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npeA"1CJ10B"1e 

).];aHHOe ITOC06He HaITHCaHO KaK MeTO,[(HqeCKHH MaTepttan .[(ITlI BbIIIOITHeHHlI KypcoBOH 

pa6oTbI ITO Kypcy neKIIHH «O6oeKTHO-OpHe!ITHpoBaHHOe ITpOrpaMMHpoBaHHe», 

ITpoqHTaHHOMY CMttpHOBhIM A.B. B 2003-2007 rr. CTy.[(eHTaM 6a30BOH Kacpe.[(pbl 

3ITeKTPOHHKH cpH3HqecKHX ycTaHOBOK MocKOBCKOro rocy.[(apcTBeHHOro HHCTHTYTa 

PMHOTeXHHKH, 3neKTPOHHKH H aBTOMaTHKH (MHP3A), opraHH30BaHHoil. B ,D;y6He ITPH 

Yqe6Ho-HayqHOM rreHTpe O6oe,[(HHeHHOro HHCTHTYTa lI.[(epHbIX HCCITe,[(oBaHHH, tt 

ITpe,[(Ha3HaqeHO .[(ITlI cry.[(eHTOB oqHoil. cpopMbI o6yqeHHlI, CITeIIHaJihHOCTb 200600 

«3neKTPOHHKa cpH3HqecKHX ycTaHOBOK». 

TiporpaMMhI .[(ITlI pacqern ,[(HHaMHKH ::aplI)KeHHhIX qacTHII BO BHeIIJHHX tt co6cTBeHHhIX 

3ITeKTpoMafHHTHbIX ITOITlIX HMeIOT 60IThIIIOH ITpaKTHqecKHH HHTepec. MaTepttan, 

ITpe.[(CTaBneHHblll B .[(aHHOM ITOC06HH, C03,[(aH Ha OCHOBe peanbHhIX ITpOrpaMM ITO 

MO,[(enttpOBaHHIO ,[(BH)KeHHlI qacTHII B IT03HTpOHHOii: ITOBYIIIKe H pacqeTy 

KpHCTannnqecKHX ITyqKOB B HaKOITHTeITlIX 3aplI)KeHHhIX qacTHII [1]. B cnyqae 

.L\BYXMepHoro peIIIeHHlI ypaBHeHHH ,[(BH)KeHHlI (6e3 yqern ITPO.L\OIThH0rO ,[\BH)KeHHll) 

TaKHe 3a,[(aqn MoryT 6bITb peIIIeHbl B e,[(HHOM ITO,[(X0,[(e. 

U:enbIO KypcoB0H pa6oThI lIBITlleTCll C03,[(aHHe ITporpaMMbI M0,[(enttpoBaHHll ,[(HHaMHKH 

3apll)KeHHbIX qacTHII ITO,[( ,[(ett.CTBHeM 3ITeKTP0MarHHTHbIX IToneii: H co6CTBeHHOro 

ITpOCTPaHCTBeHH0ro 3apll.[(a qaCTHII. Bo3MO)l(Hbl ,[(Ba BapttaHTa CIT0)KH0CTH BbIII0ITHeHHll 

ITporpaMMhI: .[(Byx- tt TPeXMepHblll BapttaHTbl. Bee o6oeKThl B ITporpaMMe 

OITHChIBaIOTCll B BH,[(e KnaccoB Ha ll3bIKe C++. KypCOBal! pa6orn Harnl!,[(H0 IT0Ka3bIBaeT 

B03M0)KH0CTb IT0CTP0eHHll ttepapXHH KnaccoB ,[(ITll peIIIeHHll CIT0)l(Hb!X 3a,[(aq. 8 

CTPYKType ITpOrpaMMbI ITp0.[(eM0HCTPHPOBaHhI 0CH0BHhie B03M0)KH0CTH o6oeKTHO

optteHTHp0BaHH0ro ITporpaMMHpoBaHHll. 

Tioco6ne ITpe,[(Ha3HaqeH0 .UITll CTy.[(eHT0B H aCITHpaHTOB HH)KeHepHbIX H cpH3HqeCKHX 

CITeIIHaJihHOCTeii:, n3yqaIOIIIHX OCH0Bbl ycKOpHTeneil. 3aplI)KeHHhIX qacTHII H o6oeKTHO

OpHeHTHpOBaHH0e ITporpaMMHpoBaHHe Ha ll3hIKe C++. 
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BseAeH1,1e 

11.nell ITonyqeHHlI KpHCTaJIITHqecKHX HOHHhIX ITyqKoB ITpe.[(CTaBITlieT 60ITbIIIOH HHTepec B 

IT0CITe,[(Hee BpeMlI. }];oCTH)KeHHe oqeHh HH3K0H TeMITepaTypbI B CHCTeMe 0Tcqern ITyqKa 

,[(aeT H0Bbie B03M0)KH0CTH B ycKOpHTeITbHOH cpH3HKe, qTo M0)KeT 6bITb HCIT0ITb30BaHO 

,[(ITlI yBennqeHHll CBeTHM0CTH B Konnail..[(epe B cnyqae HaK0ITITeHHll K0pOTK0)KHBYIIIHX 

H30T0IT0B. 

A6conIOTHhIM KpHTeptteM KpHCT~ITH3aIIHH llBITlieTCll C0CT0llHHe HOHHOro ITyqKa, KOr,[(a 

cpe,[(HlilI TeMITepaTypa qacTHII B CHCTeMe OTcqeTa IT)'.qKa T CTaH0BHTCll MeHbIIIe 

ITOTeHIIHaJihHOH 3HeprHH Me)KqacTHqHoro B3aHMO,[(ett.CTBHll u [2]: 

U l Z 2e
2 

f'=-=- --- -- ~150 
T 4m:o aT 

(1) 

r,[(e Ze - 3apll.[( qaCTHIIhI, Eo - .UH3ITeKTPHqecKal! ITpOHHrraeM0CTb BaKyyMa, a -

Me)KqaCTHqHoe paccT0llHHe. 

Cne.[(y10rrree ycn0BHe 0TH0CHTCll K OITTHqecKoii CTPYKType HaK0ITHTeIThH0r0 K0ITbIIa. 

HaKOITHTeIThHOe K0IThIIO .U0IT)KH0 HMeTb )KeCTKYIO cpoKycttpOBKY, H 3HeprHll HOHHOro 

ITyqKa ,[(0IT)l(Ha 6hITb MeHbIIIe KpHTHqeCKOH 3HeprHH HaKOITHTenl!. KonHqeCTBO 

cyITepITepHO.U0B HaK0ITHTeITl! ,[(0IT)KHO 6bITb KaK MHHHMYM B qeTbipe pa3a 6onhIIIe 

MaKCHMaJihH0ro 6eTaTPOHHOro qncna Ml! IT0ITepeqHbIX Kone6aHHH qaCTHII: 

4 • max {Q,, Q Y } < nepuoouimocmb . (2) 

)];nll C03,[(aHHlI qncneHHOH M0.UenH KpHCTannnqeCKHX ITyqKoB HCIT0ITh3yeTCll MeT0.U 

«MOJieKynllpHOll.)) .UHHaMHKH, B K0T0p0M ITyqoK pa36HBaeTClI Ha Jiqeil.KH 
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orrpe.n:eneHHoro pa3Mepa. Pacrrpe.n:enemi:e qacnu-1 a KmK.n:oii 113 .srqeeK cq11TaeTc.sr 

0/:(l!HaKOBhIM. 3TOT MeTO):( 3aMeTHO COKpamaeT BpeM.sr pacqeTa. XopOIIIl!M crroco6oM 

rrpoBepKII pa60Thl qncneHHOH Mo.n:enn MOlKeT 6hITh 6ecKOHeqHhIH Kattan C IIOCTO.s!HHOH 

<poKycnpOBKOH, KOTOphIH OIIl!ChIBaeTC.s! raMHllhTOHIIaHOM 

2) 1 1 2 p k 2 2 1ton 
2 

' 

H ~ 2(d + P, + ~ +:,(x + y }+ fop; f' Jex-,;)' +(y-y, J' +f.(z-z,) 
(3) 

r.n:e Px, Py, Pz, X, y, Z eCTh HOpManH30BaHHhie MOMeHThl H COOTBeTCTBYIOIUHe 

Koop.n:11HaThI, Yo, ~o - pen.srTHBHCTCKHe qiaKTOphI, k - rpa,n11eHT <pOKycnpyIOmett 

CTPYKTyphr. <l>opMa Kp11cTanna orr11chrnaeTc.sr 6e3pa3Mepttott n11ttettttoii rrnoTHOCThIO 

qacTl!U Aion, KOTopa.sr orrpe.n:eneHa KaK [3): 

( )
1/3 ( 3 )1/3 

,tn = f 2t~0p; = 81/;;;gpg: 
(4) 

r.n:e N - q11cno qacn1u B HaKorr11Tene, C - rrep11MeTP HaKorr11Ten.sr, Q - 6eTaTPOHHOe 

q11cno, rion - Knacc11qecK11il: pa,n11yc 11otta: 

Z 2 2 1 e __ 
- -- - - 2, 

rion - 4m:o Ame (5) 

r.n:e m - Macca qacTlll.(hI, Z 11 A - ee 3ap.sr.n:OBhlli 11 rrop.sr.n:KOBhlli HOMepa, C - CKOpOCTh 

CBeTa. 

Ha p11c. 1 rrpe.n:CTaBnetthI pe3ynhTaThI Mo.n:en11p0Batt11.sr Kp11cTann11qecK11x rryqKoB .n:n.sr 

6ecKOHeqHoro KaHana c II0CTO.s!HHOli <pOKycnpoBKOil:, OIIHCaHHOro BhipalKeHl!eM (3). 

3.n:ech Harn.sr.n:Ho IIOKa3aHO, KaK qiopMa KpllCTanrra 3aBHCllT OT 6e3pa3Mepttoro 

rrapaMeTPa A;0n ( 4). A IIMeHH0, ecrrn Aion<0, 709, TO Ha6rr10.n:aeTCR uerroqKa, rrpn 
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0,709<A;on<0,964 - 3llr3ar, rrp11 0,964<A;on<3,10 - crr11panh, a rrp11 3,10<A;on<5,7 -

qi11rypa, cocTO.srma.sr 113 06onoqK11 II uerroqK11 [ 4). 

QerroqKa (Aion < 0,709) 

Pl Pl g f--<--'--~-t--+-+-+- i5 1-e->--+-11--; 
0 l--+-;-+--1-+-+-+-➔ 0 •--~+-+-+--+-, 

EolTi j rTTf IE01. '•I'•' 1,-j >- l i l ! ! >- ' ' ' ' 

aF4+µ. q~~m q I 1 ' · '. 

-0.0032 0 0.0032 
X[m] 

0 0.005 0.01 
S-So[m] 

Crr11panh (0,964 < A;0n < 3,10) 

§ ~+-+-+--f-+--+---+-
0 ~+--t-+-+-+-+-

E o 
>-

Pl g 
C/ 

-0.0032 0 0.0032 
X[m] 

Pl g ,-+-•--4---1-+---+--+---> 
ci I-+-+-..-+-+-~+--• 

e ;:□ I I ; ' I I 

Plt+', ~+n Iii tj 
0 0.005 

S-So[m] 
0.01 

311r3ar (0,709 < A;on < 0,964) 

"' "' g 
c:i 1--:-+-t-+-!--:~.-1 

Pl 
0 
0 
0 

'.§: 0 I I i '•1 ! ' I Ia )- I I ' 0 I I )-

§ tt1-•-Jt-r-r1 q I ' ' l ; j 

-o .0032 o o .0032 
X[m] 

8 
0 
C/ 

0 

0, 

I 

I 

0 

' 
.,l- .;f +.;······ 
le •i • 
; ' 
' ' ; 

' . ' ; 

0.005 0.01 
S-So[m] 

O6onoqKa + uerroqKa (3,10 < A;0 n < 5,7) 

- .. _ _ ~ c;~~-~-t: i -r 
£□ 11:1 f ! l•i 1- FT~;a,_, '. > ._, I ,; i ~□ - I • , T•' • 

Pl 
0 
0 
c:i I I lop·! -

~ 11 I :-·n : i I 

-0.0032 o 
X[m] 

0.0032 

~ I I ;- . l ! r I 
0 0.005 0.01 

S-So[m] 

P11c. l. Kp11cTann11qecK11e rryqKll B Kattane C IIOCTO.s!HHOli <pOKyc11pOBKOil: 
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MaTep1,1a11 KypcosoH pa60Tbl 

fpyrrrra CTy.neHTOB pa.36HBaeTCH Ha 110.nrpyrrIIbI ITO ,L(Ba-TPH qeJIOBeKa. KmK.L(M 

rro.nrpyrrrra BhIIIOJIHHeT CBOe HH.L(HBH.L(yaJihHOe 3a,L(aHHe, KOTOpoe BKJIIoqaeT B ce6H 

pa.3pa6oTKY orrpe,neJieHHOro o6'beKTa, ero TeCTHpOBaHHe, HaIIHCaHHe AOKyMeHTal(HH. 

Pe3yJihTaTOM BhIIIOJIHeHHH KypCOBOll pa6oThI Ka)K,L(Oll rro.nrpyrrIIhI HBJIHeTCH C03,L(aHHe 

rrporpaMMhI, COCTOHII.(ett H3 ABYX MO.L(yJiett: MOAYJIH o6'beKTa .L(JIH OCHOBHOll rrporpaMMbI 

H TeCTHpy10mero MOAYJIH. OTqeT BKJIIOqaeT B ce6H OIIHCaHHe o6meii 3a_naqH, 3a,naqH 

.L(JIH ,naHHOll rro.nrpyrrrrhI, A0KyMeHTaUHIO K o6'heKTY, TeKCTbI rrporpaMM o60HX 

Mo,nyneii, rrp1IMep pa6oThI TeCTHpy10meii rrporpaMMhI. 

B HTore BCe o6'beKTbI co6HpaIOTCH B e,nHHYIO rrporpaMMY, KOTOpM BhIIIOJIHHeT 

MO,neJIHpOBaHHe .L(HHaMHKFI qacTFII.(. ITporpaMMa COCT0FIT FI3 cne,nyIOll(FIX o6'heKTOB 

(3a,naHHH ,nnH rro.nrpyrrrr): 

1) BeKTOp KOOp.L(FIHaT; 

2) BeKT0p CHJI; 

3) MaCCFIB 3apH)KeHHhIX qacTHU; 

4) KYJI0HOBCK0e B3aFIMO,L(ettCTBFie qacTHU; 

5) 6H6JIFIOTeKa 0IITFiqecKFIX :rneMeHTOB: 

a) .npeiicpOBblll rrpoMe)KyTOK, 

6) cpoKyCFipyIOII.(M CFIJia ()KeCTKOCTb), 

B) OXJia)K,L(aIOII.(M CFIJia (BH3KOCTb), 

r) rrepeMeHHoe rrpo,nOJihHoe MarHFITHoe none, 

.n) rrepeMeHH0e rrorrepeqHoe :meKTPFiqecKoe none, 

e) rrpocTPaHCTBeHHhitt 3apH.n; 

6) qFICJieHHbie MeTO.L(hI FIHTerpHpoBaHFIH: 

a) MeTO,n 3iinepa, 

6) MeTO,n PyHre-KyTTu1; 

7) FIHTepcpeiic o6meii rrporpaMMhI; 

8) yrrpaBJIHIOII.(Hll Mo,nynh rrporpaMMhI. 
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)],anee rrpFIBO.L(FITCH KpaTKOe OIIFICaHFie Ka)K.L(oro o6'heKTa, a TaK)Ke IIpFIMep HaIIHCaHFill 

KJiaCC0B. Herrocpe.ncrneHHO HaIIFICaHFie cpyHKUIIH 3TIIX KJiaCC0B FI IIX TeCTIIpoBaHIIe 

,L(OJI)KH0 6bITh peaJIII30BaH0 B xo.ne BbIII0JIHeHHll KypcOBOH pa60ThI. KaK rrpaBIIJIO, ace 

o6'heKThI HaIIIICaHbI .L(JIH TpeXMepHoro cnyqM, a a IIpFIMepax paccr.taTpHBaeTCH pacqeT 

.L(FIHaMHKII MH ABYXMepHoro cnyqM. 

1. Be«mop «oopiJuHam 

BeKTOp KOOp,nIIHaT ,[(Jill TPeXMepHoro cnyqa51 C0CT0IIT II3 TPeX Koop,nIIHaT H 

coorneTCTBYIOII.(FIX CKopocTeii C = [x, Vx, y, Vy, z, Vzj. ITpFIMep o6'hl!BJieHHH KJiacca 

K0OPAFIHaT, KOTOpblll BKJIIOqaeT B ce6H Heo6xo,nIIMb!e orrepauIIII c Koop,nIIHaTaMH, 

class Coordinate 

{public: 

}; 

double x, Vx, y, Vy, z, Vz; 

Coordinate(); 

void operator= (Coordinate); 

void operator+= (Coordinate); 

Coordinate operator+ (Coordinate); 

2. Be«mop cun 

BeKTOp CIIJI C0CTOIIT II3 TPeX CKOpOcTeii FI C00TBeTCTBYIOII.(IIX KOMIIOHeHT CIIJI F = [Vx, 

Fx, Vy, Fy, Vz, Fzj. ITpIIMep o6'bHBJieHHH KJiacca CIIJI, KOTophitt BKJIIOqaeT B ce6H 

Heo6xo,nIIMbie orrepaUIIFI c KOMIIOHeHTaMII CHJI, 
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class Force 

{public: 

double Vx, Fx, Vy, Fy, Vz, Fz; 

Force(); 

void operator= (Force); 

void operator+= (Force); 

Force operator+ (Force); 

Coordinate operator* (double);//yMHO)l{eH1,1e seKTopa c1,1n Ha war 

}; 

3. Be«mop noneii 

BeKTOp rroneil: COCTOHT H3 KOMITOHeHT 3neKTpHqecKoro lI MarHHTHOro rroneil: f = [Ex, 

Ey, Ez, Bx, By, Bz]. IIpnMep 061>HBneHHH Knacca rroneil:, K0Toph1il: BKmoqaeT B ce6H 

He06XO,[(lIMbie orrepaIIHH C KOMIIOHeHTaMH rroneii, 

class Field 

}; 

public: 

double Ex, Ey, Ez, Bx, By, Bz; 

Fields(); 

void operator= (Field); 

void operator+= (Field); 

Field operator + (Field); 

TaK KaK HeKOTOpble 3cpcpeKTbl, HCIIORb3OBaHHble B rrporpaMMe, BO3BpaIIIaIOT 3HaqeHHe 

rronH B orrpe,neneHHOH TOqKe rrpocTpaHCTBa, IlOHBnHeTCH Heo6XO,[(HMOCTb rrepecqeTa 

3HaqeHHH ,naHHOro nonH B BeKTOp CHRbl, C KOTOpoil: OHO ,neil:cTByeT Ha qaCTm1y . .[{irn 

3TOro HCIIORh3yeTCH xoporno H3BeCTHM cpopMyna 
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- Ze (- [ -D F=- E+ vxB , 
Am 

(6) 

r.ne E - BeKTop 3neKTpHqecKoro rrom1; ii - BeKTop cKopocTH qacTHIIhI, B - BeKTOp 

MarHHTHOro rronH. IlpH rrepexo,ne K rrpoeKIIHHM Ha Koop,nHHaTHb!e OCH rronyqaeM 

KOMIIOHeHTbI BeKTOpa cnn: 

Fx = ?e_(Ex +vyBz -vzBy ), 
Am 

Fy = ?'~ (Ey -vxBz +vzBx), 
Am 

Fz =-Ze (Ez +vxBz-VyBx). 
Ame 

4. Maccua 3apRJKeHHblX 'lacmu1.4 

(7) 

Knacc, OITHCbIBaIOIIIHH MaCCHB 3apH)KeHHbIX qacTHII, COCTOHT lI3 MaCCHBa KOOp.[(HHaT lI 

cpyHKIIHH ,[(RH reHepauHH HaqanbHOro pacrrpe,neneHHH qacTHII. KoHCTpYKTOp Knacca 

,[(On)KeH C03,[(aTb ,[(HHaMHqecKHH MaCCHB Koop,nHHaT, a ,necTpyKTOp - OCB060,nHTb 

Bbl,[(eAAeMyIO ITO,[( MaCCHB IIaMHTb. 

class Particles 

{ protected: 

}; 

Coordinate *array; 

public: 

int Number; 

Particles(int n) {array= new Coordinate[Number = n]; } 

-Particles() {delete arrayO;} 

Coordinate& operator O (int i) { return array(i]; } 

void Initialization(); 

void Distribution(); 

11 



5. KynoHoec«oe e3auMoaeucmeue 'lacmuij 

K.rracc ,nnJJ Bhl'IttcneHuJJ rrpoc-rpaHCTBeHHoro 3apJJ,na Maccuna qacTHU co3,naeTcJ1 KaI< 

rrpott3BO.l1Hhlll Knacc Ha OCHOBe .llBYX 6a30Bh!X KnaccoB: Knacca MaCCHBa 3apJDI(eHHh!X 

qacnIU ll 6a30BOro Knacca orrTuqecKHX :meMeHTOB. ITeperpy)KeHHM BHPTYMhHM 

q>yHKUHJJ GetForce BhJqucnJJeT cuny Kynotta, KOTopaJJ MO)KeT 6hnh rronyqeHa H3 

raMHilbTOHHaHa (1): 

2 2 N X· -x · 

Fx = !;:O i~((xi :xi f:Gi ~ Yif-;(zi -zi f )12
, 

2 2 N y- -y. 

Fy = !n;o i~«:i-~:i}-:-;i ~Yif:(zi ~~iffff' 

z2e2 N zi -zi 
Fz = L · \2 \312 · 4

m:o i;ci((xi -xi f +(Yi -yi f +(zi -zi J J 

class Beam : public Particles, public Optics 

{ public: 

virtual Initialization{) { ; } 

Force GetForce(Coordinate, doublet); 

}; 

6. 5u6nuome«a cun 

(8) 

Knacc Optics - :no 6a3onb1il: Knacc ,nm1 6u6nuoTeKu :.iq>q>eKTOB, BhJqucnmomux nu6o 

BeKTOp Cllll, nu6o BeKTOp rroneil:. )J;nJJ orrpe,neneHHJI 6u6nuoTeKH HCIIOilh3yeTCJI 

6aJonh1il: Knacc c BttpTyanhHhIMH q>yHKUHJJMH GetField u GetForce. ITpuqeM B 

12 

rrpoH3BO.llHhIX Knaccax MO)KHO rrepeorrpe,nenttTh mo6y10 H3 3THX q>yHKUuil:. Ecnu 6y,neT 

rrepeorrpe,neneHa q>yHKUHJI GetForce, TO OHa 6y,neT HCIIOilb30BaHa ll3 IIpOH3B0.llHOro 

Knacca B .llHHaMHKe pacqern. Ecnu rrepeorrpe,nenetta TOilhKO GetField, TO 6y,neT 

Bhl3BaHa q>yHKUHJJ GetForce m 6a3oBoro Knacca, KOTOpM rrepecquTaeT BeKTop rroneil: 

B BeKTop Cllll B C0OTBeTCTBHH c (7). 

class Optics 

{ public: 

bool use; 

}; 

Optics() { use = false; } 

virtual Initialization() { ; } 

virtual Field GetField(Coordinate C, doublet) 

{ Field f; 

return f; 

} 

virtual Force GetForce(Coordinate C, doublet) 

{ Field f; 

f = GetField(C,t); 

Force F; 

F.Fx = Z*e / (A*m)*{f.Ex + C.Vy*f.Bz - C.Vz*f.By); 

F.Fy = Z*e / (A*m)*(f.Ey - C.Vx*f.Bz + C.Vz*f.Bx); 

F.Fz = Z*e / (A*m)*(f.Ez + C.Vx*f.By - C.Vy*f.Bx); 

retrun F; 

a) ,Qpe'1ct>oBblH npoMe>KyTOK 

KaK rrpaBHilO, Ka)K.llhlll orrrnqecKHll :.ineMeHT BKil!OqaeT B ce6JJ ,npeil:q>OBhlll 

rrpoMe)KyTOK, KOTOpblll OIIHCbIBaeT ,llBH)KeHHJI qacTHUhl 6e3 BHellIHHX cun. 11MeHHO 

13 



3TOT 3JieMeHT 6u6mrnTeKH ocymecTBJIHeT ll3MeHeHue KOOp.llHHaT qaCTHU., BCe .npyrne 

OIJTHqecKHe 3JICMCHTbl MC_HHIOT TOJibKO CKOpOCTll qaCTHU.. 

class Drift : public Optics 

{ public: 

Drift () { use = true; } 

Force GetForce(Coordinate C, doublet) 

{ Force F; 

} 

}; 

F.Vx=X.Vx; 

F.Vy=X.Vy; 

F.Vz = X.Vz; 

return F; 

6) <l>0Kyc1,1pyto1.1.1aff CMila (>KeCTK0CTb) 

<l>oKycupyromaH cuna HMCCT JIHHCHHYIO 3aBHCHMOCTb OT KOOp.l(HHaTbl qacTHU.bl, qrn 

OIIHCbIBaeT rrpoCTbIC KOJie6aHHH MaTepuanbHOH TOqKu (rrpyJKHHa, MaHTHHK). B 

HaKOIIHTCJIHX 3apHlKCHHbIX qaCTHU. 3TO COOTBCTCTBYCT cpoKycttpOBKC ITO BCCM 

KOOp.l(HHaTaM: 

Fx =-kxx, 

Fy =-kyY, 

Fz = -k2 z. 

class Rigidity : public Optics 

{ public: 

double kx, ky, kz; 

Rigidity (); 

void Initialization(); 

Force GetForce(Coordinate, double t); 

}; 

14 

(9) 

1 

) 

·1 
I 

) 

B) Oxna}l{,Qato1.1.1aff Cl,1Ila (Bff3K0CTb) 

OxnalK.l(aromaH cuna HMCCT JIHHCHHYIO 3aBHCHMOCTb OT CKOpOCTll ll rrpu~O.l(llT K 

3aryxaHHIO KOJie6aHHH qaCTHU.. ,[{aHHaH cuna OIIHCbIBaeT rrpOCTCHIIIHH BapttaHT CllJibl 

OXJialK.l(CHHH. O6paTHTC BHHMaHue, qrn cpoKycupyromaH cuna CCTb cpyHKU.llH OT 

KOOp.llHHaTbl (9), a cuna BH3KOCTH - cpyHKU.HH CKopocrn: 

class Viscosity : public Optics 

{ public: 

double Lx, Ly, Lz; 

Viscosity (); 

void Initialization(); 

Fx =-AxVx, 

Fy =-AyVy, 

Fz =-AzVz. 

Force GetForce(Coordinate C, double t); 

}; 

7. /5u6nuome«a 3ne«mpoMa2HumHbtX noneu 

a) nepeMeHH0e npo.Q0ilbH0e MarHMTHoe none 

(10) 

ITpO.l(OJibHOe MarHHTHOe none rrpHBO.l(llT K U.HKJIOTpOHHOMY .l(BlllKCHHIO 3apHlKCHHbIX 

qacTHU. B rrorrepe'IHOM HarrpaBJICHllll. MOJKHO .l(OIIOJIHHTCJibHO 3a.l(aTb ll3MCHCHHC 

aMIIJIHTY.llbI IIOJIH BO BpeMCHH: 
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Bz =Bocos(rot+<p) 

class MagneticField : public Optics 

{ public: 

double Bo, omega, phi; 

MagneticField (); 

void Initialization(); 

Field GetField(Coordinate C, doublet); 

}; 

6) nepeMeHHoe nonepe1.1Hoe 311eKTp1,11.1ecKoe no11e 

(11) 

,[(onoJIHHTem,Hoe nonepeqHoe 3JieKTJ)HqecKoe none BparuaeTcH co BpeMeHeM BOKpyr 

ueHTPa K0Op.L\HHaT. TaKoe BparuruorueecH II0Jie MO)KeT 6bITb 3a,L\aHO pa3pe3HbIMH 

3JJeKTPO.L\aMH, K KOTOpbIM npHJIO)KeHO nepeMeHHOe 3JieKTpHqecKoe IIOJie co C.L\BHf0M 

Ha orrpe.n;eneHHYJO q>a3y: 

class ElectricField : public Optics 

{ public: 

double Eo, omega; 

ElectricField (); 

void Initialization(); 

Ex = Eo cos(rot), 

Ey =E0 sin(rot). 

Field GetField (Coordinate C, doublet); 

}; 
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(12) 

~ 
~ 
~ 

\ 

~ 

B) no11e npocTpaHCTB8HHOro 3ap.R,Qa (pa,QH8IlbH08 3118KTpHl.f8CK08 

no11e) 

8 OTJIJ:lqJ:le OT rrp»Moro BblqJicJieHIIH B3aHMO,L\eHCTBIIH 3ap»)KeHHhlX qaCTHI~ Me)K,L\y 

co6o:ll: MO)KHO 3a.n;aTb rrpOCTyJO M0,L\eJib rrpOCTPaHCTBeHHOro 3ap».n;a qacn1u, K0T0paH 

rrpe.n;cmBJIHeT co6o:ll: pa.n;IIaJihHoe 3JieKTPuqecKoe none, 3aBuc»ruee OT 3a.n;aHHo:ll: 

IIJIOTH0CTH qacTHU n: 

class Space : public Optics 

public: 

double n; 

Space(); 

void Initialization(); 

F _ 2nexn 
x- i; , 

0 

F - 2neyn 
y - -- -

Eo ' 

F _ 2nezn 
z-

Eo 

Fields getField{Coordinates C, doublet); 

}; 

8. l./ucneHHble Memoob1 uHmeapupoaaHUR 

(13) 

Bo3MO)KHbl HeCKOJlbKO qJ:lcJieHHbIX MeTO.L\OB ,L\JIH peanu3auuu .L\liHaMliKH .L\Blf)KeHHH 

qaCTliU. IlpocTelllllliM HBJIHeTCH MeTO.L\ 3:ll:nepa, Kor.n;a Ha Ka)K.[\OM mare 

liHTerpHpOBaHirn BbJqJICJrneTCH cyMMa CliJI OT aKTHBHbIX OIITHqecKIIX 3JieMeHTOB. 

IlpIIMep TaKoro MeTo.n;a rrpe.n;cmBJieH B orrHcaHHH KJiacca Dynamics. 

HayqHO•TeXHBlfeCK&B 
6H6JIH~TeKa 

OH.HH 



EoITee Toqm,Ifi MeTO,!( - MeTO,!( PyHre-KyTThl, KOr,!(a Ha Ka)K)].OM mare HHTerp11poBaHmI 

CYMMa CHIT Bhrq11cm1eTC51 HeCKOIThKO pa3 B OKpeCTHOCTH ,!(aHHOli TOqKH. O.l(HaKO 3TH 

MeTO,!(hI ,!(aIOT ,!(OBOIThHO 60IThIIIYIO OIIIH6Ky ,!(IT51 MO,!(eITHpOBaHH51 3aMKHYThIX CHCTeM, 

KOr,!(a coxpaH51eTC51 noITHM 3Hepr1111 CHCTeMhI. 8 HaIIIeM CITyqae, KOr,!(a Mb! HCnOITh3yeM 

CHITY B513KOCTH, 3Hepru51 CHCTeMhI He coxpaH51eTC51, H HCnOITh30BaHHe 3THX MeTO,!(OB 

HHTerpHpOBaHH51 BnOITHe ,!(onycTHMO. 

a) MeTOA 3i1nepa 

MeTO,!( 3iiITepa 51BIT51eTC51 npOCTh!M BapHaHTOM peanli3al.(HH MeTO,!(a PyHre-KyrrhI 

nepBoro nop51,!(Ka. 8 BeKTOpHOli qiopMe ero MO)l(HO 3anHCaTh B CITe,!(yIOil.(eM BH,!(e: 

C = Co +Llti)';(co,to)' (14) 
i=O 

r.l(e C - BeKrnp KoopAHHaT, F - BeKTOp CHIT. CyMMHpOBaHHe BeKTopa CHIT 

npoli3BO,!(HTC51 no BCeM aKTHBHhIM 3ITeMeHTaM 6H6ITHOTeKH CHIT. KaK npaBHITO, 

ApefiqioBhlli yqacTOK npHCYTCTByeT npH CYMMHpOBaHHH BeKTOpa CHIT. 

6) MeTOA PyHre-KyTTbl 

,[(IT51 peanli3al.(HH MeTO,!(a PyHre-KyrrhI Heo6XO,!(HMO HMeTh qJYHKl.(HIO, KOTOpa51 

B03Bpall.(aeT cyMMY CHIT OT aKTHBHhIX 3ITeMeHTOB B 3aBHCHMOCTH OT KOOp.l(HHaThI 

qaCTHl.(hI H BpeMeHH HHTerpHpOBaHH51. B Knacce KOOPAHHaT HY)l(HO ell.(e onpe,!(eITHTh 

qiyHKl.(HlO YMHO)l(eHH51 BeKTOpa KOOpAHHaT Ha qHCITO: 

~ ', ,'' , ..... -~· 

t1 =to+lit/2, t 2 =to+Llt, 

C, = LltI,F;(C0 ,t0 ), C2 = LltI,F;(C:0 +C, /2,t,), 
i=O i=O 

CJ= LltI,i;(Co +C2 /2,t,), c4 = MI,i;(Co + C3,lz), 
i=O i=O 

c = co + c, + 2c2 + 2c3 + c4 
6 

9. HHmepcf,eiic 06U4eii npo2paMMbl 

(15) 

l1HTepqiefic nporpaMMhI ,!(OIT)l(eH 06ecneq11Th BBO,!( HaqanhHhIX ,!(aHHh!X H 

HHHl.(Hanli3al.(Hl0 Bcex ofo,eKTOB nporpaMMhl, 3anycK anropHTMa ,!(HHaMHKH qacTHI.( H 

BhIBO,!( Ha 3KpaH BO BpeM51 HHTerp11poBaHH51 ,!(BH)l(eHH51 KOOPAHHaT qaCTHI.(: y OT x, Vx 

OT x, Vy OT y. IToITe3HO TaK)l(e BhIBO,!(HTh Ha 3KpaH rpacpHKH 3aBHCHMOCTH norrepeqHhIX 

3MHTTaHCOB OT BpeMeHH, KOTOpbie onHChIBaIOTC51 CITe.l(yIOil.(HMH cpopMyITaMH: 

I. 2 2 2 
8x = \<x ><Vx >-<xVx > , 

2 2 2 f 
---- --- - -- -

8 y = \ < y >< Vy > - < yVy > . (16) 

3.l(eCh yrnoBbie CK06KH 03HaqaIOT ycpe,!(HeHHe no BCeM qacTHl.(aM, T.e. ,!(IT51 

ropH30HTaIThHOli KOOPAHHaThI HMeeM 

2 1~ 2 2 1~ 2 1~ < X >= -L.,X; '< V >= L.,vi '< xV >= L.,xV;. 
N i=l N i=l N i=l 

(17) 
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10. YnpaenRrow,uii Mooynb npoapaMMbI 

YrrpaBmIIOIUIIH Mo,nynh C IIOMOIUhIO llHTepqieil:ca rrpoII3B0.I(llT llHllllllaITII3aIIHJO Bcex 

o6'beKTOB II opraHll3YeT pa6oTy BCeil: rrporpaMMhl. B KOHCTPYKTOpe llHllllllallll3llpyeTCH 

MaCCllB 6II6nIIOTeKII OIITllqecKIIX 3neMeHTOB, a B ,neCTPYKTOpe ocymecTBnHeTCH 

OCB060)l(_!(eHHe rraMHTll, BhI.I(eneHHOe ITO.I( 6II6ITHOTeKy OIITllqecKIIX 1neMeHTOB. Ilepe,n 

HaqanoM llHTerpnpoBaHIIH .I(Bll)l(eHIIH He06XO.I(llMO llHllllllailll3llpOBaTh BCe o6'beKThl B 

rrporpaMMe. KoHCTaHTa LIBNUM orrpe,nenHeT KonIIqecrno 1neMeHTOB 6II6nIIoTeKII 

rroneil:. 

#define LIBNUM 7 

class Dynamics 

{ public: 

Optics* Lib[LIBNUM]; 

double dt; 

doublet; 

void Initialization(); 

void Run(); 

Dynamics() 

{ Lib[0] = new Drift; 

Lib[1] = new Rigidity; 

Lib[2] = new Viscosity; 

Lib[3] = new MagneticField; 

Lib[4] = new ElectricField; 

Lib[5] = new Space; 

Lib[6] = new Beam; 

} 

-Dynamics() 

}; 

{ for (inti= 0; i < LIBNUM; i++) 

delete Lib[i]; 

} 

20 

void Dynamics::lnitialization() 

{ t = O; 

for (inti= 0; i < LIBNUM, i++) 

Lib[i]->lnitialization(); 

void Dynamics::Run() 

{ for (inti= 0; i < Particles.Number; i++) 

{ Force F; 

for (int j = 0; j < LIBNUM; j++) 

if (LibO]->use) 

F += LibO]->GetForces(Particles[i], t); 

Particles[i] += F * dt; 

} 

t += dt; 

} 
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np~Mepbtpac~eToa 

)];arree npHBO,wITCH pe3yJibTaTbl pa60Tbl rrporpaMMbl, C03,l(aHHOH CTy,neHTaMII B xo,ne 

BblllOJIHeHHH KypcOBOH pa60Tbl. 3TII pac11eTbl 6brnII c,nenaHhl ,l(JIH AByxMepHoro 

ClIYtJM, KOr,na He YtJHTbJBaeTCH npo,noJibHOe ,l(BH)!(eHIIe qacTIIU. IlOJIYtJeHHe no,no6HhlX 

pe3yJibTaTOB HBJIHeTCH xopOIIIIIM KpIITepIIeM npaBIIJibHOCTII pa6oTbl nporpaMMbl. 

a) 4acn11.-'a a MarHHTHOM none c y'leTOM npOCTpaHCTBeHHoro 

33PHA3 

qaCTIIUa B MarHIITHOM none npII Ha.JIH1IHII PMIIa.JibHOro noJIH BCJie,ncTBIIe 

npOCTPaHCTBeHHOro 3apsi,na ,l(BII)!(eTCH no UHKJIOII,l(e (pIIc.2). TpaeKTOpHH COCTOHT H3 

ABYX ,l(BII)!(eHIIii: ,l(BII)!(eHIIH no napMOpOBCKOH c1rnparrH II ,npeiicpoBoro ,l(BII)!(eHIIH 

BOKpyr ueHTPa KOop,nIIHaT. 

§ 

g 

., ... soo 500 

Pttc.2. ,ll;BII)!(eHIIe qaCTIIUbl B npo,nOJibHOM MarHIITHOM H PMIIa.JihHOM 3JieKTPH1IeCKOM 

noJIHX 

CKopOCTb BpameHHH 11aCTIIUbl BOKpyr ueHTPa KOOp,nHHaT onIIChrnaeTCH ,npeiicpOBOH 

qaCTOTOH BpameHIIH: 

22 

r.ne a=~7t_~
2
e

2
n 

Eo 

,---· 1---- -
/0071 10071 

(0 = v-2 -a-ms fi -a' (18) 

K03cpqJIIUHeHT, 3aBIICHIUHH OT 3apsi,na 11aCTIIUhl II IIJIOTHOCTII 

ZeB 
qacTHU Ha e,nHHIIUY 061,eMa, (0 B = -- __ _z2 - UIIKJIOTPOHHM qaCTOTa, onpe,neJIHeMM 

Ame 

npo,nOJibHblM MarHIITHblM noJieM II Maccoii 1IaCTIIUbl. 

6) 4acTH1-'3 B MarHHTHOM H spa~aK>~eMCH 3JleKTpH'leCKOM nOJlHX 

BKJIIOtieHIIe ,nonOJIHIITeJibHOro Bpamaromerocsi nonepe11Horo 3JieKTPII1IeCKOro nOJIH 

npHBO,l(HT K ll3MeHeHIIIO ,npeiicpoBoro ,l(BH)!(eHHH qacTIIUbl. EcJIII BbI6paTb qacTOTY 

Bpamaromerocsi nOJIH KpaTHOH qaCTOTe ,npeiicpoBoro ,l(BH)!(eHIIH, TO MO)!(HO IIOJIY1IHTb 

pa3H006pa3Hble 3aMKHYThie TpaeKTOpHH (pHC. 3). IlpH1IeM cpopMa TaKHX TpaeKTOpHH 

3aBHCIIT OT Bb16opa HarrpaBJieHHH BpameHIIH rrepeMeHHOro 3JieKTPII1IecKoro IIOJIH. 

i 
.uoo -'iOO ··"' 1_~ 

Pttc.3. TpaeKTOpIIII 11aCTIIUbl rrpII ,nonoJIHHTeJihHOM BpamarorueMCH 3JieKTpII1IeCKOM 

none, Kor,na ero 11acTOTa KpaTHa 11acTOTe ,npeiicpoBoro ,nBH)!(eHHH 
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B) Kp"1CT3I1Ilbl 33pfl>KeHHblX '-13CT"11..\ 

KpHCTaJIJibl 3aplD!(eHHbIX 'laCTIUI, KaK 6bIJIO YKa3aHO BbIIIIe, IIOJIY'IaIOTCJI rrpH 

COBOKYIIHOM )IeHCTBHH <pOKYCHpyrorrreii H OXJia)l()Iarorrreii CHJI, KOTOpoe 

corrpoBO)l()IaeTCJI KYJIOHOBCKHM pacTaJIKHBaHHeM 'laCTHII- Ha pHc.1 6bIJIH rrpHBe)IeHbl 

pe3yJibTaTbl pac'leTa KpHCTaJIJIH'IeCKOro COCTOJIHHJI 'laCTHII )IJIJI TPeXMepHoro CJIY'Ial!. 

B paMKax KypcoBOH pa60Tbl )IOCTaTO'IHO IIOJIY'IHTb KpHCTaJIJibl 'laCTHII )IJIJI 

)IByxMepHoro cny'IM. 

IlpHMepbl KpHCTaJIJIOB )IJIJI pa3HOf0 KOJIH'leCTBa 'laCTHII npHBe)IeHbl Ha pHC. 4 )IJIJI 

ceMH, O)IHHHa)IIIaTH H )IBa)IrraTH 'laCTHII COOTBeTCTBeHHO. 

;1, 
~ • 

, . 
> '1 ·•: 

~ . . ! 
J 
,1 • 

l ~ 

J ~ 0 2 ' • 8 10 ~ • J 
X 

X(Y) 

-2 0 z ' • • 10 
X 

""'' --··-•-•-.•-1 
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, 01 ; I 
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.a -0 "' .2. o 2 .1 , a 10 
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PHc.4. KpHCTaJIJibl 3apll)l(eHHbIX 'laCTHII )IJIJI )IByxMepHoro CJIY'Ial! 

IlpH MO)IeJIHpOBaHHH KpHCTaJIJIOB 3apJ1)1(eHHbIX 'laCTHII Heo6XO)IHMO rrpaBHJibHO 

BbI6paTb COOTHOIIIeHHe Me)l()Iy <pOKYCHpyrorrreii H OXJia)l()Iarorrreii CHJiaMH. EcnH CHJIY 

OXJia)l()IeHHJI Bbr6paTb CJIHIIIKOM 60JibIIIYIO, TO 'laCTHIIbI «3aMep3HYT», He ycrreB 

BbICTPOHTbCJI B KpHCTaJIJI. EcnH OXJia)l()IaIOIIIal! CHJia 6y)IeT CJIHIIIKOM Mana, TO 

'laCTHIIbI 6y)IyT Kone6aTbCJI OTHOCHTeJibHO rreHTPa KOOp)IHHaT O'leHb )IJIHTeJibHOe 

BpeMJI. Ha qiopMy KpHCTaJIJIOB TaK)l(e 60JibIIIOe BJIHJIHHe OKa3bIBaeT COOTHOIIIeHHe 

Me)l()Iy ropH30HTaJlbHbIM H BepTHKaJibHbIM K03<p<pHIIHeHTaMH )l(eCTKOCTH H Bll3KOCTH. 
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