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Bsenes11e 

YcnemHoe pa3BilTile TeXIIIID BarOTOBn&BBSI nonynposonBBKOBhiX neTeKTopoB aa no

cnenBBe,ronhl CDOC06CTBOB4n0 mipOKOMY BX DpllM&H&HB~ Kai B gnepBOli ~3BKe~ TSE B 

B pgne npyrux OTpacnea HayKH. BYcou• suepreTR'I&CUJI paapemaJOma• cnoco6HocTb 

nonynpOBOnBHKOBbiX neT&KTOpOB D03BMS9T CTpOIITb CD&KTpONeTphl C OTliii'IHhiMil xapaKTe

pllCTBK8MB He TOnbKO llDSI 3Apllllt8HBhiX ~CTilll ( OT 9D8KTpOHOB no OCKOnKOB nen&HIISI TSIJKe

DhiX Slll&p) 1 HO H JlDSI raMMA-Iry'l&ft B WHpOKON nHADa30R8 asepr11ft. 

Ha•6onbmee pacnpocTpaHeHHe n~ nosepXHOCTso-6aphepHhle KpeMHH&Bhle 

neT~TOpbl JlllSI perHCTpSDIIK 38pRlK&HHhiX 'laCTIIJl II 11Btjlcjly3HOBBo-llp&ftljloBhl8 ( p • i • D ) 

repMasKeBbie neTeKTOphl nnsr perucTpalUIII rawNA-nyqea. BenH'IHHa pa6o-.ea (o6enHeHHoii) 

06naCTil COBp&M&HHbiX ll&TQKTOpOB nOCT!iraeT 5-8 MM, 'ITO aKBiiB&n&HTHO npo6ery an&KTpo-

HOB c aHeprueli no 5 Mas, a a -'laCTHD - no 100 Mas. llnR cpasHIITem.Holi oneHKH B 

Ta6nHne npuseneHo aHepreTH'I&CKoe paapemeHile nnR paaliii'IHhiX neTeKTopos (seliii'IRHa 

pa3pemeHHB DpRB&ll&Ha KSK DonH8B mHpHHa R8 DonOBHH& Bb!COTbl KpHBOli CD&KTp8nbHOrO 

pacnpeneneH!iR). 

T a 6 n • n a 1 

T11n neTeKTopa Ep=100us E.y""122 KaB E.y•1,33MaB Ea m10Mas Ea•100 Mas 

Jil OHR38UROHH8R 
30 K9B 30 KaB 

xaMepa 

CnHHTHnnsmuoHHhlli 
neT&KTOp 15 KaB 9,8 KaB 78 K9B 200xas Mas 

0onynpOBOAHH~OBblli 

lleT&KTOp (25 C) 8 K9B 12 KaB 50 taB 

OonynpOBOAHH~OBhlft 

ueTeKTop {77 K) 2,8 KaB 2,4 K9B 6 K9B 

PeanuaaURR BhiCOKHX cnexTpoMeTpuqecxHX B03MO~OCTeli nonynposonHHKOBhiX neTeKTopos 

orpaHil'IHBaeTC:SI ypoBH&M myMa ycunuTeneli. OpoexTHposaHRe ycunHT&nea c npenem.Ho 

HH3KHM npuseneHHhiM xo sxony myMoM npencTaBnReT nosonbHO TPYAHYID HHlK&Hepayro aa-
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aa'l}' • 06m851 TeopKS npo&KTBp0&8BB51 M81l0JliYM511llBX yCBnBTenell ans aeT&KTopO& Sl.[lepllhlX 

/1 I 12/ /3/ 
B3JIY'I&BHII HanolKeBa a xnrax JllKBnnecnH. , CaBBBa , & pa60Tax Bpo&'lesxo , 41el.po-

/4/ /5/ 
cTellsa , BnasKeBmHna • B sacTo511llell pa60T& npH&OaHTCs B&KOTophle excnepHM&BTam.-

Bhle aaBB·ble 0 myMO&biX napaMe'l'p8X P51.t18 WBpOKOnonOCBhiX YCHABTenbBhiX A8MD0 8 T8KlKe 

CXeMhl B OCBO&Bble XapaJtT&pBCTBKB cnexTpOMeTpH'I&CKHX 38p5l.tiO&hiX npeayCHAHTenell .r:IAB 

pa3nB'IHhiX nonynpO&O.[I'llllltO&hiX aeT&XTOpOB, pa3p800T8HHbiX & na6opaTopllB Sl.[lepllhiX peaK

IlBII OIUU1. 

1. 41axTophl, orpaHB'IB&aiOmHe paapemaiOmYIO cnoco6uoc'l'b cnexTpoMe'!'J)O& 

C nonyrrpo&OAHKXOBbiMH aeTeX:TOp8M! 

Paapema10maa cnoco6aocT& no sueprHH cneKTpoMe'l'pOB c nonynposoaBBXOBbiMK aeTeJt

TopaMH onpeaenseTCa CT8THCTHKOII oopa30B8BB51 Sll&KTpoHHo-a&~O'IBbiX nap, ~8KTOpOM 

41auo, C06CTBeHHhiMH JliYM8MB aeTeltTOpa B JliYM8MB yCBnKTens: 

2 
A = F A2 A2+A2. 

N + a y (1.1) 

CTaTHCTH'I&CKHII paa6poc 'IRena oopaao&aBHbiX nap onpeaenseTcs ax KOIIB'I&CT&OM ( N ) 

a aa&HCHT OT sseprHH '!aCTBilbl (E) , cpeaHero aua'!&HBB sseprHK, pacxoayeMoll sa o6pa

aosaBBe napbl (<) , B S~ltTH&BOCTH COopa BOCHTenell. 3~KTBBBOCTb COOpa BOCBTenell 

38&BCHT OT C&OIICTB HCnon&ayeMoro nonynpO&OaHHKOBOro M8TepHana, B&nll'lllHbl p800'19h 

(ooea&BHOII) 00il8CTH B Slllllt'l'pH'I&CKOro nons & Hell, nnOTHOCTB BOHH381lBB saom. Tp&Ka 

per&C'I'pHpyeMOII '18CTH!lbl, nOT&pH BOCHTenell 38 C'leT 38X&8T8 npeOOna.[I810T y HH3KOHOHH-

3HpyiOIJlllX '18CTHD., II nOTepH 38 C'leT peKOMI5BH81UIB y &biCOKOHOHH3Bpy!OillHX ( HanpaMep, 

OCKOAKB aeneHHB Sl.[lepJ, PeKOMI5HH81lHOHHble nOT&pH cym&CTB&HHO yMeHblll810TCB npH oxna-

lKll.eHHB aeTeX:TOpOB ao T&MnepATYPbl lKB.r:IXOrO 830T8 (77°K), TaK K8K noaBHlKHOCTH HOCB

Tenell (aneJt'l'poaos H ablpolt) aoapacTaiOT 15onee 'I&M aa nop5l.r:IOK. B nepaoN npHISnHlK&HHH 

a~KTHBBOCTb co15BpaHHS aap51.r:1a MOlKeT 6w'l'b npencTasneHa s cneaylOIIl&M »Bile: 

~ 
'7 = ~ [ l-e:w:p(-W/j.Lr

0
:bi ) ] , w ( 1.2) 

rae ll - nonsalKilocTb HOCHTenell, r
0 

- speMa lKB3HH HOCIIT&nell, .Iii - senB'IHHa sneKTpH

'!ecxoro nons, ... - rnyi5HB8 OoeaHeHHOII o6naCTBe npH OllHHX B TeX lKe ycnO&HSIX paapeme

HH& nns aneltTpOHOB ny'IW80 'teM, BanpHMep, liAS a -'18CTHD. B3-38 M&Bbmell nnOTHOCTK 

/6/ 
HOHB3aD.HK 'l'p&Jta. 3To nonTaeplKnaeTcs aKcnepuMeBTan&HhiMH naHHhiMH • Cpeaue-Ksanpa-

TH'IBASI B8nll'IBB8 ~YKTY8D.HK 'IBCna Oop830&aBHbiX nap OT MOH08BepreTB'I9CKOro H3JIY'I8-

'l'eASI MOlKeT 15b1Tb B)>lpalKeBa Clle.QylOIJlell 38BHCBMOCTblO: 

8N=../FE< (KSB Cp. KB.), ( 1.3) 

r.Qe :f- ~KTOp 41aHO, E- SBepraa H3JIY'I8T9ASI (Mas), < •3,6 nASI KpeMHBB B • -2,95 
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nAB r&pMAHHB - Cp&AH88 3B8'18HH8 8H8pMIB, paexony&MOI B8 CJ6pA8011aD 

.Qhlpo'IBOI nap hi. Bocnom.aosasmHc& BhlpalKeDeM (1.1) c Y'l&Tou ( 1.8) 1 

~KTop 418BO, 9C11H H3B&CTH8 38BHCBMOCTb paapemeBBSI OT 8Baprn: 

2 2 
:F-~. 

5,6 E< 
3neCb A - nonBaB WBpHB8 B8 DOilOBBBe &hiCOThl KpBBOI CU&It'l'p&m.Boro 

MOBOSHepreTH'l&CKOrO H3JIY'I8TenSI (1tSB), A0 - TO lK8 .[lAB pellep&oro I 

paTopa (Kes), Bltll10'18101ll9ro B C&OB WYMhl a&'l'eltTOp8 B YCHIIBTeng, E 

'18T9A51 (Mas). Jlna Kp9MHH9BhiX .Q&TeltTopOB &aRISonee TO'IHhl8 peaym.Ta· 

nony'leBhl OT cneK'I'pOB MOBOSHepreTK'IeCitBX aneKTpOBOB0 8 ana rept.UIHB 

cneK'I'pos. B ol5oux cny'laHX seol5xoa•wo oxnalK.QeHHe ll&Te:tTOpOB .Qns yN 

.[leTeKTOpa H pai50T8Tb C yCKIIJIT&nBMK, HM8101llBMB np9.[18nloll0 

&ocnom.aosa'i'&ca llaHBhiMR BnasKesm•na
17 1( HCTO'IHHK ca 137 

HB3KBI ypo 

, E,.~8 
Ao •2,9 KSB, KpeMBH9Bhll p-1-a neT81tTop), TO lliUI Kpeuoa :F.~O, 

Ha p11c. 1 aao6pall<eaa aasHCKMocTb paapem&HHII repuaoeBCJro 'p-

x /8/ . 
OT aaeprHH r&MM8-KB8BTOB 0 B3SIT851 B3 pa60Thl 8BCell8 • nerJtO liO.QC 

aToM cny'lae :F ~ 0,3. CoocTBeBBble JliYMhl nony~~posO.QBJlKosoro 'lle'l'

onpenenmoTca ~YKTyaD.HSIMB TOKO& yTe'IKK 'lepea n -P llapexo.Q. Toe 

neHBblll reaep8D.H91 OCBOBBbllt BOCHTellell B OoeaHeHBOII OISnaCTB: 

l.llr• 
q Dl w A 

2 'o 
-19 

rae q •1,6 • 10 xyn - aap51.r:1 anex'l'poBa, n i - 'lllcno aocHTeneA B m 

w ,. rnyi5Hsa o15easeasoll ol5nacn, A - nnom8.Qb ll&TeKTopa, r 
0 

- &pe) 

-10 3 
]lns KpeMHBB D i • 1,5•10 1/CM • Jlns noaepXHOCTHo-15apllo8pBhiX ll 

Y.z 
W • 0,32 ( 'p U ) t MKp) ana Kp6MBH51 p -THna 

Y.z 
J, W • 0,53 ( ·p U ) ( MKp) ans Kp&MHBB n -nna, 

3aeCb p - y.QellbBOe COUpOTHBil8BB8 (OM• CM), U- nOT&BDH8A CM91ll9Bll 

Toll. yTe'IKH, ooycno&neBHbll AH~y3H811 H&OCHOBBb!X BOCHTenel B O!Se.QE 

I • AA ~. 
'o 

rile D - 'IHCnO BeocBOBBbiX BOCBTenell, - rny6uHa Heol5eAH8BBOII o 

liJyMbl , o6ycnosneHBb16 ~:YKTY81lBBMII STHX TOKOB yTe'lltB0 llOC!l'l' 

myMoB neTeKTopa il HMelOT pa&BOMepB&III 'I&CTOTH&III eneJt'l'p. OtSb!'IBO T• 

AH~~3HH H90CBO&HbiX BOCHT&nell npeBeopelKBMO Man no Cp8BB9HH10 C T• 

C'!eT reHepanuu. CymeCT&eHB&III BKnau B JliYMLI aeTeKTOpa BHOCBT TaK.: 

noaepXHOC'rHbiX TOKOB yTe'!KH, Cn&KTpanbHBB nnOTHOCTb KOTOpb!X o6paTI 

t{SCTOTe. 
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ManomyMmnxx ycxnx-renell nns Jl&TeXTOpoa snepllblx 
Ill 121 /3/ 

lllJKHnnecnx. , CaDxa , s pa60Tax Bpoa'le8KO , 41ellpo-

84CTomnell pa60Te llpHBOJlJITCR H&XOTop:ble BXC118pHM8HTam.

pJIIl8 WllpOKOIJO.IIOC8:biX yCH.IIBT8llh8:biX .ll&Mn, a T8XlK8 

cnexTpOMeTpH'lecxxx 3apsnos:&~x npe)lyCB.IIHTenell nns 

Jl8T8XTOpOs, pa3pa60T88H:b1X S na6opaTOpHB Jlll8PH:b1X peaK-

no aHeprHH cnexTpOM8TpOB C nonynpOBOJlHHXOB:biMB Jl8T&X

nap, ljla.xTopoM 

H WYM8MB yCHnBT8.1IB: 

6~ ~ 6 2 
= F N + 6n + y ' (1.1) 

o6p830BBHH:b1X nap onpenenseTCs HX KonB'l8CTBOM ( N ) 

( E ) , cpen8ero 38a'le8HB a8eprux, pacxoAyeMoll 84 o6pa-

c6opa 80CHTenell. 3~KTHB80CTb c6opa HOCHTenell 

nonynpoaon8HKoaoro M8Tepaana, B&nB'lH8:bl pa6o'leh 

nons B Hell, n.IIOT80CTH HOBB38DHB BllOllh Tpexa 

38XB8T8 npe06.118ll8IDT y HH3KOHOHH-

peKOM61lH81UIH y BbiCOKOBOHH3HpyiDIJlHX (HanpHMep, 

noTepH cymecTaexxo yMem.maroTcs npx oxna-

lKHJlKoro 830T8 (77°K), T8K K8K IJOllBBJKHOCTB HOCB-

6onee '18M 88 nopsnox. B nepBOM npa6naJK&HHH 

6wTb npeJlCT8B.Il8H8 B C.ll8JlYJOIII8N sxne: 

= ~ [ 1-exp(-W/,..r
0

:fi ) l • w ( 1.2) 

- Bp&MR JKB3HH BOCHTenell, .ih - B8.1IH'IH88 S.ll8KTpH-

06nacTH, npa OJlHHX H T&X JKe YC.IIOBHHX pa3pewe

a -'18CTIJJl H3-3a Nem.well n.IIOTBOCTH 
/61 

axcnepxMeBTan&8biMH AaHBbiMH • Cpense-xBaApa-

M080&8epreTH'lecxoro H3ny'la-

3aBHCliMOCT&ID: 

(XSB Cp, KB,), (1.3} 

B3.1ly'l8Ten.s (Mea), f •3,6 Jl.ll.ll Kp8MBBH H • -2,95 

4 

• 

~ 

,i,,. 

ll.llll repMAHHB - Cp&ABee 3H8'18HH8 8B8prBH, p8CX0Jl78MOA Ba o6pa30BAHHe OABOA U&X'I'pOHHq

AblpO'lBOll :qap:&I. Bocnom.aOBasmac& s:&IpaJKeDew (1,1) c y'leToM (1.8) lllOlKHo onpenenx'l'lo 

ljlaKTOp cl>aso, 9C.IIB Ki3S8CT&a 3UHCHlllOCTb pa3p81118BHJI OT &Hepru: 

• 2 2 
:F-~. 

5,6.Et 
(1.4} 

3nec. 6 - nonuH wapaaa u nonoaxae swcOT:&I xpasoA caexTp~aoro pacupeAenesxs 

MoaoaaepreTH'Iecxoro B3Ay'laTens (xes). fl0 - TO JKe nn11 penepsoro BMnynLca OT reae

paTopa (xes), SX.IIID'l8IDIII8ro S ce611 WYMhl ll&TeXTopa H YCR.IIHTe.llll, E - &BeprBSI B3ny

'l8T8.1IB (Mas). llns Xp8MBa8B:biX A&TeXTOpos BAH6onee TO'IHble p83ynLTAT:bl MoryT IS:&IT& 

IJO.Ily'I8Hhl OT Cn&XTpOS MOJIOSBepreTH'l8CXBX 9.118XTpOBOS0 a AJIB repM&IIB&S:biX - OT raMI\la

CneXTpOS, B o6oax cny'lasx aeo6xon .. oto oxnalK,!IeiDie Jl&TeZ:Topos Ans YMem.meBBs myMos 

Jl8T&KTopa B pa60TaT& C YCBIIJIT8.1IBMH, HM8IDIIIHMH llp&A&IDoBO BH3Ull yposem. myMa, EcnB 

17 I 137 
socuom.aosa'i'&CH naBB:&IMH Bnaaxesmana ( acTO'liDIX Ca , Et~-625 xes, fl •3,8 X&ll, 

fl 0 •2,9 KSB, Kp8MHH8S:blll poi-a Jl8T8XTOp), TO Jl.IIJI Kp8NBHJI F ... 0,5o 

Ha pHc. I B3o6paJKeBa 3asacawocT& paapemeBBa replllaHReaoro p-i-n neTeKTopa 

181 
OT aaepraa r&MMA-XBaBTOB, B3HTaR 83 pa60Thl Xascexa • nerxo nOJlC'lB'I'aTb, 'ITO s 

STOM C.lly'lae :F ~ 0,3. Co6CTB8BJibl8 myM:bl nonynpOBOAJIBXOBOro Jl8TeXTOpa B OCJIOBBOM 

onpene.IISIIDTCJI ljlnyxTy&DHJII\lH TOXOB yT&'IKH 'l8p83 D -p 118p8X0Ao Tox yT&'IXB, o6ycnoa

.ll8BB:blll resepauell OCJIOSBhlX HOCHTe.lleA 8 068JlB8HBOll o6naCTH: 

IAr• 

-19 

q n1 W A 

2 'o (1.5) 

rne q •1,6 ·10 xyn - 38pJIIl 8.118ltTpOB4
0 D i - 'IHC.IIO BOCHTenelt S IIOnyllpOSOJlHBK8, 

o6enseaaoA oiSnacTJJ, A - nnom8Jl& neTeKTopa, r 
0 

- ap&MII lKH311H' HOCHTenel!. w ,.. rny6Hsa 

llns xpeMsas -10 3 
D i = 1,5•10 1/cM, ll.llli! noaepXHOCTBo-6apJoep&hlX A8T8XTOpOB: 

* W • 0,32 ('p U) (MKp) Jl.IIB Kp8MBBB p -THna 

* W • 0,53 ( ·p U ) ( MKp) A .liB Kp8MIDIR D -pna, 

3nec& p - ynen&soe conpOTHaneaae (oM• CM), U- llOTeHDBan CMemeHH.II \B). 

Tox yTe'lXH, o6ycnosneBHhlll )lHijlljly3Hell B80CBOSifLIX BOCHTenelt S OISeAJI&BIIYJO o6naCTb: 

I JlA • ~ 
'o ' (1.6) 

rae D - 'IHC.IIO RQOCBOBJibiX BOCHTenelt, - rny6xsa Beo6eAB8BBOll 00n8CTH, 

WyMw , o6ycnoaneaa:&~e ljlnyxTyaDHBMH aTsx ToxoB yT&'lKH, BOCSIT Ha3BaBHe npo6os:&Ix 

IDYMOB Jl8TQKTOpa i1 HMBIDT pBBBOMepHhllt 'l4CTOTHbll! Cll8XTpo 06:&I'IBO TOK yTe'lKH 38 C'leT 

JlH<jlljly3HH B80CBOBHbiX BOCHTenel! npeae6peJKHMO Man no Cp8BB8BHID C TOXOM Y'l'e'IKH 38 

C'leT resepaitHH. CyruecTBeBBblll axna.n B myMu neTeKTopa BBOCSIT TaKJKe ljlnyxTyalll"• 

noaepXHOC'rHLIX TOKOB y~e'IKH, Cn&KTpan&H8B nnOTHOCTb KOTOpbiX 06paTHO npOilOPitHOBanbB8 

l.I8CTOTe. 
1'~ 
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CyMMapabiii TOJt yT8'1J[B 111111 noaepXROCTHo-6apb9PBbiX Kp9MHB9Bb1X 119T9KTOpOB eOCTaB-
2 

nli9T B ep&llBQM OT 0,05 110 1 MKa H8 eM , a llnSI repMaHB&BbiX p-i-n 119T9KTOpOB 
2 

110 2 Nita H& eN npB KOMBaTBOII T&MIIepaType, 

Wyw nonynpoaonDJtoaoro Jl&T&JtTopa peaKo eaalKa&TCSI npa oxnaJKA&BBB, TaK, )lnB 
0 -10 

repMaHB&BbiX P·i"'i ll&TeJtTopoa npB T-77 K TOK yTe'IJ[B n8)1aeT no aenaqaHbi 10 a 

npH UOT9HilBane eM91!l9HBSI 400 B, PRe, 2 B 3 HnniOCTpBpy~ STOT ecjxpeKT, 

OeaOBHbiMB aeToqBBJtaMB myMOB yeanBTena BBn~TCSI JlpO!SOBblll myM 8H011HOro TOKa, 

WYM eeToqaoro TOKa B ljlnBKJtep-myM BXOilBOII 118MIIbl B TennOBOII myM BXOilHOro eonpOTHBne
/1/ 

HBSI 

C.raan • myM HMeJOT paanaqHblft eneJt-rpanbHblll eocTas a yeai!Bsa~'rcB ycana-reneM 

no pa3aowy, Ecna nonoca nponyeKaHBB yeBnaTenll orpaaaqeaa na4jl4jlepeB!lBPY~IIlBMB a BHTEI-

rpBpyiOI!lHMH RC -I19UBMH e p&BHbiMH UOCTO!lBHbiMB Bp9M8BH ( OUTKManbHblll cnyqall 

OTHOW9HBSI eBrBan-myM), a earaan OT ll9TeKTOpa MOlKHO npaHSITb B cjJopM9 eJta'lxa UOT9BilB8-

nl!, To npaseneaaaH Jto axony aopMana3osaaaaH no earaany BenH'IHHa wyMa s epenae

KsanpaTH'IHbiX sneKTpoaax 6yneT paaaa: 

v Nifi =2,7 < ..ill..m~+ ~+ ~ + ~~> ~ 
II 2r q 2 4 q 2 q ~ 2 q 2 

{1,7) 

y N"J = 3,7( kTRwa~ + 3hr + 3k Tr+ _A&2
) ~ 

21 8r q 2 16 q 8 q 2R 4 q 2 
{1,8) 

V N a = 4 35 ( 3k TRwa C a 
lila ' 8 -- + r q2 

Jgr kTr A,ca ~ 
-----+--) 

16q 8q 2R 4q 2 
( 1,9) 

- 2 
vHru =7,7( kTRwa~+..!!!_+ kTr +ArC)~ 

22 16r q 2 32q ~ 12q 2 (1,10) 

3neeb nepsblll BHilexc o!SoaaaqaeT 'IBeno KHTerpapy~max ttenell, a sTopoll - 'IBeno nacjxpe-
-23 0 0 ~ -19 

peanapyiOmax , K •1,37.10 nlK/ K, T •290 K, q •1,59 ~10 xyn, R • eJtsasaneHTaoe 
ma 

eonpOTHBneHBe npo!Sosoro myMa, C • Cgk + C 81 + C.. + Cll. - BX011Ha!l eMXOCTb 
- + 

yeHnHTenSI BM9CT8 e 9MKOCTbJO 119T9KTOpa, lg=llg l+llgl- eyMMa enexTpOHBOII B HOHHOII 
= -13 2 

eOCTaBnSIIOI!lBX TOKa eeTJtH, R >> 1/cuC- BX011H09 eonpoTHBn&HBe, A f •10 B - noeTOSIHHaSI 

ljlnHKKep-wyMa, Y'IBTbiBaH Ton&Ko npo!Sosbiii wyM a wyw eeTO'IHoro ToKa H npaBBMaB o-rao

weaae earaana K wyuy 11n51 eny'IBB OllHOKpaTaoro nacjJcjlepeHitBpoaaHBSI B BHTerpaposaHHSI 3a 

911HH111ly, nerKO UOJta3aTb, 'ITO nnB llByltpaTaoro BBTerpllpOBaHBB B OllBOJCpaTHOro 11HcjJ¢epea

UHPOBaBBSI eOOTB&TeTBeHHO OTHOW9HH9 earaana It wywy 6yJleT 1,12, nna 11BYKP8THoro 

nacjl$epeauapoaaa•a • onaoKpaTaoro BHTerpaposaaB!I - 0,94, nna nsyJtpaTaoro BHTerpapoaa

HIBB B 11BciJ$epeH!lBPOBaHBSI - 1, 0Tc~11a BBilHO,'ITO eenB BeT orpaaqeBBB aa BpeMeaaoe 

pa3pemeBBe, TO BblrOABe9 pa!SOTaTb B p9lKBM9 cjJopMBpOB8HBB e 11BYKP8TBbiM BHTerpopoaa-

6 

• 

~ 

I --

HB&M a onaoxpaTBbiM JlKcjJcjJepeaupoaaaaeM, B enyq:ae 6onbiiiJIX e-ra-rBeTB 

6onee Bblrones pe~M JlByKpaTaoro n•¢¢epeBilBpoaaBBK • HBT&rpspoaaHB 

wyMa eBCTeMbl neTeJtTop-yeBIIBTenb a ljlopwynax (1,7 -1,10) BTopoe em 

BKn~qaTb B ee()g II TOX yTeqJtB J19TeltTOpa: 

I - + 
lg •lgl+l1gl+111 , 

a Konsqee-raeaao aenaqasy wyM& YJ1o6aee Bl>lpaJKaTh a &JlKHBnax aaeprill 

nBHBB wyMa (nonBaB wapaaa aa nonoaaae abiCOTbi): 

!J.o=2,36 c v N;, /sa/ 

Coo-rse-rc-raeaao, JlnH xpeMKHB !J. 
0 

= 8,5 .,; iP, 
m 

Jlna repM&BBH !J.o- 7 V 

AnSI 119T8JtTopoa e eo!ScTsemioll &MKOCTbJO He 6onee 100 ncjJ BKn8Jl ljlnBJ:J 

Tenea, OnTKM&nbllbi& 3Ha'I&HBK DOCTOBHBOII Bp9M9HB cjJopMIIpOBaBBllt D 

Hblll wyM MIIHKManea_·~-------
r =Cy Rma 

OUT II 20lg+ 1/R 

·'I 

'on-r,r 0,58 'ou-r t( 'onT u= 1,73 'im-r 1; onTu= 'onT 1\ 
yN~ua¥il,06-.10 9 C14 Ru\'a (201g +1/R)Ii 

; 

! 

- 9 V N~Maa ai 0,97. 10 C"Jfu~( 20 lg+ 1/R) !I 

.I~ 1 K W W 
v Nw MHBta= 1,13. 10 C RWa ( 20 Jg + 1/R ) 

.IN 2 I K W W 
V WMKHa21,06.10 C RwJ201g+1/R), 

B Ta!Snane 2 npBseneabl paC'I&THble 3Ha'I&HBB wBpHHbi nKBBB wywa s xs 

BeToqHBKOB myMa el!eTe~ 118T9KTOp-yCKni!T9nb, 

' 
2, MeTOilBJta eornacoaaua yeana-rena e nonynpoBOABBKOBbiMB 

3¥BaaaneaTaoe eonpoTaaneHBe Jlpo!Soaoro wyMa R B eeTO'IBbll 
wa 

Jtalt OT THUS BXOilBOII 118MUbl, T8K B OT 99 pe~Ma, MBBBMOnbBblll npBB· 

WYM eBeTeMbl 119T9KTOp-yeBnBT9nb, ltaK BBilHO B3 Bblp8lK9BBII ( 1.12- l 
npoa3seneHBIO 

K W W 
C Rwa lg 

0Te1011a HenoepeneTB9BHO BbiTeJta~T -rpe60B8HBB It BXOilHOII naMU9 B 381 

MeTpo~ l!enonb3yeMoro neTeKTopa. Ana neTeJtTopoa, BM&IOmHx M&nble B 

BOll 9Mit0CTB B TOitOB yT&'IItB, 118UpHMep, lln!l p·i·n 119T91tTOpOB npB T 

7 



nnB nosepXHOCTHo-6ap&epHhlX Kp9MHH9BWX neT9KTOpOB COCTAB-
2 no 1 MKa aa CM , a nnR repuaHH9BhlX p-i-a neTeltTOpOB 

TeunepaType. 

neTexTopa pe3KO CHH>KaeTCB npB OxnA>ICU9HBB, Tax, nnR 

T=77°K TOK yTeuu nanaeT no aenaqaahl to-10
a 

2 B 3 BIIII~TpBpy~T STOT &cjJ<jleKT, 

WYMOB ycHABT9AII HBn~TCB Ap060Bhlll wyM 8HOABOrO TOK8, 

sxonaoll naMnhl • Tennoaoll myM sxonaoro conpOTasne-

cneKTpan&BWII COCT8B B yCBnBBa~TcB YCBAHT91I9M 

ycanaTenB orpaaBqeaa n•cflcflepeiiJUIPY~IIUIMB a RBTe

nocTOHBBhlMB Bp9M9HB r {OIITRM8n&HWII cnyqall 

OT )!l9TeKTOp8 MOJKBO npBBIITb B cflopM9 CKaqxa IIOT9HDH8-

no caraany senaquaa myua s cpeAHe-

2 .!.!.!Lna____:_ + lg r k T r A rC 2 % 
2 --+--+ ) 

r q2 4q 2q2R ~ 

2 
kTRwa~ + 3Iar 3 % 

""""i'6"q + 8 k ~· + _!!..£. 2) ~-- 2 
8r q 

2 
3k TRwa ___.:_ + 
-8-.-- q2 

q 4q 2 

..!.!.:_ _ ~ + A,C 2 ) % 
16q 8q 2 R 4q 2 

2 2 * k T Rma__£_ + ....!!:._ + k Tr + ArC ) 
16r q 2 32q 16q 5R 12q 2 

{1,7) 

(1.8) 

{1,9) 

(1.10) 

qacno BHTerpapy~max nenell, a sTOpoll - qacno AHcjJ<jle-
o 0 -19 

A>KI K, T =290 K, q • 1,59 •10 Kyn, Rwa" sxsasaneaTaoe 

c Cgk + C 8 + c;. + CA - BXOABaR eMKOCTb 
g + 

AeTexTopa, lg= IIi I +llg 1- cyMua sneKTpoaaoll B aoaaoll 
- -13 2 

A f •10 B - IIOCTOSIBB811 

Ap060Bblll W}'M R myw CeToqaoro TOK8 B llpBIIBM811 OTHo

nacflcflepeBUBpOBaHRB B BHTerpBpOB8BBII 3a 

nnR nsyxpaTaoro HHTerpBpOB8HBB B OABOKpaTHOrO ABcflcflepeH

OTBOWQBBe CHrHana K wyuy 5yneT 1,12, nns AByKpaTHOrO 

aTaoro BBTerpaposaaas - 0,94, AAB nsyxpaTaoro BHTerpaposa-

1. 0TC~Aa BHAHO,qTo 9CIIB BeT orpaHH'l9BBB Ba Bp9M9BB09 

i60Ta'l'l. B p9>KHM9 cflopMRpOB8BBB C AB}'KpaTBIIIM BHTerpaposa-

6 

."b 

HHeM a onaoxpaTRWM nu~peaDHpoaaaueu, B c~ae 6on&w.x cTaTBCTaqecJtBX aarpyaox 

6onee Bblronea pelKBM nay~~:paTaoro naljwjlepeHUHpoaaauR • BHTerpupoaaHBR. ITpa pac'leTe 

wyua caCTeMhl neTeJtTopo-ycanaTen& a cflopuynax (1,7 -1,10) sTopoe cnaraeuoe nonJKBo . 
BKn~qaTb B Ce6R II TOK yTeqJtH A9TeltTOpa: 

- + 
Ig - II& I + II& I + I A • 

a xonaqecTB&HHO senaqaay myua yno6aee swpa~Tb B enaaanax aaepraa, Wapaaa 

nRHHB wyua {non&all WllpHHa Ha IIOAOBHH9 BhlCOTbt): 

~ o~ 2,36 ( v N,:, /sa/ 

CooTseTCTBeaao, nn11 KpeuaHR ~ - 8,5 .,; Nl , 
o m 

nns repMaHRR ~o= 7yNIIU 

{1.11) 

Ana neTexTopos c co6cTseailoll euxocTbJO ae 5onee 100 ncfl sxnan cflnaxxep• wyua Heaaaqa-

Tenea, OnTBMan&Bbie 3HaqenB DOCTOBHBOII Bp9M9HR cflopMBpOB8HBB, RpB KOTOpb!X 1IpBB9A9B-

BWII wyM MBHBManeHL' -=----
r =Cy Rma 

OUT 11 20ig+ l/R 

'onTij 0•58 'onT tf 
v Nkuapj 1,06-. 10 9 

r onT u= 1,73 'onT 1 i bn'!'2:1 'ouT 1\ 

C K RJia ( 20 lg + 1/R ) ll 

v N~uaa 
2

j 0,97. 10 9 CKJbt~< 20 Ig+ 1/R) ~t 

_,--=:-g- a K ·K 14 
v Nw MBB

12
= 1,13. 10 C RWa ( 20 lg + 1/R ) 

-'N2 a•K 14 It 
V WMBB

2
;j1,06.10 C RwJ201g+l/R). 

{ 1.12) 

(1.13) 

{1.14) 

{ 1.15) 

B Ta6nane 2 DpBB9A8Bbl pacqeTHb18 3BaqeHHII WBpBHbi IIBBBB myMa B KSB OT paanaqBhlX 

IICTOqHHKOB wyMa CHCT9MW A9T9KTopooycBnHT9nb, 

' , 
2, MeTOABKa cornacosana ycanaTenR c nonynposoAHBKOBhlMB A&TexTopaua 

3KBBBaneaTaoe conpoTBsneHBe npo6osoro wyua R ma B CeTO'lHbiii TOK lg 3aBBCBT 

KaK OT TBII8 BXOABOII MMIIb10 TaX B OT ee pelKBMa, MBHBM81IbHhlll 1IpBB9A9HBWII KO BXOAY 

WyM CBCTeMbl A9T9KTOp•}'CBABT9nb, KaK BBAHO B3 Bhlpa>KeHBII { 1.12 -1,15), nponopUBOBanea 

RpOH3B9A911B~ 
CKR 14 14 

ma lg 

0TC~Aa B91IOCpeACTB9HBO BhlTeK8~T TPe6osaHHR K BXOAHOII naune B 3aBHCBMOCTH OT napa

M9TpOB acnon&3yeuoro A&TeltTopa, Ana AeTexTopos, BM&IOWBX uanbie senB'iHBbl co5cTs-ea-

ROll 9MKOCTR B TOKOB YT9'iKB, HaiipHMep, AnSI p·i·n A9T9KTOpOB IIpB TeMnepaType, 6nB3XOII 

~ 
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It TeN!lep8TfP8 lKilAJtOrO aaOTa, HCDOliJo3y8MbiX llDSI {3 o')' -CD8ltTpOM8TpHH 

cjlaii:Topow on:sreTCR axonaasr et.lltOCTJa nAMDbl C8 :x, .. C &k + C
811

, R 
1 

D8HHbiM1 T4Jt ltd &TO DpOK3Bell8HH8 BXOilRT B Bblp&lK&HRSI (1.12- 11 15) KAK 

TOll CT&D&BH. Kpot.te TOro, KAK DOit43biB410T B3MepeRBSI1 R IliA lg llDSI C< 

WBpOKODOIIOCHbllt )'CIUIBTellbBbiX nAMD B8 B3M9RSIIOTCSI 6onee '18M Ba llOPSIIlO 

BHII Cn)''l411 Jtor~ta B&DHKB K41t 8MitOCTb 118T8KTOpa, T41t B ero TOKH )'T&'IKI 

noaepXHOCTBo-CSapbepRble ll&TeltTOpbl c CSom.moA 'l)'BCTBBT&IlbROA noaepuoc· 

CD)"l49 onp&ll&DSIIOWXM ~KTopOM CT4ROBBTCSI R ma 1 M4D4ll B8l1H'IHH8 KO'I 

nony'IIITb onTHt.tam.soe paapemesae, acnom.ay11 xopoTxHe nocToliHHble apeM 

RHR llDll )'M&BbW&HBR O'rROCHTellbBOrO BIUI8118 W)'MOB OT TOKOB )'T&'IKH ll&Te 

/10/ 
PBB K3BeCTB01 'ITO axBBBAneKTRoe u conpOTHBneuae 11po6oaoro myMa 1 

8TCII Bblp8lK811H&M: 

8Tk, 
Rma= ;tS 

r11e 8 .. 0,644, Tx - TeMnepaT)'pa xaTo~ta, S - KpyTHaaa xaparrepa' 

MeTp onpe~tensreTCR xoacjKjl&llBeHTOM ycaneRBH H MelKilyanexTpo~tRbiMH P.accT 

( u .. 0,5-1 ). 
2,5 /1,2/ 

JlnH TpHOilOB c OKCHilHbiM xaTOilOM o6&I'IHO DpHHHMaiOT Rwi-
9

- • O~tHI 

M&HRbiX. wapoxononocHbiX naMn c CSonbwoll KpyTaaaoll, rne paccTOHHKH Mel 

K&MB CeTKH B&llBKO no Cp&BB&HBIO C K&TOilRO-CeTO'lHblM npOM9lKYTKOM 1 3HS 

MOlK&T 6b!Tb npHMepao anaoe ·6ollbme. Kax 6yneT noxaaaao HBlKe, aenocpe, 

peii:HII naiOT Rmii .!. = 3- 6, npB'leM o6bi'lHO B pacTeT c pOCTOM aRc 
8 s 

B Ta6nane 3 npaaeneHbi ocaoaRble cnpaao'lBbie napaMeTpbi naMn, K01 

6b!Tb HCnOilb30EI&Bbl El K&'l&CTEI& EIXOilBbiX npB pa60Te C nonynpOEIOilHBKOEibll 

Ta6nuna 3 
napaM&Tp 6!911 6Xl111 6H1411 6H2311 6H2411 6H2711 

Ua 

Ia 

s 

jL 

Cgk 

Cag 

/a/ 

!Mal 

!Mala/ 

/n(jl/ 

/n(jl/ 

Cak /n(jl/ 

120 
17 
21 

8,5 
3,1 

3 
2 2 El 6 4 

C 7S n(jl IMa ' 

l5o 
25 
32 

13,5 
4,7 
3,45 
lO 

90 
10,5 
6,8 

25 
2,55 
1,15 
1,15 
2 

100 90 
15 I5 

12,5 I2,5 
32,5 33 
3, 6 3, 9 
1,5 I,3 
c,l 2 
2 2,1 

6)1(9n • B)f(lln a TpHoAHOM axn.IO'IeHHB. 

9 

25 
8 
8 

16 
3 

1,3 
2 
2,3 

6C311 6 

150 
16 
19,5 
'50 

6.,.'1 
2,4 
1,5 
4,3 
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II: TeNJ18p&T1JI8 liCKJU[OrO 830'1'80 BCDOlllo3y8NbiX JUISI {3 ,·y -CD811:TpOM8TpD 0 onpe)leliSIIOIIIBM 

cjlaxTopON SIBIUI8TCSI BXOAB8SI &MitOCTJa D&MDbl CBX • C gk + C ago R ma lg - BTOpOCTe-

D8RBb1N0 TU Kall: 8TO DpOB3Be)l8BB8 BXO)lBT B Bhlpallt&BBSI (1.12-1,15) K81t xopellh '18TBep-

T0A C'tenea. KpoNe Toro, xa11: noxaabiB&IOT aaMepeBBSI, R ma lg ADSI coBpeMeBBbiX 

mBpOII:ODODOCRWX YCRDBT8DiaBbiX llaMD B& B3M&BSIJOTCSI 6onee '18M B8 nopsmox. JipyroA xpaA

RBA CDy'!aA, xorna B8DBII:B 1:811: &MXOCTb )l8TeKTOpa, Tall: R ero TOKB yTe'IXB ( B&DpHMep, 

DOB&pXBOCTBo-ISapJa&pBble )l8Teii:TOpb1 C ISODJamoA '!YBCTBBT8lllaBOA DOBepXBOCTJaiO) • 8 STOM 

CD)"'88 ODJl&A&DIIIOIIlllM cjlaXTOpOM CT8BOBBTCSI R ma 0 M&D&ll B8liB'IBH8 XOTOporo D03BOllli8T 

DODy'IIITb ODTBM&lllaBO& paapem&BB80 BCDODJa3Yll XOpOTKB& DOCTOSIHBble Bp&M&HB <jlopMHpOBA

BBll JlDll YM8BiaW8BBll O'J'BOCBT&DiaBOrO BXli8A8 myMOB OT TOKOB yTe'IKB )leT&KTOpa, J1a Teo

/10/ 
pBB B3BeCTHo, 'ITO SXBHB&DeBTBoe a conpOTKBli&HBe Apo6oBoro myMa TpBOAa onpeAenH-

eTCSI Bblp&llteBB&M: 

R = 
ma 

IITk, 
aT S (2.1) 

rne 11 .. 0,644, Tx - TeMnepa-rypa xaToAa, S - KpyTHaaa xapaxTepBCTHKB, a napa

MeTp 0Dp8)l8llli8TCSI XOScj141BitB8BTOM yCKlleBHSI H MelK)lySlleKTpO)lHbiMH paCCTOSIHHSIMH liAMDbl 

( a ~ 0,5-1 ). 
2 5 /1,2/ 

Jing TpHO)lOB C OXCHJlHbiM KATOJlOM 06bi'IHO DpHHHMBIOT Rrui-'- • 0AH8KO JlliSI Coape-
S 

MeHHbiX mupoxononocshlx naMn c ISonJaruoA xpyTuaHoll, rAe paccTOliBBSI MelltJly npoaono'l-

KAMB CeTKB aeliBXO DO CpaaH&BBIO C lt8TOJlBO-C8TO'IHbiM DpOM&lltyTXOM, 3H8'18HH8 R wa 

MOllt&T 6biTb npuMepso a)laoe 6onJame. Kax 6yAeT noKaaaHO BHlKe, senocpeACTaeHHbie uaMe-

pesuSI AAJOT R = .,! = 3 -6, npB'I&M o6hi'IBO B pacTeT c pOCTOM auonsoro ToKa. 
rua s s ,.<j 

8 T86l1Bit8 3 npuae)l&Bbl OCBOBBbl& cnpaaO'IHbie napaMeTpbl li&MD, KOTOpble MOryT 

6b1Tb HCDOllla30a8Bbl a K&'I&CTae aXOJlBbiX DpB pa60Te C DOllynpoaO)lHHKOabiMH )leTeKTOp&MHo 

Ta6nBita 3 
nap&M&Tp 6!9II 6!IIII 6HI4II 6H23II 6H24II 6H27II 6C3II 6CI5II 6C28E -

Ua Ia/ 120 150 90 roo 90 25' 150 I 50 120 
Ia /Mal 17 25 10,5 15 15 8 16 40 16 
s I Mala/ 21 32 6,8 12,5 12,5 8 19,5 45 19 
j.L - - 25 32,5 33 16 50 52 40 
Cgk /n<jl/ 8,5 13,5 2,55 3,6 3,9 3 6.,.'1 II 5,75 
Cag /n<jl/ 3,1 4,7 1,15 1,5 1,3 1,3 2,4 5 3 
Cak In .PI 3 3,45 1,15 c,l 2 2 1,5 1,8 1,85 

2 2 a 6 4 C 7S n<P IMa ., lO 2 2 2,1 2,3 4,3 5,7 4 

ax<en u 6)Kltn B TpHOJlHOM aKnJO'IeHHB, 

' ; 
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M1>1 acnom.aoii8Jlll ueTO/lBE:T cornacosaHBH ycanaTenll c neTeETopaMB , CHBMAII 

ss:cnepaueHTallloHble aasacaMOCTB R
1118 

a lg B cjlyHKilBB OT pelKBua naunbl. Rma aa-

uepanoe& ueTO/lOM cpasaeHBll c wyuou s:ana6posaHBbiX conpOTBBneHBll, nonKniO'laeMbiX 

HA BXO/l ycanaTenll, BCnOnb3Yll B3B9CTHb19 COOTBOW8BBll HaliKBBCTa 

IUlJI 

U ~a = 4kTRwa~ f 

u.;:8 =.4 kT(~4+ R) ~ f, 
I 

- kT U.::.a • -( Rwa+ R A) • 
1 2r 

(2.2) 

(2.3) 

R npaseneaa ua pac. 4a. npa aauepeHBBX ueoiSxonauo ac-Bnos:-cxeMa BaMepeHBB 
ma 

nom.aosaTb HaH6onee KOpOTKBe llOCTOSIHHble speMeHB ljlopMBpOB8HBB (~B • rll ) , 8 OTpHilA

TenbHaH o6paTH8H CBSI3b nonlKH8 flbiTb pa30MKHYT8 0 9CnB llpBM9H519TCSI 38pSI/l0Bblll yCIIJIBTenb. 

lllyM ua Bbixone ycBnHTenB saMepKnCK naiSo no paaubtTHIO 'naHBB' HMIIynbcHoro renepaTopa 

aa cTaH/lapTHOM aMDnHTY/lBOM auanaaaTope, naiSo mBpoxononOCBbiM naunOBbiM uannllsonbT

MeTpoM. EABHHilbl H3MepeHBB myua MOI'yT 6b1Tb Bblflp8Hbl ni06biMH ( WHpHHa nHHHH myua, 

cpe/lH9-KB8ApaTH'IH08 HnB 9~KTBBH08 3Ha'leHII8), TAK KAK ORB CBB38Hbl M9lKAY C06oll no-

CTOSIHBbiMB xos.p.jlanaeuTaMII. Ha puc. 46 nos:aaaao rpacpll'lecs:oe onpeneneHIIe Rma• 3JleCb 

KBa)lpaT myMa OTnOlK9H B OTHOCHT9nbHbiX 9/lHHBilaX, HeoflXOJlBMO OTM9THTb 0 'ITO B3Mepea-

H09 R
1118 

)laeT peanbHoe aua'leHHe sToro napaueTpa )lnsr JlaHHOA cxeubl ycsnaTenK. Oao 

BKniO'laeT B CeflSI aRT&napa3HTR09 COilpOTHBneHB9 R I' B ll91IB C9TKII ( ecnH ORO HM89TCS1), 

a TaKlKe wyu nocneJlyiOwell cxeubt, Jlnsr ~~:acXOJlHOA cxeMbl npa OJlHOTBnRbiX naunax: 

c2 
R ma = R ma [ 1 + ag 

2 
] + ~ 

HSM (Cag+ C M) 
(2.4) 

npaKTH'leCKH AOCTaTO'IHO CHSITb aaBRCHMOCTb ~a OT aBOJlHOI'O TOKa naMIIbl, Tall: KaK 

OT ABOJlHOI'O HanpSilK9HBH R wa aaBHCHT cna6o. OISbt'IHbte ueTOJlbl aauepeHHB ceTO'IHoro 

TOKa no na)l9HHIO HanpSilKeRHIO Ha BBOAHMOM B ll91lb C9TK' COilpOTBBneHHH HnB no Bp9M9HH 

pa3pBila eMKOCTB HenpBI'OAHbl0 TaK KaK npH 9TOM onpe)lensreTCH pa3HOCTb sneKTpOHROll H 

HOHHOA KOMDOH9HT, a myM onpenenHeTCSI ax cyMMOA. Tas: JKe s:as: H npa onpeneneHHH Rma 

npa AOCT8TO'IHO Mbl nOnb30BanHCb OTHOCHTenbHblM MeTOJlOM onpeneneHHH C8TO'IHOI'O TOKa, 

6onbWHX nocTOHHHbiX speMeHB ljlopMBposaRBH r 51 = r
11

= r ( r~ 10 uxcex) H npa o6ecneqe-

HBH MHHHManbHO B03MOlKHOll BXO)lHOll 9MKOCTH ycHnHTenH MOlKHO C'IBTaTb, 'ITO WYM Ha Bb!Xo-

A9 yCIIJIHTenSI B OCHOBHOM onpe)lenHeTCH TennOBbiM myMOM BXOJlHOI'O COnpoTBBn9RHH H my-

MOM CeTO'IHOI'O TOKa: 
2 - 2 - 2 u = u + u 

W WT mg (2.5) 

kTr qlgr 
---+-

2RC2 4C2 
kTr ( 1/R + 19, 4lg), 
2C r w 

10 
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~ 
( 

38BBCBM0Cft II:OTopOrO OT B8nB'IBIQ>I BXOJlBOI'O COilpOTBBn8HBB BM98T B1 

aa pac. IS, rne Ror--'-- 8XO/lB08 conpOTBBn8BII80 C001'HTC'l'BYIOIIl88 
c 

u• • ..u 
IIITMUC 8C 

npa B8lt0'1'op0M aaa'leHBB R • p m g Uof~~:· u :rr 
lg·. _ 1_. ~ ta). 

19,4Rm( R mjMroM) 

TUBM o6p830M, 113M8p5151 38BIICIIMOCTb myua B8 BbiXOJlft ycBnHTeAJl OT 

conpOTBBAeHBB ni06biM 113 abimeonllcallllblx cnocoiSoa, uoJKBo onpenemtn 

npll KOTOpOM KB8Jlp8T wyua B03p8CT88T BJlB08 OT MBJIIIManloBOrO 8118 .. 81 

/l8ABTb 3Ba'l8HB8 C8TO'IHOrO TOKA, npaKTII'l8CKB YJl06Bee Ollpe/len.r. ] 

cnoco6ou, us: sTo noxaaaao aa pac. a. noru.ayJICb aaBBCBMOCTJtJo, non-: 
,:) 

B (2.7) -. u111 • ( 1/ R c + 1/R111cl· 

npll IICIIOnb30B8HIIB II B3M8P8!1HBX aapBilOBOI'O yCIInBTeASI 8MKOC~ o6pa 

/lBMO COXp8HII'I'Ioo Jlnll Ollp8Jl8A8HBSI 

Ill/ 
lg MOlKBO nOAb30118TbCll ,..... ( 

MOCTbiD ; -. U 111 llpll R > 1/lg 
I 

0,013 
g ----

RT U~np11 R·RT 

Benii'IBBy BXOJlBOA euxocTII MOlKHO nony'IHTb B 113MepeHBBX np11 R ~ 1. 

-2 . - 2 q lgr 
Um • Um:guuc = ---· 

4C 2 

• II H3 JlBYX 3Ba'leHBA B9AB'IBHbl myua npH C B C + C9 T nerKO OnpE 

aua'leHBe BXOAHOA eMKOCTII. HylKHO TOAbKO nouHBTb, 'ITO )lnll 60nbWBHC 

'ropnelt' 8MKOCTB 
C 'gk" 1,3 Cgjt • 

C nOMOm:biO BbiW8113AOlK8HHOI'O M8TOJI,8 CHBMalOTCH 38BBCHMOCTB lg • l 

aa BbtpalKeaaA (1,12-~.15) an11 no TaiSnane 2, onpeJlenBIOTCK ycnosBll 

AnB AAHHOA naMDbl H H8XO/lHTCll 88 OnTBM8nbBbiii pelKBM )lnB KOBKpeTHI 

Hecxonbii:O enos o sbiiSope pa6o'lelt TO'IKH BXOJlROA naunbl, 

nonolKBT8nbHa51 (sneii:TpOHHAB) COCTaBnlllOIIl8B CeTO'IHOI'O TOKA llp 

senli'ISIBy npB Cp8BHIITenbHO M&nbiX llOT8HilB8naX Ha ynpaBnlllOIIl811 CeTK 

IlB8nbHO C 9THM DOT9HilB8nOMo 0TpHilaTenbHaH (BOHHAH) COCT8aA~IIl851 

sMaccaell sneii:TpOBOB ceTKOA noll soanellcTsaeM yAbTpaljlaoneTosbiX 11 1 

uolKeT 6btTb npeJlCTasnesa cneJlyiOmell aasaci!MOCTbiO: 

1; = k Ia Ua81
,
2 

I'Jl9 
k ~ 10-10 /5/ 

11 
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MSTOABKY cornaCOB8HHH YCBnHT9liB C A9T81tTGp8MB , CHBM8B 

R
1118 

H lg B cj>yHKIUIB OT pelKJIM8 ll8MDblo R
1118 

H3-

KanB6poB8HHbiX COHpOTBBn9HHJI, DOilKnl0'189MbiX 

U ~a = 4kTRw8~ f 

u.;8 = 4 kT(Rru
8
+ R) ~ f, 

I 

- kT 
~a = -< Rwa+ R A) • 

1 2r 

HaliKBBCTa 

(2.2) 

(2.8) 

wa 
npBBBilBHa Ha pHCo 4a. npH H3M9p8HHBX H806XOARMO RC-

opOTKBe DOCTOHHHbiB BpBM8HI cjlopMBpOBAHHB (~Hz rA ) , a OTpRna

llOil>KHa 6b1Tb pasoMKHyTa, ecna npRMGHBeTCH sapHAOBblll ycRnaTellb. 

·ens B3MepBnCH nB6o no pa3Mb1TBIO 'nBHBB' BMnyru.cuoro reuepaTopa 

AHOM 8HanH38TOpe, liB60 WHpOKODOilOCHbiM naMnOBbiM MRnnRBOilbT

·pBHRB wyMa MoryT 6b1Th Bbl6paHbl ni06biMB ( mBpBBa nBHHB myMa, 

no S<jlcj>GKTBBBOe 3H8'1BHB8), TBK KBK ORB CBB38Hbl M8>KAY Co6oll no-

aMB. Ha puc. 46 noxaaaHo rpa~B'Iecxoe onpeAeneHRe Rwa· 3nec& 

a OTHocuTellbHbiX BllHHR!Iax. Heo!SXOilBMO OTMeTRTh, 'ITO B3Mepea

oe 3H8'1BHHB STOrO nap&MBTp8 AnH ABHHOll CX8Mbl yCRnHTenSJ. 0HO 

apaaBTHoe conpoTHsneuBe R r B ll9IIR CBTKH ( ecnB OHO BM8BTCS1), 

well CX9Mblo JlnSJ K8CK01lBOll CXBMbl npB OllHOTRnBbiX naMnax: 

2 
R ma = R ma [ 1 + Cag 

2 
l + ~ 

B3M (Cag+ C M) 
(2.4) 

0 CHSITh 38BBCHMOCTb l?wa OT aBOABOrO TOKB n&Mnbl0 T8K lt8K 

Sl R wa aaaucuT cna6o. 06bl'IBbJe M9T0Abl B3MepeBBSJ ceTO'IHoro 

SI>KBHRIO HB BBOilHMOM B llBilb CBTitB CODpOTBBneBHR BnR no BpBMBHH 

rOilHbl 0 TaK KaK npH STOM onpenenseTCSI p83HOCTb sneKTpOBHOJ! H 

M onpeAenSJeTCSJ BX cyMMOll. Tatt >Ke ttax H npu onpeAeneuuu R
111

a 

HTen&BblM M9TOilOM onpeneneHHSI CSTO'IHOrO T01t8o npu ll0CT8TO'IHO 

BM9BR ~OpMHpOB8HRSJ r a= rll= r ( r~ 10 MKCeK) H npB o6ecneqe

>KHOil BXOJlBOil 9MKOCTH ycHnHTenSJ MO>KHO C'IRT8Tb0 'ITO WYM H8 BblXo

onpeAenSJeTCSI TennOBblM WYMOM BXOJlBOrO COnpOTRBnBHHSJ H my-

2 - 2 - 2 u = u + u 
W WT Wg 

(2.5) 

~ = k T r ( 1/ R + 19, 4 lg ) , 
4C 2 2C :r- m 

10 

.. 

3811BCBMOC'l'b XOToporo OT BenH'IBIQ>I BXOABOrO COnpOTRBn8 .. B BMeeT W, llp8ACTilBII8JIIQ>II 

H8 pac. 15, r~:~e RT'"+- sxcmaoe conpOTBBBeHie, coOTseTC'l'ByiOmee 

tP • ll 
lllTM81lC 8C 

npa B8XO'Pop0M 3R8'18HBH R • P m g 

lg -
1 52 

-. -. Uwr;• U Dl'r 

(2.8) 

(2.7) 

T81lBM o!SpasoM, B3Mepss 

Ga). 
19,4R III( R mJMrOM) 

38BBCBMOCTb WYM8 Ba BhiXOAe ycanBTeliB OT BGnB'IBHhl BXOAHOrO 

COIIpOTBBneHBsr ntO!ShiM B3 BYIII80DBCBIIJihiX CIIOCOISOB, MOJKHO OllpeAeiiBTb 3R8'18HH8 R lllL 1 

IIPH KOTOpOM KB8Ap8T myM& B03p8CT88T BAB08 OT MBBBM81lbBOrO aBa'IGHBsr B R3 (2.7) Ollpe

llBliRTb 3B8'18BR8 CeTO'IBOrO TOita. npaXTB'I8Citlt YllOISBee Onpe~:~ensrTb RWI rpa~eCKRM 

CUOCo!SOM, lt81t &TO II01t838HO Ha pBC. 8, Ilon&SysrCh 38BBCBMOCTbJO, DOilY'IGHBOll 83 (2.,8) 

R (2,7) -, 
U111 • ( 1/ R c + 1/Rmgl· 

(2.8) 

npa RCnOilb30B8BRB B R3M8p8!1RBX 38pHAOBOrO YCBliRTellsr 8MK0Cft o!SpaTHOJI CBB3H aeo!Sxo-

llRMO coxpaal!Th. Jlna onpe~:~eneaBH 
Ill/ 

lg MOlKJIO nonb30B8TbCB T8XlK8 Cn8AYIOIIlel· 38BBCB-

MOCThlO : -. 
U 111 npa R > 1/Ig I& • 0,013 

(2.9) RT U~npR R= RT 

BenB'IBBy BXO~Oll BMKOCTB MOlKBO DOilY'IHTh B R3M8p9HHRX npB R •> 1/ lg 1 TOrAa 

-~ . - 2 q lgr 
Um • Um;gM81lC • ----;;-;:;y• 

.. 4C 
B H3 llBYX 3Ba'leHHll B8liB'IRBbl myMa npR C R C +CaT nerJtO onpe~:~enSJeTCSI BCTBBBOe 

3H8'18HB8 BXOAHOll 8MKOCTBo HylKBO TOilbXO DOMHBTb, 'ITO llnll !Som.mBBCTBa naMII 3B8'18BB8 

'ropH'Iell' 8MKOCTH 
c 'ck'" 1,3 Cgk • 

C noMOUU.JO BblweasnolKeBHOro MaTOAa CHBM&IOTCSJ sasaCBMOCTB lg - f(la, Ua). Haxoaen, 

H3 BblpalKeBBll (1.12-1.15) BliB no T86liBil8 2, onpeA~BIOTCSI ycnOBBll MBBRM81lbBOrO myM& 

llliB llBBBOll ll8MDbl B BaXOilBTCll ee ODTBMallhBblll pelKJIM Anll KOBXpeTHOrO A&TeKTOpa. 

Hecxoru.Jlo enos o Bhi!Sope pa6oqeJI TO'IXH BXOAHOll naMIIhl. 

nonolKJIT81lbB8ll (snellTpOHH8ll) COCT8BnBIOIIl8Sf CeTO'IHOrO TOXa npao6peT88T 38MeTByiO 

senR'IHBy npu cpaBBRTellbHO M&nblx noTeHnRanax aa ynpasnsriOmeil CeTile R paCTeT sxcnoBeH

IUI81lbBO C STRM HOT8HIUI8ll0Mo 0TpRJl8T81lbH8B ( BOHBBSI) COCT8BBB1011l8SI0 o6yCnOBll8HB8B 

$MRCCH9ll 9l19ltTpOBOB C9TitOll DOll B031leliCTBBBM YllhTp8~BOil8TOBbiX B peHTreHOBCKBX nyqeJI, 

MOlK8T 6bJTb npellCTasneHa C.ll81lYIOIIl8J! 38BilCHMOCTbiO: 

lg = k Ia Ua
81

,
2 

(2.10) 

rAe k - 10-10 /5/ ' . ,I 

11 
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Haunyqmee COOTHOW9HR9 M9li<AY CQTO'IHblM TOKOM H ltPYTR3HOA (c TO'IItR 3p9RRII myMa) 

ll86monaeTCSI OT nOTeRilBana nosmneRRSI snaxTpoaaoA cocTaB.IllltomeA 1; no nOTaBilBana 

+ - /8 5 12/ 
cso6onuoA ceTKB, rne llg I = llg I . 3To nonTseplK.II.aeTCll sxcnepuMeHTallbHbiMII" nauablMB ' ' • 

llel!CTBHT9.1lbHO, DpH DOT8HilH8.118X ceTXH 6onee DO.IlO~HT&llbHblX, '19M UOTeBilBan cso6onaoA 
+ 

ceTxH, peaxo sospacTaeT snexTpouuall cocTaB.IlBtolllalil lg , a KpyTaaua xapaxTepBcTHXH 

paCT&T M91l.ll9Hl'tO, npa UOT8BilHa.llaX C&TKH 60.1199 OTpHilaT9.1lbHbiX0 '19M UOTQBilBa.ll UOSIB.Il9HBSI 

9.119KTpOHHOll C.OCTaB.IllllOIIl9il lg , ll8o6opoT, peaxo nanaeT KpyTHaaa H cpaBHHTellbHO cna6o-

BOHHSlil COCTSB.Illiltolllal!, npu UOTeBilHS.IlQ CB060ABOll C&TXB CYMMapHblll C&TO'IHbll! TOK MO~HO 

UpHHH'I'b, HCXOilSI H3 (2.10): 

lg= 2.10' 10 1a Ua B/~ 
(2.11) 

Y COBpeMeHHbl;:: WHpOXOUO.IlOCHblX yCH.IlHT9llbHblX .llaMU U gn = 1 - 1,1 B, O'I&BHAHO, 'ITO Bblron

HO Bbl6upaTb a Jta'lecTae BXOAHOA naMUbl ycunuTenSI Taxyto, xOTopalil HMena 6bl ISO.Ilbwyto 

xpyTuauy npu ManoM xoe«jl<<lunueuTe ycuneBBl!, 'ITO U03BOJIII&T CBB~Tb asonaoe aanplil~euae, 

a, C.ll9AOBaT&llbB00 H C9TO'IHbll! TOX/
4
/, 

B aaxnto'leaue OTM&THM, 'ITO nposeAeHBble H3MepeRRH noxaablBatoT yMeHbmeaue R ma 

C YM9HhWQ)IB9M SBOAHOro H8Upll~eBHH npB I\IHKCHpOB8HBOM 3Ha'I&HRH 8HO.!lBOrO TOKa, 

3. 3xcnapHM9HT~Hbl9 3aBHCHMOCTH 3ltBBBa.lleHTHOrO COUpOTHB.Il9BBSI 

.npoiSosoro myMa B CQTO'IIIOro TOKa OT pe~Ma naMDbl 

nollbaySICb M9TOAHXOA0 ODHCSBHOA B np&AblnyWeM naparpa.p&, Mbl CH.IUIJI 9KCRe

PHM9BTS.IlbHbl9 aasacuMOCTH SKBHaaneuTuoro conpoTaaneazg Apo6osoro myMa a ceTo'laoro 

TOKS OT pe~BMa naMUbl AJlll WBpOXOUO.IlOCBblX YCBliiiT&llbBblX .ll8MU 6H28n, 6C8n, 6){(9n B 

TpHOilBOM BK.IllO'I&BBH, 

B Jta'leCTse npenycunuTemx ucnonbaosanacb cxeMa,pzc. 7, uMeton'lall ABA xacxana 

ycuneaBSI s ~eTne OTpunaTe.llbBoA o6paTaoA csssa (Kacxon sa axone B nu,P,Pepeunuallb-

Bblll xacxan) C 06WHM yCH.Il9HH9M OT 2000 AO 5500 B 38BHCHMOCTB OT TBDa H pe~BMa 

BXOAHOA JlS!,fnbl,- npenyCHnBT9llb 6bin CKOBCTpyHpOBSH C Y'I9TOM B03MO~HOCTB <18M9Hbl THUS 

sxonuoil naMUbl, CxeMa ocuosuoro ycunuTenl! a sxcnaHAepa npencTasneua ua pac. 8. Ycu

naTe.llb COISpaH Ha nsyX C9KUBSIX C OTpHil8T9llbHOil oiSpaTnoil CBSI3bl0 Ha naMUSX 6~(9n, Kosljl-

.p&nueaT ycuneBHSI0 perynupyeM OT 400 llO 18 000, Bp9MB H8p8CT8HB51 0,3 MKCeK, liB ReA-

HOCTb He Xy~e 0,5% B .nuanS30H9 BbiXO.!lRblX aMUJlHTyll .!lO 100 Bo nocTOSIHBblQ Bp9M9HH 

ljJopMHpOBSHHII (OAHOKp8TH09 H.llH llBYKpaTHOQ BHTerpupOBSBBQ B llHI\IIjlepeHilBpOBSHBe) pery

nBpy&Mbl OT 0,3 MKC9K llO 30 MKC9K, nopor 9KCDSHA&pa H3M9HSI9TCB nnasHO OT 0 AO 100s, 

YCHJ19RR9 9KCU8111l9P8 OT 2,5 AO 30, nuTaBHe aHO.!lHblX nenel! npOH3BOilHJ10Cb OT 

CTaHAapTHoro CTa6anHaaposauuoro Bbmp>lMHTenst BC-22, a HaKallbHbiX uenell - oT BC-25. 

12 • 
' 

npa B3M8p9HBliX BCBOIIb30B8JlBCb Tax~e npellB3BOBBbllt BMDYJlbCRblA rauepa• 

8MDABTynBbllt aBaJ1B38TOp AH-100 B mBpOK0110J10CBbllt MHIUliiBom.TMeTp 83-5 

Kax 1~9 oTM8'18.110Cb Bblma, OUTBMallbH09 CM9W9HB9 Ba ynpaBIImrimelt 

JlaMDbl, C TO'IItB 3p8HBSI MHHBMYMa myMa, .!lOJlJKRO 15blTb 15nB3KO It DoT9BilB8l 

C&TKH, HaMH acnom.aosanc51 pe~u, 15nB3KHA x pe~MY c DOT&Hilaanou co 

KOA ( Rg •940 MrOM), a aBOABbiA TOK M&Bll.llCSI npB DOMOIIlB aHOnHoro aa~ 

HOlt naMD9 (DOT9BilBOM9Tp B llQUB C9TKB BBpXHelt naMUbl KACJI:Ona), Bee BC 

npensapBT&.IlbBO Tp9HHpOB8JlBCb B T9'19BBQ 48 'lacos s nacnopTBON pe~~ 

HaBISOIIbWIIA BHTapec DO napaMeTpy C
1/S nnll BCDO.Ilb30BIUIJISI C pol-a n, 

STO BIIAIIO B3 Ta6nBIXbl 3, npencTaBJIS19T nsolaoll TpBOn 6H28n, nepan 113M8peBI 

B8pHT9.1lbHO OTISBpanBCb no MaXCBMSJlbBOMy aHOABOMy TOXy DpB ~JI:Capo.a~ 

aHOAa (60 B) H DOT&HilHane CB060nuoil CaTJt&, liaMepstnBCb naMUbl OTMB'Ij!RB 

nane 4. 

Ta6nuna 4 

HoMep naMnbl • ,, 
6H23n 1 2 8 4 5 6 7 8 

1a I Mal 2,8 2,2 2,2 1,0 1,5 2,2 4,4 2,5 4,9 

HoMep naMnbl • • • 
6H2Sn 13 14 15 16 17 18 2 .f 

onbiTHaSI cepBJI 

Ia !Mal 7,8 9,0 8,9 2,0 2,5 8,6 8,0 8,4 9,• 

naNna Jll!! 3 6blna B3HTa nnll B3MapeHBit, 'IT06b! UOJta3aTb Ue.ll9C006pa: 

Ten~oaoro OT6opa no auonBOMY Toxy. PeaynbTSTbl BaMepeliaA myMOBbiX xap. 

B9A9Bbl sa pBC, 9 B 10, if\,11 B3M9B8HBB Ia OT 2,5 Ma AO 12,5 MS aHOnB 

B3M9RSUIOCb B Upenenax OT 40 B no 80 B, H3M9p9RRbi9 XapaXTepHCTBXB flu
4 

meCTB naMn 6H2Sn yxn8llblB810TCll B npenenax 3aWTpHXOB8HBOit oiSnSCTII PE 

MepeBBliX R ma BCUO.Ilb30B8Jl11Cb cjJopMBpytoW119 ll&DB C DOCTOSIHBOA BpeM&H 

a B B3MepeHHliX lg - SO ~ltcex. Pac'leTbl DOKS3biBatoT, 'ITO norpemuocTii 1 

TaltBX ljlopMHpOBltaX He ·npeBb!WaBT 5%, no naHHblM 113MepaBIIA 3B8'19HB8 S 

conpOTusn&HBSI 11po6osoro myNa nn11 6H2Sn: 

R = 4,6-5 
ma --5-- • 

CeTO'IHbllt TOK OK838.11CH B B9CKO.Ilblt0 paa 60JlbW9 TeOp9TB'I9CJI:OrO (2,11), 

CBSI38BO C HenOCTaTO'IBO Jta'leCTB9BHbiM lilBKYYMOM H 'aKTBBBpOB8RR8l\o( CaTit: 

paa6pocou sanu'IBH s npe11enax Kos.pcjlanaesTa 3. 

18 



HOW9HH9 M9lKilY CeTO'IHhiM TOXOM H XpyTH3HOil (c TO'lltH 3p9HIIll WyMs) 

BllH8.Jl8 llOSIB.Jl&Bllll 3.Jl9KTpOHBOil COCT8Bnlll01Il9il 1; AO llOTeHilH8n8 

+ /8 5 12/ 
I lg I - 1 lg 1 • 3To noATBeplKJlaeTCll aKcnepnMeBTsiiLBhiM~ llBHBhiMB ' ' • 

llOT8HilH8n8X ceTXH 6onee llO.JlOlKHTeiiLHhiX, '18M llOTeHilH8.Jl CBo60ABOil 
+ 

aeT aneKTpOHHa!l cocTaBn!IIOIIlBII Ig , a xpyTH3Hs xapax-repHCTHXH 

H noTeHnHanax ceTXH 6onee OTPHilsTenbHhiX, 'I&M noTeunaan noRBneBBH 

K!Oill&il lg 1 Hso6opOT1 pe3KO ll8A89T KpyTH3H8 H Cp8BHBT911LHO cna6o

• npH HOT9HUHS.Jl9 CB060AHOil C&TXH CyMMapHhlil eeTO'IHhlil TOK MOlKHO 

2.10): 

lg ~ 2.10- 10 Ia Ua 31 ~ 
(2.11) 

·xononocHblX ycHnHT&IILHblX naMn U gn .. 1 - 1,1 B, O'leBHAHO, 'ITO Bhii'OA

TBe BXOilHOil naMnhi ycsnHTenR TsKylO, XOTopaR HMena 6w ISOIILmylO 

KOS.p.jlHilH&HTe yCH.Jl9Bllll1 'ITO ll03BO.Jlli8T CHHlK8Tb 8801]808 H8HpSilK8HB8 1 

CeTO'IHbli! TOK/
4

/ 

OTM&THM, 'ITO npoBelleHH&Ie H3MepeBHB noK83hrBslOT yMeBbmeaae R we 

HOI'O HBBplllKeHBSI npB ~BXCHpOBBHHOM 3H8'18HBH 8HOAHOI'O TOK8, 

onucaaHoil B np&llhlAYIIleM naparpaljle, Mhl CBSUIJI axcne

axauaaneHTHoro conpOTasneBRR ApoiSosoro wyMa u ceTO'IHoro 

Ubi Allll WBpOKOBO.JlOCHbiX yCRnHT9IILHb!X MMB 6H28n, BCSn, 6)1<9n B 

llYCRnsTenH scnon~oaosanae• cxeMa ·pRe. 7, HMe10was ABa KsCKBAs 

OTpHil8T9llbHOi! 06psTBOII CBSI3B ( K8CKOA H8 BXOA8 H llB~~epeH!lH811LL 

YCH.JleHHeM OT 2000 AO 5500 B 38BHCBMOeTH OT TBil8 B pelKHMs 

AYCH.JlHT911L 6hi.Jl CKOHCTpyHpOBaH C y'leTOM B03MOlKHOCTR 38M8Hbl TBila 

a ocuoaaoro ycsnsTens H aKcnaHnepa npencTasneaa Ha psc. 8. Ycu-

x C9KUHSIX C OTpHilaT&IILHOi! o6paTHOil eBR3blO Ha .JlaMB8X 6)!<9n, Koacjl-

rynnpyeM OT 400 llO 18 000, Bp9MS! HapaeTsBHll 0,3 MKCeK, nHHell-

B llHaB830He BblXOilHblX aMH.JlHTyll llO 100 B, nocTOliBBble Bp9M9HB 

paTHOe H.JlH llBYKP8THoe BHTerpHpOBaHBe B AB~IjJep&HilliPOBBHHe) pery

eK no 30 MKCeK, nopor 3KCB8Hil&pa H3M8HII9TCH B.JlaBHO OT 0 1]0 100 B, 

HSHJlepa OT 2,5 llO 30, nuTaHHe aHOilHblX nenei! npOH3BOilHllOCb OT 

H3HpoaaHaoro BhiiTp>lMHTenn BC-22, a HaJtaiiLHhlX uenei! - OT BC-25, 

12 .. 

npa R3M&peBHliX BeBOJib30B8lUICio T8XlK8 np&IUI3BOBBbli! RMBYIILCRb!ll re&epaTop 

sMnruiTyABhlll aB8.Jlli38TOp AH-100 R WRpOXOllOnOCBblll MHIUUIBOIILTM8Tp 83-5, 

NZ -~25o 

Kax )"lK& OTM~'lsJIOCio Bb!W81 OBTBM811LR08 CM8W8Hll8 B8 ynpaBnmOWell CeTKe BXOABOI 

naMnhl, c TO'lltH apeBRH MBHBMYMa wyMa, AO.JllKHO IShlTb 15ru~a:s:o :s: DOTesnaany csoiSOilBOil 

C&TXH, HaMB HeBOIIL30B8.JlCH p8lKBM1 6JIB3XRil K pelKHMY C BOT9Hillla.JlOM CO CBOI50AHOil CII'I'

KOil ( Rg •940 MI'OM), 8 aBOilllbli! TOX M&HH.JlCH npll DOMOIIlH 8BOABOI'O BallpHlK&BHH 88 BXQil .. 

Holt naMne (nOT&HilHOMeTp B nena ceTXH sepxaei! naMnbr xae:s:oAa), Bee aen&ITy&Mble n&MIIH 

np&JlBapBT&IILBO Tp&BHpOBBnBeb B T8'18HB8 48 'laeOB B naenopTBOM p&lKHM&, 

HaHI5011LWHil HBTepee no napaMeTpy C~/S AJIH &enonb30B8BHH e p1•a A8T9XTOp8MR1 H8Jt 

&TO BlltiBO H3 Tal5nallbl 3, npeneTaBJIHeT ABOitBOil TpHOil 6H23n, nepen H3MepeBHSIMH Jl8MBbl Hp8Jl

B8pHT811LHO OTI5Rp~nHCb no M8KeHMa.JlbBOMy 8HOAHOMY TOKY npa ~HXeHpOB8BBOM BOT8HIUI8n8 

aHOil8 (60 B) H llOT&HI(Hane CB060ilBOII e&Tl!:ti, I13M&p!U!Beb naMnhl OTM8'l8BBhle ( * ) B T81S-

nane 4. 

Ta6nana 4 

HoNep naMnhl • .~ • 
6H2Sn 1 2 8 4 5 6 7 8 8 10 11 12 

Ia /Mal 2,8 2,2 2,2 1,0 1,5 • 2,2 4,4 2,5 4,9 6,4 2,7 1,8 

HoMep naMnw • • • • 
6H23n 11 14 15 16 17 18 2 .f 5 

0Bb!TB8H eepRH 

Ia /Mal 7,8 9,0 8,9 2,0 2,5 3,6 8,0 8,4 9,4 

naNna Ill!! 3 15wna B3l1Ts nnH aaMepeRHil, 'lT06hi noxaaaTb neneeoo6paaaocTb npeJJ:BBPH.

Tenbaoro OT6opa no auonsouy TOKy. PeaynbTaTbi R3MepeiiRll wyMOBhlX xapaxTepHeTRX npH

B&Il&Hbr Bs pRe, 9 R 10, npR R3MGH9BRH Ia OT 2,5 Ma Jib 12,5 Ma aHOilH08 B8DpHlK8BH8. 

B3M8HSI.Jl0Cb B npei]&.JlaX OT 40 B 1]0 80 B, H3MepeHHbl8 XspaKTepHeTBKB 'ba • f(la) 1 lt"f(la) 

wecTa naMn 6H23n yxnanblsaJOTeH B npenenax aawTpRXOBBHHOit o6naeTR pRe, 9 11 10. B ._ 

MepeBHHX R wa RenoiiLaosanliCio ~opNHpyrornRe nenH c nocTOHHHoll speM&RH '• • 'A •1 tomcex, 

a s R3MepeHRliX lg - SO ~xeex. Pae'leThl noKaa&rsalOT, 'ITO norpewuocTio H3MepeiDIH np• 

T8KRX ~OpMHpOBK8X He ·npeBblW88T 5%, no ll8HBbiM B3MepeHBII 3Ha'l9HH8 9KBRB8n9HTROI'O 

eonpOTHsneBHH llP06osoro wyua nnH 6H2Sn: 

R = 4,6 -5 
wa --5-- • 

(8.1) 
CeTO'lHhlil TOK Ol!:aaaneg B JteeKOIILKO paa 6onr;,we TeopeTR'leexoro (2.11), 'ITO, .sepoliTHO, 

eBH3aHO e H&llOeTaTO'lHO K8'l&eTB8HHhlM B8KYYMOM a·aKTRBRpOB8HR8M eeTKR1 H o6n81]an 

paa6pocoN aenB'IRH a npeAenax Kos.p.jlRnReHTa 3. 

' ,\ 
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Ha p&c. 11 nps&ene&a 3aB&CHMOCT& Rw81g=f(la) nna naMnbl· N! 14,onpenensuomaa rpa-

HB'IHble 3HA'I&BHSI ABOABOrO TOKA nnH pa50Tbl C MHBIIMAIIbBbiM DpHBGA&BBWM KO BXOAY myMOM, 

flpH DOTeBn&Ane CBOOOAHOA CGTKH 9TH rpaBB'IHbl8 3B8'18HBSI pa5oqero AHOABOrO TOKA ne*8T 

B AHaD830H8 0T 3 MA AO 7 MA, 

B Ta6nau:e 5 npaaeneHbl 3BA"'l&HBH R w.J&= f(la) 
ADH B3MepeHBioiX 9K38MDDSIPOB 

naMD. 

Ta5nsu:a 5 
-

HoMep 
Rwa lg 

nawnbl 
Ia -5 MA la•7,5 MA Ia •10 MA la•12,5 MA 

Ia --2,5 MA 

9 2,3 1,4 1,25 1,4 1,8 

1,4 2,1 
10 1,1 0,95 1,05 

1,0 
13 1,1 0,85 0,8 0,85 

14 1,0 0,65 0,8 1;0 1,3 

2 ODblTB, 1,3 1,0 1,3 2,2 2,9 

5 ODbiTB, 1,9 1,1 1,2 1,4 1,8 

JA3 TAODHllbl BHABO, 'ITO pa36pOC 3Ha'I&HHil 
R wal& ue npeeblmaeT xoaljllj!Hu:HeHTa 2, 

a onT&ManbHoe 3Ha'leBBe pa6oqero a&on&oro Toxa ne~&T e npenenax OT 5 no 7,5 Ma. 

IA3MepeHBH RmaR lg 
npH noTeuu:aane ynpaen&romel! ceTKB uecxonbxo 60nee 

OTpHllaTeDbBOM, '18M nOT&BllHan 9000AHOil ceTKR1 noxa3biSaiDT 1 'ITO myMOSblQ xapaxTepRCTR-

KR ynyqmaiDTCB, Pe3ynbTaTbl R3MepeBBil npH U go•-1,4 S ADH 6H23fl N2 14 npHBB/lBHbl 

&a pRC, 9, IO B 11. 8RAB0
1 

'ITO yny'IW8HB9 pa3pemeHBH1 nponopllROH&DbHOe KOpBID 'IBTBep-

TOA CTeDGHB R3 npOR3S8A8BBH Rwa lg 1 He npeSblWA&T 10%, 

He psc. I2 R 13 npssene&bl pac'leT&ble 3&sscR~o<;TH UlllpBHbi n&BBR · myMa llDB xpeM-

HBH OT DOCTOSIHBOil speM&BII ljlopMBpOSAHHSI R OT napaM&TpOS /leT&XTOpa {6H23fl Jlil 14) 

npR ASYX 3Ha'I8BRHX aBOABOrO TOKA 5 Ma H 12,5 Ma, JlnB 
< -8 

Ill _10 a A yc•3,2-3,6 xes, llDII 
Ayc•5,1-5,5 K9S, 

< -9 
Cn•20 nljl B Ill _ 10 a 

Ha pxc. 14 npBsell&Bbl 3asBCRMOCTH A si = f(r) npH Cn=20 nljl, 18 •5 Ma B 

U go•- 1,4 S ADSI ASYX TBnOS ljlopMHpyiDIIlHX R C uenel!, MBBBMallbBaB WHp&Ha DBHBR myMa 

S 9TOM pe~RMG 2,5 lt9S, 

Ha p&c. 15 naeTCB 3as&cBMOCTh MBB&Mam.sol! wspBHbl naHBR myMa oT 

ODTRMallbHbiX 3B8'18HRHX DOCTOSIBHbllt speMeHR ljlopM&pyiDIIlHX nenel! ( r R = rll 

csx npR 

• Jlna scex 

R3MepeHBbiX naMn eTa 3asHCRMOCT& Mo~eT obiT& npeACTasnesa s cnenyromeM BRAe: 
IS 

A MHHs:= 0,62 C {nljl) {xes) {3.2) 

B ARaDa30B8 paOO'IRll aBOABblX TOKOB 0T 2,5 'AO IO MA, 

• I4 

~ 

Haxoseu:, na pRe. 16 R 17 npRseAeBbl 3asRCRMOCT11 lllllpHBbl nRHB 

pa3DR'IBbiX I a {DpR ljlRitC.!IPOBABBOM r R • r A •2 MKCeJt) ll ADB AS) 

neneA {npR ljlllKCHJlOBAHBOM I a •5 Ma). BRABO, 'ITO npu yaenll'leB&B 

pa5oTaTb c 6om.m&MH 3Ba'leBill1MR a&oAnoro TOKa nna yMeHbmeHBa sJL 

Ha ·pac, 18 1:.!1 npusOAHTCH pe3ynbTaTbl ll3M&pe&Hll R, ma "'f(la) 

TellbHO OTTpGHRpOSABBblX R OT06paHBbiX no aHOABOMY TOKY naMD T&na 

OABOM SKDIO'IGHBH• 0xa3anOCb 1 'ITO 6)1{9fl &MeeT BaHMGHbWHA pa36poc 

npyrHX TRDOS naMn, JA3 pe3yllbT8TOS R3M8p9HRII DOJIY'IGBO: 

ADB 6)1{9fl R 

AJIB 6C3fl S AHaDa30H8 

4,8 
Rma= -s-

IS 
AMRB0,62C {nljl) {Kas) 

4,5 
~Ks 

IS 
A MRs= 0,7 C {nljl) {xas) 

18 c5-10 MA, 

Enaronapu M&BbmeA eenH'IHBe R wa 6C3fl MO:>KBO nyqme cornac 

5apbepBbiMH A8T9KTOpAMH1 HMGIDIIlllMR TOKH yTe'IKH 5onee 50 
-3 

I • 50 sa R R •10 MoM• TO nnu 6)1{9fl r onT•7ol0 C 

sa, Hal 
IS 

Rma 
A~ 2 ~~2,.__ 

Aye• (Aa +Ag +AQ+AR+Ar"'t1,5 K9S1 a ADB 6C3fl r onT•l,2 MKCE 

Ha pRe. 22 np&eeneHbl pe3yllbTATbt R3MepeHBA Rwa • I g 

&oro TOKa ·ADSI naMDbl 6C51H {&yBRCTOp), Jlng 9TOA nAMnbl xap81tT8J 

ynpasn&romel! ceTxB. Pa36poc napaMeTpoe 6bln Tax:>Ke a&a'IHTGIIbHbiM, 

R I a •10 Ma MRBRMhHAII WHpHHA DHHRH myMa An& Kp8MHB8Bb1X A8'1' 

R -~ 
ma s 

IS 
A MHH= 0,86 C fnljl) {xes) • 

4. CxeMbi nocTpoeHRH npeA)'CBnaTeneA 

B aacToHIIlee speMII AnB pa5oThl c nonynposonBBXOBblMH neTex 

pacnpocTpa&eBHG nony'IHnB TAX Ha3blBaaMbla 38pRAOSbl8 npeAyCRnBTC 

BOA OTpHUATGIIbHOA o6paTBOA CSS13H K SXOAY YCHDHT&nR 

oonbmas A&BaMH'Iecxaa eMXOCTb 

IS 

OX83b1Sae, 

. ______________________ ._ __________________________ ___ 



11 npaaeneaa aaaacHMOCTb Rwalg=f(la) nns naMnbJ· N! 14,onpenenmomas rpa

BB aaonaoro TOJta nns pat'SOThl C MBJIB'Ma11bBbJM npBaeneBBWM KO BXony WYMO"'!o 

e cao6onaoA ceTitH aTH rpaBB'I:Bble aaaqeBBH pa6oqero aaonsoro TOJta ne~T 

3 Ma no 7 Ma. 

e 5 npaaeneBhl aaa"''eBBs R wJ g= ((Ia) nns B3Mepea•wx aJtaeMnnspoa 

Ta6nana 5 
-

Rwa lg 

Ia -2,5 Ma Ia -5 Ma la•7,5 Ma Ia a10 Ma la•12,5 M8 

2,3 1,4 1,25 t,4 t,8 

t,t 0,95 t,05 1,4 2,t 

1,t 0,85 0,8 0,85 t,O 

t,O 0,65 0,8 t;O 1,3 

1,3 t,O t,3 2,2 2,9 

1,9 t,t 1,2 t,4 1,8 

llbl BBnBo, qTO pa36poC 3Ha'leHHii R walg ae npeBbiwaeT JtoaljlljlanaeBTa 2, 

aaaqeaae pa6o'!ero aaonaoro ToKa ne*BT B npenenax OT 5 no 7,5 Ma. 

R waH Ig npa noTeanBane ynpaamnomell ceTKH aecKon&Ko 6c;>nee 

0 
'!:eM llOTeH!lHan .o6onHOil CeTKB, llOKa3biBaiOT0 'ITO wyMOBble XapaKTepBCTB-

SI, Peayn&TaThl B3Mepeaall npa U go•-t,4 a nns 6H23n No 14 npaaeneabi 

s 11. Banao, 'ITO yny'l:weHBe paapeweaas, nponopnaoaan&aoe KOpHIO. '!eTaep-

3 npoaaaeneaas Rwa lg , ae npeabiWaeT 10%, 

t2 B 13 DpBaeneHhl paC'IeTHble 3aBHCBM0«TH WBpHBbl flHHHB' lllyMa nns KpeM

HOii apeMeHH ljlopMBpOB8HBSI B OT napaMeTpOB AeTeltTOpa (6H23n ~ t4) 
< -9 

eaaSIX aao.naoro TaKa 5 Ma B t2,5 Ma, Jlns C 11•20 nljl a 111 _ tO a 
< -8 • 

6Jtaa,.nnst 111 _tO a "'yc•5,1-5,5Kaa. 

14 npllae.neabl aaaHCHMOCTH ll si = f(r) npa C.n•20 nljl, I a •5 MB a 

nnst .!lBYX THilOB ljlopMHPYIOIIlBX R C nenell, MBBBMan&BaB WBpHHa nBHHB WyMa 

MBHHM8n&HOII WBpBHbl nBBBB wyMa OT CBX npB 

3Ha'1:9HBSIX llOCTOSIRHbllt BpeMeHB ljlopMBpyiOIIlHX nenell ('a= '.n • JlnB acex 

aaaacaMOCTD Mo*eT 6hlTD npe.ncTaaneaa a cne.nyromeM sane: 

IS 
[',. MHHs:= 0,62 C (nljl) (KaB) (3,2) 

BRO.!lHblX TOitOB OT 2,5 ·no 10 M8, 

14 .. 

Ha~tosen, aa pac. 16 a 17 np&ae.neabl aaaBCHMOCTB WBpHHhl nBHBB wyMa oT C ax .nn11 

pa3(B'I:Bbl~ I a (npB ljlBKC-!!POBBHJIOM r B • r .!l •2 MltC&It) B nnB .!lBYX TBilOB ljlopMBpyiOIIlBX 

neneA (npa ljlBJtCHpoaaaaoM I a • 5 Ma). Ba.nao, 'ITO npa )'llena'!eHBB C
8

x aeo6xonBMo 

pa6oTaTD c 6oru.waMH aaa'!eRBIIMB aaoilaoro ToJta .nns yMeB&weHHs BKnana .npot'Soaoro wyMa. 

Ha puc, t8- :.!1 npaaonBTCB peayn&T&Thl B3Mepeaall R wa "'f(la), l~f(la) npe.naapa"' 

Ten&HO OTTp9BHpOBaHHblX B OTOt'SpaRHbJX DO 8HOnHOM)" TOKY naMn TBna 6C3n B 6)1(9n B TpB

O.!lHOM BKnJOqQBBB• 0Jta3anoc&, 'ITO 6)1(9n BMeeT H8HM9RbWBll pa36poc napaMeTpOB CpenB 

.npyrax TBDOB naMn, Ha peay11bTaTOa aaMepeaBll nony'!eao: 

R = 4,8 
wa - 5- (3.3) 

IS 
ll MBH 0,62 C (n.P) (us) (3.4) 

AnSI 6)1(9n B 

~ .. ~ s (3,5) 

IS 
[',. MBB• 0,7 C (nljl) (us) (3.6) 

.!lnB 6C3n B .!lH8Da30Be la=5-10 Ma. 

Bnaro.naps MeHDwell aenHqJ~Re R wa 6C3n Mo:>Kao nyqwe cornacoaaTb c noaepxHocTao-

6ap&epab1MB neTeJ:TopaMB, BMeromaMa TOKB yTe'IKH 6onee 50 aa. HanpaMep, ecn& Cn-50nljl, 
-3 IS ·IS 

I • 50 aa B R •tO MoM, TO nnll 6)1(9n r onT•7•t0 C Rwa lg •1,4 MKCeK B 
.!l 3 3 3 3 ~ 

[',. yc• (fla +flg +flll.+fla+fl,-11,5 1:381 a nnB 6C3n r onT•1,2 MJ:CeK H [',. yc•t0,6 ltSB, 

Ha puc. 22 npaae.neabl peayn&TaTbl H3MepeHHA Rma • I 
11 

aaaBCHMOCTB OT aao.n-

Horo TOKa . .nns n&Mnbl 6C51H (JIYBBCTop), Jlns STOll n&Nllbl X8p8KTepeH llOBbJWeHHblll TOK 

ynp&BnliiOWell CeTJtB. Paa6poc napaMeTpOB t'Shln TaJ::>Ke 3B8'1BTe11bHbiM, npa c Jl-20 nljl 

B I a •tO MB MBBBMan&Hall WHpBH8 nHBHB WyMa jng Kp9MHH9Bb1X .!l9TeKTOpOB 4
1
7 ltSB, a 

R 4,5 wa -s- (3.7) 

IS 
[',. MBB= 0,86 C fnljl) (Jtaa) • (3.8) 

4. CxeMbi nocTpoeaBa npenycan&TeneA 

B saCTOlllllee apeMB .nns pa60Thl c nonynpoaonaaxoa&IMH neTexTopaMB aaa6onawee 

pacnpocTpaueaae nonyqan& TaJt aaabiB&eMble aapH.!lOBhle npe.nycanaTena. Bnaro.naps eMJ:OCT-

BOll OTpHnaT911bBOii o6paTBOA CBH3B K BXony ycanaTenB 

6oru.,as .nasaMBqecJtaB eMKOCTb 

\ ;\ 
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C ARB • C OC ( 1 + K o) ' (4.1) 

I',ll8 C OC - 8Mit0CTI> o6paTROI CBII3R1 K 0 - KO~IlR8HT ycJUieBRH DO BaOpRlKeBRJO 8 pa~OM,.. 

KB:yTOI neTne oCSpaTBOI C8513R, 

np• c,Qas » c , rAe C -cA. +Cgl< +Cag +C 0 c+CN, 

u BblX- Q I c oc • 
( 4.2) 

TaKKM o6pa30M, npHMeBeJqle aapSI,IlOBbiX npe.QycanaTenel noaaonaeT aa6aBBTI>CR oT B03.Qei

CTBHR HeCTafSBnbHOCTB 8MitOCTH ,QeTeKTOpa Ba 8biXO,QHOI CHI'Han, npa aapB81lBRX 8XO,QBOI 

eMKOCTa [',. C a OpH Banepe,ll 38.1l8BHOI aena'laHe OTBOCHTenbHOI'O a3MeHeBRR 8MllnaT:Yilb1 

carsana B8 BbiXO,Qe 3ap51,1l080I'O npe,QyCRIIHTeDSI 8 = f'>. Uab!X;/~bl'JI' Koa$<1lallaeHT ycaDeHHR 

8 pa30MKB:yTOI neTne o6paTBOI CB513H ,QOlllKeH 6biTb: 

K o ~ ( 1/8 -1 ) 1'1. C 
c oc 

qyBCTBaTenbBOCTb 38p51.1lOBOI'O npenycanaTenH: 

L. = Uablx' Q sx= 1/C oc 

a attsasaneHTHbii ttoa.PcjmuaeBT ycanesag: 

KattB ~ C/C oc • 

(4.3) 

(4.4) 

(4.5) 

nocKOnbKY C OC BXO,IlaT B COCT8B o6mel BXO,QHOI eMKOCTH a L = 1/C0 ~ TO seo6XO,QaMO 

npHM9HHTb C oc .llOCTaTO'IBO ManoA senH'IHHbi (o6bi'IHO 1-5 n.P). Ho Torna asaqeHae K 0 

)lnH o6ecne'leBHH .:YCDOBHH (4,,3) ,QOlllKBO fSbiTb )l0CT8TO'IHO fSOnbWHM, npH'19M cnenyeT nOM

HHTb 0 TOM, 'ITO OTpHil8T9DbH8H o6paTH8H CBH3b B 38p51,1l0BOM npe)lyCHDaTene '18CTOTHO 

HeaasacHMSH a .paaosoe aana3)lbiBaBHe nonlKHO 6b1Tb MHHHMSnbHbiM, Tatt, nnH 8 •l %, 

tl. c = 20 n.P a c oc = 2 n.P Ko~lOOO. nnH ysenaqesag K 0 npHMeBHIOTCH K8CKO)lHbl9 ycH-

naTena C )lHH8Ma'I9CKOI 8HO,IlHOI B8I'py3KOI (paC, 23) ana aCnOnb3yJOT CO'I9T8HH9 KSCKO)lHo

I'O ycanaTeng C na<!J<!JepeHilaSnbHbiM K8CKa)l0M, lllyMOBble xapaKTepaCTHKH TSKaX CXeM He 

yxynrnaiOTCH, OCDH BHyTpeHHae DODOlKHTenbHbie 06paTHbie CBII3H He BHOCHT '18CT0TBO-<!Ja30BbiX 

~ ' 
HCKSlKeHHll B npenenaX BblOp8HBOll nonOCbl 'ISCTOT, 

Koa$<1lHilH9BT ycaneHBH no HanpHlKeRBIO B paaoMKsyTol neTne o6paTHOll CBH3B nng 

cxeldbi pac, 23a: 

Ko = 
S1 Ra 

1- K Kn. 

I')l9 K KD - K09$<1lBilBeBT Depe)l8'1B KaTO)lHOI'O nOBTOpBTenH, )lnH CXeMbl pBC, 236: 

B nnH cxeMbl pHc, 23s: 

K
0
= P.!f!a!<aRa 

Ko== 

p. 2R 11 + p. 3 Ra 

P.tP.aP. ,fa 
R 13 +Ra 

(4,6) 

(4.7) 

(4.8) 
/13/ 

PeKOpJlHb'll K09$<1lHilBeHT ycaneHaH 6bin )lOCTai'HYT nn.H cxeMbl pac. 23B, - 30 000 , O)lH8-

KO, TSKSH CX9MS CnolKHS B HSCTPOIKe B TPefSyeT Tlli8T9nbHOI CT86BnB3SilHH pelKHM8 nsMn 

H npHMeBeHHSI BbiCOKOCTSfSBnbHbiX )leTanel, 

16 

• 

HecTa6BnbBOCTb BbiXO.IlH_oro CHrBans aapSI,Ilosoro npe.QycanaTenlC 

~~ _c_ ( dKo + ~) + ~ • 
UBb!X K oCoc Ko C Coc 

HecT86BilbBOCTb X09$<1lHilaeHTa ycaneeaH !Sea o6pSTBOI CBH3B 8 OCBOBBO 

~~o~epeHBeN KPYTB3Bbl naMn a secTaCSanbBOCTbJO neTanel, HaNeaeHBe KPY1'JI: 

WBTb, eCDB CTa6Bna3Bp08aTb aBO,QBbll TOK C nOMOillbiO QTPHil8T8nbBOA o6J 

DOCTOSUIBOM:y TOKy, a saxan naMll Da'J!aTb OT CTa6anB3Bp08aBBOI'0 BCTO'IHI 

rpy30'1Bb18 CODpOTHaneBBH B KOB.IleBCaTop ofSpaTBOI CBH3B lK8naTenbBO np 

BbiM TeMnepaTypHbiM KO&cjJcjlBilBeBTOM, naTaHBe naMD CTai5BIIB3Bp088BHbiM 

pa3BO B C TO'IXB apeHBSI yMeBbWeHBH BeCTafSBnbHOCTa BXO)lBOI 8Mit0CTB D 

fSOnblliBBCTBa DaMn ORa H3M8HII8TC51 DpHM8pBO B8 30% DpB H3M8BeHBa UX 

a 9TO MOlK8T BMeTb 3H8'leRBe npa pafSoTe C RB3K09MKOCTHbiMB .QeT81tTop.l 

nnH · fJ ,y 

1, p·i"'l 

2, p·i·a 

5, npenyCHnBT8nb )lnH {:J, y -cneltTpOMeTpBB 

CD81tTpOM8TPRB BCDOnb3:YIOTCH )lBa TBDa )l8TeKTOpO~: 

repNaBae8b18 )leTeltTOpbl )lnH •Y -cneKTPOMeTpBB, 

KpeMHBeBble BIIH D08epXBOCTBo-6ap&epHble ltpeMBBeBble 

paHBbiM JtOnbllOM ,llnH {J -cneltTpOMeTPBa, 3TH .teTeltTOpbl OTJIH'laiOTCg 

COfSCTIIeHBOI eMKOCTB ( OfSbi'IBO C Jl • 20-30 n<!J) B pafSOTSIOT npa Oltn8lKll 

6bmo OTMe'leeo llb!We, 3H8'1HT8nbBO yMeBbwseT TOKB yTe'IKB neTeKTOpa, I 

BXO)lHOI naMDbl 8 )l8HHOM cnyqae BeOfSXO)lHMO npHMeHHTb TSK:YIO naMny, B 

MBHHManbsol senB'lHHbi npoaaseneHIIH R ws I g o6nanana 6bl MHBBMam 

CTbJO, Ha BMe!IWBXCSI II HSWeM pacnopslKeHBB naMD HaH6onee DO,IlXO,QSIIIleA 

8epOHTH01 MOlKHO T8KlKe BCDODb3011STb naMDbl 6H24n H 6H27n, ecJIH CeTC 

lKYTCH ee 6onee seCKOn;fBX saHoaMnep, K colKaneHaro, Ha-aa OTCYTCTBBJ 

Mbl He CMOI'nB nposeCTB COOT!IeTCTB:YiOiliHX H3MepeBHll, 3aMeTHM, 'ITO 6H! 

nO,QXOJlHT )lnH KOHCTpyaposaHBH KOM6HHBp0118HHOI'O npenycHnBTenH C BCD~ 

3BCTopos, 

npasuanaanbHas cxeMa aapAAosoro npenycHnaTenH nng fJ-·r eneKT 

!leBa Ha pBC, 24, npenycBnBTenb BMeeT )lEIS KaCK8Jl8 ycaneBBH II neTne C 

o6p8THOll CII_H3B C Ol51l1HM Koe<!J<iJBilHeHTOM ycBneBBH OKOnO 5000. HMeeTCH 

ttacKan ycaneHHH no ssupslKeHBIO c Jtoa.P.PHilHeHTOM ycHneHBH 20 llDH DOll) 

'l:YIICTIIHTen&HOCTB B KaTO)lBbll BOIITOpBTenb nns nepena'lB CBI'H&na DO )lnl 

qyscTsHTenbHOCTb npenycan&Tens nm1 KpeMHBeSbiX n_eTettTopos 0, 7 Ms/111:~ 

HHH He fSonee 40 BCeK npB ofSmell IIXOilHOll 9MKOCTH 30 n<!J, 
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C llBB • C OC ( 1 + K 0 ), 
(4.1) 

K
0

- xoe~naeHT ycaneaHH no aanpg~eaa~ B pa~OM~ 

(4.2) 

D03BOlla&T B3oaBBTbCB OT B03)leA

neT&KTOpa sa swxonaoA carHan. npa sapaanaax BXOilROA 

OTROCH:reru.ROrO B3MeReHBa aMIIJIIITYilM 

npe11ycHnaTena 13 = /';. IJsblx;/\h~KoaojMjlanaeHT ycaneUBa 

CBH9H non~e• obiTb: 

npellyCH.JIHTena: 

Ac 
c oc 

ax= 1/C 

ycaneHHH: 

KaltB = C/C oc • 

(4.3) 

(4.4) 
oc 

(4.5) 

B COCT8B o6meA BXOilHOA 9Mit0CTH H L = 1/C0 ~ TO H900X011BMO 

ManoA se.JIH'IHHbi (o6bl'IHO 1-5 nljl). Ho Torna 3H&'IeHBe K 0 

(4,3) llOll~HO l5b1Tb UOCT8TO'IHO 150JibWHM, DpH'IeM C.JlellyeT DOM

o6paTH811 CBH3b B 38pllll0BOM npeiiYCBnBTene 'I8CTOTHO 

13 ml %, 

K o npaMeHaiOTCa K&CKOIIHbie ycH

HarpyaJtoA (pac, 23) ana acnoru.ayiOT coqeTaHHe xacxonHo

KacxanoM. liJyMOBbl9 xapaKTepHCTBKH T8KBX CXeM He 

CBB3H He BHOCaT '18CTOTHo-ljla30BblX 

nonOCbl qaCTOT. 

Hanpa~eHHIO B pa30MKHYTOA neT.Jie oopaTHOA CBa3H nna 

Ko = 
s1 Ra --. 
1- K Kn (4.6) 

K8TOilHOro nOBTOpHTe.Jia, )l.Jla CX&Mbl pHC, 236: 

K 0 = fL IfLafL aRa 

fL 2R 11 + fL 3 Ra 
(4.7) 

Ko= fL 1fLafL ,[la 
(4.8) R 13 + R a 

/13/ 
ycHneHHa 6bm nocTHrHyT nn.a cxeMbi pHc. 23s, - 30 000 , onHa-

B H8CTpOAXe H TpeoyeT TW8T9.JlbHOA CT80H.JIH381lHH pe~HMa .Jl8MD 

aeTaneA. 
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' HecTaollnhROCTb BbiXOIIaoro caraana aap1111oBoro npe11yCanaTena: 

~bl\. _c_ < dK., + ~ > + ...!£.ru:. • c 4.9} 
UBbiX K o Coc K o C C oc 

HecT&oBIIbROCTb 'xo&~llReRTa YCH.Jl8BHB 6e3 ol5paTHOA CBB3H B OCBOBBOM CBB38B8 C R3-

Mep8RB811i xpyTR3Rbl naMD a aecTa6anbROCTbJO neTaneA. Haueaeoe xpyTR3Rbl MOlKHO yue&

maTb, eCnR CTaoHIIR3RpOBaTb aaoaablft TOX C nOMOmb!O OTpRil&Te.JlbROA OopaTHOA CBB3R no 

DOCT05111BOM)' TOXy, a HaKan .JiaMD naTaTb OT CTai5RJIII3RpOBaRROrO BCTO'IUBXa nBT8HBBo Ha

rpy30'1Hbl8 CODpOTBBneBRB R ltOHileHCaTOp oopaTROA CBB3B ~enaTe.JlbHO DpBUeHBTb C ayne

BbiM TeMnepaTypHbiM JtO&IjJcllBilHeHTOM, naTaHBe naMn CTaoBIIII3BpOB8UBbiM R8Jt8.JIOM lleAeCOo6-

p83RO B C TO'IKB · 3peHBa yMellbWeHHa aeCTSOH.JlbHOCTB BXOIIBOA eMitoCTB naMUbl, TaK X8K .Q.JIB 

oonbWBBCTBa naun oaa B3M8RaeTCB llpBMepao aa 30% npa H3MeaeHHB BAKana OT 0 110 6 a, 

a &TO M0~8T BM&Tb 3B8'1&HB8 npB paoOTe C HB3KGeMKOCTHbiMH lleT&ItTOpAUHo 

5, npenyCB.JIHTe.Jlb nna {:J, y -cneKTpOMeTpHH 

Jlna {J ,y CD&JtTpOM&TpBH BCnO.Jlb3yiOTCB nsa THDa ll&TeKTOpos: 

1. p-1"11 repMaBBeBbie aeTeltTOpbl ana •y -cneXTpOMeTpBB0 

2. p-1"11 xpeMHBeBbie BilK DOBepXHOCTHo-15apbepRble KpeMaBeBbie .Q9T9KTOpbl C OX-

paaHbiM JtOIIbllOM .Qna fj -CD81tTpOMeTpHBo 3TH lleTeJtTOpbi OTJlll'laiOTCB ManoA B811B'IBHOII 

COOCTB&HHOA 9MKOCTB ( Oobl'IHO C n •20- 30 nljl) B paoOTaiOT DpB oxna~eBBB, 'ITO, UK 

Obl.JIO OTMe'leBO BbiWe, 3Ba~Te.JlbBO yMeHbwaeT TOJtB )'Te'IKH neTeKTOpa, noaTOM)' B Ka'lecTBe 

BXOilBOII naMDbi B 118BHOM C.Jl)''l&e HeOoXOIIBMO DpBM9HBTb T8K)'IO AeMDy, KOTOpaa Obi nOMBMO 

MBHHM8.JlbROII Be.JIB'IHHbl npoB3BelleJUia R wa I g o6nanana obi MHHHMS.JlbHOA BXOilBOII eulto

CTblO, Ha aueswaxca B Haweu pacnopa~eHBH naMn Haa6onee DOIIXOAaweA oxaaanacb 6H2Sn. 

BepoaTH01 MO~HO T8K~e HCnO.Jlb30B8Tb .JiaMDbi 6H24n H 6H27n, ecna CeTO'IHbl9 TOKH BX OU

~yTCB He oonee H&CKOnbKHX BaH08MDep, K CO~aneHHIO, B3-3a OTC)'TCTBHB 9THX THDOB naMD 

~bi ae cuorna nposecTa coOTBeTCTByiOmax R3MepeHsA, i'aMeTBM, 'ITO BH27n ny'lme scero 

DO.QXOART ana KOHCTpyRpOBaHBa KOMOHBBpOBaHHOro npeaycsnaTena C HCnOJib30BaHaeM Tpaa-

3RCTOpOB, 

npaH!lBDH8.JlbB8B CX8M8 aapHnOBOrO npellyCH.JIBTena A.JIB fJ-·y CDeKTpOMeTpBB npRBe

lleHa Ha pRC, 24, npeAyCRnBTe.Jlb HM&eT IIBa KaCKana ycaneHRa B neTne OTpHilaTe.JlbHOA 

OopaTHOII CBB3B C OI5WHM KO&Ijllj!BilBeBTOM ycRneaaa OKO.JIO 5000, HMeeTCa nonOIIBBT&nbBbiii 

xacxa11 ycsneHBa no Hanpa~eRBIO c xoaljllj!HnReHTOM ycsneHaa 20 Ana nony'leHRB xopowell 

'IYBCTBHT&.JlbHOCTH H KaTOaHbiA nOBTOpRTenb ll.Jla nepena'IH CBrHana DO nnRHHOMy KaoeniO, 

'lyscTBaTe.JlbHOCTb npeaycansTena nna Kp&MHR&BbiX neTeKTopos 0, 7 MB/xss, speua aapacTa

HHa He 6onee 40 HC&K UpB o6meA BXOaHOA &MKOCTB 30 nljl, 

' ~ 
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::lxcnepxMeB'l'am.Bhle wyMOBhle xapaxTepac'l'IUUI npe,llC'l'aBneBhl aa paco 25 a 26o Co!S

C'l'aemuui BXO,IIH8SI 8MKOC'l'h Dpe,llyCBnH'l'eASI COC'l'8BnSIII8 10,5 Dcpo 3KCDepBMeB'l'&m.Bhl8 ,1188-

Bble XOpOWO COBD8,11810'1' C p&C"!e'l'BhiMB DpH HCII011b30B8BBB ll8BBhiX B3WepeBHll Ruu. • ((Ia) 

H lg,.f(la,Ua) o fipH C 11 •20 ncp, 18 •5,2 Ma,·r,
8 

'"'.11 •1 MICeK DIBPHB8 niiBHII wyMa 

,11nsr xpeMBBII COC'l'&BnHe'l' 2,8 KSB0 a ,11n11 repM8BBSI"2,1 KSBo 8 K&'leC'l'Be OCBOBBOro yCBnB

Tensr H 3KCIIBR,Ilepa RCnOnlo30BanaC& CXeMB pHCo 8o 3a~.'leBRe acpcpex'l'BBHOll BXO,IlHOll eMKOCT11 

OIIpe,llensrnOCb no C,llBHry penepuoro HMIIynbC8 npB H3MeBeHBB BXO.IlBOll eMKOC'l'B 0'1' 10,5 Dcp 

( CBOOO,IlHblll BXO,Il) ,110 34,5 IIcp. 

cs¢ = 
~CE SKB 

~E 

24. 630 m 5000 ~n¢ 0 

= -3- (5o1) 

nuTBHHe npe,llyCHIIHTensr OCymeCTBIISIIIOCb 0'1' CTaoKnH3BpOBaHHhiX BC'l'O'IHBKOB DB'l'aBRK KBK 

no uen• aaxana, Tax • no auoAHhiM uenKM. nonrospeMeaaasr cTa6HnbBOCTb (3a 8 'lacoa 

pa60'l'bl) COCTaBnMa ;!:.0,2 %, 

6, npe.llyCBIIH'l'eiib OOIIlero npHM.tBeRBSI ,IIIISI p800'l'bl C .118'1'8K'l'OpaMB0 

aMeJOIIlBMB cpesuee paapeweue 

npe,llyCHIIH'l'enb npe,11H83BB'I8H AnSI pa60Tbl C noaepXHOCTH~6apb8pBbiMH xpeMBHSBhiMB 
2 

ueTeKTOpaMB C 'IYBCTBH'l'SIII>BOll nosepXHOC'l'biO JlO 2-3 CM ( C
11 
~ 1000 ncp), HCXO,IISI BX 

npOBeJleBHbiX H3MepeHHll WyMOBblX X8p8KT9pHCTBK naMn, Mbl OCTaHOBBnBCb Ha II&Mne 6)1(9n 

B TpHOJlHOM BKIIIO'IeHHB0 TaK KaK B YCIIOBHBX Cp8BHHTeiii>HO OOnbWOrO KOIIH'IeCTBa B3r0'1'~ 

BIIH9MbiX npe.llyCBIIBTenell Jl8HH8H II8Mn8 HM9eT H8HOOIII>WYIO nOBTOpHeMOC'l'h CBOHX ~8p8KTe

pHCTHKo 3TO o6ner'!aeT H8CTpOllKy CXeMhl 0 8 no CBOHM X8p8KTepHCTHK8M T8KOll npe,llyCBIIB

T91Ib MomeT ObiT!> Hcnom.aoaau a 6onbwBHCTse aaua'l cnexTpoMe'l'pHB co cpeuHBM paape

weaHeM, KpoMe Toro, 6on&WHHCTBO H3roToBnsreMbiX a HBCTOHWee apeMsr ueTexTopos o6na

JlBIOT paapeweRBeM ae ny'lwe 0,5- 1%. Hecxon&xo ny'IWHe peaym.T&Thi MoryT ob!Tb nony'leHbl 
/3 14/ 

npH HCnOIIb30B8HHB IIBMII 6C3n B 6C15n ° o npHBDBDH81IbHBSI CX9M8 38pSIJlOBOrO npeu-

yCHIIHTensr OOIIlero H83B8'18BBSI npKBe,lleHB H8 pHC, 27, B 3~BCBMOCTb WHpHHbl IIHBHH WYMB 

JliiSI KpeMHReBbiX ueTeJ[TOpOB OT BXOJlBOll eMKOCTR DpB IIBYX 3Ha'leHHRX noCTOSIHHblX BpeMeBR 

cpopMHpOBaBRSI - aa pRC,28, npa C
11 

=100 mjl, I 0 •100 H8 H r=1,5 MKCeK ,llaHHblll npe,llyCKIIHTellb 

noaaonsreT nony'!H'l'h wapHBy IIHBKB wyMa He 6onee 16 xaa • Co6cTaeHB8sr WHpHH8 naauu 

WYM8 DpH T8KOll me eMKOCTH H8 BXOJle COCT&BnSI9T 9 K3Bo 'iyBCTBBTellbHOCTb npeuyCHIIH-

Tensr 33 Mal Msa, apeMK H8pacT&HHK He 6onee 60 acex npH C ax'" 100 ncp, Cuaur penepuoro 

HMnyni>C8 B8 8MnnHTYJlHOM 8H81IH38Tope obiii He 6onee 30 xaa (senH'IHH8 aKBHB8neaTaoll 

3HeprHH 5,48 Mas) DpH H3MeHeHHH BXOJlHOll eMKOCTH OT 130 JlO 200 n<jJo 3TO COO'l'BeTCTByeT 

a<Jxl>eKTHBBOll BXOJlHOil eMKOCTH 70 '5,48 •10
6 

c -s¢ 
• 11000 n¢. 

30 • 10
3 

Co6cTseBH8K BXOJlH8K eMKOCTb npeuycHnHTenH 6wn8 

coa ue xyme 0,5%. 

18 

• 

(6.1) 
24 n¢. CTaOHnbHOCTb pa6oTbl 38 8 '18-

'·' ~~-. . . ..........__ __ 

3 a x n 10 'I e a a • 

npoBe,lleBBble H3MepeBBK WYMOBhiX X8paxTepHC'l'BK COBJ:l8M8HHhiX lllR 

naNn H 9KCDIIyaTaUBsr CKOBC'l'pyBpOBBBBbiX B n$1P OH.Inf aaplliiOBhiX npe~ 

nonynpOBOliRBKOBhiX ,lle'l'ex'l'OpOB DOxa3b!Bal0'1'0 'ITO MBBBM&m.IIBR DIBPBHB l 

own. nony'leaa c naMnoil 6H23n Ansr HaaxoeMKOC'l'BbiX p-l-11 II eTeK'l'Op 

xpeMBReBhiX R 1,9 KSB JliiB repwaBReBbiX ,lleTeJ['l'OpOB C COOC'1'11eiraoll eMI 

Konu'leC'l'BO npurouawx unK p8oO'l'bl naMII a napTBR coc'l'aBnsre'l' oxono 2 

BO npe,llB&pR'l'ellbHO npOB3BO,IlH'l'h 'l'peBBpOBKY naND B OpBeBTHPOBO'IHYII ~ 

HOMY 8HO,IIBOMY TOKy, 

npoBe,lleHHble B3MepeHBK 8KBBBaiieH'l'HOro conpOTBBneBBK llPOOOBOrO 

TOKa naMn 6H23fi, 6C3n B 6)1(9n B 'l'pBO,IlHOM BKIIIO'IeHHR n03BOnliJO'l' ·~= ll 

Dp8KTBKB TO'IHOC'l'hiO p8CC'IH'l'8'l'h OnTBM81Il>Hbiil pemBM BXO,IIHOA 118~1 Al 

TOPBo DnK ,lleTeK'l'OpOB CO cpe.IIRBM paapeweBBeM Momao pexoMeR.IlOBa~lo 

6)1(9fi B 'l'pHO,IlROM BKIIIO'IeBRB, 6C3n B 6C15n, a T&Kme naMII-&yBBC'l'Opo· 

c TpaBaBcTopaMB o K npeaMymeC'l'saN aysucTopos cne,11ye'1' O'l'Hec'nl ,Nanl 

npO'I&yiO <:HCTeMY aneKTpO,IlOB0 TeMnep&Typ&yiO B BBOponpO'IHOCTb B cpaa: 

xpyTB3HY npu Manwx 3HA'IeBBsrx aao,llBoro Toxa a aanpsrmeRBKo K Be,lloc'l'. 

m•x uysucTopoa cne,11yeT O'l'BeCTB noswmeuHoe no cpasueaBJO c ooM'IHYM 

MH yCBIIHTeiii>BbiMB IIBMDaMB 3H8'1eBRe CeTO'IIIOrO TOKao no CBOBM OCHOBI 

K8M CKOHC'l'pyHpOB8HHhle B n.HP 0Hf!H 38pB.IIOBbl9 npeayCBIIBTenB ,llnK DO 

ueTeltTOpOB He yCTyiiBIOT IIy'IWBM 38pyoemHbiM npOMbiWneHBbiM oop83UaM, 

B 1008. cjJBpMbl Tenae1ec lastrumeat Co BIIH Mouenu 101 B 105 cjJBpMbl 

B 3axnJO'Ie&ue aB'l'Opbl C'IBT810T caoaM uonroM Bblp83BTb 6n8rOA8PH 

By 38 npoae,lleHBe pSI,Ila B3Mepe&BII B f,H.~neposy 38 BBTepec, nposrBneB 

• 
.nuTep8Typa 

1. AoBonmun!lecnu. Curuan, myN u p8apem8JOm8sr cnocooaoc'l'b ycunuTem 

2o AoAoCaHBB, ::lneit'l'pOBBhle npu6op1>1 SIJlepaoil cjJB3HKBo ~B3M8TrB3, 196lo 

3. B.r. Bpoa'le&xo, I<?·no Mon'laHOB, nTs, NQ 4, CTp. 2, 1964. 

4o s. ~allpcTeliBo C6o, nonynpOBOAHHKOBhie C'leT'!IiKB H31IY'IeHBllo ATOMB3,1ll 

5o J.L.B1aakeaship. IEEE Traas., v. NS-11, No. 3, p. 373 (1964). 

6, :F.S.Gou1diag. Nucleoaics, v. 22, No. 5, p. 54 (1964). 

7. J..L.Blankeaship, W;F.Mruk. Bull. Am. Phys. Soc., Ser. 11, 9(1), p. 49, 1964). 

8, W.L.Haasea, B. V.Jarrett. Report UCRL-11589, August 7, 1964). 

9o A.J.Tavenda1e. IEEE Traas., v. NS-11, No 3, p. 191 (1964). 
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wyMOB&re xapaxTepHCTilKII npencTaaneaw aa pac, 25 • 28, Co!S

npenycanuTesur cocTaB.n.IUia 10,5 nlj>. 3xcnepuMeBTam.awe naa-

c p8C'IeTBhiMB npH HCnom.30B8BHll .traHBhiX B3MepeBllll ltma•f(Ja) 

•20 nljl, 18 •5,2 Ma, '·a •r 11 •I Nllce:x IDBplilaa .na:na: wyMa 

a 11nsr repMaHasr-2,1 ll&B, B xa'leCTBe ocuoaaoro ycau

cxeMa pHC, 8, 3BI!'IeHBe aljlcjJeKT~BBOII BXOI[HOII 8MllOCTB 

HMnyn&ca npB H3MeB8BliH BXOI[BOII eM:KOCTB OT 10,5 nljl 

~c E axa 

~E 

24. 630 _ 5000 ~ncp • 
3 

(5.1) 

ocywecTBBRnOCh OT CTa6HnH3HpOBaHHhiX BCTO'IBHKOB DHTaBBK lt8I 

nO 8HOJlHhlM uenSIM. nonroapeMeBHaSI CTa6HB&HOCTb (3a 8 'laCOB 

%. 

HMerom:HMH cpesuee pa3peweBJie 

~llHa3HB'IeH JlBSI pa60Tbl C llOB8PXHOCTHo-6apbepBbiMH Kp8MBH8BhiMH 
2 

noaepXHOCT&IO llO 2-3 CM ( C11 ~1000 ncp), J1CX08K HX 

naMn, Mbl OCTaHOBB.IIBC& Ha naMne 8)1(9n 

KBK B ycnOBHHX CpaBHHTeD&HO 6om.woro KOBH'IeCTBa H3rOTo

DBMDB HMeeT HaH60n&wyro DOBTOpSieMOCT& CBOHX ~ap8KTEI

CXeMbi, 8 DO CBOHM XapaKTepHCTHKaM TSKOII llpesyCHnH

B 6on&WHHCTBe 38Jl8'1 ClleKTpOM8TpHH CO Cpe8HHM pa3pe-

H3rOTOBDSieMblX B HBCTOSIWee BpeMH JleTe[[TOpOB 06.118-

0,5- I%. Hecxon&xo ny'lwHe pe3yn&TaThl MoryT 6&IT& nonyqeu&r 
/3,14/ 

6CJ5n , npHHilHilH8n&HSSI CXeMa 3BPSIIlOBOro npes-

npBaeaeua HS pRe, 27, 8 3aBHCHMOCT& WHpHHbl BHHHB WYM8 

OT BXOilHOII eMKOCTB npH JlBYX 3HS'IeHHSIX llOCTOHHHhiX BpeMeBB 

HB B r =1,5 MKCell 88HBbiJI npellyCHBBTen& 

nHHHH wyMa ue 6onee 16 KSB , Co6cTaeuuasr wupHHa nDHHH 

HS BXOJle COCT8BnHeT 9 KSB, qyBCTBHTen&HOCTb npe,[[yCHBB-

6onee 60 ucex npu C 8 x•IOO ncp, Caaur penepuoro 

6&IB He 6onee 30 K9B (aenH'IHBa 9KBHBSBeHTHOfi 

BXOilHOfi eMKOCTH OT 130 80 200 nljl, 3TO COOTBeTCTByeT 

70•5,48·to6 

• 11000 ncp. 

30 • 10
3 

(6.1) 

npeaycunHTenSJ 6blna 24 nljl, CTaflnn&HOCT& pafSOTbl 3a 8 'Ia-

18 .. 

3 a :x n ro 'I e B B e 

npoaeseBB&ll! 1i13MepeBllsr wyMOBhiX xapaxTepBCTBK coapeMeHBhiX wapoxononoCHhiX 

naNJI H s~cnnyaTallHK CKOBCTpyBpOB8BRhiX B nf{P OHSIH 38pQOBbiX npesycanaTenell 8DH 

nonynpoBO.QBli:KOBbllt 88TeKT0pOB ll0K83hi8810T1 'ITO MBHHM811Jolt8B IDBPHIUI .IIBHBH m:yMa MO)I(eT 

6biT& nony'leRa C .llaMilOII 6H2Sn 8DH RH3K08MKOCTRhiX P·i·n 881'8KTapOB (2,5 K9B llDH 

Kp8MBB8BhiX B 1,9 K9B llDH repMaBBeBhiX 881'8KTOPOB C C06CT88HBOII 8MKOCTbiO 20 ncp), 

Kona'leCTBo npuros&hiX nns paflOThl naMn a napTBB cocTaanseT oxono 25% • Uenecoo6pa3-

ao npenaapBTen&HO npOH3BOilHT& TpeHHpOBKY DaMn B OpH8RTHpOBO'IRhlll OTflop no MaKCHMSn&

HOyY 8HOilHOMY TOKy, 

npoae88HHble H3MepeHBB 91tBB88n8BTHOrO ConpOTHMeRHH 8pOfSOBOrO m:yMa H CeTO'IHOrO 

TOKa D8Mil 6H23n, BCSn B 6)1(9n B TpH08HOM BKDIO'IeHHB ll03BODHIOT C ll0CT8TO'IHOII JlDH 

np8KTHKB TO'IHOCT&IO paCC'IBTaT& OllTHMan&Hblll pe)I(HM BXOilBOII DaMDhl ll DB llSHBOrO neTeK

TOpa, nnsr 88TeKTOpOB CO Cp88HBM pa3pew8BB8M llfO)I(RO peKoMeRilOB8Tb npBM8HeHBe naMD 

6)1(9n B TpH08HOM BKDIO'IeHHB, 6C3n B 6C15n, a T8K)I(8 D8MII-H)'BBCT0pOB B KOMflHHallHB 

C Tp8R3BCTOPAMB, K npeaMym:eCTB8M H)'BHCTOPOB cnesyeT OTHeCTB M&nble raflapHTbl1 

DpO'IH)'IO CBCT8yY aneKTp01lOB1 TeMnepaTypH)'IO H BBflponpO'IHOCT& H Cp8BRRTen&HO 6on&wyro 

KPYTH3HY npu ManhiX 3H8'1eaasrx auosuoro TOKa B HanpB)I(eRBH. K ueaocTaTK8M cywecTayro

m:ax HYBHCTOPOB cne.QyeT OTReCTH nOBhlm:eRH09 no cpaBReHBIO C oflb'I'IHhiMH WHpOKOIIODOCHhl

MH YCBDHTen&HbiMH naMn8MB 3R8'1eRRe CeTO'IHOrO TOK8, no CBOHM OCHOBHbiM xapaKTepBCTH

KaM CKOHCTpyupoaaHHhle .a J.l.HP OH HH 3apSIIlOBhle npesycanBTena nnsr nonynpoaosHBKOBhiX 

neTeXTOpOB ue yCTyliSlOT ny'IWBM 38pyfle)I(HhiM npoM&rwneHHhiM o6pa3naM, uanpDMep, TC 110 

H 100 B ljlapNhl Teanelec lastrument Co ana MOJlenB 101 B 105 cjlHpMhl 0RTEC. 

B 3artnroqeuae aBTOPhl C'IDTaiOT caoDM sonroM Bhlpa3BT& flnarosapuocT& M.C. BHpyne

ay 3a npoaeseue PSIIl8 B3Mepe&Bll B f,H, <l>nepoBy 3a BHTepee, npoHBneRHhlll K pafloTe, 

... 
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