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I. B pa6oTe 6bmH nonyqeHbi rrpH6nH*eHHbie ypaBHeHHH LlnH rrapnHanbHbix 

aMIImiTy Ll !£- J{ pacceHHHH. nonyqeHHe TOqHblX peweHHI!: STHX ypaBHeHHI!: B H8CTOH-. 

mee BpeMSI CBSI38HO C 60nbWHMH TPYLlHOCTSIMH: Bo-rrepBbiX
1 

Heo6XOLlHMO 3H8HHe -S 

H P - cl:Jaa pacCeSIHHSI 1( Me30HOB ·H8 fj{ -Me30H8X 1 H
1 

BO-BTOpbiX, LlO CHX 

rrop aeT HaLle*HOro rrpaBHna oT6opa cPH3Hqecxoro peweaHs:r Ha peweaHA, rronyqae -

M b!X HTepauHOHHbiM nyTeM Ha SneKTpOHHbiX cqeTHbiX M8lll HHaX. 

0LlH8K0 0 B rpy60M npH6nH)KeHHH B o6nacTH ManbiX SHeprHI!: MO)KHQ nonyqHTb 

OLlHO H3 Bu3MO)KHbiX pemeHHI!: CHCTeM 

7, rtf91= 7; J''1fq_1, 
I ypaBHeHHI!: 125-261 H 130-331 H3 pa60Tbl 

1 

7;1(fJ1 HMeHHQ1 peweHHe rLle rrapuKanbHaH aMrrnHTyLla 

'}(-}{ pacceSIHHSI 1 38BHCSIIU8SI OT KB8Llp8Ta HMrrynbCa 

CHCTeMe UeHTpa Mace, B COCTOSIHHH CO 3HaqeHHeM H30TOIIHqeCKOf'O CIIHHa 

fj'- B 

= 7 H 

3HaqeHKeM op6HTanbHOf'O MOMeHTa e = 0 HnH I. Ero uenecoo6pa3HO Hcnonb30BaTb 

B Ka'leCTBe nepsoro npH6nH*eHHH rrpH pewea-ft"H 6onee ToqHbiX ypaBHeHHH MeTonoM 

HTepaUHH H8 aneKTpOHBbiX cqeTBbiX M8WHH8X 1 IIOCKOnbKy H3BeCTHO, qTo BHLl pewe

H HSI 0 Bal!:neBHbll STHM MeTOLlOM 1 CHnbBO 38BHCHT OT Bbi6opa rrepBOf'O npK6nH)KeBHSI
0 

11Tax, npenrrono*HM 1 qTo • Torna cHcTeMa ypaBBeHHI!: 125-
261 1 

H3 1 38IIHC8HB8SI nnH napuHanbHbiX aMnnHTyn ~- /( pacceHHHH 1 ycpen-

HeHHbiX no BCeM yrnaM 1 38IIHWeTCSI .B BHne: 
00 

Re 7;(91~ Re fe(o) + 1jr,P j:;.1 {[ntt·.~·J- n,(•.•i}JT.c•f+ 
0 

+ 3 {'fe (•.~')- f, (r,.lj /T._ ( ~')/ J dx , Ill 

a CHCTeMa ypaBBeHHI!: 3Q-33 H3 9t- K pacceHHHSI a cny-
qae pacceHHHH aaaan 6yneT HMeTb BHn: 

Re I 1ot):: Re I(oJ +-
1 PTw:rx {';rllJf'-{x (vr",'l1- vr~.oJ\ + 

e{'J- • .. tx~ J i {-t) J( ,'1.-f~ '/ 
0 

+~·vr.,.J+ 3 ~.~~)· [x(u-.,~- u~ .. )) + t' Lr•.·1} a'x 

121 



_::; 

j 
;.:,_ 
·-~ 
,·:: 

,• 

·' 

fj 
;Q 

~ 

~~ 

~ 

,, 

; 
':.! 

~ 
-'------

4 

0.. 

I ( R 
Re T~ (t~9 = J.v11,_ P )w{t) { /T.r"Jr·[x (cr'i}lf-I.J- C(ll}.) + q,-t·C~xJ"J)+ 

-~~ 'l ' 
0 

+ 3 /T.M/1-{x (a(:t,'fl) 
Jl (t-ttl) 

Q C•,•i) + f!'Of•,oJJ}Jx 
131 

B ypaBHeHHSIX 11:-131 n,, .p, 1 V, L J c H Q - CJIO>KH.bie cPYHKUHH nepeMeHH.biX 

q,. .t H )( t ITOJIH.bie 0003Ha'leHH51 KOTOp.biX .ll8H.bl B • W {11) ITOJIH851 9Hep-

l'HSI ~-K CHCTeM.bi. 

J.1HTepeCHO OTMeTHTb 1 'ITO p - BOJIHa 1f- fi pacCeSIHHSI He BXO.llHT B 

ypaBHeHHSI 11 1-131, 'ITO .llaeT 5onbwyro cao50.llY npu B.biDope SIBHoro B.bipa>KeHHSI 

.llJISI S- &OJIH.bl !J( -1i pacce51HH51 1 TSK KSK Tenepb ReT Hy>K.ll.bl 3800THTbC51 0 

caMocornacoBaHHOCTH S- H p- ¢a3. 

B .llSHHO:II: pa5oTe Bbipa>K eHHe JlJISI S BOJIH.bl !-f"- ~ pacceSIHHSl B351TO H3 

2 
paOOT.bi • 

S- BOJIHS fi"-fk pacceSIRHSl BXO.llHT B ypaBReRHSI 111-131 ITOCpe,llCTBOM .,_ 

9KCITOHeHTbi et p [ IJ ( q,", -z,) - {,( ( J{ J i,)]. PacqeT ITOK83.biBaeT, 'ITO yqeT 

S - ¢a3bi npHBO.llHT .llJISI aKcnoHeHT.bJ K 3Ha'lesHSIM, 5JIH3KHM K e.llHHHue: oTKno-
, 

aeausr He npeBbrwaroT 5% .llO 3Ha'leHHH X- 10 ,P- .t I ~ - Macca noKOSliUerocH 

!I" -Me30Ha / B ypaBReHHSIX 11 I H He npeB.biwaroT 15% .llO Tex >Ke 3Ha'leHH:II: 

X B ypaBHeHHSIX 121-131. npu 3Ha'leHHHX X ~ 10 I""' .llOJI>KHa CHJlbHO CK83bi

B8TbCSI B.bi'IHTaTeJibH8SI npoue.llypa H HHTerpaJibHbi:ll: BKJI8.ll B ypaBHeHHSIX 111-131 B 

OOJI8CTH X ~ 10 j'tl. .llOn>KeH D.biTb HecywecTBeHHO Man.biM. 

nosTOMY .llJlSI npOCTOT.bi pacqeTOB ecTeCTBeHHO ITOJIO>KHTb 

lK.p [l<(f",l,}- /.( (t,i,J] = 1. so sce:ll: o5nacTH H3MeHeHH51 nepeMeHHoll: x. B 

TOM >Ke npe.lliTOJIO>KeHHH 1 a HMeHH01 'ITO OCHOBHO:II: BKJI8.ll OT HHTerpSJIOB ITO X 

B ypaBHeHHSIX I} 1-131 JlOJI>KeH llpOHCXO,llHTb OT OOJISCTH MSJlbiX 1C I MO:>KHO HC· 

IT0Jlb30B8Tb CJie.llyiOIUHe npHDJIH>KeHH.ble B.bipa>KeHHSI .llJlSI cPYHKUH:II: 

he, fe, V, C, L, Q H W: 

M 
n 

OOQHX 

2. 

HMeeT 

0TCIO.ll8 

s. 

• 
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/3/ 

liTO H3 

6 
)( 

KO He· 

5 

+I 

he {x,q,') = Jt~'tt j R {1,) Jr, 
-I 

.,.r 

.P, r ,,,')" .~1 , Jt~r·J "'· _, 

) 

M - Macca K-MeaoHa. 

noacTaBnHH 8TH npH6nH:>K9HHbie Bblp8.:>K9HHS1 B ypaBH9HHH /l/-/3/, I!Ony'lliM B 

060HX cny'IB.HX OllHY H Ty )1{9 CHCTeMy pacruennHIOIUHXCH ypaBH9HHi: 

/4/ 

15/ 

2. Cesta:r:, H30TOITH'IecKH-cnHHOB:biX cocTOHHHI T '1 c <t>aaaMH pacceHHHH 

HM99T BHll: 

16/ 

0TCIOll8. nerKO nony'IHT:b cne.ayiOruee cooTHOilleHH~: 

Jrn ~r~i 171 
= I Tt (~) ,.~. 

3. Pell19HH9 yp8.BH9HRS1 /4/ 6y.aeM HCK8.T:b B BR.Qe 
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I J: ( '1-l) :: VtfJ'-) /8/ 

r.oe t V(o) - .aenHqHH8• CBSI38HH8SI C ,lllJHHOft p8CC9SIHHH 1 a I- HeKoTopas 

KOHCT8HT8·e 113 /8/ cne.oyeT 1 qTQ 8H81JHTHqecKH9 CBOftCTBa cPYHKUHH V"(f/-)onpe.oe•· 

n HIOTCSI 8H811HTHqecKHMH CBOiCTBaM H cPYHKUHH To ( lj, 1.) • 11cn01Jb3YH yen OM He /7 I, 

nonyqaeM HBHOe Bblp&)K9HH9 ,lllJSI 

v-( '1 ~] :: !&. 'It ( 0) -

HlJH 

zr(q,.z): 
00 

_!_i_J.f R 
IKJ.. W{,cJ 

0 

c 

i..JC 

i. (t- f,.z} 

1T{'Jl) = /?rz 1l{o) 
lnJ. {J.. • ~ 

enR-Ii' 
VA+~,~ r; 

i.f 
- .r.-:Y' 

• S.ryA-4- jJ. ' 

r.oe V= (M+j4t • A: 2. + ~ x/• 113 /8/ H /~0/ BH.llH01 qTo B T 
0 

/9/ 

/10/ 

npaK-

THqeCKH BXO,ll.HT .liHWb O,llH8 KOHCT8HT8 1 HM9HHO flt 'l!{o) 
• n OSTOMY B ,ll81JbHeft-

W eM OOlJO)KHM BenaqHHY c paBHOi 9.llHHH119. 

'"':!>;?-

-----------------------
x/ 8 TOM cnyqae. KOI".ll8 B Bblpa)KeHHH /9/ BbJqHT8HH9 npOBO,llHTCSI He B Hyne, 

a B H91tOTOpOft TQql[e 0 ~ q.! ,. - ~ H HHTerran o6pe389TCSI npH H9KOTOpOM 3H8" 

qeaHH napaMeTpa L • .onH cPYHKUHH lT(t:J,'- 6y.oeM HMeTb cne.oy!Oruee Bblpa-

.j) v' -~ ~ >.+ f .. - vA+ r; + 

0.· f,_ + f>.· t. 
)K9HHe: 

1T (qt):: R~ U(yj 
sr-v.>-+ t~ 

I 

(
_Jf - (JJJ,C i q -,::J ).=+==t ' ) 
:~. ' v.,. ... ~ /lOa/ 

L 

&n V~+ ~ 

/B 4;lopMyne /lOa/ BM9CTO '/.,/-
qeHHSI 'J,J. 1 HM9HHO 

..... .l ::; >f.., ~ 0 

cne.oyeT no.ocTaaaanHBaTb nono:l_K.HTenbHbJe 3Ha

l. Bbipa*eHHe /lOa I aenecoo6pa3HO Rcnon&3o-

88Th npH cpaBH9HHH pe3yllbT8TOB .OaHHOft pa60Tbi C J)93YllbTaTaMH pa~OTbi S 

V(~ 
KowH 

r.oe 

Mbi8 
aaw 

'IT06bi 

• 
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/8/ 

- HeKoTopag 

11" (t-.tJ orrpeae~ 
17 I, 

/9/ 

' /10/ 

rrpax

aanbHeA-

ae a Hyne, 

/lOa/ 

8 

7 

M bi .nonmHbi rroTpeooaaTb aanee, 'iTOObi ao aceA rrnocxocTH XOMrrnexcHol 

rrepeMeHHoA :J ¢YHKUHH 1/(Y} Obma oTnH'iHa oT HynH. OTciO.na cne.nyeT, 'iTo 

KOHCT8HTa Bbl'iHTSHHSI MomeT rrpHHHM8Tb TOIIbKO ITOIIO)KHTenbHbie 3H8'ieHHSI, T.e. 

Re ll(o} > 0 . x/. 11a BbrpameaHH /10/ rronyqaeTcH cne.nyiOmee Bbrpameaae 
anH S - <f>aabr: 

1111 

IJ. nH CpaBHeHHSI s <f>aabr, rrony'ieaaoa a .naaao:H paooTe, c 
$ - <f>aaoa, 3 

rronyqeaao:H a paooTe , cne.nyeT rrpe.nrronomaT& a 11 Oa I • · 'i':tQ. _BenJI'iJOia 00~~~~ 3 
r. r- I 'iTo cooTBeTcTayeT TO'iKe Bbi'iHTaHHSI Ha pa6oTbl I. 

PeaynbTSTbi cpaaaeHHH rrpHBe.neabr aa puc. 1 laeoonbllioe paanH•ure CBHaaao 

c BbroopoM rrpa6nameauH anH W ( 1<) I. 

Ba>KHO ITOJJ.'iepKHYTb, 'iTO 001I8CTb H3MeHeHHSI KOHCT8HTbi 
SIBHO aa-

BHCHT OT BbiOOpa TO'il!:H Bbi'iHT8HHSl, BbipameHHe 111 I rrpH ITO.llXO.£lSILU9M Bb16ope 

KOHCT8HT rrpaKTH'ieCKH COBrra.naeT C BbipameaHeM .llliSl $ -<f>a~bl H3 paOOTbi 5 • 

4. Ypaaaeaae 151 He coaepmaT aeo.naopo.naoro 'ineaa H rrosToMy rrpH aa

xom.neaaa pellJeHHSl M8TO.llOM oopaTao:H ¢YHKUHH OK83biBaeTcg Heo6XO.llHMbiM Y'ieT 
oTpauaTenhHoro paapeaa. D. e:HcTBHTenbHo, ecna 

q..t. HCKSTb pellJeaue ypaaaeHHSl 15/ a BH.ll e; 

VCi~~ 112! 
HcrronbaoaaTb Bblpa meaae .nnR 

$ - BOJIHbi, 'iTO 8H81IHTH'ieCB:He CBOICTBa <f>YHXIlHH 
V {q,') orrpe.nenRIOTcg caoAcTaaMa ¢YHKUHH T~, {'J-1 

K OWH .llnH ¢YHKUHH V (fi-t} H rrpoao.ng .naa Bbi'iHTSHHSI, 

I".ll9 
Re vr~1 ~ A .. Bq• - ](~1, 

, T0 1 38ITHCbiBaSI TeopeMy 

ITOJIY'iHM: 

1131 

x/B paooTax 
3 

H 
4 

paccMaTpHaanHcb aaanorH'iHbie orpaHH'ie&HH, Hanarae
Mble Ia BeJIH'IHRY KOHcTaHTbi caRaa. 3TH orpaHH'ieHaSI .. MoryT ObiT& rrOJIY'leHbl a a 
H8.We paOOTe, ecna BB8CTH Bbl'iHT8HHe B ITOJJ.XO.llHLUe~ TO'lKe H ITOTp8Q"OB8Tb, 

'1To6w <f>YHXUHH V(i1,
1
'} ae HMena HYJISI B oonacTH -;It' ~'J.l.~ 0. 
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A : Rq_ V ( o J : 
B "' l Re V ( t?L} ( 

~'1-.l. t 
oo f}=o 

J(q,~-= L p f 1t J)l 
8t.t x (~-'I") Wbt J . 

0 

· 3neMeHTapHaSI IIpOBepKa IIOKa3&IBaeT1 O,llHaK0 1 qTo pQW9HH9 /14/ .oaeT Hynb 

cPYHKUHH v ( q,.t) B o6naCTH '/-- .t -l, 0. l..fT06bi He .llOIIyCTHTb IIOSIBneHHe HynH B 

STOA o6naCTH1 Ha.llO 
x/ 

a/ n&6o yqecTb BnHHHHe oTpzuaTenbHOro paapeaa 

6/ nz6o BB9CTH o6pe3aHH91 qTO IIpHBO.llHT K IIOSIBneHHIO TpeTbeit KOHCTaHT&I • 

.llnH HaweA uenH - rronyqeHHSI IlpH6nH>K9HHOro peweHHSI ypaBH9HHSI /5/ B o6-

nacTH Man&IX q, .t .oocTaToqHo BBeCTH o6peaaHHe L rrpH ycnoBHH lJ.t ~< L. 

B aTOM cnyqae peweHHe rrpHHHMaeT BH.o: 

q,~ h{A+Bq,:)- 'I' e.. R-~ 
TyA+ f VA+ f'- + /A+~ 

/14/ 

-y-

I. 8 o6naCTH 'I ::::::0 IIOCne.oHHA qneH B COOTHOW9HHH /14/ CTpeMHTCSI K HyniO 

6&ICTpee qeM BTOpOA t H Bblpa>KeHHe /14/ MO>KeT 6&ITb 3aiiHCaHO B BH.ll9 

~ d.~ b i ~ g 1i A ( 1 + ~ <1-
1

) I 

{v+ >.~' 
qTo Haxo.oHTCH B xopoweM cornacHH c peaynbTaTaMH pa6oT&I 

3 a K n 10 q ~ H H e 

5 

/15/ 

B rrocne.oHee BpeMH rrpo6neMa 9t- I( pacceSIHHSI zccne.oyeTCSI BecbMa HH-
5 

T9HCHBHO. npH STOM .HCIIOnb3yiOTCSI .llB8 IIO.llXO,lla: a/ MeTO.ll TeOpHH B03MYW9HHA 

x/MO:lKHO IIOKa3aTb 
6 

1 
qTo yqeT BnHHHHSI OTpHU8T9nbHOrO paapeaa B H9KO-

TOH&IX npe.onono:lK9HHHX CBO.llHTCSJ. K IIOSIBneHHIO ,llOIIOnHHTenb!IOrO MHO>KHTenSI 

r (O<ol. <. t) B aaaMeHaTene no.o&IHTerpanbHOro B&IDa>KeHHSI :J(tl'). B 9TOM cnyqae 
HHTerpan 1('1-'} oKaS&IBaeTcH cxo.oHtuHMCH H KoltcTaHT&I A H B MO>KHO rro.ao-

6paTb TaKHM o6paaoM 1 qTo6&I V (q,'J He o6pawanocb B Hynh .anSI Bcex ~.t~O • 

-----:;;.-

;. 

uon 

6nH>K9HHH 1 

a/ 
~..: I( 

6/ 

ancttTnnu. 

sa 

• 
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1151 

9 

7 
H 6nH3KHH K HeMy MeTO.ll lfy-noy H 61 MeTO.ll MaH.llellbCTaMOBCKHX .llBOAHbiX 

1 3 4 
rrpencTasneaHil: 

cnenosaHHH ~- I< 
• B nocne.oaeM MeTo.oe npe.onpRHHTbie norrbiTKH ac-

pacceHHHSI HeCKOnbKO OTIJH'IHbi .llpyr OT .opyra: B pa6oTe 3 

HCcne.ooBaKHe IIpOBO.ll HTC Sl C IIOMOIUbiO *KnacCH'IeCKHX" MaHn enbCTaMOBCKHX rrpe.ll_":"" 

4 8 I 
CTaBneHri 1 B pa6oTe HCIIOilb3yeTCSI MeTO.ll lfHHH-¢>y6RHH i a B pa6oTe HC-

IIOnbayeTCSI CIIOC06 CHMMeTpH38UHH H aHTHCHMMeTpH3aiiHH aMIIIlHTY.llt 'IT06bi o6of!:-

.f. TH Tpy .llHOCTH, CBH3aHHbre c KHHeMaTaqecKHM paapeaoM • O.oaaxo, so scex 

Tpex cnyqagx nonyqeaae TO'IHbiX peweaaa ypasaeaaa Lins r- I< pacceHBBSI HaTan· 

KHBaeTCP. Ka OI"pOMHbie Tpy.llHOCTH 1 H peweHBSI MOI"yT 6biTb IIOily'le&bi llHWb IIOCile 

B 6 ~4 rrepexo.oa K paanH'IHOI"O po.oa ynpo IU9HHSIM, '18CTHOCTH 1 B pa OTSX peweHHSI 

HCKSnHCb E effective-range npa6na>Keaaa. Cpaaaeaae peweaaA· .onH S H p-
345 1 1 

1 IIOK83biB89T1 'ITO peaynbT8Tbi cpaa, nony'leHHbiX B .oaaaoa pa6oTe a pa6oTax 

' 
S!BnSIIOTCSI COBIIa.llaiOIUHM Ho 

TaKHM o6paaoM peweaHH 111 I B 1151, nonyqeaabre B .llOBOiJbHO rpy6oM npa-

6nH>KeHHH, MOI"yT, TeM He MeHee, OKa3aTbCSI IIOil93HbiMH B .llBYX Clly'ISSIX: 

a/ HX MO>KHO C 60ilbWOf!: .llOCTOBepHOCTbiO C'IRT8Tb CrrpaBe.llllBBbiMH .lllJH 

~- I( pacceSIHHSI B o6nacTH saepraa na.oaroruax X -Meaosos < .f'c..t i 

6 I peweHHH 111 I H 1151 MOI"yT 6biTb HCIIOilb30B8Hbi B Ka'leCTBe IIeJ1BOI"O npa

J 6na>KeHHH rrpR peweaaH 6onee TO'IHbiX ypasaeaHA aa MeTO.llOM HTepauHH aa 

91JeKTpOHHb!X C'leTHbiX MaW HHaX, 

ABTOpbi 6naro.oapHbi npo¢. lf>Ky Xya-IOaab, A. E¢peMoBy H n. ConOBbeBy 

38 IIOile3Hbie .llHCKYCCHHe 
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