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AHoTaNisA. Bumiprosanvruii micm Yimcmona € 00HUM 3 PiZHOB8UOL8 BUMIPHBATLHUX
MOCMOBUX CXeM T BUKOPUCMOBYEMBCS OJIsL BUMIPIOBAHHS Onopy. Bunaxionukom mocma €
Camyenv Kpicmi, sikuti cmeopus tiozo 6 1833 poyi, a nizuiwe 11020 610 600CKOHANIEHO
Yaprvszom Yimconom y 1843 poyi.

Mema oOocnidocennsi — nepesipumu, K BNAUBAE 3MIHA HANPY2U HCUBLEHHSL
BUMIPIOBAILHO20 MOcmy YimcoHna 6 30anaHco8aHOMY CMAHI HA 3HAYEHHS ONOpPY, U0
BUMIPIOEMbCA, MA GU8eCMU Ul nepesipumu Qopmyny 0as po3PAxyHKY ONOpPY 8 Pedcumi
PO306ananco8ano2o Mocma.

s nposederHs 00Ci 0AHCEHHS 8 YPIBHOBANCEHOMY PEAHCUMI HeOOXIOHO 8 CUMYIIMOPI
e1eKMPOHHUX CXeM CI8OPUMU CXeMy Mocma Yimcona 3 0xcepenom HcusienHs. ImiHIooqu
Hanpyey JHCUGJieHHs, nepesipumu, yu 6y0yms 3MIHIO8AMUCL NOKA3U 80bmMempa. /s
CNpoOWjenHs npoyeoypu  OANaHCY8AHHA MOCMA  GUMIPIOBAHHS NPOBOOSAMbCS 8
He30anancosaromy pexicumi. /s yvoeo mpebda susecmu hopmyy po3paxyHKy He8i0omMo20
Onopy ma nepesgipumu po3paxyHKo8i 3HAUEeHHs 13 3HAYEHHAMU ONOpY, OMPUMAHO20 NPU
MOOeN0B8AHHI 8 eNeKMPOHHOMY CUMYISAMOPI.

Ompumani pe3yromamu 8 po30aiancO8aAHOMY PedCUMi 00380JI5IMb GUIHAYUMU, K
BNIUBAE 3MIHA HANPY2U O0XHCEPeNa JHCUBNEHHS HA 3HAYEHHs ONopY, WO GUMIPHOEMbCAL.
Pospaxynox mnesioomoco onopy 6 po30aniaHco8aHoMy pexcumi 3MeHUWUmsv 4dac Hd
Npo8edeHH s GUMIPIOBAHHS MA 0ACHb 3M02Y BUKOPUCIOBYB8AMU MIKDOKOHMPOJIEPHI CXeMU
01151 00poOKU pe3ynomamy 6umiprosanus. Bueedeno ¢opmyny, 3a sxoo modcHa
po3paxysamu 3HAYeHHs ONOpY, WO GUMIDIOEMbCA 68 PO3DANAHCOBAHOMY DedCUMi ma
npo8edeHO NepesipKy OmMpUMAHO20 pe3yIbmamy 6 CUMYIAMOPI eNeKMPUYHUX CXeM
Falstad.

3anpononosanuil Memoo GUMIPIOBAHH ONOPY 3a 00NOMO2010 Mocma Yimcoua 6
PO30ANAHCOBAHOMY PeAHCUMI 00380 1UNb ML OBULYUMU ULBUOKICIb BUMI DI BAHHSL HEBIO0MOO
Onopy ma 0acms 3M02y SUKOPUCHO8YBAMU MIKDOKOHMPOAEPH) 00pOOKY pe3yibmamy
BUMIPIOBAHHA.

Kuro4oBi cnoBa: sumiprosanvhuii micm Yimcona, onip, umiprosanns, oxicepeno
Hanpyzu, pezucmop, 3akon Oma

AKTyaqabHicTh. BumiproBanbHuit MicT VYITCTOHa € OJHUM 3 PI3BHOBHU/IB

BUMIPIOBAIbBHUX MOCTOBUX CXE€M 1 BHUKOPUCTOBYETHCS IS BUMIpIOBaHHS omopy [1].
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Bunaxigaukom mocta € Camyens Kpicri, sikuii ctBopuB itoro B 1833 potil, a nizHimie #oro
Oyno BnockoHaneHo Yapnb3om Yirconom y 1843 poriri.

AHaJi3 oCcTaHHIX AOCHiIKeHb Ta myOJaikanii. Mict YircoHa - 1e npucTpii as
BUMIPIOBaHHS, SKUH 0a3yeThCs HaA MNPUHLUIN ypiBHOBaKeHHS. [IpuHumun il
BUMIPIOBAJILHOTO MOCTa IMOJISITa€ B TOMY, 1100 30ajmaHCyBaTH MOTEHIIAIN CEpeaHIX
BUBO/IIB IBOX IUTPHUKIB HAa PE3UCTOPAX, OJUH 3 IKHMX MA€ PE3UCTOP 3 HEBITOMUM OTIOPOM.
JITbHUKY 3'€THAHI 3 OJJTHUM JKEPEJIOM HallpyTu. 30BHIIIHINA BUJ IPUIaay 300pakeHo Ha
pucyHky 1. BumiptoBanbHuil giana3on npuiany ckiaaaeBig 1 Om go 10 MOwm. Txepeno

YKUBJICHHSI BUKOPUCTOBYETHCS 3 Hanpyroto Big 4,5 B 1o 15 B.

Puc.1. Micrt Yircona

OcoOnuBICTIO MOCTOBOTO BHUMIPIOBAHHSI € T€, II0 HAa TOYHICTh BUMIPIOBAHHS B
YpIBHOBAXEHOMY CTaH1 HE BIUIMBA€ 3MIHA HANpYyTW >KUBJIEHHSA MocTa. Lle 3yMoBieHo
nepeayciM TUM, 110 B YPIBHOBaXXEHOMY CTaH1 Halpyra Ha CepeAHIX TOYKaX JUIbHHUKIB
OyJe 3MIHIOBAaTHCS OJHAKOBO 1 OJHOYAaCHO Ha OJHAKOBY BEIIMYMHY, IO 3YMOBHUTH
mudepeHiiiHy Hanpyry MDK CepeAHIMM TOYKaMHM IUIbHHMKAa piBHOIO Hymo [2]. Ha
PUCYHKY 2 NIpPEACTaBJICHO IMPHUKIA] MOJEIIOBAHHS MOCTa B YPIBHOBA)XEHOMY CTaHI B
OHJIAH CUMYJISTOpI eNeKTpoHHUX cxeM Falstad 3 pi3HuMu Hanpyramu >xuBiieHHS. J{ns
TOrO, 1100 3HAWTH 3HAYECHHS HEBIOMOTO OMopy RX moTpiOHO BUKOHATH OajaHCyBaHHS
MOCTa 3a Jormomororo pesucropa R2. [Ipu 36amancoBaHoMy cTaH1 3HAUYCHHS PIZHUIIEBOT
Harnpyru Mbk Toukamu A ta B 6yzae nopisatoBatu . Pesucropu R1 ta R3 matots Bimome

3HAYEHHS OTOpYy.
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Puc. 2. EneKTpoHHAa MOJeJIb MOCTA YITCOHA B 30 2J1aHCOBAHOMY pPe:KHUMI

Omnip pesuctopa R2 3HaXomaTh 3a TpagyloBajIbHOIO IIKaNOW mpuiagy. Omip

pesucropa RX, skmo Rl R3 3Haxonsats 3a popmysioro 1:
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Puc. 3. MicT Yircona B po30ajJaHCOBAHOMY CTaHi

Ha pucynky 3 HaBegeHO cxeMy MocTa YITCOHa B po30ajlaHCOBAHOMY CTaHI.
BinMinHa Bif HyJs pI3HUI MOTEHIIATIB MK Toukamu A Ta B Bkasye Ha Te, 110 OMIp
pesuctopa R2 Binpi3HsAETHCA Bl onopy pe3ucropa RX 3a ymosu, mo R1=R3.

['o010BHOIO TIPOOSIEMOI0 TTPU BUKOPUCTAHHI MOCTa YITCOHA € BEJIUKHUU 4ac, AKUH
Tpeba BUTpATUTH Ha OajaHCyBaHHS MocTa. [ BUpIMIEHHS 1i€l MPOOIEMHU MPOIIEC

OanmaHCyBaHHST MOXKHAa aBTOMAaTU3yBaTH UM MPOBOJUTH BUMIPIOBAHHS B PEKUMI
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po30anaHCcyBaHHS MOCTa 32 YMOBH, 110 BiioMo ornopu pe3uctopiB R1, R2, R3 Ta 3nHaueHHs
Hanmpyru MbK ToukamMu A Ta B, a Takok 3HaYEHHsI HallPyTH *KUBJICHHS MOCTA.

Merta pociaigmxeHHsi — TEpPEBIPUTH, SK BIUIMBAE 3MIHA HANpPYTH >KUBJICHHS
BUMIPIOBAJILHOTO MOCTY YITCOHa B 30ajJaHCOBAaHOMY CTaHI Ha 3HAYEHHS OMOpPY, IO
BUMIPIOETHCS, T4 BUBECTH U MEPEBIPUTH (POPMYIy ISl PO3PAXYHKY OMOPY B PEIKUMI
po30aaHCcOBaHOTO MOCTA.

Marepianu Ta MeTOaM OCHII:KeHHs. SIKIIO omip BOJBTMETpa Ha JCKUIbKA
MOPSIIKIB OUTbIIe, HOK OMOPHU IUTBHUKIB, TO CTPYM Yepe3 BUMIPIOBAIBHUY Mpuiiaj Oyze
MaJIMM Ta HUM MOKHA 3HEXTYBaTH [3] 1 po3misiiaTi cXeMy sK JiBa OKpeMUX JIUTbHUKA [4].
VY Takomy BUIAJIKy Halpyra Ha BOJILTMETP1 Oye pIBHA PI3HUIII HANIPYT Ha pe3uctopax R2

ta RX. Hanpyry Ha pe3uctopax R2 Ta Rx MOXHa po3paxyBaTH 3a TOIIOMOT'0i0 3akoHy OmMa

[5]:

U
U,, =R2*|_, = R2* —2asieins 2
R2 R2 R1+R2 ( )
U
U.. =Rx*I,, = Rx* —2asaenin 3
Rx X" R X R34 Rx ()

Toxi Hanpyry Ha BOJIBTMETP1 MOKHA pO3paxyBaTu 3a (hOpMyJIoL0:
R2 Rx
U, =U., -U, =U * - _ 4
\ R2 Rx JICUBTL eHHSL (R1+ R2 R3+ RX) ( )
3 dbopmynu (4) 3HaliaeMo omip pesucropa RX:
R3*[U *R2-U, *(RL+R2)] (5)

R — HCUBJICHHA .
U *(R1+R2)-[U *R2-U, *(R1+R2)]

HCUBTICHHA

HCUBTIEHHA

Pe3yabTaTH 10 CiigxkeHb Ta iX 00roBopeHHs. [ lepeBipuMo mpaBUiIbHICTh PopMyn
VTSl pO3paxyHKy HEBIZIOMOTO OIOpY RX, IpyHTYIOUMCh Ha 3HAUCHHSIX 31 CXeMH PUCYHKa 3.
Jlnsa po3paxyHKiB Bukopuctado naket Mathcad [6]. Pe3ynbrar po3paxyHKy HaBeAeHO Ha
PUCYHKY 4.
El = 1000 B2 = 1000 E3 = 1000 U =35 UV == 047619
R3-[U-R2 — UV(R1 + R2)]
" U(R1+R) - [UR2- UV-(R1+R2)]

630

Puc.4 IlepeBipka o04uciaens y nakeri Mathcad

3HaueHHs HeBimoMoro omopy RX, skuit Oyno po3paxoBaHo B makeri Mathcad 3a

BHUBEJICHOIO ()OPMYJIOI0 5, TTOBHICTIO 30Ira€ThCsl 31 3HAYEHHSIM OMOPY LBOTO PE3UCTOPA,
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OJIEpKaHOTO IIPU MOJIEIIOBAHHI B CUMYJISITOP1 €JEKTpUIHUX cXeM (puc. 3). Lle cBiiuuTh
npo Te, IO TAKWW aHANITUYHUNA METOJ MOXHA BUKOPHUCTOBYBATH TPH MOCTOBHUX
BUMIPIOBAHHSIX.

BucHoBku Ta nmepcnektuBM. MicT YircoHa — 1e IpUCTPId BUMIPIOBAHHS OMOPY
METOJIOM MOPIBHSHHS BUMIPIOBAHOI BEJIMUMHM 13 3Pa3KOBOIO MIPOIO Ta BUKOHAHUU 3a
CXEMOI0 MOCTOBOTO JIAHI[IOTa, Y BUMIPIOBAJIBHY [laroHajgb SKOTO ITIKJIIOYA0Th
BOJbTMETp. [IepeBaroto MoCTOBOTO BUMIPIOBAHHSI KOMITCHCAI[IMHUM METOJIOM Y PEKUMI
pIBHOBarn € Te€, 1[0 KOJMBAHHSA HANpPyrH DKEpesia HE BIUJIMBAIOTh HAa TOYHICTH
BUMIpIOBaHb. OJHAaK TaKUW METOJ AyK€ MOBUILHUHN Ta MOTpedye MalCTEpHOCTI s
TOYHOCT1 YPIBHOBAKEHHS MOCTa. Y CBOIO UepTy CIOCIO pO3paxyHKy HEBIIOMOTO OMOPY B
pEeXHUMI HEBPIBHOBAKEHOTO MOCTY UYTJIMBUH JI0 KOJIMBaHb HAMpyTH Jpkepena. [Ipore ueit
HEJIOJIIK BUPIIITYETHCS 32 TIOTOMOTOI0 CY4aCHUX CTaOUThHUX JpKepen Hanpyru. [lepeBaroro
I[bOTO METO/IA € BEJIMKA IMIBUAKICTh OJICpKaHHS PE3yIbTaTy 1 MOKIMBICTE BUKOPUCTAHHS

U1 00OpOOKHU pe3yIbTaTIB MIKPOKOHTPOJIEPHHUX CUCTEM.
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RESISTANCE MEASUREMENT USING WHITSON'S UNBALANCED
MEASURING BRIDGE
D. Zibalov

Abstract. The Wheatstone measuringbridgeis one of the types of measuring bridge
circuitsand is used to measure resistance. The bridge was invented by Samuel Christie
who created it in 1833 and was later improved by Charles Whitson in 1843.

The purpose of the study is to check how the change in the supply voltage of the
Whitson measuring bridge in the balanced state affects the value of the measured
resistance, and to derive and verify the formula for calculating the resistance in the
unbalanced bridge mode.

To carry out research in a balanced mode, it is necessary to create a circuit of a
Whitson bridge with a power source in the simulator of electronic circuits. When changing
the supply voltage, check whether the readings of the voltmeter will change. To simplify
the bridge balancing procedure, measurements are carried out in unbalanced mode. To do
this, itis necessary to derive the formula for calculating the unknown resistance and check
the calculated values with the resistance values obtained during modeling in the electronic
simulator.

The obtained results in the unbalanced mode will allow you to determine how the
change in the voltage of the power source affects the value of the measured resistance. The
calculation of the unknown resistance in the unbalanced mode will reduce the time for the
measurement and will enable the use of microcontroller circuits to process the
measurement result. A formula was derived by which the value of the resistance measured
in the unbalanced mode can be calculated, and the obtained result was verified in the
Falstad circuit simulator.

The proposed method of resistance measurement using the Whitson bridge in
unbalanced mode will increase the speed of measurement of unknown resistance and will
enable the use of microcontroller processing of the measurement result.

Key words: Whitson measuring bridge, resistance, measurement, voltage source,
resistor, Ohm's law
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