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B aacTosrweil: pa6oTe onHChiBaeTcsr coaep)l(aHHe nporpaMMbi "3neK

Tpoa", npet:IH83H8'19HHOft ansr o6pa60TKH aneKTpOHHb!X TpeKOB B ny3b!pbKO

Bb!X KaMepax C TSI)I(enhiMH )I(I{}:IKOCTSIMH. TiporpaMMa HanHCaHa Ha ani'OpHT-

MH'I9CKOM SI3biKe cl>opTpaH ansr 3BM cnc 1604A H E3CM6. B nporpaMMe 

peanH30B8H M9TOt:l Bbi'IHCneHHSI KHH9M8TH'I9CKHX napaMeTpOB aneKTpOHHb!X 
Ill 

TpeKoB, npeano)l(eHHhiA B pa6oTe • TiposepKa aToro MeToaa ocywecT-

sneHa nyTeM o6c'leTa no nporpaMMe "3neKTpoH" <PHKTHBHbiX TpeKOB, creHe

pHposaHHhiX MeToaoM MoHTe-Kapno. CTaTHCTH'IeCKasr nposepKa nposeaeHa 

nnsr asyx cpea - nponaHa H nerKoro ¢lpeoHa npH aHeprHsrx aneKTpOHOB 250 

H 750 Mas/c. 

§ 1. OnHcaHHe nporpaMMbi 

Bbi'IHCneHHe KHH9M8TH'I9CKHX napaMeTpOB TpeKa B nporpaMMe OCHOBa-

HO Ha npHM9H9HHH M9TO}:Ia H8HM9Hb!IlHX KB8t:lp8TOB, B KOTOpOM no 3THM na

paMeTpaM MHHHMH3HpyeTCSI ¢lyHKUHOHan: 

(1) 
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l"'Jle ~y = y m - < y > ym - BeKTop H3MepeHHbiX y -hrX KoopJlHHaT N 

TO"ieK TpeKa, <y > - BeKTOp COOTBeTCTBYIOIUHX M8TeM8TH'IeCKHX OJKHJl8HHM 

(annpoKCHMHPYJOIUaSI cpyHKUHSI), a G -MaTpHua BeCoB, o6paTHaSI KoBapHa-
-t 

UHouuoa MaTpHue G cnyqaftaoro BeKropa y • AnnpoKCHMHPYJOIUaSI 

Ill 
cpyHKUHSI < y> onpeneneaa B rrnocKOCTH, nepneHJlHKyngpaoit aarrpaBne-

HHIO M8l"'HHTHOI"'O ITOnSI, B CHCTeMe KOOpJlHH8T xy , l"'Jle OCb X COBIT8Jl8eT 

C HarrpaBneHHeM JlBHJKeHHS! '18CTHUbl B nepBOA TO'IKe ( pHC, } ) : 

2 34 56 23 6 I 
<y(Ll)>=pLJ/2-p Ll /4!+p LJI6!+kp L1 /6 +pI AdLJ),B 

- - - 1=1 
(2) 

3)leCb rrepBbie TpH qneHa OIIHCb!B810T CMeiUeHHe, OOS!38HHOe OTKnOHGHHKJ B 

OJlHOpOJlHOM M8l"'HHTHOM none, a JlB8 IIocneAHHX - CMeiUeHH5I, Bbl3BaHHbie 

HOHH38UHOHHhlMH H TOpM03HblMH IlOTepS!Mf! 9Hepl"'HH, COOTBeTCTBeHHO, 3naqe

HHS! KoacpcpHUHeHTOB A 1 (L) rrpHBeJleHhi B ITpHnoJKeHHH. 

J13MepeHHbie KOOpJlHH8Tbl TO'IeK TpeKa H3BeCTHbl B CHCTeMe KOOpllHH8T 

X y 
k k , CBS!38HHOit C K8Mepoii: ( pHC, 1 ) , HnH B CHCTeMe KOOp/lHH8T X Y 

( B KOTOpOH OCb X IIpOXOJlHT 'lepea IIepByiO H TpeTbiO TO'IKH TpeKa), fiO

BepHyToft OTHOCHTenbHO CHCTeMhl Xk fk H8 'H3BeCTHbiA yron cp
0 

, floa

TOMY 
x/· 

~y(L)=\(L)cas ¢ -X(L)sin¢ ·-<y>. 

MHHHMH38UHS! cpyHKUHORana ( 1 ) ttO BeKTOpy HCKOMbiX IIapaMeTpOB 

a(p,¢,fJ) : KpHBH3He p , 83HMYT8nbHOMy yrny cp H IIepeMeHHOMy 

IIOpory Oope38HH5l {J CIIeKTpa TOpM03HbiX IIOTepb IlpHBOilHT K CHCTeMe 

ypaBHeHHA OTHOCHTenbHO HCKOMbiX rrapaMeTpOB, perueHHe KOTOpbiX: 

x/ 
B Jl8nbHeftrueM JlnSI IIpOCTOTbi ITO/l 83HMyTanbHbiM yrnoM IIOHHMaeTCSI 

yron cp , OTnH'I810IUHACS! OT HCTHHHOI"'O 83HMyTanbHOI"'O yrna cp + cp 
0 

H8 H3BeCTHhiA yron ¢0 • 
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> , y m - B8KTOp H3MepeHHbiX y -hiX Koop.UHHBT N 

> - BeKTOp COOTB8TCTBYIOIIIHX MaTeMBTH'leCKHX O)l{lftl8HifH 

Sl <i>YHKUHS!)' a G -Ma TpHua Becoa, oopaTHaSI J(QBapHa-_, 
G cnyqafiHoro aeKTopa y • AnnpoKCHMHpyromaSI 

1 
onpe.aeneHa B nnocKOCTH, nepneH.aHKynSipHofi Hanpaane-

IT01ISI 1 B CHCTeMe KOOp.UHHBT xy , r.ae ocb x coana.aaeT 

eHHSI 'l8CTHUhl B nepBOfi TO'IK€ (pHC. 1): 

4 56 23 6 I 
Lj I 4! + p L j /(J! + k p Lj /6 + p I A I (Lj ),8 

. . . ~I 
(2) 

'IJieHa OITHChiB8JOT CM8Ili8Hife 1 OOSI38HH08 OTKJIOHeHHIO B 

.aaa nocne.aHHX - CMemeHHSI, BbJ3BaHHhie 

TOpM03HbiMH llOTepS!Mif :3Hepl"'HH 1 COOTBeTCTBeHHO. 3Ha'le

A 1 (L) npHBe.aeHbi B ITpHJIO)!(eHHH. 

H3B8CTHhl B CHCTeMe KOOp.1lHHaT 

c KaMepofi (pHc. 1 ), HJIH a CHCTeMe Koop.aHHaT XY 

npoxo.aHT qepea nepayro H TpeTbJO TO'lKH TpeKa), no

Ho CHCT8Mbl xk yk Ha ·HaBeCTHbii Yl'OJI ¢0 • IToa-

x/ 
=\(L)cos ¢ -X(L)sin¢ ·-<y>. 

S1 <f>yHKUHOHana ( 1) hO BeKTOpy HCKOMbiX napaMeTpOB 

, 83HMYT8JlbHOMy yrny cp H nepeMeHHOMy 

CITeKTpa TOpM03HbiX llOTepb ilpH80.1llfT K CHCTeMe 

HO HCKOMhiX napaMeTpOB 1 pemeHHe KOTOpbiX: 

AJISI npoCTOTbl no.a 83HMYT8JlbHhiM yf'JIOM llOHHMaeTC5l 

JOIIIHfiCSI OT HCTHHHOf'O 83HMYT8JlbHOf'O yrna cp + cp
0 ¢o. 
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T -1 T 
~a-= (8 GB) BG~y, (3) 

I"Jle ~a ~BeKTOp ITOITp8BOK K H8lt)leHHOMy B npe,llbl.llY!Ilelt (I -oft) JiTepaUHH 

BeKTopy a (I) 
, TaK 'ITo a0+0=a0)+~a0+1) , a B=-a~y/aa-

M8TpHU8 rrpOHSBOJlHbiX, 

IT ocne Toro KaK TpH napaMeTpa ( N P =3) p , ¢ H (3 Haii.oeHhi, 

rrapaMeTp {3 B ypaBHeHHH anrrpOKCHMHPYlO!Ilelt (jlyHKUHH (2) {jJHKCHpyeTC51
1 

ITOCne 'lel"O MHHHMH38UH51 (jlyHKUHOHana (1) ITpOHSBO.llHTCH ITO JlBYM rrapaMeT

paM (NP=2) p H ¢. 

ITpHHUHITHanbH851 5noK-cxeMa nporpaMMhi '8neKTpoH" rrpe.ocTasneHa 

Ha pHC, 2. 

J1CXOJlHbiMH Jl8HHhiMH .lln51 ITpOI"p8MMbl 51Bn51lOTC51 T8KHe X8p8KTepHCTHKH 

K8Mepbl K8K M8I"HHTHOe none, rrnOTHOCTb H P8.llH8UHOHH851 .onHH8 pa6otreH 

)KifJlKOCTH H T.n., sanaceHHhie rroJlnporpaMMolt DATIN P • Bso.o rrpocT-

paHCTBeHHbiX KOOP.llHH8T X k ' y k I zk N -TO'IeK TpeKa ocymeCTBn51eTC51 

no.onporpaMMolt IN TRACK. 

BnoK ZERO cocTOHT HS cne.oyiD!IlHX nocneJloBaTenhHO BbiShiBaeMbiX 

ITOJliTp orpa MM: 

1.SlSTEM OCy!IleCTBnHeT rrepeC'IeT KOOp.llHH8T TO'IeK TpeKa HS CHC-

TeMbl KOOPJlHH8T XkY k zk B CHCTeMy XYZ (z(l) .. O) (eM, pRe. 1). 

2. ZERCUR H8XO.llHT B HyneBOM ITpH6nH)KeHHH KpHBHSHy TpeKa, )lng 

'lel"O trepe3 el"O TO'IKH MeTOJlOM H8HMeHb!IlHX KB8Jlp8TOB ITpOBOJlHTC51 OKpy)K-

HOCTb. 

3. MAXANG Bbi'IHCn51eT yron (} Me)KJlY K8C8TenbHbiMH K rrepBOH 

H nocne)lHeH TO'IK8M TpeKa. EcnH yron 38KPY'IHB8HH51 e 6onbme M8KCH

M8nbHO JlOITyCK8eMOI"O yrna (} (He npeBbi!Il8lO!Ilel"O 60°) 1 TO ITpOHSBO-
max 

JlHTC51 ITOCne)lOBaTenbHOe OT6paCbiB8HHe ITOCne)lHHX TO'IeK JlO TeX rrop, ITOKa 

ycnOBHe fJ< (}max He 6yJleT BbiiTOnHeHo, 
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T -1 T 
~a-= (8 GB) BG~y, (3) 

nonpaBOK K Hafi:AeHHOMy B npeAbiAyweil: (I -ofi:) HTepaUifH 

, TaK 'ITO a(I+O=a(I)+~a(I+l) , a B=-a~y/aa-

KaK TpH napaMeTpa ( N P =3) p , ¢ H {3 aail:lleHbi, 

B ypaBHeHHH annpOKCHMHpyroweil: ~YHKUHH (2) ~HKCHpyeTCH1 
~YHKUHOHana (1) npOH3BOllHTCH no llBYM napaMeT-

5noK-cxeMa nporpaMMbi "'8neKTpoa" npellCTasneaa 

HBnHIDTCH T8KHe XapaKTepHCTHKH 

nnoTHOCTb H paAH8UHOHHaH llnHHa paooqefi: 

nollnporpaMMoft DATIN P • BBOll npocT-

X k • y k • zk N -TO'IeK TpeKa ocyweCTBnHeTCH 

COCTOHT H3 cnellyiDWHX nocneAOBaTenbHO Bbl3biBaeMbiX 

OCyWeCTBnHeT nepec'leT KOOpAHHaT TO'IeK TpeKa H3 CHC-

XkY k zk B CHCTeMy XYZ (z(l) .. o) ( CM. PHC. 1 ) . 

HaXOAH.T B HyneBOM npHOnH)I(9HHH KpHBH3Hy TpeKa, JWH 

H8HM9HbWHX KB8llp8TOB npOBOllHTCH OKpy)l(-

Bbi'IHCnHeT yron (} M9)1(llY KacaTenbHbiMH K nepsofi 

TpeKa. EcnH yron 3aKpy'IHBaHHH f) 6onbwe MaKcH-

Moro yrna (} (ae npesbiWarowero 60°), To npoH3Bo-max 

TenbHOe OTOpaCbiB8HHe nocneAHHX TO'I9K llO TeX nop, llOKa 

ae 5yAeT sbmonaeao. 

6 

~ 

PHc.2. DpHHUHnHanbHaH 5noK-CXeMa nporpaMMbi. 

~ 
7 



4, ZERDI P HaXOllHT e ayneeoM npH6nH>~<eHHH Taareac yrna aaKno-
T T 

aa TpeKa K nnocKoCTH XY: tga = ( L z );( L L ). 

11,12, 13 - TeKyiUHe 3Ha'lfeHHSI 'IHCen HTepauHR B HTepaUHOHHOM npo

uecce MHHHMH3aUHH cpyHKUHOHana; II ,12 ,13 - COOTBeTCTBYIOIUHe HM MaK-
0 0 0 

CHManhHO llOIIYCTHMbie 'IHCna· HTepaUHil, 

EnoK MAT coCTOHT H3 cneayJOIUHX noanporpaMM: 

1. WIGHMX Bbi'IHCnSieT MaTpHuy eecoe G e cpyHKUHOHane (l) 6ea 

y'lfeTa noTepb aaeprHH. 

2, DIP HaXOllHT tga npH MHHHMHaauHH cpyHKUHOHana c MaTpimefi 

eecoe: lf!P .. (LTGZ)/(LTGL). 

3. BORMAN ·Bbi'IHCnSieT MaTpHuy eecoe G c y'lfeToM noTeph aaeprHH, 

. EnoK RAD cocTOHT H3 aeyx noanporpaMM AIJA H AIJDPR ' B 

KOTOpblX Bbi'IHCnSIJOTCSI K03cpcpHUH9HTbl A
1
(LJ) C o6bi'IHOil TO'IHOCTbl0 1 ecnH 

{:3<2 (AIJA) , HnH c aeofiaoR TO'IHOCThJO, ecnH (:3 ?_ 2 (AIJDPR ). 

EnoK FIT cocTOHT H3 noanporpaMM DERI VT H FIT B rrep-

BOil: H3 HHX HaXO,!lHTCSI MaTpHUa IlpOH3BO.!lHbiX 8=--atiy/ aa 1 BO BTOpOfi -

rronpaeKa ~a (3) K BeKTOpy a , floCKOnhKY CHa'lfana 'IHCno OTbiCKHBae-

MbiX napaMeTpoe N P =3 , TO eeKTop a (KaK H ero nonpaeKa ~a ) HMe-

eT TpH KOMIIOHeHTbi ( p , ¢ , (:3 ) , a paaMepHOCTh t--taTpHUbi B pae-

Ha (Nx3) • ITocne Toro KaK aafiaeaaoe aaa'IeHHe (:3 aacpHKCHpoeaao, 

NP=2, BeKTOp a HM99T .!lBe KOMIIOHeHTbl ( p H ¢ ) , a pa3Mep-

HOCTh MaTpHUbi B paeaa (Nx2) . 

0CHOBHblj;! aneMeHTbl norHKH KOHTpOnSI 38 CXOllHMOCTbiO HTepaUHOHHO

ro npouecca noKaaaHbi Ha 6noK-CXeMe nporpaMMbi. KoHTponh npoeO.!lHTCSI 

no eenH'IHHe eeKTopa nonpaeoK ~a • nnSI aToro nocne Ka*aol!: HTepauHH 

npoeepSieTCSI ebmonaeaHe ycnoeHi!:: 

( I ~ pI p I + I ~ ¢ I ..$ 0,01 H ~(:3 <0,1) -rpy6aSI CXO,!lHMOCTb (IFl), 

(I ~p/ PI+ I ~¢1 _$0,005 H ~{3 <0,05) -TO'IHaSI CXOllHMOCTb (IF2). 

8 
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EcnH ycnOBHe (IFl) npH MaKCHManbHOM 'IHCne HTepaUJ 

BbiiiOnHSieTCSI, TO B 3aBHCHMOCTH OT eenH'IHHbl IIOpora o6pe3 

TOpM03HblX IIOTepb nH60 rrpOHCXO,!lHT BblXOll H3 H·repaUHOHHOf 

( EXIT2) , nH6o npOH3BO.!lHTCSI oT6pachiBaHHe oaaol!: HnH ll! 

ToqeK TpeKa, rrocne 'lfero HTepaUHOHHhifi npouecc Ha_'IHHaeTCSI 

CHManhHO ,!lOIIYCTHMOe 3Ha'IeHH9 (:3 0 nopora o6pe3aHHSI H 11< 

'IHCno TO'IeK TpeKa N 0 aaaaJOTCSI B DATINP. 

EcnH yc.f.IOBHe (IF2) IlpH MaKCHManhHOM 'IHCne HTepai 

He BbiiiOnHSieTCSI1 TO rrpOHCXO,!lHT Bh!XO,!l H3 HTepauHOHH0£'0 II] 

IlpH BhmonaeHHH aToro ycnoBHSI H 'IHCne napaMeTpoe NP=2 

ewe OJlHa HTepaUHSI (13) }lnsl OKOH'IaTenhH0£'0 YTO'IHeHHSI BC 

qeCKHX rrapaMeTpOB (p, ¢,a 

a oro rrpouecca ( EXITO). 

H OCyiUeCTBnSieTCSI &biXO,!l I 

flpH mo60M Bh!XO}le IIOnHOCTbiO Bhi'IHCnSIIOTCSI BCe Heo6: 

MaTH'IeCKHe napaMeTpbi TpeKa H HX MaTpHua owH6oK. TpeK 

KaK xopowHi!: e cny'lfae EXITO H KaK nnoxofi - npH EXIT 

§2. CTaTHCTH'IeCKoe HCIIbiTaHHe MeTOLia 

flpoeepKa HCIIOnb30BaHHOf'O B rrporpaMMe MeTOJl8 Bbi'IH 

Ill 
TH'I9CKHX napaMeTpOB aneKTpOHHbiX TpeKOB ocymecTeneE 

Ta ITO nporpaMMe "3neKTpOH
11 

cpHKTHBHbiX Tp9KOB 1 Cf'eHepHpC 

TOllY .MOHTe-Kapno C IIOMOlUhiO cneuHanhHO HaiiHCBHHOi!: npor 

PoahirpbilU cpHKTHBHhiX TpeKOB ocywecTBnSinCSI rrpH cpHKC 

paenHJOlUHX KOCHHycax e nepeol!: TO'IKe TpeKa ( ¢= 0 , a= 0 

HOM MarHHTHOM none H = 1 ,67 Tn, 3neKTpOHHbie TpeKH re 

-3 
rrpH neyx Ha'lfanhHhiX HMnynhcax 250 Mae/c ( p

0 
= 2·10 ~ 

( -3 -1) 750 Mae/c p = 0,667·10 MM , B Ka<JecTee pa6oqefi 
0 
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HT B HyneBOM rrpn6nH>KeHHH T8HI"'eHC yrna HaKnO

: tga = ( L T z ),( L T L ) . 

B HTepaUHOHHOM IIpO-

na; II , f2 , f3 - COOTBeTCTByJOU.(He HM MBK-
0 0 0 

a HTepaunA. 

na cneayJOIUHX rroanporpaMM: 

nSleT Ma Tpnuy secos G s !flyHKUHOHane ( l) 6ea 

a IIpH MHHHMH3aUHH !flyHKUHOHana C M8TpHUeH 

secos G c yqeToM rroTepb aHeprnn. 

AIJA H AIJDPR 
' B 

HeHTbl A,(LJ) C 06bJqHOH TOqHOCTbJO, ecnn 

oif TOqHOCTbJO, ecnn f3?. 2 (AIJDPR ). 

DERIVT H FIT B nep-

, BO BTOpOH -

a • 00CKOnbKY CHaqana qncno OTb!CKHBae-

(KaK H ero rrorrpaBKa ~a ) HMe-

{3 ) , a paaMepHOCTb ~aTpHUbi B paB-

HaAaeHHoe aHaqeHne f3 38!fJHKCHpOBaHo, 

( p H ¢ ) , a paaMep-

KH KOHTpOnSI 38 CXO.llHMOCTbJO HTepaUHOHHO

CXeMe nporpaMMbi, KoHTponb rrpoBO.llHTCSI 

~a • nnSl 8TOI"'O nocne K8M.llOA HTepauun 

~{3 <0,1) -rpy6aSI CXO.llHMOCTb (IFI), 

~{3 <0,05) -TOqHaSI CXO.llHMOCTb (IF2). 

8 

.,. 

Ecnn ycnosne (IFI) npn MaKCHManbHOM qncne HTepaunA ll=ll 
0 

He 

BbiiTOnHSleTCSI, TO B 38BHCHMOCTH OT BennqHHbl nopora o6pe38HHSI ClleKTplil 

TOpM03Hb!X ITOTepb nn6o llpOHCXO.llHT Bb!XO.ll H3 H·repaUHOHHOI"'O npouecca 

( EXIT2) , nn6o nponaBO.llHTCSI oT6pacbiBaHne O.llHoA nnu aeyx nocneaHnx 

ToqeK TpeKa, nocne qero HTepaunoHHbiA npouecc Ha.qnHaeTCSI aaaoBo, MaK-

cnManhHO aonycTHMoe 3HaqeHne {3 0 rropora o6peaaHHSI n MHHHManbHOe 

qucno ToqeK Tpexa N 
0 aaaaJOTCSI B DATINP. 

Ecnn yciloBne (IF2) rrpn MaKCHManbHOM qucne HTepaunA 
I2=I2o 

He BbmonHSleTcH, To npoucxoanT BbiXO.ll na HTepaunoHHoro npouecca (EXIT!). 

Dpn BbiiTOnHeHHH aToro ycnosng H qucne napaMeTpos NP=2 aenaeTcSl 

ewe O.llHa HTepaUHSI (I3) .llnSl OKOHqaTenbHOI"'O YTOqHeHHSI BCeX KHHeMaTH-

qecKHX napaMeTpoB (p, ¢,a ) 

Horo npouecca (EXITO). 
H OCyiUeCTBnSleTCSI Bb!XO.ll H3 HTepaUHOH-

Dpn nJ060M Bb!XO.lle nonHOCTbJO BbiqHCnSIJOTCSI BCe He06XO.llHMbie KHHe

M8THqeCKHe napaMeTpb! TpeKa H HX MaTpHUa OIUH60K, TpeK MapKHpyeTCSI 

KaK xopownA B cnyqae EXITO H KaK nnoxoA - npn EXIT! 
H EXIT2. 

§2, CTaTHCTnqecKoe ncnbiTaHne MeTO.lla 

OposepKa ncnonb30BaHHoro B nporpaMMe MeTO.lla BbiqncneHHSI KHHeMa-

/11 
THqeCKHX napaMeTpOB aneKTpOHHb!X TpeKOB OCyiUeCTBneHa nyTeM o6cqe-

Ta no nporpaMMe "3neKTpoH" !flnKTHBHbiX TpeKos, creHepnpoBaHHbiX rro Me

Toay .MOHTe-Kapno C llOMOIUbJO cneunanbHO H8rrHC8HHOH nporpaMMb!, 

Poabii'pbiiU !flnKTHBHbiX TpeKoB ocyurecTBnHncg npn !flnKcnpoBaHHbiX Han-

paBnHJOIUHX KOCHHycax B nepBOH TOqKe TpeKa ( ¢=0 , a= 0 ) H O.llHOpO.ll-

HOM M8I'HHTHOM none H = 1,67 Tn, 3neKTpoHHbie TpeKH reHepnposanncb 

-3 -1) = 2·10 MM H rrpn .llByx' HaqanbHbiX HMnynbcax 250 MaB/c ( p
0 

-3 -1) 750 MaB/c ( P 0 = 0,667·10 MM • B KaqecTse pa6oqeif cpe.ctbi B3HT 

,, 
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I 

rrporraH ( c3 "8) H nerKHA !f!peou ( c2 F5 c I ) , D,ng K8)K}l0ro H3 H8'!8JlbHblX 

HMIIYJlhCOB B o6eHX Cp9Jl8X 6binO po3birpaHO IIO 500 TpeKOB, 

Oum6KH H3MepeHHSI Bbi6paHhi paBHbiMH 0,1 MM B rrnocK-OCTH XY H 

0,4 MM B aepTHKaJihHOA rrnocKOCTH. MaKCHMaJihHO JlOIIyCTHMhie sHa'leHH51 

rropora o6peaaHH51 f3o CIIeKTpa TOpM03HblX IIOTepb H yrna 3aKpy'!HB8HH51 

0 
TpeKa 

KOB C 

f) max COCT8BJl51JlH 1 H 57 , COOTB9TCTB8HHO, 0IIbiT o6pa60TKH CHHM-

/2/ 
MeTpoaoi!: rrporraHoBoA rry3hipbKOBOA KaMepbi IIOK83biB88T 1 '!TO 

IIpH IIpOCMOTpe MO)KHO Jl0CT8TO'IHO H8Jl9)KH0 OIIp8Jl9JlHTb TO'!KY TpeKa, B KO

T·OpOil: ero HMrrynbc B JlBa paaa MeHbUie Ha'lanbHoro. IToaToMy reHepauH51 

!fJHKTHBHOrO TpeKa rrpeKp8UI8Jl8Cb B TOil TO'IK8 1 H8'!HH851 C KOTOpOH f) >f) max 

H ( HJIH) p < Po /2 MaKCHM8JlhHOe 'IHCJIO T0'!9K TpeKa COCT8BJ151Jl0 20 IIpH 

paCCT051HH51X M9)KJly TO'IK8MH TpeKa: 14 MM (250 Maa/c) H 40 MM 

(750 Mas/c) - .QJI51 rrporraHa; 10 MM (250 Maa/c) H 30 MM (750 MaBle) -

x/ 
.nng !flpeoHa • M HHHManhHOe 'IHCno TO'IeK TpeKa N 0 =8 , 'ITO, rpy6o ro-

o 
B0p51 1 COOTBeTCTByeT yrny 38Kpy'!HB8HH51 f) = 22 , HaKOHeU, M8KCHM8JlhHO 

.QOIIyCTHMbl8 'IHCJla HTepaUHH 6hmH BhiopaHhi paBHhiMH: ·n
0 

=7 , 12
0 

=4, 

13
0

= 2 

ITpH BhiUieiiepe'IHCJieHHhiX ycnoBH51X H3 2000 creaepHpOBaHHbiX H 3aTeM 

OOC'IHT8HHblX IIO ~porpaMMe "3neKTpOH" Tp~KOB 15 TpeKOB (0,75%) BbllliJlH 

H3 HTepauHOHHoro npouecca IIo KaHany EXI T2 OJlHH TpeK H3 BbiOOpKH 

I1250, 11 TpeKOB H3 Bbi60pKH <1>250 H 3 TpeKa H3 BbiOOpKH I1750, Bee 8TH 

TpeKH ObinH CHJlbHO HCK8)K9Hbl MHOrOKpaTHbiM paCC851HH8M Ha H8'!8JlbHOM 

yqacTKe TpaeKTopnH. O.nHaKo ysenu'leHneM MaKCHMSJihHoro '!HCJia HTepauHi!: 

llo .no 12 y.nanocb H aTH TpeKH II~peseCTH B pa3p51Jl cxo.n51UIHXC51, Tpe-

KOB, BbiUiellUIHX H3 HTepauHOHHOro rrpouecca no KaHany EXITl , Ha .naHHoi!: 

CT8THCTHK9 He OoHapy)KeHO, 

x/ B .naJihHeAUieM JlJI51 y.no6cTBa CChiJIOK Mbi 6y,neM HCIIOJih30BaTh o6osHa'!e

HH51: I1250, I1750, <1>250, <1>750 .:_ r.Qe OYKBbl 03H8'!810T paoo'!y!O )KHJlKOCTb 

B KaMepe (IIpOIIaH, !flpeoH) 1 8 Ltu!flpbl - H8'!8JlbHbl8 HMIIYJlhCbl 8Jl8KTpOHOB, 

10 

.-
[ ___ ,. ______ ., 

TaKHM o6paaoM, B peaynbTaTe npoaeaeHHoro o6c'leTa 1 

"3neKTpOH" !fJHKTHBHblX Tp9KOB, creHepHpOB8HHbiX M8TO.QOM ] 

Mbl IIOJlY'IHJlH p~crrpe.neneHH51 IIO KHH9M8TH'l9CKHM rrapaMeTpa 

p 
1 

83HMYT8JlbHOMY yrny </J H yrny H8KJIOH8 a TpeKa K I 

KOTOpb19 IIpHB9Jl9Hbl Ha pHC, 3-6 JlJ151 BbiOOpOK I1250, I1750, 

COOTB9TCTB9HHO. ,D.ng Cp8BH9HHH H8 pHCyHK8X nyHKTHpOM IIOI 

.QeneHHH no KpHBH3H9 B HyJieBOM IlpHOJlH)K9HHH 1 KOrJla TpeK 

IIO.Q OKpy)KHOCTb, 

KaK BH.QHO H3 IIpHBO.QHMOi!: HH)K9 T80JlHUbl 0 CpeJlHH9 3HI: 

.QeJieHHi!: B rrpe.nenax CT8THCTH'l9CKHX OUIHOOK cornaCyJOTCSI C 

-3 -1 p 
3Ha'leHHRMH: p o'· 2,0·10 MM .QJIR 0 = 250 Maa/c, p1 

.QJIH P
0 

= 750 Maa/c H a J=¢ 0 =0. 

Bbi6opKa 
- -3 ( -1) p X 10 MM ¢ ( rpaa) 

I1250 1,98 : 0,01 -0,0906 :_0,0168 

I1750 0,6764:_0,0044 0,0106 : 0,0093 0 

<1>250 1,980 ! 0,024 -0,0066:;:0,0273 -1 

<1>750 0,6636:_0,0069 0,017 + 0,014 0 

CpaaHeHne aKcnepnMeHTanhHhiX pacrrpeaeneHHA no aan1 

ny cp H yrny H8KJIOI!a TpeKa a C COOTB9TCTBYIOLUHMH ray< 

.QeneHHHMH ( CM, pHC, 3-6) IIOK83biB89T 0 'ITO rtapaMeTpbl cp 

Jl8Jl9Hbl HOpM8JlhHO, Pacrrpe.QeJieHR9 no p OTJ!H'I89TCSI OT HC 

Bbi3BaHo cneJlyJOLUHMH llBYMR o'leBHJlHbiMH rrpH'IHHBMH. Bo-rre 

H9KOTOpOe '~HCJ!O TpeKOB C CHJlhHblM TOpM03HbiM H3JIY'I€HH9~ 

'l8JlbHOM yqaC~Ke TpaeKTOpHH, ,D.ng T8KHX TpeKOB 3H8'!9HH8 

BOH TO'IKe, eCT9CTB8HHO, OK83b!B89TCSI 38BbiUieHHbiM 0 'ITO H 

6hiTKY co6hiTHA c 6onhUIHMH sHa'leHHRMH p • Bo-BTOpbiX, 

11 



, JlnSI K8M.QOI'O H3 H8'18libHbiX 

cpeaax 6brno poab!rpaHo no 500 Tpexos. 

MM B nnOCK-OCTH XY H 

nnocKoCTH. MaxcHMalibHO aonycTHMbie 3Ha'!eHHS! 

CneKTpa TOpM03HblX ITOTepb H yrna 3aKpy'fHB8HUS! 

0 
H 57 1 COOTB9TCTB9HHO. 0nbiT o6pa60TKH CHHM-

/2/ 
ny3blpbKOBOii K8Mepb! ITOK83biBaeT, 'iTO 

MHO .QOCT8TO'fHO H8.Q9MHO onpe.QeliHTb TO'fKY TpeKa, B KO

B usa paaa MeHbllle Ha'!aJibHOro. ITosToMy reHepaUHSI 

TOii TO'lK9 1 H8'!HH8S! C KOTOpOii (} >(}max 

MaKCHM8libHOe '!HCJIO T0'!9K TpeKa COCT8BliS!JIO 20 npH 

TO'!K8MH TpeKa! 14 MM (250 Mss/c) H 40 MM 

nponaHa; lO MM (250 Mss/c) H 30 MM (750 Mss/c) -

'!He no To•reK TpeKa N 0 =8 , 'ITO, rpy6o ro-

yrny aaKpy'IHBaHHSI 8 = 22°. HaKoHeu, MaKCHManbHO 

6hiJIH sbr6paHbi pasHhiMH: ·n
0 

=7 , 12
0 

=4, 

H3 2000 Cl'eHepHpOB8HHbiX H 38T9M 

"3neKTpOH" Tp~KOB 15 TpeKOB (0,75%) BbllllliH 

pouecca no KaHany EXIT2 O.QHH 'TpeK H3 BbiOOpKH 

Bbi6opKH ¢250 H 3 TpeKa H3 Bbr6opKH IT750. Bee 3TH 

HCK8M9Hbl MHOl'OKp8THbiM p8CC9S!HH9M H8 H8'I8libHOM 

OaHaKo ysenH'feHHeM MaKCHManbHoro 'IHCna HTepauHfi 

H STH TpeKH nepeBeCTH B pa3pS!.Q CXO.QS!IlJHXCS!. Tpe-

npouecca no KaHany EXITI , aa naaHoii 

YJIOOCTBa CCblliOK Mbl 6yneM HCITOJib30B8Tb 0603H8'Ie-

50, ¢750 - l'.Qe 6yKBbl 03H8'!810T paOO'fyiO )l{lf.QKOCTb 

eoH), 8 UH<iJpbi - H8'I8libHhl9 HMITYlibCbl SJI9KTPOHOB. 

10 

.,..: 

TaKHM o5paaoM, B peaynbTaTe nposeneaHoro o6cqeTa no nporpaMMe 

"3neKTpoH" <PHKTHBHbiX TpeKos, creaepHposaRHbiX MeTO.QOM M ORTe-Kapno, 

Mbl noJiy'!HliH p~cnpe.Q9JI9HHH no KHH9M8TH'leCKHM rrapaMeTpaM (KpHBH3He 

p , aaHMyTaJibHOMy yrny ¢ H yrny Haxnoaa a Tpexa K nnocKOCTH XY), 

KOTOphie npHse.QeHhi aa pHc. 3-6 .QJI51 Bbi6opoK IT250, IT750, ¢250, ¢750, 

COOTB9TCTB9HHO, JlJIS! Cp8BH9HH51 H8 pHCYHK8X ITyRKTHPOM ITOK838Hbl pacnpe

.QelieHHS! ITO KpHBH3He B RylieBOM rrpHOliHM9HHH 1 K0l'.Q8 TpeK ITO.Ql'OHS!JIC51 

no.Q OKpyMHOCTb. 

KaK BH.QHO H3 npHBO.QHMOii HHM9 T80liHUh1 1 cpe.QRH9 3H8'!9HH51 pacnpe

.QeJieRHii B npe.QeJiaX CT8THCTH'l9CKHX OlliHOOK COI'JI8CYIOTCS! C OMH.Q89Mb!MH 

-3 -1 p -3 -1 
3Ha'!eHH5IMH! p o'· 2,0·10 MM .QJISI 0 = 250 Mss/c, p0 =0,6667·10 MM 

.QJIH P
0 

= 750 Mss/c H a :J-=¢0 :0. 

Bbr6opxa 
- -3 ( -1) p X 10 MM ¢ { rpaa) a (rpa.Q) 

IT250 1,98 !. 0,01 -0,0006 !_0,0168 -0,025~0,021 

IT750 0,6764!_0,0044 0,0106 !. 0,0093 0,018!_0,010 

¢250 1,980 :!: 0,024 -0 ,0066:!:0 ,027 3 -0,043:!:0,035 

¢750 0,6636~0,0069 0,017 !. 0,014 0,012:!:0,018 

CpasHeRHe sxcnepnMeRTanbRbJX pacnpeaeneaHi!: no aaHMyTanbHOMY yr

ny cp H yrny H8KliOH8 TpeKa a C COOTB9TCTBYIOlliHMH l'8YCCOBbiMH pacnpe

.QeJieHHS!MH ( CM. pH C. 3-6) nOK83hiB89T, '!TO rtapaMeTpb! cp H a pacnpe

.Q9JI9Hbl aopManbao. PacnpeneneaHe no p OTliH'!aeTC51 oT aopManbHoro, '!TO 

Bbi3BaHo cnenyiOilJHMH nsyM51 o'!eBHtlHhiMH npH'!HRaMH. Bo-nepshlx, HMeeTC51 

H9K0TOpoe 'iHCJIO Tp9KOB C CHJib.!IhiM TOpM03HhiM H3Jiy'leHH9M H8 C8MOM H8-

'!8libHOM y'!aC~Ke TpaeKTOpHH. Jlng T8KHX TpeKOB 3H8'!9HH9 KpHBH3Hbl B nep

BOH TO'!Ke 1 9CT9CTB9HH01 OK83hiB89TC51 38Bbllll9HHbiM1 '!TO H ITpHBO.QHT K H3-

OhiTKy co6biTHft c 6ollblliHMH aaa'!eRH5IMH p • Bo-BTOpbiX, CMemeRH51 
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~Yrad (L 1 )=pr At (L 1 ) {3
1 

1 CBSI38HHble C TOpM03HbiMH IIOTepSIMH SHep-

I'HH 1 pacrrpen~neHbl He IIO rayCCOBOMY 38KOHY, nosTOMy HCIIOnh30B8HHe Me

TOllS H8HMeHhWHX KB81lp8TOB 1 CTpOI'O I'OBOpS11 He COBCeM 38KOHHO H MO)!(eT 

I!pHBOilHTh K He6onbWOMY CMeWeHH!O pacrrpeneneHHSI IIO p BneBO OT HCTHH-

HOI'O 3H8'1eHHSI p=po , noHSITH01 'ITO STH o5a s<jl<jleKT8 I!pOSIBnSI!OTCSI TeM 

cna6ee, 'leM MeHbWe KOnH'IeCTBO H3nyqeuuot!: sueprHH. CrrpaBenmrBoCTh 

cnenaHHblX 38Me'I8HHft HnniOCTpHpyeT pHC. 75, I'lle IIOK838HO pacrrpeaeneHHe 

IIO p ami Bbi60pKH n250, H3 KOTOpOil: OT05p8Hbl TOnhKO TpeKH MSKCH-

ManhHOft anHHbl ( C 'IHCnOM TO'IeK N •20 ) , n OCKOnbKY KOnH'I9CTBO H3ny'leHHOA 

SHepi'HH Ha HS'IanhHOH 'ISCTH TpaeKTOpHH '18CTHUbl anSI T8KHX TpeKOB MHHH-
1 

ManhH0 1 T0 1 K8K BHaHO H3 pHCYHK8 1 pacrrpeaeneHHe IIO p nHWb H93H8'iH-

TenbHO OTnH'i89TCSI OT HOpManhHOI'O pacrrpeaeneHHSI, 

Ha pHC, 8 IIOK838Hbl pacrrpeaeneHHSI OWH50K IIapaMeTpOB ~p , ~¢ 

H ~a AnSI Bbi50pKH n250, 0wH6KH IIapaMeTp?B ~ ¢ H ~a pacrrpeaeneHbl 

HOpManbHO, J136biTOK C06biTHH C 6onbWHMH 3H8'19HHSIMH ~ ¢ H ~a (pHC, 

86) H B)} .. .QBS138H He C OTKnOHeHHeM OT HOpManbHOI'O pacrrpeaeneHHSI1 a C 

TeM, 'ITO B Bhi6opKe rrpHCYTCTBYIOT TpeKH pasHoil: anHHbi ( 'IHCno TO'ieK Tpe

Ka COCTaBnSieT OT 8 ao 20), 0wH6KH IIapaMeTpOB B CpeaHeM 6onbwe JJ.nSI 

KOpOTKHX TpeKOB, 'iTO .H IIpHBOJlHT K IIOSIBneHH!O H3nHWK8 C06biTHH C 6onh

WHMH ~ ¢ H ~a B pesynhTHpy!OWHX pacrrpeJJ.eneHHSIX, .UnSI Hnn!OCTp8UHH 

HS pHC, 8 38WTpHXOB8Hhl pacrrpeJJ.eneHHSI OWH60K ~ ¢ , ~a JJ.nSI TpeKOB C 

OllHHaKOBhiM 'iHCnoM TO'IeK N = 20 • KaK BlfJJ.HO H 3 pHcyHKa, anSI TaKHx 

TpeKOB owH6KH rrapaMeTpos ~ ¢ H ~a pacrrpeJJ.eneHbi HopManhHO, HaKoHeu, 

cpeJJ.HHe 3Ha'leHHSI pacrrpeJJ.eneHHti owH60K ~¢ = (0,3448:!:0,0016) rpaJJ. H 

~a = (0,4718:!:0,0023) rpaJJ. xopowo cornacy!OTCSI co cpeJJ.HeKBaJJ.paTH'iHbi-

MH OTKnOHeHHSIMH y'D(¢) = 0,3756 rpaJJ. H y'D(a)= 0,4785 rpaa COOTBeTCTBy!O-

WHX pacrrpeJJ.eneHHft IIO ¢ H a • 
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CyMM8pHOe pacnpe.a.eneHHe Oll!HOOK .1.p ( pHC, 8a) OTnH'i89TCSI OT HOp

ManbHOrO K8K B peaynbT8Te TOrO, 'ITO B BbiOOpKe HM9IOTCSI Tp9KH p83HOI!: 

.a.nHHbl, T8K H BCne.OCTBH9 TeX )1(9 C8MbiX npH'iHH, 'ITO Bbl3biB810T HCK8)1(9HH9 

p -pacnpe.a.eneHHSI, O.a.HaKo .a.nSI TpeKos O.OHHaKosoil: .a.nHHbi pacnpe.a.eneHHe 

OWHOOK ~p nHWb O'i9Hb H93H8'iHTenbHO OTnH'i89TCSI OT rayCCOBCKOrO pac

npe.a.eneHHSI, 3To HnniOCTHpyeT pHc. 7 a , r.a.e npe.a.cTasneHo ~p -pacnpe.a.e-

neHHe .a.nsr Tp9KOB c N=20 H3 BbiOOpKH n250, KOTOpoe cpaBHHB89TCSI c rayc-

COBCKHM pacnpe.a.eneHHeM, CpasHeHHe pacnpe.a.eneHHli no p H ~p anSI . 

TpeKoB OJlHHaKosol!: .a.nHHbi ( pHc, 7) noKa3biBaeT, 'ITO cpe.a.Hee 3Ha'ieHHe 

- -3 -1 
pacnpe.a.eneHHSI owHooK ~p = (0,125+0,011 )olO MM xopowo cornacyeTCSI 

- -- -3 -1 
co cpe.a.HeKsa.a.paTH'iHbiM OTKnoHeHHeM y D(p) = 0, 140·1 0 MM p -pac-

npe.a.eneHHSI, 

0THOW9HHe nonywHpHHbl p -pacnpe.a.eneHHSI K ero BbiCOTe COCTBBnSieT 

7,5%; 10,8%; 20%; 18,75% JlnSI BbiOOpOK D250, D750, !ll250, <ll750, COOT-

B9TCTB9HHO, 

TaKHM o6paaoM, CTBTHCTH'ieCKoe HCnhiTBHHe nporpaMMhi noKaaano, 

'ITO HCnonb30B8HHbii!: B Hell: M9T0Jl 009Cll9'iHB89T nony'i~HHe H9CM9Ul9HHbiX 

OU9HOK KHH9M8TH'i9CKHX napaMeTpOB aneKTpOHHbiX TpeKOB C npaBHnbHO on

pe.a.eneHHbiMH OWHOKBMH, To'iHOCTb Bhi'iHcneHHSI KHReMSTH'ieCKHX napaMeTpos 

B H8W9M M9T0Jl9 OK83bi889TCSI BbiW9 1 '19M B M9T0Jl8X 1 OCHOB8HHbiX H8 889-

/3 4 I 
Jl9HHH ~HKCHpOB8HHOrO nopora 00p938HHSI Cll9KTp8 TOpM03HhlX llOTepb 1 

HnH M9T0.09 1 r.a.e HCnOnb30B8H8 annpOKCHMSUHSI Tp9K8 KpHBO:i!: C nepeMeH

HbiM pa.a.HyCOM KpHBH3Hbl 
/5/ 

A BTOpbi 6naro.a.apRhi npo~. B.n • .n)f(enenosy a a no.a..a.ep)f(Ky paooThi H 

llOCTOSIHHOe BHHMSHHe, 
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ITpHJIO>K9HHe 

ct>opMynhJ gnSI Kosd?dmuHeHTOB .\1 ( L) 

BBe.oeHo o6oaHa'leHHe a= b L , r.oe i.~l/(X0fn2) If X 
0 

-pa.oHa-

UHOHH8SI .QJlHHa Cpe.Qhl, 

J\(a)=a0+ f>-O+a)fn(l+a) 

A (a)=2a(l+ ~)-0+20-t-a)) fn0-t-a)-t-20t-fHn(l+a
2

) 
2 8 

A3 (a)= _a_+£+3a-(3-t-40-t-a))fn(lta)-t-8(lt~) fn0+~)-I,5(lta3 )x 
2(l+a) 12 2 2 • 

x fnO+]-). 

A (a) =lL + ~ + -~--2 - _2_ -t-6,5a- (7,5 +5
6
9 (lta))e n(l-t-a)-t-(22(1 + a

2 
)+l)x 

4 6 48 6(1 +a) lta 

x fn (l+; )- : (It-f) fn(l +; )+; 0+~) fnO+ ~ ). 

4.37 a 2 _6_ + _5_...,., 
A5(a) =5,25-t--z.t"a + 240- l+a 6(1-t-a) 

l 193 
12(1-t-aJl-(19,75+ 727 (1-t-a))x 

xfn(lta)-(6-170 0-t-.£...)) fn(lt.£...)-~(1+..!!.) fn(1+.£...)+16(lt..!!.)x 
3 2 2 8 3 3 9 4 

xfn(lt: )- ~ 0+5 >fn(lt~). 

2 
A (a)=877 + 1289 a+-a __ g_,_1_+]L,_1 __ ~+~+0,25 _ 

6 60 24 1440 3 l +a 12 (1~ )2 0-t-a f 0-ta t l-t-a/2 

- 7~ ( 39630 + 555.37(1 +a)) fn (1-t-a) +: (9220-t-y )-135 )fn(l+ ~ ) -

- 4L(1-t-2(lt~)) fn(l+g_)+20(l+.!!...) e n(lt..!!.)-25(l+IL>fn(lt..!!.)+ 
" i) 9 4 4 48 5 5 

+1..(1+~) foOt~). 
20 6 6 
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DpHno)KeHHe 

cllopMynhi .gn.H K03dJWHUHeHTOB :\t ( L) 

o6o3Ha'IeHHe a= b L , rae i.-d /(X
0
en2) H X 

0 
-paaHa-

cpeahi, 

0-t- f>-0-t-aH n(l+a) 

0-t- -;->-0+20-t-a)) en(1-t-a)-t-20-t-.z-)en(l+2) 

_(a )+£+3a-(3-t-40-t-a))en(1-t-a)-t-8(I-t-!!....) enO-t-t.:...)-1,50-t-a
3

)x 
2 1 -t-a 12 2 2 ' 

fnO-t-]-). 

+~+ - 1
--2 --

2
- -t-6,5a-(7,5-t-5

6
9 (1-t-a>Hn(l-t-a)-t-(22(1-t-a

2 
)+l)x 48 6(1-t-a) 1-t-a 

fn(1+; )-: (1-t--f) fn(l +; )+: 0-t-T) fn(l+~ ). 

437 a
2 G 5 

+ U a + 240 - 1 -t- a + -6..,..(1_-t-_a""'"),;-2 -
1 I937 ~ -(19,75-t- --0-t-a))x 

120-t-a/ 72 

0-t-a )-(6-I
70

0-t-.!L)) fnO-t-.!L)-:!§....(1+..!!.) fn(1-t-.!L)-t-16.(l+..!!.)x 
3 2 2 8 3 3 9 4 

0-t-.!L )- ..?___ (l -t-1!.) en (1-t-~ ). 
4 24 5 5 

I289 a 
2 

52 I 35 I 0 5 0 05 0 25 +--a+----·--+-·---~+~+~-
24 I440 3 I-t-a I2 0-ta)2 0-raf 0-ta)4 ' 1-ta/2 

( 39630 + 555.'17(1 +a)) en (I-t-a)+: (922(1-rt )-I35 Hn(I+ ~)

-t-2 (I+; )) en (1-t- lr ) + ~ (I+ ~ ) e n (I+ ~ ) - ~ (I+~ )e n (l + S ) + 

+~) fn(l+~). 
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