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~. B nOCneAHee BpeMR 4aCTO 06cY~AaeTCR Bonpoc 06 OAHonp06e~Ho~ 

CKOpOCTH cBeTa /CBeTOBO~ CHrHan npOXOAHT TpaeKTopH~ TonbKO 
B OAHOM HanpaBneH~H/ H TeCHO CBR3aHH~~ c HHM Bonpoc 06 onpeAe
neHHH DAHOBpeMeHHOCTH YAaneHH~X C06bITH~ / 1/. Ilonoxeaae 06 H30TpO
nHH oAHonp06e~HO~ CKOPOCT~ CBeTa RBnReTCR ~OCTaBHo~ 4acTbro no

" 
cTynaTa cne~HanbHo~ TeopHH OTHOCHTenbHoCTH /CTO/ o nOCTORHCTse 

( " CKOpOCTH CBeTa. ~ Ka~éTCR HeCKonbKO CTpaHHYM~ 4TO 3TOT Bonpoc 
oCTaeTCR AO CHX nop npeAMeJ:"DM ocrpux AHCKYCCH~. B caMOM Aene, 
Ha ycnOBHoCTb IKOHBeH~HanbHoCTb/ OAHOBpeMeHHOCT~ YAaneHHbtX 

1 " If~1!f, C06~TH~ nyal;iKape /21 yxasaaan e~e B 1898 r . ; Pe~xeH6ax 131 nOA
~ '\11 

P06HO HccneAOBan 3TOT aonpoc B 1928 r . ; paõor a P066a /4//1921 r. /"if'l'. , AeMoHcTpHpyeT, 4TO q6beKT~BH~~ CM~cn HMeeT TonbKD a6con~THoer I., "l 

ynopnA04eHHe C06~TH~, 06ecne4HBaeMoe B03MO~HO~ npH4HHHo-cneAcT11 ~ " 
1I '"~ ~ BeHHo~ CBR3blO C06bITH~ /06MeHoM cHrHanoB/.

\ 

MO~HO B~AenHTb TPH 3Tana B npeACTaBneH~H o BpeMeHHO~ H npOCT" 
r 

paHCTBeHHO~ KOOPAHHa~HH C06~TH~. 1/ B MexaHHKe HblOToHa ABYM co-. ~ 

6~THRM /HnH T04KaM/ npHnHC~BanCR a6conIOTH~~ npoMe~yToK BpeMeHHf 
'\ Ir. /a6conlOTHoe paccToRHHe/, Aa~e ecnH He cy~ecTByeT npH60poB, KO),:)1," 
, \ ",,~'

\.'>1 TOPblMH 3TH Ben~4HH~ MornH 6b1 6b1Tb H3MepeHbI. npH 3TOM paccTORHH~ 
~;~ . ~, ...._. _...........~~~.
 ~. , .-"'-"'-. '...- -_.-.-_........- .
 MorYT coOTBeTCTBOBaTb pa3nH4Hble npOCTpaHCTBeHHble KOOPAHHaTbI, 

.! 
a..- ..... "".'_.....~.... ~~ 'l• ...'1, ...... .-.............~----

HO npoMe~yToK BpeMeHH caM RBnReTCR eAHHCTBeHHO~ BpeMeHHO~ KOOP
AHHaTo~. 2/ B CTO ABYM C06b1T'HRM cooTBeTcTBY~T p'a3nH\-IHble npoxe-' 
~YTKH BpeMeHH B pa3nH4H~X ~HcTeMax OTC4eTa /c.o./, HO B CTO, 
KaK H paHbwe, HMeeTCR Ton~KO OAHa BpeMeHHaR KoopAHHaTa B onpe'.I 

'I' AeneHHO~ c.o. 3/ B nocneAHee BpeMR YAenReTC~ MHoro BHHMaHHR 
;. 

AOKa3alenbCTBY ~ 06cymAeHHIO TaKoro YTBe~mAeH~R: H B OAHO~ C.O. 
B 3aB,,",CI-tMOCTH OT t<OHBeH~HH 06 'OAHOBpeMeHHO'CH1 C06btTHH MO~HO 

Bbl6HpaTb p~3nH4H~e BpeMeHHble KooPAHHaTbl / 1( 3TO 03Ha~aeT, c T04
·KJII 3peHJIIR oaõoru /51, rAe nPeAnpJIIHRTa nonsrrxa onepauao-n-oro no:1. CTpoeHHR KJIIKeMaTHKH, 4TO nOHRTJIIR 'CTO /BpeMR, AJlJIIHa, OAHoBpeMeH

~' 
HOCT~/ ~ ~e YTBep~AeHHR /H30TponHR CKOpOCTH CBeTa, OTHOCHTen~... 

I • \ 
I HOCTb .OTcTasaHHR "Ia.Coa H c~aTi.1R,cTep)t(He'~1 l)KnlO"faJQT '8 ceõa He

TpJIIBHanbH~e KOHBeH~HHf KOTop~e MO~HO HCKnlO4HTb H3 TeopHH. 
~ l\enb HaCTORl1.le~ pa60T~ - C,,",CTeMaTH4eCKH H3nO~JIITb KHHeMaTJIIKY, 
\ no B03MO~HOCTH He nonb3YRCb KOHBeH~JIIOHanbHblM~ nOHRTHRMJII JII OCHO

BblBaRCb Ha nocTynaTax, AonYCKalO~JIIX /B npJIIH~Hne/ HenocpeACTBeH
Hoe 3KcnepHMeHTanbHoe nOATBepmAeHJlle. OCHOBH~e nOHRTHR JII onpe

AeneHHR ôYAeM BBOAHTb, cneAYR onepa~HOHHOMY npHH~Hny, T.e. Ha 
OCHOBe paCCMOTpeHHR 3KCnepJIIMeHTanbHblX onepa~HH, B KOTOpblX COOT

.,,"',...,"'" ................~..... v,
 BeTcTBy'~~He BenH4J11H~ MorYT 6~Tb H3MepeHbl. nOCTapaeMCR nPH6nH~ 

© 061>enHHeHHb1H HHCTMTYT anepasrx HCCne,D.OBaH'm'i .uy,qHa', 1986 ~ ; gl 
,

~l -, 3HTb H3nomeHHe K aKCJIIOMaTH4eCKOMY, HaCKonbKo 3TO npeACTaBnReTCq 
" ,, " B03MomHblM npa onepa~HOHHOM nOAXOAe. OnpeAeneHJIIR lt1 a KCJIIOMbl 

.111 )~~~ 
.t 

t:f,r " I' ... ,. l~l
 

.I
 ". ~~"i~:~ Ottvllltielmhi~ EHcnuyr 1 
r '.,.\ 

',{ ~(/' ~tVB~ ~eC$eiOs~ulft 



6YAeM BBOA~Tb B npo~ecce ~3no~eH~~ no Mepe He06xOA~MOCT~. B~cKa

3~BaH~~,Ha KOTop~e np~XOA~TC~ ccwnaTbC~,OTMe4a~TC~ 3Ha4KaM~ T~na: 

onpeAeneH~~ - 01 .2, aKC~OMW - A3.1, TeopeMW - 4.1 /~~~pw -

HOMep nYHKTa ~ HOMep BHYTP~ nYHKTa/.
 
01.1- 01.3 OnpeAeneH~e 4aCOB, cpaBHeH~e ~x. BpeM~.
 

02.1, 02.2. Pe~epeHTH~e C06WT~~. nepec~nK~.
 

02.3, 2.1, 4,1, 4.7, 2,2~ K - K03~~~~~eHT~. Cno~eH~e CKopocTe~.
 
02.4. e -KOOPA~HaTa. PaccTo~H~e r. i 

04.1, 03,1, A3.1, A3.2. nepecwnK~ TpaeKTopHwe /YAaneHHwe/,
 
nOKanbHwe, cB060AHwe ~ HecB060AH~e.
 

02.5. CTa~~oHapH~e nepecwnK~ /T04K~/. nOKOR~~ec~ R ~ CTa4~0

HapHble S T04 K~.
 

02.6, 4.2, 4.7. v - ~ U -CKOpOCT~ AB~~eH~~ ~ nepeMe~eH~~.
 
A3.1, A3.2, 3.1-3.3. C~MMelP~~ cBo60AHWX ~ HecB060AH~X nepe

cwnOK. .
 
4.4, 4.5. TpaeKTopHwe C~MMeTp~4Hwe nepecwnK~ ~3 EO ~ El.
 
05.1, 04.1, 4.1. C~cT~Ma OTC4eTa /c.o./ KaK MHo~eCTBo cTa4~op
 

HapHW~ TpaeKTop~~. 

05.0, 5.3. r - ~ -;: -KoOPA~HaTbl. Ynonoôneuae cTa4~OHapHb1X T04eK 
nOKO~~~MC~. 

5.4, 5.7. ~HBap~aHTHocTb ~ ABYMepHOCTb KooPA~Ha4~~ Ha TpaeKTOp~~. 
05.2, 5.2, 5.9-5. 12. 3ana3AbIBaH~~ - d, r, reoMeTp~4ecKa~ KOOPõ • 

A~Ha4~~ TQ4eK c.o.
 
5.13-5.J6.ry - ~ T-KooPA~Ha4~~ C06bIT~~ B c i o .
 
5.1-6.4. Anrop~TM 06~e~ K~HeMaT~4eCKO~ 3aAa4~~ npO~3BonbHa~
 

nepecunxa , 

1. 4ACW, MACWTA6H~E KOHBEHU~~, BPEM~ B T04KE . 
Per~cTpa4~~ COBnaAeH~~ HeKoTopo~O C06WT~~ c OAH~M ~3 p~Aa 

C06b1T~~ 4aCOB /c IIYAapoMl1 4acoB/ IIIn~ nonanaaue ero Me~AY ABYM~ 

6n~~a~w~M~ lIYAapaM~" ~Bn~eTC~ 3neMeHTapHoi1 ~3Mep~TenbHo~ one
pa4~e~. K Ha60py TaK~X onepa4~~ B T04Kax pa3HWX 4acoB, no-cy
~ecTBY, CBOA~TC~ n~60e K~HeMaT~4eCKoe ~3MepeH~e. ~ npe~Ae Bce
ro He06xOA~MO onpeAen~Tb /~~Kc~poBaTb/ Tpe60BaH~~, KOTOpWM 
Aon~HbL YAOBneTBop~Tb craunapruue 4aCbl.· 06bl4HO anpuopu 171 
npennonarae r cs , 4TO 4aCbl "0A~HaKOBoro YCTpO~CTBa" B paauux 
~Hep4v1anbHblX C~CTeMax OTC4eTa 06naAa~T "0A~HaKOBbIM XOAOM", 
~ He paCCMaTp~Ba~TC~ 3Kcnep~MeHT~, Ha OCHoBaH~~ KOTOPWX MO~HO 

HenocpeACTBeHHO YCTaHOB~Tb 3TY II0A~HaKOBOCTbll. TaKO~ nOAXOA 
'~MeeT onpe anauae rons xo nOTOMY, 4TO nonyveuuae ua ero OCHOBa
H~~ BWBOgW CTO nOATBep~Aa~TCR 3Kcnep~MeHTaMH Ha peanbHWX 4a
cax. OAHaKo npeAn04THTenbHee c caMoro Ha4ana onepeTbC~ Ha on~T 

npH onperteneuaa OA~HaKoBbIX 4aCOB. 
AnR aror-o paCCMOTp~M coaoxynuocr s HeKOTopblX pasaoponaux 

4~Kn~4ecK~x npo~eccoB, TaK~x, 4TO n~60~ 4~Kn Ka*Aoro np04ecca 
np~BOA~T K C06WT~~ B HeKoTopo~ T04Ke O. nYCTb B T04Ke O per~CT
·2 

p~PyeM B npOMe~YTKe Me~AY o i cocegll~M~ C06bIT~~M~ i -ro npoue cca 
n j cocenuax C06bIT~~ j -ro npoue cca . .2....!...:.!.. - Ecn~ OTHoweH~~ 4~

cen orlo j An~ AaHHo~ coaoxynuocra npoueccos oCTa~TC~ He~3

MeHHbIM~ npa ~3MeHeH~~ HeKoTopblX ~~3~4ecK~x ycnoaaü , TO B 3T~X 

ycnoB~~X MO~HO ~Cnonb30BaTb Hawy cOBoKynHocTb np04eCCOB B Ka
4eCTBe 4aCOB T04K~ O. 

Cy~ecTBeHHO, 4TO nOA06Hwe 3Kcnep~MeHTW MO~HO npOBeCT~, ~Me~ 

B pacnop~~eH~~ TonbKO cOBoKynHocTb pa3Hwx T~nOB np04eCCOB/81 
/a He OA~H npo~ecc/, n03TOMY ~MeHHO cOBoKynHocTb YAOBneTBOp~~
~~X ycnoB~~M 01.1 np04eCCOB Ha3b1BaeM 4acaM~. 

ecn~ T04K~ A ~ B COBnaAa~T. 01.2 np~ TaKOM cpaBHeH~~ CTaH

KpoMe cpaBHeH~~ pa3HWX np04eCCOB OAH~X 4~cen nOA06HwM 06pa
30M MO~HO cpaBH~Tb ~ coOTBeTcTBeHHwe np04ecc~ AByX 4aCoB A ~ B, 

-
napr aux 4aCoB Aon~HO aunonaar s cn paBeHCTBO n i (A) lo i (B) '== 1. 
B AanbHe~weM ~YAeM ~MeTb Aeno TonbKO c TaK~M~ 4acaM~. 

06W4HO np~H~TO np~n~cwBaTb coceAH~M C06WT~~M BWAeneHHoro 
np04ecca (i=O) cTaHAapTHwx 4aCOB HeKoTopoe 4~cno M /MacwTa6Hb\~ 

MHo~~Tenb/, ~ rOBop~Tb, 4TO npoMe~YToK BpeMeH~ Me~AY TaKHM~ 

C06WT~~M~ paBeH M eA~H~4 BpeMeH~. PaBeHcTBo MaCWTa6Hb\X MHO~~
Tene~ pa3Hwx cTaHAapTH~x 4aCOB A ~ B np~ COBnaAeH~~ T04eK A ~ B 
OCHOBWBaeTC~ Ha cpaBHeH~~ COOTBeTCTBeHH~X np04eCCOB 3T~X 4aCOB 
(o i (A) /oi(B) =1). Ecn~ ~e nocne cpaBHeH~~ 4aCbl paaueceuu B npOCT
paHCTBe, TO y~e He cy~ecTByeT on~Ta, KOTOp~~ 6~ orpaH~4~Ban Hac 
B Bw60pe MacwTa6Hwx MHo~~Tene~ An~ H~X. Bw60p oA~HaKoBwx MHO
~~Tene~, npoBOA~MW~ 06W4HO, - npOCTe~w~~ B~60p, HO OT 3Toro~H 

He nepecTaeT 6b1Tb KOHBeH4~OHanbHblM/9/. 

Ha npo~3Bo~bHOCT~ Bw60pa MacwTa6Horo MHO~~Ten~ cTaHAapTa 
An~Hbl OCHOBaHO YTBep~AeH~e O KOHBeH4~oHanbHocT~ reoMeTp~~. OA
HaKO KOHBeH4~~ 3Aecb /KaK ~ c 4acaM~/ Ka~eTC~ He~36e~Ho~ Tonb
KO B TOM cnY4ae, ecn~ C4~TaTb An~HY np~cy~e~ Teny ~ MacwTa6y, 
KamAOMY caMOMY no ce6e. Ha caMdM Aene, ~3Mep~eMa~ B onWTe An~
Ha eCTb OTHoweH~e, xapaKTep~3y~ee coBMeCTHO Teno ~ MaéwTa6 
/MaCWTa6 YKnaAblBaeTC~ BAonb Tena CTonbKO-TO pa3/. TaK 4TO rOBO
p~Tb O AnHHe caMoro CTaHAapTHoro MaCWTa6a rlPOCTO He ~MeeT CMblC
na. nOA06HO 3TOMY BpeM~ xapaKTepH3yeT He HeKY~ AnHTenbHOCTb, 
caMY no ce6e npOTeKWY~ Me~AY ABYM~ C06b\TH~MH, a OTHoweH~e Me~AY 

3T~M~ C06b1TH~MH H P~AOM C06b1T~~ B ·4acax. ~Me~ 3TO B B~AY, 06
CY~AaeMY~ MacwTa6HY~ KOHBeH4H~ nerKO HCKn~4HTb H3 Teop~~ ~ ca
Moro Ha4ana. 01.3 - nn~ 3Toro onpeAenHM npOMe~YTOK BpeMeH~ 

T 12 (O) 4acoB"'T"04KH O Me~AY npo~CXOA~lI.l~M~ B T04Ke O C06b\T~~M~ 
1 H 2 /c.1 H c.2/ KaK 4~cno YKnaAwBa~~HXC~ Me~AY C06b1TH~M~ 1 
1-1 2 IYAapoB" BblAeneHHoro (i =0) npouecca craanapr aax 4~COB ~n~ 
KaK oTHoweHHe 0o/m, ecnH c.1 H c.2 OTHOC~TC~ K P~AY nep~OA~4e
CKHX C06b\TH~., HaC4HTaHO m TaKHX C06b1T~~ Me~AY 00 "YAapaM~II. 

/npl-1 3TOM npOMe~YTOK BpeMeH~ Bblpa~aeTc~ pa~HOHanbHb\M 4~cnoM/. 

TaK KaK np~ AaHHOM onpeAeneHHH npoMe~YToK BpeMeH~ xapaKTep~3yeT 

OTHoweHHe Me~AY ~3Mep~eMblM~ C06b1T~~M~ ~ npo~ecco~ B 4acax, TO 
nHweHbI CM~cna BonpOCbI KaK O caMOKOHrpY3HTHOCT~ pa3HblX OAHO~MeH

3 



HWX 4~KnOB OAH~X 4aCOB /He~3MeHHOCTb MaCWTa6HOrO MHOm~TenR/ 

- np~ nepeHOCe ~X, TaK ~ o KOHrpY3HTHOCT~ OAHO~MeHHWX 4~KnOB AByX 
YAaneHHWX 4aCOB /B nOnb3Y TaKO~ T04K~ 3peH~R CM. 3aMe4aH~e 

Kn~<tJQ'>op,qa o MacwTa6ax ,qn~Hbl 111//. 

TaKoe npe,qCTaBneH~e O BpeMeH~ B K~HeMaT~Ke OTn~4aeTcR OT 
W~pOKO pacnpOCTpaHeHHO~ T04K~ 3peH~RI1I TeM, 4TO 1/ BpeMR 
onpe,qeneHO TonbKO nOKanbHO OTHOC~TenbHO 4aCOB /BpeMR AaHHWX 
4acoB/, 2/ OTCYTCTBY~T KOHBeH4~~ o MacwTa6Hwx MHom~TenRX. 6na
rOAapR 3TOMY YTBepm,qeH~R o BpeMeH~ B K~HeMaT~Ke nonY4a~T onpe
geneHHoCTb ~ cTporocTb, HO caMo nOHRT~e BpeMeH~ np~ 3TOM CTaHO
B~TCR 60nee KOHKpeTHWM ~ Y3K~M B Q'>~nocoQ'>cKOM CMwcne. 

2.	 01fHAnbHblE nEPECblnKH. nexos.
 
XAPAKTEPHCTHKH ABH*EHHR H nEPEMEmEHHR
 

3Kcnep~MeHTanbHaR CBR3b Mem,qy nOKa3aH~RM~ 4aCOB ~ YAaneHHWM 
c06WT~eM MomHO YCTaHOB~Tb TonbKO c nOMO~b~ c~rHanOB. 02.1 
C~rHanbHY~ CBR3b 4aCOB A c C06bIT~eM b nonuocr s o xapak'repaaynr 
ABa C06WT~R /Ha30BeM ~X peQ'>epeHTHWM~/b- ~ b+,COOTBeTCTBY~~~X 
ornpaene-nuo cur aana ~3 T04K~ p, K ~06bIT~~ b ~ np~eMY B A curaa
na, OTpameHHoro B MOMeHT C06WT~R b OT T04K~ B /p~c.l/. /H~me 

T04K~' ~ C06bIT~R B H~X 0603Ha4~M CoOTBeTCTBeHHO 60nbw~M~ ~ Manbl
M~ 6YKBaM~ ~n~ 4~<tJpaM~/. C06bIT~RM a ~ b coOTBeTCTBY~T B T04Ke C 
peQ'>epeHTHble C06bIT~R a -(C), a + (C), b- (C), b+(C) ~ ripoMemYTK~ BpeMeH~ 

-- +Me>l<,qy H~M~ Tab (C), T ab ••• Taxa e 0603Ha4eH~R, HeCMOTpR Ha r oo
M03AKOCTb, OTpama~T 3Kcnep~MeHTanbHY~ np04e,qyPY ~ TeM caMWM 
yMeHbwa~T B03MO*HOCTb nYTaH~4w. 

02.2 : npOcTe~w~M 06beKToM onepa4~oHHo~ K~HeMaT~K~ nepecw
JJOK /OKn/ 6YAeT nepecuruca , npenc r aansnouras c060~ T04K~-4aCbl 

/~n~ npOCTO T04K~/ ~ y-c~rHanw /4acTo napa 6n~3K~x c~rHanoB/, 

pacnpocTpaHR~~~ecR Me*AY 3T~M~ T04KaM~ /p~c.l/. nepecwnK~ 0603
Ha4a~TCR nepe4~cneH~eM pR,qa C06WT~~ B T04Kax /A,B/ oTnpaBneH~R 

~ np~eMa c~rHanOB (Y12'Y34) 8 nopR,qKe npoxomAeH~R /,qnR napw 6n~3
K~X c~rHanOB B 0603Ha4eH~RX 

~cnonb3Y~TCR TonbKO C06WT~R nep-B 
BOrO caraana / - a 1ba 2' a 12a2· 
4aCTO, Kor,qa ~MeeTCR B B~AY MHO
*eCTBO nepecwnOK) YKa3wBaeTCR 
TonbKO PRA T04eK: AB, ABA. Be3,qe 
~x 0603Ha4aeT pa3HOCTb 8en~4~H 

x ,qnR CMemHWX o,qHoc~rHanbHbIX 

/ 
/ nepecunox / 12, 34/, B KOTOPblX 

/ 'BpeMR ('13 ==~, _ (A) , r 24 == ~T +(B) ,/ 
~H,qeKCW - ~ + YKa3WBa~T Ha YXOA 

1=01=E>-rA) ~ np~xo,q c~rHanOB/ Mem,qy OTnpas
neH~RM~ ~ np~eMaM~ c~rHanOB 

PHc.l AOCTaT04HO Mano. TaK~e ABe
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/12 ~ 34/ 0AHoc~rHanbHbl€ nepecunxa COCTaBnR~T AByxc~rHanbHY~ 

nep~CwnKY AB /PKc.l/. 
02.3 - Y,q06HO~ xapek r epacraxoã ABYXC~rHanbHo~ AB RBn~eTCR 

o r aouieuae k(AB) == 11., _(A)/Ll,+(B)- K03<tJQ'>~4~eHT nepeounxa /aHanor 
k-K03<lJQ'>~4~eHTa11°1. ,QnR K~HeMaT~K~ 06bl4HblX 4aCT~4' -o < k < 00. 

B 4aCTHOCT~, AnR nonY4eH~R k MomHO ~3Mep~Tb OTHoweH~e 4aCToT 
crtex'r pans aosi n~H~H. 2.1. - 04eB~AHo, 4TO B asb ~MeeM k(ash) == 

--	 1 +k(as}.k(sb).02.4 - Ben~4~HY t (AbA) == -2['b (A) -';<A)] Ha3blBaeM
nOKa4~oHHo~ KooPAHHaTo~ C06WT~R b B B OTHoc~TenbHO oAHoc~rHanb

HO~' AbA /p~c. 1/. OHa n03BonReT rOBop~Tb o 6n~30cT~ ~n~ y,qaneH
HOCT~ b OT A B cpaBHeH~~ c APyr~M~ C06bIT~RM~. nepeMe~eH~e 
/A~cnoKa4~R/ B OTHoc~TenbHO ABA xapaKTep~3yeTcR /p~c.l/ Ben~

4~HO~ 2~t 24 == ,;; (A) - '24(A). /Ecnu ~M~eT MeCTO coananeuae A ' 
~ B, TO ace c~rHanw B ~3MepeH~H t ~ V /CM. 02.b/ ,qon*HbI AnR 
oAH03HaqHocT~ onepauaü nocune r s ca ~ npli1H~MaTbcR n~60 no COBna
AeH~R A ~ B, n~60 nocne uero,". MecTo b OTHoc~TeIÍbHo AbA xapax
Tep~3yeTcR nOKa4~oHHo~ KOOPA~HaTO~ e /AbA/, ~ ecn~ OHa He~3MeHHa 

/He 3aB~C~T OT b /, TO Ha3b1BaeM ee paCCTORH~eM r, KOTopoe B OKn 
OTHOC~TCR K ABA, a He K c~cTeMe OTc4eTa. 02.5 - T04K~ S1 ~ S2 
CTa4~OHapHbl Ha MHomeCTBe M ne pe cunox S lS2~ S2S1S2' S1 ~,S~l' 
ecnu ,qnR noõax ne pecanox ~3 M ~t == O == ~ lê /3TO oa aaocans ao ycno
B~RM k(Sl S2) ,k(S2S1) == I , ~k = 0/. 4aCTHblM cny-raea CTa4~OHapHbIX 

T04eK RBnR~TCR nOKOR~~eCR T04K~, xor aa k-(M) = 1. npaB~nbHee 

r-oaopnr s He o c r auaoaapuux ,T04Kax, a o crauaouapasrx nepe cunxax ," 
np~ ktl Befi~4~Ha k Mo*eT cny*~Tb xapaKTepli1CTli1KO~ ,qB~*eHli1R, 

HO	 none3HO onpe,qen~Tb CKOpOCTH AB~*eH~R u li1 nepeMe~eH~R v 
/ v 6y,qeT conoc r e aneaa. B n. 6/ 6 / co CKOpOCTb~ CTO/. 02.6 - CKO
pOCTb AB~meHHR B nepecuruce AB /~n~ OTHOC~TenbHO AB/ onpenenae« 
TaK~M 06pa30M: 

2 . 2
~'+ (B) -~, _ (A)..!-=-k 2 (A~Lu(AB)	 -------- . -1 < U < 1. 

1+k2(AB) ~r 2(B) + Ar 2 (A)
+ -

CKOPOCTb nepeMe~eH~R BABA onpe,qenReTcR KaK 

1 _ k (AB) ._k( BA) == ~, + (A) -~,_ (A)
v(ABA) _ , -1 < v < 1 .
 

1 + k(AB) . k (BA) ~, "'" (A) + ~,_ (A)
 

,UnR paane r aouiaxca (~e > O) A ~ B v> O AnR cner aoun-xca (~f < O) v <O. 
3HaK u ue onperienae r ca nepeaeuieuaea . v(AbA) euoaxaer cs -repea 
u(Ab) ~ u(bA). AnR ~3MepeH~R v ,qOCTaT04HO O,qH~X 4acoB, AnR ~3

MepeH~R u He06xo,q~MO naoe 4aCOB. np~ u(Ab) = O~ u(bA) == o v(AbA) ::: O, 
T.e. 6e3 ,qB~*eH~R HeT nepeMe~eH~R. Ho Mo*eT 6WTb ,qB~meH~e 

/cTa4~oHapHoe AB~*eH~e/ 6e3 nepeMe~eH~R. 
Y4~TblBaR CBR3b U, V ~ k /02. 4 ~ 02.5/, nonyvaea ~3 2. 1 

raKl-1e cne,qCTB~R: 

'5 



· u (a 1SI) + u(S 1b) . v(aIs 1a2) + v(s1bs 2 ) 
u(alslb) = .• ,v(a18 l b s2 a3 ) -'---------.....-.-.-. 

1 + u(al s1) o U(81 b) l+v.(.,. St a2 ) ov(sl bs 2 ) '., 

c • /2 2/
nOcneAHee,paBeHcT8o ~MeeT MeCTO ronbK9, np~ k(sla 2 ) =jk(S.2 a3 ) ' • 

3. CHMMETPH~ flOKAflbHWX nEPEcwnOK 

,[laHHble onura Am:j pflAa CMe}f{HbIX /cneAyK>IJ.l~X HenocpeACTB.eHHO 
npyr 3a APyroM/ nepecuno« AB AalOT. HaM ABa pana C06bIT~~ B A ~ B, 
conOCTaB~MWX MemAY co6o~. BBOA~ Ben~4~HY k. MW HaAeeMCfl, 4TO 
B KaK~X-TO OTHoweH~flX MomeM oTBne4~Cfl QT nOKa3aH~~ 4aCOB ~ ~H

r epecoaar s ca rons xo k -K03epep~1l~eHTaM~. HTaK, ~MeeM ABa PflA? 
3Ha4eH~~ k : 'OA~H, nonY4eHHbl~ B AB nns nepe cunox MHO}f{eCTBa E o 

APyro~ - B BA Anfl E1• ,[lanbHe~w~~ war K YMeHbwe~~1O 4~c~a Ben~4~H, 
c KOTOpbIM~ np~XOA~TCfl paõorar s , MO}f{eT 6blTb cneriau , ~CXOAfl ~3 .. 
cneAYIOIJ.l~X npeAnono}J{eH\I1~, OTHOCfllJ.l~XCfl K HeC-T alli--10HapHblM (,~e i= O) . 
To4KaM A ~ B, pa3neTalOIJ.l\l1MCfl \113 OAHO~ ~04K~ /~n\l1 CneTalOlJ.l\l1MC~ 

B T04KY/ ~ AOCTaT04HO YAaneHHWM OT TpeTb~X Ten, Anfl Toro 4T06w 
OH\I1 He B03MYIJ.lan\l1 nepecunox AB \11 BA. 03. 1 - TaK\I1e caoõonuue 
nepecunxu 6YAeM uasuaar s nna onpeAeneHHOCT\I1 nOKanbHblM\I1,. nOA
4epK\I1Bafl 3T\I1M 6n\l130CTb A \11 B \11 epaKT ~x cOBnaAeH~fl. A3.1 - Ecn\l1 
HeT o6beKToB, no-pa3HOMY Ae~cTBYIOIJ.l\l1X ua TaK\I1e ~ \11 BA,}' 
TO Anfl HeB3a\l1MOAe~cTBYIOIJ.l~X A \11 B eCTeCTBeHHO Om\l1AaTb nOCTOflHCT
aa k(AB) Ha E o .\11 k(BA) Ha E 1. /H3 aroro Y}f{e cnenyer C\I1MMeTp\l1fl 
v-cxopocr eã: v(ABA) = v(BAB) Ha E O \11 E 1 /' KpOMe Toro, MomHO npert
nÓnOm\l1Tb, 4TO nocKonbKy B3a\l1MOAe~CTB~e Bcero M\I1pa He BWAen~eT 
AB \11 BA, TO ~MeeT MeCTO C\I1MMeTp\l1fl f1 l pa BHon pa BHOCTb" / caM~X 3T\I1X 
nepecuno« Ha EO \11 E 1 , T. e. k(AB) = k(BA) ~, 3Ha4\11T, C\I1MMeTp\l1fl u

cxooocrea u(AB) = u(BA).
 
A3.2 ~ nYCTb Tenepb AB \11 BA HecBo6oAHW \I13-3a B3a\l1MOAe~CTB\I1fl
 

c M~POM \I1n\l1 Ae~CTB\I1fl APyr Ha APyra A \11 B, T.e. ~k(EO,El) ~ O.
 
npeACTaB\I1M, 4TO npoMemYTK~ BpeMeH\I1 MemAY C\l1rHana~\I1 B PflAax
 
CMemHWX nepecwnOK MomHO ycTpeM\I1Tb K HynlO np\l1 cTpeMneH\I1\11 K HynlO
 
2 Me}f{AY A ~ B. TorAa MW nonY4\11n\l1 6w B03MomHOCTb B npeAene co
nocTaB~Tb AB \11 BA B MOMeHT cOBnaAeH\I1fl A \11 B, T.K. B npeAene 
CYlJ.leCTBOBan\l1 6w oAHoBpeMeHH~e /B T04Ke cOBnaAeH\I1fl/·nepeCWnK\I1. 
npeAnonaraeM C\I1MMeTp\l11O TaK\I1X ~ecBo6oAHWX nOKanbHWX nepecwnoK 
/ k(AB) = k(BA) B T04Ke/. A3. 1 MomHo oacc-rar paae ts KaK 4acTHbl~ 

cnY4a~ A3.2, KorAa C\I1MMeTp\l1fl npoflBnfleTcfl He TonbKO B T04Ke 
cOBnaAeH~fl.nOA4epKHeM,4To MW Tpe6yeM B A3.2 C\I1MMeTp\l1~ AB \11 BA 
He3aB\I1C\I1MO OT paBHoMepHoro \I1n\l1 'YCKopeHHoro AB\I1meH\I1fl A \11 B OT
HOC\I1TeIlbHO M~pa. Ho 4aCbl A, B MorYT \11 "nOpT\I1TbCfl" np\l1 AOCTaT04
HO 6onbw\I1x YCKopeH~flx /OTHOC\I1TenbHO M\I1pa/, n03TOMY "paBHonpaB
HOCTb l 1 nepe canox MO}l<eT HapywaTbcfl /cM.n. 6/. 

np\l1BeAeM HeKOTopwe HenocpeACTBeHHwe cneACTB\I1fl C\I1MMeTp\l1\11 
noxans aux AB \11 BA Ha E o \11 E 1: 3. 1. - ,[lnfl cxopoc r eã B TaK\I1X nepe
curncax \I1MeeM u(AB) =u(BA) =v(ABA)==v(BAB).Teneps \113 ~ (ABA) >0 cnenye r , 

-6 

---------------------------------------;,. 

4TO \11 11! (BAB) > O, k(M) < 1 , u(M) >O. flepaue ABa HepaBeHCTBa sunon
HfllOTCfl f1nfl P,BA \11 BAB, COCTaBneHHblX \113 3neMeHTOB MHO}f{eCTBa 
M=EO+E .3.2. - Anfl AB \11 BA COOTBeTCTBeHHO \I1MeeM I1r_(A) =kl1r+(B) 
I1r_ (B) = kl1 r+ (A) • 

3.3.- PaCCMOTp\l1M HeKOTOPYIO onepall\l1lO, npeACTaBnfllOIJ.lYIO co6o~ 

coaoxynaoc r s nepecunox ~3 EO \11 E 1, \11 epYHKll\l1lO, cOOTBeTcTBYlOlJ.lYIO 
3TO~ onepall\l1\11. Ecn\l1 B 3TO~ onepall\l1\11 3aMeH\I1Tb nepeCWI1K\I1 Ha C~M
MeTp~4Hwe, TO nOnY4\11M C\I1MMeTp\l14HY~ onepal.l~IO, a epYHKl.l~fl OCTaHeT
Cfl \I1HBap\l1aHTHO~. npOCTe~we~ \I1nnIOCTpal.l~e~ 3Toro flBnfleTCfl ~HBa
p~aHTHoe npouaaeneaae ~r_ (AB)' . ~r + (BA) = I1r _ (BA) • I1r+ (AB). 

H3 3.1 \11 3.2 cneAYIOT COOTHoweH~fl 

++ __ 211r!24 (B)v 
11 f 24 = 'I1r24 (B) • I1r (A) + I1r (A) = ---- /3.4/

yl- v2 24 24 y1=V2" 

OTCIOAa MO}f{HO 3aKnlO4\11Tb, 4TO 4aCT\I1l.la B, }f{\I1BYlJ.lafl CKonb yroAHo 
Mano (I1r24 (B) -+0), MO}f{eT ~MeTb KOHe4Hbl~ I npo 6e r " 11224 (ABA). 

3.5. - Ecru- Anfl nap A, S \11 S, B ~MeeT MeCTo 113.1, TO 
B 2~YCnOB\I1fl Anfl aaxoua CnO}f{eH\I1fl V-CKopOCTe~ aunonaeuu • 

4. nEPEc~nKH HA CTAUHOHAPHWX TPAEKTOP~~X 

B n.3 paCCMaTp~Ban\l1Cb TonbKO nOKanbHwe nepeCWnK\I1. Uenb 3TO- . 
ro nYHKTa - napaMeTp~30BaTb AB\I1}f{eH\I1e \11 nepeMelJ.leH\I1e B HecBo6oAHblX 
nepecwnKax Me}f{AY TaK~M\I1 YAaneHHWM\I1 T04KaM~ A \11 B, 4TO npeAnona
raeTCfl Bn~flH\I1e Ha nepeCWnK\I1 TpeTb~X Ten. 04.1 - Ha MHO}f{eCTBe 
6n~3K~X nonapuo CTal.l~OHapHbIX T04eK/Anfl CBo6oAHblX /03.1/ nepe
cwnOK B napax/ MO}f{HO 3aAaTb npO~3BonbHYIO /HecBo6oAHYIO/ TpaeKTO
p\l1lO /nepeMelJ.leH~fl c~rHanOB \11 T04eK A,B/ KaK PflA CTal.l~OHapHWX 

T04eK SI' 8 , B KOTOPWX MO}f{eT HapywaTbcfl cBo6oAHoe2,83 , ... 
nepeMelJ.leH~e c~rHanOB. CoceAH~e B 3TOM PflAY T04K\I1 Ha3WBaeM CMe}f{
HWM~. 4.1 - H3 CTal.l~OHapHOCT~ CMemHWX T04eK ~ \113 2.1 cneAyeT 
11 f (S 1 ••• 8 n ••• 8 1 ) = O ~,3Ha4\11T, MomHO rOBOp\l1Tb o CTal.l~OHarJHo~ 

TpaeKTOp\l1\11. OTclOAa me cneAyeT, 4TO np0\l13BeAeH\I1e k-K03epep\l1l.l\l1eH
TOB pflAa nepec~noK BAonb 3aMKHYTo~ TpaeKTOp~\I1 paBHo eA\I1H\I1l.le, 
\11 4TO k(8 .•• S ") He 3aB~C\I1T OT rpaexropu« nepecuruca S ••• S" 
Ha MHO}f{eCTBe c r auuouapaux r paek'ropuã Me}f{AY S \11 S'. 6YAeM pac
cMaTp~BaTb r ons KO 4acTH~~ B~A nepecuno« ASA'" Sa B, BblAeneHHbl~ 

TeM, 4TO AS A ~ SB B nOKanbHbI /\I1MeeT MeCTo A3. 2/, a ynane-u-ue 
8A.··S B· - CTa4\110HapHbl. XOTfl M\I1P ~ anuae r Ha SA",SB ~ SB",SA 
no-pa3HOMY, HO He~3MeHHO. 

B n.3 onpeAeneH\I1fl CKopocTe~ 6b1n\l1 np\l1MeHeHW K nOKanbHblM nepe
CblnKaM /noKanbHwe CKOPOCT\I1/, Tenepb np\l1MeH\I1M \I1X K YAaneHHWM 
nepeCblnKaM /TpaeKTopHble CKOPOCT\I1/. 4.2 - H3 2.1 \11 4.1 cneAyeT, 
4TO V(S A'" SB BS B ••• SA) == v(SB BS B)' 3Ha4\11T, CKOpOCTb nepeaeureuna 
B no TpaeKTOp\l1~ He 3aB\I1C\I1T OT Bw60pa ~3Mep\l1TenbHWX 4aCOB Ha 
3TO~ TpaeKTOp~~, ~ MO}f{HO rOBOp\l1Tb O V-CKOpOCT\I1 otHOC\I1TenbHO 
TpaeKTOp~\I1. . 7 
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npl-1 CYMMl-1pOBaHl-11-1 COOTHOWeHI-1C1 runa t1T _ (A) = k (A ... B) t1T+(B) 
/CM. 02.3/ no P~AY CMemH~X nepec~nOK /An~ KamAOC1 1-13 KO~Op~X 

MomHO C41-1TaTb k noCTO~HH~M/ Onl-1c~Ba~TC~ nepec~nkl-1, B KOTOP~X 

npOMemYTKI-1 BpeMeHI-1 MemAY YXOAOM Cl-1rHanOB 1-13 OAHOC1 T04KI-1 /npl-1
XOAOM B npyryo T04KY / He Manbl: 

2 2	 ++ 2 
T -- (A) = !. t1T--(A) = !. k(A ... B) t1T(B) , T12 (A) = !. k(B."A) ~r(B). 

12 - 1	 1 
/4.3/ 

3Aecb 1 , 2 , 1+ ,2 + B T04Ke A - 3TO pe<t>epeHTHble C06bITI-1~ Anfl 
C06~TI-1C1 1 1-1 2 B B. 

4a. el-1MMeTpl-1~ An~ TpaeKTopH~X nepec~nOK 

YcnoBI-1~ An~ A..• B 1-1 B.•. A pa3nI-14a~TC~ BcneACTBl-1e pa3Horo 
EWI-1~I'HHl Ml-1pa, no3TOMY PHA~ 3"II-1X nepe cernox , Boo614e r oeopn , He-' 
conOCTaBI-1Mbl /cp. A3.1 1-1 A3.2/ 1-1, 3Ha41-1T , B o6~eM cnY4ae He 
MomeT 6~Tb pe41-1 o CI-1MMeTpl-11-1 TaKI-1X nepec~nOK. 4.4 - Ha TpaeKTO
pl-1l-1 R R2 , ... nOKO~~I-1XC~ T04eK /npl-1 nOKanbHOC1 CI-1MMeTpl-1l-1/1,
I-1MeeT MeCTO Tome CI-1MMeTpl-1~ An~ ARA' .• R,BB 1-1 BRÍrooRÁA, KorAa 
k(RAA) = k(RÁA) 1-1 k(RBB) = k(RÉB) "/noKanbHble CKOpOCTI-1 He 1-13Me
HH~TC~ Ha TpaeKTOpl-1l-1/. 4.5 - el-1Tya41-11-1 B 4.4 1-1 A3.1 COBepweHHO 
nonoõuu 1-1 cnenoaarens ao An~ TaKI-1X YAaneHHblX nepecunox Ha rpaex
TOpl-11-1 nOKO~~I-1XC~ T04eK ~Me~T MecTO COOTHOWeHI-1~ 3.1-3.5. 

HecMoTp~ Ha 41-1CneHHOe cOBnaAeHl-1e u 1-1 V, B 4.5 onepa41-1~ 1-13
MepeHI-1~ npouie An~ u, 4eM An~ V, 1-1 v (A .•. B •.. A) CBOAI-1TC~ 

K u(A•.. B)' 1-1 u(B••• A). 3aKoH CnOmeHI-1~ U-CKopocTeC1 /2.2/ 
B nepec~nKe A•. B•. e npl-1MeHI-1M An~ np0l-13BOnbHO ABl-1ra~~l-1xc~ A,B,e 
no TpaeK~Opl-1l-1 nOKO~~I-1XC~ T04eK. 4.6 - An~ B~nOnHeHI-1~ me 3aKOHa 
CnOmeHI-1~ V-CKopocTeC1 Tpe6yeTc~ BblnOnHeHl-1e ycnoBI-1C1 1-13 2.2. 

3aMeTI-1M, 4TO OCHOBaHl-1eM An~ npeAnOnOmeHI-1H nOKanbHoC1 CI-1MMeT
pl-1l-1 /"paBHonpaBHOCTI-1II/ B A3.1 õuna CI-1MMeTpl-1~ AB 1-1 BA OTHOCI-1
TenbHO Ml-1pa, HO nOAo6HoC1 CI-1MMeTpl-1~ HeT /B o6~eM cnY4ae/ An~ 
CI-1MMeTpI-14H~X B 4.4 MemAY co6oC1 TpaeKTopH~X nepecwnOK. 

MomHO nOKa3aTb, 4TO npl-1 CI-1MMeTpl-11-1 4.4 nepec~n6K c 3M-Cl-1rHa
nOM, I-1CnOnb30BaHI-1e B nepecurucex npyroro , BMeCTO y, cur uana , 
60nee MeAneHHoro, He 06eCne41-1BaeT CI-1MMeTpl-11-1 k-K03<t><t>1-14I-1eHTOB, 
TO eCTb B 3TOM oTHOWeHl-11-1 y-Cl-1rHan YHI-1KaneH. A4.1 - B n.6 HaM 
no rpeõyer ca nocrynar , xapaKTepI-13Y~~I-1C1 YHI-1KanbHõCTb y B APyrOM 
OTHOweHI-1I-1. nepeMe~eHl-1e no TpaeKTOp1-11-1 I-1CT04HI-1Ka y -C!I1rHana He 
CKa3~BaeTc~ Ha BpeMeHI-1 npl-1xoAa ero B HeKOTOPY~ T04Ky.4.7. - 5na
rOA~r~ A4.1 c Y4eTOM 2.1 AaeT k(it1A) =k(R 1AR 2 ) = k(R 1R 2),4TO
 
= k (A~ 2) 1-1 U(R1A) = - u(AR2) An~ R1AR 2 •
 

5. KOOPA~HAU~H T04EK ~ e06~T~~ B e~eTEME OTe4ETA 

OAHa 1-13 OCHOBHWX 3aAa4 reOMeTpl-11-1 1-1 KI-1HeMaTI-1KI-1 COCTOI-1T B KOOP
AI-1Ha4~1-1 /coynop~A04eH~I-1/ coOTBeTCTBeHHO T04eK H ca6wTI-1~ B He

8 

KOTOpoC1 c.o. KooPAI-1Ha41-1~ B OKn OTpamaeT peanbHble /l-1nl-1 nOTeH

41-1anbHO B03MomH~e/ ~BH31-1 MemAY T04KaMI-1 1-1 C06~TI-1~MI-1, 1-1 He ~B


,. n~eTC~ TonbKO <t>opManbHoC1 naCnOpTl-13a4l-1eC1 I-1X. 05.0 - eoynop~Ao

~ 

4eHI-1e C06bITI-1C1 a 1-1 b nOKa3aHI-1~MI-1 (T\+(C) , T~b(C) , T~b (C) ...) 4a
COB C nepe cuno« Ca, Cb , ac , bd Ha3blBaeM T -KooPAI-1Ha4\.1eC1. 

J 

3aC1MeMC~ T -KOOPAI-1Ha4I-1eC1 C06bITI-1C1 MF-IOmeCTBa f / m C06bITI-1C1/, 
I-1Me~~I-1X MeCTO B HeKoTopoM nOAMHomeCTBe F /T04KI-1 1 ,2, ••• M/ MHO
meCTBa cTa41-10HapH~x To4eK. B~6epeM Ha MHomeCTBe cTa41-10HapH~x 

T04eK eAI-1HCTBeHHYIO An~ KamAoC1 napu To4eK 1-13 F aexoropvo 
TpaeKTOpl-1~ /ee 6YAeM Ha3~BaTb cMemHoC1 An~ 3TI-1X T04eK/. 

t" 05.1 - TaKY~ CI-1CTeMY TpaeKTOpl-1C1 Ha3blBaeM" CI-1CTeMOC1 OTC4eTa 
/c.c;:rAn~ C06bITI-1C1 1-13 f. B HeH B03MomHbl paauooõpaaaue nepecun
K\.1 KaK no cMemH~M, TaK 1-1 He CMemH~M TpaeKTOpl-1~M. Ecnl-1 A 1-1 B He 
CMemH~ c C, TO 6YAeM, npl-1 Heo6xOAI-1MOCTI-1, B KOOPAI-1HaTaX 3a 3Ha
KOM 4aCOB C CTaBI-1Tb 3HaKI-1 /02.2/ nepec~nOK I-1nl-1 I-1X TpaeKTO
pl-1C1: T +b+ (C, ADC, BEC).

a
B~Aenl-1M MI-1HI-1ManbHY~ 1-1 H<t>opMa4 1-110 , AOCTaTo4HY~ An~ nOnHOI-1

u 

xa
paKTepl-1CTI-1KI-1 Cl-1rHanbHWX OTHOWeH\.1C1 MemAY C06~TI-1~MI-1 f, TO eCTb 
HaHAeM 6a3\.1CH~e KOOPAI-1HaT~ 3TI-1X C06WTI-1C1. 5.1 - OrpáHI-14eHI-1e 41-1C
na 6a31-1CHblX KOOPAI-1HaT oõecneueuo cBoC1cTBaMI-1 nepe cunox . TaK, 
onpeAeneHl-1e cta41-10HapHWx nepec~nOK 02.5 AaeT npl-1 1-13BeCTHWX 
k( 12) , k( 21) ABa ypaBHeHI-1~ 1-13 02.3, CB~3bIBalO~I1IX 4eTblpe B3al-1MHble 
KOOPAI-1HaTbl T l~ (S 1) , , T l~ ( S 2) napu C06bITI-1C1 1 1-1 2 B S 1 1-1 S 2 • 

5.2 - ~3-3a Toro, 4TO np0l-13BeAeHI-1e An~ k -K03$$1-14I-1eHTOB 
CMemHblX nepecuno« no KOHTYPY paBHO eAI-1HI-14e /4. 1/, HeT HymAw 
1-13Mep~Tb I-1X An~ nlO6oC1 napu T04eK 1-13 F. TaK, AJl~ IITpeyronbHI-1Ka'1 
1-13 CMemHblX TpaeKTOpl-1C1 k An~ OAHOH 1-13 "CTOpOHII aupaxae r ca 4epe3 
K03<t><t>1-14I-1eHTbl npyr ax IICTOp6HII. n03TOMY MomHO Bbl41-1Cnl-1Tb k An~ 

nlO6oC1 CMemHOC1 TpaeKTOpl-1l-1, ecnl-1 An~ m-1 nepec~nOK MHomeCTBa 
t~P, CB~3ble.alO~I-1X T04KY M c OCTanbHblMI-1 /1-13 F / T04KaMI-1 P, 6YAeM 
3HaTb k(MP). 3Ha41-1T" I-1MeeM m-1 He3aBI-1CI-1MblX k , 06eCne4I-1Ba~~I-1X 3Ha
H1-1 e ABYX k B KamAOM 1-13 rpeyrons HI-1KOB. 5.3. - ~3 3TI-1X 
paccymAeHI-1C1 cneAyeT B03MomHOCTb BBeCTI-1 An~ãcoB T04eK P Macw
Ta6Hwe MHOmI-1Tenl-1, paBHwe ~MP),1-1 I-1CnOnb30BaTb B onpeAeneHl-11-1 k 
/02.3/ BMeCTO T(P) Benl-141-1Hbl T(P) = T (P)k(MP) - TeM caMblM ynonofinaa 
/KacaTenbHo 02.3/ CI-1CTeMY CTa41-10HapH~X T04eK CI-1CTeMe nOKO~~I-1XC~ 

~: T04eK, 4eM 1-1 Bocnonb3yeMc~ Hl-1me. 
I" 
~ ;~~ 

5a, T -KOOPAI-1Ha41-1~ C06WTI-1C1 Ha He3aMKHYToC1 TpaeKTOp1-11-1 

I B~6epeM An~ m C06WTI-1~ MHomeCTBa f HeKoTopylO He3aMKHYTY~ 

rpaexroomo , COCTO~~YIO 1-13 m-I CMemHblX rpaexropaa , 1-1 paCCMOTpl-1M 
Ha HeC1 ABe CI-1CTeMW EO 1-1 E1 OAHOC\.1rHanbH~X nepecwnOK /BCTpe4

'li 
I	 H~X/ - npHM~X 1 2 3 ••• M 1-1 o6paTHwx M M-1 ••• 1 /p~c.2/, TaKI-1X, 

4TO AnH KamAoro C06blTI-1H 1-13 f \.1Me~TC~ ABe ac rpevuue nepecunxu 
c Cl-1rHanaMI-1, npoxomAeHl-1e KOTOPWX 4epe3 T04KY 3Toro C06WT\.1~ 

coenaaae r c CaMI-1M C06bITl-1eM. npoMemYTKI-1 BpeMeHI-1 MemAY np~MblMI-1 

Cl-1rHanaMI-1 OTMeTI-1M HyneM, MemAY o6paTHblMI-1 - eAI-1HI-14e~ (r y, y = 0,1 ) 
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<,
 peHTHblMH /02.1/ C06blTHRMH B F. TO ..~

rn" (I) IIF~KOOPAHHaT~ MO~HO B~pa3HTb 4epe3 
.;»>: tY -KOOPAHHaTbl /pHC. 2/. 3Ha4HT, 

2 _ --  m KooPAHHaTH~~ 6a3Hc MO~HO B~AeJ1RTb 
l' 

2-( 1) H3 MHo~eCTBa -;Y.	 ~~ 
~

--.. <, 5.4 - ~3 5.1 H 5.3 CJ1eAyeT, 4TO 
"(°1' (2) --.>--

;:-X(S) =tX(S') i.i H3 f, S ,S' ~ I'-- 
lJ lJ -y'	 i ~ 

H3 F. To eCTb r -KOOPAHHaTa HHBa- I' 
<I

pHaHTHa npH nepexOAe B H3MepeHHRX I 
PHc.2 OT 0AHHX 4aCOB TpaeKTopHH K APyrHM	 I

I 

f/n03TOMY HH~e 3HaKH 4aCOB ripa -;Y 
onycKaeM/. 

5.5 - 04eBHAHo /pHC. 2/, 4TO -;.y HeCMe~HbIX T04eK-c06bITH~ CBO

AHMbIK CMe~HbIM, HanpHMep, r1 (12 ... M) = 1°12 + TO 3 + ... + T~_lm ' m
5.6 - CJ1eAOBaTeJ1b HO, m C06b1TH~ H3 f H 2mZ m-L) perpepeu r aux HM 

C06bITH~ B F /Ha r paexropau/ nOJ1HOCTb~ xapaKTepH3Y~TCR 2(m -1) 
3Ha4eHHRMH 6a3HCH~x ~Y. HanpHMep, COOTBeTCTBY~~HX Ka~Ao~ nape 
CMe~HbIX T04eK rpaexropan . ECJ1H A06aBHTb B fOAHO C06bITHe, TO 

'j 

He06xOAHM~ e~e ABe KOOPAHHaT~, H n03TOMY MO~HO rOBOpHTb O ABy
MepHO~ KOOPAHHal.-'HH C06bITH~ Ha TpaeKTOpHH. BMeCTO T Y MO~HO nOJ1b-' 
30BaTbCR HX npOCTe~WHMH J1HHe~H~MH KOM6HHaI.-'HRMH: r 1 ± Fn

• Pa3HOCTb 
T~. - "Te::. > O npa i < J' - e c r s YABoeHHoe pac croauae no rpaek ro

lJ lJ - . 
pHH Me~AY i H j /02.2/, OHa He 3aBHC,HT OT C06~TH~ H xapakrepa
3yeT TOJ1bKO T04~H H TpaeKTopHH, B OTJ1H4He OT ,1+,0, TI, "To, 

- B ir - r: 1 -o '" - 1 -o - - - - ++ 5 . 7 eJ1H4HHbl r == \T .. - T., )/2, 2'! .. '= T .. + T i' ~ r.. + T .. 
--	 I) I) lJ lJ ) IJ IJ 
/onpeA.eJ1eHHe T-KooPAi.1HaTbl'/ KaK H Ti' RBnR~TCR HHBapHaHTaMH AJ1R 
T04eK TpaeKTOpHH, n03TOMY MO~HO OTHOCHTb T Y, P, T K TpaeKTO-' 
pHH. 5a3HC P- H T -KoOPAHHaT COAep~HT r oxe no m·-l 4HCeJ1, TaK 

Ka K / CM . 5 . 5/ T 1m= T12 + ... + T m -1 m ' ~ m= r 12 + ... + f m - l rn • 

nOCKOJ1bKY 4epe3 C4eTHoe 4HCJ18 T04eK BcerAa MO~HO npOBeCTH 
He3aMKHYTY~ TpaeKTopH~, nOCTOJ1bKY m C06~TH~ BcerAa MO~HO KOOp
AHHHpOBaTb B CHCTeMe OTC4eTa C nOMO~b~ 2(m-l)6a3HcHbIX KOOPAHHaT 
/ABYMepHocTb 5.6/. Ha Ka~Ao~ B03MO~HO~ TpaeKTopHH B c.o. HMeeT 
MecTo CBOR KOOpAHHaI.-'HR. Ho B n.5B 6YAeT nOKa3aHo, 4TO He Bce 
TaKHe KOOPAHHaT~ He3aBHCHM~, 

56. KOOPAHHal.-'Hfl T04eK B CHCTeMe OTC4eTa i'~ 
05.2 - 4aCTHblM BHAOM T-KoOPAHHaTbl RBJ1ReTCR T~; (A, s , s ') - ape

MR 3ana3AblBaHHR onuoro CHrHaJ1a no OTHoweHH~ K APyroMY npa npo
xO~AeHHH HMH pa3H~x TpaeKTopH~ S H S' Me~AY B H A /CM. 5.13/. l~ 
TaKHe BenH4HHbl Ha3blBaeM 3aAep~KàMH d, OHH B~AeJ1R~TCR H3 APyrHx I 

r TeM, 4TO He 3aBHCRT OT C06~TH~, a xapaKTepH3Y~T TOJ1bKO T04
KH H TpaeKTopHH. Ba~HaR pOJ1b CHCTeM~ CTaI.-'HOHapH~X T04eK COCTOHT .l 
npe~Ae Bcero B TOM, 4TO MO~HO, OTBJ1eKaRCb OT C06~TH~, rOBopHTb ~ 

~ 
10	 I 

I 

;.. 

O 3aAep~Kax, H H3Y4aTb reOMeTpH4eCKHe CBO~CTBa.3To~ CHCTeM~ AO 
H3Y4e~HR c06cTBeHHo KHHeMaTH4eCKHX 3aKoHoMepHocTe~. /4atTH~M 

BHAOM d RBnR~TCR: YABoeHHoe paccroauue , 'BpeMR oõxona KOHTypa S 

CHrHaJ10M r z: (A, s), pa3HOCTb BpeMeH npoõer a KOHTypa CJ.1rHaJ1aMH 

B AByX npoTHBànoJ10~HbIX HanpaBJ1eHHRX 2.0 /CM. 5.14/ • 
B~AeJ1HM 6a3HC 3aAep~eK AJ1R m C06~TH~-B c.o. /05.1/. 5.8 

Bblpa~aR 3aAep~KH lia HeKO'fOpOM KOHType 4epe3 r Y / CM. 5. 57:-MO~HO 

nOKa3aTb, 4TO J1~6~e 3 Ha 3TOM KoH~ype e~pa~a~TCR 4epe3 paCCTOR
HHR Me~AY CMe~H~MH T04KaMH H j KOHTypa. 

5.9 - nOCKOJ1bKY cMé~H~e TpaeKTopHH e~6paH~ npOH3e0J1bHO J.1, 
3Ha4HT, paauue r Me~AY m T04 KaMH He ceR3aHb~ Me~AY c060~, TO 
AJ1R e~4HCJ1eHHR J1~60~ 3aAep~KH Ha J1~60M KOHType He06xoAHMO 3HaTb 
3Ha4eHHe r J1~6bIX CMe~HbIX rpaexropaa ~ m(m-1 )/2 4HCeJ1. . 

A_KaKoe 6a3HC AJ1R MHO>l<eCTea O? 5.10 - PaccMaTPHeaR eblpa~e

HHR o uepe s rY / CM. aHaJ10rH c 5.5 e-P3, 5. 14/ AJ1R paasux KOH
TypOB, MO~HO noKa3aTb, 4TO coCTaeHoro KOHTypa paeHa CYMMe f8c , 1 
COCTaeJ1R~~HX ero KOHTypoe c corJ1aCOeaHH~MH HanpaeJ1eHHRMH npRM~X 

nepecunox /TpaeKTopHR, eCTpe4alO~aRCR e nayx COCTaeJ1R,IO~HX KOH
Typax, He BXCAHT e cgcTaeHo~ KOHTYP/. HanpHMep, e TeTpa3Ape 
AOCTaT04HO H3MepHTb Oi TOJ1bKO AJ1R Tpe~ TpeyrOJ1bHHKoe. 3Ha4HT, 
Mbl AOJ1~Hbl BbIRCHHTb, AJ1R CKOJ1b KHX 6a3HcHblX npOCTe~WHX r oeyr-om.
HblxKoHTypoe HY~HO H3MepHTb ãi ,4T06bJ ebI4~C[1HTb ace ã : C jsepunrc 
HO~ e m-~ T04Ke HMeeM (m-l) (m..;2)/2·Tpeyr0J1bHHKoe. AJ1R xaxaoro 
H3 HJ.1X ~ He 3aeHCHT OT OCTaJ1bH~X, T~K K~K ~o~ep~HT ; Y, HeI 
nOReJ1R~~HeCR e eblpa~eHHRX /CM. 5.5/ AJ1fl OCTaJ1bHbIX TpeyrOJ1bHH
KOB. D~60~ ~e TpeyrOJ1bHHK, He eKJ1~4a~~H~ m-IO T04KY, 06pa3yeT 
BMeCTe c He~ TeTpa3AP, a 3Ha4HT, ~c AJ1R -rer-o ec r s CYMMa ~i 
~J1R OCTaJ1bH~X TpeyrOJ1bHHKOB TeTpa3Apa. 5.11 - TaKHM 06pa30M, 

AoCTaT04HO 3HaTb (m -1) (m - 2)/2 He3aB,HcHMblX 3Ha4e':lJ.1~ ~ i A.f1R 6a
3HCHblX TpeyronbHHKOB, 4 T06bl MO~HO 6blJ10 4epe3 HHX eblpa3HTb ~c 

AJ1R J1~60ro KoHTypa c.o. 

5.12 - BblAeneHHble e 5.2, 5.9, 5.11 AJ1R MHo~eCTe k, r, o 
6a3~e 3Ha4eHHR nOJ1HOCTb~ xapaKTepH3Y~T reOMeTpHIO paCCMaTpH
eaeMO~ CHCTeMbl m T04eK H m(m-l}/2 CMe~HbIX rpaexropuã c.p.ECJ1H 

•He KQHKpeTJ.13HpOeaTb ceo~CTea CMe~H~X TpaeKToPH~ /HanpHMep, He 
e~6HpaTb HX HaHKpaT4a~WHMH/, TO HeJ1b3R n0J1Y4HTb 4aCTHWX reOMeT
pH4eCKHX 3aKOHOMepHOCTe~ THna ceR3H paCCTORHH~ e reOMeTpH4e-. 
CKHX $Hrypax. 

Se. KOOPAHHaI.-'H~ C06~TH~ e CHCTeMe OTC4eTa 

Tenepb nepe~AeM K eWAeJ1eHH~ 6a3Hca r-KOopAHHBT, xapaKTep~

3Y~~HX m C06WTH~ e C.O. npH 3TOM 6YAeM C4HTaTb, 4TO k, ;, ~~ 
xapBKTepH3Y~~He T04KH ~ TpaeKTopHH c.o., HaM y~e H~eeCTHbl. AJ1R 
3Toro HaM HY~HO Ha~TH,COrJ1aCHO 5.6.cBR3H Me~AY ABYMep~~MH 
KOOPAHHaI.-'H~MH /Aea 4HCJ1a H3 ~o , ri, F., ~ Ha c06wTJ.1e,cM.5.6/ 
Ha pa3HWX B03MO~HWX TpaeKTopH~X c.o. ~3-3a 3TO~ AeYMepHoCTH 
Ari~ xapaKTepHCTHKH C06blTHR AOCTaT04HO paCCMaTpHeaTb H3 Tpex 
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r-mos apexeuuax KOOpAIIlHaT rO, ;-1, T ronsko OAIIlH. Y>Ke Ha OAHOM 
KOHType nape C06bITIIlIII cooTBeTcTBYIOT oa s-rue rY 11I T Ha ABYX AO
nonHIIlTenbH~X 4aCTAX KOHTypa ICK. 5.5 11I 05.2/: 

- Y - Y Y Y 
T (12 •.. K) = r (K K -1 O" I) - (-1) d , 15.131 

T (12 ..• K) = T (K K - 1 ..• I ) - Ô, 20 == d? - d 1 • 15. 14 I 
B cK06Kax nplll rY 11I ri YKa3aHbl rpaexroowa , Ha KOTOpblX OHIIl 1Il3Me
PAIOTCA 15.14 eCTb CYMMa COOTHoweHlIl1II 5.13, CM. 5.7/. 

~3-3a 5.5, 5.13 11I 5.14, c easaaaouu-x T"Y 11I T CMe>KHbIX C06b1TIIl~ 
Ha KOHType, B TpeyronbHoM KOHType ITplll c06blTIIlAI IIlMeeM TonbKO 
ABe He3aBIIlCIIlM~e BpeMeHH~e KoopAIIlHaT~ IHanplllMep, ABa 3Ha4eHIIlA T I. 
5.15 - CIIlTyal.\1Il1ll c ypaBHeHIIlAMIIl CBA311l AnA T Y ,rI 11I k-K03$$IIl 
l.\lIleHTOB nonHOCTblO aHanorlll4Hbl ICM. 5.2/, n03TOMY pa3MepHOCTIIl 
IIlX 6a311lCOB COBnaAaIOT. To eCTb Ka>KA~~ 11I3 paBHO B03MO>KH~X 6a311lCOB 
(;0, T 1 T) COCTOIllT 11I3 m-I 4l1lCen. H MO>KHO r oaopwr s 06 OAHOMep
HOIII i O

_ , ;1_, T-KOOPAIIlHal.\IIlAX, B TOM CM~cne, 4TO AnA BpeMeHHO~ 
KOOPAIIlHal.\IIlVl AononHIIlTenbHoro (m+l)-ro C06~TIIlA Ha KOHType AOCTa
T04HO OAHoro 4l1lCna. 

5.16 - KaK BIIlAHO 11I3 5.14, KorAa AnA nlO60ro KOHTypa, B KOTO
Pbl~ BXOAAT C06blTIIlA 1 11I k, 0:= O, r orna AnA T lk lHO He r ik I npona
nae r BCAKaA 3aBIIlCIIlMOCTb OT r paek topaa , 11I T ~HBaplllaHTHa He rorn.
KO Ha He3aMKHYTO~ TpaeKTopVlIll /5.7/, HO 11I Ha Bce~ c.o. B nocneA
HeM cnY4ae i -KoOPAVlHaTa CYllleCTBeHHO B~AeneHa OT ~~-KOOPAIIl-
H~T ,/11I APyrlllx nIllHe~H~X KOM6I1lHal.\lIl~ ;Y I TeM, 4TO OTHOCIIlTCA K c.o., 
a He K r paek r opua . KOM6I1lHal.\IIlA T" l_TO BcerAa He 3aBIIlCIIlT OT C06bl
TIIl~, a ;1 +,0 He 3aBIIlCIIlT OT TpaeKToplll~ TonbKO B 5.16, n03TOMY 
r ons rco npu 0:= O AnA acex KOHTYPOB B C.O. CTOIllT Ha3blBaTb T-KOOP
AIIlHaTy c06CTseHHO BpeMeHHolII Vlnlll C06~TIIl~HO~ B C.O. 

5.17' - Tons xo npu Ô == O AnA t\ ABC T a b- 1Il3MepeHHaA BAbA VI n 11I'
 
BaG IHa CMe>KHO~ r paex r opau AnA a 11I bl paaua fac + fel>' 1Il3MepeH

HblX B AcA ICaCI 11I BcB /CbC/, VI 2T ab "" ;::b+ (X) + r;t;-(X) , r ne X

ruoõue 4aCbl KOHTypa. 3TOT 3aKOH CnO>KeHIIlA T -npOMe>KYTKOB ABnAeT

CA rnaBHblM OCHOBaHlIleM 10H npeAnonaranCA VI B KOHl.\enQIIlIll a6conlOT
Horo BpeMeHIIl 11I B CTOI AnA OTO>KAeCTBneHVlA B CTO T-KOOPAVlHaTbI
 
IBpeMA CTO t - 4aCTHbI~ cnY4a~ T -KOOPAIIlHaTbl, CM. 12. 1I 11I BpeMe

H11I r IKOOPAIIlHaTbI B T04Ke 4acoB/. C T04KIIl 3peHIIlA onepauaouaoro
 
nOAxoAa TaKOe OTO>KAeCTBneHlIle ABnAeTCA Hel.\eneco06pa3HblM 11I He
 
cnoco~cTByeT npOCTOTe 11I ACHOCTIIl TeOp1ll1ll ICM. n. 6 16!I.K TOMy >Ke
 
OHO c TaHOBIIlTCA CQBceM IIlCKYCC TBeHHblM npa 8 f:. O.
 

TaKIIlM 06pa30M, 6narOAapA CTal.\VlOHapHOCTVI T04eK c.o. napaMeT
p1ll3al.\VlA IKooPAIIlHal.\IIlAI m C06bITVI~-T04eK r pefiye r cnenar s AnA K, 
8,f 11I T cooree r c r eeuuo un-c L, (m-IHm-2)/2, m(m-U/2, m-I 
1Il3MepeHIIl~. Ha3~BaTb OAHH 11I3 3TIIlX 411lCen KooPAIIlHaTaMVI, a APyrVle 
He~ MO~HO TonbKO B ClIlny TpaAIIll.\IIl~. B CBA3V1 c 3TIIlM HaAO 3aMeTIIlTb, 
4TO HY>KHO ellle MHoro AononHIIlTenbH~X Vl3MepeHIIl~ AnA 3aAaHIIlA CMe>K
HblX TpaeKTOpVl~ - Tpe6yeTcA MHorOKpaTHO y6e>KAaTbCA B CTal.\1Il0Hap
HOCTIIl T04eK TpaeKToplll~. 
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nOA4epKHeM, 4TO 3aAa411l n.5 6blnlll CKopee reOMeTplll4eCKllle, 4eM 
KIIIHeMaTIII4eCKllle, n03TOMY B HIIIX, eCTeCTBeHHO, He IIIcnonb30BanlllCb 
KIIIHeMaTIII4ecKllle nOCTynaT~ In.31 11I IIIX cneACTBIIIA. 

6. 06mAA K~H~MAT~4ECKAR 3AAA4A 

Bblwe AnA KoopAIIIHaT T Y, r ,T 6blnlll nplllBeAeHbl ypaBHeHIIIA CBfI
311I 15.5, 5.13, 5.14/. ~ - YpaBHeHIIIA CBA3111 AnA 06111e~ KIIIHeMaTIII
4ecKoIII 3aAa4111, CBA3~BalOlllllle nOKa3aHIIIA 4aCOB,nepeMelllalOllllllXCfI B c.o., 
11I 4aCOB C.O. MO>KHO nonY4l1lTb, ecnlll B ypaBHeHIIIAX 5.5,5.7, 5.13, 
5. 14, BepHYBWIIICb OT r, T ,r K r, T, r, KOOPAIIIHaTbl C06bITIII~, 
Me>KAY KOTOp~MIII Ha TpaeKToplllflX c.o. nepeMelllalOTCA 4ac~, B~pa3l11Tb 

10cHoB~BaAcb Ha 4.31 4epe3 CKOPOCTIII 3TIIIX 4aCOB 11I IIIX nOKa3aHIIIA. 
COOTHoweHIIIA AnA T 11I r, nOA06H~e 4.3, IIIMelOT BIIIA 

2T 12 (8 1 ) } 2 1
J [ ± k (8 1 •.• B) + k - (B ... S1)] d r (B) 16.21 
12r 12 (8 1 ... B ... 8 1) 

n plll k (8 1 .., B) k(B ••• 8 1 ) 

2 dr(B) 2 udr(B) 
T 12 (8 1 ) := J ----- r 12 = f ---::. 16.31 

1 2ii~ 1 vI - u

3AeCb, KaK 11I B 4.3, CYMMlllpOBaHllle npoBOAIIITCA no PAAY CMe>KH~X 

6nlll3KIIlX nepec~nOK. YpaBHeHIIIA 5.7 AnA~ 11I ~ npOIll3BOAH~ OT ypaB
HeHIII~ 5.5 AnA ;Y, n03TOMY AnA HeKOTOpo~ TpaeKToplll1ll IKoHTypal 
IIIMeeTCA TonbKO ABa He3aBIIICIIIM~X ypaBHeHIIIA. 

B Ka4eCTBe npIIIMepa nplllMeHeHlllfI anroplllTMa 6.1 Ic COOTHoweHIIIA
MIII 5.5, 5.7, 5.13, 5.14,6.2, 6.31 paCCMOTplllM 06MeH ABYMA clllr 
HanaMIII Y ,Y Me>KAY 4acaMIII A 11I B, nepeMelllalOlll~MlllcA 'COOTBeTCT

13 24
BeHHO Me>KAY C06blTIIlAMIII 1,2 11I 3,4 co CKOPOCTAMIII u(8 1 A) , u(83B)
 
B c . o , " , ) , B KOTOPO~ AnA KOHTypa, IIlcnonb3yeMoro B sanave ,
(81,8 2 
AnA npoc TOTbl nOnO>KIIIM o = O. 4T06bl nonY4111Tb coor aoureaae , CBA 3bl

BalOlllee nOKa3aHIIIA 4aCOB A 11I B, 06paTIIIMcA K ypaBHeHllllO AnA T-KOOP

AIIIHaT 5.14 AnA KOHTypa 112431/. ~Mefl B BIIIAY 6.3 11I TO, 4TO nplll
 
p~cnpOCTpaHeHIIIIII Y24 laHanorlll4Ho AnA Y13 I r2~ t82) = O ,
 
r 24 (8 2 ) = 2r 24' nOnY4I11M:
 

r12 (A) r34(B) 
-~2-- .

I áreA) / JI- u2 (8 1 A) + r 24 = I L\r(B)/ JiI - u (8 3 B) + rI 3 • 
O O 

16.41 
CYMMlllpOBaHllle 3AeCb BeAeTCA no PAAY nepec~nOK 11I81A 83B. 

~3 6.4 MO>KHO, HanpIIIMep, nonY4l11Tb / 5 / onlllcaHllle onepal.\1II111 Tlllna 
on~Ta CaHbAKa, a B~6111paA HalllKpaT4a~wllle TpaeKTopIIIIII AnA ClllrHanOB 
11I npeAnonaraA eBKnlllAoBY reOMeTpllllO,- onlllcaHIIIA POTOpH~X Mecc6aY3
pOBCKIIIX 3KcnepIllMeHTOB, 3$$eKTa Aonnepa, a6eppal.\lIIl11. 
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C uens o nOAblTmfn1Tb 1t13IlO>KeHHOe suuie BblAelllt1M B npennar aéao» 
nOCTpOeHlt11t1 OKn HeCKOIlbKO CpaBHIt1TeIlbHO aBT6HOMH~X 3~anOB, OTpa
>KalO~It1X KIt1HeMaTIt1~eCKlt1e ,3aAa~1t1 pa3H~X YPoBHe~: 

I - 3aAaHIt1e In.l ,31 nOcTYIlaTOB 101 onpéAeIleHIt1~ CBO~CTB 

~aCOB 101 Clt1rHaIlOB. OnpeAeIleHlt1e In.21 IlOKaIlbH~X napaMeTpOB ABIt1
>KeH~~ 101 nepeMe~eHIt1~. 

11 - B~AeIleHlt1e nocpeAcTBOM cBo6oAH~X IlOKaIlbH~X nepec~noK 

YAaIleHH~x CTa~1t10HapH~x To~eK In.4/.0npeAeneHlt1e TpaeKTOplt1~ 101 c.o. 
~a 3TO~ oCHo~e. KOOPAIt1Ha~lt1~ To~eK K C06~TIt1~ B C.O. In.4,5/. 

111 - COBMecTHoe It1CnOIlb3üBaHIt1e pe3YIlbTaToB 3TanoB I 101 11 
n03BOIl~eT In.4, 6, 71 CB~3aTb napaMeTp~ IlOKaIlbH~X nepeC~IlOK 

Me>KAY np0lt13BOIlbHO nepeMe~alO~It1MIt1C~ B c.o. ~aCaMIt1 IA, BI 101 ~aCaMIt1 

c. o. (8 A' 8 B) C napaMeTpaMIt1 YAaIleHHblx nepe cuno« Me>KAY TO~KaMIt1 

A, B.•. 101 C r -KoOPAIt1HaTaMIt1 C06bITIt1~ B A 101 B..• ~ 1t13MepeHHblMIt1 ". 
1013 To~eK c.o. 

IV - nOCTYIllt1pOBaHlt1e In.31 CIt1MMeTplt11t1 IlOKaIlbH~X nepec~noK 

nplt1BOAIt1T K TOMY, ~TO AIl~ OnIt1CaHIt1~ MHO>KeCTBa 3TIt1X n~pec~IloK 

AocTaTo~Ho OAHO~ CKOpOCTIt1 BMeCTO gBYX (UO) 101 (u!). Cy~ecTBeHHo, 

~TO cTpyKTypa YPoBHe~ 1-111 He3aBIt1CIt1Ma OT npeAnOIlO>KeHIt1~ 3TO~ 

CIt1MMeTplt11t1 IA3.1, A3.2/. Bce KIlIO~eB~e nOIlO>KeHIt1~ 101 COOTHOWeHIt1R 
OKn He Onlt1palOTC~ Ha 3TO npeAnOIlO>KeHlt1e. Ho, KOH~~HO, AonOIlHIt1
TeIlbHbl.:1 nOCTYIlaT nenaer KIt1HeMaTIt1KY õonee KOHKpeTHo~ 101 õoraroã 
çIleACTBIt1~MIt1. 

AHaIllt13 nOH~TIt1~ 101 nplt1H41t1nOB npeAIlaraeMoro B Hacto~~e~ pa60Te 
nOCTpoeHIt1~ OKn, cpaBHeHlt1e OKn 101 KIt1HeMaTIt1KIt1 CTO npOBeAeHO B pa
60Te j6~ TaM >Ke paCCMaTpIt1BaIOTC~ HeKOTop~e ~ac~Hwe 3aAa~lt1: o C~~
3101 cy~ecTBOBaHIt1~ Bpa~alO~It1XC~ To~eK C pa3MepHOCTblO r -KOOPAIt1Ha
~1t11t1, o CB~31t1 KOOPAIt1Ha~lt1~ nayx ~aCOB, ABIt1>KY~It1XC~ IIOTHOCIt1TeIlb HO 
APyr ~Pyra" laHaIlor npeo6pa30BaHIt1~ nOpeH4a/. 
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H3JiaTenbCKHH oTnen 06'benHHeHHOro HHCTHTYTa HJlepHblX HCCnenosaHIH; 

H .. xoneHKO B.r . P4-86-50 
. Onepa~HOHHOe nocTpoeHHe K""HeMan·1KH nepeCbtilOK 

0nHpa~cb Ha aHan~3 H3MepHTeilbH~X onepa~HH, Ha OCHOBe HeTpaAH~HOHH~X 

nOCTynaTOB H OnpeAeileHHH aKCHOMaTH4eCKH CTpOHM KHHeMaTHKy CHrHailbH~X nepe

C~OOK, "Meowyo 6onee WHPOKyo o6nacTb npHMeHeHHR, 4eH CTO. BpeMR onpeAenReT
CR TOilbKO B TO~Ke 4aCOB (KOTOp~e SMeCTe CO CBeTOB~MH CHrHailaMH RBilR~TCR 

eAHHCTBeHHbtMH H3MepHTeilbHbtMH HHCTpyMeHTaMH), OHO onepaijHOHHO OTilH4aeTCA OT 

pa3Hoo6pa3H~x speMeHH~x KOOPAHHaT, K OAHOH H3 KOTopwx OTHOCHTCR apeMR t CTO 
nonO*eHHR 06 OAHOMepHOCTH, aAAHTHBHOCTH t, ee HHBapHaHTHOCTH 8 HHepijHailbHO~ 

cHcTeMe OTc4eTa AOKa3~aaOTCR xax reopeM~. OnepauHOHH~H nOAXOA no3aonReT oT
AenHTb (e OTOH4He OT CTO) a5conoTHwe 3KcnepHHeHTanbH~e ~eKT~ (Aonnepoe
cKoe CMe~t.~eHHe, MeHbWee BPeMR 11nyTeweCTBYto"'ero 6.nH3HeU.a 11 ) OT lo1CK.nto4aetotbiX B 

HdCTOR~eM nOCTpOeHHH KOHBeHU.HaflbH~X nOflO*eHHH, TaKHX, KaK npHHU.Hn nOCTORH

CTBa CKOPOCTH CBeTa, OTHOCHTenbHOe OTCTaaaHHe 4aCOB (H COKpaweH~e MaCWTa-
6oe), npHHaAne*awHx pa3H~H HHep~HanbHWH cHcTeHaM OTC4eTa. B noeAnaraeMoM 
nOCTpOeHHH AOCTaT04HO HCnOnb30BaTb eAHHCTBeHHyo CHCTeMy OTC4eTa (He 06R3a
TenbHO HHep~HaObHyO), H HeT Heo6XOAHMOCTH B nOCTYOHPOBaHHH e&KOHAOBOH reo
MeTpH"'. 

Pa6oTa a~nonHeHa e fla5opaTOPH~ HeHTPOHHOH ~H3MKH OHRH. 

Coo611leHHe OO!.eJlHHeiOioro IOICTHTyra liJI.epllblX HccneaoaaHHii. llyliHa 1986 

llepeBOA U .I,.. tiHHOrpaAOBOiil 

Nikolenko V.G. P'+-86-50 
Signal Sending Kinematics Operational Construction 

Basing on the analysis of measuring operations and on nontraditional 
system definitions and postulates the operational kinematics of signal sen
ding (OKS) is build up which has a wider range of using as compared with a 
special relativity (STR). Conception of time interval is introduced only 
for events taking place at the clock site. Clocks and electromagnetic sig
nals are the only measuring "apparatus". Time differs from various time co
ordinates (In particular, from STR time). Statements about one-dlmenslonali 
ty, additivity, invarinace of.time are considered as theorems. In contrast 
to STR, the operational approach allows one to separate the absolute expe
rimental effects (Doppler shift time, retardation of the travelling twin) 
from the conventional statements (principle of constancy of light velocity, 
relativity of clock retardation and road contraction). In OKS it is sufficl 
ent to have only one reference system (possibly not inertial) without re
quirement of Euclidean geometry. 

The Investigation has been performed at the Laboratory of Neutron 
Physics, J I NR. 
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