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BBepeHue

IMocTanoBka Hay4YHO-TeXHHYeCKOi 3agaun. Cu-
JIOBBIC JICCTPYKTHBHBIC BO3IACHCTBHSI MOTYT IMPUBECTH K
TMOSIBJICHUIO aHOMAaJIBHBIX SIBIICHUH B CHCTEMax JJIeK-
TPOCHAOXEHUsSI BOCHHBIX OOBEKTOB, CIEACTBHEM KOTO-
PBIX MOXKET OBITh OBPEXIIEHNE OCHOBHOTO 000pY10Ba-
HUSL OTUX cucTeM. [IJIsl 3alUThl CUCTEMBI AJIEKTPOCHA0-
KEHUsT OT YAAPHBIX IepeHaIpPsHKEHUH HCIIONb3YeTCs
anmaparypa, MO3BOJSIONAsl CHIDKATh aMIUTUTYIHbIE
3HAYCHUS TOKOB U HANPSHKCHUH JI0 JOMYyCTUMBIX 3HAYe-
Huil. [IpuMeHEHHE HEKOTOPBIX TEXHHYECKHX CPEICTB
CHJIOBOTO JIECTPYKTHBHOI'O BO3JECHCTBHS Ha CHUCTEMY
JJIEKTPOCHAOXKEHHSI MOXKET BBI3BaTh HEXelaTelbHbIe
PE30HAHCHBIE IPOLIECCHI B 3JIEMEHTaX CHCTeMBL. Jlis
3aIUTHI AIEKTPOIPUEMHUKOB U OCHOBHOTO 000pY10Ba-
HUSI CUCTEMBI DJIEKTPOCHAOKEHNUS OT CHIIOBBIX JIECTPYK-
TUBHBIX BO3ICHCTBHIA HEOOXOMUMO HCCIIEIOBAThH IPO-
LIECCHI, TPOUCXOAAIINX B CHUCTEME AJIEKTPOCHAOKEHHUS
NIPU HEXKENaTeIbHBIX BO3IACHUCTBUSAX M UMETh BO3MOXK-
HOCTh OLIEHHUTh UX mHocneactBus. B [1 — 4] ananuzupy-
10Tcs  (heppOope30OHaHCHBIE SIBJICHUS, BO3HHKAIOIIUE B
CHCTEME DJIEKTPOCHAOXKEHUSI TPH CHJIOBBIX JIECTPYK-
TUBHBIX BO3JIEHCTBUAX. B 3THX paborax naHo MaTteMa-
THUYECKOE ONMCAHWE YCIIOBUI BO3HUKHOBEHHS U IPOTE-
KaHus (Qeppope3oHaHCa TOKOB M HAIPSHKEHUH B dlie-
MEHTaX CHUCTEM OJJIEKTPOCHAOXKEHUS! KOMILIEKCOB BOO-
pYXXEHHS U BOSHHOU TeXHUKHU. OIHAKO JJIsl TOT'O, YTOOBI
OIUpaThCsl HA JaHHBIC, IMOJYYEHHbIE C NPUMEHEHUEM
9THX MaTEMaTU4eCKHX COOTHOLICHUH, HEOOXOIUMa HX
SKCIIEpUMEHTANIbHAS TIPOBEPKA.

AHaJm3 autepaTtypsl. SIBieHue dpeppope3oHaHca
paccMotpero B [S]. OmHako B 3TOH paboTe HE paccMmart-
pHUBalKCh cnenuduyeckue sSBJICHUS, PHUCYIIHE CHUCTe-
MaM 3JIEKTPOCHaO)KEHHsT BOCHHOI'O HAa3HA4EHHs, Kak
MPaBWIIO, SIBJISAIONIMECS CUCTEMaMH OrPaHUYEHHOM
MOIIHOCTH.

B pabote [6] omuchiBaeTCs pe3oHAHCHAS YCTaHOB-
Ka, TIOCTpOEHHass Ha 0a3e MaJOMOIIHOTO HU3KOBOJBT-
Horo tpanchopmaropa CO-1,6-0,4/0,23, ucnonbzyemas
JUTSL UICTIBITAHUH CHJIOBBIX KaOenbHBIX JTUHMHA. [TlogoOHast
YCTaHOBKAa MOXET OBITh MCIIOJb30BaHA U JUIS UCCIIENO0-
BaHUs (PepPOPE30HAHCHBIX SIBICHUI.

Lean cTaThbn — onMcaHue Pe3yIbTaTOB JKCIIEPHU-
MEHTAJIBHON NPOBEPKH AaHATUTUYECKUX COOTHOIICHUH,
OITUCHIBAIONINX (peppope30HaHCHBIE SBIICHUSL.

OcHoBHOM maTepuan

B mpomecce pa3zpaboTku 3KCHEPUMEHTAIBLHOHR yc-
TAHOBKM HEOOXOAMMO OBLIO PEUINTh 3a]ady CO3JaHHs
YCTPOMCTBA, MO3BOJISIONIETO MOJTydYaTh MEpeMEHHOEe MH-
JYKTHBHOE COMpOTHBIEHHE. [l pelneHus mocTaBieH-
HOW 3a7aud ObUT HCIIOJBh30BaH Tpex(dasHbli TpaHCOp-
MaTop, COOpaHHBIN 10 CXeMe MarHUTHOTO YCHIIUTENS, Y
KOTOpOro padoune OOMOTKH OBUTM 0Opa3oBaHbI OOMOT-
KaMu IByX (a3 TpaHchopMaTopa, a 0OMOTKA YIIPaBICHHS
ObuTa 00pa3oBaHa 0OMOTKO# TpeThel (ha3sl TpaHchopMa-
Topa. Paboune OOMOTKM CO3JaHHOTO TakUM O00pa3oM
MArHUTHOTO YCHJIUTENS OBLUTH BKJIFOUEHBI BCTPEUHO, YTO
obecrieqrBasio KOMIIEHCAIIMIO MEPEMEHHOH 3.1.C., KOTO-
past Morjia TOSBUTHCSI B 00MOTKe ympasienus. K paGo-
9uM OOMOTKaM MOABOJMIOCH IEPEMEHHOE HAIpsHKEHHE
MPOMBIIIEHHON YaCTOTHI, BETHYMHA KOTOPOTO M3MEHS-
Jlack B Tiporiecce ucnbitanuidi. OOMOTKa yrpaBieHHUs! MH-
Tauach BBIPSAMIICHHBIM HAMPSYKEHHEM, MONTy4aeMbIM C
MOMOIIBI0 OJHO(A3HOTO BBIIPSIMUTENS, COOPAHHOTO IO
cxeme ['penia, Ha BBIXOJIE KOTOPOro OBLIT BKIIFOYEH EMKO-
cTHOH (uiIbTp. Benmuumna Toka OOMOTKH yIIpaBIICHUS
HU3MEHSIACh MYTEM W3MEHEHHs BETUYMHBI HAIPSDKEHMS,
MO/IaBaeMOro Ha BXON BbIMpsAMuUTens. Cxema WCIbITA-
TeNbHOW YCTaHOBKHU IpuBeneHa Ha puc. 1. Ilpexxnae Bcero
OBUTH TIPOBEICHBI UCCIIEA0BaHHsI COOCTBEHHO MarHUTHO-
TO YCHJIUTEINsl, B XO€ KOTOpPBIX ObLIa IIOCTPOEHA €ro
BOJIBT-aMIIEPHAs XapaKTEePUCTHUKA.

Pe3ysbraThl M3MepeHuid NpencTaBiIeHsl B Ta0u. 1.
Ilo maHHBIM, TOJYYEHHBIM B pE3yJbTaTe H3MEPEHUA,
MOCTPOEHBI IpadyKH, IIPECTaBICHHbIC Ha PHUC. 2.

DKCIIepUMEHTAIbHBIC JaHHBIC OBUIH OOpaOOTaHBI
U UX alllpOKCUMHPOBaHUE OBLIO OCYIIECTBJIECHO MO 3a-
KOHY THIIEpOOJIMYECKOro CHHYCA.

B aHanmuTHYeCKUX HCCIEeNOBaHUIX HCIIOIb30Ba-
Jlach 3aBUCUMOCTh TOKa OT ITOTOKOCHEIUICHHs, Tpel-
cTaBisieMasi CyMMOW JIMHEHHOW W TUNEpOOIMYEeCKOi
cOCTaBisIomEed. DTa 3aBUCHUMOCTh ObLIa IMOJyYeHa C
nomolneto nporpammbsl Mathcad, ipu oTcyTCTBUE TOKa
yIIpaBJICHUs OHA MMEET BUJI, [IOKa3aHHbBII Ha pHC. 3.
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Puc. 1. Cxema skcniepuMeHTalIbHON YCTAHOBKU

Tabnuna 1
DKcrepUMeHTaJIbHbIE JTaHHbIE
Jutst moctpoeHuss BAX skcriepMeHTaIbHON YCTaHOBKU

Ip, MA
Us, B ¥, 56 =0 =15 A L=3 A
30 0,095 4.1 14.5 254
40 0,127 43 16 32
50 0,159 5.4 21 40
60 0,191 5.9 49
70 0,223 6.5 59
80 0,256 7.1 31 65
100 0,318 8.15 89
120 0,328 9.25 59 114
140 0,446 10.3 143
150 0,477 10.9 82 155
160 0,509 11.25 182
180 0,573 12.45 130 220
200 0,636 137 260
220 0,700 14.8 184 305
240 0,764 15 215 325
250 0,796 15.6 350
260 0,828 16.2 250 375
270 0,860 17 400
280 0,892 13 285 425
290 0,923 174 500
300 0,955 18.8 300 520
320 1,019 212 600
340 1,082 236 375 670
360 1,146 264 730
380 1210 30 475 800
400 1,274 34 900
420 1337 40 550 950
440 1,401 48 1040
460 1,464 60 650 1100
430 1,528 74 1160
500 1,592 95 760 1280
520 1,656 130 1360
540 1,719 165 880 1450
560 1,783 212 1540
580 1,847 265 1610
600 1,910 310 1090 1730
620 1,974 400 1860
640 2,038 490
660 2,102 575 1350
700 2,229 775 1575
720 2,293 890
760 2,420 1150
800 2,547 1475
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Puc. 2. BonbT-amMnepHbIe XapaKTEPUCTHKA
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Puc. 3. 3aBucuMocTy TOKa B 0OOMOTKE OT
MTOTOKOCIEIUICHHS: 1 — KpHBasi, HIOCTPOCHHAS
IO YKCTIICPUMEHTAILHBIM JIAHHBIM;

2 — annpoKCUMHUPYIOIIask KpUBas

Bropoii rpaguk Ha puc. 3 — annpoOKCUMHPYIOIIAs
KpHUBas, MOJTYYCHHAs TyTeM HaXOXKICHUSA KOd(PHUIMCH-
TOB M3 CUCTEMbI YPaBHCHUN

i =ap gy +ay v 1)
iy =aj-yy+ay '\U%s
rae iy,ip, Wy, Y, — 3HAUEHUS TOKA U IIOTOKOCLECIUICHUS,
B3STHIC M3 BBIIEICHHBIX sucek Ta0m. 1. [Tocnme pemeHus
CHUCTEMBI YPaBHCHUH MOTYIUM
a; =0,033, a, =0,035.

OueBUIHO, YTO TOYHOCTH ANMPOKCUMAIIUH YKOPO-
YCHHBIM CTETICHHBIM ITOJIMHOMOM TPEThEH CTEIEHU KpH-
BOM 3aBUCHMOCTH TOKa OT ITOTOKOCIUCIUICHUS B OOMOTKE
MaJIOMOIIIHOTO TpaHcopMaTopa HEAOCTaTOYHA H3-3a
OOJIBIIION KPYTU3HBI paccMaTpHBAaeMOM KPHBOW Ha Ha-
YaJbHOM YYacTKe, YTO OOYCIIOBJICHO HEOOJBIIONH MOII-
HOCTBIO TpaHchopMaTopa, a Takke TeM (PaKToM, YTO
CHATHE pabOYMX BOJIBT-aMIIEPHBIX XapPaKTCPUCTUK IIPO-
BOIWJIOCH JUIA JIBYX BCTPEYHO BKJIFOUCHHBIX OOMOTOK
TpaHchopmaropa. OHAKO IS CUIIOBBIX TpaHc(hopMaTo-
POB, KOTOpBIE UCIIONB3YIOTCS B CUCTEMAx 3JIEKTPOCHA0-
JKCHUSI BOCHHOT'O Ha3HAuUCHHMs, KPUBbIC HAMATHUYHBAHUS
SIBIITIOTCSL OOJIee TIOJIOTUMH, MTOJJOOHBIC KPHBBIC BO3MOXK-
HO TOJIYYUTh, UCTIONB3YS IOJMAarHUUMBAHUE CEPACYHUKA
MOCTOSIHHBIM TOKOM. Ha puc. 4 mokazaHbl KpUBBIE 3aBU-
CHMOCTH TOKa OT TMOTOKOCIICTUICHUs MPH TOKE yIpaBlie-
Hus 1,5 u 3 A, a Taxoke UX anmpoOKCUMUPYIOIINE KPUBBIE.
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Puc. 4. 3aBUCMMOCTH TOKa OT IMOTOKOCHEIIIICHUS
IIPY HAJIMYHUU TOKA B OOMOTKE YIIPaBJICHUSI
1 —3aBucumocts I(y) mpu Iy =1,5A
2 - anmpoKCUMUPYIOIIasl KpUBas 3aBUCUMOCTH 1
3 - 3aBucumocts I(y) mpu Iy =3A
4 - anmpoKCUMUPYIOIIAsl KpUBas

Kax BumHO U3 puc. 4, npu HaIW4YUM TOKa MOAMAr-
HUYUBAHUSI B OOMOTKE YIPABJIECHHS ANIPOKCHUMAIIMS
3aBUCHMOCTEH TOKa OT MOTOKOCLEIJICHHUS CTENEHHbIM
MOJTMHOMOM TpPETheH CTENEeHH IMO3BOJSET IOMYyYUTh
aHayUTHYecKue (QYHKIUH, KOTOpble Oojiee TOYHO OITH-
CBIBAIOT 3TH 3aBUCHUMOCTH, Y€M B CIy4ae OTCYTCTBUS
TOKa B OOMOTKE YIpaBIICHUSI.

W3 cucrembl ypaBHenwuii (1) Halizem koddduiuen-
THI TIPH CTENEHHBIX IMOJUHOMAX ANIPOKCHUMHUPYIOLINX
KPHBBIX MPH HATUYUH TOKA YIIPABIICHUSL.

Ipu Iy =1,5A - a; =0,226, a, =0,094.

Ipu Iy =3A - a; =0,334,a, =0,157.

[l Toro, 4TOOBI MPOIECCH, TPOTEKAIOIHE B IKC-
MepUMEHTAIEHON YCTAaHOBKE TIIpH  (heppope30HaHce,
COOTBETCTBOBAJIM IIPOIIECCAM B CHUCTEME DIIEKTPOCHAO-
JKEHUsT TPH CHIOBBIX JECTPYKTHBHBIX BO3JEHCTBHSX
HE0OX0ANMO, YTOOBI BXOJHOE HANPSHKEHHE N3MEHSIOCH
Obl HE TI0 TAPMOHUYECKOMY 3aKOHY, KaK 3TO MPOHCXO-
JIIT B CXeMe, N300pa)KeHHO# Ha puc. 1, a uMerno Obl BUA
MPSIMOYTOJIEHOM 3HaKoIlepeMeHHOH (yHKuun. st 3To-
ro menecoodpa3zHo Mpeodpa3oBaTh TapMOHHYECKYIO
(YHKIMIO HANpSDKEHHs C TOMOIIBIO IBYXTAKTHOTO aB-
TOHOMHOI'O MHBepTOpa (aBTOreHepartopa Poiiepa). O0-
MOTKa yIpaBJIeHUS MO3BOJAET nonyuuts BAX ucmeita-
TENFHON yCTaHOBKHM NOA0OHYI0 BAX cHiloBbIX TpaHc-
¢dopmatopoB. s uccnenoBanus siBieHust heppopeso-
HaHca B IIenb paboyrx 0OMOTOK BKIIFOUEH KOHAEHCATOP,
HMUTHPYIOIINHA €MKOCTHBIE 3J€MEHTBl CHUCTEMBI JJIeK-
TPOCHAOXKEHUs, & TAK)KE PEOCTaT, UIPAIOIIUIA POJIb aK-
THUBHOT'O CONPOTHBJIEHUSA. BennunHa eMKOCTH KOHJAEH-

caropa C HEOOXOAUMO BBIOMPATH U3 YCIOBUS o’ < (og ,

re. 222098 6.10° > C<2,3 M.
C
B skcrniepuMeHTaIbHON YCTAaHOBKE BEIWYMHA €M-
KocTHu coctaBuia 1 MkD.
HccnenoBanuss ObUTH TPOBEICHBI TSl PA3TMIHBIX
CXEeM COCIMHCHHUS aKTUBHOTO COIPOTHBIICHUS, KOHIICH-

caropa M yIpaBisieMOH KaTYIIKH MHIyKTHBHOCTHU C Iie-
JIBIO OTpEeeHHs XapaKTePUCTUK JMCCUTIATHBHOM CHC-
TEMbI TIPH PE30HAHCE TOKOB U PE3OHAHCE HAIPSIKEHUH.
CxeMa 3KCHepUMEHTAIbHON YCTAHOBKH JUIsL CCIIEN0Ba-
HUS sIBJICHUs (heppOpe30HaHca IPHUBE/IeHa Ha puc. S.
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Puc. 5. Cxema uccnenoBaHus sSIBIEHUS pe30HAHCA
HATPSDKCHUH MPHU CUIIOBOM JECTPYKTHBHOM
BO3/ICHCTBUH Ha CHCTEMY DJIEKTPOCHAOKEHHS

B ycraHOBKe y4TEHO, 4TO B YCJIOBHSIX pE30HAHCA
HaINpsDKeHUH Haubosee CYIECTBEHHO BO3PAcTaeT Tpe-
ThSl TapMOHMYECKas COCTaBJIAIONIAs, MPENyCMOTpPEH
KOHTPOJIb (DOPMBI KPHUBOW HANpPSHKCHHS Ha OOMOTKE
TpaHchopmaropa.

Jnsa cmydas, kornta Ry =0 u Tok ympaBieHus
paBeH 1,5 A, xapakTep U3MEHEHUs HANPsOHKCHUSA Ha 00-
MOTKE TpaHC(OpPMAaTOpa ONUCHIBAETCSI CHCTEMOW ypaB-
HEHUH BUA:

~0*A+0fA +%hA3 =D,

) (2
~hA3 =D,
4
Tne mg=a—l=&2i=226~103;
C 110
o’ =(2nf)% =98,6-10°;
h=a—2=—0’091 =94.10%;
C 1.10”
4
D=2U,,, 0=400U,,,.
Y

[IpencraBum niepBoe ypaBHEHUE CUCTEMBI (2) CyM-
MO JIBYX COCTaBJISIOIINX:

y1 = ((o2 —mg)A+D;

3. €)
==hA";
Y2 4
IMocne moscranoBky B (3) K03p(HULIMEHTOB UMeeM:
y1 =318,5A+ U ax s
3 4)
yp =235A7;
I'paduueckoe perieHue IOMTYYEHHOH CHCTEMBI

YpaBHEHUI MPEICTABICHO Ha pHC. 6.
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y1(A)
y2(A)

S0

Puc. 6. I'padmueckoe pemieHne cucTeMbl ypaBHeHHH (5)

Jiist onpeieNieHyst 3HAUEHHs HAMPSDKEHUsI, IPU KO-
TOPOM TIPOUCXOHT SIBJICHHE (heppope3oHaHca, Haize-

HO TaKo€ IOJIOKHUTENIbHOE 3HaueHue U IIpu KOTO-

max °
poMm npousBoaHble QyHKIMH y1(A) U y,(A) ObLIM OBI

paBHBI, @ UMCHHO

318,5=705A> = A =+0,672. (5)
IMoacraBuB sti 3HayeHus A B (5), Haiizem
U nax = +145,3 B, nckomoe 3nauenne U, =143,5 B

npu A =-0,673, wmm U = Unnax =1015 B.

NG

CoCTOSIHHE CHCTEMBI, COOTBETCTBYMOIIee (heppo-
PE30HAHCY HAMpPSDKEHUH, XapakTepu3yeT rpadudeckoe
MOCTPOCHHUE, MPUBEICHHOE HA PHC. 7.

y1(A)
y2(A)

Puc. 7. I'paduueckoe pelieHne cucTeMbl ypaBHEHHH (4)

ITockonbKy 3HaYE€HHE TOKA B KaTYIIKE MOXKET
ObITh TIpencTaBicHo B Bume 1i=0,226y +0, 094\u3, TO

IIPH IUIABHOM YBEJIHMUCHHH HAIIPSDKEHHS Ha BXOJE Pe3o-
HaHCHOW yctaHoBku A0 101,5 B cnenyer oxxuaath pes-
Koro ckauka Toka ¢ 0,18 mo 0,528 A.

OKClepUMEHTaJIbHbIE JaHHbIE, MOJY4YEHHBIE IPU
HCCIIEIOBAaHUH PE30HAHCHOM YCTaHOBKH, IOKa3BIBAIOT,
YTO IpU TOKe ympasieHus 1,5 A u Hanpsbxenuu 110 B
HaOroaeTcs pe3kuil CKauoK 3HAYeHHsl TOKa B HCCIIe-
nyemort 1ienu ¢ 0,145 A go 1,130 A, a Ttakxke pe3koe
yBEJIMUEHUE HAINPsDKEHUs] Ha €MKOCTH M Ha MHIYKTUB-
HOCTH, TIpU 3TOM HAaINpsDKEHHE HAa €MKOCTH MPEBHIIAET
HamnpsDKeHHEe Ha MHAYKTUBHOCTH. O4YeBUAHO, YTO TOK
M3MEHSET CBOM 3HAK OTHOCUTEIBHO HANIPSHKEHUSL.

BbiBOoAabI

1. DxcnepuMeHTaJabHAas YCTAHOBKA IO3BOJISIET
uccienoBaTh (heppOpe3OHAHCHBIE SIBICHHUS B JIIEKTPU-
4yecKoll 1enu, coaepikamieil eMKOCTh, HETUHEHHYIO HH-
JIYKTUBHOCTh M1 aKTUBHOE CONPOTUBJICHHUE.

2. PacueTrHoe 3HaueHHE BENUYUHBI HANPSHKEHUS,
Py KOTOPOM IIPOUCXOAUT sBIeHHE (eppope3oHaHca,
COBMAJAET CO 3HAUYEHHEM, MONYYEHHBIM B PE3yabTaTe
SKCIIEPUMEHTA, OIHAKO PACUETHAs! BEINYMHA CKaYK000-
Pa3HOr0 U3MEHEHUS TOKA OKa3bIBA€TCS MEHbIIIE, UeM Ta,
YTO HUMEET MECTO B JKCIEPHUMEHTAJIbHOW YCTaHOBKE,
YTO CBS3aHO, IO-BUJUMOMY, C HEJOCTATOUYHOW TOYHO-
CTBIO ANIIPOKCUMUPYIOLINX 3aBUCUMOCTEH.
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SKCMNEPUMEHTAINbHI AOCNIAXXEHHA PEPOPE3OHAHCHUX ABULL
B.T. Kononos, A.O. Mymapos

Y emammi onucyemucs exchepumenmanvia ycmanosKa, wjo 6UKOPUCMOBYEMbCSL OIS GUSYEHHS (PepOpe3OHaAHCHUX ABULY.
Knrouogi cnosa: ghepopesonanc nanpye, cucmema eneKmponocmayants, CUio8ull 0eCmpyKmusHuLl GNUS.

EXPERIMENTALLY RESEARCH PHENOMEN OF FEROREZONANS
B.T. Kononov, A.A. Musharov

The article describes the experimental equipment used to study the effects of ferorezonans.
Keywords: ferroresonance voltages, power supply system, power destructive impact.
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