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B coapeMeaaoil: <jlaaaKe BhiCOKHX aaeprail: rroKa He o uymaeTCH aenoc

TaTKa B aKcrrepaMeHTaJibHOfi MeTonaKe. OnaaKo rro Mepe lpOJlBH*eHHH 5!1lep

aoil: (jJH3HKH KO ace 5onbmHM H 5onhmHM aaepraHM nono.ll<::lHHe 5yneT HaMe

HHThCH B xynmyiO CTOpOHy. 8 OOJI8CTH 9Hepi'Hfi OKOJ!O 1000 faa H Bhlme 

KpH3HC 3KCnepHMeHT8J!bHOfi MeTOAHKH HAeHTH<jJHK8UHH 'i8CrHU, llo-BH)lHMOMy, 

oyJleT B9CbM8 OIIIYTHM. 

TaK, rrpH HMIIynhce 'l:BCTHU 1000 rsa/c paaaoCTH CLOpOCTeil: 

A {3 K =1,114 .10-7 
1 a 

TT' 
1\{3 =1,764.10-9 

fl.•" 

Ecna paapemaromaSI crroco5HoCTh Af3/ {3 = 10-e H HeCKOihKO ny'!II!e MO.ll\eT 

obiTh nocTHrHyTa, aarrpHMep, c rroMOII!hiO anoxpoMaTH'lec roro .ua<jJ<jlepeHUH

alibHoro C'!eT'lHK8 4epeHKOBa, llOJlOOHOI'O paapaOOTBHHOM { JlbiOT9IWOM H 

11 I " .A/}_ _ 1, l -9 
Jlp. , TO JlOCTH'lb paapemeHHll ITO CKOpOCTSIM p - 3TOT MGTO)l 

He ll03BOJIHT y.ll\e flO rrpHHUHllHBnhHb!M COOOp8)KeHHSIM, CBSl38HHb!M C .UH<jlpaK

UHeil aany'leHHH. lleil.CTBHTenhHO, rrpa yrne aany'leHHSI B,tBHnoaa-YepeHKo-

-3 
B8 8 =2,5.10 pall H )lliHHe I'830BOI'O pa)lHBTOpa e =100 MeTpOB paCXO.UH-

A 
MOCTb H3J!Y'I8HH5! 38 C'i8T !\Hqlp8KUHH 1\ 8 ell! "' ~ , a 'l·OI'AB rrpe.nellb-

HOe paapemeHH9 C'l9T'lHK8 4epeHKOB8 ITO CKOpOCTH COCTnBHT 
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L·. ,, 

llm 

ITo8TOMY He cnyqaliao ~H3HKH-aKcrrepnMeHTaTophl o6parnnncb K npy

roMy a¢¢eKTy - ·. ·aK Ha3hiBaeMOMy nepexonHoMy aanyqeanJO, npencKaaaa!Io
/2/ 

My faaa6yproM n ~paHKOM B 1946 rony. 

fi epeXOllHOe H3JIY'l8.1IH8 B03.1IHK88T BCHKHll pas, KOI'ga 3apiDK8HHaH 

qacTMUa rrepeceKa ?T rpaHMUY paanena pa3JIH'IHhiX no nHaneKTpH'IecKHM cBofi

CTBaM Cpen, X OTII 8TO !i3JIY'I8HHe 11 O'I8Hb cna6o ( TaK, rrp11 y=(l-,B 2vr~ = 103 

qacTmra McrrycKaET aaaag npn nepeceqeaHH Ot:IHOH nnacTHHKH as AI Bcero 

0,01 ~OTOHa), OH> MOmeT 6hlTb yCHJI9HO 3a C'l9T HCnOJib30B8HHSI HeCKOJib

KHX cor cnoes B!·meCTBa. KpoMe aroro, nepexo.r:moe Hany'leane oo.nagaeT 

O}:llil!M cymecTBell HbiM npeHMymeCTBOM nepeg gpyrHMH a4J4JeKTaMH - 'lHCJIO 

<jJOTOHOB B OITTH'l(•CKOM }:lHana30He 'laCTOT paCTeT llpH Bb!COKHX y ( y > 10 ) 

rrponopunoHaJibHO In y 6ea BCHKHX a~eKTOB .II8Cb1Ill9HHSI, a llJISI peHTre-

HOBCKoro xanyqemrsr .. y . 

B nocnenHee npeMsr aaqana noHBJIH'l'bCH axcnepHMeHTaJibahle pa6oTbi 

no npOB9pKe HCn•>Jib30BBHHH STOI'O HSJiyqeHIISI }:lJISI /l9T9XTHpOBaHHH 'l8CTHU. 

C'leT'lHK 'IBCTHU c peracTpauHe~ nepexonaoro aanyqeHHSI B onraqec
/3/ 

KOM guanaao!Ie aenaBHO acnhiTaJIH OocTeac H /lp. • 

B HBCTOSIIIWil: paOOTe AJISI TOI'O, 'IT06bl npeACTaBJISITb nepcrreKTHBhl 

HCllOJib30BBHHH a roro aqJ<jleKTa B 6yAymeM, Mbl npOH3B9JIH paC'I9Tbl ITO ne

peXOt:IHOMY aany~eHHJO B onTH'l9CKOM nnanaoae H AJIH nepneagnxynsrpaoro 

naAeHRSI qacTHUh aa rpaHHny paaAena cpeg. 
/2/ 

B.fnaa6ypr H M.9paax nony'IHJIH 4JopMyny AJIH nepexonHoro nany-

'l9HHH, HCnyiil9HHOI'O B CTOpoHy, npOTHBOllOJIOX<HylO aanpaBJI9H11!0 CKOpOCTH 

qacTHrrhl, T .e. Hasan. 
/4/ 

ITo3AHee r.M.fapn6gg noxaaan, 'ITO nepexoggoe aanyqegne ncnyc-

KaeTcsr H no aanpaBneHHJO nsnmeHHH qacTHUhi, r.e. Bnepen. 
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BhipaJKeaae nns.~ sneprliH nepexonnoro as.lly"'eBK£, HcnymeBKoro ~ao

'l'JUteA CO CXOpOCT'hD f3 Ilpll npOX011t,ll;9BKH O,ll;S:OI TOJlC'I OA JUlaCTHIDOI ,, HM89'f' 

BJIA /2,4/, 

- - 2 
cu2 

~= e2tf siA28co~ f 
dO IT

2
c (1-f3 2 cos 26)

2 
cu

1 

(t'-1)(1-f3 .... f3yt'-,sifl 29) 2 
+ . 

----::===-----===:--1 dw, 
(t'cosO+yt '-sill 2 9Hl:rgv','-~ 2 8 (1) 

r,~:~;e d 0 = 2 IT sill (}. d (J - TeneCHbiit yron; '-• t'-=n 2 -n 2
K

2 -i2n 2
K; 

n -noxaaaTem. npenoM.IleHHSI, 1< -1toscflCP•n•es:T nornomeDHt s.a:ax 

(-) » ciJopMylle (1) O'l'HOCHTCSI lt H3ny'I9HHD Bnepe,~:~;; SJUU; (+) - It Ji13lcy'-

'19Hlill0 .a:aaa.n. 

lfllc.uo ciJoTOKOB nepeXO,Il;HOro K3JI1'19DH W IIO.JJ:y"t8.8T'C51 Jl3 l{lopMy'lOil 

( 1 ) urrew nene.10151 ee u h Jl ( t = W h Jl ) : 

dW e2 132 sifl.29 coa28 X2 (t '-l)<i-f3•+Pvt '-sit28) 2 d~ 
-=- fl I--
dO 21ic 2 2 2 A 

IT (1- f3 coa 0) .\ 1 ( 1 'cos O+v't .. _ sifJ. 20)( 1 -f3vt '-sill 2 0 
+ (2) 

3AeCb 
e 2 -4 --:-:+ __ _, ,394.10 , a t 

2 n c a•fl2 tl~K 2 ),a b•2n 2
K.· 

saumeM xax t'•a(X)+i b(X), 

rne 

BhiUCliH.IIBCb BeliJI'IHHhi w ( () ) 
JKe 0 w (y) 

maz 
B AH8IIa30Jla O'I' 

WA.(O) 

y •1,1 no 

11(.\) • W , a 'l'U:,... 

3 ( 2-1/2,. 
y ••10 y-{1-f3 ) }. 

I . MeToA Bbi'iHcneHHSI 

Bhi'II!CJieJOie KJITerpan.os npoeonanOCb Ha Bhi'iHCJII:TeJibHNX MamHJiaX 

OH.HI1 M&TOAOM CHMIICOHa. H CBSI3K c aTHM Ansr nonyteusr saBHCHMOCTel 
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·~ 

'~ 

W, W(.\) H W((;l) Heo6xo.o;HMO 6wno rrpeo6paaoBaTb ¢opMyny (2) B 

.o;pyro.li BHA. TipH STOM CJie.D;OB8JIO pa3JIH~8Tb cny~aH, KOr.o;a B&nH~HHW a(A) 

H b (A) ITOJIOli<HT9JlbHbl HJIH OTpHIIS'I'eJibHW, H B351Tb rrpaBHnbHb!H KOpeHb x) 

H3 KOMITJIGKCHOrC ~HCJla 

/5/ 
Ha ocaoaai.HH sKcrrepHMeHTanbHbiX )laHHWX no a (A) 

XX} 
ITpHBe)l9HHbiX B 1 a6JI, 1 KOMITJ19KCH09 'tHCJIO £ '<= a + i b 

H b (A ) 
) 

UpHHHM89T 

aaa~eHHR, aaxo.o; ;nuaecsr B III HJlH IV Ksa.o;paaTe. A KOMrrneKcaoe ttHc-

JIO £ '- sin 2 (;l TaK:>Ke MO)KeT HaXOAHTbCSI B III HJIH 1 V KBa.o;paHTaX, eCJIH 

3H8~9HHe B9JlH~E II a -sin 2 (;l 6biJIO O'I'pHII8'I'9JlbHb!M HJIH ITOJ10)KHT9JlbHWM 

COOTB9TCTB9HIIO. B STOM cny~ae HM99M ):IB8 BapH8HT8. 

1-biH aapl!aHT a(A) < 0, b (A)< 0 , 

KoMrrneKCHOe 'tHCJIO 

(rAe w = arct1~ I b I ) Bcer.o;a neJKBT B III KB8.Qp8H'I'9. 

----- I a I 
Kope!Ib v ' · 2 e £ -Sin HM99T .QB8 3H8~9HHSI: 

l(...1!._+~7T) 
2 2 

p e 

rJle k -=1,2. 11~ $H3H~ecKax coo6pa)KeHH1i HY)KHO 6paTb k = 1 , 'tT06w 

MHHM8R tiaCTb Im ( y £ '- sin 2 (;l ) 6wna O'l'pHil8T9nbHOH. B STOM cny~ae 

1.:}_ 
v ( ' :.. sin 2 () "' ( - i ) p e 2 "' p ( sin .:}_ - i cos _p_ ) , 

2 2 

x) Bw5op npaBLnbHoro Kopasr Ob!JI no.ucKaaag HaM B.E.lla<jloMOBb!M. 

xx) .lJ.aHIIbie a (A ) H b (A ) .unn repMaHHSI 5panHCb us pa60'I'bi /8/ 
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Te.6JUI~ I 

3JtcnepoeHT8JIJ.HHe JtMRHe ,us: ~ 1 
.. a(-' l + i t(>.) 

G-cz . A~? 

~[,l.) a. -t A[A) -a --t 

2500 -I;.O 4.5 4310 7.5141 4.4460 

3000 1.0 8.0 4860 9.0566 5.8590 
3500 3.5 7.5 5270 10.2821 7.4580 
4000 4.5 6.9 5890 26~2288 15.3216 

4500 3.5 17.0 6300 26.9692 17.6256 
5000 4.5 22~0 6560 13.1760 II.6032 
5500 8~0 21.0 
6000 21~0 15.1 
7000 20.0 9.0 
8000 19.0 6.1 

Aa Pt 

~[A] -a _(,. :l[A] -a -t 

4000 0.6898 5.6406 4310 5.8480 8.3202 
4200 0.7751 5.6520 4390 8.9031 II.0840 
4400 0.8479 5.4354 4410 6.6000 II.6288 
4410 2.0301 4.3660 4663 1Q.0359 12.3120 
4600 0.9251 5.0460 4770 10.5840 12.6592 

4800 1.2008 4.3136 4875 10.6665 13.0592 
5000 2.1883 3.2726 5020 II.6184 13.7830 
5200 3;5912 2.6934 5170 II.9439 14.5040 
5400 5.0268 8,4664 5790 15.2391 17.8640 
5890 7.7880 2.6602 5896 15.0751 18.2160 
5893 7;.8!84 2.0642 6330 16.8805 20.7348 
6200 9.8631 2.2120 6560 13.1428 18.2304 
6300 9.6408 1.9094 6655 18;1440 22.7448 
6600 12.4292 2.2696 7040 20.4120 24.9318 
7000 14.3606 2.1280 
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I 
"'' !'·I r 'i 
B4 ,, 
~-J 
;,:I 
r:1 
l'·Jl 

it~ 

l (h 
1' 
~· 

A[A'J -t- ;[,.fJ :--#-~f·J -a. -a.. 
<-t· 
:l;1 
"':I 2310 o.r7o,~, 4.0310 5400 4.6632 5.1574 ijt; 
;;;,J 

2313 o.r9o~ 4.0391 5400 5.0544 4.0320 (f3 
.-J 

2540 0.828:: 3.0956 5460 4.8472 4.4454 i'i 

2573 LO.Ol535 3.9788 5500 4.9906 3.9837 
2749 0.0330 3.7757 5600 5.1254 4.1382 
2890 o.o24~; 3.0012 5600 5.3280 2;7608 
2981 0~157:[ 3.3135 5750 5.5200 3.1743 

3130 0.677ti 2.8890 5770 8.0039 3.1046 
3467 0.733[ 3.4891 5800 1.4520 3.3540 

~~ 
3470 0.744H 3~4986 5800 6.6120 1.6058 

~-~ 3660 1.4927 3.0264 5864 6.5362 3.2454 :1,-,; 
'J-1: 

3950 I. 732 ~ 4.1360 6000 9.3840 3.5200 .. ~~~ 
*'·1 

tl 4060 1.987 5 2.2300 6000 8.5680 o. 7615 

·-·· 4358 3.218J 3.8570 6200 10.6860 3.8512 
4360 2.5755 3.3120 6200 10.2992 0.4494 
4500 3.339) 4.8060 6300 8.7563 3.3855 
4600 3.817) 5.4155 6300 II.8440 0.6102 

;J 4800 4.0833 4.4639 6400 12;4362 4.4034 
c,; 
!' 4800 4.3143 4.2864 6400 12.1701 0.6980 ~~ 

5000 4.2747 5.1408 6500 12.5904 0.7880 

5000 4.2655 4.1480 6500 10.4340 2.8688 
5100 4.902! 4.3020 6600 13.8594 4.9518 
5200 4.497! 5.5189 6700 13.5280 0.8832 

5350 4.1722 4.5702 6800 13.9755 0.8228 
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A.f N£ 

~[A•) a --t ;~[AJ -a. -t-
2263 0~7514 3~II28 2540 2.3868 4.3776 
2.3!.3 o.&J27 3.1758 2890 2.0584 5.3190 
2500 0.47!7 3.9284 3130 2~2176 5.4270 
2570 0.6902 3.9378 3340 2.5425 5.4648 
2749 0.5855 3.8280 3660 3~2287 5.9584 
2930 1.5!96 3.0388 4060 4.1529 6,6640 
2981 1.6086 2.8410 4.310 4.2401 6.9720 
3030 1~7848 2.3824 4360 5.6012 7.8384 
3060 1.8412 2.1228 4860 6.0384 8.9320 
3090 1.8476 1~7760 5000 6.4790 9.1630 
3IIO 1;8076 1.5122 5270 7.0152 ro.1.386 
3140 1.4067 1.!048 5400 7.5993 [0.4000 
3160 1.0878 0.24 5460 8.1648 I0.3986 
3180 0.8444 0~8750 5780 9.0395 II.1492 
3200 0~6589 o. 7632 5800 8.6184 II. 7425 
3220 0~5307 0.6730 6200 9.7!97 I.3.1404 
3240 0.4090 0.6388 6300 9.0304 !.3.4190 
3260 0.2994 0.5842 6300 !!.6424 15.7210 
3380 o.1693 0.5468 6500 II.7968 15.0126 
3290 -0.0453 0.5802 6560 10.9440 14.7838 
3320 -0,2580 0.5244 6600 I0.9626 14.9376 
3360 -0.6085 0~4204 7000 II.7398 16.II90 
3460 -I;!576 0,48!0 
36!0 -2.0708 0.5842 
.3950 -3.63!7 0.5928 
4500 -5.6661 0.7826 
4860 -5.3664 I.I650 
5000 -8.6209 0.9940 
5270 -7.0I3I 1.3300 
5500 -I0.89~0 I.1634 
5890 -!3.2037 1.2878 
589C -13.2172 1.3I04 
6300 -15.6404 I.6178 
7500 -26.5970 1.7540 
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r.ne ------
H 

b 
r,6-= arctg I ----- I · 

a-sin 2
() 

B sapaaHTe ( 1) !jlopMyny (2) MO)I<HO nepemiCaTb s 6onee yno6HbiM JJ.nSI 

IIpOI'p8MMHpOB8H IS! BH.Oe: 

,\2 

W = 7,3)4 • 1<J4 2 IT r 
0 

f3 2 sin 3 
() cos 2 

() 

2 2 
( 1 - f3 2 cos () ) 

d () X 

2 2 22 2 • r,6 2 
(a +b -2&+1 )[(1-{3) :r-2f3p(l-f3 )stn 2 +f3 p 2 ] 

x r ----------------------------------
>-I 

(3) 

d.\ 
-,\-' 

rne saaKH t-) 1 (+) osaaqaroT rro-npe~HeMy HsnyqenHe srrepen H aasan 

COOTBeTCTBeHHO. 

2-oil: B lpH8HT a ( ,\ ) > 0 , b ( ,\ ) < 0 . 

B aToM sapHSHTe KOMnneKcaoe qHcno 

BCer.na H8XOAHT< S! B IV KBa]lpaHTe. 

( ' =I a I -i I bl = ..; I a 12 
+ I b 12 

(a - sin 2 () ) 

~eT IIpHHHM8Tb nono~HTenbHOe II OTpHUSTenbHOe 3HaqeaHe. 

a) .UnS! (a- sin 2 
()) >0 11 k = 1 nonyqaeM 

--- -1.:}__ 
v' £ ' - sin 2 

() = p e 2 = p ( cos t -i sin -} ) , 

8 !jlopMyna (2) IpHHIIM89T BH.[\: 

10 
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>. 2 

X f 

-~ w = 7,394. 10 2 71 f 
90° 

2 3 2 f3 sin 0 cos () 
d (} X 

< 1 - f3 2 
cos 

2 e ) 2 

2 2 2 2 2 ,) 2 2 
(a + b -2a+l)[{1-f3) t-2f3p(l-f3 )cos-! +{3 pI 

,\1 [(a 2 +b2 )cos2 6+p 2 +2va 2 +b2 
pcos()cos(w- ~)](1+{3 2,·\2f3pcos-}) 

a) lln11 (a-sin 2 
(}) < 0 H k = 1 nony IaeM 

1..:1!_ 
vc'-sin 2 0c(-i)pe 2 = p ( sin _i_ - i et s _!~!.... ) 

2 2 ' 

~OpMylla (2) B 3TOM Clly~ae I1pH06peTaeT BHA: 

90 ° f3 2 sin 3 0 cos 2 e 
w = 7,394 . 10-· 2 71 f d () )< 

o (1 - f3 2 cos 2 O) 2 

2 22 2 ¢ 22 
(a2 +h -2a+1)[(1-f3) :t-2f3p(l-f3 )sinT+ f3 p J 

(4) 
d,\ 

A 

(5) 

dA >.2 
X f 

-- ¢ A 
A 1 [(a

2
+b

2
)cos 2 6+p 2 +2pva 2 +h 2 cos() sin(w+ ~)](11{3 2p 2f2{3psin2) 

TaK K8K Allll Bbi~HClleHH51 HHTerpaliOB, BXOAID.UHX B 3TH <jJOpMyllbl, He-

06XOAHMO 3H8Tb Heiipepb!BHble 38BIICHMOCTH a = a (A ~ H b = h (A) , TO 

COBOKyiiHOCTH 3KCI1epHMeHT8llbHb!X A8HHb!X 8III1p0KCHMHJ lOB8liHCb W HKIIII51MH 

a(A)= l A1 A 
1 

J 
h(A)= l 8

1 
A 

11 
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3aa•reurr ;-, Kll:OHjJcj. :UU!.OH1'0i3 A 
1 

li B J !!D.XOJlR.IlHCb MCTOJlOM HBllM,~HbillllX 

KBM.\pa'l'OB li lliJliill':lAEHbl B Ta6n, 2x), Up!P!eM npH l1011b30B8HHH 9TRMH )laH-

-5 
libiMH B QJOPMY-JJh! (U, .!I (7) A lfY:>KHO TIOJlCTaBJH!Tb B e}JRIUHl8~ 10 CM. 

l:Ia p:ac. -~ !· 'J Jl()f, i13atihl Te )IW ~;n;•,fiCH!.10CTll BMeCTG C 8KCITepHMCH1'1'Wh-

Hb!MI! Jl8.H!lblh1!!. 

II. Pesyn~ 

Pacqerm,,e neJHI'c!llllbl W JliHI fl = 0,81 ( y = 1,7 rrpnBeJJ.eHbi B 'laCil, 

TiltJ.'l. 3, npH"l.eM !HIT erpnpoaaHHe no A npo:assonHnOCh B nHarrasone nan-

IIbiX rro a ( A ) ll b (A ) , npnBeJleHHbiX B Ta6.n. I. 

KpoMe 3Ha'1eHE H W , nn5I Ka)Knoro BemecTBa Bbl'IHcnsm:acb yrnoBbie 

pacnpeneneHJ11l <!>OTO 10fl W ( ()) ll CIIeKTpbl fjlOTOHOB W (A) B COOTBeTC1'-

Blili C tjlopMyJWM;H: 

W(O)= dW(O\, 
dO 

2 . 3 z A.z ( c '-1)(1-{3
2
- f3v't '-sin 

2
(}) 

(8) 

-4 f3 sm o c >s e + 2 d A 
7 39r;.10 2rr-----·---- (I· \ -' , . - A 

x) 

{1-rl co ; 
2 

(:) )
2 

,\ 1 ( f 'cos 0 f v' f ., - sin 2 e ) ( 1 + {3 v' f '-sin 2 (} 

W(Ah dW(A.)= 

dA 

V , ,• o o' ,• 1 {3?. (' I o ' 20 '> ·:o-·'·2· 2 •J<··iH- -,)y~-sln 
-4 ps110cose + dO 

7,394.10 2rr r -------\----·--------- 1
2
-. 

r (1-f 2 cos 2 0) ( £ 'cos O+v' ( '- sin 2 0 ) ( 1 - {3 v' ( '-sin 2 0 ) >.. 
+ 

(n) 

Ll.nsx cepeopfl H !) )JL''tCT!i p0:30HllHCH(lf'0 HOI'.Il0Ul0HH5I (JlO 3100~) HCUOJib30-

B81I8Cb KBB!lP'.l.fW<a£ H •.WTOpllOll5IUH11 Me:t!\,l::ty 9KCTiepnMeHT8llbHblMH T0'1K8MH, 

Bo see!!: OCTil!f.bl!OH o6JracTH TaKall .ll'H:tepnonmi!Hl oKa3anacb HeBbiro;:mol!: H 

.ll8)K9 B HeKOTOph!X ::nyqagx HeB03MOiKHOif H3-3a 60JiblllOrO pas6poca Jl8HHb!X 

IIpH OJJ.HOM 3Hil'1CHH ! A 
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AI 

M 

a.. 

A a 

Pi 

Au 

Ta6JIHita 2 

KoacpfiiitKeHTH Ai H Bi .UH 4>YHEitKit 

a~) ~ t_ (_.1) COOTB6TCTB6BHO 

Ao AI A2 A3 !4 
B B B Ba B4 

a.O} I2523.757 -9827.749 2870.493 -359.830 I7.7I6 
t{A} 6I70.203 -4822.032 I402.904 -I80.08I 8.594 

a_ (A) -13.976 IO.I50 -2.666 0.204 -0.004 
-t-N 23.013 -2.602 9.089 -I.4I2 0.076 

a.(.~) -18.853 20.983 -8.3II I.389 -0.090 
t(>.) -53.268 47.927 -I6.267 2.305 -O.II6 

a.(.-\) -66.049 66.264 -22.505 3.IOI -O.I58 
-6-(.1) -22.880 I2.390 -I.950 0.035 0.007 

~) 279.662 -I47.950 25.178 -1.450 
t(>.) 155.II2 -83.896 14.232 -0.844 

a(l) -187.593 120.966 -27.345 2.532 -0.084 
t (t\) 327.548 -258.643 73.316 -8.989 0.'~05 

,!9 PI Au 
----------------------------------------------
~.10+4 7.890 15.622 

~.1o+4 6.538 I0.652 
+ 

15.269 19.177 

12.289 9.482 

13 

16.893 9. 263 

I4.015 7.041 

8.345 

6.338 



w (f)) H wrAi upll Y'' 1,703 Jll!H CJl!8M0l!TOB 

AI Ni Cu Ge Pt H Au ll[lllll0H8!lbl B T86JI. 4,o,6,7, 

Ha pnc .8i- 14 rroKaaaHbi yr·noBbie pacnpe!leneHu H ¢oToHOB W _ ( 0) a 

W +( ()) jl.'lll T8X Ke 8l!8MG!ITOU. 

fipH'I8M Kp.III ·hie 1 COOTBOTCTRYIOT }' ''1 ,'{()3 H Il0l1J.4:8Hhl JHITerpnpoBa-

, llfJH BOJJ,eH dO:'.IJ F\ TaGn.l. KplWbie 2 Bbi' .He-

Jl8Hhi T8KJKO [(ll'i! 

0 

:· ==! ,703, llO [(JTH JUWJI/l30H8 IIHTm'pllpOB<'Hll!H OT 
a 

,\ 
1
=4310A 

ilO A 2 =700Qi\, Ll h[.I\P1f•'0 J COOTDeTCTB)'l•)T TOl\IY i. I? JHHii11130Hy ,\ , no 

ll1Ta6a K[llfBI IX 1) 

Cnep:yoT aa~teTHTh, 'I'J'O IIOCKOllbKY nee paC'LfOTbl npon:JseneHbi .nn;.( cny-

"'BSI l!OpM8l!bHOf'O II8H81Ul'i! 'liJCTilUbl Hll llJ18CTHHKJ, TO, OCTOCTBGHHO, ac,JHOO 

yrnOnOP pacnpene fiOI!HO Q10TOHOB W-I ( ()) U W _ ( ()) 30pKI11lbiiO CH MMeTpH'-!HO 

OTHOCHT8llbHO Hall [l!1Bl!0HJH! CKOpOCTH 'IaCTHUhl ( TIOK838HHOrO CTpel!Kofl), 

)lJIH TOrO, 'iT06bi IIOKtl38Tb pa;JJ!l1'Ill9 Il )Tl!OBhlX pacnpeAe1IeHHS!X W_(IJ) 

ll w1- ( 0) !ipll pL 3.iUI'IIlb!X A I r.uL: Au H Ar; 6biJH! Bht'rncnnHhi pnc:upo-

;.r8nr:~ fill ~r: 
, , d ;: W(O, A) 

\1 :0, ,\) c-·------·-·-- --
dOd,\ 

(, '-l)(l-f3 2t-f5y('-sin
2

0) 
· (i: sin 20 co~;~· fJ 

.?.i7 __:_ ------·-1-- ----- '''" ------:~=---·:..-:::-.:::-.. =:-··----~====-·-1 
( 

, 2 2 -1 -1 . ?.: ?. ) 
1 -- f, co::: I; • ( , 'co,, 0 .1 "i ( ' - s tn 0 )( 1 i= IJV f ' - sin · 0 

n o 

,\ 

( 10) 

31'H 3fllHICJi:.tOCTJ npH ;, 
0 

rrpa ,\ 1 ""'1600;\ 

=27D4A H ,\ 2 =3950A TWK113fl!Ibl ll.! 
0 

pnc.l5, a nn11 i\11 n ,\ 2 =G883 A - 11!1 puc .16. 

Ha pnc.17-::0 fllliihl cneKrpLI ljlOTOHOH V.'(;l.) nnH {Ja31Il!'IHhiX 3l!GMen-

TOI.l 8 pa3ll!!'!HbL'I: y. !-Ie'IeTHI:lO Rili!BHG COOTD8TCTBYIOT IV _ _(,\) , <! '!OT!!HO-

w ( ,\ ) 
+ 

. Kp !BbJ8 1,2 Bhi'!l!Cl!eHbl i!;-r,; 

y =70, a KIHIDhl-l 5 H 6 - JliiH y =500. 

14 
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!13 9THX pHCYHKOB BHJlHO, 'ITO CIIeKTp ij>OTOHOB HMeeT JlOBOJibHO CHJib• 

Hoe paanaqae JlJISI W _ ( A) H 

na cna6o • 

W +(A) , no sasacaMo•:Tb OT y BbipaJKe-

.Qng BC9X BblmeyKa38HHb!X 9.1leMeHTOB HCCJI8)l0B8l 8Cb T8KJKe 38BHCH-

MOCTb W = W ( y ) B HHTepsane y OT 1, l JlO 1000. PesynbT8Tbl p8C'IeTOB 

npaseneHhi B Ta6n. 8 a 9. B Ta6n. 10 JlJIR cpasneHHSI naHhi sena'IHHbi 

w+ H W Jl.llSI p83.1IH'IHb!X 9JleMeHTOB UpH 'I&TblpeJ. 3H8'18HHSV:: y 
0 0 

, HO 

B O)lHHaKOBOM naanasoae OT 4310A JlO 700UA . 

Pesym.TaTbl JlJISI AI Ni Ge H Au rrpHBE!JleHhi TaKMe na pac. 

24+27. 

f1pe)lCT8BJISIJIO T8K2K9 HHTepeC IIOCMOTpeTb 38BHC.IMOCTb yr.na 8 OT y , 

UO)l KOTOpb!M HCIIyCK89TCSI M8KCHM8.1lbHOe 'IHCJIO QJOTOH )B. 3Ta 38BHCHMOCTb 
141 ew (y) IIOK838H8 aa pac.28. PaHee r.M.fapa6SIHOM 6bJnO OTMe'leHo, 

max 

'ITO UpH 60.IlbiDHX y 38BHCHMOCTh M8KCHMYM8 H3.1Iy'ieHII51 aaeprHH nepeXO)l-

1 
Horo H3.1Iy'leHHSl e w "'--. Yls pac.28 c.nenyeT, 'lTO H8'1HH8SI c Y"' 4 

max y 

9TO rrpeJlCK838HHe XOpOmO UOJlTB8p2KJl88TCSI p8C'I8TOM. 

qT06bi UO'IYBCTBOB8Tb BJIHSIH.He p83Jllii'1Hb!X MH02KJ:Teneii, BXOJlSIIDHX B 

ij>OpMyny (8), H8 poeT HHT&HCHBHOCTH UepeXOJlHOrO H·3.1ly'i8Hli1Sl OT y , Mbl 

pa36HJIH 9Ty ij>opMyny H8 JlB8 MH02KHTenR: 

1) K((J,y)= 

-4 
r)le A = 7,394. 2 rr. 10 

f3 2 cos 
2 

() csin 3 
() 

( 
2 2())2 1- /3 cos 

I 

(11) 

2 dA ---, 
A 

\12) 

3TH 38BHCJIMOCTJI )lJIR yr.na () max npase)l&Hb! s:a pHc.29. Yls rpa-

lPIIKOB BJI)lS:0 1 'ITO MH02KJITen:&, Ollp9)l9Jl98MJ:.dl: 4loPMfJIOII: (12), C pOCTOM y 

15 



.. 
Tad.uua 4 

YUOB1i8 SUBCDOC'fB W_ ( 8) 

Al A{ Cu. G<. ~ Pt At< 

Bo w_ .-1o~ .../_x 103 l.J_x-li~ w_ • .,o3 J,./_1110' 'W_x/04 IJ._,.Io"" 

5 0.066 ).015 0.016 0.018 0.017 0.077 0.082 

10 0.479 ).109 o.n7 0.127 0.121 0.559 0.596 

II 1.388 ).3!3 0.335 0.368 0.349 1.619 1.718 

20 2.702 ).606 0.648 0.71:3 0.672 3.151 3.319 

25 4.199 ).933 0.955 1.100 1.032 4.897 5.106 

30 5.653 I.242 1.319 1.469 1.369 6.591 6.789 

35 6.906 I.497 1.579 1.777 1.643 8.051 8.167 

40 7.874 I.679 1.755 2.002 1.835 9.181 9.142 

45 8.532 to784 1.841 2.138 1.942 0.951 9.689 

50 8.881 1.814 1.839 2.189 1.967 10.364 9.819 

55 8.929 1.774 1.753 2.158 1.906 10.432 9.553 

60 8~674 1.667 1.591 2.050 1.792 10.156 8.908 

65 8.095 1.493 1.359 1.866 1.599 9.5II 7.888 

70 7.138 1.252 1.069 1.602 1.332 8.436 6.487 

75 5.711 0.942 0.790 1.252 0.991 6.825 4.723 

80 3.755 0.573 0.405 0.815 0.585 4.561 2.714 

85 1.417 0.200 0.125 0.323 0.189 1.780 0.857 

16 



TaCSJIHga 5 

YrJioBwe 3aBHcoocTH \{(8) 

.4( M: £1< c~ A3 PI All 

tr ~x-~o* l{•ciO J 
~.-10 

:J 4,.403 \.4 "1ft ~4. .. 10 " !4.-10 '" --
·s 0.054 0.010 o.oiJ 0.009 o.on 0.058 0~059 

10 0.392 0.070 0.093 0.062 0.095 0.421 0.431 

IS 1.!37 0.202 0.268 0.179 0.273 1.219 1.246 

20 2.216 0.392 0.518 0.347 0.530 2.375 2.417 

25 3.448 0.606 0.797 0.537 o.BI8 3.694 3.738 

30 4.648 o.810 1.059 o.n8 1.094 4.979 s.oor 

35 5.687 o.981 1.272 0.870 1.324 6.090 6.058 

40 6.495 1.106 1.417 0.983 1.492 6,955 6.833 

45 7.050 1.181 1.488 1.053 1.595 7.5~9 7.300 

50 7.352 1.208 1.488 1.081 1.631 7.874 7.460 

55 7.405 1.188 1.419 1.069 1.605 7.938 7.320 

60 7.208 1.122 1.286 I.OI8 1.518 7.739 6.885 

65 6.740 1.0II 1.095 0.930 1.378 7.258 6.149 

70 5.957 0.852 0.857 0.802 1.151 6,446 5.099 

75 4.776 0.644 0.588 0.629 0.863 5.222 3.740 

80 3.150 0.394 0.318 0.4II 0.514 3,4944 2.159 

85 1.193 0.138 0.096 0.164 0.166 Io366 0.681 

17 



Ta6JIB~ 6 

BeJIJitliUW w_ (}..) ,ltJUi p8.3JLKtlHblX J 

M Ni ~ G-~ -
fl [4) w-_.101 :~UJ t./_rt.I0

1 J[A] W_~tl01 :~[A] \./_X -10
1 

4310 3.816 2540 4.965 2310 6.543 2500 4.792 

4560 ' 3.643 2790 4.646 2560 5.569 2750 5.027 

4810 3.527 3040 4.377 2810 4.837 3000 4.889 

5060 3.447 3290 4.148 3060 4.310 3250 4.616 

5310 3.460 3540 3.958 3310 3.949 3500 4.318 

5560 3.612 3790 3.802 3560 3.702 3750 4.015 

5810 3.587 4040 3.672 3810 3.518 4000 3.839 

6060 3.545 4290 3.561 4060 3.366 4250 3.800 

6310 3.352 4540 3.464 4JW 3.223 4500 3.874 

4790 3.374 4560 3.083 4750 3.782 

5040 3.290 4810 2.946 5000 3.644 

5290 3.200 5060 2.816 5250 3.480 

5540 3.130 5310 2.701 5500 3.304 

5790 3.052 5560 2.6II 5750 3.180 

6040 2.974 5810 2.552 6000 3.084 

6290 2.897 6060 2.523 6250 2.944 

6540 2.821 6310 2.515 6500 2.817 

6750 2.702 

7000 2.596 
7250 2.499 

7500 2.410 

7750 2.328 
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A PI A~ 

J[,(] 1.1_ ""0'1 :~[,(] w_,.{07 .I[A} h/_ .-10"7 

2263 4.347 4310 3.848 11000 3.259 

25!3 4.421 4560 3.864 11250 3.010 

27b3 3.853 48!0 3.792 11500 2.734 

3263 0.529 5310 3.558 5000 2.445 

3513 1.980 5560 3.432 5250 2.559 

3763 2.865 58!0 3.313 5500 2.718 

4013 3.362 6060 3.201 5750 2.832 

4263 3.564 6310 3.102 6 )()() 2.890 

4513 3.628 6560 3.016 6250 2.903 

4763 3.621 6;00 2.889 

5013 3.606 6750 2.862 

5263 3.508 

5513 3.428 

5763 3.349 

6013 3.268 

6263 3.198 

65!3 3.141 

6763 .3~092 

70!3 3.048 
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TatS.nua 7 

Be.o URii Wi' ( ;>..) _.1.11 pe.3.U11RHX .:l 

Al 11{ £:4. . G. ..e. 

:l[A] ~ 
~dO :~[JJ 

"'" Jtl 
:1{1(] ~1(107- a[.4] ~~~.{0"1 

4310 3.078 2540 2.976 2310 6.435 2500 2.497 

4560 2.900 2790 2.739 2560 5.466 2750 2.440 

4810 2.799 3040 2.586 2810 4.653 3000 2.301 

5060 2.749 3290 2~487 3060 4.007 3250 2.063 

5310 2.818 3540 2.426 3310 3.533 3500 1.745 

5560 3.068 3790 2.388 3560 3.194 3750 1.381 

5810 3.094 4040 2.366 3810 2.939 4000 1.441 

6060 3.096 4290 2.351 IJ060 2.736 4250 1.770 

6310 2.890 4540 2.338 4310 2.550 4500 2.174 

4790 2.321 4560 2.371 4750 2.2.30 

5040 2.300 4810 2.193 5000 2.181 

5290 2.274 5060 2.017 5250 2.065 

5540 2.244 5310 1.851 5500 1.900 

5790 2.209 5560 1.706 5750 1.722 

6040 2.171 5810 1.594 6000 1.657 

6290 2.IJ1 6060 1.523 6250 1.545 

4540 2.088 6310 1.494 i500 1.446 

6750 1.360 

7000 1.284 

7250 1.218 

7500 !.159 

7750 1.101 

20 



&f Et.. Al~ 

/I[AJ tv{xfO~' A[ A] l,J.v-10 1 A[AJ \v{ K IO;o 
t n 

2263 1.606 4310 2.646 4000 I.650 

2513 1.799 4560 2.806 4250 I.480 

2763 1.543 4810 2.831 4500 [.382 

3013 0.870 5060 2.791 4750 [.399 

3263 0.457 5310 2.715 5000 [.590 

3513 1.710 5560 2.632 5250 [.924 .. 
3763 2.553 5810 2.548 5500 ;!.256 

4013 3.190 6060 2.467 5750 :!.491 

4263 3.443 6310 2.401 6000 :!.619 

45!3 3.523 6560 2.349 6250 :!.675 

4763 3.513 6500 :~.688 

5013 3.493 6750 :~.690 

5263 3.38! 

5513 3.294 

5763 3.2II 

• ·6013 3.!29 

6263 3.066 

65!3 ~.022 

6763 2.990 

7013 2.963 
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Ta6mnta 8 

Be.IIH'UlHhl w_ .li;JISI pa.S}[H'IHhiX r 

A( N..: ~ G~ ~ pt At< 

r /!> hl_xn" w_~.~o4 1.1_ t./04 w_..1o* W..•fo'- W_x.f0
4 t.;_x10 4 

1.01 0.14037 0.1£8 0.220 0.254 0.207 0.274 0.140 0.129 

1.02 0 .. 19706 0.2~1 0.427 0.492 0.399 0.5.32 0.277 0.250 

1.03 0.2.3959 o.3'i2 0.629 0.719 0.655 0.780 0.413 0.366 

1.04 0.27467 0.4~ 3 0.829 0.939 0.906 1.020 0.550 0.479 

1.05 0.30491 0.6:.3 1.029 1.156 1.147 1.254 0.689 0.590 

1.06 0.33167 0.7:~ 1.232 1.370 1.393 1.484 0.828 0.701 

1.07 0.35575 0.8~14 1.437 1.682 1.647 1.710 0.968 0.812 

1.os u.37771 0.9''5 1.645 1.794 1.908 1.935 1.109 0.923 

1.09 0.39789 1.0% 1.855 2.005 2.176 2.157 1.250 1.034 

1.1 0.41660 1.2 [6 2.067 2.216 2.448 2.379 1.392 1.147 

1.2 0.55277 2.4 [4 4.287 4.353 5.293 4.625 2.803 2.314 

1.3 0.63897 3.534 6.536 6.533 8.176 6.963 4.184 3.526 

1.4 0.69985 4.7I3 8.885 8.725 II.014 9.353 5.518 4.745 

1.5 0.74536 5.7~9 II.150 10.905 IJ.778 II.747 6. 799 5.950 

1.6 0.78062 6.8~0 13.361 13.053 16.456 14.IIJ 8.026 7.132 

1.7 0.80869 7.E39 15.l5II 15.160 19.043 16.437 9.203 8.285 

1.8 0.83148 8.197 17.596 17.219 21.541 18.709 10.330 9.406 

1.9 0.85029 9.'i15 19.615 19.226 23.950 20.924 II.4II 10.495 

2 0.86603 IO.~ 98 21.569 21.180 26.274 2.3.079 12.448 II.550 

3 0.94281 17.f52 38.051 37.994 45.662 41.607 20.961 20.5II 

4 0.96825 23.:'02 50.545 50.972 60.196 55.928 27.225 27.334 

5 0.97980 27.LI5 60.537 61.420 71.814 67.391 32.154 32.785 

6 0.98601 30.B84 68.693 70.099 81.215 76.969 36.308 37.346 

-
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r f? 
7 0.98974 

8 0.99216 

9. 0.99381 

10. o.99499 

20. 0.99875 

30 0.99944 

40 0.99969 

50 0.99980 

60 0.99986 

70 0.99990 

80 0.99992 

90 0.99994 

roo o.99995 

M A{ (}, ~ A1 Pt ~ 

w_.to* IV_ ..tO If W_x"o" /V_xfO'- w_, ,(01, W..xiOit W_xioV 

33.880 75.826 77.533 89.439 85.~13 39.714 41.227 

36.450 81.897 84.069 96.553 92.399 42.762 44.618 

38.759 87.337 89.837 102.818 98. 776 45.420 47.615 

40.8II 92.220 95.018 108.410 104.512 47.821 50.306 

54.278 124.584 129.420 145.5II 142.,)II 63.552 68.157 

62.178 143.618 149.676 167.365 !05.,)87 72.773 78.659 

67.784 I 57. I45 164.048 182.890 181.' )50 79.331 86.127 

72.137 167.644 175.227 194.939 I93.·f52 84.412 91.920 

75,694 176.225 184.365 204.785 203. )90 88.566 96.657 

78.701 183.482 192.093 213.200 212. [62 92.081 100.663 

81.308 189.769 198.807 220.413 219. >90 95.127 104.135 

83.607 195.307 204.713 226.684 226~ [43 97.812 107.197 

85.663 200.275 209.996 232.468 232.1)06 100.213 109.935 

200 0.999987500 99.191 232.914 244.762 269.827 270.~i82 II6.015 127.947 

300 0.999994444 107.099 252.009 265.075 291.742 293 153 125.253 138.494 

400 0.999996875 II2.715 265.558 279.530 307.286 309.166 131.814 145.969 

500 0.999998000 II? .071 276.066 290.696 319.344 321 588 136.900 151.771 

600 0.99999B61I 120.627 284.652 299.841 329.196 331. 737 141.056 156.515 

700 0.999998979 ~23.636 291.913 307.574 337.527 340. 318 144.570 160.521 

800 0.999999219 126.242 298.201 314.271 344.742 347.751 147.610 163.993 

900 0.999999383 128.540 303.749 320.180 351.107 354.308 150.298 167.056 

1000 0.999999500 130.596 308.708 325.464 356.800 360.173 152.699 169.794 
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TaCIJIH!ta 9 

BeHHQHHH vV~ ~AS pa3JIKQHHX r 
Al ~ Cu.. G-R A:f Pf At< 

l tS J.4_ ~ 104 
W+K'fo" w,.r~o" ~do* ~KII' ·~x(Qif. W.,.x-10'-

I~OI 0-!4037 0.!28 0.222 0.255 0.2!4 0.274 0.!4! 0.1JO 

1.02 0~!9706 0.252 0~434 0.496 0.419 0.5.35 0.278 0.25.3 
1.03 0.2.3959 0.372 0.638 0.726 0.617 0.787 0.410 0.371 
1.04 0.27467 0.489 0.836 0.948 0.809 1.031 0.540 0.487 

1.05 0.3049] 0.604 1.029 1.163 0.997 1.270 0.667 0.599 
1.06 0.3316~ 0.718 1.218 1.372 !.179 1.505 0.792 0.709 
1.07 0.3557~· 0.830 1.404 1.577 1.358 I. 7.36 0.9!6 0.817 
1.08 0.3777:: 0.941 1.586 1.778 1.534 1.963 1.038 0.924 
!.09 0.3978') 1.051 1.765 1.975 1.705 2.188 1.158 1.029. 

1.1 0.4166) 1;160 1.942 2.170 1.874 2.401 1~277 1.1.3.3 
1.2 0.55277 2.194 3.598 4.019 3.4.32 4~531 2.404 2.!!8 

1 • .3 0.63897 3.157 5.II2 5.767 4.819 0.526 3.442 3.037 
1.4 0.699f5 4.062 6.527 7.45.3 6.089 8.426 4.410 3.909 

1.5 0.745:6 4.917 7.862 9.087 7.271 10.245 5.321 4.741 
1.6 0.870ti2 5.727 9.!.30 10.672 8.380 II.989 6.182 5~5.36 

1~7 0.8081i9 6.499 10.340 12.210 9.428 1.3.605 6.999 6.299 

!~8 0.83H8 7.234 II.497 1.3.702 10.425 15.276 7.776 7.031 

1~9 0.850~ 7.937 12.605 15.!48 II~376 16.825 8.518 7.736 
2; 0~866)3 8~610 1.3.671 16.552 12.286 18.318 9.227 8.414 

3. 0.94231 . 14.108 22.5II 28.535 19.773 30.762 15.010 14.070 

4. 0.96f25 18.156 29.154 s7a57 25~381 40.102 19.266 18.325 

5. 0.97~ 80 21.349 34.457 45.!93 29.863 47.530 22.625 21.717 

6. 0.98t.01 23.982 38.921 5!.387 33.656 53.689 25.398 24.530 
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Af t1{ ~ G.£ Ag pt At{ 

-1- 11 ~,:fo~~ "4xJO* "4)1 10 * I./., dO~ l~ ... IO'· ~xiO'- w,." 10
4 

7 0.98974 26.258 42.684 56.717 36.829 5~.041 27.798 26.970 

8 o.99216 28.2!4 46.006 61.362 39.650 6 3o630 29.859 29.073 

9 0.9938! 29.943 48.940 65.484 42~!36 6 7.623 31.683 30.936 

IO 0.99499 31.538 5!.57! 69.!90 44.388 7:.272 33.365 32.6!5 

20 0.99875 41.8!3 69.056 93.825 59.267 9:i.525 44.208 43.735 

30 0.99944 47.848 79.360 108.350 68.046.!0!1.695 50.58! 50.281 

40 0.99969 52. IJ1 b6 'It·,~~::. ~:· ·>: # ~) 'ti 74.297 Il~1.807 55.!05 54.933 

50 0.99980 55. 415:-l 92.~1()4 1?6.698 79.!52 !2".657 58.619 58.545 

60 0.99986 58.!78 97.037 !33.254 83.!!7 IJL-.073 6!.492 6!.499 

70 0.99990 60.476 !00.973 138.797 86.474 !3~'.499 63.920 63.995 

80 ,:).9999;: 62.47! !04.385 143.602 89.384 !41.200 66.027 66.161 

90 0.99994 64.227 107.394 147.840 9!.950 !4£. 347 67.882 68.069 

IOO 0.99995 65.799 1!0.084 !5!.630 94.244 !5~.057 69.542 69.776 

200 0.999987500 76.142 127.784 176o570 109.348 176.462 80.470 81.0!3 

300 0.999994444 82.188 138.!50 191.162 118.180 19C.740 86.857 87.583 

400 0.999996875 rm.483 !45.496 20!.516 124.452 20C.87I 91.394 92.248 

500 0.999998000 89.8!2 15!.197 209.546 129.315 208.729 94.912 95.866 

600 o. 9999986!! 92.532 155.860 216.!05 133.288 2!5.!48 97.784 98.821 

700 0.999998979 94.832 159.798 221.653 !36.648 220.577 !00.2!4 101.320 

800 0.9999992!9" 96.825 163.207 226.462 139.554 225.281 !02.3!9 !03.484 

900 0.999999383 98.563 166.220 230.701 142.124 229.429 104.176 105.394 

!000 0.999999500 10C.152 168.91! 234.493 !44.421 233.!39 !05.836 107.!01 



TaCiu~ IO 

CpaBB8Bile w_ ll w+ ,Jt.IIS p8.3.UqBHl[ 3.1elleB:rOB 

B OlBHSXOBOI OCinacrB ~ 

. Af II{ £:« ~ AJ Pi Aft 

r l-/...•-'Dif w_,..,c+- v_ ... ,o* W..x1o* 1./_K Jo" hi_ riO" j,J_J(/0~ 

!.7 7.839 7.IJO 6.152 7.588 7.724 7.848 6.!24 

5 27.415 26.186 24.443 26.980 27.052 27.391 24.345) 

10 40.8II 39.47E 37.583 40.342 40.390 40.788 37.468 

70 78.701 77.3311 75.383 78.221 ~8.278 78.678 75.261 

M' ;\( ~ G.e 4g- PI Al( 
·--

! hl,x1o v 
hltx·O" h4x1o" ~xiO 

., 
tv_.r~o" IV, dtJ't 1.4 xfo" 

1.7 6.499 5.04 7 4.189 4.246 7.445 5.929 4.676 

5 21.349 16.58~ 14.324 13.317 25.718 19.107 16.186 

10 31.538 24.663 2I.6I5 I9658 38.333 28.170 24.383 

70 60.476 47.9~0 42.78 38.009 74.197 54.II8 48.047 

----
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CHaqana y6b!B£l8T, a IIpH y "' 1 Q Eb!XOAHT Ha ITllaTO. A : TO, B CB0!0 0'-Ho·· 

peah, 03HaqaeT, qro poeT •mcna qJOTOHOB W c y > 10 

OTCH MH0)!\IiT8Jl8M K ( (J, y) • H a puc .30 noKa3aaa 3a ~liCl1i·AOCTh W 1 

OT y KCTOpa5I T8K)K8 MO)K8T npe.QCTaBJIHTh l1ltT8pl' 

tl3 pHC. 24.;- 27 CJieJJ.yeT, 'ITO CyMMapHOO '!!lClJO rp )TOHOR ( W 

L(JISI pa3!I!P-!IlbiX 9Jl81\l8HTOB, KOTOpbJe Moryr 6biTb HCITQ;,b30!WHbl B C'\OT"ll':-

4 .. r 
KaX rrepeXOLIHOT'O H3JIY'!8HHSI, ):(8)1(8 J].JHI Y =10 COCTF Bl!T He ()QJ:ece U.l 

qiOTOHa Ha OAHOil ITJiacnme. fi09TOMY IJ.JlH TOT'O, '-'TOG bi ITOJIY'l"HTb 1!8 TGJJl:-KO 

BhiCOKYlO 9<\Jc'~eKTHBHOC'I'b perHCTpaUHH '!8CTHU, HO H .QO< IT8TO<J:Il0 TO'lHO onoe-

L\ y 
/l8JIH'I'b -

y 
'!8CTIIU He06XOJJ.IIMO yCHJIIITb 9cpljleKT ITYT<~M IICIIOJlb30BBRHH 

' 60JiblliOrO '!IICJia ITJIBCTIIH. 

1. 30Hbl dJOpMIIPOBBHHH 

/6/ 
KaK IIOKa3aJI f.M.fapn65IH , B Ha6opHOM paJJ;HdTOpe TOJililHHa IIJIBC-

TIIH H paCCT051HII51 Mex;gy HIIMII He MoryT 6b!Tb IIpOH3B :JJibHhiMH. KBaHT ne-

peXOAHOrO H3JiyqeHH5I B pe3ynbTaTe nepeCTpOHKH 9lleK1pOMarHHTHOrO ITOJ151 

0TpbiBaeTC51 OT 'IaCTliUbl He cpa3y, a P,n5I ero qJOpM!IpOB8HII51 Tpe6yeTC5! 

orrpegeneHHhiH nyTb. 

B BaKyyMe"3oHa ¢opMHpoBaHH51 onpegen5IeTC5! paieHCTBOM 

2c 
' 

w(l-{3 2 +8
2

) 
(13) 
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r.Qe () -yron aany•nHHSl, 

T.e. () .. 0 , a ror.Qa 

w -ero "'aCTOTa. ITpa 6ollbmKX y 1 
() ... --, 

y 

(14) 

r.Qe 1 B eM. IToa roMy paccToSlllHe Me)I{.Qy nnaCTHH&MH ua6opuoro pa.QHa

Topa .QOJI)I(HO 6b!Tb 

(15) 

3 0 
ITpH y =10 H >. =~ 140A oHo rronyqaeTCSI y)l{e aHa"'HTellbHhiM H paBHORb'5cM. 

3oua ~opMapoiaHHSI B cpe.Qe onpe.QensreTCSl ~opMynoa 

c 
R 

Cp 
(w,O)= (16) 

r.Qe =
. 1 _4rrN_e2 

w
0 

V -nnaaMeHH8Sl "18CTOT8 ( 
m 

3 
N -qacno aTOMOB B eM , 

e 
1

m -aapS!Jl H Macca aneKTPOHa}. 

ITpa 6oJibmHx y 4JopMyna ( 16) HMeeT BH.Q: 

cp 

2 
c w 0 1 -l 

=-(---+--] 
w 2w 2 Y

2 
(17} R 

BeJIH"'HHhi w 
0 

.QJISl HeCKOJlhKHX 9JleMeHTOB 1IpHBe~eH~ B Ta6n. 11 . 

3neMeHT 

2 
w 

0 

AI 1031 

' 

245,96 

Ta6nnna 11 

Ni 1031 

' 
793,86 

28 

Au 
1 

10
31 

1465,5 848,65 



npH ITO)lC'IeTe 

neHHbie B Ta6n. 12. 

3neMeHT z 

AI 13 

Ni 28 

Ag 47 

Au 78 

0 

2 
w 

0 
6b!llH HCITOJib30B8!Ibl Cll8JJ.Y!D I!He B8llH'IH!Ibi, IIpHBe-

Ta6mma 12 

A p 
3 

(r/cM ) npHM8'!8HHe 

26,88 2,6886 LJHcno ABora.o:po 

58,71 8,8 
23 

N A -6,02486.10 I 

107,9 10,3 e • 4,77.10-lO CGSE 

197,0 19,32 
-28 

m • 9,107.10 r 

( 17) npn >. -6280A q>opMyna .O:JISI R IIpi'!HHMI .eT BI'!.O:: 
cp 

R AI = 10-5 
( 136, 64 

1 -1 
cp + --] CM; y 2 

Ni 1 -1 

Rep 10-
5 

[ 441,04 + -- 1 CMi 
y 2 

R~; 
-5 r 471,47 + 

1 1-1 
10 --I CM; 

}' 2 

(18) 

A 5 _1_]-1 
R u = 10- [ 814,17 + 2 CM. 

cp Y 

TaKHM o6pa30M, B aa6opaoM pa.o:naTope .~OJI)KHO 6biTb Bb!IIOJIHeHo eme 

.O:OIIOJIHBTenbHOe ycJIOBHe: 

(19) 
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2. Pac"''eT "''HCna $oTosneKTpoHOB, Bhi6HBaeMbiX 

rrepeXOJlHl>IM H3JIY"''8HH8M C $OTOK8TOJla $OTOYM-

HO JKHT8Jl5I 

EcnH crreKTp m'pexonahiX $oToaoB HMeeT saBllCHMOCTb W ( ,\) , To 

"''Hcno (jloToaneKTpoHCB N .~, , Bhi6HBaeMhiX c $oToKaTo.[(a (jJOTOYMl!OJKHTe-
\l'·an. • 

JISI CO CII9KTpalibl!Oli "'YBCTBHT9Jlbl!OCTb!O S ( ,\) , 6y.[(9T onpe.[(aJISITbC5I 

Bh!p8JK9l!H9M 

N ,\2 

$.an."' E 1J ( ,\ m) J 
,\I 

,\ 

,\ 

m 
S(,\)W(A}d,\ =E7J(,\m) ¢(y) • (20) 

r.[(e E -Kos$<jJHUHel!T, y"''HThiBaromHli rroTepH nepexo.[(H:oro asny"''eaast AO rro-

UMallHSI l!a $OTOK8TC.[(, 1J ( ,\m) -KBal!TOBB!I 8<jl{jleKTHBl!OCTb <jlOTOK8TOJl8 B 

MBKCHMyMe "''YBCTBHT9Jlbl!OCTH, S ( ,\ m) = 1 

BenH"''HHa 1J ( \,) IIO.[(C"''HTh!BaeTCfl rro cpopMyne 

( 
-3 

1J A ) = n S .10 
m 0 

$OT08JI8KTpOH 

(21) 
KBB!!T C ,\ m 

r.[(e S O -Hl!Terpa.IIhl!8R "''YBCTBHT9JlbHOCTb <PoTOKaTO.[(a B MKa/nM. 3Ha"''e

HliH K08QcpHUli9HTOB n .[(JIR pa3JIH"''HhiX $OTOK8TO.D,OB IlpHB9.[(9l!hl B Ta6n.13. 

Ta6nHua 13 

THn !IJoroKar,),n;a 
A!7l [;\] K 

Cyt:o:auiHo-ne3HeBwli Jf- C-6 
oOiit.IHOe creKJn) 

3900 +SOO .. soo 3,53 

B:wc:azyro-cegeopRHt>-ne3HeBW! 
j -5 ' 

5000 +400 
-600 0,97 

Cyp:o:MaHO•KaJI:raeBO••HarpHeBo-
ne3HeBwi » u .• a 4250 +IOO 

-250 I,2I 

Cyp&WIHO~Ue3HeBHJ i C-IS 
(KBapneBOe OK iO) 3900 +300 

-roo 3,62 
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nng cypbMHHO-Ue3HeBoro ¢lOTOK8TOA8 N9C-6 (crreLTp8.1IbH8H xapaKTe

pHCTHKa KOTOporo llpHBeAeHa Ha pHC.::I}) 5binH Bbl'ilfC./IE Hbl Be./IH'ilfHbl lfHTer-

paJIOB If> ( Y ) , BXOAHIU!fe B qJOpMyJiy (~Q) AJIH Tpex :OJieMeHTOB If Tpex 

y • Pe3y./IbTaTbi rrpHBe,lleHbi B Ta5n. 14. 

C llOMO!Ub!O Ta5n. 14 , qJOpMy ./I ( 20} H ( 21) OUeHH \.1 N rrpH E = 1 
qJ.9JI. 

( qJOTOHbl rrepeXOAHOrO H3•Iy'ieHHH, HCIIyiUeHHbie BIIepeA H H838A C051Ip8IOTCH 

Ha ljJOTOYMHOlKHTeJIB llOJIHOCTb!O) ,ll./IH y "'500 H IIJI8CTHHKH H3 Ni \ 5 0 • 

50 MK8/MM) 

N -3 -2 -3 
m "'3,53.50.10 1,~5.10 .. 2,2.10 ¢!. 3./I. 
'1'•9./I. 

TaKHM o5pa3oM, ang nony"'eHHH N •10 rrpH y •500 Tpe5yeTCH 

3 
¢l.9n. 

OK0./10 4,b5.10 !1./IBCTHH C paCCTOSIHHSIMH MelK,llY HHMH c:ornaCHO {14) He 

MeHee R b =1,25 CM. 

171 
KaK rroKa3an LM.fapH5HH , rrpB 5onbiUHX 

1 y ( 0 .. - ) pac"'eT 
y 

'iHC./18 qJOTOHOB rrepeXOAHOrO H3Jiy"'eHHH MOlKHO yllpOCTH"b, TBK K8K B 9TOM 

CJiy'iae qJOpMyny {~) YABeTCH !1pOHHTerpHpOB8Tb !10 0 B pe3yJibTaTe 

Bblp8lKeHHe AJIH "'HC./18 qJOTOHOB, HCIIyiUeHHb!X BIIepeA B 'llf8II830He A./IHH 

BO./IH OT A I AO A 2 yrrpOIUaeTCH H CBO,llHTCH ,ll./IH cny~ ag TOJICTOii ( Heiip03-

p8"'HOii) ll./ISCTHHKH K CJie,llyiOIUeMy: 

W(A A ). 
I 2 \22) 

<l>opMyny (22) MQ)!(HO rrepe!1HC8Tb B TepMHH8X Y 

TOJICTb!X !1./IBCTHHOK: 

d W m e 2 1 
---,. -~-- (2fn2y -1) \. 

dA rrtc " (23) 
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8 COOTBeTCTBHH C cpopMynaMH (~::J) H t20) 'IHCnc• <jlOT03neKTpOHOB OT 

m nnaCTHHOK 6yaeT: 

N,~, • l'T/ (A 
'+'•an. m 

s (AlA 
___ ...,::m:,_ dA. t24) 

.llnsr cypbMHHo-ueaaesoro <jloTOKaToaa .NJC-6 

A 2 S( AlA m -2 
K. ( y > 1000) .. f d A = 46,0 X 10 

- At A2 

N n:>H BbiCOKHX 
<j>.3n. 

y OT 

nepexoaHoro aany'l:eHHH snepea npeo6paayeTcsr K saay: 

N "" t 'T/ ( A ) ~ ( 2 f.n 2 y - 1 ) K. ( y >_ H 00 l , 
<jl.3n. m rr 

rae K. ( y ~ 1000 l onpe.nensreTC sr <j>opMy noA ( 25}, a 
l -

Pac'l:eT N m no cpopMyne (26) ansr y c500, n •1 (ansr H3ny'l:e-
'1'·3n. 

HHH Bnepea} aaeT npH6nB3HTenhHO BaBoe 6onhmyro Be~H'IHHy, '19M no cpop-

Myne t20} co cnexTpaMH cpoTOHOB, npHseaeHHhiMH Ha I•Hc.24+-27 ansr y • 

-500. 

no-sHaHMOMy, 3TO CBH38HO C TeM, 'ITO cpOpMyny (26) MOMHO npHMe

HHTb ansr 6onee Bb!COKHX y . 

EcnH caenaTb npeanonoMeHHe, 'ITO B c'l:eT'IHKe, I•a6oTaromeM sa ne

pexoaaoM H3ny'l:eHHH OT '18CTHI1, anSI KOTOpb!X Cnpasea.IHBa <j>OpMyna (28), 

perHCTpHpyeTCSI OnTH'I9CKOe H3ny'l:eHHe TOnhKO Bnepea, TO MOMHO nony'l:HTb 

<j>OpMyny ang 'IHCna nnaCTHH "m , He06XOJlHMbiX ]lns; nony'l:eHHSI 38Jl8H-
• d y 

Horo paapemeHHH B BHae 
y 

(2 fn 2 y -llrr 
m • ----------------~------

(A )aK.( --!!..L) 2 

m Y 
4tq 

{:.).7) 

rae K onpeaensreTcsr cpopMynoif (25}, a 'T/ (Am)- (21 ). 
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flOilC'ieT 'iHCila pOT031l9KTpOHOB, Bbl6HBaeMblX nepexO,ttHbiM H31IY'iQHH-

eM, HCnynteHHbiM Ha31lll IIpK npOXO>KilQHHH 'iaCTHnei\ CTOnKB TOIICTblX nnac-

,'7/ 
,tton>KeK npOB3BOilHTbC£ no ~OpMylle TBHOK m) cornacao 

"H " 2 .\.2 v7-l 2 s ( .\.) .\.. 
N cp • l"' (.\. ) ~:!_ (2 fn 2y -1) f I I m d.\.. (28} .sn. m t .\. v? + 1 .\,2 n c 1 

T.e. pac'ieT no 3TOH cl>opMylle CBSI3aH C y'ieTOM aaBHCHMOCTH l , ( .\.) MaTe-

pHalla nllaCTHHOK. 

llOCMOTpHM, 'i914Y 6ylleT paBHO 'iBCIIO IIII8CTHHOK m llllSI IIOJiy'i9HH51 

~ -(),315 IIpH )' z5Q0. llpe/lCTaBileHHe 0 TOM, KaKHe )' 
y 

HM910T paa-

IIB'iHble 'iaCTHIIbl npB paallB'iHblX 3Hepra£X
1
1la9T Ta6n. 16. 

Ecllll l -1 , 71 ( .\. ) .. 0,176 l 5 0 •50 MKalnM) llllS! ~OTOKaTo.tta 
m 5 

l'f9C-6, TO m COI'IlaCHO cpopMyne (27) COCTaBHT m •1 ,8.10 • flpH 3TOM 

0 
30Ha cpopMHpOBaHH£ I BaKyyMe /lllSI 

IlpHB9/l9T K o6m;eA lllHHe C'i9T'iHKa 

.\. -6280A COCTaBBT R b • 2,3 CM, 'iTO 

5 3 
L •m Rb -4,5.10 CM •4,5.10 M, 

3T01 KOH9'iHO, aepaa:rMRli£ B9JlB'iHRa llll51 C'i9T'iHKa. 

381lBBIIIHCb llllHf .Oil: C'i9T'iHKa L =10 M, orrpellellBM y , IlpH KOTOpOil: 

eme HM99T CMblCII llE·IlaTb TaKHe C'i9T'iHKH: 

Y'"V 
L 

m • 10-5. 

rile L B CM, flOCK)IlbKY llllSI IIOliY'i9HHSI 

IIOrapH~MH'ieCKH, TO THH 3aBHCHT OT )' 

5 
• 2.10 r a TOI'Ila COI'Il8CHO (29) IIO.Jiy'iaeM 

m 

3lillaHliOI'O ..!L 
y 

(29) 

'iBCllo nnac-

MO>KHO C'iHTliTb ptiBHblM 

Y lim 
= 22,5, llpH TaKOM )' 

H _!L_ .. 0,3 MOl!< HO IIOIIY'iHTb paapeiiieHHe 
y 

t>.{J d y 1 
·--,r - -,-- -,~2_-1- -· .. 6· 10 • 
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r 

Ta6JIIilUS. IS 

3aBiilCDOCU. r or aueprlillil llaCtlilll MS: :IpOtOBOB, 

fililOBOB lit KaOBOBo 

T [GilV] Op J;f" Jk --
0,3 1.320 3.152 . -1,607 

0,66 1~703 5.734 -2,336 

I 2.066 8.174 -3,024 

5 6.329 36.868 -II,I2I 

IO II.66 72.736 -21,243 

20 22.32 144.47 -41,485 

30 32.98 216.21 -61,729 

40 43.63 287.94 -81.500 

50 54.29 359.68 102.25 

60 64.95 431.42 122.46 
• 

70 75~61 503.15 142.70 

160 107.58 717.33 203.51 

200 214~2 1435.7 406.02 

300 320;8 2153.1 608~53 

400 427,32 2866.37 8II.05 

500 533;90 3582.95 !013~56 

600 640.48 4299ei8 1216.07 

700 747.07 5015.33 1418.59 

800 853.65 5732.75 I62Ieii 

900 960;23 6449.63 1823.61 

1000 1066.81 7166;58 2026ol7 
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Bpan nH HMee1 CMhlCL nenaTb cqeT'IHK.H aa nepexo.aHOM H3nY'feHHH, 

o6ecrre"'HBaJOmHe paapemeoe, K.OTopoe 6ea oco6oro Tpy.aa MOlKeT 6b1Tb 

IIOJiy'leHO C .llH!jl!jlepeHUHallbBhlMH r830BblMH C'I9T'IBK8MH ropaa.ao MeHbmei!: 

.anHHbl, 

TaKHM o6pa30M, H8 OCHOB8HHH IlpOH3Be.U8HHbiX p8C"'eTO~ MOlKHO c.uenaTb 

BhlBO.ll 1 'ITO OCHOBHbl M rrpeiiSITCTBHeM K HCIIOnb30BaHHIO C'I9T'IBK.OB nepexo.a

HOrO H3ny'leHHSI1 pae OTaiOIUHX B OIITH'l:8CKOM .llHaii830He H C paapemeHH8M 

-4 << 6.10 SIHnSieTCSI pe3K08 ysenH'IeHHe 30Hhl <flopMHpOB8HHSI Rb , 

a cne.aosaTenbHO, H paaMepos scero C'leT'IHita. 

lfT06bl HM8Tb IIOnHoe .IIP8.llCTaBneHHe 0 B03MOlKHOCTSIX HCIIOllb30B8HHSI 

nepexo.auoro xany'leiiHSI OIITH'IecKoro .uxanaaoaa .anB .aeTeKTHposaHHB qac-

THU 1 KaK H8M K.alKeTCB, HMeeT CMblCn BCCne,UOBaTb xapaKTepHCTHKH nepe-

XO.UHOrO H3Jiy'leHHH 11pH HaKnOHHOM Il8.ll8HBH 'l:aCTHU Ha rpaHHUY paanena 

cpeJl. 

ABTOPhi 6naro~ apHhl C.MxxanBK.y aa rrpe.uocTasneHHe naHHhiX o KOMII-

neKCHhiX .UHaneJtTpH'18CKHX IlpOHHUaeMOCTBX, HCIIOllb30BaHHhlX B paC'IeTaX. 
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