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nOJISIPH30BAHHASI nPOTOHHASI MHIUEHb 



Beeneaae 

HecKon&Ko neT aaaan 6&In npennoJKeH H nony'IHn nam aellwee pa3BHTHe 

BeCbMa aljMjleKTHBHblll MeTOA AHj{8MH'IeCKOll nonS!pH381lHH ll]lOTOHOB ( A,n,n,) 

B HeKOTOpblX rHAp8THpOB8HHblX KpHCTannax, COAeplK8WHX f apaMarHHTHble llpH-

MeCH, 

BnaronapSI 3TOMY MeTOAy, CT8BWeMy H3BeCTHbiM B .1iHTepaType !lOA H83-

B8HHeM 'COnHA-3$1JeKTa ' 0 6blnH C03A8Hbl BbiCOKOilOnS!pH30E aHHble npOTOHHble 

MHWeHH, HaHny'IWHe peayn&TaTbl nony'leHbl npH HCilOnh30B lHHH B Ka"'eCTBe 

, pa60'Iero BeWeCTBa MHWeHH MOHOKpHCTannoe La 2 Mg 3 (NO 
3 

) 12 24 H 
2 

0 , (LMN), 

B KOTOpblX '18CTb HOHOB La 38MeiUeHa napaMarHHTHblMH HOH8MH 
142 

Nd, 

CymaocT& MeTona n.n.n. nonpo6ao aanoJKeaa e pa6oTe /1, H aaKniO"'aeTCSI 

B llOSIBneHHH 3H8'1HTenbHOJI nonolKHTenbHOJI HnH OTPHil8TenJ,HOJI nongpH381lHH 

npOTOHOB KpHCTannH381lHOHHOJI BOAbl npH HSCbiiUeHHH "3anp 3IUeHHblX" nepe-

XOAOB 3,n,p. HOHOB 

B onHCbieaeMoll MHWeHH MeTOAOM n.n.n. nony'leHa nc ngpaaauHSI npo

TOHOB •70% B KpHCTannax LMN llpH HanpSilKeHHOCTH MarHHt HOrO nong H 
0 

.. 20 K3 

H TeMnepaType T ,. 1 °K, KpHCTannbl BblpameHbl H3 paCTBopa, B KOTOpOM 

"' } % HOHOB 6bin 38MeiUeH HOH8MH 

20 x20 x30 MM H cocTaeneaa H3 Tpex nnacTHH npSIMoyrom aoll cjlopMbl, Bbl-

pe38HHbiX H3 MOHOKpHCTannoB LMN H CnOJKeHHbiX BMeCTe I :BOHMH eCTeCTBeH-

HbiMH rpaHSIMH, CyMMapHbiil eec - 26 r. 
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1. BnoK-cxeMa Maweaa 

BnoK-cxeMa MHWeHH noKa3aHa Ha pac. 1. KpacTannbl LMN noMewe-

Hbl B MHKpOBOnHOIIOA pe30H8TOp, KOTOpbllt HSXOAHTCH B ropH30HT8nbHOM OT

pOCTKe KpHOCTSTS, BBeAeHHOrO B 3830p sneKTpOMSrHHTS, 0TK8'1KOA napOB 

He B KpHOCTaTe nOAAeplKHBSeTCH 'reMnepaTypa T •1 °K,. HaCblllleHHe "3anpe

lll9HHblX" nepexoA )B s.n.p. ocymecTsnHeTCH oT c.s.'l. reaepaTopa, coeAHHeH

aoro C pe30H8TOJIOM BOnHOBOAHOA nHHHeA nepeAS'IH, .QnHHS BOnHbl C,B,'I, 

reaepaTOpa ( A c4 MM) CT86HnH3HpOB8H8 CXeMoA 8BTOM8TH'IeCKOA nOACTpOA

KH 'ISCTOTbl (a.n.'l.) no saewaeMy onopaoMy pe3oHaTopy (sonaoMepy). Mar

HHTHoe none CTS( oHnH3HpOB8HO C nOMOlllblO .RAepaoro MarHHTHOrO pe30H8HC8 

(H,M,p.), 

H3Mepeaae senH'IHHbi nonHPH38UHH npoTOHOB npoH3BOAHTCH no ysenH'Ie

HHIO HHTeHCHBHOCTH CHrHanOB SI,M,p, C nOMOlllblO Q - MeTpa, KoaKCHSnbHblit 

nepeKniO'IaTenb u reaepaTop pesepca npeAHS3HS'IeHhi AliH 6biCTporo H3MeHe

HHH HanpasneHHH nOnSIPH38UHH, 

2, fenHeBblA KpHOCTST H pe30H8TOp 

KoHCTpyKUf H KpHOCTaTa nOK838H8 HS pac, 2, K BepxHeMy CTSnbHOMY 

ljlnaHUY 1 npHnSSl HS Tpy6a 2 H3 HeplKSBeiOWeA CTSnH AHSMeTpOM 70 MM C TOn

lllHHOA CTeHKH 0,5 MM, B sepxaeA 'ISCTH K HeA npHnSHH 830THbiA 6aK 3, HS 

KOTOpOM HMeeTCa 8ACOp6UHOHHblit HSCOC 4 H3 8KTHBHpOB8HHOrO yrnH, B HHlK

HeA 'ISCTH Tpy611 2 yKpenneH p8AH8TOp 5, oxnalKJ:{SeMblA napaMH OTKS'IHBae

MOrO renHH, K ]18AH8TOpy nocpeACTBOM Tpy6KH 6 H3 HeplKaBeiOllleA CTanH 

AHSMeTpOM 34 r.:M H TOnlllHHOA CTeHKH 0,5 MM nOABellleH renHeBhlA 6aK 7 

C OTOrHyTbiM nell yrnoM 90° OTpOCTKOM 8, B KOTOpOM pacnonolKeH pe30H8-

TOp 9, fenHeBblll H 830THbiA 68KH HMeiOT nposonO'IHbie paCTHlKKH, o6ecne'IH

B810lllHe AOCTSTC 'IHylO lKeCTKOCTb KOHCTpyKUHH, 

K 830THOr. y 6aKy H P8AH8TOpy npHnSHHbl TennOBble 9Kp8Hbl 10 H 11. 

A3oTHbiA sKpaa 10 repMeTH'IeH. npocTpaacTBO BayTpH sroro sKpaaa 

3anonaHeTCH 1 ennoo6MeHHbiM ra3oM - rena eM npa AasneilHH 0,1 MM pr,c'C, 

'ITO n03BOnHeT )XnalKA8Tb BeCb KpHOCTST OT KOMH8THOA AO 830THOA TeMne

paTypbl 38 3 'IE CS, nepeA 3anHBKOI lKHAKOrO renHH 06MeHHblll raa OTK8'1H-
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BaeTCH ljlopBaKyyMHbiM HaCOCOM, a ero OCTaTKH nornomai<•TCH a.QCOp6UHOHHbiM 

HaCOCOM 12, HM91011l9MCH Ha renHeBOM 6aKe. 

06a 6aKa H TennOBbl9 9KpaHbl H3I'OTOBneHbl H3 M9.QI TOnlllHHOli 1 ,0 MMo 

0TpOCTOK renHeBOI'O 6aKa C.QenaH H3 Tpy6bl .QHaMeTpOM 3 4 MM H3 H9plKaBeJO

IIl9li CTanH, Ha ero KOHUe yKpenneH pe30HaTOp (pHC. 8), K3I'OTOBneHHbll! H3 

M9.QH MeTO.QOM ranhBaHonnaCTHKH. l!HO pe30HaTOpa H 60KOBbl9 CT9HKH~HanpOTHB 

KpHCTannoa) HM910T TOnlllHHY 100 MK. KpHCTannbl ·LMN , OCb z' KOTOpblX 

HanpasneHa no OCH OTpOCTKa, 38KpenneHbl B pe30HaTOpe ': nOMOIIlbiO TecjlnoHo

BOI'O KapKaCa 13, KOTOpblll cnyJKHT TaKJKe KapKaCOM pa.QH•>KaTyWKH 14, COC

TOHWell H3 .QBYX nap BHTKOB, pacnonOJK9HHbiX cnpaBa. H Cl esa OT KpHCTannoB. 

Ha'lano KaTyWKH npana&IHO K pe30HaTopy, a KOH9U BbJBe.Qe H H3 KpHOCTaTa 

KOaKCHanbHbiM Ka6eneM 15 C M9.QHOit U9HTpanbHOll lKHnO~. llnH YM9HbW9HHH 

nO.QBO.Qa Tenna K renHeBOMY 6aK~ onneTKa Ka6enH HM99T BCTaBKY H3 Tpy6KH 

.QnHHOli 500 MM H3 H9plKaB91011l9li CTanH. 

nopweHb 16 pe30HaTOpa JKeCTKO CBH3aH C BOnHOBO.Q< •M 17 H MOlK9T" 

nepeMelllaTbCH BM9CTe C HHM npH noMOIIlH rH6KOI'O Bana 18. 0TpOCTOK C pe-

30HaTOpOM 3aKpbiT TOHKOCT9HHblM CTaKaHOM 19 H3 H9plKaJ.eiOWell CTanH, a 

a30THblll SKpaH 10 - M9.QHblM CTaKaHOM 20. 0(5e nt liKH 21 repMe-

TH'IHbl H BbmonHeHbi cnnaBOM By.z:ta .QnH Toro, 'IT06bl H•l neperpeBaTb Kpac-

Tannbl npH c6opKe. MHOI'OKp8THble BCKpblTHH STOI'O yana .Q IH CM9Hbl KpBCTan-

noB noaBOnHnH HaM y6e.QHTbCH B .QOCTaTO'IHOll Ha.QelKHOCTII npH renHeBbiX 

TeMnepaTypax naeK, BbmonHeHHbiX cnnasoM By.z:ta. MeJK.z:tY aaoTHbiM aKpaHOM 

10, 9Kp8HOM p!I.QHaTOpa 11 H I'9nB9BbiM OTpOCTKOM HM910T ~H CTanbHbl9 HI'Onb

'laTbl9 pacnopKH, o6ecne'IHBaiOIIlH9 He06XO.QHMYIO lK9CTKOC1 b KOHCTpyKUHH. 

Me.QHblll HapylKHblli KOJKYX 22 OKaH'IHBaeTCH anJOMHHH9BblM CTaKaHOM 28, npHK

neeHHblM anoKCH.QHOll CMonoll. B o6naCTH npoxoJK.QeHHH ny•:Ka 'laCTHU cTaKa

Hbl 20 H 28 HM910T TOHKOCT9HHb19 OKHa H3 M9.QHOli H anJOJ>..HIIH9BOli ljlOnbi' 

TOniUHHOli 0,15 H 0,25 MM COOTB9TCTB9HHO, a CTaKaH 19 HM99T KOnbU9BYI9 

npOTO'IKYo 

llnH oxnaJK.QeHHH renaesoro 6aKa c oTpocTKOM OT aaoTHOll .1:10 renae

soll TeMnepaTypbl pacxo.z:tyeTCH ·oKono 6 n JKH.QKOro renaH. 3aTeM B renaesblll 

6aK aanasaeTCH 9 nHTpOB renHH, H3 KOTOpblX OKOnO 8 nHT~OB HCnapHIOTCH 

npH OXnaJK.Q9HHH .QO TelltnepaTypbl 1 ~. 0CT8BW9I'OCH renH.I XBaTaeT Ha ·8-10 

'18COB pa60Tbl npH HenpepbiBHO BKni0'19HHOM C.B.'Io reHepa1 Ope. 
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vlcrrapeHHe renHSI 3a C'leT rrapa3HTHoro rronaona Tel :na ( 6e3 BKmo'!eHHSI 

c.B.'I. I'eHepaTopa) COCTBB/lS!eT I!pH61lH3HTellbHO 50-60 llHTpOB ra3006p83HO

I'O rellHSI B qac. 

3. renHeBbie KOMMYHHKBUHH 

CxeMa renneBbiX KOMMYHHKauull rroKa3aHa ua puc. L <l>opBBK:VYMHbill 

uacoc I (Tuna BH-461) cny)!{HT nm1 Ha'!anbuoll OTKa'IKH J6oux saKyyMHbiX 

06'beMOB KpHOCTaTa. nepellHBBHHe )!{HnKOI'O re/lHSI H3 CTaHnapT!!Of'O cocyna 

n10apa 3 ( THI!a Cn-1) OCyrueCTBilS!eTCSI C IIOMOIUb!O cu<tJo! :a 2 non nasneHHe'' 

ra3oo6pa3Horo renHSI, nocTynaJOmero a cocyn n10apa 'lep ?3 penyKTop 4 H 

830THYIO noaymKy 5. naaneHHe ra3a KOHTpOilllpyeTCSI Mat OBaKyyMMeTpOM 6 Il 

COCTaBnS!eT BenH'IHHy 0,05 - 0,15 BTM HB pa3nH'IHbiX CTa IHS!X 38/lHBKH. 

J1crrapSI!OWHHCSI H3 KpHOCTaTa rellHM nocTynaeT 'lepe.J U - o6pa3HbiH MBC

IlS!HbiM pacxonoMep 7 B ra3ronbnep 8. 

0TKa'!Ka I!BpOB rellHSI I!pOH3BOnHTCSI IIO Tpy6e 10 nH3MeTpOM 350 MM, 

nnHHOM OK0/10 20 MeTpOB, CO CKOpOCTb!O 1500 llHTpoa/CeK npH naBileHHH 0,1 MM 

pT.CT. nayMSI HacocaMH II H 12 (THI!a nBH-1500 H BH-~). 

ra3006pa3HbiM renull, co6paHHbiM B I'83I'Oilbnep, rrept !KB'IHBaeTCSI MeM-

6paHHbiM KOMnpeCCOpOM 13 (THna MK 2,5/200) B CTaHnaJ•THbie 40-llHTIJOBbJe 

6annOHbl H OTI!paBilS!eTCSI HB 0)!{H)!{HTellbHYIO CTaHUHIO. 

4. 3neKTpOMBI'HHT 

CTaHnapTHbill aneKTpoMarHHT Tuna cn-56 6hin rrepeJ enaH a C-o6pa3-

Hbill. Ero KaTymKH C61lH)!{eHbl no paCCTOSIHHSI Me)!{ny HHMH 120 MM H ycTaHOB

neHbl KOHH'IeCKHe I!Oil!OCHbie HaKOHe'IHHKH H3 MSII'KOM CTB/1 I. HauMeHbWHM nua

MeTp HaKOHe'IHHKOB - 470 MM, 3a30p Me)!{ny nonJOCBMH - 80 MM. TaKaS! ne

penenKa 3/leKTpOMai'HHTB Cn-56 n03BOfiHna nony'IHTb B UEHTpe 3830p8 I!Oile 

20 K3 npH TOKe B KaTyWKaX 320 aMnep. 

npH BKil!O'IeHHH aneKTpOMai'HHTa Me)!{ny I!Oil!OC8MH Bt 13HHK8eT 3Ha'IH

TenbHaSI CTSII'HBaJOWBSI CH/la, ne<tJopMHpyiOWaH 3830p. no3Tt>My nnSI COXpaHe

HHSI 3a3opa H rrapannellbHOCTH nOil!OCOl B 3a3op 6binH BCT lB/leHbl nae UHilHHn-

9 



pH'IeCKHe pacnopKH H3 AJOpanJOMHHHSI JlHaMeTpOM 1QQ MM, 3Ta Mepa n03BOnH-

na nony'IHTb e Mecre pacnono*eHHH MHWeHH o6nacTb MarHHTHoro nonH c yc

TOli'IHBOli HeOAHOpOJ!HOCTbJO He XY*e 10-4 (pHC. 5). 

flOMHMO 06bi'I~Oli aneKTpOHHOli CTa6HnH3aUHH TOKa MOTOp-reHepaTopa, 

ITHTaJOIUero aneKTp< MarHHT, npHMeHHnaCb CTa6HnH3aUHSI MarHHTHOrO nonS! C 

nOMOIUbJO SI,M,p. 8 Ka'leCTBe .QaT'IHKa CHrHanOB SI.M.p. HCITOnb30Ba.'lCSI He.QO

B036Y*AeHHblli aBT< •AHH, rrO.Q06Hbili OrrHCaHHOMY B pa6oTe /2/, C naMrroli, 

pacnono*eHHOli aenocpe.QCTBeHHO e aaaope aneKTpoMarHHTa. naT'IHK eoa6y*-

.QaeTCSI BbiCOKO'IaC10THbiM OrrOpHbiM HarrpH*eHHeM O.QHOli H3 rapMOHHK KBap

ueeoro reaepaTopa KfB qepea wHpOKononocHbili ycHnHTenb YP-3M, (eM. 

pH C. 1). HacTpOHK< I KOHTypa AaT'IHKa Ha HY*HYJO rapMOHHKY OCyiUeCTBnHeT

CSI c noMOIUbJO eap~Kana E7-E, 'ITO noaeonReT ynpaenRTb AaT'IHKOM AHCTaH-

UHOHHO. 

flocKonbKY r1 pMOHHKH oT reaepaTopa KfB HAYT 'lepea 1 Mru, a e aM

nyny AaT'IHKa Han! Ta 06bi'IHaH BOAa, paCCTOHHHe Me*AY COCeAHHMH CTa6HnH-

3HpyeMbiMH 3Ha'le!lHSIMH MarHHTHOrO nong COCTaBnHeT 235 apCTeA. nng TOrO 

'IT06bi CAenaTb C1 a6HnH3HpyeMyJO BenH'IHHy nong HerrpepblBHOH, 'lepea Mo

J:{ynHUHOHHbie KaTyi~KH J:{aT'IHKa BMeCTe C CHHyCOH.QanbHbiM TOKOM (50 ru) 

rrponyCKaeTCH He6c nbWOH nOCTOHHHbiH TOK / 3 /, KOTOpb!li C03.QaeT B MeCTe 

pacrrono*eHHH KaT;'WKH AaT'IHKa C o6pa3UOM He60nbWOe MarHHTHOe none ~H, 

HarrpaeneHHOe ITO ~nH rrpOTHB OCHOBHOrO ITOnSI, 

nerKO BHAeT:,, 'ITO CHCTeMa CTa6HnH3aUHH 6yAeT ITOAAep*HBaTb HeH3-

MeHHOH CYMMY Hni pa3HOCTb H 
0 

H ~H , YAOBneTBOPSISI ycnoBHJO 

y(H +~Hlaw 
o- n 

rAe ;' - rHpOMar HHTHOe OTHOWeHHe ITpOTOHOB, W 2rrf - 'laCTOTa n -
n 

rapMOHHKH rea epa ropa KfB. 

TO'IHOCTb CT 36HnH3aUHH, rrpHCyiUaSI MeTOAY CTa6HnH3aUHH ITO H. M.p., ITpH 

3TOM r.paKTH'IeCKH He HapywaeTCH, TaK. KaK J:{a*e J:{nSI C03J:{aHHH MaKCHManb

HOrO BCITOMOraTenbHOrO ITOnSI ~ H MaKC. ! + • 235 3 Tpe6yeTCH TOK 

ITOpSI.QKa 100 Ma, WTOpbiH 
0 

J:{OCTaTO'IHO nOJ:{Aep*HBaTb C TO'IHOCTbJO 1%, 'ITO 

MO*eT 6b!Tb nerK) OCyiUeCTBneHO C ITOMOIUbJO 06bi'IHOrO BbiiTpHMHTeng, CTa-

6HnH3HpOBaHHOrO 10 HarrpgmeHHJO, 

10 
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1 2 3 4 5 ~.M. 
l I I I I 

Pl!c.5, PacrrpeneJBHI!e MarHI!THoro non11 B cpenaell nnocKOCTI! 3a3opa nepe
n€maHHoro 3l18KTpOM8J:'HIIT8 Cn-56, none B ueHTpe - 20000 3pCT8Jl, 
lllllppbi - < •TKliOHeHI!e OT l!Ol!S! B U8HTpe ( B 3pCT8Jl8X), 

12 



TaK KaK ueHTpanbHBH 3oHa aaaopa sneKTpoMarHHTa aaHHTa caMoA MH

weHbJO, To aaT'IHK H.M.p. pacnono)l(eH c5oKy B cnaaa10we" none. nosTOMY 

OH CH85)1(eH K8TYWK8MH ):lnH KOMneHCSUHH rp8AH6HT8 MarJIHTHOro nonH, no-

A05Hh!MH OnHCSHHhlM B /2/, 

llnHTenbHSH CT85HnhHOCTb nonH, nony'leHHSSI C nOMCWblO OnHCSHHOA CHC-

TeMhl, COCTaBnS!na"' 5,10-5 npH H 0=20 K3, 

Ha pHc. 6 npHBeaeHa npHHUHnHanbHaSI cxeMa aaT'IHHa SI,M.p,, a Ha pHc.7 

npHHUHnHanbHSSI CXeMa 5nOK8 perynHpOBBHHSI TOKB B KOM19HCHpy!OWHX Ka

TYWK&X ( 5,p,T,), KOTOphlA COCTOHT H3 <jJaaoapawaTenSI ( Tl 8H3HCTOphi T1- T3), 

CHHXpOHHOrO .lleTeKTOpa - (T 
4 

t- T 9' J:IHO):Ihl ll1, ll2) H H( nocpe):ICTB9HHO CXe

Mhl perynHpoaaHHS! TOKa B KOMneHCHpyJOWHX KaTywKax (T 11 - T 16 ). Pene 

TOKa PI cny)I(HT anSI npeaoxpaHeHHSI OT Bh!XOA8 H3 CTpC Sl Tp8H3HCTOpOB 

T 11 - T 14, Korna B KOMneHCHpyiDWHX KaTywKax nol!Bnl!e'I CSI 3Ha'IHTenbHal! 

3,J:I,C, ( npH pe3KHX Kone5aHHSIX nonS! HnH 8B8pHHHOM OTKn O'!eHHH sneKTpO

MarHHTa). 

KaK npaBHno, npHMeHS!nacb 'lacToTa Moaynl!UHH 50 r ~pu. fny5HHa Mo

aynl!UHH nonS! COCTaBnS!na 2-3 WHpHHhl nHHHH SI,M,p, 

5, C.B.'I. CHCTeMa 

B Ka'IeCTBe c.B.'I. reHepaTopa Hcnonbaoaanacb nar1na o5paTHOA aon-

Hhl (n,O,B,) MOWHOCTblO OKOnO 1 BT H C ,\,. 4 MM, CBSI3b C pe30H8TOpOM ocy-

weCTBnl!eTCSI BOnHOBOAHOA nHHHeA nepeaa'IH. 

8 CBSI3H C TeM, 'ITO nOTepH C,B,'!, 3HeprHH B BOnHOEOAe OCHOBHOrO 

Ce'le.HHSI (1,8x3,6 MM) HeaonyCTHMO BenHKH, B OnHChiB86MOA KOHCTpyKUHH 

I 
npHM6H6H BOnHOBOA 5onbwero Ce'leHHH 4,3 X 10,7 MMo nepeQ8'18 3HeprHH no 

TaKOMY BOnHOBOAy ocyweCTBnHeTCH BOnHoA THna H 01 

.. 
< BeKTOpOM E 

napannenbHhiM WHpOKOit CT9HKe, (npH nepeaa'le 3HeprHH no BOnHOBOAY OCHOB-

HOrO Ce'leHHSI BOnHoit OCHOBHOrO THil8 H 10 , 

KOit CT9HKe) o 

.. 
B9KTOP E napanneneil ya-

KaK IlOK838HO B pa5oTe /4/, TeopeTH'I9CKH9 noTepH II TSKOit nHHHH ne-

pe):IS'IH H8 '18CTOT8X -7~U npeHe6pe)I(HMO MBnhi no Cp8BH 3HHIO C IlOTepHMH 

B BOnHOBOAe OCHOBHOrO C9'19HHSI, 
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npeo6pa30B8HH•! BOnHbl B BOnHy H 01 ocymecTBnSieTCSI c rro-

MOmbiO rrnaBHOro lie! eXOAa OT BOnHOBOA8 C Ce'IEiHHeM 1 ,8 X~ ,6 MM K BOnHo

BOAy C Ce'leHHeM 4,< X 10,7 MM, npH 9TOM Y3K8SI CTeHK8 Manoro BOnHOBOA8 

rrepeXOAHT B ll!HpOKy 0 CTeHKy 6onbmoro BOnHOBOAa, nmfHa rrepeXOA8 75 MM, 

H3rOTOBneH OH H3 M!AH MeTOAOM ranbB8HOITnaCTHKH, 

C UenbiO yMeHJ ,meHHSI IIOABOA8 Terrna K renHeBOMY 6aKy cpeAHSISI '18CTb 

BOnHOBOA8 BhiiTOnHeH 1 H3 Hep>KaBeiOmell CTBnH (eM. pHc. 2). TonmHHa cTeH-

KH - 0,25 MM1 BHYTJ >eHHSISI IIOBepXHOCTb 

rrepena'IH - He 6one•! 3 n6. 

06MeAHeHa, noTepH B Hamell nKHifif 

CBSI3b pe30H8TJpa C BOnHOBOAOM ocymeCTBnSieTCSI T8KHM >Ke BOnHOBOA-

HhiM rrepexonoM, Ko. ITponb HaCTpoliKH ocymecTBnSieTCSI no BenH'IHHe oTpa>KeH-

HOlt MOmHOCTH, nnSI 9TOll uenH KCITOnb3yeTCSI H81IpaBneHHbJll OTBeTBHTenb 

H0 2 , AeTeKTOpHal: ronOBKa n2 if MHnnHBOnbTMeTp HnH OCUHnnorpacp IIOCT0-

SIHHOrO H81IpSI>KeHHSI, 

0AH8KO OIIblT I:OK83an, 'ITO TmaTenbHOll H8CTpOliKH pe30H8TOpa He Tpe-

6yeTCSI1 T,K, IIpH YK l38HHhiX pa3MepaX IIO'ITH UOnHOCTb!O aarronHeHHbill KpHC-

TannOM pe30H8TOp SBnSieTCSI MHOrOMOAOBbiM1 H B HeM Bcerna cyme-

CTBYIOT OAHH HnH H€ CKOnhKO THIIOB KOne6aHHll 1IpH n1060M ITOnO>KeHHH IIOpmHSI, 

KpoMe Taro, B6nH3~ a.rr.p. MarHHTHbie CBOliCTB8 KpHCTanna CHnbHO H3MeHSI

IOTCSI1 Bbl3b!B8SI AOII•>nHHTenhHyiO rrepecTpOliKy pe30H8TOpa. l.J:aCTOTH8SI MOAY

nSIUHSI C,B,'I, reaepa ropa, He06XOAHM8SI AnSI pa60Tbl 8BTOM8TH'IeCKOll IIOACTpOli

KH ero '18CTOTbl 1 OK !1.3biB8eTCSI BeCbM8 ITOne3H0~ 1 IIpH 'K8'18HHH' '18C-

TOTbl B036y>KA8IOTCf CMe>KHbie THIIbl KOne68HHll, paBHOMepHO o6ny'laSI MHKpo

BOnHOBblM rroneM B€ Cb 06'beM KpKCTanna, 3TO IIpKBOAHT K HeKOTOpOMY yBenH

'IeHHIO M8KCHM8nhHO ~ BenH'IHHbl ITOnSipH38UHH H yBenH'IeHHIO CKOpOCTH ee H8K8'1KH, 

ABTOM8TH'IeCK lSI UOACTpOliKa '18CTOTbl (a,IT,'I,) pa60T8eT ITO MeTOAy 

'18CTOTHOll MOAynSIU!H CT86HnH3HpyeMOrO reaepaTOpa /5!, 

HanpSI>KeHHe II!TBHHSI K n,O,B, UOABeAeHO 'lepe3 APOCCenh np (cM.pHC,1 ), 

0AHOBpeMeHHO K n,<>,B, 'lepea KOHAeHC8TOp C UOABeAeHO He6onhmoe rrepe

MeHHoe H81IpSI>KeHHe C '18CTOTOll 50 KrU, KOTOpoe Bhl3biB8eT '18CTOTftYIO Mo

nynSIUHIO n,O,B, C M!l.noll AeBH8UHell '18CTOTbi, l.J:aCTb C,B,'I, MOmHOCTH 

rrpH IIOMOmH H81Ip8E neHHOrO OTBeTBHTenSI HOI IIOABOAHTCSI K OIII :">HOMY pe-

30H8TOpy OP H ne'IeKTOpy n1. npH OTKnOHeHHH cpenaell '18CTOTbl n.o.B. OT 

16 



co6cTBeHHOi'I 'IBCTOTbi OP, B Harpy3Ke 111 nosiBnSieTCll nepeMeHHOe Hanpll)l{eHHe 

C '18CTOTOil 50 KI'U, 

3TO H8I1pSl)l{eHHe, DMI1flHTyaa H ~838 KOTOpOI'O 38BHCIT OT Be/lH'IHHhl H 

HanpaB/leHHSI yxoaa '18CTOThl ll,O,B., yCIWPIIHOe pe30H8HCHbl M yCH/lHTelleM, 110-

aaeTCSl B CHHXpOHHblH LleTeKTOp (c,JJ,), rae BL1pa6aTblB1leT :Sl CHI'Ha/1 OWH6KH, 

nocne/lHHil BBO[lHTCSl B CT116HI1H3DT0p HDI1fl>l)l{eHHSl I1HT8HHSl /l,O,B., B03Bp811!8Sl 

ee cpeaHJOIO 'laCTOTY K co6cTaeHHOil 'laC ToTe OP. 

feHepaTOp 50 KI'U, pe30118HCHblii yCH/lHTe/lb H CHHXpO !llhiH aeTeKTOp KOII

CTpyKTHBHO Bhll1011HeHLI B BHL!e ·OL!HOI'O 6110Ka, 11pHHUH11H8/lbii8Sl CXeMa KOTOpOI'O 

npHBeL!eHa H8 pHC, 8. 

Ha11paane11Hble OTBeTBHTenu 1101 H 110 2 C K0:3<jJ<jJHUf!eHTOM OCila6neHHSl 

12-15 n6 B3SlTbl H3 KOM1111eKT8 BO/lHOBOL!HbiX yCTpOiiCTB 30-3. 0110pHLiii pe30-

H8TOp OP HMeeT no6pOTHOCTb Q"" 103. 11eTeKTOphi .U
1 

H 112 - THna 11-407. 

6. l13MepeHHe I1011SlpH38UHH 

l13MepeHHe I1011SlpH38UHH npOH3BOL!HTCSl 110 yaellH'IeHHI J HHTeHCHBHOCTH 

curHana f!MP. nonSipH3aUHll npoToHoB P, no onpeneneHHIO pas Hall 

rne N + H N - 'IHC/10 IIpOTOHOB B COCTOSlHHH C npoeKUieii CI1HH8 IIO H npo-

THB IIO/lll 0 C npyroi! CTOpOHbi, paBH8 

P s const fx"dw ... , (I) 

rne x"- MHHMall 'laCTb panHO'I8CTOTHOH BOCIIPIIHM'IHBOCT I npoTOHOB B LMN 

x• x'- ix" 
x" - onaChiBaeT nornomeHue (ami acnycKaHae - B < nyqae oTpauaTenb

HoA I1011SlpH38UHH) :3Heprllll, KOTOpoe MO)I{eT 6hiTb 06Hapy)l{ ~HO MeTOll8MH 

Sl,M.p. 

B HaweM cnyqae Ha6nJOneHue curHanoa H.M.p. npouasonunocb Ha qac

TOTe 85 Mru MeTOL!OM Q - M9Tpa /6/, 11nH :3TOI'O B pe30 18TOpe IIMeeTCSl 

OIIHC8HH8Sl BbiW9 paL!HOKaTyWKa (eM. pll<;. 3), KOTOpall IIpll 80eL!IIHSleTCSl KOaK-
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I A 
CHSnbHblM K86eneM JlnHHOll, KpSTHOll Y7_ • -.

2
- , K. KOHJleHI:STOpy C H8 BXOJle 

Q - MeTpa, o6pa3yR KOHTyp R.M,p, · _1.., .- K034J4JHUHeHT y~ OpO'IeHHR BQnHbl 

Yf 
B ll8HHOM Ka6ene, onpeJlenReMhlll 3KCnepHMeHT8nbHO. 

Xopowo aaseCTHO, 'ITO HMrrellaHc Z napannenbHoro KOHTypa LC 

C napaMarHHTHblM BeWeCTBOM B none KSTYWKH MOJKeT 6bl1 b npeJlCTSBneH 

BblpSJKeHHeM! 

_l __ 

rae x =X ' - i X " 

¢HUHeHT aanonHeHHR. 

z 
+ icu C, 

r + i w L (I + 4 "'I X 

• a H 1f - COrrpOTHBneHie KSTYWKH H K034>-

8 MeTOJle Q - MeTpa KOHTyp cna60 CBR38H C Bh!COK )'18CTOTHblM reHe-

paTOpOM, H nocneJlHHll RBnReTCR KSK 6hl reHepaTopOM TOKa, npH 3TOM Bb!Co-

KO'ISCTOTHOe HanpRJKeHHe Ha KOHType paBHO 

v ~ J z. 

Korlla HacTynaiOT ycnosHR R.M.p., TO OTHOCHTenbHOe H3Mel·eaae Z KOHTy-

pa H, CneJlOBaTenbHO, OTHOCHTenbHOe H3MeHeHHe HanpRJKeH~ R Ha HeM MOJKeT 

1='-. 6b1Tb npeJlCTaBneHO B BHJle 

z 
0 

-Z(w) V
0

-V(w) X"(w) x'\ol v(w) 
+ 

W"'(w))
2

' 
---. 

z 0 vo + X"(w) 2 v 
0 

rile zo H Vo - HMITellSHC H HanpRJKeHHe Ha KOHType B OTCyTCTBHe HeM•P• 

X '(w) = 4"1f Q X' (w) 

X" (w). 4"1f Qx" (w ), Q - Jl06p01HOCTb KOHTypa. 

YneH 
X" (w) 

RBnReTCR rnaBHOH 'ISCTbiO 3TOrO HblpaJKeHHR. npo-
+X" (w) 

H3Be}leHHe 1f Q MOJKHO Bb!6paTb TSKHM, 'ITO npH M8KCHM8 'lbHOH nonRpH38-

UHH sena'IHHS X" (w ) = 4"1f Q X" ( w) 6yJleT "'0,1 fo 0,2, lpH 3TOM BKna}l 

v (w) 
B H3MepReMyiO BenH'IHHy 

v 0 
OT OCTSnbHhlX '!neHOH 6y}leT "' 1,5 fo 3%, 

H HMH MOJKHO npeHe6pe'lb, 
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3JleCb yMeCTH! • OTMeTHTb, "'TO CTpeMHTbCSI K rrony"'eHHIO Jl06pOTHOCTH 

KOHTypa Bh!We 50 H•! cnenyeT, TaK KaK IlpH 9TOM 38TpyJlHSieTCSI H3MepeHH9 

BbiCOKOlt OTp·HUaTem HOlt IIOnSIPH38UHH IIpOTOHOB H3-38 M83epHOI"O a<f><f>exTa, 

TaKHM o6pa30J~, Mhi rronaraeM: 

3nech 
v(w) 

Yo 

v(w) X" (w) 

vo 1 + X "(w) 

- H31v epS19M8SI aenH"'HHB, IIpH"'eM V (w) OIIHChiBaeT <f>opMy 

Ha6niO)laeMOI"O CHI" HE na SI,"M,p, (rrornoweHHSI .HnH HCIIYCKaHHSI), 

l1HTel"pHpOB8HH 3 Bblpa)l{eHHSI (2) )l8eT HaM HeKOTOpyiO aenH"'HHY P' 

KOTOpaSI MO)I{eT cnyll HTb Mepoli IIOnSipH38UHH 

p• 
~ v(w) 

J 
417., Q x"<w) 

dw = J --...:...;~--- dw , , , , 
1+4TT?JOx"<w> v 

0 

BaeneM H3Mep.eHHhili xoa<l><!>HUHeHT yaenH"'eHHSI rronHpH3aUHH 

E 
H3M, 

p• 

p• 
0 

(2) 

(3) 

(4) 

I")le P'
0 

- BenH"'HHa, IIony"'eHHBSI IIpH HHTel"pHpOB8HHH CHI"Hana SI,M,p, B Teii-

noBOM paBHOB9CHH, KOI"Jla IIOnSipH38UHSI H3BeCTHa H paBHa: 

- th 
JLHo H o 

--;a;-· 
-7 

10 
0 kT 

CpaBHHBaH Bhipall!eHH ~ ( 1) H (3 )1 nerxo BHJleTb, "'TO rrpH Bhicoxolt rronHpHaa-

UHH, BCne)lCTBHe Hem HeltHOlt CBSI3H v (w) H x"(w) , aenH"'HHa E HaM. 

IIOnyqaeTCSI HeCKOnbK•l 38HH)I{eHHOli )lnSI IIOnO)I{HTenbHOlt IIOnSIPH38UHH H H9C

KOnhKO 38BhlWeHHOli tnSI OTpHUaTenbHOlt, !1CTHHHhllt K09<l><!>HUH9HT yaenH"!eHHSI 

IIOnSIPH38UHH MO)I{eT { b!Tb rrony'leH BBeJleHHeM IIOIIpaBKH BHJla: 

(5) 

B pa6oTe 
171 

cnenaa TeopeTH"'eCKHlt aaanHa pa60Thi Q - MeTpa H paCC"'H-

TaHhi rrorrpaaxH 8 o: y"'eTOM IIapaMeTpOB KOBKCHanbHOI"O Ka6enSI H BnHSIHHll 
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AHcnepCHH )( '(cu) • <I>OpMa nHHHH li.M.p. OT ilOnl!pR30Ba.!HhiX ilpOTOHOB B 

LM N 6hina HMHTRpOBaHa CYMMOit Tpex rayCCOBCKRX nRHt it. 

BenR'IRHY 8 MOJKHO nony'IRTb npa6naJKeHHO, npoa 3All ynpomeHHhiil 

aHanaa pa6oThi Q - MeTpa 6ea y'leTa ana l!HRll AHCnepcH ~ a napaMeTpoa Ka-

6enll, 3aM9HHB peanbayiO <flopMy nRHHH li.M.p. OARHO'IHOit IIOpeH!lOBCKOil nRHH

eit (6nOXOBCKall BOCilpRHM'IHBOCTb): 

CneAyll TaKOMY ynpOIUeHHOMY aHaf!H3y, MOlKHO nony lHTb BhipaJKeHRe Anll 

E B BRAe ,. 
E=E 0+..!.. 

R3M. -· 2 

cneAoaaTenbHO, nongpHaauall 6yAeT pasHa 

Y (cu *) 

v· 
0 

v (cu*) 
P=E 0+.1.---lP 

H3M. ·- 2 V 0 ° 

l, 
(6) 

I. (7) 

I'Ae 3HaKR + H - OTHOCl!TCll COOTB9TCTBeHHO K nonOJKRTe.~HOit H OTpR!laTenh-

Holt nonl!pR3a!lHH, p 0 - H3BeCTHall ilOnllpR3a!lHll B T9lln<•BOM paBHOBeCHR, a 

v ( cu*) 6epeTCll paaHoit aMnnHTyAe HaH6onbwero H3 llHKOB peanbHO Ha6niO

AaeMoit (Ha aKpaHe OC!lHnnorpa<fla, CM. pac. 9) cjlopMhi ~HI'Hana li.M.p. 

Ha pHC. 10 H 11 npeACTaaneHhi 3Ha'leHHll nonoJKHTEnbHoit H OTpHuaTenh

Hoit nonllpH3a!lHH, llOAA9plKHBaeMOit B Te'leHHe HeCKOnbKH ( 'laCOB B MHWeHH. 

rHCTOI'paMMa - nongpH3a!lHll, Bhl'IHCneHHall H3 H3MepeHHll aCHMMeTpHH B yn

pyl'OM p- p paCCel!HHH Ha yron 180° (c.u.H.) llpH SHe JI'HH HaneTaiOIUHX 

npoTOHOB 680 Maa. 

KaK BHAHO, COBllaA9HH9 BllonHe YAOBneTBOpHTenbHOn. 
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PHC,9, CHrHan SI,M,J:., COOTB9TCTBYIOIUHA nonOlKHTenbHOA llOnS!pH38UHH npo

TOHOB B KpHC Tanne LMN, 

7, 0nHC8HHe 

I 

Q - MeTpa H BCilOMOI'aTenbHbiX 

ycTpOACTB 

npHHUHUHanbH8H CX9M8 Q - M9Tpa, BbinOnHeHHOI'O B BHA9 OTAenbHOI'O 

6noKa, npHaeneHa Ha JHC. 12. BbiCOKO'IaCTOTHoe HanpHlKeHHe oT B,'l, reHe

paTopa (n la) 'lepea o'leHb ManeHbKHli ( < Imp) KOHAeHcaTop nonaeTCH Ha 

KOHTyp H,M,p, 8,'1, reHepaTop CH86lKeH CTa6H nH38TOpOM aMnnHTYAbi B,'l, 

BKnro'leH aapHKan 

57-B, KOTOpbili cnylKHr AnH AHCT8HUHOHHOI'O ynpaaneHHH '18CTOTOA B 38BHCH

MOCTH OT pelKHMa pa6 JTbl, 

HanpHlK9HHe Ha I OHType H,M,p. ycHnHBaeTCH. nonoCOBbiM ycHnHTeneM 

(fls - fl10 ), COCTOH!UI M H3 TpeX paCCTp09HHbiX 'ABOOK' H HM9IO!UHM rrnoc

KyiO aepiUHJI¥ ( OT 83 ~ o 87 Mru) 'laCTOTHoA xapaKTepHCTHKH /8,9/, KaTOA

HbiA llOBTOpHTenb (fl4 ) cnylKHT AnH cornaCOB8HHH BXOAHOI'O COilpOTHBneHHSI 

ycHnHTenH C KOHT~pOM SI,M,p, 
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Ko3¢¢auaeHT ycaneHHH ITonocoBoro ycHnHTenH BMecTe c KaTOAHbiM noB

TopHTeneM COCTaBnHeT rrpHMepHO 200-250. Taxoe yCHneHHe Bb!6paHO ITO cne

AYIO!UHM C006pa:>KeHHHM: B.'l. HarrpH:>KeHHe Ha KOHType H.M.p 06bi'IHO COCTSB

nHeT BenH'IHHy IIOpHAKa 5 MB (rrpH HaiTpH:>KeHHH >10 MB ITpCIICXOAHT HaCbiiUe

HHe CHrHana H. M.p.), a AnH TOro, 'IT06bi AHOAHbiH AeTeKTO! n Ha Bb!XOAe 

YCHnHTeng pa6oTan Ha nHHeHHOM y'ISCTKe CBOeli xapaKTepHCTHKH, He06XOAH

MO, 'IT06hi ITocneaHHli pa3BHBan aanpH:>KeRHe He MeHee I B01hTa.3THM H oiTpe

aenHeTCH yKe3aHHSH BenH'IHHa K03¢¢HUHeHTa yCHneHHHo 

npoaeTeKTHpOBaHHbiH CHrHan ycHnHBaeTCH ycHnHTeneM HH3KOH '!aCTO

Tbl (!Ilia) H '!epe3 KaTOAHbiH IIOBTOpHTenb (!1 116 ) ITOAaeT<:H ITO Ka6emo Ha 

nynhT ynpaBneHHH MHWeHhiO, KOTOpb!H HaXOAHTCA Ha paCCTO 'IHHH OKono 70 

MeTpoB or ITocneaHeli. 

8 KOHTyp H.M.p. TaK:>Ke BKniO'!eH BapHKan E7-E, KOTO! hili cny:>KHT ang 

AHCTaHUHOHHOli IIOACTpOHKHo 

H a3Ha'leHHe naMITbl [(l2 6yaeT IIOHCHeHO HH:>Ke. nng O( eciTe'!eHHH MHOrO-

'ISCOBOH CTS6HnhHOH pa60Tbl Q- MeTpa ero rrHTaHHe, BKmo· Jag HaKan naMIT, 

OCyiUeCTBnHeTCH OT CTa6HnH3HpOBaHHbiX HCTO'IHHKOB. 

Ha pHc. 13 npHBeaeHa ITPHHHUHrraanbHaH cxeMa 6noxa fiTpaBneHHH (6.y.) 

pe:>KHMOM pa60Tbl Q- MeTpa. 

B 6.y. Bbipa6aThiBaeTCH ITepaoaaqecxoe nanoo6paaHoe 1aiTpH:>KeHHe, xo-

Topoe IToaaeTCH Ha BapaxaiT B KOHType B.'l. reaepaTopa; n•·pHOAH'IeCKH H3-

MeHHH ero qacToTy. B aaBHCHMOCTH oT xapaKTepa nepaoaH~HOCTH B03MO:>K-

Hbi cneayiOIUHe pe:>KHMbi pa6oTbi Q - MeTpa: 

I. 3aiTHCh ITpOH3BOAHOH CHrHana H.M.p. OT npOTOHOB B LMN 

CSMOIIHCUa 3nn-Q9. 

Ha neaTe 

2. Ha6niOaeHHe CHraana H.M.p. - v ( w l aa 3KpaHe ocuannorpa¢a H 
T 

OAHOBpeMeRHaH 3aiTHCh Ha 3nn-Q9 K03¢¢HUHeHTa <!>yphe a
0 

• _!_ f v( t ') d t' 
T o 

npH nepHOAH'IeCKOil pa3BepTKe '!aCTOTbl 50 ~ . 

3. AHanoroBoe HHTerpapoBaHHe CHrHana H.M.p. npH penxoi! paaBepTKe 

'ISCTOTbl ("' 1 ~ ). 
cex 

4. 0AHOKpaTHS51 pa3B9pTKa 'laCTOTbi, HCIIOnhayeMaH ITpJ: aaHa6aTH'I9CKOM 

npoXO:>KAeHHH naaaa li.M.p. anR 6biCTporo peBepcapoBaHHH aa ITpaBneHHll ITOnll-

pH3aUHH. 
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nByxneTHHH Onhtr 3KCnnyaTaUHH MHWeHH npH npOBeaeHHH ~H3HqeCKOrO 

3KCnepHMeHT8 nOK83B.I, qTO CBMbiM yao6HbiM H 3~~eKTHBHbiM OKB3BnCH pmKRM 

2, nnH 3TOro nepeKn~>qaTenb n
1 

CTBBRTCH B nonOlKeHRe 2, npR 3TOM HB oa

Hy ~~:a o6MoToK nonHp1130BaHHhiX pene P
1

, P 2 , H P 3 (TRna Pn-5,ceMRo6Mo

ToqHhJe) noaaeTCH nepeMeHHOe HanpHlKeHRe 12 BOnbT C qaCTOTOH 50 repu. 

KoHTBKThl pene P 
1 

TIE p~~:oaHqecKR oTKpbtBaJOT R aaKphtBBJOT TpaH3RCTop Tt 

TRna Mn-9, napannen >HO KOTOpOMY noaKnJOqeH KOHaeHCaTOp C1 = 1 MK~. n~~:

noo6pa3HOe HanpHlKeHJ te, nonyqaJOmeecH npH aapHae aT oro KOHaeHCaTopa qe

pea conpOTRBneHRe R =1,0 MOM H pa3pHae qepe3 OTKpblThlil TpaH3HCTOp, 

CKnaahiBaeTCH C noCT• >HHHbiM HanpHlKeHHeM, CHHMBeMhiM C aenHTenH R
1 

- R 
4 

, 

R noaaeTCH HB BBpRKtTI B KOHType B,q, reHepaTopa. 

Ben~~:qHHa nocTOIHHoro HanpHlKeHRH o6ycnaBnRBaeT HaqanbHYJO eMKOCTb 

BBPRKana R, cneaoBaTenbHO, HaqanbHYJO qacToTy B,q, reHepaTopa. KoHTYP 

H,M,p. HBCTpBRBaeTCH Ha cpeaHJOIO qaCTOTY B,q, reHepaTOpa C nOMOIUbiO no-

TeHuRoMeTpa B aenRT• •ne , npR 3TOM HB 3KpaHe OCURnnorpa~a, 

noaKmoqeHHoro K BhiX :>ay Q - MeTpa, Ha6nJOaaeTCH xapaKTepHaH ayra na-

•pa6on~~:qecKoli ~opMbl ( Bnpeab 6yaeM Ha3hiBBTb ee npocTo ayroil), npeacTaBnHJO

IUBH co6oil BepWRHy pe30HBHCHOH KpRBOH KOHTypa H,M,p. 

Ha pRC. 9 TIOKB.:'BH CHrHan H,M,p,, COOTBeTCTBYIOIURH nonOlKRTenbHOil 

nOnHpR3BUHH ., 30% (EH3 M =150), Ha6nJOaaeMhtil Ha ~oHe ayr~~:. CHrHan 

H.M,p, npH TennOBOM JBBHOBeCRR npH 3TOM nOqTH He BHaeH, 

nyra MOlKeT 6bJ'•b CKOMneHCHpOBBHB CpBBHHTenbHO ITpOCTbiM CnOC060M, 

~BCTb ITRnoo6p83HOrO HanpHlKeHHH p83BepTKH, CHHMBeMOrO C noTeHUHOMeTpa 

R e , CyMMHpyeTC:I B TOqKe A HHTerpHpyiOJUero KBCKaaa n
26 

C npHMOy-

rOnbHb!M OTpHUBTenbH>IM HMnynbCOM TBKOH lKe anHTenbHOCTH, nonyqeHHBH 

nocne HHTerpHpOBBHHS HCKyCCTBeHHBH ayra yCHTIHBBeTCH naMnOii fl2a H no

aaeTCH Ha npaBhiii BXIla aH~~epeHuHanbaoro KaToaaoro noBTOpHTenH (fl18 

fl}6), Ha npHHUHTIHBnioHOii CXeMe 6,y, (eM, pHC, 13) nOK838Hbl ~OpMbl HanpH

)I{eHHil B pa3nHqHhlX 1 oqKaX CXeMbl KOMneHCBUHH ayrH. 

Ha neBblil BXOa lH~epeHUHBTibHOrO KBTOaHorO nOBTOpHTenH TIOCTynaeT 

C BbiXOaa Q - MeTpt CHrHan H,M,p. C ayroii. noa6Hp8H aMnTIHTyay H ~OpMy 

KOMneHCHpyiOJUeil ayr~ noTeHUHOMeTpBMH H R 101. MO)I{HO no-

nyqHTb aocTaToqao m nHyJO KOMneacauHIO H xopowo BhlaenHTb aa)l{e aeycHnea

Hbtlt CHrHan H,M,p, 
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Ha pHc. 14 noKaann BI>JilellcHHbJii TaKHM o6paaoM Hey< HlleHHblii CHrHan 

>~.M.p. npH TennonoM paBHOBeCHH. Ha pHc. 15(n) noKa3aH < HI'Han >~.M.p., ycH

neHHwii llpHMepHO B 30 paa, £l illlR Cp8BHeHH>I Ha pHC. J5(f) -TOT *C CHI'-

Han Ha ¢oHe nyrH. 

PHc.14. CHrHan >~.M.p., cooTBeTCTBylOIUHii non>IpH3aUHH liJ 'oTonoB B Tenno
BOM paBHOBeCHH • 

.lln>~ o6ecne'!eHH>I 6onee Hane•Hoii pa6oTbJ cxeMbJ Bbl} on nHqxpepeHuHanb-

HOI'O KaTOilHOI'O TIOBTOpHTellH B TipOMC*YTKaX MC*ilY CHI'H8.!8MH H.M.p. 38KO

pa'IHBaeTC>I Ha 3eM/llO c TIOMClllblO TIOII>!pH30B8HHOI'O pene F 2. nponycKa>I no

CTOHHHbiii TOK '!epea OilHY H3 06MOTOK 3TOI'O pene, MO*HO Cile/18Tb era pa-

6oTy 8CHMMeTpH'IHOii, OTKpblB8H BbEXOil K8TOilHOI'O TIOBTOpH1 en5i TO/lbKO H8 

BpeM>I npoxo•neHH>I CHrHana • 

.llanee CHI'H8/l >I. M.p. '!epe3 K811H6poBaHHbiii aTTeHl08T• lp R II - R 19 If ycH

/lHTenh (n3 n4) CO CTa6HIIH3HpOB8HHhlM K03¢¢HuHeHTOM yCHileHHH K=!QQ no

CTynaeT H8 K8TOCHb!i! liOBTOpHTenh (n45), BblXOJl KOTOpOI'C B npOMe*YTK8X 

Meli<JlY CHI'H8/18MH T8K*e 38KOp8'1HBaeTCH 118 3eM/llO C TIOI!Olllb!O KOHT8KTOB 

non>~puaoBaHHoro pene P3. 

nocKOnhKY CHI'H8/l HoM•P• v(w) npH nepHOJlH'IeCKOi! pa3BepTKe '18CTQ

Tbl Bo'lo reHepaTOpa HB/lHeTCH nepHOJlH'IeCKOii ¢yHKuHeil Bp€MeHH v ( t) C 

nepHOJlOM T, paBHbiM nepHOJlY 'lacTOTbi ceTH, OH MOll<eT 6EiTb npencTaBneH 

PHilOM <f>ypbe, npu'leM KoscjHjluuneHT <f>ypbe 

29 
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a) 

CHrHall SI.M.p., yc;meHHbili "' B 30 pa3. 

6) 

ToT >Ke CllrHan SI.M.p. Ha ljloHe nyrH. 

PHc.15. 
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T 

a ...L-J v(t')dt' 
0 T o 

rrpe.QCTBBnS!eT IIOCTOSIHHYIO COCTaBnSIJOIIlYIO 3TOH ljlyHKUHH, KOTO]'BSI MO)!(eT 6biTb 

3apei'HCTpHpOBaHa IIpH60pOM IIOCTOSIHHOI'O TOKB, HaiipHMep, Ca:~OIIHCUeM 300-09, 

KBK B HallleM cnyqae. 

0THOllleHHe IIOK838HHH 300-09 IIpH Ha6nJO.QeHHH ycHneHH' lf'O CHI'Hana 

SI.M.p. H CHI'Hana B TennOBOM paBHOBeCHH .QBeT HaM BenH'IHHy H3MepeHHOI'O 

E 
IIOK838HHe 

H3M. IIOK838iiHe 

v(w*) 

v 

300-09 

300-09 

v -v• 
0 

vo 

T 
(ycHn.) f v ycHn. (t ')dt' 

(He ycHn.)' T 

f v (t' )d t' 
0 HeycHn. 

, Heo6XO.QHM8SI .QnSI Bl l'IHCneHHSI IIOnSI-

p11aau11H no ljlopMyne (7), MO)!(eT 6biTb nony'leHa cnenyrol!liiM )6paaoM: v 
0 

KOHTpOnllpyeTCSI H8 nynhTe ynpasneHIISI ny6nllpyiOI!liiM CTpenO'I1biM IIpH60pOM, 

BKnro'leHHhiM B uerrb .QeTeKTopa Ha Bhrxone yc11n11Teng BhrcoKo :i 'IBCTOThi. B biK-

nJO'IIIB p83BepTKY '18CTOThi, IIO.QCTpOHB KOHTyp SI.M.p. H nnaBH• > H3MeHSISI Mar-

HHTHOe none, MO)!(HO 38MeTIITb 113MeHeHIIe v ( w* ) = \' 
0

- V * 
v(w*) 

\ 
0 

nng yc11neHHhiX 

B HallleM 

cny'iae HBXO.QIInaCb B npenenax 0;2 f- 0,27 B 38BIICHMOCTII OT < TeneHH nongp1138-

UIIH. 

llnS! aHanorOBOI'O IIHTei'pllpOBBHIISI HCnOnb30BanCSI O.QHH J 3 'leTbipeX pe

ll!a!Oll!HX ycllnHTeneil 6aaoaoro 6noKa aneKTpoaHoil Monen11pyro neil ycTaHoB

KII 3MY -8. OocTOSIHHaSI BpeMeHH RC 6blna paBHa 0,1 CeK. I 'eaynnTaT HH

TerpHpOBaHHSI aanHCbiBanCSI CBMOniiCUeM 30~09. 
OepeKnJO'IaTenh 01 CTBBI!TCSI B nono)!(eHHe 3, npH 3TO~ I ynpasneHIIe 

pa6oToll pene P1 P2 H acnoMoraTenbHhiX pene P 4• P5 11 Pe ocymeCTBnSieT

CSI OT Tpex O.QHOBII6paTopOB (J15, J16, J17). 

VIMnynbCOM oT nepec'!eTHoro rrp116opa OC-64, Ha sxon ·:oToporo nona-

HO nepeMeHHOe HBIIpS!)!(eHIIe C '18CTOTOM CeTII, O.QHOBpeMeHHO 3anyCK8JOTCSI 

.QBB O.QHOBII6paTOpa ( J16 II J17), a O.QHOB116paTOp ( J15) 3anyCK 3eTCSI 3a.QHIIM 

<l'f'OHTOM nMnVJJbca onaom~6paTopa (J1G ). TflKHM c>6pac'loM, c ra'!ana KOHT3K-



Thl pene P 5 38KOpa'l ~BSIOT Ha'" 10 MCeK KOHAeHCSTOp HHTerpaTopa, YHH'ITQ

JKSH aapHA, rrony'leHf hill or rrpeAhiAYIUero cnrHana. 3areM cpa6aThiBaiOT pe

ne P 1, P2 H p 
4

, H :•a 10 MCeK IIpOHCXOAHT paaBepTKa 'ISCTOThl Bo'lo reHe

paTopa, <ilopMHpyeTCf KOMIIeHCHpyiOIUSH Ayra H CHrHan H.M.p, C BhiXOAa YCH

nHTenH (n3' n
4

) IIO<TyrraeT '!epea KOHTSKThl pene P4 Ha HHTerpaTOp. nnu

TenbHOCTb HMIIynbCa OAHOBH6paTopa (n7 ) IIOA6HpaeTCH TaKOH, 'IT06bi pene 

p6 OTKniO'Iano 3nn-il9 Ha BpeMH, IIOKa IIpOHCXOAHT pa3pHA KOHAeHCSTOpa B 

HHTerpaTOpe H pa3BeOTKa 'ISCTOThi. nepo CSMOIIHC!la IIpH aTOM OCTaeTCH Ha 

MeCTe, COXpaHHH II OK ~38HHH OT rrpeAhiAYIUerq CHrHana. 

3arryCK CXeMbl •>T nC-64 Bhi3BaH TeM, 'ITO B aKCIIepHMeHTanbHOM aane 

CHHXpOilHKnOTpOHa BC3rAa HMeiOTCH aneKTpH'IeCKHe HaBOAKH C 'ISCTOTOH CeTH, 

KOTOpb!e K TOMY JKe ~oryT H3MeHHTbCH AeHb OTO AHH; IIOnHOCTbiO OT HHX 

H368BHTbCH He YASe'ICH. noaTOMY 38IIYCK pa3BepTKH 'ISCTOThl B,'l. reHepa

TOpa B IIpOH3BOnbHhl€ MOMeHTbl BpeMeHH IIpHBOAHT K paa6pocy iiOK838HHH 

HHTerparopa (Ao 10 t 15%) AaJKe B cny'lae aHa'IHTenbHO ycuneHHhiX cnrHanoB 

npu aarrycKe or nC-64 ( r.e. CHHxpoHHo c 'lacrorol! cern, c rrepec'le

TOM 1 :64) BKnaA OT . ISBOAKH CTSHOBHTCH IIOCTOHHHhiM H nerKO MOJKeT 6b!Tb 

y'ITeH Bhi'IHTaHHeM. 

npH HHTerpHpOBlHHH HeycHneHHOrO CHrHana K pa36pocy IIOK838HHH IIpH

BOAHT TSKJKe MeXaHH~ eCKHe BH6pallHH KpHOCTaTa, Bhi3B8P:Hbie pa60TOH MeXa

HH'IeCKHX HSCOCOB, M(ITOp-reHepaTOpOB H Toiio B aTOM Cny'lae nenecoo6paa

HO, BhiKniO'IHB TyM6n€ p n2, 1IpOH3BOAHTb HSKOIIneHHe CHraana, HSIIpHMep, 38 

100 rrpoxoJK.QeHHll, c 1 ocne.QyiOIUHM ero ycpe.QHeHHeM~ 

BenH'IHHa IIOnHp !381lHH TSKJKe MOJKeT 6biTb Bhi'IHCneHa IIO <!JopMYne (7), 

C BBeAeHHeM TOil JKe !IOIIpaBKH. 

TonbKO 'ITO OIIH•:aHHhiH CIIOC06 Ha6niO.QeHHH CHrHanoB SI,M.p. XOT'SI H He 

tibin OCHOBHhiM B HSWI!X aKCIIepHMeHTaX, TeM He MeHee MOJKeT 6b!Tb IIOnea

HhlM AnSI II6pepa60TKH aTHX CHrHanOB B AHCKpeTHYIO <!JopMy ('!Reno HMIIynb

COB) C IIOCne.QyiOIUHM BBe.QeHHeM B aneKTpOHHD-Bhi'IHCnHTenbHyiO MSWHHy BMec

Te C Apyrol! HH<ilopMSI:HeA 06 aKCII6pHM6HTe, 

nnSI 38IIHCH IIpOI 3BO.QHOll CHrHana S!.M.p. rrepeKniO'I8T6nb n2 CTSBHTCSI 

B IIOnOJKeHHe 4, IIpH STOM BKniO'I86TCSI MOTOpHOe '·pene, KOHTSKThl KOTOporo 

pa3MhiK8IOTCSI Ha 40 CeKyH.Q 'lepe3 KSlK.Qhie 1,5 MHHyTbi, K H81IpS!lK6HHIO paa-
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aepTKH '18CTOThl, ITOIIY'18IOUleMYCS! ITpH 3apSI.Qe KOHAeHCaTopa 50IIbUlOH eMKOC-

TH C '
1 

=2000,0 MK!jl, ITpHKII8Ab!BaeTCSI ITepeMeHHOe HaiTpH}!{eE Ke C '!8CTOTOH 

170-300 repu oT BHenJHero aayKoaoro reHepaTopa THITa 3f- · 2, Bhi3hiBaiOu!ee 

AOITOIIHHTellbHyiO '18CTOTHyiO MOAYIIHUHIO B,'!, reHepaTOpa (BIVeCTO MOAYIISIUHK 

M8PHKTHOI'O IT OilS!, KOTOpoe CTa5HIIH3HpOB8HO ITO H,M,p,), fny 5HH8 MOAYIIHUHH 

YCT8H8BIIHBaeTCSI MeHbllle IllKpHHbl IIHHHK H,M.p, 

CKrHan c BhiXOJla Q - MeTpa ycHIIKBaeTCSI H35HpaTent.HhiM ycHIIHTeneM 

THITa Y2-6 ( HIIH 86-4), HaCTpOeHHhiM Ha '!aCTOTy MOAYIIHUHI r, H ITOCTyiTaeT 

Ha CHHXpOHHbiH AeTeKTOp CLl-1, K BhiXOAY KOTOpOPO ITOJlKIIIO' teH 3nn-09, 

KoHTyp H,M,p,, KaK acerna, HaCTpaHaaeTCH aa cpeAHIO o '!aCTOTY a. 'I. 

reHElpaTopa, 

OnaaKo xopolllo H3BeCTHo, 'ITO a cnyqae '!aCTOTHoii MO lYIIHUHH a,'!, re-

aepaTopa Q - MeTpa Ha Bbtxone ITocnenaero acerna HMeeTo:H HaiTpSiiKeHHe 

C '!aCTOTOii MOAYIISIUKK, KOP):Ia HBCTpOiiKa KOHTypa SI,M.p, lie COBITanaeT C 'IBC

TOTOH reHepaTopa. nosToMy Ha neHTe caMOITHcua HyneaaH n1HHH 5yJleT aa

ITHChiBaTbCSI B BHAe AYPK, ITOBTOpS!!OUleii rjJOpMy •aeplllHHbl pe3 JHBHCHOH KpHBOH 

KOHTypa H,M,p, AMITIIHTYA8 STOH J:IYI'H Mana ITO cpaBHeHHIO C 8MITIIHTYAOH ITpo

H3BOAHOH yCHIIeHHOI'O CIH'H811a, HO OHa HeCKOIIbKO 50nbllle 811IIIIHTYAhl ITpOH3-

BOAHOH HeyCHIIeHHOI'O CHPHana, 

KpoMe Toro aapHKaiT a KOHType SI,M,p., oKa3aBillHfiCH aecbMa ITone3HhiM 

ITpH AHCT8HUHOHHOM yiTpaBIIeHHH Q - MeTpOM, SIBIISieTCSI BCe >Ke HeCTa5HnhHbiM 

SlleMeHTOM, H STO ITpHBOAHT K HeCTa5HIIbHOCTH H8CTpOHKH K)HTypa, 'ITO, B 

cao10 o'!epenh, Bhi3hiBaeT npeficjJ Hyneaoi! IIHHHH Ha neHTe. K JlpeficjJy ayneaofi 

IIHHHH ITpHBOASIT T8K}!{e BH5paUHH KpHOCTaTa, B03AeHCTBYIOUlH :'l B OCHOBHOM Ha 

KOBKCHallbHhiii Ka5enb, rrpoxonHmHii BHYTPH Hero. Llyra H OC)5eHHO npeftcjJ ay

neaoii IIHHHH 3aTpyJlHHIOT Ha):le}!{ayiO 38ITHCb ITpOH3BOAHOH He~CHIIeHHOI'O CHI'Ha-

118 >!,M.p. 

Hx BIIHHHHe B 3HB'IHTellbHOi! Mepe ycTpaHSieTCH ITpHMeJeHHeM HeCIIO}!{HOH 

CHCTeMbl 8BTOM8TH'!eCKOH ITOACTpOHKH KOHTypa ( a,IT.K,) t CXe Ma KOTOpOii ITpH

BeAeHa Ha pHC. 16, 

Pa6oTaeT a,rr,K, o6hi'!HhiM o6pa3oM: He6onbllloe aarrpH)f eHHe c '!aCTOTOH 

5 KI'U OT reaepaTopa (flt 8 ) riO):IaeTCSI BMeCTe C ITOCTOSIHHbll1 HaiTpS!}!{eHHeM 

Ha BapHKBIT KOHTypa SI,M.p,, Bbl3b!B8H He50IIblllyiO MOAYIISIUH~ 1 ero C06CTBeH

HOH '18CTOTbi, EcnH Cpenaee 3Ha'leHHe ITOCnenHeil He COBriB):IleT C 'IBCTOTOi! 
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reuepaTopa, TO ua E btxoae Q - MeTpa IIOl!BliS!eTCSI H81IpH>KeHHe C '18CTOTOJ!: 

5 KI'U, 8MIIIIHTy.Qa H tjlaaa KOTOpOI'O 38BHCSIT OT BeliH'IHHbl H H81Ip8BlleHHSI pac

CTpoJ!:KI. KOHTypa, 3~ '0 HaiipS!>KeHHe, YCHlleHHOe H36HpaTellbHbiM YCII,liHTelleM 

Y2-6 ( HIIH 86-4) 1 H, lCTpoeHHbiM Ha '18CTOTy 5 KI'U, IIO.QaeTCSI Ha CHHXpOHHbiJ!: 

.QeTeKTOp ( flsa• fl36• fll H ~), B KOTOpOM Bbtpa6aTbiBaeTCSI CHI'H811 OIIIH6-

KH, BBOAHMbtJ!: B HY~:uoJ!: tjlaae B uerrb BapHKarra, TaKHM o6paaoM, a,rr,K, o6ec

rre'IHBaeT Clle.QOBSHH€ HaCTpOJ!:KH KOHTypa 38 '18CTOTOJ!: B,'l, reuepaTOpa, 0pH 

a,II,K, yMeHbWSeTCSI "8K>Ke BliHSIHHe AHCIIepCHH X'(cu) , KOTOpaH, KBK H3BeCT-

HO, Bbi3biB8eT rrepec1 pOJ!:Ky KOHTypa SI,M,p., HCK8>K8SI tjlopMy Ha611IOA8eMbiX 

CHI'H81IOB IIOI'liOWeHH~ HIIH HCIIYCKBHHSI, 

MeTOA H861IIOAe IHSI H 381IHCH 1Ip0H3BOAHOJ!: CHI' Halla SI,M,p. C IIOMOWbiO 

CHHXpOHHOI'O AeTeKTH lOBSHHSI HeCMOTpSI Ha BbiCOKYIO 'lyBCTBHTellbHOCTb llliSI 

H3MepeHHSI IIOIIS!pH38U~H BCe >Ke Heyao6eH, TSK KSK Tpe6yeT IIpHMeHeHHSI 

ABOJ!:HOI'O HHTei'pHpOB3HHSI, HaMH 3TOT MeTOA IIpHMeHSIIICSI TOIIbKO IIpH IIOHC-

KOBbiX 3KCIIepHMeHT8:ll 110 A.II,II, 

A.II.K, ycrreWHO apHMeHSI118Cb TBK>Ke IIpH Ha611IO.QeHHH CHI'H81IOB SI,M,p, 

B pe>KHMe 2 H 3, IIpH 3TOM 1 IIOMHMO yMeHbWeHHSI BIIHSIHHSI AHCIIepCHH X, (w ), 

3H8'1HTellbHO IIOBbiW811 3Cb CT86HIIbHOCTb pa60Tbl Q - MeTpa, 'ITO O'leHb Ba>K-

HO IIpH Herrpepb!BHbiX >IHOI'O'ISCOBbiX H8611IO.QeHHSIX, 

0paB.Q81 B 3THX Cny'laSIX Ha 3Kpaae OCUHIIIIOI'patjla BM9CTO AYI'H H8611IO-

.QaeTCSI H8KIIOHH8SI IIHHKSI, IIOCKOIIbKY A06pOTHOCTb KOHTypa SI,M,p, C B8pHK8-

110M HeCKOIIbKO B03pac T89T K KOHUy pa3BepTKH '18CTOTbl B,'l, reuepaTOpa, 0no

W8Ab IIOA 3TOJ!: HSKIIOEHOJ!: liHHHeA B HeCKOllbKO paa MeHbwe IIIIOWBAH IIOA AY

I'Oii, H OHa 119I'KO KOM I9HCHpyeTCSI TOil >Ke C8MOJI CX9MOJI KOMII9HC81lHH B 6,y, 

I:, BbtCTpblii peBepc IIOIISIPH38UHH x) 

nilS! TOI'O 'IT06bi COKp8THTb BpeMSI IIepeXOA8 OT OAHOI'O 3H8K8 IIOIIS!PH-

381lHH K APYI'OMY,1 KOT< poe B Haweii MHW9HH COCTBBIISIIIO ·45-50 MHHYT1 6btll8 

IIpearrpaHSIT.:t IIOIIbiTKS peBepcapOB8Tb AIIHSMH'IeCKH YB911H'I9HHYIO IIOIIS!PH38-

x) Paapa6oTKa crroco61, 6biCTporo peaepcupoaaHHH IIOIIS!PH3auaa npoaaaoaa

nacb COBMeC.THO C 8CIII paHTOM MOCKOBCKOI'O tjla3HKo-TeXHH'IeCKOI'O HHCTHTy

Ta WycTepoM A. n. 
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UHIO B LMN MeTCAOM !ShiCTpOro BAHB6BTH'IeCKOrO npOXO>KAeHHH nHHHH !I,M.p, 

KaK H3BeCTHO ecnH soa~telkTBOBBTb HB CHCTeMy MBrHHTHbiX MOMeH-

TOB cunbHhiM panno'laCTOTHhiM noneM C 'IBCTOTOli w H npH 3TOM, 

H3MeHH!I MBrHHTHOe none H 0 ( HnH w npu ljlHKCHposaHHOM H 0 ) , 

npoliTH 'lepea H,M,p,, TO BeKTOp HBMBrHH'IeHHOCTH (nonHpH3BUHH) noBepHeT-

O _dH0 ( I dw ) 
CH Ha 180 0 ecnH C{OpOCTb npOXO>K.IleHHH HnH ynoB-

dt y dt 

neTBOp!!eT ycnOBHIO 

r-;· 
I I dH 0 -<< ----«yHI 

T
2 

11
1 

d t 

T,e. npOXO>KJleHHe ll )n>KHO 6biTb COBepweHO 38 BpeMH, 3HB'IHTenbHO MeHbwee 

no cpasHeHHIO c Bp!MeHaMH penaKCBUHH T 1 H T 2 • 

OnHaKo B TBeJ noM Tene, HMeiOWeM o'leHb KopoTKoe speMH penaKcauuu 

T 2 1 aTo ycnosue npt KTH'IeCKH He BbmonHHMO. TeM He Meaee, pesepcuposai!He 

BeKTOpa HaMarHH'Iel HOCTH npH 6biCTpOM anHa6aTH'IeCKOM npOXOJKAeHHH HMeeT 

MeCTO npH MeHee .>KaCTKHX ycnOBHHX 

-.!...-« 
T H 

dll
0 

-d-t-<< y HI' 
I 

non~ :ao 6hiTb 6onbwe HeKoToporo "noKanbHoro" nonH H L , 

06~HCHeHHe 3TOrO ljlaKTa, OCHOBBHHOe Ha runoTeae cyweCTBOBBHH!! cnu

HOBOli TeMnepaTypbl BO BpawaiOllieliCH CHCTeMe KOOp.llHHBT, ABHO B /10/, rn, 

XII, B /11/ paceM JTpeHhl npH'IHHhi, KOTOpbie MOryT Bhl3blB8Tb noTepiO Ha

MBrHH'IeHHOCTH (nOll !!pH3BUHH) npH 6hiCTpOM BllHB6aTH'IeCKOM npOXO>KAeHHH 

nHHHH H,M,p, 

lloCKOnbKY nonS!pH30BBHHBH MHWeHb 6hin8 3BH!ITB B 3KCnepHMeHTBX Ha 

YCKOpHTene, 6onbWH ICTBO OnhiTOB no peBepcy nonHpH38UHH npOH3BO.IlHnOCb 

Ha Jlpyroli ycTaHOBK<l, B MarHHTHOM none Hanpl!>KeHHOCTblO 10 Ka, EnoK-CXe

Ma YCTBHOBKH nOK833HB HB pHC, 17, 

nnSI Ha6niO.IleHt Sl CHrHanoB S!,M,p, HCnOnb30aanCS! TBKOli >Ke Q - MeTp, 

Ho HBCTpOeHHhiH Ha 18CTOTY 42,5 Mrru, C TeM JKe CBMbiM 6nOKOM ynpaane-

HHSie 

KpHCTann LMN 06~eMOM B 1 C~ 6bin noMellieH BMeCTe C pa)lHOKa-

TYWKOH H3 6 BHTKOB B UHIJHHllpH'IeCKHli MHKpOBOIJHOBOH HBCTpauaaeMhiH pe-
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30HaTOp nHaMeTpOM 28 MM, nnHHOli 50 MM. MHKpOBOnHOBOe none B pe30HaTo

pe B036y~nanocb or craHnaprHoro c.B.q. reHeparopa THna f3-30. EnaronapH 

HaCTpOliKe pP30HaTO)Ia MOlilHOCTH f3-30 6binO JlOCTaTOqHO )lnH nonyqeHHH no-

nHpH3aUHH 30%. B oniiChiBaeMbiX onbiTax npHMeHHnocb qacTOTHoe npoxolK-

npouenypa peB !pea BhmonHHnach cnenyiOlilHM o6pa30M! c noMOlilbiO Ko

aKCHanbHoro nepeKmJqarenH Ka6enb OT KaTyWKH H.M.p. nO)lKniOqancH K Bbi

XOJlHOMY KOHTypy MC lllHOPO reHepaTOpa ( n 1 n2); nepeKniOqarenb n 1 Ha 6.y • 

ycTaHaBniiBauCH B n<nOlKeHIIe 1, II HalKaTIIeM KHOnKII "peBepc' BKniOqanOCb 

caMo6noKHpyiOmeecH pene • np11 9TOM OJlHOBpeMeHHO C HaqanoM 3apH-

na KOHJleHCaTOpa C* 3anycKanCH 0JlHOBII6paTOp ( n8). npHMOyronbHblli HMnynhC 

C nocnenHerO nOCTyr. an Ha TpeTbiO CeTKy HOpManbHO' 3aKpb!TOii naMnbl n 12 

B Q - MeTpe, OTKpbl ~aH ee. HanpHlKeHHe 3apgna KOHJleHCaTopa 06blqHbiM o6-

pa30M nonaBanocb HI sapaKan KOHTypa s.q. reHeparopa. Ero HanpHlKeHHe qe

pe3 KaTOJlHblli nOBTOJ IITenh (n1n) II OTKpbiTYIO Ha BpeMH IIMnynhCa naMny 

nl2 nO)lBO)lllnOCb K <TaHnapTHOMY WllpOKOnonOCHOMY ycHnHTeniO (YP-4) H 3a

TeM - Ha BXO/X MOlilH :JPO reHepaTopa ( n1 n2), K BbiXOJlY KOTOporo y)l{e non

KniOqeHa paniiOKaTywJ :a c o6pa31lOM. 

EMKOCTb KOHJl< HCaTopa C* onpenenHna CKOpOCTb H3MeHeHIIH qacTOTbi 

dw 

d t 
, a nn11renbJ :oCTb HMn)lnhca onHOBH6paTopa non6Hpanacb TaKoli, qTo-

6bi Boq• HanpHlKeHIIe IOCTynano Ha paJlHOKaTyWKY TOnhKO Ha BpeMH npOXOlK

neHIIH nHHIIII H.M.p. 1 aKoli cnoco6 nonaq11 s.q. HanpHlKeHIISI 6bm Bbi3BaH reM, 

qTo np11 6onbWOli ere BenHqiiHe (no 200-300 BOnbT) npOHCXO)lHT 'CTIIpaHHe' 

C:llrHana, Korna qacT< Ta w ( t) TOnbKO nO)lXOJlHT K nHHHH SloM.p. 

K COlKaneHHIO, I aM He ynanOCb ycTaHOBHTb CBSI3b MelKJlY Boq• HanpHlKe-

HHeM V k 

nonH H 
1

• 

Ha BepXieM KOHUe Ka6enSI II HanpSilKeHHOCTbiO panHoqaCTOTHOPO 

Sbiilll 11ccnenoBt Hbi! 

1) 3aBHCIIMOCTb non11 nepeBopaqiiBaeMOli aMnnHTYJlbi yc11neHHOPO CllrHa-

dc:u I na HoMo . p. · OT CKOpOC TH npOXOlKQeHHH 
C* 

npH .Pa3nllqHbiX 
dt 

BenHqHHaX B.q. HanpH KeHIIH V k • Pe3ynhTaTbi npencTaBneHbi Ha pac. 18, 

rne TOqKII, OTHOCHlilH! CH K OJlHOMY H TOMY lKe HanpSilKeHHIO V k , coen1111e-

Hbl or pyKH nnH HarniJlHOCTII; 
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2) aasacHMOCTb .QonH nepesopa'laBaeMoll: aMnliHTY.Qbl ycaneaaoro caraa-

na SI.M.p. OT BSnH'IHHbl Bo'lo H81IpSDKeHHSI V k llpH OIITHMilnbHOll: CKOpOCTH 

npoxo*.QeHHH. PeaynbTaT npe.QCTasneH Ha pac. 19. 

B oeioax cny'laHx HS'IanbHaH nongpaaauaa eibma nono:KHTenbHoll:. Ha 

pHCo 19 BH.QHO, 'ITO !IpH H81IpSDKeHHH Vk '" 230 BOnbT H CJ;OpOCTH IIPOXO*-

.QeHHH • 100 ~ llpOHCXO.QHT llp8KTH'I9CKH IIOnHoe peBEpCBpOB8HHe nono
CSK 

*BTenbHOll: II011HpH38UBB B OTpHU8T9nbHYIDo 

PesepcaposaHae oTpauaTenbHoll: nongpaaauaa npoBCX(•.QBno xy*e• TaK, 

HallpBMep, llpH H81IPH*eHHH V k • 300 BOnbT .QOnH nepesepll) TOll: 8MIIIIHTY.Qbl 

CHrHana H.~.p. COCT8Bn511.18 TOnbKO 0,6 C y'leTOM HenHHeli:J OCTH Q - MeTpa 

·a He 38BHC9n8 OT HanpaBneHBH rrpOXO*.QeHBH. npH'IHH8 ST(•ro H8MB IIOK8 He 

Bb!HCHeHa. 

3 8 K n ID 'I e H H e 

Ko BpeMeHB H81IBC8HHH H8CTOHIIlell: C'r8TbH, H8 rrongpH30B8HHOll: MBIIleHH 

ycnelllHO BbliiOnHeH SKCrrepBMeHT 110 113MepeHHID napaMeTpa .QeiiOnHpH38UHB D 

B ynpyroM p-p pacceHHHH np11 aHeprHB npoToHOB 660 Mas 11 2 1 

npBMeHeHHe 8BTOM8TH'19CKOH IIO.QCTpOli:KB '18CT0Tbl C.B.'I. reaepaTo-

pa H BbiWeOIIIIC8HHOI'O CIIOC06a ynp8BneHIIS! MSrHHTHbiM 110 leM II03BOnllnO He 

1Ip0113BO.QHTb IIOHCKOB "aanpemeHHblX., nepeXO.QOB a.n.p. B l8'18ne K8*AOI'O 

ce8HCa p860Tbi, a cpaay nocne nony'leHIISI TeMnepaTypbi 1 lK. ycT8HaBnHB8Tb 

He06XOAHMOe 3H8'1eHHe MSrHHTHOI'O nonS!, nocne 'lero M8K~HM8nbH8H liOnS!-

pH38UHH"' 70% AOCTHranacb 'lepea 30-35 MHftYT. npH 3TOIIA B KpHOCT8Te pac

CeHBanOCb"' 350 MBT C.B.'I. MOIIlHOCTH (no HCII8pHIDIIleMyCf renaiD) llpH MOIIl-. 

HOCTB CoBo'lo reHep8TOp8 OKOno 1 BT. 

Bcne.QCTBBe paABSUIIOHHbiX nospe*AeHHll:, npoH3BOAH!v. biX ny'IKOM npo-

TOHOB B KpHCT8nnax LMN , aaMeTHO yKopa'IHB8nocb BJ:eMH penaKcauaa 

T 1• npa OTOrpese AO KOMH8THOll: TeMnep8Typbl T 1 '18CTH'I IO BOCCT8H8BnH

sanocb. TaK, Hallpi!Mep, B KpHCT8nnax, HMeBIIlHX H8'18/lbHC e BpeMH penaK-

C81lHH T 1 .. 60 MKHyT, nocne IIHTH Ce8HCOB oeiny'leHHH, II JOBO.QIIBIIlHXCS! 

'lepea He.QeniD, T 
1 

coKP8THnocb BABoe, npa'leM '38 K8*Ablf ce8HC 'lepea MH

meHb npoxo.QHno .. 5.1o11 npoTOHOB. TeM He MeHee T8KOe fKOpa'IHBSHHe 
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Puc,l9, 3aBHCHMOCTb AOnH nepeBopa'IHBaeMOH aMnnHTYAbl CHI'Hana SI,M,p. 

OT BenH'IHHbl B,'l, HanpSI)I{eHHSI V k 
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BpeMeHB penaKCaUBB Ha senaqaay MaKCBManbHOA nolgpH3aUHB He nos-

nHSiliO, 

B aaKmoqeHBe aBTOpbl cqaTalOT CBOBM npHSITHblM .QO.lf'OM Bblpa3BTb BC

KpeHHIOIO 6naroaapHOCTb A. c. AKHMOBy, A. K. nenyHoBy, 11. 3. KpaXTHHOBy, 

A. 0. Opnosy, 0. H. lllesenesy, npHHHMSBWBM yqacTae a c oaaaHHH a aKcnnya

TaUHH nongpH30BaHHOA MBWeHB, C, n, CMHpHOBOA, BblpaCTUBWell BblCOKOKa-

qecTseHHbie KpHCTannbi LMN , npo4Jeccopy <P. n. Wanapo aa npoRBneHHbdi 

HHTepeC K onbiT8M nO pesepcy nongpH3aUHH H BeCbMa Uef Hble COBeTbl, a 

TaK)I{e M.IO, na6ypry, nOMOf'8BWeMy B 3THX onbiTaX. 
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