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KommnoHeHTbI TeH30pa Monsipu3ayuyn TOPMO3HOrO U3JyHeHnsi B LeHTpanbHoM nosie U(T) BbiparkeHbl Yepes uMH-

Terpasibl OT OAHON CKaNsipHON KOMMJIEKCHON byHKLMNM, onpegensioLleil ypbe-0bpas KNaccm4eckoii ckopocTu

Vuw. B PaMKaX MaKCBEJIJIOBCKOIro cbopmanmslvla SNEKTPOANHAMUNKN NOJTYHEHO Ce€HEHNE TOPMO3HOIro U3ny4eHus,
yduTbiBatoLee €ro nonsapmsaumnto. rlpVIBe,D,eHbI SABHbI€ BblPpaXX€HNA ONA TEH30Pa NOJAAPU3aLNN N CEHEHUA KYSO-
HOBCKOIo TOPMO3HOIro U3ny4eHmns B KJaCCNHECKOM N KBAHTOBOM CilyHasX.
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1. BBEAEHUE

B kypce kiaccudeckoii ssiekrpogunaMuku [1] ma-
HO TIOJTHOE OIUCAHWE TOPMO3HOTO W3JIyYeHUsl, BO3HU-
KAIOIIEro IPHU PACCEHUN My9IKa 3apAKEHHBIX YaCTHIL
B IeHTpaJbHOM Tosie U(r): HaliieHbl CHeKTPAIbHOE U
YILJIOBOE PACIpPEJIEeJICHIsT U3JIYyIeHUs, a TaKyKe MoKa3a-
HO, YTO MHTEHCUBHOCTD U3JIYYCHHS MOYKHO IIPEICTa-
BUTH KaK CyMMY WHTEHCUBHOCTEH JIBYX HE3aBUCHUMBIX
BOJIH, JIMHEHHO MOJIIPU30BAHHBIX BO B3aUMHO IEPITeH-
JIMKYJISPHBIX HAIpaBJeHusX. PacueT yrjaoBoro pacipe-
JIeJICHUsT OCHOBAH Ha MCIOJb30BAHUU OCEBOH CHMMET-
pUU CUCTEMBI [TPU MHTEIPUPOBAHUM TI0 A3UMYTaIbHO-
My YIVIy (o OOIIero BbIpaKenusi [jisi 3(p@HEKTUBHOTO
M3JIy YeHUS

At 1 . R
P / / [dy x K2pdpd

(rme d, — dypbe-06pas JUIOIBLHOIO MOMEHTA YaCTH-
bl OTHOCUTEJILHO [EHTPA TOJIA, ) — IPUIEIbHBII TIa-
paMerp), OIPEJIESAIONIEro PacupeIe/eHue U3/Iy YeHus
110 9acTOTaM W W HAIIPABJIEHUSIM k = k/k (k — Boa-

(1)

HOBOI BekTOp). OKOHYATENbHOE BBIPAKEHUE, OIIPEJIe-
JISIONIee paclipe/ie/leHe NHTEHCUBHOCTU U3JIydYeHUs B

* E-mail: marmo@phys.vsu.u
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3aBHCUMOCTH OT yTuia f MeXK/y OChbI0O CHMMETpUu Z U
HalpaBJjieHrneM U3JIydeHns K,
). @

Atk 1

_ 3cos?f —1
dwdQy ~ 4m2e3

(462 + Bl 2

onpezaesdercsd ABYyMsd IlapaMeTpaMu:

41 n ..
Aw) =5 [ 1l
0

J U = 3idzaf?) .
0

21

B(w)

Vcnonp30Banne 0CEBOil CHMMETPHI TIO3BOJISET TAK-
JKe yCTAaHOBUTD, 4T0 ddexkTusHoe usiaydenue (1) pas-
jaraercs Ha CyMMY MHTEHCUBHOCTEH JBYyX He3aBHCH-
MBIX BOJIH, JIMHEHHO TIOJIIPU30BAHHBIX BO B3AUMHO ITEP-
NIEHINKYJIAPHBIX HAIIPABICHUSX:

1 |

47

dstox = daey +doc), (4)
rie
dscy, = 2L / (4o — ldzuP)pdp  (5)
0

— HMHTEHCUBHOCTDb BOJIHBI, MTOJIAPU30BAHHON II€PITEH -
KYJISIDHO IUIOCKOCTH WCIyCKaHus (B KOTODOM JiexKar

" o I
BOJIHOBOIT BeKTOP K 11 HauaIbHEIl HMITYIbC P), d,, —
WHTEHCUBHOCTH BOJIHBI, ITOJISPU30BAHHON B ILJIOCKOCTHU
UCITyCKAHWSI.
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Hecmorpst Ha T0, uTo BeIpaxkenust (2), (4), (5) mos-
HOCTBIO ONPEJENAIOT TOJIAPU3ANNI0 TOPMOZHOTO U3JTy-
4enus, 6ojiee MOCICI0BATELHOE €€ OIMUCAHUE MOYKHO
JIATH C IOMOIIBIO TEH30PA IOIAPUSALUE Po 3. eficTBu-
TeJIbHO, TEH30p Hossipusaruu BeedeH B [1] (cm. §50)
KAK OCHOBHAS BEJWYMHA, XaPAKTEPHU3YIOMAs TaCTHI-
HO NOJIAPU30BAHHBIN CBET. 3Has TEH30D MOJIAPU3AIIH,
MOKHO HAWTH JPYTIHe XapaKTEPUCTUKU MOJIAPUSAIAN
usJiydenus (crenenb nosspusanuu, napamerpsl CTok-
ca) U pasJioXKUTh M3JIyUeHHe Ha JIBe HEKOIePEHTHBIE,
B OOIIEM CJIydae SJUIMITUICCKU MO/IIPU30BAHHBIE BOJI-
ubl. Ecau Tensop nosgpusaiuu BeliecTBeHeH (mapa-
merp Crokca & = 0), TO U3JIyYeHHE DACKJIAIBIBACT-
¢ Ha JIBE€ HEKOI'€PEHTHBIE JUHEHHO IOJISIPU30BAHHDIE
BO B3aMMHO TEPIEHINKYIAPHBIX HAINPABICHUSX BOJI-
HBI, 9T0 U ecTh passoxenne (4). OrHomenue ciara-
eMbIX B (4) — k03D dUIUEHT Jenosipusanun — pas-
HO OTHOIIEHUIO JUATOHAJIBHBIX KOMIIOHEHT PACCIUTAH-
HOTO B TIJIABHBIX OCAX TEH30pa Tossgpusanuu. Kpowme
TOro, Kak OyJIeT MOKa3aHO HUZKE, 3Has TEH30D IOJIs-
pusaiyu, 3bdekrusnoe uzinydenne (1) MoxkHO 0606~
ATH, BBEIA BEJMIUHY d3eyk, KOTOPasd PABHA MHTEH-
CHBHOCTH TOPMO3HOTO U3JIyYEHUZ ¢ 9aCTOTOH w B Ha-
npasjieHnu K, mporresiero yepes GpuibTp, IpoIycKa-
IOMAI BOJIHY C BOJHOBBIM BEKTOPOM MOJISIPU3AIAN €.
O4eBUIHO, YTO BEIUUUHA ¥ eyuk C TOIHOCTBHIO JO MHO-
JKUTEJIS 10 CMBIC/LY 9KBUBAJICHTHA CEIEHUIO TOPMO3HO-
ro usiydenus doek(w), KOTOPOE UCIIOJIB3YeTCd B KBAH-
TOBOH 3JEKTPOANHAMUKE, TTOITOMY dMeuk YAOOHO HC-
[0JIL30BaTh [IPU CPABHEHUHU pPe3yJILTATOB KBAHTOBON 1
KJIACCUYIECKON TEOPUil TOPMO3HOTO M3JIyUeHUsI. |aKIM
00pa30M, TEH30P TMOJAPU3ANUN TOJTHOCTBIO OIPEIEIs-
€T TOJIAPU3AIMOHHOE COCTOSHUE U3JIyUEHUST, TOCKO/Ib-
KY 4€pe3 ero KOMIIOHEHTBI BBIPAZKAIOTCS BCE OCTAJIbHDIE
MOJITPABAIMOHHDIE XaPAKTEPUCTHKU. 3AMETHM OJTHAKO,
YTO IIPU UCCJICIOBAHUN TOPMO3HOTO M3JLy9€HUsI, IPEI-
CTABJIAIONIErO 000 YaCTUYIHO HOJIAPU30BAHHDIN CBET,
B [1] (cMm. §68) He paccuuTan TEH30p LOJAPHU3AIMU, A
Hall/Ienbl HHTeHCHBHOCTH dicly 1 d%ﬂk u3 (4). Tak xe
OIMCHIBAETCS TOJSPUAIHAS TOPMOZHOTO U3JIyTIeHUS B
pa6ote [2], B KOTOpOIl B KauecTBe XapaKTePUCTHKH 110~
JIAPUBAIUH KJIACCAIECKOIO TOPMO3HOIO M3JIy9eHUs B
9KPAHUPOBAHHOM KYJIOHOBCKOM II0JIE PACCIATBIBAIACD
BEJIMIMHA,

() _ d%j;—k - d%llk

P e
d%j;k +dx,

(6)

B macrosmeit pabore mokasaHo, KaK B KJacCHUe-
CKOIl 3JIEKTPOJIMHAMUKE MOYKHO BBECTH TEH30D IOJIf-
pU3aIMy U CeYeHne TOPMO3HOTO m3JyydeHus. B pasm. 2
YTOYHEHO OOBIYHOE OIIPEJIeJIEHNEe TEH30pa II0JIspu3a-
UM TPUMEHUTETBHO K CIYyYalo U3JIydeHus: Ha (DUKCHU-
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POBaHHOII YacTOTe W, JaJjee, OOIee BBbIPAKEHHE JIJIst
TEeH30pa HOJIAPU3aIUN TOPMO3HOI'O M3JIy4YeHHUs B IICH-
TpaJIbHOM II0Jie Ipeobpa3oBaHO K QopMe, B KOTO-
poil TVIaBHBIE KOMIIOHEHTBHI TE€H30PA BbIPAXKEHBI Yepe3
WHTErpajbl OT CKAJSPHON (DYHKIMH, OIPEIeJIsoneit
dypbe-06pas ckopocru yacrunpt B noje U(r). B pazz. 3
C HCIOJb30BaHUEM TEH30Pa I[OJISAPU3ALUN II0JIyYeHO
KJIACCHY€eCKOe CeYeHNe TOPMO3HOT'O U3JIYyYCHUA, YINTHI-
BaoOIee MOJIAPU3AIMIO n3Iydennsd. B pasm. 4 mpemjo-
2K€H CII0CO0 pacyera TEH30Pa HOJIAPU3AIIH C IIOMOIIBIO
cedyeHUs IIpoliecca, IPUMEHNMBII U B KJIaCCUIEeCKOM, 1
B KBAHTOBOM T10j1x07ie. B pa3z. 5 mpuBeieHb! siBHbIE BbI-
pazkKeHus, OIIpeJlesIsoNe KBAaHTOBbII U KJIacCUIeCKN
TEeH30PbI MOJIIPU3AUN KYJIOHOBCKOT'O TOPMO3HOI'O U3-
JIy4EHUdA, U IIOKAa3aHO, YTO KBAHTOBBIE PE3yJIbTATHI I1e-
PEXOJIAT B KJIaCCHUIecKue Ipu (popMaibHOM yCTpeMIe-
unu h — 0. B pazg. 6 HalieHbl aCUMITOTUKN TEH30Da
[TOJIAPU3AINN B ODJIACTH HU3KUX U BBICOKHX YACTOT U
[IPUBE/ICHBI YUC/IEHHBIE Pe3YIbTAThI.

2. TEH3O0P ITIOJIAPN3AIINN
KJIACCUYECKOI'O TOPMO3HOTI'O
N3JIYVUEHUNA

Haiiziem moasipu3anuontbie XapaKTEPUCTUKA N3JTy-
YEeHUS, BOSHUKAIOIIETO DU PACCESTHUN Iy YK 3aPAZKEH-
HBIX 9aCTHUI| Ha TOYEUHOM IeHTpe. Kak u3BecTHO, TOP-
MO3HOE U3JIyTE€HHIE OT OT/IETHHON YACTUIBI, JTBUKY TIEH-
cd [0 KJIACCUYECKOil TpaekTopuu r(l), dBJsiercs MoJ-
HOCTBIO HOJIAPU30BAHHBIM: B 3TOM CJIy4ae BbIPArKeHUe
JUISE SJIEKTPHIECKOTO BEKTOPA, JUIMOJIBHOTO M3JTy IeHUsT
Ha 9acTOTe w B BOJHOBOII 30He [1],

(lA< — HalpAaBJIeHNe PACIPOCTPAHEHNUS] BOJIHBI), OIIPEIe-
JisleT M BEKTOp IOJIApU3alluu u3jayudeHus. Vziydenue
IIy9Ka YACTHIL €CTh PE3YJIbTAT HEKOINEePEHTHOTO CJIOXKE-
HUS U3JIyYeHHS OT OTAEJIbHBIX YACTHUIL, IIO3TOMY OHO
ABJISIETCS JIUIIb YaCTUYIHO IOJIAPU30BAHHBIM U XapaK-
Tepu3yercsd TeH30pOM Ionapusanuu J, 3. Tenzop mossa-
pU3aIUN OIPEIENIAeTC KAaK KBAIpATHIHAA (PYHKIUS
10J15T Ea(t)EE(t), yCpeJIHeHHasI 110 BpeMeHn [1] nam mo
BPEMEHHU U 110 aHCAMOJIIO He3aBUCUMBIX MCTOTHUKOB [3].
IlockoNMbKy MBI HCCIEIyeM H3JIydYeHHe Ha OIpPeIesICH-
HOll "acToTe, KOTOpoe 3a1aeTca Ppypbe-00pas3aMu KOM-
HoHeHT 1oJist F,,, He 3aBUCAIIMMU OT BPEeMeHH, TeH30D
MOJIAPU3AIIA TOPMO3HOTO M3JIy9eHUs CJICIYeT OIpPeIe-
JINTH PABEHCTBOM

c *
Jop = RTQ/ Eua B gpdpdp, (8)
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rjie p, — [PUIEJbHBbIE ITapAMETPbI, YYUTHIBAIOIUM
U3JIydYeHNe BCEX HE3aBHCUMBIX HCTOYHUKOB. Hopwmu-
POBAHHBIN TEH30p MOJSPU3AIUY  (IOJSIPU3AIIOHHY O
MATPHIYy IJIOTHOCTH) pag HOJLYUHM, DPa3Nesus Ju3
Ha BEJIMYUHY

C *
J= ZJaa = HTQ//Emepdpdso,

IIPOIOPIINOHAJIBHYIO
U3JIyYeHUS:

MHTCHCUBHOCTU TOPMO3HOT'O

Pap = JLJBv Zpaa =1 9)
(o7
MHOXKUTEJb [Iepe]] MHTErPAJIoM B (8) He BIMsIET HA Be-
JIMYUHY Pog U BBEJEH VISl YIIPOIIEHUsI TIOCIe LY OIIINX
dopmyir.
VuaurbiBas CBA3b TPUIEIBHBIX TAPAMETPOB C yIJia-
MU pacCesiHus 9acTUIbl ¥ u o,

pdpdyp = GodQp,

rae 69 = doo/dQp — cedeHme yIpyroro pacCestHus
B TesiecHbIil yrou dflp = sinvdiddy Bo3Ee KOHeIHOrO
UMILyJIbCa P’, BBIPA3UM TEH30D Jo3 depe3 HHTerpall 1o
yTJIAM PACCesTHUSI:

c s~
Jop = mrQ/EwEwﬁaonp, =
:ﬁﬂ / B B2 60 sinddddep.  (10)

Bynem nckaTh KOMIOHEHTHI Jo3 B (DU3UIECKH BbI-
JIEJIGHHOI cucTeMe KOODAMHAT C OCSIMU, HalpaBJIeH-
HbIME 110 Kk (HAIPABJIEHUIO PACIPOCTPAHEHUsI BOJIHDI),
[l; X P| (mepreHauKyIsSIPHO TIOCKOCTH UCIIYCKAHUS) U
[k x [k x P]] (B IIOCKOCTH HCIIYCKAHUS TEPIICH/IKY-
nspuo K), . puc. 1. BeeeM OpTBI 9TOfl crCTeMbI
KOODJIMHAT:

[k x [k x pJ]
| sin 0]

_ [kxp]
|sin@|’

T1 T2 = T3 — lA{, (11)
rne k = k/k, p =p/p, o' = p'/p’ — equHNIHbIE BeK-
TOpPBI B Hanpasienuu k, p, p’, 6 — yron mexay k u p.

BocmoszoBasrmcs Tem, 910 d, = —iewv,,, Oymem
BbIpazkaTh (PypPbe-KOMIIOHEHTY HAIPAKCHHOCTH 3JICK-
Tpudeckoro mosisi (7) uepes Hypbe-KOMIIOHEHTY KJIac-
cuueckoii ckopocru v(t) = r(t):

oo

Vi = /v(t)exp (iwt)dt.

— 00

N3 coobparkennit mpocTpaHCTBEHHO-BPEMEHHONW CHUM-
METPHUH CJIEJyeT, YTO B IPOU3BOJIBHOM IEHTPAIBHOM
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ZA

o>

Y<

[kxp]

Puc. 1. naBHble ocn TeH30pa NONsSpU3aLNN Pag

nosie U(r) dypre-06pas cKopocTn MOKeT ObITh IIpe/I-

CTaBJIEH KaK
Vo = filp,w, 9)p + fa(p,w, V)P, (12)

rie
fl(p7w719) = f2(p7 —w, 19)

3J1eChb YyUTEHO, YUTO MPHU KJIACCUIECKOM DPACCMOTPEHHUN

(13)

TOPMO3HOTO M3JIyYeHHUs MpeHedperaiT moTepeit sHep-
IUH 3JIeKTpoHOM, T. e. p’ = p. Haitnem npoeknuu E,, Ha
ocHu x, Y, BBITUCJSAS CKaJIsIpHbIe IpousBesacHus K, - 71
n E, - m:

Eyw =Clfi((k-p)> — 1)+ o
+ fo(k-p)(k- D) — f2(b - D)), (14)
¢ = 7102re:i}n 0

Yrobbl nposectu wunrerpuposanue B (10), BBe-
JIeM CHCTEeMY KOODJWHAT C OChI0 Z BIOJb P U OCH-
vu X u Y BHoan [l; X p] u [p x [l; x p]]. Torma
p’ = (sindcosy,sindsinp,cos?d), toe I, — yruwr
paccesnusi, 110 KoTopbiM muTerpupyercs B (10). Un-

TerpaJ 110 ¢ 3JEMEHTapHO BbIYUC/IAETCA, IIPU I3TOM
He/narodaJibHble KOMIIOHEHTDbI O6paH_[aIOTC$I B HYJIb,

Jio = Jo1 = 0, (15)
a JINarOHAJIbHbIE KOMIIOHEHTDI
022
Jll - 4 ws J_)
2 (16)
e*w .9
Jog = (AJ‘ cos? 0 + 240 sin 0)
473
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BLIPAKaIOTCs Uepe3 JBa llapameTpa:
™ ™
2
L= / | f2|* G0 sin® 9dy = / v | Gosinddd, (17)
0 0

B KOTODBIIl BXOJUT HOPMAaJIbHAsST K P COCTABJIAIONIAS
Vi, 1

™

Al = /|f1 + f2 cos9|*G sin 9dod :/|VJL|25'0 sin ¥dd,
0

™

0

(18)
B KOTODBI BXOJWT COCTABJIAIONAS V., BJIOJb
BEKTOPA P.
CpasuuBas (16) ¢ (4) u (2), HerpyaHo yOeauThCH,
9TO
A% d%Lk
J Jog = ———,  Jpp = —2% 19
11+ Ja2 dwdn 1= dOy (19)
TaK uTO
ds
Joy = ——wk (20)
27 dwd

Takum 06pazoM, HAIIK PE3yILTATHI SKBUBAJIEHTHBI 10-
sydenabiM B [1], Ho dopmyubl (16) mator sBHbIE UHBa-
PUAHTHBIC BBIPAsKEHUS M JJIs [TONEPEYHOil, U JJIsT IIPOo-
JIOJIBHOI cocrapsitomeii B (4) uepes ckassipable DyHK-
mun f1 u fo — ¢ yderom pasencrsa (13), dakruuecku,
gepes oyny dynkmuto. Cormaco (4), A+ n Al onpee-
JISTFOT TaKzKe YIJIOBOe Paclpe/iesieHne urydenus (3):

Alw) = M(AL + Alh,
' (21)
B(w) = %%(AL 241,

Janbreiimee BbIMuCACHRE KOMIIOHEHT TEH30PA MO~
JIIPUBAIME BO3MOKHO TOJIBKO DY 33JJAHUU SIBHOTO B~
Ja paccensatorero norexnuasna U(r). Ogaako oOumuit
XapaKTep NOJIFAPH3AIAN U3JIyIeHHs IIPH DACCEAHUU B
NPOU3BOJILHOM IIEHTPAJIBHOM II0JI€ SICEH YK€ M3 I10-
Jy9deHHBIX pesyabraros. U3 (9), (16), (17), (18) oue-
BUJIHO, 9ITO ONPEJEIUTETb MATPUIBI Pog MOJOZKHTE-
JeH: |pas| > 0. Dr0 03HAYAET, UTO HUBJIYUCHHE B~
JISIETCsl 9ACTUYHO TIOJISAPU30BAHHBIM (HAOMHUM, HTO
JUIsL TIOJTHOCTBIO TIOJISIPU30BAHHOTO M3JIyHeHHsl OIpe-
JICJIUTENb |pog| paBeH Hymo). CreneHb HOJISApU3AIAN

P = /1 —4|pas| obpamaerca B myas npu 0 = 0 u
0 = T, UMeeT MaKCUMYM
|AL —2All|
Pror = —————7— 22
AT 1 oA (22)
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upu @ = 7/2 u ojpuHAKOBa B HAIpaBJeHusX 0 u m — 0.
Hasee, n3 obpareHus B HyJIb HEINATOHAJIBHBIX KOM-
[OHEHT TEeH30pa IOJIAPU3alul B BLIOPAHHONR HAMM CH-
cTeMe KOODJUHAT CJIeJLyeT, YTO CTEleHb MUPKYJIAPHOL
nosngpusanuu udsydenus (napamerp Crokca £3) pas-
ua uymo. Takum obpazom, TOpMO3HOE uzJydenue (¢
OIIPEJIEJIEHHOM 1aCcTOTOI ), BO3HUKAIOIIEE IIPU PACCesi-
HUM IIyYKa 9YacTull Ha LeHTpe ¢ norernuajom U (r),
MOZKHO ITPEJICTABATH KAK HAJOKEHHE JIBYX HEKOTEPEHT-
HBIX BOJIH, JJMHEIHO OIS pU30BaHHBIX BJIOJIb HAIIPABJIC-
Huit 71 1 T2 (cm. (11) u puc. 1), MHTEHCUBHOCTH KOTO-
pbIx Jaforcsd pasercrsamu (19), (20). OrmernM Takxe,
YTO BBIPAsKEHUE 110, PAJUKAJIOM B ONPEIEJICHUH CTeIle-
HU noJspusanun P ecth KBajpar Beipazkerns (6), Tak

aro [PW| = P

3. CEHEHUE TOPMO3HOI'O N3JIVUEHU A

3Hast TEH30D Pag, MOKHO HEPEHTH K OMUCAHUIO TIO-
JIAPUBAIUK U3JTy9eHHs ¢ [IOMOIIBIO CEYEHUs TIPOIECCa,
3ABUCAIIETO OT BEKTOPA MOJIAPU3AIUN, AHAJOTTIHO TO-
My, KaK 9TO JIeJIaeTCst B KBaHTOBOI Teopun [4] (cm. §92).
Yr0o6bl HAWTH 3aBUCIMOCTD NHTEHCUBHOCTH 3Ty T€HIS
OT TOJIAPU3AINN, CJIEAYET BBIYUCIUTD CKAJIAPHOE IIPO-
u3BelleHIEe TEH30pa P, 3 U TeH3opa eyeg. CBepHYB €},eg
¢ TeH30pOM Jop (8), KOTODBIi JIMIIb MHOKHUTEJIEM OT-
JIMIACTCSL OT P, MOy UM BEJIMIHHY

=3 //'

47T203 / / [(e* - vu)Ppdpde, (23)

KoTOpast 0600maer (1) u ompejesnseT NHTEHCHBHOCTD
M3JIy9eHnsT Ha 9aCTOTE W B HAIIPABJIEHUHU K, permcrpu-
PYEMYIO JIETEKTOPOM, HACTPOEHHBIM HA MOJIAPU3AIUIO
e. JeiticrBuresbuo, cymmupoBanue (23) 1o mossipusa-
uam 110 dpopmyiie [4]

Y lex-a)? =

A=1,2

d%ewk

|2
dwd

)" pdpdp =

[k x alf?

upusout K (1).

715t cpaBHEHUSI PE3YJILTATOB KJIACCHIECKON 1 KBAH-
TOBOI Teopwil yg0OHO BBECTH KJIACCUIECKOE CEUEHUE
TOPMO3HOTO U3JIyIeHUs, PA3/1eauB b OEeKTUBHOE U3ITy-

venue (23) Ha hw [5,6]:
/&0|(e*

cl 2
dog(w) e w
dwd
IIogprHTErpasIbHOE BEIpAXKEHNE 3/1€Ch OIIPEJIETISeT, O4de-
BUJIHO, TPUKIBI JudDepeHinaIbLHoe CeIeHne TOPMO3-

W)y (24)

" hedm2c?
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HOI'O U3JIyY€HUd, YIUTBIBAIOIIEE HallpaBJIE€HHUE pacCesd-
HUA JIEKTPOHA:

dagip’ (LU) e w

Toodyd 2y~ ho A2

Taxum O6pa3OM7 C IIOMOIIBIO TEeH30pPa IIOJIAPpU3alun

(e vy,

(25)

yIaeTcd HafiTH KJIACCHYIECKOe CEYCHHME TOPMO3HOTO M3-
JIy9eHns B PAMKAX MaKCBEJIOBCKOM 3JICKTPOIMHAMIKI
(EH-dbopmasmama). Panee ceuenne (25) 6bL10 1101y Y€~
HO B [7] ¢ TOMOIBIO raMmIbTOHOBA hopMaI3Ma Kiac-
CHYIECKOM 3JICKTPOITHAMUIKH.

4. AJIBTEPHATUBHBIN CIIOCOB PACYETA
TEH3OPA ITOJIAPMN3 AN

BrIk1aKm, KOTOPBIE TPUBOJASAT OT TEH30PA MOJISAPHU-
3aIMU K KJIACCUIECKOMY CEYCHUIO TOPMO3HOTO U3JIyde-
HUSI, MOYKHO 00paTuTh. Ec/iu I0JCTaBUTh pasjiosKenue
BeKTOpa noJigpusaiuu e 1o opram (11) cucrembr Koop-

€ = § €aTa,
@

B cedenue (24), To, OT/IENUB MHOXKHUTEIN € eg, TOJIY-

JIMHAT TYZ,

(26)

UM JIJIgd KOMIIOHEHT TeH30pPa IIOJIAPU3alilui BbIpazKe-

Hue

e?w?

— *\ 3

= 153 /(Ta V) (T8 - v5)G0dQp .
CraJIgpHbIe TTPOU3BEICHUS 37€Ch C TOIYHOCTHIO 0 MHO-
JKUTEJA COBHAJAIOT ¢ mpoekiusamu Eg, n Ey, (14),
rak aro dopmyiaa (24) IPUBOIUT JJIsi TEH30DPA OIS~

Jap (27)

pusaiuu K Bbipaxkenusm (15), (16), mosyueHnbiM u3
OlIpe/IeJIeHUs TeH30pa noJisgpusanun (8).

Bropoii criocob pacdera TeH30pa HOJASIPU3AIUT TIPU-
MEHHMM U TIPU KBAHTOBOM HOXOE K OIMMUCAHUIO TOPMO3-
Horo m3iydenud. JBaxapl nuddepeHnuaipbHoe KBaH-
TOBOE CEYeHNe, aHAJOTUIHOE KJIACCUIECKOMY CEUCHUIO
(24), maercs Beiparkenuem [4]

doek (w) e? p'w . 9
dwko = (27‘()471303 7 / |(e . M)| de/. (28)
31ech

_ (=) (+)
M = —in (v}, \v ‘z/}p ) (29)
— aMILJINTy/la IIepexoda MeXK/1y HadaJIbHbIM COCTOIHU-
eM 1/)§,+) C UMITYJIBCOM P M ACUMIITOTHKOM PaCXO AKX~

(=)

Cd BOJIH M KOHEYHBLIM COCTOAHUEM wp’ C UMIIYJIbCOM

p' (p = /p? — 2mhw) u acuMOTOTUKON CXOMSIIIUXCS

BOJIH Ha OecKoHeuHOCTH. IIpu paccesHun B HEHTPAIb-
HoM nosie U = U(r) ammiurya M u3 tex e coobpa-
JKEeHMil cuMMeTpun, 9To u npu 3anucu (12), upegcras-
JIAETCS B BUJIE

M = Ql(p7pl7 19)15 + QQ(p7pl7 19)15/7 (30)
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IJie CKaJIsIpHbIE ITapaMeTPhl (1,2 CBSI3aHBI MEXK/Ly cOo0Oit
COOTHOIIICHUEM

Ql(p7pl7 19) = QQ(plap7 19)7

T.e. Q1 m Q2 OUPEIESIOTCH OJHONH KOMILIEKCHOMN
dyukimeit. Haxons ¢ nmomomipio cedenust (28) ruias-
Hble KOMIIOHEHTHI

(31)

TEH30Pa  MOJISPU3AIUN, OJIY UM
CJIEJLYIOIIHE BBIPAYKEHNUS, AHAJIOTHYHBIE KJIACCHICCKIM
BbIpazkeHusM (16):

620.)2 p/ |
Jn=1cg5s 40
167%h%c3 p (32)
Jog = ii(/ﬁ cos? 0 + 240 sin? 0)
27 16min2e3 p o
rie
At = / Q2| sin® ¥, (33)
0
Al — /|Q1 + Qs cos 92 sin 9. (34)
0

SIcHO MO3TOMY, 9TO B KAYECTBEHHOM OTHOIICHUU KBAH-
TOBBIl pACYET IIPUBOIUT K TE€M K€ CBOHCTBAM IIOJISIPU-
3l TOPMO3HOI'O U3JIyYEHUs, YTO U KJIACCHUECKUIA.
Dru CBONCTBA OLUCAHBL B KOHIE Pa3z. 2.

W3 cpasrenust (28) u (24) ciemyer, 9T0 aMIUIUTYIA
TOPMO3HOI'O U3JIyYeHUs B IEHTPAJILHOM II0JI€ IIPU [Iepe-
XOJIe K KJIACCUIECKOMY TIPEJIeJIy PACIAIaeTCs Ha [IPOU3-
Begienne (pypbe-00pasa KJIacCHIeCKOl CKOPOCTH U aM-
IJIATYBI YIPYTOrO PACCEAHUS B KJIACCUYECKOH 0bj1a-
cru. C ykazannoil hakTopusarmeil aMITUTY bl COTJIa~
cyercsi nostykiaaccndeckass dpopmyina Bepcona [8] mist
CeUYCHUIT BBIHY2KJIEHHBIX N-(DOTOHHBIX TOPMO3HBIX [IPO-
LIECCOB 1IPU PACCEAHUU DJIEKTPOHA HA CHJIOBOM IEHTPE,
B KOTOPYIO CEYEHUE YIPYIOrO PACCESTHUSA BXOIUT MHO-
xkureeM. Ilpu n = 1 u B ¢1aboM JIMHEHHO 11OJISIPU-
zoBaunnoM (e€* = e) nosie dbopmysna Bepcona sxsusa-
JeHTHA (25) (C y4eToM CBSA3HM MEXK/y BBIHYZKJICHHBIME
U CHOHTaHHBIME TIporieccamn). OJJHAKO y¥Ke IpHu N = 2,
KaK II0Ka3bIBAET IIPUMEP KYJIOHOBCKOIO 10JIst, (hopMyJia
Bepcona nia caaboro mossa He coBmagaeT ¢ KJIaccute-
ckuM 1pegiesiom (B — 0) TOYHBIX KBAHTOBBIX PE3YJIbTa-
T0B [9] Ju1st IBYX(OTOHHBIX TOPMO3HBIX IIPOIIECCOB.

5. KVJIOHOBCKOE TOPMO3HOE
N3JIVHEHUE

Haitmem sBHBIE BbhIpazkenus ayia Gyormumit fi, fo u
Q1, 2, OIPEIETIONINX TEH30D MOJIPU3AINN B KJac-
CHYECKOM M KBaHTOBOM CJIydasiX, B KYJIOHOBCKOII 3a1a-
1e. I3 muBapuanTHOit popMbl pypbe-06pasa CKOPOCTH
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V, KOTOpas HaiijieHa B [7] 110 N3BECTHBIM POEKITHSIM
CKOPOCTH B KEIIEPOBOii cucreme Koopauuat [1], ciemy-
er, uTo B noJie nputskenus U = —Ze? /r

flc(pvwvﬂ) = f2c(p7 _wa’ﬂ) =

zet ()] sign(@) K1y (1vle),  (35)

™ .
—vsign
5 g

nJn B dABHOM BHJIC

=1 exp [

muv

C . Ze? /2
J1(pyw, V) =ie e Kitiv(lv]e),

Z€2 (36)
fQC(p,w,ﬁ) = 71‘5W6FV/2K17iV(|V|5)'
31ech
L Zemiw _ Z62w7 _ 1 7 (37)
p? mu’ sin (9/2)

K, (2) — dyukuua Maknonansya. Cedenne 6o B (17),
(18) ectb ceuenne pe3epdOPIOBCKOrO pacCestHUs
1

7= ( > S (0/2)

Oynxmun £, f$ B M0/ OTTAKNBAHUS TIOTYHAI0TCS U3

Ze?

38
2mu? (38)

(36) zamenoit Ze? — —Ze?, 4TO UPUBOJUT K TIOSABJIE-
HUIO JIOTOJTHUTETHHOTO MHOKUTES €~ 27 B hopMyIIax
st A+ Al

Ksanrosag ammmryna (29) KyJI0HOBCKOTO TOPMO3-
HOIO u3jlydeHus B cummerpudnoii dhopme (30) moxker
ObITH HOJTyYeHa IPEOOPa30BAHUEM €€ 30MMePdE/IbI0B-
ckoro upejcrasienus [4,10] wiu nupu pacuere B napabo-
JIT9IecKoil cucreMe KoopauHar (cM. [11] 1 ceblIkm Tam).

HpI/I 9TOM JIJIsd TIO0JISA IIPUTAZKEeHU A

QC( / 9) QC( / 9) ] h3 a’p’p «
b,p, - p,p, = O =%
1 2 (p _p/)g
T ) |p _p/|ia+ia/
X exp [5(“/ — a)sign(p —p') p+p et
x T'(2 —ia)T(1 —id')F(2 —ia,1 —iad’,2;2). (39)
31ech
Ze*m  Ze?
a = = —
hp hv’
40
o — Ze*m B Z_e2 (40)
ohpy W
2aa’
z=- 5 (1 — cos 1), (41)

(0" —a)

F(2 —ia,1—1id,2;2) = 9F1(2 —ia,1 —id,2;2)

3 2KIT®, b 3
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— runepreoMerpuyeckasi GyHKIUA. AMIUIUTYa B 110~
Jle oTTaJKuBaHus nosaydaercs u3 (39)—(41) sameHoi
Ze? — —Ze?, 1.e. 3ameHaMu a — —a, a’ — —a'.

Dopwmyast (35) u (39) B coorsercrsuu ¢ (16)—(18)
u (32)—(34) oupenensior TeHzop nosspusanuu J,z B
KJIACCHIECKOM ¥ KBAHTOBOM CJIydasX.

BbIsICHUM Tenepb COOTHONIEHUE MEKJLy KBAHTOBDI-
MU U KJaccuueckuMu pesyiabraramu. B [11], dopmyma
(30), mosty9eHbI JBa WIeHA PA3JIOKEHUs aMILIATY, bl M
(29) o i — 0, TouHee, B KJIACCHIECKOH 00IaCTH 3HA-
YeHUil [IePEMEHHBIX 3a/1aYN:

Ze?

—_— 1
hv <

> 1, (42)

muv2/2
(B KyJIOHOBCKOM TIOJIE€ TIPUTSIZKEHUST [JTsl KITACCATHOCTH
TOPMO3HOT'O U3JIyYeHUS JTOCTATOYHO BBIIOTHECHHS TOJIb-
KO T1€pBOro HepapeHCTBa [5,6]). Ocrasisis B 9TOM pas-
JIO?KEHUW TJIABHBIA WJICH, IIOJIyYUM IIPOCTOE BBIPAZKE-
Hue:

M £ —2ie"nh\/GrVe, (43)
rie v, = fCp + f§€p’ — dypue-obpas ckopoctu, g
— pe3epdOPIOBCKOe CeUeHHe, TPOMO3JIKOE BhIPAZKEHUE
st daser vy npusegeno B [11]. Takum o6pazom BuguM,
YTO B KJIACCHYECKOM HpeJe/e KyJIOHOBCKAS aMILIHTY-
Jla TOPMOBHOI'O U3JIydeHus (pakKTOpU3yeTcs B COOTBET-
CTBUM C yTBEPKJICHUEM B KOHIIE MPEIBIIYIICIO pasJe-
ga. OTMeTuM Tak:Ke, 9T0 OOUMil MHOXKHUTEIb sign(w)
U MOJYJIb B aprymente gynkimit MaxqoHaibua, KoTo-
pBIe BBEJEHBI B (35) «pyKaMu» JJIsT BLIOJHEHUS YCIIO-
Bust cummerpun (13), cTpormM 06pa3oM BO3HUKAIOT B
(43) npu BBIYUCJIEHUN ACUMIITOTUKHA.

IMoacTaB/isgsa ACUMITOTHIECKOE BLIPAYKEHHE 1T aM-
wmTyael (43) B (28), HOIyYNM KIIACCHYIECKOE CEUCHUE
(24). Taxoit pe3ysibrar obecrednBaer, O9Y€BUIHO, U IIPa-
BUIBHBIH KjaccudecKuil npeges npu i — 0 s KBaH-
TOBOTO KYJIOHOBCKOTO TEH30Pa MOJISPU3AIIAH.

IIpuBeseM 376Ch TaKKe BBIPAsKCHHA JJIs IapaMeT-
POB 1,2, KOTOPBIE HAPAJLY C KJIACCHICCKUAM IIPEEIOM
COJIEPZKAT TEPBYIO 1O /i HOIPABKY K HEMY:

Ciapp _ mA |:K ) . X r :|
e"m Ax ic(x) +i—=K ;c(2)],
o eiel®) 5 K ()
(44)
Ciapp _ mA Ky .z o ]
e T _ielx) +1 —ie\Z) 1,
o K1) + i =K la)
rze
.I':Ef, €:al_aa (45)
ne g2
A=nZe’mh*e? ——. (46)
ppr'(p —p')
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0.6 ety
I I 3 I I 3
0 4 2 4 T 0 4 5 2 Tt
2] e
Puc. 2. Ctenens nuneiinoit nonsipusaumn PO = (dse, — d%ﬂk)/(d%jk + d%lle) Kak pyHKuus yrna usnydedus 0 npu cnepy-

OWNX 3HAYEHNAX NapaMeTpPoOB: a) a = 1, v

0.45a; 6) a = 5, v

0.45a. Knaccnyecknii pesynbTaT — CRUIOWHAS JINHASA,

KJlaccmyeckuii pe3ynbTaT C KBaHTOBOIA I'IOI'IpaBKOﬁ — WTpunxoeas, KBaHTOBbI pacHeT — NYHKTUPHasA

fBHBIE, HO JTOBOJIBHO TI'DOMO3JKHE BBIPAXKEHUS IS
KBAHTOBBIX IOIIPABOK MTOPAIKA /i K KJIACCHUIECKIM KOM-
IIOHEHTaM TEeH30pa OJISIPU3AINN HETPY/IHO MOJIYYUTh,
pacKIaJabIBad IapaMeTpPhl Q‘fgp o I ¢ AByMst UICHAMU.

6. ITIPEJEJIBHBIE CJIVHAN 11 YN CJIEHHBIE
PE3VYJIBTATHI

B paGore [12], B KOTOpPOI HCCIEI0BATIOCH YIVIO-
BOE PACHPEJIEIEHIE TOPMO3HOTO M3JIyIeHNs], KyJIOHOB-
ckue mapamerpet A~ Al 6pm anamuriaeckn Boipazke-
HbI Yepe3 OOOOIIEHHbIE TUIIEPreOMeTpHICCKIe (DYHK-
mn pFpi1, ¢ p = 1,2,3. B [8] ananorudmsle unTe-
rpasbl Belpazkensl depes K, (v), K/, (v), dK,(v)/du
u dK (v)/dp (c p = iv). Onmako yxe camMu HHTerpa-
e (17), (18) ¢ kymonosckumu byukmmsvu &, f$ mo-
CTATOTHO yJOOHBI JIJIsi AHAJIUTUIECKOTO U IUCJIEHHOTO
anajmza. B TlpuiokeHun HaiiJeHbl aCUMITOTUKH IIa-
pamerpos At u Al B o6mactu nusknx (v < 1) u BBICO-
kux (v > 1) gacror. U3 dopmya (52), (54) crenyer, aro
[IPU HU3KUX YACTOTaX BeJUIUHbI J11 U Joo Jlorapudmu-
YECKH PACXOJATCS U IPOIOPIUOHABHDL JAPYT JIPYTY:

72 mu>

Lf
Ji=———In——
20263 7 Ze2w’

lf _ qlf 2
Joh = Jyjcos” 0, (47)
TaK 4TO CTEIeHb JUHENHON HOoJIdpu3aliiil B HU3KOYa-
CTOTHOM IIpejiesie He 3aBUCUT He TOJBKO OT YacCTOTHI,

HO 1 OT 3HEPIrun 4aCTHUIIbIL:

sin? 6

W __Ssin"b
P 1+ cos?26
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Takum 00pa3oM, HU3KOIACTOTHOE M3JLyI€HAE TIPEHMY-
MIECTBEHHO HOJIIPU30BAHO IIEPIEHUKYIAPHO LIOCKO-
CTH UCIYCKAHUS, a IIPH yIJIe u3/aydenus § = /2 B npe-
nene v — () ABISETCH TOMHOCTBIO MOJTSIPU30BAHHBIM.

CoOTBETCTBYIONUE PE3YIBTATBI B BBICOKOIACTOT-
HOit obustacTu carenyor u3 dopmy (59):

Z2e8
h h h .
Jllf = m, J22f = Jllf(l +3sm2 9) (48)
CrereHb JIMHEHHON TTOJIAPUBAIIIT
p) _ __3sin®0
2+ 3sin%6’

T. €. BBICOKOYACTOTHOE U3JIy4YeHHE IOJISPU30BAHO IIPe-
UMYIIECTBEHHO MePIEHIUKYIAPHO IIJIOCKOCTH UCITyCKa-
HUsl, 1 TIpH § = 7/2 B upejiesie ¥ — 00 CTENeHb MOJIsIPU-
3alU# JJOCTUTaeT MAKCUMAaJIBHON 110 MO/LYJIIO BEJININHbI

PO ez = 3/5.

Ha puc. 2 mokazana 3aBUCHMOCTH CTENEHN JIMHEH-
HOfT nosisipusaruu (6) OT yryia paccesiHUsl, pacCUnTaH-
Has 0 KJIACCMYECKUM M KBAHTOBBIM opmysam. O6-
it xapaxTep sasucuvoctn P (#) coorsercrayer ee
OIIMCAHUIO B KOHIE pas3j. 2. B 06jiacTi TPUMEHUMOCTH
KJIACCUIECKON Teopun HabJII0JAaeTCsl Ka4eCTBEHHOE CO-
ryIacue KJIaCCHIeCKUX W KBAHTOBBIX Pe3yabTaToB. Jlis
IPUMEHUMOCTH KJIACCUIECKOW TEOPHUU, KaK M IMPH Pac-
Yere CeueHHUsl TOPMO3HOrO wm3iydenus |5, 6, 11], mo-
CTATOYHO KBA3UKJIACCHIHOCTHU JIBUYKEHUST JIEKTPOHOB,
T.€. BBIIOJIHEHUS [IEPBOIO HepaBeHCTBa (42); BBIIOJ-
HEHUsI BTOPOI0 HEPABEHCTBA He TpeOyeTcs, T. €. 9acTo-
Ta MOYKET OBITh OJIM3Ka K MAKCUMAJHLHOMY 3HAYCHUIO
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l
,Pzgx)tr

o l
Puc. 3. DkcTpemasnbHble 3HaYeHUs CTeNeHU JnNHeHOM Noasipu3sanum Pe(z)tr = P(l)(W/Q) KaK PYHKLMM napameTpa v npu 3Hade-
HUsIX napameTpos: a) a = 1; 6) a = 5. Knaccudeckuii pesynbTaT — CNJOWHAS JINHUS, KIACCUHECKNA Pe3ynbTaT ¢ KBaHTOBOM

I'IOI'IpaBKOﬁ — wTpunxoeasd, KBaHTOBbIN PacHeT — NYHKTUPHasA

Wimaz = mv?/2h, 10MycKaeMOMy 3aKOHOM COXPaHEHHs
sHepruu. Tax, Ha puC. 2 BUJIHO, 4TO KJIACCHYECKHE U
kBanTosbie snadenns P commKaoTes ¢ yBemmaenem
mapameTpa a npu dactore w = 0.9wy, 44, TPAIEM yUIET
KBAHTOBOH IIOIIPABKU 3HAYUTEJILHO YJIyUIIAeT KJIACCH-
YeCKHe Pe3y/IbTaTbl. 3aBHCUMOCTb CTEIEHU JIMHEHHON
HOJISIPU3AIAN B TOUKe SKCTPEMyMa Péi)tr = PW(r/2)
Kak QyHKIHA 9acToThl Ha nHTEpBaJe (0, Wy ) TPH TEX
JKe 3HAYEHUAX IIapaMeTpa ¢, YTO U Ha PHUC. 2, IpUBe-
JeHa Ha puc. 3. Beymunna Pe(i)tr MOHOTOHHO YyObIBa-
€T OT IOJIOXKHUTEJIbHBIX K OTPUIATEIHHBIM 3HAYCHUAM.
TakumM 06pa3oM, IPH MAajbIX YaCTOTaAX, W <K Wmaz,
U3JIydeHHe IPEUMYNIECTBEHHO IIOJIPH30BAHO IIEPIIEH-
JUKYJIAPHO IUIOCKOCTH HCIIyCKaHWe; LIPH 0oJee BBICO-
KHX 9aCTOTax H3JIydeHHe IOJIIPU30BAHO B ILIOCKOCTH
HCITyCKAHHUSI.

7. BAKJIFOYEHHNE

WccneoBanne TOPMO3HOIO U3JIy9eHUs] YaCTHIILI B
nenTpasbaoM noste U(r) obuiero Buia BO3MOKHO TOJIb-
KO Ha OCHOBE CHMMETPHH CUCTeMbl. IIpu aToM cummer-
PUilHBI aHaIM3 OKa3bIBaeTCs GoJlee MPOAYKTUBHBIM B
upuMenenun K (Gypbe-06pasy CKOPOCTH YacTHUIbL (am-
[JIATY/Ie TOPMO3HOI'O U3JIyYeHUs B KBAHTOBOM CJIydae),
a He K ceueHuto mporecca, Kak B [1]. IIpocras dopmy-
aa (12), BlpaKkaioiias BEKTOPHBINA Xapakrep (Qypbe-
obpasza CKOPOCTH V,, W OOPATUMOCTH JBUKEHUST Pac-
ceMBaromeiicss YaCTUIBI BO BPEMEHHM, MO3BOJISIeT JIEIKO
HaliTH MHBApUAHTHBIC, HE 3aBUCAIIME OT CUCTEMbI KO-

OPAWHAT, BEIPAKEHN I KOMIIOHEHT TCH30Pa MOJIAPU-
3aIH 1 IIapaMeTPOB YIJIOBOI'O PACIIPEIEIEHI TOPMO3-
Horo n3sydenusi. OuesuHO, uTo BhIpazkerus (16)—(18)
JJIS TVIABHBIX KOMIIOHEHT TE€H30pa MOJIAPU3AINN U aHa-
soruaHas popmyna (21) st yrioBoro pacipeieseHust
TOPMO3HOI'O U3JIy4YeHUs SBJISIOTCS HanboJiee IPOCTHI-
MM aHAJTUTHYECKIMHI BBIPAKCHUAME, KOTOPBIE MOXKHO
HOJIYIUTh JIJIsI IIEHTPAJILHOIO 10JIst 0e3 KOHKPeTH3aIIN
€ro BH/IA.

MIPUJIOXKEHUE. KYJIOHOBCKUE
IIAPAMETPHI A+ 1 Al IPU HU3KUX U
BbICOKUX YACTOTAX

BanmimenM BbIpakeHHs sl KyJIOHOBCKHX Iapa-
merpos AL (17) u Al (18), onpenensomux Temsop

IIOJIAPU3aIinm, qepes HUHTEIr'paJibl  II0  IIapaMeTpy

e =1/sin(¥/2):
et 9
At = 4pte™ / —— |K1_ o (ve)|"de  (49)
g

1

Al = prem™ x

o0

X /53 | K1qin(ve) — (1 — 2572)K1_iu(us)|2 de, (50)
1

e b = Ze? / muv?. Haiiem cHadaja UX HE3KOYACTOT-
Hyto acumnTotuky, v < 1. Tlepexons B (49) x HOBOI

3*
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IIepEMEHHOI MHTErPUPOBAHUS T = VE, TI0JIydaeM HHTe-
rpaJi, pacxXoIAMmuniics Ha HUZKHeM mpejese npu v — (:

4b4emj/ LL‘Q/I/Q -1
xX

VYupomasi TOJBHTErpaIbHY0 (DYHKIMIO B 06IaCTH
x ~ v, B Koropoit Ki_;,(z) ~ 1/x, nHaxoqum ¢ jora-

At |K1 i (z)*dz. (51)

pudMIIECKO TOTHOCTHIO IVIABHBII WIEH ACUMIITOTUKA

4
()

Terepb, UCIOIBL3ys PEKYPPEHTHOE COOTHOIIEHNE

Ze?
mu?

Inv

2’

(52)

v
Kitiv(z) — Ki—i(z) = 2Z;Ki1/(-r)7

U IIOJIOXKUB II0CJIE ITOrO V 0 B muzekcax QyHK-

it MakoHaabaa, MOJYIuM st All YIPOIIEHHOE
BbIpayKeHme:

° 2
Al & 4pty 2 / o[K3(z) + %K%(z)]daz

174

(53)

PacnpocTpanss B EPBOM CJIATAEMOM UHTEIPUPOBAHUE
JI0 HyJIsl HA HU?KHEM IIPEJIEIe, TTOJLY IUM TaO M IHbLi HH-
rerpat [13] (em. dopmyiy (6.576.4)); npemen v — 0 Bo
BTOPOM CJIATA€MOM BBIUHUCJISETCA TakK ke, Kak B (51).
OxkonvaresbHo

Al = 4pty~ (54)

Takum ob6pa3oM, B HH3KOYACTOTHONW 00JacTU IIa-
pamerp Al mveer morapmdmirgeckyo mamocTs 1O
ornomennio Kk At

BroicokouacroTHyO, > 1, aCHMOTOTHKY TTapaMeT-
pos A+, Al roxe moxuo Haiit u3 (49), (50), npeacra-
BuB QpyHKIMU MaK0Ha b8 B UHTErpaJIbHOIl (hopme u
YUIUTBIBAs UX SKCIOHEHIINAJIBHYIO MAJIOCTh P OOJIb-
mux aprymentax. OIHAKO MPSAMbIE BBIYUCICHUS MOXK-
HO 0DONTH M TPOUJITIOCTPUPOBATH TPOUCXOKICHNE N3~
JIyI€HUs BBICOKMX YaCTOT Cjefyfommm obpasom. Uc-
MOJIb3Ysl CBSA3b BEKTOPOB P U P’ ¢ OpTaMu KemiepoBoii
CHCTeMbl KOOP/WMHAT, BBIPA3UM (yHKINH f1, fo gepes
bypbe-06pasnl Ty, 1 ¥, KOMIOHEHT CKOPOCTHU B KeILIe-
pOBOil cucrTeme:

€+

fir= 3

UJ7

2\/52 1y“

w+
fo= 2?2 ly >

l'w
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Toxncraeus (55) u (38) B (17) u (18
BKJIaJ B HHTEIPAJI ONpeessercs 00acTbio € 2 1, mo-

) " yduTbIBasd, 9TO

JIY9UM IIDOCTBIE HpI/I6.HI/I)KeHHbIe BbIpazKeHUusd

oo
L [l ede,
1

o0 (56)
Al b2/|iw|2€ds.
1

Bricokne 9acToThI U3IYyYUAIOTCS YaCTHIIAMEI, KOTOPDIE
UMEIOT MaJlble IPUIleIbHBIC ITapaMeTPBI U IBUXKYTCH 110
TPAEKTOPUSAM, OJIU3KUM K KYJIOHOBCKOMY LEeHTDY |[5,6].
ITostHOI SHEprHEit TAKUX TACTHUI] MOYKHO ITPEHEOPEYh 110
CPaBHEHMIO C MAKCHUMAJbHOM KMHETUYECKON 3Hepruei
BOJIN3U TEHTPA, T.€. CIUTATh, YTO YACTUIA JIBUKETCS
o napaboJie. 3aKOH JIBHXKEHUS 3apsijia 10 napaboJie,
3a/IaHHBIN B TapameTpudeckoii dpopme [14]:

mp3 n
=/ 22 1
Z€22( + )’
5(1_772)7 —00 <N <00,

rie p = p?/b, mo3BoOsIseT HAfTH Bypbe-06pa3hl KOMIIO-

772

3 (57)

p

= y = pn,

HeHT ckopoctu [15]:

o (o [
w \/g 2/3 3 Ze2 |
(58)
. 2p w [mp3
o= ——K hd
Y /3 13\ 3\ Ze2

(56) 1 mepexo/ist K HHTErPUPOBAHUIO

HaiineMm BbicokouactorTnble 3Havenus AL n All:

Toncrapists (58) B
[0 [PUIEJTBHOMY ITapaMeTpy,

oo

b2/...€d€:

1

-pdp,

qLnf _ AT 47 b2
27

*[“; (59)
Al _ 87 b7

3v3w?’

Beipaxkenust (52), (54), (59) B TOuHOCTH COOTBET-
CTBYIOT TJIABHBIM YJIEHAM Pa3JIOXKEHHI mapamMeTrpoB o
u ag B [12], Oy UeHHBIX HA OCHOBE AHAJIUTUIECKUX BbI-
paxkeHwuit; B [12] npuBeeHBI TaAKKE HECKOJIBKO CJIEIYIO-
MUX JIEHOB HA3KO- ¥ BBICOKOTACTOTHON ACUMIITOTUKH.

dunancupoBaHue. Pabora BbIIOJHEHA IIpU
nogmepkke MuUHNHCTEpCTBA HAYKH M BBICIIETO 00-
pazoBanus PP B pamrax [oczazanuss 1Mo mpoexkTy

FZGU-2023-0007.
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