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BBEIEHHUE

OTpRUATENbHHE MOSORH 0GpasyonT Me30aTOMH. [OCKONLRY Me30-
NH B COTHA pa3 TArele& 3JOKTPOROE, TO SHEpPrAA ME30ATOMHHX [e-
pexXONoB BO CTOJNBKO Xe pas GoJbuWe SHePIA@d COOT3ETCTBYOIMX K-
TDPOBHHX OepexofoB. [I05TOMY 3HeprAd Me30peHTIeAOBCKHX KBAHTOB
- OKa3HBAWTCA OOpANKA H Aaxe Gosabme 3Heprzil Bo3Gymiendd Huzajmux
ypoeEe# ngep. Wa-sa Gonbuwoll MaccH M83OHOB Me30aToMHHe ODGATH
HaxOnATOA LOCTATOYHO O/NM3KO K Anpy. [[0aToMy IJ1eKTpOMMATHATHOS
{nynnnnncna¢} RJIA CHJABHOG B3alMOIe/icTBAe MOEET OPABOIATH R
ﬁoaﬁyznaugn FACDHHX ypoBHed B MpolleCce ME30aTOMHHX MepeXJHIB.
JTOT mpolscC AHANOTAYER BO3CyRNeNEn ypoBHej ANpaA-MilUgHE B pe-
3yA6TATA HBYNPICOro Rynanuncxabn'unn ANSpPHOr0 paQcesHu s Me30-
HOB Ha Anpe, OXAEKD, B OT/MYUe OT ReyNDYroro? paccen:asd, BO3=—
OyxmeHHe ANSD B MS30ATOMHHX HEpPBXONAX BOSMOXRO TOJNBKO [IpE Yo=
JOBHMR pe3OHAHCA MOKIY ME3ORHHMA A SOepAHMA MepexomaMd.

HapGoJiee 98TKO ABNeRne Bo30yRmends AXep B MO30ATOMAHX Ne—
pexomax oCORHapyEiipaeTca B [+ —Me3oaromax. Kar #3p8CTRO, MDORH
B3aAMOLSACTBYOT ¢ ALPOM TOJNBKO BJeKTpPOMACHATENME M cradeiad Cd-
JlaMA, X 34XBaT MDORAa ANDOM NDOMCXONET TOJEKO 8a cuer quacord
B3auMofeiicTBaA. [loSTOMy MDOHH B OTJIAWMEe OT OHOHOB B KAaOMNOB,
MOCYT HOPOHBKATH MO CaMuX IMyCOKAX OpCAT BrIVgaA K-opsiary. JIo
HROTOAMEro BP&MeHA RaGIoZAI00h KBA OGHOBHHX TAMA BOSOYELeHUA:
Aep B (L -Me30ATOMAX:
 a/ BosGymuende HASKONEXAUMX ALEDHMX YDOBHe] H3-38 CAydai-
HOT'O pPO3DHAHCHA MEXIY MO30HHHM H ANepHEM OepeXOIaMH;

6/ Bo3GyxueHde ypoBRalt cocTAaBEOro sIpa, CBASaHHOEe G Mepe-
ravei Boaft anepraA Me3ORHOr0 NepexoXa mupy (GespamaalRORHOS

-

Bo3dymicHue ),
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Bo3Cyxmenne HASKOJIeXamiX MAEDHHX ypoBMeil NPOACXORMT 38
G9eT B3aAMONLEACTRAA MO3OHA O BAESKTDUYSOKEME MYABTAUNONLNHMA MO-
MOHTAMH ALDA A B 9aCTHOOTE © KBANDYNOJABHHM MoMeBRTOM. [looroMy B
Me30aTOMHMHX N6peXOoNaX HaaCoses BHTSHCHBHO BO3C0yXIanTcA Bpama-
TSJLHHE JPOBHE TAXENHX NedopMADOBAMAHX ANEP, Yy KCTOPHX NpABE-—
ReHAHe KBRIpPYOOJNHHHE MOMSHTH NocTArawT I0 Jspa,

dffeKT Bo20yzOeHAA BpamaTeALAHEX ypOBHeil B |4 =MERDATOM-
HHX 2 P COCTOSHEAX, DPACCMATRUBAJCK B TeGDSTERECKUX padjorax
I.Barerca /I/ a B.fAxodaona 72/, dxcnspaAMEATANEHO HTOT BpoXY,
OoBANAMOMY, BnepBHe 0wl ofHapyxeR B padore I'.E.Be 0BRURGIO R
D B F'-uasnamunx ;irpaaa"‘s/. BoocnenoTERE SHeKT BOZ 6 ywile-
Ham ypoBnsil B (4 -M230aTOMAX @Sydamax B LIOM pAle padct, B
ooroBnoM, 3 CLA w8 CERN 74,5/

HaGMoKa10ch TaKZe BO3CymEeRMe HNpYIMX ROUICKTASHEY yDLOB-
Hefi Amep, ManpuMep, XoleCaTeTERNX /6/ R Haxe 0inOMagTAIRHX /?f.
BGDOATEOCTS BO3CYAIaHAA BDAMATENBHEX JDOBHOH NOCTRIAGT BEJH -
A4 OKk0Jio 0,5 Ha omAR Me3oarToM. BepOATHOCTH BO3CYROEHUS NM3ND-
JAeRAMIX ypOBReR Npyrol MPAPONH ORASHBAGTOA OOPAUHE HECKOIBEEX
OpoLenTos,

" MayucHHe BOOYSUEHAR A DACMAJR MA3KONSXALAX ALS DEHX yLOB-
Re B A ~M€20aTOMAX OPEBEIO K JOABJSHAD HOBOIO HRLPABIEHAS
B ANeDHOU CHEKTPCCKOmHH, ROTOpOe ¢efYad UETEHCEBHO DRIBHBasT—
cf, B ri. 1 OyHe? NOKA3aHo KaKknM 0JDA30M DAGHAN ANSLENX JDOB-
neil B F-maoafmuax OTJEYae¥CA 0T paoraga cmoCouHOIO Aupa A
K2KyR ABQODMAID 0 OBOMCTBAX MASKONORAUHX AMSDRYX YDOBHSJ R
CTDYRTYDA AID& HMOXHO NOJTYIMTh, BSYYAK 3TOT DACH&N.

BOBLOXHOCTE BCBOYKNeHAA YDOBES# COCTABROIO AUpAa B CAMNX

TARSTHX ME3DATOMAX B CAYYas 2p~ IS - nmepexomom GiNa DAccloTpe-
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Ra asToOpOM B 1958 r.-./ B/. B I959 r. shferr GespanaatgcHEOrD
Bo3dyzgenun dnn‘an&pnua uﬁuapirxaa 3KCOepRAMeHTANEHD M.f.Baxa-
oem, I.H.Xongmparsesum, [I.H.Jedenesuw, J.I.JlaHcGepron, 0.8.06y-
xosut, B.M.Oorreropec’¥ . Onm oGHapyxain, 970 B Me3oETONS ypa-
Ha BaMeTBaA JNONA 2p - [ MepsxoXoB HE CONDOBOKIAETOR ASJ yde-
AMeM MESODBATIEHOBCKOIO KBAHTA, [IOGKONBEKY B 2T0M caAydae (xe-
-8i)ekT M poxmeuse naps ( €% €7 ) mMaa0BepoATHH, TO NpEKTMYECK:
BO8 2p~ /S ~lepexonu, ni}tnpua He COHOpOBOXNADTCA H3JNyIaHAeM
Me30DBATIeHOBCKOrO KBAATA, NOJNEHH ODEBONATH K Bo2CyRIERUD An-
pa ¢ srepraefl, p&Eﬁnﬂ 9_!15;:1'31: gepexona. B caMHX TAzZeJHX MesC
ATOMAX 3HBPIHA 2D- /¢ =Oepexola OpeBERaeT 6 Mew, HOITOMY ypoF
HZ COOTABHOr'O ANpA, BO3GyXNEeHHHE B 2p-|S -~Nepexoue, MoryT
paonagarbes 1o paEﬁuqﬁm KARAIAM: paNAaloHHOMY, HelTpOBHOMY,
nefdrTalirzioMy. Pacoan Anep, BOSCOYEIEHHHX B pe3yinTare Gespanaa-
TAOHHHX MepPexXnnoB, TAKES RACADNANOA SKCOADAMSHTAABHO. B wAcT-
Hd0uTd, 43J7HAE B MO30ATOMAX ypaHa B {yTOHAA K3 yUaioob pas/Hdyg
Breaa rp&num.m IHONS AMEHTATCPHE /10.11,12/ » Heunspro Hadoman-
CA HefdTpoHnwd pacnajm Amep, BO3OYXIeHRUr B pasyisrare Jespanaa-
OAOHHHX uepexunanﬂa"’ .

B aTol xe pﬂﬁDTﬂﬂa’fj DarTACTPEDOBANACH TakZe ) -KBAHTH,
KOoTOpuY2 BOSHMKANR NOoJe pacOafa ypOBHe cooTAaBHOIO ARPA A0
PANIAAOROHANMY RaBaNy.

PA2YMEETOH, delieille, HOWIDCHVHR M pamuampokaft pacoans
B20MOFA0TCA 4 O00Je BaXBATR UDOHA ALPOM O K-OpGATH 3a Q96T CA7-
Goro B3guMonedcTBAA. OLHAXO BLaMZ IVSHM MOOHA HA K-oplATe nawe
B CauHX THEe)JX Me303TOMax JCTI€T s i FJpODHE, MNpUMeDUd paBnoM
107 om. NuatToMy AOGPAHE DOERLEM, KOTODHE CONDOBCORIZOT Saxpar

MDON& ANpOM, CITBEEYTE OO0 BpeweHR OTHOCUTANBHO ANSPHARX peaki|:l,
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BO3HUKADWAX OpaKTAYeCKA MIPHOBEHHO fOcCJe Opodecca OespanaalidoR-
HOr'0 BO3CYXIEHAA (mraunauuua ANepHHe pearImn),

MICHOB@HHHE smepuua peak[dl OpPOTeKAanT B upacyrcmu MDORA
Ha K-opdare,. [loaToMy aTE peaxmai oCGJaXanT pAOOM OcoCeHHOCTef#
Mo CpaBREHRD C pacnoanoM csodomnoro Ampa O Toff xe aHepraefl Boa-
O yruennid. .

B rua.ll mssaraerca OONXOX K OOMCARAD ABMeHUs Oe3pamdaliOH-
HOr0 BOSOyRNEHAS, ,

B ra.ll orMedawTcA OCOJEHHOCTH pacnana yposHefl 0OCTaBHOIO
Anpa, BO3OyRNEHHHX B pe3yibrare (espanaal@OHHNX OepexonoB. B
YACTHOCTE OyAeT pacCMOTDEHO MI'ROBEHHO® IeseHne B ero ocoleH-
ROCTA OO0 CDEBHERAD ¢ NefleHAeM CBOCONHOrO Aupa. PaccMaTpEpapT-—
0f Takxe XPATKO OCOCGHHOCTA CBA3AHHHS O HelITDOHHEM @ panaa=-

OMOHHEMA pacoagoM ypoBHeH COCTABHOrO ANpA B OPACYTCTBAA MESOHA
Ra K-opOmrTe.
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Tnasa I.
B HSKOMERA LMY ANCPHHX EEBHEH B =MI30-
ATOMAX

B TARelHX Me30ATOMAX ANDO HeJB3A GYATATH TOwevnud. Jledcr-
BUTBNIBHO, OopoBcH4M pagayoc Mmesoaroma ¢ Z~ I00 He npeBuwact
10712 om. Toro xe macurada oxasuBaeTCA A pamuyo Anpa. PacueTH
00KASHBALT, ¥TO y%e B Me30aTOMeé CBAHOA Me30H C BCDOSATHOICTED,
0J143R04 K [OJOBHAHE, HAXOLMTCHA BHYTDA Oo0bemMa, 3AHATOrO AMPOH,
[lo aroff OpAuREe KAK 3HepIAX CBASA MOOHA HE. K-opdure, Taxk i
2Heprag mepeXofOB CYyIECTBEHHO OTAMYADICA OT TeX 3HavYeHuld, Ko-
TOpue U3BOCTHH IVIA BoLOpONOOONOOHHX ATOMOB,. HanpuMep, eciid OH
AIpo CwI0 TOY6YiHHEM, TO 2HeDrds OBA3M B ME30aTOME CBUHOA Owia
O DKOJIO 20 mey, & BA CaMOM Nens oTa 3REpraA OkasuBaeTcA
Gxzakoft K {.0 uew . lio aroil Ke npudube dHeprusA Mepexona 2p~/S ,
pasHad B M930aTOMe OBAHUA 5,9 yev, NOYTE B Xud pasé MEHbUe
TOI'0 3Ha%enils, KOTOpna CNeIOBANO .OM OSHEATL I TOYEYHOI'D AN-
pa. Y9erT Koue9HHX DasMepoB ANpa npuﬁumw TAKK8 K YMOHBUWEHUD
POJB DEeNATHBACTCKAX didexToB. MoaTOMY 1IA ONRACHHAA ABAXEHAA
MEe30Ha b M2208TOMe MH (yZeM OOAB30BATHCH HCPEJATHBACTCKAM yDab—
HendeM lipsmarrepa.

lamnsproHMaR OACTEMH ME30H + ANpPO NpelcTaBhlM B BaLe:

A A n A
H=Hy+ Hy +Higt (1)

A A A A
rge Hy =~ rauansrotnan ampa; H HTF-I-VF - raraiLToRfAaH,
KOTOpHH OMMCHBAET HKBAXSHNS ME30HH B CHODAYSCKH-CAMMET DA 4HOM
KYJOHODCKOM OOXe Afpa; ﬁmr - PaMANbBTOHEAH B3aAMOmcllCTBAA M0O-

Ha C ANDOM:



Hot =—e 2L % --z.il ""H (2)

rge € -sapam, T, EF - GOOTBETOTBEHRO KOODPNAHATH DPOTO—

HE M MpOBa, CyMmapoBaHHe B [2) OpOMSBONETCA OO BCeM HPOTOHAM
B Anpe. : |
EcnE OpenOoOXATEH, YTO BeOh 38pAN ANpA Z pa:annuafnu
pacnpeleien BHyrpa cepum ¢ pamaycod S ,. TO HOTGHUEAN VF’
paBeH: "
P 282(2'?9]-, [( .‘qu) -5] f#iﬁﬂ : {3}
w=V(z,) = . .
i { PJ 'ZEE('EF) 1 ; '“ .#Bﬂ
Tampasronmal  H;,p MOXRO paslomuTh OO cfeph BOCKEM
rapMORAKAM u
. S
a E 2+l T,u J*}ij(g ALY
V(o) + Hinp =~ 4xe?(™
1 <A}y 1
_émﬂﬂ % Y (090 % Vam (8 i) %2 %

B oymmax mo mynsramonsd A B (4) yureno To odarosrens-

!-
I‘ﬂ

B'J’)z 2%

OTBO, 9TO MOOR MOKGT HAXONATHCA RAK BHYTPA ( '.5{.,{,-5 7; ), TEX &
BR® ( ’Z?,_ Z7;) Anpa. | |

B COOTBETCTBAE O I'aMAJsTORAAHOM (I) GasaoBad oacrema (YER-
DR 0OCTORT RS BOMHOSHX (fyRKuaf ussuﬂa,n nolle RoHedHOr'o cgepa-—
YeOKE-OBMMOTDATHOIO ANPA B BONHOBEX BYHKLMM OCHOBHOTO B BOS-
OyXIOHEHX C0CTOAHAHl ANpa. HHEMH GJIOEEMA BOJHOBAA (yRKLEA COO-
TOAHMA CBCTEMH MDOR + AP0 C HOJNEuM MoMeHToM F ero mpoexumed
Mg pasua:

|IM, naj;FHF>=§(rjnmfFﬁp)-lm>~|nejm > (5)

rge |IM?> - BouHOBAs (yHRUAS ANEDHOrO YPOBRS G MOMEHTOM I
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x ero npoermmed M; n, 6, j,m - COOTBOTCTBEHHO IJABHOE KBAHTO-
BOE 4@ci0, OpOATatbHu, naﬁauﬂ MOMERT H OpoeKOAA OOJNHOTD MO=—
MeHTa LI Me30HA; OepBuHY comHoxaTesb B cymme (5) - RoadfaimeHT
Knedma-I'opuoRa.

3aneva ¢ BO3JyENeHU4E fAMNepHHX ypoBHe@ B Me3o0aroMme CTABAT-
Of CIenyomdM oCpa3oM. B Opoliecce KAcKAOHEX OepexXOuOB ME30H MO=-
XeT OpoliTR 9epe3 Kakue-TO MBA COCTOAHWA, Da3HOCTH 3Hepraif Xxo-
TOPHX OJA3Xa K PA3HOOTH 3HEPIHHE MexIy OCHOBHHM A BO30YXKIEHHEM
COCTOAHMEM Aalpa.

B 9acTHOCTE TaKii COCTOAHMeM MOI'YT OHTE KOMOOHeHTH TOH-
Kod eTpyKTypH 2 P I/2 #u 2 P 3/2. JleficTBHTENIbHO, SHEPreTAU8C-
KOe pacljedjeHde MexNy DTAME KOMIOHEHTAMR B TAHeNHX M@30arouMax
OKasuBaeTcR mopanka I50 4 200.uev. Takoro xe macurada Moxer
OHTh QHEPruA OepBHX BO3JYRIEHHHX ypoBHe} anpa (Hampadep, Bpama-
TeNbHHX), B 9TOM Cly4ae BOJHOBHE (yHKOAH M 3HepIWM ypoBhedl ca¢~
TeME ME30H + AINpO HEKDEH‘I‘GH- 43 peleHAR CeRJJAADHOr0 yPABHEHHA A
#8 dasuce BONHOBHX QyHRURE (5) ¢ Mcmoan3obanaeM [BMANBTOHAAES

pasnozenda (4).

EcJym pasHAUA CHOMHOB MEXIy OCHOBHEM M BOSOYRIeHHEM COOTOA=
HHEM Anpa COOTBeTCTByeT E2-mepexony, To 3 pa3noxends (4) B ge-
KJNADHOM YDaBHEHAW OCTAETCA TOJNBKO cJjlaraemoe ¢ A = 2.

§ 1.
Bosdymnense BpamarefbHEX YpOBHEH

PaccmoTpuMm mDonmpofiHee sazady O BO30y=NEeHMRA BpamaTeJbHHX
ypoBHe# B me3oarove., B 2TOM cJayvae BoNHOBAA (YHKUEA IAg Bpalla-—

TeJbHHX YpOBRER arRcRal BHO-CHMME TDEYAQI'0 YeTHO-9ETHO'D ANDA RMO-
ET BAO:
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1%
\Innﬂf—ﬂ[‘?{f—-‘;‘] {pmfa ?‘}ff 0t Dﬂ,,.r 990)} Y (%) - (8)

rre K = OpoeKmMA NOJNHOIO MOMEHTA ANpa HAa OCH CEMME TPHM;

D;K- UGGBT?BHI-;EH q}jl'H.KLH'!H Hn'rapas: OMACHBAET Bpailewie

- yram Jfnepa

XH- BonHorad QyAKUAA B CACTEME XOOPNAHAT, CBA3AHHOM
0 MaBAEME OCAMA AHpa.

Boadyxnenae BpamarefbHEX ypoBHER COOTBETCTBYeT 3JeKTpH-
96CKOMy KBAIpyOOJIBHOMY nepexony. [o3TOMy B BTOM CAydas B pas-
noxennd (4) ciaefxyeT OrpaHHYATECA TONBKO claraeMuM ¢ 4 =2.
B CuUOTev8 KOODNAHAT, XeCTKO CBA3AHHOA G OCAMA RIpa, MORAO
BBEOTA BATPEHNER KBaXpynoXskufl moment sxpa @, , Koropwd, mO
onpefesenan, DaBeH:

TH8 J’J {' T = [UIOTHOCTH ODOTSHOB B TOUKE 7 .
B pesynmare L18 BpamaTeNsEHX JDoBRe# ARpa ¢ BOJMFOBOH
Pynrmielt {6} H int MOKHO HpSXCTEBATH B BRILE:

-y

=78 F G f (%) Z Yy, (8/9") Vom (G %) (8)

rae f('ffu,) - *?Oﬂ*-ﬂ‘aﬂ'iﬂp. ROTODLA ONpeneNaeTos COUTHOWSHHAM:

n?c('Cﬂ. 2)/_'[15 ff(%)‘z Yo A7 *TF /‘F(‘E)z"'j i d/&] (9)

1A TOYRYHOIO AUPA ITOR @umaamp OuN Om pagen T = g

[l.L

MAaTpEYHHE 2XeMeHTH Oor oueparopa (B8) ma Oasrce BOTHOBHX
Dynxuait (5) & (6) orasuBaprcs paPRmMm /14/,
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<y, K, 5y (82); Fl Hint | 11§y (8); F>= 5 €205 <ol (2 134 > X
" - f

TN [{2:24){2_;,1»1) 5-‘] 2

XW(IpJ, 1 Jy s F2)x (21,06 I, k) §, 3, Yo Y2120) (10)

jz(ei)- J, (%) - GOAEN BepXHero B HAXHOI0 ME304TOMHOTO ypoOB-
HA, 12 A II - MOM@ATH BpauWaTelbRAHX ypoBHe@l, W - Hosjdarment
Paka. .

TaxkaM oOpa3oM, SalaBUMCE pDACOpeneNieHneM 3&DANS 00 O00LEMY
Anpa ?P ( 7T ) R BHYHOJEB MATDUSHWe BJEMERTH ﬁmt cornac-
HO (I0), MOXHO peWMTs> COOTBETCTEYDNEe GEKyJAADHOE ypaBHeHHe A
aaﬂﬂ SHEpIAR M BOJIHOPHe (YHRIME CACTEMH Me30H + Anpo. Have-
PAA 3HeprA@ ypOBHeH CHCTENMH ME3OH + ANPO M CPaBHABAA @ De3yidb-
TATOM, KOTODHA clelyeT A3 pemedAs CeKYIADHOTO ypaBREHHA, MOXK--
HO cIHeJaTh BHBOIN O TOM, KAKO® U3 BHOpDAHHHX pacipeneseaxqi ﬁ(‘i—',)
Hapty 9uiM o0pas3oM OMACUBAST 3KCNepAMEHTANbHLE NarHHe.

Ina Toro, WTroGH OOHATH Kakie OOCTOAMHA CACTEMH MO30H +
ARpO 0GpA3ywTCA B pe3yibTaTe BO3CYyXIeHdA BpauwaTelhHHX YpDOBREH,
paﬂﬂua*rhnu 3AK/WUATENBHYD CTANMD Kackana 3 - 2p = I§ - me-
pexonH. llpemoonomAM WA OPOCTOTH, WTO OpPA OPOXOKIGAAR MDOHOM
30, -00CTOAHMA BpAlATENbHHE YDOBHA ANpa Be BO30yENanTeA. Tor-
LA GOCTOAHAA CHCTEMH M@30H + ANpO, KoTopwe BOSOyRNADTCA OpA
[POXOXIS HUM MDOHOM 2;3/2 H2 PI"JZ - QCOCTOAHAH, NO/XHH UMETE
MONHWA MOMEHT Jn6o pasunit 3/2, snmdo I/2, Bymem mpennosararh,
uT0 BosOyxmaeTcA poTALBOHHuS cnNeRTp YeTHO-9eTHOro gupa ¢ K=0:+
B 9TOM CAy4ae NepBui BpamarTensHufl ypoBeHb Gyler EMeTh COAR
1=2, a BOJHOBHE (JyNKIMA CHCTEeMH GO COAHOM 3/2 & 1/2 OpencTag-

NS0T cynepoosmIjmM:
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]5/2,HF>=C;’§§*(G%UmI%MF)B:{,?%,,,(’E;)XD(‘ZJ*Cg’%"é(ﬁ‘%ﬁﬂ%ﬁf)*

X D2, Py () Yol%)# Coly L (216 Mm| %2 ME)Dho P (50X, ()5 (1)
|1, Mp>= 1%, (01 0m| 2 Mg) oo Papm (%) 7% )w;fg;(z%m]m)p:;
1o, Me>= o, (032 0m 12 Me)DE B (X, (0L, L @36 M oMo B o 2
rue S"ﬂm -- BOJHOBHE (yHHIEA Me30HAE B Me30aTOMe, a Rosdhda-
MAEeHTH C;} - HAXONATOA M2 pemeHEs COOTBETCTBYOUSIO CEKyJIAp-
HOI'O ypaBHeHusd,

Taxmd o6pasoM B cJaydae cjepddecKoro Anpa, Korna sSupo He
Bo30yanaeTcd, B COEKTDPEe Me30DEHTIEROBCKOrO M3xydenus, Hadmoma-
DTCA TOJNBKO KOMOOREHTH TOHKOTD pacuelNcHAA ?%é B EFg;E .

B mesoaromax ¢ KedopMEpOBS&HHRMM ALpAMA ME30DEHTTeHOBCKaf
CHOOXTD CTAHOBATCA OyMmEOTBEHHO CJIOXHee, BMeCGTO XABYX COCTOMRHY,
B 9TOM cAyvae OOABJAercs, Mo Kpaiineldl Mepe, oAtk ypoRnel (rpa
00 ounmou F =3/2 m npa co cmaEmoM  F =1/2),

[TOCKONBKY MApDEHA IUIA ASTYUEHAH Me30peLTIe HOBCKOI'O KBAHTA,
QOOTRETOTBYOMEro 2p - /S ~ mepexony, ropasuo COMBIE MEPHHH
pacoana BpawaTeNplOrs YPOLHA, TO BCO DATS VKa3aKHHX CooTOonRAf
NepEX0lAT JMOO B OCHOBHOE COCTORKAG CHCTEMH MESOH 4+ ANPO, JACO
B COCTONRAe C BO3OyXHeHHEM BpauaTelhHHM ypObHes, B @rore Meso-
pEHTreHOBOKAA h‘n; -gepin Oyner HacuuTHEATH, no Xpajfluell Mepe,
LeCATh JAHAHA, JHEPIeTHYECKOE LACCTOAEAE MSANY MUMA M MHTEHCHA-
Rocib, OUEBENHO, OODENE;AUTCA BEeJBWHOH TOHKOIC DacEelUchHRA
FEE'F;;, — Ezpip ), SHeprueft BpaliaTeNbHOrD yPOBHA B BEJAGHHON
MATDEIHEY 3a1eMenTOB (I0). [IoCKONLKY BCO B3TH BefRTMHH [10DALKA
i00 Key IIT ME2CATOMOBR C CMJIBNO OelD DMADOPAHHLME ANDaMA, TO
SEePraTAY6QKOe pacmeiielie MEENY KOMIOHERTaME K ~CepH® OKA-



o T

SHBEAETCS TOI'0 Xe MOpAfZKA B MNO9TOMY Jerko o0HapyXABAETCH € OO-
MOWED COBpeMEHHHX OOJYNpOBOMAHMKOBHX HETEKTOpOB, CXeMATHYECKA
pacmennexde ‘K, =Cepum Moxasano Ha puc.I.

I-

EP%% F=3/E'i
2Py =
S F¥=?b{
Jl1i11L
15t - ! ISth | i
Pic.I.

[yuxrepos B2 pac.] odo3Ha4YeB YDOREHB CHCTEMH ME30H + Al-
po, cooTBeTCTBYOUME Me30Ry HA K-opdare m sIpy B OepBOM BO30yx-
IHeHHOM DpalaTeJsHOM COCTOAHEA.

UsyuenEd TomiOf CTPyKTYpW mepexomon 2p - /S m 3d - 2p
naeT BeCcHMA Oennyo ardopmanpn o cBoficTBaX anpa. ECJR OpOAS RO~
BaTh pacver gopujexropa f (7, ), sanePumdce pacOpenelieHR ed
S4apana oo cURCMy AIpa B BRIe:

Z
Jate) = f+exp [4€n3 252 ]

TO 43 CpABHeHHs pacHerhuX MAHHBX O 3KCOEpPAMSHTOM MOXHO CLHENATH

(12)

BuBon 0 Bemrwsne (], , pammyce anpe R ® ronmue nomepx-
HOCTHOTO CJOA T . [loAyYeHRua TAXIM OGDA3OM BEAMTAHH OKAS HBA-
NWTCH B XOpOmeM COLNACAH O GOOTBETCTRYOURMA FARNEMA, HAALEHHHME

A3 UDYIPEX BKCIEDAMEHEOB: KYNOROBCKOIO Bo3CyRIeREA H DAcCeAHAA



T

OHCTPHX BJEKTDOHOB HA Anpax /18/ .

Bume OpeXNONAraloch, YT0 KBAIDYNOABHOE B3auMoRellcTBHe Me-
30H3 C AAPOM OyWECTBEHHO TOJABKO B 2p — OOCTOAHEAX. Eciam aT0
TAK, TO B YeTHO-YOTHHX ANPAX MOReT BO3CYXNAThCA TONALKO ypO-
penb 2%, OnHAaKO B CaMHX TAKeJHX Mesoaromax Tdna [h & U ksag-
pYNONbHOE B3aMMofelicTEAE OKASHBAETCA OYUleCTBERHHM TAKXe A B
3 d ~-cocroAnad, Jleilc-rnuregaan; B 9TOM CcJydYae TOHKOE pacmef-
remte  Ejysq - E3qy, Oxasumaercs mopanxa 60 kev” , 8 SHEPrAA
BO3CYRI2HAA MepBOro BpalWlaTelbHOr0 YpOBHA pPaBHA BCErO JRLB
= 45 kew. [OCKONBKY MarTpiyHHe 3JMeMeHTH TANA (I0) & 3 -000~-
TOAHHAX NOCTHIAIT BeJAWAHH NECATKOB K€U , TO BEpOATHOCTE BO3-
OyXUeHAA OepBOr0 BPAWATEJNLHOI'O JDOBRHA 32 CUET CMEMAEBAHRA
3d 5/2 m 3d 3/2 - cocroannft Moxer GuTh BMOJHE 3aMeTHOH.

B peayisrare MpoH, Donak B 3¢, -COCTOAHWE MOKET 3&CTa-
BATE McpelTR ANpO B OepBOe BpamaTesNpHOEe COCTOAHME CO cimuos 2%,

B aTOM cayjae DepexoX MDORA B 2p - COCTORRAE MOXET COMd-
poBOIIATECA BO3GYENGEREM CAeqypmero BpauwaTelbkoro ypoBna 4%,
PaszyMmeercs, npexunymie ocoolpaxenis OTHOCHATEJNBNO BO30ysIEEARA 2t
= 000TONBHA OpH 2p - /S - NepeXxojax OCTADTCA B cAle, B ETOre
CTpyKTypa K =CepAd B CAMHX TAEEJHX Me308TOMAX C yY2TOM BO3-
OyxueREa ypoBHa 4% cranosaTca eme Gonee CNOXHON, 3TO . yCjOXHE—
ABe COeKTpa B MesoaroMax 'h =» U ‘BaGIDanock 5KONepAMEH-
TAIBHO A"“” Ha BTOM OCHOB&HHE MOEHO CHENaTh BHBOXN, 9TO YpO-
Benb 4% JelicTBarespHO BO3CYRIAETCA B CAMHX TAREJNX ME30ATOMAX.

Facuer BepOATHOCTR BO30yRIUeHAs ypoBHA 4% Oun BHOOJHEH Mo
yKasaumoll BHZe OXeMe WIa oJydan Mesoatowa U298 n pagore /167,
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Fesy/pTATH pacdeTra OpaBeNeRw B rada, ¥ I,

Tacnena_I.
3 | ﬁ' e
10 63 226 44 145 0,5 | 0,05

Ms Tadan. I BAOHO, 9TO .BEPOATHOCTE BO30 yRNEeHAA b@5+ nep-
BOI'0 BpaUaTeJbHOr'0 YPOBHA C SHepraef ]’:‘2+ = 4560 OHAIHBAET-
oA Omaskof R 0,5 Ha ornA Me3oaroM, 8 COOTBETCTBYOWAA BOPOAT~
HOCTH BOSOyAueH&A BTODCrO Bpamareiabsoro yposaa Wi+ 6 2Repra-
el By+ = I45Kev mocturaer 5%.

BoaGyxuemte yposneft 2% @ 4% mozuo nadnnnarh Re[oCpenoTEeH-
HO, perMCTpDHpYA ANlepHHE Y' ~XBAHTH, KOTOpHE BO3AAKAWT BCJeR-
CTBAR pacoaja, AR KOCBEHHO, QHAMM3MDYA TOHKYD CTPYKTYDy Me30-

PEeHTITEeHOBCKAX JMHAL 2D =[S n'Bd,, - 2p =~ Oepexonon.

BoadyxaeRde EpauarelbHEX RA3KOJexamaXx
AIeDHHEX ypoBHe fi

B nenedopMapOBaHBEX ANPAX HASKONGXAURG ALepRHE YDOBHR Re

COOTHETCTBYWT BpAmATEJELHOMY COOKTPY. Oril yDOBHR MOryT OTH
BACpalWOHNEME RJA, BONE3R aaﬁxﬂyrux nﬁéﬂuqea, OIHOYACTAYHEMA,
MJA IEDOUHHMA. | _

BepoATHOCTE BOSOyRIEHA A Bnﬁpdzwuﬂﬂﬂ voCeRefl SaBi'CRT OT
npuBenelksX KBANDYMOJBHHX MOMEHTOB LJIA Hepe¥ofia A8 OCHOBHOIO
COCTOARAR B HepROe BoSCyxenAce 2%, A Takxe 0T BEJBWMRN KBAXD-
JOOJBHOI'O MOMEHTa BOSCYXNAHHOI'0 GOCTOAHHE ﬂ;; .
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BepoATHOCTH BO3CYKINEHAA ODEpBOro BAGDALMOHHOIO YPOBHA B
420 o sHepreefll I87xew OpR OONagaHAR Me30HA B 2D - GDOTOAMAE
£uupalach B "IG/. B otoil padoTe OpenOONarajgocs, 9YTO a;ﬁ‘fau
¥ A NOJEHO OHTH, €CJE YpPOBEHb 2+'naﬁcrsuramnn BACpANAOHHESA,
pe3yaLTaTe 0Kas3aloch, YTO BEPOATHOCTH BO3CYXIUEHAS HRA ONMH
35atoM 0510 paBra 0,24. UsmepeHnsa, nponsmeneHdHse B CERN,
40T IJIA S9TOI'0 ME30aTOMa BepOATHOCTH BO3Cy=meRns ypoBHa 2%,
MM3ky0 K pacuerHolt (= 0,2).
B 'rex cayyasx, kum:a BACpELKOHHE] ypOBEHh Nex@T BRWE, deM
OCMHH, BEpPOATHOCTH ero BO3OGYRIeHAA COCTABNAET HECKOJABKO OpO-
«enTor (Hanpuwep, B Me30aToMax HgIQB B ngm 16/,
KiaMepeHRA KBaIpynoJbHOrO pachielUleHNqg Me30DEHTIE HOBCKOHU
L —'capna B Me30aTOMAX C AOpaMu, MMenMmMA BROpaimoHHHE 2% -
0CTOARMA, OpPENCTABIAUT MATEDEC B YACTHOCTA 0OTOMy, 9TO ORM
420T BO3MOXHOCTH HANTA BeJAFIHY OTHONEHRA -%f‘: . [locROQNBKY
seJii M HA ﬂo RA3EeCTHA, KaK OpaBWIo, R¥ HNAHHHX 00 KYJIOHOBCKO-
My BOSUYENEHMD, TO SKCHOEDAMEHTH C ME30ATOMAaMM LAOT B NpUHIWME
BO3MOEHOCTH ONpeNesATh BEeIMUAHY KBALDYUOJBHOI'O MOMEHTA IA
mepsux 2% - cocrosnnfi,
BosOysnenne ofHORACTRYBHX (IHDOYHHX) COCTOSHAN B Me30aTO-
Max ¢ AnpaME CIM3KAME K MArZYecHEM, MOEHO HaliwAaTh, €CJd 3lep—
Fiia ME30aTOMHOrO mepexona GJM3Ka K 3HepruA, COOTBETCTBYyWZEro
anepHoro Bo3Cyxnenas (cnyualiioe BHpommemne). BoaGyxnenasa Tano-

ro TANA HeNABHO HAGNONATACH B Mesoaromax Bil® u 8295 /v,
fipo B:” o rowra spemus Momenn oSorouok OpencTaes geT

;0004 mpaxnH Maravdeckail ocToe PSB 208. K KOTOpOMY NpAGarjJeH

MIHH OpPOTOH B COCTOAHAR Ih%— . [lepBoe Bo30yEleHHOE COCTOAHNE

pp 208 XOpowo R3peCcTHO. Ero 2Hepras Bo3Gyxinenna GJU3Ka K
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i 10

2,6 mev , & OMRR pasen 3~, orcoxa ciexyer, 9ro 3 Bi 209 gon-

X6E BOSHERKHYTL OyNepMyJALTAOJNET BO30yANEHHHX COCTOAHAN#, KOMMOHOH-
TH KOTOPOrO EMeDT CHARW B mETepeate 3/2 <1 < %5 . Cxema ypop-
Hefl agpa Bi 209 R300paxeHa HA pHC.Z.

E mer Crunel
2,741 15/
2 561 7
2563 Y2
2491 — e
: o .
1,608 L3
0,837 — 1%,

"

Hlﬂgzc
MoYTE COBOANALLAME OKASHBADTOS BHEDPrAN CHSIYDUAX ME30aTOM-

HEX B ANEDHNX COCTOAHARD:
|1>=13dsp, , I=927>

12>=|2P, I = "%*>



- ]8 -
> = \3cdsp, I=%">
|2I>=.|2P_aﬁ, I=9/2+7

B DepBoM c/yiae pasHAUA B aHeprdax cocToAnmd |12 |22
COCTABAAET BeJMMRy OKOJO 2 KEV' B BO BTOpPOM - 9Kgv . MarTpai-
Buf saemeHT, XoTopufl onpelneinger BMIUMATYLY CMEWABAHMSA STHX C00-
TORHM G!ﬁ"’f 122 MOXET CHTh OleHeH, T.K. NpABENEHHHe
BepOATHOCTA INA ALEPHHX OepexonoB HSBECTHE A3 NaAHHHX OO Kyl0=-
HOBCKOMY Bo3Cymmexa. Jia Buuncaenan < /[|H,:|12) ® pasno-
xernn (4) HﬁﬂﬁmMH{; B NepBOM CAYYAE OCTABUTE TOJNLKO clarae-
MOe, COOTEeTCTByDme® E 3 mnepexomy, & BO BTOpoM - E I - mepe-
xony. B pesyasrare OXKasuBaercA, 9TO yxAsasRHI MarpuuRud aie-
MEHT B Oo0ORX cayvasx: CIH30R K 2xgw , 8 BEPOATHOCTH B 030 yine-
BUA COOTEETCTBYDIMX KCMOOHEAT CynepMyJbTHILIETAE COCTEBJNAOT BE-
neauBy 3 + 4% Ha OmA E me308ToMAHf Depexon. HadmwlerHue BEpPOAT=
HOCTR BO3CYRNEHAA KOMMNOHEHT CymepMyJbTAMIETA COOTBETCTRYOT
9TO: OUEHKe.

bepoATHOCTH BO3 OyAlEHAA ONpemeLLTACE N0 MHTEHCHHHOCTA

% ~ MBAHTOB, KoTODEe BO3HHKADT NOCJe Dacrnama KOMMOHeRTA Cy-
mepMyAsTAIUieYa na 6oJres Ha3K#e ypobra (cM.pnc.2).
§ 3.
N30iepHEl cr(BAr ¥ CBEDXTOHKOE pacigiieHnae
AllepHE X YpOBHed B Me30aTOMe

Buwe mH yoemumc p, 9TO Oepexofd Me30ia 8 IS = coCTOA:HME,
MOXeT ¢ JameTHO} BOpOATHOCTBD COOJOBORNATHCE BO3C leHAEM A~
pa. Meckoteky moon awzmer 8 IS - cocToamu@A okoio 1077 cwoex,

& YDOBMR nipa, KOTOLe BO30 VRIENTCA B APOLLCCE MeIOATOMHEX
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OepeXonoB, MMEUT BPEMA XABHA [ODANKA 1078 ¢ Io'm QeK, TO AN~
po yoneer pacOacThaA, Opexie W6M Me308TOM 38D HYAT CBOE CymeoT-
BOBaHAe, JHEPIHsA M3NYI6RAA ANP& B ODACYTCTEHA ME@30BA Ha K~op-
GuTe, BOOOME rOBOPA, He DEPAA PREPIrEM BO3ICYRNEHAA NaHHOI'O YPOB—
" HA B oBoGonioM anpe. lle#lcTEATENBHO, JHEPIHA ANEPHOrO Y —KBAH~
TA& B OPHCYTCTBUA Me30Ha Ha K-opOATe paBHa:

Ef=E+ER ~EL (13)

15y
*
rae  E,c - 2HeprAs OBA3A MDORA B ME30ATOME G BO3CyRIleHHEM
ALpOM, 8 g':-',lrr - 9HePIMA COOTBETCTBYMUEro 4 -KBaHTa B CBodom-
HOM Anpe. Eosam Bo3Cy=ieHue ANpa CONPOBOXIAETCA Mepepacapereie—
HAeM 3apANA 00 ero o0bemy, TO U3MEHAETCA NOTEHUMAN, B KOTODOM
EBaxeTcs MesoH, Cornacno (2) 8To M3meneH@e moTesLmMaxa
EP(7) =

o eIl - )
rae €PP (T7) - m3Menense pacOpelefeHds Sapaxa OO nﬁaemr
Anpa. PasnocTh 2Heprajl mesona Ba K-opdaTe B chaydae BO3C yxieH-
HOTO ANpPa H B OCHOBHOM COCTOAHEM §E, = E¥-ES onpeme-

NAeTOA BO3MYyNeHAeM OoTeHuuaipHo# BHeprum (I4):

BEs =e [92 (2,)8V (2) 47 (15)

N3oMepHul cOBAr A3ysaJjcA OpR BOSGYXIeHAM 0epBOre Bpama-
TOJNEHOI'0 YpOBHA N4 MHOPEX Aep, Kax B pafloHe peIxAX semelb,
Tak R TOpAA B ypaHa /I?/. Kpome roro, m3omepHuil CIBAI' RAXDIAN-
CA INMA HEeKOTOPHX COCTOARAN TALIHEA /Y B BACMYTA /?f.

Mameperras A30MEPHOI'0 CHBAIAa IIA CWIBHO NEdo[pMiUDOBAHRHX

filep 1A HeOMANAHHLUE pesy/NbTAT: OR OKABAJCA, KAK OpaBmIo, OT=-

PALATEJILHEM,



CornaCHO KOMMeXTABRO MOlesR, OpDR BpSUleHAR ANpa 24 o4der
UueHTpoGexHEX OMN medopMalds ANpA MOJXHA CJerKA Bospacrars, &
cnenoBarensio <7Z°2) p[iA pacnpeleNeHM A 33pANA MO 00LEMY SAN-
pa NOJXHO YEeJRUHBATEOA. YBenddehue rTedopMalsd AIpa BO Bpama-
TENLHOM COOTOAHAR NDABOUMT K HOJNOKATEJNBHOMY B30MEDHOMY ONBATrY.
TaxknM oOpasoM HaGMoOANOCHh 3aMeTHO8 pacXOXINeRMe Teopull ¢ KO-
pepaMenTOM. YACTRYHO 3TO pacXommeHRe CHAMAeTCE OO Clemyomeft
opawiHe, finepHul ypoBeHb B ODACYTCTBAME MOOHA Ra K-opdiTe pac-

memifeTcA 4a HBe KoMmowenrs I*%2 w2 3a cYer B3al~
MOLeiiCTDMA MarHATEHX MOMEHTOB Me30HA # Anpa. I9TO DacuelieHHEe -
nocruraer Ixer . 3a cuer Ome-sdderrTa RA 5MeXTPOHHEX OCONOYKHX
aroMa BOSHAKAET MepeXof B3 KOMOORSRTH Hyonera I +1/2 B RoMuo~
HeHTy I -1/2. Ecam Bpems RASHM 1T 3TOr0 fepexo)la CpaBHAMO
C BpeMeHeM ZM3AA ANEDROrO YPOBHA, TO YKasanHOe Me)ezaceleHHe
KOMIIOHEHT CBEJYTOHKOI'O pacmelNenys MORIO BOCHPAHAHF XKAK A30-
MepHuli cuBar, 3 OpenesbHOM cnydae 5;.‘:}5 =0 8TOT Noxnpull u3oMep-
HEZ CLBNAr Oui OH OueBHIHO paped --gf- ﬂEP; rie aE':,,,, SHe prag
CBEpATORKOI'0 pacieied# A nydiera, JTOT CJAaysall pea.nayeTcA, B0C=-
JIA BpEMA XA3HR IIA DEpeXona Mexny koMOoHeRTaMd NydieTe MeRbue,
UCM:INA ADSDROIO yPOBHA. OKAz3aNocL OLHAED, 4T0 BEBOIJHAE OOO=
DaBKR He Depesacefiehde He jCTpaHAET OTPALATAJIBHHMX HIOME pHHEX
. CJBArOB INA pRNA CWIbHO-HedopMADOBAHNHX Aoep ‘fIﬁf: Gdﬁf
Tni;ﬁg., wie - r.m,

Bolbuze HapilepHES CHBAIE BOSHUAYT B MR 30ATOME Eézug.
Hanpmiep, B nepexonme I3/2 ~— 3/2 {(cm.puc.2) maomepHult gnpar
oxasaica peBREM 5,4 xev, Pacuer [0 MOIeNI He3aRHCHMHX JaCTRL

(nporor B cooroamua L I3/2) maer Bemiwtay, pasnyw 5,I8xev .
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Pacuer X6 N0 MOKeJ d KOHeUHHX fepMr-CROTEM, BHMOJHEHANH B
QT "4 HAeT BeuuuHy 4,25 xcr, KoTOpAd HAXONATOA B JydwmeM
QOI'IaCH# C 3KOMepHMEHTOM IO QpPABHEHED C MONENED He2aBUOAMHX
qacTil. ,

MAPHMTHO® CBSPXTOHKO® B38MMONelcTBAE MDOHA O ANDOM AHAJO-
TUIHO TOMY, KOTOpOE XOpOmO A3BECTHO IV SJNEKTPOHOB. OLHAKO B
OT/.YAE OT DJISKTDOHAHX ATOMOP MACHMUTHOE OOJIé B MesoaToMax HOGC-
raraer 1018 rayoo (/S - coOTOAHME) B AMeeT 3SHAUATENHRHE Ipa-
IOASHT OO0 o0semy amﬁa. '

lioaToMy clernye® oManaTh, 9TO BeJAUYARS CBEDXTOHKOID pasc-
NeDreHidA B MESOOTOMAK CYNeCTEGHRO 3aBMCAT OT pACNpENeNieHAA Ha-
Marig49enEa 00 00%eMy anpa. IS OOWYHHX DJEKTpDOHHHX ATOMOB 3TOT
gederr OuX paccMOTpaH B reopeTadeckod padore 0.5opa a B.Bajlc-
ronda fta/ Pacuer CBEPXTOHKOIO [ROURITeARA ILTA MEIOATOMOR
OpAHUMDZANBRE0 He OTJAYAeTCA OT pPACYETOB MIA SMEKTPOHAHX aTo-
MOB,

-

MarnaTHoe mome H |, RoTOpOe BOBRHKA®T B pesWIBTATE IPA-

zerua Mesopa He H—updﬁ%a CHpeNeNAETCA BHDAKERM eM:

H = /' —ini (16)

—_— - —

rue C - CKopeoTh cuera, A= Eg T, - pemayc-bexrop, j -

IIOTHOOTE TOKA, HOTOpAA ¢ 3naercAa IIHI‘HETH..HM MOMEHTOM MROHA:

= r, o —] _ i T

7=t [93(2,) B = wot [p(v. )]
.F{EE)EJ%“ = OJOTHOC Th BBPOATHOCTH HAliTA Me32ii B TOWTKe T b
ff ~ MACHATHE] MOMEHT Mesoha.

e

Bocroip3oBasumc s paanomesned (4),.upemcrasaiM K B sine:
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A- cf 7 ?M]z'*’*ciw f [ ledg.  an

Bocnosp3oBaBuAch @3Be0THON dopMynoil miaA IBofHOI'O BOKTOp-
HOTO NpOA3BENEHAA [E [B U}J=B(ﬁ'ﬁ')- C(AB) m murerpapys
B (I7) Do yriad, RafneM. MATRATHOE HOJ8 B TOUKS 7

s Ti
H(z)=8agea? [ 0, 4% 7 (18)
Mpa 7;+ (0 MarnaTHO® mOJIE (I8) mepexomar B A3BEGTHOS
ELupaxeHAe LUA TOYSYHOrO ALpa /19/ .
Onepatop P3aaMoneAcTBMA, ROTOpHE ODRBONAT K OBEDXTOHKOMY
pacmenierRRD, "‘FEF. paBeH:

rue F; MArEATEHY MOMEHT BYKJOHOB. JL14 TOro 4TOOH MmOy~
94TH BHpAXeHAe IIA BHEDTEA CBEDXTORKOrO pacmeMIenas, HeOGXOmE-
MO ﬁS.E YCPONHATH 0O COCTOAHAD ANpA. [pemOONORAM, 9TO OJIOT-
BOCTH MAPHETHOTO MOMeHTA 0O OCbeMy ALpA OOpPENENAETCA BHPAXeHE-
eM:
(%)= Faf(7) (20)

rre gopmaxrop F(7) RopMRpoBam yoroBmeM f=f{{i’)d’z',
a F.[ MEUABTHHA MOMEHT Anpa.

C yveroM Bupaxenzi#t (I8), (I9) m (20) aneprad KoMNOHeHT
OBOPXTOEKOr0 pACIEMNeHAA OYEeBALEO PABAA:

Esr —--—,u (21)

=

EoJR cORH Anpa pases I , & OOJNHHI MOMEHT OACTEMH Me-—

—

808 + A1po ~F , To Rax cnenyer @3 Jopmyau (2I) SReprasm pec-
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mernJie HAA KOMIOHEHT CBEDXTORKOTO NyOlera 00 cmamama I+ I/2 &
- 1/2 onpemenaerca dopuyaoft:

T
ﬂEsF ﬁﬁ(z[-ﬂ)gi g,uff ’“dfff(‘zp)?«fx dmﬁ (22)
[i] ; s

rne Q&_ B 94'”' FApDOMArHATHHE OTHOmE HAA COOTBETCTBEHHO LA
AOpa R MDORA,

BezuuaHa 0B6 PXTOHKOrO pacUleliieHAA NPONOPINOARANBHA CMEHO-
BoMy gaxropy (2 +I). Kpome TOro or GTDYKTYpH BO3CyXIEHHOIOD
YyDOBHA MOEET 3aBRCETH dopugaxrop {(7) A rmpouarnaTHO® OTHO-
Lo HEe g.z « EcJin rApoMArHATHO® OTHOmMEHE@ HSBECTHO AS NpYLAX
SKOOBPHUMEHTOB, TO M3MEpDAAR OBEDXTOHKOS pacueNeliie B Me30aTo-
MaX, MoXHO OLeNATE ONpendeNiende SARJDYEHUA O Bajugune Popupan—
ropa F(7) .

Basm4gna QBEpXTOHKOrO pAcEBINCHEA I KOLIEKTABHHX JpOB-
Befl co cmanou 2% B roM caywae, KOrIa Me3OH HOXOOMTOR RA K-0p-
tmTe OwnB pacovaTaBa B padore /IE‘-";. Pacuer OpCR3IBONEMAGA B Hpei-
DOJIOmeHAR , 9TO TAPOMAIHATHOS OTHOMeHRE . (, & f » 8 dopM-
daxrop  £(7) nDocTORHeR 0O OC%emy ampa. B 3TOM caywae BenAwA-
Ha CESDXTONKOro paclenienns oxasarach Gma3rol k 800 jifid 4
Mesoaromos ¢ A= IS0 /IE;'"‘ He g0 RO 720/ BenugAHa 086 pXTONKIOro
pacuienienaa GHNA AIMepeHA JUIS DBYX MES0ATOMOB OCMAA G TOYHOC THD
~ 10%. Pe3ayisTaTu AsMepeHnil o CpABliGHE G 3 DACYATOM I TOUYed-

HUI'D0 Anpa Opapefgeds B radr.z.



adaa .

! PAE 8 Kew [OE. 8 xew
Wsoron AE‘:J:: B mf:farm_ IR TOYeu- {mé'FnoHeq-
P ' | BOrO sf@pa HOrO Anpa
0s1%0(a*) 0,67 0,662 | 1,II8 0,8
0s1% (2*) 0,80 | 0,797 1,345 0,8

lf.Ia 8702 TACJMIH BALHO, YTO IKCMNepAMEHTAJIEHAA BeJd4AHa
OBEPXTOHKOI'0 paomelIeHAR ﬂE;’: OXA3HBAGTOA B YAOBJETBOpA=
TOJBHOM COIZGCAd O pacyeTHOR BeJRGuHOHf IJA KOHEYHOrO Anpa. Be-
JAguHA CGBEDXTORROrD pDaoeNNdARA AJIA TOYOYHOrO ANpa OKASHBAET=—
07 CoXbme #3MepeRROro 3RavenAs B 1,5 + 2 pasa. (Orovma BARHO
KaKyb 3aMeTHYD poJb Arpaer ToT (axT, 4Yro HamarHideHae paclipe-
ReJNeHO 00 KOHEUHOMY OO%emy sAmpa. Facuer Takke OOKA3LBaeT, 9TO
eciui gopuparrop £(7) OKOHOBRTPAPOBAH Ha' OOBE PXHOCIW Ampa,
r0 Bemmwdsa AEg . noamBa Ours Ha 204257 Menbule TOro sSHaue~
HAfI, KOTOpO8 OOJIysaeTof O o0neMHuM dopmbaxrTopoM.

Kax Oujo orWeseHO BHiIe, B TAREJHX Me30aroMax ¢ medopmapo-
BAHAEMA ANpaMA MOXeT BO3OyRIATLCA HE TONBKO OepBHil Bpamareb-
HHH# yposess 2%, HO Takxe R Bropoft ~ 4¥, B oBa3R 0 3TMM DDAB-
JNAeTCA BOSMOXHOCTH H3MEDATH CBEPXTOHKOE paculensieHde B oJedAX
aTAX 00CTOARMAX. EOJR Opd Bpamledid HAKAKOTO Nepepacnpere]ends
HaMarHA4eHas 0O 00%8MYy AILpa He ADOMCXONNT, TO CBEpPXTOHKOE pac-
memwrenze B cocrosnar 47 B 1,8 pasa non=ERO GuTH Gosipuie, HeM B
2 - cocrosHud /dakrop (2 I+I)Y/. OTkioHeHAe BeJuwMlH CBEPXTOH-
KOr0 pacmenneHua ot 2 I+] - sapBucAMocTH CBMLeTelbCTBORAJO OH
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0 ODepepachpelefleHHA HAMAIHAYEHAS MO 6ﬁaaur Anpa OpE Bpacdenad,
Takad 00pasoM NaHHHe O CBEPXTORKOM pacmenieHAR B W3OMEDHOM
CIBEI® IJIf BpauaTelbHHX ypOBHeH uaﬁepxﬂr BechMa OeHHYD AHOD-
MalEn O nNpeEpome 3TAX ypoBHefl., K coxanenaw, OOKA OTCYTCTBYOT
Kaxne-nn60 IKCHSPAMEHTANBINE NaHHHE OTHOCATENBHO YKA3AHHHX
BeNRwiR IIa BpamatedpHux 4% - ypommeit.

§4. BHBOJH

SfJekT Boa0yxneHuA ARzafunX ANepHHX ypoBHel B npomOecce
Me30aTOMHHX NepexonoB ceff9ac AOCTATOWHO XOpOWO M3y9eH, Kak O
TeOpeTAYOCKOl TOMRA 3pedAuA, TaK B SKcOe pAMEHTaNbHO. M3ydehHde
aroro adjeKra Haer cNeLyoNyO HRJOpMALHD: _
| a/ BeJMuiHR MpADeSeHHHX MATPAUHHX 3JeMeHTOB Iif KBanpy-
NONBHKX M€ pe XOLO0B ;

6/ KBALpYNOJNbHHE MOMEHTH MEPBHX B030yEIeHHHX COCTOARLH
Alep; '

B/ DepepacnpefeleHze 3apAna Opa Bo3dyznenad snpa (asomep-
Hui cusar);

I/ MAPHATENE MOMEHTH M DACKDENe/eHZé HAMalH4lenas 00 COe-
My Aanpa Las BOSOYRUEHHHX A OCHOBHHX COCTOAHM} AXep (ecom gxpo
HedeTHO);

1/ nepépauupenénﬂeran Jm HamarizveRme Oo odmeMy snpa Ops
mepexone U8 OCHOBROIO COCTOAHAR B BOBGyRIEHHOE.

Jlna moaydends CoJiee OonROZ REPOpMAIRE O CTPYKType HEzali-
wAX BO3GYARNGRAHX GOOTOARE}J ANep CJACHOBAJTO OH OPOLONEATH BCCAE-
f0BaNAa B QJENyDUWAX HanpapjeHBAX, Bo-OepBHX, xelaTeJsHO OHAO
Gl ONpelaJuTh BepOATHOCTh BO3CYENeHAS BpaATeNHOrO yPOBEA 4%
B TAXEJHX Mes0aToMax B A3MEpATH BeNMUARy ASOMEPROTO CHBHra &
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anapnnuafn pactielUIeR2R &g 9TAX yposnefl. Or0o Ze 3amevAHHAS
OTHOCATCA K BpamaTeNbHuM yDOBHAM He9eTHHX TLep.

Bo-Bropux, OuN0 OH xeJarTeNbHO BMETH cHcTEeMaradeckde @ Ha-
NexHWe NAaHHHe O TOHKOHA CTPYRType MEe30DeRTreHOBCKAX KBAHTOB
Lua nepexona 4—-3 1 3— 2. N3yd9enae TOHKOY CTPYKTYpH ITHX
nepexonoB B Mesoaromax ¢ KefopmapOBaHHEME ANDAMA Ta8T BOOMOR=-
HOCTH CHIeJaTh 3aKJm9eHAe 0 BepOATHOCTA Bo3lyROeHWA Epamareib-
HHX ypoBHe# Ra GoMee BHCOKEX 2Talax Me30DEHTIeHOBCKOr'O KacKa-
na,

Hak cielyet m3 TeOpHE, INAHHHE OO3BOAAWT TOJAYyIATE GoJNee
Connyo HEQopManzi O pacnpeneiehdd 3apaAfa 00 odweMy Hoehopmapo-
BaHHOI'O ANpA. .

CnegyeT saMsTaTh, WTO BeJUPIHH M3OMEDHOI'0 CIBAI'AR B CBEpX-—
TOHKOID paQUeIeHAq HEXSiMAX ANepANX ypoBHe# 3aABACAT OT MpApO-
Id Q00TBOTCTBYDMAX ypoBHe#, ONHaxko mO GRX MOP OTCYTCTBYET Ao-
Yepoupanid Teoperdyeckaft aHanas, koTopa OH MOKA3WBAN, KaK
B paMKax COBDOM@HHOrO OORXOJa K ONUCAARD BpaWarelbBHX B KDY~
PUX ANepHUX ypoBESH MOryT OuTH ONyYeRAH yKASAaliHHEe BelUu<LiHL H
E KAXCM COCTBETCTBRAE O 9KCMEpDKMOATANLHHMA NAHHHMA OHE HAXO-~
AATOA.
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I'massa II.
BESPAIJAIFOHRNE TTEFEXOIH B ME30ATOMAX

B .1l oScyznaincs adfexT BHBG}E-IIEEIHH AepHHX YpOBHEH B
Me30aToMaX 3a CYeT clydaflROr0 pPesOHAHCA MEXENy MEe30HHHM A A ep-
HHM nepexoflami, B OpuEMANe, BO3MOXEA CATYam@A, Korma 3aToT pe-
30HAHC OCYUleGTBAAETCA He C OXHAM, & CPA3y GO MHOIUMA SLEpHHMA
ypoBHaAMa, JlejtcTBAreNbHO, paccMoTpaM OepexoX 2p — IS B caMux
TAKEJHX Me30aToMax, | .

TOHKYD crpym:,;pjr 9TOr0 Nepexona ywMTHEATH He OyneMd, T.H.
3TOT a@feKT He CymeCTBeHeH LIS NaNbHedunX BHBOIOB, JHEeprAS
' K, cepnd B CAMHX TAXENHX Meéuammax OpeBRWAET 6 mewr, 8 pa-
oMamMoHAAA mApEHA [, 3TOr0 Hepexona OKa3HBAGTCA HOPAIKA OX-
Horo k€v , C npyroi#t CTOPOBH MIOTHOCTH ypoBHei 59 opd sHep-
PAAX BO3CYRNEHUA DOpANKA 6 mev QAR CaMHX TAReJRX anes BEACTOAE-

KO BeJMK&, YT0 ycJaoBHe gafa} > 1 BHOOJAAGTCA ¢ COJblMM 3ana-—
cOM. 370 03Ha4aeT, YTO WADARA I',;' ~fepeRpHBaeT MROI'0 YpOBHSK
COCTA4BHOrD AXLpa, B MO3TOMy B 3TOM CAyYas PEBOHAEC OCYUECTBIA~
8TCA Cpasy CO MHOIMMA ANEpHHMA YDOBHAMHA. PasyMsercs He 1A
BOeX THESJHX REEp B oJydae 2p = /S = DepexonoB OCYMSOTBIARTCH
npeneibHul caysai ;ara, » 1 . HadpaMep, B ¢Jlydae Me30aTOMA
CBAHLUA DESOHEAC MOELY MeSOHEHNM A ANeDHEM HepeXOLaMA ManOBEDOf-
TER 00 To} OpadgHe, WTO CRAHeU-ANDO MArEvecKoe @ paccTOAHES
MERIYy JPOBHAMM COCTABHOIO anpa semaxo (=~ I00kev ), [osToMy B .-
ME30aTOMAX OBEHIA BEPOATHOCTH 2p =15 NeDPEXONOB C BOSCOyRIEHEEM
yDoBHOH cOCTABHOIO AIp& He NOJKHA. OHTH OYymeCTBEHROH. '

YenoBue (JII, >>1  BHDONRSeTOR WA MB30ATOMOB C HEMATH-
9eckaMd AnpeMs rama Th, U, Pu B T.4., NOSTOMY MepeXONH
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¢ Bo3CyxmeHneM yposReN cocraBHoro snpa (CespamualmOHHue Mepe-
X0oOn) ¢ 3aMeTRO)! BEPOATROCTHD RAGNONADTCA WMEHHO B ITAX ME30-

aroMax.

§ I. Omenka BepOATHOCTA BO30 ymmeHns ypOBHeH

COCTABHOI'O ANpAa

OrpaHAYMMCA DACCMOTDEHR ebl 8MeXTDAYECKAX IUNONBHHX Oepe-—
X0IoB TRDA 2p - /S R T.A. B MesparcMax ¢ SeTHO-HYeTHEMA Anpa-
MA, B aToM cryvae Bo3dyaneHEe ypOERefl COCTABHOI'O AIpa B Me30-

ATOME OcYmecTBNAETCA 34 049eT ONepatopal
-2

' E T: T Tu & U;
A 2 F- ff- L
Hint =~ %-’“’22: Z.Yim'rgfﬁr;’(gﬂ): -2 (1)
=l m ’Eﬂ 'En.;_ ‘EFE- 'Z-i :
rne %:: y E;.L = para ECH-HERTODE IJIA nNpoTORAa A MDOHA COOTBET-

CTBEHHMO. CyM4AApOBAHME DACHPICTPAHAETCA MO BCeM OPOTOHAM ANpa
4 Ze =-3apsal ampa. [Ipeanoioxam, 9T0 MOOH CRava/la HaXOMATCA
B 2p- COCT0/HMA, @ Anpo Re BoadysmeHo., Torma BOJMHORAA QYHKIMSA

cHCYeMH MDOH+ALDO ?5{, B HavanbHoM COCTOAHHER pABHA:

= )
1‘% o Sﬂg pr‘ Ylm (HF-) (2
rae 5% ~ BOJIHOBAA [DYHKURA AIPA B OCHOBHOM COCTOAHAM A

ng Yim (Bf‘) ~ BOJHOBAA JyHKUAS MDOHE B 2p-0OCTOAHAH,
BoniioBas (yHKLAA CACTEHH MOOU+ANPI B KOHEYHOM COCTOAHAA
paeHa:
Y

. :
17?1 = Pn Pis Yoo (3

A
raie ¥, - soanosan EYHKUWAR YPORHS COCTABHOIO AApA CO CIH~
HoM T B mpoexuye) M,a R Yop - BONHOBAA (yHKUAS MC30HA

-
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Ba K-opdare. _

OnpemenaM BesMuMHY r:.i » KOTOpas AMeeT .nnuc.u LA pAHE O8-
pexona MpoEA B Me30aTOME C BO30ymmeHHeM ypoBHedl COCTABHOI'O AN-
pa Fmapaua 1A CespamAalfOHHEX ITe peXoloB):

AR AL™ME S N R (a)

Jepennesse B (4) OpousSBONATCA O SREPreTHYECKOMY AHTEpPBRA-
7y, BR0YADmeMy HOCTATOYHO MHOTO YpoOEmeft cocraBHoro smpa | A .
Kpome Toro B (4) mpousBemeHo ycpemueHue [0 HAYANBHOMY COCTOR-
HAD CHCTEMH MDOH+ANPO. BeJunHa @ =000TBETOTBYeT LIOTHOCTA
ypoBHEd cocTaBHOIO ALpa OpA "Hepran Bo3JykmeHHA, paBroil anep-
IruA ME30HHOrO Mepexoma., EcsMd4 ANpO YeTHO-9eTHOE, TO YPOBHA COC-
TABROPO ANpa, KOTOPHEe Bo3sWKIAWTCA, EMEDT CLAH H YeTHocTs | .
MoaToMy @ - 3TO WIOTHOCTH yPOBHE OOCTABHOFO ALDA CO CIAHOM
2 "eTHocTED |~ , PasyMeeTcs, BesuWARY [ momHO BBEcCTH
TONBKO B TOM CJy9ae, BC/AM BHOONHAGTCA KpATepaii: SJE 02 & S
C yserom (I), (2), (3) kBampar Mmerpudnoro siederra, BXOLAMEro
B (4), MOZHO 3amncarTh B BHIle:

l<lP\4i,,¢|‘P>|2 - REI"HS",HIZ%YW fl; )\%H 5”’“ (5)

!Iancranxaa (5} B (4} R BBONA 0003RA4eHAE g; = i Yim( 6:)
noMydaeM:

G- g atet|<onl 2qufln)l %17 ¢ (6)

C opyro#t ¢TOPOHH WAPHHE A INEKTPHISCHOrO EANDNBHOIO Oe-

DeXosa #e30Ha ¢ A2 ydeHHeM ’f -~HBAHTA pPiBEHA:
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23| X 2 .
.r-'—' _It g ‘zaﬁrs Rgp d'z- (7}
§ 4 & \ar

Bupaxende (7) ymoOHO OpenCcTaBUTh B HECKOABKO Xpyro# dop-
Me. JUIA 9TOr0 BOCMOXB3YEMOA yPABHEHHEM NBAXEHAA NJIA Me30HA,

KOTOpPOE OOpABEeNMBO, 6CJH HOTeHUAAN "a.l'#, He 3aBACAT OT CKO-

pOCTH:
My <1Z1> == <17 Vul ) (&)
M, - MOOHA .

Eyned cunrarh, 9TO OOTeHMAAN V}u, -~ OERTPaNsH0 CAMMOT-

SR
= tZzR

n
T
e {{28)" [3-(%)V] <R

Torga ¢ y49eToM (Bj g (9) ooxygum:
"R

o3 9 -
U 2*fis Ry llt |= mo \R_Jf 23 Ris Repdle tj:fsﬁzpi’ﬂk:fﬂi(mw!) 1£(m1 (10)
o o R
rze  f(R) - ra xe oanas PyExma, wro n B coorHowenma (5).
TakuM 0oGpa3oM OTHOWeERe OespanuamioRAofl A panuamioHHOR
MAPAH OKASHBAGTCH DABHIM:

Is 5 3 2
Rmaw et | (| Tg Wit

B npenefe, EOrNAa ALPO MOXHO CUMTATh TOGCSHEM, WADHAA Is

CKASHBAETCA HPONOPIAOHANBHOR KBANpATy MATDAYHOIO AJAEMSHTA NIS
AlleDHOrO 2MeKTpAYECKOro Oepexoga. KAk B3BeQTHO, AHRIOIAYHAA
BeJAvAHR OonpefleNseT cevdende $oTOBI3CyEmennA Ampa. [0aToly ec-
TECTBERHO HONNTATECH OBA3ATH BedAMHYy [; 0 cevenaem foro-
BO30yxNeHAA, KOTOPOS MSBEOTHO M3 SKCNepUMeHTA,



L
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CeneHRe 3JNBKTDAYEOKOr0 NAOONLHOIO GoroBoadyrnenas anpa
OOpelelaeTCA BHpaXeHHeM /21/ :

6= 8x2w(3e) [f<IG, 712 +1<1G,, 1] (12)

A
rre (4 =Zt.'zi'f,ﬂ (6;) 2 ycpeIHeHE® MPOU3BONATCH OO
YPOBHAM COCTABHOIO AUpa, XOTOpPHE BO3ICYENADTCA OPA IaXBaTe OA-
aousHoro Y - kaHra. B 060SHAauenAAX, ROTODHE OHJE MO MOAB30-

BAHN BHue, cedende (I2) mprodperuer Dan:

6, = fEﬂ‘mcE(SCJ"TIG’}H%qilﬁ’ﬂ} |2Js | (13)
¢ yeerom bupaxenad (I3) oTHOmeHue mRpAH _{Iﬂ paBHO:
rg i CE 2
= =3en"(For ) 6B (10

rre B - dopupaxrop, Xoropuit BOSRAK E3-3a y496TA KOREUBROOTH pas3-
MEepas Aupa:

g <G 129015 1912
[¢onZafRIgI

Tak#n oGpasom (Oo RpafHe#l Mepe NAs TOYEYROre KLpA) OTHO-

(15)

nenAe I aa:anuai OT 2HepI7A Bo3GyxfeAndA B Toff xe Mepe Rak
# ceqemg (GorToBoBCyrieHsn. YeMm TaAmeNse ANpO B OQAENOBATENEBHO,
Coszme anepras 2p - nepexoma, TeM O/AnZe MAKCAMYM PEFAHETCKOrO
AAOCABHEOrO P230HAHCA X 3ReprAR BOSOYKINGEHA M ONGNOBETENIBHO
GoJibme OTHOWSHME % + 9T0 OTHOWSHH® NOJLXHO CHTH MAKCAMANB~
UHM IUg OepexonoB ThHNA 3p- /S R Ooflee BHCORAK, JellcTBaTensHO,
E S1OM Cly4ae SHeprEA Nepexona mopanka I0 yew DpaKTaYeCKE COB-
n25ae? 0 MoJOKeHMeM MaXOCiy<a I'ACAHTCXOI0 DAUOJNBHOIY) P630HARCA

B CaMUX TAEeJHX ZNpax.
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[lepeiineM Temephb K oleHKe BeauduHH dopmfaxropa B, C sToR
LeJBsD OpenCTABAM MATDHYEHE 3JIeMEHTH, KOTOpHEe BXONAT B oNpene-

NeHae FIS}. B BuIe:
<MZg:f(z)|0> = Z<Xg | oXNf(z)IX> (18)

Marpaanue axements < A|f(%;)] N') me comepzar yramosux
DepeMEeHHEX B MO3TOMY GOOTEETCTBYOT MOHONOJBHEM BO3C YRIGHM M.
[o eToil mpaYAHe ORA OTJASEN OT HYNA LA DMACOHANBHHX HepeXOA0B
BX JJIA NepeXoXoB Wepe3 [Beé ANEPHHX OCONOUKA (0es AameHeHms
werHOOTH). [lepexofs 4epes IBe ANepHHe OJONOUYKE COOTBETCTBYOT
9HEPIAAN BO30YENEBEA o 20ALcv. B 8Toii o0iacT BO30 yEmeHail
HEOOTBHNE MATDUUHME BJAeMEHTH <quilﬂ? yKe MaIH B [09TOMY
B cyume (I6) 1A OLGHRE MOZHO OUDaHA9YATECA yUETOM TONBKO ARA~
PORANEHHX Marpnanux anementoB: < Al -f'(?_,i}\ AD.

Cornacko (5) gynrma f (%) womer Owrh BHiCTena, ecia
M3BECTEN BONHOBHe JyRKUEH HAYANGHOTO A KOHETUHOTO GOCTORHAfM M-
SOHA B M630aTOMé. B padore 22/ pan METOI HAXOXIEHAS BOTHOBHX
QyurmeE naa jpanﬂe'ﬁna lipensnrepa o norenmiatom (9). Boenoasao-
BAIAOE 9TEM METONOM 1A HAXOXNEHAsA BOJNHOBHX OYHKLAX COOTBETCT—
BeEHO B 2D B S - 00CTOAHAAX moyIM yRKILAD f(v,) ® ana-
naraveckoM Buge /23 ;

F(2)=1-071( %) +03( zf qos (%)’ (17)

Orpannunsasace B (IG) MANONBMH:PL: MATPUUN ML DXCteHTALL U miny-
gonarag, 4To IVIOTHOCTH A1epPHOr0 BemecTBA MOCTOAHHA NO 00BEMy,
DOXy4AM OmeRKy Jopupexropa B B BALe:

B=|3/r(1) frzf{x) dx |* . LS
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C yuetom (I7) uRONeHHAR BelAYMHA OKA3HBARTCA HOPALKA
B~ I,8. |

Ing omeHKM orHowenms s /;J} HeoOXONEMO eme 3RATH BeJH Ui~
Hy ceverda (OTOBO3CYRNEHAR NpU SHepPridd, DABHOR IREprAA 2p—
nepexona (~6,3uev ). Ing U?® nspecran sxcnepaventanshue
IAERLE OTHOCATEJBHO CeYelds HOTONeNenAn (67 ~ 12 ms) / 24"’. a
TaKEe NSEECTHO OTROWEHA® NEJATENbROH MADARH K CysNe MeJATelb-
HOol B ReiTPORHOY MADAR WA JReprall, OMUBKAX K yKasauprod Eelud-
49dHe. 3TO OTHOWSHAE OKA3SHBAETOR NRONO 1/4, YURTHSAA 27T@ NAaHHWe
B npeReCperan BKIANOM DajpaIfiOHHO! WRDUAH, OONYIAM OOEHKY cede-
HEA (OTOBO3CyRNEHAA Mg (J <58 Gp3g ~ 50 @B. lpeagona-
ras, Wr0 BCe ce%eHze (OTOBO3CYELEHAR CBA3AHO O SJEKTPATECKAMA
MAAnONBHEME OepeXomamy, ¢ momomsd opuymu (I4) momyuam oleHxy

BeJAYAHN OTHOLERUF [BpUH T":i Ina ypaRa B onydae K - cepan:
. Ny .

—E- = 0,7 (19)
OdeHKA JKASAHHOIO OTHOWGHAZ WLL TOPAR KaeT NDAMEDHO TOT K8 M-
PANOK BeJMIUHH, _

HepaBHO OTHOWEHRe Ge3pampampoAHON B pamaalPORHON mepsuu
LpyraM MeronoM OWJIO OlSHeHO B padoTe /25/ . ABTODH 3TO# paGori

0Jyudad OL2RKY BedAvRAH -;5—- » Roropag Boero sa 20430% Sont-

we Hawefl, ¥ .

U3 mpEBeneRHHX OLEAOK cJeLyeT, ITO WADREA N1g Gespamaa-
IVAOHHHX Ile peXOLOB OKasuBAeTCA LOODANKA pamialfioHHON MADAHR B
clnyyae Ka{ - oepnd. [IoCRONBRY NA SEepriudl Bo3CyXNEHAA COOT=-
BETCTBYDIRX KP ~cepai :{3;:- - [$ - nmepexomu) cevemme HoroBos-
OyxneHns Ha OOPANOK ﬂp.unma, TO CIeLyeT OEANATh, 4TO BEpOAT-

T
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HOCTE Ge3pafdalmOHHNX O6peX0mOB B BTOM cliyyae CymeT IOMIHMpPO-
BATH HAJK BepPOATHOCTHD H3JNYUEHMA ME30DEHTIeHOBCKAX KBaHTOEB. K
ooxanerun, 3p, 4p @ T.X. COCTOAHAA 3ACEJNANTCA B ME30PEHTIeNl0B-
OKOM XAcKaLe © Mai0il BepDOATHOCTEN N0 CPABHEHHO C Z2p= COCTOA=-
HEem (NOpAIKA HeOKOIBKAX %), A MOITOMY M3JydeHEue Ge3panialupoH-
HHX u:epexnnnn B 9THX CJAYy98AX OKA3HBAETCA HeOpOCTON 3amaved.

MloxyueHHse BHme ODEHKA HA NepBEfl BIrNAR MOLYT MOKA3AThCA
papagoxcansnumt, T.XK, 8(feXT NepeEoro NOpAnKA OO MOCTOAHHOM :
TOHKO#l CTDYKType OKasHBAETCA TOH Xe BeJHU:iHH, YTO B 3 EKT BTO-
poro nopanxa.

Ha camoM HIede 3dkiexT Ge3pamyalAOHHOrC Bo3CykIenssa MOpAL-

Ka Opou3BeleRdd fci . % » B MOCKONBLY A CANHX TAKE-
JHX AIep NOCTOAHHAR BRE / » TO BEPOATHOCTA DPANMAUNOHHNX

o i
.} 5B$p&ﬂﬂﬂﬂHﬂHHHK OepexXolop MOI'YT QOHE348ThGCGH CDEBHAMHLA .

§ 2. Teopna CeapamualyioBHOrO B 030 yRIUeHNA

ArpexT Ce3panaalMoHHOI'0 BO3CykIEHMA NpPOABNNETCA IBOAKAM
oOpasoM, Bo-nepsux, YACHD A -xBautoB 2p~ IS nepeoxoma Ha
ONAR OGpPA30BABUMAHCA ME3OATOM CTAHOBATCA MeNbiye eQMMALH, T.K.
OOARNAETCA BEPOATHOCTH pacflana CUCTEMNH MEe30H+-ALPO [0 J11C pHIM
Raradad. Bo~ETODHX, BOZHAKALT ANEDHHE PEAKIJW: Lelerne, HEHAT-
POHHUM pacnanm, A3/yYeHde ANEPHNX Y —KEAHTOR, UTH ANe)HHE
peakupa ALAAOTCA CJACLCTEMEM pachaxa yporiel cocTaenoro acpa,
BO30yRUENNHEX B pe3y/bTaTe Ge3pajualyMouiore ilepexona. Haiimewm
OTHOCHTEJbHWC ECPOATHOCTY paCNANA CHCTEME MC30H4+ANpO MO pajna-
- IUADHHOMY B AUEpHOMY KaHalaMm,

TamagsTomran cucrery ME3O[+ALPO EMeeT BUKL:

A i . A A -
H = Hut Hg+ Hop . (20
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Fal
rRe  Hy ° TAMAILTOHAAH Me3OHA B KYJIOHOBCKOM HOXE KOHEWHOI'O
 ampa;
A Ll
H, = ramunammasl Anpa, Hy,y - PAMAIBTORMAH B3I3AMO-
i gpesicrina (I
Is

> >»>t1 .
r_ —_— 1 f’s B
3TOM MpeleJIbHOM CJyuYae CHAvAJA MPOKCXONMT Npolece GespamAa-

PaccMoTpiM cHavala cayuafl, Korma

LMOHROI0 BOSOYXRIEHAA, H TONBKO MOTOM CACTEMa ME30H+ALDO pacha-
LeeTca 00 pa3/iyHHM KaHaltaM, B aToN KBA3RCTAOMOHADHOM mpedere,
eCJId YDOBHA COCTAEHOIO AIpa He NepeKpHRANTCA, BOJROBYD QYRKLED

CHCTelH MOXKHO MCKaThb B BAILS.

1}:3'.‘: ij?p%%pfécﬂ,ils EPA "Pjs (21)

rue 931 - BonlopasA (YHKUMA COCTABHOIO ANpa, & 1P | ‘f‘}s
BOJNHOZNG QYHKUAR MoOOHA, Koa(«|aUAeHTH pﬂsnuxema C ;fnc-n.na-:-
BODAKT YCJOBHAM OPTOrOHANBNOCTH M HDpMHpGBIm.

Z[Cc ap EC;{.‘S, ] (22)

Noncraenaa pasioxenue (21) B ypaBrenue llpemgnrepa (20) no-

JAy4Y4AM QOKyNApHOE ypaBHEHde:
Ecpvi =*(EE - Eﬂ.) CE.&S
Z_CMSF (Ec-Ep) Cep
rae MaTpaunui MaMEH! pasen: V) =< Y, metf% ‘Pzp

_(23}

E, - @uepran Boadyxnenas yporHacocraproro smpa, Ep -
dHEpI'MA ME30Ha B P-COCTOAMME. '
PeweHne CEKyJADHOrO YpABHGHEA C YIETOM HOPMHDOBKE (221

NpRBONAT K CJAEdyomeMy pesyibrary:

[Cepl = [f-r;Z f}:’i Ple €2 EEpL IV B(E-E;)” | (24)
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[lapaga pacnaga yposHA CHCTEMH MESOR+ANDO OO pajdalfcHRO-
My KaBaly ‘3'; , O9GBHIEO OHpefelAeTCA B HpAReHHMENM:

B coorsecTean ¢ (2I) mapaea IAa pacoana TOrO Xe yDOBAA
no amepHomy Kapany passa ( i o=I):

?f=2:::%’f%cﬂﬁ?ﬂ'ﬁﬁ;‘sﬁ_>fﬂpﬁ_' : (gs)

roe %, - BonHopas QYRKOAS KOHEUHOO COCTORHAA DA,
ﬁ_ - SHeprerRiecKas IIOTHOGTS ALEPHHX COCTOAHAN MocAe pac-
naga, - Hy - B3amronelicTsae, XOTOpO MPHBORAT K paclaxy ARpa.
CymumpoBanie B (26) npodsmomATeA MO BCeM KOHE@IHHM COC TOA-
| HEgM ANpa. b
Npemmonaran, uro Kospduments Opq # Oga’ npe npous-
aonsinx A cm A He KOppeXApyDT Mexny codoff, MOMy9mM:

Yo =L L [ccasl*tie = Z/cacsl"

rie '}‘;ﬁ - ‘uapmamnue wApARH, & ’El’i ~ OOJMHAA LdpEnA

. ypoBReil ¢ocTaBHOIO AupA.

vakzop |/ Crp 12 onpencaAeT BEPOATHOCTS 3aCEJeHMA NAHHOIO

YDOBHA CHOTEMH MESOR+ANPo [C7 13 GoNee BHCOKOT'D COCTORRIA,

rue SespansalMOHHOr0 BOSOyENEeNAA HeT R BOJHOBAR (YNIUAA ABJIAET-

¢/ ODOCTHM NpPOASRENEHAEM BOJNHOBOM (hy4KIMA ALDPa B OCHOBIOM GOC-

TOAEAK B BONNOBOH (YHKLMM MDOHE HA IAHHOM YpOBHE ME30ATOMA.
Torga B COOTBOTGTBMM C 9THM 3SAMEUAHWEM B C Y9ETOM BHpaxe-

sui (25) 7 (27) OTs00RTENBNAA BepoATHOOTH pacfala ypoBHR CRO-

TeMd M830R+ATIP0, HAODAMEp, M0 ANLEPROMY Kanany paena:
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2 ZIGHSF 'ﬂ'_q,
| Cop 12 I +Z{C Pyr " he0s
.-:p y cas/°¥q

wg_ L

Koojnments [Cea I? onerszno mmawvos OCTPEMA (YRKLR M
BHepTeTAUECKOil pasHoCTH (Ec-Ep) (ORR CymMeCTBEHBO MERADTCA
Ba parepsaie mopmixa /g ). B TO xe Bpeua A3MeReRAE MAPARK

‘3’; olpeNeNAeTCA SHepreTHYecKAMY BETePBANaMA [ODA3NO GOME-
wero Macurada. [o9ToMy ¢ yueToM ycJoBMA EopmapoBra (22) W_.f

MOXHO [OepelligaTEk B BAXe:

W.£=lccpl’2(lf'm¢p!2)pccp 2{.3,@} +1 - ICcpI] (29i

rue (‘y bped = CPERMIA mADREA JPOBRE}! OOCTABHOr0 AIPA HA SHEpP=
PETMYSCKON RETepBane mopamka [o . [IOCRONBKY MeSORHOE D—COO-
TOAHAS paauemnnaernﬂ oo Pf" JDOBHAM CRCTEMH MESOB+ALDO, TO

BENR 9 HH [CEP » ROTODHE O@ "8NeJIADT BEeDOATHOCTE EallTH ME30RH

1
Pls
TOKY B BupaxeHud (29) smm MOXEO mpeHeOpews OO ¢ paauenan o em-

proeldl. C ysevou (24) mmeeM:

B NAHHOM OOCTOAHAM CHCTEMH ME30E+AIDO, MANH Rak , 008-

s F i
W¢= r{ +12 !VRIZ (30)
T [ ¥ eped T (Ee~Ez )
Irta roro, wrolH npejcTaBuTh cefe, KarOofl ABHHR BUX Moxer

ameTs Bupaxenne (30) Bocnonssyemca clenyomell NomeABD. ByXeM
oumraTh, 4ro ypoema [ - SKBULCTARTHH, & KBANDATH MATpEI-
HHX O71eMEHTOB f’-ﬁ[ ONAHAKOBH M DADHN BEJATHHE fVﬂf'? . Tor-
Ia BOOMOJbSOEABLACH RSDECTHHME JOpMyNaMa INA DasOxeHfA Tparo-
HOMET M19&cKRX JyUKLA RAa-OpocTeflune RPOCR, OOJYWIM:



LI [H(Ec-Ea) = al; *pety xpa (3D
;]\{1]2 (E,-E;)° =Jtﬂlbg,’zpfstn'25rpa

Us coorRoweHud (3I) ciemyer CBA3L MeXNy CyMMamd:
T e S 112
%/\ﬁf‘?(&*f}{) =£2{5!?p3+{512[§(53-53) ]° (32)

CornacHo (24) BesMwiHa cyMMH, BXomamell B OpaByD 9acth
(32) oapemenneTCA PasHOCTHD {Ec'Ep}' llo/b3 yach onpemelieHMeM

:[4], oA y9AM: 5
w}[ g 565, (EcEp) J

Vg deped 2 [V, (33)

-1
C TouHOCTEW {?.l';) <« 1 moxHO mpeneGpedb emAHAlEl B 3HAMG~

HateJe (33) H TOIMA OKOHYATENHHO MMEEM:

. )
¢ Iy e r"? -y A
Wa“ﬁ"ﬁ[‘ﬁi}i* A +fEE—Ep)I]-,, Vo= <¥a e 34)

[lonBas BepoATHOCTH pACOANA CACTOMH ME30H+ALDO MO ALE PHEM

EaRanas onpeneNaeTod CyMMoft Zc W; , OHA paBHA: .
; : o [
Wy = [1+f}-(-"—rémr5) ] /2 (35)

Bupaxenge (35) copnamaeT ¢ TOTYHOCTHD -Fs—-}} f,?‘!u' &1
0 pe3yABTATOM, MOXYyYeHHEM B padore /28/ HeCKONBKO IpyIdM cOO-
codoM.

TakaM oGpasom Be POATHOCTE pacnala CHCTEMH Me30H+ANPO MO
ANepHRHM KAHATaM OfmpelelifeTCA He TOJBKO OTHOWEHUEM _I% » HO
TaKxe @ BeJMWMHOH OWIOBOH (yHKIVM 53,‘75’ ¢ LN ANepHHX YpOBReH,

KOTOpHE BO30yRIANTCA B Opollecce Ce3apamnalmioOHKEX NepeXofoB. [10C-
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KOJIBKY HOJNHAS BEPOATHOCTH pacHala CUCTEMH MOOH+AXPO HONKHA
OuTh paBna eIMHAle, TO BEPOATHOGTH pacnaga OO pamMalAOHHOMY
xanany Wy onpenensercsa @s cooTHOweHRA:

o Y177
Wy=1-Wg =1- [f+ —'L‘E' ,?;) ] (36)

HaooMHuM, 9TO BCe OpeRLMymMe De3yAbTATH HOJNYYEHH B MOXe—
JI2 3KBUIMCTAHTHHX ypoBHei. ONHAKO MOXKHO NyMa&TH, UTO IIA BHYHKC-

JeBE A cDefHAX BepOATHOCTE!! ACNONB30BAHME 3TOfi MOmeld pas ymHO.

B OpenunymMX paccyrmeHHMAX HaMA He OWIO yY4TEHO TO 0CGQTOA~
T@IbCTBO, W0 ‘4 — KBAHT MoxeT OMTH A3JyYeH He TOJBLKO Me30HOM
npa ero nepexole B /S -cocrosnde, HO TaKxe A ANPOM [OC]e OpO-
Liecoa Oe3pauvarMOHHOro Bo3CyxnehdA. EC/M n3nydenne 4 —-KBaHTa
ALPOM OPOKCXOLMT C NEPEeXOROM CHCTEMH ME3OH+ANPO B OCHOBHOE
OOCTOfHEE, TO MATPUYHEE BJIeMEHTH ANEPHOI'0 @ MesOHHOIO Mepexo-
IOB KOrepeHTHH. B 3TOM cJyuae MaTpAUHUE BJEMEHT 3JeKTpUdecKo-

'O LMOOJNBHOIO OepexXona COCTOHUT M3 MBYX clAraeMHX:

MEN=RBIEI8I=Copct 1% %>+L ‘*"%’H”‘Tﬁ"x{agegiﬁrr%};(a?)

rna Ef - OOEPaTOp 2/1eKTPMYECKOro NMMOABEOLO fepexora. Mar-
DAUHHE 2JeMelTH <ﬂ.’§ﬂ5’a> i {plHyelS) npomopiyonanshs,
T.K. B CO8dX MABTPAYHHX 3JeMEHTAX ANEpHHE OEPeXCNH OFJCJOBNEHH
SJc¥TpOoMarinTHUM p3arMone/lcTEHeM omiol 4 TOil Fe cuMMeTpan:

i

CBBNETNY B> =00 [y % B (0):

h ;
rae </ ET> - npubeuenrw MATPUSHUR OMeMeHT BJEWEPRYBCKIrO
MUIASHOT0 [EpeXona, Lia GPOCTOTH Pacc:atpiBadTCA Me3daTous ¢

SCTHO-YeTHEMA fOpast, B arom cNyd98€ BradyxuawTchf TOJNBHRO AZED-
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HHA ypoBHE co cmipoM [~ . HoxcraBnss (38) BO Bropoe casrge-

uoe (37) B BOCNOABIOBAEmACE COOTHOmeRMen (24), yoexnaeMcs, 910
' 270 Caaraence A&aeT NONpaBKy, npn_nnpmmmﬁayu pasHocTa (Ec"'Ep}'
T.6. ACCAMETDAYRYD OTHOCHTENERO HeHTpa JEAMd, KosdfROmeRrr ac-
cAMeTpEA A OWMI OLEReR B paﬂnre/%/ B OKA3AJCA pPABHHMS

JA| :—:21‘?::;33:‘.‘ /_,’5 (39)

rune -?Jrf‘a’; - OmnoBas (VEKIAA LA ASNY9EHAA ANEeDHHX IA-
~ ODONBHHX 7Y -KBAHTOB H3 ypoBRell CocTAaBHOrO Anpa B OCHOBHOE -

cocToAB@e, dra CWIOBAA (yEKIRA CBA3aHA C ANepPHEM CedeRAeM fo-
TOBQ3OyRIEHAR COOTHONEHHEM 21/ - '

2xp¥g =2(97)"" 6, Ep)-( Ep)*(he)T (40)

C yueroM coormomensdl (I4) m (40) ma@ntﬁenr A npABOmATCA
E BEXLY:

/Al %6y -ﬂi"’—*’-’ . me2 (£Y% (z¢2)" (a1)

OmeHxa 0o {opmyie {41} VA 2P~ |§ =~ OepexomoB B Me30ATO=
Max ynooca M TOpAA Naer haﬁwrmnﬂ Kosd[mOd eHT accHMeTpAM HOOpAN-—
xa 0,1,

Buwie Oun pacomorTpeH caydaft, xorna [ >> El, « B npy-
FOM Opefe/IbHOM 0Jydae HONE3A MOJL30BATHCA OTALMOHADHEM NpECA-
XoHEEN, & HOOOXONEMO PemaTh HeCTAIOREDHOS ypaslieHie lipenuHre—
pa.

Follenae 9TOro ypaBHeHAA yNOGHO MPOR3BONATH B (OPME, Opel-
NoxoHHO# TI'afitaepom 127/ » JaMANBTORMEH QROTOMH MESOH+ANPO O yI6-
TOM BIaAMONEUOTEMR, OpUBOMAMX K ée paomamy, AMeeT BAN:
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N mCa :
H=Hy+ Hg +Hy (42)
4 i,
ripe M, - raMaIbTOHAAH CACTEMH MDOE+AXpPO Bama (20), Hy -
B3aAMOflelicTEAE, MpOBOJiAllee K pacOagy CACTEMH (0 ANEDHEM Kana-
nam; H}f - oflepaTop B3aAMOLE HOTBAA MDOHA © :autenrpomarmiram'
‘noxex, Ilycrs Ratee G,(E) - amniaryda RAIalBHOrO COCTOAHAA,
KOPJla Me30R RaXONATCA Ha Bo3CyRNERHOM yDOBEE M@30aTOM3, & ALDO
He BosOyxneHo; G,(F) - aunmryna mepexoua CHCTEMH B COCTOS-
HAM, KOTOpPO® GOOTBETCTBYeT Me30Hy Ha K-opdare B Anpy B Bo3Gym-
neHHoM cocrosral [A) ¢ onepraed Ey ; Gx(E) - ammmryna
mepexona B COCTOARAE, KOIZA Me30E HA K-opORTe, 8 ANpo pacmage-
8TCA N0 SNEpROMY Ranaly ¢ 3Hepraed E.; G:&(E) amoimryna depe-
XONa CHCTOMH MESOH+ALpPO B OCHOBHOE COCTOSHAE LOpANBALMOEEOMY
karany ¢ sseprued £, .
CacremMa ypaBHERA} IAA AMILETYR Gi(E){i.ﬂﬂ,ﬂ,K,\‘)
BEPIANAT CJAEHYRIEM OOpa3oM: ' '

Gy= 1+ ZH%E E-E, ﬁ,-.+§(nu¢)ﬂ’, E(E-ENIGy; EN= g +c.s |

Gy=Hy, £ (E-E,)G, *Z (He)ya b (E-ER) Gy Gx=L (Hodwn§(E-E2) Gy (43)

Gy =(Hint J1p & (E-E5) Got £ (Ha )/, §(E+E)Gy+ JE(HaJA/,; &(e-€x)G
Pemerae ouoreMH ypapreHEfl (43) mpoASBONATCA TAKAM Xe O0-

pasoM, K4R B B cJlydae TeOpHA BXONHHX COCTOAHAR ’,25'23/‘ B pe-
3yABTATE HMESM: |

Gol E]—(E-Eﬂ) X(E); Gy(E)= (E-Eh)-ZA:X'f(EJ
Gr(E)= L (Ha)kp ( mt)A/aza (B
(E) ﬂf% ; (Ha )y (Fent )10 2] X' (E), (44)

I



X(E)=E-Ep+ 21} L (Hut)g ( Hajo) 2
ZA[E) E"E"f Y‘g

( int)ﬂf., - (Hint)lfﬂ 4 3,: (Ha)ap H::,, E(E-Ey)

a aumrgﬁ {ﬁint),\/a RAXORATCA 3 AHTETDATBHOIO ypaBHeHAA:
(Hwﬁ )-i,-’ﬂ' =-(Hll-ﬂt)¥u .ﬁzi.:'t’ ?.F'.I‘LJ (gint} -W_'D zﬂ'; ng)

™ yx=2n I o)y (el O(E-Eazx (el D(E-6)

Janee ﬁ:,*neu RODONBSOBATE IANOTESY EE:!&BHCEH-!JGTH KAHAJI0B
pacnaxa yposHell COCTABHOTO atpa (orarTecmiveckas ranoresa), Ko-
TOpAS B HAHAOM OJyuae GOPMNEPYETCA CJELyDWM OGpasOM:

<(H!kaj.(”1)ﬂf~i>cp P 1‘5;.,;._ H <(H2)"5ﬁ (Hf-ﬂt)ﬂ‘,-h%pwaﬁﬂ (46)

I'le yopenHeH#e OpOMSBOOMTOCA OO0 @dHepreTAYEcCKOoMy AATEpBany, BHIN-
qaodedy MHEOro yposRe® cocraBHoro aAmpa. llasee Oyues OpeKnona—
rarb, 4Wr0 YpOBHA OOCTABHOI0 ANpa Be NepeK[HBADTCA, T.0. P}’ﬁ?
Torpa, ARTErpapyA ypaBrerme (45), yOexmacmcsa ¢ y9eTOM y CJOBAH
Fiﬁi. YTO AHTErPATLHOE CJAraeMOe B NpaBOil 98CTA Maji0, ECJE Ma-
28 caioBafd ymKUAA PYg WA 7Y . KBaKTOB, GBGTHI%iﬂwa&K
Hepexoly B OCSOBHOe COCTOAHAE ALPA R MEJO OTHOWEHAE e
yiTaK, ecaa pan@AlBORRK{ KaHan cooTBeTCcTRyLuall OepexoLy
B OCHOBHOE 000TOARAE ALPA BHMADAGT, TO MOXHO CUATATH, YTO
(H:.nt)}t/n =(H mt).!{u B coornowennn (44) ynpomawTcA.
BepoATHOCTH pacOaza CACTEMH ME3OH+ANDO 119 ANEDHOMY A4
DAIAGIJIOHHOMY KaHanaM COOTBETCTEEHHO DREHM 127/ 3

We=EIG( B Wy=F [0, (E)1% W =1



-4 -

TaxasM oGpasoM Saneu9a O HAXORNEHAE BepOATHOOTeR pacmana
CHOTEMH MESOR+ANPO MO PASEHM RAHANAM CBORATCA K BHIAGKeHAD AM-
wmryr Gx 2 Gy . 9TR AMUMTYNH B BABUCAMOCTA OT 3HEprAA

Ex e Ey ®MeDnT ODOMOCA, KOTODH® COOTBETCTBYOT OOCTOAHAAM
OROTOMH ME3OE+RNDO. B COOTBETCTBRE ¢ BupaxenmaMd (44) srr mo-
Inca ABNADTCA ROMILUIGKCHHME KODHAME YDaBHeHAA:

E-Ept 31 L (Auedop (Futdyy 2, <0 - (48)

B COOTBETCTBHA C ONpeXeZeRReM BeSMUAHA (}T,-,,;);‘;ﬂ  ROM-
nMeKcHA:

(Fint o =(Hirt)ais= i [(Hadafy Hyp £, 422 (49)

Hatrerpaposaude B (49) mpoAsmomaTcA MO ]rr-.uau.l. BHTErpal B
CMHOJ® IMABHOTO 3EAYERAS MOKHO BRAOWATH B 016 DeHODMEDOEKY MAT~
paugoro sxeMerta (Hiyt)i, B DOSTOMYy MH ero He mAmeN.

Ouennm oTHOmEHme MHamolt wacth ( Ftlnt)jfé R ReficTBaTexnHOL

2, MlHshhkie bdal® %G P60 _
f [(HintJafo I (Hi,nt}_% &T"r |
TaxkaM oCpasoM OpA BHOOJNHGHEA YCJDBAA Plaly BEJIE TEHT

- Is
(Hint)j./a MOXHO OYETaTh NelicTBRTEMBHOMN.

[OCKQONBKY MH paﬂcuarpﬁnaeu cayqai ,"'é & r;, , TO XODHR
ypaphenan (48) E, XNOXEH XexaTh BOA3E 00OTBETCTRBYDMIX EA ’
TOrAZ B OoMNacan G coorhomenasma (48), (49), (50) momyamm

(E,._-=E,.'_3-_—-;-r:) 2 5 | |

4 ; 4 (1)
E-E= 5 (mp Ry b (1) s Sl )l [0t St (BB
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Jllanee, ocrepnng B ammmryme (G, JMIB BeJAWAH COOTBET-
OTByDIAE BKAANy Omixedmero X E, mosmoa Eg» O TOUHOCTBHO
( Pkf;)ﬂ «1 AMeeM:

G‘K=§(H£)“,ﬁ(”fﬂg) (EA Ep %F)-{(E-Ec.;.%zrc)*f (52)

Ha ocnomamau (52), (51) B (47) nmommas BeposTHOOTH pacae-
A YpOBHA CHCTEMH ME3OR+ANDO N0 ALEPHM KAHAKaM B PAOCMATDABAG—

MOM DpenesnAoM cayvae  [g & [y paBHA:

s Iy -1 ' %
W .r 23'{ ++ 2 3 ] = = E_: Eiﬁﬁ' {53)
v=ls(eag) [Ec Ef I+ 2707, np¥Ye 7 b, ‘%WQ E(E*ﬁph)'
~Cpasnusas Bupaxex#e (53) ¢ BupaxenaeMm ILN1g OpYroro npeness-
Horo caysag g >> [y (cm dopuyxy (34)) yOexmaemMca, 9O 2
aTh @a;gay.am NePeXOLAT OXRA B Ipyryo B pesWIbTATe 3aMOHE q-;f

I
Ha —ﬁ— . [looTOMy ecTecTBEHHO RANMCATH RNTEPIOJALROHAYO

dopwyny. B BUReE: .
Wﬁzr,(z )-1' E= 2 Is ﬁ' 2
o =ls(aTp (& EPJ*‘I}U& ’})*21:@'

[r' ‘h:. G"{HP%&)-’] /'2

B IpeneJibHOM chydae MepeKPHBADWAXCA ypOBRe# COCTABHOIO

(54)

AlLpa pe3ysipraT WA BepoAaTHOCTEN pachnapma cECTeMH Me30H+ANDO 00
DasluuHuM Kanalau noYTM OYeBulleH. B aTom cayuas F?’% Sed o B
0O3TOMy Me3ol, Oepeilid 3 pB § -COCTOAHIE HE MORET CO CKOMb-
KO-HUOYNL 8aMCTHOR BEDOATHOCTEN BEPHYTECA OGDATHO 38 BpEMA GpaB-
HUIZ0€ CO BpeMekeM EU3HA COCTABHOIO ALpA. B peaynbrare Moanas
BEPOATHOCTB pacnana OACTEME ME3OH+ALDO, B 3TOM CNydae No ALep-
HEM 3 DaialAOHHOMY KaHAJNAM paBHa:
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3 DOXyJeHRHX B pasJ4dYHHX HpaNeNBHEX CJy98AX BHpaxeHAll
LA BeposTHocrel caenyer,4ro COJbIAA BeJUYHURA WADAHH Ceapamua-—
naonuoro mepexoza ( /¢ > Iy ) eme He rapakrapyer, uto cuore-
M8 Me3aoH+ampo Gjnai OpeAMyMeCTBeHHO pacoanarbcA 0O nne;ﬁﬁm
KanaxoM, '

EcJia ypoBRHE COCTEBHOID ANpa OYeHb y3K4e, A PACOTOAHAE
MexTy HEMH GONbuoe, TO GespalMamAOHHNe NeDPEXONH, B Jy WWieM QJIy-
488 OpABELYT R paclienNeHaD JuiEdA p-+S ﬁepamn;a. OxHako sa-
uarnri 3T0 pacmelUieHe NPaKTHYeCKA HeBO3SMOXHO, T,.K. OHO 0OOpAN-
Ka f; .

fluepHue peakiEA B 9TOM ¢aAylae OyLYT OpoAcXomarh ¢ Maiod
BEDOATHOCTHD.

§3.BHBOJH

Bume OHAO NOKA3AHO, 9TO B OpelXesIBHOM CJAYyYAe OUSHb MAJHX
F?ﬁ » ANepHER pacmaxy cHOTeMH MOOR+ANpO GyXer NpaKTMYSOKR OT-
cyrorsopaTh., Taxana OATyalMA peanasyercs 1Ig 2p- /S  Omepexonos
B mM30TOmAX CBMHOA H BACMYTA, KOTOpDHE ABJADTCA MATAYECKAMA AN-
pai#a. [losToMy MUHTEHCABHOCTE STAX MEPEXONOBR B CBAHLUE ABAAETCA
CTAHLADTOM, OO OTHOWSHUO K KOTOPOMY cCJeyyeT H3MepaATh MHTeACHB-
HOCTE COOTBETOTBYOOMY OepEXOJOR B JpDYyraX Mesoaromax., 3ra amed
Jeryia B OCHOBY sKoOepWMeHTOB, KOTopue OWIA fpoBemern B JlyOHe
B I959-I965 rr./af-ﬂaﬂ/, JKcne piMeHTalbHHe HaHHHe Mo OTHOCM-
TEAbROY BATCHCEBHOGTA Me30pEHTI8BOBCKOrO 2p-I/S nanydenas

gpuBededH B Tadmaue 3.
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Bo Bropod orovidle TAGNANM OPABONATCA AaAHue MO OTHOOHTENb-

RO HHTGHOABHOOTE K -06paE LI7 PAS/MAYHHX A30TONOB. HHTENORB—
HooTh K -Oepadl B OBAALS OpERATA 84 eAAHALY. BeJMYiHH, KOTO-
pHe OpABORAYOSA BO BTOpOM CTONGUE €CTECTDSHHO OOMOCTARATH G Be-
POATHOGTHD pacmaga ORCTOMH MeSOB+ANpO [O pANAAUAORHOMY RaHATY

Wy . Torma BeJaudHH, KOTOpHE OONEDEATCHA B Tp:ThHoM aTouidne |
paBBue I—W-‘- , OAENyer HETEepNpPeTADOBATH, KaK muyr.; BepoAT~
HOOTH pacnaga CAOTEMH MeSOB+EIpO MO AUGPHEM RaramM Wgq .

a g "

e e R e o
1 MeHAD K CBRHLY
W I%o0,08 0,00 * 0,08

Pb I | -

8i I%0,06 0,00 * 0,06
Th 0,85 0,07 0,I5 £ 0,07
7 0,7 0,05 0,29 * 0,05
-y 0,77 £ 0,04 ~ 0,28%0,04
Py 0,59 £ 0,06 0,41 * 0,06

. Pesynsrary, OpABeNeRHHe B TA0A,3, RauecTBEHHO GOIAA0yDT—
04 ¢ TeopaeR, OrcyroTBHe ANepROro pacmane B Mesoarome W CBA-
%3HO O TeM, WTO ®HeprAA Ky -0epER B 3TOM CJyjae BCErD
JROB OROMO DAMEY B NO3TOMY HejlTpOHAME RaHalw SaKpHTH, pena-
OROBHNE WADAHH MAXW B Maja omiopad JyAKUAR (¥e . PasHina B
BEDOATHOCTAX ANLEPHOrO paciaga COCENHAX Me30aTOMOB U a
Pu®’® o0snonseros, BamAMo Tem, aro sHeprAa K -Cepam B

PYER S-S
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239
Pu Gonee, deM Ha IO0Key NOpeBHmAeT COOTBETCTEYDUYD
239 '

ameprap B MesoatoMe  Fu

B ALpPO U®®  _ pegernce. Mosro-
My GOMBUAA IIOTHOCTH ypoBHed 0oCTAaBHOrO smpa B FAy°  maxs
OpA ONMHAKOBOf BenddpHe OTHOmeHms [ /nf ‘odycnaBnaBaeT ypeJd-
4YeH4e BEDPOATHOCTHE ANEDHOrO pacflama Me3oaToMa R:m no opap-
HEHAD C M@30ATOMOM .

PazpmeeTCa, 1A CDABHEHAA TEOPHA O BKCOEPEMEATOM OJeNoBA-
no Oy mpomoyzarth Tadnany ¥ 3 mam Apyrax ademenTOBR B H30TOMOB,
OpOR3BeNA WamMepeHAa AHTeHcuBHOCTA Ky -ocepam, Cienoraio OH
TAKK® A346pATH AHTEHOHBROCTH A HP -gepad. K COXAaTeHRD, Be-
peATHOCTA 3aceser#na 3p, 4p A T.A. JpoBHeR mpH oOpa3oBaHAR Me-
30aTOMOB MajH @ W3 epeHds COOTBETCTRYLOMX MHTOHCABHOCTEi Ra
OyuaCTBYDMAX n;mxai Me30HOB - 3amava TpyAHAA, HO He CesHalex-
Aesd.

Brcuua P-ypCBHA MOr'yT SACEJATHOA OpE HOTOPORIEHAR MUO-
HOB Ha OOOTBETCTBYONMX Anpax. He acriwdeno, 9T0 oT0 AAOpaBI e~
BAS ORAXeTCA MOJNE3HHM OpE H3ydeHEA Opomecca 0e3pAmdaUAMORHOIO
Bo30yraeHAA Ha BHCOMX PR-ypoOBHAX.

B nmpaiupne, cymecTEyeT eme OLAR MeXAHASM 3AC6NIEHAR BHO=-
MEX p-ypoBHeff, JTOT MeXatU3M CBA3SAR CO OXyd9ajilRHM DE3OHAHCOM
MeXNy DA3JIAYHUMA ME308TOMHHME COCTOAHMAMA C IJIABRHM KBAHTOBHM
TUCIOM N =4 A aRepraef® Bo30yRNeHWA N6PBOrO BpamMaTeALHOrD
ypouHAa 9eTHO-9eTHOrO snpa. B 94CTHOCTH, pacyer CO CTAHNAPTHHMA
OapaMeTpaMa pacopeleNleHBa dapAna 0o 00%eMy sups IAA y238 npa-
BONHT K OJONyDNeMy OTHOCHTENBHOMY HOJMOREHAD Ypou Refl 4fF mhp:



bfsp ot 44 xev
13kewy

b4t :
29kerr :

4Py, 2 4

Cnpaera Ra 9ToM OoXeMe OpABeNERH NaHRHE IMIA OepBOI'0 Bpalla-
TeNLHOrD YPOBHA ANpa UP® |, roropufl mveer sHepran Bo3G yIe-
A 44 xew . Jra 9HeprAs B8 Oojee, HeM HA 2 KeU" OTJdYaeTcA OT
8HEpPreTAYEOKOd DA3HOCTHE MBXLY 4fﬁé B 4P3k - COCTOAEHAAMA,
K coxarenan, TOYROCTH TEOPETAYEOKOr0 pacieTa BEPOATHOCTH CME-
muBaHAA HeBesmRa. [loaroMmy, JAydme DONwTarbcA HAGAONATh MOABJe—
AMe mepexoma 4P 3/2 ™ 3“'5/2.3!2 » mesoarome U

NeJATE @r0 AHTEHCEBHOCTEH, Eﬂfﬂpaﬂ onpenendAcTCA BEpPOATHOOTHED |

g omope-

oMeumMpanaa 44 n/2 B 4P 3/2 = 000TOAHRRY 38 c9eT BO3CyRNEHRA
BpamarelbHOTO JPOBRS CO cmahoM 2%, _

B 3aK/wvenne OJeNyeT DOMHePKAYTH AHANOTAD MEXIY MpOLeOCOM
GespaffadioRHOr0 BOSCyRNEHAS B BO3OyRIeHAeM BXONROI'O COCTOAHAA.
pocTas BXomHAA Komfarypama (Eanpamep, aHazorosoe GocTofHAE)
MOEeT pacoanaThes aanucpenursénun B BeOopepuBHHH cmexTp (Hanpu-
M8p, ODOTOHEHA paomal aHaMOrOBHX COCTOAAZ}), HO MOokeT TAKEe
OMemMBATECA G0 OJOXAHMZ Kohdurypamama (yposua GOCTEBAOTD A~
pa), RoTOpue unry; pacnagarbcA N0 ApYraM slepHeM RananaM (Had-
peMep, HelTpDORRHR} pacnapy BHANOIOBHX De30HARCOB), AHANOIAGHO,
GHCTeMa MOOR+ANDO MOX8T pAcNazaTbcsA 3a cueT OB8Ayiepus /f -KBAR-
TOM MDOHOM, HO MOXeT T2REe Sa CYET BO3CYRIGHAA ypOBHEef#l COCTABHO-
IO fIpa nEBATH DACHANH 00 ANEPHEM KAHATAM. '
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Tnara [li.

FIIEPHUE, PEAKIDET B ME30ATOMAX ¥ MX OCOBEHHOCTH

lpodeca CGespandalAOHHOr0 BO3CYRINEHUH, KaK OWIO YKAsaHO
Ble, MORET COMNDOBOENATHCA DAcMaloM CACTEeMH MOOH+ALDO M0 ANep-
HuM KamajaM. STR peakium MpOTeKANT 09eHb GHCTDPO CO DpeMeHeM,
KOTOpoOe OonpefiefaeTcd BpeMeHeM XA3HR ypODHeil cOCTEBHROrO Ampa.
[loaroxy, B OTVIMY9Me OT ANEPHHX DeaKIf, KOTODHE BO3HMKAOT OOC-
Je 3aXBarsg MOORA ANpOM, pacOal CHcTeMH MDOI+RIPO MO0 ALepHEM
KaHanaM OpUHATO HasL3aTh MPHODERHHMA ACepHuMA peaxmsdu. Mrao-
DEHHWME ANEPHHMA DEe8XUMAMA MOPYT OHT'B LeeHde, A3JAydedne HedT-
pona # Y =-RBaHtoB, Coemuj:iKa aTaX peaxliff BosHuxaeT A3-3a

TOI'Q, 9TO OHA OpOTeKAWT B OpPMCYTCTRMA MOOHA HE K~-opdure,

§ I. JencHne

Ina neleHds Ampa HeoOXOLAMO, YroCH snpo Hedopmi pOBAIOCH.
[lorenmuanbrHan aHepras fnpa Kak §yAKkuAsg ero Nejopualti, peccyi-
TuBaeTCA DOKYHO B EAHAJNBHON MOmesH C y9eTom OCOJIOWBRHEX MoOpa-
BOR. llpacyTcTBUA MDOH2 Ba K-opCHTe OpABONRAT K TOMY, STO OOTéH-
0uaneHan sHeprdA RaX gyHKuag gedopvarul AsSMeHAeTCA 00 CpLaEHe-
HEO O HedeHAeM OBOGOLHOTO Anpa. MoOR Kak Ou "erArapaer” ampo,
OpenarcTByer ero fejopmanad, [looromy, Gapbep IUla NeJieBHfg B
OPACYTCTBMA MWORA Oyner Bue, d9eM Jes Me30HA.

Iia 2p-|S DNepeXoioB 2Heprasg BO3CyxNeHAsA AIDA He HAMHOIC
npeBHUAsT BEIHUARY nopora Lis HeJleHAA. Haaiauy yBanddende BHCO-
TH Gapbepa NJA NefieHAA AS-3A OPACYTCTDNA MwoEa Ra K-oplATo MoO-
EeT CymeCTBEHHO CKa3aThCA HA BEDOATHOCTE MIrHEOBEHHOID NeleHRA.
llepejineM K omeHKe aroro 3fdexra.



[IocRONBRY 9Hepraf BosOyRmNeHAAR HAxafuuX AmXepAHX YpOBuei
8aMeTHO MeHbWe SHepIRA CBA3R Me30Ha Ha K-opOuTe, TO BNAAHAS
ME@30Ha HA OOTOHIWANBRYD 3HEPIMO LXA NeopMaliya ANpa MOXHO CYd-
TATh B ANMACATAYECKOM DpACIMXeRRd. JAepras fepopualmu Snpa B

OpACYTCTBAM ME30HA f;a paBHa:

E E&g +E;5 EI'S : (I)
rme E; - aﬂepmn Nehopraoait B OTCYTCTBAM Me2DHA, A
g Eis — Ejs H3MeHeRude 9Heplud CBA3A MOOHA Ha

K-opdute opn medopvalpA ATpa.

Mpd nefopMamia ANpa 9Reprias CBASA M0ORA yMeHsWaBTCA, CO-
OTBETOTBEHHO ITOMY ]BEJIH‘I.HBHETGH fnopor LAs Kelennd. JIA HaxOE-
Remnn  AEy = E,g e HeOGXOmAMO pemaTh ypapheHie LipemzArepa
Ans Mes0Ha B KYAOHNECKOM OOJNe HedopMupoBanHoro Anpa. bymeMm odm-—
Tarb OJla OpOCTOTH, H§TD q,”)npﬂa-nnpa BOJOTE O CELJIONOH TOUKE HMB-
eT QopMy a/auncoana BpameRdA, KyJIOHOBCKi# MOTEHOMAN DABHOME DIO
9apAKEHAOr0 LIANCOANA BpaumeHAs ¢ moayocamt O i U  umeer
BYY: '

g(ﬂja)“% {I-_f"%(ﬂhﬂf)%fﬁﬂsp)] Onclh 2> d:ﬁ + ¥ 5 chcr: ({:asﬁ) +

2 2
+_$'_(f_sh o{)sm ﬁ] mpu chot < choty = -%-

Sh*c(y | cholg 2
o -
$(a,6)==:E {[f—@(chcc)@ (msﬁ)] fn cth %; + %chac F, (cos [3)J
npu Cchet = %
rae 6'_2 — 2‘32; J% {’X) - ncnaHomu -Jlexawnopa BTOpPOrO MO~

pamka; oG & jﬂ ~ BHDOXNEHKHE JMMILITAYECKAE KOODIUHATH.
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YpapHenge lipengmrepa ¢ moTeHianoM (2) Moxer OHTH pemeHO
TOJABKO WMCJIEHHO, 9TO B OWIO CLeJaHo ¢ momomem JBM.
B radmmue X 4 opasenelH 3HA4YeHAA 9HeprAR CBA3A MDOHA HAa

' K-opGaTe B 3aBACAMOCTA OT NejopMalan Kak QyHKIAR OTHOWEHUS 0O-

Jyodeil anpa ) i i

' Tadmua 4.
a/8 1,2 r14{ 16 | L8] 2 }25

JES [new 1 11,89 \I1,79 {II,66 11,53 { II,36 j II,0I

EcJla BOCIHONB30BATECA IiIpoldBEaMidecKoidl MONensD LIAA Hele-
HA#, TO MOEHO BajiTA OTHOWeHHe OOAyOCed ANpa, COOTBETCTBYDUee
cemopol Touke ( Qg .. BREA GyHKID .&EF(E) ¥ OTHOmEe-
Hue (—au)u nun;mcaﬁ Anpa B DCHOBHOM COCTOAHAA, ROTOpOE M3=-
BECTHO M3 JNAHHHX 00 KJJIOHOBCKOMY BO3CYXNeHAD OONTBETCTBYDUMX
anep, MoxEo mafire pasmocts AE=A EF" [(%)E_J"ﬁEP{(—g’-Jﬂ]
31y pasHOOTh CTECTBOHHO MHTEpNPeTMPOBATH Kak yBeluuenne Oapse
pa miag meJieHds B OpACYTCTBMM Me3oHa BAa H-opOaTe.

onydeHHue HaHHEE OpaBeneBs B Tacdasue ¥ 5. .

Tagmioa S.
- : ey T
fAnpo (a/8)o !I (C"-/E) er. | Enup B wew | AE
238 I,3 2,24 5,8 0,6
239 1,256 Qi 5.7 0,6
239 | ° 1,30 2,17 15,48 " | 0,5

B 3roit radnaue E ~ gHepraa nppora nna oroxeneHAn. U3

nop
U 235

TaClaUy BALHO, YTO B M@30ATOMAX Uzsa BeJnYARA
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Em:-p + A E, koropas onpenmejset ofleKTUBHENA nopor nfm deJeHld g
C yueToM BAMSHAA Mesona HAa H-opdaTe, y=e HNOBOJBHO OJHBHA K
BeJu9rEe DHEPIMA Bo3CyxieHas opa 2p-1S - GespamuauRoHHHX Oe-
pexonax B COOTBETOGTBYOUMX Me30aTOMax ( 6,3 uct?}._ [loaToMy ,
aeKT MNpPACYTCTBHEA MOOHA Ra BBPOATHOCTH MI'HOB@HHOTO IeJielid
B 3TAX Me30ATOMAX NOJKeH CHTh 3aMeTHHM,. JTOT S(JeKT He MOxeT

: 239
OuTE CymeCTEEGHHEM B Me30aTOME Fu , T'Ie Fﬂﬂp + A I MeHb-

me BA HECROJIBXO COTeH KEeU' SHeprad Bo3Cy=NeHud AOpa Opd 2Zp
IS -nmepexonax. lFazymeercs, offeKkTOM yBearueHns Ggpbepa Iif
IeJleHda B OpACYTCTBHA MDOHA HA K-0pO@Te ODAKTAYECKE MOXHO
upeﬂerjpe% nug 3p- 1S 2 Ooyee BHCOKAX OepeXONDB.
EepOATHOCTE MI'HOBEHHOI'O IEJIGHHA M3MenAiach pas/iiyHwMA
eBTopaMz, B OOHOBHOM B CUA B CCCP /107, /7Y, ﬂe/.. Fo3 yllbTaTH

n3Mepekud OpiBefenH B TA0MAOe 6, BO BTOpOM TONGHe BT0il TAC-

BEpDATHOSTE MI'EOBGHRAOTTC

i
§ AaHH ZIMCPeRRHe OTHOWERAA K = SehnonrnsTE sanasnubanie-

eNeHAS
D @IeJieHdfd *
Tadinua 6.
Arpo ! K
£ !
Th 232 0,064 + 0,022
U 238 0,III + 0,021
U 238 0,072 + 0,014
Pu 239 0,28 + 0,04

HeJleHAf, KOTODHE IPOMCXOLNT focke 30XDATA MOOHA ATPOM,
OpUAHATO NA3UBATH SANU3LEBAVINMA, ?Ra:aanﬂun navepeHd s OCHOBAKH

Ha TOM, 9TO MIHOEEHHKS INelelud # JA2JeHKa OOockie 3axBaTa u0oHA
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ALPOM OTHENeHH BDOMOHHHM [IDOMERYTKOM ;uIl}"';r CeK, E OO3TOMY
9TA IBA TANA peaKl@yl MOZHO DA3NeJATH O OOMOMBD HOCTATOIHO O~
CTponeficTByDmed SNMeKTPOHAKA.

[one3yAck RaHHuM? TACKAUH J 6 DACCMOTpUM BOODPNC O TOM,
ecTh JB yBeJMueHAe Oapbepa IJIA NeNeHAA M3-38 ODACYTCTEAS MDO-
Ha Ra K-opduTe. B KaveoTEe mpEMepa BoabMeM MezoaroM [ 238

CorsracHO InaHKHEM Tadaunu K 6 BEepOATHOCTE DACNALE CACTEMH
MIDOH + ALPO N0 SANepHNM XKaHa/2M B BTOM oNydae pasua 0,23. Fes
yuiera BIAAHAA MOORA ne;}onmmnlumimaennam HeleHda pasHa
W;:‘WI -;EE— , rme %;— - OTHOMEHKE MNeJATeNbHON mppuHH
X nonsofi. Ima oBOCOMHOrO ANpE 3TO OTHOmeHEe = I/4 B 3HepreTa-
YeCKOM EATepBaze BOMam 6,5uevw. OTCDOA cilexyerT, 49TO Ha ONAH
MEZJATOM ONOJKHO OHAO OHTH ﬁmm 0,065 MPHOBSHHHX NeJlenni, 0G--
Ulee "HUCNO HelleHA) HA OHOME nﬁp&aozarmﬁiicﬂ MEe30aTOM E3MepAIocH
i OKasaxoch paBREM 7% mng mezoaroMa [J 238 /10/ . TakiM odpa-~
20M, 6CJH ON He OWIDO BJRAHAS MOOHA HA NeJexne, TO B ME30ETOME

U 238 YUCJ0 MI'HOBEHHEX NelleHdid OuJA0 O CpABHAMO C 9UCIOM
3 a083LhanIf X, Ha camom e fene OOIMVIACHO NsHULM Taduans ¥ 6
Bemawina K, mo KpalHed Mepe, DA MOPANOE MeRblle. AHATOTAYHHE
ouenx# ona mesoaroma Pu <99 moxasmsavr, wro B 8TOM caiydas
PHAAAEAS MDOHA HA BEpOATHOCTEH MI'HOBCHHOI'O HeNeRHA HecymeCTBEHHO.
STOT BUBOL, Koropmfi clefyeT 4§ SKcOe puMeHTAJbHHX HANBHX, OOX~
ﬂepﬂaer TeOperAYack e cooGpaxeHua, U3NOmeHHWE B Hadale mapar-
pafa 0 PeJHyY4le A3MEREBU ﬁapz.epa'n.m Hejiensis B OpACYTCTERA
MpoHa Ha K-opcnre.
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§ 2. Wanydeune HefirpoHoB 8 ‘Y -KBAHTOB

B TOM cJysae, eC]E 3Repraa Ce3pamfalfiOHHEX ngpéxnmnn npe-
BHIIAET SHEPLHUD cBa3H HeliTpona, TO ypOBHH COCTABHOI'0 ANpPA MOI'YT
pacnagarbcA 00 He#TDOHHOMY KaHaxy. KaAHeTHnYeckas 3HeprEsd B3I y-
YeHHOI'0 HeliTpoRAa oOpeleJAeTCcA AS COOTHOWEHAA:

- E+Eg+EN = E™+Ep (8)

rue Eﬂﬂ - BHepIlg CBA3@; E - 9HepIAA BO3COYENEHHOID COCTOAHAHA

MDOH + HALPO; Ea&- EBE“I ~ DHepril CBA3W MDOHA HA K-OpOHTE CO-

ura&rc&neann B HCXOLHOM AIpe B ED HEWHOM, M3 cooTRowenas (3) _

BAZHO, STO KiHeTHYECKAA 2HepriA Hefirpoka E, Nocie pacmana Me-

30aTOME OT/IAYAETCA OT KAHETA9ECKON 3HepIai HReiTpoORA nocie pac-
napa CEo0OAHOrO Anpa nope Toff e SHeprun BO3CyRIeHEs. ITa pas-

HAIIA onpefefNReTCA BeJAYRAHO} A30TONAYECKOr'0 CHBUIA.

- SEE =E-ELT (4)

Ecam noclie HeltTpoHHOro pacnaxa KOHe4HOe HIQU-DETaETGH B
BO3CyENEHHOM COCTOAHAM, TO RiHeTAYecKas 3liepras HeiiTpoRa ompe-
HeXAeTCA TaKxe @ ASOMepHHM CHOBAIOM LJIA cnuﬁercmymeru YDOBARA
KOHE4HOI'0o Anpa. TakmM odpa3oM, HA3yYad COEKTD MIHOBEHHHX HeliTpo-
HOB,d CpABHEBAA €ro ¢ COOTBETCTEYDUAM CIeKTpOM B Clydae pacda-
H&a CBOCONHOrO fALpa MOEHO Cle/aTh BHBOL O BelEYAHe A30TOMAYEC—
ROI'0 OIBAra OMg OBYX COCENHMX ASOTOHNOB, ONAH A3 KOTODHX MOXeT
OHTH HecTalWieH MJIA Iaxe KODOTKOXMBYmAi, OTMETHM Takse, WGTO
Hef TDOHHAS WApPAHA KpOME BCero Npouyero OOpelNefAeTcHA BeJmdHOMl
KAHeTA9eCKOR BRepran (BOMHOEHM QYACAOM), B NO3TOMY OTHOCHTENb-

Has BHTeHCHBHROCTH HEelTDOHHHX HEpeXONOB B NPACYTCTBUE MOOHA
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MOXeT OTJMUATECA OT COOTBETCTBYOWel# BeJMYMHE LIA CBOOOLHOIO
Anpa. '
Clenmyer mOOuYepRHYTh, STO0 B OOJNACTA AKTHHANOB HepeXOLH

2p - IS MOryT COOPOBOKNATHCH M3JNyYeHNSM CDaBHATEJNBIO Men)eH-
HuX HeflTpoHOB ¢ smepruelt = I00keév, Mepexonw 3p - IS u Gones
. BHCOILK@ GOMpOBOKNAWTCA ABJNeHMeM Oe3paraamioHHOrO BO3CyKIeHAS
name B mesoaromax ¢ maraueckamn ampamu ( 3208, Bi209), p
9TOM cJiydae HefiTpOHH M3JYYaOTCA ¢ BHe pr-ﬁeﬂ nopAmKA I,ucé/ I&/'
| . Kpome maxyaenus HeHTpOHA, CACTEMA MOOH + AP0 MOEET TaK-
EC lracnanarbcs B Jn00e OpPOMEBXYTOUHOE COCTOAHNE C KACKAMHEM AS-—
Aydchiler GOOTBETCTEYDUMX ANEPHHX 7 —~KBAHTOB. OTH KacKajiue
HepeXoipi ODUBONAT K 3aCeNeHHID pasJUYHHX ypoBHefl KOHeWHOro A~
‘pa. DHepraa CHCTEMH MNOR + ANDPO B BOSGYKAEHHOM GOCTOAHAM IO
OTHOIGIMM K OCHOBHOMY COoTOAHM® (MDOH na K-opdire), oueBuigo,
peRHa: '

E.': =£g + E;; £ E,: (5)

rae E_: - BHEPTAA ANEDPHOrO YPOBHA, BOSCyXIEHHOrO B HpOLecas
RacKaxa, Es # E5 - aHeprns cBasu MDOHA Ha K-opéATe 0OOT-
BETOTEEAHO B CAy9as BOSUYKANEHHOrO ANpa A B OCHOBHOM GOCTOAHMA.

HiKe HA pUOYAKe 3 MpHBONATCA pe3yALTATH pacuera PasHOCTA

§Ey~E;~E}s m1a Komcperroro oxysas smpa U 238 s
3 SBHCHMOCTH OT M3MeHEHdA llapaMeTpOB pachpemeleHils 3apaxa B
BO3CYRUSHHOM COCTOAHUYM ANDA NO CPABHEHM G OCHOBHIM COCTO SHA-
eM. 974 K[UBHE MOJy4eHN B Pe3yNbTATE WACHEKHOTO peuleRds JpaB-
HeWAs JpaKa B DPENMONOSCHAN, UTO DTHOCHTENRHOE PaciipenereHze

3apana onpenerlserca gopayiolt /32/ :
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-1 :
I?p(*z}= {H exp(f;xﬂnb}} (6)

Lns e §opMipOBAREOrO ANDA BeJAUAHA X 3aBMCAT OT OapeMer-
pa nefopuanns P :

x=[*z[1-}3'i§nfﬁj]—-c}/t _ (7)

Benuanna napaverpor  f3,C, T IVIT OCHOBHOTO COGTOSHISA
aapa (J <38 gy B3ATH B3 padoTH /Bz,Q Ca7,I5; T =1,48, ﬂ =
=0),253. PacueT BeJMUREH I?Em OpOUSBOIMJIICE OpA l.ﬁi-!I{ﬂEPOBHH—.
HOM ﬁapame'rpe' t » KOTOpHH ompemenser pasuuTOOTE pacnperneie-
HEA 3apANa BOIASA MOBEDXHOCTR AIpa, BAaDERDORANACH M4 pame rpH

ﬁ B C. B paouerax yunTHB&JICA TBXEe BKJAL B 55;5 , KoTophid
odycnopieR nonapasamiefl Baxyyma.

Mz rpagaxa " @ ", B 3aCTHOCTA, CJeZyeT, 9TO B3MEHEHAO
Defopualdd ANpA B BoSOyRAEHHOM COGTOAHHMM 0O CPABHEHMD C OCHOB-—
HuM Bcero Jiawb BHA 0,05 OpABOIMT K M3OMEpHOMY CHOBAIY, Be mMYaHA
RoTOpOro okoio 60 kew . M3 dTofl oleHKM BEINO, 9YTO H3MepeHue
H30MEpPROrD ONBAIAa B MES0ATOMAX ABJAgETCA AHeKTHBHEM COOCOGOM
Adg perdcrpalzr RsomepoB ¢opMu. B uWacTHocTA, ecyE HensmaftcH
BAsoMep aABJAeTcA @3oMepoM GODMH, TO NNA Hero msoMepHuit cOBAT
JojxeB CHTh O:M20K K 0,5 MaB, PasyMeerTcs, Kpowme nanmebﬂnru
CIRAIa, MOEHEO M3yYaTh wénge CBepXTOHKOe pacilelUieHne yporBHeH,
KOTOpHEe BO30CYZNADTCH B MpONecCe KACKENHHX MepexoNoE B KOReY~
HOM sOpe.
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§3. BHBOJH

73 BCeX pacCMOTPeHHHX BHWEe MIHOBEHHHX peaxuail HanOOJBWAH
AHTepeC MpencTABNAeT HeleHue, Ero coeuphaka sax/m9aerca B TOM,
9TO MDOH He TOJBKO NpucyTcTByeT HA K-0Op3uTe BO BpeMA NeleHHd,
HO @ OCTAeTCA HA ONHOM E3 OCKOJKOB OOCJe NelleHna. BepoATHOCTH
cOpoca MOOHAE ¢ OCKOJKA B Opollecce NeJeHAn Mana, T.K. OKOPOCTB _
OCKOJIKA POpA3IN0 MeHblle CKOpocTA MiooHA Ha K-opdare. JleffcrBuTenk-
HO, CKODOCTH MOORA Ha K-oplGaTe mopanka ckopocTR ceera C, & CHO-
pocTh OCKOXKOB Re Openkwaet 0,05 C. [loaToMy MOOH DOCHe XNeleHAA
ocTaHeTCA HanOoJee BepOATHO HA iﬂzenuu OCKJIKE . :

9T0 BCe, UTO MOEHO CKasaTh HanexHO O OynbsOe MOORA OOcle
nenenan. Janbwe MOXKHO JAWB OepeqdCJIATE OpollecCH, KOTOPHE MpA-—
BOIAT K ACUYCSHOBeRMD MyoHA, Huxaxkof RanexHo#f Teopud, ONACHBAD-
e DOBELXeHHMEe MODORA HA BO3O0yZNEeHHOM OCKOJAKE ReT. OTCYTCTBYOT
TeKxe KaKie-JMOO aKcne paMeHTaNbhLe HEHHHE,

iTaK, Nocje MUHODEHHOTO NeleHAd MODOH MOkeT:

I. 3axeaTaThcA AOPOM OCKOIKA 3a ¢UeT cnadoro B3auMoneiicT-
BlafA. MiamMepeHde BEpeMeHd EZ3HK MOOHA Ra NepeoloraweHROM HelTpo-
Hamil OCKOJIKe OpelCTABJIAET MHTEPeC C TOYRM BpeHAA OpOBepkd mS0-
ronn4ecKol aaanhnmncra fo puynn llprmaxoBa Iig sAnep, LGJISKAX OT
00MacTE CTaCHMIABHOCTE, |

2. PacpacThcAd HA K-opOATe OCKOJKA ¢ pOxIeHAeN 2JIeKTpoHa #
HelitpOHa. B 3Tolt cBA3H crefyer OTMeTHTH, 9TO MODOH, OcCTaBLACA
H& OCKODJIKe [ochie HeleHEA MOReT O0JXALATH elle OCTATOYHOE DOJApH-
3alpeii. [lodroMy JIeKTPOHH PACOAXNZ MOIYT 00J1anarh auAmoTpomaei

OTHOCLTE/LN0 HaOpaBJeHUA ClikERa MODORA,
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3. HcouraTs XoHBepCHD ¢ OOKoNKA. JTOT MpONecc aHanora-
90H KOHBEDOMR BJNEeKTPOHA, KOTODAA XOpOWO A3y4eHAa TeopeTAdecKa
E aKcOepAMeRTaNbHO, EcJim npou3BecTE OUSAKY KoafjammeAra KoH-
BEpOAR IUIA MDORA M0 AHAMOTAYHEM (Jopuynam Ina alexrpona (3ame-
HAB B (opMyNaX BeJATuHH, OTHOCHUNAeCA K aneirpaay Ha GOOTBET-
‘oTRyOmMe BeJRUIEN IJIA MOOHA), TO 2TOT KoapiilieHT OKA3WBAGTCH
= eNAHAUN NpaKTAYECKM WIA Beell mATepecywmedl Hac o6iaacTa
aneprail. Jra o0nacTh COOTBETCTBYST 3HOPrAR Bo3CyROEHAA OCKOMA-
Ka MAHYC 9BHeprusa cBA3R Mwona Ha K~opdate ockoJKa, JHeprada CBA—
3K MDOARA HAa K-OpOETE OCKOJNKA GOCTAB/AET BEJAUAHY OKOMO 4+45uev,
8 8Heprag BO3CYXISRAA OCKONKA Mocraraer ISwew, [loarToMy coexrtp
KOHBe pTADOBAHHHX MDOHOB MOXET 'npncraparanﬂ 1o IQumew, MOEHO
OpEBOCTA pasyMHYD BepXHDD OLeHKYy BEDOATHOCTA KROHBEDCHA MDOAA,
OCHOBaHHY®D HA CJenydmaX coolpazeHAAX.,

BosOyxIeRKN{ OCKOJNOK MpexNe BCEro MCOycKaer HeirpoRr. [a-
pAHA KOHBEpPCWA MDOHA BPAN JM MOEeT KORKYDADOBATE O AmepHOH
DapuHOil OMA UCOYOKAHAA ReliTpOHA OpH SHEPIUR BO3CyRIeHAR OC—
Konka BdmisK IS yew, Kak HsDecTHO, AcOyoRARZe BTOpOrO Hef#ATpo-
Ha HE-S.EI 8ro HeGOVIBMO{l 3NEPrAM MOKET KOHKYpPEPOBATh ¢ BSJyde-
mem 4 -keanra, [loaroMy KOHBepcMA MWOHA, Koropas dojee Be-
poATHA, YeM dcOyoRaHue ‘?' ~KBAHTOB OKaxerca Gojee Bspmraaii,
9eM @cOycKaHae BToporo Heilrposa, Takam oGpasoum OdYeHb I'pyGas,
BSDXHAA OlleHKa BepoATHOOTH KomBepcam W, Moxer OuTs mo @op-
MyJIe : e _i:g

2
rie Y - CpemHee YACNO BTODRYHHX HeidTpomop. Ima U?S pe-
mmdpsa We , mo-Bugumomy, Be opeBuuaer 0,25. HUXHAS IpaHa-



e

na BepOATHOOTE KOHBEPCHR MOXET JWTh OleHeHa, €CJA H3BECTHO
uacao 4 - RBaHTOB C ®Hepraeil, Conbuel 445mev HA ONHO ne-
nente, Lna U??  ara penuauna mapecrsa ® He Npebnuaer 5%
Ha OIRO HefeHde. COOTBETCTBEHRO 3TOMY Oyner paBHa BepOATHOCTE
KOHDEpCUN MDOHA Ha ONHO HeleHne, TarmMm oJpasoM, BepXHAA M
HAZHHA OlleHKa BEPOATHOCTA KOHBEPCHA DA3/AYANTCA N0 MOPANKY
Be/MYAHH, TOUHEH pacder BpAN JH BO3MOXeH, & HOITOMY TONBKD
Oyoyunil akcOoepiMeHT BHeceT AQHOCTH B 3TOT BOMpOC, :

4. Henurars CespanualioHHOe BO30yxIeHna ¢ K-OopOaTH RA
00Jiee BHCOKNe COCTOAHAA. BepoATHOCTH 3TOrD Opolecca OIpel el
eTcA umpnHOY fg 1A Oepexona B3 GOCTOAHAR, I'Ie ALPO = OCKO-
JOK CUJIBHO Bo3Oy=NeHO, & MWOH RHaxosaTcA Ha K-opdate, B COCTO8-
AR, I'fe ADpo "oxnamiaochs”™ Ha BeJaYMHY dHepLAd MWOHHOIQ Nepe-
xona IS np, a MOOH MNepecKOYAN B COCTOAHM® Op . JHEPrAA
aTAX népaxanm B AMpe-OCKOJXe COCTABAAET BelM9dHY ODOpAITKa
344 nevr ., TloaroMy IUIOTHOCTH AMEPHHX yPOBHEHN B KOH2UHOM cOC-~
TOsNK elle HOCTATOYHO BeJAKa, YTOOH BHOOJHSICA KpnTepuil
efs >>1 . Nps Bunonnensa oToro xpurepd, a TaxRe ODE YCIo-
Bud, 9T0 mapaRa g GONMbWe MIM CpaBH4Ma co Cpelkedh wapAHON
ey bacoaga ypoEHe# COCTABHOLO AZpPA B HAYaNbHOM A KOHeYHOM
COCTOAHLA ALPa-0CKOMKA, MDOH @ 3aMeTHOH BepoATHOCTHO MIRer
Gurh OcpefpowcH B BHCOKEE MpP-COCTOARMA, M3 3TuUX cocroaanit mMop—
OH MOZeT BepHyTheA o6pardo B I § -cooTofHNE € H3AydefiueM Me-
30PeHTIEHOBCKOrD KEAHTA. l3y9as UHTEHCHBHOCIE W BHeprdo 3TUX
KBAaHTOB, MO-HC CHejaTh BHBON O pacOpeleleHad 3apana Nno odwne-
14y, fepeddorailieiiHord Hed rpoRHaMi OCKONKa,. EcJjm mAa Besu Siib :"5

B 9TOM C.Iyune CODaBelJIMiH NDMBeOcHHHE B TekCTe OUeHKW ILIA



- 6 -

mapAHN Oe3pamual@oOHROrO BO3CYRNEHAA, TO OpOHecc NONSpOCA MD-

OH& B Op~ OOCTOAHAA C NOCAENYDmAM M3JIyIeHAeM Y - KBanTa
BO3MOXeEH,
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