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Bee.neaue 

B pR.ne aKcnepHMeHTanbHhlX pa6oT Hccne.noeanocb uany~eHHe B BH.!lH

MoA H ynbTpa~HOneTOBOA o6naCTRX cneKTpa, B036y~aeMoe 38PR*eHHhlMH 

~acTHUaMH aa noaepxaocTH MeTannoa. HaMepiHHbte xapaKTepHCTHKH cono
/1/ 

cTaBnRnHcb c TeopueA nepexo.naoro uany~eHHR • 
/2/ 

B pa6oTe ron.ncMHTa H .D.*ennH cepe6pRHbie, 8niOMHHHeBbie H 30110-

Tble MHWeHH 6oM6ap.nupoeanHcb npoTOHBMH c aaeprueA .no 4,5 Mas. Cse~eaue 
0 

aa6n~,nanOCb no.n yrnoM 86 OTHOCHT~nb30 HOpManH K noaepXHOCTH MHWeHHo 

nony~eHHbte peaynbTBTbi oKaaanHCb B Ka~ecTBeHHOM cornacHH c TeopHeA nepe-

xo.naoro uany~eHHR. 
/2/ 

...._, Pa6oTa 1 no-BH,!lHMOMy1 e.nHHCTBeHH8R1 B KOTOpoft nepeXO.!lHOe Hany-

~eHHe B036y~anOCb HepenRTHBHCTCKHMH npOTOH8MHo 3aa~HTenbHO 6onbWee 

~Hcno HCCne.noBBHHA BblflOnHeHo C HCnonb30B8HHeM aneKTpOHOB. 3TO CBR38-

HO C TeM 1 ~TO B HepenRTHBHCTCKOA o6naCTH BblXO.!l nepexo.naoro H3ny~eHHR 

nponopUHOHaneH KB8,!lp8Ty CKOpOCTH ~8CTHUblo A T8K K8K npoTOHbl H aneKTpO

Hbl C paBHbiMH CKOpOCTRMH OTnH~a~TCR no SHeprHH B }840 p831 TO yBenH

~eHHe MOWHOCTH ny~Ka ~8CTHU H8 TpH nopR.!lK8 flOPO*.!l86T pR,!l TeXHH~eCKHX 

Tpy.naocTeA, caRaaHHbiX c ~opMHpoaaaueM ny~Ka 1 coxpaaeHHeM onTH'IeCKHX 

napaMeTpOB nosepXHOCTH MHWeHH BO Bp8MR o6ny~eHHR1 BbiCOKOft ~YBCTBH

TenbHOCTb~ annapaTypbt npH HanH~HH y ~oaa. 

O.naaKo npH 6oM6ap.nHpoaKe MHWeHH aneKTpoaaMH KpoMe nepexo.naoro 

H3ny~eHHR ,non*HB H86n~,!l8TbCR H OflTH~6CK8R ~8CTb CneKTp8 TOpM03HOrO 
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HsnyqeHHH. ITepsas nonhlTKa TeopeTHqecKH oueHHTb sxnaa TopMosHoro H3-

nyqeHHH no OTHOilleHHID K nepeXOQHOMY QnH HepenHTHBHCTCKHX sneKTpOHOB 
Ill 

B pa6oTe noxasana, qTo ans npospaqHbiX cpea cneayeT o~HaaT& cpas-

HHMbiX BhiXoaos, a ans MeTannos B pesyn&TaTe cHn&Horo nornomeHHH ne

pexoasoe HsnyqeHHe 6yaeT, seposTHo, npeo6naaaromHM. 

.Hcnonb3YH nyqoK aneKTpOHOB C SHeprHeA 6 -60 KSB 0 OQHH 
131 

a:3 HaC 

H3MepHn n01rS!pH3aUHID, yrnOBbie pacnpeaeneHHH H HHTeHCHBHOCTb 

HsnyqeHHH B o6nacTH anHH sonH 3900-6500 R, sospy~aeMoro Ha nosepx

HOCTH cepe6pa, anroMHHHH H HHKenHo Ha OCHOBaHHH H3MepeHHhlX xapaKTe

pHCTHK 6bm CQenaH BbiBOA, qTo Ha6nroaaeMoe HsnyqeHHe HBnHeTCH B OCHOBHOM 

nepeXOQHbiM. 
141 Q 

Bepm H ap. npHBOQHT HHTeHCHBHoCTb HsnyqeHHH ans A = 5000 A , 

sosHHKaromero s. pesyn&TaTe 6oM6apaHpoBKH sneKTpoHaMH MHmesea H3 

Pt , W , Ta , Cs , Ag , Mo H Ti • B sToA ~e pa6oTe aaHbi cneKTpbi 

amr. Ag , W H Mo , a Tax~e yrnosoe pacnpeaeneHHe ans W. HpHseaeHHhie 

XapaKTepHCTHKH,nO MHeHHID aBTOpO~ QOnycKaiDT TpaKTOBKy Ha6nroaaeMoro 

HsnyqeHHH Ton&Ko KaK nepexoaHoro. TaxHe ~e pesyn&TaTbi nonyqeHbi s apy

rHx pa6oTax. 

..... Bonpoc o ponH TopMOSHoro HsnyqeHHH B cseqeHHH, sa6nroaaeMoM noa 

aeAcTBHeM sneKTpOHOB, QO HaCTOHillero BpeMeHH eme He BnonHe Bb!HCHeH. 

0TaeneHHe TopMosHoro HsnyqeHHH OT nepexoasoro, KaK npaBHno, ocsosaHo 

sa npeanono~eHHH, qTo TopMosHoe HsnyqesHe B peayn&TaTe cHn&Horo pac-

CeHHHH sneKTpOHOB npaKTHqecKH HenonHpHSOBaHO B OTnHqHe OT nepeXOQ

Horo, ans KoToporo,no KpaAseA Mepe B paMKax sneMeHTapHoA TeopHu,o~H

aaeTCH nonHaH nonHpH3aUHH (sneKTpHqeCKHA BeKTOp B nnOCKOCTH Ha6nro

QeHii:H) • .HccneaosaHHH, BbmonseHHhie Ha MeTannax npH sHeprHH snexTpoHOB 

B QeCHTKH KSB0 noKa3biBaiDT1 qTO CTeneHb nonHpH3aUHH nopHQKa 90%, TaKHM 

o6pasoM , sxnaa TOpMoSHoro HsnyqeHHH, BhxaenseMoro no nonspHsauHH, oqes& 

Man. 
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151 
B pa6oTe Bepma H ap. s6nH3H MaKCHMyMa npospa 

0 
pa ( 3250 A) 6hina npeanpHHSITa nonbiTKa OTAenHTb TOpM03HC 

OT nepeXOQHOro no pasnHqHro SaBHCHMOCTH OT SHeprHH sneK 

CHBHOCTb HSnyqeHHH pasaensnaCb Ha ABe KOMnoHeHTbi: B03pl 

HeAHO C SHeprHeA H o6paTHO nponopUHOHan&HyiD SHeprHH. IT, 

snsrnac& c nepexoAHhiM HsnyqeHHeM, a BTopas - c TopM03Hb 

HOCTb TOpM03HOrO HsnyqeHHH t BbiAeneHHoro TaKHM o6pa30M, 

c -reopeTHqecKHMH pacqeTaMH. EcnH yqecTb nornomeHHe, TopE 

161 
nH3HTen&Ho cornacyroTcsr c TeopHeA KpaMepca H 3oMMepqu 

CMaTpHBaBillHX TOpMO~eHHe sneKTpOHOB B none H30nHpOBaHH~ 

yqeTa SKpaHHpoBaHHH aTOMHblMH sneKTpOHaMHe 3KpaHHpoBaHil 
181 191 

6oTe fniDKIDTepHa H ap. • PHqH H ap. TaK~e yqnH SK 

H ans pacqeTa HsnyqeHHSI Bocnon&sosanHcb cpeaHHM KBaApa 

roxpaTHOro pacCeSIHHH. 0aHaKO STO Qano HHTeHCHBHOCTb TOp: 
. 151 

qeHHH B 4-5 pas MeHbillYID H3MepeHHOA B • 

1101 
ITacjJoMoB, BHecmHA aan&HeAmHe yToqHeHHH , OTMeTJ 

see ~e He yqHTbiBaeT B03MO~Oro BbiXOQa sneKTpOHOB Ha r. 

B pesyn&TaTe pacceHHHH Ha 6on&mHe yrnhi. TaKHM o6pa.soM, 

TOpM03HOro HSnyqeHHSI He MO~eT 6b!Tb paccqllTaHa QOCTaToq 

He MeHee,H TeopeTHqeCKH H SKCTiepHMeHTan&HO OHa COCTaBnSI 

noB Manyro AOniO OT nepexoAHOro HsnyqeHHH. CymeCTBeHHblM 

HOrO HSnyqeHHSI OT nepeXOQHOro AOn~HO 6b!Tb TO, qTo TIOCKO, 

AHT H3 TonmH MeTanna, To npH ysenHqeHHH yrna Ha6nroaeHHSI 
1101 

aon~Ha 6biCTpo naaaTb sa cqeT nornomeHHH 

XoTH, TIO-BHAHMOMy, HeT OCHOBaHHA COMHeBaTbCH, qTO I 

B cseqeHHe MeTannoB noa aeAcTBHeM sneKTpoHoB c sHeprHeA 

BHOCHT nepexoaHoe HsnyqeHHe, TeM He MeHee oTaeneHHe ero 

ro H, B03MO~H0 1 OT niOMHHecueHUHH He HBnHeTCH BnonHe HaQ' 
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/5/ 
B pa6oTe Bepwa H ap. s6nH3H MaKCHMyMa npospa'IHOCTH cepe6-

o 
pa ( 3250 A) 6bina npeanpHHHTa nonbiTKa oTaenHTb TopMosuoe Hsny'leHHe 

oT nepexoauoro no pasnH'IH~ saBHCHMOCTH oT aueprHH aneKTpoH~B. HuTeH

CHBHOCTb H3ny'leHHSI pasaensrnaCb Ha JIBe KOMnoHeHTbi: B03paCTa~Wy~ nH

ueRHO C aueprHeR H o6paTHO nponopUHOHanbHY~ aueprHHo nepBaH OTO~eCT

BnHnacb c nepexoJIHbiM Hsny'leHHeM, a BTopaH - c TOpM03HbiM. HuTeHCHB

HOCTb TOpM03HOrO H3ny'leHHSI 0 BbiJielleHHOrO TaKHM o6pa30M 0 cpaBHHBallaCb 

c TeopeTH'IeCKHMH pac'leTaMH. EcnH y'leCTh nornoweuHe, TO pesyllbTaTbl npH6-

/6/ 17/ 
nH3HTellbHO cornacy~TCH c TeopHeR KpaMepca H 3oMMep¢enbaa , pac-

cMaTpHBaBWHX TOpMo~eHHe aneKTpOHOB B none H30nHpOBaHHblX S!Jlep 6es 

y'leTa 9KpauHpOBaHHSI aTOMHhlMH aneKTpOHaMHo 3KpaHHpOBaHHe y'ITeHO B pa-

/8/ ~ /9/ 
6oTe rn~KWTepua H llPo • PH'IH H llPo TaK~e y'lnH 9KpauHpoBaHHe 

H JinH paC'IeTa H3ny'leHHSI BOCfiOnb30BanHCb CpeJIHHM KBaJipaTOM yrna MHO

roKpaTHOrO pacceHHHSio 0aHaKO 9TO Jiano HHTeHCHBHOCTb TOpM03HOro H31ly

/5/ 
'leHHSI B 4-5 pas MeHbWY~ H3MepeHHOR B • 

1101 
naljJOMOB, BHeCwHR aanbHeRwHe yTO'I.lleHHSI 0 OTMeTHn, 'ITO TeOpHSI 

ace ~e He y'IHTbiBaeT B03MO~HOrO BbiXOJia aneKTpOHOB Ha nosepXHOCTb 

a pesynbTaTe paccesrHHH ua 6onbwHe yrnblo TaKHM o6pasoM, HHTeHCHBHOCTb 

TOpMosuoro H31ly'leHHH ue Mo~eT obiTb pacc'lnTaua aocTaTO'IHO TO'IHo." TeM 

He MeHee,H TeOpeTH'IeCKH H 9KCnepHMeHTanbHO OHa COCTaBnHeT JinH MeTan-

nOB Many~ aon~ oT nepexoauoro Hsny'leHHH. CywecTBeHHbiM oTnH'IHeM TOpMos

uoro H3ny'leHHSI OT nepeXOJlHOrO JIOn~HO Db!Tb TO, 'ITO fiOCKOilbKY OHO BblXO

JlHT H3 TOnwH MeTanna, TO npH yBellH'IeHHH yrna HBDn~JieHHSI HHTeHCHBHOCTb 

/10/ 
aon~Ha 6btcTpo naaaTb sa C'leT nornoweHHH 

XoTH 0 fiO-BHJIHMOMy, HeT OCHOB8HHR COMHeBaTbCSI 1 'ITO OCHOBHOR BKI18Jl 

B CBe'leHHe MeTannOB fiOJl JieRCTBHeM 91leKTpOHOB C 9HeprHeRa JieCSITKH K9B 

suocHT nepexoauoe usny'lenue, TeM ue Meuee oTaeneuHe ero oT TopMosuo-

ro H, B03MO~HO, OT n~MHHecueHUHH He HBnHeTCSI Bnonue H8Jle~Hb1Mo 
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B cBR3H c aTHM npeacTaBnReTCR noneaHhlM nonyqeHHe aononHHTenb

HbiX apryMeHTOB B nonbay. BMaeneHHR nepexoaHoro HanyqeHHH. C aToft . 

uenbiO B aaHHOft pa6oTe 6binO npoaeaeHO cpaBHeHHe B OaHHaKOBbiX ycnoBHHX 

caeqeHHR oaHHx H Tex *e MeTannHqecKHX MHWeHeA noa aeftcTBHeM npoTo

HOB H aneKTpOHOB. ilpH paBHbiX CKOpOCTRX npOTDHOB H aneKTpDHOB nepexoa-:

HOe HanyqeHHe aon*Ho 6biTb oaHHaKoBo, a ace apyrHe BHabi caeqeHHR paa"

nHqHbi. :HaMepeHHH BbmonHeHbi Ha npoToHax c aHeprHeft' 1,5-4,5 Mae H Ha 

aneKTpoHaX C aHeprHeft 0,5-15 KaB. 3KcnepHMeHTb; Ha aneKTpOHaX npea-

CTaBnRIOT CaMDCTDHTenbHblft HHTepec, T.K. npH CTOnb ManbiX aHeprHRX pac...;, 

CeRHHe aneKTpOHOB npOHCXOaHT B noaepxHOCTHOM cnoe H1 CTporo rOBOpH1 

nepexoaHoe H TOpM03HOe H3nyqeHHR H9nb3R paCCMaTpHBaTb KaK He3aBHCHMble 

RBneHHR. ilpHnO*HMOCTb TeopHH nepexoaHoro HanyqeHHR K 9TOMY cnyqaJO 

aapaHee He oqeaHaHa. 

MeToLIHKa HaMepeHHft 

YcTaHoBKa anH HccneaoaaHHH HanyqeHHH, aoa6y~aeMoro aneKTpoHa-
._, . 

MH H npOTOHaMH Ha noaepXHOCTH MeTannOB1 6bma CMOHTHpOBaHa Ha OaHOM 

Ha KaHanoB aneKTpocTaTHqecKoro reHepaTopa 3f-5. CxeMa ee noKaaaHa Ha 

pHc. 1. 

ilyqoK npOTOHDB C 9HeprHeft 1,5-4,5 MaB H TOKOM • 1 MKa qepea 

0 
CHcTeMy aHa~parM nonaaan Ha MHWeHb. Ha aToM *e KaHane noa yrnoM 45 

pacnonaranacb aneKTpOHHaH nywKa. 3neKTpoHHbiA nyqoK c noMDWbiO noao

poTHoro MarHHTa aaoaHnCH B KaHan 3f-5 H aanee ~opMHpoaancR TeMH *e 

KOnnHMHpYIOWHMH aHa~parMaMH1 qTo H npOTOHHblft nyqoK • .lJ.HaMeTp nyqKa 

Ha MHWeHH - • 3 MMo 3HeprHIO aneKTpOHOB MO*HO 6hlnO nnaBHO H3MeHRTb 

B aHanaaoHe 0,5-15 K9B npH TOKe LID 200 MKa. 

6 
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PHc. 1. CxeMa ycTaHoBKH. 1 - nonHpHaaTop,; 2 - ~oToyMHO*HTE 

YCHnHTenbi 4 - L!HCKpHMHHaTop; 5 - nepecqeTKSi 6 - HHTerpaT 

7 



' I 

~~ 
-:;;;::-

PHc. 1. CxeMa ycTaHOBKH. 1 - nonSipHaaTop,; 2 - cpoToyMHO>KHTellbi 3 -
ycHnHTenbi 4 - ~HCKpHMHHSTOPi 5 - nepecqeTKBi 6 - HHTerpaTOp. 
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Muwea:b - cneuuanba:o o6pa6oTaa:a:aH nnacTHa:xa Tonwua:oA.0,5 MM u 
2 

MOW8Jlbl0•1 CM nnoTSO DpH)KHManaCb K MeJlliOMY CTep)Klfl00 DpHBSpeHHOMY 

xo llliY cocylla, a:anonaea:a:oro rnuuepHHoM, B npouecce uaMepeHHA DOJlJlep

)KHBanacb TSMnepaTypa rnuuepuaa oxono 200°C, TaKHM o6paaoM yJlanocb 

H36e)K8Tb aarpH3HeHHSI DOBepXHOCTH MHWeHH MaCnOM0 KOTOpoe 8JlCOp6Hpy

eTCSI a:a nosepxa:ocTH saxyyMllbiX cucTeM. PTyTHhiA llHcP¢yaHoHHhiA a:acoc 

-5 
c aaoTa:oA nosywxoA o6ecne~HBan BaxyyM 1·10 · Top, 

ITpouecc DpHrOTOBneHHSI MHWea:eA COCTOSin H3 cneJlyiOWHX STSDOB: 

1. ITonuposxa c npHMea:esueM nopowxos H nacT, 

2. ITpoMbiBSHHe B uaonponunoBoM cnHpTe,· 

3. ITonuposxa a:a ~HcToA TKSHH. 

4. 06ea*HPHBaHHe B napax uaonponunosoro cnHpTa, 

06pa6oTK8 DOBepXHOCTH MHWeaeA H3 BOnb~paMa H HHKeng HS STOM 38KaH

~HBanaCb, qTO KSCaeTCSI aniOMHliHSI H Cepe6pa, TO OliH liSHOCHnHCb nyTeM 

HCDapeHHSI B BaKyyMe liS naTyHliYIO fiOllnO)I(Ky 0 npHrOTOBneHHyiO BbiWeODH

CallllbiM cnoco6oM. Tonmua:a aaaeceaaoro cnog 6bina .. 1 MK, 

MuweHb a:axoJlHnacb BHyTpH Haonuposaa:aoro uHnHa:Jlpa c npopeabiO, a:a 

KOTOpbiA fiOJl8B8nCSI DOTeHUHan -30 0 B OTliOCHTenbHO MHW9liH 0 ~T06bi 38-
~ . 
Jl9p)KHB8Tb BTOpH~Hbl9 sneKTpOHbi, Bbi6HB89Mble ny~KOM H3 MHW9HH, PacceHll-

Hble *e aaaaJl nepBH~Hbie sneKTPOllbi no oueaKaM, cnenaHHbiM HaMH a:a oc-
/ll/ 

HOBe Jl8l1Hb1X0 npHB9Jl9HHbiX Bpoa:WTeASOM H 4>paAM8HOM 0 BHOCSIT OWH6-

Ky B H3Mepeaue ToKa ny~Ka sneKTpoHoB He 6onee 4%, Tox aneKTpoa:a:oro 

Dy~Ka H3M9pHnCSI ¥HKp08MDepMeTpOM 0 a DpOTOliHOrO - HSTerpaTopoM, 

KaMepa MHWeHH npeJlCTaBnHna co6oA UHnHHJlP C KBapueBbiMH OKHSMH 

no OKPY*lfOCTH, ~epea KOTOpbie uany~eaue nona)lano B perHcTpHpyiOmee 

ycTpoAcTBO, ycTaa:aenueaeMoe noll paanH~llbiMH · yrnaMH, PerucTpupyiOmee 

ycTpoACTBO COCTOHT H3 aaanHaaTopa DOnS1pH38UHH THDa IT<I>, llBYX aepKan 

( aniOMHHHA, ll8fibinellllbiA a:a CTeKno) H ~OTOYMHO)KHTenH 4>8Y -39, 
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ci>OTOYMHO)KHTenb pa6oTan DpH KOMH8Tli:OA TeMnepaType 

Ta ~oTOHOB, ITocne ycuneHHH cneKTp HMnynbcos noJlaeanca s~ 

HhiA JlHCKpHMHliSTOp, a:a BbiXOJle KOTOporo .nony~anHCb CT8llll8] 

Chi JlnHTenbROCTbiO 0,1 MKCex, CxopoCTb c~eTa H3Mepgnacb c 

peC'I9TKH0 ynpaBnSieMoA aneKTpOliRbiM TaAMepoM, <I>OTOyMlfO)KH 

III9R CBHRUOM OT raMMa-nyqeA, HCDyCK89MbiX B peaynbTaTe ~ 

Sa MHW9liH H KonnHMHpyiOIIIBX JlR8~parMax, 

CnexTpanbsag 'IYBCTBHTenbli:OCTb perHCTpRpyiOmero ycTp 

H3Mepe1I8 C DOMO:IlbiO MOROXpOMaTOpa 3MP-3 R BOn~paMOBOj! 

CM-200Y, npoxanu6poeaaa:oA JlnB cBeTOBbiX TeMnepaTyp 2400, 

PacnpeJlenea:ue aseprHH B cnexTpe son~paMoBoA naMnbl Bbl'll 

~opMyne ITnaa:xa c y'leToM xo~uuuesToB cnexTpanbsoA ny'le 
;12 13 14/ 

aoA cnoco6aocTu, npHBeJleHRhiX B pa6oTax ' ' • CneltTp 

BBTenbliOCTb perRCTpupyiOmero ycTpoAcTsa noxaaaaa a:a puc. 

PeaynbTaTW sJtcnepaMesToB 

Kax BRJlliO aa puc. ·g R 4 (aepxsue rpa~uxu),uany'le&Be, 

sneJtTpOH8MH a:a DOBepXHOCTH BCeX RCCne)ly9MbiX MeTannoB DO 

1t sopManH,IlOBonbHO canbao nonspuaoaaso. CTenesb nongpxae 

H·u H;J. 
• · - - npeBblwaeT 60% JlnB saHMeRbwel aseprHR sne1 

HI! +H,J. 
sol 0,5 Jtss, a 6onee 90% (llnH Hi H W ) npx 14 JtsB. ITpa l 

pR38UHB T8KOI )1(9, K8K O)KH)laeTCSI JlnSI nepeXOQBOrO B3nyqeRH 

nepexoJlsoe aanyqesxe Qon)Kfto 6b1Tb nonsocTbiO nonBpuaoaaso, 

naraeM, 'ITO sa6niOQaeMoe Hanyqesue cocTOBT xa senongpuaoe 

HOCTbiO nonapH30B8HBOI KOMDOBeBT H nocneQHIOIO CODOCT8BnH9 

no TeopBH nepexollsoro uanyqesag, 
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~OTOyMHO*HTen& pa6oTan npH KOMH8THOA TeMnepaType B pe*HMe cqe

TS ~OTOHOBo Oocne ycsneHHB cneKTp HMDyn&COB DOQaBanCB H8 HHTerpan&-

HbiA QHCKpHMHH8TOp1 H8 BbiXOQe KOTOporo .nonyqanHCb CT8HQ8pTBbl9 BMnyn&

Cbl QnHTen&HOCTbiO 0,1 MKCeK. CxopOCTb cqeTa H3MepBn8Cb C nOMOIIlbiO ne

pecqeTKH, ynpaBnBeMOA sneKTpOHBbiM TaAMepoM. ~OTOyMHO*HTen& 6bln 381IlH

meH CBHHUOM OT raMMa-nyqeft, BCDyCKaeMbiX B pesyn&T8Te peaKuBA ( p, ·y) 

H8 MHIIleHB H KOnnBMBpyiOIIlHX QH8~parM8Xo 

CneKTpan&saB qyBCTBBTen&HoCT& perscTpspyiOmero ycTpolcTBa 6blna 

H3Mepena C nOMO:UbiO MOHOXpOM8TOpa 3MP-3 H BOn~paMOBOI naMnbl 

CM-200Y, npoxans6poBaHHOI amr cBeTOBbiX TeMnepaTYP 2400, 2600 H 2850°K. 

PacnpeaeneHHe sueprHB B cnexTpe aon~paMoaol naMnbl Bbiqscnsnoc& no 

~opMyne 0naHK8 C yqeTOM KO~BUH9BTOB cneKTpan&BOI nyqeBCDyCKaTen&
/12 IS 14/ 

HOA cnoco6socTH, npsaeaeHHbiX B pa6oTax ' ' • CneKTpan&sas qyacT-

BHTen&HOCT& perHCTpHpyiOmero ycTpOftCTB8 nOK838B8 H8 pHC. 2. 

Pesyn&TaTbl sxcnepaMeBToB 

Kax BHQHO sa psc. ·g H 4 (aepxuse rpa~axs),ssnyqesse, eos6y~aeMoe 
0 

anexTposaMB ua noaepxuocTH ecex accneayeMbiX MeTannoB noa yrnoM 60 

K uopMana,aoaon&so can&HO nonBpBsoaaso. CTenes& nonspssauBB P 
H·11 H;J. = H - - npeablmaeT 60% ana saBMeu&mel sseprss anexTposoa, paa-
'll + H .I. 

sol 0,5 xsB, H 6onee 90% (ans HI B W ) npa 14 xsa. Ops aToM ssax nons-

pssauss T8KOI *eo K8K O*BQ8eTCB QnB nepeXOQHOrO B3nyqe&BKo 00CKOn&Ky 

nepexoaaoe ssnyqesae aon*Bo 6b1T& nonsocT&IO nonspssoaaso, Mbl npeano

naraeM, qTO sa6niOaaeMoe BSnyqesae cocToBT as aenonspssoBassol B non

HOCT&IO nonKpB30B8HHOI KOMDOB9HT H nocneQHIOIO conOCT8BnK9M C pacqeT8MH 

no Teopsa nepexoasoro asnyqesaa. 
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~ 

Y'IUTbiBaSI a<P<fJeKTUBHOCTb perucTpupy10mero ycTpoftcTsa, nerKo onpe

aenuTb KOnUlJ9CTBO UMnynbCOB, 0)KUJ]89M09 OT nepexoaHOf'O U3ny'i9HUSI. nnSI 

aepenSITUBUcTcKoro aneKTpoaa c aaeprueft E , asu*ymerocSI no HOpManH 

K ITOB9pXHOCTU MUlli9HU, nonyqaeM 

,\ 
4 e 

2 2 'S( ,\) . 
n= E f --I 

TTc 3hm ,\ ..\ 
I 

(- 1 
1

2 
sin 2 () cos 2 () J ,\ , (1) 

E cos () + y E - ·sin 2 (J-

rae e - 38pSia aneKTpOHa, C - CKOpOCTb CBeTa, h - llOCTOSIHH8SI nnaHKa, 

m - M8CC8 llOKOSI aneKTpOHa, € - aHaneKTpU'I9CK8SI ilpOHUU89MOCTb Be-

lli9CTB8 anSI anUHbl BOnHhl ,\ , () - yron Me)Kay HOpManbiO K llOB9pXHOCTU 

MUlli9HU U HanpaBneHU9M Ha6nJOaeHUSI, S ( ,\ ) ~- a<fl<fJeKTUBHOCTb yCT8HOBKU, 

..\2 - ,\ I - Cll9KTpanbH8SI o6naCTb 'IYBCTBUTenbHOCTH perUCTpupy!Olli9f'O ycT-
0 0 

poftcTsa, T.e. 6500A - 3500 A (eM. pHc. 2). Bbi'IucneHUSI no <flopMyne ( l) 

c ucnonhaoBaHHeM aKcnepliMeHTanbHhiX aaHHhiX o senH'IUHe E anSI uccne-

1 15 1 6 17 18/ ' 
ayeMhiX MeTannOB t ' ' ilOK838Hbl Ha puc. 3, 4 nyHKTUpHblMU ilpSI-

MbiMU 2. 3KcnepHM9HTanbHbie TO'iKU anSI nonSipU38UUOHHOA KOMllOH9HTbl B 

cornaCUU C O)KHaaeMbiM T8K)K9 nO)KSTCSI Ha npSIMbie 3 Tex )1{9 pucyHKOB, HO 

C H9CKOnbKO OTnU'i810lliUMCSI HaKnOHOMo 

KpuBbie 4 npeacTaBnSIJOT aasucuMocTu oT aaeprHu aenonSipuaoBaHHoA 

KOMITOH9HTbl uany'ieHHSio 

Ha puc. 5 paccquTaaaoe yrnosoe pacnpeaeneaue, HopMupoBaHHoe K 

9J]UHUU9 anSI M8KCUMYM8 BbiXOaa ( cnnOlliHbie KpUBbie) t COllOCTaBnSieTCSI C 9K

cnepUM9HTanbHbiMH aaHHbiMH ( TO'iKU u KpecTuKu). Ha puc. 6 noKaaaaa TH-

ITU'IH8SI 38BHCHMOCTb OT yrna Ha6nJOaeHUSI HenomipH30B8HHO:ii KOMllOH9HTbi. 

AaanorU'IHbie aasucuMocTu anH uany'leHHH, soa6y)I{JlaeMoro npoToHaMH, 

ITOK838Hbl Ha puc. 7 U 8. Ha puc. 7 npeacTaBneaa HHTeHCUBHOCTb nonSipU30-

B8HHOft KOMrroaeHTbi anSI paanU'IHhiX aaepr-u:a npoToHoB u MUIIIeae:ii li:a Ag 

AI H Ni 
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• 

KaK y>Ke OTMe'lanOCb, H3MepeHHSI JinSI npOTOHOB npoBeJieHbl B TOft >Ke 

reoMeTpHH H H8 T8KHX >Ke MHIIIeHSIX0 'ITO H JinSI aneKTpOHOB, nOSTOMy nony

'leHHbie Jl8HHble cneJiyeT COnOCT8BHTb C Jl8HHblMH JlnSI aneKTpOHOB TOft >Ke 

cxopoCTH ( cnnoiiiHbie npSIMbre). Pac'!eTHbre npSIMbre aa pHC, 7, KaK H aa 

pHC, 4,5, aaaeceHbl nyHKTHpOM, 

npH H3MepeHHSIX C npOTOH8MH HHTeHCHBHOCTb HenonSipH30B8HHOft KOM

noHeHTbl obma xpaftae aecTaoRn~>aoil: R aaa'IHTen~:>ao npeBhrrnana RaMepea-

HYID JinSI aneKTpoaos. CTeneHb nons:~puaauRR xoneoanacb B npeJienax 20-50%, 

HO 3H8K ee BO BCeX cny'ISSIX T8KOft >Ke, K8K JlnSI nepeXOJIHOI"O Rany'leHHSI, 

CyrnecTBeHHbll!: BKnaJI B HenonSipH30B8HHYID KOMnoHeHTY Jl8Ban CBeT, B03HH

K8IDIIIHft H8 KOnnHM8TOp8X npOTOHHOI"O ny'!Ka, 8?0 3H8'1HTenbRO CHH>Kano TO'I

HOCTb H3MepeHHft, OCOoeHHO npR onpeJieneHHH 38BHCHMOCTif BbiXOJl8 OT SHep

I"HH, T8K K8K H3MeHeHHe SHeprHH, KaK npaBHno, npHBOJIHnO K H3MeHeHHID yc

nOBHft xonnHMauHH nyqxa, BepoSITHo, noaToMy npH HaMepeHIIH yrnosoro pac

npeJieneHHSI Hany'leHHSI (puc. 8) paaopoc To'leK aHa'IHTen~:>Ho MeHbllle (cnnorn

Hbre KpHBbie - T8K>Ke pac'!eTHble, K8K Ha pHC, 5) o nocKOnbKY HenonSipH30-

B8HH8SI KOMnOHeHTa HCKa>KeHa annapaTypHblMH a<jxtleKT8MH, H8 pHC, 7 OH8 

He H8HeCeHa, 
..... 

06cvmneaHe peayn~:>TaToB 

npH OOM08pJIHpOBKe noBepXHOCTH MeTanna aneKTpOH8MH0 BepOSITHO, 

MO>KHO O>KHJI8Tb TpH THna Hany'leHHSI: nepexOJlHOe, TOpM03HOe H paanH'IHbl9 

BHJlbl niDMHHeCUeHUHH noBepXHOCTHOft nneHKH Ha MeT anne HnH, ObiTb MO>K9T a 

MeT anna. 

B TeopHH nepexoJIHoro Hany'leHHSI none Hany'leHHSI npeJICTaBnSieTCSI KaK 

cynepn03HUHSI nonSI TOpM03HOI"O Hany'leHHSI Tpex '18CTHU: 

a) '18CTHUbi0 JIBH>KyllleftCSI H3 BaKyyMa B MeTann H OCT8HOBHBIIIeftCSI Ha 

rpaHHue; 
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6) '18CTHUbi 0 B TOT >Ke MOMeHT H8'18BIIIeft JlBH>KeHHe C TOft >Ke 

poCTbiO H B TOM >Ke HanpasneHHH OT I"p8HHUbl B rnyob MeTanna i 

B) aneKTpH'I9CKOI'O H30opa>KeHHSI '18CTHUbi 0 JlBH>KyllleFbCSI H3 rny 

MeTanna H OCT8HOBHBIII9I'OCSI H8 rpaHHUe. 

QqeBHJlHO, 'ITO npH SHeprHH B HeCKOnbKO KSB aneKTpOHhl CHnbH£ 

ceHBSIDTCSI y>Ke Ha rnyoHHe, Hs KoTopol cBeT eme Mo>KeT BbiiTH Ha 1 

HOCTbo B T8KOM cny'lae cneJiyeT O>KHJl8Tb OTnH'IHSI OT TeopeTH'19CKOI 

qaCTH nom1 nepeXOJl.HOI'O H3ny'leHHSI, KOTOp8SI cpopMHpyeTCSI B CpeJie, 

/19/ 
B pa5oTe KoMnoHeHThl nons:~, ccpopMHposaHHoro B aaxyyMe 

obmH npeJICTasneHbi B BHJle: 

JW 2e2 v 2 'I £cos 8 sin 8 -{ll- __!_,l2=_2 e2 v 2 B
2
C = 

rr c2 A2 . - . . . ~ 2 
J>.. JO £cos8+Vt- sin28 l rr A 

I'Jle OTnH'!He C 2
,. !j J - -~-•~ OT 1 nOK83hlB8eT OTHOCHTenbHbii BKna 

l 
. 2 

qacTHUhi, cBRaaHaoro c JlBH>KeHHeM ee B cpeJie. BenH'IHHa C t Bl 

0 
H8SI JinSI JinHHhl BOnHhl 4700 A, COOTB9TCTByiDmel M8KCHMyMy 'IYBCTBH~ 

aocTH perHcTpHpyJODiero ycTpoftcTsa, pasHa JinH Ag - 1,35; AI - l,C 

Hi- 1,02; W - 0,99, CneJioBaTen~:>Ho, none, ccpopMHpoBaHHoe 'a cpE 

JiaeT cymecTBeHHhii sxnaJl Ton&xo Ha cepeope. 

Kax BHJlHO H3 pHc. 3 H 4 1nHHeiHOCTb sHepreTH'Iecxol saBHCBMD 

nonSipH38UHOHHOI KOMnOH9HThl C 6onbiiiOI TO'I.HOCTbiO co6niOJl89TCSI Bfil 

JlO MHHHM8nbHOI 9H9pi"HH H8 BC9X MeTannax, <IJopMa yrnOBhlX pacnpeJ 

(pRe, 5) T8K>Ke XOpOIIIO cornacyeTCSI C p8CC'IBT8HHOI no TeOpHH nepE 

ro Hany'leHHB. Taxoe cornacHe sxcnepHMeHTanhHbiX Jl8HHhlX c TeopHe 

JlHMO, 38KOHOMepHO JlnSI 8n10MHHHSI1 HBKenB H Bon&$p8M81 B TO BpeMSI 
0 

JlnSI cepe6pa no oueHxe, npHBeJleHHol Bhlllle JinB A = 4 700 A , MO>KBO 

0>KHJI8Tb OTKnOH9HHSI OT nHH9IHOCTH B 9HepreTH'I9CKOI 38BHCHMOCTH, 
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6) '18CTHUblt B TOT )Ke MOMeHT H8'18Billeit llBH)KeHHe C TOft )Ke CKO

pocTbiO u s TOM *e aanpasneHHH OT rpaHHilbi B rny6b MeTanna; 

s) sneKTpH'IeCKOI'O H306pa)KeHHH '18CTHilbl0 llBH)KyJIIeFOCH H3 rny6HHbl 

MeTanna H OCT8HOBHBilleJ"OCH H8 rpaHHUe. 

O'leBHilHO, 'ITO npH saeprHH B aecKon&KO K9B aneKTpoHbl cun&so pac-

ceHBaJOTCH Y*e aa rny6uae, us KoTopol cseT eme MO)KeT BbiiTH sa nosepx

aocTb. B TaKoM cnyqae cneayeT O)KHil8Tb oTnH'IHH OT TeopeTH'IeCKol Tol 

'laCTH nonH nepeXOilHOI'O HSny'leHHH, KOTOp8H ~OpMHpyeTCH B Cpeae. 

/19/ B pa6oTe KOMnoseHTbl nonH1 C~OpMHpOB8BHOI'O B B8KyyMe H Cpeae, 

6bJnH npellCT8BneHbl B BHile: 

JW 2e 2 v 2 
'I 

l cos (}·sin (} - -{ll- _!.;12= 
2e2 v2 2 2 

= 
rr c2 >.,2 7T ~ ,\2 8 c, {2) -

J >.. JO tcos6+yt- sln2(} 
( 

rile oTmt'IHe C 2
,.. !I J - -~-·~ OT 1 nOK83b1B8eT OTBOCHTen&Bbll BKn81l nonH 

( 

2 
qacTHUbi1 csHsaasoro c llBH)KeHHeM ee B cpeae. BenH'IHHa C , Bbi'IHcnes-

o 
HaH llnH llnHHbl BOnHbl 4700A 1 COOTBeTCTBYIOIIIel M8KCHMYMY 'IYBCTBHTen&-

HOCTH perHcTpHpyJOIIIero ycTpolcTsa, pasaa anH Ag - 1,35; AI - 1,07; 

HI- 1,02; W - 0,99. CneaosaTen&Ho, none, c~opMuposasaoe B cpeae, 

aaeT cymecTsesHbii BKnaa Ton&xo aa cepe6pe. 

KaK BHilHO us puc. 3 H 4,nuaelaocT& aaepreTH'IeCKOI saBHCHMOCTH 

nonHpH38JlHOHHOit KOMnOHeHTbl C 6on&IIIOA TO'IHOCTb!O co6n!Oil8eTCH BnnOTb 

llo MHHHMan&soA aaepruu sa scex MeTannax. cfJopMa yrnoBbiX pacnpeaenesuA 

(puc. 5) TaK)Ke xopomo cornacyeTcH c pacc'IHTassol no Teopuu nepexoaso-

ro usny'leHHH. TaKoe cornacue aKcnepHMeHTan&BbiX aaHHbiX c Teopuel, BH

IlHMo, 38KOHOMepHO llnH 8n!OMHHHH1 BHKenH B BOn~p8M81 B TO BpeMH K8K 
0 

llmi cepe6pa no ouesxe, npuseaessoA Bbiille anH A = 4 700 A , MO)KHO 6blno 

0)KHil8Tb OTKnoseBHH OT nuseiHOCTH B asepreTH'IeCKOA 38BHCHMOCTHo 
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r 
liTO KacaeTCSI a6COniOTHbiX 3H8'1eHHA HHTeHCHBHOCTH1 TO M8KCHM811bHOe 

OTKIIOHeHHe 9KCDepHMeHT811bHbiX Jl8HHbiX OT p8C'IeTHbiX rrpHXOJlHTCSI H8 8niOMH

HHA H COCTaBna:eT 16%, 3TO pacxo~eHHe CBSI38HO K8K C HH3KOA TO'IHOCTbiD 

onpeJlelleHHSI ~eKTHBHOCTH perHCTpHpyromero yCTpOACTB8 (25%), T8K H C 

B03M01KHbiM HeCOOTBeTCTBHeM peanbHbiX ODTH'IeCKHX napaMeTpOB MHWeHeA 

HX 3H8'1eHHSIM1 HCDOIIb3yeMbiM B p8C'IeTaX, 3JleCb ClleJlyeT OTMeTHTb1 'ITO 

Ha nosepxHoCTH MHWeHeA nocne o6ny'leHHSI Ha6nroJlanca: ellsa aaMeTHbiA cnell 

OT rry'IK8, 0JlH8KO Hellb3H CK838Tb, CBSI38HO IIH ero DOHBIIeHHe C aarpH3He

HHeM (HIIH O'IHmeHHeM) DOBepXHOCTH
1

11H60 C K8KHMH-TO JlpyrHMH H3MeHeHHSI

MH, Mo:li<:HO TOIIbKO yK838Tb 1 'ITO HHTeHCHBHOCTb H311y'leHHH H8 pa311H'IHblX 9K

aeMDIIHp8X MHWeHeA OTIIH'I8118Cb He 6om,we, ~'leM H8 10%, 

liTO )l{e KSCaeTCH TOpM03HOrO H311y'leHHH1 TO XOTSI BODpOC 0 :10mlp1138-

UHH ero OKOH'IaTellbHO He BbiHCHeH1 BCe )l{e 1 y'IHTblB8H CHIIbHOe paCCeSIHUe 

sneKTpOHOB1 MO)I{HO C'IHT8Tb ero Henona:pH30B8HHbiM, Kax BHllHO H3 pHC, 3 

H 4, 9HepreTH'IeCK8H 38BHCHMOCTb uenona:pH30B8HHOA KOMDOHeHTbl. He 06Hapy-

)I{HB8eT M8KCHMYM81 npellCK83biB8eMoro TeopHHMH TOpM03HOro H311y'leHHH1 

xoTH cpopMa yrnosoro pacnpeJleneuua: (puc. 6) npHMepHo cooTBeTcTsyeT pac-

/10/ 
~~T8HHOA B pa6oTe fiacpoMOB8 • 

Bee 9TH coo6pameuua: c y'leToM ManoA HHTeHCHBHOCTH Henona:puaosaH

HoA KOMDOHeHTbl ( OT 4 llO 30% o6meA HHTeHCHBHOCTH Ha6nronaeMoro Hany

'leHHSI) He D03BOIIHIDT cnenaTb OKOH'IaTenbHbiA BblBOll 0 DpHpO)le HeDOIIHpH-

30B8HHOA KOMDOHeHTbi, 

fipH 6oM6apllHpOBKe MHWeHeA rrpOTOH8MH 1 KaK yme OTMe'ISIIOCb1 cymecT

BeHHOe aaTpynHeHHe Bhl3Bano cseqeuue xonnHMHpyromux nuacpparM non soa

neAcTBHeM rrpOTOHHOrO Dy'IKa, 3TO He D03BOIIHIIO HCCIIellOBSTb HenonHpH30-

B8HHYID KOMDOHeHTY H311y'leHHH H rrpHBeno K 6onbWHM norpeWHOCTSIM B H3-

MepeHHH nonHpH30B8HHOA KOMDOHeHThl, TeM He Meuee 9HepreTH'IeCKHe 38-

BHCHMOCTH H yrnOBbie pacnpeneneHHH DOIIHpH30B8HHOA KOMDOHeHTbl H311y'leHHH 1 
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soa6y)l{ll8eMoro DpOTOH8MH1 DOBTOpHIDT XOll 8H8110rH'IHblX xapaKTl 

rrony'leHHbiX rrpH 6oM68pllHpOBKe MeTSIIIIH'IeCKHX ITOBepXHOCTeA 911 

1:1 s rrpenenax axcnepHMeHTan&HhlX owu6ox T8K)I{e cornacyroTca: c 

rrepexonHoro Hany'leHHH. 

Cornacue c TeopHeA nepexonHoro Hany'leHHa: nona:puaoBaHuc 

HeHTbl H3ny'leHHH1 B036y~aeMoro K8K rrpOTOHaMH 1 TSK H sneKTpl 

na:eTCH eme OllHHM llOKaaaTellbCTBOM B DOIIb3Y DpHMeHHMOCTH Tel 

XOllHOrO Hany'leHHSI B naHHOM llHanaaoHe CKOpOCTeA aapa:)l{eHHbiX 
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B03 6y)I{A89MOI'O llpOTOHaMH, llOBTOpSUOT XOA aHanOI'H'iHbiX xapaKTepHCTHK 0 

rronyqeHHbiX llpH 6oM6apt:tHpOBKe MeTannH'ieCKHX llOBepXHOCTeA aneKTpOHaMH 

H 8 rrpet:tenax axcrrepHMeHTanbHbiX omH6oK TaK)Ke cornacyiOTCSI c TeopueA 

rrepeXOAHOI'O H3ny'ieHHSio 

CornacHe C TeopHeA nepeXOAHOI'O H3nyqeHHSI nonSipH30BaHHOA KOMfiO-

HeHTbl H3ny'ieHHSI 1 B036y)I(AaeMOI'O K8K llpOTOHaMH 0 TaK H aneKTpOHaMH SIB-

ngeTCSI ewe OAHHM AOKa3aTenbCTBOM B fiOnb3Y npHMeHHMOCTH TeOpHH rrepe

XOAHOI'D H3nyqeHHSI B naHHOM AHafia30He CKOpOCTeA 3apSI)KeHHhlX 'iaCTHU. 
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