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1. BBB.llBHHB 

MCITO!b30B8HHB TBITIOBhlX HB8TpOHOB .l{IH HCCIB.ll0B8HHH B38HMO,ll88CTBHH 

HB8TpOHa C MarHHTHhlMH semecTB8MH oOmeH3B8CTH011 •21 . YlbTpaXOIO.llHhlB 

HB8Tp0Hhl (YXH) o01anaroT HBKOTOpoa CITBUH~HK08, COCTOamea B TOM, qTo YXH 

MoryT ITOIHOCTbID OTpamaTbCH OT BemeCTBa rrpH IIDOhlX yr1ax rraneHHH, eCIH 

CYMM8pHhl8 anepHhl8 H MarHHTHhl8 ITOTBHUH81 BemecTBa Bhlme KHHBTHqecK08 

3HeprHH HB8TpOHa131 . 3Ta CITBUH~HK8'HCITO!b3YeTCH .l{IH ITOIHPH38UHH YXH. 

HaHOonee 3~~eKTHBHhl8 crrocoO Il01HpH30B8Tb YXH - 3TO rrponycTHTb HX 

qepe3 HaMarHHqeHHYID ITleHKY, ECIH CYMMapHhl8 MarHHTHhl8 H anepHhl8 

ITOTeHUH81 ITIBHKH .llOCTaToqHo BhlCOK, qTOOhl ITOIHOCTbID OTp83HTb He8Tp0Hhl 

co CITHHOM, HarrpaBIBHHhlM B.l{O~b MarHHTHOro ITOIH, TO npomenmne qepe3 

rr1eHKY He8Tp0Hhl .l{OlmHhl OhlTb · ITOIHOCTbID nonapH30B8Hhl B HanpaB!BHHH, 

rrpoTHB6no1omHOM HanpaBIBHHID ITOIH. Ha rrp~KTHKe, O.llH8KO, ITOIHpH38UHH 

rrpomenmHX CKB03b ITleHKY HB8TpOHOB OK83hlB8BTCH HeITOIH08. IlpB.llCT8B1HeT 

HHTepec BhlHCHHTb rrpnqHHhl 3TOro 'HBIBHHH. QqeBH.llHO, qTo Il01Hpll38UHH 

rrpomenmHX qepe3 ITIBHKY YXH OyneT HBITO!H08, ecnn B ITIBHKe HMeIDTCH 

CKB03Hhl8 OTBBpCTHH, HRH CKB03Hhle HBMarHHTHhle BKparr1eHHH, Hill me, 

HaKOHeu, BCIH rrneHKa He HBIHBTCH MOHO.llOMeHH08. YK838HHhle TPY.llHOCTH 

YCTp8HHIDTCH rryTeM y1yqmeHHH TBXHOIOrHH H3rOTOBIBHHH ITIBHKH. 0.llH8KO H 

rroc1e HX YCTpaHeHHH Il01HpH38UHH rrpomenmnx CKB03b Il!BHKY HB8TpOHOB 

MOmeT OhlTb HBITOIH08. 3TO CBH38HO C TeM, qro YXH MOrYT nenonapH30B8TbCH 

B. rrpHITOBBpXHOCTHhlX 00!8CTHX rrneHKH y BhlXO,llH08 rpaHHUhl pasnena, KaK 

BC!B.llCTBHB mepOXOB8TOCTB8 Il0B8pXHOCTB8, TaK H BCIB.l{CTBHB IlOBepXHOCTH08 

8HH3.0Tp0Illlll. 

B03HHK88T Borrpoc, MOmHO Ill HCCle.llOB8HH8M rrponyCK8HHH Il18HKH Hill 

COBOKYITHOCTH Il!BHOK orrpenelHTb xapaKTep HX H8H.ll881bHOCTH? 3TO 38BHCHT 

OT KonnqecTBa ~BHOMBHOIOrHqecKHX rrapaMeTpOB, OITHCHBaromnx MarHHTHyro 

ITIBHKY, Hacroamaa paOoTa rrpenrrpHHHT8 C UBlbID YCT8HOBHTb H800XO.llHM08 

q,!CIO T8KHX rrapaMeTpOB B oomeM c1yqae. 

Hnme Mhl paCCMOTpHM OT.l{BlbHO MOHO.l{OMBHHhlB ITIBHKH H na1ee cnenaeM 

oOoOmeHHB Ha ITIBHKH ITO!ll.llOMBHHhlB. 3HepreTHqecKaa 38BHCHMOCTb 
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napaMeTpoB yqHThlBaThCH He OyneT, noCKOlhKY MOmHo cqHTaTh, qTO 

HHT8p8CYIDmHe Hae napaMeTphl ycpenHHIDTCH no cneKTpy H YI'IOBOMy 

pacnpene1eHHID nanaIDmHx Ha nleHKY YXH. MOHOROMeHHOCTh 03HaqaeT, qTo 

neno1HpH3aUHH YXH 00YCIOBleHa TOlhKO ITpHnoBepxHOCTHhlMll 

HeonHopORHOCTHMH, KOTOphle MOryT OhlTh pa3HhlMH Ha pa3HhlX CTOpOHax 

nleHKH. B

0 

pa0oTax 13-71 
npHnoBepXHOCTHaH nen01HpH3aUHH OnHChlBaeTCH 

ORHHM ITapaMeTpOM, a nOIHOe qHCIO napaMeTpOB, onHChlBaIDmHx KaK 

nponycKaHHe, TaK H OTpameHHe MarHHTHOR n1eHKH C oOeHx CTOpOH, pa_BHO 4. 

B HaCTOHmea paOoTe Mhl noKameM, qTo B pa0oTax 15-71 qllCIO napaMeTpOB no 

cymeCTBY paBHO TpeM, Torna KaK ITOIHOe qHCIO napaMeTpOB B oOmeM c1yqae 

no1mHo OhlTh He MeHee 7. IlpH 3TOM Mhl COBepmeHHO He OyneM KaCaThCH 

HHTep~epeHUHOHHhlX HBIBHHR, nOCKOlhKy ycpenHeHHe, 0 KOTOpOM roBopHIOCh 

Bhlme, ne1aeT HX HeHa01IDnaeMh1MH. 

2. XapaKTepHCTHKH MOHOROMeHHOR ITleHKH 

~IH onpene1eHHOCTH OyneM cqHTaTh, qTo nyqoK YXH nponycKaeTCH 

qepes n1eHKY CleBa HanpaBo, a MarHHTHaH HHRYKUHH BHYTPH ITIBHKH 

HanpaBleHa BnOlb OCH -z. IlleHKY MOmHo npencTaBHTh COCTOHmea H3 Tpex 

qacTeR: npHnOBepxHOCTHOR leBoR, 'onHoponHoR cpenHeR ll npHnOBepxHOCTHOR 

npa~oa. TaM, rne npHnoaepXHOCTHhle qacTH nepexonHT B cpenHIDID, 
HaMarHHqeHHOCTh nocTHraeT CBoero MaKCHMalbHoro 3HaqeHHH ll ITO Mepe 

rrponBHmeHHH B r1yOh IlleHKH He MeHHeTCH. 

HeRTpOHHhlR rryqoK OyneM OITHChlB8Th nByMepHhlM B8KTOpOM-CTOl0UOM n, 

BepXHHH KOMITOHeHTa KOToporo xapaKTepHsyeT qllCIO HeRTpOHOB co CITHHOM 

BBepx, a HHmHHH - co CITHHOM BHH3. TaKoe rrpencTaB1eHHe IT03B01HeT 

IlOlh30B8ThCH oqeHh ynoOHOR a1reOpoa MaTpHU Ilay1H ox,y,z IlpH 3TOM 

rryqoK YXH C Il01HpH3aUHeR poll ITOIHOR HHTeHCHBHOCThfil 2I 

Mhl ITOIOmHM l=1) OITHChlBaeTCH BeKTOpOM 

n=I(1+P
0
oz)n

0
, 

rne BBeneH CTaHnapTHhlR BeKTop no, 

2 

ooe KQMITOHeHThl 

(B nalhHeRmeM 

(1) 

KOTOporo paBHhl 

enHHHue. BeKTOp no ynoB1eTBOp~eT YCIOBHID 

oxno=no, (2) 

a rrporrycKaHHe rr1eHKH, xapaKTepH3YIDmeecH MaTpHue~ T, paBHO W=noTn/2. 

BeKTOp no, CTOHIDHR B 3TOM ITpOH3BeneHHll 

oOhlqHhlM ITpaBHlaM MaTpllqHoR a1reOphl CTpOKOR. 

MOmHo oOpa30BaTb ITpoeKUHOHHhle orrepaTOphl 

CleBa, ITpencTaBIHeTCH ITO 

C ITOMOillhID MaTpllU rray]H 

a) p1=(1+o,)/2, b) Pi=(1-0!)/2, C) i=X, Z, (3) 

KOTOphle o01anaIDT c1enYIDillllMll CBORCTBaMH: 

2 
a) P1=P1 • 

-2 -
b) P1=P1 • C) P1+P1=1, d) P1P1=0, 

a) pxno=no, b) Pxno=O, _c) PxO zno=O, d) PxOzno=ozno. 

(4) 

(5) 

IlporrycKaHHB ]8BOR rrpHITOBepXHOCTHOR o01acTH, B3HTOR OTne]bHO OT 

OCTa]hHOR qaCTll, B C3MOM oOmeM BHne MOmeT OhlTh 33ITHC3HO B BHne: 

a) T1=t1pz(Px+i!px), b) T1=t1(Px+ilpx)Pz• (6) 

rne MaTpHua (6b), paBHaH TpaHCITOHHpOBaHHOR MaTpHue (6a), OITllChlBaeT 

rrporrycKaHHe leBOR IlpllITOBepXHOCTHOR qacTH CITpaBa HaleBO, ITapaMeTphl tl ll 

il xapaKTepH3YIDT ITO]HOe ITpOITYCKaHHe H ITOBOpOT IT01Hpll33Ullll YXH ]8BOR 

ITPllITOBepXHOCTHOR qaCTll ITIBHKH COOTBeTCTBBHHO, a rrpoeKUHOHHhlR orreparop 

oOecITeqHBaeT ITOIHYID ITOIHpll33UllID YXH BHYTPll ITleHKH, AH310rllqHhlM oOpa30M 

33ITHChlB3IDTCH MaTpHUhl ITpOITYCK3HHH ITpaBOR ITpHITOBepxHOCTHOR qacTll qepe3 

COOTBeTCTBYIDillll8 ITapaMeTphl tr, ir: 

a) Tr=tr(Px+irpx)Pz• b) Tr=trpz(PxHrPxl• (7) 

MarpHUhl (6 l H (7 l conepmar ITO nBa rrapaMeTpa. B paOoTaX/3-7 I 

HCITOlh30B31HCh ~aKTllqecKll TaKHe me MaTpllUhl, HO tl, tr IT0]3I'3]llCb 

paBHhlMll enHHHUe, TaKoR BhlOOp rrapaMeTpOB ITpenrro1araer OTCYTCTBlle 

orpameHHH OT rrpllITOB8pXHOCTHOR qacTH ITleHKH, qro, BOOOme roaopH, Ha 

ITpaKTHKe He pea1HsyeTCH. 

QqeBnnHo, qTo tz,r<1. ECIH 3TO He CBH38HO C ITOTepHMll, TO 

ITpllITOBepXHOCTHhl8 o01acTH no1mHh1 qacTHqHo orpamaTb HBRTpOHhl, rranaIDmHe 

Ha HHX H3HYTPH rr1eHKll. COOTBeTCTBYIDmHe K03~~HUHeHThl OTpameHHH paBHhl 
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a) R1=r 1=1-t 1, bl B. =r =1-t r r r (8) 

H oopamaIDTCff B HYRb rrpH tz=tr=1. CpeRHffff qacTb ITRSHKH rrporrycKaeT 

TORbKO ORHY ITORapH38UHID H B OOOHX HarrpaBRSHHffX ORHHaKOBO. 

MaTpHuy rrporrycKaHHff MOmHo rrpencTaBHTb B BHne Tm=t
0

• 

MaTpHua rrporrycKaHHff Been ITRSHKH ITOJyqaeTCff MSTOROM 

COOTHOfil8HHa131 c yqeTOM rre~eoTpameHHtt BHYTPH ITRBHKH: 

T=Tr(1-TmRzTmRr)-1TmT 1 • 

IIORCT8BHB CIDRa (Ga), (7a), (8) H to BMBCTO Tm, ITOJyqHM 

a) T=2t (px+'CrPx)Pz(Px+'CzPxl, 
rne 

2 t=t 0 t 1tr/2[1-t 0 (1-t 1 )(1-tr)J. 
CJ 

IIOSTOMY ee 

peKyppeHTHUX 

(9) 

(10) 

(11) 

BOCITORb3YBMCff BUpameHHBM (3a) RRff Pz H 8HTHKOMMYT8UHOHHUMH CB03CTB8MH 

MaTpHU IIayRH, H3 KOTopux CRenyeT PxOz=OzPx• PxOz=OzPx· Torna 
BUpameHHe (10) rrpHBORHTCff K BHRY 

T=t[px+1l1rPx+Oz(1rPx+1lpx)J. 

B CRyqae MHoronoMeHHoa ITRBHKH, HRH riReHKH co 

waKTop rrepen Px B BUpameHHH (12) He MomeT OUTb 

( 12) 

CKB03HUMH KaHaRaMH, 

rrpencTaBReH B BHRe 

rrpOH3B8R8HHff 1z1r' a RORmeH paccMaTpHB8TbCff KaK OTRBRbHUtt rrapaMeTp 

(0003HaqHM ero S), BCRBRCTBHe qero MaTpHua rrporrycKaHHff 38ITHCUB88TCff B 

OoRee oomeM BHne: 

T=t[px+Spx+Oz( 1rPx+ 11Px)J. 

IIapaMeTpHqecKH BUpameHHe (12) COBITanaeT 

pa0oTax 15-71 , rne rrapaMeTpu 1r H 11 COOTBBTCTBYIDT 

aHaRH3HpyIDmea (A) CITOCOOHOCTffM ITRSHOK. 

!IyqoK HettTpOHOB, OITHCUBaeMua BBKTOpOM (1), 

( 12a) 

C ITOJyqeHUMH 

ITORffpH3YIDmea (P) 

B 

If 

rrocRe rrpoxomneHHa 

ITRBHKH B CJyqae crrpaBBRRHBOCTH (12) OITHCUBaeTCff BBKTOpOM 

Tn=t(1+i 1P0 )(1+iroz)n
0

, (13) 

a B CJyqae crrpaBBRRHBOCTH (12a) - BSKTOpOM 

4 

T,n=t[1HzP0+(ir+SP 0 lozln 0 • __ 
(13a) 

PacCMOTpHM Terrepb OTpameHHB YXH OT HaMarHHqeHHOtt ITRBHKH. MaTpHua 

OTpameHHff OT OTRBRbHO B3ffT03 RBB03 rrpHITOBBpXHOCTHOtt qacTH ITRBHKH B 

oomeM cJyqae MomeT OUTb rrpencTaBRBHa BupameHHBM 

R
1
=Px+a 1px-t 1 (1+i 1oz)/2, (14 l 

B KOTOpOM yqHTUB8BTCff nerroRapH38UHff Ha ITOBBPXHOCTH (rrapaMeTp a~) H 

rrporrycKaHHe (BTOpoe CRaraeMOB). C ITOMOmbD COOTHOfilBHHff (4c) rrpeoOpasyeM 

(14) K BHRY 

Rz~r1(Px+b1Px+ 8 1°zl' 

C TpBMff rrapaMBTpaMH 

al r 1=1-tz12, bl bz=(al-tl/2)/rl, 

PacCMOTpHM rerrepb OTpameHHB 

rrepeorpameHH3 BHYTPH HBB. B 

COOTHOfilBHlfffMH/3/ HMBBM 

R=B. 1+T 1TmRr(1-TmR 1TmRr)-
1

TmT1. 

(15) 

C) s
1
=-t 1i 1/2r 1 • (16) 

OT ITRBHKH CRBB8 -C yqeTOM 

COOTBBTCTBHH C peKyppeHTHUMH 

(17 l 

IIORCT8BHB CIDR8 M8TpHUU (8) H (12), rroJyqHM OITffTb BUpameHHB BHR8 

R=Rl (px+PzPx+f 1°zl' 
(18) 

conepmamee TPH rrapaMerpa: 

a) R1=r 1+tt 0rrt 1/tr, 
2 . 

bl p
1
=[r

1
b

1
+(R 1-r 1 )i 11/R1, 

c) t
1
=i

1
t 1 (2tt 0r_/tr-1)/2R 1 , 

(19) 

AHaROrHqHUM o0pa30M 38ITHCUB8BTCff C ITOMOmbID Tpex rrapaMBTpOB 'H M8TpHU8 

oTpameHHff OT rrne~KH crrpaBa. 

B Mone'nH, paccMOTpBHHOtt B paOoTax15- 71 , M8TPHU8 OTpameHHff 

rronyqeHa B T8KOM me BHRB, HOC RBYMff HB38BHCHMUMH rrapaMeTpaMH, KaK 

cnenyer H3 (ll, (2) H (14), ITORHOe qHCRO HB38BHCHMUX rrapaMBTpOB, 

OITHCUBaIDmHx rrporrycKaHHB MOHOROMBHH03 ITRBHKH, paBHO 3, HO nna. OITHC8HHff 

rrporrycKaHHff H OTpamBHHff MOHOROMBHH03 ITRBHKH C oOBHX CTOpOH Oe3 yqeTa 

HHTBp~epBHUHOHHUX s~~BKTOB H B03MOmHOA rronapH38UHH Ha npyrHB OCH 
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Tpe<lyeTCll BBOllHTb 7 napaMeTpOB: (to, t,, 'C,, a,, i;,r,l). B CJiyqae JK8 

MHOrOl!OM8HH08 nJIBHKH 'IHCJIO napaMeTpOB YBeJIH'IHB88TCll. Tpe<lyeTCll K8K 

MHHHMYM eme Ol!HH l!OnOJIHHT8JlbHHI napaMeTp, KOTopua onpeneJil!8T 

COOTHOmeHH8 KOJIH'IeCTB llOMeHOB p83HHX HanpaBJieHH!. 

3. IlponycKaHHe HeCKOJlbKHX napaJIJieJibHHX nJieHOK 

PacCMOTpHM npllMOe, T.e. <lea Y'IeTa nepeoTp8lK8HHI, nponycKaHH8 

CJl8B8 HanpaBo llBYX nJIBHOK, M8lKllY KOTOpHMH YCT8HOBJl8H cnHH-WJIHnnep. 

CKOpOCTb C'I8Ta ll8T8KTOpa Jl2' OTH8C8HH8ll K nepBHqHOMY nOTOKY JO' paBH8 

a) lf=J2/J0=n 0T2FT1n0/2=t 2t 1 (1+P}'1<P), b) F=(px+<PPx), (20) 

rne l!Jlll T HCnOJib3YeTCll BHp8lK8HHe (12) HJIH (12a), a WJIHnnep OITHCHB88TCll 

BHp8lK8HH8M (20b). 

Ms (20a) CJienyeT, 'ITO 9KcnepHMeHTH no rrpllMOMY rrporryCK8HHD 

rrosBOJillDT onpeneJIHTb TOJibKO npoHsBel!BHHe P2P1• IlpH 9TOM Heo<lxonHMO 

3H8Tb swweKTHBHOCTb <P WJIHnITepa. Ee MOJKHO H3M8pHTb, HanpHMep, C ITOMOmbD 

BTOporo WJIHITITepa, K8K npenJiaraeTCll B pa6oTe 181 , HO MOJKHO o<loiTHCb 

Boo<lme <lea WJIHnrrepa, H3MBpHB no OTl!BJlbHOCTH rrporrycKaHHe K8lKl!Oi ITJIBHKH: 

w,=t,, nocJie 'Iero JIBrKo H8XOllHTCll 

P}'1=1f!t
1
t

2
-1. (21) 

ECJIH o6e nJIBHKH Ol!HH8KOBH, TO MOJKHO, ITOBBpHyB HX 

Ol!HH8KOBHMH ITOBBpXHOCTllMH, H8!TH ITO OTllBJibHOCTH P, 
npyr K npyry 

P, ITOCJie 1Iero 
Y<lBllHTbCll, 'ITO, Korna ITJISHKH ITOBBPHYTH npyr K llpyry pa3HHMH 

ITOBepxHoCTllMH, rrporrycKaHHe OITpeneJillBTCll rrpoHsBel!eHHeM PP. MsMepHB Bee 

HHTepecyDmHe Hae BeJIH'IHHH l!Jlll Ol!HH8KOBHX nJieHOK, MOJKHO Henocpel!CTBBHHO 

H3MepHTb 8WWBKTHBHOCTb CITHH-WJIHITITepa H HCIT0Jlb30B8Tb ee 

H3MepeHHll ITponycKaHHll JID<lHX npyrHx ITJISHOK. 
38T8M l!Jlll 

PaccMOTpHM Terrepb ITpllMOB rrporrycKaHHe Tpex ITJIBHOK, H3MeplleMoe, 

HanpHMep, B 9KCITBpHMBHT8X ITO BpeMBHH ITpOJieTa. CKOpOCTb C'IeTa neTeKTOpa 

J3~1' OTHeCSHH8ll K ITepBH'IHOMY ITOTOKY, paBHa 

lf=J 321/J o=ni 3F i 2F 1T 1no12=t 3t 2t 1 (l +Pi 2<P2 H 1 +P }' 1<p1) • . (22 ) 

6 

rne l!Jlll MaTpHU T HCITOJ!b30B8HO BHpaJKeHHB (12). EcJIH l!Jlll ITJl8HKH 2 

CITp8B81JIHBO BHP8lK8HHe (12a), TO (22) ITpHM8T BHll 

W=t
3

t 2t 1 (1+P3P2<p 2+P2P1<p 1+P3S2<p 2P1<p 1J. c22a) 

M3M8pHB ITO OTll8JlbHOCTH t 1 , PH P l!Jlil Ol!HH8KOBHX ITJieHOK, JierKO ITO 

ITPOITYCK8HHD Tpex ITJl8HOK OITp818JilleM B8JIH'IHHY 5 H npoBeplleM ee paBeHCTBO 

npoHsBe1eHHD PP. 
PacCMOTpHM TBIT8pb ITpOITYCK8HHe llBYX ITJieHOK B He~pepHBHOM ITOTOK8 

YXH C yqeTOM ITepeoTpaJKeHHI M8lKllY ITJl8HK8MH. MCITOJ!b3Yll peKyppeHTHH8 

COOTHOfileHHll, ITOJIY'I88M 

al T21=T2<1-TrR1TJ2l-1Ti1• b) T r=T rF= (px+<ppx)' (23) 

r1e ITpOITYCK8HHe 06JI8CTH M8lKllY ITJIBHK8MH 0603H81IeHO Tf, KOTOpoe l!Jlll 

ITpOCTOTH ITPHMBM B BHlle (23b), T,e. 6y1eM C'IHT8Tb, 'ITO B ITpOMeJKYTO'IHO! 

o<lJiaCTH H8XOllHTCll WJIHITITep. Bupa3HM o<lpaTHYD MaTpHUY H3 (23a) B 

COOTBeTCTBHH C (24)-(25), 
-1 N NN N 

(1-FR1FR 2) =(1-R 2FR 1F)IN, (24) 

rne 

a) F=(Px+<PPx), b) R1=R: (px+P 1Px-E ,oz)· (25) 

IlpH BH'IHCJl8HHH HOpMHPOBO'IHOro MHOJKHT8Jlll YllO<lHO ero ITOMBCTHTb B 

06KJI8llKH 

a) N=(1-FR1FR 2 )(1-R2FR 1F)=n 0Nn 0!2, b) RR=R 2 (p-( 2
). (26) 

Il0l!CT8BHB B (26a) BHpalKBHHll (18) H (25) H BOCITOJlb30B8BIDHCb JIBrKo 

rrpoBepll8MHM COOTHomeHH8M (2Gb) H COOTHOmBHHllMH (5), ITOJIY'IHM 

22 2 2 2 2 N=1+R1R2 (p 1-E 1)(p 2-( 2 )<p -R1R2(1+2( 1( 2<p+p 1p2<p ). (27) 

Ms (23a) H (24) CJ181YeT, 'ITO OTH0fil8HH8 C'I8T8 ll8T8KTOpa K IT8pBH'IHOMY 

ITOTOKY paBHO 

W=J 2/J 0=n 0T 12nof2=n0T 2( 1-RiRi)FT 1nof2N. (28) 

IJOl!CT8BHB CDll8 (12), (25) H CHOB8 BOCITOJib30B8BfilHCb COOTHOfil8HHllMH (5), 

ITOJIY'IHM 

7 



W={1+P2P1~-R1R2~[~(P2-P2t2l(P1-P1t1l+(P2-f2l(P1-f1)]}/N~ 

IlpoH3BeneM rrepeo003HaqeHHH 

a) f 1=µiP1• b) t2=µi2• C) P1=vi~, d) P2=vi~-

IlpH ~=±1 BUpameHHe (29) MO!HO rrpencTaBHTb B Bane (31) 

W±=(1±Ax-Bx2 )/(C+Dx+Ex2
), 

rne aaeneHu oOo3HaqeHaH 

a) A=1-R1R2(1-µ 2)(1-µl), b) B=R 1R2(V 2-µ2) (Vl-µl) • 

a) G=1-R1R2, b) D=2R1R2µ1µ2, , 

2 2 2 2 R · 
a) E=R1R2(Vl-µl) (V2-µ2)- 1R2vlv2, b) X=Pi2· 

3KcrrepHMeHTaRbHO asMepHeMoe rronHpa3auaoHHOe OTHOilleHae 

€=(W+-W_)/(W++W_) 

rrocne rr~ncTaHOBKH (31) rrpaaonaTCH K aany 

E=x(a+px2 )/(1+7x2-ax4 J 

c rrapaMeTpaMa 

a) a=A+DIC, b) P=(AE-DB)IC, c) T=(AD+E)IC-8, d) G=BEIC. 

(29) 

(30) 

. (31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

0Tcnna cnenyeT, qTo IlORHpH3aUHOHHOe OTHOilleHHe BBYX rrneHOK B 

HerrpepUBHOM IlOTOKe YXH CROiHUM o0pa30M 3aBaCHT OT rronHpasauaoHHoro 

OTHOilleHHfl (34b), H3MepHeMoro rrpHMUM rrporrycKaHaeM no MeTony BpeMeHa 

rrponeTa, a conepmHT qeTupe HesaBHCHMUX rrapaMeTpa, a He 2, KaK rronyqeHo 

B paOOTax
15-71 . 3TH. rrapaMeTpU MBHHDTCH rrpH rrepecTaHOBKe rrneHOK 

pasnaqHUMa rroaepXHOCTHMa npyr K npyry. 

4. MaTpaua IlROTHOCTa 

no cax rrop rrporrycKaHHe MarHaTHUX .rrneHOK paccMaTpHBanocb B 

rrpHOnameHaa, Korna rryqoK HeaTpoHOB rrpencTaBnHeTcH B aane nayMepnoro 

B8KTOpa. Eonee CTporoe paCCMOTpeHae SToa 3anaqa BOR!HO rrpoaonaTbCfl C 

rrpaaneqeHaeM arrrrapaTa M8TpHUU ITROTHOCTH. neacTBaTeRbHO, rryqoK 

H88TpOHOB, aMenmax Hyneaym IlORHpa3auan Ha OCb z, MO!eT HMeTb HeHyneaym 
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rronHpa3aUaD Ha npyrae OCH. IlOBOpOT rronHpH3aUHH TaKoro rryqKa C ITOMOillbD 

crraH-WRHrrrrepa MO!eT rrpHBeCTH K rronHpH3aUaH rryqKa Ha OCb z, qTo C 

ITOMOillbD WOpMaRH3Ma BBYMepHOrO BeKTOpa OITHCaTb H~BOSMOmHO. 

MaTpHua ITROTHOCTa p B oOmeM cnyqae MomeT OUTb rrpencTaBneHa B BHne 

p=I(1+Pu), (38) 

rne P - BBKTOP rronHpa3aUHH, BRHHa KOTOporO·He MomeT rrpeBUillaTb enHHHUU, 

I orrpenenHeT HHTeHCHBHOCTb. rryqKa Spp=2I, H ace rrapaMeTpU (I H 

KOMITOHeHTU BeKTOpa Pl flBRHDTCfl BemecTBeHHUMH BenHqHHaMH. IlonHpH3aUHfl 

Ha nmOoe HarrpaBneHHe a (lal=1) orrpenenHeTCfl c IlOMOillbD COOTHOilleHHfl 

Sp(au)p/2I=(aPJ. 

PaCCMOTpHM MarHHTHYD rrneHKY, cpenHHfl qacTb KOTOpoa rrpencTaBnHeT 

coooa OBHOPOBHO HaMarHaqeHHU8 rrapannenhHO BXOBHOa rroaepXHOCTH OBHH 

BOMeH. IlpHITOBepXHOCTHUe qacTH rrneHKH B CHRY IlOBepXHOCTH08 aHH30TpOITHa 

H mepoxoBaTOCTea rroaepxHOCTH He MoryT OUTb HaMarHHqeHU IlORHOCTbD 

OBHOPOBHO. IlpH rrpoxomneHHH rryqKa CHapymH BHYTPb rrneHKH. qepe3 neaym 

rrparroBepXHOCTHYD oOnaCTb ero MaTpHua ITROTHOCTH Po rrpeoOpa3yeTCfl K p 

cnenymmHM oOpasoM: 

.. "'+ ;I, ;1,+ p=I(1+Pu)=T1p0T1=r 1I 0(1+P0u)r 1, (39) , 

rne MaTpHua T1=µ(1+mu) MomeT HMeTb KOMrrneKCHUe rrapaMBTpU. IlpHMeM nnH 

T1 aupameHHe 

T1=t 1[(1+eu)/2lexp(ia1u), (40) 

B KOTOpOM BeKTOpU e H al -' BemecTBeHHU, rrpHqeM lel=1. rrocnenHH8 

MHOmHTenb B (40) COOTBeTCTBYeT ITOBOPOTY rronHpH3aUHH BHYTPH 

rrpHITOBepXHOCTH08 oOnaCTH BOKpyr HarrpaBneHHfl BeKTOpa al Ha yron lall, 

BTOpoa MHOmHTenb rrpencTaBRflBT coooa rrpoeKUHOHHU8 orrepaTop Pe• 

BunenHDmHa rronHpH3aUHD Ha OCb e, KOTOpaH OTBeqaeT HarrpaBneHHD 

HaMarHHqeHHOCTH BHYTPH rrneHKH (OHO MOmeT He coarranaTb C HarrpaaneHHeM 

BHemaero rronH acnencTBHe · B03MO!HO! aHH30TpOITHH' BOCilpHHMqHBOCTH HRH 

reoMeTpHqecKHX waKTOpOB), a rrepaua MHOiHTenb xapaKTepH3YeT·,rrporrycKaHHe 

9. 



1il1 2 npHilOBepXHOCTH08 nneHKH, ~838 MHO!HTBRH il HecymecTB8HH8, 

Il03TOMY ero MO!HO cqHT8Tb BemecTBBHHllM IlORO!HTBRbHllM qncnoM. 

IlOCKORbKY IT11:j X8p8KTepH3YBT BepOHTHOCTb nepexona H3 COCTOHHHH 

J B COCTOHHHe i, TO MaTpHua oOpaTHoro nepexona H3HYTPH nneHKH qepe3 

neBYD npHilOBepXHOCTHYD oOnaCTb Hapymy C yqeTOM Tpe00B8HHH neT8RbHOro 

paBHOBBCHH MO!BT OllTb 38IlHCaHa B BHne 

T1=t 1exp(ia1a)[(1+ea)/2J, 

rne t 1=~. 

(41) 

AHanorHqHllM oOp830M MO!HO npencTaBHTb MaTpHUll nponycKaHHH Ilp8B08 

npHilOBepXHOCTH08 q8cTH nneHKH 

T r=i rexp ( iara) [ ( 1 +ea)/2 l, 

T r=t r[ (1 +ea)/2 Jexp ( iara). 

(42) 

(43) 

MaTpHUll nponycK8HHH Bcea nneHKH C yqeTOM nepeoTpameHHH y 008HX 

IlOB8pXHOCTe8 paBHll 

T=texp(iara)[(1+ea)/2lexp(ia1a), (44) 

T=texp(ia1a)[(1+ea)/2Jexp(iara), (45) 

rne t=i 1ir/(1-t 1tr). KaK cnenyeT H3 (44), (45), nponycKanne 

MOHOHOM8HH08 nneHKH X8p8KT8PH3Y8TCH,B000me roBOpH,9-D napaMeTpaMH. llnH 

OilHC8HHH nponycKaHHH MHOronoMeHH08 nneHKH HeoOxonHMO eme BB8CTH 

p8cnpeneneHH8 BBKTOpOB e, qTo KaK MHHHMYM npHBOHHT K eme OIHOMY 

nononHHT8RbHOMY nap8M8Tpy. MaTpHua IlROTHOCTH nepBHqHoro nyqKa Po nocne 

npoxomneHHH H88Tp0HOB CKB03b nneHKY npeoOpasyeTCH K BHHY 

p=Tp 0T+=I(1 +Pa), 

rne, HanpHMep, 

I=I0 t
2
{(eP0 )COS(2a1)-([ea1JP0 )s1n(2a1)+2s1n 2 (a1)(ea

1
)(a

1
P

0
)}, 

,. 
a=ala, a=lal. 
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(46) 

(47) 

(48) 

HeTpYHHO T8K!8 nonyqHTb H Bllp8!8HH8 nnH P, HO OHO noBORbHO rpOM03HKO, 

H IlO.TOMY Mll ero BIHJHCllBaTb He OyneM. 

5. 3aKnnqeHHe 

B pa0oTax 15 -71 ,B3aHMone8CTBH8 YXH C MarHHTH08 nneHK08 OilHCllB8ROCb 

npocTe8men Monen~D. B iotopoa paccMaTpnsanacb TORbKO nonnpnsauHH Ha 

OCb z, a nporrycKaHHe npHilOBepXHOCTH08 qacTH nneHKH OilHCllBanocb 

MaTpnuen 

Tl =Pz (px+,; 1Px)' (49) 

H OTpameHHe - MaTpHuen 

R1=(PxH1Px) (rpz+pz) (PxH1Px) · (50) 

Kasanocb Oll,Mll HMeeM 3DeCb nBa He3aBHCHMllX napaMeTpa. OnHaKO 3TO He 

·TaK. ~aKTHqecKH rrapaMeTp BCero ODHH. lle8CTBHTeRbHO, IlOCMOTpHM, qTo 

npoHCXODHT c rrepBHqHllM rryqKOM BHDa n=(1+Poz)no, Korna OH rranaeT Ha 

rrn~HKY, CornaCHO (49) BHYTPb nneHKH nponneT rryqoK 

ne(1Hl) (1+0z)nal2, 

a 0Tpa3HTCH nyqoK_ 

nr=< (r+1 )+ (r-1 )'tll+ l (r-1 )+ (r+1 )'tll't 1oz}n 0/2. 

IlOCKORbKY nornomeHHe B rrpHilOBepXHOCTH08 qacTH nneHKH OTCYTCTByeT, TO 

CYMMapHaH HHTeHCHBHOCTb npomenmero BHYTPb nneHKH H OTpameHHoro nyqKa 

nonmHa paBHHThCH rrananmea: 

n0n=n 0nt+n 0nr~2=2+r('t
1

P+1 ). (51) 

~3 (51) cnenyeT,qTo r=O. TaKHM oOpasoM,HMeeM scero onHH napaMeTp, a 

BCH MOHOHOMeHH8H rrneHKa OilHCllBaeTCH TORbKO TpeMH napaMeTpaMH, Torna 

KaK B ne8CTBHTeRbHOCTH qncno napaMeTpOB He MeHee ceMH. 

llnH H3yqeHHH MarHHTHllX CB08CTB nneHKH, T.e. nnH H3MepeHHH Bcex 

CBMH rrapaMeTpOB, 3KCnepHMeHTOB no npHMOMY nponycKaHHD MBTOHOM BpeMeHH 

nponeTa HBHO HBIOCT8TOqHo. ~3 3KcnepHM8HTOB no nponycK8HHD B 

II 



HenpepHBHOM noTOKB YXH H3Bneqb xapaKTepHCTHKH Kainoa nRBHKH no 

OTnBRbHOCTH TaKme npaKTHqeCKH H8B03MOmHo. 

TaKHM o0pa30M, HRH H3M8p8HHH ycpeHHBHHHX ~8HOM8HOROrHqecKHX 

rrapaMeTpOB IlORHPH3aUHOHHHX IlRBHOK TpeOyeTCH npOBOHHTb -Tp8XM8pHH8 

noRHpH3aUHOHHH8 aHaRH3,H HB TORbKO B SKcnepHMBHTax no nponyCK8HHID, HO 

H B SKCnepHMBHTaX no OTpameHHID. KoHeqHO, orrpeHBRBHHYID HH~OpMaUHID MOmHO 

H3BR8KaTb H B rrpOCTHX IlORHpH3aUHOHHHX SKcnepHMBHTax THITa TBX, KOTOpHe 

paccMaTpHBaRHCb B paOoTax15- 91 , rrpHBRBKaH ~OpMaRHSM, H3ROmBHHH8 B n.n. 

2, 3 HaCTOHmero HCCRBHOBaHHH, HO STa HH~OpMaUHH, KaK CRBHYBT H3 rr. 4, 

HORmHa paccMaTpHBaTbCH TORbKO KaK KaqeCTBBHHaH. 

B 3aKnnqeHH8 OCTaHOBHMCH Ha yKasaHHHX 8
/9-11/ B03MOmHOCTHX 

HCCRSHOBaHHH ITORHpH3aUHOHHHX CB08CTB OHHOR MarHHTHOR ITRBHKH ITYTBM 

MHoroKpaTHoro rrporrycKaHHH qepes Hee YXH. CyTh sTHX rrpeHnomeHHR 

CBOHHTCH K TOMY, qTo HCCRBHYBMaH ITRBHKa rroMemaeTCH MBmHY nayMH 

ROBYmKaMH HRH YXH H HBYMH CilHH-~RHrrrrepaMH. HeRTpOHH rrorrepeMBHHO 

rreperrycKaIDTCH H3 OHHOR ROBYWKH B Hpyryt rrpH pa3HHX COCTOHHHHX 

aKTHBaUHH CITHH-~RHnrrepoB, H no KORHqeCTBY OCTaBmHXCH H88TpOHOB rrocne 

HBYX HRH Tpex yKaSaHHHX npoUBHYP OITp8H8RHIDT TaKH8 ITapaMeTpH ITRBHKH,KaK 

P, pH s. 
B CBH3H C STHMH ITPBHROmeHHHMH CRBHYBT, OTMeTMTh, qTo name ecRH 

cqHTaTb B03MOmHHM ITPHM8H8HH8 ITpOCTeamero aHaRH3a,M3RO~eHHOPO B n.n.2 M 

3 HaCTOHmea paOOTH, ITpBHRaraeMaH MBTOnHKa HS MomeT OHTb peaRH30BaHa HH 

B OHHOM H3 aapHaHToa112-151 , ITOCKORhKY B HHX HS ITPBHYCMOTpBHO 

H3MepeHH8 H8ITORHpH3aUHH YXH BO apeMH xpaHeHHH MBmHY ITOCR8HOBaT8RbHHMH 

ITepeITyCKaHHHMH. qTOOH H3M8pHTb H8ITORHpH3aUHID, HymHo HM8Th 

OTKaRHOpoBaHHYID ITRBHKY, Ho qToOH OTKaRHOpoBaTb ITRBHKY ITp8HRaraeMHMH 

MBTOHaMH, HymHo sHaTb neITORHpH3aUHID. TaKHM oopa30M, snecb HM88TCH 

ITOpoqHHR Kpyr, H3 KOToporo MOmHO BH8TH TORbKO C IlOMOmhID H83aBHCHMHX 

SKCITepHMSHTOB. Ho ecnH H83aBHCHMH8 SKCITepHMBHTH IT03B0RHIDT 

OTKaRHOpoBaTb XOTH OH OHHY ITRBHKY, TO H3M8p8HH8 RIDOHX npyrHX ITRSHOK (B 

paMKax YITpomeHHoro aHanHsa IT.IT. 2 H 3) ocymecTBRHSTCH ITpHMHM 

ITPOITYCKaHHeM 083 HCITORb30BaHHH ycTpORCTB, npe,!1JIO~eHHHX Ka.RB 
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H300p8;8HHH /12-15/ . YKa3aHHll8 ycTpoacTBa OKa3HBalJTCH 

Hepa00TOCITOC00HHMH eme. H ITO TOR rrpHqHHB, qTO B HHX He yqHTHBaeTCH 

oOH3aTeRhHO ITpHCYTCTBYIDmee C HBKOTOpoa Honea aepoHTHOCTH OTpameHHe YXH 

.OT ITRBHKH, KOTOpoe COBMBCTHO C HH~~Y3HHM OTpameHHBM OT CTSHOK 

HettTpOHOBOHa ITpHBBHBT K BKRaHY HPYrHX rrapaMeTpOB ITRBHKH B H3M8pHeMue 

BBRHqHHH. 

HaKOHBU, rrepeITYCKaHHH H3 ROBYWKH B ROBYWKY H xpaHBHHB YXH MSHRIDT 

HX CITSKTP KaK BCR8HCTBH8 orpaHHqeHHOro Bp8M8HH rreperrycKaHHH, TaK H 

BCR8HCTBH8 ITOT8pb B CTBHKax, KOTOpHe B COOTBSTCTBYIDmeM ITpOCTettmeM 

aHaRH3e 1161 HS yqHTHBaIDTCH. H3M8H8HHH me CITBKTpa CKa3HBaIDTCH Ha 

xapaKTepe ycpeHHBHHH rrapaMeTpOB H TaKHM oOpasoM BHOCHT HOITORHHTBRhHYID 

H80ITp8H8R8HHOCTb B pesyRbTaTH SKcrrepHMBHTa. 

H3 CKa3aHHoro CRBHYBT, qTo H300peT8HHH112-151 He IT03BORHIDT 

HOCTHqb TOR UBRH, Ha KOTOPYID OHH HarrpaBRBHH, T.8. ITO cymecTBY He 

HBRHIDTCH H300p8T8HHHMH. 
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