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B3AWMMOIEUCTBHUS 3IERTPOHOR If IMO3UTPOHOB
IIPII BOJIBIINX SHEPTH SX

B. H. Baiiep

I. BBEIEHNE

I}B AHTOBAR HICKTPOIHHAMIKA — Hambollee COBpPEMEHHOE ONUCAHHE B3am-
OJEHCTEIIA JAPHAI0OE ¢ JICKTPOMAarfnTHREIM ITOJeM — OEa OROHIATEIBHO
pasBuTa B KoHNE 40-X romon, Korga GEUa copMyIupOBaARA TEODTA TOPEHOPMEI-
poBok. VIaMepeRUe CHABHra YPOBHEH ATOMHEIX 9ICKTPOHOB, aHOMAJIBHOTO Ma-
PHUTHOI'0 MOMEHTA 3JIEKTDOHA U PAN4 Apyrux 2(iperToR MOKA34]I0 IPeKPACHOR
COMIACHE TeOPHH ¢ OnuToM. OpdgaKo 5ToT yemex OB TOCTHTHYT ¢ IIOMOIIBIO
CHCTEMATHYECKOTO MCHONL30BAHMA METOTA BEYUTAHHA PACKOTAMUXCA HHTE-
rpaiaos (HepEeHOPMHPOBKA), HOCAMET0 YHCTO PelenTypHEH Xapakrtep. Tem me
MEHEE IT0J0KeHIe ¢ KEAHTOBO0M JICKTPOIHEAMIKOH 3HauuTenbHO Dosee Graro-
OAYIHO, GEM ¢ TeODHAME [PYyruX Bzaumopeicrsui. Heemorps xa smaumTens-
HOE pasBHTHE TEOPHH IMCHEPCHOHHBIX COOTHOINEHHH H CIEKTPAJILHLIX Ipen-
CTABICHNI, OCTAIOTCH HEACHRIMH BOIPOCH, CBA3AHHKIE GO CTPYKTYpPOH H CHO-
cobaMil %OMIecTBEHHOT0 ONACAHNSA CHILHEAIX B3auMofeiicTmil, HTo KacaeTcH
caabBIX B3auMoHeicTsuil, 7o x07a V— A-papuadT TeOPHH OIPH MaJbIX 9HEPIHAX
XOPOTIO COTIACYeTCH ¢ OIMBITOM B CIIydae JIeNTONOB, HefCHO, IPIMEIHA it STOT
BapHAHT (ga H caMo YeTHpex(epMHOHHOE BHE.IIMG,[I;E]EGTBHE] npr OONBIIHI

' aHeproax. llpu mocTpOEHHM TEOPHI OCTACTCA OTKPHTOM OCHOBHAI uﬂpﬂﬁﬂ.jﬂ{ﬂ:
KAaKOBO CTPOGHNE HpOCTPAHCTBA-BPEMEHT M CTPYRIypPa B3aHMOJEHCTERM Ha
MAJEIX PACCTOANMAX, XOTA HEOJHOKDATHO BRICKASHBAIIGD HIeH O CYIMEcTBO-
BAHEH MHHHMQJ{},HGI& ]‘[pﬁ;{e:-lﬁﬂ'{}f[ JIJTHHEL. Mur me TOBOPHM YiEKE {].TIDM, gT0 TeO-
PHS e MO3BOMAET BEUHCIHTE MACCH, CIIHHEL I Apyrue XapaRTepHeTHRI 98-
Med EIX YacTHI. .

IT%EE 1?:3 as ,EHEGHIGTPH A YRA3AHHYI0 HEyOBIeTs DPHTEHJLII}[[E-ETI: TE:E!:;[JI%I;
B HACTOMMEe BpPEMA Helb3s YKa3aTh HU QIHOTO SKCIEPHMEHTA, DI;GTDPLTHBW
eit upamo mpormpopeymi, MOKHO fyMaTh, 10 CTOHOBIERE o EEDHEJIE =
peuna VEaeT HanpaBileHne PA3EHTHA TEOPHHE H 9T0 HCHATD oy
. ; s +
3 Mﬂa;;;i_l;:ﬁ;mfiﬁﬂmyﬂ Rx0JMUECTEOHHAS TeopHsT CIILHBIX 133 amMojeli-
= 2 } COBpPEMEHHRIMI TEOPETHHEeCKHMH
CTBHI(, pPaCXOMIEEME MLy OHBITOM e
: S AEITE }fETﬂEﬂEJIEHD TOARKO B CIYy4Yae 0DHAPYR
OpencrTapieanAMHI MOHET ©  Tagad KE CHTYaUHS IMEer MEecTO
HOBEIX KauUeCTBEHHEX 23K OHOMEPHOCTEL. ¢ ot g
5 # (CoBceM HHAYE JEI0 06CTOHT B CILyTae SJCKTPO

H O cradnrx BBELIIM:]EIEHETEH - o i, HAXOAIAACA B ERPACHOM
MATHETHEX B3aHMO7eHCTBHIL b csic0e OTHIOHEHHE TeODHH OT 9RCIIE-
KOAmgecTBeHEOM COTIacil OIEITOM, ¥ BCHR e T

; CYIECTBEHHOMY HEPEcMOTPY '

PHMemTa MOsKeT UPHBECTH K 14 MaJEX paccToAHuAX. IMEHHO mosToMy
HEH 0 coORITHAX, paBBII‘]]hIBE.‘EDE[IIXEHH peCTABIIAI0TCS Hanb0Iee MepCreRTHE-

 AIeRTpOIHHAMHATECKHE HI{EHEPEMEHTEHGHP - PEMEHIMOCTI COBEMERH oif TeOpML,

HEIM merojoM HCCIHeToBaHHA IPEAS:
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O HaK0 ROMKPETHAT IOCTAHOBRA HICKTPONIAMIYECRIX f’HHT“H I'IflTﬂEll{Ib
Bajzach J0 DOCIELHEro BPEMEHI Ha CYIIECTBEHHbIE TPYIHOCTHL, HeI0 B TOM 1ypq
B STHX OMETAX MOJKHO MCIOTB30BATH TOIBKO RIACCHYCCHHS HMEHTPO/IHAMy.
GeCKIE OOBERTH — SUGKTPOHE I (JOTOHEI, TaK KaR IPH HCHOALSOBaminy
NPYINX 9acTHI] (]]HJIID‘I&H A0 DHI:I:] B TEﬂ}]ETII‘IEGI{EH}: (IJD}]M}F.]IE.E BQHHHI{&IDT Hp-
napecrane dopMdarropsr. Bcam OOKITH TPOBOAHTL HA NOKOAIMEHCH MHIICH,
TO CIETyer Y4ecTh, YT0 SHEPIHA B CHCTeMe IEATpa MHEpI (c. m. m.) £,
CBA3AEA ¢ SEEprIEl B mafopaTopmoil cucrene (M. ¢.) £y CTeryIoNTA ofpason *).

o :—éu]fEE‘nm, (1,1)

W JaA MARCHMAJBHON 3HEPTHH SIEKTPONO0B, KOTOpad MOLeT OHITE LIONYYeng
Ha yCKOpHTeIax B oGoapmiom byxymen, By=0000 Mae¢, B, =38 Mas. (Hanmze
0 meHCTBYIOIEX, CTPOSIMHXCA W NPOEKTHPYEMEIX YCKODHTENAX Ha OO0Jbline
(cemme 1 Bag) speprum man Goapmme Toku npuBegens B taba. I.) Mraw, npn

Tabamiga I

HeiloTByIomue, coDpyHaeMue I OPOCKTIPYEMEE VCKOPUTENll 3JeKTPOHOR Ha O0Jninme
SHEPIHN O GONLUIHE TOIHN

MaKciu- }'E?‘EI‘EI‘:{UP' .
: MadLHEa : Tara .
YORODITEN: BHEDTHI, EH::IE: nycka | IIpuMeus e
& '
i "8 CTHI]

1. JInneiimsii yeropureas ? Oran-
(0pACROT0 Y BepenTeTa (Cra- i i
ROpIcrGHEAY, o7 i o 12 3+1012 1960 | Beogmiacs © crpoit |

0.  MACTHM, Ha |

a00 Mse c 1955 r. |

2. RODHEABCKOIT  BNeKTPOHELIL

citxpotpo © (Hraxa, CIIA) 1,5 101 1955 | PaBoraer ma smnepri- I
d. Hamndopamitcknit  crmxpo- ax pio 4,2 Boe

Tpox® (Hacamensa, CIIA) , . ,| 1,2 108 : :
& ST HTPOHIET CHHXpoTpoH ¥ ot |
{Ii-‘lﬁﬂIJaT;]pnﬁ ®pacrarn (P, |
TAUMA) s v s e b s 1,2 B. 1010 10
o hEHﬁPHHH{EEHfI B‘T[EETPGHHHE i{-} i Ig E

Coizxporpon® (Kambpups,CIIA) | 6,0 61012 1962 | 3anymen
6. Hememnmit QIERTDOEORIT CclH- ki
Xporpon * (T'ambypr, OPT) 6,0 a- 1012 1963
7. Jlmgeitami Yeropurens 7 Ha- e |
OO EH0r0 0Hpo cTangapTos |
(Bammurrom, CIMA) . ., , | 0,15 d-101s CHIET0T [ |
o | e | TOY9H LI
TJI KTPOHEBIE  cumxpoTpon ° #
- {GGHHD, Hunﬁgﬂ] g 1.2 .11 1061
- Urandiopnenuit mpyxMunnmmi;

TUHEITHH YeKOPUTEds © (Cra-
Gopm, COIA) . . . . +{. 5 S

YIBeDRICH HpoeKT

PACCEAHUN Ha NOKOAIMEICA Mumemy

JHEPIHA HIex
MaJIa, 9TO0H TP FocTmMEMEX B Ha S Do ¢

CTOAINEE BPEMA TogyHOE
KBAHTOBOI uex
_ eHa OPaBHIABHO
MEHBIIIX DpaceTosHmit,

T OM
TAX MOEHO OLLIC
TPOIUHAMOLT Ha MATILIX
CTh KBAaHTOBOM 2.IeKTPO-
HEM Te, KOTOpEIe MO;KIC

——

*) 3necs m @ i
ASTLHCHIEM HCIONB3YeTeN CHCTEMA emunmI fi

=e=1.

WICT. DIALRKTPOHORL 11 . n

HBIEC LOBUTROMOR 11p

. HEBOIBNIY g1p

L0 IEPTIAY .
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dHOMANBEOrG MATHHTHOI ()

MOAEI]-
PHMEOTOR ( EoiE

nogpobaee aror BOLDOC
WeT I B CiIydae pacees-

a o reRTPOTA I MO OHA M PANA OPYTHX 9Kcme
(oTpeH B IIT. [1I). Ararormumag CATYAUNs Bozmmy
ﬁﬂ oTOHOB HA DICKTDOHAX NOKosmelies MHTIICHT
[[oao/eHe KADIUAMIEHO H3MeNmIoch, Kop;
pBaS 0CYIECTBAMOCTD TAK HASKBACMBIX BoTp
];HEE.I'DTE'H Merray COOOH TBa IIyUKa HIERTPOHOR ¢ PABHEIMH, HO OPOTHB OO0 -
2 HaﬂpaEJIEHHHMI‘EI’”‘IHY”}“?*“MH- B 1M carynae omr HEIOCPeACTEEHHEO T]Po-
gogaress B C. I i, VIIBITLL T DACCEAHII0 BIEKTPOHOR Bo BCTPEUHKE NyTKax
crapATIcA B HACTOAINCS BPEMA B prane maboparopnit, B wacTrocrn OCYIECTBIsIOT-
o OEELTHL G 9HEPTHEH ICKTPOHOR mo 900 Mae & kammon Oy 9Ke (YTO COOTBET-

! 1oy :
(rByeT BHepriu B I. C. 101* 36!). Oxcmepumenransmas CXeMa BCTPEeUHEIX YYKOB
aﬂG}IﬂTPErHﬂ. B TI. II.

Cosgadue CHILHOTONHMY SJACKTPOHHEIX yeRropmrenedf (ca. radn, I) mace
g03MOMHOCTE OCYIMCCTRIITE KOLBCPCHIO AIEKTPOHOB B IIOSUTPONNL B 3HAHTEIE-
gHY MACMTA0aX II DRCIEPHMEHTHDOBATE C TO3UTPOHHEME TYIRAMY, VCRI0TI-

CUHLIX NYUROB, B KOTOPHX cTas-

.-re:ILHHﬁ HHTEpPEeC OPCACTABIIACT CO3TaHNe BCTPCUOMX 3IERTPOH-IOSHTPOHER X

OyKOB. SAMETHM, TTO OTH IIYYKH MOIYT OBITh LOMYIEHEL I TOIja, KOLAA HilTeH-
CHEHOCTD IMO3MTPOHHOTO MYy9YHa OTHOCHTEILHO HEBEINKA; B 9TOM CIyuae Heol-
YoqmM HAROIDMTEIL ¢ OONBIIHM BpeMeneMm ;KuSHH. YKa3aHHHE MyTRH MOTYT
fEHTE MCIOJB30BAHEL HE TOJALKO TA HPOBEDPKH HPEeJeIoB IPHMEHUMOCTI REAH-
TOBOI BACKTPOAMIIAMEKY, HO H 1A OTEPHTHA HOBKX Hap SapAHeHHbIX YacTHIL
I OIEHOYHBIX HEiTPadbHEX YACTHI(, HCCICTOBAHMNA DIEKTPOMATHATHEX (OpM-
{aKTOPOB BIEMEHTAPHBIX YACTI, NCCIENOBAHIA B3AMMONEHCTEIA MEKILY pad-
TMMEEMI  SJeMeHTAPHBIME YACTHIAME. & KA3aHOHE BOMPOCHL PACCAMOTPERDI
e, IV.

Haxomen, ODRITEI Ha BCTPEUHEX IYTRAX MOIYT Jath OTEET HA Eﬂfg?c':
CVIMECTBYET JI ¥ KAKOBO CIafoe D3ANMOTEHCTBUE MOy DJIERTPORAMIL: SLOY

KPYT BONPOCOB PACCMOTPEH B TiL. V.

II. CXEMA ORCOEPUMEHTOB HA BCTPEUHBIX HIYHIRAX

OmsTsr =a BETPEYHHX TYIHRAX st M3YUeHIA pﬂGﬂEEﬁ:[}I;}g HTSE%P:;:[E.LHER

JIERTPOHE mpH GOJIBIINX HHEPIUAX ORI Epgﬂﬂﬂiim‘ﬂlﬂg e H‘pmm
; I L

To YRABaAHHEIM BRIIC NpUYHOAM STH QIBITEL TIPHBALE 14 & OIBIThE

| | SICIILAN
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3 : sme abopa
B HacTommee EI}}EM}I 5 CroH(OPECKOM FIIHﬂEpGHTETE,{(E]E%iiijfﬂuﬂugqu;HHHK
10pail Mupa npoexTHpyIOTCA OMBITEL M BETPE:IIHH}L. ?auu (DpacKaTH (Mramms)
WHKax; B wacrHocry, B HarmoRAIBHO ;mﬁnpamél; I;rc:tra}mmm ¢ IEIBI0 HaY-

10 =4
0¢Tpoera meficTnysomas MOJieIb COOTBETCTEY i SENI HJIEKTPOHOB
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; car cpExporpousl. LIpm wmyep
: mejE mellcTBYHIT Rak © E {
DEN KORBISBRE B ot ﬂﬁiﬂemmmﬂ'r aaXBAT SIGKTPOHOB HA 0DGuty,

TUH MMITY3I5CHE® HEQIERTOPE: {OIIFIM TTOJTEM HOCTE/Hee BO30Ggy.

3Ty IEeHIe B

AITeHCAIT I0TEPh HA I - a, B TO BPEMA 1y,
pn I;?,mm ngu;[uﬂbu},rm ROMIIOHEHTY HMITYIBCa DuIEI{EPii{H 1.'111:':: B t‘f}le* . Kay
J];:IEI;‘IEI;EE VHOCHT KAK MPOJOIBHEL, TAT 1 TOMCPEHETE © it TRl

- matorea. llaocrocr
CTEM BJAEKTPOHOB CHRI 5
omecce HAKOINIEHHA Cry ‘ | 0cx00m
3?32&?}51115 BI}EaIIIEI.EJTEE Iy IR, MOTYT ORITH HEGI{HH#LBD HEI_I*{E; ;?EIEH ADYL B fpy.

: e oIbImoH 00IAaCTH L

oTIa COVCTKE IepeceraioTcd B H _ . |
Iy, TQI{E]E]}H}ITHEHT Ha BCTPEYHEIX IyIHAX npﬂmnnnaggg; }?;J;T;T .:I;{;{Lm.:;l ;??
AMeHE OOLITOB IO L

npoBo ABIMAXICH IO HE,E-TEIH]]I'EEI‘D B]] | : B
HEIE L;.I:IEIEHEE. 31ech BOBHHKAIOT CIEVIONIHE HOBLIC 1P 00JIeMBEL: 1) moryr iy

CymIecTROBATS MydRN Ha OPOATAX AOCTATOMHO JOILO, HTOVM MOZKHO GELIO 0cy-

NIECTBHTE PKCHEPHMEHT; 2) B CBAZM C Mastoit IOTHOCTEI0 YACTHIL B «MIIIEHMH)

— ==

Pac., 1. Puc. 2.

Kak GHCTPO MOMET ORTH 3aPETACTPHPOBAHO JOCTATOTHOE HHCIO0 PACCEeAHHEIX
3AEKTPOHOR; J) CBOE CHENH(EIECKEE OCOOBEHOCTH HMEET M OT/AeIeHHe HalIw-
HaeMoro ABnenuA or goma. MEr paccMOTPEM BRpATIIE STH BOMPOCH.
Besreernme 0THOCHTENBEO MaI0H IIOTHOCTY YACTHI, B (MUITEHIT) (BCTped-
HOM Iy9KE) jRelaTelbHo, 9T00H OYYKH CYIMecTBOBAIN Ha OPOHTAX JOCTATOUHO
AiaTenbHOe BpeMi. B 10 BpemMa Kax B yCKODHTENAX BPEMA JKISHA Iy9Ka OIpPE-
ACIACTCA B OCHOBHOM MHOLOKDATHBIME IpOm@ccaMu (MHOTOKpATHOE KYJIOHOD-
CHOE pacCesHue, KBAHTOBHE (QAYKIyaUHH M3IYYeHHS), B HAROMHTENAX IOMI-
HUDPYIOMYI0 POJE ATPAIOT 0AHORPATHOE TOPMOSHOE HANyYeHHE § OJHOKPATHOE
YODYIoe paccesnne. JT0 CBABAHO C TeM, UTO B YCKOPHTENAX CpaBHATeIbHO
HED0IBII08 BPeMs YCROPEEES O06LITHO MEOIO MEHEIIE BPCMENH FHAHI 00 0THO
THEHIIO K ONHORDATHENM nponeccas. [Ipm srax yeroBumsax ompenensiomyio poik
B TIOTEPAX 4WACTHL UrPaldl MHOIOKPATHES NpPOMEcCH, TeM Goxee Tro HATALO
HHEKTA yCHOPCHHA NPOMCXOJAT NPH CPABHUTENHHO MaIoil aHepram, KOIfd
;eﬂqﬁﬂﬁe m%rm;]gamurn PACCEAHHNT RONUKO, A PASMEDEL Iy URA C] aBImM;I C pas
I{aim pabouex ofmacTm, mpuuenm OTCYTCTBYET pammamNoHHOe 3aTyXAaHNE
s ;;ﬂanmm, VHHERIIL B HAKOMATEN: TDOHBBONUTCA TPy 60 b ol Hepril:
DafUanNORNO0E SaTyXaHne IelicTBYer B Teuomme Bearo BpeMeHH JKuSHN

Oy9HEa ¥ pasMepsl XyuKa 6nicrp
. 0 CTAHOBATCH MHOD MBIX
pasMepoB objacTell yeroitampocTn e [TV

Ilosromy Bpen VIepHaianna Hat0-
z 14 1 Ho
HHUTCIE Ompernesderca ogHOKDATHE apiin oy4uKa B Hd

raszap

qﬂEﬂGTﬁﬂ;I;g; ;Tmz:[‘menﬂ IPABOIAT R BLIIATEHHIO TACTUOEL BB 0DIaCTH };GTﬂﬁ'

el 130111 O JABWREHAS, YacTHOG HepecTaer noxywars omEEprAld:
ory OTEpX Ha M3IyueHIme, Pafyc opbmrir ee ymemnimaeTéd

RICT. SJIEHETPOHOR 1w 1 T
g ATIMOM HOBUTPOHOR 1rpy BOMBIINX supprn

miax G623
vy 107, IoKa OHa e Yaapure
o TEX ; A 0 CTEHKY wap
OM paccesHun s Ramepwr. Iipm ommox
Hf’mﬂg GEE HGTEIII'.:E.{Dﬁ Icauepgla E}]:.‘[:}{:TI]_{L(?IH > YT ¥acTima TEPHGTGE I-t:aja ET%?ITHHHT
pHI : : ; UTO BpeMm s . ) i
]::Hﬂﬁfﬂﬂmfrr 13 OTHX 9Q§eRToB 0Bparuo : HUSHI NyuRa II0 oTHOmEHHIO

UPOHODUEOEATNED 1TITOTT
oeTATOIHOTO I'asa. Eemn momnepsmusars, o RaMepe WIOTHOCTIL aTOMOR
(P

5 HaKOITeN A BEICORMI Bak
9 ' ACORHH BAT M
~ 107 Jeié DT CT.), TO YRazaHmme BPEMOHA SRU3EE mwamm;m . A
qACEL- Bapaimae RBAHTOBRIX LIJHFI{T}*ELI.I‘I{]E ; HOTHE

d FATOUHO MAJIIM, CCIH TODH3OMTATY- P HBIYHCHIE MO;ReT GHITH CHexaHo
ere pasMepHl KaMEeDEL BeINKHA (KBanTo-
pae MIYRTYADHIL IDHBOIAT K COPH30H- /
aBHOMY YIIHPEHII0 TYURa) I mojaer- ‘
0 G0NBII0E HATDAREHNS YCKODADINET) ——— |1--,
moas * )- = Ll
[lepefimeM Temeps &k ciegyomenmy % l

aompocy: Kak OHICTPO MOsKer GHITH Ha- -

fpama HEOOXOUMAA CTATHCTAKA OTCYe- —5
rop? [IBHIKYIIHECA B HaKOOUTENAX ¢
STORTPOHEl COOPAHHE B CTYCTRH JIIHHE Pre. 3.
| Cxema CTOJIKHOBCHHA 5TUX CIYCTHOBR

p MECTE BCTPEUH IYYKOB IPHBEJIeHa Ha puc. 2. Yncmo slleRTporos, pactesHamy
5 1 cer B TEJECHBII yrox d€2, MORHO HPEICTABETE B BHJE

an =2l bs 5y g (2,1)

il £

ajgect Ny, [Ny — YHCAO DJIEKTPOHOB B RaiRiOM W3 IyIKOB, f — =gactora obpa-
MEeRns CrycTRA B HaxonuTene, o(th) — ceveie PACCCANIT SIEKTPOHA Ha 918K~
TpoHe, § — IIOIAJLb IIONEPEeTHOr0 CEYSHMs CIyCTRa, ¢ — HOMED rapMOHMKN
VCKOPAIONMEro HanpsyKeHHa (THCI0 CIyCTKOB HA OPOMTE B KaMKIOM M3 HakOomi-
remeii), [, — pasmep o0IacTH BSAMMOJGHCTEIL; MHOITENE 2 BOSHEKAET BCIIE/I-
€ IBMKEeHns MHIICHH, ¢

L‘rTﬁHH 5 E;Eé. HS IPUBEJIEHA CXEMA NepeCedeiA MyukoB B ?ﬁna{:m .ﬂaamlﬂ:illﬂelﬂz:
s, [Iyerh TOIeCTBEHIRE i OHOPOHELS Iy TiH BECOTOI hi 1 muEpAHOE d TEp

k
- . v waita < 1 <-— & z)
CEKATOTCS IO YIIOM d. 11a OpaKTHKe Peamisyercd CIyHd < Gne ’

TOTJIa

7 N2 20 () ; (2,2)
d;\T.:(?) o

I 5 et g — 3ADAA DIAERTPO-

afech | — Tok, MupKyIHpPYICLHI Ha DEHUE Iﬁ.cﬁ?ﬁ;};? :HG'IEHTPDE;lﬂi e
4 : i | il V. ;
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V) ne:kar B HETEPBAIE
eMIOXYI0 CTATHCTHRY,
grax B TeUEHHE MHOTIX
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: £. B va. 111}, Bo-g,
sosker oranaarses ot 180° (mompobHee ﬂﬁ‘ &Tm.l Tgﬁgﬂiﬂﬂ KaK It II)EI‘LIE-? B_m"
OARELIE HTORTPOHLI MMEIT TaRylo K pLAio, ThHE
pHE, pacc ), B TO BpeMs Hax ONEKTPOHEL, DAaCCesiyy,
(me cumrad moTeph HA M3NYIEHHE), B oro hain, oo
CTAMEOHAPHON MUIIENEI0, HanpuMep AZPOM aT e iaiiin .%IEEET‘
SeEEO TEPLIT OHEPTHIO HA OTAAYy WM HEYOPYIH® IHPORCCOM. JlioGy,
. ; GHITH MCIONB30BAHA AJAS BEIENCHHA HCCIEeTyeMor,
XapaKTepPHCTHRA MOMeT
Hpﬂﬂl?liiunﬁﬁy TPYIHO COBLATH IPHBOPHI, OXBATHBAIIEE OOIBIINE Telrecky,
VIR H HMERMue BHCOKOE DA3peHIeHNe IO SHeprud, B HACTOAIMEE BPEeM Koy
OCHOBHOE CDEACTB0 OTO/KECTBIGHMA ABIEHNH PACCOAHBS DICKTPOHA HA 3irey-
TPOHE HCTOAB3YETCA yRAsAHHAS BDEMeHHAs I IPOCTPAHCIBEHHEAA KOppeLanuy,
JrcHepIMERTATRHAS YCTAHOBKA, IDEJHASHAUCHHAM [IA BRIJCNCHUL ABIeH)
paccesEus HICKTPOHA HA HIEKTPOHE, COCTONT M3 MHOIMX HAp CUCTHHKOB, pac-
IOIOFEHBEIX IO TOBEPXHOCTH CQepEl, OKpY:Raomelt 00J1acTh BBAHMONeHCTE s
I BRIIOYEHHKIX IO CXeME COBHANEHAN ¢ paspemraiomuM BpememeMm ~1078 _
1072 cex. Boirmmoe YHCIO CUSTINKOB MCIOTBAYETC A YBEIRICHUA dhderTup-
HOTO TEJNecHOro yria HaOJOZeHHA ¢ IeIsl0 YCKOpPeHHA Hadopa CcraTHeTHRn
OTCUETOR, OcOOeRHO MpH pacceaHnn Ha Ooxbmme Yrael, MoH, CO3TaBaeMLm
pacceAENeM BIEKTPOHOE HA ANPAX aTOMOB OCTATOYHOI'O rasa, POEISHICM IIHo-
HOB Ha 0CTATOTHOM rase, a Takide KOCMHUECKHME JIYIaMu, BIOJIHE YIOBJICTR(-
PUTEIHHO OTCEKAETCA CXEMOV CcOBIafeHHH.

Ilrax, mccueposanme DaccesHNmA 3IeKIPOHA Ha BIEKTPOHE € IOMOIILI
TEXHHRA BCTPEYHEIX OY9KOB BOONHE OCYIMECTBUMO 9KCHEPHMEHETANLHO 1 MOSHET
OBITH IPOBENEHO C BHCOKOI TOYHOCTHIO.

Hexmounrenparii Bayauslii HATEpeC MpPEICTABIAET COBLAHHE BCTPETHLIX
HFERTPOH-TOSHTPOHHLX TYYROB, KOTODEIE MOryT GRITH HCIIOIB30BAHEl HE TOIL-
RO JIA HCCICAORAHAA HPEAIGTOR IPAMEHNMOCTH KBAHTOROH BIERTPONIHAMILKII,
20 UL TETOTO PAfa APYTAX (USHYECKWX MCCAeRoBammit (cn. ror. III—V).
OcioBHOI HOROH mpobueMoli, Hapamy o UEPeIMCICHHEMY BEINIe, ABJSAETCS
e e
mpaRTEYeCKEX TOMMTIR I{GHEg + B OHCDreTHYeCKNH Wutepsanx dF, gus

PT{}P& EH"E[HEJIEH B I}aﬁ{]':['e B; Haﬂpﬂﬁmp? 1Ipn
Ey= 500 Mos, E. =250 M s, %E: _59
+

w=1/400, ecan Tonmuma xomsepropa
IPUIMEDHO DaBHA pamHaNUOHHOLH

EANENNOG ANHEEL. Poskmar |
BRIIET ' T WIAI0IIACCH ITMO3ATPOHA
di0T B OCHOBHOM BHEPEE: B PﬂﬂﬂHﬂTpEHﬂﬂM HPHMEPE I‘PFGL‘[E ONeHKIT ]iﬂ:h'.f ™

SEIB3H)

3o, ug;nqrgpﬂﬁfﬂﬁégﬁ N TUnACBMTPOHOB COCTaBIET ~4°, Tanmy 06pa-
YCIOBHEAX II 3 T

HY/HEH ITY40K 3ICKTPOHOB ¢ it s o CHAREA TOSUTPOHHOTO myIKA

POTHEIX 3IIEeRTDON-3IIeKT ) OHHEY
JCHIA dMaJILIMIE
YATHHACTCA BDEMS WaKOIICHIIH.
THeneHme aabi-
. X 6vive YODYTHM paccesd-
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UBHYEC it HHTEpee, (|
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qa COCTOHNT HE B OTCETEHNN (ona, 5 5 OTZeNnenmy (1, £oa barTHveckn 3aja-
! MDH{HG, Dl{}[ﬂ]‘;PEMEHHBM

TTeHIIL d3HBIX TITho
Ealon )Gﬂlljﬂm LAecLar, G”HI}BMEHHHE JNCIE ;
EHD-TIHE" TTO3SB O] T IpOoRecTm TarQp Pﬁﬁl{e‘lﬂuﬁe PHMEHTAILHEER CPencTRa

BGEMG}BHHH. CXEMa Tonygermsg BCTDETHEIY 5y
wop TMPHBEIEHA Ha puC. 4, Hockomsry siexr i
B MaTHUTHOM II0JOE B ]‘IIJDTHBU]IHJIGHEHLT}: Hfﬂpafﬂ-
eI 0Ib3YeTCA OMNH HAROMMTENb, [Tyyox EHEIiTpnm;mEHEHL F' OAaMHOM CIygae
jaer B KOHBEPTOD 2, BEIXOjIImui; 0TIV AR Tyox ImaH% yexopurens 7 moma-
i BBOJHTCA € IIOMOIIBIO I'IH{IJJIEI{TUI] s HHHGHHTISPDE{?B q}DI{]fEHpFETGH
IIP'DHGXGJ];H-T ]IUTE!]J.H IHEPIHN ab &£} npi ROHBEDCHM
(8 PACCMOTPEHHOM HAMH CrTy-
qae OHEPrHS  YMEHbITaeTcs
preoe). Haromurens paGoraer
rafi CHHXPOTPOH, U IIOCIe Ha-
EQIACHHA B HEM TOCTATOYHOTO
qeda MOSHTPOHOB OH mepexo-
anT Ha paboTy B yCHOpHTEND-
HOM PesKIMe, DOAHNMAasg BHep-
THI0 MOBUTPOHOB [0 BeTHIHHE
JUEPTIIN  Iafalolmero myyka
saerTponoB. llocme sToro my-
0K PIAEKTPOHOB M3 YCKOpHTE-
8 ¢ € HOMOIIBIO CICTEME T
OTHAOHANINIX MATHHTOB § H
nAdpaeRTOpa 6 uemocpemer-
BEHHO BBOANTCA B Hakonnrenh. llpm tawoil cucTeMe MIDKERIEE BO3MOKHO
ORaMeTcA YA0OHBIM HCIOIB30BATh 3ICKTPOHHLIM I TMO3HTPOHHHN OYYKH Das-
AUIHON HHTEHCHBHOCTH, CKa/KeM, IMPRYINDYIOIHE TOK 3ICKIPOHOB I,=10 a,
HOPRYJAHDYIOIHE TOK II03MTPOHOB f?,=ﬂ,1 L T
OONYUeHnsa JaHEOr0 YHeaa oTcaeToB HeoGxommma 00IRIIAA MOIIHOCTL eHEpa-
Topa YCHROPAIOIIero Mo/, 9eM B ClIy4ae PDABHRIX TokoB. Eeam HPEI[IID.II{}-}HHTI?*:
9T0 AYYKI WMEoT OANHAKODHE pasMepsl, TO THCI0 YACTHIL, PACCETHHALX (i

POAeHHEIX) B TesqecHsl yrou df, Gymer

~ Ledp 20 (B) 0. (2,4)
dﬂl‘r — a Mﬁ]‘,_ dQ!
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aRuM o06paszon, 1714 obecneTeHHsI He00X 0 Al
9TCHETOR MOKHO BMeCTO JABYX TOKOB C IHTEHCHBHOCTEIO
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Crexaen, Hakouer, SaMeyamye O THHAX HEI{UHHTEJEE;I‘:I- ﬁé;lbséﬂﬁ?é, g
qUCI0 PACCESHHBIX [pﬂﬂnﬂm;xﬂuﬂ}Bqa;;;fgﬂiilg;fhﬁm; SCTHOI {;Ilﬁltyc1£ljﬂf;:§§
OmePeYHOT CeUeHIA CIYCTRA. Joree: 0 100 Das Mitines
]IEIDIILEIJIE cOgeHNa EITFE'TH& M[}l}ﬁ{&T -ﬁHTIJ ﬂﬂ&liﬂ.lid ]Elp-ﬂll‘f P - ﬁ : T :

cnatol hoXycHpOBKoIL, DTOT pesepB CCODGHHO Baswiyg
Eiﬁﬂ?mﬂgﬁﬁ Tﬁgﬁﬁgm Bmcmcg]x {ﬁ:amme 1 Bag) SHEPIIUIX, rfe Eegglr{rfﬂ Ipo-
HeccoB GHETPO YOHBATOT, TeM G0iee UI0 B HAROMITEIAX C AOCTRD LY CIIPOR-
%ol oerabiaoreda TpeGOBaHNA HA HANPMHEHHOCT YCKOPAMET0 HOIA, & a1y
TpefoBaREA TPE OONBIIME OHEPIUAX ABINIOTCA BECHMA THMOJLIMA H3-3
GEcTpOTe (OpOMOPIIOHANBHO TeTBEPTON CTCIEHH SHEPTHH) POCTa HOTePh Ha

HATYy9IEHNe.

111, TPOBEPKA MPHMEHHMOCTIH KBAHTOBOM SJERTPONIHAMIRHN
HA MAJBIX PACCTOAHHAX

34d. Bauupciagegue pagHaAamMOOHHBEX NDTOOIDABOK K
3TIEeKTPOTHHEAMATECKAIM CEICHMAM. JKCHEPUMEHTE 0 pac-
CeAHHI0 2IEKTPOHOB BO BCTPEYHEX

z 2 - 4/ ULydKax HPEmoTaraeTcs MCIOAb30BATE
ANA HPOBEPEH IPHMECHHMOCTH KBaHTO-

BOH SJIEKTPONHHAMAKHA HA MAaJLIX pac-
cToAEEAX, Han yixe 0TMEYAIOCE, BCJIET-
CIBHE TOTO, UTO KBAHTOBAA HJIEKTPO-
ITHHAMAKA ABJIALTCHA HOJHUCCTREHHOH
TEOPHEH, BCAKOS OTKIOHCHHE JHCIE-
PHMEHTAIBHEIX CEYEHIII 0T BLIMIICIIEH-
HEIX Teopermieckm Oymer CBHIETENL-
CTBOBATH O HEOPAMEHRUMOCTH KBapTO-
) #, Boll BICKTPONUHAMURN Ha MAJILIX pac-
CIOAHMAX. J10 ABIAETCH HEOCIIOPUMELY
OPEHMYMEcTROM WOH00OHEIX HHCIepi-

MECHTOB HaJ OOBITAMH, B HOTOPHX
YHacTBYIOT BHJIBE[EI'BH&I-IMUI{EHE-TBFID]]IHE. HaCTHITEL, B ATOM CRETR UEDﬁEHHﬂ

BaJRHEO KOPPEKTHO Y9eCTh BCE Teoper
THICCK I e s
CKHE CeueHI. p HE BRIAOLEI B 3JCHTDOINIaMIIe

].::acces{mm BIEKTPOHA HA HIeET

o R, e pela dreem e e——

ﬁi" q} Fg !ﬁ:r

Pme. 5,

POHE B HUBOIEM NOpIIHE TEOPHH BO3MY-
asmvamy Definmara (prc. 5). Cewenne pac-
PBHE BEMucaeno Memmepon (cum., mampu-

pd el + rd 4 ]
a, {ﬁ‘}: 0 [ i 28 s <l
8y? 5T P AR (3,1)
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OHEA BEIIIATAIOT. M aTPUYIBIC 3IEMEHTH IHarpaMs 2, 3, 4, & PACXONATCA Talike
gpil UHTETPUPOBAHUH B 0OXACTH MANHX HMOYIABCOR BHDTYANBEHX (GOTOHOR
(uadparpacHasd raracrpoday). Hak mapectro, 5T0 cBS3AHO ¢ TeM, =IO CaMO
NOEATHE YIOPYIOro Ipomecca ABNASTCH THCTO YCJIOBHHM, IMOCHOIBHY B Ham-
JOM aAKTE IJ'H.GEEHHT—IH I'IE.TI}?TIEJ{JTGH MATHIE KBAHTHL, ITPHYCM CEHCHIIC M3IMYIeHnA
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LY TACTOT, OOHARO CYMMAPIIOE CeTeHHE YIPy-

T0r0 W Heynpyroro pacceaHis He COJEePHIT PACXOHMOCTI. Taf{ﬂM Inti;piﬂi;
1A yerpanenns MHQPaKRpPAcHO gaTacTpoisl HEOXOUMO y*qﬂf;m ;;E;ﬂaé E.:: i
C HaNyYeHmeM peanbHHIX (OTOHOB (puc. 7, It OTHM JMATDAMMIM I TN
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Yuer H&TI}“IE!'HI-IEI pEa.]IE-HLIZ'{ {]gLITD]J:DE CYINeCTBeHHO YCILOAHA mauay

; ) STHRIX FCI0-
1 CEMOHHe 3ABHCHT 0T KOHKD :
SCCienopannsa paccestHUA, IOCKOJIBRY e eaia PATHALHONEKE 0"

f SR
s f TrherTe. b HE%HHK Paﬁ?&iﬂ;}iﬂ'reniﬂ opH 3T0M Hpep;lm;uaranm}b, qTo
e ronomuocs b pa0DTL BB aBJieHHAX ($H30-
MATKIe IFBELI';I"HL[ MOTYT 1.133@an]3{}}1 B npm-IBBD.-iLIILl:{ Hallpd (

o AE € m.
TI'“ILHW}} I 4T0 mMOoJHAA SHePTHd HE“WHEHHHE g;i;ﬂ:npﬂmn WCIIOJMR30BAHEL LA
Peaysinrars prux BHIMICICHIH HO HON: croipky: 1) Oneirsl IPOBO-
DACCMOTpenms onmros Ha BETPEIHHX ﬂi’;;ﬁérﬁ; ‘_i;Eﬂ{:I-ITI: 9HEPITIO ““Fﬂﬁﬁﬁ
HHTeg g go01e roBOPH, ° . swan B I 11,
C. TOHEL, B . I VIiRe OTMEeTal
Hﬂ-{IHHLHﬂﬁ ];;IEi}EI}U?E?HEHTPUHGH. B CAMOM .EEJIE; KAl MEL ¥

e, ), BRIO-
D o aMHE CHETUILKOR (p 1 jémmﬂﬂ
qa““ﬂHHHHe BIIEKTPOHEI perncip P BRY gﬂepl‘E'I‘HTIEGI{HIi nopor ¢

8

¥ 1 2Tl

EHHEHMH 0 cxeme COBIafieHIT. Fgﬁﬁgﬂnn 5IeKTPOHOE, OHH GFEFT.MFL?;{I:EPGT
AT T : qgaJIEHOL < cOeTYIKN, HE3 >

POBan, ng?:ﬁizﬂe EI:’JG ;HBHTI}DHH* [omapmue B agan Oy Her

e
afTOD IPHE Pacc
g : g JKECTHHX KRB
81 pmp aHEeprau. J) Panyuend

TaKie pacxognTea B ofiacTd Ma



£. 1. BAIULTL
628

pongo. [ 1070, qr0065r YOSIMTECA B DTOM, 34y,

{POUCXONTH OTHIONE HO M30T o

JIOBHA
THM, 4TO OpH BRIMOMTHEHHR yCao

] (3,4

MO;KHO PACCMATPHBATE C MOMOIIEIO TEOPHE BOBMYINCHj

HBIyYeHHIE KEAHIOD onMs 00JMACTH 9HEPTHI 3aBeoy,

[TocKOIBKY B HCCIeTyeMOH B HACTOAIIEE BP
.| E i :
L n—<£1, : (3,5)

g F I

[CCeIOBAHNE MIIYTOHIA PEajbHLIX KBAHTOB G sgeprueil AE ~m m Brme

fe3VCI0BHO MOMKHO PAacCMaTPHEATE HO TEOPHI posmymernit, Orciona xe ce-
Tyer, 9T0 eCH IPH CTONKHOBEHHI JJICKTpO-

HOB H3/IyUaercs MHOTO KBAHTOB, TO JKECTKi

£7  KBamT CPeU HHX TONBKO ONUH, TaX Kak ma-
IyueHie GBYX JKECTKUX KBARTOD MIIET B BHC-
TIeM MOPSIKE TEOPHN BOIMYIMEHNH M, Ciejo-
paTeNbHO, MazonepoarHo, Marpmunntii ame-
ment mmarpamm § m 67 mMosker OLITDL Tpep-
CTABJIIEH B BUJE

i U R w (p) Y'u (p) .,
S0 = o) QB B BT (Pi— Pt

= (£p1) (epy) o "o
(P [ Goy ~ G ) H

s ",
o R AT
2 (kp1) (fepy)
AHANOTHYHLIY BHJI HMECT MATPHTHEI BJIEMEHT
mmarpaMM / ¥ 7', TOIRKO B 3HAMEHATEIAX
croAT xomOmmamum (kp;), (kp,). Boipamad
CHAMADHEIE IPOR3BENIEHNAA YGPEs yIOJ MEHEIY
HMOYIBCAMHA COOTBETCTBYHINETO 3SICKTPOH
n 0TOHA I IX DHEPTAM, MOYIIM

(p;k) = 0E; (1 — B, cos 9;); (3,7)

8j1ech f; — CKOPOCTE 3JeKTPoRA. TaKrm 00pazoM, B BEIpa/ReHHH A BepoaATHo-
CTH IBIVHERHS (OTOHA NOABIAIICA XaPaKTEPHHE 3HAMEHATOIMN Bapma (3,7)-
910 IPUBOTUT K TOMY, wro GOTOMH WaMyTAITCA (B, —> 1) TpEMMYECTRERA]
B yagm HOHYCEL BOKDYr HANPABICHAN HAYANBHBIX M KOHEYHHIX HIeKTDOHOB.

OTOHEL, M3IYHaEMbIe PR HEYIPYIOM CTONKHOBCHIN 8JIEKTPOHOB, MOMKHD

YCIOBHO LIOADASHENUTh Ha IBA KIACCA — MATKEE W JKecTRme. 9T0 pasgenente

TOOHO CBABAHO ¢ reoMerpmeit omira. Mpemuonosxmy, aro oxmir o3 pacceanHBX

EHEHTPﬂHﬂB IIOOANX B IIEH_‘-']:‘I]. ﬂ,IEHﬂI'G
% H3 CHEeTYHHOR, ' OH
MATKEM, €CIN BTOPOI HIeKT , TOrTa Bymem camrarnh GOT

POH IOTafeT B IPOTAER OO0 HLL 8-
BH I cHeTdyl, HE
CHMO OT HaNpaBIeRNA H3nyYemns foroma, B NPOTHBHOM ciaygae OymeM CUI
TATE (OTOH HECTHIM. - y YA

Maxcamansnas smepras msarrmx
HAnpaeBIeHAN Py, p,, €cTh

Pue. 8,

$OTOHOB, UBIyIEHERY B KOHyCH BOKPYT

sin 44 Af) ( 14-cos §  ° (3,8)

sgeck AU — momomuEA yrioopoi ANOePTYPEL CueTqmns

IEHCT. BIEKTPOHOR It

paAHMO [MO3HTP

OHO
B IPH BOmapmux JHEPrHAX (29
HPE}H;LE BCET0 MEL ]JEEGMDTIJL-[M

it HG}THPFI‘HE OPONECCOD C UBIyIeHaN MATKUX Kpayr

s KOTOBIX & ONDEAGMACTCH dopmyanofi (3,8),
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0, (8) = a0 (8){ 1+

e ynpyroro mpomecea
OB, MaKCHMaIbHA S aHE-

ke e mponssogures ¢
OCTH,

TAMI,

TaHTapT-
IPH BHYECHEHUN BRIajoR

e comepsRamuMu GoanLie

HPFLOro pacceAnnili B ¢.o.m.
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sEEPTIA (POTOHA MIIOT0 MEHBINe HaYalbHOM SHEPLHIL HIEKTPOHA, UTO HO3BO-
1at0 otbpocnts B Qopmyae (3,6) wienn, comepiramme k B unckuTene, a a1o
JACT CYIIECTBEHINIE YNPOIEHns, TO B JaHHOM CIyIa¢ HE0DXOONMO NpPOBECTH
rounblit pacuer. Toumas GopMyna A CEUEHUA NAMYIEHIA OJ{HOT) (OTONA TPYU
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MeKIY MATKIMT M JRECTRUMI KBAHTAMI, IOCKOJBRY 9Td I ity ff”fiﬂff_Tﬂﬂ
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BHIGpanma B hopme (3,8), moiygenHas B pesyiabTaTe BaBUCHMOCTDL Dalilaniion-
HHIX IIODPABOK OT yIa DPACCEAHNA, 10 YKA3AHHKM BRINIE NPUUHIIAM, IPEICTaB-
AAerca aeob0cHOBaHEOI. BRUTY Rpaltaeil TpoMO3IKROCTH pacuera, IpannbLHEI
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dopmyas [apubara ¢ mOMOMEIO ANERTPOHHON BRMHCIUTEILHOI Mamuunt (anio
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I[poBefeinoe BHINIE DACCMOTPENHE HORASHEACT, YTO b T o
IpaBRU K HIERTPOMUHAMINECKIM COUCHNAM HPE GONBNINY SHEPIUAX OTHIONE
HE MAJABl M MOTYT OKA3aThCA CYIUCCTECHHBIMM I dKcIeprMenta. DTo oferos-
TeALCTRO HE ABIACTCA CAYYAHLM I 6yIeT paceMoTpenc nujke.
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JOBaHNH BHRJIATO0D BLICIHIIX Il]]l-iﬁ:II-I}IiE:HHI'-'I TEOPHE BOSMYNMICHUH CIeNyeT HMeTh
B BOAY CIEAYIOIYI0 0COOCHHOCTh! €clH IpW MaNX HHepriAX WacTHi praj
TEOPHH BO3MYIIEHIIT ARIAETCA PA3IOEHHEM 110 MALOMY mapaMerpy e>=1/137
I ORICTPO CXOMUTCH, B CIJAY ICT0O BHCIINE WICHH PAAA ¢ G0NBIN0I cTeneHbln TOu-
HOCTH MOKHO 0TODPOCHTE, TO TPH GOJBMINX 9HEPTHAX TaPAMETPOM PABRIOKeHHA
apagerca yie He e2, a e®In® Lfm (n=1 wm 2) ***2, Beaepcrnne sroro papg
TE0pPUIL BOBMYIIEHNII CXOMUTCH MEIIEGHHO I TeM Xy:;ke, ueM Ooabme smeprus,
13K 910, BOOOOIC roBopsI, HeoOXouA yuer 00JBIIOTO YHCa YICHOB B Dasioike-
HEH TeOpHH BoaMmymenmii. B emwiy T0ro, wro HEIOCPE/CTBEHHOE BLIMHCICHAE
BRICIINY mpHOJIM/KeHH ¢ [0MOIBI0 TeXHUKE (PefiaMana Kpaine 3aTpyJHuTelb:
HO, MOCKOJLKY TPY/[HOCTh ¥ TPOMO3JKOCTh BEMICICHUM DPE3RO ]HJHPLIET&FEDT
C pocTom TOPAIKA I[I]I'Tﬁ.TII'I}HEI'IHH? HEGEIX{}IEHMH HHI'.[.HHI]ILI'IHHJILEG HOBLIC METO-
ABl, OOXozATIIE TEOPHI0 BOZMYIIEHNI, MM CYMECTBEHHOE yAyHIISHIE CXOAN™
MOCTH pAfa TeopHH BO3MYIIEHMI.
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S c pesyIhTATAMI JIPYTHX METOMOB, B yacy
aysTA T RIS P 3 0C 0 BO3MOKHOCTH
HOCTH TPAMOI0 BapHAIHOHHOTO. Tem HE MCHEE B{}H_IJ R npn:
GIMIKEHEOr0 BARIYIICICHILA KOHTHHY aJlbHHX HHTErpaIon ]? E—:JI};‘I:J. ﬁmfmmnm;
oIeRTPOIHAMIKN OCTALTCS OTKPLITEIM, B MaCTHOCTIL 13-3a HEODXOIUMOocTy
1 pacxojEMOCTeI.
FETPEH‘:?}HEILPEM;;; ¢iegyer OTMEeTHTh, 4TO IE’IMEETGFI pAx BONIPOCOR, H.[JI-; Pac-
CMOTPEHNU KOTOPBIX CAMO PA3JIOKCHIS 1o ¢ UHB.]IHETE}'I BITOJIHE JTOTYCTHMII,
ONMHAKD, KAK MBI y7Ke OTMCHAIM, DAl OOBIUHOM TeopPIH BOMYIIEHHIT CXONHTCH
CIIMEOM MeTJIeHH, TaK 9T0 He0bXONIMO CYNIRCTBCHAOE YAYIIIEHHIE CXOTHMO-
¢rii sTOro pAa. N UHENY TAaKHX BOIPOCOD OTHOGATCA: ACHMITOTHYCCKOR
OOEEIeHIIE OCHOBHBIX (hyEROIiE TeopId Ipu GOIBINIX PHEPIHAX, HHpPaKpacHas
waracrpoa, a TakMe MHTEPEeCyoLIe HaC gfhcperThl IIPH DOMBIINX BHEPTUAX.
Baamk 3 *° ppnlam:xeEHO TPOHHISLPHPODA VPABHCHIA lﬂum-'ﬁ‘epa
¢ TTOMOIIBI0 MeTona CODCTBEeHHOI0 BPEeMeHil, 1, X0TA B NPOoLEcce PelIeHa OLiIo
{ICI0ALI0BAN0 PaRIoiKeHue Io g%, VHABAHHBIIL METO[ I03BOJALT CYIMECTBEHHY
YAYUMATE CXOMMOCTE pAfa TEOPHIT BOBMYIIEHIH, )
BpaunTeREOE VIVINIEHRHe CXOMIMOCTH DANA TCOPHH BO3MYIICHHIL MOZRET
OEITE TOAYYEHO ¢ IOMOIIBI0 METONA PEHOPMAJH3ANHONHOI TPYIIIDI 86741 anp
THM, 970 OTHEILHEIE TIEHH B Pasio/HeHuAX Te0PHH BOSMYIMEeHHIT JI71A (yHKIHI
Ipuna aiaexTpoda i HOTOHA H BEPIMTAHHLIX qacTell He ARIAKTCA MHBAPHAHTHE-
MIl [0 OTHOIMEHWI0 K PEHOPMAani3alHoHHOM IPyNNe, B TO BPEMA Kalki CabIl 9T
BeNUNEEl MHBAPHAHTAL. PeHOPMATH3alUOHHOH IPYNIOil HA3BBAT IPYI-
ny nupeolpasoBaHNi
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IPUBOIT K TeM ke peayibTaTaM, iro I ynorpediaenne Beamunn Gy, 'y, Da, &
T. €. K OIICAHII0 BIAHMOACUCTRI JAEKTPOHUT 11 )OTOHOB ¢ TOI ;Ke caMoil KOH-
CTanToi eBAaN, KOTOpaA MOKeT OLITE BRODAala PABHOI €6 IKCIePHMEHT Al b HOMY
SHAUCHHIO . I;I,II;E!H METOIa COCTOHT B TOM, UTO I1a Ka:kALIT 118 WIenon psaja Tﬁnpllil
BOBMYINEHIIT HaKilaJhBaerca TpedOraAHHE DEHOPMANMB3alMONHON MHBAPHAHT-
"HOCTH. GHE.BHBEH&TGH, 4TO KaMJBLH WiIeH IOJYyTaeMOro B pesyanTaTe psiia
ABNALTCA CYMMOM DCCKOHETHOTO TICIA THATPAMM. (J6mee pememire ougdepes-
IMAJNBIELY YPABHEHUIL Jli peHOPMAIMBATONHON TPYITITLI OnpefenaeTca ¢ TOT
HOCTBIO TI0 TPOM3ROIBHBIX (YHROHA JIBYX apryMmenton. Iloaromy juis IOay-
HEHISL KOMKPETHOro Bupa GYHKIMI HararaoT TpeGoBaRNe COPTACHH ¢ reopuei
BOBMYINEHMI B CIIyTae MalblX e°; TakuM 00pasom, IIPHE MCIOIK30BAHNIT MeToj(d
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i OOYIIeHBI, ITOSTOMY JHarpaMMa mna M | \\"‘x‘\ 40 /;,f
puc. 9 ABIACTCA CaMLIM 0DOMM TUDOM N A My
pmarpaMMbl, JAIOIHM ]i’Ij.."EEle,TI, B JIBasRIn e >‘K/>\><f 3
norapudMUUICCKOM  IpudImKenin. dra ﬂ’_ e SN IERG
qarpaMMa paccMaTpHBaTach Kak CKelier- f,-" g, N
gaf, B HEE TIOCTABIANHCE «00poce [f" 'd \\--.H “xﬁ
gyaxmun I'puma  anexrpoma m  gorona | H#/ ool [l *
g pepmunubie Tacti. Ilocae pama npeocd- |1 s A
pazoBanmii BREIPAZKCHIA JUIS BRIANA fHa- b e N
TpAMMLl Y/IAJOCH NPUBECTH K J{OCTATOUHO I =~

NPOCTOMY BUJIY, TTOBBOJAIONMENMY IDOBECTH \ )
CYMMOpOBapNe BCEX TOMONOTHYECKHH HE- A S+, +Ma =1 A
CROMUMEIX JAHATPAMM B JaHHOM #-3 I0-
paAKe. OSaMeyaTelbHEM ORABAJIOCH TO,
YTO BRIAMLI BCEX JHATPaMM, COJep/Ramiux
fodee omHOIT «iecTHHUHOI (T. €. COeMi- -

HAIIEl pa3nble 3JICKTPOHHBE JrcHN) (QOTOHHOM JHEMIL, B3AUMHO KOMIEHCI™
pyiores. Ilocore cyMMITPOBAHAS IO 7t MEL ITOJYTaCH [IoJHOe CeueHHe yIpyTroroe
nponecca B ABAIE JOrapH{MIYecKoM M pPHOAHACIIE

o (0) =0, () s | (3,16)

pau, pacx oIANMHCH Ipu

Prc, 9.

ech o, () — MeamepoBeKOe CETEIIS; [ umerpal, BERCl AR e
Pi—m*—0 (p, — nMOyanc QICKTPOHA, BENHuMEA P} ]

~ ijqne oT
TOTEPARHON BIIeKTPOHOM Ha HBIYUCHIe H}IEE?J“U'I}* Bujno, T‘l_;fﬂr;:;‘f: ;,3 o
00EYHOrO crocofa yeTPaneHi pH(pAKPacHoil PACXQIIMOCTH, 7

Pi—m?*—. 0, s orom ciywag g — U 1D pi—m2—0. 31‘;::;;1:;;}:1?}1 iﬂ {ﬁﬁﬂﬁiﬂ

8 saonaun; yay RO TO0T e Hn "TOTO OpOIecca PABHO

TO9KK 3perms, Taxk KaK 03HAUACT, UTO COUCHHE TUCTO Eb EIE e

Ayao. [ocienmee caejyer 3 T0r0, Hro BEF?H; :IGGDIIeii£IDGT}1 npu o — V.

STONKHOBeRMs MATKAX KBadoTob cTpeMuTCA 111“ zgﬁﬂﬁ DACXORIMOCTH rxa
Kar uspeermo, s ycrpanemis HP KD

AN gHHE YIPYTOTO
0 Yuecrr mpaagydeHNE peaabHBIA KRaHToB. H{}JIHEDE ceH P
J = apHTE B BH
B2y A it (3,17)
g () — 0o (V) EEP{"“?{ BRE " m

= [
as (poToHAMHE. Bunro, 970 €CHAH AE=F

[e3aBUCUMO OT MOTEPH AMH
e COBIAJlaeT G CEeMeHICH,
wit (0=0,). Rax

A8Ch AR _ pogmas anepril: Fﬂﬂmuipurpﬂﬂﬂv
aT' ®. merexrop perncTPIPYS” o [0IIHOE CEUeH
1€Drum), 1o ¢ ppumATOl TOUHOCTRIO T

H
- i BO3MYIIE
e e gy 3 HABUIEM IIPI-lﬁJIH:I-ﬂHHH Te0P
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qro B [BaILI JTorapi(pMIIeCROM IPIOIwe.
porecca (es MBIy TCHIT AOTOLHIT ey,
(MOHEHIX IOTPABOR, MOMHOCTDIO Kop.
mif MpoLeccoB ¢ MHOMECTBEHITy
B elayuae IpOHaBOdBHO;

qanecTHO 23, 9TO CBASAHO C TEM, !
g YMEHBIICHHE CegeHId OCHOBHOI'O g
HAIX KBANTOB, BHBBAHHOE YYETOM Pay Sl
meHcHpyerca YBeIIeHHEM BHJIE;:T_I;EJE c s
TOIOIHNTETBRENM 13ITyIeHHen ALECTRIX
nanyuenns (AE=E). :

RascHOCTE yUera IMenHO MBI

: &Hﬂ all
¢ TeM, 4TO B HCCHEeIY eMOoM HHTEDD e . : .
g LIt

E . UETT : ] “Ta_
[IeHIe NeTeKTopa no 9HCDTHM, a100 MAaTIne Y1 ;?Ei Eljlfhiibé;i;{f ;;ih;l} {%I: il’?i
e Hﬂrapﬂq}nfﬂziﬂiﬁ;;?-; J:}BT:EE;{;L[B“EHIE; I:I{g ppeMda, Hak MEI Vile DTMEH:J.JII,;
. 12 ef ; |

Ff;:%? :EE.:}HD;E gr aplfl@mﬂmc;:ne 9JICHEL TP JIDGTI'HHIHIH};,B L Hﬁ:ﬁ Irjfj M;L: III;EI-j_
PHAX CYIECTBEHHO MEHBIIE eMHMIEL I 1A yuera HX J0CTATOY 'O DI BO3-

L
M}?m{ﬁ?ﬁ 0GpasoM, MEICIIMEL fiBe PasimInbie CITY alliil. 1) HGTEHTCI'PI:_I IHMEIDT
BechbMa XOpOIIe¢ PaspelieHHe Mo HHEepIi (AE mamo); Toria FPE‘HH Ilch'lffdiuifm—
HIX [MONPABOR Hamfojiee CyMECTBEHHYIO DOMIL HIPAIoT NBAHIEL JIOI dp.m]mutm-
cKHe, MpOoLecchl ¢ M3ZyJeHHCEM JRECTHIIX (oToHOE He REI‘HGTlpJ.;iP}’IDTLH, “ﬂ}é“"
JorapH(MITecKIe YIEH MOMKHO B3ATL HEMOCPCHCTBEHHO U3 GIOPMY.ILL (3,9);
2) meTexTOPEL HMEIOT IIOX08 PASPeIlIeHNe 110 dHCP I (AL BEIHKO), B 3TOM CAy-
qae BRIAN JBa:KOE JOrapIOMAYECKHX TIEHOB Mal, TaKk 4T0 palllaliliOHHbe
TOIPABKY MOMKHO BEMACTATE B ¢*-TOPAJKEe TEOPUH BOZMYIIEHILIL. B stom cay-
yae HE0DXOAHM KOPPEKTHEIL y4eT WM3iIYYeHIT /KEeCTKIX (DOTOHOB.

Beau mac Oyjer WETEPECOBATH M3JIYyUeHHe 72 PealbHBIX JOTOHOB B Cjyuae
MPON3BOJBIOr0 U3IyYeHHHA, TO

6, () = 0o () e =4,

qorapHgMIgeCKIX TICHOB CBa3a
pruit Opi IOCTATOUHO MAILIX Al

. (3,18)

310 — pacapeneneane llyaccoma, mokasmpamoimee, 9T0 HAIYIEHHS HOCUT K.Iac-
CHYECKHE XapaKrTep, a BePOATHOCTS NBIYICHIA HE 3ABHCHT OT YIiCa MCITyIen-
HBEIX paHee KBaHTOB.

Qopmyra (3,17) pepEa Tamme U s CCUGHUA PACCCTHI BICKTPOIIA HA
HOBNTPORE, Yro racaerca HEYXKBAHTOBON AHEHTHIAIINIL SIEKTPOH-TIO3IIT POH-
HOM IAPHI, TO 3JECH MHTEPECHO BLIACHUTH UHCHO IOMOJIHATEIbHHIX (OTOHOB,
HCIYIEHOLIX HAPAAY C ABYMA OCHOBHEIMUH KBamTaMmm. [[is wpaHTOoB ¢ SHEP-
ruei, Goapmeit AE, srot? :

Lk _i‘E 1 T
W= iy A

ﬂ - IHE . (tj.‘-‘llg}
B cuygae, xorma E = 700 Mog, AE = 10 Moe, cpemiee wicio namyIeHHHX
AOHOTHATEALHEX KBaaTon [N — (.3,

Brremue papmanuonmse HONPABKU MOLYT OBITE BHIUHCIEHE! Tal;Ke ¢ I10-
MOMBIO METOAA DPEHOPMANUBAIIONION PPyImEr 5L
B Ka4ecTBC NOKAa3aATe]IA HHCIIONCHTE B
HUBIIEro mopagka (em. (3,9)), Merox
LaTeNbHBIH OTBET HA BOOPOc®® o poa
IEOHEHTEL JJOTAPH{IN0B B IPOMEIK

dhopmyny (3,17) Bxomur mes IO pAaBKa
PEHOPMANM3ANMONHON IPpyImLl TaeT 0TpiH-
MOGRHOCTIL MMOABJEHHA B IOKazZaTele 3KC-

Mocttito s yrodion crenems i, rue f wemur Mempy 1 m 2 %
y HHOM BHITE METOAUKI HCCTEI0R ARMST BHCITLX pamia-

EJI: PoHaR HOHPABOR AIBIAETCA BOBMOKHOCTE TPEBIANLHODG obobmenns Ha
VAL, DUCKIDOMATHUTHOIO B3aUMONENCTBHA pasimansix Y C T

3.8 -
Pagnaouommue I0IpasnxKm, 00ycmosgied

HEEC CHIBHBMHN D2ayumo {

ReUceTBmagmu H G
, apAany ¢ el

TPOMArHHTHBRIME IIOOPAaBKAMY K dopmyne M GliIepa caegyer peﬂy aiyie

MOOPABHE 38 CYET GCHJIBHOTO U Caaforo ma e o

auMopencrswii, Ilocaeme GynyT
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]:[Da : ¥
3 'EI-I'[TI’"DIIDJ] ITPIT HGHLHTH}{ dHEPI'K

fix B35
JfoTpeHbl HILRG Er:x, V). 3rnecs
e p3alMOJIeHCTRHIL .
nb [lockOABKY OIERTDONEL MOryT B3aMMOieicTeonary,
e 1eped (OTOHM, MPEIIO Beero: meobx g
BIX PRANMOYICHETHE & 8 bynrumo [pina horomua,
aoro gobmanar SICKIPONA BECLMA Man BewegeTnie
i cTEOCHEH €7, it
[{aw UBBECTHO 7,7, BEINMHNA YIONAPHAAUNT Baxyyna
10 ﬂpnm}pmmlmﬂmm IQHHIIPE&TE.M Hx MACC B cayuae
@nTum-mﬁ ImANN, B C. M. H. k* = 4% m — wacen

. NOMADHBYIOMLT Banyy
i), }j“ ciayaae f£° > m® pennunpa IOMAPHIANNI BaKYyMa [pOIOpIio-
t"

; - {j T L =T B i
qapHA 10— Darriiecks nuTepecyom

MEL pac
'L PACCMOTpIM BOSMOMHE BILNAT CHIh-

C NPYTUMII ITOJ5MI
BOMHCINTE BRAAT CHIThL-
TAR Ha® BHIAD Mezom-
JABUCHMOCTIL 0T OYEHD HLICO-

TACTIIAME 00paT-
1)
€ m= (k — ummyise

45 HAC 0071aCTD SABIAETCS TIPOMEHY-

Tﬂqﬂﬂﬁ’ 15| HEUEEQJIHEIU HWIB30BATLCA TOUHEIMIT EI][!PMFJ[HMH_ H‘JUI OHOHOB NpU
he = 4m® (Ha 1OpPOTe POEAEHHA maph HHﬂIIleE} BRIAJ TUATPAMMEL ¢ TLOJIS -
sanmell DAKyYMa HHOHAMII COCTABIfET 0,1% or prmana MHATPAMMEL paccesi-
il HIAIIETO MOPSJ(RA, ¢ DOCTOM BHEPIIH TA BETIMMNIA OUeNb MEICHHO BO3-
pacraer. YunTHEAThL 9Ty IIONPABKY HET CMBICHA, TMOCKONLKY BIeKTPOIIHAMI-
qeCKILe pg]ﬂfiﬂﬂlIDI-IHEIE MO PABKI BLYIICAEHEL ¢ ropasio mgnmneii TOYHOCTRIO,
AHATOTIHO FIeL0 0OCTONT 1 MIA APYTUX CHABHOBSAMOMEHCTBYIOINIX JaCTIIL,
74k 9T0 OCTAETCHA LUCCIEOBATE BRI/ BOSMOMKHEIX B3aUMOJEHCTEUI MELY HOTA-
PUAYIOIIIMI BAKYYM MaCTHIAMIL, Mnl paccMOTpHM CIEICTBIA PesoHAHCHOTO
ar-paaumoneiicTeg 904,

Corpacno Yenneny®® dyuruus I'para doroma mosker GHTEL MpejicTaBlIena
B BHJE

Puby
g'_u! g p-_l.

TO)-T)— (@ (G2

;:3— B

_ : " . : MIOVILOOM P — [
aaecs I (p?) ecTnh cyMMa ITO BCEM (UBNYECKITM COCTOMHILAN © 1L Pu=PF

HEPE)_:‘_“EI;*: S\ (0170 (0) [m) {m i (001 0 (3,21)

FaﬂiTj

Le ; . i [} ==
ju (U) — omeparop ToKa, ' — HOpMIPOBOYHELIL ofwey. Bemmmuua 11 (0)

—1I (p*) onpenenena TaK:

., of =9 g4, (3,22)
11(0)— I (p?) = PP Sﬁ;ﬂ-|—a} & |
, 0

}F - [ }' . T i jlﬂﬂ HDTD}]I‘JE
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et 1 B BIIE
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o (), (3,23
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nge_ﬁgET B HEJIOKAILITRI]

reiicIBYIOT B QIHOIl TOYRE, OT1g.

qofe 1 TOR B3alMO]
parop THIA

. 1% 4 :
H o = € S Ay (@) Jh () @ = 1) &Y, (3,24

2 [eROTOPOH MaT0ll 00 acTy, opp,.
rae TOK B TOUKE ¥ EE?HB!ﬂﬂEHﬂTIi%FET :; :j{?ﬁ?ﬂ”}iﬁ = mk-IlIE}T]]IIl'I APOCTP HH{}TI!a—BEE
TeaaCMOil (Qy HILLITE £ {:E-—Ef}a ) Hi | ¢ ARISLIONTIAMICS TOABKO Ha oyey
ferli Ha MaTKX PACCTOAHHEAX; 9) MOJIAMIL, TP b

IHX PaccTOANNAX. : 2 e
B Mmpnnemam (ynmaMeHTaIbHY0 JLIHHY L{:} ‘EEEE;E;&I‘EEHT i-;}r; z:;j.l ;]ﬂrj :11‘1;11}1?21
2 - 1 E L) -
croARmAX, 60aRMNX L, NEpetoNeRt Iﬁiﬁm MEL OTEHHM BePXHUIT mpejes /,
Tt 7 el DL BOLYROR B 2 IF) Kif, TIOIYYEHHOE BHAUEH)e |
11, MOCKOJBKY MOMKHO Cemath b rpyone m.l-?{H {1, 5 rf{ml{'rn e
fye1 oTHOCHTECA K J000My 13 nepmn-m:mmmlm Em*ml:’: ;.IMEHT*E T;.;-,Uﬂrlm 1
flcHo, 4TO DACCTOSHNA, HNpOMepseMule Ha HHL}[ pﬁ 160 m;r:;rrLﬂJH-:j kr»ﬂ:]*;,':‘r
(cm. (3,2)). Boaee TouHbe OMEHRI MOKIO LOJLYARLD s R PMGIaE-
TOPEl B DIEKTPOH-(OTONHLY
BepIIHHAX, JHOO MOJIQLI)-
pPyA QYHKIEE PacupocTpa-
HEHNH DJIeKRTPOIa 1JIH (oTo-
ma, Omensy, JTapacubie o1
MH crmocoDaMil, OTIHYAKTCH
IUIOb HA YHCIEHILIT  MHO-
JKHTEIND.

Pacesorpua misa onpe-
TeTeHHOCTH Paceesne piIek-
i TpoIa 1A duexTpone (nozn-

rpore). B pasgene 5.2 mu
BHICIH, 9T0 ¢ O0JIBII0I CTe-
IEABI0 TOYHOCTII CACTYET PACCMATPUDATL KIACC JUArpaMM ¢ 0OMEHOM OJHHM
(oTorom. Torga MaTpHHHLIN 3JIeMERT (pue. 10, @) MO;ReT DBITH 3animcamn B BHE

FP- (P;, ﬁl} DFW {qz) I.I"r' {p;r PE}- ; (3525}

Bup pepmunmoii Gyarmun I’y mMoxer GuTh ompenernen, ecim CIeIaTh CHenyio-

e, BechMa obmue ILP e ATI0 107 eHITAL: 1) T}, ects 4-perrTop; 2) BHIMOAHACTCA
- - o] V

SaKOH COXPaHeHNs ToKa (p; — py), [ = 0; 3) amerrpon obmanaer courom 1/2,—

Ly=e [ vofo () +-52 ¢, ()| + (3,26)

2m
CERamApEEe Gyrrunn f; (¢%) a 7, (¢®) ommenpaior REYTPCHHION CTPYRTYPY DIk~

TPOHA H HABIADTCA DOAATHEMCTCKEMI 000GHIEH AN GopMparTopor BHA

T

==l s

Pre. 40.

F {pﬂ} — S ] [:.i'"} aigr dﬂ;.,

riae plr) — :

Hire igépanﬁ}iﬁﬁﬁﬁﬂ Eﬁ?ﬂl]{f;[‘ Japana; IPEeAIOIaraeTca, aro pamanon”
v HILL C TOYEYHBIM 3 | , 110

MaJdbBHEIM MATHHTHEIM MOMEITOM dATOM ¢ 1 TOUEYIIBIM dl

bL—f =/, =1 Eem . 16 10-
YEYH] MaJ 2 2 . 1 WacTHIILL HE
AHLIE, TO TP MAIHX ¢* QYHRINI Lu fy MoniHO PasioEUTE B pAI:

a
(L gﬂ
h ael = (3,27)
21, aff®
= B <L (3128}
Benn mommao sToro

'
L&,

E:gﬁI'IMD'H'EHET' dAEKTFOIIOB 1 HDEHTPGH{BE IIPY

BOJMBImYX OHEPTHAX B3]
70 {dy o eCTh ‘GPE.T—EHH:[’I I{Ba,ﬁ,pﬂTHTuiHﬁ PR.II,H}T, St }
mnmlﬂrn MATHHTHOTO Mm{eur;_,l}_ HU‘JHDHLH}; : DTJEFJ;EJILHHH
it 9UMEKTPOHOL Ta HPOTOnax % 60 p III-ITEPE::},-'I{;ULE}I'-'E iuﬂ DTﬁ &
{329) gaRCIIOMO e BRITOTHEN, ykagammas HPGET.HH rac obaa
i f, 1 [, HeBepHa H ofe dymmmy omeHBaT pagn
5 DJICKTPOHC. I
B HacTOAINEC BPEMA HIYETO Heu3RecTHg 0 IIJ}-'HI{HHH‘if i
oreHOR MM Gl el ) Torna cevenme I}EIE;ZEHIHH fa %ma.TDMF aEh
eRTPOHE ITOIYHatT BHIT Ui BICKHTPOHA Ha

sapaga {amo-
Yuad pacces-
CTH KpuTepiii
HATepnpeTamns  (yHx-
Pelienenye Toka-3apama

r

0. = [SL:_I?EJH(‘?E}—]“—-'—%& AR
=8 L e hO T e AR+ S m gy | 6.0

ceueHie PACCETHI DIERTDOHA Ha 10

JHTDOHE MOMET OLITH MOIYUYeHO OTC
A K r ot LID E_
saneroii (3,13). Touman dopuyma ¢ 3 A

YUeroM f, moiryuena » padore °L,

PaceMOTPUM  paccesnne ma yroam & = 90°, ¢'=/¢'%= —2FE2 1orma
g
0;=0, -&\i——ﬁ—-—jmgﬂu—f_\ﬂ. (3,91)
OTHOCHTRILBHOE OTHIOHEHHE 0T MEIIEePDOBCROTO CEUYennq
Ao 4gRgl :
== (3,32)

C ppyroii CTOPOHE, MOKHO TPEUIONO0RHTE, YTC BEPINHHHLE (yHRINH

e  MEHHIOTCH, M0 HIMeHdeTcsa (yHRUUA pacupoctpamenus  QoToHA 'S
| 1 1
e D

q‘ﬂ gi ,j-.z 7 1 /52 1

o 1
UTO COOTBETCTRYEr H3IMCHEHHID 3akOHA I\.FJ[UHH ?-—‘v

. 1 q T . T
e (1—e—4); ecmn ¢*A* ¢ 1, 7o q—t —7 (1 — ¢*\?), mocneyEee pasaoiEe-
r

e OYeRMIHO HEe CBABANO ¢ KOMKPETHLM BHJIOM MOTII(IKAIII Y HRITH pac-
npocrpanenns Qorona. Ecii cIATh PACCMOTPETh PACCEAMME HA IO 90°, 1o

Ao __ 2922, (3,33)
o
Ha 0CHOBAHI TOTEKO OMETOB T PACCESHII0 HO0OME HeBOIMOMRKO ?:}]111111;_:
TUTE Y3MOHOHTE B epmm-lﬂm'-'l qacTi OT HSMEHEHI QyHKITH pf:cjl?uifrgilc e
dorona, Tax wro obe METEPIPETALHH }IH.’IHI{JTEHLPEJ.BHH{IIP?I]E:I‘ ;ET!E ‘ﬂ ey
HOS, HA KOTOPHIX HapyImaercid KBANTOBAL 9:1@11'111[11{131}"3“;;1];H3,m IHHY
HroGmm VUECTE OIHOBpPEMEnHd oba BEIaga, BDENEM o) r

ELE _l_ } n (513&'}

2ET
E_Fi:':

Th OTHIOHEHHE Ag, HE0OXOIHIMO HPOBOTNTH
i ¥,

e S5 =29 rorja JVIIHA {, mpomepseMail
FIv T

IJ{:II-IDE Ha E!.]IEI{TPIDIIE.I P I}EI.E-C-E‘HHHII

s toro utofer 00HADYH
H3Mepemuss ¢ TOYHOCTHI0 He EHI

B BRemepumenTax 1Mo paccesHulo aJleRT

M3 yrom 90°, ecrs (3,39)

B 00 40718 e
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*iecs B — 197 Mos. ITponepAcsby R HA M
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Ha MAJNX VIIAX Ha MEIIEPOBCRYIO KPpUBYKR © yaeToM  PaTHallllOHHLIY
HGHPI?']:UHI;:!ILHDH AHIIE PACCeAHIA JICRTPOHOD ma H{]E{-ITI]D]-IR}{ L5 iﬁ;ﬂerﬁ]?xﬂ
MPHIMEHIMOCTH KEAHTOBOIl ATCRTPONUHAMIIIM Ha I'FIEL.JIT;}J: ﬂﬁizi‘;?ﬁi; prE:u:fi
HEROTOPLIE HD:&HE Imamn;mlc;c'm: 1) meememoEaTh op . Tcljmmm}s: S
momojooroi obxactu (f(s®), s* > (}); 2) opu npOTIX PaABHBIX ¥C. ey :
PATE MEHBINNE JIQIHE, UTO CBASAHO © BOBMOMHOCTEIO ITE-EHEJL“HM:“ Pﬂ‘f«-f«-f-fiﬂl'“«
Ha YIa5L, G0NBMINE 90° npasja, CEUCHIIE PacCeAHUA Ha 9T yINILI CYIHECTBEHHO
MEHLIIE COOTBETCTBYIONEr0 MelIepOBCKOTro 48,

Hecenosanme mponecca et ¢ —> 2y (pme. 10, 6) mo3BoIAET OMPE/ICTHTh
QyHRUUIC pACOPOCTPAHCHUA BIERTPOHA Gip) u BEPUINHEYIO TacTh, KOTOPas,
BOOOIIE TOBOPA, TOMKHA OMTR 3alHcana B BHIE DR 2 fes). Ilo cpanie-
HIIO CO CAYYaeM PACCEAHIA DIEKTPOHA HA MIEKTPOHE, TJIe MCCIe/1yeTeH [}‘JEFIT_'H-
mis Iy (m?, m?, k%), B carydae aHERTIIAIE Hecaegyerca Gynxmus L'y (p=, m*=, V),
7. ©. BEPOINHHAS 4acTh B APYLoif 00iMacTH waseHemns apryMentop. Mamenmo
[IOSTOMY H3VYEHIE IPONecca ANMMIILIANEN MPENcTAaBIsLeT BechMa OO0IBLIIOH
NETEpeC IIA NPOBEpPRE IPHMEHAMOCTH KBAHTOBOH SICKTPOAMHAMIIKH HA Ma-
AEX paceroannax, Ciaepyer 0TMETHTE, 970 (EHOMEHOIOTHTECKIIT aiiallii3 b 3ToM
caygae Oodee CIOMEKEH, UeM OPOBEIEHHLIN BLre, Tak Kak 1) B dymipm G(p)
BOBHIKAIOT JiE@ CKAIApHEE (QYEKIHE, 2) He CYIecToyer amamgora ¢op-
Myael (3,26). -

MDopyMparropsl Bo BpeMeHHONO00M0l 00DacTH H3MeHeHUd APLYMEHTOBD
MOIYT ObITh HCCHEMOBAHEl TAKMKE B HONAPH3AOHOHHEX OOKTAX, YyBCTBU-
TEJBHLIX K BBAHMOJEHCTENAM Ha MAIHX DACCTOAHHAX,

ITepeiigen Temeps K OmEHKE BEpPXBEro mpemena JUUiEE L. T0 KOTOPOTO
KBAHTOBAA SIEKTPOSUHAMAKA 3ABEJlOMO IpHMeHnMa, Hirkxe MBI mepedmciM
OIPITHL, Ha OCHOBAHMI KOTOPHMX MO/@T OBIThL cfiefiaHa yHKA3ammas OLCHRA.

Omeirer Xoderapzepa %% o HCCIAEGHOBAHUIO DIGKTPOMATHIITHON CTPYHE-
B e e s gymon £ ()

: peflaBaeéMoro mMImyasca . Hean

IPEIOT0ANTE, UT0 OTKIOHEHHe (yHKINIT Fl . ot SIIAIIE CHABAHO He

2
TONBEKO G MEBOHHEIM 001aK0M HyKIOHOB, HO I ¢ HapylIeHneM KBagTonoll aiek-
TPOAHHAMHKI, TO .

(r*hmag = (7%}, + 612 = (0,8. 10718 )2, < 0.3.10°28 cup. (3,36)
OueBnaHO, YTO CYIIECTBeHHEAS UacTh atpexra oOycaon
HOM HYKIO0HA, HOMTOMY MOMKHO CUNTATE, uTO 113
AYeT TPHMeHHMOCTE KBAHTOBOH 3jen

(1=-2).10714 cy,

P BLMHCTEHHH amOMaJIbHOTO MATHUTHODD MOMEHTE 2JICKTPOHA (Mmmﬂﬂ}
.BDBHHI{&IDT HHTEIDAJILL IO IMIYILCAM BHPTY AIBIHIX doronon. Eean MPUHATE,
9T0 KBAHTOBAH JICHTPONHHAMMEA HAPYIIACTCH Ha paccroanuu [, o pamma-

L] : >

JeHa Me3oHHLIM 0072
onbiToR Xoderagrepa ce-
TPONOIMAMIKE [0 paccTogduuil mopsrKa

'HaTB

EBAHI*'IDIIEI'IET' 2AESRTPOHOB M moawrponpp 1oy

BOIBLUINY aHEpryax 339

jOHEBE lONPABKE K MATHHTIOMY MOMORTY mpmofperamos Bl o
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T 1 —— EE e
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; J | (3,37)

Sty GoBITOI MACCH MCHONbE0RAHH

B

2 MIOOHOB Tpe: _ -
< H[‘I 3 1 + F =
, jaMepeHnst AHOMAIBHOIO Marmm PeAmOTTHTRRHee, Tlocaen-
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THOTO MOMEHTa M
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YrazapHEBIC DACCTOAHUA I ABIAIOTCH MUHYMLILHEMI

10 ROTOPELX Hpnﬁeg BI—Idﬂl dﬂl‘ﬂ-mern-u MOCThL KB
qpHo, L= 1,9 107 o4,
BeqmranAa JA3MOOBCKOTO CABUTA TAKIKG MyBCTBUTENBHA K 0Bpesaniio mpn
fonprIIX EMITYIBCAX. B coorsercreuu ¢ mociemmmm TAHHBINT 05, 191 ey
corracyerca ¢ omblron B mpejenax U1 Mey, ovcioga I« 3.107%4, coporyn-
HOCTE TaHHBIX 110  CGREDXTOHROI  CTPYRTYPE  Bojgopoma % TPIE 07T
i o ) y

OQuAITH 110 WPOBEPKRE KBAHTOBON BICKTPOJMHAMUKIL ¢ MOMONIBIO [earilin
v+ p— e* ¢ - p B CIyYAC DOIKIICHHA Iaphl Ha Gonnmme yriob 57 % gra-
garest B HacTosmee Bpems . Onmako pse guarpanmsl (12 KOTOpHI (oToH mo-
COMAGTCS I UBIYTACTCS IPOTOHOM) HE MOXyT GHTh CREJIENE K X0heTafTepon:
ey fopMdarTOPAM, U HX ONCHKH (cuipmbie BaauMopeiicTBual) MoryT OHITL
eIeTARD TOIBKO TEOPeTHIeCKH, " “

B sagaiouenne cIeyer OTMeTHTh, YT0 B IPOMEDSIeMOoil B DIIHATIICEe BPeMs
ofaaernn (pmeprnm pgo 700 Mao, TOYHOCTH 1ié BEHIIE 2—3Y%) mer HUKanuX
YapaKTePHEIX HAPAMETPOB, KOTOPLIe YKASLIBAIH GT1 Ha B03MOKIHOCTE HETpIMC-
HHMOCTH EBAHTOBOI 3JIEHTPOTHAMHKIL Ha 9THX PacCTOAIILAX. Ho ren f{[f“‘m_lm
jguTepec mpefcTaBisio Okl OOHADYHEHHC HAPyIIeHId 111‘:ELHTDEE]-I}H.‘ILI-LI]]G';';II;
paMicn, YTo KacaeTcA HeOIHORPaTHO BLICKASBBABMIMICH B HUEJI_LH“E*?: HI‘11 :
IpenmoToceHit (M., Hampmuep, ), 4To Iy HIaMeHTATRHAA Eﬂililiﬂﬂ‘l:i;“l
¢0  enaboiMm  B3anMopeHeTBHAME, TO ¢OOTRBETCTRYIOLIIE P.xc_m: ;HET oy
6160728 ¢y—moryT GHITH, BHIAMO, O BPEMCHEM H];IHMEI}EI‘I?I ; mﬁﬁ?;“ :; BETEEL[-
HHX my9kax. Jlas aToro, HAUpPIMED, Heuﬁmmm?” HEP{E;ETﬁPH ';UHHGE'EII 1%.
HEX SIEKTPOH-TIO3NTPOHHBIX ITYIKAX € aHEPTHEN
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LE

; [ Macca X MEHBIIE IPeIeILy
OTHOLICHIIO K CHIBHBIAL naal-mﬂ,llEIIIGTI‘:;IT;E“?&IE 1{]_5. 10710 cer. Yrmas mu-u,rl;
0B I BpCMS HTSHIL I e
BHEFFHEI ii‘;;;} HﬂﬁJIIﬂI;[ElTBEH remocpefctBeRno. B oiryuae MEHRIIELD BPeMeny

TaGTII ; acIrajia.
: GaI0IaThCH OPOIYRILL UX P i e
EHH]%,H ?IFI:;:;};TEPI:{EQ c?i&mnuaamm oTBHORBANMOEHCTBYIOIMHIX HACTHIL, B 1oy
‘IHE’IE‘ I I?EﬁTpﬂﬁhHIﬂ}{, 10 AHOMAJIAM B ¢eJeHHAX Apyrax OPOLECCOB 1 Iopg.
5 “BH:;I Iﬁ‘bmﬁf'ﬁ L o~ —s 0 4y, HCCIETOBAHIE pecTa0HIRHEIX I-Iei-i'l;jpﬂillaﬂm
. 0 = : ? o e, 3
qaCTII EPEMEHH SRUSHI I DIERTPOMAarHHTHOTO BCDMARTODA 7U-ME30H,,
1
o (0 Mas,
. e ; . -
HOPOTOBOTO BhexTa, SIMIOOMIE, PaHAIORHAY IOMPABOH.

o i;mi:[pnqecc et L g —>nt L@, HCCICHOBAHUE AIEKTPOMATHATHOTO (hopm-
: ! I * . .
GaRTOpa OHOHA JJIA BpeMeHHOI0f00HEX mepefad HMIYJIbCA, CBABAHHOTO C HIM
: i - P
Tr-BBANMONEHCTBIE 11 HecTAOUIBHAHIX HeNTPATLIBIX qacTHI, HCCIEORaHie
panmanmoEREE momparok. llopor 140 M as. .

6. Ilpomece " + & —>0" + T L m, uccaefoBaHHe qhopMparToNa Immm,
W8ygeHie J-B3auMOeHCTBIA B IDYTIX (0 CPaBHEHHIO ¢ IPOTECcCOM 0} H30-
TOMMIOCKIE [ CHMHOBHX COCTOZHIAX, Hcciefonanue o- H 1-Me30HOb. ITopor
210 Mas. 20

7. Hpomeee €' +e — K4 (0L K°), wmcclegonaHme 9JCKTDOMAI-
puTioro (opMmparropa JK-mesoma, HK- u sl -rzanmoneiicrenii.  Ilopor
494 Mas.

8. Ilpouecc €' —-e —> 2K - m, mcedejoBanme nK-ppanmoneiictona, K-
mezona. Ilopor ab4 Mae.

9, ITpomece &' +e —>p + :5(11-%* H}, ACCICTOBALINE DIERTPOMATHITHRX
dOpM(PARTOPOR HYKIOHOD il BPEMEHHOMOJZOOHLIX AapTYMEHTOB (B OTIIIMie
oT OmHTOB XodicTagrepa, rie WCCIEA0BANAChE 00JacTh  MPOCTPANCTHEHHO-
nogobesx mepegas umoyancoB). Ilopor 840 Mae.

st
10. Ilponece e* e — X + X (posgeHne nap THNepoHOB), Hecjae;{0Banne
JACKTPOMATHETHLIE (OPMPAKTOPOB THNEPOHOB W T X -B3anMojeiicTBIA.

11. Tponecen ¢ posspennen X X 71 1A HCCILLOBAHUSA X ~B3auMOIelicTRIR
PasiUNHHX THIEDOHERIX peaomamcon (¥, YV Y+, :

12. Tlponecent ¢ poszeEnes JK-ME30HOB 1 THOGPOHOB  (HAmpPHMED,
X R K") muA mCcIefoBAHNA COOTBETCTRYIOMNX B2 ANMOTCHCTRHI 1 pe30oHAHCOB.

Ilepesucuennsie 3RCIEPUMOETE ABIAIOTCA OIHVMH 123 Hanbonee MpAMBX
ONETOB, H3 KOTOPHIX MORHO HEIOGCDEACTBEHHO ONpEefeldTh cBoiicTBa aJCMeH-
TApHEX BaamMomenieTsuir wr, afl, KK, nX. B mocrennee BPEMA 9T R3AHMO-
ACHCTEHA IMAPOKO HCCIHENYIOTCA B PANE IPYIHX JHCIIEDHMEHTOR, B YaCTHOCTH

B IPONECCax € aHHHTANANHEH IDPOTON-aBTHIPOTOHHON mapri. Ilocmennne
B H3BCCTHOH CTEOEHU AHAJNOrHYHLL OOEITAM C BIEKTPOH-TOBWTPONHOI aHITIT

rananneir, B ocTannBEEIX onBITax HEOOXOIIMO OTAEIATh CHILHOE B3anMoae
CTBHE IPOIYVRETOR PeAKONN B EOECIHOM COCTOAHUN, UTO YAABTCH CIeliaTk BECh
Ma Ipybo U Malexo HeOTHO3HATHO. X 0TS CCUEHHE DOKICHUA 9acTHI NMpu aHHE"
THJIALIHI HYRIOH-aHTAHYRJI0HHOE IHaPEl Ha GETLIDe TMopAnKa DOJIBIIE, qeM
CEYEHITE DOKICHIA YacTHL MpPH SIERTPOE-IIOBNTPONHON aupuruagnuy, #abop
CTATHCTHRI B IIOCICIHNX ONBITAX MOMET HITH SHAYNTENRHO OLICT] EE, HGE;{H.HBI‘:}F

pasnuiue B MHTENCHBHOCTAX AHTHNPOTOHNOLOD 0 MOZUTPOREOTO mywKOR BHI
aaTensno Goapme, Hpemyymecrno : '

ONBITOR € OIEKTPON-TOBATPOH E
_ HLIMII BCTP
HBLIMIT H},T‘ilfﬂlllf_.l;,ﬂﬂTﬂHT EILE B TOM, 4TO H3MEDPEHHT MO HO IPOBECTH RO poeM
CIICKTPE SHEPI’il, B TO BPEMI Kak

i, B UI.ETJITEK G IIFI{'JIUH— i . o I_'[HI‘[‘
THIATHEN HMERTCA mopor oxkoio 2 Has, Tak ; S loHmbE. 8

UTO SHAUNTENLH n HETE
pecHasg obiacTh CTaHOBHTCA Hedusuveckoi SR

GopMpaKTOPa  MIOOHa,
ITopor peanunp

BEM]M{];IEHE'L ILKTPOHOR T HOBUTPOHOR PN By,
“PIUIX 9HEPTHAY 641

qesraeM, HAKOHEI, 3aMewamne o wpampop
i Mer Byen pawn;m'rvpl-ma*rﬁ UDOIECCE B muamey 1 Thiths

pgamure, T. €. KOTJIa aleKTpPor-moawryomny PHOINKEHNN 110 aJiek-
mOX 5 sareM DACIANACTCS A Komemmps o DA TeDEXOmIT B dorom
g010PE" . BUDPTYAABHBI (OTOH Kax ﬁ;H:‘E FII}GJE}*RTM PeARIUME (pue. 1'1}*_
b Iflini-'[ croponbl, Ayaft =0, scwo, yrg Enl_mn.'mﬂ,}._ h=(2E, 0); rak rax,
ﬂblﬁ } pTOH DHHGMHHETEHEHG:IHPHHH!BEI{- 1= Y GIGL0BaTeNLHO, BUPTyah-
;n]_:rﬂl‘rh Omciona  CIEIYeT, UTO MOMemT .
ﬂPgMEH{}FTDT{HDI‘G cocroauusa J = 1 (pep- ¢
fopHas wACTHIA), YeTHOCTE P = —{ ger-
foCTh po OTHOMIEHWIO K 3apAIOBOMY Co-
[AHKEHII0 ¢ = —1. llocrojibky B amen-
arpuME.I‘HHTHHK 1 CHJILUKX B3auMojeci-
oraAX BCE OTH XaDAKTEPHCTHKH COXpa-
qgTCA, BCe  KOHEUHHE  COCTOAHNA,
oy¥aiomuecs IPH AHHHTHIAINE JJIERTDOH-TI03UTPORNOI TapH (¢ TOTROCTSI0
10 panuam-lﬂﬂlmi IONPaBOK), 0DIANAIOT YKASAHHHME KBAHTOREMI i CI AN

41. Pompgerne TapH MOoHEon B npetsaymei rnane
JE BHjIENH, 9T0 G DOJBIION CTEIMEHBI0 TOUHOCTH MIOOHH B3amMopelcTRyIoT
{0IBEO DIEKTPOMArHITIHO . geqemfm DOICHHA NAPEL MIOOHOE TPIT AHHITH-
AT SAEKTPOH-IIO3ATPOHHOI AP BO BTOPOM MOPAJIKE TEODHI BOAMYIEHII
(puc. 12) umeer BUK

s 2 - ! :
0, {i}}=i{§%-§- [fl.-k EEE + E;a cnsﬂﬂ-J ; (4,1)

aeck ¢ — NMIOYJIBC MI00HA, & — yrojm pasjera MIOONOB II0 OTHOHIECHWIO

X HAHPABJICHUIO JBHKEHIT 9JNEKTPOHOD. 1
HH AA{ IRl JIOTAap H(Imﬂ{qgmﬂm [MONPaBHE 1 CEUPHHE POMICHITA BRIYIICIAIOTCA

Tak ke, KaK PACCMOTPEHIBIE B MPELIYIICH TIaBe MONPARKI K CEUSHHIO Pac-

71 ToyEo Tak He BRIaj TaliT MAT P aMMEL
WIEKTDOHA Ha SJeKTPOHE " . & i 5
GEAHET. OJEKTD P ¢ TOARKO OIHOH JeCTHHHIION JIMHIEH.

A ¢ Yyer MBIYUGHUT peajbHHIX KBAHTOB

- N IPEBOAT K B3aBHCHMOCTIL CedeHisl OT

————— MAKCHMATEHON GHEPrum, YHECeHHOM

i ppaErami  AF;  OHARO BCJIGICTRIC

cLagKa  MacChl AE< E — p, IpuyeM

: v 3 cydae IIPOMSBOMBHON0 MAIYICHIH
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fea N3N yYeHITs HOMOMHHTCILHBX KBAHTON, HLEBH?II;EI-[E?E L

T e FHLME’UTUHE}B‘Blllam.n:mr JRE CIIYIae
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[fcTBHE KOHEUHEIX
ymosarrens | (0) [ yaarpnact KYJOHOBCKOE REAIMOJEHC ¢ X Migo.
¥ a

(=L
HOB, CyIIECTBCHITOC papsce BOMM3IL IOPOTA =
et

p——

(4,4)

Smed
v

' [p(0) P =

=

{1—e

eHITSA TPOLECca OT IMIIYaney

- ced
Ta MEHSIOT 3aBHCHMOCTD C
iy 06 BIANMOJEHCTBHE Hecynpe.

. B obnacTi, IHE KyJIOHOBCK

1,1
CTBEHHD {; 2 1 ), Baecro O~ ¢ HMECM o~ q.
L#]

" KymoH0BCKOE RRANMOICHCTBIE MERILY 06 A3YIONEMICA MIOONAMI MOjier

rpuBECTI K 00pa30BaHIo CBASANHOTO COCTOANNSA MOLOAUTEIIOTO I 0TI -
TIEHOTG MIOOHOB — OHMIOOHIA ™. B0 o I MOMKET pacnafgarhea HE TOlbkg

fa (HOTOHBL (PPEMS FRISHI IIapabUMICOMHIFL ~0,6 10_1&53%’,1{? " };d ?iHEHTI?DH—
MO3UTPOHAYI0 mapy (BPCMA AISHH OPTOOHMIOOHHA ~&* B LA DUIELCN
paccesHns DIEKTPOHA HA I03UTHOHE 1L BIH{HPHJIHHIM_?-‘IEHTP’JH-Jiﬂﬂlr’[TpﬂuHﬁu
HapH B {1JEITI'.'IHH MOIYT HETH qepes VRA3AHHOC HPGMG}B}'TET{I[DE .EH.:-IE&I-H-IE]E Ci-
erosmze. 11opToMy IICCIe{0BaHIE ONMIOOHH npefcTasIaer HHTEPEC HEe TOIbKo
i M3yUYEHHA CBOICTE MIOOHOE, HO W KAK OpHMep gecTaOHILHOTO TPOMERy-
TOUNOrO COCTOAHIN, MOATAIOIIMIiCS TOUHOMY paCHuery. ITpi aTOM B cevem
nosEmraer Becpyma varmi (~107% s6) 1 oUeHB BBICORMIT {wi[}'ﬂ*“ cMZ) IUE.
OTaernM, 4TO cedenie 0es ydera 9ToTo sderra ~10788 ear®. Benencersue pas-
Gpoca AHEPTHI YaCTHI BO BCTPETHLIX IyUKaX 810t aiperT CMABRIBACTCH, TEN
1e MOHCE IIPI OTPEeIEMeHHBIX YCIOBHAX OH MOKCT HaboomaTsca’’.

49 Pompgepué MHNOHOB B BIAERTPOHTIO3HNTPOR
HEmET CTOXTKHOBEEHNAX, JVeRIoIurelLHBII HHTEPEC IIPEACTal-
NAET TCCIGTOBAHNE JIN-B3AIMOJEHCIBHA Kak OFHOIO M3 QyHIaMEHTATIL-
HBIX BaauMONelcTEnit, DTo B3AMMOTECTRIE IACT BRIANM B CeUeHH: O0XpMIOre
wICTA IPONECCos ¢ yuacTueM MmoHoB 1 Oapmonos. Cpefenusa 00 sToM B3albo-
NeffcTRIN ITOIYYAlTCA B HACTOAIIEe DPeMs M3 aHAIN3a PearmHuil p ~i- E—e» n,
T+ p—2% - p m pAja ApYrEX mpomeccoB. V3 9THX ONBITOB caexyer, uro
-B3aUMOJECTBIE JIEHCTBNTEABHO CYIIECTBYET M HOCHT pesoHaHCHHIL Xa-
PaKTep.
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e ; ;AT YJIEHBL THILA
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\ATHITHHY MOMEHTOM, TO Ceuppy,
LIM MADHMTOBIM MOMEHTOM Yy,
. BemegciBue BTOFO Ceueyy,
GiiojicHIe COOTBETCTBYI0Ny

FKeim OMyCTUTE TICHE G aHOMAaEHEIM :
(4,16) yOnBaeT Kak E~#, ameHBl e C E!.HE:ME.JII:-H M
sraTeA Ha OHCTPO YORBAIOIIIA (I]?EEM@ETT I}I-I}_l
obpasoBamiA GapHOHOB MaJk (n-—il.U ‘f{ .:;.: L,q::ﬁ
nFnﬂf E"WB{}J%E?:T; };r ]::Géj 1;3.;;1 Dmf zr 11 enc; tpoBAHMA HOBBX vy
CTH ED Hlax MBI y:K¢ OTMeHas, OIBITRL Hd BETPE‘II{LEK l'I};‘-IT{;};aM?;}’T Dby,
JCIIOMLB0BARE LA 0DHAPY/REHHHA Iap TaCTHMa-aHTHYACTIIG Ka PAIKEHH Iy,

i1 BIX.
il I?{; ?Lﬁgaﬁ;:mnnmr ceueHHA POMIEHHA YacTHIl CO cm-na:mf[ I[ll[ (4,8) u co
cummonm 1/2 (4,16). Ceuenme o6pasoBaHns TACTHIEL CO ml:r;;Hm-I BeKTOPHH}
Go30H ¢ AHOMATHHEM MATHHTHEIM MOMEHTOM lbg) ecrhb

e L {2(1 o (Z) (44 cos®) +
[ () (Gl ) Jsvo} . s

TlomcE TPOMEHYTONHON0 BERTOPHOIO G030HA CIAOKX BIAMMONCHCTRMI mpej-
crannaeT Gomeuroil mETepec. OTMETHM, 9TO TAKoH 0030H MOMKET HMETL €ob-
CTBOHEbI KEATPYIOIGHELT MOMEHT 1, BOOOIIe roBODPA, XapaKkTePHayeTCA Tped
goprmdarropanm 1°°,

Tla/ke ecam MCKIIHTE WIEHEL C aHOMANBHEM MATIHTHEIM MOMEHTOM
H KBAJpYIOABHEIM MOMEHTOM, KOTOPEIE BO3DACTAlOT HaK £2, To cetenne
06paz0oBanNA BEKTOPHODO 6030HA He YOBBAET ¢ HEPIHel. JTe CBABAHO C He-
EPEHOPMHPYEMEM XapakTepoM Baammopelicreua. IloCKOIBRY € TOYHOCTBH
10 PAMMANIOREEX TOIPABOK MOMEHT KOMEYHOI0 cocrosHus paBeH 1, n aroM
IpHOIMKeHAN BRIAM Hal0T TOTBHO HEBIINE BOJHEL I U3 COODpasseniil yHUTAP-

op(l) =

3
HOCTII CEYEHNE HE MOMLET OBITL DOIBIIe = nk?. [loproMy, HaUHHAA ¢ HEKOTOPHX

SHEPTHI, ceyeHne NOJGKHO yOREATh, 9T0 MOMET ObITL obecmeueno hopmgak-
Topamu. Heam dopuyra (4,18) uMeer mexoTopym 001aCTE IIPIMEHIMOCTI
(00macTs, rie HopMOARTOPH HECYINECTBEHHE), TO CeYeHIe ofpazoBaHuA BEK-
TOpHOro Go30HA MoOjKer craTh DoXbIne ApYrMX ceuenuit. Bemxemcrsue Mamoro

spesteny ipsEE (~107" cew) BerTOpHBIE Me3om MOEeT 6GLITHR OOHADYIREE
TOXBKO0 [0 NPOTYRTAM pacmama. _

ONHITEL HA BCTPEUHHIX Iy9KAaX OYCHE YIOGHFI AU BHEICHIA HEHTDAILD-
HEIX (CBABAHALIX) PEIOHAHCHEIX COCTOLHWIL (IO HecTabmILIEX ME30HOB).
Mer yuste smjenu aro ;a mpHMepe peaoHamCoB B dopmdarTopax 1 OUMOOHIA.
[Iponegen obmee paccMorpenne nonpoca. Ilyers IPY AHHUTHIANAN BIeRTPOH"

IIIEIEHTPG]}HGH Tapsl  obpasyercd pESOHAHCHOE COCTOSHIE ¢ MACGOI
COIHOM J, PACHATAI0MEeca ¢ OTHOCHTEIhION

meprne yposaa I', Gnegyer paccmorpers c

ﬁ}é I?FHI}H%I?I;}[IH EII;EIE;E FE;I paaplali]exmem 10 sHeprunm AE: 1} V3HII pesoHait,
5 : § " :

Pezonancusii BEIa 13?11 St F = _T', 9) IDOME/RY TOURKIE cywail, AL ~ L.

A POLNECE &" + e — ROHeYHOE COCTOAHEE, yCcpemEeEHbH

mo pHTepBany AE, Gyner: ‘ I 3 IE
prany AR, 6yner: s onysar 1) ofy = 2mk2( 1) (27 4 1) /T o

JIA cryuas 2) o = m)? :

IBATHCA Ijtmﬁnﬁ )1{3 ﬂcﬂupmgi {21-{3.1—% ) L)L s caywas 3) Momcmo moJaBa0

crosmme ¢ J =1, € = —1, w10 OIIEE mPOCTO HalmiomaTe pesomaHCHOE CO-

THMMH HEHHTI}BI}TM;{ qn : il MPLBIAS BEme. Brra pesomancon ¢ APY”
CIIaMH DYIYT COmepHiaTh NHIIHION MajlocTh 10 e> (Tak

EAK OPE 3TOM DOMMEHBL YIACTBOBAT s
b IIo K
vegan J =1, C=1 D, ~Surp g MOP® ABe doTonnrie JTABHA)>

T

BePOATHOETHI0 I, Trpuw mOMHOM
AYEal Pa3HOTLO COOTHOIEHI A MEH:-

EﬂﬂH{HLEHGT- BIIEKTPOHOB M M03uTpog gy
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V. CCIETOBAHUE CIABRIX BBE‘LHM{}EEHCT
HA BCTPE: : BUH B ONBITAX
X apaKTepro ﬂmﬁmﬂmﬂr{hm TeODHT  JORATbHIY
GTHII}”I gpAAeTCA RBANDATHYNEIN DogT CeUeHuii ¢ '!H;]H] ._ﬂiflli_l[ﬁm}: BAaWMO e~
) TPH HHB3KHX 9F : : Hel, logrom
quelib MaJIbIe EPI-IJII:.IIL; DIIEI]I‘HHKU, MOTYT cpaBHaTheH ¢ t:mlemmmi: GG'IIG.H:T;IH,
Ha_{‘HHTHHE H G u:{ HBMIMGHEHCTBH]'& I[I]H BEICOLI Y 2 EJIEI\'].I]D-—I
= ofTIAX II{IHU}HEHEH COBPEMEHHOH Teopny 91, 100 caenyer Iql;{l;Hél;i- Onnaxo
: f . - LN TEHHE I10-
foro TP O1XCCE4 Hﬂiﬂ QIBIMAX SHEPIUAX He MOIKHO Bo3pacrars GrieTpee i;fu
1 B S R Ay mﬁ“” TAE TeKpamaeTcs pocr cevennmit craGeix
paaMOAEHCTBUI C OHCPIUEN. LIpm aTux swepruax » urpy BCTYIAOT (opu-
(RTOpHL, HBYUEHHE KOTOPHX Ipencrasiser 6 P

| ! ONLITOH WMHATEPEeC, MOCKOMBKY
. qﬂgTHﬂETH ATO MOFLET DLITE OPOABICENEM {I]F]Illﬂ}'[ﬁﬂ'j‘m[},}mﬁ IE&IHHH. o
C momonibi0 TEXHURH -BCTPEYHLIY MYYKOR MOIYyT GHTH AOCTHTHYTH TaKue

1 KOTOPHIX \paiHel;
gEEpTHHE, IIPL = PRIX, TI0 KDAUHEH MEpe B NPHNENENE, MOKHO BECTH TCCI]e-
qopanns CIAOLIX BIAUMOJICHCTBHI HPH OONBINEX BHEPIUSX.
Hax HMBBECTHO, BCE IMEIOMMECH 3HKCIEePHMEHTANLENE ARHEE XOpomo
smepiBatoTes V. — A-cxemoil cirabmix paanmopeiictouii 2, B aroii cxeme ocran-

JIEHLL TOIBK0 3APAMKCHIIBIE TORN, KOTOPLIC OOUCHIEAIDT PaCCeanne 3apAKenthix

gacTHIl Ha HEHTPauabHBIX. ONHAKO B OTY CXEMY MOJKHO BKIIOTHTS H HEHTpanb-
gueé TOKH, OIMICHIBAIOIIME PACCeAlNe OfUHAKOBO BapmKeHHnX wactum. llo-
Iy9A0IasACa cXeMa BEChMA CHMMETDHUHA W NPOCTA, ON& Takike XOpoIlo co-
[ACYETCHA €O BCEMIL HMEION[HMIICA IKCIEePHMEHTANLHEIMIT IaHHBIMIL 0%, 94 My
PACCMOTPUM B DPAMKaX CXEMbl ¢ HeHIPANbHHME TOKAMIL IDOLCCCHL, KOTOPHE
MOSEHO MCCIeIoBaTh Ha BCTPEUHBIX Iyukax **.

Mer paceMOTPUM BIHAHKE calnix BBauMofelicTBIil Ha MPOLECCH Pacces-
ML e - e —> e ¢ U agpurmaAnER ¢ e — W P, e e — N+ N.

IonEoe ceuciiie Ka;gloro W3 aTHX IPOIECccoB MOJKHO IPEICTABUTE b BUAS

0 = Ty + Oy -+ O, (9,1)

e G, — CEUYCHHE IIEKTPOMATNHTIOrO B3anMOelicIBI, O, — Ceuenue craboro

BAANMONEHCTBIA, Gy — MHTEpPhEpEHNIORHEH WIEH BIEKTPOMATHUTHOIO I CIa-

Goro BzammopeiicTRnil, Bee ceueHiusa IPHBOJATCA B ©. 1. . e e
Ilas yapTpapedsATHBHCTCKHX BIEKTPOHOD cegepue cuaforo P

JIEKTPOHA Ha 3JIJTEHTPoHE

Gm2 N2/ E 2 2 (9,2)
Oc =T ( =) QT:E) (Gpcosills
& HHTepdepeHMIOHHALNT YICH HMEET BHI
r} Gmd 54Bcos’® (9,9)
H“;W a2 sin® ¥

— {075M 4, M — umacca

T {
OpIeHCTBI g B MOAySae

ifecy, (G — rra ejaboro B3auM .
KOHCTAHTE PHLAIHE & it

Hyimona. J{na cewenms a0l AHHE

Py S
oo Gm l(ﬁ_‘.)“cﬂsr‘ ——; ; (D’l}
Og = 275 QT m
5.5)
{ gmd e B (25
s Y eost
Oy o0 et 2

BHUM, HTO
- (X cedeHnl,
i pasmirin e epdepes-
Cpaz 1 0T SHEPTE war [°%, nHTEP
HHUEBAJ 3aBHCHMOC yOnBaeT hat s i 5
¢ Pog : THO 2 HOT0 Egﬂuuﬂpﬁﬂﬂﬂ
T - . -rmoMarii . papor *
OM 9HePTHN AJIEKTP A ¢ C S HOKAIBHON
MORREf wyen me sapment 0T PHED aro

. [
Pa0Ter, w30 grmenamocs BEOME: HAE
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CBEPXIIPOBOIAINMNIE, MATHHTEI #)
P. Kponwom, B. Apn

B 1911 r., BcKOpe IOCHE MePBOTO YCHeIMHOT0 OMRIGKEHNA Feiis Hamep-
qnar-OHAECOM, HM 7Ke OBUI0 OTRPHTO DE3KOE I I0/H0e HETe3mOReHIe ANEKTPH~-
qecKOT0 COIPOTHBIEHIA HEROTODBIX METUIIOB NIDH HEAKNX TeMIepaTypax .
QueHb GROPO 2TO FABICHHE IIOJIYYIIO H3BECTHOCTh KAk ABJIEHIC CHEPXIPOBO-
mMocTH. DOJBINOE WHCIIO SKCIEPHMEHTOR, BHIIOMHEHNEX ¢ TOT0 BpEMEHH,
[03BOJII0 BEISCHOTL OCHOBHEIE CBOHCTBA CBEDPXNIPOBOJHUKOB. Dhiia pana
7aEce BIOMHE YIOBICTROPHUTEILHAS Teopna ssienus. OgEaxo BOIOTE 40 mo-
CAGTHAX JET CBEPXTDOBOJUMOCTS OCTARANACH IMIIL HPE/NMETOM naboparop-
gEX ICCJAeMOBAHNII M 118 MMEJa CYMECTREHHLX NMPARTHYECKNX MPHIIO/KEHIL,
Hagapmmeecs CPaRHUTEILHO HETaBHo OLCTpoe pPasPUTHE KPHOTEHHKH XRax
oFHOH M3 TeXHHYEeCKUX HAYR BLI3BAIO 1[I BT pAT HI]E,[[I[GEIQE]IIIfi, Kacalmxcs
HCIOALA0BANIA HTOr0 YVHHKAIHHOLO ABIGHMA B TeXHHEE .

BriepsEie [pPEJ0/KEHIe UCIOIb30BAT CBEPXIPOBOJHIIL IITHA H3TOTOB~
JqeHEA 06MOTOK AIerTpoMarmura Opmo cuenaHo OHEecoM B }913 r. %, Begrope
Hocae aToro GELIO HaIeHo, UTO HAL0;KEHNE MATHATHEIX I0IeH, HPEBLIMTAILIX
CPaBHUTEIIBHO 1e60nLIIoe HpHTH'{EEI{UE AHAYEHIE, IPHBOTHT It BHEETRI.IEE;?::
N0 AMERTPHUCCKOIO COMPOTHBICHNS, XaparTepHoIo A lIIDI]MﬂHl:l-]III:II‘}I“EB_
tamna®. B 1931 r. pe-Taas m Boorg ® HAm Ciliab CEMHIA © Eﬂﬂﬁﬁfﬁmsaﬂ-'nm
Wi kprTHYeckoe noae oxoxo 19 xec. HGULITIEHTHGE“*‘“”“‘Em_EHETTDTﬂHHMH S
H3rOTOBIEHHA CBEPXNPOBOIAIIAY MArHITOB = “Hﬂ?:;:;ch]} ‘[[?GEEJRIEHLGHELBHIHE
HPAuMHAM, KOTOPHIE NHKOTHa Ke Gpuut H9eTRO D Himigﬁg}. worna Ayraep®
LOAE aTa mpobjaeMa OCTABAIAGH 1-19:—:&TPGHFT? . glrxa ¢ BOSHIIIHM CEDed-
COOBTMIT 0 coamamMi CBEDXIPOBOIAMLIErO ¢.021 O]

. L IL G ero mode &,d Kec.

HIKOM, H3rOTOBJIEHHOTO0 13 HP.[CIGI{EBDIIﬁ]IPUEUJIDI;II;L] ;'1[ ;ﬂ:—éﬁﬂa;;ig{l]ﬁmﬂm . ;’mcm-
r 1 B meonyOJIHKOBAHE _

dares Ayraep ¢ coaBTOpaMi 3 10 xze, a Rymrep o Ap. cOOBIIIH 0 TO-

MeHNE B AROOHEBOM COTEHONTEe IO tapa ma 15 rec?. Concen HeaBHO:
CTpoiike comeHoma 13 CBEPXIPOROMAAIMETO eI o BepXTpOROJUEINTO CIIa-
8 despane 1961 r.) Gura %%ﬂg qe}u’i.gﬁjﬂﬂpﬂaﬁm};;anai[aﬂh GHEPEHPUBUI[HTEE
BA HRodma ¢ omopoM — NDgoI, R [BIM, YTO 974 HPOBOIOK:
B 1oire 88 xec 10, TIpepcrapisercs BIOLIE ﬂﬂpfflﬁ-gilfa_ o oqonEay, HO AB-
MOer Gy, womomsaoBana A ITOPORTEC \aTepiad MOKHO Gyer HeIous
THOIMIMe commRoM OTITHMECTHTHEME, 9TOT

GOIBIIHE:
1y apaTh moJast, Do
OUBIIHBEIN DAERTPOMA™

100
Kac mepell
: o MaTHHTA . - HOGTE paBHA
P 0B O AMLET : aeMafg MO
Ipenmymecrra cBepXIp pens HOCTE, BBIIEIAIO-

THuTOA To B MepBOM MOIIL
CE ; TeM, 9T0 : vpesT BOH i
SI3aHBl C jocThi0 TEPACT e pacCUnTaH

M0, morga max Bo BTOPOM HOJ s ;1abopaTOPHALR Y 4o COPBEAHHX
HaHEH B BEpe jpKoyJjiena Tenia. ﬂlneﬁ';m'mlﬁ pojieit, 9TO HEe A

MX Ha {TeIIHHO
DoXygeHne cpasil

=

, Sup
i{11‘;1'1'{!} R. H. Kropschol, V. ATD
Ei}' Hﬁpenn_n; P. A. YHenuoni.
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