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Magnetodynamic Method for Rails lnspection

A. A, Markov,
A. G. Antipov

The magnetodynamic method for defeel detection in rails, its history of development
and funct ional  capabi l l t ies afe considered.  l t  is  shown that  modernizat ion of  ra i l
magnetization systern enables to increase stability of method characteristics as well
as defect detectability und€r severe conditions of testing {low temperatures, high
speeds). High-fepeatability of testing signals creaies opportunities for automation
oi testjng signals decoding.

CorpyAH14rih HaygHo-TexHrqecKoro
xoM|lneKca c cTeM Hepa3pyulaoqeto
HoHrpone (HTK CHK)OAO uPaA oaBfoH r€o
(Caffi-nerep6ypr):

AHaronrE ApxaAbeBx.l

A,lpeKrop HTK CHK, A. r B.

AHrt{noB
AHApei feHHaA1|eBr.l

BeAyutr i  rHXeHep HTK CHK, K. O.'M. H.
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MilUl0flilffi prrhfion
I Ha'rhTerbHaff 9acTb 3KcnnyaThpyroulllxct
t B Pocct.ll4 xene3HoaopoxHbrx n!'rei Ha-
xoar4lcF B 3oHax c cypoBbtNrfi KnlMarrge-
ct(t11vI|.1 ycroBl.1tM14, 3To o6ycnaBnlBaer He-
ooxoAr{Mocrb ocyqecrBngTb AuarHocrr,lKy
cocroqHl4ff penbcoBoro nyr|4 (u B nepByro
o,iepeAb, penbcoB) B cnoxHbrx ycnoBfl-

f lx; npk 3HagtirelbHo[4 ypoBHe cHexHo-
ro noKpoBa u npH 3KcrpeManbHo Hr43Kr4x
reMneparypax. OAHaKo uHpoKo pacnpo-

crpaHeHHbre ynbTpa3ByKoBbre cpeAcTBa
penbcoBoi AeoeKrocKon h He Bflo,'rHe
noAxoAqr Arq peueHr4g groi 3aAa9x.

AeicrBhrenbHo, npl4 orpxqarenbHbrx reNl-
neparypax noaAepxlBarb np eMneMbri
ypoBeHb aKycrr4recKoro KoHTaKTa craHo-
at4Tc9 BecbNla 3aTpyAH[TenbHo, rro He-
farhBHo cka3brBaeTcn Ha KaqecrBe nony-
,raeMofi AeoeKrocKonIgecKoi tHOopMa-
tlt4t'1 u npon3BoaureJlbHocTt4 KoMn/leKca
B lle/toM.

npla reN]neparype Hlxe -30 oC aKcnny-
araq|4F ynbTpa3EyKoBbrx cpeAcrB AeQeKro-
cKon |,1. oco6eHHo aBToMorohc r,1 BaToHoB-

AeoeKTocKonos, Asrxyulr,rxcF co cKopo-
crbro Ao 60 KM/q, craHoBllTcF npaKT 'recKu

HeBo3MoxHor. BbrxoAo[4 l,l3 cnoxlBUreicfl
cflryaqx ^4oxeT cn]4tfl4Tb cnoJIb3oBaH14e
lHbrx nphHqlnoB 06Hap!,)KeHxF onacHbrx

AeOeKroB B penbcax, He rpe6you.lr,1x o6ec-
neqeHl1rr aKycT[recKoro KoHraKra Me)t(ay

AaTqlKot\,4 ct4cTeMbt t4 Ko HTpon 14 pye M btN4
penbcol4. OAHUM x3 TaKux np Hr]|4noB,
n 03 Bo'lr lor!11r\4 o6Hapla{[Barb AeoeKrbl
B TO/IOBKe penbca ao aocT XeHlF l.lMt4
Kpl4Tl4geCK X pa3N4epOB flBlrFeTCr MafH'-l-
roAlHaM recKxi NaeroA [1].

lVIaf HhlHbre NleioAbr B orerecfBeHHoi

AeoeKrocKonrx penbcoB r4[4eK)r AaaH|orc
r,1cTopr,r|o. nepBbre onbrTHbre o6pa3qbr Ae-
QEKTOCKONOB,  OCHOBAHHbIC HA MATHUTHbIX

np Hrl nax, noqBr4/L.rcb eqe B 1930-x ffi
3To BecbMa ophrxHanbHbre Beno-AeoeK|o-
cxonbr c pertcrpaqlei crrHanoB KoH-
rponr I  aBroApe3rHbr O.lvl .  KapnoBa

I2]. K coxaneHro, TorAa 3Kcnep [4eHTbl
c aBToApe3rHa[,1r,1-AeOeKTocKonaN4|,1 oKoH-
q nlcb HeyAaqHo, TaK KaK np|,1 cKopocTrx
6onee 5KM/,r HeAonycrhMo BbrcoKr4i ypo-
BeHb L!y[44 aenan KoHTponb pelbcoB He-
3QQeRTrBHbrM.

C 1953-66 Tr. Ha xere3Hbrx Aoporax
N4nC CCCP HaqaJrfi ycneujHo 3Kcn,ryarl4-
poBaTbc9 HoBbre KoH cTpyKLl!,r tl [,taTH],tTHbtx
BaroHoB-aeOeKrocKonoB pa3pa6orK,

BH14t1}KT r YpanOTl.4.
l\4aTH THbre BaroHbr-AeoeKrocKonbr (N,4BA)

o6ecnerl,lBaor KoHTponb perbcoB nph cKo-
pocr9xAo 70KN4/r r o6Hap]DK Baor none-
pe'rHbre rpeqr{Hbr (AeOeKTbr KoAa 20 11 21
no [3]) c nnou{aAblo nopaxeH ff ToJroBKr4
pe^bca or 25o/o v ny6vHoi, saneraH|,A Ae-
oeKra Ao 4MM [1]. KpoMe roro, yBepeHHo
BbrrBJrf l  loTcF nonepegHbre 14 npoaonbHble
rpeulrHbr KoAa 24, 25, 27,308 r 30f,
a raKxe 3noMbr penbcoB (KoAbr 70, 74
h 79 no [3]).

HaMarH{rxBaoqar c[creMa noABe-
uJ Baercfl Ha ycraHoBneHHoi s cepeA[He
BaroHa cneqharbHoi (rperbei) HAyKrop-
Hofr TerexKe. CxcreMa cocrohr x3 ABy
r!4oulHbrx (Il,-06pa3Hbrx 3JreKTpoMaTHrToB
(no oAHor\4y Ha Kalf(4ylo HHTKy nlTH) 14 co3aa-
eT B KOHTpOIhpyeMo[4 y]aCTKe penbca Mar-
HxrHbri noroK, Heo6xoAxMbri Anr o6Hapy.
xeHhn AeOeKroB. f lph MarHxroABr4xyqei
clne karylreK Kaxqoro 3neKrpoMarHrra
oKono 40 KA.B I HoMl,lHarbHoi Ber|,1,]rHe
3a3opa Z MexAy nonlocaMh x penbcoM
(8 - 12 MM) B penbce o6ecne,rrBaercff
MarH THbrt noroK or 7 Ao 10 MB6. KpoMe
HaN4aTHrt{UBaHhfl rOnOBKh petbca 3Haql-
TerbHaF qacTb noToKa 3aMbrKaeTct trepe3

BafoHHbre KoHcTpyKt-l14, x no Bo3AJAy, 06-
pa3yfl noroK paccerHhn. hHAyxur4oHHa9
KaryLUKa, CKO/']bsflUlafl nO nOBepXHOCTI ka-
TaHlq, ocyqecrB,'rrer ohxcaqxo H3MeHe-
Ht4fl |\,4aTHI4THOTO nOTOKa HaA fiOBepXHOCT-
Hoi unI noAnoBepxHocrHori rpeqxHoi.

AeoeKTocKonHbte cpeAcrBa, ocHoBaH-
Hbre Ha [,{aTHlTHbtx ((MafHtToA HaMqre-
cKux,) MeroAax KoHTponB, o6naAaor p9-

AONl nOJIOXITeJIbHbIX Ka'leCTB:
- l4oryr pa6orarb Bo Bcex Kn MarrgecKlx

30Hax np|,l nrc6brx aoroAHbrx ycnoBrffx;
- pe3ynbTaTbr KoHTpoJrr He 3aB cffT oT 3a-

rpq3HeHHocTt4 noBepxHocTt4 KaTaH14fl
penbcoB;

- no3Bo,,lttoT oAHo3HagHo cooTHocl4Tb
pe3ynbTaTbr KoHTpoJrr K peanbHor\4y
nyrl  3a cser OxKcaqnx noneM pac-

ceflHrff  MHofl4x KoHcTpyKTxBHbrx 3Ie-
MeHToB penbcoBofo nrl ,  (cKpenneHhi.
3reMeHTOB CTperO'rHbrx nepeBoAoB,
cTbrKoB r,1Ap);

- Meor 6onburylo npo[3BoAlre.rrbHocrb
KoHrpone {3000 - 4OOO xM/Mecflq);

- npocTbt h HaAexHbr B 3Kcnnyarallxl4.
BHeApeHqe KoMnb0TepHoi per crpa'

rlr,114 cr,lrHanoB MaTHITHoro KoHTponfl [4]
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flo3Bonrlno noBblcl4Tb pa3peuaouylo cno-

co6Hocrb crcreMbr h o6HappKxBarb Ae-
OeKrbt B npeAerax cBapHblx x 6onroBblx

crbrKoBblx coeal,lHeH i penbcoB {aeoeK-
Tbt 26-3 t4 2!.7), paBee He BbltBngeMblx
Maf HrTHbrMl,r BaroHa[4x-aeoeKTocKonaMx
(N4BA) c per crpaqret cvrHaroB Ha K Ho-

nneHKy n 6yMaxHyrc neHry.

flonr e .oAbr MBA no3BonnnH ycneulHo

peuaTb 3aAa9h o6ecneqeHIg 6e3onacHo-
cTl4 AB XeHTF nOe3AOB,6ykBanbHo (Bbl-

TacKfiBafl, onacHble aeoeKrbl B penbcax

ao aocTxxeHfit r,1N4r,1 KprTl4qecK X pa3N4e-

poB B caMbrx He6nafonp[qTHblx noToAHblx
ycnoB tx (Merenb, cl4lbHble Mopo3bl), Kof-

aa Bce Apyrle l4eToAbl KoHTpont cTaHoBh-

.,lr4cb Mano3ooeKr BHbrM|4 [5]. Ha ceTH Ao-
Dof MnC CCCP B 1970 - 80-e rr.  oaHoBpe-

MeHHO 3KCnnyaT[poBarocb oKoJIo coTHl4

MATH THbIX BATOHOB-AEOEKTOCKONOB.
Onbr xcnonb3oBaHxF MBA BblnBxn

14 l,lx HeaocTaTK - oaHxM x3 KOHCTpyKII.IB-
Hbtx HeaocTaTKoB HaMarHlq[Baouleh c -

creMbr MBA 6btro Harfi,lhe Bo3ayluHoro
3a3opa Mexay nonocaM MarHUTa penb-

coM. Tpe6oBaHxn 6e3onacHoi 3Kcnnyara-
l-ltll4 KoMnneKca 3acra9rfln|/. Aenarb 3ToT

3a3op BeCbMa 6Onbul4M (BMeCTO Tpe6ye-

[4brx Z = 8 N4t!4 Ao 23 MM!), qro npxBoAl4tlo

R 3HaL{ TenbHOMy Ocna6neHlp MafHl4THo-
TO nOTOKa B penbCe. B pe3ynbTare Ha ae-
OeKTofpaMMe 3a cqer norfl PacceFH t

BecbMa'reTKo olt{cxpoBal|4cb KoHcTpyK-

Tl4BHbre SIeMeHTbr nlTh (co3AaBat Bl4Al4-

MOCTb HopllanbHofo oyHKq oH poBaHxg

xo[4nneKca), Ho oTcyrcTBoBanx cl4THanbl

or BHyrpeHHrx aeoeKToB penbcoB, aocryn-
Hbx MafH ToAr,lHaN4lqecKoMy NleToay.

BTopbrM HeAocrarKo[4 .n'-06pa3Holi

HaMarHl4g Baouei cl,lcreMbl MBA flBnfl-

flocb ro, 'rro l4exnonocHoe paccTogHlle
y cocraBtnno Bcefo 80c[4, ']To aaBano Bbl-

coKxt ypoBeHb npoMaTHtl ' l lBaH[t penb-

ca B cTaTlqecKoM cocToffHl4l. oAHaKo
nph aBr,lxeHxr Ha oonbulxx SKcnnyarau -

oHHbrx cKopocrFx (70 - 80 KM,/,r) 3a Bpe-

M9 npoxoxaeHfiq HaMaTHlq Ba|oqei c|4-
creMbr Ha,q AeQeKrHbrM y'lacrKol"{ pelbca

MaTHTTHOe none He ycneBano npoH KaTb

Ha aocTaToqHyrc rny6hHy. nplrrHa 3Tofo
flBneHl1g KpOercF B BO3paCTaHht4 Bl{Xpe-
Bbrx roKoB, npengTcrByloull4x c yBe.n \eHh-
eM cKopocrx npoH14KHoBeHllo l\rarH|4THoTo
nong BTny6b Merafira.

h, HaKoHeLl, Tper i HeAocraroK {flFo6-
pa3Hoi cxcTeMbl HaMaTH|4t{rBaHrF - 3Ha-
q TeJrbHbre Ta6aplTbr 3leKlpol,4afH TOB,
norHoclblo 3aHllMaourlx MexKo/'lecHoe
npocTpaHcrBo r4HAyKropHoi TenexK,

npengTcrByroq e pa3[4eqeH lo aargxKoB
apyTl4x cl4cre[4. B pe3ynbrare MHoronerHgF
MeqTa MHOTXX AeoeKtOCr(On CTOB - CO3Aa-
Hl4e KOMn,IeKCHOTO BarOHa-AeQeKrocKona,
oaHoBpeMeHHo peanr3ylol1lero MaTHITHble
I yntrTpa3ByKoBble MeToAbl KoHIpOn9 penb-

coB, ocraBa/tacb HeB blnorlH 14l\4 0i.

Anff ycrpaHeH/ff 3Tl4x HeAocrarKoB B Ha-
,rane 199O-x rr.6bnl1 npeAnoxeHbt ABa
HanpaBneH'4q aanbHeiuero pa3BuTl.49

cpeacTB penbcoBofr aeoeKrocKonllx. Bo-
nepBbtx,6brno npxHgTo peueH e o nocTe-
neHHoi 3aMeHe ycrapeBaou x MBA coB-
[4eueHHbrt\41,1 BaroHaM -aeoe Kroc Ko n a N4ll
(CBA), B koropbtx AonxHbt 6bu|,1 6btrb
pea/t[3oBaHbl KaK MafH[THble, TaK I ynb-

Tpa3ByKOBbre Meroabr KoHTpont. AaHHoe
peueH[e Haxoaxrcff BnonHe B pycne co-
BpeMeHHbrx reHAeHqfi i  HK, cBxaeTenb-
cTByrorJlr,1x o ToM, qTo rAeanbHbrx - yHtl-

BepcanbHbrx, oahHaKoBo xopol!o pa60

Taoqxx np nlo6brx ycnoBuflx, - cpeAcTB

aeoeKrocKonlh He cyqecrByeT, 14 anfl no-

.nyqeH g KaK MO}I(HO 6onee TOTHO|,I KapT -

Hbr cocToFHHF o6beKra H)4i(Ho rcno.,lb3o-

BaTb KO[4nnexcHble ycTpoicrBa, ocHoBaH-

HUe Ha pa3Hbrx or43l lqecKhx npIHLll , lnax-
Bo-BTopbrx, 6btna nocraBneHa 3aaaqa

BHeCT laKhe rl3MeHeHufl B XOHCTpyK-
r-ll4lo HaMaTHhgllBatoUlei cl-icre[,lbl, l1o-

6bt o6ecnegtlTb rny6oKoe npoN4arH '{l,l-

BaHfie peJlbca Ha cKopocrgx KoHTponn

BnJroTb Ao 80KM/g , B nepcneKThBe, -

ao 120 KN4/'r. 3ro n03BoJll4,to 6bl BblnBnnrb

AeoeKTbr, 3aneraoqle r/ly6oKo noA no-

BepxHocrblo foJloBK|4 penbca, B coleTaHr!1

c BbrcoKoi ct(opocrblo aBl4xeH|4fl BaloHa.
B cepeAxHe 199O-x rr. cneqtianx-

crar,4r.i BHl,lLllKT (8.n. 6aiAaKoB)
OAO.PaA oaB[oH Ka, B paMkax pa6or

no co3aaHxp cBA c aeoeRTocKonx'le-
cRl4r\4 KoMnneKcoNl .ABl,lKOH-03" 6blna
pa3pa6oraHa 14 ycneulHo BHe,ApeHa HOBa9

MarHfiTHar noachcreMa. f lo cpaBHeHhlo
co cTapb \414 l\4BA Ha[.4afH[ghBaoqaff cn-

creMa noaBeprnacb KapAI4HarbHbllv 143-

MeHeHtgM. MexnonlocHoe paccrogHxe

yBen reHo 6oree ,leN4 B 3 pa3a: 3To no-

3BOItnO peLll4Tb npo6neN{y HeAocraTo'l-

Hoi rny6 Hbt npoMaiHrl, l lBaHxt pe,nbca

Ha BbrcoKr4x cKopocrgx. Pac,leTbl noKa3bl-
Bapr, qro aaxe Ha cRopocrflx 60 - 80 K[4/r
pacnpeAeneH e nortg B6nta3v 3aaHero no-

npca - TaN1, rae o6bt'-lHo ycraHaBnhBabr

MarHlTHble aaTqlKh, - ocTaeTc9 npaKn4-
qecxl oaHopoAHbrM no ceqeH lo ronoBKl4.

B[,4ecre c reN4, cronb cyqecrBeHHoe
yBenureHhe MexnoflocHofo paccTo9-

HXF He nplBeno K CHl,l}KeHl4lo BeJl ll4Hbl

N4aTHhrHoTo noroKa B peJlbce. 3ro 6st.tto

AocrxrH)'To 3a cqer npHN4eHeHxt 6onee
3odeKr BHoro cnoco6a l,lH}KeKqfi Mar-

Hr4THoTo nonfl . y BaroHoB-aeoeKrocKonoB,
xcnonb3yroulxx nTl,-06pa3Hylo cl4cTeMy Ha-

lrarH q BaHrfi ,  MaaH THbti noroK, TeHe-
p|4pye[.4bri KaryLr.]KaM , 3axoaln B penbc
'repe3 Bo3AyujHbtt 3a3op; MarHl-lTHoe co-
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^n" 06pa3HHi 3neRTpoMarHfr Ha npoaonhNbrx 6a,1Kax

6 = 3000 MM
Z = O

Ha ocgx KotlecHblx nap

6 = 3000
Z = O

6 = 800MM
Z= 8-12MM
ho 23 MM)

c 1956 r c 1997 no 1999 rr. c 2000 r

Pxc. 1, BapraHT6r crcreM HaMarHrgrBaHYg BatoHoB-[eOeKrocxonoB
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IIT trrll nrrh|l Sltl] $lntsnir 2012



Iexrunzuu lll(

Pr,rc, 2. QparrveHTAeoenorpaMMH BaroHa-aeoeKrocKona oAHoi Hrlfir4 penhcoBorc n).rx (MacuJTa6:
300 M/3KpaH): BepxHrr Ir4Hhg ct/rHaru MarHUTHoro xaHara; H,lxHhe (5 3oH per crpaUrx) - cxrHarbl
ynbTpa3ByKoa6x {aHaIoB

3BeHo 25 M

t .

'!\tt rW!

B ornl4gt4e or 3Txx KoHcrpyKLlxi B KoM-
nneKce .ABhKOH-03' BnepBbte npoeK-
Tr, lpoBaH e rvarHrrHot chcre^4bt 6buo
ocyr.qecTBreHo Ha ocHoBe pacgeTHbrx
[4eroAoB, TaKrx KaK MeroA xoHoopMHbtx
npeo6pa3oBaHri,  MeroA l, tHTerpanbHbtx
ypaB,re.lvi,, Teoprg MarH THbtx qenei [6].
3To no3Bonxno onrf iMh3tlpoBarb ocHoB-
Hbre KoHcTpyKTxBHo-TexH{gecKUe XapaK-
TepflcTt4Kl4 MaTH THoi ct4creMbt: nonylfiTb
B pelbce MarHxTHylo r4HAyKLlt4lo He MeHee
1 Tn nph pacxoAyeMoi 3neKrp eecKoi
MoLqHocr,l Bcero oKoro 2 KBT (nporrB 60-
nee 15 KBr B KoHcrpykur{ KapnoBa) M -

H14Ml,r314poBaTb TaKle napaMeTpbt, KaK A|,1-
aMerp ocr,1 xonecHoli  napbt,Tonq HaAtlcKa
Koneca, M. A. c. KaryLUeK Ap.

B MoAepHH3r4poBaHHott HaMaTHr!raa-
oue|4 cr4cTeMe B KatrecTBe cepAeqHl,tKoB
3n e KTpo Nr a rH l4To B 3aAercrBoBaHbt oct4 Ko-
nec AeoeKrocKonl,]ecxori ( HAyKropHoi)
re,nelKKx (p|,1c. 1). noAo6Hoe MHorooyHK-
q oHar'rbHoe cnorb3oBaHhe KoHclpyKl4B-
Hbtx 3JIeMeHTOB nO3BO_nt4l'tO He TOIbKO CHfi-

3r,1Tb MaCCy Te,nexKl4 3a creT oTKa3a oT ao-
nonH TenbHbrx cepae9H[KoB, Ho x peLI /to
npo6neMy AnrHbr liaTHrronpoaoAoB, aKry-
anbHyp AnF HaMarHl,t9hBa|oqei c cTeMbl
c 6onbult4M MexnorrccHbrM paccroFHtleM.
TexH qecK e peureHrn, r/cno-rrbgoBaHHbte
npl4 co3aaH x [4arH THor,l noacHcTe[4bl
CBA c KoNrnneKcoM .ABI,1KOH-03", AoKa-
3arh cBolo 3OOeKTfiBHocrb B xoAe 6onee
yeM AecffTlnerHet 3Kcnnyararlht4 AeoeK-
TocKonoB Ha xene3Hbrx Aoporax. B Hacrofl-
qee Bpe[4F Ha fopbKoBcHoi, Ot(rr6pbcKoi.
CeBepo-KaBKa3cKoi, loxHo-ypanbcKol. i
x. A. B Ka3axcraHe pa6oraor 14 BaroHoB
3TOTO T na.

lloN4l4[,4o o,irHanoB or AeoeKToB B npo-
qecce KoHTpon9 a MafH[THotv KaHaIe
npxclrcrBylor Knaccfi014LlxpyeMbte oTKJl14-
Kr,1 or peryngpHbtx o6beKroB penbcosoro
nynl - 6onroBbrx cTbtKoB (TlnoBbtx 14 l43o-
n pyro ull4x), c Ba p H btx cTbtKo B, B T. q. aJlotvl4 -

HOTep[,4l4THbtx. A TaruKe C THaIIbt OT UJna_nb-
Hbrx KpenreH i,  KoHTppenbcoB, KpecToBtlH
I paMHbrx penbcoB cTpenoK, nepee3AoB,
npoThBoyroHoB, KlnoMeTpoBbtx oTMeToK
I npo,]hx o6beKroB penbcoaoro n]Tu, xa,
paKTepfl3yeMbrx np cyrcTBreM KpynHbtx
Oeppo[4arHrTHbtx snerveHToB B HenocpeA-
crBeHHoi 6r[3oc14 or paooqero penbca.
B pe3ynbrare oopM pyerca cBoeo6pa3Har
[4arHhTHO-ynbrpa3ByKoaa9 TonoTpaMMa
penbcoBoi HI-1TK , no KoTopoi MoxHo aHa-
nl3| lDoBaTb B3ahMHoe MecTono'|oxeHUe
penbcoBbtx 3BeHbeB nnerei no An[He
nyru (pvc.2).

Ha p c. 3 B 6onee KpynHoM, ,leM Ha p|,1c. 2,
Macura6e flpeAcraBneH 0 pa r[a e HT AeOeKro-
rpaNr[4br CBA c KoMnrleKcoM .ABI4KOH-o3"
oAHoro 6e3Ae0eKrHoro perbcoBoTo 3BeHa
(cnpaBa x c,rreBa - crTHarbt or 6onroBbtx
crbrKoB). Ha BepxHei Aopoxxe oro6paxa-
loTcF cl,lTHa/tbt MatHtToafiHaMfiL{ecKoTo xa-
Hana. flp npoxo)(AeHh MaTH THoTo Aar-
YUKa HaA UtnanaMt tr3-34 Ha,rt 9l4t 4eTa'IIt4-
qecKrx unaJ']bHbtx noAx'laaoK h pe.rtbcoBbtx
cKpen,neHxi MarH THbti noroK paccetBa-
HXF pearulpyeT Ha neprloAxqecKoe t13[4eHe-
HXe nnoqaAx ceyeHlt HaMaTHltltBaeMoTo
Melanna, aCneACTBxe i{ero QOpt\4t4pyeT-
ca BonHoo6pa3Hafl JIt4H14tt. Ha3btBaeN4afl
Ha npaKn4Ke (nOAMaAO'lHblM' npOqeCCOM.
Ha nrTx Aopoxxax ynbTpa3ByxoBbtx KaHa-
.ftoB B 3oHe ocHoBHoTo MeTatIa penbcoBo-
ro 3BeHa orcyrcTBylor KaK e-rr6o c rHanbl
3a f iCHJItoqeHleM HenpepbtBHbtx nhHht AoH
Hbtx cr,1ftanoB (Ha npaKrhKe Bo3MoxHbl llly-
MoBbre orpaxeHxq).

n tqc,lly BbttBIFeMbu MaTHI4THb|M Ka-
HanoM AeQeKroB oTHocnTcF noBpe){aeH|,1g
To/roBKr,r peJrbca, a MeHHo - AeoeKrbt nep-
Boi, Bropoi x rperbei rpynn no [3] (prc. 4).
Becb[4a rerKo o6Happrfl,lBaorcr Kax oAl1-
Ho,rHbre AeoeKrbr, Tax I AeoeKrbl, B3ffTbte
B HaKnaAK|4 (KoAa 21.2H I B 3oHe anloM Ho-
repN4r4rHoi cBapx - 26.4). XaparflepHbte

2 c B . c r . 3 6onr crbrxa
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Puc, 3. AeoeKrorpaMMa oAHoro penbcosoro 3seHa (MarH Tfibti I yn61pa3ByKoBbte KaHarbt xoMn,,teKca
"ABl,lHOH'03' BaroHa-AeOeKrocxona)

U

tl,l t r rtv

npoTtlBneHl4e aaHHoTo 3IeMeHTa MaTHhT-
Hoi qen 6buo Benv{o, u no3ToMy,nlLlJb
KpaiHe He3HaqxrerbHas qacrb noroKa
l3 cepaegH Ka 3neKrpoMarHxTa nonaAana
B ccneAye[rHi 06],exr

B HaMarH ,r Ba|oulefr cficreMe CBA
c Korvnnexcor\,4 .ABhKOH-03" B KagecrBe
3reMeHTa [,4aTHhrHoi qen ficnon$yprcfl
Koneca AeQeKrocxonr,recKoi TenexK{, He-
nocpeAcrBeHHo KoHraKrflpyrolqhe (Z = 0)
c penbcoM (p c. 1). BnaroAapg srorvty N4ar,
HITHOe COnpOTUBneHle yMeHbull4/rocb,
npo3oLriJlo nepepacnpeAeneHfie ^4af-
HI4THOTO nOTOKa B nonb3y TOh COCTaB,rtt|o-
u{er, ,rro nocrynaeT B penbc. 3Tor cnoco6
OopNlhpoBaH s MarH[THoTo noroKa yxe
6bn B caoe BpeMe (1928 r.) npeAnoxeH
CyA3yH[ (fnoH ff).  B Hauei crpaHe oH 6bn
pean 3oBaH 8 1930-x rr. B KoHcrpyKtjxr4
O.l\4. KapnoBa nphMeHrffenbHo K xoAoBoli
renexKe aBToApe3uHbr [2], a yxe cpaBH -

renbHo HeAaBHo (B Haeane 1990-x rr.)  -

np MeHrrerbHo K xoAoBot TenexKe BaTo-
Ha (KoHcrpyKrlxff 9.A. lvlycaeBa).

N xql ilclrrlllrNurul rnnllllr NliTl r8il|ll l! 2012



A. A.  lVaPRoB, A.  T.  AHr '1FoB
l\larHflToariFiaMr!ecHf, MeroA Kollrponq . .

floBepxHocrHbre
noBpexaeHxr KoaoB
L O , A 4 , t 7

6e3aeoeKrHar cBapKa

pa3Mepa[4x aeoeKra ero paccroflHreNl

oT AararhKa. r e. oaKrHqecKl4 (ny6vHon 3a'

nefaHl4t noA noBepxHocrbp KaTaHh9.

Ans roro 1106bt no,'ryql4Tb Ko,'ll,llecrBeH-

Hbte oqeHK[ x np BeaeHHbllv coo6paxeHfl-

t[4, paocN4oTpl.llvl AByMepHble MoAenI nOne-
peqHbrx rpeLq H B ronoBKe penbca (p c- 5).

Tonql4Ha 3a3opa cocraBnffer 1Mt\4, a none

r,l3[4epfleTc9 B BO3AyXe B 4 N4l\4 HaA nOBepX-

HOCTblo oeppoMaTHITHoTo lraTephana.
TorAa raHreHLlxanbHaq cocraBnqloqafl
^raTHLlTHOrO nonfl KaK oyHKLllfl npoAonb-
HOi KOOpAl,lHaTbl MeeT n or o)1{ lTetlb H blt

lMnynbc c MaKclr\4yMoN4 HenocpeacTBeHHo
Haa 3a3opoM. l lotBneHre noroxlTetbHo-
ro [Mnyr' ]bca cBfl3aHo c oopMlpoBaH|,1eN4
AOnO/'tH/TetlbHoTo MaTHqTHOTO nOTOKa

B BO3Ap(e, O6yCnOBneHHOrO O6TeKaHleNl

30Hbr noHhxeHHoi NlarH!1THOi npOHl, lqae'

rv1ocTr.l - TpeLqHHbr - BH)'Tpl4 penbca (B pe-

anbHocTr, l  onepaTop Bl4AhT aByclopoHH14i
noroxllTen bHo-orpll qarenbH bli ct,tTHan

at4oQepeHq|4anbHoro aaI914Ka, oTpaxalo-

utl4i 143MeHeH|4e nong). Try6hHa 3aneraH 9
(d) |r  Bbrcora rpeq Hbr (h)MeHqn[cb B npe-

Ae\ax O + !2 v 1 + 12 MM coorBeTcrBeHHo.
Ha prc. 6 3o6paxeHbl Pe3ynbrarbl

pac'rera MoAeI , BdnonHeHHoro MeToaol\4

KOHerHblx pa3HocTei: 3aBt1c14MocTb Benr-

91,'lHbt MaKc|4lv1yN4a TaHreHU aIbHox COCTaB-

nFOUei flOnff OT rny6hHbl 3a/leiaHhfl 1,1 Bbl-

coTbr rpeulhHbr. 3HareHhe nocroqHHoi KoM-

noHeHTbr nonF HaA 6e3ae0eKrHblM pe,lbcoM

nphHgTo 3a ealHtlLly. cnygai d = o coorBer-

crByer Bbrxoay TpeqhHbl Ha noBepxHocrb.

fl

Pxc. 4, XaDaKTeDBbte crrHarrbt MarHtToar,lHaMrgecKofo MeTona oT BH,'TpeHHhx I noBepxsocTHblr aeoeKToB ro/1oBxh penbcoB

P c.5, Peakqtt MarHxrHoro nont Ha AByMepHble Moaenr nonepeg Hblx apeu,l H

6pu d = !2 h h = 8,70 v,  !2 MM)

rMnyrrbcbr 3HagqTerbHoi aMnnl4ryabl oop-
l4].tpytcrcff or nonepegHblx rpeqlH B ronoB-

Ke penbca (taoAht 2I.7-2 20), np 'reM

no Be/'I4qfiHe al4n,ll,4ryAbl Becbl,la '{acTo

MO)KHO CyAr,lTb O pa3i/epe AeoeKTa.
TaKl4M o6pa3oM, nPl4 l4cnonb3oBaHhl

HaMarHrqhBalou.lhx o4creM c aocraroqHot
Ben 'rxHoi l4exno/llocHoro paccToFHl4t oT-

cyrcrByeT orpaHlqeHre. cBg3aHHOe C MEIrlOt

ftv6l4Hot1 nooMarHfl,{rBaH F pe,lbca Ha Bbl-

coxt4x cKopocTgx. no3ToMy 6yAeT AeoeKr
o6Happ(eH l4nx Her 3aBrct4T TonbKo orroTo,

HacKonbKo tlMny,lbc MaTH THoTo noJIg B Bo3-

A!r(e HaA TOnOBKO' perbca, nopolqeHHblt
BO3MyqeH eM ITaTHhTHOTO flOTOKa B 3OHe

AeoeKra, 6yAer 3a[4ereH Ha OoHe pa3n '{-

Hbtx Ulyt\4oB ecTecTBeHHoTo l.l l4cKyccrBeHHo-
ro npoxcxon(4eH fl. Ha6,noAaeMblx Ha Mar-

HllTHOr\4 KaHane. l4CCneIoBaH19 noKa3blBa-
roT, 9TO al4nnhryAa l4l4ny'lbca onpeaengeTcg

€Bi puurnrnnnc ffi"Sfign/""g dQl I0T ftorll lsrhl{ 3l57l $lllrmt 20]2
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Bbrcora nPope3t1 h, MM

P c. 6. 3aBhc[Mocrb Benl4.]l,lHbl MarHrrHoi
xHAyr'{Ul,lx or my6rlHbt 3arteraHhq h Bblcorbl

aByMepHoi Moaen nonepeqHot TpeqrHbl;
---r- c BbrxoaoM Ha noBepxHocrb (d = 0);

a-- B 2 MM noA roBepxHocrblo;
---+- - B 5 MM noa noBepxHocrbro;

+- B 8 MM noA noBepxHocrl,ro;
---:r- - B 12 MM nOA nOBepXHOCrbo;
- - npeaen o6Hap'4(rBaeMocrh

KaK q cneAoBano oxhAarb, aMnn ry-
aa oTKnrKa or ao3Myl.4eHrg Bo3pacraer

KaK nph yNleHbuleHIv y6t41ht 3ateraH\F,

TaK fr np yBe,' l4qeHhu BblcoTbl TpeuxHbl.

Ecni4 oqeHxBarb'lyBcrBhre,'lbHocrb c14cre-

[4br perlcrpaLl 14 B 10% or Ben q Hbl no-

crof lHHol; KoN,lnoHeHTbt ra HreH Llha.r lbHoi

cocraBnFoqeir non9. To Bbtule nyHKrl, lpHoi

r14Hh HaxoAhrcff oonacrb tlpl,l H qh n l1a,']b-

Hoi BbrflBr9e[,4ocl4 AeOeKTa. To ecrb no-

nepelHag rpequHa Bbtcoroi 3[.4M Moxer

6hfib Bblf lBreHa npn rty1nHe 3aneraHlF
MeHee 2MM, Bbrcoroi 10NlM - t lp rny6fi-

He MeHee 12 NaM (c11. plac. 6).
nonygeBHbre pacqerHbtN4 nr|eN4 pe3ynb-

TaTbr B ocHoBHOM nOATBepX,4aloTCfl tlpi,l pe-

afl [3aq N4aTH TOArHaM[qeCKOtoMeToaa
B penbcoBoi AeoeKTocxonl4u. B KaqecrBe

np/Mepa Ha pfic.7 nphBeAeHbl cl4tHanbl

[,laTHrrHoro (r4 yrbrpa3ByKoBblx) KaHana

ol noneperHor4 Tpeq Hbl B roJloBKe penbca

Ha pa3Hor,r craarfi pa3B[Tl4t: Ha craah 3a
poMeH q, KorAa BepxHl4i Kpai TpeulHbl

HaxoAr,lTcfl Ha tny6hHe d = 8 MM or noBepx-
HOCT KaTaH|lg; H a cTa4t4v v3nova penbca,

KOrAa nocne Tpex MectqeB 3KcnnyaTaq r

AeoeKr abrLr]en Ha noBepxHocrb KaraH[9
(d = 0). B[aHo, ,]ro aMnn ryAa chtHana Mar-

Hl4THOfO KaHa/ra BO3pocIa MHoroKpaTHo
no cpaBHeH |o c HagatbHbll \4 3Hat{eHreNl,
Mano pa3rl4ql.lMbr 4 Ha QoHe conyrcrBylo-
u.lr4x cKopocTHoN4y KoHTponp LlyMoB, h xo-
pouro BbrAenteTcn npr aHa/l143e ctlTHa/'loB.

BaxHbrM cBotcrBoM cl, lTHatloB Mal-

HI4THOIO KaHaIa tBnFeTc9 l4x xopouaq

BOCnpOh3BOAtl[4OCTb. 14Ha9e TOBOpff,

B l4A CIrHanoB onpeaenffercff ,  npexAe

Bcero, BHyrpeHHllM XapaKTep cTrxaMf1

o6beKToB penbcoBoro nlr n ub B He-

3HagrrrerbHot creneHh - ycnoBIt l \41-4,

B KOTOpbTX OCyuleCTBnFnaCb per cTpaLlllfl.
TaKXe Bocnpo143BoAr.1Mocrb noApa3yMe-

Baer ycroi, ] |- . iBocrb K napaMerpaM HaMar

Hrl9rBaroulrlx I pe ru cTp l,l pylo l..ql.4 x cl4cTeN4.

To ecrb He3Hagrret lbHble r3[4eHeH t

B 3Tl4X Cl4CTeNlaX He np[BOAtr, onqTb xe,

K cylqecrBeHHbrM rcKaxeHl,49[.4 B OopMe
c THaroa. Bce 3To HaxoAl,lT noATBepx-

AeHre Ha npaKT Ke. Ha p c.8 l43o6pa-

xeHbr d4THarbr oT npoAonbHol, '1 Tpeul Hbl

B TO/rOBXe penbca, nonyqeHHble ABylvlf f
pa3l14tHblM14 BatoHaMI c KoMnJIeKCOI/
.ABI4KOH-O3, c spe[4eHHblM npoMexyr-

KoNa B 25 AHei. Cxoxecrb ct/rHanoB cBl.4-

AererbcrByer. Bo-nepBbrx. o xopoulel i  Boc-
npo143Boa14[4ocTl4 chTHa/loB MatH THoro

KaHarra , Bo-BTopbtx, o BblcoKoi Kynbrype

npoeKTIpoBaHr9 11 npor38oAcTBa, nO-

tny6hHa aeoeRra 8 MM

Prac. 7. C rHan bl or non epe! Hoi Tpeu|.lH bl B ronoB Ke per bca Ha pa3Hblx cra N49,x pa3Bt4tuq a - 3a rpu

Mecgqa Ao r3noMa (BepxHUi kpai TpequHbr Ha rny6uHe 8 MM or noBepxHocrx KaraH t); 6 - nonepe'rHblt

N [lB ilsFrllufir0un0 l0il|llFllt 3l5ll t0r|llltlh 2012

3BOrtloulet fi3ToraBr|4Barb KoMnJIeKcbl

c fl o,trl4 l4aeHT lHbl lr l-'1 xapa KTep crl,l Ka N4 r.

Xopouaq Bocnpoh3BoAl4Mocrb cl'1r-

HanoB Aeraer N4aTHlrHbli KaHan np -

roAHb[vl Anff aBTOMaT .]eC(Oi pact!|,lQ

poBKr4, AeicrBrrenbHo, noBTopteMocrb

crfHaroB ecrb Heo6xoAtlMoe ycnoB e Bbl-
qBneHhg KnaccuOrLltlpylolqt/x flp'13HaKoB'

B npoTpaM[4Ho-annaparHbli KoMn,']eKc

BaroHoB-aeoeKrocKonoB "ABhKOH-03'
ycneuHo BHeapeHa c cTeMa aBToMarlqe-
cKoi pacull4QpoBKh aaHHblx N4aTH THOTO

KaHana. B Hacrotuee BpeNIq cxcreMa opl

eHTUpOBaHA Ha Bblf lBneH e peryIFpHblx

o6beKToB penbcoBoro nyfl,l - crblKoB pa3-

r'll,leHoro BhAa h cTpe-noqHblx nepeBoAoB.

CrbrK MacclQvqr4pylorct no cneAylolLll,llv

KarerophfM: T noBble 6onroBble crblRl4

t4 fr3onhpylou|4e, cBapHble crblKl4, Bblno.rlHeH-

Hbre 3neKrpoKoH'tEtKrHoli cBapKoi, l.{ anoM -

HorepM[THbre, Pacu OpoBKa ocyuecrBnfl -

erc9 HenocpeAcTBeHHO B npoqecce npoe3-

Aa B pexx^,1e peanbHoro BpeMeHr (p c.9).

CeneKq[g crbrKoB ]1 Apyrhx KoHcrpyK-

Tr4BHbrX 3reMeHTOB penbcoBoro nyi npo-

rl3BoAr-4Tct no cneLltl0 '.lecKh[4 np143HaKaM

c THanoB N4aTHhrHofo KaHana AeoeKTo
cKonl,1qecKoro l{oN4nneKca "AB14KOH-03M".
B nporoKone u3onIpylol.{flx crblKoB c yKa-

3aHheM KOOpArHaTbl cTblKa fi H TK nyrx

npeaycMorpeHa Bo3MoxHocrb aonorlHe'
H F AeoeKiorpaMt'4bl rpeN4fl ooroKaApaMh
cTbrKa, flo,,ryqeHHblM14 c pa3Hblx paKypcoB.

B nepcneKrtlae nnaHllpyercfl Aonon-
Hhrb cyqecrByto lllylo cxcTeMy pacno3Ha-

BaHllq BO3f,lo)].tHOCTblO BblqBtlflTb ct4fHarbl

or onacHbrx AeOeKToB, a raKxe onpeAe-

nrrb Hexoropbre vrcnoBble napaMerpbl 06-

Hap],t{eHHbrx o6-beKToB.

Phc. 8. CrrHanbr or rop,l3oHTanbHotTpeU|1Hbl
B ronoBke penbca, 3a0rKchpoBaHHble pa3HbrMr4

BaroHaMu-aeoeKrocRonaMtl c xoMn.IleKcoM

"ABi4KOH-03, c BpeMeHHbrM xHrepBanoM 25 AHei:
a - rrn rpeqxHH (aeoekr KoAa 30f no [3]);
6 AeoeKTofpaMMa BaroHa AeoeKrocKona
Nq 480 (1997 r. BbrnycRa); a aeoekrorpaMMa
BaroHa Ne 494 (2011r Bbrfycxa)

22 ce9rt6pe 20 AeKa6pe



A. A. flapxoa, A. f. AHrrfoB
l\4arHhtoA/FaM,4.rec(r1li MeroA KoHTpor9,,,
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TaKx[a 06pa3oM, MarHxroAl.iHa[4[qecKht
MeTOA KOHrpOnq, peanx3oBaHHbli B aeoeK-
TOCKOnT\teCl(HX KOMnneKCaX COBN4euleHHblx
BaroHoB-aeoeKrocKonoB, o6naaaer p9AoM

KagecrB, no3Bonglou.ll4x
He TOIbKO AOnOnHtTb ynbrpa3ByKoBble

Meroabt r(oHTponq, noBblua9 HaaexHocrb
h BepoflTHocTb o6HapylKeH r AeoeKroB [7],

HO 14 BbtcrynaTb KaK Cal\,4ocTo9TetlbHbll4 r4e-
TOA KOHTpOnT np|,1 3KclpeManbHblx ycnoBInx
(H 3Kt{e reMneparypbr, BbtcoK[e cKopocrh)
3KCnnyaTaLl I xene3HoAopoxHblx nyret.

ly'cropxgecKl4 [4arHhroA HaM ,]ecK i

MeTOA 6brn nepBbrM MeToAoM, MaccoBo npx-
MeHgBlr14rvlCfl B CKOpOCTHOi AeoeKrOCKOn ll
penbcoB,3a [4Hofhe roabl 3KcnnyaraLlLll.l oH

aoKa3an cBolo 300eKr BHocTb. B oraenb-

Hbtx, qacTo 3KcTpeManbHblxctlyL{aff x, N4arHt'lT-

Hbri KaHaI CBA 9Bnflerct eAlHcrBeHHblM,
cBoeBpeMeHHo 06HappRl4Baoqt4[4 aeoeK-
Tbr Kpr4n4qecK[x pa3MepoB [7]. AanbHetulee
pa3BnTt4e [4arHhToal,lHaN4 qecKoro N4eToaa

cnoco6Ho nprlAarb HoBbll.'l Mnynbc penbco-

BOt AeoeKrOCKOn ,.l B qenoN4.
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