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AiiHOTAUlllil 

BJAHCDI.'e.tl:&HHe nporpaltliH KACTOP 1t llOJIJ!YKC HanmcaHu H8 

R3lm8X AJir01£ AJLH SBU CO C 1604 j 1 H ~OPTPAH MB SBI CDC 1604 A. 

B B3CM-6. 

C DOKO~m 148l'OA8 CBRa&HRYX K&HaXO:B H HODOXD8JS 8AH86al.'uqeo

It08 npaein:maeasse nporpa1018 KACTOP Dwmcuer J.tHID<1epeHitH8UHHe ce-

1l811H.fi ynpyroro B aeynpyroro pacoeBHun ffJtepHHX qaoTKU ( n , p , 
d , f. , -r , ex. ) ua ~tewcpampo:&aiHbJX SJ"Wax. llporpa&a 

fi01HYKC :B~CHfiel.' ~WW8peH~8nl8He C81l8HUH pe&KUHH O~OHJKIOBHOI 

nepeAau na ~ewopMmpo:&auawx: lJltPS~C, uonoJI:&SJfi !SKOA ae ue20;zt 

01Ul38HHHX KaHIJlOD ;l\JUI paaqeta HCKS&eliHWC BOJIH 110 llXO)tHOil U BH

XOlUIOK KSHUBX peSKitD. 



llaHH&R pa60T8 nOO:Jftl!J,8H8 ODH08HHIO nporpaa KACTOP H I10JlJlYliC , 

H&DHCUHIIX H8 aawxax .AJiroJl 1(.lUl SHI CO C 1601+ A B «lPTPAH Mfl 

SBU CO C I6Clf A H E3CI-6 t 

URQrRAMMi.~ACTOP BH'IHOXHe! ~~peH~a~ue oeqeaus ynp~ro

ro H ae~np~roro paccEHDUfR Qepmcc UCTBzt ( n, p, d, t, 1:, ex. ) 

ua ~e(Klpumpo:aauuux: ftXP8X• Paooemutue BOmiOJUie (J}~HKUHH nony1181l!Cfi 

C llOJIOJ.JllUQ Ue!l!O;ZJ;8 Cllfi38HHHX ltaH8JlOJ • i~ODOJ!b3Y6!CS 8;ZJ;H868TlfCI6CK08 

DpH6XHS6HH6 1 8 U03TOK~ paCCK&!pHl~!OR B03d~&HBS TOJI:DRO »~8-

feal>HOii l!OJIOOH OCliOBliOI'O OOOTOHHJUl fiAP8 • 

fiPQrR§!JM§ IlOJIJ!li~C, BH'IHCJUI&! AM<Jx{fep8HI:t18Jl»HH8 06li6HHR pe&KI.UDI 

O]ViOHyKJIOHH0£1 nepe;zt&'IH H8 ;u;et,pop.WlpoMliHilX H.Jij)SX 1 HCUOJD,3J8 !81COI 

Q 118!0;11 OlU188llHHX: KaH&JIOJ Jl 8Jtlllt68TR801COII npHCiJI14KeHHH AJUi 

pa0116!8 HCKaZeHIWX :&Omi DO :SXO;lPWM B llWX:OJlli~U: K8H8J16 pealtijD. 

Tal£lD4 odpaaou, uoano yqeoc.r:& HeJBl'YrHe :soaOyQeBa :apa~cu~eJI:wua 

UOJIOC uaqalll>HOI'O H R.OH8\UIOrO 0005!0SIUUI fUt6p. KpoKe 8!01'0 U:OliHO 

P8CCK8TPHB8!~ petKqHH, ll RO!OpHX KOHe11H08 COOTOSHH8 ~a-npo

JcyK!8 06pa30:B8HO 13 COC!OBHHit pa~:HLQt Bp&ll(8!8JWWX DO.UOC (3"18! 

KOpBOXHOO:Ba BI8HUO~&BC~»BS). 

OlJ!riJOQgl no!&HJU18lJ :a oGeJx nporpu.uax: He oo;n;epu! 

CDKH-op61fSJI»HOro B38HUO~eMO~BBH. aAepaaa "180!» U0!8HQH8Jl8 mueet 

:aHJt ACYJopKHpoHHHoro no~eHIU~ana c.axootta-By~ca. KpoMe odbNHo£1 
KJa~pynoa&uoa ~ewopuaqHH xoaao B!~qBf» u rexo~eKanoxDHym p;e
wopuarum. KyJIOliO:BCKMI noTeHrtMU - TOite ;tteg)opMHpo:aaH if ero J403li0 

BH'IHCIDJT», »HGimpa.a paonpe;n;eJie1use nno1'uoc!t'u aap~a :a :aup;e WYHKIUIH 

I peaxm.t W1B pa3JW!Jai { TO.l!I>KO :B Dporpa&e ~:ACTOP) Kpaeu. 'lxeHH 
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pa~:moxeBHft UO!f6HI{lti8JI8 UO DOJiiUIOM81l Jle)l4ali)ij)a UOJIJ'l8IO~OH HJIH 

KSK qneHH Te~nOpOBOROro p~a, ~~~ ~Oq&HU HHTerpHpoB8HH6U DO 

yrnau. 

DQ~HOB§H W¥HiDMH DQPftA8HHQrO HYKUOUS B nporpaMKe llOJi!YKC 

Bll'UfCJlfltl~Cfi !I?OZe B ;zte4JQpl4HpOBaHHOY DOT6HIU!SJI6 CaKOOHa-Byp;ca • 

IlOJIHaH BOJIHOB8.ft ~yUKqHR paaJiarae~CH DO 6a3HCHJ.ilY c}JyH~lHDI, KO!l!O

pHJm anJumrroa JIH6o .BOJUIOBHe tj}yumunr clJ)epuqeouoro noTeHIUJana 
. . 

CaKCOH&-BYJtCS, Jntc.lo iJI¥HKIUfH ueTo]la lilTyp:ua-JbJy:awuut. ItoaW<l!H~HeH-

TH p83JIO:UHHH 38/.i8ll)T0fi KaK BXO;ztHaH HHQopMSJ-llffl• 

llporpauua Y~CTOP paapemaet no;l.{Oop napaueTpon .n;e~puanaa 
H ODTHti60ROrO DOTeH~HaJIS M6TO]t0J.I HSUM6U:&lliHX U:Ba)lpf;17!0B. 9TO 

]t88T B08MOlltHOCT:& ROMCJIDIHpoBaHHOrO HCUOJ1:&30B8HUH oc>emc nporpa&: 

I. Onpe;zteneaHe napaxe!t~po:a leiDopvai~lUt H onTneoKoro no!ren

nHana ;IXM D8,1l;810lltUX H BW'IfJTSIOliUOC qaCTl~ pea~H C DOJIOD{:&IO npor
pa:mw KACTOP. ltn.a aToro HeodxOl.UU.Hi oooT:aeToBYIOllUJe aKcnepwen

T&Ju,nble }t8HHble no ynp:~rou:y ~I aeynpyrouy paocemnno aTHX qaoT11U 

H8 T6X ~ ~pax • 

2. Bl:NliiCJIOHHe :ztB<l*.~epeH~HaJil)Horo ceqeusa pealQ.UfH c nporpaooit 
llOJIJIYl{C 0 HOUOJI:&30B8Hl-!Oll H8M;ZJ;6HHbUC napaue~po:B H cpa:alltUiHe 0 

a:a:onepm&eHfannumJ ;n;aHHWAH. 

B CJie~y~el rnaBe UH OfiHW6K ~efO~ CBfiS8HHHX RSHSJIOB H 

nonyqHK :aupaseHme AH~peuuuaXDHoro ceqeuua AXH ynpyroro H nesnpy· 
roro paocemaJH (np. KACTOP). ~PJ4YJW AJZfl ;ztH£W!epea~an:&Horo ceqe

HHfi pealQtHH OAHOHYMOHHOit nepe.zti'IW (np. IlOJIJlntC) DOJiy'leHH :a 

rna:ae 3. fioTea~axw, mcnon»ayeUHB B nporpaMMax, onmcaau B rnane 41 

a ;n;eTam.aoe onHcaHHe nporpaw KAC :COP H IIOJ1JI3RG - B rna :sax 5 M 6. 



- 3-

2. lDpY£01 B geyn;gyrgo aqc:@lliB8 ua l18iQQMHRPUJ!.IDQC YRM. 

lti§ZQI g;a.aamJaJX HUiRI• 

BoJIHO:BEUI Wl'HKJ.t.HB omc~ea qac Tm.ta-fl.].tpo J aJtHa<SaTnecROM 

DpB6nMZ6HHH HKee! B~ /I/ 

1V (r B) ~ l L:;: (r 8) (i)Io (B) ~'2.I) I k I 
0 

,_,!
0 

K ' c. T; 1 , ' cl)/1
0 

K ' ' 
... ... 
K H r -OOO!rli6f01J6HHO ·BOnHOllOii H pa;nHyc-:aeK!Op ll8;zt810Jllel 

'ClaOTHUH; 

lfG (r, e~) -lJOJIHO:&IU! WYHKI\Bfi, 0DllCKII810Bl8H paocemnae tLSOTB~ 
nenoJ,tBDHHK ~pou, opmea~a~ua RO!loporo onpe].teJmeTca 3£tnepo::anam 

yrmua:H ei. ; 
_£):k (Gil •HOpiU1poB8HH8H :BOJlHOJ8R fQYHKltHH CHDeTpH1iHOro BOJiliKa t 

ODHOHD&~ft B~-6XbHUe COCTOSHMB ~ C MOMeHfOM I H ero 

npoe~el M H8 OOL na6opaTopnoi CHCfeUH KOOp].tHHaT; K - npoe&qMft 

UOUeHf& ~pa Ha OCb ero DBMM6!pHM j ! 0 - CnHH B HaqaADHOU 

COOTORHHM. 

Bomm:saa WYHKJ.tHH \It ( ; , ~: ) y;nouef'BOpaet ycno:&mo: 

[ 
i,t ( cJ' f (e+1)) (... )~tv 1 ... 
- - 2 - 2 + E - V r- e:. L ... lr e.)= Q 

2m dr r ' k ' t {2.2) 



r;tte 6t - tcyn:oao:sorore waswi ~wa("') -cwepneoxa.a WYH~fl, 
aauoHil(Sa oT yrJWB w , KO~pue oupe;zteJifiiO! opmeHfaUBIO :uenopa .. 

Y" 'I OOOO!fliCHBOit OHCfeMe KOOJWfl:U:lf i.Qtpa t ClUlS8HHOI 0 ero 
e' 

oc:r,m CHM.Me~rpHu; Do'" (e.) -MaTpmna ItoHe11HI:.IX BpaJ.~tenmlt;. 
Paanaraeu V (r, G;. ) no K;yJU,titnoJI1D4 :s co6oz:nenuoii 

CMCT6J.l8 KOOp~Kli8T 

2
V\1 V(vt e) = u f.rl + ~>_. ul(r) )(0 (wJ 

.., ... ti o •" " 
Yl&. A>O (2.4) 

AWl 

~O~l\K8HfH ~tt' 
H8 ~~':: .. [ (2 e" + 1)/(2e ~1)] 

1

~ ( e" A o oleo )(e"A m 0 I em). 

(2.5) 

(2.6) 
.-vt 

Pa~BaJWlwe NHRlPUf lf'et ( r-) ue mt wtt;ayal(Be rpaH.tAHue ;yoaous: 

lf;,(r) ""(Fe+IGe) cfee• -f Se;.(Fe-iGe), (2.7) 

r11.e F; ( kr) 1 Gt(l<v-) -coo!Defcuenuo peryupHHe H aeper;ynapuwe 

KYJIOHOBCKHe ~YHKUHH H se; -Ma'PHI\8 pacoefiHHH 87J.HS6aTmqecKO~ 
Teopuu. 

PemeHHe CHcTeaw (2.5), Y1J.OB~e!Bop~ee rpauu.aouy ycnOBHm 

(2.7) 1 CT~H!CH B BM;zte KOM6HH8QHE JIW18lHO-H638BHCHMHX pemeHHU 

CHC!e& 'ffl; ( r} 
1 

lfe; ( r-l = [ ~~; (r) Re ~· . (2 .s) 
1 e1 ., , 
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-
8fB JIHHe~no-ueaa:sMcl410ie WYH~H lfee.., ( r-) ctu1~8l0tcn ;y~ooao 
C paSH!iD I'paliltmbiMH )'OJIOlUffilm :BOJIJLall H8lU:)J18 lt00pjU1H8!r /

2/ 

- rn ( )e+1 'f (r--.o) = oee (k,-- . (2.9) 
ee1 1 

TaltiGi o6pasou, H8A0 peiUHf~ CHC!'UJ.ty ( 2 .5) et'rlax + 1 ~ paS 1 "ii'O<SH 

HatiTH DODYf) c.f!yB~H ~; ( r") ( € ~~ - tUiCJIO D8PltH8.JI:&HHX: :BOJI.H 
. -l'l-'1 

B paS.UOJt:eHHH (43)). IlpH ~OOf8fO~[H0 ClOIWllHX y- '..PYHKlt)Ut lfee' (r"') 
. . 

(2.IO) 

(2.II) 

3aas: uarpuqaae 3XeueHTH S -uarpm~ paoceBHBa ;a aAHa6afHqecKOu 

npB6nx&eHHH MOIHO nerxo :swqHO.UBtb AH~PCH~8JILH~e ce~&HHH AJIH 

ynpyroro H Heynpyl'Ol'O paoC&HliHH 'l8CfHlh DOfOMy lifO 8MDJ1Hf)'.zt8 

paooemnts: aa:auoH! o!f yrno11 Bbeps xax napaaetp. Tai:CHK oopasoK, 

aMnJIBTyJta paccemnta aelfpoHo:a ua nenOJtBH~uou H.ZJ.pe B.bll'JU:fl~Hf cne

~lOliUDI oCSpaaox: 

.C (Jl &) -) -{rr~2t'+1i' (e exp(;[6o·•6t]) (s€:' -Jee·) 'ie(~)~~( o,)> 
l!lgp I (. L f k .. t'f1 {2.!2 

ee'm 

rlte yra .1l 
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(2.!3) 

r~e tt -rrapaKetp sapJQta. ItyJioLo:acityro qac T::& He;tb3R 1)a :;;;rxara Tb 

no napttHanHnl!~! :Bonuau ua-3a pac:>:v;n;HUOO!H p.ff.l,ta. AunnwTy.n;a :oo30:Iii

~eumH :BpalllOTCJ'!biiHX OOCTOatUtii 11 [ ,I.{HaoaT~ftleCK014' npU6lUilii6IHUI 

npe~CTa'!iJifleT COC50.ti MSTpitllllwl SJIUl6H!: 

{2.IL~) 

r:zte nomtaB awim:rTy:zta f(ll,9;) -cjwa nNIJa~eHMIH (2.I2) H (2.I3). 

Ilepe)l IDITerpUpOBOHHeU no ~:HiJiepO:EOIDW yrJIS14 e~ MOgo.aNp83MITb 

rJ]yi:Il~WO Yew. (j} :B (2.I2) :B JIB60paTOpHOi1 OHCTe.ue 1\00p).tHHaT. 

To:r14a HS (2.Il!·) noJiycnw ;~~JUI H;Ztel~Hoit ttacT~I .r•cf9f(.f2
1
8J; 

r:- !9P ( 11 } 2Io +1 \ -{rr(2f'+lf)
1 

• e'-e (' (6: 6: J) mtMo-M 
rrMI M .lL = 2I +1 L iK-' exp' ~·· e t-> (2.IS) 

0 0 ' 

Je'em 
* ( s;. -4e.)(e'eo M.-M/J M.,-MXe'e -mn. I J o)(r. J '"kM.•M I IMXI.J K.,O/IK)y~~ 

KynOHO:BCKafi llaCT:& He 38:B.HCMiT Of ei. H ll03TOMy 

F f<JJt (nJ ,. ~}'Jt (.r2) (2.16) 

(2.17) 
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ceqeHHS ~IH p&3HHX :.aenwqHH CUlffiO~ I, HaliHHaH C 1=10 AO 

KaKOI'o-~o Ma ... c.~tr:Ma.;uuoro cnruza, ,; .e. Wi nony11aeK O;l.\.UO»peueuno 

ODHCSHHe paC08aHHfi q&OfRU Ha BCBX COOTOBHHHX OCHOiHOU BpamaTexa

HOM nonocu pacouaTpBBSeuoro ~a. 

3. PeiKilQ OJWOI!YMOJpJOU Dl~pgau Ba 2(8W0piiHVOIIHHg gpax 

B 8TOit rJIS~8t Cll8)l'Si· paCiOfUJI_ / 3 ,1+/ t UOJiy'lD :SWP8UH148 ~B 
;zut~peHitH8JI:&uoro oeqeuma cpwta ua .1l8ipOPJ4Hpo:&aHHOK fii.tpe. Kpoue 

roro, oname• 1 lt::SJX naparpaiflaX JILNBoneuae BOJIHO:aol WYHKI.UfJJ 

nepe)l8BHOro H'KIOH&, AJBZy~erOCJl 88 1l6WOPMHPOB&HHOI op6Mf8 H 

cuemHJaHBe paaswx »~renAHYX ronoo :aaaHMo)leitoTBHOM KopHonaca. 

3.1 • llmlx})eP§WPUL11J!HOe ceJ8llm! 

)l.na KOHKpeTHOCTH paccMO!PD peaKIUW A ( d, p) 8 , I')le HJU>a 

A H B HM81lf BP8nt8!reJI:&HH8 OOCTOHHIH. B npe,?tcfaBJieHHOII :aQe nporpaM

MH ~ A 1l0nxft0 CiH!:& qe!Ho-qeTH~. TOI')l8 HCCJie)lyrof :apa~afeJI:&-

HH8 UOliOCH, KO!OpHe DOOTpoeH.bl B8 0Aft0ll80!H"UUDC COCTOflHHHX: Heiifpo

H81D8pe1l8HHOrO ~PY B. 
Almnufy;zta CPWB8 :s npxcJxaeulut n;yn:e.:aoro Pa.PYOI ( n, p ) -Baau

MO)leitcTJHH BMee! sa~a :a~: 

I')l;8 BOJIHO:Slie <Il3HKI.tHH JIX01(HOI'O H l HXOAHOI'O KaHa.llOlJ 38DBC8HH lJ 

aAUa6aruqecKOa npu6.llHZeHHH, f.e. npe)loTa:uneHw B BH)le npoma:se~e

HBB Wl'HKitHI liHyS'peHHero ( ¢JM(9i)) H 0 THOCI41'e.u:&Horo ( ~ ( r, e~)) 
~BBxeuuM (ou. 2.1). B JJHpa~ume ~IH Tdp lJXOAHT 
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¢l"M}f~J • ~i~:;1+0oK.l D~:K.(e,) {32) 

Bonao:aaa WYH~H aa•aa~uoro u 

(3.3) 

:BOJIHOJIJl ~yHlCI(HH KOH8Uoro BJ.ij)8 t l'lt8 +..n.n (r") BOJ!HO:Ufl WJHRitiUl 

OJR38BB01'0 OOO!OHBHft nepe].t&KHOI'O Hel!pOH8. (0d03H8qeHB8 ltJ!ft 

J ~!, M,K H e~ a. r.n. 2). B cc>JAeM :BK)te . t'.n.lt(r:) npe].t0!8:UR

e!Ofl KU f.l/ 

(3.5} 

(3.7) 

(3.8) 



llO~C!8BIBB (3.2)- (3.6) » (3.1), DO~~qxK OKQHqaten~HOe DKPI-

18BH8 ~na ~wwepea~a~aoro ceqeaaa cpK»a ua ~ewopxHpo»auaou 

fijij)8 

d6 [fm2] CCE~A (S) dn.(.S) Sr" a 9. Q;_jr,~ I 
(3.9) 

CCBA 
r~e 6 LJ.n (~) aa:sHCH!r Of nepe~a.aaoro op6mtauaoro H nouoro 
:uoueHfOD L H J m Of npoeKitt!H .0. nouoro uoueata aa oc~ 
CiUWetpHH .fijtpa. B CJIJ'l86' eo~H ~'- 0 t !0 Js ::a J H K 8 :: n 
H c»&KTop 9 =2. Tor.na ~HwwepeHttHilUHoe oeqeaue onpe).teJiaetca 

:BHpaxteB.KeM: 

0 ccBA (,.9.) = .:! f.Ld f.Ae _D,P ~ (ZL+ 1f1 * 
LJ.Q 2 (21T't\2

)
2 21T k0 {

3
•
10

) 

.. L ~ a~~, [ (Ls Q-6 GjJn)( ts n-6 Gjjn) BLn(nej, o,rn;f 
m; ~ 6 

r~e , 

BL11(.,ej,5,m~) =L f2~;~~t.J·'~·~ (epeJooleo) • ,3.n) 
~~ * 

.. (e e.m mdfe.O-s)(e;e;rnpmd/LO·G)(e~e:m~OILn-.;) I(~d~pn~) ~e' ,(~). 
p p pfnp 

S> oaaa•••' ( e', e. !<'VI) H 

(3.12) 
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:aaaHMo~elcf~HB HJne~oro PIAHJC& ~eiCTBHR D~P 
/6/ 

onpe,AeJU18 rca 

{ M - 118008 Hj'UOH8) 

D = srr· 0.2
2
317 n'*, 1_5 , 

np tn (3.13) 

"'D rJ,te cornacao !eopHB KOBeuoro ~tJ.tHJCI ;ztettc!DB "'P yUHo&eao 

H8 WS.K1'0P I.5. 

B nporpaoe llOJIJlYKC BlftHO.UfOO!Cft O;ztHO:BpeMeHHO )Ui~peHIP!SJI:&

HHe ceqeuas ;ztna paaaux :aenmqaa roxuoro MoueaTa J , uaqMaan 
0!1! J a .n. J,tO KSKOI~o 38;lt8HHOi! 148KCHI481I:&HO~ :aeJIHtUUUl ] z ]WIO.)( 

T.e. us nony~aea peayn:&raTH J.tnH :aoex cocTofiHH~ o~o~ Bpa~aTen:&
no~ no.nocs. 

C nporpaKMOH ll01ULYKC uc.mo oqzTaT:& xpoue pea~H (d,p) 

:ztpyrHe pea~H nepe~aqx O;ztHOrO HYKnOHa. nna BC8X STHX pea~~ 

8UDXH!Y:zt8 peaxqBH KMee! !Of &e »~1 qTo H (3.1) H KOHCTSH!8 

Dnp He ueaaeTcs. Ha;zto oseTH!l':&, liTO eoJZB CliHTUT paaKI.\D) 

• 

(d 1 t }, 'IO .itHWWGP8JliH81lldiOe ce~9»J'8.f lA UOTOJ4 yMHQQJ)!.;Ha 314IIHPH

qecKH uail;qenu.wt waKrop I .s IJI:il, a ;ztJI.fl :acex ~yrn DDUACL peaK-

~H D.,P HcnoJI:&3YJl!f :a fOK BHJ'N, KaK onpe~Emeuo » (3 .I3) • . 
~Is <Pal*YXH (3.IO) CJ.te;qyef, ,,,o :a oeqeoe BXOJ.tB! :ace 

c.n) R . ; . J 
cJ!YB~H Qrtlj ntj trl B nepe;zt8HHHit DOJIHHit KOl46H! He CO:BU8.it88! 

BoSIIODOC!:& j'118!1 paSH!DC MOJ16H!O:B H OJ,tHOBpeaeBHOrO ODHC8HBfl 

yiipJroro B aeyup;yroro pacceHHBH upH;zt88! mcnon:&ayeuouy Mero~y 

X8p8JtTep OGcl11(8HHOrO 148!0:48 BOKa&~~HHIIDC :SOJIB • 

• 

B li8CTHOK cnyue t KOr;zta :S Kf•,ti8CT:Be HCK8S8HHHX :BOJIH liWHpamt

CH oCSHtlHHe BOJIHo:aue WlfHIQlHH ueHTJ'81I:&Horo noxH, oi;aaH:BaeToa, liTO 
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TO.ta.KO O;zuiO CJ18l'aeu:oe 0 e. L ;ztU8! :B&118~ » C8118HH8 ( WOPM1111 

So tc n le,.. ' a /!II 11!11). Sro! peaym.Ta! nonyqaerca, 80JlR nonolltH!~ 
:a (3.12) £' • € H Rf• Re • (B Ilpo:rpiUOle IIOUYKC 8!0 3B8Uf, 

qto :ace napaaeTps ;zteWOpK8IUIH (3A = 0 ). B a!O.II c.nyqae, 

ytUf!rlm8B, liTO 

L. (epedmpmd/efl-5)(~:e;mp~d1Ln-o) • ~eL 
mdmp 

~ ( Ls .Q-661 J.Q)( es S2-6 6/jf2) • 6_jJ I 

(3.!4) 

(3.!5) 

(3.17) 

D\/8A 

3)t80~ 6 t..J {~) 80!~ )tltqJ(}jepiBp8Jll»J:l08 08118HB8 t KO!OpOe U0Jl311881'Cft 

OOINlU:llll MefOltOM HOICallteHHJa BOJIB (UWB) • 
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3 .2. §ollHoaa wpwa uteeug :>ro HJMOil 

Ecms HCXO~fi!r H3 ;A8WOpDpo38H.!Ol'O DOTSHIUIUB CaKOOK8-B~lt08 t 

ro non»aymtca JtB~Ka BH~aKH paa~o&3HHS BOnuo::soH WYHKijHH 

nepe~8HHOI'O HJUOH8 DO Ci&SBCB1D4 g)JHKlUUDU 

a) paSJIOSCHHe DO ~~BKIUUDI CBii38HHHX OOOTOmiHH OOOTBCTOTBJD

mero cwepm~ecKoro filPS /II; 
Ci) paa.uoaeun no WYH~IUDI lllt:~PMI N;/. 

B odoux paanoaeHHSX npe]tOl'S:BJIHC!CU TSltlm 06paaou: 

d 1 ( .... ) [ (fil R nt' ( r) ( f· ) V ( ) X 'f'.nt r., = Ontj ~ f s, 0·66 JQ 'en-6 w s,6 (3.17) 
nejCi 

b"' '1.LiCJI!.tTC9 

l';lt8 0'"'~7) - KOS~IH!K P88JlOZmma. (S!l'H K03lWJ~eHfK~p~rOi 
nporpaKUOI H BBOlH!OH 1 nporp&KMJ llOXHYKC RSK qucaeHuaa auwop

uaitHR, 1 TO Bpexa, xax BINH0118BHe WiHKI.tMI Rnej ( r) npo»OJtHTCH 

cauoH nporpaooH. Eaaacuue wJ~lf R r~tj ( r) npe]loTa:B1!mo! coooM 

coCict:seHHHe WYHBllD pa.ztHan:&soro ypamreHBH llipe~tmarepa 

[~ (~ _€({•
1>)-fE ·1- ex .'vf(r)-

2m drl r2 nt?j r~fJ 
(3.18) 

(3.I9) 

(3.20) 
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1~ \~ 
R, • rv A - KYJIOHOJCKBit P81.tiYC B /\lT -KOWlTOHOJCKafi JJ;JU!H$ 

JOJIHJi. IPYHKD;HB R nlj (r) HM610f Wle]J;ynue rpaHB'lHHe yonous: 

R IJ• (O) = 0 
l't~J 

(3.19) 

(3.20) 

3}.t60» H8}.t0 Otu8!Hf» 1 "'TO HH!'erp~JIH nepeKpHTHfi HMeD! HaHGOJijiDBe 

suaqeaHH ua no:aepxHoc!l'B fll.tPS :w .aae ero. Iloatoxy npm onmcaHHB 

pea:ttUHB HaJtO Honom,aoBaT:.& BOnHo:sue !lJYHKI.Unll, m.teiOlllBe KoppeK1'HOe 

acHUD!OtHqecKOe no:aelteHue. 

EOJIB npeJ,tC!&BD li011HO:BJJD tli:fHKitBIO %1r (r..,) DO Ue!O;zty ( a ) t 
TO nap&M6Tphl llO!eH~H8ll8 B ( 3 .18 ) ~BKCBpo»aHH 1 CX nej : 1 H H8.zt0 

lUNBOJIHT» DOe ooGot:aeHBBe f»YHKIVU4 m aaepra.u Enej • KaK saxeqe

Ho ,191, aToT ueTOA Be oqeH:& no~~01.t~ ~a :awqmcJieHBH WYH~~ 
t ..n.v ( rn) , BODOnayeMHX: :B peaKIUJftX t DOOKODKY lU.Uit;lthlii tJllOB 

pSSJlOllteHHfl (3.17) Dee! H8 60.7Il>lUIX r OltOI) 8ClDIDTO!iiKY co

r.n:aOBO (3.20). IIoJiyqaiODta.aon :s puayJI:&Tate :aoJiao»aa WYHKI.UfH 

fJ1li (r) He ueet npa:&H1l:&Horo ac:mamfoTH'lecKoro no:se1.teums.. 

~yBKIUUl r .n.1t ( r....,. 00) ;ztomma ua Gon»mHX r uueT:& :aQ 

- exp (-.j~ I E,J r) 
rxe E,6 saeprma oJmm nepeJ~BHoro ayMoaa, KO!opl:dt Alntaetos. 

H8 ;lt6W0PMUPOJ8HHOI Op6Hte. 

ECltH paanaraev ~~HKIUnO t'.o.rr ( r) no MefO,'Q ( 6 ) it fO anep-

rn ,1Ulfi ltC6X COCfOHHHit IIOZHO :sht(:paf:& O]tHHaKOBOit E n€j = Ec& t 

a KOStWIH~HeHflil cx.nej tenep:& code fBeaa:we saaqeaas ypa:aaeHHH(3 .18) J 
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DOJIOH, TO 8CID.4Ili'0~1!R8 :BOJIHOB01i LJ!YHI1:l~Hll nepe,I4armoro He1lTpOHa 

DLitiXICJlfi8TCfi BOC:Dtla TOlUIO 11 l100TO .Iy OTO~ MCTO]t peEOMell~SOTCr: 

npM onucaium peaiU\Liil. 

3.3 • ]1.Ut[K'06pCl11Utl8JILHOe ccqC.UlC IIPH ,YtlTClUUi !{OJtvlOJU1C0Ds 

:asamrott.ei1cTD~Ifi 

Hpu :fllOTe KopUOllilCOBa :B38ill4D;,tt6tiCTD1Ul UCTIOJI:b3J'CTCfl DOJlllODSfi 

l}j:fliiatklfl ROHequoro H]..tpa. ROTOpaH liPCl..tCTODJlfiCTCH CJ'MUO.tl no pa3HLIM 

O;niiOll8CTH'tlHW COCTOHHHflll, T .e • :mOCTO (3 .3) lJbi viCDOJI:b3yeM 0600-

ll.l6HHYIO (!ppMyJiy /Il/ 

rb * {r.eJ= i'2J~~-:· \-cJ· fn:e(eJ~' "';,J+,-i"'',·To . .:!,(.,n'k;c~L 
't J ;.~ 1b 1i L._ K. :-L i' M >' i K .. :·f.: .. t•: .. , ;_ •. _. -.f 

• u 8 . 8 I f'l" t::> f: , t--b--J<.f 
I,;J .. K Ot '" :;.~ / 

8 

Cytn.mponaHlte I:l].teT no HecoxpallmouE:ticn upoet-twm En nom10ro Mo

MenTa JB HS OC:b CWJMCTpnn MP8 l! no :UH;ltOl{C;y ·~.\ t ltOTOpbiLi 

OTJmtiaeT pasHHe :apnmaTen:onue noJic 011 c O;i.lllHaHimoii npoeRJ.t1Ieti 

Ke • lT - tiOTHocT:o cocTorurnt 't;: . B <J!oPMyJie (3.2I) r.w 
-~ I/ "i 

OllfiTL npe]J;TIOJiaraeM, liTO .JA =-= T\A:.:: "' , OTity~a CJW;zi.JiltT J~CJIODUfi 
·' 

l ~·~ "'· - It03(I4UI.\U8HTLI p83Jl0~6IU7fi, 

ROTOpHe HYll.tliO :BBO;ZJ;MT:& B fliJOI'paMU:i Il0jlJ1:Y1~C Italt :axO;zi.HyiD .liiHQOpM8UlllO • 

B:bJtll'ICJielUi6 STllX It03W<))Hll;tl0HTOB L'I DCfl 'rOOpL~fi }~OpllOJ114CCDa D381fi40-

,ztCi1CT:BUfl OllliCSllbi D /I2./. 11cnOJIL3:J i1 Qopr.ryJI'Y ( 3.21), 110JiyqaeM 

Bblpm:tenue ;n;nH ].l;l!~~~epeHJ.~li8JII>Horo c JlleHUfl: 

6_CCBA{~) = ~ f.A. d ~{E. Drlf kp.· f'): +1)--1 ~I \- ('J. *" 
'LJfl ''"" 2 (:.nrt, 2P 21r ~a v--~- / L~-- L_ "<.D..:)( 

l"f1p
1 ..a.o: ( 3.22) 

,~ 

; "'' ) ,. 4'-1 
\' \l ... ,a:, \ . I , t {' r , . n \ B') .. ... , ) * L.- anej L (Lsfl-6 6,1JJ2Jt t'SJi-)6/J.k) "'\n(r:lj,6,vnp.l 

nfJ C5 
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B t~acn!BOM cJiytJ:ae, ec.m-1 cueum:eaioT npaL;~a:re.rr:ouue noJiocu c O).{MHa-

lro:aw ..!2 , TO l.IOJ~UO llWUICJiv1Tl> ]zyi\)(iepeHI.'(.HSJI:OH06 C6l:l6HMe H 
, (a) 

DO fi.JapuyJJ.e (3.!0), TIO;I.tCTSlUUUi mlflCTO R03ti$fitll6HTO:B Gntj 

3~KTBBHH6 RO~~HeH~ 

'""-' .n.J \- r :; ( .r: or) 

a e· -,;:: L L.Jl.cx Qr'IE'J I r'IJ ()(.~ (3.23) 

IW!l'OpLte 3allliOllT 0!1' DOJIHOI'O MOJ.IeH!l a J 

~eETHBHUe ROa~~~eUTU MO~O nc~yqnTD B qaCTHOM CJiyqae (3.!6), 

ll.O Cl'MMHPQBaH.WeM IiO Hceld :apamareJI:OIIblM DO.iiOCaM ( J2,o<) • 

4. 06o6meHHliji onTg,eomdi notteuw.u; 
2m VI .... 0} 0Ckt6JlleHHW:l OD!Y!H'leOIWil DOT6HllWUI t, 2 t. r, ~; ].{6ij}opw:tpo-

:B8B H OOCTOHT HS lt:S3Jt qaa~e.ti-fl):tep!IOI'O H RyJIOHOBCROrO UO!l!6HI.tB8Jla 

?vn V(..,.Ci):::. V. (;)+ \l f?) h 2 r, v,· t"H.Jd Ycoul \ , 

v ( r) = - ------ v ; w _'!i_~~~ f~.c ~!_~) .. 
nud -1 .. f" ( r. w) -1 + f"" ( r, w; [ 1 + f w- ( Y, (...))] 2 

') 

fJ ..-, w) = exp r [ r- R;( -1 t 0. Y,/•ol ,_ (3, Y,0 ( cd) ]/a, J (4.2) 

. :.: v w L I , 

{4.3) 
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:n~e Zc 
r 

pacnpe].t8116HB8 IIJIOTHOCTU 38Pfl'Jt8 1: fiAPS: 

rro~HIUWI ~~i V ( ;-' 8J m: pa a.nolKHJI cor naCHo ( ? · 4 ) no 

MYJI:D~IIDOJIHLt :B C06CTB6HHOti CHCTS!ie KOOp~llli8T. flpm aTOM :a uporpu

u:e mlOIOTCfi :ztB6 B03MOlitHOCTM ~Jlfi I 1NUCJI6IUU1 IJ?3HKWcJM U.-\ ( r) :B ( 2 · 4 )c 

(a) paaJioseaae no1'6HJ.tH811a ·:s pHJJ: Tetwopa no creneHw ~ (2,.~_ YAo Cw), 
I"> 

r~e J'llHTLI:BaiOTOfl rom.KO JIIDICiiHoo qneau no I~} A Itt 

(g) paanollteame noreH!4HaJia no mapoBw ~3HKqHHM YAo(<..)) , r;z:te WYHKUIW 

L<A ( r) KOB!W!HilHSllTH np11 ~-o c.J) u npe:ztcTa.BJimoT co6oi1 Wlfl 

onpe:zteJienaoro A oy~m.y oeoooae~:~aoro 'UICJia q.neuon paanoaeHIUI 
> .··~ \.1 ( ) 

no creneas ~ !-A TJ..o t...
1 
... 

PaayueeTca, paaJioaenue ( 6 } upeJtc!l'a:BJiaeT co6oti npNionu

lKeHHe, &oTopoe um.moro .nyqme paano~lUHi (a), npm&eHm.taro TO~IW 

npH oqen:& LtaJieH»KHX aaaqeuuax napaue~pOB :ztE$)pwupill. 

llOCKOJI:LKy :BQ eyJIOHOBOIWl'O ilOTCIIJ.t1'IaJI8 3alUICHT OT BUOOpa 

cQYHKIUUI llJIOTHOCTH pacnpe1(6.li6HUfi aap~a, OllHllleM OT;lt6Jl:LHO pa3JIO-

JK6HM8 no uyJI:&!mDOJifDI llOTCHI.tH8JIOB Vn~.-~c t .Iol V~oue • 
Vnuc L ( r, '-'>) : 
CornaOHO ( 2.4), npe].tOT8BID! V V~uc t ( ·~ w) B TSKOII BH;l.(G 

(4.4) 
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P· { r) ~ cxp f(r- R· )/a·} 
-t' l L \ I 

(6) paaJioJiteHMe no Y>--o ( {,:) • 

~0 W466T TOT a6 :BUJt, ItaR M :B ( 4 .5) 

n,.\ ( r·) ~ 4 7r j vnud ( v-, c,::) '>';tJ v) d (u·) c.)) 

0 

\ I (r . ) ) . 
Vcoue ,....._ · · 

Pa3JIOlltHU 'lcou t ( r, w) aHaJIOl,ll wo ( 4 .4): 

v ,;(t~ !.J)::::. c,Jv-) + y- C;.(t-) Xo(c,)) 
COUt. I •·' '-- • 

,.\:::2,"1 

H ){JIH Ka~Ol'O Tmi8 pa3JIOa6HlUI ll01Iyllm.t :Bblpall6In!6 ,'llJIR Co ( r) 

H C,.~. (r~) : 

(a) paaJIOJtemie no cTeneumt f f!>.~ Y~o : 

(4.5) 

(4.6) 

(4.7) 

(4.8) 

(4.9) 

)].JUl 3TOI'O THlla paanOllt8HHH QYHKJ.t~H pacnpe;neJieHHll OJIOTHOCTH aa-

PH.148 fW>8 :a npo:rpaoe KACTOP m&e 3!.1! TOJl:&KO CJie~~Hi1 BH,'ll: 
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{4.10) 

t -1 r· > 0 
(~(r' = l) \_-_., , I 

0 r-.::::0 (4.II) 

K~JlOHOBCI~ti ] >a):Ui~ C • 

{4.I2) 

(4.13) 

{f) pasnoJ~tenHe no ~o { t<>} • 

,I(JIH STOI'O :SH;zta pa3JIOllteHBH :B Kalle!I CBe ~~HI-tqlUI pacnpe;lleJieHMIJi 11Jl0!f

HOCTH oepeTCH W6PMHe»CKOe pacnpe~eJleHHe DJlOTHOCTH aap~a ~: 

(4.15) 
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(4.16) 

HaJtO ome!l'HT:&, qro eCJIH noa:&Heu )~fl IH1ltiV.3HOCTa De 

:B DJIOfftWCR ( 4.14) :BeJ1111l:HH~ Clc :.:::. 0.1 t TO IlOJiy'16HHbltt DOTCUijUaJI 

OOOTB6!l'C:BJ78T Il0~6Hl.U28JIY ( 4.13) t HO paMm~eHMte no MYJIDTHDOJlfW 

TOllliOe 

Oxout.IaTe.T.Wlo nomum Jt6WOP1WliOB8Iill.bt11 noTeBllilS]l O:f1J.6T :a 

006CTlleHHOti CMOTEWe I:WOp}.UmaT .LWE:fl> :Bl1Jt: 

51 OnliCSHHe nwrpgpu RACT<!i 

KaR yae CK888BO :BO BB6,ttCHHH~, nporpallill:Jy KACTOP MOmiO mcnom;-

30:B8Tl> ae TOJIDitO l.Vlfl :awntCJieHMa ~~npyroro m ueynpyroro paooemms 

qacTu~ Ha .l(etiJOptmpo:a£.wHmc HAPaX, Ho u wm no.l{oopa napaueTpo:s 

;zte<IJopuaJ.tHm 11 onT£-llieorroro noTOHI.lHclJla. TaKa.a npoue)Ulpa neo6xo;zu.wa 

DpB OilHC8IU2li peaia.ttUl nepe148llli, ll( CE01!:&Ity HMefi DKOD8pHM8Ii!faJJ.blU:l8 

~aHH:ble no pacceamm t18CT£nt :s Ha\l~JI:&HOM n lWllelllioM Itauanax ua 

TSIGlX lite fi;ltpax li Tarroii 8e SHeprJtU: M 3a;.tSD8fl 8TH Mlllilllet RQK 

:UXO)UfJIO .HH\llOPlfcU~IO B nporpaw.cy K.ACTUF • tiO&UO IIO;ttOopan, DSpaifeTPJi 
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;zt6W0PD.P0li8HHOI'O UOTeHJ.UUlli8 • E !1!14 napaueTpLt ODHCiaalO~ (B paM

R8X H&meii u.o]ieu) ynp3roe H aeynpyroe pacceHHHH. coo!r:aeTc'l:a3~ 

ro~ qaoTHq H noaTOuy npB onHcaHB~ pea~ii n nporpauue 

IIOJIJIYKC HHKaKO~ OBOOO;llLt ll m:Wope napaMeTpoB ue cymecTB:J!OT. 

5 .I • llOJ&OOp D§PP6fp9B 011THqeOit0l'O UOT6HUB¥8 H 

8eWOp!WlM14 

nnfl TI0~0opa napaMeTpoB HCnon»ayCTCfl O'l6Hh aQ~KTHBHHM 

UeTO]i• T81\ H88Lma6Mmi M6TO;n H8WJ6II!llll£1JX KBSru>STOB, KO!rOphlii 

noaBOHHe!r HCCKOnbKHMH maraMH npHOnH3HTh TeopeT14'l6CRme KPH

BLte R aKCnepm.teHT8JW1NM. PaaHK~a Me~y reopeTHll6CIDU.U~ H 

5KCnepJtlMeiiT8JlllHblW1 ICPHBblfm xap.U~TepHayeTCH B6JllilliDiOH X2; 
N ((\)\'7 

X 2 = /( L ( _(j fl-:_( :>. ~ > - 6_:!!L~~. ; ·-
N i ="' L1 ;-exp f-vG..;} / (5.1) 

r]le 6t, .. J~9.J -'.reopeTmeciroe ;LU!!Q<ilepeHI\HaJWioe ceqenHe, 

BLNHCJieHHOe npH yi'JiaX ,j.( t 
6exp ( ..,9.;) - 8U;l.l8HH06 5KCD6-

pHM81IT§JmHOe ceqeuue; ~ 6exp (j.i L OlllHOKH D HaMepemuiJ 

E)exp(S;); N - llHCJIO yrJIOB · ~i. • UeJI:b MeTo)la naoeHlllllMX 

Kll81iS{>TO:B - MHH~ B6JIHtHU£bi X2 
D!)H 143M6H6HHH napaLieTpoB 1 

KOTOpble BXOJtH!r B 6+h ( ~)~) ~ BTU MH1IID.m38J.tMH npOBO;ltH~Cfl B 

:Blil]ie HH!reprrpe!rann~, a Kall\ltui1 IDE1r nTepa~zur cop;eJ»Kt!T ;A:se qacTL'I: 
2. 

I~ HaxollQ.leiwe HanpaJmeHHH aauooJI:omaro 3LteHI>IDeHMii X 
B SSBilCHMOCTH OT H3MeH6H.Hfi TI8pU,!8!rpoD, !f.e. nanp8:BJI61l14fl 

rpa.ztneHTa n ~,;moroMepnou npocTpc; H cT:ae. 

2~ YCTaHO.BJICHPJe OJIT~IMaJililiCti ~JUUIN mara B Hanpa:wremm 

rpa]tH6H!ra. 
)l.nfl HSXOl1Ql6IU1fi Hanpa:BJJeiUUI rpanneHTa npm&6Hl16TOH TaK 

H83tmaeumi MCTOjt mmeapll30B8HHlltC HO}JM8JIDHHX ypaBHCliBil. On H 
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B lJCfl YCTOjtHKa M8TOi.t8 HSHlieH:&iliU Iafijtp8T0ll llO.lij)()OliO Oll.HOaHii 

D jllJ.,j t l?t6 6CT:D CCbmKS Ha @Y::IJt8MeHTSJI:bHYlO pa6oTy jt§'j • -Ecmi Po ec!J!J) :&eKTop Ha·:um:bH!llX aaaqelUIIH Dapiillp~eJ.WX 

napaKeTpo:B, dp - aymwe Bapmartnz napaueTpo:s, t~TOoH 
J(OCTJIN:D MHHIU.cyua X2 

t TOrilS De.:tTOp OICOHqaTeJI:OHbiX 8Haqeua£i 

napaMeTpoll ecT» 

P =Po + cfp (5~) 

COOTB6TCBeHHO UOZHO H8llHC8Tb ~CeEBOpo:BOKH~ p~ JtBH TeopeTft

ll6CKOI'O ceqeHBR 

n ("'6- 'C , .. 
t::"" , - ) ,.- { -. r, ) \ ·f -. 0 f>, ( ".'J.; j) 
V, (p .<), = b D .• ) + ? C. p ( -----------····--·-- .... 

-f-1.1 1' 1 fi-J . r 0 I ' 1.- 0 I") -

r=·1 rr A 
C' 

(5.3) 

(5.4) 

flocme HaxOm;ZJ;eHlUI HanpaBJI6HlUI l'Jl81Ul6HTS . dp 
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H8XOlU!!l!Cfl AWHHIIYJ4 X
2 

lJ )tSHHOM . HanpaBJieHUR C fiOKOlllH> napa-

6onuqeoKO~ HH~epnox~. 

TaKD oGpasoJI Ka~ mar no~osu !rpeCS3ef n + 2 pasa 

llJiliHCUD Teope~HllOOJ:tYil KPJl:S310 • 3STO CpaBHHf8Jlb.RO lUlJIO 

ruarOB He06X01tHMO ~H H8X0~8HIH MMllHMy.Ma x2. 
5.2 • Cnoco() HH!ferp!QOifUptH CHO~ 1U!@epelilll4W1\WC 

JR§liB6HJd 

OooaHatm14 tzepea 
II 

y ( x) = a ( x) y (xi (5.6) 

01tllO Ha 1tlliJ.1<J!epeHW18JIDHNX ypanaemdi :sToporo nopfllPta cimTew 

(2.5). J{Jllt pei.leHRfl Tawro ypa:aae1uu1 npiDAeHHe~cJI cnocoo 

CTOPJ!epa 

n = 2 : y ( x) = 2 y ( x- h) - y ( x · 2 h) t- V (x- h) ( s. 7) 

O(hlf) 

- :;. V(x -2h) +1~~ \l(x- 3h) -1 \l(x- 4h) + 

(5.8) 

+ /fS V (X - 5 h) Q ( £., s-) 
240 
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''" il ' ) . 2 I \ I i V(x) = h"-y (x = !1 o(x;'/'·'1 { 5•9) 

BeJnr<rmta h - mar HHTerplllpoJJan~:m, v1 onpe;n;eJIHeT 'l.lliCJlO 

npe~J.llcyiD.IDC R3:SCCTHblX TOttCK, Q ( h ~'~) ;zul6!1:' TQqHQCTI> CllOCOOU. 

Gnococ> (5,. ?) ID4eeT npemAymecTuo no cpa:aHeHmo c {5.8), coc
TOHIUee :a TOM• ttTO Ha.I{O Bbltti1CJlllT:O TOJII>KO y( ~~) ( y (D):;.:: 0) 

1 

~JUI Toro, qTo6LI uaqaT:& t1urerpnpaam-me ypa:aneHMH (5.6), no 

jtJifl llOJiytlCUBfl OROHqareJI:&l:IOI'O pe3~1Jll>TaTa UOTpeoyeTCH MaJieli:&

tmii mar HHTerpnpo:aaHHH. IloaTOtty pemaeM ;l.Utf(W!epem.tHaJII>Hoe 

ypamieaue (5.6), xouoHtmpya cr:ocoe5h! (5. 7) 11 (5.8). Cnep:Ba 

LUITerpmpyeM c maroM h"1 "" h (rYI ( n1 - n;enoe t..ll'lCJIO) ypa.-

nelille (5.6) c\)noooc>oM (5.?) H noToM, Kor:zta nepBue nan 

TotJeK BaBecTIUil., siroMyaTHpyeu cuocoo ( 5.8). Mil tuioJieHHwc 

pacl!eTO:B peitOMOH;z{y.lfCH h .:( .2 L1 ~Y1 =0 .025 • 

5.3. 06fY§il CTpY~TYi!il DIOI:Dal~ KACTOP 

ilporpawa EACTOP IIOCTpoeva TaiWM o6paaou, l.JTO OCliO:Bll8fi 

t..~aOT:D nporpaUMH CO~ep~ TOX:&EO no~dop napaueTpoB. B OCHODHOi 

qac!ru DHShlllae~cn npoue;n:3pa PC L • ItoTopa.a BWY:MCJiaeT Teope-

THt~ecue KPHJnre 9 n :ztanHOM cnyt:tae ).(HqJ\I!epeHit£1a.llhHhle aeqe1uu1 

ynpyroro 11 Heynpyroro paooeflH~a. BHyTpH npon;e;ztypu POL eoT:& 

Cll{C HeKOTOpble DCllOMOraTC1I!.HHC npou;e;ztyp.hl B CJie].lyiOli\6!4 DOPJl.D:Ite! 

c ou L cvn b (BDI'YJiCJICHHe KYJlOHOllOIWX gjyRKI4Hii ,c~ ( r) H { r~) ) 

i q s (Pomerme neo]Uiopo;ztHOli c~TCTCMLI amloopa:nqecKmc ypannenmii) 
'--' 

focev-zeuaet(BwnicJieime tl.iai~Topac.wo:n). , .r 
c Le b (BwmcJientie ItOa(j)(twutHeHToa l~Jieoru&-ropJtOHa). 

K £ (B rTrKi! '( If\ lu .. ) 
l .. ( 1 u LNHCJISHHe mapo:aux; clJYHK~J ,tJ i . ..._"-\ T I • 

I t:i'Y•\ I 
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poteV)tiol (BLNL·IcneHHe oooomeuHoro c~nTt-NecKoro noTeHu11a11a). 

cc·upled chc~V1neLs (BWU1CJI6H116 :BOJIHCBNK W~HKI.UiM no Mf;TOlJ.:J CBH38HIILIX 

KUH8JIOD) • 

;:,JIH npo~eA3pbi PCl TpeoyeTCH Ht:I.tOTOpblt! H800p napUMC~pOB, llOCT:& 

1m KOTOphiX MOlleT naplltiPOiiaT:&cil. Haq~,n:onuiti naoop napaMeTpo:a aaJ,taeTca 

MaccHDOM P [ 1: NsesJ , rJ,te N9es - noruoe rw~~lttiec:r•Do napaMc~pon (:D 

J.t8HHOM cnyqae Nges =23). ltpoue !i'Orc TpcoyeTca neKOTopua .zJ.OUOJIH£1-

TeJI:&Haa migppMaqiDI l1.11H ynpa:aJIGIIHfl nr~o~eccoM Ho.n;ovpa· ~. 

j{aJiee OfniC!m86TCfl ncn BXO]{H8H ~llW0pM8I\Hfi B TOM TIOplijl;WJ, B 

ItDKOM OH8 .zt0Jll!CH8 ITOC!tynaTJ) na llBO;l\ I 3BrJ • 

5 •'i • BxOJtH8fi LUiqJO:puaqRH 

Nses Oeiutee llHCJIO napEuAeTpoB ].{Jlf. npoue.n;ypw POL ( .. ;;.n;ecL Nges ==23). 

stmax 

eps 

n 
c [1: n] 

MaitCHMaJI:&UOe lU4CJIO ~lTepauv. ~i llOP,OOpa. LCJm S rn1aX =l, TO 

yrnon.:ble pacnpe.n;eneiUIH :awn CJIHIOTCH oea no]{C5opa. 

'l'OtlliOCT:& ].\JIH X2 
• 

LcJILI X2
(l) - X 2(i.-1)<~ 10 no.zt6op 3SitOHtieii ( L- nouop 

~'i Te P81.4HM) • 

qidCJIO :sapllidpyeMbiX napaucTro:a 113 tracc:t:ma P[1: N9esJ (1.fVl~10) 
h;aCCliiB }.tJUlHbi Vl , COJ~eparlT HOMepa BallLL'!pyeMUX IIapaMO'l',POB 

(HoMep - Lm.zteKc napaueTpa :a Maccl:'Ine p). 

P[1: Nge~l:(acc.HB napaMeTpo:a. urmcaHme ero eM. H£1Ee. 

kex = V'n -1 Yn - 'il1CJ10 Bbi\UlCJ18HIIhJX ~H<l!gOp6iil\M8JILHWC CelielUli1 ( Ol"'-

palll1liOIIiUb kex ~ 1 ) • 

KaK ytJ.e CIIDSSHO lJ pa3,I(01Ie ~ D Qll;.HOOaTl1ll0CltOM IIpUOJII4lKOHLH1 

D03MOlitHO OIIMCaTl! paccOffiUfC tiaCTH~ TOJl:&lW 0 B030YJiQ:(OIII.1Ctil 

COCTOfliaiki npamaTCJll>IIOii IIOJIJCN 0Cl10DH01'0 COCTOffiH1fl. lioaTO

My ;LJ.OCTaTOllHO 3IWT:O HOJill~ _.YI1JW:aot1 r.ro:ucHT Io fl].(pa B oc- I 
HOBIIOM COC1'0ffiUUf ( CM. IJi3J ) H tHICJIO DWU1C.11H6llhiX ;llltl~epoH- l 
U!tiaJI:&Hbii1 CetieHHLi, llTOObi on pe.zJ;o.~ ... T:& liS KDitUX DP8ll\8T61IllHLlX 
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COCTOIDUUlX f!Apa paOCM8T1~L'l:BSHTCfl paccemnse lL80TMI\• 

ilanpuuep, kex = 3 11 Io ;:Q osaaqaeT: ot~liiTaT:& :nmwwepea-

ll.HSJIJJHHe ceqeHHfi JVIH 1=0~2 ,Jr ,6, 

a eCJIH !<ex ::U k1 ! 0=0 CtUfTHTlt TOJI:OltO ynpyroe paCCOHHlf6 • 

F [o: kex) Macom:a, COCTOffi!lHi1 H3 non H II 1 11 • 

. fdacoun F [0: kex] ynpa:nnneT nicmoqearteH li no~oHI\Y ;ztaHHblX 

paCC6ffill1fl llS TOM HJHI HHOM C(IC!i:OIDH'ILi • 

Ecnm F[t] = 1 ( ~ = 0 ·. · kex ) , Tor;na lUtJ.ooqeno ( l. + /1 ) oe 

.IlHfJxllepelil.\HaJILHoe ceqonrte. E<:JU1 F [ l. J =u, TOr,Ila ono HcimiO

qeuo ms no~OHKM, uo ceqmam llloil!HCJifleTcH ua Ita~ou ware 

HTepaqi-ut H neqaTaeTc.a. 

k F l- ...., 
llarrpHMep, ex =I, I

0
=0, ,_OJ =l u F[1] =u osHaqaeT, qTo 

paccemute Ha 2+ COCTOffilH~ H£: BltJIID\leHO :B liO;EU'OHI'Y • 

.Uanee DBO.zta~cll axonepma:enTaJILHHe ;zcanaue, cocTomrute Ha rpynn 

qmce11, r;z:te KaiQ.{aH rp:~nna cooT:sE:TcT:ayeT pacceruuno na OAfiOU onpe

]4eJiennou DP31118T6JlllHOU COCTOBHH£1 1 T.f:. l3DO;ztl1TCH CTOJI:OKO rpynn, CKOJI:&-

KO 11x: aa;l(aHo napaueTpou. kex +I. 

Kal~Qtafl rpynna COCTOiifT H3! 

YiE.X ql1CJIO yrJIOJ3 ;ztJUI O].tHOrO COCTC flHHfl ( neX' ~ 6u) • 

theta[:t:V\exliaccVIB 3I'JIO:B .LVI.fl o,naoro coc!I omuHI. 

sex[1: Vlex] MaCCH:B SKcneptiM6HT8JlllHbiX ;ztSl HlltX .!VIH COOTB6TCTDS101IUIX 

yrJIOB M3 MOCCHBa. 

ct£ex[1:.-1exJL:acc£'lB OlJll60It SRcnep&ellTaJIHINX ;ztSHHLIX. 

Lpo.Me orpaHrtlleHllfl l:la lll'iCJlO Yl"11CB B O,WIOM COCTOflHHH 
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ecT~ orpaaneama aa .KOJIHt:~acTJJo :acex :fi'JI.o:a ,"ltJIH Boex ooCTOiUiHi4, 

a JWeHHO: 
kex 

[ nex.: ~ /IOC 
i.=O 

ECJIH nex :::::l.), TO ue !Pe():fe!Cfl tUfCJieHHd M8TOP148.1l ;241U1 MaO-

CtiBOB theta 1 S€ X H dseX 14 CllH!f86TCf1 C00!fBElfC1'-

BeHHOe ~.tHQ)WepeaxvtallaHoe. oeqeHJte· npH 35 yrJiax ( nex 6y

}.le! 35) ot 5°, 10° ••• I?5°{Ha neqarm xpoue reope!HqecKHX 
.BhNH01lEUUIHX TOlleR D6':18!f8I01'Cfl 11SitcneptilleHT8Jl:&HDte TOqKD" 

JUlfl Doex yrxoB sex [ l.]:: -1 ) • 

I 

2 

3 

4 

5 

6 

7 

8 

9 

O!VIQ§.Hie MiJOCftPt...._ ___ _ 

Il83B8HHe 
napaKettpa 

M;. 

z~. 

Mt 

-zt 
Eto.b 

r2 
(34 

p 

~acco:aoe llHCJlO} 
'IBO!HIUi 

aap.Q 

M80COiOO UCJIO } 
QP& 

sap~ 

aaepru.a 118CT141l B nac>opatopuoHt cwcteMe 

napaueTp imail})ynoJilll~O~l }.leqppualU!H 

napaMeTp reRoa~eRanon~HoU Aewopua~a, 

ecJim ~2 = ~ .. =v, ro C'u.rraeTcii cwep.neom 

qacTH.wi cnyllak1 

qac.uo napuma.11LH~ ~OXH (orpaauqeHHe: 

e'max ~ 20) 

qacJio mar:>B BHTerpupo:satuut , p = R WI().~/ h 



IO 

II 

I2 

I3 

14 

I5 

!6 

I? 

IB 

I9 

h 

h1 

v 
\rl 
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I'Jte h mar HHfei'pHpoMHHH (OK. p(IOJ) 

1.1 RIMt4X -p~yc )10 IWroporo 14H~erpu

p~e!Wa. l<vno.x MOliWO onpejteJmn 'tlepes 
113 

R~-na>· ~ r v Ht. + g Ov 

(0Dp8lt61le[UIC .Ialfl Qv 11 Y"v cu. p {i?) 
H p [I4] ) 
mai'. HHrerPHpo:aaH~fl ~ cnocooa (5.8) 

mar HH~er)nponaHllH w:ra cnocooa (5.7) 

( l-1 ~ h /f a VI I h /f = ueJioe qgc.no) 

rJiy6HHa P•~JI!lnoli tJaCTH noTeHI.\Hana [MeV] 

" wuwo.H llaOTH noTeHI.\HSJUl [MeV J 
SHaK \.v': n,..n - oC:S~JmOe norHOl146!Ufe 

It~ n - DOBepniO~H08 llOI'110Jll6HHe .. 
l>SJUIS1Wllliii napaMeTp [ f V\-1] AJIH peam.-

ao£1 tiSCTH 

PEWJaJ~Ltit napaueTp [fW\] ~n msroii 

pa]lH8JJ:&HWt nap&J&e!rp [fIN\] ~H lcyJIOHOBO

KO~ qac~H noTeH~ana 

\ IIH@J:fSl!OC'l'II ( f•" J Jlllll rex lite 

J 
Oc TpeOyeTOH TOJU)K Dn CJlytzaC t eCJm 

nJIOTHoc~ aap~a mueeT paaMhlThlli npau 
(CU. p \22 J ) , IIH8ll6 MOllalO fiOCTSBHTJ) JII0-

6oe tUJCJio, Kpo:Me Hy.ns. 



20 ruth 
(o l-Ult.A. -1) 

21 co1 
( Q U;1U -1) 
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rufh =I. BeJlH'Imia oeT:~eHua ynpyroro 

pacceaHHa ~eHHTOfi aa peae~PAO»eKOe oe

qem~e j rut 1 ::: 0, He ~eJun'C.f.t 

co1 =C: pa3JIOllt6HU6 HJtepHOl'O fiOTeHIU18-

COrJI8CBO {4.5) M (4.6) {TeMOpoBCRHit p~) 

co1 =I: pasnoxeape H;Ztepaoro noTeHit.HaJia 

oornacuo (~•5) m (4.8) (HHTerPHpomume 

no 31'Jl81l) 

22 C02 C02 =0: 1)qJepl1l:I60RHti KyJIOHOBCKH!i noTeH-

(0,1 ullu2) I.lHU (<lJOPM:Pra (4.12)) 

23 

C 0 ') =I: JtyJIOHOBCKHii no T6HI.J;.HUJI - ,IteQopr.m

poB&H, WYHlauta pacnpeAeJieHMa nnoTHOCTH 

sapiQ.ta HUeEIT pea1mt1 RPSfl cornaCHo { 4 .ro) 
paano~eHme KynoHoBcKOro noTeH~ana nornao
Ho (4.12) I' (ll.I3) - (Te£iJIOpoDCKMii p~) 

C02 =2: IQ110HOBCRHi1 DOTeHIU48JI - ~6~pwi
po:aaa, c,Pymti.tH.f.t pacn~~~~eHHH IIJlOTHOO!I!H 

;;-~a.R.r 
sap.t=Q:ta mreeT paswTllGi {@epwteBcKOe pacnpe-

~e.n:emte ilJIOTHOCT.H (4.14)), 

paaxoaeaue ~3IOHOBCKOI'O ilOTeHUHaJia COI'HSCHO 
- I 

{4.16) B (4.17) - (HHTerpepoBanHe no yrxaM) I 

l10J'11Ui£l yrJIO:IOM UOU6HT OOllO:SHOl'O COOTOfllUUI 

DOJIOOH. 

Eo!l.'eCT.J18HH0 9 l:li'O MODO llO.Ltr()llfi!l!:O !1!03l:DKO napaueTpu 

C ~eKCOU 6, 'l t 14 • • • 19. j[IO()ott Ha60p RS STBX HB].t6KCO:B 

HBJI116TCS COlteplltamteM MSCCH:Ba C [ l : n] • 
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llet~aT:& napaueTpoB H pea~ni»~aTOB ~eT :u ane~~eM 

nop~xe: 

I. 3xcnep&eHT81l:&Hb18 ;ll!UIHLie (-I he fa [ i..] , ::,r:x [ i] • 

dseK'[i.J)11JlH Ka)lQtO.rO ypoBBfi (nellaTSeTCfi CDltiH ypo~HS)). 

2 • H8llaJ!»ll.l:i6 BOJUJll.iWU l8paJ40TpoB ODTMlll6CKOrO DOT6Hlt.H8-

Jl8 1-1 ).(e<lJo pMa~BH. Haa:uaHHH n1pmaeTpo:s co:una~aiOT c coonei'cT

BYD~HMH o6oaaat~eHHHMH Ha pa3;llena 5.4. (liapa»eTpu ~ewopua

I.tBH o6oauaqeau- B2 Jti B4). Y:lpa:sJIHillltB~ aaax napaMeTpa 'vi 

TOXO neq8T80TCH. liO;llOHpaeu~~ napaueTpH 0003H8ll6HH CBepxy 

KP8Cf81lB. 
0 

3. HHWOP14814MH o noJtfipe nap814eTpo:a (ell. Bxo;zuia.a mtqM>p-

M8I.tHH) ~ liMCJlO DO)tCiBpaOMHX napueTpoB VI 

148KHCII8Jll,H08 li.HCJIO Dl8I'OJJ DOjt6opa ~t_V~--,u.X 

TO'lllOCT:& X2 ( :S6Jill'UlH8 E: ps ) • 

t 

t 

l{aJI:&me fi6"i8TSIOTCH JUIH I~OJlO COCTOHHHH BP8nt8T6JII»HOii no

JIOCH BC8 napaueTpH M8CCHB8 ]) (I : 23] t llMCJI6HHH6 peayJI:&T8-

TH ;llHqxpepeH!4M81l:&HOI'O c.eqeriHH H 11pa(f!HK~I TeO pe!rHqecKHX H 

sRcnepHUeHT8JIDHHX xpm:aux. 
llop~OK neqaTH OJ16]lJ~M: 

I. Ha:sepxy CJI6Ba: napw.leTp.bl I-5 H3 :U8CCHli8 P. 

2. Ha:Bepx3 cnpa:sa: nai)EKeTpLI 8-II Hs :uaccoa P. 

3. llapaueTpu A~Pua~ (oooaaaqeaw B2 H B4) HPH H0~6o-

4. HapalleTpH ODTR8CROIO D0~6HltH8J18 

·tU!JO!CII. 
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Ecmt napue!rp N 2I co::=I, Tor;zJ;a .H;zJ;eT c,popuan:&Haa ne-
N N 

'iS f:D :B BB;lt8 ( B2) ( B4) , OHWlOJIH3BpyiOll\8H Bw.IHC.UeHBe 

llOHHttH8JI8 ~Jlfl ltC8X nOpfW!Oli r A Y,w . lftlp&Me!pa 22-. B 

S8:BHCmiOCTH OT co2 fl8'i8!r~t8TC.fi CJie~IOllUfit T8KCT: 

cc2 :: 0 ,Sft-p C - cLc.iV:~;c~ - d;~ty; 6u.~.·Olt 

co2 =I 

co2 = 2 

S,ttpl"i ·· (i'>(!V:Je. -d;s;h~\.,>uli'Q;_l 

fen·l1; ~ <l1t:tv de·- rJ; ~ ~-n' C1u ·L Gt" 
,, 

s. TlocJie TeKCT8 I• DtFFf i<£1\//1/\l ct:.=:o.s.s SEC1IOI\JnetUlT:D 

:aeJIHtHiH I 0 ,I.IC, (o6oaaaqeHh c 'JA, YB, k. ). 

ECJI11 napaxeTpN 20, r·Ld<' ::: -1 

ll8'i8T86TCfl ~eKCT 

(I Ri..l7Ht-:KFut<D -C.~-) 
( 

6. qgJieHUHe peayJI:DTaT~ TeopeTHqecxoro ;D;MQ~penuaan:D-

liOI'O ceqeHHH B8 yrnax, 3Cl;zJ;8:iHUX MaCCU:BOM H,d a.. [ i J f 

B [' ttv1V/f.r-J • 

7. rpa~mm KPDHX Teopt~Tuqec&IX (xpecTw) 11 axcnepz

ueaTaJ".WWX (xpyra) yrnOlJHX pacnpe;zteneHHi. CuoTpeT:D ux: 

HyltHO CJ18ll8 • Ha 80Cl.UiOCe ;zl;8UTCH :fi'Jlli i.\Cj, ~ , itx neqa T8IOT 

llO BTOpoK CTOJIC)~e CJie:aa rpaOHita • llpH H6DOCTOinllWX pac

CTOHHHllX Ji8lit;lty YI'JiaD MOilteT UOJiyql1T:DCH H8KOTOpoe li0Kal!t6H

Ime rpa~HK& • lia Op];t.HH8T8 ;ltUOTCfl B6JliftiBHJi ;ztHW<l.l6peHI.tK8liD

HbiX ceqead :B JiorapH(j}lmllecxcu: LtaClllTa6e. llopHJtOK BeJurcum 

net~aTaeTc.a na ne:ao.£1 cTopoac HLmliero xpas. Ka~ ;zJ;8JibHe£t

mu~ nop~ox oooaaaqa~ca nyHKT~paoM nuHHe~. 

8. llpu m~ou mare no~:toopa no one rpawnxa nocJie;zJ;Hero 

OOCTOHHHH EP8~8TeX:DHO~ DOJIOCM llCti8Ta6TC8 BanHqnua X2• 
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5,6. Ilpgepu 

I. Bw:mcneHme .1Ul<Ix»epeLitHaJll)IIWC ceqeHK~ paccemma 

J;t6i!TpOHOB (Ed =I2 ,I Ma:u) Ht: Bpauta~WX COCTOflHiJHX 

i~"= &"", 2+, 4+.(K = O) ~ 1 &
0 Gd c>es no;zt6opa napaueTpoB. 

b2 

9KcnepKUeB~an~HHe JtSHRHe HE aaJtam~oa. 

N~t's , Stv'Vlax 
1 
eps 

1 
23, ~, I, 

n c [ -1 · Vl] I , I2 , 
' I 

p [ -1 ~ N_ges] > 2, I, 160, 52, 12.1 • 

• 32 t .05, 

IS, 80, .2 •• 025, 

90,-IS, I.2:>, 1.4, 1.25, .6, .6, I, 

O,I,1,0, 

ke.x , F [ 0: kex.] 2,0,0,0, 

neK 
I 

o,o,o, 
2 • llO)ti'OHKa ll.fiTH napaK~:TpoB 

paCC6HHHS npoTOROll H8 iijij)e i·~ 
Nge~, ~tvHa)(, eps I 23,6, .001' 

n c [ -1 ~ lr1] 5,I2,I3,I?,l8,6 
t I 

p [ -1 : Ng~s l 
1 

I ,I,24,I2,1C .5, 

.45,0, 

c nouo~ ~n»KO ynpyroro 

• 

13. ?6, .2 •• 025, 

45 9-8,I.I,1.~,I.I,.6,.4?,1 

I,I,O,O, 

kex F[O:keK] O,I, 
I ... 

neK 1 +l1e+a [1· VJex] IO,I5.5,25,36.5,48,60, 70,80,90,100 ,120, 

se)( [ -1 : lltex] 

dsex [ 1 ·'"ex] 
I ,I, .95, .92, .. 85, .84,. ?5,. 71, .65, .55, 

xOJr 
.I, .I, .0~; .Of;, .08, .fj7, .07, .06, .05, 
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3. flOJti'OHKa Tpex D8pai&Oi'poB 0 DOKOJlU)lO 0+ t 2+ OOOTOBIIBit, 

4+ H 6+ OOOfOSHHJl 1UNHCJISIO~OH1 paCC85HiUl )teidTpOHOB H8 

..,E,.:J D 
~pe blf Y 

N3e~ 1 
s-1 ltl'lOK, eps 

n c..[/I:V\] 
I 

P [I'\ Njes] 

23,5 •• oor, 
3,I2,13,6, 

2,1,162,64,15 

.3, .02, 

17,80,_.2,.025, 

I02,lO,I.3,I •. 3,:: .3, .5, .6, .5, 

o.r,2,.o, 
kex,F[o·kex] 3,1,I,Q,0 1 . 

nex, t~eia[1·ho]20,5,IO,I5 ,Z0,2:•,30,35,40,45,50, 

55,60,~10,80 190,lOO,I10,120,I30,ISO, 

sex [1 :VI ex] I200,600,250,I50,90,60.5,25.3,Il,5,6 .5,2 .5 1 

.as,.65, .45,..30,,.25,.21, .ra •• rs,.I2,.oa. 

dsex [ 1: m~xJ 360,180,75 ,45,2~' ,18,8,3 .3 ,I .8,0. 75, 
1 
I 

.025,.018, .013, .. 009,.007, .006,.006,.005, .OU3, .m.J2) 
! 

ntX 
1 
the{u[1:wrx] 5,40,50,60 9 70 ,9(i, · 

.sex [1· ~1ex] 35.5,2,8_.2 ,2,5,~0~.31, 

dsex[-1 1.1tK] 3.5,2.6,2.5,3,3.1, 

6. Onucwp nporQagp: IIOJIJIYKC 

Ilporpaoa llOJUIYI~C BfillHCJIHeT ~MtJAlep8ImH8JWIHe ceqellBB 

pea~H O~OH~RnOHHO~ nepe~aqH H8 qefUo-qeTHHX Jt6WOpMHpo

»aHHWX ~· Ecf» D03KOXHOCT~ BltwnqHf» KOpBOJIHCOBO B38MUo

A8iiiCT:Ue, T .e. HJ4epHSH ~~HKI~fi KOnewo-neqeTaoro HAPS 

J!Ollte! 6Hft. CJ48C]ij0 (I/lfHKI.Udt :Blant8!fe111dlwt fiOJIOO, DOCTpoeHHHX 
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B8 paama O;llHOqaoTIAHWX COC!tOSHHftX. IIOOlWJli>~ llpellil 

Cll6T8 ;ztOBOJililiO 6oJI~Oe, OCHO BHO~ DPHHI.t~In nporpaJOUlpOB8HHH 

COCTOHT B TOll, tlTO HyZHO 8KOHOUJ4!1$ Bp8Wl Ctl6!f8 H 

coxpaimT:& ueHHHe npo»oyTollHHe pe3Jfli:&T8Tbt. 

6. I • H eKOro pL18 o6l!u!e npiDiUHllH nwrpawmpo:saaus 

I. PacqeT pas;ztenea Ha aecKon:oiCo qacTeti. Ilocne ::awntCJie

HHH 0~0~ qacTH COXp8~flmTCS n~Me~yToqaue peayn:&T8Tbl H8 

uarHHTHO~ neaTe. B cnyqae a~apu~oKOH'flSHHH Bpeueau cqeTa 

HliH t tlCJIH npouezyTOqHJie peay n:DT8TH COBD8;zt81)T JP!fl pa3HblX 

pacqero:a, Kouo CllHTWJai':& ar.ry lmciJOpua:q.HI) c Jieam, ae 

BOB TO PHS :BJ:NHCJl&HBe SI'OH qac~H, H npo;ztOJDmT:& paoqeT ;ztO 

KOHqa. 
no3~1-1q 

2. BCS BXO)UI8H HH~ptvUi~~fi BBOl(IdTCH M8lCCm48JIIillO-~--~.e. 

HYXHH8 napaueTpu BBO;ztHTCH B .iaqane ~0~ q&CTB. 9TO ;zt88T 

~oauoEHOCT:& HSKeHeHRH napauerpoB nocne Haqana pacqeTa. 

B OJIY1J88 ODIHCSKB liO BXOJtHOi HJtcJ!OpY8IUIH npmtxtmn, HSBOJteliHWi 

B nyB~ I D03B01IfteT 6HCTpo llpo;ztOJIZHT:& Cli6T C HCnpa»ne&

HJAIH ;ztSHHlAlB • 

3 • Kpo11e OKOH'l8T8JI:DHOtf ll6'l8TH peayJIDT8TOJa CO BCellH 

napaueTpau:m eoTl> :scnouoraTeJI:iliaH neqaT:&, KOTopas npoBo

;ztHTCH BO Bpellfl cqer.ra 1 OH8 CJI:(ZHT ltJIH OpH8HT81UJH Z Dtlll8T8eT 

Bee napaueTPLJ cpasy nocJie nBo)ta H B UKOM ge nopf.Q:tP, :talK 

OHU BBOAflTC.ft. Bee 8TH napaLte!~pl:l neqaTaiD!CR B ~p!48THOi1 ne

ll8TH. KpOM8 TOJ:IO, ec~:& ;ztODOJIHH'.teJI:LHa.ft HH(l,)opua~.a, KOTOpall 

neq&T88TCH B 06HtlHOM BH;zte. 
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6 .2. Q.T)2:(KTYpa nporP§JDW IlOJ1JmtC :a nep<I!Qgp:rax 

I. BcooMora!rellJ.H.w& npo~elcypH : 

for-m factor (BWUICJ18HJI8 :BOmiOBO;tj ~YHKIUIM nepe;ltaHHOI'O H~lCIOHa). 

( BhPiHOJleHBe KJ1lOHOJC Kltt W~BK!lHii Fe ( r) H G~ ( r) ) 

{Pe•eHBe Heo~aopo~o~ c~creuw anreopaxqeoxmx 

ypa:BH6HBi!) 

faceYreujer(BhPiHCHeaue @aKTopmano:a) 

c Leb {BI:NBcnenHe IiostWJmuieHTo:a Kneoma-ro!JlloHa) 

kufLA {BwmCJieHBe mapOBfJX ~yHio.tHM Yt"~ (/f/f) ) 

potevd ;o L (BiNHCJieH.He JteillOPHBPDBaHHOro noTeHnna.na) 

coupled Chaf/1VJt.~>{S (.BhPii40JI6HHe BOJIHOBWC gjyHKitHi1 no .146TO.z1y 

CBH3SHHUX KaH8ROB) 

kpr/v1 t (II ella !I!» :rpa(Q.MKOB) 

dv-uck (lletJSTh napauetpoB) 

2. i1poqe1cypa pol Lx 1 : 

BWIHCJieHBe :BOillioma {j}yH Ea4Hii AJIH o;ztHoro Kaii8Jia, oBa 

co.nepmxT BHSOBH npon;e1cyp polev..tiaL B coupted d-10ttMefs • 

3. IlpoqeJ;typa poLl x 2 : 

BwqHcneUMe paJtH&llDHWX Ki!fel,panoB B CyuKHpoBaHBe JtO 

uaccoo.Bo SUR IS U I .zvm OJ.UIO a npaJ.ltaTeJIDBOti noJiocw, oBa 

IUtJUOq&6T paOo!ey C l&SI'liH!rlu.aiH JI8flTalm B 38HH1480f OoJI:&m31) 

qacr.a BpeueHH cqefa. 
4. llpoitQJpa poUx3 : 

C.emxmamre paaHUX BPWllSJ~eJibHJ:DC no;roc H :BLNHCJieHHe 

~~~anDHsx ceqeaH~. 

5. OcHomzaa nporpaoa: 

BBOJl H nellS!fl) :see~ BXOltHOli IDI(fppuazum, 1W30ll npo~e]typ 



~ 35-

pollx-1 ,. pollx 2 , pollx 3 · , ne'laT:o peayn:oraTo» •. 

6 •. 3 • Oogaooty DPOI'RalP!li ;1)2H p§gge!§ 

I). BBOA mtpaKerpo:s nep:soU rp~nnht ( ooue napaMe!pu). 

2). BBOI napa~aeTpo:s :aTopoMi I'P)'DDJi (napauefpw on!Hqeoxoro 

DOf6Hl.\H8ll8 BO BXO;l4HOM KaHane). 
Banuo:o napaaetpoJ nep:sol a :s~opoH rpynn~ aa Marautaym 

neu!y. 

Buquoneaue BOHHOBHX ~~H~I DO MefO~ OB8a8HHHX -K8H8l!OI 

JULB UOlUlOlb Kaaaaa peaKJUU4 (npouelQ'pa poLLx1 ) • 
3anUL S!JIX ~Yliltl.\Btl Ra JI8PH1Qpl Jl6H 'lJ • 

Ecnu xoqetoa uononaaonar.& sapaaee aanMcaHRWe aa uaraJJUym neH'lJ 
JOAHOJwe ~y»KqKH, !O nyauo ~oOa:BU!:o uep§A napaueTpaMH ntopo~ 

rpynnw OJUilf neP\IJOKaP~ o o;ztnD "0". Bee octani>HLte }laHHwe ne 

MeHSiltCUI. TorJta npoue/.typa pollx1 He BHS:tmaeroa, a BOJIHo:awe 

WYHKQHH cqHTHJSDTOH c uarHHtHO~ neHTH. ilpB atou npoBOJtH!OH 

npo:aepKa li8Bfti: D&palle!pu nep:aoit I B~Opol liC6-T8KH B:BOJIHTCJl 

H OP8B1UtB8D!Oft 0 H81lH08HHI:&tH H8 JI6H!y • Hpu H6001UlQOIUIB , 
neqa!faJO!Ca !f&KO!r 

11
01FFERENT PARAMETERi§ aanuoaHHHe Ba .ueu!f~ 

· napaKetpY. Paoqe!f npoAOJlliSetos c soJIHOJUAI.I i.f1)HKJ.1lUJU.H, oqHtauau

u C .116H!H• 

3). B»OA napauetpo» tpe!~el rpJunw (napauetpu ontsqecKOro no

TeH~aa.ua » DWXO~OM K8RaiO). 
SanB» napuetpo:a nep:aoii 14 !fpe!l!:r.eit rp1nnu ~a neutJ. 

BlftKQ.I8Hie B aanaoz. HS JteH!I!lf IOJlliODHX <J/YRKIVdt ,7JJlll 

:Bwt01U!Oro RIH8H (npo~e~.typa pollx 1 ) • 

Mo~o A06aBH~ uepex napauetpaUH fpet:r.e~ rp~nnLt AOno.uuurex»H'J» 
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nePWOKaPfJ "0". l>e:W:W ~Ol'lt8 TSKO !-ae, KaK yxasaHO ll DyHKTe 2) • 

Hyeo otue!I!MTJ., q~o nocTa.u r:& ;n;onoJil-IJJ!'enllHYIJ "0" a en sa 

ron:oxo nepeJt Tpe!:&eS rpynno£1. 8!1'1) cJasaao c teu, t~!'O npm 

aanHcH KBK0~-1!0 HH(boPMaWtm na ne;IT~ Boa cJiellYDMH HHWO.PMIIUUl 

aa nenre nop!fmtc.a. 

4). BBO.ll napaueTpoD 'l&T»epron rp;yrmu (napa»eTpu no!feH~sana JUtR 

CJH38HHOro COCTOmiiUI nepe;tt8Hl10I'O H:flt710H8) • 

5). B:ao~ napa•e~po:a na:cott rpsnnw (KBawro:aue qmcJia owepneCIUfX 

6aseoHux cocToaam~ ~a :acex :jpa~aTe~bHHX nonoc). 
IlftTSH l:p:fnna COCTOHT 143 UOltJ:'pynn 1 r~e Ita~afi IlOltrpynna C0]4ep

UT RB8HTODHe tiJilCJ!S O].tHOI'O C)QSHCHOI'O COCTOHHHft. B oCSuteM ·JS3IC• 

HUe COOTOSHHH 1 KOTOpue m.teJOT 60Jihill~fe :B6Jl~U7Hbt I\08(MJtmHeHfO:S 
( .0.. \ 

Q n€j , HC C0Bll8;lt8IO!l' AJI,fl pa3JUiX, .,;:: Bpa~aTelll>HhlX llOJIOC. 

HO 3].t60l'a HS].tO llOOTSBHTl'> DOe 6a3HUHD16 COCTOHlUUI 1 ItoTOpHe Tpe<SyiO!l'

Cfi ;tl.llfi BCex UOJIOO • (EOJIH O]tliO OOOTOfl.HHe 6tmae! B HCKOTOPWX DO

JIOCSX, ~OOT8TOqHo ero DOCTaBJU~:& !~OJ!~KO O;t.Um paa • EOJII4 OHO He 

OHBSC! lJ HeltOTOPIIOC DOJIOCaX, MO:IIW(I ero MClCJIJ>'tlHTllt DO)l;C'faB&IR 
(.fl.) 

COOTBe!CTBytOlltHi! ROSWWMitHSHT paBJ"Wllt6HHfi Q nej =0 (rueCT8fl 

rpynna)). 
6). B:ao;~.t napauerpon ruec~oa rpynnu. 

0H8 OOC!I.'OHT H3 HeOKOJI~ltO DO:ZU'PYDD t rtte Ka~8H nO]t1'p;ynna 

CO;zteplltHT Hli(pOp~&aitHID ;lllUi BH'Ui(:JICHHfi O;l.tH0£1 :apautaT8JI~HO£i no

JIOCLI. flocne :BBO;zt8 K815Ql;OI no;zu·pynnw npOBO;ltH!Cfi BJi'qH011CHBS 

COOTDeTCTBym~eH ;apa~aTeJIIaHOH nonoou. 
3anuc» npoMexyToqnux: peaya!s TO::s (»aca.unu SUR ( S UL ) 

K~OI nonoca aa .neHty. 
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B COOT:Be!Of.BHH C 06!llHM£! np.HB~8.!1f4 9 H8J10JieHHJiKB :B fi1HX!e 6.1 

MOliHO A068:BHf!. R fE;)K fiOJlOO&ll, lW t'Opwe sapauee 6Wlll BWHOJ18HH 1 

6U{6 ~p3rme flOJlOCH, JIJIH UOZHO HX ·;racTHtUIO 8H1JUfpoJJ8!1!a. Bee STO 

ynpaBXHerca no~pynnauM napaueTp)3 nBTOti rpynnw. Ecae xoqetca 

aapaHeC DWlHCJ16HHKe DOJIOCH HCDOJ'I:C.30B8!r:D JVlfl H8CfOHill8rQ p8C'16T8 t 

Hya:HO ,ttOClSJJ.Mf:& nepel COO!rB6fC!fB,H)UUD4H fi0.1tl'PYfill8JOI .ztODOJnUITeJ.Uro!lo 

HYJl "0" • Tor;zta STU fiOJIOChl He Bll'Il~CJlflll!Cfl CHOB8 t 8 11X npoMe

llt3TO'IHHe peayn::&raTu nu ;wurc npot~To o6xo.ztarca. AHyupoBaT:& 

uozwo I~KYIO-TO no.11ocy, He no;n;craJJJIHR no;ztrpynny napauerpo:a 

STO£! llC1lOCH. ].i06SBHT:D H SHJJil4poBHTJJ MOlit.HO TOJillKO llOJIOC:bl B 

KOm.te (noCJie ncex, nepe:zt xoropJ:AUI 61DIH ;zto6a:BJieHY ;n;ooo1IHHteJililibl8 

"O"). Hanoliumaeu, taro m~CSaH aamw:D ua neary Mcnoprmt DCJO 

cne;n;yrontym JlUIWOPMSWflO• ECJIH 6WIH Ir0CT8BJI6Hhl ,1J,080JIUHT6JI:&HW8 

non, TOr,tta pezmu CJ16;D;yJOmH~; 

.Bno;zt llOlti'PYDn napaueTpo:B, nepe,11; KO!I'Opll&m CTOH! "0" • 
06XO;l( HHqJopMSttmf COOTllCi'CT:BYIIIl(HX llOJIOC Hfl JieH~e • 

BBO~ fi01U'P1llil napaueTpoB Oea 11011 • 

Bbl'IHCJ16HBe H 38DBC:t. H8 MarHB~HyJO llCH!~ npoue~TOTlHWC 

pea~ntatoD (npoQe;ttypa pollx 2 ) • 

7). BBO~ ce;zt:DMoll rp1nnb! aapaueTpcB (~npaBJIHIOUUfe napaueTpw). 

q TCHBC C JICH Tli npOJ.lCjjty!J.'OTUUiX pe 3YJl})T8 !rOB • 

CuemHB8HHe paaHLJX BpaulaTeJILm~x nonoc. 

Bw:!MOJIOHHe j.tU~CpeHL\M81Il)HHX CCllCHHti (npotteJ,typa pollx3)11 IIC1 ~": -

C DOMOJ.q:&l) napaueTpo:B C6;2t:bMOii rpynnht (DCJUftU1lJ8 COr'" M KOS<I.xJ!H

UHCHTbl CMClllUS~Hfl) MOZHO ynpa:BJiftTb CMClliMB8HHCU lUill.MCJICHHl:IDC :apa

~aTCH:bHHX D01IOC.PCKOMCH~YCTCH pa6)T8T:b C4~mBU 06pa30M: 
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:auqucnKt~ :ace nonoow, KO!OpHe Mor~T cuemu:aaf»CH (s~o 

3SHDSef 00Jibill~IO tlaCTll BpCIIGHU), 0 DOCKOnt..Ky DOCJle;IcyJOJll66 

Cll6lUHB8HB6 flOJIOO npOBO)tHTCH CJ18lUlUTeJ1;&liO CiW01'po t MOitHO 

DOCTaBHT~ HCCKOJI:&KO BaPH8HTOB napaMe!rpo;a C8)UJ)l0it rp3DU~. llp.14 

STOll KOliWO B8pi.14poll8t~ K03\W}ml.W6HfW CK6WH:S&HHfl, HOKJDOqUTl» 

H6KOTOpwe DOJIOCH, HXH ;euqBcnKTa HCK01'0pwe llOJIOOK Oea 0116-

WHll&HB.B. TOI'M DODfOpHeT.Oa o0pa00fK2 TOB.blW npol..\e,74ypH 

poLLx 3 • 

6.4 • BxO@aH HH<iQg&aijHR 

Hep:Baa rpynna ( 4 :seJIRHHH): oCSrU~e napa.ueTPHi 

e max qBOJlO napiUU~nHHX BOnH ( OCJIH p=oO t 1'0r;~ta orpaHifCieHB8 

p 

.. 0 .. 

f l~ax ~ -1?) 

liHCXO marOB .wn~erpMpoBaHJ:H (p ;140DHO 6wtt.. Kpa1'Hml 4) 

p = Rw.aX' /h , r;ne h c1le)Uronutil napaJ&eTp, a R.....,o.x-
3Haqeuue paAayoa, ~o Kotoporo :ue)tetoa HHTerpupo:aauue: 

Rwu:uc' ~ rv · Mt
11

l + 9 Ov (06$HCH6HHe lUUte) 

war HHTerpHpo:&aHHH pa.ztHaJI &HLIX HHTerpa.:ro:a [frY~] 
war HH!rerpHpo:aaHHH AU(W!ept3HIU~aJII>HHX ypaBHeHHii [ ft'lt1] , 
o TuomeH.He h / h 1 AOJilitHO OuTr, n;e.nw qHOILGHHHM 

h -u· · 1 h1 :r:.o'~ - • 'I ~ __, 

::;onoBHmt AODOllHHfeJI:&HWi aynr, nepe)l napaue~pau Bfopoii 

rpynnu npa qfeaua BOJIHOBiD: WYH~Hj c uarHHfHOB neatw 

(cu. pa::meJI 6.3) 

BTopaa rpynna (I4 nena.MH): napaMerpu BXo;nuoro KaHana 

Mt. 118Cco:aoe ucnc } 
z. 'i8CTHL\W 

aapQ L 

Mt 118CCO:&Oe qHCJIO] 
Qpt~; 

2t aapft.'ll 
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Eeo.bl auepru.a llaC!rHI.t :a naC.Sopa ropao~ cHcfeMe [ fvle v] 
i 

V rnyCSea pe8JII,Ho~ qacu noTeRilMaiia [ M c VJ 

w rn361ma Wim&oH 'ISCTH no re~wma [ ~1e V] 

suax W : 1
' + ~~ - o~~le norno~eaxe 

SH8K 'vJ : "-" - fiOB8pxliOCT1IOe llOI'JIOIIt8H.He 

r-v pa~uanitBwtt napauettp JUtH peaJI:DHoii ll8CTH [ f t-Vi] 

r w P81.tR81IINWti napaue!rp ~H WUDI:Oti li8CfH [ f >111] 

r c pa:ztHanz,a-llllt napaMeTp ].(JIH K~Jiono:acKOro noTeHitHaJl8 L f L1.1] 

av 1.tB(Q<QyaHOc!l.'b ;nns peanao~ lUlCTH [ fVVl] 

()~~ ltH<lJWYBHOCTl> .ztrul MlllU!.Oil GSC'l'l-'I l f I-"-"] • 
(2>2 napaKe!rp Kli8JU>YDOJil>HOt;i ~eqJapu8UHH 
(~ 4 napaue'l'p reK~exanonz,ao~ l{eq~pua~m 

60JlH ~2= (~ '1 =0, C'qJi'l'83'l'CH ll8C'l'HHM CJij1ll8ti (~.16) 

!j !'\ !j 

(j ycJIOBHWI ;ztODOnHH'l'eJI:Dmtlii llYJil) nepeJJ; napaMe'l'paMH TpeT:&eY 

rpynnu DpR 'q'l'6HBH BOllliOB1~ ~Yll~~ 0 USI'HH'l'HOW neH~ 

(eM. paa~en 6.3) 

Tpe'l'l>H rpynna (I4j B8JIH'IHH): I18p&M8Tp!i BHXO}.UIOI'O K8H8il8 . 

jcOO'l'B6'l'CT:a8HHO napaMe'l'pal: B'l'Opo~ rpynnH, HO BMeC'l'O 

E eo.b H&JJ;O llOCT8lUI'l':D 

0. Q -peaKllRH [Mev] 

qeDepftUi I'Pl'JlD8 (4 BeJ!ItNHHH): napaMeTpH TIOftllllUfSJia ClUi38H-

HOI'O COC'l'OflHHfl 

Vo rxy6Jma noTeBltlf8na [ 1'1e V] 

r~ P81lH8JWWI napaue!p [f v.1 -J 

Q o ;ztJI~:fBHOCT:& [ { "'·1
] 

V.so I KOHC~8H!rS CBHH-op6uTaJI:DHClrO TIO'l'eHIU~SJIS [ ~1t~ Vj 
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l1Hf8H. BO)U'pynna (4 * LM<:tX + 1 B8JUf11J!fH8): KBSHTOBUe liBOna 

o(OepR80UX 68SBOHHX COOTOSHH£1; 
I 

LVYICO( -ttHOJIO 0W6PIN6CIOO: COC!rOHlU4lt; 
• 

RS~aa BS t.mo.x- no,lll'pynn co~eput: 

V) 'rJlaJWoe K.BSHTOBOe qmcno ( n = r~r + "'1 , r;ne Vlr 

'IHCJIO JSJlO:B BOJIHO:SOl ~JllltlUtH), 

~ opGHtan»BH~ KOK8H!, 

j DOJIHBit MOM8Bf t 

E aaeprHS CIJ113B cwepuqeetc<>I'O COCTOBHHH [MeV] ' 
eo~~ ABe B03MO~OOTH: 

l) • i:la;naeTCH rny6HH8 fi0!'6HIUJSJIS 1 SHeprHB CBfiSH DO,ArO

Hft8TOAt TOI';lt8 HQIO UOOTEBBt• E=U; 

2) • 3aJ88fCft 8HeprBS OBf.iSJI C O!pBI{8f6J.Uiliiil4 3UaKOu. 1 

1'11JClHR8 ll0f6Hltli8J18 UO;LtrCHB.efOB; f0l')t8 H8l(O LOCfSBBfi> 

wecto Va B t.~et:sep1'o~ rpyune aaqaJu;uym :aen1rcumy 

ltJifl IIOJU'OHKB rxydKHHi 

qKCJlO H nop~OK owepMqecKBX COC!OSHBI nmOwe, (Orp&HB

t&8HBe: l.w.a-': fi: 20 ) ; noCJJe noOJie;zuteirt po,1U'pynnu HSAO 

• 
l.UecTEUl rpynna (nom ~ (3 + i.~1HX') + 2 neJIRimlll): napaMeTpht 

(Jl) 

BPSlltST61lltHWX: DOJ!OO B KOS~Hl\HeH!H C nqj "' t 

Kall;ll;S.R M3 VlOvn IIO;Ill'pynn CO;ztepUf 3+ lW\llX' B6JllrfCIMHht; 

iiO 11 yCJio:uHHit ~ononain.'eJII>HLIM uya nepe;Lt KBllt.ltOitl no.ztrpynnol 

npH ttTeHMIM npoueii:j'TOqHHX pesyJI.DT8TO:B UOJlOCW C K8I'HI4f

HO£i Jl6H!WJj 

JJM (~) !18KUOU81I:LHWl CllHH ]»'lax 1 )40 3H8tl6HKH KOTOporo 

B!INBCBIUOTCii a&~qx}JepeHU.1811 WiLle Cet&eiUUl BP8li48 TeJIDHOit UOJIO-
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cu; og -WGteKC Bp&li\S!~JIDHott non:ooH ~OJ= ·1 .. *'/OVI-'7 ) 

OMG[o.']] npoe~fi emma .f2 H8 OC]) cm.weTpMH HJ.t.P8 

· i3AND[og} aas:saaue :spaJJta'.reJIDH011 nc,nocu N n2 12 , Tpe6yeToH 

/TpeXItft~poBoe l!Ho.no. 0110 m~eeT saaqenme TOJII>ICO ;ztJIH ne

lt~afit; 

CK{o;, ·7·t'n-,adKOa\WlHI.tH8HTH P83JIOJ!t6H£tH a.:;;-) ; TUICJIO H nopfiltOK 

11011 

''n~· 
~.~· 

:BP8l!UlT6JibHHX non:oa moc>ae (.orpatmqeame: non-1 ~ f ) ; noCJie 

nocne~e~ noxrpynnH aa~o nooTa:aHTb o6aaaTeJI»Ho~ 

Ina ayna, MaruHHa Tor~a O·lWl na~JteT 
lt~HC1IO v1 Ovt1 ; 

Ce,'Z\J,USH rpynna ( 3 BeJiltliHHii + OT HIDe 38lUIC~e :S:BOJUi) : . 
ynp&:BJUliWUf8 fi8paJ18TpH; SltcnepDeHT8JIDHhl6 ,1l8HHH8, 

K03~MJ.tM8liTH KOpHOJIHCOB8 CLtenumanHHi 

cor- ynpaBJimonufi:i napaueTp ;zvm ICopMOJIBCOBa cuel!UtBaam.a.; 

( --~ .. ~lJ). 
~.pu ..._ '~" - '. 

COr'" ::0 C)es KOpHOJIHCOBf CMCmHJJSHHfi 

BlilllroJlHIOTCfl 1V!W<PH8peHqH8JJ !IHHO C8'l8HBH T01IltKO ].tJIH O;lt

HOU nonoca, ~aae eanH 6HnH :a~Hcneaa npoxegyToqaue 

pesyXbfaTH ,1lJIH HeCKOJl~KHX llOJIOC. 

Tpe6yeTCH BBO;lt 03!8,1l3JODtel B8JIHllHJW: 

HOII8p BP8JJt8TEU!:&HOft llOJIOCial, ;nJIH KOTOpoti BWIMC11HeTCfl 

oeqeHJIIe; 

cor-· =I co CKenux:aaameM RO)tiOJH1Ca. CMeillHBaJOTCH :ace 

BWLHCB8HHHe fiOJIOChlj HCit1IIO'lUT:b UOEHO HBlWTOpHe llOJIOCH, 
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(r~pu c.or=1): Tpe6~e!Ofl BBO}.t one~ylll!lHX lJeJUAHH: 
:!J ~ [o] M8KOHJISJ'U,HHit CnJIB H 

OMG [o] DH.w.taJllHlbll onHu oa~emnaelt:O.lt :ap~aten.:&aoti non.ocw. 

Anfl B6JIBqHH OflHHOB B A8HHOM HHTepBane CK8mKB81lfCS BOO 

BfillHCJieHHHe nonoou. EOJIH ::.Jfv1[0fj]< JJM[O] HJUt OMG[oj] > 

OMG[o] , r~e :JJtvr [osJ a OMG[osJ - napaKeTpw 

KaKott-To nonocu BS m~c!ol .rpynnw, 'fOI'Jta ata non.oca 

HCKnmqaeTCB 8BTOMSTJq8CKB ;U~S 000f:B6!CfBYil~ B6XHqau 

en aHa 
(V\f'l-< COf":: '1): .(l_ ':L 

(( [1: VIDV111 K03<j_Jqlftl{H8H!H KOpHOJIBOOH Cll6illHB8HHH ( :J ; nepB!iS 
11: kex] 

~eKe: HOMep BP8~8!6J1iHO~ fi0110CH 1 BTOpoM Hft.ll6KC: HOUep 
COCTO.fiHHfi nonoow, H81UfH8B C:HH3J ( :f 011G [OJ) 

B6JIH11HHJ ke >< 118DI.HB8 BIAJ ClU16T caua : 

cor== 0 : kex = JJ/V/ [ c3]- OfVIG [c3] + 1 eOJIB OJ= Off] 

co..-='1: kex- JJM [OJ- Ofv16 [OJ +1 

Caaqa.na BBO;ltfi!OB KOSW¢JJUUieB fH ;zplfi nepBOit ll01IOCH BC6X 

C001'0ftHBit ( kex UlfJK) t UI)TOII KOSQ.xi!JmH8Hfil BfOpoD non.o-
CH H t.;zt. 

exr JUP8UBICUilBM napaMe!l'p )Uifl BBH~a. SKCD6pHI&6Hf81l.DliHX ~8HHWC, 

Qxv- =0: SKOD8pBM8Hf8JII.BblU ~8HHH8 He BBO;ztHTCa; 

.D;ffl(ll(ilepeHI.lH8Jl:&HH8 oeqeHHH BHUiCJlfiiOTCH H neqaTSIOi'CH qepes 

Ka~e 5° (36 yrnoB) 

exr =I: 118D6PBU6H!an~HblC ~8HHN8 BBOAH!OH B CJ18~~8M 
I 

DOpHJt.Ke: NIH Ka1tllOI'O HS KeX COCTOH.iUI~ Tpero,yeTCH riOJtl'pyn-

) na ~SHHHX, KO!opaa COCTOHT H3 CJie]U'IHIUU napSMeTpolU 
r~p4 exr:1 

nex qsoJio yrJIOD, ecJIH nex =0, ](•~JIJW~e~wae :ztaHHue ae TptOymfcfl, 

peliUDI KaK y exr =0 

+~ela[1:VIex7 yrnu B Jia6oparopHo£1 cHCTeMe 
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s~x [1: lliex] sxcnepHUeHTanHHe :ieJIIAH.Hli ;D;H<Ixl)epeHI.UfSJI:&Horo ceqeHIUI 

d5.r::x[_,t · ~r~e x] oma<S~m HaMepeHIJH 

f; t ynpaB.1ffil01JlBM napaMe! ~P; 

f~ t = 0 : noa.ne OKOl'lSHHH pact~ eTa Mannma nepeilJteT aa aa

qano nporpa~~MH, no!IpeoyeT p;aHHHe ;zt11H cJie;t:tymll{ero pac

qeTa, H 6CHH OBH OEnH DOCT8Bn6HH, HSQHHSeT cqeT 

fit = -1 : no.cn:e OK:->~t~amm: paoqeTa uauaiHa TpeoyeT 

l(SHHHe ,7.tJifi oe;zu,uo~ :capynnH napaMeTpo:S, llT06H OtJHTa T:& 

cnep;y~n »apHaHT. ~~aKHM oopaaoM uoxao :aap:&Hpona~:& 

I napaueTpu cem;Mot1 rpynmll npH qmuooponamwx p;aHHUX: 
I 
j BOEm OCTallbHWC rpynr: napaueTpoB, DOBTOprul TOJI:&KO 
I 

l noon:e;ztinoro qao!I!:D pact; em (npone;ztypa prJ( l x 3 ) 

6 15, 06'MlCHemte neqam 

KaK '3'1!.8 CKa38HO BLRU6• :BCfl .BXO;ZJ;HSH HH~PM81U1fl II6'1SfS81lCJI 

nenocpe]tCT:Bemxo noCJie :aoo,zta :a @OPMSTHo~ ne11aTH :a roqno TSKOM 

ze nopjij.UCe KaR H B:BOWJ5!ca, fleqaTarorca :ace ynpaBJIIllO.J.Me napa

ueTpy, ;ztonomiri!WJilililie HyJin H uyo, KOTOpHe CJieJtYK)T noc.11e 

uac.oH:ao:a. IIoaTouy no;ztpo6H<•e o6~ncuenHe aTott neqam He HylKHo. 

O<S!DacwD.I TOJILKO ;ztODOJIHHTeJ::I»Hyro netJan, KOfOpall }) OTJIHTlHe 

Of lDCOJUiOiii miciJOpua~:H neqa~aeToH :a o<5wruou :alf;ll;e ( o npoJ.te-

;zcypoiii ( p r ,' L1 i- ) : 

I. llo011e :aropo~ H Tper:oeti rpynrrw napat.teTpo:& netJaTaecoa 

SHeprHH qacTHI.t :SO mtOltfiOJ4 .4 D.bJXO;IPiOM KaliaJiaX B OlfOTeue 

J.leHTpa ace. 
2. lloOJie naToti rpJnnH napaueTpo:a netiaTaeTca :zt,nH Ita~

~oro 6asHOHoro cocroHHHfl r;z:3oMHa nOT8HIUfana £7 anepruH c:aHSH. 
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0;zut8 143 STHX BeJIHUH 6htl18 no;~o6paHa • 

B OKOHliST6Jl:&IiO:Iii neliaTH ;UIH KalltAOI'O COCTOHlUUI paCOJ40T

peHHOl :&paU{S1'6JII..HOi1 DOJlOCH HJI68M O;D;HH 11140! CO BC8KH napa-

148fpaD, pea~n:&TaTauM 14 rpawnKoll 14112 AHwtllepeHUHan:&Horo 

ceqeaBa: 

lletiaT810TOfi D6U'IBH~ :B CJ(6,'AYJO!lt6M llOPHJtKC: 

I. IlepB~e 'leTwpe c!L'poKH: 

Cne:aa: napueTphl I-5 :sTopo~ 1·p~nnw + aHeprsa :s oNtoTeu:e ~eafpa 

uaco. 
B cepe].tHHe: napaMeTpu I-5 ~·p<:T:&ei:i rp~nmx + sHepruH ~ c~cTeue 

!leHTpa Mace. 
Cnpa:ua: nep:uaa rp~nna napaue~poB. 

2. llapaueTpH 6-14 BTOpOR H TpeTie~ rpynnH. llapaMeTpH 

qeT:uepTo~ rpynnw. 

3. KBSHTOBHe tUfCJia ( ..., I e I j ) 113 n.s.Tolt rpynnu. 

3HeprH.t1 CllflSH H3 nHTOitl rpynnh. BenullHHH OMG [ csJ ' 
BAND[o~], CK[oj,'1'tWittx] HS mecToit rpynnu BMecTe a KOaqKIJm~mea

Tou. 0116WHB8HJIH (( [ Oj 1 k) ,lt.DH ].tSIIH0£1 DOJIOCH 14 CDHHS • 

4. Hepe].taHIUie KoueHTH L , J u npoeiatmH J2 

:BHllN~CJiaeuoe .zut(Wepea~man:oaoe ceqeuue. 

5. rpaQ}HK YI'1IOJOi1 pacnpe~eJleHHH Ce\leHHH. OH COBH8)'486T 

c rpa<lJH.KOM MH nporpW&w KACTJP c TO~ paaauuei, 'ITO nopHAOK 

BenH\IMH pacno.no&ea aa Bepxueu Kpae u HKXe rpawHKa pacn~J

'lSTHDaeToa e~e pas BH\IHCJIHeuos ceqeaHe. 

6.6. Pg~o:a o ugrHHTHHK~ neHT§MI 14 pgonpQiexeume 

HHWgpK§U!H 

B COOP - KapTe nporpauuu Tpe6yefca qeTHpe uarHHTHux 

Jl6HTH. Tpl4 H3 HHX U:OI'y! 6h1Tl> .llOOWG paC.SO'llrD.Uf JI6HTSIIH, a Ha 

' 
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0~~ npoBO~H!OR 88IIHC~ DC8W :lpoi4S~TOliHO~ HH~pYSUHH. 

l!:cu ata HH<POPJI&UIUl H:fltH8 :a .~a.nltHelrueJ&. fO aro AOJU.W\4. 

OWT:L COdO!BeHHIB Jl8HT8 HCHOJI::.ao:sate.ns. 0GoaHat~eR11.fl J48I'HH~ 

HW:X: J18H! C.ll8.QIDJltB8 S 

~s - padoqaa .neuta 
2s - paOoqaa .neHta 

HOOh - COdC!JeBHaS H8H!8 

HD41 - padoqaa .nears 

B ~8DUe~tueK CJII;zt~e! ODHCfUUte;,. pacnpe;zteJieHiUi MH<JJOpu&UHH 

Ha uarHHTH~ .neB!1 HD Ob • (Mu acnon:aayeu cnen~10114Me 

COKp&lllOHHJU a:::: lrna)(+2 
1 

b :: (tn.aK +1)+~ +- uenoe .xteJieHHe) 

t.lHCJlO 
aoa 

b(b+1) 

1 
1 

(a+1)2 

nom 

AJIHHa SOH 3anBCD 

I9 napa.uerJ•H nep:so£1 m :sropoi-1 rp;ynnhl 

b • 2 p BOJIHOBhlE; WYHKUHH BXO,ltHOI'O KSHaJI8 ]lJifi 

li6!Bhi.X I:eJIH'IHH e_ 

b·2p 
fmox +1 
19 

b. 2p 

b· 2p 
ernax +-1 

(fi'HO.X +1)• 
•2 (L+-1)Q 

TO ll£6 ,IJ,1. H HelleTHhlX B6JlHll!1H £ 

KYJIOHOBcKHe tiJaaw BXOlUfOI'o KaHaJia 

napaMeTpi nep»Oit B i1pet:~el rpynnw 

:aonso:ahle WYHKqMH :auxo;ztHoro KaHana ~a 

• 
TO U tV.! fl Heqe~HhJX B8JIH'CUUi e_ 

l\YJIOHOBCIG!8 lll83W BWCO;ztHOI'O IUlH8J18 

npouexyToqHue peayn~raTw .xt.na 

paSHHX Jpa~aTeJI~HWX UOROC (AHH KS~O~ no-

JlOCU 6CTi Ol.{Ha 30H8) L- - M81\Cm&8JI~Hitli 
I 
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6,7, flp194epu 

I. BW:lHCJieaue 1Ut<!XPE peHxtmSJibHNX ceqeauM ;zviH pea~H 

..,
60

Qd ( d, t) "'·')9 
Gd , MJcyll\et1 o :soa6yx;zteHHeu BPSllt&TeJI:&Holi 

noJIOCH 3/2- [52 I] co en~ mum _7 =3/2 ••• II/2. M1cnoJI:&3J1eTca 
ueTo;zt CaRcoua-By;ztca. ~ 

rpynna I I5,92,.2,.I, 
rpynna 2 2,I,I60,62,I2.I, . . 

95,-I2,I.25,I.3,I.25,.8,.6,.3,.05, 
rpynna 3 I,I,I59,62,-2.2, 

I20,-I5,I.3,I.3,I.3,.65,.65,.J,.OS~ 

rpynna 4 60,I.85,.65,4. 

rpynna 5 2,I,I.5,-I0.6,3,I,I.5,-6,98, 

2,3,2 .5,-6.3!.,2,3,3.5,-5.21' 

I,5,4.5,-8.62 1 I,5,5.5,-6.I7, 
o, 

rpynna 6 5.S,I.S,52I, 

o,o, 
rpynna 7 O,I, 

o,o, 

,IS0,.35I,-.453,.63I,-.3?4,.ISU, 

2. PactieT I noBTopaercH c H3MeHeHmeu napaueTpo:s nHTOH 

rpynnH (Rcno~syeTCH .U6TO~ liiTypua-J1HJ1BM.Tlfi) • Bo.TlHODblC 

WYHKqHH o6oHX xaHano» CtiHru:aam~ca c neHTH 

rpynna I I5,92,.2,.I, 

o, 
rpynna 2 2,I,I60,62,I2.::, 

95,-I2,I.25,I.:i,I .25, .8, .6, .3, .us, 
0 ' 



rpynna 3 

rpynna 4 

I'P3DUI 5 

rpynna 6 
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I-.I,I59,62,-2.2, 

120,-I5,I.3,I.3 .. I.3,.65, .65,.3, .05, 

60,I .25, .65,,.' 
I ,I t~I • .5,-?. 7, 2,1 ,I .5,-'l. 7 ,3,I ,I .5,-?. 7, 

4,I,I.5,-?.?,I,3,2.5,-?.7,2,3,2.5,-7.7, 

3,3,3.S,~'l~'l,I,3,3.5,.-?.7,2,3,3.5,-7.7, 

1,5,4.5,-7. 7 ,ltf5,5.5,-7. 7 ,I, 7 ,6.5,-'l, 7, 
o, . 
S.~.I.5,52I, .. 05, .I4,. ?I, .25,-.I? ,-.45, .IO, 

··.54, .ri,-.14,-.25, .24, 
o,o, 

rpynn• 7 O,l, 
o,o, 

3. Pacqe~~2 .no»Topae!QH o ~o~aBneuueu ~y.x ~ononnu~enD
HiatX BP8Iltl!r6.1lldiLDC ll01lOC t BOmpue :BLNHCJI8101'CS: 6es CMeliiM:BSHHfl 

o :aapBaiU~ett napaxe~poJJ .cel:(~oil rpynna. 
rpynna I-5 oes »aaeaeapi 
rpynna 6 o, 

rpynna ? 

5.5,1 .5,521, .as, .I4,. ?I, .25,-.r? ,-.45, .ro, 

-.54,.II,.-.I4,-.25,.24, 

4.5,2,5,523, o,o,o,o,-.25,.36,.12, 

••• 7-6, .24,-.3.5,0, .96, 

5.5,I.5,5I2,0, .23, .56,-.14, .36, .22, .I?, 

-~.38, .s6,-.oa,o ,a, 
o,o, 
0,2, . 

O,I, 
rpynna 7 0,3, 

o,r, 
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4. HelCO!'OpuG llapu:~H nap&Kefpo:B ce~ou rp~nnu,Clle

WDaiOfCH JtB6 H .~pH DOJlOJlJi• I'pynm:.t napmreTpoD ~~ OHOB8 He 

llBO;ltH~Qfi. B 0!1IIflm6 O!f 4:JcyUBll l-3 t I?te DOH H~H HH<llOp

Ma~fi sanmcaaa aa n:eHre H noaTOMy paclle'lli He ;ztommLI 

OJieJtOllaT:D HenoopeJt~Bemro :ztP3I' sa ltP3rou, m1qppua~ co 

BOeJlH BIPH8H~H napaKe!l'POB I'Pl'DDH ? HymiO cpaay UOCTSBHTb 

11 qlJTaiOln88 YCT~pOitQ~r:SO·. ilOCKOJl:&Ky DpOM6ltJT011Hlll6 pesyJID

T8Tli BCCX BP8Jll8Tell:&HHX: DO.UOO BlNHCJI6HJi, B8PHSHTbl 06;l4:DU01it 

rpynns oCSpa6aTbtllSIOTCH cp'lBHitiTem;uo CiHCTpo. EciDI uym~o 

npepBST:D pacqeT, MOEHO npo~O~IT:D ~apHaUIIH 06~0~ rpynna, 
nocm:a.niDI Doe ;Lt&HHNe c 1PC5an.nemua.un Hynmm nepe;lt :BTopoii 

M TpeT:&ell rpynnaJ.m H nepi3;lt ~0~ D01(I'p:fUD01it lll6CTOi1 

rpynnH. 

rp:~nna ? 

rpynna 7 

1,&.5,2.5, 

.92,-.85, .. 75, 

.25' .36 ,-. 43 t 

o, u, o, 
O,I, 
r,s.s,r.s, 

-.95,.92,-.85,.75,.71. 

0,.25,.36,-.43,0, 

-.rs,-.21,.24,.33,-.45, 
O,I, 
o,s.s,r.s, 

-.95,.92 ,-.HS,. 75,. 71, 

o, o, u, o, o, 
"""•15,-.21, .,4, .33,-.45, 

o,o, 
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llpXMepu AlB BB0~8 axcnepiU8HTS~AHHX ~8HHHX ODHC8HW ~B 

nporpaaw KA~l'OP B 5.6. Baol( co:sna.-ztaeT ltJIH oOen nporpao. 

5 • EOJlH HS tpex BP8l1Uif8JU.HWX: fi0.1100 B CJiytl88 3 XO'Ie!OH 

nepaym a tpetAD aHyJIHpo:nar• H AOda:sH~:i ~:ae }.{pyrae nonocw, 
( 81'o u:ory f <1Hf:i, aanpHke p, H !'e ae noJiocw c }.{pyrmut 

.fl..,Qt 
Koawwu~H&HfaMB a~~ ), fo Qfo6w He notepHt:i sanuc:. :aro-
po~ nonocw, Jlyue oeta:auf:; nep:aYID nonocy ( c KOS<IK1!HI:U1eHtaum J . . 

C_Q(;(::: 0 ) • TpeT:DJO D011HCy MOlltHO 8Hy.UpoBafJ., He Il01(C2.'8B• 

.B..fUI DOArP1IIDY ee napa.vetpuB. 
rpynna r-s KaK :a cnyqae (2) 

rpynna 6 o, 
5.5, r.s, 5211 .us, .14, .71, .2::>, -.17,-.45, .ru, 

'"4 -.:::> t .II,-.I4,-.2j, .24, 
G, 

4.5, 2.5, 523, o, u, , .. 
-.25, .36, .12, v, u, 

-.'76, .24,-.35, o, .06, 
6.5, 2.5, 532, o, u, u, u, .Il, .53,-.40, 

.33, .46,-.25, .27 t .16, 
5.5, r.s, 521, .06, .II, .68, .33, -.20,-.44, .ru, 

··.51, .17,-.16,-.19, .36, 
I, 5.5, 2.5, 

o, o, o, o, 
.32, .18,··.25, ··, .u, 

o, u, u, u, 
.89,-.94,··.92, I, 

u, I, 
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rpynna 7 u, 3, 

u, u, 

&aueqaluH.~: Bee Aan.auj3 B npHMepax "(utc11o CJlyttaiHue y He 

OcJH3STeJiltHO mleiOT cJ!M3Hli6C:Udt1 CMhlCJ1. 

Mw BNPaxaeu r~y6oKyro 6naro~apaocT» npo~eccopy B.r.co
noB»e:ay 38 DOOTOHHH06 BHH11SH*i6 R paoOTe M riOlUI,eplKRY. 

ltpoMe TOrO MLl B6C:bl48 npM3liS'l6Jl:&Hhl C.ll.11BaHOBOti, B3fi:BW8ti Ha 

ce6H ne.nerR.t-illi Tpy;n npoqec·~» aTy paooTy B pyKOnMCM Iti C].le

naBmetl Pftll: noJI63HhiX aaueqaHMti. 

(-

~~"'"'c -""'V'v~-

) 
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