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VIBRATIONS OF DRIVE SYSTEMS FLEXIBLE ELEMENTS AND METHODS OF DETERMINING THEIR
OPTIMAL NONLINEAR CHARACTERISTICS BASED ON THE LAWS OF MOTION

B. I. Sokil, O. I. Khytriak

A method of solving inverse dynamics problems, which are described by nonlinear partial differential equations is
developed. They contain mixed derivative linear and temporal variables and describe the oscillation in drive system flexible
elements. It is based on the idea of presentation the process in the form of waves of different lengths, but the same frequency and
on the generalizations on the basis of the asymptotic method of nonlinear mechanics to new classes of dynamical systems. This
technique allows to specify the approximation of nonlinear elastic and the dissipation properties of the system, on the assumption
of a given law of variation of the key motion parameters.
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YHIBEPCAJII)HI/II?'!. BUMIPIOBAJIbHUI MOAY.JIb JJIs
HOobYAOBU I MOJAEPHI3ZALII KOHTPOJIbHO-BUMIPIOBAJIbBHUX CUCTEM
BIHCHbKOBO-TEXHIYHUX KOMILJIEKCIB

Buxonana pospobxa mamemamuuno2o, Mempoio2iyHo20, MexXHiYHO20 i aleOpUMMIYHO20 3a0e3neyents Ol
noOy008U YHI6EpCAbHO20 GUMIPIOBANLHO20 MOOYVJS, SIKUU QYHKYIOHYE HA OCHOBI GUKOPUCMAHHS NPUHYUNY
uacoe0eo npeocmasiientss  uMiplosarvHol  iHgopmayii. Ilposedeni OocniodxcenHs NOKA3AMU  NPUOAMHICMb
PO3p00OAEH020 MOOYIS He auuie Oisi N0OYO08U HOBUX 3AC00i6 SUMIDIOGAHb, aie I 0N MOOepHI3ayil 3acmapiiux
BUMIPIOBANILHUX NPUNAOIE T cucmeM. 3acmocy8ants MOOYJIsi 00360JI51€ CYMMEBO 30LIbUIUMU MOYHICMb SUMIDIOGAHD [
3a6a00CMILIKICIG 3 00HOYACHUM 3MEHULEHHAM eHeP2OCHONCUBANHSL.

Knrouosi cnoea: imnyiscni mecmogi cucHaiu, uacoée NpeocmasienHst SUMIPIOSaibHOl TH@opmayii, yaco-
yupposi nepemsoprosayi, MOCMo8a, NOMEHYIOMEMPUYHA BUMIPIOBATIbHA CXEMA.

Beryn CYKYITHOCTI II¢ TIPUBOJHUTH 10 HEOOXiTHOCTI PO3POOKH
HOBUX, OUTBII JJOCKOHAIMX BUMIPIOBAIBHUX IIPUCTPOIB,
OCKIJIbKM ICHYIOUI BXKE HE CHPOMOXKHI 3aJI0BOJBHSTH
BUCYHYTHM 10 HHX BuMoram. OTxe, BHHHKA€ roctpa
morpeba B po3poOIli YHIBEPCAILHOI'O BHMIPIOBAJILHOTO
MOJIYJIsI, SIKUH TO3BOJISIB OM 3 OHOTO OOKY CTBOPIOBATH
Ha HOro OCHOBI HOBI BHMipIOBaJIbHI 3ac00U, a 3 1HIIOTO
— OyB Ou mpumaTHUI Al MOJepHi3alii 3acTapiiux
BUMIpPIOBAIBHUX MPHIAIIB i CUCTEM.

AHani3 ocTaHHIX AoCHiKeHb i myOsikaniii.
BupinieHHro 3a1a4i miIBUIIEHHS] TOYHOCTI BUMIPIOBaHb,
3MEHILECHHSI EHEPrOCIIOKMBAHHS Yy BHMIiPIOBAJIBHUX
KaHajax i MiABUIICHHS 1X 3aBaJOCTIHKOCTI MPUCBIYCHO
yuMano nyomikanid [2-4]. OpmHak JuIIe B OKPEMHX
poborax [4, 5] NMPONOHYIOTHCSA MPUHIIMIIOBO HOBI, IO-
CIpaBXHbOMY  (yHOaMEHTanbHi  MiOXOAHW,  37aTHi
3a0e3MeunTH paarKaibHe MOKPALIeHHS METPOJIOT YHHUX

IocranoBka mpodsemn. CydacHi  3aco0u
KOHTPOJIbHO-BUMIPIOBAIBHOI TEXHIKH Y BiMOBIJHOCTI 3
NPUHOUIAMU  CBOTO (YHKIIOHYBaHHS 0O0OB’S3KOBO
nepen0avyalOTh IMPOBENEHHS BUMIPIOBAaHb 3HAYEHb
pi3HUX (QI3MYHUX BeNWYMH. SIK TpaBWIIO, TPOLENYpH
BUMIDIOBaHb Yy TakWX 3aco0ax TPOBOIIATHCS 3
BUKOPDHCTaHHSIM Yy SIKOCTI HOCIIB BHUMIipIOBaJIbHOL
iHpopMalii  eJIeKTPUYHMX  CHUTHAIIB, OTXKe, 3a
BU3HAYEHHSM II€ € eJIeKTPHYHI BUMiproBaHHs. ChOromHi
y 3B’SI3KY 13 3pOCTaHHIM CKJIQJHOCTI 1 BIAMOBITaJIbHOCTI
TEXHIYHUX CHUCTEM 1 TEXHOJIOTIH, AKi BUKOPUCTOBYIOTHCS
y  BIMICbKOBO-TEXHIUHMX KOMIUIEKCaX, JO 3aco0iB
ENIEKTPUYHHUX BUMIPIOBaHb BHCYBAIOTHCS JYKE JKOPCTKI
BUMOTHY, SIKIi MOTPeOYyIOTh BOAHOYAC 1 CYTTEBOTO
MJABUINEHHS TOYHOCTI, 1 3MEHIIEHHS CIOKHBAHOI
MOTY)KHOCTI, 1 TIOKpallleHHs1 3aBajocriiikocti [1, 2]. Y
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1 eKCIUTyaTalllfHUX XapaKTePHCTHK 3aco0iB BUMIpIO-
BaHb. [lonepenHi JOCIiKEHHS TOKa3aJjIy, 110 Ha OCHOBI
TaKUX TPHUHIHMIIB JOUIIBHO PO3POOUTH yHIBEpCaTbHUIM
BUMIpPIOBAIGHUIA MOAYJb NMPUAATHHN 1O iHTErpaiii B
pi3Hi 3aco0M BUMIpIOBaHb, SIKI BUKOPHUCTOBYIOTHCS Y
BiliICHKOBO-TEXHIYHUX KOMIUIEKCAX, IO IPU3BENE 10 iX
3araJbHOrO MMOKPAIIEHHSI.

IMocranoBka 3agaui. Po3poOurtn yHiBepcanbHUIA
BUMIpPIOBAIEHUN MOAYJIb JUIst TOOYIOBU 1 MOJepHi3allii
KOHTPOJIbHO-BUMIPIOBAJIBHUX ~ CHUCTEM  Bil{CHKOBO-
TEXHIYHMX KOMIUIEKCiB. Po3pobutn Maremartuue,
METPOJIOTIUHE, aJITOPUTMIYHE 1 TEXHIYHE 3a0e3MCUeHHS
JUTS HaJiiiHOTO (PYHKIIIOHYBaHHS JAHOT'O MOYJIS.

Meta gocaimkenHsi. 3a0e3MeUUTH y KOMIUIEKCI
30LJBIIEHAS TOYHOCTI  BUMIpPIOBAaHb,  ITiIBUIICHHS
3aBaJIOCTIKOCTI 1 3MEHIIEHHS EHEpProCIOXHBAaHHS B
KOHTPOJIbHO-BUMIPIOBAJIBHUX CHCTEMax 3a PaxyHOK iX
moOy0BA a00 MOJAEpHi3aIlii Ha OCHOBI BHKOPHCTaHHS
VHIBEpCAJIbHOTO  BUMIPIOBAILHOTO ~ MOAYJS,  SIKHI
(YHKI[IOHYE HAa  OCHOBI  NPHUHIUIIB  YacOBOI'O
TIPE/ICTaBIICHHS] BUMiPIOBaJIBHOI 1HQOpMaii.

Bba3oBi npuHuunm pyHkuionyBaHus i
no0y10BU MOAYJIsI

B ocHoBi (yHKIIIOHYBaHHS 1 MOOYZOBH 3aIporio-
HOBAHOT'O BHMMIiPIOBAJILHOIO MOJYJISl JIGKHUTh TPHHIMIT
4acoBOr'0 MpEACTaBIICHHS BUMIpIOBaJIbHOI iH(opMaii.
Bin nepeadavae BUKOPHUCTAHHS MOIYJIAIT
BUMIPIOBAaHOIO  (DI3MYHOIO  BEJIIMYMHOIO  YaCOBOI
TPUBAJIOCTI IMITYJIBCHOI'O TECTOBOI'O CHTHAITY HANpPYyrH
abo cTpyMy, sKa BH3HAQYa€ThCsl Ha  Harmepen
BHU3HAUYEHOMY aMIUTITYZIHOMY piBHI TaKOro CHUTHAIly
nepes HOro rmogayuero Ha BUMIPIOBAJIBHY CXEMY 1 Micis
MIPOXOKEHHST uepe3 CXeMy. Y3araJbHeHa CTPYKTypHa
cxemMa TOOYJOBM  BUMIPIOBAJIBHOIO  KaHaly 3a
3aIporOHOBaHUM MPUHIIUIIOM MOKa3aHa Ha PUCYHKY 1.

g
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BigsHayeni mepeBarm B METPOJOTIYHHX 1
eKCIUTyaTallifHUX XapaKTepPUCTHKaX BUMIPIOBAJIBHUX
3aco0iB, MOOYJOBAaHMX Ha OCHOBI BHKOPUCTaHHS
NPUHIUIY YacOBOTO IPENCTABICHHS BHMIPIOBAJIBLHOL
iHpopMaIii, 3a06e3MeuyroThCs 3aB/ISKH:

a) TmepexoJy B IMIIYAbCHUH pEXHM pPOOOTH
BUMIPIOBAIGHUX  KaHaJiB,  NPHUYOMY  MOXIIUBE
MPOBEACHHS BUMIPIOBaHb y PEXHMI OJMHOYHOTO
IMITYJIbCY (3MEHILIEHHSI €HEePrOCIIOKUBAHHS, ITiABHIIICH-
HS 3aBaJIOCTIHKOCTI);

0) BUMIPIOBaHHSA 3HAYCHHS (DI3UYHOI BEIUYHHU
3BOJIMTBCS [0 BUMIPIOBAHHS YacoOBOI TPUBAJIOCTI, SIK
BimomMo [1, 2], BuMIpIOBaHHA 4Yacy ChOI'OAHI €
HAWTOYHIMIUM cepeJ] BHUMIPIOBaHb IHIMX (i3HYHHX
BeJIWYMH  (MIABMINICHHA  TOYHOCTI  BHUMIPIOBAHbB).
VYHacmigok mii BEUMIproBaHOI (hi3UYHOI BEIMYMHUA Ha
PE3MCTHBHI CEHCOPH BUMIpPIOBAIBHOI CXEMHU pa3oM i3
3MIHOIO aMIUTITyAH IMITYJbCHUX TECTOBUX CHIHAIB
Oyme cmocrepiratucs 1 3MiHAa iX  TPHBAJIOCTI,
BUMIpPIOBaHHS SKOI TEXHIYHO 3[IMCHIOBATU IMpOCTIlIE i
II€ MOXJIMBO 31 3HA4YHO OLIBIIO TOYHICTIO. OIiHKa
3HAYECHHSA BUMIpPIOBaHOT ¢izuuHOT BEJTMYUHU
BU3HAYAETHCSI HA OCHOBI BCTAHOBJICHHX MAaTeMaTHYHHX
3aJIEKHOCTEH.

B sikOCTi TECTOBUX CHUTHAJIIB MOXYTh BHKOPHCTO-
BYBAaTUCS IMITYNbCHI CHTHaJH, SIKi  BiJIIOBIAIOTH
KPHUTEPII0 OHO3HAYHOCTI BU3HAYECHHS TPHUBAIOCTI Ha
3amaHoMy piBHI. ®dopma TakMX CHTHaJIiB IIOBHHHA
OITUCYBATUCS YHIMOJAJIbHUMH (DYHKLISIMH, SKi €
mudepeHIiioBaHUMHE Ha iHTepBaJaX i3 30epeKeHHSIM
f'U,)=0 — mHa

spocranns, f'(U,t)=0 — Ha iHTepBaJi CTAI[iOHAPHOCTI,

MOCTIHHOCTI  3HAaKa iHTepBaTi

f'(U,t)<0 — wHa inTepBani crafadss. Ilpudomy y

3aralIbHOMY  BUIMAIKy Oyab-AKHHl 3  O3HAYCHHUX
IHTEpBaJIiB MOXKE BKJIFOUATH B ceOe JIUIIE OHY TOUKY.

Bnnue BumiptoBaHux
BENNYMH

— CeHcopu —

T

]
e

Pe3uctnBHa BumipioBanbHa
cxema

e N

\J

Y

BumiptoBaHHa  Af

A

Pe3ynbTaT BUMiptoBaHb

F = f(ar)

Puc. 1. Y3araJbHeHa CTPYKTYPHA CXeMa BUMiPIOBAJbHOT0 KAHAJTY 3 YaCOBHM INpeICTaBJICHHAM BUMIpIOBaHOi iHdopmanii
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[epeBaru NMpakTHYHOTO 3aCTOCYBAHHSI MPHHIUITY
BUMIpIOBaHb, SIKUH 0a3yeThCs HA BUMIPIOBAHHSIX 3MiHH
TPHUBAJIOCTI  IMIYJIBCHUX CHUTHANIIB, BH3HAYAIOTHCS
BHCOKOIO TOYHICTIO BUMIpPIOBaHb YacOBOI TPHUBAJIOCTI
IMITYJIbCIB 32 JOIIOMOTOI0 CEPIHHMX MIKpOCXEM Yaco-
uudposux nepersoproBauiB (TDC) ¢ipmu Acam mess
electronic GmbH, aOcomoTHe 3HaYeHHS PO3MIITBHOI
3IaTHOCTI KUX csrae 14-10—12 cexyHmu.

Kpim TOTO, yHi(iKoBaHi KOMYHIKaIliiHi
BJIACTMBOCTI MOJIYJS, PO3pPaxoOBaHi Ha IiJIKITIOYECHHS
CTaHAApPTHUX MOCTOBHX a00O MOTEHLIOMETPUYHUX

BUMIPIOBAIBHUX CXEM 13 PE3UCTUBHHMH CCHCOPAMHU,
JTO3BOJISIFOTh BUKOPUCTOBYBATH HOTO U MOJEpPHi3amii
3aCcTapuIMX BHMIPIOBAJIBHUAX CHCTEM 0€3 X CYTTEBOL
PEKOHCTPYKIIii.

Hanmuuspke eneprocnoxxuBanus Mmikpocxem TDS, a
TaKOX MOXKJIMBICTH MPOBOTUTH OJAUHOYHI BUMIPIOBaHHS
3a JOMOMOTOI0 OJHOTO IMITYJIbCY JAl0Th MOXKJIHMBICTH
OynyBaTH BHCOKOTOYHI 3aco0M  BHMIpPIOBaHb 3
ABTOHOMHHUM >KHUBJICHHSAM 1 HaBITh 3 JKHBJICHHSAM BiJ
HEBEJIMKHX 3a IUIONICI0 (DOTOENEKTPUYHUX MEPETBO-
proBauiB.
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MartemaTuyHi i MeTpoJIOrivyHi 3acaau
no0y/10BH BUMIPIOBAJIbHOI0 MOIYJIA

BukoHnaHi JOCIiPKEHHsST JO3BOJIMIN BCTaHOBHTH
aHAJITHYHI 3aJISKHOCTI 3MIHM TPHBAJIOCTI IMITYJILCHUX
TECTOBUX CUTHAJIB BiJ 3MiHH iX aMIUTITYIH, 32 YMOBH,
IO 15l TPUBAJIICTh BU3HAYAETHCS HA (PIKCOBAHOMY PiBHI.
Takox oTprMaHi MaTeMaTUYHI MOJIENI, SIKi BU3HAYAIOTh

YYTJMBICTh TaKUX 3alleKHOCTEH. Pe3ynabraté  IuX
JIOCIIIKEHD 3B€IEeH] B Ta0IuIo 1.
AHami3 OTpUMaHHMX MAaTEMAaTHYHHMX MOJEIeH

JIO3BOJISIE  3pOOUTH BUCHOBOK, L0 JUISA IMIYJIBCHHX
CHUTHaJiB 13  rimepOoniuHO0  (dopMor0  (PpOHTIB
CIIOCTEpITaeThCsl  JIiHIMHA 3aJEKHICTh 3MIHH HOrO
TPUBAJIOCTI Bifl 3MIHM aMIUIITYIH, TOMY y BCHOMY
qmiama3oHi  BHUMIpPIOBaHb  JJI  JAaHOI  3aJISKHOCTI
YyTAUBICTH Oyne 3ajumatics mocTiiHow. OTxe,
BUKOPHCTAaHHS JAHOTO BU/IY CUTHAITY B 3aIIPOIIOHOBaHIH
CTPYKTYpI ~ BHMIPIOBAIBHOTO  KaHAIy  JIO3BOJHTH
OTPUMYBaTH BHUCOKOYYTJIMBY 1 JIHIHHY  OIKaly
BuMiptoBaHb. [Ipuknamy THNOBUX (OpM IMITYIBCHUX
TECTOBUX  CUTHANIB, JUIi  SKAX  [POBOAMIIUCS
JIOCITIJPKEHHS1, HaBeJIeHI Ha PUCYHKY 2.

Tabauys 1

AHaJITHYHI 32J1€;KHOCTI 3MiHH TPHBAJIOCTI iMITyJIbCHUX TECTOBHX CHTHAJIIB

Ne Bun ¢popmu MatemaTuuHa @Oynkuis 3anexHocTi Ar | UymiuBicTh OTpUMaHOl
3/ ITC mozens ITC Bix ammtiTyau ITC 3aJIEKHOCTI
t
1 Ult)=U, . —:;Vt€|0,t; L oAt t;L
[ukonozioHa () =T t o4 At=14(1 _U7) m= a0 =—
U(t)=0,0>1>1 m m Un
At =2At =
2 | Tpmxymma U(t):%(mz(t—tg)l(t—tgn 'Z’”K' A
6 L m 2
(cumerpuyHa) -1 Zt({l U J ou,, U,
3 Tpaneuien'ogi6ﬂa U=tk ttp) i)~ A=ty o) - |4 s, =Bt _
k - xoedinient (=t ) M=t )+ ) =g "5,

b - xoedimieHt

o —1 L
¢ - KoeditienT +e(t=t;)1~1;) 2 in —(tp1+172)
(3araspHa) (cnmerpryHa) Un
4 JI3BoHOIMOMI0HA 5 - a\/i
—(t-1,)? U m
. e Ar=2a zm( j o o Um
a -xoediuieHt Gpopmu U(t) =U,e 2a L m L
5 ExcrioHeHtiiina ¢popma
¢bponTiB
2 OAt 2
U(t):U e—g\lo —l\ At:—ln(U—mj Sy ==
g -Koedilient m g UL Uy gUy
6 lNnep6oniuna b
dopma ppoHTiB U(t)=U,—
[t =t 26U,
At =— S,, =— = const
U(t) S U oy V't € [05420] L
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Puc. 2. llpuknaan TanoBux ¢gopM iMImyIbCHAX TECTOBHX CHTHAJIB

OCHOBHI METPOJIOTIYHI  XapaKTEePUCTHKU IS
MOTEHI[IOMETPUYHOI BUMIPIOBAILHOI CXeMH TIpH 1l
BUKOPHCTaHHI Yy BUMIipIOBAJIbHOMY KaHaJli B TIO€HAHHI
3 PO3pOOJICHUM BUMIPIOBAILHUM MOIYJIEM HalaHi B
Tabnumi 2.

Y  ¢dopmymax TaOnMIi ~ BHKOPHCTaHI  Taki
MO3HAYeHHs: R - moCTifiHWI ~ omip  BUMIipIOBaJILHOL
cxemu; Rf - omip ceHcopa BUMipIOBaIEHOT CXEMHU.

CTpykTypHAa i pyHKIIIOHAJILHA CXeMH
BHUMIipIOBAJILHOT'0 MOJY.JISI

Po3po0iieHi MaTeMaTH4HI I METPOJIOTIUHI 3acamu
MOoOYJOBA BHMIPIOBAJIBHOTO MOAYJIA B TOEIHAHHI 3

MOKJITMBOCTSMH  CIICINiali30BaHOI  €JIeMEHTHOI 0asu
(TDC) nmo3BonmiM  3alpOIIOHYBAaTH  yHi(iKOBaHY
CTPYKTYPHY CXE€MYy BHMIpIOBAJBHOTO KaHANy, sKa
HaJaHa Ha PUCYHKY 3.

Tabauys 2

OCHOBHI METPOJIOTiYHI XapaKTePpHUCTHKHA

[NoTeHioMmerpuyHa BUMipIOBaJIbHa CXEMa

Bun popmu
Pi UyriusicTh
IMITYJILCHUH TECTOBHH | BHAHEA IIEPETBOPEHHS
NIEpEeTBOPEHHS S
[MunkoroaiOHMiA
A =Nt R(tl' _Atex) S = aAtBVIX _ R(tz _Atsx)

sux — Ve R ( ) R = = Rz
i R, f

JI3BOHOMIO I OHMIA %R

Algux: stx +4a21 1@.

2 2 Rt
R+R, R.(R+R, ) | AP +4a I{R+RJ

ExcrnioneHiiiina gpopma

(bpoHTIB 7 R
Ateux :N&‘( +71 19 2
g (R+R, ngiR+Rf )
lnep6omniuna R R
¢dopma ppoHTiB N =N S At
ux 6x. BX 2
R+R, (R+R,)
Buwmipiosanvna cxema
g Syt e
Ilomenyiomempuuna ' JBOKaHaIBHUI
1 .
3 ! BHMipIOBaY
i > A 4acoBOi '
dopmyBau ! TPUBAJIOCTI At
IMITYJIbCHUX i_ | Ha L-piBHi — >
TECTOBHX Mocmosa i IMITYJIbCHUX
. 1
CUT'HAJIIB ' B TECTOBUX
— i > CUTHAJIIB
— —> i
1
____________________________________ 1

Puc. 3. YuidikoBaHa CTpYKTYpHA cXeMa BUMIPIOBAJIBHOI0 KAHATY
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[pakTiyHa peanizaiiss BHMIPIOBAIEHOTO MOJIYJIS
BHKOHaHA Ha OCHOBI MIKPOCXEMH 4Yaco-Iu(POBOTo
neperBoptoBaua PS021 ¢ipmMu Acam mess electronic
GmbH, y ckiani skoro MicTaTbcss HEOOXiqHI 3aC00U ISt

2/2009
MIKPOKOHTpOJIEp,  SIKMH  BHKOHyBaTHMe  (pyHKIii
KEepyBaHHs  4Yaco-IM(ppPOBUM  II€pEeTBOpIOBaYeM i

CHpsDKEHHS 13 30BHILIHIMU HPUCTpOsSMHU. B 6azoBomy
BapiaHTI Cy4acHHH MIKPOKOHTpOJIEp Ma€ anapaTHHUH

CIPSKEHHSA IepeTBOPIOBaYa i3 30BHIMHIMU  iHTepderic RS-232, a mpu morpebi 1 BiAnoBigHOMY
MPUCTPOSIMA Ta BUMIPIOBAIbHUMHU KOJaMHU. TOYHICTh  amapaTHOMYy Ta TNPOrpaMHOMY 3a0a3ledyeHHi MO)KHA
BUMIipIOBaHHS YaCcOBHUX IHTEepBaJiB TakuM  peaiidyBaru iHmi iHtepdericu: RS-485, USB, CAN
NepeTBopoBaYeM B MITaTHOMY pexumi — 60  Tomo.

mikocekyHa. HasiBHICT, JBOX HE3aJCKHUX KaHAIIB
BUMIPIOBAaHHA B JaHOMY IICPETBOPIOBAYl JIO3BOJISE
OTHOYACHO OOCITYyrOBYBaTH JIBA BHMIPIOBAJILHUX MOCTa
KOMIICHCATOPHOTO a00 HEKOMIICHCATOPHOTO THUITY, a0o
4OTHUpU HariBMocTa 0e3 BTpaTu TOYHOCTI. Takox mei

Ha pucynky 4 HaBeneHa (yHKIIOHaJIbHa cXxeMma
PO3pOOIICHOT0 BUMIPIOBAIEHOTO MOIYJIS.

AJIropuTMiuHe 3a0e3MmeyeHHs

VY po3po6iieHOMY MOJYIi HPOIIECOM BHMIipIOBAHHS

NEPETBOPIOBAY ~ BUKOHYE  OKpeMe  BHMIDIOBAHHS  kepye MikpokoHTposiep. BiH BucTymae B  sIKOCT
TEMIICPATYPH JUIsl KOPEKLIi pe3yIbTaTy BUMIPIOBAHHS Y jmiriaTopa BHMIpIOBANbHOrO LMKy, SKH — MOXe
BIZNOBIAHOCTI 10 30BHILIHIX yMOB. JUIsl CIPSDKEHHS 13 ckmagaticss 3 OJMHHYHOTO BHMIDIOBaHHS a0 3
3OBHILHIME TIPUCTPOSMH Yy CKIaii IEPETBOPIOBAYA  10c)TiJOBHOCTI BHMIpPIOBaHb, 3 [IOJAJIbIIUM
MICTHTBCS ~ QmapaTtHAN  MOCIHIJOBHMH  IHTEPQEHC,  oGpOGIEHHSIM HAKOMMYEHHX AAHHX.

cymicunit i3 SPI  (mocmizoBHuii  nepudepiitnuii VY BUMNajaKy OAWHOYHOTO BUMipIOBaHHS KOHTPOJIEP
inTepdeiic). MoJIa€ KOMaH/y MoYaTd BUMIPIOBAHHS 1 MO 3aKiHYEHHI

Ockinbku Takuil iHTepdeiic He NpuAaTHUN s
3aCTOCYBaHHS y IIPOMHUCIIOBUX YMOBaX, a IPU3HAYCHUH
BUKIJTFOYHO JJIsl 3ACTOCYBaHHS Ha HEBEJIMKHX BiJICTAHSX 1
B yMOBaxX HE3HA4HOI Jii 3aBajJ, TOMY BHMipIOBaJIbHUIM
MOJYJIb Ha OCHOBI 4Yaco-IM(pOBOro IMepeTBOpIoBaya
HEOOXiHO JI0aTKOBO 3a0e3nmeynTd 3acodaMu ISt
CHPSDKEHHS 13 30BHILITHIMU PUCTPOSIMU. 3 II€I0 METOIO

NpOLEAYPH  BUMIPIOBAHHS  BWIIy4a€ pe3yabTaT 3
pericTpiB vaco-IdpoBoro mnepersoproBada. OTpuma-
HUA  pe3yabTaT TMepelaeTbcss MO  30BHILNIHBOMY
intepdeiicy Ha BHUIIH piBeHb. Takuii NPHHIMI
MoOYIOBH ITOPUTMY POOOTH BUMIPIOBAIEHOTO MOYJIS
3a0e3neuye BUCOKY IIBHUIKOJIIO POIIECY BUMipPIOBAHHS,
ane He 3abe3redye HEOOXigHUI piBEHb CTIHKOCTI 11O

Puc. 4. DynknionaibHa cxeMa BUMipIOBAJILHOIO MOXYJIsI
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0 CKJIaJy BHMIpPIOBAJBHOTO MOIYJIS  BBEICHO KOPOTKOYaCHUX 3aBajl.
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Tomy Momymb MOxke (GYHKIIOHYBATH TaKOXK Y
PEKUMi TIOCIIJOBHUX BHMIPIOBAHb 13 MOAAJIBIIAM
00pobneHHAM — pesynbraTiB. OmuH i3 BapiaHTIB
MOOYIOBH aNropuT™My O€3IepepBHOIO BHMipIOBaHHS
MOJIATae y HACTYIIHOMY: KOHTpOJIEp IHIIIIOE TpOLEC
Oe3repepBHOrO  BUMIPIOBaHHS, B TIPOIECI  SKOro
MOCTYMOBO HAKOIUYYe pE3YJbTaTH BHUMipiOBaHb. [0
3aBepIiCHHI ~ BW3HAYEHOrO  4YHWCla  BUMIpIOBaHb
KOHTpOJIEp 3YIHHSE TPOIEC BUMIPIOBAHHS 1 IOYHHAE
00pOOKY HAKONMWYCHHUX JaHUX. Y 3aJCKHOCTI Bif
BHMOT, III0 BUCYBAIOTHCS 10 BUMiPIOBAILHOTO MOMYJIS,
00poOKka maHWX MOKe OyTH OOMEXeHa HAHMPOCTINIUM
YCEPEIHCHHAM pE3YJbTAaTiB BHMIpPIOBaHb a00 OLIBII
CKJIaJIHUM IponecoM (inbTpamii i3 3acTOCyBaHHIM
MeTomiB IUGpPOBOi 00poOKHM maHuX. TakWid Imiaxif
JIO3BOJISIE OTPUMATH Ha BUXOJI pe3yJbTaT BUMIPIOBaHb,
iHBapiaHTHMH 10 [il 3aBaj, OAHAK IIpU LBOMY
301IBIIYETHCS YaC BUMIPIOBaHHSI.

KomrmpoMicHUM BapiaHTOM MOOYIOBH aJTOPUTMY
poboTH € pexxuM Oe3nepepBHOrO BHMIPIOBAaHHS, NPHU
SKOMY TIPOIIEC BHUMIpDIOBAHHS HE 3YMHUHIETHCS, a
00poOKa pe3yabTaTiB BUMIPIOBaHHS  BiAOyBaeThCS
iTepalliiHo, B pealbHOMY MacmTadi dacy. €IuHUM
HEMIOJIIKOM TaKOro IiJIXOAy € HEOOXiTHICTh 3acToCy-
BaHHS MIKPOKOHTpOJIEpPa 3 BHCOKOIO IIBHIKOIIEO, ajie
Ha Cy4acCHOMY €Talli pO3BHTKY OOYHCIIIOBaJIBHOI
TEXHIKA BHUKOPHUCTAHHS HAAMNOTY)KHUX KOHTPOJEPIB Y
BOY/IOBaHiH TEXHilli CTa€ 3BUYaliHOIO CIIPABOIO.

Po3pobnenns ta moxepHizatist OBT 17

BucHoBxku

VY crarTi po3rIIsSHYTI OCHOBHI NPHHIIMITH MTOOYIOBH
YHIBEpCAJILHOTO BUMIPIOBAJILHOTO MOJYJS Ha OCHOBI
4acoBOTO MpeCTaBIeHHs iH(opMallii 3 BUKOPHCTAHHIM
gaco-1u(ppoBoro nepeTBoproBaya. Po3pobieni marema-
TUYHI, METPOJIOTIYHI, TEXHIYHI Ta aJITOPUTMIYHI 3acaan
JUTSl CTBOPEHHSI TAKOT'O MOJTYJISL.

Cnucok Jgiteparypu

1. evauenxko K.l  Onexmpuueckue  usmepenus.
Cpeocmsea u memoovr usmepenuti / KII [lvauenxo,
U 3opun, I[IH  Hoeuyxuii u Op.; noo obw. peo.
E.I'. lllpamxoea. — M.: Buicwi. wikona, 1972. — 520 c.

2. Typuuun A.M. Dnexmpuueckue usmepenus HeneKm-
puueckux eenuuun / A.M. Typuuun, I1.B. Hosuyxuii, E.C. Jles-
wiuna u Op.; noo obwy. peo. I1.B. Hosuyxozo. — JI.: Dnepeus,
1975. - 576 c.

3. Honiyyx €.C. Memoou ma 3acobu 6umiplosans
neenexmpuunux genuyun / €.C. Honiwyk. — Jlveig: «JIvgiscoka
nonimexuixkay, 2000. — 360 c.

4. Koowcemaxo Bl Onmosnekmpounvie 102uKo-
epemennble  UHPOPMAYUOHHO-BbIUUCIUMENbHbIE — cpedbl [/
B.I1. Koowcemsaxo. — Tounucu: Meynuepeba, 1984. — 360 c.

5. Hlabamypa [IO.B. Ocnosu meopii i npakmuku
inmepganvhux eumiprosansv. monoep. / FO.B. Illabamypa. —
Binnuys: YHIBEPCYM-Binnuys, 2003. — 167 c.

Haoitwna 0o peoaxyii 10.09.2009 p.

YHUBEPCAJIbHbIN U3MEPUTEJIBHBIA MOAY.JIb /I IOCTPOEHUSA U MOJIEPHU3ALIMM
KOHTPOJIBHO-U3MEPUTEJIBHBIX CUCTEM BOEHHO-TEXHUYECKHUX KOMIIJIEKCOB

10.B. llla6arypa, K.B. Opunnnukos, 10.B. byraés

Buvinonnena pa3pa6omlca mamemamuiecKkoco, MempoiocU4ecKo2co, mexnHu4ecKkozo, U aicopummudecKkoco obecneuenus Ons

HOCMPOENUs. YHUBEPCATLHO2O UBMEPUMENbHO20 MOOYIS, KOMOPbIU (DYHKYUOHUPYEm HA OCHOGE UCHOTb308AHUS NPUHYUNA
BDEMEHHO20  NPeOCMasNeHUs — UIMEPUMENbHOU  UHDOPMAYUU. noKA3anu  npucoOHOCHIb
Paspabomannozo MoOyisi He MOAbKO Ol NOCMPOEHUs. HOBbIX CPeOCmE U3Mepenusi, HO U O MOOEPHU3AYUU YCMAPEeSUIUX
U3MEpUMenvHbIX npubopos u cucmem. Ilpumenenue mMoOYIs NO3GONAEN CYWECMEEHHO YEeNUYUnb MOYHOCb UIMEDEHUN U

IIpogedennvie  uccredosanus

HOMEXOYCMOUYUBOCTb C OOHOBPEMEHHBIM YMEHbULEHUEM IHEP2ONOMPEOTIeHU.
Kniouesvle cnosa: umnynibchvie mecmogule CUSHATbI, 8PEMEHHOe NpedCmaesieHue UsMepumenvHoll uHQopmayuy, epems-
yugposvie npeobpazoeamenu, MOCmMosas, NOMEHYUOMEMPULECKAA USMEPUMENbHAS CXeMA.

THE UNIVERSAL MEASURING MODULE FOR CONSTRUCTION AND MODERNISATION OF CONTROL
AND MEASURING SYSTEMS OF MILITARY-TECHNICAL COMPLEX

Y.V. Shabatura, K.V. Ovchinnikov, Y.V. Bugayov

Design of mathematical, metrological, technical and algorithmic maintenance for construction of the universal measuring
module which functions on the basis of use of a principle of time representation of the measuring information is executed. The
conducted researches have shown the validity of the developed module not only for construction of new gauges but also for
modernisation of out-of-date measuring devices and systems. Module use allows raising essentially accuracy of measurements
and noise stability with simultaneous reduction of power consumption.

Keywords: tests impetus signals, time representation of measurement information, time to digital converters, bridge,
potentiometric measurement circuit.
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