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I. BB8,ll;8HH8 

0,ll;J1H H3 9qxp8KTOB, HCK8llt8IOIIIHX, cpJpMy annapaTypHoro cneKTpa 

3Jlb(pa-lJ:1lCTHIJ;,'MOJKeT6HTb06ycJIOBJI8H me o6paTHHMJ)8.CC8flHH8M OT CT8:-. . .. - . . ' - - . , . ' . . . ~ 

HOK BaKYYMH08 K8M8PH cneKTJ)OM8T~- ,IlJra Toro qTo6H OU8HHTb cTeneHb 
BJ!HflHHfl SToro 9qql8KTa Ha qJOpMYarrrrapaTypHoro: cneKTpa,· H806XO,ll;HMO 
HMeT:& .n;aHHHe o BepoflTHOCTflX OTJl&lK8HHfl aJI:&qia:-qacTHU oT·_noBepxHocTH 
TOJICTHX o6pasuoB B8Il18CTB8 B pasJIHtIHHe sHepreTmecKHe H yrJIOBHe 
HHTepBaJIH. Taoo 9KCII9PlfMElHTaJI1HHX .n;aHHHX ,ll;JIR_ aJib(pa-:qacTm.i . C. Ha-

' qaJI1Ho8 SHepme8 · ·~ HecKOJI:&KO · MsB HST. HeHsBeCTHH TaKllte H · KaKHe
J1H60 . aHaJIHTHqecKH8 COOTHOW8HHfl ,ll;Jlfl . orrpe,iieJI8HHfl BeJX)flTHOCTe8, 
sHepreTHqecKoro H yrJioBHX pacrrpe.n;eJieHH8 oTpaJKemmx · imcTm.i;, KpoMe 
qJOpMyJI PeMH30BHtr8 H .n;p. 111 , KOTOpHe ·rro.nyqeHH ,ll;Jlfl CKOJI13flll1HX. yrJIOB 
II8,ll;8HHfl 38PfllK8HHHX qacTHIJ; H B npe.n;noJioJKeHHH~ _qTo 9qql8KTHBHH8 yrJIH 
pacceflHHfl l!8CTHUH Ha ~TOMax cpe,D;H MHOro M8HbW8 yrJIOB na,n;eHHfl. ,3TO 

. rrp8,ll;IIOJ!OlK8HH8 rrpaKTHqecKH HCKJIIOqaeT B03MOlKHOCTb OTpalKeHHfl qacTm.i; 
. Ha 60J!bll!H8 yrJIH. KpoMe ororo, B 111 6H.JIO'rrpHHflTO~ qTo cpe,D;HH8 KBa.zi

paT yrJia paccemnrn Ha e,D;HHHUe IIYTH He saBHCHT OT siieprim qacTHUH 
H, CJI8,ll;OB8T9JlbHO, OCTaeTCfl•nocTOflHHHM Ha BC8M JIYTH qaCTHUH. Qqe
BH,ll;HO, l!TO STO YCJIOBH8 MOlK9T Y,D;OBJI8TBOJ)HT8JlbHO 'BHIIOJIHSiTI>Cfl JIHWb ,l(Jlfl 
l!8CTHIJ;, BHJI8T8IOIJUD( H3,MHW8HH· C SHeprHflMH, 6JIH3KHMH K HaqaJibH08 
s~eprHHna.n;8IOil1HX qacTm.i;. B paMK8X BHIII9rrpHHSITHX'·o~J)SHHlleHH8 6HJIO 
IIOJiyq8HO corJiaCH8 T80peTHtr8CKID{ pesyJI:&TaTOB C 9KCII8PlfM8HTaJibHHMH B 
pa60T8 121 , IIOCBflI119HH08 ' HsyqeHHIO o6paTHoro paccemmm nepBmHOro 
nyqKa MOHOSH8preTHtr8CKIDC JipOTOHOB C 9HeprHe8. B 06JiaCTH. 1+2 MsB, 
na.n;~ Ha noJIHKJ)HCTaJIJIHtiecKHe MHWeHH cepe6pa H soJI6Ta no,n; 
CKOJI:&3flll1HMH yrJiaMH, MeH:&IIIHMH 4,5°. · · 

IloJiarafl, qTo pasYMffoe IIpH6JIHJKeHHe rrpouecca·_pacceflHHfl qacTHll; B 
Bell18CTB8 MOlK8T ,l(8.Tb'.ero MO,l(8JIHJX)B8HH8 no, M8TO,l(Y MOHT8-KapJIO, MH . . 
IIpoB8JIH COOTB8TCTB~8 ·. pacqeTH H , noJiyqHJIH B8JX)flTHOCTH, HJIH K09qq)H-
l.Uf9HTH, oTpalK8HHfl - KM-K 8Jlbql8-qacTHIJ; OT noB8PXHOCTH lK8Jl83HOro 06-
pasua. TOJII11HHa KOTOporo 60JibW8 rrpo6era qacTHUH, a T8KlK8 SHepreTH
qecKHe H yrJIOBH8 pacrrpe.n;eJieHHfl OTpalK8HHHX l!aCTHIJ;. Pacl!eTH BIDIO.ri-: 
HeHH .n;Jlfl aJI1¢a-qacTm.i; c Hal!aJI1HHMH sHeprHRMH--, E0, ·P8BHHMH: 3;0, 
4,5 H 6,0 MsB, na,D;aIOlltHMH Ha . nOB8PXHOCTb . llt8JI838 · no,n; yrJiaMH -;- . 1;0 , 

. COCT8BJ!fllOIIU™H 0,5, 2,5 H 5,0 rpa,n;ycoB.·IIo.nyqeHHHe pesyJI1T8TH cpaB
HHBaIOTCfl C pesyJI:&TaTaMH P8Cli8TOB no, qJOPMYJI8(33) 111~ 

--...---_._,..,_~ 
t {!~.:Z·i-f.~1.,-~ ~t,~ii] J~HC!t:itl'i· t 
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2. BsaHMo,IJ;e:tl:CTBHe 8Jlb(p8.-1I8CTHI.{ C B8ll{8CTBOM 

0cHOBHH8 38KOHOM8PHOCTH B3aHMO,IJ;e:tl:cTBHfl 8Jlb(p8.-1I8°CTHl.(° C Beme

CTBOM H3JIOE8HH B MOHOrpaqilli!x 3.Cerpe 131 , E.PoccH 141 , K.3Hr6a-

H8 :;5; H ·~ '.,lij)yrmc' ~qe6HHX 'hoco6ll!X .. , ~bqia-ti~c-rniiu H8P8JlflTHim'cTCKHX 

sHeprmt: npoxbiisi'·qepes ~e~eciBo, T8Pfl~T sHeprmo rJiaB~ o6pas~if sa 
: e1IeT Heynpyi,l1X 6Td~OB8HH:tl: C 9JI;KTp:)H~MH ·aTOMOB . 9TOro. 

0

B8ll{8CTB8, 

ITJ)H STOM: .. OHH He H;M8IDIIOT ·tia~ineiiru/ CBOSI'O ,Il;BHE81Ilffl •. .110HH38IJ)1~H

HH8 IIOT8J)H s~eprim~-
0

06yCJIOBJieHHHe 'lieYJipyrH~ B3~HMO)te:tl:CTBIDIMH; . .ti~fl 
~ ~-:. • '. 1~ • . .,, C ) • ,;•• • •: :, .: C. i -" • • ~ • '. •- < • •, : .•.. I > • • •. ! ••: •_ ~ • •. •' 

8Jlb(p8.~1IaCTHI.{C 9HeprHe8 Billll8 1~0+1;5 MsB xopomo OIIHCllB8IDTCfl gJOp-
. MYJIOtt EeFre ( CM; , ''HaJipHMep/131) ; . II0T'e

0

JJH . SHeprHH ~Jlb(p8.-1I8C~H~~~ 

t.1eit1:,mmc 9Heprilit pEiKOMett,zye;Cfl ofuie;ieJIRTl no ··sMilliJ)Hqe~·KHM (pO~Jy~aM. 
13 ·aacTcmmea::. pa6o'.l'e .HCIIOJiisoooJrifcb . ¢oPMY~H UHrJiepa ·:161, ',. KOT;p!ie 

. 'cnpime.it.JJmlli H IIPM' 60.Jiee:mco~ · 0SHSJ)rH~X 'qac~nu. ' . '.· . ·, .... • 
";~:.:·,.•';--.,~. - ,, r • _..;·:·· :.~.,:. ,..__ -.__c,:-· ;.;..···· :.: ~- ,:··- .· 

'' dE,:· ·:,· sL::sH ::.·. Np · .... ·•. ' 
- -,-ax- =:-:tsL+SHJ:..__-:jfc'.:•tio::-.~1

. rMsB/cMJ~ ( 1) 

r,!4e, N .- l!HCJIO ABora]4po, .p •H A,--:. HJIOTHOCTb H ,aToMHU8. Bee. , pacceH-
~ero· Bemec'l':sa, SL H. SH, ,Il;~Cfl B/61 • . ,U.Jm EeJiesa. , . . 

,·' ,. ,. ,. ~ - . - ' ' - - - : ' .. 

SL = 5,013 .t 0;47{. ' ' a.- ... , ..... ,. .(2) 

. ' ... , '4: ·. · . • '4· . 
SH .c=: (8~5:5~ ·1Q,lEa.\ ln. ( 1:+1,6?5 ·1~ /Ea,+ 0,0032U ,Ea.), .~3) 

,,3,IJ;~Cb_ E~.(KSB);•-:-·sH~J)r~s( ,aJI~~-l!~CTHQU~ ::,.,· 

,' Cpe,IJ;HRfl. SHeprHfl,·' .~epi;aBaeMasi: . 9JJ8KTPQHY • 8Jlb(p8.~1!8CT~e8. ,JipH 
·'--: • ,j • • ',. • : -,,· ::- :.>."t;·-- • - ·;," .. ) ,. ,,·.·· .. " ' - ·, . -_ .. ' . ' 

CTOJIKHOBeHHH C HHM, OIIpe,IJ;eJ!flJI8Cb no ,qJOPMY,Jie ,·.; 
~ .. . ••. -, •. •-! .•. ,. ' 

, , . _.·-. Ee,ll!a,x E;~~i~ ; ··_:,. ,E~,'max,] 
E· · = - ln ------
.e,CJ), (E-- ,--,-·'E ·:.) .. [ E · .. ·.·.' 

e,max · e,min · e,min 

(4) 

r,IJ;e:Ee;min·-;- MHHHM8JibH8fl sHeprHH sJieKTpoHa,.-Heo6xo,IJ;HMafl .. ,zi;Jlfl Bos-

6YE.zi;eHHfl, 8TOM8:, STa · SHeprHfl; paBH8 .: HOHH38UHOHHOMY. · IIOT8HUH8JIY · Be

mecTBa. ,U.lm•,Toro : 1IT06U II8pe,IJ;aTb ·T8KYIO. 9Heprmo _:·SJieKTp()HY, · 8Jlb(p8.-

1I8CTHI.{8 · ,IJ;OJDKHa . HMeTb ·, 9Heprmo · He, _M8Hbme, , '-ISM , :., 

E .' =·E -:····M/4M···' a.,min . e,min' • a- e 
( 5) . 

2 

\5' 

,,,.. 
i· 
j 
:J 
:l 

MaKCHM8JlbH8fl SHeprHH, -KOTOPYID IIOJIY1!8eT SJieKTl)OH OT aJib(p8.-1I8CTHI.{ll 

IIpH "JI060BOM" CTOJIKHOBeHHH C H88, OIIpe]4eJ!fleTCfl COOTHOmeHHeM 

Ee,max = 4MeEa:'Ma. 1 ( 6) 

B qJOpMyJiaX (5) H (6) Ma H Me- COOTBeTCTB8HHO Macca aJio¢a-'-laCTM~H M · 

Macca sJieKTpoHa. · 
HsMeHeHHe · H3IIpaBJieHHH. ,n:BHJK8HHfl 8Jlb(p8.-1!8CTHI.{ll . JipH IIpoXOE)4eHHH, • 

qepes BemecTBO IIpoHCXO,Il;HTB pesyJibT8Te ynpyroro B38HMO,IJ;e8CTBHfl ·ee 

C 8TOMHHM fl,Il;l)OM pacceHBaTeJ!fl. lIJ)H yc.JIOBHH, 1ITO 38Pfl,Il; H Macca pac..:.. 

ceHBaeM08 1I3CTHQU 3H81IHTeJibHO M8Hbme COOTBeTCTBeHHO 38J)fl~8 H M8CCll 

a.zi;pa pacceHB8IDil{ero BemecTBa, BepoHTHOCTb ynpyroro pacceHHHH oIIH

cUBaeTcfl qJOPMYJI08 Pesej:qop,IJ;a 

NP 
· ,, 2 4 

'.JC z~ z e 

w = ------
A 

2 2 . ( 7) 
Ea, 8 , min 

3.zi;ecb Za. HZ - 8TOMHll8 HOMepa 8Jlb(p8.-1!8CTHI.{ll H pacceHI38I()ll{SrO Be~ 

mecTBa COOTBeTCTBeHHO, e - 9JI8M8HTapHU8 38Pfl,IJ;, emin ~ T8K H83UBae

Mll8 HHEHH:tl: IIpe.I4eJI yr Jia paccemrim 38PflJKeHH08 1I8CTHI.{ll IIpH e,IJ;HHHl!HOM 

CTOJT..KHOB8HHH C 'aTOMHHM fl,Il;l)OM (CM., HaJipHMep/
3
/). B CJIY1!88 paccefl.:_ · 

HHfl 8Jlb(p8.-1I8CTHQ HepeJ!flTHBHCTCKHX sHeprH8..:.. Ea,(Ms13) 

e . = 4 32 z113 . 10--::5; -~ , 
min ' · . a. · 

( 8) ' 

,U.Jm_oJipe,IJ;eJieHHflIIpo6era 8Jlb(p8.-1I8CTHI.{ B,JK8Jl838 HCIIOJ!b30B8JIOCb 

·coOTHOm~HHe, J)eKOMeH,IJ;YeMoe. B 
1711. . , . 

R = 0,585 E/•75, / { C [1 - ·exp_(-0,42856 B Ea,) ]}j 

r,IJ;e C = 1706, B = 0,54, a e,Il;HHHI.{ll HSMepeHHH 

[MsB1 , 75c~r-1 1, ,IJ;Jlfl B - [MsB--::11, ,IJ;Jlfl Ea.- [MsBJ H ,IJ;Jlfl 

3tp:pe_KTHBHU8 38Pfl,Il; 8Jlb(p8.-1I8CTHI.{ll B 38:BHCHMOCTH OT 

( 9) 

,Il;Jlfl C 
. -2 

R - rr ·CM ] 

ee sHeprHH -

Ea.( MsB). OJipe,IJ;eJ!flJICfl ITO (p()pMYJie 

z
9

tp:p. = 2(1 - exp (- v' 3,6 Ea.)], ( 10) 

KOTOP8fl'B o6JI8CTH Ea.> 0,5 MsB Y,IJ;OBJ!8TBOPHT8JlbHO OIIHCUB88T 

PH1I8CKYID KpHBYID 38:BHCHMOCTH Zsmm' OT CKOJ)OCTH 8Jlb(p8.-1I8CTHI.{ll, 
·/5/ '¼"¼'• 

Be,IJ;eHHyroB (pHC. 1.28, CTp. 49). 
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.3. ·. IIporpaMMa J)aC1!6TOB 

3.1. reoMeTpIDI ~eHIDI pacce.HHHHX anhqia-11acT~ 
Haqano OCHOBHO:lt CHCTSMH KOOp~aT (T01!Ka.OH Ha PHC. 1) nel!ClfT 

Ha IlOBSPXHOCTH o6pas~a, ITPH STOM OCb OHZH nepneH,!U1KynflpHa STO:lt no-
BSPXHOCTH•H ttanpaMeHa BHYTPh o6pas~a. . 

)l.JIH OITHC8Hllil ,l(BHlKSHlliI anbqia-qacTHIU,I BHYTPH pacceHBaromero. Be
mecTBa HCITOnbsyeTCfl' nocneAOBaTenbHOCTh KOOp~aTHIDC CHCTSM 
(pHC. 1), ITOA06Hal1 BBSASHHO:lt B 181. HanpaMeHHe MIDKBHHH 1!8CTHIU,l B . .. 
pacCSHB8IOill6M BemecTBe 6yAeM.xapaKTSP:lf30B8Tb yrnaMH 8 H cp. IlpHHH-
MaeM, 1ITO anhqia-qacT~a BXOA:lfT B o6pase~ B T01!K6 

. - Oo, B8KTOP ee 

'CKOJ)OCTH Vo'COBil8A86T C OCbID Oozo HOBO:lt CHCTSMH°KOOp~aT·Xoyozo H 
xapaKTBPHSYeTcH B ocHOBHo:lt cncTeMe ~YHZH · noJIHPHHM yrnoM 8HO H. 
a3HMYTanbHIIM yrnoM cpHO. IIycTh B T01!Ke o1 11acT~a HCIIllTIIBaeT nepBoe 
ynpyroe CTOJIKHOBeHHe C aTOMHHM HAJ)OM cpe,zm:, npH STOM OHa OTKnO
HflSTCfl OT CBOero H8IlJ)aM8HlliI ~eHIDI, Ha1IHHaeT MHP8TbCl1 B Ha-· 

. -
IlJ)aMSHHH 01 Zi, H BSKTOP ee CKOJ)OCTH V 1 B CHCTSMe KOOp~aT Xc)YoZo 
xapaKTeJ)MsyeTcH _ yrJiaMH 001 _H cp01 • IIonaraeM, 11To B TO~Ke o2 npo
Hcxo.I(HT BTOpoe ynpyroe B38HMOAS:ltCTBHe, H anbqia-qacT~a npHo6peTaeT . 

" '.-Ji,,, . . 

BSKTOp CKOJ)OCTH V2, KOTOpH:lt COBIT8A86T. C OCbID 02z2 H B CHCTSMS 
KOOPA:lfH8T X1Y1Z1 OITHC!IB88TCl1 yrnaMH 812 H cp12· Paccyll[Aafl ITOA06HUM 
o6pa30M H Aanee, IlPHXOAHM K 38Knro1!6HHID, 1ITO B_ T01IK6 oi anhqia
qacT~a HCIIllT!IB88T 1-e ynpyroe COYAapeHHe C 8TOMHUM HAJ)OM pacceH
Baromero BemecTBa •. BeKTOP CKOJ)OCTH 1!8CTHIU,!

0 

nocne 1-ro CTOnKHOBe-- ' 
HHH.- vi COBIT8A86T C OCbID oizi CHCT8MH KOOpAHttaT XiYiZi' H B 
KOOPA:lfH8THO:lt CHCTSMe xi-1yi~1zi'-1 xapaKTepH3YSTCl1 yrnaMH 81-1,i, H 
cpi-1 .• TaKHM o6pa30M, B npHHflTIDC o603H81!8HHHX yrnoB 8k. H cpk. 

,i . i i 

nepBID!: HHA8KC yp;as~eT CHCT8MY _KOOp~aT, B ~OTOJ)O:lt OHH, onpeAe-
neHH, a BTOJ)O:lt - IlOPflAJ<OBIDI: HOMep ynpyroro CTOJIKHOB8Hllil 1!8CTHLU:l C 

.8TOMOM. -
Melli,ey MYMfl ynpyrHMH CTOnKHOB8HlliIMH an1qia-11aCTHLU:l. C · HAJ)OM' 

cpe,zm:, T.8; .M8JKAY JII06h!MH T01!KaMH-Oi H oi+1' qacT~a MOlKeT HCilh!T8Tl> 
OA}IO HJIH H8CKOnbKO HeynpyrHX B38HMOA8:ltCTBH:lt C sneKTpoHaMH paccen.2. 
Baromero Bemec TBa 6es nocneAYromero .. HSMeHeHHH ·; HanpaMeHHH . MIDKeHHH, 
HOC IlOTepe:lt SHeprHH B.Kall[AOM T8KOM B38HMOA8:ltCTBHH. 

~nfl Bhl1IHCneHHH H8IlJ)aMl1IDm:1fX,KOC~YCOB.'-.Cos a./+i, Cos a./*1, 
Cosa.t1 , xapaKT8PH3YIDmHX··H8npaMeHHe '.AB:lfllt8HHH 0 anbqJa-1!8CTHLU:l B 

4 

'.t.: 

j 

l 
'Lj 
I 
I 

i~ 
'1 

I 
,j, 
l 
I 
I 

OCHOBHO:lt CHCTeMe KOOPAHHaT nocne (1+1)-ro ynpyroro CTOJIKHOBeHHH, 

qepes yrJJH 8. ·+1' cp. ·+1 H HanpaBnRIDmH8 KOCHHYChl Cos a.
1

, Cos <X.
1 

H 
. i,i i,i , X Y 

Cos a~, onpeAe.JJHromtte HanpaMeHHe MHJK8HHH 11acTHIUI · nocne npe.zm:AY:-
mero 1-ro CTOJIKHOB8HHl1, Oh!JIH HCITOnh30B8Hhl COOTHOW8HHl1, rrpHB8ASHHhl8 
B /8,9/ 

...:; ;,, /" ; .• ,:J . ~ • 
t..OS-:.X, .::t,t>.S•,1.,. CtJ\V;.'l•t ·t·.:::,,;: &i ir/ · 

I • 

( U.•:'> 0/ lt1-" .Aj Ci;-_') r ,:' r, -cos v< ': Si;, y:-· i. ;,)/ 11 
t-u':) t<,~ < 

11
a> 

, . . J . . . . . ·-) 

('{ls 0t.j r1,e- lt,S·:j t,>s ti;. i" 11 ; :S/11 tJ •. t' ~, • 

{

./'. · · . . ) . , ( 116) 
(..!',)rA; ft•:', ,fi.~· thy//,., 7' itdo.:: l S.~•:tJ~· i r/ Vi:/- tM"·:;'\'~ 

d - • , .,,~ ./ I , .... ' . 

I' ... Lt/ ,· : 1 .i' - -~ .'J ./ •. .:. .i(11B) 
u>:':.-X:1, ""U:.\-.i-.-z µ,_,,7,:.,:,1- '.)1..// b/,u /..~t"o Y•->"N i J-u•:, ':/.!. • 

3.2. IIocJie,noBaT8JlbHOCTh orrepa~ B rrporpaMM8 MO,neJIHpoB8ID1fl 
( 

rrpouecca pacceHHHH anhqia-tmcTHU 
)l.JIH BhlITOnHeHIDI paC1!8TOB BBOMTCH cne.nyromne Ha11anhHhl8 ,naHHh!e. 
- Ha4aJibHaH SHeprHH - Eo H Ha1IanbH08 HanpaMeHHe MHm8HHl1 -

yrnhl 8HO = 90° - gg H cpHO anbqia-qaCTHLU:l, rraAarome~ Ha ITOB8PXHOCTb 

o6pasua pacceHBaTenH~ 
- aTOMHhli1 HoMep - z, aToMHH:lt Bee - A, rrnoTHOCTh - p 11 HoHHsa- . 

~oHHIDI: noTeH~an - 1 paccenBaIDmero BemecTBa (AnH 1Kenesa !=278,2 

sB· /10/) · 
. ' aTOMHh!M HOM8P YI Macca aJ]b(pa-qacTYIL\bl; 

- 3JI8M8HTapHblM 3apH,I\ - 8; 
- Macca sJieKTpoHa; 
- qv1cno ABOra,r\po; 
- Ha4a.JihH0e_~enoe qv1cno, cnyJKamee 6a30~ AM. reHepaTopa cny-

118:A:HHX queen - 'f, paBHOMepHO pacrrpeAeneHHh!X B HHTepBane OTO AO -1. 
~JIH orrpeAeneHHH ITOT8PH sHeprHH Ha 8AHHUU8 nyTH, cpeAHS:lt 

ITOT8PH sHeprHH Ha OAHO CTOJIK~OBeHHe H B8p0l1THOCTH ynpyroro B38H~ 
MOA8:ltCTBHH an$-1!8CT11Uhl C aTOMHh!M RAJ)OM pacc~HBaTenH HCITOnhSOBa
JIHCb COOTHOW8IDfl1 (1)+(3), (4) H (7) COOTB8TCTB8HHO; ~onH yrrpyrnx 

B3aHMOA8:ltCTBH:lt orrpeAenHeTCfl KOS(W)H~eHTOM: 
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0 = · \reyl'ij'.). /( \rnp. + .Atteynp. > •· 

dE 
r,ne Aynp.= 1/w H \Jeyl'ij'.).= Ee,cp_/(-~-) 

( 12) 

IlpH .. Mo,ne.mrpoBaHHH rrpouecca pacee.HHH.H npeJK,ne Beero. nyTeM 
epaBHeHIDI CJiyqruIBOro llliCR8 t e K0Sqxt)HUHeHT0M D, onpe,neR.HeTe.H THIT 
B3aHM0,IJ;e8CTBH.H. ·• Ee.rm e.Jiyqa:8Hoe qHeR0 60RbIIIe K0Sqxtl~eHTa D, TO 
B38HM0,IJ;e8CTBHe ellliTaeTe.H HeynpyrHM, B ITJ)OTHBH0M CRyqae B38HM0-
,ne8eTBHe OTH0eHTe.H K yl'ij'.)yrHM. naRee paceMaTpHBaeTc.H TOTH~ ,npyro8 
e.nyqa8. 

'3.2.1. Ynpyroe B38HM0,IJ;e8CTBHe 
B KalK,Il;0M 8KTe yl'ij'.)yroro B38HM0,IJ;e8CTBH.H pasHrpHBaIOTe.H yrRH e. ~ 

H ,n~a eB060,IJ;H0ro npo6era A, ITPH STOM HeIT0Rb3YJOTC.H (p()PMY~= 

' 8 ' ] 
8 = 2 arc Sin[--~~~-

CJiyq. 2v1-=t. ' 
( 13) 

%.Jiyq. = 2Xf (14) 

H Ac~q. ~ -½J'ij'.). · ~eyl'ij'.). · lnfl(Ayl'ij'.). + ~eynp.), . 

IT0JiyqeHHHe B pesyRbT8Te perneHH.H eRe,nyIOinID( ypaBHeHH8 1111• 

llc::,.p. 
t = ],f(&)t/0 ) 

' , 1/cAy-: 
J"jj:>(r;jqf 

~>rin 0 

~~z 
~~f;~_,Nh d ~J . . . ' 

(I 

( 15) 

( 16) 

r,ne IlROTHOCTH Bepo.HTHOCTH cnyqa~ Be~ eCJiyq.' ~cnyq. 
Ac~yq. COOTBeTCTBeHHO paBHH 

' 2 
f (0) ". f}h ;;_,;., S/1;·0 ' 

g . I':,, -t G 7 
UL,, -,, 

_J_ 

'(' ( r)-= /~ u .f?(1 ·"'6"e.:_o:~(17) 
-· ' ' .--../, ' 

3,nee1, o = ( :>..Heyl'ij'.). + Ayl'ij'.). > I Ayrrp. · ~eyl'ij'.). • 

6 

H 

it;:' 
I 

'h 
j' 

•ti . 

-~ f, 

! 

t 
l 

I 

Hcnon1,sy~ no~qeHHHe sttaqeHH.H yrnoB ec.Jiyq. · H ~cJIYll.' no 
cpopMyRaM (11) onpe,neR.HeM H8J'ij'.)8BR.HIOl!tHe KOCHHYCH BeKTOpa CKOpoCTH 
pacce.HHH08-qacTIDU,1 OTHOCHTeRbHO OCHOBH08 °CHCT6MH' KOOJ),Il;HH8T, a 
~e.riyq. CJIYDT ,Il;M onpe,neneHHR KOOP,IJ;HH8TH MeCT8 H8XOE,lleHIDI ~mCTHUH 
- ZH~ Ee~ zH'< o. TO ellliTaeTC.H, qTQ ,qacTHl.(8 0Tpa3HR8Cb OT rroBepx.:.: 
ttocTH·o6pasua paeceHBaximero MaTePHana~ · H' Mo,neJJHJ)OBaHHe rrpotiecca 
pacce.HHH~ ',naiIHcia qaCTlfiUl rrpelCJ)811t8eTCR. EcJIH lite z~ > ., o •.. TO, 
npoue,nypa MO,Il;8JIHJX)Bamffi IlOBT0P.fl.eTC.H. · · · 

3. 2. 2.·. Heynpyroe B38HMO,IJ;e8CTBHe 
' · B c,,iyqae· Heyl'ij'.)yroro B3aHMo,ne8eTBmi pasurpHBaeTe.H stteprH.H, 

KOTOJ)8.H' rrepe,naeTC.H ', anbqia-qacTHUe8' sneKTJlOHY. ·, ' 
'. ., . ' ' . 

· [ · 1 ·· (E~ m~ - Ee min) ' 
ECRyq •. ':' 1/ ::-E---:~ - -E-.l.----~-E-=.1.-----. 

,_ e,min. . e,max .. e,min 
tr. 

Coo-rHorneHHe (18) .HBR.HeTC.H pesyn1,TaTOM pemeHIDI ypaBHeHH.H 
' ~ . . . 

'· ·.· Ec,-,yz· .. 
· V".::::. j ;('t: 1clF : . J .· ',,' .. '/ :/.· , - , 

Ee ;i,:f1 t 

r,nep(E)';,,E '. -·E .. /'(E ., -
e,max, .. e,~in e,max . Ee,min) F.2 

( 18). 

(19) 

·,' 
(20) 

eCTb ITR0TH0CTb Bepo.HTHOCTH CJiyqa:8H0~ BeJIHqHHH Ec~q.• ~ pesynb--: 
TaTe Heyl'ij'.)yroro B38HM0,IJ;e8CTBH.H 9HeprH.H qacTIDU,1 yMeHblIIHTC.H' Ha Be

~HHY. Ecnyq; •. nanee P33!il'pHBaeT~.H _.n.mma CB060,IJ;H0ro 11JX)?era 8Jibqia:.. 
qacTIDU,1, rrocne qero OJ'ij'.)e,IJ;eR.HeTC.fl ZH -:- . K00p,IJ;HHaTa, ee_. _ MecT.a H8XOJK
,ne~. ·.Ee~ ZH >. o .H Ed > EOC,min' TO rrpoue,nypa MO,Il;8JIHJ)0:83HIDI _ n6-;: 
BTOp.HeTc.H, ec~ l!Ce J'ij'.)H zH > OEoc ( Eoc min' TO an1,qia-qacTHUa _Cllli-:-

, . , , ( ' , ' ' 

TaeTC.H rrorRom,eHH08. '!aCTHl.(8 CllliT8eTC.H OTpalKeHH08 H~ o6paTH0 . pac-
, . ,', ' 

ce.HHH08, B T0M,c~qae, KOr,na ZH <.0 •. 
B pacqe-rax (pHKCHpyeTc.H lllicno yrraBmHX H oTpaJKeHHHX _qacTHU, 'npH 

sToM JIM KalK,Il;ott oTpalKeHHo8 tiacTHUH BMaIOTC.H ee stteprHR 'Jf yr~ BH7 
neTa 88, H ~H oTHOCHTeJibHo ocHOBJ:i08 cHcTeMH KOop,IJ;HHaT; ·· a TaKlKe 
qHCRO yl'ij'.)yrHX . . H Heyl'ij'.)yrHX eoy,napeHH8, , ITJ)OHCme.zimHx . ,Il;O M0MeHT8 
OTpalKeHH.H. 
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:'-f[ 4. PesyJibT8TH 
~.,}J°./.,.-~--- . ,:ltf~' 

:·_:-;~I 

-~r-~ ~/"-:~~.._~,\~,\ . ,'·t,_;':~ {;- if~,-.-:~ •,;:, :· .. :_: :/l ,. '. l ! ' 

;, , .J:;r9,~~HWie .;s,eJX).ffT.H00_'l'.lf ,O'J:'.J)?l!te~-~aJI1,_qia7:.qacTHLt Bcex saeprmt·. 0 H. 

11~;.-~c.e,¥ B0.~~9:~ •rH?~BJieJ~.ffM,,.(-, ,,KM.c.k, B., .. ~aBHCHM0CTH; OT YfJI8 

n~e.HH5,l, :·•-fo, ~ ·H8:q8JII,H0:t.\, :a~ElprHH /lElyT~::-:- :Ea, 8 raKJKe qpaBHSHHEl HX 

c;:-,,f3e.~a~,;I{PeM;':,,,.JlElCC'llHT8,~ JI0 qx:JPMYJIS,;(3:3/
1,1 

,·, np1rne,neH11 B 
ra. 6JI • ., 1 •. IIPH ,CpaBHeHHH 'paCCM8TJ)HB88MHX . B8,11WlHH, HCTI0JII,30~HH a ;, yr JIH · . •, ·.' . ' . ,, ,,., 111·· ·: ,, . ••,. . . . · . . 
i0, g' H cp,:KoTOpue BBe,neHH B ,,·H-Cl:lR~a~ c.,Y_rJiaMH eHO, SH;,H,, cp11 

· cJie~ cooTHomeHH.iIMH: gg = 90°- e~0 , g0 = e~ -9o0 , cp = .CJk 
asHMyTaJI1,HH8 yroJI na,neHJIB ( cp0 ·,'7~. :CJ\iQL. :B. J:8mHX ,. ,pacqeTa~: npHHHT 

~~~'•"'!fY.i;m>,•.•;-1{?~,qxp~eH~~: .. OJJ)E!~~~ - ~M-K'' 11:, O.THOlli8HHH 
B=KM~~KPeM. ,nJIH 9Hep:rHH, ~8.D;8RJ!llIDC, ,'!ElqT~ Eo ,=; ,,7 ,5 MsB, · pPHc yrJiax 

na,neHHH fa, paBHHX 0,5, 2,5 H 5~0 rpa,nyco:s, II0JiyqeHH IIYTSM 9KCTpa-

IlOJIHUHH s.!m ~~ K SJ:IEl_PrHH 7,~, ,~s.B . rrpH: Ka~o~ . sHa.:effi;H £o• 
EoJiee Heonpe,neJieHHofi HBJIHSTCH 9KCTpaIT0JIHWffi K09qxpHI~eHTa 6TpallteHHH 

KM-K IlPH sa,naHHofi SHepr1rn 'IC 'yr.rry fra.n;eHHH. £() ':,: 50 H3-38 HeJIHHefiHoro 

H3M8H8HHH ST0:8
0 

.Jl8JIH'l!H!Ihl .. , C J?(?CT()M, • .Yr~a Il8,ll;81:fl1H H l'!e.noqTaTQqHQI'0· 

'l!HCJI8 "9KCnepHMeHT8.ITbHHX" . ToqeiK. 'IIc:iSTOMY IlPHBe~eHHHe .B Ta6JIHUe 

SKCTparroJIHpOBaHHHe 3Haqemrn KM-K ,nJIH fo = 7 ,5°. HBJIHioTCH rrpH6JIHllteH:... 

HHMH H MoryT 0TJIHq8TbCH OT "HCTHHHHX" 3Haqel-llifi B. 2,0+2,5 pasa. 
, i:1·-' , ... , : 

3KCT:p8IlOJIHpoBaHHHe · BSJIH'l!HHH ¾-K. H B B T86JI~ 1 SaKJIIOqeHH •., B CK00KH. 

, · Hs . T80JIHUH BH,nH0, qTQ rrpH yr Jie · CK0JII,JKSHHH . £o=0; 5° 0THomeHHe 

K0SqxpHUlfeHT0B .· oTpaJKeHJIB B, = KM_K/KPeM. ,nJIH Bcex. .HccJie,nyeMHX 
9Heprlift Eo 0JIH3K0 K e,nmrnue, H0'c·pocT0M yrJia rra,neHHH ST0 0TH0IIIe

HHe noc-rerreHHo pacTeT H,. ,KpoMe . Toro JIPH yr_Jiax £a~ paBHHX 2, 5° H 

5, o0,· Ha6JIIO,naeTc.iI, Tett,nefiwra . K. ero BospacTaHHIO rrpH yBeJIHqeHHH. Ha-
qaJI1,'Hci 9Heprli1f rra,naiomu~ ~8QT~. .. , , , . , ' , . , . .. ., . . , .. 

·sttepr~THqecKHe·H.Yr1oBHe·pac~.ne.iiemiH.aJI~qa.:.qacTHti, OTpaJJCeH

HHX 0T
0 

IlOBepXHOCTH me.rresa, 11306pa.JK8Hhl ' Ha p~c. 2+4, r.ne .ITJI8BHHe 

KP~He' o:rrn:cimaroTcH ql()JJMYJI0:0: ( 33.) 1 L-'.;; · ~He TorpaMMH rrpe,nc TaBJIHIOT 

1:esyJibTEltH pacqeT()B rro, Me,;o~ MO!iTe~~PJIO, a ·N~T;~· -:: ~mc,JI0 ~Tpa-
lKSHHHX 8JII,q>a-qacT~, K0T0poe Ha6paHo B pacqeTax., . . . . 

Ilp!cf yr Jie , CKC>JiblKSJ:il:IB, £o=0_, ~.o .: , H~9.irrci,,naeTCfl .. y.zioBJieTBOPJiT8,!lbHOe 

corJiacn8 s"ttepreTmecKOI'O pacrrpeie.i:iemm, 'a .B 06JI8CTH M8JIHX yr'JIOB £ 

. H qi TaKJKe. Ji yrJIOBHi pafrrpejie~einnt','no.~y~emnu E iiacT~Hnie11 .. , pa()o;e .. 

c'· COOTBSTCTB~. pacn£eieJI~IDf.Ht,rif, ir~~~!ci;'a~', Teop~e~ ,, 111 • . Hs, 
• ; 'j_•.t ",•;' "> ',i' _•,./,'\:•_,_: .·;;;':<1...:•;:,','.:_ ,·_. .:-. . ·•,.,!!"•"< . ·:.•,·' ·, ' 

PHCYHK0B BH,nH0, qTQ M8KCHMYM B 9HepreTHqecK0M pacrrpe,neJieHHH 0Tpa-

lKSHHHX 8Jlbq>a-qacT~~ pe3K0 BHpaJKeHHH:8 ,nJIH CJiytlaH £o=0, 50, , ~~ Ha~ 

0JIIO,naeTCH B pacnpe,neJieHJIBX rrpH £0• paBH0M 2,5° H 5,0°. KpoMe Toro, 

8. 

i~ 

11 \ 
.,, . 
I 
f 

,l 

1 
1~ 

I 

! 
'#-' ,, 

N ',ZJ 

Zs Uj · 

j ' !It, V, 
x,x, ... Oz 

.. ,' \ 

"' 
x, ix, .7' 

~ 
Yo 

Jx ~Ylt.~~1 /'· ~ 
~ 

PHc •. 1. IlocJienoB3T8JlbH0CTb K00P.IU1H8THHX CHCTeM, HCIT0Jib3Y8MHX rrpH 

Monem1poBaHHH rrpouecca pacceHHHH aJihqia-qacTHUH B BemepTBe. 
AK 

tf'"i'f 

'KJ' a 

:i~=~ 
1rf' 

,cf 

,o• ._--~,o=----,2"0.-~-,JOe---4~0.-_,._-=s"="o ___ fi,.o=--

E IM>BI 

PHc. 2. 3HepreTHqecKoe pacnpeneJieHHe 8Jihqia-qacTHU 0TpalKeHHHX OT 

Il0BepXH0CTH llteJiesa no BCSM B03M0lKHHM H3IlP.,.9B~eHJrnM 
' 0 ' ' 

a. Eo = 6,0 MsB, £o=0,5, NOTp.=2177 
- '· ~ 0 M B .., i::0 , 5-3 0. Eo = ti, 9, £Q=..,,v, NOTp.= LI 

B. Eo = 6,0 MsB, £o=5,ciD, NOTp~= 62. 
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"!~-" I.~ :~ r= 

. ~ _: 

,1 

.... 
,er ' 
, 0 1 2 3 , 4. 5 6 7 8 9 10 · ~ · · 12 .13 14 • , . f 

PHc. 3. Pacrrpe,neJieHHe ) OTpallteHHIDC OT .IIOE8PXHOCTH ,.llt8JI838. aJihqJa
qacTHU ITO IIOJmPHOMY yrJiy /; 6830THOCHT8JihHO K HX SHeprHH H 

asHMyTaJihHOMY 
1
YI'JIY (a, 6, B CM. Ha PHC. 2). 

~ 

·~·.·.·.··· ... ·· .. · .. 

. . 
-d. . • . . 

. . ' 

' . 

-~ . . . . . . . ; g . 

'If . ·. .· ' 

-tt~~.-~ 
a , · 2 J 4 s , 1 y!· 1 10 r u ,1 u, . 

, PHc. 4~ Pacrrpe,neJieHHe OTpallC8HHl1X OT IIOB8PXHOCTH llt8JI838 aJihqla
qacTHU rro 83HMYT8JlhHOMY yr';iy_ ~ 6830THOCHT8JibHO K HX 8H8J}:
rHH H IIO.IDIPHOMY yrJiy ( a,· 6, B CM~ Ha PHC. 2). 

IO 

1' (~ 

I 

J 

)~ 
! 
l 

i 
j 

) 1 T. 
, f c::·'.~_I -... •i · JJ, if:;\:.;:~···, ,u;;,.,.Y;•i!,)' 

, 1rf .: ... c ' : .-': ,, ·: i. . 

~' i. ',. ·. 

AE• IU?;,.4.51,.,B.; 'l!Tr· . · 4}-Af 10+4( .. . :·:·•:,,· i',; 

,.~~4r ,.,, ,,=t1··-:-,.·:~P·~·-:::·,.· .. , ,., ... 

, ~ . . '. :_ -~ r. 
; -l 'e '.•' ''.. ·. '.. · .. ~ rs'; . ,_. :•' ,_ --: ' 

, ..... t.; . :, ! ·:,~! ; 

f. r· :'. : ; ~; :_: ,.:'. 

t:1-'(·' 

~' I . } ,< 

~ ; ! J\: . 

; -~ !• • 

,p_ :--. ~··~ t ~ .: 

to' 
0!'-, -. --=2~~4~~6-~8- 0 2 4 6 8 · 1 2 3 4 

.1°,' ··i' . If• '; E(M38J. •.· ;;,:· 

PHc.,5.,YrJIOBHe H sHepreTHtiecKH&,pacrrpe.n;eJiemm-aJit,q,a-qacTHU,~OTpaL: 

I , ,llt8HHHX OT IIOB8PXHOCTH llt8JI83a B3a.n;amm:e ·sHepreTHtISCIGl:8 ·H 
yrJIOBH8 HHT8PB3JIH •.. HatiaJII,H8.ff SHeprH.ff, a:rr1:,q,a...:qac·Tm(Eo ,;,' 4;5 

MsB; yroJI rra,neHHH:·!;o=2, 50 {• NoTp. =170( •'. : "i · ·' ,. : / .• , 

' i;-' :, • -- ' url-tt' ·', · .. ,·, 
. . --•,·:_: 

,d 

·,d 

3.·•;, :' S ~ 

!f g:::,\. 1· 

N~~1'S -.7·•.• 
l ,- .. , ., 

I.• ... .' '' ~ • ' ' ' ·. 

---;-;---.-

,if I . I . i \ --., I :, ', / ; I 

0 2 , 4 S It o. 2 . 4 · S · . 0 1 2. . , ,3, .~ ! T ' . !/•' ' .. . ' E!M•Bl ' ' .. ·. ' 

PHc. 6. YrJIOBHe H 8HepreTwi8CKH8 ·pacripe.n;eJieHIDI a'Jit,q,a..'..-qacT~; OTpa-
llC8HHHX OT IIOBepxHOCTH llt8JI838 B'38,ll;8HHH:8 SH9preTHtI8CKH8 H 
yrJIOBH8 HHT8PB8JIH. HatiaJibHafl SHeprHH 8Jil,qla-tI8CT~ Eo = 6,0 
MsB, yroJI rra.n;eHHH e0=0,5°, NOTp.=2177. 

II 



C YB8JlHll8HHeM yrJJa na.I{e~ - to 38M8THO YB8JlHllUB88TCH IIBCJIO OTpa
JKeHHHX_'l8CTHU C HH3KHMH SHeprruiMH no CpaBHeHHIO C pe3yJihT8TOM 
pa60TH /if.. . . 

Pacnpe.I{e~eHHH OTpaJKeHHHX 8Jlbgl8-'l8CTHU no noJIS!pHOMY yrJiy t 
(puc. 3) 0030THOCHT0JibHO K_IDC 9H0PI'HH H 83JfMYT8JibHOMY YI'JIY cp HM0IOT 
MeHee pe3KO BHpaJKemrne M8KCHMYMfI. no CP3BH8HHIO C T00peTH'l0CKHMH 
KJ)HBNMH. KpoMe TOro,MaKCHMYMfI B pacctIHT8HHHX no M0TO.I{y MoHTe-KapJIO 
pacnpe.I{eJieHIDix no cpaBH8HHIO C npe.I{CK838HH8M T80J)HH H8CKOJibKO C.I{BH
HYTH B CTOJ)OHY OOJibllllfX yrJIOB. :npH Bcex paCCM8TJ)UB80MHX yrJiax na.I{e
mm - to M8KCHM8JibHOe '-ll1CJIO OTpaJKeHHHX tI8CTHU IlpuXO.I{HTCH Ha yrJIH 
t, 6JIH3KH8 K to· . ~CJIO OTP3JK8HHHX 'l8CTHU car JI8CHO T80J)8TH'l8CKOMY 
pacnpe.I{eJieHHIO 111 nocJie M8KCJfMYMOB OHCTJ)O y6HBaeT C JX)CTOM ITOJIHP
Horo yrJia t, B TO BP8MH KaK pacrrpe.I{8JI8HHH, ITOJIYtI8HHHe B H8CTOHmea 
pa60T8, HM8IOT 60JI88 IIIHJ)OKH0 M8KCHMYMH, H YM0Hblll8Hl18 tIHCJia 0Tp3l!(8H
HHX 'l8CTHU C J)OCTOM yrJia f ~J)OHCXO.I{HT OTHOCHT8JlbHO ITJI8BHO. 

MaKCHM3JlbHOe IIBCJIO o6paTHO pacceHHHHX 8Jlbgl8-'l8CTHU K8K B T80-
' ' 

J)8TH'l0CKOM, _T8K _H B paCCIIBTl:IHHOM H8MH pacrrpe,n;eJieHHH no_ 33HMYT8Jlb-
HOMY yrJiy cp ( pHc.· 4) 0830THOCHT8JlhHO, K HX SHeprHH H ITOJIHPH~MY yrJiy 
t JI8l!(HT BOJIHSH (J)=0 rrpH yc~OBHH, ".ITO 83HMYT8JibHHa yroJI .I{JIH rra,n;aJOI.nlfJ{ 
tiaCTHU to=O. Pacrrpe,neJieHID! OTP3l!(8HHHXtI8CTHU no yrJiy cp, ITOJIYtI8HHH8 
B pactieTax TIO M0TO.I{y MOHTe-KapJio, K8K B CJiyqae ITOJiflPHOro pacITpe,n;e
JI8HHfl, flBJIBIOTCfl 60JI88 IIIHJ)OKHMH ITO cpa~HeHHIO C T80J)8THtJ8CYJ1MH, H 

. IIBCJIO OTP3JK8HHHX 'l8CTHU YM8Hblll88TCfl_C J)OCTOM yrJia cp 3H8tIHT8JlbHO 
Me.I{JleHHee, qeM ,n;aeT 111• · 

HarroMHHM, iiTo ,n;Jifl oueHKH cTeITeHH HCKaJKeHHfl <POPMH aITITapaTyp
ttoro CIT8KTpa 8Jlbgl8-tI8CTHU 38 CtI8T 9qxp8KT8 OTpaJKeHID! STIDC tI8CTHU OT 
CT8HOK crreKTpoMeTpa, H800XO,n;HMO 3H8Tb He ITOJIHHe ,· BepoflTHOCTH o6paT
Horo pacceflHJ1H tI8CTHU, a B8J)OflTHOCTH HX OTpaJK8HHfl B OITpe,n;eJieHHHe 
9H8PI'8THtI8CKH8 H yrJIOBH8 HHT8PB8JIH.•· I'py6oe npe,n;CT8BJI8HH0 00 8H8p
reTHtI81CKOM pacnpe.I{eJie~ 8Jibgl8-tI8CTHU, OTP3JK8HHHX OT JK8JI83HOro 
o6pasua B pa3JIHtIHH8 YI'JIOBH8 HHT8PB8JIH, a TaKJKe O ITO~flPHOM pacITpe
,Il;8JI8HHH OTP3JK8HHHX tI8CTHU rrpH sa.n;aHHHX.HHT8PB8JI8X SHeprHH H 83H
MYT8JlhHOro yrJia H 06 83JfMYT8nhHOM pacrrpe,n;eJieHHH IIPH sa,n;amrnx HH
T8PB8JiaX SHeprHH H nOJJflpttoro yrJia ,I(aIOT pe3yJibT8TH, ITJ)HB8,Il;8HHH8 B 
Ta6JI. 2. ,llaHHHe Ta6JI. 2 ITOS_BOJISIIOT TaKJKe cy.I{HTh o cTerreHH corJiacHfl 
(HJIH HecorJiaCHfl) K09(lq)Hll,lf8HTOB OTP3JK8Hlffi'8Jibgl8-tiacTHU B pa3JIHtIHH8 
9Hepr8THtJ8CKH8 _H yrJIOBH8 HHT8PB8JIH, ITOJIYtI8HHH8 B pactieTax ITO 
M8TO,n;y MOHT8-KapJIO H ITO <POPMY~e (33) 111 

. 12 

il . 

~ 

Ta6JIHµa L IloJIHHe ,K<PIW>:11UH8HTR. oTpaJKeHIDI aJibgia-qacTHU .: OT ... rroBepx,.;. 
, . f!OCTH: JKBJI838 .I{Jlfl P33JlHllHHX.\ yr JIOB·.:rra.I{eHHfl ( t O) H pa3J1Hll
.. HHX. SHeprHa ITa,na10mux 1'.!8CTHU ( Eo) 

,. ·111 IS..· .. ' 
i: Eo(MsB) KM-~ B - -K· 
"'O KPeM .- RPeM ( rpa..u. > 
-
-0,5 '. 3,0 0,65(5) 0,686. 0,95(8f 
0,5 4,5 · 0,64(4f .· .0,670 o·,9sc 6) 

;• 0,5 6,0 0,641(18) 0,664 0,96(3) --: 
0,5 7,5 ·. (0,64) 0,653 '(0,98) ,, 

o,21c2'l 2;5 3,0 0,185 1,20c 11:> 
2,5- 4,5 0,22(2) 0, 157 1,40(13) 

-'2,5 6,0 0,225(12) 0, 138 '"i,63(9) 
,: 2,5 7,5 (0,22) 0, 124 ( 1,8) 

5,0 3,0 0,052(8) ·. 0,0271 'i,9(3) · 
·5,0 4,5 0,044(7) 0,0146 3,0(5) 

', 5,0 6,0 0,030(4) 0,0089 3,4(5) 
5,0 7,5 (0,022) . 0,0060 (4) 

7,5 ·. 3,0 (0,008) 0,00203 
7,5 4,5,' (0,005) 0,00053 ~ 

7,5 6,0 · (0,0025) 0,00019 
, 7,5 7,5: (0,0008) 0,000077 

5. BHBO.I(H 

IloJIHHa 8H8JIH3" ITOJIY\'.l8HHHX P03YJibT8TOB l103BOJifl0T C,Il8JI8Tb 33K~' 
1'.!eHHe o TOM, 1'.!TO ,nJIH aJibgia--qacTHU, oTpaJKeHHHX _OT ITOBepxttocTw pac
cei1Ba10mero '. BemecTBa. C :,meprHea_ Ea: i O, 7 Eo B 06JI8CTb ' OTHOCHT8JlhHO 
M8Jlh!X yrJIOB (t H cp ,.;: 3° rrpH to = 0,5° H t H cp ( 50 ITPH to,,,;· 2~5°)' 
H80JIIO,Il88TCfl- 1y,noB.JJEiTBOPHT8JlbH08 corJiaCHe. ( B ITpe,neJiax 10+30%). 'yrJIO
BHX_ H 9HepreTHtJ8CKHX·pacITpe,neJieHHa, P3CC1'.!HT8HHHX,ITO'M8TO,n;y. MOHT8-
KapJio H ITO IPOPMY JI8 ·c 33) / i /. IT pH H8C06JI10,n;emrn: BHlll8YK338HHHX ' YCJJO:--. 
BJIB, K8K H CJI8,Il;OB8JIO OlKH,Il8Th, . T8KOro corJJaCHfl HST., o· CT8IT8HH' 9Toro 
COrJiaCHfl (HJIH H8COI'JI8CHfl) MOJKHO CY.I{HTb ITO PHC. 5 H 6. 
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Ta6JJJ1Ua ·2. Pacrrpe.n;eJieHHe OTpalKeHHllX 'OT• IIOBep:X:HOCTH l!C8JI838 a.-'llaCTHll'· 
no • 38.1J;8HHI1M yrJIOBllM H :rnepreTHqecKHM HHT8PB8JI8M 

I 1 2 3 
.. 

4 5 6 7 8 

E . -E tiNa) P(%)6) KM-K 
go Ea. gmin-gmax q>min-<Pmax min max ~ I " 6,0 " 

,.,, 
0,5-Hl,5Eo 120 5,5 4~0 

< rpa.n> (MsB) ( rpa.n;) (rpa,n) (MsB) ·• " 4,5" " " . " 11 2,8· 1,9 
" 3,0 " " " 10 3,3 · 2,2 

1 2 3 4 5 6 7 8 I " 6,0 " ... o,5E0-Hl,75E0 74 3,4 3,7, 
" 4,5 " " " 12 3,1 2,6 

0,5 6,0• · 0,0+3,0 0,0+3,0 0,5+Eo 1656 76, 1 0,82 " 3,0 " " " 10 3,3 ·,, 2,0 
" 4,5 " " " 290 74,9 0,82 ff 6,0 " " o,75E0+:E:0 36 1,6 • 10,3 
" 3,0 " ff 

,,. 
224 73,7 0,86 " 4,5 " " " 6 ,:,:1,6 I ""6 

" 6,0 " " 0,5-Hl,5E0 36 1,65 0,42 " 3,0 " 
,. .. 

" 8 ""2,6··· ,,,5 
" 4.,5 " " ". 9 ""2,3 '-"0,7 " 6,0 3,0+25;0 3,0+25,0 0,5+EcJ 146 6,7 6,3 
" 3,0 " " " 7 ""2,3 &1,2 " 4,5 " ". " 38 9,8 6,6 
ff 6,0 " " o,5E0-Hl,75E0 194 • 8,9 0,91 " 3~0 " " " 21 6,9 3,1 
" 4,5 " " " 32 8,3 · 0,98 " 6,0 " 

,,,, 
0,5-Hl,5Eo 114 5,2 6,9 

ff 3,0 " " " 21 6,9 1,15 " 4,5 " " "' 23 5,9 6,0 
" 6,0 " ff 0,75E0-Hl,9Eo 465 21,4 1~02 " 3,0 " " " 7 ""2,3 ""2 
" 4,5 " " " 78 20,2 1,05 " 6,0 . " 

,, .. 
o,5E0-Hl,75E0 30 1,.4 4,'8 

ff 3,0 " " " 61 20, 1 1,20 " 4,5 " " " 13 3,4' · 7,5 
" 6,0 " " o,9E0+E0 961 44, 1 0,76 " 3,0 If " 

,., 
11 . 3,6 '· 4,4 

" 4,5 " ... " 171 44,2 0,73 "' 6,0 " " o,75E0+E0 2 '-"0,1 ""4 
" s;o " ... " 135 44,4 0,72 " 4,5 " " " 2 ""°, 5 ,:,:11 
" 6,0 0,0+3,0 3,0+25,0 0,5+Eo 145 · 6,7 0,96. " 3,0 If " " 3 ""1 ,,,7 .. 
" 4,5 " " " 30 7,8 1,05 

" 3,0 " " ff 31 10,2 1,31 2,5 ·. 6,0 ·o,o+4,o 0,0+4,0. 0,5+Eo 222 ,44,1 0,91 
" 6,0 " " 0,5-Hl,5Eo 25 1,2 0,53 . " 4,5 " " " 74 43,5_· • 0,80 

4,5 " " If 10 2,6 1,3 If· 3,0 " If " 83 43,4 0,82 
.ff 

If " " 7 · ""2,3 ,:,:1 ,4 " 6,0 " " 0,5-Hl,5Eo 51 · 10,1 0,58 " 3,0 
6,0 " " 0,5E0-Hl,75Eo 54 2,5 0,90 " 4,5 " " " 15 8,8 o,~3 " 
4;5 " " " 11 2,8 1,0 " 3,0: " " " 15 7,8 0,65 

ff 

" " " · 15 4,9 1,8 " 6,0 " " o,5E0-Hl,75E0 109 21,7 1,04 " 3,0 

" " o,75E0+E0 66 3,0 1,50 " .• 4,5 " " " 34 20,0 0,86 " 6,0 
"· " " 9 ""2,3 . ""°, 9 " 3,0 " ". " 39 20,4' 0,96 " 4,5 

" . " ff .9 ""3, 0 :,{),9 " 6,0 " ff · o,75E0-Hl,9E0 53 10,5 1,07 ff . 3,0 
0,0+3,0 0,5+Eo 230 10,6 4,3 " 4,5 ff " " 20 11,8 0,87 " 6,0 3,0+25,0 

" ·,H 29 7,5 2,5 " 3,0 " " ff. 23 12,0 0,69 " · 4,5 " 
" " 28 9,2 2,5 " 6,0 " " 0,9Eo+EcJ 9 ,:,:2 ,,,5 " 3,0 " 

" 4,5 " " " 5 ""3 ""4 

14 I 15 



1 2 3 4 5 6 7 8 
1 2 3 4 5 6 7· 8 ---

" 3,0, " " " 6 :,,3 "'2 
" 6,0 " " o,75E0+E0 0 

" 6,0 0,0+4,0 4,0+30,0 0,5+Eo 59 11, 7 1,53 
" 4,5 " " " 0 

4,5 " " " 22 12,9 1,3 
" 3,0 " " 3 e,,2 "'36 

... 
" 3,0 " " " 32 16,8 1,37 

" 6,0 " " 0,5+o,5Eo 35 7,0 1,46 
5,0 6,0 0,0+7,0 0,0+7,0 0.5+Eo 29 47 ·. 1,6 

" 4,5 " " ff,. 7 "'4 "'o, 7 
" 4,5 " " " 16 42 1;.4 3,0 " " ... 16 8,4 1,5 
" 3,0 " " " 19 45 1,0 " 

" 6,0 " "; o,5E0+o,75E0 20 4,0 1,5 -
" 6,0 " " 0,5+0,5E0 19 31 1,3 4,5 " " ... 12 7,1 1, 'c) 
" 4,5 " " " 12 32 1 ;3 " 

3,0 " " " 11 5,8 1,1 
" 3,0 " " " 10 24. 0;7 " 

" 6,0 " " o,75E0+E0 4 e,,Q,8 "'2,5 
" 6,0 " " o,5E0+o,75E0 8 "'13 :,,3 

4,5 ·. " " " 3 "'1,8 "'2,9 
" 4,5 " " " 3 e,,8 "'1 

" 
3,0. " " " 5 "'2,6 "'1,9 

" 3,0 " " " 9 · e,,21 ~2· " 
" 6,0 . 4,0+30,0 0,0+4,0 0,5+Eo 118 23,4 5,7 

" 6,0 " " o,75E0+E0 
') :,,3 . "'40 ,., 

4,5. " " " 34 20,0 3,3 
" 4,5 . " " " 1 " 

3,0 . " " " 42 22,0 2,7 
" 3,0 " " " 0 

.. , 
" 6,0 " " 0,5+o,5Eo 83 16,5 5,5 

" 6,0 O,O-i-7,0 7,0+35,0 0,5+Eo 9 c:<14 c:<15 
4,5 " " " 22 12,9 , 3,2 

" 4,5 " " " 6 "'16 "'11 
" 

"· 28 14,6 3,0 " 3,0 " " " 3,0 " " " 6 e,,14 e,,4 
" 6,0 .•· " " o,5E0+o,75E0 28 5,6 5,2 

" 6,0. " " 0,5+0,5Eo 6, "'10 . "'11 4,5 " " " 12 7,1 4,0 
" 4,5 " " " 5 "'13 ,,;10 " 

3,0 " " " 13 6;8 2,2 
" 3,0 " " " 4 "'10 "'3 

" 
" 6,0 " " o,75E0+E0 7 "'1,4 ,,,24 

" 6,0 " " o,5E0+E0 3 ,,,5 · c:<120 
4,5 . " " " 0 - -

"' 4,5 " " " 1 " 
3,0 " " " 1 - -

" 3,0 " " " ') e,,5 "'11 
" ,_, 
" 6,0 4,0+30,0 4,0+30,0 0,5+E0 104 . 20,7 20,0 

" 6,0 7,0+35,0 .0,0+7,0 0,5+Eo 19 • 31 113 . 4,5 " " "·' 40 23,5 13,0 
" 4,5 " " .. , 10 ·26 51 

" 
3,0 " " " 34 17,8 5,4 

" . 3,0 " " " 12 28 17 
" 
" 6,0 " " 0,5+o,5EO 92 18,3 20,8 

" 6,0 " " 0,5+o,5Eo 18 29 109 " " " 35 20,6 14,0 
" 4;5 •·· " " " 10 26 53 " 4,5 

" " " 23 12,0, 5,0 
" 3,0 " " " 11 26 17 

" 3,0 
" 6,0 " " o,5E0+o,75E0 · 12 2,4, 16 

" 6,0 ·"- . " o,5E0+E0 1 4,5 " " " 5 "'3 ,,,15 
" 4,5 " " " 0 " 

3,0 " " " 8 ,,,4 "'5 
" 3,0 " " " 1 " 

16 17 



1 2 3 4 5 6 7 8 

" 6,0 7,0+35,0 7,0+35,0 0,5+Eo. 5 "'8 _ "'700 

" 4,5 " " " 6 "'16 "'500 

" 3,0 " " " 5 "'12 "'70 

" 6,0 " " 0,5+0,5EJ 5 "'8 "'700 

" 4,5 " " " 6 "'16 _e,,500 

.. , 3,0 " " " 5 "'12 "'70 

" 6,0 " " o,5E0+E0 0 

" 4,5 " " " 0 

" 3,0 " " " 0 

a) ~N - qncRO qacTHU, OTpameHH!1X B 33,Il;3HHIDI: HHT8PB3R., 8HeprIDl: H 

yr ROB. 
6) p%'= ~N;100 %, r,n;e N _ TIORH08 ~CRO / OTpameHH!1X qacTHU ,n;mr 

33,ll;3HH!1X E0 H g0 . 

,IlJrH CRyqar1; Kor,n;a yrOR IT3,ll;8HHH £0 = 50 ITORH08 qncRO "Ha6JIIO
,ll;8HH!1X" OTpameHH!1X qacTHU COCT3MH8T Beere H8CKORbKO ,ll;8CHTKOB, H 
TI08TOMY H8B03MOmHO C,ll;8R3Tb' 60R88 OTIP8,D;8R8HHH8 BHBO,ll;H, qeM ,n;aeT 
T36R. 2, O - CT8TI8HH cor R3CHH' ( HRH Hecor R3CHH) T80PHH H H31ill1X 
pacqeToB. 

Bam!iHM P83YRhT3TOM H3CTOHme8 pa60TH· H3M rrp8,ll;CT3BJIB8TCH TO, 
qTo ,ll;M 06RaCTH HCCR8,D;y8Ml1X yrROB TI3,ll;8HHH H HaqaRbH!1X 8HeprIDl: 

·aRbitJa-qacTHU, 3H3RH3 ITonyqeHH!1X ,n;aHH!1X IT03BOM8T Orrp8,ll;8RHTb .ycno
BHH, TIPH KOTOP!1X OmH,ll;38TCH y.n;OBR8TBOPHT8RbH08 cornacne, paccqmaH
HHX TIO M8TO,n;y_MOHTe-Ka~o B8p0HTHOCT88 OTpameHHH an1ipa~qaCTHU OT 
TIOB8PXHOCTH TORCT!1X o6pa3UOB pacce~ero BemecTBa, a. T3Kl!C8 
aHepreTnqecKHX n yrnoBHX pacrrpe.n;eReHIDl: o6paTHO pacceHHHHX qacTHU c 
COOTB8TCTByroll.UfMH B8RHqH}I3MH, pacc~TaHHHMH ITO 111• C ,n;pyro8 CTOp0-:
HH, B cnyqae Heco6mo.n;eHHH sTHX ycnoBIDl:, TionyqeHHHe B pa6oTe pe-
3YRhT3TH IT03BOMIOT CY,IJ;HTh O Mepe pas~ M8m,ll;Y ,n;aHHHMH pacqeTOB 
TIO M8TO,D;y MoHT8-Ka~o H ITO qJOPMYR8 (33) 111 
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IT0Ryq8HHH8 P83YRhT3TH MoryT 6HTb HCITORb30B3HH rrpH pemeHHH 
H8KOTOPHX M8T0~8CKHX sa,n;aq H, B qacTHOCTH, TIPH OITpe,n;eneHHH BnHH
HHH am,ipa-qacTHU, _ClTpameHH!1X OT _ CT8HOK B3KYYMH08 _ K3M8PH _ . CIT8KTpo
M8Tpa, Ha. H;~aew'.; CTI,8KTpJ STUX · .. qac~HU~ .• 0,D;H~K~; .. B' • ir~cne,IJ;HeM 

cnyqaeHe06XO,Il;HMO TIOMHHTb, qTo:KaMepa'.cTI8KTp0M8Tpa BHTIORH8H3 HS 
H3 qncToro meJI833~ ee CT8HKH ·He· HMHIOTCff H,IJ;eam,Ho p()B~. lf a6eo
JilOTHO qncTHMH, H IT03TOMY jjae'qeT~' . 0 ·. BJrnf!mrn: o6paTHO paceeHHHHX 
3RhiPa-:-tJ3CTlfUH3.HX3TITiapaTypHIDI: -•eIT8KTP/HeITORh3YI0mH8. P83YRbT3TH 
H3eTo1rme8 pa60TH, CR8,ll;Y8T paceM3TJ)ll33Tb K3K OU8HOqHH8. ·.· .,. 

MH 6naro,n;apHM A.MapHHOBa, rrpj(yqacTHH KOTOpo:ro OHRH ·fiaqa~H ; 
~ , . -· . ·- . - .· ~ .. ,._ . 

paeqeTH, H KOHeynhT3UUHMH KOToporo MH H80,Il;HOKP3THO TIORb30B3RHeb Ha 
TipoTHiiceHHe Beere, BP8M8HH. :E3HTIORH8HHH HaeTOHl!lEltt pa60TH., 

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