
~ ., , 3 . 
· ost.s.aHHEHHbl A 

HHCTHTYT 
JI,QEPHbiX 

HCCnE.QOBAHH.A 

lb«S••· 

II 
I 
I 

I • 

1970 

P4 - 4t80 

I 

HEKOTOPYE OCOBEHHOCTH 

fiEPEXO~HOrO HJnYqEHHH 

J 



KKH3h~utH OJOHtrOX3d3U 

~HH390JO 3Rd0l0~3H 

086t -td 



l, TeopHSI nepexoaHoro HanyqeHHSI 6bma nepsoHs qanbHO nocTpoeHa 

Ill 
npH HecKonbKiiX ynpotnaiO!IIHX npeanono)KeHHSIX , Dpe anonaranocb, 'ITO 

aapH)KeHHBSI 'IBCTHUa nepeceKaeT rpaHHUY paaaena llB)X cpea, llBHraSicb no 

HOpManH K rpaHHue npHMOnHHe~Ho H paBHOMepHo, DpH aToM nosepxHoCTb 

p83Jlena ( 06bi'IHO 8TO rpaHHUB Me)KJly BBKYYMOM H rrp 3nOMnSIIOUie~ CpellO~) 

C'IHTanacb nnocxo~ H aepxanbHO rnaaxo~. CneayH T~OpHH, aHa'IHTenbHoe 

'IHCnO 8KCIIepHMeHTanbHblX pa6oT nOCBSIUieHO IIepeXOllH )MY H3ny'leHHIO 'IBC-

x/ 
THU 1 llBH)KyUIHXCSI no HOpManH K IIOBepxHOCTii , B OC:HOBHOM 8KCIIepHMeH..,. 

TBnbHble llBHHble HBXOilSITCSI B cornaCHH C TeOpHe~. DpH 6oM68pllHpOBKe IIO

sepxHOCTe~ MeTannoa aneKTpoHaM H ( KaK npaBHno, c aHeprHe~ oT HecKonb

KHX K8B llO 100 K8B) rrepeXOilHOe Hany'leHHe, no-BHilHl10My, BHOCHT OCHOB

HO~ BKnBil B onTH'IeCKYIO '18CTb CIIeKTpa Ha6niOll8eMor J CBe'leHHSI, TeM He 

MeHee nepexoaHoe HanyqeHHe, sepoHTHo , HHKoraa He Ha6niOaaeTcSI B 'IH

CTOM BHJle, TaK, HanpHMep, H3BeCTH0 1 'ITO IIOnSipH38Ul Sl H3ny'leHHSI 1 KO

TOpaSI anSI nepexonHoro Hany'leHHSI aon)KHB 6biTb pasHa 100%, oqeHb cHnbHO 

38BHCHT OT K8'1eCTB8 nonHpOBKH IlOBepXHOCTH MeTanna, 3TOT BOnpoc HellO-

CT8TO'IHO H3y'leH H TeOpeTH'IeCKH 1 H 8KCnepHMeHTanb 10, 

x/ 
06aop 8KCnepHMeHT8nbHbiX pa6oT1 Tenepb y)Ke BO MHOrOM YCTa-

peBUIH~, COilep)KHTCSI B pa6oTe/2/, 
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Ecmr nepeXOAHOE! H3nyqeHHe Bbi3B8HO aneKTpOH8MH 1 TO B KaqeCTBe 

npHMeCH BCei'A8 npHC;"TCTByeT TOpM03HOe H3nyqeHHe, KpOMe TOI'0 0 BeCbM8 

aepOHTHO HanHqHe nJOMHHeCUeHUHH 0 He HCKnJoqeHa H B03MO)KHOCTb H3ny

qeHHH K:8KO:l!:-TO HeH3B,~CTHO:l!: npHpOAblo 3TO A008BOq.ftoe H3nyqeHHe H3y-

qeHo rroKa 3HaqHTenbrO xy)Ke, qeM nepexonHoe. OTneneHHe ero oT nepe

XOAHoro OObJqHo OCHOB8HO H8 npennono)KeHHH, qTo OHO He nOnS!pH30B8H0 0 

qTO Kpai1:He HeHaAe)KH!Io llnsr BbiAeneHHSI ero MO)KeT OK838TbCSI none3Hb!M 

H3yqeHHe cneKTpa H yrnoaoro pacnpeneneHHSI H3nyqeHHSI, Bhi3hiBaeMoro 

38pS!)KeHHbiMH qaCTHUBMH npH pa3nHqHOM HanpaBneHHH CKOpOCTH qaCTHU 

OTHOCHTenbHO noBepX!l OCTH. 3TO TeM 6onee HHTepeCHO noTOMY 1 qTQ npH 

KOCOM (a TOqHee, nO'TH CKOnb3SimeM) naAeHHH aneKTpOHOB Ha noaepx

HOCTb cepe6pa 6bma o6Hapy)KeHa aHoManHsr, 3aaenoMo He cornacyromaS!cSI 

/3-5/ 
c TeopHei1: ne pexonHor o H3nyqeHHSI. B pa6oTax 6hmo noKa3aHo, qTo 

npH KOCOM naAeHHH Cf!neKTHBHO ycHnHBaeTCSI nonsrpH30B8HH8SI qaCTb cneKT

pa B o6naCTH 3500 }!. • 3Ty 8HOM8nlfrD OOblqHo CBSI3biB8rDT C B030Y)KJleHHeM 

/3/ 
noBepxHOCTHbiX nna3M3HHbiX BOnH 1 KOTOpble MOI'YT H3nyqaTbCSI B BaKyyM 

nHmb npH ycnoBHH 1 q1o noaepxHOCTb cepe6pa He S!BnS!eTCSI HneanbHo:l!: nnoc-

/6/ /7/ 
KOCTbrD • 0JlH8KO npaBHnbHOCTb TaKOH HHTepnpeT8UHH OCnapHBaeTCSI 

EcnH 8HanH3 BOllpOC8 00 OTKnOHeHHH noBepXHOCTH OT HJleanbHOH 3ep-

KanbHOH noBepXHOCTH CnO)KeH K8K C 9KCnepHMeHTanbHOll:, T8K H C TeopeTH

qeCKOH TOqKJi 3peHH.SI 1 TO orpaHHqeJ;ae TeopHH TOnbKO cnyqaeM llBH)KeHH.SI 

qaCTHU no HOpManH, ~OHeqH0 1 COBCeM He S!BnS!eTCSI OOSI38TenbHbiM. llell:-

CTBHTenbH0 1 p.SIA TeOp3THqecKHX paOOT Obln nOCB.SJmeH nepeXOilHOMy H3nyqe

HHrD npH HaKnOHHOM n llleHHH qacTHU Ha noaepxHoCTb 
1 8• 9• 10 ~ 201 x/ .Dat}JoMo

BbJM ObinO nOK838H0 1 'ITO Jln.SJ Hepen.SJTHBHCTCKHX qaCTHUbl nepeXOilHOe H3-

nyqeHHe K8K no HHTef.CHBHOCTH 1 TaK H no yrnOBOMy pacnpeneneHHrD T8KOe 

)Ke 1 K8K npH llBH)KeHHJI qacTHUbl no HOpManH 1 HO CO CKOpOCTbrD 1 paBHOll: 

/8 10/ 
V x = V cos cp , T.e. Jl8BHOi1: HOpManbHOH COCT8Bn.SJromell: CKOpOCTH 

1 
• 

x/ 11112,211 
HeKOTopbie ac.IeKThl npo5neMbi paccMoTpeHbi B pa6oTax ' • 

DpenmecTayromaSI nHTE paTypa no aToMy Bonpocy npHBeneHa B pa6oTe/ 10/. 
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KaqecTBeHHO STOT pe3ynbTaT HeTpyaHO !lOHHTb, nepEftaeM B CHCTe-

My KoopaHHaT, B KOTopoA cpeaa aBH)I{eTCH napannenbHO ci.oeA nosepx

HOCTH CO CKOpOCTbi01 paBHOA Ta.Hre.HuHanbHOii cnaraiOIUeit CKOpOCTH qac

THilblo B STOH CHCTeMe KOOpaHHaT rpaHHUa pa3aena Herroai3H)I{Ha, a qac

THUa aBH)I{eTCH no HOpManH K Heft CO CKOpOCTbiO v x =V co~cp. EcnH T8H

reHUHanbHaH CKOpOCTb Mana no cpaBHeHHIO CO CKOpOCTbiO ~BeTa, TO H3-

MeHeHHeM OnTHqecKHX CBOftCTB Cpeabl 3a cq~T aBH)I{eHHH ~ acp¢eKT8MH 1 CBH-

3aHHb!MH c a6eppauHeit cseTa, MO)I{HO npeHe6peqb, Toraa nepexoaHoe H3-

nyqeHHe 6yaeT TaKoe )l{e 1 KaK B HerroaBH)I{HOft CHCTeMe, F 6yaeT onpeae

nHTbCH HOpManbHOA COCTaBnHIOIUeft CKOpOCTH V x""vcoscp • 3TOT pe3ynb-

T8T 1 KOHeqH0 1 He H3MeHHTCH 1 eCnH V << c , npH o6paTHOM nepexoae 

B noKOHIUYIOCH CHCTeMy KOOpaHHaT, 

B cnyqae nepexoaHoro H3nyqeHHH rrpH penSITHBHCTCKHX ~KopoCTHX H HaK

l!OHHOM rraaeHHH qaCTHU «l!opMynbi KaK anH HHTeHCHBHOCTH, TaK H anH yrnoso-

T'O pacnpeaeneHHH 3HaqHTenbHO ycnO)I{HHIOTCH,H STO 3aTpyaHSI9T aHanH3 

sKcrrepHMeHTanbHbiX aaHHbiX, noaToMy · Ka3anocb pauHoHa;lbHbiM aaTb 

rrpocToe TeopeTHqecKoe paccMoTpeHHe 9TOH rrpo6neMbl 1 np fBoasrrueli: K 3arrH

CH «l!opMyn B BHae, yao6HOM ansr HX aHanH3a H cpaBHeHHS: C Ollb!TOM, 

B cTaTbe paccMoTpeH H psra qacTHbiX cnyqaes rrpHMeHeHHSI o6umx «l!opMyn, 

2, ByaeM paccMaTpHBaTb rrepexoaHoe H3ny'IeHHe, BO~<HHKaiOruee rrpH 

rrepece'IeHHH qaCTHU9H1 HM9IOIUeil: CKOpOCTb V H 3apHa e , rrnocKol!: rpa-

HHUbl Me)l{ay BaKyyMOM H cpeaoil: C !lOKa3aTeneM rrpel!OMnE!HHS! D , 

ByaeM C'IHTaTb1 'ITO ocb X HarrpasneHa neprreHaHKynsrpHo K rpaHHUe pa3-

aena cpeaa-saKyyM c nono)I{HTenbHbiM HarrpasneHHeM B CT)POHY saKyyMa, 

fpaHHUY pa3aena COBMeCTHM C rrnoCKOCTbiO Y,Z) H 3.<: aaqano KoopaH-

HaT rrpHMeM TO'IKY rrepeceqeHHSl · rpaHHilbl Cpeabi TpaeKTOp!leH 'IaCTHUbl, l13-

ny'IeHHe 6yaeM onpeaenHTb B BaKyyMe, B rrnocKOCTH (X,Y) rroa yrnoMEl< -2-
no oTHO!lleHHIO K ocH X ( npoeKuHH ny'Ia Ha ocH X H Y , T,e, cos El 
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H sin EJ t 6yA911 C'IHTaTb liOnO)KHT9nbHblMH) •· '-ITO KaCa9TCSI HalipaBn9HHSI ... 
LIBH)K9HHSI 'JaCTHU bl r ,. ~ t , TO 9rO C'JHTa9M lipOH3BOnbHbiMo 

flp9)KLI9 '1911 paccMaTpHBaTb 3aaaqy o IT9p9xoa HOM H3ny'I9HHH, yao6-

HO p9WHTb BCliOI\IOraT9nbHYIO 3a}:laqy. norryCTHM 0 'ITO B BaKyyM9 B TO'I

Iwt 
K9 L Ha paCCT )SIHHH r OT Ha'Jana KOOpLIHHaT HaXOLIHTCSI LIHliOnb Pw e 

Orrp9A9nHM 9ro r:on9 E A ( Pw ) B TO'IK9 A a a 6oru:.moM paccTOSIHHH R0 >>r 

oT aaqana Koopa I HaT. By £19M C'IHTaTb TO'IKY A n9)KaiD9ll: B linOCKOCTH 

(X,Y) H B9KTop R 0 o6pa.3yJOIDHM c OCb!O X yron (8<!...) , a c OCb!O 
2 

Y - yron ( !!_- El ). flpH aToM aorrycTHM, 'ITO R 0 HacTonbKO B9nHKO no 
2 

cpaBH9HHIO c r, 'ITO lipS! MaS! R , C09LIHHSIIOIUaSI A L, o6pa3y9T 

c R0 O'I9Hb Manbi~ yron, T.9. R rrpaKTH'I9CKH rrapann9nbHO rrnoCKOCTH 

(X, Y) ( CM. pH Co 1) H, Cn9AOBaT9nbHO, HarrpaBnSIIOIDH9 KOCHHYCbl R C OCSI-, 
MH KOOpLIH!faT-TaK)K9 (cosEJ, sin EJ) 

Orrp9Ji9n9HH e rronH E A ( p w ) LIH rronH p w ycnO)KH9HO T9M 1 'ITO 

cn9ayeT y'IHTbiBa rb HanH'IH9 rpaHHUbi pa3A9na aeyx cpea, pacrronO)K9HHoll: 

oKono Pw 3Ty TPYLIHOCTb n9rKO o6oli:TH C liOMOWb!O T90p9Mbl B3aHMHO-

CTH. nnSI aToro ]l TO'IKY A 
twt 

liOM9CTHM LIHliOnb p A e 9LIHHH'IHOll: aMrrnH-

TYLibi (: p A j .. l), :~arrpaen9HHbill: rr9pli9HLIHKynHpHo R H opH9HTHpoBaHHbill: 

nH6o B rrnocKOCTJI (X, Y ) , o6o3Ra'IHM 9ro p 
11 

nH6o rrapann9nbHO ocH 
l A 

Z - p ( CM, pHC. 2) • H93aBHCHMO OT OpH9HTaUHH H BenH'IHHbl p W 
A 

T90p9Ma B3aHMHC CTH yTB9p)K}:Ia9T1 'ITO 

E ( p ) p cos ( E p ) "'E ( p ) p cos ( E p ). 
AWA AA LAW LW 

(2.1) 

3A9Cb cneBit CTOHT lipOH3B9}:19HH9 B9nH'IHHbl HalipS!)K9HHOCTH aneKTpH-

'I9CKoro rronH E \ ( p w ), C03AaBa9Moro AHrroneM p w 

B9nH'IHHbl p A H KOCHHyca yrna M9)KLIY E A (pw ) H p A • B rrpa-

soli: cropoH9 paB9JICTBa - HarrpS!)K9HHOCTb aneKTpH'IecKoro nonS! E ( p ), 
L A 
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coanasaeMoro nnnoneM pA 

KOCHHYC yrna Me >KAY E ( p ) 
L A 

.UonycTHM caaqana, qTo 

B TOqKe L 

H pw 

PA 3TO 

0 YMHO>KeJIHaSI Ha pw H Ha 

l 
PA Ere none s yaaneaHol!: 

ToqKe L cnaraeTcSI H3 nsyx cocTasmuoumx, KOTopbw MO>KHo paccMaTpH

BaTb KBK CYMMY ABYX nnoCKHX BOnH (eM. pHCo 2a H ~6), a MMeHHo: BOnHbi 0 

npMXOASIWel!: npHMO H3 A B L (seKTOp k R JianpasneH no R ) . 
H sonHhi, npHxonSimel!: s L nocne oTpa>KeHMH OT rpaHHUbi paanena ( seK

... 
TOp kR 

.r 

l 
) • TaK KaK p A opneHTMposaH nepnea-

AHKynHpHO 

HanpasneH no 1\ r 

nnoCKOCTH (X,Y), To M coanasaeMbilt HM seKTOp aneKrpnqecKo-

ro nonH o6enx aTMX sonH nepneHAHKynHpeH nnocKocrn (X,Y), T.e. Hanpas-

neH no ocH Z 

TaKMM o6paaoM, 

E 
l l .1 

( p A .. E +E 
1 r · L 1 

( 2.2) 

npHTOM 
l l lcp I cp I 

E 
1 
.. E

0 
e e rAe 

.l lcp 
E 

0 
e - aMnnHTyAa H <jlaaa 

sonHbio npHXOASimel!: H3 TOqKM A B TOqKy x,.y ,.z ""0 

qTo rpaHMUbi paaAena cpeA HeT, a «flaaoBbil!: MHO)I(MTenb 

npn ycnoBHM, 
I cp I 

e yqHTbiBaeT, 

qTo TOqKa L 
.l l lcp 

CMemeHa OTHOCMTenbHO Haqana KOOpAHi8To AHanorHqHO 

E =E 0 e rl 
1r 

lcp 2 
e - none BOnHbi 0 OTpa>KeHHOl!: OT rpaHHUbl pa3Aena, ... 

3AeCb r l - Koa¢lqmuHeHT <l>peHenH oTpa)l(eHHol!: so 1Hbi c seKTopoM E , 

rreprreHAHKynSipHbiM rrnOCKOCTH rraAeHHSI. 

0TCIOA8 

l l 
EL(p ) .. E 

A 0 

lcp( lcpl .lcp2) 
e e +rl e • ( 2.3) 

l 
noncTaBMM Terrepb 3TO 3HaqeHne E L ( p A B ( 2 ,1). t{To KacaeTCSI 

0 TO paanO)I(HM ero H8 TpH COCTBBnSIJOWMe, o;meHTHpOB8HHbie no 

- P 
X • py Z 6 OCSIM KOOpAHHST W W H p W , H yneJ.-1 paCCM8TpHB8Tb 

ypaBHeHHe ( 2.1) OTLlenbHO AnSI KB>KAOl!: H3 9TKX · KOMITOHeHT. 
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nocKOnhKy E L (p -~ ) HarrpaaneHO ITO OCH Z , TO rrpaBaH qaCTh 

X 

( 2.}) paBHa Hymo B CJ:yqae, ecnH B Hee BXOilHT p W 
y 

HnH p W • fleaaH 

qacTh paBeHCTBa rrpH <•TOM TaKJKe llOnJKHa ObiTh paaHa Hymo. 8To aHaqHT, 

qTo E A ( p w ) , T.e. rr )ne B ToqKe A , rreprreHilHKynHfJHo p i, ecnH oHo 

C031laeTCH KOMITOHeHTa~H p X 

w 
X 

CKHH aeKTOp rronH, coaoaaaeMorc P w 

p y 
w CnelloBaTenbHo, aneKTpHqe-

, neJKHT B IInOCKOCTH 

(X , Y) H IIpHTOM 0 ITOCKOnhKY II One rrorre peqHoe, TO OHO rreprreHilHKynHpHO 

R (T.e. rrapannenbHO p II ). CoaeprneHHO TaK JKe nerKo y5ellHThCH, 
A 

qTo none p C: coallae" BeKTop E :.).A , Ha.rrpaaneHHbii!: rro Z , T.e. 
:.). l ~ l 

rrapannenhHbiH p A , noaToMy B cnyqae P A H P ~ KaK cos( E A p A)=l, 

TaK H cos ( E L p ~ ) = l, rrpHqeM I p AI= l , TOI'Ila H3 ( 2.1) H ( 2.3) rrony-

.J lcp lcp lcp 
E ( p z ) = p z E e ( e 1+ r1 e 2 

). 
A w W 0 

A MrrnHTYilY rronH Eo H ljla3bl ¢.¢1 ¢2 

:oaTenhHO, Hai!:TH E A ( p c: ). 
X 

llnH orrpelleneHHH rronH llHITOnei!: Pw H 

( 2.4) 

nerKo orrpellenHTh H, cne11o-

y 
Pw cne11yeT rrocTyiTHTh 

J. 
aHanorHqHbiM oopa30M C TeM pa3nHqHeM, 'iTO BMeCTO p A HallO BOCIIOnh-

30BaThCH p ~ o 113 pH Co 2a H 3 b BHilHO, qTO IIpOeKUHH Ha OCh X B~K-
.... II .... 11 

Topa E 
1 

H E
12 

aonH, HllYIUHX H3 A rrpHMO H rrocne oTpaJKeHHH 

OT rpaHHUbl pas/lena, lpOITOpUHOHanhHbl sin("). 0TC!Oila aHanorHqHo ( 2.4) 

HMeeM: 

X X II 
E (p )=p E 

A w W 0 

lcp lcp 1 lcp 2 
e (sin ®· e + r II sin (") e ). ( 2.5) 
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3JleCb E (p x ) 
A W 

X 
- none llOnong p w B TO"'Ke A H r 1r · - Koa<j><j>HUHeHT 

<t>peHeng llnB oTpa)KeHHoil aonHhi c E B nnocKOCTH nallE HHB • 

... II 
DpoeKUHH BeKTopoB E 

1 

... 
H E II (eM, pHc, 2a H :<b) Ha ocb Y 

1r 

!IpO!IOpUHOH8nbHbl -cos@ H cos@ , 
y 

H, cnelloBaTenbHo, QnB nong p w B 

TO"'Ke A nony"'HM 

E 
A 

II -I.. I c/Jt !cp 2 
( y) y E . . I "'( "" "" ) P w = p w 

0 
e -coso e + r ll cos 0 e . (2 ,6) 

ConocTaangg <j>opMynhi (2,4), (2,5) H (2,6), cnelly·~T o6paTHTb BHH-

MaHHe Ha TO, 'ITO cf· • cp t H cp 2 B HHX OllHH8KOBhi. OT) O"'eBHilHO, T8K 

K8K BO BCeX Tpex cny"'8BX H IIOnO)KeHHe HCTO'IHHK8 H3ny 1eHHB ( TO"'K8 L ) , 

H TO"'Ka Ha6molleHH g A 

3To cymeCTBeHHO, T.K. B llanbHelhueM npHileTCB cy \1MHpoBaTb none 

OT KOMIIOHeHT llHIIOneii p w , pacnono)KeHHbiX BllOnb C llHOR H TOR )Ke !IpS!-... ... 
MOR f , H B pe3ynbTaTe aToro npoeKUHH Ha ocH KoopHHHaT E t H E 12 

X y Z 

6yllyT YMH0)1(8TbCB Ha KOa<j><iJHUHeHThi, OllHH8KOBhie .JJ.n.g p w , p W H .p w • 
-+ 1·1 -+ II -+..!. -+~ 

DpoeKUHH BeKTopoB E: 1 , E tr H El'Etr ;• HCIIOJlb30BaHHhie B <jlopMy-

t¢ tcf. lcp 
nax (2 ,4 )- (2.6) ( 6e3 <jla30BhiX MHO)KHTeneil e , e 1 , e 2 H JleneH-

Hhie Ha Eo ) ' co6paHhi BMecTe B Ta6n. 1. B Ta6n. 1 IIpHBelleHbl T8K)Ke ... ... 
HanpaBnBIOlllHe KOCHHyChl llnB R H R,. CTon6eu e :vt - STO Hanpaa-

nBIOUlHe KOCHHYChl c OCBMH TpOeKTOpHH llBH)KeHHB "18CTHI:. 0HH 6yllyT Hy)K-

Hhl B ll8nbHeilrue M TeKCTe, 

Ta6nHua 1 

r= ... ... R' ~ ;"~ E .IJ F:~ E ;~ v t R r tr 

X cos¢ cos e -cos® sin® r sin® 0 0 
II 

y cosx sin e +sine -cos® r IJ cos® 0 

z cos r./J 0 0 0 0 I fJ_ 
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Ta6m!Ua 2 

t =: t If, ~ 1 f 

X cos¢ cos 8 '= .!..y n 2- siJ e f . S' I f sin ® 
n n SIR .. -; rr 0 

y . ~~ , I . ® . I lr2 2: 
cosx · SIR· ' = - SIR " - f cos® ' = - - f n -sin ® n u· n ll 0 

z cosr/1 0 0 f.L 

nnSI ,llanbHeihnE PQ paCCMOTpeHHSI noHa,ll06SITCSI aHanOJ:tH'IHbl8 <!JopMynbi 

,llnSI nonS!, C03,llaBaeHOI'O B TO'IK8 

He B BaKyyMe, a B '';pe.lle (X < 0) 

A .llHnoneM • p e 
twt 

, pacnonoMeHHbiM 
w 

B HeKOTOpOfi TO'IK8 L' Ha paccTOSI-

HHH f' OT Ha'l:an.l KOOp.llHHaT. J1cnonb3YSI CHOBa KOMnOHeHTbi 
X 

p w 
y 

pw H p; ,none nei'KO onpe,llenHTb aHanOI'H'IHO TOMY 1 KaK 8TO 6binO 

C.llenaHo .llnSI TO'IKH L , HO nonb3YSICb pHc. 2c. flocKonbKY L' H A 

pacnonoMeHbi no pa~ Hbie cTopOHbi oT rpaHHUbi cpe.llbi, TO H3 A B L' 

rrpHXO.llHT TonbKO rrpnnoMneHHaSI Ha rpaHHUe paa.llena BonHa, H, cne.llOBaTenb-

HO, aMIInHTy.lla ee y v!HOMaeTCSI Ha fu 
paCCMaTpHBaeTCSI II01Ie p ·11 HnH p lA 

. A 

<PpeHenSI .llnSI rrpeno1v neHHOfi BOnHbi c E-> 

HnH f J, B 3aBHCHMOCTH OT TOI'01 

B IInOCKOCTH IIa,lleHHSI HnH IIepiieH-

.llHKynSipHO K Hefi) • J<poMe TOI'0 1 BOnHa B cpe.lle paCIIpOCTpaHSieTCSI He B.llOnb 
.... 

BeKTOpa , a B HarrpaBneHHH rrpenoMneHHoro nyqa R r • H anpaBnSIIO-
... -> ->.L 

IUHe KOCHHYCbi R r H E 1
1} H E ir nerKo orrpe.nenHTb H3 pHc. 2c. 

fl onbay SICb Ta6n. 2 E-> il ->J, 
aHanOI'H'IHOH 1' HO .llnSI 1f H E If ' HnH pH c. 2c, 

rrony'IHM 

II X X e t¢ f II .!..sine 
t¢3 

E, (p ) ... p e (2.7) A W W n 

E,ll(py)-py 1¢ 1 -;-
sin 

2
8 

1¢3 
(2.8) e ~--vn- e 

A W W I n 
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(2,9) 

<l>asa ¢
3 

38BHCHT TOnbKO OT rrono~eHHH TO~K~ L' , B KOTOpOH 

pacrrono~eH nHrronb Pw noCKOnbKY B ITpHB8ll8HHhlE 3ll8Cb ¢opMynhl BXO-

llHT K03¢¢HUH8HTbl <l>peHenH, TO nng nanbH8Hlll8f'O 8H8Jl H38 Heo6XOllHMO Bbl-

ITHC8Tb HX B HBHOM BHll8 nng ypna IT8ll8HHH @ , no>ano6HTCH H H8KOTO-

pbl8 COOTH0lll8HHH Me~ny K03¢¢HUH8HT8MH <l>peHenH, KCT0pbl8 TaK~8 ITpHBO-

llHTCH snecb: 

, 2 .. jn 2 - sin 2 8 n cos8 
r 

H 2 
cos8 + ~~ n SID " 

2 n cos8 
f -. 

II 
n 2cos8+ /n 2 - sin 28 

l+r =nf , 

II I~ ;;-2_ sin28 
l-r

11 

d
11

- ,;.__ ___ _ 
n cus8 

CooTBeTCTBeHHO nnH r .l. H f .1. HMeeM: 

cos8 -/n 2- sin 2 8 

cos 8 + /n 
2
- sin 

2 
8 

(2,10) 

(2.11) 

(2.12) 

(2.13) 

(2.14) 

(2.15) 

3, npHM8HHM T8IT8pb rrony~eHHb!8 pesynbT8Tbl Un51 paCCMOTp8HHH rre-

pexonHof'o asny~eHHH. 
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By .oeM C"'lfT8TE:, 'ITO '18C Tlfll8 ( 38psm e , CKOpOCTb v .OBif)KeTC S1 

B H8np8BneHiflf BeKTt~8 11 nepeceK8eT B MOMeHT t"' 0 rp8HifllY 

p83.oen8 B TO"'Ke X = Y = Z = 0 , .OBifi'8SICb 113 cpe.Ohi B B8KyyM, T8KifM o5-

p830M 1 nonO)KeHHe 33pSI.08 OTHOCifTenbHO H8'18n8 KOOp.OifH8T B MOMeHT 

onpe.oenSieTCSI BeKT~lOM 

(3.1) 

By.oeM onpe.oenSITb ~HeprRro, lf3ny'18eMyro B B8KYYM B H8np8BneHiflf BeKTOp8 
-> 

R 0 no.o yrnoM e K HOpM8nlf ( H8nOMHifM, 'ITO OCif KOOP.OifH8T Bh!5p8-
-> 

Hhi T8K, 'ITO npoeKUI!If R 0 H8 ocn: X 11 Y 

nonO)KifTenbHbl 1 B TO BpeMSI K8K H8np8BneHHe f 
If R0 sinEl, 

npOH3BOnbHO.), 

Ecn11 p83nO)Kif1b none .OBif)KymerocSI 38pSI.08 no '18CTOTe, TO .onSI nro-

5oi:i ero KOMnoHeHTJ,I W OHO TO)K.OeCTBeHHhiM o5p830M MO)KeT 5b!Tb npe.o-

CT8BneHO nol!eM COJIOKynHOCTif HenOABif)KHhiX AlfiiOneii., P8CnOnO)!<eHHhiX no 

BCeH Tp8eKTOPiflf '18~Tifllhl £ 
pOCTif ::: ( T,e, BAOl!b IIO BeKTOpy 

If OplfeHTifpOB8HHhiX B H8np8BlleHiflf CKO -

t ). 
DnnorrbHhiii. MOr1eHT, KOTOpbiH cne.oyeT npHIIHC8Tb T8KifM AHnonSIM, 

p8CnonO)KeHHhiM H8 :•neMeHTe AnlfHhl Tp8eKTOplfH 

r 
lwCt- ~) 

lwt i e 
-e d£. 
21Tw 

/1 13/ 
d £1 p8BeH Benlf"'HHe 

1 

(3.2 ) 

T8KifM o5p830~t, annorrn HMeroT 8MIInHTyay, He 38BifCSimyro oT , a 

~838 KOne5aHI{H omleAenSieTCSI MOMeHTOM npoXO)K):leHifSI '18CTifl{eii. TO"'Kif L 

DnSI peweHifSI 38.08'1H o nepexo.onoM R3ny"'eHifH neo5xo.OllMO npocyMMllpOB8Tb 

none BCeX .Ollnoneii., p8CnOnO)KeHHbiX B cpe.oe (- oo < £ ~ 0) If B B8KyyMe 

(o _s r < oo) • 

DonyCTHM, 'ITO BeKTOp p w r HMeeT H8np8BnSiromlle KOCHHYCbl' npllBe-

.oeHHhie B T85n. 1 llJIIf 2. Tora8 ll3 ( 3.2) llMeeM 
1w£ 

x ie 
p = p cos¢ "' -- e 
w£ w£ 211w 

v 
cos¢. ( 3,3) 

12 



------------------------~-- --- --~-- ~---~ 

AHanorlf'IHO aToMy p. Y 
CLJf 

rrony'-!aTC5! 3HMBHOH B (3.3) 

cos¢ COOTBSTCTBSHHO Ha cosx li cost/1. 

f10JlCT8B115!5! 3Tii BSllli'-lliHhl p x p y 1i pWz B ypaBHSHii5! §2 1i liH-
W W 

Tei'plipyg ITO e ' nerKO orrpeJlenHTb BSllli'-lliHY EA a 3aTeM Bbl'-lliCllliTb 

li Benli'-lliHy IIOTOKa 3Hepi'Iili • ( lln51 3TOI'O, KOHS'-IHO,~ HY >KHO B 5!BHOM BliJlS 

38IIIiCaTb E 0 li cpa3hi ¢ ) • fv1 O.>KHO IIOKa3aTb IIpli 

3TOM 1 'ITO none JlliiiOnefi, yJlaneHHb!X OT rpaHiillhl pa3)lefla, B pesynbTBTe 

liHTepcpepeHUiili I'8CiiTC5! H II03TOMY B pesynbTBT liHTerpnpOBaHii5l acpqleKTHB-

Hb!M 00p830M BX0Jl5!T TOllbKO OI'paHH'-ISHHbiS Y'-IBCTKH rry fH '-18CT1illbl B Cpe)le 

li B BaKyyMe, npliMb!KBIOIUHe C TOll H Jlpyroii CTOpOHhl K rpaHHUe pa3)lena 

(HX )lnHHy OIIpeJle115!ST TBK H83h!B8SMblt): IIyTb KOI'epeHTI OCT1i 1 5!B1l5l!Oll(HllC5! 

aHanoroM 30Hbi t:PpeHeng). IToaToMy rrpeJlrrono.>KeHHe o rv anocTH £ rro 

cpaBHBHiiJO c R 0 He orpaHH'-IHBaeT o6ruHOCTii BbiBOt:ta. Bbi'-IHCneHHH HeT-

x/ 
PYJlHO BbiiiOnHHTb , HO B 3TOM HeT HeOOXOJlliMOCTii. 

x/ w 2 iw Ro 
B caMOM .Qene, nerKo noKa3aTb, 'ITO E 0 "'--z;;-, a¢=- -c-- , ¢

1 ,, . ,. c R 0 
iw ( IW "'-- e COB EB) li ¢ ., __ fcos(eR). 0TCJO.Qa, HBIIpliMep, ypaBHeHne 
c .. 2 c 2 Ro 

11 lwt iew I<J(t--) 
ii3(3.3) IIpliHHMaeTBiiJlE4(px£)e =- 2 -e . 

0 
X 

· w ·277c Ro 

( 
-·~o-(3co s( f~)- .l.!iL<~ P. o" 

xcos¢ sin'3 e v + r e- v r(l"'-,._.co~( rRr ). 
tl 

HHTei'plipyg 3TO ypaBHSHiie no £ OT 0 JlO H IIpliHiM85! BO BHiiMBHHe, 

'ITO liHTerpan orrpe.QenHeTCH ero 3Ha'-!eHHeM npH Hli.>KHeM rrpe.Qene, nony'IHM 
X • 

)ln51 JlliiiOnefi p W 1 COOTBeTCTBYJOIUiiX IIyTii '-18CT1illbl E BaKyyMe OT rpa-

Hiillbl pa3Jlena, R0 
II ev lw(t--;-) ~ siriEl sin 3 ~ 

E A or - 2 e cos ¢ + r 
x 21Tc Ro l-f3cos(r R) II 1- f3 ·~os(fRr) 

AHallOI'Ii'-IHbiM o6pasoM nerKo IIOJlC'-IHTa Tb none .QHrroneti fl J , p C: 
HeTpy.QHO Bb!IIOllHiiTb TaKoe .>Ke liHTerp!ipOBBHHe li JlJI5! J HHOneti c e < 0. 
B cpopMyne .Qn51 E 1~ - , rrony'-leHHOH 3/lSCb, cne.QyeT <l6paTHTb BHHMBHiie 

Ha K03cpcpHUiieHTbl IIpli sin €) H r sin EJ B cpHI'ypHb!X CK ::J6KaX. 0Hii xapaK

Te.pHbl .Qn51 paCCMa TpHBaeMOll 38Jl8'-IH. 
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B caMoM nene,B qacTHOM cny'lae nBH,:'eHHH qacTHUhi no HOpManR K rpaHR-

ue pa3nena (cos¢"' l, cosx"' cos 1/J = 0) pe3ynhTaT xopowo H3BecTeH H 

5hm BnepBbie non;·'leH nByMH MeTonaMH, B TOM 'lHCne R C noMO!I{b!O HCnOnh
x/ 

30BaHHOH 3nech T ~opeMhi B3aRMHOCTH • H a ocP!oBaHRH CKa3aHHoro 3necb 

oH aneMeHTapHbiM o5pa3oM o5o5maeTCH Ha cnyqaft npoR3BOnbHoro Hanpas-

neHHH CKOpOCTH. 

8 Hepl"'HH nep exonHOI"'O H3ny'leHH H 'l8CTHUbl ( C 3ap HnOM e H CKOpOCTb!O 

v ) , nepeceKaJOJUeif rpaHHUY .M~*nY cpenoft c noKa3aTeneM npenoMneHHH 

D H BaKyyMOM 1 HpH nBR)I(eHHH no HOpManH K rpaHHU~ pa3nena ( Bnonb 

OCH X paBHa ( Ha enRHRUY TeneCHOI"'O yrna non yrnOM EJ 

W(w) 
n 

r,, 
-·-· 

1
2. sin e 0 -a (3.4) 

3 

CMbiCn a Toil ljlopMynhi noHHTeH. OepBbie nsa qneHa non 3HaKOM KBanpa Ta 

MOnynH onpenenSIJOrCH TpaeKTOpHeH 'laCTHUbl B BaKyyMe OT rpaHHUbl pa3ne

na (cp. c 2.5) H rpeTRH qneH- TpaeKTOpHeif B cpene no rpaHHUhi pa3nena 

(eM. 2. 7). B caMe M nene, KpoMe KoaljlljlHuHeHTa, o5mero nn51 scex qneHOB, 

0 
H -a 3 1 KOTOpble nony'la!OTC51 B pe3ynbTaTe RH-

HH51 5biCTpO nBH*Y UeHCH 'laCTRUbl BenR'lRHbl a (s cpene c noKa3aTeneM 

npenoMneHHH n HMe!OT BHn 

l 
a= 

" (3.5) 
1- f3 n cos (e r 

rne non 3HaKOM KCCHHyCa CTORT yron Me)l(ny HanpasneHHeM CKOpOCTH (T.e ... 
BeKTOpa f , T.e. B HaweM cny'lae 

x/A " 5 BTOp pan BCUOI>IHHTb, 'ITO npH BbiiTOnHeHHH nEJlBOH pa OTbl no nepexon-
HOMy H3ny'leHHJO C(IBMeCTHO c B.JI. fHH35yproM 11 socn.onh30B8ThCH Teo

peMoil: B3aHMHOCTH noco13eTosan M.A. JleoHTOBH'l. Ylcnonb30BaHHe TeopeMhi 
B3aHMHOCTH OK838nOCb y.no5Hb!M MeTOnOM peweHH51 TaKOI"'O pona 3ana'l, 
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... ... ... 
e R, R r HnH R t eoOTBeTeTBYIOIUHe a o603118'1HM a 1 • , a 2 

a
3 

(eM, (4,5) H (4,7) H peaynbTaT, npHBeJleHHbiil E npit:Me'laHHH). As

"/14/ 
TOp npeJlnOlKHn HS3b!B8Tb BenH'IHHY a .,K094J4JHUH9H~'OM KOI'epeHTHOeTH 

B Jl8HHOM eny'lae 11BHlK9HHe HanpasneHo no oeH X 
" 

noll (e r) 
... ... 

eneJlyeT noHHMaTb yrnbi BeKTopos R, R r 

TaKHM o6paaoM (eM, nepsy10 eTpoKy Ta6n. 1 H 2): 

0 1 
at 

1-,Bcose 

0 1 
a2 

1 +,8 cos® 

0 1 1 
as 

1 -,8 n cos@' 1-,Byn2
- sin 29 

H, eneJloBaTenbHO, ... 
H R t e oebiO X. 

(3.6) 

(3.7) 

(3.8) 

3Jleeb npe)lnonaranoeb, 'ITO '18eTHU8 JlBHlK9TeSI H3 ep9.lbl .B BaKyyM (no-

nolKHTenbHOe HanpasneHHe oeH X ) , flpH JlBHlK9HHH H3 BaKyyMa B epeJly 

" COS ( f r ) M9HSI9T 3H8K Ha 06paTHblit H B 3H8M9H8T9nE K09<fJ<fJiiUii9HTOB KO-

repeHTHOeTH MeHSieTeSI 3HaK nepeJl ,B • B 'laeTHOM ~ny'lae HepenHTH-

BHeTeKoii '18eTHUbl ( ,8<< 1 , ,8 D << 1) K09<fJ<fJHUH9HTbi KOI'epeHTHOeTH 

= 1 H HH.TeHeHBHOeTb nepeXOJlHOI'O 1!3ny'I9HHSI He 38BHeHT 

OT TOI'O, JlBHlKeTeSI nH '18CTHU8 H3 BaKyyMa B epeJly HJ!H o6paTHO, 

B paceMOTpeHHOM eny'lae H3ny'leHHe onpeJlenHeTc Sl p ·= p c:; H, 

· E .... ll 
ene)lOB8TenbHO, 9n9KTpH'19CKHH B9KT0p nonSI H3ny'leHHSI A nelKHT B 

nnoeKoeTH Ha6niOJl9HHSI ( nnoeKoeTb (X, Y )) 

nonHOeTblO nonSipH30B8HO, 

DepeXOJlHOe H3ny'leHHe JlnH eny'laH JlBHlKeHHSI 'lae-rHUbi no HOpManH 

K noBepXHOeTH Cp9Jlbl SIBHnOeb npeJlM9TOM PSIJl8 9Kenep~M9HTOB H B H8CTOSI

lU99 Bp9MSI H3Y'I9HO JlOBOnbHO Jl9T8nbHO, 8TO rr03BOnSie~· yTB9plKJl8Tb, 'ITO 

OCHOBHbl9 BbiBOJlbl <fJopM)'nbi (3,4) Jl0CT8TO'IHO XOpOIUO onpaBJlbiB8IOTeSI Ha 

On biTe, 
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4. HcnollbaySI ctaaaHHoe a §2 H §3, nerKo o6o6mHTb TeopHIO nepexo.o.

Horo H311Y'I9HHSI Ha Cl:yqai!: JJ.BH:>K9HHSI '18CTHUbl B npOH3BOilbHOM HanpaaneHHH 
-+ 

f no OTHOlU9HHIO K noaepXHOCTH paa.o.ena. 

Ylany'leHHe pa3JJ.ni1HM Ha JJ.Be KOMllOHeHTbi. IlepaaSI - STO H3ny'leHHe, 
-+ 

nongpH38UHSI KOToporc• onpe.o.enSieTCSI aeKTopoM E A , ne:>Ka!UHM B nnoc-

KOCTH (X' Y) , nonyqaiOmeecSI npH cyMMHpoaaHHH nonea .o.Hnonea p x 
w 

z 
H p ~ • BTopaSI KC MllOHeHTa H3l!Y'19HHSI onpeJJ.911SI9TCSI JJ.HllOilSIMH p W 

-+ 

nongpHaauHSI ero TaKc·aa, 'ITO aeKTop E HanpaaneH BJJ.Oilb OCH Z .Pe-

aynbTaT CI10:>K9HHSI JJ.Hl!Oilei!: p:: 6yJJ.eT OTI1H'I8TbCSI OT (3.4) TeM, 'ITO HX 

aenH'IHHa Tenepb He ) w , a p w cos¢ ( CM. 3.3). KpoMe Toro, JJ.IlSI Ha-

XO:>KJJ.eHHSI Koslfl.PHuHeH'~OB a. cnet:~yeT HcnonbaoaaTb (3.5). Y'IHTbiBaSI sTo, 

nony'IHM, 'ITO a o6meJA cny'lae JJ.HnonH p X 

w 
onpeJJ.911SIT UOJJ. 3H8KOM KB8JJ.-

paTa Mo.o.yng cne.o.yiOII ee Bbipa:>KeHHe; 

f 
cos¢ (a 1 sin~.,. a2 r ,,. sin ~ -a 3 + sine ) • 

y 
AHanorH'IHbiM o6paao111 onpe.o.enHTCSI iH BKilaA JJ.HIIOnea p w 

( 4.1 ) 

, aenH'IHHa Ko-

TophiX nponopuHoHallblla p w cos x • HanoMHHM npH sToM, 'ITO cyMMHpo-

B8HH9 ITOIISI JJ.HllOilei!: rpOHCXOJJ.HT K8K B Clly'lae p X 

w 
, TaK H B cnyqae 

ITO TeM :>Ke TO'IK8M TpaeKTOpHH • I1 OSTOMY COOTB9TCT8YIO!UH9 

.o.pyr .o.pyry '1119Hbl ypHBH9HHi!: (2.4) H (2.6), (2.7) H (2.8) 6yAyT HM9Tb 

OJJ.HH8K0Bbl9 KOS.P.PHUHI!HTbi: a
1 

,a
2 

, -a 
3 

• nnSI onpe.o.eneHHSI 8Mlli1HTYJJ.hl 

ITOIISI npome BC91"0 BO<:llOilb30B8TbCSI Ta6n. 1 H 2 H 38M9HHTb B911H'IHHbl 
-+II -+JI -+II 

CTpOKH X cTon6um: E'1 , E H E , KOTOpbie B (4.1) axo.o.SIT 
12 r 

K8K ·KOS!fllflHUH9HTbl llpll a 
1 

, a
2 

, - a
3 

, H8 B911H'IHHbi, CTOSI!UHe B CTpOKe 

Y Tex :>Ke cTon6um~. TaKHM o6paaoM, BMecTo ( 4.1) nony'IHM 

fn 
cosx(-a cos® + tt r cos®+ a

3 
- ..j n 2- sin 2® ) 

1 2 11· n • 
( 4.2) 
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B pe3yllhT8Te, o6o6W8SI ( 3,4) anSI KOMnOHeHTbl r epexoaHOr'O H3nyqe-
... 

HHSI c E B nnocKOCTH (X, Y) , nonyqaeM 

( 4.3) 

z 
TaKoe )Ke paccy)KaeHHe nerKo BhmonHHTh anSI aHnoneil P w , BenH'IHHa 

KOTOpb!X paBH8 p W cos tP , nnSI :3T0r'O K0:3tPtPHUHeHTbl npH a 1 ,.a 2 H -a3 

B (4,1) HnH (4,2) Haao 38MeHHTb BenH'IHH8MH CTpOKH z -o.l 
cTon6uoB E 

1 
, 

... .l ... .l 
E H E Ta6n, 1 H 2. OTciOaa anSI HHTeHCHBHOCTH KOMnoHeHThi ne-

12 . H _. 

pexoaHoro H3ny'leHHSI c E , nonSipH30B8HHbiM no OCH z , nonyqaeM 

cos t/1 (a 
1 
+ a 

2 
r .l - a 

3 
f .l ( 4,4) 

BenH'IHHhi K0:3tPtPHUHeHTOB ¢peHenSI npHBeaeHhi B !flopM:rnax (2.10)-(2.15). 

t{To KacaeorcSI a 1 . , ~ 

nonyqaeM 

, TO H3 (3,5) H n<>llh3YSICb Ta6n,1 H 2, 

1 1 

" 
( 4.5) 

1-,Bros(fR) l'- ,B (cos¢ cos® + cosx sin €) 

1 1 
a "' " 

a--, 
2 

1- ,B cos ( f R ) 1+{3 (cos¢ cos®- COS)( sin®) 
r 

( 4.6) 

1 1 
a " -3 1- ,Bn cosH R,) 1- ,13( cos¢,jn 2 - sin29 + c~s): sinl3) 

( 4. 7) 

B qacTHOM cny'lae, Koraa aBH)KeHHe npoHcxoaHT no o:::H X (. cmt.¢= I, cosx,.o. 

costfr .. O ), TO, KaK H cneaoBano O)I(HaaTb, nonyqaeM a
1 
""a 1 °,a 2 =-a2°,a 3 =~· 

DpH :3TOM w .l =0 H (4,3) TO)KaeCTBeHHO C (3,4), 

nocKonhKY pc,'; , p: 

W tl Ha KOMnOHeHTbi, TO 

H p. z 
w L 

H W 

17 
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B9TCTBYIOUlHe HM BO.IlH ol OT.IlH'IaiOTCSI M9>KJlY COO Oft He TOIIbKO IIO aMII.IlHTY

Jle, HO H IIO lfla3e, B pe3y.llbTaTe CBeT rrepeXOJlHOro H3.1ly'leHHSI HMeeT S.ll.llHII

TH'IeCKYIO rro.nHpH3allHio, (3ToT aorrpoc paccMoTpeH a pa5oTe B.E. ITalfloMo-

/10 15/ 
Ba ' ) , cllopMyllhl ( 4,3) H ( 4,4), pa3yMeeTCSI0 T,O>KJl9CTB9HHbl C IIony'leH-

/ 10,20/ 
Hb!MII paHee , 110 H3-3a HHOrO BbiOOpa CHCTeMbl KOOpJlHHaT HerrocpeJl-

CTB9HHOe HX CpaBHeHH·~ He BO BCeX cny'laSIX IIpOCTO 
x/ 

5, PaccMoTpHM HeKOTOphie 'laCTHhie cnyqau, HB.IlSIIOIJlHeCH c.neJlCTBHeM 

!flop My .II ( 4,3) H ( 4,4), KOTOpbie MoryT rrpeJlCTaB.IlSITb HHTepeC IIpH HHTep-

rrpeTallHH SKCIIepHMeHTallbHbiX )laHHbiX, 

a) H e p e .11 5I T H B H C T C K a 5I C K 0 p 0 C T b 'I a C T H ll hi ( {3 « 1 , l'f3n !<<I), 
B STOM C.lly'lae O'leBHt:Ho: a I =a 2 = a 3 "' 1 • 

KOS~HllHeHTaMH cllpeHE•.IlSI (2,15) H (2,12) cpa3y C.lleJlyeT, 'ITO Be.llH'IHHa 
J. 

W (cu) a (4,4) OOI•amaeTCSI a Hyllb, a a (4.3) paaeH HYlliO KOS~HllHeHT 

rrpu cos8 cosx , B p•~3y.llbTaTe (4.3) oT.IlH'IaeTCSI oT (3,4) TO.IlbKO Koslfl-

2 
lfJHllHeHTOM cos ¢ • TaKHM o5pa3oM, no.nyqaeM pe3y.llbTaT ITa!floMoaa: rre-

peXOJlHOe H3.1ly'I9HH9 Ilj)H Hepe.llSITHBHCTCKHX CKOpOCTSIX H IIpOH3BO.IlbHOM yr-

ne IIaJleHHSI TaKOe >Ke, KaK IIpH HOpMallbHOM IIaJleHHH, HO IIpH CKOpOCTH, paB

HOft COCTaB.IlSIIOUleft CKC>pOCTH IIO HOpMa.llH 

v av cos¢. (5.1) 
X 

cllopMyny JlllSI SHeprHH rrepeXOJlHOrO H3.1ly'leHHSI MO>KHO, IIpH STOM 3aMeHSISI 

' II H f II ero 3H.l'leHHSIMH (2,10), (2,12), 3aiiHCaTb TaK! 

x/ B pa5oTe ITalfloMoaa rrnocKOCTb ( Y,Z ) , rJle Z - HOpManb K rpaHHlle 

CpeJlbl , BbiOpaHa TaK, 'ITO HaiipaaneHHe JlBH>KeHHSI .lle>KHT B STOft II.IlOCKOCTH 

( Y •vy t , Z = v z t ) , a HarrpaaneHHe Ha5niOJleHHH rrpOH3BOIIbHo (cos 8 x , 

cos8 y , cos'9 z ). 3Jlecb, Hao5opoT, Jl.llH yJlOOCTBa 3aiiHCH lflopMyn rrpeJlno

.naraeTCH, 'ITO HaO.IliOJl•~HHe IIpOHCXOJlHT B KOOpJlHHaTHOft II.IlOCKOCTH (X, Y), 
a Hanpaa.neHue CKopoc·ru rrpoH3BO.IlbHO. AaTop 5naroJlapeH B.E. ITalfloMoay 

KaK 38 cpaaHeHHe rron:rqeHHhiX pe3y.nbTaTOB, TaK H 3a PS!Jl ueHHbiX. 3aMe'la

HHll:, 
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( 5,2) 
TaKHM o6paaoM, ecnH f3 « 1 H I P n I« 1 

MO)I(HO 386b!Tb 0 HanpaBneHHH ABH)I(eHHSI '18CTHUbl H yrHOBOe pacnpeAeneHHe 

.c. x/ 
nepeXOAHOI"'O H3ny'leHHSI S!BnS!eTCSI ~YHKUHeA TOnbKO yrn~ H3ny'leHHSI ~ 

0TC!OA81 B 'laCTHOCTH 1 cneAyeT Ha nepBbiA B3!"'nSIA napaOOKCanbHblft pe3ynb

T8T1 'ITO nepeXOAHOe H3ny'leHHe 6yAeT Ha6niOA8TbCSI H 3 HanpaaneHHH ABH

)I(eHHSI 'qacTii:Ubl ( cos e- cos cp' sine •cos X). 3Ta oco6eH iOCTb, uenHKOM CBSI-

3aHH8SI C HanH'IHeM f"paHHUbl pa3Aena, o6Cy)I(AaeTCSI B j183Aene 4B CT8TbH, 

'18CTHUbl B nnoCKOCTH (X,Z) , nepneH-

AHKynSipHOA nnOCKOCTH Ha6niOAeHHSI (X,Y). 

8 STOM cnyqae HanpaBnHIOIUHe KOMnOHeHTbl CKOpO,~TH 'IBCTHUbl cneAy-

eT nonO)I(HTb paBHblMH 

cos cp , cos X "' 0, cos t/1 • t, sin cp • (5,3) 

ByAeM o6o3Ha'laTb 'lepea 

vx v f3 .. - .. - coscp. 
X C C 

(5.4) 

H3 (4,5), (4,6) H (.!,7), nonaraSI cosx•O, 

X/ /16/ 
3KCnepHMeHTanbHO STOT pe3ynbTaT noATBep)I(AeH B IS60Te 
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, I a 1,. _..;_ __ 

I -{3 CO$ ® 
X 

I 
a ---2 

I +f3 cos.® 
X 

(5.5) 

I 
a 

3 

BenH'lHHbl 1 COBII8A8JOW ~e C a o 
2 ' 

ao 
3 anH HOpManbHoro rraaeHHH 

'l8CTHUbi (eM. (3.6)-(3.8)) C 38MeHOH B HHX f3 Ha ·{3 x 

ITpu aToM ypaBH3HHe ( 4.3) aarrullleTCSI1 O'leBHAHO, TaK: 

. 2 "" I , . , ,, nf II }2. sm u a +a r -a 
· I 2 tl 3 (5.6) 

Ecnu IIOACT8BHTb B (H.6) BenH'IHHbl a
1 

a'
2 

a us (5.5) H r II 

H f II H3 (2.10) H (2.11), TO rrony'IHM 

II w 
xz 

2 

(5.7) 

<PopMynbi ~ 5.6) H. ( 5;1) TO:lKll9CTB9HHbl C H3B9CTHbiMH Bblp8:lK9HHSIMH AnSI rre

peXOAHOrO H3ny'leHHSI 'l8CTHUbi, ABH:lKyWeHCSI ITO HOpManH H3 CpeAbl B BaKy-

YM IIpH 38MeHe B HHX {3 Ha {3 x 1 a B HepenSITHBHCTCKOM cnyqae (5.7) 1 

K8K H Cne):IOBano O:lKH,l8 Tb 1 COBII8A89T C ( 5.2) • f1p1• ABH:lK9H!iH '18CTHUbl H3 

BaKyyMa B cpeay 3Ha{ rrepea qneHaMH c rrepBoli cTerreHbJO {3 

HHTb Ha oopaTHbiH • 
.l. 

Haao H3Me-

.Um1 W (w) 
xz ' 

H3 (4.4), IIpHHHM8SI BO BHHM8HH9 (5.3) H (5.5), ITO-

nyqaeM 

(5.8) 
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H3 (2,13) F. (2,14), HaXO.t:IP.M 

,J. ll 2 2"" • 2 ,1., 
W (w ) oa il {3 4 cos '7J SID~ 'f' 

xz rr c " (1- f3 2 cos2 '3 ) 2 
X 

J.13 !jlopMynhi Cpa3y BH.t:IHO, B COI'naCHH CO CKa3aHHbiM paHee, 'iTO IlpH Hepe

nSITHBHCTCKHX CKOpOCTSIX \V,J. (w) , B006Ille I'OBOpS11 Mane IIO CpaBHeHHIO C 

W11 ( w ) • T,e, coaep)I(HT x~os!jl!jJHUHeHT f3 2 f3: • HarrpJIMep, II pH 9HeprHH 
xz a 4 -S 

sneKTpoaa 10 K9B f3 = 0,2 u, cneaoBaTenhHO, ,.., = 1,6·10 , T,e, 

o'ieHh Mano x/ • 

B) .LlBH)I(eHHe 'iaCTHUbl B IInOCKOCTH Ha6nJO):IeHHSI (X,Y) 

EcnH rrnocKOCTh qacTHUhi coBrraaaeT c rrnocKoCThJO Ha6nJOAeHHSI1 TO 

HarrpaBnSIIOillHe KOCHHYCbl BeKTOpa CKOpOCTH 'iaCTHUbl paBHbl 

cos¢, cosx .. sin¢, cosr/1 .... o. 

3aecb rrpearronaraeTCSI1 'iTO yron cp OTC'iHThiBaeTCSI OT OCH X IIOBOpO-

TOM K rronO)I(HTenhHOMY aarrpaaneHHJO OCHIY,T,e, rrpH ¢= 9 aarrpaBneHHe 

CKOpOCTH H HarrpaBneHHe Ha6nJO.rteHHSI COBIIa.rtaJOT H IlpH -cp = EJ OHH Hail-

paaneHbl IIO.rt O.rtHHaKOBbiM yrnOM K OCH X 

pOHbl (eM, pHC, 3a H 3b). 

3aMeHSISI B (4,5)-(4,7) COSX a a 

1 HO ne)l(aT IIO pa3Hhie ee CTO-

sin¢ 1 Anl! KOS!jJ!jJHUHeHTOB 

KOI'epeHTHOCTH a rrony'iHM 1 IlpHHHMaSI BO BHHMaHHe 1 
1 !TO HarrpaBneHHe 

rrpenoMneaaoro nyqa orrpe.nenSieTcSI yrnoM ®' ( CM. Ta(;n, 2): 

a 
l 

1 

1- 8cos(e-¢)' 

x/A /211 

1 

1 + f3 cos < e + ¢ ) 

1 

1 -f3ncos(®'- r:/J) 

(5.10) 

BTOp OTMeTHnfl 'iTO .rtnSI HeKOTOpbiX yrnoB H KOMIIneKCHbiX 

3HaqeHHH n BenH'iHHbl W H \V l MOI'YT 6b!Th C .t:IHOI'O IIOpS!AKa , 

t:l>opMynhi (5,7) H (5,9) COBIIa.rtaJOT C !jlopMynaMH pa6oTb/21/, 
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J. 
KoMnoHeHTa W xy oopamaeTCSI npH 9TOM B Hynb, a llnSI w"(w) H3 (4.3) 

npH cosx = sinc;b no'ly'IHM 

2 
( 5.11 ) 

<I>H3H'IeCKHii: CMbiCn B ~eX TpeX qneHOB nOll 3H8KOM KB81lp8Ta MOilynSI B 

(5.11) o'leBHileH. nepBbiii: H3 HHX a:' sin(S-<;6) - cyMMapHoe none Hany'leHHSI 

llHnoneii: C . f > i) 
... 

, pacc'IHTaHHoe anSI HanpasneHHSI R ( T.e. noa yr-

noM (~ -cP) K OCH llHnoneA) • CosepWeHHO T8K >Ke BTOpOMy 'lneHy COOT-

BeTCTByeT none llHno'leA B HanpasneHHH oTpa>KeHHoro ny'la R.... H TpeThe-
... 

MY - none llHnoneA ~ f <0 B HanpasneHHH R, • 0TC!Oil8 nOHSITHO, 'ITO 

npH c;b .. e . KOI'Il8 R HanpasneHO no t 
a1'sin (f~- :/J ) ( CM. pH C. 3a) • npH c;f> .,.-.@ ... 

, HC'Ie3aeT nepBbiii: qneH .... 
, KOI'Ila R r ·HanpaaneHo no 

f (oopaTHO Hanpa~neHHIO CKOpOCTH - CM. pHC. 3b), BbiiT81l8eT BTOpOA 

'lneH r, I &:; sin ( @ + "c;f> ) , H, HaKOHeU, KOI'Ila yron c;f> paBeH @' 

( npenoMneHHbiil: nyq HanpaBneH no CKOpOCTH - CM. pH C. 3c), HC'Ie3aeT Tpe-

THH qneH. 

O'leBHilHO, 'ITO ~opMyna ( 5.11 ) cosepweHHO aneMeHTapHbiM o6paaoM 

nonyqaeTCSI KaK o6o6ueHHe ¢opMynhi (3.4) (npH c;b= 0 OHH COBn81l810T) • 

l13BeCTHO, 'ITO ~nSI penSITHBHCTCKOii: '18CTHUI;>I xapaKTepeH M8KCHMYM 

HHTeHCHBHOCTH H3ny'I3HHSI nOll OCTpblM yrnOM K HanpasneHHIO CKopoc-

TH '18CTHUhi. npH 9TC M ~ "' ~ w 
m - M8CC8 ITOKOSI '18CTHUblr a 

mc 2 
W.. - ee 1onHaS1 9HeprHS1). HeTpyllHO y6ellHTbCSI, 'ITO TO >Ke xa-

vr=-fJ"" 
paKTepHo H AnSI nepe II:OilHOro H3ny'leHHSI penSITHBHCTCKoii: qacTHUhi. B caM OM 

Ilene, aonycTHM, 'ITO c;b .. 8 t..~ H (1-J3) «1 • Toraa nepBbii!: qneH noa 

3H8KOM KB81lp8T8 MO)lynSI (5.11) paBeH (eM. 5.10) 

+~ ,, 
a sin( 8-c;b) .. -~--

1 1-/3 + ~ 
2 

( 5.12) 

22 



flp11 3TOM 

1- (3 
( 5,13) 

TaKHM o6paaoM, nonyqaeM, 'ITO MaKCHMYMY (5,12) cooTBeTCTByeT ~ "'~. 
w 

a BenH'IHHa 

I a." sin ~ I 
1 . 

w ., __ 
2 

me 
(5.14) 

BoapacTaeT no Mepe yBenH'IeHHH W , HeTpynHo y6enH1bCH, 'ITO onpenenmo-

lilyto ponb B 113nyqeHI111 HI'paeT HMeHHO 3TOT qneH (5,14 11 He 3aBHCHlilHH 

OT nOK838Ten.H npenoMneHHH. 8 C8MOM nene, KBK BHllHO H3 (5,10), {3 B 

Bemr'IHHY a
2 

me enHHHUhi, 

BXOllHT CO 3H8KOM nntoc H, cnenoBa1·enbHO, a 
2 

T.e. npH nocTaTO'IHO 6onbmoi1 sHepi'HH a" >> I r 11 d' I . 
I 2 

KpoMe TOI'O, npH noKaaaTene npenoMneHHH n 1 He p1tBHOM enHHHUe 

MeHb-

( ecn11 n = 1 , To nepexonHoe HanyqeHHe 11cqeaaeT, nocKonbKY r 11 .. o,r tl EO l 

) 1 BelfH'IHHa a a npH CTpeMneHHH (3 K enHHHUe T8K)Ke 

, 1 
flo3TOMY 1 CTpeMHTCH K onpeneneHHOMY npeneny: a = Ha-

3 1.;..ncos(0~~>) 

'IHHBH C HeKOTOpOI'O w, BenH'IHHOH a T8K)Ke MO)LHO npeHe6peqb 
3 

no cpaBHeHHto C a 
1 

• YlcKnto'leHHe COCTaBnHeT TOnbKC cnyqai1, KOI'lla ft -

nei1CTBHTenbH8H BenH'IHHa H YI'On (} = e, -¢ ynoBneTBOpHeT ycnOBH10 B03-

HHKHOBeHHH s¢l¢leKTa BaBHnoBa-'4epeHKOBa, T,e. 

cos (} = .J._ . 
(3n 

( 5.15) 

flpH STOM a 
3

- paBHO 6ecKOHe'IHOCTH, OnHaKo !f>opMyna (5.11) anecb, CTpo

I'O I'OBOpH, HenpHMeHHMa, K sToMy Bonpocy, a TaK)Ke nonpocy o B03MO)K-

HOCTH nOHBneHHH B nepeXOllHOM H3nyqeHHH '18CTOT 1 npeBhllil810lilHX OnTH'IeC-

K11e 1 Mbl eme BepHeMCH, 
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EcnH 'I8CTH!.l8 ABH)KeTCH H3 BaKyyMa B cpeAy 1 TO 3H8K npR a " B 

(5,10) cneAyeT H3MeHH rh Ha o6paTHhlft. TorAa MaKCRMYM H3Jiy"<IeHHH MO)KeT 

orrpeAeJIHThCH BeJIR'IHHCft a (cBeTRT 3JieKTpR'IeCKOe R306pa)KeHRe 'I8C
2 

BeJIHK8 H pacteT nponopl.lHOH8J1hHO TH!.lhl). B caMoM Aene, BeJIR'IRHa ai ,,·· 
W , eCJIR <;f> =-El±tl I: t1,.-'!!..£..!__ ( BeJIR'IHHbl a H a npH 3TOM CTpe-

W I 3 

MHTCH K rrpeAeJiy 1 no MOAYJIIO MeHhllleMy eARHRllbl) 1 nepeXOAHOe R3Jiy'IeHRe 

B 3TOM cnyqae T8K)Ke r:paKTR'IeCKR He 38BRCHT OT noKa3aTeJIH npeJIOMJieHHH, 

r) f1epeXOL1HOe H3Jiy"<IeHHe no HOpMaJIR K noBepXHO 

c T H p a 3 A e n a ( El = 0) 

llnH H3y"<IeHRH rrpHpOAbl R3Jiy"<IeHRH, Bb!3biBaeMOI'O npH 6oM6apAHpOBKe 

TBepAblX Ten 38pH)KeHHI IMR 'I8CTRll8MR 1 MO)KeT npeACT8BJI5ITh RHTepec Ha6-

JIJOAeHHe CBe"<JeHHH no .10pM8JIH K IIOBepXHOCTH (El= Q) , ilJIH HepenHTHBl1CT-

CKOft 'I8CTR!.lt,I, K8K cpa.Jy BRAHO H3 (5,2) 1 HHTeHCRBHOCTh nepeXOAHOf'O R3-

nyqeHHH B HarrpaBneHRH HOpMaJIH K ITOBepXHOCTH paBHa HyJIJO, 3TOT pe3yJih

TaT xapaKTepeH HMeHHO AJIH nepexoAHoro H3nyqeHR51. HeTpyAHO y6eARThCH, 

'ITO OH o6ycnOBJieH HHT·~ptjlepeH!.lHefi nOJIH qaCTHllbl B BHKyyMe R B cpeAe. 

llnH n106oro npouecca r Gny"<IeHHH, ceneKTHBHO B036y)KAaeMoro B cpeAe, 

TPYAHO rrpeACT8BRTh ce•)e MeXaHH3M, ITpH KOTOpOM no HOpMaJIH K noBepX

HOCTR CpeAhl CBeT He R3nyqaJIC51 6hl, 0AH8KO H L1J151 nepeXOAHOI'O R3Jiy'IeHH5l 

BPHL1 JIH yTBep)KAeHHe o paBeHCTBe Hyn10 l!HTeHCHBHOCTH np11 El= 0 .L(a)Ke 

AJIH HepenxTI1Bl1CTCKoft ·IaCTllllbi HBnHeTcH yHHBepcanhHbiM, B caMOM aene, 

np11 BbiBOAe BCeX tjlopM) J1 3TOft CT8Thl1 6biJIO CAeJiaHO AOnyllleHl!e, 'ITO Cpe

):18 onTl!"<IeCKH 1130TponH.l, Cnyqaft aHH30TponHoft cpeAbi Tpe6yeT cneu11anh-

HOI'O paCCMOTpeHHH, 0Al aKO H AJIH 1130TpOnHoft cpeAbl MO)KeT OK838TbC5l no

Jie3HbiM paCCMOTpeHHe :lonpoca 0 nepeXOAHOM H3Jiy"<IeHHH penS1Tl1Bl1CTCKOft 

qacTRllhl B HanpaBneHHH ocH X llnH 3TOI'O He06XOAHMO noJIO)KHTh El= 0 

11 El'=O n116o B tjloprv yne (5,8), n116o B lflopMyne 

BHAHO ( CM, ( 5,5) , (5.1) 11 (5.10)), a "=a 
I' I 
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cpopMyJlhl COBll8):(810T(llpH E)= Q ru-=-r ..L , KBK BHAHO H3 '2.10) H (2.13) ). 

llnH ABJlbHeiiwero yao6Hee BCero BOCITOJlb30BaTbCH cpOf:MYJlOH (5.9), B KO

TOpOH BCe T.JJleHhl (5;8) BhlllHCBHhl B HBHOM BH):(e, 

f1onaraH B HeA cos8=I u sinEl:oO , rronyT.JaeM: 

e
2
{3 

6 
eos \p sin\!> I 

1T c (I- {32 cos 2¢ )2 

__ n_-_I_r~.-12 
I -{3 n cos 'I' 

( 5,16) 

¢OpMyna (5,16) HMeeT pHA OC06eHHOCTeH, f1pu HepenSTHBHCTCKHX 9Hepru

HX(Jflni<<I,{3«I) 3HaMeHaTeJlb (5,16) 6nu30K K et:~HHH!.le H WE)=O(w), 

KBK H CJleJlOBBJJO OlKHt:(BTb, OT.JeHb MBJJO (ITO CpBBHeHHK C 06hi'IHhlMH cny

'IBHMH rrepeXOAHOrO H3Jly'IeHHH OHO conep~HT J10llOJJHH1eJlbHWH KOBcpcpH!.lHeHT 

{3 4 ) • 

f1pu HepenHTHBHCTCKHX cxopoCTHX, xorna f3 n >I u cpena coaepweH-

HO He 110rJJOJllaeT CReTa, T,e. D - neHCTBHTeJlbHBH.B?JJHT.JHHa, W (w) 

1\!0lKBT CTBTb 6eCKOHeT.JHO 60JlblllllM, ecnu Bh!llOnHeno ycnoBue ( 5.15 ), 

Heo6xonrr I\ toe nnH etjJ¢ex ra BaaunoBa-Y:epeHKOBa. Ot:~HilKO paBeHCTBo W ( w ) 

6eCKOHeT.JHOCTH CBH3UHO C npeAITOJlO~eHHeM, 'ITO CyMMHpOBBH!ie H3JJyT.JeHHH 

BaBunoBa-Y:epeHKoBa rrpoucxonuT oT 6ecxoHeT.JHO 6onbLIOH nnuHw rryTu 'Iac

THUW. B neHCTBllTBJlbHOCTH ~e rrpu BhlBOJle BCeX tPOPMYJJ BTOH CTBTbli 6w

JJO caenaHo nonyweHue (rrpaBHJlbHOe nnH rrepexonHoro u3ny'IeHHH u Hellp!i-

1\tBHH~IOe B ilBI!HOM CJlyT.Jae) 0 TOM, 'ITO TOT.JKH TpaeKT•)[Jllll T.JBCT!illhl, ilOCTa-

TOT.JHO ynaneHHWe OT rpaHH!.lhl pa3nena, He BHOCHT BKJJ9):(8 B !TOlle H3Jly'Ie-

HUH, 

¢opMyna (5,16) TeM He "l\IBHee BllOJlHB llpHMBHlll\ a, BCJ!ll AOITyCTUTb, 

'ITO cpena o6nanaeT 3aMeTHWM rrornoweHHeM. B BTOM cnyT.Jae e¢¢eKTHBHBH 

TOJlWHHa cpet:~hi, BHOCHJlleH BKJ13Jl B U3Jly'IeHHe, H86JlJOL aeMOe B BaKyyMe, 

x/ 
orpaHuT.JeHa nornoweHueM • f1pu HaJiuT.Juu rrorno~eHHl rroxa3aTenb rrpenoM-

x/ 
3neCb Mbl He pacc""!arpHBaeM Cpenhi KOHBT.JHOH TOJlWI!Hhi, T,e. cny'IaH 

llJJBCTHHKll. llnH llJlBCTHHKll XapaKTepHa HHTepcpepeHUHH H3JJYT.JBHHH OT o6eHX 

ee llOBepXHOCTeH, 
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neHRH KOMnneKCeH: 

n ""n + ik . 
I 

(5.17) 

flonCTaBnHH 9TO 3H8"H!HRe n B (5.16) If HaXOnH KBanpaT MOnynH B 9TOM 

ypaBHeHHR 1 rronyqaM 

W (w) 
(],o. 

2 
4 • 2 ( ) 

""~ cos 2 ~ si
2

n !_ ( ___ "_1_-_1 ___ + ~ 
2 2 2 

) 

7T C (1- {3 ~OS </J ) 0- {3 R I COS </J) + {3 k COS </J 

2 

1 
TaKHM o6pa3oM, rrpH IanHqHH rrornomeHHH e6na3H yrna cos¢ -

- {3 n 1 

( 5.18) 

HMeeTCH KOHeqHOll Bel HqHHbl M8KCHMYM H3nyqeHHHo 0TMeTHM 1 qTO 3necb 

rrpenrronaranocb, qTo IaCTHUa neTHT H3 cpenhl B BaKyyM. IlpH o6paTHOM 

HarrpaBneHHH CKOpOCTH {1-{3 n
1 

cos</J) 2 
B 3l!8MeHaTene (5.14) 38MeHSieT-

x/ • 
H M8KCHMYM OTCyTCTSyeT 

Ewe onHa oco6e:rHOCTb (5.16), KoTopyiO cnenyeT oTMeTHTb, nomKHa 

Ha6niOU8TbCSI nnSI ynb1 papenSITRBHCTCKOll qaCTHUbl rrpH Manb!X </J , T.e. 

npH nBH)KeHRH qacTHUll non ManbiM yrnoM K HOpManH. QqeBHnH0 1 qTo eCnH 

{3 cos¢ nOCT8TOqf!o 5nH3KO K enHHHUe, TO B (5.16) MO)KHO nonO)KHTb 

n -1 2 ----1 .. 1, ( 5.19) 
1- {3 n cos¢ 

T.e. nepexonHoe H3ny~eHHe npH nocTaToqHo 6onbwHX sHeprHHX qacTHUbi H 

ManoM yrne ¢ He :laBHCRT OT BenaqRHbl R • 3TO XOpOWO R3BeCTH8SI 

OC06eHHOCTb nepeXOnHJPO R3nyqeHHSI penSITHBHCTCKOll qacTHUhl non ManhlMH 

114,18/ 
yrnaMH , KOTopaSI y)Ke 6hma oTMeqeJ:fa npa aHana3e tjlopMynhr (5.11 ). 

x/ 
CpaBHeHae nepexonBoro H3nyqeHHSI nnSI cnyqag LlBH)KeHHSI qacTHUhi B cpe-

ny H H3 Cpenhi MO)KeT 6b!Tb yno6Hb!M MeTOnOM onpeneneHHSI n H k o 

3TO y)Ke 6binO OTMeqeHO nnSI aHanorHqHOPO cnyqag, B KOTOpOM pacCM8TpH

BanOCb nBH)KeHHe qactHUhl ITO HOpManH K ITOBepXHOCTH pa3nena H pePHCTpa-

UHH H3nyqeHHSI non yr 10M (3 » --!!!..£! /2,17/. 
w 
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Ecna yron ¢ 

H sin 2¢ .p 2 

2 2' 
aoCTaTO"'HO Man, TO MO)KHO ITOnO)KifTb COS <p= 1- cp 

w ( (<)) 
Sso 

Toraa, npHHHMaSI BO BHHMaHHe (5.13), nony"'HM 

[( m<_2) 2 + ¢ 2 ] 2 

w 

2 

IB I . (5.20) 

MaKCHMYM aany'leHHSI, o'leBaaHo, 6yaeT npa TeM MeHhliHX yrnax, "!eM 6onb-

we nonHaSI sHeprHSI qacTHUhi W • 

0TCIOaa If BhiTeKaeT apyraSI OC06eHHOCTb nepexoa'lC.CO H3ny'I9HHSI1 K0-

/19/' -
TOpaSI BhiSICHHnaCb H3 peaynbTaTOB pa60Thl •. DnSI ;'nbTpapenSITHBHCTCKOH 

'laCTHUhl OTnH"!He ITOKa3aTenSI npenoMneHHSI OT eaHHHUhl, Heo6xoaHMOe anSI 

TOf'O, 'IT06bi BhiiTOnHSinOCb (5 ,19) 1 T9M M9Hblll9 1 "19M 6<lnblll9 3H9pf'HSI 'laC

THUhl, 8TO ITpHBOaHT K TOMY 1 'ITO ITpH aoCTaTO"'HO 6pm: lliHX 3HeprHSIX 'laC-

THU H noa ManbiMH yrnaMH nepexoaHoe aany'leHae pacrpocTpaHSieTCSI H Ha 

o6naCTb "18CTOT peHTf'eHOBCKHX nyqeH, 

B caMOM aene, anSI o6nacTH peHTreHOBCKHX nyqeJt 

1-n 
2 

wP 
, 2:2' (5.21) 

w P - TaK Ha3biBaeMaSI nna3M9HHaSI 1HnH neHf'MIOJOBCKaSI, qacTOTa 

2 
4rrNe 2 

w ~-- ( N - nnoTHOCTb sneKTpoHoB B cpe ae, e H m - aa-
p' m 

pSia H Macca sneKTpoHa). 

npHHHMaSI BO BHHMaHHe ( 5,21) 1 II IT pH caenaHHhiX 1peanonO)K9HIISIX 0 

ManOCTH cp If W » m c
2 

(CM, (5,13)) M0)1(9M 3aiTJICaTb TaK: 

2 
IB l n -1 

1- {:3n cos¢ 

2 . 

I ... ---- ----::::r------
(t):l me 2 2 l 

0+2[(-) + ¢ ]) 
cuP W 

1 
( 5,22) 

l1cnonb3YSI (5.22), aa (5,20) nony'lae·M 
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' 

O'IeBH.UHo, 'ITo .uo Tex 1op, rroKa 

2 
w << 

w2 
-~:-.;..P __ _ 
me 2 ·2 2 · 
(-) + ¢ 

w 

2 
+ ¢ ] ( 5.23) 

(5.24) 

9HeprH5! H3lly'IeHH5! H8 e.QHHHUY 'I8CTOTbl rrpaKTH'IeCKH He 38BHCHT OT W • 

EcnH >Ke B (&.24) w H8CTOllhKO BeliHK8, 'ITU 3H8K HepaBeHCTB8 M9H5!9T-

CH aa o5paTHhiH, To aH ~prHH H3ny'!eHH5! y5hJBaeT, KaK 1 / w 4 • KaK 

BH.UHO H3 ( 5.23), yron cp , Ha KOTOpb!H ripHXO.UHTC5! M8KCHMYM H3lly'Ie-

mc 11 

HH5!, ¢ . .. 
max H ' Cli9.UOB8T9llhHO, MO>KHO UpHH5!Th B K8'19CTBe 

M8KCHM8llhHOH 'IaCTOTbi rrepeXO.UHOrO H3ny'IeHH5! HeKOTOpyiD 9~~eKTHBHYID 

'I8CTOTY 

mc 2 
w , .Ull5! KOTOpOH (5,24) CT8HOBHTC5! paBe.HCTBOM rrpH 

rp 

¢-,.-' 
w 

rp 

Wp IV 
-(--). 

- 2 y2 nc 

(5.25) 

TaKHM o5pa30M, .UHarra:loH 'IaCTOT rrepexo.uaoro H3ny'IeHHH pacumpHeTCH rrpo-

rropUHOH8nhHO W 
114/ 

H :OOTBeTCTBeHHO B03p8CTaeT H ero CyMM8pH85! 9Hep-

n pH ManhiX aaepr aHX '!acTHUhi HliH rrpH 5onhlllHX yrnax rrepexo.uHoe 

H3lly'IeHHe 5!Bli5!9TC5! 'IH :TO OITTH'I9CKHM 5!BlleHHeM, orrpe.ueneHHbiM B rrepByiD 

O'Iepe.Uh OITTH'IeCKHMH :M OHCT8HT8MH Cpe.Ub!, 0pH M8llb!X yrnax K HarrpaBne-

HHID .UBH>K9HH5! 'I8CTHUhl H rrpH ynhTpapenHTHBHCTCKHX 9HeprH5!X rrepeXO.UHOe 

H3ny'IeHH9 ITpHOOpeTaeT CBOHCTB8 1 XapaKTepHbl9 .Ull5! H3lly'IeHH5! peli5!THBHCT

CKHX 'I8CTHU, 3Ta OC009HHOCTh rrpe.UCT8Bli5!9T HHTepeC ·.Qll5! ~H3HKH Bh!COKHX 

aaeprH_H, 
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TaKHM o6pa30M, OT OIITHKH rrepe6pachiBaeTCSl MOCTHF K SIAepHoii !fJH-

3HKe, MHe IIpeACTaBliSleTCSl B CBSl3H C STHM yMeCTHbiM Bhi50p rrepeXOAHOrO 

H3lly'leHHSl B Ka'leCTBe TeMbl CT8TbH, IIOCBSlllleHHOH II8MSlTH IIpo!fJeccopa 

f. HeBOAHH'IBHCKoro, IIOCKOllbKY ero Hay'!Hbie HHTepeCbl 6hiiiH ll!HpOKH H OX

B8TbiB8liH B TOM 'IHClle KBK OIITHKY, TaK H SlAepHylO !fJH3H KY, 

.R y3Han HMSl rrpo!fJeccopa HeBOAHH'IaHcKoro IIO'ITH qerhipe AeCSITHlleTHSl 

TOMy H838A H3 ero pa60T 1 CBSl38HHbiX C IIp06lleMaMH !fJH3~ '!eCKOH OIITHKH, 

KOTOpb!MH B TO BpeMSl 38HHMaliCSl H Sl, MHoro lleT CIIyCTSl, BKlllO'IHBillHCb 

B pa6oTy 06'beAHHeHHOro HHCTHTyTa SlAepHbiX HCClleAOBaHHli, Sl liH'IHO II03-

H8KOMHliCSl C HHM, B IIepBylO O'lepeAb KBK CO CIIeUH8liHCT01.1 B o6naCTH SlAep

HOH !fJH3HKH, 

B XOAe pa3BHTHSl pa6oT MeMAY KpaKOBbiM H ny6HOH ycTaHOBHliCSl Tec

Hb!H KOHTaKT H COTpyAHH'IeCTBO, EecCIIOpHo, 'ITO STOMY HE MallO CIIOC06CT

BOBaliH H liH'IHhle Ka'!eCTBa IIpo!fJeccopa HeBOAHH'IaHCKOrO, K KOTOpOMY Sl 

TaK Me, KBK BCe ero 3H8BillHe, IIHTall 'IYBCTBa HCKpeHHero yBaMeHHSl, 
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