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AHHOTA LA

PaccuaTpPUBAKTCA NOJNADU3AUNOHEHE ABJNEHER BO BCTPeUHHX Je
¥ ¥ -nyukax, xoTopue npexmoseHo [ I] momyuars ma Gase nu-
HEHHHX YCHKODKTeNe# CO BCTDeUHHME E"'E“-nyqﬂaun (mpu KommTO~
HOBCKOM DACCEAHNWM GBETR Iasepa).

MokasaHo, YTO0 HCMONB30BAHWE SHEHTPOHOB N J&a36PHHX dOTO-
HOB C OTZMYHHMM OT HyNs ¥ NPOTHBONONOEHHMW N0 3HAKY CIOWpalb-
HOCTHME A M /7 [pUBOZAUT K CYUECTBEHHOMY YIyuue HUD MOHOXpO-
MaTWuEOCTH. XapakTepHas BHepTHA BCIHUKW Zasepa A, , Heolxo-
nuMaR INR noiydeHud xosdduimerra KomBepcuy K-~ 1 ¥ onmpege-

NEHHO# CTENeHM MOHOXPOMATWUHOCTE, B ciyyae 2AF = — 4

OKASHB3ETCHA CYNECTBEHHO MCHBNEH (MHOIZS Ha MHODAMOK), @ CBe-
THMOCTS LJ@ n L y¥ CyuecTBeRHO Conmsuell, wem fua AP = 0.

lonydueEd QODMYNH, NOSBONADUAE WSBASKATH MNONRPYUSE ILMOHHYD
uEfopuauun o peakgmax ¥Ye-=X uw ¥y —> X IpY DASAUUHHY
NONAPHBAIMAX N&3€PHHX ¥ 3JeKTDOHHMX NYyYKoB. OOCYEZADTCH 0CO-
GeHHOCTW, CBEBaKHHE CO creUuduxoff mpuroTOBTEEmA  § -myuKom.

O6cy®aan?cs BONpocH KanmGpoBkE Ye u 4§ - coymapemmit
ZAAA MONADUSOBAKHHX NYUKOB.



BBELERHE

I. B padorax [I] , [2] noxasamo, uro ma Gase npoexTupyeMsx
Auneldtuux ycwoprreded co scrpeussuM ete” - nyaxaws BISNN[3] =
SL, C [4] woxwo peanmaomaTh Berpeumme Jé- ® ¥§ - uyukM mpuuep-
HO C TowWE X& SNepruaum (> IU0 I'aB) ¥ CBeTHMOCTAMHE (IGBD*IUBEGH_E
a"I), ur0 B ZAA e'e” - coysapemuil. HeoOXozumpe Ijf 3TOTO UETEH-
cu#pHns ) -0y9Kd NpeANOESHO MOAYYATH HpPH PICCEAENM CBeTa jJasze-
P& MA SESKTPONNHX NY4YKaX 8TMX yckopurenefi (cu.puc.Il). Amanormu-
%0e IpeATOXex¥e OHNO CZeXaX0 NO3LEes TakEe B padorTe [ 5] (cozep-
Xamedl, BIpO¥SM, HEKOTOPHE HeTOUMOCTH). B padoTe [E] MR peanu-
344N NPeRIOXs HHOK B [I] CXeMH BCIDEUHHX y@- 4 XX -CcoyZapsHui
paccMOTDexa BO03MOEHOCTDH MCNOAB30OBANEA JA3€DA HA CBOOCOIHHX BleK-
TPONAX TOTO Xe [yuxa.

2. Jlarsan paGora ABIAETCA Npojoiexme¥ padoTd [2] u mocma-
meHs NOAfDHIANMCHHHM ARG HUAM. ONA eCTECTBEHHHM 00pasoM IeiAnT-
CA Ha ABE YacCTH. :

HamOonee BaKHHM NPeACTaBAAETCH HAM De3yJABTAT, CoJeprauuitca
B pasfene 3. [IpM MCNOID30BAHME IeBONONAPU30BAHEOIO CBeTa lasepa
¥ [IPABONOJAPUIOBAKHOTO MYyYKa SIEKTDOHOB CHEKTP Nolydapmumrca Go-
TOMOEB CTQHOBMTCA (olée EeCTKMM. 38 CYET 3TOI'0 yE& NPW CPaBHE-
TOABH0 WOCOABWON 2HEDIHE 1326PEOM BCHWUKM (IO CPABHEHWW CO CAy-
HaeM, KOI'ZS HCXOZMHE NyYKH ¥e DONADR30BAaHH) NOAVYAETCHA LOBONB—
Mo BHCOKAS CTeNeHb MOHOXPOMAaTHUNOCTH J2- ¥y -coyrapewui.

Bapep¥pyA NONADESELEM WCXOZMHX OYYKOB, MOXEO MONYYAaTH BHCO-
ESSHOPIAYHHEe (OTOMH C pasANYMEME NOAAPW3AUWIMA M H3Yy4YaTh NONA-
pusausoxsne 30pexTH B pearuuAx ye-»X u yy-X . St sfpexms
paccuoTpesk B pasjenax 4-7. B 9THX pasjieNax SHEMAHUE KOHUEHT-
PEpPY8ICA EA& ABYX OCKOBHHX BOmpocax: 1) B Kaxux ycmosusx urdop-
Ma[ud 0 SABMCHMOCTH ceueHN# 0T Nonmpuaalkili wsBIeKaeTCd HauGo-
Ase EEJoXEHM 00pasoM, 2) KOTZI@a MOEEO NpeHeOpeub YCIOKHEHUAMH,
CEBASAENHME C NoZApM3amMeR (a OEE €CTH M JNA HENONAPW3ORAHHHX
HCXOZNEX OYUKOB).

BonpocH KaARCDOBKM ANA DOINAPN3OBAHHEHX NYyUYKOB 0OCYyXAAKTCH B
NPEZOXBEER A.



2. OBllAA CXEMA. OCHOBHEE BEMMYMHH

1. Hamousuy OCHOBEHe UepTH NpeinomesHo# 3 [ I] cxemu, BBOAA
NONyTHO HeoOXOoAuMHe 0003HAaUBHHA.

BHCOKOBHEPI'AYNHE (OTOHN NpelaraeTCd HOAYYATE NPH pacces—
HUM Hasaj] nasepHHX QOTOHOB C 3HepIruefi wy, ~ I 3B H3 3UAKTpO-
Eax ¢ sgeprieii E~I00 I'aB. Hoqﬂs BCE& BHCOKO3HEPIWUEHe (HOTOHH
Vﬁnn OYeNMD MAAHME YINaKu 6% 10° -2 - .10 75 paz K HaI paBISEUE
JBHEe HEA eDBOHAYALBHHX BJEeKTPOHOB. MH COyZek cuWTaTh CoyZape-
Hie Jas3epHEHX (QOTONOB C SIEKTPOHAME JOGOBHM (IpH HeGOABUMX yI-
nax Berpeun d, « 4 | cM.puc.i, 3aBECEMOCTED 0T O, MOZMO Ipe-

HOOpeus ).
C pocTOM Yyria BHIETa Limnﬁa ¢ ero aH&prnﬁ‘f’juermmaemcﬂ
W .

BTNl . 45 5 e 4 E %
f+f'9f@,}’ W= 5 Ga‘ Vx+d , f"*—r—“m ' (I)

3jiechkr W, =~ MAKCUMANBEAA SHeprusa QorToHa (npn g = 0).

2. B oOnacTy BCTpeuW (QOTOH OTHAOHAETCH OF HepBoHauanbHOM
TPaeKTODUH BIEKTPOHA H8 DACCTOAEHE ~5% , The fﬂ- paccTonAkEe
0T TOYUKM HKOEBepcuE C A0 Toyxkw BerpeuE O (puc.l). B pesynsrare,
nuomaxp ) - Nyuxa B OOMaCTH BCILDSYUM YBSNIHWABAETCHA MO CpaBHe-
KD ¢ OIOHSARD S=3rﬁ'§' ; KOTOPYD HMel OH 371eCh 3NeKTPOHRH i
ny4yex, Es8 BEJIHIIEH}F.&S T £s, ]2

s

= b (2)

Hoxa j’ & 1 ( 5.«: I0 cu),B 00nacty BCTPeuN QOTOEH CaMMX paa-
HEX 3HEDI'E{ DPOCTPIHCTREHHEO NepeMensit. T pOCTOM f B o0nac-
PH BCTpeU¥ XeCTKHEe QOTONH (HMeLMNEe CauHe ugNHe YINH BHIeT?s # )
3afiuyT MeHBWM{ nonmepedsHil pasuep, YeM OoNee MAIAEME, W 38 CYET
38TOI'0 MX OTHOCUTENBHH{ BKE&J B CBeTHMOCTH yBenwusTced. Coymape-
HAf CTaHyT OONee MONOXPOMATHYECKNMMA. B YacTHOCPH yiyuumHrcs
pacnpejienesue cnexrpaxsHol csermuocry d L/dW (W _pysapn-
aHTHAA MaCCR }O- AW J)y -—cHCTeMH, W =ywk  W2ii0ww ),
CreneHbh MOHOXDOM3aTWUNOCTH COyAapeHul B urr:eﬂemem,ﬂ (cy.,_?.]}
Kak OTHONEEUe K BepXHel IpaHuIe UHPHTPE W, roro mereprana
sW -, 3 Hampuu COCpe ZOTOUeHA [OJOBHHE CBETUMOCTH:

q~—” j (d&/dnf)W*—L (W" ViiduE , Wit= 20, ), )

Benuquga g 3@BMCHT OT p©
3. LnA nasepa HA HEOZMMOBOM CTEKNE WINW IpaHarte (&) &
I,I7 aB) paccuarpnBaemuil wnTepBax sreprui (E = 50-500 I'sB) co-

I ————————

o |

‘oFBeTCTByeT X = 0, 9-9. [lpeMeps, Kax NpaBmno, UPHBEJEHN ARA

CpeiEero x = 2,69, 4T0 COOTBETCTBYET YHK8SAEHOMY nasepy ¥ E =

‘IS0 I'sB wxe E =50 TeB » w, = 3.5I 3B (roT ®e Jasep C yrpoe-
. EE@M YacToTH).

3, JIVYEEHUE MOROXPOMATHYHOCTH ye- W yy - COVLAPEHMH
IPd WCHOABSOBAHEN CBETA KASEPA C KPYTOBOH K
SMEXTPOHOB C HPQAOTBHOM [10LA PU3ALIIAM

I. 2Hepreruvecrulfi coexTp $oTOEOB ompelendeTcd BeAMUnHON
(A6, fa"uJJ /ﬂ" y. TR G’ - cedeEne 3Qfexra Homnroma. B cavuae mHemo-
AAPES0BANENX uman 9T0? CNEKTD NOBONBHO MHMPOMHH ~ CM.KDMBYD &
Ha pmc.2. [IpW NMpOoR3BONBNOX OAAPWSELHE OYUKOB W3MEHEHHe CHeKT-

. pa BOSHNHK&eT TOJLKO eClIH OJIHOBPEMEHHO OTAMUEH OF HyJd cpelHMe

COEPaNBEOCTE SASKTPOEOB N F IasepHHY HOTONOB P.  (cu.sanpuuep

[?])

a5 o

i 7y Teafly) = ¥ P— # 4= Y= yulat) *20E, mxﬁ-m}(z-;)]

w = — — :
?'“E“é‘jm"'s_'xﬂ 2 1 X(+y) $4.
onxoe cedeHme: :

4 . :
R e S\ B A I

e Xmg X 2fxkH)E
& 2o - ST AR S
g = XmiE [1‘*— )En(x-ﬂ gk - zr:HF ,'

B mHTepecywipit mac odnacTa 93¢ x < g ormouexme [g, /0."|¢ 0,17,

a npu X = 2,5 BenmuwEa §, = 0. Taxmw oCpasoM, HONHOE CeueHHe (,
crnado 38BMCHMT 0T .hP a u&.&u OTAMYAETCH OT CedYeHmE AnA nennnapn—
S0BaKHHX NYYKOR u;"P .

B oriMuHe OT NONEOTO CEUEHNH, DHEPUeTHUGCKNA CHeKTp cymecT-
Bedno sasucur or AP, . lpw AL < 0 umonmo mauGomee mectrux HorTo-
EOB BO3pacraeT, 4 uYMCNO MANKMX yucHbmseTcH. HEHMP cHoRams, o
pocrou Beanuwms (~AP. ) npoWcxozET sddexTUBHAA "nepexauKa’uar-
Eux §oTowa® B ZecTHme. B npelememow cayuae 23R = -1 wmexo
ESCTEMX (ITONOB HOUTH yTBakB&elcid (cu.wp:nw‘ Ha . puc.2). 371¢
NPUBOAME K CYNRCTBOHAOMY yIYUMPHMD .mnnxpuua*rnuanumn ;e 4 ;;
- COyZapeHEf. :

HaoGopor, nps AR » 0 2 scao sscrEux Qoromos ‘J’H&Eﬁmﬂﬁ!ﬂﬂ
(xpmBas ¢ ©a puc.2). L‘.unrnam!uﬁﬂn, unauxpnuarﬂunm cn:r:a pe-—

e it yXyAmaeICH.

il -
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Puc.2. OHOPTeTHUECHUA CIIEKTP $OoTOHOB S Pa3NMYHHX 3Haye HuH
cpefiHefl COMPRABHOCTHE 9HEKTPOHOB X 4 X836 puMX (OTOHOB I?:
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2. PaccMOTpHMM TeNeph 3aBUCUMOCTEH CHNOKTDAJBHNX CBETHMOCTEH

d,{,/dw ¥ cremeHeii MosoxpouaTuuHocT¥ h (3) orAF. NP paanMUHNX
2 (2).

d Mpu p*<« I aum ye-coyZapermi dlyofdW =< W{(I,W%Ez) 7.8,

pHC.2 AGMOHCT DHPYET TaKke ¥ yAyWNeHWE DaclpeAeseHms a‘Lﬂ/q’Hf

C POCTOM BENWYHHH (- .hPc ). Bua Yy —coyzapenuft npnf« I cooT-

BETCTBYDNMe HDHBHE NDUBONEHH HA puc.3. Bummo, uro npm 2AF. =
238 = -1 cnexrpauspas crermMoctd diy [dW B mecrxoil uacTy

CHeKTpa 3aMeTHO yBeAMuUMRAETCH.

Emé Apye aror adfexr npoABAAETCHA C POCTOM J’" s T.K. DU
yZale EWE TOUKE KOHBEPCHW OT TOUKM BCTPEUM B COYAApPEeHMAX OCHOB-
HYD ponb Wrpawt Bce Ooliée XeCTKHe QOTOHH. JTO AeMOHCTDHMPYET
puc.4, I°iie ¥800pameHA CHEKTpalbHad CBETHMOCTE dLrJ_/‘fW npu
paszmumsx p* . [pK aZaHEOM 3HAUGHHH ¢* mne AP.<0 crenems wo-
HOXPOMETHUHOCTH ) ZXyuue, @ NONHAA CBETHMOCTH OONBUE, 4YeM ALA
HenoJXspH30BaHHENX MyYKOB. OTH JAySWeHUA JEMOHKCT PUPYWT DUC.S5 M 6,
e W300paXeHH KAX DOXHHE CBETHMOGTH, TaK M CTeNeHK MOHOXpOMa-
ruagoctd npu 2AP. = -1 wnpg AP =0 AuA ye- w AR yy -coy-
JAapeHu#i. Bce aT¥ BENWUMHEN DacUATaEH C MCHONB30BaHWEM CHEKTpa
(4), yumTHBawmero moxapusauup (cu.famee (25), (33))B mpeanoxo-
FeHEY, YTO SIAEHTPOHHHE NYYKH - KPYTAOro CeueHMA C I'ayCCOBHM
pacnpejsieHieM maoTHocTH. (Taxoe npefnoioXeHMe HCHNOAB30BaANOCE
B [2] ).

3, HopuaMMOMY, HamOomee KPHTHYHOHR XapaxTepHCTHKO@, omnpese-
IAunel peaAbHOCTH nasepHOM HOHBEPCHMM SJEKTDOHOB B (OTOHH, ABAA-
eTCH SHeprEWs IasepHOfl BenHmKM A (OpDW 3aueEHOK dacToTe, NOBTOpPE-
HES *\?) , T.K. Hoo(jmpAeET KOHBepCHE K (T.c. OTHONEHME YHCIA BH-
GOKQOBHSPIEUNEX QOTOHOR K UMCAY BIGKTDOHOE) ONPEJGNAETCA COOTHO-
mEHHOM:

k= &/&, (ups- A< A, ). (6)

BozwuEsa A,BHUMCIEEE 3 [2] npw peszsumux npeARONORSEMAX O napa-
HETPEX INY4KOB,

He puc. 7,8 maolpaZess SaBBCEHMOCTE X8paKTeDHOU 3HePIHH Ai)

*) Sneprus A, (p) muumczens no Gopuyzau (16),(22) us [2] » npez~
NONDKEHAM , YT paiuyc (OKANBHOIO NATHA Ia3eps @, paBeH pa-
AMyCYy BAEKTDOHHOT'O Nyuka B OONSCTH HOHBEDCHM e npH
Lo 220 MEM,a npm T, < 20 MM pagmyc @, =20 wgM.OTUETEM, 420

C pncmuuz f  pacrer ¥ gonyerTuMas NPOZOMXHTEABHOCTE BOMHMUKE
T =< f

R e



0Ol 02 03 0§ 05 06 07 o8
Z = Wyr/2E

Pug,3. CHeKTPalbEAf CBETUMOCTS ¥§ ~COyZapeHER ANA DASINLRNX
spaveust » w P npz Q"-ﬁ 4. (Tunbrod oTHOTEHH N8 PaMET-

pH BTODOI'0 NIYUKa).

(1

¢

FHC.4. CHeKTpanbEaf CBOTMMOCTS ¥¥ -coysspeEsft nmpw pasiums

2)R = 23PR




(@)

X= 269

20

X= 269 (@)
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PHC.5. SaBUCMMOCTE CLENECHM MOHOXDOMATHYHOCTH (4) o i
****** HeH STHYHOCTH (a) 7 NOHHOE c.6. To ®e, uro Ha puc.5, anA Y& -coyzpapenuit.
cwerunocT (3) e -coymapemmt o {° zua 24P =130 £82.6- : i o
A =
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PHC,7. 3aBECHMOCTH X8 DaKTepHO! 2HEPIHE BCNNOKE Jasepa An (6)

¥ CBOTHMOCTH Lre OF CTENEHN MOHOXDPOMaTHUHOCTH Moo
ang Y€ -coynapenmil. .
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AL J] S L ys/kPLee o
—— AR = OAPe=-1 {
{OOU_F.- =g o o 1 0
100?
10
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Puc.8. To ze, uro Ea pwe.7, ama dd -coyzapenuft.



u cseruMosTa L oF crenenm womoxpomarmwmoctTm ¥ AXS ye- B Y¥ .

~C0yaapeHuil npu lﬁP,; = =] B 0. JIf ONpexeXZeHEOCTE PACHET BH-
NoJAHEH C WCMONB30paHEeM napaMetrpod BJADHI (nepeusciemEwx B Tal-
aune 2 08 [2]);1;15 1a3epa #a Vd g B = I50 T'sB (x = 2,69). Bex-
HO, YTO MCNOI530BaHMEe NONADPH3OBAHHHX OVikoB ¢ AP < 0 mér
GOnBmON BHUIDHEE.

Tak, B Y€ -coyZapeHMAX ANA CTONEHE MONOXPOMaTHYHOCTE I0%
npu 2P = ~I aHeprEA A = I5 [ix (T.e. CEN3KS K MEHEMAIBHOH 18
puc.7) ¥ CBETEMOCYE L&’E = D,Ekhge,a npe .?\P,_- = 0 uweex 4 =
40 % w Lye = 0.5kl Taxnx oGpasow, npE oamEaxom0ld 2ESPIEE
BOOWERE Nnasepa A S IS Jx B 3ToM CIXyyae [IOXHAA CBeTHMOCTE HpE
rP. = ~1 B ueTupe pasa CONbLE, YeM IPH ..ch = 0.

Ans ¥§ -coyzapenwi 3aMETHH{ BHUI'DHE BMeéeICH BC BceHl odzac-

T, B ToM uMcne npE 2AF. = -I yaywiaeTcd nouTH BABOe NpeASEB-
Has ClelieHb MOHOXPOMBTHYHOCTH 2: . llpr 2AP, = -1 creness Mo~
HoxpouaTaudocT I0% ZOCTHIaeTCA [PH yuepPEeHHOM 3HaUEHBM ZHEPTHE
A,~ 160 & (npu amou L, = 0.18k'Lgg). B ro 3e Bpews mna AR, =
U 3HaveHue :”, = I0% CAMSKO K acHMITOTHUYECHOMYy, T.8. COOTBETCT-
Bywlge SHRueHMc A, oueHs Bemuwo, al,, ouens uamo. Ecnm  BuO-

s R, = 154, 70 HpR 2)P, = -1 smeprua A = 50 Jix n ir” =

0,3k Lee . B 10 3¢ speus npw A P.=0 aHepras 4, =250 fix u

L.!ra = 0.08 kﬂb@g . TagWM COpa3ou B 3TOM CAyYas HNpd OJAMHAKOBOH
SEepIuM BCIMUER nasepaA < 50 ]z moanas cperumoct?s Ang 2AFL. =
-1 B 100 pas coanwe, veum zms AP = 0.

Lng SLC npu wenoxssopanms nazepa ma Md ¢ yrpoeamen uacro-
T4 nps E=50 I'sB rakge x=2,69. loarouy sasmcumocts Lye (),¢)
" LM(?”] TOuHO Te e, UTO W Ha puc.7,8. Ozmexo, Ws-3a Toro,
UTO NapaMeTpy CHCTeMH PYTHE, XADAKTEPHME dHODIME BCIHUEX A,
NpuMEepHO B 5 pas Coybue, 4YeM HS PHC.7,8. [IpE HCHONB30BAHME Ja-
sepa Ha MNd Oes yrpoewws macTord ZnA E=50 I'sB amauemme %,, =
20% mocrmrasrca npw 4, = 120 [z (L” =0,26 k*Lee ), ecaE 2AF, =
~1, u npu A = 400 Az (L‘H=U,Ik’ﬁvﬂ. )y ecam 24P = 0.

B paccuaIpuBaeMOM ClyYse HAapAZY CO CBOTHEOCTRD COFAApeRE:R
IapaKTepR3ynTCAd TEKie BOJHUEHAME, CBASAHHHME ¢ NOAADUBENNeE
nyuxcB. OEM DECCMATDHBADTCHA B PABESXAX 577.

14

k. § -OY90K B OBNACTH BCTPEUM.

I. BuGepes CHCTeMY O0TCUETE, ® EOTODOH 0GR 7 BANpaBasHa IO
UNOYAECY HaUSIBHOIO BIeKTDoHa. MM OyJsM Ba3HESTEL 68 IadoparTop-
Hoff cucreuoff. Nycrn @ ¥ ~HONAPEEYW H Q3MMYTANBHHE yIUM BHie-
Ta KOHEUHOIO (OTOHA C EMOYALCOM k 2 3Toll cucreus.

J0oRADE3aNMOHHOS COCTOAHME HAUAABHOI'O 2NeKTpOHA 3ajgercH
BEKTOPOM I0JADUAIHA '1;' , G3BMYTANBHHE yTOX BTOTO BEKTOD&P i
NPpOLOIbHAR COCTapisnmasn

‘SH‘E.SE.;:"H'} _ (7)

rge M - cpeBHAA COMpaibHOCTH 3MEKTPOHa. H#Xe GyZe? BCTpEYaThH-
CA BOANYRHA

4 - ILI eSS R s _- (8)
2= 2SS = IS0l s Vixe ) (4u-d)
rze 5, u K, - momepeumse cocramiAvuue T ¥ k

llonApE3aHEOHHOS COCTOAHME Ja3epHOTrD (OTOHA BajaeTCA BeaAk-
uppaue P, , P, w § , rme P, -cremenb KpyroBo} molspussnmk
(paBHan cpeAHe# cnupaIBHOCTN), Pt —CcTelleHs AWHeHAOH monapmsa-
Ueg, 8 Y - asHMyTalBHMY yroa BAaOpaBIEHWA MABKCUMAJNBHOH IWHEH-
HOW NMONAPHBAIEY.

2. Homoxksysa pesyibTaTy paﬁﬂr[B,B,ID], MH MOZY4UaM (oM. Opu-
noxeHrs B) FE@depesHnualbHOS CeUesHNe KOMITOHOBCHOIO DACCEeRHMA
B mapauerpH CTOHCE BHCOKOSHEPTETEUGSCHKHX (OTOHOB Si B Is0opa~
TODHOE CHCTEMe B BuUTE:

A% _ 4m6y do _  o* P
(4]

dydp — 248 d 2y Togmg Y
Y2 wtvan
5 gt £42,35 (10)
o
&
ﬁ?:ﬁp(qnn‘:ﬂsmpq- 5:,';1 sinmf)j j:ﬁﬂj’j' R

He saBHCANEE OT Y caaraeuue 'fj PaBHH

IS



e -_-?j-g +1-4-4201-7)+ 20L T X (1-22)(2- %) ,

Ca =210 sin2y C = 21°F, cos2y , e
(o = 2ANL[1+ (1-4)(1-29)"] + f-zz)(-— . 1-y) .
ANA COKpaNEeHMNsA B4NMCH OCTANBHHX CHATACMHMX M BBOJMM BMECTO
AeMCTBUTONBHNX BONRYNE C:sn | sjn KOMNA®KCEH®

Ajn = C}"ﬂ'ﬁ in i J=0,42,3; n=4,3¢ (13)
Torga

siises v hd gl =
ﬁh_-_;g_[ge;f;—.e ; (tam)e™-Re Ty €'l

Aj2 = ‘q.I({'z)[Pfeiiz; I: ’ :lldiP!. ? 92‘! ; 1 ] ]

(I4a)
efi)e :
As=- B (-9)e J'J‘_')[a’_ 0K 0],
A= 2R -0 6™ '[a; & s il
OPMeTEM [0I6S HO® COOTHOHeHHS

MOXHO yOeAMTECH (cu.upuumura B), UF0 ®3 HepaBeHCTHA
Z §" <4 caezyeT

]Ca' Qa,!ﬂjnl PR (The)

4

Ips Y-y,  xoa{junernrH 4—,, y Sjn cTpewsTcs X Hymn mo 3a-
ROBY :

Gin ,SJ-;, < lgn-g)™ 5 8 (1s)

- Is ]

|

Juepreruyeckuff conexrp goroxos (4) mozydaerchA B3 (9) nocae
WHTeI DUPOBAHMA 1O Y :

f(x,4) = Kfﬂ’:ﬁ, . (%a)
CooTBeTCIBEHHO NONHOE CeueHHe (), unpenmamﬂ cooTHOUeHBe M(5)

Op# ANCHX NOARDPR3AEUBAX MBHPUHQB ¥ $OTOHOB.

3. J\n8 MCCIOZOBE8HEA CBETHMOCTeM Y€ - B )Y} -CTrONKHOBEHRH
HyXHO 3HATH pacinpefeleH¥e QOTOHOB IO DPACCTOAHEAM 1= 1, oT
OCH Mmy4Ka B 00NacTH BCTpeun. [Jo3TOMY HeOOXOAMMO pacCMOTPETH
ABpxeH¥e foToHa M3 0GASCTHN KOHBEPCHE B 00XacTh BCTpPeuHM (HA pac-
CrodAHWe Y ). QOTOR C SHEPrMed wW=Y£  OHA MSAY4YeH NMOZ YIiOM
9=6,\[{3,.,H}-1 K HanpaBIGHHD ZBWECHNA aXeKkrpoHa. [ycts ¥ -
asuMyranseuii yroa BHEeTa aToro gorosa. Torza umcao HoTOHOB
dN (11 !'.r) AOCTHINAX TOYKE "E' B 00#acT® BCTPEUM,MORHO BH-
pﬂanﬁ. Yepes UMCNO SAEKTPOHOB, KOTOPHe HONaAM OH B 3Ty  TOUKY,
¥ ceuerme (9):

df";(i:“ﬂ ‘f): dﬂfe{f-gaj -é- ﬁ? Adwdy ),
6=6,(cosp, sinep) V({9ufy) -1

(smech k - xoshuUHEHT KOHBEPCHE).

CpeAunf noiApusaums DOTOHOB )Y -nyuxa noayuaerca m3 (I10)
nocue yCpeAHEHMS OO a3MMyTy f C BeCOM MPOMOPLUMOHANBHHM Cele-
o (9) (ops[9,11 )

= {30 > C;‘a : :
?‘_(?D- (9;) e cﬂﬂ (I?)

OTH QYHKIER He 3aBHCAT 0T MONcpedHOli NOJADM3ALMM SJNEKTPOHOE.

Nrax, Bce napameTpud Croxca $oToHOB, BoOGmNe I'OBOpPH, OTAMYHH
OT HyAA, T.6. B NPHHINHENGS, BOSMOXHHN [OJHHEe NONADN38 UWOHHHE M3-
MEeDeHNA . Bunmm{ﬁ(g}) NpoNoOpUEOHAAEHEE NONAPHSALMOHAEM Hapa-
MeTDaM I838pHOrO cBeTa ¥ (MAN) SIEeKTDOHOB, T.E. S8BHCHMOCTE
HaGanjaeMHX BOAMYHHE OT gl MOXHO H3BIeKaTh, B NpUHIMIOEe, BS-
wennn P, , e ok i

(16)

Ha pEc.9 npusefieHd sHEpPreTNIECKHe 3aBECHMOCTH NapaMeTpos

-I?-—



Croxca(}.(y)) 3 HOKOTOPHX NHTEDOCHMX CIy9SAX.

R|2A ' EcI¥ CBeT Ia3eps IWEE#HO NOAADPM30BaH, TO AWHE#HC NOAAPM30-
al-1] 1 _ BSHY B TOM Xe HaNpaBISHEN W BHCOKOSHepreTHueckNe doroms. U
gl-1l O pHC.OQ BEJAEO, YTO CTONeHh MX JANHeMHOR NOAAPH3ALEN NazaeT C
% T R yMeHbUGHNEM EX 9Hepru# (EcAm 8JeKTPOHH NPOACHBHO NONAPH3 0BAKHH,
alol 4 r0 $oTOEN npHoGperapT AONOAHHTOABEYN KPyTOBYyD nunﬂplaamﬁ;.

(ﬂ) . Ecam cBer iasepa UMPKYAAPHO NONAPHSOBAH H (MIN) 3NEKTPOEN

NPOROABEO MOZAPES0BAEK, TO ¥ - MYUOK MMeeT LMPKYARDHYD MOIA DM~
sammo. Npm %o (§,(4=YmD=-B  ams A=O0mmF =*1I.
X=- 269 ECAN 3NeKTPOHH He MONAPW3OBAHM, TO LMPKYAAPEAA NOXApmaauws Qdo-
TOHS W3MGHReT 3IHAK mpK Y = X/(X+2), T.c. BOEMSN Y, =x/ (x+I)
(amavenme § = X/ (x+2) COOTBeTCTByeT DaCCeAHND Ha yrom /2 3
cHOTeMe NOKOA Bxekrposa). Hs puc.9 BMzHo, uro npm4 F, (0ocmacrs,
B zn!npui&lm) §MeeT TOT Xe 3BAK, UTO M (51(5,.)) , pac-
EEDHRETCH. -

1 5. NONPHSAIACHHNE S00EKTH B ye - COVIAPEHMX.

U.)/ 1. §© -"ceuyesma". CeUeHNA COyZapeHNA NONAPN3OBAHHEHI Go-
y=(JE . 20HOB C 2AGKTPOBAME C 06pasOBAHNGM NPOM3BONBHOM CHCTeMH TaCTEL
X woxpo samucars B BEAS

3
o do... =2 ¥, do.
Kk - P-4, y-0 | Ca Tt S (18)
- - I'Re ANd Hﬂﬁ@!l. EBeJeHO 5 = ]. BeawumeER dﬂ'. BHDARANTCH 98-
; e (6) pes aunasTyas Mg ﬂpt‘)ﬂﬁﬂﬂl‘ ye-X co Enlpax;noum dorToHa
0S5t | - a = 1. JleficTEauTeREEOD
. s d, b= .
il Q2 0:;4' : G:G & ollg y=w/E rze dl' -sasmenr Jasomoro ofséma, a $af ~MATPEDA DAOTHOCTE
| : £ $OTONOB 2 CHNPEIBHOM 0a3MCe.
Puc.9. a) Cremeb KPyroBOM NONApSauud QOTOHOB B 38BHCHMOCTH ' i = : o B L
or W/E Zna pasauuENX NOJNAPH3ALNH AasepHHX (OTO- ' S',....,." ‘3‘(4*5),9.--%(4'52),‘?*_-)’_,, "é"(" §_,+-‘-§,) ; (I98)

HOB ¥ SJIE6KTDPOHOB,

b) CpeAEce 3HaueEWe CTEMeHM NMHGHHO! MOARPUSALME Horo- Nonoseiiann (199) 5 (I9e), 16 B s
HOB B 34BUCHMOCTH 0T W/f LA NURe#HO MOJAPW30BAH- o

HHX 71836 PHHX (OTOHOB.

m Y
I8



ds,= 4 (1ML ML)dr ) de=2M 1= INI)Ar, g,

A% =~Tn(M.M2) dT . doy=-Re(M.M")dr.

OfmeTum, 4r0 (), - 9TO CeUCHHEe DeaKlM¥ ye-— X C HEMOJNA-
pR30OBAHHEME (QOTOHAMH. ECHH SNeKTDOHH He NONAPU30OBAHH, TO BKIAJA
"oeyeHnit" da‘, " a'o';‘ " du} B (I8) mcueasaer NpE ycpeAHEEMH 0O
a3HMyTaNbHEM YIISM BHJOTE 00pa30BABUEXCH YacTHL W [0 MX NOXA-
pu3annfAM. ECIM Xe 3JeKTPOHH NPONONBHO NOAAPUSOBAHH, TO DK Ta-
KOM ycpeZHeHEH® BKAAZ dd‘z , BooGme IOBOPA, He HMCYeaaer.

- 2. CBeTuMOCTH M umMCNO COGHTHHE. CneKTpalbHAR CBETHMOCTE
Y€ -coyZapennuii ompeendAeTCA Kak OOCHYHO (cu.paan._.'?.z B [2] )
COOTHOmeHMEM (MOAPasyMeBa8ICA MHTETPUpOBaHue mo T u P )

d” (.: (A A e 3
dL..(4)= vf % *;;f) dle(®) - (@o)

T'le Y =~wacrora NOBTOpPeHRAA COYyZapeHHH.

ycpexue HiMe "no .coyzapemmaM™ napamerpw Crokca (T, (Y, f’))
onpelleXANTCA cooTHOmeHmAME (cp.I0))

(ﬁ{'ﬁ,}]}dlge(yk ﬁﬂf @)ﬁ'f w,p) }{_U: i’) . "(FE ('E.) 5 (21)

d*z

B mrore, B cooTseTcTBRR ¢ (I8) moaHoe wMCIO cOGHTMEl ye - X

B OAMHELY BDEMeHN ONpeZielAeTCA He TOABKO CBETHMOCIED dlye
HO W BemnuwmaM¥ (¥ (Y,P))

ANesx = dle(Y) ;; (50400 A0 ;5 (¢5>=4).  (@2)

- BooGue roBops, yCpeAHGHHNe N0 COYARDGRWAM NapaMeTpu CTOK-
ca (g, (§,p)) (21) e coBmazapr co cpegmwm no ) -myuky napa-
werpaun Cromca (§;(Y)) (I7) (sanpumep sa cuér BosMoxHOH axcu-

ansHON acHMMETPUM NYUKoB). OHAKO, B HEKOTOPHX BAXHHX CAYYAAX
5T0 paaiMy¥e HCyesger. B 4acTHOCTH,

45:(3!!’» ” {feff))z Cr‘ﬂ /f::la (23j‘

20

npn _f'esf BIR J«;* » 4 UA# Npu aKcHaJbHON CHMMETpPEM NYUHOB.

Ilnf cayyas aKCHANBHOH CRMMETDMW NYUKOB De3yibTaT (23) npamo
cnezyer 3 (20), (2I) m (I16). Npesensrue cayuanm p«d  m
P> noZApoGHo PasolpaHH B CAeXyDUeM paszele.

Mlole3HO 3aMETHTH TAKKe, UTO eCHM 008 3JeKTPOHHHX NYYKa 10 KOH-
BEpCHE MMeAM OAURGKOBYD YopMy m dNe(7) = d Mg (—E') , T0
cBeruMocTh (20) ¥ sexuusHn (2I) He 33BWCHT? OT HOMEpevHOH nouA-
pUSalBM SIEKTPOHOB.

3, NlyeTs pacnpesieienwe 3JeKTPOHOB B MomnepevHoll MIOCKOCTH
aKCHAJBHO CMMMETDHMYHO M I'ayCCOEO, T.6. B OONACTR BCTDEUM

— ld ‘itfa;.
N s 2 (24)
d e(‘z) 31’0: d T .

Nozacrasnas (24) u (I6) B (20), nmonmydyum

dlye =k Leg £ (1,9) exp[- %f(%ﬂ'—f]] 4y, (25)

agecs Kk - xoappuumenr xomsepcuw, 8 Lge= Ve /2 ag
NoXHas CBETHMOCTE GaB0BHX ee-CoyjapeHMil Oe3 yuera 3(ppeKTOE
Borpeud. [oAuepkREM, UYTO EAMHCTBEHHOE H3MEHEHME 00 CPaBHCIVE O
[2] COCTONT B OMGHeHWA BEAA QymkumE f(x,y) . HueHHo 9T Yoi-
MyZa MCNONB30BANACh B pasjpene 3 .

6. NOMAPUSALNOHHHE BGOEKTH B )Y -COVEAPEHIEIX.

I.XY - ceueEms. Kax m B Y€ -COyAapeHMAX, CEUEHNe B3AMMO-
AeHCTBEA NONADK30BAHHHX $oTOHOB MOEHO 3aNMCATh B BHZ®

3
o = e (26)
d6, ,x = 5:#: E: T do; g

rae §, m §; - napawerpu CToxca MepEOTO W BTOPOrO (JoToh2
(E = = I). BupazeHus AUA "ceueHmil" dqjj yepes CHMPaNL~
HNe aMmEWTyAs mpouecca yy-» X summcams 3 lpiaomenuy (.

[IpH ycpeZHGHWH [0 MONADWSALMAM M 83WMyTANGHNM YTJN&M BHIETa
DOZHBENXCA YACTHL TOXBKO TpW u3 I6 Bexmwuud of0;:  JAWT HemyJe-
BO#t BKAAZ B (26). DTO-CeueHWe DeaAKUMA C HENOJAAPH3OBAHHHME DOTO-
HaMm 0's 9, B Beawumsw TPz Oy W T=ay, -0,  (sHech uc-
NOXE30BaHE OCOSHAUEHMA M3 [12] ). OHE BUpaZawTCA Gepe3 CeuyeHMHd

o1



0Gpa30BAHEA CHCTEMH X zsyun doToHaM® C ma paINENBHHMN G'ﬂ 5.
BSAWMHO MOPNOHABKYAADHEME (), JMHe HHHMM NONADM3aLMAME M Uepe3
ceueHE® 0GpE30BaHNA )\ ABYMA (G0TOHAME C NOXHOM CHRMPANBHOCTED B
EX C.l[.H., paBEOR Hym G maw Zsym @, :

A CRAL (4 !-))Tq uﬁtﬁ'uﬁ;—); Tl GG (27)

Jlan BCeX M3BECTHHX HAM NPONOCCOB NPH DACCMATDEBAGMHX BHCO-
KX 3HeprEAX T Mazo no cpesuenmw c ¢ :

ZI<«@® , |2 £€, (27a)
. CreTEMOCTE N UNCNO COOMTNH. CNexTpaibBasf CBOTEMOCTE ¥ -

COyZMpenNE onpefexAe?cs (KAK H ANA )€ -coyiapeHuft) CoOTHOmS HN-
eM

d ¥ (%, 4,9) AN (%, §,9) 28
{’23 j d!,{ ( J

(3BaK TEABAS ynorpeCnsercA ANA X8PAKTEDHCTRK BTOPOr0 nydka,lnpN
270M B {ﬁopujrnaxf 8HAJOTNYHEX (16), (9-I4) cuneayer 3aMeHNTS Y, ¥
" p B8 =) = E _P W3-3a APYTOro HATNPABIEGHNA OCH 2 JNA
BCEPEUHOTO nytnr.u) '

fnpumnmu "o coyAapeEEsSM” NpoN3BelsHEA napamerpos Croxca
(¥, ;- s  ONPeNeAANICH COOTHOWSHEAMN

: j (%9 e Bl 4,0} (:.?HF}I‘ 599  (29)

(%5 dLJI e

B meore, B COOTBEICTBEE ¢ (26) nozEoe NGO COCHTEE ;J‘-*X B
SZNHNLY BPSMeHE OIPSAGNAeTCA HE TOABKO CBOTHMOCTED dkbyy B COYE-

umox dG,, , HO ® Bexwummaux <F; f,}a’ -

f (E% >do‘ (31)

dN, = dly, iz, ;

i

X) MoEHO LPOBEDETS © yueron (I43),4T0 B CAyAe BKCEATBHOR
| cUMMETPEE OyuHOBR CYHECTBYeT COOTHONOHH®

-<5,%-E5) = <5,§,+5E) cdg2(p+F). (30)

- 22 -

“»

- (28), (29) mexmuury dNo(7-6) o €6 .

C yderom (27) yAOOHO BBECTN ANBSHHYD HKOMOMEHA LMD

A=F(5E-55). (292)

lipm aroM (31) npurEMas® BEA

Al oy = dly, (46 + <55 A2* + AT+ 1 (31a)

. [IpefienbHHe CAYYaE. B o0meM cIyyae CPeAHMe NPOM3BEACHNA
napauupun Croxca <F¥; ? > He (AaKTODHBYNTCA W8 I8D&METDOB

CToKCa OTASABHMX MyuKOB, T.e. (T E > F (E’Q({-‘ o

OzRa KO, B OPBJNEJNBHMX CJY4YadAX MAJIHX M 6muu aaaqunaﬁ na-
paxerpa ‘f" (2) raxad QaxropusallMA EMEesT MECTO (}' EJ)N
(.19 (!' QJ) ipe aToM cpeArme NONADRIALME ) -II]"IEH (f (y)>
nupe;wmntca MPoCcTHME coorHomenmAME (I7), (I2) ® He aanncam
or Qopuu ny4kos. [[03ToMy B TAKMX YCHOBMAX IR ONpeJe JeHEA

{E:’EJ) Heé HYXHH HOBHEé EOMEDeHHA HMIK BHURCIEeHHA C KCIOJIb30OBa-
HHeM XapakKTe DECTHK NYyUYKOR.

loxaxeM, OTKYAA caeZyeT QaxKTOPH3AIMA M OLEHEM e norpem-

- HOCTH, He ZeXad NpeAnonoXeHMH O pacnpeieleHUn SJeKTPOHOB B

fomne pe4HEod NAOCKOCTH.

lloka TOYKA KOHBEDCHMM DACHONOKEHa BONMEW OT TOYKM BCTDOUH,
yuMpeHMe ) -myduxa ~£9, MENIO 110 CPABHEHMD C HaMMOHBUWME MO~
nepevuHEnM pasuepoM &, , KOTOpHY MMen OH 2JeKTPOBHHINI nyvyox.llps
9TOM B KaXAyy TOYKYy OCEBCTH BCTDPOYUH MOI'YT NPHXOAWTH (OTOHH,
BUIeTEBEMO M0X CAMHME PABHHME yraaMu, T.e. YMIH ¥ W t? He
CKOppeaMpoBaHil (ga ASHEE (I6), (29) 2T0 0O3BauaeT, YTO OTAMUE-
eM "t- 3 H - 4 or x MOXHO npesHeCpeys). [losToMy HWHTErpE-
posansa Mo Y ® ¢ B (28), (29) CTAHOBATCH HESABMCHIGLMHE N
CBOZATCA K YCPeZHOHND MO ¢ BeIWUMH F. ¢ BecoM, [pPONOPUMO-
HEIbHEHM o 0, /q{ngf , T.6. K yKa3aHHol :ﬁamnpuaauxn

JAnd oleHKH TOYHOCTH (AKTODMSALNE B STOM CIy4ae DASIHOKNUM B
[locie mETErpHpOBaHUA
N0 % DNAapaMeTPOM 3TOTO DASNONRHWS CTAHOBHTCA BeiMUMHA €9/n,,,
~ {9,{#,, , HOTODaA ¥ onpeelfAeT MOoNpaBKW K faxTopHaalluy.
OnEaK0, B eTcyTcTBwW@ nONepPeYHOR NOBAPHUIALMM INEKTPOHOB B

(I2) BxOZAT XuMWb cCAATAEMH® C cosn,sinny 1npd n= 0, 2, &,
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a nepsufi yneH PasSAOXBHMA MO §e 7aeT BKIAAH MPOMOPLUOHAABHHE
cos¢ W siny . TloaToMy 5TM BRUAAH WCUE3aNT MPE YCPEAHEHUN IO
¥ , ¥ DasN0oZSHME HAUMHBETCHA CO cCAAraeMiXx BTOPOrO MOpAAxa Ma-
AOCTH WO g.:‘:fﬁﬁuh..ﬁﬂ urore npn dNy(-%) =dNe (T) uMeeM

(5, Ey= EUD EE T 53 Ocgm)+ Olpn),
(32a)
00 = $0sltm <ty <5 (40> = Gl Goo .

Eoaw dN,(-%)¥dN,(7),r0 nossaspICcA €ES NONPaBiw "5 fm ® *3, fm

Horza paccTomHNe § OT TOUKM KOEBEDCHE A0 TOUKM BCTPeuN
BO3pacTeT HaCTOABKO, YTO COGCTBEHHHE passep } —NYuKa ~56‘,
CTaHeT BEAMK [0 CPABHEHMK C HaWGOABEMM MONepPevdEHM pasNepoM
SN KTPOHHOTIO Myduxa @y , TOTA2 OCHOBHYR Yac?h )Y -COyZRpeH¥H
COCTABAT COYAAPSHMA ADYT C ADYIOM HAWGOAEe DHEPIUIHHX (OTOHOB
(c 4y WY GNMBKMM® K 4, ). Ho mpw orow xosofumment (i, Sin
¢ nz{ ugmi (IS). llosTouMy 376CH OCHOBHYW DOXB WIrpaneT cnarae-
mie (;y, (.'J-., 8 P; (I1), re samucrume oT Y 1 'f’ , B daxropm-
3aumi BHOBB :ueu MEeCTO ¢ HeGOXBUO} MOrpemHGETHD.

Ina OOeHKW MOTPEWHOCTH OTMETHM, YTO cpejHUE pasCpoc '3,..-;(
B STHEX YCIOBMAX - MNOPAZKA CTeNeHW MOHOXpOMAaTHUYHOCTH % , T.e.
coraacso (I5) (;p,S;p ~ 'z”f* . Kampuit ) -nydwok npu B3rasze
B3 TOUKE BCTPeUN BHIAAZNT BHXOZAUNM M3 TOUXM M TaKmM 00pa3 oM
OKa3HBAETCH @KCHANBHO CHMMETDHUHHM (Zaxe IAA aKCHaABHO HECHM-
MOTPHUHEKX OUSKTPOHHHX MyukoB). [03TOMy C TOWHOCTHD ~(@ L 188)*
NOoCH® a3HMyTaABHOTO ycpennaanﬂ ® (§ %‘) 8 MNnepaoM npnﬁumnn
BOMAyT Iums komCmBauux C, _,.. 'g' (cp.euze (34) ). Kpo-
Mé TOr'D, KOd(QMIINeHTH ff” ) St (Ii}) NpH HaMEWSHeldl cTeNeEH
PasZOXGENA IO H INPONOPIMOEANBHE T, -CTENEHM NONEPeuHOR HONA-
pEsalEd 3IeKTPOHOE. B urore

'<?§> = (5,040 -C%, t:))+?ﬁ:.0(?) 0(2) (Ja.fn,..) »4  (328)

(HanGoNbuNe B3 OTCPOWEHHHX cnarueuuxw"i_,.'z ( ﬂufl‘%) OHn He
CYNEOTBERHM, MOCKONBKY n paccuaTpHBAeMHX YCROBMSX 4> 4, /£#, ).

. 3aBHCHMOCTS OF g . 'ayccops nyuke. [lpepmonaras, 4Yro
pAeKTPOHHHE NYUKHN &KCHAIBEO CHMMETPHUHH M PayccoBd (24), MOXHO

Gozee ZeTalbHO BHUNCIETH saBMcRMocTH of napawerpa f* (2). Moz-
_crapmu (I6) m (24) B (28), (29) m BHNOXHHM MHTETDEDOBAHE® IO

- m »

€ w ¢ ,ozaveM M0 ¥=¢- .lpu UETErpHPOBaENE IO ¥
moABAALTCA GyHKUIWY BecceXd MHHMOI'0O apryMeHTa

Eine g6 g A
nﬂ'"a '.,z?f 4 Iu_z F'/(%’E-f){;'—”-fj

B urore nonﬁiaau

dly, = KLy dyd§ f(x;) f,3) expl- i!("“’* ¥ ‘2)] L(s)-M;
(33)

M= 1+ 15222 B6)BG)Z22 L B prak) I“j ast-l);

ﬂ

[9‘ -4 ‘t'!t'-f-‘l} G : y) = an \f[:ﬂ]gwm_”
AG) C.W ’ B() .

Orz¥uxe 3TOTO BHPAKEHWS OT COOTBETCTRYDEeH JopMyns Amd He-
nnnﬂpuaanaum myukos (oM. (40) B [2] ) cmoawres k mMeHeEED
CHeKTpa .f (%, g ( q) ¥ NOABAEHHEN JONOIHATENBHOTO MHOXMTERA M.
Ecas nonepedEad NONAPM3aNmsg SNSKTPOHOR B JAWHeHHad NOAAPE3ALNA
nasepEHY (GOTOHOB oTCyTCTBYRT, TOM = I; mMeHHO Takoil ciyuall
paccuazpusascs 3 [2] ® » paszgexe 3.

CpenEne 3HaYEHHA {'Tj; §J-> ONpeAeNANTCA M3 MNOZYYeHHHX TAKHM
#e ofpazoM, KAk M (33), coorHomeHmH

{’s'EJ) % 5 12 C_;a Z(C (5 5;*) Im).]. (34)
Hnnaanu 33MeTHTH, 4TO (CP. (13) )ﬁ C e J, PE(A,,, A_,.,)
HueHHo WS~33 HAIWUNA WIGHOB C I r.-.r)/ L) B (33),(34)

Op¥ [POMeEYTOUNHX 3HAUEHEAX 5‘" HAPYEAWTCA COOTHONSHES (aKTopU-
aauEn (32). C yuéroum (I4c) BeNMYMHE HAPYHeHHA ONpefieNHETCA OT-
gomenraun I,(v) [Ig(v) aua n = I-4. (XapaxrepHne SHaveHHf
vept ). lps Boex v mexwumsa 1, (e} [T,lv) < I, anps v¢ I
aas = 2 ormomenme I,(v) /I, (v) < 0,1I. Taxuu oGpasom, B or-
eyrcuu Monepe YEOH HOMADMSA KN axakrpaam (KoTza HeT WIeHOB

¢ I(v) ) pomb 9TEX CIATaeMHX NpE p*< 1 HeBelmKa, ¥ COOTHO-
meEda (axropusanuE (32a) BHNOXHANTCH C mrmucrm < I0Gk. G
zolt ®e rousocrsn ¥ M x I. Ipm Gomsmmx §* , xorza L)/l fo)~{
B OCHOBHO{l OGNACTH SHAueEERd y (BCAWSE Y. ) B cmay (I5) Mam

-%._
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e —

BEIAYKHEH C.:‘ngn - S"::.H Sj'n

5. OTMeTHM B2 HEOXKMIAHHHX 3ygexta, NOAPOCHO pasoCpaHHEX B
npunosenuy D .

, Y*0 W NpEBOZAT K (32B) m K M=4 .

CorzacHo (33), (34) ®» cayuse, &CIN SASKTPOHHHE MOYYKH mone-
pEYHO OOJAPU3OBAHH, @ A436PHHH CBET He NOAApPH3OBaH, To(5,5) F7,
»,e., nonepevysas TOUAPERAUMA B3IEKTDPOHOB NepepacaruBacrcs’B KPYy~
IOBYX nONApusanun foroHOs.

Apyroff uuTepecHH@ 30PeKT, COCTOHMEE B SHAYNTEIBHOM USMEHEHUM
CBETHMOCTH [J) -COoynAspoHui, BOSHEKGST B CIyYae, e€CIW oGa nasep-
HHX MMyYxa8 OAUHAXOBO NMOAADH3OBAHM B KaxZOR BCONEKe (HANpPEMEp,3TO
OZMHE AasepHuil nyy, pasZielleHHNH NOMONSM), HO B CPeAHEESM 38 MHOIO
BOMHEEK CBET Jg3epe HeNnolApH30BaAH.

7. Y)Y -COVIAPEMUR. BAZHWH DPHMEP.

HEDTDHEHH pasjel ABIAETCHA ECTOCTBEHHWXM ACNOIHSHHEHEM H [2] )
k paszeny 3. Mu paccMoTpEM 37ech cliydafl, KOTZa SASKTDOHH HMEDT
NpozoABEyD, & CBeT Ag3epa KPYroByD NOIADHsauuy. Toras creneHs
KpPyTOBO# NMOZAPHSE UM BHCOXO2HEPTETUYECKOTO (OTOHA He 3aBHCHET OF
gro ESHHETEHBHDPD yria BEAESTE

' !
g 1+ (-y)1-22) ] + B. f1-3%) (75 * 1Y
{Eifsr]}%'z:u’—“-“”[ s-221] + B, 235 )

= ; £35)
boe L vty -42it:t) LA P 4K (1-2%){2-9)
fipn srou coorTHOWeRMA (3I) npuolperan? BHE*J
(36)

df,, = dby, [do+ 55, d0s, + AdlE + 5,4, + §doy, ]

B cIyuae PayCCOBHX NYYKOR (24) CBeTHMOCTS ALy  onpenena-
ercs cooTHouwesueM (33) ¢ M =1, a

B ¥omy dafv)
A=Le5,5-550= 7 AlYAG) I:r:; - (36a)

He ucuesapmee npE A=P2.=0 caaraemoe AdT 3 (36) moxasu-
Bae? (c0.(27) ). KARVD DOAE B gaﬁnnnaemx coGETHAX WIp8eT pas-

!JE CHIy HO3BBUCHMOCTE §, OT Y M % or P cpefree {siﬁz.;:
= FF, [ i j:qz) IpE MOGOM pacOpeieleHEME NONepeusoff NIOTHOCTH
TYYKOB .
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I4YHE MEEAY CedYeHWNME 0, ¥ 0, B COCTOAHYAX C NapaJIIeAbHHMUY

M BOAMMHO NODHCHIAMKYAADHWME ZMHCHHNME NOoIAp#sauuaAME JOTOHOB.
lofBACHEE 6I'0 CBA3AEO C TEM, UYTO IDW KOMNTOHOBCKOM DacCEesHUM
KOEPUHHE (OTORM HMECHBO NMOEADPESOBESHN NEPNEeHAUKYNADHO NIOCKOCTH
peakuun (Zaxe mpk A=P =0 | cu., Banpuusp, f“’j ). Pasymesr-
CA, B CDeABGM N0 Y -NyuKy NK¥seitgas moaspusauui (OTOHOB 0TCYT-
crpyer: <%, (4))={5(v)p =0 . Ogsaxo, npu 5”1;:,4 ANA (O TOHOE
NpREC AREX B TOUKY A NEOCKOCTE BCTpOuM 0 pasHHX MyYKOB, YIUK
¥ ¥y OI¥3KH, ¥ NDOMSBGEEHRE ;-ﬁ,-‘s'fg, npy ycpeZHEHHH He
HCue380T. IT0 ABEGHN6 HMEET MSCTO Jake XA HENONRDK30BAHEHX HC-
xozmex nyaxos (upy A=L=2A=P =0 ),

BupoueM, nps JmoEx A u P, coorsercrsywomuii agferr He ciaui-
KoM BENMK. Cornacko (32) meauusna A mazma mpm plad  m P»A,
OnHa KO, W OPH NDOMEXYTOUHHX 3HEUSHUAX g“ OH8 HE BEIWKA. Tax,
npu X = 2,69 Beaudura A(y) ¢ 0,83 u upy aTOM I,r’vJ/IﬂfH} <o
r.e. A < 0,35. C xpyrofi CTOPOHW, ANA BCEX KIBECTHHX HaM HpO-
LECCOB TPHM pacCMalpDUBASMHX BHCOMMX 9Hepruax (T « ¢ . [oaTomy
MOXHO O¥HMAZTH, YT0 B OTCYTCTENG NOMepedNOd MOAADU3ALME Nazep-
HNX (poToHOB Binan NdT npeHetpozmwo uam.

BENG A MOCHEZHMX ABYX clarasMux B (36) wucusaaeT OPH yopohHe-
HRM II0 SSHMYTaJBHHM YI'VIaM W JICHAPH3SUNGEM HX052YHRX YacTull. OH

- BooOme OTCYTCTBYET IpPH POSAGHMY Nap YacTHL WIW INA WHEINSMBHWX

pONEccos Xy h+.. (cu.npunoxcane C).

B UHTeDSCHOM CAyude 2-"-3::"*' BenuyuHa (§y| Onusxa k I pua
g o CHMSEMX K Y (CM.DUC.9). [Ipn 5T0M 3H8E ¥, MOXHO WaMe-
HATH, COXPSHAA BeJUYUHY [NpONIBSIeAUA ch (r.g8.H8 W3MEHAH
COeKTPa)sa CYET OZHOBPCMEUHOTO W3MECHERWA HaNpaBIeHuUs NoJApuaa-
Ly SASKTPOBOB M Ja3epHHX COTCHOB. 3T0 NO3BOXAT MSMEDUTH HOBYD
uHYE pECHYR BeauudHy %= £(0,-0;) (27). HmEuMm croBauu, B npumis-
Ie BOSMOXHO IDAMOS H3MEDEHUE CeuYeHMH 0, u 0; B COCTOAMNAY ¢
noxHof cuBpezsEOCTEY JoToHOB O uaw 2. Ha puc.i0 npuespess so-
BECHMOCTE COOTBETCTBYLLUX CBeTMMocrell dl,/d2 W hg o2
2=WylE | rze

S 1 e i A
dN, = db, da +ollydg, + dby (Adr+..); dbe = 7 (1285, )dL,,  (563)

di=x
Bupigo, uTO npM HaRCOUBUMX £ CBETHMOCTE cf-‘-'m/ﬂ"-"-‘ > dlgle,
To8d BHGCH Oylie? WBMEDPATBCA TONBKO da;__li.nﬂ A=0B NPEEENBHNY
CAYUBHL X { M p % { 3TH CBeTMMOCTH Halidemn B paGoTe [6] .

pet
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8. OBCYALLEHME

I. OcHOBEOM pesynsTaT, NOAy4YeHHHE B ®TOH paldoTe, COCTOMT B
TOM, YTO ODE WCMOAB30BAHWM [POAOABHO HONAPU3OBAHEWX 3JNEKTPOHOB
¥ LUPKYAAPHO MOAADPH3OBAHEOIO CEETA Ja3€PA CMEKTP BHCOKOAHEDIMY-
HHX $OTOHOB CTaHOBRTCA CYUESCTBOHHO (GoJee ESCTKHM (C¥.puc.2).

38 cueT 9TOr0 3aJEHHYD CTENEHH MOHOXDOMATHUHOCTH MOEHO MOXAYIATSH
npu Mesbueil HepPIUM BCMHUKE ]856Da, @ CBOTHMOCTH LJP 1 L;; pH
9T0M Gonbue, YEM B HEMOAAPH3OBAEHWX Nyukax. Hanpuwep, npy guu-
CMDOBAEHO{ 9HEPTMM BCIHUKA A83€Pa ¥ 3aMIHHOM CTENeHN MOHOXpPONMA-
THYHOOTH § < I5% CBeTMMOCTH L,, yBeAMUNBAETCA HA ABA MOpPAALA
WIM GoJbie N0 CpaBHeHMK CO CliyuyaeM HENONAPU3OBAHHHX MyUKOE.

2. BO3MOXHO, B NDMHLIUNS, [OJHOS WCCASAOBaHWE NONADH3aLMOH-
HHX SaBHCHMOCTE{t B peaKUUAX J-E—:,x H J',_]f-.vx g

3. B OonHTAX ¢ OCHUHHMY [ONADM30OBAHHHMM [IYUKaMW JIOCTATOUYHO
3HATH NIOTHOCTH MOYYKOB ¥ WX CpellHWe NONApM3aluM. JTO HE TaK
LN paccuaTpPHBAeMHX HAMM ) ~-cOyHapeH#il m3-3a coeuuaiIbHOIO
cnocofa NpPUTOTOBICHRA ) ~-OyYKoB. CpeZiHMe NPOWSBEJEHHA mapa-
MeTpoB CTOKCA JBYX NOYUYKOB tf§£§;>' y DIPEIeNAwiEe H3MEDUMHE
ceuesmda (31), BooGOue roBOPH, HE pacnaflanTCA HA NPOM3BE AEHUA
CpeiHMX NapameTpoB CTOKCA OTAGNEBHHX NYyYKOB M TPeOywWT OTASIHBHOH
KannCpoBKW. M 1oxasanu, YTO 3Ta TPYAHOCTH HCUesaeT B JByX Bak-
HHX NpefelbHHX cryuadx (32), worma (% §o= (E,,-} : {lf_,-} o
Bemmum#n < ;> MOTyr Ourh BHuuciemu (I7), (I2) Mo W3BECTHHM
JHePTHAM (POTOHOB ¥ HONFADHMBALUOHHHM NapaMeTpaM 3J€KTDOHOB U Ja-
38pHOI'0 CBETA.

4, Eciw 3J6KTPOHH ¥ JasepPHHe MOTOHH He MOJAPUBOBAHH, TO BH-—
COKO9HepreTHYeckue GOTORH NMOAADUB0BAHH NEPNEeHAMKYARPHEO ONOCEOC-
™M paccesHMd. [[oKa8 TOYK3 KOHBEDCHM DacHoNOXeHa OAMBKO K TOYKS
BCTpeuM, B JWOOH TOuKe 0ONacTi BCTPeuM COyAapAwrcs (OTOHM, pac-

- CefiHEHe B DaBHHX IJAOCKOCTAX, M 90feKTH MONAPUISLMN HCUE3EANT NPH

A3HMYT8JIBHOM YCPEILHEHUH.

EcIW %®e TOUKHM KOHBEPCHY DACNONOESHH AaleK0 OF TOUKM BCTpeYd

' T0 coyZapApnTcA QOTOHH, DAaCCEAHHHE NPUOAMBUTENBHO B OAHON MIoC—

KOCTH, T.€. C NPHONN3WTENBHO Napalle]BHHMN IHREEHHHMY NONADUSa—-
guAum. [[oaToMy no0aBHE B CedyeHuWe, IPONOPNMOHANBHAA NPOU3BEASHUL
noadpusanuii oTOHOB, He HWCYe3aeT IPH ycpe prerny, (§, 5‘5-}} ?f?"# 0,

~TaxuM o6pasoM, JaXe B YCHOBHAX, KOPJZA IeDBOHIYAABHWE NOYYKE HE

-%-



NoJAPN30BAHE , W3Mepuuoe ceueHUe He ABJIAETCH CeueHUeM B3a HMO—~
ZeiiCcTENA HEMONApPK30BaHHEX (OTOHOE. COOTBETCTIBYWUWUN AOMOJHWTEIB—
HH il BKABZ onucHBaeTcH craraemuw Adv (cp. (36) ), rme xoadgwuu-
est A cymwecTseHHO sSaBucHT 0T QOPMH NMYyYKoB. Boolue T'OBOPA , HE 00~
YONKME TOTONHUTENEBHSR KAAMGpoBKa A ® cnocol U3BNEUEHMA HEU3—
BeCTHEX Beawuwwd @ W T N9 paccuarTpuBaeMoro npouecca H3 u3ue-
pAeMoll cyuMd 6+AT . K cuacTEb, Beanum#a AT OOHYHO Mazya IO
cpaBHeHMW ¢ O , W [pPW NEePBHX W3MeDEHMAX ek¢ MOXHO npeHelpeus
(cp.o0cyxAcH¥e B pasjiene 6).

5. 0CcHEOEHHE 4YMCIeHHHE pe3ynbTaTH NPUBEJieHH BHWE JA Jasepa C
We= I,I7 3B m B=I50 I'aB (x=2,69). OOCcynuM KpaTKO 3aBHCHMOCTH
or E # W, , O'paHMYMBUMCE 3xauenmAus X £ 5°/. JUA ompemensH-
HOCTE paccMoTpuM Y)Y -coyZapenus mpy 2ZAE.=-1 u mpm gurcmpo-

BaHHEOH CTeNeHH MOHOXPOMATHUYEOCTH *g” = I0% B ycmosuaAx BI3IMMN.

B STHX YCIOBUAX HpH (MKCHDPOBAHHOM W, XapaKTepHafd 9KEpPrus
BCIHEER Zasepa Aa (6) pacr&T ¢ pocrom E. ORHOBDEMEHHO DacTrer
W CBeRmMOCT® L, (mpU QUECHDOBAHHOM Ko2PPENUEHTe KOHBEDCHH
k ). Tax, auaw, =I1.I7 sB npr usmenemmu E or 50 I'sB zo 300 IaB
pexveuga A, uemaercs ot 70 A 2o 250 LE, aly, or 0.05 k'lee

70 0,31 k*Lee (cp.Tacnumy 8 B fE] ) _

B paccMaTpHBAcMOM WHTEpBale 49<x<5 pocT w, MpA (QHECH-
popagios E cOmpoBOXzaeTcH HeOONBUNM yMEHBUSHMEM A, U 3aMETHHM
yBeNHIeEHEM L” . Tax, zma E=50 T'sB npu yseiuueru# X of .89
20 5 ( W, -o? I,I7 8B g0 7 3B) BeauuWHa A, YMEHBNAETCHA OT
70 zE %o 40 J=, a L,, ysmemuuusaerca or 0.05 kloe mo 0.3k'Lee,
KpoMe ?Or0, MGKCHMAIBHAA 3HepTHA QOTOHOB «, BO3pacraeT mpH
aroM o® 24 I'sB sio 42 T'aB.

My Gmarofapsd #.T.Tpunununey, A.H.CxpwHcxoMy, B.A.JroxaeBy
u B.A.X038 338 none3Hwe OOCYEJEHUA.

*}Ecmﬂ X> 5, TO mOpW CTOXHHNBEEWM BHCOKO2HEpreTWIYEeCKEX @o-—
TOHOE C JGBEDHHMM B OOGA4CTM HOHBESPCHM HaUWHADT DOXEASTBCHA ete -

HapH. 9T0 CHMEAET BHXOZ BHCOKOSHEDPTeTHUECKMX (QOTOHOB U MOEST
CIVIGENBETH MX CHEKTP.

[IPUICKEHAE A. BOIPOCH KATRUBPOBKHY.

BONpOCH XanWGPOBKK CBETMMOCTW JJf HENOJADUB0BAHHHX MyuxOE
4 OCHOBEHE KamuGpPOBOYHME MPOUECCH AMA y€ W yy - CoyAapeHni
o6cysnaimcs 3 [2] . 3MPCH MH KOPOTKO OGCyAUM TO HOBOE, HTO
CBAZAHO C HaIWUMEM MOJAPN3aUMH y NCXOLHHX IMyuXOB.

A.I. ¥ = coyfisa peHNA.

I. OceoBHHEe KaJAWOPOBOYHHE I[1POLECCH.

& s ete”
Cgpgnecc‘» | Gl

£00 o o6Ho pasoGpar B [ I3] . Ero momHoe
ceuciile rpeansnd (5,7*I10777cM") u He 3aBHMCHMT OT BHepruu. Xapan-
PepHNe yrAN BHIETA MOOHOB HE CHAMUKOM MAIH,~m./wW . Cymmap-
Haf SEepT'WA NapH MOOHOB coOBNajaer ¢ dHeprueil "csoero" QoToma.
CeueHNsa STOr0 NMPONECCa He 38BUCHT OF KPYyroBoli nomspusayum §oTo-
HOB. DHepreTHYeCKHe paclpejielleHMd MOOHOB M MX DaCHpeiensBUA N0
yray Buaera ¢  UBueHAKWTICHA He OoJee UYeM Ha 2,5% HpN ¥3MeHEeHuH
nuHeiiEolM nomApusaMy HoTeHOB. ECAM QOTOHN JWHEHHO [OJAPUSOBAHH,
T0 B pachnpeielieHUl MDOHOB [0 3MMyTAaABIOMYy yIiy BO3HMKAET acul-
METpus S I10%.

Hpﬂueﬁc ' ete e’ e~ uueeT eme OGOJBUEE CEHEHHE(6,5'ID_3U
cM~), ZNA Hel'0 SaBUCHMOCTE 0T NONAPU3ALAR (OTOHOB TAKNS HE Be-
nuxa [13] . :

Mp# W3yHeHUN MPOLECCHB C MATUMM Ceuermamn ~o /£ * womHo me-
noxbacBaTh AR cpasienus mpoueceu Jy-fY" (f=p,€) c Gous-
WEMY yUIaME BHIETA KOBGUHHX YGCTUI. B STUX Mpomeccax He®Gombui-
M ABAAWTCA CedesHUA (OM. [IE " 14} )

A6y _ :]'_r:.-_;’i W2 o\ d0st0y)  apat
m‘w#(&’- 2)1 di ‘_E’ }F.:)}mgf ). 4)

(3nech W- WEBapuaHTHad Macca )f -CUCTEMH, ? - gBazpar ¢ -
WMNylbca nepeladd, p,  -OONepeyHas COCTABNAWNEA HMIyIBCA JIel-
POHG; 0Ch X BHOpaHe B NJOCKOCTHM pasyeTa JieNTOHOB). OcranbHue
COUGHUA MaTH:

Aty mp dly-dy) _ mf A%y _ A% M (8:2)

2

ds, " pr ! dltyesy) " B e y) d(dy+ ) B



Taxwu 00pa3oM, B 3TOM MpolecCe e€CTh CHABHAS HaBUCHMOCTE Ceue-
Emd OT KPyropoll nonApusaluM QOTOHOB W CONBNEAA a8MMyTalbHad
acmuMeTpud, CBA34HHAR C JuHeHHOHW moarpusanweld QoTOHOB.

- KanwOpoBKA CBETWMOCTH. YUCIO COOHTUA B Deakiud )i - X
8CTE (cu. (31) ) dMH"!I = dL, % 47 i-' b, d'cf’
[IOCKRGIEKY MOCNHOE CEeueHWe H Eﬁepreﬁqacﬁue pﬁcﬂpEﬂEHGHEﬁ JenTo-
HOB AAA OCHOBHOI'0O KaINGPOBOUHOT'O Npolecca jy — 47u £€7€~
(*+ Tax ®e KaK W ANA Npouecca )y - €™€ €°F") NPAKTHUECKN He 3a-
BHCHT 0f HoAApUSauMy (uTOHOB, TO MIMEpEHHe 3TUX CeueHWH mosBo-
AfeT HEMOCPEeACTE6HEJ HSMEPATH CBETHMOCTH dLM [dudyg
BHEe BaBMCHMOCTH OT HOZAPR3AUMH NYUHOB.

3. lpopapejiennl nmapamerpos Croxca. [nA pasfeNBHOrO M3Mepe-
BERA cedenuft q"uftij HeOCGXOZEMO BHATH J HMETEH BOSMOEHOCTE H3MEHATH

cpeZiENe 3BAYEHMT NPOMSBEJSHMYE NapaMeTpoB CToxca

B sauCozee NPUBAGKATENBHOM CIyyYae LUMPKYAAPHO MOIXAPUIOBAHHO-
ro cBeTA NasePa ¥ MPOAOABHO MONAPWSOBAHHEWX SA6KTPOHOB YMCIO CO-
OuTuff ompepenAeTcA gopuymawmu (35), (36). Ha HMX BMAHO, uTO u3-
MEHAR SBAKM CIBPaNBHOCTOH SISKTPOHE ¥ XaseDHOTO QOTOHA, MH H3-
MeHFeM BHAK KDYTroBO#f NOLADEBAUMM COOTBETCTBYRWETO J -NyuKa, He
R3MEEAR 6r'0 chexrpa. Cama Beawum#a KPYroroff mouApwsamum ¥,

He BaBHCET OF I'eOoMETDEE NOYUKOB M onpeiensercs Qopumymo#t (35).
JT0 MOBBONAGT IPOBECTH NONHHE ECCHELOBaEMA 3aBHCHMOCTE CeueHusd
0F Kpyroeoffi moasipusalmum t’,l}omaﬂn.

B oOuen Ee cayyae HeoOXozmma KaxuGposka noxapusanuli { 5 }' 2,
NOTOMY UTO OHE ONpPEIEAANTCH HE TOIBKOD NONAPU3a UAMA Jase pHElI‘ﬂ
B 2ACKTPOHHOTO NyYKoB (KaKk 3T0 MMEeT MEeCTO B YNOMUHABUEMCH BH-
ile cayvae Aas L',_j = 0,2), HO ¥ pacnpeZeneEHeM NIOTHOCTH 3THX
N¥4KOB M MX B3QWMHHM PacHoNOXeHMEM B oCIacT¥ KOHBEpCHN M B 00—
NacTH BCTPe4YM. B T0 ke BpemA BauGoasmuii Quamdueckuit METepec
OPeACTa BIADT CHYyuaH fi &1 , xorza ofecneuwBaeTC MaKCHMANBH i
‘xoa@uime At xomsepcum, miu PI>>4/ , korga olecmeuusaerTcs Xo-
pouaf MOHOXPOMaTHMBaNEA. B ofoux 8THX caydYadx coraacHo (32) sa-
BHCHMOCTS OT pacnpefedcHni IIOTHOCTH NYYKOB CTaHOBKTCA Hecy-
HeCTBeREOA, U AuR onmpegemeHus ¥, ‘s" > = (%) (’s‘ % zocTarou-
BEQ TONBKO 3HATH NONAPHSALEE maapﬂurn H smmpunﬂnrn MYyYKOB.
lpw 97ToM 4T0OH YMEHBEETD HETOYHOCTH CooTHOmEHWH (32) HyxHo
- YMGHBEATH CTeNeKd NonePeunoffl momApusanu¥ SIEKTpPOHOB.

- 32 =

A2, &§€ - coyjapeHuA,.

 [lonEHE CEUYSHMS H agepreTHYECKNe pacrnpefieseBdA OCHOBHHX Ka-
AUGPOBOYHHX NPOLECCOR J’E -2 f.“f e (f’{ﬂ, e) Ta KEE [1paKTH-
YECKH He 38BHCHAT 0T nonapmaauuii doroHoB. [I0aTOMYy C MX MOMONEK
MOEHO OIpefelATh CBETHMOCTSH ﬂ?*‘ Jdy [pn IROHX MOoXApH3aln-
X $oTOHS. (Pacnpenaneﬂnef' N0 83UMYTAlNBHOMY yIJy 3&8BWCUT OT

. CTeneHW nuHe#Hoil momApmaanmW QOTOHA).

lIpr ¥sydYeHHM NPOUNECCOB C MSNHMM CEUYSHMAMHA MOXHO WCHONB30-
BaThk ANF cpaBHeEds KomnToH-3@dexTa )Y€ —y€ , CEUEHNEe KOTO~-
poro (S) CHNIBEO 3aBMGHMT OF CPeZHWX cmapanbHocreif A w P. .

B o0mem cnyvyae 3zech, K&K W B J¢ -COyAapeHmAX, HeoGxomu-
ua xanuGpopxa noaspusauuit (¥ (v,p)> (2I). Ana ye  —-coyaape-
HHUlf 2Ta TpyAHaA B3ajava ynpomaerca (23) . npu pled
wam  p*>>4 - . M B CAyYae AKCWAABHOH CHMMETDMM NMyuKGB, KOrja
NOAAPUBA LMY HE 38BUCAT OT PEOMETPHM NYyYKOB.

A.3. KOHTpPOJIP NOJAPHM3ELNM 3JI6 KTDOHOB.

OZHOBPSMEHHO C M3MEDSHMEM CBETMMOCTHM MOXHO KOHTDOJMDOBATH
W 3HAUGHMA MONApWaaLUH SASKTPOHOB, CUKTAd, YTO MOJNAPN3ALMA Ja-
3epHOr0 cBeTa NOLARETCA MPOCTOMY DeryAMpoBaHAW.

[poZoabHaf IOJAPU3EIMA BAEKTPOHOB. HeCTKad YaCcTh CNEKTpa
BHCOKODHE preTudyecHux ¢gorToHoB (4) OYeHb YUYBCTBUTENBHA K BEJIWUA-

ge ) E. (cM.puc.2). loaTouy HaOmwJeHUEe WBMEHEHUA DTOTO CHek-
THa NpPE WSMEHSH MM suaxe P. pmact ceezenwa o Beamuune A .

DEBEE'-IBEE E‘EIJIHEHEEEHH 26 KTDOHOB 5. , NMOBUAUMOMY, CaMa o0
cefe He NpeACTaBAAET WHTEpeCa ¥ pPacCMaTDMBAEMHX 3azauax. Cyue-

CTBEHHO KOHTPOXMPOBATE, UTOOH €€ BKAAZH (3aBHCANBE OT I'EOMET-

MR IyYK&) He CAMWIKOM CHIBHO HADYWANW NPOCTHE COOTHOWEHWMA (ak-

Topnsamay (32), T.e. OHAM OH AOCCTAaTOYHO MAJH. JJIA omnpejesieHHOC-
TH Oy/ieM CUMTATh NYYKH aKCUANBHO cHMMeTDWYEMMM. Torza Bce ad~

‘§OKTH MONepPeuHO MONAPHESAUNE BASKTPOHOB HEBENMKM W NPOMOPLMO-

HaUbHH OpOMSBEZEHUD 3.5, g y le QysRumA % BaBWCHT OT pac-
npeAeneHus maoTHocTH myuka (3 (33) (3¢) 9= Z,w)/I/v)). B
YggTHOCTH, B CBETUMOCTH (33) ects nuﬁa;a:{a NPOMOPLYO KA IBKA A
’Sis'JP,P 9. Mensa smax P, mum ,P (IpU WBBECTHHX A ¥ A
MOXHO [0 M3MEHEHED CBETUMOCTH ONpeZenuTdh ¢ HeOOXOLMMOH TOu-
HOCTED BEAWWMHY 3, T, 9.



[PIIONEHHE B. 2GOEKT KOMIOTOHA ANA [TOMSPA3O0BAHHHX
YACTRL.

B 2TOM NPUIOEEHHHM MH [pPWBEfeM HeoOXOoAuumke QopuyiN Ans ad-
pexra KoumTosa
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3 5TOM NDEXOZEHNN DECCHMOTPEHH HOKOTOPHO® [OAADW3ELMOHHES
JIBIEHKA B PECCMATPEBAGMON cXeMe NOIYYEHUA BCTPE4HHX F4-nyu-
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B 3TOM BHDaXeHMUE CI&TaeMOE, IIPONOpIKOHETBHOE <Pt , HeBeNM-
K0 (Cp.oGCyEZenue B CBARK C (36) ). B To Xe BpeMa HpU J= Y,
gyssuEg B(¥)J<~ 1 . losrouy cmaTaeMoe, mpomopukoHa;sEoe < /A7)
CYEeCTBEHHO BAMWAET H& CBETUMOCTh. B uacTHOCTM, mpM -2 A >0

CBETUMOCTS yBEHMUMBAETCA U OTHOWeHWe ([L.4) MOXET OPMOANEHTH

cq k 2. Takxe He MamuMN oxasuBanten ¥ Bemuuum &£V AV
erpeAcXAOKEe BEA&J NMOAADPHIOBSHHHX (OTOHOB.

Hram, xoppexslEOHEHE BJeKT OUEHD CHIBHO M3NEHADT DE3yIE-
TET 00 CPEABHONEN CO CIyYdeM ECTEHHO HEeNOIApDWBOBAHMHX EAE
BOEOPPEARDOBANHHX JIa3€DHHX MYUYKOEB.
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Abatract

Porarization effects are considered in the colliding Y€
and }”’ beams, which are proposed to be obtained on the base
of the linear e'e” colliders (by backward Compton scattering
of laser light on electron beams).

It is shown that using electrons and laser photons with
guch helicities A and B: that ,ﬂe ¢ (] essentially improves
the monochromatization. Characteristic energy of laser flash

Au , whicih is necessary to obtain the conversion coefficient
k~¢ et a definite monochromatization degree, is congide-
rably lese (sometimes for one order of magnitude) in the case
2AP. =-1 co.trary to the case AP=0 . Simultaneously

the luminosities L;E and LJ"J’ esgentially increase.

Formulae are obtained which allow one to extract the po-
larization information ebout the Y€ X and fy=+X reactions.
Peculisrities connected with the specific scheme of the ¥
beam preparation are discussed.

Problems of the calibration of the ye ~and yJp collipi~-
ons for the polarized beams are discussed.

1. Introduction

1t was shown in refs. [1,2] that using the designed line-
ar e'e” colliders VLEPP [3] and SIC [4] one can obtain colli=-
ding Y€ and yy beams with approximately the same energies
( >, 100 GeV) and luminosities (~ 10°° - 10°2 cm™2s™ ') as in
the e*e™ collisions. The necessary intense Y beams are sug-
gested to be obtained by Compton scattering of laser light
which is focused on electron_ beams of these accelerators. A
gimilar scheme was also proposed later in ref. [5] (this paper
contains, however, some inaccuracies). In ref. {_6] a free
electron laser of the same beam is suggested to realize the
scheme which has been proposed in ref. [1] «

cm

The present paper is the continuation of ref. [2] and
deals with the polarization effects. It is naturally divided
into two parts.

The result of sect. 3 seems to be the most important.
When laser light and electrons with opposite helicitles are
used, the produced photon spectrum becomes harder. As a re-
pult, high enough monochromatization degree of the )€ and

i1 collipions can be obtained at relatively small energy of
the laser flash (in comparison with the case of the nonpolari-
zed beams).

Varying the polarizations of the initial beams one can
obtain the polarized y beam snd therefore study all polari-
zation effects in the l"E""x and ”'-;X reactions. These
effects are considered in sects. 4-7 where we focus the atten-
tion on two main problems: :) under what conditions the in-
formation on the polarization dependenct of crose sections
can be extracted in the most reliable way; 2) when can one

‘neglect complications connected with polerization (such a

complication takes place even for the nonpolarized initial
beams).

The problems of calibration for polarized beams are
discussed in appendix 4.



2, General scheme and bapic notatione

Let us remind the main features of the scheme proposed in
ref. [1]- The high energy photon is obtained by backward coat-
tering of a laser photon with the energy LduA- 1 eV on an elec-
tron with the energy E ~ 100 GeV. Almost all high energy
photons travel at very emell angles to the direction of an in-
cident electron 8 € 1077 - 107 ' rad.. We assume that the col-
ligion of electrons and laser photons is the head-on one (at
small beam collision angle o, «{ - see fig. 1 - the o, -
- dependence is negligible).

The energy of a scattered photon W decreasges when its
emigsion angle F increases

W X mflf "
e . s . = — . D e

Here W, is the maximum energy of the gcattered photon (at
@ =0).

“EW, (1)

In the interaction region a photon deviates from the
initial electron trajectory by the distance ~ 59‘, where
is the distance between the conversion point C and interscti-
on point 0 (fig. 1). As a result, the ) beam area in the
interaction region increases for the value A Seﬁ; "-'.’.-'}"{/55,)1
in comparison with the area Sqq -Jr'q: which the electron
beam would have had here:

ASepr ot = (3_&)2. (2)
?;ﬂ. =l

While p <1 ( g..‘.':; 10 cm) the photone with different energies
are mixed in the interaction region. With the increase of p
in the interaction region the hard photons (which have the

. emallest emission angles & ) get smaller traneversal size
than the softer ones, and the relative contribution of hard
photons inte luminosity increases. The collisions become more
monochromatic, and the spectral luminosity distribution
dL/dW imprazu {w is the invariant mass of the [€ or
Yy system, Wy, =4wE, W;,,:-?w W , tilde denotes the
quantities related to the second beam). The monochromati-
zation degree lz is determined (see ref. [2] ) as & ratio of

4

|

the range of invarient mass AW that conteins half of the
luminoegity to the maximum value WM

W
W i *f= - rr: }
T de =il (WE, W= 20,) O
W-aW
"y

The quantity % strongly depends on the value J"' .

For the neodymium glass or garnet laser (W, = 1.17 eV)
the energy interval considered E = 50 - 500 GeV corresponds
%0 X = 0.9 - 9. As a rule, the examples are given for the
middle X = 2.69 which corresponds to the sbovementioned la-
ger and E = 150 GeV or E = 50 GeV and W, = 3.51 eV (the same
laser with frequency tripling).

3, Improvement of the monochromatization of the

_ k€ and Yy collisions uping laser and electronm
beams with opposite helicities polarizations

1. The energy spectrum of scattered photons is
{do;/,{w)/a’c where (, 1s the Compton croes section. For the
nonpolarized beams this spectrum is rather broad - see curve
@ in Pig. 2. For the polarized beams the specirum only va-
riem if both electrone mean helicity A end laser photons one
P. are nonzero (see i.e. [7]) '

Ldo%:!" | :..mil-_f._q. o il
T dy fxy) g xmg (i3 1=y~ 42(1-1)- AP ’IK(I!-J)‘(-‘E-B}],
; (4)
e i
H E ‘5 :{h'.' E . xef / L III-H) 's' 1.

The total cross section is=

P
o = G'r !

e T
i : {
ol @ e R e
ﬁ;"P - —""Ti'nr; (‘f“"";" & "ET)""‘?{“ ‘fJ 2 i T ] )
¢
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In the region under consideration ¥ = 0.9-9 the ratic

(6, ("] ¢ 0.17 and & =0 at X= 2.5, Therefore, the to-
tal croes section §, deviates from that for the nonpolarized
beams 0,"f very slightly.

Contrary to the total Compton cross section the energy
spec trum does eppentially depend on the value .LE._. + At
M P <0 the number of the hardest photons increases while
the number of the poft photons decreases {(see the curve 5 in
fig. 2). In other words, when ( - JLR_. ) increases the effec-
tive "pumping® of soft photoms into hard ones arises. In the
limit 20 E: =-{ the number of the hard photons nearly doubles.

This fact results in the essential improvement of the mono-
chromatization of the Y€ and 194 collipions.

On the contrary, at .ch >0 the nunbar of th& hard
photons decreases (see the curve ¢ in fig. 2) and the possi-
bility of monochromatization becomes worse.

2. Let us congider the dependence ug the spectral lumi-
nosity dL/d& and the monochromatization 3) on the value
J.R: at different _f" (2).

At ¢&{ we have for the ye -collisions dlye [dW «<
w{(;,w‘ﬂ,f‘) y iee. fig. 2 also shows the improvement of
the dlye/dW aistribution with the increase of (-2L ).
The corresponding curves for the [} collision at pl«d
are shown in fig. 3. It is peen that the spectral luminosity
dly, [dW 1in the hard part of spectrum increases conside-
rably at L =23 =-1.

This effect becomes stronger whony" increases. It is
due to the fact that the growth of the distance £ vetween
converaion and interaction pointsvaccompanied by the removal
of soft photons from the interaction region. Therefore, the

d

relative role of the hard photons ia increased. It 1a meen in
fig. 4 where the spectral luminosity dﬁg; /dW at different
?1 is shown. At SJ":' fixed and AE; {0 the monochromatization
degree ) ig better and the total luminﬂaitj' L 4ia larger
than in the case of nonpolarized beams. These improvements are
seen in fige. 5 and 6 where 5 and L are shown at 2AP= -1
end AP =0 both for the € and Jy collisions. All these
quantities are calculated using spectrum (4) (see egs. (25)
and (33) below) and assuming, as in ref. [ 2|, that the elect-
ron beams are axlal symmetric ones with Gaussian distribution
of density (cf. (24)).

3« The moet cruciel gquantity which determines the resli-
ty of laser converesion of electrons into photons is, apparent-
ly, the laser flash energy A (for the definite repetition ra-
te ¥ ), because the conversion coefficient k (L.e. the avera-
ge number of high energy photons per one electron) 1s determi-
ned by the relation

k= A/A, tat ALA Y. 1)

The quentity A, is caloulated in ref. [2] for different as-
sumptions about beam parameters.

In figs. 7 and 8 shown are the dependences of the cha-
racteristic energy "‘n*} and the luminosity 4/ on the moncche
romatization degres é for the ye and &y ¢ollisions at
2Af.=-1 and 0. For the definitenese the calculations have
been done here for NMd laser (W, = 1.17 V) end £ = 150 GeV
{ X = 2.69) using the VLEPP parameters (see table 2 in ref.
{2])e I% 10 seen that the polarized besms give a large advan-
‘39804-

S0, in the € collisioneg for the monochromatization
degres ) .= 10% the quantities A, = 15 J, e = 0.8 klee
at E.hﬂ: = =] gnd "‘ox' 40 J, L;E a 0.5 klhee at Jc?c a0,

% The energy Ao is calculated eccording to egs. (16) and
{22) from ref. [2] assuming that the laser focal spot radius
@, is equel to the electron beam radius in the conversion
refion 1 at 1¢) 204m end ? = 20/4m at “e< 20 xm. Note
that the permipsible Quration Jf the laser flash 7 ° increa-
ses when ¢ increasem: t'-(,‘ ° .



In other words, using polarized beams with LIE =-1 one
can get good enough monochromatization and almost total per-
missible luminosity, for the laser flash with the energy clo-
se to the minimum one in fige. T. Therefore, at the same lasger
flash energy AL 45} the luminosity at .‘c'.J'-Pc‘—'*-f is four
times as large as that at .hPf!? .

For théﬁ%ollisicnﬂ at i}Ecz'-{ the asymptotic monochro-
matization degree ?:’{_?.m] improves for nearly two times. For
1}_&:-—1" the monochromatization degree 2” = 10% can be ob-
tained st not very large energy Ao = 160 J (while L”, =
= 0.18 k'LEe}' Meanwhile, for )sf’,_. = 0 the value 2;; = 10% is
close to the asymptotic one, i.e. the corresponding value of
A, is very large and Ln. is very small. If one CIIG'DBEE!

b = 15%, the quantities Ao = 50 J, Ly, = 0.31 k Iy, at
2AF, = -1 and Ay = 250 Jy Lyy = 0.08 k Lg, at\Pc = O.
Therefore, at the same laser flash energy A £ 50 J the lumi-
noeity at 2 » Pg = -1 is 100 times as large as that at

APy = 0.

Por the SIC at E = 50 GeV we have x = 2.69 for the Nd
laser with frequency tripling. Therefore, the dependences
er(iﬂ] and LH['!Z",) are the same as in figs. 7 and B.
However, because of the other parameters of the system the
characteristic energ (@s of the laser flash Ao are approxima-
tely 5 times as large as those in fige. 7 and 8. Using
E = 50 GeV and the Nd laser without frequency tripling one
can obtaine % = 20% at Ao = 120 J and 400 J (while
Lnlﬁ’ﬂe a 0.26 and 0«1) for 2 A Pg = =1 and O corresponding-
ly.

In the casge under congideration the colligiong are dee-
cribed by other than luminosity quantities connected with
the beam polarizatioﬁa- They are considered in sectis. 5=Te

4. ¥ beam in the interaction region

L")

1. Let us choose the reference system where 2 axis is
directed along the initial electron momentum. All the azimu-
thal angles are definited relative %o one fixed x eaxim. We
shall call it laboratory system.
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Let ¢ and Y be the polar and seimuthal engles of the
emission of the final photon with momentum K in this system.
The polarization Ftata of this photon is determined by St&l:u

parameters 'SE s L = 1,2,3 relative to the laboratory system

- exes, among them § is the mean helicity end f= ;f’-q- I 1s

the degree of the linear polarization. Por the convenience we
also introduce }oaf . :

The polarization state of the initial electron is deter-

mined by the polarization vettor i;. y 1ts longitudinal compo-
nents

Sn=%;=2A (N

were N\ is the mean electron helicity, ite transverse compo-
nents is ¥, .« Below the quantity

2 = 31{&1'/’"{ = 2% 1’_{:*1}9{!.-9) (8)

_Eil}. appear, where E is the transverse component of vector

The polarisation state of the laser photon is determined
by quantities E, » Pi and y where Py is the circular pola-
rization degree or mean photon helicity, Py is the linear po-

larization degree and Yy is the szimuthal angle of the direc-
tion of the meximum linear polarisation.

2. Using the results of refs. [8—10] we obtain (see ap-
pendix B) the differential Comptom cross section and the Sto-

kes parameters ;i for the high energy photons in the labora-
tory system :

die _ Im & ddc _ ot
vy T I iz i B %
5; - ?:' /ﬂ . o
T 1 ; | (1)
$ = éﬁ(@-. wsny + Sis Wany); j=o435.
The items of %' which do not depend on ¢ are equal
Coo 2 5 » #9-420-2) - 20P xx(22-1)(2-9) ; i
12

C* Ilf‘P‘ H‘ﬂ” : C“ =11"’£ m’r;

9 B



Cza = 23 “'[x[ﬂ-['f—y)fl*r-ﬂ"] o (21-#)(59 +i-9), (12)

To write down of the rest itema, we introduce instead of the

real quantities c:f" and the complex ones:

jn
Ajn = C.-]'n +UPjn ;  [TO4L3; n=1,2,34, (12
After that we have
. o il el = : 2y~ -
aﬂj—riml*[ Ee’. :_; E’{ (h-;)e"igw‘ U.) -g—(i’"”]
Ay : ) f-h‘ )
Ajﬁ-q*r.{f—'t)[ﬂ? ; i xBy ez.;; 1] ; (14a)

Aj.’r =-l'-§'ll E, 2 (1-1) E’iri‘“ﬁ) [F; ol gt 0] !
Ay =28 (-0 e [o;i;0,¢]

Note the useful relation

RSt A, (14b)
One can prove (see appendix B8) that
]Clg Ié C;# + ’AJHlH{EQg, (14c)
When Y.y, . the coefficients C},. and SJ"‘ vanish
n/2
25 Sin = =9)"" | youm. (15)

The energy spectrum of the potons (4) follows from
eg. (9) after integration over y

x
fx,y) =::,da; b s (9a)
L

For the nonpolarized electron and laser beams we have

}'1 i fmz? & e e baszp , [= “ﬂ")/fﬂ-!f:f-s-#‘lfﬂ'}.f?' :

i.®8. the high energy photons are linear polariged in the dl-
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rection transverse to the scattering plane, and degree of thie
polarization [~ ('J-."‘.f) at YorYm

3. To obtain the luminoseity of the y€ and Ly collisions
one should know the photon distribution over the distance
E’z ;EJ_ from the beam axie in the interaction region. Therefo-
re, it is necessary to consider the photon motion from the con-
version region to the interaction region (at the distence b).
The photon with the energy W=yf was emitted at the angle
F= 9,m to the initiml direction of the electron mo-
mentum. Let Y be the azimuthal angle of the emission of this
photon. Then the number of photons a"ﬂ’s (%, r.d,y) which have
travelled to the point 7 in the interaction region can be ex-
pressed by the number of electrons din, {i') which would have
had travelled to this point and by cross section (9)

AN, (7,0,4) = dbe(T-46) & B dudy =

5 = 8,V{wnfw) -1 (wsy, siny)

(here k¥ is the conversion coefficlent).

4. The mean polarization of the r beam ie obtained from
eq. (10) after averaging it over the azimuthal angle Y of
the weight, proportional to the cross pection (9) (of. [9,11]}

(§‘> = -—-——"(q::> = c"ﬂ ; (17
‘%> g

Note that these functions do not depend on the itransverse

.electron polarization.

As a result, all Stukea perameters are distinct from ze-
ro and, therefore, in principle the complete polarization mea-
surements are possible. The functions ('g;) are proporti-
onal to the polarization parsmeters of the electrons and (or)
laser photona, i.e. varying P‘ ,P‘, r and A one can, in
principle, extract the dependence of the observed quantities

on (§;) -

The energy dependences of Stokes parameters (§£-)
for some interesting cases are shown in fig. 9.

1f the laser light has the linear polarizatiom, then

-

11



high energy photons are polarized in the same direction. It is

seen from fig. 9b that their linear polarization degree decre-
2 . = £ L 2

ases with the decreasge of the;r energy. (If the electrons ha dﬂ' 8 -{-(,’I‘-iq.ll* ff‘-Ll )d.'"J dﬂ:_f_(m*[ = {H-f )G”"J

ve longitudinal polarization, the photons- obtain the additio~ 0 < 2

nal circular polarization). '

If the laser light has the circular polarization E: or

Having substitutes eq. (19b) into (19a), we obtain

(19¢)
dﬂ}=-jM(H+H:)dr ,dq; ='R€(H+H-¥)‘{F-

(and) the electrons have the longitudinal polarization 2j , Note that @0, is the ye-X cross section for nompolarized
then the ¥ beam has the circular polarization <§1) as photon. Por nonpolarized electrons "the cross sections" d'o; ’
well. Moreover, {Il(:f-?:ﬂ..]) = - .E,_. for A =0 or P = L1, da, da"’ vanish after averaging over the final spin states
TF 8 sledtrons are nompolarized, then {E;) changes its and azimuthal aengles. If electrons are longitudinally polari-
slgn at y = x/(x+2), L.e. near Y, = x/(x+1) (the value zed, the cross section ddy does not vanish, generally spea-
¥ = x/(x+2) corresponds to scattering angle &./2 in the rest king, after such averaging.

Bystem of the initial electron)., It is seen from fig. 9 that

at }.P‘ (0 the region expands in which {};) has the same 2+2. Luminogity and the number of events

sign as (,(y=duh ot

i ok The spectral luminosity of the }€ collipions is deter-
2+ Polerization effects in the !{&' colligions mined as usual (see sect. T7.2. in ref. [2] ) by the relation
o (the integration over 4 and ¥ are assumed)

ele “cross tiong" '

s dLJf{“’) ; ‘l’jdﬁr({: w,¢) d,(3) [d*x o
The cross section for the colligions of the polariged
Photons with electrons when the arbitrary system of purticleux SUSLY. Y AN She TNPEIDU 00 RS ¥
is produced can be written in the form - . Stokes parameters averaged "over collisions (y.(p)) ave

3 ; ; determined by the relation (c¢f. eg. (10))
dﬂ}'__x =2 E do. . (18)

=0 % " | CE(9)) dbye = 3 [dM, (£, 0,9) 5, (w,0) dW,(7) [ d 2 (21)
where § . are Stokes parameters of the photon and =1 :
is introduced for convenience. "The cross sectiong® n‘d:- can
be expressed by the amplitudes M, for the process ye - X

As a result, in accordance with eqs (18) the counting ra-
te (the number of evente per time unit for the reaction J'E-iX}

with the photon helicity a = 1. Indeed, Le-equai ‘b :

sy (23" v ' dN,, = dbo(w) Z (5())-d0. (cEy=q) (22
Aoy =3, , ot M I, "“ﬁ;"“’f'ﬁﬁ)ﬂ;%"“m i jeor = Shelv) SXEMNId0: [y 5q)
where dI' is the phase space volume : In the general case Stokes parameters averaged over col-

and _f-‘ is the photon dﬂdtr"‘tﬂ?: in lisions (§; (¢)> (21) do not coincide with those averaged
the helicity basis ¥ g over the y beam (¥, (17) (e.g. due to axial asymmetry

f 1 (19b) : of beams). However, in some important cases this difference
fl-i =3 f"’&)n f'.. -s {f*;)} .r'__:l .F_: = i!-(.}'.’.,.iﬂ)' venishes. In particular,
12 :
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(5.(0)) =(5>= (o [G, ot p*«d or pin 4 (23)

or for axial symmetric beams.

For the case of axiel symmetric beame this result follows from
eqss (20),(21) and (16). The limiting cases p*&«{ and p*»{
will consider in the next section in detail.

It ie useful to note that luminosity (20) and quantities
(21) do not depend on the electron transverse polarization if
both the electron beams have the same shape, and d'”e (-’1') =

dNe(Z) .

5¢3. Axial symmetric electron beems with the
Gaussglan distribution

In this case the number of electrons in the interaction
region would be
i

2 N, -tt/a,
dWe (%) = m—;j = d*x, (24)

Substituting expressions (24) and (16) into eq. (20) one ob=-
taine

2
dbye @)= kLoe fis, &) e[ (52 -1)] du, (25)

where k is the conversion coefficient and Leet fﬂ";[!#ﬂ:’

is the luminoeity of the basic efe” collision without collipi-
on effects. Note that the only difference with ref. [2} is the
new form (4) for f(x,y) . Just this formula was used in sect.2.

6. Polarization effects in the V44 collision

6.1. The yy+X "cross sections"

As in the fe collisione the cross section for the

rr_.x reaction with the polarized photons can be written in
the form

14

o
= 6
A% x= 2 7§, 5 1%, S

Ed‘zﬂ

where E and E are Stokes parameters for the first and se-
L <

cond photons and § = § =1 . "The cross sections" Adg.. one

can express by the helicity amplitudes of the JJ"'X reaction-

- gee appendix C.

After averaging over the final spin states and azimuthal
angles only 3 among 16 quantities da:j do not vanish. It is
the cross pection for nonpolarized photons 0= ﬂ'm and quanti-

ties 7= ':';t and T= cl;_,'-ﬁfH {here the notationa from review

[12] are uged). They are expressed in terms of the Jy-» X cross

gections for the scattering of photons with parallel Gi or
orthogonal d'_L linear polarizations or in the states whoee
total helicity is zero ﬂ; or two §; (in c.m.s. of the photons)s

g L5 q =i
026,216 0): 30+ 0); =g, =15-8);

Por all processes which we lmow at high energies conside-
red, the quantity ¥ is small in comparison with 0" 3

G-%=%-% (2D

Tl «o | (74 L0 (27a)

;

6.2, Luminogity and the counting rate

The spectral luminosity of the )y} collisions is determi-
ned by the relation (cf. eq. (20))

il (w,3)= 2] (T, v, 0) di (%, 5, F)[ o' (28)

(The tilde is used for the parameters of the second beam, for
it in formulae eimilar to eqs. (16), (9-14) one should repla-

ce the angles R andJﬁ by {-'F),{-}) and(-ﬁ') becau-
se the second beam moves opposite to the direction of the Z
axis of laboratory system).

The products of Stokes parameters averaged "over collisi-
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ona™ {EE?J} are determined by the relationsf}

(5,8 dly =AM (20.0)5 )5 )R (E 55) [ (2

As a result, in accerdance with eq. (26) the counting ra-
te for the “’—:)( reaction is equal to

by 3 i
dNypox = di’rrt,dzw 43}3:,-) ‘fﬂfj : (31)

Taking into account eq. (27), it is convenient to use the li-
near combination

AE_E‘{. <§3£-§f§f)' (29a)

In this case eg. (31) has the form

d‘{irm = dly, (d0 + (5,8,drt +AdT+.,) (31a)

6s3. Limit cases

In the general case the mean product of 51:0]:&3 parameters
is not equal to the product of Stokas parameters of the sing-
le Ybeams. However, in the limit cases of small and large valu-
ee of the quantity SJ" (2) such a factorization takes places

R X « It is a very useful re-
fifﬂg hec{ai‘u)u glf‘éiman polarization of the y beam (J;)
is determined by simple eqs. (17), (12) and it does not de-
pend on the beam shapes. Therefore, under such circumstances
one needs neither new measuremente nor calculations using the
beam characteristics to determine (F, j-';) x

Let us show thig factorization and estimate its accuracy
without making any assumptione about the electron density.

While the convergion point is near the interaction point,
the broadening of the jJ beam H‘ﬂ, is emall as compared
to the smallest transverse size e, which the electron beam
would have had. In this case the photone which reach the defi-
nite point in the interaction region can have arbitrary azi-
muthal angles, 1.e. the angles lf and 59 are not correlated

16

{in other words, ore can neglect in (16), (29) the difference
between %-gﬁg and ’uf-? and between E“f@‘ and % }+ Therefors,
the integrations vver ¥ and *-F in eqs. (28), (29) become in-
dependent and lead to the averaging of }E (a.nd%: )} over V¥
(and ¥ )} with the weight proport.onsl to da, [dw dv¥ (and
dﬁ:/a’ﬁﬁf‘? }; is.es to the abovementioned factorization.

To estimate the accuracy of thias factorization, one ex-
pands in egs. (28),(29) the quantity di, (7 - fﬁr) in egs.
(28),(29) in powers of 96 . After integration over Z the
quantity gﬂfﬂ,,, ~ P = é”s;fa,., becomes the parameter of this
expaneion and 1t determines the accuracy of factorization. Moo=
reover, the firsgt term of this expansion is proportional to
the expression jﬁé’ ?': (lf) ti'lf s Where 6-"'-“( {wa-f, n'ﬂl,f) « IT the
electrons have no transverse polarization, the quantity 'f‘f: fqﬂ)
(11) have the terms with @ShY andsmnyY atn =0,2,4 on-
ly. Therefore, th2 first terms of thie expansion vanish after
integration over Y and the corrections to the factorization
havre the mecond order of magnitude. As a result, at d’ﬁé(-.- ‘f) =
= tfﬂg{i’) we have

(5:8)=C5)(E) + 5,5,00pr) + 003); 5= bajan 1. (32a)

1 dNe(Z)#dl(2) , the 1tems ~%ifm,~3, p, should be added in
the righthand part of this expression.

Let us consider now the case when the distance b from the
conversion point to the interaction one is large enough and
the intrinsic sgize of the ) beam ~£9, is larger than the
largest transverse pize of the electron beam @y . In this ca-
ge the main part of the i colligions is conetituted by the
collisions of the most energetic photons (whose energies w
and W are close to «, ). But for this photons the coeffici-
ents C:gn and S;,, with n 2 1 are amall (see eg. (15)). Therefo-
re, only the independent on ‘¥ term qﬂ (and S;ﬁ ) in 9:

{11} gives the main contribution, and factorization takes
place.

To estimate the accuracy of factorization in thie case,
note that here Y, -y~ s Where ) 1s the monochromatizati-
on degree, i.e. f.” s.ﬂﬂzuﬂt in accordence with eq. (15).

in e
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Every x beam seems to be emitted from one point so they have
axial symmetry with the accuracy~fi= (@ (4§, )°. Therefore,
with the same accuracy after azimuthal averaging the cmﬂ‘ninati—
ons (;, C:jn and S&n 53-,, give the contribution to (E.F.)
only. Moreover, coefficients C;,r and #;, (14) with the lowest
power of ? are proportional to the degree of the electron
transverse polarization 3, . As a result,

5Ey= E 55 00) 00, fasew 34, O

(the largest corrections seem to be ~J; zﬁ'f,:f sy but they
ere unessential because in the case considered Q}f: )

6.4. Gausgian beams

Assuming the electrons beams to have axial symmetry and
the Gaussian distribution of density (24), one can calculate
the dependence on _?!' (2) in detail. Let us a:ﬂ‘rstitute eqs. (16)
end (24) into (28), (29) and integrate over 7 , ¥ and then
over §= f’-—\?. After integration over © the expression
j?i (¥) P, (¢-v¥)exp(-Vwst)dydy eppears. When one integrates _
it over y° the only combinations Ciy Q" and (,;, C},;-—S;, Sj.,-‘- Rfﬂ;.af,h)
give nonzero contributions. Their main properties follow from
eqge. (13-15)

fﬁf{Ainﬁ}nJ/zcovEW! £ 4 RE(AHA]"I‘] < ';J.%“.L ; (33a)

Re(Aindin)[2GoGo = (=919 w4 4 Trun

The mean value of cssny 1is expressed via modified Bessel fun-
ctiona:

L.v S _
(cos ny) =m)i Lw)=jdte T sy - e (- ) O
[

Ag a result, one obtains

o Pl 25 % [hen- L2 -2 M,
'] w ;

dw dio € G dw T JJ
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M= 1+A (cos¥) + A,'{ﬁﬂszr); Af(ﬁﬁ)ﬁ-& fﬂ ;

(33c)

o ¢

A= £BE MA(F) ws 2y-3): Aty)= yafr-1)/

’

where ¢ is defined by eq. (8), and quantities An =

=Re{«4,,,ﬁm}/zc;ﬂa,p are limited: [A,[<1 and M<1 . The

difference between this expression and that for the nonpola~
rized beams (see eq. (40) in ref. [2]} is in the new spectrum
Jr’{;t,gr) (4) and the additional factor M. If the electron trans-,
verse polarization and linear polarization of laser photcae
are absent, then M = 1; just this case was considered in ref.
[2] end 1in sect. 3.

The mean value {E;_ §> is determined by the relations
which can be obtained in the same manner as eq. -(33):

Y Y

~ - 4 - RE(AH} A 'l)

{g.g.}=-—-[}§_){§_>+z i {cosn¥)| . (34)
e, S R o Q,Qo C”

These relations teke place for the arbitrary axial aymmetric

beams, but (C0Sn¥) has form (33b) in the Gauesien case (24)

only.

Pactorization relations (32) are broken in the case under
consideration by items of the type [fdﬂn%n)fi@.ﬁ,}(fﬁ"?}
(see eqgs. (33a,b)). The quantities {(wWsny¢) depend on V (33b)
only, end the characteristic value of V¢ f’_‘ e At V¢1 a@and
N4 one has{Wsn¥} < O0.11. Therefore, if the electron
transverse polarization is absent (and there are no items with
n = 1), factorization (32a) at p¢ 1 is fulfilled with the
accuracy £ 10%. With the same accuracy we have M = 1. For
$'»{ in the main region we have Y,-Y~),%-9~% and, the-
refore, the quantities Ee{#,—,%n)fzﬁga, ~jn (see eq.(33a))
are small; that results in eq. (32b) and M=~ 1.

6+5. Two unexpected effects {;nr detalls see appendix E}

Let us consider the case when the laser light is nonpo-
larized but both electron beams have trensverse polarizations.
According to egs. (33), (34) we have in this case (¥, )= (§,)=0
but {}l‘;‘) #£0 , i.e. the electron transverse polarizations
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fipranaform" into the circular polarizations of ﬁhc:tonaa

There is another interesting effect in the )} collisions
in the case when both laser beams have the same polarizations
in every flash (e.g., it may be one laser beam divided into
two beams) but for many flashes the average polarization of
laser light is zero. Nevertheless, in thise case the )y lumino~
gity changes considerably in comparison with the luminosity for
the truly nonpolarized laser beams.

Tels YY -collisions. Nonpolarized electron and laser beams

The discussion below supplements that in ref. [2] _ We con-
gider here once more unexpected effect which arises in nonpo-
larized axial symmetric beams. Even in this case a nontrivial
polarization effect taskes place i.e. between quantities
':5,;?_,-) there are the nonzero one

<§$§,)=—{ff;";>=ﬂ=§[f{wsw>, A>0, (35)

Here f is given by eq. (10a). As a result, eq. (31) converts
to the form (cf. (27))

] (36)

.

Ay = by (d0+Ade)= dlg[ ($+1)d0, + (£=AM0,

=X

Therefore, the initial states with parsllel linear photon
polarization more contribute to the observable events than
those with orthogonal polarizations. This effect is due to
the fact that the final photona in the Compton scattering are
polarized orthogonal to the scattering plane (10a). Of course,
this polerization venishes after averaging over the ) beam
(5,5=(5,) =0 « However, at¢'»{ the photons colliding in
any point hEuld be emitted at the cloae anglmi Ezﬁ, f:lf *
iees ¥=5Y¥Y-¥Y 0@ , and hence the quantity 5§ - Lff =
= f? esily¥ does not vanish after averaging. Therefore, at
_f" ¥ 0 the counting rate contalns on the polarization depen-
dence though each Jf beam ie nonpolerized st the average.

Ae a result to extract the nonpolarized cross section dr:q'o;ﬂ
from the data one should know the quantity Ad? , i.e. the

20

problem is more complicated than usually.

However, the effect under consideration is not great. In-
deed, the guantity A~c*~p'  at p«f due to the factor .
os2¥)  and A~(YnY) (%" ) at yy- Y, due to factors e .
Moreover, the quantity A is not great at other values of f as
well. Thus, at x = 2.69 one has f’(‘ 0.6 for all values of Y ,
i.ce A< 0.18. Taking into account eq. (278) as well one can
expect the contribution Ad? to be negligible.

Te2s YY -collisions. The case -\P; # D,IE # 0

(Axial symmetric buamsl

This subsection supplemente naturally the discussion of
gact. 2.

The case when helicitieg of both electrons and laser pho=-
tons are nonzero is important becaumse at AP, ¢ 0 and :iPE{ 0
the monochromatization of the YY collisions improves conside-
rably (sect. 3). We assume here for the sake of simplicity that
the transverse electron polarization and the linear polariza-
tion of laser photons are absent. In this case the circular
polarization degrees Ez and }'1 for ﬂlr-. high energy photons
are independent of azimuthal angles Y,¢ , oha (E; g:} =¥ f
for i = J = 0,2. Here, 3 =

¥

E, = <50 = Goof Goo , -
where f;-a is defined in eq. (i2). Am a result, eq. (31)
converts to the form (ecf. eqs. (36), (33c))

AWipsx = dlyy (dO +AdT + 5§, de* v dgyyeF ey ) (39)
A= Ats)ACS)- (coszy) '

and luminoeity d{‘J’J’ ig given in eg. (33c)'with M = 1.

The contribution of d'ﬂ;, and ﬂ'ﬂ;,ﬂ_ vanishes after avera-
ging over azimuthal angles and polarizatibq}_af the final par-
ticles. It is absent at all for the pair pmoduction or for
the inclusive proceeses yr— at. ' {see appc_mdix C).

In the interesting case 42 %*-/ at w= w, we have
|§;i x4 ,Az0 « Woreover, onc can ch;'n}g?e the sign of E.z
having conserved the product A Pc i.e% wmithout variation

-
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X« d o0 x> 1 and p«f

of spectrum) by simultaneously changing the gigne of A and
f”é . This allows one to measure the interesting quantity
te=3(0,- ﬁ') (27) besldes u‘:-‘-{d" +-0;') . In other words,
the direct measurement of §, and d” is possible. Fig. 10
shows the dependence of the coneaponﬂing luminosities ﬂ'ﬂp/ﬁ"&
and ﬂﬁcg /d& on 2= W"/.EE where

= ,’:{f:*j"_i)ﬂ* . dNyyax = ol A6+ dirde »dly[Ndre..) (30

It is seen that dl,[dz » dz;/“ff at 25 Zm , iee. here Hcg
will be measured only. For A = 0 in the limiting cases

or pX{ these lumi-
nosities were obtained in ref. [6]

8. Discussion

1« Spectrum of the high energy phut-:ma becomes conside-
rably harder for the electrons and laser photona with the oppo-
gite helicities (gee fig. 2). This leads to two advantages in
the problem of obtaining certain monochromatization degree in
contrast with the gase of the nonpolarized initial beams

i) the charecteristic laser flash energy Ao is less and
1ii) the luminogities JJ,,,_. and L“ are larger.

For example, at fixed laser flash energy A and for the
monochromatization degree f” { 15% the luminosity f.” inc-
reases by two orders of magnitude or more in comparison with
the case of nonpolarized initial beams.

2. The average values of Stokes parameter of the Y beam
(’E) can be done of order of unity by variation of laser
flash polarization (see Fig. 9). Therefore, in principle the
complete polarization measurements are possible in the yé-»X
end n-—r}( reactions.

3. In the experiments with the usual polarized beams 1t
only suffices to know beam densities and averaged polarizati-
ons. This does not hold for yy collisions under considerati-
on due to special method of creation of the I -beams. Avera-

e ﬁg&wm. of ih’ §1W

parameters %‘) _for two
eams ‘which determine measurable cross | ons. (31} o not
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decay into the products of average Stokes parameters for every
beam. Therefore, they demand the specisl calibration. We show
this difficulty to vanish in two important limits (32) when
¢¥: ‘5—' Yo (¥ {f> and (F;> can be calculated
if one knows photcm energies and electron and laser beam pola-
rizatione only (see egs. (17),(12)).

4. Even if the electrons and laser photons are nonpolari-
zed the high energy photons are polarized orthogonal to the
scattering plane. While the conversion point is near the inter-
action one the photons with different scattering plamnes collide
in eny point of the interaction region. That is why the polari-
zation effects wanish after azimuthal averaging.

When the conversgion points are far enough from the inter-
action one the colliding photons were s attered approximately
at the same plane, i.e. they have approximately parallel line-
ar polarizations. That ie why the additional contribution to
the crogs section which is proportional to the product of ﬁhn—
ton polarizations does not vanish after averaging
<'§a£;'ff'§:r>4:o « Therefore, the measurable cross gection dif-
fera from that for nonpolarized photons even in the case when
electron and lesser beams are nonpolarized. The corresponding
additional contribution is given by the term Ad? (cf. eg.
(36)) where A depends essentially on the beam shape. Terefo-
re, it is necessary to have, generally speaking, the additio-
nal method of extracting quantities ¢ and AT from the sum
6+ AT measured. Fortunately, the value AT ig usually
small and can be neglected for first measurements (cf. the
discusaion in subeect. T.1).

5. The main numerical results were obtained above for
the Nd laser W, = 1.17 eV and E = 150 GeV, i.e. x = 2.69.
Let us discuss briefly the E and W, dependence restricting
ourselves by the value xX 4-8*]- For the sake of definitness

* e

) iIf x > 4.8, then ete pairs are produced at the collision
of laser photon with high energy one in the conversion regione.
Thlis process decreases the number of high energy photons and
changes thelr spectrum.
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let us congider the YY) collisions at 2xP. =2%XF =-4 and

?' = 10% for VLEPP parameters.

Xy :
In this case the characteristic laser flash energy Ao (6)

. increases if W, is fixed and E grows. Simultaneously the lumi-
noaity r'_,“. increaaes(at fixed value of the conversion coeffi-
cient k). Thus, for W, = 1.17 eV when E varies from 50 GeV to
300 GeV, the quantity Ao varies from 70 J to 250 J, and

1 varies from 0.05 to 0.31 (cf. table 8 in ref. f2])-
Ly [K* Lge

At the interval consgidered 0.9 ¢( x ¢ 4.8 the increase of
I.Jﬂ at fixed value of E is accomplished by small decrease of
Ao and the considerable increase of LII « Thua, at E = 50 GeV
when x varies from 0.9 to 5 (i.e. W, varies from 1. 17 eV to
7 eV) the value of A, decreases from 70 J to 40 J, and

L”“:lbee increases from 0.05 to 0.3. Besides, the maximum pho-

ton energy W, increases from 24 GeV to 42 GeV.

We are very grateful to Ya.l.Grinchishin, V.A.Khoze,
A.N.Skrinsky and V.D.lUgozhaev for useful discussions.
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APPENDIX 4. PROBLEMS OF CALIBRATION

The calibration of the luminosity for nonpolarized initi=-
al beams and the main calibration processes for Y€ - and
Y¥ - collisions were discussed in ref. [2]- Here we discuss
briefly the new effects arising due to initial beam polariza-
tions.

Ael. m{ - collisionsg.

1s The yy-pp e*e" process was discussed carefully in
refs,[13]. Its total cross section ig relatively large
{S-T-1D'33 cmz} and energy independent. The mean muon produc-
tion angles are not too small, §, ~ M. [w . The total X -
pair energy coincides with the energy of "“ite" photon. The
grqyﬂjfUE*E" cropa section ie independent of circular pho-
ton polarization. The digtribution of muons both in energy and
in the production angle QH deviate for lesa than 2.5% when
the linear photon polarization varies. If the photons are 1li-
nearly polarized then the asymmetry of ~ 10% arises in the
muon azimuthal angle distribution.

The JY = ete"e'e™ procees has larger cross section

{6.5-10_30 cmz) and ite polarization dependence ie also not
large [13]. In the investigation of the processes with emall
t!EL

cross pectiona ~ o one can uge the processes
r— fﬁf (€= €, )”:T) with large production angles

for comparison. Their crose sections are strongly dependent

on cirecular photon polarization and have large azimuthal asym-

metry connected with linear photon polarization.

In these processes the greatest cross .sections really are
(see [12, 14]}

dfy _ wa'/W ). d(033+%)  gpd* (Ae 1)
- w‘*{ﬁ‘ 2 W ot 4k

(Here W ie invariant “’ mass, t is the squared transfer,
4 - momentum, P, - transverse component of the lepton momen-
tum, x axis is chosen in leptoms production plane), (ther
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croeg gections are small:

f‘ﬂ‘_‘ mf) drd;].'ﬂf}- 'l'_'.l.'l‘;‘ dd;’, = ﬂ(d'jp B m; {AIE]
i — - 3} — == e L]
R [ ”}f} P! dfo, + ) d(d,+0,)  pE

f
2. The luminogity calibration. The event number in the
yy— X reaction 133 (see (31))

dhe 5" dly, Ew <§=‘§-> dcr’{l; :
Since the total cross section and the energy distribution for
the main calibration process yy- MM e*e™ (as for 9 & e"ete"e™)
are practically independent of the photon polarizations, then
the measurement of this cross section will allow one to measu-~
re directly the luminosity df'”{d‘"““ﬁ
rizations.

besides beam pola-

3« The products of the Stokes parameters

One must know and have an opportunity to change the mean
values of the products of the Stokes parameters (¥ E >
for separate measurement of the cross sections dd; .
" In the most attractive case of circularly polarized laser
‘photona and longitudinally polarized electrons the event
-number is given by egs. (35),(36). They show us the variation
of the pigns both of helicities of the electron and laser pho-
ton results in the change of § -beam polarization but } -
-spectrum remaine unchanged.

The value of the c¢ircular polarization fz (and i ) does
- not depend on the beam geometry and is given by eq. (35). This
allows one to provide the complete study of the cross section
dependence on the circular photon polarization.

In general, the calibration of the polarizations (¥, %;)
is necessary, as it 1s seen from egs (29),(34). Mear.mhile, the
most physically interesting cases are that of _p &« (ma-
ximum conversion coefficient) and f »nA1 (good monochroma=-
ization)s In both these cases according to eq. (32) the depen-
dence on the density distributions becomes unesgential .und
one mugt only know the polarizations of laser and electron
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beams to determine {-E..‘E,') % {5 (’33.) . In this cage one
must decrease the electron transverse polarization degree to
decrease the insccuracy of relations (32). '

A.2. V€ - collisions
g

ey

Total cross sections and energy distributions for: main -
calibrating processes }[€ .-,f {E’ ( f =Me.) do nnt 'prﬁcti—
cally depend on photon polarization as well. Therefnre, nne
can determine the luminosity ﬁ'ﬁr.,]a"d for all photon pfﬂiariza—
tions (1% azimuthal angle distribution depends on linear pho-
ton polarization). ; 3

When the processes with small cross sections are studied,
one can use for comparison the Compton effect which depen&a
strongly on )  and Pc (9). ‘ ,,a .

In general here the polarization (¥ f_P)} (21) calib-
ration is necessary (due to the reasons similar to those for
¥y = collisione). This difficult task is simpliefed forge -
-collisions not only at the casmes of _? &1 ‘angd f*mf &
but at the case of axial symmetry of the beams wha;'k the pola-

rization does not depend on beams geometry.

Ae3s Electron polarization control

One can control the electron polarization value simulta-
neously with the luminosity measurement (provided the handling
of a laser polarization ie simple).

Longitudinal electron polarization. The hard: p&i‘t of the high

energy photon spectrum ie rather mensitive to the.hf,_. value
(see fig. 2). Therefore, the observation of the deviation of
thie spectrum when the sign of P is changed yields the in-
formation about the"#‘?alue.

Transverse electron polarization %; seems not to be interes-

ting in.the gonsidered problems. It is only epsential to 'rerj_.._w_.'. 5
fy the fact that its contributions {depenﬂing on the beam geo- -

nat to bresk practigally the qi..nplq . ¢

2) Wﬁ ghall coriglder Tlhe ’beLa tu
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be axially symmetric for definitness. Then all the effects of
electron transverse polarization are not large and are propor-
tional to T, ':','1 {cos+) , where ((0S¥) depends on density
digtribution in a beam. In particular there ia a contribution
to luminosity (33) proportional to ¥, r;l P. ft { wos¥>,
Therefore observing the luminosity davis.tinn at the variation
of the sign of P and . (when A and }L are known) one can
find the value 154_ ";_,_ { wsy) with sufficient accura-
CY.
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APPENDIXZ B. THE COMPTON EFFECT FOR
POLARIZED PARTICLES

Thia appendix contains the necesgsary formuiae for the
Compton effect € (p)+ Y,(k) = y(k) + € (p’') when the
polarizations of both photone and the initial electron are
considered. Let us introduce the invariants

Ver | dogmre e | T o iy a ke ak
. B e e S i R Wi
(B.1)
E}q?rlf a.H _kqvip‘r kf
:mé‘

where @ 1s electron spin 4-vector. Let J; and }'; be
the Stokes parameters for laser and high energy photons in
the Temtlml, axeg - X axie is orthogonal to the reaction pla-
ne, x| k Fi( and 1t ies the same for both photons, y axes
belong to the reaction plane (see [T] esg+)s The Compton dif-
ferential cross section has the form in our casge.

da - ! ’ n"-".t' d?p’
de, = P [f; 2;51;-] 5(peko-k-p') Zr T-f_
E= ;—% - ?‘1f'f-'!~)+ ‘t’t!”!’-i}}", + E-‘:[{'f ,f#:).‘i’ *5 ]I ¥
F=attaa)y - 225

(B.2)
[i = {4-31,}(;;; + f-H)II + E'I[F.r +{4-21)51J - 11[{1’-?}1} -(f—.ﬂ)s_:]& +

'F:i - qu;.q.) + 2[4-11”"4}}.]3 - ,Em[ff-z“!-)-ff - :‘T‘;]I.l-
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The cross section (B.2) satisfies the symmetry relations
which arise from gJeu gymmetry (see [T]). Namely, the quan=-
titrfg+gl§$; does not vary under the replmamantp I_,I'fﬂ,rfn _"Izn-j“;
: 2 o X! and i’,t- -f’ (or 5,0 -5 » =Y dfr1-y) "
fo £/ (1-y) )+ Eq. (B.2) was obtained by us from eq. (87+10)
in textbook [7] using the Reduce-2 system for algebraic compu-
tations (10 minutes on ES 1033). This cross section was compu-
ted earlier in the electron rest system [B], in the lab. sys-
tem [9] and in the covariant form [10]. The result (B.2) in
the corresponding system coincides with that of ref. [Bl (The
formulae of refs. [9 ’ ‘_10] contain misprints). In laboratory
system the invariants have the form{af & &4):

YE w, W

) = :
mt ¢ Lo B s s

X=

£ J.x(f—yj(f-.!*t) -[i[% cos t’&'-f) )

F : {3‘3}
e ’;ei’ 1V IS |

_31k,K]

21.«0‘ me

=- |5 | 2 vinty-p)

5(f+k.-k-.v') i—j“-i;{i = dy de¢.

The azimuth of linear laser photon polarization at the
laboratory frame 1e 3’ , 8nd it 1is 'f'&’-(?ffﬁ in the reaction
frame. Therefore,

¥, =B sin2(y-¥), o =L, K == P, osaly-¢), (B.4)
At emall emission engles § « 1 conmidered the final photon
moves almost along # direction and [kﬁk] azimuth is

Y- (o/2) at the laboratory frame. Therefore, the Stokes para-
meters observed for final photon E‘f at this frame are con-
nected with f‘.' by the relations
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l__ ! !
‘If - E{ WSQ'F +§;5£”£?} .r;.: }: : I;’-":{;LIJSE?" .E: St:ﬂ.flf_ (E-S)
From (B.2-5) one cen obtain . %
’ R 3 .
dﬁﬂrf.g);__f_!: Z ?i{ E‘. P }-f E.uf (B.ﬁ.)
dy d'f Axmg (=0 o

where T‘: are defined in (11-14). One cen see that Stokes pa-
rameters for final electron itself are f{. — f‘/ﬂ . After sum-
ming up over final electron spin states we obtain crosa secti-
on (9) from (B.6). Finally, after the integration of (B.6) over
P we obtains

’ e |
R Rs o ot 3.7
(=0

-]
dy Xmg

where Cio are defined in (12)« This yields mean ) -beam
Stokes parameters (17).

The values C}a and AJH (12=14) satisfy some relations
which arise from the inequality ‘2:: I‘-" £4 . Really, rewriting

it in the form Z’ ?;."‘ .‘SE’#"' and integrating it over ¥ one
can find: =

3 'l { ] 2 i ’l
Efqﬂ "'E.:}Zn.huf"' € G +"hszMM : e
Using this result snd the relations |A,| € [Ayl|=As4l,

ﬂﬂ=jﬂ=ﬂ, 'Aﬂatf *S!Aﬂl: fA;:’ one can ob-
tain inequalities (14c).
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APPENDIX C. XB’ - WCROSS SECTIONS™

One can write the cross section for the yy- A reacti-
on with polarized photons in the form

sl
ki (Gt}
!

MY

3
q =
o Yr—+ X ,5:9 E,,

Here ¥. ‘?J are Stokes paramefers of the first and second
photons resp. (3:9 ol L f') « On the other hand, thie cross
sectlon can be expressed by density matrices £,/ (19b) and

the amplitude Mng for the process yy—-+X with the photons

helicities &b =% 13

dﬁ}*qx :'#;d-t‘ fﬂt?‘ﬂ Hﬂ‘ H:a" dF 4
d"i (C.2)
s b o
d.!n = m a“’i-k‘{zﬂ:J gﬁr}’l{c

Comparing (C.1) and (p.z}. it ie eagy to express dd’g
through Mag (we use the notations ¢, 2, %  from ref.
[12] alsc as well)

d6sdd, =4 ([Moal® + IMec]® ¢ [Mos I + [M_,[t) dr
dvis dgy = £ (IMeel sMa P = IMp P = [ H.uf? ) dT
dv = d(63-0,) = Re (M2 H..) d T
dl0ss-ay +ildy + )] = H-'-I#H dar
dley e dy +ilds=9p)] = Me. Moo ar,
A0y + @) =4 ( [Mesl® - M--1%) dF
didy ~0pe) = L IMe-1* = IM-41*) dT"
A(Cpy +i0y) = ~F( Mi-Moy + M, M. )dl,
Oy +idg)=-f (Hi M. + MMy ) dr,
dloy, +i0)= 4 (Mi-Myy = M, M. ) dr,
d(yy + i0,) s+ (Ma_ M. - Moo M,,) dr,

(c.3)

J2

All the quantities dﬂ"t are real. The complex form is used
J
for shortness only.

The "eross sections" d(0;, t¢,,) arise from the interfe-
rence of the amplitudes whose total helicities differ for 4
- due to states whose helicities differ for 2.

When the palir production or inclusive processea
= Rtw studied in the case of summing up over spin
states of final particles only 8 independent "croes sections"
remain of 16. If the X axis is in the reaction plane then
they are df,d7*, A7 and ™)

A0y +0y) = Mi-Mes dl, dldyy +i05,) =~ M Moy dF,

3 (C.4)
A(Tyy +i0y) == H_ M. dT.

Finally, affer averaging over azimuths of emission angles and
spins of the final particles, only ¢, % and % do not va-
niuh.

*} the terms A7y  and A%y were missed in eq. (4.23)
of reviewd [14] when the similar relation for equivalent pho-
tons were written.
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APPENDIX D

This appendix is devoted to the discussion of sume polari-
zation effects in the scheme to obtain colliding Yy -beams
congsidered. Their description is obtained from eqs. (33), (34).

D1, Electrons are polarized trensversally, laser radiation is
unpolarized

In this case the [ -beam mean polarization is zero accor-
ding to (17). However, at ¢~ 1 for yy = collisions

('E,_"En_) *+ 0 and the number of events (31) is equal to
ﬂ"ﬂ}”_,x = d-’aﬂ- {dd"-t- (Fs§y) dz% + A dT’J (Ds 1)

where A 4is defened by eg. (36) and (of. (338))

(5.8 = 4 (5 T) e (21-02- o) [ (, . s

So, transverse electron polarization is "transferred" to circu-
lar photon polarizetion. But this effect is very small at x<¢ 5
considered. One can see that H‘ffﬂ*f)/f;,f <043 '~ » 1l.e.

[<E. 5 < 0,01

D2. Correlation between two lasers

Let us consider the scheme when the conversion is obtal-
ned by one lager pulge divided into two parts, or when one la-
ger pource switchee on steps for of both lasers that for
every flash the polarizations are the same Pcz E '

Bl rra={ 2

It ie interesting to conmider the case when every flash
is polarized, but the polarization vanishes after averaging
over all flashes, i.e. (P.) = <Pt‘0533'> = {_pt 3,;”13.:, =0

, but (£ By =<BY,

RS =Xl ) Sias o8 vaateh, W shell sonalier she
eangle Y to be random so that ¢ P:' s’y = {'Ffﬁn"!)’) =

= $¢BYy, (BB wsy) = (B P singyd>  =0.We dlscuss
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the case when transverse electron polarization is sbsent. As a
result we have, according to egs. (33),(34):

' - fcor) ~ (cor) ( D.3)
AN oy = ALy [40+ CSEY dets A e ], o
The luminosity dz', J;car) deviates essentially from that for
unpolarized beams q';,;;P (c.f. (401 ref. [13 )s

(cor)
%“:‘; = 4+ 42X RIBO)BE) + 5 (Y A)ALS) (cos2p)
rr '

o 5
3ey) = ax (22-0)02-9) [ (=97 p-y—anpr-n)]

The item from ( P>  is not large here (c.f. the discussion
in connection with eq. (36)). But at y= Yy,  the function
Bfy) = 4 « Therefore, the item from ¢ Pg') influences the
luminosity essentially. Particularly, at AA >0 the lumi-
nosity increases and the ratio (D4) can be close to 2. The
values {E,_E_,_}“ﬂ” g ﬁ.tw} which determine the polerized
photon contribution also prove not to be small.

(D.4)

So, the correlations change strongly the result in compa-
riason with the really unpolarized beams or uncorrelating ones).
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Fige 1s The scheme of obt_sining colliding a'e and JI beams.
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Pige 9. a) The circular photon polnr%zg}inn degree v wW/F
for different laser pho : polarizations;

b) The average linear photon polarization degree vs.
w/E for linearly polarized laser phctons.

45




H.%.I'wuasypr, '.J.Koroms, C.J.Naxmuas,
B.I'.CepSo, B.H.Teabuor

BCTPEUHIE Y& u )y - [VUKU HA OCHOBE
‘ ONIHONPOJETHEX e'e™ YCKOPUTEMEN

I, TOJAPH3AIMOHHEE 9@QEKTH, YIYUIEHUE MOHO-
XPOMATHYHOCTH

[IpenpuuT
' 82-160

W
Z = -

Pa6.te nocrynuna - 16 pexar .a 1982 r.

Fig.10. The luminosities Wbo/[d? and ofle/d? (36b) at OehelErE I ok Bl yok - C.T.ionon
P = P -'--E - - ’ = ; f T P‘ - S 1 I.- sd wlit ;
cd.ﬂﬁ; . o - > lognucano k rievaru <J..2-1982 r MH 03708
end 0.5. :

Qopmer Gymaru 60x90 :/1v ¥Yen.2,C -e;.m., 1,8 ; rerHO-Mz:.a.
Tupax 190 sx3. Secruna"Ho. 3arxas N 37

Purnnﬂuur MA@ C7 AH UCP, r.Hosocu:. rpck, 90




