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KOHTPOJIb AKOCTI NPOAYKUII 3A BIQGHOCHUMU ENIEKTPUYHUMU
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Haseoeno esapianmu  peanizayii  oupepenyiinoco memody OYiHIO8AHHS SKOCmI NpooyKyii 3a it
enekmpuyHumu napamempamu. IIpoananizo8ano GiOHOWIEHHS BUMIPIOBAHUX CKIAO0BUX IMIMAHCI8
KOHMPONIb08AHO20 MA 0A308020 3pA3Ki8 NPOOVKYIL, a MAKONC BUMIPIOBAHI CKAAO08I GIOHOWIEHHS IXHIX
imimancie. Haeoosmbcs cxemu 3acobie npaxmuunoi peanizayii cnoco6ié NOpieHAHHS napamempis
iMimancy sK 8iOHOCHUX NOKA3ZHUKIG SIKOCTI.

Kurouosi  cnosa: sikicmv, npolykyis, oughepenyitinuii memoo,
OYIHIOBAHHAL.

iMimanc, enekmpuuHuil napamvemp,

Ilpusedenvt eapuanmol peanusayuu OUPOEPEHYUATLHOZO MEMOOAd OYEHKU Kadecmed NpOOYKYuu no
anekmpuieckum napamvempam. llpoananuzuposearvl OMHOUIEHUS UIMEPAEMBIX COCMABNAIOWUX UMMUMAHCA
KOHMPOAUPYeMo20 1 6a308020 06pa3|08 NPOOYKYUU, a maxadice uzmepsiemvie COCMABGIAIOUWUE OMHOUEHUSL
ux ummumancos. Ilpueooamca cxembl cpeoCms NPAKMUYECKOU peanu3ayuu cnocobos CpaeHeHUs
napamempos UMMUMAHCA KAK OMHOCUMENbHbIX NoKa3amenel Kaiecmaa.

Kniouesvie cnosa: xauwecmeo, npooykyus, oughpepenyuanvubiii Memoo, UMMUMANC, DIeKMpUudecKull
napamemp, OyeHKa.

Presents variants of the differential method for assessing the quality of products per they the electrical
parameters. Analyzed the relationship of the measured constituents immitance controlled and basic
product samples and measured the ratio of their constituents immitance. Presents schemes of practical
means of implementing the methods of comparison parameters immitance as relative indicators of quality.
Keywords: quality products, differential method, immitance, electric parameter, estimation.

Beryn

SAKicTh NPOAYKIIIT BUSHAYAETHCS BIAMOBIAHICTIO
il TOKa3HUKIB BCTAHOBJICHHM Y HOpPMATHB-
HO—TEXHIYHIN JMIOKyMEHTAIlll ~ BHUMOTam. 3a

Jiara3oHOM 3MIHHM 3Ha4€Hb ITIOKa3HUKIB 200 IXHBOIO
KUIBKICTIO YH HASBHICTIO J0JAaTKOBUX (Oa)kaHUX YM
HeOaKaHUX) MOKA3HUKIB BIJHOCATH MPOIYKIIIO 110
pi3HUX piBHIB AKOCTi (copTiB). [ns BcTaHOBIEHHS
TAKWX PpIBHIB BUKOPHCTOBYIOTH BIIMOBITHO [0
cTanmapty [1] nudepeHIifiHui MeTo ] OIliHIOBaHHS
sakocti. BiH mepenbavae mmst Oyap—sikoro o0’ekrta
KBaJIIMETpii, SIK BijoMo [2], omep:kaHHs BiTHOCHOTO
MOKa3HHKA, 32 SIKUM OI[IHIOIOTh PIBEHb HOT'O SKOCTI.
OTpUMYIOTH BiTHOCHHIA MOKa3HUK 32 Pe3yJbTaTaMH
MOPIBHSIHHSA ~ ONMHUYHUX  YM  KOMIUIEKCHHX
MOKa3HHUKIB SKOCTI 00’€KTa, PiBEHb SKOCTI SKOTO
BCTaHOBIIOEThCA, Ta 3pa3Ka, NpUHHATOTO 32
0a30BUil, 3 BiIOMHM piBHeM sIKOCTi. [lopiBHSHHS
MOKa3HHKIB 3a3Ha4YEHUX 00’€KTIB MOXe

3IICHIOBATHUCS Oe3rocepeIHbO qyepes
BHUMIpPIOBaHHS IXHIX BiJJHOIIEHb 200 MOPIBHSIHHAM
OJIEp’)KaHUX PE3YJIbTATIB BUMIPIOBAHHS MTOKA3HHKIB
KOHTPOJNBOBAHOTO  00’€KTa 3  TOKa3HHKAMH
0a30BOro 3paska, 3a3HAUYCHHMH Yy HOPMATHUBHIMH
nokyMeHTamii. HasiBHicT, 3aC00IB  BUMIpHOBaHHS
BITHOCHUX TIOKa3HHUKIB SIKOCTI 0€3110CepeIHbO AaJI0
0 3MOr'y CIIPOCTUTH MPOLENYPY OLIHIOBAHHS PiBHS
sKOCTI mpoaykiii. ToMy CTBOpEHHS TakuX 3aco0iB
KOHTPOJIOBAHHS SIKOCT1 € aKTYyaJIbHUM.

Peanizanin audepeHuiiinoro METO1y
KOHTPOJIIO SIKOCTI 3a €JIeKTPUYHUMH
napaMeTpamMu

BuxopucranHs auQepeHIliitHOro MeToay JUis
MOPIBHSIHHS 00 €KTIB  HEENEKTPUYHOI TPUPOIH
0a3yeTbCsl Ha BiIOOpa)keHHI MOKA3HUKIB SIKOCTI
TakhX O0’€KTiB  aJleKBATHHUMHU  EINEKTPHYHUMH
napamMerpaMu. Y TaKOMy pa3i MOXKHA IOPIBHIOBATH
MK COOOI JBI EJIEKTPHUYHI BEIMYMHHU, IO A€
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3MOTy 3a0€3MEUUTH OIepaTHBHICTh Ta
00’ €KTHBHICTL  KOHTpONIO,  30epeKeHHsS  Ta
nepenaBanHs iH(GopMallii Mpo piBeHb SKOCTI,
MpOCTOTYy peanmizanii AupEepeHIliiftHoro MeToxy.
PeanizyBatn JQepeHIiiHmi METOJ 3a
CNEKTPUYHUMHU  TIapaMeTpaMH  MOXKHa  JJBOMa
criocodamu.

Iepmmii IIOJIATaE y CIICKTPUYHUX
BUMIPIOBAHHSIX ~ OKPEMHX [OKa3HHKIB  SIKOCTI

MPOAYKIIIl BIJIOMOrO Ta HEBIJIOMOIO PIBHIB SIKOCTI
Ta TOPIBHAHHA IiX MDK coboro. Jlms 1mporo
HEOOXiJIHO MaTH CTaHJapTHI 3pa3Kd BiIOMOr0
PIBHS SIKOCTI KOHTPOJILOBAHOI MPOAYKIIT Ta uepes

BUMIDIOBaHHS ~ OTpUMAaTH  IXHI  €JIEKTPHYHI
mapaMeTp, IO  BIAMOBIJAIOTH  KOKHOMY 3
ONUHUYHUX TOKa3sHUKIB. OIHIOBaHHA  SKOCTI

3MIMCHIOEThCS 4epe3 TMOpIBHAHHSA MK co0010
BUMIPSHUX BiIMOBITHUX EIEKTPHYHHUX IapaMeTpiB
KOHTPOJIEOBAHOTO Ta 6a3oBoro 3pasKiB.
[lpoBenenHss Takoro BUMIPIOBaHHS MOTpeOye
JIEKITbKOX BHUMIPIOBAIbBHUX 3ac00iB BUMIPIOBaHb
OKpEMHUX IOKAa3HUKIB SKOCTI, OCKUIbKHM MOKa3HUKU
MEepeBaKHO HEOJHOPIHI BEJIMYUHH, a TPH I[LOMY
pPI3HUMH € METOJWKH TPOBEICHHS BHMIPIOBaHb
tomo. lle yckiaamHioe mpoueaypy OLIHIOBAHHS
SIKOCTI, 3aliMae OaraTo uyacy, mnorpeOye Oarato
komTiB. ToMmy y OararboX BHIAgKax  JJIs
MOPIBHSIHHS BUOWPAIOTH OJMH YH J[BA OJAMHUYHUX
MOKAa3HUKH (OKTaHOBE YWCIIO OCH3WHIB, KHPHICTbH
MOJIOKa, TBEPIICTh BOIU YM BMICT coJiell y BoOmli,
KOHIICHTpAIlil0 eIeKTpoiTiB Tomo). Lle cmpoinye
MpOLEAYPY  OIIHIOBaHHsS  SIKOCTi, OJHAaK HeE
BpaxoBYIOTbCS IPH I[bOMY IHINI  OJWHWYHI
MOKa3HHUKH SKOCTI.

Hpyruii  cmocid  mepembadae  peatizallito
midepeHiiHoro  MeToy 3a  MOPiBHSHHIMH
y3arajbHEHHX IOKAa3HUKIB, SKHMH MOXXHA IOJATH

0o0’ekTn KBamiMerpili. Y gaHoMy pasi 00 €KT
NMOBUHEH  MOJABaTHCS  TAKOK  CINEKTPUYHOIO
BEIIMYMHOI, TapaMeTpu sKoi BimoOpaxamu O

Oyab—sKy 3MIHY OJMHHUYHMX IIOKa3HUKIB. Takoro
BEIIMYMHOID € KOMIUIEKCHHUH omip (iMIeaaHc) 4u
KOMIUIEKCHa  NPOBIAHICT,  (aaMiTaHC), TOOTO
imiTaHCc 00’€ekTiB opiBHAHHA. [lapamerpu iMiTaHCy

y JaHOMY pa3i 3aJekaTh Bil BHYTPILIHLOT
CTPpYKTYpH 00’€KTa, BiJ MPHUKIAICHOTO PIiBHSA
CHTHANly, YacTOTH CHTHaly, PpI3HAX BHJIIB

MoJsIpu3anii Ta eIeKTPOnpoBimHOCTI 1 OaraTo
iHmoro. [Ipy nboMy napaMerpiB MOPiBHSHHS ONHIET
CNMEKTPUYHOI (PI3UYHOI BETMYMHU MOXKe OYyTH
Oarato, 10 JI03BOJISIE BHSABISITH 3MIiHM OJIHOYACHO

0aratb0X OQMHUYHUX ITOKA3HHUKIB. BIZMIHHICTE Bif
MOMEPEHBOT0 CNOCO0Y TONATaE y TOMY, WO Y
JaHOMY pa3i € 3Mora BUKOPUCTaTH  OJIMH
BUMIPIOBAJIbHUI 3aci0 — aHami3aTop IMITaHCY.
AHaTI3yIOTHCS TIPU [IbOMY BiJIHOIIICHHS MapaMeTpiB
OaraToeneMeHTHUX JIBOTIOJTFOCHUKIB, SKHMH
MoJaroThest 00’ €xTH nopiBHSHHS [3, 4]. [Ipu pomy,
SKIO JBa JBOIOJIOCHUKKA MalOTh OJHAKOBY
CTPYKTYPY 1 OJHAKOBI KUIbKICHI XapaKTEepUCTHUKH
OMMHUYHUX TIOKA3HHMKIB SKOCTi, TO IapaMeTpu
ixHIX IMITaHCIB, BUMIpSHI Ha 0araThbOX YacToTax,
MOBHHHI OyTH OJHAaKOBHMH. bynpb—sika 3MiHa
MapaMerpiB KOHTPOJIBOBAHOTO 00’€KTa CBIAYUTHME
npo 3MiHYy TOKa3HHKIB #oro skocti. ToOTo, 3a
CNEKTPUIHUMH napaMeTpamu MOXHa
imeHTH(]IKYBaTH  TPOAYKIiIO K  TakKy, IO
BIJIMIOBi1a€ 3a1aHOMY PIBHIO SIKOCTI.

Cnoco0u mopiBHSAAHHS MapaMeTpiB imiTancy
SIK TIOKA3HUKIB IKOCTI

OO6’ekTn KBaMiMeTpii 3 HEBIIOMHMH CXEMaMH
3aMILEHHS JIBOITOJTIOCHMKIB, SIKUMHA BOHH
MOJIAI0THCS (KOHTPOIBOBAHUH Ta 0a30BUI 00 €KTH),
MOXHa 1IeHTU(IKYBaTH (BIIMOBIAHICTE TEBHOMY
pIBHIO $KOCTi) Ha OCHOBI MOpPIBHSHHS iXHIX

IMITaHCIB Ha 4YacToTax (), 3aJaHOr0 YacTOTHOI'O

niarna3oHy, a caMe: 3a BiJHOIICHHSMH IMIICIAaHCIB

zZ L Y
N, =|—=| aboanmiranciB N, =| —=
Z ¢
; ;

ImiTaHCH, SK BEKTOPHI BEIHUYMHHU, MOJAIOTHCS,

SK  BIJIOMO, 4Yepe3  aKTUBHI Re(Zx) =R,
Re(Yx) =G, Ta  peakTuBHI Im(Zx) =X,
Re(Yx) =G, cknajoBi:
Z =R —-jX_, Z,=R,— jX,, (1)
Y, =G, +jB,, Y,=G,+jB,, @)
a0o0 uepe3 moayii Ta dasu:
Z. =z |-e", Z,=|Z]-e™, 3)
Y, =|Y)-e*, ¥, =|Y|-e™. )

Y rtakoMy pasi JBa JIBOIOJNIOCHHKH, IO
XapaKTepU3ylOTh KOHTPOJILOBaHMH Ta Oa30BHiA
00’ext, OynyTh TOpIBHIOBAaHMMH Yy  pasi
BHMIPIOBaHHS aKTHBHHMX Ta PEAKTHBHHMX CKIIAIOBUX
(1), (2), abo momynie Ta pizaunb ¢a3 (3), (4)
iMiTaHCIB ~ O0’€KTIB  TOPIBHSHHA, &  TaKOX
3HAXO/DKEHHS IXHIX BIAIOBIAHMX BIJHOIIEHh Ha
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(hikCOBaHUX YaCTOTax BUOPAHOI'O Jiaria30Hy.
OTxe, eNEKTpUYHI BIIHOCHI TITOKa3HMKH Ha

Oyap—sIKii 4acTOTI (), TECTOBOrO CHIHaly (Je
i=1,23,.,n—

YacTOTHOTO  Jliara3oHy)
aIMITaHCY 3aIUCYIOThCS TaK:

BUOpaHa  dYacToTa  3aJIaHOTO

JUIA  IMIIEJ]aHCy  Ta

Re(Z,) Im(Z, )
Re(Z,)), " \m(z,)),’
Re(Yx) Im(Zx) (5)
Re(%,)), (Im(Z,)),~
1zl - L - 6
|Z| ’ ((sz (pZO )(0 ’ |Y| ’((pyx (pYO )(Ui.( )

3a OTpUMaHWMH BiTHOCHMMH €JICKTPHUHUMH
MMOKa3HWKaMH MOYKHA BCTAHOBHTH BiJIIOBIIHI PiBHI
SIKOCTI.

Y nmaHoMy pasi 37IMCHIOIOTBCS O€3MOCepeIHE

BHUMIpIOBaHHS napamerpiB iMiTaHCIB Ta
3HAXO/DKCHHS  BIMHOCHHUX  IIOKa3HUKIB  4epes
JIJIEHHST pe3yJbTaTiB BUMIPIOBaHb KOXKHOTO 13
napamerpiB.

OxpiM 1poro, ¢ikcyBaTd 3MIHH ITOKa3HUKIB
MPONYKIiI MOXKHAa TakoXK 1 3a mapaMeTrpaMu
BiJJHOILICHHS IMITaHCIB, 30KpeMa BHMIpPIOBaHHIM
AKTHUBHHUX T4 PEAKTHBHUX CKJIAJIOBUX BiJHOIICHHS
IMITaHCIB a00 MOIyJisl IXHBOTO BIJHOIICHHS Ta
(ha30BOro 3MiIICHHS.

Tobto, y ngaHoMy pa3i  BHUMIPIOIOTBCS
Oe3rocepeIHbO aKTHBHI Ta PEAKTHUBHI CKJIaJIOBi
BIIHOIIICHHS a00 MOXyJi BigHOMICHHS Ta (as3u
BEKTOpPA BiJJHOILICHHS, a caMe:

Z Z Y Y
Re| = | , Im| = s Rel = | , Im|=| ; ()
ZO o 0/ 0/, YO ;
y4 Y
Zxl = ) 8
al (9.),, i (ov),, (8)
Posrnguaemo JeTajIbHIIIe KOXKHHUH 13

3a3Ha4eHUX CIOCO0IB ineHTUdiKalil. AHami3yBaTH
CNIEKTPUYHI  HapaMeTpyd  JBOIOJIOCHHKIB B
YaCTOTHOMY  Jiialla30Hi, 3a  SKUMH  MOYKHA
OLIIHIOBATH PIBEHb SKOCTI JOLLIBHO Ha MPHUKJIAi
aHaJIi3y BEKTOPIB IMITAHCIB JABOMOJIOCHUKIB, SKUMHU
MOJAOTHCSl KOHTPOJIBLOBAHUI Ta 0a30BUI 00’ EKTH.

Ha puc. 1 noka3aHo BekTopH immenaHncis Z ,

Z,(puc. 1, a) ta anmirancis Y , Y, (puc.1,6)

KOHTPOJIbOBAHOTO Ta 0a30BOrO 3pa3KiB Ha OJHIH
YacTOTi.

R, R,
T —>
o B
Px [
1 |
I |
] |
I |
] |
] |
I |
|
|
Xy fmmmmmmmmees LN 7,
|
X, j=—————————————
v Z,
a)
A Yx
B, }——o______
| Yo
___________ __'.__
By I
|
| |
| |
| |
| |
| |
| |
: |
|
Do 1 |
O« | I
| |
N
G, Gy
6)

Pucynok 1 — Bektopu iMmneagancis Ta agmiTancis
00’€KTiB MOPiBHAHHA HA OJHIil YacTOTi

HecniBnaiiHHst BEKTOPIB iMITaHCY, SIK TIOKa3aHO
Ha puc. 1, KOHTPOILOBaHOI Ta 0a30BOi MPOMYKIii
CBIIYMTH TPO pI3HUH piBeHb ii BHYTPINIHBOI
CTPYKTYpH, @, BIANOBIIHO, 1 TOKa3HUKIB SKOCTI.
KinpkicHe ~ omiHIOBaHHS  3/IHCHIOETBCS 32
BHUMIPIOBaHHSIM Ta TIOPIBHSHHIM IapaMeTpiB, IO
XapakTepu3ylOTh 3a3HadyeHi BEKTOPH, a came:
MOJYJb 1 (pa3a, aKTUBHA Ta peaKTUBHA CKIIAJIOB1 200
1HIIII KOMOIHAIIIi IepeniueHuX mapamerpis [5].

PosristHyTi BHINE crocoOM 3aCTOCOBYIOTH IS
OLIIHIOBAHHS SKOCTI 00'€KTIB KBaNIMETpii, CXeMHU
3aMilleHHs  AKMX  HEBIOOMI.  Y3arajibHeHHui

MOKa3HMK AKOCTi F, y maHOMy pa3i MOXHa MOJAaTH

OIHIEID 13 MHOXHH IapaMeTpiB, a came 3a

Zo| qn

9

BITHOIIICHHSMH MOJYJIIB IMIIEIAHCIB |Zx

9

aJIMITaHCIB |Yx Y0| Ta pisHUIAMH da3 @, , @,

CNIEKTPUYHUX CHTHANiB Ha (DIKCOBAaHMUX YACTOTAX
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O, Oy yeeey @,
e IZI Uz, ©)
((Px (Po)wl,(@x 90)y50 (0= 90)),
Y\’ }]X
r=\nl),, |Y| BRCAVS (19)
(0, 00),1> (9700 ) 500 (0, = 90),,
Juis peanizanii TakMX BHMIpIOBaHb HEOOXITHO
MaTu BUMIpIOBAY aAMILTITYTHIX 3HauYEHb
iHpOpPMATHBHUX  TapaMmeTpiB Ta  BHMIpIOBay

(ha30BUX 3MIILICHb.
VY pa3i OLIHIOBaHHS SKOCTI 3a BiIHOLICHHSIMHU
CKJIaJIOBUX IMIIEJ]aHCIB YM anMitaHciB (puc.l) Ha

BHOpaHUX YACTOTAX AHAJOIIYHUH MOKAa3HHK P,

SIKOCTI BIIIOBITHO BU3HAYATUMETHCS TAK:

Im(Z,) Im(Z,) Im(Z,)
. | Im(Z,) w]’ Im(Z,) | 2"""_Im(zo) 1L
Rez)] [Re(z)] [Re(2)
| Re(Z,) w]’ Re(zo)_wz’ "| Re(Z,) o
abo Tak
m(r)| [m(r)]  [Im(x)
pr Im(Yo) w], Im(YO)_M’ ’ Im(Yo) on (12)
27 Re(r,)] [Re(7,)] [Re(Y,)
Re(Y,) w]’ Re(YO)_M’""’_Re(YO) .
InenTnunuMu  OyayTh O00’€KTH, UL SIKUX

BIIHOIIIGHHS MOJYJIB 4YM CKIAJOBUX Ha BCIX
yacrotax OyAyThb pIBHUMH OAWHUII, a  (a3oBi
3MIlIEHHS PIBHUMH HYIIIO.

OriHuMO pe3ybTaTH Oe3mocepeaHix
BHMIPIOBaHb CKJIAJIOBUX BIJIHOIICHHS IMITaHCIB.
JIIst 1[bOrO 3amMIIeMO BiIHOIIEHHS IMITEJAHCIB, 3

ypaxyBaHHSIM CKJIaJ0BUX KOHTPOIBOBAHOIO Ta
0a30BOro 00’€KTiIB:

Z R —jX, (13)

Z R0 ]X
3BiIKM  aKTHBHA Ta  pEaKTHBHA  CKJIAJOBI
OHI/ICYIOTBCS[ piBHiIHH;IMI/Il

7 RR +X X

Re| =% |=—= 2 — 0 (14)

Z, R+ X

75
Im Zx — RxXO — XxRO . (15)
Z, RO2 +X 02
AHaJIOTIYHO  BIJHOIIEHHS  aIMITAaHCIB 3

ypaxyBaHHSIM CKJIAJOBUX KOHTPOJILOBAHOI'O Ta
0a30BOro 00’€KTiIB:

Y, _G.+JjB, | (16)
Y, G,+jB,
3BIJIKM OTPUMYEMO aHAJIOTIYHI CKJIaI0Bi:
Y, G G,+B.B
Re| Lr |- GGt 8.5, (17)
Y;) GO + GO
Y B -G B
Im| L= =% (18)
)]0 GO + BO
Amnanmiz Bupazie (14) i (17) mnoka3dye, mo
aKTHBHA CKJIaJ0Ba 3aBXIU OIHOTO 3HAKy i
Oyap—sKa 3MiHa CKJIaJOBHUX iMITaHCy
KOHTPOJIbOBAHOIO 00 €KTy  TNPHBOAUTH  JIO

aJeKBaTHOIL 3MiHI/I 1i 3HadyeHHsA. Pa3zom 3 TuM, 3
Bupa3iB (15) i (18) odeBHOHO, IO PEAKTHUBHI
CKJIaJIOBI BIiHOIIEHHS IMIIEJAHCIB Ta aaMITAaHCIB
MOXKYTh 3MIHIOBaTH 3HaK Ha MPOTHISKHUN 3a

MEBHUX YMOB Ta MOXYTb OyTH PIBHUMH HYIIIO.

I'padiuna iHTepmperamiss  3a3HAYEHOrO Y
BHUIJISIII BEKTOPIB BIAHOIICHHS 300pakeHa Ha
puc. 2.

0)

PucyHnok 2 — BekTopu BifHOlIeHHsI iMIIeaHCiB
Ta aAMiTaHCiB 00’€KTiB MOPiBHAHHS HA OJHI

YacToTi
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HynboBe 3HaueHHs CKJIQZOBI NMPUHMAIOTH MPH
X,R, =X R, (piBHannsa 15) Ta G,B, =G B,
(piBHsHHES (18)) 32 HACTYITHUX YMOB:

— JUI1 PEAaKTHBHOI CKJIaJI0OBOi BiJHOIICHHS
IMIIEJAHCIB:

1) axmio R =R,Ta X, =X,

2)axmo R >R,, a X _>X,, npu npomy
HeoOXinHo, mo6 R —R, =X —X;

3)aKmo R _<R,, @ X_< X,, TpPU LBOMY
HeoOXinHo, mob Ry —R =X, - X ;

— JUI1 PEAaKTHBHOI CKJIaJI0OBOi BiJHOIICHHS
aJMITAHCIB:

l)skmo G, =G,Ta B_ =B,

2)sxmo G, >G,, a B >B,, npu upomy
HeoOXinHo, mobd G, — G, = B, - B, ;

3yakmo G, <G,, a B <B,, npu upomy

HeoOxinHo, mob G, —G, =B, - B, .

OTxe B OTHOMY 13 TPhOX BUMAJKIB 32 PIBHICTIO
HYJII0O PEAKTHBHOI CKJIAJ0BOI BIJIHOIICHHS MOXHA
BCTAHOBUTH, MO PIBHI SKOCTI IOPIBHIOBAaHUX
00’€KTIB OJIHAKOBI.

Omnak mpu X R <X R, 1a G,B <GB,
PCaKTHBHI CKJIAJOB1 BIIHOIIECHL IMIICIAHCIB Ta
aJMITaHCIB 3MIHIOIOTh 3HAK Ha MPOTUIICKHHI.
Jocsaraerses L€ 3a TAKUX YMOB:

1) sxmo X, <X, npu R, =R,;

2)saxmo R <R, mpu X =X ;

3)skmo R <R,, a X _>X,, npu npomy
HeoOXigHo, mob R, —R =X - X, .

VY BCiX IHIIUX BHIAJIKaX PEAKTHBHI CKIIaJI0BI
OJTHOTO 3HAKY 3 aKTHBHUMH CKJIaJIOBUMHU.

ToOTro 3a xapakTepHUMH O3HAKAMH 3MiHH
PEaKTUBHOI CKIIQJIOBOI aJMITaHCY UM aJIMiTaHCy, a
TAKOXK 3aJIKHOCTSIMU CKJIQJIOBHX BiJ] PIBHIB SIKOCTI
KOHTPOJIbOBAHUX O0’€KTIB MOXHA CYIUTH PO
piBEHb SKOCTI KOHTPOJIbOBAHOI MPOIYKINI, OJHAK
JIUIIE TTPH 3a3HAYEHUX BUIIE YMOBaX.

Bignocni mnoxaszauku (11) ta (12) moxHa
pO3paxyBaTH NUISIXOM PO3B’sI3yBaHHS PiBHIHB (14),
(15) a6o (17), (18) 3a ymoBHM, IO BIJOMHUMHU €
3HAUCHHS CKJIQJOBHX JUIS PI3HUX YacTOT 0a30BOrO
3paska.

Y3araneHeHMH TIOKa3HMK sKocTi P, y pasi

OLIIHIOBAHHS SKOCTI 32 MOJYJEM BIJHOIICHHS Ta
($a3010 BH3HAUATUMETHCSA JUIA IMIICHAHCIB  Ta
aJMITaHCIB TaK:

Zx Zx Zx Zx

])3'D ZO ol ’ ZO w2’ ZO w3’””, ZO on ’ (19)
(¢X )w] ? (¢X )w2 ? (¢V )w3 20 ¢«V)wn
Yo |4 X

])3'D YO ol ’ YO ®2 ’ YO ®3 o YO on > (20)
(¢X )w] ? (¢X )w2 ? (¢V )w3 20 (¢x)wn

a 3a aKTUBHUMM Ta PEAaKTHBHHUMH CKJIaJIOBUMH
BIJJHOIICHHS THX JK€ IlapaMeTpiB aHaJOTiYHUH
NOKa3HMK P, ommcyeThcs Tak:

4
Im —"J s Im{ij yerens
Zy ol Zy do2
5 _
R Rf{—)‘j
ol ZU Jo2

Y Y
Im —"j R Im[ XJ yeeens
P”D L YO l ZO Jw2 L on

4 —~
Y Y
Re _xj ,Re[_xj j
YO l YO ®2 wn

[IpakThyHa peaiizailis CIOCOOIB TOPIBHSIHHS
napamerpiB iMiTaHcy.

[Mpaktnuna  peamizamis
METOJy  OIIIHIOBAHHS  SIKOCTI  3BOJAMTBCA [0
MOpIBHAHHA 3  0a30BMM  3pa3KoM  4epes
OesmocepeHe BHUMIpPIOBaHHS 3a3HAYEHUX
mapaMmerpiB Ak  0a30BOro  3paska, TaK 1
KOHTPOJIOBAHOT0, a00 /0 MOPIBHSHHS BUMIPSHUX
napaMerpiB KOHTPOJIBOBAHOTO 3pa3ka Ta 3aJaHuX
nmapaMerpiB  0a30BOro 3pas3ka, IO BIAMOBIAAIOTH
MIEBHOMY PIBHIO SIKOCTi. Y TaKOMY pa3i MOKIMBHMH
€ J1Ba BapiaHTH.

[Nepmmii nonsArae y BUMIpIOBaHHIX MOJYJIB Ta
pisHuilb (a3 ab0 CKIaIOBUX KOXKHOTO 3 00 €KTIB
MOPIBHSHHS 30Kpema. 3a OTPUMaHUMH
pe3yabTaTaMM  3HAXOMATh BIAHOCHI IMOKa3HUKH
(9+12). dns 11p0ro HEOOXIAHO BA BUMIPIOBAIbHUX
KaHaly, IO MICTSTh TEPBUHHI IepeTBOPIOBaYi,
MEpeTBOPIOBaUil  «iMiTaHC—HAMNpPyTray, BUMIpIOBayi
BHOpPaHMX  TapaMeTpiB  Ta  OOYHMCIIIOBAIbHUIA
MPHUCTPIH.

Jpyruii monsrac y BHUMIPIOBaHHSIX MOMIYJIS
BIIHOIIICHHS 1 (pa30BOro 3MIIIEHHS YHM CKIAJOBUX
BigHOIIeHHS iMiTaHCIB (19), (22).

[upiri MOXIUBOCTI JJis OLIIHFOBAHHS SKOCTI
NPOAYKIIT Ta NOPOCTIMMH I peaiizamii
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NN
N——

on 7(2 1)

P =<

on

g

- 1
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CN |><N
Ne—
= 1
=
7\ /L\ 7N\
NN
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=

nrdepeHIiiHoro
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g epeHIiitHOro METOIY OLIIHIOBAHHS €
BHMIPIOBAaHHS BIHOCHHMX ITOKa3HHMKaX SKOCTI, IO
SBIISIIOTH COOOI0 Oe3mocepeHe BiHOIICHHS MK
BIAIIOBIAHUMU CKJIaJJOBUMU MOPIBHIOBAHHUX
00’exTiB Ha Ookpemux 4acrorax (Bupazu (3) i (4)).
PeamizoBano Take BHMIPIOBaHHS MOXeE OYTH
3aco00M, (yHKIlIOHAJIbHA CXeMa SKOro 300pakeHa
Ha puc. 3.

CxemMa MICTHTh JDKEpEIO TECTOBOI'O CHTHAIY
ATC 3 ¢ikcoBaHUM piBHEM HANpPYrd YacTOTAMH
D, Dy yeeey @ BEKTOPHI MepeTBOproBayi
«imiTanc—Hampyra»  BIII1 Ta BII2  pmas
MEepPETBOPEHHSI IMITaHCY KOHTpoJibOBaHOro X Ta

n?’

6azoBoro X, 00’exriB Ha Binnosigni Hanpyru U

Ta U0 [6]. IlepeTBOproBagyaMu BEKTOP—CKAJISIP

I[IBC1, TIBC3 ta IIBC2, IIBC4 BuIiIsSiOTHCSA
BIIIIOBIIHO AaKTUBHI Ta PEAKTHBHI CKJIAJIOBI
KOMIUIEKCHUX  Hampyr. OTpumaHi  Hampyru

nocriitnoro crpymy U, , U,, U,, U, nonarotscs

Ha koHTponep KHP, skuit 3a 3amanoro mporpamoro
BHIA€ KOIM, IO BIANOBIAAIOTE BiIHOLIEHHIM

AKTUBHHX Ta PEAKTHBHUX CKJIAJIOBUX IMITaHCIB
00’€KTIB MOPIBHSHHS. Bigob6paxatoTscs
pe3yibTaTH BHUMIpIOBaHHS MPUCTPOEM

BinoOpakenns iHpopmarii [1BI.

TIBI
JATC

Pucynoxk 3 — CTpykTypHa cxeMa BUMipIOBaHHS
BiTHOLIEHHS CKJIaZ0BHUX iMiTaHCIB 00’ €KTIiB
NOPiBHAHHSA

Otxe, Hanpyru Ha Buxogax BII1 ta BII2 Ha
OKpEMHX 4YacTOTaX TECTOBOI'O CHTHANy MOXKHa
3amMcaT Tak:

U, =U.k, X U, =U/k,X
U, —U k, X 23)
U U k'X U U kX, ,

e UOn =U,k X,, (24)
ne k,k,,..k, ta ki,k,..,k — xoediuientn
TepETBOPEHHS iMiTaHCy B Hampyru
Uu.,U.,,..U, T U,U,,..,U,,, BiIIOBiIHO,

neperBoptoBadamMu  BII1 Ta BII2 Ha wacTtortax
@, Dy ey @

Hanpyrnn HAa  BHXOJaX  IIEPETBOPIOBAYIB
BEKTOP—CKAJISAP OMUCYBATUMYTHCS BUPA3aMH:

U, =Uskb, Re(UX]), U, =Ugk,b, Re(sz),

.Uy, =Usk,b, Re(U,, ), (25)

U, =Uskic, Im(le )a U,, =Uzk,c, Im(sz) >

Uy, = Usk,e, Im(U,,,), (26)

Uy, = Urkibi Re(Uy, ), Us, = Ugkybs Re(Up, ),

LU, = U kb, Re(U,, ), (27)

U, =U ki) Im(Uoz)a

LU, =Ukl e Im(U,, ), (28)
ne b;,b,,..,b ., Lb5,..,blTa  ¢,Ch,enCy
C{,ChyesC —  KOG(DIUIEHTH  MEpPETBOPEHHS

nepersoptoBagamu [1BC1, IIBC3 Ta IIBC2, IIBC4
HaTpyr BEKTOPHUX MEPETBOPIOBAYIB y BIAMOBIIHI
HaIPyTH, 110 MPOIOPIIHHI CKIaJ0BUM Ha OKPEMHUX
4acToTax.

Ha Buxozi KOHTpOIEpa OTPUMYEMO:

_ Uy _kb, Re(U,,)
U, kibjRe(Uy,)

1

N. = U, _kyby Re(U,,)
) o e
Uy, kob) Re(Uoz)
_U, _kb,Re(U,,) 29)
! U3n k b' Re( n)
N;:EZI:kCIm( x])’
a ki Im( )
N, = Uy, ko Im(sz)
5 = e
U,  kic) Im(Uoz)
Nf — U2n — kncn Im(an) (30)
bU,, ke, Im(U,,)’

IO aJIeKBaTHO BIJIHOCHUM TIOKa3HUKaM, II0
XapaKTepU3YIOThCS BiJHONICHHSIMH AKTUBHHX Ta
PEaKTUBHUX CKJIAJIOBUX OO0 €KTIB MOPIBHSIHHSA Ha
(ikcOoBaHUX YaCTOTAX.

OniHIOBaHHSA PpIiBHSA SKOCTI MPOAYyKIi 3a
CKJIAJIOBUMH BiJIHOIICHHSI MOXe OyTH peasizoBaHO
3ac000M, cxema SIKOro 300paxkeHa Ha puc. 4.

CxemMa MICTHTh aHAJOTIYHI JIO TOMNEPEAHBOT
CXEMH BY3JM, a TaKOX JOJATKOBO aMILTITYyIHUH

nerektop  AJl 3 Meroo  3a0e3medeHHS
iHBapiaHTHOCTI ~ pe3yJbTaTy BUMIPIOBaHHS JIO
nanpyru ATC.
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Pucynok 4 — CTpykTypHa cxeMa BUMipIOBaHHS
CKJIA0BMX BiZHoONmIeHHd iMiTaHCIB 00’ KTIiB
NOPiBHSAHHSA

VY naHoMy pasi Ha OKPEMHX 4acTOTaxX TECTOBOI'O
curHany Ha suxoi BIT orpumyemo, 1o

. X . X
Uy =UTk] 5 UX2=UTk2—,
X X0
. X . X
U,=Uk,—,...U_=Uk,—. (31
x3 T 3XO T XO ( )

BigmoBimHo, Ha BHXOIax IEPETBOPIOBAUIB
IIBC1 ta IIBC2 maTumemo, 110

X
U]] = UTk]b] Re X_

0

X
5 U]2 = UTkZbZ RG(X—J ,

0

..U, =U.k b, Re(lJ
X

0

(32)

X X
U2] = UTk]C] Im(X—J , U22 = UTk202 Im(X—J seres

0 0

U2n = UTknCn Im(iJ H (33)
Xo
a Ha Buxoai AJ] MaTuMeMo, 1110
U; =a,U;, Uy, =a,Uy, U =a, Up. (34)

ToOTo OTpUMYEMO pe3yabTaTH BUMIPIOBAHHS
PEaKTUBHUX Ta aKTUBHHUX CKJIAJIOBUX BiJIHOIICHHS

iMiTaHCIB 00’€KTiB TIOPIBHAHHA. 3a BIIOMHX
3Ha4eHb CKIAJO0BHX 0a30BOr0 3pa3ka MOXKHA
po3paxyBaTu BITHOCHI MTOKa3HUKH,
BUKOpPUCTOBYIOUH 3aiexHocTi (14), (15) um (17),
(18).

Bignomennsim  (32) Ta (33) mo (34)
3a0e3MeuyeThCs IHBapiaHTHICTb pe3yabpTaTy

BHUMIPIOBaHHS JIO ApaMETPiB TECTOBOTO CUTHAITY.
BUCHOBKHU

[ToOymoBa 3aco0iB peanizalii qudepeHIIHHOro
METOJTy OI[IHIOBaHHS AKOCTI MPOIYKIIT MOXKJIUBA 3a
BHUMIPIOBaHHSIMH BiZTHOCHUX eNEeKTPUYHUX
rapaMeTpiB KOHTPOJIbOBAHOTO Ta 0a30BOr0 3pa3KiB

npoAykiii. [IJis boro JOLiIbHO BUKOPUCTOBYBATH
K iH(QopMaTHBHI nMapaMeTpu 00’ €KTiB MOPIBHIHHS
MOJYJb 1 (ha3y ab0 aKTHBHY Ta PEaKTHBHY CKIIQJIOB1

iMITaHCIB, BHMIpsSHI Ha JEKUIBKOX YacToTax
TecToBOro  curHaimy. Ilpm  npomy  MOXKHa
imenTH}IKyBaTH 00’€exTH KBaJimMerpii 3a

pe3yJabTaTOM OTPUMAHOTO BIAHOIICHHS BUMIPSHHX
3a3HaYCHUX MapaMeTpiB  KOHTPOIHOBAHOTO Ta
0a30BOro 3pa3KiB MPOAYKIIl a00 Ha OCHOBI aHaI3y
MUX K€ TMapaMeTpiB BHMIPSHOTO BiTHOIICHHS
IMITaHCIB.

Bukopucranuss  3aco0y 3 mapaielbHUM
MEPETBOPECHHSAM  «IMITaHC—HAmNpyra» Ja€ 3MOory
OTPUMATH BIJHOLICHHS AKTHBHUX Ta PEaKTUBHHX
CKJIAJIOBUX  IMiTaHCy  OO0’€KTIB  TOpIBHSHHS
6esnocepennbo. [Ipu oMy Hemae OTpeOU 3HATH
BIJIIIOBIIHI TapaMeTpu 0a30BOro 3pa3Ka.

3aci0 3  ONHOYACHMM  TIEPETBOPEHHSIM
3a0e3mneuye Oe3nocepenHe BHMIPIOBaHHS
CKJIAIOBUX BIHOIIIEHHS IMITaHCIB

KOHTPOJIbOBAHOTO Ta 0a30BOT0 3pa3KiB MPOIYKIIii,
HAa OCHOBI aHaJi3y XapaKTepHHUX 3MiH SIKMX MOXXHA
OLIIHIOBATH PiBEHb SIKOCTI. Pa3oM 3 TMM, akTHBHI Ta
PCaKTHBHI CKJIaJIOBI BiTHOIICHHS IMITaHCIB MOXHA
OTPUMATH 33 BIIOMHMX 3HAYCHb BIAMOBIIHHX
napamerpiB 6a30BOro 3paska.
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