VK 538.69:331.45

B. A. I'nuBa, n-p TexH. Hayk (HAY)
B. I'. 3nanoBcekuii, 1-p TexH. Hayk (Y « HH/[IOIIBEOI1y)
JI. O. JleBueHnko, kaua. ekoH. HayK (HTYY «KI1I»)
T. M. Ilepensot (HAY)

JUKEPEJIA TAPMOHIK MATHITHOTI'O IOJIA Y BY AIBJIAX
I CTIOPYJAAX TA MIHIMI3ALIA IX PIBHIB

Poszenanymo eapmoniunuii cknad macHimHux nonie y cyuacHux 0yoiensx
ma cnopyoax, ma 6useieHo Oxcepena ix eeHepayii. Hasedeno pesynomamu
BUMIPIOBAHHSL PIBHIE CHEKMPAIbHO2O CKIAOJY MACHIMHUX NOJIE Y NPUMIUJEHHSX
3 PI3HUM  BHECKOM  HENIHIUHUX  eeKMPOCNONCUBAYi6 y  3a2allbHe
HABAHMAMNCEHHS HA CUN08)Y Mepedxcy. Busaeneno, wo Haubinbuws KpumuuHoo
2APMOHIYHOIO CKAA0060I0 € MacHimHi nonsi yacmomoro 150 'y, ceneposani
HEKOMNEHCOBAHUMU eNeKMPOCMPYMAMU Y HYIbOBUX POOOUUX NPOBIOHUKAX
mpugasnoi cunosoi enexkmpomepedici. 3anponoHO8AHO WLIAXU 3HUNCEHHSL
Pi6HI6 MacHIMHUX NOJLI8 ) 0YOI8NIsAX Ma CHOPYOaXx.

Kniouosi cnosa: maznimmne none, cnekmpanoHuil CK1a0 MAZHIMHUX NOJi8,
2APMOHIKU, IHMEP2APMOHIKU.

Paccmompen capmonuueckuu cocmag macHummnvix noieu 6 CO8PEeMEHHbIX
30aHUSX U COOPYIHCEHUSX, U BbIAABNEeHbl UCMOYHUKU UX 2eHepayuu. [Ipugedenvl
pe3yibmamul  USMEpPeHUsi YpoGHel CHeKMPAalbHO20 COCMAa8d MASHUMHBIX
nonet 8  NOMEWEHUAX  C  pPAasluyHblM — 6KIAOOM  HENUHEUHbIX
anekmponompeoumeneti 8 06wy10 HazpysKy Ha CUnI08ylo cems. Buiaeneno, umo
Haubonee  KpUMuueckolu  2apMOHUYECKOU  cocmasiiiowel  A61AH0mcs
Mmazsnumusle noas yacmomou 150 Iy, eenepupyemvle HeKOMNEHCUPOBAHHBIMU
INEKMPOMOKAMU 6 HYNIeblX pabOYUX NPOBOOHUKAX MPeXPa3HOU CULOBOU
anekmpocemu. Ilpeonosicenvt nymu CHUIICEHUs YPOBHEU MASHUMHBIX NOJel 8
30AHUSAX U COOPYIHCEHUSIX.

Knwuesvie cnoea: machumHoe noie,  CHEKMPAlbHbIU  COCMAB
MASHUMHBIX NOJEU, 2APMOHUKU, UHIMEPSAPMOHUKU.

Harmonic composition of the magnetic fields is considered in modern
buildings and buildings, and the sources of their generation are exposed.
Level measurement results of spectral composition of magnetic fields in the
rooms with different contribution nonlinear electrical loads into power line
common load are mentioned. It is exposed, that the most critical harmonic
constituent are the magnetic fields by frequency 150 Hz, generated the
uncompensated electro-currents in zero workings explorers of the three-
phase power electric system. The ways of reducing the levels of magnetic
fields in buildings and structures are suggested.

Keywords: magnetic field, spectral composition of magnetic fields,
harmonic, interharmonics.
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Bcmyn.  3mina  xapakTepy — €JIEKTPOHABAHTAKEHHS HAa  CHJIOBY
EJICKTPOMEPEKY MPOMHCIOBUX, aJMIHICTPAaTUBHUX Ta IHIIUX OYIiBeNb 1
CIIOpYJ Ma€ HaCHiIKOM HeOakaHi 3MIHHM €JIEKTPOMAarHiTHOI OOCTaHOBKH Y
BUPOOHUYUX MPUMIIICHHSIX.

Ile TMOSICHIOETHCS TOSBOIO 3HAYHOI KUIBKOCTI €JIEKTPUYHOTO Ta
CJIEKTPOHHOTO  OOJIagHAHHS 3  HEMIHIMHUM  eJEeKTPOCHOKUBAHHSM,
pe3yabTaTOM YOro € 3MIHAa TApMOHIYHOTO CKIJIaJy HANpyrd KUBJICHHS, IO
MOXE€ TIPU3BOIUTH JO IiABUIICHHS PIBHS EJICKTPOCIIOKUBAHHS, BUXOIY 3
7y TEXHOJOTIYHOTO 00JIaHAHHS, aBapiil y CHIIOBIM Mepexi.

[Ile omqaMM HebakaHUM SIBUILIEM € TUCcOAIaHC eJIEKTPOCTPYMIB y (hazHUX
Ta HYJbOBUX POOOUYUX MPOBITHUKAX, SIKUW € MPUYNHOIO TeHepallii MarHiTHUX
TOJIIB HAJIHOPMATUBHUX PIBHIB.

Cman npoonemu. JIoCHiKEHHIO CIOTBOPEHb CUHYCOIAaIbHOCTI HANIPYTH
(EeMeKTPOCTPYMY) y CHUCTEMaX EJIEKTPOKHUBICHHS, 5Kl € JHKepelaMu TapMOHIK
y LMX CUCTEMaXx, IPUCBSYEHO OaraTo poOiT. BoHU CTOCYIOTHCS, B OCHOBHOMY,
npoOJieMaTUKU €HEPro30epeKeHHs, 3aXUCTy OOJIa[IHAHHS BiJ HaJIMIPHOTO
3HOCY Ta YHUKHEHHS aBapiil y cuioBux mepexax [1-3].

VY psiail myOumikaiid HaroJouIyeTbesi Ha 3arOCTPEeHH] 111€i mpobieMu, 110 €
IpeaMETOM eJIeKTPOMATHITHOI CyMiCHOCTI O0OJNaJHAHHS. i CKIajoBOIO €
HECHUHYCOIZHI PEXUMH, IO MOJATAIOTh y HASIBHOCTI Y KPHUBHX CTPYMIB 1
HaIpyr pi3HUX FApMOHIYHUX CKJIAJJOBUX — BUIIUX FAPMOHIK, CyOrapMOHIK Ta
iHTeprapmoHik [4]. 3o0kpeMa BUSBIEHO, IO TPAAMIIIAHI METOAU 3HM>KCHHS
pPIBHIB TapMOHIK — BHUKOPHCTaHHS pPE30HAHCHUX (PUIBTPOKOMIICHCYHOUUX
PUCTPOIB HE 3a0€31euyIoTh 0aXKaHOTO e(EeKTY.

Y pobGoti [5] po3pobieHO KOMIUISKCHUH MiAXia A0 KOMIIeHcaIli
PEaKTUBHOI TOTYKHOCTI Ta 3HUKEHHS HECHHYCOIMaJbHOCTI HAIlpyrd y
Mepekax 3 HENIHIMHMUMHM HaBaHTAKCHHSIMH, IO TEHEPYIOTh SK BHIII
FapMOHIKM, TaK ¥ I1HTeprapMoHikd. BTIM 1l IOCHITKEHHS CTOCYIOThCS
MOTYKHOTO O0JIaTHAHHS — JYTOBHUX CTaJeIUIaBUIbHUX Teuei, ToOTO IKeperio
HEJIIHIMHOCT1 €MHE Ta JIOKaJi30BaHE y MPOCTOpi, L0 HE € TUIIOBUM IS
OLTBIIIOCTI BUPOOHUYMX YMOB.

[Ile onxHMM HaCIIAKOM TakKOoro sBUIIA € TosiBAa Yy KaOemsix
CJIEKTPOKUBIICHHSI HEKOMIIEHCOBAHUX CTPYMIB BUILUX TAPMOHIK MPOMHUCIOBOT
gactotn 50 [, gKi TPOTIKAIOTh TO HYJIBOBUX pPOOOYHMX MPOBIIHHKAX 1
TeHEePYIOTh MAarHiTHI TMOJIA Tirl€HIYHO 3HAYYyHIMX piBHIB. bBinbmiicTs
JOCIIKEHb MPUCBAYEHO BIUIMBY TaKMX IMOJIB Ha TEXHIYHI 3acobu [6] abo
CTOCYIOTBCSI MArHITHUX TIOJIB  3a37ajeriib HaJIHOPMAaTUBHUX PIBHIB,
IFCHEPOBAHUX EJIEKTPO3BapIOBAILHUM oOmaaHaHHsaM [7]. Y poboti [8]
JOCHIIKEHO MOSIBY HEKOMIIEHCOBAHUX EJIEKTPOCTPYMIB y TpHu]a3Hii CHIOBIN
MEpexKi, ajie MPOIMO3ULii MO0 3HMUKEHHS T'e€HEpOBAaHMX HUMH MAarHITHHX
MOJTIB CTOCYIOThCS BUKJIFOYHO 3aCO01B OOUMCITIOBAIBHOI TEXHIKH, 00JIaTHAHUX
IMIyTECHUMH JDKEPEJIaMU JKUBIICHHS. BaKIMBUM ySBISIETbCA TOCIITKCHHS
3arajbHUX 3aKOHOMIPHOCTEH MOSBH TapMOHIK €JIEKTPOCTPYMY MPOMHUCIOBOI
YacTOTHU 3 TOUKH 30PY OXOPOHHM Mpalli, BA3HAYEHHS PIBHIB FT€HEPOBAHUX HUMH
MarHiTHHUX TOJIB 1 pO3pOOJICHHS MIIXO0IB A0 iX 3HMKEHHSI.
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Mema cmammi € eKCTIepUMEHTaIbHI JOCIIKECHHS TAPMOHIYHOTO CKIIAIy
MarHiTHUX MOJIB y OyAIBISIX 1 ciopydax, BUSBJICHHS JKepen ixX reHepaii ta
YMOB MIHIMI3aIlli.

JlocnipkeHHsT BUKOHYBAJUCh Y BUPOOHMUYMX OYAIBISAX Ta IX OKPEMHUX
NPUMILIEHHSAX 13 PI3HOK YacTKOIO HENIHIMHMX CIIOXKHUBAaYiB Yy 3arajlbHOMY
€JICKTPOHABAHTAXXEHHI CHJIOBOI Mepexi. SK TecToBl oOupanmucs JIaHKU
CUJIOBOT MEpeXi, Ha SIKUX HEJIHIMHI HaBaHTAKECHHS CKJIAJaau IPUOIU3HO: 10
15 %, no 20 % Tta Ounbiie 25 %. HaTypHi BUMipIOBaHHS 3/11MCHIOBAJIUCH 32
JIOTIOMOTOI0  €JIGKTPOTEXHIUHMX KB Mapku DT-9809 (enexrpocTpymu
npomuciioBoi 4dactotu S50 I'm). AMIUIITYIM TapMOHIK Ta IHTEPrapMOHIK
MPOMHCIIOBOT YacCTOTHM BHU3HAYANMCA 31 CHEKTpa MAarHiTHUX TIOJIB,
TeHEPOBAHUX EJEKTPOCTpyMaMu (a3HHX 1 HYJIBOBHX POOOYUX IPOBIIHHKIB
OPUCTPOEM  KOHTPOJIO TAapMOHIMHOTO CKIaAy €JEKTPUYHOTO CTPyMY
npomuciaoBoi yactotu (3asiska U201404648).

YactoTa Ta CHHYCOIZANBHICTH €JNEKTPOCTpyMy O€3 HaBaHTaXCHHS
KOHTPOJNIOBAIMCA 32  JIOMIOMOTOI0  IU(POBOrO  3amaM’SITOBYIOUOTO
ocimiorpada Tektronix TDS2022C. OcrtranHe € 000B’SI3KOBUM ISt
BUKJIFOYEHHSI 30BHIIIHBOIO BIUIMBY Ha (OpMYBaHHS TapMOHIMHOIO CKIIaTy
EJIEKTPOCTPYMY Y CHUJIOBIHA MepexKi OyaiBIIi.

PosrinsitHemo  MexaHi3M TOSIBU B €NEKTPOMEPEKI TapMOHIK  Ta
IHTEPrapMOHIK €JIEKTPOCTPYMY MPOMUCIOBOI YaCTOTH.

Xapaktep eNeKTPOCTPyMYy HEJTIHIHHOTO (IMIYJBCHOTO) CIIOKMBaya
0OyMOBJIIO€ CIIOTBOPEHHSI CHHYCOIMaIbHOT HAMIPYTH HAa BXOJIl HABAHTAKECHHS.
[le Tak 3BaHa «IJIacKka» CHUHYCOIda, IO € HACHIIKOM TMaJiHHS HamNpyrd Ha
BHYTPIIIHbOMY OMOpi enekTpomepexi. CnorBopena Hampyra U, Ha BXoi
HABAHTAKCHHS 00YUCITIOETHCS 32 (OPMYIIOH0:

U (N =U(NH~1(f)-Z,, (1)

ne U, (f) — cuHycoinanbHa Halpyra CUJI0BOI MEpExKI;
I(f) — iMIyJIbCHUI €EKTPOCTPYM HaBAHTAKCHHS;

Z,, — TIOBHUH OTip Mepexi 3 00Ky HaBaHTAKECHHS.

HecunycoinanbHi €JIEKTPOCTPYMH BUKJIMKAIOTh TAJIHHS HANpyrd Ha
omopi Z,, MmO € HACITIJKOM TOSBH Ha BXOJl HEJIIHIMHOTO CIOXXKHBada
«mIackoi» cuHycoinu Hampyru. Lle came cmocrepiraerbcsi Ha BXOHi yCiX
CJIEKTPOCIIOKUBAYIB, YBIMKHYTHUX MapaJieIbHO IIbOMY HaBaHTAKEHHIO.

HecunycoinanbHICTh HAIPYTH Y CUCTEMAX €IEKTPOKUBIICHHSI HETIOKOITh
€JIEKTPOTEXHIKIB Ta €HEPreTUKIB Yepe3 3HMKEHHS KOe(]IllEHTIB KOPUCHOI il
CIEKTPOTEXHIYHOTO  OOJIATHAHHA Ta WOro  TMPUCKOPEHE  3HOIICHHS:
raJIbMyBaHHS POTOPIB €JIEKTPUYHMX MAIlWH, NEperpiB TpanchopmaTopiB Ta
130JIALIMHUX TIOKPUTTIB, HEITaTHa poboTa Ta BUXIA 3 Jaay Oarapei
KOHJIEHCATOPIB JIJIs1 KOMIIEHCAllli peaKTUBHOTO HABAaHTAKEHHS TOIIO.

3 oAy Ha OXOpPOHY Mparli Ie SBUILE € MPUIMHOIO ITIIBUIICHHS PiBHIB
MarHiTHUX TOJIIB SIK Y OKPEMUX MPUMIIICHHX, Tak 1 B OyAiBIsAX y nutomy. Lle
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OOyMOBJIEHO PO30CEPEIKEHHSIM HENIHIMHUX CHOXKMBayiB y OyaiBmi, ix
3MIHHOIO KUTBKICTIO Ta PI3HUMU pPEeKUMaMHU pOOOTH.

CHnoTBOpEeHHSI CHHYCOIAQJIBHOCTI HAmpyru (€1eKTPOCTPyMy) 3MIHIOE iX
TapMOHIMHHIA CKJIa, 110 MPU3BOIUTH JO MOSBU HEOAKAHUX, 3 TOYKH 30PY
€JIEKTPOMArHITHOT O€3MeKH, HEKOMIIEHCOBAHUX EJEKTPOCTPYMIB Yy CHJIOBIN
EJIEKTPOMEPEXKI.

3a CHMETPUYHOIO HAaBAaHTa)XEHHS (HABaHTa)XCHHsS KOXKHOI (a3u He
nepeBuIye HopMaTuBHE BiaxuieHHs y 10 %) ¢da3Hi enekTpocTpyMu OCHOBHOI
YaCTOTH CTBOPIOIOTH CUCTEMH IMPSIMOI Ta 3BOPOTHOI MOCIIIOBHOCTI Ta AAOTh Y
CyMi HyJIbOBE 3HaUCHHSI.

'apMoHikM, KpaTHi  TPhOM, CTBOPIOIOTH  CHUCTEMH  HYJIbOBOI
MOCJIIIOBHOCTI, TOOTO MaioTh y OyAb-IKUH MOMEHT OJHAKOBI aMILNTYIH i
dazu. UYepes 1me y HyIb0BOMYy poOOUYOMY TPOBITHHUKY BHUHHUKAIOThH
€JIEKTPOCTPYMH, IO JOPIBHIOIOTH MOTPOEHINA CyMi CTPYMIB BUIIUX TapMOHIK,
KpaTHHUX TPHOM. 3a HECHHYCO1IaJIbHOTO CUMETPUYHOTO
€JIEKTPOHABAHTAKEHHSI CTPYM Y HYJIbOBOMY pPOOOYOMY MPOBITHUKY JOPIBHIOE

IN:3-‘/13+19+IH, (2)

ne I, 1y, ...I, — niro4l 3HAaYeHHS BIJNOBIIHUX TAPMOHIK €JIEKTPOCTPYMY;
n — HeTlapHe YUCII0, KPaTHE TPhOM.

Takum 9rHOM, 3a HENIHIHHUX HaBaHTAKEHb EJIEKTPOCTPYM y HYIHOBHUX
poOOYMX MPOBITHUKAX MOKE 3HAYHO MEPEBUIIYBATH €JIEKTPOCTPYM Y ¢azax i
3aJIEKUTh Bl YAaCTKM  HENIHIMHOTO HABAHTAXKEHHA y  3arajlbHOMY
HAaBaHTAXXEHHI CHJIOBOI Mepexi. Po3risa aMminiTygHUX 3Ha4YyeHb BUIIMX
rapMOHIK TOKa3aB, IO 3 TOYKH 30py €JIEKTPOMArHITHOI O€3MeKH MpaKTUYHE
3HAYEHHS Ma€ BpaxyBaHHS TUIbKU TPEThOi rapMOHiku yacToToro 150 I'm.

HatypHni BuMiproBaHHS €J1€KTPOCTPYMIB Y CHIJIOBIM MEpEKi MOKa3aiu, 110
cTpyMH y ¢a3zax Ta HYyJIbOBOMY MPOBIIHHKY MAalOTh BEJIUKI PO301KHOCTI.
TunoBi iX CIiBBITHOIICHHS HaBEACHO y TabmuIIi 1.

Taomung 1

Enexkmpocmpymu y cunogiii mepeyci 0yoieni*

daza A, A ®aza B, A | ®aza C, A | Heititpans N, A
58 66 69 106
56 57 72 108
61 56 69 104
2 31 28 42
28 31 26 38
34 26 32 41

* 3HaueHHS eJIEKTPOCTPYMIB OKpyTiIeHE. MOXKIIMBICTh HAsIBHOCTI CTPYMiB BUTOKY HE
BpaxoByBajacs
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OueBHIHO, WIO0 HAsBHICTh HEKOMIIEHCOBAaHUX EJIEKTPOCTPYMIB €
NPUYMHOIO TOSIBM BIANOBITHUX MAarHITHUX TMOJIB. [X piBHI MOXYyTh OyTH
BH3HAaueHi 31 ciiBBinHOMmEHHs bio-CaBapa-Jlannaca:

y7, 1
dB :—0-—(dl>< r),
I 13

3)
dB:ﬁ-L-dﬁsingD

dr 2

AC gy — Mar"iTHa crajia,

I — cuna crpymy;

dl — niHIHUN eJIEMEHT CTPyMY;

¥ — pajilyCc-BEKTOP B1Jl €JIEMEHTA CTPYMY 10 TOUKH CIIOCTEPEKEHHS;
@ — KyT MiX BeKTopamu dl Ta r.

Po3paxyHku 1HAyKIli MarHiTHOTO TOJISI JJIsi TIPOBIAHMKA (DiKCOBaHOT
IOBXWHU (4) moOKazanmW, M0 A MPHUMIMIEHHA po3Mmipamu 6 X 8 M mms
CerMEeHTa JOBKUHOIO § M 1 €JIeKTPOCTpyMy 5 A IHIYKIliSi MarHiTHOTO MOJISI Ha
Bincrani 1,0 ... 1,5 m Bix ctinm ckimanae qo 0,2 mxTi, a 3a yMOBU MpPOTIKaHHS
TaKOI'0 CTPyMY MEPEXKEIO €JIEKTPOKUBIICHHS 3a IEPUMETPOM NpUMILIEHHS (5) —
0,9 MxTn y #ioro nentpi. Taki 3HaueHHS OUIBII HDK yTPUYl NEPEBUILYIOTH
IPaHUYHO JOMYCTUMUN PIBEHB JJIS €KCIUTyaTallil KOMIT F0TePHOI TEXHIKH.

B:'Z"UO (cosgp, —cos@,)
T-r
4
- (4)
B:2-ﬂ-ﬂ0-1-\/x2+;v2 (5)
T-X+y

7€ ( — MarHiTHa MPOHUKHICTh CEPE/IOBUIIIA;
[lp — MarHiTHa CTana;
I — eexTUBHE 3HAYCHHS CIEKTPOCTPYMY;
7 — B1JICTaHb BiJl MPOBITHUKA JJO TOYKU BU3HAUEHHS IOJI,
¢, ¢, — KyTH MIXK KIHIIMH CETMEHTA 31 CTPyMOM 1 HalpsIMaMu JI0 TOYKH

CHOCTEpEKEHHS (BIAPAXOBYIOTHCS B OJIHY CTOPOHY);
X, ¥ — AOBKMHA Ta MIUPUHA TPUMIIICHHSI.

BumipioBaHHsT pIBHIB CIEKTPaIbHOTO CKJIAAy MAarHiTHUX IOJIB Y
NPUMIIIEHHSX 13 PI3HUM BHECKOM HENIHIHHUX €TEKTPOCIIOKHUBAYIB y 3arajbHe
HABAaHTA)XCHHS HAa CHUJIOBY MEpEXY CBIIYaTh MPO OAHO3HAYHUH 3B’SI30K IHX
IOJIIB 13 HEKOMIIEHCOBAHUMHM CTPyMaMH y MEpeX1 eNeKTPOKUBIEHH: (puc. 1).
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dB

20
10
0
0 100 200 300 400 Hz
Display Band (Hz) : 0to 500 Time (msec) 1420 ‘
Display Channels : Stereo (Left) Frequency (Hz) 28 +/-54
Sample Rate (Hz) - 48000 Spect Level (dB) - 27 GRID_|
Sample Size (Bits) : 16 Total SPL (dB) 6
@) HeNHIIHI HABAHMAXICeHHA CKaadaromb meHute Hixic 10 % 3azanvnozo
€JIEKMPOHAGAHMAIICEHHA
dB
20
10
0
0 100 200 300 400 Hz
Display Band (Hz) : 0 to 500 Time (msec) : 2898 ‘
Display Channels Stereo Frequency (Hz) 106 +/-54
Sample Rate (Hz) : 48000 Spect Level (dB) 19 GRID_|
Sample Size (Bits) : 16 Total SPL (dB) 13
0) neniniiini nasanmasicennn cknaoaroms 15...20 % 3azanvnozo
€JIEKMPOHABAHRMAIICEHHA
dB
20
10
|
|1
- e !
0 i L
0 100 200 300 400 He
Display Band (Hz) . 0 to 500 Time (rmsec) - 3037
Display Channeds ©  Sterco Frequency (Hz) : Q0000 RID
Sample Rale (Hz) . 48000 Specl Level (dB) . 0o G |
Sample Size (Bits) : 16 Total SPL (dB) : 18

6) HeJIIHIIHI HABAHMANCEHHA CKA0aroms dinvute Hixc 25 %

Puc. 1. Cnekmpanvnuil ck1a0 MazHimMHUX nOaié y 6UPOOHUYUX NPUMILLEHHAX
3 PI3HUM 6HECKOM HEIHIIIH020 e/1eKMPOCHONHCUBAHHS
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Jlesiki  BIAMIHHOCTI CHEKTPaNbHUX CKJIQJIB MArHITHUX TIONIB Y
OPUMIIIEHHSAX Ta EJIEKTPOCTPYMIB y CHJIOBUX MEpEkax MOSICHIOIOTHCS
BHECKOM Y €JEKTPOMAarHiTHy OOCTaHOBKY MArHITHHX IIOJIIB €JIEKTPOHHUX
TEXHIYHUX 3aC001B, sIKI MOXKYTh MaTH CKJIaJHUA MexaHi3M reHepaiii. Cnextp
Mar"iTHOTO TOJsI JPKepesa >KUBIICHHS TOPTATUBHOTO KOMII IOTE€pa MPHU HOTO
H1IKIIFOYEHH1 JI0 SJICKTPOMEPEK1 HaBEJICHO Ha PUCYHKY (puc. 2).

dB
60
40

20 n

|

.ﬁ-’ﬁ AL o m .f'r|.r Vi A\ ‘J” A g . n, ,_F\ T ; —-'l J i Mo fida b
RE. \\ sy el N BN Y L'“h v VY
0 100 200 300 400 Hz

Display Band (Hz) © 0 to 500 Time (msec) 14043 ‘
Display Channels Monaural Frequency (Hz) 00000 GRID |
Sample Rate (Hz) - 48000 Spect Level (dB) ; 000 e
Sample Size (Bits) © 24 Total SPL (dB) - 40

Puc. 2. Cnekmpanvhuil cK1a0 MazHimHo20 noJa 0xcepena e1eKmpoHCcUue1eHHA
nopmamuenozo komn’romepa nomyxcricmio 330 Bm

[TepepaxyHOK piBHIB MarHiTHUX TOJIB 3 JIOTapU(DMIYHUX OAUHUIL Yy
(haKTHYHY HAMpPYy>KEHICTh MArHITHOTO TOJIS 31HCHIOBABCS 31 CIIBBIAHOIICHHS

(6):

UBX (B)

U, (ab)=20-1g 0 B) (6)

ne U,y (n1b) — piBenb curnany y nb (3 ekpanHoi ¢popmu puc. 6);

Uxx (B) — piBeHb €NEKTpUYHOTO CUTHAIIY 3 JIaTYUKA MArHiTHOTO TMOJS y
BOJIbTAX;

Ui (B) — poboua Hampyra 3ByKOBOi KapTH MEPCOHAIBHOTO KOMITIOTEpA y
BOJIbTAX.

@dakTUyHI 3HAYEHHS IHAYKII MAarHITHOTO TIONS OTPUMYIOTh 3
KamiOpyBanbHOI TaONMII JaTyMka Mar"itHoro mois. Tak, ugactoti 50 I'ip
BianoBigae uytiauBicth 0,780 mB/mxTn, wactori 100 I'm — 0,784 mMB/mMkTn,
150 ' — 0,788 mB/MkTi, 200 I'ty — 0,793 mB/MkT.

MarniTHe 1ojie, TCHEpOBaHE €UHUM JHKEPETIOM JKMBJICHHS, HE BIUTHBAE
Ha eJIEKTPOMAarHiTHy OOCTaHOBKY Yy IPHUMIIICHHI, ajie 1a€ CyTTEBUN BHECOK Y
CyMapHe MarHiTHe T1ojie Ha poOodoMy MiCIi KOpHUCTyBada depe3
HAOMMKEHICTh JI0 HBOTO. BpaxoByrouw pi3HOMaHITHICTH Ta KIIBKICTh
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CJIEKTPOHHUX MTPHUCTPOIB Yy CydaCHUX BHUPOOHMUYUX OyHdiBIAX TaKUN BIUIHB
HEOOX1ZIHO OIHIOBAaTH Yy KOXXHOMY OKpeMoMy BuMaaky. Jlo Toro K,
CHEKTpaJbHUI CKJIaJ Ta aMIUNTYAHI 3HAYE€HHS MAarHiTHUX IIOJIIB, HAaBITh
OJIHOTUIIHUX JDKEpes, 3HAayHO BIIPI3HAIOThCA. Pe3ynbTaT BHUMIpIOBaHHS
TaKOTO CKJIaay ISl IpUjiady, MOBHICTIO aHAJIOTITYHOMY Ha pHUC. 2, HABEJICHO Ha
puc. 3.

dB

=30

w“mmmjmﬁmﬂﬂwﬂm

-90
0 100 200 300 400

Display Band (Hz) : 0 to 500 Elapsed Time (sec) : 23 CAPTURE | CLEAR

Display Channels - Stereo (Right) Freguency (Hz) 244 +/-15 GRID | PEAK HOLD

Sample Rate (Hz) : 48000 .
Sample Size (Bits) © 24 Sralile) Al STOP

Puc. 3. Cnekmpanvhuil cKi1ad MazHimHo20 NOA 0xcepena eaeKmpoHcueieH
nopmamueHo20 Komn’romepa

OtpuMaHi pe3yJbTaTi 00YMOBIIOIOTH HEOOXI1THICTh BUSHAYCHHS IUISIXIB
3HIDKCHHSI BIUIMBY Ha TIPAIIOIOYMX MArHITHUX TIOJIB HEKOMIIEHCOBAHUX
EIEKTPOCTPYMIB y MEpekax eJIEKTPOKHUBICHHs OyiiBesib 1 MarHITHUX IOJiB
FapMOHIK Ta I1HTEPrapMOHIK MAarHiTHOTO TIOJII TMPOMHCIOBOI YacTOTH.
Oco0auBO 1€ CTOCYETHCS MAarHITHOTO MoJist yactororo 150 I'm.

Bukopucranns mkepen  0e3nmepeOIMHOrO  JKMBJICHHS — MOJIBIHOTO
TepeTBOPEHHs a€ MO3UTUBHHUI e)eKT, ane oOMeKeHe 3a MOTYKHOCTAMM. 1X
3aCTOCYBaHHS JIOIUIbHE TIPH EKCIUIyarTailii aBTOMAaTHU30BAaHUX CHCTEM 3a
HAsSIBHOCTI OJHOPITHUX TEXHIYHUX 3ac00iB [8].

YnpoBa»KeHHsI 3aXO0/I1B 31 3HUKEHHSI €JIEKTPOMArHiTHOrO HaBaHTaXKEHHS
Ha cepeIoBuIIe OyaiBeNb JOIUIbHE Y TaKii MOCIiTIOBHOCTI:

® 3HIDKCHHS YacTKW HENIHIMHUX eJIEKTPOCMOXKHUBAYiB Yy 3arajibHe
HABAHTAKEHHS Ha CUJIOBY €JIEKTPOMEPEKY OYIiBIIL;

® JMCTAHITIIOBAaHHS JIIONCH BIJl JDKEpEN EINeKTPOMArHITHUX TMONIB 31
CKJIQJTHUM YaCTOTHUM CIIEKTPOM;

® CKpaHyBaHHs, NpUHANIMHI  HYJbOBUX pOOOYMX  IPOBIAHUKIB,
(depomarHiTHUMH 000JOHKaMU. Lle * CTOCyeTbCsl PO3MOAUIBYMX IIUTIB
(3a3BUuaii X KOPIyCH BHTIOTOBJIEHO 13 HaMACIIeBIIOr0 Marepiany 0e3
ypaxyBaHHs crienidiKu yMOB eKCIUTyaTarlii);

® HEMepepBHUN KOHTPOJb PIBHOMIPHOTO HaBaHTaKEeHHS (a3 TpudazHoi
CUJIOBOI €JIEKTPOMEPEKI.

55

Hz



Y KOXHOMY KOHKPETHOMY BHUMAJIKYy pPO3pOOJEHHS Ta BIPOBAKCHHS
3aXO0JlIB 13 MIJBUIICHHS EJIEKTPOMArHiTHOI O€3MeKH 3INCHIOETHCS MiCTs
BU3HAYECHHS €JIEKTPOMArHiTHOI OOCTAHOBKHU K Ha OKPEMHX POOOUYUX MICISX,
Tak 1 B Oy/AiBJl B LIUJIOMY, 3 00OB’SI3KOBUM KOHTPOJIEM TapMOHIMHOTO CKJIaTy
MarHiTHUX TMOJIIB.

[IpoBeneHe nOCHIIKEHHS] HE MOYKHA BBa)KaTH MOBHICTIO 3aBepiieHUM. He
BUSIBJICHO  3arajbHUX 3aKOHOMIPDHOCTEW TIIOSIBU  IHTEPrapMoHIK  (SIK
KaHOHIYHMX, TaK 1 HEKAHOHIYHHMX) y pealbHMX BHPOOHWYUX YyMoBaXx. Sk
MOKa3aJy JOCHIJKEHHS, iX aMIUTITyJHI 3HaY€HHS MOXYTh OYyTH CYTTEBUMU

(puc. 4).
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Puc. 4. I'apmonitinuii cknao MazHimH1o2o nonsa y 6UpPOOHUYOMY RPUMIULEHHI
3 HAAGHICMIO HECMAHOAPMHUX 2APMOHIK Ma IHMPecapMOoHIK
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Sk BUHO 31 CIIEKTPIB, 32 HASIBHOCTI 33JI0BITLHOTO TAPMOHIMHOTO CKIaIy
3’SBISIETHCSL 1HTEPrapMOHIKa MAarHiTHOTO TIOJIS, 3a CBO€I0 aMILTITYJIOK0
MOpIBHSHA 3 PIBHEM MarHiTHOTO MoJs ocHOBHOI yactoTu 50 ', mo He Moxke
BBaKaTUCS NpuiHATHUM (puc. 4,0). Lle )k cTocyeTbcs i MOSBH TapMOHIKH
gactoToro 250 I'u. Take siBuille HE MOXXKe OyTH OOTpyHTOBaHE mepekocoM (a3
Ta 3HAYHOIO YAaCTKOIO HEJHIMHUX crloKuBaviB. A mosia rapmoHiku 450 I'ip —
3po3yMijia, X04a, 3a3BMYail, BOHA HE NEPEBUIIY€E 3HAYEHb TPEThOI TAPMOHIKH
gactororo 150 I'm.

[ToTpeOyroTh YTOYHEHHSI BHECKU OKPEMUX JIKEpEsT Ta MEXaHI3MH 3MIiHU
TFapMOHIMHOTO CKJIQJy MarHIiTHUX MOJIB y BUpOOHMYMX ymoBax. HeoOxigHo
TAaKOXK 3 ACyBaTH TEXHIYHY Ta EKOHOMIYHY JOLIJIbHICTh BUKOPUCTAHHS
(G1IBTPIB BULIMX FApPMOHIK y OyiBil B Hijomy. JlOoCBija Mokasas, 1110 MacUBHI
¢binpTpu He 3aBkAU e(peKTUBHI, a Ti0puaHi GiIbTpu (Hampukiaa, [9]) MaTh
BEJIMKY BAapTICTh 1 € CKIIQAHUMHU B €KCILTyaTallii.

Posrnsnyra mpoOsjemarnka Mae€ TakoX 1 €KOJOTIUHHUN AacmeKT, SKHUi
MOJISITa€ Y TOMY, IO HASBHICTh MarHiTHUX IOJIB IIMPOKOTO CIEKTPAIBHOTO
Jiama3oHy HEraTWBHO BIUIMBA€E Ha €JIEKTPOMArHiTHy OOCTaHOBKY y OyIiBii B
iioMy. ToOTO, HEraTMBHOMY BIUTMBY MIJJAIOTHCS JIIOJU, SIKI HE MAarOTh
npodeciitHOro BiTHOMICHHS 10 00IaTHAHHSL.

JIOLUIbHUM ~ ySIBJIAETbCS BU3HAYEHHS BIUIMBY HA EJIEKTPOMArHITHY
00CTaHOBKY CTaHJApPTHUX, HAMOUIBII MOMIMPEHUX HENTIHIMHUX CIOKUBAYiB Ta
HaJaHHS KUIbKICHUX XapaKTEPUCTHUK (32 YaCTOTOIO Ta aMIUIITYJI0I0) iX BHECKY
Yy HEKOMIIEHCOBaH1 €JIeKTPOCTPYMH Ta MATHITHI MOJISI TAPMOHIK TPOMHCIOBOT
YacTOTH.

Bucnoexu

1. EnektpoMarriTHa 0OCTaHOBKA y CydYaCHHUX OYIIBIIAX 1 CIIOpyJax
Ma€ CKJIQJHMM CIEeKTp MAarHiTHUX TOJIB fK 3a YacToTaMu, TaKk 1 3a
aMIUTITYJaMd. AMIUTITYIHI Ta YacTOTHI XapaKTepUCTUKU LUX TIOJIB €
Herepea0adyyBaHUMK Yepe3 BUCOKY MMOBIPHICTh HAsSBHOCTI CTPYMIB BUTOKY
Ha MPUPOJIHI Ta WITYYHI 3a3eMJII0Bayl, 10 MOTPeOy€e OKPEMOTo PO3IIIsy.

2. Haiibinpm KpUTHUYHOI TapMOHIMHOK CKJIAJIOBOIO € MAarHiTHI IOJIS
gactoroto 150 ', reHepoBaHi HEKOMIIEHCOBAaHUMH €JIEKTPOCTPYMaMH Yy
HyJbOBHX POOOYMX MpOBiTHUKAX TpU]aA3HOI CHIOBOI eIeKTpoMepexi. Ix
JDKepelaMu € EJICKTPUYHI Ta €JEKTPOHHI TEXHIYHI 3acO0M 3 HEeNIHIMHUMH
BOJIbT-AMIIEPHUMH XapPaKTEPUCTUKAMHU, PO30CEPEKEH] Yy Oy iBIIi.

3. JlokaapHUMH JDKEpelaMd MAarHiTHHX TIOJMiB Oe3locepeHb0 Ha
poOounx MICIAX 13 HemependadyyBaHUMHU CHEKTPAIbHUMH CKJIAJIOBUMU €
IMITYJIBCHI JIDKEpeIia eeKTPOKUBIICHHS TEXHIYHUX 3aCO01B.

4. 3HIWKEHHS PIBHIB MArHITHUX TIOJIB MOXJIMBE 32 pPaxyHOK
€KpaHyBaHHS  JUITHOK 13 ~ HEKOMIIGHCOBAHMMH  €JIEKTPOCTpyMaMu
Mar”HiTOM sSIKHMHA ~ MaTeplajlaMd Ta  3HIDKEHHS  BHECKY  HEJIHIWHUX
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€JIEKTPOCTIOKHMBAYIB y 3arajibHe €JIeKTpOHAaBaHTaXeHHs OyaiBii abo cropy/y,
npuHaiiMHi 10 15 %.

5. Buxopuctannro 'y OyzaiBmi abo coopylai  pi3HOMaHITHHX
pe30HaHCHUX  ((DUIPTPOKOMIECHCYIOUMX) Ta TiOpuaHux (QUIBTPIB  Mae
nepeayBaTH  TEXHIKO-€KOHOMIYHE  OOIpYHTYBaHHS  JOLUUIBHOCTI  iX
eKCIuTyaTarii.
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