS TAKMX HAlPYKEHb B
YMOBax IHTEHCHUBHHUX BiOpaliii Ta JXOCHIIKCHHS
3aJICKHOCTI MK IIMMHU HaIpyKCHHAMH Ta BIOpo-
MIBUAKICTIO KOJIMBAHb.

3 mi€r0 METO IS MPOBEACHHS EKCIIEPUMCH-
Ty BUKOpPHCTaHO OypoBuii cteHn (puc. 1), Bukona-
Hui Ha Ga3i 6ypoBoro Bepcrata CBA-500 3 taku-
MH OCHOBHHMH TEXHIYHUMH XapaKTCPUCTHKAMU:

— OChLOBE HaBaHTAXKEHHS Ha  JOJIOTO.
0...42kH;

— vacrora oOepranHs mmuHmens: 82, 131,
188, 285, 470, 6800/xs;

— BUTpara npoMuBHoi pigunu: 0...7 1/c.

1 —enexmpoosucyn; 2 —xkopodxa nepeoau,
3 —2iopoyunindpu 0t NIOUMANHSL MA ONYCKAHHS
OypunvHoeo incmpymenmy; 4 —obepmavu;
5 —wnundenv obepmaua,
6 —O6ypunbruil incmpymenm

Pucynok 1 —3aranbHuii BUTJIAA
oypoBoro crenga CBA-500

ExcriepuMeHT npoBOAMBCS 3 BUKOPUCTAHHAM
OypHJIBHOTO I1HCTPYMEHTY JBOX KOMIIOHOBOK.
Kommnonoska Nel (puc. 2): nonoro 111-190,5MC-
'HR64 @aBanTaxenus na gonoro 11-20tc, vac-
ToTa obepranns 80-40000/x8, maca 30kr, cepen-
HS KUTBKICTH 3yOlLiB Ha HepmbepMHOMy BiHII IIa-

powku Zz,, =18; kinbkicTs wapomwok m=3);

OBbT-146 norxunoro 1M, macoro 102kr; mepeBia-
HUK Macoro 12kr. KommonoBka Ne2 (puc. 3):
nonoro 111-112 C-1IB (naBaHTa)KeHHS Ha JOJIOTO
5 ¢, wactora obepranus 80-40006/xB, maca 5kr,
cepemHs KUTBKICTh 3yOITiB Ha iepudepiifHOMY BiHIII
Wapowku Z,, =14; kinbkicts mwapomwok m=3);

CbT-89 nosxunoro 1M, macoro 18kr; mepeBiTHUK
Macoro 8 kr.
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1 —yemenmuuii kaminw;
2 —ooaomo 111-190,5MC-I' HR64;
3 —yenmpyroua nauma; 4 —mpyoba OFT-146;
5 —nepesionux

PucyHok 2 —3arajibHuii BUTJISI
OypHJIbLHOrO iHCTPYMEHTY CTeHIa

1 —0oromo; 2 —Hadooromuuil NEPEiOHUK;
3 —gempnioe; 4 —Oypunrbna mpybda 3i 6cmanos-
JeHuMu dasavamu; 5 —yenmpyioua niumad,
6 —yemenmuuii Kamin

Pucynok 3 —KoMnoHoBka GypuabHOro incrpy-
MEHTY AJIsl 10CJIizKeHHsI 0CbOBOI BiOpairii Ta
0ChOBOT0 HABAHTAKEHHSI

B xoni ekcrnepuMeHTy MmiJ Ji€F0 CTaTUYHOTO
HaBaHTaxeHHs Ha ponoto P, =30 xkH po30ypro-
BaBCSl LITYYHUH BUOIH — LIEMEHTHUH KaMiHb PO3-
mipom 1x1x0,5m. IIpomuBaHHs 10710Ta Bix BHOY-
PEHOT TTOPOJIH TPOBOIHUIIOCH 33 JI0TIOMOT 00 Hacoca
CBH-25/20 @iomaua — 25wm 3Iron, Hamip — 20w,
MOTYXHicTh — 4KkBT, yacrora oOepTaHHs BaJia Ha-
coca — 150006/xB).

Jlnst po3poOku Moenti MO30BKHIX KOJMBAaHb
OypuiIBHOTO iHCTpyMeHTy creHma (puc. 2) mpu-
HMaeMo JedKi NPUIYHMIEHHA: MacH J0JI0Ta My 1
TpyOH M, — TOYKOBI; pi3b0OO0BI 3’ €THAHHS CHCTEMH
" 10J0TO — OypHIIbHA TPyOa — MepeBimHUK” Moje-
JFOEMO TIPYKHO-IEMII(PEPHUMHU eJIeMEHTaMH 3 KO-
pcerkoctamu Ky 1 K, Ta xoedinienramu nemmngy-
BaHHA Oy 1 Q5. Jlepopmauiero Tin, MacaMu mpy-
XKUH 1 JeMiepiB, a TAKOXK 3MIHOIO eHeprii Komiu-
BaJIbHOT CUCTEMH Ta JIi€I0 BUINITOBXYBAJIBHOI CHITH
MPOMHMBAIBHOI PIAMHU HEXTyeMoO. Taki mpwHIry-
MIEHHSI € 3pYYHUMH JUIS OUTBIIOI MPOCTOTH JOCIHi-
JOKCHHS KOJIUBaHb CUCTEMU.

Toni konmMBaNbHA CHCTEMa if€alli3yeThCs 10
KOHCEPBAaTUBHOI, 1 ii pyx MOXHa onmcatn audepe-
HUianbHUMK piBHAHHAME Jlarpamka 210 pony i3
YaCTKOBMMHM TIOXifHUMA [11]. Kinermany enepriio
MeXaHiqHOT cuctemH Tin (puc. 4), 1o 3A1HCHIOITh
3BOPOTHO-TIOCTYNANIbHI PYXH, MOJIAMO CYMOIO Ki-
HETUIHUX SHEPTiH TIJT CHCTEMHU:

A V.2
T:mlzl +m222 (1)

ae Vi =X%; V, =X, — HBUAKOCTI KOJIUBAaHb Til
CHCTEMH.
[NoTeHmianpHy €HEPrit0 CHCTEMHU IMOJaMO CY-

MOIO TMOTEHIIABHOI €Heprii CUJI Baru 1 MOTEHIIia-
JILHOI €Heprii IBOX MPYKHH:

2 2
7= k(X2 — %) + KaXa _
2 2 ()
= (myg + ke ) % = (Mpg = ki —KoAz ) X,
ne Ay,A, —cratnuni nedopmanii mpyxuH.
Jlns moTeHIianbHOT KOHCEPBATHBHOI CHCTEMH
B TI0JIOKEHH1 PIBHOBAru mpu X; = X, =0 moBuHHI
BHKOHYBATHCh HACTYITHI YMOBH:

arr

= 0’
axl x1=0
67]7 - 0
0X, 1220 '
TOOTO
gn =(myg +k4) =0,
o @)

o7

P =(ng_k1/11_k2/12)=0-

6x2 x2=0

Tomi moTeHIiaIbHA CHEPTist CHCTEMU:
I = kl(XZ - X1)2 + k2X§ ) (4)
2 2
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NI
1 —o0onomo; 2 —mpyba OBFT-146; 3 —nepesionux
ona 3’ eonanmua 3 wnunoeaem obepmaua; 4 —euoiti,
My i My, —maca donoma i mpyou 8i0no6ioHo;
Xl Xo —3Miwenns donoma i mpyou 8ionogiono,
ki i Ky —orcopemrocmi pizb6osux 3’ eOnanv,
Qq i ao—Koeghiyienmu demnghyeanns pizbbosux
3' eonany

Pucynok 4 — /lunamiuHa Moej b OypUJIbHOTO
IHCTpyMeHTy cTeHaa

Hudepenuianeui piBHsHHA Jlarpamka 20
poxy HaOyIyTb BUIIIAY:

d(oT) oT _ o
dt(ale 67)(1 6X1 Q1 Qs
(5)
dfor,)_or __on_
dtlox, ) ox, ox, 2

Y3aranpHEHI CHJIH, IO JIIOTh HA MEXaHIIHY
CHCTEMY:

Q= P(t) —30yproo4a cuia;

Q ?al(xz - Xl) Q. :_afz(Xz %) - -
CHIIATHBHI CHJIH, IO JIFOTh Ha Tima cuctemu 1i 2

BIJIIIOBI1AHO.
[IpoBeneMo HACTYITHI TEPETBOPCHHS:

oT _ od(oT ) _ 0T _ 0T _
T_mlxli ol Ao [T MXyy =0;
Xq dt| 0%, axl 6x2
oIl
— ==k - %)
kol )
al:m X5 g al =MHXH |
ax, 22 dtlox, ) ¥
o7
VR —kyxq + (kg + Kz )%,
X5

3 ypaxysannsm Bupasis (1) — (4)ra mposese-
HUX TIEPETBOPEHb CHCTEMY PiBHSHB (S) 3aNUIIEMO
B TAKOMY BUIJISL

My + kX = KXo = ay (%,
(6)
MyXy = KyXy +a5(%, = %)+ (ky + Ky )x, =0,
OCKiNbKM YacTOTa BJIACHUX KOJHMBAaHb TAKOl
cUCTeMH Oyne OBOJII Majiolo, TO 3araJlbHAM
po3B’si3koM cucteMu (6) MOXEMO 3HEXTYBATH.
Braxatouun, mo KoJIMBaHHSA OYpPHIBHOTO I1HCTPY-
MeHTy OynyTh BiZOyBaTHCs 3 SIBHO BHUPaKECHOIO
nepiomanoio ckiagosoio P(t)= Psin(27#t), wacr-
KOBHI1 po3B’ 130K crcTeMu (6) MOXKHA TIOATH TakK:
x = Asin(27ft),
ne A, f — BiINOBIZHO aMIUTITYAa Ta YacToTa
BUMYIIICHUX KOJIUBAHb.
[poriec TBOXKOMIOHEHTHOT'O HaBaHTaKyBaH-
HA OypHJIBEHOTO 1HCTPYMEHTY MOXHa OXapaKTepH-
3yBaTd JIBOMa CKJIaJJOBUMH HAaBaHTa)KEHHS Ha JO-
70TO: 3yOKOBOI, yactota f, 3MiHM SIKOI BiINOBinaE
Y4acTOTI MPOHUKHEHHS 3yOIliB MIAPOIIOK J0J0Ta B
HOpOJIy, IPyHTOBOI, 4yacTota f, 3MiHH siKOT Biamo-
BiJIa€ YaCTOTI KOJIMBAHHS JOJIOTA TPH IMEPEKOTY-
BaHHI Mo HepiBHOMY BHOOr0. 3rigHo [5, 6, 7]3y-
OKOBY Ta IPYHTOBY YaCTOTH BUMYLICHUX KOJIMBAHb
OypHJIBHOTO iHCTPYMEHTY MOXHA BU3HAYUTH 3a
dhopmynamMu BiTOBITHO:

(n, [D
=" A2 (7)
6Cd
kim[n
f :717’ 8
- &0 (8)

ne  Z, — CepefHe 4YMCIo 3yOLiB Ha mepudepii-
HOMY BiHII IIAPOIIKH,;

D — nmiameTp nonora;

d — miametp meprdepitHOTO BIHIT MIAPOLIKH
(D/d =16);

nﬂ —4YacToTa 06epTaHH}I J0JI0Ta,

k=123,... —kpatHicTh uncna “sMok” Ha BU-
00i BIJIHOCHO YKCJIa IIAPOIIOK J0J0Ta, 32 MaKCH-
MaJbHUX aMIUTITY[ KOJWBAHHA MPUHAMAETHCS
k=1;

M — YKCJIO MIAPOIIOK I0JIOTA.

Jns momaneIux AOCTIKEHb aMILIITyIy TO-
3J0BXKHIX 3yOKOBUX BiOpauiii monora A, mpu me-
PEKOYYBaHHI MIAPOMIOK MO a0COIOTHO TBEPAOMY
BUOOIO 3TifHO [7], TEOPETHYHO MOXKHA OI[IHUTH
TaKUM YHHOM:

A =d Sinz(ﬂj = (7_7]2 R =
7 2z z) 64

_( 3;L4J2 01905
18 6,4

OCKUTbKM TIEMEHTHHH KaMiHb € TBEpIOI0
NIOPOJIOK0, KEPYIOUHCh PEKOMEHIALIAMH [1,05, 7]
aMILTITYy IPYHTOBHX KOJIMBaHb MOYKHA NPUHHATH
A <3mm.

IIpuiimMatoun TIEpeMIIICHAS EJEMEHTIB KOM-
MOHOBKM OJJHAKOBUMH, TOOTO X; =X, =X Oirap-
MOHIYHHMI TIpOIEC JBOKOMIIOHEHTHOTO HaBaHTa-

()
=0,00091m .

10 )
10 )
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JKYBaHHs OYPHJIBHOTO IHCTPYMEHTY 3 JOCTaTHBOIO
TOYHICTIO MO>KHA ONMCATH (DYHKILIEIO IIePEMIIICHHS:

x= A, Gin(27f t)+ A, Tsin(27£,1).  (10)
Iudepentitoroun 3anexHicTs (10) 3a gacom,
oTpUMyeMO (YHKITIIO MIBUIAKOCTI MO3MOBXKHIX KO-
JIMBaHb:
x=V = 11
=27({A, [F, [cod27f t)+ A, [F, [Eod27f t)) @D
V BUNAJKY JOCSTHEHHS MaKCHMAJIbHOI IIBHI-
KOCTI KOJIMBAaHB, TOOTO npu YMOBI
cod27f t) = cod27f t) =1 3 BpaxyBanmam 3anex-
Hocreii (7) ta (8)i3 (11) 0TpHMyeM0:

mn
Viax == (A QLP +A k Em] (12)
30 d

Ha ocHOBi TeopeTHYHUX JOCIHI[KECHb, MMPOBE-
neHuMu B [12], BcTaHOBNIEHO, IO OCHOBE CEpeli-
HbOKBAJpaTHYHE HAMPYXKCHHS y IPYKHOMY elle-
MEHTI TIPSMOIIPOTIOPIIiiHE CepeIHbOKBAAPATHIHIN
BiJTHOCHIW BiOpPOIIBUIKOCTI €IEMEHTa 1 HE 3aie-
JKUTh BiJl KOHCTPYKIIT MPYKHOTO EIeMEHTA!

~\PE Ny,

ocCp
e 0 —TyCTHHa Matepiany OypuiIbHUX TPYO;

E — momyns mpyxHOCTI MaTtepiary OypHiIhb-
HUX TPYO;

Vep — CEpEAHBOKBAJAPATHYHE 3HAYCHHS Bil-

HOCHO{ BiOpOIIIBHAKOCTI.

JI1st OIiHKHA MIITHOCTI Ta JAOBTOBIYHOCTI KpiM
CEPEeHBOKBAIPATHYHNX BAXKIMBUMU € MaKCHMa-
JIBHI HaMpy)XeHHsl, ski 3rigHo [12] MoxHa BH3HA-
YUTH HACTYITHUM YHHOM:

O-OC max = Y\ IOE wmaxv (13)
ne  Vpax — MakcuMmajgbHa aMIUITYAa BiJHOCHOI
BiOpOIIBUIKOCTI;

A — xoedinienT, sKuii BpaxoBye pPO3MOIiN
aMILTITY HampyXeHb 1 BiAHOCHUX BiOpOIMIBUIKOC-
Teil 1Mo 00’ eMy NpYXKHOTO eleMeHTa (11 TpyOyac-
TOro mepepizy crpmwkas A=141).

IMigcrasusmu (12) v (13), MakcuManbHi au-
HaMiuHI HamNpyXEHHS B €JEMEHTax OYpHJILHOTO
IHCTpYMEHTY BiJ Iil BUNaJAKOBUX BiOpaumiiHUX Ha-
BaHT@XCHb TMOJaMO SK (YHKII0O 9acTOTH obep-
TaHHSA J0JIOTA:

"Na ) 14
O-,Hmax_?’o( cpd+Ae[k|]nj |}\( )

Jms  mepeBipKH  TOCTOBIPHOCTI 3aJI€KHOCTI
(14) mpoBemeHO MOCITIIKEHHS OIHOBICHOIO Ha-
NpPY>KEHOTO CTaHy OYpWJIBHOTO I1HCTPYMEHTY 3
KOMITOHOBKOIO Ne2, 300paxkeHOi Ha PHCYHKY 3.
s BUMiprOBaHHSI OCHOBOTO HaBaHTA)KEHHSI BHKO-
puctoByBasnich TeH3zomaadi tumy 2[IKb-1000b 3
TaKUMH XapakTtepucTukamu. omip - 198,00-
198,490mM, EPC - me Oinbme +3000MxB/M, cuna
CTpyMy - He Oinbiie 22 MA. TeH3oaaBadi HaKIIEIO-
BaJIMCh Ha 30BHIIIHIO CTOPOHY OYPHIIbHOI TpyOH.
Ilin mier0 OCbOBOrO HaBaHTaKEHHS aedopMaltis
TEH30/IaBavuiB 3yMOBIIIOBAJIa 3MiHY HAINPYTH, SKa y
BUTJISIII  aHAJIOTOBOTO CHTHAlly —peecTpyBajiacs
nputagom WUJL-1. Bibpamito peectpyBanu akce-
nepomerpom AHC-15. Peectpartiss ochoBOTO HaBa-

HTaXEHHs Ta BiOpamii MpoBOAMIACh KOPOTKUMH
intepsanamu 110 4 ¢ (puc. 5, puc. 6). IIpu 06podui
JIaHUX BUMIPIOBaHHS Kpim nikoBux 3HaueHb (ITIK)
BU3HAYAINCh 1 CEPeAHBOKBAAPATHYHI 3HAYCHHS
(CK3) manux, siki BpaxOBYIOTb BHITQJKOBHH pO3-
BUTOK BHCOKOYAaCTOTHHMX KOJHBaHb. llemMeHTHMIA
KaMiHb PO30ypIoBaBcs MiJl Ji€I0 CTATUYHOTO OChO-
Boro HaBaHTaxeHHI Pr =30kxH nHa 4voTupbOx

mepeaadax, Mo BiAIMOBIAAIOTh YacTOTaM obepTaH-
ust gosora 82, 131, 188 28506/x8. Ha 1’ sitiii Ta
IIOCTiH Tepenadax, IO BiJMOBIIAIOTh BEITUKAM
gactoTaM obepranHs nonora 4701 680006/xB exc-
MIEPUMEHT HE TPOBOJUBCSA 3 NBOX mpuuuH. [lo-
nepiie, 3 METOI HEJIOMYIICHHSI MOXKIIHBOI BiJgMO-
BU JIOJIOTA, OCKIIBKM PEKOMEHI0OBaHA MaKCHMallb-
Ha yacrtora iforo ooepranns craHoBUTh 400 00/xB.
[o-npyre, npu BUCOKMX YacTOTax obepranHs Oy-
PWIBHOTO IHCTPYMEHTY I1i/l HABAHTAKEHHAM CIIO-
cTepiranucs pe3oHaHCHI BiOparlii By3ia it CTBO-
peHHs HaBaHTaXeHb. Tomy mus wactor 470 i
680006/XxB BeTMUHWHA OCHOBOTO HABAHTAKCHHS Ta
HANPY>KEHHS BU3HAYAIIUCS TEOPETUIHO.
BumiproBaHHs eKCIEpUMEHTAFHUX JaHUX 3
BUKOPUCTAHHIM BKa3aHUX JaBadiB MPOBOJHUIOCS y
BIJIMTOBITHOCT] 13 TIOJIOXKCHHSAMH, HABEIACHUMH Y
[13]. 3a oTpuUMaHUMH EKCICPUMCHTAILHUMHU Ja-
HUMH JIMHAMIYHI HalPy»XCHHS Ta OChOBa JMHAMIYHA

cuna Py Bu3Hauanuck 3a GopMysamMu BiflOBiHO!
(15)
(16)

Oy =€ E;
Pr=0,F,
£ —BigHOCHA nedopmarlis;
F — moma momepedHoro nepepizy Oypuiib-

HOI KOJIOHH.
MaxkcuManbHl 3HAQUEHHS JOUHAMIYHOI CHIHA

P/ max BH3HAYaIMCA 32 MaKCUMaJbHUMH Hampy-

Jc

KEHHAMH O j oy, 3HAUCHHS SKUX HaBEJEHI B Ta0-

jmrd 1.

JIst KiTbKIiCHOT OIIHKHM aMILTITYZ HalpyXeHb
3 BpaxyBaHHAM pekomeHmamiii [14] mpoeneno
CreKTpaibHy 00poOKy BiOpocurHamiB (puc. 5 Ta
puc. 6). Taka npouenypa BKiIodasia B cebe BUKO-
HaHHS HACTYIHMX €TaliB. PO3paxyHOK iHQopma-
THUBHMX YaCTOT, iX TapMOHIK Ta cybrapmoHik (Kpa-
taux 1/2, 1/3uacrotn obepraHHs qoj0Ta) i (op-
MYBaHHs 3 HUX MHOXXHHH; OOYHCICHHS CHEKTpa
BIOpOCHTHAITY 3 JONOMOIOK MPSIMOTO JIUCKPETHO-
ro neperBopenHs Dyp'e; 0OUMCICHHS AMILTITYH
CIIEKTpa; BUAUICHHS 31 CIIEKTpa CTPOTHX MAaKCH-
MYMIB; BHOIp 13 criekTpa iHGOPMATUBHUX YaCTOT 3
HEHYJIbOBOIO aMIUTITYJ0I0; aHali3 aMIUIiTyd Ta
4acTOT CIEKTpa.

Ha rpagikax, 300pakeHnX Ha PUCYHKY 7, TO-
YKaMM BKa3aHO HANPYXXEHHS, OTPHMAaHI eKCIepu-
MeHTanbHUM nuisxoM (hopmynaa 14), myHKTHpOM
BKA3aHO HANpYXEHHs, OTPHMaHi aHANITHYHO 32
¢dopmynoro (14). Sk BuaHO 3 MOOYHOBaHUX rpadi-
KiB (puc. 7), 3HAUCHHs JMHAMIYHUX HAIPYKCHb,
OTPUMAaHUX Il Yac EKCIEPHMEHTY J[BOMa CIIOCO-
06aMH, TPaKTHUYHO CIIBIAAAIOTH (BiIXMIECHHS Me-
He 10 %). Jlanuii (axT miaTBEepIUKye aaeKBaT-
HicTh 3anmexHocteit (14) i (15) ta BiAMOBIAHICTS
pe3ybTaTiB, OTPUMAHUX EKCIEPHUMEHTAJIbHO Ta
TEOPETHYHO 32 JAHUMH HaTypHOTO €KCIICPUMEHTY.
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Pucynok 7 —I'padiuni 3aiexxHocTi cepeTHLOKBaIpaTHYHNX (2) Ta mikoBuX (0) 3HAYEeHb
AMHAMIYHMX HANpPYy:KeHb BiJ BiOpomBUI0CTI

Ta6auns 1 —Pe3yabTaTn eKCIIEPUMEHTAJBHUX AOCTIZKEHb 3J1€5KHOCTI Mi’K HANPY:KEeHHSIMU Ta

0CbOBOI0 BiOpOIMIBHAKICTIO OypPHJIBHOIO IHCTPYMEHTY CTEHAA

Ha3pa mapamerpa 1 5 :I;Iepe[[aqa 7 5 6
YacToTa 0o0epTaHHs A0J10Ta, 00/XB 82 131 188 285 470 680
- Juuamiuna cuna, kH 34,8 55,6 79,8 120,8 199,6 288,
(M) Bi6pomBuakicts, M/c 0,143 0,228 0,327 0,496 0,819 1,18
Junamiuni Hanpysxeus, MITa 10,5 16,8 24,1 36,5 60,3 87,2
o Junamiuna cumna, kH 61,6 84,0 103,6 236,9 305,8 449,
= BibpomBuakicTs, M/c 0,253 0,346 0,426 0,809 1,514 2,25
Junamiuni Hanpyxenns, MIla 18,6 25,4 31,3 71,6 92,4 135,

)
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BucnoBku

Ilpu pocnmimkeHHI OWHAMIKH OyPHIBHOTO
IHCTPYMEHTY BCTaHOBIICHO B33a€MO3B'SI30K MiX
JVHAMIYHAMH HANpYXXEHHAMH, [0 BHHUKAIOTH B
nepepizax MOro ejIeMeHTiB, Ta MIBHIKICTIO HOTO
KOJINBaHb. 3allpOTIOHOBAHO AaHAJITUYHY 3aJexkK-
HICThb M)XK HaNpy>KEHHSM Ta MapameTpaMu BiOpaii
€JIEMEHTIB OypHIILHOT KOJIOHH, SIKY IiITBEPIKEHO
TEOPETHKO-CKCIIEPUMEHTATIbHUMHI  JTOCHIIPKCHHS-
MU, po301’KHICTh MK SIKUMH CTAaHOBUTH HE OinbLIe
10 %.3anpornoHoBaHy 3aJ€KHICTh B MOJAIBIIOMY
MOYKHa 3aCTOCOBYBATH JUIsl BU3HAYEHHS! MaKCHMa-
JTHEHUX 3HAYCHb HANpYKeHb Ta 3a0e3medcHHs 0e3-
aBapiHOTO TMpoIecy poOoTH OYPHILHOTO 1HCTPY-
MEHTY B YMOBaX BiOpallifHOr0 HaBaHTa)XyBaHHs. 3
IHIIOr0 OOKY, MpaBHJIbHA OIliHKA MaKCHMAaJbHUX
MiKOBHUX HaNpyXeHb JaCTh MOXKJIMBICTH MPOTHO3Y-
BaTH TIOSIBY PE30HAHCHHUX PEKUMIB, EKCILTyaTaIlis
OypHIBHOTO 1HCTPYMEHTY Ha SKHX € HETPUITYCTH-
MOIO.
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