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rnABA I,. B B e n e a • a 

B nocnenaae rO.!lbl. 6on&moe BHBMSHBe y.aenSleTC!I R3Y'l8HHIO Tlllt H83b1Ba8Mb1X np!!Mb!X 

a.aepHblX peaimnfl, KOTOpble !IM!IIOTC!I OAHBM 113 OCIIOBllblX cnocol5oB B3Y'l8IIB!I CTPYKTY,Pbl 

Slll8p, rnaBBl!ll oco6e11aocTb STBX peaqufl COCTOBT B TOM, 'ITO ·eaaBMO.tteflcTBBe na.tta10mell 

'18CTRllbl C HllpoM 38TparBB88T numb aeCKOnbKO ero CTene11ell CBOl50.tthl, HanpHMep, .ttnn nell-

' Tp0llBOro Cpb1B8 - STO 06bl'IIIO KOOP.ttBll8Tbl Bll8WBero nonaemero B SI.ttpo Bel!Tpoaa ' B cny-

'188 Beynpyr_oro pacceSIHBSI - STO xonneKTBBllbl8 KOOP.ttBll8Tbl llOB8pXBOCTB sinpa D ero sllne

poBbl yrnbl u T,A, 3To ocHOBBoe 0Tnn11ne npSIMblX peaxuull OT peaxunll 11epes npoMell<YTO'I

BYIO CBCT8My ttpBBO.!IBT K xapaxTepllblM y~nOBblM pacnpe.tteneHBSIM (aHB30TpODHSI Bnepe.tt•-na-

38.tt)B noaeonsieT B3y'l8Tb CTpyKTYPY si.ttpa, Hau6onee mHpOKO pacnpocTp8ll8HHblM M8TO.ttOM 

ol5pa6oTKB .. SKCD8pBM811TanbllhlX .ttaHHblX no npHMblM p88KUHSIM cell'ISC SIBnSieTC!I TSK H83bl-
. . . /1/ 

Ba8~blll M8TO.tt BCK8lK8liHhlX Bona (M,B;B,) , Kax M8TOA OH H3B8CT8ll YlK8 A8BHO H .Hcnonb-

' / /2/ . 
ayeTCSI nnsi o15pal5oTKB SKcnepHM8HTOB. no 8TOMllblM CTOnKHOB8HBSIM • 4>aKT1!'18CKH 'STo eCTb 

nepBblll nopsinox TeopHB B03MYW811Hfl no n0Te11unany B38HMOA8llCTBHSI U B3 1 OTB8TCTB8H-

HOMY '38 peaxun10, B K8'18CTB8 BOnHOBb[lt q>yHXUBll Ha'lan&aoro ( i) 

COCTOSIHBll Bblf>BparoTcSI· q>yHKIIBH' 'l',,t, -· rf,, l,f, cf, l,t, 
I 

OTHOCBT8nbH08 .ttBHlK8HHe '18CTHll BO BXO.ttHOM ( I ) 

'r.tte q>yHXIIHH 

II BblXO.ttH~M ( f) 

B. KOH8'1HOro ( 0 

'Pt;t. OllHChlBSIOT 

Kaaanax (TaK Ha,-

3blB88Mh18 'HCK8)K811Hhl8 BOnHhl') 1 8 q>yHKllBD ¢,,1, OllHCblBSIOT BHyTpemrne COCTO!JIIH!J B38-

BMO.ttellcTBYIOWBX '18CTHII B STBX Kaaanax. AMnnHTyna peaKIIHH Torna 38llllill8TC!J Benne: 

( I) 

B .aan&aallmaa sa.tt!l'l8 38Xnl0'188TCSI B q>8KTOpB381lHB STOit aMnnHTY.tlbl C uen&IO BbllleneHHSI 

B3 Bee CTpyKTYPHOll 'lacru, .Ona STOro B ( d t p ) p88KIIHSIX, H8BpBMep, ncnon&syeTCSI no-

TeHnuan B38HMO.tteltcTBBSI .tt8nbTa-ol5paauoro TBna,n TOr.tta C8'18HB8 peaKIIHB npBHHM88T BHll: 

du· 

dD (2) 
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3necb L -na6op KBaHTODblX 'lllcon, onpenemuomnx cocTosr1n1e. nonaBmero. B .srnpo. 

nel!Tpona. CpaBH8Hll8 9KCn8pBM8HT8nbHblX H Teop8TB'l8CKHX KpBBbIX·M¢¢epettnBanbHblX ce

qenBl! ll03BO.nsreT onpenenDTb 9TH KBaHTOBb18 'lllCna ( 06bl"IHO 8TO OpoDTanbHbll! MOM8HT. 38X_. 
' , 

•. B8'18HHOI'O Hel!TpOHa). 

\ 

~L(O) -KHD8MaTB'18CKaa qaCTb C8'18HBa, KOTOpaa onpenenaeT· 38BDCBMOCTb C8'!8HDH 

oT yrna, aHeprBH B Q -peaimuu. 

/ . 
SL -cTpyKTypHbl l!, TSK Ha3b!B88Mbd! cneKTpOCKOnB'!8CKBl! ¢aKTOp,. KOTOpbll!. CBa-

38B C nepeKpblTHeM nonHOBblx.$ynxnul! Ha'!anbHOrO B KOH8'1HOI'O cBa3aBBblX COCTOaBBl! CBC-
• ' • o • C • 

TeMbl n onpenenaeTca xaK xnanpaT reBeanorB'!esxoro xos$<1,unueBTa (cM. rn,11 ). 

B cny'lae neynpyroro pacceanBa C B030YJK118HD8M KOM8KTHBHblX ypoBHel! pac'!eT· no 

M.H;B, npnnonnT K B1,1palK8BB10, aBanorn'IHOMy {2), ~ne nBll!b BM8CTO ·SL ·➔a·xTopa CTO-. 

SIT npHB8ll8HHb18 nepoSITBOCTD aneKTpnqecxoro H3ny'leHHSI. L -MYnbTDnonbBOCTH B(EL). 

Kax y~e OTM8'18n~cb . Bbtme, MGTOll HC~SlKGBJiblX Bonn Tpe6yeT BblllOnBenmr ODbl'IHblX 

ycnoBHil Teopun B03Mymeeuit. H_norna, ~co6e.lillo. n. 3a1ta'l~X Beynpyroro paccesrnmr c noaoylK,.

neBHeM xonneKTHBBblX ypoBlieA sri:iep,pSlll sxcnepHM81ITanbHblX llSHHblX ee ynaeTca o6~aCHHTb 

C llOMOll!hlO 

peaxnnn. ·B. 

- . . . 
M.H.B., IIOCKOnbKy OB HO yqHTbIBaeT nnnsrnmr ueynpyrnx xauanoB Ha C8'18HD9 

. . /8/ 
STOM cnyqae cnenyeT pemaTb 38lla'ly M8TOllOM CBSl38HHblX Kl3.Hanon ·• KpoMe 

\ . . '. 

Tor:o, B M,H,B, DM88TCa eme onua_ TpynHOCTb, CBSl38BH8SI C H80pToro_eanbHOCTblO BonuoBblX 
. . . 

¢yRKJIDll OTHOCD;enbHOI'O . ABDlK8HHll • Y, •• ~ --.. •; TeM ue Meuee • BOT ylKe MIIO~o neT C no.: 

MOll!b!O M,D,D, ycnemno · 06~acuS110T sxcnepnMeHTbI no . npSIMblM peaKJIHSIM ( oco6eHHO (d,_!I )

·P8~KllBllM), '!TO, B CBOIO O'lep8Ab, B03MOlKHO, CBDll8TE!nbcTByeT 06 D3numnel! lK8CTKOCTD 

Tpe6onauul!, 'KOTOpble OObl'IHO npeA~annaroTcsi. B K8'18CTB8 ycnoBnl! cnpaBennnBOCTB M,B. B. 
.I . . . . . 

.,<B nocneAnBe. ron1,1 11,C. -llianBpo B ero coTpyAn11xn pa3nnnaroT non1,1l!, ABcnepcBonn1,1l! 
/4/ . 

nonxoA · K npsrMblM llAepHblM peaKUHSIM t KOTOpbll! B IIPBllllHne nBmen YK8381IHblX Bblme 

H8AOCT8TKOB, 

HeAaBHO BMB 6blnB · npOB8A8Hbl 'IHCn8HHb18 paC'!8Tbl no STOMY M8TOllY .ztna peaimuB. 
ta . 12 /5/ 

C ( 'Y • ,n ) ·C C y'leTOM HCK8lK8HHli B BblXOAHOM 11:anane •. 0Ka3anocb, '!TO. no-

ny,reun1,1l! peayn&TaT COBnaAaeT C paC'!8TaMB no M,B,B. 0TCIOAa SBTOpbl AenaIOT BblBOA 0 

/5/ . . . . . 
TOM • '!TO BM ynanocb o6ocnonaTb. M,B.B, C Apyrol! CTOpOHbI, nenaBHO B paoOT8 Satch -

1 ., . . /8/ " eia n AP, 01,mo npoBeneno ovmBpnoe uccneAOBaHBe nnnsrHBll Ha ceqenue peaKnHB 
40 41 . 

•Ca (d,p} Ca onTH'l8CKDX napaMeTpOB BXOAHoro H BblXOllHoro KaHanoB H pa3Hb!X npnonn-
➔ 

lK8HHl! .B paC'!8T8X (K~H8'1Hbtll paAHYC B3aHMOA8l!CTBHa, Y'l8T f·s B3aHMOlt8i!CTBHSI II T,A,], 

ABTOpbl AenaroT BbIBOll, '!TO M,H,B. Bcrony .AaeT xopom_ee coBnaAenne, ecnn Ana pac'!eTa· 

llCKa>!{8HHblX Bonn BblonpaTb onTH'l8CKH8 n0Tennnan1,1, onBCblBaIOll!ll8 ynpyroe pacceanmr BO 

Bl<OAHOM ( ) H Bb!XOAHOM Kananax, B BM0IOll!aaca H00AH03H8'1HOCTb B BX 

BblDOpo BnusreT TOnbKO Ha aoconIOTHyro. nenH'IHHY C8'18HBll. 11TaK, nonTB8plKnaeT~a •. ito xpaa:. 

4 

'' 

·1 

\: 
., 

. . 12, 
nea Mepe,oonee OCTOpOlKHOe 38Knl0'18Hll8, H3B8CTH08 YlK8 naBHO I qTQ M,U.B. HBJiaeTCSI 

xopomea Monenb10 nna onBcnnua yrnoBblX pacnpeneneBHli B npHMblX peaKJIBSIX H ~nSI nonyqe~ 

BUSI H3 9KCll8pHM8BTa OTHOCHT8nbBblX S --<tnKTOpOB. 

TaKHM o6pa30M, 38118'!88 T80pHB.CTpyKTypbl nnpa OCT88TCa o6'~aCH8BH8 TOA un¢opMa-

11HH, KOTOpy10 nonyqa10T H3 aKcnepnMeBTa nocne oopaooTKH ero no M.D.B. TaKol! nH¢opMa-

IIB8l! OObl'IHO HMH8TCSI:. 

1, Sneprnsr Boa6yJKll8HHblX COCTOaHHA OCTaTO'IHOI'O ll1tpa, 

2. KBaHTOBb18 '!Bena 9TDX COCTOSIHHll, 

3, 0TBOCDT8nbBbl8 SL -¢aKTOpbl1 nuoo B (EL)• 

IlpelKlte '18M npBBOAHTb BblBOA ¢opMynbl nna C8'18HBSI no M.B,B,, OCTSHOBBMCSI Ha Bbl

oope BCXOAHOro Bblp8lK8HDH AnSI SMnnDTYAbl peaKUBB, 

Cnenyll ·Tobocman'y 111, 3annmeM n1,1paJKeHBe Ana MaTpB'IHoro snei.tenTa: 

• . C➔. - (+) 

T tr ft· < 'P t ¢ t IO t - U, I V, 1 "'· > • (8) 

I'AO HCK8lK8HHbl8 BonHbl 'Ptr yAOBn8TBOparoT ypanneHnaM 

,. . - (+) 
( T

101 
+:U101• -:El,'.f• }y,

11
; •· 0 

. (4) 

C COOTB8TCTBYIOfilHMH rpaHH'IHblMH ycnonnaMH · ll acnMnTOTHKoll. 

HH118KCW y ¢yHK!lBll 03H8'18IOT CXOAamneca (-) B pacxOAllll!Beca (+) BOnHbl Ha aCBMn-

TOTHK0. 

3necb U 
1 

, nanpnMep, ecTb noTeaunan B BblXOAHOM Kanane, a U - ero 'yet 
pennenHoe' 3HS'l8HB8, IlocKonhKY o·npenenenBe 'ycpeAH8HBa' ne yKaa1,rnaeTca (BblBOA ¢op-

Myn1,1 ne ·3aBBCBT OT SToro), TO OObl'IHO npeAnonaraeTca, '!TO 
·. 

Uf •· U f + U B3 (5) 

11Horna (5) apryMeHTBpyroT TeM, '!TO noTenuBan D38HMOA88CTBHa B BblXOAHOM Kanane (yne-

Taromall 'ISCTHJia + anpo-ocTaTOK) U f npencTannaeTcH B Bune KaKoro-To cpeAnero. (ca-

MOcoriiacoBannoro) HOT811llBana ijf D OCTaTO'IHblX B3aHMOA8llCTBHl! U. , KOT0pb18 B3 . 

MOlKHo paccMaTpBnaTb KaK B03MymeHD8 (no ananoruu c Monenbro oo~noqex). 0AHaKo npaK-

TB'l0CKB UB3 ecTb BcerAa aeManbll! anepH1,1l! noTenunan, napaMeTpbl KoToporo 06h1'!-

HO nononparoT B3 cpaBH8HBa C SKCU8pHM0HTanbHblMH Jl8HHblMH no neynpyroMy pacceaHHIO B 

COOTB8TCTBYIOll!8M KaHane. 

B '18CTH_OCTB, nnH peaKJIHH CpbIBa A( d, p) B BMeeM: 

5 



--

UB3 -- UDP (6) 

u1 ... ud" , . u, - ups • 
(7) 

B Kaqe'cTBe u a.p BbI6HpaeTCll 061,rqHo 
/1/ 

8 - 06paam,1i! noTennnan , a UdA ll UpB 

npe11CTaBnll10TCll B BH!le cyMMhl xynoaoBcKoro H onTHqecKoro n0T8RnHM0B. · 

OTaocnTenbHO B1,16opa U 83 B· cnyqae neynpyroro pacce!IHHll no11po6no rouopnTcn 

B rn. III. _, 

B cnenyromnx rnauax (II - Iii) 11a10Tcll nonpo6ahle BbI~OAhl cpopMyn 11nn_ peaimnll: cphl

Ba n aeynpyroro paccennnn no M.n.u. B ¢opMe, y1106noil An!! qncnena1,1x pacqeToB; 11ane~ 

( rn. IV ) naao onncaane MaTeMaTnqecxnx M0T0ll0B, nc.nonb30Baan1,1x npn cocTaBneann npor

paMMbI pacqeTa no STBM ¢opMynaM; a aaTeM (rn. 'V ) 11aeTcn omi:canne nporpaMMbl n nac

~pyxnnn no ee ncnonbaoBaHnro H& snexTpoaaoi! c'leTnoi! Mamnae M-20. s·upnnoJKeann npn

Benea na6op KpBBbIX, nnn10cTpnpy10mnx sauncnMocT1> yrnoBbIX pacnpenenenni!,. B peaxnnax 

CpbIBa OT napaM0Tp0B aanaqn ( :E , Q -p0aKIIBB B 11pyrnx) ; 'BMB yno6no D0nb30B8TbCB 

B DpaKTB'l0CK0i! pa6oTe npn o6pa6oTKe SKCDOPBMOHTWlbHblX 11an,1n,1x. 

Ta1tBM o6pasoM M0lKH0 nony'laTb: 

·t • YrnoBblO pacnpeneneHil'.11 B nona1,1e C0'l0HBB perutnHlt Cpb1B8 ll ll0AXBaTa, 8 TaKlK0 

nonllpnsannro B peaxnnsrx ·cp1,1Ba. 

2. CeqeHBSl ueynpyroro pacc&llHKB C B036ylK.Cl8BH8M KonneKTBBHblX ypoBBei! lUlpa. 

KpoMe Toro, DpenycMoTpen BblB0ll PlUl8 llp0M8lKYTO'lal>i'.X AaBllblX (BonBOB&ll'. ¢ynKIIHll, 

¢aabl B J;tp.,. nonpo6aoCTB B rn ,;v ) • Bo BC8X p&C'I0T&X BCJI0nb3ylOTCll cne11yK>lllB8 cymecT

B8HBb!8 DpHfinKlKOHHll: 

a). cn•a-op6xTam,aoe B38BMOJ;t8i!CTBB8 BO BX0l1H0M B BblX0llB0M Jtaaanax ne Y'lHTbIBa-

eTCa; 

6) B peaJtllBRX Cpb!BA xcnon1,syeTCR npn6nHJK8HH8 8 -o6pasaoro noTeannana. 

nnll pacqeTa 011ncii! xpnuolt yrnoBoro pacnpeJ;tenennH n nonHpnaannH Tpe6yeTCB • 5Mnn, 

llnll KpBBOil neynpyroro pacC0HHHll B0CK0nbK0 M0Bbme. 

B HBCT0Hmee Bp8Mll BO MB0rHx M8CTax J;tnll o6pa6oTKH SKcnepHM8HTalibBblX llSHHblX 

ncnonb3YIOTCH ananornqa1,1e nporpaMMhl ( nanpnMep, B rpynnax CaTqnepa ( ClllA), Baxa 

(AarnnSI) n llp.). B CBll3B c ycnexoM STBX paC'l8T0B, a TaKJK8 ueo6xo11HMOCTbJO o6pa6oTKB 

3KCnepnM0HT8nbHbIX ll8BHhlX Ha C0Bp8M0HH0M yp0BH8 6blna Bblnonneaa 3TB pa6oTa~ 

3J:tecb Mb! xoTnM no6naronapnTb H. Bepcoaa, npnnnMaBmero yqacTne B na11an1,noll: 

6 

:1 

:I 

~ 
I' 
-i, 

CT8AHH pa6oThl, a TaKlK0 H. nenoaa, 11H Ban Cena, B. ron1,116epra, IO. OpeBKOBa H 

K. Map11eaxo sa p;A nonesab!X o6cylK.llennll. 

r JIABA II • 81,11:1011 cpopMynbl C8'18HH51 peaJmHH Cpb1B8 

nongpH38ltHll H o6p8THb18 peaimHH 

A(a,b)B. 

PaccMoTpHM cp1,1B 11aCTllllbl C B peaJmHB A(a,b) B /7/ 1 cne.11}'11 pa6oT8 • nn11 

narn1111nocTn npHB8118M K8pTBIIXY R c11enaeM nepexoJ;t OT "ecTOCTBOBHbIX" K00PAHRaT ( f 
+ eA 

B 
.. 
rbo ) K K00pllBHaTaM BO.BXOAHOM (; ) 

aA n BblX0llB0M (rBB) Kaaanax: 

4 r ,. 
C ,.. ' 

~ 
A 

.. .. .. 
rbo =--•a(/3 raA - ~B ) • 

.. . . .. 
r aA •. ., ( r aA - •yrbB ) • ( 1) 

CZ a•~ , , /3 •· ~ 1 •y•-~i 
c(a +:A) B a· 

rne a, b , ·<A , ,B -M8CCbI C00TB8TCTBYIOmBX 'lSCTBII. 

AMnnnTyJ:ta uepoHTnocTB nepexona cornacao· ¢opMyne (L3) paBHa 

.. . .. c-,• <+> .. .. • 
T=-fdrb8 draA11' (kbrb8 )T'-'I' (karaA), (2) 

rne 

T'-=a 8 f~cb- du· cf/"· (t: u 
o · b JD MB oA o 

)cp*, (u· ) X 
eb mb b 

x vc1b > ~.J w (0 </> (;bo ub u~ >. 
0 

A A 9 a •• 

(3) 

3nec& .. a -BK06na.11 nepexona K H0BblM K00pllnHaTaM 0TH0CBTenbaoro llBBlK8HB51, I e l 
K00pllBBBTbl BHyTpeanero llBBlK0HHSI nnpa , A t ,u· -BHyTpeaane nepeM8HHb18 'laCTBII a, 

nn¢¢ep8HllB8nbH08 C8'l8HB8 Cpb1B8 T0r)la npBM0T .BB,!1 

7 



do· l'a l'b kb 

dO - c2111i~>2 ~ 
l -~ ITI~ 

(7J A+: 1x. 2s •· + 1) MAMB 
m&mb 

- (4) 

r11e I' -npnse11eHHble MaCCbI, k a n k 0 -sonHOBble '!Bena. 'ITOObI nposecTn HHT81"'-

pnposaane B ¢opMyne (3).no BHyTp8HHHM KOOpnnaaTaM e 'npencTaBHM ¢yHKUHJO KOH8'1-

HOro COCTOHHHH 4' 
JB MB 

B snne paanolK8HHH no ¢YHKUHHM 38XB8'18HHOR 'ISCTHUbl 

➔ f Fe.,,., (roAoo )-~; <fsm11 IJ11, )[i Yfm (OoA )lue (roA)rf,.,. (o O), (5) 

TO 8CTb 

ci,JB"\i ( eioA o,. ) =· Jj1s c,e.- (A; B) • O~J M"..( "1 I J 8 MB) x 

M;flJ ID/1 . 

(6) 

x(fsm11lljJ, >Cl Yt.,, (OoA >lue (roA ·>cf,.,. (o., )\ll J{M~( e> • 

3nec& c, o (A; B) .;:_ -TaK. H83bIB88MbIR reaeanorH'l8CKHll Kos¢<1iunneHT paanOJK8HHH I rp (o· )-
. t.• ·' ep. o 

BHyTp8HHHH BonHoBaH ¢yuKnnn 38XB8'18HHOR 'ISCTHllbl C • B ¢opMyne (3) npoBeneM HH-

TerpnpOBSHH8. no BByTp8HHHM nepeM8HBblM nnpa A : 

f~~ M ci,J M •. .,. c,r.<A;B)•(JAJMAMB-MAIJBMB) X 
B B A A I<• 

ID/1 (7) 

X (fSllll'lfMB -MA). ue (roA )-:ilvfm (OoA )]'!'¢:,. (o~). 

HaTerpnpoaaune no BByTpeuunM nepeMeHHblM 'ISCTHn c n b nerKo npoBecTn, ecnn 

y'leCT&, '!TO Bonnoaan ¢yuxnnn 'ISCTHllbl a •·b +:c .IUIH ·s -COCTOHBHH OTHOCHTen&uoro 

llBHlK8HHH b H C HM88T BHll: 

.. .. ... 1 · cf, (r
11 

a o·) •·¢ (r )"' (s 11 sm11 11 s m )r ~r (o.,,). 
•• •• o b o · a bo m~Jt a a I\, mb ·aµ (8) 

311ec& r (o11·) 
'\,mb H r81' ( o~ ) -BHyTpeuune ¢yuKnnn '!acTnn b R C B 

'18CTHil8 a• 

Tor11a 

8 

'I 
·I :, 

l ,, 

l 
4 

,, 

I' . ' . 

ffb· at ',t,* (o· )¢*-'(o )cf, (r° oo ) •· 
b o ,l\,mi; ~ ,,. o_ •a•a bob o 

(71) 

-· a(s) ¢•.,c;bo )· :cs b sm1,11ls am.) , 

r11e nuTerpan nep~Kpb!Tnn 

a(s) =·f&7., arbcf,*·' (oi, )¢*.,, (0
0 

)r8 .; (o 11 )r (o ) ; 
, •bm---b ,- ·. b b ap. o (81,~· 

nnn npoBenennn oKOH'laTen&aoro HuTerpnpoBaunn B (2) BBeneM npn6nnJKeune ,B -noTeu;.. 

,unana: 

,. 
. V(;b )cf, (;b· ) 

0 a 0 
.. ' 1' ·A .. I ➔ ) 

,. D0 B(r1,o.>•·Do -:-rd~('lfraA -rbB • 
a ·' 

(9) ,.· 

·l<ouc-rauTy Do a11ec& MOlKHO oneunT& cne11y10IUBM o6pa30M
1

• 3annweM ypaiiueune lllpe-

( n.nurepa ·;nn CHCT8Mbl 8 ... , b +: c: 

r11e l'bo. 
·ny'IHM", 

2 2 .. / 2111,o . .:, ➔ 
(V -•a .. )¢ (r11· )=·-'-V(rb·)rf, (r 11· .>, 

a a o 11.:a o a o. 
•!. 

2 2 

-npnBe11euuan Macca, 1l~a._ ·=· fbo; 

211110 
Hcnon&ay.n (9)· n TeopeMy ,rpnua, no-

11 aa2 . .. .. 
Do a•-, --• f f!rb~ 'Pa (r bo) • 

. 211 110 
(10 1) 

nnn OlI8HltH HHTerpana ( 10
1

) ncnon&ayeM 8CHMlITOTH'l8CK08 BblpalK8BH8 11nn ¢ (; ) : ' 
, · •. bo 

Tor11a· 

¢ a (;bo ) •· V !=.A,. 
211. 

e -a:rbo 

· _ 1 bo 

2 

Do 

Ii 
. a ,b 2 a 

2,38 • 10 '--ifr Man • ,f. 

µbo 

-.: 
.> /. 

(IO) 

' 1 Co6npaSI (7), (7 ) H (9),· nony'laeM OKOH'l8T8n&HO8 Bb!p8lK8HH8 11nSI MaTpH'IHOro aneMeHTa 

(3): 

~-b 
T' • .;.. D0 • I. (-1) 

/ ,t ... 

9 ' 

~ _1 2s.+1 Cf (A;B)•ue (r~A )x iv~ Is 



/ 
X Yl.;. (0 oA )· B(fr.A _;bB ) a(s)U A jlil A MB -IIA IJB MB )x : 

(11) 

. x(fsmm. -mb lililB -MA )(s6 sbma -mbl·sm• -mb) • 

(-) (+) 

MaTpB'l'.Hblll· sneMeHT nepexoi:ta 'T =•.<if, lt'l"1 . > nony'l'.D.eTCH noJ1cTauo&oll .BblpaJKemUI 

( 11) a ucXOJlBYIO ¢opMyny ( 2). TTpoBOASI TaM BHTerpupoBaHBe c nOMOl!lblO 8 . ➔y~nBB, . . , " . . ' 

nony'l'.BM 

"b-"'I, ..f 2s7t 1" 
T =· D0 I (-1) i v--•-c

1
f ( A;B)a(s) • -&:fm 

1fsm 2s +:1 8 

·o AjM A MB -MA I JBMB)(fsmm. -mb I jMB -M AXs a Sb m. -11\. Ism. -mb )_ • 

,, 
rJ1e ~ ,· * I 

SIS . t-) .: ➔. ·A ➔ \ (+) ➔ ➔ 
e:l'm., f,dFv,.' _(kb -g-r )uf (r)Yl.. eo. )if, (k. r) 

.. .. 
r = raA 

noilcTaanlliI (12) B ¢opMyny (4) u ucnolll>3yll paaeacTBa 

·I 
'm m 

.a b 

(-s sbm -mbl·sm -mb )(s ·sbm -mbls'm -mb )=-8 ,.a . , 
, a a ~ a a _ , a · . •• • •., -•b••.--.. 

· 2J +:1 
I (J jM M -MAIJBMB)(hJ'MAMB-MA IJBllB)= ..c..:a.;_;::l,11~ 8M -M M -M 

M M A A B · · 2j + 1 . B A ' B · A ' 
. A B .. 

I (fsmm ·-m1,lfM 13-MA)(f'sm'm -m1,liM8 -MA)= ~Btt,8 , 
(MA-MB) , a • . 2f + 1 . .,,. 

-~ma -mb )_ 

nuny'l'.BM cneAyromee BblpalK8BU8 Anll C0'l'.0HBSI: 

du 

dO 

2JB +:1 ~~·I 2 22 

2
JA +:1 1£. Clla (A; B), Do 

8 

(s) ' _1s+T'" • 

l'~l'b kb :l . I, .. , ll 
(2,r11 )2 k. (2f +: t) m gl'm (0 )I. • 

(12) 

( 13) 

(15) 

Ecnu B llAJ:)8 ·B conepmBTCll n TOlKA8CTB0BBblX 'l'.8CTBB C , . a B ''l'.aCTBBO 8 . ~, •',' .. 
v To>KrieCTB0HHblX 'l'.8CTBB b , TO C0'l'.0BB0 fiYlKBO llOMBOlKHTb. H8 _¢aKTOP. · _n • v_; 

10 

\ 
-' 

.-
/7/ 

I 
I ., 

l• 

nocxon&lty BHABXC S 03Ba'l'.aeT CHUH 3aXBa'l'.BHHOll _'l'.aCTJlllbl C 

HBMy ¢aKTU'l'.8CKU He np;BOABTCB. nns ynpomeHBB BBTerpana -,,,_ 
• TO CYMMBpoBaHBe no 

npe,:tCTaBBM BOnBOBble 

¢yBXnBR OTBOCBTO~bHOro )lBBlKORUB B BBA0 pa3nOJK8HJIH B PM napnuanbBblX Bona. 

(±) ➔➔ 4 L • 
if, (kr)= ..:...!!...Ii xL(kr)•:YLM(O:)~M(O-:). 

kr Lid 

TorJ1a nony'l'.aeM 
a/2 

(4.-) : B 

gl'm =· kb k a • A 

1 f -f m -m 
•--~I 1• b a b . 
✓--T+7"fa fb (-l) y'(~fa + 1)(2fb +:1), 

mamb 

• (f. 'i, 00/fO)(f. 'i, ma mb lfm )Yf .-m.cn: a )Yfb-~ <lltb H2. '1, f 

rne 

Jf f f = -fdrxf (kb {rr) uf (r)xf (k. r). 
a b b a 

(18) 

(17)_ 

(18) 

nan&aellmue npeo6pa30B8HB!I Bb!p8lK0BBSI ( 17) npOB3BOAS!TCB C IIOMOl!lblO nepecTaHOBKU BB

llBKCOB B Koa¢¢unueaTax Kne6ma-fopi:taaa B Bbl6opa CBCT0Mbl OTC'l'.eTa TaK, 'l'.T06bl OCH OblnB .. .. .. 
sanpaBneBbl cnei:tyromuM o6paaoM: Z 11:k • , , y Ill k a x kb] , TorJla 

Ya (0 .. ) =· y' • ,I, ¥ t. 8 -ma k 11 O,ma 

( 19) 

Ye -m (!l;;t ) =· Ye -m (0,0) =· y1(2fb+l)(!\-lmh I )I 
b b b b b 4.-(fb+:linbl)I 

b 

,mt, 

Pfb (cosO). 

J-13 ( 13) BH/IHO, 'ITO gf =· (-1) m g. . T8K 'ITO MO>KHO pa6oT8Tb B nan&sel!weM TOnbKO 
m m L-m ·o b m ~ • ·Tor)la Pfb ( oosO) - o6hI'l'.BhIII np11coenuaeasb1l! nonunoM nemasJ1pa c mb ~- O, 

Tenepb OKOB'l'.8T0nbHOe Bblpameaue AnB g fm npnMeT Bun: 

rJ1e 

= V- 4.- B 
l:e,. = ~ 

f --
• i y'. 2f + · l • gfm 

a b 

t.. JD 

gfm =£1: fe fb Jf f f • Pf b(cosO), 
ab a ab b 

fm 
f: =·( 2f f,.-fb -f (f e.r;, 1, + 1 ) • i y' 1, - m) I 

(fb +:m)I 
(f1,fm -mlf. 0), 

• (f1,fOO!f.O). 

11 

(20) 

(21) 

(22) 



no11cTaBn1111·nonyqeaaoe BblpaJKeane (20) 11n11 iem B cjiopMyny (15), nonyqHM 

2 

du· 
-arr 

2Jn ➔ 1 
--· :£ s 

2JA + 1 ifs ifs • ~Ifs (0), 
(23) 

r11e S1fs= n •C ifs ( A; B ) - TSK H83bIBaeMbli! cneKTpocxonnqecKHi! <j,aKTop, KOTOpbii! on-

pe11en!leT aepo!ITHOCTb HaflTH 1111po B B BH/1e A + c 1 npHqeM qaCTHn8 C H8X0/1HT-' 

C!I B none OCTOBH A B COCTO!IHHH C KBHHTOBblMH qHcnaMH ifs • ~lfa (0) 8CTb 

KHHeMSTH'I8CK8!1 qacTb ce"IeHHSI H paBHa: 

0, o: a 
2 cs> 

~Ifs (O) =· • o-lfs (O), 
2s + 1 

(24) 

r11e 

2 
µ•µbB 2 

ulfs (0) = 
1111' k!k b A

2 ; \grm I (26) 

2 . 
Ecn11 pa3MepHOCTb D0 axnroqBTb B o-1?. u H3Mep!!Tb "ifs B M6lcTepall, :aaeprHH -

B M:aa, /1nHHbl - B <j,epMH, 8 MHCCbl - B el1HHHI1aX MSCCbl npoTOHa, TO 

2 

.3 "• µb B 2 
Ujf (0) =· 1,847• 10 ---- :£ I gf I • 
. • k! kb A2 m m 

(26') 

Bee BbIIII8CK838HHoe OTHOCHnOCb K CpbIBY "IHCTHllbl c B peaKllHH A ( a, b} B • P accMoTpHM 

Tenepb 06paTay10 peaKUHIO IlO/lXBaTa B(b, a) A • MaTpH'IHbii! :aneMeHT nepexo/la 11m1 06~ 

paTHOi! peaKUHH MO>KHO Bbl'IHCnHTb TeM JKe nyTeM, 'ITO H JJ.ml np!!MOi! peAKUHH. Pe3ynbT8T 

IIMeeT BH/1 (HHJKe ace aenH'IHHbI, OTHoc,iaHeC!I K np!IMOil peaKllllll, 6y)lyT. BM8TI, JUIOl!Hoi! 

HHJJ.eKc. ab H COOTBeTCTBeHHO /1nH o6paTHOi! peaKUHII ba ): 

-f • -mb -2. ·1 l> f+m 
T =· D :£ C (A;B)i · (-1) b y~a 8 (sX-1) 

ha OJfsm Ifs 2s +:1 
= ha 

gf-m (26) 

,(JAjMA MB-M AIJB MB)(sasbm.-mbls m. -mb \)Cfsmma -mbliMB -MA), 

rile a ba(s)= fdoj, d,o cp•bmb (uh )cp (u )r* (uh )r* (u ) "'[a •\s)l ~ 
am

6
-mb a '\mb ama-mba (27) 

H 

• ba -+ (-) * • -+ ~ (+) ➔ A-+ 
gL., = fdrtf, (k• r,uf ( r)Yf:.m (0-r )</, (kb :-g-t). (28) 

12 

\' 

;t; 

ii 
(, 
j 
1 
I 
!I 

Hcnoll.b3YH (26) H 38M8qaHRll nocne <j,opMynbl (15), BblqRCIIBM ceqeJ,IH8'p88JtllBH B(b,ta)A: 

2 Ila 2 

do-i,. =· 2s. + 1 :£ n·C 2 (A;B) vD0 la (s)I 
dO. 2s + 11£a it. . 2s+ 1 

. b • 

ha 
(7jt. (0), "(29) 

r11e 

ha l'a/lbka . .., ,•b"(' 
U· (0) =· ----'-- M 'rm . 

. 1fa (2rr112)"kb m 
(30) 

ba 
1iTo6bl YCTSHOBHTb CBSl;3b Ujt. (0) C 

~ . 

Ujf., (0) K3 <j,opMynbl (25), paCCMOTpHM 06-

. pamenayro BO apeMean peaxnn10 A(ab) B 

¢yHKllHH COCTOSIHHSI C nonHblM MOM8HTOM 

IOillRM o6pa30M: 

• nycTb npu o6pamenH~ Bp8M8HH BOIIHOBAS 

J H npoeltllH8i! M npeo6pa3yeTCH cne11y-

"' J·-M 
Tr/, ,,.(-1) t/i • 

HI .J-11 (31) 

" 311ecb 

nepexo/la 

T -onepaTOP o6pameHBSI BpeMeHH. Torna aMIUIHTyllH o6palll8HHOro BO apeM8HR 

T MOJKeT 61,1Tb 38IIHCaHa B BHJJ.8: 
•b-& 

T 
•h-a 

Dot, c,t. (A; BX-1) "b - ·-..l ..;:--zs;:+J a •h-a 
lam · ~gfm (32) 

b-& 
• a (s)(J jM M -MAIJ M )(fsmm -mb liMB-MA)(s sbm -mb Ism· -mb). 

A ·A B B B a a a . a 

HaneKC COCTOHHBSI '!-,b,, 03Hll"IlleT COCTO!IHHe, o6pameaaoe BO BpeMeHH. npHB81l8BHll!I 

aMIIIIHTyllll 
•b-a 

irm orrpenenHeTC!I KaK 

•b-a <->"' ➔➔ · C+l ➔ ·A ➔ 
gfm afdfrf, (~8 t)uf(t)1:(01),f, (-kb-g-r). 

Y"IRTbIBaH, "ITO no orrpeneneanro 

.,,c->*c-k-;> =-i+1 (kr>, 
rronyqaeM ll3 cpaBB8HR!I (_33) · H (13), "ITO 

••b-a ab 

'rm = 1 rm 

CpaBBHBBH nanee <j,opMynbl (33) H (28), BHllHM, "ITO llMlllIHTYllbl 

IIH"IHIOTC!I TOIIbKO .. CIICT8Ml1Mll ltOOpll.llHllT. 

• ba 

'rm 

nn!I llMllnHTY/lbl 1"e:'t0¢) zlrt. ; yllka xkb; 8 = k. kb ¢-0, 

13 

(33) 

(34) 

••h-a oT-
H lo rm 



llnll 
_ba -+ 
&t.., (8 ¢) z'll . .,.k b 

.... ... .. .. ... -· ... 
y'l1(-kb)x(-k. )e-kb xk• ;8-(-kb X:--k.);•cpc-0. 

lfa q,op_Mynbl ( 17) nerxo ycTaHOBHT&, 'ITO npu apamenngx 

TorJla 
'"ba • •b-a 

'it,,, B8)l8T ce6,r, K8K y t. 
'r.. CBR3811O C 'rm C.JI8Jl:YDIIlllM o6pa3oM: 

~~- t ~ 
&, =· l: D , (,r, rr-8, rr )&•boa 

t.m m' mm fm' (35) 

Yrni1 3Anepa H 

yHHT8pHOCTH 

D /18/ · 
-q,ynxnun onpeJ1enen1,1 no 3JlMOHJlcy · • Hcnom,aysi (34) H ycnoaue 

D -q,ymi:nuA,-nony'IHM: 

l: I 'l ba I 2 = l: I •b I~ 
m fm 111 

1 fm . {38) 

Tor)la, cpSBHHBa>I q,opMyllbl (20), (25) u (30), nony'IHM, y'IHTb!Bag· /36/, 

2 
ba k ab 

u·f (8) -· _!!... q·e (8). 
I a k; I s 

(37) 

TaKuM o6pa3oM, npu·pac'leTe JlHq,<pepeunuan&uoro ce~eaun o6paTuo8 peaKnuu ·B(b,a)A 
ab 

lllIH B(b,a)·A 

MO>KHO HCllO.Jib3OB8Tb llpOrpaMMy Jl.JIR Bbl'lHCl'I8llUR Ui°fa (0) , T.e, 

E na6 Q 
b II ba 

C 38)l8HHb!MH B0llH'lHHSMH 

BM8CTO o6paTno8 peaK
na6 

:E b -snepr11g 

naJiaromeA 'ISCTHllbl 

HOA llpRMO8 p88KllHH 

b B n.c. 1 Q - saeprug P08KllHH) B0Jl8M p8C'l8T JlllR qllIKTlIB-
ba 

A(a, b)B C 

Q = -•Q 
ab ba II :E na6 

a 
a+,A { Q + _B_ E na6 

A ba b + B b 
(38i 

(o6o3naqenng ananorH'IHbl npHHRTbIM B q,opMyne ( 1) ), 

PaccMoTpHM, HSKOnen, nongpuaanHIO 'ISCTH!l B peaK!lHH A ( a, b) B ,. ll}'.lH'l8M 6y)l0M 

C'lHTar&, 'ITO nonRpH38.llH>I BO BXOllHOM Kanane, OTCyTCTBY8T, Ecnu nn,r yno6CTBa JlM&neA

me!t aanucu B q:,opMyne ( 12) ofioaaa'lnT&: 

A1e. = D0 y:2
sa +.le,£ (A; B) a(s), 

2s+.l • 

TO B OTCyTCTBHe cnun-op6HTSll&HblX cnn B HCK8>KSIOIIlHX llOT0HllHS.JI8.X B0KTopna,r nongpnaa-
/7/ nag Bblll0TSIOIIlHX 'ISCTHll HM00T Bllll (nonpo6HOCTH CM, B pa6oTe ) : 

(2s+:1X2s' + lX:£' +:1){2sb + 1 )2( s + 1) 
P (8) = l: -./------- b 

b fl'ee'j- Sb 

1-f- s +:ab 
(-1) a X 

14 

I, 
;i i I 
\ 
t 
t 
I 

_11 

\,) 

;] 

x W(ss'l£'1 lj)W(sbs ss'1 ls )l:(~'lm+l, •-ilfm) x 
. b a m 

(39) 

X Im[i\,e. _A~t•.•J:em i:"e-.,,.11 ~;m I A,ia lrtm l
2

>" 1 
• 

<l>axTopbl W (j 
I 

i 
2 

l 
3 
l, ; i 

8 
l 

8 
-061,1'1llble xos.j,cj>unuenT1,1 Pruta. 

B naCTOHl!leA nporpaMMe Bbl'IHCmieTCR llOllllpH381lll>I llll>I ( d, ,p ) u ( d, n ) peaK-

nnii npn 38)18.llHblX 3ll8'10HHHX f, ;s H l.=-f.± J/2. 3naK llOllllpH38.llHH Bbl6pan B COOTB8TCT

BHH C Eaaen&CKOii KOHBennneA. nonHpuaanug B STOM cnyqae HM00T BH)l: 

~-1• (8) = :.i {j -f) ; [(f+m+.l)(l-,..)]lilm[i: i:* ), 
3 2j +: 1 -fm fm +:I 

;l'eml2 

rnABA Ill , Heynpyroe pacc8HHH0 '18.CTHIX C B036Y=0HH0M 
KOn.JI0KTHBHblX ypoBH08 B BJlpax 

(39') 

PaccMoTpHM neynpyroe pacceHnue 6eccnnnoBblX qacTim na llllpax c Boa6y=e.HueM B 

nux KOMeKTHB~blx cTene~en CBo6oJlbl, To >Ke caMoe 6yneT B cnyqae neynpyroro paccesrnng 

co cna6b!M cnunop6HT8.Jil,HblM B38HMOJl08CTBH0M '18CTUil BO BXOllHOM n Bb!XOllHOM Kananax. 

Jlng OllHCSHHll STHX KonneKTHBHblX COCTOllHHii Hnpa 6yneM llOllb3OBST&CB q,enoMenonoru

'l0CKHMH MaKpOMO)l8.JIBMH, B KOTOpb!X Jl.Jill onncanHB COCTOllHHA KB8Jlpynon1,noro H OKTYllO.Jib

noro THna ncnonoay10Tcn nepeMenable a )it ( A= 2,3.) B cnyqae nnm& KBanpynon&a1,1x ne-

q,opManntt ( A = 2 ) 8TH nepeMeHHbl8 MO>KHO Bblp83HTb 'lepea npyrne - napaMeTpbl q,opMbl 

noBepxnocTn nnpa fJ ( napaMeTp neq,opMannu) n y ( n~paMeTp neaKcnan&H<?CTn) u sA-

nepoBbl yrnbl 

xoopnunaT: 

'8 =·81 8303 - llODOpOTa Tp0Tb08 OCH BJlpa B na6opaTopno8 CHCT0Me 

Pannyc 11npa :5: 

(2) 

«
2
µ =· l: 8D .n;,. (8) 

, a0 =· {J Cosy • Siii,y 
a±;2 =· fJ ,rJ:" 

MO>KHO na!tTn H3 ycnoBnn coxpaaennn o6~eMa BJlpa 

:!R-a+Aa 
• 2 4 a 

J dO Jr dr-·...,,:aR 
• 0 0 ~ 

(1) 

(2) 

3TOMY paBeHCTBY c TO'lHOCTbIO JlO 'lnenoB 
a •a YllOBll0TBOpneT cnenyromee BbIPS>K0HH0! . 

15 



!it-R+~R ~R = 
I.a a* 

RI. a~ .. Y>. (n .. )- R >.µ. ¥ 
>.=2,a ''I' 1-' R 4rr 

(3) 

" 
nn11 OllHCaHHSI npOll8CCOB Heynpyroro pacce!IBHSI, TO 8CTb )lnll pemeanH ypaBH8HHH IIJpe

)lHHrepa c noTeaunanoM u =-U (r) + U53 (r,a>.µ) , rile B oomeM cny'!ae ueaTpan1,aa11 'laCTb 

noTeHuHana U(r) ll B3allMO)lei!CTBHe UB3(r,a>.i,) CKna)lblBaIOTC!I H3 Slllepaol! ll KynoaoBCKOll 

'!aCTll 

U(r) = 0 Kyn(r) + 0 11Jl(r) +:w Hll,norn. , 

Kyn SIJl .51.!l 
UB3 (r) • U 83 + U 53 

(4) 

Ba:>KBO npe:>Klle Bcero npaBllm,Ho BhlOpaTb u B3 • npnBO)llllll88 K B030Y:>Kll8HHIO KOnneKTHB-

HblX COCTOHHHtt Sl)lpa; ITpome acero STO C)l8naTb )lnll KynOBOBCKoro B3aHMOJl88CTBHSI, BOCnonL-

aoBaBmnc& npe)lcTaBneaneM noTeannana q:epea nnoTBOCTb aap11)la p z (1) 
ll 

K~ K~ K~ ~ 
U (r) ... U + U 

83 
(r,0 .. Z

1 
efp . (r')_ar __ 

z 2 Ii° -1'1 

ll)lpa-Mnmean 

(5) 

qTOObl HailTII SIBBOe Bblpa:>Keaae )lnH STOro noTeannana KaK ¢yHKllllH nepeMeHBblX OTHO-.. 
CHTen&aoro . _)lBHJK8HIIH r II BByTpeaanx KOOp)lllBaT H)lpa a >.it ' BbIOepeM nnoTBOCTb 

·p B Bll)l8 CTYll8H'laToil ¢yBKllllH r' : 
z2 

Pz (;'.) 
2 

I 

3Z 2 e 
Po =·_417R 3 

0 

1 n aocnonb3yeMcn paano:>KeaneM 

1 •1 
__ ~- 4rr I (2f + 1) 

11 -i°' I £m 

t I ,f+:1 
r r 

ff(rr'} =· I l/rf+:1 

(r'<fR), 

(r'>'.!R) 

t., cn1, )Yt.<O., )ff(rr'), 

:(r'.- r), 

{r'<r), 

(8) 

(7) 

ITOllCTaBmrn (8) n (7) B ¢opMyny (5) 11 IIBT8rpnpyH TOM noq:ne.aao c llOMOlllblO ¢op --

Mynbl 

18 

' 

1 

I 
1, 

;/ 

·~, 
l: 
I 
j: 

I' 

j 
,I 

;I 
. ,i 

SI- R+!\R R 

fifJ'fF(r'}ilr'•= Hn'If:F(r')dr'+ F(RO'},t-.R + F'-(Rn'}(~RT] 
n O (l o R 2 

tlony,IHM C TO'lHOCTbIO )lO 'ln8110B = a 3 cne)ly10inee Bblpa:>Ke1111e Jln11 noTeanuana: 

r)le 

Kyn_ Kyn Kyn • 
U + U B3 = I, ULM YLM 

LM 

Kyn - 2 . · J 1 1 r 2 ] 
U +·=··'4" 7. Z e o o ,(.:.l.O{r-R )+-{- --.--_ -)0(R -~) + LM · V· , 2 Lo MO r o 2 R " R' o 

0 0 

2 3 l R L Ll 
+·Z1 Z 2 e ---l-(~) 0(r-R_

0
)+:(-1-) _0(R -r)],, 

2L_+l r r R 0 R• 0 

(8) 
-1)µ 

M ~ a>.µ a>.-µ { 
•• ((-1) ~L"-M -. . yAr 

. R ·L 
] +:Z Z e

2 _J_ [L+2.!.( ......... ) •fl(r-R )-
1 2 2L + 1 2 r r 0 

).).' 
·, pµ' 

_ L-1_1_(_t_)L0{R
0

-r)Tlt,BLMa"i,a>.'µ'' 
2 . Ro Ro , 

1-'Jl 

;;:••·{-1t j.~+:1)(2>.'+:l). (ll'OOILO)(>.>.'""'~L-M), 
LM .4rr{2L+:1) 

0(:,:) [ ~ {:,:>0) , 

{ J: .< 0) 

(9) 

H)l 
Tpy)laee BblOpaTL smepay10 'lSCTb B38HMO)lettcTBHH u B3 • 3)leCb MO:>KHO BOCnonb3o-

. /8 9/ 
BaTbCSI M8TOllOM, KOTOpblft llO)lpOOBO OOCy:>KllaQTCH B paoOTaX I H COCTC>HT. B Cn8llYIOlll8M, 

8 OllTH'l8CKOM IlOT811)lHane OTBOCHT8nLHOrO )lBIIJK8HHH U ( r, R ) ( B qiop;,le ' By)lc-CaK-

coB'.a)B K4'18CTBe pa)lnyca Sl)lpa R Hallo 6paTb lle¢opMnpoBaHBbll! pa)lllyc . SI=· R + ~ R 

( ¢opMyna (3))x pacKnallblBaT& aTOT noTeannan no ManocTB ~R/R , Bhillen1111 TaKnM 06-
SlJl 

paaoM U 
83 

{ r , a>.µ ) : 

uSIJl n:n luHJl ll 

53
(r,a~)=-..9!!..· ~R + )~R) · 

dR dR2 - 2- (10) 

ITpa STOM yrnoBbl8 KOOpllllBBTbl 

OTHOCHTenbHOro llBll:>K8HllSI O 1 

n8 B ~R (3) aaMen1110TCS1 na yrnoBble KoopiurnaTbI 

(no cooopa:>KenHHM noKannaannn saanMolleilcTBHH Boane 

IlOBepXBOCTH Slllpa). Orpaan'{ll·Ba!ICb Oll!ITL nllillb 'lneaaMH nopllllKa a H all • nony'lHM: 
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llit •n 
ULM-· R•l~ 

dR 

u•.a •. I u
11
.aY* 

83 LM LM LM ' 

[(-OM a 1 L-M- --I a I' ,P.""4t ~- a,__f' (-1) )-,1-

R2 d2U lltl >.>.: 
+:-2 --2 ,ts ;r/fwa , .. a,, , • dR _,.,. ~ Al' 

(11) 

Aaanor11'lnoe· 'in,1pal!CeHue MOll<HO nony'IKT&, ecn11 pac1tn8)l1>1ean. usr.t\rR) Be no AR/R , 

a no Ar/r ) rile JlnH Ar 6epeTCSI Bblp8l!C81IH8, CXOJlH08 C (S) (113 coo6pallC8Hllll 811:Bl!IIO• 

T8Hllll81IbHOCTII 838HMO)l88CTBHH}. B cnyqae Byllc..CaxcoHOBCKOro IIOTOBIXl!ana STO npHBO)ll!T. 

K ¢opMyne ( 11}. B KOTopoll H8)l0 38M81IHTb nH!lib R Ha , ll npaKTH'l8CKH B8 )laeT 

xa11:oro-n1160 cymecTB8HHOro H3M8H8Hl!H C8'18Hl!SI neynpyroro pacC8SIHHSI, IIOCKOIIbKY OCHOBHOl!i 

BKnait e aero naeT ece paBHo o6nacT& r • R • 

lfrax, cyMMHPYB (8) H (11), npencTaBllM nonHblll IIOT8HI1Han B38HM0.11811CTBHSI B BH.118 

rne llLM 

83 (n) )l[(n) 

u (r,a~ ).• I qL(r)( LM l. )Yi'."wco,. ), 
"LM e (6apa}· 2 .. (12) 

(onepaTOphl anexTpH'l8CKHX MYllbTIIIIOllbllblX- MOM8BTOB} JI q""
1ci) IIM810T BB.II: 

. L 

(n). 
FLM-

I (IS) (n) . (n) 

LM a e• NL •.F LM ' 

L {DJ 3 z R
0 N_ a - 2 

L 4tr 
2+:L [1-,(8L2--'L~I l 

2 

(IS) 

(14) 

M 

(-1) ·aL•M(BL2 + BLl)B• I +:(.4wLO +BL I +BL 2 +BLI +BL4 +:BLI +6 Le)8n:t • 

).).'. 

• I al'I'' 
.)i.t.\'j,' LM a~ a.A,,." 

(15} 

(n) L 2 L L II.µ 
q (r) •· .!!_ l[Z

1 
Z

2 
e - 3-(.1.(~) 8(r-R )+:...Le.!..) 8(R -r))+:R~ ), 

L NL 2L+:l r r 
O 

R 0 R
0 

° dR_ 

·lC 8L2+:c\a>8 l,-.aL0·8 ,J+[t1Z:i 82 --
3

- cL+:
2 

• ..!..(3i.)L8(r-R )-
. " • 2L+ 1 2 r r 

0 

L-1,l L, 2dsi.a 
-•--·-· -(-·r_) 0 8(R -r)+: 1 R _u __ ].(8 +6 +6 +:8 +6 +6. +:8 )8 I 

2 R
0 

R
0 

· o 2 dR LO L l L2 · LI L4 LI · LO n2 

8 -· { 1 .... 0 
(m~-o) 

(m ,JD) 
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/ 
!, 

I 
·f 

I 
'! 
i1 

i 
1' 
( 
;1 
• 

11 

3)leCb ll!I)l8KC D •·J.2 03HS'l:S8T nopSl)lOK pa3no>KeHJUI 110 a "),p. H B .cny'l:ae npOCTOll 

' Bll6pa11HOHHOll MO)l811H H)lpa 8CTb 'lllCIIO ¢oHOHOB B036ylK)l8BRH, 110flY'l:8BHLIX BJlpOM llpll Beyn

pyroM paccemrnn. 

( -18 ) 
3Jl8Cb Yll06HO cpa3y )lOroeopl!TbCHi 'ITO Jllll!Bbl H3M8pHJOTCH B ¢epMII f .. 10 CM • 

a anepr1111 e· MaB ( Tor/la e 
2 = 1,44 MsB • f ) • Cpe)lll Jlpyrnx o603H8'18Hllll JIMeeM: 

'" 1/a 
R

0 
=· r

00 
A. -z:ynonoecxnll pan11yc HJlp8-MHllI8HH co CTynBH'l8TblM pacnpe)lene!IHeM 

1/a 1/a • · 
llnOTHOCTII 38pBJl8 Z 2 ., i R O =- roo (-A I + A~ ) -xynonoecull paAJ[yc 83SHMO)l81!CTBJl,II 

• 11 a 1/a · • 
llBYX 3apslloB Z I B Z 2 l R =· ro (AI + A 2 ) - P81lllYC Sl)l8pHoro n0Temx11ana •. 

3aM8THM eme, 'ITO Bhlp8l!C0Hll0 Jlnll ll[ LM ( q>opMy.llbl (IS)-(15)) IIOflY'l8HO 113 onpenene-

HIISI 

,ii = f· ( ) 2 a .,,Cn) 
LM · Pz r • r Y d r =-I 1a. 

2 LM ns:=·t,2 LM (17) 

C IIOMO!liblO Bblp8>K0HlHI )lml IIIIOTHOCTII ( 6), npll STOM OCTSBll8Hbl nHillb 118pBb18 H8HC'l038JO

lllll8 'lne111,1 pa3IIOJK8Hl!H no a >.,. • 

Tenep& nony'lnM q,opMyny .11na .11u¢~pe111111an&11oro c~'l:BHHH Beynpyroro pacceHBHH e 

paMxax: M0TO)l8 HCl[8)1{011BblX BOIIH, KOTOphlll B H8llI0M cny'lae CBOIIHTCSI Jr. cneny10meMy. J,fa 

non11oro raMHllbTOHH8Ha CHCT0?,jbl Bb1A8m110T '1110Hbl U 
83 

, OTB8TCTB8HHLl8 38 nepexo.111,1 

B anpe. Tor.11a nepexo.11 CHCT0Mhl B B036yJKA8HH08 COCTOSIHll0 xapaKTOpH3yBTCSI M8TpHllell 

(-) (+) 
T, =-.<'l' It' l'l', > r r ir (18) 

r.11e 
B3 T;,= <J,M,IU_ IJ,M,> 

3.necb q,C±) 8CTb HCK8)1{011Hbl0 BOIIHbl ( II , ( 16)}, Y.IIOBll8TBOpB10lllll8 yp8BH8Hll10 

A (+} 
(t +:U(r) -E )'l'-·(r) =0 (19) 

c cooTB8TCTBy10mnMn rpaBH'IHLIMH ycnoe11aM11, a eoi:inoBble ¢yn11:1111u IJM> 8CT&·co6cTB8H-

Bbl0 ¢YBKIIHII raMllllbTOHHaHa, OIIIICLIB810lll8ro BByTpBHHee COCTOSIHll8 CIICTOMbl. 

r.11e 

C0'l0HH0 Bblp8)1{88TCSI C IIOMOlllblO ( 18) B Bll)l8 

du =-~ .p(E )•-• _1_ •I ll' 12 
dO 1lvl r 2J, :+- 1 I\ w, If . 

mv 
1 

·p(E r ) =· (2,,11) a • 

(20) 

IlO)lCT8BIISISI B 'M8TP11llY nepexo.11a ( 18) BblpSJK0Hll8 )lllSI IIOT8BIXll8118 838llMO)l.81lCTBHsi ( 1.2) 

H ucnolll>3yB TeopeMy Bxraepa-3xxapTa 
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/. 

nony'IBM . 

w w 
< 1, 11, ('11LMIJI JI,>_, CJ, J.M, .1111,11, ).<1, H'1lL lt:1, :> (21) 

(-) . (a) . . (+) (a) 

T,r =· :S <1' r I q (r)~ (0 .. )111' I :;;..,c:1, lllll IIJ >.• 
aLM L LM • L I (22) 

'.01 L11
1

Jil(J
1

11
1
). 

IIoncTaBIIBH aTO BhlPAlK0HB0 B ¢opMyny ceqelIJlll (20) B IIpOBOAB TAM CyMMHpOBAHll0 no 

npoexnasM 

x/ 
rne 

11, II II r , nony'IIIM 

(n) 

du 21, :+ 1 B 1 .. 1 (EL), 
] • (n) ---· . ~ [ •U 

dO 21, + 1 nL e ~ t !5,«p11, ) r;. L 

( n) (a) . 2 

B, .. ,(EL)=·(.<J, ((ll!L lt:J,>1' 

0CTb np11BeneaHaH BepOHTHOCTb aneKTpH'10CKOro 113l!Y'leHHB MynbTIIIIOnbHOCTII 

·_COBIIanaeT c ¢opMynoll ( II. 25' ), B KOTopoll HSAO namb nonO}KBTb m. =·mb =·m 

L 

(23) 

(24) 

(n) 
t a er· L 

' ' II 113Me-

pHeTCll B Moapa/ CTepan;HaH. BxonlllllHil B 
(n) 

(7• 
L 

pSAH!IIIL.Bhlil IIHTerpan Tenepb HM88T BRA 

(n) ( - ) (n) (+) 

1ttfrL =· fdrxf~k,~)qL(rhe, ~k, .r). (25) -

TaKIIM o6p!130M, B 0Tnll'lll0 OT ¢opl'dynhl ( II • 18), aano BM8CTO ue 0) 

OCTSIIbHSB }K0 nporpaMMS C'leTa ae H3M0Hll8TCll. 

(11) 
Op8Tb ~ (r), 

CnenaeM pBll 38M0'1AHBll K nonyqeHHhlM peaynbTSTSM. Bo-nepBhlX, 113 Bhlpa}K8HBSI ( 18) 
(n) ( . 

nnll qL BHllHO, 'ITO OTHO!lleHH8 llnepaoro B38HMO!l8i!CTBl!ll nnll IIOT0HIIl!ana Bync-Caxcoaa 

~.ll(r) =·-• _u_o ___ ) K xyno110BCKOMY B38IIMO!l0i!CTBHIO BM08T cneny10malt nopSI!lOK Bana-
l + e:q,(•;R) . 

'll!Hhl 

X •· 

Ulllt 
B3 

UKyn 
B3 

f(f LU · -4- --) . o i::h•2(½r-R a R
0 

-u-• --), 
.B B 

(28) 

. x/ + 
B cnyqae B030y)l{AeHHll O ypoBaell aame BH (E O )(cM. ¢opMyny ( 23)) CBSl38HO C 

06b1•rno onpenenl!eMbIM B 0 C:EO) cooTaomea11eM . 
2 2 , ,/a ., 2 2 

Bo C:EO)B en. e 6apa =· Bu(EO)(r0 A 0 10 )e 6apa 

20 

rne 

KIIX 

U. z I Z2 e2 
B• ~ xynoaoBcK11il 6apbep. 0Tc1ona cnenye;-, 'ITO B oonacTH xnaccuqec-

KynoHOBCKIIX yrnoB 

.. u 
0 < 00 - -;- ' rne '18CTll!l8 llBHlKeTCll no KynoaOBCKIIM TpaeK-

TOp!IllM,11 
• . R UB • . •I 0 

m1nr =· r . E. 0 +· Sin y>' 
(27) 

IIMeeM •I 0 » 1 Sin 
2 ,·ch

2
(½~)»1 

a 
II Be1IH'IIIH8 X « 1 , TO eCTb OCHOBHOlt 

BKIIS!l B ceqea11e naeT KYIIOHOBCKOe B38IIMO!leilcTBl!e. Ecn11 .aaeprHll n~na10m11x 'ISCTIIU 

E < U 8 , To .aTo oTaomeaue x << 1 coxpaal!eTCll llIIll Bcex yrnoB 0 II Mb! !!Me-

eM neno C OOhl'IHhlM KYIIOHOBCKIIM B030y)l{AeHl!eM (Bee TpaeKTOpllll 'ISCTll!l IIMeIOT oonbllll!e 

np11nenbHble napaMeTpb1). nnll yrnoB 0 > 00 OCHOBHOll BKnan B ceqeaue aeynpyroro pac-

cel!Hllll JWeT OOIISCTb r ., R t II OTHOIIleHl!e (28) IIpl!HHMSeT Bllll 

X., 
R 

la 
Uo 

·u; 
1/a u 

A _o_ 
UB (28) 

IIocKonhKY oowqRo U 0 >> U 8 , TO ocaoBaoll BKnan B ceqea11e 6ynyT naBaTb S1nep

Hb1e CHIIhlo Bee 3TH paCCY>!<!leHIIll cnpaBe!lIIHBbl B paMKSX IICXOllHhlX IIpllon11lKeH1Ii! MeTO!lS 

IICKSlKellHblX Bona •. B TOM cnyqafl,KOrna B38l!MO!lellcTBIIe BennKo, nepBhlll nopllAOK TeopHH, 

B03MYIIleHHll 6yneT llSBSTb, Booome roBopsr, aenpaBHnbHbill peaynbTST - B aTOM cnyqae Ta-

/3/ 
KYIO aanaqy aeynpyroro pacceSIHHll MOlKHO pemaTb MeTO!lOM CBll38HHblX K!IHSIIOB . !!III! B 

cnyqae pacce!IHl!ll Tll>Kenwx qacTIIII ncnonb30B8Tb lllI!I pemeaHl! MeTO!lhl KB83HKnacc11qecxo-

/lO/ 
ro paccMOTpeHHll • IIpaKTl!'leCKII Ha aKcnepl!MeHTe C pOCTOM B3811MO!leilcTBl!ll llOII>KHhl 

Ha6n10naTbCll co 3HS'!l!TeIIbHOll BepO!ITHOCTblO nepeXO!lbl B llnpe, KOTOpbre 3anpemeahl B nep

BOM nopllnKe Teopnn BoaMymeanll. 

nanee, BO-BTOpbIX, HCIIOnb3yeMb!l! anecb MeTO!l .HCKa>KeHHhlX BOnH BHOCHT Orpaa11qeal!l1 

aa Benll'IHHY MOMeHTa L , nonyqaeMoro srnpoM npn pacceS1a1111 aa aeM qacTl!Il. 3Ta Be-

IIll'IIIHa orpaaH'leaa LID&X = 4 nnll cny'!Sll KBanpynonbHhlX ne¢opMan11ll 11 L . =· 6 ... ,. 
nnll OKTynonbHblX ne¢opM8IIHil ll!lpa. 

IIocnenaee aaMe'!aane KacaeTCll Toro, 'ITO B qL -oT6pacwBa10Tcll MHl!Mwe cnaraeMb1e, 
W 2 

IIOCKOnbKY OHH nai<JT BKnan B ceqeane = <-u-;;-> .<< 1 rne W ;i uo -MHHMSll 11 

nel!CTBHTenbHSll '!SCTll OIITHqecKoro IIOTeannana. 

rnABA IV •. MeTOllbl Bhl'IHCneHllll 

OcHOBHyIO Tpy!lHOCTb nnll pacqeTa ceqeHHll B M.n.n. npencTaBnlleT Bbl'!HCneane IIHTe
fm 

rpaIIOB TIIIIS (II•_ 18) II ¢aKTOpOB re e • PaCCMOTpHM nocne!lOBaTenbHO MSTeMaTHqec-
a b 

KHe MeTO!lbl nonyqeHH!I r!CKalKeHHhlX Bona 

HOrO COCTOHHHll II re f 
a b 
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a) 'iucneaaoe pemoaue ypaaaeau11 

BHH8 Anll HCKal!CeHHblX Bona 

WpeAHHrepa M8TOAOM <l>oxca-ryA-

Haxomneane BOnHOBblX ~ymarni! ynpyroro paccesrnHll BO BXOAHOM (a) H Bb!XOAHOM (b) 

B:aHanax. CBOAHTCSI K pemeamo ypaBH8HHll WpeAHHrepa: (f = f. ~-fb) ,. Xr (o) =· 0 

~+ [1- V(p)_ rtt+l) - C(p)lx =-0' 
dp E - p2 .E t 

(t) 

rne V( p) - llA8pHblil IlOT8HllHan, 

R - pan11yc 11npa ) 

:E - :aaepruSI c.u.M., p =· kr , k -Bona.•mcno, 

V(-p) =· 
·vo 

1 +: exp (Pt.-·Po ) a, 
+ i\l e 

1+ exp(~) 
k. a I 

+ 1/ 

exp (e.=:& .. i 
kb,-· 

Jlei!CTBIIT8/ll,Hall qacTh IlOT8HUKana B311Ta B BKA8 IlOT8HUllana Caxcoaa-Bynca. <l>opMa MIIH

MOil qaCTll UOT8HllHana B cnyqae o6LeMHOro nornomeHHSI COBnanaeT C ¢opMoil neilCTBHTem.

H0il qaCTH (t =· 1
1 

· .1/ =· 0) 1 a J:(nll UOB8pXHOCTHOI'O nornOW8HHSI llBnlleTCll rayCCOBOil 

ce=o,·11=1>. 

PanuanLBaSI 3aBHCHMOCTh 1:ynOHOBCKOI'O noTeanaana C (p) TaKall l!Ce, xax H A/Ill paa-

BOM0pHO 3aplll!COHHOil c(jepbl 

. c~ =t· 2-y/p (Pl P 
0 

E --yip. ·(3-pg/p;) < P ~- P. > 

rAe 
Z1 :l._ie 2 

y = -- - - 1:ynoKOBCB:Kil napaMeTp, p =· k' R , R. - xynoHOBCKHil paAHYC l!J:(pa. 
'bv • • 

Ilp• A0CTAT0'IK0 6om,mKX 3Ha'l9HKIIX p • KOrAa HA8pHblM no.ntlM MOJICHO npeae6-

peqb. l!lCIMIITOTKqecx•li BRA pemeHHll ypaBH8!fKH ( 1) 

cynepII03!111HH CX0AlllllKXCII If paCXO)lllIIUlltCll Bona: 

MOJIC0T 6blTb npencTaBneH B BHAe 

X f (p ) =-½!Fr (-p) +: i Gr (p) + St [:Fr (p) -•i°£ (p)] I (11) 

rne Ff (·p) II Gl (p) -peryn11pBbl8 H aeperymipBbl8 KynCHOBCKH8 BonH0Bble ¢yHB:IIHII (cM, 

rnaay IV; n. 6), sf )lHaroaanbHblil MaTpaqabli! sneM0HT MaTpl{llbl pacC8llHHll. 

O603aaq11M Re xr ,. xr , Im Xf =·Yf 7 TOrna, oTAenllll AellcTBHTenLay10 qacTh oT MHII

Moil B (1), nonyqaM CHCT8MY ypaBB8BHil 
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,, 

l 
I 
fl 

t 

I 
I 

I 

d 
2

xf 

dp 

d 2 yf 
dp2 

C aaqanhHblMH ycnoBHllMH 

=· pxf -· gyf 

gxl + PY£ 
(2) 

"f(0), yf(0)=-0 

w I:. 1/ ) f(f+l) C(p) + V(p) ~- l, g=-~( . __ + . 
2 

• 
3necb P = -.-2- + -E- .E E 1 + exp~ exp (~) 

P k a kb 

'incneaaoe perneane sTofi cucTOMbl ypaaaeaui! npoaonunocb MeTOA0M <l>oxce-ryABHHa c noc

TOllHHbIM waroM. ·3TOT M8TOA 6onee 6bICTpb1li,qeld,.HanpHMep, M8TOA Pyare-KyTTa, T.K. (2) 

ae COA0pl!CHT nepaoli IlpOH3BOAH0li H )l88T, KaK IlOKa3ano cpaaaeane, np11Mepao Ty l!C8 Toq

B0CTb. MeTon <l>oxca-ryABHHa OCHOBb!B88TCll aa npencT8Bn8Hllll Il8HTpanbHOi! pa3H0CTII BTopo

ro nopll/:IK8 ¢yHKilHH B KaKoli-na6o Toqxe qepe3 Il8BTpanbHbl8 pa3BOCTII qeTHblX I!Opl!J:(KOB 
/11/ 

BTOpoi! IlpOH3BOAHOi! TOil l!C8 CaMOi! ToqB:H ( CM. ) • 

lJ2y=-(llx)\y'!.+:-l_lJ2y'!._,_l_lJ'y"+ ••• ) • 
12 240 . (3) 

IlpHM8Hllll Bbip8l!C8HH8 ( 3) K CHCT8M8 ypaBHeaai! ( 2) B Toqxe • n • ( • n • -OTMe-

qaeT qucno maroB HHTerpHpOBBHHll) 1 nonyqHM ¢opMynbl, Bb!pal!Ca10mue 3HaqeaHll HCKOMbIX 

cpyHKUHi! Xf H Yf 

3HaqeHHH ¢yHKUHil Ha 

aa 

n 

n +:1 ware HHTerpupoBaHHH h (uanexc 

u n-1 warax HHTerpupoBaaua 

. 3 3 
Xa.+t[Cn+l+ Dn+I ]s-xn[Cn+:i•:Fn -lODn+:tD,. ],-• 

onycxaeM qepe3 

-•Xn-1 [Cn+1 • t:,,_, + Dn+1 • On -1) +yn [ Dn+t'.F n +:lO·Cn+tD n] •+ 

+:yn-1 [Dn-1 Cn+1 -Dn-t'Cn...:t ) + /1' ,. 

2 2 
Yn+:1 [·Cn+:1 + Dn+I ) ,=· y n [·Cn+t • .F,. 10Dn+IDn ),-, 

· -•yn-1 [•Cn-1 Cn+1+:D n+t D n-1 J .-•xn [ D n+t :F n +: lO Cn+1 D n.) -• 
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C 
n 

-, "n-1 [ 0 n-l cn+l -·0 n+t CD-1 J, +· t,." 

h2 
1---P 

12 D 
.F 

D 
2 + 1.. h

2 
P 

2 n 
_, b 

12 qn 
D 

n 

/',.'. = D t /',.2 + Cl /',. l l'l'~•=· ct /'J.2 - 0 1 c1 ,. 

/'J.1 
2 4 

b ( _, 1 6 + 31 66 -· . . ) 1:" 
240 60480 · •••• n 

l'J. = h2( _,_1_ 6' + ~ 6e _, ••• ·)y,, 
2 

240 60480 D 

HaqanbHble ycnolllISI nm, IIHTerpHpOBaHl!ll 0binll B3l1Tb! B Bline 

X 
-1 0~ Y_1= 0, 

•5 -5 
C _ 1= 0 '· D _1 =· 0, ,;

0 
=· 10 1 y

0 
= 10 • 

HopMHpOBKa ,pyHKUHll X f II y f npoBon1maCb nyTeM Cllll!BaHHll C acHMilTOTH'leCKHMH Bbl-
1 

pameHl!llMH (1) no nByM TO'IKaM 

(1) • (I) • I (I) • (I) r . • (1) (I) 
xf + iyf =· (mf + hnf )[Ff + 1 Gf +: (Sf +:1Sf )(Ff -• iGf )) 

' 
( 2) (2). r I (2) (2) • I · (2) (2) 

xf + iyf =· (me + imf )[:Ff +·iGe + c sf + 1 sf H:Fe -,i Gf >J. 

rne ( m f + i m f ) - HOpMl!pOBO'IHall KOHCTaHTa. Pemall =Y CIICTeMy '18TblpeX ypaB'J8HHll 
r I • l 

OTHOCHTenbHO Hel!3BeCTHblX Sf Sf H mf mf , nony'IIIM 

• 1 (I)( 2) (2) Cl) C1).l2) (2),fl) Cl) (2) Cl).r.i" C2l,..l1) -~. (_I) 
sf =-r[(yf Gf + xf Ff - xfrf -yf "£ )(x{Ff +Ye·"f-xfrf-'Yf Gt)-, 

<2l (I) (:0 CII (J)C2l Cl) Cl) (1) (2) (1)12) (2) Cl> C2l_!I). 
-( X f Gr: + Y(Ft -,xfGf -•y {Ff )(x f Ge -· Yt 1t - xf G + y (Fe·Jl, 

I 1 (2) (II (l),(l} _!1)(2) (2)(11 (2)Jl) C2l..tn (I) cn(:t 
sf=· x- [(:Ff "t +Y("f - :F(xf -yf, GfHXf"f +yf l'f -x{CJe -,yfFf) -

(l)..c2) (ll Q) (1) (:Q_{,1). (lj,j:2) (2) (lj '(l)Cl} (:0 (I) 

-(:frt-•xfGf +xfGf-Yf FrJ(yf"f +·xf:1e•-:tfFf -•yfGf)), 

. C2l Cll Cl) {:ii) CIJc 2> ~ Cl> C2) Cll ~ Cl> Cl 12 Cl> (2) <1> 2 
l'J. =· ( Ff "f +:yf. Gf -,:~ ·Xf -·Yf G ( J + (x (Gf -yfFf -'%r'Gf +·yf :Ff ) , 

r l .(I) (1) l (I) I· (]) (1) 0) I· ( I) 
1 

(1) 

Mf e - [ x f (Ff+: Sf :Ff. +:se Gf))+: y f ( Gf + Sf Ff. -Sf Gf )] . ' 
/'J. t 
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1. 1 c1,. <1> . •. Cl) . 1 <1> rn CJ> (l>_r1, • oi 
M = _[yf•(Ff +Sf Ft +SfGf)-xr(Gr+!if'Ff -Sf Gf )]., 
f /'J. I . 

( I) r Cl) I (1) 2 (I) I Cl) (1) 2 
I'll=· (Ff+ S(Ff +: sf Gr-)+ (Gr+·sr:Fr-sr Gr) 

HaneKCbl 1 H 2 COOTBeTCTBYIDT HOMepaM TO'leK Cllll!BaHllg. Heo6xon11Mo OTM8Tl!Tb, 'ITO TO'IKII 

.1 H 2 H8 nonmHbl opaTbCll cnlllllKOM 6n113KO npyr K npyry B,O 11a6emaa11e IlOT8pl! 'l'O'IHOCTH. 

Mb! 6pan11 paccT011a11e Memny HIIMH paBHbIM 5 maraM HHTerp11poBaan11. Onpeneneane mf ,·se 
np01!3BOnl!nOCb no nByM napaM TO'l8K, onnaaKOBO OTCTOllllll!M npyr OT npyra; np1!'18M onaa 

TO'IKa obma oomeil nm1 _nByx nap. Ecnu aal!neaHbl8 aHa'lea1111 Sf nm1 06e11x nap 0Tn11qa-. 

n11cb M8Hbme qeM aa aanaaaoe qucno , 1 = · 10 -,4 , TO onpeneneaue Sf aa 3'rOM aaKali-

'IHBanocb, ecnB :Ke TO'IHOCTb ae Bh1nepm11Banac1,, To peme1rne c11cT8Mbl (4) ppononmanoc:r, no 

TO'IKB ( 2) +:l'J.p ( l'J.p Bbl0Hpanocb paBHblM 10) ll CHOBa np0B·on11nocb cm11Baa11e. 

6) Bbl'l'l!Cneane KynoHOB·cKBX BonHOBbIX lj,yHKD:llll 

nn11 nony'l8Hllll HOpMl!pOBSHHblX BOnHOBblX lj,yaKnllll aeooxon11Mo 3HHHB8 BOnHOBblX Ky

noHOBCKIIX lj,yHKUHll, l1B1lllIDIUBXCll pemeHll8M ypaBH8HHH 

2 
d uf 2,y 
--+[1---

dp 2 P 
f(f +:1) luf =· 0 

p 

(5) 

/12/ · 
HaMB ucnonb3oBancH O0bI'IHO ynoTpeon11eMblfi MeTon (cM.,aanpuMep, ). KaK 11aBec:Tao, 

'IHCTHblMI! p8!Il8HIIIIMII (5) llBnllIDTCll peryn11paag II Heperyn11paa11 ~ynoHOBCKII8.lj,ymtu1111 :Ff 

H Gf • nn11 G0 II G; cnpaBenmrno cnenyIDmee paanomeaue: 

G0 (p) =· scos(-?' ln 2p +·p +:o0 ) -•t sin (-?' ln 2p +:p +.o 
0 

G'0 (p) = S cos(-,yln 2p + p +110 ) -,T Sin (-,yln 2p +·p +11
0

) 

·s =· :S ·sn ,_ 
n=0 

s = :s s n·, 
n =·O 

t=:Stn >· n =8 

T = :S T n 
n=0 

(6) 

(1) 

':!Hen~ qneHOB B 3TIIX cyMMSX 0blnD B311TO paBHbIM 25, 'IT0 nano JlOCTSTO'IHYID TO'IHOCTb. 

nnll qneaoB p11n0B ( 7) BepHbl p8KKyp8HTHbl8 COOTHOlli8HHH 
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npH110M 

( 2n +:1),y s 
SD+l =- 2p (D +·1) D 

(2n+·l).y 
t =- t + 
D+'.r 2-p (n +.l) D 

•y
2

-n(n·+: 1) 

2p(n+·l) 
t II 

•Y 
2 

-n(n +l) 

2·-p(n +l) 
SD 

(2n+l) •y
2
-n(ntl) s+l 

SD+'.I -- SD - TD _....,,__ 
2p ( n + 1) 2-p (n + 1) p 

2n + 1 -/-n(n+:1)-
T =- T t 

D+'.I 2-p (n +.1) D 
t -· 1 s - ..!._ 

so=- 1 , s = I 

,y 

2-p 

2p (n +:1) D p 

S =- 0 
0 

,ya-,,y 
S =- --2 

I 2-p 

2 
·Y 

2-p 

t
0 

=- 1 , 
2 

·Y 
ti= 2p 

y 
T =· 1-- T =- ,y2 ,y 

-+ --o p ' I -p2 2-p 

CyMMbl J'.IOmKHbl ynoBneTBOpllTb COOTHOW0HHIO 

sT - St = 1 • _ 

(8) 

(9) 

PH.l:lbl CXOJ:lllTCll T0M l5blCTpee, 110M M01lbW0 B01IH'IHHa -2'.__ • IloaToMy Bb111HC1I0HH0 ·G
0 2-p 

H G";,- aeo15xonHMO aa11uaaTb llpll .l:IOCTaTO'IHO 150JibWOM p • KpuTepHll Bb115opa ·p 

l5bl1I B3llT B BH.1:10 

. 5 ( 2 
P ~- 12 y - .4,y + 3) 

(10) 

Ecnu nocne Bb111ucneaust s , , t, ,S , ,T COOTHOW0HB0 (9) Bblll01Ill0Sl0TCH xyJKe 110M C aa-

.l'.l8HHOll TO'IHOCTblO, TO aeo15xonHMO yBenH'IHTb p H llOBTOPHTb Bb!'IHCneHHSI, Mb! no15naa-

1IHCb Bblll01Ill8HHSI paB0HCTBa (9) C TO'IHOCTblO no 10-6, B cny11ae 11eyna11u yaenu11uaam1 ·p 

Ha 10, 

Ilocne Toro, KaK Go H G~ onpeneneHbl C llOMOWblO pHAOB (7) B T011Ke -pmax , 

3Ha110HHSI Go H Go· B HY)Kllb!X TO'IKax 11axoJ:1H1IHCb -.,ucneHHb!M HHTerpupoBaHH0M ypaB-

.H8HHSI (8). PeweHH8 ypaa11e11mr (5) ocymecTBllst1IOCb M8TOJ:IOM Pyare.:.KyTTa C llOCTOstllllb!M 

waroM A-p ,. 0, 1 , TaKoe a11a-.,enHe wara naaano aeol5xonuMyro To-.,11ocTb (owul5Ka B 

Bbl'IHC1I0HHH ,jlymronll COCTaBnstna ll0CK01IbKO 0.l:IBHBil mt Toro aHaKa), 

KaK nmt "Gt , TaK H J:lllSI '.Ff cnpaaennHBbl peKKyp0HTllb18 COOTHOW0HHSI 
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K 2 . 2 K 
[ 2 c· >

2

1 .. [-r + t 1 _ _ ·r 1 
1 

<P> 
-y + Lt'.1 (· )+ ---,-- U. (p)--(2f+ lH-- + - -lie . 
---- ul+:1 P e t-1 ect+ 1) ·p f + 1 · 

[..2'....:.. + t +.lhe (p)-'i(p) 
.2 + 1 p 

2 
[,y 

2 K 
+ (l + 1) ] , 

t + 1 

( 11) 

u f+:1(p) 

CooTHOW0HH!il ( 11) MoryT 15b!Tb 11Cll0llb30Ballbl JlllH G f Ha11HH8!il C MSllb!X f B CTopoHy 

15ollbWHXl llll!il Ff - C 150JibWIIX e B CTOpolly Mallb!Xi B npOTIIBHOM cny11ae 15b!CTpo HSKan-

lll!B80TCSI 150Ubll'.(aH OWH15Ka, TToaToMy nmr Bbl'IHCU0lll[ll'. Gt (t -- 1, iz, •• ,_ ,f •• ,) 11Cll0/Ib30Banncb 

3HS110Hllst "G
O 

R ·G~- , onpenen8HHbl0 H3 peweHHSI ypaBSIE!HHSI ( 5) H COOTHOWeHHSI ( 11), 

<l>yHKllHH Fe 15b!CTpo yl5bl88.IOT C pOCTOM f • TTOaTOMY MOlKHO npn15UHJK8HHO nono-

JKJ!'.Tb Fe (-p) •-0 a Ii'. (p)=faf •rne (B HaWeM cny-qae f0 =- 60 ; • < 
2
. =· 10-S ) a 

0
+1 , o"!'.o ~ o 

llOCTOSIRH8S1,KOTOpy10 Hyllrno onpenenHTh, Tor.na C llOMOll'.(blO ( 11) MOl!CllO onpenenHTb Bee 

Ff C TO'IHOCTblO )l,O KOHCTaHTbl a o , IlOCTOHllll8SI a O HaXO,!lHll8Cb 113 Bblp8l!C81lllSI 

F~ (p) G0 (-p) F0 (p)G~(p) =- 1 , (12) 

KynoHOBCKlle ,jla3bl oe (y) onpeASlllllOTCSI 113 aCHMllTOTll110CKOro pa3JIOl!C81lH!il ( 13);, 

B8pHoro .l'.lllst 15onbWIIX e ' H peKxypellTHOro COOTHOll'.(81lll!il ( 14) ~ 

oe (,y) =- a (e + ½) + ,y (fn{l -• 1)+ _l_ [-, Sina + 
fl 12 

Sin 3a 
+ 360/l 2 

a= 

Sin So Sin 7a 
D+---:--

1260 fl 4 1680 fl 6 

Oo (,y ) =· oe· -- arc lg ___L__ 
L +:I e + 1 

Sin9a + •• ], -, 
1188 fl 3 

,, 

arctg~·Y~ 
f + 1 

2 2 ·. 
fl= y:y + (f + 1) ~ 

( 13) 

(14) 

B) HaXO'.lK,!l81lH0 BOllHOBOll ,jlyHKlllIII CBSl38HllOro COCTOstllHst. 

/13/ 
Mb! CJienyeM MeToAy, npnaenenaoMy B , YpaBaeaJie ll!pe.1:11Iarepa nnR CBSl3aaaoll 

qaCTHUbl "c' HM80T BH.0. 

2 
d Uf + 
dp2 

rne B -=-,CA-= Q +:ta _,, o .-~ 'b 

(~ fp(p) _ C(p) 
-B 

f(l'+ 1) - l)uf =-0 > 
~ 

(16) 

- aaepr!Ist call'.an '!aCTBUbl 'c' B ll'..l:lpe B •- C + ·A 

'a'te''b 
llllH, 

- a11eprnn CBst3ll CBOl50.1:1HblX 'ISCTHll S , b H C , Q -aaepl"HSI peaK-
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OcTan&Hl,18 o6o31l8'18HHll CM. a ypaBH81lllH ( 1). 
TTpn 3a11a11Holt ~pMe lll18pHoro noT8Hllll8na f (-p) I op51!Tlillhl!OM MOM8HT8 £ D 

'!Bene y3noa ¢y11xnn11 ut -. n, (axn10'!aS1 yaen a 0) aeo6xoAHMO noi:to5paTh Taxy10 rny5n-

HY noTeH!lHana ·vB , xoTopaSI naaana 61,1 npaa11n&11oe 3Ha'!ellH8 a11epr1111 cBll3H B , a 

T8KJK8 nony'IHTh ll0pMHponaHH08 peme1111e ypaBH81lHSI ( 15) C 3TOlt rny6HHOll DOT8llllllana ·vB. 

B5nH3H Hyng ¢yHltllHSI u t (p) Be11eT ce6SI xax 

£+:1 
p " ut (p) , p .. 0 • 

1 
(15) 

TTpH 5on&mxx p , xori:ta f(p) .. 0' peme1rne ypaBll81Illlt ( 15) MOJK8T 5UTh npeACTaBnello B 

BH118 
.-p -•y 

ut (p) =·e ·p 
oo B1t+.I ) 

(1+ l: -n:'r 
lt=O ·p 

,, 
(1511) 

alt+:!=· 
t(t +·1) -,(,y+k )(-y +:k + 1) 

1 ak , ·a..J> =· • 
2(k +:l) 

TT pH l!OMOIIIH .BblpaJK8HHll ( 151) H ( 151 1) MOJKIIO onpenennTh Ha'lan&llJ,18 ycnoBHSI JrnTerpn

poaaHHSI ypaaneHHSI (15). HaTerpnpyg ypaaaeane (15) OT 11yng B CTopoHy 6on&max p 
t 

Mbl nony'IHM ¢yHJtnHIO 11! (p ) • Aaanorn-'lH0, Ha'IHHBSI C T0'IKH p max I B KOTopol! 
II' 

f(p) ,. 0 1 11 np0ABHraSICb B CTopoay M8HblllmX p , nony'IHM ¢yHKllHIO 11£ {p) 

O5a pemeHHSI CWHBSIOTCSI· B ll8KOTOpol! TO'IK8 p M (0 <pM < p max ) , '!TO AB8T aenpe-

puBHYIO ¢yHKlllllO Uf (p) B HHTepBane (0; P max ) , HO npoH3BOllBBSI du f /dp 

B TO'IK8 'PM' TepnHT pa3p1,1B. Bu6op TO'IKII PM ae SIBllSl8TCll KpHTH'l8CKHM. Mbl BU6panH 

PM =· p
0 

=· K R
0

• B KS'I0CTBe Pmax 6panach T0'IKa, B KOTopol! ¢yHKllHSI uf na11ana 

--3 
110 10 oT caoero 3Ha'leHHSI npH p=·p 0 • 

V On) f(t+l) ) 
O6o3BB'IHM - = :w : ~ + --- -· D. , ypaBH8HHe ( 15 nepennmeTCSI B BHA8 

B B ·p 

u( + [Wf(p)- D -11,uf =-0 • 

IlyCTh nepB08 npa6nHJK8HH8 K HCKOMOMY W 5yAeT ·wO, , T.e. ·w =),W o t TOrAa 

n?· (W 0 • f(-p)-D-l)uf =(l-.\)W0 f(p)"t. 

YMHOJKHB o6e 'IBCTH ypaBH8HHSI Ba u f 

ny'IHM 

H npOHHTerpHpoBaB OTO 110 
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( 10) 

no p , no-

;:. 

2 . 

lat•(~+ W0 f(p) -U-l]uf dp 
1-0 dp . 

fW0 f(p)u~ dp 
0 

(17) 

Paao5b8M B (17) npeAenbl HBTerpapoaaHHSI OTO AO p II OT p AO p • HaTer-
M M ma.s: 

·panaMH OT p max AO 00 npeae5peraeM. <l>yHKllBSI u t , onpeAeneallaSI xax pemeHHe 

ypaBH81lHSI ( 15). o5pamaeT 'IHCnHTenh ( 17) B. BOnb BCIOAY' 38 HCKnIO'l8BH8fd TO'lltll p ' 
M 

rAe 88. llpo113BOllH8SI TepnHT pa3pb1B'e Bu'IHCneBH8 ASH 

D 

[(/{u1{') -(~it;>¾ lP•Pw 
.\-1- t 

ulI" PM 2 pr·as 11:2 . <..::P..> -lf,11~·w 0 f(p)dp+ u W
0

f(p)dp 
• uf p=pw o PM 

(18) 

TaKHM o6pa30M, 3Sll8BWHCb HCXOllHblM 3H8'18HH8M ·w O ., onpeAenSieM ¢yBK111110 u f 18-

MHOJKHTenh .>. • &.HB B cne11y10meM npa5nHJK8HIIH ·w, =· Al WO ' II0BTOpS!eM 9TOT 

nnxn, onpenenSIH ·w
2 

=· ,\
2 

W 
1 

11Ba nocneA0B8T8llhHblX 3HS'l8HHH A 
, ii (,a .. 10-2 - 10-a) • 

HTepanHOHHblA nponecc C'IHT88TCSI 38KOH'l8HHblM, ·ecn11 

OTnH'ISIOTCSI M8HhW8 '18M Ha 3aAaHay10 B8nH'IIIHY 

<l>yax1111S1 Df , aa!meaHaH npB onpe11enea1111 nocneAaero 3Ba'l8BHH .\ 

Ka'!eCTB8 ~IICKOMoll. Ee aeo6xoAHMO aopMan1130BaTa Tax, 'ITO0bl 

.. 2 
f ut (p) cir = 1 • 
0 

, oepeTCSI B 

(i9) 

OneHKa Ha'lanhHoro 3H8'18HHH rnyoHHbl HMbl MOJK8T 6b1Th CAenaaa H3 cn8AYIOWHX COOTopaJKe

HHl!. Bo3hM8M lllIH npoCT0Tbl ¢opMy II0T8H11HanbHol! l!Mbl llp.HMOyron&aoll C rny6HHoll ·v II 

paAHYCOM Po =· k R O • CBR3aHByIO 'IBCTHIIY 6yAeM C'IIITSTb B83apSIJK8lIHOll. YpaBH8Hll8 

( 15) nepel!AeT .B 

,, ( 2 f(f+:1) ) O ut +· " - --- ut =· • p2 
(20) 

nn.H p> ·p a 2 __ , 1 
0 

H 11£ A88TCSI ( 15) IIpH •}' =· 0 ' AnR
0 

·p.<p O -pemeHHe 8CTh 

c¢epaqecxag ¢ymcnHH EeccenH • 

2 ut .. it (ap); " V -1 • a 
TTpH P > Po Uf ae HMeeT y3noa, a n ,a, y3en jf (ap) 
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npu ap •·(n + ½Orr , , 

TeM caMbIM nm1 ·p
0 

Taxux, 'ITO 

(n +:1)+:½f )rr > ap
0 

> (n +:½f )rr 

y q>yHKilHD j f (ap ) 

ap
0 

=[n + ½(f+ 1)]., 

B DHT8pBa11e O .< p <p O eCTb D yanoB, Ecnu B3DTb 

1 TO 

2 

. V [n +· ½ (f + l)l , 11 
2 

w,.
8

=1+ 
po2 

(21) 

(21) MO>K8T 0blTb ucnonb30B8HO AIID onp';'Jl81I8HH!I H8'181IbHOro aH8'18HHH Vo I COOTBeTCTBy-

romero aa)laHHblM KBaHTOBbIM xapaKT8pHCTHK8M f D D, • 

B nponecce HTepannn -qucno yanoa KoHTpolIHpyeTcD, Ecnu nony-qaeTcH q>yHK!1HH uf 

C aenpaBBIIbHblM 'IBCIIOM yalIOB D' 1 TO aaa'l8HB8 V aaMeHH8TCH Ha VI I onpene-

eMoe Ha (22) 

Vi 
--a-= 

2 2 
·p 

O 
+ [n + ½ (f + 1)] 11 

2 

p2 +{n+:½(f+1)]2112 
0 

(22) 

rne n - aanaaaoe 'IBcno yanoa, a n'- - nony'leHaoe, B HTepaIIHOHHbl8 nponecc npo-

Il0II>K88TC!l, 

r) 8bl'IHCII8HH8 K03q>q>HilH8HT0B 

/14/ 
Cornacao CMHTY , KOaq,q>HllH8HTbl 

fm 

rfb fa 

fm 

r fb fa 

fm 

Dfb f. 

( II' 22) npe)lCT8BII!lioTCH B BHile 

fm fo 
rf f = D 

:i, a fbf 8 

(23) 

fm I 

rae De f BhtpamaeTcll -qepea 
b a 

3j -CHMB0II 

fm = c<2e. + 1)(2fb+:1)(fb-,lm I) 1 

°rbfa (fb+:lml)I 

Ii ~-f 8 +:m . f-t,_ f . f ) 
l,•(-1) ·<mu~m (24) 

fm 
n1111 Bbl'IHCII8HH!I K03q>q>HllH8liTOB Df f 

b a 

meHH!l, Ha pexxypeHTHoro CO0TH0ID8HH!l no 

CII8JlYIOlll88 pexxypeHTHOe CO0TH0ID8HH8 IllI!l 

YJlO0HO HcnonbaoBaTb pexxypeaTHble C00TH0-

/15/ 
f· AII!l- 3 J - CHMB0II0B ( CM, ) nony'IHM 
a fm 
D~f. no f. = A ; 

30 

t.. 

D t b >. B :F (lb • .. A + 1 ' ,f ) 

tm t.. 
[m D0 , . - F(fb, A+:2,t ), D, , _

2
1, 

~b ... +.I Lb A+. 

(25) 

(A-,fb +f )(A+:lb-f)(A+.tb +f + l)(fb + :f-,A + 1) K 
:F(£ b ,A ,£) •· (. l • 

.4(2A-1)(2A+ 1) 

tm 
O'18BHllH01 D •-0 

lbA+f~+:i 
(26), Hcnonb3yD, 'ITO .3 j - CDMBOII 

j J O I 
( 0 0 0 ) • (-1) ( 2J + 1 f'"-

' lo 
nOIIY'IDM Dot • 1 •. 

Ha pexxypeHTBoro COOTHOID8BU!l .!llID 3J - CUMBOIIOB cnenyeT 

(jlj2j3) m-[(jl +:J2 +:Ja -lXJ,+J,-Ja +·2) ]~( l1l2 +:l 

o 00 (J1-l2+:JaHli+:J2-la+l) 00 

H D3 BblpameHUSI (25) aa8neM 

Dfo ·•·-{ (2fb+:l)(fb +:f) 

f/1,+:f fb(2fb+:2f -1) 

Ii fo 
] . D. • - ! +f • 

<b-1 Lio 

H, uaxoaen, ucnonb3ySI Bbtpa>KeHDe .!llID 
/14/ 

3 j -CUMBOIIOB 

J
8 
-1 

0 ) 

(27) 

. (28) 

j 1 j2 
<-m m 

J +:j 1i-1:i (2j I )I( 2j2)l(J,+l2 )10, -l2 )I 
I O 2 ) - ( -1) [ . . h 

(J1+:2J2+:1)10 1 -m)I (J1 +m)l(J 2 -m)l(J 2 +:m)I 

nony'IDM pexxypeBTH08 COOTHOID8HD8 no m 

fm -l (f-m+.l K fm-1 
Dee e = --- l--,,---l De ·e t 

b b+ (fb+:m) f +:m b b+ (29) 

t.. 
KpoMe aToro, H800XO)lHld0 Y'IHTbIB8Tb, 'ITO f,A/b,m ~ 0 u De f -•. 0 ' ecnu 

b a 
fb +:f + f - H8'18TH08, TattHM ot5paaoM, DC1101Ib3YSI Bblp8lK811DSI (23)-(29), MOJKHO 

a fm 
Bbl'IHCIIHTb K03q>q>HilH8HTbl rf f 

b a 
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nl Bb1'IHCll8HH8 no11HH0MoB Jle:>1<aHnpa 

nm1 Bbl'IHC118HHSI npHC08llHH8HHbIX D0IIIIH0M0B Jle:>1<all!l.p8 ucnollb30B8IIUCJ. C118ll1JOIIIH& 

CO0TH0W8HHH: 

Po 
-1 

0 
pf 

I 

pt 

0 
0 P0 =· 1 , 

m 
pf (+:1) = 0 , 

m>l 
pt 

1 [ f C1 o r (2 -,l)Cos8. Pf_, -,(t-OPf_~l 

e 0 
=· --- [-,Cos8 P + 

Sia 8 f 

0 

Pf_,], 

0 , 

m-1 m _, 

· -(f- m +:2)(f +.m -,l)Pf P; =· 2(m-l)ctg8Pe 

r JIABA V • H11cTpy1muH x nporpaMMe 

l.Onuca11He p ·a 6 0 T bl nporpaMMbl 

nporpSMl\68 C0CT0HT U3 '18Tblp8X 0/I0K0B: 

{30) 

1. 8bI'IUC118HU8 BOIIHOBOII <pyHKilHH CBll38llHOI"O C0CT0llBUll uf - 61101: '!ut '! .• 

2. C'18T KYII0H0BCK0r0 B0IIB0B0r0 yp8BB8HHll llllH Hall8T8JO!II811 B: Bbill8'1'8.JO!II811 'IB.CTB:Ilbl-

6nox. •K•. 

3.· CqeT B0IIH0Boro ypaBH8HHll 11a11eTa10mell u Bblll8TB.JO!II811 '18CTB:Il no M8TOJXY 4>oxca

fyllBHH8 C np0H3B0llhHbIMH H8'1811hlibIMH yCIIOBHHMB U CWUB8BU8 HX C xy110BOBCKUMU 

6/IOK '4>f' • 

4. 8bl'IHC11e11ue yr110Boro pacnpene11eBUll I ·du· ( 8 ) I 
IT dO 

BbI118T8I01II8II '18CTHilbI U UHT8rpa11a 2rr f ~ ·sili 8rJIJ 
0 ell 

H no1111pu3ana:11 P, (8() 

DIIOK ·0·. 
STH 6110KH noo'lepenao paooTaJOT B naMllTH, Hx.noc11enoBaTellhHoll paooT0II pyxoBoABT 

opraHH3ylOIII8ll nporpaMMa (On) l B ee cpyBKilllH T8UK8 BX0llHT O0BOBll8BU8 BC nepen pa6o

TOll K8:>Kll0ro 61101:a,H nonroT0BKa KOBCTSHT,()n C0CT0HT H3 lXBYX '18CTell. 

Bo Bp8Mll paDOTbI nporpaMMbI HCn0llh3YIOTCll llBB. MarBHTO(pOBa. Ha K8:>KllOM MarllHTO

(pOB8 2-ll H 3-ll u 4-ll 3Qlibl UCD0llh3YJOTCll llllll xpaB8HHll nporpB.MMbI: 

2 30B8 - D0CT0llBBbI8 napaMeTpbI nporpaMMbI, u f 

3000
8 

K0ll0B • 

3 30118 - On-2, 4>f. nmrna 30Hbl - 2000~ KOllOB. 

4 30118 - 0. n11Hll8 30l!bI - 2000
8 

K0JX0B. 

1 On-1 , K ; JXIIHBa 30llbl -

~ r J 
nHT8ll 30118 HCn0llh3Y8TCll nm1 xpaaellllll K034""IIUH8BT8 CWllBaBllH mt =·m f +:1D1f 

(0 '>.J $ f m•><) • 
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Ha MJI-1 aanUCbIB8IOTCll mf llllll 118118T8IO!II8ll '18CTllllbI1 Ba MJI-n- llllH Bbill8T8IOIII8lll 

Jllllllla nllT0I! 30HbI - 200
8 

K0ll0B. 

l!JecTall 30H8 MJI-1 Hcno11h3yeTCll llll.11 xpaaellllll <pyBKilllH ut , nmrna ee - l0008 KO-

ll0Bo 

OcT811hHble 30HbI, H8'1Hll8ll C 7-11 ' Hy:>KHbI llllH xpaHeBHSI B0IIH0BbIX <pyrumHII 11aixeTaIO

mei1 H Bblll8Ta10mell '18CTHil, ll11HH8 Ka:>Knoll 30Hbl - 10008 K0ll0B. 

O6IIIHII 061,eM naMHTII llllH xpaHeHHH 0llB0II <pyBKilHI! X no BCeM f = 30000IO KO-

ll0B. noaToMy llllH Bepxaero npeae11a HBTerpana M0:>KB0 BbIDHpaTh B8IIH'IHBy 

30000 R = ma>< 
2(fma,.. + 1) 

• ~r • 

Ha npaKTHK8 3Ta B811H'IHHa Rmax r.opa3no Mea:bme. 

Pa6oTy nporpaMMbI B8'1HB88T DIIOK .HP (Ba'lano paoOTbI), BB0llHMbIII C nep<poKapT. HP 

BB0,!IHT· rrapaMeTpbI llllll O0C'IHTbIB88MOII peaK!lHH, nepenHCbIB88T nporpaMMY C 1-ro 611oxa 

MJI Ha ME- II , a:acTpanBall ee no BX0llHbIM napaMeTpaM, 3aTeM Bb13bIBaeT B MO3Y xoa:-

CTS.l!Tbl H OTT-1. OTT-J Dbl'IHCIIH8T H8K0T0pbI8 B811H'IHHbI, 38BHCHIIIH8 OT BX0llHblX napaMeTpoB, 

H BbI3bIB88T B MO3Y DIIOK • Uf ,. K0T0pbii1 BbI'IHCllll8T B0IIH0BYIO <pymmnro CBH38HH0ro coc

T0HBHH H 3anHCbIB88T ee B !t-10 30HY MJI-1. nanee n0llC'IHTbIBB.IOTCH K)'.'II0H0BCKH8 B0IIB0Bbl8 

<pyHKilHH llllH 11a11eTa10mei1 '18CTHilbI Ft. , Gt. {O.'S..f. ·!:: f max))H 3H8'18HHH <pyHKilHll B T0'IJl:B.X 

(nor ) nmt CWHB8Hllll coxpaHHIOTCH a:a ME-I. 3aTeM BbI3bIB88TCH DJIOK •4>r• H Bbl'IHCllll-

IOTC!I <pyHKllHH Y, =·Zf + lye , K0T0pb18 083 Y'l8Ta KOS<p(pH!lH8HTOB llllH CWHBB.BHll· (mt °j 
'~a ~ a 

38nHCbIB8IOTCll B noc11enoBaT81lbH0CTh 30H, H8'1HH8ll C 7-i1, Ha MJI-1. OnHoBp8M8BllO paooTa-

eT nporpaMMa CWUBB.HHHo CmnBaHH8 llp0H3B0llHTCll nocnenoBST811hl!O B Tp8X rpynnax T0'l8K 

(no f) • Ec11H ll/ill nepBoll rpynnbI He nonyqaeTCll Tpef5yeMaH T0'IH0CTh CWHBalUIH <pyHK1tHll 

( r. = 10-4). TO noc11enoeaTe11bH0 Bbl~HPB.IOTC!I BTOpall H Tp8Thll rpynnbl. Ecm1 :>Ke. H B 

3T0M c11yqae He BbIIl011Bll8TCll TpeoyeMall T0'IH0CTh, TO paooTa nporpaMMbI npeKpamaeTCll -

( CM. r11. IV • nyHKT 2) •. Kosq,<pH!lll8BTbl llllll CWHBB.HHH aanHCbIBalOTC!I B nllTYIO 30HY, MJI-1. 

CmnBaa:ne Mo:>KeT npoH30IITH HIIH llllll r <Rmax' HIIH :>Ke llll!I r>~max. B c11yqae 

r > R max 38nHCb <pya:xnnll x
2 

11a nea:Ty npeKpamaeTca. 

floc11e Toro, KSK C0C'IHTSHS. <pyHKilHll X fa , BH0Bb noc11enoBaTe11bH0 BbI3bIB8IOTCll 

0IIOKH 'K' H '4>f', K0T0pbte H8CTpaHB8JOTCll Ha C'l8T BOIIB0B0JI <pyHKIUII! Bb1118T810Dl8ll '18.CTH-

ltbl Xf • STa <pyl!Kllllll 3anHCbIB88TCll Ha MJI-TI 8.HanorH'IH0 X f 
b a 

C11eny10mHM BbI3bIB88TCH DII0K ·0·, KOTOpblll Bb13b1Ba8T C MJI-1 H MJI-2 <pyHKilHH 

Uf , me . , m~ H II0, 0AH0II 301!8 C B0IIH0BblMH <pyHK!lllHMH Xf 
a -,, . Rpax • 

eT HX HS KOS(p(pH!lH8l!Tbl CWHB8l!Hll, C'IHT88T J Xe Xe Uf ...!ll._ 
Ron a b r 

MeTony CaMncoaa a,na11ee t yrnoBoe pacnpenerrea:ne .d,cz.:. n no11llpn3ann10 .llllSI j =·f -·½ , 
f + ½ C 38.llSHHblM maroM no 8( 0 5: 8 .s 17) • (!(} 

H 
Xfb 

, yMa:o:>1<a-

C nocTO!IHl!bIM maroM no 
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2; BxOAll,!ISI llll<pOpManHsi 

Bxo.D.Hblll napaMBTJlbl, xaprutT8pH3IIpylOIIUl8 p88KlllIIO (aapstnbl !1/ICTHn, MaCCbl ll T.A.), aa

ASIOTCSI B BHA8 A8CSITH'IHblX KOHCTallT B TSKOM BH.D.e: 

N• .11'181!:KH -
-

0020--

0021 

0022 

0023 

0024 

0025 

0026 

0027 

0030 

0031 

0032 

0033· 

0034 

0035 

0038 

0037 

0040 

0041 

0042 

0043 

0044 

0045 

0048 

0047 

0050 
I 

0051 

0052 

0053 

0054 

0055 

Ta6nuna 

KOHCTSHT:t,I 

2 

a11epr11.11 11aneTaromen qacTHnbl (B n.c.) 

Q peaxn1111 

Macca HApa A 

aapsin HAPS A -Z A 

CilHH sinpa A - J A 

uacca SIApa B 

aap.1111 sippa 

CllHII HApa 

11ym, 

roo 

Boo 
ro 

Ok 

.v .. < 0 

·w .< o 
a 

ro .. 
r• 
Olt 

a .. 

b a 

·vb.<0 

rb 
Ok 

Bi, 

bb 

} 

B-ZB 

B-Js 

Macca 'ISCTHllbl a 

Hynb 

Macca 'IIICTH!lbl b 

Macca CBSl38HHOil 'ISCTH!lbl C 

napaMeTpbl AnSI CB.1138HHOir '18CTH

nbl C 

onTn'leCKHe napaMeTpbl All.II 'IIICTH

llbl B -

OllTH'l8CKH8 napaMeTpbl All.II 'ISCTll

llbl b 

f O - op611TanbHblll MOM8HT 38XB8'18HHOll 'IBCTH!lbl ( B 8A. 1r ) 

n, - 'IHCllO yanoB pa.D.HBnbHOll <pymtllHH uf 
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~), 

0058 

0057 

0060 

0061 

0062 

0083 

.2 
sapsin 'ISCTHnbl a - Z .. . 

38pSIA 'IBCTllllb! b -zb 
11ym. - 061>eu11oe nornome1111e \ 

1 - noBepxaocT11oe nornome11nef 

TO )!{0 cauoe AllSI 'ISCTHnbl b 

38p,!IA CBll!38HHOi!: 'IBCTH!lbl C -z 
0 

(2S
8

+:1)/(2S.,+1) 

.QllSI 'ISCTH!lbl a 

0064 £max - 'IHcno Y'IHTblB80MbIX napnnam,HblX BOllll 

0085 
Ro6 - PSAHYC 06peaa11Bl!, Bcerna xpaTHb!l! l\r , MHHHMSllLllblll 

0066 

0067 

0070 

0071 

Ro6= 21\r 
R = R -R 

E max H.O:pa 

SO - CllHII 'ISCTH!lbl C 

HyllL 

IIYllL 

0072 
£ 8 - 31!eprHH CBll3H 'ISCTHUbl a 

0073 

0074 

Eb 

£" 

b 
,,_ 

C 

MacCbl BCex 'ISCTHU ASIOTCll B 0AHIIHU8X npoTOHHoll MSCCbI; 38PHAbl B 0AHHH!l8X aapl!
-13 

AS aneKTpoHa; paCCTOHHHe - B 0AHHHUaX 4>epMH ( 10 CM). rny6HHbl IlOT8HllHalloB, Q -

peaKUHH B SHeprHH-B Mas. 

Pacnon0)!{01!He KOHCTSHT O.D.HHSKO.BO AmI IIpllMOll (A(a,b) 8) n 06paT11ol! (B(b,a)A) 

peaKUHll. 0AH8KO B cnyq:ae 06paT11oll peaK.D.HH HSAO 118lKSTL BTOpol! pa3pll.D. Ha n3Y-l. 

B cny'lae neynpyroro paccellHHll - HalKaTL nepBbll! paapHA na naY-1. 

B 0601rx cny'lallx TyM6nep 'n3Y' A0ll)K0H 6b!TL BKlll0'10H. 

nllH neynpyroro paCC0lll!Hll COA0plKHMOe Sl'{00K 0031 • 0032, 0033 COBll8A88T C conep

)KHMb!M ll'100K 0038, 0040, 0037 COOTB0TCTB811HO. 

3Ta HH<pOpMaJIBll (ua 4 nep<poKapTax) llOAKna.D.b!BaeTCll BM8CT8 C KOHTpOllLHOll CYMMOi!: 

K MSCCHBy HP, 

3. B bl X O A II a SI HH<popManHll 

du· 
Yrnosoe pacnpeAenenue "ifn- H nonl!pHaanHll P(O) u BblASIOTCH ua ne'laTL qepea 

1\0 = 2,5° s TaKOM nopHAKe: 

1-oe 'IHCno - yron 0 B pan1raa110A Mepe ,. 

du { 2-oe 'IHCllO- <Ir B Mo), 
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3-e '!Hcno- Pf-Ii , 

4-oe 'IIICno - Pf+ li 

du· 
TTepeA TeM, 1:a1: Ba'!HyT BblAaBB.ThClI dO B p OTII8'!aTa!OTClI KOHCTaHTbl C lI'I8ilKH 

0020 no 0070. 3TB napaMeTpbl OT BXOABblX OTnJI'Ia!OTCH TeM, 'ITO B H'!eilxy 0030 3anJicaBa 

rny61rna IIOT8111lllana- AnH CBSI3annoil '!aCTllllbl, Bbl'IIICnennaH nporpaMMOil c-v O ) • a B SI'Ieil-

KY 0051 - ee saeprllll CBlI3B (B MsB). 

TTocne BblAa'IB Ba ne'!aTb 

C T8CTOM ne'!aTJI. 

du· 
cfo 

4. B O 3 M O lK H O C T B 

B p OTil8'IaTaeTClI IIHTerpan 

nporpaMMbl 

211{.ll.a.:..sinOdO 
o dO 

1. Bo Bp8MH paOOTbl nporpaMMbl MOJKBO Bbl)laBaTh na ne'!aTb H8KOTOpble BenJI'IIIHbl, 

KaK, aanpii:Mep, BonHOBblO <j,yBKnBII II T.)1. TTp11 STOM HYlKHO Y'I8CTh, 'ITO np11 C'!eTe BOnHo-

BblX <j,yBKilllil )( f K Xf nony'Ia!OTCSI 'IHCna C OOnhll!HMH nopstAKaMH, Il08TOMY IlpHXO-
a b 8 

IIBTCH BBO)lHTh MaCll!TaOHb18 MHOJKBTenH, KOTOpble paBHbl 10 ' II08TOMY npH ne'!aTH Tex 11n11 

HHblX <j,yBKilHil nocneAHBil pa3pstA B MaBTIICC8 OTBOAHTClI no)l 

TO MaCll!TaOHblil MHOJKBT8llh paBeH 1. 

n , Hanp11Mep, ecn11 n =0, 

.!Inst Toro, 'ITC>Obl Bbl3BaTh Ha ne'!aTb Ty HZIH HHY!O <j,yHKilH!O, Ha .ll3Y-1 HalKHMaeTCH 

onpe11enelIHblil pa3pst!I, TTpllBO!IHTCSI Taomma· HOMepoB pa3pst!IOB II IIOHCH8HHSI K BbI!la'!e , 
'-. 

06(?3Ha'!eHIISI CM. B rnaBe IV • 

T a 6 n B n a 2 

N, pa3pst!la 

L!.3_¥_...j __ 

9 

3 

4 

4>yHKilHH, BbI!laBa

e_Jdast Ha ne'!l)TI,__ 

2 

Uf 

HeoTHOpMnpoBaHHble 

Xfa HZIH Xf IlpH 

c'!eTe no Me,l!oay 

4>oxca-fy11B11na. · 

Benn'IHHbI, nony'Ia-

8Mb1e npn Cll!HBaHHH 

TTOHCH8HHlI K Il8'!aTH 

3 

TTe'!aTb <j,yHKilllll O!IHlIM MaCCIIBOM C maroM 

6.r(26.r.$.,r .<..Rmax ), aanee ne'!aTh Benn'-

'IIIHbl: 6.p= k • l'i.r,k,-y,R (paAnyc H!lpa), p =k• R 
Vo -· B yKa3aHHOM nopst!IK8, Tie'!aTb 083 

MaCll!TaOHbIX MHOJKBTenoll. 

Tie'!aTh B Ka:>K)loil TO'!Ke r( 26.r S,r .$_Rm al B cnoa.no

pst!IKe: p =· k • t , 
Rexf ( 0.<5..f <5._f max) , .Im Xf (0-SJ .'S,_fmax ) 

( ne'!aTa!OTCSI C MacmTaOHblMH xoa<J,<J,nnnenTaMn). 

ul (0 '.:':_f.'.:':_f ma) -KynoHOBCKalI <j,a3a (0.$_crf '>..2rr), 
m{, mt, Sj ,~f, ~f ,

1
M! • KaJK-

AaSI nJ B8ZIH'IHH mf , ••. , Mf BbI!laeTCH IIOMac

CIIBHO lll!SI O .:s,f .:!:fmax' 3aa'!8HIIH B8.JIH'IIIH 

Ile'!aTaIOTCSI B llBYX IIOC.JI81lOBaT8.JlhHbIX CTpO'I

Kax; B nepBoil - MaHTncca, BO BTopoil -

nopstllOK n ; ll.Jlst '"f n m~ nopst!IOK 

llOMHOJKOH Ha 10-9. 
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BnoK 

4 

<t>r 

<t>r 

<t>r 

2 3 4 

0THOpMHpOB8HHbl8 Bbrlla'Ia B KaJKJloil TO'!Ke 

)(fa II Xfb r( R0 ~.•~Rm al B cneAyromeM nopst/lKe: 

5 Rexf ,Imxf , Rexf , Imxf ; ' 
xa~ast 113 \en11'!11H•Re )(fb h, Im x f 
Bbl!la8TCSI IIO_MaCCIIBHO Ami O -~f ·":.. *f,,, ax 

B OAH'oll ClpOKe C. M&Cilll&6HE1M 

KOa<j,¢11nnonTOM B IIOC.JI8AH8M pa3-

pst)le 

l1 

6 

7 

8 

Tiom,rnTerpan&Hast 

<!>yHKilHSI 

Xfa • k'fb • "fo /r = f(r) 

Rmax 

H11Terpanb1 _nepeKpb1-

Tllst 

Tie'!aTb B K8JKJlOi! TO'!Ke r( Roo $..r ..... Rm ax) 
ll.JISI KaJK,lOro Haoopa fa II f b B cne- . 
llY!Olll8M nopstAKe: r, fb , .fa , Ref(r), lm f(r) 

C M8Cll!TaOHb!MII Koaq,q,HnHeHTa

MH B IIOC.JI81lH8M pa3pstlle, 

l1 

f Xf • \\'.f • '1f ~=lf 

Tie'!aTb B BHlle !lByx MilCCHBOB: nepBbll"l- ll8i!CTBH

TO.JlhF.ast '!aCTh HHTOrpanoB, BTopol! - MHHMast. Ha

AOKC'annst HHTerpanoB - If b , fa • Cnoayronmll 

nopH/lOK Bb!JW'IH B 38BIICHMOCTH OT IIHll8K-

f coB: lo,f., • ·lo,f. -2 , •• ,, 1, f, + t' I t f. a••••., 
l1 

R a b o 

gmo 
lo 

r. b a o • o • o• 
I 2 f + ·2 • ,J 2 £ • ... • ·If f f If • • 

• O · • o · mav max+ o max,r.m aJ-Lo -2,.,. 
MacmTaOHbli! Koaq,<J,ruino11T D = 0 •. 

TI0'!8Tb ll.JlH Ka:>K)loro 0 IIOpO/l IIO'!aTb!O du 
jffijH p 

, •• ,;Rel• B C.JlOllY!Oll!OM IIOpH/lKO: 

0 
Im gf 

0 

I 1 I f 0 • m gf •••·• m gf 
o a 

0 ' Re i:f., , Re gf. 

MacmTaoabrl! xoa<J,¢11nneaT n =0. 

f., • l1 

2. Ecnn HYlKHO BH8CTII KaKne-.JIHOO II3MOH8Hllll BO BXOllHb!O ll.JIH IIOCTOSIHHbie napaMOT-

pbl 3alla 'Ill ( ll3MOHHTh mar no r 1 TO'IHOCTh II T.Jl.), TO HYlKHO K BXO/lHblM !laHHbIM IIOll-

nolKIITh H3MOHOHHbiil napaMOTp C a)lpOCHblM KOllOM, COOTBOTCTBY!OlllHM HOMOpy SI'I81lKII, B 

KOTOpofi CTOHT 8Ta BOnH'IHHa. 

Taonnna IIOCTOllHHbIX napaMeTpOB IIpllBOllHTCH B KOHne. 

3. 0'!0Hh '18CTO IlpHXOllHTCSI C'IHTaTb BapnaHTbI C H3MOH8HHOM O)lHOro II.JIil HOCKO.JlhKHX 

napaMOTpOB ll.JIH 0/lHOil ll3 'ISCTIIIl, TaK 'ITO He Hallo nepOC'IlITblBaTb ¢yHKIIH!O B O!IHOM ll3 

KaHa.JIOB • .llmr Toro, 'ITOObl HO C'IIITaTb llaHHY!O 'PYHKillI!O, HYlKHO- IIOll.JIOlKIITh COOTBOTCTByro

lllY!O KapTy K MaccnBy BXOllHbIX )laHllbIX, Ecnn IIOllnOJKHTh ooe KapTbl,_ TO HO OYllYT C'IHTaTh

CSI <j,yHKillIH B ooonx KaHanax. 

Tiep,j,oxapTa 'KA 0070' 

'KA 0071' 

OOXOll. C'IeTa BO.JIHOBOfi <pyHKIIHH Ha.JIOTaromoil '!aCTHilbl ' 

OOXOll C'IeTa BOnHoBoil <j,yHKilHH Bbl.Jl8Ta!OIDOl1 '!aCTHilbl, 
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N• gqellKH 

0111 
0113 
0114 
0116 
0117 
0123 
0131 
0132 

Ta6nuua nocTO.IIHHblX napaMeTpoll {o6oaaaqeaue CM. rn. IV ) 

Ta6nuua 3 

B e n u q u H a 

Illar no r(Ar =0.l) 
KOHCTaHTa aecoBnaJlelU!.II Jln.lI ,\ np11 c'leTe ul (,\ =-0,01) 

To'IHOCT~ Jln.lI CilIIIBSHHH 
Illar no 6 (M =· 'f'• 5) 
To'IHOCTb )lnH xynoHOBCKIIX q,yHKillllt (c, =· 10° 6 

) 

HHTepBan Jln.lI napbl TO'leK, no KOTOpblM npoll3BO)lllTC.II CilIHBaH110(=-300:tu) 
HaTepBan llll.ll BJlBYX rpynn TO'leK, B KOTOpblX nocne)lOBaTen&HO npo11s
B0/1IITC.II CII{IIBaHIIO (•-30• ~r) 

5, B C Il O M O r a T e n b H bl e I( p O r p a M M bl 
]ln.lI 11cnon&aoBaH11.1I nporpaMMbl .. Bbl'lllcnelIHe yrnoBoro• pacnpeJlenemrn II non.1Ip11samm .. 

H006XOJlllM pHJl )lOilonHHTenbHbIX nporpaMM. Pa6oTa c HIIMH Ha nyn&Te .:>JlllHaKOBa: BBOJl H 

nycx, ecn11 cyMMbl HO COBilSJlYT- nocne pa60Tbl nporpaMMbI - ooTaHOB 17 0 0 o. 

1 ... nepellllCb nporpaMM nK _,Mn- 1 .. Hy:>1ma )ln.lI Ha'l81IbHOlt san11c11 6noKOB Ha neHTY 

Hnll )lmI sanHCII B cnyqae nop'III neHTbl II T,Jl. 

BmiKII B qy _cTaB.IITCSI B TOM nopll)lKO, KaKolt yxasaa Ha MaCCIIBaX nepq,oxapT B nopS!Jl

ie !IOM8p0B SOH, 

Bee 6noKII IIMeroT KOHTpon&Hbie CYMMbl, 

2, .. nepenHcb nporpaMM Mn-I .., Mn-n .. 11 .. Mn-I + MJI-lll ... 3Ta nporpaMMa HylKHa 

)lnll Toro, 'IT06bl xpaHHTb 6noKII Ha aecKonbKDX nOHTHX, 

3, 'Bb!BOJl nporpaMM Ha ne'laTb II nepq,opan1110'. 3Ta nporpaMMa BbIBOJlHT Bee 6no1rn c 

neHTbl Ha nepq,oKapTbl II BOCbMepD'IHYIO IlO'laTh. Caaqana npOIICXOJlllT nepq,opan11H no Cl1-16 

( CMo IIHCTpyKillllO), Sa TOM nocne OCTaHOB8 - nyCKOM nO'laTb no CTT-07 ( CM, IIHCTpyKUDIO) • 

4, 'BHeceu11e 11cnpaBneHm::i Ha Mn-I' B soHbl 2, 3, 4. 

K STOH KapTe noJlKIIa)lb!BBIOTCSI 11cnpaBJieHHSI C aJlpOCHblM KOJlOM, COOTBeTCTBYIOlllllM 

TOil gqeilKe, B KOTopyro HylKHO BH8CTII 11cnpaBneH11S1, II KOHTponbHOil cyMMOil, 

3AMEtJEHHE: Enox11 •~f •~-11 II 'laCTb 'H' BbISbIBaroTcH B naMSITb He Ha cBoll MecTa 

np11 BHeceHIIII ucnpaBneHmt, noSTOMY a)lpeCHbl8 KO)lbl )lOnlKHbl IIMeTb nonpaBKY,' ut ,, BBO-

nHTCSI Ha'111Ha.1I c gqellKD 0250 (BMeCTO gqeAKII 2000), ll qacTb 'J.1' ~ c gqeAKH 1700 

\BMeCTO,.II'leAKH 1020). 
5. Bb!BOJlbl, BblBOJl.lITC.II pat50'lll8 gqellKII (PH) II nporpaMMa np11 aBaplllt!IblX OCTaHOBax. 

TTPHMEtJAHHE: BcnoMoraTen&Hb1e nporpaMMbI pa60Ta10T c Mn-I, nosToMy ecn11 neH

Ta CTOHT Ha JlpyroM 6noKe,. TO HYlKHa COOTB8TCTBy10ma.1I KOMMyTaUIISI, 

6. PasMeTKa ne!ITbl, Tax KaK paSMOTKa II8HTbl !IOCTaH)lapT!Ia Ha pa3!IbIX MalllIIHaX, TO 

yKa3b!BaeTC.II nop.lIJlOK pasMOTKH sou: 
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6, Pa6oTa II a MailIH!IO 

1. Jlng pa60Tbl nporpaMMbI Hy;>KBhl )lBa 6noKa Mn H )lBa MB { 1 n 2). 

MarHHTHble neHTbI MOrYT cTo.lITb Ha n1060M us 6noKoB, KOMMyTan11S1 Mn II ME - Ha 

I '11 11 • 

PelKDM pa60T1>1, MJI H ME - 'B3', fcnu, KpoMe OKOH'laTen&HbIX p_esyn&TaToB, Hyll_Clibl 

81Il8 J:tOllOn!IHTOllbHble Bbl)l~'DI !I8 Il8'111Tb, TO Ha;>KHMalOTC.II COOTBeTCTBYIOlllHO paapll)lbl 'Jl3Y-1 

H BKlllO'laeTCSI TyM5nep Jl3Y. 

MaccHB HP BM8CT8 C BXO)l!IOll nmpopM8IlD81t CTaBHTCSI B tJY, H .IiSl!CHMB.OTC.II K!IOilKa 
. -

,'BB;;A,. CqeT AOnlKe!I HAT~ aBTOM8TH'l8CKH C OCTSHOBOM B gqeJtxe 1302 nocne Bbl/18'1H !Ill 

Il8'111Tb pesyn&TaTOB. 

nPH MEtJAHHE: B cnyqae Heynpyroro pacceSIHDSI HylKHo HalKa1:& Ha Jl3Y-1 nepBbilt 

paspstA,. B cnyqae o6paTaolt peaxnun - BTopoll: paapstJl; BKnlO'IHTb TyM6nep 'Jl3Y". · 

' 2. OcTa!IOBhI, -npeJlycMoTpeHHble 6noKaMII 

N• .II'!Oll:KII B11Jl ocTaaoaa IlpD'IDHa ocTaHoBa YcTpaHeHne 

3aBh!IlI8H8 TO'llIOCTb AIISI Ha Jl3Y-3 Ha6paTb B JlQC.IITH'I-
I 

2435 ' 17 5252 5252 5252 
Kynoaa HOM BHJlO 6onee rpy6oE! 'l!lc

no ·D H8)KaTb 'nycK', 

2563 

1302 

3aBh!IlI8lI8 TO'IIIOCTb JllI.II 
17 5252 5252 5252 crnnaamrn 

17 0 0 0 KoHen cqeTa 

ITyCKOM . IIpOAOIIlKHTb .• C'leT C 

Inf ' He YAOBII8T,Tpe6, TO'IHOC
TH, unn IISMelIHTb E f B H'I. 
0116 H H8'18Tb C'IOT caaqana. 

3, C6on. Ecnn B rrponecce 'pa6oTbl nponsornen c6oil, TO rrpoBep.1IeTc.1I co11eplKHMoe gqeJt

KII 0777. a··qy CTBBIITCSI c6ollHa.lI nepq,oxapTa, o60SHS'l8!IHaH TOM )KO KOJlOM, KOTOpbllt aaxo

AIITCSI B .1I'lell1te 0777, CT11paeTc.1I M03Y 11 1Ia)K1IM8eTc.1I KHOnKa 'BBoA', A,BTOMaTH'lecKn 

C'leT 6yJl_8T npOJlOn)KOH, Ecn11 )KO npo11aornen-c6oil, IICIIOJJTIIBililllt .II'!Oll:Ky 0777,_ TO nonxna)lb!Bll

lOTCSI c6oltHb18 KapTbl TBKIIM o6pasoM: 

a) TTpo11sornno HOCKOnHKO pas 06pamea11e TOnbKO K Mn-I - IlO)lKnanbIBaeTC.II c6oll:Ha.lI 

xapTa 00 0000 0000 0002; 
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6) 11ocne aa11ncu aa Mn-I 11pcmaomno onna unu ae~KollbXo,. paa •ot:ipameaue· K Mn-n 
IIOJlKn;llb1B80TCH KSpTa 00 0000 0000 0004; 

.B) onnn 11;11· necKon~Ko pa~ t:iblno 11011epeMennoe ot:ipameHRe :it Mn-I _u Mn-II,- 11~11.:. 

KHSllblBaeTcH xapTa 00 0000 0000 0000. 

rnABA~.lnPHnO)l(EHHE 

• Ilpu ot:ipat:ioTxe sKcnepnMenTanLHbIX llSH~blX yllot:iao 3HSTb, xax B3MensnoTCH Teop~TB-
, • .... ! 

. / ' , I 
.,iecxue ·xpBBble npn napuannll roro 11n11 11aoro napaMeTpa aa1Xa't11 • .Llna SToro t:ibln p~cc.'IHTaH 

PHll ltP!'BblX llllll (dp) peaKUIIII, KOTOpble DpllBOllHTCH Ha PlllCYHKSX 1-8. Ha KSJKllOM H3 HUX 

HM88TCSI CTSHllSpTHSH KpHBSH, UpOB81l8HH~SI cnnomaol! nuauel!, KOTopasr paCC'IHTSHS np11 cn~

llYIOill8M na6ope napaMeTpoB (,Cr n ( dp) Cr u 

.E 4 =· 7 a a 0,561£ 
d 

Q =· 5,'12 ·vp - ..:,51,57 

MA =· 52 W =--,6,9 
·P 

Z A•· 24 r . a• 1,'26f 
op. 

M =· 53 r =· 1,3 f ·B 00 
Z =· 24 B . a P =· 0,54 f 

r
011

:=· .1,3f e -· 1 

a,.;_=· 0,'1.f D =· 
'· 

1 
V d .;,:_gl,'15 

W d =-lS,'13 I 
f -· 15 
'lfoax.. 0 

r
04 

=· 1,325 f R =· 12 
E· 

r =· 1,3f 
00 

.Llpyrne KpHBb18 HS KSJKIXOM pncynxe COOTBBTCTBYIOT. H3M8H8HHIO TOnbKO OllHOro H3 . ' . 
8THX napaM8TpoB. no OCH opllHHST OTnOJK8HO 0-r.1 (8) B M_t:i/cTepall (cM. lj>opMyny (28),11) 

a· no· ocu a6cuncc - yron Q · ( B rpa1Xycax) B cncTeMe nenTpa. Mace. 

• 0 . ' 
Ha H8KOTOpb1X pncynxax, IIS'IHHS!I C yrna . 00 '· Macmfa6 no OCH opllHHST YM8Hhlli8H B 

10 paa. 

Ka>KJibiil H3 pncyHKOB cna6JKaeTCSI KS'I8CTB8HHblMH IIO!ICH8111"SIMH, ll:OTOpble B H8ll:OTO-

pblX cny'IIL!IX, B?3MOJKHO, HOC!IT cy6'b8ll:THB;-;blil xapBKTep. . 

Puc. H 2. Bnn11nne ne.l!cTBHT8nbHOft· 'IBCTU UOT8Hll:Hana BO BXOAHOM I[ . 

u B _bl XO ll II O M Ka II a n ax. C pocTOM rny6HHbl nOT8BnHSna BMnllHTylla nel!-

• TpOHHOil BOnHbl YM8Hblli88TC!I 38 C'I8T pacce!IHH!l,'ITO npHBOllHT K •YM8HbJil8HHIO C8'I8HUG Tax 
I 

KBK neilTpOHHSSI Bonas CXOll!IJilS!ICH, a llpOTOHHS!I pacxom1ma11.c11, TO a#eKT· t:iylleT o5pSTHb1M 
I 

Jln!I llpOTOHOB. 
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Pnc. 3 u 4. Bnu11nue MHUMOII 'IBCTH IIOT0HUHana BO BXOllHOM u 

Bbl x o ll no M Ka Han ax. Ynenn,ienne nornomenu11 11pnaonn7 K yMen&me 

HHIO C8'I8Hlrn, llpH 8TOM B cny,iae ll811TpOHHoro KSHSna 8TO yM8HbW8HH8 OK83blB88TC!I M8Hb . 
mnM, '{QM B llpOTOHHOM. 3TO> BHllHMO,MOJKHO o6'b!ICHHTb TeM, 'ITO B paccMaTpUB88MOM cny-

'180 anepru11 BO BXOllHOM Kaaane M8Hblll8, '18M B BblXOllHOM, U noaTOMY H3-38 KynoH?BCKHX 

cun. iipoHHKHOB8HH8 ll811TpOHOll B !lllPO M8HbWe, '18M npoTOHOB, H ,.cnenoBST8nbHo,nnusrnue U: 

M8H8HUSI 11ornoma10mero IIOT8HnHana Ha ll811TpOHHYIO ,j,yHKUHIO 6yneT t:ionee CHnbHblM, '18M II, 

npoTOHHy10. 

Puc •. 5 H 8. reoMeTpU'l8CKU0 napaM8Tpbl BXOllHOro H • BblXOllHOro 

Ka II an OB. nocKOllbKY reoM8TpH'I8CKU8 napaM8Tpbl Rua )1Xm1 

MHUMOII H nel!cTBUT8llbHOil 'ISCTH noTeHunanoB COBnana10T, TO, HSllpHMep, C yBenH't8HH8M 

panuyca MHHMOII 'ISCTU nellTpOHHoro IIOT8HUUana YM8Hblll88TC!I SMIIHHTylla ll8ilTpOHHOII ,j,ynx• 

nun B o6nacTU MSKCHMyMa H811TpOHHOII ,j,yaxunn, 'ITO npHBOllHT K YM0HbJil8HHIO HHTerpana Ill 

peKpblTH!I, a Cll81lOBST8llbHo,n C8't8HH!I. 3To JKQ cnpaBennHBO H llll!I llpOTOHHoro xaaana. 

Puc. 7. IlapaMeTpb1 nellTponao:11 <PYHKnuu. YBenu,ienue panuyca nellTpoaao: 

!IMbl CllBHraeT MSKCUMYM ael!TpOHHOII BOnHOBOl!.,J,yaxuuu B CTopoay 6onbmHX pS/lHyCoB, TO 

0CTb Tylla, rile SMnnHTYllb! ll8i!TpOHHOII U npoTOHHOil. BOnHOBblX ,j,ynxuul! B03pBCTSIOT H3-38 

cnalla nornomenu11, 3TO npHBOJlHT K ynenH'I8HUIO HHTerpana 11epeKpb1THSI H C8'I8HH!I. 

Aaanoru,ia&1II a<j,,j,exT aa6n10naeTc11 u 11pu yBenu,ienuu nu,J,,j,yanocTu, Tax: xax 11pu sToM 

BonaoBa!I <j,yHKUU!I HellTpoHa (11pu r >.R ) c11anaeT Menneanee, 'ITO llpHBOllHT K B03pSCTa 

llll!O BKnana B HHT8rpan 11epeKpb!TH!I, 

Puc. 8. Bnu11nue Q -peaxnuu. YMeH&weaue Q -peaxuuu oaaaqaeT yMeH&-

meaue aaepruu CB!l3H 38XBS'I8HH611 'ISCTHllbl ( Q =· E P - Ed -· s,. - £ d -· E~ .) 

rne Sn -saeprn11 cBSI3H a , f 4 - aaeprn11 CB!l3H d , ·E * - Boa6yJK1Xeane 
lJ 

Slllpa 8 • C YM8Hblll0HH8M'8H8prnn CB!l3H BOnHOBS!I ,j,yHKUH!l_38XBS'I8HHOII _'lSCTHUbl c11a-

ll88T M8Jln8HH88 C poCTOM R u IIOSTOMY BHOCHT 6on&wol! BKllSll B HHTerpan nepeKTblTHJ 

TSK KSK 11onanaeT B o6naCTb cna6oro 11ornOJil8HH!I nellTOHHOII (11poTOHH01!) BOnHbl. 
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