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B nOCJIe~ee BpeMfl IIO.RBHJICfI onpe~eJlemml HHTepeC K 

H3Y'!emm WI88M1i, rrpoJd8BO~:R CflDKYCHpOBaBmIM ~eHHeM 

~aSepB HB nOBepXHOC~ TBep~OrO Te~a, KaK mCTO~8 

OTpJlUSTeJIhHHX lIIOHOB w ifHTepec STOT CBHSaR B OCHOBaOM 

Heo6xo~OCTbl) C03.zumJU! KHTeHCBBHoro JlICTOlDDJRB OTPHQBTeJIbHHX 

HOROB ,1VIH YCKOpHTeJIbHOA TeXBlllKJl[ /1-5/. B padoTe /6/ 

q]/[CJIeBBHMil MeTO~BMJ11 lIIoc.ne~OB8BH IIO'l'e~8JIbBJie BOSMO_com 

JIssep1lo:8: IIJI8SMH KBK HO'rOqmn(a O~8TeJIbma KOROB. ll0K838HO, 

-qTO ~JIH oTpJms'l'e,m,ma IIOHOB B JIBaepH02 UJl8SMe HS CTS,ItIDI 

HarpeBB YBeJIJ4UBaeTCa C POCTOM IJJlOTHOCTJII IIJI88MH H ~OCTJlII'SeT 

310S IIpll UJlO'l'HOC'l'ftX Wl8SMH 1021-1022 CM- , IIpH STOM OIITHMBJIbHHe 

TeMIIep8TypH IIJ183MH HBXO~TOH B oCS~acTJl 1-4 sB w 

B SSCTOmqel: pSCSOTB npe~8IlTCfl npocTHe aHBJIJlInAeCKH.e 

on,eBKli! OnTZN.8JIhBliX. napaMe'l'pOB Jlssep!to2 IIJI8BMY KaK HCTOqmn(S 

oTp~aTeJIbma KCBOB, KOTopue xopomo COrJI8cymcfl C peYJIbTSTaMB 

qzc.neBmIX psc-qeToB psCSOTH /6/. C HX nOMO~J) OY1lYT npoH3Be~eBH 

pscqem Heo6xo~ napBMe'l'pOB CTeB,ZJ;oBoro HCTOt:mHKS 

oTp~sTeJIbma. HOHOB HS OOHOBe HeO,D;HNOBOrO ~a3epa. 

C 



2 

,lJ;.n.H nocTpOemm BHSJmTINeCIOlX S8BllICHMOCTei OIITBMBJIhmIX 

napSMeTpOB JlssepRot. nJl83M1i Oy,u;eM HCXO,lJ;JitTb l!3 YKopo~eHHo:l 

CIrlCTeMH yp8BBeHd Cua. IIcnOJIhSOB8BB.o:l B paOOTe 16/: 

(1 ) 

r')J.e n • n+' n_, no' N - KOBI.\eHTp~ 9JIeK'l'pOHoB, nOJIODTeJIhBllXe

HOBOB, O~TeJIbBl:a BOBOB. seB-rpsJIhBllX BTOMOB H nOJIHBS 

KO~B'1'p~ ST0M8pHHX ~ac~. Uo ' U_- nOTeHUH8JIH HOHHB~ 

HeaTp8JIhHOrO STOMa II o~a'J'eJlbBOro IIOHa. 

3aMemut sOcoJmTBHe K~BTp8I.gI1II H8 OmOCHTeJIhBHe Ce=nelN, 

C+=n+lN, 0_=ll_IN, 00=nolN, rrpeo6pa3yeM CHCTeMY ypaBBeHHl Caxa 

K cJ[e~MY mamr: 

(2 ) 

c = ° - 0e + ­

Co + C+ + C_ = 1 , 

rlJ,e E =: 21/3'Jt 7\2 ~/3 /m • BeJDiNWH8 E DeeT paSMeps:0CTh 9HepMme 

1I BeChM8 aBnOMIIIHaeT 8Hepnm <DePMJII ,ttJIJI s.neRTPOHHoro rasa, 
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OTJIllq8.f1C b TeM, 'ITO BMeCTO KO~eHTp8ltHH 9JIeXTpOBOB CTCHT 

CYU8PB8H RO~eHTp8~ 8TOMSpBHX qacTHQ H He3Ha~TeJIbmtM 

OTJIJAl1IeM qmCJIOBOrO MHODTeJIH (B SHepI'BJ4 <Deprem 'lHCJIOBO:R 

MHODTeJIb COCT8BJIHeT 32/3~/3/2 ~ 4,78, Tor~s KBK B BemAmle 

E 21/3'J(; ~ 3,96). Hoe IIpHBOARTCH 8HSQeHBH E AJIH HeCKOJlhKla 

Ko~eRTP~ BToNapma. qacTmt. 

Ii CM-3 1019 1020 1021 1022 

E sB 0,014 0,065 0,30 1,4 

PsspemsSl IIepBOe, BTopoe 11 qeTBep'l'oe ypsBHemm ClICTeNH 

(2) OTBOCJl'l'eJrbHO 9J1eK'l'pOHHoA KOBUeH'l'p S IP 

CJIe~ BHp8Z81nm AJIH KOBl\eHTpst.Cd: 

00= 1/(1+alC +C /A) ,e e

0+= 1/(1+0e/8+C~/(aA» , (3) 

0_- 1/(1+AlOe+aAlC~) , 

IIo,D;CT8BJUUI BHp8JleHrIIH .zt,JI5I KO~eaTp~ (3) B Tpene 

yP8BBeBHe ClIC'l'eMH (2), no.nyqs e M Ky6lAeCKOe yPBBHeBHe AJISI 

Haxo~eHWI C :e 
C~+(A+1 )C~+aACe= aA (4) 

Pemeoe ypaBReBIlLH (4) no IfDPMYJISM KSp.ItSHa Be 

npe,ltCT8BJIBeTCB y,lto6BHM C 'l'OqfCH Bpemm npBKmqeCKBX p8~eTOB. 

B OBHSH 0 8'l'HM 6wm: npe,D;IIpHHHTH noHCIGI IIpI[6JlDeBHOrO pememm, 

KOTopoe 0 O)J;Hofl CTOpoHH 6WlO 6H ~OC'l'S'l'O'qHO IIpOCTHM, S C .Iij)Y!'oit 

CTOpoBH - ,D;OCTBTO-qJlO TOqaHM. 

B peaYJIbTaTe npoBe,ltemmx HCCJIe~oBamrI 6HJlo Ha:R.Aeao, 

'ITO pemeHlile KB8,1ijlSTHoro ypaBHeHHH, KOTopoe no.nyqaeTC.R KS 

ypaBHemm (4) OTOpsOIlBmmeM KYd'lNeCKOrO 'lJIeHS, OTJIlNSe'l'Cg 0'1' 
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TOqaOrO He 6o.nee qeM H8 1OS t JIBJUUICb IIpB BTOM ~UCT8T01;{HO 

npoCTHM: 

C : 2/ [1+ (1 +4/b)1/2] II b=aAI (1 +!) • (5)e 
BecW48 SCOKSfi TOqaoCTh pemeBllJl (5) OO'El$lcmJeToR TeM II qTO 

KYOneCKd ~eH Bcer,tts MeHhDle.. 8 peS.DLHO - MHora MeHblDe 

KB8,Iij)8'.rJNHOro.. IIOCKOJI!IKY Ce' 1 B A 4 co IIpR 0e ... 1. He PJlo. 1 

IIpHBE!AE!HO opamremre T01lHOrO pemeHHJI CHCT9M1i (2) C 

BcnoJILSOBEnDIeM ypaBHeBiUI (4) It !IpJtdJl:aeHROro 0 IlCIIO.JIhBOBmmeM 

«x>pIyJIH (5) H8 IIpBMepe Kom.teHTP8.tUDl o'l'pBll;8TeJIIdDiX HOHOB Br- • 

,ItM MHorn npmtJI8,I/JIHX s~aq SHamIe no.mmx pememDt 

ypBBHeBd OU8, roqmJX IIJD![ npHOJDJEmmx, B ~e:lcTmITe,m,aooTJI 

He BB.JUIeTCft HeoOXo~. Qqem qaOTO BIlOJJHe .JtOCT8'1'O~ SHaTh 

0IITJIM8JIld!YI) TeMJ.IepaTypy.. IIpB KOTopoa J[OBH C 88,Jt8BHoII: 

sapH,D;HOcTltIJ IIpllICYTCTBymT B D'JI88Me B H8lIOo.Jn»meM 1(OJBI[qecme III 

COO'l'BeTCTB~e BB8qemre JJX K~e1I'l'P8UBB. 

YpSBHeBIle.. onpe~~e otITHM8JIbBYIJ TeMIIep8Typy IIJIBBNIl T: 
upiI KOTOpoil ,D;0JUt o'l.'pHlUlTeJl&BHX mOROB O~ B IIJI8BMe MaKCllIM8JI1JH8, 

NOEO IlO.JG"UtTh JIl3 CilCTeMH (2 > cJIe~ odpasoM. 

npo,D;Bl1ll)epe~yeM Bce yP8BHeBWl ClICTeMH (2) no TeMIIep8Type .. 

nO~OTaBBM .' B IIOJJY"qeBBHe OOOTBomemut· T=T*· • yqTeM YCJIoBlle 

IIBK0BMJM8 AJLflKOBQ9HTPa~ O~TeJJhBHX HOBOB o. B 

peBYA~8'l'eupnO,l{flJM K CJIe~. 'CJ[CTeue ypBBHeHJII: 
*'. *.' * * •• ' 

Ce C+ +. CeC+ = a B Co + 8 00 

O·'C· C·o·'= A·C- (6)A e 0+ eo ... ­

C· ' = 0·' = -0*' 
e + 0 

a = (3/2 + Uo/T*>IT*, ~ = (3/2 + U_/T·)/T* 

Hs nepsoro ypBBHemm CitC'l'eMH (6) nerKO IIOJJY1UtTL BHp8ZeBBe 
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,ItJIS{ IIpOHBBO~ OT KOHQeHTP~ upH T::T*, ROTopoe c yqeToM 

nepBoro ypsBHemm CHCTeMH (2) BeeT ~: 

*' *' *' * * * * * * * * * 0e = 0+ = -Co = aGeC+Co/(OeCo + CeO+ + 0+00) 

IIo,D;CT8BJUiH SHB'IeHml npcmaBO)J;BHX BO STOpoe ypBBHemre 

CHCTEU6I (6) C Yl.IeToM BToporo ypBBHeHml cmcTeMH (2). IIo.nyqaeM 

ypSmtemte, onpe~eJIHllqee B HeBBHOM ~ 0IITliIM8JIhBYJ) TeMIIepsTypy 

l1JI88M1i T*:
 
* * * * * * * * *
0+(00 - 0e)/(CeOo + CeO+ + 0+00) = 1 (7) 

1 = ~/a = (1,5 T*+ U_)/(1,5 T*+ lio) 

OTMeTBM, "CITO KO~BT 1 CJlSOo S8BIIICBT OT TeMIIepSTypIi J![ 

HaxOAHTCH S npe~e.nax OT U_lUo{npm T*= 0) lI.0 1(T* = CD). PeBJIhBO 

1 IV 0,2 - 0,3 , T8K K8K OII'l'JIM8JthH8H TeMIIepaTypB Bcern T*,.; Uo' 

8 omomeBJ!le U_lU .. 0,1-0,2 .. o 
,ltmI Toro, qTOOH lIB ypmmeBJlft (7) ODpelI.eJlllTh OIr.l"D8JIbHYJ) 

TeMIIepsTyTy, tlX>I*8JIbHO :aeoOxo,1tllMO T<NBHe pememm CBCTeMH (2 ) 

no.-cT8mtTb B JP8BHeBHe (7), BO T8KoI: IIYTh Hepea.neH, "1'SK KBK 

~8ae lIpJI no~CT8HOBKe IIpJICSJDaceama pememdl CBOTeMll (2) B 

BH,lte (3), (5) IIOJI1"I8eTCH ~8B1AdHo rpoMOs_oe yp8BHese. 

Do9TOMY OWlS IIpe.ztlIPllWlT8 n011HTRa JllOIIOJID30SST:b B KSqeCTBe 

K~eBTp~ pememm ypBBBeBd Oa:r.a, B KOTOpux yqBTHBamTCH 

TOJILRO ,zr;aa COCTO.fIHHH Qac'1'BQ: He2TP8JlhHoe :iii noJIOmrreJILHO 

s8pmEBBHe JIIOBH: 

CeC+ 
-u:- "'" a 

o
 

Ce = C+ (8)
 

00 + 0+ = 1
 

IIpu IIO~CT8HOBKe pememd: aTOa CHCTeMH B ypmmeHHe (7 ) 

no~aeTcH cJle~ee ypsBHemIe ~ HaxOlQ:temul OIITHM8JlhHo2 
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TeMIIepS'l'yPH 

~H'l'p~: 

S· = (1-2'0 2 /(2+1-,-2>
 

C+• ... (1-21)1 (2-1) (9)
 

C~ = (1+1)1(2-1)
 

KBIC yze OTlleQ8JIQCh BYIIIe, napaMeTp 1 0JIB00 aSBJlCBT OT 

TeMIIepS'l'ypH H, KSK npamtJIO, IIpBBBMaeT 3H8qemm 1 N 0,2 - 0,3. 

B STOM c.nyqae, corJIscmo rlDplYJlBM (9), Ko~e~ 

UOJlOJDll'ft!JIM!O SSPD'eBBUX HOBOB it Heitrp8.JIhBHX S"rOMOB, rqm 

KOTOpHX ,JPJUI o'l'pBLtSTeJII:tBHX BOHOB MBKCllJM8JILB8, COOTBeTCTBeHBO 

pamm: 
• * •0+ tV 0e N 0,2 - 0,3; 00 N 0,1 - 0,8 (10) 

J4a 76 B8pB8B'l'OB TQqma paCqeTOB, upeP;OTaBJIeBBHX B peCSOTe 16/, 

OKO.no 701 nona~8IJ'l' B mrrepB8JIH SHSqeBd. (10) , 8 OCTEU.UUJHe 

JIeaT sd.J.lJlaH yK,SB8BHHX D'1'epB8JIOB. 

tiro KScSeTCS: yPamIeJDUI ~ Onp9AeJleBBS OIITBYBJIhUoA 

rermepaTYPH, TO cp8BB9BH9 0 TO'qByMB pSOqeT8IIIl nOXS8HBSeT, 

qro H~ OdpSSOM COrJIBoyeTcH YPBBHeBJile B B1I,Jte: 

Uo] 3/2 [Uo] [Uo] 3/2S·... 0.1 JIJJJ! 0.1 - exp - = - (11 )
[ T* T*· E 

Hs PJlo .2 IIpJIBe,D;eBO cpammmre TO'IBIiX 3lUNemtl OIITJIDI8J1bBH'l 

TermepsTJP AM PSI,JtB Beute0TB liI8 pBOoTH 161 Onpll6JIezeBBHM 

ypmmemteM (11 >• OpBBHeBHe ooKssHBBeT, qTO pacxoJUtemm He 

npeBHIIseT 1OS.KpoMe Taro, IIpBMepHo TSK02 ICe '1'OUOCTLJ) o6JI~eT 

IIpOcTsa 8IIIIpOKCBMS~OBB8fl lIJopIyJI8: 
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(12 ) 

Y~BJIeTBOPJlTeJIDHOe COrJI8CHe C TOqa]iMJI pSOlleT8MB 

OIITJDIB,1U:)BO'R TeMIIepSTypH T•• 8 T8KZe COOTBeTCTS~ SH8llemd: 

KOBl\8BTp~ nOJlODTeJlLHO BspDeBBHX JlIOHOB 11 sefl'rp8JIbBHX0: 
8TOMOB O~ U08BOJ1fteT ,lt8T:b ~CTBTO'qHO IIpOCTYD I1DIBYJIY ~ 

pBClleTS MaKOBMaJl:bHot KOHIteHTpBI.\BII O~Te..JI&llHX HOROB. Am 

9TOI'O B ap8Eue AmI 0_, KOTOpoe no.nyqaeTOa B3 nepsoro Il 

STOporo ypaBHemm mtCTeMH (2), no,ltOTSBBM COOTBeTOTBJlQile 

3Bs-qeJDIH KOBQeHTp~ (1 0) Il SIIpOKCJDI8l\BOBHOe BlipaEBJle p;ur. 

OII'rBM8JJLBol: TeMnep8'fYPH (12), 'l'orAB: 

c*= O~2 exp[- UO-U_] ~ [E~ (1-UOIU_> C13) 
- C* T* 3U+ . 

TOWOC'1':b rI10PMYJIH (13) COCT8BJIHeT nopR,ItKs 1.5. 11'1'0 

,ltOCT8TO'qBO ,J1.JIH IIpOeKTlIpOBO"mHX pscqeToB HCTO~B IlOHOB. 

OJ1e;O;C'rBJIeM ypmmeBHft .,J4JUI OIIDM8J1bBo'R 'l'eMIIep8TYPH (11) B 

8IIpO~ fIKl}RYJl .(12) • (13) .HBJUIeTCH TO, liTO OIITJIMBJIhB:SS 

'l'eMIIepS'l'yps II[ KO~STp8~ O'1'pJllt8TeJl:bBJiX BOBOB BaBBORT B 

OCBOBHOM OT nap8MeTp8 ITO/E. KY,D;S BXO,ltRT KOBI.leHTPa~ UJISSMH N 

II UOTeB1tllSJI BOmt3aI.\BII seATp8ABOro aTOMS U ' B c.na00 8mmOBT o 

0'1' IIOTeBQrl8JI8 JlOBHB~ O~'reJJbBOro HOS8 U_. <DopIYJDi 

(11 )- (13 ) UO,JfrBeplQlBm TBIate OTMe-qBBIID1Ieca B p860Te /6/ 

S8BJl[OI!MOCTII: poCT OJr.l'BM8JI:bHot '1'eMIIepSTypH J![ ,ltOD o~8TenBHX 

HOBOB 0 poCTOM KOBLteBTp8~ ILJI8BMH. 

SHep~eTJNeCK8R ~KTBBHOCT:b re:septmBH oTpJilQ8'1'enHHX 

BOROB p8BB8: 
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o· 
E! ... -=- E! 1018 C· [HOHOB/,Itzl (14),

W -
p 

• • • •• * •
r1J.e "p ... 3/2 T(Oo+O++ 0_+ De) + UoO+ - U_O_ - BHeprlllH l1JI8SMH. 

J'U'rHB8R, qTQ AM Jl8sep!101t IfJI8BMH C~ "" 10-2 - 10-1 , no.nyqaeM 

IIpe,1teJI!d[JlJ ~eBKY 9HepreTJAeCKoA ~KTBBHOCTB reHeps~ 

OTlJllI'S'l'eAmD.: HOKOB B JI8sepllOl: IIJIBSMe E1 ... 1016_ 1017 HmroB/,Ilz 

KBsSHJtBYMepmle I'B,DJJO~8lGNeOKiIe psoqeTH, mmo.memme B paOoTe 

/6/, ~ tjo.nee CKpOMBJIJ O~HKY Ef 1015_1 0' 6mmoB/,nE. aTeIV 

OBIIS8BO C TaM, qTO B pe8JIldlOit JI8Sepaol IfJISSMa BMeIJTCR npor1JBJIH 

DJIOTBOO'l'llI II TetmepSTypH. OIrrInI8JIDBHe YOJIOBTUI reaepsl.\BB 

O~'l'e.JIhDHX HOROB pe8JIBSymCA JDDIIL B ueCSOJnaulol: OOJIaOTH. 

TeopeTiNeCKIIa JlCCJIeAOB8BJiUI. BHlIOJIHeBBHe B HScromne1l paC1o­

Te, s T8KZe B psOoTe /6/, upJmeJIB K psspSCSoTICe cxeNY HC­

TC!.DDIKS O~'l'eJIhBHX HOHOB, IlOlC888BHOA H8 pIlc.3. JIasepss:l JJY1l 

qepes OKHO IIOn8,It8eT B B8KJYMBYIl K8IIepy, O'1'JCJ.lOBfte'fCSf 900 upBS­

MOst H lImCYCBPY8TCB ItOpoTKOllDKYCB01l JDJB8mt H8 MIIIIIeBh. lbmleBh 

mmo.meBS B mr.zte ~, IIOBOpa'UB8eMOI'O C IIOMODt&IJ Naropa. 

Ha nepBOM BT8IIe CSY1J,eT JlC11OJIbSOB8H Heo..-.oBB8 .l8aep C AJIiI­

Hoi: BOJIBH 1.06 MKM, AJIIilTeJIhBOOThIJ mmyAoa 20 HO, 9HePI'He:a B 

BMJ:I1JIDce 100 YJlZ. HeOOXO,ItBMSft IIJIOmOCTL IIO'1'OKS HS,JJyqeJDIB JI88e­

ps 1a8 BT/crJi! 1J.00TBrSeTOB IIPH mrrBe tlDItYCiIpOBKIl 1_. 

~aTeJIbHlie llOBH BEi'l'.HrHBSm'Cft ItS IIJIs8lttli Il01J. 1J,eICTBHeM 

PSBHOCTB IlOTe~BJIOB 20 KB, OOpSSYDJteI:CH Me:B1-W MJIIDleBhIJ ( -2OKB) 

11 BliTRrJl1B8IIJtIi!JM BJleItTp01J.oM (seMJIJl). 9J1eKTpOHH OTOeK8J)'1'Cft IIone­

pe"IBHM MarmtTBHM noJleM. 

B ,J:t8JJhHeAmeM ILJImmpymOft BKCllepBMeHTH C Oo.nee oCTpHMH IID­

KYCJJIlOBKBMH JI8sepaoro H8.nyqeBBH 11I, COOmeTCTBeBHO, 0 ropsa~o 

MeBh1JIBMH 9SepreTINeCKHMlt xapaKTePJ4CTBKBMB J18Sepa. 
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PHC.! 3aBHCHMOCTh OTHOCHTenhHOH KOHQeHTpaQHH HOHOB 

Br- OT TeMnepaTypW npH paSnHqHb~ nnOTHOCTBX 
nnaSMW (--- TOqHbm paCqeT. --­ npH6nHEeHHbm). 
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PHc.2 fpaWHK ~ onpe~eneHHH T* : 
--- aHanHTHQeCKaH 3aBHCHMOCTb. 
--- annpOKCHMa~OHHaH toPMYna. 
• H-. • K-. ... Br- - paC'feT. 
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,
 

HanpaJJJlJlmqaJl 

npB3Ha --­

PHc.3 CXeMa naSepHOrO HCTO~HKa OTpHQaTenbHYX HOHOB. 
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