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Moemy oTuy M APYrMM HeBHHHbLIM
XEepTEaM TOTanMTapHbiX pexumos XX
BeKa NOCBHALUlAETCA 3Ta KHMra.

Or aBsropa

Jna ozpomHozo Oosvwuncmea awdeti (6 mMom uucae u yueHslx -
PU3UKOE) HUKGKUX CEA3AHHBIX C mA2omeHuem npobaem He eosHukaem:
8 Jfcumetickom nAaHe Mbl €20 Npocmo He 3aMmevdem, npusbikHys K He-
My om powcoenun. H ecau dadwe uccredogamens ucnoabyem 2pasu-
mayuio & ceoeli Hayuou Oeamenstocmu (2eofiusuk, 3aHuMAarOwuica
2pacupaz8edKoil, CMPOHOM, SbMUCARIOUULl femepudsl niakem, U m.o.),
mo emy, Kak npasunoc, npeocmasifemcs OOCMaAmMouHbLM YMeHue 6bi-
yucaames uHmepecyiowue ezo sfigiexmsl, noAb3YACk 3AKOHOM 8CEMUp-
Hoz0 mazomenus Hvlomona unu & peduatiuiux cAy4asx - ypagHeHuamu
obujeii meopuu omuocumensrocmu (OTO) Siinwmetina.

ITpu smam eonpocwt o husuyeckoii npupode pagumayuu, o npo-
yeccax, npusodawuUx K smomy eHomeny, 0 nepeHOCYUKax zpasuma-
YUOHHOU uMHPopMayuu u M. N. 8 NPUKAAOHBIX HAYKAX UAu 806ce He
cmasames, wAu omeemsl HA Hux oalomca e gopme HeybedumenbHuix
masmonozuil muna “2pagumayuoHHas cuAa - 3Mo cuaa, delicmeylowan
Ha Alo6oe meno, noMeweHHoe 8 2pasumayuoHHoe noae-, xomopoe, @
ceoi0 ouepeds, onpedeniemcs Kak “uacms npocmpancmea ebausu mac-
CUBHO20 MeAa, 8 KOMopom Oeticmeyiom ZpasumayUoHHse Cuibl.

H xoma smum eonpocam NOCEAWEHO O02POMHOE HUCAO meopemu-
yeckux pabom (cm., Hanpumep, cnucox aumepamypw 6 [24 ] u Op.),
ydosaemsopumenvhoe ux pewlenue 0o cux nop omcymcmgyem. "Hy u
umo, - GecneuHo ckadMcem HeUucKyWeHHbl uumamens, - MAio Ju Heno-
HAMHO20 Myl HaGawdaem & npupode? Ilpudem epemn - noiimen!” U
6yoem wenpas, ubo npupoda Hacmo HeCcCmoKo Mcmum 3a Ae2KOMBIC-
NeHHOe OmHOWleHue K CYWHOCMu npoucxodauux € Hedl npoyeccos,
ocobeHHO maKux eceobujux, Kax npoyecc mazomeHus (CM. Huxce 2aagy
"Cnedcmeun KIT @ zeofpusuxe”).

Hponuxnosenue 6 ghuzuueckyio CywHocmb zpagumayuu, ycmpawe-
Hue PEeHOMEHON0ZUIMA U U3OARYUOHUIMA Meopuu mazomeHun (m.e. ee
omopeanHocmu om Opyaux @usuueckux meopuil), npueedexue ee.e
coomaemcmeue ¢ npunyunom Maxa u ¢ u3eCmMHHMU 3AKOHAMU CO-
XpaHeHus, MUHUMUSAYUR HUCAA NOCTMYAAMOB, NOAOMHCEHHHIX 8 OCHOEY
meopu, Npu MaKCUMANLHO B0IMOJNCHOM uucne Habaodaemsix caedcm-
8uli U3 HUX - 60M OCHOGHBE Yenu, NOCMAsAeHHule npu nocmpoeHuu
KuHemuueckoi meopuu zpasumawuu (KIT).

Thaewnoti oce yeavio Hacmaauweti KHU2U A6AAemca NONbIMKA ROHAMb
Hpupody ¢ edunwx nosuyuil, He OZPAHUMEHHBIX Y3KUMU PAMKAMU OM-
OeNbHHX ECmecmBeHH X HAYK, M.e. NOmLIMKA 3aA0X0Cumb OCHOBH edu-
Hoil meopuu mamepuu (ETM).

Hackanvko smu yeau docmuzuyms! - cyoums wumamenio.

B.A.Epunb "KuHeTuveckan TeOPUA rpasuraummn”.
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Hacmoswaa paboma, kak u ecakaa Opyaan, He Modcem npemeHoo-
eamb HA ucmuHHocmb @ nocaedHedl uncmanyuu. Cxopee oHa searemen
npuzaauieruesM MO003HAMEALHOMY HUMAMENRI0 NOPAIMBIUIAME HAD
3ampoHymslMu npobaesmamu.

B nepeuix 08yx 2naeax u3acoKCceH®l, COOMEEMCMEEHHO, KpamKan
UCMopuA BO03HUKHOBEHUR U paseumus uded, NOACKKEHHHIX @ OCHOBY
KIT (I 2aasa) u cama sma meopus (II 2raea).

B caedyiowjux uemsipex 21asax npueedeHs! MHO20MUCAEHHBE Caed-
cmeua KTT 8 MUKpo-, MaKpo-, acmpo- u 2eogiusuxe.

B znase VII 3anooicensl 0CHOGH eduHOU meopuu Mamepuu, a 21a8a
VIII nocesaweHa ee 803MONCHHIM NPAKMUYECKUM RPUAOHCEHUAM.

Imobu He 3azpomoxcoams MeKCm MameMamuvecKumu ulKAaoKa-
MU, nocaedwue, 8 cayude, ecau MO He HAPYWANO N02UKU, EbiHECEHB! 8
Ipunoncerus.

Cnucox aumepamypel codepxcum monvko my 6Gubauozpaguio, na
Komopyio ecmb ccoLiKu 6 mexcme. [Ina yoobemea uumamena npueeden
docmamouHo noOpobHslil npedMemHoO-UMEHHOU yKasamens.

B kHuce ucnoavzyemca gusuxo-mamemamuueckutl annapam, nou-
mu He GLIXOORAWUL 3a PAMKU COOMEBEMCMEYIOWUX RPOZPAMM MexHU-
yeckux BY308, umo evi3eano sceaanuem coesams ee docmynnoil doc-
MAamouHO WUPOKOMY Kpy2y uumameneil. .

B 3axniouenue cuumaio c8ouM npUAMHBLM O0N20M B6IPA3UMb 2AY-
boxylo npusnamensHocmb axademuxy BA. Ambapyymany, cmumyaupo-
easwemy smy pabomy HA ee HAYAALHOM Smane, HulHe NOKOUHOMY axa-
demuxy HADB. Jenvdosuvy u DTH um. axademuxa AD Hogipe
A;Fg. I[nizany 3a xoHcmpyxkmueHoe u dobGpooicenamensroe obcyscoerue
pabomul.

A 6razooapen cynpyeam Awocene u Anudpeio Koruwenxo 3a ux becxo-
PHCMHYIO noMOwd 8 u3danuu smodl MowHozpaghuu, a maxce Moemy
mananmaugoMy meredoepy BA Cauxosy, enooicusuiemy 8 smo usdanue
oZpaMHBLil AUMHBIE MPYO U OP2aKu3aAMOpPCKyIo YeaeyCmpemaeHHoCb.

Paboma evinonnena 6 Cankm-Ilemepbypackosm 20pHOM UHCMUMY-
me, komopomy aemop omoan oxoao 35 nem ceoeidl ywcusHu. S uckpenne
npusHamenex pexmopy uncmumyma npogeccopy B.C. Jlumeunenxo u

npopexmopy no nayxe npogieccopy P.M. IIpockypaxogy sa codeilcmsue
daurotll nybaukayuu.

Oodnaxo, ocobyio baazo0apHocme, 6e3YCA0BHO, 3ACAYHCUAG MOR Hce-
Ha u daenuil (co cmydenueckux nem) opye Huna Anexcandposna Bpuns
(’Kypascxan), xomopaa Ha npomAaXceHuu nNOCAEOHUX O6YX OecRmKoe
Jlem @cAavecKu cmapanacs ozpadume mens om neobxodumocmu 6 Hawe
CAOOICHOE @pemf pewlamb 8ce 803, louee vucao Gumostix npo-
bsaem, 63sanue smom maxckut u Hebaazodapuwiil mpyd Ha ceou xpyn-
Kue naevu. .

be3 maxoii camoomeepiceHHOU NOMOWU HACMOAWAR KHU2a 6pAd
au yeudena 6w ceem.
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Fnasa |. Beegeuune

§1. O dmanveckom copepxaHumn obuwiein reopun
oTHocuTensHocTk (OTO),
OTO u Teopua puanyeckoro BaKkyyma

B 1915 rogy nmoamu ogHoBpeMeHHO DifHmrretinoM 1 ['mmbeprom
OBUTH [OJTydYeHE! YpaBHEHAs PABHTANMOHHOrO IOJA, ABJIAIOIIHAECH,
Ge3yciioBHO, OHAM H3 Be/IMUaIMX JOCTIHKEHHI Je/I0BEIECKOro re-
HHA. 3a/0KeHHBe B HIX XPOHOIeOMETpAYeCKHE HAEH A0 HacTOsAme-
I'0 BPEMEHH ONpENe/II0T OCHOBEOE HallpaB/IeHHE Pa3BHTHA TEOPHH
Tarotennd. Obmas Teopus otHocmressHOCTH (OTO) DiffAmrreiina
O3BOJIH/IA IOJTYIHThL H3BECTHRIE NIPE/ICKa3aHnA, B JaJbHEHAIIeM moa-
TBEPHJICHHARIC SKCIIEPAMEHTATIEHO C IOCTATOYHO BEICOKOH TOMHOCTBIO.

B 10 >xe Bpema npr BEAMaTesHOM paccMotpernn OTO Tpynso
H30aBATHCA OT BOEYATVICHAA, YTO €€ YPAaBHEHHA IPaBHTANHOHHOIO
noJiA - JHMIOb BepIlHHa akficOepra, 3/eraHTHas MaTeMaTHYecKan Hop-
Ma, KOTOpoH AO/DKHO COOTBETCTBOBAaTH IIyOOKOe H O CHX IOp He-
packpHTOe du3HIecKoe codepicanue.

310 06CTOATENIECTBO NPHBETIO K TOMY, YTO YHCJ/IO YIOMAHYTHIX
npeackasaamit OTO gna Teopmm Takoro macmraba oka3aiocs HeIO-
myctaMo MaaeM. CaMe 9Ta npejicka3ands HOCAT XapaKTep JOBOJIb-
HO TOHKHX IPaBHTAITHOHHHX 3(peKTOB, BechbMa HHTEPECHHX H BaK-
HHX VIS pa3BHTHA IMeO0puu, HO HMEIOIHEX TOKA OYeHh OrpaHHYEH-
HYIO MPAKMUYecKyi0 3HauAMOCTs (pedb HOET, B OCHOBHOM, O cMe-
meHrn nepurenad MepkypHas, o6 HCKpHBIECHAH CBETOBHX JIyded B
rPaBHTAlHOHHOM IIOJI€ H O TPaBHTAMHOHHOM KPACHOM CMEIICHHH ).

[Tonpobree mpAYMHA 3TOr0 HECOOTBETCTBHSA BHICOYARINIErO YpPOB-
HA TEOPHH C OfHOH CTOPOHH H OrpaHHYECHHOH NPaKTAYecKOH NpH-
JIOKEMOCTH €€ HEMHOTOMHC/IEHHHIX CJICJICTBHH ¢ Apyroi, Ha Mol
BATJIAA, COCTOHT B C/IEAYIOMEM.

B OTO rpaerTanuoHHOE mOJIE OTOMIECTBIIAETCA ¢ HCKPHBJICH-
HOH DpOCTpaHCTBEHHO-BpeMEHHOH MeTpEKoH,[ 16] m ap. [eficTen-
TEJbHO, H TATOTCHHE M METPHKA OMUCHIEAIOMCA OHAMH H TEMH e
BEJITYHHAMH - KOMIOHEHTAMHE METPHYECKOro TeH30pa, KOTOpHE Ofl-
HOBpEMEHHO ABIAIOTCA H IPABHTAIHOHHEIMA MOTEHIHAJIAMH, T.C.
NeACTBUTE/IFHO METPHKa onpedeasem rpasuTanuio. OIHAKO, OTCIOAA
He cnedyem TOXIECTBEHHOCT METPHKH H TATOTEHHS: rPaBHTALMOH-
HOE 10Jie, KaK B BCAKHA Mamepuaasubiid obbexT, 1o/pkHO 0banaTs
9HeprueH, KBaHTOBAaHHOCTHIO (IUCKPETHOCTEIO), 4, BOIMOKHO, H [IpY-
THMHM aTpUOYTaMH, COBEPIICHHO TYIHMH #0eatbHomy “obbexry” -
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METpHKE, KOTOpPYIO HO3TOMY MOMKHO PacCMATpHBATH JIAIIL KaK Ma-
TeMaTHIECKYIO NO0eAb rPABHTAHOHNHOIO IOJA.

Ho Bemp m3pectHO, 9r0 sHOGas Monerm “Gepmee cBoficTBaMH”,
9YeM OpHTHHA, BO0 abcTparapyercs or TeX ero CBOHCTB, KOTODHE
OpelCTAaBIAIOTCA HECYIICCTBCHARIMA (KEpmEY obnafjaer OrpoOMHBIM
9HCIIOM CBOHCTS, He IPHCYINHEX €ro MaTeMaTH4YeCKOH MO - mp4d-
MOYTOJILHOMY IapasUle/ienAnexy ). ’

C npyroii CTOpOHK ACHO, 91O CBOKCTBA, HECYINECTBEHHEC IPH pelne-
HUH OJfHHAX 3ajia4, MOTYT OKa3aThCA BECEMa CYMECTBeHHHMM IIpH pele-
HHH ApYTHEX. Tak, HampAMep, OKa3a/10Ck (CM. HIDKE), 910 B 3a/la9aX, CBA-
3aHHRIX ¢ 36Qioyued acTpodH3EdecKnX 0OBEKTOB A HX OpOHT 3a KoC-
MOJIOTHYEeCKAE IPOMEIKYTKH BPEMEHH, HelTbafl YIRTHBATS MOAbKO MET-
pHKy, mpeHeOperad TakuMH, B YACTHOCTH, CBOHCTBAMI IPaBHTAIHOHHO-
IO IOUIA, KAK €10 3HEPrOHACKIICHHOCTS H KBARTOBAHHOCTS.

3ameTHM, 9TO YYeT aHAJIOTHYHBIX CBOKCTB (PHIEYECKOro BaKyyMa
OpHBeJT K 3HATHTENILHOMY Iporpeccy KBAHTOBOH MeXAHAKH, IpH
3TOM BO3HHKJIO OnpejiesicHROe BecooTBeTcTREe MexkTy OTO m Teo-
pHeilt BaKyyma.

HeficTBErTe IEHO, COrTIACHO TEOPHHE (H3EYECKOro BaKyyma, “myc-
TOTa” HachlllieHa HeHaGmonaeMuIMA (“BEPTYaIbHHME™) JaCTHAIAME,
CNOCOOHKIMA NPH ONpefie/IeHHKX YCJIOBAAX NePeXONATs B Habmopa-
eMyio ¢asy B obpatHo. Ho ecimm 310 Tak, 1o ymsepxmenme OTO o
PaBeHCTBC HY/IO TeH30pa Ij; SHCPIHH-AMITYJICa LYCTOIO IpoO-
ctpactsa ([ 25], c1p. 329) craHOBHTCE WHCTO YMO3PHTEIBHHIM:
Aa)Ke B TOH KOOPHWHATHOH CHCTEME, OTHOCHTEFHO KOTOPOH HOTOK
BHPTyaJIbHHX 9aCTHI, H30TpoleH (BHjeJIeHHAd, “pemepHas” Koop-
maAaTHaA cacTeMa - PKC), 6yxyT paBEN Hy/mo TomKO uMnysscrste
KOMIIOHEHTH TOT0 T€H30pa (T.K. HMIYJIbCH CK/IATKBAIOTCA BEKTOP-
H0). KommonenTa e Too (WI0THOCTS SHEPIAHR) He MOMKET PaBHATHCA
HymoO HM B KakoH koopmuHatHO#f cmcreme (KC), mbo
Too=ny, - €, # 0, raesn, - KOHNEATPaNHA JACTHI| B HPOCTPAHCTBE, &g -
CpexEAA JHEPraA ONHON JaCTHIIHL.

VYuer atoro smeprosacHmenrnoro $pora BAPTYaIbHHX YaCTHI OT-
kpeBaeT nepefi OTO HoBhe BoaMOMEOCTH. [leficTBETENHHO, ecim
UPEANOJIOAHTS Y 3THX YaCTHIl OO/BINYIO, HO KOHEUHYIO NpPOHHKAK-
myio cnocobaOCTS K [M - L'z],'m BO/A3A MacCHBHOTO Tena, oT6Hpa-
IOMEro y HEX MaJIylo 94CTh SHEPrHH, H3OTPOIHOCTS (BoHa GyneT Ha-
pyIeHa, a B aHA3OTPONHOM MOTOKe cebe mofobHNX yacTHIH, BIaH-
MoJieHCTBY L, GYXyT XBEraTHCA O HCKPHB/ICHHKIM TPaeKTOPAAM (CM.
rnasy I, §6, o. 2; rrasy IV, §1, n. 2). Takem o6pa3som, B ciiydae
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“TycToro” MPOCTPAHCTBA NOABIAETCA BO3MOXHOCTS CJlefyromied
AHTEpIpeTanEn TeH30poB Tix B Rik, Bxonamux 8 ypasaerre OTO

8n-G 1

Tensop Tix XapaKTepH3yeT EMITyJI5CHO-3HepreTHIecKyto o6CTaHOBKY
B IIOTOKE BHPTYaJibHBIX YaCTHI BOJH3H paccMaTpHBaeMOH IpOCTpaH-
CTBEHHO-BPEMEHHOH TOYKH, 8 TeH30p R;; ONMCHBaeT KPHBA3HY IpO-
XO[MIEX Yepe3 Hee Y TpaeKTOpHii 3THX dacTdn (mOxpob-
Hee cM. riasy IV, §1, mo. 2, 5).

flcHO, 9TO mpE TakoM HOAXOJe NPOCTPZHCTBEHHO-BPEMCHHYIO
METPEKY MOXHO cumTaTh (B AyXe¢ KoHBeHmmonammima Ilyamkape)
BCIONY rajmteeBoil (BO/HM3E MacCCHBHEIX TeJI MPOACXOAHT HCKPHBIIC-
HHA€ He MPOCTPaHCTBEHHO-BPeMEHHON METPHKH, & TpaeKTophi ¢oHOo-
BHIX JaCTHI, MPEIEM, IPAYAHA HCKPHEBICHA] TPACKTOPHI HE reOMeT-
pHYecKad, a BOOJHE (HE3AYecKas: HapymeHAme BOJH3H MaCCHBHEIX
TeJ1 H30TpONHOCTH (hoHa (cM. Tasy II, §6, m. 1, 2).

EcTecTBeH Bompoc: He ABJAETCS JH TATOTEHHE Pe3y/LTaTOM BO3-
meficTBEA Ha MpobHOE TeJI0 BEPTYAIBHHX YacTHI (E3mIecKoro Ba-
KyyMa, IBEDKYTIMXCA BOJIH3H IpaBETHPYIOME MACCH N0 YKa3aHHKM
npEYAHaM KpEBomHe#AHo? OTa Horajka cTaHoBETCA eme Gouee
IpaBIono00HOM, EC/I YIeCTs, 9TO HPH HEPABHOMEPHOM JBEKCHHH
Tenia B PKC GonmpmmecTBO (POHOBHX TACTHI TOXe OyAeT OTHOCH-
TeJLHO 3TOTO TeJIa NEPEMEIATHCA IO KPABOHHEAHKIM TPaeKTOPHAM
(cM. pre. 25). Orciona Ha KaveCTBCHHOM YpOBHE HPOACHACTCA HpH-
YMHA PAaBEeHCTBA MHEPIHMOHHON H rPaBHTAIHOHHEON Macc: H HHEPIMHA
H TPAaBHTANHA BH3BaHK HCKPHBJICHAEM TPaeKTOpHH POHOBHIX TaCTHIL
BHYTpH paccMaTpaBaeMoro obnexta. HeTpynHo 3ameTHTs, ITO ITO
paccysqieHre HOMHOCTSIO cooTseTcTsyer mpuamunmy Maxa. (Boiee
IORPOGHO BOIPOCH, ObCY:KIaeMie B HACTOAMEM Haparpade, A3I0-
eHH B riase 4, §1).

Taxem obpasom, Ba ceike OTO B TeopHd BaKyyMa HpOCMATpH-
paeTca BO3MOYKHOCTH MOCTPOEHAA MOJCLHOH TEOpHH TATOTEHAR
JiecasKeBCKOrO THIA.

§2. MNmnoresa Jlecaxa N ee KPUTHKa

B 1984 rogy mcmommmiock posro 200 sieT co mEa omybimEKosa-
aus mBefmapckam dmsmkom JK.Jlecaxkem mepBolf oObACHETEBHONR
Teoprma Tsrotenns [ 20]. B ocHoBe 3Tok TeopHE JICH®T ClIeyIONIee
OpeanoJIoKeHHe, eme paEbme BickasanHoe P.Jlexaprom B X.I'of-
reHCOM H HOJIy9HBIIEE B COBPEMEHHOM (H3HKe Ha3BaHHE

?.;l.Epanb "KnHetvdeckan Teopys rpaeuraumv”.

runore3sa Jlecaxa:

TrzomeHue - pesyabmam €030elicmeus HA zpasumupyio-
Wue Macchl Hexux wacmuy Kocmuweckozo gona (ceduac:
3Mu Hacmuybl HA3KEAoMm ZpAeuMOHAMU, NECANCOHAMU,

@ - Hacmuyamu u m.n.).

Iogpobaee mpomecc TATOTEHHA OPEACTABIIAICA CIICTYIOMEM ob-
pasoM. Testo, yaseEHOE OT APYTHX OOBEKTOB, HCIHTHBAET CO CTO-
POHH H30TPOIHOIO IIOTOKa YNOMAHYTHX KOCMHYCCKHX FaCTHII y/a-
PH, CyMMapHEE EMITy/Ih¢ KOTOpHIX paBeH Hymo. Oppaxo, ecim He-
HoJlaJleKy ApYT OT Apyra HaxongTca déa Tena (cM. pac. 1), To Ha
KayKIoe M3 HEX CO CTOPOHH IapTHEPa B CBA3A C IKPaHHPOBKOH (o-
HOBEIX gacTan Oyger meficTBOBATH CH/I2 MEHbIIAA, 9€M C IPOTHBO-
nosioxkHO#H cTopors. Herpyaso nokasats, (cM. IIpanoxenue 1), 9ro
paBHOJIEACTBYIOMAA CHUIa JaBiieHAd F (OHOBHIX 9aCTHI Ha KAXI0€
A3 3THX TeJI C YYETOM 3KpaHHpYIOINEro BIMAHAS NapTHEpPa HAlpas-
JieHa K HX 0bmieMy mEHTpY Macc H U1 mapoobpa3HLX TeJl paBHa

2 _ 2
" '1'.'!"2

/ T
F=F,=F,=p-J, —132 i (1.2.1)

rae r; -pamayci-romapa (i = 1;2),

R - paccrosHEe MexIy MeHTpaMH mapos, R>>r +nry,
P - CpeaRAl EMIYJILC @ - 9ACTHIH,
Jo - mETeHCEBHOCTS (OHA,

F,-,j-cmmnammad:omnamonomepicymuuanpm-
pyIoIIero BAMHAA Tes1a Homep /, (J = 1; 2).

Puc. 1. K eniBofty dpopmynel flecaxa.
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IIpu BuBORe dopmyskl (1) mpenmosiaraeTca, 9To BCAKasA YacTHIIE,
ROCTHITA# Teja, MEpEfaeT €My BeCh CBOM HMMIYJhC, IPHYEM HM-
MyJIbCH BceX YacTHl (oHa ONMHAKOBH ((DOH MOHORHEpreTHYEH) H
HHTEHCHBHOCTD (JOHA BIAJIH OT TeJI He 3aBHCHT OT HampaBieHus (GpoH
H30TpOIEH).

Drta dhopmyna obnagaeT JByMA OYECBHIHBIMH IOCTOMHCTBAMM.

1) cwia B3aMMHOTO BIMSHEA JBYX INapoB OKa3hBaeTcsi 06paTHO

NpONOPUHOHANLHOA KBaJpaTy PacCTOAHHA MEXIY HX LEHTpa-
MH H

2) melicTBHE NOy9aeTCA PaBHHIM NPOTHBOAEHCTBHIO F| 5 = F 1.

K coxaneHmo, 3THM HCUEPIHBAIOTCA IIO3HTHBHEE CJICICTBHA [H-
notesH Jlecaxa.

Kpntuxa runoress: Jlecaxa

HecMoTps Ha HaHBHYIO MEXaHMCTHIHOCTD TOH IMIIOTE3H, K HEl
HEOHOKPATHO o0pamaiich BHAHEHIHe YYCHHIE CBOETO BPEMEHH
(I1.JTarwmac, X.JTopenn, A.Ilyankape, YU.I'.Japsun, A .DAIEHITOH H
npyrue, cM., HampuMep, [15], [21]-[23]). Mx TmaresbHbii aHa-
JIM3 KpOMe OYeBHIHBIX HEOCTaTKOB dopmymt (1):

1. cuna p3apMONEHCTBHA HE 3aBHCHAT OT MacC B3aMMOJEHUCTBYIO-

X TN K

2. 3Ta CHJIa 3aBHCHT OT Pa3MepoB Tell,

BHIABWJI €TMIE /(B HETATHBHEIX CJIEACTBHA MHIOTe3H Jlecaxa:

3. ymapH (pOHOBHIX 9acTHIl JOJDKHEI CYIIECTBEHHO Da3orpeBaTh
Bce Tesa. HampuMep, CKOPOCTh pocTa TeMIEpaTyphl 3eMiIH
(cm. IMprnokenue 2) cocTabana Ok

Ty =10"K /c,
9T0 COOTBETCTBYET 0TGOPY (HOHOBOI SHEPIHH TEMIIAMH:
EEB = 10423prfc= 10° -L o,

-
rae L o - nomsas ceeramocts Coneua,

4. moboe TeNno, NBIKYyIMeecsd OTHOCHTEILHO (oHa, JOJDKHO HC-
NKTHBATH 3HAYMTE/ILHOE TOPMOXKEHHE NOA NMpEeHMyINecTBeH-
HEIM BJIMSHMEM BCTPEUHHEX JacTHil, (cM. [Ipunoxenne 3).

Bce 3TH YeTHpe CNIEACTBHA Pe3KOo MPOTHBOpedaT HalGIofeHHAM,
noaToMy rumore3a Jlecaa GhUla OTBEprHYTa H K HACTOAIIEMY Bpe-
MEHH OCHOBATEJILHO 3a0KITa.

g-oﬂ.smﬂb "KuHeTH4ecKan Teopua rpasuraumm”.

§3. CoBpemeHHbiii B3rnsa Ha runoresy Jlecaxa

HeTtpynHO NOHATH MPHIAHY NEPBOTO H3 NEPEIHC/ICHHBX JeTHpeX
HeZocTaTKoB: Bo BpeMena Ilyaskape, a TeM Gosee - Jlecaxa u Jlekap-
Ta He OBUIH M3BECTHH YaCTHIIL, BHICOKas IIPOHHKAOMAas cIoco6HOCTD
KOTOpBIX 03BOJIUIA OBl MM “TIOYyBCTBOBATh” HE TOJIBKO pasMEpHl, HO
M MaccH rpaBTHpYylomux TeJl. Ceffdac Takhe YaCTHIH H3BECTHH, 3TO
- HeHTpHHO, TeopeTHdeckH mpefckasanHuic B.Ilayym B 1930 rony u
nosaHee o6Hapy KEeHHEE 3KCIEPAMEHTAIBHO. _

Tpennonoxus, 4To (HOHOBEE YaCTHIH Taioke 00/IanaloT BHCOKOH
nponHKalomel crocobaocTeio “k”, A B 1977 romy [ 2] 6e3 yuera He-
KPHBJICHHS TPaeKTOPHH ¢ - YaCTHII, IOJYIWI VIS ONCHKH CHIN F
rpaBHTAIMOHHOIO B3aMMOIEHCTBHA ABYX OJHOPONHHIX MIAPOB IUIOT-
HOCTBIO p; H pz cooTHomenue (cM. [Iprnoxenue 4)

2 2 Aan Aon
FeFooF =p-Jod 22|y o3k [|1_¢3 k | @31
12=F,=P"Jy o e e , (130)

(octanbHBe 0Go3HAYEHNA Te XKe, 9T0 ¥ B popmyte 1.2.1).
Jns gacTn ¢ MasIoH MpOHMKAIOMeH CIIocOOHOCTRIO

k<<p;r,

i=1; 2, ua popmymst 1.3.1 umeeMm cootHomerme 1.2.1 KaK wacTHBI

cirydqai.

Ecm xe k >> p; r;, (a AMEHHO 3TO MH IPEOJIONKHIM BHINE),
To, pa3yaras Bxonsamue B dopMyny (1) 3KCHOHEHTH B CTENECHHHE
PAOH 110 MaJIHIM DapaMeTpam

4 Pty
: 3 k

2 00o3HaumB M; - Maccy i - ro mapa, ¢ TOYHOCTBIO 0 JIMHEHHHIX CJa-
ragMbIX MOJTyIAM:

T. €. 3aKOH BceMHpHoro TaroreEns Hulorora. Takem oOpasom, BH-
HoJHAETCA MPHHIMAN cooTBeTCTBRA Bopa: crapas, nposepeHHad OpH
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H3BECTHHIX YCJIOBHAX TeopHs, ARuAerca (IpH p; rj << k) wacTHEIM
cJrygaeM HOBOH.

DTOT YacTHYHRHI ycnexX (JaCTHIHBIA NOTOMY, WTO YCTPaHACET, K
COMKAJIEHHIO, TOJBKO [[Ba HEPBHIX BO3PAXKCHAA B3 IPHBEICHHbIX JETH-
pex, cM. [Ipmioxenns 5 1 6) DOMy4eH BBEICHAECM BCETO JHIIL OJHO-
IO JONOJNHATELHOTO HpEIOJONKEHAs O BHCOKOH IpOHHKAloMIeH
crnocobrocTE (oHOBHX gacTaN. EcTecTBeH BOIPOC: HE/b3A JH YCTpa-
HHTH OCTABIIHECS BO3PAXKEHHA BBEICHAEM ellle KaKuX-mbo fomymie-
amiE?

W Gonee cTporo: CyIiecTByeT Ji CHCTeMa NOCTYJIATOB, BKIIO-
qajomas ramoresy Jlecaxa, cilefcTsAA KOTOPOH HE OpOTHBOpETaT
Hab/mofeHHAM H 3aKOHaM coxpaHenusa? Ecim Takas CHCTEMa HOCTY-
JIATOB CYIIECTBYET, TO OCHOBaHHYIO Ha Hell TeOpHIO TATOTEHHA JIO-
[FYHO HA3BaTh Kunemuueckoi meopueii zpasumayuu (KTT).

§4. Lienn u cpeacrea

I{esms BacTosme# paboms - sanoimts ocHoBr KIT # ETM, ro 1
OTpaxeHO B ee Ha3paHWH. B cirywae ycmexa, roBOps CJIOBaMH T
Makcpeswia [ 26], “...6na 66t co3fana Bakaas QuamdecKas aHao-
A, KOTOpad MOXeT IpeBecTH K Gosiee mpaBHIBHOMY HOHHMAHHIO
CBOACTB MaTepHH .

Il NOCTIKEHAA 3TOH Me/H MMPOKO MCIOMb3YeTCH H3BeCTHBIA
drocodexmit npramn “6pETee Okkama”: “oTcekait Bce JoamHee” .
Orciofa - cTpeMJieHAe K MHEMMH3AIEA CHCTEMEI IOCTYJIATOB H HC-
IOJb3yeMBIX (PH3AKO-MAaTeMATHIECKAX CPCACTB.

CoBpeMeHHHH ypoBeHh HaOJIONERMA UL MHOIHEX ¢arypapyio-
mux B KIT BeJHYAR AaeT JIHIIb NOPAROK (X2 H TO He BCEraa Tow-
HBIi). Haligenmsie ¢ TOMOMBIO 3THX BeymauH mapametpsl KIT' mMeror
COOTBETCTBYIONLYIO HE3KYIO TOUHOCTS. [103TOMY B HEKOTOPHIX dop-
Myiax i ynpomenns (6pursa Okxamal) OIyIIeHH ko3ddEnHEHTH,
He MeHsom@e (A/H NOYTH He MEHMONEe) HOPANOK pe3y/bTaTa, T.¢.
IPEBOTATCA TEOPHA HY/ICBOro NPHO/DKeHHA.

B.R.Epune "KuHeTU{eckas Teopua rpaBuTaumMm”.
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Fnasa Il. KuneTuueckas reopua rpasmranum
(KTT)

§1. Nocrynarei KTF

TIpEBeseM MOCTYJIATH, HPeACTABIAIONEAEC HEOOXOMMMBIME UIA
noctpoernsa KT, a Taxke KpaTkae KOMMEHTAPAH K HAM.

I. Mocrynar cyliecTBOBaHNS

(P.Oexaprt, X.loiirexc, X.Jlecax)

Cyujecmeyiom KocMuuecKkue uacmuijsi, 6030eil-
cmeue Komopwx Ha mesa co3daem 3gfiexm
mazomenus.

VeTOYHAKAaMA 3THEX YACTHIl, HadWBaeMHX B HacTomme# pabore
(OHOBHMHA, HIA ¢ - YACTHANAMH, MOTYT OHTH palIHIHHE HECTAIHO-
HapHHe 0b6bekTH BcesenHo# (KBasapH, aKTHBHHE Anpa cefipepToB-
CKHX H JPYTHX rajlaKTUK, CBEPXHOBHE H T.JI.), ABIAIONMHECH, KaK H3-
pecTHO, [27], [28] HCTOWHMKAME QpYTHX KOCMHYECKHX JIydeH.
Bo3aMOMHO B BEEMETAra/JaKTAIeCKoe IPOCXOMIEHNE () - JaCTHII.

JUia ycTpaHeEHs ynoMAHYTHX Bospawenmii Ilyamxape m ap.
mpoTue remotess Jlecaxa B 80-x ronax MEO O5UT BBE/CH

II. Mocrynar cpopmel

| DOHOGAR YACMULKA UMEEm CUILHO SLMARYMYIO
cmpynooGpa3snyio dopmy.

Or1oT Ha NEPBRI BArJAK CTPAHHKIN HOCTYJ/IAT POTHBOPEYHT Ha-
IMHM IPUBHYHEM HETYHTHBHHM HpEICTaBICHAAM: H30/HPOBAHHHE
3Be3H, IIaHETH, KATUTH JKHFKOCTH, aTOMEI, 3JIEMCHTapHbIE JaCTHIE
My Hab/moaeM W HpeAcTaBiieM cebe, Kak mpasasio, mapoobpas-
geva. OxEAKO, IOYTH BCe 3TH O0BbEKTH ABNAIOTCA KOHITIOMEpaTaMH,
cocToAmpMHE H3 Gojlee MeNKHX HacTel, MEXIY KOTOpPHMH CYyIe-
CTBYIOT BHYTpEHHHE B3aHMOJieicTBAA (TpaBATAHOHHEEIC CHIH, CAITH
HOBEPXHOCTHOIO HATDKEHHAA, JIEKTPOCTATHIECKHE, AICPHBIC CHIIH B
1.1.). IToaToMy mapoobpa3socTs 3TEX 00BEKTOB OUECBEINHEM 00pa:
30M CBA3aHA ¢ MHHHMH3andell COOTBETCTBYIOIEH BHYTpEeHHEH mO
TeAnuabHOM 3uepran. Ecma e pews maeT o GoHOBOH wacTHNE, KC
Topas, BO3MOKHO, ABgeTcA (yHIaMEeHTaNbHON JacTHNel MaTepHE
TO /19 Hee BHYTPEHHAA CTPYKTYpa H COOTBETCTBYIOIAA BHY TPCHHA:]
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SHEprEA HE ONpefe/ieHH (B CBA3H C YKa3aHHOH (hyHIaMERTaIBHO-
CTBIO), H Ha NePBEI ILTaH BHICTYIAIOT €€ 8HeltHite B3ANMOIEHCTBHA.

Jna MHHMMH3aOHHA e SHEPIHH M YACTOTH GMEMLHUX B3AEMO-
AeiicTerit HeobX0AMMa KaK pa3 HroybyaTas GopMa JacTHIIH ¥ MaJThi
YTOJI MeXTY HEIo H BEKTOPOM €€ CKOpPOCTH.

Kpome Toro, aromuatas dgopma poroBol wacTamu HMeEET, I'oBO-
P4 ciloBaME DHHIITeHA, JOCTATOUHLIE BHEIIHHE OCHOBAHHA,

HeficTBaTe RO, BHPTYa/bHAaA YacTHI2 (HIMUECKOTO BaKyyMma
(. e. poHOBax "wacTHI) AMeeT HHYTOKHO MAJIOe CedeHHe (BepOAT-
HOCTb) B3aHMOJEHCTBHA C [JETEKTOPOM MO CpPaBHEHHIO C COOTBET-
CTBYIOIMM CeYeHHeM HacTHIH Habmomaemoit. Ho Bemp 3To - gpa
COCTOAHAA 00KOM qacTHIH!

Bumop:
| Ceuerme wacTamp: Mosker uzmerampes.

Haubonee Harnsmeo Takyio wacTamy ¢ nepemenmsim cedemuem
MOHO NPECTABHTH AMECHHO KaK YaCTHIY CHJIbHO BHITHHYTOM HIJIO-
obpasmoit (cTpyHOoo6passoit) dopmut. Ipr mocTynaTemEOM ABEKeE-
HHH HT7I000pa3Hold 9acTHIE ee BEPOATHOCTL (CEYeHHE) KOHTAKTA C
AETEKTOPOM CYIIECTBEHHO 3aBHCHT OT “YIJia aTake” B MEXqTy Helo H
Bektopom C ee ckopocT:: y BHpPTyabHOH wacTems B = 0, y Ha-
6monaemoit 0 < B < n/2.

Hpes o cymecTsoBaHME B OpApOJE YACTHI CHUILHO BHITSHYTOR
dopmEl B mocnegEee Bpema GyKBaBHO “BUTaeT B BO3TyXe”: HoCTa-
TOYHO BCIOMHHTSH “CTpYHHBIC” MOJE/H 3/I€MEHTapHKIX YaCTHII, TEO-
puio “cynepamreit” [ 18],[ 19] m .o

Hll. MeTpwyeckui nocrynar

Ilpocmpancmeenno-spemennas Mempuxa écrody
2aauseesa.

B KIT B6masm MaccHBEEIX Tesl HCKpHBIAETCS He MpPOCTpaH-
CTBCHHO-BpeMeHHaA MeTpHKa, kKak B OTO, a mpaexmopuu doroprix
HACTHH. JTO HCKPHBJICHAE TPaeKTODHIl HMEET BIONHE gusuneckoe
obbacEerHe (OHO BH3BaHO 0TGOpOM TesJaME (POBOBOH SHEPIHH H
BO3HHKAIOME# Mo 3To# NprIHHE BOJM3A MAaCCHBHBIX TEJI GHUSOMPO-
nueid gora) B He TpebyeT NONOIHHTENHHHX NPENIOIOKEHHH O
2eamempuyecKux CBOACTBAaX IPOCTPAaHCTBA - BpeMenu (cM. riasy I,
§6, m.o. 1+3 mrnasy IV, §1, n. 2).

Omnaxo, 310 paamrae OTO u KIT me o3rauaer, 910 OHE DPOTHBO-
cToaT W, TeM Gostee, AckmodatoT Apyr Apyra. Cxopee Ba0GOPOT - OHE

B.A.Bpunb "KnHETU4ECKan TEOPHUA rpasuTaLmm”,
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paapvuo ponomuTessER: OTO paer KIT mpexpacHylo MaTeMaTedec-
Ky1o iopmy, TOTydas B3aMeH pealbHoe dramdeckoe codepoicanue, Ba
HefiocTaTouHocTs Kotoporo y OTO ykasnBamu MHOr#e KpymHeHmme

IIpmBenennrt B HacTOAMEeM Haparpade mepedens moctyarop KIT
OTHIONb HE HpeTeHIyeT Ha NOJIHOTY: Ul MOCTPOCHHA 3aMKHYTOH Teo-
PYH HeoGXOMMEL, OYEBHIHO, B ApYTHe runoTesst. ficEo, HampaAMep, 910
3HeproobMeR MEXKTY OHOM H BEIIECTBOM H TOPMOAAIIee BIHARAE (Hora
Ha JBIDKYIECH OTHOCHTEIbHO HETO Tejia CYINECTBEHHO 3aBHCAT OT
CTPYKTYpH MaTepHH Ha (yHIaMeHTabHOM YPOBHE, OT XapakTepa (yn-
JlaMeHTATLHHX B3ammojteficTeuit B T.1. IToaromy Ges cootsercTByIONEX
IONOTHETE/THHBIX IpeIUOIoKeHHll, No-BHAUMOMY, He ODOHTHCH, 9TO H
AeNaeTcs HIDKe [0 Mepe HeoOXOMMOCTH.

OpEaxo, NpHBEIEHHNE 3ech TPA MOCTyJIATa MPENCTAaBIAoTCH OC-
HOBHBIMH, K/TIOUEBHMH NOCTY/IZTAMH KAHETHIECKOA TEOPHHE TANOTEHHA.

§2. NapameTpbl KTT
PaccMOTpEM OCHOBHHE BeJITYMHH (IapaMeTpH), XapaKTepH3y-
IOIIEe OTAEJLHYIO YacTdNy, BBomAMYIo moctynatamu KIT, u coso-
KYIHOCTH TaKHX JaCTHI.

n. 1. XapakrepuCcTHKH OTAENbHOA YacTuibl

a) HenoaBuxHas yacTuua

Ecm, coryiacho 2 nocTyJiaTy, ¢ - 9acTHIa AMeeT (opMy IATHH/pa,
TO OHa XapaKTepH3yeTcs AByMA JHHEHHNMA pa3MepaMu: 0auHoi | a
paduycom r, npaaeM r << [. Maccy gacTamn obossawaM p. Heobxo-
TEMYIO 1S pelIeHAs HeKOTOPHX pacCMOTPEHHBIX HIDKE 3a/1aq XKecT-
KOCTS 9ACTHIN Ha H3rE0 0b03HATHM g.

Taxev 06pazoM, HEIOIBIKHEAA YACTHIIA XapaKTEPH3YETCA YETHPEMA
napaMerpame: i, [ 7, g [l pasHBIX WACTHI| 3HAYEHHA 3THX HapameT-
poB OyneM CURTATH OJMHAKOBHIMH, T.€. I, I, 7, g - GyHnaMeRTa/HHKE
xoHcTanTs KIT.

Ilpm pemensn MEOIEX 33729 ¢ - YACTHIA MOXeT ONTH 3aMeHeHa
ee MEXaHWKO-MaTeMaTHIeCKOH MojeNbio - “MaTepHAIBHEM OTpe3-
koM” (Hamofobme MaTepRaILHON TOYKH B MeXaHHKe), T.e. abcosmor-
HO KeCTKEM OOBEKTOM, MMeIEM NMEEY [/, Maccy |, H pagEyc
r = 0. Takag ympoinaiomas 3aMeHa BHOOJIHE JOIYCTHMa, HalIpEMEp,
OpH pCHICHHH 3aaad, CBA3AHHRIX ¢ IIOCTYLATE/IbHBM [BIDKCHHEM
HeedOpMEPOBAHHEIX JACTHII,

25




6) MNocrynarenbHoe ABMXeHHe

Hoctynate/mhoe [BINeHNE 9aCTHIBI XapaKIepH3yeIcd ee CKOpo-
creio C M Tak HashBaeMbIM “YIJIoM aTaki” B, T.€. YIJIOM My OCBIO
gacTvIlel M BekTopoM C (cM. pHc. 2), IpHHMeM H3 ABYX BOIMOMKHEIX YI-
JIOB BhIDEpEM TOT, KOTOPEI yHOR/IeTBOpsAeT yeiosmo 0 < B < n/2.

(P) Co .-

Pue. 2. NocTtynatensHoe ABUXEHWe.

Bextop C MOMXHO pa3jioHTh B IUIOCKOCTH NosApH3anmd (P) Ha
IBe cocTap/momme: oceByww C, | NEePHeBKYIAPHYIO OCH C - Ha
COOTBETCTBYIONME COCTaR/momme Py = -Cy B Py =p -EN MOMKHO
Pa3IoKATH H EMIYJIBC P = - C' JacTulsl, IpHIeM:

Po=p-Co=p-C-cosp
pN =“|,-C",\|r =].l-C-sinﬁ (2.2.1)
p=u-C, p*=p; +py

B Bune aHaTorA9HON CYMMBI MOXHO [IPE/ICTABHTE [OJHYIO KHHE-
THYECKYIO 3HEPIMIO £ HOCTYNATeLHOIO IBIKEHHA JaCTHITHL:

e" =gq+en, e 222
2
g e’ o’
2 2u
c? yc? 2
e =0 BT 2B as.cos?p=L, } (2293)
2 2 2
2 2 2
uC &
ey = 2N_u2 sin’p=¢" sinzﬁ—pN

ggl.spnm, "KuHeTMYeckan TeOpWA rpaBrTaum”.

*
|

Ecym AMITYJThCH, KOTOpHME oOMeHHBaoTCA Mexy coboli xse
B3aHMOIEHCTBYIONAE YACTHIE, HANpaB/IeHH Mo obmel HOpManH K
HX IIOBEPXHOCTAM B TOUKE KOHTAKTa (T.€., €C/IH NPH B3aEMOACHACTBHH
He BOSHHKAIOT KacaTeJbHHE YCH/MA THIa TpeHHA), TO OCEBas CO-
cranmomas C, CKOpOCTH KaXIOH H3 ITHX YaCTHI B pe3ysbTarTe
Takoro "HopmaabnOzo" B3aAMONEHCTBAA H3MEHHTHCH HE MOMKET.
3nawmT, obpasHO roBops, ocepas cocTamumomas pC, EMIyIBCa

YacTHIH H COOTBETCTBYWIAas el JHeprud £, B ONPEASICHHOM
cMHICTIE - "pen B cebe" (T.e. IPH HOPMAaJILHBLIX B3aHMOICHCTBHAX
MHEIIEHSM He Tepejalorcs, a, 3gawdT, He Habmopmaemu). Ilo aToi
nprumHe Gy/ieM Ha3bBaTh P, - “GUDMYAAbHEM UMNYILCOM”, & € -
“eupmyanbHou SHep2uell” yacmuysl.

Hanporus, HopMa/bHasA COCTABIIAIOMAA HMITY/IbCA D) JACTHIIH

H COOTBETCTBYIOIIaA € SHEeprus e"N Opy HOPMAJIbHHX B3aHMOJIEH-
CTBHAX MEHAIOTCA, a, CJICA0OBATEEHO, PErHCTPHpPYeMH HprbopaMa.
[TosToMy GyneM Ha3HBaTL Dy - HAOAI00GEMbIM UMNYALCOM, 3 a?v -
Habarodaemoii SHepauetli vacmuybl.

TlpE MaJLIX yriax aTake B OpaKTHYeCcKH BeCh HMITYJIbC H BCH
3HEprus Hegabmopaemu (cM. dopmyim 1 7 3).

3ameTHM, HAKOHEI, ITO YTOJI ATaKH [3 YaCTHI(H OTHOCHTEIEH, T.€.
3aBHCHT OT KOOPJIHMHATHOH CHCTEMH, B KOTOpOH pacCMaTpHBacTCH
gacTvna (TAK KaK OT JTOrO 3aBHCHT BeJINYMHA H HANpaBjIcHEE ee
CKOpOCTH c ). HanpaMep, gacTuiia, BApTYalbHaA B JaHHOH KOOD/IH-
HATHO# CHCTEME, CTAHOBHTCH HabmoRaeMoil B KOOpIHHATHON CHCTe-
Me, OHCTPO ABIKYmEHcA OTHOCHTE/LHO A2RHHOH B HAIpPABICHHY,
NEPLHCHIHKY TAPHOM OCH JacCTHIIH.

Hrak, mocrynaresmHOe IBIKCHHE YACTHIH XapaKTepH3YeTCA

napametpame B, C; Cy, Cys By Pos PN» € s €05 E -

g) Bpawenue HenedopmmpoBanHoii YacTMuUbl

Hasectro (] 29] = ap.), 970 NOJIOKEHAE TeJia OTHOCHTE/ILHO KO-
OpIMHATHON CHCTEMH, HAaJalO KOTOpO#l COBHAJaeT ¢ €ro MEHTPOM
AHEPIEH, MOXeT OHITH 3a/1aHO ¢ HOMOIIBIO YIJIoB Diiiepa: yria cob-
CTBEHHOTO BpalIeHAA @, YITIa OPENECCHH \ H yIjia ay'mmml(-}. IpB-
¥EHHAE TeJj1a B TAKOH KOOPJMHATHOH CHCTEMe XapaKTepH3yeTCA COOT-

BETCTBYIONEMH CKOPOCTAME ¢, v ub.




Ckopocmb cobcmeentozo epawjeHus ¢ HaupapjieHa B HalleM
CiIydae BAOJIb OCH MHTHHAPHYECKOH JacTUIIB, CKOPOCMb npeyeccuu

W - BAOJIb OCH NpeleccHH (CM. PHC. 3),'cxopocma Hymayuu 6 B
nepsoM npubsmmxenau GyaeM caHTaTh paBHON HyJno. [[BImKeHue, y
KkoToporo 6 =0, Ha3bIBA€TCA, KaK M3BECTHO, PezyaspHol npeyeccuel.
WMeHHO TakHe JBMKEHHA paccMaTpHBaiOTCA B HAcTosme# paGore.
U3 ycsosus 6= 0 crrexyet, 910 0 = const, T.¢. A30MPOBAHHLI 1-
POCKOII IPeNECCHPYET C MOCTOAHHAM YIJIOM HyTalHH.

Y _____

Sy

A1
o

Puc. 3. PerynapHas npeueccus.

Ecim nmpoexnmumio BekTOpa G Ha OChb CODCTBEHHOrO BpamieHHMA
obo3gauHTs (), TO ecTs (cM. pHC. 3)

Y, =y -cos8, .24

TO IPOEKIHA 7 BEKTOpa HOJIHOA MIHOBEHHOH YI/IOBOK ckopocTH Q
Ha 3Ty och Dy/ieT onpeNie/IATLCA paBEeHCTBOM:

n=¢+y,=¢+y-cosb. 2.2.5)

flcHo, 9TO mpE HOPMATBHEIX B3aHMOjeHCTBHAX (CM. 3aMedaHHE
nocsie Gopmy.1 3) oceBas cocTap/Isiomas 7 MOJHOM YIJIOBO# CkOpo-
cH () H3MEHHTBCA HE MOKET, TAK KaK B 9TOM CJIydae MOMEHT
BHEINHEH CHILI OTHOCHTE/ILHO OCH 9aCTHIIL PaBeH HYJIIO.

Kpome mepeuncrieHHRIX KMHEMATHYECKHAX XAPAKTEPACTHK BpalieHHA
CYINECTBEHHH IJIABHEE MOMEHTH HHEPIHH YaCTHIH, ABJIAIOIAEC
JHHaAMAYECKEMH XapaKTePHCTHKAMH CaMOro BpaIalomieroca TeJia.

B cBasa ¢ moctynatoM GOpPME, B3 TpeX INIABHEIX MOMEHNOB
uHepyuu pa3HEKMY OyneT nBa: sxeamopuanvteiti A u ocegoii B.

Hetpyaro nokasats (cM. Ilpunoxcenus 7 r 8), aro 4 ToHKOrO

OTHOPOAHOrC MUIMEApa ITHHOK | , pagmycom r << [ 1 Maccol p

B.A.Bpunb "KuHeTU4eckan TeOPUR rpasutaummn”.
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T ———

2 2 2
1 b
Y T (2.2.6)
12 ! 12
2
=", @27)
2
236'_2= %n{ (2.2.8)
4 1
rae obo3HaIeHo
—E-« 1
n="—-<<1

Oxeamopuanvruiti (Rab/momaeMHIT) KuHemuueckuil MomeHm
K N » HAllleM Kak HpOH3BE/ICHHE

Ky=A4-Vy, 229)
rae EN- IKBAaTOPHAJIbHAA COCTAaB/IAIOMAS YIJIoBO# cKopocTd Q (M.
pHC. 3).
AHaJIOrHYHO, _
Ky=B-n. (2.2.10)

Mowment K, o» COIVIACHO 3aMedaHmIo nocyie opMysm (5), mpd HOp-
MAaJTLHEIX B3aHMOJICACTRASAX He MEHACTCA (6UPMYyaibHuIll MOMEHM).

IlosmEsii MOMEHT

f=fﬁ+f(-o, (22.11)
COIJIACHO COOTBETCTBYIOINEMY 3aKOHY COXpaHEHHA, JUIA H30JHMPO-
BaHHOTO TeJla Heé MeHAeTcA HH IO BeJIAYHMHE, HA IO HalPaB/ICHHAL.
IMockomsKy oCh pery/IApHOH NpeNecCHH Takoke HENONBIDKHA, TO HO
HalpapJieHHIO OHA [O/bKHA GHTs XowmBeapEa K. W3 prEcynka 3 m
dopmysm (9) BEIHO, ITO
. Ky Ky K

== -—=4 (2.2.12)
Yy W ¥
Orxyna K, = 4-y,, 710 ¢ ydeTom dopmyst (10) paer
B-n=A-Y,. (2.2.13)

Tax kak 4 1 B - KOHCTaHTH, XapaKTepH3yOIHe 9acTeNy, a i, Co-
IJIACHO 3aMedaHmio moclie $hopMyn (5), IpE HOpMaIbHEX B3aHMO-
HOeACTBHAX HE MEHACTCH, TO MPH TAKMX B3aHMOJCHCTBHAX, KaK CJIe-
myet H3 cooTHomennA (13) He MOXKeT H3IMEHATHCA H BEJIHIMEA

li!o = \p‘ -¢c0s9 = const. (22 14)
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[Tockomky n=¢+y,, TO 1
¢ =@, = const. (2.2.15)
Kax sapgO H3 dopmynsr (14), npun 6 — 0 yrnoBas ckopocts pe-
TyJ/IApHOA NpEeNecCHH CTPEMHTCA He K HYJNO, @ K HEKOTOPOH KOH-
CTalTe Y, KOTOPYIO MOXKHO HalTH U3 cooTHomeRHA (13):

B(og +rg) = 4, (2.2.16)

OTKYNa ‘
Yo_ B zEmEnz 2.2.17)
99 A-B 4 2
(upubmuKeHHBE paBeHCTBa HalMcadkl ¢ yeeToM hopmym (8).
Cooraoutenne (16) apnaercsa m3secTesM [ 29| ycnosrem pery-
JIpHO# npeneccan cBOGOMHOro rupOCKONa.
Yro KacaeTca JHEPIAH £ 6PAUAMENbHO20 OBUNCEHUA TIpETiec-
CHPYIOIIEro FHPOCKONa ¢ HEMOABMKHLIM IIEHTPOM HHEpIHMH, TO OHa,
Kak u3secTHo [ 29 |, onpenenaeTca papeHCTBOM

1 1
™ =EA\ilzsin29+EBn2. (2.2.18)

Ilpn HOpMaTBHEIX B3aHMOJEACTBAAX 1 = const, a 3HAYHT NO/HAA
3Heprud £ TakKe pacagacTCs Ha J{BE YaCTH: SUPMYAAbHYIO
2 2
B
- il 28 (2.2.19)
2 2
A HabaloOaemyto

.2
e AV 20 V0 2 2220)
2

24
(mocnegHee paBeHCTBO Y9HTHBaeT GopMmyis 4 m 6). Hs dopmyn
(17), (19) n (20) ameem:
Bp . 2 .2
€ 4 A
L —w—otgzez—l!,—gtgzem

Bp 2
By O B ¢ (2.2.21)

. 2
r 3
2 ‘f’—otgze = 6—2th9 = —'qztgzﬂ,
P9 I 2

OTKyfla BE[IHO, 910 HalumogaeMas 3HepIrAA CTAHOBHTCA Oumskolt sEep-
TMH BAPTYAJbHOH TOJIKO NPH YIJIaX HyTanmd 6, Omaskux k m/2:

npH B?\}; nssgp a3 dopmy: (21) u (8) mosywam:

1 1 21
—= == > 1 (22.22)

tgf_=—7
ngEr 3n

B.A.Bpune "KnHetnyeckan Teopusa rpasutaumn’.
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Ipm ocTaJBHEX yT/Iax
ey <<gg - (22.23)
JATak, OCHOBHKMH XapaKTepHCTHKAMH NpeNeccHpYyIomel Hexe-
¢OopMHEPOBaHHOK JACTHIN ABJIAIOTCA: €€ MOMEHTH KHECPIHH Au B,
HO3AMACHHAA KOOpHHATa O, YIJIOBHE CKOPOCTH ¢ H , KHHETH-

weckne MomerTH K, Ky 1 K, # omeprmm e, €y u & -

r) Bpaweune aedopmMmMpoBaHHOR YacTHUDbI.
Mopgenu cTabMALHLIX 3NEeMEeHTAPHbIX YacTHLL

Iycts ynpyrud TOHKH H3OTHYTHE CTEPHKEHD JUTHHOHK Iy, pammy-
coM r << Iy, Maccoill i, obiafaompl Ko3(pHETAEHTOM HKECTKOCTH
Ha H3rub g, BpamaeTcA ¢ YIJIoBO#A CKOPOCTHIO ® BOKPYT OCH, IIPOXO-
mAmeil 9epes ero NeATp MaccH (CM. pHC. 4).

Puc. 4. K suony anddepeHUMansHOro ypasHeHna ocu Aed>opMUpOBaHHOMO
BPALLAICUEroCH CTEPXHA.

Bosmnkaompe NeETpobe) e CHAIH YBEJIHIHBAIOT H3rHOHYIO
neOpMANHEIO CTEPHHS, a CIIN YIPYTOCTH IPEHATCTBYIOT ITOMY.
PasHOBeCHOE COCTOSHHE NOCTHTAETCA, KOTia B KaNIOH ToduKe

cTepxHs B /060K MOMEHT BpeMEHH CyMMAapHBI MOMEHT 3THX CHJI
OyneT paBeH HYJIO: ] o _
Orciona nerko nonyunTs (cM. [Iprioxkesre 9) cnexyomee mad-
bepernmaibHOe ypaBHeHHe, ONMCHBaoMmee (GopMy Takoro pasHO-
yw—k4y=0, 22.2)
me y=y(x); 0 < x<l=1I - ypasHeHHe OCH CTCPXHA B
KoopauHaTHOM cHcTeMe (X, ¥), B300paykeHHOl Ha pHC. 4;

2
|y'|<<l; B =
gl
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OT10 ypapHeHHEe He YYHTHBAeT PEJIATHBHCTCKAX 3¢pdexron. [lna
PEJIATHBHCTCKOrO cTepxHA B ToM ke IIpmnoxkemmm 9 moimydeHO
ypaBHEHHE

YV -kt ——=2=——=0. (2.2.25)

-2

Jlunefinoe ypapuenne (24) B3BeCTHO B MeXaHHKE KaK ypaBHCHHE
cpobomarx konebamnit crepxai [ 30 ] | gp. Ero xpaeprie ycsona ompe-
[eJI0TCA CBODOIHEIME KOBIIAMH CTEp KHA, KOTOPHHA HIDKE, XOTH IT0
H He BIOJIHE TOYHO, HO-TPE)KHEMy HHOTAA Ha3kBaeTCA “CTpYHOH™:

Y'(©0)=y"()=y"(0)=y"(1)=0. (2.2.26)

HsBecno (cM. TaM ike), 910 3anada Komm (24; 26) mmeer peme-

HHEE TOJILKO IIPH JHCKpeTHOM Habope cCOOCTBEHHEIX 3HavYeHHH mapa-

MeTpa Kk, onpefieaeMEIX KOPEAMH YpaBHEHHA

ch (ki)-cos (k) = 1, (22.27)

T.e. ky- 1 = 0; 0; 4,7300; 7,853; 10,996; ... (2.2.28)

3OmaM 3HaYeHEAM HDapameTpa kK COOTBETCTBYET JHCKPETHHIA Ha-
60p cOOCTBEHHBIX YITIOBHIX CKOpocTel (eM. (24)):

2 8l 4+ 8 4
=Sl o nm0,1 23, @29

[
CooTBeTCTBYOIHE pelIeHNA EMEIOT BHT:

Yn (%)= Cp{ 4, -[ch(k,x)+ cos(k,x)] -
B, -[sh(k,x)+ sin(k,x)]}, (2.2.30)

rae C, - NpOR3BOJIbHHE IOCTOAHAKIE THCIIA,

1
A4, = sh (k,l)—sin(k,) = Ee"" ’,

1
B, = ch (k,I) - cos(k,l) = Eek“ !
n=2;3; 4... - wacno yiop AeGopMHPOBAHHOMH CTPYHH
(upnbmnkeHHERIC paBEHCTBA CIPABE/IHBH [I/1A HEHYJICBHIX
3nagenmit 28).

3mas ypasrenze (30) oc nedopMEPOBAHHOH CTPYHEI (CTEPXKHS)
M COOTBETCTBYIOILYIO YTJIOBYIO CKOpOCTS (29) ee BpalneHEs, HETPYA-

B.A.Bpuns "KmHeTM4eckan TEOPUA rpaBuTaumu™.
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g0 mafima (cm. [Ipmioxenme 10) >Heprmio &, €€ ‘BpAIIATENLHOIO
IBHDKCHAA
g
Y

Brraucime ¢ moMoupsio 3HadeHEd (28) TpE HepBHX HEHYJIEBHX

Ge3pa3MepHEIX JHEPIHA

g =k, D™ n=2,34, (22.32)
3aMETHEM, 9T0 C HEIJIOXOH TOYHOCTHIO BHIIOUIHAECTCA ClIeAylomiee
MHOI'03HAYHTEILHOE PaBEHCTBO:

€, 8 B e lE 1By, (2.2.33)

rae &, €, U €, - HabmoaeMble SHEPIHE HOKOA HEHTPHHO (B.A.JIro-
6mmo, 1980 r.), 3siekTpoHa B HYKJIOHA, HPHIEM, 3TO PaBEHCTBO MO-
weT OHTH clleJJaHO TOYHHM Kak 3a c4eT moabopa aMIUIATYTHBIX
muoim@TeNelt C,, TaK H, BOBMO)XHO, OPH y4eTe PeIATABHCTCKAX 3¢-
(dexTOB (T.€. IpH 3aMeHe ypaBHeHHsA 24 ypaBHeHHEeM 25) HIM OpH
oTkase ot yenosaa | y| << L.

M3 MHEOroMACIeAHRIX CIEACTBAN, HHTEpIPETAPYIOMHEX PaBeHCTBO
(33) = paccmoTpennnix noxpobree B riase I11, §3, .1, 3gech npaBe-
JieM JIEIIb Te, KOTOPHE NPENCTARIAITCA OCHOBHHMH,

1. Tak HasmBaemas "3HeprEf NOKoA" 3JIeMEHTapHOH YACTHIH -
9TO CyMMapHas 3Heprad PaBEHX MEXIy coboH KHHeTHIeCKO!
SHEPrHH BpameHAd AeopMHPOBAHHON HACTANK H TOTEHIH-
anpHOH 3EeprEd AedOopMalHA NpH HENONBEDKHOM HERTpE €€
Maccu. Her nedopmanus - HeT 3HEpram nokos (¢ - YacTHNa,
TpaBHTOH, GOTOH).

2. IlpaBoMouBO clefylomee MOHEJbHOE HpeNCTaBIcHAE CTa-
OH/IBHBIX 3/IeMEHETAPHBIX IACTHIL:

CZ
C2.(k, 1)* ! =§éf_"'§"' (2231)

DyHpameHTans- 4;’
HaR CTpyHa ———
n=0 n=0 n=1 :i;
Monesuie ! c P o~
C C
HacTULL ——— 1
Donoaan 4acTULA MpasuTOH DOTOH
- n=2 g, n-=-.'f G: n=4 ©4
wecTsa R s il -
e BnexTpox
{oauH ksapk) (nsa xBapka) (rpu kBapka)

Puc. 5. CrpyHHble Mogenu cTabunbHLIX aNeMeHTapHbIX 4acTHL,
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3ameTuM, 9TO MEXIY YeTHPEMA YaaMA HYK/IOHA - TpH
"B3pyTHA", H3BECTHHE IOJ HA3BaHHEM "TPH KBApKOBHIX MeIl-
ka". IIpobirema koHdaitaMenTa (HEBbIETa KBAPKOB H3 HYKJIO-
Ha) B 3TOH MOJieJTa CHEMaeTcs Ge3 IIIoOHOB.

3. Bce m3BecTHHE CTAOWIbHLIE 3/IEMEHTAPHBIE YaCTHIE ABJIAIOT-
¢ OTVIHUAIIEMECA APYT OT ApYTa JIMIb THCIOM Y3UIOB YC-
ToHIMBEMEA MogudAKanHAME OJHOH CHIIBHO BRITAHYTOH CTPY-
HOOOpa3HOH Y4CTHIIH, KOTOPYI0 MO3TOMY MOMHO CYHTATH
diyroamenmarshoil.

BuiBOA:
KTT Odoaxcna aexcams & ocnose "Beauxozo Obsedune-

nun", eedywjezo K cosdanulo edunoii meopuu nosed u
wacmuy.

4. Ilpm ¢uxcmposaHHOM WHCIIE Y37I0B (r = 2; 3; 4...) ¢uEkcHpo-
BaHa JMIIb 9aCTOTa, HO HE JHECPIHA BpalllcHHA: NOCJICTHAA

(cM. dopmyity 31) nponopnHEOHaIbEA KBaJipaTy aMILTATYXHO-
ro MEHOmTeNS C,; H MOXKET HenpepHEHO MERATHCA.

MMeHHO 3TO DPOHCXOIET IPH KOHTAKTaX NeopMHpOBAHHEIX "MH-
menei" ¢ GorosEMH "cHapANAMA™: MOCJ/IeJHNe NPH / - KOHTAKTaX Iepe-
AAOT MHEIICHAM HEYTOXKHYIO Ao cBoelt sHepram (o1bop doHOBOM
sneprum - OPD - Ha QyHIaMEHTaIEHOM YPOBHE). 3TO HPHBOJHT K MeI-
JIEHHOMY pOCTy aMIUITyaHOro MEokHTeNA C; (T.e. K paclMpeHnio Ha
¢dyEIamMeHTAILHOM YPOBHE) H K COOTBETCTBYIOMIEMY POCTY JHEPIHH
nokos 2 &, 3/iEMeRTapHOM YacTamr, (cM. dopMmyity 31).

A) CnoxHoe ABMXeHHe

Bpamenre nedopmmpopanHoil HH HelehOpMHEPOBAHHOH HacTH-
I(H IIPH €€ OHOBPEMEHHOM NIepeMEIICHAN B POCTPAHCTBE HA30BEM
CJIOYKHBIM [BIDKEHHEM.

flcrO, 9TO ClIOKHOE NBIDKEHAE XAPAKTEPH3YETCA COBOKYIHOCTBIO
napaMeTpoB, omacasHRX B I 6 ("[loctymaTesmHoe memxenne") B B
.o B H r ("Bpamense..."). Ongako, DOABIAIOTCA B HOBHE NOHATHA.
HelCcTBATE HHO, KaXIoe B3 3THX JBIMKCHHI XapaKTepH3yeTcs cooT-
BETCTBYIONTAM BEKTOPOM CKOPOCTH: IOCTYHATE/ILHOE - BEKTOPOM U
JEHEeHHON CKOpocTH (IpHYEM, U = ¢ /1A CBETOBHX H U < ¢ /14 [0-
CBETOBHIX Y4CTHIl), 4 BpamaTeJibHOE - BEKTOPOM ® YIJIOBOH CKOpoC-
TH (11 CBETOBHIX 9ACTHIl ® = \/, CM. pHC. 3).

B.A.Bpunb "KnHeTM4ecKkan TEOPWA rpaBuraummn’.
34

Torna yron o= £ v, @ ecTecTseHHO Ha3BaTh YIJIOM MOJIAPH3a-
IUHA 9acTHIIH, IVIOCKOCTH, B KOTOPOI JIeXKaT 3TH BEKTOPH - €€ IUIoc-
KocTeio nosiapusanyu (P, pac. 2). Kpome HOBHX MOHATHH DOABILAOT-
cA ¥ HOBHe 3¢ipeKTHl, nofpobuee nataraemue B rase 111, §1, 2. Ile-
PEYHCIIHM 3/IeCh JIHINb HEKOTOPHE H3 HUX.

1. V BemonapmaoBaHHOH YacCTHIH IO ONpEEICHHIO YTO/T MOJA-
pasanee o =0 wm o =xn. Ecom npm aToM 4acTEma Hepe-
topmuposana (cM. puc. 3 B 5 - 3/IeKTpOMarEMTHEI KBaHT),
TO €€ YroJI aTaki 3 paseH yriy HyTtamm: © (B =0 = const).
Ecma e o # 0 m a# =, To B = B(t) # const, a ¢ A3MeHeHHA-
eM 8 mepHOIHMYECKH HM3MEHAETCA M Habimomaemas JHEprad
(M. 2.2.3) | cevenne gacTHOH (CM. HIDKE), T.€., FOBOPA CJIO-
Bamu B. [lorrexopso, vacrima "ocyuriupyem". Ocaumposats
MOXeT B iehopMupoBaHHas wacTana (cM. [Tpanoxesne 18).

2. B CcOOTBETCTBHH C HPHHIMIOM HaEMEHBIIETO NEHCTBHA, He-
peMemanch cpegd cebe MONOOHHX H KOHTAKTMPYS ¢ HHMH,
YacTHIa [O/DKHA HOPHXOJHTh K TAKOH OpHEHTALEH B HIpO-
CTPaHCTBE, IPH KOTOpOll MEHHHMH3APYETCA 9YaCTOTA H JHep-
[AA JITAX KOHTAaKTOB (Tak HaswBaeMmuli "dumorep-agdext”).
flcro, 9TO € Y9eTOM mOCTYsaTa GOPME YKa3aHHAS MEHAME-
3anaa AocTdraeTcs NpH o =7 ("sacTEna") wm mpa o =0
("arTAvacTEna"). OcTanbHBE COCTOARNS HEYCTONYHBHL.

3. OnexmpomazHummsili KeaHm - HAXONAIMAACH B CJIOMKHOM
HBMKEHHH HelepOpMHEpOBaHHAA HpeNecCHpYIOmAd YacTHNA
(puc. 5). Kak noxasano mmxke (rnasa III, §2, m. 5), sacrora
KBaHTa - 3TO 9aCTOTa €ro KOHTAKTOB ¢ (JOHOBHMH YaCTHIIAMH.

4. AHa/OrEYHOE JBIKCHHE YaCTHIEI nedopMApPOBaHHOK - ee
eoana de Bpoiiaa (cM. Tam xe).

5. llpn ysemmveEEm ckOpOCTH ABIKEHHA JeOPMEpPOBAHHOH
HaCTHIIH OTHOCHTE/THHO (oHa (TOUHEE - OTHOCHTENHHO pelep-
Ho#t koopmHaTHO# cucTemMul (PKC), B koTopoit dor H3oTpo-
TIeH) OHa, BO-IIEPBHIX, B CBA3M ¢ (umorep-adibexTom (oM. 1. 2)
pacnonaraeTcs KOJ/UIMHEapHO C BEKTOPOM €€ CKODOCTH B
PKC. Bo-BTOpX, mpm 3ToM pacrer cpemmas 3Heprus H
aCTOTa €€ KOHTAKTOB ¢ ()OHOBRIMH 9YaCTHOAME (CM. HIDKE), B
Ppe3yJITaTe 4ero ee SHEPreTHYECKOEe PaBHOBECHE ¢ HOHOM [0
CTHraeTcs Ha Oosiee BHCOKOM ypOBHe.

B s1oM ¢u3ndeckas mprauna u3sectroro u3 CTO apdexra yBe-
JIHYCHH MaCCH-9HEPIHM YaCTHIH C POCTOM €¢ CKOPOCTH.
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Iockossky 9acToTa BpalleHHA YaCTHITH ¢ukcupoBana, To ee
BHYTPCHHAA JHEPIHsA MOMKET PACTH TOJbKO HPH YBEJHYECHHH €€ IIO-
nepeuHodl pedopmamuM (cM. ODpeInAynmi MyHKT I), IPH 3TOM ee
IpOROUIbHBIN pa3Mep O9eBH/(HHM 00pa3oM yMeHBbINHTCH, CM. pHC. 11,
(ToperneBo coxpanmenne Ha QpyHIaMEHTALHOM YPOBHE).

TakoBa xauecTBeHHas KapTHa. KoymgecTBeHHEI BHBOX addex-
108 CTO Kak pesy/sTaTa B3aEMojeifcTsua mBmXymetica edopmu-
POBaHHO# JacTHIH ¢ (oHOM mpEBeteH B riase III, §3, . 2.

n. 2. XapaKrepHCcTuKku COBOKYITHOCTH YacTuL

Beskas coBokymHOCTs wacTHH, mpexxae Bcero XapakTepH3yeTca
HX KOHyeHnmpayuei n,

- Bni _Ai, [ L-3], (2.2.34)
dV AV-0AV

e An - ameno sactan B obbeme AV, a (AV) crarnsaetcs B Ty TouKy

OpOCTPaHCTBa, B KOTOPOH HIlETCA KOHIHEHTPANHA.

Caenyer, onmako, upegocTepess OT CIHIMKOM GyKBaTbHOIO mO-
HAMAaHAA enenna (34), ocobenno Tpebopamma AV - 0, T.k.
npa AV ~ I", An craroseTes pasanm mbo 0 (B o6seme (AV) Her
9acTHn), ;6o 1 (B 9TOM 06BEME ecTs wacTEma).

B nepBom 13 smaX ciTyuaes KoHmeHTpanums, HalileHHaZ MO Qop-
MyJie (34) nosy9MTCA paBHOH HYJIO, BO BTOPOM - G€CKOHEMHOCTH.
Kpome Toro, npr AV << I’ Boobime HeACHO, YTO TaKoe COOTBET-
cTByIOomEe An.

IToaTomy TpeboBamme AV - 0 npaxTHYECKH 03HATAET, ITO:

AV > AVpin << L%,

e L - xapakTepHBIli [U14 PACCMATPHBAEMON 3ajia JIMHEHAHEN pa3Mep,
OHAKO, fae AV, CONEPHHT elle MHOrO YaCTHII

Ecrm Bo Beex TouKax pacematpuBaeMoro obbema V KoHIeHTpa-
IAA 9aCTHI OMHAKOBa, TO OyeM roBopHTS, 910 B 9TOM obbeme (DoH
00HOpoOer. B TakoM cityqae

=, (2.2.35)
vV

Ifie n - YicJIo 9acTaI B obseme V.

Ecym e B pasHBIX TOYKax KOHICHTpanuA HEe OAMHAKOBA, TO (oH
Ha30BeM HeOOHOpoOHbiM. B 3ToM cirywae no dopmyse (35) Moo
HallTH JIHINb CpedHioNo KOHIEHTPaIHIO JacTHIL B obseMe V.

B.f.Bpune "KnHeTvyeckan Teopus rpasuTaumu”.
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ITonesns Taxxe: Be/muHHA V;,, 06paTHAA KOHNEHTpAEH

Vo=t (] - (2.2.36)
n,

(cpednuil obvem npocmparicmea, npuxooauguiica Ha OOHy wacmuyy) i

—, (1)
Y’
(cpeonee paccmosrue mexcoy cocednumu wacmuyamu).

PaccMOTpEM COBOKYNHOCTS BpAINAIONEXCA 9ACTHI[, KaKIad H3
KOTOPHIX 0b/agaeT coOCTBEHALIM CIMEOBHIM MOMEHTOM.

Ecym wmcio d ng, Tex B3 HEX, MOMEHTH KOTOpHX (IIPHEBE/ICHANE K
obmemMy Havaily) mOmajaloT B MaJILIA TejieCHHH yron d®, He 3aBH-
CHT OT OpHCHTAI[HA 3TOTO YIJia B HPOCTPaHCTBE, TO PacCMaTpHBae-
MYI0 COBOKYIIHOCTb HAa30BEM U3IOMPORHOU € CNUHOBOM RPOCMPAaH-
cmee, WIH CNUH-U3OMPONHOY, HHAYE - AHM3OTPONHOA B COMHOBOM
TIpOCTPaHCTBE (CIMH-aHE3OTPOIHOMH ).

DoH - COBOKYIHOCTS déuMNCYuuxca 9acTan (IOTOK 9aCTHI), TIO-
9TOMY KpOME IEPETHCIICHHNX CTATHYECKAX MMapamMeTposB iy, Vy 1 R
OH XapaKTepH3yeTCA Takke HEKOTOPHMH KHHEMATHYeCKHMH, [HHA-
MHYECKHMH H JHEPIeTHYeCKAMH DapaMeTPaMa.

Ecym cxopocTd BeceX 9acTHI HOTOKA COHANpAB/IEHH, TO TAaKOX
NIOTOK HAa30BEM NAPAAACAbHLIM, B NPOTHBHOM CITydae - Hemapai-
neabHuiM. PaccMaTpHBad Hemapa/Ule/IbHEIN MOTOK KHAKOCTH WA
rasa, MH BCeIla MOYKEM BHUIE/ITH CTOJIb MAJINH 0bbeM, BHYTpH KO-
TOPOTro MOTOK CTAHOBHETCA MPAKTHYECKH HapasuIeTbHEM.

INoTox $oHOBRX YacTHI AHCKPETEH H HOITOMY €ro HelapaUle/b-
HOCTh NPHHNMNHAIBHO HEYCTPAHAMA yMEHbINEHHEM PacCMATpHBae-
MOro 06neMa, B 3TOM €r0 OTHAYHE OT IPHBHYHKIX OTOKOB B CIUIONI-
HBIX cpefax. e

IMapaiemane noToks yRo6HO ONACKHEBATH CIIEAYIONEME mapa-
MeTpamu,

Tlomok 1 wacmuy cxeoss sadannyio nosepxnocme

R=3V = (2.2.37)

d An oy _
h=n == lim —, 7). (22.38)
dt At—0 At

TAe An - wWHC/IO 9acTHN, NpOmEIUIAX CKBO3b 3Ty HOBEPXHOCTH 3a
BpemA Af (C OrOBOPKOI, aHAJIOTHYHON 3aMEUaHMIO K dopmyne 34).




#

Ecnu 7 = const, TO IOTOK Ha3HBAETCA CMAKUOHAPHLIM, HHAYE -
HECTAIMOHAPHEIM.
Ilromnocme n, nomoka

a’n Azn
fio=n, = = lim ——, LT, (2239
ST 51.6S -0 At-AS ] §EESH
AS -0

e A n - EcsT0 YacTHI, IpOMIENIHAX 32 BpeMsA Af CKBO3b ILTOMIAIKY
AS.

Ecom n, = const (B0 BCeX TOUKaX NOTOKa B JAHHKI MOMEHT
IJIOTHOCTS IOTOKA OJHHAKOBA), TO IIOTOK Ha3HBAETCHA 00HOPOOHBIM,
HHAYE - HeOOHOPOOHbIM.

CyImecTByIoT CileTyiolHe OYCBHIHbIC CBA3M MEMLY BBEICHHHIMH
XapakTepACTHKAMH B cJIy9ae NapaslUlie/bHOrO MOToKa:

n= Ir‘r -dt, (2.2.40)
(6]
rjie 1 - 9AcI0 JACTHI, IPOIIEAUMX CKBO3b 3aJaHHYIO OBEPXHOCTDL §
3a BpeMHA 1,
U1 CTAIACOHAPHOI'O MOTOKA
n=n-t, (2.2.41)
nasnee:
= I j’ g -dS, (2.2.42)
)
JJ14 OJHOPOJHOI'C HOTOKa
R=nhg-S. (2.2.43)
Ioncrasnas (42) B (40), momymm:
n= _[ Hﬁs -dS -dt. (2.2.44)

) (5)
Jl1a cTamEORAapEOrO OJHOPOAHOrO NOTOKA

n=ng-S-t=n,g-t-S. (2.2.45)
Jlns 3TOro BaYKHOTO CTydad HETPYAHO HalTH CBA3L MEMKIY KOH-

meHTpan@ei ny (GOHOBHX YACTHN, JBIDKYLMXCA CKBO3b ILTOCKYIO
wiomanky S co ckopocTsio C , B INIOTHOCTBIO Ag ITOTO HOTOKA.

B.R.Bpvnb "KnMHeTv4eckan Teopua rpasutaummn”.
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O6beM V, mpoTeKIHil CKBO3b IWIOMANKY S 32 BpeMs lﬁanen
V=8-C-t-|cosb|,

rae 6 - yroi Mexay BeKTOpPOM C u sopMaibio K S. Yresto n 9acTan,
IIpOmIEUX CKBO3b S 3a ITO BpeMA

n=n,V=n,8Ct|cosb|,
OTKY/a, C yHueToM GOpMY.JIH (45), ameeMm
ng =ny -C-lcos BI. (2.2.46)

3ameTn™, 10 dopmysa (46) m ee npocteiimas MopaGUKaUKA
JUIA IIOTOKOB, NEPIeHARKY/IAPHBIX IOBEPXHOCTH,

ng=ny-C T @2247)

cOpaBe//IMBH TOJIHKO UM Mapa/UIe/IbHRX IOTOKOB, IPHIEM, MATIOCTD
WIOmMAJKA He TapaETHpYeT, KaKk OTMEUeHO BHIIE, NapaLTe/IbHOCTH
JHCKPETHOTO HOTOKa.

10 3aMevaBHe B PaBHOI CTENeRH OTHOCHTCA K popMyitaM (36)-(43).

PaccmoTpaM Teneps Hanbosiee BaKHEIE U1 GPHIOMEHHH Hena-
panenbHbie HOMOKU.

OCHOBHO! XapaKTEPHCTAKOH TAKOro MOTOKa A8AAeMCR €20 UH-
meHcuerocms J 8 0aHHOM HanpasAeHuUU

3
% (21l ).  @249)
ot-88 -ow

Ecma maTencuBrOCTS J He 3aBHCHT OT OPHEHTAIlHH 3JIEMEHTap-
HOTO TeJiecHOro yrjia Am B HPOCTPAHCTBE, TO TaKOH #OMOK 9acTHL
HAa3BIBAETCA U30MPONHHIM, AHAYE - GHUZOMPONHHIM.

Obmee wrcs1o 1 YaCTAR, NPOINEAIIHAX 32 BpemA { CKBO3b IIOMATD
S U3 TejlecHOro yria o B CiIydae HeNapa/UIeLHOrO NOTOKA Ompefie-
JiAeTes U3 cooTromenns (48):

n=I H il-d’m—dS-dt (2.2.49)
® § 0

J=nl‘.§'m

Ecym notok m3otponen, oHOPO/IEH ¥ CTAIHOHAPEH, TO OTCIONA /A
TIOJIHOTO IOTOKA B3 moJTympocTpancTsa uMeeM (oM. [Tpmioenne 11)

n=nJ-8 (2.2.50)
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9T0 114 IUVIOTHOCTH TAKOI'O IOTOKA JaeT
Mg =hg=mn-J. (2.2.51)

KommenTpanua ny = const wacTwll, IBIKYIHXCA CO CKOPOCTBIO
C=const 1 co3jaloNMX H30TPOIHKI, ONHOPOJHEI H CTAIHOHAPHBIA
NOTOK, CBA3aHA C €r0 HHTEHCHBHOCTHIO J coornomenneM (cMm. [Ipn-
nowxenne 12):

4n-J = ny-C. (2.2.52)

Jlns seBoja cootHomenmii KTI' m mia ee actpodmsmueckmx
ClIe/ICTBHI OJIE3HH Cliexylomae GOPMYIIEl YHCIa 1, YACTHII, BXONA-
IEX B Map paaHycoM R B eIHHANY BpeMeHH:

n=ng-4n-R*=4n>.J-R=n, -C-n-R*, (2253)

cm. papercTsa (43), (51) u (52).

OT pacCMOTpeHHEIX BHIIle XapaKTepHCTHK IOTOKOB ¥ACMuY He-
TPYAHO IepeiTH K COOTBETCTBYIOIMM XapaKTEPHCTHKAM MOTOKOB
auepzuu (umnyasvca). [Jna 31oro B cifydae MOHOZHEPIeTHYECKOIO
HOTOK2 (T.€. UIf IIOTOKa, BCE YACTHI(H KOTOPOro obajaoT ofaHaKO-
BoH 3Heprmeif) TOCTATOYHO PaCCMATPHBAEMYIO XapaKTePHCTHKY IIO-
TOKa 9acTHI, AOMHOXMTH Ha YHEPTaio (AMITYJIbC) OTHEJLHOR 9acTa-
IIH, HANPHMEP, IWIOTHOCTH NOTOKA SHEPIHH 7ig €, IUIOTHOCTH MOTOKA
AMITYJIbCa 7ig P B T.1L

Jna HOoTOKOB, He ABJAIMMXCA MOHOIHEPTEeTHIHHIMH, BBOJHTCA
HOHATHE CNIEKTPAIbHON IUIOTHOCTH, CM., Hampumep, [ 27 ].

§3. CratncTuka B3anmMoaeincTeni

n. 1. CeyeHne KOHTaKTa ABYX WAapPOB

ITycrs map pammycoM ry (ycioBHo - "cHapan") ABEIKETCA MHAMO
miapa -"MHIICHH" pagHycoM ra. Yepes neatp O, MHIIEHH IPOBEfEM
WwiockocTs O, nepOeHIHKY/IMPHYI0 BEKTOPY HX OTHOCHTE/IBHOM CKO-
POCTH, H B 3T0# ILIOCKOCTH ONHINEM OKPY>KHOCTH PajiiycoM ry + rp
¢ HeHTpoM B Touke O,

flcHO, 9TO U4 KOHTaKTa mMAapoB HEeOOXOMAMO B JOCTATOUHO,
9TOGH TpaeKTOpHA NEHTPa CHapsAja Nepecekia IwiockocTs O BHYTPH
3TOro Kpyra, IUIomans: KOToporo

o=1t-(r] +1P'2)2 23.1)

€CTEeCTBEHHO Ha3BaTh ‘cevweHue KOHmMaxma" QBYX MAapoB.

B.fA.Bpunb "KuHernyeckan Teopus rpasutaumm”.
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#

CeucHHe KOHTAKTA - YacTHEE H Hambosee HaTJIAMHBIA CITyda
0bIIero HOHATHA "ceueHHe B3aHMONCACTBAA", 9ACTO HCIOJB3YEMOro
B AfepHOH du3mke (cM. 1. 7 HacTOAMEro naparpada).

n. 2. Ceyenne PyHAAMEHTANIbLHOIO KOHTaKTa (Cay4an
nocTynaresisHoro ABHXeHWs HenegpopMHUpPOBaHHLIX
YacTHy)

®yHgaMeHTAIbHEBM Ha30BeM KOHTAKT ABYX ¢dyHIaMeHTALHEX
wacTun, BBeAeHARX nocTy maTame KTT.

JIns OpoCTOTH paccy KIeHHA 3aMeHAM JaCTHIIH MaTepHa/IbHEMA
oTpe3KaMH JUTHACH 1.

O6o03maummM I; 1 [, IPOECKIHH 3THX OTPE3KOB Ha ILIOCKOCTs O,
[epIIeH/AKY/IAPHEYIO BEKTOPY HX OTHOCHTENBHOH CKOPOCTH H IPOXO-
JAIIYIO Yepe3 NEeHTp MEmeRn. Mumenb B CHApSAN ABIKYTCA HOCTY-
IaTeHHO. B 3TOM Cilyuae IWIOmaKa B IWIOCKOCTH (), NONAJaBAe B
KOTOpYIO ABJIAETCA YCJIOBHEM, HEOOXOIEMBIM H JNOCTATOYHBIM XA
KOHTaKTa, AMeeT, OUYeBH/IHO, GopMy IapauienorpaMma IWIOmapio

o=1 -1, -| siny |, tme y=21,,1,. (23.2)

Ecym C - BEKTOp OTHOCHTe/TEOH CKOPOCTH cHapsna, a B; (i=1, 2) -
muem,;oﬁqameﬁnmpmc (oTHOCHTENTHHEH YTOJI
8'131‘3“01511“)91“

I,=1-sin,, i=1,2, 23.3)
9710 ¢ yueTom GopMyIH (2) naeT
o=1% -sinB, -sinB, -| siny | (2.3.4)

W3 coorHomenns (4) BAOHO CYMECTBEHHOE OTIHIHE CEHECHHA
dyHoamenmaabHO20 KOHTaKTa OT CJIy4afd KOHTaKTa JBYX IMIApOB:
ceuenue FyROAMeRMaIbH020 KORMAKMA HENOCMORHHO, B 3aBH-
CHMOCTH OT YTJIOB 312 H \y OHO MEHAETCA B IHaNa3oHe

0= 0y S5 Opag =12 @3.5)

n. 3. Tunel pyHaaMEHTa/IbHbIX KOHTAKTOB
(N » | - KOHTaKTBI)

B KTIT paccmaTpmBarores B2 THHA (yHIaMEHTAIbHEIX KOHTAK-
TOB Helle)OpPMAPOBAHHEIX HACTHIY OCeBON, WM / - KOHTAKT H HOTe-
PeYHLI, PIH HOpMa/bELH N - KOHTaKT.
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m,[[mwmﬁooenoro KOHTaKTa, IO ONpe/eJIeHHI0, HeOOXOMMMO B JoCTa-

0, Bl B MOMCHT KOHTaKTa MHIIEHb HAXOJH/IACh BHYTDH Ipe

::ccnonnoro koHyca crapafia. Ecim sxe 310 ycnore npr korTaxTte
BEIIOJIHEHO, TO KOHTAKT Ha30BEM HOPMAJILHEIM.

n. 4. Cpennee cevyenne N - xonraxra

nouoisy a3 mmog::;mﬁfmnx YACTHI{ Ha30BEM YCJIOBHO CHaps-
» )I Y10 - MHIT . Xa H
AEeKCaMH, CO o, 1u 2.pamepnc1m 6yxeM nomewaTs mH-

Torna, ycpennas cevenma mo yrity y, ¢ yaetrom ¢opmysmm (7)
[Ipanoxernns 13 o

» V1A CPC/IHETO CEYeHHA Oy, NV - KOHTAKTa HKCHpO-
BaHHOIO CHapsAfa co 0
- : CITySaiiHO OpHEHTHPOBAHHOH MHIIEHBIO B3 (op-
T
~_1 J‘ . 17 A 2

U="ffsmd=—f' .-“—‘ z'
12 ny 1t Sy ay "OI sinf,, y smwdql=~£-sm[312, (23.6)

rae P12 - yros aTake cHapAna B KOOPIHHATHOH CHCTeMe MHAIIEHH,

Ecm e coywaitmo of My
PHEHTHPOBAHK B CHa
AHAJIOTAYHEM 00pa3oM AMeeM: i o

bd
N _ N__'_!_ n-d n-l . ﬂ'zz
Gy =0 = I—4—-—;—smtp d\p‘-:——s—. 237

"o

- B xavectse mmmeneti, kax IPaBHIIO, BHCTYNAIOT 3jIEMERTAPHEIE
Oﬁcmmi BeIiecTBa (3/IEKTPOHK, HYKJIOHH), CKOPOCTE KOTOPHX
mu-m)o cyéué::cmcnno MEHBIIE CKOPOCTH CHapAioB (¢ - 9acTwn, do-
HOB) B ("penepnoii" KoopaEHATHON cHCTeMe ’
xompoﬁn ¢oH n3oTpONER B HE3aBHXPEH). > OTocIRIERO
03TOMY, OpeHeOperas CKOPOCTHEO MHIIX
Wi e “ope €HH, B 3TOM ClIy4ae
2

N .
Oy, = ? sinf,, (2.3.8)
re By - yron aTake cHapana B PKC, nm, ynpomas o6osnauernna

1.5 .
oy =—+’sinp, (2.3.9)

3:29. Bpunk "KuneTtudeckas TeOpwsA rpasurTaumn”.

v

n. 5. 3¢pexrusroe ceyenne | - KOHTaKra

a) 9ddexkTuBHoe ceveHUe KOHTaKYa

EeJm MHOrO OAMHAKOBHIX MHAIIEHEH PacioyioMeHsl B OfHOM II0C-
KOCTH Ha CpegHeM PacCTOAHHH R MMy HMEHTpaMH COCEIHHX MH-
meHe#, a IepOeHTHKY/IAPHO ITOR IUIOCKOCTH JBIDKETCA CHAapsN, Be-
posraocTs (P) xonTakTa (K) KoTOpOro € OHO# W3 MHINECHEH 3ITOH
CHCTEMHl paBHa :

P ok, 03

TO BeJIHYHAY G, OIpEACIIAEMYI0 3TAM PaBeHCTBOM, Ha30BCM "shpex-
MUGHBIM ceveHuemM Kormakma”

6) 3ddexTusHoe cevyeHne / - KOHTaKTa HenoaBuXHoOR

MULWIEHM U MpeueccHupyolllero cHapana

6,) TycTs pagmyc 7 OKPY*HOCTH HOBOPaTHBACTCA C YIJIOBOH CKOpO-
CTHIO \/, & NEPHEHAUKY/IAPHO IWIOCKOCTH 3TOH OKPYHOCTH CO CKO-
pocteio C JBEXETCH OTPE3OK JIHHOM L{|C)

Haitru BeposmHocTs P (K/B) xonTakTa (cobumae K) aroro or-
pe3Ka ¢ pajiIyCcOM OKPY XHOCTH IPH YCJIOBEH €ro BXoja (coburae B)
B COOTBETCTBYIOIIHMI KPYT.

Pewerue.

Bpemsa HaxO(IeHHA OTpe3ka B IUIOCKOCTH Kpyra t=1/C, 3a aro
BpeMA pajiyC ONHINET YTl

v=y-t=(y-1)/C.
Orcrofia BcKoMas BEPOATHOCTS
. ‘ x I
-2-?—=2wc,npn ;CSL
p/B)=|" . [ @3.11)
v
)4 > 1
L e R cC
65) Ecym BMecTO pajEyca BpamaeTcs JHaMeTp, TO
. ’ It l
21=-w—c, H W—CS 1,
T T n
P(K/B)= , (23.12)
vyl
1. TIpH —>1
nC
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03) flcro, w10 ecym OTpe3ok - MENIEHD ¢ YriIoBOK CKOPOCTSIO
ONIHCHIBAET HE KPYT, & [IBOAHON IIPENeCCHOHHBIA KOHYC C YIJIOM IIpH
sepmmHe 6, To npa C || .qj pe3ymnpTaT coBuagaeT ¢ dopmyno#t (12).
Omnako, B 3TOM Cilydae ¢ HOMOIIBIO COOTHOMEHAS (2.2.14) ¢opmy-
sy (12) MoxEo 3anmEcaTs Tak:

yol 1 2 ol 2
WOC . = » TIpH cosﬁz%=—,

P(K/B)= nC cos® = cos ‘ m
' Yol 2
1, npa cosf < ——=—,

C =

(em. paBencTBO nocie popmy i 3.2.32).

64) B cirywae ocnmuanmit Mumene# (cm. rimasy III, §5 u Ilpm-
Joxernne 18) or BupTyasmHOro coctTogHua ¢ HYJIEBHIM CedcHHEM [0
OMHChIBAEMOTO Mpeabytymel dopMynol cocTosans HabMORaEMOr0 B
3Ty GopMyJTy cirefyeT BBeCTR ycpeaHsronyaii koaddaument 1/2

1yol 1 1

1
= , pE cosB = —
P(K/B): 2nC cosb m cosb n (23.13)

1
1, Ipr cosb < —
n

65) Ecrm TIpENECCHPYET He MAILICHb, a CHApATL, To Gopmyma (13) Brem-
HE HE H3MCHHTCA, TOJILKO B Hel BMeCTO 6 = 0, Hajio npuusaTs 6 = 0.
Bxonsmee B cootromenne (13) ycnosne

1
cosb<— (2.3.149)
o

ABJAETCA YCJIOBHEM HENPOHHIAEMOCTH COOTBETCTBYIONIAX Mpemec-
CHOHHHIX KOHYCOB.

66) Ilycs Teneps meHTpH cocemnux He upeuéccnpylomr., npo-
H3BOJIbHO OPHEHTHPOBAHHKX B IPOCTPAHCTEE MEMICHEH PaCIOIOMe-
HEl B OJHOM ILTOCKOCTH Ha paccTosHEH R ApyT ot fpyra.

Ilepuennaxynapro 1ol wiockoeTa co ckopoctsio C jpmxeTcs
Ipeneccupy Nl HenompH3osanaki (| [yy) crapsn (doron).

B.A.Bpvnb "Kuxetnueckas Teopua rpaBuTaLin”,
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Haitma Bepoamaocts P (K}) ! - korTakTa (coburae K;) s10ro cma-
PAlIa C OHOH M3 MuIIeRell B XPeKTHBHOE CeYeHHE G 3TOrO KOHTAKTA.

Pewenue.
Ilo onpenenenmo ! - kouTaxTa (cM. 1. 3),
K,=B;nB nK,,
rae By - nonajganne KOHNA ofHOH H3 MHIIEHeH B ocnonmne\S npe-
IeCCHOHHOI'O KOoHYyca cHapsana ("Bxox B wiomaaxy (S)"),
nl* 2
§=——sin"0,
4

B,, - nonajianue MEIMERA B MOMEHT KOHTAKTa B TEJIECHEI YTOJI
o= 4n sin’(6/2)

OpH BepIIHHEE OpeNecCHOHHOro Komyca cHapaga. Orcioga ¢ ydeToM
dopmysmt (13):
P(K;)= P(By)-P(B, | B;)-P[K, /(B;nB,)|=

2 1 1 1

ﬂf .2 _20 —_ e>_
L a . , [IpA cosf =

1 sin“8 4n sin 5 | = oo n

— 5 . 1

R 2n L mpA cosf < —.

]

W3 onpepenerna (10) adbexaBHOro cevueHns W MOCTIEAHErO pa-
BEHCTBa HMEEM:
1

1
2 e,npn cosf=>—,
nl 29.(1-cos0)-| ™ °°® ’: (2.3.15)

2 s
oy =~———sin

1 npe cosd < —.
19

[pr 6 =~ n/2 orciona: G?(R/2)=O'm =n 12/4 C IPO3pavHEIM reo-
METPHYECKAM CMHICJIOM, c;:' (0)=0, 910 TOXKE ECTECTBEHHO.
Ilpr 6 << 1 B3 pasenctsa (15) ameem:

o) » ;:-:2 0. (2.3.16)
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Jna paymbHeAmero moJie3so, Henoyb3ys cootsomenme (11), me-
pemmcaTs paBeHcTBO (15) B dhopme:

2
’ P~
aﬁz“Tsmze.(n-cose).:, 23.17)
t é Iy Iy
—=o= , lipa <1,
~ |t = 2nC 2nC
rme t = E4
Iy
I, MnpH > 1L
2nC

B) 3ddexTusHoe cevyeHue GpyHaaMeHTaNLHOrO
I - xonTakTa {(06iunid cnyvait)

Ecym npeneccHpyIoT H JBIDKYTCA HOCTYNATE HO 0b¢ KOHTAKTHpYIo-
X 9ACTHIH (2 He TOVIBKO CHApAL , KaK B 1. 6), To cedeHHe AX / - KOH-
TaKTa MOXKHO NPHO/IKEHHO HalTd o TeM ke dopmymam (12-17), ¢
Toft, OIHAKO, pa3HHNe, Y0 Teneps BXOANEe B HAX C H \j HHTep-
OpeTHPYIOTCA Kak COOTBETCTBYIOIHE CKOPOCTH CHapAia OMHOCU-
meAbHO MALICHH:

C=C-Comv=| vy, |, (2.3.18)
rfie 3HaK "+" COOTBETCTBYET BCTPEUHOMY, a "-" CONyTHOMY Bparme-
HHIO CHapANa H MHIICHH.

C y9eToM CKa3aHHOTro, MpEMeHdAA Te ke paccyxaerrs (11)-(17),
A ceverns [ - KORTAaKTa ABYX OpelecCHpyOmuX HeaedopMHEpOBaH-
HHEX gacTan (6; = 6;) mosmywam:

3

oy, 1.2 . 29; . _.nC
—|wl:|:q12|sm 0;-sin“—, npry<2—,
o | 4¢ 2 L 2319
2
2l e, .sin? L pm > 20
2 P !

Hecmotps Ba BechMa npaG/IDKeHERE XapakTep dTolf dopMyJis,
OHA TO3BOJIAET NPOBECTH AHTEPECHHE CONOCTABICHHA C 3aBHCHMO-
CTIO cedeHHs HelrrpuHO (V) Ha Hyknone (V) oT sEeprem HeHTpHHO

NOTy9eHHOM 3KCIepUMERTaBHO Ha cynepcmaxporpore CERN, Ilsefi-
mapma (cm. rnasa 11, §6, m. 3).

B.A.bpunb "KuHeTviNeckan Teopyn rpaBuTaLym”,
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MeTronuka susona dopmyim (19) HKe HCIOMB3yeTCA TAKKe AIA
HOJIy9eHHS 3aBHCHMOCTH CedeHHAA paccedHHA (oroHa (y) Ha 3JI€KT-
poEe (e) or sHeprEM (oToHa (KEHETHYeCKHE aHamor (opMym
Knetma-Humaw-Tamma, riasa 110, §2, 0. 6).

B ciryqae, korja crapsagoM sedeTcda HegedopMHpOBaHHAA IIpe-
neccupyomas 4acTena ((oToH), ero NO3HNHOHHYIO KOOpAHHATY ©
a3 opmyi (13)-(19) MoHEO HCK/IOYHTH, BBOAA C HOMOIIKBIO OIpe-
pesterns (2.2.20) sabimonaemMol YEeprER

1
Bp 252 .2
ey =—pl"yy g0
N=0 0
Ge3pa3mepHYIO 3HEPIHIO

Bp
€
E= #, TE.E= thB. (23.20)
2% Be Yo
Toraa sxonsmae B 911 HOpMYJIH TPHTOHOMETpHYECKHe (YHKIIHE
MoryT OHTH BHpaXceHH depes GespasMepHRIl mapaMerTp & ClIedyio-

IIEM OYEBHAHEM 0OpasoM:

sinf= (2.3.21)

€ 1
e+1’ cos Je+1’
9TO HO3BOJIAET OT HalieHHKX 3aBacEMocTel (15)-(19) o(0) mepexo-
JHTH K 3aBECAMOCTAM o(E), H3BECTHHM B3 Habumomenmit 1A pacced-
HAA Kak v Ha /V, Tak H Y Ha e.

Jlna obonx BHIOB B3aEMONICHCTBHI Takoli mepeXxol OCYIECTRICH
mmke, B riase 111 (§6,0. 3 i §2,1. 6, cooTBETCTBEHHO).

B obonx ciryvasx waiidennsie ¢ npariiederreM MeTomaka (12) - (19)
meopemuuecKue 3Q6UCUMOCMIL 6nOANe adexéamnun Habaiodae-
MBIM.

Omo ybedumeavno ceudemesscmsyem 8 HOAL3Y HE MOAL-
KO KOHCMPYKMuGHROCMU YKQ3QRKOH MemoOuku, Ko u,

umo OCODEeHHO 6axNCHO, 68 noab3y Hocmysama Hopmsl,
ymaeaepocoaiouezo, umo fiyrdoaMerRmassnsle uacmuys
cmpynoobpa3snsl.
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n. 6. Apyrue craticTH4eCcKne XapaKTepHUCTUKN KOHTaKToB

ITycTs MMINeHH HaXOXATCA B y3jlax KyOHYecKoH pelneTkH ¢ Ima-
roM R. CHapajg uMeeT ¢ MHIIEHbIO ceYeHHEe KOHTAKTOB o << R2 H
IOBIKETCA B HallpaBJICHHH, (IEPUEHIAKYIAPHOM CJIOAM PENIETKH.

Torpa BepoATHOCTS TOTO, ITO CHAPSA MIPOKOHTAKTUPYET XOTA 611
C OfHOH MHINEHBIO JH0OOIO (PHKCHPOBRHHOIO C/IOA OpPH YC/IOBHH
MOXo/a K HeMY OIpele/nTCA KaK reoMeTpHIeCcKad BEPOATHOCTh

[+

F:E-«. 1. (23.22)
BepoaTrocTs npofiTa 9epes 10T cJlok 6e3 KoHTaKTa
1-5. (23.23)
BeposmaOCT® npoiitn 6e3 komTakTa N cnoes
a-3)" (2.3.24)
BepoATHOCTS HPOKORTAKTHPOBATS X0TA O ¢ omEEM M3 N crioes
1-(1-3) (2.3.25)

Ilycms x - pmuma cBobonroro (6e3 KOHTaKTa ¢ MHIIEHAMHE) TIPO-
bera caapapa. flcHO, 9T0 370 - gECKpeTHaA CiyvaifHas BeJIHYMHA,
KOTOpasA MOXeT IPAHAMATE 3HAYCHHA:

x={0; R; 2R;...; NR;...}.
Urrerpammaas dynxuus F(X) pacﬁpcnemm IUTHHK cBOGOIHO-
ro npobera cHapAna MoXeT ObTh HalieHa o Gpopmysie Tama (25):
F(X)=P(x< X)=1-1-5)*"  (23.26)
rae|[ ] -menas gacts wacna u [X/R}=N.
C yuerom ycitosas (22) oTciofa uMeeM:
AF G [X/R] -
F(X):l—[(l—a) °] s1-e 3 [XR5 3 97)
> & -ak
Iua X>>R F(X)~x1-e R=1-¢ B (2.3.28)

B.A.Bpunb "KuHetnyeckan Teopus rpasuMtaumn”,
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Iuddepernumamaas ¢yaxnas f(X) pacnpefe]eHHs BEPOATHOC-
TH JUTAHH X cBoBOIHOrO mpobera B 3TOM ClIydae ONPENCIACTCA pa-
BEHCTBOM

>
f(X)=F'(X)=% e B, (23.29)
Obosmams KormexTpauzo Mumene n,, [L™], ¢ yserom n, =1/ R’
H3 paBeHCTB2 (29) AMeeM:
| fX)=nyce™ X, (2.3.30)

Cpenmioio Ry X cBoGoIEOro mpobera HaiieM Tax:

© © e 1 ‘
£=IX-f(X)dX=nVcIX-e m oX g X =—2.3.31)
0 0 .

Ec/m, KaK OTMedasoch BHINE, XapaKTePHCTHKH CHapafioB obo-
3HaYaTs HEJEKcaMH 1, a MumeHed - HEieKcaMH 2, To pesy/bTat (31)
clie[lyeT 3amucaTh B BHJE:

1
- s (23.32)
n,0
rie %), - cpenEas AMaHa cBoboxmoro npobera crapANoB 6e3 KOHTAK-
Ta C MEIICHAMH,

TIpA Ha/MYHA JBYX ABEDKYNIEXCA COBOKYIHOCTeH, YCJIOBHO pas-
JeeHHHX Ha "MuEmenr" | "cHApANH", aHAJIOMAYHO MOMKHO IOTYIHTh
COOTHONIEHNA JVIA: CpeHell UMHN cBobogEOro mpobera MHINCHeH
6e3 KOATaKTa cO CHapAJaMH:

X2 =

n 1
In="v_ >
"9
cpenme umHEN cBoGoEOrO Npobera cHapANOB Ge3 KOHTAKTa APYT C
ApYTOM:

(2.3.33)

N 1
="y
™%
| cpemrelt ymAn cobomHoro npobera Mamenel 6e3 KOETAKTA apyT
C ApYTOM:

(2.3.34)

. 1
Xn =

v_ - (2.3.35)
n, Oy
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Dopmym (32) - (35) MoxHO 06BeHEATS:

1 i=L 2,
Xij ="y » e, (2.3.36)

n; o J=1 2

Cperre 9acToTH V;; COOTBETCTBYIOIEX KOHTAKTOB HafiieM,
:ma; cpenmie ckopocTd C; 9aCTHI B3 COOTBETCTBYIOINEX COBOKYIHO-
CcTe

¢ 5
x—‘=n,- C; oy (2.3.37)
ij
(aneck B faNbIe 3HAYKA ~ HAT CPETHAMH 3HATCHAAMA OIycKaloTes).
U3 ovesrmroro pasenctsa o ; = o ; 1 hopmy (37) EMeem

Vi G o . '
- = c, -":, , i=1;2;j=1; 2, (2.3.38)
OTCIoNa 3Ke ¢ yueToM dopmyit (32) u (33) momyam
X _m
ot "1? '

Ilyets p; - Macca omnesmHOM sacTvmy B i-# coBokynuoct. Torna
CPeEAA IIOTHOCTH 3TOl COBOKYIIHOCTH OIPE/E/IATCA PABEHCTBOM

p;=M;n , [ML™] (2.3.39)

Haiinem BeposmaocTs P(K) korTakta (K) cHapaga xors 6w ¢ of-
HOH W3 MHIIeHeH MacCol My Kaxias, PaBHOMEPHO 3alIOJHAIOMEX
HeKu# 00beM ¢ IIOTHOCTSIO Py, Ba My Te X BEYTPH 3TOTO 06BeMa.

(Blg;mouan BEPOATHOCTS MOXKeT OHTS EaiifieHa mo (opmysiam (28)
B

oy | 2mX gL
P(K)=1-¢ 22" =1_¢ 2 _1_, M2 (2340
Bsegennyro anecs pemrammy
by =2 (2.341)
O12

Ha30BeM "IPOHHKAIOMAS CHOocO0HOCT: cRApAIa",

?bﬂ.spm "KyiHeTI4ECKaR TEOPUR FPaBHTELLAN",

I EEETTT——,

Ipu py X << ky2 13 opmy.mt (40) Emeem:

Pk~ 2% 23.42)
2
3ameTaM, 910 cedeHns, (ETYpHpYIOImEe B HacToMmeM IL 6, Mowr
6LITH KaK cevenmaME o N - Komam,mnceqemmc' << oV
I - korTakTa. COOTBETCTBYIOINME [UTHEKN cBOOOTHOTO mpobera, JacTo-
TH KOHTaKTOB, IPOHAKAIONIEE CIIOCOOHOCTH M T.J. Takoke OyayT cy-
MEeCTBEHHO OT/IHYATHCA APYT OT Apyra. HampaMep,

N U Ha i
ky == << 5=k, (2343)
g O
Hambonee gact B KIT cnywait, korna ¢yEnaMeRTanbHEE MHIIE-
HH 3allO/IHAIOT Map pagEyca R IpH cpeHel IWIOTHOCTH p.
B aToM cirygae (cM. dopmy i 40 & 42)

%R 4,p
P(K)=1-¢ 3* z-;PT (23.44)

(anecs X = (4/3) R - cpepmmii mpober mpoHHKaomEe#d 9JacTvnH B
pe, paBHBI BHCOTE HHIHEApPa ¢ OCHOBAHHEM Tt Rz, PpaBHOBEJHKO-
ro mapy: (4/3) n R* =n R’ X ),

C noMOmpK MPOHHKAIOMEX CHOCOOHOCTEHl MOXHO HAWTH He
TOJILKO BEPOATHOCTH COOTBETCTBYIOIMX KOHTAKTOB, HO H [IpYTHE
sesmmumEn. Hanpumep, g umaEN cBobogHOro mpobera cHapAna ¢
nomomsio dopmyn (32), (39) & (41) mameem:

. _T_=L2_.=;"1_&, (2.3.45)
n0 P%2 P2

Kpome mcnosm3oBaBmeroca 0 CHX HOp FeOMETPHIECKOro CIO-
coba OmpeeNCHAA BEPOSTHOCTH KOHTAKTa CHapsia ¢ (QyHIaMeH-
TaJIbHOH, MAKPOCKOIHYECKOH BIH acTpodH3IEYecKoM MHINICHBIO BO3-
MO)eH, KaK H3BECTHO, M CTATHCTHYECKHI: eC/IH H3 1 CHAPAIOB, NO-
NaJalomEX B 06heM, 3aHAMaeMKli MEICHBIO, KOHTAKTAPYET ¢ Hell 7
CHapaAnOB, To BepoaraocTs P (K) korraxTa (K) passa:

P(KY~ 2. (2.3.46)

e
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INoncTasmnas cioma # = n, 13 popmyim (2.2.53), a P(K) - a3 (44),
HOJIYIHM ¥acmonty KoHmakmog wiapa maccoi M u pagaycoM R ¢

_4pR C
7 =n P(K)=n, cnR{1_e 3k }anTM. (2.3.47)

IIpub/moxernoe paBeHCTBO cnpaseqmBo Opu pR << k. Ecim xe
3TO He Tak (T.e. ecl pR > k), TO OTHOLIeHAE cpegHero mpobera
(4/3) R wacTans BEYTpH Imapa K cpeHeMy ceobodHaomy npobery x
13 GopMyJmI (45) MOMHO TPaKTOBAT KaK CpejHee THCII0 KOHTRKTOB
C MapoM KayKIoH mmemneﬁ B Hero npoHmKalome#f gacTenmnt. Toraa:

4R 4R c
Ao=n——=n, CaRP—L= " (2348)
3x 3k

Takmm obpa3om, B ;mobGoM cirydae Macca Tesla B 9aCTOTa €ro KOH-
TaKTOB ¢ (JOHOM OTIHMYAITCA APYT OT APYTa JMINb YHABEpPCAIHHBIM
muox@ETeNeM. [TosToMy B Ayxe kKoEBeEnmHMoHam3Ma IlyaBkape kpo-
Me MHEpHHOHHOH H rpapETannoEHOH Macc B pamkax KIT mommo
BBECTH "cmamucmuyeckyio maccy" Tella, olpeleaeMyl0 9acToToH
€ro KOHTaKTOB ¢ (hoHOM.

C poctoMm ckopocTH Tes1a B PKC wacToTra ero koETakTOB ¢ hoHOM
pacreT (cM. BuBoA dopmys (3.3.19)), a cirenoBaTeNbHEO, pacTeT B
ero "craTucTEaecKad Macca" (E3BecTHE 3dpexT CTO Ditmmrreiina).

n. 7. Bugsi B3auMO4CHCTBUA M UX CEYEeHNS

PaccMoTpeHHbE BHIINE KOHTAKTH 9aCTHI[ NPHBONAT K HIMCHEHHIO
HX MMIYJbcOB. EC/IM 5TH HMIIYJIbCH B pe3yJIbTaTe KOHTAKTa H3Me-
HAIOTCA IO HallpaBJIeHAIO, TO TOBOPAT O Iponecce paccesHHd (Ynpy-
roro, ecjH CyMMapHad KHHETHYeCKad 3HEPrHA HOCTYNATEJHHOro
ABIDKCHAA YACTHIL IPH B3aHMOJCACTBHH He H3MEHH/IACH B HEYIPYIO-
TO B IPOTHBHOM CJIydae).

B cBolo ogepens, Heynpyroe paccedHrue MOKET IPHBOAHTH KaK K
YMEHBIICHHIO YKa3aHHOH CyMMapHOi# SHEPIHH (B 3TOM CJTydae FOBO-
PAT O NOINIOMECHHH B3aHMONEACTBYIOMEMH YacTHNAMH JHCPIHH),
TaK H K e¢ yBeJIAUeHHIO (T.€. K reHepanuda dHepraH). [Ipr mornome-
HHH YBEJHYHBAETCHA, a IPH IeHEpallHH YMEHBIIACTCA BHYTPCHHAA
9HEPrad B3aEMofeicTByonmx JacTan (ri1asa II, §2, o. 1 r).

B macTosmei pabore no npAvMAAM, HIIOKEHALM B IJase I, §2
(3-¢ Bospaxkenme mpoTHB rumoresn Jlecaxxa), Goymmee BEHAManme
yaeJIgeTcA NOTJIOMEeH IO,

B.A.Bpunb "KuHetwueckan Teopwus rpasutaumm”.
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U, HakoHell, B pe3y/IbTaTe KOHTAKTa YacTana (YC/IOBHO HA30BEM
ee CHapAAOM), B3aAMONeHCTBYA ¢ OJHOM HIH HECKOJBKHMA MHIIC-
HAMH, MOXXET OCTaHOBHThCA (TouHee - MpHOGpecTH HY/IEBYIO CKO-
POCTS MOCTYNATE/IHHOrO BIKEHAA B JIabOpaTOPHOK KOOpIHHATHOH
cAcTeMe, CBA3AHHON C MEIICHBIO O KOHTAaKTa). Tako#t nponecc Ha-
3HBaeTCH 3aXBaTOM.

OcHOBHHE BHIH B3apMoJeHcTBHHA, paccMaTpHBa¢MHE B HACTOA-
me# pabore, 3T0 - KOBTAKT, pacCeAHHE, NOITIOICHAE H 3aXBaT.

Ecm cHapa, ACORTABIINY B3aHMOJIeliCTBEE JAHHOIO BHJA OBTOP-
HO TAaKOro B3aAMOJIeHiCTEAA HCIHITATS HE MOMKET, TO B3aHMOJeAcTBAC Ha-
30BeM MCK/TIOHAIONTAM, B IPOTHBHOM CTydae - He HCKmogaiommm. [Ipa-
MEPOM HCK/TIOYAIOIIET0 B3aMMOeHCTRAA ABJIACTCA 3aXBAT. Paccessme B
HOTIOIMEHHe - He HCK/Hovaonpe BlamMopeticrsas. Ecym npa nororme-
HEM OT CHAPAJA MHEIIEHN HepefiacTcA Bes Habumoaemad IHEprad CHAPSA-
ma (rnasa II, §2, . 1 a, B), To Takoe B3aHMOJICHCTBHE TAKKE MOXKHO
CYATATH ACK/IOMAIOMEM, HOO oC)ie HEro CHApAJ CTAHOBHICA BHPTYAllh-
HBIM H JaIbHeiimmit o160p OT Hel'o 3HEPIHH CTAHOBHTCA HEBOSMOMKHBEIM.

Jlna moboro BuAa B3aHMO/ICHCTBHI yC/IOBHAA nepomopgm dPye,
TOro, 9TO, IBATAACH CPE/lH MHIIeHeH ¢ KOHNeHTpamueH rn, CcHapsan
IIPOB3aEMOJIEACTBYET XOTA OH ¢ OJHOH H3 HHX Ha Y4acTke OyTH
jumEO dx (P YCJIOBHHE IPHEXOa K 3TOMY Y9YACTKY) HpONOPIHO-
HaJIbHA IPOH3BEACHHIO nf ~dx:

dP., zc-ng -dx. (2.3.49)

KoadpamuerT o [Lzl 3TOH IPONOPIHOHATLHOH 3aBHCHMOCTH Ha-
ampaercd 3p¢eKTHBHHM CedeHHEeM B3aHMONCHCTBHA JAHHOIO BHJA
(ceueHAeM KOHTAKTA G, PACCEAHHAA Gp, MOIVIOMECHHAA Gy, 34XBaTa Oy
H T.1.). D70 onpe/iesicHAe SKBABATICHTHO JAHEOMY BHIIE B11. 5 a.

Beaycopraa seposTaocTs 4P (X) TOro, 910 CHapAx, NPOHA B Te-
Jie ¢ KOHIeHTpanHel MAMmeHeH n;’ OyTH X, HCIHTAeT XoTd OH oo
B3aEMOJielicTBHE Ha ydacTke myTH (%, x + dx), VA HCKIOYAIONEX
B3aAMOJCHCTBHI paBHa (CM. IMpexB Tyt Ix. 6)

dp=(1_p).4pym.—_(1—P)-u;'odx, (23.50)
JJI1 HE HCKJIOYAFOIAX
dP = dP,, = ny odx (23.51)

Ecym Tesio HeogHOPOIHO, TO OpH HETErp oBaHMY TEX MEdde-
PeHNHATGHEX YPaBHCHAN MHOXHTES 7, = N, (x) Bemmbas suEOCHTS
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33 3HaK EETerpana. To ke HAZIO YYMTHIBATS H B OTHOIICHAN MHOMM-
TeJIi G, KOTOPHIH B IpOllecce ABIMKEHNS CHAPANA CPEXH MHIIEHEH 1o
Pa3sHEIM OPHIHHAM MOXKET HIMEHSTHCA,

Hurerpupys ypasnenue (50), npocTeiinem ciryqae n: = const

H G = const /11 BEPOATHOCTH HCK/IOMAIOIIErO B3aHMONEHCTRBAS Ha
yuactxe [0; x] nomyamm:
UPI'VI

2", 0<x<o. @352

W3 dpopmysmt (51) Brmmo, wro s e HCKTIOYAIONTAX B3aHMOJIei-
CTBAMN [UIOTHOCTH BEPOATHOCTH

dpP
f(x)=z=u§'(x) ‘o(x), 0< x<oo,  (2.3.53)

P(x)=1-e

v
T-¢. IpH n; =const W ¢ = const AMeeM paBHOMEpHOE pacupeneie-

HHE BEPOATHOCTH Ha mpoMexyTke 0 < x < o0 BecKOHETHOI JUIHHEL,
OTKY/la C Y4eTOM YCJIOBAS HOPMBI

Tf(if)ﬂ'-‘lt=1
0

¢ HeobxomamocTsio ciexyer n;, =0 wm 0=0 n coorsercTByIOmAn
TPHBHAbHAA BepoATHOCT: P =0,

, Hambonee pawammM s pamsmefimiero ABIAETCA  CIIyvai
n, =const, o = o(x) A3MERACTCA B pe3y,mbTaTe [IoC/1e10BaTE/TFHEIX
B3aHMOJICHCTBHI C MAMICHAMH,

Marematuuecknm amapatom, mauGonee anexsaTHO OIIHCHIBAO-
M CTaTHCTHKY HOZOOHKIX IIPOECCOB, ARIIOTCS MEIH Mapxkopa.

Ongako, Bo H3bekanue A3HINHE A€TaM3HPOBAHHKIX BHKJIA/IOK,
A1 OLHCAaHAA, B YaCTHOCTH, IPONECCA IOTIOMEHAS Te/IaMK tono-
Boit sueprimu (ODD - "o160p PorOBOH SHEPIHH") HHXKE HCIO/B3yeT-
CA CIERYIONMit HETerpabHE TONXOJ,

Ilpr o = o, (ceuenne ToryomeHns) npousseerne (53) Hasnsa-
erca koa¢drnuenTom noromenns. Ecym sactvma msmxercs BHYT-
PH BemecTsa no TpaexroprH (1), To GespamepHu HHTErpaj

L= J'n;’ o, -dl (2.3.54)
)

?;‘I.Epnnb "KnHeTuueckan Teopus rpaBuraupmm”.
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HasopeM ToJme#i BelnecTsa Ha myta [ B npocrelimem ciydae

n;’ = const ¥ ¢ = const EMeeM

Emnl ol (23.55)

Oupefie/TAM cedeRHe MOMIOMEHAA Gy CICAYIOUEM COOTHOMCHAEM
(cm. [ 27]) mMexay dHeprueit & CHapAIa Ha BXOAE B TeJIO | €10 SHEP-
el € HoCJIe IPOXOMICHASA BEYTPH TeJla Iy TH (!) npu ycIJIOBHH, YTO
CHApAJ HCIHTHBAJI C MUDICHAMH Tejla HEHCK/HOYAIONIHE MOTJIome:
HHS:

- In;( < di

£= soe*‘[‘ = goe 0 ¥ . (2.3.56)

HIH B IIPOCTEHINEM CITydac n: = const # ¢ = const:
oe"‘{ Ok (2.3.57)

E=E [

OpEdeM, B TOC/IEAHEM BapHAHTE pedh HIET O CPe[HEM CCHcHAH E: no-
rnomesns Ha myma L. Hepyamo, ofEako, DoKas3aTs, I10 B OHOPO/IHOM
Tene (T.. IpH n;' = const) 3; He 3aBACHT OT /, T-€. 6;= G, = const.

[Ipr HemcKMOYAIOMEX B3aAMOJIEHCTBHAX, xazxoml,mnl ABJIARTCH
HemoJEKe mornomenns, mErencmsrocts J[L“T cp’] nomoxa
wacmuy He a3menserca. [loaToMy, HOMHOXKHB Ha J = const JIeByIO K
MpaBylo 9acTd paBencTsa (57), Doy TaM

=16 e (2.3.58)

rae Ip - FETCHCHBHOCTS ROMOKA SHEp2uy CHAPANOB HA BXOAC B TEJIO,
I - Ba BRIXOJi€ M3 HETO.

U3 dopmya (57) u (58) m onpenenaeTca addexTHBHOE CeueHHAE
IOIJIOMCHAR:

1 e 1, T 359

O, =—"F. In—= vV

" nl g, nl I
Tpn o, 7, | << 1 m3 (57) & (58) mmeem:

emeg(l-c, n 1), (2.3.60)
I=I,(1-0, m, 1). (2.3.61)
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Macca anextpora no CPaBHEHHIO C Maccolt m Hykioma ‘Ipere6-
PEXEMO MaJla, OITOMY CpeHION MIOTHOCTE p mapa pagmycoMm R

-MOMKHO CBA3ATS CO CpejTHeH KORNERTpaaeh n; HYKJIOHOB B HeM COOT-

nomemeup=m-n;',mxynacqumL=(4!3 cM TaHH
nocite popmy st 44) Emeem: (e sae )

v, C,p 4 4p R
o,nm I=—2E 2 p_
m 3 3’ S0

Ile 0O aHaJIOrHH ¢ IpeRpynmM 1. 6 06o3naveno ml/c, =k, -upo-
HHKalomaA crroco6HoCTS cHapaaa mo OTHOIICHHIO K mponeccy OPD,
Hs gopmyn (60), (61) m (62) nua OTHOCHTeJIbHOH y6rum 8¢
SHEPIHH OTAE/HON YacTHON B 5] HHTCHCHBHOCTH HOTOKA SHEprHH,
TPOHMKANMmMe! CKkBOSh mWap pamaycom R # mwr =
. o 1 OTHOCTBIO p = const,
8 -— p—
se=0"% gy Jo=l v
gy 1] n

(2.3.63)

THIa (cM. B, 1. 3), ompeneenmyio PaBeHCTBOM Kt = m/oy, re
Ok HaHJICHO H3 reOMETPOKMHEMATHIECKIX coobpakenmit (1. m. 4; 5)
To momywaM (cM. 48) cpemmee wmejio np KOHTAKTOB ¢ Hymon,ahm,
Mapa Kaxmoi Bomemmesi B Rero @ - 9acTROH:

o mab & (2.3.64)
3k, '
Pasnesmm nowienno HocietEme ABe (hopMy.IIH, HoMyTHM:
&k
n B ;‘:’

OTKYQia IHEPIHA, TepsAeMan B CpejHEM CHa
) PAROM IIPH €ro KOHTAKTe ¢

=eg mey . (23.65)
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Jlerxne 3J1eKTPOHE OOMEHHBAIOTCA C ¢ - YACTANIAMHA HMITY./ThCAMH
B cpenneM 6e3 mepemawm sHeprmE (T.H. "HyJleBHe Kojebanms"

3JIEKTPOHOB).

n. 8. Ceyenmne KOMNTOHOBCKOIro PacCesHns

B cymmocta, $hoHOBad 9aCTHIA AB/IAETCA KBARTOM 3/IEKTPOMATHAT-
HOro H3/TydeHns, y koroporo 6 << 1 (cm. raasy II, §2, m. 1 B). IToaTomy
K €€ B3aHMOJCHCTBHIO C BEMECTBOM JOJDKHA OLITH HpAMEHEMA TEOpHA
KOMIFTOHOBCKOIO paccesHHA (cM., HampaMep, [ 27 |, u ip.).

Orcrnas 9ETaTeNId 32 ETAIAMH ITOH TEODHH K YKA3AHHHM H
ApYTEM HCTOYHHKAM, HAIONHEM 31eCh BKpaTie JHIIb Te €€ aCHEKTH,
KOTOpHE BaXKHH JUI1 fasbHEeimmrero manoxenns KIT.

KrnaccraeckaM BapraHTOM KOMITTOHOBCKOI'O PACCEAHMA ABJIACTCH
obnapyxerroe B 1922 rogy aMepHKAHCKEM 3KCIEPHMEHTATOPOM
A.KomirroroM paccesune ¢poToBa Ha 3JIEKTPOHE,

Ceuerne of, aToro nponecca (Tak HasuBaemoe cevenne Kieiina-
Hrmmen-Tamma) focTaToqHO CIOKENM 06pa3oM 3aBHCHT OT 3Hep-
raft $oTOHa B 3JIEKTPOHA [0 B3aHMOJeHCTBHA, yOmBas, IIpH mPOTAX
PaBHHIX YCJIOBHAX, ¢ POCTOM 3HepraH ¢ortona [ 14 ), & s noxosme-
rocs 2JIeKTpOHA PaBHO
3 5 {B;. [2+2f —é]n(l+2%')]+

3 1428 €

o’ =—¢
P.—4 T

(2.3.66)

 l(1+28) 1438 }
2% (1+2%)2)

e g = 7 - 3JHepIud KBaHTA, OTHECCHHAA K SHCPIHH NOKOA WEKTPOHa,
4
2 . max Ha3nNBaeMoOe CeYeHHe TOMCO-

8n N

of =——57=6,65-10 " cu
3 mc

HOBCKOIrO paccefHHA (T.. pacCEesHHAs HA3KOIHEPTHUHOTO KBAHTA

(8 << 1) Ba noxoAmeMcH JIEKTPOHE).

Hetpynmeo mokasats, uro npm € << 1
of, mof(1-28) nof. (2.3.67)




Hanporas, npa & >> 1 u3 (66) ameem:

. 301 ~
of ~ E?T( 1+ 2In28), (2.3.68)
T.€. G, yOuBaeT ¢ pocTom & .
ITocneaee cooTHOMERAE MOXHO NepPENACATS TaK:

3
cr; chve Ea; -mecz(l+ 2In2¢) =

=1,0-10"Y(14 2 2%) spr-cm>. (2.3.69)

KommrroroBcKoe paccesnre MOKeT IPOBCXOIHTS He TOIIHKO Ha JIeK-
TPOHe, HO ¥ Ha 060l IpYTO# 3apMKeHHOH YacTHIE, HAPAMED, Ha MPO-
ToHe (p), ONHAKO, B CBA3M C TeM, YIO YKa3aHHOE ceveHne obpaTHO Opo-
DOPHHOHATLHO KBAaIpaTY MACCH pacCemBaloINell TACTHIN, CeYeHHe
G7 TOMCOHOBCKOFO PACCeSHHS HA IIPOTOHE [OPAYI0 MEHBIIIE, 4eM G

2
m =
of = [_e} c0% =2,0-10"" em?. (2.3.70)
m
P
Hpa kv >> m, & cedeHHe c}: paccegHHA KBaHTa Ha OpPOTOHE
MOXHO HaliTi no gopMmyie, agatoruuroi (68):

2
3 of m, R
% =167 (1+21n2E”)—[mp] op. (23.71)

§4. ilMvHamMyKka KOMNTOHOBCKOroO PaccesHus

Kax omveuero sume, GpoHOBas 9acTHma, HO CYMECTBY, ABIACTCA
BAPTyabEEM GoTorom (O << 1). IToaTomy KmoveBo#t Bompoc KTT
O IHHAMHEKe H HEpreTHKEe BlaEMOAeHcTBHA (OHOBON YacTHIH C Be-
IMECTBOM MOKET OHITH: pellleH ¢ DOMOMBIO HEIUIOXO OGOCHOBaHHON
3KCHEPHMEHTAHHO TEOPHHE KOMITOHOBCKOrO paccesHHs (GoTOHOB Ha
3JIEMEHTApHHX Y2CTANAX BEIIECTBA. .

B ciryuae ycnexa 6yner ycTpanen ofuH a3 caMex CYIIIECTBEHHBIX
HEIOCTATKOB ECEX MOCTPOEHHHX JO CHX NOP PABHTANHOHHBIX TEO-
puit (Bxmiovas OTO A.Dimimreiina) - BX H3OIANEOHA3M, T.€. H3BECT-
Hasl OTOPBaHHOCTH TEOPHH TATOTEHHA OT APYTHX (H3AIECKAX TeopHit.

B.fA.Bpunb "KuHeTuueckan Teopus rpaeutaumm”.
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JInA KOHKPETHOCTH PacCMOTPEM KOMITOHOBCKOE paccedHHe Ha
anextpoHe [ 27 ]; paccesnde Ha JpYTHX 9acTHNaxX ONMCHBACTCH aHA-
JIOTHYHKIMHA COOTHOHICHAAMH.

HasecTHO, 9TO paccesnHe 3JIeKTPOMATHATHOIO KBaHTa HA IOKO-
AmeMcA 3JIeKTpOHE CONPOBOXIAETCA YBeJIMICHHEM JJIBHB BOJIHH
¢oTOHa OT mEpBOHAYALHOrO 3HAUCHHA A 10 3HAYCHHA

h
A’ =A+—(1-cosa), (24.1)
m,c

rae m, - Macca 3JIeKTpOHa,
o - “yron paccesara” (Yroj MeXIy BOJIHOBHMH BEKTOpaMH
NaJIAOIIETO B OTPAKEHHOrO KBAHTOB).

Orcona )
= L PO LI Y @42)
A A m,c g,
C npyroit CTOpOHH,
M [2e]_ lar] (2.4.3)
A e P ’

9TO JIErKO NOJIY9HT», B3fB Jiorapudmeveckmii madpepermman or
CJICAYIONHX M3BECTHHX PABEHCTB, CBA3KBAIOIEAX IHCPIHIO KBAHTA &,
€ro JUIHHY BOJIHH A H EMITYJILC P!
e=2% 4 e=pe 24.4)
W3 coorHOmenmii 2, 3 1 4 AMeeM:

2
(Fncrfana] 049
£

e

€

|ap|c2p—=2

ae

2710T MAKCEMAJTLHKI HMITYJIEC, KOTOPHH MOMET HOIYYHTH HEIOI-
BEDKHBI 3JIEKTPOH OT (OTOHA, COOTBETCTBYET YIVIY PACCCAHHA O = 7.

KomnToHoBckoe cMmemenue A/(m-c) dacTHmE obpaTHO mponop-

NHOHAJIBHO ee Macce m. B cBOW odepens, 3TOMY CMEINEHHIO IIPO-

HOpNHEORAJIEH MONY.JIb HMITYJIbca, HOTYIeHHOrO JacTaIel, XoTophuA,

CleoBaTe/ILHO, TOME YORBaET C poCcTOM M.
[Toaromy A/1s pensSTHRACTCKOrO 3JIEKTPOHa, Macca KOTOpOro, co-
riacHO coorseTcTByomeMy ¢dexty CTO (cm. rmasy III, §3, o. 2),
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6osmbITe €ro MaccH HOKOfA, YKa3aHHKH HMITYJIhC npﬁ IPOYHX paBHLIX
ycnoBaax 6ydem ewe menvuse. To xe MOXHO CKa3aTh H O HMITYJTh-
ce, IOJTy9eHHOM OT (JOTOHa HYKJIOHOM, S/IPOM aToMa H eme Gonee
TKETHME JaCTHI[AMH.

[IpuBenerntie B nocae HAX ABYX naparpadax 3/1eMeHTH TEOPHH
KOMIITTOHOBCKOIO PacCCEdHHA MO3BOJMIIOT HepeHTH K MOCTPOEHHIO
cobcTseRnO KEHeTHYeckol Teopmn rpasmramue (KIT) mo ciemyio-
My IUIaHY:

1. Oroxpectrina ¢Gor ¢ mepBOHAYAILHO H3OTPONHEIM IOTOKOM
HHU3KOIHEPTHYHHX (H DOTOMY HAXOMAIMXCA B BHPTYaJLHOM
COCTOAHHH) 3/IEKTPOMAarHHTHEIX KBAHTOB, OHPE/IE/THTh TEMITEE
otbopa ¢oroBo#t snepran (ODP2) /obum TesoM.

2. Ko/mriecTBeHHO omHcaTh BOIHHKAIOMYIO B pedy/brate OO
AHH30TPONHIO (oHa BOM3A MacCHBHOIO TeJa.

3. B ammsorpomroM notoke cebe HooOHEX POHOBHE YACTHIE JBH-
JKyTca KpHBoHHEHHO, HalfTe 3HaueHHs KPHBH3HK TpaeKTOpHH
9THX 9acTHm,

4. ]lpuradch BHYTpH IPOGHOrO Tela MOCTYHATEBHO [O KPHBO-
JMHEHHOH TPaeKTOPHH, CTpyHOOOpa3Had 4acTHIia fAeficTsyer
Ha HEro CHJIOH, MpONOpHHOHATLHON KpHBHA3HE M HallpaBJIcH-
HO# K ee meHTpy. CyMMEpYs 3TH CHJIN DO BceMy IIPOHHA3H-
BafomeMy HIpoOHOE Teo HOTOKY, HafTH pe3y/ILTHPYIOILYIO
ciTy (3akoH TaroTeHHEd B paMKax KTT).

5. BuBecTH 3aKOH TOPMOKEHHA ABHYKYIIEXCA TeJI B CBA3H C HX
B3aEMONeHicTBAEM C GOHOM.

6. ConocraBeTs HabjieHHHe TeopeTwyeckn Temms O®D, 3aKOHH
TATOTCHAA H TOPMOMEHAA ¢ HaO/moleHmAME, OPOBEPHTH afleK-
BaTHOCTH IOCTPOEHHOH TEOpHH APYTHM H3BECTHBIM COBpPEMEH-
HOH Hayke (aKTam.

§5. Or6op Tenamu PpoHOBO# 3aHeprum (ODI)

Omeprmo E, o16BpaeMyIo B e MEANY BpeMEHH OTHOPOXHBIM IIIa-
poM pagHyca R, IUTOTHOCTH p ¥ Maccu M or ¢ona, Jlerko Haimd ¢
nomonsio opmyn (2.2.53) & (2.3.63):

4ﬂ_W030M

E’=n,(eo-s)=npcnR280§ . .

5.1)
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Orciona Temust QPO Ha eHHANY SHEPTHH IOKOA TeJIa:

= E _MWe nMy& __ & -1 2.5.2
E—Mcz—‘ knc — me Un_ck":[r ]! ( ')

Ifie m - Macca HyK/IOHA, G, - CeYeHHe IIOIJIOMECHHA ¢ - YaCTHIH Ha
HYKJIOHE, £ - IVIOTHOCTS 3Heprad (oHa.

Ec/m Be/MMHHE cIpaBa OT paBeHCTBa (2) ARIAIOTCA MAPOBHME
KOHCTaHTaMH, TO K BeJIHUHHA yAe/bHEX TemmoB OP3D (E) xak Ex
KOMOHHAIAA Taloke AB/IAETCA MHPOBOH KOHCTAHTOH, T.e. 31a (op-
MyJIa IIO3BOVIAET BRYHCIHTS yAebEEN TeMn (E) OPD 1r0bbim seme-
CTBEHHEIM O0BEKTOM. Mmmm,mnmmc&npn&mmm
xapaxTtepoM popmyis (2.3.63) yrsepaqenne, aro E = const Taoxe
ABNIAETCA NPAOIIKEHHRIM,

§6. 3akox Tarorenna B KTI

Yrobu nomygats B pamkax KIT dopmysty, onrcuBatontyio B3a-
HMHOE OPHTIKEHHE JBYX IPAaBATHPYIOIAX Macc, HOCTATOIHO Ipo-
HHTErPHPOBAaTH CHJIH, AeACTBYIOIHE Ha MPOOHOE TEJIO CO CTOPOHH
HCKPHBJIEHHHX 3JIEMEHTAPHHX MOTOKOB (JOHOBHIX 9ACTHII, KPHBH3HA
TPaeKTOpHil KOTOPHX JIETKO ompejesercd Maccoll NEHTpaJbHOro
Tejla, PacCTOAHAEM [0 HErO M HANpPABICHHEM JBIKCHAA YaCTHIIH
(eMm. . 2 u [Tpanoxenne 14).

Onnako, A1 DOTy9€HHAA HYJIEBOro NpHOJIIDKEHAS HCKOMOro 3a-
KOHA JIOCTATOYEH CIIECHYIONMi MpHeM, Pe3K0 YIpOIAIMHAN BHKIA]-
KA: pacCMATpUBaeTCA BCEro JBa MOTOKa (OHOBHIX 9acTHIl, IPOXOHA-
mEX BOJHM3H QEKCHPOBAHHOH HPOCTPaHCTBEHHO-BPEMEHHOH TOUKH,
ynajieHHOH Ha paccTosHHEe R OT NeHTpabHOH MaccH M): paduans-
Hblil B DEpOCHIAKYIApHLIA eMy "2opuzornmanvhui”.

INepBrit B3 3THX MOTOKOB B cBA3E ¢ OPD meHTpabHEM TeJIOM
6ymer ompejenaTs B paccMaTpHBaeMOH TOUKE aHM3OTPONHIO ILIOT-
HOCTH II0TOKa AMITy.Thca (h)OHOBRIX YacTHI (K mEHTpY Tena M) DOTOK
GoJIme, 9eM OT MEHTpa), YACTHIH K€ BTOPOro INOTOKa MOJ aHH30T-
POIHEIM BO3IEfiCTBHEM CO CTOPOHH PaAaIbHOIC IOTOKa OYXyT IBE-
raTscf N0 HCKPHBJICHHHM TPACKTOPHAM,

CymMapsas cma, JeHCTBYROIad CO CTOPOHH 3THX IOTOKOB Ha
upobHoe Tes1o ( ¢ TOYHOCTLIO 10 OTOPOMICHHOTO YCPENHAIOIETO KO-
s¢panmenTa DOpANKa 1) B ecTh HCKOMasA CHJIA TATOTeHHAS, NpHYEM,
MOMHO JOKA3aTh, 970 OCHOBHBIM OKa3hBaeTcA BKJIaJ B 3Ty CHIY €O
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CTOpOHH "TOPA3CHTAILHOrC" OTOKa, BKJIaJ JKe PagAabHOrO HOTOKA
npeHebpermMo MaJi B COOTBETCTBYET A - wieHy ypaprermit OTO.

n. 1. Aun3orponusa pona BGnN3KW MaccHBHOIO Tena

Bram or MaccHBHEIX Tesl B pelepHOM KOODAMHATHON CHCTEMe
(PKC) o ee onpepenennio $hoH H3OTPONEH, T.€. IVIOTHOCTH IIOTOKOB
HMITyJIhca B 3Heprad (GOHOBHIX 9aCTHIl, DAJalOIEX H3 IOJYOpPOCT-
paHCTBa Ha IUIOIIANIKY, He 3aBHCAT OT e¢ OPHEHTAHHH B IPOCTpaH-
cTee H paBHH (cM. opmyim (2.2.51), (2.2.52) B 3amMeuaHHe mOCie
dhopmysst (2.2.53)), cooTBETCTBEHHO,

b= 520, e
TAe po - CPEIHIEA AIMITYJILC ¢ - YACTHI(HL, € - €€ CPeIHAA SHEeprHi.

Onuako, B6/M3E OT MacCCHBHOIO TeJjla, B CBA3H ¢ OTOOpPOM HM
Y4CTH 3HEPrHH TPaH3HTHRX (GOHOBHX 9YacTHIl, H3OTponHOCTs ¢ona
HApyIIaeTca.

Teno Macco#t M, ot6EpaeT oT d0HA B €IAHANY BPEMEHHE SHEPTHIO
Ep onpenenseMyo (opmynoit (2.5.1). CnenosaTesHO, CKBO3b JIIO-
Oy10 3aMKHYTYI0O HOBEPXHOCTH, OXBATHBAIOMYIC TeJIo M), HOTOK
3HEPIHEH ¢ - Y4CTH, ABIKYIIHXCA K NeBTpy M), 6yaer bomsme co-
OTBETCTBYIONIETO IOTOKA OT ¢HTPa Ha BEJIAIHHEY El

Huage roeops, B6/H3A MaCCHBHOrO TeJIa BOSEHKACT OT/IMIHK OT
HYJIAi HAIpaBJIleHHHH K OEHTpY Tejida paJHa/bHHY NOTOK >HEPIHH,
IUIOTHOCTh KOTOPOro Ha PaccTOAHEH R OT IeHTpa ompeaeidercd
COOTHOHICHHEM

: E ny Ceyo, M,
= = — 2.6.2
AEs 4n R? 4nm R? ( )
Besmaana
s L g _MEo M
APy =S ABg=—-0m (2.6.3)
XapaKTepH3yeT HAIPaBRJICHHAYIO K IeHTpY IWICTHOCTS NOTOKa PajHAIEHO-
TO EMIyJIBCA.

Gopmyym (2) 1 (3) onpefesgIOT HCKOMYIO aHH30TpomEl doHa
BOJIH3M paccMaTpHBAEMOIO TeJIa.

B.A.Bpunb "KuHeTuyeckas Teopua rpasiraumn”,
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n. 2. Kpueu3Ha TpaexTopui (POHOBbIX H4acTHy BOnu3N
MmaccuBHoro rena. lonapu3aynsa BaKyyma

Kak ykasamo B Hagase §6, A YNpPOICHHA BRKJAJOK paccMar-
PHBAIOTCA JIHIIb [Ba NOTOKA, YCJIOBHO Ha3BAHHKIX "pagEATEHERM" H
"rOpPH30HTAIBHEM",

fICHO, 9TO KpHBH3HA TPaeKTOPHI JaCTHIl, NPHHAVICIKAIIEX PajH-
amsHOMY ToToKy (0 = 0 mymE © = 7), COr/IacHO dopmyne (5), moxa-
sanHok B [Ipaioxennn 14, paBHEa HYJIO.

YacTns, ABEDKyIHEcS "TOPA3OHTAILHO" (8 = 7t/2), EMEIOT Mak-
CHMaJIbHYI0 KPHBHIHY TPaeKTOpHH, OIPCACIICHHYIO TaM e ¢dopmy-
Jioft (6), koTopas IpAMET BATL:

v
K= v
(3sech omymer 3HaK "-, T.¢. IIOJ CHMBOJIOM K nomaMaeTcs MOTY/Ib
BEKTOpa KPHBH3HH). _ )

Jina ompeneNeREs PagHATHEOIO YCKOPEHHA U "TOPH3OHTAILHO
ABIKymefica sacTanH B 0bospagenmax [Ipanoxenns 14 & dopmy
(3) EMeeM CIIERYIOMYIO HEN0IKY OYCBH/HEX paBeHCTS:

(2.6.4)

1 . £a 0, 000 M, ‘
gl Logoap TS M 265
TR T} 4nmp R

roep - Macca GoHOBOH JaCTHIH,
o‘f’ - ceyeHHe B3aEMHOIO KOHTaKTa (¢ - JaCTHII,
f - cmia, AecTBYOMAA Ha YACTHILY CO CTOPOHH pajHaib-
HOIo NOTOKA.
[ToncTapias HafijieHHOE ycKopeHEe U B (opmyity (4), momydaM
ACKOMYIO KPHBH3HY TpacKTOpHH YACTHI, IPHHA/UIEA@IIEX rOpH30H-
TAJBHOMY HOTOKY:

KT E0Cn %k My (26.6)
4nmp c* R?
JiBATasch MOCTYHATENHO IO Ayre KpHBH3HH K, QoHOBaA 9acTH-

na Ha JUTEHEe cBOGOHOro mpobera Xjj, KOTOPYIO MOXKHO HafiTH HO
dopmyse (2.3.34), HaKOIOAT YroJl ATAKH

M
Boku-lecadl M 1 _te M 67)
dnmp C* R® nyof® 4nmpC° R
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OpHYeM, BIAIH OT MacCHBHBIX Tes1 (JOHOBRIC JaCTHI(H TAIOKE MOLYT
HMETh OTVIMYHEE OT HYJIA YTJIH aTaKH, OXHAKO, TaM OTKIOHEHHA OCH
qacTHIIB OT BeKTopa ee JIHHEHHOH cKOpoCcTH B /Hobylo cTOpoHY paB-
HOBEPOATHH. BO/M3nE ke MacCHBHOIO Tella, ABATaACH LOCTYHNATE b~
HO 0O KpPHBO/IMHEHHON TpacKTOpHH, /nobas ¢ - YacTHIa pacuosaraer-
cf TaK, 970 IUTOCKOCTh IOJIAPH3alHHA, B KOTOPO# JIEXKAT OCh YaCTHIH
H BEKTOp ee¢ JIHEHHOH CKOpPOCTH, NPOXOZHT KpOME TOro H depes
IEHTp YIOMAHYTOrO MAaCCHBHOT'O TeJIa, IPHYEM, 3TOT IEeHTp H Hepe-
THHH IO XOAY ABHXKEHHA KOHEL YaCTHIIE PacHOJIOMKEHH B YKa3aHHON
IVIOCKOCTH MO pa3HHE CTOPOHK OT KacaTe/bHOH K TpaeKTOpHH
YACTHIIN B faHHO# Touke. OOpa3Ho roeops, BO/M3E MacCHBHOTO Te-

Jia Bce @ - JACTHIH, KpOME 9JaCTHI paJHa/IbHOIO IOTOKA, ABIKYTCH "'c
3ajIpaHHEEIM HOCOM'".

Puc. 6. Uckpuenenune Tpaektopuit GoHOBOR 4acTULL BOAU3N MACCHMBHOTO Tena
(npespaweHne GOHOBOA HACTULIL! ¢ B NPABUTOH g).

HMMeHHO TakoB, NO-BHAEMOMY, KHHETHYECKWH CMEICJI ABJICHHA,
BechbMa yhagHo HasparHoro f.B.3empaoBmaem "monApHianaa BaKyy-
Ma BONM3M MacCHBHBIX Ten".

Taxum obpa3soM, yTBepKIeHRA, ITO BOJIA3H MacCHBHOI'O TeJla

a)"BO3HHAKA€ET rpaBATAIIHOHHOE HOJIe",

(knaccu4ecKkas TEOPUA TRIOTEHUA),
6)"...ACKpHBJIA€TCA NPOCTPAHCTBEHHO-BPEMEHHAA METpHKa",
(OTO A.JifHwreiHa),

B)"...OJIApH3YETCA BaKyyM',

(5.6.3enun08m4}

r)"...ACKpHB/IIOTCA TpaeKTOpaH GOHOBRIX JacTHL",
(K1T)
- TAK BOT BCE OTH YTBEpHIeHHA, Pa’IHIafsch TePMHHOJIOIHIECKH

(T.e. onmcHBax ONEH H TOT ¢ (eHOMEH B Pa3’HHX TEPMHHAX), OT-
JIYAIOTCA APYT OT Jpyra eme H INTyOHHON OpOHMKHOBEHAA B CYiy-
HoCcmb npoliecca TATOTeRAA (OT IPOCTO KOHCTaTanww dakTa cyme-
CTBOBaHHAA BOJHM3A MacCCHBHOIO Tejla HPOCTPAHCTBA, B KOTOPOM JeH-
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CTBYIOT [PaBHTAMOEHKE CAJIH - IPABATANMOHHOE HOJIE KJIACCHIEC-
KOH TeopHH - 1o nonuTxA Halia B pamkax KTT' MexammsM mepeada
PABHTAIMOHHOIO B3aEMOJEHCTBAA, NOCTPOUB, TeM CaMEIM, KBAaHTO-
BYIO TEOPHIO TATOTCHHSA).

n. 3. 3aKOH TArOTeHNs
BepHeMc4, OJHAKO, K BHBOXY 3aKoHa TaroTenns. Kaxqas ¢ - 4a-
CTHIA "rOpPH3OHTAIBHOrO" MOTOKA, BOH[IA B HYKIIOH upobHOro TENIa
Maccsl M», PacloyioieHHOro Ha PacCTOAHEH R OT "NeHTpaubHOM
maccH" M, nepepact M, ammysse (M. py B3 bopMymmt (2.2.1)):

Ap=p Csinp=py, 2638)

rae B << 1 - m3 dopmysmt (7) (ycnopme p << 1 moxcer GuTH Hapy-
[eHO TOJNHKO BOJM3M CBEPXILTOTHHX acTpodH3HIECKHX OOBEKTOB,
KOTOpHE 3/ech He paccMaTpEBaoTca). B caam ¢ ycsnosaeM B << 1,
BCe TAKHE AMITYJICH NPAaKTHIECKH HaIpaB/IeHH K NERTpY M.

YacToTa i, BXOXOB @ - 94CTHI B HYKJIOHH TeJsia Macco#t Mp, on-
penensercs cooTHomenneM (2.3.48), koTOpoe ¢ ydeToM ompefelie-
mEd (2.3.41) MoxKHO 3anHCaTh TaK:

;o = 2 M, (2.6.9)

Ille m - MaCCa IIPOTOHA, GYF - CedeHHe BXO/Ia B HErO ¢ - JACTHIIH.
Torpa ¢ yaetom dopmyn (7-9), cana F_,, neficteyiomas Ha TejIo
M co cTopoEH "zopu3onmaasio20" 0OTOKA paBHa
ny Cc'sp c Eg Op Ml MZ_
dnmp c® R?

F, =i, Ap=

=ny O'zp cﬂ 80 Ml MZ . (2.6.10)

4n m* R?

Cuma F|, nefictyiomas Ba mpoGHOe Tesio M> €O CTOPOHH aHH30-
TPOLIHOIO PAOUAALHO20 TIOTOKA (p - YACTHI, OKA3KBAETCA CYIMECTBEHHO
MeHbImE, 9eM F_, W, KaK OTMEYECHO BHIIE, COOTBETCTBYET A - WICHY
ypaesennit OTO.
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Takam obpasoM, dopmysta (10) ¢ TomHOCTHIO KO MEOM®ETENA <1
YYETHIBaeT IJIaBHYIO 9acTh CHJIH, JelicTBylomie#l Ha mpobGHOoe Tesio
M; co cropoEn ¢ona. YVnoMmaEyTHIT MHOKHTET> MOKHO HafiTH,
NpPOMHTETpHPOBAB Bo3dekcTere Ha M) BeeX d/IeMeHTapHHX IIOTOKOB
(oHOBHIX acTHI.

C yuetoMm onpenenienus (2.3.41), dopmyny (10) moxmo mepemm-
caTh TaK:

po vt MM,
4nk k, R®

rae k; ¥ k, - poHEAKalonpe CHOCOOHOCTH ¢ - 9ACTHITH 110 OTHOMIEHHIO K
IponeccaM BXoJa B HyK/IOH H IOIVIOILICHAA 3HEPIHH, COOTBETCTBEHHO:

(2.6.11)

>

m m
ky=—, ky=—
a,

B O-R

(c: B O, - ceveHAs BXOJAa M NOIJIOMICHAA @ - JACTHIH Ha HYKJIOHE
Maccoit m). Ilomywenmris B pamixax KIT 3akom Taroremmsa (11),
¢dopMabHO COBIajgas ¢ 3aKOHOM BcemupHOro Taroremms (3BT)
V. Hsrorona, nMeeT, OfHAKO, [(Ba CYINECTBEHHLX OTVIHYHA OT 3TOTO
sakoHa. Ilepsoe omymrmme 3TEX 3aKkoHOB - B HX resesnce: 3BT mo-
mygeH M. HpoToEOM B pesysmrare anaymsa 3akoEoB W.Kemnepa, B
CBOIO OYepeb HafileHHLIX C IIOMOIMBIO MaTeMaTAYecKod obpaboTkm
MHoroseTHuEX Habmopermii Tmxo Dpare 3a sdemepmnamm mnaner,
T.e. 3BT, mo cymectsy, - 3MOEpHYeCKHl 3aKOH, TOI[ia KaK 3aKOH
(11) monywern u3 nocrysaro KIT wmcro anaymmagecka. Bropoe mx
OT/IHYAE BHITEKACT W3 MEPBOro: rPaBHTAIHOHHAA NocTosHHaA G B
3BT apngercs naliieHHnM 3 HabinoneHmil sMOEpHIecKHEM Ko3ddn-
OHEeHTOM, Torjaa Kak B 3akoHe (11) oHa BHpaykeHa aHAJIMTHYECKH C

TOYHOCTHIO A0 ynoMAHRyToro koaddunmenta B age ¢yHxnma dyn-
AaMeHTa/bHEIX KoHCTaHT KTT*

.
dnk k,
rae obo3HaueHO €y = ny € - JHEPrOHACHINEHHOCTH IPOCTPaHCTBA,
3aNONIHEHHOTO ¢ - YacTHnamMy (0bbeMHas ITIOTHOCTS (hOBOBOA SHEPTHA).

Cpasanpas dopmynet (12) u (2.5.2), aMeeM cliefyiomee BHpayKeHne
rpaBATAIMOHHOH IOCTOAHHOMN Yepe3 yae/mable Temmn £ OP3:

(2.6.12)

Gr—— (26.13)

dn k,

B.A.Bpunek "KuHetuyeckan Teopus rpaesuTaumm”.
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§7. Conpormanenne oHa ABMXKEHUIO Ten

Haymame oHa BEPTYaILHEHX (OTOEOB NPHBOJHT K BOIHHKHOBE-
gm0 BRpesennod ("penepHoii") koopauraTHOH crcTeMit (PKC), o
HOCHTEJILHO KoTopoll ¢or naorpones. OnEaKo, €C/H TEJIO ABMMKETCHA
orgocuTesbEO PKC, TO B cBazannof ¢ HmM KC m3oTpomsocts ona
HapymaeTcs (BCTpEYHBIX YAaCTHIl CTaHOBHTCA Gonbmie, wem comyT-
HHIX), 2 B aHA30TPOIHOM HOTOKE MO IPEHMYIIECTBEHHNM BO3JEH-
CTBHEM BCTPEYHHX YACTHI TeJIO HO/DKHO HCIHTHBAT: TOPMOMKEHHE
(cM. 4-¢ BospaxkeHHe MpoTHB ramoTeast Jlecaxka, rasa I, §2).

PacueT 3TOro TOpMOXMeHHA CHesiaeM ¢ HOMOIBIO TEOPHH KOMII-
TOHOBCKOT'O PacCesHHA, 3JIEMEHTH KOTOpOl HAICKEHH B §4.

I[Tycts anextpon memxerca B PKC co ckopocmso v. Camy F
TOpMO)KEHHs, KOTOPYIO OH HCHHTHBACT IpH B3aHMONCHCTBHH C
(OHOBHMH YACTHIAMH, MOXHO HAHTH, IPOMHTEIPHPOBaB IO BCEM
HaIIpaBJICHHAM CHUIH, JeHCTBYIOIHE HAa HETO CO CTOPOHH 3JIEMEH-
TapHKX HOTOKOB (JOHOBHIX JaCTHIL.

Kaxqryio U3 s/1eMeHTapHHX CEJI HETPYAHO BHMHCIIMTH ¢ HOMOIIBIO
TeopHR KoMIrToHOBCKoro paccesmmd, H60 B KIT dosoBne wacTvmu
OTOKIECTRIMIOTCA ¢ HH3KOOHEPIHYHLME (BEpTyaNnsHEMA) (oToramMm.

OpHako, A CHATHA YeTBepToro Bospaxenusa A.Ilyamxape mpo-
Tas ranoress JK.Jlecaxa (cM. riaaBy I, §2) mocraTouEo HCKOMYHO
CHUIy TOPMOKCHHA OYeHumb, T.€. HAHTH BEPXHIOH IpaHHNY €€ MO-
JyJIs1, 9T0 PE3KO YIPOIACT BRIK/IATKH.

Jlna sroro maoTpomHst B PKC moTok ¢oHOBHX HacTHI MEIC/ICH-
HO 3aMeHAM IapajUie/bHHM HOTOKOM, KaXC0as 4acmuya KoToporo
JBIDKETCA Hagcmpewy 3JeKTporRy co ckopocteio - U B PKC (te. co
CKOpPOCTBIO - 2U OTHOCHTE/ILHO 3JIEKTPOHA).

IMTockomsky ¢ - gactana B KIT orompecTeigerca ¢ HA3KOIHEP-
ragHHM (GOTOHOM, ee CedeHMe pPacCedHHA Ha IJIEKTPOHE, COIVIACHO

dopmyne 2.3.67, paBHO CedYCHEIO cr;’- TOMCOHOBCKOIO paccesHHd
3JIEKTPOHA.
Torpa, onmpenenmB 49acTOTY V aKTOB paccesHEHA mo (opmyJe

2.3.37, a TopMoO3sIEe 3JIEKTPOA EMITYJIECH - oo hopMyne 2.4.5, ma
ACKOMOH CHUIH NOJTYYAM ONEHKY

2
et it me @
]

e
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Orciona 14 eKpeMeHTa CKOPOCTH JIEKTPOHA HMEeM OrpaHHveHAE

[ 9]

~ 1
|0 |=—U-S4rly cor 7 18, 2.7.2)

rie Henonb3oBask: oOnvHaa B KTT meTepnperanna 3Hepren &€ KpaH-
Ta Kak 3Heprun 2.2.20 npemecCHOHHOrO ABIMKCHHA HefeopMHpO-
BaHHOH CTpYHH

nokasanHoe B [Ipmnokennn 15 cootHOmEHREE U = 3m, B paBeHCTBO
3.2.32
(A7)
2

Orpanruerne (2) nekpeMeRTa CKOPOCTH CHPABEIHBO HE TOJLKO
IUI4 3JieKTPOHa, HO H /I JIoboro pyroro BemecTBEHHOro 0ObeKTa,
00 3IEKTPOH - caMasd JierKaf JacTulla BemiecTsa.

JIng gacTan Gospmefi MaccH (HYKIOHOB, aTOMHKIX Aep H T.IL.)
yMeHbIIaeTCA H cedeHHe pacceannd (cM., Hampamep, 2.3.70), & ne-
pefaBaeMue IPH pacCedHAA AMIYJbCH 2.4.5,

Jlerko mokasats, 9TO IeKpEMEHT (2) obpaTEO MpONOPIEOHANICH
YeTBEPTOH CTEleHH MACCH M = M+ m, 9acTHI[H, T.€.

nyo?
m

=C.

tg'e. 2.7.3)

§8. ®dynpamenTansHan cucrema

Kak nmokasaso B rnase II, §2, n. 1 r, Bce m3BecTHHE cTabribANE
3JieMEeHTapHHE YaCTHIIH AR/IAIOTCA OTIHYAINMAMECA APYT OT Apyra
JIIMb 9HCIIOM YX10B MomEdHKanmamu (CM. pHC. 5) ogHOH CHIBHO
BHTAHYTOH CTpYHOOOpa3HOH 4YACTHIH, KOTOPYIO HOITOMY MOMKHO
CUHTATH fiyndamenmanbroil.

XapaxTepHCTHKH OTHE/IbHOH (yBAaMeETAIbHOM JacTRms (T1aBa I,
§2, o 1) u mx coBokynBocTe# (r1asa 11, §2, n. 2) GyneM HasnBaTs (HyH-
0aMEHMAALHBIMU KORCMAKMAMU, 8 COBOKYIHOCTS HOJTyYEHHHX H3
Hab/moNeH it ¥ TeOpHH ypaBHEHHH H HEPABEHCTB, KOTOPHIM MO/DKHK 3TH
KOHCTAHTH YAORICTBOPATD, - GIyHOAMENMAALHOI cucmemol.

B cBomwo ogepens, dynpaMeETANBENE KOHCTAHTH MOTYT OHTL OC-
HOGHBIMY B npou3eodHsimu (TOC/IeHAE MPEJCTABAME B BH/IE KOM-
GHHANEA OCHOBHEIX).

B.A.Bpunt "KuHeTMuecKkan TeopuA rpaBuTaummn”.
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e —

K ocHOBEEM (yHIaMeHTAILHEIM KOHCTAHTaM oTHECeM (CM. IJia-

ea II, §2):

¢ | - mmy GyHIaMeHTaIbHON YaCTHIH,

* r - ee pamaycC (cM. lIOCTYJIa’I‘(bOpM]:I, rmasa II, §1),

* |t - ee Maccy, (28.1)
* C - cpenion ckopocTs dhoHoBHX JacTen B PKC,
-® ny - CPeIHIOI KOHMEETPanwio GJOHOBHX JACTHIL.

K ocroBHHIM XapakTepucTakaM ¢GyHIaMEBTAIbHEOA CTPYHH HAJO
OTHECTH H He 3aBHCANIYIO OT APYTHX IIapaMeTpoB €€ YIJIOBYIO CKO-
pocTs ¢ cobCTBEHHOrO BPANICHAA H €€ HIrEGHYI0 XKECTKOCTD g.

B Ipanoxernn 16 omAcan TpaH3ATHHA MeXaHA3M 0Gpa3oBaHEA
¢dorora. CympocTs 3TOro mponecca COCTOHT B CIICXYIOMEM.

@donoBad YACTHIZ BXOJAT B HCTOUHHK CBET2 B BHPTYaJIbHOM CO-
CTOSHHH, NOJTYYaeT TaM HOIepPevHHH HMITYJILC (T.€. HMIYJIbC, mep-
NeHTAKy/IAPHLEH el caMolf B BEKTOpY ee CKOPOCTH), B pe3yJIbTaTe
gero HauMHaeT MPEeHecCHpOBaTs, T.€. IpeBpamaercd B GoToH (CM.
rnasy I, §2, m. 1 r, prc. 5). [lockonmbky nonepeurbidi EMIYJIEC HE
MOXXeT H3MEHHTD 0Ce80il cocTaBome ckopocta, a nocae "doro-
aA3anAn” (OHOBOM YACTHIIH OHA HMEET CKOPOCTS, PaBHYIO CKOPOCTH
¢ cBeTa B BAKyyMe, TO H 00 3Toro (B BAPTYAJILHOM COCTOSHHH) €€
ckopocTs Obiia Takol e,

Hanoxennni#t Mexanmsm obpa3opanmd ¢oToHa (HaswBaeMEIH B
HacToAmeH paboTe TpaH3IUTHRM) KOCBEHHO IMOATBEPIKIAETCA IpOBe-
PeHHOM acTpodH3NYECKHME Hab/moIeHNAMA 32 TECHHRMH ABOMHEIME
3Be3/laMH He3aBHECHMOCTLI0O CKOPOCTH CBETa OT CKOPOCTH HCTOYHAKA
u 3¢dexrom Jomwnepa (rnasa I11, §2, o. 2).

Cxa3aHHOE fieJlaeT nNpaBIonoJobHHM YTBEP)KICHHE, 910 CPERHAL
cxopocTs C GOHOBHX JacTHIl paBHA CKOPOCTH C CBETa B BaKyyMe:

C=c (28.2)

Creflyet, O HaKO, 3aMeTHTh, 9TO OJEH H3 BapHAHTOB TEOPHH
(cM., manpuMep, [4]) mpEBopET K BHBORY, 9ro C>> ¢ (T.€. WIO
¢ - 9acTHNa - TAXHOH), HO B 3TOM BapHAHTE BO3HAKAIOT TPYIHOCTH C
obbiacaeHEneM 0Opa3oBaHEA (OTOHA H HE3ABHCHAMOCTH CKOPOCTH CBe-
Ta OT CKOPOCTH HCTOYHHKA,

TNanee, u3 gopmysmst (3.2.20) Ay = m,c? B cooromerns (3.2.32)

1
‘1’02—
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CJIERYET, 910

. _
1=2—=2%5 =7,72317-10 "em™,  (283)

myc

rae A% - KOMIITOHOBCKAA [UIHAA BOJIHEI 3JIEKTPOHA.

INockomky oOmen3BecTHO, YTO NOCTOAHHAA Oy TOHKOH CTpYK-
TYpH!, KIacCHUEeCKH pagHyc 3JIEKTpOHa 7, H fk CBA3aHEl COOTHO-
menmem: A = r, /o, , To B3 GopMysH (3) EMeeMm:

2r,
Qe =
Il

=(137,036)"". (2.8.4)

Taxam obpa3om, esAcCHAemcA Heuzsecmuvlii panee pusu-
yecKull CMHICA HOCMOARKOE MOKKOI cmpyKxmypsl: 3TO - OTHO-
IIeHAe HaMeTpa NEMHEAPONOIO0HOro 3/IeKTpoHa (CM. pHC. 5, riiaBa
I, §2, n. 1 r) x wmnae dyHEmaMeETANbHOHR CTPYHH (WUIH, YTO IIOYTH
TO K€ - K "JmAe" caMoro 3/IeKTpoHa).

Muorourcienrne ciaegctsua KTTI, manoxenusie B rnase 111, me

OPOTABOPEYAT YTBEPHKIEHAIO, ITO
_2r (2 ) -10 (2.8.5)
T|——J;—== 30.“ =5,60140-10"",
9TO H Hpejonaraercsa B fanbHefimeM (3geck 2r - puaMeTp dyHna-
MEHTAILHOH CTPYHEI).
Hs dpopmyn (3), (4) 1 (5) ameeM:
1
r=_n 1=2,16303-10cm . (2.8.6)

Benomumm Tenmeps nokaszaurylo Beime dopMyJry (2.3.48), mosso-
JISIOIYI0 PacCYMTHBATL YaCTOTY 7, KOHTAKTOB Tesia Maccot M c
(hOHOBEHIMH YaCTHIIAMHE:

n=——M.
1 ke
Obosnawms E = Mc? SHEPIHIO NOKOA ITOro TeJla, AMEEM OTCIOfa:
E=Mﬁ“_ (2.8.7)
ny

Tlomysennas saBrcEMOCTS 3HeprEm E MaTepHaIbHOTO 0bbexTa
OT 9acTOTH 7, €ro KOHTaKToB ¢ (oHOM sBiseTCH 060OKjeHUEM

B.A.Bpwnb "KMHeTUMECKan TeOpHs rpasuraumm”.
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coomnowerua & = h v, cupaBeyIBOro JjIA 3JEKTPOMAarHATHEIX
KBaHTOB He 04eHb Gomsmoft saeprad (cM. riasa 111, §2, n. 4).

Ecym B 3THX OMBAKOBHX H 110 $opMe H 10 (HHIAIECKOMY CMEICITY
paBeHCTBAX OJAHAKOBH! ¥ KO3(MpHIEEHTH MPONOPIEORALHOCTA

kyc
e

To ¢ ydeToM onpefiesierns (2.3.41) nporrkaromeit cnocobaocTd do-
HOBOH 9YaCTHI[H IIO OTHOMEHAIO K €€ KOHTaKTaM C BEIECTBOM

(2.8.8)

2 2m, o m g T
k== — ey 2RO 5% _ 31107 —, 289)
op’ on(K/B) 21l I oM
HOJTY9HM:
k
ny =*Tca 1,4-10%%cn2, (2.8.10)

Ipu cTom Bucoko# kornesTpamun (10) ¢orOBHX wacThIl Cpel-
Hee paccTOAHAE MeXTy HAMHA OKa3HBaeTcs paBHLM (cp. 3):

R= n;;l” ~9.10 Memm 1.

Tlpa BoBofie GopMysIH (9) HCIIOMIB3OBAHA CBA3b Of =G, n(K/B)
MexIy CedeHHEM Ute KOHTAKTa (¢ - YACTHIH C JJIEKTPOHOM, Cpel-
HEM reOMETPHYECKHM CeUeHAeM JIeKTPOHA

1 1
5’0': < 52!;, i

(cm. prc. 11) m wacnom n (K/B) xorrakToB (K) doHOBO! gacTENH ©
3JIEKTPOHOM IIpH YCJIOBAH BXO/ia (B) B Hero. Ota cBA3b MOKET OHTH
JIETKO MONTy9eHa B3 CJICYIOMEro OYeBHAHOIO COOTHOIMCHHA MEXKTY
HACTOTOH 71, KOHTAKTOB 3JIEKTPOHA C ) - YACTHIIAME B JacTOTOR 7,
HX BXOJOB B 0DJlaCTh HPOCTPAHCTBA, 3aHAMAaEMYIO JJICKTPOHOM:

ny = iy n (K/B)’ T.C.
ny c o}’ =ny co¥n(K/B),

pe

TAe cpefee 3HAYCHAE JUIA Op = ol<r,l

SRR
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To obcrosremsctso, wro n(K/B)=1/a, ~137, crexyer m3
dopmy (8), (3.2.25) u (9), o1Kyna npoHHKawmAasa cocobHOCTD

m, m k 3
k =—%=—tpn(K/B)=—t2425-10° . (2811
® cﬂe 0“:& Cre CM2 ( )

B Ilpanoxenun 15 nokasano, 9ro Macca | GOHOBOH 9acCTHITE:

p=3m, (2.8.12)

910 ¢ yderoM 3Haderns (10) n 06beMHOl IUTOTHOCTH Py MACCH
¢dona faeT:
r KT
pg=pny~10°—=1—7. (2.8.13)
oM M
Ilpr sToM OOBEMHas ILIOTHOCTD €y YHEPIUH HNOCTYNATESHHOIO
HOBIDKEHHS BAPTYATLHHX () - YaCTHI OKa3pBaeTCA paBHOI:
1 apr
ey =—M czny z6-l()23%.
2 cM
"Habmonaemas saepraa” (eM. dopMysmi 2.2.3) Gyner cymecTseHHO

MEHbBITIE:
1
ep = o c*ny sin® B, (2.8.14)

#60 B CBA3M ¢ BHICOKO# OpOHAKAIOMEH CHOCOBHOCTSIO (p - YaCTHI] BX
yron ataku § << 1. [lanee, u3 dopmysmi (2.2.21) ¢ y4eToM COOTHO-
menwd (3.2.32) u (15.4) mveem 1a JHEprER €;, cOGCTBEHHOrO Bpa-

INEHAA (¢ - JACTHIL BEIpaXKCHHE

2 2 2

l m, c ,
go=eP=t-Yo Be® _go00Mspr (2815)
P 3 3 2

2
2 —
2'1

(B mocJIeTHEM PaBEHCTBE HCIOMH30BAHO 3HAYEHHE 5), S3Ta KOHCTAHTA
6ym3ka k 3Heprun BexTopHOro 6030Ha, BBEEHAA KOTOPOI'o TpebyIoT,
KaK H3BECTHO, MOJIE/TH "BEJIMKOro 0ObeIHHEHA", T.€. TEOPETHIECKHE
MOIC)H, ONECHBANINMHE ¢IHHLIM 06])8301\'! CHIIbHOE, ICKTPOMArafnT-
Hoe H c1aboe B3aAMoneAcTsHS 3/IEMEHTaPHEIX 9aCTHIE.

B.5.5punb "KnHeTr4ecKan Teopusa rpaBuTaumn”.
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INprEBeeHnOEe paccyIeHAe NO3BOJIET CAEJIATH BHBOK, 9TO HaH-

GosmpImit BKJIAJ B IOJHYIO 3Hepruio € ()OHOBOH JaCTHIH JaeT BHp-
TyaJTbHas SHEPIHUA & €€ COOCTBEHHOIO BPAICHH (2.2.19):

. 2.2
DL L (2.8.16)
* 2 4
OTKy[ia, ACHOJb3YA 3HaYeHHA, OpHBe/icHANE B pasercTsax (15), (12)
= (6), amMeeM:

¢= 1,65'10390—l, 2.8.17)

97O jI/1A JIMHEeHHOH CKOPOCTH BpalleHHA Ha IIOBEPXHOCTH ¢ - YacTH-
OH ¢ y9eToM 3HaueHHA (6) naeT
10 CcM

v=Qr= 10! —>>c 3-10 (2.8.18)

c C

TTocnemaee 06CTOATENHCTBO He JIOJDKHO CMYITATS, BHO0 cobcTeenHOE
Bpamenye (OHOBOI JaCTHNH eCTb JABIKCHAE BUPTYaIbHOE, VA BHEI-
Hero WccliefopaTelld HeHaGymogaemoe, B HeM 3ajieficTBoBaHA ONHA H3
BHYTpEHHHX CTeneneif cBobomn. VHrMEA c/ioBaMH, BO BHEIIHHX CTeme-
HAX cBobogH HRGOpPMAITHA C TaKOiH CKOPOCTHIO HE IEPENaeTCA.

IMpusenernne 3aavennsa (2; 3; 6; 10; 12) ocroBEEX ¢yHgamen-
TalBHEX KoHCTAaHT (1) MO3BOJAIOT HO H3BECTHHM (OPMYJIAM BRIYHC-
JIHTH 3HAYEHHA OCTAJLHHX (IPOH3BONHHLIX) MapaMeTpOB KHHETHYE-
CKO#l TEOpHH IIOJIA, 9TO, B CBOIO OYepe/ib, IEJIA€T BOIMOMHOH IpO-
BEPKY HENpOTHBOPEYHBOCTH IOJNyYeHHOH H3 TeopHH G(yHiaMen-
TaNMBHON CHCTEMH C H3BECTHHMH BaOIIOJeHHAMH.

B gmcio ypapEenHit B HepaBeHCTB 3TOH CHCTEMEl €CTECTBEHHO
BE/IHOYHTH:

o remmst OPD (2.5.2):
=15 (2.8.19)
kyc’
* pripaxkenne (2.6.13) rpaBETANMOHHON DOCTOAHHOM dYepe3 QyH-
JaMEeHTAIbHHMEe KOHCTAaHTHL.

c ~

G= E, (2.8.20)
4n k,
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s pupaikenne (2.7.3) nexkpeMeHTa CKOpOCTH:

a3 ny cop
vVR-—g
m

tg%, (2.8.21)

* a Taoxe Habmomaemue orparmenns Ha Tevus OPD \ TopMo-

ACHEA:
E<E g, (2.8.22)
| 5| 2| satal- 28.23)
Teoperazeckne Temmn OP ¢ ygerom 3pagernd (11) jgerxo nai-
T B3 popmymit (20):
~ E 4nkG
E=—sp= oG 1210°8 2 (2.8.24)
Mc c C-3pr

970 N0 HOpAAKY OJH3ko KOSYYeHHOMY HE3aBHCEMO 3HAYCHHIO
(5.5.5), a nexpeMeBT cxopocTH "(QyHIaMEHTaIbHOIO TOPMOMKEHAL" -
| o dopmyse (21), koTopas ¢ yueroM 3HaueHmdA (10) mna mpoToma
(p), HanpaMep, naeT:

|4 |<<10716¢™. (28.25)

Omnenxa (25) nonydeHa ¢ y9eToM TOIo, IT0 SHEPrHg
1 .
eE=7H 1? %2) tg%0

BHPTY&ILERX YACTHI[ ropasfo Menbine 3Heprzm [ 27] pesmxroBeix

¢dororOB
| p =§'k T=§'1,38 107127 %107 apy,
C onym
tg29 << tgzep ws—pwm__l‘j = 1077,
g, 10 "spr

B.A.Bpune "Kuxetryeckan Teopus rpaguraumm”.
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§9. Conocraanenue ¢ HaGnogeHUaMNn.
CHATME KNacCUYeCcKMX BoSpaxeHmi npoTmus
runoress Jlecaxa

Bo sBenenmn (rnaea I, §2) nprBeieEN YeTHPE OCHOBHHIX BO3pa-
serna A.Ilyankape i xp. nporus remoresst XK. Jlecaxa. 31e Boapa-
aennd Oy/ieM Ha3HBaTh KJIACCHICCKAMH.

ITepBrie Ba B3 HAX (3aBHCHMOCTS JIeCaIKEBCKOM CHIN TATOTCHHA
OT pa3MepoB IPABHTAPYIOMMX TeJl H €€ He3aBHCAMOCTS OT HX Macc)
YCTpaEAIOTCA 3aKOHOM TATOTeHES B opme (2.6.11), nomysenssm (B
OTIHYHE OT cooTBeTCTBYomero 3axosa M. HploToRa) Teoperadecks
¢ yuerom: 1) BRCOKO# nposHKarmesk CIOCOGHOCTH CTPYROOOpa3HLI
¢oEoBrIX wacTHm, 2) OoTOOpa MACCHBHEIME TeJIAMH MaJIOH [OH
9HEPrHH MOCTEJHEX, 3) EapymIeHHA B CBf3H C 3TEM H30TPOMHOCTH
dora BOIHMIA YKA3aHHEX Tes M 4) HCKDHBJICHHS TpaeKkTopuil (poHo-
BHIX 9ACTHI ITPH JBIDKCHAR B AHA3OTPONHOM NOTOKe cebe momobHRIX.

PaccMmoTpuM OCTaBIMAECH BO3pAKEHAA.

a) "mpH ABUDKSHAH OTHOCHTE/LHO (OHA Tesa JOJDKEHEI HCIK-
THBaTh TOPMOKEHHE NOJ NpPEHMYINECTBCHHHIM BJIIEAHHEM
BCTPEYHBIX (POHOBKIX JACTHN'".

ObcyxqaeMoe "dyHnaMeRTANbHOE COMPOTHBIICHAE" JBIDKCHHIO
Tent B PKC ("penepHas" KOOpIHHATHAA CHCTEMa, OTHOCHTEILHO KO-
TOpo# (JOH HIOTPONEH ¥ He3ABAXPEH) MPHBOIAT K YORBAHHIO CKOPO-

CTH U TeJia IO 3aKOHY V=1 Cxp(t';t), rae IeKpeMeHT (17) CKOPOCTH
onpefeAeTcs paBeHCTBOM (2.7.3) B CAYIbHO 3aBHCHT OT MacCH JBH-
*ymeroca Tesa (COpaTHO NPONOPNHOHAEH YeTBEPTOH CTENCHH
3TOH MaccH).

Jlna 3/1eKTpOHA HEKPEMERT CKOPOCTH

|5|<<107c, (29.1)

s HByxiosa - B (1840)% pas memsme (cM. 3mauemme 2.8.25), na

MaKpOCKONAYECKAX, a TeM Oosree - acTpodH3MIECKHX TeJl OH CTaHO-
BHTCA HCYE3AK0IME MaJIbM.

Bpems (1), HeobxommEMoe U1 YMEHBIICHHS CKOPOCTH 3JIEKTPOHA

B e pa3, paBHO )

1

o
3, |

t,= | >>10%c, (29.2)
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IPOTOHY AJIA 3TOro MOHamobHTCH I >> 10* ner, T.e. myxaonwm, a
TeM Gontee - MaAKpocKonuveckue u acmpogdusuveckue measa Po-
HOM npaxmuuecKku He MOPMO3AmMCA. DTOT BHEBOJ CHHAMAET COOT-
BeTCTBYIOIee BO3paskeHHe HPOTHB remotesn Jlecaxa. EmxmmcTen-
HEIA MaTepHAILHEN 06BEXT, Y KOTOPOro ecTh Haflexia OOHapYHTH
¢yHIaMeHTAIbHOE TOPMOXKEHHE 3KCIEPHMEHTAIBHO - 9TO cBOOOX-
HH OT NPOYAX BO3/IeCTBHI OHCTPO ABIKYITHACA 3/IEKTPOH.

Takoe TOpMOKEHHE 3apMHKEHHON YACTAIN KO/DKHO NPHBOIHATS K
AVTYYeHHIO 3JIEKTPOMArHATHHRX BOJH (T.H. "TopMo3HOe H3TydeHHE").
H, neficrsarermao, Hab/moeAna B KOCMOCE H B 3eMHBIX JiabopaTto-
PHAX HONTBEP)KAAIOT: ABIDKCHHEE Y/ILTPAPEIATHBECTCKOIO 3JIEKTPOHa
IIPH H3BECTHHX YCJIOBHAX CONPOBOMKIACTCA CHHXPOTPOHHBIM HTY-
YeHHEM.

6) "Ina obecneuenna Hab/monaeMolf rpaBHTAIlAA HHTEHCHB-
HOCTS ¢oHa JopKHA ORITH CTOJIb 3HAYHTENILHOM, 9TO OOX YAa-
pamMr (OHOBHX YACTHIl BCe TeJia NODKHN Ohm OH cyme-
CTBeHHO pasorpeBaTies (o pacderam A.Ilyamkape, 3emud,
BaIpEMep, Ha 10" Kle)".

Opnaxo, ama pacuet A.Ilyamkape, a Taloke MOH pacueTHl, IpH-
Befienane B [Ipmiokenuax 2 m 5, coesaBn Ge3 ydera mocTyJiaTa

¢opMH 0 cTpyBOOOGpazEOCTH (HOHOBHIX YACTHIL.
YeT 3TOro mOCTYJIATa IPHBOAMT K cooTHOmeHmHO (2.5.2), B3 Ko-
TOPOTro NOJTyYeno 3Hadenne (2.8.24) obmiero pua Beex TeJl yAe/bHO-

ro remna E O®D (or6opa donoBoi sncprm).
C nomompio 3TOro 3Ha4YeHHs JIerko Haima TeMmn OP3D 3emueii
Eea’ Commem EQ, HTJ.:

Eg = Mg 2E=6-102 2 Eo = M E =210 (29.3)
c c
H Boobme Temou 0P mobum Teniom Maccolt M B cacteme CI'C

E=(Ec*)M~M, (29.4)

T.€. KT rpaMM BemecTsa otompaet ot dona ~ 1 apr/c. I xoma
3TH TeMuH Ha 14 - 20 mopankos Emie opaBeaeHHBX Y A.[lyaBkape &
B IIpunokeHAsaxX 2 W 5, HO B OHA BCE €IE AOCTATOYHO BHICOKH: Ha-

Gmomonaemas ceeTeMocTs COJHEIa IPEMEPHO paBHA 3HaTeHmO Fg,

a maG/mozaeMoe TeIIoBOE EATyverHe 3eMim Membme Eg mpuGmm-
suresibHO B 100 MArumosoB pas!

B.A.Bpnib "KmHeTwdeckan TeOpUR rpasutawy”.
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He cnegyer, OIHAKO, TOPONHTHCA ¢ OTpPHNATEHHHMHE 34K/IOYC-
HusMH 10 KeaeTraeckol Teopan mosd (KTTI).

Bo-mepBhix, HOCMOTPEM - TaK JI YK BE/HKH NPHBESJCHHNE TCM-
mx OPD: ecym 61 OHE ORUIM HOCTOAHHE, TO JJIA HAKOIUICHHA HME-
omelica 3Eeprma mokoa M c? mobomy Tenty momapobmmocs 6B
spems T, pasHoe (cM. dopmyy (4) | 3uagerne 2.8.28)

2
1
TxM—.c=-=g:= 102 ¢~ 10" JIeT, (2.9.5)
E E

TaK 910 TeMin O3 EHITOMHH.

Bo-BTOpHIX, BHACHEM, Ha YT0 pacXoXyeTcs ITa oTOHpacMas JIo-
6rM BemecTBeHHERM obbexTOM OT dona 3mepraa? KTTII, smmasch
TeopHeit He TOJBKO MOMNeH, HO H 3/IEMEHTAPHHX YACTHII, IO3BO/IAET
OCBETHTD 3TOT BOLIpOC Ha GyHIaMEHTAILHOM YPOBHE.

B rmape II, §2, o. 1 r nokasaso, 910 Jmobad 3/1eMeHTapEAd IACTHNIA
BeImecTsa (HYKIOH, NIEKTPOH) MOJIe/THHO IPE/ICTABAMA B BAJIC YIPYToif
nehOpMEpOBAEHOH CTPYHE! (TOHKOTO CTepA), GrcTpo Bpamatomesica
BOKpYT IIpOXOAIIelk uepes ee NEHTP MAcC OCH H HAXOJAIICHCA B PaBHO-
BecHH mOj JeficTEeM NedOPMEPYIOIEX ee MEHTPOOEHERX CAUT B Ipe-
IATCTBYIONHEX JabHeAmeMy HIruby CH/T yIIPYTOCTH.

Tam ke mOKa3aHO, YTO BCE YACTHIH C OJMHAKOBHIM SHCJIOM Y3JIOB

ATBHOIO ypaBHeHHA 4-10 HOPANIKA, OMHCHBAIOIIETO GOPMY CTPYHBL

Omnaxo, JHEprHA TAKO# KOHCTPYKHEH (T.H. "JHEPIAf HOKOA"
3JIeMEHTapHOM! YACTHIIH, PABHAA CyMMe ¢€ KHHETHUCCKOH SHEPIHH
BpalieHUA ¥ TAKOIl JKe MO BeJIMYAHE MOTEHNHAILHOR SHEPIHHE YIpY-
roit feopManEA) 3aBACHT He TOJIBKO OT YIJIOBOH CKOPOCTH, HO H OT
aMIUTATY/H AeOpMANAA CTPYHH: C POCTOM aMILTHTY/H, OpOMOp-
IHOHAJLHO €€ KBaJIpaTy, PACTET H 3HEPrHA "IOKOA".

Wmerso 310 B npoucxopaT npr OPD: BekoBOH, O9eHL MEUICH-
HHil pOCT aMIUIATY/H B COOTBETCTBYIONEN POCT SHEPIHH "HOKOA"
3sieMeHTapHOH YacTun. TakoB OTBEeT Ha MOCTABJICHHBH BHIIC BOM-
poc Ha ¢yRIaMeHTAILHOM YPOBHE.

Y10 e, OpH 3TOM NPOHCXOJAT Ha YPOBHE aTOMHOro Ajpa (Ha
MHKpoypoBHE)?

Cornacro nanoxenno#t B rmase 111, §4, n. 1 "mrabem-monenn”,
AIPO COCTOHT H3 YJICHKEHHHX B IUTabe/h MAHHAPONOOOHHX HYK-
JIoHOB (cM. puc. 5, rnasa II §2, . 1 r). TlocnenEre TECHO HPMKATH

77




IPYT K ApYry HasieEreM (oOHOBHX HacTdl (T.H. "AIepHBIME CHJIA-
ME"), a BX OCH BpallleHH NapaJUle/IbHbI.

Jlns pacwieHenus sfpa Ha COCTAB/LIOIEE €0 HYKJIOHH HAJO
3aTPATHTh NPOTHMB AAEPHHIX CHI paGoTy, HaskBacMyl JHEprHEH
CBA3E. 3aMeTHM, 9TO 3Ty paboTy cTabHIbHOE AApO CaMO COBEPIIHTH
HE MOYKET: €€ MOTYT COBEPIIMTS JIMIIL CEJIH, BHEIIHHAE IO OTHOIIe-
HEIO K A1pY, HO3TOMY 3HEPTHA CBA3H Afpa OTpHIATE/bHA. -

Hmerorea Tabimemu (oM., HampeMep, [ 14 ] i 1p.) 3pavennii cpen-
He#t HeprEH (€) HYKJIOHA H cpeqHEH SHEPIHH (E.,) CBA3M, IPAXOad-
melica Ha OHH HYKJIOH, JUIA Alep O9¢Hb MHOTHX H3 H3BECTHHIX H30-
Tonos., AHaJHA3 3TAX TabJMHI NOKA3KBAeT, YTO ¢ OTHOCHTE/bHOHR II0-
rpemmocTsio mopsaka 1075 MOKHO yTBepXmaTh, ITO Pa3HOCTh ITHX
JHEPIrHH eCTh BEJIMYHHR HOCTOAHHAA, TO €CTh

€ -E€p =E 1| €| = Eo = coOnSt. (2.9.6)

Orciofa - BaKHeMINHIA /1A BOJIONHA BEIECTBAa BHBOL: C poc-
mom cpedneil 3nepzuu KyKiona é Adpe (a AMEHHO 3TO MPOACXO-
maT B pesymTate ODD) ybssaem modyab ezo cpedneil snepeun
cen3u.

Tocnemsee 06CTOATENLCTBO NPHBOIAT K TOMY, IO paHee CTabR/Ib-
HOE AJPO NOCTENEHHO HpeBpamaeTca Bo Bece MeHee YCTOHIHBOE B B KOH-
Ie KOHIOB pacuajzeTca (erpagupyeT) Ha bojlee MeJIKAE AIpa-OCKOJIKA
(u3BecTHLI TPOIECC ECTECTBEHHOH PaIHCAKTHBHOCTH).

3ameram, uro B paMkax KTII noraka gerpapaiiae KpymHHX Afep
ciiefyiomas: B pe3yiabrare Megiueassoro O®D B onpeieeHEbB MO-
MEHT CTaHOBHTCSA 3HEpreTHYeCKH BHIIOIHHM [ - pacmaj OZHOro H3
JHITHEX HeHATPOHOB MaTEPHHECKOro Aapa (7 - p axT, cM. riuasy III, §3,
n. 4). [lospuBrmrics Tpe 3TOM JIRIIHAN MIPOTOH CBOMM 3JIEKTpHYEC-
KEM II0JIeM BHOCHT B Ja/bECOACHCTBYIONEE KYJOHOBCKHE CHJIN B3a-
AMHOTO OTTAJIKHBAHEA IPOTCHOB CBOH BKJIAN, KOTOPHH MOXET OKa-
3aThCA JOCTATOYHHM [IJIA pacuaja.

Takopu mocieacTsrg OP2 Ha ypoBHE aTOMHOIO ARpa.

Maccosnie uEcna (4) aTOMHBIX Afep HEIIOXO KOppeJHpYIOT C
"MaKpOCKOMAIeCKEMA" IUIOTHOCTAMH (p) COOTBETCTBYIOHEX 3Jie-
MeHTOB: GombimEM A Kak OpaBAIO, COOTBETCTBYIOT Gompimme p, B
cacreme CI'C, manpmep, A/p ~ 10.

Ho mockomsky, KaK oka3aHo BRINe, B CBA3H C ierpajaEel auep
A yGuBaeT, T0 B IUIOTHOCTS JH0GONO Tena co BpeMEEeM TaloKe JIoJ-
@4 yORBaTh,

B.A.5p1b "KuHeTHYecKan TEOpUR rpaevTaupm”.
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310 pasyIToTHeHHE faxke TP MOCTOSHHOM Macce (a TeM Golee npl
MeUIeHHO pacTyme#f, (cM. 2.5.2) DO/DKHO NPHBOJHETH K PacIIMpPEHHIO
MAKPOCKOIIAYECKEX H acTpodmsmiecknx oOBEKTOB, HasBaHHOMY B 1977
roxy (cm. [ 2]) BeeobmpM pacimpenRreM PaBHOBECHBIX CHCTEM.

H, neficteuTensuo, Habumoferna yGeg@TENEHO
CBHIETE/ILCTBYIOT O CYIICCTBOBAHMH B IPHApPO/e HEOECHHKX TeJI, IpEMep-
HO PaBHBIX [IO Macce, HO Pe3ko PAaVIAYAIIIEXCA pasMepaMA H IUIOTHOC-
Thi0, HANpHMep, (B HOPANKE BOPACTAHAA PaJEyCca H COOTBETCTBYIOMIETO
YMeHBIleHAd IUIOTHOCTE) JUIA ‘TeJI ¢ Maccolf mopamka MaccH Couera
3T0: YepHad pIpa (pamEyc mopsmka 3 kM, wioraoets 1016 r/em3), metr-
TpoHHasa 38e3fa (~ 15 xm, ~ 1013 p/em3), Gemait xapmak (~ 103 oM,
~ 106 r/cm?), HopMmassHas 3Beama (~ 105 kM, ~ 1 r/em3).

HanoxeHAas KORNENMAA BH3BAHEOro 0T60opoM GoBOBO# 3HEprHE
(OD3) Bceobmiero pacumpeHns NPHEBOJAT K €CTeCTBEHHOMY BHIBO-
Iy, 9T0 Oepevnc/icHHNEe acTpodr3mIecKae OOBEKTH - 3TO HE PA3HHE
obsexmul, a pasHNe CMAaduu PeBOSIOIMOHHO-3BOIOIHORHOIO pas-
BUTHA 00KO20 0OBeKTa (YepHAs JHpa B Pe3Y/LTATE BCHKINKA CBEPX-
HOBOH IOpoOXIaeT HEHTPOHHYK 3Be3[ly, KoTopad, oTobpas or dona
3HEPTHIo, NOCTATOYHYIO JUlM paspymieHHA cBoeli oboyoukH, B mpo-
necce BCINIIKH HOBOH obpasyeT B meHTpe Oesinit kapiHK, NajibHeli-
mee pa3yIUIOTHEHHEe KOTOPOro MPHBOIHET €ro K CTaJiH HOPMAaJIbHOM
apeannl, Tana Cosmna), cM. rnasy V.

f1.B.3esmpoema 1 W.J1. HoBEKOB mokasaym, 910 H B pamkax OTO
BHIXOJ{ MaTEpHH H3-IOJ FOPH3OHTA YepHOM NHpPH BO3MOMEH, HO OpH
YCJIOBHH H3HAYAJLHOIO pacmHpeHAds Haxonsmelica mox cdepoit
MIsapmmmmaa Matepmn. KTII ykasmBaer ¢mimdeckme DpHIdHE
3TOr0 pacEpeHHd.

Hackosmmko MHE H3BECTHO, BIEpBHE HJICI0O O pa3sBHTHH BEIIECTBa
BO BeesieHRO# OT IUIOTHRIX coCTOAHMI K pa3pekeHERM (a He Haobo-
poOT, Kak cefidac mpHHATO) BHCKazan B.A.AmGapmyman. [loramka
6bU1a rennabHa, HO dHE3AYECKH He 0OOCHOBAHA.

B nabopaTopHHX yCNOBHAX YKa3aHHOE pacHIHpeHHE TPYTHO 00-
HAPYHTH He TOJILKO B CBA3H C €0 KpaliHe HH3KAMH TeMIIAMH, HO H
[0 OpHYHHE ero BceoOIMEOCTH: pacImApAETCA BCe, BKITIOYAL STAJIOHEL.

Hampomus, B reo- B acTpodH3fKe HAKOIUIEHO MHOrO Habmojae-
MuxX axTopos (cM. riaasw V m VI), onpesieieHHO YKa3HBaoON@EX Ha
pacmmpenue 3eMJIA B IPYTEX acTPOdA3AIECKEX OOBEKTOB, mpAIeM,
B paMKaxX COBpeMEHHO# mapamurMe (6e3 yuera SHeproHACHINEEROTO
fona BEpTYaTHERDS ) HeoOXOMAMYIO /I TAKOTO PACIIEPERHS
OrPOMHYIO SHEPTHIO "HeoTXyHa B3ATE".
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Hanpumep, xax nokaszano B [Ipunoxennn 17, pjia pacompeHHd
3emum mONMydeHHBIMH B3 HabGmomemmit [12] Temmamu Heobxommm
IIPATOK SHEPrHH, Ha 2 mopAaKa Gosbiumit ee moHoro HabmonaemMoro
SHJIOreHHOro TemwoBoro moToka (~ 10% apr/c), nporcxoxienne Ko-
TOPOro B paMKaX COBPEMEHHOH HayKH TaKiKe TUCKYCCHOHHO, OO B
HefpaX OTCYTCTBYeT HeoOXOMHMOE JUIA CO3[laHAA TaKoro MOTOKa
KOJMYECTBO pajgHOaKTHBHOrO BemnlecTsa. IIpocToe ke OcThIBaHHE
HeJIp - MPOMNECC CIMIIKOM OHCTpHIi, 9TOOH MOIepHUBaTh 3TOT TEIl-
noBOl TOTOK B TedeHnAe 4,5 MJIPA. JIeT la)ke Ha coBpeMeHHOM Oostee
HH3KOM, 9eM IIPEKIE, YPOBHE.

B pamkax >xe KTII 3Ta 3Heprus cocTapIfeT JHIIb MaTylo J0JIO0
(~10'5) sHeprem (3), or6Epaemoll IaHeTOM OT QoHa M Mymed B
KOHIIE KOHIIOB Ha JierpaJalliio ee aTOMHBIX Aep, CJICICTBHEM KOTO-
poil ABJIAIOTCA PAJMOAKTHBHOCT C BhUIEJIEHHEM TeIUIa H paclmpe-
EHe (pasyIUIOTHEHHE).

Wrax, sBemennnlit B rnase 1 moctynaT OpMEI HO3BO/HAT PE3KO
CHH3HTH pacdeTHne Temms OPD (Do cpaBHeHMIO C pacdeTaMH
A.Tlyanxape Ha ~ 19 nopsaxos, cM. IIpanoxerus 2 u 5), oBes BX
1o ~ 1 apr/(c-T) (cM. 3Havenme 3), nmpuYeM Okasanocs, w0 OPD -
IIepBOE 3BEHO B MENOYKE TECHO CBA3AHHKX MEXY co0OH mpomneccos,
KB M3 KOTOPhIX ABJIAETCA CIIEACTBHEM NPENRIYINEro H NpHIH-
HOH CAeXYIomEro:

O®3 i mOCTENECHHRI POCT Cpefiieil YJHepruy "MOKoA" HYKJIOHOB
(MOJIEJHHO - POCT aMIUTHTY/IH Aedopmanun OHCTPO Bpalaomeics ¢
NOCTOAHHOH YIJIOBOH CKOPOCTBIO CTPYHM C YETHIPHMA Y3/IaMH, CM.
rnasa I, §2, m. 1 r) m® BekoBoe yOrBaHHE MONYJIA CPEHCH JHEPIAH
CBA3H HYKJIOHA CO CBOHMH COCE/IAMH IO aTOMHOMY A/IpY '™ HOTEpS
AIPOM YCTOHYHBOCTH b paclaj KPYIHHIX Aiep Ha Bce Gonee Mesr-
kue (sjepHas AerpajianHd, H3BECTHaA B COBPCMEHHOH Hayke NOJ
Ha3BaHHEM "ecTeCTBEHHAA PajMOAKTABHOCTD'") I BEChMa Me/UICHHOS
pasyIUIoTHeHHe (PacIIpEHUe) TeJl Ha MaKpo-, eo- H acTpodusmyec-
KOM YpOBHE, Bce Gosee yBepeHHO (HKCHpyeMoe HabsmofeHHAME H
[03BOJIMIOIIEE C EAMARX MO3MIHMA, HE NPHBJIEKad MHOIOTHCIICHHBIX
runores ad hoc, NOHATL B KOJIA9ECTBEHHO ONEHATh MHOIHE H3BECT-
Hbi¢ TPOMECCH M NpEACKa3aTh ANl NPOIECCOB HEH3BECTHHIX (CM.
pocnenane naparpads raas I, IV, V r VI).

CoBnafensie MOMy9eHHEX TeOPETHYCCKH omeHok Temmop OPD
no gopmyiie (2.8.25) ¢ HalieHHHME COBEPIICHHO HE3aBHUCAMO TeM-
namz (3.3.27), a Taloke coBuafenHe fekpemenTa é Temmos CO3
(3.3.25) ¢ maitpensnv w3 Habmoxennil fekpeMenToM (Tuiasa V, §4)
obuEA HEHATPOEOB B COJIHEYHOH CHCTeMe B MHOTHE IpYTHE COBHE-

B.R.Bpyink "KyHeTAYecKan TSOPURA rpasuTaumi”.
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JeHHs B OT/IHYAE OT NPHBEACHHEX BHINE TUCTO KaYeCMBEeHHHX pac-
Cy3IeHEH, HOXTsePIAlT BHBOA O IPEOOICHHR "3HepreTHIecKoro”
BO3paKeHMs y)Ke Ha KOAUUeCMaeHHOM YPOBHE.

OHaKo, co BpeMEHH IIOCTIEHET0 CEePhEe3HOro 06CyMJIeHA IHIo-
eant JK.Jlecaka MPOILIO MHOTO JieT. 3a 9TO BpeMA B pasHbiX obiiac-
THX €CTECTBEHHHIX HAYK B OTPOMHOM KOJIHYECTBE HOABFUIHCH HOBHIC
rabsmonaemsie dakTu, me misectanie Y.I'[Japsuny, A.OHHITOHY,
A.Tlyasxape, X.JIoperny, I1.Jlamwiacy u Gonee paHHEM KpHTHKAM
runotesn Jlecaxa. HexoToprie HX 318X (haKkTOB, B IPHHEIANE, MOIVIH
65 DIPOTHBOPEUMTH BEIBOJaM H3 KuHeTHIecKoh Teoprn mois (KTTI),
B OCHOBE KOTOPOH JIC)H®T YKa3aHHAA THIOTE3a. :

Ob6napyncerue xoma 6bl 00HO20 MaKozo gakma RO360AULO
6w 0amb ompuyamenbHOe 3aKAIOHEHUE NO 6cell Meopuu.

B nmomckax Takoro NOpOYAINero Teoprio (akra 1 OB BHHYMIECH
COBEpIIATS IOBOJHO PHCKOBAHHOE MPENpPHATHE: He OyIydn y3xmm
CHENAAMCTOM HE B 0b/1acTd AnepHO# ¢usma, HE B 06/1acTH reo- A
acTpO(H3NKH, He BIajes II0ITOMY B IOCTATOYHOM 0OBEME COOTBET-
CTBYOIIMMH CHEI[MA/bHEME 3HAHAAMH H TEpMEHOJIOTHEH, MHE
IPHIUIOCH 3aHAMATHCA BONPOCAMH, JIEHAIMME Ha CTHKE ITHX ecTe-
creennnx Hayk B KTII, onmpascs ymnm, Ha B3yHUCHHE JHTCPaTypH H
HepeTyJ/IApHbIE KOHCY/bTANEH CIENHAMCTOB. B cBeTe CKasaHHOrO,
BpAJ| JIA MEE yJIaJIOCh A30€XAaTh TepMAHOJIOTHIECKAX HETOYHOCTE!H H
paxke omMOOK IO CYINECTBY.

IosToMy Jmobas KpATHKa, Kak KOHCTPYKTHBHAA (HANpPaB/ICHHAA
Ha Y/ydIleRHe HIOXKEHHA, YCTpaHeHHe HETOYHOCTEH, BOSMOMMEEIX
onm60oK), Tak B AeCTPYKTHBHaA (IpelbsBiieHHe HEHIBECTHRIX aBTOPY
baxTOB, mopovanEx Teopmio) GyneT nprAATa ¢ 61aroapHEOCTHIO IO
aJipecy, YKa3aHHOMY B KOHIl€ KHATH.

Bcee namsBefimmee HATOKEeHAE NOCBAMIEHO MOACKAM TaKBX (HaKToB.
Cpasy omMedy, 9T0 3TH NOHCKH OKkasamch GespesymraTanva. Ha-
NPOTHB, B Ka)K10# 0GNACTH €CTECTBEHHHIX HayK HalJICHH NCCATKH
(aKTOB, HA KOJMUECTBEHHOM HIH Ka4eCTBEHHOM YPOBHE COBIajalo-
mEx ¢ cooTercTByonmMA BrBogaMu KTII, MAOrHe U3 KOTOpHX He
MoryT 6urTs HemocpeacTBerHO moydenn u3 OTO A J#mmrreina.
YacTs B3 3THX BEBOJIOB HMeeT XapaKTep Ipe/cKkasaHuil, BEKOTOPHE
|3 HAX Y)Ke TONTBEpIUIHCE (B TOM YHCJIe Ha KOJMYECTBEHHOM YpOB-
He), cM. mocyexare naparpads rias 111 - VL

Tem camwum CHuMaemcs nocaednee u3 KAaccuuecKux
so3paxcenuii npomus zunomesst K.Jlecadica.
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‘Tnasa lll. OcHoBHble cneacteus KTT
B Mukpodpuauke

§1. BupryansHaa ¢poHOBaa YacTuvua (¢ - 4acruua)

Kak mokasano B rimase II, §8, oHoBas wacTHIa MOAENBHO Mpef-
CTaBUMa-B BHIOE TOHKOH HemehopMHpOBaHHOM CTPYHH, Oauna | Ko-
TOpO# paBHAa YABOEHHOH KOMITTOHOBCKOH MJiHHe 2A . BOJHH 3M€KT-
poHa, ee Juamemp

2r=n-1,

4
roe n:(%a“) , (0o =1/137 - nocToAHHasA TOHKOH CTPYKTYPHL).

Macca p onoBoOH YacTHIIH MMeeT MOPAIOK MACCH 3JIEKTPOHA M, &
ee akeamopuaivhuii A ¥ oceeoii B momenms uHepyuu paBHH,
COOTBETCTBEHHO

I 5 1 5
A=—npl®; B=—ur".
12 2

n. 1. MICTOYHKKK ¢ - HacTHL

Hemournukamu ¢ - dactun (Kak, BIpodeM, H OPYTHX KOCMHYe-
CKMX YacTHIl) ABJIAIOTCA, NMO-BHIAMOMY, Pa3ljiNdHHE HECTAaI[HOHAp-
HHe o0bbexTH Bceenennoit (cBepXHOBHE, aKTHBHHE sAfipa cetidepTob-
CKMX M JPYTHX lajlakTHK, KBasaph H T.IL), PacloJOKeHHHE Kak
sHyTpu Meraranakruxu (Habmogaemolt yacTu BeenenHol), Tak H 3a
ee mpepenamu (cm. rasy V, §8, m. 4 6).

B cBA3H ¢ HeCTAIHOHAPHOCTHEO HCTOYHAKOB ¢ - YaCTHIL H € HX CIY-
yalffHHM pacno/IoXKeHHEM B IPOCTPAaHCTBE, KOHeHmpayus ny GoHo-
BHIX YAaCTHIl MO)XeT, B IPHHIAIIE, MCHATHLCA KaK B IPOCTPAHCTBE, TaK
H BO BpeMeHH (T.€. CKaJIIpHOE IoJIe KOHI[CHTPAalHH ¢ - YacTHI MO-
eT OHTH ¥ HEOTHOPOOHHM H HecTalKkoHapHHM). KpoMe Toro, eciu
BCE HCTOYHHKM () - YACTHI] HAXOATCA BHYTPH pacmmpsiomeiica Me-
TaraJIaKTHKH, TO CO BpeMeHeM B Hell MOXET YMEHBIIATLCH CPeOHAR
KOHIEHTpaNusA (POHOBHX YACTHI, CIEACTBHEM 4Yero Morio 6H OHTh
IMpaKoBCKoe yOHBaHWE PaBHTAMOHHON MocTosHHOK (cM. dopMy-
am (1.3.2); 2.6.11)uT o).

B nacrosimiee Bpems B OKOJIOCOJIHEMHOM NPOCTPAHCTBE KOHYEH-

_ 30 -3
mpayus @ - wacmuy ny = 1,4 - 107 cm” (em. 2.8.10).

B.9.6punk "KriHeTyeckan TeOPWA rpasmrawyin”.
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n. 2. Penepnas xoopauHnatHan cucrema (PKC)

TMocrynarenbHoe IBEDKeRAEe GOHOBHX YACTHI| NO3BOJLAET MECIICHHO
(a co BpemeHeM H ¢ TIOMOIIBIO IIPEOOPOB) BHEJHTH JIOKAIbHYIO KOOp-
[MHATHYIO CHCTeMy, BOVIH3H OT Hadasa KOTOPOH QOH H30TpOIEH H He-
3aBEXpeH (TaK HaskBaeMas peliepHas KoopauHaTHas cacreMa - PKC).

OrcyTcTBre TOROOHOH BRJIEIEHHON KOOPIMHATHOM CHCTEMH B CIie-
muasHON B obmel Teopnax orsocuressEocTH (CTO m OTO) A Dite-
ITeliHa - He JOCTOHHCTBO, @ HEOCTATOK 3THX TeOopHi, HOO MpPOTHBO-
peunT Habarodaemoil aHU3OTPOIHHE PEJIAKTOBOIO H3/Ty9eHHsA, KOTOPYHo
€CTECTBEHHO PacCMaTpHBaTh KakK CJICICTBHE [BIDKEHHSA COHEYHOH CHC-
TeMel oTHOCcHTELHO JokansHoit PKC B Hanpasnenrn cospeamus JIkBa co
ckopoctsio = 400 xv/c (cm., Hanpamep, [ 27 ], crp. 405).

n. 3. [paBuTayus U aHTHIpasHTauns

Crnenyer HOTYEPKHYTh mecmusiid, aoxassnsii xapaxrep PKC: B
CBAI3H C OTMEYEHHON BHIE HEONHOPOJHOCTBIO H HECTAIlHOHAPHOC-
b0 ¢ona ase PKC, maiifieHHsie /Ui pasHHX TOYEK. IPOCTPAaHCTBA,
MOI'YT HABHTaThCA JPYT OTHOCHTENBHO HpYTra, ¥ MpHYEM AaXe YCKO-
perHo (mociennee obcToATeNbCTBO cymecTserHO oTmmrgaer PKC or
arepnaanbHux cucrem CTO).

TosicauM ckasarHOe mpumepoM. IIycTh MOIIHEI H30TPONHBIH
ACTOYHHK ¢ - YacTHI (HalpuMep, CBepXHOBaA) HEMO/IBIKEH OTHOCH-
TenbHO cBA3aHHOM ¢ HUM PKC (T.e. OTHOCHTEJIBHO HErC H30TPOIEH
He TOJIBKO NOTOK cobcmeennozo HATyve U, HO B énewsnud o).

Ha pacnonoxeHHHi HemomaJeKy OT HCTOYHHKA oObeKT (HampH-
Mep, 3JleMeHT 000JIouKY CBepXHOBOH) AeHiCTBYET /iBA MOTOKA @ - Yac-
THI: OT OGJIM3KOrO MCTOYHAKA M MOTOK BHemHEro ¢OHa, H30TPOMHKIH
B OTCYTCTBHH IEPBOTO.

flcHo, ¥TO B 3TOM CHTYalHH Pe3yIbTEPYIOMHEN IOTOK (OHOBHX
YacTHI B KOOPJMHATHOM cucreMe obbekTa yke He Oymer m3orpomn-
HBIM: CO CTOPOHHI 6JIM3KOr0 HCTOYHHKA K HeMy Oyner NpHXOIMTH B
e[IUHUIY BpeMeHH boJibiie ¢ - YaCTHI, HeM C IIPOTHBOIICIOKHOM.

Kak noxasano sume (rv1asa II, §6, n.n. 1 u 2 n Ilpanoxenne 14),
B aHM30TPONHOM NoToKe cefe mogobHEX mouTH Bee GPOHOBHE YacTH-
IH IBEDKYTCA IO KPHBOJMHEHHHM TPacKTOPHAM, CPEHAA KPHBH3HA
KOTOpPHIX COHallpaBlIEHa BEKTOPY J MaKCHMANBHON MHTEHCHBHOCTHE
sToro moroka. Ormrume paccMorpenHoro B riase II ciaydas or of-
CYXKIaeMOro COCTOMT B TOM, YTO TaM MaCCHBHOE TeJo Omuto "cTo-
koM" doHOBO# Hepruu u Bexrop J OHUI HampaBjIeH K IEHTPY Macc
aToro Tena (morok GoHOBOW 3HEpruM OT meHTpa B cBasu ¢ ODD
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MeHbile, 9eM k neHtpy). [losromy kpuBH3Ha moGOH TpaeKTOpHH
OnUta oTpHIaTeBbHOMN (T.e. LEHTpP Macc H LEHTP KPHBH3HH TPaeKTo-
PHH HAXOIKTHCh HO OHY CTOPOHY OT 3TO# TpaeKTOpHH, puc 7., a)

B obcyxpaeMoM ke ciydae KapTHHA IpPAMO IIPOTHBOIOJIOKHA
MACCHBHOE TeJIO - "HCTOHMK" (JOHOBOH 3HepruH, H BOJIH3H HETO BEKTOD
J MAKCHMAIEHOM MHTEHCHBHOCTH aHH3OTPOIHOIO (JOHA HampamieH OT
€ro LeHTpa, CJIeIOBaTe/IbHO, H KPHBH3HA TPaeKTOPHi YACTHI 6HeUlRez0
dona Oyner nonowETEBHON (T.e. ITH TpaeKTOpHH GymyT ofbpameHnHl
BBIOTYKJIOCTEHIO K LIEHTPY Macc MCTOYHHKA, pHC 7, 6)

el

P o
a) "Crox" 6) "Mcrouank”
(HopMasbRaA 3BE3/a) (cBepxnoBad)

Puc. 7. Tpaekropum ¢OHOBLIX 4acTul 86113K "CTOKOB” U "MCTONHMKOB"

Orciona ¢ ydeToM HaioxkehHoro B riase II, §6 scmo, 4ro Ha
npobHoe Tesyo BOMM3M HCTOYHMKA OyfieT AeHcTBOBAaTh HE CHJIA IpH-
TOKEHWA, KaK BOJIM3H HOPMAJILHOH 3Be3/Ibl WIH IUIAHETH, a CWIa OT-
TaJIKABAHMA, MOPOXKAAIOMaA YCKOPEHHOE ABIDKEHHE ITOrO Tejia om
HCTOYHHAKA ([paBlia, ¢ YORBAIONIAM YCKOPEHHEM).

BecbMa MHOTO3HAYHTENEH TOT (hakT, 910 HMEHHO TaKOe YCKOpeN-
Hoe (BOTIPEKH 3aKOHY BcemmpHoro Tarorenra M. Heiorona) pacmmpe-
HHe 060JI09KH CBEPXHOBOM, BenbixHyBmeld B 1054 r., HaGmopgaercs B
KpaGosamioi# TymansocTH [ 27 ]

H3 cka3aHHOrO cjleAyeT M0 MeHbIe#k Mepe Ba BAYKHHIX BHBOJA:

1) 3akoH BcemmpHOro Tarorerms M.HbioroHa He sBIseTCA
BCeoOIMMM 3aKOHOM MIPHPONEL HE TOJIBKO MOTOMY, 9TO BXOMA-
Oiad B 3TOT 32KOH IPaBHTALMOHHAA MOCTOAHHAA (7 3aBHCHT OT
JIOKIbHOH, M3MeHAIomedcd B IMPOCTPAaHCTBE M BO BPCMCHH
XapaKTEePHCTHKH IIPOCTPAHCTBA - KOHIEHTpal|y ny B HeM (o-
HOBHIX "acTHI (2.6.11), HO H B CBA3M ¢ TeM, Y10 BOJHM3HA Hc-
TOYHAKA (¢ ~ 9aCTHI (WIH, HCIONB3Y#A IPaBHICOMETPHICCKYIO
TEPMHEHOJIOTHIO A.SHinmrelina, ‘e npocmpancnée noaodicu-
meavHotli KpueusHn") TATOTEHHE BooOImE MOXET CMEHHTHCA
otTankusandeM (A - wieH ynpasnerui OTO?).

B.9.Bpuns "Kukernieckan Teoplin rpaBmuTaun”.
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2) Jloxambanie PKC He obs3arenbHO HENOABIKHE OTHOCH-
TeJILHO APYr Apyra: Eaxofsmiasgcs BOAM3M MacCHBHOTO Tella
KOOPJAMHATHASA CHCTEMa, YTOOH OCTaBaThCA pellepHOH HOJDKHA
YCKOpEHHO NpHONMKATBCA K "CTOKY" HIH YCKOPEHHO Yna-
JIATBCA OT "HCTOYHMKA" @ - JACTHIL.

Ilepsuit H3 NpEBeNeHHENX BHBOAOB, XOTA M GasupyercA Ha aHa-
JIn3¢ MOTOKOB BHPTYAJIBHHX () - YaCTHIl H B 3TOM CMHICJIE ABJIAETCH
cnepcreueM KTII B muxpodusuke, OMHOBpEMEHHO ABJIAETCA H BaXK-
HeWNINM ee CJIENCTBHEM B MaKpOo(dH3uKe, 4TO OTMEYaeTCHA HIDKE B
rnase IV, §1, Ho yxe Ge3 noapobHLIX pasbACHEHAN.

n. 4. Huepuyusn. Puandeckuii cmbicn npuxyuna Maxa

BsaumopeiicTBre BUpTYaIBHEX 4acTHll ¢ DpobHEM TestoM B KTTI
paccMaTpuBaeTCA KaK eJUHCTBEHHas NpHYAHA BO3HMKHOBEHHA Ipa-
BHTallHOHHHIX, AHTHIPABHTAIIMOHHHX H HHEPHUMOHHHIX CHJI, HcH-
CTBYIOIMX Ha 3T0 Tejo. IIpu ABHKEHHH BHYTPH BEIIECTBEHHOTO
obbekTa 10, KpHBOIHHEHHOM TpaeKTOPHM BHPTYafibHad 4acTHIa AeH-
CTBYET Ha Hero B HalpaB/IeHHH BEKTOpa KPHBH3HH CHIOH, mpomop-
IACHAIBHOH MOMYJIO 3Toro Bexropa (cM. riasa I, §6, oo 1, 2, 3).
B sTOM - niryOuBHNI dfusudeckuti emuicn ypasnenuid OTO.

[Ipuuunn ke HCKpHBIEHHA BHYTPH HpoOHOrO Tejia TpaeKTopHi
BHPTY&JIbHHIX ) - YaCTHI{ MOI'YT OHTb pasHHe: aHH3OTPONHA IOTOKOB
3THX 4acTHL Kak BOnu3H "crokor" ¢oHOBOM 3Hepram (HOpMasIbHBIX
3Be3fl, IUIAHET H T.0.), OpoXIaKman agidiexkm zpasumayuu, Tak ¥
BOJIH3H "HCTOMHMKOB" yKa3aHHON SHEPIHMH (CBEpPXHOBHE, aKTHBHHIE
Aflpa FAJaKTHK H T.[.), CJICACTBUEM Yero ARIAITCA 'aHmuzpasuma-
yuonrne” aghghexmet.

Kpome Toro, ymoMAHyTOe HCKpHBIICHHE MOXET OWTH BH3IBaHO
YCKOPEHHHM [BIKEHHEM MpOOHOrO Tejla OTHOCHTEJILHO MECTHOH
(noxannuoi) penepro#t koopaurHatHol cEcTeMH (PKC), B pesynbra-
Te 4er'o BOSHHKAIT UHepyuonHue cuawi. Ilo onpenenenmo PKC, B
Hell GOH BUPTYaJIbHEX YacTHI[ H3oTponeH. Ho moTOKM 3THX yacTHIy
dopmupyloTcs Bcelf COBOKYNHOCTBIO aCTPOdH3IMYECKHX OOBEKTOB
Bcenennoii (1.e. Bcemn ee "rerounmkaMu” 7 "croxamu'™).

Hmenno TakoB B KTII dpusmvecknit MeXaHHU3M peaiH3aluy MeEn-
anpHoro 'mpunyuna Maxe", cornacHo KOTOPOMY HMHEPIHOHERIE
CBOMCTBa JI0OOrO Tejla 3aBHCAT OT BCel "COBOKYNHOCTH RaJieluix
3pean” [ 31). Takum obpasom, KTT - efuHCTBEHHAS rpPaBATANKIONILS
TEOpHH, nHoAROCHbIO coomeemcmeyiowas npuanuny 2.Maxa (wop-
DoGHee - B rnase IV, §1, 0. 4).
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n. 5. @morep-agppexr. Yactuya n aHTHYacrnya

PaccMoTpuM Teneps Kpyr BompocoB, CBA3AHHMX ¢ deudmceHuem
(OHOBHIX YacTHII.

Henegopmupopaunas dpynnaMentanshas ctpyna mmeer 6 cme-
neneid 606006 - TPH NOCTYNATEbHHX U TPH BpamaTeJbHHX
(cobcmeenmoe epawerue BOKDYT CBO€H OCH € y2410801i CKOPOCMbIO
¢ , IPELECCHORHOE IBIDKEHHE 3TOM OCH ¢ 210801 cKkopocmyio  u
HyTaluA).

Ecsm wactaua we npeneccupyer wim TIPELIECCHPYET C MaJIHIM ye-
oM Hymayuu 8= £, y ~0, To, ABUraLch cpen cebe mogobHRX,
OHa, COIIaCHO NPHHUAIY HaUMEHbIIEro AeHCTBHS, HOJDKHA pa3Bep-
HYTBCA B TIOJIOXKEHHE, NIPH KOTOPOM MHHHMU3HPYETCA YTON aTaKH
B=£I,c memny Helt u ee BexTopom ckopoctn & B PKC. Bror
[poNecc MHHAMA3ANAK YI/Ia aTaKH HacTHUL B HacTosmielt pabore
HaspaH @niozep-safpexmom (OID). Umenno ®OD orperTcTBeHEH
32 OTCYTCTBHE HENPEPHBHOTO CIEKTpa IPOEKIMH CIHHOBOIO MO-
MeHTa S Ha HallpaBIIEHHE CKOPOCTH YacTHIH (HM3BECTHOE 'KeaHmo-
6aHue momeHma c60b6odHou wacmuyw”): npu ¢ T »LE HMeeM uac-
muYy, y KOTOPOH yKasaHHas NPOCKIHS OTpHLATebHa, a ipH & T 16
- aHmuuacmuyy C NONOXHTENbHOK npoekuuel. Jpyrre ciaydam
B3aHMHOI'O pacIoOJIONEHHA 3TUX BEKTOPOB MaJIOBEPOATHH HMEHHO B

cBA3H ¢ Gunorep-addexTom.

n. 6. Ycrohuneocrs ¢ - yacruy. Mnanxosckas SHeprus.
JHeprus BexTopHoro 6030mHa

Bcee nannne nabnonenn#t rosopsar B IONB3Y TOrO, YTO (JOHOBHE

HaCTHLH ABIXYTCH B COCTOSIHEH, GJIM3KOM K BEPTyaltbHOMY (0 =~ 0),

2 3TO HEBO3MOXHO 6e3 X ycmotiuueocmu no OTHOMEHHIO K B3aHM-

HHEM KORTAaKTaM. YCTOMYMBOCTb e 06eCHeqHBACTCS BHICOKOH CKO-

POCTBIO @  coBCTBEHHOrO BpameHMA (hyHIaMEHTANBHEX CTpYH,
ynosieTBopsiouie# HepapeHcTBY 9 Iprmtoxenns 16.

CootBercrsyoman 3Heprus CcOBGCTBEHHOrO BpameHna (CM.
2.2.19,22.7,15.4 1 2.8.6)

1 1
el™ =gl n-:EBq'Jz = 2 >10-10%pr  (B.1.1)

Ilpn Taxux sreprusx coberserEOrO BpaIlleHHA @ - 9acTHIa “ab-
COJIIOTHO” YCTOHYMBA IO OTHOMICHAIO K KOHTAKTAaM ¢ cebe NofO6HH-

B.R.Bpunk "KuHeTyeckas Teopun rpaBuTaLmn”,
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mu (qaxe B Haubonee “OnmarompuATHOM” JUIA ONPOKHILIBAHH
ciy4ae, pacemorperHoMm B [Ipmioxenun 16 nepen HepaBeHCTBOM 9).
PeanbHbie xe SHEPrHU €, COOTBETCTBYIONIHE Habalodaembim
(OTOHAM, JIETKO ONpEIEe/HTh ¢ TMOMOIBI0 coorHomenus (2.8.135), T.e.
BHpTyasIbHas 3Heprus cobcTBeHHOro Bpamenus Jioboro Habnronae-
Moro (oTOHa - 3TO 3HEPIHs €45 BeKTOpHOro 6030Ha, ﬂeoﬁxomﬂuom,
K&K H3BECTHO, 1A TaK HaskiBaemoro “Besmkoro ObbeuHeH A" .
CooTBeTCTBYIOIANA 3TO# SHEPIHM YIJioBas CKOPOCTh cobcTBeH-
HOro Bpanlends HegedOPMHUpPOBaHHOK (YHIaMEHTaIbHOH CTPYHH

onpejesmrcs paBencrsoM (2.2.19):

. 4. )
o6 =1’ﬁ = ’ 2 =1,65-10"¢”, G.12)
B pr .

I7ie HCTIO/Ib30BaHH 3Ha4%eHus (2.8.6) (15.4).
Ecau no dgopmyne (2) HaliTH YITIOBYI CKOPOCTb, COOTBETCTBY-

JONIYIO H3BECTHOH ITAHKOBCKOM 3HEPIHH

= c -—-1'_-.*-—[956 10" 3pr (313)
2 16 L.
] : Pr,
E".l‘l mn.ll G

TO MOJTYHAM YIOBJIETBOPSIOMIee YCIOBHIO yeTokuuBocTy (16.9) 3Ha-

YEHHE
48 - .
o = ‘—"‘2" =2,48-10% ¢ >l (3.1.4)
pr

CpapHnBas yriioBue ckopocTd (2) u (4) ¢ MEHKMaJIbHOH YTJIOBOH
ckopocTsio (16.9), npr xoTopol dyHIaMeHTaIbHAsA CTPYHA eme 06-
JIafiaeT YCTOMYMBOCTBIO IO OTHOMIEHHIO K ONPOKHIHBAIONIAM MO-
MeHTaM, BO3HHKAIONIMM NPH €€ KOHTAKTax ¢ cebe MOToOHEIMH, ME!

BHIHM, YTO

. 3.1.5
Do Sd’ﬁ.?: <Q@y- Bula)

Taxum ofpasom, naaHkoeckas sHepzus - 9TO dHepaun cob-
CMeeHH020 6PaW4eHUs YaCTHIH, abCcoAlOmHO YCmoudueot o or-
HOMICHHIO K YIOMAHYTHM ONPOKHABIBAIOIIMM MOMEHTaM, 8 SHEPrUs
gexmopHo20 6o30Ha GnU3Ka K 3HEPrUH, COOTBETCTBYIOMEN 2paHu-
Ye 3TOH yCTONYHBOCTH.
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n. 7. Bsanmusie npespaujenns BHPTYansHoOn n
Habmogaemoii qyacruy

Brepsue BupTyamsnie yacTunu 6summ BBEJICHH B HayKy TeopHeif
dusmaeckoro Bakyyma (T®B), ommako, B 3T0H TEOPHH NIEPeXOj Jac-
THIH H3 HabITIONaeMOro COCTOSHUS B BHPTYaJIbHOE HOCHT HECKOJIBKO
"MECTHYecKHH" XapakTep, Torxa kak B KTII BHPTYyaJibHas HacTHIA -
310 HeflehpopMHpOBaHHAA dyHIaMEHTAIbHAS CTPYHa, IBHXKYIIAACA C
MAIEMH yIJIaMA aTakH M HYTalliH H NOTOMY HMEMmas Majoe
CcedeHHe (BEPOATHOCTD) B3aHMOLEHCTRHSA ¢ AETEeKTOPOM H HE PETHCT-
PHpyemas HM.

YTobH npespaTuTh 6UpmyanbHyio 4acTHOY B Habaiodaemyio,
cornacro KTTI, Hano mu6o nedopmuposats ee, npesparus B wacmu-
Yy eewgecmea, nubo yeeauuums ee y2on amaxu . npeBpatus ee B
2pasumon, nubo yseauuums ee yzon Hymayuu 6, npeepamus
uacmuyy é ghomon (cM. puc. 5). U maobopor, mg BHPTYaTH3aIHH
YaCTHIH HeoOXOHMO H ZOCTATOYHO aHHYJTHPOBaTh ee JieopManuio,
YToJI aTak¥ B WIR yroi HyTauuy 0.

n. 8. Knnernyecxasn reopwus nons (KTT1) xax sBo3amox-
HbIA PyHpamenT "Benwxoro O6vegqunenns”

Y eme 06 onolt BaxHoM ponn, KOTOPYIO HIPAKT B IPHPOJIE BHp-
TyanbHHE $oHOBHE JacTunH. [To CYIIECTBY, TaKasd 4acTHOA HU9eM
HC OTJIH4aeTCs1 OT QOTORE, HMEIONIEro GITHaKMi HyTIo YTroJI HyTanun
8 (cM. puc. 5) 1 gBwKymerocs ¢ 6ma3KaM HYJIO YTJIOM aTak# 3.

IToaroMy menomssyemue B COBPEMEHHO JIATEPaTYpPe TEPMHHH
"supmyanvhsiii fomon”, wm ‘npodonsnuii ghomon” Bionue nprem-
nems B B KTTI, u6o ynauso orpaxaror CYIHOCTb BBEJEHHON MmOCTY-
natoM dopms (rnasa 11, §1) crpyroobpasnoi doHOBO#M YacTHIEL

Hna ycroauBoctr BHpTYantsHOrO (® << 1) dorona no oraome-
HHRP K BHENIHUM ONPOKUABAKIHM MOMEHTaM OH JOJDKEeH obnanars
O4eHb GOMbImION yIyIOBOM CKOPOCTBIO ¢ COGCTBEHHOrO BpamieHHA: ¢
YMCHBIICHHEM NocyeHel (a AMEHHO 3TO POUCXOMAT, IIpH OCEBHX
KOHTAaKTaxX @ - HaCTHIH C MHUIICHAMH, cM. rnasy I, §2, 0. 3) yron
HyTalluu © pacrer, npeleccHORHRI KOHYC pacKpHBAaeTCs, B pe3yiib-
TA4Te 9ero HacTula MOXKET TepATh CBOK BHPTYATLHOCTS, nocmenex-
o npeBpamasch Bo "Bce Gonee Habmonaemymn". B atom - eme ORHO
ormme KTII or T®B, B nocennet yactama wm BHPTYaJIbHAa HIIH
Habmonaema, a norsTus "Gonee BHPTYajlbHa" W "MeHee BUPTYyals-
Ha" OTCYTCTBYROT. B KHeTHYeCKOH e TEOPHH CTCHEHb BUPTYaILHO-

B.A.Bpunb "Kinetuveckas TEeoPUA rpasuTaumn”.

—v

CTH YaCTHIIH ONpEJCACTCA €€ CeHeHHEM B3aUMO/IeHCTBAS TOTO HJIH
HHOro BHa (WM BETMYMHOM, OOPaTHO-NPONOPIHORATBLHON CEUCHHIO -

: YTO
- ee IPOHMKAIOWIEH CIOCOBHOCTHI0): YeM MeHbIIE cedenne (WIH,

TO e camoe, Oosblle NpPOHHKAOMANA cnoooﬁm')'m) 9acTHIH, Gﬂ
BhiIIe "CcTelleHb ee BHpTYaibHOCTH" (RIH HIDKE 'CTENEeHb €¢ Ha
mcgzﬁny?mme ¢OHOBHE YaCTHIH ABIAITCA, OYECBHIHO, ;lef:;:
HOCHUHKAaMH HE TOJIbKO PacCMOTPCHHHIX BHIIIE IDaBHTAallHOHHOH, o
THFPaBUTAMOHHOM, HHEPIHOHHOH H aNEKTpOMarHeTHOM HHOP
1M, HO ¥ cMabHX W CHJIBHHX B3aHMONEHCTBHHA. JTH :%e qam:]::
MOTYT GHTB MaTepAaILHEMY HOCHTE/AME HHGOPMALIAH nouo.r:m >
ro xapakrepa (TeaenaTus, TelexuHe3 H T.I.). Bce 310 rosop e
noms3y Toro, yro KTII - dpynnament Bemaxoro Obbenunenus 1

HH. :
BMK?:nl:e Toro, KTTI BHOCHT ompefejieHHYK SCHOCTb B npnnun:
NHABEHO BaXKHHI BONPOC O CTPYKTYpPE 3JIEMEHTapHHX 4aCTHIL BEmle
cTBa (cM. puc. 5, rmasa II, §2, 1. 1 r u ruasa II1, §3).

§2. OnexTPOMArHMTHbLIA KBaHT

Kax n BupTyanbHas JacTana (@), 371€KTPOMAarHATHHA KBAaHT (y)ﬁn
pamxax KTII monenpHO NIpEiCTaBEM B BHAC Eeneq:opmnponan:uo A
6HCTPO Bpamarme#cs ¢ YIJIoBoif CKOPOCTHIO ¢ H JBIDKYIICHCH mO-
CTYmNaTeJIbHO CO CKOPOCTBIo € cTPYHH. OflHaKo, B OT/IHYHE OT lrpm:l
THYeCcKH He NpeneccHpyomed WM O4eHb ciabo mpeneccupyome
@ - "acTHnH, Hab/ofaeMee KBaHTH NPELECCHPYIT C 3aMETHHMH

. 3;5).
yriaamu Hytauuu 6 (cM. puc. 3; '

Dra npelecchs He 0bA3aHa OHTH peryIApHON: B3aHMOEHCTBYH C
$OHOM, KBAHT, B NPHHI(HIIE, MOXXET H3MEHATh YTOJI HyTalHH. Ech_
5TH H3MEHEHHs MEpHOIHIecKHe (U3 COCTOAHMA, OIM3KOro BUPTY Db
HOMY C MajJHM yrjioM O NpH BEpIIHHE NPENecCHOHHOro KOHYycCa
KBAHT TMEPeXONHT K mpemecchu ¢ Gobmum yriioM 6, sareM obpaTHO
BO3BpAMIaETCs K MaJoMy O H T.J.), TO C YacTOTOH 3TOro mporecca

MOHO CBA3aTh YaCTOTY V, KBaHTa. TOrfa UMHa 3/IeKTPOMATHHTHOM
BOJIHH! - PaCCTOAHHE MEXTY NBYMS OMIDKaiIIMME TOYKaMH T?aem;:
PHH KBaHTa, B KOTOpHE OH MPHXOAHT B OMHAKOBHX (asax (Hamp:
Mep, PacCTOSAHHE MEXIy ABYMA COCEJHHMH TOYKAME, B KOTOPLIX
0 = 0,ax, CM., OTHAKO, MHTepHpeTanny 29 u 38).
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n. 1. TpausuTHas MORENb NCITYCKaHWS M NOIJIOUeHUS
¢orona

B MakpoMexaHUMKE H B TEOPHH 3/IEMEHTapHEIX YaCTHI HHKTO He
CMEIIMBaeT TaKHE [jBa COBEPHICHHO DAasHHX IIOHATHUA, KaK KHHe-
THYECKasd 3HEPTHA M ee MaTepHaIbHH HOCHTENb. B KadecTBe mmoc-
JIEHErO MOI'YT BHICTYNAaTh JIFoOLe BelecTBeHHble OObeKTH (acTe-
pownp, myJis, 3MeKTpoH ® T.4.). [Ipiyem, kuHeTHYeckas sHepras npo-
CTO HE MEICIIMTCA 6€3 COOTBETCTBYIONIEro HOCHTENs (XoTs obpaTHOE
- BO3MOXHHIH HOCHTeJIb HEPIHH, €10, OJIHaKO, He obNafarommi -
BIIOJIHE [IOITY CTHMO, HallpUMep, ITyJIA, JIexKamias Ha CToe).

To xe oTHOCHTCS M K 3HEPTMH IOTEHUHAILHOM.

WHoe fiesto - KBaHTOBas MEXaHMKa: B Hell KBAHT OJTHOBDEMEHHO K
NOPIHA 3HEPTHH H €€ MaTepHaIbHbI HocuTesb. [lornmomennstii Tetom
KBaHT OT/JI2€T €MY CBOIO SHEPTHIO, BOIIPOC 3KE O TOM, KyO0d mpu 3mom
desaemcs Hocumens Inepzuu He 0OCYKIAETCS, TAKKe, KaK M BOIPOC
- OTKYJia HCTOYHUK CBETa (HapHMEp, HUTDb JIaMITH HAKAIUBAHHA) Yep-
TaeT He HATy4aeMyKo 3HEPTHIO (3TO ACHO), & TO OrPOMHOE YHCJIO HOCH-
TeJiell YKasaHHOH SHEpruM, KoTopoe MH HabmogaeM (Hanpumep, 100
BaTTHad JIaMIIa B CeKyHJTy HTy4aeT npumepHo 10°' ksanToB)?

IToo6Hre "HauBHEE" BOMPOCH BO3HUKAIOT ¥ MBICHAIIETO 9Yeso-
BeKa IIPH M3YYeHHH KBaHTOBOH MEXaHMKM Ha KaXIOM mary. AHalo-
T'HMHBEE BOIPOCH BO3HMKAIOT ¥ NPH H3YYEHHH CIIENMATLHON B obmei
TEOPHH OTHOCHTEJILHOCTH.

Ha muorue u3 nux orseyaer KTTI. Hanpamep:

1. Bonpoc: 4To ABNAETCS MaTepHaIbHEM HOCHTE/IEM SHEPIHH 3JIeK-
 TPOMArHMHTHOro KBaHTa?

Omeem: TaxuM HOCHTEJIEM ARIAETCA HeaedOpMHEpOBaHHAA, 6ucTpO
Bpallalonascs BOKPYT CBOEH OCH M IIPEIECCHAPYIOMada ¢ 3a-
METHHKIM YTJIOM HyTaluH (yHIaMeHT2/IbHAaA CTpYHA.

2. Bonpoc: xyna neBaeTcs HOCHTENb SHEPTHH KBaHTa, MOIVIOMEHHOIO
MATEPHAIBHEIM 0ObeKToM?

Omgem: ornas cBOI HAGIONAEMYI SHEPIHIO, MPEILECCHPYIOMAs
(nabumonaemas) crpyna (Qoror) npespamiaeTca B Hempe-
LECCHPYIONIYIO (BHPTYaJbHYIO) YACTHITY H, 0OJ1afas B 3TOM
COCTOSIHMM OrPOMHON NPOHHMKAoMmEl cocoGHOCTRIO, TIOKH-
HaeT TeJIo, OCTaBasch B HeHabmoaeMoit dase.

3. Bonpoc: otxyna Geper ACTOYHHK CBETa TO OrPOMHOE KOJIHMECTBO
KBaHTOB, KOTOpPOE OH OORYHO Hany4aer?

B.H.Bpvnb "KuHevveckas Teopys rpasuraumn”.
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Omeem: uay4enue - npornecc, oOpaTHH NOIIOMEHHIO: BOHIA B
MCTOYHWK, TPaHSMTHasA BHpTyalbHasd (OHOBaA HacTHLA
MOXeT NONYYATh B HEM NONEPEYHEI ONPOKHMIBBATOMIHA
MMIyJIbC, AOCTATOMHHM A ee "(poToHusauum', T.e. B
HCTOYHHKE CBeTa HEKOTOpHE BHPTYalbHHE (¢ - YaCTHIH
npespamaorcs B HaGmonaemuie GoToHH (T.H. mpan-
sumnan modeas obpazoeanus ¢omonos).

W3 TpaH3WTHO#M! MOJIE/IH, B YaCTHOCTH, CJIEYeT, UTO:

1) ckopOCTh BUPTYAIbHEX ( - YaCTHIl paBHA CKOPOCTH CBETa C (u6o

" TOMNepedHEI HMITYJTbC, ONPOKHILBAIONIH BUPTYIbHYIO YaCTAIY, HE
MOXKET H3MEHHUTh OCe60li COCTaRIAIoNIeH ee CKOPOCTH, HallpaB/ICHHe
KoTopoit B cBi3H ¢ urorep-adihexTOM COBIafaeT B BUPTYaILHOM CO-
CTOAHMM C OCHIO CAMOM YACTHIIH, a IOCKOBKY mocne GOTOHH3AIHH
CKOpOCTB PaBHa C, TO, 3HAYHT, U JI0 Hee CKOPOCTb Obia TakoH *e),

2) CKOpOCTh CBeTa HE 3aBHCHT OT CKOPOCTH MCTOYHHMKA. B CTO 310
yTBEpXKIEHHE TIOCTYJIMPOBAHO, 3AECh XK€ BHACHEHa NPHYHHA 3TO-
IO YNMBUTENIBHOTO (daKra: yBeNHuMBas HabONacMyO SHEPIHIO
TPaH3UTHOM BHPTYaJIbHOM YaCTHIH M IpeBpailiast ee B GOTOH, HC-
TOYHHMK, OJH2KO, HE MOXET H3MEBHTH ee ckopocTH (cM. 1)).

10T BHBOI NOATBEP)KAAETCA HaOMONCHHAMM 33 TECHBIMH 3BE3/THH-
vu napamu. OH OCTaeTcs CPaBeVIMBHM H UL CBETa, OTPAXEHHOrO OT
3epKas, HOBEpXHOCTeH WianeT # T.IL. OOBACHUTL ITOT HE MEHee CTpaH-
HBII BHIBOJ, HETPYIHO: MAJaoNMi Ha [TOBEPXHOCTH OTPAKAMIIETO Tea
doroH Bo36yrIaeT (IPHBOIKT B PE3KOE NBIKEHNE, NepeOpackBacT Ha
Jpyryio opbHTY) OTHH H3 3JIEKTPOHOB 3TOrO Teja (xoMirroH-3dxbexT).
Cam (OTOH IIpH 3TOM BHPTYIH3HPYETCA U NIOKHAAET TeJIO.

JlansHelimee TPOMCXOMMT Kak B OOBYHOM MCTOMHHKE: BO3OYX-
[EeHHBIH 3IeKTPOH TepefiaeT HAIHMEK CBoeH SHEPrHH APYro# TpaH-
3uTHON BHPTYaJILHON @ - YacTHIle, IpeBpamias ee B TO, YTO MH Ha-
3BBaEM OTPaXKEHHHIM doToroM (o6paTHbi# KoMITOH-3¢dEKT).

flcHO, YTO M B 3TOM CJTy4ae CKOpocTs "oTpaxkeRHoro" ¢porona HH-
muddepeHTHa K CKOPOCTH HCTOYHHKA, KOTOPHIM 3M1eCh ABJIACTCA OT-
pakaronias MOBEPXHOCTD.

He meHsan cxopocTn ¢oToHa, [BIKEHHE HCTOYHHKA HAK/IA/IBBacT,
O[HAKO, OTNEYATOK Ha SHEPIHI0, MOMy4eHHY® (OTOHOM B 3TOM HC-
TOUHMKE: eC/IH HalpamieHus ckopocred ucrounmka u dorona B PKC
COBIAJAIOT, TO GOTOH JOMbIIE B3AMMONEHACTBYET ¢ OHICTPO BpAMAOMIAM-
csi MepeBo30YIKIEHHBIM 3JIEKTPOHOM HCTOMHHMKA H 3a Gonsiiee BpeMA
oTOHpaeT OT 3JIEKTPOHa OONBIIYIO 3HEPIHIO, YeM B aHAIOTHYHOM IIpO-
1ecce ¢ HEIONBIKHBIM HCTOMHHKOM (HOJIETOBOE CMETIEHHE).
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AHJIOTHYHHM DacCy)XIeHHeM B CiTydae IPOTHBOHAIpPaRIeHHBIX
ABKEHHH! POTOHA M HCTOYHHKA NOJIYYHMM KPacHOe CMELIeHHE.

Ilpusenem xonmyecrsennm# BuBoxy B pamkax KTII sddexra
Hemtepa 1A NPOM3BONBLHBIX YIVIOB MEXIY CKOPOCTAME (OTOHa,
IIPHEMHHKA H HCTOYHHKA.

n. 2. 3¢Pexr Qonnepa B pamxax KT

TpaHsnTHas ¢ - 4acTHMIa, OPOXOAA CKBO3b OOBEM, a¢dexTusHO
3aHUMAaeMHH 3JIEKTPOHOM, MOJydaeT OT 3TOH nedopMuUpOBaHHOM
(rnasa II, §2, 1. 1 r) Bpamamomeiics ¢ yrioBolt CKOPOCTHIO M, 4aCTH-

‘ 1H 38 BpeMA = I/ €4y, €€ HAXOKIEHAA B YKa3aHHOM 0OBeMe

o, !

n=—

28 Comn

HMITYJICOB (Comy, - CKOPOCTb ) - YaCTHI[H! OTHOCHTEJIEHO 37eKTpOHa,
HAZIOERRAR N0 KAACCUYECKOMY NPASUAY CAOHCEHUR CKOPOCMEil).

Taxum obpaszoM, ol B BO3OYKICHEbIH 3JICKTPOH B BHPTYaJib-
HOM cocrosiHuH (T.e. ¢ HabmomaeMoit 3Heprued, Gu3koll Hymo),
YacTHIa BHAJET U3 Hero, Npuobpera 3Heprun

!
25 C o

e Ae - 3Heprus, NepeiaHHas ¢ - YaCTHIIE JIEKTPOHOM B pesy/ibTa-
Te OJIHOT'O KOHTAaKTa.

Qe

ayzn—Ag= -M, (3.2‘1)

H3 npusenenHoll 3nech BEKTOpPHOH AHar-
_ pammul ckopoctedf B PKC umeem:
e a 2 2, 2
7 Cory Comy =C + v, =27y, ¢ cosB, =
=c? (1+ V,f -2V, cosex), (3.2.2)

rae U, - ckopocts snextpona B PKC, ¢ - ckopocts dorona,

Vi = U, le.

Iloncrannss "comy," 13 dopmynst (2) B bopmyy (1), umeem:
&y
€y = , 3.23)
2
J1+ Vy =2V, cost,

0o_ 9 !
rge e, = A - sneprus keanTa npu v = 0. (324

T 2ne

B.A.Epiib "KiHetvyeckan Teopua rpaBuTaumu’.
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C yuerom cooTHOIeH:A & = h v u3 dopmyss (3) nomyarm dop-
MyJTy 32BHCHMOCTH 9aCTOTH KBAHTa OT CKOpOCTH ucmounuxa 8 PKC:

v,
Ve ——— ! (.2.5)
J1+V2 =27, cost,,
orKyga npu Vg = v,/c << 1 aMeem:
Vz
Y0 41-7, coso,, + ~2-sin’ 0, +0 (v) @26
v

Toraa Kak TeOpHs OTHOCHTCIIbHOCTH [HacT.

2
~V. cosd 14
Vo =lluml_rxme,+-i+0(V3). 327
v -2 %

YTO OT/IHYaeTcA OT 3HadeH:A (6) Ha Be/IMYMHY
V‘f cos>8 -
2

Eciu npHeMHHK Takke IOBIDKETCA OTHOCHTENIBHO CBOEH JIOKaJIb-
no#t PKC (co cxopoctsio ¥,; 0, = £7,,C), To obmas BelH4HHa
TOIUIEPOBCKOro CMEIeH s 9acToTH doToHa Oyner 3aBACETD | OT Ujp,
a He TONBKO OT Uy, Kak 3To ciexyer u3 dopmyas (5). [na storo
ciy4qas B pamkax KTTI merpynso nomywmTs cneqyomee obobmenue
dopmys (5):

<< 1.

1-V,cos6

(3.2.8)

Vz\r’o 5
s J1+ Vf~—2V,cose,

n. 3. Teoperwyeckui BbiBOg 0600LLEHHOK POPMYIbI
banbmepa

B creKTpoCKOmMy MIKPOKO M3BecTeH (GaKT rpyNIMpPOBKH CHEKTPaTh-
HHIX JIMHUH B TaK Ha3HBaeMHIE ClIEKTpaibHEe cepud, [ 14 ] 1 ap.

B 1885 rony mBefinapckum duzuxkom W.Bamsmepom Gmina mpep-
JIOKeHa MpocTasf IMIUpHYeckas GopMyia, O KOTOpOH ¢ BEICOKOH
TOMHOCTBIO MOKHO OHUJIO paccYMTaTh 3HEPIH0 (JacTOTY KBaHTa),
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COOTBETCTBYIOILYIO KOXKIOH JIMHAH B KaXNO# cepHH aToMa BOJOpO/a.
B coBpemennuix o6o3HaueHnAX 3Ta GopMyJia BHIVIANHT TaK:

1 1
SM.H=RC}'[;‘?_;E] - (3.29

rmem = 1,2, 3,4, 5 - HoMep cepun,
n=m+ l;m+ 2; ... - HOMep HHUH B CEPHH,
C - CKOPOCTb CBETa,
h - nocrosunas [Tnanka,
R=109677,576 cm! - Tax HasmBaeMas nocTosHHas Punbepra.

IIpu m =1 obobmennas ¢opmymna Bamemepa (9) maer cepmio
Jlaiimana (B yI6TpadHOIeTOBOM 9aCTH CHEKTpa), IPU M = 2 - HCTO-
PHYECKH IepBYIo U3 OOHapy:KeHHHIX cepuio Bambmepa, mpu m = 3;
m =4 u m = 5, cooTBeTcTBEHHO, cepum [lameHna, Bpakera u Ildpyn-
Oa B FHQpaKkpacHO! 4acTH CHEKTpa.

Kax ormeuanocs, Gopmyna (9) HaeT BHCOKOTOYHHE COBMAfeHHAA
¢ HabmoAeHAAMHE, OTHAKO, €€ COBPEMEHHOE TeOpeTHIEeCKoe 000CHO-
paHHe Gasupyerca Ha moctyiarax Bopa, korophe, B cBOK odepens,
TpebyoT prangeckoro ocMucaeHus (cM. §5 HacToAme#H ITIaBH).

B pamxax xe KTII ata dopmysa MoxeT OHTE BHBENCHa gHAAU-
muuecku, TIpaBa, IIeHON BBEJCHHSA [BYX HONMOJHUTENIBHHX TANOTES,
He JIHIIeHHHX, OfHaKO, HalVIAMHOCTH H 3[1paBoro CMHCJIa.

1 zunomesa: npu ocepux KoHTakTax (/ - KoHTaKTH riasa II, §3, m. 3)
YIJIOBasi CKOPOCTb () COOCTBEHHOrO BPaNleHHA BHPTY-
ansHOM YaCTHIH yOHBaeT, mMpH4eM, IOCE 71-T0 TaKOro
KOHTaKTa

o1

n

(3.2.10)

n
2 2unomesa: agajIorwdHO (Ho npH N - KOHTAKTax, CM. TaM )Ke) BeeT

cebs yriioBasg CKOpOCTh \f PeryJiApHOM IpeneccHH Ha-
6monaemoro ¢oToHa:

==L (3.2.11)

rae V,, - BeJIMYAHA 3TOM CKOPOCTH MOC/E HOPMAJILHONO KOHTaKTa
HOMEp m.

B.f.Bovne "KuHeTudeckas TEOPKRA rpaButTauym”.
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B cBssu ¢ n3secTHsM (2.2.17) cooTHONIEHHEM

.3 4
‘I-'ox;fl D,

I7e ¥, = COSO - MpoeKuus YIJIOBOK CKOPOCTH NPELECCHOHHOrO ABH-
’KeHHA Ha 0ch CTpYHH, dopMyity (10) MoXkHO IepemicaTs B BHIC

Yo (3.2.12)

n

ITepBhiit 0ceBo#l KOHTAKT (7 = 1) 4acTHIa HCIEITHBACT B HCTOYHUKE
BHPTYaIBHEIX YacTHIl (CBEPXHOBOM, aKTHBHOM SIpe IalaKTHIH H T.IL), B
pesyJIbTaTe Yero OHa Ha4YMHACT CBOE JBIKCHHE B OKPYIKAIOIIEM IIpO-
CTpaHCTBE C JMHEHHOM CKOPOCTHIO & M YIJIOBOH CKOPOCTBIO COOCTBEH-
Horo Bpamerus ¢, . Jambueimme (7 = 1, 2, 3, 4, ...) OceBHE KOHTaKTH
¢uxcupoBanHan GOHOBas YaCTHIA MCIIBITEBACT KpaifHe pejko, nbo, KaK
nokasano B raase II, §3, n. 5, ceueHHe TakHX KOHTaKTOB, NPO-
MIOPIHOHABHOE YETBEPTON CTENECHH YIVia HyTallHH, VA BHPTYaIbHBX
YaCTHI[ Ype3BEYaifHO MaJIo.

U BOT Takas 7 - KDaTHO IPHUTOPMOXKCHHaA B COOCTBEHHOM Bpa-
IEHUA BUPTYyaibHas YaCTHIA NONaJaeT B MCTOYHHMK CBETa, e Mo-
Jy4aeT TONEPEYHH HMITYJbC, MOCTATOYHEA UIA €€ ONPOKHJILIBA-
HUf, T.¢. [UIA IpeBpamieHus ee B Habmonaemuit Goron. Itomy on-
POKM/IEBalONIeMy Honepe4HoMy /N - KOHTaKTy €CTECTBCHHO IpHIH-
cath HoMep m = 1.

Hanbueitmme N - korTakTsl (m = 2; 3; ...), HAPOTHB, NOCTENEH-
HO NIpHBOIAT GoTOH 06paTHO B BUPTYaJbHYIO $asy, Iociie 4ero npo-
Hecc MOXKET [IOBTOPATHCA.

Ecii 0603HAYHTD £, SHEPTHIO KBAHTA, HCIILITABIIETO K MOMEHTY
€ro PerucTpallMd N OCEBHX KOHTAKTOB M M {IONEPEYHBIX, HOpMalb-
HHX KOHTAKTOB, TO ¢ yderoM dopmyx (11), (12), (2.2.20) u puc. 3
OymeM EMeTh: >

2 iy
Aqlﬂ_f_(.z .2)_&[‘?_1_‘_"&]_ (3.2.13)

on

E. ..—=Eny= — _— —
mn =EN =T = \Wm T Von =5 12T 2

TTocKONBKY BUPTYAbHOMY COCTORHMIO cooTBeTcTBYeT 6~ 0 X
Wop =V, cos8=1\,, To OTCIONa HMeEM:

.2
e = ﬂi@{L_L), (3.2.14)
- 2 m2 n2

T.e. aMnupuiecKyio dopmyny banemepa (9).
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IMprpasuuBas koadduumentn dopmyn (9) u (14), ¢ nomomeso
anavenuit (2.8.12), (2.8.3) u (2.8.5) dyHnameHTaNbHEX KOHCTAHT W,
[ ¥ 1 COOTBETCTBERHO, MOXKHO HAHTH YIJIOBHE CKOPOCTH NpEneccHH
\/, ¥ coBCTBEHHOTO BpalIcHHA ¢, , HEMpATOpMOXKeHHOH (1 = 1) oce-
BHIMH KOHTaKTaMH BHPTYa/IbHOM (OHOBON YaCTHIIH:

.2 2 2
A Vou ___l‘f You

Rch= 32.15
24 ( )
OTKY[a:
24Rch )
Von = —'""": ~5,7-10"%¢7, (3.2.16)
ul
; _j’_g«.}l._l 1037 -1
PH=327 »2:107 ¢, (3.2.17)
2

3TO MaKCHMAJILHEIE YIJIOBHE CKOPOCTH BHPTYaJbHHX (OHOBHX 4ac-
THII, KOTOpHE MOryT GHTH "(DOTOHH3HPOBAaHL" 32 CYET KHHETHIECKOH
3HEPrHHM aTOMa 3JIeKTpOHa Ha mepBo#t Goposckoit opbuTe aToMa Bo-

popona (H).

n. 4. O6o6wenne popmynsi Mnanka e =h v

IMo cymecty, 3Ta dopmyIa, Taloke kak U dopmyna Bammepa, sB-
JIAeTCA SMITHPHYECKOH, BXO[Amas B Hee nocTosxHas [Dianka A - v
HasA 3KCTEepHMEHTATbHAA KOHCTAHTa, 3HAYEHWE KOTOPOH ONpe/IesicHO
MHOIMH He3aBHCHMBIMH criocobamMm B 10 CEX HOp YTOYHACTCA.

Ec/a BCIOMHHTD, YTO SHEPrud JIMHEHHOro OCHMUIATOpa IIPH HO-
CTOAHHOM aMIUIMTY/le¢ NPONOPHHOHANLHA Kéadpamsy ero 4HacToTH,
To obcyxnaemas opMyJia IpeACTaHeT Kak "CTpaHHEA" dakT, Tpe-
Gytommuit xota 6K Meopemuueckozo OCMBICTICHUA HA Ka4ECTBEHHOM
YDPOBHE, a JTy4Iiie - CTPOroro GHAAUMUYECK020 IOKa3aTe IbCTBa.

C Touxu 3penus xuneTryeckol Teopru mona (KTII), sneprad ey
dorona y - 310 HabimoAaeMas FHEPruA €y MPENECCHOHHOO JIBRXE-
HEA (byBIaMeHTATLHON HefleopMApPOBAHHOH cTPYHH (2.2.20):

.2 .2
AV, AVo, 24 (3.2.18)

g =E£_=

ror2 2
OceBoit KOHTaKT, yMeHbmIaonm# (cM. 10) yraoByo CKOpPOCTh ¢
‘cOBCTBEHHOTO BpaIeHAA |, COOTBETCTBEHHO, (cM. 12) mpoekumio
YIJIOBO# CKOPOCTH NpEILEecCHH Ha OCh CTPYHH, - CODHTHE BechMa
penxoe mis ¢uxcuposannoro Qorona. IloaToMy B TedeHHE ROCTa-

ggl.spnnb “KMHeTUHecKan TeOpWA rpaBuTaummn”.

TOYHO JJIMTEILHOIO NMPOMEXYTKa BPEMEHHM MEXTY ABYMs TaKUMH
COOHITHAME €CTECTBEHHO CIUTaTDh /o= const.

Jna HEr3KO3HEPrUYHHX GOTOHOB (T.€. IPH MAJILX YIJIaX HyTalHH
0, cM. dopmyy 18) u3 puc. 3 mMmeeM:

Al 2 .2 o fo
Ey =;(q} —‘Ilo)”A‘Po(‘l’—‘l’o)=hV- 3.2.19)
rae nprBATo: h= Ay, = const; v= ‘I’;‘{’o; h=2nh.
I

Taxmm ob6paszom, B KTII dopmyna IInanka € = & v cnpaBeqmsa
JIMIB 1 (POTOHOB ¢ OTHOCHTENIbHO MAJIOH 3HEpTHEH.

CoorsercrByomy®o dopmyity mia GOTOHOB 11706020 >HEpreTH-
yeckoro uana3sosa (obobmemne ¢popmynt [Inanka) gerko momysHTDb
H3 TOYHHIX paBeHCTB cucTeMH (19):

oy =2 {¥-vo) {200 + (=) = 4ic{ o) [1+ ‘5’2;‘1'0],

OTKyga

h
ey ~hv [l+—v2] , (cM. 32 u 44). (3.2.20)
2m,c
Obo3payms
g = 22y aE= L3
U mecz mecz ’

Oynem HMETh

g, =E [1+£]

&y = 2) (3.2.21)

CpasumBas obobmerryo dopmyrry ILnanka (20) ¢ mpubmmken-
Holt opMyJiol € = 2 v MH BHEIFM, YTO OTHOCHTENIbHAA MNOIPENIHOCTD
nocJyiegHe#

57 -hv hv
de, = = (3.2.22)

X &y hv+ 2met’:2

6imska Hymo mpE kv << m,c’ H Kocraraer modr: 100% pH
hv>> m‘,l::2 B nocnennem cirydae u3 dopmyns (20) umeem ecte-
CTBEHHOE [Iif JIAHEHHOTO OCIH/UIATOPA COOTHOMEHHE €y~ V2.




n. 5. 9nexrpomarunTran sonxa. Bonwa ge Bposins.
“NMocTrosnnan” lMnaHka kax QyHKYUNS PYyHBaAMEHTaNbHbIX
napamertpos KTI1

Ecnu, kax ¥ panbmre, (cM., Hanpumep, 18) HHTepHpeTHpOBaTh
SHEpPruio KBaHTa g, Kak HabJIoaeMyIo SHEPIHIO €y IPENECCHOHHOrO
ABWKEeHHA HefedopMupoBaHHOH (yHIaMeHTaNbHOH CTPYHH, & 4ac-
TOTY KBaHTa Vv (B OTJIHYME OT MHTepnperanun 19) - kak yacrory ero
KOHTaKTOB ¢ GOHOM, To ecTh (cM. 19-21 1 2.3.13)

2 2 ;32
v:n,,cﬂ: sin’0 : =n,,ci sm 9 ,

(3.2.23)

T cosO 4 cos@
TO ¢ y4eToM dopmy (20), (18), (19), (2.8.12) u (2.3.21) umeem

£ € au 1% 2 1220 coso m,c
Sy Sy B W 32 —=2—2= 45, (3224)
Vy vV 24nyc["sin"8 ny &

Kax ormedanocs B npemmtymem nomnysxre (4), npu &, OTHOIIe-
me (2, / V) CrIeNyeT HHTepNpeTHpOBaTH KAK "TIOCTOAHHYO" hmmca,

L L (3.2.25)
ﬂV !
Orcrona ¢ yuerom 3nauenns (2.8.3) umeem:
ny=1,4-10% en”, (3.2.26)

YTO COBHAAacT ¢ HalineHHHM paHee 3HadeHHeM (2.8.10). ITpu Takoit
MHTepIPEeTallHl YacTOTH (V,) KBaHTa, IOJYYHM OTHOCHTEJBHYIO IO
I'PENIHOCTH 58Y 3aMeHBl TOYHOT'O paBeHcTBa (24)

ey =hv, J1+8, (3.2.27)

NpHONTIKEHHEIM €y = hvy B BHLE:

_kvﬂfl+§:'1—hv7_1 1
T v five, 14

T.€. ¥ 3[eCh KaK ¥ B ciy4ae (22) l:lpH£ << 1 umeem 8¢, =~ 0, a mpu
F"r — o0 nosyunM ey — 100%.

de

(3.2.28)

B.;LEDW'IB "KuHeTuHecKan Teopua rpasuraummn”,
9

e —

HWTak, uMeeTcs [Be KMHETHYECKNX MHTEPIPETAlMM KaK MOCTOSH-
ot Ilnanka, Tak u 4acTorh kBanTa. OnHa ms Hux (19) ompepenser
3TH BEJMYHHH C MOMOIIBIO 6HYMPEeHHUX XapaKTEPHCTHK IIpeleccH-
pyfome# CTpyHBL: ,

; pl ‘i’n ‘i»‘_‘i’o
h=dy, =L o, vt (3.229)
Yom 2
apyras (25), (23) cBA3HBaET HX C XapaKTePHCTAKAMY Ny H C 6HEUl-
Hezo doHa.

JLyis KBAHTOB MaJIbIX SHEPrHH €, << mec2 nmeeM (cMm. 19):
- ;) .
1 ( q:o[ 1 —IJ=% 2sin (9/2)”ﬂsm 0
c

=)=

yTO coBmajaer ¢ 4acToTo# (23) KOHTaKTOB KBaHT2 C (hoHOBHIMH
YaCTHI[@MH TIpH

, (3.2.30)

0S8 2n  cosO 4n cosO

Vo =nmycl® =78-107c (3.231)

(37ech HCTIONB30BaHO 3Ha4eHne ny u3 (26)).

To ke 3uavenne (31) moy<um s , , npapassss ki 13 (29) u A/2n
13 (25). Orcrona ¢ yuerom 3aaverns [ 3 (2.8.3) mmeeM (cp. 3.2.44):

Vo _ (3.2.32)

W3 nocnefHuX ABYX PaBeHCTB [OMY9MM BHPKEHHE [JIA CPEHe-
ro urcya GOHOBHIX YacTHL B Kybe ¢ pebpom / :

o -zEzO,64. (3.2.33)
T

Takam obpazom, B pamkax KTII KBaHT 3JIeKTPOMarHMTHOH BOJI-
HH - 3TO HE MPOCTO JBHIKYMAACA CO CKOPOCTBIO C HejledopMHupo-
BaHHas NpeIecCHpY®Iias CTPyHa, Kak OHUIO NEK/IapupOBaHO BHINIE.
BecbMa CYMECTBEHHO TO OBCTOATENBCTBO, YTO 3TOT 0ObEKT NepHoO-
[M9ecK KOHTAKTHpYeT ¢ GOHOBHMM HacTHIlaMH (Kopoue - ¢ GoHOM).
Yacrora (23) 9THX KOHTAKTOB HHTEPIPETHPYETCs KaK YacTOTa KBaH-
Ta, a, CJEAOBaTe/bHO, MyTh, NPOHICHHL KBAHTOM MEIy HBYMSA
HOC/ICIOBATEIBHHMH TAKHMHE KOHTaKTaMH - KaK JUTHHAZ A 2JIeKTPO-

MaruuTHo# BosHH (cM. 23):
x:£= 4 cosB _onl cosze ' (3.2.34)

v n,l* sin’@ sin’@
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Taxosa, BKpaTHe, KHHETHYECKAsd MHTEPIpETANHA KBAHTA BJIEKT-
POMAarHMTHOM BOJIHH M €ro OCHOBHHX XapaKTepHCTHK - 3HEepraH,
YaCTOTH ¥ [UIMHH BOJIHH.

Ilepeitnem x paccMorpenuio goanst de bpoiiaa. Ilocnenusns or-
JIMYaeTCs OT 3JIEKTPOMATHHTHOH BOJIHH TeM, YTO Y Hee HOCHTEJIAMHA
SHEPIrHH SABJIAIOTCA YacTHIH eewyecmea, (T.e., cMm. riasa II, §2,
1. 1 r, YacTHIfH NehOpMHUPOBAHHEIE), NBIDKYIHECA CO CKOPOCTHIO U < C.
Yro ke KacaeTcs mapaMerpoB BoiHH ge Bpoina (ee wactorn, mm-
HE BOJTHH), TO, KaK IOKa3aHO HH)Ke, HX KHHETHYCCKH CMRBIC]T HJeH-
THYEH KMHETHMECKOM MHTEpIpeTallMH COOTBETCTBYIOMIEX XapakKre-
PHCTHK BOJIHH 3JIEKTPOMarHuTHOM.

PaccmotpeM Teno ¢ maccoit noxos My, nemxymeecs B PKC co
CKOpOCTBIO U .

W3 Bcex donoBux uacTuy (memxymuxca B PKC, xax m3BectHo,
CO  CKOpOCTBIO  C) HamOonemmE#  yrou abeppanun  (yron
8,=4c, ¢,= 0, G, Mexny doHoBOH yacTHIEH I n BEKTOpPOM C,,
€e CKOPOCTH OTHOCHTEJILHO Tejia, cM. pHc. 8) Oyaer y Tex yacTHIl,
OTHOCHTEJIBHAA CKOPOCTh KOTOPHX IEPIEHAHKYJIAPHA BEKTOpY U .

Puc. B. MakcumanuHbid yron aGeppauyi.

OTOT MaKCHMaJILHLIA YTOJI ONPENe/IAeTCA PABEHCTBOM

sin@, =—=V, (3.2.35)
c
HMEHHO C TaKMMH YaCTHIAMH TeJIO0 KOHTaKTHpYeT HaHOoJiee JacTo.
Ilpn v = 0 aMeeM sinfg = 0, B60 peub HOET O BHPTYaIbHHX (GOHO-
BHX Y4CTHIaX.
CeveHHe KOHTaKTa TAKOH YACTHIH C 3JIEKTPOHOM, [(BEXYILIAMCH
B PKC co ckopocThio U, HalieM no ¢opMyJie, aHaJIOTHYHON COOT-
HomeHmo (3.2.43):

? t
of® =20, P(K/B)=2"—sm%0,-—,  (3.2.36)
4 T

B.A.Bpune "KuHetuyeckasn TEOPUA rpasuTaLmm”.

100

¢ yaeroM dopmyn (35) u (3.2.45),
2
o =fi A (3.2.37)
k" 9

Torma yacrory (v *?) KOHTaKTOB JIBHDKYMIErOCs 3JIEKTPOHa ¢ do-
HOM HaliieM ¢ moMonisio coorHomenui (2.3.37) u (37):

2
" 1, ¥

o _
Vg =nycoy =—nycl :
2 V1-72

W3 (2.3.48) cirenyer, 9T0 YacToTa vﬁ"’ KOHTAKTOB TeJla ¢ GOHOM

npornopnAoHanbHa Macce My Tea, T.€. )
2 2 2
M, 1n,cl® V°M, M, v

V:ﬁp =v?—°= ny 02 — 0 2

my 2 my J1_y2 h J1_y

rjie HCIIONL30BaHO BHpaxkenHe (25) mocroannol [lnanka sepes dyn-
namenTanbHHe KoHeTaHTH KTTI.

Ananorgyao dopmyie (34) ompepemuM dauny 7\.: 80aHB Oe
Bpoiian xax nyms, npoiidennsiii meaom medicdy ezo 08yMa

ROCA€00gameAbHIIMU KORMAKMAMU C (HOHOM:

h
A Mov Ji-r -, (3240)

(3.2.38)

, (3.2.39)

v R Moo
rae (CM. IOKa3aTeNbeTRO B §3, m. 2)
M,

(3.2.41)

M= .
" J-v?

Macca Tena, cooTBeTcTBYIoman ero ckopoctr v B PKC (pactymasn ¢

PocToM v, KOO IIpH HTOM YBEJIHYHBAETCH YaCTOTa KOHTAKTOB TEJa €

donOM, a, cnenosarensHo, cM. Gopmydy (2.3.48), u ero macca).
DPopmysa (40) - useecmuoe coommousenue, ceA3vieaNOUfEe

Maccy meaa, ezo cKopocmbs U OAuURY GO3RUKaroujell mnpu
dmom eoanst de bpoiias.

Dopmysa (41) - useecnnan uz CTO sasucumocms maccel
Mmeaa om ezo cxopocmu, doxasannan & zaase I, §3, n. 1.
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Crnenyer, onHaxo, OTMETHTb, YTO NPH NMONHOM (HOPMALLHOM CO-
BhafeHuH, cooTHomenud (40) u (41) ornMuarTCa OT COOTBETCTBYIO-
mux Gopmyn coBpeMeRHOM DH3MKE TeM, ITO B HOC/IEIHHUX IION CKO-
POCTBIO U TeNa IOHAMAETCA ero CKOpocTh B Joboll MHEpIHaILHON
cHCTEME OTCYeTa, Torfla kak B dopmynax (40) u (41) U - ckopocth
Tena B PKC (1.e. B kakoM-To cMmuicne "abcomoTHas ckopocTs Tena" -
€ro CKOpOCTh B TOH MECTHOM, JIOKaJIbHOM KOOpOMHATHOM CHCTEMe,
OTHOCHTEJILHO Hayaja KoTopol ¢oH H30TpOneH K He3aBUXPEH ).

n. 6. CeveHne KOMNTOHOBCKOIC PaccesHus B pamMKax
KT (kmreTwyecknii ananor popryne: Knesra-
Huwnssrsi-Tamma)

Ilpusenennas B rmase II, §2, n. 1 B, Mopens doToHa (HBIKYyIIAs-
€A CO CKOPOCTBIO ¢ OHICTPO Bpamamoniascs BOKPYT CBOEH OCH, Ipe-
HeccHpylomas HefleGopMHpOBaHHAA CTPYHa, CM. PHC. 3), IIO3BOJIAET
IOJIyYHTh 3aBHCHMOCTH CEHeHHA pacceAHHs (GOTOHAa Ha 3JIEKTPOHE
oT 3Hepruu GoToHa, NIpUMEHAA METONAKY, aHAJIOTHIHYIO paccyKie-
mEsM (2.3.10) - (2.3.19).

VnomsanryToe paccednre (coburne "P”) HeBO3MOXHO Ge3 KOHTaK-
Ta ("K") Mexny B3aEMONECHCTBYIOIMMMHE 4acTHIAMH, KOHTakT K€, B
CBOK O4epefb HeBoaMOkeH Oe3 Bxoma ("B”) MHmeEHH B OCHOBaHHE
TpelecCHOHHOrO KoHyca (POTOHA IUTOMAIbIo

5 .
nl
Creau™=Cg = Tsinze. (3.242)

IToaToMy HckoMoOE cedeHue Cp paccesHus ¢doToHa Ha 3/IEKTpOHE
HalieM Kak

2
2[isin29}[i) P(PIK), t<z
4 * (3.2.43)

o, =2,P(K/B) P(P/K)= )

2%311129-1-,0(9/1{), t21

rae: 2 - xoapduurenT, oTpaKaomui ToT dakT, ¥TO mpeuec-
CHOHHH KOHYC JIBOHHOIL,
t=1/c - mmrenbHOCTs nNpeOuBaEMA ¢oTOHa B 30HE
3JIEKTPOHa;
=2 /= (21 cos6) / , - NEPHOR NpPeneCcCHORHOrO /IBH-
’KeHHA (oToHa;

B.A.Bpunb "Kuketudeckan TEOPWA rpasuTaumm®.
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i<t

t
c - BepOATHOCTh KoHTakTa (‘K”")

P(K/B)=
( / ) OpH yciosas Bxofia (‘BY);

L 127

P(P/K) - BEPOATHOCTS PAcCesHuA NPH YC/IOBAH KOHTAKTA.

U3 coorromenns i = A, (19) ¢ yuerom snagennit (2.2.6) u (15.4)
AMeeM:

2 . 2.
po iV _ml Vo (3.2.44)
12 4
orkyna (cp. 32): ]
lyy 2h
—=—=.
2 myl

C noMompo MocIeIHero PaBCHCTBa NOJIYIAM:

r. 2y _ T (3.2.45)
T c2ncos® mcosO
flcro, uyro paccesHHe (GOTOHZ NPOHCXONHT B Pe3yjIbTaTe €ro
HopmanvHozo (N) xoHTakTa ¢ 3exTpoHoM. Ho mo omnpenenenmio
N - xoHTaKTa, BOSHEKAMHA NpH HeM OOMEHHHH MMITYJIEC P Uep-
MeHIUKYIAPeH KakKmoi u3 B3auMofeiicTByomuX yHIaMeHTaTbHEX
CTPYH B MOMEHT KOHTaKTa:

Puc. 9. me.mmﬂmmwmﬂ(:ﬂ | €") dporom.

Herpynuo, onaako, moHATE, 9TO BEIHYHHA paccesHAsA OyeT npo-
NOPIHOHAJIEHA He BceMy OOMEHHOMY MMITYJILCY p, & JIMIIbL TOH ero
COCTaBNAIOMEH (P paec), KOTOpAA NEPIEHIMKYIAPHA BEKTOPY C CKO-
pocTH GoToHa 10 paccesnusd, T.€. (cM. pHe. 9):

P(P/K)~ cosh. (3.2.46)
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n. 3. 3aBUCHUMOCTb CEYEHHUN PACCEeSIHNA HeRTPHHO Ha
HYK/IOHEe OT SHeprun HeATpmHo. Conocrasnexnne reope-
THYECKOWH 3aBUCHMOCTH ¢ Habmogennsmu (CERN,
Liseriyapus)

Hasectan, (cM., HanpuMep, [ 32 ] # p.) SKCIEPUMEHTH C LEJILIO BE-
ACHEHWA YKA3aHHOH B 3ar0/IOBKE 3aBHCHMOCTH Ha CYNEPCHHXPOTpOHE
Esponeiickoro nenTpa spepanx uecsenosanwed B IIsediapun.

PeayneTaTh 3THX 3KCIEPEMEHTOB NPHBEICHH Ha PHCYHKe 22.
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Puc. 22 3aBUCUMMOCTE NONHOIC ceuveHuA (C) BsaumoaeicTBuil HEATPUHO C Hyk-
NOHOM OT 3Heprum (€) HellTpuHo.

XapaxrepHue 0cOOEHHOCTH 3TOH 3KCHEPHMEHTANILHON 3aBHCH-
MOCTH:

a) B paccmorperHoM 3HepreTrdeckoM auanasone 1 [sB<e< 100 =B
G MPOIOPIHOHANBHO €.

6) Ilpr ONMHAKOBHX C aHTHHEHTPHHO 3HEPrHAX, HEHTPUHO MMeEET
Gospniee ceyeHHe.

B) Ilpm smeprusax € 2 100 I'>B naumnaercsa cOimbkenue ceueHH HEHT-
PHHO H aHTHHEHTPHHO C POCTOM HX 3HEpIuii.

B.A.Bpunt "KuHeTHHecKan Teopus rpaBuTauyn’,
160

r) OKCHEpPHMEHTANLHHE TOYKHM JIOXKATCA HE Ha anlpOKCHMHpYIO-
Y0 IPAMYIO, & PezyAApHo TO BHIIIE, TO HIDKE Hee (TaK HashBae-
MHit "ckeinuAr" - "obopoukn” wim "promedxn’).

1) Kpowme Toro, uasectHo, yro npu € < 1 MaB, o ~ e

IToka)keM, 4TO Bce 3TH OCODEHHOCTH CIENYIOT M3 MOIENbHBIX
npejicTaBIeHuH, nanoxeHHnwX B rmase 1T, §2, m.1r.

JlefAiCTBATEIIBHO, COIVIACHO YKA3aHHEIM IIpeCTaBICHHAM, HEHTPHHO
H HYKIOH - OHCTpO Bpamaomuecs fedopMHpOBaHHEIE CTPYHH (HEHT-
PHHO - C IByMSA Y3/1aMH, HYKJIOH - C YETHPBMS, IIO3TOMY BCE XapaKTepH-
CTHKH HEXTpHHO Oy/IeM oMedaTh HHIEKCOM 2, a HyKIOHa - 4).

Kpome Toro, y HeATpHEO V yrof NOApH3alHH Oy = £0,, Uy =T,

a'y aHTHHEHTpHHO 0., =0, rie ®, ¥ U, HX YIJIOBas H JIMHEHHAA CKO-
pocTH (Ipyrre 3Ha4eHAA YIJIa MOJAPH3AIHH HCKITIOYAaI0TCHA BHTEKA0-
MM H3 NPHHIANA HaHMeHbmero geictsus Quuorep-adxbekToM, cM.
rnaga III, §1, . 5).

B pamkax KTII, ecnu xors OH omHa M3 B3aMMOIEHCTBYIOIIAX
4acTHIl HelTpaibHa (a HMEHHO TaKoi ciy4aif pacCMaTpHBaeTCA B
HacTosmeM 0. 3), To B3auMofielicTBHe JMo0oro BHAa MOfpasyMeBaeT
HX KOHTakT (coburre K).

[Tonoxenne MAMEHA (HyKIOHa) B MOMEHT KOHTaKTa, Boobie ro-
BOp#, IPOH3BOJIbHO, OJHAKO, TOT (aKT, YTO HEHTPHHO M aHTHHEHAT-
PHHO NPH NPOYHX PaBHHX YCJIOBHAX MMEKT pasHHE CeYeHHd, Kak
NOKa3aHO HHXKE, TOBOPHT O TOM, YTO 3KCINEPHMEHTAILHO PErHCTPH-
PYIOTCH TONBKO TaK HasnBaeMmule / - konTakTH (K; cM. rmasa II, §3,
I. 3), OpH KOTOPHX MHIIEHb HAXONMTCS BHYTDH INpPENEeCCHOHHOTO
KOHYyca cHapsna (HeHTpHHO).

Taxum obpasom, obcyxpmaeMoe B3anMoneicTBue HeWTpHEHO (aH-
THHEHTPHHO) ¢ HYKJIOHOM MOJEJIbHO MOXHO NpEICTaBHTh B BHAE,
NpUBENEHHOM Ha puc: 23.

(vi)

Puc .23. K BmiBoaly o6cyxnaemMoi 3aBMCUMOCTH.
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ARLNRLR XMRGIredHID doXE €M OLh ‘WOL O 9HHOMOLOmIad]]
"(L§) 'worneadaonox ediy nd1AHE BoWMIIEYOXeH ([{ 'I) AL
-0¢h - & Woledxee KOIOAdMOHOUWON HEIDIMKE IOhO BE BUOHR
OJOlE 9IFQA OQH ‘BOLOKHOW OH MMHINelel odY¥ € WHIOEh
XMHIIRLHIWEIHAD orronh yodorod udn ‘HMIDIOXE HONEL 3'L
‘edIf¥ 90 €M BALOSMIOE ,MHIDIONE HOHOIEORERd, WOHAIOTAID
ALNQ LXOW BXHLIEIe] BeHABHOHNELO KRQOIlr OLh ‘OHBEBNO]]

'(L§) e - u-b wirm ¢ eH
-0() €M A.LO2INIE SHHAIHKOd,, - AMIFOL OJOLE BINT OIAHROLBIION
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HocJlefHee O3HAYaeT, YTO ecd OH MH [aKe YMENIH perucr-
PHUpOBaTh TaKHe IOYTH NOMHOCTHIO BUPTYaTH3HPOBaHHKE (o-
TOHLI, TO BMECTO TOYEHHHIX H30OpayKEHHHl MCTOYHMKOB MBI
nosy4anu 65 aMopdHHE NATHA ¢ pasMHTHME Kpasama (§8).

57. BuBon: MeraranakTuka - yacTs BeesieHHOM, Bce 0BBeKTH KOTO-
poit "He cymmxoM nanexu” or HabuoaTeNA, T.¢. Ha MyTH ClIeao-
BaHH#A OT KOTOPHX CBET HE YCIIEBa€T CEPhe3HO BUPTYAIM3UPO-
BatheA (§8).

58. BuBon: mMCTOYHHKaMM BBeeHHHX moctynaTamu KTT dono-
BEIX YaCTHIl ABJIAIOTCHA, B OCHOBHOM, BHEMETarajJlakTHYecKHe
ObBEKTH, XOTA ONpeJe/NeHHsli BKIag B (OH BHPTYaJbHHX
YaCTHIl MOTYT BHOCHTb M MHOTOYMCJIEHHBIE HECTALMOHAPHHE
obbexTrl MeTaranakTaky, a TakKe QOTOHBI, BHPTYAIH3HPO-
BaHHBIC IIDH B3aHMOMICHCTBHH C BEIECTBOM (CM. TPaH3UTHYIO
MoJiesTb OTIOIIeHUA KBaHTa, rasa III, §2, . 1), (§8).

59. PenuxroBsie GOTOHH - KBAHTH elle He IOJHOCTHIO BAPTYA/IH-
SHPOBaHHHE, HO Y€ CEPbe3HO paccesHHNe (1. 56) ¥ noToMy
He MO3BOJIAKINE HICHTHGHIIAPOBATL MX TOYEYHHE MCTOMHH-
KH, pacllo/IOXKeHHHE MO3TOMY 3a Npefeslamu MeTraranakTuky,
HO HE OYeHb JIAJIEKO OT ee ropu3onTa (§8).

60. B "monesmu ropsueit BceneHHOH" pesmKTOBHE (OTOHH, M3-
Jiy4eHHHe B Hayase "Bomsmoro papusa”, sBayTpr MeTaranak-
THKM HeHabmonaeMs (§8, pac. 45).

61. Vuer ajibTepHaTHBHHX OPHYIMH KOCMOJIOIHIECKOrO KpacHOro
cmemenus (. 51) ypemuumBaer Bospact T MetaraakTHky
BILIOTH [0 3Ha4yeHna I'=o. B nocnegneM ciygae Meraranak-
THKa CTallHOHapHAa, KpacHOe CMeI[eHHe MOJHOCThIO 00BAC-
HAeTcs "cTapenneM" KBaHTOB, BKIajl JOILIEPOBCKOro adxekTa
HYJICBOH, oTmamaer Heobxomumocts B Bombmom Bapuse m
Boobie B Mofienk ropsadeit BeenerHoi.

He Bce mpupesienne BHBOIH ABAKTCA OJMHAKOBO CYIIECTBEH-
HEIMM, TIO3TOMY BHIEJIHM Te H3 HHX, KOTOPHE IIPEICTARIAITCA HaH-
foJee BaKHEMH.

310 BHBOAH c HOMepaMu: 46; 48; 61; 52-60; 50; 29.

MrHor#e BHBO/IH HMEIT KOMYECTBEHHR XapaKTep. D10 BHBOMIH
c HoMepamH 1; 2; 3; 8; 9; 20; 21; 22; 24; 26; 27; 28; 41.

Hexoroprie n3 npubeieHHBX BHBOIOB HOCAT MpE/ICKa3aTe/bHEN Xa-
paxrep. 210 BHBOIE ¢ HoMepavu 14, 22, 23, 36a, 366, 368, mpauem,
TEOPETHYECKOe KOIIM4ECTBCHHOE Tpefickasanne A= 23 coBmasio ¢ coor
BETCTBYIONIHM HaGJIFOflaeMENM 3HAYEHMEM C TOUHOCTHIO = 4%.

B.A.Bpune "KuHETN4ECKaR TEOPKA rPaBMTALYIA".
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Fnasa Vi. Cneacreua KTI B reopusnke

Ecmu acrpodusmdeckue ciencrsua KIT mo ykasaHHEM IpHH-
HaM Haubolee MHOzowucAeHHs!, TO B reodH3MKe 3TH. CIENCTBHA
Hamboree 3HavUMBL.

JlefCTBHTENBHO, 3eMIIst - pAAOBas IUIAHETa, PANOBOE acTpodH3u-
4ecKoe TeJIo, TIOMHMHANIEeCs BCeM 3aKOHAM H TCHICHIAAM pasBH-
THSA BEIECTBA, U3JIOKEHHHIM B IIPENBITYINMX [JIaBax.

Ee riaBHOe OT/IHYHME OT APYTHX 0OBEKTOB KOCMOCa 3aK/II0YACTCA
B TOM, YTO 5TO HAWA@ TUIaHETa, OT Cy[bOH KOTOpO# MOYTH LETHKOM
3aBUCHT Hawua cyfbba - cynnba Beeit 3eMHOH IMBITH3AIHH.

Ec/i Hab/moaeMbie Ceroffsis IOCIENCTBAA II00abHEIX KaTaK/mH3-
MOB, mpousomeumx Ha Berepe (r71asa V, §6, 1. 2 6) wm Pasrose (ria-
Ba V, §6, m. 2 r), MOTYT BEI3BaTh Y JIOOO3HATE/ILHOIO YEJIOBEKa JHIL
YHCTO HAyHHBIA MHTEpEC, TO PeabHas BOSMOXKHOCTb (I faxe HeoGXo-
[MMOCTH) TOro, YTO Ha ONpe/eIeHHOM 3Talle ee PasBHUTHA C Jemnelt
MpoM30iIeT YTo-To NofobHoe (Beab OHa - pANIoBad I/IaHeTa), BH3HBAET
MBICITH, BeChMa Jla/ieKde OT YHCTO aKaleMHIECKHX.

Orciona - BOKHEMIINE THOCEOIOTHIECKHIT BHBOL: €C/H A0 CHX IOp
CTpeMJICHHE YeJIOBeYeCTBa K NOHMMAHHUIO SB/ICHUH OPHPOIH MMEJIO B2
OCHOBHHIX CTMMYJIa ([UTaTOHM4ECKas TAra K abCOJIOTHOH HCTHHE H BO3-
MOKHOCTb HCHO/IB30BAHHSA HOBHX 3HAHWH B MEPKAHTHWIHHHX LEJIAX), TO
Tenepb, nocie cosgarnd KT, NoARIAETCA eme OfH, MPHIEM, CaMuIl
MOIIHEI CTHMYJI - HCIMUNKIN CAMOCOXPANEHUA.

Jlosynr "senennx"; "Beperute mpapony”, 6e3yciioBHO, pasyMeH,
HO HOJICITY/IHO BHE/PAET B CO3HaHHUE COBEPIIEHHO HE COOTBETCTBYIO-
IIYI0 MCTHHE MHIC/Ib O PEBOCXOMCTBE YeJIOBEKa Hajl IPHPOROH, u6o
Gepeys MOXKET TOJIBKO CHIbHEH ciaboro.

OpHako, 3Heprus, KOTOPOH HAayHW/ICA YIpPaBiIATb HeJOBEK, HHY-
TOKHA MO CPaBHEHHI ¢ TOM SHeprHeH, KoTopoli onepHpyeT IpHpoaa
(cM. rmasy V). )

ITosTOoMY YIOMARYTHI OJHOCTOPOHHHH ¥ CAMOHAJIEAHHKIN JIO3YHT f
61t 3ameHmT Gastee B3BeMEHHEM H MOOHWIH3YIONAM [IPH3BEOM:

"SEPETHTE ITPHPONY H FEPETHTECH EE I

3emiA BHIOIHO OT/IMYAETCHA OT APYIAX KOCMHYECKHX OOBEKTOB
TeM, YTo oHa OymM3Ko, "moj pYKOH" Yy HCcemoBaTesd, KOTOPHIH
IO3TOMY MOXET H3ydaTh HETai NPOTeKaomuX B Helf Bceobmuux
IpOLeCcOoB, HE3aMETHHE CTOpPOHHeMy Habropatestio, 3aMeHHB, 06-
Pa3HO TroBOP#, "TelecKol Ha MEKPOCKON".

B Hacrosmie# rnaBe H3NOKEHHHE BhUle obmpme 3aKOHH H TEH-
AEHUHH pa3BHTUA acTpoduaHdecKuX TeJ HCIOIL30BAHH AJIA COMOC-
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Fnasa Vi, Punocodoxue u MNADOBOR~
SPSHYCCKHWE ACNCKTEI TeoDun

§1. OcHosn eounoi Teopuu marepun (ETM)

Kax oTMedero Bo BECACHHM, OCHOBHOM LIEJIBI0 HACTOMINEH KEIm
ABJIICTCA HOCTPOCHHE KMECTHYECKOH TeopHH rpaputanmn (KTT)
VIMEHHO 3TOMY, 2 TAKKE HAJIONEHHIO MHOIOTHCIeHHBX (OKoso 1501)

CTIeACTBHE KTT' » mMExpo-, Maxpo-, ACTPO- B reoU3nKe HOCRAIICHA
SOTLINAS YacTh MOROrpadm,

-----

Onra '
FREKO, DPCRCTABNACTCH, 910 KAUIa BRIXOMMT 28 3TH "yaxwe" pamxa,

SAKTIAREBAR QVERAMERT edunoii meop
‘OpEE Marmepuy (ETM). .
WEM ITO. pun (EIM). Tloxa

5. 7.

BT M

HEACTBMTENLES, COrNacEo X CCHYCCKOMY OUpPENe/ICHIIO, MaTe-
E:;?E;ﬁ - obnexTiBRas (r.e. me SaBICANAN OT CO3HAHNA) PeabHCCTD,
AfLlaz HaM B omymennsX. fcro, ongaxo, 9o ¢ nocied mpe-

Gosamuem nabaivdaesocwi MAMEPUY B CBETE H3IBECTHHX B Ha-
“TOANEE BPEMSA YO KOCBEHHBIM NPH3HAKAM, HO HENIOCPENCTRBEHHO He

mabronaerex ee $opm (BHpTYa/TbHEIE TACTHIIN, WEePHBIC JHpH I
T.IL. }, Hasio OBITE ocTopOMKHEEE. |

1o we m:m@t&:m? Ucraeten emmncTsennce TPEOOBaHE K MaTe-
PHH. OHa [FOJDKHa ORIt 006CK e O PeARBROCINGID.

Kaxwe GODMS MATEPHH HIBECTHR COBPCMECHHRM €CTECTBCHERIM
HayKaM, H3YIaI0MEM 2Ty 0SbeKTHBHYIO PEaTbHOCTS?

UTBilekasch OT 9acTHOCTEH, MOMHO YKa3aTh BCErO [BE TaKHX
hopMEL Bose & setgecmen, a, cnenoBatennbuo, ETM norpiaa Bimo-
I4Th B CCON U TEOPHIO HOJIA, B TCOPDHI) BEINECTRa.

| Bmm@ﬂ ,IEEE’?:MHG HOCTICHES YTBEDIKICHNES MOMGIO L GOCTPHPO-
BaTh CXCMOK (CM. puc. 54), me HpCTeHIYIOMEH, ONHaKo, Ha OOJIHOTY.

HTO e HOBOrO BHOCHT B 3Ty B 00IeM-T0 H paHee ACHYIO CXEMY
TCOPHA, MWICHECHAAL B HACTOATICH MOROTpadua?

I. Ha o L
pariepe K11, snnmomeitces, no CYIIECTBY, KBAaHTOBOH Te-

OPHEH TATOTCHMAZ, MK YOeXTaeMcx, ITO MOACBEIC CIMPYKmY-
P WRER Jikce QUCKpemine, XaK u ECHLCCIIBCHIBLE, '

2. CXoneTso Honernx m BEMICCTBCHHBIX CTPYKTYD
TCM, 9T0 JNCMCHTZMY M TeX W JIPYTHX & =

Lo M) Fe
Pa3ELIC FACTHITEL

yCYyTrvoigercs
CH meﬂt‘mﬁ-

ggéﬁpmb N m«memwmm; T@GQE%; rg;am;;awm". |

3. PaamagaieTes e ITH CTPYKTYPH TeM, 9T0 saeMentaMu (KBag- .
TaME) Hogel asnmoTed HeneOpMEPOBANHLIC, 8, CICHORa- |
TeJHEO, He AMECIOIFE MaCCH (SHEPIHHE) HOKOS CTPYHRL, & 3Jic- H |
MEHTADHBIE FaCTHAB BEMIECTBA - TE Ke CTPYHE, EO HeqQopME- .

ymmse (o, pac. 5 B oaase 1, §2, m 1 1), |‘ ”

4. Beym » Tlpaporne He CYINECTBYET ApYTEX QOPM MATEPHH, KPO- |
Me BelecTBa | UOJ, TO @3 ILIL 2 B 3 CHICHYET, 910 IACHEH-
HAME A00020 MAMEPUARLHOZ0 VOBEKMA SBARIOIMCH |
geedennsie nocmysamonm Ppopust (exase I, §I) cmpy- anl
f&i, KOTOPHC NO3TOMY #ABJIAIOTCH ﬁyﬁ@ﬁﬁfﬁm@ﬂ&ﬁwﬂﬂ.

5. B mociieaeM cIIydae MOMKHO [aTh CleNyIollce Kosoe onpede-
ACHUE MAMCPUN: MOEMEPUAALEO 8Ce MO ¥ MOALKO RO, ||

WIHG COCHIOUM: B3 (FWHOGMERMAALEMX CIPYH. ol

TEOPYS BELIECTBA | 9@

_  TEOPUSIMONS |

Yy ¥ ¥ ¥ ¥ ¥ ¥ A A "' |
SEEEEn  mEEEEE |
} 3 i
< L

H '

2

SNeMeHTapHbHIX HatThLA

e s
O13vika avoma

{ £ |
B
| <
.:
ﬁ .'

CuneHbIX Eaawmogeﬁcmwﬁ

B éﬁaﬁm STOMHOIO ﬁ,ﬂpa_
reopuavka

" VndopMauvoHHoro

_Bvonone#

[ S'ﬁéﬁpg.marHHTHﬂr O __
| Cnabuix 83anmose
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= ——

Puc. 54. MNpumepHan cxema ETM. [ |
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. 2. flone

a) Hacrommas MoHorpadms, B OCHOBHOM, MOCBAINEHA MCCJIENO-
BAHMIO 2PAGUMIAYUOHNO20 NOAA, T.©. OOLEKTa, IO IPUBENCHHOI
cxeme ETM mMmeromero xop 1. 1.

SIT0 NOJE, KAK H BCE OCTaJbHEIC H3BECTHHE (a, BO3MOXKHO, H He-
H3BECTHBIC CETOMHA) TMOJIM ABJAeTcA Mogubuxanmuen edunozo ghyn-
damenmansiozo noan (xox 1.0), sBefennoro mocrymaramu KTT
(rmapa 1, §1) w cocToamero w3 (ymnamMeHTa/LHEEX CTPYH, IBIDKY-
[EXCA B BHPTYAJIEHOM COCTOSHMY,

Omeako, B 910l MoHOorpadun mecaenywores (XOTd ¥ He TaK IOJ-
pObHO) MHOTHE IPYIHE MaTepHaibabie o6beKTH [1paposl, mpuyeM,
REJIACTCA 3TO IEMCTBUTC/IHHO € eduMmiX 1mo3nnnil (B aKkCHOMAaTHKE
rutassl 11, §1):

0) Kpanram ssexmpomazuumnezo nosn (xon 1.2) DocBsmieH Iie-
net naparpag (rasa I, §2, mo 1-6), npuueM, okasaiocs, YTO 3JekT-
POMarHUWTHHM KBAHT - 9T0 HeAeQOPMUPOBaHHaA (HO NIpelecCUpYIOmas ¢
YIJIOM HYTallVH, 33BHCAIIMM OT € HaOmonaemoit sHepram) dyHIaMeH-
TaJibHaA CTPYHA.

B) Lanbrie g3npmodesicmenn (xkox 1.3) xa npamepe B - pacua-
a2 CECOOMHKIX M CBA3AHFLX B AAPC HEHTPOHOB PACCMOTDEHE! B IJIaBe
11, §3, . 4 m rwame 111, 84, n. 4, coorreTcTBERMHO.

Oxasasiock, w10 § -pacnaf BeifTpoHa - 3To KBasmpacceanne do-
HOBOM 9aCTHUH Hi HeHTPOHE C UPEeBpaIeHNeM €€ B YILTPaDe/IsTH-
BHECTCKHN 3NCKTPOH, 4 HeHTPOHA - B IPOTOH.

STOT WOAXOM MO3BOMEN B IMase V, §4 noryaurs TeopeTHIecKyio
cpeTEMOCTS (CONaNmEg, © XOopomel ToOYHoCThIo COBNAAICIIYIO C Ha-
OJmofAeMOi.

) Cunvmsre gzaumodeiicmenn (kon 1.4) Burie OTHebEO B KEA-
F€ HC pacCMaTpHBANUCH, XOTA MPEICTABIIACTCH BEChMA BEPOATHRIM,
TTO OCHOBHEIC CBOHCTBE M STHX BIAMMOXESHCTBAN JIETKO MOTyT GHITH
AUATTMTHYCCKY BHBCHACHH H3 KHHETHYCCKIX coobpawenmit OMm3Ko
APYL K BpYyry pPacHoNOMCHUEC JIMHCHHO NPOTIKCHELE HYEIOHH C
HEPATNCILHRNME OCAME MOTYT QoHOM TOImxe "cdasiucamses” (ot
CIOL& - OIEOCTODOHHAN HATFPABICHHOCTS ITHX BIamMONCHCTBYH: 3TO
CHID ANCPHONO CYemienis), IPHYeM, ACHO, WTO B CBIY ¢ UPOKON-
rOBaTOH MOPMOl JacTun oRE OYIYT Ha MaJIoOM PacCTOSHMYA JPVT OT
APYIs HCUMTHIBATE CO CTOPOHE (POHA OONec WHTSHCHBHOS BO3ECH-
CTBHES, UCM AHAJIOTMYRE MOUSUHbIe SACTIE (HOSTOMY B3aAMOIEH-
CTBUE CUABROL).

I ! o r——r P T L ] — L TTT I LTI

8. 94 bpvnk "KuHeTHecKas Teopus reasuTaUmn”.

368

n) bBuonose. 1esenamus. Terexunes.

A YA 0.;.
O 6uononsnx (Xoji 1.5) TAKKE B moporpadws HOKa HUTAC HE Yil

TOT WPCOEL
MEHAJIOCH. BOCHOITHEM 3 ”
Eerp BelnecTBO. Beth QyHIaMEHTaTHOS BE3ACCYIICH nOJIe BHD
¥ @“
TyaJIbHBIX (QOHOBHX HaCTHH, R3aUMOICHCTBYIOIMX € 3THM BEIR -
s ‘ : @
cTReHHBIM OOLEKTOM, B pPE3yJbTaTe ¥el0 b ofioi KOHTparcHETa

: ¢ H3MECHCHIA.
IDOECXOIAT CHPENCTICHHDY o
’ VisMeHeRHs, BHOCHMEIE JTOOhM BEINCCTBCHIBIM oOpexTOM B PYHI

- | 44
MeHTAIbHEI (OB, CKPYKaIoT 3TOT ofpeKT B BHNE HOKOCH ~GYPsL,
, OF

* eCKHE
"GCMPAALHO20 AR, ABARIOUEZOCH, HeCMOTpA Ha ITH MUCTHHECKIK
RaHHBIE U3 OKKYJITA3MA, 6R0ARE MAMEPUALBROL,

eHTpa/bibH OOBEKT, & NHOAEBOUE

apapia, #e BEIECIMECHHON, KaK I

CIRPYKIYDOU.
BecrMa pa
cq: TpaBUTAlHORHOE [OJIC BOKPYT JEO0OIO BEX

: oy r T4
JJIeKTPHMECKOe TIOJIe BOKPYT 3APAKCHHOTIO TETia,

CHpOCTPaHEHANME OpHMEpaMH TaKOH aypel ABJIAIOT-
~CTREHAONO 00BEKTA,

MaTHHETHOC IROJIEC

CHEeHMH,
oy 3TOM XAPGKMED H3M : . B
) swarommir GOH, TOJDKSR CTaTh HPOAMETOM OTACIb

HEIX ACTPAJHGHEIX TEJI, HOPOMICHHBIX

woclTeJORARnY L pd
WX HCCTICH Eﬁ‘%ﬂpﬁ FIOTO OOLEKTA.

(A PO ECCAMH
Pa3HGIMU FHIOTCEHBIMA HPOL P 100 Oh 0.
CyIIecTBERELM ABJIACTCA TAKKE 10 O CTOATE , IT0

A & oEHKA0IEEe (OHOBRE wac-
ceqmmbie” CKBO3b HEHTPALHBIA O0BEKT P

HTADHRIR aAMMU

YR npomawoﬁeﬁcmomﬁme c ero 3IeMeHTAPHBIMY JACTIIL ﬁm,
: ype OT NOCJICKANX, ABJIAKYICH qoCTANAME M PARIRIBHREIMU,
Hooror HMEA [pH TAKOM B33AMOJICH-

TlosTOMY URGOPMAYUR, TOTYICHEAA { TaKom mAmMeTe
CTBUM, PACTPOCTPZHACTCA HA ITHX MATICPUC ARG
?

cBeTa).

4K IDABWIO, CO CKOPOCTHIO

e Tk o (K ' M of VHOMARYTHIX SHAOMCHHBLIX PO~
TakuMm obpasoM, MH(opManig 0y : et

meccax B BEMECTBEHHOM OOBEKTC “oompcHIRaeTCd Ha TPaH3WTHRIX

Ma-
¢OHOBBHIX YaCTHIAX, sanonobhe TOro KaX B MarHHTOQOHE m{rrl;zg 2
(A4 ¢ MarHATHOM FOJIOBKH CHAMACTCH Hd TPAH3ATHYIO Mardy

HYIO JIEHTY. ' |
B pesy/mTaTe BOKPYT KaXJoro s€ieci gerno20 O0HEKTA BOIHA

KaeT erc MpoCMmpanCHieennoe oTODpAKEHNE,

rpaMMEl, 3anCAHHON I.i.a (

gT0 3ma "roorpamMMa’ M3IMEHACTCH, bl

CTBE T€ MPOIECCHl, KOTOPHIEC NPOACXONAT
UeM cIIOKHEE ITH NPOIECCH, TCM CJI

L]
cs aypa - "ronorpadpuIecroe KHHO .

BHYTpH OOBEKTa.
oyKEgee Takaf HIMEeHToman-




Heno, wro mauGonee CHONEHME SRIIMOTCH HIPOHECCH, MPORCKONE-
MR B AKUBBIX OPTaByi3MaX, & SUOADCUUCCKIUX CHCMEMAX, HO3TOMY
1 2Yypa TAruX CHCYCM, Ha3miBaeMas B COBPEMCHHOH navke GHuono-
AEM, TOWE, TIO-BUIAMOMY, ¥ivieeT Hanbolee CIOKEYIO CTPYKTYDY.

W, naxomen, caMBIM CIROMEBIM H3 CIICIKEHX BHOIOrI9ecKIX HpO-
HCCCOB #BNACTCH, OYCBHANO, NDOLECC AEIliACHUS. VadopManus,
CUMTHBAEMAN" NP FTOM TPARSH THR MY O - ACTARAMYM B MO3TY MBIC-
NEere "mEpykTopa” (AeTowmmKa MHOOPMATHER ), VHOCHTCH UMH OF
HEI'O ¥ MOMET ObiTh BOCHPHHATA IPYTUM MBICIUTIIHM CYOBCKTOM -
‘HeprendcHToM” (IpIe MEMKOM BEPOPMATII ),

B sremM - eyigoers mesenarnie.

Keraty, # caM MHEOTO Pa3 BPOBOA JKCHCPHMEHTEL IO TeJiea-
THH, K& pas [JOyvad CTATHCTHICCKA THAAMYSIE HOJIOWITE -
HERIC PESYIBTATH, HO 370 - DPEAMET CTICIIBHOTO pasroBopa.

Taxum obpazom, BOKpYr Kauscdozo MBICSIETG cyObeKTa obpasyer-
CH €20 WHIGOPMEUIONRCe NOAE, HCTOYHAKOM KOTOPOrD O SBIISETCS,

COBOKYIUROCT: MEMBYHYATEEY AHQOPMATHONENX N0 el oOpa-
3yeT obimee naGQOpPMaNEONHOs TOoMNe MIIAHCTE, Lanaxtakn, Beeser-
HOM, KOTOPGe B FEIMACKON PUIocCOMAN HOCHT HasBAMEE "MupoBo#
pazyM' oM. cxemy ETM, pze. 54, kon 1.6.

ViMeercs, OHaK0, CYINECTREREOE Pas/Hiase MEXKITY MMIPOBEIM pazy-
MOM, panpaMep, v Lilpr Ayvpobmduo o spemensniv Brme MHGOpMaNF-
CHERIM ToneM Beenemmoi. Ilepsw# cupraercs aNPHOPHO TAHHBIM,
HCPBHTHEIM, Ha HEM NPCAIATacTCH Kak Okl "Hapa3sHupoBaTs™ HOrpy-
SMBOTACE B "HAPBAHY", YIPOCTC IOTYYaTh HeoOXompumMyo mrpopMa-
IHIO, HENOCPEACTBEHRO OTONpan ec or Muposoro pasyma, Ge3 Bes-
KOH MBICIETE/IbHCH NeATeIbHOCTH, KOTOpasa, COIVIAaCHO HHIAMHCKON
QEIOCOMIE, HE NOMOTACT, 3 TONBKO METAET HpOHeCCY NO3HARMA

Hamporus, spefernoe paume HE(OPMaAOHHOE IoJie BeeieHroi
- COBOKYIHOE aCTpaJibHOE TEJIO BCEX MBICJMINMIX CYIMIECTB, KOTOPHE,
HAZOUICh B pElEMe MHRYKTOPA, CIC "DORIMTHBAIOT', a B pexmMe
GEPUEHUCHT? ~ HOTPEOIOT COREPMANIYIOcH B HeM HHBOPMAIIHIO.

Yax wro dpasy "Mue B ronosy nprmia xopomag uies” MOKHO HHOR-
Aa NIOHKMAaTh HE TOJILKO B HEPEHOCHOM, HO # B OYKBAILHOM CMBICIE.

Ha 31y memy mory npmeects BECbMa, HA MOH B3IJIAN, IIOKAa3a-
CIBbHEE NPAMED H3 CBOSH NPAKTEKU, TECHO CBA3AHHBIH, KCTATH, C
noctpoenmeM KIT: 1me-to 8 80-x ropax, mowru ONHOBPEMEHHO CO
MHOH K HJCC CHIBHO BRITSHYTHX CTPYHOOOPa3HBIX 9ACTH 1(0)2ALEM1
(Ipasjia, ¢ JPYTEMY HEJIAMH) aBTIHYamAH M. I'pre u amepuxapen
Mo isapn [ 18], [ 191, To mm xTo-10 B3 Hac MHYHEPOBAJ 3TY HALKO

iy NPT il
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OCTaJIbEBIM, TO JI¥ BCE MBI IOJIYYH/M € K3 00miero magopManioHHO-

O HO, BO BCAKOM CJIv9ae, TOT (akT, 910 HEBOCTpeOOBaHHasf B
TCUCHHEC MHOMHX JCCATHIICTHM W CTOJCTHH HayIHad MBIC/IH (PUXO-

JMT HOYTH OJHOBPEMEHHO B IOJIOBY Pa’fHbiM JHOLAM, HAXOXAMCH
Ha Pa3HbIX KOHTHHEHTAX, ACJACT NPCHIONIOMCHAS O He3AEUCUMOC-
i HAIHCH MAC/IHTC/BHON NeATE/IbHOCTH BSChME MAJIOBEPOATHEIM.

Yl Taxue mpmmMephl MOMKHO MBOXKATDL B MHEOMKTTh. ..

Cpasy BO3ZHHKaCT BOIPOC. MaTepHANBHEO HHGOPMAMOHHOE MOJEe
AT BeT!

C TouKH 3peHHA KJIaCCHICCKOrO ONpeNe/cHns MaTepHu (CM. Ha-
9270 1. 1), - Ge3yciIcBHO, BeT, MO0 OHO 3GBUCUNE 08 COINARIEA BO
BCAKOM CJTydae, OT CO3HaHUA uHOYyKmopa, Oyayan AM HOPOMEEHO.

C TouxH e 3peHMA NPHBCACHHOIC B 5-M HDONIYHKTE OHpeneic-
BHA MaTepHH ~ OE3yCIOBHO, [a, T.K. OHO COCTOHT H3 PYHAAMEHTAIIS-
HEIX CTPYH.

Taxum obpa3som, examiee B QyHIaMeHTE COBpEMEHHOH MaTe-
PHATIMCTHYCCKON (unocoduu NoHATHE "MaTepHa” Tpebyer cywge-
CMEEHHMWX YTOMHCHAN U B IUIAHE ¢¢ 0OBeKmuenRoCchil:, NOEAMAacMOH
KK HE3RBUCUMOCING OM CO3XGRUA, W O NPURHAKY ee Habrioda-
ensocriu (CM. Hagano 1. 1), ubo, ecimm kavaercs QyHAAMEHT, TO Ka-
YACTCH M BCE 3aHHEE.

Kpome meienamui ecTb U APYTHE NPOABIEHUA OO0, IpeT:
CTaBJISIICHIKECH Ha NEPBHM B3IVIAL MHCTHYCCKHMHU, HAIIDHMED, e~
ACKUKe3, T.C. IPUBCOCHNC B ABMKEHHE T 0e3 BUIMMOTo KOHTAKTA C
HIAMH.

Hirgero, oQHaKo, MHACTHYECKOIO HET K B TEJICKHHE3E: ONEpaTop
"IpocTO” YMEET YIPARIATh HOTOKaMH (POHOBBIX. YaCTHI{, C HOMOIIBIC
KOTOPHIX OH M [iepeMeEIiaeT Tejia, He HpuKacaich K HuM (OFHAKO, Kai
OH 3TO JeJIacT, MHE HEH3BECTHO, [1a H €My, HO-BHAUMOMY, TOXE).

LiomBona uror 3TOMy 110 HEODXOIUMOCTH KPATKOMY SKCKYpCY B
CPaBHHTC/ILHO MaJIOH3YYCHHYIO B BE€ChMa NEPCHEKTHBHYIO 00J1acCTh
ETM - B obnacts Ononosieii - MOXHO CKa3ath, 9TO MATEPHATHHBIMA
HOCHTEJIAME OMONONICH (M TEICKMHETHYECKOH, B TeJIeaTHYCCKOMN, |
JEC0OH IpYro#l axcTpaceBcopHON HHQOPMANMM) ABIAIOTCE TE HKE
(hbOHOBBIE MACTHINH, KOTOPHIC BBeeHH HocTymaTama KTT (tapa I, §1) »
KOTOpHE ABIFIOTCA HEPEHOCUYHKAMHP PACCMOTPCHEBIX BHIE BHIOR
HH(QOPpMAaIIUH, HANpAMEp, I'PABHTAIIMORHON H 3JI€KXTPOMATHITHOH.




1. 3. Bewjecrao

a) JneMeHTapHbie 4acTulibl BelliecTBa (xop 2.1)
(B pamkax KTTl paccMoTpeHt! B rnase I, §2, n. 1 r v rnase i, §3).

Okasanock, 910 Kaasd W3 HEUX ABIIETCH DehopMuposar ko
byHmaMerTANLHOR CTPYHOI, OBICTPO BpamaloIieics BOKPYT OCH,
IPOXOMIAINEN Yepes ee MeHTp Macch (cM. puc. 5). PaBnoBecue Takoil
CHCTEMBbI 0ODECTIEYNBAETCA PaBEHCTBOM neOpMHPYIONMX €€ HERTPO-
OeXHBIX CHIT H HpensTCTBYIONMX 3TOMY CHUJI YHPYTOCTH.

CootsercrByromee nuddepennunamuoce YPaBHEHHNE, ONUCHBAIO-
mee GopMy H3OTHYTOrO TOHKOIO CTCPXKHA, HMEET pellicHHE TOJIBKO
OpH JHCKPETHOM Habope COOCTBEHHBIX YacToT BpaIICHuA, 3aBUHCA-
X TOJIbKO OT YHC/I2 Y3JI0B 9TOH CTPYHEI, OT KOTOPOro 3aBHCHT W
COPT YacCTHILL 2-M Y3/1aM COOTBETCTBYET HEHTPHHO, 3-M - IJIEKTPOH,
4-M - HYKJIOH, MEXIY y3/IaMH KOTOpOro Haxonagarcsa 3 "s3nyrus”, ms-
BECTHBIC IOJ{ HasBaHMEM 3 KBapKOBHIX Mellka. ]Ipobirema KOHbain-
MEHTa CHATa Oe3 rmoonoB. OKasasioch TaKKe, Iro JHEPTHA HOKOI
JJIECMCHTAPHOH JacTHIIH €CTsé CYMMa DPAaBHEIX MERY coDol Kume-
THYECKOH SHEPruH BpailieHus jgedopMupOBaHEOH CTPYHK B NIOTeH-
DHATHHOHN 3HEPIaH ee JedopMallny.

3Ta JHEPTHEA OKOH MOXKET MEHATLCH UPH B3aMMOACHCTBHY pac-
CMaTPUBACMOH YaCTULRH ¢ APYTHMY (B FACTHOCTH C GhoHOBRIME ) Fac-
THUIaMH, 970 NPABOMHUT K M3MCHCHUIO €€ pafByca - aMILTATYH jic-
(popManmrn npH IOCTOARHOM YacToTE BpalICHH.

Ilocrenenso orbupas suepruio ot (bOHOBHIX HacTHN, 3/5eMeHTap-
Hdaf 9acTana BCIIeCTBA MEJJICHHO pacumpiaetcs (T.H. "pacmmperue
BEMICCTBA HA (PyHIaMEHTATbHOM YPOBHE") 33 CueT poCTa ee pajuyca.

To ke camoe mpomcxogur npu OBICTPOM [BYMKEHMH JTOH uac-
THIH OTHOCHTEJIBHO (OHA: OHa, BO-HEPBHIX, pPa3BOpavHBACTCSH Tax,
210 €€ OCh BpalliCHHA CTAHOBUTCH KOJUIMHEAPHOH BEKTOPY e¢ JIMHEH-
HOH CKOpocTH (T.H. "dumorep-opdext’) u, BO-BTOPHIX, OTOKpas GOTh-
HIYI0 SHCPIHIO OT O0Jiee SHEPIUYHKX BCTPEYHLIX YaCTUIl, CaMa CTi-
HOBHTCA OOJICe 3HEPIUMHOM, yBeJMYABAA CBOIO 3HEPTHIO (Maccy)
noxos (m3pectnas u3 CTO 3aBHcHMOCTS Macchl OT CKOPOCTH), NIPH
JTOM €€ pajiny< yBe/IABaeTCA, a 3(ppeKTnBHAA J/IMHA YMCHbINACT-
cs (A3BECTHOE JIOPEHIEBO COKpAIUCHHE ).

[ IpuBenen KoaMueCTBEHHRI BHIBOL 3THX U apyrux 3dgexros CTO.

CdopmymapoBan HOBHIL 3aK0H COXPARECRUR YUCAA IACMECH-
MAPHYX HaACmuy, COTTNACHO KOTOPOMY XUCAC 3AEMEHMAPHOIX
“acmuy Ha evixo0e uz awbol peakyuu pasno ux HUCAY HaA

6xo0e @& nee. Ha upnmepe B - pacnana HCHTPOHA II0Ka3aHO, ITo

i A
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K&XKyoecs OTK/IOHCHHA OT J3TOr0 3akOHa YCTPaHAIOTCA, €CJIH
YYATHIBATE YYUaCTBYIOIHC B peaKIUE BHPTYA/IbHbIC YaCTHIEL

6) ippa aromon (kKon 2.2)

Hosrie 3/1eMeHTH, BHOCHAMEIEC KMHETHYICCKOH TeopHe#d B (PU3HKY
aTOMHOYIO Afipa, npusencHN B riiase 11, §4.

B 1. 1 sroro maparpadga BelgCHEHa CTPYKTYpa JHOOOro aTOMHOIO

Aipa.
Oxasaiocs, 9T0 npocTeiinme A3 COCTABHHIX sep (meldirepusa M

TPHTHA) HMEIOT CIEAYIOMYIO CTPYKTYPY: ACATpoH (AXpo nelrepHsn)
COCTOMT H3 CHJIbHO Ze(OpMHPOBaHHOR OHCTPO BpaINaomeics cTpy-
HEI - IPOTOHA ¥ KOAKCHAJIbHO ¢ HHUM BpAIAICIICTOCH B TY MKe CTOPO-
Hy c¢iabo medopMHApPOBAHHOIO HEHTPOHZ, a TPHTOH (AXPO TPHTHA)
BHYTPH IIPOTOHA aHAJICrMYIHEIM oOpa3oM COlep KT ABa HEHTPOHA C
IPOTHBONOJIOMNKHEBMYE CIIHHAMH.

OcTajibHEIE Aipa 32 PEAKHM HCKTOYCHACM HMEIOT CTPYKTYpY
rabend, JIEMEHTaAMH KOTOPOIO #BJIAIOTCH YJIOKEHHHIE TECHHIMY

HApaJUIC/IbHEbBIMHA PAXAMHA JCHTPOHK H TPUTOHHI ¢ KOJUIMHCAPHLIMEA
CHUHAaMH, IpHIEM, Kak NPaBHIO, HOBCPXHOCTHRIC DANEI COCTOAT U3
HEUTPOHOB, 4 BHYTPCHHKE - A3 TPETOHUB.

B 1. 2 na ocHoBe npusepernol B 0. 1 mrrabe/mb-MOeNH fIpa BH-
ACHEHH IpUIHMHEL BOSHUKHOBCHMA W3BCCTHOH ""Mosock cmabuisno-
CHiY"” W30TONOB H MeOpermudecky NoTydecHs YpaBHEHUA HIKHEH B
BEPXHEW IpaHHI 3TOH IOJIOCH, MPAaKTHYCCKA COSHAOAIOMUEe C Ha-

OAI0OAeMBLMY.
B 1. 3 npuBepcsa OpHYMHAZ FeafIRTABHOCTH MACCh B aTOMHOM

afipe (Macca A0pa MEHbIIC CYMMAapHOH MacChl €10 OCKOJIKOB), B3aBM-
Had IKPAEMPOBKA OT ()OHA 3JIEMEHTOB fAApa YMEHBINAET JacToOTy MX
KOHTaKTOB ¢ (doHoM, KoTopo# (cM. ¢opmyay 2.3.47) nponopuwmo-
HaJIsHa Macca Jooboro Telia. |

TaM >xe npuBeneta BHTEKaONaA A3 mMTabehb-MoJe/ M AIpa IpH-
O/pxeHBas (POpMYJia pacdyeTa €ro MacCHl ¢ Y9eTOM JHEPTHH CBA3K

BCEX €0 JJIEMEHTOB.
11, Baxonen, B 1. 4 DOKa3aR0, YTO MELICHHLH, 3BOJIOMEOHHEIA

OTOOp AfpoM (QOHOBOH HEPIHH NPHBOFAT K HOCTEHEHHOMY POCTY

JHCPIAN HOKOA COCTAB/IMIONIX €10 HYKJIOHOB, T.€. (CM. II. 4) K HX
DaCIIMpPCHMIO ¥ B3aHMHEOMY YJaJICHHEIO, YTO, B CBOIO O¥epe/ib, BeIeT K

YMEHbIICHHIO MORYJIA SHEPIUA CBAZH MEMY HEMH.

lpu pocrmxenna anpoM onpeac/iCHHOrO YPOBHE JHEDTETHICCKO-
IO haCHILEHHA, CTAHOBUTCA JHEPreTHHe¢CKHA BHIONHEM [ - pachar
(#-p - aKT) OAHOrO M3 €ro HEWTPOHOB, NOCJIC 9eT0 AAPO MOXKET pac-

2l i .
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macThCA (JerpajpoBaTh) HOJ BIMAHAEM Na/HHOJEHCTBYIONHX KY-
JIOHOBCKMX CHJI OTTAJIKMBAHHA (3TOT HPOIECC H3BECTEE IO Ha3Ba-
HHEM "€CHIEeCMEEeHBAA PAOUOAKIMUSHOCHY").

ManoxeHnnie mponecch NPHBOIAT K TOMY, 910 4ic6oe, daxce
Hblie cmabusbroe AOPo, ombupas Poroeyo 3nepzuio, co epe-
MEREM CMAKOBUINCR HECMabusbRbM W JerpagupyeT Ha Oosee
MEJIKHC ARpa, KOTOPHE B CBOIO OYEpEb, MOXBEPraloTCA TeM XS "3B0o-
JIONMOHHO-PEBO/MOMHOBRMM ' IIPOIECCaM.

llocnenoBaTenbHas Nerpafanua Anep 3aKaHUABACTCH APOM  BO-
JOpOAa - IIPOTOHOM - CIHHCTBCHHKIM H3 AHED, B CBA3E CO CBOCH 3Jie-

MEHTapHOCTHI0 a0COMOTHO YCTOHYMBRIM 116 OTHONICHHID K XErpaja-
I{MH. |

B) Atomit (xoz 2.3)

Bompocsl, cBA3aHHAHIE ¢ aTOMOM BEMIECTBA, PACCMOTPEHH B IJIaBe
ilf, §1. Y 3pecw, omapadcy Ha OOCTY AT, BBEIEHHHE B IJlaBe 11, §1,
YAAJIOCH IIOJIYYHTD CHIEACTBHA, BIOJIHE alcKBATHEEC HaOMIOXCHIAAM.

OTOMY CHOCOOCTBOBAJIO YCTAHOBJICHHE KHHETHUCCKOIO CMEBIC/IA
NOCTY/IAPOBAHHCIO  AKaICMHKOM b.lloarexopso mpomecca ocyus-
ARYUIE JTCMECHETAPHBIX YaCTHIL.

JeAcTBrTE/IFHO, OCHMLIATIME 3/IEMEHTAPHON YaCTANN O3HAYAI0T
HCPROIAICCKOC U3MCHEHHE €€ CCYCHHAA B3aHMOZEHCTBHA C KOHTPA-
I'CHTOM OT HYJICBOI'O, KOI'la OHAa CTAaHOBHTCA BHPTYaJISHOM, O CyIDe-
CTBEHHO OOJbIIEro ceweHna B HabimonaeMoit dase.

/{1 siemenTapHOd YacTHIM eeusecmea 310 B pamxax KIT mo-
JKET HHTCPIPETAPOBATHCA KaK MEPHONHYCCKOE HIMEHCHEAES aMILIATY
OB pedopManuE COOTBETCTBYIOIIEH H3OrHYTOL 6mc'rpo Bpammo-
IICUCHE CTPYHEI.

Ecim teneps mpemronodTs, 910 Tako# OCHMIUIADYIOMMix ("mea-
maLM“) 3IEKTPOH OIWH pa3 3a NEPHOR erc opdHTALHOrO NRIDKE-

HUA HpOXOOum CK803b SOPO amoma, TO ICHO, YTO 3TO MOMKET

MPON30HTH IPCHMYIIECTBEHHO B TOM CJIy9ae, €CJIA JIEKTPOH B MO-
MCHT HPOXOXKICHHA f/Ipa HAaXOHW/ICA B BHPTYAILHOH dase CBOHX
OCIUJLIATIHAM,

Orciona cirenyet, 9T0 [UIf YCTORYABOCTH TAKOro ABIKEHHA HEOH-
XOIMMO, 9TOOH HalJeHHLIH (aHAJIOTMYHO TOMY, K4K 3TO CHEJIAHO B
[Ipanoxensm 18) neprmon ocmwumammit 3JexTpoHa YKJIAAbIBAJICA
i4€10€ IACIIO pa3 B EPHOJIE ero opOMTAILHOrO IBIDKeHAN. ViMeHHo B
9TOM - NpHYMHA "CTPAHHWX" Ha IEPBHIl B3NN, HO NPOBEPECHHBIX
SKCHEPHMEHTA/ILHO ¢ BRICOKOH TOUHOCTRIO nocmyaaimos bopa.

B.9.Bpunb l"KIrIHETW-IEOKﬂﬁ TEOPMS rpasuTaumv’”.
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C HOMOIBIO OCHEUIANGHA MOIYT GHTh OGBACHCHH TAKXKE MIVH-~

Heabine nepexods: HaXolACh B BEpTyabHOl dQase, wacTana odiia-
HaeT cymlecTBeEHO Josbime#t mpoHWKAIOMER CIOCOOHOCTHIO, YEM B
CpefHeM 32 IICPHOP, €€ OCHATUIAIMA.

Ha xagecTseHHOM H/RWIM KOJRYCCTBEHHOM YPOBHE PacCMOTPEHO
MEOYKECTBO HPYIEX HpoOieM MEKpOQU3NKH, HEIOCPEACTBCHHO HE

ANHBIX ¢ FPaBETANKCH, HO peliacMBIX Ha OCHOBC IOCTYJIATOB

KT (mam If, §1).
KpaTxuii nepevens 3Tux mpobireM paccMoTper B riase i, §7.

) emns (kop 2.3}

Hambosiee 3HawmMpie CJISNCTBHA TeOpHH DONYYCHH HMCHHO B
recthusnke (raapa VI), npEdeM, MEOTEE H3 HEX TAlOKC HES CBA3AHL
BENOCPEACTBCHHO ¢ MPABHTaIHEN.

Konmegno, riiaBusie CIIeFCTBHA 3TO:

1. BruicHenue mesmnoe ombopa Jemaesi ponroeoil snepzuu.
} KOpOl WACHIU 3MOU Inep-

2. JlOKa3aTelIbCTBO HAK
2E4U.

3. Kpasmmepronmucckoe BHCBOOOXKICHNC HaKOIUICHHOH SHCPIAA

B BHJiE 2A00AALHEIX KAMAKAUIMOE, VZPONCAIOMUX CYUe-
CIRBOBMIIID ICMRBOE WUBLARITUGELL.

4. Jloxa3aTeNibCTBO cubesu AmAarmuosi B pe3yiibTaTe NGCIEN-

Hero TAKOro KaTaKM3Ma W YKaj3aHHe MeCTa, MeXamu3Ma 3Toi

rubem B ODCTOATE IHCTE, 3aTPYAHAIONMX OTHICKAHAES OTHO-
el NHBHIA3AONE. Pazpabomanst Memoos OORGpYdCe-

HUR Amaakmuds A [OCTYIA K Hell.

5. Jloka3aTennhCTBO TOrO, T0 JIYPHA -~ pe3yAbmam meKnioni-
¥ECK020 sufpoca BEIMECTBa H3 "3EeMITYHH .

6. Cosnanue MCTONUKH CHAMUSL PELUONAALHBYX MEKMORUYe-
cxux Ranpaxcenud, obecneumBaiomell JmomsaM Oezonac-
nocme npu 3esiempacenunax (cMm. rnapy VIL).

7. Teoperndeckoe NPEOCKAIGHUE MEMHOE PACIIUPEHUS FeMAL,
gnociedcmaun nodmeepicoennnx nabaodenusmu | 12 ].

JTH ¥ MHOTHE HpYTHe CIICACTBHA €HWHOH TEOPHH B reO(H3HKE
HoxpoDHee HAVIOMKEHS B riaBe VI, §8.
Taxmm obpa3om, # B 310l obmacta dusuka EIM mossosgeT no-

JIYIHTh MHOFOYRCJICHARE, CYNICCTBCANEIE H HOBHE Pe3yJIbTaTh.
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, OTOHpas QoroByO
SHEPIHIO, PACIUPAIOMCH (Pa3yIIIOTHAIOTCH) B COOTBETCTRIN ¢
peickasamuame B. A. AmMbapnymana,

Heceobodnoe paciuupenue 00bEKTOB, HAXOMAIWXCH H0d 20pu -
IORMOM W Craomnod meepdoi KOpod (MepHaf IeIpa, Heji-
TPOHHAA 3BE3/1a, XOJIOOHKIA KapJHK, HJIaHeTa ) MPONCXOMHT ¢ Ha-
ROnLeRuem uepzun, BLICBOGOKIAEMOIL OpH BHXONE

U3-IIOX I'OPH3IOHTA HJM AECTPYKIHA KOPH B pe3yimhTate KaTacT-
podmseckn 6uicTporo nponecca (8Cnsiiuky ceepxuogoil, RO80,

ROEMOPHOU HOBOHE uAu 2400a46HO20 KQMOKLUIME RAGHE-

MU, COOMSEMCmEeHNo).

Ha pasmerx cmadusx storo IBOJHOIIHOHEO-PEBOJIONECHHOIC
PasyIUIOTHEHAA OOUR W mom ce obseikm COJIHEYHON Macchl
IPCACTACT mepex HabimonaTeseM B Baie 9CPHON JI(BIPE, HERTPOR-

HOH 3Be3IH, GEIOro M »KeJIToro Kap/IAKOB, MpHIEM, 3TO pasym-

6. Iloxasano, wTo KocMor0zuueckoe KPACHOE CMEIYEeRue MoKer

OHITH pesybratoM "cmaperus" K8QKIMO8, PaCCEHBAIOLIMX CBOIO
IBEPIMIO Ha (POHOBLIX yacTEUAX. CHAMIH COOTBETCTBYIOUIHE £03-
PAasiceruR TPOTHE 3TOro Oporecca.

"CrapeRne” KBaHTa O3HAYAET €ro HOCTCIICHHYIO GUPMYQAALi3q-
#3440 IO MEpe ynajieHna OT MCTouHUKA. IIpmdeMm, noka ero 3HEp-
TPA BeJMKa (T.e. "Hemonayieky" or HCTOYHHKA) KBAHT, TepAd ce
PN B3aUMONCHCTBAAX C BHPTYAJbHKMH (hOHOBHIMM YaCTUIIAMM,
IPAKTHYICCKY HE UIMEHACI HANPAEACHUR CB0C20 DCUNCCHUS
(e pacceusaemcs). lIooToMy m306parkenna "6imakux" obpek-
TOB He pasmuimei. Haupotss, KeanTe, Npamenmme u3-3a TOPH-
30HTa Metaranakvku, no myTu PacTepABIIME IIOYTH BCIO CHBOIO
SHCPIHIO, 83QUMOCCUCMBYR ¢ GUPMYRALHELMU UACIRUYAMU,
PACcensaiomes 3aMTEHHO, IO3TOMY HOJNYIATH YETKOE H30-
OpaskeHHe BHEMETAra/IanTHYECKEX HCTOIHAKOR HEBO3MOMKHO.

8. Paduyc ‘Memaeasaxmuru, CJICIOBATEJIbHO, - 3TO MYmb, KO-

MOPBIl  QOANCER MPOdMmU Keanm, ITobhi EUPMY ALUIUPO-
CambiR, a HSOTPOUMBIN (BOR GupmyasbHbLX RACHIUY, B OCHOB-
HOM, H COCImoum W3 TaKHX UPMYALUIUPOEAHIEIX homorioe,
NPHIGCAUIAX OT BHCMETaraJIak TRYECKHEX. HCTOYHIKOR.

feauxmosswii Homon yie pPaccedd, HO €mie HE IOJHOCTHIO
BAPTya/Ii3KpoBan. (JIeOBATENHO, PeAUKmogoe uzayuenue -
OTHIONE HE CBENCTE/ILCTBC B HOMB3y Bosmmoro Biprmsa (B MOJie-

Jm "ropsaeli Beenernnoi™ ono BHYTpH MeTtaranaxmaku 6sU10 ORt

HE HaOJHOMAECMEIM ).
ITO H3JIy4YeHHE - COBOKYIIHHH CBET HCTOYHHKOB, DacCIIOJIO-

HCHHBIX XOTA M 32 TOpH30oHTOM Meraranaxruxu, Ho "Henonae-
KY" OT Hero.

JIOTHCHHE CONpOBOXIaeTCH yOhBaHHEM OOHWMg B OOBEKTE Heif-
TPOHOB H ierpajanael ero aTOMERIX Anep.
BusicHen zemesuc wmmormx APYruX Hab/momaeMHIX B kocMoce

L

UX cnymmuuxu,
U oiceresnsie mMemeopumel, xome-

mut, Oapcmepsr, y - ecniecku, yegheudst, mrozue demasy
CHPYKINYPS! CRUPAALRBX 2AAGKMUK op.

HHMRAR, HC HMCIOIIAA aHAJIOTOB B COBPEMERHON IapaurMe.

W3 npuBenennnx ageck (a Gonee TOApobHO - B rinaBe V, §9) cien-
creidt ETM B actpodmanke Baamo, w10 u B HaykaxX 0 KOCMOCE pa3pH-
BACMBIC B HACTOAINEH padoTe Hien nmo3BoIIMIOT HOJIY9dTh MHOTOYHC-
JICHHBIC aJCKBATHBIC HaO/MONEHMAM pE3yIbTATH, B TOM GHCIIE pajnm-
KAJIbHO MCRAIOINAEC COBPEMEHHEBIE MPEACTABICHAL Kak 06 OTIECIBHEX
o0bekTax MeTaranakTuxy, Tak w o PasenTHn BeesieHHOR B mesiom.

1lodseders umozu ecemy, CKasanHomy & davHom §1.

L. Wsnoxenrnas B HacTosmel paboTe Teopus He ABIACTCH CYyTy-
00 epasumayuonuo: KPYT 3aTPOHYTHIX €10 IpobiieM ropas-
IO MIHpE.

7
HO He HaONMIOAaeME Koaaanc, Ha "aﬁmmwﬁﬂamc", Haﬁﬂmﬂaej
MBIl B BHIE BCHEIIIKH CBCPXHOBOH; OOMbIIOE 0buaue R 3BE3ME
6000peda - npusnax ee CIapocmu, a HE MOJIONOCTH, Kak
CCHYacC IIPHHATO; PA3YHAOMHenue Te

) L ] L H'. N )
B.A.Bpvns KuHeTnyeckasq TEOPUS rpasuTaumu”,
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2. Kpome rpaBuTanmonnoro mnous, KOTOPOMY YAEJIEHO OCHOBHOE

BHHMAHHC, PAaCCMOTpPEHBI (IIpaBa, ¢ Pa3HOH CTEICHBIO nera-
JIA3ANUN) M APYTHC MOAA, U3BCCTHBIE COBPCMCHHOH Hayke
(3JIEKTPOMAarauTHOE, CIaOBIX H CHUIBHBIX B3aHMONCHCTBHI,
buorose), a Take (PYHIAMEHTAILHOE IHOJie BAPTYaTbHEX

JaCTUL, MOCUPUKAYUAMU KOMOPO2O REASIOMCA 6CE MNe-
PERUCACHHBIE NOAA. |

3. PaccMoTpeHn 1npobrieMel CTPYKTYpHI, I'€HEe3Uca M pPa3BHTUA

eewyecmea B Hanbollee IHMPOKOM JHATIA30HE €r0 BOIMOIKHEIX
YPOBHEH (3JIEMEHTapHbIC YaCTHIUH, AAPA aTOMOB, aTOMBI, MaK-

POOOBEKTHI, 3eMIIA, pasyMYHbIE acTPOQH3AIECKHE OOBEKTEL,
Meraranaxuxa, Beesrennasn).

4. Taxmm obpa3om, B Tolt wm HHOH cCTemenn PacCMOTPEHE!

IPAaKTHYECKH 6C€ CTPYKTYPH (M HOA€BbIe W elyecmeerbie)
KOTOPBIC, COIVIACHO CXeMe, H300paxkeHHOH Ha pHc. 54, dos-
HCHBL Ostms paccMoTpenn B pamkax ETM.

KoHeuHo, Takas OecnpeniefieHTHas wipoma oxBaTa H3BECT-
HBIX MAaTEPHAJIbHLIX CTPYKTYD HE MOIJIa HE CKa3aThbCsl OTPH-
IaTEeIPHO Ha 24ybune npopaboTKM OTIEILHEIX nerajel Teo-
puu. OpHAKO, yXKe TO OOCTOATENILCTBO, YTO CTOJL pPazusie
CTPYKTYPhl YAA€TCA U3Y4aTh C eOUNBIX TIO3UIIMH, PACCMATPH-
Bajg B Ka4€CTBE 3IAEMEHMa 3THX CTPYKTYD &cezo o00ny

crmpynoobpasuyre gyndamenmanvuyio gacmuyy (TovHee,
Pa3/IMIHEe €€ MONHGMHUKALKH) H IIO/IYYasd MHOIOYKCIICHHELE (B
TOM YHCJIC paHEE HEM3BECTHHE) PE3YIIbTATh, alcKBATHLIC Ha-
OJIOHIEHHUAM - BCE 3TO HO3BOJIAET YTBEDKOaTh, YTO B HACTOS-

EeH paboTe 3a.4006censl OCHOGH edunois INEOPUY Marmepuy.

§2. MpocrpancTes. Bpema. Macca.
PyHaaMeHTaANLHAR CUCTeMS eanHNLL

Enmaas Teopra matepuu (ETM), ocHoBH KOTOPOH HIIOMKEHH B
HacTOAIIEH paboTe, HO3BOJIAET MO-HOBOMY OCBETHTh TAKHE OCHOB-
HBIC DOHATHA COBpeMEHHOH ¢unocodmn, xax Marepmus, HpoCTpaH-
CTBO, BpEeMA H T.I1.. |

B 9actHOCTH, OHa HO3BOJIAET BEpHYTHCA K KJIACCHYECKOMY pas3-
OeneHUIo Ceolicme npocmpancmea u ceoticme 3anoaHAOWel e2o

mamepuu (B nyxe Apuctoresm, [Ttonomes, Konepmmka, I'aymes,
Kemwnepa, exapra, Hototona u gp.).

Bospaxxenna THma: “mpocrpancTBo M MaTEpHsl HEPa3NETHMEL,
OO MaTepus HEMHICIIHMA BHE IPOCTPAHCTBa, & IPOCTPAHCTBO (TeM

B.".Bpuns ” Kmemqecx;ﬁ TEOPUR rpaamau,ml".
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bostee, B pamxax ETM ¢ ee BCENPOHHKAIONTAM @yﬁuameliraﬂbﬂmm
[oJieM) He MOXKET OnTh “IyCTHM™, JHIICHHHIM MaTepHE , HEKOP-
PEKTHH, KO0 MOC/eNHee YTBEPKACHNE COPAaBEIKBO JIMIND I MaK-
POOOLEMOB, MdAbie 3ce 00seMbi RPOCIMPANCINGE 6 meYenue
MAABIX PIPOMEIICYMKOR GPEMEHIL MOZYIM OCHIABAIMECS RYCIMbIMU.

Kakme »xe cBoOHCTB2 MATepHH M BMCIHAOIIETO €€ HpOCTPAHCTBA
TpeOYIOT YETKOrO pasrpasiIcHus ? "

Ecsm, coryiacHo onpejenennio, fJagaoMy B §1, m. 1, Mampﬁam;—
HO BCE TO ¥ TOJIBKO TO, YTO COCTOHT M3 (YHIaMCHTA/IbHHIX CTPYH ,
TO Mamepun [CoDKHA cONajaTh OUCKPEMROCIGI0, CHIPYKIYPHRO-
CIIbIO,  UIMEHUUBOCINLID  (POPM,  IHCPZOKACHUICHHOCIMbIO
(DpAdeM, B PasHBIX MECT2X - Pa3HOH, T.€. MaTepHA MOMKET DHTH Heo-
Jdropodnoil), ee HOTOKA MOTYT OHThL QHUIOMPORKEIMU, TACTHIH B
JTHX MOTOKaX MOTYT IBUIaTLCH KPUSOAUNCURO N T.11..

Hpocmparcmey e, NIOHAMacMOMY KaK KJIaCCHYCCKOEC BMCCTH-
JAIIE BCEX MATepHALHEX 00BEKTOB K apeHa BCeX MPOHCXOIAITIX C
HAMH IIPONECCOB, OONMHO IPHIRECHBAIOTCA MPAMO IPOTHBOUOJIONK-
HhWE CBOMCTBA, COOTBETCTBEHHO: Kenpepmerocms (T.e. beckoHeuHas
NeSIAMOCTS ), BeccimpyKmypROCmb, HeudMernochs (T.e. AEXAQQE-
PEHTHOCTH IO OTHOMICHAID K HPOHCXONANM B HEM MaTepHa/bHbM
mporeccaMm), CaMO HIPOCTPaHCTBO Ke oOaadaem 3Kepzued, OHO
u30mponKo, 00HOPOORO, a, KPOME TOI'C, DECKORERNKO, mpexmep-
%0, €BKJTHIOBO B T.L.. u

Herpympo 3aMerdts, 9T0 OONMBIIMHCTBO H3 3THX CBOHCTB HPO-
CTpaHCTB2 (HEIPECPHBHOCTS, %ccmympﬂmu, H30TPOIHOCTH, Of-
HOPOIHOCTH ) XapakTepHO TOJBKO A udeatbistx OObeKTOB (TaKHX,
HaIpHMep, Kak OOBEKTsl, H3y9acMEBIC B MaTeMaTuke: NpAMasd, Iioc-
KOCTH, chepa, Jucsio | T.11. ).

Ecim udeassnoe onpelecsmTh KaK HCMAMEPUualLbioe, 7o B CBETE
maanoro B §1, . 1 onpe/e/ieHMa MaTepHA CTAHOBHTCH OECCIIOPHBIM,
9TO HPOCHPGHCMEo - 00sexm udeaibiblii, AOO HE COCTOHT H3
dyHIaAMEHETATHHEX CTPYH.

Ecim jxe OHpele/ETh U0eAALROE KAK 8bIMBIIMACHHOC, HC AMCIO-
e EPOTOTHIION B PeaANLROU JeiicmaumeAbRoCmuy, 1o, OTBCYad Ha
BOLPOC peabHO MPOCTPaHCTBO WM HACAIHHO, YUCHBINH - €CTECTBO-
ACIEITATE)I> MOKET NPHHEATD I ce0d b0 TOYKY 3peHHsA KIIACCH-
xoB, Biumodas HploToHa, Mpu3sRaIowux OOBEKMUSHYIC pPeaAb-
HOCME MpocmpaKcmeéa, MO0 BCTaTs Ha no3unuE bepkym, JieH0-
HHI{a, RAaHT3, HE COIVIACHHIX ¢ TaKM YTBCPAKICHHACHM.
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Kakpe-ymbo nperMyInecTsa.
Enuricreenno GeccnopumiM gpiserca Tor daxT, Tr0 MHOHATHE
“npocmparcmeo” yoobro, u60 103BONTET YROPACOUUMb ROAOMNCE-

Hie MmamepuarbHux odsexmos.

HsBecTrE MEOrOWAC TICHAEIE TOMLITIR JIMIIUTL OPOCTPAHCTBO fIc-
PCHHCJICHHBIX #0€aAu3upoeanHx CBOKCTB: BMECTO OeceTpykTyp-
tOI'0 BBOMUTIOCH AYEHCTOE IIPOCTPAHCTBO, BMECTO TPEXMEPHOIO -
IATH- ¥ O0JIee MEPHOE | T.11..

Haubonee ynaunoli u3 Takmx mousImok CIIERYET HPU3HAThL CO3a-

Hae A.Ofamredimom Obmei Teoprm otHOCHTeBLHOCTH (OTO), B
KOTOPOH BMECTO TPEXMEPHOIO HpOCTPAHCTBA paccMaTpHBaeTCH Ye-

pHKa TpakTyerca B OTO kax rpapmranmorgoe noste.

Takolt monxon mosBosmT OUHIITERRY IONYYIHTh DAN KOTHYe-
CIBCHHRIX NIPE/ICKA32HUH, BIOCHEACTEMH NONTBEDKICHHLY Hablo-
ACHHRAMH € ROCTATOYHO BRHICOKOH TOYHOCTHIO, YTO CBHIETEILCTBYET O
KOHCTPYKTHBHOCTH KIEH XPOHOT€OMETPHYESCKOTO IOXONA K I'PaBH-
TaI[HH.

Onaaxo, nopobHan TpaxToska TATOTCHHA CORCPHMT H DAL CEDY-
€IRGIX HEJOCTATKOB, YaCTh W3 KOTOPHIX IPHBEIEHA B ITIaRe I, 81 m
riase [V, §1.

C paccmatprBaemMrix B nacTosmenm naparpage dunocopexux mo-
3UNAH ITI2BHBIM M3 HEX ABIFETCH BKIHOYCHHE B CBOHCTBA IPOCTpaR-
CTBA CBOMCTB COAEPKALICHCA B HEM MaTepHH.

Taxoe cmemenne norsmait neropryeckn Boosme OIpaBgaHO, HOO

FPaBHTAllMOHHBIX MOJIEH (C KOTOPHIME HCCIIENOBATENb, KaK IIPaBHIIO,
HMeeT aeno Ha npaktuke) OTO naer manm Hebombume, obLYHO He Cy-
HICCTBCHHBIC [IOMPaBKH K TPAaBHTAMOHHOM Teopry HeoToHa.

” [ 4 ]
B.A.BEprnet "KuHeTuueckas TEOPUA IpasuTaLN”.
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Hanporus, Benenne mocrymmposannoro 8 KTT (pyHIaMeHTA b~
HOT'O I0JIA CTPYHOOOpa3HBIX BHPTYAJLHEX YaCTHI[ MO3BOJIAIO BEp-
HyThCA K HPABBIMHOMY pa3[ie/ICHAIC CBOHCTB MaTEpHHA H BMeENEmomnie-
r0 €€ NPOCTPAHCTBA, 32 KOTOPKIM COXPaHSMIOTCA BCE KIACCHYECKHE
HIVIOKCHHBIC BhIIIC HNCATM3NPOBAHNLIC CBOMCTSA.

T'axoit momxox npueen k PE3KOMY YECAUUCHUIO YUCAA KOIHYeE-
CIBCHHBIX M KAYCCTBCHHLIX IPENCKA3aHHN U Habamwdaemuix caed-
cmeud ¥3 Teopun (nourd no 150) B mmpouaiinieM muanazone MaTepH-
4JIbHBIX CTPYKTYP (OT 3/7IeMEHTaPHBIX YacTHIl 10 BeesieHroi B IEJIOM ).

JTOT pe3kuilt Koauuecmeennsiii poct COIIPOBOXKIATICA COOTBET-
CTBYIOIIAM "KA4CCIMBEHHMM CKAYKOM": Ha MECTO TOHKHEX I'paBATA-
IHMOHHBIX ITOIIPABOK, ¢ HMCIONX OOJIBIIOr0 MPAKMUNECKO20 3Ha-
HCHHA, NPMIUMA CICACTBAA, 3aTPATHBAIONIHE KOPCKHBIC, NCUIKCHNO
CaNCHbIe unmepecs aioded (cM. rmasy VIIL §1),Bwioms no camo-
IO CYINECTBOBaHRA 3eMHOH NMHBH/H3AIAN (r10babHKE KaTAK/IA3ME
B YCJIOBHAX 3EMJIH H CIOCOGH HX, NPOrHO3HPOBAHNA ).

Koneuno, Bompoc o ToM, BIIYATh MM HET B MCIO CBOKCTR
POCTPaHCTBA CBOHCTBA COACPIKAMIeHCA B HEM MaTepHu (Takue, Kak
INUCKPETHOCT: (KBaHTOBAHHOCTH), KPUBH3HA TPaCKTOPHH MaTepH-
AJIbHBIX Y4CTHI U T.JA.) PEIIAETCA B IyX€ KOHBEHIIMOHAIIM3MA Ilyan-
Kape: MCCIICNoBaTeNb ¢ "MaTEMaTHIECKAM CKJIaloM yMa" OTBETUT Ha
STOT BONPOC TOJIOKHUTENIBHO ¥ OyneT BHBOIMTbH CBOMCTBA MaTepH-
4JIbBHOI'0 MHpa H3 CBOKCTB COOTBETCTBYIOHIEIO YCTHIPEXMEPHOTO
HUPOCTPAHCTBCHHO-BPEMEHHOIO KOHTHHYYMa (XpOHOI'€OMETPHYECKUIE
TOIX Ol DUHINTEHHA).

YueHbil e ¢ "QU3AICCKAEM CKIazoM yMa" OTBETHT Ha 3TOT BOII-
poC OTPHLATC/ILHO # NOCTApACTCA MOHATEH "JIOMHKY MAaTEpPHAILHOTO
MEpa" 0e3 ale /Ui K CBoHCTBaM HpOCTPaHCTBA, KOTOpOE OH CYH-
TacT HCH3MCHHBIM H MHIR@QHEepEHTREM 10 OTHONICHHAIC K COLEpKa-
IEACA B HEM MaTepHH (Ha30BEM TaKOH IOTXON KapTe3naHCKAM, HAJIH
moixonoM lekapra).

JIozuuecku oba 3TH NOKXOA OIHHAKOBO OPHEMIIEMBI, OJHAKO,
KaK BHJTHO M3 CKa32HHOI'O, BTOPOM H3 HUX, I'OBOPA CJIOBAME DiH-
I0Telina, EMeeT "00bIHMe BHEINRNE OCHOBAEHA'.

Bpems, KaK U BpOCmpancingo, - IOHATHE OCHOSHOe 1A €CTeCTREH-
HbIX HAYK, 4, KaK H3BECTHO, OCHOGHbIE NOHAMUS He ONpedeasiom-
cr. THlosroMy ¥ cBolicTBa momoBHBX "0GheKTOR" MOI'YT OHITH Wy~
WAMIB! JIAMIb U3 cooDpaeHUll ydobcmise, Ha KOHBEHIMOHAJBHON
OCHOBe (MO0 HEeJIb3s CIIOPUTE O CBOKCTBAX YEro-To HEOIPEENCHHOID ).

Ecnum nonamme mpocmparcmeo ynobuo TeM, ITO HOMOraeT yHO-
PROOUUNE HOAONCZHUE MATEPHAIILHBIX 00BeKmMO8, TO NOHATHE

A Rkl ey e Al T s FRLLT

367




GPEMR TIOMOTaCT YROPAOOUUMS NPOYECTs!, B KOTOPEIX 5T O6bekT:
Y9aCTBYIOT. |

lpm oM Taxue BOIOPOCH, KaK "OOBEKTHBHG Ji BpeMA” H “BIHsmoT
Ha €ro Xoi camm MaTepHabHEIE IPOHECCH”, BO3MOXHO, HAIO pe-
HMaTH aHATIOrHYHO TOMY, KaK OHH PEHICHH BHIIC UL IPOCTPaHCTBA:
"OoJpIMe BHENHHE OCHOBaHMA ', HO-BHIMMOMY, HOJIYIHT MOHXO,
IpY KOTOPOM OYAYT pasjiesieHN cBOHCTBa MaTePHAILELX O0LEKTOR
H CBOHCTBAa abCOJROTHOrO, PaBHOMCPHOTrO, HEHPEPRIBHOIO, OHOHA-
lIPaB/ICHHOIO, KOpOYe, HOCAABHO20 GPEMEHU, KAK HEKOETO udease-
020 3maaona, b6e3 cpaBHeHHA ¢ KOTOpHIM HEBO3MOXKHO CYIMTS,
NOCTOAHCH JIA IEPHON TOTO MAmMepuUaibHO20 npoyecca, KOTophi

. JIx06olt aranonnEnt mpomece (cy-
TO4YHOC BpalieHAC 3eMim, oOpamienne ee BOKPYT Cormma, ponecch
(KBaHTOEBIX reHEpa-

4acTyl, IOTOKH KOTOPHIX, C OXHOMN CTOPOHE, BIMAIOT HA 3TOT Hpo-
IECC, a ¢ APYTOH - 3aBACAT AMEHHO OT "BHeIHmX" OOCTOATEIILOTB: OT
HaTHMA [TOO/HM30CTH MaCCHBHLIX Telr (m3Bectroe u3 OTO rpasmra-
HOHHOC KpacHOEe CMEINCHHE YaCTOTH ), OT ABMKCHAL CTaHNApPTaA Yac-
TOTH oTHOCHTE /IbHO PKC (u3sectnoe m3 CTO H3MEHCHHE XOJIa Bpe-
MCHH B 3aBHCMMOCTH OT CKOPOCTH KOOpIMHATHOM CHCTEMH ) ¥ T.II.

AHaJIOTMYHOE BJMAHHE GoH oOKa3BBaET H Ha 3TAOHHLIE
JHA¥uCHUA IPYTUX OCHOBHHIX BesMYMH cHcteMH CH - mmHnr B Mac-
CHI, CM. 1aBy [V, §2, 1. 4.

Hcro, 90 HMeTs B dyERaAMEHTE HayKd Takpe "pe3nHOBHE", H3-
MCHAIOIMECA 3TaJIOHBl KpaitHe HeyHXoGHO. Onnako, ETM nossomser
H30aBATLCA OT HONOGHOTO HEIKeJIATeHHOIO BIHAHMA byHEaMeH-
T&JIBHOTO TOJI1 Ha MaKpOCKONHWYECKHE 3JTAIOHHHE OGLEKTH: ity
STOr'oO AOCTATOYHO B KaYECTBE 2TAJIOHA HCIOJH30BATE Heedopmupo-

BaHHYIO ()OHOBYIO YacTHITY, Hanbolee IOJITOBEYRYIO H CTaOHIBHYIO
U3 BCCX M3BECTHHIX COBPEMEHHOMR Hayke OGLEKTOB.

CoorBerctByIoniyo CHCTEMY €JMHAN Ha30BeM yHaMEeHTaILHOMN

a) PyHIaMeHTabHAA €IMHMIA [UIHHE - den -
MHPOBaHHOM (GyHIaMEHTAILHOM CTPYHBHL.

e
B

A.Bpunk "KuHeTuvecksas TeOPUS rpaBnTaLnN”.

0) PyHnaMeHTa/IbHAA CAWHAIA Macchl - | deM - Macca Hele-
¢opmupoBannOi dyHIaMERTA/HHOM CTPYHEL

B) @yH)aMeHTahHaA CJWHMIIA CKOPOCTH - 1 (ec - oceBas co-
CTap/IIoman CKOpoCTH HeleQopMupoBaHHOK PyBEIaMeHTAI-
"goy cTpyasl B PKC Bramm ot MaccHBERIX Ten (cxkopocTs cBeTa
B BaKyyMc¢ ).

Cra3b Mexpy enpannamu cacteM CU u OCE (cM. rimaBy 11, §8):

IM = 1,294805 - 10" gex,
Lxr =1,09775 - 10°° den,
1 m/c = 3,3356404 - 10”7 gec.

iy Bpemesd (1 des) dynpamerTambHOR crcTeME Torma
CACAYeT ONPCAC/IMTD KaK BpeMA NPOXOMICHAA Wy TH 1/mHoH B 1 Qe
CO CKopOCTRIO | dec:

1es=1gen/lpec=1/c=2576172 - 102 ¢

(BpeMA NPOXONKICHAA HeXehOPMAPOBANHOH bysnamMerTamHON
CTPYHOH PaCCTOAHMSA, PaBHOTO €€ CODCTBEHHOM JIHHE J).

Takasa cucTeMma e UHAN MIca/bHA B CMBIC/TE OpaKTUYECKH abco-
JEOTHOH HCH3MEHHOCTH BO BPEMCHY H B IIPOCTPAHCTBE 3TAIOHHHX
SHAYCHHUA €€ OCHOBHEIX eqwHAN. OCHOBHEIM ee HeOCTATKOM SBJLIeT-
C4 TO OOCTOATENHCTBO, YTO #0KQ STH €IUHHAIH ResoCnpouU3800uUMul
(3a mcxmouenneM 1 dec).

BoaMoyxen n [ipyroii mogxon: oCTABHE IpEBHYHYI0 cactemy CH,
CHPERC/HTH, OMHAKO, BXOMANAE B HEC BEJMYMHL H WX CUHHILI C
HOMOIIBIO (PYHRaMEHTAJILHOT'O NOJIA, BBEJICHHOrO B paMkax ETM.

Taxk, sanpavep, kpoMe mREepIEOHROH MacCcCHl, BXoasmel 8o I 3a-
koH HploTOHA, rpaBMTAnMONHOH Macch, BXOMAINCH B €r0 e 3aKOH
BCCMHUPHOIC TATOTCHHA H "JHEPreTHYECKON" MacCH M3 YpaBHEHHS
JVHIOTEHHA € = mc 2, ETM nossonser BeecTs noRgTHE "Ccrmami-
CHiuuecKan Macca meaq’, KOTOpo#, coryiacHo dopmyse 2.3.48,
IPONOPIHOHAJIbHA 9aCTOTA €I'0 KOHTAKTOB ¢ (DOHOBBHIMM YaCTHIIAMH:

| CraTucTmdeckolft Maccolt Te/la HA3HBaeTCH OTHOMEHHE YACTOTE
] IO KOHTAaKTOB C (POHOM K HOCTOAHHOM Y/IeIIbHOM YACTOTE TAKHUX

£

Vv =M, [M"I T“l] .
KK
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B cBere nocnennero onpenesiennd cTaHOBUTCA Ha KaYECTBCHHOM
YPOBHE ACHOH NPHYMHA POCTa MACCHI TeJjla C POCTOM €ro CKOPOCTH:
P 3TOM YBE/IHYMBACTCA YacTOTa €r0 KOHTAaKTOB ¢ ¢oHOM (KO-
YCCTBCHHBIM BHIBOJ 3TOro H3secTHoro s¢pdexra CTO npmeenen B

riase 3, §3, o. 2 m rmase 1V, §2, 1. 4).
Ilepemncas coorHomenue 2.3.48 B Bue

Y
V=V, cm= —%3- ‘g,
C
NOJTYIUM OTCIONA GOpMYJTY
2
C
£=—"vV, (7.2.2)
Vm
aHaJiornaHy 10 dhopmyie [nanka
| E=HA-v, (7.2.3)
OTKYAa
CZ
v, = 7 =1,35637 -1047E€0HT/£3'I‘. (7.2.4)

C nomonmio 3To# HOBOM (yHEAMEHTATLHON KOHCTAHTH MOMKHO

JaTH CyiefyIomee onpe/iciicHne eAuHnnk Maccu B cucreme CHU, ecom
CEKYHJIa Y Ke oIpe/eIeHa: |

1 xr - 310 Macca m;coam T€JIa, KOTOPOE 3a 1 ¢ HCIWNTHIBAET C
cdorom 1,35637 - 107" koHTAKTOB.

Haobopor, ecym He3aBACHMO ONpee/IeH KHACrPaMM MACCHL, TO ¢
OMOMIBIO TOI'O KE 3HaYCHHA (4) MOMKHO OIPENEINTE CEKYHLY:

CexyHpa - NPOMEMXYTOK BPEMCHH, B ng%me KOTOPOTro TeJIo
maccolt 1 kr ncomeBaer 1,35637 - 107 xoETakTOB € (hOHOM.

lIpn newxenmm Tena B PKC gactoTa ero xorraxTos ¢ GoroM pac-
TET, CEKYHIa, COITIacHO HOCJICHEMY OIpPEACIICHHI0, CTAHORETCH KO-
poYe, a, CIICIOBATeNIbHO, N3MEPEHHKIE MAKUMYU CEKYHIAMHA TpOMe-
KYTKH BPEMEHH OYyQyT HpeACTaBJICHHI OONBINAM 9HCIIOM, 9eM HpPH
M3MEPEHHAX TOr0 3Ke HPOMEXKYTKa CEKYH/IaMH, COOTBETCTBYIOIAMY
TeJy, Henoasmiknomy B PKC.

Takoe "ymHenme NpoMeXyTKOB BpeMeHH" B mBmxymeica KC
npeackaspBaeTcx B pamxax CTO, nokasmpaerca B pamxax ETM
(rmasa 11l §3, . 2 m rnasa 1V, §2, 0. 4) m nonreepxIaeTcs sKcne-

PHMCHTAJIPHO TPEHCHODTHEPOBKOX HA PCAKTHBHEIX CaAMOJIETAX aTOM-
HBIX CTaHJAPTOB YaCTOTH.

B.H.bpyune "KnuHetnveckas Teopus rpasuTaumn’.
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Fnasa Vill. BoamMoOXHbIC Npakruyeckue
npumveHeHus ETM

B cBa3u ¢ KpailHe HH3KHM YPOBHEM monumarus 11pupons, moc-
TMIHYTHM COBPEMEHHOM IMBHJIM3alHeH, IONKTKa Doee WIH MeHee
710/4HO TICPEHHCIINTE B HACTOAIEE BPEMA BCEC BO3MOMKHBIEC [IPHIIONKE-
ausg ETM 3apanee obpeueHa Ha HEyAady.

[TorToMy HIDKE YKa3aHH TOJILKO T€ M3 HHX, KOTOPHIEC OYCBHIHBIM
o0pa3oM BREITEKAlOT 2 HHGOpMaIyH, IPMBEACHHOR B HACTOAIIECH KHHATC.

Koneuro, or TEOPETHYECKON BO3MOXHOCTH HACH N0 €€ IpaKTH4ec-
Kol peasiM3al(ii MyTh ObIBaeT JOJIHMM, ONHAKO, BHYIIACT ONTHMM3M TO
OOCTOSTENBCTBO, UTO CAMH 5TH BO3MOXHOCTH OeclpelieIeHTHR], a YacTh
YKa3aHHOIO IIYTH Ui HEKOTOPHIX B3 HUX (§§ 4 - 6) yxKe nmpouneHa.

§1. MNpomsilunexHsin 0OT60p GOHOBOW sxHeprum. Ynpas-
feHve MPABUTaLMOHHDIM NoMeM. AHTHIPaBMTaUMA

Kaxnas doHoBad yacTuna obnagaet (He cuuTad OrPOMHOH JHED-
rug cobcrseHHOrO BpameHud, cM. miasy I, §1, . 6) sHepruen no-

s 2 -
CTYNATeIbHOrO [BIKEHHSA, B CpeineM paBHOH pc” =~ 8- 10 opr (cn_aj
rray I, §8), 4To IpH KOHIEHTPANME 3THX YacTHU np= 107 cMm

(cM. 2.8.10) naer WA 3HEPrOHACHIICHHOCTH IPOCTPAHCTBA 3HAMCHUE
ey =pciny~ 102 spriem® = 10" Mlem”.  (8.1.1)

[IpaBfa, HOCHTEISIMH 3TOH SHEPIHY ABJIAIOTCA HENeQOPMAPOBaH-
Hpie ByHIaMEHTAJIBHRE CTPYHH, IBHXKYIIMECH B [OYTH HOJIHOCTBHIO

BAPTYaJIM3MPOBaHHOM COCTOSHHM (T.e. ¢ yIJIoM arakH f = (), Tak
yTo 0ToOpaTh Y HHX XOTA OH HHYTOXKHYIO JOJIK0 YKa3aHHOH 3HEPTHH
OyneT oueHb H O4YECHb HELIPOCTO.

OpnHako, KOT[Aa 3TO YHACTCA CEJIaTh, YeA0GEUECHIB0 HABCE20E
obecneuum ceba nNPAKMUYECKU HKEUCUCPRACMBIN U IKOAO2H-
YECKY QHCIILIM UCIMOUYHUKOM IHepIul.

HexotopHe mary B 3T0M HalPaBICHHH YiKe ClIC/IaHE.

O6 anrurpasuramyy oM. masy I §1, n. 3 w rmasy IV, §1, . 4.

§2. COOp 2HOOreHHOrc B040p0OaAa SemMany

MeHee paMKaJIbHHM, HO 3aTO Jierde PeaM3yCMul MyTh pelic-
HEsl PHEPreTHYECKHX MpobsieM COBpeMeHHO! NMBHIM3anuE - cOop
BHICIIAEMOro 3eMJICH SHOOINCHHOINO BOAOPONA, ABJIAIOMICIOCH BHICC-
KOKAJIODHIHKM K SKOJIOTHYCCKH YMCTHM TOIUIHBOM, NpPH CHKUIaHMH
KoTOpOro obpasyercs JUCTHIUIMPOBAaHHAS BOMA.

Jisuraresiy BHYTPEHHETO CTOPaHHs, PaOOTAIONIKE Ha BOIOPOTHOM
TOIUIMBE, V)K€ CO3MaHH (HampuMep, B HIOHME), OHAKO, €ro Hmpo-

eI SRR L - Aol il L
P - g o i bl
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NPUNOXEHUS

Npunoxeume 1
Botaon Gopmynb! J'Iecm:a

-1
I[lycts B m3orponnoMm noroke AHTEHCHBHOCTbIO J [I T cp’)

QOHOBHIX YaCTHIY, HMEIUX CPECXENH UMITYIILC P, Ha paccrossHaun R

MEHNY HX HEHTPAMA HaXOIATCH Ba HEMPOHMIAEMBIX JUIS 3THX Yac-
TR Iapa PajiHyCcaMy 7y; 5. |

Halitu cuny F). ,, ¢ xoropoi cbon NeHCTBYeT Ha map .‘)V =] ¢

y€TOM 3KpaHHPOBKHK QoHa mapom A=2 , (cM. puc. 1),

Pewenne.

ITpoBemem apoitnyio KOHWYECKYIO MOBEPXHOCTH C BEPIUMHOM B
huem'pe: I€pBOro mapa, Kacawmyiocs sToporo. B ¢easu ¢ usorponHo-
CThIO (POHA, NOTOKM YacTHI, MONAJAlOMIMX Ha map A:1 us [po-

- CTPaHCTBZ BHE 3TOrO ABOKHOIO KOHyca, HEHCTBYIOT Ha 'YKa3aHHRIA

ap ¢ HyACBOH pe3yNbTHPYIOMmEH CHITOH.
BHyTpH KoHyca cO ¢TOpOHH mWwapa A2 HOTOK qacmu Ha nep-
BHIH 1Iap OTCYTCTBYET.

Tlorox uMmmnysbca, nen:c'mymmnﬁ Ha map A1 ¢ npormeomo-

JIOKHOH CTOPOHK, MOXHO HpPEACTAaBHTD (CM pnc 1) B BUIE coenyio-

lero WHTErpana, B KoropoM. OykBoit @ = 4n sin %9/2 oﬁo:maqen Te-
JICCHHIH yron BHYTPH KOHYC2 C YIJIOM [IpH BEpPLIHHE 208: |

X

£, ---Inrlz -J-p-cos®-dw=2n -J-p-nrlz«fsm&cusedﬁ,

N | | | 0
- 2 _ 2 o --
i Ui TP .

T._C.'Pi;z :thpnrizsinza.—;:jp. R2

B qactHOCTH, Ha NOBEPXHOCTH Jemin (1.e. npu ry = R) ,IIJIH TeNia

Maccoit M, uMeeM

Mlg n'J - p- Ttiiz ' (‘1 2)L

Hpﬂ BuiBone dopmysint 1.1 NPEANosiaraeTcs, YTo Kaxas nonas-
ias B Te€10 GOHOBaA YaCTHIIA AEPENAeT EMY BECh CBOM HMITYJIBC.

B.AH.Bovwnas “I(uuemtuecxan TEOPVI rpaamaunu
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. ﬂpunoxeume 2
Temnut oT60pa Gouoson aneprum (ODI) no Necaxy

C yuerom obosnauenwit, BBeNeHHNX B Ilpwioxenun 1, mom-
HOCTh £, oTOUpaeMasn TeytoM ot GoHa, paBHa

E=4nJnripe, 2.1)

- TIe pc - 3Heprus GOHOBOH YACTHIIAL.

Orcrona, ¢ yueroMm dopmyns 1.2, nmeem
E=4cMg, = (2.2)

4T0, HAIIPAMeP, A1 3eMITH (®) naef

E ~7-10% aprfc - (2'_3)_'

fMipunoxenme 3 |
'Conpomnnenue- poHa ABMXEHMIO Ten No Jlecaxy |

Ilycrs map maccoit M u pagmycoM r npmkercs B PKC ("penep-
Hasi'' KOODAMHATHas CHCTEMa, OTHOCHTESILHO KOTOpo# ¢OH H30TpO-

IEH) CO CKOPOCTHIO U .

Macca doropol yacTaIm |1, HX KOHIICHTpALMA (CM. q)opmyny 12.4)
47 J

Ry =
c
OCosHauns F_, cwiy, AeHCTBYIONIYIO CO CTOPOHH (OHA B Ha-
NpaBjieHHH €0 CKOPOCTH, a2 F_ - BO BCTPEYHOM HampabjicHUH, Oe3

yyera pPeIATHBHCTCKUX 3¢cpcm'on uMeeM (HHTErpHpPOBaHHE IIO ymy
faeT pe3yJIbTaT TOrO Ke HOopsAjKa) |

F "'-'F F ~ny(c+v)1tr p(c+v) n,,-(c——v)nrzp(;:-v)z

4 J 5 U
- p.'.rcr 4vc = 167:Jp1tr -y, . (3.1)
C C - ;

HJIA, ¢ yueToM dopMyin 1.2,

conp

F. =16Mg—, 3G.2)
C




ﬂpwnoxeﬁmé 4
Buisog o6oBwenHoi Gopmynsl JNlecaxa

MaBectHo (oM., HalpuMenp,
CTH IPOHHUKAIOIIETO H3JTyYeHH
o1y L BeHiecrTsa, KOHUEHTpaIJ
PENCIACTCH PABEHCTBOM

[ 27 ]), gro ociabnenne wHTEHCHBHO-

HA '9aCTHI, B KOTOPOM Ky = const, orr-

TA€ O - CeYCHHE B3aMMONEHCTBUS H3TVUe:

- 'MEIIeHelo" Maccoft m. - --
Ecm«; BBECTH B pacCMOTpEHHE "IPOHMKAIOMYIO CIIOCCODHOCTD"

JIYHCHHA, CIIPEAETIAeMYIO COOTHOLMICHHEM & = n1 /e

[IDHMET BUJ] o |

pl
T =Jy-e K
I€ p - OObEMHAS [UIOTHOCTE BEOIECTBA.

Paccmorpum SdAaty, pemeHnyo B Ilpunoxenun 1, JAONYCTHB,
AT0 ¢ - HacTaNa obnaaeT mpoHMKaomeH CIIOCODHOCTBIO & W yTo
MapH ONHOPOIHHL. | | |

Cuna F_, neiicryomas Ha IEPBLIH Wap U3 (CM.

oyea pa puc. 1) npeBoro

Ha Da3sHOCTH BXONMAIIEr0 M. BHIXOMAMIErO |

| AMIETO . [IOTOKOB HM-
ysbca (cM. BuBOR 1.1): ' |

;|

e 22 .
_ o 7T - Lr-
F,=(Jy-4)) p =Jop(l-e F |2 @43)

2
nry -

2

R
\ R

y
AHaJIOTHYHO, cHia F | MEHCTBYIOMAA Ha NEepBOe TEO W3 [IpaBo-
IO KOHYCa paBHA | |

4 | y
2 2 Bl pLtp,l,
ﬂ?i . 7[7'2 o - ?U’iz . R?"zz

Fo=(J, - = Jopl|
=l ho) b= e sple ke |

\

B.H.bpuns "KuneTuueckas Teopud rpasuraumn”. ' -
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S IIPH €I'0 NPOXOXKACHHH CKBO3b TOM-

(OTcrojia “cxoMas CHiia
2 2 |

RQ

31ech L; - cpepnnit npober ¢ - yacTuun B i - M mape (7 = 1; 2) - BBI-
COTa IWIMH/Ipa TOrO JKe Pauyca, YTo 1 Iap ¥ PaBHOBEIMKOrO C HUM:
4 4
= ’J‘U”zL = = V»T.€ L=—r (4.6)
| 3 3

E;22F+"F-:'}Up » (4:9)

OKoHYaTeIbHO:

2 2 f __4!31?1
T T 3k

RZ

\

Fi.o=F,=Jyp l~e

._\

lipunoxexue 5

Temnul ODI ¢ yueToM npoxmkaioileil cnocobHoCcTw
@ - HacTiubl

¥3 hopmynet 2.1 ¢ yuetom 4.2 u 4.6 umeem: .

E= 4%(% "Jl)“’”zpﬂz 4“J0PC“’”2

tHpu or << k orcrona

. pc
E=4T£J0“;C"M:

4
rme M = p--arrr3 - Macca OQHOPOIHOrO Hiapa.

3
W3 dopmyan 1.3.2 BunHO, uro

rie (& - rpaBUTAaNMOHHAS IOCTOAXRHaA HeioToHa.
C yuyerom 3.3 popmyna 5.2 ynopocrures:

E=4nGkeM.

B ycioBusx conneynoit (©) cucremsl

k >> (pP) = (0F)o ~10"




1o nosponaeT B cucreme CI'C onenurs temmnr O®3 o HOMOIIBIO
POPMYIIH 5.4

E>>10"Mm,
rmeMBr, £ apr/c, yro gas 3emin () naer
Eg >>10% 3pr/c 1991,@,

rae Lo - nonHas ceetuMocts CollHna.

Pakmm obpasom, B ciyuae y4q€Ta HNpOHMKAIOmEeH ClocobHOCTH
QOHOBHIX acTH TeMis O®3 cranopsTes eie OOJBIHMHU, YeM 10
Jlecaxy (cp. 2.3)

Igg'repecrm, aro A. Ilyarxape nomyumn s E o OueHky E o~
= 10" apr/c yro He nporuBopewmT onenke 5.7

Npunoxenwe 6

Conporuanenue dhoua LBVIKEHMIO TEN C YHOTOM
npoHnKalouien cnocobuocTu GoHoBBIX YaCTIL

B obosravenusx Mpmoxenus 3 s PaccMaTpHBAEMOrO ClTydas
HMCEM 110 aHaJIoruH ¢ BrIBooM Gopmyi 3.1 u 4.3:

dpr

v
chp =32ﬂj@p?‘ﬂf‘2“' l—e 3%

?

OTKYIIa IpH pr << k

remona
I3

o COBD v
V=== 30 k G—,
s ¢

4 LEXPEMOHT CKOPOCTH ¢ YYETOM olienxy 5.5

S A L L T op ¥ FITT RSy )

O AT =T s o i e

15 S T e T L

UL Gl LR =

I RSt T RN TINESK A TSOAR E"@E‘fgﬁwaﬁ.}ﬂﬁ“,

of SHA
A

T.¢. /I YMEHBIICHHA CKOPOCTH A100020 Tea B € pas noHanobured
ropasfio MeHbie 12 9acos.

Taxmm obpa3zom, yder nmponukaomedl cnocobHOCTH @ - YacTHI
PE3KO YCHIHBaeT TOPMOXeHUE Tesl GOHOM, CM. 3Hakedne 3.3.

lipunoxesvie 7

IKBATOPUANLHLIA MOMENT MHEPLUM TOHKOTO OAHOPOL-
HOFO LMAMHADA |

PacriosnoxuM MHIMHAPHYECKYIO KOOP/IHHATHYIO cHCTeMy R, ©, Z
Tax, 4TOOH €€ oCh Z coBHNajaja ¢ OChI0 MMIMHADPA PagHycoM 7, BH-
COTOH { >> r, Macco# 1, IWIOTHOCTHIO P, a WIockocTh Z = () - ¢ 3Ba-
TOPHAIBHOH IUIOCKOCTBIO MJIHHApA.

Torma sxBaTOpRaNbLHHINE MOMEHT MHEPIMM OXHOPOTHOIO IIHJIHH-
pa obbeMoM V Oyner pased

/

A= pj”( R* cos’ g +2%) dv = 2pTd¢j'RdRT( R? cos? (p+22) dZ =
(V) o 0 0

- 2p2.fdcpi 554-—‘-!—;!—@3@ dR=2p| = ’::?i + ’":'

3

OTKYAa, C YYETOM YCJIOBHSA 7 << [, uMeeM

(7.1)

JTOT pe3yjIbTaT MOXXHO IOJYMHTh M Topasfo NpOoIle, 3aMEHUB
pacCMaTpuBacMhil TOHKHH LHIHHAD “MaTepHAJIbHHM OTpE3KOM™
IVIRHOH {, Maccoli u:

1/2 1/2 2
8id

A=2£dp-x2 :2% gxzdx:—i—;.

Npunoxenve 8 _
Ucenoil MOMEHT MHEeDUMK LWAMBADS

B oboznavennsax Ilpunoxenus 7 umeem
Zn r 4

2
Fa
B= pljd(ijBdR=2ﬁpl‘:i_“m? ;
5 0 "

e Ak T T, = kel sinin ki
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Ha: .
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OcHosuble BoiBOALI.

[Ipupona eduna, no MHO2000pA3HA, TO3TOMY ec'u:eyuer—me (RO
BCSIKOM CJTyqae Ha HaYalbHOM €ro 3Talle) HeBO3IMOXKHO Hea udde-
PCHIHNALINH, MBICTIEHHOI'O PACWICHEHHS 3TOrG MHOI000pa3ug obnex-
TOB H IPOLCCCOB Ha OTHe/IbHbIC D0JIEe HITH MEHEE HE3aBUCHMELC opyr
OT jpyra (vium [IPEACTaBNAOIMECH TAKOBEIMHU) obnacrty, ucenenye-
MBIC B PasHbiX pa3jienax ecTeCTBO3HAHHSA (TeOpHH TATOTCHUS, DileK-

- TPONAHHAMUKE, aCTPOPH3UKE ¥ T.71.), B KAKIOM M3 KOTOPHIX B Om-

c)e.fzgmcmu HPOABHHYTBCA Y1a10Ch JOCTATOUYHO J1aJIEKO.
AHAKO, KaK OBl CKPYIY/IC3HO HH OBUTH H3yYeHH] U3OAUPOBAH-

“Hble IpYT OT Ipyra oprauu IpENaprpOBaHHOM JIATYIIKH, BOIIPOCH,

CBA3AHHBIE C HX e63aumodelicmsuen, C OYHKIMOHHPOBAHHEM ee
oprlafﬁama KaK e0uno2o yenozo v T.11. OCTANNCD O1 B TeH,
EUTO 1 ; R SR o oL w T i
ONOOHOE HPONCXOMIHT B COBPEMEHHBIX Haykax o [Ipupo-

Hie: pacyIeHuB CCTCCTBO3HAHHUE Ha OTACIBHBIE O0IACTH, MBI HUKAK He
MOFOM R COSHHANTS, TEOMHI THIOTCHRS 10 CHX 100 HHina 1I0mH-

POBAHA OT APYTHX OYNAAMONTANEHLK TEOPUN, MHOTONE e TIOTIE T

K A D#umTeEa | APYIHX HCCHCAOBATEIEHR TOCTPORTE Eamayo

TCOPHIO [IOJIA N0 CEroaHAIHero JHS He 'YBEHYAIHCh YCHEXOM., He
iy

LOBOpS YK O nonwtkax Bejmkoro O6bequHeHns BCeX BHAOB B3ay-
MOOCHCTBHII. ..

B ToM, wro ato yreepxaenue [TPAaBOMEPHO, YOeXIalT ciexyio-

mHe oocrosresscTea. B paMkax ETM:

. Cymecrsyer Becero odun Tun HaCTHLL - (pyHIaMEHTAIbHASA CTPY-
Ha - SIICMEHT 4106020 MaTepHAIBLEOIO OObEKTa, npmem, [0JIe-
BRIC CTPYKTYDBI COCTOAT H3 HeNedOpMUPOBAHHBIX CTPYH, a Be-
HICCTBCHHBIC - U3 Ne)OPMUPOBAHKEIX (cM. Tiasy 11, §2, 1. 11).

2. CymectByer edunoe Pyndamenmansnce noae - doH BHp-

TYQIBbHBIX HENEPOPMUPOBAHHBIX CTPYH - 83aumModeiicnieue
KOTOPOI'O C pasNuiHbHIMH GewyecmeeRnsiMU  0bBeKkmamu
BHOCHT B HCI'O BCEBO3MOKHbBIC UIMEHEHUN, BOCIIDUHHMAECMEBIEC

KK Pa3HOrO THIIA MOAA (FPaBHTAIMOHHOE, EKTPOMAaTHUT-
HOE, OHOIIOJIE H T.11.), CM. rnasy VII, §1.

3. Ilpu ykaszannom BsamMomeicTBUM M3MECHAETCA HE TOJILKO ¢doH,
HO H BCIICCTBO: M3MEHAIOTCH HMIYJBLCH €I0 3TEMEHTADHEBIX
YaCTH = ' |

il (M3BECTHBIE "HYIIEBbIE kosnebanua", rnasa 11, §6, n. 2)

B.4.Bpuns "Kunetuueckas TEOPNRA rpaémaﬂ,wﬁ“.
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U ero »Heprusa noxkos (HeuzgecmHuill paHee Hpe3BbiYaiHO

MEUIEHHBIH Mpollecc OTOOpa BEIECTBOM (POHOBOM 3IHEPIHH
(O®D), rnasa I, §5; rmapa 111, §3, o 3; §4, 1. 4; mrasa 1V,
81, . 4; §3; rmaBa V, §§1-8; rmmasa VI, §§1 - 8).

OPD - nporecc BceobIMin, edunsid 114 BEUICCTBA 4100020 YPOBHA
(ot 251eMeHTapHOM YacTuibl, r1asa 11, §3, n. 3, Jo YepHOM ABIPH ¥ Alpa
rajakTuky, asa V, §1), nopoxmaeMoe UM gceodiyee pacuiupenue
pasnosecisix cucmem [ 2], TIpUBOAsIiee K PasyIUIOTHEHHIO Bellle-
CTBEHHBIX OOBEKTOB, TOXKE HOCUT VHUBEDCAALHBIU XapaKTED.

MoxHO JIH yTBepXjaTh, YTO B HACTOAIIEH KHUIE IMOCTPOCHA
Enunasa reopusa matepun (E1TM)? S

Kouneuno, HeT: OPEACTOUT ellle OrpoMHas padbora.

Opnaxo, Te 00CTOATENLCTBA, YTO: 1) ce U3BECTHHIE B HACTOAIIEE

BpeMsl 2JIeMEHTapHbie YacTHI (M BelecTBa, U N0JiA) yHaioch (TipH-

4eM, Ha KOAUveCcmeeHHOM YPOBHE) MOJECJIBHO IpeACTaBUThL (IiaBa

II, §2, . 1 r) B Buje pasHHX MoguduKanuil odnod ¢yHIaMeHTalIb-
HOM 4YaCTHIH, 2) BCE U3BECTHHIE IOJIA OKa3aJIUCh eOUHBIM Hynda-
MEHMAALHBIM NOAEM BUPTYAILHBIX CTPYHOOOpa3sHBIX YacCTHI(, B
KOTOPOM B pe3y/IbTaTe €ro B3aMMOMECHCTBUA C Pa3IMYHBIME Belle-
CTBEHHBIMU 0ODbeKTaMH IPOH30IUIA COOTBETCTBYIOIIHE H3MECHEHHA,

3) yrueepcarsreiii polecc MeUICHHOro oTdopa BelecTBOM (POHO-

BOM DHEPIHHU MO3BOJINI ¢ eQuHbIX [IO3ULHHA OHATH Ha KaYeCTBEHHOM
H KOAUMEeCME8EeHHOM YPOBHAX IMHAPOYadIUud quana3on sIBJICHUA IIPH-

POJIBI, TAKMX KaK eCTECTBEHHAR PaJiHOaKTHBHOCTD, pacIIUpeHUe 3eM-

M (C BHITEKAOIMMMH M3 Hero riodajibHLIMH KaTakIu3MaMH, Apei-

¢hOM KOHTHHEHTOB, THOENbI0 ATIaHTHIB, 3eMICTPACCHUAMH, YIJIH-
HEHHEM CYTOK, IIOTOAMH H T.J.), BCIILIMIKY HOBHIX, CBEPXHOBBIX, 3XKEK-

HHOHHBIE ITPOUECCCH U3 ANCP TFaJIaKTHK ¥ MHOro€, MHOI'o¢ apyroe,-

TaK BOT, BCE 3TH OOCTOATEJILCTBA, a TAKKE COODPaXKEHHUS, U3JIOXKEH-

Hele B rnaBe VII, §1, yOegurenbHo CBHIETENBCTBYIOT. I IOCTPOL-

nust EpuuO# Teopuu MaTepuM BLIOpaH IPaBHUILHBIA IYTH ¥ HEpBbHIE
[Iary 110 3TOMY IIYTH YK CHe/IaHH, T.¢. 3a10xcent: ocnosst ETM.
Bce nn ucmunno B >roi kuure? :
IToury HaBepHAKaA, [aJIeKO HE BCE: Y3KHE CHEUHaIUCTHl ((PHU3HK-
SIEPIIMK, CIEHaNNCT 10 TEOPHH IOJsA, acTPOPH3UK, IeOPH3NK H
T.JI.) BIOJHE MOI'YT HaHTH B HEH M TEPMHHOJIOTHYECKHE HETOYHOCTH

M aXKe, BO3SMOXHO, OMOKM 110 cymecTBy, HOO BpAJ JIE MOXHO H3-

OexaTh OMIMOOK Ha Ha4aJbHOM 3Talieé MOCTPOCHHSA CTOJIb BCEOOBEM-
monted 1 riryboxod teopun, xak ETM, nostomy sobas (4 xoHCT-

PYKTHBHAA, H H@CTPYKTHBH&SI) ClipaBC/ijiiBasg KPpHTHKA 6}’,[[6’1‘ ¢ Ona- |

I'OJapHOCTHIO BOCIIPHHATA IO YKa3aHHOMY HIDKE aJipecy.
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Hymaercs, onna |
"3ar1acoM Henéwgnﬁzz&iif?m{m TeOpu obilanaet Soubiiiam
CMOTYT "IYCTHIE Ko CTH', H O[IHA WTH HECKOJILKO "pobort” e
Ha HATHH Yy mmﬁﬂy Bé’:lo TCOPHIO. IT2 yBEPEHHOCTh OCHOBAHA
— HBHE‘,IHHH;{ Ocﬁzraﬂ:gfmc;ﬁ) :;iCHa, rOBOpPA CJIOBAMH iiH-
BEHHEIX - JIO CTa HIATHIAECATH KOJIMYEeCT-
rcopm. I:{ I;art;e:a;geig;ux a/ICKBATHHX HaOJIIOTEHMAM CenCTBHik C;:a
HEKOTOPEIE 13 e CKa Opﬂf HOCAT NpECKa3aTe/IbHbI XapakTep, a

Bee o1at onemens 3aHUK yKe cOBTHCD.

TE€3 ¥3 MaJIOTro chan;ony%Hﬂ Oe3 npusnedenus ad hoc - runo-
U3 KOJIH%CTB@HHI;X CJI CTyHaT;OB (r1aba 1L, §1) » UPHYEM, HCKOTODbIE
MBIMH CHOCOBAMEL. Tro C/ICTBUH IIOJIy4€HB HECKOIBKIMH HC3aBHCH-

MHuorue u3 yx;aa e yBeHHqFBaeT X HaJlCHKHOCTD.

TPO- H reodH3uKe I ;;: % CICICTBHM TEOPUH B MEKPO-, MaKpo-, ac-
Vau VI CODTB@TCTBSH FOHRL B nocenanx naparpagax rias 111, TV
HO. ? ?

{ nasn
BIMH M3 HUX, NO-BHIAKMOMY, ABIAIOTCS CIIEAYIONINE:

Muxpoduamxa

Monesbs
’I‘apIHIbe: *12@'? PﬁHC(T aBHTyﬁ:HH ey [BECTHMNE CTADIGHHC auieMen
HIIBl (BHPTYanbHas Y )
aCTHIA, TDABH’ .
T » 1P TOH, G3OTOH -
PHHO, SJIEKTPOH, HYIKJIOH), riaBa I1, §2, . 1 1. @ B

O6obuiena popmyna ITanka g = nav, tnasa IlI, §2, 1. 4

"TlocTos "

e THH&H IInanka Bripaxcena dyepes dyugaMenTaibHne KOH-
copun (riasa I, §2, . 5) u npencxasan ee

Eff 4aCTOTH KBaHTa (TaM xe). e Ree

I KOJI ‘.

3¢¢EKTOEI§%TgeizEH BbIBOJ JIOPDCHIIEBA COKpalieHus u APYTHX

Sderror O, PC3YJIbTaTOB B3aHMONCHCTBYA ABHKYINCHCA
PHOH YaCTHILI ¢ poHoM, rmapa II1, §3, . 5.

Chopm 7
3,}](1; D }iﬂﬂpOBﬁH HEM3BECTHHH PaHEe 3aKOH COXPAHEHHA HUC
MEHTapHbIX YacTH, maga 11, §3, n. 4. -

Brisacuena wrrab
€JILHAS C
1 TPYKTYpa aTOMHOrO fifipa, tiasa [[1, §4,

Cpenan '
G s;;ziol{ﬂ O HEM3OCKHOCTH dezpadayuu (pacnaja) aro-
OI'0 aTOMHOIO sjpa
4 O IPOTOHE KaK KO
PORYKTE NIOJOOHBIX aKTOB, rnapa 11, §4, nn. 4 HOTHOM
y 11, 7V,

Brisicuer

o Ec;ﬁ @mmecme NIPHYMHE CBEPXIPOBOMHMOCTH U CBEpPX-

ququK » & TAIOKE CTIOCOOBI IIOBBIICHUS COOTBETCTBYIOMIHX KDHTH
HX TeMneparyp, riasa I, §3, n. 1 u riasa VIII, §3. ’

B.4. bovns “KMHermecxaﬁ T&Qpﬁﬁ rpasuTaumn”
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MaxpodusukKa
BoiicHed GU3HUYSCKMH CMbIC/] ypapreruit OTO B BXOOALIKAX

uux TeH3opos Ry, u 1y, riiasa IV, §1, m. m. 2; 5.

2. CdopMy/MpoBall HEU3BECTHHIM paHEe eOuUHbIEl 3AKOH UREPULU
u mazomeHusa (TaM Xe).

3. BpiACHEHb (pusutecKue npUdURbl pAseRCmsa UHEPYUOHHOU

i 2pasuMAayUoORHoOl mace, riasa IV, 81, . 3.
epe3 mapameTpul EIM
wit, cnasa IV, §1, 1. 6.

era OT CKO-

B

4. T'paBaTalMoOHHAsA "rfoCcTOAHHAA BBIPAXKCHA Y
RbISICHEHB! [IPHYMHBL €€ BO3MOKHBIX H3MCHCH

[Toxas3aHo, 4TO MPUYKHHOH HE3ABHCHMOCTH CKOPOCTH CB
OCTH MCTOUHMKA ABJIAETCA TPAH3UTHBIA MEXaHH3M €I'0 HCIyCRd-

ups, riasa I, §2, 1. 1 mriasa IV, 82, m L.
J{ana uHTEpupETAIHA OUbITA Maiike1bCOHa B CBETE TPaH3MTHOH
monenu, rnasa 1V, §2, m. 2.

[Moka3aHo, 9To CJIeACTBHEM oTbopa QOHOBOM IHCPIHH SIBJISIETCH
HEeR3BECTHLI paHee NpoLece gceobuyeso pacuiuperus pasno-

gecnwix cucmem, riapa IV, §3.
JlaH BHIBOJ 3aKOHA TOPMOXCHHA TCJI IIPA HX B3aUMOIECHCTBHH C

dbonom, riasa IV, §4.

Actpodnu3avKa
1. PaspaboTaHa KOHYENuua YUKAUHECK020 passumus Mamepuu 8

sanaxmukax, rnasa V, §8, 1. 3.
2. Jlansl oGbACHEHAA KOCMOJOTHIECKOIO KpacHOTo CMEIIeHUsA, aJib-

TepHaTHBHBIE CYIIECTBYIOMIEMY, ITlaba V, §8, n. 4.

3 Kak cjieficTBUe NPEABUIYIIETo CAENaH BHBOI O CYHICCTBCHHO DOJb-
mieM Bospacte BceesleHHOH, 9YeM 3TO ceifiyac PUHATO, &, BO3MOX-

HO, U HecKkoHevHO D0AbUIOM €€ BO3PACTE, I1aba V, 88, 1. 4 B.

"JHepreTuuecksn 00OCHOBaHO Pa3BUTHE HaOA100aAeM0O20 BELIECTBA
80 Bee/IeHHOM 0/M C8ePXNAOMHBIX COCHIOARUU K pPAa3PANCEN-

wolM B TOYHOM COOTBETCTBUH ¢ FEHHAJbHBIM IIPCACKa3aHACEM

axan. B. A. AMOapiymsHa, riasa V, §8, L. 1.

5 PBusicHeHbI TEHE3NC M Xapakrep 3BOIONHOHHO-PEBOMOIMOHHOTO
GOIILILIONO YMC/Ia HabIoNaeMEIX OOBEKTOB KOCMOCA: BCCX
neTaieii CMpa;IbHbIX M JIPYTHX Ta/lakTHK, YEPHBIX IIHIP, HEUTPOHHBIX
3pe3]], MyJIbCapoB, OelbIX M KPaCHHIX KapyHKoOb, BCIIBIXHBAIOIIMX
3Be3]l, HOPMAIbHBIX 3BE3]I, IUIAHCTHHX CHCTEM, CITyTHHKOB [UTAHCT,
ACTEPOU/IOB, KAMEHHBIX M KEJIE3HbIX METCOPHTOR, xoMmer, tedenn,
GapcTepoB, raMMa-BCIUIECKOB, CBEPXHOBBIX, HOBBIX ¥ JIp., TViaBa V.

pa3BUTUA
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. Pemena npobnema acuMmmerpun OapHoHHOro 3apsifa Bo Bceenen-
HOM, IJiaBa V, §8 . 3.

lloxaszano, 4ro nocreneHsuit orbop ¢GoHoBoi 3HepruH (ODI)
YEPHOH ABLIPOH LPHBONKUT B ONPEACTICHHLIN MOMEHT X BRHIXOAY €€
BCIICCTBA M HMIIIYYECHUS M3-IIOJ{ IOPU30HTA - BCIHIIKE CBEPXHO-
BOH, mraBa V, §1 ,m. 1 u 2.

Tor xe nponecc OGP npuBOOUT K PACHIUPERHIO acTpoduzrdec-
KHX 00bexTOB. ECin 3T0 pacmupenne HeCBoOOIHOE (T.€. CHEPIKHU-
BaeTCA UMEIOIIEHCH V O0OBEKTa KOPOK), TO NPOHCXOIUT HaKOIUIEHHE
OTODOpPaHHOHA OT GOHA PHEPIUH, BEICBODOMKIAIONIEHCS B pe3yibTaTe
KaTaCTPOPUIECKU OBICTPOro paspylieHus Kops! (BCIBIIKM HOBBIX,
BCUBIIIECYHBIE 3BE3/I5I, FTaMMa-BCIJIECKH U T.1I1.), IViaBa V, §3.

fechhranxa

Fnepeemunecxy obocuoeana zunomesa B. Huxkepuwnea o
TEKTOHMYECKOM BhiOpoce JIyHpi 3emiie#l, npHBecHH MHOIOYMC-
JICHHHIC IICOATBEPKIACHUA 3TOro (pakTa, rnana VI, §81-3.

2uepeemunecky obocrogana zunomesa A. Bezenepa o
openge KOHTUBEHTOB, Mapa VI, 8§81, 4.

JHEPreTHYecKd O0OCHOBaHa I'HMIIOTE3a O PACIIHPEHUM 3eMIIH,
CPOpMYJIKPOBata Konenyun "padudrsnoeo” mobuiuszma (Mo-
OmytramMa Ha IIape Bo3pacTalonlero paguyca), rnasa Vi, §4.

Teopertuvecku paccuumana Ta 4acTh orbupaeMoil 3eMiel ot
QoHa 3Hepsuy, KOTOpasd HACT HG PACHIUPEHUE RAAHEISE
(6.1.7), 9TO MO3BONUIIO NPEICKAIAME MIEMNLI IMO20 DACIE-
perus (pwroxenue 17), BrociencTBHN TONTBEDKICHHBE Neo-
(QU3NYeCcKHMA Habmoneruamu | 12 1.

lloxa3zano, wTO MMEHHO K pACIIHPEHHIO JeMJIM YEORST CROMMIA
FeHCTHMECKUMK KOPHSAMH Takrie HabmogaeMbic reodr3uaccris
IPOLECCH M ODBLEKTH, KaK FCMACHIPACERUS, f%wa@w SCDIERE
HENINOS, 3AMEOACHUS EPIILCHUR PAAREING], CEICOCHE mm o
PRUR, AURCHHO RPOIMANCCHIHE CKAGCUGRHEGIC SOMRL, COSPRI-
BPAUYERE  CINPIIMOCEHEPE:, YUDKYMORFIQPIIICECKIE  pie-
wenue W Np. llpusenena xpuruKa CyMECTBYIONINY aJIbTeDHATHR
HEX O0OBACHEHUH HEKOTOPHX H3 HEX, raBa Vi, §8.

0. 1loxasaHo, YTO B CBA3W C HANHYKEM V 3eMly CIUIOMKGH TBEpRo)
KOpHl PACIUNPEHAC UIAHETH ABJIACTCA HecBOOOMHBIM, & MOTOMY
Kpante HEPaBHOMEDHBIM: IIMTC/IBHLIE IIEPHOON OTHOCHTEILHEON

v , . ‘ -18 -1
cTaDUIBHOCTH C MEKPEMEHTOM paguyca e R = 10 ¢ cue-

HAKTCH KOPOTKMME OYPHBIMM 2A00@ABMBIMIE KATNAKAUIMAIL

B.H.bpuink "KUuHeTMHecKkas TeoDKUR rsaBuTaLiyiv
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COIPOBOKIAIONTUMHCA pas3pyllieHueM KOPHL H BHICICHHEM SHED-
M, oToDpanHol OT QOHA M HAKOIUICHHOH IO KOPOH 3a Bpemd,
IpomIeAee MEXIY HBYMA HOCIENOBATEBHEIMI €€ AeCTPYKIMsA-
MH, rJ1aBa Vi, §85-7.

7. T'nobanbHBE KaTaxIASMB KIACCHONINPOBAHKL

T'K I xracca - decrmpyxyus Kopsi ¢ 00pazoBaHueM B HeH
2A00GABHO RPOMANCEHHOU mpewurbl B Hanbonee TORKCH
OKCaHNYECKOU KOpE.

3a mociegHuH MHUIIHOH JIET OEM HOBTOPANUCDH IpH-
M’f‘pHO Ka}mﬂe 100 Teicsgu J5eT, BHOEAAA SHEPIUIO
m(l() 107 )apr/am

ConyTcTBYIONIME OPOIECCH: UZAUAHUE B OKeaH vepes
TPEIMHY B KOPE PACHAABACHHBIX DA3AAbMOBHIX /1a6; qac-
THyHOE (2 B cJiyyae BeHepH - OJIHOE) ucnapeHue OKeawd,
2A06aAbHBIYE Augerb, pe3koe (XOTSd U OTHOCUTEIILHO He-
OOJBIIOE) Y8eauueriue paouyca 3emau; COOTBETCTBYIONIEE
YMEHBIIEHHE CKOPOCTH CYTOYHOTO BpallieHHs JIMTOCHEpH,;
gocmouHaa (TI0 UHEPHUN) MPAaHCZpeccius OKeaHo8 U MOo-
petl U, KaKk CICICTBUEC, Bcemupneid nomon, YUPKYMAH-
MapKmuteckoe TEYCHUE, KaK PEJIMKT BOCTOYHOM TpaHC-

I'PECCHH; BHI3BaHHbLIC TEMH XK€ NPHUUYKHAMH C8epxepaujeHue
cmpamocgiepubi i BO3MOXKHAA UHEEPCUR 21006aNbHO20 Ma2-

HUMHO20 OUNOAA NAAHEMVI.
B peasyarrare nociensero 'K I xnacca nozubaa Am-

zanmuda. [IpuBenenn riobanbebic 1 PErHOHAJILHEIE IIPEN-
IIOCHUIKM M MEXaHH3M ¢ rubeny, riasa V, §§5-7.

I'K II kaacca - mexmonuseckuii ewibpoc (30Kcexyusn)
cnymuuxa u3 naarems:. B ucropuu 3emun I'K 11 xiacca

IIPOH30NIET, TO-BUIMMOMY, BCETO ONMH pa3, Korma 5&:/.!& 8blh-

pouwiera JIyHa, IpE 3TOM BRICIWIACE SHEPTUA ~ 10°° IPT,
riara Vi, §§2, 3, 7. |

'K III kxaacca - noaAnoe camopa3pylienue nAAHenibi, Kak
3TO IPOM3OILIO C JETCHAAPHHM "P35TOHOM', OT KOTOPOro
Ha OpOMTE OCTAJIMCH JIMIIL OCKOJIKM - aCTePOU[IHL. J 3TOrO

['K B ycnopuax 3emim HeoOXORHMMAa SHCPIHSA ~(10 +10% )
3pr. Taxux KaTak/JIM3MOB, cjiaBa bory, 3emiis enie He HCIh-
THIBaJia, r1aBa Vi, §7.

8. TlpuBeneHH MHOPOYHMCIICHHHE BO3MOXHHE RpAKMUYECKUE Npl-

aoocenuss ETM (roaga VIID), ubo nem nuvezo npaxmuwunee
xopowiell meopuu, aXxe e€CJIM 3Ta TEOpHA - QYHIaMEHTaJIbHAaA.
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Koneuno, Muorne u3 yxasanunx [IPHJIOKEHUHA, AGAAACH NPUMIU-
HUALBHO BOZMONCHBIMU, B HACTOSIIICE BPEMS, B CBA3H C HEAOCTATOY-
HHIM HayYHO-TEXHHYECKUM ypPOBHEM, HCOCYHIECTBUMEI, 4 K Peasin3a-
I HCKOTOPBIX M3 HUX [a)ke HEACHO, KaK M noacrynurecs. K rakum
HPIIOKCHHSAM OTHOCATCSA, HAIPUMED, NPOMBITILICHHbL oTO0p OHOBOIX
SHEPIHH (T.€. HCIOMh3OBAHYE GOHa KaK NpaKTHYeCKH HeHcYepIriaeMo-
£0 H DKOJIOTHYECKM YHCTOI'0 HCTOYHMKA SHEPIrUH), YUPAaBICHHE Ipa-
SHTAITHOHHBIMY, HHEPUUOHHKIME M IPYIUMY OJIIMM (anTHrpaBuTaIHs,
Oe3BHEPHUORHOE ABIOKEHHE, OHONONA U T.11.), HCHOJIb30BAHKE QOHO-
BBIX HaCTHI{ KaK BCEIIPOHUKAIOUIMX HOCHTEIICH HH(OpMAaNHy # fip. _

I“CTh, ONHAKO, M Takue HpaKTH4eCKue npuinoxenus ETM, nyru
PEATU3aIHH KOTOPHIX JIOCTATOYHO SICHBL, HanpuMep: cbop sHIOreH-

[IJTEHUA ),

CBEPAIPOBOJIMMOCTH M CBEPXTEKY4eCTH
rubeny ATIanTHin i pa3padoTKa TeXHHYCCKHX CpencTs, HeoOxomu-
MBIX IS €€ OOHapYIKEHUS U T. JI.

W, saxonen, peanvsanus HCKOTOPBIX M3 YKa3aHHKX NPHIOKEHKE
Yore Hadara.

PCMCHHBIX KOHCTDYKIIHH,
4 3apanec MpeNynpeKNeHHOe HaceeHHe NOKHIaeT IIOMENICHHUA.

Paspaboranuas METOHKa, TakkM 0Dpa3oM, HaBcerya H30aBHUT Ye-
JIOBEYCCTBO OT CTpaxa nepej HEYNIPABJIACMON CTHXHER 3eMIleTpsice-
HUM, YKEPTB U PaspyHICHUIL.

JTa e METOIUKA II03BOJILET BO30OHOBHTE [OMyYeHHE HedTH M3
Ka3aJaoch OB oTpaboTauHbX HEPTAHBIX MECTOPOKICHUI (cM. riasy
VI, §5).

Onnaxo, cambiM BaXHEBIM B3 puitoxenndt ETM, Gesyciopro, gp-
JIHETCA  HayqHoe O0OCHOBAHHE BO3MOKHOCTH KBa3HIICPHOANYICCKH
HOBTOPABIIMXCA B MPOMIZIOM M I'DO3SLIMX CAMOMY CYHIECTBOBaHHIO
: 7 eM 2A0OdabHbIX KAMAKAUIMOE, B
HOCNCANEM U3 KOTOPHX mno2ubaq Amaanmuda, a Taioxe (B pesyiib-
rare Scemuprozo Iomona) vunmionn JIIONICH Ha MaTepUKax.

B pamkax ETM 3anoment ocHOBL TEOPETHYECKOI0 IPOTHO3HPO-
BaHUA [JIOOAJIBHBIX KaTakKJIM3MOB M Ha4aTa pa3paboTka cetH mpubo-

POB PaHHETO NpeNyNpexIeHus, PACHOIOKCHHNX B CEHCMUIYECKR
aKTHBHBIX 30HaX 3emun.

Bcee atm paboru Tpe6yior Gomsmix MATEPHATIBHEIX 3aTpaT H 3a-
TParuBalOT HHTEPECH BCEN0 YeJIOBEYECCTRA. Kpome Toro, e Bce Bos-

8.9.bpyint "KuHetuueckas T20PUR rpasuUTaLlmn”.
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MOMKHBIC HpaKTHYeCKkHe npuiocxkenus EIM npencrasnsiorca Gei-
OOMIHBIMH, W00 "dmo Owr wu wsobpeman yuensii, ox e KORYE

KOHYOE uzobpemaem opysicue”.
Y neicreurensro, Takue npunoxerus ETM, xax TexToERYecKas

'pmrpyam CEHCMOOIIACHBIX PETHOHOB, YIIDABICHNE GHOMOIIME ¥ He-

KOTOPHEC JPYTHE, BUOJHE MOrYT OMTH HCHONLIOBAHL! HE Ha OJaro
JIIO[CH, & JUIA CO3HAHNA COOTBETCTBYIOUIMX BHICB OPYKHA - TEKTOHY~
HECKOro, ncuxosoruyeckoro ('soMOupoBanue”) u T.1I. . ,

Crpana, nepBo¥ OBJaieBOIAS STHMM WINH APYTHMH CTOJIb K&
MOIHbIMU M HEODAMHADHBIMM BUJIAMH ODYXIS WM JaXe MPOCTO
IEepBOM OCBOMBIAA METOAM mnpomeinuieHHoro OO, craHoBuTCH
ORGCHOE NI OCTAIBHEX CTpal MUPOBOI'0O COODMIECTRA.

3aNpeTHTh NONODHBIEC HCCASHOBAHAA HEBO3MONHO, HOO HEBO3-
MOMCHO OCTAHOBUTD HaYTHO-TEXHMYECKHY IIPOrpecc. )

[oaromy, B cBA3M C 0bmyeii yzposod [Uis 3eMHON THBEIM3AINK
CO CTOPOHH I'DANYIIUX 2A00QABHBIX KAMAKAUIMOE, VIATHBAA, YTO
BO3MOXHOCTD IIOHATH NPHPONY ITUX MOMBEHIHMX reoh 3udeckux Npo-
IECCOB, MPOTHO3MPOBATE UX, &, CIEAOBATEINILHO, HpeOomepauiams
2ubens MUAMUAPIOE £I00CH [AaCT MOALKD Mwi’m meopun ma-
mepuy, OCHOBH KOTOPOH 3aJIOMEHH B HACTOAMIEH KHHUI'C, IOHEMAs
HEAOCTAaTOYHOCTD NOCTHTHYTOro ypoBua ETM u, HakoHen, onenupas
0bBeM U BAXCHOCMY TPENCTOAINX TEOPETHIECKHX 1 IKCICPUMEH-
TalbHBIX HCCIICHOBAHNH, CYHHTAK XW3HEHHO HEOOXOOMMHM CKO-
petiwmee cozdanue Eodunozo yenmpa dpyndamenmansupix uc-
caedosanuii (LDH), croeobpasnoro mMeszeseoze yewmpa wiane-

THI, B KOTOPOM CJICyeT cOOpaTh ee JIyYlIHe HAYIHO-TeXHHYIECKHE
Kafpel ¢ HEnbo nanbyenmero pa3sutud ETM u peanuzanum ee Bos-

MOXXHEIX IIPWIOKCHHH, B TOM HHCIIE, HIIOMKCHHHMX B miase VIIL

Crpykrypa LI®PH paspaborana.
Bo u3bexxanue HCIONb30BaHNA 3HaHMH, TOMy4YeHHHX B L{OU IpH

fancHedmel paspaborxe ETM, B BOEHHHIX nessx, ejaTejeH OT-
KPBITHH, MEXIYHapOAHHH CTaTyc 3TOro IeHrpa. B maeane oH goi-
*KEH QyHKIHOHHpOBaTh Nox srunoil OOH.

Obwan onacnocms - ayumiasn npednocmiixa dan
0bsedunenusn ycuruii.

"AMEICWNA YWHNn, dA YyCaAbiWHnT!"”

ALPEC U TENEDOH ABTOPA:

Appec: Poccus, Cankr-Metepbypr, 199155, yn. HanuuyHan, o 49,
kB. 35, Bpunio Bukropy Akosnesuuy.
Tenedou: 7-(812)-350-80-00.
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ggg‘ éég} ;g}?, ;gé szé 235, 245, 266 ~ — - rtemnst, 61, 73, 74, 77, 80, 186, 210,

o 280, 300, 308, 338, 397, 395
— ~., aHW3OTPOIKA U3IydeHus, 228

Marepuaibible Hocurend unHdopmammu, 369 - g xopst, 226-228, 233, 235, 246 — — - —, pexkpemenr, 117

7 ~- — — — no Jlecaxy, 397
Matepranpibii oTpe3oK, 25 _ _hecnobonsoe pacumpenue, 226, 227 no Jlecaxy

Marepus, 366, 371, 378, 379 '

~ ~ —, — TeopermYeckye, 14
— BeulecTnenHas, 284, 372-377 ~ —, ofpasopaime, 224 ~ — — yepHo#t aAbipoH, 213, 214, 222, 224
—, Habaogaemocrs, 366

- —  DALHOM3NYYEHEE, MEXAHU3M, 223 - — - 37eMEHTADHON YACTHIEH Bermectsa, 34,
—, HOBoe onpeaenenne, 367 -~ ssomouus, 226 116, 167, 202
- noneBas, 284, 368-371

- — OM3, 226

Jlomonocos, 261, 262, 301 Maxa npunuun, 14, 85, 178 Heiitporos Bpiropauuc, 244
Jlopeniy, 20, 81 < —, dusuveckuit cmbica, 178-181, 208, 209 — obuaxe B 38e3ne, 60, 244, 300 ) — Fi —
Jlopenieno coxpaitenne, 110-112, 113, 196, Mexasesgnniii ras, 144 Hecranuonapubie obvexrnl BeeenHoi, 23,

197, 210, 372, 418 Menageneen, 137 ‘ 178, 185, 297
— - Ha QyHnaMenTaMbHOM ypoBHe, 36, 110-113  Meraranaktuka, 82, 143, 178, 268, 279, Hosas kocmoronus, 278-296
— -, ¢pu3uveckue npuadnunr, 199 287, 296, 303, 304, 378
JlyHa, pospacr, 312 —, Bospacr, 188, 294
~, HEAOCTATOYHOCTD Xeae3a, 313 -, pagmuyc, 292, 377
-, HEONHOPOOHOCTS, 312 -, pacmmpenne, 187, 188, 293-295
—, — Kopwt, 313 Mereopurn:, 146, 246, 263, 419
~, OCTATOYHBIA MarHeTnsM nopox, 314 ~ JXegesnbie, 265
—, OTCYTCTBHE II0GAJLHOIG MarHHTHOTO — KaMeHHbie, 265

aunoas, 314 Mexanrasm aunamo, 236, 314, 348
-, ILJOTHOCTD, 312 - npaiu, 274, 275, 300, 302

— nokos, 108, 166, 167, 283

~ monepeyxasi, 106, 109

—~ upopoabHas, 106, 109

— ckanspras, 109

— cKpbltas, 275, 278

— cratuctudeckast, 52, 178, 383
— 3HepreTHYecKas, 383

— JI —

JlavimaHa cepus, 94

Jlanmnac, 20, 81, 154, 251, 279, 300
JlenankoBbie nepnoabr, 348, 363
JlenGuuy, 379

Jlemypusa, 359, 360, 364

Jlecax, 18, 21, 166

Jlecaxa dopmyaa, 19, 396

— — oboOmenyas, 21, 398
JIuneHHbIA ocuuasaTop, 96
Jlurocdepunie nanToi, 257, 318

Haneoremueparypa, acﬁ'mmevpnﬂ UK OB,
| 335-337, 343, 348, 363
Honas, 146, 216, 238, 245, 299, 376, 419-420 Maymm, 21

—~, NPWYMHbI BCOBIIKEH, 238
~, CJEACTBHA BCHBIIKK, 239 Nanuduaa, 359, 360, 364

Hosukos, 79, 143, 213, 224, 280 Ilamexna cepus, 94

Hopmanrhas 3sesia, 79, 178, 243, 245, 415 {lensmnac, 172, 288, 296

Hyxnon, 155, 161, 282, 372 Ilepembiuxa-Gap, 277, 284, 302

Hynensle koneGanus, 57, 157, 169, 208, 416 [epeceuennpie ranakmaku, 277, 284, 302
Hyrtauus, 28, 86 IlepexonHast cTaaMA OT KOHCEPBAHTA K
Hoioton, 66, 75, 177, 178, 185, 201, 378, 380 yepHo#t Jbipe, 223, 279

— npunigrn, 123, 125

el Vi
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Iepirennent, 370

Iluxxepunr, 310, 311, 420

llnanaua xopsr 3eman, 322, 324-327
"~ — myabcapa, 231, 232, 237, 299

Ilnavera, 146, 178, 206, 246, 266, 279, 307, 378

", BbIOpOC crryTHHKa, 206, 252, 262, 263, 257,

—, I'tobanpHble Katakauamol, cM, I x.

—» AECTPYKIIMA KoOpbl, cM, [.x.

~ HecBoboaHoe pacuupenwne, 256, 301

—, oOpasopanue, 250-255

T» 7, BCPCHA KOHUeHTpauwonHas, 251, 300

T Ty T parMeHTanuoRHAas, 251, 300

Ty 7, T 3XKekUuoHHag, 252, 300

-, OD3I, 264

™, CTaJMW pasBuTHs, 334

—» tamopaspyinenue, 257, 263, 264, 421

Ilnanerapuas TyManHocte, 206, 246, 251

Ilnanernan cucrema, 250, 419

Ilnanka nocrognuas, 94, 96, 99, 101

~ ~, 3aBHCHMOCTDH OT napamerpos KTII, 71,

98, 168

~ opmyna e = hv, 105

= —, 0bobLenue L1 M6hIX KBaHTOB, 96, 168

— —, obobmenne 1ia MmoGbix Tea, 71

Ilnavikosckas sweprus, 86, 87

Ilnaron, 351, 353, 354, 357

nockocts nosApusagnu, 26, 35, 64

lnornoers BEPOATHOCTH, 54

~ MaTepuu, BEPXHsAA rpauwnna, 212, 297

— 1I0TOka M3 noaynpocrpancrea, 404

~ ~ HabmojaeMoro uMny.asca, 183

~ T PaAMaJbHOTO MMIyabca, 62

~ QyHRaMeHTabHAS, 212, 271

~ sHeprum, 17

— — ¢omna, 61

Hosropuas nosas, 238, 240, 243, 245, 246,
251, 299, 376

~ 7, BbIAeaAeMas aneprus, 240

~ T, 32BHCHMOCTb SHeprusi-nepuosn, 299

_ —» TIPMYHHBL M CJICACTBUA Bembimek, 240

losbnenue neGura HEPTHHbIX CKBaXKHH, 422

Hosutususm, 152

Ione, 366, 368-371

—, 6uonone, cu. B.

~ rpaBurannonHoe, 368, 369, 416

— HHGopManmonuoe, 370, 371

— MarHuTHoe, 369

~ dynnamenramuoe, 368, 378, 380, 382, 383

~ 3NeKTpuyeckoe, 369

~ dJIEKTpoMareuTHoe, 368, 416

Honoca crabuwasaoctu n3oronos, 134, 167, 373

llonspusanus paxyyma, 63, 64, 201

Honrexopno ocuuaaauun, cx, Q. I1.

Ilocrosnnas roukoit CTPYKTYpBI, 70

llocrynars KTT, 23, 24, 209

Ilorox wacrur, 55

B.A.bpunb "Kuretnueckas Teopna rpasmtaumn”,
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T T aHu3CTponEbid, 39, 67

~ ~ M3OTpOIHBbIH, 39

~ 77, MHTEHCHBHOCTD B JAHHOM Haripasaenun, 39

~ T HeOAHOpPOAuLIK, 38

T T HECTAUMOHAPHBIN, 38

~ ~ ORZHOpPOAHDLIH, 38

~ T CTAlMOHApHbBIL, 38

T T HenapaJiaesbHbin, 37-39

T T napanienbHbiit, 37

— —, IJIOTHOCTD, 38

~ T CKBOSb 33/]aHHY0 IIOBEPXHOCTD, 37

— SHEPTHH, uMnynbca, 40, 55

Hosc acreponnos, cm. A.

[Ipeneccuonnsrii KoHyc, 88

Hpeneccus, 28, 29, 86, 89

HpuavBhoe Tpenue, 311, 328, 329, 363

Hpunuan Maxa, cx. M.n.

~ HAaHUMEHBINEro aeficreus, 35, 114

~ CooTBeTCTBHA Bopa, 21

~ 9KBHBaneHTHoctH, 178, 189

Hpuiennnoe paccrosuue, 214

Iponuxawomas cuocobrocts, 17, 21, 22, 50,
26, 66, 75, 89, 171

~ ~— MIHOBeHHad, 151

~ ™ HEHTpHUHO, 218

~ = ¢QOHOBBIX wacTui, 218

Hpocrpancerso, 179, 378, 379, 380, 381

lIpocrpancreo-Bpems MunkoBckoro, 172,
175, 190

~ T HeHyseBOH xpupwmaHbi, 173

IIporokopa Jeman, 309, 310, 324

~ ~ Aecrpyknus, 309, 310

[Iporon, 129

~, HelTpoHuzanus, 141, 144, 243

Ilporonnsanus HelTpoua, c4. H.n.

Iponece snemenrapunrit, 121

™ T aHOoMaJabHbIH, 121

~ — HOPMaJM30BaHHBIH, 121

— "™ HOpMajabHbi, 121

IITonomeit, 378

Ilyanxape, 18, 20-21, 23, 67, 75-76, 80-81,
166, 209 -

— KOHBEHImonasusM, 190, 196, 197

Hynncap, 218, 227, 235, 245, 298, 419

~» BHESANTHOe mosiBrenue, 229, 238, 299

~y RECTPYKIUS Kophl, 299

~» 3aMelileHne Bpamenns, 229, 236, 299

~» — ™, cbou nepuona, 231, 232, 237, 236, 299

~, 3aryxanue, 233, 237, 299

', HeCBOGOAHOE pacuinpenue, 299

— noryxmmi, 242

~, panuonsnydenue, 225, 298

~, pasynioruesue, 230

—» CBOAOBOE noausTye, nanaims, 231, 237, 299

~, COBpEMEHHas Teopus, 234

Iibynna cepua, 94

— P

Papuanouoiii Mobusmam, 317-318, 323, 420

Pannoaxrusnbid pacnan, cm. Ecm-3 pad-me

PasMbiBaHie H306paxeHuil JateKuX OfbeK-
ToB, 290, 291

Pasynnornenue, 79, 80, 219, 245

~ acrpodusnyecKrx o8beKToB, 192

~ 3Be3nni, 300

~ rex, 210 (cm. Pacuupenue)

Pacnagnas cxopoers, 199, 200

Paccesiane xoMntonosexoe, o, K.p.

— Heynpyroe, 52

— ynpyroe, 52

Pacimpenwme, 217 (cm. Pasynaomuenue)

— aCTPOMU3NYECKHY OOBEKTOB HEpaBHOMED-
Hoctb, 205, 206, 298

~ ATOMHOro gapa, 279

- demam, cr. 3.p.,

~ — HepaBHoMepuoe, 324, 331, 362

— — HecBobogHoe, 331, 339, 420

~ T, NAICOMaTHUTHbIE orpakndenus:, 316, 362

— —, Temnbi, 130, 331, 333, 362, 375

~ HecBoGogHoe, 238, 256, 376, 420

~ — HEHTPOHHOU 3Be3ab, 256

— — nJaner, 256, 301

— HykJsora, 139

~ yCKOpeHHoe, 217

— — KpaGosunuoii rymannocry, 84, 217, 294,

258

= T CKOILJICHWS IafaKTik, 218

= (ynpamenransioe, cx O.p.

— gapa aroMma, {39

Perynapuas npeueccna, 28, 29, 86, 89

Pennxronoe usayvenne, 288, 295, 377

~ =, aHu3oTpoInng, 172

—~ —, Bcrounmiu, 289 292

— —, BeHabMoAaeMOCTs, 377

Pensrropeie Goromn, 283-292. 304

Penarusuerckn#l crepxens, 32

Penepras xooprrparyas crcreMa, oi, PROC

Frpbepra nocrosnnan, 94

PuManopa reomerpus, 189

Pudyronsie somw, 257, 320, 327, 339, 340,
344, 345, 347, 355

PRC, 35, 42, 67, 75, 83, 181, 207, 273 |

Poxcaenune Bemectsa us (ora, 270, 302

Poranuonnas weverofivnsccrn, 311

CaMOpa3pyIIEHNE aCTPOMHIMIECKOrs 06n-
exra, 206 (cn. Dpasmenmaisn)

Cauron, 15, 395

Useprka sinpa aroma, 128, 129

CBepxapaiuenye arMocgep, 253, 363, 420, 421

CBepxruraurst, 267

Ceepxnonas, 23, 79, 82, 95, 141-142, 1435,
179, 216, 221-223, 234, 246, 292, 297-
298, 306, 376, 419

~, oboaouxka, 83, 223, 246

~, IPAYMHA Benbinky, 213

CBEPXIIIOTHBIE COCTOSHUA BEINECTBA, TPH
crapun, 220, 222, 419

Cepxmiporonyimocts, 106, 109, 167, 418, 422

Csepxrexywecrs, 106, 109, 167, 418, 422

Cronosbre mopstrus, 232, 322, 360, 363, 420

~ 7, Inanaums, 324, 325, 327, 349, 360, 363

CBs3b KOHIEHTPAIMY YACTHIT ¢ HHTCHCUPHO-
CThi0 noToka, 405

— KTI' v OTO, 170-193

Ceiipeproncxue ranaxruku, cu, I.c.

Ceuenue Bsanmopneiicraus, 24, &8, 89

— KOHTakra, 40, 100

T ¢3’Hﬂmenraﬂhnﬂm, Tk, 41

— HEHTPHHO Ha HykJone, 46, 160, 168

~ IOTJMomeHus, 55, 51

~ paccesinug oroHa Ha snekTpone, 107

Crabt sigeproro crerenusn, 123, 368

CuRrynsapras Touxa, 212, 287, 297

Cunxporponnce nanyverns, 76, 236

Cerrep gz, 287

Ckeitamnr, 161, 163, 166

Crnanwarste crpyxryps, 322, 325, 420

Cxopocts auddeperunanmuors BpaIennsg
FUTAKTHREK, TeopRs, 275

~ =~ -, gabmonenws, 275, 302

— HYTAUMH YaciVik, 28

~ HPCUECCHH TACTHIM, 20

~ CBET2, HEIABHCHUMUCTD OT CKOPOCTH MC-
reunuka, 63, 91, 116, 169, , 193, 210 415

T 7T, T T T upueMuwuka, 195, 196, 240

~ COSCTBEHHOTD BPAUICHEA 9RCTHIIH!, 28, 86

Crkpnitas macca, 275, 278

Caabeie psaumopelicrous, 89, i67, 368

Caaficpep, 287

Curoncsoe ponsenre wacTame:, 34

Cryuwakuoe coSerrue, 153

CHEINCHNE NepHress Mepxypus, 16, 189,
190, 208, 274

COMHETHAT CHCTEMa, 251

T T, pacupefesenne MoMesta, 251, 254, 300

Corgeyanil nerep, 248

COMHNEG MAKAN AKTHBROCTH, 254, 300

=, nporylepawney, 254, 300

—, BarHa, 234, 300

Ty CBETHMOCTR, {6, 142, 192, 243-245

-, — Habmopacran, 245

~, T Teopermveckan, 243, 245, 368

T, SHEKNHORHAA HERTEABIOCTD, 253, 254

Conowu, 352

CONpOTHB/IEHHS 3B€3AM HsAyIeHuo, 245

- Pl

433




Conporurnenne goua asuxennio no Jleca-
xy, 397 _

— ——ren s KTT, 67, 400

Cocrap aromMHoro sigpa, 131

CruexrpanbHaa niaorHoers, 40

Crneuuanbiast TeOPHS OTHOCUTENBHOCTH,
abdextnr, 167, 197, 210

CrnuH aromuoro sippa, 127, 129

— peiTpona, 126

—~ HelTpoHa, {26

— TpuToHa, 126

Cruu-marpuma, 127

Cnopenuur, 322

Cnyrauku naaner, 250-262, 419

Cpeansnsa npoexus orpeska Ha MpOU3BO/Ib-
HYI0 ILIoCcKOCTE, 405

Cratucruka ssaumopeicrenit, 40-57

Crarucrayeckas macea, 52, 178, 383

CraricTHiecKne XapaKTepUCTHKY KOHTaK-
TOB, 48

CTonKHOBEHHE KOHTHHEHTOB, 363

CrpysHble Mogemu gactuir, 23, 31

Crpys sHaorensoro rasa, 255, 256, 263,
273, 300

CyG6ayxuus, 318, 321, 322, 363

Cyneprutn, 24

Cynepcunaxporpon, 46, 168

Cdepa Wsapmumanaa, cu. II.c.

— T —

Texronuueckan pasrpyska, 363, 375, 422, 423

Texronuueckue pasnomsr, 317

Texronnueckuit BoGpoc Jlynnt 3emuneit, 255,
310-314

Tenexunes, 89, 369, 371

Tenenarus, 89, 369-371

Tensop Macest, 106

Tensopnr T;p u R;, ypasaennit OTQ, 18

Teopema Bupwana, 112, 279

Teopnsa Tarorenns, 14

— — KBaHToBasi, 366

— ¢usmndeckoro Baxyyma, 16, 88

~ 3BOJIOUMH 3Be3f, 142, 216

Teodpacr, 357

Tennosoe usnyuenne 3emnu, 76, 307-308

Tenunnie Teueuns, 348, 363

Tepmoaunamuxa, 1l navano, 144, 145, 278,
281, 303

-, = —, Hapyuexue, 280

Tecubie nBoiiubie, 239

Tonma, 219

—~ Belgecrsa, 55

— 3pe3/bl, 249

ToMcoHoBCKOE paccesiaue, 58

-~ —, ceuenue, 57, 67, 105

Topmoxenne ppainenns, 230

— OpOMTANBHBIX 3/eKTpoHoB, 208

— ¢dysnamenTansHoe, 20, 67, 74, 75, 207, 210

- —, remnbi, 210

Topmosnoe usayueune, 122, 208

TpansuTHAas MOAEAD MCIYCKAHHS M OO0
weHuns gorona, 69, 90, 91, 225, 292, 304

TpauciioprupoBka aToMHbBIX yacos, 196

Tpancdopmubie paznomsr, 257

Tpurton, 124, 129, 130, 132, 135, 137, 373

~, BT ~ pacnagm, 129, 134

TynuennpoBanre, 141, 147, 375

" 3JEKTPOHA CKBO3b AP0 aroMa, 150, 151

-y

Y Ben¥ueHME MACCHI-3HEPTHY € POCTOM CKO-
poctH, 35, 114

Yroa abeppauuu, 100, 193

- araku, 24, 26, 64, 72, 88

~ — HaKOIJedAp, 63

— Hyrauuu, 35, 88, 89

— NoAApH3aEy, 35

Y IbTPAPENSATHBUCTCKMI 3ieKTpoH, 236

YnpaBneune rpasurauumeit, 110, 385

— noJgamu, 422

YIpyro-KMHETHYECKAA CHCTEMA DABHOBEC-
Has, 111, 413-415

Ypapueunss OTO Sitminreiina, 14, 16, 190

Y pra-nporgecc, 122

Y ckopetine opbuTanbhoro ApuxeHus, 273

Y CKOpPEHHBIH pa3neT NMPOLYKTOB B3pbiBa, 84,
173, 217, 204, 298

YcnoBue Henonnots, 154, 155

— HENPOHUI@EEMOCTH JacTHUbI, 44

Y croifanBoCcTh Npeleccupyole crpyus:, 408

B ) Y

Masron, 206, 265, 301, 305, 361, 421

(PeHOMEHOIOrH3M FPABUTALMOHHBIX Teopui, 189

Dusugeckuit Bakyym, 16-18, 200

PDuxcusm, 318

~ paauanbHbii, 323

Dunocodexue acnexTnt reopun, 366-384

MDuoneronoe cMemenue, 91 |

Dmorep-addexr, 35, 86, 114, 161, 198,
207, 372

Do BUpPTyanbHBIX Yactuy, 180, 200, 377

— M3O0TPOHBIH, 20, 207

— MOHO3HEPTeTHYHbIHK, 20

— HezaBuxpensbiit, 207, 208

— HEOAHOPOIAHDbIH, 36

— OAHOPOAHDLIK, 36

QoHa o6beMHAA NAOTHOCTD, 72

B.H.bprine "KuHeTuyeckas Teopua rpasutaumm’.
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Gonosan vactuua, 24, 304, 422

— ~ BUDTYaabpHAst, cM. B.u.

-~ -, nmamerp, 25, 69, 82
- - AAmHa, 295, 69, 82, 112
~ -, ucrodduxu, 82, 85, 185, 289-292
~, Kornenrpamnus, 69, 71, 82, 84, 183,
185, 297, 304 |
, Macca, 25, 69, 72, 82
MOMEHT UMHEDIWH ocesol, 82
~ = SKBATOPHAIbHLIH, 82
NPOHYKACINAA CIOCOSHOCTD, 222
cxopocTb, 69
co0CcTBEHHOE BpameHue, 73
cToku, 85, 185
-~ ~, rpaexkTopus, 174, 175
~ =, —, KpUuBM3Ha, 75, 174, 176
~ =, YCTOUYHBOCTD, 86
Monopasn suepruda, 83, 178, 284, 365
- —, UCTOYHHKH, 82, 84, 178, 179, 289-2G2
- -, ofbeMHas MJOTHOCTh, 185, 186
~ —, croku, 83, 178, 179, 186
Mopryna Jecaxa, 19, 396, 398
PDoron, 88-103, 155, 282
-, Bupryanmaanud, 69, 90, 91, 225, 292,
266, 304, 377
~ BUPTYaJIbHbI, 88
~ NpoRoJisHpHd, 88, 200
MparMenranus, 206, 334
~ smesnpl, 239, 251
- nianers:, 257, 263-264, 421
Opupman, 287
PyHjaaMenTatbHasA BoJjHa, 173
— KoHcTaHTa, 68, 69
- cucreMa, 08-81
— — equnRKLE, 378-383
~ CTpyHa, 23, 25-35, 416
~ - getdopmupoBannan, 31-33, 372
— yacriia, 23, 68-74, 169, 282
- -, AnuHa, 25, 69, 82, 112
- --, H3rubHag XecTKocTh, 29, 69, 115
- —, Macea, 25, 69, 72, 82
- -, paguyc, 25, 69, 82
— -, CpCOHAA KpUBU3Ha, 115
— ~, YIJIOBaA CKOpOCTh, §9
OyunaMenranibHoe noJe, 416, 417
— pacuiupenue, 116, 167, 202, 219, 279
~ CONPOTHBAEHUE qBUXeHMI0, 20, 67, 74,
75, 207, 210

— X

Xat6ua-ne Currepa 3axon, 289, 290, 293, 295
~ nocrosnxas, 120, 289

XapaKTeprCTHKY COBOKYIHOCTH YacTui, 36-39

.___.H..___

Uedenpgpr, 266, 301, 376, 419

[{uxangeckoe passuTHe Bemecrna, 145, 146,
281, 285, 286, 303, 377, 419

Huxnn! nareoxktumarnueckue, 185, 334-336

— ceMCMUYecKol aKTUBHOCTH, 185

Hmpxynsiua masmnn, 318, 320, 321, 327, 363

HupxymanrapkTueckoe reyenue, 349, 363,
420, 421 |

DU (llentp Oynaamenranpusix Uccre-
nomanuii ), 393-395, 423

Ipran, 15

g

Yanppacexapa npepea, 213

Yacruua, 23, 25-39, 82-169

~ memecTra, 31-33, 372-374

~ BHpTYanbHas, cM. B.u,

— HaGmogaemasn, 88

—, YCJIOBH# ycroiunsoctu, 169, 408

— ¢ronoBas, 24, 304, 422

— —, MCTOYHMKH, cX. 1.4, , 1.

— — KaK HocuTenab MHpopManun, 422

~ (PyHAaMeHTanbHan, cM. D.vy,

— 3JeMeHTapHad, cM. B-go, 3.4.

Yacrora xonTaxkTOB ¢ dhonoM, 52, 101, 383

— — = yaenbras, 383

Yepnas avipa, 79, 141, 142, 144-146, 179,
185, 211-224, 234, 245, 266, 271, 279,
280-285, 298, 366, 376, 419

— ~, BbIXOJl MATEPHHA H3-110f], F'OPU3OHTA,
213, 298

— —, ropu3oHT, 298

— =, Aasjenne ¢gona, 224, 298

— — KoJablbespb Bemectsa, 211, 298, 302

— =, Macca, 212-215, 297

——, O3, 213-214, 222-224

— —, pasynjiorHenne, 298

I —

IlBapry, 370

llpapumuanza chepa, 79, 144, 211, 245,
216, 221, 222

IlxnoBckui, 39¢

WiMuar, 251, 279, 300

Iinonnckuit, 147

Illpegnarepa ypasuenue, 152

. b,




[ITatem-Mozeab aroMHoro siapa, 77, 125, 127,
128, 132, 133, 135, 137, 167, 373, 418

~ —, anrop¥rM nocrpocHns, 131, 132

— —, MeToy, pasbopku, 138

- N

Jnnunarron, 20, 81

xexiust, 248, 252, 262, 417

— U3 f/ipa rajakTuxu, 271

— Jlyunt, 309-314, 324, 361, 421

— HepaguaabHas, 259

— paBHOBecsas, 270, 302

— — U3 fApa rafaktuku, 269

— crpyHHas, 272, 275, 302

3unsepa yrapi, 27

onumrenn, 16, 24, 81, 84, 152-156, 170-
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