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Magnetodynamic Method for Rails Inspection

A. A. Markov,
A. G. Antipov

The magnetodynamic method for defect detection in rails, its history of development
and functional capabilities are considered. It is shown that modernization of rail
magnetization system enables to increase stability of method characteristics as well
as defect detectability under severe conditions of testing (low temperatures, high
speeds). High-repeatability of testing signals creates opportunities for automation

of testing signals decoding.

MATHHTOJJMHAMBYECKH
METO]| KOHTPORY PENbGOB

HauuTenbHas YacTb IKCMIyaTUPYIOLLMXCS
33 Poccuun KenesHoOoopPOXHbIX NyTen Ha-
XOAWUTCS B 30HaX C CypoBbIMU KiMMaTuUye-
CKMMU yCnoBUSMU. TO 0OYCNaBIUBAET He-
06X0AMMOCTb OCYLLIECTBAATb [AUATHOCTUKY
COCTOSIHUA PENbCOBOrO MyTW (M B NepBYIO
oyepenb, PENbCOB) B CIIOXHbIX YCNOBW-
AX: NMPU 3HAYUTEIbHOM YPOBHE CHEMHO-
rO MOKPOBa W MpPU 3KCTPEMATbHO HU3KKX
Temnepatypax. OfHaKO LWKWPOKO pacnpo-
CTPaHEHHblE YNbTPa3BYKOBbIE CpefcTBa
PENbCOBON [OedEKTOCKONUWKM He BroJiHe
NMOAXOAAT [A/IA pPEelleHns 9ToM 3ajadu.
[lecTBUTENBHO, MPU OTPULIATENIbHbIX TEM-
nepatypax noAnepXuBaTb MpUeMIeMbli
YPOBEHb aKyCTUYECKOro KOHTaKTa CTaHo-
BWTCA BecbMa 3aTPyAHUTENIbHO, 4TO He-
raTMBHO CKa3blBaeTCs Ha KadvyecTBe Moy-
4aeMon [edEKTOCKONMYEeCKON WHPOopMma-
LIMM M MPOU3BOAMUTENLHOCTU KOMIIEKCA
B LIE/IOM.

Mpu Temnepatype Huxxe —30 °C aKerny-
aTaLus yNbTpa3BYKOBbIX CPEACTB AedEKTO-
CKOMWKU, 0OCOBEHHO aBTOMOTPUC U BaroHOB-
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[1eDEKTOCKOMNOB, ABMMKYLIMXCA CO CKOPO-
CTbl0 10 60 KM /4, CTAHOBUTCS MPaKTUHECKH
HEBO3MOMHOWM. BbIXOAOM U3 CNOXKUBLLENCS
CUTYaLIUU MOMKET C/YXKMTb UCMOIb30BaHUe
WHBIX MPUHLIMMOB OGHAPYXEHWS OMacHbIX
1edeKTOB B pefibcax, He TpebyloLmx obec-
MEYEeHUs aKyCTUYECKOrO KOHTaKTa Mexay
JATYNKOM CUCTEMbI W KOHTPOIMUPYEMbBIM
penbcom. OOHMM U3 TaKMX MPUHLMMOB,
No3BOMSIOLMM O6GHapyKMBaTb AedeKTbI
B [O/IOBKE pefnbCa O [LOCTUMKEHUS UMW
KPUTUYECKUX Pa3MepoB SBISETCH MarHu-
ToAMHaMMYECKM meTof [1].

MarHuTHble METOAbl B OTEYECTBEHHOM
1eDEKTOCKONUK PEbCOB UMEIOT LaBHIO0
nctopuio. lNepBble OMbiTHbIE 06pa3ubl Ae-
(QEKTOCKOMOB, OCHOBAHHbIE HA MarHUTHbIX
npuHLMNax, nosiBunmch elle B 1930-x rr.
370 BecbMa OpuUrkHasbHble Beno-gedeKTo-
CKOMbl C pPEerucTpaLuen CUrHanOB KOH-
Tpona u aBToApe3unHbl .M. Hapnosa
[2]. K coxaneHwuto, Torga 3KCMepUMEHTHI
C aBTOApPE3VHaMU-LeDEKTOCKONaMMU OKOH-
YMAUCb HEyAaYyHO, TaK KaK Mpu CKOPOCTAX
6osiee 5KM /4 HegoMyCTUMO BbICOKMIA YpO-
BEHb lllyMa Aenan KOHTPOJb PEe/ibCOB He-
3IOPEKTUBHbBIM.

C 1953 — 66 IT. Ha enesHbIX goporax
MIMC CCCP Hayanu ycrnelwHo 3KCrayatu-
pPOBaThCA HOBbIE KOHCTPYKLMU MarHUTHbLIX
BaroHoB-Ae(OEKTOCKOMNOB pPa3paboTKu
BHUWMKT 1 Ypan®TH.

MarHuTHble BaroHbl-aedeKkTocKonbl (MB/)
o6ecrneynBatoT KOHTPOJIb PENBCOB NMPU CKO-
pocTsx 40 7TOKM /4 1 OBHapyKMBatoT rore-
peyHble TpeLlnHbI (aedeKTbl koga 20 n 21
no [3]) ¢ nnowanblo NopaXKeHUs roJioBKU
penbca ot 25% v rybuHon 3aneraHug ge-
deKTa fo 4 MM [1]. Kpome Toro, yBepeHHo
BbISIB/ISIOTCA MOMEPEYHble U APOAOJIbHbIE
TpelnHbl Koga 24, 25, 27, 30B u 30r,
a TaKKe U3nombl penbcoB (Koabl 70, 74
n 79 no [3]).

HamarHuuuBawollas cuctema rogBse-
LIMBAETCS Ha YCTaHOB/IEHHOW B cepeaunHe
BaroHa creLuanbHon (TpeTben) MHAYKTOP-
HOW TenexKe. CuctemMa COCTOMT M3 ABYX
MOLLHbIX «[»-06pasHbIX 31EKTPOMarHUToB
(Mo OAHOMY Ha KaX<ayto HUTKY MyTH) 1 co3a-
€T B KOHTPOMPYEMOM Y4acTKe pesibca Mar-
HUTHbIM MOTOK, HEOBGXOAUMbIV Ans 06Hapy-
eHus aedeKToB. Mpu MarHUTOABUKYLLEN
CUNEe KaTylleK KaykAoro 3neKTpoMarHura
oKo/io 40 KA:-B ¥ HOMUHaNbHOM BeNUYUHE
3a30pa Z Meway nontocamMmu U penbcom
(8—12mMM) B penbce obecnedynBaeTcsd
MarHuTHbIA NoToK oT 7 Ao 10 MBG6. Kpome
HamMarHM4YMBaHUS rOIOBKU pesibca 3Hayu-
Te/lbHasa YacTb MOTOKa 3aMblKaeTcs Yepes
BaroHHbIe KOHCTPYKLIMM U MO BO3AYyXY, 00-
pasys MoToK paccedHuns. MHOYKUUOHHas
KaTylliKa, CKOMb3sLlas No MOBEPXHOCTH Ka-
TaHWUS, OCYLIECTBSET OUKCALMIO U3MEHE-
HWS MarHUTHOrO MOTOKAa Haj MOBEPXHOCT-
HOM WM NOAMOBEPXHOCTHOW TPELLUHOW.

[ledeKTOCKOMHbIE cpencTsa, OCHOBaH-
Hble Ha MarHWTHbIX («MarHUTOAMHamMuye-
CKMX») MeTofax KOHTposs, obnajatoT ps-
JIOM MOJIOKMTENbHbIX KAa4€eCTB:

— MoryT paboTaTb BO BCEX KIIMMaTUYECKUX
30Hax Mpu Nto6bIX MOrOAHbIX YCIOBUSAX;

— peayabTaTbl KOHTPOJIA HE 3aBUCHT OT 3a-
IPASHEHHOCTM TMOBEPXHOCTU KaTaHus
PEbCOB;

— MO3BONSAT OAHO3HAYHO COOTHOCUTb
pesynbTaTbl KOHTPOAS K peasibHoMy
nyTM 3a cyeT duKcauuu nosem pac-
CEAHUS MHOTMX KOHCTPYKTUBHbIX 3/e-
MEHTOB PEbCOBOrO MyTU (CKPENJIEHUN,
3/1IEMEHTOB CTPEJIOYHbIX MEPEBOOB,
CTbIKOB U Ap);

— umeloT 60sbliyl0 MPOU3BOAUTENILHOCTH
KoHTpona (3000 — 4000 KM /MecaL);

— TMPOCThI U HAAEXKHbI B aKCrlyatauuu.
BHeapeHMe KOMMbIOTEPHOM perncrpa-

LMW CUTHaNOB MarHUTHOro KOHTpoas [4]
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MO3BOJI/IO MOBbLICUTL Pa3peLLaloLLyto Cro-
COBHOCTb CUCTEMbI M OOHapyxuBaTb [e-
deKTbl B npepenax cBapHbIX U BGONTOBbLIX
CTbIKOBbIX CO€IWHEHUN penbcoB (aedeK-
Tbl 26.3 1 21.1), paHee He BbiFBAAEMbIX
MarHWTHbIMU BaroHamu-gedeKTocKkonamm
(MB/L) ¢ peructpaLmen CUrHanoB Ha KMHO-
MIEHKY UK GYMaHYIo JIEHTY.

[Honrve rogbl MB/ no3sonanu ycrnewHo
pellaTb 3aja4u obecrneveHns 6e30mnacHo-
CTV ABWXKEHUs Moe3noB, OYKBa/bHO «Bbl-
TackuBasd» onacHble gedeKTbl B penbcax
[10 JOCTMIKEHUS UMW KPUTUYECKUX pasMe-
POB B CaMblX HEGMArONPUATHBIX MOrOAHbIX
YCNOBUSIX (METENb, CUIIbHbIE MOPO3bl), KOT-
[la BCe Jpyrne MeToibl KOHTPOJIS CTaHOBU-
JIMcb ManoaddeKkTUBHLIMK [5]. Ha cetu go-
por MMC CCCP B 1970 — 80-€ rT. ofHOBPE-
MEHHO 3KCrJlyaTMpoBasioCb OKOJIO COTHMU
MarHWUTHbIX BAroHOB-Ae(EKTOCKOMNOB.

OnblT uMcnonb3oBaHua MBI, BbISBUN
1 UX HepgocTatkW. OOHUM U3 KOHCTPYKTUB-
HbIX HEeJOCTAaTKOB HamarHW4uBaloLllen cu-
ctembl MB/J] 6bln10 Hanu4ve BO3AYLIHOro
3a30pa Mexay noncaMu MarHuTa u pesb-
coM. TpeGoBaHuUs 6e30MacHON IKcrlyaTta-
LIMM KOMIJIEKCa 3acTaBAgnu Aenatb 3T0T
3a30p BecbMa 6osibliMM (BMECTO Tpebye-
Mbix Z = 8 MM go 23 Mm!), 4To NPUBOAKUIIO
K 3HaYUTENIbHOMY OCNabAeHU0 MarHUTHO-
ro MoTOKa B penbce. B pesynbrate Ha fe-
dbeKTorpamMme 3a CYeT rosifg pacceaHus
BecbMa YeTKO GUKCMPOBaNUCb KOHCTPYK-
TUBHbIE 3/IEMEHTHI MyTW (Co34aBasd BUAW-
MOCTb HOPMasbHOr0 GYHKLMOHUMPOBaHWA
KOMIJ/IeKca), HO OTCYTCTBOBaIW CUTHasbl
OT BHYTPEHHUX AeDEKTOB PENbLCOB, AOCTYM-
HbIX MarHUTOJMHAMUYECKOMY METOLY.

BropbiM HegocTatkom  «[1»-06pasHow
HamarHuumBatolen cuctembl MBI aBnd-
JIOCb TO, YTO MEXKMONIOCHOE PacCTosHUe
y cocTaBnsiao Bcero 80cM, YTO AaBasio Bbl-

COKWI YpOBEHb MpPOMarHuinBaHua pesib-
ca B CTaTM4ecKoM cocTosiHuM. OpHaKko
Mpy ABUKEHUM Ha 60MbLUMX IKCTIyaTaLy-
OHHbIX CKopocTax (70 —80KMm/4) 3a Bpe-
M$ TMPOXOMAEHUS HamMarHM4MBaloLWen cu-
cTeMbl Had AedEKTHbIM Y4aCTKOM pesibca
MarHuTHoOe nosie He ycrieBasio NPoHUKaTb
Ha [ocTaTo4Hylo rnybuHy. MNpuynHa aToro
AB/IEHUS KPOETCH B BO3pacTaHuu BUXpe-
BbIX TOKOB, MPENATCTBYIOWMUX C YBENNYEHN-
€M CKOPOCTH MPOHUKHOBEHMUIO MarHUTHOro
nons Brayob metanna.

M, HaKoHell, TPETUM HefocTaToK «[1»-06-
pasHoW CUCTEMbI HaMarH14YMBaHUs — 3Ha-
yuTenbHble rabapuUTbl 3NEKTPOMAarH1ToB,
MOMHOCTbIO  3aHUMAalOLWKX MEXKKOoecHoe
MPOCTPAHCTBO  WMHAYKTOPHOW  TENIEXKMH,
1 NPENATCTBYIOLLME Pa3MELLEHNIO JaTYUKOB
Jpyrux cuctemM. B pesynbtate MHOroneTHas
MeYTa MHOrMX 4eDEKTOCKONUCTOB — CO3/a-
HUE KOMMIEKCHOro BaroHa-gedeKTocKona,
OAHOBPEMEHHO Peanu3yloWwero MarHuTHble
1 YNbTPa3BYKOBbIE METOAbI KOHTPO/IA Peslb-
COB, OCTaBasiacb HEBbIMOAHUMOM.

[nsi ycTpaHeHUs aTUX HEAOCTaTKOB B Ha-
yane 1990-x rr. 6bl1M MNpeasoXKeHbl ABa
HanpaBieHus OanbHenlWero pasBuUTUA
CPe[CTB pefibcoBoi AedeKTocKonuun. Bo-
repBbIX, ObUIO MPUHATO PeLieHne O NocTe-
neHHon 3ameHe yctapeBatouimx MB/, cos-
MellleHHbIMW BaroHamu-gedeKTockonamu
(CB), B KOTOpbIX AO/MHKHbI OblM ObITb
peanu3oBaHbl KaK MarHUTHble, Tak U Yib-
TPa3BYKOBblE MeTOAbl KOHTpons. [aHHoe
pellieHne HaxoauTcs BrOJIHE B pyclie Co-
BpPEMEHHbIX TeHaeHuun HK, cBupaerensb-
CTBYIOLIMX O TOM, YTO MAEANbHbIX — YHU-
BepcanbHblX, OAWHAKOBO XOPOLWO pPabo-
TaloLMX NPKU NOGLIX YCIOBUSAX, — CPEACTB
1eEKTOCKOMMU He CyLLEeCTBYET, U [/id MO-
Sy4YEHUS] KaK MOXHO 60/ee TOYHOW KapTu-
Hbl COCTOSHMS OObEKTa HYXXHO MCMOJSIb30-

BaTb KOMIIEKCHbIE YCTPOWCTBA, OCHOBAH-
Hble Ha pa3HbIX GU3UYECKMUX NMPUHLIMNAX.
Bo-BTOpbIX, Oblia nocrasBjieHa 3aja4va
BHECTU TaKWe W3MEHEHWUS B KOHCTPYK-
LIMI0 HamarHM4MBaloWEen CUCTEMbI, 4TO-
6bl 06ecrnevYnTb [yooKoe MNpoMarHu4u-
BaHWe pefibCa Ha CKOPOCTAX KOHTPOsSA
BM1oTb A0 80KM/4Y W, B Nepcrexktuese, —
[10 120 KM /4. 3TO MO3BOJIUIIO Obl BbISBIATh
[edeKThl, 3anerawliMe ryooKo Mo Mo-
BEPXHOCTbIO F0JIOBKM pe/bca, B COHETaHUU
C BbICOKOW CKOPOCTbIO ABUKEHUS BaroHa.
B cepegnHe 1990-x rr. cneuuanu-
cramu BHUAUMKT (B ] banpgakoB)
1 OAO «PagnoaBuOHWKa» B paMKax paboTt
no cosfgaHuto CB[ c¢ pedeKrockonuye-
cKkum Komnnekcom «ABUKOH-03» 6bina
pa3paboTaHa M ycrnelwHo BHeApeHa HoBad
MarHuTHas noacucremMa. [lo cpaBHEHMIO
co ctapbiMu MB/[] HamarHuyunsatoLlaa cu-
cTema noaBeprnacb KapauHaibHbIM U3-
MeHeHuaM. MeXKnoncHoe paccrodHue
yBenuyeHo Gosiee 4eMm B 3 pasa: 370 Mo-
3BOJIM/IO PELUNTH MPOBIEMY HEAOCTaToY-
HOM rny6uHbI MpoMarHuiMBaHUA pesbca
Ha BbICOKMX CKOPOCTAX. PacyeTbl NMoKasbl-
BalOT, YTO Aaxe Ha ckopocTsax 60 — BOKM /4
pacnpeaeneHue nons 86131 3aHero no-
filoca — TaM, rae 06bI4HO yCTaHaB/MBaloOT
MarHuTHble JaT4YuMKKU, — OCTaEeTCs MPaKTu-
YeCKU OOHOPOAHBIM MO CEHEHMUIO TOIOBKH.
BmecTte ¢ TEM, CTO/ib CYLECTBEHHOE
YBENMYEHUE  MENKMOJIOCHOrO  pPaccTos-
HUSA HE TMPUBENO K CHUMKEHWUIO BENUYUHbI
MarHWTHOro MoToKa B penbce. 310 6bl1o

JOCTUIHYTO 3a CcHeT MpUMEeHeHUda 6onee

3QDEKTUBHOrO crnocoba MHKEKLMU Mmar-
HUTHOrO Mnoss. Y BaroHoB-Ae®EKTOCKONOB,
MCMONb3YOLWMX «[1»-06pasHyto CUCTEMY Ha-
MarHM4MBaHWA, MarHUTHbIA MOTOK, reHe-
pUYpPYEMbIV KaTyllKamMu, 3aX0Aun B Penbe
yepes BO3AYLIHbIKN 3a30pP; MarHUTHOE CO-

«[»-06pa3HbIi 3/1EKTPOMArHUT
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Ha npoponbHbix 6ankax

Ha ocsx KofiecHbIx nap

c1956 .

B = 800 MM B = 3000 mm B = 3000 mm
Z=8-12mm 7=0 Z=0
(8o 23 mm)

€ 1997 ro 1999 rT. ¢ 2000r.

Puc. 1. Bap1aHTbl cHCTEM HaMarH14“BaHUs BaroHoB-AeEKTOCKOMNoB

IU nnrEPIOHHC
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Y4HO-TTPOU3BOACTBEHHbIN LIeHTp EMA.
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Puc. 3. [lehexTorpamma 0AHOro pesibcoBoro 38eHa (MarHuUTHbI W yNbTPa3BYKOBbLIE KaHarlbl KOMMIeKca

ABUKOH-03» BaroHa-faedpexTocKona)

NPOTUB/IEHUE AAHHOTO 3d/IeMeHTa MarHuT-
HOW Lienu 6bl10 BEIMKO, ¥ MO3TOMY ALlb
KpailHe HesHayuTenbHas YacTb [OTOKa
13 cepAeyHuKa aNeKTpoMarHuTa nornagfana
B MCCriefyeMbi OOBHEKT.

B HamarHuuuBatolein cucteme CB[
¢ Komnnekcom «ABMKOH-03» B KayecTse
3/1eMEeHTa MarHUTHOWM Lienu Ucnosb3ytoTes
Koneca [eDEKTOCKOMUYECKON TENEXKH, He-

MOCPEACTBEHHO KOHTaKTUPYyloLne (Z —0)

¢ penbcoM (puc. 1). brarogaps sToMy mar-
HWTHOE COMPOTUBAEHWE YMEHbLIWIOCh,
npovsowno nepepacnpeeneHue  mar-
HWUTHOrO MOTOKAa B MOJb3Y TOW COCTaB/SAI0-
lei, YTO NOCTYMaeT B pejibe. ITOT crnoco6
HOpPMMUPOBAHUS MarHUTHOro MOTOKa Ye
661 B cBOe BpeMmd (1928 r.) npeanoxeH
Cyasyku (AnoHus). B Hallei cTpaHe oH (e]>10}
peanu3oBaH B 1930-x IT. B KOHCTPYKLIMK
®. M. KapnoBa npMMeHUTENbHO K XOA0BOW
TenexKe aBTOAPE3uHbI [2], a yXKe cpaBHU-
TeNbHO HegaBHo (B Hayane 1990-x rr.) —
MPUMEHUTESIBHO K XO[IOBOW TE/eXKe Baro-
Ha (KOHCTPYKLms Y. A. MycaeBa).

B wupe Hepaspywamuez0 Konmpona 3 (57 ceamaGp 2012

B OT/IMUME OT 3TUX KOHCTPYKLIMA B KOM-
nnekce «ABUKOH-O3» BrniepBbie MPOEK-
TUPOBaHWE MarHUTHOW CUCTEMBbI 6bIN0
OCyLLIECTBIEHO Ha OCHOBE PacyeTHbIX
METOLOB, TaKMX KaK MeToj KOHGOPMHbIX
npeo6pa3oBaHnil, METOA WHTEerpasbHbIX
YyPaBHEHMI, TEOPUS MArHUTHbIX Lenew [6].
3T0 NO3BOJSWIO ONTUMU3MPOBATL OCHOB-
Hble KOHCTPYKTMBHO-TEXHMYECKUE XapaK-
TEPUCTUKW MarHUTHOW CUCTEMbI: MOJyHnTh
B pesibce MarHuUTHYI0 MHAYKLIMIO HE MeHee
1 Tn npu pacxojyemon 3NEKTPUYECKON
MOILLIHOCTW BCEro oKoso 2 KBT (MpotvB 60-
nee 15 KBT B KOHCTPYKLIMK Kaprosa) 1 Mu-
HUMMU3MPOBATL TaKMe MapamMeTpbl, Kak An-
aMeTp Ocv KOIeCHOW Mapbl, TOLLMHa AWUCKa
Koneca, M. . C. KaTyweK 1 ap.

B MOAepHWU3UPOBAHHOW HaMarHu4uBa-
jolLlell cUCTEME B Ka4ecTBe CepAedHWKOB
31EKTPOMarH1ToB 3aleMcTBOBaHbl OCH KO-
fec OedeKTOCKOMUYECKOM (MHOYKTOPHOW)
Tenemku (puc. 1). NMogo6Hoe MHOTODYHK-
LIYOHaNbHOE UCMONb30BaHNE KOHCTPYKTHB-
HbIX 3/IEMEHTOB MO3BOJINJIO0 HE TOJIbKO CHU-

Texnonozuu HK

3UTb Maccy TENEXKM 3a CHET 0TKasa ot A0-
MONHUTENbHbLIX CEPAEYHMKOB, HO U PELINIOo
npo6iemy AniHbl MarHUTonpoBOAOB, aKTy-
anbHylo AnS HamarHu4YMBaiowen CUCTEMbI
¢ 60MbLUIMM MEXMOMOCHBIM PACCTOAHUEM.
TexHUYECKME PeLlIeHus, 1UCroJib30BaHHbIe
MpyY CO3AaHUMU MarHWTHOW MOACUCTEMB
CB[l c KOMIIEKCOM «ABUKOH-03», foKa-
3anu cBolo 3GPEKTUBHOCTb B Xxofie Gosee
yeMm [ecsTUNeTHe! aKcryaTauuu Jedex-
TOCKOMOB Ha ¥enesHbix foporax. B HacTos-
Liee Bpems Ha FOPbKOBCKOM, OKTA6GPbCKON,
CeBepo-KaBKa3scKo, [OxHO-YpanbCcKon
. 0. 1 B KasaxctaHe pabotaiot 14 BaroHoB
3TOrO TUMa.

MoMUMO CUrHaoB OT AePEeKToB B Npo-
Llecce KOHTpPOAs B MarHWTHOM KaHane
MPUCYTCTBYIOT KnaccuduLMpyemble OTKIN-
KW OT peryisipHblx 0ObEKTOB PEebCOBOrO
MyTM — GONTOBLIX CTHIKOB (TMMOBbIX U 130-
JIMPYIOLLMX), CBAPHbIX CTHIKOB, B T. 4. /oMK~
HOTEPMMUTHBIX. A TAKXE CUrHabl OT Wnasb-
HbIX KPEMIEHNH, KOHTPPEbCOB, KDECTOBUH
M paMHbIX PENbCOB CTPENOK, NEPEeesnios,
MPOTUBOYrOHOB, KWIOMETPOBbLIX OTMETOK
¥ MpouYnx OGBHEKTOB PEIbCOBOrO MyTH, Xa-
paKTepusyeMblx MPUCYTCTBUEM KPYMHbIX
(eppoMarHuTHbIX 971EMEHTOB B HEMOCPE/-
CTBEHHOM 6nM30cTH OT paboyero pesnbca.
B pesynbrate popmupyercs cBoeobpasHad
MarHuWTHO-ylbTpa3ByKkoBas  Tomorpamma
pefibCoBON HUTKH, MO KOTOPOM MOXXHO aHa-
NW3UpoBaTb B3aUMHOE MECTOMOJIOKEHNE
perbCcoBbIX 3BEHbEB U MIETEN MO AnvHE
nyTu (puc. 2).

Ha puc. 3 B 6osiee KpyrHOM, HeM Ha pHC. 2
MaclITa6e NpencTaBieH GparMeHT AePeKTo-
rpammbl CB/l ¢ KOMMJIEKCOM «ABUKOH-03»
ofiHOTO 6e37edEeKTHOr0 PENbCOBOrO 3BEHA
(crpaBa W cneBa — curHasbl Ot 60/ITOBbIX
CTbIKOB). Ha BepxHe# AOPOHKE oTo6parka-
|OTCSl CUrHaJIbl MarHUTOAMHaMUYECKOro Ka-
Hana. Mpy MPOXOMAEHUU MarHUTHOrO AaT-
YMKa Hap Wnanamu n3-3a Hanuyivs MeTanin-
yecKMX LLnanbHbIX NMOAKIALOK U PENBCOBLIX
CKpEerieHnii MarHuTHbIA MOTOK paccevBa-
HUS pearnpyeT Ha NepuoanyecKoe nsmeHe-
HWe MoLaay CevyeHns HamarHui1saemMoro
MeTanna, BeleAcTBve 4ero Gopmupyer-
cf BOMHOOOpa3sHas /nHKUA, Ha3bliBaemas
Ha NpaKTVKe «MoAKIaf04HbIM» MPOLECCOM.
Ha nsaTM AOPOXKKax YbTPa3BYKOBbIX KaHa-
/0B B 30HE OCHOBHOIO MeTajia PebcoBO-
O 3BEHA OTCYTCTBYIOT KaK1e-MMbo curHasbl
33 VYCKITIOYEHWEM HenpepbIBHbIX MHWIA JOH-
HbIX CUTHA/IOB (Ha NPaKTUKe BO3MOXHbI LiYy-
MOBbIE OTPaXKEHHUS).

K uucny BbisBNSieMbiX MarHUTHbIM Ka-
HanoM AedEeKTOB OTHOCHATCA MOBPEX/AEHUs
FOMOBKM pefbca, @ UMEHHO — AedeKTbl nep-
BOI1, BTOPO# ¥ TpeTbel rpynn no [3] (puc. 4).
BecbMa YETKO OGHapyXuBalOTCs KaK oau-
HOuHble [edeKTbl, TaKk U JedeKTbl, B3ATbIE
B HaKnagku (Koga 21.2H 1 B 30HE alloMUHO-
TEPMUTHOM CBapKu — 26.4). XapaxTepHble
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Pyc. 4. XapaKTepHbIe CUrHaMbI MarHUTOAMHAMUYECKOrO METOAA OT BHYTPEHHMX M MOBEPXHOCTHbIX I6PEKTOB FONI0BKHM PE/bCOB

Puc. 5. PeaKliMsi MarHMTHOrO NOJiA Ha ABYMEPHbIE MOJENN NMOMNEePeyHbIX TPELMH
(npud=12unh=8,10 1 12 mm)

UMMNY/IbChbl 3HAYUTENBHOM amnauTyabl ¢op-
MUPYIOTCSI OT MonepeYyHbix TPELIMH B roioB-
Ke penbca (Kogbl 21.1-2 n 20), npuyem
Mo BeAu4YMHE ammauTydbl BecbMa 4acto
MOXHO CyauTb O pa3mepe AedeKTa.

TakuM 06pa3oM, MNpU UCMOb30BaHUM
HamarH14nBaloLLyX CUCTEM C JOCTATO4HOM
BEIMUYMHON MEKMOOCHOIO PAaCCTOAHNS OT-
CYTCTBYET OrpaHuyeHe, CBA3aHHOE C Majion
ry6MHOM NMPOMarHMyYMBaHu1sa penbca Ha Bbl-

SESERRR HEL
| i
&

“‘!w MEDINTECHNIK - SICHERMEITSTECHNIK

IU nnrEPIOHHC

COKMX CKopocTsix. Moatomy 6yner AedexT
OGHAaPYKEH UM HET 3aBUCUT TOJIbKO OT TOTO,
HaCKOJ/bKO UMMY/IbC MarHUTHOTO MoJif B BO3-
JlyXe Ha[, FOfIOBKOW pesnibca, MOPOMAEHHbIN
BO3MYLLIEHWMEM MArHWTHOTO MOTOKa B 30HE
JedekTa, 6yneT 3aMeTeH Ha GoHe pas/iny-
HbIX LLIYMOB €CTECTBEHHOIO U UCKYCCTBEHHO-
rO MPOUCXOXHAEHUS, HabNoAaeMbIx Ha mar-
HUTHOM KaHasne. MccnenoBaHus MoKasblBa-
[OT, YTO aMMAuTYAa UMMyabca onpenenseTca

GKPOMYC ()

HayuHo-Tpon3BoACTBeHHbIV LieHTp

pasmepamu gedeKta ¥ ero paccrogHWem
OT AaTyuKa, T. e. GaKTUYEeCKu ry6uHOM 3a-
fleraHu1s Mo NOBEPXHOCTLIO KaTaHus.

[Ins TOro 4To6bl NOAYYUTb KOJIMYECTBEH-
Hble OLIEHKM K MpUBEeAEHHbIM COOBParKeH!-
AM, PACCMOTPUM ABYMEPHbIE MO/ None-
peyHbIx TPELLUH B FofIoBKe penbea (puc. 5).
TonuwmHa 3a3opa coctaBageT 1 Mm, a none
U3MepsieTcs B Bo3ayxe B 4 MM Haj MOBEpX-
HOCTbIO GdeppomarHWTHOro Matepuana.
Torga TaHreHuuanbHasg cocrasadiollas
MarHMTHOro Nosis Kak QYHKUMS Npofosib-
HOV KOOpAMHATbl MMEET MONOXKUTENbHbIN
UMMY/bC C MAKCUMYMOM HEMOCPENCTBEHHO
Haj 3a30poM. MosiBNAeHUE NONOXKUTENBHO-
ro UMMysbca CBA3aHO ¢ GOPMUPOBAHMEM
[IOMOSIHUTENBHOTO  MarHWTHOro  MOTOKa
B BO3/yxe, 06YC/MIOBAEHHOI0 O6TEKaHWem
30Hbl MOHMYKEHHON MarHWTHOWM MpoHULae-
MOCTU — TPellMHbl — BHYTPY penbcea (B pe-
anbHOCTW OMepaTop BWAWT ABYCTOPOHHWM
MOJIOXMUTENbHO-0TPULLATENbHbIN curHan
amddepeHLnanbpHOro AaTinMKka, oTparkato-
LM UBMEHEHUe nong). [nybuHa 3aneraHns
(d) 1 BbicoTa TPeLLMHBI (h) MeHAIUCh B Npe-
nenax0+12 11 + 12 MM COOTBETCTBEHHO.

Ha puc. 6 un306paxKeHbl pe3ynbTatbl
pacyeta MOZENW, BbIMOIHEHHOTO METOAOM
KOHEYHbIX Pa3HOCTEN: 3aBUCMMOCTb BEMN-
YUHbl MaKCMMyMa TaHreHLIManbHOM CocTaB-
JIFOLLEN Nong OT ryOuHbI 3a/leraHus U Bbl-
COTbl TPELLUHBI. 3HaYEHME MOCTOAHHON KOM-
MOHEeHTbI Nons Haf 6e34edEKTHLIM PENbCOM
MPUHATO 3a eauHuLy. Cnyvan d = O cooTBET-
CTBYET BbIXOfy TPELLMHBI Ha MOBEPXHOCTb.

NOT World Review 3 (57) September 2012




~
=

&
S 26
£= 54
23
8322
8z
°Z 20
T =
Is 18
15
=516
o oy
58 14
==
c 12
1

0 2 4 6 8 09 12
BbicoTa npopesu h, MM

Puc. 6. 3aBUCUMOCTb BEANHYUHBI MArHUTHOM
WHOYKLMW OT FYOUHbBI 3a/1eraHns U BbICOTbI
ABYMEPHOM MOZIENY NONEPEYHON TPELNHbI;
—m— — C BbIXOJOM Ha MoBepxHoCTh (d = O);
—e— — B 2 MM NOA NOBEPXHOCTbIO;

—¥— — B 5 MM Noj NOBEPXHOCTbIO;

—&— — B 8 MM NOA NOBEPXHOCTbIO;

—&— — B 12 MM Noj NOBEPXHOCTHIO;

_ _ _ — npepaen o6HapyXnBaemocTu

Kak 1 crnefoBano OXuUAaTb, aMIIUTY-
[Ja OTK/IMKa OT BO3MylleHWs Bo3pacTaer
KaK Mpu YMeHblUeHWK ryOrHbI 3aneraHns,
TaK v NpY yBEAUYEHNU BbICOTbI TPELIUHDI.
Ecnv oueHWBaTb YyBCTBUTENLHOCTb CHUCTE-
Mbl peructpatiun B 10% OT BEAUYMHbI MO~
CTOSIHHOWM KOMMOHEHTbI TaHTeHLWanbHoM
COCTaBASIOLLEN NOAS, TO BbilE MYHKTUPHOW
IMHWUM HaxoguTcs 06/1acTb MPUHLIMMMaENb-
HOW BbisBASeMOCTU AedekTa. To ecTb Mo-
nepeyHas TpellMHa BbICOTOM 3 MM MOXeT
ObiTh BbiSIBJIEHA NMpW rNyouHe 3aneraHus
MeHee 2 MM, BbicoTon 10 MM — np#u Fy6u-
He MeHee 12 mm (cM. puc. 6).

[osly4eHHble pacyeTHbIM MyTeM Pesyiib-
TaTbl B OCHOBHOM MOATBEPMAAIOTCSA NpY pe-
anusalMu MarHMTogMHamMU4ecKoro Metoza
B penbcoBoit fedeKTockonuu. B Kayectse
npumepa Ha puc. 7 MpuBefeHbl curHasbl

< My6uHa aedexTa 8 MM

w@mMMW A

FEVE

-

22 ceHTs6ps

MarHUTHOrO (M YIbTPa3BYKOBbIX) KaHana
OT NoMnepeyHo TPELLUHBI B FOJIOBKE pesibca
Ha pasHoW CTaguW pasBUTKA: Ha CTaguM 3a-
POMIEHWs, KOT4a BEPXHWUA Kpai TPeLinHbl
HaxoauTcs Ha rny6uHe d = 8 MM OT MoBePX-
HOCTU KaTaHWd; U Ha cTaguu nssioma pesbea,
KOrfa nocse TPex MecsLeB SKcryaTtalun
JedeKT Bblllen Ha MOBEPXHOCTb KaTaHWd
(d = 0). BuzHo, 410 amniuTyaa curHana mar-
HUTHOrO KaHana BO3pocfia MHOFOKpaTHO
M0 CPaBHEHWUIO C Ha4vafibHbiM 3Ha4YeHueMm,
Mano pasnuMYuMbiM Ha GOHEe COMyTCTBYIO-
LLMX CKOPOCTHOMY KOHTPOJIIO LIYMOB, U XO-
pOLLO BbIAENAETCH MPU aHani3e CUrHasoB.
Ba)KHbIM CBOWCTBOM CWUrHasoB Mar-
HUTHOrO KaHana SBAFETCA WX Xopoliad
BOCNpPOU3BOAMMOCTb. MHadve roBsops,
BUA CUTHanoB ornpenensgerca, npexje
BCEro, BHYTPEHHUMW XapaKTepUCTUKaMu
0OBHEKTOB PENLCOBOMO MyTH W JUlb B HE-
3HQYUTENIbHOW CTEMNEeHn — YC/IOBUAMMY,
B KOTOPbIX OCYLLECTBANach PErUCTPaLIUA.
TaKk)ke BOCMPOM3BOAMMOCTb MOApasyme-
BaeT YCTOMYMBOCTb K NMapaMeTpam Hamar-
HUYMBAIOLLMX U PETUCTPUPYIOLLMX CUCTEM.
To ecTb He3Ha4yuTe/lbHble W3MEHEHUA
B 3TUX CUCTEMax He NPUBOIAT, OMATb Xe,
K CyLLECTBEHHLIM WCKaeHusM B dopme
curHanoB. Bce 310 HaxoOWT MNOATBEPX-
neHue Ha npaktuke. Ha puc. 8 usobpa-
YKEHbl CUrHabl OT MPOLOSIbHOM TPELIMHbI
B rOJIOBKE penbca, Mony4eHHbie ABYMSA
pasnuyHbLIMW BaroHaMW C KOMIIEKCOM
ABUKOH-03» ¢ BpeMeHHbIM MPOMEXYT-
KoM B 25 pgHel. CxoxecTb CUrHanoB CBU-
JETENLCTBYET, BO-MEPBbIX, O XOPOLIEH BOC-
NPOVU3BOAMMOCTM CUTHaNOB MarHuTHOro
KaHana 1, BO-BTOPbIX, O BbICOKOW Ky/bType
NPOEKTUPOBaHUSA 1 MPOU3BOACTBA, [10-

CwrHanbl OT u3noma

st

m P\l i MA Py

ot

20 nexkabps

Puc. 7. CUrHabl OT MOMEPEYHON TPELMHbI B FOIOBKE Pe/ibca Ha pasHbIX CTaAusAX pasBuThs: a8 — 3aTpU
MecsiLia 40 U3ioMa (BepXHUI Kpal TPeLUHbI Ha ryouHe 8 MM OT NMOBEPXHOCTH KaTaHusl); 6 — nonepeyHbiv

13N0M penbea
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Texnonozuy HK

3BOASAOLWEN W3roTaB/ivMBaTb KOMMJIEKCHI
€ MOYTU UAEHTUYHBIMU XapaKTEePUCTUKaMMU.

Xopotuias  BOCMPOW3BOAWMOCTb  CUT-
HanoB [eNaeT MarHWTHblA KaHan npw-
rogHblM Ans  aBTOMAaTWYeCcKOon pacliud-
POBKW. [leWCTBUTENIbHO, MOBTOPAEMOCTb
CUrHanoB ecTb HeoOXO[MMOE YCI0BWE Bbl-
ABMIEHUS KIaCCUDULIMPYIOLLMX MPU3HAKOB.
B mporpaMmHo-annapatHblii  KOMIIEKC
BaroHoB-1e(dEeKTOCKOMNoB «ABUKOH-03»
YCMELHO BHeapeHa cucteMa aBToMaTtuye-
CKOM pacliMdpoBKM AaHHbLIX MAarHWTHOTO
KaHana. B HacTosllee BpeMs cuctema opu-
eHTVpOBaHa Ha BbIABIEHWE PEeryaspHbIx
06BHEKTOB PENbCOBOro Myt — CTbIKOB pas-
JIMYHOrO BUOa W CTPENOYHbIX NEepeBOAOB.
CTblKM KIaccubULMpPYIOTCA MO Credyowmm
KaTeropuaM: TWMOBble 60MTOBblE CTbIKKU
1 U30SIPYIOLLIME, CBAPHbIE CThIKM, BbIMOHEH-
Hble 3MEKTPOKOHTAKTHOW CBApKOW, U altoMu-
HOTEPMUTHbIE. PaclindpoBKa OCyLlecTBA-
eTcs HernocpeAcTBEHHO B npoLiecce Npoes-
[a B peXmMe peasnbHoro BpeMeHu (puc. 9).

CeneKuns CTbIKOB M JPYrMX KOHCTPYK-
TUBHbIX 3/IEMEHTOB PE/IbCOBOro MyTH Npo-
WU3BOAMTCH MO cneLmMdruyecKnm npu3Hakam
CUTHAMO0B MarHWTHOrO KaHana AedeKTo-
cKonMuecKoro Komrnexca «<ABUKOH-03Mb.
B npoToKoN€e M30NUPYIOLLUX CTBIKOB C YKa-
3aHWMEM KOOPAMHATbI CTblKa W HWUTKKU MyTH
npeaycMoTpeHa BO3MOXHOCTb AOMOJHe-
HUS nedeKTorpaMmbl Tpems GoToKagpamu
CTbIKa, NOYYEHHbLIMU C Pa3HbIX PaKyPCOB.

B nepcriektBe nnaHWpyeTca [Aomnos-
HWTb CYLLECTBYIOLLYIO CMCTEMY PacnosHa-
BaHWS BO3MOXHOCTbIO BbISBIATL CUrHabI
OT onacHbIX JedEeKToB, a TaKkKe onpene-
NSITh HEKOTOPbIE YUCIOBbIE MapaMeTpbl 06-
HapyKeHHbIX 0OGbEKTOB.

Puc. 8. CurHanbl OT FOPU30HTaIbHOM TPELLUHbI

B rOIOBKE pefibca, 3aPUKCUpPOoBaHHbIe pasHbIMU
BaroHamu-aebEKTOCKONamMu ¢ KOMMIEKCOM
ABUKOH-03» ¢ BpeMeHHbIM WHTEpPBaNoM 25 aHen:
a — Tun TpelmnHbl (nedeKT koga 30T no [3]);

6 — aedeKTorpamMma BaroHa-aedeKTocKona

Ne 480 (1997 r. BbimycKa); B — AedeKTorpamma
BaroHa N2 494 (20414 r. BbinycKa)
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001,044,066 MM
001,060,285 mm
fulx} F
001,062,004 MM
001.080.737 MM
001,080,898 MM
001.093.347 MM
001,093,356 M
001,113,642 MM

AAY 1€ 100 s

000.627.382 v
000,643,403 um
000.643.482 mm
000,655,185 M
000,688,643 M

VISOnMpYIOWAA CTBIK
MI0MMPYIOWIWF CTEIK
W30MMpYIowmi CToIK
MS0mMpYIOUMi CTBIC
Ms0nmMpyrowmi cTiK

2
1
2
2
1
VISOMMPYIOWM CTBIK 2
2
1
2
2
2

VIsonMpyrowii cTeIK 000,688.720 w1 1224

000,701,321 m 1200
Msonmpyrowmi cTeik 000,727.257 um 1200
V0nMpyrowwi cTeIK 000.727,308 1 1200
Msonnpyrownil cTeiK 000,752,291 mm 1200
V20mpyrowni cTeiK 000.777.321 mm 1200

| Msonvpyrowmi cTeiK 000,841,875 mm 1200

Puc. 9. ABTOMaTU4ECKOE BbIfENEHNE CTbIKOB PENbCOB C GOPMUPOBAHUEM OTAEIbHbIX MPOTOKOI0B!

a — 6oNTOBbIX; 6 — U30NUPYIOLLUX

Takum 06pa3oM, MarHUTOANHAMUYECKU
METO/, KOHTPO/SIS, PEaNIM30BaHHbIV B AeEK-
TOCKOMWYECKMX KOMMIEKCaxX COBMELLEHHbIX
BaroHoB-AedEKTOCKOMNOB, 06/1aAaeT pPAnaom
MOMOMKMUTENBHBIX KA4YecTB, MO3BOJSIOLWNX
He TONMbKO [AOMOMHATH YNbTPa3BYKOBbIE
MEeTO/[bl KOHTPOAS, MOBbIWAA HaLeXKHOCTb
1 BEPOSITHOCTb 0GHAPYKEHUS AeDEKTOB [7],

(@

Avamn-Aryernka

PazpaboTka 1 Npou3BoaCTBO
yribTpa3ByKoBbiX Npeobpasosarernen

HO ¥ BbICTYMaTb KaK CamMOCTOSATE/IbHbIV Me-
TO[ KOHTPOJIA MPY IKCTPEMAJIbHBIX YCITOBUAX
(HU3KME TEMMEPATYPbI, BLICOKUE CKOPOCTH)
IKCTINyaTaLMm HeNEe3HOLOPOKHbIX MyTEN.
McTopuyecku MarHuToanHaMU4eCcKuim
MeTO/ Gbl1 MEPBLIM METOLOM, MaccoBO Mpu-
MEHSABLLIMMCS B CKOPOCTHOM AeDEKTOCKOMUM
penbcoB. 3a MHOIME rofibl SKCryataLum oH

n

[IOKa3an CBOW 3GDOEKTUBHOCTL. B oTaesb-
HbIX, YaCTO SKCTPEMaASIbHbIX CllyHasX, MarHuT-
HbIi KaHan CB/l aBnsieTca e4MHCTBEHHbIM,
CBOEBPEMEHHO OGHapPYKMBAOWUM AePeK-
Thl KPUTUYECKHMX pa3MepoB [7]. JanbHenllee
pasBUTME MarHUTOAMHaMMYECKOro MeToaa
CMOCOGHO MpuAaTh HOBbIV UMIMY/IbC PEbCo-
BOW Ae(DEKTOCKONMMNU B LIENTOM.
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