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J. ~_cOBll81lBHHll C llBOilHbiM popMHpOB8HHBM HMllY.IlhCOB 

T)'HHe.llhHblMH llBOil8MH 

0IrncaHH8SI B pa60Te/l/ CXBM8 COBU81lBHHll C M8llblM, epeueHeM p83peweHHSI o6n8A8BT 

Cp8BHHT9llbHO HH3h:Oi! 'I}'BCTBHTe.llhHOCTblO ( 6onee 1 B) 0 'ITO orpaHH'lHBIIBT B03MOlKHOCTH 

ee npHMaHaHHsr. B nauuoil pa60Te onHCbiBaeTC!I cnoco6 yeenH'lei!Hll 'I}'BCTBHTen&IIOCTil 

CXBMbl nyTeM llBOilBoro cjlopMHpOB8HHll BXOilHblX HMllyllbCOB TYHIIBllbHbiMR llHOA8MR B Jt8H8-

ll8X COBll8,[lBHHi1. 

I13B9CTII00 'ITO OllHOBR6p8TOp H8 TYHHenbHOM llROilB 06nl!ll8BT BbiCOJtOil 'I}'BCTBHTe.llh

HOCTblO (no 1,0+0,5 M8 BXOllliOrO TOJt8) npu XOpoweil CT811ll8pTH38UHR BbiXOJUIOro HMnyn&-

/2/ -
ca • Onuaxo npu ucnon&aoeauHH onuuo'luoro u naJKe nayx OllHOTHUHbiX onuoeu6paTopoa 

H8 TyHH9nbBbiX llROll8X B CXeMe CT8Hll8PTH38TOp8 RMnyn&COB B Jt8H8lle COBll8llBHHil Jt8'le

CTBO cjlopMHpOB8HRll Olt83b!B8BTC!I HBllOCT8TO'lHbiM npu 6on&WOM pa36po~e UO 8MUllRTYilB 

/8/ 0 

BXO,[lHbiX LMUynbCOB _ • Ka'lBCTBO cjlopMBpOB8HRll HMnyllbC8 no 8MllllHTYilB MOlKHO IIOBbiCHTb 

B HBCXO.IIhltO p830 BCIIJI B IIeJ?BOM O,[lHOBB6paTope IIpHMBHBTb 6blCTpb1il repM81IRBBblil TyHHBilb

Hblil ,[lHOil C HHitOBbiM TOitOM 10 M80 8 BO BTOpOM OllHOBH6paTOpe - 8pCBHH!l-r8llllHBBblil TYH

Hen&Hblil ,[lHOil THII8 311301f. CB!I3b MelKllY OllHOBU6paTop8MH ocymeCTBllSIBTC!I 6bl~pb1M rep

M8HHBBbiM nuonoM. CxeMa connanenull c cjlopMupoeaTenliMB 'Taxoro pona MoJKeT 6b1Tb ner

xo nony'lena, ecnn 3aMeHHTb nocnenoaaTen&Hble orpaHK'lBTenu ua nuonax a cxeMe
111 

0,[lHOBH6p8TOp8MH H8 repM8HHBBbiX TyHHB~HbiX ,[IHO,[l8X. 

Ha puc. I noXa3ana cx~Ma on8oro xauana coenaneuull c nucxpHMRHHPYIOWHM TYH

uen&HbiMH llHOAOM T.n3• Ce!l3b MBlKllY OAHoau6paTopaMu_ ocywecTansreTcH llHOAOM .n
1 

TUna 

,lllOA • .llHOilhl ,lllOA npOXOAHllB HaXOTOPYIO OT6p81COBXy no BellB'lHHa UpHMorq conpOTuene-

-; HR!I0 B CXeMy CT8BHllBCb ,[lHOAbl C COUpOTHBllBilllBM B !Ip!IMOM H8llp8BllBHHH M~HbWB 400 OM. 

npu cpa6aTbiB8HliH nepaor 0 OllHOBH6paTopa ,[IHOA .lll OTKpblB8BTCll B 38HycxaeT BTOpoil 

0AHOBB6paTop. nocna nepexniO'leHH!I T.lla AHOil 38XpblB89TCll, TSK Klllt OTpHll8TBllbHblll 

HMnyn&c uanp!llKaHR!I H8 On&Wa no 8MllllHTYAa, '19M HMIIY.IIhC H8 T.lll. nosTOMy 

R3M9HBHB!I H8llplllK9HHll H8 TJl npll npBXO,[la 60n&WHX CHrH8llOB He BnHHIOT H8 paG9TY BTo-
1 -

poro O,[lHOB~6paTOp8. 3a C'leT 9TOrO o6ecne'lHB89TCB ny'lwee X8'19CTBO cjlopMHpOB8HR!I 

BbiXOAIIOrO HMnyiu.ca no 8MIIIlliTYAB 0 'laM B CXaMe CO CB!I3b10 MBlKAY OllHOBH6paTOp8Mil 

- . /2 3/ - ' 
'lepe3 COllpOTBBllOI!Ba 0 

• 3MHTTepHblil UOBTOpHTB.IIh H8 BXO,[le K8H8n8 He06XOIIRM Allll 

8 



COI"nttCOB8HHH BXOAHOI"O COllpOTIIBJlOHHH CXOMbl C xa6eneM. Ha puc. 2 DOX838H BIIA BbiXOA

noii xapaxTepucTIIXII Taxoro ¢opMapoaaTenu. Kpusau 1 coOTneTcTnyeT aMnnDTyAe UMnyJlb-

ca nanpiDKeHDll na T.ll
1

, a xpHna.ll II - na T~. 'lyncTnnTeJlbnocn. ¢opMUponaTeng, pan-

HBSI 0,2 8 0 MmKeT 6b1Tio 11p11 He06XOAHMOCTH DOBhiiiiOHB BliBOO nyTeM DOACTpOiiXIi 6&30BOI"O 
(A) 

COHpOTUBJl9HHH CM91Il9HII51 3MUTTepHOI"O DOBTOpUTemt ( HB pUC. 1 ) .J13M9li9HHe BhlXOAIIOii 8M-

UJIHTyllbl 119 upeBbiiii89T 5% upu 50-xp&TBOM llpCBbiiiiCIIHH BXOAHOI"O CUI"HaJIB Hall llOpOI"OBb!Mo 

Ha p11c. 3 upeACTanneua 3&BHCHMOCTb c~eTa Tenecxona u3 Tpex c~eT~uxon OT nanpu~eHHll 

ua ¢QToyMuo~uTenux <1>3Y-36, nony~eHH&ll na ny~xe "--Me3onon. Ha puc. 4 nana 3anu

CHMOCTb c~eTa Tenecxona OT yponnu AHcxpuMunanux TynBeJlbnoro nuona T.ll
3

, cnRTau upu 

Hanpu~eHUH U TCJl = 2000 Bo no I"OpH30HT8JlbHOi! OCU OTJIOlKOB TOX CMCIIIOHKH TyBHCJlbHOI"O 

.IUIOlla, U3MepHBmuiicu n TO~xe A (pxc. 1). He6o/Ibmoii y~acTox nnaTo no Toxy cMemenuu 

onpeAenseTCH nenii~Daoii cxnaAbiRaeMbiX aa T .n
3 

Toxon c xauanon connaAenuA. Manau 

B9JlU~UII8 CXJl8llbiB89MbiX TOXOB (- 1,5 M8) HBJIHeTCll OJlHHM 113 HenOCTBTXOB T8KOI"O Tana 

cxeM
11

•
31

, Tax xax upu 6oJlbmux BXOAIIhiX curnanax cymecTBennhiM CTanonnTCll BnBllHUe 

paanu~nhlx nanoAox na AncxpDMBHupytomBA TyHHenbllhlil liKOA. 3To Mo~eT npanecTu x noHB

neauto 'npOll938HHii' HMnyJlbCOB nnoi!BhiX COBn&AeHHii upu pa6oTe C TpOiiBhlMH COBn8A9HHll

MH. Ha pac. 9 upBaeneahl xpllnhle paapemeHHll Al!H Tpex aaa~eHHA Toxa cMemeauu: 1 -10 Ma, 

II - 9. MS, III - 8 Ma. MHHHMaJlbnoe pa3pematomee npeMSI cxeMbl connanenuil oxono 

· 2 ncex, MaxCHMaJlbnoe - nopllltxa 5 ncex. 

II. CxeMa cosnaAenuii c speMeneM paapemeHHH 10_~ 

HenocTaTxoM onucaunoii nhlme cxeMbl cosnaAeuuii llBnueTcu Tpynuocn. ynenu~eHHll 

paapemaiDmero npeMeHH CBI>Ime 6-7 ncexl ~TO 6b1BB9T neo6XOAUMO nnu PllllB sxcnepUMeH

TOB. 3To Bb13BSHO CH1lbHbiM Cn&AOM nnocxoJ! nepmHHbl HMnyJlbCB ( 40%) OnHOBU6paTopa Ha 
/4 5/ 

TYHH9llbi!OM ARone 
1 

• no 3TOli: npH~HHe CXCMbl COIIn&neHUi! C Bp9M9HCM p83pemeHHH 
/2 671 10-15 ucex nhlnonnlltoT o6bi~Ho 1 npnMenuu oTce~xy Toxa n TpHOAax ' 1 • B Aanuoli: pa6o-

TO OnHCbiBSCTCll CXCMB cosnaAeHuil c pa3pematomHM speMeHeM 10 ncex, c TPOilHbiM 

¢opMupoaauueM cnaraeMhiX HMnyJlbcon no aMnnuTyae 11 ¢opuuponaHHeu no speMeHH ua 

xopoTxoaaMxuyThiX CTpe3xax xa6enu n xa~AOM xauane. 

npBHBHIIH81lbH8SI CX9M8 OAHOI"O H3 KBH81l0B C nucxpHMHIIHpytoiilliM TyHH9JlbHbiM nuonoM 

T~ upunenena na puc. 5. Ha axone cxeMbl nxnro'!en napanne1lbHblli: orpaHH'IHTeJlb na 

6b!CTpOM repM8HH9BOM TyHH9JlbHOM nHOAC C nUKOBblM TOXOM 5
1 

MS. noCII:OJlbxy BXOn CXOMbl 

xopoTxoaaM:xuyThlil, cornacyromee coi!poTunneuue xaoenu, pasnoe 100 oM, noCTaaneno ua 

anon <1>3Y. 'lepea conpOTIInneHBe 7,5 x ua TynueJlbBbti! nnon aauaeTCu na~SJlbnoe CMeme

nue, YM9Hb1Il8IO!IIee nopor Cpa6&ThiB8Hlfll TyHn<>JibHOI"O ltBO.lla ItO 3, 7 M8o 'lyBCTBDTOJlbHOCTb 

CX9Mbl T8KDM o6pa30M nOBOADTCll no 0,2 B HallpiDKeHJisr UMRyJlbC8 HB X&6ene. npu neo6-
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XOADMOCTD nOBblmCBDSl ~yBCTBUTeJlbHOCTD OI"p8HH~liT9Jlb MOlKDO BhlnOnBDTh H8 apcennn

rannuenOM TyHHOJlbBOM llDO.ll9 TDH8 3J1301B, nopor Cpa6aThiB8HDSI upn 3TOM MOlKDO llOBeCTD 

liO 2 MS. nosTopnoe orpaBD~eHHe, uunyJlbCB no 8MH/IJITYne upOBCXOnDT upB OTCe~xe TOK8 

TpDOlla T 
2

, aaxphlnaromerocsr npn cpa6aThiB&HHD TynneJlbliOI"O .IUIOna. PelKDM cxewhl nol!o6pa~ 

T8XDM o6pa30M1 ~0 B H8"18JlbBOM COCTODHHD OCHOBHSSI ~8CTb TOK8 o6mero 9MDTTepnoro 

conpoTDnnennsr T
1 

n T
2 

npoxonnT ~epe3 TPDon T
2

• B xonnexTope Tpnoaa T 2 npon3BOAUTCSI 

¢opuuposanue BMDyJlbca llaupsr~eHHs no nnnTeJlbHOCTB CTpe3xoM 150-oMnoro xa6ensr.J:t/Ill

noi! 1 M. Oxon~TeJlbnoe ¢opMHpoaaHHe nMnyJlbca Toxa npon3nonnTCsr TpDO.liOM T 4 upn ~ro 

3axpusaHHB. B na~JlbBOM cocTostnnu necb TOE o6mero aMUTTepnoro conpOTDBl!enBSl · T 3 

n T 
4 

upOTexaeT ~epe3 TpDOll T 4 (AnSI 3aaaauu To~noi! ne/IJI~HDbl cyMMBpyeMbiX Toxon). 

Ha puc. 6 noii:&31UIB nuxonaall xapaKTepncTnxa Taxoro ¢opMHpooaTensr. Pa36poc aMnnnTyn 

DMnyJlbCOB Toxon Be npenhlmaeT 5% npn 50-xpaTnOM npenhlmennu nxonnoro cnrnana Hall 

noporoehlu. 

J1MnynbChl TOII:OB C aMnnHTyllOII 13 M8 II nnDT9JlbBOCThiO 10 BC9K cxnallhiB810TCH B8 
/6 8 9/ 

ancxpnMnHDpytomeM TynneJlbDOM l!Do.ne T~ ' ' TDna 311301r (puc. 5) • .llnu coanaHBsr 

A01lOllBHT91lbBOI"O DCTO~HDII:S HanpSVKeHBU -4n - -5s B CxeMy BXlli0~9Hbl nocnenOB8TeJlbBO 

ADS OnOpBhiX .!IDOna Jl
1 

H ~ TUna Jl8080 ADOnbl nonJKnbl Bbi6Dp8TbCSI C MUBB~8JlbBbiM 

naupHlKeBDeM CTa6nnnaa~ •. TyM6nepow T6
1 

upou~eonDTCsr nepexnro~eHDe xpaTnocTD con

naneHHi!, nopor cpa6aThlnaHBu nliCII:PDMIIDDpYIOmero Tynnenbnoro AHOlla T~ noACTpanaaeT

cu ll1lH liBOi!nbiX COBBaneHBII nepeMOHIIhiM COupOTDBl19HU9M 220 OM, J:tru! TpOIIDbiX - 470 OMo 

Heo6XOnliMO OTM9TDTh0 ~TO B 9TOi! ~8CTD CX9Mbl upBBBDilB8JlbHO Be MOryT B03HDX

uyTb CMemennu yposnei! npn 60J1bmux aarpyaxax, Tax 11:a11: see cnB3D ahlnonnenu no no

CTosrunouy Toxy. E.nnnCTBeli!Ihlll peaii:TUBBblil sneMeBT - nepexon!Iau eMII:oCTh 0,05 Mx¢ ne 

Bhl3biBaeT B3Me!IennSI naupslltennu na 6a3e TPDOlla T 
3

, Tax xax no ne<;TounHoMY Toxy 

conpOTDnnenne ¢opMDpytomero xa6ensr pasno uynro. C Memenue yponnsr naupst~eBBK na 

xonneKTope Tpnona T 
2 

ne nnuseT na pa60TY cxeMhl. nosTOMY cxeMa cosnanenni! uollteT 

pa60TaTh c 6onhmHMB 3arpyaxaMB BMnyJlbcon no xananau. MepTBoe npeMSI cxeMbl uecxOJ1b-
\ 

11:0 60J1bme npeMenu pa3pemeBBSI. Pa60Thl xananon connaneHHi! cxeubl uponepSinacb OT 

panuo~aCTOT!Ioro .reuepaTopa AO ~aCTOTbl 25 urr!l. · 

flocXOJlbKY. nnHT9JlbHOCTb HMny1lbCa nanpHllt9HUSI Ba llDCKpHMUHDpyromeM TYBU9JlbBOM

AHOne T~ panna npeMeiDI B3lHIMBoro nepexpuTusr cnaraeMhlx HMny1lbCon, TO na uuxohe 

Cll:eMhl coenaJ:teHHII neo6xonuu ¢oP~IIPOBaTem. BMnyJlbcon no llJlDTeJlbHOCTD. B upOTDsnoM 

cny~ae B3-38 orpaHH~eHHOli: nonochl uponyCII:SBBH BbiXOnBOI"O yCUnHTenU 8Mn1lDTyAS 

nMnyJlbca na ero BhiXOA·~ 15yJ:teT 3a!ucen. oT JlJl'ITenbBOCTD DMnyJlbca na T~ n ~aCTb 

DMnyllbcon cosnanennl! (aa xpato xpnnoll pa3pemeHHsr) MO~eT 6h1Tb ne aaperBCTpnposana. 

nocnenyiOmBM ycTpOi!CTBOMa 3TO ¢QpMBpOB8HDO BbiHOllBHOTCH O!lUOOD6paTOpOM B8 TyBH9Jlb

BOM nuone T.ll
3 

TUna 311301r, nnnTeJlbHOCTb ero nblxoJ:tnblx uMnym.coo cocTannsreT upnMep-

ao 10 ncex. 

5 

·, 



Ha puc. 7 npencTasneaa 3BBHCHMOCTb C'leTa TenecJtona oT aanpHlKeHBst nuTaHBst 

,PoToyMHOlKHTenell, CHstTast B Tex lKe ycnoauHX, 'ITO u nnst nepsoA cxeMbi, Ha puc. 8 naaa 

aa~HCliMOCTb c'leTa oT yposast nucJtpuMBnanuu T~. ToJC cMemenust Tynnenbaoro AUOAB ua

MepMCst·B TO'IIte A (puc. 5). CxeMa UMeeT rop831l0 oonbWUA llU811!130H UO TOJtY llUCltpU

MUHBilUU0 'leM nepsast cxeMa, 'ITO noasonsteT B npunnune ysenu'luTb KpaTHOCTb cosnaneanll. 

Ha pnc. 10 noJtaaana Kpnsast paapemeunst cxeMbi cosnanennA npu TOJte CMemeHBSI 16 Ma, 

paapemBiomee speMSI pasuo 12 uceJC. Ha pncy.HKa sunuo, 'ITO BbiCOKBst !tpyTuaaa cnanos 

!tpHBOil U03BOn5!eT yMeHbWHTb npH HeOOXOl!.UMOCTU pa3pemaJOmee BpeMSI CxeMN l!.O 4-5 HCelt, 

MaKCHManbHO B03MOlKHOe 6peMst paapemeHBst orpaHB'Ieao TOnbKO nnnTellbHOCTbJO BXOAHbiX 

HMnyllbCOBo 

Ha puc. 11 npencTaaneua CXeMB BbiXOl!.HOrO ycunnTenst, ucnonb3osasmerocg 

s_ooenx cxeMax cosnaneanA
1
xorna Tpeoosanocb nony'IUTb Bblxonaoa HMnyllbc nonolKBTenb

iu)ll 'nonstpHOCTHo AMnnHTyllB BbiXOl!.HOrO UMnyllbCB COCTaBnsteT 3 B npu ltnH1'enbHOCTB 50 HCeK, 

B ooenx cxeMBX UCUOilb30BanUCb TpUOltbl Tuna 1T308B. 

B aaKnJO'IeHBe ueooxonuMo OTMeTuTb, 'ITO onucaHHbie Bblme cxeMbl cosnaneuull nnn

Tellbaoe ~pe~g ycneWHO UCUOnb3YJOTCSI B 9KCnepHMeHTilX HB CUHXpOUBKnOTpOHe naoopaTOpBB 

smepHbiX npooneM. nepBaSI cxeMa npnMeHSIJIBCb nnst peruCTpauuu ObiCTpbiX eneltTpOHOB C'leT-
- . . /10/ 

'IHitllMU C pa3MepOM nnaCTH'I9CitOrO CllHHTUnnRTopa 200 x2QQ X 10 MM 

AaTop ·C'IHTaeT csonM nonroM BbipaauTb onaronapaocTb K.O. OraaecstHY 3a nocTosm

uoe BHHMauue 1t paooTe, a TaJtlKe H.<l>. Ko,nnaxosy 3a none3Hbie o6cylKAeHBH. 
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