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§ I. B B e A e H VI e 

BsamMoAeticTBMe qacTHU BbiCo~mx sHeprHM c Be~eCTBOM - oqeH~ 

BBZHbi~ B npMKJIB~HOM OTHOill6HMM BJllpOC. PaCCMOTpeH:vi8 T8KHX 38A8q 

K8K pacq~T pa~M8UMOHHOM 38~HTbi ycKOpWTeJien H KOCMHqeCKMX KOp8-

6Jieit.i, yq~T BJIMRHHH H8 nyqK:vi yCKJpeHHbiX qaCTMU p83HOI'O pO,ZJ;8 

~HJI~TpOB, M3yqeHH8 pacnpe,ZJ;eJI8HH~ p8,ZJ;M08KTMBHbiX M30TOTIOB B 

TOJime 06Jiyq~HHOI'O BemeCTBB H T.a. - BC~ 8TO Tpe6yeT 3H8HHH X8-

p8KT8pHCTMK qaCTMU, 06paayrnmmxc~ npM B38HMO,Zl;8tiCTBHM BbiCOKO

SHepreTHqeCKOI'O H3JiyqeHHH C BemSCTBOM. 8Ta MH~OpM8UMR He06XO

,Zl;MM8 TBKEB AJIH 8H8JIM38 B38HMO,ZJ;8ACTBMH nepBMqHOI'O KOCMMqeCKOI'O 

M3JiyqeHMH C BemeCTBOM MBT80pMTOB M C TIOB8pXHOCTHMM TIJI8H6T, 

JIMill~HHbiX BTMOC~epbi. 

TionyqenMe yKasaHHO~ MH~OpM3UMM sKcrrepMMBHTBJibHNM nyT~M -

sa,ZJ;aqa nec~Ma TPYAO~MKBH, Tpe6yomaa anaqMTeJI~Hux aaTpaT m He 

BO BCBX cnyqafiX p83p8illMM8H. ilosrOMy E8JI8T6JibHO yMeT~ paccq:viTbi

BBT~ B38MMOA8WCTBM€ H,ZJ;8pHO BKTMdllbiX qaCTHU C BemeCTBOM Teope

'I'ltlqeci\.VI. 

YA06HbiM, a MHOrAa M e,ZJ;MHCTB8HHO B03MOEHbiM cnoco6oM pacq~

Ta HBJIH8TCH MO~BJIMpOBBHMe TIPOUBJCB M8TOAOM MoHTe-KopJIO Ha 8BM. 

HMEe npMBO.ZJ:ltlTCH .ZJ;OCTBToqHo TIOAP06Hoe onMcaHMe nporpaMMbi 

pacq~Ta H,ZJ;CpiiOI'O KBCKBAB B BemeJTEe M€TO,Zl;OM MOHTe-l{apJIO M MH

CTpyKUMH ,Zl;JIH e~ MCTIOJib30B8HHH. 

IlporpaMMa HBTIHCaHa na R3biK 3 F 0 R T R /~ 1\/ VI peanwayeT-

CH HB 8BM E8CM-6. oTB nporpaMM8 il03BOJIHGT MO).J;8JIMpOB8Tb B38lt1MO

;IL8t1CTBM8 HYIOIOHOB VI ST - M630HO 3 c 6JlOKOM Oll)10IWMTIOHCHTHOI'O 

Be meC'l'B8 HCIWTOpOti ·.·8,Zl;8HHOti re 0 v18TpliiV!. 0606ill,8HM8 H8 MHOI'OKOM-
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ITOH8HTHbJe C pe~.bl He Bbl3.biB8 8T rrpWHl .1.1ITW8JI:OHb!X 38Tpy,1l;H8H.I.1tf. 

PaccMaTpxtBaiOTCfl c.TielJ.YIOlU:Me YH 'J':•r:sam .. : HJij:1er .r::.~(.; · x aHeprM:tl 

qacTmJ,: 

ITpOTOHbl ro,5 M3B < lf ~ 5 raB 

:Jl - Me 30Hbi ro,5 MaB < G;~ 5 raB 

H6illTpOHbl 0,215 8B < -, ,~- 5 raB 

(8H846HH8 10,5 M8B o6yc.JIOBJICHO TfM, tiTO KOHCTBliTN AHH p8Cti~T8 

R.n;epHblX peBKTOpOB/r/, C llOMOll(:O!D LO'I'OpblZ: i:3 Hf~CTOR~td1 TipOrpaMMe 

MO,ll;BflHpyeTCH ITOB8,1l;BHH8 HM:3K08H8pl'8T.I.148CKHX HehTpOHOB, 38,1l;8H.bl B 

HHTe pBBJie sHe prM:ti 0, zr5 SB - ro, :. MaB. B OTHoweHitlH rrpoTOHOB Itl 

11 - Me so HoB Be nvitiMHa IO, 5 MaB ILe ItlMe eT l{BKoro-.rrM0o npVIHIJ;Hnitl

an:oHoro 3HatieHHR. <t>aKT.ltltieCKH MOJKHO y'jKe He paccMaTplllBBTb pacrrpo

CTpaneHMe aapHr.teHHhiX tiBCTllliJ; c aHcprHHMVI HH!Ke ,...._, 30 MsB Ha-sa 

BbiCOK.VlX .1.10HJ.138l.l;.L10HHhiX IIOTepb np.1.1 aTitlX 8H8pi'ItlRX). 

3H848HJ.16 BepxHe~i rp8HitllJ.bl ,_ ~i l'aB CHH38HO C npe,ZJ;8JIBMitl DpH

M8HitlMOCT.lt1 KEJCK8~HOH MO~e JH1 RJJ;e pHI IX pe 8IOmi1 B ee OOLltiHOM 1311,11,8 

/ 2 ' 3/, .lt1CHOJio3yeMOM B H8CTORll~evi llpOrpaM:~le. 

MaCCOB08 tiHCJIO B8ll\8CT.t3o MH:UIJHH MOJii6T .lt1.M8T:O 3II8lf8H11R B VIH

T8pB8JI8 25 ~A~ 209. HMJi\HHR r 1aam~a ooyc"~OB;leHa npe,n;eJIBMM 

npwMeH.lt1MOCT11 KBCKa,n;Ho-wcna pwTeJri> i0t1 Mo.n;e JIM, a npw A I 

60Jlbllili:'IX, 

46M B8pXHHR rp8HHIJ;8,J.1M88T M8CTO 1pOIJ;8CC ,1l;BJI8HHH, KOTOp.biM B ,1l;8H

HOM nporp8MM8 He p8CCM8Tpi.1B88TCH, 

YKaaaHH.ble orpaHHtreHHH no 3H3prli:'Iw .1.1 no MaccoBoMy trwcny cy

mecTBeHH.bi TOJibKO npH paCCMOTpeHM~ 48CTI.1IJ; C 8HeprMRMM HHMe He

CKOJI1KMX ,n;ecHTKOB MaB. Ecnli:'I Hac 1HTepecywT TOJII>Ko traCTHU.bi c 

aHe prli:'IHMI.1 "T ~ roo MaB' TO OOJI8 )Tb npl1M8HMMOCTW nporpaMMbl 

pacumpReTCfl: roo MaE ~ T < 30 ~aB' A - Jl!DOOe. 
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B 8~ H8CTOH~8M BM~e nporp8MN8 OTHOCMTCH K 6HOK8M BemeCTB8 

cne~yromwx KOH~wrypauwM: UM.JIMHAP, cno~, 6ecKoHeqHoe nonynpo

CTpaHcTno. 06o6~eHme nporpaMM~ HE Apyrwe KOHillMrypauww He upeA

CTaBnHeT 38Tpy,:n;H8HMU. 

ITporpaMMa BuqwcnHeT cneAywmve xapaKTepwcTMKM AHH ~am;n;o~ npo 

CH8EMB88MO~ qaCTMIJ,N: 

KOOp~Mll8TN 8~ M8CTOH8X0~~8HVH 

H8Ilp8BH8HM8 DOJI~T8 (-a) lf) 
KMHeTmqecKyiD saepr.t110 T 

WM8H 3TM MHAMBMAY8HbHN8 X8p8KT8p~CTMK.tll, MOEHO ITOCTpOMTb MHTe-

pecywmwe aac pacnpeAenenwH, Hanp~uep: cneKTPN M yrnonue pacnpe

;n;eneHMH qaCTMU, IIOK.tiiHYBlli.tiiX OJIOK; pacnpeAeJieHMH qwcna RA8PHNX 

peaKuwM no rny6MHe norJIOTMTenH; ~errnOBNAeneHMe B 6noKe M T.rr. 

0pi'8HH38U.ItlR BbJA8qM 38BMC.VIT C T KOHKpeTHOM M0/(8JI11pyeviOVl CHt 

Tyaurm. 

rrpogeCCLI, p€ 8JU1:30B8HHbJU B lipOI'P8MM8 

TMrrMqHaH SKene pMMeHTa JibHaa cwryau,11H, MO/~e n.wpyeMBR c no

MOt~btO H8CTORU{8Vl !ipOI'p8MMb1, .VI306pc Y.d:8H8 H8 p11C. I. 

llpocneAMM pa JoTy ilpor paMMLJ r:o onoK-cxeMe pwc. 2. Hyue pauVIH 

H8 dJIOK-CX8M8 COOTB8TCTByeT HYM8}18IJ,11H ITYHKTOB OITMC8HMH. Cnyqah

Hb18 qJ.1cJia, pEiBHOMe pHo pa crrpe.n:e nenme B ltlHTe pBaJre ( 0, I), oooana

qeH~ qepea ~ • 

I. PoaLrrpLJlli Bl{'l'a naa.wMo).l,ehC~'B~m qacTltlJJ;LI c onorwM nemecTEa 

H8'-U1Ha81'CR C OIIp8,IJ;8JI8liJtiR X8p8KT8jl11CTMK nepJJVI'IHO~i qCICTltlUH. lipM 
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3TOM 38;LJ;8IDTCH KOOp~MH8TH T04KM B)OAB B B8~8CTBO, H8ilp8BH8HM8 

llOJI~TB M KMH8TMq8CK8H 8H8pi'MH. HEilpMMep, B cnyqae T0484HOI'O 

MOHoanepreTwqeCl-wro ny4IW rrpo'I'OHCB c :JHeprwew To , nanpaBJ1BH-

noro B~OJI~ OCM ~ , nepBM4H8H 4ECTMU8 llOJIHOCT~ID orrpe~eHHBTCH 

38~8HM8M l~8BRTI1 qwceJI: X= 0, ~ = 0, z = 0, Cos e =I, 

Sl.Vl~= 0, Cosf= I, T =To ' e =+I H M = 940. B 6oJiee 

06lllMX CJIY4BHX, KOI';LJ;B ny401{ MM88T npoc•rpBHCTBBliHOe MJIM yrJIOBOB 

pacnpe~eJIBHMB MJIM HeKOTOpHM SHepreTMqecKMM CTIBKTp, COOTBBTCT

BYID~Me xapaKTepwcTMKH MoryT 6uTI> onpe;n;eneHu nyT~M posurpHma no 

2. ilOCJIB TOI'O, KBK XBpBKTepVCTMKM 48CTMUU Ollp8AOJI8HH, 

rrpoBepHGM, YAOBJIGTBOpHeT JIM oHa ~cnoBMHM ABHuoM 3BAaqw. Hanpw-

Mep, Mbl MO:JBM OrpBHMqMBBTbCH paCCMOTpe 1Hl8M TO.i1blW qaCTMl.l, C 

3HeprMfHviYi. BbJwe He£coToporo ::maqeHV;H Tm;Vl, a .ZJ:<3HH8H 43CTH.QB viivlt:-

e T 6onee HM3I\yro sHe prM!O. 'l'or,:J;a orr y qacTMUY 33 OblBBeM M rre pexo

AMM K CJie~yro~eL1. 836HBBID'l'CH TBK~e TH~~Jlhl8 38PH*BHHhl8 4BCTMl.l,hl 
.. 3 

(,n;ei1TOH' •rpMTOH' He VI of. ) B03HMH8!0il\118 HB MCIT3p11T8Jll>HOili 

CT8~MM HABPHOM peBKUMM (eM. HMhle), pacnpOCTp8H8HMe KOTOpHX B 

B8~8CTBe MO~llO He p8CCMBTpMB8Tb M3-38 BhlCOKMX MOHM38UMOHHUX 

TIOTCpb. dTM qaCTMUU MOI'YT 6hlTl> MCITOfll>30BBH~ rrpM yq~Te T8llHOBhl

;LJ;8JI8HMH B OHOKe. 

3. EcnM qacTmua y;n;oBneTBOpHeT ycnoBMRM 38AaqM, TO npone-

pHeM, He HBflH8TCH HM 0118 HBMTpOHOM C aneprMe~ HMEC I0,5 M3B. 

ITOB8A8HM8 TBKMX HeMTpOHOB MO~enwpyeTCH OC06o, C MCTIOHb30B8H,eM 

peBKTOpdb!X ICOHCT8HT, 0 q~M 6y;n:eT :JK838HO Hlii}f{8. 

4. ECJIM pBCCM8TpMBB8MBH qaCTWUB H8 HBHHBTCH HM3KOSHepre

TMqeCKMM He~TpOHOM, TO rrepeXO;LJ;MM ~ p03hli'pHruy 8~ IT~06era AO Toq-

KM B3BMMO;LJ;8WCTBMH. 
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AnwHa a~epaoro npo6era 

onpe~enaeTCH no ~opMyne: 

L 1- JIH aetlTpOHOB w 11°- MesoHoB 

(I) 

3,ZJ;ec:o ~ ( T) - cpe,n;rum ;~Jmna a,n;E p;wro npooera: 

A (T)= N p~t.,t(T) (2) 

A - MBCCOBOe qncno MWUGHM 

J - llHOTHOCT:& M8TGpW8J8 MWW8HW 

- qvJCJIO ABora,ZJ;po 

Cftot( T) - nonuoe ceqeHwe B3C MMO.ZJ;et~icTBWH qaC1'liHJ.bi c a.n;pol'J 

nJia llpOTOHOB 11 38pH~8HH~X r· - M830HOB yqMTHBBIDTCH TIOT8-

pw 3HeprMM HB MOHM38UMill, AHR qerc MCITOJI:&3y8TCH ~OpMyJia CTepH

xefiiMepa/4 ' 5/, .n;aiDrn;aa sHaqeHwe MOE MsaunonHoro npooera Rp(~..," I) 
llpOTOH8 C KMH8TMqeCKOM 3HeprMei1 ·rp IVlSB B B8lll;8CTB8 CO cpe.n;HMM 

IIO'I'8HUM8HOM B030YIK.ZJ;GHMH I 8B: 

S.n;ec:o: R1) ( 2 M3C' I) - SKene pMu enTaJIT:>noe sHaqeime npooera 

npoToHa c sueprMefii 2 MsB B Bern;ecTBe co cpe.ZJ;HMM noTeH

UMBJIOM B036y~K.D;8HMH I 8B. 

Z M A - aTOMHbiti noMep M aTOMHhriti Bee BeJ.(eC'rBa 

~e., Gi ..,G1 , Ga - Kos~clJMU1l eH1'H, saBMcaw;Me TuJr:&Ko oT 

sneprw.ltl 

.X= ~~!ogAt)= f!cCjio ( 1~G) 
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BeJIM't!MHa MonwaauwonHoro npo6E ra R;T 11- Meaoua c snepr.III

eii T1i' nupaJKaeTCH tie pea npo6er r poTona B TOM JKe BemecTBe 

cne.n;yromwM oopaaoM: 

R (-)- Wl]j R (!!e. T) 
,r. In - Wlp ' r 111 Jrr 

(4) 

C yti~TOM .liiOH.lii38UMOHnux noTepJ. HABPHH~ npo6er aapHJKeHHhlX 

tiBCTMU L onpeAeJIH€ TCH COOTHOille i..IIIHMM 

2:/J.li =-ev,r., 
i i\(Ti.) J (5) 

t =~ flei 
l 

8.n;ec~ cyMMMpOB8HI18 B8,ll;~TCH no HBKC•TOphlM 0Tp83K8M TpaeKTOpM.lii 

.Ll ~i. npM npOXD:IK,ll;8HIII.lii KOTOpblX no~·epiii 8Hepriiiiii T8I{0Bbl, tiTO 1\(T) 
MBHHBTCH ueaHaqJIITen~no. O~noBpeMei.Ho c .lf.JI.IIIHO~ npo6era onpeAe

JIHeTCH sneprMH aapHEeHnon tiBCTMUhl B Konue npo6era. 

Onpe;n;eJIMB AJIMHY H;n;epnoi,o npo(iera 

TQqK.ftl B38JIIMO;IJ;€i1CTBJIIH no ~OpMyJie: 

~ ..... 0_, 
1,t:= !i + (., V1 

..... -~ 

[ HBXO;I.~JIIM KOOp,Zl,.ltlH8Tbi 

(6) 

r;n;e 'If 11 'Li - KOOPAMH8TH KOHetiHOn III naqaJibHOh ToqeK 

npo6era ._,. 
V1 - e,ll;IIJ:HliqHblVI Jl8KTOp B H8flp8BJ1.8HIIIM IlOJieTa 

'!8CTMU1l 

)lJIH JT 0 
- M830HOB yqMTbiB8€T<:H B03MOJKHOCT:O p8CIT8A8 Ji~~ 2t 

. ~0 
PaaurpaB Bp8MH JK.ftl3HM Ji - M€30H8 B CMCT8M6 ITOKOH ITO ~OpMyJie: 

'1:" =-t" e., ~ (7) 

BhlqVICJIHBM nyT~, KOTOpblM OH npOi1Ae~~ .lf.O pacrra.n;a: 

7: e pco.c ... = 1f vi- 15~'/C2 I (8) 



- 8 -

3.n;ec:b 1J - CKOpOCT:b JT 0
- M830H8 

C. - CKOpOCT:b CB8'1'8. 

Ecnw STOT rryTL M8Hbill8 R;.J;8pHoro rrpo6era (I), TO CtJ:MT88TCR, tJ:TO 

~0 - M830H pacrrancH, He MCIThlTBB R~epHOrO B38HMO~eMCTB~R. 3aMe

TMM, tJ:To .Dcne,n;cT:swe ManocTM :speMenvr JKI13HM ( 7:o = I ,s·ro-16ceK), 

tt"r 0 . 
Tip8KTHtJ:8CKH BCe Jl - Me30Hhl paena~aiDTCH He TipOB38MMO~eMeTBO-

BBB. B38HMO,LJ;eJiieT:Bltle r- KBOII'rOB 8 Bell(8eTBOM B nporp8MMe He 

paeCM8TpHB8eTefl, TBK KBK TIOJIHOe eeqeHHe peBKUMM r- KBBHT -

a.n;po na ,n;Ba-TpH nopH;~Ka MeHLwe cetr3Hlt1H HYKJIOH-R.n;po. 

qTO I-WC88TCH 38pmKeHHbiX JT - Me30HOB, '1'0 I1X Bp8MH ;:Klt13HL1 

OTHOCL1TeH:bHO paena.n;a JT ~ f + ~ .ZJ;OCTSTOtJ:HO :semH\0 

( 'Co = 2, 55 • I O-S eeK) ;.J;JIR TOrO, q rOObi JT± - Me 30H MOr He 

paerraBWMeb TipOJiiTH B B8ll(8eTB8 TIYTb, paBIIblti HeeKOJI:bKMM H,L18pHbiM 
+ 

rrpoOeraM. ~pyrMMM eJIOB8ML1, rrpaKTHtJ:3eKL1 Bee ~- - M830Hhl ycne-

B8IDT ,lJ.O paerra.n;a TipOB3811MO,lJ.eheTBOB8rb C R.ZJ;p8M11. ll03TOMy paena,n; 

3 apHJKeHHblX 
r.--
Ji - Me30HOB :s rrporpaM .1e He ytiMTbJBaeTcR. 

5. ITpocne.n;MM pa6oTy rrporpaMMhl .n;anee. 1errepL Mhl sHaeM co-

eTORHMe tJ:8CT11Uhl B KOHCtJ:HOJii TOtJ:K8 UJ06era L1 MOMeM Ollpe~eJIMT:b, 

B03MO~HO JIM e~ B38ltiMO,lJ.8~CTBL18 e H,lJ.JOM B STOJii TOtJ:Ke. b38L1MO,LJ;eli

eTBMe H8B03MO~HO, eeJIM KOH8tJ:HBH TOIK8 rrpodera Jl6JKL1T BHe OJIOKB 

B8ll(eCTB8 L1 eCJIL1 tJ:8CTHU8 He ~OCTMrJI3 3TOU TOtJ:KM HeJie,lJ.CTBMe 110-

H1138U110HHbiX TIOTepb 11Jl11 paena.n.a. H 3TL1X CJIYtiBHX tJ:BCTMUY MO~HO 

MeTIOJlb30B8Tb ,ll;JIR TIOeTpOeHMH KBKWX-IM60 pacrrpe.n;eJieHMJii, HBTiplti

Mep, erreKTpOB BhlJl6T6BlliL1X qaeTMU. 3.3TeM ene.n;yeT rrpoBepMTb, He 

rryeTa JIM TIBMHTb (eM. pMe. 2). 

Ho AOnyeTwM, tJ:TO :ssawMo~eiiieTB.Ie B03Momno. Tor.n.a rrepexo

AMM K onpe.n;eJI8HL1ID TL1ll8 B38L1MOA8hCT:$11R. 
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6. T.L111 B38l1MO)J,8J/1C'l'B.L'lfi 0Ilp8,ll,8JI:l8TCH 113 COOTHOUieHJ/IH 

()~(T) >B 
<Jtot. (T) J 

(9) 

\)~( T) M Ot-t ( T) - Heyn Jyroe r1: nomwe cetieEMH B3B.L1-

MO)J,8~CTB.L'lfi l!BCTMUH C H)J,pOM • 

.iECJU'I He _t-;8138 HCT .dO ( 9) BbiiiOJIHH8 rCH, 'l' 0 C tH, '1'88 TCH, liTO npO.L'lC-

XO,I(.L'lT neynpyroe B38MMO.i'.l,8MCTB1tl8 qac r.L'liJ;bi C HAPOM, a SCJI.L'l IIGT -

TO ynpyroe pacceHHMe. 

7. B cnyqae ynpyroro pacceHHMi M3M8HHeTCH TOJibKO nanpaBne

1me ABMJKeHMH qacTMIJ.bi. Yr'OJI oTI{rr--·!·:~ .:.·. 

Jle/14/ 

_B2~rp~n~eTCH llO ~OpMy-

r.n:e Cfo - MHOJftMT8Jib, He 38BMCfii4L1M OT {j w 
p - MMTIYJibC l!BCTMIJ;hl 

(IO) 

'L.: zi/
3 

h t C ) z - 9TOMHbiM HOMep MIIIW8H.L1 
11i 

f)~- yrOJI O'l'KJIOlieH.L'lH l!8C'H11J,H l3 JIB60pBTOpi!011 CMCTCM8 

Pa3hlrpan yroH, cuoBa .L'lJJ.~M Ha onpe~~neHMe npo6era AD BJB.L'lMO)J.eM-

CT.D.L'lH (pMC. 2). 

B. Heynpyroe B3aMMOJJ.eMcTBMe l!BCTWUH c H,ll.pOM pa~cMaTpMBa

eTcH B p8MK8X K8CK8)J,HO-MCll8pMT8JibHOM MO)J,8Jll1 H)J,epHhlX peaKIJ,.L'l~/6 /, 
COrJiaCHO KOTOpO~ H,LJ,8pH8H peaKIJ,MH DpOT8K88T B )J,B8 3Tana: CH8l!8-

JI8, IIO,Ll, ,Ll,8J/1CTBI-18M BblCOIW3IIepreTMG:8CKO.V1 nep.DMliHOV! G:8C'l'11UbJ pa3-

HMB88TCH BHyTp.L1H~epHb1U K8CK8)J., 8 38T8M, TIO OKOHl!8HM.L1 KBCK8,ll.

HOM CT8)J,MM, IlpO.L1CXO)J,L1T .L1CIT8p8H.L18 l!8CTMU M3 rl030y~)J,~HHOrO OCTa-

TOl!HOrO H)J,pa. 
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B cJiyqae rioJieTBIOli.\ero HYKJIOHa ~ 3Heprvre0 HltDKe . ..._ 5() L,laB 

H,ZJ;ep:rarr p88Kl~l1H M,ZJ;eT qepes COCT8BHI>8 R,ZJ;pO: npOMCXO.I\.VIT 38XB8T 

HYKJiOH8, BCH l\MH8Tl1"tl8CK8R 3Hepr11H ;:o'l'OpOI'O ~1,ll;C~T HB B030y:J{,Ll;8IIL18 

H,1J,p8 11 38T8M - l1Cll8p8HM8 "tl8CT!1IJ,. 

fiporpaMMa .ZJ;JIJ-J. JlBC"tieTa BHyTprm~~epHoro KBCKa.n;a on11caHa B 

p800T8X/
7 ,S,IS/ 11 l1CI10JIL3Y8TCH B I:WCTOHill,8VJ nporp8MM8 K8K l10.LJ;-

nporpaMMa. 

PacqeT lllCII8plti'reJibH01i CT8.ZJ;l!IL1 R~,epHOM peaKIJ,HM OCHOBBH H8 

Te OplllH .b81'lCKOIIljJa/
6/, COI'JI8CHO ICOTO} 10.vi Be pOHTHOCTJ:, l1CI1YCK8HL1H 

"tl8CTllll~1I TL1I18 j C I<HH8T.VI"tl8CKOV1 31 eprllleili B HHTepBaJie r; ·r+JT 
A88TCH c_t)OpMyJIOti: 

I' ,IJ,e: ~ ::: 2 5 ·~ j_ ') 5 - Cl111H li8C'l'L1Uhi 

111 - .M8CC8 "ti8C'l'It1Ubi 

U (-j ) - C8"tl8Hll18 o6p8THO.itl p€8KU~I.Vl 

Wi M w t - nnoTHOC'l':O yr: OBHeH Il1cxo.n;Horo M IWHeqnoro 

H.n;pa 

u 
Qj 

- 3H8pi'MR B030y;;~.ZJ;8HVIR 11CXO.ZJ;HOI'O H,ll,p8 . 
- a He prii1H CBR3It1 qacTMU.hi 'rMna J B li1CXO.LJ;HOM 

rr.n;pe 

B03MOJKHO VICDyCi\8HVI8 "tl8CTII1U W8CTL1 TMITOB: H8tiTpOHOB, llpOTOHOB, 

.n.et1ToHon, TPMToHoB, HAep He 1 
M ,.i.. - qacT~lu. 

liJIOTHOCT:O ypO.BH8ii H,ZJ;p8 08 1Je'l'CH B BM,I.\8: 

wCU)= Canst· exp(2 \
1
o..AU') (I2) 

r.n;e A - MaccoBoe "tiMCJIO HAPB 

a. - TI8p8M8Tp TIJIOTHOCTII1 ypOBI:eH 
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9HepreTMqeCK8H 38BHCWMOCTL ceqeHllli o6paTH~X pt8KUWM AHH 

He~TpOHOB W 38PH*8HHhlX qaCTWU Bhl6f8H8 COOTBBTCTBBHHO B BW)J,e: 

r .LJ.e 

-· ( ~ ' On ( I )~ G"uoJA ~ { + -=r) (I3a) 

GJCT)c:o6U<>M(i+Cj)(1- ~) (I3c5) 

(7 .)2 . 2 A?../3 
v 2w~-== JT I, :::: JT 7.c - reoMeTpwqecKoe ceqeHMe 

oL.. = o. 76+2.2 A--1!3 

~ = (2.12 A- 213 -U.L.l?)/:0.76+2.2 A-i/J ) 

C.p = 0,2; Cd = O,I; Ct = 0,07; CHe3 = 0,13; 

Col.= O,I; 

Vj - BbiCoTa KynoHOBCKoro 5a pLepa AJIR 3a pmKeHHo~i qac-. 
T MUhl T vrna j 

llpw nwqwcneHwM uynoHOBCKoro 0;lpbepa yqwTwBaeTCH B03MOE

HOCTb ITO)J,08pbepHOI'O ilpOHWKHOBBHWH .18pH~8HH~X qaCTMU, a TBK~e 

38BWCWMOCTL BUCOThl 6apbepa OT TBMilt:paTypu H)J,pa: 

~ -= k j Vo (1- 5l ~ ~ ~-) (14) 

rAe kr = 0,7; j(J = 0,77; !Zt :: 0,8; kHe3 = 0,8; 

I(J. = 0,83 

neJiwtJ:wHa Vo ,I\Be'l' HOMWHBJILHYIO BLJCC 'l'Y I\ynouoBcKoro oapi>epa: 

. e1 Z-z· 
V - J -

0 - ,.. I A .4 i1 . A. i/3 ) 
'j . 

r .LJ.e: A w Z - Mace oBoe tJ:Mcno w a'l OMHLJ:Vi HOMe p R,I\pa 

Aj w Zj - Mace oBoe q11cno 11 a:r OMHLJ~l HOMep qacTWULI 

~ - 38pR.LJ. 3JI8KTpOH8. 

(15) 
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TOporo BblJI8'I'88T CJieAYI0~8R qacTVII~8 1 T.,ll, • .IJ.O '1'8X nop, llOK8 .Bb!JI8T 

ti8CTVIIJ;H XOTR 6N O.IJ.HOrO TVITI8 3Heprer.wqeCKVI B03MOmeH. YrHOBOe 

p8CTip8,11,8H8H.We VICTI8p.WT8HbHNX Q8CTill.l; ll30TpOllHO B CVICTeMe TIOKOH 

HlW8. 

~TGK, H pe3yHbT8Te HA8PHOti pe3KIJ;VIM o6pasyeTCR H8CKOJ11KO 

B'I'OPVIQHLIX, I\BCK8.LJ.llb1X 1t1 vicna pwl'e JlbiLJX qacTMu,, KO'l.'O pbre saiiOCRTCH 

B I18MHTb. 

3H8R KOOp.IJ.VIH8TH TOqKH HeyrrpyrJrO B38MMO.I1.8MCTBMH M 3Hepr.wm 

H8J18TBIDmel qaCTH:UN, MOZHO TIOCTpOHTb pacnpe;n,eneHHe q.wcna B38HMO-

;n.e~CTHMM no o6~eMy 6noxa .wn.w no au3prVIHM. 

9. Oprad'l38IJ;HH Bbi.l.J.aqH aaBr-1CliiT oT rwlmpe'l'Hoiti sa,ZJ,aqM, o 

Q~M 6y.n.eT CK838HO rro;n,po6HO B § 3. 

10. Ha OHOK-CXCMe pwc. 2 BM~HO, tiTO TIOCTIG OKOHtiBHHH orrepa-

:u.wti c :n;miHoti ti8CTMI~et1 ynpaBJiew,1e n:t~o:ue PHY naMHTltl. 

Ecn.w B rraMHTH neT qacT.w~, To aTo o3uaqaeT, tiTO aKT B38MMo~eM-

CTBL1H rrepBHtillOkl ti8C'l'Hl.l,bl C B8Ll.\8CTEO v1 38IWHQGII. B 3TO~Jl CJ1Jti8C 

HVIOO rrepeXO,ll,lllM K HOBOYi ne_pBL'ItiliOM ti3CTHD,8, JUIOO fliJOM3BO,.LJ;V!M Bbl,48-

qy pesyJlb'l'(JTOB. 

II. Ecnw B rraMHT.vr ecTb qacT.wu;u, TO BNdltlpaeM n~0yiD .ws u.wx 

(uanpVIMep, rrocJle,LJ,HIDlo) VI rrpOC]1B}KMB8 ~M ec~ CYIJ.b6y on.wcaiiHbJM nbiWe 

nyTeM. 

I2. llpvr MoZJ,em1pOBBHMM rroBe,ZJ,eHVI1 HJtiaJ:wanepreTnqecKl!IX Heti

TpoHOB MCI10Rb3J8TCR 25-~.vr rpyiTI10B81 CMCT8M8 KOHCT8HT ,Ll,RH pacqe

T8 HAepnux peaKTopoB/I/. PacrrpocTp3neuwe neMTponoB paccMaTp.wna-

eTCH B rrepBOM Tp8HCITOpTHOM ilpMOHV!~3HMM. llpM B38V!MO,L1,8~CTBMW 

ne~TpOHOB c R4P&M.vr BOSMO~HH cne,LJ,y~~we rrpou;eccH: yrrpyroe pacce

rrurtie ( V\) Vl ) ; Heynpyroe paccerum; ( Vl) Vl
1 

) M ( Vl) 2. Vl ) ; .n.e-
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Jl8HL18 ( Vl) f ) l1 p8.ZJ;l18IJ,MOHHblti 38XB8 r HCMTPOH8 ( Vl ) r ) . npouec

Cbl ( Vl) 2 VI ) M ( Vl) t ) o6:ycCJl8BJIL1B8 OT B03MOJKHO CT:O p83MHQ}i{8iil1ff 

HetiTpOHO.d. 

Pa6oTa no.ZJ;nporpauMu 3BKaHqMB83TCH 11 yrrpaBJieHMe B03Bpama-

8TCH B OCHOBHYID nporp3MMy, KOI'.ZJ;8 BJ8 liH3K03HCpreTMqeCK~e hBt

TpOHU JIM60 ITOKMHyT OJIOK B8~8CTB8, lll-160 TIOI'JIOTHTCR B pe8KIJ,Ml!I 

( Vl) '¥ ) , a TBIOKe rwr.ZJ;a B peayn:oT3Te Heynpyroro pacceHHMH 

::meprMH Hei1TpOHOB yMeH:OlliMTCff ,LJ;O 3H3q8Hl1R, HVIJK8 KOTOpOI'O H8vlTpO

Ilbl MOJKHO He npOCJI8jJCl1B8'l':b Ilpl1 ycJIOBJRX .ZJ;8l!HOM 38.ZJ;8qM. 

§ 3. ITpaKTl1qecKaR pa60T3 c rrporpaMMOli 

,Ll.JIR }JCW8IUIR f\GKOti-JIMOO l\OIIKpe rHOH ~:38;'];8qM C TIOMOUrolO H8CTO-

RmeU nporp8MMU HeObXO.ZJ;MMO: 

a) 38A8T:b MCXOAHYID VIH~OpM8IJ,MK, 

6) Hanwca'I'n ,ll;Be no;~nporpaMMbl o pr'aHM38IJ,HM Bbi,:n:aqiti. 

B TipMJIOJKeHMM I npMBe.ZJ;~H np.vruep 38.ZJ;8HHH MH~opMau.vr.vr VI opra

HIII38IJ,MM BblABtiM. 

I. I10CJI8 K8pThl ·1- EXEc u T 1=. H800XO~l;l1MO IIOJIO}!U'IT:b BO-

C8M:b nep~OK8pT C MH~OpM8IJ,Het1. 

Ile pBbl8 IIHT:O II/K CO,IJ,e p:':o'r X8poKT8 pL1CTMKH OJIOK8 Be ~e C'l'B8. 

bJIOK MMeeT IJ,MJIMH;~J;pHqecKyro ~Op~y M 38~ilKCHpOB8H B A8K8pTOBblX 

OCHX ( X)~) 1 ) JI860p8TOPH011 CVICT8Mbl KOOP.ZJ:ltll-18'1' T8K' qTQ oc:o 

IJ,IIIJIMH.ZJ;p8 TI8pbJIJI8fl:bH8 OCM 1 L1 CCBIT8;'];88T C HeM, 8 OCHOB8HM8 

JleJKVIT B IIJIOCIWCTM (X)~ ) (eM. pvc. I). 4To6bJ nonyqwr:o 6noK B 
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illopMe CJIOR HJIH 68CKOHeqnoro TIOJiyllplCTp8HCTB8 HB,l(O 3~,Ll;8T:b p83-

Mepw IJ,MJIMH,lLp8 ,l(OCTBTQqHQ 60JI:bWWMM - TIOPHAKB AeCHTM H,nepHWX npo-

6eroB. 

n/Ic I 

t- 0 R MAT ( F 5. I, F 4. I, F 5. 2, F 6. I, I= 7. 5, 

BBOAHTCH: MaccoBoe q11cno A~ 

8TOMHblM HOMep Z. ; 

n/K 2 

TIJIOTHOC'I'b BemeCTB8 MMW€HJ! [rjcM
2 ]; 

cpe,nHltlM I10T8HIJ,M8JI 1303tiy~;{,J,eHltlH [ 8B J; 
SI<errepMivieHTBJI:bHoe ~maqemre npooera nyoTona c 

8HCpi'Meti 2 lv18B [ rjcM
2 ]. 

FORMAT (3F 5.3, 65X) 

BBO,Zl;I1TCR: na paMeTp TIJIOTHOCTVI ypOBHLJti [ rvi8B-I] ( ;ll,BBIK/UJ) ; 

pa,nMyc HYKJIOH8 [ wepMM]. 

PeKOMeH,nyeTCH 3a,naBBTb cne;n,yromMe 3LaqeHJ.ur: O.I; O.I; I .3 

rr/K 3 

F 0 R M A T ( F 6. I , 2 F s. 2, 64 X ) 

BBO,l(MTCH: 3H8qeH118 SHeprHM, HM~e KCTOpOM H;n,epHGH peaKIJ,MH pac-

CqMTHB88TCH qepe3 COCTBBIO€ HApo; 

8HeprvtR OT,ZJ,e nemm uetiTpora OT H,npa ( A + I~ Z ) ; 
8Hepn1H OTAeneHMH npo'l'OH< oT H,n;pa (A +I, Z +I). 

Bee 3HeprMM B MaB. 
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IT/I\ 4 

FORMAT (2F6.1, F 10.7, ssX) 

BBO,li;.WTeH: 8H€ pr.Wfi, H.WJK€ KOTOpOitl ill 1Q'l'OH etJ..WTBe TeH llOI'JIOT.WBW.WMCfi 

n/E 5 

.W3-38 1WH.W38JJ,.WOHHblX JIO'r( pb j 

BHBJIOr.WtJ.HBH 8Hepr.Wfi AJifi 38pH~€HilOrO M€30HB; 

8Hepr.wH, HHJK8 KOTOpOM HE paeeM8TpHB8€TeH paenpocTpa

H€H.We HVl3K08H€preTH4€eKL:X nei1TpOHOB. 

Bee aHepr.w.w B Man. 

FORMATcsFs.z, 4oX) 

BBOA.WTeH: pa.n;.wye UVIJI.WH,Il;p8 [eM] ; 

BbleoTa U.VIJIHH.n;pa L eM] ; 

Tp.W tJ..WeJia, KOTOphle He VlCITOJib3YWTeH np.w UMJIVIHAP.WtJ.e

eKOM KOH~.wrypau.w.w MWilleHL .• PeKoMeH.n;yeTeH 3a.n;anaTb .wx 

pBBHblMVl HYJI!O. 

IToeJie.n;H.we TPM nep~oKapTbl co.n;EpEaT xapaETep.weTHKH nepn.wq

Hoti qaeTVIJJ,bl. oT.VI xapBKTepMCTMKJII O~'HOef!TCH K T04€4HOMY MOH08Hep

reTVI4€CKOMY nyqKy. ECJIVI nytJ.OK MM8ET H€KOTOpOe npOCTp8HeTB€HH08 

HJI.W 8HepreTVI4€CKOe pacrrpe.n;eJieH.we, TO H8~0 38HOBO HBITMC8Tb fiO,IJ;

nporp8MMY aa;n;an.wH nepBL14HOl!I qacTVIi,bi S UI3ROU TINE INS PAR 
(eM. ilpHJIOJK8HM€ 3). B 8TOM CJiyqae HH@OpMBJJ,IIIH, CO,li;€)~Bm8HCfi B 

llOCJI8AHMX Tp~X nep~OKBpTBX, MOH8T He .wenOJib30B8TbCH, HO K8pThl 

,IJ;OJIJKHhl llp.WCYTCTBOB8Tb B KOJIOA8. 

n/1{ 6 

FORMAT (3F7.2, 3F6.2, 41X) 
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BBO,ZJ,ltlTCH: Koop,n;ltlH8'l'hi TOYJUI Bxo:n;a 11 9C'l'LUJ,hi B 6noK X'>~ ')l [eM]; 

HanpaBneHwe noneTa qacTw~Lr Cos{} ) S i 11\ ~~Cos~ 
( B VI ~ - no1mpubiU VI 83/IMYTBJI:OHblH yrn1r). 

n/K 7 

F 0 R MAT ( F I o. 3 , 70 X ) 
BBO,LJ;ItJ.TCH: KVIHeTVI"tleCKaH sue prVIH qac rVIIJ,bi [ lViaB ] • 

n/H 8 

F 0 R /\1/-\ T ( F 4. I , F 6 • I , 70 X ) 

BBO;LJ;VITCR: 38pH:n; "tl8CTVIIJ,bl; 

Macca "tlBCTVIIJ,bi [ MaB J. 
BcH .vmwopMBli,L'IR, CO/.l:epJKBL!.lBRCR 3 yJW381IHLJX BOChMVI ne}Ytortap

Tax, IT648T86TCR ITOCJie BBO;LJ;B. 

IT. Heo6xo,n;L1MO HBITMCBT:o noAnpo :paM1'1i;y SUBi~OUTII\IE INFORM 
B KOTOpoM 38;LJ;8hlTCH peaHTOpHbie KOHCrBHThl 11 ITOJIHble ll Heynpyrwe 

ceqeHVIR B3BMMO,LJ,eli1cTBMH uyKJIOHOo H 'JT - MeaouoB c R,LJ,paM~. Ta-

Kwe no;n;nporpaMMLJ .ZVIH c ") .A e ~Fe. 1 N L ) Cu 111 pg np11Be;n;eHbl B 

llpHJI0~8HL1ltl 2. PeBKTOpHue KOHCTBHTbJ depyTCH HCI10Cp8,ll,CT~8HHO 113 

KHVII'ltJ. AC5arriH8 !t1 ;~p./I/. llOJIHLle 11. H ;yllpyrMe C64CHltl.II .B38!1IM0ll,6Jii-

CTB11H HyKJlOHOB VI Jr - M830HOB C H,~p8Mltl B MH'repBBJie ::H-Iepr1111 

5U ,Jl8B of 30 I'3B MOliUIO HBl!lTH B pa Jo• :'BX/IO 'l I/. ilyKJIOHH01C ce 48Hlt1R 

B .vm're pBaJle IO. 5 UaB - 5U i·.iaE IllJ11B• ~.n.eHLI B aT nace /.Jaa/IZ/. Ce-

qeuwR ,n;JIH Tt" - MeaoHoB B MHTepBaJI.; IO. 5-50 IVlaB noJrararoTCR rro-

CTOHHiihiMM VI p8BHbiMM HX 3H8118HVIhl l1pl1 8Heprltllii 50 M3B. 
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Be JIL1l!L1Hbl ce l!·:: rm:IJ B MMJIJIM~a pH 3X s B,ll;BJDTC R n pili T IJJti.L\ll,BTM s HB-

l!6HMRX aueprlii!II B LmTep.l58J~c IU.5 lvi3B- 30 fan 11 

r pBlJIMbJ rrpoMSBO,.U,MTCR KBB,Ll,JJi::lT.iFIHDR 1HTe prroJlHii,L'IH. 

HmKe rrepel!HC.JIGHbJ vrMeHB MaccH :30B, aorpyjKaeMux B SUBROUTINE 

INFORM 

Bcm1 rrpM po jo'I'e DicOrpcli'.1Mbi HM3IW3~epl'C'l'Hl!ecicvie HeJ,i'l'lJOHLI ue 

pBCCMBTpMHBhlTCR, TO peBKTOpHUe KOHCTBHTU MO~!IO rle 3BA8B8Tb. 

EGR - rpaHl!Ill,U auepreTMl!CCH~x rpynn [ l~an] 

S P F U - cner\Tpbl uehTpOHOB ,n;enemm 

V N U - tnic;rB HeM Tpono:s ,n:e Jie HVIH 

SGLI\l 

4!!1C JIB H eti T pOIIO B II;C Jie HI1H 

cel!eHMR PBAMBUMouuoro 3BXBBTa [6apH] 

ceqenltlH neynpyroro 1 BceeRHMR [ c5BpH] 

c el!eHJtlR ynpyroro pac ce HHMH [ 6B pH] 

cpe,n;Hee JHal!eH.vre KOCMHYCB yr:rrB ynpyroro pBcceHHM.H 

SUV - ceqeniiie HeynpyrMx nEpexo.n;oB B oonee HL181\y:o r_tJynny 

EN P - 3HBl!err.vm 3IIeprMM, III 11 KOTOpblX Ja,n;atoTcH Heynpyr11e 

11 TIOJIHbl8 ce l!8HL1H [ J\ 3B] 

S&NT - nonHue cetieHMH BJBMtDAeUcTBMH HYKJIOHOB c H,n;poM 

[ M6BpH) 

SGrPT - IIOJIHhle cetieHlilH Bsowron:eticTBlilH 'JT - Me3ouoB c 

HAPOM [ M08pH J 

SG-NI - neynpyr11e cetreHJ.tiR B;•BMMo,n;e1icTB~!.H uyr-uroHOB c 

.HAP OM (MOB PH J 
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S&PI r-
- Heynpyrltle CB'48HltiH B:l8ltiMO.l.l.BtiCTl3ltiH Jl - M830HOB 

C H,ZJ;pOM [ Iv!08pH ] 

rrocne.n.HJtie ceM:o '4MCeJI: E PS) V PI 1 1\1 1 T i ?T2. 1MS 0 ~ LO- o6ll(Jtie 

,ll;JIH BCBX H,ZJ;ep. 

Ill. b ynpBBJIHIOll(et1 nporpBMMe PROGRAI'1 SHIEL.D 
ltiMSIOTCH ABB odpa~eHJtiH: 

CALL LOA.V GO(Ai..,A 2,A3,Alt-,A~~AG,A 't,A8~ 6 H H !.:A .DIN) 

CAL L LoAD G 0 ( B i ~ B 2." B 3" b H fvf AT T E R) 

~BRTJtiqeCKltiB 3HaqeHltiH I18p8MBTpOB B :)TltiX 06pa~BHMHX ltiMBIDT CJIB.ZJ;yiO

u.{ltiM CMbiCJI: 

A I =+I .. 

. - " 

A I = -I. 

A 2 = +I· 

- rreqaTaeTc.R saBHCMM!>CTb rrpooer-sHeprLm AJIH rrpo

TOHOB Jt1 Jl - MB30:IOB 

- I16'48Tl1 He HpOltiCXO,ZJ;:IT 

- rreqBTBIOTCH CJie.ZJ;yi0~18 X8~8Rt8pltiCTltiKJt1 .R,ZJ;p8 ITO 

30H8M 

I. Pa.ZJ.MYCbi sou B (ti•lpMvr 

2 • .l?a,n,JtiyCbi 30H OTH·>C~l'l'BJlbHO pa,n:.vryca TpBTbetii 

3. llJIOTHOCTb rrpOTO iO.B 

4. flJIOTHOCTb HBHTpi)HOB 

5. BbiCOT8 RYJIOHOBC. ~oro oa p:oepa [ rsB J 
6. 8HeprltiH ~epMlti TIJOTOHOH [ rsn] 

7. 3HeprviH <PepMW HdfiiTpOHOB [ rsB] 

A 2 = -I. - neqaTw He npoMcxo.ZJ;I1'.' 

A 3 = 0. 90 KoscpqHilUMBHTbi, CB.R38HHbie c pas6JtieHMeM H.ZJ.pa na 

A4 = 0.20 soHbl. PeRoMeHAYBTCH sa,ZJ;aBaT:o yKasauHue 3Aec:o 

A 5 = O.OI 3H8'4BHMH. Ilo,L~po6Hoc~.'ltl MOJt.Ho HatiTJti B /I3/ 
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A 6 - na paMeTp 7.a [ rfle pMM] paer pe,n;eJieHMH By,n;ea-CaKeoua 

A 7 - IO.O - :seer;z:ca 

A 8 - rrapaMeTp a.. [ cpepM:w J paerpe,n;eJieHMH By;n;ea-CaKeoua 

B I = IO. 5 - Beer;n;a 

B2- rrep11o;n; no qHeJiy 6poeau:w~ rrEpBMl.lHO~ qaeTMU~ e KOTop~M 

MO~HO npOM3BO;I.J;MTb B~;n;aqy pE3YJibTBTOB eq~TB e ITYJibTB 8BM 

(eM. llpMJio~eHMe I). 06~qHo B2 =50. ilpn :sueoKMX sHep

rnHx M CiJioKax CioJibWMX pa3ME poB B 2 = 2-!-5. 

B3 =+I-- np11 npo,n;on~eHMH cq~Ta, Kor~a Hy~Ho n:so;n;MTb e nep~o

KapT p83YJibT8Thl npe,n;~;ymMX BNl.!MeJICHMU (eM. rrpMJIO~e

Hl18 I). 

B3 =-I.- B npoTJtiBHOM eJiyl.lae 

8TMM Mel.l8pl1biB88TeH 38;I.J;8HHe MC XOil)iOM MH:popM8UMM. 

OpraHM38ijMH BHABl.lM 

Pe3yJibTaTu :suqMeJienMU o~opMHfiDTeH no,n;nporpaMMom 

SUBROUTif\IE HISOUT., a BLI.LJ,El.la liiX Ha :suewHne ycTpotieTBa 

8B:I'l oeymeeTBJIHeTeH no,n;nporpaMMotl 5uBROUTI/\IE PRN H5 T, 

0Cie no,n;nporpaMMhl H800XO~MMO TIMeBTI 3GIIOBO AJIH KBmAOU KOHKpeT

HOW MO,ll;8JIMpyeMOM eliiTYBUMM. 3,IJ.eeb ,L8lOTeH e:se.~eHVlR, ,n;oeT8TOl.!Hbl8 

,ll;JIH H8TIMe8HMH 008MX llOAllpOrpaMM. l llpMJIOlli8Hl111 I npMBe,n;eH npM

Mep oprBH1138UMM Bhl;I.J;Bl.!H. 

I. SUBROUTINE HISOUT 

OCipameHMH K ABHHOM no,n;nporpaNMe npowaBo;n;HTeH M3 noArrpo

rpaMMbi SUBKOUTINE MATTER (eM. onoK-exeMy p11c. 2). 
1 

11 113 no.n,rrporpaMMbi HH3K03HepreTwqecK.vrx Hei1TpOHOB SUBROUTINE. 

LlJEI\IT. 
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!tlmJ!o pMaiJ)1R, aeooxo.n;vrMaR .n;Jm r .ocTpoeavrR pe 3YJioTaToB npvr 

oopall.(eHMVI K SUBROUTINE HISOUT 38KJI!0488TCR B 

3H8HM.L1 X8p8KT8p.L1C'£.L1K p8CCM8Tp.L1B88LOti '48C'l'.L1l.l,bl M H8KOTOpLIX np.L1-

3H8KOB, KOTOpue YK83HB8WT, l.!TO VIMEHHO ilpOMCXO,ll;.LtlT C 48CTVIIJ,e~ ~ 

TOLi TOl.!Ke, r,ZJ,e OH8 HBXO,ll;VITCfl. B /LBLHLlhl MOM8HT. 

HVIJKe np.L1BO,JJ;HTCR HBMMeHOBBH.LtlR OOli..\VIX 6JIOHOB VI VI;z.J;ell'l'Hij}VII\BTO

pbr MBCCMBOB, co.n;e piKB.I.\L1X ae o6xo.n;mvr; 'lO ,LJ,JIR pa 6oTbl SUBROUTINE 

HI SOUT l1HtflOpM8l.l,VIlO. 

COMMON /WR PH I WP(9) - co.I.J.eplm'l' xapaKTepVIC'l'I1KVI paccMaTpr1-

B88MOf1 48CTI1l.l,LI. 

WP(1) ') WP(2) ~ WPL3J - K00p,ZJ,VII-i8'I'bl M8C'l'OH8X01K,ll,8HVIfl. '48CTVII~bi 

x1~)z [eM] 

WPUt) 1 WPL5"), WP (b)- HarrpoBJI8HVI,; ,n;Bt1;r.eiHtiH '48CTVII.l,hi Cos S., 
S~lf~ C:Js~ 

- ITOJIRpHblf1 VI 83VIMYT8JI~Hblrt yrJIH 

Koop,ll,VIH8Tbl l1 yrJihl 38.IJ.3IIb! B JIB6opa ropll01l CMC'reMe KOOp,ll.viHBT 

( pVIc. I). 

wPC7> 
wP(8) 

- KVIH8TL148CK8fl. 3H8prMi 

- 38p.R)J. 

WP(9) - Macca [ MaB] 

COI'vfi~ONIWRPRII\11 WPII\1(9 )- COA3pmMT X8p8KTepL1CTl1KVI p8CCM8TpVI 

B88MO~ '48CTVII.l,bl nepe,ZJ, o6pa~eHM8M K dJIOKy rryo6erDB (eM. pVIC. 2, 

6JIOI{ 4). 

COMMON IBLGR81 PRLEN 

PRLEN:+.i. -oopoc4eavre K SUBHOUTif\11.:. HIS OUT npovr-

aornno 11a SUBROUTINE LOENT 
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p R L E 1\J: -1. - YK838HHOe oopa ~t H1'I8 Hf01130U!JIO He 113 

SUBROUTINE LOENT 

COMMON IGOOUT! GOT 
GOT = +L- KOHeqHaH TOqKa npoc5E ra JieJK11T BEe 6JIOKS Bew.ecT.BS. 

GOT = -I.- KoHeqnaH TOGJ\a n~jocic ra Jie}KitlT HHYTPitl onoKa. 

C0/'1f~OI\J I BLGR 7/ IPR 
Ecmrr PRLEN = +I. 11 GD'T = -I., To ecT:o m13KOoHepreTwqe-

CKitl~ HeilTpOH He IIOK11HYJI OJIOK Be~eCTBS, TO OH B KJHeqHoU TQqKe 

CBoero npo6era npeTepneBaeT cne~yRmwe B3811MOAe~cTBHH: 

I PI~ (I) = I - ~eneHIIle H~P~-J ( Vl, 1) 
IPR (2) =I- ,t)J,Ll;Jt13UlllOHHbi~ 38XBET (Vl\t) 

i 
IPR (3) = I, IPR (5) = 0 - He;)npyroe paccemme (Vll V\) 
I P R ( 3) = I , I P R ( 5) = I - pe ncuvm ( Vl ) 2 VI) 
IPR ( 4) = I - ynpyroe pacceHHI1ff (VI) 'Vl) 

Cne~yiDmMe Tip113H8KM OTHOCHTCH K il3B11MOA8MCTB11MH np11 3Hep-

I'H11 T > I0.5 IvisB, T.e. KOI'AB PRLEN =-I. 

C Of\1MON IBLOKii/ POGL 

PO G L = +I.- aapHJKeHHBH qacT11Ua nornoTnnac:o na-sa 110HM331J,H-

OHHblX TIOTe p:O 

POGL = -I.- yKaaaHnoro rrornou(el:MH ae 6bJJIO 

COMMON /BLOK10/ PI 2G-

PI 2 G- = +I• - rrpovl3orneJr pacna,n; '1r'~ 2 O 
PI 2 G = -L- yKa3aHHoro pacnaAa E e npoiti3ornno 
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COMMON /PRZVIVL/ VINEL 

VI N EL = -I. - npo1tlcxo;n;L1T ynpyr Je B3BZMo;n;eMc'l'BMe rrp11 aHep

I'L1L1 T > ro.5 lvl3B 

VI 1\1 E L = +L - rrpo11cxo.n;11T Heynpy ,oe B3BL1Mo;n;etJC'l'BL1e IipVI 

aHeprVIJ/1 T > IO .5 MaB 

VI 1\1 EL = 0 - 3I\B111BaneHTHO paBeH ~TBY +I., XOTH 6br OAHOro 113 

npVI3HBKOB GOT~ 'JOGL V1J)VI PI2.G 

0TM8TL1M, liTO I11JL13H8K GQ"f L1CI10H~3Y8TCH KBK ilpL1 pac-

CMOTp8HV!11 HL13I\ 03H8 pr8T11l!8CIH'IX He tiT] JOHOB, 'l'BK VI ITpVI 3H8 pr:VIHX 

T > I 0. 5 iVl 8B. 

B TeX cnyl!BHX, KOI';I.J;B l!BCTL1U8 IOKL1;I.J;88T 6HOK BemeCTBB, 

Iwop;n;MHB'I'bi ee MecToHaxoJK,;o;emm WP( 1) VJP(2) ill \X/.P(3) 

COOTB8TCTbjiDT KOHetiHOM TOliK8 Ilp00818, 8 He TOl!Ke rrepeceqeHVIH 

Tp88KTOpit111 l!BCTL1UH C ITOBepXHOCT~ID (HOKG. hpOMe TOI'O, ITpitl 3TOM 

H8CKOHbKO 38HL1~88TCH 3H8pi'MH 38pHEEHHHX liBCTitliJ,. 

qT06H HBitiTVI L1CTitlHHYID TOl!Ky BhlXO)J,B L1 CKOppeKTitlpOBBTb 3H8p

I'Itlhl ;I.J;OCTBTOliHO C!J,8H8Tb. o0p8U{8HL1e: 

CALL COROU.T(BACl{~ SIDE
1 

FORV) 

B pe3yJr1TBTe pa0o'l'bi rro.zurpor'paMMbJ S U 8 I~ OUTI N E COROU ·r 
B Macc11e WP 6Yll.Y'l' c.n;enaHLJ ;ooTBeTCTByromMe L1CnpaBJieHL1H. 

11pL1 3TOM Bbip80GTblB8!0'l'CH 'l'pL1 I1pL13HBK3, 3HBtiGIIIIIH KO'l'Opb!X HM8lO'l' 

CJie,z:I;yiOll(L1iti CMbiCJI: 

BACK = +I. - l!BCTL1UB BblWJia 1.1ep ~3 3B,ZJ,Hee ocHoBaurrre UL1JU1HA

pa (neJ:Kamee B nno~K'JCTL1 ( X)LJ ) Ha pwc. I), 

FOR V = +I. - qacTMlLB BHruJra 11e p ~3 rre pe71.Hee o CHOBBHMe, 

SI1)E = +.1. - 4G1CT1Aup BbiWJlOi 4EtJEa C5"oKOdYH> nOBi:t>xHOC.Tb 

41A.niAH,.LJ.pa. 
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0TeyTeTBH~ ~8HHOM H03MO~HOCTH eoOTEeTeTBYBT 3H8Q8HM8 npW3H8K8 

p8BH08 -I. 

KaK rrpaBwno p~syn:oTaThl BhlQvreneHw~ ripe~cTCBllRIDTeH B Bw.n;e 

rweTorpaMM. llpw odpameHww: 

CALL HIST(X.,I~,B./-I~RN 1 f/~\.V) 
B HHTepBaJr rwcTorpaMMbi c HOMepoM INTCCX-A)/H) npw-

6aBJ1fi8'l'CH Bee W . (i;8K'l'ItlQ8CKM8 na ~8M8TpLI B o'l'OM o6p81U,8HWitl 

osnaqa;o'I' cne,l(yromee: 

X 
AlA B 

H 

RN 
N 

w 

- 3Haqenwe Be JIW-HiHLJ, .z.vm lOTO poh eT r..;owTCH rvrTorparvU,~a; 

- HW}KHHH w BepxHrlR rpaHHI.l,bJ oonaeTw 113MeHeHviH X ; 
- mar rweTorpaMMhl ; 

- MMH MaeevrBa, eo~ep*amero rweTorpaMMY; 

- p83M8pHOeT:o MaeeuBa H N ~ 
- Bee. 

Ilpw o6pail.\8HHM K SUBI~OUTINE HIST ~omKuo BLI-

HOJIHHT:OeH eooTHOweuwe f\l.~ INT((B-A)/H )+G 

L RQel1Kax rvwccnBa R N r11c~ ~orpaMMa paenoJrara e TeH 

eJiel~YIOU~IIIM 00 p830M: 

RN(1) -7 HN CN-6) - rHCTorpaMna .ILJIH X Y.lJ:OBJieTBOIJHIO-

il.\L1X yeJIOBWO A~ X ( B 

RNCN-5) - HYHb 

Rl\1(~1-~) -~w .ZJ;Jifl X<A 
RN(N-3) -~w .TI;JIH A~X<B 

RN(N-2) -Ew ~JIH X)B 

R f\1 (I\\ - 1 ) -~X .IJ;JIH A~ X<B 
RI\I(N) eyMMa Beex X 
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II. SUBHOUTII\IE F'RNHST 

8Ta no;n;rrporpaMMa ocy~eCTBnHeT neY:aT:o w nep0opauu~ pe3yn:o-

TaToB, noc•rpoeHHLJX liO/~IiporpaMJv;o.t1 ·; U B ROUTINE HIS 0 U T 

:>Ke BBO.L\ c nepQ)oicap'l' nonyqemL:x rwuee pe3yJln'l'oTOB VI cboL-I f.].a'I'Y:M-

Ka CJiyY.atiHLIX Y.uceJI B cnyqae, ecJm Beodxo.LJ;JtiMO npo;n;oJL~;wr:o npe1J -

B8HHble BLJY:MCJiemiH. Pa6oTa ITO/(l1pOI'p8lU..!bl HCII8 ~;!3 llpMMGpOB, TIIJ1IBC-

~eHHux B ITpMno~en~K I. 

b TGX CJIY4:8fiX, Kor.n;a IlO yCJIOBlr'LO 38;IJ;aY:H MOJKHO He Y'lliiiTb!BBTb 

Y:aCTI'lll,hl c ::mepr11HMI1 HMJKe ,.._ 20 MaB, uenecooopasHo TIOJibSOBBTbCH 

YKOpOY:8HH~M B8pHaHTOM nporpaMMbi, ~ {QTOpOhl MCK~SY:Gilbi 6JIOKM, 

0 'l'Be TCT .He HliLJe 3 a HH 31-\0 ::Hie pre 'i' MY:e CIU13 Y:8C T HUb!: OJIO?~ fl,ZJ; e p HOrO 

MCrrapeHMH 11 OJIOK Hl.13K03Hepr6TMY.8CKM~ HG~TpOHOB. 8TO ll03BOJIH8T 

C8IWIIOM11'l'b 0H:JY:1I'l'8JlbHOe r.:eCTO B OI18)a'l'1IBHOh naHHTM 8.b1v1, a 

T8KMG BpeMH, MAymee H8 pacti~T MCTI8p3HMH. 

,L.J,Jifl '1.'01'0 Y:TOULI IIOJIYY:WI'L yiWpOY.3liiibJ~1 B8pti8HT, ,D,OC'1'8'l'OY:ll0 B 

OCHOBHOM B8pMaHT8 nporp8MMN (llpVIJI0~3H~e 3) 38M8HMTb TpM IlO~-

nporpaMMbl: HE ADIN , MATTEH 111 INELIN 

M ynpOBllfiiD~YID nporpBMMY PliOGHP M SHIELD 
H8 C 0 O'I'B8 T CTBYIOW116 JIQ,~ITporpaMlJlbl, np ,IB8,l.l,8lilibie B llpHJIQjl~e HLUI 4. 

3a~8HMe VICXO,L.UWH l!IHC.l.JOPM8ll,Hl1 ,!.!,Jll yKOIJOlJ.8HHOI'O "-\op1181-IT8 llOJI-

HOCTI>iD 8HaJlOrVIY:HO Ol1VIC8iiHOMy Bbilli€ C TOM JIMWb p83HMlJ,eH, 'ITO B 

0 (j .1-JBli.\C HI1lil 

CALL LOAf) GO(Bi.,B2, 83, 6HMATTEI~) 
(D8i\'l'I1Y:8CIW8 3H8Y:8H118 nap8M8'l'p8 8.1. p8BHO 3H8Pl'l!UI B li:3B H11Y.\e 



• J.8H I1ItiH8H9118 .1 XvDW)IVIE Hh8'!1mr ItivTTIG811H8,IdO 8 

·cs·or 
~ F8) uo.r.eerrvrdJ,ei"Jooeci e { rroHod.r.HeH 8VIH8~rad.r.oocTuoed vrodo.to~ 

-92 -
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IIpHuep I 

!IyCTb Tpe6yeTCSI TIOCTp0111Tb cneKTJl Het1TpOHOB, BhlJieTaiOmHX 

H3 cJioSI aJIDMHHHH TOJIIllHHO!i IO CM no.n ,JJ;E!MCTBMieM TOT.IeT.IHoro nytma 

npoTOHOB c 3Heprn et1 I r:1B. IIYT.IOK na,n;aE!T Ha cJio!i Hopuan:oHo. 

IlpMI 3TOM HaC HHTepecyDT HeMTpOHbl C 3H£!prHSIW'I B MHTepBaJie 

I-IOO M3B, BliiJieTaDmHe H3 Kpyra pa,n;mycoM 5 CM C UeHTpOM Ha OCH 

nyT.IKa M JieTHIJ.lme no.n yrnaMH, MeHnillMIMM ~~0 • 

BoceMb nepcpoKapT C MICXO,D;HOM :VIHcpOpMaUMeM npo6MBaiDTCSI B 

BH,n;e: 

u21.QJ3.Qu2.1Qufbb.QQ.0!{~1 

O. !wuO~ 1wuf.3 

w L.11 0 . 0 u t• 12 J 1 . b-8 

uw20 .. 0uu20.0wd..Q 

,_; i 0 0 0 • 0 i..J Li Ll Ll i 0 • 0 Li L.l Ll U U 0 , 0 w Li U Lou 0 • I) Ll u W u L1 {) • 0 

LiL.IL.IO• OuuuuO. OuuwuO. Ouul. OuuuO. l)uuu~. 0 

uufOOO.O 
uJ• Ow940.0 

IIo,n;nporpaMMa SUBROUTINE IN1=0RM npHBe,n;ena B 

IlpHJIOJ:eHl.Ui 2. 

06pameHMSI B ynpaBJISIDIJ.lei1 nporpaMMe MMeiOT BH,D; 

tALL .LOAD G0(1..,l..,0.9.,0.l,O.Ol,LOO..,{O . .,O.!l-b .. J~H HEAVIN) 

CALL LOAD GO(iO.~,~o,-d. . .,bHMATTER) 
Tio,n;nporpaMMlil SUBROUTINE HIS OUT 

SuBROUTINE PRNHST (1\IBROS~ npHBe,n;eHbl Hllllte: 
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B pesynhTaTe Buq~cneH~Vi nonyq~M r~cTorpaMMY, npe~cTaBnR-

IOmJD ~CKOMhlftt cneKTP HeViTpoHoB, B wcc~Be SPN • 

no~rrporpaMMIJ II\IFDRM ' HISOUT ~ PRNHST BMecTe 

c no~nporpaMMaM~, np~Be~eHHHM~ B ITp~noxeH~~ 3 ~ norronHeH~~,coc

TaBnHIOT 6~6n~oTeRy TIO~nporpaMM, ~OCTiTOqHyD ~RH pemeH~H ~aHHOM 

sa;n;aq11. 

Bu~aqa pesynbTaTOB BUq~cneHHftt Ha BHemH~e ycTpOMCTBa npo

~3BO~TCH C nynhTa 3BM E3CM-6, ~nH qero HeOdXO~MO Ha qeTBep

TOM TyMdnepHOM per~CTpe HaxaTh: 

~n11 

nepByD KRaB~my - np~ STOM npOMCXO~~T rreqaTb pesynhTaTOB 

- saTeM BuqHcneHMH rrpo~onzaiOTCH: 

nepByD H BTOpyiO RRaB~m~ - rrp~ STOM rrpo~CXO~~T rrep¢opaU~H 

H rreqaTb pesynhTaTOB H BHq~cneH~H rrpeRpamaDTCH. 

ITepe~ HaqanOM BHq~cneH~ftt nepBaH H BTOpaH KRaB~mH ~OnZHU 6HTb 

OTZaTU. 

nna TOro, qTodH nonyq~Tb ~OCTaTOqHyiO CTaT~CT~qecKyD Toq

HOCTb ( "-' IO%) npH pemeHH~ ~aHHOM sa.n;aq11, HeOdXO~~MO "V X) MMHYT 

MamMHHOrO Bp8M8HH. 

Ecn~ Tpe6yeTcH rrpo~onz~Tb npepBaHHue BHqMcneHHH, Heodxo

~HMO nep¢oRapTu, co~epxamHe rronyqeHH~e paHee pesynhTaTu, no~

nozMTb nocne B0CbMl1 nep¢QKapT C l1CXO.D;HOM l1H¢OpMaUH8M H B odpa

meH~M 

CALL LOA2) GO(Bi~ 132.,83., bf-11'1AT TER) 

sa~a Tb B3 =- + i . . 
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BosMoxen ,n;pyron cnoco c5 rrpo,n;o.rntcemur c~ eTa: ,n;ocTaTotiHO 

Cc5HT:O ,D;aT~HK CJiy~aMHliiX tHICeJI, TIO,D;JIO:EPIB B ynpaBJUIIOieyJO nporpawy 

nepe,n; npHBe,n;eHHliiM Burne oc5pameHPieu (3 KOTopou B3 =-d .. )uep¢o

KapTy c oc5pameHHeu 

CALL RN.DM:i(BETA) 

r,n;e BET A - cJiyqatfHoe ~HcJio, paB ~ouepHo pacnpe,n;eJieHHoe 

B HHTepBaJie (O,I). 

ITYCT:O Ha OCHOBaHHe zeJie3HOrO ~HJIHH,n;pa pa,n;HyCOM 15 CM 11 

BliiCOTOH 90 CM rra,n;aeT TOtietiHliiM ny~OK npOTOHOB C 3HeprHeH 3 rsB. 

ITytiOK HarrpaBJieH TIO OCPI UHJIPIH,n;pa. Tpec5yeTCR HaHTPI pacnpe,n;eJieHHe 

tiPICJia Heynpyr:tJIX B3a:t1MO,D;eHCTBHH TIO rnyc5HHe TIOrJIOTHTeJIR, rrpHtieM 

TIYCT:O HaC PIHTepecyiOT B3aHMO,D;eHCTB:t1R tiaCDnU B CJie,n;ytomHX 3Hepre

THtieCKHX PIHTepBaJiaX: 

HeMTpoHlil, 5 M3B < Til1 <. 20 MoB; 

He:ViTpOHIJ' 50 M3B < T.,. < 3 r:m; 

rrpoToHbl, 50 MsB <. "TF < 3 raB; 

'Ji - Mesonbt , 50 MsB < T1T' < 3 roB. 

Hn¢opuauHR: 

~5b .. 02b. Ou7. 80u2B2. 00. O:i1d.O . 
0" 1.u u 0. 1 u u f • .3 
w u (, 0 ' Q w 'f' • b 4.u G • 0 2 
wu20.0uu20.0u6"".0 
uuui5.0uwww90.0wuuwuO.Ouuuuul), OuwwuuO.O 

wuuO. OuuwuO. OuuuuO. o ...... uL oi.JWU(). Ouuui. 0 

uu3000.0 

wL Ou940. 0 
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OdpameHMH B ynpaBRHmmen nporpaMMe: 

CALL LOA1) GO( d. • ., l. ,0. 9,0.2.,0..01,1.01., iO., 0.!>4!>, 6HHE!lVIN) 

CALL LOA.V G0(-1.0.5~ ~-o,c-J.,6HMA--TER) 

IIo.n;npo rpaMMDI HIS 0 U T 11 P R N H S cr : 
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B pe3yJI:hTaTe BhllUICJieHMH TIOJIY'U:M HCROMble pacnpe,n;eJieHJtUI 

B MaCCMBaX: 

1)N1 <. - < - Hei1Tp0Hhl, 5 M3B 'VI 20 M3B 

1)N2 - Hei1Tp0Iill, 50 M3B <( TVl < 3 r3B 

TIP - npoToHhl, 50 M3B ~ ~~ .t( 3 r3B 

DPI - 'JT - Me30HH, 50 M3E <. 1rr < 3 r3B 

lliar no rJiydHHe TIOrJIOTHTeJIH,BhldpaH paBHhlM 5 CM. 
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