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A H H o T a u H H 

HaA.ll9HO TO'IH09 'IHCneHHOe perueHHe CT8TH'I9CKHX ,llHCrtepcHOHHbiX COOTHOllle

HHA .llnH p -aMrtnHTY .ll cpoTOpO)K,ll9HHH. nony'IeHO rtonaoe Bbip8)K9HH9 ,llnH aMrtnH

TY.llbi cpOTOpO)K,ll9H.HH C Y'I9TOM '//n, -nortpaBOK H nonpaBOK H8 TO'IHOe perueHHe 

171 
H .llOrtonHHTenbaoro ycnoBHH, noaaonHromero yTO'IHHTb peaynbTSTbi .llnH ~ -

BOnHbi. 

npo,llenaHO Cp8BH9HHe C 9KCnepHM9HTOM .llnH 

HaA.lleHo al)xpa)KeHHe .llnH aMnnHTY.llbi BHpTyanbHOro cpoTopO)K.ll9HHH, onHCbi

a~romel.npouecc e+.lll _,. e +.IV.+ ff • Yfa cpaaHeHHH aToro Bbipa)KeHHS'I c axcne-

/14/ . 
pHM9HTOM .llnS'I pa.llHyca M8rHHTHOro MOM9HT8 HeATpOH8 /a 9KCilOH9HUH8nbHOfi 

MO.llenH/ nony'IeHO 3H8'19HH9 1,2•10-13 
CM /c TO'IHOCTbiO f6 30%/. 



I 

1. Bae.ueHRe 

B paooTe paccMaTpRaaroTcst npouecchi po:tK.ueHRH 

.ueil:CTBHII HyKnOHOB C aneKTpOMai'HIITHblM noneM: 

---' 

Ill 

Kor.ua aTo none 'IHCTo non_epe'!Hoe, II Heynpyroe _paccestHIIe aneKTpOHOB Ha HyKno

Hax 

e+ .1'1- e +.rv' + srI I 21 

Kor.ua none, coa.u aHHOe aneKTpoHoM, npo.uonbHo-nonepe'IHoe. BaaRMO.lleil:cTBIIe 

nonepe'IHoro nonst c HyKnOHOM B Ill. onpe.l:r.en.HeTc.H nonHhiM aa~st.llOM II ~ar'HHTHbiM. 
MOMeHTOM HyKnOHa. npo.uonhHo-nonepe'IH~e none B 121 n03BOnsteT "nporuynaTb" 

BHyTpeHaee pacnpe.ueneHIIe aap.H.llOB H TOKOB B HyKnoHe. floaTOMY p~aKUHSI /2J, 
., . 

Hapst.uy C ynpyrHM pacce.HHHeM 9neKTpOHOB Ha HyKnOHaX 1 .uaeT B03MO:IKHOCTb 

nony'IHTb cae.ueHRSI 0 HyKnOHHbiX cpopM-cpaKTopax. npii 8TOM cp~pM-cpaKTop' .Heil:.:., 

M930Ha Ha cao6o.uHOM npoToHe. B HII3llleM npH-~nii:IK9HIIH no 3apH.uy aneKTPOHa npO!'

uecc 121 cso.uHTcst K IIcnycKaHIIIO aneKTpoHOM BHpTyanbHoro cpoTOHa, Koitipwil:, 

saaHMo.uelicTsy.H c HyKnoHoM, H po:tK.z:ia.eT MeaoH. AMnnHTy.ua TaKoro BIIpTyanh'Ho-

T ·. 11 21 . 
ro cpoTopo:tK.ueHHSI onpe.ueneHa a ' • TaM :tKe nony'leHO :Bbipa:tKe:-me .unst 

MaTpH'IHoro aneMeHTa npouecca. 121 qepea T . B ·qac·THOM cny'lae, Kor.ua Macca 

BIIpTyanhHoro cpoToHa pasHa 0, T oniiChiBaeT npouecc 11/, :Bhipa:tKeHHe .un.H 
151 . ' 

MaTpii'IHOI'O 81J9M9HTa KOTOporo IIM99TC.H B • l130TOnii'19CKaSI H CniiH-B9KTOpHaSI 

T 11,31 
cTpyKTypa · .n ee paano:tKeHHe no napuHanhHbiM aonHaM paccMoTpeHbi B 

15 6/ 
a .un.H ttacTHoro cnyqag oobi'IHoro cpoTopo:tK.ueHIIH - B- ' • KoMnneKcHbie aMnnn-. 

TY.llbl napUIIanbHbiX BOnH 3aBHC51T niilllb OT aHeprHH CHCT9Mbl II MaCChi BHpTyanbHo-
11 3/ 

ro cpo'I'oHa. Ylx cl)a3bi coana.uaroT c cpaaaMII Me3oH-HyKnOHHoro paccestHIISI· ' • 

8-x:o COBna.ueHIIe IIM99T M9CTO .unst Tex/ .ll0CT8TO'IHO ManhiXI 9HeprRil: 1 npii KOTOpbiX 

onpe.ueneHhi aem ecTBeHHbie cpa3bi· pacce_stHHH 8 
. . : ': ~. '' 

Cae.u eHHSI o aaancHMOCTII napuiianbHhiX aMnniiTY .u oT aHeprHII ·Mo:tKHo · nony-
. ' . . 181 

'IHTb 113 ycnOBH5i: npii'IIIHHOCTII C llOMOlUbiO MeTO.ll8 · .lliiCnepcHOHHblX COOTHOll19HIIfi , 

B 11 ,21 
.z::r.nst aMnnHTY.llhl BIIpTyanbHoro cpoTop-o2K·.ueHHst· T nony'leHbi ilHcnepcn-
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141 
OHHbiS COOTHOWSHHSI /HX MaTeMaTH'ISCKOe 060CHOBaHH8 ,O:aHO B / B npe,o:nono>Ke-

HHH, 'ITO npH 6on&wux aaeprHSJX T cTpeMHTCSJ K xoac'i'aaTe· /npu aToM K xoacTaa

Te CTpeMHTCR C8'19HH9 lPOTOpO>K,0:9HHR/. npu TBKOM npe.o:nono>KeHHH B .O:HCnepCHOa-' 
/1 2/ 

HbiS COOTHOWSHHSI ·BXO,O:RT 9 KOHC'l'aHT Bbi'IHTaHHRo B 1 fiOKa3aH0 1 'ITO 6 H3 HHX 

MoryT 6bl'l'h onpe.o:eneHbl H3 ycnoBHSJ rpa.o:ueaTaoA HHBapuaaTaocTH. Tpu ocTaBwHecs 

KOHCT88Tbl HCKniO'IaiOTCSI 6naro,o:apg TOMY1 'ITO O.O:HH H3 CTpyKTypHbiX K09lPlPHUH9H

TOB T npH 6onbWHX aaeprH51X £ y6biBaeT. KaK 'YE";. e; H ae HMeeT .o:onon

HHTenbHbiX no cpaBHSHHIO c T oco6eaaocTeA~ 3To o6CTOSI'J'9nbCTBO fi03BOnsteT He 

TOnbKO HCKniO'IHTb KOHCTaHTbl1 HO H nony'IHTb HSKOTOpOe .O:OnOnHHT9nbH08 ycnOBHe: 

paBSHCTBO ayniO HHTerpana OT MHHMOA 'IBCTH aToro xoa¢¢11lH9HTa. B cny'!ae ayne

BO.A MBCCbi. BHpTyan&HOt'O lPOTOH8 STH COOTHOW9HHSI nepeXO.O:SIT B .O:HCnepCHOHHbiS 
/57/ /13, 

COOTHOWSHHSI ,o:nR o6bl'IH01"0 !lJOTOpO>K,0:9HHR 1 paCCMOTp88Hbi8 B 1 
• • B pa6oTaX 1 

. /5,6,7/ .~.. ,, ~ . .,, . . 
H :npo,o:ena.R nepeX8.£l· ~· STHX COOTHOWSHHRX K QHCTSMS USHTpa Mace. llHc-

nepCHOHHbie cooTaomeHHR B c.u.M. co.o:ep:maT no.o: HHTerpanoM o6nacTb aeira6nro.o:a

eM.blX yrnoB fKOCHHYC yrna BblneTa M830H8 6onbW8 + 1 HnH MSHbWe -1/, .p83Mep 
161 

KOTOpOA COBna,o:aeT C o6naCTbiO paccMaTpHBaeMbiX SHeprHA • llHcnepCHOHHbi9 COOT• 

HOWSHHR CO,o:ep>KaT fiO.O: HHTerpanOM TBK>K e o6naCTb CKOnb yro,o:HO 6onbWHX aaep

t'HI:o Hs HHX MO>Kao nony'IHTb npu6nH>KeHHbie ypaBHeHHst .o:ns napuuan&HbiX aMnnuTy.o:, 
161 11 3/ 

'ITO ::::,o:enaHO B ,o:nR 06bi'IHOt'O lPOTOpO>K.O:SHHSI H B 1 
- ,o:ng BHpTyanbHOl'O. 

Bonpoc o nony'IBHRH STHX ypaaaeauA o6cy:m.o:aeTcR B § 2. 

f'py6as oueaxa nosBonseT o:mu.o:aT&, 'ITo aTH ypaBaeaHR B npu6nu>KeHHH 6ecxo

ae'lao Tst>Kenoro ayxnoaa .o:a.o:yT CBe.o:eaHSJ o6 aMnnuTy,o:e c owu6xoA npHMepao 16% 

y nopora a 30% B o6nacTH pesoaaaca, · ecnu Macca a~pTyani>aoro ¢oToaa .o:ocTaTo'!-
. . n1 . 

HO Mana I< 500 MsB/o t.IbiO, noy, r'onh.o:-6eprep H HaM6y HalimH npu6nH>Keaaoe 

peweaue STHX ypaBHeHHI: H nony'IHnH Bblpa:meaue .o:ns aMnnuTy,o:bi ¢oTopo:m.o:eaus. 

AMnnHTy,o:a s -BonHbi 3aBHCHT OT CT8TH'l8CKHX MBt'HHTHbiX MOMSHTOB H CO.O:ep>KHT 
~(-!') 

Heonpe.o:eneaable xoacTaHTbl Jr H noaToMy ae y.o:oBneTBopSJeT Teopuu Kponns H 
i91 

Py.o:epMaaa ~ 

B .o:aaaoa pa6oTe /§ 3/ .o:ns P -aMnnHTY.O: ¢o'l'opo:m.o:eauR Haxo.o:HTCR TO"tJ

ao.e /,o:ns 6eCKOH9'1HO TSJ>Kenoro HyKnOHa/ 'IHcneaaoe peweHH90 npu STOM HCfiOnh-
. /10/ 

3yeTC51 npe,o:nO>KSHHbll: B MSTO.O: CB8,0:8HHR nHReftHbiX CHHt'ynspHbiX ypaBHSHHA 

x peryngpMbiM. ypaBHeHHRM ¢pe.o:ron&Ma, · ocaoBaHHbiA aa. pa6oTax· MycxenHWBunf1!' 
Cxo.o:sma51cR npoue.o:ypa n.ocne.o:oBaTen&HbiX npu6nu:meaaa npu peweHHH perynspHoro 

I 

I 

1 
I 
I 
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ypaBHeHHSJ ¢pe.z::U'OJlhM8 npHBO.llHT K e,llHHCTBeHHOMy peUJeHHIO. noaTOMY BOnpoc 

06 O~H03HaqHOCTH peUJeHHSJ C~O.llHTCSJ K Bonpocy 06 O.llH03H8qHOCTH cnoco6a nepe

XO.ll8 K perynHpHoMy ypaaae·aHro.. HaaecTHo, qTo .llJIH aenuaeihtbiX ypaaaeauii a 

cnyqae pacceSJHHH TaKoii cnoco6 aeoaaoaaaqea H aaaH6HT oT npeanono*eHHH o6 

/12/ 
OC06eHHOCTHX 8MITJIHTY.llbl H8 BemecTBeHHOii OTpHUaTeJibHOii ITOJIYOCH • 

B .ll8HHOM cnyqae npo ueaypa nepexoaa 6yaeT oaaoaaaqaoi!:, ecnH noTpe6oaaTh 

qTo6br: 

1 I cpaabr pacceHHHSJ y nopora H aa 6ecKoaeqaocTH o6pamanuch a aynh, 

2/ peUJeaue perynBpHoro ypaaaeHHH HM.eno aa 6ecKoaeqaocTH To *e aaaqe

HHe, qTo H peUJeHHe CHHI'YJIHpHOI'Oo ]lJIH cpaa 6biJlH B3HTbl 3HaqeHHSJ 1 nonyqeHHbie 

/12/ 
a Ha cTaTHqecKHX ypaaaeHHii 4bro-noy. B § 4 BbinHcaao nonaoe Bbipa*eHHe 

.llJlSJ 8MfiJIHTY.llbi cpOTOpO*.lleHHH C yqeTOM 
1/rn. -nonpaBOK 1 nonpaBOK Ha TOqaoe 

171 
peUJeHite H .llOfiOJIHHTeJibHOI'O YCJIOBHH 1 C fiOMOUlbiO KOTOpOrO yToqaeHbl peayJihT8Tbi 

.llJIH $ -aonabr. YfMeHHo, noKaaaao, qTo: 1 I aMnJIHTyaa J3 -aoJIHbi ae aaaHcH.T 

OT CT8THqeCKHX M8I'HHTHbiX MOMeHTOB; 2/ ypaBHeHHe ,llJlSJ Hee CO,llep*HT ITO.ll HH

TerpaJIOM 6onee 6biCTpO y6biB8IOIUHii ¢aKTOp, qeM B 
11 I. noaTOMY BeJIHqHHbi JVf:t) 

/7/ . 
OK83biBaroTcH MeHhUJHMH, qeM a To oueaeao a • Jlanee, noKaaaao I§ 3 I, <iTo 

sin-o fo -qacTH BCeX M8I'HHTHO-.llHfi0JlhHbiX 8MfiJIHTy .ll nponOpUHOH8JlhHbi ---p-
8To 3HaqHT, qTO Me30H 1 pO*.lleHHblii npH B38HMO.lleHCTBHH cp0TOH8 CO CT8THqecKHM 

M8I'HHTHbiM ·MOMeHTOM 1 BC~I'.ll8 HCfibiTbiBaeT BTOpHqaoe pacceSJHHe 1 B TOM qHcne 

H npH CK8JIHpHOM /a H30TOfiHqeCKOM npOCTpaHCTBe/ nepexoae. npo,lleJI8HO cpaBae

HHe C 9KCnepHMeHTOM .llJlSI p -BOJIHOBOii qaCTH 8MfiJIHTY.llbl :Jf 0 
-¢oTOpO*.ll8HHH. 

Toqaoe peUJeHHe ynyqUJaeT cornacHe c aKcnepHMeHTOM. 

B § 5 nonyqeao Bbrpa*eHHe .llJIH aMnJIHTY.llbi BHpTyanbHoro cpoTopO*.ll8HHH 1 

B KOTOpOM BTOpHqHOe pacCeHHHe Me30HOB yqTeHO npH6JlH* eHHO, fiO.ll06HO TOMY 

/17/ 
KaK STo caenaao B · anSI o6brqaoro cpoTOPO*.lleHHH. B BHpTyaJihHOM ¢oTopo*ae ... 

HHH qJieHbi BTOpHqHOI'O pacceSJH~SJ 1 0 KOTOpblX H.ll8T peqh, HI'p8IOT OTHOCHT8JlhHO 

MeHhUJyro ponh, qeM a o6brqaoM. YqTeHbi TaK*e nonpaBKH "" eu/nv K MarHHTHbiM 

aHnOJibHbiM aMnJIHTyaaM. BHpTyanhaoe 

COOTHOUJeHHii HCCJieayeTCSJ T8K*e 

cPOTOPO*.ll8HHe C fiOMOUlhiO .llHCnepCHOHHbiX 

/14/ 
a pa6oTe <:Py6HHH 1 HaM6y H BaTarHaa • 

0.llH8KO B .llHCnepCHOHHbiX COOTHOUJeHHHX 1 KOTOpble OHH HCnOJlb3YIOT 1 KOHCT8HTbl 

BbiqHT8HHSI yqTeHbi JlHUJb B HH3UJeM npH6JlH*eHHH no KOHCT8HTe Me30H-HyKJIOHHOii 

caSJaH. PaanHqHe oKoaqaTeJihHbiX Bbrpa* eHHii anSI aMnJIHTY.llbi, nonyqeaabiX aaecb 
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/141 
H a , oocy)KLtaeTcH a § 6. Oao aeaenn:Ko a oonacTH /331 - peaoaaaca, TaK 

. 1151 . 
qTO 008 Bblp8)K9HHH H3 Cp8BH9HHH .C SKCnepHMeHTOM B 8TP1i OonacTR L{810T 

OLtHHaKOBbie aaaqeansr LtJIH paLtHyca MarHRTHoro MOMeHTa ae1iTpoaa. B pa6oTe 

131 
HCllOJib3YIOTCH T9. )Ke_ 0003H8'19HRH, 'ITO H B • 0HH BO MHOT'OM CXOLtHbi C oooaaa-

/6 7 I 
'19HHHMH B '· • 

§ 2. ,UH cnepCROHHble COOT HOW 9HHH H llpHoJIH)K 9HHbi9 ypaBH9HHH 

,UHcnepCHOHHbie COOTHOllJ9HHH LtJIH BHpTyanbHOf'O cpOTOpO)KL{9HHH B CHCTeMe 

/3/ 
ueaTpa Mace 

·oo 

R 
(ol} ~ 

e l'fi (w.~x.~ m,.) 
tJ(ct) . 

= 1'1; + .ff 

p J ~ ~ (•I} . (ol} I I .t f 

4- -, tj ':1m 1'1; (w.~:;,; J tnt) olw 
I J . Ill 

I w - nonaaH aaeprHH aa Bbi'IeToM M8CCbi ayKnoaa rn. X - KOCHHYC yrna 

Bbin9T8 M930H8i mJ' - 6 M8CCc!f BHpTyaJibHOf'O <PoToHa 1 

}(U ~ 

o~ L L 
I( - H =- m1 , x onpeLtenHeT-

• lo. lo I I I 
CSI paBeHCTBOM /\0

'}-- l<tj.X :::- /{ 'f - IC 'j:J::. ; - HMllYnl:Cbi cpoTOH8 H Meao-

aa; CHCTeMa 9LtRHHU n::: C=jt = ~. I coLt ep)K aT noLt HHTerpanoM LtnH 

OOJI8CTb H9H80JIIOLta9MbiX Yf'JIOB 

I 
X>1 ~J.JI l:(of6-"- 1-(9-_:x! <: H~? 

..t. 
_ :'1. m + I - f71:.y 
- .2 c nv-f-1) 

I 
X ~- 1 gc.~.JI K"'f"- K-if~ ;> K~"f' 

, 
Ut<W 

121 

lnoHaneaHe 
I 

X > 1 o6sraaao paanH'IHIO Mace cpoToHa H Meaoaa/, a TaK)Ke OOJ:I8CTb 

oonhwHx, aueprHi!:. 

ByLteM paccMaTpHBBTb:JIHlllb LtOCTaTo'IHO Manbxe. aaeprmr w :<c.v...,. TorLta 

H9H80JIIOL{89M8H OOllaCTb COOTB9TCTByeT CTOnb )K e ManbiM W '< Wrn.. • ,UnH npo--

tV (OI} I ' .t) 
Lt0n2K9HRH B- STy ooiJaCTb BOCllOnb3Y9MCH paano)K 9HH9M ..nn- Jlf; ( W .> .X • m,y 

a pHLtbi no nonnaoMaM -ne)KaHLtpa Pe fx') . TaKHe pHLtbi aaaepasrxa cXOLtHTCH 

I P. /. ') f'/ I< 
rrpH w--? ·1 1 H9CMOTpH H8 T0 1 'ITO. -e c:l: "" .Cj , T8K K8K KoacpcpHUH9HTbi 

paanO)K9HHA COLt9p)K8T CHHyCbi cpaa, KOTOpbi9 y nopora ObiCTpO y6biB8IOT: 

• ('" 
1
-ll'"' / II . 

StfL 0-e "- 'J- / (~f-~ot) .. (:l,f'-t}.1! . .Ueno ycno)KHHeTcH BLtanH oT nopora, KorLta . 

{x'{ > f npH oonhlllHX aaeprHHX, rLte xoacpcpn:uHeHTbi paano)KeHHH ae yobma

IO.T TB.K. 6blcTpo. O.qHaKo npn: aaeprHHX ae aaMaoro npeabilllaromux oonacTb 133/ 

I 
{ 

,l 
I 
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peaoaaaca 

131 

H COBpeMeHHOi! TO'IHOCTH 8KCnepHM9HTa B 1JlCCe5IHHH M930HOB H9nb35I 06Hapy)KHTb 

napurranbHbi9 BOnHbi C 6onbillHMH Op6HT8nbHbiMH MOM9HT8MH 0 noaTOMy B paano)KeHIIH 
IL/ (of} 1 I J.) 1 J?n n; (w) X, md' nprr /x / :!i -f no Kpaii:Heii Mepe c aKcneprr-

MeHTanhHOH TO'IHOCTbiO MO)KHO OI'p8HII'IHTbC5I ~ H p -eonHBMH. npeanonO)KMM 1 

1 
,.. I I 'ITO STO MO)KHO caenaTb II npH .,... H9CKOnbKO 6onbUJ 9M 1. 

L{anee orpaHH'IHMC5I OaHOM930HHbiM npH6nH)K9HH9M 1 KOTOpoe BeaeT K npOCTOfi 

CBSI3H napunanbHbiX 8MnnHTya C qJ838MH pacce5IHHH. 0HO SIBn5IeTCSI TO'IHbiM npH 

n aocTaTO<JHo xopomnM anSI w ~ 2,5 • npn 6oltbmnx aaeprnSix 

OHO yxyamaeTcs, npn<JeM ans cpaa aaao ncnonbaoeaTb aHa<JeHrrsr, nony<JeHHbie c 

noMOIUbiO aKcTpanonsrunn. YKaaaHHbie npn6nH)K eHHSI B HHTerpanax B 11 I no o6nacTrr 

W ?- CcJm aeaaKOHHbi • .Unsr OUeHKH BbiCOK08HepreTII'IeCKHX llHTerpanOB Haao yqH-

TbiBBTb HeynpyrHe npoueCCbl 1 npOU8CCbl CO CTpBHHbiMII 'I8CTHU8MH H T.a., CBeaeHHSI 

0 KOTOpbiX O'!eHb CKyaHbi. npeanonO)KHM 1 'ITO BKnaa OT HHTerpanoB no W '>W,., 
, 

B aMnnHTyay B o6naCTH 131 MHOI'O MeHbUJe1 '!eM BKnaa OT HHTerpanoB no W < W~n, 

H npeHe6pe)KeM HMH. OnpaeaaHneM anSI aTOI'O cny)KHT T0 1 'ITO OT6poUJeHHbie HHTe-

rpanbr He coaep)KaT o6nacTH 1331 peaoHaHca. L{anee, MO>.KHo rpy6o oueHHTb HHTe

rpanbl no W 
1> I7'L • .UnSI BMnnHTyabi ,s -BonHbi OHM aaiOT BKnaa nopsraKa w~;lh, 

( e = :1'171-- [ M,- K-'f M:z.} I''"'"" ) 
· x'=t 

, a anSI p -eonHbl ·...,. wc;,.,.r.. • no-BHaHMOMy, 
1 ,t.":n 

Wm.. < (.() < tn.- • ¢yHKUHH -I'J TaKoro )Ke nopsraKa H BKnaa oT HHTerpanoB no 

B OC?TaBm:nxcSI HHTerpanax B - II I H HeoaHopoaHble <JneHbl MO>.KHo paano)KHTb no 

1/rn, • Ecnn orpaHH'IHTbcsr HyneBbiMH qneHaMH aT:nx paano>.KeHHii IT.e. B 11 I nono;.. 

)KHTb rn, = oo I, To npu MBnbiX rn¥ neoaaopoaubie qneHbi aaayT omn6Ky "' -ljrrr

y nopora H "" 2/m B o6nacTH peaoHaHca. Om H6Ka B IIHTerpanax no w 
1 < ~ 

TOI'O )Ke nop5IaKa 1 B HHTerpanax ·no W 
1> fl. -no pSI aKa .9 /rn. • nocKOnbKY 8TH 

nocneanne aaroT caMbiii Manbrii BKnaa B aMnn:nTyay npn w < fl , To, ecnn 

aocTaTO'IHO TO'IHbi npeanonO)K eHH5I 1 0 KOTOpbiX I'OBOpHnOCb BbiUJe, MO)KHO O)KHaaTb 1 

'ITO TBKHe COOTHOUJeHH5I aaaYT CBeaeHJI5I 06 8MnniiTyae C OUJH6Kofi nOpSiaKa 15% 

y nopora n 30%-e o6nacTII peaoaaHca. 3Ta omn6Ka eoapacTaeT c pocToM m_r 
T.aK KBK npn aTOM eoapacTaeT HMnynbc cpoTOHa I(~ 11\·~m;' . npn mt-- 500 MaB 

I( "' In l-7.- y nopora H B o6naCTH pe30HaHca. noaTOMY OUJH6Ka MO)KeT B03paCTH 
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.n:o 50%. 

Ecnu B /1/ nonoJKUTb rn = .,.., H B ~ J11.fot1 
I OrpaHHTfHTbCSJ ::f H 

~ H P BOnHbl B p BOnH8MH1 TO HHTerpanbi 6y,n:yT .!1: 8B8Tb BKna.n: nHI!lb B 
' (Ill} . 

Re H; • B aToM cnyqae aecb BKna.n: B M,· oT aonH c .f"?-f co.n:epJKnTcsr 

B Heo.n:Hopo.n:HbiX qneHax. HnJKe BbmncaHbi npn6nnJKeHHbie ypaBHenns . .n:mi ·~ n P 
3 

aMnnuTy.n: 

(•0 
Oapun:anbHbie 8MllnHTy .n: bl 0603Ha Tf8IOTCSI CH MB.onaMH 'l)-C-! 

rr:~J Mtr:~) 

Eu. , e-!:: 
!',!:{8 e - MOM8HT M830H8 1 .f.t; :1. - nonHbiii: MOM8HT CHCT8Mbl; ~ H E COOT-

BeTCTByeT npO.z:tOnbHOMy H aneKTpHTf8CKOMY cpOTOHy C nonHbiM MOM8HTOM l:!:4 

cpoTony c MOM8HTOM .e •. AMnnnTy,n:bi ~ oTmr-M COOTB8TCTBY8T MBI'HHTHOMY 

.t.; .t. T{8IOTCSJ MHOJKHTeneM W . rn,y /3/ 
OT ynoTpe6nB8MblX B • 3TH 8MllnHTY.LJ:bl cne_. 

.!l:YIOlllHM o6p830M CBB38Hbl C cp838MH pacceSJHHSI I H = ~ 
;) 

E HnH N I 
{t) -1 (H ('/z) (J/.1) 

H: "3" +.2H 
(:Z} ( :1 J 

H : 1-1 rn ,1 ( r'/.J r41~.oJ) 
H == ~3 H -1-1 

tl} H .,. :: ryp (Ij ;£ (1} 

f- .rc..e :t e 'l't J:: ./ 
:i:;) t .. i 

/4/ 

I 

r.n:e 1 - nonHbiH naoTonnqecKnii :MoMeHT MeaoHa n nyKnona, 7£ aemecTBeHno, 

gt~)= s (1/.z.} 

HnJKe .n:nsr ol=~:l. ynoTpe6nSieTCSJ B8pXHHH 3HaK 1 ,n:nSI o( = 3 - HHJKHHH. 

Re 
(J} 

7)/4- (w} = 
ICtj-

p I ~ . (. I ' -1 )' _, - - -;- -:t ---;-- J'r"J 
7T 

1 
w' w-c.v &U -~ow 

fot}(w') .I ' ~N - t)1,W 

..t, ff' /5/ 

0Tcro.n:a cne.n:yeT, TfTO npo.n:onbHo-KBa.n:pynonbHaSI aMnnnTy.z:ta ne aaancnT oT aapsr-

,!:{8 H MBI'HHTHOI'O MOMeHTa HyKnOH8; T.,e. 

:;:/oil (c.v) I ICfL ..:.. 0 . 
1+ . 7 /6/ 

B nocne.n:yromnx cooTHOI!lenusrx sTa aMnnHTy.n:a onymena 

(Ill} 
~~- (w) :: A (r:IJ 1-:t I 

He · K.'J- f 1e.1.. 
P_f ' :z. r .t.. 

_ ..!:!:!..__ .(tvw+m1 ._ ww-m1 ) 'J 
+ .71 lc3.w1 w ~ w + w '..~-w "111 

I -

fol} (w'} ' 
-;;o,_ ofw 

r , 
!=if 171 

I 
{ 

,) 
I 
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Re ~:: {w) = ;. ,/ ( :~( w~w ± w':~) hn A?,:aj~~- (~'X, ~~;~1dcu' 
/8/ 

Re 
r:: («} /. } fd} '"-,+ , w = ..1... 4 {-t :t _,) <pQ 
· .IC'J- 3 e + 

} (dJ ') 

.£. Jf...L ("'w'.,.~nj + ww'-lnVl E,~"' (w~l+ 2m!( o ) 7~ ~~- 1{~ }dw'. 
+- JT A='.z w ~ GcJ ·- w r_,.~· )'.,., ~::.. 'o_' :3 tu' "Pa · · /C. .tt . /9/ 

I 1r 

Ill/ 

I -::!- I 

/12/ 

; ! ( ~'-'w I 
)~ 

l'ff'J} r. ') Jl1 (ot)( I) 
-f 1- W - • I~ w + + w'.,. w .tiCJ-1 

. f'..t] ~ 

~~/~H) 'lm_ 
~{ol} (r.•>J 

} d:V'. _£ ( o) X, £1.,. (w') :L 1- . -1 
,t t2- "'' I I 

..,_~ 

~ f'f I . !V'f cu' 

3.ll9Cb 
{-} 

o/..: I 

~;"' 
~ (ol)- .;. {f-) 

o( =-:1.. 
I e,ft' - ..t f:f?,J' 

/13/ 

:.. F..l-1 
. - <7,)1 o{ ==3 

F. (P,II) 

I t=',J7 /tn/) I - ¢op~cpaKT6phl .llJHI aapst.lla (e) 

(j:t) npOTOH8: {p} K H9ii:TpOHa {n) 
H MSJ'HHTHOI"O MOM9HTa 

i' 



- 12 -

~ =1-1:. .p 
I . 3 

cpM = 'f~l cpG. = lt:..z. - ~rj/" cp cp ,j J J 

z l 
1141 cp=1-~-~.e- lc-fj-

. .z ,e.~ J;; ~ '1-

aononHHTen&aoe ycn~BHe 
c y'leToM I 6 I npHBO.llHT K paaeacTBaM I 

E' ff'} ( c.uJ 
~::~:~.. I 

__!_./ -l. 
:Ji A:.~ ~ 

I 

-f+ olw = 0 
...t-'j-

ff'} j rN 
- ~ + .:!.. %, I_/_, ; E.· f')/ ) 3 E I+ ( w) 

I }f. .JT '-- Z., O+ ( fN + 
/ I "' .· 1Vfj-

- L <:h. rr-J / '1 x.z.. 1-Jo+ c w.l +-

rP)'''' J g);_ ;{w 7 
.;J 

M;~'rwJ - 1'1 ,r:Jr(;.JJ 
/Ctf-

1151 

1161 

BepxaHil: 

£,_. H M 

.t• 
npe,llen B HHTerpanax WIJJ ';t 3 + 't • npH lnlr = 0 ypaBH9HHSI .lllfSI 

1611 - aMnnHTY.ll coana.llaiOT c nony'leHHblMH paabwe ' • t.IToobl nony-

'IHTb Taxoe coana.lleHHe .lllfH EO+ 1 H8.ll0 BOCnOnb30B8TbCSI .llOnOlfHHT9lfbHblMH 
YClfOBHSIMH 115, 161. 

§ 3. t{ucneaaoe peweaHe ypaaaeaHSI ~ p -aMnnHTY.ll cPOTOpO>K,ll9HHil: 

B ypaaaeauax .llnSI P -aMnnHTY.ll pean&aoro ¢oTopo>K.ll9HHSI I m; = o I nepeA

.ll9M K .8MnnHTY.ll8Mt COOTB9TCTBYIOWHM onpe,llelfeHHOMy nonHOMy H30TOnH'I9CKOMy 

CnHHy H BB9.ll9M 0D03H8'19HHSI: 
(1/o.) • 

E1.., .J n ,6,1!1. 
--- = e:> w 4:1/z. e ICfj-

.lllfB anexTpH'IecxHx KBa.llpynon&HbiX 
til&} e,_ 

1Cf" 
f::fw Gsit. eiou 

I 

aMnnHTY.ll 

/171 

npu sToM Or Y.llOBneTaopa:IOT ypaaaeaHHM -.,..., , , 1 r '~ .. ) _ p ..!... m....., + .E. I[Giftt~'}s;, d.q~ra.') ,... n_· GJ(,./st', ill',_{tNJ' J , ~I (W/ ~ oJl,3'""' - hrw Ttc IT' J. ·' +L--Lz' , ofw 
I 41-W l' (,ul..f'-U /18/ 

{ (-1 ·~ )' 
Jll,l' = 3 ;L 1 I 

~I= f{-7) /19/ 

1 
I 
·~ 

I 

.I 
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.ll.TISJ e - 'IJI9HOB 
('/z.) 

. Mr-e r N ;&, 
-""e':l ,e . JV&j- . I 

r L: 8,·~ I Ql I I (A}) s,..,' Jt-. c§.u_l 
,3. 

l' 
.. 

(< -8 

~!) JJ,., " =g -~ ':/ 
.~ 
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(cu'J) ofw 
I 

(-J -) 
B,.LI 

I Lj =j 
-,;v 

.ll.II51 ~ - 'IJieHOB M8I'HHTHhiX .llHllOJihHhiX 8MllJIHTy .ll 

Nd . I . 'rJ!~)"· t'k} :- I . . 

fft-jt - )tf' -/4 . H,_)': - Ht+jt- - jt_r r" 
K-fj- - .Z:f C/1/ K-fj- - J<,'f - ~:1 lfi.J 

{ = r(~~ 

(,· 
= -+ 

"' 
P j(DO ·~·fe.-') .J'in rf;fu/ J L .11, Cf;t(w'} s/, tf;,fw'Jj 1 - + ,.1 I o/£V 
fl w 1

-«J . 'I I 4J .f w 
I . , . . to 

-I 
.fl .. ~=.:!.. r~ ~ 

II !J ,f( ~ 

/21/ 

/22/ 

/23/ 

/24/ 

/25/ 

H .ll.TISJ M8I'HHTO-.llHll0.1IhHhiX 8MllJIHTy.n, COOTBeTCTBYIOUlHX CK8.1I51pHOMY H30TOllH-

qecKoMy nepexo.ny: 

/26/ 
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.//. .. , = .:!... (-, 1 't ) 
" . 3 . :t -( ~,.- ~ 3, r-~ J. /28/ 

D,ng peweHH5I STHX CHCTeM .IIHHeitHbiX CHHl'Y.IISipHbiX HHTerpa.IIbHbiX ypaBH9HH1i: C 

11.z:tpoM THnli Kowa .. 6l,m ucnon:oaoaaa MeTo.z:t perynspuaauuu STHX cucTeM /onucau-
10 11 . .. .•. . 

Hbl:ft B pa6oTaX t /, T.e. MeTO.z:t CBe.z:teHHSI HX K CHCTeMaM ypaBH9liH:ft THna 

~pe.z:tron:oMa~ B peayn:oTaTe perynSipuaauaa CHCTeMa cuurynspu~:>rx ypaaueuu:a pac-

c MaTpuaaeMoro. Tuna: 

00 

'f,·~tf.·l'w} = Y,·lcu) f -}: J / 'l',·l'w~s/, $,·/..,'/ + L ~- tfJ·fwJs,", {~w'!jor.,' 
( "' - C<.J • . . I . I 29/ J w-+c.u 

CBO.z:tHTC5I K CHCTeMe 

I 0" 

'f,·fw}'== 9/tw} + If~ }R, .. 8,-(~w')sintfjlw') l(;fw')o(t.u
1
1 

. J I 'I d · /30/ 

rae 

d; ( w} = f),·(w J co~ J;· {w J + ..L. e J·· (eN) 
. <1'. / .I/ 

oP f' f g,· r-'}s;, $;r~') e ,,.,d·~, 
I ..... I ..., -(A.} /31/ 

. . p .~, ; ,. -f'·tlJ rr>; 
B./w w') =. _:!_, r Cf>.1_ tflw' -1- -:/; e.J I w'/p /' .flni}f~)e oO j-sb.i,'{Jje;((~ . 

' 
1 w'-+w L ' ' / ""' ( ' .I - '132/ 

t ~- eu w 1 + ~ · 
I ~ . 

r; fw) e -=- ,_, , e ..... -w 

/38/ 

. <:', ) . . /12/ .~aa& 0;'w 6&na nony'leHbi aa pemeHH11 cTa:TH'IecKHX yp.a:Bm,um:a LJ:oro-noy 

Re J.·fw) 
fj-3'6'1. 

= .4: w c:{~ J:-lw) /34/ 

1 
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rrpH ycnOBHSIX: 

Ia/ £.feu)----:> o 
1 w_, I 

135/ 

/lf/ • 

YcnoaHe Ia/ o5ecne'!HBaeT orpaRH'!eHHOCTb HHTerpanoa 
I 

IlpH W : { 1 a ycnoBHe 161. - CXOLlHMOCTb STHX HHTerpanOB Ha r7<> • rpacpHKH 

cpa a H306pa2KeHbi Ha pHc. 1~ nepeXOLl OT ypaBHeHHil: 1291 K ypaBHeHHSIM 1301 1 

aoo6me roaopSI, ueoaHoaaa'!eH. K npaBbiM qacTSIM 130/ Mo:muo ao6aBHTb 
1';/w) 

(eu-t) n;J 

n,· - 'npOH3BOITbHbie .uenbie '!Hcna. OaHa .... P,·fw} - IIpOH3BOITbHbie IIOITHHOMbi1 a 

KO STa HeOLlH03Ha'IHOCTb HCKITIO'!aeTCH cneayiOlUHMH Tpe60BaHHHMH: 1/ 'IT06bi pewe-

HHe CHCTeMbi /301 6biiTO perynHpHbiM B TO 'IKe (/.J r: of / LllTSI aToro flc' 

6biTb paBHbi 0 1; 21 'IT06bi aTo peweHHe ua oa coanaaano c peweaHeM Hcxoa-

Hoi!: CHCTeMbi 1291 I ..qnH aToro aon:mHbi 6biTb , 'ITO cpaay cne-

ayeT H3 CTpeMneHHH 1C 0 HHTerpanoB B npaBOil: 'ISCTH CHCTeM /291 30/ IIpH 

w-> oo I. YpaaHeHHH 130/ pewanHcb Ha MaWHHe "Ypan" MeTO!lOM nocneaoaa

Ten&HbiX. npH6nH:meHHA. B Ka'!ecTae Ha~an&Horo npH6nu:meHHH 6panHCb Heoauopoa-

Hble qneHbi 7l feu) , peweHHe c HY2KHOil: TO'IHOCTbiO I 3 aHaKa/ rronyqanoc& 

nocne qeTbipex HTepauHit. J1HTerpanbi Bbi'IHCITHITHCb IIO cpOpMyne CHMIICOHa: !liTH 

KOacpcpHUHeHTOB CHCTeMbi C WSrOM h::: 1/,( , a amr caMoil: cHcTeMbi c 4::. 'fri 
arrSI I~ ev 6 s- u c ~: '/.t. anSI 5" ::s w ~ iuJ • 3a :·c~eT y6bxaaaHH cpaa HH.:.. 

T epaan HHTerpHpOBSHHSI 6panCH IIpH ~bi'IHC·n·eHHH KOacpcpHUHeHTOB LlO . CV::: 21, 
i 

.llpH peweHHH CHCTeMbi - ao w = 20. H cKnro'IeHHe cocTaanHeT Bbi'!HcneaHe· cpyaK-

e J• tCc.J) 

/J!, ~ /. ,. I 

UHH 

fdcu) ~ f ""cw)o{t.u 
e := (? I 6J 1~ W 

,ll s,rw'}otul 
~ J 4>'- ~ 

=e 

J1 CKOMble cpyHKUHH Bbi'IHCITHITHCb B TO'IKaX 

/36/ 

OT 1 LlO 5 C warOM 0,25. H OT 

5 LlO 20 C warOM 0,5. npH C'!eT'e HHTerpanOB B CMbiCne rnaBHOrO 3Ha'IeHHH BbiLle-::_ 

nHncH HHTepaan 

cu'+ I, 

J -f(w1
) ofw/ p ' 

cu~l, cu'-c.v 
/37 I 

(' 
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P e3yllbT8.Tbi pew eun:s cn:cTeM I 18, 21, 27 I npe.llCTaaneH:bi .llliH i!:W!SS' ua 

l;'paq:mxax fqepT. 2,3,41. ct>yux~HH Gr t.f l'f; .llliSI t~c.uiSS'" MO:>KHO xopowo 

npH6liH3H~J:o- nepB:biMH cnaraeM:biMH npaao:li <J:acTH perynspuoro ypaaueHHSI /xoTopbre 

paBH:bi HeO.llHOpO.llH:biM <J:lleHaM CHHI"YliHpHOI"O ypaBHeHH51 1 YMHO:>KeHHbiM Ha ~ S f. 

3TO OO'&SICH519TC51 ObiCTpbiM y6biB8HHeM COOTBeTCTByiOI.I.UtX H90.llHOpO.llH:biX <J:lleHOB 

/KaK I I WJ. H ObiCTpeel. npu6nH:>K9HHbie peweHHSI TaK:>Ke H30opa:>KeH:bi Ha rpa-

cpuxax /npn:orm:>K euuoe pew euue .ll1l51 a t/;z.. 
Pa3HOCTH 

npaKTH<J:eCKH. COBil8.llP.eT C TO'lHbiMI. 

. cp 
A M 3 :: -MJ - 1/y Cj.l-a» o53 I 

. r· , , -en 
.1 GJ6_ == e2Jf~- -3 w ·~ ~ 6n). 138/ 

npe.llCT8.B1leHbi Ha puc. 5. noBe.lleHHe peweHHSI d(t, H m"" xopowo nepe.llaeT-
~in 6;1(di) ~,., 615.{wl 

/nyHKTHpH851 liHHHSl H8 qep-CSI cpyHKilHSIMH -0,39 f~· H 0,72 tj-.3 

Te:>Ke/. :Peweun:e cn:cTeM:bl /241 

. L" • . . si.~r·o, .. 
'f,· = 1TL. 't $ 139/ 

SIBlJSleTCSI TO'lHbiM1 ,T'8.K K8K npH UO.llCTaHOBK.e 3TOI"O peWeHHSI B /24 I nony11aeTcs 

cucTeMa ypa.aueun::li IJ..liH ucnom,3yeM:biX cpa3. 3THM oocrosTenbcTBOM Mbi aocnonb3o

Ba1IHC'b .llllH npoaepKH perynspuoA c~cTeMbl /30/ .llliSI if.· , npH<J:eM npH BbilJHcne-

HHH HHTerpano:a YliHThtBancs :axna.ll $,, -pe3ouauca npu w ~ 98. Pe3yllbTa"I:bt 
' . . . ,. : ·- ·- ' 

nO.llCTBHOBKK_ TO'l~OI"O pew eHHSI B ypaBHeHHR .llllSl 'ft H lf~ B TO'lJKAX W;;. ~ :'t, ) ____ ....--- . 

UOK83AHbi B TBOliHne 1. J13 cpaaueHHSI ·JlBYX n:oclJe.llHHX CTOliOilOB BH.llH0 1 <J:Tq ,)'"PBI;i-

HeHJUl y .llOBll9TBOp5110TCSI .llOCT8.TO'lHO XOpOWOo 

T a 6 n H: u a- 1. 

He:o.ll.HO.pO.llllbliL qn:ex. + Bxna.n .OT 5,, - ce sino,· 
.\.0 . 'lft.tj! ' t~~-1('~ B:sin&;j ccoew' pe30H4\HC8 w 

---- 2 -0,0386 -0,0016 -0,0402 -0,0439 
I 3 . O,I830 0,0212 0,2042 0,2016 

4 
2 .. -0,0055 ...;o, oo15 -0,0070 -0,0~80 

3 0,0166 0,0968 o, 0234 . . . o, 02~1 
2· O, 0031 -0,0018 -0,0049 -0,0053 
3 0,0032 0,0.031 0,0063'· 0,0075 7 

·l 

1 
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B Ta6nHue 2 noKaaaHbi peaynl>TaTbi nposepKH peru eHHsr CHHrynstpHoii cHcTeMbi I 181. 
' . . . ' / 

¢yHKIUrH, .nonyqeHHbie .B peaynbTSTe llO.l{CTSHOBKH: perueHHfi QJ/,_ B npa-
.,._ . ·,..._ 
Q, 'f.t. H Q~/,._ • 1 0603H8'IHM. COOTBeTCTBeHHO ByiO 'ISCTb /18/ 1 .z:teneHHbie HS 

Cosna.z:teHHe ~YHKUHA c B o6m eM .z:tocTaTO'IHO xoporuee. nnoxoe cor-

1ISCHe B H9KOTOpbiX TO'IKaX Bll01IH9 06'bSJCHSJ9TCSI T9M1 'ITO npH llO.l{CTSHOBKe peru eHIHI 

' 

C'l9T npOH3BO.ziHJICSJ H9AOCTSTO'IHO TO'IHO Ha-aa pe.z:tKOfi C9TKII 3H8'19HHfi cPYHKUHfi 

Ta6nHua 2. 

,..., 
w a,,,., G4f:t, 

1 -0,328 -0,328 0,17~ 0,178 

-0,080!3 -0,0803 0,056 0,054 

2 -0,0300 -0,0300 0;011 0,014 

§ 4. AMn1IHTy.z:ta peanbHoro ci>oTopo:lK.z:teHHSI 

B ypaBHeHHH /10/ .z:tnsr sneKTpH'!ecKoii .ri.HnonhHOii aMn1IHTYAbi nHrub aMnnuTy

.z:ta· £,.,. CBSiaaHa: c cpaaoii a;J . Hcnonbay:SJ Haii.z:teHHoe. B f 3 perueHHe,. UMeeM 

(4} 

Er+ tCAJ1 J 2.. 
----- clw I = e• :f • 0, 000CV 

1 /C, ''f I ;40/ 

"'TO npeHe6pemHMO M8:1IO ·no· Cp8BH9HHIO C .HeO.z:tHOpOAHbiM '11I9HOM ( >.:. e=f) 

BO BCeM HHTepecyromeM HaC HHTepBane SHeprHii. To'IHO TS:K :lKe HH'ITO:lKeH BK1IBA 

OT ~ -aMU1IHTYA·. nosTOMY HMeeM 

/41/ 

OTKYAB 

fcL} {f 0 l .m ,. ( .?..(£,..:~)) 
~/w)=-e-::f ·,;rs+3 !l$,+tS'~ 'Pp .t., rtotJ} 

+w.At ·ot=LJ·· 
I 1 I 

~) . E fud::o. . 
Ot- /42/ 
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0 ~r f<4 . . 17 I arb) O 
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. U9HKa B9nli'UIH JV TBKRM )K e M9TO.QOM
1 

KSK H B .QaeT: JV ~ 
1 1 tU . 171 . - . 

N ~ 0,03./BMecTo 0,2 B 1.· no TeopeMe· KpOJIJISI H PyaepMaHa .llOJI)KHO 6biTb 

IV ft/:: ..NtJ}::: o 8 'cTaTH'IecKoM npeaene. 

Llanee aaao yqecTb ocaoBHbie _ '/m 1611 
nonpaBKR ' • LlnSI aToro B nepayro 

0 'Iepe.rtb HA£{0 B93£l9 1 KpOMe £l0IIOJIHHT9JibHOI"O YCJIOBRSI
1 

38M9HHTb 8HOM8JlbHbdi MBI"HRT-

Hbili MOM9HT IIpOTOHa/'f' Ha IIOJIHbili_/-'-1'·=/f'+ejzrrr.. , LJT06bi Y'I9CTb I '771 t I I 
IIOIIpaBKH K H9p930H8HCHbiM MSI"HHTHbiM AHIIOJibHbiM BMIIJIHTy £l8M

1 
H8£tO IIOJIO)KHTb 

(1/.z.) 

;o.. ,;. o.. ( 
1 
~ J fit-/!_ -= 

e + 'fm 

1431 

lvfj- 'fJ 
(1/t.) 

e;tS,, st'"tS!>, ( 1_ ~). !'1,_1!.. -= 
IV'J-

C Y'I9TOM I lm -nonpaBOK 1 nonpaBOK Ha TO'IHOe p9IU9HRe- H AHIIOJibHOI"O YCJIO

BHSI SMIIJIHTy};:la cPOTOpO:m.Li:eHHH HM99T BH£l I ~ - IIOJIHpR38UHH cPOTOHal 

- !>
1 

E L 

A§. == .!k. L. I I T I 1441 
ol S2 /C. .s 

e ~-= '/IJ7 i .Jz.~ao" · Q :::.:~..':ffJ · a =-l,fJI 
-7 °/ .d/' 1. / d" 

A := fy/'- 3n) I~~ h1 ;{.{. 145/ 

e:fl -:l,(tSE) .31Co,-o~ ~'s-fedvv + 
I (•) .. - {&... /t" r} en. .1. ,, f•)}. 

-+ i (tS'l) (tj-K. -J"\ "11 - 3 ie s;ntfu {~-3 '"' +A -JlvH _,. 
-- --J{ _pf+-J.&,-/OJJ -· 'C'i)) £t+J .,....,r~o-Jj 

. -.- - -) { l j) (-+-) :l.. • i~.s ..!.. m.) lfJ (4--~ 
+I (o Jj) { 'f ~ /\ 1, - It e :si, a!>!. ('+>a.., .3 'l'fj -fA e + 0 on of 1461 
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1- fj IC E /J "17 + '§ t e Si'J o;J <plY+ Cl ~ J +i ( fr'J-)(tj. f .:Z.,c;..) 
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• .....,._)(-· -)~ I, {--j I. itf.lj ·r'. ·I Ln ). f-i' (--) 
_,. ~ ( 0£ . CJ- /G • -/l J, + 3 'e s/, t5.J3 . 'Pa- :1 1 M +A E . - L) m . } ... 

+ i (6R.} (ij ~) (A { r--J + f / eit533sin. 633 { cpG+ f g;>l'f) +A E''"J.IJl/1"1- r--J J .. 147 I 

+ Ci{ j2 'i} ·{ I p (-+) .:~.. • it:J!J <·cp. ·. ~ t-_.J f '(- -j£i") _L 
tJ /1 .,_ - !:/ c-e si,.~ "H 1"\ + O ""... 1 -·r ott 11 ~c...~ • 

3.lleCh 

fl-H·. ).-- ' ( ~ , ·. ·' p • p ) II T "7t"+:Z'Io-~o:l"h.ir+·"¥~H 

.P 1+-} . :l ( / ·1, p I, ) 71 : ~ ~It - 13 + :/, ?r4t -.,Z ~3 
/48/ 

/49/ 

/50/ 

H 'Tello - H3 
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.Uanee f+J . · itS, . iOH) 
LJ E ~ Gc.) (tyQ,,l e -1- :ZA &st~e 

. t-J Q icS,s ~6u ) 
Ll £ = c:.v { 6 '/z e - 6 Q s~r.. e ./ /511 

m~l} = on.~,e 
i6st ;£, rs) . ~ tSs, ,;6, 
~ un, e m + := ::1.. 'iJT'z, ::t. e -+on, e /52/ 

I 

Hail:aeHHbie tf11C.rieHHO Bel!H'IH!Ibl . ~ M ' t::. Q H m BbiTIHCaHbi B Ta6nuue 

w A Q,(z. .o a.~; ... .0 1'11(,' 
' 

ll l'lz.tl!l' Jr) A MJ {H} dn, tn"'t.z.. -
I -0,0049 -0,0111 -0,0613 0,0191 o, 0265 ..;0,,530 0,318 
I,25 -0,0050 -0,0158 -0,0675 0,0214 0,0445 -0,386 0,248 

i 
1,5· -0~ 0036 -0,0162 -0,0602 O,OI86 0,0614 -0,299 0,202 

L 1,75 -0,0023 -0,0132 -0,0501 O,OI69 0,0692 -0,242 O,I70 
2 -0,0016 -0,0073 -0,0412 0,0146 o, 0518 -0,201 O,I46 
2,25 -O,OOIO -0,0034 -0,0321 0 0129 

. ' 0,0344 -0,171 O,I29 
2,5 -0,0006 -0,0014 -0,0248 O,OI13 0,0220 -O,I49 0,115 
2,75 -0,0003 -0,0005 -0,0186 o, 0096. o, 01_46 -0,131 O,I04 
3 -0,0002 -0,0000 -0,0129 0,0079 0,0102 -0,117 . 0,095 

171 D.mt HlllliOCTpaUHH OTllH'IHSI. TO'IHOrO H UpH6llH)K eHHOrO peweHHH UpHBeaeM 

peaynbT8Tbl pactteTa cetteHHSI pO)KL{eHHSI J'i 0 ·.-Me30HOB 

c/6"' .t. OfJi. = ..//.f 8 C<rl t2 _,_ C Co1 19 • /53 I 

. . ·(71 / J s-)~ .· c I J · · . . -i' 
Y nopora Ia eaHHHuax I /f c . . I TottHoe · 1 wg.:: -~ oS5"·tD laMecTo 

· 1-4 17 I C 0,23•10 a I. Ha ttepT. 7 npeacTaaneH rpacpHK .unst MaJTbrx aHepruit. 
/15/ . . 

3KcnepHMeHT8llbHbie TO'IKH B35ITbl H3 . • · nyHKTHpHaSI KpHB85I COOTBeTCTByeT 

npu6nu2K eHHOMY peweHHIO 
7 • Bu.uHo, tt~o 6naro.uapst nonpaBKaM Ha TO 'I Hoe 

. . •· .. 115/ 
peweHHe TeopeTuqecKaSI KpHBaSI .unst C nyqwe cornacyeTcSI c aKcnepHMeHTOM • 
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§ 5. AMnnHTy.lla BHpTyan&aoro · !floTopo>K.ll9HHSl 

t Pa.llHYC ae~Tpoaa 

Ha ypaBHeHH~ /7-10/ cn~.llyeT, 'ITO B cTaTH'lecxoM npHfinH>K.eHHH aMnmrTy.llhi 

anexTpH'lecKHX H upo.llon&HhiX ciloToaoB ae aaBHCBT oT M8l"'HHTHoro MOMeHTa. 3TH 

cPOTOHbi B38HMO.ll9~CTBYIOT nHWb C 38pSl,llOM HyKnOH81 HO H9 C TOK8MH BHyTpH Hero. 

PaBeacTBo aynro npo.llon&ao~ KBa.llpynon&ao~ aMnnHTY.llhi /6/ .· oaaaqaeT, 'ITo 

B CTaTH'l9CKOM npHfinH>K9HHH npO,llOn&Hbi9 cPOTOHbi He MOI"'YT UOpO,llHTb M930H B 

pe30HaHCHOM /33/ - COCTOSIHHH. 

BhlpameaHe .llnsr aMnnHTY.llhi BHpTyan&aoro ciloTopo·>K.ll9HHSJ MO>KHO nony'IHT& 
. .c. 

TO'lHO TaK >Ke KaK H ,llnSl pean&HOI"'O. C pOCTOM met f- 1U't9Hbi .M8l"'HHTHbiX .llH-

non&HbiX aMnnHTY.ll yohiBaiOT llliW& finaro.llapsr !Potl'~!PaxTopaM; JlX e - 'l:neHbi, :, .. ,.;-.,._;,, . 
a TaK>Ke sneKTpH'l9CKHe .llHUOn&Hbi9 aMUnHTY.llbi y6'~~BaiOT. ObiCTpee 1 Tax KaK cpa_~ ---')O 

npH tn/-')>0 • noaTOMyJ; ,llnsr HHX MO>KHO BOCnonb'S'oiaTbCSl UpHfinH>K9HHbiMH' Bbipa>Ke

HHSlMH C fion&WHM OCHOBaHH9M 1 'l9M B Cny'l:ae pean&HOT'O tPOTOpO>K.ll9HHSl. Y'leT '/m 
FH{;t J __ r ~~~ 

UOUpaBOK CBO,llHTCSl K 3aM9H9 /" -7 r /' 1 l"'.ll9 

F-(1} - ~ ( ~) 1/. CO (I') 
/1 - ?r + /.Z.IIt re . 

·' 
KpoMe Toro, Ha.llo yqecT& !PaaoBbllt MHO>KHTen&. B peayn&TaTe HMeeM 

!1e'l 
/~/ 

I 

3.llec& liMnyn&chl anexTpoaa ff' H fe OTHocsrTcsr x· nafiopaTopHolt cHcTeMe, 

OCTan&Hbi9 BenH'IHHbi - K CH.CTeMe Il9HTpa Mace. 

/54/ 
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/67/ 
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/58/ 

/59/ 

/60/ 

/61/ 

. . .. . /13/ 
STo Bbipa>KeH.He OTJIH'iaeTcs oT nonyqeaaoro B O'l'cyTcTB.HI3M. npoaonbHoro 

KB8.llpynOJIB, 'iJI9HOM •· ~ np"SJMOI'O tPOTOH-Me::iOHHOI'O B3aHMO.ll e:fic',l' BHB 8 t KO'l'Op biH · . y 

Hac HMee'l' apyro:fi aaaMeaaTeJib H coaep>KHT cpopM-tjlaK'l'op, a ··TaK>Ke 6onee npo.:.. 

CTbiM BH.llOM tPYH.[(ll.HH c:p Q .H 'f>,_, · • 

.ana Bbi'iHC.JieHHA B 061JSC'l'H peaoHaHca. MO>KHO BOCUOJib30BaTbC:SJ 6onee npOC'l'biM 

Bbipa>K'eaHeM: 

[ 
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rifii-J ~] r-J .( - r·J 
_"Z"- F~ -;rT • 

/621 

C ero noMOlllhJO 6hmo paccquTaHo ceqeHHe npouecca e-+ .N- e +.N-t Jf npu cPH.K

cupoaaHHOM na6opaTopHOM yrne paccesiHHSI aneKTpoHa 6'e =':IS" , cPHKCHpoaaHHOii: 

nonHOfi 3HeprHH UHOH8 H HyKnOH8 B CHCTeMe U8HTpa ·M8CC W = 1200 Maa H 

paanuqHbiX 3HaqeHHSIX m: . B KaqecTBe ¢opM-cP8KTOpOM 6binH B3SlTbi Bbip8)K8HHSl 

.L %. -l. a ~ )-:t. F/'J ==· e (-1 + m, a.e) ·.· F cPJ= '. { 1_,..17Jr a.r 
•~ ;) /" j'-r 1:t. 

tnt~)· -.z 
I ;z_ • 

. (It} 

F =o e· I 

/63/ 

-13 
Ceqel{He 6bino paccquTaHo .nnst Q,f. = 0,8•10 .eM H paanuqHbiX 3HaqeHHit a.~~,... 

1141 
PeaynhTaTbi pacqeTa H. aKcnepHMeHTa npe.ncTaaneHbi Ha qepT. /6/, H3 KOTo-

poro 'MO)KHO OU8HHTh 3HaqeHH8 p8.llHYC8 .nnst M8I'HHTHOT'O MOM8HT8 HefiTpOH8 I B 
. . . ' ;_13 

axcnoHeHuHanhHOit Mo.nenH I a, = 1,2 .10 CM, 

B aaKnroqeHue npHHOCHM HCKpeHHroro 6naro.napHOCTp A.A.noryHoay, C.B.Cl>oMH

Hy, H.H.roaopyHy 38 BHHM8HHe K pa6oTe, a T8K)K8 COTpy.llHHU8M BbiqHcnHTenbHOI'O 

6ropo na6op8TOpHH TeopeTuqeCKOA cPH3HKH, npo.nenaBWHM H8KOTOpbi8 qucneHHbie 

pacqeTbi, 

PyKonucp nocTynnna a ua.naTenPCKHit oT.nen 8 uronst 1959 r·o.na. 

\ 
\ 
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