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Po3riisiHyTO B3a€MOJIONOBHIOBAJIbHI CMOCOOM MiABUIEHHS CTIHKOCTI eJeKTPOHHHX
amapariB (EA) mo naii ymapiB Ta BiOpamiii, siki 3a MexaHiYHMX BIUIMBIB € OCHOBHMMH
aectadimisyrounvu  ¢axkropamu. B pasi mexaniunux ynapiB iHepuiliHe mnepeBaHTa)KeHHA
CTaHOBMTH 5..15 oqunuub. Y 0ararb0X BUNAAKaX BEPXHS I'PAHHMLS €HEPreTHYHOIO CIeKTpa
npuckopens pocsirae 50..150 m/c®. ITix yac ynapis i Biopauiii B exementax EA i, nepenycim, y
KOHTAKTAX BHHHUKAKOTh HE3BOPOTHI 3MiHH, fAKi 3aKiHUylOTbcA PpyiHHYBaHHAM. OcKiIbKH
NOBHICTI0O MO30yTHCh BIJIMBY MeXaHiYHMX JAecTalimisyroumx ¢(axTopiB He BIAETHCSH, TO
HeoOXiTHO MpUiiMaTH pilleHHs NP0 MOKJIMBICTh MiIBUIEHHS CTIHKOCTI eJIeKTPOHHHUX 3ac00iB.
KomnuexcHmii migxin o3Hayae oJHOYACHe 3aCTOCYBAHHA [IeKiIbKOX BiToMUX 3aco0iB
nigBuienHs criikocti EA 1o ynapiB Ta BiOpauniii. JocaigxenHss moka3zanm, mo camMe Takuii
miaxin qae Haiikpaui pe3yjabTaTu.

Kuiouogi cioBa: BiOpauisi, ynap, amoptusartop, JeMindepHa Npokjaaaka, OypoBa KoJIOHA,
iHepuiliHe MepeBaHTaKeHHs, eHEPreTHYHMI CIIEKTP, eJIeKTPOHHA anapartypa.
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COMPLEX APPROACH FOR IMPROVEMENT STABILITY OF
ELECTRONIC DEVICESTO MECHANICAL DESTABILIZING FACTORS
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The paper considers complex ways to improve the stability of electronic devices (ED) to
shocks and vibrations, which are the main destabilizing factors among mechanical effects. In
mechanical shock, the inertial overload may reach up to 5..15 units. In many situations, the
upper limit of the energy spectrum of acceleration reaches 50..150 m/s’. Such large inertial
overload very quickly (in tens or hundreds of beats) causes the destruction of regular ED.
Vibrations are general companion of shocks, or may be generated by regular sources, like
propellers, moving vehicles or various motor devices - electrical, mechanical or internal
combustion engine.

I'n the presence of shocks and vibrations, in the elements of ED and, most of all, in their
contacts appears irreversible changes that finally lead to the destruction. Engineers aretrying
to mitigate the impact of shocks and vibrations. Since the influence of mechanical destabilizing
factors on the ED can not be completely solved, it is necessary to make decision on the
possibility of increasing the stability of electronic devices. Various studies have shown that a
differential approach, that concentrates on the use of only certain types of compensations for
mechanical effects, such as shock absorbers, damper pads, various gels - do not give the
desired results. At-first, they do not eliminate the influence of mechanical factors completely,
and, secondly, they increase the weight and overall indicators of ED. On the contrary, an
integrated complementary approach means the simultaneous use of several known means for
increasing the stability of ED to highly ener getic shocks and vibrations.
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A complex approach means the simultaneous use of several, supported each other,
technical means of increasing the stability of ED to shocks and vibrations. Theregular practice
is following: ready ED are placed on dampers, matched according to their weight, operating
conditions and the nature of mechanical forces, which that reduces the negative effect of
mechanical destabilizing factors. The second set of questions concerns the choice of
components mounting technics. Currently, for the connection of electrical elements most
manufactures use sital, ceramic or polyimide substrates — they have a higher resistance to
shocks and vibrations.

The results of our research shows that: 1. Drilling columns at low frequency has large
amplitude oscillations, and, hence, a wide energy range, which cause rapid destructions,
primarily —electronic tools, and drilling telemetry systems, as well. 2. Wide studies have shown
that only a complementary approach can improve the stability of ED and provide the best
resultsin case of aggressive mechanical destabilizing factors.

Key words: vibration, shock, absorber, damper, damping pad, drilling column, inertial
overload, power spectrum, electronic device.

Beryn. IlepeBiznum EA nuBiiabpHOTO 1, 0COOIHMBO, BIICHKOBOTO Ta KOCMIYHOT'O TIPU3HAYCHHS, & TAKOXK
THM, sIKI BXOAATH JIO0 CKJIaJy OypOBHX CHUCTEM, JTOBOAMTHCS IMpAlllOBATH B YMOBaX [Iii yaapiB BETUYUHOIO
~ 50-150 g 1 BiOpamiit wactororo ~ 1-2000 ', eHepreTHUHMIA CIIEKTP MPUCKOpEHHS skuX csirae 10-20 g
(radm. 1) [1, 2].

Tabnuys 1
YacToTHI Ta eHepreTUYHi XapaKTepuCTHKH Bi0pawiid,
reHepoBaHUX Pi3HUMM TPAHCHOPTHUMHU 3ac00aMu
. BepxHs rpaHuIlst CMYTH 9acToT, BepxHs rpaHHMIlsd eHepreTHYIHOro
TpancnoptHi 3acobu PXH TPAHHIL My PXHA TPAHHLVL CHEp
' CIIEKTPA MPUCKOPEHb, g

ABTOMOOITI, TAHKH, KOpaOIIi 100 5

Jlitaku 300 10

Pakeru 2 000 20

BypoBi konoHu 10 307

* Bucoke 3HaueHHs eHepeemU4H020 CHeKmpa 3a MAloi 4acmomu KOAUBAHb CROYAMKY OMPUMAHO PO3PAXYH-
KOBUM CROCOOOM 3 BUKOPUCMAHHAM MO0 (Pi3uuH020 MAIMHUKA, d Ni3HIUe NIOMEEPONCEHO eKCNEPUMEHMANILHO 3
3acmocyeanHam axceiepomempad. Bono nosicHioembes cneyughikoio npoyecy OypinHs ma 6eIuUKOI0 AMIAIMYOOI0
Koausamus, sika docsieae 109 i binvute.

CtymiHb MeXaHIUYHOIO TIEpEBAHTAKCHHsSI 3a OTpUMaHUX EA TIpUCKOpEeHb a4 MOXHA OIIHUTH
KOeili€EHTOM 1HEPI[IHHOTrO MepEBaHTAKCHHS |, SKUil BU3HAYAETHCS 13 BUpA3Yy:

j=2, (1)
g

Jie¢ g — IPUCKOPEHHS BUTILHOTO A iHHS.
Jlerko 3po3ymity, 1o 3a a~ 50..150 g, sike Bii3HAYAETHCS ITi]] Yac yaapis

a 50..150
» ——— »

g

ToOTo mix yac yaapiB iHEpIiifHE TepeBaHTaKCHHS CTAaHOBUTH S..15 ogunuie. Take Beuke iHepIliiiHe
MepeBaHTaXXCHHS JTy)Ke IBUIKO (32 JIECATKH — COTHI yJapiB) BUKJIMKAE pyliHyBaHHS EA.

5.15. (1a)

V pasi BiOparii, sik BUIHO i3 TaOM. 1, mepeBaHTaKEHHSI MEHIII:

.a 5.20
JZ—))

»0,5..2,0, (16)
ayie, BpaxyBaBIlH, 1110 32 HEMEPEPBHO JiI0YKX BiOpalliii B eleMeHTax BUHUKAIOTh MPYXKHI AedopMartii, siKi

HArpOMaJKYIOUHCh, IMOCTYIIOBO TPaHC(OPMYIOTbCS B IUIACTHYHI, TO MOXKHa 3pOOUTH BHUCHOBOK, IO
BiOpanii Texx CIpUYHHSIOTH pyiiHyBaHHsI EA, X04a He Tak MIBHUJIKO, SIK yIApH.
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OCKINIBKY TiJI Yac TPaHCIOPTYBaHHs, OYpiHHS Ta IHIIMX MOAIOHMX IMPOIECiB MOBHICTIO MO30YTHCH
BIUIMBY MEXaHIYHUX JecTa0umi3ytounx (akTopiB HE BHAEThCA, TO Pecypc iX poOOTH, He3BaKAO4M Ha
BEJIMKY MMO3UTHBHY JTUHAMIKY, BCE XK 3aIMINA€ThCsI HU3bKUM. Lle HaouHo imocTpye Tadm. 2, mobyaoBaHa Ha
OCHOB1 0OpPOOKH CTAaTUCTHYHOTO MaTepialy qeskux OypoBHX KOMITaHiil 3a ocTaHH1 27 POKIB.

Tabauys 2

JAuHamika mo3UTUBHUX 3MiH pecypcy poooTu
OypoBHX TeJleMeTPHUYHUX CHCTEM

Pix Pecypce, I'/B
1985 50
1990 250
1995 600
2000 1000
2010 1600
2012 2000

KomnuexcHuii migxin. Bimomi pi3Hi cIocoOM MiABHUINEHHS CTIHKOCTI €IEKTPOHHHX 3ac00iB [0
yAapiB Ta BiOpailiif, ajie mpoBeneHi AOCTIIKEHHS MMOKa3yIOTh, 10 HAKOLIBIIOr0 e(eKTy IOCAraroTh 3a
KOMIUIEKCHOTO MiaxoAy a0 Iiei mpoOnemu. KoMIIGKCHMM MiAXiA O3HAYa€ OJHOYACHE 3aCTOCYBaHHS
JEKITBKOX BIOMMX 3acoOiB miaBMIIEHHS cTiiikocti EA g0 ymapiB Ta BiOpariiii. Haiiuacrimne roroei EA
CTaBIATh HAa aMOPTHU3ATOPH, MiAIOpaHi BIAMOBIZHO 10 IX Bark, YMOB eKCIUTyaTallli Ta XapakTepy
MEXaHIYHHMX BIUIMBIB, SKi MMOCIA0MAIOTh HETATUBHY A0 MEXaHIYHUX JIeCTa0LTi3younXx (hakTopiB. 3a TAKOro
MiX0My HE PO3B’SI3YEThCs MPoOIeMa KOMIDIEKCHOI MIKpOMiHiaTo3allii, 00 BeTMKOrabapuTHi Ta Baxki EA
MOTPeOYIOTh TAKMX CaMUX BEJIMKOTa0apUTHHUX 1 BAXKKUX aMOPTH3aTOPIB, SIKi 3BOAATH HaHIBEIb 3yCHIUIS 3i
3MEHIIICHHS Baru Ta ra0apuTiB eeKTPOHHUX 3aco0iB. lle Oe3mocepenHbO BHUILIMBAE i3 BUPA3y IS
YKOPCTKOCTI aMopTU3aTOpiB K, Bij sIKOT 3aj1€%KaTh pO3MIpH OCTaHHIX:

k=£’ (2)

Zer
ne P — HaBaHTa)KeHHs1 Ha aMOpTH3aTOpP; Zcr — CTATUYHUHN MPOTWH aMOPTH3aTopA.
Hapanraxennst Ha amoptusatop P Bu3HauaeThest Baroto EA Ppa 1 KUIBKICTIO aMOpPTH3aTOPiB, HA SIKi
BcTanosieno EA n, to0To:
P= Fen . 3)
n
CraTucTHYHHN TIPOTMH aMopTu3aropa Zcy 3aleKUTh BiJ HOro pe3oHAaHCHOI 4YacToTH fo i

BH3HAYAETHCS 32 HOMOI'PAaMOI0, SIKy HaBOJSTH B IOBiqHUKaX. BoHa Mae BUIIISA, 300paXkeHnii Ha puc. 1.

t zer

120
100 ~
80 \
60
40 \
20 \

\ fo, Ty

0 | | | | | | |
15 20 40 10 20 40 60

Puc. 1. 3anesicnicms cmamucmuyno2o npocuny amopmuzamopa
810 11020 Pe30HAHCHOT Yacmomu
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XKoctkicTh amopru3atopa K MO)KHa BHU3HAYUTH TaKOK 32 HOMOTPAMOIO, SIKa TEX HABOIUTHCS B
noBinHukax. Homorpama Bupaxae uis pisHux K 3anexHicTh HaBaHTaxkeHHs P Bix K (puc. 2).

4

12 A

10 A
10

60 100

Puc. 2. 3anesxcnicms scocmxocmi amopmuszamopa K
610 Hasanmaoicennsi P ma pesonancnoi vacmomu fo

Ha Ham momisn, NEpCHeKTHBHUM CHOCOOOM MiABHUINEHHS cTifikocti EA 10 MexaHIYHHMX
nectabinizytounx (GakTopiB € 3MeHIIEeHHS iX Baru Ppa. 3 Bupa3y (2) BUAHO, MO YuM MeHIIa Bara EA, TM
MEHIIIC HaBaHTAKCHHS HAa aMOPTHU3aTOPH P, THM MEHIIOI MOKe OyTH iX JKOPCTKICTh (puc. 2), a OTKe,
MEHIIIOr0 Oyjie iX Bara.

3MmeHiyBatd Bary EA, a oTke, MiABHINYBaTH iX CTIHKICTh IO MEXaHIUYHUX JECTAOLTI3yHOUYHMX
(dakTopiB, MOXKHA BXXE Ha erari po3pOOJIEHHS KOHCTPYKIiH. AHami3 pi3HUX KOHCTPYKIIHHUX pillleHb
MOKa3ye, 110 TEPCIIEKTUBHIMH € TaKi:

1. Hanexxuuit mindip eneMenTHOI 6azu EA.

2. Bubip crioco6iB MOHTaXy eleMeHTHOT 6a3H.

3. Bubip cnioco6iB 3axucty EA Binx Al HABKOJIHUIIHBOTO CEPEIOBHIIIA.

upoxke BukopucTanHs B EA cxeM Ha YHIIOISIpHUX TPaH3UCTOPAX, SIKi MOPIBHIHO 31 cXeMaMH Ha
OIMOSIPHUX TPaH3MCTOpax MAaloTh OUTbIIY WIUIBHICTE KOMIIOHYBAaHHS €JIEMEHTIB 1 BHINUI CTYIiHB
iHTerpanii. BoHM BUKIMKaHI MEHIIMMH, MaiKe Ha MOPSIOK, PO3MipaMH TPAH3UCTOPIB, BIJICYTHICTIO
130JTFOBAJIHUX ~ P-N-TIEPEXOMiB, MOXJIMBICTIO 0€3MOCepeHboro 3°€JJHAHHS KacKaJliB, 3yMOBJICHOTO
BHCOKHMMHU BXITHUMH 1 BUXIJTHUMHU OIIOpAaMH TPaH3UCTOPIB, Ta HASBHICTIO OaraTomapoBoi pO3BOIKH, OJHH
3 mIapiB SIKOT BUKOHAHUH TUQY3IHHIMH TIepeMUYKaMU, IPUIATHUMH ISl MaJlX CTPYMIB, XapaKTepHUX JUIs
YHIMONSAPHUX CTPYKTYD [3].

Bukopucranus B EA Mikpo300poK, BUTOTOBICHUX HA CHTAJOBUX a00 KepaMidHUX MiJKIAJKaX,
K1, 3aB/ISKA 3aCTOCYBaHHIO Y HUX OE3KOPITyCHUX HamiBIpoBimHuKoBHX [C, MaioTh Ha MOPSIOK OLIBIIY
HIUTHHICTH KOMITOHYBAaHHSI €JIEMEHTIB IMOPIBHSIHO 3 aHAJIOraMH, BUKOHAHUMH Ha KopirycHux IC.

3acrocyBanHss B EA IC, 3axuIieHMX IUIaCTMACOBUMH KopIycamu, siki mopiBHsSHO 3 IC,
repMeTe30BaHUMH METaJIeBUMU KOPITyCaMH, MarOTh IPHOIN3HO B 2—3 pa3u MEHIILy Bary.

SAx Bimomo, ckorogHi mopsg 3 IC B EA BHUKOPHCTOBYIOTH MEBHY KUTBKICTh JHCKPETHHX
enekrpopamioesieMeHTiB. OcTaHHI Yepe3 OUIbII 3a iHTErpajbHI €IEMEHTH Barora0apuTHI MOKA3HUKH 1
HEOOXIZHICTh 3aCTOCYBaHHS HM3bKOHAMIMHUX 3BapHHUX, MAasHUX Ta KICEBUX KOHTAKTIB, SKHMMH BOHH
3’€IHYIOTBCS 13 CXEMH, CYTTEBO 3HWKYIOTh CTiliKicTh EA 1o aii MexaHIYHUX AecTabOimi3ylounx (akTopis.
Tomy iX BUKOpHCTaHHS TOBUHHO OyTH OOMEXECHUM.

I ocranHe, MmO CcTOCYEThCSI €NEMEHTHOI 0a3u, e JOIUIBHICT, BUKOpHUCTaHHS B EA QyHKIIHHHX
MPHUCTPOIB (AaKYCTOCNEKTPOHHUX 1 TEPMOEIEKTPOHHUX ENEKTPOPaTi0eNIeMEHTIB), SIKi, Uepe3 BiJICYyTHICTh B
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HUX TPAJUIIMHUX EJEeKTPUYHUX CIEMEHTIB, MalOTh BHUCOKY HAJIIHICTh, a OTXE, BUCOKY CTIMKICTH 10
yAapiB i BiOpartii.

Hpyruii OIOK NMUTaHb CTOCYETHCS BHOOPY CIIOCOOIB MOHTaxy eneMeHTHOI 0a3u. Cporomsi uist
SNEKTPUYHOTO 3’€THAHHS EIEMEHTIB MK COO0I0 BUKOPHCTOBYIOTh IEPEBaXKHO MIKPOIIATH, BUTOTOBIICHI
Ha CITAJIOBHX, KepaMIYHUX MOMIIMITHUX MiAKJIagKaX. 3aBIJKA MCHIIUM BarorabapuTHUM IOKa3HHKaM
MOPIBHSIHO 31 3BUYAHHUMH JPYKOBAaHMMH ITUIATAMH, BHTOTOBJICHHMH Ha TEKCTOJNITOBIM a00 CKIIOTEKCTO-
JITOBIA OCHOBI, a TAKOX IHIIMMHU CIIOCOOAMH HAHECCHHS IMPOBIJIHUKIB (HANMWUJICHHS, BIAIIOBAHHS), BOHH
MalOTh BHIIY CTiMKiCTh J0 yaapiB Ta BiOpamiii. Ha HMX MOHTYIOTH e€leMEHTH 3 KYyJIbKOBHUMH abo
CTOBITYMKOBUMH BHBOJIAMHU METOJIOM TIOBEPXHEBOTO MOHTAXY, SIKHH, Ha BiIMIHY BiJl 00’€MHOTO MOHTaXYy,
MOKHa aBTOMAaTH3yBaTH. AJie B pe3ylbTaTi MOBEPXHEBOTO MOHTAXY B JKOCTKMX BHBOJAX BHHHUKAIOThH
3pi3yroui MEeXaHI4HI HAIPYKEHHs, sIKi 3HWKYIOTh CTIMKICTh KOHTAKTIB JI0 yZapiB Ta BiOpaiiil. Tomy micis
MOHTQXXy HEOOXIJHO 3JIMCHIOBATH BiAmal MIiKpO30OpOK, SIKHUI 3MEHIYe MEXaHIYHI HalpyXeHHS 1 3a
PaxyHOK I[bOT'0 MiIBUIIYE CTIMKICTh KOHTAKTIB JI0 MEXaHIYHUX JecTabiIi3younX (HakTopis.

Bubip Meromy 3’emHaHHS 3aleKUTHh BiJl TOrO, Yd TOKPHTI MPHUIIOEM KOHTAKTHI IUIOMIAJKK abo
XKOCTKI BUBOAU. SIKIIO MOKPHUTI, TO 3aCTOCOBYIOTHh AWKy, a SKIIO HE MOKPHTi, TO TEPMOKOMIpPECIHHY
3BapKy. SIK BiJIOMO, Y 3BapHUX 3’€IHAHb BUIIA MEXaHIYHA MIIHICTh, HDK y MasHUX.

Jnst repmeruzanii Mikpo30OpOK 1 CKIQJHIMIMX CTPYKTYPHUX OJHMHHUIL BHKOPHCTOBYIOTH JIETKi
aMOMiHieBI a00 MarHieBi crijlaBH. BUTOTOBIEHI 3 HUX KOPIYCH MalOTh BHCOKY CTIHKICTh 7O yaapiB Ta
BiOpaniii. MoxJIMBe BUKOPHCTAHHS JUIsl 3aXUCTY JIETKUX TIACTMACOBUX KOPITYCiB, aJie 32 YMOBH HaHECCHHS
MPOMDKHOTO JeMipepHoro MoKpuTTs. [lomepenHs omiHKa MOKa3ye, 10 3aCTOCYBAaHHS IMEPETideHUX BUIIE
3axofiB npuommsHo B 1,5-2,0 pasu minBuiye crilikicte EA 1o ynapis Ta BiOpariii.

BucnoBku. 1. JlochipkeHHsT 13 3acTOCYBaHHAM Mojeni (i3WYHOTO MasTHHUKA TI0Ka3ayu, IO
CHEepPreTUYHHI CIeKTp BiOpalliii 3aJeXHuTh BiJ YaCTOTH ¥ aMIUNITYJW KOJIMBAaHb 1 30UTBIIYEThCS 31
30LIBIICHHSIM OCTaHHIX. 2. BypoBi KOJIOHH 3a MaJiol 4aCTOTH MalOTh BEIHMKY aMILIITYAy KOJMBaHb, a OTXKE,
— HIMPOKUI €HepreTUYHHM CHIEeKTp, AKUM CHpPUYHHSE MIBUAKE PyHWHYBaHHS BCTAaHOBJIEHOI Ha HUX EA.
3. KomrutekcHu#t minxia m0 migBuIeHHs cTiiikocTi EA 10 MexaHIYHUX aecTaOuli3yrounX (hakTopis, KU
nependavae 3MEHIICHHS Barora0apuTHUX IMOKa3HUKIB EA, 3MEHIIEHHS B HUX KUIbKOCTI MOHTaKHUX
3’€JIHaHb 1 3aCTOCYBaHHS aMOPTH3ATOPIB, Aa€ HAMKpAIL pe3yIbTaTH.
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