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&&egnetodynamie Method for Rails InspectFon

A.4,. Markov,
A" G" A,ntipov

The magnetoCyn3mic method for defect deletticn in rails, its hlstory of Cevelopment

and func l iona l  rapab i l i i i es  a re  cons ldered.  l i  i s  shown iha t  rnodern iza l ien  o f  r3 l l

n'ragnetization syslem erables to increase stabil l iy of method chara.teristics a$ well

as defect detectabii ity i lnder severe conditions of testing (lcw temperatu!'es, high

speeCs). High-repeatalri i i ty cf testing signals creates oppil{unities for automation

cf testing signais decoding.
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I Haq ilTen bHaf qacrb SKcnnyaTil pyrorlt4xcF
U e Poccilh xene3HoAopoxnutx nyrei ua-
xoAt4Tcff B SOHaX C CypOBblMh KnhMaThqe-

cRVMV ycnortsvr. 3ro o6ycnaenraaer He-
o6xo4ruocru ocyqecrBnffrb AilarHocrt4Ky
cocroflHr4F penbcoBoro nyril (il B nepByro
oqepeAb, penbcoB) B cro)r(Hbrx ycnoBil-

f lx: npH 3HaqhTeIbHoM ypoBHe cHexHo-
ro noKpoBa i l  npl4 3KcTpeManbHo Hh3Khx
TeMneparypax. O4naxo ul4poKo pacnpo-

crpaHeHHbre ynbTpa3ByKoBbre cpeAcrBa
perucoeoi 4e$exrocxonNr He BnonHe
noAXoAFT M9 peuleHr4ff 3TotZ 3a\aqv.

fleilcreurenuHo, nph orpr4qarenbHbtx reM-
neparypax noAAepxilBaru npuevrevuttZ
ypoBeHb aKycTl4HecKoro HoHTaKTa cTaHo-
Bl4TCff BeCbMa 3aTpyAHr4TenbHO, qTO He-
faThBHo cKa3brBaeTcfl Ha KaqecTBe nony-
,rael4oli Ae0exrocxonrqecxoil rHQopva-

wu n npou3BoAHTenbHocTH KoMnneKca
B UenoN4.

llpN reHaneparype Huxe -30 "C oxcnny-
ar a\nA yn bTpa3ByKoB brx cpeAcTB AeQeKro-
cxonhh, oco6eHuo aBToMorphc i l  BaroHoB-

Corpygr-i n xu FrayqHo-TexH !4qecKoro
HON{n,leKCa CilCTeM HepA3pyiXa!OUlerO
l{oHrpolin {HTH CHHJ OA0 "Pa,4noanronnxa"
(CaH Kr- i-ierep6ypr):
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AeQeKTOCKOnOB, ABhxyu_il,rxcfl CO CKOpO-
crbro Ao 60 xw/,1, craHoBr,lTcfl npaKTilqecKH
HeBo3MoxHoft . BurxoAol t,ts cnoxileueicq
cvryaL*4t4 MOXeT Cny}KilTb t4cnon b3OBaHle
r/Hbrx npHHr-l l4noa o6HapyxeHils onacHbtx

Ae0exroe B penbcax, ue rpe6yoqrx o6ec-
neqeH|4fl aKycTil9ecKoro KoHTaKTa MexAy

AaTqhKoM 04cTeMbl 14 KoHTponhpyeMbrM
penbcoM. OgHrv rs raKhx npi lHl l i lnoB,
n03Bofl ff rou-[,irra o6napyxraaru 4eQexTbt
B forfoBKe penbca ,qo AocTilxeH|/.q v1Mt4
Kpr4Tl4qecxnx pa3MepoB flBfiFercff MarHil-
roAilHaMilqecxni veroA [1].

Marsuruure MeroAbr e oteqecreeHHoi
geQexrocxonr4h perbcoB ilMepr AaBHoto
r4croplro. f lepeure onbrrHbre o6pasqur Ae-
oeKTocKonoB, ocHoBaHHbre Ha MaTHilTHbtx
npilHur4nax, noqBillr4cb eu.le e 1930-x rr.
3ro eecuMa opHrHHarbHbre eero-4eQexro-
cKonbr c peri lcrpaLl i let cnrHanoB KoH-
Tponff f i  aBroApe3ilHbr Q.M. Kapnoea

[2]. K coxaneHho, TorAa 3KcneptiMeHrbl
c aBroApe3u Ha n,ln-geQexrocxonaM il oKoH-
q!./'nr49b HeyAaqHo, TaK KaK npr4 cKopocTflx
6olee 5 xl l t /v ue4onycl4Mo BbrcoKuu ypo-

BeHb uyMa Aenan KoHTpoIb penbcoB He-
eQQexrueuurv.

C 1953 - 66 rr. Ha xene3Hbrx Aoporax
MnC CCCP Haqari l  ycneuHo oKcnnyarr-
poBaTbcg HoBbre KoHcTpyKql4t4 N4arHHTHblx
earoHoe-AeQeKrocKonoB paepa6orxil

BHl4l4)1<T r YparQTkl.
Maruuruure earoHur-4e$errocxonu (M BA)

o6ecne,tilBator KoHTponb penbcoB npil cKo-
pocrgx Ao TOnra/u n o6Hapyxreaor none-
peLlHbre rpeqhHbr (AeQexru xo1a 2Q u 2!
no [3]) c nnoqaAbo nopaxeHilF roroBKH
penbca ot 25o/o u rny6uaoil 3aneraHhfl Ae-
$exra Ao 4vw [1]. Kpove roro, yBepeHHo

Bbr9BjrffroTcq nonepeqHbte h npoAonbHble
rpeuhHbl xora 24, 25, 27, 30B r 301-,
a raKxe il3rloMbr penbcoB (t<oau 70, 74
r 79 no [3]).

HaMarHil , lheatoulaq chcreMa noABe-
uhBaercf i  Ha ycraHoBneHHoli  B cepeAilHe
BaroHa cneqnaruHoi (rperuetZ) hHAyKrop-
Hoi rerexxe. Crcreua cocrohr 143 AByx
Mou.lH brx nflo-o6pagH utx SneKTpoMarHilToB
(no o4Holy Ha KaxAyro HHrKy nyrh) il cosAa-
eT B KOHTpOIhpyeMoM yqacrKe penbca Maf-
HrrHurf i  norox, Heo6xo4uuutf i  f fn o6Hapy-
xeHhq Ae0exroe. f lpr varurrogauxyqei
cilne KaryueK KaxAoTo 3reKTpoMarHhTa
oxoro 40 xA.e i l  FroN414HaruHofr Beri lqi lHe
3a3opa Z vexAy nonocaMh t4 penbcoM
(8-12vu)  B  penbce o6ecneqhaaetcs
vaTHurusrrZ noroK or 7 Ao tO vB6. Kpove
HaMarHilqhBaHilf l  ronoBKH penbca 3Haqil-
TenbHaq qacTb noToKa 3aMbrKaeTcfl  9epe3
BaroHHbre KoHcrpyKr-l!4r4 h no eogAyxy, o6-
pa3yn noroK paccelHhe. hHAyxqroHran
KaryuKa, cKonb3flqaF no noBepxHocTh Ka-
TaHHq, OcyqecTBrf eT Qr4xcauho h3MeHe-
HXF MarHr4THOrO nOTOHa HaA nOBepXHOCT-
uoit unu no4noBepxHocruofi  rpeqrnoi.

leQexrocxonHbre cpeAcrBa, ocHoBaH-
Hbre Ha MarHilTHbtx ((MarHhroA'lHaMuqe-
gKr4x,) l4eto,qax KoHTpofiF, o6naAapT p9-

AOM nOnOXilTer bHbrx KaqecTB:
- Morrr paooraTb Bo Bcex KnHMaruqecKhx

3oHax npi l  l to6utx noroAHbrx ycnoBxRX;
- pe3ynbrarbr KoHTponfl He 3aBilccr oT 3a-

rpfl3HeHHOCTI4 nOBepXHOCTI4 KaraHVA
penbcoB;

- no3Bonflor oAHo3HaqHo coorHocl4Tb
pe3ynbrarbr KoHTponfl K peafibHoMy

nyrr4 3a cqer thKcaqilh noreM pac-

ceflHi lF MHOTI4X KOHCTpyKTI4BHbIX 3re-
MeHroB penbcoBoro nyru (cxpenneHri l .
3neMeHTOB CTperOLrHbrX nepeBoAoB,
crurxoe i l  Ap);

- ilMeor 6oruluyn npoil3BoAhrerbHocrb
KoHrponR (3000 - 4000 xulvecnq);

- npocTbr h HaAexHbl B SKcnnyaTauHil.
Bue4peHne KoMnbtorepHoi peri lcrpa-

ut4t4 ctrHanoB MarHhrHoro xonrporn [4]
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no3Bonilro noBblcl4rb pa3peuaoqylo cno-
co6Hocrb ct4creMbr il o6Hapyxl4Barb Ae-

Qexrur e npeAenax cBapHbtx t4 6onrogutx
crbrxoBbrx coeArHeHnfi penbcoB (ae$ex-

ru 26.3 u 21'1), paHee He BbtnBrf leMblx
MaTHilTHbTMH BarOHaMil-AeQeKTOCKOnaMh
(MBA) c perncrpaqneil  ci l rHanoB Ha KHHo-
nneHKy rrn 6yuaxuy0 neHry.

,{orrre roAst MBA no3Bottffrtt4 ycneulHo
peuarb 3aAaqu o6ecne,leHfi ff 6esonacHo-
cl4 ABilxeHhfl noe3AoB, 6yxaanuuo naul-

TacK[BaflD onacHble AeQeKTbl B petlbcax

AO AOCTi4}HeHVA VMI4 Kpt4Tl4qecKt'lx pa3Me-
poB B caMbrx He6laronpnnrHbtx noroAHblx
ycnoBuflx (vereru, cr,,11bHbte voposut). xor-

Aa BCe Apyfr4e MeroAbl KoHTponff cTaHoBh-
rucs varoeQ$exrneHutvu [5].  Ha ceru ao-
por MnC CCCP e 7970 - 80-e rr.  oAHoBpe-
MeHHO 3KcnryarhpoBanocb oKotlo coTH14
Maf H hrH brx BafoHoB-AeOeKTocKonoB.

Onurr ucnorb3oBaHilf i  MBA BHffBt4JI
h hx HeAocrarxu. OAuun,t il3 KoHcrpyKTt4B-
Hbfx HeAocrarloB HaMalHuuuearculeh cu-

crer,ttat MBA 6uno uanuque Bo3AywHoro

3a3opa MexAy nonlocaMil MafHuTa v penb'

col.  Tpe6oeaHhc 6esonacFtofr sxcnnyara-
r-lt414 KOMnreKCa sacTaBnffnu Aerarb SToT

3a3op BecbMa 6onuuuna (evecro rpe6ye-

t'ttstx Z = 8wtvt Ao 23tvttvt!), qro npilBoAilno
K 3HaLrhrerbHoMy ocna6neHilo MarHhrHo-
ro noToKa B penbce. B pesyrsrare Ha ge-

QeKTOrpaMMe 3a cqeT nonfl  pacceflHi ln

BecbMa .rerKo Or4KchpoBanhcb KoHcrpyK-
Tt4BHble oreMeHTbr nyru (coegaeal BVAU-

MOCrb HOpMarbHoTo QyHKli l4oHhpoBaHilf l
KOMnneKCa), Ho oTcyfcTBoBaIV cufqanbl

or BHyrpeHHkx AeQeKroB penbcoB, Aocryn-
Hbrx Ma rH hroAH HaMilqecKoMy MeroAy.

Bropurv HeAocrarxoM "l l ,-o6pagHoi
HaMarHilqi lBaoulef i  cncreuut MB,[ rarn-
nocb To, qro Me}t(nonocHoe paccToflHHe
y cocraBrf ino ecero 80cw, qro AaBaro Bbl-

coxi l i r  ypoeeHb npoMarHil t1i lBaHil f l  penb-

ca B crarhqecKoM cocroRHnu. O4naxo
npil ABl,i}t(eHilr Ha oonburt4x gKcnflyarallil-

oHHbrx cKopocrnx (70-SOxtvt/u) 3a Bpe-
Mfi npoxoxAeH/f l  HaMarHhvneaoulei l  cu-
cTeMbr HaA AeQeKrHbrM ygacTKoM penbca

MaTHilTHOe nore He ycneBaro npoHHKarb
Ha AocraroqHyo rny6raHy. llpruuHa sroro
RBreHilF KpOeTCfl B BOspaCTaHilil Bl4xpe-
Bbrx ToHoB, npenFTcTByloll-u4x c yBerHqeHfi-

eM cKopocr,r npoHt4KHoBeHhlo MaTHilTHOTO
nonff Bily6b Meralra.

Iy', HaKoHeq, rperuft HeAocraroK ufl,-o6-

pasHoft chcreMbr HaMafHilqi lBaHilF - 3Ha-
qilTerbHbte ra6apnrbt gneKTpoMaTHilToB,

norHocrbro 3aHilMa}oull4x MexKorecHoe
npocrpaHcrBo nH4yxropHofr rerexKh.
il n penflrcTBytorJ.lhe pa3MeuleHfi lo AarqilKoB
Apyil,rx 04crevr. B pesyrerare N4HoTorerHflF
N4eqra N4Horhx AeOeKTocKonilcroB - co3Aa-
Hile KOMnTeKCHOTO BaTOHa-AeoeKTOCKOna,
oAHOBpeMeHHO peanh3ylollero MarH hrH ble
u ynbrpasgy(oBbre MeroAbr KoHrpotq penb-

coB, ocraBaflaca ueeunonuuraoit.

,{ln ycrpaueHuA ort4x HeAocrarxoB B Ha-
qare 1990-x rr.  6unu npeAnoxeHbt ABa
HanpaBreHrf l  paruHefiuero pa3lurvfr

cpeAcrB perecoeoi ge$exrocxonwu. Bo-
nepBbrx, 6rrno nprHnro peueHHe o nocre-
nesHoil  3aMeHe ycrapeBapu-l l4x MB,[ coe-
MeuleHHbrMt4 BaroHaMil-AeQexrocxonavn
(CBA), e xoropbrx AonxHbt 6utru 6stru
peanh3oBaHbl KaK MaTHhTHble, TaK h yt lb-

rpa3ByKoBbre MeroAbr KoHrpolfl. lauHoe
peueHke HaxoAr4Tcfl BnonHe B pycne co-
BpeMeHHblx reHAeHuri HK, cei lAerenu-
cTByrou-|4x o ToM, uTo r,4AealbHblx - yqn'

BepcanbHbtx, o,qriHaKoBo xopoLuo pa6o-

raoqilx npn no6utx ycttoBl4ffx, - cpeAcrB

AeQeKTOCKOnUil He CyUleCTByer, il Anfi no-
nyqeH/ff KaK MoxHo 6onee rovuota xaprr-
Hbt cocroflHhfl o6tercra HVlt(Ho hcno.nb3o-

Barb KoMnreKcuute ycrpoi lcrBa, ocHoBaH-
Hbre Ha pa3Hbrx Qh3l4HecKhx nphHullnax.

Bo-aropurx, 6utra nocraeneHa 3a4aqa
BHeCTil TaKile X3MeHeHil9 B KOHCTpyK-

ukio HaMarHrvneaoulei ci lcreMbt, r lro-

6ur o6ecneqrru my6oxoe npoMarHhel,t-
BaHile penbca Ha cKopocrflx KoHTpon9
Bnrorb go 80xv/v t t ,  B nePcneKTVBe, -

Ao L2Oxr'a/c.3ro nogeonilro 6ut eutRenqru

Ae$exrur, 3aneralouile rny6oxo noA no-
BepxHocrbro TofioBKh pefibca, B coqeTaHilrl
c BbrcoKoi cKopocrbto ABilxeHrlf f  BafoHa.

B cepeAuHe 1990-x rr.  cneur4anh-
craMr4 BHt/14)KT (8.n. SaftAaxoe)
ra OAO "PaAraoaBhoHfiKaD e pattxax pa6or

no co3AaHho CBA c 4eQexrocxonuve-
cKl4M KoMnrexcou nAB14KOH-03" 6utra
pa3pa6oTaHa h ycneuHo BHeApeHa HoBaF
MarHhrHafl noAo4creMa. i lo cpaeHeHro
co crapbrMr4 MBA HauarHilqhBaoulaF clt-
CTeMa nOABeprnaCb Kapfl l4HanbHblM 1,13-
MeHeHhFM. MeNnolocHoe paccroflHi le

yBenhqeHo 6oree , leN1 e 3 pasa: 3To no-
gBonr4fio pewurb npo6neuy HeAocraroq-
uoil rny6uuu npoMarHLlLtttBaHuA pefibca

Ha BbrcoKl4x cKopocrnx. Pac'lerut noKa3bl-
Balor, qro Aaxe Ha cKopocrflx 60 * 80 xll/r
pacnpeAeneHile f loIF B6nv3u 3aAHero no-

ltoca - TaN4, rAe o6ul,JHo ycraHaBnhBaoT

MarHilTHbre Ea1!,v1Kt4, - OcTaercq npaKTn-
qecKil oAHopoAHblM no ceqeHillo forloBKl,4.

Buecre c reM, cronb cyqecrBeHHoe
yBeIilLreHile Me}ttnonlocHoro paccToF-

HUA HC NPi lBCNO K CHi l } t (EHi lO BEI i lqhHbI

MafHrrHofo noroKa B penbce. 3ro 6utlo

Aocri lrHyfo 3a cqer npnHaeueHun 6olee
gQQexrreHoro cnoco6a xHixeKuhll  Mar-
H r, lTHoTo norq. Y BaroHoB-AeQeKTocKonoB,
ilcnon b3yrolLll4x nno-06pa3Hylo ct4cTeMy Ha-

MaTHilquBaHilf f ,  MaTHhrHbti norox, reHe-
pilpyeMb[4 KaryujKaMr4, 3axoAun B penbc
qepe3 Bo34yr!Hbri 3a3op; MarHilrHoe co-

=

.,  , , ,=

1.,,:
i 4 l
1  t _ t

" f l " -o6pagHur i  3neKrpoMaf  H i lT

6 = 8 0 0 w v
Z = 8 - 7 2 t a v
(go 23 trtv)

Ha npoAonbHbrx 6anKax

6 = 3000 vv

Ha ocgx  Kof lecHbrx  nap

6 = 3000 v l t

c  1956 r c 1997 no 1999 rr c 2000 r

Puc. 1. Bapranrbt cl, lcreM HaMarHhqhBaHrF BaroHoB-AeqeKTocHonoB
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Prac.3.AeoexrofpaMN4aoAHoropenbcoBoro3Beua(varHrrHsl i14y' lbTpa3ByKoBbleKaHanb|KoMnJleKca

"ABl,'l KOH-03" earoHa-geQexrocxona)

t l

tl,f !'rqu

npoTHBneHhe AaHHOro SreMeHTa MarH'{T-

Hoil  uenh 6utro aerhxo, r nogroMy nuub

KOafrHe He3HaqhTetlbHafl qacrb noroKa

il3 CepAeq Ht',l Ka StleKTpoMarHuTa nonaAala

B hccneAyeMbli o6l'eKT.

B HamarHu'lueaoulefr cr lcreMe CBA

c KoMn'|eKcorvr "ABlzlKOH-o3D B KaqecrBe

3reMeHTa MarHilTHoil  uenh rcnonb3ylorcc

KOneca AeoeKToCKOnilqecKofr teneNxu' ne-

nocpegcrBeHHo KoHTaKThpyror4rae (Z = 0)

c perbcoM (pnc. 1). Erarogapn 3roMy Mar-

HilTHOe conporhBneH!4e yMeHbull4t locb,

npoh30uno nepepacnpeAeneHile Mar-

Hr4THoTo noroKa B nonb3y tofr cocraglRto-

ulei, qro nocrynaer B penbc' Sror cnoco6

$opvnpoaaHlif l  MarHhrHoro noroxa yxe

6urn e ceoe epeMq (1928 r.) npe4roxeu

Cygsyxi l  ( f inoHran). B nauefr crpaHe ou 6utn

peanil3oBaH e 1930-x rr. B KoHcrpyKl-il'lt4

Q. M. Kapnoea npi lMeHilrerbHo K xo4oeoi

TenexKe aBroApe3hHbt l2l, a yxe cpaBHt!-

rerbHo HeAaBHo (e Havane 1990-x rr ')  -

npi lMeHr4TenbHo x xoAoeoil  TerexKe Baro-

Ha (KoHcrPYKuran t l .A. MYcaeea).

I Mrpe ilrla3luuarue?n llrtltlnrl 3[[7] cenmnflt 2[12

4 cBapHbtx crblKa 3BeHo 25 NI
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B oililqile or 3Thx xoucrpyxqrfr B KoM-

nIeKce -AB14KOH-03" BnepBble npoeK-

ThpoBaHHe MarHnrHoil  c14creMbl 6utlo

ocyqecTBneHo Ha ocHoBe pacHeTHblx

METOAOB, TAKNX KAK MCTOA KOHQOPMHbIX

npeo6pasoeanntZ, MeroA 14HTerpanbHblx

ypaenenrafi ,  Teophfl  MarHHTHblx qenei [6] '

3ro nogeoluno onrnMil3l4poBarb ocHoB-

Hbre KOHCTpyKTHBHO-TeXHilqecKile xapaK-

Tephcl,t Ktt v a rH nrHoi ct4cre M bl : noJlytl l4Tb

B penbce MarHhTHyto l /HAyKUl4lO He MeHee

1 Tn npr pacxo4yervofi  erexrpnvecxoi

Mou1Hocrt4 Bcero oKono 2 xBr (nporne 6o-

nee 15 xBr e xoucrpyxqnu Kapnoea) u uu-

H14MH3l4poBarb raKile napaMerpbl '  KaK Afi-

aMerp oct4 xonecHoi napbl, Tonu1hHa AilcKa

KOIleca, M. A. C. KaryLUeK h Ap'
B  vo4epHreupoBaHHoi  HaMaFHut lhBa-

ourefi crcreve B KaqecrBe cepAeqHhKoB
greKTpoMarHhroe ea4efi craoBaH bl ocl'l Ko-

rec ge$exrocxonilqecxoi (tzHgyxropuota)

reJrex(Kh (prac. 1). [loAo6Hoe MHoroQyHK-

rjr,loHafl bHoe hcnonb3oBaH he KoHCTpyKTl4B-

Hbrx 3JIeMeHTOB nO3BOnilro He TOnbKO CH14-

Ysxtrllffmssstg *{${
3ilTb Maccy TerexKl4 3a cgeT OTKa3a oT AO-

nonHfiTerbHblx cepAeqHhKOB, HO h peuil t lo

n po6nevry AtlH Hbl MarH hronpoBoAoB' aKry-

anbHyto AJIn HaMaTHnvreaoulefr ci lcreMbl

c 6oluu.txl t  MexnortocHblM paccrotHheM'

TexHh'lecxNe peueHhfl ,  hcnonb3oBaHHble

n0H co3AaHhh MafHilTHolZ noAcl4creMbl

CBA c xomueKcoM *ABhKOH-03D, AoKa-

3ann cBoto e$Qexrr4eHocru e xo4e 6onee

qeM Aecqri lneruei excuyaraLltar Ae0ex-

I rocxonoe Ha x(ene3HblxAoporax' B Hacroc-

I ,rree BpeMr Ha l-opuxoecxoi, Oxrn6pucxoi,

Ceeepo-Kaexascxoi, lOxHo-Ypanucxoil
x. fl.il B KasaxcraHe pa6oraor 14 aaroHoe

STOfo Tilna.

f lotuuvto ct4THanoB or AeOeKToB B npo-

qecce KOHTpOnF B MarHilTHOlvl KaHane

nphcyrcrBylor KnaccilOil ul4 pyeM ble orKn il-

Ktl or perynfipHutx o6lexroB perbcoBoro

nyrv - 6orroautx crblKoB (runoeutx r rso-

nra pyrorl1Nx), cBapH blx crbl KoB, B T. tl. ar toM h-

HorepMr'trHblx. A taxxe chrHatlbl or unarb-

Hbrx Kpenfi  eHrf i  ,  xoHrppelucoB' KpecroBl '4H

14 paMHblx penbcoB cTpenoK, nepee3AoB'

npoTr4BoyfoHoB, Ki lnoMeTpoBblx oTMeTOK

il npoqux o6texros penbcoBoTo nyru' xa-

paKrepx3yeMblx npL'lcyrcrBileM KpynHblx

$eppot'aarHrarHblx 3reMeHToB B Henocpeg-

cteenHofi 6nugocttt or pa6overo penbca'

B pesyr urare Qopu ra pyercn caoeo6pasnan

MaTHfiTHO-ytlbTpa3ByKOBaff TOnOrpaMMa
perucoeoi Hl, lrKh, no Koropoi MoxHo aHa-

Ji l43l4pOBaTb B3ailMHOe MecTonoroxeHhe

penbcoBbtx 3BeHbeB n nleref i  no AnilHe

nyrn  (pnc .2) .
Ha pi lc. 3 e 6onee xpynHoM, qeM uapuc'2,

uacura6e npe4craeneu QparMeHr EeQeKro-

roaMMbt CBA c xovnneKcoM "ABl4KoH-03"
oAHoro 6ee4eQexrHoro perbcoBoro 3BeHa

(cnpaea il cneBa - chrHarlbl or 6ortoeutx

crutxoe). Ha eepxHefr AopolxKe oro6paxa-

roTcF ct4fHa.nbl MaTHHTOAnHaMhqecKoro Ka-

uala. llpn npoxox4eHhh MarHilrHoro Aar-
t l l , iKa HaA UnanaMll U33aHart '1WA MeTaII i l -
qecKhx unarbHblx noAMaAOK h penbcoBblx

cxoenlesxfi MaTHilTHblil norox paccehBa-

Hfifl pearhpyer Ha nephoAt4qecKoe h3MeHe-

Hr4e nnouaAu ceqeHilfl HaMarHilquBaeMoro

Merarna, BCrleAcTBile qeTo QopMXpyer-
cfl BonHoo6pa3lan nt4Hrfl, Ha3blBaeMaq

HA npaKThKe (noflKnaAotlHbllilD npOLIeCCOM'

Ha nsrn AopoxKax ynbrpa3ByKoBblx KaHa-

noB B SOHe OCHoBHOTO MeTaIna penbcoBo-

ro 3BeHa orcyrcrBylor xaxne-ln6o chrHarbt

3a i lcxrttoqeHfieM HenpepblBHutx lnHri goH-

Hbrx ctarHaroB (na npaxruxe Bo3MoxHbl tlJy-

MoBbte orPaxeHrlff).
K vrcly Bblf lBrf leMblx MarHfiTHblM Ka-

Hanott 4eQexroB orHocffTcfl noBpex(AeHfin

foroBKl4 penbca, a ilMeHHO - AeQeKTbl nep-

eofr, aropoti u rperueil rpynn no [3] (puc' 4)'

Becuva 'lerxo o6HapyxhBaorcfl KaK oA14-

HOrlHble Aeoexrut, TaK H AeQeKTbl' B3flTble

B HaMaAKil (noaa2l'2H h B 3oHe anoMilHo-

repvurHota cBapKil - 26.4). Xapaxrepuute

2 ce. ct. 3 60rr. crbtKa
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P14c. 2. OparMeHT AeQexrorpaMN4bl BaroHa-AeoeKTocKona oAHoi Hl4TKh penbcoBoro nyrl (vaculra6:
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A. A. MaPxos, A. f. AHrfincF
MarnuroAuual,*4qecx[fr Merog KoHTpo,rs ...

6e3AeoeKrHaq cBapHa

TloBepxHocrHbre
noBpelKAeHtl9 KoAoB
to ,14 ,77

3

Pnc, 4. XapaxrepHble chrHanbt MarHlaToAnHaMXqeCKOrO MeTOAa OT BHyrpeHHilX h noBepxHocrHblxIeQeKTOB rOnOBKl4 penbcoB

,4Mnynbcbr 3HaqhTerbHofi aMnnMryAbl oop-
Mr4pyrorcfl oT nonepeqHblx TpequH B rotloB-

Ke penbca (xoAur 21.1-2 n 2O), nphqeM

no BerHLrilHe aMnnhryAbl BecbMa qacTo

r\4olKHo cyAhrb o pa3Mepe AeoeKra.
Taxru o6pasoN4, npil ilcnorlb3oBaHilrl

HaMafHfiqilBaourx cxcreM c AocraroqHofi
BervtiuHoh N4exnorpcHoro paccTofl H 14fl oT-

cyrcTByeT ofpaHHgeHHe, CBff3aHHOe C MaIOr

rny6unoil npoMarHilLl4BaHilff perbca Ha Bbl-

coKr4x cKopocrex. floerovy 6yAer AeQexr
o6HapyxeH vnu Her 3aBnc hr rorlbKo or roro,
HacKoIbKo ilMnynbc MarHilTHofo nortl B Bo3-

Ayxe HaA Toltosxoi penbca, nopoxgeHHutil
BO3MyUleHileM MafHilTHOfO nOTOKa B 3OHe

AeQexra, 6yAer saMereH Ha $oHe pa3niltl-

H btx Ulyt\4oB ecTecrBeH Hofo rl l4cKyccrBeH Ho-

ro npoilcxoxiAeHilfl, Ha6nto4aeMbtx Ha Mar-
HhrHoM KaHare. klcclegoeaHuq noxa3btBa-
tor, Lrro aMnnilryAa HMnynbca onpef4engercfl

pa3MepaMil fleQeKra h efo paccToflHheM
or AarvilKa, r. e. Qaxrrvecxu rny6uuoh sa-
IefaHVA noA noBepxHocTblo KaTaHhff.

,{nn roro vro6ut nolyvttrb Kor}4qecrBeH-

Hbre oqeHKil K npi lBe.qeHHbtw coo6paxeHr-
FM, paccMorpr4M AByMepHble MoAenil  none-
peHHbrxrpeqrH B TonoBKe penbca (pnc.5).

ToruluHa 3a3opa cocraBrfer 1MM, a none

il3MepqeTcfl B Bo3Ayxe e 4vv Ha4 noBepx-

HOCTbTO QeppoMafHtirHofo MaTepuana.

TorAa raHfeHuilaflbHaq cocraBtlflloulaff
MarHnrHoro norF KaK Qyttxqun npo4onb-

nofr xoopAuHarbt ilMeer nonoxureluHutfr
hMnynbc c MaKchMyMoM HenocpeAcTBeHHo
HaA 3a3opoM. f loRereHue nonoxi lTeflbHo-
TO hMnyrbca cBF3aHo c oop|t4poeaHrevl
AOnOIHilTenbHOTO MaTHilTHOTO flOTOKa

B Bo3Ayxe, o6ycnoeneHHoro o6rexaHuevt

3oHbr noHHixeHHoi MaTHilrHoi npoHuqae-

Mocl, i  -  TpeuilHbt - BHyrpl4 penuca (e pe-

arbHocrr4 oneparop Bt4At4T ABycroponHri l
nonox/TenbHo-orpu qarel uH ut il ct4 THarl

AraQQepeHqnarbHoro AarqhKa. orpaxato-

u1uil relaeHeuue nonn). fny6vua 3arleraHilfl
(d) ra eurcora rpeui lHbt (h) ueHrrucu e npe-

Aenax 0 + t2 u t + !2 r'tli coorBercrBeHHo.
Ha prac. 6 r,rso6paxeHbt pe3ynbrarbl

pacqeTa MoAeIl,l, BblnotlHeHHoro N4eToAoM

KoHeqHbrx pasuocrei:  3aBhcl4Mocrb Benh-
qnHbl MaKcil MyMa TaHreH[.ll4anbHofr cocTaB-

nnoqeft no.nl or my6nuut 3areraHilfl 14 Bbl-

corbr rpeu.lr4Hbt. 3naqetile noctosuuotZ xol-

noHeHTbr norn HaA 6eeAe$erruutvt penbcoM

nphHqro 3a eAhHr4uy. Cryvaft d = 0 cooreer-

crByer BbrxoAyrpeqilHbl Ha noBepxHocTb.

Phc. 5. PeaKqhc MarHilTHoro nong Ha AByMepHble MoAenh nonepeqHblxrpeqnH

(npn d = t2 u h =8, 10 r 12 vv)

lllT ll0rld flevir'{ 3{[1] $sthl||trsr 2[12
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Bbtcora npope3rl h, MM

Pr4c. 6. 3aBt4chMocrb Betl ht1 l, l  Hbi MarH ilTHoh

t|HAyt<ut4t4 or my6uust 3aneraHhe I,1 Bblcorbl

AByMepHot4  MoAen i l  nonepeLrHof  rpeu i lHb l ;
--t- - c BbtxoEoM Ha noBepxHocrb (d = 0);

-{-- B 2 MM noA noBepxHocrbto;
--*- - B 5 ntv nog noBepxHocrblo;
--+- - B 8 MM noA noBepxHocrblo;
--+- - B 12 MM noA noBepxHocrbo;

- - - - npeAen o6HapylKilBaeMocrl '4

Kax n cneaoBaro olxhAarb' aN4nrhry-

Aa orKrhKa or Bo3lvlyueHilF Bo3pacraer

KaK nph yN4eHbuleHiltl rny6uuut 3arefaHvla,

TaK H npi l  yBenilLleHil t l  BblcoTbl TpeulhHbl.

Ecrh oueHhearb qyBcrBrTenbHocrb ct4cre-

Nlbl perhcrpaquu e tO% or Benilvl4Hbl no-

c roRHHoi l  KoMnoHeHTbl  raureuqra luHo/

cocraBnFOuet, l  norq, To Bblue nyHKTt' lpHoi

nvlHvn Haxoll'trcfl o6tlacrb npilHuilnilanb-

Hoil eutqanRen,tocru AeQexra. To ectu no-

nepeqHaF TpeUilHa eutcorofr 3wvt lr toxer

6urru eutnereHa npil rny6vue 3aneratng

ueuee 2 vvt, sutcoroi 1-O vrrr,t - npv rny6u-

He MeHee 1-2vrrv (cvt. Pttc.6).
fiolyveHuute pacLterHblM nyfeM pe3ynb-

TaTbr B ocHoBHOM noATBep)+qaoTcfl npH pe-

anv3aLJvll4 Ma f H hToAI4 Ha M hqecKoro MeToAa

a pelucoaoil 4e$exrocxonnh. B xavecree

npilMepa Ha pi lc. 7 npree4eHul cl4rHanbl

MaTHhrHoro (r ylurpaaeyKoBblx) KaHana

or nonepeqHofi rpeqnHut B fonoBKe penbca

Ha pasFroil craAnw pa3av11t4fr'. Ha craqw 3a-

polK4eHhfl, KorAa BepxHhtl xpai rpeulilHbl

Haxogt4Tcff Ha rny6nHe d = 8ptvt or noBepx-

HocTh KaTaH Hff ; V Ha Cra At/1v1 il3noMa pen bca,

KOrAa nocte Tpex MecflueB SKcnnyaTaunll

Ae$exr Bbtuer Ha noBepxHocrb KaraHhF

(d = 0). BuAHo, qro aMnnuryAa chTHana Mar-

HhTHOTO HaHatla Bo3pocna MHOTOKpaTHO

no coaBHeHtl lo c HaqarbHblM 3HaqeHneM'

Mano pa3nilt{hMblM Ha QoHe conyrcrBylo-

ulLrx cKopocrHoMy KoHTponlo ulyMoB, h xo-
poulo BbrAenFeTcfl npil aHanil3e chTHanoB.

BaxHutvt ceoi lcraoM chrHanoB Mar-

HflrHoro KaHana qBrflercff l,'lx xopouaF

Bocnporl3Bo,qi lMocrb. 14Ha'le foBopfl '

Br4A CilrHaroB onpeAentercF, npexAe

BCerO, BHyrpeHHrlMt4 XapaKTepilCTl ' lKaML1

o6texroe pelbcoBoro nyril il nilub B He-

3HaL{hrerbHoti l  creneHl,1 - yc/ loB14FMl'4'

B KOTOpbIX ocyuecrBflffnacb perilcrpauLi9.

Taxxe eocnpoil3Bo4LlMocrb noApa3yMe-

eaer ycroivuBocrb K napaN4erpaM HaMaF-

HhqrBapull4x n perucTpl/pylol l t lx cl4cTeM.

To ecrb He3HaqilTetlbHble 143MeHeHilf l

B 3Tt4X CLICTeMaX He npnBoA9T, OnFTb IKe'

K cyu.lecrBeHHbll \4 l /cKalKeHrnu e Qopve
cHrHaroB. Bce ero HaxoAl,'lr noArBepx-

AeHile Ha npaKri lKe. Ha prac. 8 rso6pa-

xeHbr ci lrHaIbl oT npoAonblota rpeulruut

B TOIOBKe pelbca, nonyqeHHble AByM9
pa3nilqHblM14 BaToHaMil c KoMnreKcoM

"ABt4KOH-03D c BpeMeHHblM npoN4exyf-

xorv e 25 aHeil .  Cxoxecrb cl4rHaroB cB14-

AeTenbcTByeT. Bo-nepBblx. o xopoue14 Boc-

npot'r3BoA14MOCTh ChrHaroB MafHtlTHOrO

KaHana ,4, Bo-BTopblx, o sutcoxo[ Kynbrype

npoeKTilpoBaH14fl h npofi3BOACTBa, no-

aeonnoulei l  H3foraBnilBarb KoMnreKcbl

c noqTil  naeHThtlHblM14 xapaKTepilcTt4KaMil '

Xopotuan Bocnpota3BoAt4Mocrb c14f-

HanoB lenaer uarHuruutil KaHar npil-

roAHbr\4 MF aeroN4arhqecxoil pacurQ-

poBKr4. fieicrarreruHo, noBTopqeMocrb

chfHaloB ecru Heo6xo4l4Moe ycrloBfie Bbl-

flBneHrff rcnacch0ilutlpylolll4x npil3HaKoB'

B nporpavrulHo-annaparHbl14 KoMnreKc

earoHoa-4eQeKrocKonoB -ABIy'KOH-03"

ycneuHo BHeApeHa cilcTeMa aBToMaTilqe-

cxofr pacuu0poBKl4 AaHHblx MarHr'lrHoro

xaHara. B Hacroquee BpeMfl chcreMa opr-

eHThpoBaHa Ha Bblf iBneHile perynffpHblx

o6-uexroe penbcoBoro npr - crblKoB pa3-

n/qHoro BVAa n crpenoqHblx nepeBoAoB.

Crurxu uaccrQhuupyrorcn no cneAy€t{t4M

KareTopl4flM: Tl,inoBble 6orroeste cTblKl4

h il3on14pylolll4e, cBapH ble crbl K1,4, Bbl norHeH-

Hbre 3reKTpoKoHrarrHoil ceapxoi, r anoN414-

HorepMilrHbte. PacLUilQpoBKa ocyqecrBnn-

eTcff HenocpeAcTBeHHO B npoqecce npoe3-

Aa B pexi lMe peanbHoro BpeN4eHil (puc. 9).

Celexqun crbtKoB vI Apyrvx KoHcrpyK-

TI4BHbrx 3neMeHTOB penbcoBofo nyri l  npo-

t43Bo AVTefr no cneqilQl4' lecKhM n pi l3HaKaM

cil fHaroB N4arHLlrHOrO KaHara AeQeKTO-
cKonilLlecKoro KoM nneKca "AB71 KOH-O3M''

B nporoxole il3oaHpytou1lzx crblKoB c yKa-

3aHileM KOOpAilHaTbt CTblHa h HVIKV rtwt4

npeAycMorpeHa Bo3MOXHOCTb AOnOrHe-
Hilfl AeoeKrorpaMMbl rpeMff QoroKaApaMil
cTbrKa, nonyqeHHblMl, l  c pa3Hblx paKypcoB.

B nepcnexrrBe nnaHhPyercf l  Aonon-
Hr4rb cyulecrBylollyto cl/creN4y pacno3Ha-

BaHilfl BO3l\4o)t{HocTblo BblFBtlflTb CUTHarbl

or onacHbtx Ae$exroe, a raKlKe onpe4e-

nflTb HeKoropbte qi lcloBble napaverput o6-

HapyHeHHbtx o6beKToB.

lny1kHa AeOeKra 8 MM

,"*-"@""**-"r.."-u^d.rr/#*,1-L *

Pnc.7 . Curnanat oT nonepe,tHofi TpeqilHbl B TOIOBKe pelbca Ha pa3Hblx cTaA!4cx pa3BilTl4q: a - 3a fp{

Mecffqa Ao lrsnova (aepxxnil Kpai TpeuilHbt na rny6v,ae 8 vtt or noaepxH octv' xatanua);6 - nonepeqHblt

i l3noM penbca

B Ml|lr l|sFs[Wanus?0 rrfl|l|fl0fifl 3[5]] t0l|ll|r[[h 2012

Prc. 8. Clrsanut or Topl43oHTa,'lbHot4 Tpeq,4Hbl

B FoJroBKe penuca, sa@hxcl4poBaH Hble pa3H blM14

BafoHaMil-AeOeKTocKonaMh c KoN4nneKcoM
-ABl,4KOH-03, c BpeMeHHbrM lrHrepBanoM 25 AHei4
a - rvn rpeqilHbl (AeQeKr KoAa 30T no [3]);
6 - AeoeKrorpaN4va earoHa-AeQeKrocKona
N, 480 (1997 r. estnycxa); B - AeoeKrorpaMMa
BaroHa Ne 494 (201-7 r. BblnycKa)

22 cews6pn 20 AeKa6pq
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Pr4c. 9. ABToMalilqecKoe BbtAeJleHhe crbrHoB penbcoB c QopM14poBaHheM oTiqeJlbHblx npoToKonoB:

a - 6onroBbrx; 6 - [3onilpyloulhx

AOKa3an CBOO 3ooeKrl4BHOCrb. B Or4elu-
Hbtx, qacro 3KcrpeManbHblx cnyqagx, MaTHur-
Hbri KaHan CBA serqerce eAhHcrBeHHblM,
cBoeBpeMeHHo o6Hapyxl4Baou.ll4M AeQeK-
Tbr Kpr,rr4qecKilx pa3MepoB [7]. flaruuettLuee
pa3BilTHe MarHITOEhHaMilqecKoro MeroAa

cnoco6Ho nphAaTb HoBblfi ilMnynbc penbco-

Boi AeoeKrocKonhil B UenoM.
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Taxrv o6paeoM, MarHilToAHHaM Iqecxi lh
MeTOA KOHrpOnq, peanh3oBaHHbllz B AeoeK-
TOCKOn14qeCKhX KOMnfl eKCaX COBMel4eHHblx
BaroHoB-AeoeKrocKonoB, o6flaAaeT pflAoM

noroxilTerbHbrx KaLlecrB, n03Bon9lou.l14x
He TOrbKo AonorHffrb ynbTpasByKoBble

MeTOAbl KOHTpOnfl, noBbluafl HaAexHocTb
h BepoflrHocrb ooHapyxeHuff AeoeKroB [7],

HO t4 BbrcrynaTb KaK caMocToffTerbHbli Me-
TO,4 KOHTpOIR n ph sKcrpeMalbHblx ycnoBhffx
(ursxre reMneparypbr, BbrcoKile cKopocrr)
SKCnnyaTaLlil t4 xene3HoAopoxH blx nriei.

ly'croprqecxn MarHilToAilHaMugecttlil
MeTOA 6brn nepBbrM MeroAoM, N4accoBo npil-
MeHfl BUr4MCfl B CKOpOCTHOi AeoeKTOCKOnhh
penbcoB. 3a uHorne roAbr 3KcnnyaTaqilil oH

ftil Auaru-Anyemna l_
Y f ;trt1',"#il"T: |/;
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