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I. BBFJIEIDjE 

B pa60Tax/1 ,2/ 6~ p'aapa60TaH MeTOn OITBCaHKa KO~eKTKBHHX B036y.K
neHal a TOMHHX anep H B 2/ 6an rrpOBSnSH pac~sT 8HSPrH~ H BSPORTHocTeA 
Boa6~eHKA Ko~eKTKBHHX cocToRHKA oTpRUaT~HOa ~STHOCTH (3-, 2-, 11. 
~ rrpoCTOTH ByqacneHXI nonaranOCL, qTO pacrrpenarreHKe ayKnOHOB no HM

nyJILCaM HMeeT BH;iI. CTYTISm.KH. anpo HMeeT pe31GlA Rpail , a fl.llepHHe CWIIi 
arrrrpoKOKMKpO BanHCL nOBepXHOCTHHM HaTREeHHeM. 

B naHHO~ pa60Ts Te Me pacqeTY rrpOBOnflTCfl C 60JIee peaJIHCTHqeCKHM 
HMnYJILCHHM pacrrpeneJIeHHSM, a TaKM9 YTO~eTcfl orrpeneJIeHHe nOBepXHocT
HHX CWl B RnPax C ,UH@lY3lWM Rpa9M. 

2. 3HEPTIrn 

CHCT8Ma ypaBHeHKA, OIIHCIffiB.l!lllM M9KTpnecKH9 oKTynOJILHHe KOJIe6a
HHfl RnPa, nOJI~aeTCfl O~eB~HHM 0606meHHeM ¢oPMYJI pa60Ty/2/ : 

!Q~/, + fa)/, )3/) - t f~/, =0 , 
(I) 

!()'!' e + !~/' - 3/'C1j' =0 
) 

dG)/, + d · /'fy, =o . 

3nec}' rrpHlUiTY CJIenyDllR9 060 3Ha~eHPlR: ~ :=> (t'>/m'(~';> ) 

e '" ft'< f1.'t, l>/ 3m l(,,-V) .f3 = (f -X)iN)/TT/'lmA )
) 

T - KO~eHT nOBepXHocTHO ro HaTJ>lIteHHJl, X - llBpaM9Tp ;n;eJI1!MOC
TJ!, paCCUTB.H'Hll:A C yqeToM PS3MliTOC TH RpM RnPB, ("21<t~>/tS(r.·)'-, 
A - UCJIO HyMOHOB, m - Macca ffYlUIOHB, A<p't ') ~/If\'((l i, t) ,tfrt"i ) 

1(1"- t, t) -~ BRl'Hepa (cpyP:b9-o6paa MBTPHIIli IlJIO'l'HOCTR) ,/~.;t' 
- B8.PlI8lIWl OK'l'ynOJll>HOro MON9STa 1l,IIJ)B.. ITepeMeHHhle /'fj,l" B /'GJ.I" -
Henp1!BO,IO!MHe TeH30py, 1l00Tp09HHb19 lIS KOMllOHeHT neRB.p'rOBliX T€H30poB 
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/fl.~ I! f' n " COOTB9TCTB8HHO, n; :m-1/p, /j x-~ ((1 £, t) dlot i } d d {/~/( 

nil< = m·l-/!t.·~l" / (f, i)) cLfcLi. 
XspaKT9pI!CTI!'leCK09 ypaBHeHH9 CI!CT8Mb1 ( I ) 

(A/' - (J.l (;31; -t 301.- + J-e) -t 3.J3"1( = (/ 
~aeT ~a KOPRR : BHCOKO~~, KOTOpHft OTo~eCTBXHeTCR C raraHTCKHM 

oKTyno~bHbIM peSOHaHCOM (roP) , I! Hl!:SKO~eJI8IIIHit , KOTOPwt MOllUiO OTo~eCT


BHTb C ueHTpO~oM rpynnH Hl!:SK~eEamRX 3--COCTOaHZ2. 1qaTHBaR, ~TO 


,,L .. J e »fill' MOllHO nO~Tl> npll6JmxeHHlle BHPalKeHl!:R ,ll.]IR STrut 3Hep


raft: 

E~ ~ f(3rL-I-.!e) = 3 ~: «> [1+ !:2 </t:><'t~>} (2 ) 
In <'t> :J q:l>< t ~> 

2. 2., 2 2\.<II :lE ':: t;;/; 1 -I- .2-0 <f't / t..) } (3)
~ 9 <p2.><t'f> . 

Hs caMol CTPYKTYPH BHP81temm B !JmrY.pHIiX cK06KaX mmao, ~TO OHO 

He ~O~O C~HO S8BHCeTb 0'1' cIToc06a BHqRC~eHHa BXO~ B Hero cpe~

HlIX. OTCxma CJIe.nyeT, ~TO EItM, S8BHCHT IIpaKTI!~eCK.B TOJIl,KO 0'1' <f2.>, 
T.e. 0'1' cpe,nHeit KHBeTHllecKOit SHepnm, a £'"'1 3aBliCliT r~aBHllM 06paSOM 

0'1' fi, T. e. 0'1' nOTeHUHaJI},HOl 3Hepnm. Ta.row 06paSOM, 1To~eHHe Be

JIK1UIHb[ <pi) ~O~O SaMe THO CKaSaTbCR JIHlIIJ> Ha Ek<.' ~TO I! 1I0~TBepJl(
~aeTCR paC'leTaMH. B BepXHej:\ ~aCTH pI!c. I pacc~Tamrue E~ CPaBHl!:

B8DTCR C 3KCnepHMeHTanhHHMH SHa~eHBRMK ~eHTpo~oB roP. Boe cpe~e 

BIi'UICJl&1IHCl> TpeMJi CIToc068MH: I) B npH6JnateHKiI (P9pMR-cTyneHl>KI!: lVIR lIM

JIyJIl,7!!0ro pacnpe;ne~eHIDI,Ho C Y'l.9TOM ;nHfP:IlySHOCTli l<paR R,Iijla, KaK B pa

60T9 2/ (B ;naJIl>H9AiDeM 3'1'0'1' ueTO~ 6y,Il9M o60aHe~Tl> 6yKBB11l! PK (peSKU 

xpait ) ) , 2) MeTO~OM ~oMaca - ~IMK ('N), 3) ueTO~OM ~0KBJIl>HO~acmTa6
3HOro npeo6paSOB8.H1IJi - 5/ (.llMII), KOTOpHl p9ayJIl>TaTKBHo MHaOK K MeTO.ny 

XapTpI! - ~K8, XOTR aaMe THO IIpoDle Bero. 

2.
K8R BlIJUIO, yTO~eHBe <f > C~HO BJIHR9T He pe aYJIJ.TaT B OYDlecT-

BeBRO YJIy'UII8.8T cor~acHe C 3KClIepiDIeHToM. P9sYJIJ.Ta TH pac'leTOB MeTO~ 

'N :II JlMl1 nO'l.TlI COBIT8,JJ,B.DT B cpe~ l'l T.RaeJJla J'I.IUl8X. HO 38Y9THO OTJIH

'l.8IlTOR lijlyr 0'1' .Iqlyra B ~9rKl'!X. npHll9M JIMII-td9TO;n RBHO 6Jrde K SKon9

PJDll9HTY, 'ITO l'l CJIe~OBMO OQ,l18Tl> . B JIM1I - pac'l9T8.X MOmiO S8MeTllTl> TaK

ae IIpoRBJI9HBe o60JIo~e'I.HWC ~KTOB. 

.Ii.JIg p8.C'l9Ta E-,. He06xo,ltHMO yT01UIlJTl> npaa;n;e BC91'O SHa'l9HH9 rrapa

Me 'l'p8. nOBep:mocTHoro HeTRZ9H1Ul T . .Ii.JIg MO~9JIB JO.\P8. C pe3IQ!N Kpa.eM 
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9r o B~~a 06~0 ~RKCRPYSTCA COn OCTaBJIeHRSM IlOS9PXHOCTHOi! SH9praR 

C " nOBspXHOCTHhIM" 'UI8HOM q,OpMyJlH BaHussRepa: 

T· 4rR2=6·A~ 
r;ne R = "toA'f/~ '- pa,l.Ol.YC R.Iqla. "to = I. 2 qu. B :: 17 MaB. B CJtY'IB9 HJijJa 

C paaMIiTHM 1<paSM caTY~ OKaallB89TCR CJIOllH9B. BBlt.DYOTCYTOTmlJl p9S

RoM ~ CaMO IIOHRTHB n OB8pXHOCTHoro Ha TRKeHZH TepReT CBo! CMHOX. 

KoaqxpmtHeST T CTBBOBUOJJ seXl'lU I1apaM9TPOM .xapaKT8J)BS1JlII.iIII nOT9HIt1!l8.Xl>

HYD 3Heprxm "nOB9pXHOCTHOro" CJIOR JIJl;P8.npOIIOp~OB8J1!o.HYIl AZ
/3• O,II;B8RO 

cpaJUf!JB8.Tl> ero HenOCpe,!lCTBeHHO C lUIeHOM I A~J ~INYJIli Baim,S9ltepa '1'9

nepb H9JIl>3R. ,llElJIO B TOM , "lTO npH paC'leT9 3Hep nm CBRSli H;Itpa. lUIeHH. 

IIponO~OHaJIJ.Hlle A:&/J , B03HHKBDT He TOJIl>KO B ITOTeHIJ;l'laJIJ.Hoit. HO iI B 

KRHeTlfIl9cKOi! asepnm. I'py6118 0D,eHlG! 1l0Ka3HB8XlT. ~TO tameTH'leCKaR ~sep

r.aR ,!laeT "" -19A¥J MaE. ITo3TOMY. 'tl'061i B (poIHYJIe Baim,a9Kepa IIO~-
JIOCl> I ~ +17 MaE, BKJIa,n: nOTeHIUl8JIl>Hoit 3Hepr.a:a ,!lOJIJteH 61iTl> ,." +36l'MSB. 

H HMeHHO 0 STOA B9JJlJ1UmOit uyxao cpaBHl'lBaTl> 1I0BepnocTHYlO 3Hepr RD.l<OTO

paR B HameN 1I0~0~e HMeeT 'Ill'lCTO nOTeuuaMl>HOe rrpol'lCXO~9HHe . CJIe;nopa
*IJ olo 

T9JIl>SO. 1l000araeM T = 36A /I(n",. 

PeaYJIl>TaTH paC'IleTOB ~~ rrpe~cT~eHH HB pRC. 2. KaK H oxa;na-

JIOCb. YTO'DleIm9 <flo> nO"lTli HlJtie1'O He HSMeHlLlIO. Bce TJllI NeTo~a ~
J)T 6m!3K1!:e peSYJIJ.TaTH: CBeTJIll9 RP~ (lIMIT) nprueTHllecKH TO'IllO JIer JIl'l 

He OIIJIOIIlBYll lq).l'lBYJ) (PK). a mTJlHXlIYHKTJ!PSaR lqnmaa (N) OTJIl'l~T01i 0'1'• 
H:aX ueSBa'IHTeJIJ.HO B cpe.JtHll[X II: TJm8JIllX smpa.x l'l .1IHIIIl> B JIeI'IGIX R.IqlBJC pac

xo.z.nelme YS9J1l!1U1BB.8TCR (He B rroJIl,ay NeTO,lla 'N). 3aTO 1l3MeSelme l<Os4r 

~eHTa nOBepXHocTHOro HaTRZeHRH C~HO CKa3HBa9TCR Ha peay.nl>TaTax• 

True, paC'l.eT MeTO~OM 'N C I = 32 MaB ,!laeT JIYHKTl!pHYJ) I<pKBYJ), KOTOpaIi 

B n~TOpa paaa BWDB mTpJWlYHKTlIpHoit ('N C I:. 17 MaB) H RaHO JIY'UlIe 

cOrJIaoyeTcR C SRCnep:ilMeHTOM. 

:l 
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hc. 2. 	lleHTpOH,IUi aHep~ Hll3
KOJIBJl:BlllRX 3:.ooc TOmndt 

u (BBepxy ) H npoueHT HC
-qeplllffiamui m.m » SOCKB.JIHPHOro 
OKTynOJI1>HOro np8.BRJIa CyNM (BHll 
3Y). ITyHkTlqlHM KpHBM - pac

;:: ;J::----rrt-- - i -  • 

-qeT MeTOnOM ~ C n8paM8TpOM 
lloBepXHocTHoro HaTHSeHHR fa-~3° f- l- - -'- - - =--::=~
= 32 MaB. OCTaJIbHble ~c-qeTbl 
BWlOJIHeHbl C I = 17 MaB: 0603
Ha-qeHHR TaKHe Ee, KaK Ha pHc.I. 

Ui20 

l81~-------------j 
~e~HHe Kpy,KKH - paC-qeT MeTO~OM 

"$. ]Mil 6e3 	y-qeTa KBaHTOBO~ llOrrpaB~~::-~--:~-=-:--:. -=-- =---:-:-~=-~=-~ 
:2:30 KH. KpeCTHKH - aKCllep~e~TaJIb
:2: Hl:Ie 3Ba-qeHIDi H3 pa60TIi/6/ (~.> 
u 

TaJCIle CrmCOK JIHTepaTYPIi B/2/).020 
c:: r :" i I I BoJIHllCT~ JmHWiMH coe,mmeHii
'" :rpalmUli, B KOTOPIiX H8.XO,IU!TCR~10 

l) U t )l II ) J\ I 3KCllepHMeHTaJIbHlie n8RHhle pas"c:: c.. . j Z" 	 2r "o Son I'll! S", Pb 
JIIi1UWX 8.BTOPOB. 

o 50 100 150 200 A 

ITOJIOZeHHe ueHTpoanOB 

BCeX HSBeCTHliX SKCnepHMeHTaJIb

HO HHSKOJIeEBlllRX 3--ypoBHe~ on

penBJIRJIOCb no ¢opMyJIe 

EO;):: ~ E(3J8(£3; 3,--+r)/ f /3(E3; 3,- ....!'c). 
K COEaJIeHaD, B(E3)-qaKTOPIi H3BeCTHii He ~ Bcex 3--YPOBHe~, -qTO He 

llOSBOJIReT BRJIXl'iHTb ax B STY iPoINYJlY. a.teHlIO no STO! npH'UUle II SKcnepH

MeHTaJIbHOe" 3Ha-qeHHe E( 3~ ) B f0Ca.. OKa38JIOCb CJIHIIIKOM HH3KO. KpoMe TO

ro, B .naHHliX pa3Jlll!'qHl:/X aaTopoB no B(E3) - ~TOp8M lWBeTCR nOBOJII,HO 

60JI1>moit pa3H060! (CM. CIDICOK JIHTepaTYPbI B / ). IIOClTOMY He. PHCYHRaX MIi 

IIpHBO.IlHM ,lI;Ba ClKCnepHMeHTaJIbHliX 3Ha-qeHIDl: MaKCHMaJIbHOe H MHHlIMaJIbHoe. 

ManmTHlie l<lI8,IijlynoJIbHlie B0 36YEnsHHR OIDICliBruDTCR CHCTeMO! ,lI;Byx 


ypaBHsHHI: 


Im}..I' ~ !J{2/, =() J 

(4 ) 

• < f!/."C-~> 
(l 'l< _ L - /m =0 

d Jl.;~,fI 	 3m~ <z.~> :2.1' ) 

r~9 J'1lZ';14 - BapHartHR M8l'HI!THOro KB8JUlYllOJI!.HOro MOMeHTa 1I;D;pIl, ! %1.,1'1 - . 
HBnpllBO.IU1MH! TeH 30p , nocTpoe~ H3 KOMIlOKSHT n 9ltapTOBOro Tes30pa I~. 
XepaRT9pHCTH'leC' l<Oe ypaBHeHHB aTO! CHCTeMbI HMB9T o~ KOpeHl> 

tAl=f <r'""C-1>/mJ'(t "» I<OTOp !ill 1tI00000 H,lI.eHTl!~B8.Tl> KaK u eHTpoH;ll 

ManmTHoro KBa,JUlYTIOJI!.ao ro p e30HaHOa . Pe3YJIbT8TH pac'leTOB TP8Wi NSro.na

<I 

I 
PHC. 3. M8I'HHTH!ilI KB8,Iq>ynOJI1>

H1ilt PS30HaHC: ClHepI'HH 
(BRR3Y) R BepoHTHOCTH 

BO 36YEneiWl (BBepxy). 060 3sa
~ -qeHHH Te Ee, -qTO Ka pRC. I. 

3KcnepRMeHTaJIbHli9 naHHlie - H3I",ON 

pa6oTbI/?/.
N' 
:0: D~tt F .J. gaiii 

MH npenCTSBJIeHii Ha pHc.3.YTO~
so 	

r..____ -----'o ..~ j 	 pdO ..& - - _ . - . - - - HeHRe <P!/.t!/. ) 3aMeTHO BJIHHeT 

-",Xl o . /'( 1' Ha 3HSPrH~ M2-pe30HaHCa, npH6"xh. , ,; 0• 
U;20 ~ ee K ClKcnSpRMeHTanbHOMY 

3Ha-qeHH~, nplflleM ~H J1MIlI I I , I 
10 

....~ "'"c. ..,.. ." '"'T. .... 
MeTOnii nlUlT 6JIH3KHS 3Ha-qSHJI!R 

so 100 ISO .]00 A E(2-), HeCKOJIbKO OTJIH-qaRCb1KaK 

"c. 

o6~0, 	B p~OHe JIerKHX ~ep. 

B pa60TS/2 / paCCMaTPHBa

JIOCb T~e H30CKaJIRpH09 ~OJIb

Hoe B036YEnSHHe r (TOpoHnHM 

Mona). B cJIy-qae n»!WJY3Horo 

KpaR ~a 3TO B036~SHHS HS

B03MOXHO OTneJmTb OT MOn CX8.THR, nosToMY MH He 6yneM 3neCb ero pac

CMaTPHBaTb. ITo 3TOlt llte llpH'lHHe nonpaaKa Ha n»iWlY3HOCTb, paCC'iHTB.HHM 
2B pa60Ts/ /, oWH60'lHa. 

3. BEPOHTHOCTIf 

PSUSllT BIi'iHCnSHKH BSpoHTHOcTelt B036YEnsHRH KOJIJISKTKBHbIX COCTOR

1m2 C nOMOIIll>KJ TeopKH JIHHelHoro OTKIDlKa 6bIJI pa3pa6oTaH B CTaTbr/2/. 

0606l1\BJl nOJIy'leHHl:Ie TaM ¢opIYJW, HaXO,llllM 

L I ;~/. ~ I
cJ· - 3"(' + 15h 1 2m <' ~ > 

B(E3;r-r) =io; ttJ,; ." I JI 
cJ, - 3 a,..j3 '? 

B(/'fl.; z·-r) == z~; Vf(~v> (3~ V<f ~t~> - 2~)({;~)~ 
3.necb a; '" 2Ie/I. J.(! t>/'flTmA . Bl:l'lHcJIeHlilie 3Ha-qeHHR B(E3) - cteKTOPOB 

6iiJIH BCnOJI1>30BSEH ~ OneHKH BKnana 1m3RO- H BIiCOKO~~ 3--Bos6y.a

n ewdt B SHepreTlASOltH B 3BemeHli09 rrpaBBJIO cyYM (3BIIC) . B HPHel 'UlCTB 

pRO. I TeopeTlfIlecKHe 3Ha-qeHHR BKn8na TOP B 3BITC CP8BHHBaDTCR C 9Kcne

5 
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PHMBHTOM. KaJt B>mHO, p9 SYJIl>Ta TIi IIpaKTH'leCKH He SamlCRT OT NlBTO~a pac

lieTa. A.HaJrOI'K'U1He ,n,a.H.Hl>IS .I\Jl.fI HH SKOJIex8IilRX 3--oOOTORHlrlt IIpHBe~BHH B 

KH&He~ -qaCTB PHCyaKa 2. aneOh pe~TaTH 60JIse ~CTBHTanLSN K M6TO~. 

pac'leTa , XOTR H HS CJII!lIlJ<OM. HSCROJIhKO cTpElHltNM KSllEl 'l'CR, 'iTO PK-MBTO.n 

6JIH&e K 3RonepXMBHTaxbHHM ~BHHHY, 'laM !MIT. O~aKO He HCRJID'l6HO, 'lTO 

CRT~ O~eT MeHRThCR no Meps H3MSPSHRa B(E3)~TOpoB TSX HH3KOJl6

lItamHX 3- -COOTOmnttl, .II,JUI KO TOPWC ORB rroKS aSH3BeCTHli. B IILIIJIJOCTpaTHBHHX 

~eJIHX p80'leTIi M6TO.nOM lIMII 6HJm rrpo.n;eJIaHIi T8K1!S 6es KB8HTOBo'lt nOnpaBKH 

K B ( E3)-q:aRTOpaM. BluHO, 'lTO y-q6T KB8HTOBoR nOnpaBKH cYlIIeoTBeHHo YJIY'l
lllaeT CorJIamre C 3KCnep BM6HTOY. C TOft lite l\BJIbIl paC'leTbi ~eTo.nON 6wm 

BbIlTOJIHeHli C ~YMR 3H8'leHHRMH KOHCTaHTbI nOBepXBOOTHOIO Ha TRlIteHKR: ! = 
= 17 MaE H I = 32 MaB. Krut BB,IUiO, YBeJm'ieRBe I' c,nmuaeT pesYJIl>Ta

1'],1 B HYJ!HYD OTOPOHY. 

Bli'lHCJleHHlie 3Ha'leHlU! B(M2 )~OpoB BMeOTB C 3ROnepHNeHTaJIJ,HliMH 

.naHHliMH n OxasaBli B BepXHel 'laCTH plIIcyHK8 3. Bce MeTO,lO:l paC'i6Ta .n;8.DT 

6JlH3KH8 SHa'lBHIDI - Be60JIl>myD pas~ MeJI,llJ HlIlMH MOlItHO 38MeTRTb JIllIIIIl) B 

JIer Rmt ~pax. 

4 • 	 3A.KJlJ.l'IEIDIE 

l .t / ~>
CpaBBeHHe TP6X MeTO,llOB paC't1eTa cpe;mmx ('t > ,(f >, "t. R 

<'i'/1.> nOKSSaJIO. 'lTO IIpR BH'lRCJl6mm BepoSlTHocTeft Bos6Yl1t.J1eHlU! a-->I 2-
COOTOJ!liIDt Bce Olm ~ruoT O't1SHl> 6JmsKHe peSYJIl>TaTH H, CJle.nOBaTeJIl>HO ,MOllt 

HO n OJIb80BaTl>OR rrpoCTe~ HS HZX - npH6JIH&eHHsM peSXOIO KPaH B pac

rrpe,lleJIeHHB HYRJIOHOB KB.K no mmy.m.CSN. TaR H no KOOp,ItHHaTaM. 

3HeprRR nSpe"IRCJIeHHHX COOTORHll.i! OKaSW38.DTCli BeCl>Ma 'iYBCTBRTBJIbHbl 

R c n o co6y ~CJIeHKH OP9~HHX. npR'ieM peSYJIbTaTH p aO'leTa OKaSHBanTOli 

6JlHl1te K 3RCnepHMeHTaJIbHHM 3Ha'leHRRM ~ 6o~ee p eaJmCTR'ieCKOIO MeTo~a 

JIORanbHO-MacmTa6Horo npeo6pasoB8HRR. 

IIOKaSB.Ho . 't1TO npH :l!CnOJll>30B8HRE KOHIle~ nOBepXHOCTHOIO HaTRlIte 

HRR B ~ax c pa3MblTHM xpaev KOHCTaHTY nOBepxaOCTHoro HBTRZeHHli CJI9

~eT YBeJm'U1Th B ~a pasa no CpaBHeHKlO C ge Tp8,lO<IItl!OHmlM 3Ha'i9HJII9M. 

O,ltHH H3 HaC (E.E.E.) 6JIaro.napn sa roCT9nplmMCTBO ,I1llpeRqlDO WlWI3 
BAH (Co~), r ,lle 6liJIa rrpo.ne.naHB. 'taCT}, pa6oTli. 
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