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BBeaeH11e 

B nocneanee BpeM!I B &:B113!1 c pa3Bl!TlleM pa6oT no cpll3l!Ke nna3MbI 6oni,woll 

llHTepec npOl!BO!leTCll K KOObUeBbIM nna3MeHHbIM TOK8M B nouepe'IHblX nepeMeHHbIX 

MarHllTHb!X nonllX. lv\arHllTHOe none np11 aTOM BblllOOH!leT llBe 'PYHKU<III. Bo-nepBb!X, 

OHO C03aaeT nna3MeHHb!ll TOK nyTeM llHllYKllllOHHOro pa3p11aa. Bo-BTOpbtX, OHO 11c

nonb3yeTC!I llO!I Ob!CTporo C>K8Tll!I nna3Mb! ll C03ll8Hll!I yaapHbIX BOOH 6onbWOl! CK0-

/1 / 
poCTII an11 HarpeBa nna3Mbt • KpoMe Toro, MarHllTHOe none onpeaeneHHOl! KOHcp11-

rypamm MO>KeT B Te'IeHlle KOHe'IHOrO BpeMeH11 · yaep>K11B8Tb KOObUeBOl! nna3MeHHblll 

/2/ 
TOK B paBHOBeCHOM COCTOl!Hllll • 

8 IIHllyKUllOHHb!X pa3piiaax npll H113KllX aaBneHll!IX ra3a cneayeT p830ll'I8Tb 

cneay10w11e OCHOBHbie npoueCCb!! 110Hll38Ull!I, cpopM11p0B8Hlle KOObUeBoro nna3MeHHOro' 

TOK8, o6pa30B8Hll8 yaapHb!X BOOH ll C>K8Tlle nna3Mbl. B 6onbWIIHCTBe 3KC!lep11MeHTOB 

!Ipoueccb! cpopMllp0B8Hll!I KOObUeBoro !I083M"eHHOro TOK8 II C>K8T11e !l083Mb! !IpOTeKa

IOT !IpaKTll'IecKII OllHOBpeMeHHO. np11'IeM, KOrlla K00bU8BOl! TOK llBll>KeTC!I K8K nop

weHb, C>KIIM8!1 !l083MY, TO OT Hero OTpb1B8eTC!I cppOHT yaapHOl! BOOHbl •. 

np11 !IOBbiill"Hllll ll8BneHll!I ra3a Bb!We 1-10 MM pT.CT. !Ipouecc cpopMIIPOB8Hll!I 

K00bll8BOrO !I083MeHHOrO TOK8 npeTepneaaeT ·cymecTBeHHbte 113MeHeHH!I. Ha116onee 

B8>KHb!M !IBn!leTC!I OTCyTCTBll8 yaapHbIX BOOB ll llBll>KeHll!I !l083Mbl. vlccneaoBaHl!e 

KOnbueaoro nnaaMeaaoro TOKa a TaKHX ycnOBHBX HHTepecao TaK>Ke H c ToqKH ape-
. /3/ 

Hll!I HeaaBHO Bb!CK838HHb!X coo6pa>KeH11ll O B03MO>KHOCTll TepMOll300!IUllll ropll-

qeA nna3Mbl IlJlOTHbIM xono.aHbIM HOHH30B8HHblM ra30M. 

HacTO!llll8!1 paooTa nOCB!lllleHa 3KC!lep11MeHT8nbHOMY 11ccneaOB8Hl!IO H8KOT0pb!X 

cneUllqlll'<8CKllX oco6eHHOCTell 'IeTbtpex IIpoueccoa: 

a/ cpopM!!pOB8HlllO KOObUeBoro !l083MeHHOro ToKa; 

6/ OTpa>KeHIIIO ll !IpenoMneHl!IO yaapeoll BOOHbl Ha MarHllTHOl! "cTeHKe"; 

a/ C>K!lTIIIO BbICOKO'laCTOTHOro KOnbueBoro IIna3MeHHoro TOKa MeaneHHO eapac

T810ll.UIM M8f'HHTHbIM noneM; 

r / noKanH38UHH KOnbU8B0I"O BbICOKO'll8CTOTHOI"O nna3M9HHOl""O TOKa npH .a.aane

Hll!IX ra3a Bb!We 1,0 MM pT,CT. 

f"naaa L KonbUeBoll IIna3MeHHbil! TOK IIPII Hll3KIIX aaanee1111x 

, l. v!ccneaoaanocb an1111H11e CKIIH-scpcpeKTa II yaapHb!X BonH Ila IIpouecc · q,opM11-

poBaH11ll KOObUeBOro !l083MeHHOro TOKa. OcHOBHb!M OobeKTOM 11ccneaoBaHlll! !IBO!IOC!I 

HHllYKllllOHHblll pa3p!lll Ha qacToTe 360 Kru • .Lln11 B036y>KaeHll!I TOK8 llC!l00b30Banc11 
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Kone6aTenbHblll pa3p!!ll 6aTapeH KOHaeHcaTOpOB Ha IIHllYKTHBHOCTb OllHOrO BIITKa, 

KOTOpb!ll- oxBaTblsan 1urn1rnap11'lecKy10 BaKyyMHyIO KaMepy • .011ai.!eTp lillTKa 300 MM, 

BbICOTa 80 MM, IIHllYKTIIBHOCTb CIICTeMbl 0,53 MKrH. PaoMepbl •aKyyM.HOll KaMep~: 

a11aMeTp 250 II 280 MM, BblCOTa 30 II 60 MM. MaKCIIManbHOe 3Ha'!eHHe MarHHTHOro 

non11 B ueHTpe BIITKa a 1,5,103 
·apcT, MaKc11ManbHOe 3Ha'leH11e Bll:'peBoro aneKTp11- ' 

qecKoro nori11 a 350 BlcM. 

3Kcnep11MeHTbl np0Boa11n11cb B BC>aopoae II B03ayxe B · mrnua3oHe aaBneH11ll 

0, I - 0,01 MM pT. CT. 

vl3MepeHIIII n0Kaaan11, 'ITO B ll8HHOM pa3p_ll!le KB>Kllblll paa, KOraa Hanpll>KeH

HOCTb BIIXpeBoro aneKTp11'!8CKOro_-.nonll llOCTHraeT MaKCIIMyMa, UpOIICXO!lllT npo6oll 
,-

y 60KOBOll CT8HKII BaKyyMHOll KaMepbl, np11 9TOM B03HIIK88T yaapHall BOnHa, KOTo-

pall C>Kl!Ma8TCII K UeHTpy, IIOHll3Yll II HarpeBa!I .ra3 BO BC8M 061,eMe BaKyyMHOll Ka

M8pb1. MaKc11ManbHa11 aem1'!11Ha TOKa B raaelr= 16 Ka. BHa'!ane TOK npoTeKaeT a 

o6nacTII WllpllHOll 5-6 CM, HO 3a T8M, 'l8p83 '!lBa-Tpll nonynep11oaa nonll y 60KOBOll 

CT8HKII pa3pll!lHOll KaMepbl o6paayeTCII rpaHll'IHblll cnoll TOKa TOnWIIHOll A 3 CM, B 

KOTopoM cocpeaoTo'leHo 80-90% Ir • B aanbHellweM pacnpeaeneH11e raaoaoro 

TOKB OCTaeTC!I H8113M8HHbIM II He Ha6n10aaeTCII llBll>K8HIIII ·KonbueBoro TOKOBOrO cno11 

B T8'18Hll8 Beel! an11TenbHOCTII paap11aa. 

B ueHTpanbHoll o6nacTH KaMepbl qepea 5-7 MKceK nocne Ha'lana pa3p11aa Mar-

HIITH08 none npaKT_ll'IBCKII OTCYTCTByeT II cocpeaoTO'l8HO, B OCHOBHOM, B He6onbWOll 

o6naCTII y 6oKOBOll CT8HKII "pa3pllllHOll KaMepbl, rae npoTeKaeT ra30Bblll TOK. 

XapaKT8p pacnpeaeneHBII TOKOB II MarHHTHblX non_ell npe HBnll'IIIH HOHll30BaHHO-, 

ro ra3a ·Bo BC8M 061,eMe pa3pll!lHOll KaMepbl CBll!l8T8/lbCTByeT O HBnll'IIIII CKHH-acp-

·cpeKTa, KOTOpblll npo11Bn11eTCll B 

Kax
141• Tonm11Ha CKHH-cno11a 3 

6.1013 qlsE 

nna3M8 TaK>K8 KaK II B M8Tannll'18CKIIX UpOBO!lHll-
1 

CM n03BOn!IBT OUBHIITb llpOBO!lllMOCTb nna3Mbl 

npo11anea11e cK11a-acpcpeKTa B nnaaMe II ero an1111H«e Ha cpopM11poBaH11e KOnb

ueBoro TOKa MO>KHO 11po11nn10cTp11poBaTb apyr11M,· c11eu11anbHO nocTaBneHHblM aKcne

p11MeHTOM. B 3TOM Ollb1T8 BaKyyMHall KaMepa npeacTaBnllna co6oll cTeKnllHHblll TO

pOllll npllMOyronblfOI'O ce'leHIIII /cp-~llHllll !lllaMeTp' 180 MM, C8'18Hlle 90 X 60 MM
2
1. 

Ko11cp11rypau1111 MarHIITHOro nonll 6blna TaKoa'a, '!TO TOpOll!lanbHall KaMepa OXBaTb!Ba

na a 60% MarHIITHOro noToKa. '-iacToTa pa3p11aa a 675 Kru. nocKonbKY Beeb raa 

B o6t.eMe_. pa3pllllHOll KaMepbl_ IIOHll30BaH y aapHbIMII BOnHaMH, B03HIIKalOWIIMII, KaK 11 

palfbWe, npll npo~oe, TO np11 Hanll'IIIII CKHH-acpcpeKTa TOK aon>KeH npoTeKaTb, 'ITO II 

Ka6moaaeTC!I B 8KCnep11MeHTe y BlfyTpeKHell II y BH8WHell 60KOBbIX CTelfOK Topo11-

aanbHOll KaMepbl, OTHOW8Hlle 9TIIX TOKOB aaa11c11T" OT reoMeTpllll TOpa II KOHcp11ry

pau1111 MarHBTHOro non11, 

8 aaKHblX 8Kcnep11MeHTaX KOnbueBoll nna3M8HHblll TOK 11enoaB11>KeH B Te'leHB8 

4 

l. 

Bcero paapllaa, a CKOpOC-Tb C>K11Mal01Uellc11 UllnllHllPll'lecKoll yaapHoll BOnHbl BO 

MH0ro paa 6onbwe CK0pOCTB 3ByKa, 3To noaa_onlleT roBOpllTb O B3pb1BHOM xapaKTe

pe 06paaoBaHH11 yaapHoll B0nHbl B npouecce npo6oll raaa, CKopocTHa11 cp0Torpacp1111 

CBe'leHIIII nOKaaana, 'ITO HB'lanbHall CKOPOCTb llBll>KeHHII yaapHbIX BOnH 

V = s.108 
- 2.107 

cM/ceK 38BIICIIT OT Benll'IIIHbl T-OKS B -ra3e, aaBneHllll, poaa 

raaa H Haxoa11Tcll a xopoweM cornac1111 c Bb1pa>Kes11eM v = <.!._rf p) ½ , B ycno-

BllllX onbITOB annHa cB06oaHoro npo6era nop11aKa 1 ;O cM, wup11Ha cppoHTa yaap

HOll BOfiHbl T8K>K8 = 1,0 CM, CKopOCTb llBll>K8Hllll H8CKOfibKO YM8HbWa8TC!I no Mepe 

np116n11>KeHIIII K ueHTpy K8M8pbl, a llpKOCTb CB8'1eHllll B MOMeHT C>KaTHII pe3KO B03-

pacTaeT. XapaKTep 38BIICIIMOCTII CKOpOCTII /lBll>K81111!1 OT. aaBneHIIII raaa, (v = p -y,. 
/5/ 

cornacyeTCII C peaynbTSTaMII 9Kcnepl!M8HTOB no yaapHblM BOfiHBM 

vlayqanocb BfiHIIHl!e yaapabIX BOnH Ha xapaKTep cpopM11pOB8Hllll KOfibU8BOrO 

· nnaaMeHHoro TOKa. 3KcnepHMeiiTanbHO Ha6n10aanHCb TOKH, 11Hayu11poBaHHble Ha cppoH

Te yaapHoll BOnHbl np11 ee llBH>KeH1111 B nonepe'IHOM MarHIITHOM none, vlccneaoaa-_ 

110Cb ·am.JHHHe' "aaMopa>KHBSHHSl. MarHHTHOro llOTOKa 36. CtJeT .O.BH>KeHHH npOBO.l:l,H

IU8ll cpeabl 38 cppOHTOM yaapHoll· BOnHbl. Onpeaen11nacb npoBO!lllMOCTb nna3Mbl no 

11aM·epeH11llM 'IBCTOTbl II aeKpeMeHTa aaTyxaHIIII Kone6aTenbHoro npouecca, 

np~ IICCneaOB8HIIII MOIUHblX IIMnynbCHblX pa3pll!l0B WllpOK? np11M8Hll8TC!I CKO

pOCTHa!I cpOTOCb8MK8" CB8'1eHIIII. np11 IIHTepripeTSUIIII 9KCU8pllM8HTanbHbIX peaynbTa

-TOB cneayeT Y'IIITbIBBTb, '!TO B oppeaeneHHblX ycnOBllllX llpKOCTb II xapaKTep CBS'le

Hllll B o6t.eMe pa3p!!!lHOll KaMepbl MO>KeT H8_ COOTB8TCTBOB8Tb pacnpeaeneHHIO -r·c,ca 

B raae, 

2. nocKonbKY B aaHHOM aKcnep11MeHTe Kcim,ueBoll nnaaMeHHbill TOK o_cTaeTc11 

HenoaBll>KHbIM B T8'18Hlle Beel! llflHTenbHOCTII paap11aa, TO npeacTaBnllnOCb uenecod5-

p83HblM BblllBIITb cneu11cp11qecK11e oco6eHHOCTII Baa11MoaeilcTB1111 cxoa11mellc11 u11n11H

ap11'1eCKOll yaapHOll BOnHbl C IICKYCCTBBHHOil MarHIITHOil "CT8HKOil". 

M arHHTH8SI "CT8HK8,, C03.ll8Banach KB83HfiOCTOSIHH bIM MarHHTHbIM noneM llBYX 

KBTYW~K /a11aMeTp 120 MMI, p~cnonO>KBHHblX Ha BepxHeil II noa Hll>KHeil KpblW!(BMII 

B_ UeHTpe pa3pll!lHOil KBMepbl, MaKCIIM8fibH08 3H8'19Hll8 MaI'HIITHOrO UOn!I B ueHTpe 

KaMepbl llOCTllrano 8000 apcT. y aapHb!e BOfiHbl B0367>Kaan11cb IIHllYKIJIIOHHblM paa

pll!lOM Ha .'IBCTOTe 360 Kru. nocneaoBaTenbHOCTb onepau11ll B. aaHHOM 3KCU8pHM8HT8 

COCTOH118 ~ cne.oyromeM: BKnJOqanocb KB83HOOCTOHHHOe MarHHTHOe none H B MOMeHT 

Bp8M8HH, COOTB8TCTBYIOIUHA ,ll0CTlOK8HH~ HM MdKCHM81lbHOf'O 3H8'10HHSI 1 B036y)K.z:i:a

nacb yaapHa11 Bonaa. 

CKopocTHall cp0Torpacp1111 cBe'leii1111 noKaaana, '!To np11 H = 2000-3000 apcT, 

cXOllHIUaHcR ynapaast aonaa, ttaqHaas c onpe.o.eneaaoro paanyca Kax 6hr *paccnaH

BaeTcst • H aa6nIOLl8IOTCSI .oae BOnHhl1 .llBYMYIUHecst C pa3HhIMH CKOpOCTHMHt H 0Tpa

>K8I01UHecst OT MSI"HHTHOA •cTeHK~-- Ha pa3KhlX pa.ou:ycax. no Mepe pocTa MarHHTHo-

ro non11 "cTBHKII' xapaKTep B3a11MoaeilCTBllll_ MeHIIBTCII,_ npn H=6500-6500 apcT. 

• 
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Ha6monaeTcll. Go.nee llBHOe oTpalKeHae yrtapHoil aonHbt Ha .onpeneneH~OM panayce, 

HO HMeeTCll TaKX<e H BOnHa, npOXOitllW8ll ItO ll8HTp·a p83pllrtHOil. K8M8pbl, npa· STOM, 

CKOpOCTb npowe.uweil BOnHbl np11MepHO B TPII p838 Gonbwe CKOpOCTII nana.,weil j, 

aonHbt. npa - H ~ 7000 apcT. npcmcxortHT .rionHoe 0TpameH11e ynapHoil .aonHi,1, CKo

pocTb OTpaX<eHIIOil ·aonHbl .npHM8pHO B ItB8 .pa:3a MeHbW8 CKOpOCTII narta10weil BOn 

Hble 1. 

.llnll. nHTepnpeT_anau nonyqe!fHbtx-pe3ynbT8'l"OB 6bln paccMOTpeH aonpoc o noae

rteHHH nnocKOil ymipHOil aonHbl, BCTp~qa.,IUeil Ha caoeM nyTII o6nacTb p83KO ao3-

pacTa10wero M8~HIIT~oro nong, :neptte~rtl!lcynllp-HO~O K HanpaaneHIIIO ItBH)K8HHll, Pac• 

. M8Tp11B8nCll _ c,iyqail, KOrrta npoBO!tHMOCTb nOKOllW8!'0Cll f'838 a
0 

= 0 , 8 npoao-

ItllMOCTb ra3a 3a ,ci,poHT0M ynapHoil aonHbt u1 _=.. , ra3bl c o6eax cTopoH ynap-

H0il BOnHbl C'IIIT8IOTCR: llrteanbHblMH · C - ~ItH~8KOBblM OTHOW8HH8M TennoeMKOCTeil y , 

PacqeT nposon11nc11 6e3 yqeTa rtilcc11na111111. 

.llnll onpenene11Hll cKopocTeil npowenweil a oGnaCTb cirnbHOI'O M8I'HH'!'HOro no-

nll, 

HHMH 

u . 2 

V 

H0HHSI HS 

, ll OTpaX<eHHOil, u, -, , ynapHblX BOnH, 8 T8K)Ke cxopOCTII 1'838 MeX<rtY 

, • pewanacb- CHCTeMa ypaaHeHHil, npertcTaBnll!OWHX_ co6oil 38K0Hbl coxpa-
. . ' /6/ ' . . 

qipOHTe ynapHoil B0nHbl • 3Ta CHCTeMa ypaBHeHH.il a· o6weM BHrte pewa-

nacb tJHcneaHO· ~a MamHae ,..Ypan'. 

B nayx Kpa8HHX cnyqa11x," o'leHb cna6blx ·H O'l8Hb CHnbHblX M8I'HHTHblX noneil, 

6blnll . HailrteHbl" npa6na)KeHHb1e 8H8nHTH'le.c'KHe peweHHR, KOTOpble xopowo 

. COBl18!t8IOT C 'IHcneHHblMH pe3ynbT8T8Mll, 

.llnll c11nbHOil ynapHoil sonHbl /q11cno M axa ll > > 1 I a cnyqae cna6~x none ii 

/nnoTHOCTb M8I'HHTHOil 8Hepr1111 B l'O'IKe OTpa)KeHHll MHOI'O MeHbWe nnoTHOCTH KHHe

TH'lecxoil aHeprHH a yi;tap~oil aonHel aMeeM 

/1/ 
U1 = V1 - C1; U2 .. U0 ; .Vs V1 

rne C1 v, -cKOpOCTH 3BYK8 H 1'838 38 <ppOHTOM nanaioweil YrtapHoil B-OnHbl, 

U0 -cKopocTb nanaioweil ynapHoil aonHbl, BartHO, 'ITO ecna cKopocTb ,ra3a noc-· 

T8TO'IH0 13enHKa., T,e. v, > c, -· TO oTpalKeHH8ll aomia GyneT CHOCHTbCR IlOTOKOM ra-

38. H MOI'YT ~blTb nae aonHbl, '{TO H Ha6nJOrt8eTCll aKcnepaMeHT8nbHO, ItBHlKYWHecll 

B O!tHY, CTOpOHY, HO 'C pa3HblMH CKOpOCTllMH, 

.ll1tll CHnbHOil yrtapHoil BOnHbl B cnyqae 6onbWRX M8I'HHTHblX noneil nonyqaeM 

u = - u ~ 
I . O (y + J) . 

· 2 2 2 
~, = C0 + l10 /4rrp

0 

/2/ 

V "'0 

6 

l 

J 
\ 
I 
'1 
,1 

l 
1l'/ -,, 
f;\ 

I, I 
11 

l 
! 
'L-

' 
, \\: 

\, 
I 

t 

l 

' I 
~I 

l ~, 
llf 
•Ii 
lit 
'I' .. 1 

r.rte c. Po Ila - CKOpOC'rb 3BYK8, nn0THOCTb ra;rn, HanpglKeHHOCTb 

M8I'HIITHOI'O nong nepen <ppOHTOM Y.rt8pHOil aonHbl. Ba.rtHO, '{TO npOXO.rtlllU8R BOnHa 

MO)KeT ll!tTH co CKOp0CTblO, 3H8'1HTenbHO npeBblW8IOW8il CKOpOCTb nana10weil BOnHbl 

B TO )Ke apeMll aTa aonHa ean11eTCl1 cna6oil, CK0pOCTb ee paBHlleTCR M8I'HIIT03BYKO" 

aoil, 11 OHa .. npaKTll'IGCKII He _Bbl3blBaeT 3a co6oil .rtBH)KeH11e aewecTBa, 

PacqeTbI IIOK83h1B810T, .ttTO npH Y = 5/3, U"'-J!.o 
1 2 

II U "'- 3'1 
2 01 

'ITO xopowo cornacyeTCll c axcnepHMeHTOM, 

CnenyeT HMeTb B BIIItY, '{TO B3811MOLt_eilcTBlle llllnllHrtpH'18CKOil ynapHoii BOnHbl 
. ' 

c .MarHHTHOA 'cT:eHKOtt• MO>KeT HMeTb CBOH cneuH(pHttecxHe oco6eaaocTH 1 cBR3BHHble 

C TeM; qTo qaCTb 9HeprHH HarrpaaneHHOro .ll.BH)K8HHR nna3MbI TpaTHTCSI Ha C)KBTHe 

M8l"HHTHOl"O nonH. 

Xopowee cornacne peaynbT8TOB aKcnepKMeHTA H pac'leTa cs11.rte-

:9nbCTByeT O .TOM, 'ITO B ycnOBllllX .It8HHOr'0 OllblTa 8TH oco6eHHOCTll u11-

n11H.rtp11'leCK0il reoMeTp1111 He arpa!OT, no-aH.rtHM.oMy, cywecTBel!H0il pon11, 

OTMeTHM, 'ITO B 0 -nHH'l8X H LlPYI'HX MOWHblX HMnyllbCHblX pa3pllrt8X acer-

.rta HMeeTcll 'aaMopolKeHHbtil" MBI'HHTHbtil noToK; KOTOpblil oGpaayeT caoeo6pa3HYIO 

M8I'HHTHYIO CTeHKy K8K Itllll YrtBpH0i! BOnHbl, TaK II -.rtnll C)KHM8l0Wellce nna3Mbl, 

npH HHTepnpeTaUHH 8KCn8pH~eHT8nbHblX peaynbT8TOB He06XO/lHMO Y'IHTh1B8Tb yxa-

38HHble aqiqieKTbl B38HMO/lel!CTBKll Y/l~pHbtX aonH C M8I'HHTHOll 'CT8HKOll •, 

3. ·KaK YK83b(Ban0Cb BblWe, KOnbueaoil nnaaMeHHbtll TOK OCT88TCll HenO/lBll)K"." 

Hh!M B Te'leHHe JlnllTenbH0CTH paap11na. npocT1,1e pac'leTbl nOK83blB8IOT, '{TO B STOM 

cnyqae JlnllTenbHOCTb 0/lHOI'O nonynepHO/l8 paapRil8 cpaBHKMa co BpeMeHeM IIHepU!IH 

unaaMeHHOI'O o6(3830B8Hllll H nO/l /leilcTBHeM ane;tTPO/lllH8MH'leCKHX Clln TOK0Bblil 

cnoil He B COCTOllHRR OTOilTH H8 38M8TH0e paccT0HHKe OT• 60KOBOil CTeHKII BaKyyM

H0il K8ME!phl, Bhlnll nOCT8Bn9Hbl cneu11anbHhle 8KCnep11MeHThl no ClK8Til!O BblC0K0'18C

T0THOJ".O KOnbueaoro nnaaMeHHOI'O TOK8 /Ha '18CTOT8X 360 .KI'll H 6 Mrru/ /lOil0nH11-

TenbHblM Me/lneHHO H8p8CT810WIIM M8I'HllTHhlM noneM /qacTOTa 10. KI'UI, .,µmtTe/tb

HOCTb ·uonynepRO/l8 KOTOporo 3H8'1RTenbHO Gonbwe HHepU!!OHHOI'O apeMeHR, 

Paapll/l Ha '18CTOTe 360 KI'U, KaK II paHbwe, aoa6y)Krtanc11 0/lHIIM BHTKOM, ox

B8Th!B810WHM aaxyyMHYIO KaMepy. ni)H aoa6y)KJleHRII pa3pll/l8 H8 '18CTOTe 6 Mrru 

aTOT BHTOK BKn10'lanc11 a 8HO/lHhlil KOHTYP reHepaTopa C8MOB036YlKJl8Hllll, pa6oTaIO-

wero B HMnynbCHOM pe)K11Me, .lln11TenbHOCTb RMnynbC8 1,0 Mcex. MaKcHManb-

Hoe 3H8'19HHe M8I'HIITHOro nonll a UeHTpe p83PllllHOil K8M8phl = 50 3pCT,. M8KCIIM8nb~ 

Hall H8Ilpll)KeHHOCTb BHXpeaoro aneKTpH'leCKOI'O nonll = 120 a/cM HR3K0'18CTOTHOe 

M8I'HHTHOe none. C03/l8Banocb Kone6aTenbHhlM pa3pll/lOM 6aTape11 K0H/l9HC8TOpoa Ha 

HH.nyKTHBHOCTb i:tBYX BHTKOB, CO0.ll.HH0HHbIX napannenti,HO H pacnono>KeHHbIX H~ aepx

Heil II Hll)KHell KpblWK8X aaKyyMHOil 'K8Mepbl / JlllaMeTp 270 MM, HH/lyKTHBHOCTb 

= 1,0 MKI'HI, 
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MaKCl!ManbHOe 3Ha'leHHe MarHIITHOro non11 B ueHTpe KaMepbl .0.0CTl!rano 

= 3.10
3 

S~CT., MaKCIIManbHall Hanp11>KeHHOCTb 11111xpeaoro sneKTpll'leCKOro nonll = 15 Blct,!. 

Pa3p51.0. B035y>K.a.ancll npll 0.0.HOBpeMeHHOM BKnIO'leHHII Hll3KO'laCTOTHoro- 11 BbI~o15.o

'laCTOTHOrO MarHKTHblX noneil. B ycnOBl!SIX onblTa OD.HO Hll3KO'laCTOTHOe· IU1Xpe111~.i 

anexTp1tt1ecKoe none ae Bb13bIBano npo6ost ra3a. 

H3MepeHIISI noKa3an11, 'ITO np11 B035y>K.a.eHIIII pa3pll.a.a Ha 'laCTOTaX 360-11 

10 Kru l!MelOTCll cne.a.yIOIUKe OCHOBHble scj,cj,eKThl·. 

Ha nepBbIX nonynep110.a.ax BhlC~Koil '18CTOThl Han11'111e Hll3KO'lacTOTHoro Mar

HIITHoro non11 He 113Me~11eT xapaKTepa pa3pll.a.a. B ·STO BpeMll y 50KOBoil cTeHKII 

pa3p51.0.H0il KaMepbl o6paayeTcll rpaHl!'IHblil cnoil BblCOKO'laCTOTHOl"'O TOKa, a Hll3KO

'laCTOTHhlil TOK B raae yaenl!'IKBaeTCll B COOTBeTCTBKK C pOCTOM Mal"'HIITHOl"'O.non11. 

3aTeM, B onpe.a.eneHHhl_il MOMeHT ·.ape>.<eaK STOT TOK / = 2 Kai pe3KO yMeHbwaeTCll 

H M~HSl0T 3H8K. B 9TOT M:OM.eHT Bp~MeHH H8tfHHaeTCSI, .O.BH>K8HH9 rpaHil'IHOro cnoH 

TOKa, conpoaoik.a._a10IUeec11 c>KaT11e~ nna3Mhl. K TOMY MOMeHTy BpeMeHK, Kor.a.a 

'oTpl!IlaTenbHblli' Hll3KO'laCTOTHhlil TOK .O.OCTl!raeT MaKCl!MyMa, c>KaT11e nna3Mbl npe

KpamaeTcl!. Ha pa.a.11yce 5-6 CM o5paayeTCll HOBblil rpaHl!'IHblil cnoil BblCOKO'IBCTOT

Hpro TOKa /5-7 Kai, KOTOphlli .O.IIl!TenbHO_e BpeM!I KOne6neTcll C _'laCTOTOil 300-

400 Krii, aMnn11Ty ~a Kone5aHllll = 2 CM. Kone6aH11ll TOKOBoro cno11 xopowo BR.O.HhI 

KaK Ha CKOpOCTHblX cj,0Torpacj,1111x, TaK II Ha ocu1;nnorpaMMaX TOKa. 

B .a.aHHOM 8KCnep11MeHTe nna3Ma OTOpBaHa OT 50KOBOA CT8HKII pa3pll.O.H0il Ka- . 

Mepbl B Te'!eH11e .a.ecllTKOB MIIKpoceKyH.O., HO. OHa conp11KacaeTCll C ~PblWKaMII Ka

Mephl. 

AHanOl"'K'IHblil SKcnepKMeHT 5bln npoae.a.eH npK BCTp_e'IHOM BKnlO'leHIIII BKT.KOB, 

C03.0.aIOIUKX Hll3KO'laCTOTHOe MarHRTHOe none, T.e. npK OCTp_OKOHe'IHOil KOHcj,11rypa

UHH MarHHTHOI'O IIOnH. vfaMep~HHH • llOKaaanH, qTo B STOM cnytttie B MOM9HT OTpbI""!" 

Ba nna3Mhl OT 50KOBOli cTeHKII BaKyyMHOil KaMepbl KMeeTCll TeH.a.eHUllll K C>KaTKio 

nna3Mbl K B BepTl!KanbHOM HanpaaneHKII. B Te'leHHe = 2 MKCeK aecb ra30Bblil TOK 

cocpe.a.oTO'leH B cpe.a.Heli, no BhICOTe, o5nacTK paap11.aHoli KaMepbl. Tonm11Ha cnoll 

Toi;a = S CM. 3aTeM, xorna aaqHaaroTcH paLu1anbHble xone6amu1 <?>KaToro r.naa

M.eHHoro o5pa30BaHKll, nna3Ma conpKKacaeTCll C KpblIUKaMK pa3pll.O.HOlt KaMepbl. 

TTpK pa3pll.ae Ha 'laCTOTe 6 Ml"'l"'U OCHOBHhle xapaKTBpKCTIIKH npouecc_a aHano

I'IPIHbI YK838HHbIM Bbtllle. OTlIHttIIe 38KlIIO't{80TCSI B TOM, ttT0 C>K8TO9 nna3M0HHQ9 

o6paaoaaarre 6onee HeycToii:11HBo x .neq:>opMaUHRM THna "'nepeTH>K1tH"', KOTOpbie OT 

'leTnl!BO Bll.0.Hhl Ha CKOpOCTHblX cpOTOrpacj,11llx. 0TMeTKM, 'ITO B STOM 8KcnepKMe11Te 

Ha6n10.a.a!OTCll Bee OCHOBHbie scj,cj,eKTbl, xaoaKTepHbI8 .a.n11 MOIUHblX IIMnynbCHblX paa

pll.O.OB. 
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f"naaa 2. noKanK3aUKll BhICOKa'laCTOTHOl"'O KOnbUeBOl"'O nnaaMeHHOrO 

TOKa 

nnll B035y>K.O.eHKll • IIH.O.YKUIIOHHOrO BblCOKO'laCTOTHOl"'O. pa3pll.O.a IICnOnh30BanCll 

reHepaTop caMOB035ym.a.eHKll, KOTOpblil paboTan B KMnynbCHOM pe>K11Me. MoIUHOCTb 

B KMnynbce = 300 KBT, .a.n11TenbHOCTb KMnynbca_= 2,0 MCeK • 

AHO.O.HblM KOHTypoM reHepaTopa llBnllnacb cneuKanbHall CHCTeMa o5MOTOK, 

C03.0.alOIUall BbICOKO.'laCTOTHOe Mal"'HHTHOe rione "KonOKonoo5pa3HOil' cj,opMbI. MaK

CHManbHOe 3Ha'!eH11e Mal"'HHTHOro .nonll B ueHTpe pa3pll.O.HOlt KaMepbl = 200 spcT. 

MaKCHManbHall ·Hanpll>KeHHOCTb BHXpeaoro sneKTpH'leCKOro nonll = 140 a/cM. Paa

Mepbl BaKyyMHOil KaMepbl yKaaaHbl Bb!We. OcHOBHble 8Kcnep11MeHTbl npoao.a.11m_,cb 

np11 3anonHeHKII KaMepbl BO.O.Opo.a.oM. ren11eM, aprOHOM II B03.0.YXOM B .a.11ana30He 

.a.aaneH11il 1-60 MM pT.cT. ToK 13 raae .a.ocT11ran = 100 a. 

CKopOCTHBll <pOTOrpacj,1111 CBe'leHKll II K3MepeHl!ll pacnpe.a.eneHKll MBl"'HIITHOl"'O 

nonll noKa3an11, 'ITO B MBl"'HKTHOM none • KOnOKOnoo6pa3HOil' cj,opMbl B WllpOKOM 

.a.11anaa~He .a.aaneH11li IBhlwe 1 MM pT.cT,/ K 'IBCTOT ~pa3pll.a.a /5-16 Mrru/ 06pa

ay,0Tc11 noKanK30B8HHble nnaaMeHHbie BIITKK, KOTOpble 1130nKpOBBHbl OT cTeHOK paa

pll.O.HOil KBMepbl II ycTOil'IIIBO cymecTBylOT B 
0

Te'1eH11e· .O.nKTenbHOCTK IIMnynbca re

Hepau1111. B 3BBIICl!MOCTH OT .a.aaneHl!ll 1"'838 bOnbWOil pa.a.•yc nnaaMeHHOl"'O BHTKa 

paBeH 8-10 .CM, Manhlil pa.a.11yc paBeH 3-5 MM. 

'B Teqe"Hllll .a.nu-renbHOCTII HMnynbca reHepan1111 HMeIOTCll O'leHb Me.a.neHHble 

IISMeHeH11ll cj,opMbl BIITKa KBK uenoro, TBK II OT.a.enbHblX H95onbIUHX IICKa>KeHRli Ha 

pa3nK'IHblX a3KMyTax. BpeMll pa3BIITHll TaKHX "HeycTOil'IIIBOCTeil' nop11.a.Ka COTeH 

MHKpoc"eKyH.a.. Ha5n,o.a.aIOTCll Me.a.neHHble Kone5aHHll nnaaMeHHhIX BKTKoB. AMnnK:

Ty.a.a KOne6aH11il nopll.O.Ka 5-15 MM, 'IBCTOTbl KOnebaHHlt B BO.a.opo.a.e = 4 Kl"'U, B 

renHH = 6 Kl"'U, B B03.a.yxe = 16 Kl"'U. 

l-1ccne,llOBanocb noae.n:eHHe nOKanH3OB8HHbIX nna3M8HHbIX BHTKOB B 38BHCHMOc

TH OT cj,op':lhl MBl"'HRTHOl"'O non11. Onpe.a.enllnaCb npOBO.O.HMOCTb nna3Mbl no 113Mepe

HKIO pe>KRMB pa50Tbl reHepaTopa, Harpy>KeHHOl"'O nnaaMoli; npOBO.O.HMOCTb 

a ti 3.10 12ctSE • 

TTpoao.a.11nHCb cneKTpOCKOITll'10CKH8 11ccne.a.0BaHl!ll pa3pll.a.a. PerHcTpHpOBanocb HH

TerpanbHOe Caeqea~e nna3M0HHOrO BHTK8. l-13MepeHHH llOK83BnH, 'ITO OCHOBHOH rrpH

'IIIHOil ywupeHnll n11H11il ao.a.opo.a.a 1l a " llf3 cne.a.yeT c'leTaTb scj,cj,eKT nonnnepa. 

3 0 
TeMnepaTypa ra3a OKaaanacb paBHOli = 3.10 K. KoHueHTpaunll 3ap11>KeHHhIX 'lac-

TKU He npeBblWBBT 5.1012 
CM-

3
• 

nnll K8'19CTB9HH01"'0 Ob"bl!CHBHHll scpcpeKTB noKanH38UHH TOKB MO>KHO BOCITOnb-

30SaTbCll l"'K.O.p0.0.HHBMH'19CKOA MO.a.enblO cna60.110Hll30B8HHOli nna3Mbl. TTp11MeHHMOCTb 

TaKoA Mo.oenH o6ycnoaneHa TeM, t1To B ,ycnoBHHX aKcnepHMSHTa .onHHa cao6o.oaoro 

npo5era 3Ha'll!T9nbHO M9Hbwe Manoro pa.a.11yca TOKOBOl"'O WHypa. Y'l_l!TblBBll Many10 

cTeneHb HOHH38UHH, cneJJ,yeT paCCM8TpHB8Tb .OByX>KH.OKOCTHylO Mo.oenb rrna3MbI, 
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COCTOllllleli H3. npOBOlllllll0li >KHllKOCTH sneKTpOHOB H HOHOB H aenpoBOlllllll0rO ra3a 

.aeflTpanbHblX 'ISCTHU. TaK KSK 6onbWOli pallHYC nna3M0HHOro BHTKa 3H8'lHT0nbHO 

6cinbw·e Manora, TO llnll npocTOTbl Bbl'lHCneHHli nna3MeHHblli BHTOK annpOKCHMHpyIOT· 

Cl! npllMblM TOKOM. npellnonaraeTCll TaK>Ke aanH'lHe TepMOllHHBMH'lecKoro paBHOBe

CHR Me>K.O.Y aceMH copTaMH qacTHU nna3Mbl. 

PaccMaTpHBanacb CHCTeMa ypaBH0HHli, np8llCTaBnlllOlllHX co6oli ypaBH0HHll 

sneKTpOllHHBMIIKH npOBOllllllleli >KHllKOCTH C y'leTOM nHWb co6cTBeHHOro MarHHTHO

ro non11, ypaBH0HHll rHllp0llHHaMH'l8CKDr0 paBHOB0CHll llnll npOBOllllllleli H aenpo110-

llllllleli >KHllKOCTell II ypaBHeHHll oanaaca 9HeprHH, B KOTOpOM noTepH 9HeprHH onpp.

ll0nlllOTCll TOnbKO TennonpOBOllHOCTblO. 

B cny<iae cna60HOHH30BaHHOli nna3Mbl MO>KHO nony'lHTb aaanHTH'leCK00 Bblpa

>K0HHe •ycnOBHll noKanH38UHH TOKa, He KOHKP0TH3Hpyll BHll ¢YHKUHH TennonpOBOllHOc

TH H npH 11ecbMa o6lllHX npellnono>KeHHllX OTHOCHTenbHO BHll8 ct,ym:UHH npOBOllH

MOCTH. 

B yKaSaHHblX npellnono>KeHHllX ycnoBHe noKan11_3aU11H TOKa llnll renae11oli nna3-

Mbl HM0eT BHll 

O 
14 

T 6 10 • N .> ½ 1 -,r,; + 1, • N;t' 
• N l + 1,7 • 10 fi-;'T 

/3/ 

rlle N
0 

-mtOTHOCTb aeliTpanbHblX 'l8CTHU, N T nnOTHOCTb H TeMnepaTypa 

38pll>KeHHblX 'l8CTHU, B ycnOBHllX 9KCnepHM0HTa 9TO Tpe60B8HHe o6bl'rnO BblllOnHlleT-

Cl!, 

PaccMOTpeaa TSK>Ke TaKall MOllenb noKanH38UHH, KOrlla TennonpOBOllHOCTb 

06ycno11neaa aenpoBOllllI.UHM ra30M, a npOBOllHMOCTb onpellenlleTCll cOyllapeH~llMH 

sneKTpoa-HOH. :f K838Hbl ycnOBHll npHMeHHMOCTH TSKOli MOllenH, Bbl'lHCneHbl P8llHYC· 

TOKOBOr'O K8Hana H xapaKTep pacnpelleneHHll TeMnepaTypbI, MarHHTHOro non11 H nnoT

HOCTH 38pll>K0HHblX H HeliTpanbHblX 'ISCTHU. HMeeTcll xopowee cornacHe pe3ynbTa

TOB 8KCnepHM0HTa H pacqeTa. 

npHB0ll0Hbl K8'l0CTB0HHbl0 C006pa>K0HHll O .l:teMnct,HpyIOlll0M BnHllHHH nnOTHOli 

xonOllHOli cpellbl H8 ycTOli'lHBOCTb TOKOBoro IIIHypa. 

nony'leHHble pe3ynbT8Tbl n03BOnl!IOT npellnonaraTb, 'ITO HM00TCll B03MO>KHOCT!a 

C03ll8HHll ycTOli'lHBbIX noKanH3.0B8HHblX nna3M0HHblX BHTKOB npH ll8Bn8HHllX ra3a 

io-100 MM pT. CT, a cane TOKa llO 10 KB • 
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