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1. MeTOlUtKa H3MepeHBA 

Ill B pC3)'nbT8TC B3MCpCBllll KOOpAHHAT TO'ICK Ha TpCKAX '111CTBit B KAMepe Mbl nony-

'IACM Haoop ( X I , Y I , Z I ) (i - 1, •••, N; N .~ 20) Allll KAlKA OrO 113 Cl!CAOB n CHCTCMC 

121 
ocell X, Y , Z , cnH38liHLIX c B:auepoll. B reoueTpii'ICCitoil nporpauue aanolKeHa 

annpoltCBMAilBll H3MepeHil:biX TO'IC:S: aa fil!OCKOCTB XOY 0 nepneHABK)'llllpHOil MarHBTJIOM)' 

nomo, napa6011oll nnAa 

y = a(x- .!..) 2 

2 
+ c • 

CncTeMa KOOpllBilaT (x ,y) onpeAenaeTCll cnenyJOmiiM o6paaou: 

(1) 

(2) 

Ocb x npoxoAnT• '!epea TO'IKII (X I' Y 1) n (XN, YN ). Ocb y nelKIIT n nnocxocTu 

XOY H nepneHllBK)'JlllpHa :S: Ox 0 H8'181l0 OTC'leTa COnnOAaeT C TO'IKOil (X I , Y I ) , 

OCII (x,y) II (X,'y) 00pi13)'10T OllHHOKOBbiC CIICTCMb10 JlCI'I)'IO 111111 fiPAn)'JO COOTI'ICTCTBCHHO 

(eM. pnc. 1 ). 

K03.p¢lllliiCHTbl napaOOllbl a II C onpeACJlSICM MCTOAOM HAIIMCHblllHX JtnanpaTon; 

C'IHT8ll0 'ITO B3Mepel1Hble TO'l:S:II IIMCIOT OlliiHaiCOBblll BeC,.,ll npeae6peraSI OWII6KOit L\x • 

3a 3KCHCpliMCHT8nbHOC 3li8'1CHBC p8AII)'CI1 ltPIIBII3Hbl (R
3 

)" npoeJtitllll TpeJta npHBIIM8CTCSI. 

(3) 

. Yron 1\, onpeAel!SICTCSI Jtalt yron MClKll)' OCbJO OX 11 nepnenAHEyngpoM, nponeAenaLIM 

B fillOCKOCTII XOY It npSIMoll, llpOXOllS!IIlCA '1Cpe3 TO'IK)' (X I , Y I ) II MriiOBCllHbllt 

f 
neaTp xpnnii3Bbl napaoonbl ( 1 ) n TO'llte ( - ; c ) • ' . ' . 2 

Yron a a onpellCl!SICTCB D reOMCTpii'ICCKOil ~porpaMMC MCTOAOM HSIIMCHbWHX KB8API1TOn~ 

ltl1lt yron fiOA~CM~ DHHTOBOlt JlRHRH0 OCb JtOTOpOlt npOXOllKT '!epe3 TO'IK)' q (CM. pile. 1) 

napan~CnbHO OCR OZ II pallii)'C KpiiBH3llbl ltOTOpOlt paneH R a• 

, TaKHM oopaaoM, reoMCTpii'ICCKag nporpaMMa conocTanngeT ltdlKllOMy cneAy Tpn 

napaMCTpl1 R,, {33 , H 'la II lilt CpCAHCKB4llp8TII'IHbiC OWIIOKH0 KOTOpble OfiPCllCl!giOTCll 

no <jJopuynaM, aaanoru•IHbiM npune.t~enaon HHJKo: 

3 
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( 4) 

UenbJO npeMaraeMoro Aanee pac'leTa smnsreTCsr (a) onpeAeneJme TeX nonpaaox, KOTOpble 

neo6xoAHMO CAenaTb . K n3MepennhiM napaueTpaM, 'IT06bl nOJiy"'BTb necMemennhle onemrn 

napaMeTpoa, xapaKTepnayiOmnx 'laCTHil)', KOTopasr ocTaanna nayqaeMhlll cneA; n. ( 6) onpe

Aenenne AHCnOpCHH IlOA)''IOHHOli OilOHKH, 

,. 
·n • Orrpegenemm HM!!YAhCa ane~rTpoua n noanTpoua (aaegeHHe nonpaaoK 

na paAHannoHHble n nonnaannoHHble nOTepn) 

a) Bhi'IHCIIeime nonpaBKI!I K HMil)'AbCY aneKTpOHa (n03HTpona), llOJiy"'OliHOM)' 1!13 reo

MOTpH'IOCKOli nporpaMMbl, 

$opMyna AAH Bbi'II!ICAeHHsr nonpaBKH K HMnyAbcy aneKTpona (noanTpona) nony'lena 

ClfOAYIOWHM o6pa30M: 

BbiBOAHM. ypaanenne npoeKnnn TpaeJCTopnn pensrrnancTcxoro aneKTpona (no3HTpona) 

Ha nnocxocTb, nepneHAHlCYAllpJIYIO MarHHTHOMY noniO, C'IBTasr, 'ITO (a) none nanpaaneno 

no ocn OZ ; (6) unoroxpaTHOO paccesrnne npene6pe:>KHMO Marro; (a) na tta:>KAOM aneMOHTe 

TpaettTopnn noTepn aneJtTpOH~. (no3HTpoua) paanbl cpOAHHM noTepHM, Bbi'IBCneunbiM a npeA-

nono:>Keunn, 'ITO nOTepn na nany'leHBe 11a aneMeHTe d S ue npeaocxoAll"l' aenH'II!IJIY E/ K , 

rAe .E - 9Heprnsr SAOlCTpOHa (n031!1TpOHa); K - KOHCTBHTB, OTCO'IKI!I npl!l OT6ope CAOAOB 

liB H3MepeHHS11 KOTOpasr 6ydeT bnpe,[!enena B ABJibHellmeM, dS- aneMODT AAHHbl SIIOKTpOH

HOro (D031!1TpOHHOro) .TPOJCa B npOCTpBHCTBO, 

Jlony'IBHJIYIO TalCUM o6pa30M Kpi!IB)'IO annpoKCHMHp)'eM napaoonoll BHA4 ( 1) Y=a(x-L)2+c 
2 

B CHCTOMe lt00pABil4T, CBS!34HHOli C Tpe!COM, B p93)'1IbTaTe annpOICCI!IMBlll!ll!l nony-

'18eM 3BBI!ICI!IMOCTb Me:>K,[ly KpHBI!I3HOli TpBOKTOpHB B HB'IBAbHOli TOqJte 1!1 Koa$¢Blli!IOHTOM a 

napaOOIIbl, OnpeAeUei!HbiM aJCcnepBMeHTBJibHO H3 H3MepeHHli· TO'IBK H4 CIIOAe 'IBCTI!Illbl, 

Ypaanenne naM:eueHBsr HMil)'JibCa anettTpoua (noauTpoua) aannmeM a cnenyromeM anne: 

dP =- [ P(l + b ) + 0 dS, (5) X0 K 

rAe Hpi!IHSITO, 'ITO peiiSITHBI!ICTCKHli ¢aKTOp y. » 1 Tax, 'ITO P .; E . b = 0;01.41131, 

P- HMnyAbc aneltTpOHB (n03HTpOHa), H3MepeHHbll1 B (Maa/c) 0 X0 - paABilllHOHHBSI 

.nnHHS B CM. 

4 

HaMH 6hlno npnnSITo AAH paC'IeToB 3Ha'leHHe paAIUJIOBKoll AnBHbl cpeAnee MeJ!<ny 
/3 4/ 2 3/5/ 

llpi!IBOAHMbiMil B pa6oTax 1 
, paBHOO 45,3 r/cM 1 'ITO AIISI nponana IIIIOTHOCTH 0,427 r/cM 

COOTBBTCTByeT X0 = 106,0 CM, 

~ = -· ~- HOHH3BllHOHHbl9 llOT9pH1 ABBB9Mbl9 ¢opuynol1 (6), BbiBOAOHHOll C )"'BTOM 
dS ? 

""" /12/. ' 9't"''OKTA HIIOTHOCTH 1!1 AaiOmell 3HA'I9HHO BOHI!I3Alli!IOHHbiX llOTepb SIIeltTpOIIOB H ll031!1Tpo-

HOB B IUlniiiX )'CIIOBHSIX C TO'IHOCTbiO ne Xy:>Ke 2% (nOTBHllHAIIbl HOHH3411HH BOAOpOAa 1!1 yrne-
. . Ml 

POAA npHHSITbl paBHbiMH .COOTBeTCTBeJIHO 15,6 H 76,4 as ): 

dP 
= 0,0196 [41,9 + 2ln _P_][ ...MM.] . 

0,51 C,CM dS (B) 

B ABAbHellmeu Mbl O)'AOM Be3,[19 IIliC&Tb TOAbltO 00 snexTpouax, OAHBKO nee CltB3BHHOG 6y-

AeT Cnp8.BeAIII'UIO B AIIH ll03HTpOliOB, 

'7 
B CAenaHJINx naMJI. npeAnono:>KeHHsrx n = Sin a = const , Ot5oana'!an qepea ds 

MeHT A'lliiHbl npOGlCilHH Tpexa na IIIIOCKOCTb XOY 

k = I 

7J 

1+b 

yl-n2 X
0

K 

~ 

300 H • 10-6 

ana-

(i) 

(8) 

rAe H - BenH'IHHa MariDITnoro nonS! a rayccax, no'l)"'HM nn¢¢epennnanbnoe ypaaneune 

rAe 

dR 

ds 
= k I R - 7J. 

R - Epnanana npoexnnH TpeKA na nnocxocTb XOY 

Ha ypaBHeBHSI (9) DOCIIB HHTerpnpOBBHHH HOny'IHM 

-k
1

s -k 11 
R(s) = R 0 e - .2!._(1-e 1 ). 

k, 

Bb!pBJKG.IDle (10) MO:>KHO C XOpomell TO'IHOCTbiO npe]lCTBBI!ITb B anne 

rAe 

R(s) 

k= k,+ .!!..._ 
R 

-ke 
R0 e 

1 + b 

y1-n 2 KX
0 

~ 
+--· 

33011· R 

(0) 

(10) 

(11) 

(12) 

Yxaaannan aaMeua np11 ycnoann, 'ITO ·s << R (ycnoa:a:e AOil)'CTHMOCTH annpoKCHMannn cne

Aa napa6onol1), AaeT omHt5xy B onpeAeneBKI paAIIYCa xpnanaubl ue 6onee 4% • 
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lf3 BL!pll.lK91Il15l ( 11) C TO'IIloe-n.JD AO IlpOJI3BOAIIOlt 4-ro t:lop51AX8. B:vtlDUTenlollO nony

'IHM ypABBGIDI9 Ilp091CUDI Tp&l!lltTOplO[ ml II.IlOCXocn,, IIOplleJIAIIQ'mlpll)"lD Nlli'DTII:OJq' J:(Ol[J) 

(pnc. 2): 2 

X I 1 k a 1 3 k2 4 
Y1 - %- + --X 1 --(-- + -)X

1 .R0 6 :R0 24 R3 R
0 

(13) 

Onpe.~teneuasr TaJOIM o5paaoM xpllnas: (IS) llpOXOAliT 'lltpo3 TO'IItY (CfJ) 11 ucaoTCa 

lJ STOll TO'!:Xe OCII 0X 1• 0603.1!'a"'KN '(0))03 (XIlt ,Xr_JTO"f.r1, 1l9lKalllYJO .IUl xpJDolt (JIJ) 

JUl. paccro.mnm f OT TO"'XXI (O,Ol. JlepeftAON B co(Scne.llllyJO CKCTelQ' XoopJOU14T Tp9U 

( % t y), ltOTOpyJO Mhl Ollp9Aemu& J(liX 

x = X u.:'Clls¢ + Y lk·s,m ¢ , 

y =- X 11,Sin¢+Y~~o;•Cos¢ , 

r:te 

Sin¢-
y 

"' yX 2 + Y2 
1k lk 

Cos¢ - X 

yX 2 +Y 2 
lk lit 

t = v X 2 y 2 
lk + lk 

B aTOll CBCTeMe XOOPABHAT ypaBHeBBe Tp89J(TOp][][ 6y:teT BM~ ~ 

rAe 

2 1 a 1 4 
y =a 1 x + %a 2 x + 0 aax + 

24
a:

4
x 

a a 
4 

·+ 

a 1 =- tg ¢ 

1 
a

2 
==·~A---·, 

cos 8¢ 

a a a 

2 
•Ak•Cos ¢- 3A Sin¢ 

Cos 0 ¢ 

a 2 · 2 
Cos¢[•Cos.¢(.3A + k A)-SirA Sin¢]+ 

Cos 1 ¢ 

-SA Sin ¢[·A k•Coa ¢ - 3 A 
2 
Sin¢ ] 

(14) 

(15) 

(16) 

(17) 

( 18} 

(t!') 

~ d 

• !'l .. :, 1 
(20) 

Cos 
1 

<P 

I 

A=
Ro 

PacCMoTpBM annpoKCBManuro nony'leHHoft KpBsoA napa5onon sBAa 

Y = a(x- ..£_) 2 + c. 
2 

(21) 

(22) 

Jlonaran, 'ITO sec xaJKJtoro BHTepsana dx noc'tonHell (aTo ycnosBe COOTBeTCTByeT pasno

MepaoMy pacnpeA91IOHHID TO'ieK Ha cneneX) npn OAHHil.KOBOM sece Kll.lKJ(OH TO'IKB)C llOMOIDbiD 

MeToAa nanMeBbmnx xnaApaTos onpeAeJIHM ~~:oacjJ<pnnnellThl a B c 

HMeeM 

f 
f[y-a(x -.L) 2 +c]dx= 0, 
0 2 

(23) 

f f 2 f 2 
f[y-a(x-_) +c ](x--) dx= 0, 
0 2 2 

(24) 

rAe llOA Y nOHHMil.OTC.!I Shlpll.2KGHHe ( 16). 

Pema.!I aTy cncTeMY, nony'IBM 

£ f2 
(a 2 + -a +-a,). 

2 3 7 • 
2a 

(25) 

BhtpalKenne (25) All.eT sanBCHMOCn. axcnepiiMenTallhHO B3Mepeanoro ~ll.Anyca EpHBH3Hhl 

R3 .:...!.. = _L OT senH'iHHht R = ....!.. , nponoplUIOHallhHoii nMnyllhcy ane:s:TpoHa B na-
2a A 9 A 

'i81lhHOli TO'IKO. Paanara.!I B pm:t npanyro 'ill.CTb Bhlpll.2K9Bll5l (25) B TO'IKe AS . H orpa-

Hii'iHBil..!ICb 1lliH9HHblMII 'i1l9Hil.MII1 nony'iliM 

OTKYAil. 

2 2 

A= (a 2 +.La
3

+.!...a )1· +(~+ !_ da3 +.!._~4)) ·(A-A
3

), 
2 . 7 4 ·As dA 2 dA 7dA As 

2 

A3 -(a 2 + ~a 3 + ~a 4 ) 
A = 

a'·+ .La'·+ L
2 
a' 

2 2 3 7 ( 
I + As • 
As 

(26) 

(27) 

fTpn l'ht'iHCneHHH nponsaottHhlX · a'a , a's , a'
4 

cneeyeT y'iHThiBllTh CB.!I3b Me>KAY yrnoM 

cf; H BCliH'i!<BOH A , I<OTOpag All.eTCSI IlpHBOitlfMOH HHlKC cp0pMY1IOii (30). 

Ha (13) n (15) cneAyeT 

A . 2 k f 
2
Cos2 ¢ 2 2 Sin¢= -fCos ¢[1+ -fcos¢ +---OA +k )] ; 

2 3 12 
(28) 

Y'iliTh!Bil.SI, 'ITO BTOpOii H Tp9THii 'i1IGHhl B JI:Bil.Apll.THhlX CK05KaX M81lhl no Cpll.BH9HBIO C 9AHHH
A£ 

ueli n 'ITO - << 1 , AnH onpeAeneHHSI Sin ¢ socnollhsyeMCSI MeTOAOM H&roTona, npHH!IB 
2 ' . 

3a npH5nn2Keanoe sna'ieHHe 

x) . 
IlpB R3Mepeaaa. cneAa TO'IKll pacnOJiaraiDTC!I npn5nnsnTen&no pasHOMepao. 

7 
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·At 
2• 2 Sin <Po =· 1 + V 1 + •A L 

Ha (28) 11 (29) DOJIY'IliM 

rAe 

:F Sinrp = Sin</Jo- ~F 
. 1 

·A£ 2 . f
2
(3A

2 + k 
2

) 
:F = Sin rp 0 - _ •Cos rp 0 [ 1 + .!.. £ Cos rp 

0 
+ •Cos 2 rp 

0 
] , 

2 3 u 

F =1 + !..!.·e Cos
2 q, [!f._ tg </J

0 
+ 

1 2 0 3 

2 2 2 
t ( 3 A + k ) 'Sin rp 

0 
] 

6 

(29) 

(SO) 

(31) 

(32) 

ct>opMYna (27) AaaT B_G3MO:lKliOCTb OllpaJ:talDlTb •cTlliDloe 3Ha'lali:B:e ltpBBll3lll>l TpaexTOpuu A 

ltlllt ,PYmtlllllO li3MapaHHOll BOJIH'IJ[llbl A9 1 ltllllllLI XOpALl £ -;- itOli!CTaJITI>l k 0 X4paiTe

pH3YlOillali nOTepH (eM. ljlopMYJIY (12)). 

B Ta6nune 1 npaACTB.BJ!:OHLl BOJIH'IJ[HI>l nonpaBOlt (yuTh!BillOil!Be pa.lllllllUI;OHllhla H llOHlla&

IUIOBllhla IIOTepH) lt B3MapaHHOMY J[MllyllloCY $JialtTpt)Ba t» nponeHTilX OT ·P ) 0 paCC'IHTilliHhiO DO 

<jlopMYne (27) A1Ill cny'la!l K v 1 - n 2 = 1 . 

P,rsB/c '(,eM 0 2 

0,1 0 2,025 

0,3 0 -
1 0 -
10 0 -

Ta6Jtllll4 

5 10 . 20 

5,145 10,260 "18,833 

- 6,767 

-- 5,463 11,122 

- 4,935 10,133 

30 

17,251 

15,595 

40 

23,556 

21,320 

3na'laHR!l _nonpanox, npuneAaBBhla » Taonnl!e, ltAit BliAHO 113 ncero CltA3annoro Bhlme, cnpa- • 

BeAniiBhi numb An!! MaTOAa annpoxcnMannu napa6onoll npoenuu· cnena na nnocx.oCT~, nepnen ... 

AHKYniiPHYlO MllrHBTHOMY nolUI. 

,1 

m. Ollpenenemre omuoltH n li3MapaHBJ[ nmym.ca sneltTpOHa (noauTpoHa) 

Hr.mrm.c, onpelleneuuA npll anupoltclluanHll. cne11a napa6enoll, NOJI(e-T 61>1Tb npalt-

CT&Bnall Jtlllt 

ps = Po±_~PB3M:t~PMHt.~PH-kO~pl_~p2' (33) 

rJ:te P 
0 

- na'lallbs:ull ( llCTJIHD:hlll) BMII)'llbC aneltTpos:a; . P 
9 

- uMJiym.c snex.Tpona 

onpeAenenHhlll nenocp~ncTBens:o no napaMaTpaM napaoonu; ~ P uaM - omu6x.a B onpene-

neHJIB KMJiyllbCa, Boaiolx.aJOmaSI ua-aa neTO'IllOCTll. onpenenenu!l x.os.p<j!JlllKenToB napaoonhl 

(pacnpenenes:a no rayccy ) ; ~ P Mil - B omu5x.a n onpeneneHJIB uMJiym.ca, B03HBitAIOmasr 

ll3-31l HCJtlll!(OHllll Tpaerropllll MBOrOltpllTHI>IN paCCeSlHll:aM (pacnpellallalla no rAycCy) i 

~P8 - omuoltA B oupeAenellKll ur.mr:a.ca, B03HllltaJOmast Ka-aa neonnoponnocTH MarmtTaoro 

liOllSl IIpll OopaOOTJta CJiallOB0 paCnOJIOlJ[OHHblX ·B pa3D:b1X '1/lCTSIX X.BMaphl,~p B MO)I(aT C'lli

TATbCll pacnpellallaHHOJ!: no rayccy; ~p 1 - BCTHHllhla DOTepH liMllyllbCA liB B3ny'IOBKO Ba 

ltnBHO S i ~p 
2

- DOllpllBJtll liMDYllbCil 38 .C'le-T BllllH'Illll liOIIH38llliOHIIblX n~eph,( }f.o '/''-"// 
1
- , 

v .... 

Y'lllTh!Ball H31IolKaBnyJO nhlme npone.aypy BDallaHHll nonpaBOX. JIB. cpeJ:tnae aa_a'laHRe 

JIOBB38llliOHHbllt H plUlH8llliOBllbiX IIOTepb K D:a OTJIJl'llla npoaltliBH CJIOAA OT napa60llbl0 DoJiy-

'lllM! 

P. 19 + ko~Pl + ~p2 
/ 

(34) 

lUill 

p 
e 

Po.± ~pli3M;I;. ~pMH±. ~PH+ ko(~Pt -~Pt), (35) 

. rAe ~ P 
1 

- cpeAaee aaa'le!Ille nOTapb HMDyJibca sa H3ny'laHRe ( c yqeToM o6peaansr K 

na ltnBne f P e - HCX.OM&ll oneHKa KMJiyllbC/1 snexTpona; k 0 - K03.p<j!HlllleHT nponop-

IUIOH!lllbBOCTH Mal!(lty CpaltBBMll· nOTepSOlll D:a li3Jiy'lallliO H BOIIJ(llBHOll nonpaBKH. 

Ha <jlopMYnhl (35) cneAye'l', 'ITO B peaym.TaTe ycpeAHeHHsr aaMepeHBlt Tpetton ana~:-

TpOHOB OllHOrO ll TOrO liCe liMJiynbCA P0 nony'IBM,. 'ITO ~= p O 0 T.e. P J:taaT s:e-

~~- oneHKY senH'Illl1U HMJiyllbca P 0 • 

.LlHcnepcHsr BenH'IliHU P e onpe,llenlleTCSl ltllK CyMMA AKCHepcalt 0Tlt8Jlbl1UX Ballli'IHH! 

D= (oP l=P0:((oPH3M)2+(/lPMH)2+(&) +k2(DJ4)2l 
• • p p p 0 p 

e . e • · e 

(36) 

PaccMOTpHM uocneAOBATellbli:O DhlpallCallliS!, CTOlDIIlla B <jlllrypnux cxo6xax. 

• I 

1) HaMepHTaJibHASl omuoxa 

Ecnn npnHliTh, 'ITO 

a) n <jlopM:Yne (22) 
2 2 

l = V X tk + y tk « R , 

' .· .• · __ -,_. 'i .. ' . i • 8 i. ,l 9 L
·.·. I 

. ' . . ) 

------------------~·'*···--------------------..... 



IS) N xaMepeanux TO"lex pannoMepao pacnpeAelleBhl aa cneAe I! N- ·» 1 , AIIH· 

annpoxcx~ cnena_napa!Sonoll nony"lBM: 

rAe 

8PH3M = 

P. 
b. R • 

12y5 Sa( 1-n2)yN 

!'>= y {b. xJ Sin 2 fj +(rY)iCos fj 

(37) 

/l.x 2 B fl.y 2 xapali:T9pB3yJOT pa31Spoc B3MepeBBLIX TO"lOE OTHOCBTellbBO DOAOOpallHOll ll:pB-

BOll. ,llns f3= -t BOIIll"lBBA fl. B yCIIOBBBX llamero OISny"lellBB paBH8:"0,004 CMo :.,.. __ 90"' 

2) OmxiSJta B onpe):lelleltBB BMDYllhCA 1 

ISbma B311Ta B BHAe/7/ 

BllOCHMASI MllOroll:pATULIM 

paqCOSIHROl\.1, 

SP 
MH 

p . 
3,5· 10 

4 

fjHS!iX!i 
0 . 

3) Omu!Sxa, BHOCBMASI UOOAHOPOAHOCThJO MArHBTHOrO D011B 

(38) 

B yen~ 

BBBX OM:y"lellBH 24-IIIITPOBOA npouanonoD ltAMOpLI naa OH.HH B ISom.mOM MarHR,.e, 6LI1!a 

pannoA 

BPn 
-p-. b.H ~ 0,03. -H-

4) O_npenelle.ltHe ABCDOpCBB PAABAitiiOHBhiX UOTep!, 

(39) 

.lln11 HMUyllhCO~ sneJtTpoaon ISom.iuux 25 Msn/c paenpeAene!lBe paARADHOllBhiX nOTep& 
. /8/ 

npiiiSnil*OUllO MOieT ISLITh npeACTABl19llO B BBAO 

w(y)dy = ( Xoln2)-1 e-y dy 
y 

rue W - BepOSTllOCTb 113ny"l9HR51 KBallTA C BMD:ynhCOM 

dS 

(= P
0

(1-er 

SIIOli:TPOllOM C_ HA"lA11hllblM HMnynhCOM p o (Msn/c) Ha SIIOMOllTe ~B dS • 

(40) 

Ecnu 113MepeDs nenyros Taxxu oiSpaaoM, "lTO OTISpacu:saJOTCs nee cn;Y'o!:ax H311Y"le!lBs 
' ' / 

ItA SliOMOHTe ' d S KBallTOB c BMnyliJ,COM1 ISom.mHM It = P 
0 

( 1 - e- y ) ( OTISop COIShi-

TBA !Sea _pea~~:oro H3Melte!lBB alteprHH 'lacnnu B moA-IDIISo o!Snacn), To cpe.o:De nOTepu 

81l9JtTPOHA BA 1131Iy"le!lBe Ha SlleMeSTe DyTB dS 34DBmyTCSI B BRAe 

dP =- ~dS (41) 

X o Ko 

r.o:e 

Ko- ln2 

'JP e -y( 1 - e-Y ) dy 
(42) 

0 y 

10 

il 
.~1 

0,1lHali:O OTISOp COISLI:TBll 114 B3Uepellll51 MOIHO BCCTH II IIHA"lO - OTISpaCLIBaTh Te TP49KTOpKH1 

BA !!:OTCpbiX SJIOJtTPOU B I!:OIIl(O nMOOT li[UnynhC1 MOIIl>lliiiA p = pOe •yo ( OTISop no DOJUI'LIM 

DOTepBM JIMityllhCa IUl JllllU!e S ). Taxoll MOTOA llAI!:nAJ;ILIBAOT !Sollee l!tCCTKIIe YCIIOBIISI na 

BOIIH'Il!ny DOTep&, IIO*ellB paCCMQTPOUBhlll nume. HMD:yllhCllOO pacnpeJlCIIe!Oie SliOli:TPOIIOB 
. /8/ 

no DpOXOJO(.IIelnUI JlliiiHLI S B cpeAe AAOTCS! opopuynoll 

:w(y)dy = 

__ s ___ ·t 
e-yy X 0 Ju2 

r(_s_) 
xo In 2 

dy. 

0TCIOAA cpOAIIOO 3llA"lOHBO HMD:yllbCB. SIIOXTPODa DO DpOXOJKAOllBB AlillltLI S 

(43) 

DO BCOM 

cJIY'(aRM, xor.n:a o!Smae nOTepu ae npenumalill b.P=P0 (1-e-ro) ISyAeT 

P( - s 
Y 0 'S ) = P 0 e J<Oln2 (44) 

Xoln 2 

rne r ( m,n) -.. 11enoJmas raMM'a-oj>yiiKIUis. 

rpa$Bit 34BliCIIMOCTil sneprJlll SIIOli:TpOHa DO npOXOJKAOUIIU AIIHBLI S B nponaae OT BOIIB"lU-

llLI yO DpOACTABllOH BA pBCo 3. 

lln.P$epelll(npya opopMyny ( 44) no S DOJly'liiM 

dP= P(S,yo) 

Xo K(S,y o ) 
dS (45) , 

I'lle K(0,y
0

) 'AAOTCB opopuynoll (42). 

B TaiSIIRite 2 npeAC'ranneJiu ana"lei!Hn K ( S, y 
0 

) B aannCBMOCTll oT S ll B01lli'IUJibl 

o6peamm.11 y 0 

Ta!Snnna 2 
------------

~ 0,035 0,14 0,21 0,28 0,35 0,7 

0,5 2,3 2,42 2,6 2,8 3,0 3,2 

1,51 1,59 1,64 1,7 1,73 1,8 

2 1,17 1,18 1,2 1,22 1,27 1,3 

Kax RRABO 113 STOll TAISIIBDLI, 311BUCBMOCTh K {S) cna!Sas, JIOSTOMY npniSIIli*OHHO MOJKHO 

HOllO *liTh 
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.·_,·., 

K (S).£:tiC(O) 

"'f __ e., 
o·. 

ln2 

( 1 - e-r) dy 

y 

(46) 

no xpaiiHel! Mepe A1tR BCTpO'W.IOW:HXCSI y HAC AnKH S ,· -tx 0 ll BOJDI:'IHil o6pe3AI1Hli 

Yo~ 0,5. 
fipHHlllllASl BO BllHMAHllO Cjt838Hil00 Bhlme, C'lllTAOY0 'ITO AB:CnepCllll, ltOTOpAR oyAeT 

Bbi'IHC1tOHA HCXOASl H3 c!>opt.ty1lbl ( 43), cnpaBOA1tHBA A1t!l OOOHX MOTOAOB. 

, JIA }:!RCJ'IlltO ~ npeACTABn_ORA 38BHCBMOCTb ltOpiiR 113 AH<;nepcii:B: {8) CpOAIIOII 

BOnlt'!BIILI HYIIY~,<:a snexTpoHa _no_ npoxoJKAemm A1I11Hbl S B npOIIAHO OT BOnH'Illiibi 

o6peaaBBS! y
0 

, pacc'!HTAIIIUUI no .popuyne 

-l~a-s'"r(3 s ~p ---·· y , __ ) 
8 =v{~) = le In_2Xo. _o Xoln2 

p e .r{y s o•---
X 0 Ln2 

.... ) .. ; ~ I.' 

-~Yo•~)21~ 
-exof- s) 

f{yo'xtn2 
0 

(47) 

.Unsr onpe,!t01tOIIHR BOnB'!HIIbi y 
0 

II: li1IIlHbi S 0 118 ltOTOpOII liOnyC'l'JIYbl H3MepeiiiiR BM-

nyi!LCA arrOKTpOIIA, MOlKHO npOll1tOlKHTb HA Bbioop cnenyiOW:BO liBA npHOMa: 

1) Hcxonn 113 AOIIYCTHMOli BOnB'!llll:bi OmHOltH ll.P e , Bb!OpaTb y
0 

II 113MepRTb pe 
B~nbC SIIElXTpOHa BliA'!AIIO ( p HA'!) J1 B ltOHIIO ( p XOR) TpAOXTopii:B: II:0311BBCBM0o 

OropaCbiBATb cny'!alt, ne ynonneTnopSnow:xe nepanencTI3Y 

,·. t~ ,.·,·~-.': .. .-'!' 

p HA'l 

pKOH 

> e-ro (48) 

2) fipB npocMOTp9 ,n ITOli!'OTOBitO It B3MOP911l!S!M HJDII npll AHAn:ll30 pe3yn&TATOB 

xaMepell:llil OTopachlBATb CIIY'!~B c, »MliMbiM li3MeneHlleM KPllBH3Hbi cn:ena. fipll SToM 

• MolK1Io''onpt:lttellHTI>··nenu'lnil}'· ··s(y· ··> - nyTb, JtOTophllt nonxen npoi!Tu. sneJtTpOil AO nosiB
rp 

neaus peaxoro c6pocii anepruD:.'1 

Torna ll3 BbipaJKeJmn 
•..;t\,J 

' ···- ' 
·~: .;;: .• t t - co -y 

.dS 
~- i \'£.~: 

S(y ) 
=-d_S_J~ 

X 0 1n 2 yrp Y 
..... ____ ··----- ----------- --~-- -----·----- ·-·---rp. 

cn~ltYeT,·-:q:To"" ;:::r.-:) ~;c~:-: ·t t,.,_,_~-~'ccn: ~. -·-00 -y 

f~ 
Yrp y 

12 

S(yrp) 

X 0 In 2 

(49)" 

(00) 

l 
~ 

/,. 

:I 

I 
] 

j 
fl 

tl 

I 
i 

i_ 

.'{ 

11 

l 

i 
f 

Eonee rpy6o y rp B STOM Cny'IAO MOlKHO onp0ll01t11Tb, !ICXOAR 113 3AitOHA 

H31ty~OHHS! 81tOitTPORA 

oTJtyna 

dS 

S{y rp> 

E 
~f_o dE 

X Eo•"lj'.P-y- ' 

Yrp = S{yrp) 

xo 

5. Onpenenene Jtoa.P¢uJ1HeHTa k0 • 

KaK cn:enyeT 1!3 .popt.tyR:hl ( 34), 

, 1 , ,tlJUI 

"E 

(51) 

(52) 

k = 
0 

pe- p •IX-oo (53) 

1l.P
1 

Ka1t nnnno · ll3 Ta6nu.nhl 1, Bemr'lJ<HY k 0 MOlKIIO nonolK!ITh pABROII npl<Onl!311Ten&HO 1/2 

(nnsr MeTOAA annpOitCllMAIUIJ! npoeltllHil C1tOA11 liA nrrOCKOCTb, nepneHAliXY.!Ilqi!IYIO MIII'J[l[TIIo

t.ty nonro napa6onoll) • 

Ha CltA3ABS:Oro B STOM pa3llOIIO BHll1100 'ITO IIOBbiW:OilHe TO~IIOCTII OnpeneJiema:sr JIMHynb

CA arreltTpOHA B03MOlKHO 311 C'!eT': 

1) yMellb~ellH51 BOnH'lliHbi Y 0 , ~To onuaxo seneT 1t nOTepe 'laCTR cnyq;aen. rpacpnlt 

aaBRCHMOCTH 'IRena cnyq;aes, ynosneTBopnrow:u.x ltpB.TepJ<IO y .-:::_ y
0 1 OT B01tll'!llHhl yO 

H li1IIIHhl CIIOAA B npOllOHTAX lt UOIIIlOJ.tY ~HCrry Crry'lAOB npliBOliOH 114 pKCYHitO 

paCC'IHTAllbl 110 c!>opM:yJlQ 

N{S , Yo 

No 

rne r{y 0 )- nonusr raMua-ojJyliKI!Hsr; 

s ) 
r{yo, Xoln2 

-f{y 0) 

5 • KpDBblO 

(54) ' 

2) TaKoro pacnpe,~teneHHn B3MopeallbiX TO'!eK Ha cnene nnll BBenellH!l HX B nporpaMt.ty 

C BOCBUJI, ltOTOpoe o6paTllT B MHilHMYM Bhlp8lKOH!IO (36) j 

3) UOliOOpa ltpBBOJ!, ny'!W:O OnHChlBAIOW:eJ! llpOOitllBIO Tp40ltTOpl111 arre:z:TpOHA !Ill nrroc

ltOCTb, nepneHAJIKyngpcyro MarllHTHOMY nomo, neJKOl"..B aapa6ona (aTO yMeHhmliT xoaci>¢1-'IIlXOliT 

ko ) ; 

4) MHoroxpaTaoro !13MepeHHn onnoro 11 Toro lite coobiTllsr, '10M nocT!IraSTC>~: Y":'Om.

mell:lle li3MOpB.TOnbllOl! Ol!IHOKB. 
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IV • Onpe.llerreane yrrron {l , a K HX ODI1160it 

I. Bb!'l:Hcneaue yrrra f3 

Kax y:lKe roaopnnocb n paa.11ene 1, nporpaMMa C'IRTaeT yron {3 1ta1t yrorr Me:lK.lly 

ocbro X u nepneaABx:ymq>ou 1t npHMOll, nponeneHirol! 1!3 nenTpa KpHBR31Ibl n nepayJO 

TO'IKY cne.r:~a. 

tg {3 = 
XII -X 1 

y -Y 
1 n 

rne (Xu , Y n ). xoopnnaaTY u;eHTpa xpHB1131Ibl annpoltCBMllJlYIOI!1ell xp~molt1 
( X 1 , Y 1 )- xoop.tumaTbl nepnoll TO'IItll cneAa. 

2. Bhl'l:Hcrreaue omH6KR n onpeAeneHIIH yrna {3 

a) HaMepaTen&HaR omu6xa 

(55) 

Be/IB'lllny H3MepBT9TlbHOll OmH6ltB MOJKBO OD;e.IIJITb ito ojlopuyrre1 y'l:liTh!BaJOmeil KOppeJIS!UHII 

Mem,ny X -oll B Y -oil KOOP.llHHATllMU IIBHTPA KpBBB31IY 

fi{3H3M 

liP 
{!'(.!_) 2

( ll3M 
R p 

+ (~)2 + 2(~)21* 
R f (56) . 

f'J10 

(57) 
2 ----2 2 --2 2 

(Af) = (fix) Cos {3 + (liy) Sin {3 

liP 
!l • It 3M 

p (eM. ojlop:uyny (37)) . 
l.lTOObl nporpaMMHhiM- nyTeM na6eJKa.Tb ane.neHBx /IB'llihlX nncnepcull KaJKAoro onepaTo

liP 2 
pal BMOCTO ( -r~ B ojlop:uyny (56) MO:lKHO liO.llCTABTIS!Tb AHAT!Of'H'lHOe Bhlpa:aceliHe1 Bhl'IH-

, 0 

Clli18MOO nporpaMMOll: 

N 2 2 
fiR )

2 
= k(~)(liy 1 ), 

<-R- 1 ay, (58) 

rAe no.n Ay - noApaayMenaeTCB OTKTIOHeliHe 
_....I -Toll nauepenaolt TO'IItR OT no.noopan~ 

noll KpHnoll. 

o) Jlircnepcim MHOf'OKpHTHOl'O pacCeS!liHsr 
I , 

BeiDI'!nlia omuoKn n yrne {3 1 BHOCHMASI Mnoroxpa'l'Hb!M pacceS!liHeM1 / oneneanasr AnSI 

· annpoxcnMallllll cne.lla. OKPY:lKHOCTb!O no TpeM TO'lltaM n npennorro:lKennn1 'lTO 'laCTlllla
1 

npo

meJ:tmaSI B Cpe,ne paCCTOSIIIB8 S 1 HM8eT B8p051THOCTb nOliACTb B HHTepnarr OOKOBblX CMe-
. · rot~ 

mem!ll (yly +dy) n yrnoahlx OTKrroue.l!Hli (0,0+ dO) 1 .r:tanaeMYJO <l>epMH. 1 -H paaHyro, 

14 

l l ,\ 

I 

•'t-:.:,. 

2 7 2 
!1{3 = - f 0 • 

UH 24 s (59) 

2 /10/ 
rAe 0 • - cpeABHll xnanpaT yrna pacceHliHSI, panHbllt 

2 21 2 1 
8 = (-) -; [P]= Msn/c • 

" {3P X
0 

(60) 

TaltHM o6paaoM, oxoR'IaTerihno omuoxa n onpeAerre)[J[][ yrna {3 :uo:>KeT ob!Tb aanB:caRa 

B Bll.ll8 

!1{3 = 2 lip 2 'f 2 li 2 - 2 * 
ll'(.L) ~) + (_u_) + 2( ) + _!___fo I 

R P. R T 24 • (61) 

3. Bhl'l:Hcnenne yrna a 

Kax yxaablaarrocb n nepaou paa.11ene1 reoMeTpK'Iec:s:asr nporpauMa nhl'liiCn.lleT yrorr " 

M8TO.llOM HAHMBHbmBX ltBa.llpaTOB lt81t yrorr Me~ ltACATe~liOll It cneny B nepnolt TO'llt8 
fill 

n nnocxocTbro (XOY) • 3na'leRBe TaJll'euca yr.na a onpe.nenaeTCll no ojlopMyne 

tga =-

r.r:te 

N N N 

k z 1 k8
1
-Nkz

1
li

1 1 1 1 

RL(f81 )
2 -Nkli

1
2 ] 

1 1 

81 
x,

arc Sin 2-
R 

(62) 

X I , z
1

- KOOp.llHHHThl i -TOlt TO'lltll cne,na B CBCT8M8 ltOOp.llHliHT 1 CBSJ.3llHilOlt C TpeltOM. 

4. Bhl'ln crren11e omuoltH n onpenerrenHn yrna ;!_ 

· a) HaMepuTerihaaSI o111Jil6:s:a 

Bellll'lH1lH H3MepHT8TlbliOil OmHOKll -B onpe.r:terreJmB Yf'JUl a fllf 
pacc'I:BTbiBArrac& no ¢opuyne 

2 N a 2 2 
lia = Cos a yk (~) (liz

1
) 

1 az, 
(63) 

o) 0muoKA1 BHOCBMASI MHOrOKpATJIJ,IM paCC8S!liH8M 

TaK lt8J[ pa3B8pTli:B. TPBli:B. BM88T BB.ll np51MOil IDIBHH B KOOP.llHlillTAX (z,s) t TO Blt0CBM8SI 
. 17! 

MnoroxpaTHb!M pacceS!liHeM omn6:s:a MOlKeT 6h!Tb ou;eneaa no ojlopM;yne 

-li 1 s li (lia 2 
) = 0,765{_2 (_) I 

MH Pf3 X
0 

[P] ~ Msa/c (64) 
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TAKHM o6paaou, oKoH'ISTem.uo sei!H'lBHy omu6ItB s onpe~eneHHu yrna MolK!Io aanucaTb ·vt • PeayllbTSTbl aKcnepliMeBTB 

B Bllll9 

/';.a = I /';.a 
2 

+ /';.a 
2 1

11 

MH H3M 

1. Onpeneneuue uaccbl 77°- ueaoaa 

(65) j' fipn !IpOCMOTpe cmucios c 24-JIBTPOBOll nponaBOBOll KaMepu na:a OH.HH, o6ny'leH-

V, Qupenenel!lle HMnyllbCOB ·Y -KB89TOB, ad>tbeKTHBIIbiX M8CC ~~ 

B COOTBeTCTByiOmHX OIIIH60K 

1. OnpeneneaHe nunynbca ·y - KB-anTa 

HMnym.c y -KB8BTB Bbl'l11Cll.519TCSI K8lt CyMMS HMnyllbCOB SneKTpCKa Jl n03JITpOB8, Co-

CT8BllHIOWBX KOHBepCliOHHylO napy 

py = p .+ + p tr" 

BeJIB'IKHa omu6KH ~ 
P.y 

noJiy'laeTcn ycpe,t~aeHHeM no seeM B03MOlKllblM pacnpe~eneHH.IIM 
/12/ 

HMnym.ca 'Y -KBanTa Me:W.:AY 3ll9KTpOBOM H B03HTpOHOM H paBB8 

HnK 

/';.Py a 0,85( /';.P•) 
py p. 

(67) 

~. _!_y(/';.P + )2 +(/';.P _)
2 

p P- • 0 
·y y 

2. Onp ene neuu e acjHp9KTII:BHOJl MACChi M.yy 

Maces 'ISCTllnhl, pacnasmell:csr ua nsa ·y -KB-aHTa c HMIIym.caMH P 2 ll .P 
2
,onpenenn-

eTCn no <jlopuyne 

M.yy = y2P 1 P2 (1-·Cos0 12 ), 

(68) 

rn~. _ IJ 12 - yron MelKny H8Hp8Bli9HHHM1! l!BH:Ht9HIISI •y -XBSHTOB, 

HanpanneHHe ABHlKeHHn ·y -xB-aKTa onpenenneTCn npll ycpeAneliHl!l c Y'I9TOM secos na-

npasneHBH, Bbl'IKCll9HHOrO no TO'IK9 pOJK119HllSI H TO'Ilt9 ltOHB9pcllH B napy, B H81Ip8Bll9HBS!, 

nasaeMoro cyMMapBbiM BMnyllbCOM aJiexTpoHa u noauTpoaa. Omu6xa B onpe,t~eJieHllH MaCChi 

M.yy pacnanmell:cn '18CTHnhl pasua 

rne 
/';.py 

~ 

/';.M.yy 

M.yy 

AaeTcH <jlopMynoll ( 67), 

/';.P.y 

..f'IP.y 

16 

(69) 

t I 
:1 

! 
.\ 
<.i 
·:i 
:,j 
) 

HOil: B 77- -M930HHOM ny'IK9 C auepruell4 ras/c 6biJIB OT06paHb1 0-Jiy'I9Bbl& 3B93Abl C He M9H9e 

'19Mst 2-un y -xsaaTaMK. Bcero 6uno uall:.t~eno 167 C06biTKll:, 3TH C06blTHSI o6pa6aTbl-

BaiiHCb ua aneKTpoaao-Bbl'IHCJIBTellbnoll: MamHKe M-20 sua'lane no reoueTpB'I9CKOll: IIpOrpau

/2/ 
Me , a aaTeM no IIpOrpaMMe lllt911TllcPHKanuu. •Y -KBSHTOB, cocTaBneuuoll: c y'leTOM no-

npasox, o xOTopux pe'lb mna sume. Ha p:ac, 6 npenCTaBJieuo pacnpe.tteneHHe !lyy llllll 

D-Jiy'l9BbiX 3B93,tt C 2-Mll y -KBSBTSMB, 06pa60TKii STOll: rBCTOrp8MMbl A8ll8 Cli9AYIOW1l9 

pe3yllbT8Tbl: 

11
770 

= 136,6 ;~;..2 Mas 

/';.M~ x/ 
--- = 0,12. 

111 "0 

TaxuM o6paaoM, Mbl nOI!y'lBIIH necMemeuuoe 3Ha'leoe Maccbl " 0 -Meaoua, 'ITO 

SIBJIS!eTCS: ,rtOX838T9llbCTBOM IIpBBHllbHOCTH BB9lt9HHSI B01Ip8BOK B8 llOIIH38nJIOBHb19 ll p8AH8-

nBOBHble nOTepK Sll9KTpOHOB B Cpe,t~e, 

Macca rr0 -ueaoHa, OIIpeAeneBHan 6ea BBeAemill YKB3anllbiX nonpasoK, no peayllb

TaTaM, BOI!y'l9BBblM B9BOcp9ACTB9BHO B3 reOM9TpH'I9CKOll: nporpaMMbl, 6b1Jl8 p&BHOil 

122 ±. 3 Mas. 

2. 3xcnepuueHT8JibHblll: aHanua yrnosux omu6o:a: 

lJ.mr onpe){9Jl9Hll51 BBJIH'lHllbl OIIIH6KH B H3MepeliHl!l yrJIOB 6blJIH CA9llallbl Cli9AYIODlB9 

sitcnepuMeBTam.Hue one111or: 

a) H3MepeHb1 105 npOXOAliWHX 77- -M930BHb!X Tp9lt.OB ( P 
77

_ •4 rss/c) Cli9AYIQWHM 

00p830M: 

HauepHliCH OABH B TOT *e Cli9A·H8 10 CM AliHBbl B HanpaBli9HHH OCH Y B 

i:>6paTHOM OT ,COOTB9TCTByromell TO'IKB, B3.11TOH B U9HTpe {Kanpa:) L ,.l e, •. f e-., • 

'" <J 

Onpe,t~ennnuCb yrJibl a, {3 Ann KaJKiloro Y'18CTKa cnena, cTponnncb pacnpeAeJieHBn 

no 
Lla = a 1 - a 2 ' 

/';.{3 = f3t-f32. 
r,ae BOA a 1 , a 2 • Pt • f3 2 no,t~pa3yMeBSIOTCSI yrJibi a , {3 Bbl'IHC1l9HHbl9 reOM9TpH-

'19CKOJI HpOrpaMMOJI AliH KSJKilOrO B3 H3MepeK.IIbiX Y'l8CTKOB Cli9Jl8 B TO'IKB, B3SITOJI 38 Ha'la-

110 H3MepeHHlt, fiOJiy'l9BHbl9 rHCTorpaMMbl IIp91lCT8BJ19Bbl liB pncy!IKaX 7, 8, 

x/ 0,12 - B pacqeTe aa OllBH cnyqall, 
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6) TaJtHM *9 o6pasoM Oblllll H3MepeHbi 54 TpeJta sneprn'l.Rbix 8 -sneKTponon 

( P 8 ~ 500 Man/c). flon}"ieHnbie pacnpeAeneHRsr Ansr I:> a n 6.(3 npeACTann:enu na 

p!lcyHXaX 9,10. KaK BHAHO liS pllcyBKOB (7, 9), pacnpOAOli9HR9 6.(3 CHMMeTpR'IHO OTHo-

CRTOl'IbHO nyn:sr, 'ITO I'OBOpRT 0 Ma1iOJI BOIIli'IRHO CMOntOHHS! B yrn:e {3 , JtOTOpoe B031Dllt89T 

sa C'leT aawero MOTOAa annpoxcnMannn. 

Own6KH n nen:H'Inne 1!.{3 , OUp9A9li9HHhl9 9KCU9pHM9l!T8l'IbHO ( CM. pnc. 7, 9), OKA-

38liBCb paBI!biMII COOTBOTCTBOHBO 7,6 1 AliS! npBMbiX 17- -MeSOHBhlX R 20;5 1 AliSI SliOJtTpOH

HhlX 'l'pexon. Te *O omH6Jm, onpeAeneHHbie 'l'eopeTH'IeCJtR no <jlopMYn:e (61), paBHbi 7,6 1 

AliS! 17- -MOSOHHbiX B 24,5 
1 

AliS! 9ll91t'l'pOBHbiX TpOXOBe 

Omn6Kn n nenn'lllne i'la , onpe)lenenHh!e sJtcnepHMenTam.no (eM. pnc. 8, 10),6bin:n 

paBJibi COOTBeTCTBeJIHO 8,8 1 AliS! 17- -MeSO.IIHbiX H 23,1 ' A1IS! 91IOKTpOHHhlX TpOJtOB (cOOT

BOTCTBY!Ontlle BOliR'IRHhl OWIIOOJt0 nony'IB.OMbiO TOOpOTB'IOCXIIM paC'IOTOM no <jlopMY1IO (65), 

paDHbi 8 1 
B 23 '.). 

AnTOpbi 6n:aro)lapnT M.H.floAropeiu:oro, B.S. <l>n:srrnna, rr.B.lllnSIRBKKOBa sa IlOHHhiO 

OOCY*AOJIRS!, n:a6opaHTOB npOcMOTpOBOll R B3M9pRTOllbJIOll rpynn nBa. OHSIH sa npoCMOTp 

n RsMepeHHn aaiiAenahiX co6biTRII. 

ITPHnO)I{EHHE 

flporpaMMa BAOHTB<jiBK8IlBB •Y -KB81ITOB (7-1) 

Ha3naqenne nporpaMMbi 

flporpaMMa npeAuasaaqeaa Allsr RACHTH<jlnKannn ·y -KnanTon, o6pa3onaamnx snexTpon-· 

no-nosnTpoanyro napy na smpe n TpeKOBbiX xaMepax. flpn &TOM npeAUonaraeTCsr, 'ITO cne

Abi snexTpoaa. n U0311Tpoaa Ohllln npeAnapnTellbno o6pa60Taahl no reoMeTpB'IECKRM npo-
. . /1 2/ 

rpaMMaM 1-15 Hllll 1-33 ' , n xOTophlX npoeKUBB cneAa na nnocKocTb, nepneHAnxyngp-

nyro MarunTHOMY uon:ro ( XOY) , annpoxcnMJipyeTcsr napa6on:oll (napnanT· 7-1 ). Pesynb-

TaT.hl 06pafiOTJ:B BbiA8IOTCS! Ba · ne'laTb B nep<jloKapThl, KOTOpbie MOlKHO BBOCTH B nporpaMMY 
. . /14/ 

nnenTn<jlnxannn Kaaanon peaxnnn n n nporpaMMY Bhl'lncneansr s<jl<jleJtTBBHhiX Mace • 

18 

Omr:caJIRe nporpaMMhl 7 __ 1 

1. flporpaMM8 Y'IBTbiBB.OT No nporpa.uMbi D 1-11 CTpOXO BTOpoll nep<jiOJ:B.pTb! no ABYM 

HOCliOAHHM nn<jlpaM TpOTbOI'O 8Apeca (ecnn STOT HOM9p MOHbWO 133, TO npOAYCMOTpea 

yxo)l na nsMeneane nep<j;oxapT ) • -

2. HcxoABbili MaTepnan: nporpaMMhl pasMem:aOTCsr na cTaanapTBbiX nep<jloxapTax 

cneAon n ynpan.'lmom:ell xapTe. Bee STH nep<jloKapThl BhiA8Bhl reoMeTpn'leCKHMH nporpaMMa

MH B OT1IR'I8lOTCSI T01IbKO HOMepaMH nporpaMMo 

B xonne co6hiTHSI nonxnaJI.biBaeTCsr nep<jloxapTa c ceMepxaMn. 

3. Ecn:n rrpn nnoAe ne connanaroT JtOHTpOllbB.hle cyMMbi, TO aa ne'laTb BhiAaeTcsr 

cne)lyrom:ee: 

1) No SOBhl } 

2) No COObiTBSI 
c ynpann. n/x ,) 

3) ;r.s. TpOJta no 1 A 

4) k = - - -- 3; ........ 105. 

nocno ne'IB.TB BBO)IHTCH CliOJlYIOWee COOhlTHe 

4. Ecnn n cnenax ne connanaiOT noMepa co6hiTnil, TO na ne'laTb nhlnaeTCH 

1) No 30Hhl1 

2) No co6hiTHn, 

3) No Tpexa no 1A, 

4) k - -- - 3; 1 06 H BBOltHTCH s;ne.ny10mee coohl'l'He. 

( 

5. EcnK n cooh!Tnn neT raMMa-xnanTa, To ne'laTaeTcsr 

1) No SOHbi0 

2) No COOb!THSI, 

3) No = 0, 

4) k = - -- 3; • 107 H BBOABTCS! cneAyiOm:ee COOhlTBOe 

6. Ecl!B n cofihiTBB neT Aannoro cnena, To neqaTaeTCsr 

1) No SOBhl1 

2) No COOb!TBH, 

3) No oTCyTcTByrom:ero Tpexa no III A , 

4) k F- 3; 108 H BBOAHTCS! cnecyxom:ee COoblTBe. 

7. nnH BCeX CliO)IOB 38pll)KOHHbiX '18CTHll M8CCBBI1 (coob!TBB), HMUyllbC KoTOpbiX 

HSMepen no KpHBH3He, Bhl'IBCnSIOTCSI H8 , rAe S = 1, 2, ( . S -noMep cnena 

no nopSilley). EcnD: I H 1 -H 8 I < 1 , _To coobiTHe o6pa6aThiBaeTCSI, eciill •> 1 , TO neqa-

TB.IOTCH H 8 BCe, na'lnnaSI c H1 , noToM o6pa6aTwnaeTCsr cne)lyxom:ee COObiTBe. 

19 



B. Bbi'IHCJISilOTCSI pea;rm.TaTbi XBHeuaTK'Iecxoro pac'leTa ManorX'lHO Touy, ux sTo 

AenaeTCS! B nporpauue 2-20 (o6c'leT Blinn!, Tpoill::n, xanoua). 

9, Bbi'DICliSDOTCSI B9Cll COObiTHll ( li) M9TOAOM IIOT9BitHll1Ih.QhiX AIDI.IIo 

10. fipH C'leTe :w 
IOillBX s<jxj>eKTBBllbill o61>eu 

, ecnK .HaT lrepece'le!Dlg JD[ c· on.aoll: 113 WIOCxOCTOll;orpamnaaa

npoHCXoABT 3llA8HBbill OCTllHOB, 

11. fiporpauua AOHycxaeT OAIIII 11 ABA npOC'IeTa (;rnpai!UI:lleTCsr na6opow 'const ;a 7771). 

12. fiporpauua o6pa6aTbiBA9T 11e 60JJ:ee n.ecll'l'll cnen.os. 

BbiAA'Ia aa ue'lan. B nporpauwe 7 - J 

1. TeeT ne'IaTB a N! co6h!THSI, 

2. N! 30Hbl R N! COObiTHS! 

3, N! nporpaMMbi 

4. 1) H • 0,3. 10 
-3 

2) P+; llP+ 

3) P_; ilP_ 

4) 01 , AB, 01+
1 

, AB 

5)01' i+1,'0 1 ,AB 

6) CosO AB,I 

7) I'J. CosO AB,I 

' 8) 7) 

9) d7) 

10) (7)/I'J.'I ) 

. 11) Sin <lJ 

12) Cos <lJ 

13)~ 

2 

14) I'J.O 

15)(0/I'J.O )
2 

16) w 

20 

6. Bbina'la aa n·e'IaTL H nep<j>oxapThl 

1) N! co6biTHl11 

2) N! 30HLr, 

3) fipll3ll:o Y -:ua.HTOB; 
2 

Dpii3.1Ul][ Taro, 'ITO (t.ay ) 

• (I'J.{J.y )
2

BhllliiiOTCS aa ne'laT&; 
> 

N! Bll11][][ . 
4) P.y 

5) I'J.~y ;,(I'J.f3.y) 
2 

6) 0, (I'J.c.y )2 

1)ty 

8) m.y 

9)ny 

10) x
1 

11) yl )(2- 0 

12) Z I L·AB 

13) ll.IIMOI'Il'IBO l-oll CTpolte 

14) aaanorB'Iao 2-oll cTpoxe 

15) li.HMOI'B'IBO 3 -ell CTpoxe 

fiPHno)KEHHE 2 

HonBaanaonnble noTepa 9118ETpOHOB. B D03H'I'pO.HO'B B nponane 

B !tpllllH9 perur.TliBBC'I'CltOM Cn:y'll19 BO!Dl381lBOHHbi9 DOTepll 91191t'l'p0DII H II03HTJl0Hll 

/10 15/ 
AIIIOTCSI tjlopuynol! 1 

dP 2 
[ am c

2 
3 a a 4anre m c ln~ - -ln(1-f3 )----1, 

• ·1 4 2 2 ---= 
dS 

rn.e a =2,9 Allll 9ll9ltTJlOHOB1 

8"'3,6 JllUI D03HTJlOHOB1 

a -. nonpaaxa aa scj>cjlexT nnOTJIOC'I'K, paalUlR 

2 12 
8--ln(1-f3 )-ln(--)-1 

b2v 2 • 

rAe 

m. - uacca snexTpona, 

v 
p 

r • - xnaCCH'IeclOil! Pllll.liYC sne][TJlOBa, 

2 

( 
ne 2 
-) 
am • 

p 

n - 'IBCliO snexTpOHOB a eJlii!DlD;e o6'b9Ma nem9CTBll, 

S - AliBHa anexTpoa:noro (n03HTPQBHOro) Tpexa a npOCTpaHCTne. 

fipeo6paa:yl1 ojlopuyn:y (70), IIOn:y'IBM (c ;r'19TOM scj>cjleXTa llliOTHOCTII) 

2 

-~ =.4rmre 2 m c[ln m.c +Ina- a- 1 

dS • bv 2 
p 

1 ] 
+*ln-

13
2-!i 

(1- ) 

(70) 

(71) 

(72) 

(73) 

3/5/ 
.!lnll nponaaa IUIOTIIOCTll 0,427 r/cM non:y'IHM Al151 9119XTpOHOB Jl D0311TJlOHOB COOTB9T-

CTn9HIIO 
dP 

dS 

dP 

dS 

0,0196 [41.60 + 21n 
1 

] 
(1-f3 2)H 

0,01% [41,20 + 21n 1 ] 
(I -{3 2)H 

CoOTaeTCTBeBHo 6ea y'leTa sojlojlexTa nnoTHOCTH 6yn.eu xueT&. 

dP --= 1 . ] 
0,01%[34,6 + 6ln ._" ' 

(1- f3 dS 

21 

(74) 

(75) 

(76) 



~ = 0,0196[ 34,6 + 61n 1 ] • 
dS (1- /32) li (17) 

/6/ Ilpn aTOM nOTennHan KonnaanHJI own npB:HRT PBBKl>IM 15,6 an B yrnepona - 76,4 an 

Ha cpannemrSI npHne.n:eliHhlX nume ojlopuyn oxaaanocx., 'ITO .Ha'DIHil.II c IIMnym.ca 

r1:'!1B 
P ~ S.2· m0 c = 2,7 --c-

ljlopuylll>l, Y'OlTLIBaiOIIUIO a.p¢e:s:T UJIO'l'liOCTII, .AlliOT MOI!bi!Oie 3.11a'l911lUI llOIIll3lll(IIO!UiblX 1IoTepJ.
1 

neJXenx ¢opuylll>l, BblBeJ:teliKl>!e !Sea Y'!eTa atjl¢e:s:Ta nnOTn:OCTa. T4ll: ux npll o6pa60Txe 

CIIHMXOB1 llOJIY'!CIIHbiX B OOJiy'le.liilll, BC'l'pO'IllmiC& COOLITB:S! C l!Mnym.c:ou SJICXTpOliil 110 

Monee 20 Msn/c, ttlln paC'IeTon OhiJm npmrm'l.l ¢opuym.l llom;:aanllolr.II:LIX narep&, Y'IJIThiBa:JO

mne s¢¢exT nnoTnOCTn. OxoU'l:aTem.no c omaoxo~ uenee J:tnyx nponeliTon IIOH!Iaannonllhle 

nOTepn snelt'l'ponon n ll03HTpoaon n nponaac MoryT ObiT& OllllC4Kl>l o.n:noA o6meA tjlopuynoA 

dP 

dS 
0,0196 [:41,9 + 21n ~] ( ~ ) 

0,51 CoCM (78) 

3To Bb!plC'leeHIIe 6un o ncnom.aonaao JJ.na Bbi'IHCJiennll nonpan:s:Jt lt.!l BeJill'lnny B:ollllaa!IIlon- . 
HbiX llOTep& B nporpaMMC 7-1. 

IIPHnO:lKEHHE S 

Onpe.n:eneBHe OTHOCHTem.noA omxoxn n ~3MepenHD !rpBBH31Ihl (npx pannoMepnou 

pacnpeJJ.elleliilK TO'Iex BJJ.onL cne.n:a) 

B reouOTpll'lecxoli nporpaMMe, xanecTnoll B 6H6Jmo'i:e.:e CTaiiJJ.apTllhlx nporpauM 

OJI.!IJI no,!{ HOMOplll.m 1-15, 1-33, npllM9HeJl MOTO.I{ allnp()li:CliMalllln npoe~rnHD CJI9J:ta na 

llJIOCitOCT!o1 IIepneB:ttllltyJillp!lyiO Mai'JmTB:Ouy llOJIIO~ IIapaoonoli. J:tnll npOCTO'l'hl paCCMOTpliM 
annpoxcHuanaJO napa6onoli BHJ:ta 

2 
y ... ax + c·, 

rJJ.e a , onpeJJ.enen:noe MeTOAOM naal\,{em.max XnaJJ.paTon, JJ.BOTCll cl>opuynqli 

OWHolty B OnpCJ:tCJICliHU a 

a= NI yx
2
-Iy Ix 2 

NI x 4 -(Ix 2 ) 2 

IDI!CM B BII/J,C 

ua 
a 

vi<a"?(~y)2 
ay , 
a 

22 

(79) 

(80) 

{81) 

• 

·-"<f. 

TOrAa 

ua 

a 

KJIK 

ua 
a . 

yi(~)2,(~y )2, 
av 

a 

2 
yN Ix 4 - 2N(Iz 

2
)+ N{l:y 2

) 2 

Niyx 2 -Iyix 2 

B ~ae pannouepnoro pacnpeAeneRBn K3MepeHKYX TO~ex nJ:tom. cneAa 

OTXyJ:ta 

c =-

Iy =- a(~z~ 2 Na 

Ix2 
= 

N a(~x )2 

12 

Iyix2=- a(ax)4Ne 

72 

2 N I "4 = (~x) 4 NT 

80 

2 4 2 4 T 
NIx -N(Ix 2 ) = (~x) N 

180 

Niyx
2 

-Iyix
2 (~)4 Ne 

a----
180 

0"8 12vs v i;i 
l2yN R. a 

B lUIDCOJICe oOW9M Cny'lae S'ry q,Qpuyny MOJKIIO 3anJIC4T& B BIIA9 

u _y'fh'Jsm2 /J+~?Cos2fJ 
_a_= l2y5 R, 

a f2yN(l-n2) 
--2 -2-

r.n:e n, ~x , ~Y ohiJIH onpeJ:tenellhl Bblme. 

23 

(82) 

(83) 

(84) 

(85) 

(86) 



nPHnO)I(EHHE 4 

B nporpa.M:ue 7-1 ucnon&3oBa.Bo BhlpaJKelme .QZnr onm6D D onpenenel!J[H BMI!ym.ca, 

.lleCEDm.XO D'rZill'UllD!IlGGC.!i! OT .QABae:uoro cj>Op).Q'n:OJi (36). nporpaw:ua Be Dbi'IHCmreT .QHCnep

CBJD pa.QBanuo.H.D:LIX nDTep~o. nosTOJ.Q' nrur one~IEB neliB'I:II.IIbl onm6EB n onpenenelOlll BMI!ym.ca, 

B.IIOCBWOlt ~ET::YAilB.!i!J.lH Pa.QBanBOlLII:LIX ll0Tepb1 MOlltiiO liOn:bSOBaTbC.H rpacj>UlUCII
1 

npe.QCTaB-

11e.ll.llbi.MB lla puc.L~ (;rmTb!Ba.H lqlB S'rOM BGn:B'DI:Hy EOScjl4lunue.I!Ta k o 
1
paB.I!Oro .QZI.!il MGTO.Qa 

anJipOECBMA!Olll lqloeXIUm TpeJta 114 liZI0CEOCTb1 nepnelliO!x;yZI.HpeyJD MArl!JITBO-'Q' II011JD ) * ) ..._ 
Ben:B'DI:IIIl OIIIIIOEH ap. • Bbi.I(ABaeMaH nporpaMMOll: 7-1, MOliCGT DbiTb npe.QCTABn:ellll xu 

aP 
eT -1 p

0 
y{!! .. !.~2 +(8PMII )2 + (SP M ) 2 

a p p . ' . ., (87) 

np:a:'leM Ben:B'DI:.IIa ua 
paCC'I:a:Tb!BAGTCH no cjlopJ.Q'ZIA:U1 ttpJIBe.Qe.ll.llbiM B pa6DTe (It) a 

u Bbi.QAeTCll l!a ne'lan. OT.Qem.no. 

.lln.H BLI'IHCIIeiiHll onm6XH B onpenen:ellllll ;yrn:a a f3 B nporpaMide 7-1 IICIIon&3osano 
Bblpa>Ke.rtlle 

af32 l'(i..)' (~)2 + (~)2 
R a R 

(88) 

Jle T'!HThiBAlDII!ee OllUIDltll1 BIIOCHMOll 
BeTO'IIIOCTblD H3Mepe!mSI ltOOpAJ(.IIaT nepBOJi TO'!XH, STa 

OIIIlioxa MO>KeT 6un. oneaeaa no lj>opJ.Q'ne 

caf3'>' = 2<+> (89) 

a= vax 2Sin
2
{3+ay 2 0Js 2 f3 

nPHnO)I(EHHE 5 

Yron MBoroxpaTaoro pacceRHKR npu annpoxcuMann cn:e.11a O!tp;y>KBOCT&IO no TpeM TO'IKaM 

PacnonoJKB.M CBCTeM;y KOOpJlB.IIaT TU0 'ITOObl CIIOJl IIpOXO.lnUI 'lepea ee lla'IAllO. n;ycn. 

xoopmmaTbl nepnoll: TO'Iltll (0, 0). cpena~l! (x,y
1

) :11 nocnenueA {2x ,y
2 

). 

C'IBTa.H, 'ITO l!anpannene JlBH>KOIIH.IJ :'IACTBI!bl B llll'IAne EOOPAJl.llaT COBIUUlaGT c OCbJD 

Hldee.M y .« x • B sTHX ycnoBB:.HX, Bepo.HTaocn. n.len. B 'rOUe x 3111l'lelDI.H y 
1 

B li.RTepaane Y 1 ,y 1 +dy 1 H ;yrn:a pacce.HlDI.H 8 a KHTepaane 8
1

, 8
1 

+ .IO 
1 /10/ 

X 

ammmeTC.H ~tax 
• 2 

2l3 1 -~ 81 3y 8 3y 2 
PI (yi,O~dyld/11 = ____ £ "<---1-+--::..l.)dyld/11 

rr 82x2 x x 2 xa . (90) 

,, 

Torna nepoRTaocn. np:a: aanallBLIX Y 1 ll 0 1 liMOTJo B Toue 2x al!a'leiiHH Y2 B HI!-

Tepaane y 2 , y 2 + dy 2 11: 0 2 a Kl!TepBane 0 2 , 0 2 + d 0 2 

2/J 1 -....!. 2 
' 

P2(y2,02)dy2d02 ='--~ e 0![(82-0~- 3(y2-yl-OixXO,-xt~ 3(y,-y,-O? 1 dy dO 
fT {1

0 
X X X J[ 2 2(gl) 

rne 02 
• [P 1 = Maa/c (-~-l_1_ 

P/3 X0 

0TCIO.Qa aepoliTJI~'t'J. Toro, "'TO 'IACTB:na npoll:neT '!:epea TO'IXJI ( 0,0) ; ( x • Y 
1 

) ; ( 2"' • Y 
2 

) 

3allllme Tell xu 

-I- -\CO 

F{yty2)dyldy2={f fPt(y101)P2{y2,02)dOid02ldyldy2 --- (92) 

Yron Me>KJlY xacnem.aoll: x oxpy>KBocTB H xopnoil, npoxonKmell 'lepaa TO'IXll (0,0); (2x ,y 
2 

), 

0D03114'1HM "'epo3 ¢ (oa paae11 llottOBH.IIO .ll;yrK, CTHrHBSeMoll: XOpnolt) 

rne 

¢. = % ~ = y 2 -
2Y 1 

R x 

pSilli)"C OltPY'KHOCTll 011p9ll911HeTCll lj>OpMY110lt 

.R a 

2 
X 

2(+-y,) 

(93) 

(94) 

06oarra'IIM 'lepea "' )"rOll Me>KJl;y OCblO X ll Toll z:e xopnoll 

t/J a 
y2 

2x 

Torna ;yron MeJKey JtacaTem.rrolt x OIQI)"lltHOCTll 11 OCbJO x 

ll9.11](e IIOlleTA 'IACT!IIlbl B TO'Ilte (0,0), D)"llOT 

f3=t/J-¢ 

no.QCTSDllmt B (96) lj>OpM)"lli>I (93) II (95) 1 liOZIT'IHM 

{j = _1_(4yl -y2 ). 
2x 

Ha coo6pa>KeUt CBMMeTpn MOJKeM aallllca't'J. 

- +co- ' 
f3 = I I {3:F (y I • y 2 ) dy I dy 2 = 0 • 

-coo~. 

25 

(95) 

, c xOTOpoll: coananano· llllllpaB-' 

(96) 

(97) 



Torna nucrrepctur yrna MHorOJcpaTuoro pacceHHRSI 3rummeTCu B Billie 

--2 -2- -\00-t<» 2 

llf3MH = f3 = If f3 'F(yly2)dyldy2. --
IIocne uecnoJKuoro, uo JliiHTenLuoro IIHTerpuponaHR.II nony'IBM 

~ 7 2 
fli'\,;H = U X 0 

8 
• 

Ecmr Bbiii0.11H9HO ycno:me, 'ITO S « R , cpOpMylly (99) MOJKHO 38IIHC8Tb. B BBJle 

--:1 7 8 2 
flll = _f • ,_.MH 24 

fl H T e p.4 T y p 8 

(98) 

(99) 

(100) 
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P:ac. 

y 

0 X 
1. Annpoxt:aManaK H3MepeBHux TO'Iex IUlpa5onoA 

Bll.ll8 ( 1). X, Y - CHCTeMa ocell X8M9pbl, 
(X 1 ,Y 1 ),(XN YN) - nepBB.H 'II noc.rrenHHH 
B3Mepellllbl9 TO'IXII Ha Cllell9t x • Y - "CBc-
T9M8 oceA_:nena"', 00 = ~ ; qc = R ;, 

y 

qO I Oh; qc.!IOy ; 

q - MraoneRRblA nenTp KfBBH3Hbl napa5o.rrbl n 
TO'IIte C XOOPABH8T8MB (l t C) ( B CHCTeMe x,y ) • 

~ 

(Xtr< ':JtK) 

0 x.~. 

Puc. 2. AnllPOXCBM81UUl TeOpeTB'IeCXOro yp8BII9HBll 
ABIIli<9HBB: sneKTpOHa B cpene (13) napa5onol1 
BBAB (1); X1 , Y

1
- CBCT9M8 KOOP.IlBBBT, B 

XOTOpOJl XpiiBBS!o Orrpe.lle.11ll9M85l ypanHe!llleM 
(13), rrpOXOABT '19p93 TO'III:Y (0,1) H K8C8eTCH B 
B STOll TO'rXe OCB X I. • 
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Pnc. 3. 

d% 301 

I 
ror 

iO 

''' ..... ~ ~ ~ ~ 

Y.=o.s(f~o.lt) 

~"' ........... -.........._ 
--- ':1,•0$(~/f.Q~s) 

""" ............ 

............._ ~ Y.=o.s(f .. ass) 

'' ...... ....... Y.=l(f~a5.3) 

Ornomenae cpe.~tnell: aneprnll snexTponon (noau:TpononJ <.E> no 
npoxolK,lteHHH AJIBHhl S B nponane x na'laJlhnoll:sneprHH E

0 
B 

38BHCHMOCTH OT BellH'IHHhl 06peaarr.11 Yo • 

'"~~----r---t·---~---···---- ··~-- ~~ .. 
, . : ' y,:oo(~o!i.1) 

. Y.=3~Q9s) 
I r: ) : Y.·z~~aBs/ 
. Y,•15(.ifa:~;Q77) 

~-..!---:-----:-----· !:1.=1(~-sa~ 
----~-----:---- Y.·a~c~~assJ 

-.-!------==== Y.=D,S(-1:-~0,45) ==----;--~-- Y.=O.S(~<D.3~ 
·i 

0 ~ eo. ~o 1 50 -;c>~) 

0.2 ll~ 06 %.:. 

Pnc. 4. KopeHb na ~tncnepcHB: cpe.~tnnx pa.~tHanaonn&rx norep& <>nex-
Tponon (noanTponon) :sa nnnne S B nponarre B aanncH-
MOCTH OT Beiiii:'IUHhl o6pe3BHI!lt Y 0 • 

~" """ 

NJSY.) 
~.-

80 ~ 

60~ 

40 ~ 

20 

0 

PHc. 5. 

!1. =3(f~ D,P5) 

............................. ........__---....... ------
Y.~e(f~o.as) 

Y.•15(f.-a77) 

.............._ ............._ ........__ .............._ Y. =i (f ~ Q53) 

Y.=oscf~ass) 

............._ '"'Y.=as(f"~o.4s) 
Y.=o.s(f" o.4) 

SteM} 
20 40 60 80, % 

Ql Q2 Qlt 0.6 
x. 

Cpe.~tnee 'Incno cnyqaen, y~tonneTnopmomHx xpnTepmo y .'$_ y 
0

, 

no npoxolK,ltennn nnnnhl S B nponane B aanHCHMOCTI! OT nenn
'IHHhl o6peaannR Y 0 
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N """' 
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20 

11 

«< 

5 

~ 125 205 lJ5 ~5 1,1,5 ,25 Mttfou&; 

PRe. a. PaciipeJ(eneoe no M,yy J(li!I 0-ny'leBhiX 
3ne3A c 2-Msr ·y -ltBaJITaMR (~cero 167 cny
"'aen). M ,o • 136,6 ±. 2 Man, -/1- = 12 %. 

N 

IJ 

~ ·20 ·!0 0 10 20 !0 Aol(MI"') 

PRe. 7. PaCIIJleAeneoe no yrny !:>.a= a 
1
- a 2 

Ansr npHMhiX "- -MeaoHHbiX Tpexos 
( p 77-= 4 ran/c); a I ,a2 - onpeAelleHbi 
reoMeTpH"'ecxoi! nporpaMMOi! n TO'IJte, 
IIJlHHHToil • aa na"'ano H3Mepenidl Allst 
nepnoro H nToporo y'laCTB:on cneJ(a 
COOTB9TCTB9HHO. 
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