DOU3UKA [TJIABMBI, 2023, mom 49, Ne 10, c. 995—1002

IIBIJTEBASL
IIJIABMA

VIK 537.525.1

JIBOMHBIE IBLUIEBBIE CTPYKTYPBI B PA3JIMUHBIX ®A3AX CTPATDI
B YMEPEHHOM MAI'HUTHOM II0JIE

© 2023 r.

C. W. IIasaos~*, E. C. JIzmea>**, JI. I. Ipsaukos?, JI. A. HoBukos?,

M. B. Bbana6ac?, B. 10. Kapaces*

¢ Canxkm-Ilemepbypeckuii 2ocydapcmeennuiii ynuseepcumem, Cankm-Ilemepbype, Poccus
b O6sedunennviii uncmumym avicoxux memnepamyp PAH, Mockea, Poccus
*e-mail: s.i.paviov@spbu.ru
**e-mail: plasmadust@yandex.ru

IMoctrynuna B pegakuuio 15.05.2023 1.
IMocne nopaborku 17.06.2023 1.
IMpuHsTa kK ny6aukauuu 29.06.2023 1.

Hccnenyiorcst o0beMHbBIE TIa3MEHHO-MbLIEBbIe 00pa30BaHMsl, B COCTaBe KOTOPhIX HAXOIWIMChH KaJIMOpO-
BaHHbIE ITbLIEBbIE YACTHUIIbI, Pa3JIMYHbIE MO pa3Mepy U MUIOTHOCTU MaTepuana. M3ydyaiuch 0COGEHHOCTH
¢dbopMuUpoBaHUs CTPYKTYP B CTPAaTUDUIIMPOBAHHOM TJICIOLLEM pa3psijie, a TakKe ux (popMa U AMHAMUKa BO
BHEIIITHEM MarHUTHOM mnoJie. M3 HeCKONIbKUX BUAOB MOPOIIKOB ITOJy4YeHbI pa3fejieHHbIe B TPOCTPAHCTBE
NIBOITHBIE CTPYKTYPhI, KOTOPBIE 3aMOJHSIOT IMBLIEBYIO JIOBYIIIKY, HAXOISCh B pa3HbIX ha3zax ctparhl. [Toiy-
YeHbI 3aBUCUMOCTH CPEIHEN YIJIOBOM CKOPOCTH BpAIleHUST i1 KaXIOM 4aCTU CTPYKTYPhl B MAaTHUTHOM
nojie. B nuamnaszoHe, rme MexaHU3M BpallleHWs 3aBUCUT OT pa3Mepa 4acTUIl U JTOMUHUPYET CUJla MIOHHOTO
yBJIEUEHUS, TPOBEACHBI YMCIIEHHbIE OLIEHKU CKOPOCTHU BpaILIEHUS C y4€TOM M3MEHEHUS TapaMeTPOB BAOJIb

CTpAaThI.

Karouegoie crosa: buieBas Ij1a3mMa, MarHUTHOE MoJie, TVICIOLIWIA pa3psifi, CTOSTUME CTPATh, IMbLIEBbIE CTPYK-

TYpBI
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1. BBEAEHHUE

I[Ipu sxcriepruMeHTaJIbHOM MCCIIENIOBAaHUU KOM-
TUIEKCHOM IJIa3MBbI IIPUMEHSIIOTCS METOIbI AMHAMMY-
HOTO BO3ACUCTBUS C HAOIIOAEHUEM M aHATU30M OT-
KJIMKa ITbUIeBOM noacucteMsl [1—4]. Mcronb3yroTes
CTOJIKHOBUTEJIbHbBIE 3KCIIEPUMEHTHI C OTIEJIbHBIMU
yacTUllaMu [5], CTOJTKHOBEHUSI W B3aWMHBIE MPO-
HUKHOBEHUSI OMHApPHBIX IbUIEBBIX cmeceit [6, 7],
BO3ICKCTBUS HA (DOHOBYIO IJIa3My, HalIpUMeEp, rap-
MoHMYeckue [8, 9] 1 yaIbTpaKOPOTKUE C OAUHOYHBI-
mu 1160 ymapHeiMu BoaHamu [10, 11]. OcoObrit MH-
Tepec NPEeaCTaBISIOT UCIIOIb3yEeMbI€ CETOIHS MHBA-
3UBHbIE WIW u30UpaTenbHble Bo3neiucTBusd. K
IIEPBEIM MOXHO OTHECTH Jia3epHoe obaydeHue [12,
13], a Takxke tepmodope3 [14, 15]. Cpenn BTOPBIX
MPOAYKTUBHBIM 0Ka3aJIOCh IPUMEHEHUE MAarHUTHO-
IO TI0JIST Pa3jIMYHBIX IMAa30HOB, 3(p¢GEeKTUBHO BO3-
JIEHACTBYIOIIMX Ha pa3Hble KOMIIOHEHTHI ILIa3MBbI:
3JIEKTPOHbBI, MOHBI U MIbLJIEBbIE TpaHyabl. Kak mpaBu-
JIO, BO3/IEICTBUE Ha MBUIEBbIE TPAHYIbl IPOUCXOIUT
OMOCPEIOBaHHO, Yepe3 0oJiee JIETKME KOMIIOHEHTHI
WIM U3MEHEHME CBOMCTB paspsna [16, 17].

JeiicTBe MAarHUTHOTO TTOJIST Ha MTBUIEBYIO TIA3My
HamnboJiee CJIIOXKHO M Oosice 3((PEKTUBHO B cCilydae
TpEXMEPHOM IIBIJICBOM CUCTeMBI, (POPMUPYEMOI B

00BEMHBIX ITBUIEBBIX JIOBYIIIKAX [ 18]. B epBBIX pado-
Tax, TIAe CO3IaBaJIUCh TMPOTSLKEHHBIC TIbLIEBBIC
CTPYKTYPHI, UCITOJIB30BAIUCh 3JIEKTPOIBI CIIeIINAb-
HOM KoHcTpyknuu [19—21]. Hamee npuMeHSIMCH
OrpaHUYMBAIOIINE TTOTOKM BCTAaBKU B 3JEKTPOIbI
[22, 23]. B ycimoBusx Tieromiero paspsima IIpuMeHe-
HUE MTOJOOHBIX BCTaBOK [24—26] NpUBOAUT K CTUMY-
JIMPOBAHUIO MEXaHU3MOB BpallleHUSsI, paCKPy4Y1Bar0-
IIUX TbUIEBYIO INIa3My OO0 OOJBIINX CKOPOCTEA.
Wcnonp3oBaHne ecTeCTBEHHON ra30pa3psaHOM JI0-
BYLLIKW, — CTOSIYEI CTpaThl B MATHUTHOM I10JI¢, OKa-
3aJI0Ch OYeHb MMPOAYKTUBHBIM KaK IS U3yUEHUST JU-
HaMWKU TILIJICBOM KOMIIOHEHTHI [27—31], Tak n s
U3y4eHUsI CBOMCTB ra30BOro paspsiia B MarHUTHOM
none [32—35].

Crostuas 1 Oerymiast CTpaThl SBIASIOTCS BOJTHAMM
nonusanuu [36—38]. Bmonb cTpaThl IapameTphl
IUIa3Mbl pacropelneeHbBl HepaBHOMEpHO. B crparax
OoJIBIION aMIUIUTYOBL [39] MaKCUMyMBI 2JIEKTpUYEe-
CKOTO TIOJISI U KOHILIEHTpAallMM WOHOB pPa3HECeHBI
IIpUMEPHO HA YeTBEPTh IJIMHEI cTpaThl. Ha ycToiium-
BOI aHOJHOM BETBU 3JIEKTPUUYECKOTO TI0JISI B CTpaTe
¢dopmupyeTcsl mbleBasi JTOBYLIKA, pa3JInyHasl Mo mo-
JIOXXEHUIO IJISI pa3HbIX pa3MEPOB ITbUICBBIX YaCTUI]
[8, 40]. Ceromus mpenacTaBieHNsI O KWHETUKE DJIEK-
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TPOHOB M CTpaTU(dUKALIMK pa3psaa IMUPOKO pa3BU-
BalOTCSI, HE B TIOCJICAHIO O4Yepeab B CBSA3U C MPUJIO-
JKeHMEM K TbLIeBoi masMe [41—43]. DkcrepuMeH-
TallbHbIE WCCIENOBAHUS C CHJILHO 3aIlOJIHEHHO
MMbUIEBBIMU YaCTULIAMHU CTPATOi: GOJIbIIIE TIBIJIEBbIS
CTPYKTYPHI 13 IIOJIMANCIIEPCHBIX YyacTull [44]; pa3ne-
JICHHBIE TeIuIoBBIAeNieHneM [14]; cTpyKTypEI, cMme-
IIEHHBIE TIPU HaKJIOHE TPyOoKu [45, 46], B omHOpOI-
HOM M HEOTHOPOAHOM MarHUTHOM Iioyie [47, 48]
MPEICTABISIOT cO00ii OOraThIil TTOJIMTOH IIJIS U3yde-
HUSI IUHAMUKU TIbUIEBOM IJIa3Mbl U CBOMCTB TJICIO-
mero pa3psiaa. B HacTosIeii paboTe cTaBUTCS 3agavya
U3y4eHUsI CBOICTB MBLJICBOM JIOBYIIKM U TUHAMUKU
MMbUIEBOI MJIa3Mbl B MATHUTHOM I10JI€ B pPa3HBIX (pa-
3aX CTpaThl, TP OJHOBPEMEHHOM MPUMEHEHUU Ya-
CTUII Pa3HBIX pPa3MEpOB JIEBUTUPYIOIIVX B Pa3iand-
HBIX (pa3ax cTpaThl.

2. OKCITEPUMEHT

DKCIEpUMEHT IIPOBOIMJICSI Ha YCTaHOBKE, MpU-
MCHSIEMOM IJISI MCCISAOBAaHMS BpalllcHUS TIa3MeH-
HO-IIBUIEBBIX CTPYKTYP B CTpaTaX B MArHUTHOM IIOJIE,
onucaHHoit B [27]. OHa cocTosiia U3 ra3opa3psiiHOMN
TPYOKM 1 CO3[AIOIICi MATHUTHOE I10JIe CUCTEMbI U3
IBYX KaTyIlIeK C 3a30poM MexXay HumMu 9 cm. Paspsia-
Hasl TpyOKa MorJja nepeMeliaTbesl BOOoJIb CBOEH ocu
JUIST TOTO, YTOOBI M3MEHUTH IIOJOXKEHHE CTOSYCH
cTpaThl B MarHuTHOM noJjie. CTpaTa ¢ ucciaeayeMoi
NbLIEBOM CTPYKTYPOI MOMeLIaIach B CEpeaUHY 3a30-
pa MexXay IByMsI KaTyIIKaMU JJIsl UCKJIIOUEHUS BJIM-
STHUSI HEOOTHOPOIHOCTHA MAarHUTHOTO I10/151. MarHuT-
HOe€ moJjie u3MeHsUIoch B nuarazoHe oT 0 go 500 Ic.
J1s1 G0OKOBOI MOJICBETKY NBIJIEBBIX CTPYKTYP W KOH-
TPOJISI TIOJOXKEHMS CTOSYEH CTPAThl MUCIOIb30BAICS
3a30p MEXIy MarHUTHbIMU KaTyinkamu. [loaceeTka
MIPOM3BOAMIIACH JIA3ePHBIM “HOXOM”, KOTOpPBIA
¢hopMHUpOBaJICSI ¢ MOMOIIBIO ITOJIYIIPOBOIHUKOBOTO
nmaszepa KLM-M650-40-5 ¢ mrHoit BoJHBI 650 HM 1
MoOIIHOCTBIO 40 MBT, MUKpOOOBEKTUBA U LIMJTMHAPY-
yeckoil TMH3bL. HabmroneHue 3a BpalieHUEM ITbLIE-
BBIX CTPYKTYP MOACBEUYEHHBIX TOPU30OHTAIbHBIM Jia-
3epHBIM HOXOM IIPOU3BOIMUIIOCH CBEPXY Yepe3 TOp-
IIEBOE OIITUYECKOE OKHO Ta30pa3psimHON TPYOKH C
duKcalmeit BepxHeil Kamepoil. BepTukanabHbIe ceue-
HUSI CTPYKTYp HaOJo#alnch COOKY U (PUMKCHUpPOBa-
JIMCh OOKOBOI KamMepoii. Bce HabmoaeHUS TIPOBOII-
JIUCh B NIEPBOI CTOSAYEN CTpaTe B CTOPOHY aHOJA OT
CcyXarollel pa3psiI IU3JIEKTpUUYeCKOM BCTaBKM. [~
Ha paspsmHoil Tpyokm Obnra 80 cMm, pammyc 1.5 cM.
TpyOxa Obl1a cHaOXKeHa HUKEJIEBBIMU DJIEKTPOJaMU,
ee IeHTpajJbHasl YacTh JJMHOM 40 cM Haxogwiach B
MarHUTHOM TIOJIe, DJIEKTPOIbI ObLIN BhIHECEHBI BHE
MarHMTHOTO MOJIs.

[IputeBas ma3ma co3gaBajlach B HEOHE IIPU JaB-
nennn 0.37 Topp u Toke paspsima 1.5 MA. st co3na-
HUS IBOMHOI NMbUIEBOI CTPYKTYPhI UCIIOJIb30BAIUCH
MOHOOUCIIEPCHBIE chepruYecKrue MUKPOYACTUIIBI
nuamMeTpamu 8.2 MKM 1 5.19 MKM, U3TOTOBJICHHBIE U3

MmenamuH-popmanbaeruga (MF)  mIoTHOCTBIO
1.5 r/cM?, 1 yacTuubl auaMeTpoM 1.0 MKM, M3rOTOB-
JICHHbIE W13 OUOKCUIA KPEMHUS IUIOTHOCTBIO
2.2 1/cM’. Takue pasMepbl YacTULl ObIIM BBIOPAHBI
JUJISL TIOJTyYEeHMS OTACAbHBIX ITbUIEBBIX CTPYKTYP, MUC-
XOJISI M3 pa3Idndus NapaMeTpOB IJIa3Mbl BIOJIb CTpa-
ThI, a TAKKE M3-3a IIPOOJIEMBI CIMIAHUS MEIKHUX Ya-
ctull MeJlaMuH-dopmansaeruaa [49, 50]. B pazauy-
HBIX SKCIEPUMEHTaX CTPYKTYpPHl CO30AaBaJliCh U3
IByX TUIIOB JacTtuil: 8.2 u 5.19 mxkm, au6o 5.19 u
1 Mmxm. Tak kKak ajs Tmapbl MUKpodacTul 8.2 u
5.19 MKM ygajoch co3maTh HauboJjee pasaelieHHbIS
110 BEPTUKAJIU IIbLIEBbIE CTPYKTYPHI, TO JaJIe€ OCHOB-
Hble pe3yJIbTaThl OyAyT IPUBEIEHBI C 3TOU Iapoit
pa3MepoOB YaCTHII.

s pa3neabHOro MHXXEKTUPOBAHUS B pa3psil bl -
JIEBBIX YaCTUII Pa3HbIX pa3MepOB B OMHOM 3KCIIepU-
MEHTE MCITOJb30BAJINCh ABa KoHTeliHepa. CHauvaja
IMyTeM aKKypPaTHOTO BCTPSIXMUBAHMUSI TIEPBOTO KOHTEM -
Hepa opMUPOBaach HUKHSISI CTPYKTYpa U3 MbUIU-
HOK 8.2 MKM TaKuM 00pa30M, YTOOBI B TOPU30HTAJIb-
HOM Ce€YeHUU ObUIO KaK MUHUMYM JIB€ 3aMKHYTHIE
000JI0uKU (BpallieHUE KjacTepa, ¢ TaKMM KoJIMde-
CTBOM 4YaCTHUI[ B TOPU3OHTAJIBHOM CeYeHUU Ooee
ycroitunBo) [51]. Jlamee BOpachIBaaIuCh YaCTUIIBI U3
BTOPOTO KOHTelHepa, U BEPXHsIS CTPYKTypa popMu-
poBallach HaJI IepBoii. BepTukanbHOe cedeHune IByX
pas3nesieHHBIX NBUIEBBIX CTPYKTYp B OOHOI cTOsTUeit
cTpaTe moka3aHo Ha puc. la. Ha puc. 16 u B nipen-
CTaBJIeHbl TOPU30HTAJIbHbIE CEUECHUSI 0Oeux ITbLIe-
BBIX CTPYKTYD.

B skcniepumMeHTe nocie pororpadpupoBaHus Bep-
TUKAJIBbHBIX CEYCHUII U BUOEO3aIUCH TOPU30HTAJIb-
HBIX CEYECHUI CTPYKTYp, MAarHUTHOE MOJI€ MU3MEHSI-
JIOCh, U Jajiee 3alUChIBaJIUCh HOBbIE U300pakeHMUsI.
Ha puc. 2 mpencraBieHO BEpTHUKaJIbHOE CEYCHUE
JBOMHOM TIBIJIEBOI CTPYKTYpbl B MAarHUTHOM IIOJIE
135 Tc. Ing KaxXaoi u3 CTpyKTyp MO BUAEO3AIMUCSIM
ompeensuIach CpeIHsIS yIJIOBasi CKOPOCTh BpallleHUS
ceyeHU Mo craHgapTHoi npouenype [27, 44]. Io-
IPELIHOCTh U3MEPEHMUS YIII0BOIl CKOPOCTU B OCHOB-
HOM CBsI3aHa C ITOTPEITHOCTHIO MO3UIIMOHNPOBAHUS
LIEHTpa BpallleHUsI CEYEHUIA.

ITo monydeHHBIM U300pakeHUSM ObLUIU ONpee-
JIEHBI TeOMETPUUECKIE XapaKTepPUCTUKYN CEUCHUI 1
MEXYaCTUYHOE PAacCTOSIHUE B KaxKIOi CTPYKType, a
TaK:Ke YIJI0Basi CKOPOCThb BpallleHUs B 3aBUCUMOCTU
OT MarHuTHOTO I10Jis1. Ha puc. 3 mpencrasieHa 3aBu-
CHUMOCTbH IPOEKIIMU YIJIOBOM CKOPOCTH BpallleHUS
NBUIEBBIX CTPYKTYP Ha BEKTOP MarHUTHOM WHAYK-
vy B. B nnama3oHe 3HaueHUii B, Toe MpoeKIus yr-
JIOBOII CKOPOCTU OTpMIIaTe/bHa, 3aBUCUMOCTU IS
00eux CTPYKTYp BeOyT ce0sl OMMHAKOBBIM OOpPa3oM.
ITocne nosst octaHoBKM (B,) BEpXHSIsl CTPYKTypa Bpa-
I1aJach C IOJIOXUTEIbHOM CKOPOCThIO, a BpallleHUe
HMKHEN He pa3BUBaIOCh. 3aMETUM, UTO CTPYKTYPHI
M3 KaaIUOpOBaHHBIX YaCTUI] HE UMEJIHN PaauaIbHOIO
U OCEBOT0 I'PaaIveHTOB BpallleHUSI.
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Puc. 1. a) ®ororpaduisi BepTUKaILHOTO CEYEHMST IBOMHOM MbLJIEBOM CTPYKTYPBI: HUXKHSISI (TTepBasi) CTpYKTypa chopMupoBaHa
u3 yactull MF pasmepom 8.2 MKM, BepxHsisl (BTopasi) CTpyKTypa chopmupoBaHa u3 yactul MF pazmepom 5.19 MkM, mimpuHa
uzob6paxkeHus 14.25 MM, 6) TOpU30HTAJIBHOE CEUEHUE HUDKHE CTPYKTYPBI M3 YaCTUIL pa3MepoM 8.2 MKM, IIMPUHA M300paxe-
HU 5.7 MM, B) TOPU3OHTAJIbHOE CEYEHUE BEPXHEN CTPYKTYPBI U3 YACTULL pa3MepoM 5.19 MKkM, 1mmpuHa n3oodpaxeHus 5.4 Mmm.

VYcnosust: paspsin B HeoHe, P = 0.37 Topp, /= 1.5MA, B=0.

Puc. 2. ®ortorpacdust BepTUKAIBHOIO CEYEHUsI TBOMHOI
MbLIEBOM CTPYKTYPbI: HYXKHSISI CTPYKTYpa chopMupoBaHa
u3 yactul, MF pazmepoMm 8.2 MKM, BEpXHsIsl CTPYKTypa
copmupoBanHa u3 yactul, MF pasmepom 5.19 MKM.
VYenosus: Ne, P=0.37 Topp, I = 1.5MA, B=135Tc. llIu-

pyHa n300paxeHust 13.5 Mm.

OU3UKA TTJIABMBI  tom 49  Ne 10 2023

Ha puc. 4 mokazaHo uaMecHeHHe BEPTUKAIBHOTO
3a30pa MeXIy CTPYKTypaMU (pPacCTOSTHUS OT BepXHeit
YaCTUIbl B HUKHEN CTPYKTYpe 10 HUKHEN YaCTHULIbI
B BepxHeil CTPyKType) KaK (DYHKLMU MArHUTHOIO
nonst B. C poCTOM MarHUTHOTO TOJIST OO BEJTUYUHBI
75 T'c 3TO paccTosiHME YMEHbBIIAJIOCh, IIPU aJbHEH -
IIeM yBeJIM4eHM MarHuTHoro noJs g0 200 I'c Benu-
YyMHa 3a30pa ObuI1a mocTtosgHHa. B nmammazone ot 200
1o 270 I'c HaGmomanoch HEKOTOPOE YMEHBIIIEHHE 3a-
30pa, a mpu B > 270 I'c HIKHSISI CTPYKTYpa Ierpaan-
poBaiia. B utore B aKCcIiepuMeHTe B IMana3oHe Mar-
HuTHOro Toyst 1o 270 I'c ObUIM MOJIy4eHEI OBE pa3-
JIeJIbHBIC TJIa3MEHHO-MbUIEBbIE CTPYKTYPHI. PucyHOK
2 TI0OKAa3BkIBAET TeOMETPUIO 00EUX CTPYKTYP IO Jerpa-
ALl HIDKHEH CTPYKTYPBI.

Pucynku 5 u 6 HEMOHCTPUPYIOT 3aBUCUMOCTH
BEPTUKAJIBHBIX U TOPU3OHTAIbHBIX MEXYaCTUYHBIX
PacCTOSIHUI B 00eMX CTPYKTYypax C U3MEHEHUEM Mar-
HuUTHOro mnousi. Jlo BenmmumHbl B mopsinka 135 Ic
MeXX4YaCTUYHbIE PACCTOSHUS OCTAaBaJIMCh HEU3MEH-
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Puc. 3. 3aBUCHMOCTb YITIOBOMI CKOPOCTH ITBLIEBBIX
CTPYKTYp OT MarHuTHOM nHaykuuu B. Ycinosus: Ne, P =
=0.37 Topp, /= 1.5 MA. Bl — HIXHSIS TBUTEBAsI CTPYKTYpa
(vactuiipl 8.2 MkM), @ — BepxHsist cTpyKTypa (5.19 MKM).
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Puc. 5. 3aBUCUMOCTb BEPTUKAIBHOIO MEXKYACTUUYHOTO
paccTOSIHUS B TIBUIEBBIX CTPYKTYpaxX OT MarHUTHOM MH-
nykuuu B. Yenosus: Ne, P= 0.37 Topp, /= 1.5MA. l —
HIDKHSISI TTbLUICBast CTPYKTypa (8.2 MKM), — BEpXHSIS
crpykrypa (5.19 MKkm).

HBIMU. B uTore, B AuarazoHe MarHUTHOTO TOJS IO
135 I'c cTpyKTyphl OCTaBaJIMCh ONHOPOAHBIMMU.

3. ObCYXAEHUE

Hcxons U3 XapakKTepUCTHUK ITbUIEBBIX O0Opa3oBa-
HUI, HOJYYEHHBIX M3 KATUOPOBAHHBIX YACTUIL Pa3-
HOTO pa3Mepa B OIHOM CTOsTYEi cTpare, 0OCyaIuM
0COOEHHOCTU UX FEOMETPUM U TMHAMMUKHU B MATHUT-
HOM moJjie. /g yegnmHeHHOM MBIJIEBOM YacTUIIBI C
YUETOM €€ TIOJIOKEHMST B CTpaTe CBSKEM MapaMeTphl
IUIa3Mbl C MI3MEPEHHOM CKOPOCThIO BpalleHus. [1pu
BpalllaTeJIbHOM IBMXKEHUU MbLIEBBIX CTPYKTYP B Mar-
HUTHOM IT10JIe B CTpaTe MOTYT paboTaTh ABa MEXaHU3-
ma BpaiieHus [18, 29—31, 52]: uoHHoe yBJeYeHre U
yBJIEYEHME BpAIAIOIIMMCS Ta30M M3-3a BUXPEBOIO
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Puc. 4. 3aBUCMMOCTh BEPTUKAIHBHOTO 3a30pa MEXIY TThI-
JIEBBIMM CTPYKTYpaMU OT MarHUTHOM MHAYKIIMU B. Ycio-
Bust: Ne, P=0.37 Topp, I = 1.5 MA.
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Puc. 6. 3aBUCMMOCTb TOPU3OHTAJILHOTO (PaaUalbHOIO)
MEKYACTUIHOTO PACCTOSIHUS B TBUIEBBIX CTPYKTYpax OT
marHutHoit nHaykuuu B. Ycnosusi: Ne, P = 0.37 Topp,

1= 1.5 MA. B — HIKHSS TIBLJIEBAsI CTPYKTYpa (8.2 MKM),
— BepxHsIsl cTpYKTypa (5.19 MKM).

ToKa. [1OCKONBbKY TONBKO TIEPBHIM MEXaHU3M YYB-
CTBUTEJICH K pa3Mepy YaCTUL] Y UX 3apsiay, IJIsk 4rc-
JICHHBIX OLICHOK OTPaHMYMMCS JUAaTIa30HOM MarHUT -
HOTO TOJISI IO HACTYIUIEHUsST UHBEPCUM BpalleHUS
B < B, Xorna npoekiiys yrjioBOil CKOpOCTHU Ha BEK-
TOp MAarHUTHOM MHAYKIUY OTPULIATEIbHA.

INepBOoHAYATBEHO B OTCYTCTBUU MAarHUTHOTO TTOJIS
OBbUTM OTIpeNe/IeHbl pa3Mephl MMbUIEBBIX CTPYKTYP M UX
MoJIoKeHUs B crpare. [1pn UCITop30BaHUM ITaphl 4a-
ctun 8.2 1 5.19 MKM HUXKHSISI CTpyKTypa (13 8.2 MKM
yacThIr) (opMupoBaiach Han HIKHEM TrpaHUICH
CBEUYEHUSI CTPAThl CO CTOPOHBI KaToj1a, BTopasi CTPyK-
Typa dopMupoBaiach Ham TiepBoit. Pazmenenme
CTPYKTYp B TIPOCTPAHCTBE YETKO COOJIIOAATIOCH,
puc. 4.
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MarHuTHOe 110JIe BBI3BIBAJIO BpalllaTeIbHOE IBU-
>XEHUE 00eMX CTPYKTYP, KaK 3TO HAOJIIOAAI0Ch paHee
¢ omHoit cTpyKkTypoii [27, 28, 44]. Eciu npoBoauTh
CpaBHEHHUE C OPOUTATBHBIM ABIKEHUEM YaCTHIL 1O
nericrBueM (oTtodopeTnueckux cui [53, 54], To B
HaIllUX MCCJICAOBAHUSX HMCIIOJIL30BAJICSI MaJOMOII-
=11 1azep (40 MBT), 9TO comocTaBUMO C YCIIOBUSIMU
B paborte [53], mpu KoTOpoM HeoOpaboTaHHEIC Ya-
CTUIIBI IIPUXOIAT B IBVKCHME IIPU O0IyYeHUM UX JIa-
3epHBIM M3JTydeHHeM. B HallleM ucciemoBaHUM Op-
OuTaibHOE NBMXXKEHME BBI3BAHO IEMCTBUEM CUJIbI
MOHHOTO yBjeueHus. Co3naHHEIC ITbUIEBBIC CTPYKTY-
pBI, B OTIINYNE OT 3KCIIEpUMEHTOB [27, 44] ¢ mpnMe-
HEHMEM MOJUAMCIIEPCHBIX YaCTULI, ObUIA HE MPOTSI-
KEHHBIMU 110 BEPTUKAJIM, OCEBOI1 I'PagIUeHT YIIIOBOM
CKOPOCTH Yy HUX OTCYTCTBOBajl. OMHOPOMHOCTh Bpa-
IIEHUS U MTOCTOSTHCTBO MEXYaCTUUYHOTO PACCTOSTHUS
B KaxXI0M MBIIEBOM CTpyKType (puc. 5 u puc. 6) no-
Ka3ajiy, 9YTO KaxKI0€e CO3IaHHOEe 00pa30BaHUE TOCTa-
TOYHO ogHOponHo. Ha puc. 3 mpencraBieHa 3aBUCH-
MOCTb YIJIOBOI CKOPOCTH BpallleHUsI OT MAarHUTHOTO
10JIs1 IJIsT 00enX CTPYKTYyp. B mmanazoHe oTpuiiaTeab-
HOM MPOEKLUU CKOPOCTU HA BEKTOP MarHUTHOM MH-
IYKIIUW HVKHSIS CTPYKTypa BpalllacTcsl MeJICHHee,
puc. 3. B paccmarpuBaeMoM mmamna3oHe Ioist B <
< By = 150 I'c tTOMUHUPYIOLIUM MEXaHU3MOM Bpallie-
HUS CITY>KUT CUJ1a MIOHHOTO yBieyeHusi. OHa Iporop-
MOHAaJIbHA KBagpaTy pa3Mepa YaCTUIIBI, HO YaCTULIBI
OoJIpIlIETO pa3Mepa, JICBUTUPYIOIIME B HIDKHEH
CTPYKType, BpalaloTcst MeJieHHee. DTO OObsSICHSIET-
Ccs pasHBIMM 3HAYeHUSIMU IIapaMETpPOB ILIa3MBI B
pa3HBIX (pba3ax CTpaTHI.

Ha puc. 7 cxemarndecku ImoKa3aHO pacrpeeie-
HUE OCHOBHBIX IUIa3MEHHBIX ITApaMETPOB BIOJb
CTpaThbl: HAIIPAKEHHOCTMU I10JIA, IIJIOTHOCTH I1JIa3MBbI,
TeMIIepaTyphl (CpeaHei SHEPIuK ) 3JICKTPOHOB 1 CBE-
YeHWUSI CTpaThl. B IbLIeBOI JIOBYIIIKE HA KOHKPETHOI
BBICOTE /1 CHJIa MIOHHOTO YBJICUYCHUS JOJKHA OMpeae-
JISITBCS TapaMeTpaMM IUIa3Mbl B COOTBETCTBUHU ¢ da-
301 cTpathl. B crily OTHOPOTHOCTHU KaXKIO#l CTPYKTY-
Pbl MOXKHO BBIOPATh BHICOTY CEPEIMHBI CTPYKTYPHI U
paccMaTpMBaTh IEMCTBUE CUIBI MIOHHOIO YBJICYCHUS
Ha MIPOOHYIO MBIJIEBYIO YaCTUILY COOTBETCTBYIOIIETO
pa3Mepa Ha BEIOpaHHOIT BBICOTE, T.€., C JOKaJIbHBIMU
napamerpamu n;, E,, T, u np. CKOpoCTb BpalleHUs
yacTHUIIBI Ipu B < B, ompenessieTcss 6aaHCOM CHJTBI
MOHHOTO yBJIeUeHUS [1—4] M CUJIbI TOPMOXKEHUSI.
CuJjia MIOHHOTO yBJieueHuUsI [3]

22
E, :@Lﬂn’.mivﬂu{l +%z’t+%ﬂ}, (1)

rae n;, m;, vy; — KOHLIEHTpalus, Macca U TeIloBas
CKOPOCTb MOHOB, [I = 1 — MOOuGUIIMPOBaHHBIN Ky-

JloHoBckuit norapubdm, T = T,/T; — OTHOLIEHUE

9JEKTPOHHOI TeMmepaTypbl K HWOHHOW, Z =
2

_ 1 |Zle

= , eZ, — 3apsil MbUIEBOI YacTULBI, U =
4me, akT,
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Puc. 7. CxeMaTndeckoe pacIiojioXXeHHe ABOMHOM TThLIe-
BOI1 CTPYKTYPBI B IIBUICBOM JIOBYIIKE B cTpaTte. O603Haue-
Hus: L — nnuHa ctpathl, A — aHon, C — Karto.

= OT;b;E, — a3uMyTajibHast CKOPOCTb MOHA B MATHUT -
HOM T10JIe, (®; — MOHHAs LIMKJIOTPOHHAs YacToTa, T; —
BpeMsI MEXIy CTOJKHOBEHUSMHM MOHOB C aTOMaMH
raza, b, — NOIBUXHOCTb MOHA, E. — paauaibHOe
3JIEKTPUYECKOE MOJIe, @ — PATNYC TTBIJIEBOI YaCTUITHI.
B cirygae paspekeHHOTo raza cujaa TOPMOXKEHUS —
970 cuja DrTeiiHa [1—4]

FEp =—"a nnk];z_’ (2)

rne n,, 1,, v; — KOHUEHTpaLusl, TeMIlepaTypa 1 Ter-
JIOBasi CKOPOCTb HEUTPAJIOB, Y — KO3(DULIMEHT Io-
pslKa €OWHULIbI, OmpedesieMblii OCOOCHHOCTSIMU
B3aMMOJICMCTBUS HEUTpAIOB C MOBEPXHOCTHIO Ya-
ctuubl, U; — cKOpOCTh NbLIEBOI yacTullbl. [Ipupas-
HUBasi CWJIbI U151 Bpalllaloleicsl YaCTUILIBI Ha paauny-
Ce r, M ToJiarasi, 4To 3apsj YacTuiibl g = Ze = CUp; ~
al,, tyt C — 311eKTPOEMKOCTb, Uy — Tu1aBaroiuit mo-
TEHLMAaJ, JJIs1 YIJIOBOM CKOPOCTU MbLIEBOM YaCTULIbI
MoJIydaeM BBbIpaxkeHHE C TOYHOCTBIO JO YMCJIOBOIO
KoadpunmeHTa

2
0- BB (T

n, i

]

M3MepeHusi cKopocTu BpalleHWsi B MarHUTHOM
MoJie B 9KCIIEPUMEHTE OBbIJIM MPOBEICHBI cpa3zy IS
YacTUIl ABYyX Pa3MePOB, ITPU 3TOM 3HAUEHHSI MarHUT-
HOTO I0JIsl, TOKa pa3psifia, 1aBJeHUs ra3a U BO3MOX-
HOE€ 3arpsi3HeHue ra3za MaTepuagoM JacTuil [55] Obi-
JI oarHAKOBbI. TOYHOCTb CpaBHEHUS AEUCTBUS Me-
XaHW3Ma BpallleHus B JBYX MbUIEBBIX CTPYKTypax
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OyzeT 6oJiee BEICOKOM, €CIIM PACCMOTPETh HETTOCPE -
CTBEHHO OTHOIIIEHUE CKOPOCTEi BpallleHUS
() —| M2 _Er2 Q 4)
] my )\ En ) T,

B aTOoM ciyyae B pa3HbIX (pazax cTparhl (Ha pas-
HBIX BBICOTaX /1) Hy>KHO 3aAaTh TONbKO: ;, E,., T,. [1pn
B = B, cijia MOHHOTO yBJIEYeHUs ypaBHOBEIIIMBAETCS
YBJIEUEHUEM BpalllalolIUMCcs ra30M M3-3a BUXPEBOIO
TOKa B TOJIOBHOM YaCTU CTPAThI, TIE ICBUTUPYIOT ITbI-
JieBble 4YacTUlibl. JIjis1 orpenesieHHOCTU BblOepeM
3HAYCHME MAarHUTHOIO moJjisi okojo 75 I'c BOIM3M
B = By/2, npr KOTOPOM MOJYy4eHHOE IKCIIEPUMEH-
TaJbHO COOTHOLIEHHE M,/®; = 1.5, puc. 3. s mony-
YeHUsl OLEHOK To (4) cyllecTByeT oIlpeaeeHHast
npoo6yieMa ¢ BHIOOpOM 3HaueHui #;, E,, T, B pa3HbIX
¢dazax cTpaThl, 0OCYIUM €€ OTACIbHO.

CoryacHo uTepaTypHbIM JaHHBIM 1O OeTYIIUM 1
crostanM cTparam [36—38, 56], MaKCUMYM TTPOIOJIb-
HOTO TIOJISI U TeMIIepaTyphl SJIEKTPOHOB CIABUHYT B
CTOPOHY KaToJia OTHOCUTEIbHO MaKCUMyMa TIJIOTHO-
CTH M CBEYCHUSI Ha BEJIMYMHY OT YETBEPTU OO MOJIO-
BUHBI IJIMHBI cTpaThl. COmIacHO 30HIOBBIM M3MEpe-
HUSM [57], MAKCUMYM paauajbHOTO I0JIsI COBMAIaeT
C MAaKCUMYMOM IIPOAOJBHOTO 1 MAKCUMYMOM CPEJI-
Hel 3Hepruu (TeMIlepaTypbl) 2J1eKTpoHOB. Ompene-
JIeHWe B HallleM DBKCIIepUMEHTE paclipenesieHUs
SIDKOCTA CBEUYCHUSI BAOJbL CTpaThl U IIOJOKCHUIA
LIEHTPOB ITBUIEBBIX CTPYKTYP ITO3BOJMJIM HAaM MOIE-
JIUPOBaTh pacnpeieieHus] HYXHBIX IlapaMeTpoB
BIOJIb TI0 (pa3e cTpaThl. BeTUUMHBI 3JIEKTPUUECKOTO
Mojsl Ha IJIMHE CTpaThl OTJIMYAIOTCS B HECKOIBKO
pa3, a 3HaUYeHUs TUIOTHOCTHU 3JIEKTPOHOB TIOYTH Ha
nopsigok. TeopeTudeckme M 3KCHEpUMEHTAIbLHEIC
nmaHHbIe o n;, E,, T, comepxartcst B paborax [8, 58—61],
B TOM YMCJI€, [UIS1 YCIIOBUM HAIlIETo SKCIepUMeEHTA.

3aMeTM, 4TO CYHIECTBYIOT IBE OCOOCHHOCTH B
BBIOOpPE TaHHBIX TApaAMETPOB, CBSI3aHHBIE C KUHETH -
KO 3JIEKTPOHOB 1 BIIMSIHUEM MarHUTHOTO 110JIst. Bo-
MEPBHIX, B pa3psie HU3KOIO JaBJIeHMS 1 cJ1ab0oro To-
Ka B MHEPTHBIX Ta3aX KMHETUKA 3JEKTPOHOB MMeEeT
HeJIOKaJIbHBII XapakTep, (PYHKIIMS paclpeae/IicHUs
2JIEKTPOHOB 10 SHEPTUSIM HE SIBJISIETCS MaKCBEJIOB-
ckoii. B [8] moka3zaHo, 4TO MpU YCITOBUSX OJU3KUX K
HaIIUM, CIBUTU (pa3bl MEXIY II0JIEM U INIOTHOCTBIO
2JIEKTPOHOB PAa3JIMYHBI 111 MAKCBEUIOBCKOTIO 1 pe-
aJIbHOTO pacIipeleIeHUl 3JIeKTpOHOB. Bo-BTOpBHIX,
IIPX HAJIOXKEHUM MarHUTHOTO II0JISI, 3aMarH4nMBalo-
IIero 3JeKTpoHBI, B HeoHe npu p = 0.4 Topp 3to
100 I'c, mpoucxoauT mnepexol OT HeJIOKaJIbHOIO pe-
KUMa KMHETUKHU K JIoOKalbHOMY [56]. [1lo maHHBIM
[62] B HeoHe Takoil mepexol OydeT IPOUCXOIUTh B
MarHuTHOM Tioyie go 300 I'c. OGHapy:XeHHast HeMO-
HOTOHHASI 3aBUCHUMOCTb HANPSIKEHHOCTU 3JIEKTPU-
4eCKOro noJjsi £ oT MarHUTHOTO I10J151 ObLj1a O0bsSICHE -
Ha B [56] m3MeHeHMeM (GYHKIUU pacIpeaeieHus
3JIEKTPOHOB B 00JIACTH OOJILIINX SHEPIruii (MaKCBeII-
JmM3aimeii 31eKTpoHoB). B utore, aHanusupys auTe-

ITABJIOB u np.

paTypHbIe TaHHBIE, LTSI YUCIEHHOUN OIIEHKU B yCJIO-
BUSIX HAIIETO 3KCIiepuMeHTa ¢ 5.19 MKM u 8.2 MKM
YaCTUIIAMU MBI TIPUHSUIN, YTO OTHOIIIEHUST TTapaMeT-
pPOB IIa3Mbl MOTYT OBITb CIEAYIOLUIUMU: Hyn/H; = 4,
E,/E.,=0.6, T,/T, =0.6. IIpu Hux oueHka 1o (4)
naet 3HaueHue 1.4, 11t BBIOpaHHOTO Auana3oHa Mar-
HUTHOTO TIOJIST 9TO Xopoliee cormacue. Kak ropopu-
JIOCh BBIIIIE, B MATHUTHOM TI0JI€ CYIIECTBYET Bpallle-
HUE U U3-32 BUXPEBOrO TOKA, HO B MOJIe, MEHbIIEM
yeM B, Ipy MaJioM 10 3 MM pa3HECeHUH IBYX CTPYK-
Typ IEeWCTBUE BTOPOTO MEXaHNU3Ma He TIPOSIBIISIETCS.

CMeHa MexaHU3Ma BpallleHUs] IbUIEBOM CTPYKTY-
pbl ipu B = B, (Ha rpaduke Ha puc. 3 ato 150 Ic)
CBsi3aHa C YCMJIEHMEM IEMCTBMS BUXPEBOTO TOKa.
MarHuTHBIE TTOJISI, IIPA KOTOPBIX JIEKTPOHBI 3aMar-
HUYMBAIOTCS, HAUMHAIOT BIUSITH Ha XapaKTepUCTUKHI
paspsiaa, 1 Mbl OOHapYyKMBaeM Jderpaaaliiio HIXKHEN
YaCTH OBIJIEBOI CTPYKTYPhl. BRIMYKIIBLIN KHU3Y IPO-
¢uab cTpaThl MEHSIETCSI HA BOTHYTHIN, CTPYKTYypa I1e-
pecTaeT BpalllaThCs, ¥ IPU YBEJIMYEHUU MarHUTHOTO
IOJIs HVDKHME YacTUIBI BBIITAAAIOT U3 JIOBYIIKU B
crpate. Ha puc. 3 cKopocTh BpallleHMsI HIDKHEN
CTPYKTYpHI B T10j1e cBhillie 150 I'c paBHa Hymmo. [1pn
STOM BEPXHSISI CTPYKTYypa pa3BUBaET BpallleHHe C IT0-
JIOKUTENBHOM MPOEKIINEN YIIIOBOIT CKOPOCTH. 3aMe-
TUM, YTO IIOJIyY€HHBIE PE3yJIbTaThbl COINIACYIOTCS C
pe3yabTaTaMu I 0ObEMHOI MBIJIEBOIl CTPYKTYPhI
[27, 44] n3 TOAMANCTIEPCHBIX YaCTHIL U IJIST CTPYKTY-
PbI U3 KaJIMOPOBaHHbBIX YacTull [28, 29], npuobpera-
IollIeii KOJIBLIEBYIO (pOpMY U fajiee AeTpagupyrolieii B
marautHoM nose 700 I'c.

ITockonbKy MarHuTHOE IIOJIE BO3IEHCTBYET Ha
MBIJIEBYIO JIOBYIIKY B TOJIOBHOI (B 3KCIIEPUMEHTE B
HUKHEM) 4acTU CTpaThl, TO BO3HUKAET MHTEpEC K
MIPUMEHEHUIO OoJjiee JIETKMX (MEJIKMX) IThUICBBIX Ya-
CTHUII, CIIOCOOHBIX JIECBUTUPOBATh B HAanOOJIEe BEpX-
Helt pase cTpathel. Kak roBopujioch BhIIIE, B DKCIIE-
pUMEHTE TakK:Ke MCHOJIb30Bajach Apyras Ilapa 4a-
ctur ¢ pazMmepamu 5.19 mxm n 1 Mmxm. Ho ¢ maHHBIMU
yacTUlIaMM HaM He yIajoCh MOJYYUTh ABE pa3aciib-
HBIE CTPYKTYphl. BepxHee mbUieBoe oOpa3oBaHUE,
COCTOSsIIIIEee M3 OMHOMMKPOHHBIX YaCTHUII, CIMBAJIOCh
¢ HikHUM. ITpu HaOMIOAEHUM CBEPXY M COOKY MOX-
HO OBbUIO pa3audaTh YaCTU CTPYKTYPHI ¢ OOIBIINM U
MEHBIIINM MEXYaCTUIHBIM paccTossHueM. Bpaiie-
HUE BepXHEW 4yacTu CTpPYKTYpbl (I MKM YacTUIIbI)
BO3HUKAJIO TOJIbKO IIPU JOMOJIHUTEIHHOM yBeJIMYe-
HUU TOKa paspsiaa (yBeIuueHUe n; U, COOTBETCTBEH-
Ho, F;;). JlaHHBIE HAOIIOJEHUSI COIJIACYIOTCSl C DKC-
reprMeHTaMU Mo 30HAUPOBAHUIO pa3HbIX a3 cTpa-
ThI YaCTULIAMU B 1 MKM 1 4 MKM B MarHUTHOM IIOJIe
[32, 63]. B [63] yyacTuir 1 MKM B OTJIMYUE OT YACTUIL]
4 MKM B o0cykaaemoii ¢phaze cTpaThl BpallleHUE, CBSI-
3aHHOE C MOHHBIM YBJIEUeHEM HE pa3BUBAJIOCh; I1a-
Jalolire OAHOMMKPOHHBIE YacTUIILI MMEJIM He3Ha-
YUTEIBHYIO a3UMYTaJbHYIO CKOPOCTb JHIIL MpU
MaJbIX A (0mke K Karony). [1lo-Buaumomy, B HACTO-
SIIEeM 9KCIIEPUMEHTE OTCYTCTBUE BPAIIEHUS Y CAMBIX
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MEJIKUX YaCTHII CBSI3aHO KaK C UX MaJbIM Pa3MepoM,
TaK M C COOTBETCTBYIOIIMMU 3HAYCHUSIMU MapaMeT-
POB IUTa3MBbI B JAaHHOM ¢a3e CTPaTHI.

Mcxons 3 BEIIOTHEHHBIX OLIEHOK U COMOCTaBJIe-
HUS C JIUTEPATypPHBIMM JAHHBIMHM, MOXKXHO CKa3aTh,
YTO U3MEHEHHUE XapaKTePUCTUK BpallleHUS ITHUIEBBIX
CTPYKTYp B pa3aWuYHBIX (pa3ax CTpPaThl OOBICHIETCS
cleayIoInuMu npuauHaMu. [1oCKOIbKY B CUITY VIOH-
HOTO YBJICUEHMS BXOJIUT IIPOU3BEACHNE ITapaMeTPOB
n; n E,, To HanOoJbIeit BeTMINHEI CHJIa YBICUCHUS
JIOCTUTAET B 06;1aCTU (Da3bl CTPATHI MEXIY MAaKCUMY-
MaMMU ITOJISI MU KOHLIEHTpaLuuu. B yciioBusix akcrepu-
MEHTa B 3TOM (pa3e JIEBUTUPOBAIM YACTUILILI pa3Me-
poM 5.19 MxMm. bonee kpymHble 1 O01ee MENIKUe Ja-
CTULIBI, pacliojiaralolimecst OJmKe K MaKCMMyMam
MOJISI ¥ KOHLIEHTPALM, UCIILIThIBAIOT MEHBIIIEE 110
BEJIMYMHE ACUCTBUE CUJIBI MIOHHOTO yBlleueHUs . [le-
TaJlbHbIE HaOIIOACHMSI TI0Ka3ajiu, 4YTO HauboJjee
YCTOMYMBAs B MATHUTHOM MOJIe MbUIeBasi CTPYKTypa
dopmupyeTcs B cpenHeit pase cTpaThl. DTO COIIacy-
€TCsI C DKCIIEPUMEHTAMU B CUJIbHOM MarHUTHOM IO~
ne go 2 Tn [25, 26, 30, 31], toe yCTOMYMBBEIMU OKa3a-
JINCh CTPYKTYPbI U3 YACTULI OPSIIKA 4 MKM.

4. BAKJIITOYEHHUE

B paboTte nipoBeneHbl SKCIIEPUMEHTHI C MbLICBbBI-
MU 4YacTUlaMu pasmepaMu 1 Mk, 5.19 MKM u
8.2 MKM, QOPMUPYIOIINMHN THUIEBBIE CTPYKTYPHI B
pa3InYHbIX (hazax cTpathl. s pa3IuyHbIX Hap pas-
MEPOB YaCTUII CO3IaHbI IBOMHEIC CTPYKTYPHI, N3yde-
HBI MX IMHAMUKA W PACIIOJIOXEeHNE YaCTUI] B MATHUT-
HOM TI0JIe. YCTAHOBJIEHO, YTO B AUAIla30HE MarHUT-
HOTO MOJisI, B KOTOPOM TOMMHHpPYET CujIa MOHHOTO
yBiedeHUsI, 3(p¢GEeKTUBHOE BpalleHUEe II0JIy4YaeT
CpeIHSIS TIbIIeBasi CTPYKTYpa, YTO CBSI3aHO Kak C pas-
JIMYHBIM Pa3MepPOM YacCTUIl, TaK U C TMapamMeTpamMu
IwiasMbl B 3Toli (paze crTparbl. JlaHHas IIbUIeBas
CTPYKTypa sIBjsieTCsl HauboJiee YCTOMYMBOM MpU Ha-
JIOXXEHUM MarHUTHOTO TIOJIs.

DKCIlepUMeHTaJIbHasI 4acTh pabOTHl BBITIOJHEHA
npu rnomgepxke PH®, rpant Ne 22-72-10004;
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