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JUSTIFICATION OF TENSORISTOR CALIBRATION IN A COMPLEX WITH
MEASURING EQUIPMENT

D. Sc. (Tech.) N. Fidrovska, D. Sc. (Tech.) R. Ponomarenko,
PhD (Tech.) E. Slepuzhnikov, PhD (Tech.) D. Kozodoi

Anomauin. Y cmammi po3enisinymo npoyec npogedeHHs mapuposKu MmeH30pe3uUcmopie ma
BUMIPIOBATbHO20  00aa0HaHHA.  [IposedenHs  eKCnepuMeHmanbHux  OO0CAIONCeHb — MemOoOOM
MeH30Mempii — OyaHce 8aiCIU6e 3a60AHHS 8 PEHCUMI PeasibHO20 Yacy. Ane 0l maKo2o 00CHiOHCEeHH s
HeobXioHo siokaniopysamu menzooamuuxu. Kaniopyeanus neobxioHo euxonamu 011 6U3HAYEHHs
DYHKYIOHAIbHO2O 83AEMO38'SI3KY MIJNC HABAHMANCEHHAM, WO JI€ Ha 0emab, Ky O6yoe aunpo0y8ano,
i BUXIOHUM CUCHATIOM 0ONAOHAHHSL.

Knwuosi cnoea: mapuposka, meH30pe3uCmop, HABAHMANCEHHS, eNeKMPOMEeH30Mempis,
BAHMAAC.

Abstract. The article describes the process of calibrating strain gauge and measuring
equipment. Modern machines have a complex design of the shapes of parts and assemblies. The loads
acting on them often do not allow the determination of the stress state by modeling or calculation
when creating these structurally complex machines. Therefore, conducting experimental studies
using the strain gauge method is an extremely important task in real time. But for such a study, it is
necessary to calibrate the strain gauges. Calibration must be performed to determine the functional
relationship between the load applied to the part to be tested and the equipment output. Depending
on the size, as well as the configuration and other features of the investigated part, several methods
of calibration of strain gages are used: direct and indirect. To obtain reliable measurement results,
the calibration conditions should differ as little as possible from the conditions of experimental
studies of the tested parts.

Calibration must be performed to determine the functional relationship between the load
applied to the part to be tested and the equipment output. Depending on the size, as well as the
configuration and other features of the investigated part, several methods of calibration of strain
gages are used: direct and indirect. To obtain reliable measurement results, the calibration
conditions should differ as little as possible from the conditions of experimental studies of the tested
parts.

Calibration consists in finding a functional relationship between the load acting on the tested
part and the output signal of the equipment. To do this, creating previously known loads on the part
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on which the strain gauges are glued, and comparing the value of these loads with the intensity of the
output signal, their ratio is determined analytically or graphically.

Electrotensometry uses bridge and half-bridge measurement circuits. The half-bridge circuit is
widely used, especially in static processes, where one strain gauge is active, and the other is located
in the area of the load and is used for temperature compensation.

Keywords: calibration, strain gauge, tension, electrical strain gauge, cargo.

Beryn.  Jletami  MammH — IpOTATOM
eKCIUTyaTalliiHOrO LHWKIy Ta B TpoLeci
30epiraHHs, pa3oM i3 3HOIIYBaHHSAM, CXUJIbHI
70 TakuX BHJIB PyHHYBaHb 1 TOLIKOJKEHB!
MEXaHI4YHi, eJIeKTpOoXiMivyHi (KOpO3iiiHi) Ta iH.
MexaHiuHi BUIU pyHHYBaHHS 1 MOIIKOKCHHS
BUSIBIIIIOTBHCS Y BUTJISIIL TPILLMH, [TOJIOMOK, ITPO-
0o1H, nedopmaltiii, BrpaTu npyxHocTi [1, 2].

Tpimuan 1 [IOJIOMKH nerainen
3’SBISIFOTBCS  BHACHIIOK TPUBAJIOTO BIUIMBY
HaBaHTaXEHb 3MIHHOTO  XapakTepy, UIO
MOBTOPIOIOTBCSA Yy 4Yaci Ta BHUKJIMKAIOTH B
pe3ynbTari BTOMHI pyHHYBaHHS.
MikpockomiuHi TpilIMHH, SIKI BHHUKAIOTH Ha
MOBEpXHI JeTali B MOYaTKOBOMY eTami, B
MOJAIBIIOMY TIPOTPECYIOTh Ta TPOHUKAIOTH
BIVIMO J1eTasi, MpH IbOMY OXOILIIOIYH OUIBITY
4acTUHY 11 IepeTuHy. SIKmo Takuil cTaH
3aJMIIAETBCA HE IOMIYEHMM BYACHO, Taka
JeTanb HeMmMuHyde pyHHyeTtbes [3]. Taxuit
PI3HOBHJI TIOJOMOK XapakTepHUH ais oceid,
BaJiB, IIaTyHIB, LIATYHHUX OONTIB Ta 3y0iB
mecteperb. OKpiM 1bOTO, A0 TPIMIMH 37aTHI
MPU3BOJIUTH CBOIM BIJTUBOM 3HAYHI MICIIEBI
HAaBaHTA)XCHHs, yJIapH 1 MepeHanpyxeHHs [4,
5]. Taki siBHIIIa MOXKYTh BUHUKATH y HAHOLIBIII
HaBaHTAXEHUX JUISHKAX TaKUX eJIEeMEHTIB:
pamu, OaJlKkd MOCTOBUX KpaHiB, OJIOKH,
KOpIycH KOpOOOK mepenad, 3aJHi MOCTH Ta
1HII KOpIYCHI feTaii [6].

OnHuM 13 3aX0AiB ISl 3ar00iraHHs BU-
HUKHEHHIO HECTIPaBHOCTEH BTOMHOTO XapaKTe-
py € 00poOKa MOBEpXOHb TAKUMH CIIOCOOAMU:
oOKkaTka poOOYMX MOBEPXOHb AeTajeil MapuKa-
MH Ta pOJUKAMH, 3HWKEHHS IIOPCTKOCTI
MOBEpXHi, (pOopMyBaHHS MPaBUIBHUX DPAlyCiB
nepexoay Bij OJIHIET MOBEPXHI 70 1HINOI.

AHaJi3  oCTaHHiX  Jociail:KeHb i
nyoJikaniii. CkIagHICT KOHCTPYKTHUBHHMX
dbopM BY3MB 1 JeTaje Cy4acHHX MaIluH,
PI3HOMAHITTS AiIOYMX HAa HUX HABAHTAXKEHb y

OUIBIIOCTI BUNAIKIB HE JI03BOJISIFOTH
BU3HAYaTH HANPYKECHUH CTAaH PO3PAaXyHKOBUM
LUIAXOM a00 MOJICNIOBAHHSAM IIPH CTBOPEHHI
MalIH HOBUX KOHCTpYKiH [7, 8].

Amnanis MOTIEPETHIX IOCIIIKEHD
MoKa3aB, MO0 JUIS EKCIIEPHUMEHTAILHOTO
JOCTIPKEHHS JIOKabHOI 00J1acTi YCTAaHOBKHU B
Mporeci eKCIuTyaTaiii HaiOIbII ONTHMATEHAM
METOAO0M € TeH3oMeTpist [9-11].

TeH3oMeTpyBaHHSI MalldH, MEXaHi3MiB,
arperarTiB 1 TEXHOJIOTIYHOTO 00JIaJHAHHS HEO00-
X1JTHO /17151 OLIHKH HAIIPYKEHO-1€(OPMOBAHOTO
CTaHy €JIEMEHTIB, JeTajeil 1 BY3MIB MpHU
eKCIUTyaTaliiHuX abo CremialbHuX pPeKuMax
pobotu [12].

TeHzomeTpisi K MeTOA 3acHOBaHA Ha
3/IaTHOCTI BUMIPIOBaHHSA Ta aHami3zy nedop-
Malliif, Mo y CBOIO Yepry JAa€ MOKIIUBICTh
OLIIHKU Hampy»eHoro crany [13, 14].

Tenzopesucropu  SABISIOTE  COOOIO
pEe3UCTOpH,  EINEKTPUYHHUN  omip  SAKHUX
3MIHIOETBCSI TPOMOPUIAHO 31 3MIHOKO iX
JHIMHUX pPO3MIpIB MiJ JAiI€0 MEXaHIYHOIro
HaIpy>XeHHS Ha MOBEPXHI o0'exTa
nocmipkeHHs. [15]. PoOora TeH30pe3ucTopiB
3aCHOBaHa Ha BHILI TeH30€(EKTY, 3MiH1 OTIOPY
MIPOBIIHUKIB MPH 1X MEeXaHIuHIM nedopmartii.

e mae migcTaBu CTBEPKYBATH, IO
MIPOBE/ICHHS! TapUPOBKU TEH30PE3UCTOPIB Y
KOMIUIEKCl 3 BHUMIPIOBAJIbHO-PEECTPYBAIIBHUM
00JIaTHAHHSIM € JOLJIBHOIO.

BusznaueHnss MeTm Ta 3aBJAaHHA
AocaigKeHHsl. MeTa JOCHiKEHHs MOJISrae B
OOIpYHTYBaHHI  NIPOBEICHHS  TapUPOBKHU
TEH30PE3UCTOPIB y KOMILIEKCI 3
BUMIPIOBAJIbHUM 00JIaTHAHHSIM.

Jnist mocsirHeHHsT MeTH OyJi MOCTaBJIeHI
TaKl 3aBJaHHs:

— IPOBECTH TAPUPOBKY TEH30PE3UCTOPIB
y KOMILJIEKC1 3 BHUMIPIOBAJIbHO-
peecTpyBaIbHUM 00J1aTHAHHSIM;
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—no0yayBaTH (YHKIIIOHAJIBHY 3aJIexK-
HICTh MDK HaBaHTaXCHHSM, 1[0 i€ Ha
BHUIPOOOBYBaHY JI€TaJlb, 1 BUX1JHUM CUTHAJIOM
BUMIiPIOBAJILHO-PEECTPYBATLHOTO 0018 THAHHS.

OcHoBHA YacTHMHA  JOCJiIKEeHHS.
I'eomerpuuHi  pO3MipH  TEH30PE3HCTOPIB
3MIHIOIOTBCA TIpH X aedopmarii. OcHOBHY
pOJb B YTBOPEHHI EJIEKTPUYHOIO CHTHANy B
HaIBIPOBITHUKOBUX TEH30PE3UCTOPAX
BiJlirpae 3MiHA iX MUTOMOTO OMOPY IiJ JIEI0
MEXaHIYHOTO HaBAaHTAXKCHHS.

UyTnuBiCTh K MEXaHIYHHX, TaK i
HaITiBIIPOB1THUKOBUX TEH30PE3UCTOPIB
OLIIHIOETHCS KOEPIIIEHTOM TEH309yTJIMBOCTI K,
BU3HAYCHUM TCH30€(EKTOM

fe=1+2u+v=(ARIR)I(AI),

ne u — koeodimient [lyaccoHna;

V — Koe(illieHT 3MIHH MHUTOMOTO OIOpPY
MIPOBITHUKA;

AR — nipupicT Onopy NpoOBiTHUKA;

R — omip mpoBinHuKa;

Al — mpupict (3MeHIIeHHS a00 301IbIIICHHS)
reOMEeTpPUYHUX MapaMeTpiB MPOBITHUKA;

| — nMoBXkHHA MPOBIAHUKA.

JpoToBU TEH30pPE3UCTOP SIBJISIE COOOIO
KOHCTPYKIIIIO, JI€ YYTIMBHH €JIEMEHT BHIO-
TOBJIEHUH 3 Jipotry niamerpoMm 0,02-0,05 mm,
HAHECEHOr0 Ha MIAKIAIKY (OCHOBY) JaKOBOT
IJTIBKK @00 TOHKOTO Tarepy.

Sk Matepian Juid JIpOTY KOHCTAaHTaH
BUKOPHUCTOBYETHCS Haifuacrime, e
XapaKTepU3y€EThCS  BEIIMKUM  KOe(]ilieHTOM
TEH30YyTJIUBOCTI K 1 MajauM TemrepaTypHUM
koedinierrom omopy (Cu-Ni-Mn).

Tenzopesucropu, sxi Oynu BigiOpaHi s
NPOBEICHHSI TapUpPOBKH, OyIu IepeBipeHi.
Takoxx OyB BUMIpSHUN OIIp TEH30PE3UCTOPIB
Ta MPOBECHO iX IpyMyBaHHs 32 MiHIMAaJIbHUM
pPO3KUAOM. AJle HaWOUTIBII BiAMOBIIATBEHOIO
OTEpaLli€l0 € MiArOTOBKA MOBEPXHI AeTani, Ha
Ky  HAKJICIOIOTBCS  TEH30PE3UCTOPH, Ta

3a0e3neueHHs] YMCTOTH  IOBEPXOHb,  SIKi
CKJICIOIOTHCH.

Taxox Oys10 MPOBEEHO PO3MITKY CXeMHU
HaKJICIOBAHHS TEH30PE3UCTOPIB

(TeHzopesucTtopu  OynaM  poO3MilleHI  Ha

BUNPOOOBYBaHIN jaeTaini Tak, o0 Iij yac
nedopMarii geTani penrTka TEeH30pe3UCTopa
po3TAryBanacs abo CTHUCKAJIacs).
[TigroroBiieHa aJisi HAKJICIOBAHHS JeTajb Oylia
Harpita 0 peKOMeH0BaHo1 Temneparypu 50—
70°C Ta mpoBEeNEHMH KOHTPOJIb SIKOCTI
HaKJCIOBAaHHA  TeH30pe3ucTopiB.  Takox
3MIACHEHO TiApPOI30MSALII0  TEH30PE3UCTOPIB
JUIS 3aXHCTy BiJ [ii BOJOIH, TEIUIOTH Ta
MEXaHIYHUX TOIIKO/)KCHb.

ITicng BUIIEBKa3aHUX 3aX01B HEOOXITHO
MPOBECTH  TAPUPOBKY TEH30PE3UCTOPIB Y
KOMIUIEKC] 3 BUMIPIOBAJILHOIO arapaTyporo.

TapupoBka TmoJsTae y BiJIHAWICHHI
(byHKIIOHATBHOT 3aJIEKHOCTI MIDK
HAaBaHTAXXCHHSM, IO Ji€ HAa BHIPOOOBYBaHY
JieTallb, 1 BUXITHUM CUTHAJIOM amapaTypu. Jis
1bOTO, CTBOPIOIOYM  3a3JalieTib  BIIOMI
HAaBaHTA)XCHHSI Ha JleTalb, Ha SIKId HaKJIeeHI
TEH30PE3UCTOPH, 1 TOPIBHIOKOYH 3HAYCHHS ITHX
HAaBaHTA)XCHb 3 I1HTCHCHUBHICTIO BHUXIJIHOTO
CHUTHAJy, BH3HAYaIOTh AaHATITHYHO  a0o0
rpadivHoO iX CIiBBiAHOIICHHS.

3ajexxHo Big po3mipiB, KoH(irypamii Ta
IHIINX OCOOMHMBOCTEH MOCTIAKYBaHOI aeraii
BUKOPUCTOBYIOTh JIBa CIIOCOOHM TapHUPOBKHU
TEH30PE3UCTOPIB: Oe3M0CcepeIHIi 1 HeMPAMUIA.

st OTpUMAaHHS JOCTOBIPHHX
pe3yNbTaTiB BUMIPIOBAaHb yYMOBHU TapUpPOBKH
TOBUHHI SIKHAMEHIIIE BIIPIZHATHUCS BiJ] YMOB
MPOBEJICHHS EKCIIEPUMEHTAIbHUX JOCIIIKEHb
00'exTiB. Lle o3Hauae, Mo cxeMa HaBaHTAKESHHS
JeTall, CKJIaJl BUMipIOBaIbHOI CHCTEMH, YMOBU
il excrulyaranii sSIK Npy TapupoBLi, TaK 1 MpH
BUNPOOYBaHHSIX MalOTh OyTH OJIHAKOBHMHU.

ToMmy JuIs BU3HAYCHHS OTPHUMAaHUX
pe3ynbTaTiB  HalpyXeHb, Jepopmauiii y
JOCII/DKYBaHIA  geTam  (Oayi MOCTOBOTO
KpaHa) Oyma mpoBeaeHa  OesmocepenHs
(craTnyHa TapuUpPOBKA).

B enexTpoTeH30MeTpii BUKOPHCTOBYIOTh
Bl CXeMHM BHUMIPIOBAHHS: MOCTOBY 1
HaImiBMOCTOBY. MocToBa cXeMa dacTilie
3aCTOCOBYETHCS MPU CTATMYHUX Mpolecax. Y
TaKii cXeMl OJJUH T€H30PE3UCTOP € AaKTUBHUM,
a IHOMA pO3TAllOBYEThCS B  30HI  [ii
HAaBaHTAXCHHS 1  BUKOPHCTOBYETHCS  SIK
TEMIIEpaTypPHHUI KOMIIEHCATOP.
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VY BuUmagKy, KOJIM Ha JOCIIJKyBaHY
JeTajgb JAi0Th Pi3HI BUAM HABaHTaXEHb, SKi
BUKIIMKAIOTh JAedopmaliii 3ruHy, Kpy4deHHS,
3CyBY, CTUCKY a00 PO3TATHEHHS, TEH30pe3HC-
TOPH PO3TALIOBYIOTHCSI B CXEMi TAaKUM YHHOM,
06 BOHU OyJIM 3[aTHI CIPHIMATH Pi3HI BUAU
nedopmarnii. Jnsg mporo Oyso BUKOPHUCTAHO
HAIiBMOCTOBY CXEMY ITiIKJIFOYEHHSI.

Y cxeMi  BHUKOPHUCTOBYIOThCS  JBa
aKTUBHHUX TE€H30PE3UCTOPU 3 OPTOTOHAIBHUM 1
OIIO3UTHUM PO3TAIlyBaHHSM, 3 TEPMOKOMIICH-
camiero. Tenzopesuctopu (HiKCYIOThCS TaKUM
YUHOM, 1100 BICb CUMETpIi JPOTOBOI pPElIiTKU

30irajiacs 3a HampsSMKOM 3  BicClO i
nedopmattii, ika BAMIPIOETHCSL.
Hedopmarris BUTUHY BUKJIIOYEHA

HIAKIIOYEHHSIM Y IPOTHIICKHUX HalpsMKax. Y
JOCIIpKyBaHid  netanmi  (6aka MOCTOBOTO
KpaHa) Ipu HaBaHTaXXEHHI NepeBaxae Jedop-
Martisi po3taryBanHst. [1in HaBaHTaXeHHIM Oaka
IPOTMHAETBCA 1 TUM CaMUM 301IbIIyeThCs ii
JIOB)KMHA, a IIUPUHA, HABIAKH, 3SMEHITYEThCS.

30BHIIIHI JPOTH TEH30PE3UCTOPIB 3a
JIOTIOMOT 00 KJIEMHHX KOJIOJIOK 3’ €HYBAIIUCH 3
JIpOoTaMH HAaIMiBMOCTOBOI CXeMH, sika Oyna
MIIKII0YeHa 70 aHAJIOTOBO-IIU(PPOBOTO
niepeTBoproBaya (ALLIT) ZetLab 210 (puc. 1).

TapupoBka monsrama B miadomi 1
MOCTYIIOBOMY HAapOIlyBaHHI MacH BaHTaXy 3
0,0 mo 3500 kr, mpu Kpomi HapOIUTyBaHHS
BaHTaxy y 500 kr.

Bary  BaHTaxy = BHUMIpIOBaIM 32
JIOIIOMOT OO TUHAMOMETpa AITY-10-2.
Hunamometp JIITY-10-2 3acTocoByeTbes st
BUMIPIOBaHHS ~CTaTHYHUX  PO3TATYBaJbHUX
3yCHJIb, BIATPaAyHOBaHUX Y KIJTOHBIOTOHAX.
JluHamMoMeTp 3/1aTeH MpaloBaTH B Jliara3oHi
Temneparyp 1ok Bif -10 mo +45 °C i mpu
BIIHOCHIN BoJjiorocti He Oumpiie 60 %.
I"abapurtai po3mipu — 780 x 280 x 200 Mm.

Mexi BumiproBanb 1uHamomerpa J11-10-2:

— minimanbaa — 10 kH (1000 krc);

— makcumanbHa — 100,0 xH (10000 krc,
10 Tc).

Puc. 1. 3aranpHuii BUTIIST BUMIPIOBAJIBHOTO 00JIaTHAHHS
1 — xieMHa KoyoAKa; 2 — eNeKTPOHHO-00UnCTIoBaIbHa MamuHa (EOM);
3 — ALII; 4 — HamiBMOCTOBA CXeMa I AKTF0YCHHS
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ina moxinku — 1,0 kH (100 xrc). Mexi
OCHOBHOI 3B€ICHO1 MOXUOKH + 2 %, IIpH 3HATTI
HAaBaHTA)XEHHS 3 JUHAMOMETpa  CTpLIKa
BiJUTIKOBOTO MPUCTPOIO BCTAaHOBJIIOETHCS Ha
HYJIbOBY IMO3HAYKY TaKUM YMHOM, 11100 MOXHO0-
Ka ckJiaja He Oinbire 0,5 [MiHU MOIIIKY IIKAJIH.

Mexl HOIaTKOBOI IOXWUOKHA IWHAMO-
metpa 10 T (100 xH), obymoBieHi 3MiHOIO
TeMIIepaTypH JOBKULIS B poOOYOMY Jiama3zoHi
TeMIeparyp, BIIMIHHHX BiJl TeMIepaTrypu
HOpMaJIbHUX YMOB, 0,25 OCHOBHOI ITOXMOKHU Ha
koxHi 10 °C.

Mexa mOmMyCTUMOTO 3HA4YeHHsS Bapiarii
MOKa3aHb JWHAMOMETpAa HE IEPEBUIILYE
a0COJIIOTHOTO 3HAYEHHS MEXI1 JOMyCTHMOTO
3Ha4eHHs  OCHOBHOI  moxuOku.  Ilopir
pearyBaHHsi — He Ounbmie 0,5 % HailOUIBIION
MexX1 BUMiproBaHHs [16].

Jonyctume mnepeBantaxxenns — 100 %
BiJl HAMOUIBIIOI TpaHUIl BUMiprOBaHb. Maca
nunamometpa JITY-10-2 — 20 kr.

[Tpu migiiomi BaHTa)Xy 3aTpUMKa i yac
KOXKHOTO IUKITY (puc. 2) ctaHoBuia 60 ¢, npu
oryckaHHi BaHTaxy — 180 c.

Puc. 2. ®ikcanis BaHTaxy M1 4ac TAPUPOBKHU:
a — Bara BaHTaxy 1000 kr; 6 — Bara BanTaxxy 2000 kr; B — Bara Bantaxy 3000 kr

Jlns mpoBeneHHS NOMaIbIIMX po3pa-
XYHKIB BUKOPHUCTOBYBAJIM TaKi BUXIJHI JaHi:

— JIOB)KMHA poOo4oi MOBEpXHi (MPOTiH
kpana) — lp = 22500 mwm;

— MaTepianx BUTOTOBJICHHS MOCTa KpaHa —
BMcr3mc;

— TOBIIWHA CTIHKHU OANKH — & = 6 MM;

— TPUBAJICTh migiioMy BaHTaxy — 180 c,
t,= 60 c;

— TPUBAIICTh OMMYCKaHHS BaHTaxy — 60 c,
t,=180¢;

— IOBKKHA TeH30pe3ucTopa — lo = 30 mm;

— KMBJICHHS TEH30METPUYHOTO MOCTa —
Ev= 1,5 B,

— KOeIIi€HT TeH304yTAUBOCTI — Ky = 2;

— xoedirient [lyaccona —v = 0,3;

— HamNpyXEHHS B JOCHIKYBaHIM JeTami
(Oanka MOCTOBOTO KpaHa), OTpUMaHi €KCIIepH-
MEHTAJBHUM HUITXOM — eo MB;

— monyms FOrra — E = 2,05-10° H/MMm?,

3a TACYyMKaMH ~ E€KCIIEPUMEHTATbHUX
JOCHIJKeHb OyJlM OTpUMaHi HalpyXeHHS B
JOCII/DKYBaHIA  nmeranmi  (Oajika MOCTOBOTO
KpaHa), puc. 3.
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BukopucToByoun mporpamy po3paxyH- Tapuposky TEH30PE3UCTOPIB y
kiB Mathcadl5, Busnaunmo inmi nedopmarii i KOMILIEKCI 3 BUMIPIOBAJIbHO-PEECTPYBATIHLHUM
HanpyskeHHs (puc. 4-5). 00J1aTHaHHSM MTPOBECHO B IIOBHOMY 00CS31.

0.2

0 100 200 300 400 5?0) 600 700 800 900 1000
t(c

Puc. 3. Hanpy>keHHs1 B MOCTY KpaHa, OTPUMaHi eKCIIEpUMEHTAIbHUM IUIIXOM
3 BukopuctanasiM ALIIT ZetLab 210
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Puc. 4. I'padix Hanpy>keHb B MOCTY KpaHa IIiJ] yac MmiJgiomy
BaHtaxy Big 0,0 10 3,5 T
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Puc. 5. I'padik HanpykeHb B MOCTY KpaHa ITiJ] 4ac OIyCKaHHS
BaHTaxy Bix 3,5 10 0,0 T

Hil neTani (MOCTy KpaHa) BUHUKAIH MEXaHI4Hi
HaMpy>XeHHs, Bi10Opa)xKeH1 B TaOJIHIIL.

3 ypaxyBaHHSM CEpeIHIX 3HAYeHb IMPHU
migiioMi 1 OMMyCKaHHI BaHTaXy B JIOCIIKyBa-

Tabmmist

MexaHiuH1 Hanpy>KeHHs B JOCIKyBaH1| AeTail (MOCTy KpaHa) IiJ] yac miaiomy
Ta OIyCKaHHS BaHTaXy

Maca BaHTaxy, Hanpyxenns nin yac nigiomy Hanpy»xeHHs miz 4ac omycKaHHs
TOHH BaHTaxy, MITA BaHTaxy, MITA
0 28 28
0,5 35 37
1 46 42
1,5 56 52
2 60 58
2,5 66 67
3 77 72
3,5 92 90

3a pe3yjibTaTaMu YCCPCAHCHUX 3HAYCHb peeECTPYBAIIBHC 06J'Ia)1HaHHH Ta MTpPOrpaMHE

HampyXeHb IMiJ Yac MigHoMy 1 OIyCKaHHS

BaHTaXy MOOyJIyeMO TapyBaJbHy KpHUBY
(puc. 6).
3a rpagikom TapUPOBKHU

TEH30pPE3UCTOPIB 0AYMMO, 110 BUMIPIOBAIBHO-

3a0e3neueHHs Ja€ 3MOTy B pealbHOMY daci
OyayBaTH (YHKLIOHAJBbHI 3aJIEKHOCTI MIXK
HaBaHTaXXEHHSIM, L0 Jl€ Ha BUIPOOOBYBaHY
JeTaib, 1 BAXITHUM CUTHAJIOM BUMipIOBAJIBHO-
peecTpyBaJIbHOTO 00JIaHAHHS.
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Maca BaHTaxy, T

Puc. 6. TapyBasibHa KpuBa

3a momomororo rpadika TapupOBKH, Mij
qac MOJIAJIBIINX eKCIIePUMEHTAIbHUX
JOCHIUKeHb, OTPUMaHi JlaHi HamNpy>KEHOTO
CTaHy B JeTaji 3 eJNeKTPUYHHX CHUTHAJIB
HampyXeHb MiniBoibTiB (MB) MokHa mepe-
paxyBatu B MexaHiuHi meramackaiui (Mlla).

BucnoBku. TapupoBka TeH30pe3UCTOPIB
Yy KOMIUIEKCI 3 BUMiPIOBAJIbHO-PEECTPYBATLHUM

Bubpane BUMiproBaIbHO-peeECTpyBaIbHE
oOJlaiHaHHs, MpOorpamMHe 3a0e3Ne4YeHHs, IO
BXOJUTh 70  CKJIagy  BUMIpIOBAJIBLHOTO
KOMILUIEKCY, Ja€ 3MOTy B peaJlbHOMY 4aci
OynyBath (YHKIIIOHATBHI 3aJICKHOCTI Mixk
HABaHTAXXCHHSM, IO Ji€ Ha BHUIPOOOBYBaHY
JeTaib, 1 BUXITHAM CUTHAJIOM BUMipIOBAIEHO-
peeECTPYBAIBHOTO 0018 THAHHS.

o0JalHaHHSM BUKOHAHA B IIOBHOMY 00cs31.
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15.10.2019 p. Ne 1301).
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