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BCl!C:.TaKHOHa,sepTHTCH! 

raJIH.neo ra'.iIHJiei1 

ToM11coBcKoe BpameHHe KaK. ipH3H'IecKoe. JIBJiettHe peaJihHO npol!BJll!eTCll B 

._.z;onoJiirnieJibHoR npe11eccHH> cITHHa peJil!THBHCTCKHX , ·qacTH!l, .11BHlKYlllHXCll Bo. 

BHemHeM ll_t:J_Jie no 'KpHBOJIHttel!Holi TPa:~KT~pHii. npHMettHT~~b~o K aToMHUM 3JieK-:-

TpoHaM, ~BHlKYIJIHMCll B .• KYJIOHOBCKOM .none ll.llpa, ✓ 3Ta .11onoJIHHT8JlbHal! ;npe11ec­

CHlI ·cn11i1a; HecMoTpll Ha M~JIYlO :BeJIH'IHHY CKOpOCTH. 3JieK'Tp?HOB '· Bl,131,1B ae'r) TeM 

lie Mettee _yMeHhmeHHe B .11Ba pa.3a seJIH 1rnim pacmenJieHHll cne1frpaJibHUX JIHHHl!; 

06 y CJIOB.JieHH~ro CilHH-op6HTaJibHU~ ·.B3aHM~.11E!l!~TB~eM. llB,;~lnl8 JOMacOBCK;ro 
0

BpameHHll HMeeT; o.11Hali6 ,06u11il! xapaKTep H 3aKJIIO'laiiTcll B IlOBOpOTe ,11BHlKYIJle­

, ~OCll 061,eK;a ;ii COOTBeT_c;BeH!IO co~poBoX:.ziaiomea CHcT,eMu x;op.11i:;1:aT . BOKpyr ·. 

· Hanpasne,HHll. HOpMaJIH K IlJIOCKOCTH 'ero, ipaeKTO.pHH •. 3_TO ueo6ii'IHOE! noiie;eH~~ · 

co6cTBeHHOl! CHCTeMu oTc'leTa, OTcyTcTByromee· · s · x·iaccH'l.ecxol!. MexaHiixe, · 

. CJie.11ye-r Henocpe.11CTBel;l!O H3 ;aK Ha3UBaeMHX o6mH~ npeo6p~3o~aH;I~ JiopeH11a . 
, :·-: : : . ' . ·, "-. . . ' . -._ , . -'~-~,. .- '. , . 

'6e3 BpameHHli H ·ll_BJil!eTC.ll He .M_eHee ipyu.11aMeHTaJiblll,I":. t;Jie.11c,TBHe~1 peJil!THBH-

CTCKOlt KHHeMarnirn, '!eM nopeu11e~cKoe coKpameuHe. H-3aMe~nemie xo.11a' .11BH-: . 

lKYlllHXCl! 'laCOB, CJie.11yro~HX H:I C~ellHil.JibHUX ._npeo6p~-36~aHHR Jlope.H11a; 0)1H~KO ·· 

:no CJie,!ICTBHe, nponyll!eHHOe KJiaCCHKaMH TeopHH · OT}IOCHTeJibHOCTH H ·ycTaHOB-c 
J . • . • ' -

. JieHH·oe ToMacmi J!Hillb' B 1926 ro.11y [1] ii" CBll3H c -ynOMllHY.TRM .11B08HHM pac- . 
. •• .' ,· . . .· .. 

xoJK.11eli11eM H3MepeHHUX H a·u'IHCJieuu1,1x pacmerrJieHHli s ;caepXTOHKoli CTPYKType 

onTH'lecrnx ;neKTpo~, H~ nony'IHJIO · sc~. JKe .noc~~,.~~Ho 'umpo~~ro ocseme~m1 

•. H. rro3.TOMY .110 c~x nop 'ocTa~Tcll MaJio H3_BeCTHUM 6oJib~HHCT~Y ipH3HKoB, He 
::. - , . 

3aHHMaromHxcl! Henocpe.11cTBeHHO npe11eccHel!· . cnHHa ,peJil!THBIICTCKHX 'laCTH!l_. 

•: T~uoe ;no·JI~JKeHHe ·c cicB~·ll!eHHei,1 TpeTbero qiyil.11aM~HTaJib'uoro csolicTBa pem1-

,THBHCTCKoli KHHeMaTHKH HylKHO I KOHe_'IHO, HCnpaB~Tb. ·.ll~yrall, 6oJiee cep·b~3::. 

Hall npH'IHHa npHBJ!e'leHHll B·ceo61l!ero BHHMaHHll 'K 3TOMY CTpaHHOMY I Ha nep-

BHlt B3f'Jlll.l1, l!BJieHHIO H ueo6xo.11HMOCTH ero ~aJibHeliwero 6oJiee .. rny6oKor~ 

;,H3}'tfeHIHI-.CBSI3aaa ·,c o6aapyieHHO.if H a'o_c}',icJ:taeMOfi B p·a6oTax·_['.2;3,'4l. Bo3MO-,,,: 
•' • ' I ~ • '• ~' • ' . ,'( r ' ' . ' 

lltHOCTb!O napymeHHll lipHH!lHn_a OTHOCHTeJI~HOCTH B llBJI8HHllX, CBll3aHHl,IX, C TO-

MaCOBCKHM B pameuHeM, XOTll' 3TOMY I; rio-BH.IIHMOMY ,' .. 13 CHJI.Y BCe0611\~f'O ·: npe,ny-
' ,- C <., ' • f O ,, • •. : • • ,•• ' - •: • < '. < , •• ' -

.6el[.l18HHll ,, H ue y.11eJill8TCll IlOKa cepb~3HOro· BHHMaHHll', Taxoe. HapymeuHe MO;,;_ 
., j ,,· -, ' ' ' ; : - ' " ' - . - • • ' ~ • . ' • ·, 

llt8T 6un o6_'bll~HeHo OTCYTCTBHeM.rpynnoBUX CBOliC_TB y' o61l!HX. rrpeo6pa30Ba-

·' HHli Jiopeu11a 6e3 spameima [ 5 J,, '!To . If npollBJIHeTt:ll, s. ipopi.ie Hl.ieuuo' TOMaco,c:. 

. BCKOro noeopoTa ,.l1BHlKYIU8rOClI 06'b8KTa,,H,.CBll3aHHllX '..c. HHM: B8KT,opoB. 
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_, __ ,.,. .. 
KpaTKHll o63op · pa6oT, nocasimeHHUX TOMaconcKoMy npauieHHIO, 'npHBe.neH 

B pa6ciTe' [6]. B. :nori 'pa6oTe 6blJI~- nony•rnHbl TO'!Hble -Bblpa)!CeHHlI .!lJ!lI. TOMaco-_ 

BCKOr'O noaopoT~ _B HHTerpaJib~Oi! ·(jl~pM'e\ ;a -OCHOBe (j)OpMaJ!bHOl'O anre6paH'!e­

CK~ro MeTO~~ B·MaTpH'IHOll ~OpMe· •. PaHee.aHanorH'!Hble COOTHOWeHHH '6unH 'no~ 
' . . ., 

_Jiy'leHu B pa6oTax [ 7, 8] . · 

.1. MEXAHH3M ~-AETAAbH~A~PA~4ET TOMACOBCKoro BPAmEHH~-
i - ~ ·-

0CHOBH1IlI· ueJib .naHHoro· coo6meHHlI 3aKJIIO'l!ieTClI B TQM, 'IT06bl · .. noKa-. 

_3aTb,. '!TO Henocpe.ncTBeHH?ll (jlH3H,iecKoll npH.'IHHot npHB~ll!Illlell HeH36ei1rn'o · K 

TOMacoBCKoMy _ apameHii10; HBJIHeTCH H3MeHeHHe · HanpaBJieHHlI . 11 · npocTpaHCTBe· 
• • • J • \ ', • ' ' • , - ' • 

npo,llOJ!bHOrci JIOp1rnueBCKOro. COKpame_HHlI .!lBHl!CYilleroc!I 061,eKTa. npH .!lBHJ!CeHHH 

era· no Kp.HBOJIHHel!Holl TpaeKTOpHH: ,llJI!I ~OKa3aTeJibCTBa inorci noJIOl!CeHHlI. Mbl 

HcnoJI_h3yeM· 6onee Harn~.n~ull · ·reoMeTpH 11ec·KHR .Me_To.n, KOTopull, npHBO.!llI K 

TeM :ai:e KOJIH'!eCTBeHHblM pe3yJibTaTaM; -_'!TO ff' B pa6oTaX [6, 7, 8], Il<l3B0-JI!IeT 

BCKpHTb -•~~3H'lecKyJO ; CTopoHy lIBJieHHlI nyTeM" npoc:Toro reoMeTpH'l~C-KOl"O 

nocTpoeHH!I (npHBe~eHH~ro Ha pHc. 2); • . . ·.· . _. 

- HTaK, nyCTb nepBoHa'!aJibHO noKOHuieMy·clI. B HeKOTOpOl! Hl!epUH;;;;,~oA . 

. CHCTeMe OTC'l!!Ta x, y, z,'t TeJIY no.n .nellcTilHeM BHeWH~ll CHJI~, npHJiaraeMa'a K. 

· era• ueHTPY HHepuHH -(He BH3l,1Ba~mell ero ap;;;{J'H~H), · co;6maeTcir. cKopo~n 

f3 = v/c .B :HanpaBJieHHH ocH. 2', -11e·n11.iHna KO;~;oa · 3a;e·M n~.n ;el!cTBHeM· ana-: 
X . .~ , . ·.:. . ' .' . ' .· . '.. ', ·. : . . , , . -~ • , • 

JIOrH'IHOll CHJIH, npHJiaraeMoll B,HanpaBJieHHH_OCH Y, H3MeHHeTClI no MO.llYJIIO H 

nanpaanenmo, npHHHM;H-HeKoTopue· '311aqeHHlI /3 -;'y.noBJie~a·opHIOIIlHe ycJioBHIO 
. . • . ·',., . I . . . . . . ·, 

:'rl = f32 + ·c13· . 1-/,2: ; ., =· i-1✓ 1-(32 .·· 
· .. , [ · ~ . !Y - X · . , X • . , _: X 

(1) ' 
;,..-• 

.r.ne /3 ._, BeJIH'lirn·~ .no6aiio'!H08 'cKopoc;H: B. nanpaBJieHlrn OCH y B .'CHCTeMEi' OT-
ly . ··. "' ~ . . , . '--.. _.._:--~~- .. ··. -~ ·,~. . ._ ·, - - . . ... · · .. · 

C'l!!Ta, .!lBHl!CYIIlellc!I co CKOpOCTblO (3 :no OTIIOWeHHIO K,Hcxo.nnoll, Heno.nBHl!CHOll.,. 
-. • - ~ ~ , • • ' ' X .• ... '. . . ' --· . ' .,_ . . . : .~ : . "' . . ~ 

~CJIOBHe. ( 1) BH,ll~JI!IeT '!aCTHHll_ CJiy'lall_,: KOr.na BeKrnpbl {3"H (3
1 

/ B3aHMH_O op-

TOrOIIaJibHbl, .'!TO cyII1eCTBenuo·• ynpomaeTi pewenHe 3a.natiH H no3aon1Iet 3aTeM 

nony'IHTh pewe'HHe H ii· 06II1ei.t cnyqae n'yT!ii.i :npo~Toll _KoM6~~l.lHH .nnyx '!acT-

A...::-----------"'j,'-"ll;_'---";.;c._----

PHC. ,1· 
• ,-- < 

2 

Hl,IX. ·. peweHHll"' . '. COOTBeTCTB YIOIIlHe 

' TpeyroJibHHKH CKO.po_c_Tel! .ABC H ABD 

'Ha 3BKJIH.noaol! IIJIOCK'ocTH B e.nHHOM 
, ., ,-/. - .•.. 
1,1acwTa6e . Hcxo.nnoll • neno.nammoll 

CHCTeMH KOOP.!lHHaT npHBe,lleHbl ·Ha 

.. pHC: 1. ·cooTHOWeHHlI. Mel!C.ny. H30-

6pa:a:~HHblMH BeJil!'l~~a1,rn .H 3Ha'le:­

HHHMH . (3 .; H. (3 ,: B CHCTeMaX OTC-, 
. , . I y~·• k 

._'l!!Tii ~BH.l!C}'IUHXCH c°.. cKopocTiIMH 

(3 H '.tr COOTBeTCTBeHHO;. BHTeKa-' 
-, . X J ~·: . ' . . ' 

IOillHe_ ·H3 ·. 3_aKOHa ·cJ!Ol!Cel!HlI ,cKopoc~:-

"Tel!; cyTh cne.ny10II1He: · 

i 
' ·J. 

j 
l ~-
1 
Jc r . 

-'1·-.-.. 
, .. 

'· 

', 

r ,, 

,, ___ _ 

13 ; y ':'/31 y/7x ·' 
/3; =/3 /7; 

y y X 
· (32= (32+({3' )2' 

X y I 

. 
(3 +{3 (3 ( 1-(3~ )·• 

(3 _, k I Y !J.{3 1 _ (3 1 (3 1. _ . k I Y 
y-:- 1 + {3 f3 ' y - y - I y - .. 7 ( 1 +{3 (3 .. ) • 

(2) 

, k iy , . · x k : l y 

3a.na'la 3aKJIKl'!aeTcil a .. TOM, 'IT_o61,1 Halli11, ·,KaK H3MeHHTClI, nepBoHa'!aJI&:-

·uaH. opHenTauHH Tena.a npocTpancTBe _nocne H3MeneHH!I .aeJIH'IHHH H,nanpaa~ . 
'· . . ' . - _, ·. : . . ' , \ . . . . 

JieHHlI era .!lBHl!CeHHlI ,· · onpe.neJIHeMoro aeKTo.paMH f3 , f3' H !J.{3'. 
,, -·· ,- -~ ' , . --......... · .-- X . 1-y; y .' , ,_ 

BH,lleJIHM. M_blCJieHHO BHYTPH Tena, c(flepy C pa.nHycoM R, H306pal!CeH11y10 Ha 

'pHc :· 2., B ~oc~o!IHHH ·.naH~eHHlI co cKOpocT&Ki • 13 3,-;ic(jlepa, o'!eBH.llHO, npe-: 
~-- ·,,~,, ' . '- ,,· ,: X - ' • · .. ··.,·· '. 

. B paTH~C~; B: lJIJIHnCOH.n B paII1eHH!I, cnJIKlCHY'l'blll B. nanpaB_JieHHH. QC~ X Ha: B~~H-

, 'IHHY' a 1/R= J./7 ,._r.ne,·a -' MaJia!I IIOJIYOCb, 3JIJIHncoHJia, KOOpJIHHaTbl TO'leK 
· . X • , X. . X · · · . • . 

'noBepXIIOCTH. KOTOporo B nROCKOCTH' XY YllOBJieTBOpHKlT,ypaBHeHHIO _3JIJIHnca 
· '2' ·2 2 2 - . ' . ' . 
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B COOTBeT'CTBHH · C 3THM .!lJ!lI pa.nHyC-ITT!KTOpa p TO'leK .naHn'oA nosepXHOCTH B 
. - . - . , • . X \, 

ilrnJ:i·nJiocKocTH HMeeT MecTo paa~ncTBo 

PHC. 2 
l 

P = 1 a /(J.. '.;.(3
2 Sin2rp) 11~ 

X X X~ • -

·~, r.ne .. rp:_;, yroJI Mel!C.ny-OCblO X.H pa.nHyc-BeKTOpOM Px.· 
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._;, 



QqeBHnHo, B COC~OIIHHH nBHlteHHII c nKJ6o8 CKOpOCTbKJ (3 :popMa sune-
• ' . . . .• • • . • . I .. · ... 

neHH08 nosepxHocT»·6yneT npencTaBnHTb co6oKJ TaK11:e 3nnnnconn spameHHH, 

cnnKJ6Hyrn8 B · H~npasneH~H · ~eKTopa ·(3 ~a sen;qn~y a /R = ( 1-(32 }vz' H · no:--. 
. · · . .. . ·. I . . . _L · ,• I ·. 
sepHyTuA no OTHoweHHKJ"K. nepsoMy 3nnnncy.~Ha yron ·j = ,-Arccos(f3 /(3 }· 

; .· ,,,, . . . . . . ' .- - ~ .x - •, -
npH HeH3MeHH08 sennqmie 6onbwo8 nonyocH ,· paBH08- no-npellrneMy pairnycy 

nepsonaqanbiioa ~:pepu ,' Ka~· ;To H H·3 □ 6paxeiio· Ha pHc. i, · MaKc~~anbH!ie npo­

eK!rnH· ToqeK' o6onx 3nn»nc0B Ha _ocb x npli 1 3T□M· ocTaKJrc11 HeH3MeHHui.il-! s 

cnny coxpaHett'»11 COCTaBni'nomea c·KopocTH B. 3TOM HanpasneHHH ·» OTCYT~TBHII .· 

no6asoqit~8 ·. n~:popMaUH~ s nonepeqHoM no' OTH□we~HKJ K .BeKTopy-·: f3 · _·11anpaB-, : . . . . . . . . . . ly 
neHHH,-npencTaBnlliMOM OC~Kl x. B CH~Y 3THX ycnoBHA TQqKe A Ha nosep~~ 

XHOCTH c:pepu R 6yne; cooTne~c-rsosaT·b·ToqKa A B· cocTOIIHHH nsmKeHHII e!!. .. . . . - • I. . . . . 

:.... co c1topocTbIO f3 » ToqK»· A H A·· np»· cKopocTHX ·(3 ,. 'H (3 _cooTBeTcTBeHHO, -
X ·2 3 . .· . • J. ' 

·nono11:eHHII KOTopux· MoryT 6«Tb nerKo ·HaAneHll. TaK, Hanpm1ep, _nn11_ Koopn»-

HaTu "y'.' ·ToqKH A (cM'.· pnc.' 2)- ,i3 .. ypaBHeH»H cooTseTCTByKJm~ro 3nn»nca 
. 3 . . . . . . ' 

p = ii /[1-(32Sin2 (a:'+i/,}] 1
/Z 

■. ,, .• 

(4} 

.- .· ., 2 2 ' 2 / 
H ycnosm1 •P =a +y cnenyeT, _qTo 

-- K~,. . 

. z · a 2 · 
y= 

✓ 1-(3
2
Sin

2
(a:'+¢)' 

2 
___ aX,....1_ -· -(5) 

B1..1pa11:a11 Sin (a:'+¢} ·'!ep~3 :PYHKUHH, cnenyKJm~e .H3 JJHC. 2 H . ( 2} / ) 
' · · · ·• · . · 2 2 "vz :e' 

\--
Cost/1=(3 /13 ,·Sin¢=/3 /(3;· , Cosa:'=a /p , Sina:'=(1-a /p.) , (6} 

X , ~.- .• .• y ~' .~ .,.,, X . • , X --•" 

. , nonyqnM B »Tore npocToe ·B':1P_a11:eH»e ··nn11. sennqnm.i: ·· "y''.. B .. s»ne 

----. 
y=a /3 /3 • 
~ X X. Y:. X 

Pa3pewa11 .3aTeM ypaBHeirne (5} OTHOCHTenbHO Sin(ex'+¢} H iicnonb3YH Ha8)leH-

Hoe _311aqeu»e "Y'.', ·n_onyqnM .11n11 yrna_ noeopoTa ToqKH A
3 

supaJKeHHe 

. . . •· . . . (3" 7-· 
Sin(ex~+¢} '=·' . . Y Y 

. . (3 /,2-(32 
,_ '< y X 

rne ; ~ ( l-(32 }-1✓2, 
. Y, , ... y : ' • 

·3HaqeHHe" yrna .(a:'+¢}. B_' C06CTBeHH08 CHCTeMe OTC'!!!~a-- OT1pe.11en11eTCII 

.· · · BllTeK~KlmHMli ll:3 nopeHUeBC~~ro COKpameHHII' qJOpMy naMii_ npeo6pa30BaH~~; yr n~B 
. . , . ~'.·· ' .' \ ' ; 

Sin ·x= Sin x'·: 
.•/ l-/32Sin2· • ·, 

. X 

Cos x 
Cos x' ;_ (7) 

/ 1;--(32Sin2x' 

r.11e-x - yron_B. C06CTBeH~08 CHCteMe OTCq!!Ta: TaK KaK' (~'+'} .eCT~·yro~ B 

n~m[yll\e8c11. c»cTeMe, . TO . co·orseTcTBYKJm»8 eMy yroJI ~ · co6cTBeHH08. c»cTe)!e 

Ha ocirnsaHHH ( 7} 6~ neT pa_seH 

Sin(a:+¢} = /3 ;h/3[(,2+~2}(l-'-(32,2 /(pz.:.(32})]1✓2 = 
,Y Y-., ,. .. _· Y X '. Y Y ."'--· ·Y_ X - . ·. 

l 
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j\ 

Ir-,· t ;, 
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,· 
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l ·1· 
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• -i 

/l 

l 
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. -~ l-

: I 
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.1 · 
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,-
l 
·ir-

TaK KaK 
z· · 2 ·. 2·2 ·2·· 2 

(1;/3i}(l-(3~}=1:--f3.-f3y(l-~x}=l-(3, To - ; ; =;. H ,'. cnenosaTenhHO, 
•. y X 

Sin(a:+¢}=~ /(3 =;Sin¢ 
y X . 

(8} 

:pa3pe_wa11 Tenepb _(8) OTHOCHTenbHO yrna: a: H npm1eH11ii· onl!Tb. noncTaHOBKH 

,(6};:nonyqnM B »Tore nn11 yrna nosopoTa.c»cTeMu.Koopn»HaT a: s1..1pa11:eH»e 
\ . . . . , 

._..,,-; 

. . ,, (;±1)(3 (3 
Sin a:=· x.y 

= -(~±1)/(1<:--l} (,:-1} 
.~(32, 

2· 
'1 '1 (; -1} 

- X y . 

B1..16op 3HaKa ( ;--) .CBll3aH C npQTHBOiionoJICHOC.TbKJ. 3HaKa yrna TOMaCO!JCKOfO. nq.::· 

B □ p-□Ta no OT~oweHHKJ K yrny, ¢, OTpa1taKJmeMy Ha'np'asne1rne noad'poTa" B~KTop'a'. , 

(3. OT6pac1..1ea11 peweH11e,co. 3HaKOM ( +} Ka~ 'He(jJH3HqeCKOe, n~ny'l»M OKOH'la:.:.. 

. TenbHO lWII yrna· ·n□ Bo.poTa. c·o6c·TBeHH08 KOOpJIHHaTHOfi CHCTeMli pewe·u»e B. 
" - - _,, .. , 

's»ne 
/ 

,Sin ix = 
·/.(,

2
.!1.) (72 -1} 

X . y 

; +1 Cos ex 
'1 + ;. 

X y 

r+1 (9) ·. 

· cTporo 'cosnanaKJmee c · peweH»eM, nony,eHHHM: B, pa6oTe . [ 6] _D nono6HOM qac:.:. . 

THOM cnyqae '. rrp» ;aM~He seKTopa (3 H; seKTOp · "/3' (~M. p»d. 2 i peweH~e, -
' . . . . • . • • • .. . l . <•- . . . 

oqes»nHo, 6yne~ »MeTb. aHanor»qHuA s»n 

sin';.,~. /c,2,-1)(,2 -1·} 
..... - - . X ' l 

I ,;+1··· y 
1· 

-•1'x +;I~ 
cos ext \-c~• 

1
+1 . , (10} 

HaA.11e11ime 3HaqeHHll _yrnoB TO!,i'acoscKHX riosopOTOB ex ».·a: I .OTBeqaKJmHe. \ 
~, •. •. '. ' • • • • : ' • ' • , • • • I 1. • 

CKOpOCTIIM /3 H, (3 ·COOTBeTCTBeHHO, OCTaH,YTCII ,- oqeBH)lHO ,·. HeH3MeHHllMH, ec-
-- ·-, . . 1 . - - ·. ,.< ,· - ~ . . .. - . ' 

jJH BepHyTb Tenepb Teno B HCXOJIHYKJ HenOJIBHlKHYKl CHCTeMy_oTcq!!Ta, Tar. KaK 

COOTBeTCTBYKJmHe 3JIJIHnco~nu Bpameiln11, ,Tpam:;:popMHpy11ch B c:pepy, He HCflll­

TllBaKJT. _ K~Koro-nn6o: nos'oporn; KaK _ » npH, nepscrnaqanbH~M ycKope~HH ·• .Tena 

; npH coo6meHHH- eMy CKOpOCTH' (3 • Koop)lHHaTHaSI CHCTeMa 'era '.npH 3TOM oica.:. 
• . ~ 's . ' X ' ' . ·,,.. . ,, . , • . :;, .. 

_lteTCH, nosepHyToA no OTHOWeHHKJ K'· HCXOJIH08 Ha COOTBeTCTBYKJmHit TOMaCOBC-
• • • • ·'·' ,·. ·,, , I 

KHA yron, .. K~K 3TO H noKa3aHO Ha p»c.·2.,-~ · 

Ha8)l!!M. Tenep'b Bllpa1teHHe. JIBII pa3HOCTH.-yrnOB B''7a-'a:, KOTOpoe, oqe-
,,. - - . ' ' ' ' 1 '• - . 

BHJIHO·; 6y.11eT COOTBeTCTBOBaTb "pellleHHKJ s o6meM cny,iae, He orpirnnqeHHOM ~--
\ . .. . - ,, ' \ 

ycnoBHeM opToroHanbHOCTH. CKnan1..111aeM1..1x: BeKTOpoB. )lena11. no)lCTaHOBKH ( 9 }--' , . : ,. . . ' 

- ·» (10} I! pa3no1teHHe <lJYHKUHH Cos(~.:.exl} no COCTaBnllKJ_m»M,_,nonyq»M. 
-~- .. 

·cosB'· 
C7 +, ><, +, >' +/c,2-1><,2.:.1> (,2..;1>; 

X y , X [ y y _, ly X · 

(;+1} <•1:1): 
. .._. . _.· 2 • . . 

H I YMHOJKall qncnHTenb H ' 3HaMeHa Tenb Ha 1' x C . Y'-1:!!TOM ,_ qTQ 1' y !,. =7, . nonyq»M 

-- , l 

" 
5_ __ , 

1/ 



;i 

1 
•I. 
! 

:f 
't · 
I 

:1 

j 

l 

' l 

i ' 
I, 
I 

I 
I 

·• 

CosS' 
(72+,) ,;2+7• )+/· (,2-72 )(72,.72) 

: X · X l . I x~ X 

. (7+1)(7 +)7 2 

J ·• - 1 · X 

<,!..:'i) 
··<11> 

nocTynall aHaRorH'IHHM o6p~_3oM; .nnll · SinS' noRy'IHM '··r~ 2:·· .·) ... 2 .) ~1~ V 7 -7x (; +; · ···- (7 +; ✓ 7 1 -7x 7 -1 
: _ . X x• [ '. - X - I X X 

(; .·•+1)(; +1) ~~ 
•· : . 1 : X 

SinS' (12) 

. . ' . 

.llRll npaKTH'leCKoro, npHMeHeHHll BHpaxeHHli (11) H (12) He06XO)lHMO Hali-

TH em!! _CBll3b BXO.lllllUHX ·B. HHX Jiop'ei111-!paKTOpOB ! x H 7 C TipOH3B0RbHO ·3a-

. .nae'aeMblMH BEiRH'lHHaMH. CKOpOCTeli f3 , fl .,H. ·yr ROM Me:icny HHMH 'e·,. onpeneRl!IO-. ' 
• • • . ·. ·, · · 1. •. k . . . . .· · : 

· ll(HMH ·B_eRH'IHHY pe3_YRbTHpy10meli CK<?POCTH f3 H 3Ha'!eHHe 7 •. 

· B1,1paxeaHe .nR_ll .; : Moiao noRy'!HTb; HcnoRb3Yll · 06my10 rpop~yRy cRoxeHHH 

CKOpOCTel! 

1.+/3 fl Cose 
. . ·.. . ,.. I . k . · . 

fl 
.//3~+13! + 2/3 1/lkCose -l3~J3:Sin

2
e• 

(_13J 

.lleRall noixcTaHOBKY ·( 13) ,· B: BHpall!:eH_He .llRll 7, TIORY'IHM 

. 7 ,= d.-/32)-~2 = H + ./c,2.,;.1)(;
2
-1 ) Cose 

. · ; I k .. I . .. k 
(i4) 

_ .. 

) 

. O)lHHM H3 · '!aCTHHX .cRy'laee KOToporo npH e=rr/2 Mb! ·y:.:e Heo.nHoKpaTHo' noR,b-

. 30BaRHCb BHWe. CRe)lOBaTeRbHO, B CRyt1ae~ CROJl!:eHHR KOMTIRaa'apHHX. BeKTOpOB 

·13 H fl: 06pa3y10111Hx seKiop fl .,_HMee'i-.MecTo paseH~TB~., . 
ly _k · ~-- ._, ·y \· _ . - , -, ..; 
. · · . . . 2 . . 2 ,.· " 1/2 . • 

r=.,i 7k+[C,1 ,.1>c,k-.1>J ,·. ·, 
'. y y . ·, y ·~ \ .. . ·. 

a .URS! opToroHaRbHl,IX BeKTOpo'B · fl , H. fl COOTBeTCTBE!HHO rc'7 7 .• 
,. , "- . · _ ly_ X · . _ · . 1 Jy X -

.llRll·: 7 ·m.ieeT-, MeCTO. TaKJl!:e. paBeHCTBO· . . 

.• =-., ,· =. £i :7 ~[C,2 -1><,2~1)J 1nJ= 'l, +[-(72.::,
2
)(?-1>]

112 

x y ·--x, l,Y k>· ly· ,. _ _ .k . -::' : I k--~-'-,- I°' x"_ k_.1·,_.-· I 

. H, CRe)lOBaTeRbHO, HC_TIORb3Yll OTil!Tb- ( 14), HMe_eM. 
' 2 . . ;·. . . 2 . . · 2 2 ·.· ;·2 

[(; :.1)(7•-l)]Cos.e =(7 -7 )(; -1) 
, _I.·_ .,. k · ., · . . I;, X _ k_ . 

-OTKy.na .URH 3Ha'!eHHll 7. IlORY'IHM HCKOMOe COOTHOWeHHe B BH)le 
' X ,.. ----~--r-·•-· . 

7 = ✓ ; 2Sin2e +· Cos~e. 
,.x_ .· I . • • 

(15) 

'--- ·raKHM ·o6pa3oM,· .llRH Hax·o:E.D.eHHll yr Ra TOMacoscKoro nosoponi S' B npo­

H3BORbHOM CRy'lae, onpene.nl!e~o~: CKOpOCTllMH 13 .H 13 H 06pa3yeM~M- H;~ yr-· 
. , • • . .. .·.. . : . . , . I . •. k . 

ROM· e, H3Mepl!eMHM :a :.cHCTeMe. OTC'leTa, )lBHll!:Ylllelicll co CKOpOCTblO .. 13;, )lOCTa-

TO'IHO. no rpopMy RaM. ( 14) H ( 15) onpe.ueRHTb 3·Ha'leHHll 7 H 7 . H, non'cTaBRllll' .. 
. . ,.__ .• ..,_ ,_' - . X "! 

HX B BHpaiKeHHE: ( 11): HRH', q.2), HaliTH .BeRH'IHHY. S' '. 'rewe11He ,· 3anHc.aHHOe .ii. 
rpopMe . ( 11) H. ( 12), oTpaxaeT · c.nyt1ail npH · e<rrn; 1i306p'axeHHble · Ha pHc. 2, .,- ,,. : . ' . ,. .. . 

~ 

6.· 

'· 
'~\: 

'. Ji 
1 ii 

-

. /· 

+- "'\ 

\ 

Kor .na HaripaBReHHll · .ne·yx ~13ReM~HTap-HblX;, . TOM~COBCKHx· noeopOTOB ( COOTBe.Tc­

TBYIOlllllX CROJl!:eH•H'IO :opTOroHaRbHblX1 B~~TOp~B) > HanpH~ep :a H. a 1 '. COBIIa,naJOT·. 
' ' ' ' ' .j ' . ' ' • . 1, 

O.uHaKO npH B>n12 .. yr,aR al Me~HeT ·. 3Ha.K 1 .H, B. COOTBeTCTBHH C 3.THM 3HaK 

. , nepe.u BTOpHMH '!ReHaMH e rpopMy Rax. ( 11) H ( 12) MeHl!eTCll Ha o6paTHblfi. ; ,'_ 

HalineHHble eblpaiice'HHll. ( 11) H . ( 12 j, o6~6meHHble 'ra~HM 06pa3'01,i H H~ cRy'lali 
. ' .. '. ' '' . ' '.' .. ·.• .· \ . '' . ' 

·e~rr/2, TOJl!:)leCTBeHHbl !pOpMyRaM,·Hali.ueHHblM B pa60Te [6] cyry6o !pOpMaRbHHM 
. ' ' <' - . • - ,· 

MeTO)lOM'H _HMeIOlUHM ~H.ll 
r"-:' ;,,-

., 
Co_sS' · 

l- (71-l) (7~:-,1). 
7. + 1 . · Sin

2
e (16). 

SinS',:.-.- ·. ;i_~~. [/c.~-.1) (7: ,-1)/t(71_;~·)·(~k-l)C~s~] 

B 3TOM R.erKO MO~HO y6e.u'HTbCH npocTbl'M ''l~CR~HHblM . pac'!eTOM' HO He CTORt° 
• • • ,' c. ,• ( 'I• ' _, C / • •, ' • • "< . l. •, . . .. :,• ;' • ' •-~. , ', • •• 

. •, RerKO ,llOKa3aTb aRre6paH'1eCKHM MeTO».OM, KpOMe '!aCTHOro' CRy'laH npH ·e=rrn, 
. ' .; . '' ,. .. .· '' ,' ' ' . / .. · / '' . 

B KOTOpOM o6e .rpynn1,1 .·rpopMyR O'leHb npoCTO. CBO)lHTCll . K · Hali.ueiiHOMY. BHWe 

'laCTHOMY peweHHIO ( 9) .; Pe3}'RbTaT,: noRy•feHHH~ paliee a pa6~rnx/[7, aj;np~n.:.; 

'CT·a~HM B :iiecKORbKO Cione;· ~~kna~THOM; BH.lie/ . ' ' 

·. . · • •➔ •➔ , • 7 7 ( 1+7 +7 +7) 
1 

SinS~C.[f3 xfl ] •~-=1
--'kC..-~-'-1-•~k--·~·~· 

·, - . ,·•. I· . k ( H7 
1 
)( 1 +7 k ) (H7 >, 

BHpaxceHH~ TOll!:.UeCTDE!HHO rpopMy.iiaM (H),' (12) 

B Ka'leCTBe .npocTeliuiero npaKTH'IE!CKQro npHMepa paCCMOTpHM 'Tenepb. 

CRy'lali Kpyroeoro (n~Hll!:eflHH ~aCTHUH>CO CTIHHOM C yrR~BOli ·cxopoCTb!O -~· ' 
. . . '.-' '' . ,·. ) ', ' 

\. . · w
0 
=dl/l/dt=f3c/r, : . . 1 .· 

, r-panHyc .·e!! . op6HTH'. . TaK· · Kax B· )laHHOM CRy'lae·' 0 =rrn, : TO; npHMeHl!H 
. . .. • . ; . . '. • " . ~. • . : • I . . • 

( 9) H 3aTIHCHBall ,nHrprpepeHUHaR a3HMyTaRbHOro 'yr Ra 1/1 B'-BH)le -dl/l=dl3 /13 7 ,< 
, · -- ,·· .. •· ,,•· ~"- :,, .·•,·,_- _,/: ~_,.Y x,,x,"', 

·a TaKxe Y'!HT~Ball, '!TO B .uaHHOlll npe.neRe•·13 ➔13. H' 7 ➔1, TIORY'IHI\! 
. .- . . ' .' X • ", ·/, • Y., , \• ., 

' ' ' ,: / 

Sin :aS'=dS' 
l37d13.7· 

X X Y Y 

'~+1 
· ~

2
7

2 d~ = _ dl/l(i -1) · 
-.7 .+1 \ ' 

-,-.... 

yrRoso8 · cKopoCl'H ,,ToMacoec_.Koro ep.ameirnsi. cnHHa · '!ac.THUH .· Tor .ua 

\ ; • -. , . -·. \ _.".:' '_ ·.,· -_ _"-. -- .... , .. ". -➔ --: .. z; 
w = dS'/dt = -- w (7.·-1}=.:(7 -1)13 ·c/r=,-(; -1)[13xl3]/f3 c , • 

__ 
1
t ,, _ _·. •-. . C' ._ . ',_- ,• .-~. _' , .· .••. --.'. -~ -~ 

K ,'leMy npHBO.UHT'H rpopMaRbHOe peweHHe 3Toli;3a.Ua'!H C npHMeHeHHeM HH;HHH-

Te3HMaJibHl,IX; ?Pe,o6pa30Bairnl! .JiopeHua 6~3 Bp~meHHH,KaK 3T~· H3mJll!:eHO B [5]: 

2., CBollcTBA toMACOBCKo~b noB~P~TA H Ero CJ!E.llCTBH~ 

; . '.: . ' . . . t '. ' ' ' ' .. ' ·.. . '• 
PaCCMO_TpHM TeTI~pb HeKOTOpHe o6mHe ceplicTBa TOMaCOBCK_Oro epameHHH; 

BHTeKaIOWHe H3 npHBe)leHHblX Bb1We,pe3yRbTaTOB:. 

' ,'OTM,eTHM npexne .' acero, 'ITO .llRll RI06ciro 3aMKl.lyTd~o Tpe r□RbHHKa .. CKO-.. 

... :pocT~li~l3 , fl H. -~ (CM. pile':: 3) .URS! 06pa3ye~~x HM~ yrRoB· ,"a H 1/J·Me'IK.UY 
.. , .. I k · -. - •. · • , • · • 



I ! . 

I. 

napaMH BeKTOpOB f3' 'H,' (3 ·, (3 Ii f3 H f3 Ii f3 i. c_OOTBeTCTBeHHO, . HMelOT . . " .• L k . k -

CJie.llyJOIUH_e -BeCbMa-npOCTUe no. q,opMe COOTHOWeHHH·, . 

A>: '· 

PHC; :·3 

_Sin¢ 

Sine= 

( ' , 

·m·--2· ' 
7 .:...1-k . . 

. 72 -1 __ 

I½ . .. _7, . ' 

,. 

Sin· e 

Sin •a , . 

~ Sina = Sin 1/1 
• < ,,,. 1 

\ .: . .· 'k. . . . 

. . ,'" 

MeCTO 

(18)· 

JiellcTBHTeilbHO, CBll3b. Me:11C.11y yr JiaMH; HanpHMep _ · 1/1 'H e, ·o6ycJio·eJieHHaH. 

3aKOHOM ··cJio·xeHHll cKopo~Tell ,.(13), HMe:-r, KaK 'H3Bec;Ho, .,~H,n 

I 

Cos 1/1 .·= 
. · f3 cosa + 13 -

k . I , ' t 
(19)-

· / (32+(32 '.+2(3 f3 Cose -f32(32Sin2e 
I \ k , ~•--,!: , , J k , , 

KOTOPYIO Ha OCHOBaHH~ (13) .MO_l!CH? npe.11cTaBHTb Ta~l!Cf B < qiopMe 

· (3 cos0+(3 •· · (f3·Cose+(3 )1 7· (f3 cose+(3 )'l 7 1
0 

• .k I _. k .,•I kl_ k l .. kl 
·-: Cosl/l 

/3( 1+(3
1 
(3k Cos~) , - (3 7 

/ 7 2 ..:1 . 

3aJiatJa, CBO.IIHTCll,, TaKIIM o6pa30M,, K, ycTaHOBJieHHIO 'TOll'.JleCTBa 

Cos2_,,.= ( f3k Cose+fi) 2i,,,2 'I' • I · k' I 

_7~-1 -

2-
7 -1 · 

· k • 2 
~ 1-: --

2
--. sin e = 

'1. -1. < 

72-:'1
2Siiie'-'cos2e · 

. k • 

·2 
:7 _-1_ 

• ' • < • ' ,• • • 2 
KOTopoe JierKo .IIOKa3UBaeTCll; ecJIH pa3peWHTb ero·oTHOCHTe~bHO BeJIHtJHHU.7. 

. 2 . ~; : '. . . ' ' .. • .·.. . .·· . ',< : ' - < ., • 

7 = 7kSin• 2 e+cos2e+(f3 cos0+/3 )
2
72·/=:e 72Sir{e+cos

2
e+(3

2
·/·lcos

2
e+ 

, • .. ,' . , k-,. , I . I k; k / _,k I ,k · ,. -

' -··-22 2.,,22 2· 1 · 2, --2-2'22;· ·22 2 -z 
:; 2(3kf3 I 7, 7 Ii Cose+~ 171.7 1c -=7 k+C?S· e( 1:-:!.;+f3.;7 17k)+2(3kf3I7 1 7 ... cos et ( 7 1 -1)7 k. = 

. -. .-., ·-~- ~ .• ~ ;-~2 .~ ~ 2 ;--,--~ 2 ·;, ··-.. · ... : . . _,·-, - ",_2-: 2 -~: 

= 7 I 7 k +2(3k/3I 7 I !k Cose+/31 ~k 71 7 k co:3-e = _(71 7 k +(3 lf3k 71 7 k Cose). =·7. ' . 

OCTaJibHUe Bllpal!CeHl!SI. noJiy~alOTCSI. KaK CJie;CTBHll-·06paTHMOCTH -I.IHK~~'leCKOll 

nepecTaHOBK08 BeKTOpHuiC:HH.lleKCOB ,- TaK' KaK: 66paTH1,II! :n'J060MY H3 BeKTOpOB 
< .-• • ; ' ' - < • ) .,_. '' < • ... " • •••• 

llBJllleTCll, pe3y Jib Ta TOM· CJIOl!CeHIISI .IIBYX OCTalOIUHXCSI. 

Tp~yr:oJib~HK .. CKOp~cTel!:, ··H3o6pal!CeHHHl!:" ycJIOBHO _·. '.Ha pHc ; .. 3, oTpaJKaeT · 

.11B HJleHHe i-e~a C B03B pame;HeM, er~ B HCXO~HYIO. CHCTeMy nbKCJSI,. KOTopo8 
. - ' . - -,__.:, . ' ' -- ' :.- . •' . . 

noKa MOXeT CJIYlll:HTb JIJ06all' H3 BepWHH' . Hawero TpeyroJibHHKa. 06pa3YIOIUHe ell_. 

• l!Ba Beinop~ H yroJI MeMy_H~MH SIBJISIIOTCH co6cTB_eH;IUMH napaMeTpaMH .11!.:HHb8 

cHcTeMu ·oTctJeTa, TaK icaK ·oHH H~MeplllOTCSI · B,:ell MacwTa6ai .IIJJHHU _H B peMe-; 

! 

.I/. 
-, ,j 
~ .. l: 

·' )· 
. ·. ~ 

J~(. 
·J:'_1_· '. I • . 

HH. OCTaJibHUe TPH· napaMeTpa ,· H3MeplleMue B -.11pyrHX CHCTeMaX OTCtJeTa I B 

C~OTBeTCTBHH. C ,•3THM.'..tiy.11eM Ha3.UBii.Tb, Heco6CTBE!HHUMH:. TOMaCOBCKHll IlOBOpOT i I 
, ' - -. - - . . -· r 

c TO'IJKH 3peHHll Ha6JIJO.llaTeJiell JIJ06oll H3 Tpex HHeprrnaJibHUX C.HCTeM OTC'IJ!!Ta, 

n;e.JicTaBJilleMUX BepUIHHaMH. TpeyroJibHHKa, npOHC~O.IIHT JIHWb,' B -eepwH~e, . npo­

THBOJieJKamell ·0°6paTHOMY BeKTOpy I llBJllllOIUeMyCll. pe3y;bTaT~i:i CJ!OllCE!HHll co6cT-:­

BeHHOrO BeKTOpa c ·11eco6cTBeHHUM •. TaK, c TO'IJKH 3peHHll 'Ha6JII0.1IaTeJIS1 CHC-. 

T~Mll .OTC'IJ!!Ta .. A. C .C06CTBeHH~MH · napaMeTpaMH. 1/1,_ -~, H (3
1

; TaKOll_• IlOBOpOT. 

TeJIO ·ifcnUTUBaeT ii ·11epw1rne C niipaMeTpaMH 8, . f3 H. f3 , a C TO'IJKH - 3 peHHll 
. . _ .. ·. . . . _ . ·. I . k . - . . • . 

Ha6J110.1IaTeJlll CHCTeMU .. _'B, B~BepWHHe a, (3-·, (3 H;T • .11 •. " 3TO CBSl3aHo·c TeM, 
.· . .· . . c, ·. . 'k. . . . 

tJTO ~OM~COBCKHll IlOBOp~T) KaK-3TO CJieiyeT'H3 npHBe.11eH~oro BUWe.pactJ!!Ta,. 

CBll3aH :JIHWb C H3MeHeHHeM Hanpa.BJieHHll pe3yJibTHPYJOIU_ero.:BeKTOpa, a He C 
', .. ' : -

H3MeHeHHeM era MO.IIYJill, TO eCTb _Kor.11a ,MOllCHO~ BU.lleJIHTb IlJIO/CKOCTb_, BOKpyr 

·HOpMaJIH K KOTopol!: OH 'H npoHCXO.IIHT; 'MOllCHO non'yiHo:_ OTMeT,HTb , .. tJTO BeJIHtJH­

Ha TOMacoB.cior'o noBopoTa, He_ ✓~aBHCHT ,oT.,yciopeliiiH TeJia;· TaK' KaK onpe.11e­

JIS1eTcS1 . JIH~b ·; ~~HetJHUM. ;HatJeHHeM co~6maeMol!: e;y Jio~B6qaol!: . ~Kop~CTH. *} < 
• ' ,. • • - ~ \ • I 

IToKal!CeM Tenepb·, 'tJTO •. TOMaCOBC.KH8 IlOBOpOT,. CBll3aHHU8 C ',,3aMKHYTUM 

·TpeyroJibHH·K~M cKopocTel!: ;- H3o6paJKeHHI,IMj H~ ·pie. 3~ HecMoTpll _ Ha pa3JIH•rnue 

3HatJeHHll IlpOH3B0.lllllllHX era BeKTOpOB i/ HX 'ijanpaB·JieHH8',. SIBJIS!eTCSI HHBapHaH­

TOM, TO eCTb -- HMeeT, O.IIHO, H T6, l!C~ 3Ha~eHHe B JII0608 ;H,3 ;p~X HHep1.tHaJibHUX 

CHCTeM OTCtJ!!Ta :H, CJJe_.1IOBaTE!JlbH_9, · B ;TJIHtJHe :OT . .11pyrHX.:pE!JI~THBHCTCKHX 

31fl!fleKTOB llB.JilleTCll' lie .OTHOCHTeJibHUM, a a6cOJIIOTHHM .flBJieirneM .': , Jie8CTBI!Te-

; Jib HO,: HC~OJlb3Yll. IlO)lCTaH~Birn noJiy~eH~~x BU;e COOTHOWE!IIHl!:·-·c 18), _B. q,opM{Jiy 

.IIJISI TOMaCOBCirnro noe6poTa . { 16), ;3KBHBaJI~HTHYIO : Il~;ytJeHH08 Ha)IH · ( 11:), ' 
. . , : -.•-_· , ' ;· . . I ·--.:.._'· 

IlOJIYtJHM .IIOKa3aTeJibCTBO 'paBeHCTBa IlOBOpoTa ·. OTHOCHTeJibHO, . Bcex Bepll!HH, . 

TO ecTb~-HlfoapHaHrnocT~ 11 ~6coJIJOTH'ocTH ToMacoBcKoro ·n6eopoTa : . 
"). . -· - ' . . 

(7j-l)(7k-l) , 
2 

_cost::=17 < ~+l' ~sin e=l-
(71-1)(7k:-f) .

7
z_1 .. ' 2 . (71-'1)(7-) ·• 2 

. 7+1 •-2-•Sin 1/1_=1-· • 7 +1 .. •Sin tp_=, 
· 7 -:-1 . k" · __ r ~ 

,/, k , 

=1-: 

- . <. 2 - ' . . ' 
(7 -1)(7-l) 7 -1 ' ., .(7-1)(7 ''-1) 

1.-- · · .. ·· ;...L..:..,sin2a=l- · · · k •Sin2a • 
7k +1 .. · . .,,.z_l '.. 1' I +1 .· .. _-
. . . • I 

TaKHM o6pa30M, OTHOCHTeJibHO 11e.rrH'tJl!Hll'. H '.aanpa!lJieHii.fl TOMaCOBCKoro" 

IlOBOpOTa · Tpll Ha6nKmaTeJISl 1' CBll3aHHUe C. BepWHHa~IH. TpeyroJibHHKa CKOpOC:­

;el!:, IJP~.IIYT•·K e.11HHOMY MHeHH~, o.11HaKo o ·coOTBeTc-rByrome8 ~MY Bepui~He ·.110-
. '. . ~ . ' : 1- .' ' 

roBOPHTbCSI MeJK.ny _co6ol!:' BC:e xe" He CMoryT. .. 

*) OTMeTHM_TaKJKe, _tJTo TpeyroJib_HHK CK?POCTe8, ycJioBHO H3o6paxeHHUl!: Ha· 

pHC ; 3: ; M~lll:eT 61,1Tb IlOCTpOeH ', JIHWb Ha IlJIOC .. ~-OCT~ npOCTpaHC;Ba OTp~1.ta Te JI~ -

; H08 KpHBH3~u·;. TaK KaK cyMMa ero BHyTpeHHHX , yrJIOB )!cer.110. MeHbWe .TC H, B 

.. ·. tJaCTHOCTH, .IIJIS! 'paB,HOCT~}lOHHero TpeyroJibH~Ka B peJillTHBHCTCKOM npe.11eJie . 

7..;,,, cbrnacHc; {14) H. (18), c~peMHT~SI <K HyJiro: ~BeJIHtJHHa-e nim' 3TOM CTpe-' 
' - - . . . ' . , - \; . . ' - . 
MHTCll K 7l., ... 



-;,...--, I 

Tenep~,. B03Hl!Ka~T . ecTeCTBei11i1,1a Bonpoc, MOlKHO ,JIii · KaKIIM-Jill60 Ha6mo- :: 

,neHl!eM ycTaH~BIITb TY_- ·aep.WIIHY,, B., KOTOpol!. ,na~Hl,il!. n-~BopoT· Bee lie. 061,eKTII~.:. 
, . , . ·- -..:...._. • r , - t __ , ,I : : _ _ -~- , · ' ,- ·.. · . 

HO npo11cxo.n11T. OT npaBIIJibHOro OTBeTa Ha•3TO~ Bonpoc, _oqeBll.llHO, ·3aBIICIIT 

~ .na:11bH7l!.~al1 cy,nb6a cn~µ11a.nbHO~ Teop1111 OTHOCl!TeJibHOCTH: JII0603HaTe.nbH11ll 
. ; . - . .~ - , - ~ ' . . ' 

q11TaTeJibt' no:,-Bll,l{IIMOMY, 'CMOlleT Tenepb II caM ,QTBeTHTb 
0

Ha, 3,TOT '. npllHUllnll-

. aJibirnl!. Boripoc. OTMeTHM Jill:b: TO, "qTQ B
0

' 0,l{HOJ:i 113 CIICT~M 3Toi · -nOBOpOT 

.,

0

·npo11cxo,n11T, Ml,I 3~aeM ,llOCT0°BepHO, •TaK KaK npo6Hoe TE!JIO, :noceT11;•·nocJie.no­

BaTeJibHO Bee' CHCTeMll OTcq!!Ta II BE!PHYBWl!Cb 'a IICXO,nHyIO, ··oKa3llBaeTCll . no-' 
• ·, , . I- .. 

BepHyTllM ornociiTeJibHO · elf Koop.nHHaTHoll cii:cTeM1,1 _Ha yroJI s;>a TO :ie BpeMll 

.B03~0lKH0°CTb Ta Kor~ no.eopc>Ta JII06llM 113 'Ha6JIIO,naTeJ!el!. ·. B era·.· c·o6c:reeHH~ll . 

CIICTeMe , ~Tp11uaeTcll, II ·BIIH
0

0~HOll\, · B no~~poTe yKa3llBaeTCll •Ta ·c11c~eMa, B 
.: • ! " • . • - . / ~ • . - ' J ' 

KOTOpyD TeJio. HM li ornpaii.irneTCllJ' B TaKol!.. c11-r}iau1111; oqeBII.I\HO ;- icax sap11:. 

aHT ,im~JIHe Ha.ne:ii'HllM ap611TpoM Molle.;: OllTb ~l!Wb ~eTB~pTUll Ha6JIIO.ll~Te;b, 
·-~""-<.- -··. . ' - , ',. . . I -- : ·,__ . . . ·. - . 

CBll3aHHlll!. . C caMIIM npo6HllM TeJIOM. CIICTeMa OTcq!!Ta 3Toro, Ha6JIIO,naTeJill C 
,·. ·., ., ,,· .. _. . . 't ,' -- . _1 ; ·-' • ' • ' 

Hell36el!CHOCTblO TOMaC::OB cicoro noBopoTa OKa31,1BaeTcsi He11i6eJKHO . B pamaIOmel!Cll, 

✓ qTQ ~ TaKoll' l!Ce Hell36el!CHOCTblO npollBIITCSI B 
0

Ha6JI"xi;;eMOM IIM B 31:.DT .MOMeHT . 

noBopoTe Bcell. BceJieHHofi Ha'.Tor.iac~BCKHl!. yro:rr· s. B o6paTH□M HanpaBJie_H1111~ · 

11 np11Hu11n paeHonpaBl!ll CIICTeM,. Ha KOTOplll! oriJipaJIIICb·, ip11 Ha6JIIO,naTeJill, 

oKal!C~Tcll Bee. ~e. c·~He1136el!CHOcT1>10 pa3pyweHH~M; · · · · 
i • .• • • ' , I • \~ /" • .-· ·. - . • . , · 

· _TaKIIM o6pa30M,. ,Ml,I snepBlle · CTaJIKl!BaeMCll. C Cl!Tyau1rn8,' Kor )la .npeJt-. 
,· -1-,·•., ·.,. '.' .... ~~ ~ . .-· ' . ,.,. 

. CKa3aHllll ,, c.neJiaHHlle: B,,paM·Kax TeojJ1111, M□ ryT· COBila.naTb C ,nel!.CTBIITE!JibHOC:- ., 

TbIO.,Jiliwj, ~JI~ o.nii~ro· 11i iui6JIIO,naTeJie8, ··~ liMeHHo rnro, x0Top1,1ll .ne~cTell:. 

·.;:8.JlbHO noK~~TCll. a caMOM
0 

.n~m;, eCJIH\ce l!C~ .',nonycni~b OT npo~IIBHOro, 

qTO ace ~a6JIIO.naTeJI11. npaBll ~ ,Bo ecex 
0

Tpex aep11111Hax ~policxo.n11T, o.n11~axo-' 

_Blll!. . noe·opoT, TO pe~y JibTIIIJYIO~llll 6y .n~i npeaocxo,nllTb B .Tpll 
0

pa3a pacq!!THllA; 

'a, eCJIII )lonycTIITb / qTo °CYMMapHll8 np11 3TOM paBeH. g / TO' pacq!!T, JI~'icaJibHoro !, 
• ~e 6y .ne; ; CO~TBeTCT;OBaTb' ll3MeplleMOMY ,~ ,i',~e~pHH / .;:aKHM. o6p~30M;- He oc'...' . 
\. ' --.- , ..... , ' ' .. ·, - - , ' . _: 

' Tae-rcll. Hllqero l!Hor:o, 'KaK 'CMIIPll'!'bCll C .naHHOll_ .nellCTBl!TeJibHOCTblO; ·-ro- eC_Tb 

npaBOTOIO 
0

Jil!Wb Heno.ziBIIJltHOro . 11a6Jiio.naTeJil1° ,-H~ CJie)lOBaTeJibHO ;· rip11Birner11po- -. .. . ,.. _,_..._, ' . ' . . . . -
., . BaHIIOCTblO era. CIICTeMl,I ·oTcq!!Ta ,: 3Ta .nel!cTBl!TeJibHOCTb' 3aKJIIoqaeTci' B ,TOM, 

·, :~T~' ~-Jil! 661,eK;HBHoro. -~' O.llH03Ha~HO~O . ,·o~~CaHl!ll . npouecca TOMaco,BCKc:JrCJ . 

epameHl!ll K0Huenu11ll T(JJibKO _OTHOCl!Te:JibHl,IX °CKOpOCTell·, rocnO)lCTBYIOlllall KaK 

:B KnaccnqecK011,' ·TaK II ·c0epeMeHH08 · tp11311·11e ,, llBJilleTCll llBHO He.nocTa.ToqHol!. 

i1nn noJIHoro H ~enpoT11aci·i;e~111i'oro' on11caH11ll 3Tciro ·. ll~JieHBll. 11 .110JI:ima 61,1Tb 
I. ·. . ·. . ... ,· . ·.· -. . . . . . . . ' 
.nonoJIHeHa KOHUerru11ell a6COJIIOTHl,IX CKOpOCTel!. B COOTBeTCT_B1111 C a6cOJIIOTHl,IM ' 

"- . :. . - •, • . I. . . ~ ' ,, ,./ 

xapaKTepoM ,.naHHOro llBJieHl!ll. ', 

, .npo.neMOHCTp11pyeM· Tenepb 3TO noJIOlleHl!e Ha :KQHKpeTHl,IX npl!Mepax:..pac-· 

q!!Ta JIOKaJibHl,IX T~!AaCOBCKIIX. 'noBopoTOB B cJiy'qall;;·_~o~.na HH O,IUI~ 113 eep~ 

WI!~ 3aJiaHHoro ,Tp;yroJibHl!Ka c;opo~Tell He llBR~~TCll ·-noKO~IUel!.cll ,_ II, CJie.no:­

~aTeJibHO, HI! o.n11H 113 Tpex .ne11xym11xcll. Ha6JIIOliai-eJiel!.: ii~; cnoc::o6eH T:enep1, 
. ' . ' - \ \_ -~ ' 

npaBIIJibHO npeJtcKa3aTb · pe3 y JibTaT1,1 Ha6JIIO,neH11l!. ycxopl!eMoro - qeTBepToro •. 

':· 

,.10 

..... ' 

/: 

I_ 

' 

-./ 

,-. 

.-,.. 

.npocTel!.wea llB_JilleTJ::ll noJIHOCTblO CIIMMeTpllqHall CIITyaUllll, KOrJta ·Kalll'..nall· 113 

uepw11H _npe.ncT!lBJIReT co6o~ c11cTeMy oTc~Ta, ,nB11xymy10cll c o.n11HaK0B08 no 

B~JIJ,lql!He CKOpOCTbl0° ~ OTHOCIITeJibHO Heno.nBlll!CHOl!. ;oqxH, npe.ncTaBJilleMol!. 

ueHTpor.f pa.BH~~T~poH11e;o: TpeyroJI.bHl!Ka cKopoci~a co cTopoHoIO ·fl'. npeJtcTa·-
- • < • • • , ·, 

BIIT? . ·)laHHYIO CIITyaUIIIO npocTO / eCJIII noKOllIUeMyCll paBHOCTOpOHHeMy Tpeyro-. 

JibHIIKY cKopocTel! coo6m11Tb- B ueJio·M .' .!l06aaoqHyK> cKopocTb fl 'B HanpaeJieH11lt 

M~,n~a!l!l era HenOJIBHJltHOl! .eepw~H~~ y.noeJieTBOpllllllllYK> ycJI~BII~ (14) . 
' 2 ; • . ' 

·7-=7
0
+(7

0
-l)Cos, , (20) 

r.ne •=60° :- '.nonoJIHl!TeJibHllll yf~JI i.iex.ny . Me.n11a11aM11 . Tpeyro.nbHHKa.' DTl!eT· e _, -... - ·, 

· 3TOM cJiyqae. oqes11neH 11 6e3 pacq!!ia, npocTo 113 c11MMeTp1111 3a,naq11 11 .cBOJIIIT,­

cll x ;oMy, q-ro TOMacoacK~fl - noaopoT. 6y.neT 11MeTb MecTo so Bc::ex ·Tpex - Bep:_ · 
• ' - ' ' ' -". ~ . 

Wl!Hax ·11 '. COCTaBJil!Tb Jil!Wb Tp~Tb!O qacTb pa_c~!!THOl! BeJIHqHHl,I Ha6J110.naTeJiel!., 

onep11py!01llllX TOJI,bKO: OTHOCl!TeJibHJ,IM napaMeTpOM fl, YroJI. 8 . MeJK,ny · eeKTopaMII . 
', ,- ·: · · • - <. • - • ' • ,' • · .• • 2 -'2 · . • · - , 

fl MOl!CHo Hal!T11 113· .(14), 3an11caa era B .011.ne .7=7 +(7 :,l)Cosa, 11 npeJtcKa-

3HB~eMlll!. )IB~lll'.Ylllll~l!Cll Ha6nIO)laTeJillMII .. · JIOKaJibHl,18' TClMaCOBCKlll! noeopoT S, 

OTHece-HHllA K JII06ol! ~3 era. sepi1111ii;' 6~.neT paee.i:. . . 

(7 :,_l) 2 Sin28 
Coss =1-: • .. ;+l · · 

TaK, ec.iiH, Hiiip11~ep, .1·=4, TO - 8;;,143 ,·13• ·11 ,eenllq11Ha 8769; 39°: 3Ta. BeJI11-· 

q1111a llBJille;csi T~MacoB°CKIIM -11~~ap11aHTiJM .na~Ho~o' TpeyronbHHKa cKop_o~TEiR · ~ .. 
onpe,neJilleT: noJIHll8 noeopoT npll ·o6xo,ne ·po. 3aMKHYTOMY. _KOHTY py. : Paccq11TaeM _ 

,Tenepb .nellCTBl!TeJibHi,il!. n6eopoT c yqeTOM a6COJIIOTHOl!. CKOpOCTII ·BepWIIH . fl : · 

Coe.nllHIIB uei!Tp Tpeyro~~Hll~a C era sepw11HaM11 -~eKTCJpaMII fl ) nOJIY~IIM ,n~:.. 

~OJIHl!TeJibHO 'TpH TpeyroJibHHKa, K~Top1,1e cJie.nyeT 'aa3B!iTb a6~0JIIOTHNMII, 
0

TaK 

KaK o.n1-1a: 113. eepwliH JILI06~ro ~3 . HIIX no ycJIOBIII0° rIOKOIITCll, 'II -~Ol!CHO T~iiepi: 

yBepeHHO' paccq11TaTb T~MaCOBCKlll!. n~BO~OT. B .llBlllKYIIIIIXC~ Bepnm~ax, no:U;~·e­

px.aaeMlll!. noeopoTOM. 3Be3.nHoro· He6a: qe,:B!!p-roro Ha6nio,naTe.nll •. TaK KaK / no:.>. 

onpe.neJieH11xi-; yroJI -Meqy: BeKTopa~11· fl paBeH 120° ~ coo;ae-rcTB'yIOIUHl!. yroJI 
• , . - . . o_ ,,- . , ·. -..,..._,.._ . " 

• paBeH 60°~ .nJill yrJia;TOMacoecKoro•noaopoTa s· ~Mee~ 
' , . , •. - ,· - ·, , -, o_ .,,. 

. ('l -1) 2 Siri2, 
Cos :s ~1-' 0 

• · 

• .7+L. . _. ·,: 

r)le BeJI11q11Ha 7 _CBll3aHa C '1 COOTHOWeHl!eM(20) .Ilpll i=4 7=1,73~1 II ;;tJI_ll· & 

· no~yq~M e. ~Tor~ 3Haqe~~e s ,;;zi;13" '· ~oTopoe,. ecTeci-ae11~rni po1rno B"-'FP~­

pa3a · r.ie~i.11Je oiii:ii'.naeMor~ .n~H1YlllllMIICll Ha6JIIO,naTeill!MII •. · TaK · KaK_ .a6~o·JIIOTllllJS 

Tpeyro.nbHIIKOB ~p11 H Ka1C,n1,1a )laeT OJll!HaKo.Bul!. DKJia.n ·e cyMMapH1,18 noiiopoT, 

TO ~p11 • o6xo.ite no HHe~H~MY · 3~MK~yrnMy I_COHTYPY · pe3yJib~11py10w~a · noeop□ T 
6y,neT· B Tp11~pa3a. 60JibWe / TO ,,eCTb

0 

paeeH ltal!.neHHO_My':auwe IIHBap11a11Ty / :II, 

,CJie,no~aTeJibHO / ·era :3~aqeH~e / .KaK II qo,no6ae·T ll~TIIHHOMY IIHBap11a11Ty, He -

~ae11c11~. OT
0

/a6coJIIOTHOro_. )lBl!lll'.eHl!ll: B COOTBeTCTBIIH. ·c. 3TIIM. np11 JII060M CMe-. ' . --



'.!. 

•­ '· 
llleHHH Heno)lBHlKH0ll T0'!KH B npe.IIeJiax_ Tp_eyro,JibHHKa JI0KaJibHble T0!daC0BCKHe 

Il0B0P0_Tll B e~o BepWHHaX 6y.IIyT. nepepacnpe)leJIHTb_CH ·e : np!i.IIeJiaX, 3aJ1aHH0l! 

CyMMII,. He. MeHl!H JIHWb, CBoero Hanpae'.1eHHH ·IJ o6pall{aSWb B H0J!b_·B .!IBYX Bep­

WHHaX, K0r.IIa C 0)lH□ll'H3 HHX. 3Ta TO'!Ka C0BMell{aeTCH. ITpH BblX0.IIe. Heil□.II­

BHll:H0l! T0'!KH 3~ npe.IIeJIU . Tpeyro_JibHl!Ka _ HHBapHaHTHciCTb cyMMhl: TaKJice 

- coxpaHHeTCH, H0
1
HanpaaJieHHe IlOBO~OTa~~- oiHoll H3,BepWHH MeHHeTCH Ha od­

P~THoe. ·- H . no~op□T B □;Holl H~ BepWHH np~auwaeT HHBap~aHTHoe· 3Ha'!eHH'i:i~ 
. ,, . ,, 

l , cxeMa O.IIH0ro. H3 TaKHX .!IBHl!CeHHll •".!IJIH Har JIH.!IHOCTH. ripHBe.IIeHa "Ha pHe;. _ 4, 

. '. ~i -_. . . --,is>. 

r)le llJIH npocT□iu_pae'!~Ta .IIBHlKYlllHlleH 

OTHOeHTeJibiiblll Tpeyr□JibHHX CICOpOCTel! 

ABC eu6paH·TaKJKe paBH0CT0p0HHHM, a. 

Hen□)lBHl!CHble BepWHHll .!IBYX a6eoJiioTimx 

Tpeyr□Jib~Hxo~ OAB"H OBc; onpe.IIeJIHIO-

---.f 

--~--·- _- __ : __ - • .. -__ B ... 

·- : , 9'.· .-~- ' .. -•· / 
. ufox ')lel!CTBH'feJibHlle -· IlOBOpOTl1°· B _Bep--. 

-

O .,.fi0 • --'a A · fi · -- C 
PZ.; 

PHC. _4 -- . 

WHHax · A 11 • B - 0TH□ CHTE!JlbHor:o; 
jia np□JJ.OmI!'.ellHH O.IIH0ro' H3 ero 

poa •. IT pH itaHHOM au6ope · ,nB yx 

_Bu6paHU 
' . ' 
BeKT0-

eB □ 6□.II-' 

H!lX napaMeTp0B :t3: H 8 1 n□,1H0CTblO -3a)lal01l{HX .IIBHlKeHHe Tpeyr□JibHHKa ABC, 

'~pe'rnll ~6con~rniiii 
0

TpeyroJI~HHK Bllp □;.IIeH a 'np~Myi;· oc H, cJie.IIoaa-reJI,~Ho; 
1. BKJia.II e~o B. pe3y·JI~T~PYIOlllHll noaop□T paaeH HYJIIO, TO eeTi, 'n□Bop □T B .f{BH-

- :acymel!CH eepwl!He "C";'OTCyTeTByeT: T0Mac□ BCKHll noaopoT B aepWHHe B' B ' 

Kci'Topoll,. -.~a-K' BH.IIH0_. ~3- CXeMU
0

• Ha -P~-c. 4, np~HeXO.IIHT H3~eii_e;He a·6eOJIIOTHO­

ro B~KTOpa (3 Ha .IIpyroll a6~oJI~THllll Be,KTop (3 KaK 
0

pe3yJibTaT c~o~eHHH e 
,1 _ - - , : . · , · · : : -- - _ 2 , • . _; - _ _ · - --

0TH0CHTeJibHUM BeKT0p0M ·(3'' M0JKeT . 611Tb Hall)leH H3 HHBapHaHTa. -noaopoTa._ 
, / , . . .. ·. . I. , :_: . / . , . . ; ~ , .. 

TpeyroJibHHKa 9B~, 0Tl!eCeHH0ro K JII06olL li3 ._ero BepWHH. IT03T0MY 
. ' ' . - . ., 2 ·, 

> (7-l)(7
2
.:.1)sin a· 

Cos ~B= 1:- 7 + 1 ._ 
1 . 

r Jie "3Ha'!eHHH, 7 'H 7 . onpeiteJIHIOTCS! Ha OCH0;aHHH - ( 14) xa'K 
, .. 1 ,,. • ' 2 . , . .. , -. , 

7 ;;'1 7+/(7
2
-1)(7

2
:-1) Cos(lB0-8) ;- 7 ='1 7 + v'(72 :..1J(72 c.1) 

1 0 ~ ' 0 ' . ·.. . 2 0 . ·, 0 

3a.IIaBasi, Hanp1-1Mep ,- -3Ha'!eHHe . 7 =3 H coxpaHsisi' npexHee 3Ha'leHHe 7=4 ,·· a 
' . ; \ ___ .,. -----. ' . ... .0 i • 0 ' \. . . -- • ..... ,' 

eJie.II0BaTeJibH0, H ·e=143, 13 , )lJIS! TOMaeoncKoro yrJia... Il0B0J)0Ta __ B _ BepWHHe :B 

.ll

0

BH1CY1lleroesi TpeyroJI~HHKa-ABC IIOJiy'lif'M Te~epb ,;eJIH'lllHY' f5 ~= 95, 13~. .' 
,, I . . •. . .· . • .,· .. , . -. ' . . o . , ,·. . 

·IT□Bop□T B_ .IIpyroll ero aepwHHe "A!' onpe.IIeJisieTcsi anaJiorH'!HUM' o6pa3 □M 

_H3 HHBapHaHTa TOMaCOBCKOr~ Il0BOp0Ta '.Tpeyr□Jlb~H~a OAB KaK - , . . , 
' ,, : . ' : _. ·_- 2- ' ' ' -

· ( 7 -1) (7-l) Sin ( 180-B) _' 
Cos g a= 1- - • . ' 7 , + 1 - - -- . 

' ' . 1 
. I , 

1!3°, KOT0pciro. npH 3a)laHH11X ~Ha,'!eHHS!X napaMeTpOB. .'II0JIY'li!M ·ga=2·5, 74 ° .I 
. ' ' '. . . ' . ---- ' \ 

ToMae0BCKHll noBopoT, KaK 3T0 CJieJiyeT Hen_ocpe)leTBelJH0 H3 '[!0CTpoe-

--'. 

'1 
,_ 12 

i ,-~ 

j 

HHS!, Ha pHe. 2 ,_ Beer)la np□HC_X0.IIHT. B pp□T~Bon□JI0JCH0M H_anpaBJieHHH no OT­

H0WeHHIO- K nanpaBJieHHIO noBopoTa' _BeKT0pa pe3yJibTHp_y10mell ·eKopoeTH. 0TH0CH­

TeJJbHO n~pBOHa'!aJibHOro BeKTopa •• l'.13 pHc.,4-cJie.uyeT;,'!TO !JOBOpOT B BepwH­

He -A o6p~THllll. ~0- OTH0WeHHIO K IlOBOpoty B Be-pwlrne B. ITD3T0MY r~oMeTpH'l'ee­

KaH cyMMa noBo'po'r□B G C' ;;, 69 ;-34; ~To ecTb paBHa HHBapH~HTy Tpeyr□JibHHKa · 
. . , ~ ~ :a+b+c ~·. , , . ,- ~ . . , 

ABC, :KaK H ·yTeep:ac.IIaJI□ Cb euwe •. Ho B-_ BepwHHe B noaopoT y:ace · npeBuwaeT HH-

~apHaHTfloe 3Ha'!emie ,·_ qTo. eBH3aH0 C BllXO.II0M Bbl6~paeM~ll Hen□)lBHJCHOll TO~KH' 

"O" 3a npeJieJIU paecMaTpHBaeMoro •o;HOCHTeJibH~l'O TpeyroJibHHKa CK0p0CTel1. 

· Mu npHX□.IIHM, ·TaKHM o6pa3oM,· K CJie.IIy10nieMy Bal!CHOMY _BllB □.IIy. '.llJiii Ha­

xo:ac.IIeHHH JiellCTBH,TeJibH0ro yrna'-TOMaeoBeKO~O' noaopoTa :eoBepll!eHHO ne ;:we-­

T;TO'!HO Ka;~ropHH JIHWb 'OT~oe~Te;bHblX eKopocTeli, ·a· He06X□)llrnO 3Haime 

eme. H _ .IIetlcTB_HTenbH~ll; TO een . a6c"oJIIOTl!Oll. CK0p0CTH .IIBHlKeHHS! H- ero Han-
- ' . 

_.,..-•-" 
paBJieHHS! •• 

CJie.IIYiT OTMeTHTb, 'IT~ Bee pac'!~Tbl BllrJIH)lS!T Bee&Ma np0CTUMH J!Hllib 

'6JiarO.IIapH HCl10Jlb30B;HH!(),; ·no eyn{ecTBy; aJire6pu___-neKTopoenp~~Tpa~ciTBa OT.~ 

pHua -renbHOll KpH~~3Hll, .. TO ecT.,b' ·anre6pu "r-eoMeT
0

pHI{ Jio6a'!eBCKOro. Pewen11e· 

-3THX xe · 3a)la~-, ne.nocpe.iicTB~HHO • B reoMeTpHH ·g~_KJIH.IIa 1 · BllnCJIHeHHOe ~aMH 

BHa'!aJie- 'JiHWb )lJIS! '!aeTIIOrO: CJiy'la~ 1 • npl!BeJI0. 61,1, K0He~!HO, 1 K qepec'lyp 'rpo~ 
·, ,,• ' • '•.,, • , I ' -• 

M03.!IKOMY armapaTy ,· H B .3T0M, KaK_ BH.IIHM, _HeT _I-jHKaKoll He06J:[O,UHMOeTli • 

' OCMHCJI.HBasi. Tenepb llOJiyqeHHUe pe3 y JlbTl:\Tll, -M□lKH0 BH)l8Tb, ,-'!TO BC~ 

o6CTOHT BII0J!He ecTecTBenHlIM o6p~3JJ_M. ',UellCTBHT~JlbHO, B pacrr~pS!lKeHHH 

eTa!Jit;prnoio~ noJixo~a B'paidicax CTO 6uJio Bc~ro ~pH - cB06~.IIHiu/napa•1eTpa,. • 

onpe.IIeJisi10mHi npoH3BOJibHull. ·-rpeyrdJib~HK cxopocTell ,: ·H _ oHH 6uJIH HiMH noJI­

H0CTbIO 111!3pac:io)l~BaH~;; Ha :3a)laH~e 1:ro ~HBapHanni,. TO ecTb pe3yJI&THPY-:-

10niero _T0Mae0BCKoro 'rionopoTa npH. o6xoJie. ero B 3a)laH'HOM. IianpaBJieHHH.' .llJIH ' 
' - . - .,, '., ''· .. ,... ,.' - -. . -, 

0TBeTa ·. na -- Bonpoc · o. KOHKpeTHUX TOMa'.GOBCKHX noeopoTax · · ( H3DeJKa Tb K0Topua · 

. HeJib;S! X0TS! 61,1 H3.-3a noeopciTa.: oicpyxa10mero nae Mttpa), B' ·_ pacnopmi:eH~li 

CTO 6oJibWe HeT, .IIpyr~x e"iio6onirnx napaMeTp□ B-_, H 'qHa He cno~o6H; · OT;eTHTb 

'Ha 3T0T ,Bonpcic • .llJIH:Pa3JI0lKeHHS! HHBapHaHTa'.no KOHKpeTHllM TpeM BepwHHaM 

Tp~6yeTcsi .II□nonmiTe.JibHo, Ka~ -MHHHL!YM, eme .II_Ba :eBo6o.unux napaMeTpa, KO-:-_ 

Top!lMH MoryT 6un -B · .uaHHOM · ciy'!ae JIH~b a6coniornasi cKo·p~cTb _H · ee iianpae­

JieHHe; OTH~CeH~ble K K~K08-JIH6~ H3; BepWl!H • CB060.IIHOro 'Il □ Ka :Tpeyro~bHHKa. 

~KopoeTelt. }!HWb nocJie 3Tor6 OH npHo6pern~T--e~o~ onpe.IIeJI~HHOe nOJIQll(e~~e 

B-- peaJlbHOM npoerpane-rae 'ii KO~Kperniill '.Macwra6, H Toma . ero . HH~api-iaHT 

pa3naraeTc~ na e□ cTaBnHIO!llHe; aiiaJiorH'!H~ cBeTY. 
1

B npH3Me. -

_ ··. · K0He_'IH□_;· .!IJIH _ BllXO)la• H3 .e□3:UaBWeroeH }CJ)H3Hea H C0XpaHeHHS! Te0pHH B ·-

. ~e · nepB03.IIaHHOM BH.IIe ~ocTaTottao JIHuib · :ianpeTHTb . xaK1rn.-'To. o6p~3□M peaJib-;-
~ . .· . - ~. ' .. . .. , . . ' . 

Hoe H3MepeHHe JI0KaJibHllX TOMaeoBeKHX IlOBOpOTOB, HO. 3TO npe,n'e'raBJIS!eTCS! - \ 

Bee :z:e BHXO.II'sim~M , 3a - _-npe.II~.n1,1 ,TBep.II~r~ pae~yJIK_ a. KpoMe y~e -HM8!011{6l!CH 

B03_M0JCH_0CTH Ha6JIK>)lE!HHS! noB□pOTOB 0 
0Kpy:aca10mero' Hae' MHpa, M□ryT· 6u_Tb HC-:: 

noJib30BaHi», - no-BHJIHMOMY ,_·H :_.upyrHe -;-cn~co61,1 Ha6J110.neHHH -3a noae;eaneM ye-· __ 
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- KOp.ReMOl"'O Tena, He 0Tpe6y10ll(lle YCKOpeHH.fl CaMoro 'tta6n10.UaTe'n.fl. B tJaCTHOCT.H, 

HaH6onee no.ux·o.umu'HM o6~eK.TOM .flBn!leTC.fl .'3neKTpOH
0

, a MeTO.llOM''H3Y'IE!HH.fl ero 
,,. ,. -

TO,MaCOBCKOl"'O BpameHH.fl IlP,H ycKopeHHOM .llBHJKeHHH - H3MepeHHe e_ro CilHHOBOli 

· npeuecmm Ha KOHetJHblX ,npoMeJKyTKax er;o TpaeKTOpHH, tJTo H o6cylli:.uaeTc.R .ue-

TanbHO ii. ynoM.flHYTHX'B HatJane p~6oTax· [2,3,~j. . . -

-~ 

3·A·K JI~~ E H~H.E 

· cneuHan•Ha.R TeOpH.R oTHOC11Ten1,ttocTH; · nocTpoettHa.fl Ha npHHUHne OTH□, 

CHTenbHOCTH H Ha He,npoBep.ReMOM HH 0.llHHM OilblTOM YTBepx.ueHHH O IlOCTO.flH-

. CTBe OTH.OCHTenbHOli CKOpOCTH CBeTa B ~'xi6oM HanpaBneHHH·,· HCKn10'la10ma.R cy­

meCTBOB.aHHe' a6conlOTHOli. CHCTeM'bl IlOKO.fl, HBn.fleTC.fl BHyTpeHHe.: _HenpoTHBOpe-. 

'lHBOH nHWb B paMKaX 0.llHOnapaMeTpH'leCKHX, HnH TaK Ha3blBaeMblX cneuHan1,­

HblX. npeo6pa30B3.HHli _JIOJJ~HUa', 'KOTOpble B 'HeH, HC•X;;.fl H3 3TOl"'O IlJJHHUHna. H . 

.uonon~HTenb;~ro ;,CBeTOBOl"'O 11
: IlOCTY na;a, . ~. BblBO.ll.flTC.fl: IT pH. nepexo.ue K 06-

DlHM npeo6pa:30BaHH.flM JJopeHua, He. COCTaBn.RKlmHM rpynnu, HeCMOTp.R Ha : BOC- \_ 

CTaH~BneHH~, rpynn~ ·j:r~peHua C ~OMOmblO ~ononH!frnnbHblX .·TpexMepHblX IlOBO-

. pOTOB, BHyTpeHH.fl.fl HenpOTHBOpe'lHBOCTI, C HCXO.llHbll,i°'. ripHHU!!IlOM · HC'le3aeT,. 

•_TaK KaK a6con.KlTHa.R cHcTe~a noKO.fl ·cTa·Ho·~HTC.fl n'ce l!Ce· BH~eneHHoli-'oTcyTcT-
.. ' : • ' . , ~ ~ . f ' 

-BHeM B ·Helf TOMaCOBCKOl"'O IlOBOpOTa _npo6HOl"'O '_Tena·• npH Ilp.RMOnHH.~HHOM ycKO-

peHHH era B · nl060M Ha~paeneHHH. B n1060H ,upyro8 . CH~TeMe· OT~'l!!Ta ~KOli; 

. noaopoT· ·. He npoHCXO.llHT• nHWb JIPH :a'Hano~H.'IHOM ycKopeH_HH a HanpaaneHH_H 

.llBHl!CeH~.fl' CHCTeMbl OTC'lSTa: ITpH icKopeHHH npo6Ho~o TeJI~!BilpOH3BOnb~OM 

I HanpaeneHHH OHO HCilblTHBaeT. TOMaCOB.CKHH IlOBOPOT, . .RBn.RKlmHHC.fl cpyHKUHeH 

a6conIOT~OH CKOpOCTH: CHCTeii,~ ea: HanpanneHH.fl ~ KOHe'lHOH CKOpOCTH. Tena. 
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. IlpHHHMa~TCSI DOADHCKa _ HU npenpHHTbl,. C006LLteHHSI 06be,quu'eHHOf0 
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135 p.· 

460p. · 
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17, TeopH!I KOH,[leHcnpoBaHHoro cocT<>HHH.SI •· 365 p. 

.. 18. l1cnonh30BllHHe pe3ynbTIITOB 
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· e CMelKHhlX o6~aCTSIX miyKH n TeXHHKH · 
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19. 6noq>H3HKa, · .185 p. 
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