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PaccMaTpaaaJOTCSI MeTO.Ubi onpeneneHHSI KHHeMaT&'<eCKHX napaMeTpoa TpeKOB a ny3bipb-

KOBbiX K S MepaX, y'IHTbiB810IIlH8 HCKS)I{eHHSI, BHOCHMble KYROHOBCKHM pacCeSIHHeM H TOpM03-

HbiM aany'leHHeM. AHanaaapyeTCH pa6oTa nporpaMMbi nn<~ o6c'leTa TpeKOB Ha aneKTpOHHO-

Bbl'iHCnHT91lbHOA M8lliHH9 1 B KOTOpoA KynOHOBCKOe pacceSJHHe Y"'HTblB89TCSI BB9Ll9HH9M MST-

pHUbl KYROHOBCKOrO paCCeSIHHSI B MHHHMH3HpyeMbli! cpyHKUHOHSR, a TOpM03HOe H3Ry'leHHe 

aneKTpouoa a n03&Tpoaoa y'I&TbiaaeTCSI nonronKol! TpeKOB non annpOKCHMHPYJOWYIO KPHByiO 

c nepeMeHHhiM panaycoM KPHBH3Hbi, flpaa&RbHOCTb npenno)l{eHHhiX MeTonoa y'<eTa KynoHoa

CKoro pacceHHHH H TOpM03HOrO R3Ry'leH&SI npoaepHeTCH npH o6pa60TKe CHHMKOB C MeTpo-

sol! nponaHoao~ nyabipbKOaoll KaMepbi OJ!! Hl1, o6ny'leHHOl! a ny'IKe 

cpa30TpOHa 011 HVI c RMnynbCOM 5 raa / c, 

60RbW8SI acpcpeKTRBHOCTb perRCTpSURH y -KBSHTOB B ny3blpbKOBbiX KSMepax C TSI)I{e-

RblMH )I{R.UKOCTHMH no cpaBHeHHIO C lKH.UKOBO.UOpO.UHbiMII ny3blpbKOBbiMH KSMepaMH 003BORSI-

eT ycneWHee HCTIOllb30B8Tb T8KH9 K8M9pbi anSI HC C.'19ll0B8 HHSI npOUeCCOB, CB5138HHbl X C o6-

p830B8HH9M y -KB8HTOB 1 H8llpHMep 1 pO>K.QeHH e "O -M930HOB HnH Jl8llH8UHOHHble p8Cll8.0bl 

P930H8HCOB, C .Upyrol! CT0p0Hhl 0 npR MSRhlX pa.UHBUHOHHWX .URHHSX TBKHe npOUeCCW, KBK 

KyROHOB CKOe pacCeHHHe H TOpM03HOe H3Ry'leHH e npHBO.UHT K CHRbHOMy H CKSlKeHH IO TpeKOB, 

B c uny 3Toro noHHTeH HHTepec K npo6neMaM KoppeKTHoro y'<eTa KynoHOBCKoro pacceHHHH 

H TOj:>M03HOrO H3nyqeHHSI B ny3blpbKOBbiX K8M9p8X C TH>KenbiMH >KHllKOCTSIMH. 

B HSCTORWel! pa6oTe o6o6waeTCR MeTO.UHKa yqe Ta KyROHOBCKOrO pacceRHHR H TOpM03-

/ l-5/ 
HOrO H3nyqeHHR, npell1IO>K9H H851 B pa60T8X I H npOBO.llHTCSI Cp8BH9HHe peaynbT8TOB 1 no-

Ry'leHHbiX npu pa3HbiX nonxonax K 3THM npo6neMaM. 



§ I. Kynoaoacxoe pacceHHHe 

x) 
B 6onblllHHCTBe cnyqaea K'IHeMaTH'tecxae napaMeTpbi Tpexoa B reoMeTpaqecxax 

nporpaMMaX onpeuenHIOTCSI 6e30THOCHTenbHO K npHpOUe qaCTHU. flHllib B UOCneuyiOIUHX fit 

nporpaMMaX KHHeMaTH'!eCKHe napaMeTpbl TpeKOB H HX OlllH6KH nepeC'IHTbiBaiOTCH B COOTBeT

CTBHH C npeunonaraeMol\ Maccol\ '!aCTHU. C OllHOil CTOpOHbi, 3TO CBSI3aHO C TeM, 'ITO Bbl'IH

cneHHe KRHeMaTH'!eCKRX napaMeTpOB 6e30THOCRTenbHO K MaCCe '!aCTHUbl U03BOnHeT YRH<jJH

UHpOBaTb reOMeTpH'!eCKYIO nporpaMMy, 'ITO COKpamaeT BpeMSI Ha o6pa60TKY C06biTHil Ha 

Bbl'IHCnHTenbHOil MalllHHe. C upyroi! CTOpOHbl, npH 60llblllHX 3HeprHSIX OUH03Ha'IHO HlleHTH

<jJHUHpOBaTb TpeK B 60llblllHHCTBe cnyqaeB He yuaeTCSI, 

Ouaaxo Taxoli nouxou " aaua'le onpeueneHHR KHHeMaTH'!ecxux napaMeTpOB onpaauaa 

TOnbKO B TeX cny'laRX, KOrUa O!llH6KH B UpOCTpaHCTBeHHblX KOOpllHHaTa X TO'!eK Tpexa onpe

uenRIOTCH rnaBHbiM 06pa30M O!llH6KaMH H3MepeHHll, nOll KOTOpblMH Mbl nOHHMaeM OlllH6KH B 

KOOpllHHBTBX H3-38 HeTOl.{HOCTeA OUTHqecKOit CHCT8Mbl K8M8pb1 1 OlllH6KH npH H3M8p9HHH 

KOOp.UHH8T HB nneHK8 1 H8TOl.fHOCTH M8TO.ll8 BOCCT8HOB1l8HHSI IIpOCTp8HCTB8HHblX KOOpl.lHH8T 

H T.n. MelKUY TeM B UY3blpbKOBblX KaMepaX C THlKenbiMH lKHUKOCTHMH rnaBHj,Il\ BKnau B OT

KnOHeHHe TO'!eK Tpexa OT aueallbaol\ cnupanB B aaxyyMe no Mepe yaenK'!eHKH unHHbi Tpexa 

Ha'!HHaeT BHOCRTb xynoaoacxoe pacceRHRe. Ha pac. I, 2 npuaeueaa aaaeCRMOCTb cpeuae-
3/2 -

xaaupaTH'!Horo oTxnoaeHHR 0 " 0 (P) = E.f /{3 cpyX 0 ua- aa xynoaoacxoro pacceRHBH B 

nponaHe OT .llllHHbl Tp 8 K8 llllH 31l8KTpOHOB 1 rr -Me30HOB H npOTOHOB npH HeKOTOpblX 3Ha'!e-

HRIIX HMnynbcoa (auecb E.= 21 M::.a, X 0 - pauuauuoHHaR unaaa , {3c" p - CKOpOCTb 

H HMny nbC qaCTHUbl), KaK BHUHO R3 pHCYHKOB, npH He CnH!llKOM 60nblllHX RMnynhCaX OTKnOHe-

HH8 T01.f8K Tp9K8 OT H.U881lbHOA 0Kpy>KHOCTH 1 H8't{HH8Sl C HeKOTOpbiX .llllRH 1 MO>K8T 38M8THO 

npeBbi!llaTb o6bi'IHbie OlllH6KH H3MepeHHR (0,05 - 0,3 MM B nnocxocTH XY ) • 

KuHeMaTu'!ecxue napaMeTpbi Tpexa onpeuen51IOTCH •repea napaMeTpbr annpoKCHMHpyiO

meil TpeK <jlyHKUHH, HailUeHHbie MeTOilOM HBHMeHblllHX KBaupaTOB npH npOBeUeHBH annpOKCH

MHpyiOmel! KpHBOil '!epe3 TO'IKB TpeKa. no3TOMY UnR y'leTa KynOHOBCKOr 0 paCCeHHHSI Heo6-

XOilHMO B <jlyHKUHOHan, nocpeUCTBOM MHHHMH3aUHH KOTOpOrO HaXOUSITCSI napaMeTpbT annpOK-

CHMBpyiO!Ile il KpHBOil, BKniO'IHTb OlllH6KH B KOOpUHHaTaX H3 - 3a KynOHOBCKOrO paCCeHHRH. no

CK:lnbKY 3TH OlllH6KH He S!BnSIIOT CSI He3aBJICHMblMH, B pa6oTe / l / BBeUeHO nOHSITHe MaTpR-

Ubi KYllOHOBCKOrO p8CC851HHSI, KOTOp851 HM88T BHll 

F 
lk 

2 2 l-1 3 
E ~ ( m + P ) ~ (Pl. J + 1 

6Xo P4 J=l 
fJ;I-l,lfJ+I.~ l.(l) 

3f 3f 3 
( 1 + ~) ( I +_____!±___!_.!_)+ 4 p J. J+l 

2P r.r+ 1 2PJ , J+1 
2 

rue r '"- pacccRHHe MeJKuy i - oli H k -oli TO'!KaMH (npui = k F
11 

=a • c). CyMMapnaH MaT-

paua· O!llH60K KOOpUHHaT H3 - 3a OlllH60K H3MepeHHil o(mes) H xynOHOBCKOrO paCCeSIHHSI paana: 

X) nou KHHeMaTH'IeCKHMH napaMeTpaMH TpeKa MbT Bnpellb 6yueM nOHHMaTb: KpHBH3Hy 

k =1/pcosa , aaaMyTanbHbiil yron f-3 B nnocxoCTH XY , nepn enuaxynRpnoli Mar-

HRTHOMY noniO, u TaHreHc yrna HaxnoHa Tpexa t~a K nnocxocTH XY ( p - HMnynbc 
'!aCTHU bl). 

4 

s 

rue a,. - CRMBOn Kpoaexepa, 

B MHHBMB3BpyeMbll\ <jJyHKUHOHall 

X 

rue Ay 1 - OTKnoaeaae ::.xcnepJ 

y (x,ii') , 'lepe3 BCKOMbre napa 

MeTpbr Tpexa. 

Baeueaae Taxoro <jlyaxuno 

xa a ax Ollle6xa nenocpeucTae a 

nocneuyiOmero KRH eMaTaqecxorc 

113 (I) a (3) cneuyeT, '11 

C8MH 3H81.f8HHH KHH8M8TB1.f8CKHX 

H T8M C HllbHee, 'tf8M M8HhWe HI 

KOBbTX 3Ha'!eHBii RMnynbCOB rr 

nOHOBCKOro· paCCeHHHSI npRBOilH 

q ecxux napaMeTpoa TpeKa OT M 

B KRHeMaTR'IeCKOM aHanu3 

pa3nH\f'Hble rHnOT93bi, B KOTOpbl: 

onpeueneabr a reoMeTpB'IecxoA 1 

UpRMep, UpB RUeHTH<jJRKHUBB 

M e30HOM a K0 
.... rr- + rr+r .ttnoTe3e 

.O,nSI '18CTHil, M8CC8 KOTOpbiX HeH 

Bbi'IHCnSITb KHH9M8TH':19CKB9 ll8pi 

Tor~a B KRHeMaTR'Iecxux nporpl 

6paTb T e 3Ha'leHBH KRHeMaTB'I eC 

nonaraeMoll Macce. Tax, B npaa 

TenbHOrO TpeKa V 0 
-'laCTIIUbT 

uayx ranOTea: rr -Me30HHO li H 

KBHeMaTH'IeCKHX napaMeTpOB KB> 

Mace. B 60llblllRHCTBe cnyqaea ~ 

ana Tpex ranoTea: .. 
rr - Me30HHOJ 

::>neJ<TpOHHbTX H n03HTpOHHbiX Tpe 

ouu nerxo u~eaTu<jluuupyiOTcR no 

npeHMyl!leCTBB paCCMOTpeH 

'!eM MeHbllle OlllR6KH H3M9p9HR!t , 



.u. Jlumh 8 ooc nenyiOmu x fit 

nepeCl.{HT biB8lOTC SI B COOTB9T-

3TO CBS138 HO C TeM, qTQ BbJ'ltH

:e qaCTHUbl n0380n>leT y Hu ¢ u

Ha o6pa60TKY C06b!TK A Ha 

1ecxux napaMeTp08 onpa8UaH 

oopnuuaTax TO'IeK Tpexa onpe

;JbiMH Mbl nOHH M89M OlllHfiKR B 

bl, OWH6KH npH H3MepeHHH 

npocTpaHCT8eHHbtX xoopu u uaT 

tUKOCT>IMH !'fia8HI>!A 8Knan 8 OT-

Mepe y8enK'I9HH>I nnHHbt TpeKa 

18eUeHa 3a8HCHMOCTb CpenHe-

3a KynOH08C KOI'O paCC951HH>I 8 

>OTOHOB npH HSKOT OpblX 3H8<ti9-

unuua , f3 c H p - CKOpOCTb 

KOM 60llbWIIX HMnynbCaX OTKllOHe-

ITOpb!X onRH 1 MO>KeT 38M9THO 

JIOCKOCTK XY ) • 

3 napaMeTpbl annpOKCHMUpyiO

T08 npK npo8eneHHK annpox cK

xynOH08CKOl' o pacceRHH>I Heo6-

'0 HaXOU>ITC>I napaMeTpbt annpOK-

8 KyfiOHOBCKO!'O pacce>IHH>I , no

T e/ ! / 889U9HO nOH>ITHe M8TpH-

+! k) 3. 
~+4'J,J+l 
l.J+t 

2 
=k F

11 
=a" 0

), CyMMapHaR MaT-

H KynOHOBCKOrO paCC9SlHHSl pasHa: 

>eUb 6yneM noHHMB Tb: xpH8H3HY 

XY , nepneHUHKyngpHO II Mal'-

IOCKOCTH XY ( p - HMnynbc 

(2) 

!'Ue Blk - CBM8on Kpouexepa, 

B MBHBMB3BpyeMbiii <jlyHKUBOHan MO)KHO 3 8UBC8Tb B BBUe: 

x 2 
= l: t.y , s~~ Ay , • (3 ) 

i,k.:} 

l'Ue 6.y l - OTKfiOH9HBe aKcnepBM9HT8JlbHb! X TO'IeK OT annpOKCHMBpyiOIUell Tpe K <jlyHKUHH 
4 . 

y (x,a) , '1epe3 HCKOMb!e napaMeTpbl 8 (&p .• , 8 m) KOTOpol! HaXOU>ITC>I KHH9M8TH'I9CKH9 napa-

MeTpbt Tpexa. 

BaeneHue TaKOI'O <jlyHKUIIOHana P.o3aon>leT onpenenHTb x ·uHeMaTu'!eCKue napaMeTpbt Tpe 

Ka B BX OWH6KB H9ll0Cp9UCTB9HHO 8 BepWHHe B3aHMOUeiiCT8H>I, 'ITO B9CbM8 CY!U9CTB9HHO Ufi>l 

nocne.rtylOmero KHH eMaTuqecKoro aaanH38 scero co6biTHSI a uenoM. 

113 (I) K (3) cnenyeT, 'ITO He TOJtbKO omu6KH a xuue MaTu'!eCKHX napaMe Tpax, HO 11 

C8MH 3Ha'I9HH>I KHH9M8TB'I9CKHX napaMeTpOB 3 88HC>IT OT npeUnOJIOlK9 HB>I 0 M8CCe '18CTHU bl 

H T9M CKllbHee, '19M M9HbW9 HMnynhC (cpaBHH 0 H8npUMep 1 a 0 c ,(P) Ha pHC, 2 Ull>l 0UHH8-

KOBb!X 3Ha'leHBll HMny nhC08 rr -Me3oaa u npoToHa). CnenoaaTenbHO, CHJtbHOe anu RHHe Ky-

llOHOBCKO!'O· paCCe>IHH>I npKBOUHT K TOMy, 'ITO npennonOlKe HH9 0 He3aBHC HMOC TH KHH 9MaTH-

'19CKHX napaMeTpOB Tp9K8 OT MaCChi '!aCTKUbl C T 8HOBHTC>I H E! B9pHb!M, 

B KHHeMaTB'!eCKOM aHanu3e nnR uneHTK<jJH~:auuu ace!'O co6btTB>I a .u enoM npo8 ep >1IOT C>I 

pa3fiH'IHb!e l'HnOT93bl 1 8 KOTOp b!X KalKUOMY TpeKy 0 KKH9M8TH'19CKH9 napaMe Tp bl KOTOpOI'O 

onpeneneHbt 8 !'eoMeTpuqecKoll npo!'paMMe, npunBCb!8aaTCSI Ta unu npyl'all Mecca . T aK , H a -

npuMep, npH HU9HTH<jJHK8UHH V O -'laCTHU llOJIOlKHT9fibHb!l! TpeK 8H JIKH C'IHT89TC>I Tr + 

M 930HOM 8 K 
0 

4 ,- + rr + nmoTe3e H npOTOHOM - 8 A 
0 

4 rr -+ p l'HnoTe3e, Tenepb M b t ~HUHM, 'ITO 

UJI>I '!aCTHU 1 MaCca KOTOpb!X H9 H389CTH8 1 He06XOUHMO ylKe 8 !'90MeTpK'I9CKOll npol'p8MM9 . 
8bl'IHCJIS1Tb KHH9M8TB'I9CKB9 napaMeTpbl Tpexa Ufi>l uenO!'O p!Ul8 l'Hll0T93 0 Macce '18 CTHU, 

Tol'na 8 KKKeMaTH'IeCKHX npoi'paMMax npu npo8epKe KaKoll-nu6o l'unoTe3bt co6btTH>I cnenye T 

6paTb Te 3Ha'I9HB>I KBH9M8TH'19CKHX napaMe Tp08 TpeKa, KOTOpbl9 CO OT89 T CT8YIOT e!'O npen

llOJI8!'89MOll Meece, TaK, a npu8eneHHOM Bbt w e npuMepe KBHeMaTu'leCKue napaMe Tpbt n onolKH-

T e JibHO!'O Tpe Ka V
0 

-'18CTJ1Ubl 8 l'90M9TpH'19CKOI! npOI'p8MM9 UOfilKHbl 6b!Tb 8bl'IHCJI 9 Hbl Ull>l 

U8yx l'BnOTe3: rr ~Me30HHOII B npoTOHHOI!. Pa.3yMeeTc>I ,HeT Heo6xonBMOCTH 8 Bbt'IBCJieHuu 

KBH9MaTU'I9CKHX napaMe TpOB KalKUO!'O TpeKa 8 C06b!THHH UJI>I 8Cero Cll9KTpa 803MOlKHblX 

M8CC, 8 60JibWHHCT8e Cny'l898 UOCT8TO'IHO onpeneJIHTb KHHeMaTH'I9CKH9 napaMe Tpbl T Ofib KO .. 
ll,nR Tpex rHnOT93! f7 - Me30HHOR, K - Me30HHoll, npoTOHHOA unu a neKTPOHHOll ('ITO Kac aeTcil 

aneKTpOHHblX B n03BTpOHHblX TpeK08 1 TO 8 ny3blp bK08b!X KaMepaX C T>l lK9 Jib!MH lKHUKOCT>IMH 

OHH nel'KO uneHTH<jluuupyiOTc>l no xapaKTepHOMY CKPY'IB88HHIO H3-3a panuauuoHHbi X noTepb) , 

npeBMY!U9CT8a paCCMOTpeHHO!'O MeTODa Y'I9T8 KynOHOBCKOI'O p8CC9>1HH>I T9M 60nbW9 1 

'!eM M9Hhwe owH6KH H 3MepeHull . Mbt aunenH, 'ITO HB 'IHHB>I c H e KOTOpbtX unuH l'n88Hbtll 
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BKnau B OWH6KH KOOpUHHaT BHOCHT KynOHOBCKOe pacceRKB9. no3TOMY npB yMeHbW9HBH OWB-

60K H3MepeHBSI CyMMapHbl9 OWH6KB B KOOpUBHaTaX nocneuHBX TO'IeK TpeKa npaKTB'I9CKB He 

MeHRIOTCR. B TO JKe speMn n6rpewHocTH B3MepeHHH no'ITB uenaxoM onpeuenHIOT owa6KB s 

KOOpUHH8T8X 119pBblX TO'IeK TpeKa T8M 1 rue KynOHOBCKOe paCCeRHH9 CK83b1B89TCSI eme H9 

cHnbHO. CneuosaTenbHo, npa yMeHbweHBB owa6oK B3MepeHBH nposcxouaT nepepacnpeuen&

HHe COOTHOWe HHll BeCOB nepBbiX H nocneuHBX TO'IeK TpeKa B cPYHKilBOHane (3); B9C8 nepBbiX 

TO'IeK ysena'IHBBIOTCH o6paTHO nponopuaoHanbHO KBaupaTaM owa6oK B3MepeHBR, a seca 

nocneuHBX T O'IeK TpeKa 11p8KTH'IeCKH He M9HSIIOTCSI. no3TOMY '19M MeHbW9 OWBfiKB H3.Mepe

HHH, TeM 6onbWHII BKnau B cjlyHKUHOHan uaiOT nepsble TO'IKH Tp9K8, BnBRHB9 KynOHOBCKOrO 

paCCeSIHHSI Ha KOTOpbie HesenHKO. 

§ 2. TopM03HOe H3ny'leHH9 

nng aneKTpOHHblX H 1103HTpOHHbiX TpeKOB B 11Y3blpbKOBbiX KaMepax C THJKenbiMH lKBU-

KOCTHMH TIOMHMO KynOHOBCKOrO pacCeSIHHH BalKHYIO pOnb HrpaeT TOpM03HOe B3ny'!eHHe. 

I13BeCTHO / B / , 'ITO ecna nepsosa'lanbaaa a Hepraa al!eKTpoaa ecTb E 0 , TO sapo-

SIT HOC Tb H3ny'I9 HHH 3 H e prBH Eo (1- exp (- Y )) 

W(y)dy• 
exp 

bP-I 
(- y) y 

r (b n 

rue b~1/(X 0 tn2) , l ( bf} - raMMa-cjlyHKUBH. 

Ha unHH e pasaa 

dy' 
(4) 

BalKHblM c s o AcTBOM a Toro pacnpeueneHHH RBnReTCH 6onhwaR sepOSITHOCTb H3ny'leHBH 

Bbl COK03 Ue prH'IH blX cjlOTOHOB, 'ITO CK83biBaeTCSI B CHnbHbiX cjlnyKTyaUHSIX pauBBUHOHHbiX no

T epb OTHOC HTenbHO HX cpeuHero 3Ha'leHHR. BcnepcTBHe 3Toro nonpaBKH Ha TOpM03Hoe 

Il3!1y'leHHe, Bbl'IHCneHHbie H3 H3BeCTHOl! sepOSITHOCTH ( 4), liMe lOT 60nbWHe OWH6KH, 'ITO 

npHBOUHT K CHnbHOMy pa3MbiTHIO nepBOH8'18nbHOrO CTieKTpa 3neKTpOHOB. 

EcTeC TB e HHbiM BbiXOUOM 113 9Toro 3aTpyuHeHnR HBnReTCH cy>KeHae .cneKTpa pauHaUHOH

H biX nOTc pb nyTeM oT6pac bmaHHR TpeKOB c 3aMeTHbiMH nOTep51MH 3Heprss. TaK, s MeToue, 

p accMOTpeH HOM s pa60Te
17 1

, cyJKeHue cneKTpa pauaausoHHbiX noTe ph uocTHraeTCR 3a C'leT 

OT6paCbiBaHHI! Tpe KOB (HnH '18 C TH TpeKa), B KOTOpblX MaKCHM8nbHaSI 3 HeprHH bv m az 

yHOCHM8SI OU HOKpaTHO H3ny'!e HHbiM cjlOTOHOM, 6onbWe uonyCTHMOI! ; 

hvmaz / F 0 > 1- exp ( -y 0 ), (5) 

r u e y 
0 

- 3auasaeMoe 3Ha'! e HHe nopora o6pe3aHHH cneKTpa paasauuoHHbiX noTeph. 

B pa6oTe
121 

npcanoJKe H MeTou o6pe3eHHR cneKTpa paauauuoHHbiX noTepb, ocHOBeHHbiii 

H8 OT6paC blBflHHH llpH H3MepeHHH TOll '18CTH TpeKfl, rae CyMM8p11bie TIOTepH 3HeprHH H8 

TOpM03HOe H3ny'!e HHe Erad H8'1HH8IOT npeBbiW8Tb 381\BHHbiii 110p0r o6p e 38HHSI: 

6 

E 
rnd 

BTopoll . M eToa Ha x n aubisaeT 

UH ORH biX n oTepb, He>Ke n H nep: 

y 0 nony•mT h cjlopMy ny una n 

K euaHaue. OpH y 
0 
«! o6a 

CI19KTp4 P81Ul81lH OUHbiX nOTepb 

M03•oe aanyqeaae, acnonb3ose 
18 / 

p9HBOM B pa60Te • 

Bee 3TH Me T O!lbi OCH OBaJ 

110Tep a 3HeprHH H8 T OpM03HOe 

C06 bi T Hl! MOlKHO npOH3 B OU BTb J 

BBQTC~ TB qaCTb TpeKa, HB KC 

ycTaHosneHHbi A npeaen, mr6o r 

HMX B Haqane H KOHU9 Cnena, 

HHeTCil )T-"OBHe (6). 

PaccMoTpenHbi e MeTOUbl 

T8M MeHhWeH OWH6KOfi, "'eM HI 

HbiX nOTepb . OnHaKo yMeHhweE 

c ny qaes H He nceraa C08Mec· 

npH npaKTH 'I8CKH HCnOnb3yeMb 

C BX H3 - 38 pB.UHBUHOHHblX llOTSJ 

s enaKa 
131

• K HeuocTaTKaM o6c 

Bhl.Q911~H R 8 Tip H noarOTOBK8 K I 

yCn OBRS! (5) Hmr (6) . Yno' 

HH S! HMTiynbCOB B H8 '1ane H KOI 

KOTOpOM Y'IIITbiB8 IOTC I! CYMMa. 

q HCnB T01{8K H8 TpeKe. 

P accMoTpeHHble BbiWe Me 

CT8THCTH"'8CKRMB; HB OCHOBe ~ 

CTBTH CTH"'SC Koe 3 H81{8RH8 HMf 

owu 6Ka. B T O JKe speMH TOpl 

pRU OM oco6eHH OC T eH, KOTophie 

nOTepb. T aK, TOp M03H oe H3nyq 

CHnb HO Ha n pasn e HO Bllepeu. Oo 

CKB M p acceSUJHeM , TO TpaeKTOJ: 

C TB BnSie T co6 o fi COBOKYTI HOCTb 

oanaqaeT , liT O MO:-tcuo no.o.o6paT 

no xopowo onHChiB8Tb nee cet 



no:.TOM)' npa YM9llbW9HHH OWH-

IX T0'19K Tp9K8 npaKTH'19CKH He 

uenHKOM onpenenmoT oma6KH a 

iCC9IDIH9 CK83 b!B89TCII eme H9 

" n poacxonHT n e pepacnpenene-

3 (j>yHKilBOHane ( 3): sec a nepBbiX 

orua6oK H3MepeHBH, a aeca 

y '19M M9HbW9 OWH6KB B3Mepe

Tpexa, BnHHHH9 KynoHOBCKOrO 

Bb lX K aMe paX C TlllK 9 DbiMB l i<Bn

·paeT TOpM03HOe aanyqe Ha e . 

~neKTpOHa e CTb E 0 , TO aepo-

p a s Ha 

(4) 

)On b llia ll a e pOHTHOCTb H3 n y 'I 9 HHII 

(j>n y KTyaU H SIX p a nBaUHOHHblX no

oro nonpaBKB Ha TOpM03H09 

HM9IOT 60nblliH 9 OW H6KH, 'ITO 

~ 3 D9 KTpOHOB. 

eTcst c yll<e Hue .cneKTpa pana a uu oH

>TepnMH 3 Heprua. TaK, a MeTon e, 

Hbl X O OT9 pb /lOCTHraeT Cst 3 8 C'I9 T 

.C H M81IbH8 Sl 3 H e prHH hvmax 

yCTHMOll ! 

(5) 

pa p anu a uaoHHb iX noTe pb . 

?anH a UHOHHbi X nOTe pb, OC H OBaHH blll 

yMMapHbie n OTe pa 3 Heprau Ha 

Hbiil n op or o6peaaHa st : 

E rad I E 
0 

> 1 - exp ( - y 
0 

). (6) 

8 T opofi. MeT Oil HaKnaAbiBaeT 6onee lKeCTKHe orpaHH'IeHHst Ha llOilyCTHMYIO BeM!'IHHY panaa-

UROHHbiX llOT9pb 1 H9>K91IH nepBbifi , qTQ fi03BOIISI9T IlpH T9X >Ke 3H81.J9HIHIX nopora o6pe38HHSJ 

y 0 nony'IHTb (j>opMyny n n 11 nonpaBOK c MeHbrnell orna6Koll, oco6eHHO npu y 0 
60H3KHX 

K 9AHHHU9. n pa Y O « 1 068 M9TO/l8 n pHBO/lHT K OAIIHSKOBbiM pe3yDbT8TBM. 06pe38Hl!e 

CII9XTp8 pa)!JiallHOHHbiX DOTepb, OCHOB8HH09 HS y'leTe CyMMSpHblX DOTepb 3HeprHH HS TOp-

M03•oe H3nyqefiB9 1 HCllOnb30B8HO T8.I>Ke B M9TO.ll9 Y1:.f9T8 TOpM03HOro B3ny'10HHR, paCCMOT-

/8/ 
peaaoM B pa60Te • 

B ee 3TH MeT O.Ilbi ocnosaHbi na npe.oeapnTenbnOM BhtaenenHH T OA '-IBCTH TpeKa, rae 

llOT9pB 3HeprHH HS TOpM03H09 H3Dy'I9HH9 He npeBbllliSIOT 38A8HHOrO npenena. 0T60p TaKHX 

C06b1Tlll! MOlKHO 11p0H3BO/l l1Tb n a 60 HS CTSAI!ll 11 0/lrOTOBKll K H3MepeHI!HM, KOrilS OT6paC bi -

B89TCH TB 'IBCTb Tp9K8, H8 KOTOpoi\ H 3M9 H9HH9 KpHBH3Hbl (;119Jl8 H81.{HH891' np9Bh1W8Th 

yCT8HOB119HH bTA np9Jl911 1 1IH60 IlpR 06C'I9T9 Tp9K OB nyTeM Cp8BH9HHSI HMnynbCOB 1 BbJI·IHCJ19H-

HbiX B H81.f8119 R KOHU9 cne,na, B H8X0)1{ll9HBH TOtJKH Tp9K8, H8qHJ-18R C KOTOpOf\ He BblnOJT-

HHeTC<J yc!IOBH e (6). 

PaccMOTpeuHhi e MeTO.!lbi noaaonHJOT nonyqHTh nonpaBKH Ha TOpM03HOe H3nyt-I9HHe c 

T 9M M9HbW9f1 0WH6KOfi, '19M HH )K9 3H8tJ9HB9 nopora 06p938HHH yO CIIeKTpB p8.£lH8UHOH-

HhiX noTepb. OnHaKo yMeHbweaae y 0 npHBOllHT K OT6p8Ch!B8HHIO ace 60JTbWerO l.J:HC118 

cnyqaea a He acer~a CO!iM9CTHMO C Tpe60B8HIIIIMH B03MOlKHO 6onbruefl CTSTHCTHKH/
2

/ 

Dpa npaKT.aqecKH a cnonh ayeMhiX aaa q eHKHX y 0 1 6na3KHX K e.oHHBUe, owH6KH B HMnynh-

CBX H3- 38 p8llH8llHOHHblX llOTepb nocne BBE::!'Jl9HHS1 COOTB9TCTBYJOIUHX nonpaBOK Jl0CT8T0'1'HO 

B el!HKH /
3

/ K H9/l0CT8TK8M 06CylKAa9MblX MeTOJ.OB OTHOCHTCH TSK>Ke He COBCeM 'lCTKOC 

BbiJl8/l~HH8 npH nonrOTOBKe K H3M9p9HHHM TOA qaCTH Tp9K8 1 H8 KOTOpOH BI>InOJTHSllOTC'it 

yCDOBHH (5) a nn (6 ) • YnoM>IHyToe BbiJleneHHe rpaHH'IHOli TO'IKH cneaa nyTeM cpaau n -

HHH HMflyiTbCOB B Haqane H KOHU9 Tp8K8 CTip8B9ll1THBO TOJlbKO .£l1Tfl BTOpOrO MeTOJl8, npH 

KOTOpOM yqHTbiBBIOT CH cyMMapHble llOTepH 3HeprnH HB nanyqe!fHe , H Tpe6yeT 601TbUJOro 

PaCCMOTpeHH ble Bblllie MeT OAbl yqeTS T OpM03HOPO H3Dy'<eHitH HBIIHIOTCH no CYillCCTBY 

CT8THCTHqeCKHMH; HB OCHOB8 H3B9CTHOA <I>YHKUHH pacnpe.ueneJBHI BbP-J.HCn5teTCSI CpOllHC! -

CTBT HCTHqeCKOe 3H8li 9 HH9 HMllY1TbC8 3fl9KTpOH8 H8 Ll8HHOfi Jl1THH8 H COOTBeTCTBy!Oill8Sl 

ornH6Ka. B TO >Ke apeMH TOpMo3Hoe B3Dy'leHHe KSK cTa7 HCTII'IecKuf1 npouecc o6nanaeT 

pS!AOM oco6e HHOCTeH , KOTophie no3B01\HIOT HHS'IQ nonofiTil K npo6neMe y«eTa pannau~<OHHbiX 

nOTeph . TaK, TOpMoaaoe H 3nyqeHHe npR BOJlHT TonhKO K yMeHbW9HlfiO 3Hep rHH '-IACTH.Uhl H 

CHDbHO HSnpaaneHO Bllepen. no3 TOMy, eCnH npeHe6pe'lb OlliH6KSMil H3MepeHHH H KYDOHOD-

C KHM paeCestllHeM, TO Tp89KTOpii51 3n8 KTpOHB B MBrHHTHOM none .UOCTBTO'IHO TO'-IHO npea-

CTSBOHeT C060li COBOKynHOCTb ConpHlKeHHblX nyr OKpylKHOCTeli, T.e . PDSilKYIO Kp i! ByiO. 3TO 

03ll8'189T, 'ITO MO>KIIO ll0Jl06paTb TBKYIO aHaDHTH'IeCKYIO (j>yHKllHIO, KOTOpan 6yneT llOCTSTO'I-

HO XOp OWO OflHCbi BBTb DCe CeMeJiCTBO TB KRX rnallKHX KpH.BbiX 1 8 3 H8'-IeHHe KpHDH3Hbl 3TOti 

7 



<jlyHKUIIH B nepnoi\ TO'!Ke TpeKa 6yaeT np!!OCTBB11S!Tb C060l! HCKOMOe HB'I811bHOe 3HB'!eHHe 

KpH.BH3Hhl 3nCKTpOHB . 

Pet'l.Oblfble TpeKH HCKa>KeHhl OlliH6KaMn H3MepeHHll H KY110HOBCKHM paccenHHeM. nosTOMY 

ll1111 npOBP)lC IIHSI '!epe3 TO'IICH Tpet<a AnnpOICCHMHpyiOWel! <j>yHKOHH C nepeMeHHb!M panHyCOM 1CpH

BH3Hbl He06XOOHMO (KBK H nns1 'ueH311Y'lll!OiliHX' 'IBCTHU) npH11HCBTb KB>K)lOl! TO'!Ke TpeJCa omn6-

KH H3-38 norpeUJHOCTet:\ H3MepeHHH H KYlTOHOBCKOrO p8CC8HHHSI H BOCTI01Tb30B8'fbCSI M8'1-0AOM 

H8HM8HblUHX KBBJJ.pBTOB. Mbl BHJl81TH p8Hblll8 1 qTQ CYMM8pHbi8 OWB6KH B KOOp.IlHH8T8X TO'tJ8K 

TpeKa o6paayiOT MBTpnuy own6oK KoopnnnaT (2), uennarouallbHble qneHbi KO'!'opoll OT11H'!Hhl 

OT nynR, nOCKOllbKY OTK1TOH8HHH B TO'tJKBX Tp8K8 H3-38 KylTOHOBCKOrO p8CC8HHHSJ He SIB1TSUOT-

CSI He3SBHCHMbiMIJ. nosTOMY napaMeTpbi annpOKCHMHpyiOillell TpeK !jlyHKUHH 0011lKHbl HBXOilHTb

CSI n y T9M MBHBMH38UHH !jlyHKUHOHB11B (3), 

8h16op annpoKCBMBpyiOwei\ !jlyHKUBH o6ycno!\ncu cnenyiOiliHMH O'leBHilHhiMB coo6palKeHHII

MH. Bo-nepabtx, 3Ta ¢yHKUHH .oon>KHa .uocTaTO'-IHO TO'-iHO aoccTaHaBnHaaTb KHHeMaTH•:recKHe 

napaMoTpbl ncero ceMei1cTaa 3118KTpOHHhiX TpaeKTOpH:H: a nepBbiX TOt.tKax TpeKoa. Bo-aTophrx, 

88 8H81TRTH"l8CK09 Bblp8>K9HH8 .UOfl>KHO 6btTb ITO B03MOIKHOCTH npOCTbiM H CO.U8p>K8Tb He6onb

WOC 1rHCJIO EapaMeTpOB, 110.U118)f{8JUHX onpenen81H:Il0 1 C TeM, l.{T06bl MliHHMH3HpyeMblfi QlyHKUHO

HB.'! He 6bin C!HiiUKOM CnO>KHbiM, a 'HiCllO H3MepeHHhiX TO'-F~K HH Cner.P. He 6bt;JO C:HIUlKOM 

5onblliHM. 

TaxaH QlyHKUH~ 6bina HaH.neHa H8MH 3KCnepHMeHT8nhHO nyTeM no..aroHKH pa3nH!.iHbiX 

iJyHK UHH non. T8CTOBI:.Ie TpeKH. B Kaqe cTBe Tec TOB .... IX TpeKOB 6binH B3stTbi cnenyJOIUHe TpaeK-

TOPHH na nnoCKOCTH XV , nepneH..UUKY nHpHoii MaruRTHOMY non10: 

8) TpaeKTOpHH 3 n8KTpOHOB 1 HMITYflbC KOTOpblX B K8.>KJlOi:t TO\.IKe M8USI8TCH ITO Cpe.nHe

/2/ 
C TBTRCTI!'I€CKOMY 3BKOHY 

Yo 

0
fp{e,y)W(y)dy 

f W(y) dy 
p (f) -br 

p
0

2 y(bP,2y
0
)/y(bP,y

0
) 

B npen.n0110)f{9HHH
1 

l.{TQ cyMM8pHbl8 JlOTepH 3H8pf'HH H8 H31IY'-l8HH8 He npeBbllll8lOT 38.[),8HH0f'O 

3H8'181Hi.Sl nopora o6pe3aHHH Yo I; 

6) TpaeKTOpBB 31leJ<TpOHOB C OAHOKpBTHblM H311Y'I€HBeM, npeACTBBJIH!Oilll!€ )lB€ C011pll-

lK€HHbl9 nyrR OKpylKHOCTeH C pBAHYC8MI! 

f(R 0 )=P(R
0
/2)="R/12. 

R0 H R /2 ll paAHblMH Jl1IHH8MH 

0KB3B110Cb , 'ITO H3 pS!/18 Onpo60BBHHbiX HBMI! npOCTblX <j>yHKUHll H8H6011ee XOpOiliO 

BOCCT8H8B1IHB88T KHH9M8TlP19CKH9 napaMeTpbl B nepBblX TO'Y.KBX TeCTOBblX TpeKOB cneayJO-

lll8 II !jlyHKUH 11: 

y ==a 1 +a
2
x+a

3
x 2 +a 4 y 2 , (7) 

KOTOpast npH Q 
3

= a, npenCT8B11SieT C060li OKpy)[{HQCTb I! I!C11011b3YeTCH H8MI! 011H annpOKCI!-

MBltHH TpeKOB H9H3nyqa lO lllHX 1.J.8CT11U. 

8 

B Ta6nnuax n II np1 

BhiX TpeKoB c pasuoMepHh!M pac 

npHBeaeHO HCTHHH08 3H8'-18HR8 B 

HMnynhc, nallneuHbill npn annpm 

annpOKCHMBUHH TpeKa KpHBOfi (~ 

)l11HH Tp9KOB, Ha KOTOpb!X 11pOH3 

seTCTBYIOiliHX pa!lnycos KPHBH3H 

Po (Msa) 

p OKp 
(M:.s) 

p KpBBBH (7) 
(Msa) 

L(R) 

p
0 

(M:.a) 

p (M:.a) 
OKP 

p KpHBBH (7) 
(M:.a) 

125 

116 

123 

15(25 

TpeKH 

125 

83 

119 

KaK BHll.HO H3 Ta6nau, ann 

nepBOl'B'!BllbHb!ll H•rnyllhC C rop. 

OT HCTHHHbiX 3HaqetUifi: RMnynh CI 

pb!e npeBbllliBIOT 06b!'IHO HC11011b: 

Bonee Han.e>KHO TO'-IHOCTb 1 

n posepeua, aanpuMep, nyTeM cp 

B C119KTpe :.ljJ!jJeKTI!BHbi X MBCC 

CHCT8M8T H'-1 8CK09 CMemeHH8 3K 

no 3HBKY aon*HO coanaa.aTb c ~ 

6yaeT OTHOCHT8nbHO BenHK01 TO 



:KOMOe H8Y:8nbH09 3HO'lf9HH9 

OHOBCKHM p8CC9HHHBM, noaTOMY 

!H C nepeMeHHhiM p8AHyCOM !tpH-

8Tb K8lKAOli TOqKe Tp9!t8 OWH6-

lH H BOCUOnh30B8TbCQ Me~OAOM 

OWHOKH B KOOpAHH8T8X ToqeK 

lbHbl9 qneHhl KOTOpOA OTnJP-IHhl 

IOBCKQrO paCCeHHBH He HBnHIDT-

TpBK cjlyHKUHH AO!IlKHbl H8XOLIKTb-

WH.M B Qt.{9BHll.HblMB C006pa>KeHRH-

2T8H8BnHB8Tb KHH9M8THt.{eCKd9 

)BLIX TO'-IKBX TpeKoa. Bo-aTopbrX, 

·n npoCTbiM H coueplKATb Heoonb

roohi MU IHIMH3HpyeMblfl cjlyHKUHO-

~ne~e lie 6LinO CJ1HWKOM 

, ob!LI H B3S!T bl cneuyiOIUHe TpaeK-

nonJO: 

Yo)/y (bP, Y0 l 

1 l(~Hlie He npeBbiWBlOT 38ABHH0f'O 

M, npencTaans:rJOWHe nae conpfl-

U pa BHbl M H anHH8MH 

< <jly HKUHi1 H8HOO!IBB XOpOlllO 

t.{K8X TeCTOBbiX TpeKOB cneJJ.yJO-

(7) 

cnonb3yeTCH HBMH ann annpoKCH-

B T80!1HU8X H 11 IIpHBeJJ.eHbi HeKOTOpbte ABHHble 1 nonyl.leHH ble npR 06C Y.9Te T9CTO-

BbiX TpeKoB c paBHOMepHbiM pacnpeueneHHeM ToqeK no cneuy . B nepeort CTpOKe T aon Hu 

npHBBllBHO HC1'HHHOB 3H8'tBHHe HMUY!IbCB 'IBCTHU B nepBOI! TQqKe TpeKB, BO BTOpOH C TpOKB -

HMnynbc, aaliueHHbiii npH annpOKCHMBUHII TpeKa oKpylKHOCTbiO, s TpeTbell - nMnynbc npH 

annpoKCHMBUIIH TpeKa Kpasol! (7); s '!eTsepTol! CTpoKe TaonHUbi 

JlnHH Tp8KOB 1 Ha KOTOpblX ITpOH3BO.O,HnHCb BhJl-IHCneHHSl (a CK06K8X YK838Hbi 3HaqeHHH COOT

SBTCTSYIOIUIIX p8lliiYCOS KpHSH3Hbl ), 

Ta6n11ual 

Po (Mas) 125 250 500 1000 

p OKp 
(Mae) 116 218 416 828 

P KpHSBSI (7) 
123 242 473 947 

(Mas) 

L(R) 15(25) 30(50) 55(100) 55(200) 

Taonnu a ll 

TpeKH c OllHOKp8THbiM H 3 f JyqeHB9M 

p
0 

(Mas) 125 250 500 1000 

p OKp 
(Mas) 83 167 332 712 

p KpHSBSI (7) 119 235 472 998 
(Mas) 

KaK SHllHO H3 Ta6n11u, annpoKCHMBUHH TeCTOSbiX TpeKos KpHeol! (7) soccTaaasnHsaoT 

nepsopaqanbHbii! HMnynbc c ropa3uo oOllblllell TO'IHOCTbiO , qeM oKpylKHOC Tb. 0-rKnoueHRSI 

OT HCTHHHbiX 3HaqeH.Hfi HMITynbCOB He 6onhlU9 6% Hit TBKHX .nnHHBX T9CTOBbtX TpeKOB, KOTQ

pbie npeBbllll8lOT 06blqHQ HCnOnb3Y9Mbl9 .nnHHbT npH R3MepeHHM pea l lbJi blX TpeKOD . 

Eonee H8.09>KHO TO'-IHOCTb BOCCT8HOBn9HHH BMnynbC8 B nepsoH T0'l.{K9 Tp9Kll MO>KeT fihiTb 

rtpoaepeHa, H8ITpHMCp 1 nyTeM Cp8BH9HIIH 9KCnepHM9HTBnhH0f'O 3H8'-19HHSI MBCCbl rr
0 

-M93 0H8 

S cneKTpe acjlcjleKTHSHbiX MBCC 2y -KBBHTOB c H3B9CTHbiM 3RatJeHaeM aToH MaCChi. EcnR 

CHCT9M8TH'-I9CK09 CM9W9HH9 3KCnepHM9HTBnbHOT'O 3H8lJ9HBSI MBCCbi rr O -M930H8, KOTOpOe 

riO 3HBKY ,ll.On>KHO COBIT8.08Tb C H86RlO.(l8eMblM 38HR>K9HH9M HMnynbCOB B T9CTOBbiX Tp9K8X 1 

DYllBT OTHOCHTB!IbHO SB!IRKO, TO aTO UOTpeoyeT SSB!lBHHg nonpaSOK ll!ISI KOMneHCBUHH aTOrO 



CMelUBHHs.t. fl11~ y CTpAHe HH H CHCTeMBTfi tteCKOrO OTK nOHeHlHl He06XOAH MO H8 i% TK 38BHCKMOCTb 

BeiJH YH HLl C~H'UleHHH OT nepBOH84'8nbHOrO HMTiynbC8 aneKT pOHB B n nHHbi TpeKa. nn g 3TOrO 

HBAO HMBTb lll!60 ITY'IOK 3llBKTpOHOB C per y nHpyeMOH 3Hepru eli , llH 60 lKe p83blrpa·rb 3 lleK-

TpOHHbiO TpA P KTOpHH no MeTony MoHTe- Kapno . MeToa aaeneHIHJ nonpaaoK, paccMOTpeHHbtH 

18 1 
B pa60T O 1 B JltlHHOM Cnyqae He TIOlJ.XOJlHT , TeK KBK OlliHfiKII CBMOr 0 MeTOJlB CpaBHHMbi 

C Be/IHYH H8MH CHC T BMB THY.e C KJ.:fX OTKnone HHii. 8 Cny q ae >Ke, eCnH OTKflO!i9RHe Cpe.nHerO 3 H8-

\f e HHSI MaCC hi JlBYX Y -KBBHTOB 0T M8CCbi TT O -Me30H8 OKBJKeTCH He60nhlliHM, TO CH C TeMa-

TH'IBCKII M 38 HIIlKBH H BM HMITYllbCOB MOlKHO npeHe6pe'lb. 

Pac cMOTp e HHbi e a n ecb MeTOAbi y 'leTa KynoHOBCKoro pacceRf!IIH c noMO!Ilb!O MaTpi!Ubl 

KyllOHOBCKOrO paCCe S! HIIlt II TOpM03HOrO H3llY'IBHIIlt C ITOMO!Ilb!O annpOKCl!M8UIIH TpeKa KpiiBOii 

14 1 
C nepeMBHHblM p8AHYCOM KpHBH3Hbl HCI10llb30B8Hbl B npo'i'paMMB , npBA1183118'1BHHOii Allll 

o 6pa6oTKH <)>oTorpa<)>Hil Tpexoe, nony'leHHbiJ< Ha MeTpoeoil nponaHOBOH ny3blpbKoaoli K8Mepe
191

• 

nporpaMMa
141 

npeJICT8BllSI9 T co6ol1 6noK r e oMeTpH'IBCKOII nporpaMMb/
101

, B KOTOPOM onpe

JlBllBHHP. KHHBM8TII'IBCKHX napaMeTpOD Tp B KOB OCHOB8HO H8 MHHHMH38UHH <)>yHK!U10118ll8 (3), 

8 B K8'IBCTae arrnpOKCHMHPY!Olllel! KpH B Oll B3ltT8 <)>yHKUIHI (7) C 8 !f 8< Alllt 3 llBKTp0HOB 

x) 
H TI03 HTpOHOB B C 8 3 z:: 8 4 - JlnH OCT8nhHb1X \f8CTHU • 3neKTpOHHbiM K I103HTpOHHblM TpeK B M 

npKCBaHaaeTcsr cneuHanbHbtfi: npa3HBK npu: H3MepeHHR co6biTHR. O c TanhHbte ttaCTHUhi, ecna 

HX MBCCbl I!B OnpeAellBHbl (Har!pUMep, ITO BOI!R38UHOHHblM ITOT e pRM), o6C'IRTbiB810TClt flO 1T+ -

Me30HHOH H npOTOHHOt! rHI10Te38 M Jln51 ITOnO>KHTenbHbiX TpeKOB H no 17- -Me30HHOi1: rHnOTe-

38 Aflll OTpHU B TBllbHbiX. np11 l!e06XOAHMOCTH B nporpaMMY MOJKeT 6bi'rh a aenena 11 K± - r11-

noTeaa. BoccTaHosneaue KBHeMaTH"'eCKHX napaMe Tpon vo -4.8CTHll U y -KBBHT~B, npnaaa-

n elK811HIX K p8CCM8TpHB8BMOMY C06blTHIOI ocymeCTBlllt8TCSl C ITOMO!Ub!O fit -npOU8CC8 B npo-

rpBMMe HABHTH<)> HK8UHH V O -'18CTHU H Y -KB8HTOa
15 1

, KOTOp8lt B K8'18CTB8 BXOAHblX 

U81lflb!X I!CITOllb3yeT KHH8M8 TH'IBCKHB rrapaMeTpb! TpeKOB, HBfiAeHHbiB nporpaMMOH
141

, H MOlKQT 

6hi Tb HenOCpe.UCTBeHHO IlO,U. KJI}Ql.{eHa K 3 T Ofl nporpBMMe. 

CnpaBeAllHBOCTb rrpeAno>KeHllbiX MeTonoa npoaep11nacb np11 o6pa6oTxe CHI!MKOB, nony'leH

ll biX na MeTpoaoll ny3bipbKOBoil KBMep e
191

• HIPKe nponoAHTCSI aHanua co6b!THll c o.unoli HllH 

ADYMS! V
0 

- 1-ISC TIIUBMH, • cMOTpHWHMM' B " -P Hflll B 1T C 3BB3Abl, II C06blTHH C ABYMR 

y - KB8HT8MH 1 • cMOTp SUUHM H ., B 0, 2, nnH 4 -ny\.J:eBhJe 3Be3Jlbl THTI8 TT p 1 nony 1IeHHbiX HB 

nyqKe TT - Me30HOB CHHxpo¢a30Tp0!18 OY!5HI c HMI!YllbCOM 5 r :.alc . 

§ 3. AH81IH 3 V
0 

-'18 C THU 

npaB!WbHOC Tb npBAllOlKBHHOro MeTOAa Y'IBT8 KYITOI!OBC KOro paccei!HHSI rrpoae pltll 8Cb 

!p H o6cqe T e V O - Y:BC TifU , OT HeCeHHblX npH npOCMOTpe Y. KBTe rOpHH: •cMOTpS1LIUiX "' B pac-

X) 141 1101 
floA llOCllB.UYIOUIHM Cp8BHBHHBM nroryaMM II flOAp83yMBD8BTClt CpBBH9HHe 

aayx 6noxoa reoMeTpH'IBCKoli nporpaMMbi 10 • B n epaoM H3 HHX q e pea TO'IKII Tpe xa c no

MOWb!O MHHHMH38UHII <)>yHKUHOH8IT8 (3) npOBOAH T CS! KpiiB8Sl (7), BO BTOpOM - BKHTOB8lt /lHHIISI, 

10 

CM8Tp1188BMYIO BBpWHHY B38HMOA 

exaM: K 0 ~,-+,+ ,A 0
4 "-+p, E 

npoBBABHHblil 8H8lll!3 np8Bl!llbHOC 

0Uli!60K 38Klll0 '18llClt B rrponepKe 

I. nocKOllbKY H8XOlKAeHI!e l 

141 
rpaMMe OCHOBBHO HB MHHUMH: 

B M.lllli!MyMe xapaxTepaayeT TO'IJ 

qepe3 TO'IKH cneAa. Senu'IHHbl 

CB060Abl f a ft - 3 ( - t{HCnO T' 

UHH ( 7) npn a 
3 

" a 
4 

) • n 03TO• 

1!0 Y'ITBHHOM B M8TpBU8 OWH60K 

6biTb pacnpeABllBHbl OKOllO CpeAH 

2 . 8 bi60p MBlKAY ABYMR BO' 

" 1\ 
0 

-+ "-+ p ocymecTenHeTCSI a 

pH!O, runoTe3bl C'IHT810TCSI p83Ae. 

X 2 > X 2 
; nepaaAeneHHbiMH, 

- max 

X 
2 ~ X 2 

e o6eax rHnOTeaax 
max 

TpS!lUBii B A8HHYIO BepWHilY B38ll 

paMeTpBX TpeKOB H HX OWH6KBX : 

C TeOpeTH'IBCKHM X 2 
- pacnpeAeT 

3. B nporpaMMe HAB HTH<)>nx• 

I ll I 
q eCK HX nap8MCTpAX 

r.ne · X a· , 
1 

!;( "t )= (x 

< x 1 - x~ >- J.t3 

MeTpOD H HX cpeaHeKB3.Up8TJ.t 4 HbiE 

1IBCKHX OTKnOJ{eH H ~ B napAMeTpAX 

HHn ann KB*noro H3 31KX napaME 

ro 3Hfi'l f'> HIHI' 0 C .UUCl11~pCH e:1 fJ 
2 

4, J !CXOlHI H3 HBfill.CHH bi X 0 

l!Bpfl ~H.:. rpo o "t'peKOB, COCT8BTHIIOW( 

cpeJlHH e 31JDtt e iBHI B pncupa!lOII PH 

llLlJlOTh C JI 3 n 8 CTH bl M H 31!:Jl.J01Bt :..M. 

l!j.J 8HP/H?I-IItfl 6)'ll)' T XApRKT P.pH ... l Ol\L"\ ' 

M f. ·Tj) O O Tp~Ku :' , 



He OOXOAHMO HllilTH 3/lB HCHMOCTb 

•nt-li, nn6o )Ke pa3birpa·rb gneK-

J.e HIHI nonp8BOK, pa C CMOTpeH.Hblfi 

5 K U C BMOf' 0 M€TOll,8 CpOBHHMbi 

ecna OTKnoaeaa e cpeauero 311a-

.8)K9 TCSI H960nbiiiHM1 TO C HC T8M8-

18CC8HHHB C llOMOI.UhJO M8TpHUhl 

lb!O annpOI< CHMilUHH Tp8Kil KpHBOil 

/ 4 / 
lMMe , npeAH83Hil'IBIIHOil AMI 

p o nauoeol! ny3b!pbKOBol! KaMep/
91 

/ 10/ 
nporpllMMbl , B KOTOpOM Onpe -

MHHHMH38UHH <jlyiiKUHOHilna ( 3), 

') c a ,I a~ 
TlJOHIIblM H n03HTpOHHb!M Tp8KBM 

~aH. OcTanbHbie q aCTHU hi, ecng 

orepHM ), ooC'IHTblBil!OTCH no IT+ -

<OB H no TT- -M930HHOli I"HllOTe

{ MO>KeT ObiTh aeeaeu a a K± - ra-

-1..(8CTHll H Y -KB8HT~B 1 npHHB.ll-

noMOIUhJO fit -npouecc a e npo-

tTOpafl B K8'tf8CTB8 BXOllHbiX 

141 
ll8HHhi € nporpaMMO A: 1 H MQ }K8 T 

npa o6pa6or Ke cunMKoe , nony'leii

:SJ BHanH3 coobi TI! it c oauol! ana 

c 3BB31lhl , II COObiTHH c aeyMH 

bl THll8 rr , nony 118HIIbiX HB 

5 f8e/c , 

Koro paccenHHH npoeepan acb 

T e ropHH 
11

CMOTp5111UiX" B pac

o/ 
noapa3yMenae rca cpaeue 11H e 

l HHX ~epe3 TO'IKII TpB K/l C ri0-

:7) , BO BTOpOM - BKHTOBBH /IHHHH, 

CMBTpiiBBBMy!O BBplliHHY B3/lHMOABHC TBHH H pacnaaaJOIUHXCSJ riO OAHO!I ll3 cneayJOU! HX a1.1yx 

cxe M: K 0 ~IT-+ IT+ , A 0 ~ or-+ p , B cero ohmo ooC'II!TilHO 230 co6hiTH ii c V 0 -~acTK UAMR , 

npOB9ll,8HHbllf 8H8nH3 npllBHnbHOCTH B bP.IHCneHHii KHH8M8TH49CKUX nap8M8Tp0B TpCKOB H HX 

Ollii!OOK 38Kn!O'IIlnCH B npoeepKe cneAy!OIUHX Tp e60B/lHH i\, 

!, fiOCKOnbKY HllXO>KaCHHe KHHBMilTH'IBCKHX napaMeTpOB TpeKOB H HX OIUH OOK B npo-

rpaMMB / 
4 1 

OCHOBBHO Hll MHHIIMH38UHH <jlyHKUHOHan a ( 3), TO 3 H/l 'IB !!ll8 X 2 <jlyHKUHOH/lnfl 
0 

B MHIIHMyMB Xllp8KTepH3yeT TO'IHOCTh, C KOTOpoll annpOKCHMHpy!OIUilH <jlyHKUHH npOXOAHT 

2 
X 0 noa'IHHH!OTC" X 2 

-pacnpeaeneaa!O c que noM creneael! '<epe3 TO'IKH cneaa. Senn'IHHbl 

CBOOO/lbl f • n - 3 ( n -'IHCnO TO'IBK 11/l cneae, 3- 'IHCnO HBH3BBCTHb!X napaMeTpOB <jlyHK-

!lHH (7) npH aS " 8 ~ ) , fioaTOMY npH eep110 Bb!OpllHHbiX OIUHOKBX H3MBpBHHH H npanHnh

HO Y'<TBHHOM e Marpuue omHoOK (2) KynoaoecKoM pacceaHHH eenH'IHHbi x~ I (n- 3) aon>KHbt 

obiTh pacnpeaene Hbt oKono cpeaHero 3Ha'leaaa, paeaoro eaaaaue. 

2. 8 h!00p Mell\lly ABYMS! B03MO>KHblMH CXBM/lMH pacnaaa V
0 

-'1/lCTH!lbJ: K 
0 ~ ,- + "+ 

! 5 1 
-'lllCTHU no a A 

0 ~ IT-+ p ocymecrenaerca a nporpaMMe HABHTH<jlHKBUHH 

pi!!O, fHnOT93 bl C'IHTB !OT CH p83AeneHHbiMH , ecnl! B oaaoll 113 HHX 

Hepa3aeneHHbiMH, ecna B o6eux rRnOTe3ax X 2 <X 2 

B o6eax rHnOTe3ax V0 -qacruua ae C'I{HT88TCSI 
maz 

HH K 0 

, a e apyroll 

H 1 HBKOH9U 1 UpH 

HH A 0 
1 CMO-

TpHIUBJI B aaHHY!O BepiUHHy B3/llfMOaeiiCTBHH, fipH BBpliO OnpeaeneHHblX KHHBMBTH'!BCKI!X na

paMeTpBX rpeKoB u ux omu6Kax aKcnepHMearanhaoe X 2 
-pacnpeaeneHHe aon>KHO coenaaarh 

C TeOpeTR'IeCK HM X 2 
-pacnpeaeneHHBM anSI rpex creneHel! ceooOAbi , 

3. 8 nporpaMMB HllB HTH<jlHKBUHH Bb!'IHCnH!OTCH IIOpMHpOBBHHbiB OTKnOH QHHH ll KHHBMBTH 

/ JI/ 
1.f 8 CKHX nap8~10Tp8X 

rae · X "' .. 1 <X i- X~>- H 3MepeHHbie H 110Jl,06paHHble 3 H 81.f9HH51 KHH 9 MllTHY: e CKHX napa-

MeTpOB H H X CpC>aH 8 KBD J.lp8TJPi Hbl9 OTKl10H8HRH 1 COOTB 8 T CTB9HHO , npH OTCyTCTBHH CH C TeMBTH

q e cKn. X OT KnOHCHHH 9 napaMeTpax H Bep ao BbJli KC R 8HHblX Oll1H6K8X HOpMHpOB8 HHh!C' OTK llOB e -

H IHl llTH I K A >Knoro fl3 31ltX napaMeTpOB llOniKHI>I 6LITb H OpMBllbii O pRC npeOP ih~ IH! OK OllO Cp8J1i-fe 

ro 3 H fi '-lfl'H IHf Q C J]UC11PpC H e~l a 2 = } , 

tJ, f ! C XO.U SI H 3 HBfiLlC HH hl X B I ' eO'vteTpHY8 C KOH nporrcH.f !I.H?/ ..J / 3HD. 'l 8 HH fi K I1 HP M 11Tl-P£CC K H X 

cpellHHe 3H£PI B IUHt B pncupe.acn e iiHH 3 ¢q1e h.THBHI>IX Mace U JB l K o ... n 

ua;laTh c u 3n2C TH LI :VtH 31!.'1l.JC IHI HMH Mncc K 
0 

- Me•:-\ O Wl I! t\ 
0 
-f' HIIC>po i! a , ll n ony JUHJI H!Ihl p~lc -

lttJ8!leneJ-HtH 6yn)' T X 1tptt KT f? pH ;1 0B 8 T b T O•Ui OCTh f\l,f1H JCJ1PJ I/ Ib\X .:JiftP il ' JfHii h.lllH~ M8 'f H t.{oJCK V.X n :Jf •il-

I i 



2 2 x) 
P a c npe aene uan no x

0
l ·( n-3 ) H W0 l ( n - 2) (eM. pac . 3) ObinH n ony'leHbi ann 

"- - Mea oHHbiX Tp e K o a ( oTpauaTe nbRbrx Tpe Ko a a Hn oK ) npH owHoKax H3 MepeHHII
1121 

u Y(mes) ~ 0,2 MM B n nocKOCTH XY H "• (mes) = 0 ,75 .MM B aepTHKSIIb HOil IInOCKOCTH, 

Cpe aHue a Ha'!e HHSI aTHX pacnpeaeneHH il c Meme Hbi OT o>KuaaeMoro aHa'leHa ll , p a a aoro eaaaa

ue , a p a BHhl x 2 I (n-3 ) = 0,67 H W 
2 

l (n- 2)= 0,66 . Ecn H C'IHTaTb , 'IT O KynoaoacKoe pac-o 0 

CeSIHHe 

2 x
0

1 (n-3) 

B ¢YHKUHOHane (3) Y '!T e HO a e pHO, T O npH'IHHOil CMeweHH !I Cp ei!HUX 3Ha 'le HUil B 
2 

u W 
0 
I (n- 2) pac npe aeneHu nx MoryT OhiTb aaahrweHHhle o w uoKu a Koopauna-

Tax. nepec'!e T a Tux pacnpe a e n e HH H ann HeCKOIIbKBX Haoopoa o w uoo K n oKa a a n , 'ITO cpeaua e 

3HB '!e HH!I pac npeaene HHll 0 1IH3 KH K eJlHHUUe npu U y ( mes)c 0,11 MM U U • (mes)• 0,4Q MM, 

lln11 npoaepKH TO'IHOCTU H3Mepe HU il KOOPllHHBT TpeKOB HSMU Obiii O n p OU3BelleHO MHOrOKpaT

HOe H3Mep e Hue w eC TH n epau •rH hlX Tpe KO B, Ka>KJlhril TpeK u aMep stncSI npuonuauTenbHO 70 p ea 

no OllHH M H TeM >Ke XBpBK Tep HbiM TO'IKBM H3 Q.(5pa >KeHUSI TpeKa HB nneHKe .(ao HB COOTae 'I'

CTBYIOlUHM ) . P eaynbTBT bl ooc '!e Ta 3 THX TpeKOB no r e oMeTp H'!eCKOll npor p aMMe
110 1 

n oaao

nsnoT nocTpOHTb pacnp eaeneHH SI npocTpaHCT BeHHbiX KOOPllHHaT B Ka >Kaoll ' T O'!Ke' u a Mepea

HbJX TpeKol3. TpH TBKH e rH CT orpaMMht nn sr HeKoT opoR "ToqKH" onaoro ua TpeKOB noKaa anbl 

HB pnc . 4, Y epea r ucTorp aMMbl M e T OJlOM HBHMe HblUUX KBBJlpaTOB npoaeaeHbl KPHBbl 9 raycca, 

C TBilABPT Hble OTKII OHe HH!I 3 THX KpH Bb!X xapaKTe p H3YIOT OT HOCHTellb HYIO TO'IHOCTb n OIIO>Ke HH SI 

Ll.BHHOH T O'lKH f!O OTHOW 8 HH 10 K OC TBnbH biM TQqKB M Tp9K8 nocne BOCCT8 HOBn 8 HH SI llpOCTp 8H-

C T B€ HH Ofi xapTHH bl . C T a H.a.apTH bJe OTKnoa e HHSI a x .. a Y , a z npaKTKt:IeCK R a e a a aRcsrr OT 

CBMbiX KOOpllHHBT X y , Z 3 8 HCKII IO'! e HH eM OCOOblX TO'!eK, 0 KOTOpbiX oyaeT CK838-

ao HH *e. Cpena R ~ aenHYHHB a, Bhll-IHcneJtHa SI no paa nattHhiM TOqKaM TpeKoa, coc:ra ansreT 

0,40 MM, a x= a 0,11 M M , U 

TaKHM o 6pa3 0M , coan a a eHHe owa ooK a KOOPllHHai'ax, n ony'leHRhiX npu HOp MapoaKe 

c p e a ur1x 3 Ha'!eHu ll X: I (n- 3) H W ~I ( n - 2) p acnp e a e neHH ll u npH MHo r oKpaT HOM u a M e peHHH 

T p8KOB1 CB Hll8TenhCT ByeT 0 T OM , '-I T O H CTHHH ble 3H8'tl 8 HH SI OllH60K KOOp.O.HH S T ne>KBT a6naa·u 

3 Ha'leHHil a (mes )' 0, II MM n u • ( mes) = 0 ,40 MM, a Ky n o HOB.CKo e pacc eSIHHe aepHo y'IHTbraa-
Y ' 

eTCSI BBe JleHHe M MBTp HUbl KYII OHOBC KOrO p aCCe !IHHI! B MHHUMH3HpyeMbl il ¢YHKI!HOH811, 

T e M He Me Hee , HaliaeHHbie 3 Ha '!eHH>< owaooK KOOpllHHaT He MoryT o brTb acnonhaoaaHhi 

BMeCTO 3 HB'leHI! ii Uy (mes ) = 0, 20 MM II U • (mes) = 0, '/5 M M Jlll !l Jl811bHe iiUIHX Bbi'!HCIIeHHl! 

H 3 - 3 8 HB/HP I H SI OC06 bJX TO"' 9 K 1 B KOT Op bi X O WH6KH B K 00pll, HH8 T 8 X C y lll 9C T B9 HJ-IO BbtWe . K 

T8KU:M OC0 6 b iM T O'-IK8M OTHOC SI T C s:l T Ol.IK H T p9 K OB 1 n e)K81UH 9 B 6nH3 H 6 83bi C T 9p00IT8pbt 1 8 T8K

)K9 ne pBbi e H nocn ea Hu e T04KH . B paccMa Tpu aa eMoM MeTone onpeneneHHH KHHeMaTHtteCKHX 

napoMe TpOB T p eKOB , OCHOBBIIHOM HB BBe AeHHH MBTp HUbl OWHOOK K OOpllHHBT B MHHHMH3HpyeMbll! 

x) 2 / 4 / 
W O - 3 11 £tY: 9 HJJ 9 B MHHHM y Me lPYHKUH OHana 1 llOCp eLlC'i' BOM MHHHMH38UHH KOTo-

p oro u a x oaHTC st T BIJre n c yrno HaKnoHa TpeKa K n noc KOC TH XY , B a TOM qJy HKI!HOHane 

MBTpHua OWHOOK KOOPAHHBT p a BHa o,. = F,. +u ; .<mes) 0 lk • BeliH'IHHbl w; n OJl 'IHH!I-

IOTC!I X 2 -pacnp encn c HH IO c '!HCIIOM c Tene Heil caooOllbl f = n - 2 , n o a TOMY a enH'IHHbi 

W ~I ( n - 2) nomKHhl Gnl '~'' prc n pcnen e Hhr or<ano c p e aHe r o a Ha '!e HH !I, p aarwr o eaun;rue . 

12 

oy HKuHoHan , npcan onl\raeTc u, qTc 

'BHM9Hhllleit, flOC K OllhKY B nepaoH 

c e llnHe M, B TO >Ke apeM SJ cpeaau 

~UI TOLfKCIMR Tpe KOB, C OCT8BltSUOUl 

a nnOCKOCTH XY H h • ~ (0 ,82 

h r OT6pOW9Hbl C06b!THSI C h r ~ 

3 TH p a cn p eueneBHII fi0K838H bl HB 

Ko opaaaaTax n epBb!X T O'!eK Tpl 

o hr c o anaaaTb co a aa'!e HU!IMu 

T aKBM o6paaoM, anasrnae ocooh:X 

D.on >K Hbl 6blT b BCflOJih30B8 R bl OlliB 

n ocne OOC'IeTa COObiTBii no 

y KOTOpbtX OWU6KH B BMny n bCBX 

c o o , rTIUt a aTeM oblnB npOC'IUTaHbl 

x 2
- pac npenen eH&e an sr co 

np encTaaneuo 11a p u c . 6. C peuue< 

Ue HH e U ~2,43 3 KCnepHM9 HT811b 

MbiMH 3 Haqe HBSIMH x 2 
• 3,0 H 

CornaC HB 3 KCnepBM9 HT8nbH Or O ~ 

p UIO napCOHB, p aBHB 97%. 

P a cnpenene HUSI no uopMupOE 

HJleHTH¢ HK8l!UB JliiSI 0JlH03H8'1HO P· 

a aHbl Ha puc. 7 , a an >I f3 3 , tg 

CKUM napaMe TpaM Tpe KOB, COCTa t 

V0 
- 'ISCTBUbl) , KaK BHllHO H3 p i! 

HU H 3 THX pa c npeaen eaa l! a npeae . 

MblMH 3 H8'19 HUSIMH S( x,) = 0 H 

n p R nOCTpoeKHR c neKTpOB 3 

TPH'!eCKOA npo rpa MMc
14 1 

KHHeMB' 

B L I"''HCfl511l H 3~eKTM BH bl e MBCCbl n 

2 

M 3 4' = ( ( l v 
j E f 

rae m
1 

11 p 
1 

- Mecca H HMnym 

- Te >Ke senuqKH hl nn 51 non o JK K"l t: . 

H p 
2 

, D LJI'Hf C JleHHbl it B re O tvtCTPH ' 

m 2 = n1 .P H P 
2 

, Dbt"'H Cnef-



c . 3) DbinH nony'teHbi anll 

HDKax H3 Me peaall
1121 

B BepTHKBnbHOA nnOCKOCTH, 

Jro 3Ha'teHHll1 paeaoro eaaaa-

HT8Tb, 'ITO KyllOHOBCKOe pac

~ illeHHll Cpe(IHHX 3H8'1eHHl! B 

bi rneHHbie ornHDKH e Koopaaaa

ornHDOK nOK83 81l , 'ITO cpeaHHe 

I MM H u . (m es)• 0,40 MM, 

5bJnO npOH3BeQeHO MHOrOitpa T

Jli/ICll npHD/IH3HTenhHO 70 p a3 

liB nne HKe (HO He COOTBeT

•CKOA nporpaMMe / I O/ noaao-

OQHOro H3 TpeKOB nOK838HN 

r oa npoeeaea bi KPHBbie f aycca, 

Te/lbHY~ TO'IHOCTb nono~eHH ll 

:ne BOCCTBHOBileHHll npOCTp 8H-

npBKTH'teCKH He 38BHCl!T OT 

~eK , o KOTOpbiX f5yaeT CK83B-

T O'IKBM TpeKOB1 COCT8Bill!eT 

Iy 'te HHbiX npH HOPMHpo axe 

np H MHOr OKpBTHOM H3Mep eHHH 

l OOK KOOpQHHBT ne~BT af5naa·a 

xoe pacce l!HHe aepuo y'IHTbiBa

•Hpye MbiA !jlyuKuaouan, 

a e MoryT DbiTh ac nonh3 0BBHbi 

lnH ABnbaeilmHX Bbi'IHCn eual! 

·a x cymecTae uuo Bbill!e , K 

IH3 H 083b! CTepoonapbi, 8 TBK-

Jnp e aeneHHR KHH e MBTHYeCKHX 

K KoopnHHaT a MH!!HMH3 KpyeMbil! 

:pe.O.CTBOM M HHHMH38 UHH KOTQ

• B 3TOM ljJy HKUH ouane 

• BenHYHHbl W; noU'tHHH-
. 2 , n03TOMy BellH'IHHbl 

aqeH HR1 paauoro e QHHH Ue , 

DY HKUH OH81l 1 npeJlfi Oilt'raeTC SI . qTQ OW H fiK B B K OOp.UH HttT& nepBO ~i TO'tKH TpeKB HBII SH~TCSI 

'BHMeHb llleA:, nOCKOilb K Y B nepsoH. TO liKe OTC yTC TByeT OW H 6K8 1 B H OCH MBH KYll O H OBC K HM pac-

c eRHHe M. B TO >Ke spe M R c penHue a aa'leHHst pacnpenanc uw. H no paccTo~nru JO Me >KttY ne psLr-

:'"Ul TOliKBMH Tpe K OB , COCT8BilSUOWHX BHIIKY 1 OK83blB810TC ~ paBH bi MH II' = (0,27:!:_0 ,01 ) MM 

B /1/IOCKOCTH XV H h. a (0,82 !_0,04) MM B BOpTHKanbHOll 0/IOCKOCTH (npH Bbi 'IIIC/leHHII 

h , OT5porneHbl c o6N TH ll c h , ?. I MM, a n pH Bbi'IHCneHHH h- CODbiTHll c . ~ 4 MM), 

3 TH p acn p eaeneHHll n OK83allbl HB rae , 5 , flpa OTCyTCTBHH CHCTeMBTH'Ie CKHX OT K/IORBHHil B 

KOOpllHHaTaX nepBbiX TO'teK Tpe xa 3 Ha'te HH ll h • = h Y = h • I V 2 H 

6bJ COBR8Ll8Tb CO 3 H8'18 HRRMH u y (mes)= 0 , 11 MM H u. (mes ).0,40 MM, cOOTseTc ·r aeuuo . 

T & K R M o6p83 0M 1 SIUISU:tHe OC06b!X TO'I.eZ: CK83biB8e TC H B TOM , 'ITO B nocne n y JOWRX p a c q e T B X 

UO/l ~HN 6NT b HCnOnh30B8Hbl OlliB611.H H3M8p8HHll, paBHNe U y(IIII!s)= 0,20 MM H U• (mes)=0,75 MM, 

fl ocne o6c'teTa c of5btTHII no r eoM;eTpuqecKoll nporpali4Me 6bmO OTo6paao 198 c o6biTHli , 

y KOTOpbiX OWHf5X.H B H M DynbCBX '18CTBU 1 COCT8 BnSIJ01Il.8X aunxy, DbtnH MeHh rne 30%. 3Ttt 

<:: OD!>ITHSI aaTeM Dbln u npoC'tHTaHbi no nporpaMMe u n euTu!jluxauau V 0 
- "'aCTilu

15 1
• 

X 2- p acnpeuene aae nnn c of5hi THli, onaoaua 'IHO &ae aT a!jluuaposauubiX no nporpaMMe
15

' , 

np e ucTaaneao 11a pa c . 6 . C peuuee ::> ua'teHBe X 
2 

= 2,9 !_0,2 u cpeaueKsaupaTH'tuoe OT KJJ o-
2 

Ue KH e U = 2 ,43 3KCnepHMeHT8/lbHOrO x -pac npen eneHH H xoporno cornacy~Tc n c o~aae-

Mbi MH 3Ra'le HBHMH x 2 
• 3,0 H u =2,45 T e opeTH qecKoro x 2 

-pactip enencHHSJ. Bepo sn riOCTb 

2 
c ornaCHH 3 KCnepaMeHTanbHoro X -pacnpe ne n e H& s:r c TeopeT&'leC KHM, oneoe uHn R no KpRTe-

pH~ flupcoua , paaaa 97%. 

Pacnpe/lelle HHll no aopMHposaHHbiM OTKnoueaa HM S(x 1 ) , nony't<:HHbiM no npo r paMMe 

HQe&THIPHKauan nnll onaoa aaqao paaaeneuablx c o6biTHII , nnll {3 I, 2 ' I , 2 
k n oKa-tg a 

I , 2 

3 aHN Ra pac . 7, a )l/lll {3 3 , tga 3 - Ha p&C. 8 (BBJleKC bl I , 2 OTUOCIM'Cjl K KHHBMaTH'IB

C KBM napaMe Tp8M Tpe K OB 1 C OCTSBnSIIOIIlHX BHnKy 1 H HlleXC 3 - K KBHe M8TH'leCKBM napaMe Tp8M 

V 0 
-'laCTHUbi). KaK BHilHO H3 p ucya xos, cpenaue auaqenu l! H c p enae xaaapaTH'tllble OTKnoae-

HHSI 3 THX pacnpe.aen euu A a np enenax CT8 T RCTs:'leCKHX owH6oK xopowo cornac y "=>£ ..... w L O*HLtae-

MbiMH a aa'te &Hl!MH S( x
1

) = 0 u u= I. 

fl pB n ocTpDeKHH CneKTpOB 3tj.pe x ·r&BH b! X MaCC V O - '18CTHU DO Ba fiaeHHbiM B r .. OMe
/ 4 / 

T p H 1.t8CKO A n p orpa MMC K HHeMBTHL{e CKHM nap8Me Tp8M T peKOB , COC T B Hn SU OWRX B H l!tty , M bl 

BLI'IHCnllnH 3tj.pe KT HAII bl 8 MBCCbl no !jlopMyne: 

- --- 2 
M 3 4' ~ ( ( }; V p ~ + m ~ ) 

2
- ( I 

J2:: 1 l-= J 

... 2 I( 
pI ) ) 

(8) 

ru,e m l H p l - MBCCB li HMny n h C OTpHUBTe Jlb H OrO Tp e K8 D H nKH "- -Me 30H a ) 1 8 II!,_ H p
2 

- T e ~e aenHq HHbi nnst n on o>KHTt>llbHoro Tp eKa (nn<~ K
0
- Moaoiia n (8) 6epeTC!I m

2
-m,. 

11 p 
2 

, Bbl'iHCneHH biA s r eot.tcTpH'iCCKoii nporpBMMe no "+ -rHnarcae , a Dnsr A 0 - rHnepoua 

m = m 
2 ,P 

H p 2 , Dbl't.fHcne HHblH no npoTOHHOif rnnoTe3e ) . CTporo rosopSI, 3~KTHB tHHI 

13 



Macca MO>KeT 6bJTb onpeaeneHa TOnbKO J:lllSI OIIH03HA'IHO HJ:leHTH<jJHUHpoeaHHb!X co6biTHil , On

HBKO CllCKTpb! 3<fxPGKT U:BHbiX M8CC 1 ITOCTp08HHbl9 TOnhKO llO T8M C06bl TB51M·, KOTOpbi8 nonanH 

n paap>~n paaaeneHHbJX, aaneaoMo ynyqwaJOT peanbHoe pacnpeneneHue. B caMoM nene, e 

l.f:HCno OT6pOWEHfHblX C06biTHH BXOJHIT H8 TOilbKO KHH8M8THt{8CKK H8p83Jl 9 11HMbi8 C06biTHSI HllH 

V
0 

-"18CTHUb1 1 J-19 CMOTp SUUHe B Jl8HHY JO B8pUJHHy 838HMO.ll9ACTBHSI
1 

HO H T8 C06biTHSI
1 

KOTo-

pbte OTH8C9Jibl K 3THM K8TeropHHM H 3 -38 H9TQqHQ OITpeaeneJIHbiX KHH9M8TH'tf9CKHX Il8p8M8T-

p0B, noaTOMy llOMHMO M a<jJ • HallaeHHb!X nnSI onH03Ha'IHO HJ:leHTH<jJHUHpoeaHHb!X C06b!THil ~ 
Mbl BK/l!O'IHilH B CneKTpb! a<jJ.peKTHBHb!X MaCC H M a<jJ TeX C06b!THlf, KOTOpbl e nonanH B pa3-

x) a¢ 
pS!n HepaaneneHHbJX Knl! nnoxKx • Jln SI aTnx co6biTKll M Bbi'II!CnSinl!cb nllll o6eHx rHno-

Tea : K 
0 

-Me30HHOii K A 
0 

-rHn epoHHoll, H B c neKTpbi 3<jJ<jJeKTHBHbJX Mace BKniO'!anucb ace 

Te 
3<jJ 

M , KOTOpbie y.noeneTeop ~TIH ycnosHJO: 

v 
M 3 <1> - 3~M 3¢ < M 0 < M 3¢ + 3~M 3¢ 

v 
rne M 

0 
nonar·anacb paeHoll M K o Hill! MAo , cooTBeTCTBeHHO. 

C n eKTpbl 3<jJ<jJeKTHBH bJX Mace npue enehbl Ha puc . 9 ( nyHKTKpOM noKa3aHbl cneKTpb1
1 

no

llY'H!HHbie TonbKO n ilS! OIIH03Ha'IIIO KneHTK<jJHUKpOhAHHbiX co6biTKil). CpenHHe 3Ha'!eHHSI 11 

0 --
cpenne Keanpa TH'IHble OTKnoHeHHll anSI K 0 

H A -cneKTpoe cooTeeTCTBeHHO pABHhi: M K 
0
= 

=(494,9 :!:. 2,2) M3e H '\o = (24,5 :!:_0,7) 1\-\ae, M A 0 =(1115,4:!:_0,9) M3e Ho A
0
=(9,6:t_0,8)M3 e. 

J'v\bl BHllHM 1 '-ITO Cp9JlHH8 3H8 t{8HHR Cll8KTpOB 3<PQ>8KTHBHbiX M8CC 11 8>K8T B611H3U 11 C THHHbiX 

3Ha lfeHati Mace K 
0 

-Me3 0Ha H A 
0 

-rHnepoHa, 1fTO CBH.lleTenbCTByeT o npaaunbHOCTH BbitiH-

cneuHbtX 3HBl.feHnft KHHeMaT nqecKHX napaMeTpoa. E c nH Bbi1.J:Hc nnTb glf><PeKTHBHhie MaCChi co-

6biTHA, BOWe!lWHX B CneTpbJ 3 Qxl_leKTHBHbiX M8CC HB pHC. 9, flO KHH9M8TH'{9CKHM napaMeTpaM 

" 110/ 
TpeKOD 1 H8HJl9HHblX JT O nporp8MM9 1 T O COOTB9 TCTBYlOIUHe Cp9 .UHH 9 3H81.f.9HHSJ H Cpe.nHe-

KBaJ:lpBTH'IHble OTKnOHeH!ill c neKTp oa oyayT pABifbl MK 0 = (492,3 + 2,5) M3B H a 0 = 
-- - K 

= (28 ,3 :t_0,8) Mae, MAo = (lll5,2:t_l,2) Mae H aAo =(12,8:t_l,O) M ae, 'ITo cornacyeTCH co 

3HB'IeHHS!MK, rlpHBene HHb!MH B pa6oTe
1 13 1

, 

T aKHM o6pa3oM , coaoKynuocTL SKcnepHMeHTanhHbrX llBHHhiX, nonyl.feHHhiX npH o6pa6oT

Ke V
0 

- 'IBCTH.U , C Bif.ll 0T9JlbCTByeT 0 TOM, YTO KHH9M8TH'i9CKHe 11o'lpBM9Tp b i TpeKOB B reoMe

TpK·!C!CKoll nporpaMMe
141 

Bhi'IHCnliiOTCsr eepHo. CnenoeaTenbHo, KynoHoBCKoe pacceRHRe npa

nunbHO yYHTbiBB e Tcst aaeneHHeM MBTPHUbi KynoHOBCKoro paccestHHSI a <ilYHKUHOHan, nocpea-

C T BOM MHHKMH38UKH KOTOporo Ollpe.ae.'TRJOT C H KHH 9M8TH'i9CKH9 napB M 9 Tpbl Tp9KOB. 

Ylhe D rrp encnax !laHU OH C TBTH CTRK H HB OC HOBBHHH c paau e HRH C fl eKTpOB 3cJxPeK TJ1BHbiX 

0 141 1101 
V -1.J8C THU, nony '-l e HHbTX C fiOMOlUblO nporpSMM H , MO>KHO f'OBOpHTb 0 TOM, Mncc 

x) B oo6we roeopH, npH HeoA>~HaKoBoM qnc n e K 
0
- H A 

0
- 'laCTHU, nonaewHx B paapl!A 

HCp83JJ.eneJIHbiX HIIH fl11 0XUX C06bi'i'Hfi , 3 TO MO>KeT llpHB9C TH K C H C T9MU'fHY9CKHM CMeW.eHIHIM 
0 cneKTpon 3~eKTHBHhrx Mace. 3To oco6eHHO CYlli.ElC TDe HHO .'lJHI K - c n eKTp a , nocKonbKY 3Ha-

'i 9 HH e M
3 1 

L!JTSJ K 0 - runoTe 3hi H e TBK \ HllbHO onpe.ae n51e T CH 8 H B1.f9 l-'R eM m 
2 

, KBK a A 0-

r un o T e3e , H 1 Clle,llOBBTCflbHO, lfOHOBhle C05biTHSl MOryT C HJlbHee HCK83HTb ClleKTp 3cp¢eKTHBHhiX 

MllCC . 

14 

1.fTO p8CCM8Tp HB8 9Mbt'A M9TOJl C 

Koe pacnpeneneHne B cneKTpe " 

mHe JJ.BH H hte nony1.1eHbl npH 6on1: 

BLIWe 38M9'-18HUii 0 BllHSlHHH OW l 

Till pi.! M 9Tp0B B OJTHCbiB89MOM Me 

CTQHOB11CHH51 npoCTp8HCTB9 HHbiX 

T 0 1IHOMy onpe.o.eneruno KHHeMBTP. 

Jl.BHHbiX OWH5K8X H3MepeU.H H. 

§ 4. AHana~ 

npoeepKa npaBHnbHOCTH Y' 

311eK TpOHHhiX H n03 ~TpOHIIJ,IX T p 

Ta MH, CMoTp S!lHHMR B 0,2 H 4-n 

0Ko/IO 240 Co6bJTHil TaKor 
/ 4 / 

rpa MM e , a 3aT~M no nporpa 

JU1H9HIIO i1 C nporpa~MOH Ubll.JHCr 

TH~ 6wnu npe.aaapHT eJJbHO o6cq 

YHC119HH~ KHH9M8THY9CKHX napa : 

MaCC, npH 3TOM B llporpaMMe ' 

c y'leToM nonpaBoK Ha TopMo3H 

Hbre noTepH aHeprnu Ha H3nyYe r 

C 0 9K T p8 pllllMBU~OHH biX JI OTCrL 

A Hann3 npeano):<··r iHhiX Me' 

UHSl ,lln!rt 3 119K'rpOHHJ,fX Tp 9IC0B 0( 

M8CC Anyx y -K nBHToa. KpoM 

p acrrpe.aeneHHstM, H 3 noli<eHHbtM E 

Ho pnc . 10 n oKa3aHhl ucx• 

TOB. TipH U X TIOC Tp09HHH npH MI? I 

KOTOpb!X X OTH 6 bJ OLlHII H 3 g n eK 

e HMil YIIbCe A p/ p > 100%. 

nn~ BbiLlene HHH ¢oHOBblX C 

OTH8C8HllbiX npH: np OCMOTpe K K 

BepWHHY B38UMO.OOiiCTBH51 1 Mbl E 

x) Mbl 6yaeM e AanbHeJIJ 

Te CneKTpbl 3~J<jJeKTHB<IbiX MaCC 

Y -KBBHTOB HllAae H bl riO nporpl 



~HTH<!>HuHpoaaHHbix co6biTHll . Oa-

TeM C06blTBSIMJ KOTOpbie nenana 

IpeaeneHHe, B caMOM aene, a 

~C KH H9p83Jl91lHMbl9 C06biTHSI BnH 

CTBHSI 1 HO H Te C06biTHR 1 KOTQ-

~llHbiX KHH9M8THtt9CKHX nap8M8T

Il!le HTH<!>HUHpOB8HIIbiX C06biTH li ~ 

' 06biTHll, KOTOpble JIOIT8JIH B p83-

3 <j> Bbi'IHCJISIJIHCb !IJISl 06eHX rHrrO-

.THBHbiX M8CC BKniO"'BnHCb BCe 

TB8HHO. 

f HKTHpOM ll0K838Hbl CH8KTpb1 1 no

biTHJ\). CpeaHHe 3Ha'!eHHll 11 

coo-raeTCTBeHHO paBHhi: M K 0= 

1115,4:!:_0,9) M3B uo A0~(9,6:!:_0,8)M3a . 

....t:BCC ne>KBT B6nH3H l1CTHHHblX 

~ llbCTByeT 0 npBBHnbHOCTI::I Bbi'-IH-

! Cm!Tb 3<jl¢eKTHBHble MBCCbl CO-

n o KI::IH8M8Tlfli8CKHM napaMeTpllM 

92,3 !_ 2,5) M3B H aKo = 

!_1,0) M3B, 'ITO c orJiacyeTcSJ co 

lHHbiX, rrony'l e HHbiX npu o6pa6oT-

>H 0 1 KynoHOBCKoe pacce stHHe npa

:c el!HHSI B <I>YHKUHOII8 JI 0 ITOCpe a-

• e napaMeTpbi TpeKoB. 

9 BH e HHSl CrreKTpOB 3 <jl<i>eKT .. BHbiX 

/ 10 / 
, MO>KHO rOBOpHTb 0 TOM 1 

II 
0
- 'IBCTHU, nonaBIIlHX B pa3pS!u 

K C H C T8MtlTH~teC KHM C M 9 W8HKHM 

nl! K 
0 

-crreKTp a , rroC KOilbKY 3118-

r cs:t 3 Haqe~HeM m
2 

, KBK a A 0-

. nee HCK83HTh Cllf!KTp 3~8KTHBHbiX 

"'TO paCCM8TpHB89MbiA MSTOll C M8TpHU9H KynOHOBCKOr O pac c e SIHHSI o6ec neqH B89T 6 oJJee ) 3 -

KOe pa c npeaene H.R 9 B C n eKTpe aQ>qleKTHBHbiX MBCC. 3 .neCb c ne.ny eT H M 9Tb B D H ll)' , 'i TO H BCTOSI-

llllle LI8 HII bl e ITOJiy'lellbl n p H 60JiblllHX Olllll6K8 X H 3 MepeH H Sl, f103 TOMY B CBe T e Clle.'18H IIbiX 

B b i W e 38M 8Y8H H ii 0 B nH SI HHH OllHt:60K H3Me peHHH HB T O"lH OC Tb on peoen e H H 5l KHH8 M 8 TJP I C C Kil X 

flflpAM 9 TpOB B OflU C hlB8 9M OM M8TOJ..l 9 C TB H OBHTCH Q l.!eBUllHbi M 1 l..JT O Yli )' 'Y. W I?HHe TO' JH OC' T R B OC -

C T OH OBJieiiH 51 rrpOCTpBIIC T Be HIIbiX K OO:) LIHII8T B nporpBMM e peKOHCTpy KUIIH ITp H Be!l e T K 6 0 .1 e e 

TO'-tHOMY onpe.nen e HHlO KHH9M8TH'l.{9CKHX nap8M9TpOB 1 l.£9M 3TO OKB3BnOCb B OOMO.tKH bl M npH 

.llBHHbiX Oll1H 6K8X H3MepeHHSJ. 

TipoaepKa npaBHnbHOCTB yti8T8 KynOHOBCKOrO p8CC8SlHHSl H TOpM03HOrO H3 liY 4 8 HH n Y 

3lleKTpOHHbiX H n03 HTpOIIH I ,JX Tp e KOB npOH3BOJJ, Hli8Cb llpH 8H8nH3 8 C06biTHfi C !lBYM 51 y - KB8 H· 

T8MH 1 CMOTpHlHHMH B 0,2 B 4-nyYeBbi€ 3B83.[lbl THna " p 

0KOJIO 240 C 06b!TIIfl T8KOrO TI!JI8 6hinO npOC'IOTBHO Cllll'I8Jl8 no reoMeTp!i'18C KOH n po-

r pBMMe/4 / , 8 3 8T 8 M n o nporpaM M e HlleHTH ~lHK8UHH V O -'Hl C TIIU II y -K Bil lfT On/
5

/ , 06be-

nHH8HHO~i C nporpa MM Q ii B b ll.J UClle HHH 8Qlcjlo KTHBH biX M OCC HDYX y -KB8HTOB . 3 TI! II<P C0 6 l>I -

/ 10 / 
THSI 6bill H llp9JJ.B8pHT€JlbH O 06Ct.HtT8Hbl riO reOM8TpiPJ 8 CKOf1 npo r p BMMe , Tlp Orp8 1~M 8 B~I-

'IIIC.1 e iiHSI KHHeMBTH'IeCKHX rrapaM e TpOB y -KB8HTOB 7-5 /
8

/ ii nporpaMMe :;, ~.pe Y. TH BII hl X 
M8CC, f1p11 3 TOM B rrporpBMMe 7-5 HMITynbCbl 3JieKTpOHOB II ri03HTpOHOB n e p eC 'II!Tb iB8 mi C b 

c y1.1eTOM nonpaaoK Ha TOpMoa n oe nanyqeHue, BhiYHCneHHbi X a npe.nnono>KeHHH 1 l.JTO c y MMnp

Hbie noTe pH 8HeprHH HB H3ny YeHHe He npeebtWBlOT nonyc THMoro nopora o6pe3 llHHSI y 
0 

= 0,7 

CneKTpa p81lH8UHOH HblX IIOT epL (eM. § 2)X)• 

AHanH3 npe.nno ):{ ··nHh!X MeTo noo y1.1eTa KynoHOBC K o r o p n cce sttHHI H T Op M03 ! tor o H3nyl.f e -

IUHl JllHI 8 l18 K T pOHH J..I X Tp e K O O OCHOBbiBBll C SI Hll Cp8B H 8 HHH C I1 0KTp 013 II II :;,cp<jJe KTlHIIIbiX 

M ace anyx y -KB 8HT OB . KpoMe 3 Toro npoaep g noc b B binOnHelln e Tpe 6oea11H ii K X 2 
>I S ( x

1
) 

pacnpe!19JieHIHIM, 1!3 JIO"<e iiHb lM B § 3 B IT Y IIKTIJ X 2 II 3 , 

Ha pnc. 10 noxa3 8Hhl I!C XOLIHhle cnexTphl H II a<j><!>eKTHBHbiX M 8C C !IBy X y -KB8fi· 

TOB, TipH I::IX flOC TpOe HHH npH MeH e H TOllbKO OllHH KpHTCpHfi: D HHX He BOllillJ.I T P r o 6bi T HSJ, B 

KOTOpblX X OTSI 6 bl O.U HH H3 3 l18KTpOHHbiX n ll03HTpCHHblX Tpe KOD RM8 ll OTHOCHT 0 1IhHY lO OW U GK y 

B HMrr y nbCe A p/ p > !OO%. 

flnSl Bbi.U8lleHHSl QJOHOBbtX C06btTHfi, o6ycnoBn8HHblX H8l1HYH8M y -KBO HT 0 0 1 0 1UH 60t.tll 0 

OTH9C8Hllb!X npH npOC MOTpe K KBTeropHHM y -KB8HT0 8 1 "CMOTpSllllHX" B paCC M l tTpH D8e M yiO 

neplliHHY B3auMoa cHcTrHH1, Mbt aocnonb30aanucb X 2 
-KpHTepHeM

15 1
. <l>oHOBhiMH C l.fHTBllH C b 

x) 
Mb< 6yaeM B !lllilbHeiillleM !Iiili xpaTKOCTJJ H83biB8Tb cneKTpoM H c n e i<-rpoM II 

Te Cfl8KTpb1 3 c! l¢9KTHBrlbiX MBCC llBYX y - KBBHTOD, B KOTOpblX KHH8M8TH1.Je C KU 8 n a p a M e Tp bT 

Y -K B8HTOB H8HLI<!Hbl flO nporp8MM8M 
14•51 

n / J0,
8

/ COOTBeTCTBP :'UO, 

15 



Te y - KBBHTbi , y KOT Opb!X X 
2 > 11 . nocKOllbKY X 

2 
-KpHTepull B nporpaMMe 7-5 OT-

CyTCTByeT, T O B CilO KTp e II Mbl C'IHTallH tPOHOBblMH T O >Ke C06biTHil, 'ITO H OT6pOilleH-

HtJte no X 2 -KpHTe pHI{} a c neKTpe 

npoBCpKO I"I 311KOHHOCTB npHMOHOHBil X
2 

-KpHTBpHSI llllSI Bbii!BllBHIISI tj>OHOBbiX y - KBaH

TOB MO >KB T cny>KHTb cornacn e a KcnepHMBHTallbHoro x 2 -pacnpeaeneHHSI c TeopeTH 'IeCKH M 

( e M. pu c . 11). CpoaHee 3 Ha'IOHHB X 2" a 2,8 :!:. 0,1 H cpei!HBKBal!paTH'IHOe OTKllOHBHHe 

a = 2,42 a KcnopHMBHTAllbHOro X 2 
-pacnpeaeneHHSI (anSI co6biTHII c x 2 < U ) xopowo 

COrnacyJOTCst C O>K HnaeMbl M H 3Haqe HHHMH 
--2 

X - 3,0 H a = 2,45 TeopeTH'IeCKoro X 

p ac npeaeneHHSI ann Tpex CTen eHell cao6oabi, BepoSITHOCTb cornacs11 3KCn eps MeHTallbHoro u 

T c op eT>I 'ICCKOro X 2 - pacnpeaeJieHHH , oueHeHHaSI no KpHTBpRIO nupcoHa , panHa 25%. C n eKT-

pbl H II 3¢q,CKTI!BHbi X Mace y -KBBHTOB C C06biTHllMR, OTHeCeHHblMH fl O 
2 

X - KpH-

TBp i! IO K <jlOHOCLJM, noKa3a Hbl Ha puc . 10, 

Jlanee llll>l Bbllle ll eHHII 'JaCTH tj>OHOBbiX C06b!TIIII 0 o6yCll0BllBIIHbiX p83Hb!M npOl!CXO>KllBHHBM 

y - KBaHTOU J1 2y- KOM6HHBUHSL"< (HanpiiMBp , Y -KBB J-ITOB OT p83H blX fr O - Me3 0 H OB ) , HB-

M J.f 6btn npi1 MCHCH KpHTeputi, OCHOB8HH biA H8 cyweCT BOBBHHH MI1HH M8nbHOrO y rna pa3neT8 

0 114! 
y - Kn8HT013 OT pACIIllLI.ll rr - Me:JOH B 

Sin (a min I 2) ~ m " 0 I F" o . 

EcnH npH uaw1oA aHeprnu yron pa3neTa + 21'!. a a <a usyx y - KBaHTOB , T O 
min 

TllKaSI KOM6nHau'HH anyx y - KBaHTOB C'II!Tanacb ¢oHonoll . KaK Bll llHO B3 puc. 12, 3TOT 

Kpi!TCpul\ IlpH BOilHT K 3ape3aHBIO HH3K03HepreTH'IHOl\ 'IBCTI! CneKTpOB atj>tj>BKTH BHbi X MaCC . 

C nexTpbi a¢¢ e KTHBH biX Mace, nony'leHHble nocne paccMoTpeHHor o Bblllene i!Hil cpo HOBbiX 

e06biTHH H TaK HX C06biTI!ll, y KOT OpblX CyMMapH bi l\ HMIIYllbC llBYX y -KBBHTOB 6blll 60llbllle 

5 f :o.n/c ( 3 C06b! TIISI) l!llH MellblllO MBCCbl rr
0

- Me30Ha (1 C06biTHe ), npellCTaBllOHbl 11a 

puc . 13, JlByMepHL>ill ClleKTp 3cpcpeKTHBHbiX MaCC M' 
YY 

II 

" M yy ( CM . pi! c . 14) xapaKTe-

p H3y eT pa3HIIU Y B 3 Ha 'leHI!I! 3cp<jleKTI!BHOH MaCCbl llJISI Ka>KI!Oll KOM6I!HaUIII! llBYX y -KBaH

T OB , KHHe MaT>!'<eCKHe napaMeTpbl KOTOpbtX Haliae HUI n o npor paMMaM I H II • 113 pl!c .14 

n u: .o. Ho, YTO nMeeTc ~ HeCKOnbKO co6fltTHii , y KOTOp biX M 
1 

cywec TaeHHO 6onbwe M II .. 
YY YY 

3TO ClHl3llHO C H8nHI.fH9M T peK OD C 60llbWHMU OllHOKp8THbiMH rtOTepSlMH 3 H e prHH H 8 H. 3 llyl.fe -

HH e 1 KOTOpOe rtp H: BO.OliT K C UllbHOMy 38 HH>K e HH lO HMITYJlbC OB npH TIO.ll.rOHKe TpeKOB non OK-

py >K HOC Tb (eM. , narrpuMep, Ta6nn uy II B § 2 ). 

06pa6oTKll c ne xTpon acjl<jleK TI! BHhiX Mace (pH c . 13) aana c neayiOWI!e pe3ynbTBTUI. B 

HHTepnaii e oT I 05 n o 165 Maa ( nonywHpi!Ha HnTepaana Bbi6paHa paBHOH Tpe M nony w upi!HaM 

118 TIOll OBli JIC Dl>ICOTI,J Cfl S KTpa 

HOe OT Kll O HP JIII 8 LllHl C flCKTpn 

-, 
M 

YY 
\ A<

1 
/ M ,= 

)")' ~ 

) CpenHee 3 Hfl 'leHl!C H OTHOCHTOllbiiOO CpeaHeKB8UpaTII'I-

pB BH bl: 

( 133,4 + 1,4) M as/ c
2 

( 10,5:!:. 0,9 )11 35 r- 0 ,078 :!:. 0 ,007. 

1u 

I ..., 

( 

.Jm1 CileKTPII II 3TH IKe 

M 11 
c ( 132 I 

yy ' 
i\ M II / M .0~ ( 14,6 

YY '' 

Ka'< BlUl.HO aa a THX .n.annhrx, 

p~CC,..ATpi! BaeMblli MeTOll y'leTa T 

THCTHKH riOllY l.f:HTL HeCMe1JleHHoe 

y3xoe pacnpeneneHHe c neKTpa a<jlc 
/ 2 ,8/ 

OTH'l.{eCK He M eTOUt-1 yt.teTEt 10 

: IOIV>!MO cneKTpOB 3<jJ¢eKTI!BI 

HHA KHHeMaTu:l.feCKHX nnpaMeTpos 

no3~"~"'f1 0Hon. 

Ha p11e . 15 nnKaaaHO pacnp< 

Ha (DD3HTpOHB) H Harrpa&li~HHOM 

CHI! y - Kulti!Ta ). B pac"peueJieat 

Ka'reropHII CMOTPS!IllH.< a paC(.Mar1 

3HaqeHHe cpenHexaanpa1H~B0i'O y 1 

I 15 / 
oT TeopeTu:qecxoro 3H8l.f:eHaH 

ITO l!MllYllhCHOMy CrTeKTpy Y - KE 

p R C . 15, ttTO CB11lleTe1IbCTByeT 0 

COM :tneKTpOHHbiX H n03HTpOHIILlX 

Cp8BHKB8lOT C H pacnpell.e/I9HH H no 

Me>Kny nanpaBneaueM y - KBBHTl 

HOtf napbi , nonyqeHHbH? H 8 OCIIOB~ 

rrporpaMMAM
14

•
101 

(a o6a pacrrpe:.t 

x 2 < ~ = 11). Cpeai<eKnaapaT 
/ 10 /m az 

H 1 p8RHh1 1 COOTBeTCTBeHitC 

CMenteHHe yrnoBbiX p acnpeJJeJienu 

061I8CTb MelihlliHX 3HAqQHH~ y i nOC 

1101 
no uporv&MMe , noKa~hiBtteT, 

c nepeMeHnt.IM panuycoM xpnBH3B 

HbiX ·rpeKOB onpcnen~K>TC51 6onec 

HAKOHeu, pacrrpeueJICHHSI no 

MeTpex S(x 1 ) (unit y - Kblttli'OB 

llOY.: H~-IflHht H OpMH"iJOBB HIII>I C OTh•!OKt 

aneK'f(JOHOB H no3HT}-'OHUu, na pn< 

K tg a . Coanftflenua n l'TI?'l{ 
1,2 



ull s nporpaMMe 7-5 OT-

C06biTHS1 0 'ITO I< OT6pOW8H-

J)l81l8HH S1 <jJOHOSbiX y - KS8H-

8Jl8118HiiSI C T80p8TU'I8C KUM 

{SBJlp8TH'IH08 OTK1lOH8HUe 

TUII c X 2 < U ) xopowo 

2,45 Teop eTU'ISCKoro X 

BCHH 3KCnepRM€HT8nbHOrO H 

lnpcona, pasHa 25%, C neKT-

1, OTH€C€HHblMH n o x 2 
-KpH-

Ib!X p83Hb1M npOHCXOlKJl8 HH8M 

p83HbiX TT O - M830H OB ) t H8-

I HHMBllbHoro yrna paaneTa 

:a min + 2~ a , TO 

BU!\HO U3 puc, 12, 9TOT 

·KTp OS a<jJ<j>eK TUSH b!X M8CC, 

J8 HHOrO Sb!Jl8118HI< !I <jJOHOSb!X 

yx y - KS8HT OS 6bi1l 60llhW8 

THe) 0 npeJlCT8S1l8Hbi H8 

y (eM. puc . 14) xapaKTe-

OM6UH8UHJ< USYX y -KS811-

A.MBM H II . Yl a puc,l 4 

:ymecTeeHHO 6onhwe M 11 
• 

YY 
OT 9 pS1MH 3HCprHH HB H. 3 nyqe-

nonroHKe TpeK OB non OK-

~nenymwHe peaynhTBTbJ , B 

1a paB!iOfi TpeM nonywupuHBM 

HT8!1b H09 Cpea H eKBOAp8TU"l-

0,007. 

J. ns:~ caeKTpa II 3 TH )Ke aenR4HHhf 1 BbP-IHCJI€HHbl9 B TOM >Ke H Hiep88JIC 1 pEIOHL!: 

~ 11 
(132 ,8 + 2 ,0) Mas lc

2
, 

yy -

,\M 11 / M_,= (14, 6 +1,2) /135 = 0,108 +_ 0,009. 
})' If" -

Ka f< BUJ( HO H.3 3 THX nauHbtx, .ua>Ke rrpH OTHOCHTellb HO 6onLlllHX owH6Kux H-.:jM•~lJeiiH.>I. 

p9CC~ATpH B8eMbiA M €TO.O yl..feTa TOpM03HOrO H 3nyqeHHS:l IT03BOn5leT B ITJ,J€ll8JIHX !..llli\ J!Ofi C:TB-

THCTHKH non y l.IHTh H€CMi!lll€HHoe 3HL11..J8HH9 M8CChl 

yaKoe p acnpeneneuue c neKTpa a<I><J>eKTHSHbJX Mace asyx 
/ 2,8/ 

OT H1.{€CKHe M€TOllbl ytteTa TOpM0.:1HOrO H3ny '-l& HHH. 

y -KBBH'rOB, qeM cpenucr rwr~-1-

:-fo tv-HMO CITeKTpOB :::uPclJeKTHBHblX MACC 2y - !-:.B8HTuB npaBH:libHOCTb HBHtleHt{LIX ~Hll'l~-

HHft KHH€M8TKl..£eCKHX TIAp8MeTpOB X8p8KTepH3YIDT yrnoawe pacnpeneJICHH~ aneKTpOtiOD H 

H03H' •·f'DHOB . 

i-Ia pac. 15 nflKA~~BHO pacnpenenenn e no yrlly 0
1

, AB Me)f{.lly HD.fli.JuHJiunue ; .. t :::-~.1c.KTpo-

na (rio3uTpOH8 ) n uanpaB.ileHUeM y - KB<>HTB AB A u B - TO'!Kit OO!JB'>vH£11111" H KOJ{[H>p-

CH H y - Kbal!Ta). B pac 11peneneaH~ aownR y - KD8HfbJ 1 OTHecenHL>Ie no x 2- Kpa~f~PHIO K 

KB'reropH li CMO't pHliUiA 8 p8CCM8T)JHB88Myl0 BeplllHHy B30HMo.uet'lCTBlHI. 3KC11C'pHMeHTLlllbiiOC 

3 HaqeHRe cpenHeKaanpa7HqH0ro yrna 

I 15 / 

2 >1-1 <0
1

, AB = 0,92 (rpo.u) HC: CHJibliO OTJ1Ji>,d0'1o....:rf 

OT Te0~8THt.{8CKOrO 3H8~8HH~ 3To:ro yrna = 0,83 (rpan ), yep<'"'' """'"'" 

~0 HMny1lbCHOMy cneKTpy y -KB8~-'TOB, BOUI8ll.UIHX B pacrrpe.o.eneHH8 flO yrny 0 1' A O 118 

p HC . 15, t.JT O CBH.D8TellbCTBJ8T 0 np8BHllbHOCTH H8fiD.8HHLlX 3HBt.f8H H I'i HanpBBJI51JOWHX KOCI-IIIY

COH 31l8KTpOHH blX. H fJ03HTpOHHbiX TpeKOB 8 p8CCMO'fpeHHOH: MCTOtlUKe. Ha puc. 16 II 17 

c paBHHeaiDTCSI pacnpen eneau R no yrny paaneTa aneKTpona H no3urpOH8 IJ I 2 11 no yrny IJ 

Memny HBnpasneHneM y - KS8HT8 AB 1l CYMMllpHbi M HMnynhCOM 3JleKTpOHHo-1103H'f pOH-

HOfi napb1 1 f!Ol1y't{BHHbiE? H8 OCHOB9 3H8t.teHH~ KHHeM8TH4e CKHX napaMeTpOB, HBiiJtPIIIIhiX 00 

nporpBMMAM
14

•
101

(s o6a pacnpeaeneHu!l no yrny IJ somn>< T01lbKO y - KBaHThJ c 

" / 4 / 
X 2 <~max = II). CpenneKS8Jlp8TH'<Hb18 3H8'18HHR yrnos I! I 2 ' !iBfiiJ,.SHHble no nporpaMM!lM 

110 1 < IJ 2 >i-l 20 ( ) H 1 pBBHl,l 1 COOTB8TCTB9HilO, 
12 

I 1 rpan, H 

CMe11I8HHe yri10eb1X p acnpeaeneuKA no IJ 12 H IJ , Haflae,IHhiX 

2 1-1 < 0 > ~ 2,7 (rpon ). 
12 11 / 4 / 

no rrporpaM:vt:SM , o 

o6naCTb MeHhllTHX 3HA't.JC.I-fl.f.A y i liOB 110 cpaBHeHHlO C T9MH IKe pacupe.oeneHH SIMH 1 HDi1Jl011J!IJI\.U1. 

no nporJJBMMC/ lO / 
1 

noKa~t-~Bf\eT , "iTO rrp» nonroH Ke TpeKoB a nnocKoCTH. XY no'! KpRA)'lO 

C nepeMeHHI>IM pa,nHyCOM KpUBH 8llbl ( 7) f1811p8BJ15110 lH He KOC ifH YChi 3neKTpOHHblX H 1108HTpOH-

HbiX TpeKOB OIIpCA9J"IPtOTC5J 6onec TO'-IHO , 1..J.CM npH fi0LJ,l 'UHK9 TpeKOB ITO.O OKpy>KPOCTb . 

HaKOHeu, pacnpenenOHHSJ no :ropMHpoaanHbJM oTK.rJ.OHO HHSIM a KHHeMaTii'·IeCKHX nDp(I 

Merpllx S(x1) ( 111111 y -Kbb!lfOH c x 2<x!a.l llp!I FieQell!,J 'Ill pH C. 18 H 19. Hu p uc . 18 

TIOK tJ~-t BHbt H OpMl·fiJOl1BH11 f,rc O'TK-10H8HH. zl no 83HMYT8llbHbiM y t· naM /1 1 If {3 2 OTHCnhHO nmr 

aneKipOHOB H TI0311 T t-10IICJI.~ 1 H.B pHC . 19 - IIOpl\IH}J0.1:.\[IJlilUIC OTKnOH9HlHJ no nap8MCT(J8M k l , 2: 

II tg" I , 2 
CoEm~tneFH1 (? o Pri?LlC1lHX cTaTHCTJ.PtecKH:X owR6oK cpe.n11HX 3HB 1tcnni1 u cpeAne-

!7 



KR•>npa fi!'H!biX CYtKJlOHetmi! a S(/3 1 ) , S ({3 2 ) pacnpeneneHHru< c OlKHnaeMhiMII 3Ha'feHJHIMJI 

cauneTenbCTByeT o npanu:nhHOCTH Bbi'-IHCneHRR 83HMyTanhHhiX yrnoa n nx ouat6oK . To LKc 

CBMOC MO>KHO CK838Tb 0 S (tg fl ) pacnpeJlellCHHll , 3neCb yMeCTHO O'I'M9THTL 0 'ITO He-
1, 2 

CMCill8HHOe CpCJlH89 3H8 'fCHH C B S ( tg a I 
2

) pacnpenellC HHll fi0JlTB8plKJl8CT CllpflBCilllHBOCTb 
/ 4! . 

cnen aHuoro n nporpaMMe npH61lH)f(eHHH, npH KOTopoM T OpMoaHoe H31lyi.J.eHue Y'IHTblBOCT-

CH rOllbKO npll fiOJlJ'OHKe TpeKa no.n KpHBYlO C nepeMeHHbiM p OllH YCOM KpHBR3 HLf 13 f!JlOCKOCT H 

XY , 8 HBK liOH TpeKB K 3TO-'i ITIIOCKOCTH OrtpenenHeTCH TOK )K8 1 KB K H .CtJHI •HeH.J JIY'-i BlO-

UlHX" l-IBC T HJt. 

HaonionacMoe CMetueHI!e cpennero 3HB'IeHHSI a S(kl.2) pACnpeaeneHUH BblXOll HT 3 8 

npCIJ.81lbi C TBTH C THlleCKHX norpelllHOCTeli H YK83b!BlieT HB T 0 1 '-ITO npn rt OJlrOHKe TpC:!KB 110.0. 

811 IIp OKC I!MHpy iOIUY J0 KpHBYJO (7) HMeeT MCCTO CHCT9M8T il "!CCKOe 3 AHitlKCHit e I! CTIIHHOro 3H8-

'-leH H H H Mnynbca. no 3HAKY 3 T OT aclJQ>eKT, KBK H cne.aoaano o >KHrtllTh, coana.o.ee-r c Ha6n10-

Jl.8H WUMCP. 38HH>KeHUP.M lf MllYllhCOB y TeCTOBbiX TpeKOB. 

8 CXlBpBU!8SICb K BOnpocy 0 He06XO.O.H MOCTH BBell,eHU H nonpBBOK K 1-U-tihJ.e llll b iM D npo-

rpllMMe/4/ .3H0 1 lUHKstM HMITyllbCOB ( § 2), Ml>l Bt:I.O.HM, 'qTQ B npe11.e11aX J:l{lUHOii C TBTH: CT H KH 

CpOrtHCe :Jitli'-teHHe B CTieKTpC 3¢¢e KTHBHhJX M8C'C LlBYX. y -KBAHTOO COBTID.Jll3CT C MllCCOH. 

T7° - Me30Hll, 3To O.:JH61..J.aeT, t.ITO ClfCTf.!M8THt:feCKHM 38HI!IK01UleM nr-..rnyllbCGB B npeJlellD.X TIOn) -

4eiiHOH T 0YHOCTn !vi:O>toro npeHe6pe't.lb. B TOM cnyy:ae. KOrAa npu 6 oJlb tuel1 cTaTIICTUKe CMeme-

HHe CpeaJJr~ro 3H8 1 t e H.H.SI M8CCbt nnyx Y -J( B8HTOB OT MtlCCbl 1T O - Me30H B OK8>KeT CSJ 5 0JiblUe 

Tpc6ye!'l.lOii T0 11HOCTH 1 TO ITOTpe6yeTCH BBe.Ue11118 IIOrrp .':!BOK , K OTOp L t e ,UOJI :>I~ HL>I CKOM U eHCHpOBBTl 

3 TO CHCT8M8TiJliCCJ<Oe 38HH>KeUHe UMITyitbCOB . 

8 pllCCMOTpeHHOii MeT O.UHKe npe.n.nonarAeTCH, 'qT Q JHl TOl.fHOCTb On pe.aeneHHSI KHH eMaTU-

't8CK HX uapaM eTp OB TpeKon a rrepny10 Ot.J.eponb Hn::tSJlOT norp e wHOCTH H3MepeHH51, K YJIOHOB CKoe 

paC"ce~lHitC ll (llns:I 3/IC'KTpOIIOB H: llO.:'.:HITpOHOD) TOp ~.103H0·' ll.:lliY'IC IHf8 1 a H80!li10pO.UHOCTblO MOr

HHTHOf'O Tl01I51 B Kll"-tepe H HOHI!38U1IOHHbiMH JlOTepSTMH MOiKI-10 np e HC6pe4b, LleiiCT OUTeitbHO , 

Ht~onnopoaHOCTb Mllf'HHT!Ioro non 51 n KOMepe ;g; ne npeBblll.lneT 1% B nnocxocTH XY u 

:!:_ 4 '~ - B B9pTHK8JibHO'H JTIIOCKOCTR ( HeotJ.nopOJlHOCTb MDf'HHTHOf'O TIOJlfl B BepTHKanbH Oii nno

VKOC TH a nporpCtMMe/
4

/ llllCTHY:HO Y1 IHTbi BAeT CSl ) 1 Q Beo1lPHIII L>l H L'HR38UHOHHblX r10T8pb M HOf'O 

MCIIbUJe OIUH60K 0 KMnynbCC, no3TO~ty 3TH I1pC.Ufl0.'10.~heHIHI LtOCTllTOY'HO C 11paneJlf1HBbi 1 l.fTO 

nO.llT13ep)f{Jt8.eTCfl COI3nll.CV~HneM 11 IIpeJleJll:IX CTD.THC'f!fi(QCKV..X OUHf00K cpeaHHX.. 3 H8tJCHH~ I) 

( liCKTpax :Hl'tfJOK TUHH biX M8CC TpOKOB, COCTBBnRI01llitX V O - '-! flCTHUY 1 C H3Df~CTill·lMH MllCCllM J.f 

0 0 0 
K -!vteaoHn a A - 1 11nepOHf1 H My}' c Mace on " -M~~.~oHa . 

T or.. H.M oGpo 3 0M , coBOKYIIKOCTh 3Kt...HPJI HM f.H:Tftllbf1biX JltJHHh!X, nony"Y: e n HhiX npu o6pn0o'!'-

Ke C 1i •i\tiKOO C MeT..,>OBOii Hpuna u OBOti ll)JhlpbKCnoit KllMCpb! 1 rt ·.JJ([I3biBae·r , 'ITO np0,t..t110~<eHH'ble 

II ,41 
B p!1 60TfJX M~TOIJ.bi ylte i a Ky.'luttUBCKOf'O paCCB'11tiirH H. T~"1PML•.3H0f'O H :1 Ji Y1~ t-• ttun ll0~1A0ll~lt0f 

fJOJlY'-IUTb IH:!CM e iUC U:fL:C 31-IB'-t ei! H S.l KH IH~Mil t'lflJeCK HX 11Hp8MeTpUB lfH-" KOB C Hptt BifJ!bH O OHpe)le-

fl ('llflh1M H nJJ IH 6 l<f.lMK 1 KBK / {II H "'nt:WlJIY '4 CHf)T/ UfX* 1Jo9.CTJ1 1I 1 TaK H' .rtn 'i' -~ Jl Of:'!'p0 !{ 0 B H ff 03 H'Tp0HOB. 

18 

"' .I 

' 

I 

CylKe HH e cneKTpoa Bq.jle KTHBHbJ 

B<!><jle KTH BHh/ X M8CC Jl03Y X Y - KB 

fl03BOIIH e T 38 Kil~q U:Tb, qT Q KHH 

KynoHOBCKoro pacc e HHHH H Top 

M hi eme pa3 not:t'!epKHB8E 

HHT 8 1lbHO 60ilbWHX OWH6K8X H 3 

Cl!Tb TO'fHOCTb fiOilY'188MbiX np. 

Tp9KOB, 

AaTopb! onaroAapHbi P .B. 
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{ C O>KH!l89Mhi MH 3 H81..J:8JI HS1M H 

yrJIOB n HX omH6oK . To A(C 

y MeCTH O OTM8THTL 1 'ITO He-

noaTBCP*aaeT cnpnaennaaoCTb 

)MO.:J H Oe H3nyt.IeHM:8 yttHTbfBOCT-

llfl HYCOM K p U B H3HL( B rtltOCKOCT H. 

pnc n peaenPHHH BbiXOIUtT aa . 

'-IT O n p11 n oJlrOHKe TpeKa non 

:oe 3AHIVK8 1IU 9 U CTH J-IHOrO 3 JJ8-

J>KJHtllTb , coananaeT c Ha 6n10-

JpllBOK K HHilUe UHbJM B npo-

npenenax !lO JIHOfi C TBTa CTHKll 

~HIITOI3 COBllD.!llleT C Mll CCOV! 
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