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§ 1. B Be ~~e H He~ 

illHpoKo pacnpocTpaHeHf!bii! s KnneMaTHKe~ pen!lTHBHCTCKHX qacTHU rpiou:imqecKHif MeTo~ 

annHncoH.uos1 l-3/ TpeoyeT Tpy .uoeMK~Hx n~cTpo~nHif annHncoa:: B paooTe/ 41 npe.uno)!(eH rpa­

cpHqecKHif MeTa~. s Kt>TopoM ponb annHnca BbmbJingeT oKpy>KHOCTb. OH npome Me~To.ua 'an­

mmcoi!.Uos, nocKonbKY 'Ha'!epTHTb OKpy)!(HOCTb MHoro npome, '!eM annHnc. E~HHCTBeHHhri!· .ue-; 

cpeKT .STOro MeTo·.ua COCTOHT B TOM, '!TO on· HellpHMeHHM K '!8CTHUe C nynesoif M·accoif· llOKO!l, 

•3.uecb npe.unaraeTc!l rpacpirqecKHif. ·MeTa~ onpe~ene'nHll aaBHCHMOCTH HMnynbCa cpoTona .OT yr~. 
. . . ·. . . . /4/ 

J18 BbiJieTa B n~Qop~TOpHOi::t CHCTeMe::: OTC"t:Je,Ta, B KOTOpOM· · ':f8K ~e, K8K U . B 1 BM9CTO 8J1J1Hll-

ca cTpOHTC!l ,oKpy)!(nocTb. KpoMe Taro, yKaabrBaE)TCll npocTqi! rpacpr<qecKHi! cnocoo onpe.uene- · 

HH!l CB!l3H Me)!(~y yrnaMH BbiJieTa cpoTOHa B naoopaTOpHOM CHCTeMe , OTC'!eT.a H B CHCTeMe 

uer<Tpa Mace. _I 

VicTp'lHHKOM Y~OOHb!X .rpa¢H'l~CKHX MeTO~OB B KHHeMaTHKe pen!lTliBHCTCKHX 
. . . . . . • . /5-7/ 

Jil!eTC!l Ba>KHOe llOH!lTHe ·npOCTpaH.CTB8 CKOpOCTeif M8T8pHaJibHOif 'TO'!KH • 3TO 

'laCTHU siB- , 

npocTpan- · 

CTBO· >iBJI!leTC>I npocTpaHCTBOM Jlooa'!eBCKOrO c· KpHBH.aHoif, paBHOif .::..!.._ , r.ue c - CKOpOCTb 
c2 

· cseTa., KHHeMaTHKa pe'JI>ITHBHCTCKHX iracTHU B ·oopaaax. npocTpaHcTsa · cKopocTe_i! n·pe.ucTasne-

Ha s pllooTax17- 81• 

EBKJIH.llOBbi Mo~enH rrpocTpaHCTBa JlooaqescKoro rrpHBO.ll>IT K . TeM HnH· HHbiM rpa{f;Hqe­

CKHM MeTo~aM s KHHeMaTHI{e pe·n>ITHBHCTCKHX .'<aCTHn. TaK, nanpHMep, rpacpH'lecKHif MeToi/ 41 

. OC:f!.OBaH Ha ·HasecTH()M. KOHcpopMHOM oTofipa)!(.eHHH.· DyanKape npocTpaHCTBa JlooaqescKoro na 

~BKJIH.UOB wap. Dpe.unaraeMb!M 3.uecb. rpacp!i•H~CKHM MeTon OCHOBa~ Ha'.upyroif MO.UeJIH DyaH-
. ' . . - '· ' ' 

K~pe -.KOHcpOpMHOM OTOopa)!(eHHH rrpOCTpaHCTBa Jlooa'!eBCKOrO Ha eBKJIHnOBO llOJiynpOCTpaH-

CTBO. B OTo6pa)!(eHH~X nyaHKape ccpepbl npC>cT.paHCTBa Jlooa'!eBCKOr~ nepexo~!lT ,; esKriH~o­
Bbl ccpepbl, a T8K KaK B03M0)!(Hble .C""OpOCTH 'lBCTHUbl llOCJie CTOJIKHOBe\,_Hll .. li300pa>KaloTC~ 

TO'!KaMH ccpepbl B. npocTpaHCTBe CKOpOCTeif, TO 9TO <I npHI\O~HT K rp_acp!i'l8CKHM M8TO~aM C 

HCllOnb30B8HHeM OKPY)!(HOCTH. 

· 9me B paHHHX paobTax no reopHH OTHOCHTenbHOCTH ohrno aaMeqeHo,' 'ITO reoMeTpli>I 

JlooaqeBCKOro ·aKa3b!Ba~TC>I nqne~HOM UpH peweHHI! pen!lTHBHCTCKHX. 3~.[{aq(cM.'oo 8TOM/~,B/ ). 
3TO ~anpasneHHB B. TeOpHH OTHOCHTenbHOCTH, H8'laToe B paooTax ¢.Knei!Ha, A.30MMepcpenb-

/5/ . . . 
~a, B.BapH'!aKa H ~p., yseHqanoc.b oneCT>Ill.leif paoOTOM A.n. KoTeJibHHKOBa • B .llallbHei!-

' . 
weM ·aTH BB)!(Hbre peaynbTaTbi BhrnanH. H3 non>I apeHH!l cpu:'l.HKOB n ObtnH aoapO)!(.lleHbl llHWb 

. . . ·. . /6 7/ . ' . . . . 
cnycT>I 30• neT ' • B nocne:UHee speMll reoMeTpH>I JlooaqeacKoro r<axo~HT .see ·Gonee H Go-

nee llii!POKOe llp!iM8HeHH8 B pen!lTHBHCTCKOM cpH3HK8 H OC,008HHO B KHHeMaT!!Ke pellllT!!BHCT-
• 110-13/ 

CKHX qaCTHU 
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.[laHHa>r pa6oTa pacc•uiTaHa rnaBHhiM 'o6paaoM aa cpHaHKoa-sKcrrepHMeH.TaTopoa ·H. lie . . ' . 

:rrpe;lrronai'ae:r y 'IHT8'I;eng 3H8HH>! ·reoMeTpHH no6a'!eBCKOro. Heoi5XOAHMhie CBeAeliHH IIO 

reOMeTpHH nofia'leBCKOrO 6yAyT HanaraTbC>! ·3Aecb· IIO Mepe Hai:lo6HOCTH. 

§ 2. 3aBHCHMOCTb HMIIYIIbCa cpOTOHB OT yrna .BhineTa B na6opaTOpHOi! 

CHCTeMe OTC"'eTa 

.ni06ag KHHeMaTI!:'!eCKa_g aaAa'!a 0 .-CTOIIKHoBeHHH ABYX qacyHn rrpHBOAHTCH ··K· 38A8'1e 
. 171 .n .· . . . 

. 0 pacrraAe 'laCTHUhl H,a. _ABe • ei!CTBHTe.IIbHO_, MOJKHO C'IHTaTb, 'ITO HCXOAHhie 'laCTHUbl 

o6paayroT OAHY rrpoMeJKyTO'!Hyro !{BCTHUY, · pacqaAarou.iyrocg .lsaTeM Ha AB·e, H3 KOTOpblX OA~ 

jla - ~HTepecyromaS! .. Hac· qacTHua, a Apyras iipe.ticTaanseT- co6oll . coe.tiHHe~ire oc-tanbHhiX · 

npo.o;yKTOB pacrraAa. rrpoMeJKyTO!{HOJ!:. qacTHUblo :\ 

. 'PacCMOTpHM pacrra.ti <iacTHUbl Yo' c MSCColf IIOKOSI m~. Ha ABEi 'laCTHUhl 'y . . H y2 

c aa.o:aliHhi;,ui ·MacCiiMii rroKo>r · m li ~{ . Gny<iall m :> o ·paccM:oTpeH ·a: pa6oTe~41 ·· 
. ~ . 2 . ' l . . . 

. 3AeCb Mhi OrpaHH'IHMCSI cnyqaeM 1111 = 0 • 3TOT C)Iy'lall OXBaTblBae~, cpOTOH H HeiiTpHHO. 

nycTb aaAaHa .CKO.pOt;Tb ... vo qacTHUbl. ,yo B na69p8T.O,PHoli CHcTeMe OTC'IeTa,H. TpeeSyeT-

. Cjl ·onpe.tie . .nHTb 38BKCHMOC'I;b HMIIY:IIbf:lfl· P ~aCT.HUhi iY} OT. y~~B.BbliieTa . (e •. Hall.!'le~' 
$ . I \ '· · ' ,· . • .·- '1. 

cHaqana HMrryni;>C .. . p· 'lacTHUhl. Y1 .a cH.c.TeMe ueHTpa. Mace ·qacT,HU' ~ H' Yi •. Boaa'OASI ·.· 

~- •k~a.i:ipaT p~BeHCTBO p = p - p 
.,. ·. . 2- 0 . l 4-:HMII)':'n·bC.OB•. 'ISCTHU, IIPJJyqaeM 

·- . 
m2

2='m2 +m:i.:..2(P.P.') =m2- 2!z~op·~ 
0 l or-·o: c· 

_OTKyAa 

• p c,,.=J 
' .. ' ., \' 

. '·2. .2 
mo-_m2 
··2m· · o .. 

·,_· 

Bbi'!HCJJH>r · cKan.HpHOe_ rrpoHaB.eAeH~e (po ,P1) B· ~a6opaTopHOJI c~CTeMe OTC'IeTa 

(P pJ =~ i clip '-..d.p .. cos6l 
. o_.,z c · 

rAe 

tbp.= __!!.. 
c '. 

•,L: 

,H ~paB~Hl;'BH (3) C (I) ?HaXOAHM 
:.;'d"! 

··.r· 

* . •"<' < P =.:P· ( chp -.sh P· cos e J ,:.:;..-·· 

( l) 

. : (:!) 

<s> 

., (4):-

-\.: ~ .. :· 
(5) 

. . -. ·- . . . . ... '·" .: .... ~-· '-<: :· .· .·\: ' ,._,:~ .. J:'* ·'·.:·. 
Ma STOll cpopMyJJbl CIIeAyeT IIpOCTOii rpacpHqeCKHif. M~TOA _onpepeneHH!I ~ .. B :;ja~liC:H"" 

. . :- .. . . ,· . "'. ! - ,>l'.. • -. _,., -·- , -• .. 1·-: . _.,-·, -:·· 'F5 .:.. . ~ _;,: ... 
. MOCT!f, OT. ;,~rria BbineTa. ·, e • yt<aaaHHhllt Ha PHC. l .. 0TMeTHM, 'ITO anHHbl .• ,.chp .H _sh p 

. ·! CBSI38H~l. ~eJKAY: co60JI , ·. . . . . . ·. , '' .. '•:·\;' 

;e; ·~OTO~o;o p~eH i~' 
KBK r'lfiiOTeHyaa H KaTe.T .. IIPSIMOyrO.IIbH0£'0 TpeyrOJlbl!HKa,. ,.::tpyrolt Ka.,.. 

" •· . •·,~ .!,.j: ""·C ,:"'> ' 7 ···~ "•. ~· "·,·~~ ."; ~:i ·, .·... ·:~:-: ·~ • 
. ( 

.. ~; 

4 
. ( 

. ~ .. , 

,.~ J 

.t·· 

ToT-. JKe MEiTOA npil~eiiHM K CTOJilCHOB9HifiO _'!aCTHUbi y ' 
-z C ·DOKOHIUel!csi <iac·TH-

, ·uelt" y_: 3 -: y_ 1 , "Y.,.:z ->\11 , y2 •· . npH·. S.TOM. npeA~_onaraeTC>!, 'ITO Macca DOKOsi m :..:/. 

y . 6onbwe uyns.·. CTonKHoae!me Mo,KHo paccMaTpHBaTb KaK o6paaoaaHKe· npo--2. 
-iJ:aCTHilhl 

MeJKyTO<i:HOi!: "!aCTHUbl y· . H nocneAyromeJI· ee ·pacnaA: y 
0 . . . -1 Y_ 2 .. y0'> y2 ,· y2 • Mace a· 

·noKOH '!e.CTHUbl y0 p·aaua: 

~·;.jmz+ mz+ 2fn·· -~':L 
o .-1 -::~ .-2 c2 / (6) 

rAe . 1!:-z - IiOJJHaSI SHeprHSI '!aCTifUhi B na6opaTopuol! CHCTeMe oTc<jeTa. B~JJH'IHHhi 
ch p If shp 
,(4), paBHhl 

Y-1 

axci.D.muKe B. cpopMyrly (5) H 'casiaaH~hie co· cicopocTbiO v 
Q 

no ,PopMyne 

chp,. m!+ 111.!- m_! 
2m0 m_2 

{7)' 

-------:-:------------------
.sh p = v[ m! -( m_z+ lll.2)2][ .m: - (II!. ;-.m:J2] 

· ·2m m · 
o -z 

' 
. '_aaMeTKM, 'ITO H3.IIOJKeHHb!lt rpacpli'I9CKHil 'Me:rOA C HeCylUeCTB9HHbiMH H3MeHeHHHMH 

. ' . 

IIpHMeHHM _TBKJKe K CTO.IIKI!_OBeHHIO' .1:\B.;Y'X ... .c(BHJKyi.UHXCH 'IBCTHU. npH, s,:t:OM 

6biT.b KaK 60JJbllle HYIIH,, T8K If paBHOi!: HyiiiO. 

§ .3~ ·CBH3-b paccMaTpHBaeMoro MeTOAa: C .MOAeilbiO nyaHKape. 

npOCTp.aHCT.Ba no6aqeacR;oro' 
·· .... · 

m MOJKeT -2 . 

/' 

.. 8- OCHO_Be Hawero rpacpH'IeCK0£'0 MeTOAa JJeJKK:r B8JKH6SI MOAeJJb npoc;:rPBifCTBa no6~-:' 
, '17l;'CKOro;,. IipeAJJOJKeii:HaSJ nyalfKape B 1882 rOAy. 3Ty. MOA9Jlb MOJKHO. DOCTpOHTb cne.O:yro.., 

lUHM o6paaoM • 

PacCMOTpHM B npOCTpaHCTBe no6~'1eBcxoro CBSI3KY napannenbHhiX np>rMbiX.· noali!'px­

HOCTH, o.pToroiiani..Hbl~ K. TBKOA: CBSI~Ke, HSSbl'saroT~SI. 'bpliccpe~aM~ .. (p~c; . 2). no6a'!9BCK~ll 
. ~OKaaan CJleAyiO~He CBOiiCT~a opir~cpep.' BHh~~HH·,j~ rei>MEiTPHH KaJKAOJI 'OpHccpep:, e~KJJ!f-. :· ' . .. . ·, . /, . ~ 

.lloaa.: Ami AE!YX opuctflep, 'opmro~allbHBix. K'o.tiucia If TOll >Ke caHaKe npH!i.f6Ix H paa.lleiieH..: 

·'iibiX pacc'rQsiHiieM f , . ; OTHOWeHHe ·rroA'Q6H~IX · Ayr s . If 's' l paBH,O: 

··a' . , . . .. ~ . f· .. 
-. -. = exp(- -·). 

B. B,. 
.. (8) •,· 
• .! 

s c ,rrqMomliro ~PS!Moil · L . . H opT?i:-o!fa.ribHoii.K 'Hell opHc~ephi ttO>KHO BBeCT~f CJJe~ 

Liyromue koOpAHif6Tbi B·,.IIP~CTpaHC~Be .. no9aJeBc:Koro. Bbi6epeM Ha opuc<PeP.!'l s peKap­

TOBbi_ Koop.llHHaThi · f , q ; uaqanoJ ~ TO'Ixe q nepeceqeHHH S 11: L _H AeiKapTo~y 
~i>o~'.i:tHHa:rY f' u'~ np~;.:wil L c ua<iilioM 'E. TOft )Ka' ·T~'!Ke' o. nycTb 'e . nonb:m~~:-renblia 

;; 

' 5 

1," .. :.. .. ·' .... ·- ..... 
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B C·TOpOHY, 38'!ep'!HBaeMyiO XOpJiaMH OpHc<iJepb! S . , · Ka>K.UO!! TO'!Ke a llOCTaBHM B COOT,.. 

B~TCTBHe KOOp.D.HHaTbi ( x, y, z ) rro cne.uyiDIUeMy_ npaB!my. '-!epe3 TO'!KY a npoae.ueM 

opncepepy S' , opToroaarrbHYID K npHMO!l L , DyCTb KOOp.UHHaTa TO'!KH nepeceqeimH S' · c 

L ua npHMO!l L paaaa .Ko.op·.unaaTy z TO'!KH a nono>KHM paaaoll. z = exp ( Uc). 

OrryCTHM .uanee H3 TO'IKH a nepneH.UHKyrrHp aa 'opnc,Pepy S • Koop.UHHBThi x; Y 

a. nOITO>KHM paBHb!MH KOOp.UHH8T8M OCHOB8HHH 3TOrO nepneH,UHKyrrgpa H8 OpHC,Pepe 

e.uHHHuax c: x = t; I c , y =·'f/ I c . 

TO'IKI! 

s B 

PaccMaTpH!3BH x, y, ~ KBK ,UeKapTOBhl KOOp.UHH8Tbl eBKl1H.UOB8 npaCTpaHCTBa,_ 

Mhi norry'IHM OToopa>KeaHe DyaaKape npocTpaacTaa Jlooaqeacrwro·aa eBKrrn.uoao nonynpo­

cTpaacTBO z > 0 • 

Dpn aToM oToopa>r(eaHn c,Pepr,r npocTpaucTaa Jlooaqeac::Koro nepexo.UHT B c,Pephr 

eaKITH.UOB8 npOCTp8HCTB8, a npHMbie. - B norryoKpy>KHOCTH? OpTOrOH8llbHhl8 K OI10pHolf nrroc­

XOCTH Z = 0 , YlcKIT!O'i8HHe npe.UCT8Bl1H!OT np5!..;hl8, opTorouarrbHb!e K OpHc<iJepe S . ; OHH 

H3oopa>Ka!OTCH npHMhiMH, opToroHarr-bHhiMH K. nnocKoCTI! - z =· 0 • MeTpHKa npocTpaacTaa 

JlooaqeacKoro B Koop.UHHaTax .x, y, .~ , KBK H8TPY.UHO nOHHTb, HMeeT BH.U: 

_.!f 
ds.2 = e c ~: 2 · 2 o • . c2 ' 2 2 2 

( d, . + d11 ) + dL = ~"Z2 ( dx + dy + dz ) 

0TCIO.Ua ·cne.uyeT, 'ITO oToopa>KeHHe DyaHKape Koa,PopMii:O. 

DoMeCTHM cKopoCTb a 0 _ '18CTHUbl a -TOqKy C KOOp.UHHaTaMH (0, 0, U., a CKOpOCTb 

( 9) 

a· 
1 

'i8CTHUbl Y.; C Hyneaoi! Maceo!! nOK05! - B oeCKOHEl'!HO y.uarreHHY!O 'TO'!KY' ·z DpH 

3TOM CKOpciCTb a na6opa'ropaoll cuc,Te~hr o:rcqeTa ae <l?_HKCHpoaaHa, a H3o6pa>KaeTc5! 

o.uaol! H3 TO'ieK c,Pepb!, npe)lcTaaneHHoi! ua pHc. 1. 8 · 3a.uaqe o pacceHHHH qaCTI!Uhi y _1 

Ha noK05!IU8llCH 'IBCTHUe Y_2 CKOpOCTb a 
-2 

'iaCTHUbl .Y_2 coana.ueT c TO'!KO!l a 

'§ 4 •. 3aBI!Cl!MOCTb Me>K.UY yrrraMH .Bb!lleTa cpoTOHB a naoopaTOpHO!l 

CHCTeMe OTC'ieTa . H Cl!CTeMe neHTpa MaCe 

f'pa<iJlolqecKI!ll MeTO.U onpeJJ;erreHHH 38BHCHMOCTH l!MnyJtbCa ,PoTOHa' OT yrna- pacceHHHH 

a naoopaTopuoll cl!cTeMe oTC'!eTa Mhi norry'IHrrn aneMeHTapHbiM o6pa30M. DoaToMy pacc!O!o.,:­

peHne Mo.ueril! DyaHKape Morno Obi' noKa3'aTbCH_ 3.U8Cb ueyMeCTHbiM, ecrrl! Obi oua' npnao.un-. 

na TOITbKO K yK,a3auuoMy rpa,PH'IecKoMy MeTo.uy. O.u!_!aKo Mo.uerrb DyaHKape no3aorrHE)T e.me 

3aMeTHTb ripocTOil rpa<iJH'!eCKHi! M~TO.U onpe.uerreHHH CBH3H M8>K.UY yrnaMI! 

Ta rj:Ji:>Toua' B naoopaTOpuol!- Cl!CTe~e OTC'ieTa H B CHCTeMe ueuTpa Mace. 

() H ()* Bbme-· 

·lJ:TOObl He ycrrO>KJ.!HTb pHC, 1 .uarrbHeililiHMH ITOC'j'pQ8HHHMI! 0 npHB8.U8M· ·oTJJ:8l1bHO pHc.3; 

HeeaKrrl!.UOB pa.unyc a 
0 an npe.llCTaBU518TCH Ha pHC, 3 .Uyrolf OKpy>KHOCTij C !l~HTp?M 

6 

a TO'!Ke U ; Docne.uHHsl Haxb.uu.TCH If~ n_epeceqeanH npH..;·oi! z = 0 C nepneH,UIIKYriHpOM 

K eaKrrH.UOBY oTpe3KY a 0 _ an • , aoccTaHoaneHHhiM 113 ero '?epe.UHH!>I• Yrrrbr BhrneTa. ,PoTo­

l!a y1 . ( iJ - B naoopaTOpHOM Cl!CTeMe OTC'ieTa I! () 0 . -- B C.IICT8M8 U8HTpa. Mace) oo-

pasoaaHbi HeeaKrrl!.UOB,I>IMI! rry'laMI! ·'h N. 11. a N 
0 

H. HanpaBU8HHHMH Ha 08CKOH8'1HO 

y.uarreHHY!O TO'IKy, HeTpy.UHO yoe.UHTbCH, 'ITO OHII paBHbl COOTB8.TCTB8HHO .yrrraM ¥8}!{.UY 

rrpHMOlf Z = 0 I! 8BKITH.ll~Bb!MH 0Tp83KaMH 

rpa<iJHqecKrrll- M8TO.ll onpe.ueneHI!H () * no 

M an H M a • OTciO.ua .BbiTeKaeT npocToll 
0 * 

() n, HaooopoT,, () no .() ·, .noH>ITH_hri! 113 

pHC._ 3. 0TMeTI!M, 'ITO rrp>IMY!O 3B.[laqy crre.uyeT Ha'IHHaTb. C nOCTpOE'HH>I yrna () C B8pUIH-

* HO'i B neHTpe 0 eaKrrH.uoaoll OKPY>KHOCTH, a o6paTHY!O c rrocTpoeHH>I yrna· () c aep-

llll!HOlf B TO'IK8 a0 

• 
AuarrHTI!'i8CKH CB>I3b yrnoa () H () Mo:iKeT Oh!Tb rrorry'leHa H3 .npeoopa3oaaHHi! Jlo-• . 

peuua: p sin()= p* sin () • 0TEy.ua, Y'IHThiBa>I ,PopMyny ( 5) ,_ nonyqaeM: 

sin e* = - -~"'"'·n~()"-----
ch p -·sh'P cos () 

r:Jocrre.UH!O!O cpopMyrry MO>KHO npeo6pa30B8Tb K BH.Uy: 

* fntg~ -fntg_e_=p 
2 2 

( 10) 

qn 
' /13/ cpopMyrry ( ll) MO>KHO norry'IHT_b H8nOCP,8JlCTB8HHO H3 reoMeTpHH JlooaqeBCKOro· 

paccMaTpHBa>I B npOCTpaHCTBe CKOpOCTelf t:tBa Bb!pO>Kll8HHb!X np>IMOyrOITbHb!X TpeyrOUbHHKB. 

b a.· a 
' 0 I 

I! b a a 
1 

(pHc. 4). Yrrrhr ()=< b a at H e· < b a a >IBIT>I!OTCH 
0 1 

yrnaMH napannerrbHO~Tl! . .urr>I uaapaaneHHhrx oTpe3KOB . b a11 n b . a0 c pa3HOCTb!O c p • 

: JV\i,r npHxo.unM K cpopMyne ( 11), y'IHTbiBaH, 'ITO yron 11apannerrbHOCTH t:tii>I oTpe,3Ka .Urri!Hhi 

li' paae.H 

n (..!!._) = 2 arctg 
" 

• h 
e <:r: 

(12) 

YJnTepeCHO 0TM8~HTb0 'ITO B np>IMOyrorrbHOM eBKl!H.UOBOM TpeyrOnbHHKe C. KaT8T8MH 

H all p ·.·yrqn a , npoTnaone>K';IIUHJI KaTeTy .!J.ITHHhi I,·· paaea yrny . napaimerrhHOCTH pn>~ 
I , ·$ 

.ueea1pm.uoaa OTpe3Ka lliTHHhi cp (pnc.,5). 8 qacTHOCTH, npn () =rr/2 'yron (} paaeH 
-~ 

a . 
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