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nonyrrpoBollHHKOBhie A E -JleTeKTOphi B rrocneaHHe rollhi HcrronbsyiOTCSI 

B38MeH HOHH38UHOHHhiX KaMep H3-38 IIpOCTOTbl B 9KCIInyaT8UHH H ManOCTH BXOJl

HiiiX H Bh!XOJlHh!X OKOH ( 30-f40 MKr/ CM2) • 0HH IIpHMeHSIIOTCSI, HallpHMep1 llnSI 

HlleHTH«fmxauHH rrpoayKTOB SIJlepHhiX peaxuHii B MeTollHKe A Exi 11
• 

1. TpeoosaHHSI K HSroToBneHHIO rronyrrpoBoJlHHKOBhiX 

A E -lleTeKTopoB 

OcaoBHhie TpeooBaHHSI K HsroToBneHHIO rronyrrpoBOllHHKOBhiX A E -aeTeK-

TopoB cneJlyiOmHe: sxnaJl B saepreTH~ecxoe paspemeHHe oT cpeJlaexsaapaTH~

uoro paaopoca no TonmHHe He llOn}l{eH rrpeBbilliBTb sxnaaa oT cTaTHCTH~ecKHX 

8 -sneKTpOHOBj llOCTH}I{eHHe liOneM OOoeMHOrO 38pSIJl8 oopaT-

uoro KOHTaKTa ue aon}I{HO yxyamaTb xapaKTepHCTHK JleTeKTopa; MepTBbie 

/2/ 
30Hhl llOn>KHhl Ob!Tb MHHHM8nbHhl • 

2. 0CHOBHbl9 orrepaUHH M9TOJlHKH H3rOTOBneHHSI IIOnyllpOBOJlHHKOBhlX 

A E -lleTexTopoB 

HaHoonee cymecTBeHHhie orrepauHH MeToJlHK HsroToBneHHSI rronyrrpoBoll

/2 3/ 
HHKOBhiX A E -JleTeKTOpoB, orrHcaHHbie B paooTax ' ,cBollSITCSI K cneayiOlliHM: 

HsroToBneaHe rrnocxorrapannenbHhlX rrnacTHH MexaHH~ecKHM crroco6oM; o~HCT-
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K8 OT aarpH3HeHHH ITOBepXHOCTeH rrnaCTHH rrocne MeX8JIHqeCKOH o6pa60TKHj . 
XHMHqecxoe TpasneaHe c coxpaaeaHeM rrnocxorrapannenbHocTHj aaaeceaHe 

KOHT8KTOB H KperrneHHe aeTeKTOpa B orrpaBKe. 

B na6opaTOpHH HaepHbiX peaKUHH 011.RI1 paapa6oTaHa opHrHH8ITbHaH 

MeToaHKa HaroTosneHHH KpeMHHeBbiX rrosepxaocTHo-6apbepHbiX ( rr-6) ~ E 

aeTeKTOpOB TOITUIHHOH 15+140 MKM C ITITOCKOITapannenbHOCTbJO < 0,5 MKM Ha 

aHaMeTpe 20+28 MM H pa6oqeA rrnomaabJO 0,2+1,5 cM
2

• 

3. XapaxTepHCTHKH KpeMHHeBbiX n-6 ~ E -neTeKTopos 

11ccneaosanHCb xapaKTepHCTHKH 20 ~ E -aeTeKTopoB, HaroTosneHHbiX Ha 

rrnaCTHH KpeMHHH n -THrra C yaenbHbiM COITpOTHBITeHHeM 0 15+2,5 KOMoCMo 

lJaCTb xapaiCTepHCTHK ITpHneaeHa B STOH pa6oTe. 

Ha pHc. · 1a,6 rrpHseaeHbi THrrHqHbie aasHCHMOCTH o6paTHoro Tolffi H 

eMKOCTH oT aarrpH>KeHHH cMemeHHH ( U ) am1 ~ E -aeTeKTopos. 
CM 

CTpenK8MH H8 BOITbT-aMrrepHbl;lt ( V -J ) xapaKTepHCTHK8X DOK838Hbl 

HarrpH>KeHHH CMeUieHHH1 ITpH KOTOpbiX H8CTyrraeT H3rH6 COOTBeTCTBYJOUieH 

BOITbT-eMKOCTHOA( V- C ) XapaKTepHCTHKH1 yKa3b!BaJOUIHH H8 H8CTyrrneHHe rron

HOro HCTOUieHHH neTeKTOpa. TeM C8MbiM H3rH6 Ha V- C xapaKTepHCTHKe 

naeT soaMO>KHOCTb axcnepHMeHTanbHO ycTaHoBHTb aaqano pa6oqero u 
a TaK>Ke rrpH HaBeCTHoA reoMeTpHH KOHTaKTOB ~ E -neTeKTopa onpenenHTb 

ero TOITUIHHy. Taxoe orrpeneneHHe TOnUIHHbl C llOCT8TOqHoH TOqHoCTbJO C0-

/4/ 
srranaeT c onpeneneaHeM no rroTepHM aaeprHH a -qacTHU B xpeMHHH 

nnaBHbiA xon V-I xapaKTepHcTHK B o6nacTH rronaoro HCTomeHHH yxaabi

saeT H8 T0 1 qTo OTCyTCTByeT HBneHHe HH~eKUHH HeOCHOBHbiX HOCHTeneA H3 

o6paT&oro KOHT8KT8 B o6naCTb qyBCTBHTenbHOrO CnOHo 

ToKH1 COOTBeTCTBYJOUIHe pa6oqeft o6naCTH U eM' H3MeHHJOTClil lliTH paa

nHqJibiX neTeKTOpOB B rrpenenaX 0,15..0,80 MK81 'ITO IT03BOnHeT HX HCrronb30-
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BaTb llml CIIeKTpOMeTpUUo KaK BUilHO U3 CBO~HOI% Ta6nUUbl1 paapeweuue ITO 
241 • 

rronHoMy rrornoweHUIO am1 a -'laCTUU Am ( E a =5,48 M se) co CTOpOBbi 

AI rrpu aarrpH*eHuHx 6onbwux, 'leM aaqanbHoe aarrpH*eaue ucTomeHUH1 ne

*HT B o6naCTU 26-42 K9Bo 

KaK cneayeT H3 puc. la,i\E -lleTeKTOpbi BbllleP*UBaiOT 6ea rrpo6oH 

HaiipH*eHUH1 B 3-5 pa3 6onbWUe BaiipR*eHUH Ha'lana IIOnBoro UCTomeHHH1 U 

TeM CaMbiM o6ecrre'IUBaiOT WUpOKYIO pa60'IYIO o6naCTb U 

113 puc. 2 BUilB01 'ITO U3MeBeHHe V- J xapaKTepUCTUK, KOTOpble CHU

ManHCb rrpu paanH'IBOi% KOMBaTHOft TeMrrepaType B Te'leHUe 15 MeCRUeB anR 

lleTeKTOpa C TonmHHOft 56 MKM U 6 MeCRUeB ang aeTeKTOpa 26 MKM1 Bblpa-

U ua-aa yeenu'leHHR o6paTHoro To
CM 

Ka, He casuraeT Ha'lanbHoro HarrpR*eBHR nona oro HCTomeuuR i\ E -aeTeKTopoB 

U TaKUM o6pa30M IIOilTBep*JlaeT IIpaBUnbHOCTb Bbi6opa HeUB'beKTHpyiOmero 
/5/ 

MaTepuana B Ka'leCTBe o6paTHOrO KOBT8KT8 o 

DpyruM cnoco6oM nposepxu rronaoro ucTomeHHR RBnReTcR cpaeueaue 

sHepreTH'IeCKoro rrono*eHUR u paapelUeBUH a -nuuuu rrpu o6nyqeBHH i\E -

aeTeKTopa c rrepeauea u aaaaea cTopoHbio 
24 J 

Ha puc. 3 rroKaaaHbi a -crreKTpbl oT .Am rrpu o6nyqeuuu i\E -ae-

TeKTOpa ( J = 140 MKM, ·u =60 B) CO CTOpOBbl 30nOTa U aniOMUHBBo IJpo-
.:::M 

6er a -'lacTuu rronHOCTbiO yxnallb!Bancg B aeTeKTope. 

Coenaaeaae paapeweaaa npa o6nyqeuaa c aeyx cTopou (26 xse) a 

ManOCTb CllBBra (3-4 K9B) rOBOpHT 0 TOM1 'ITO BMeeTCH IIOnBOe HCTOWeBBe 

lleTeKTOpa, a CaM CllBBr 06'bHCBReTCH paanB'IUeM 9HepreTB'IeCKBX IIOTepb B 

rrepellH9M U 3allB9M KOHTaKTaX. 

fJpB HaiipH*9HBHX CMemeHUH HH*e Ha'lanbHOro HaiipR*eHHH HCTOweBBB 

(puc. 4a,6) paapeweaue yxyawaeTcR rrpu o6nyqeuuu co cTopoBbl aaauero 

KOHTBKTa H OllBOBpeMeHHO yBenU'IUBaeTCH CllBBr a -nHBHB B CTOpOBY yMeBb

WeHHH 9BeprHft IIO CpaBBeBBIO C a -nBHBeft rrpu o6ny'leBBH CO CTOpOBbl rre-
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pe)lHero KOHT8KTa. 3TH a¢<jJeKTbl o6ycnoBneHbl noSIBneHHeM MepTBOA 30Hbl 
; 

CO CTOpOHhl 38llHero KOHT8KT8 1 qTo npHBOllHT K yBenHqeHH~ peKoM6HHa-

UHOHHhlX noTepb BO BpeMSI co6HpaHHSI qaCTH HOCHTeneft 3apSill8 nyTeM llH~~y-

3HH B o6naCTb CHnbHOrO nonSI. 

TipH U CM Bblllle HaqanbHOrO HanpSI)I{eHHSI HCTOtlleHHSI paapellleHHe a -

qacTHU He YXYlllllaeTCSI B cnyqae o6nyqeHHSI CO CTOpOHbl 30nOTa. 

HaH6onee Ba)I{HOft xapaKTepHCTHKOft SIBnSieTcSI auepreTHqecKoe paapellle

HHe t. E -lleTeKTopa, Koraa npo6er qacTHU B KpeMHHH npeBbilllaeT TonlliHHy 

)leTeKTOpa. 

B pa6oTe HaMepSinocb aHepreTHqecKoe paapellleHHe t. E -aeTeKTopoB 

C TOnlliHH8MH 15t49,4 MKM npH o6nyqeHHH no Bceft pa6oqeft nnolliBllH a -
212 2128 . E 

qacTHUaMH Po (E =8,78 Mas) H • ( =6,06 Mas). a a 

lJTo6bJ HCKn~qHTb BKnaa B aHepreTHqecKoe paapellleHHe OT pacxoaH-

MOCTH a -nyqKa 1 paCCTOSIHHe Me)I(Jly lleTeKTOpOM H a -HCTOqHHKOM Bbi6H-

panocb no ~opMyne: 

f = DV J! 2 8 J , 

rile D 

BJ 

llHaMeTp pa6oqeft nnomaaH t. E -aeTeKTopa, J - TonlliHHa lleTeKTo-

pa, - 3allaBaeMoe MaKCHManbHOe OTKnOHeHHe B npo6ere a -qaCTHUbl 

H3-38 paCXOllHMOCTH nyqKa. 

PacnpelleneuHe auepreTHqecKHX noTepb B t. E -lleTeKTope, KaK BHJlHO 

H3 pHCo 51 onHCb!BBeTCSI ~yHKUHeii: faycca, HOpMHpOB8HHOft K aKcnepHMeHTanb-

Ha pHc. 6 npHBeJleHo cpaaueuHe aKcnepHMeHTanbHoro paapellleHHSI no 

aueprHH a -qacTHU ( E a =8, 78 Mas) JlnSI llByx cepHft t. E -JleTeKTopoB 

16,7/ 
C qHCneHHbiMH pacqeTaMH KHHeTHqecKoro ypaBHeHHSI llnSI ~n~KTYBUHit 

HOHH38UHOHHblX noTepb C yq~TOM H3MeHeHHSI CKOpOCTH qacTHUbl BllOnb ee nyTH 

npH npoxo*AeHHH qepea JleTeKTop. 
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BKnaahi rnyMoB sneKTpoHHKH H aeTeKTopos B saepreTH~ocKoe paaperneHHe 

.f 
He y~HTbiBanHCb1 TaK KaK OHH He npeBbilliaiOT 151-20 KSB, 

3KcnepHMeaTanbHbie To~KH Ha Ka)K}loft cepHH B o6meM nepeaaiOT xoa 

TeopeTH~eCKOft KpHBOH, 

0TKnOH9HHe no a6coniOTHOMy 3Ha~eHHIO SKcnepHMeHTaJibHbiX TO~eK OT 

TeopeTH~ecKoA KpHBoA o6cynosneao cpeaHeKBaapaTHqHhlM paa6pocoM no 

1 paCC~HTaHHbie C y~~TOM STOft KpHBOft1 npHBe-

lleHbl B CBOaHOH Ta6nHue, 

KaK cneayeT Ha Ta6nHUhi, anH 1 cepHH aeTeKTopoB cpeJlHeKBaapaTH~HbiA 

paa6poc paBeH 0,46 MKM1 a JlnSI yny~llieHHOA cepHH 1 H3rOTOBneHHOA C BBeJle

HHeM B MeTOJlHKy llOnonHHTenbHOA·onepaUHH,- 0,32 MKM, Paa5poc 3Ha~eHHSI 

a JlnSI asyx CepHH ITOKa3bJE.aeT XOpornyiO ITOBTOpS!eMOCTb peaynbTaTOB JlJlSI 

1'1 E -aeTeKTopos, HaroToBneHHbiX c noMOIUbiO paapa6oTaimoA MeTOJlHKH. 
/8/ 

BbiBoahi, nony~eHHbie B pa6oTe H3 aaanorH~Horo cpasueHHSI sJtcnepH-

MeHTanhHOro sHepreTHqecKoro paaperneHHSI c pac~~TaMH tJsnepa, Bbi3B8Hbi 

/6/ 
ornH6KoA B nepec~~Te TeopeTHqecKoA KpHBOH Ha pa6oTbi • A npeJlnonarae-

/8/ 
MaS! aBTopaMH pa60Tbl KOHCTaHTa 15,5 B3aMeH KOHCTaHThl 10,1 B lf!opMy-

/9/ 
ne H3 pa6oTbi anSI nonyrnHpHHbi sHepreTH~ecKoro pacnpeaeneHHSI nHIDeHa 

CMbiCna, 

Ha pHc. 7 npHeeaeHbi peaynbTaTbi HaMepeHHSI TonmHHbi nnacTHHbi BJlOJib 

aHaMeTpa anSI l'l.E -aeTeKTopoB c noMOllibiO a -~aCTHU ( Ea =5,48 Mse) •. .UnH 

ll9TeKTOpa 28 MKM1 B3SITOrO H3 1 cepHH1 cpeaaee OTKnOHeHHe paBHO :!:.01 22 MKM, 

a anSI aeTeKTopa 27,6 MKM H3 2 CepHH - :!:.0,15 MKM,· .fiHaMeTp HCITOJlb3yeMO

ro KOnnHMaTopa B H3MepeHHSIX paBeH 0,5 MM1 a TO~HOCTb H3MepeHHSI -

0,04 MKM, 

BbiiDeHano)l{eHHbie peaynbT8Tbi noKaabiBaiOT, ~To KpeMHHeBbie n-6 1'1 E -

lleTeKTOpbi, H3rOTOBJieHHbie C nOMOIUbiO pa3pa6oTaHHOft MeToaHKH1 yaOBJieT

BOpSIIOT Tpe60B8HHSIM COBpeMeHHOro SKCrrepHMeHTa. 
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CJ.BO LHA.II TAEJIIUA 

ToJintima Pa.CiO't!8..f! Cpe,n;ne- Paeioqee PaspeweH:vre Pa3perneHne 
,1l;8T8KTOpa llJIOllt~b xn.paseipoc Hanp.ai!CeHr.e no nOJIHOIJY f~K3B2 
d <MK1i) s (CM.:.) llO ,TOJlntMHe Ll(B) norJio114emno 

E~ = " 
~(MKM) Al CTOpOHhl w._= 

,ll;Jl.fl 6,06 l1l3B B, 78 M:m 
lk.= 5, 4 8 M3B 

' ', 
\)\3B) 

140,0 1,54 L0,5 60,0 26 
49,4x o, 52 0,29 15,0 30 - 304 

co 
47,0 o, 52 0,42 25,0 42 - 3.;:0 
L~1 ,0 o, 52 0,49 27,0 'JT - ;! 5(3'--v.l. 

28,0 0,28 0,45 9,0 29 - 200 
28,0x 0,28 0,35 14,5 35 298 165 
26,0x 0,28 0,32 29,0 31 180 151 
15,0 0,20 0, j() 8,5 - 204 I 50 

x) l8T8KTOphl, OTHOC.H~HeC.H KO IT C8pMM. 
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PHc, 1. BonbT-aMrrepHbie (a) H BOnbT-eMKOCTHbie (6) xapaKTepHCTHKH 
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PHc. 2. BonbT-aMnepHhie xapaxTepHCTHKH !! E -.QeTeKTopoa, CHSITbie qepea 
onpe.QeneHHbie npoMe>KyTKH apeMeHH. 
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241 
PRe. 3. 3aepreTH'IeCKHe cneKTpbl a -qacTHil Am ( E a =5,48 Mae), CHSI-

Tble co cTopoH&I aonoTa H amoMHHHSI sa ll E -lleTeKTope ( J = 140 MKM, 

U CM =60 e) npH OllHOM H TOM >Ke ycHneHHH aneKTpOHHOrO Tp8KT8o 

12 
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OJ 

Ca8ue ( Ru-Re) 

0L-+-----------~--------~~ 
II() 50 60 

CNeu..t,eHue ( OOflbmbl) 

PHc. 4. a) Y'iaCTOK BOIIbT-eMKocTaot!: xapaKTepHCTHKH ~ E -.aeTeKTopa 

( J = 140 MKM) B o6nacTH aaqana nonaoro HCTomeHHSI .aeTeKTopa.6) 1) C.asHr 

no aaeprHH a -IIHHHH (no nonaoMy nornomeaHIO) co cTopoHbi an10MHHHS1 no 

OTHOIIIeHHIO K a -IIHHHH CO CTOpOHbl 301IOT8 npH o6ny'ie!IHH a -HCTO'i!IHKOM 
247 Am (E =5,48 Mas)~ E -.aeTeKT.:>pa ( J =140 MKM)(o). 2) 3aepreTH'ie-

cKoe paageiiieaHe a -nHHHJf
4 1 Am ( E =5,48 Mas) no nonaoMy nornomeHHIO a 

co cTopoHbi aonoTa ( e ) H an10MHHHS1 ( A ) B ~ E -.aeTeKTope ( J = 140 
MKM) B 38BHCHMOCTH OT UcM•. 
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d = (15.0 tQf)HKN 
S• QecNz 

PHc. 5. PacrrpeaeneHHe aHepreTHqecKHX rroTepb ~E (o) rrpH rrpoxo~eHHH 
a -qacTHU 2l2po ( E =8, 78 Mas) H 21 ZS; ( E =6,06 Mas) qepea ~ E -

aeTeKTop. CrrnoruHaR ~HHHR - pacrrpeaeneHHe faycca, HopMHposaHHoe K 
aKcrrepHM eHTanbHbiM 3HaqeHHRMo 
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PHc. 6. CpaBHeHHe sKcrrepHMeHTanbaoro saepreTH'IecKoro pasperneHHSI !! E
aeTeKTopoB anSI a -qacTHu

27 2Po ( Ea =8, 78 M sB) c tiHcneHHbiMH pacti~TaMH 
qsnepa TO'IHOT'O KHH9TH'I9CKOT'O ypaBH9HHSI anSI ~nroKTyaUHH HOHH38UHOHHbiX 
rroTepb (crrnornHaSI KpHBaSI)/61. 
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Puc. 7. Paa6poc no Tonmuue, RaMepeBBbiA no noTepBM sueprRR a -'laCTRU 
24 ~ ... ( Ea =5,48 M sa), JliiB KpeMBReB&IX n-6 ll E -neTeKTOpOB c TOIIJDRHa

MR 28 MKM (a,6) R 27,6 MKM (e,r). 
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