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Modern industry requires intelligent sensors to
measure various parameters operating in wide
temperature range. As sensitive dements such systems
use piezoresistive materials which have high performance
parameters and are low cost. At the same time due to the
simplicity of their manufacturing and a wide range of
applications dilicon whiskers represent a particular
interest. In addition, these crystals have a perfect surface
and very high mechanical stability. One of their possible
application area is use as sensors to control strain,
deformation  of various constructions. Moreover,
resistance strain gauges based on silicon whiskers differ
from wel-known discrete silicon strain gauges unique
mechanical properties, making possible to measure static
and dynamic deformation in a wide amplitude range and
are suitable for extended operating temperature ranges
from cryogenic to +350 °C. Here we report the realization
of telecommunication strain measuring system which
consists of primary transducer, signa transducer scheme,
signal processing scheme and mobile phone. Data
processing is provided by the microcontroller Atmegal6,
which communicates with users by mobile phone. The
developed microcontroller software verifies channels to
which resisgtance strain gauges are connected with. Due to
integrated into microprocessor multifunctional modules
the signal amplification is performed by software. This
signal comes from Wheatstone bridge which is the
primary transducer of the system. The working bridge
serves as one of the outside bridge shoulder which sendsa
signal to another microcontroller channel and serves as
the main temperature correction. Using AT commands
supported by each phone, the software for the
transmission and receipt of necessary data was devel oped.
Having set the required time intervals and thresholdsiit is
possible to get information about building and, if
necessary, to conduct unscheduled measurements by
sending the command to measuring system. Thus, the
measurement system enables monitoring of inaccessible
sites where is necessary to control strain of industrial or
civilian buildings, and the developed complex software
makes possble to provide not only periodic
measurements, i.e clearly defined at time intervals, but

aperiodic.
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Peanizogano n10KanbHy A6MOMAMU306AHY GUMIPIOGANIbHY
cucmemy Ha OCHOGI HUMKONOOIOHUX KpUCMAnie KPeMHilo 01
MoHimopunzy degopmauyii pisnomanimuux koncmpykuii. /{na
3a0e3neyenHA ZHYYKOCmi GUKOPUCHIAHHA OAHO20 GUMIDIO-
6A/IbHO20 KOMNJIEKCY 30IlICHEHO NIOKTI0YEeHHA 00 MODINbHO20
menegony, 3a80AKU AKOMY GIOKDUBAEMBCA MOMNCIUGICIMD
oucmanuininoi nepedaui oanux 6io0 00’ ekma 0o Kopucmyeaua
He 3ane)dcHo 6i0 Micya pPO3MAUIYBAHHA  00CTIONCY8AHOT
KOHCIPYKUii. Jna Ppo3uupenus ¢ynkyionanvrnux
Moxcnueocmeii  cucmemu  0yno po3podoNeHo npozpamHuil
KOMNJIeKc, AKUIL 003601A€ NPOGOOUMU He MmiibKu nepioouyHi
GUMIPIOGARHA, a Ui 3a HEOOXIOHOCIMI NO3a4ep206i.

KrouoBi cioBa — cencop nedopmarii, HUTKONOAIOHMI
kpucran, GSM mepexa, MIKPOKOHTpOIEp, IPOMHCIIOBI
KOHCTPYKLIi.

l.BcTyn

CyyacHa TNpPOMHCIIOBICTh HOTPEOYe IHTENEKTYaJbHUX
CEHCOpIB ISl BUMIPIOBaHHS PI3HOMAHITHUX IapaMeTpiB,
3IATHUX TPAIFOBATH B IIUPOKOMY Jlialla30HI TEMIIEPaTyp.
B stkoCTi 4yTIMBHX €IEMEHTIB TaKi CUCTEMH BUKOPHUCTO-
BYIOTh II' €30PE3MCTHBHI EIIEMEHTH, SIKi XapaKkTepu3sy-
I0ThCSl BUCOKUMH E€KCIUTYaTalliHHUMU XapaKTepUCTUKAMU
1 HHU3BKOIO coOiBapricTio. Y TOH e 4ac 0COOIMBHI
iHTepeC Ha CBOI'OJHI MPEACTABJIAIOTh HHUTKOMOIiIOHI
kpuctamu (HK) Ha ocHoBi kpemuito [1]. Ile 3ymoBieHO
MPOCTOTOI0 iX BHUTOTOBJIEHHS Ta MIMPOKUM CIEKTPOM
3aCTOCYBaHHS, OCKUIBKHU Ii KPUCTAIH MAlOTh JIOCKOHAITY
TIOBEPXHIO 1 Ty)Ke BETUKY MEXaHIYHY CTilKicTh. OJHi€I0 3
MOXIIUBHX O0JIacTell 3aCTOCYBaHHS JaHHX KPHCTAJIB €
BUKOPDHCTaHHS iX Yy SKOCTI JAaT4YMKIB IJIsI KOHTPOIIIO
HaINpPYXEHOCTI, AeopMarii pi3HOMaHITHUX TPOMHUCIOBHX
KOHCTpyKIi#t [2]. ¥V maHiit po6oTi moka3aHO peai3ailito
MIPOrpaMHO-aNlapaTHOr0 KOMIUIEKCY JUIS JAWCTaHIIHHOTO
BUMIpIOBaHHS JeopMaliii Takux o0’ €KTiB.

[l. XapakTepucTtuka ceHcopa gedopmadii

OpHUM i3 CKIIQJOBUX €JIEMEHTIB BUMIipIOBAJIBHOL
CHUCTEMHU € CeHcop Aedopmalii Ha OCHOBI HUTKOMOIIOHUX
KkpucrainiB kpemuito (Puc.1).

Puc.1. 306niwnii 6uensno cencopa oegpopmayii Ha ocHogi
KPEMHIEGO20 HUMKONOOIOHO020 KPUCATLY

TeH30pe3UCTOPH Ha OCHOBI HUTKOIOMIOHUX KPHUCTAIIB
KPEMHIIO BiIPI3HAIOTHCS BiJl BIJOMHX THUCKPETHHX KpEM-
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HIEBUX TEH30PE3UCTOPIB YHIKAJBHUMH MEXaHIYHUMHU
BJIACTHBOCTSIMH, JIO3BOJISIIOTH BUMIPIOBATH CTAaTHYHI 1
IUHaMivHI  gedopManii y IIUPOKOMY aMILIITYIHOMY
JiamasoHi, TNPHIATHI JUIi  PO3IIMPEHUX IHTEpBaJIiB
poGourx Temreparyp — Bin KpioremHux jmo +350 °C, a
TaKOX BUPI3HAIOTHCS THYYKOIO TEXHOJOTIEIO iX BUTOTOB-
JICHHS 3 MIHIMQJIbHUMH BiIXOJaMHU HaIliBIPOBITHUKOBUX
MmatepianiB. [lpoBemeni  MexaHiuHI  BHIPOOYBaHHS
PO3pOOJICHUX KPEMHIEBHX TEH30PE3MCTOPIB IOKA3allH,
IO BOHM BUTpUMYIOTH Oinbme 107 nukiiB HaBaHTa-
JKEHHSI-PO3BAHTAXKEHHs 3a PiBHIB nedopmarii He MeHIe
+1:10° BixH. oxH. 6e3 PyHHYBAHHS i YTBOPEHHS TPilLHH.
Tenzopesucropu Ha ocHoBi HK kpemHiI0 BUTPHUMYIOTH
nedopmanii posrary crucky e=+5-10° Bixn. ox. (0,5%).
BoHu mpanesjatHi 3a  Aii  3HAYHOTO JIOLIEHTPOBOTO
NIPUCKOPEHHS, J100pe TMEepeHOCSTh IepeBaHTaKEHH!,
BiOparii, ymapHe npucKopeHHsA. TeH30pe3ucTopu Ha
ocHoBi HK kpeMmHiI0 p-Tumy NpOBIAHOCTI 3 KOHIEHTpa-
uieto 6opy (1-5) 10 em™ maroTe HaifGinbI onTHMANEHI
XapakTepucTuku B iHTepBaii temmeparyp +20...+350 °C.
IIpu 20 °C ix koedillieHT TEH30YYTIMBOCTI PiBHHUNA
K=100-140, a remnepatypHuii KoeillieHT oropy piBHHI
+(0,08-0,12) %-rpax™*. Ha Puc.2 moka3aHO 3aJIeXHICTh
BUXIJJHOTO CHTHaJy ceHcopa Bia aedopmamii, sika Mmae
JHIHHUHA XapakTep.

Puc.2. 3anescnicms suxionoeo cuenany cencopa
610 oegpopmayii npu T=300 K
BHaciiok mepexomy Bij aHAJIONOBHX BHUMIPIOBaHb 10
IU(POBUX aKTyalbHUM CTa€ 3aBIaHHS CTBOPHTH arma-
paTHO-TIpOrpaMHMI KOMIUTIEKC JUIsl OOpOOKHM 1 mepenmadi
Ha0Opy MaHHX.

[ll. MporpamHo-anapaTtHe pilleHHS

OO0OpoOka JaHWX TPOBOAUTHCS HAa MIKPOKOHTPOJIEpI
Atmegal6, sxwii 3miificHioe 00MiH iH(OpMaIiew i3
kopucryBaueM 1o GSM Mepexi, (yHKILIIO SKOi BUKOHYE
MoOiTBHHH TenedoH. BukoprcTaBIy yHIKalbHI XapakTe-
PUCTHKH pO3pOOJICHHX JIaTYUKIB, OyJI0 peasi3oBaHO
IHTENIEKTyalbHy CHCTEMY, SKa JI03BOJISIE IPOBOTHUTH
MOHITOpUHT 00’ €KTY 13 3aJaHMM IHTepBaJIOM dacy i,
BukopucToBytoun GSM Mepexy, 3a J0IOMOror MoOiIb-
Horo TeleOHy HanacwiaTH iH(GOpPMAIlil0 Ha MEPCOHATb-
HUA  KOMIT IoTep KOpHCTyBada. 3a  HEOOXiZHOCTI
MPOBEICHHSI TOMATKOBOTO BUMIipIOBAaHHS iHTEJIEKTyalbHA
CHCTeMa Ja€ MOXKJIMBICTh HAJiCIATH IEBHY KOMaHIY
JIATYMKY, TOOTO 3a0e3neYuTH 3BOPOTHUH 3B'SI30K 3
KOPHCTYBaueM y OyIb-sKHii yac.

Po3pobiene nporpaMue 3a0e3MeYeHHs 10 MiKPOKOHT-
ponepa 3IiiCHIOE TIEpeBIpKY KaHaJiB, J0 SKHUX ITiAKIIO-

YeHI TCH3OMETPHUYHI JATYMKH 3 HACTYIHOI O00pOOKOIO
CUTHaJy. 3aBAsSKU IHMPOKiil nepudepii, ska BOyJOoBaHA B
JAHUH MIKpPOIPOLIECOp MPOrpaMHUM LUISIXOM MOXKHA
3MIHCHIOBATH MIACWICHHS BXIJHOTO CUTHANy, SIKHH
HAJXOIUTh 13 MocTa YITCTOHA, KOTPHH € INEPBUHHHUM
MepeTBOPIOBaYEM CHCTeMHU. Y SIKOCTI CEHcopa TemIle-
patypu, ska i€ Ha TEH30IEepPETBOPIOBAaY, BUKOPUCTO-
ByeTbcsi cxema “mict y Mocti”. Poboumit MmicT ciyrye
OHMM 13 IUIeYed 30BHIIIHBOI'O MOCTY, CHTHAJN SIKOTO
TIOAAETHCS HA IHIIMHA KaHaJl MiKPOKOHTpOJIEPa i BUKOHYE
pONb  TeMIepaTypHOI KOpEKIil OCHOBHOI'O CEHCopa
nedopmariii. Biok-cxema JaHOi BUMIPIOBAJIBHOI CHCTEMHU
300pakeHo Ha Puc.3.
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Puc.3. Brok-cxema sumipioganvhoi cucmemu

[lporpaMHO  HajamITYBaBIIM  MOCTIJOBHUH  MOPT
Mmikpokontponepa (USART) ta mornepenHpo y3roauBIId
PiBHI CHUTHalTy 3 MOOUTBHUM Telle()OHOM, OTPHUMYEMO
moctyn g0 GSM  wmepexi. BuxopucroByroun AT-
KOMaH I, SIKi MATPUMYIOTHCSI KOKHUM TesieoHOM, Oyt
po3pobieHo mporpaMHe 3a0e3medeHHs Ui mepenadi Ta
OTPUMAaHHS HEOOXITHUX aHHX.

3amaBm HEOOXiZHI YacoBi IHTEpPBAaIM 1 TpPaHUYHI
3HAYEHHs, MAEMO 3MOTY OTpHMYBaTH iH(opMmalioo mpo
CTaH JOCHI/PKYBaHHX KOHCTPYKIIH, a 3a HEOoOXiTHOCTI,
NPOBECTH HE3aIUIaHOBaHI BHUMIPIOBAHHS, HaiCIaBUIN
Bi/INIOBIIHY KOMaH/ly BUMipIOBaJIbHIN CUCTEMI.

BucHoBOK

TakuM YHUHOM, PO3POOJCHO BHUMIpPIOBAJIBHY CHUCTEMY,
sKa Ja€ MOXJIMBICTh MOHITOPUHTY Ba)KKOIOCTYITHUX
00'€KTiB, i1 SAKAX  HEOOXIMHO  KOHTPOJIIOBATU
neopMalliro MPOMHCIOBUX YU IUBIIBHUX KOHCTPYKIIH,
a pO3pOOJICHUHM KOMILUICKC MPOrPaMHOro 3a0e3leUcHHS
A€  MOXIIUBICTh TIPOBOIUTH HE JIMINE IEPiOAUYHI
BUMIpIOBaHHS, TOOTO Yepe3 YiTKO 3a/iaHi piBHI iHTepBaIn
yacy, a i HermepioauyHi.
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