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:3~~KTpli'Ie,CKJie cpop~cpa~.T~p~I rn:pyr?ro pa~ceSIHRSI a.n~KTpO~OB Ha SIIl{JaX 

co:Uep*aT ueHHYIO RHcpopMaURIO o pacnpeAeneHRR nnoTHOCTR srAepHoro sapsr..., ·,' ' . . .. • . . . . ... -l .. 
~a· ( pns). ITpu ManbiX nepeAaHllbiX RMnynbcax ( q « l. cpepMR ) cpopMcpaK-

• • • • I'' ,;. . . ••. \ • 

Top npsrMo casrsaH co cpeAHeKBaApaTR'IHbiM paARycoM srApa R =< r 2 > l/i , 
·· ·· •·. ,. ' . ·· ,. . . · ' I . · . . , rm s • ( . 

a c.poCTOM.RMnynhCa ( q > J cpepMii-) ero ITOBSilSHHe SaBR~IiT Y*S. OT 
,<',_, • ! ~ 

AeTaneil: pns, c:neURtPHKa KOTOPbiX,. B CBOIO oqepeflb 1 onp~AensreTcsr, xapaKTe

poM B3aRMOil8ii:CTBRSI MS)K/ly HYKnOHaMR. Y CRneHRe IiHTep.eca K RSy'IeHRIO 

cpopMcpaKTOPO':I nerKRX SI):!Sp. B ITOC-/JSJ:lHRe rOilbi B?,ISBaHo KaK ll_OSIBnSHRSM 
·.· ' . ' .) '·. . . ·+ 

HOBbiX SKCITepHMSHTanbHbiX llaHHbiX ITpli 6onbiiiRX q TaK ,H paCIIIIipSHiiSM 
''•·'• ,l., 

B03M0)KHOCTeil: HX TeopeTH'ISCKoro ~HanRsa .!Ia 6ase· COBpeM8HHbiX MSTOilOB 

pacqeTa ManoHyKnOHHbiX CRCT8M Ii MOileneil: nerKRX 51/lSp, 
' • .• '.;. ' \ /• : . '·. \ ' '·" • . ' ;. . r • ~ '. ' ' l . . ' ' .. 

• HccneAoBaHHSI BellyTcsr, B-OCHOBHoM, B riayx HanpaaneiiRsrx: cpeaoMeHo-

. . 

KaKon~riH6o MonenR Hllp'a· J{ cpiu3H'eiiRe HX c aKcn'epliMeHTOM. 3A~Cb Mbl o6pa-

THM' ~HRMa·~Jie· aa cnellYIOIIIIiEl, HaH6on~e Ba)I(Hble AnSI Haiiieil: Salla'IH pe3yri&- . 

TaTbl H oco6eHHOCTii TaKRX HCcneAO~aH'Jiii:~" ; 

3 



1. EcnH ¢~HOMenonorH'IeCKHil: aaanH3 ljJopi\1~8KTOpo~ cpennux. H TH>Ke- "' 

nhiX Hi:iep noaaonun' Bhi6paTb enunoro auna ljJepMHeBcKyiO nnoTnocTb' 

r~R ~ . 
p F = p o ( l + exp L . ) ' (1 ) . 

KoTop~H nnH Kamnoro ua Hnep B. aToil: o6nacTH naeT xopowee .onucauue . 

aKcnep·u~eaTanbHhiX naHHhiX, TO · JlnH nerKHX HJlep aaATH pna . o6wero anSI 

scex HJlep BHJl8 noKa ne ynanocb. Hao6opOTo anecb pa6.0T8IOT Ci T8KHMH 

·. nnOTHOCTHMH, .KOTOpb!e HMeiOT CBOH cneuHanbHhlfx BHJl ·JlnH Kamnoro .. SIApa. . . ~ '; ·'. 

. 'tfame BCero - 3TO MHOronapaMeTpH'IeCKHe ljJyHKUHH C raycCOBCKHM i;nailoM, 
. . . 

JinH KOTOpblX .lfJopMljJ8KTOpbl Bbl'IHCnstiOTCSl HBHO, B npyrux cny'laHx non-

ronKa non aKcnepHMeHT na aToM 6aauce Boo6me oKaabiBaeTcH .!f~B03Mo~

a~fi, ·~ npuxollHTCst non6upaTb pira c axcnoueaunan~Hoii .. ~c~MnTOTHKoA, JlnH 

.; 

KOTOpb!X ljJopMljJaKTOp o6bJimo HBH!l He Bbi'IH~nH~TCH. Cpaay me ·aaMe'!HM, tiTo,. 
. - . 

B006IUe rOBOpH, pna C rayccOBCKOfi 8CHMnTOTHKOfi He HBnSI~T~Sl Te~peTH'IeC-- . 
KH onpasnaHHb~MH, TaK K8K peanbHbie SIJlepHbie ljJyHKUH~, a ~H~,'IHT1 H pn31 . 

nMeiOT sxcnoaeauuanbHoe noaeneaue Ha 6onbWHX paccTOHHHHX exp -or. 

r > R )~ 

·2. TeopeTH'IeCKHe pacqeTbi pna H ljJopMljJaKTopoB npoBOJlHTCH o6hi'IHO 

H8 6ase npoCTbiX HJleP,HhiX ljJyHK~Hfi O~UHnnSITOpHoro noTeHuHan~'. HMeiOnlHX 

Tax me. rayccoBcKyiO acnMnTOTHKy. Y'leT ocTaTO'IHhiX a3aa,Moneii'cTBHfi nepe-
t . . 

MeWHBaeT 9TH ljJyHKUHH H npHBOAHT K nOHBneHHIO B pn3 CnOmHoro BHJl8 B8-

pH8UHii nnoTHOCTH, paanH'IHhiX B KamJloM nnpe. Ilpu STOM xapaxTep rayc-

coBcKoro cnana JlnH pna ae uaMeH.SieTcn. 

3. B o6oux nonxonax HMeiOTCSI yK~aaaun aa aoaMomHoCTb aeonao

aaaqaoro Bbi6opa .pna, OTBe'I8IOIUHX OJlHOMY H TOMY me 9KCnepHMeHT8nbHOMY 

ljJopMljJaKTOpy BO Bceii o6naCTH H3MepeHH.SI no nepenaHHOMy HMnynbcy q 

'i. 

4 

.. e "• 

·c 

( 

r ,, 
0 

f ,, 

!I; 

:' 
·I, 

r 
I 

Uenb aacTonmeil: .· pa 

38pSIJl0BbiX _ljJopMljJaKTOpOB 

30B8HHOH ljJepMH-nnoTHOC' 

p ( r) = p [ (l +exp · 
..SF-· · 0 . • ¥ 

·. 
, Oaa Hl\feeT cnepyiOIU~e a. 

' ~ ::. .. 
pa'MeTpH'IeCK8SI ljJyHKUHSJI 

WHpHHY noBepXHOCTHOrO ' 

r .. B C.OOTBeTCTBHH C np1 

B ueaTpe nnpa aTa nn~TJ 

OT ljJepMH-nnOTHOCTH ( l) 

npoH3BOJlHYIO• . ITpaana, Ill 

en, nocnenaee o6cTO.SI1 

nnOTHOCTH npaKTH'IeCKH;I 

ae Mana , H anecb nnoTJ 

rayccoacKa.SI. 

- '"'• l1 H8KOH~U1 COOTBe' 

~--~ ..... 

B 8H8nHTH1IeCKOM BH}le ( 

H8il:TH .HOpMHpOB8HHyiO K! 

panuyc: 

Po 

Rrm• 

' 

3 [ l ~ ( 
4rrR 3 

Ry3yl 
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Top6a cpen~HX,H TSJ•e- J 

ICKY!<> nnoTHOCTb·. 

(1) 

~T xopowee onncaaile . 
. . 

ailTH pn3.o6wer6 nng 

pa60TlUoT 2 TaKHMH . 

rn :nng Ka>Knoro gnpa. 

c rayccoacKHM:cnanoM, 

npyrnx cnyqagx no~

aabraaeT~H ~eao3~o>K-
IOii aC~MfiTOTHKOii, nng . 

Cpa3y >Ke ·3aMeTHM 1 qTo,. 
I ' • . .. . . . ·, 

re. ganSIJOTPH TeopeTnqec~ 

UHH,. a 3H81JHT1 H ·p1I31 . 

CCTOSIHHSIX exp ~or 

>a nposonSJTCSI 06b!qHo 

fiOT9HUHana, HM910WHX 

pn3 .cno>KHoro anna aa

sToM, xapaKTep _r~yc-

)3MO>KHOCTb HeonHo-

>Ke 9KCnepHM9HTanbHOMy 

lHHOMy. HMnym,cy q • . 

·_ j 
I 
i. 

r. 
" 
l. 

Uenb aacTomueii. pa6oThi - npoaecTH !JleHoMeHonornqecKnii aHann3. 

3apRUOabiX tPOPMtPaKTOpoa nerKHX SIJlep C fiOMOWbiO 9JlHHOrO anna CHMMeTpH-

30aaHHOii !JlepMH-finOTHOCTH: 

( ) [( 
. r-R) -f( -r -R- _, ] sh Rib. 

~F ·' =Po _l+exp_-b____ + l+exp-b .J ..:.1 =Po--~--
chR/b + ch r /b 

( 2) 

0Ha n¥eeT cne_JlYIOinHe aa>KHhie qepTbi. Bo-nepabiX, aTo - npocTaSJ Jlayxna

pa'MeTpnqecKaSJ tPYHKilHSI, rJle R onpeJlenSJeT __ nonycnaJl nnoTHOCTH, a b -

wnpnHy noaepxHocTHoro cnoSI pn3. Bo-aTopbiX, oHa y6hiBaeT npn 6onbmnx 

r . a c_ooTaeTcTann c npaannbHbiM aKcnoHeHunanbHbiM ~aKoHoM. B-TpeTbnx, 

a ueHTpe RJlpa aTa nnoTHOCTb acerJla abiXOJlHT Ha nnaTo, qTo oTnnqaeT ee 

OT ¢epMH-finOTHOCTH ( 1) 1 KOTOpag a ToqKe r '= 0 HMeeT OTnnqHyiO OT Hyng 

npon3aoJlHYIO• . llpaa)la, JlnH cpeJlHHX n TSJ>Kenirx SJJlep, rJle oHa, ncnonb3yeT-

CSI, nocneJlHee o6cToRTenhcTao He cymecTBeHHQ, n6o p; (0) «l . n o6e 

nnoTHocTn npaKTnqecKn coanana10T. llnR nerKnx >Ke Rnep aTa_npon3~oJl~ag 

He Mana , n 3Jl9Cb nnoTHOCTb ( 2) nMeeT Te >Ke npenMymecTaa, qTo n 

rayccoacKaSI. 

J1 HaKOHe_u, COOTae:rcTay!OinHii nnoTHOCT~. ( 2) tPOpM!JlaKTOp abi'IHCnSJeTCSI 

a aHanHTH•JeCKOM an)le• ( CM. § 2) • ToqHQ TaK >Ke a SJaHOM an)le yJlaeTCSI 

HaiiTH HOpMHpoaaHHyiO KOHCTaHTY IInOTHOCTH P 0 H cpenHeKaaJlpaTHqHblit. 

3 [ l + ( 1Tb ) 2] _, , (3) Po 
417R 3 R 

R Ry3 v 1 +_!_ l ...!!!..J: (4) 
rms 5 . 3 R 
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Bee aTo secbMa uenno KaK npn npaKTnqecKon ci5pa5oT~e a~chepnMenTanb

HhiX ll8HHbiX1 TaK H npn HCIIOnb30B8HHH QJOpMQJ8KTOpa B ,llpyrkx,· TeopeTH-

qecKHX nccnenosaHHHX. 
, __ 

llpyraH aana'la nanaofi pa5oTbi - BhiSlCHHTb xapaKTep oTKnoaeann 

6opno~cKnx pacqeToB !jlopMQJaKTopoB OT ToqabiX n ~cTaH~BHTb; Korna neo5-

XOllHMO yqHTbiB8Tb liCK8>K9HHe aneKTpOHHon BOnHhl B. KynoHOBCKOM none 

Slllpa. 

11 nocnellHSlSl aanaqa - aa KaKoM-nn5o npnMepe noHSlTb x~paKTep 

neonnosnaqnocTH B TGX -pn3, KOTOpbi9 nonyqaiOTCSl H3 QJ~~oMenono~H~e~KOrO 
, ' ,_ ,• > •' 

anannsa aKcnepnMenTanbnhiX !jlopMQJ8KTopoB, nsMepenHhiX nHWb B orpaanqen-

non o5nacTH nepena»HhiX nMnynhcoB q • 

§ 2. cl>opMd?aKTop B- 5opnoBcKoM If BhiCOKoanepre'rn'IecKoM 

HpH5nH>KenHH 

lln!jl!jlepeaunanhuoe ceqenne ynpyr~ro paccegnnB' 5i,lcTpbix aneKTpouoB 

na nerKHX Slllpax B _ npellnono)Kennn cTaTnqecKorci pac-npelleileunsi nnoTuocTH 

aapSllla BhiqncnSleTCSl o5bJqno B 5opnoBcKoM npn5nn~e~nn ( ; = Z I 137 <<1 

no !jlopMyne: 

(1 ( 0) =ClMott 

3Jl9Cb 

aMott (0) 

(B) I F ( q) 1
2 

• 

2 ·-
( _!.!_) 2 

2E 

. 2. -
Cos 012 

Sin 4 _(y2 

. 1 

1 + 2E 'Sin 2 0 '2 
M . 
-~ 

-MOTTOBCKoe ceqemm pacceSlnHSl na· ToqeqnoM aapSllle;, .rile 

( 5) 

1 
. ( 6) 

nocnellnnn 

MHO>KHTenb yqnTbiB89T OTilaqy HllP8 C Maccon M • cl>opMQJBKTOp B 5opnos,.. 

cKoM npn5nn>Kennn paBeu: 

6 

rne 

F B (q) 4rr 

q 

00 

I ·5 
'o. 

q . = 2E· Sin Ol 2. (1 -t 

;'N 

ecTb nepellaHnhin HMnynbc 
- . 

qT05bi IIOnyqHTb Sll:lll 

non !jls_pMH-nnoTn;cTII1 BOC 

.00 
cos qr 

~ ( q) = { ch Rib.+ 

.'-.: 
Torlla:i nollcTaiimm ( 2) ··B· 

nnn 

.!J (q) 
_ · 4rr ,.

1 
q 

; ~ .' 

F.
B' '(( - .·- 4~2b I SF q. -

· .·-· : q sh Tr. 

~ - . ,. . 
0TMe'<(HM HeKOTOpbl€ 

:3T01 ripe>Kil9 BCero, e~~ 
,·,·-

F ( q) ;;.· exp' (,_rr,b c 

qTo DTBeqaeT aKcnepnMeJ 

cnall TeM Kpyqe, qeM 5oJ 

llanee, QJOpMQJ8KTOp ( 10) 

llenSleMblX ypaBnenneM: 

~ tg q R .. R 
rrb 



5pa60TKe 9KCI1eplfMeHT8nb

rop~ :s.'Jlpyrnx, ~ TeopeTn-

xapaKTep OTKnoHeHIIH 

rr ycTaHoBIITb, Korria Heo6-

bi B. KynOHOBCKOM none 

Mepe IIOIHlTb X8p8KTep 
·:-· .... 

:st na ¢eHaMeHonornqecKoro ... ·, 

epeHUhiX· nlllllb B orpaHnqeH-· 

... } ·. 
'siHIIH '6biCTpbiX aneKTpOHOB 

• pacnpeJleneHnH rrnoTHocTn 
./ 

itn)i{eHnn ( y = Zll37 <<l · 

Sin 2 0 '2 1 
~·. 

tpHJle,. r)]e rrocneJlHllit 

( 5) 

' ( 6) 

( t• ¢opMIP8KTOp B 6opHOB-

4rr 
00 

F 8 (q) I 'Sin qr p(r) r Jr 1 ( 7) 
q 0 

l~ r)]e 

!:/ ~ 
q = 2E Sin 012 (l+ 

2M 
Sin 2 012 ) -712 ? (8) 

E r---: ~ 

eCTb rrepeJ]8HHbiH liMIIynbC C yqeTOM OT)]aqn HJ]pa. 

'4T06bi rronyql!Tb HBHOe Bbipa:lKeHl!e Jlnst cjJopMcjJaKTOpa CliMMeTpli:30B8H

/1/ 
HOil ¢€\PMli-I1nOTHOCTll 0 BOCIIOnbayeMCH li3BeCTHbiM liHTerpanoM 

00 
cos qr Jr rrb Sin qR 

shRib shrrbq 
~ (q) I 

o c:h Rib +, c:h rib 

', 
Tor)]a, rroJlcTan"nstst ( 2) 'n' ( 7), HaxoJlnM: 

8 ·!,s,: ( q) 
417 p

0 
sh Rib :...!!__ ~ ( q) 

q aq 

\ 
~. 

F:F(~ = -
4

"
2
b Rpo (Cos qR - ~Sin qR. c:th TT b q ) • 

( 9) 

( 10) 
{ . q sh TT b q R · 

0TMe"'liM HeKOTOpbie TliiillqHbie oco6eHHOCTll Jl8HI!OrO cjlopMcjJaKTOpa, 

8T9o rrpemJle ncero, ero aKcrroHeHunanbHoe y6biBaHne c pocToM. q 

F ( q) - exp (-". b q ) 1 ( 11) 

qTo OTBeqaeT aKcrrepnMeHTanbHOMY rroBeJ]eHIIJO rrpn q > l • BnJlHC), qTo' 

CmlJl TeM Kpyqe, qeM 60nbllle .,p83MbiT" 38pHJl B IIOBepXHOCTHOM cnoe HJ]pa, 

llanee, cjJopMcjJaKTOp ( 10) l!MeeT TeopeTnqecKlle. Hynn B ToqKaX q s 0 OIIpe

J]ensteMbiX ypaBHeHneM: 

tg q R . ' R 
' rrb 

th rrbq 
s 

( 12) 
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'ITO smmreTCH cnencTBHeM KOHe'IHhJX paaMepos HJlpa. Ha aKcnepnMeuTe aTHM 

TO'IKaM OTBe'I~IOT MHHHMYMhi B nn!fJ¢epeuunanhHhiX ceqeHHHX. Hai<oueu, nepe.:. 

xon B ( 10) K npeneny b -+ 0 npHBOJlHT K naBeCTHOMY peaynhTaTy JlnH 

onuoponuoro CTyiieH'J8TOro pna: 

B 
Fu ( q) --

3
- (Cos qR - -

1 
Sin qR 

(qR) 3 qR . 
( 13) 

B nanbHeiirneM HaM npnneTcsr conocTaBnHTh peaynhTaThi 6opuoBcKnx 

H TO'IHhlX pac'JeTOBo 

flocnepune aa caMOM nene 6yneM nony'laTb c noMoiiibiO BhJCOKoauep-
. /2/ .. 

reTH'JeCKoro npn6nnmeHHH ( B3fl) • neucTBHTenhHO, K8K 6hlno IIOK838HO 
/2 3/ 

MHOrO'IHCneHHhiMH CpaBHeHHHMH 0 
0 9TO npn6nnmeune IIpHBOJlHT,npaKTH-

'JeCKH K TeM me peaynhT8T8M 0 'ITO H 'IHCneHHhJe MeTOJlhi perneHHSI ypaBHe-

HHH nnpaKa. EJlHHCTBeHHOe Tpe6oBaune B3fl - 9TO co6ni0Jl~Hne ycnoBHii 

E » U {()) n qR >> 1 , 'ITO npaKTH'IecKH Bcerna BhmonHHeTcsr, KorJla 

Mhi nMeeM neno c uan6onee nu<jlopMaTimHhiMH naHHhiMH, nonyqaeMhJMH npn 

aueprnn aneKTpoHoB E > 150 MaB n q > 1 • 

He npHBOJlSI neTaneii pacqeTa ¢opM¢aKTopa c CHMMeTpnaoBauuoii 

lf>epMH-IInOTHOCTbiO B paMK8X 83fT, yKameM TOnbK0 0 'ITO CaMO HCXOJlHOe . 
BhJpameune· 6nnaKo no ¢opMe K ( 7) n conepmnT B aMnnnTyne n <Paae non ,. 
HHTerpanoM BbiCoKoauepreTH'IecKne Jl06aBKH nopsrnKa U I E , KOTOphie 

y'IHTbJBaiOT ncKameune aneKTpouuoii aonHhi. HBHhiii ann· ¢opM!flaKTopa nony

qaeTcsr nocne aaMeHhi nuTerpana Tnna (7) aa nBa KOHTypHbiX 6ecKoaeqaoro 

paJl~yca B nepBOM H . 'JeTBepTOM KBanpauTaX H cyMMHpoBaHHH nony'laeMhlX 

B peaynhTaTe BhJ'IeToB, onpenenHeMbiX B non10cax ¢yHKunn ( 2): 

rn = R ±iTTb(2il+l)", n = 0,1,2, ••• PeaynhTBTbi Momuo npencTaBHTh B anne: 

HE .4TT2bRp TTb. . 
F · ( q) =- D(Cos(qR+<I>)- -Sin(qR+<I>) cth TTb q ) , 
sF q sh 7T b q q · 

(14) 

8 

,· ·~ . 

· rile D n <I>·- KoMnneKCHI 

HX HeTp~nHO ycTlUIOBHTh 

ljlepMHeBCKOro_ ljlopM!jlaKTI 

npn6nnmeunn nonyqaeTc: 

§3. CpB 

Ha ocH~Be JlByxna 

CTH ( ~) 6hmH Bhl'IHCnef 

· ¢opM¢aKTOphi nnsr nerKJ 

qae napaMeTphl OTbiCKH 

·aanMeHhiiiHX KB8Jlp8TOB 

uanMeHhiiiHX q n rnno Jl 

PeaynhTBThi Cf)aBJ 

nao6pameHhi TO'IHhJe pa 

IIOBCKHe,_ OTnomeHHhJe E 

q .. , ( l+·_:_ 
q 3 I 

B KOTOpOM Y'lllTbJI3aeTC 

oT aueprHn. · Baepxy en 

napaMeTpnqecKne pna,· 

KHe pna .· ( uiTpHx-rryuKTJ 

· noch nony'IHTh cornaci 

q 
0 

•• II pH 9T!)M 'IHCnO 

nnH 12 C (rayccoBcKaH 

3 ·nnH 4 He H 6 iinH~, 1' 

110 H3 pHCo 1 H _2, B_ H 

HOCTH ·. TaKme ynaeTCH 



lpa. Ha aKcnepnMenTe sTHM 

x ceqennHx. HaKoHeu, nepe

rnoMy peaynLTaTy JlnH 

( 13) 

peaynbTaTbi 6opnoncKnx 

C_HO~Olllb!O l3biCOKOSHep

!nbli01 KBK ObinO il0K838HO 

I~eHHe npHBO/lHT,npaKTH

M9TO/lhl pemeang ypanae

o ~onJOilPHHe ycnonnfi 

l BbinOnHH9TCH1 KOrJla 

:HbiMH, nonyqaeMbiMH npn 

: CHMM9TpH30B8HHOH 

0! 'ITO CBMO HCXO/lHOe 

'aMnnuTylle u ¢aae noll 

tKa U/ E , KOTOpbie 

i BH/l. · cpopwpaKTopa nony-, 

I KOHTypHbiX oeCKOHe'IHOro 

.m~oBaHHH rronyqaeMbiX" 

¢yHKUHH ( 2): 

~0 npeJlCT8BHTb B BH/le: 

I +<ll) C:th 1T b q• ) 1 (14) 

f. 
! 
I 

.•, .1· .. 

i· 

r 
I 

j. 

. ; 

rile D n <ll ·- KoMnneKCHbie :cpyHKIUIH oT q , y'IHTbiBBJOIUHe ncKa~eane, - · 
> .'· ' • • •••• 

nx aeTpyllHO ycTaHoBHTb corrocTaBnenneM c aaanorH'IHOH cpopMynofi /lnSI. 
' . ' ' . /2/ . 

cjlepMHeBcKoro ¢opwpaKTopa na paooTbi • EcTe?TBeHHD1 'ITO B. 6opHciJ3CKOM . 

npnonn~emm nonyqaeTCSI D= l n <ll=O 

§3. Cpanaeane c 9KCnepHMe!ITOM H oocy~'JleHHe 

Ha OCIIOBe /lByxnapaMeTpH'I9CKOH CHMMeTpH30Da!IHOii ·cpepMll-llnOTHO

CTH (~) OblriH Bbi'IHCneHbl OOpiiOBCKHe ( 10) H BbiCOK09HepreTH'IeCKHe ( 14) 

cpopMcp8KTOpbl JlnH nerKHX H/lep 12 C n 
16 0. B Ka~JloM cny

/4-6/ 
qae napaMeTpbl OTbiCKHBBiJ:HCb ITO/lrOHKOH K SKCnepHMe!ITy MeTO/lOM 

118HMeHbiUHX KB8/lp8TOB (MilK) TaK1 'ITOObl COBIT8Jle!lne HB'IHHanOCb rrpu 

HBHMe!fbiiiHX q H lllno JlBnbllle K M8KCHM8nb!f0 B03MO~IfOMy 3H8'I911HIO q = q 0 • 

Pe~ynbTBTbi cpanaeanil: llBIIhi aa pnc. 1-41 rile crrnoiU!fbiMH KpHBbiMH. 

naoopa~eHbl TO'IIfbie pacqeTbi cpopM!jlaKTopon ( B8D) 1 a nyuKTHpoM - 6op

uoncKne1. oTno~e!fiibie KaK <jJyaKunn a#eKTHB!Ioro rrepeJlauaoro ·nMnynbca:· 

q ( l + 
4y 

) I y = Z/ 137 I ( 15) 

B KOTOpOM Y'IHTbiBaeTCH 3aBHCHMOCTb 9KCnepHM911TllnbllblX !jl.opM!jlaKTOpOB 

OT aaeprnn. Bnepxy cnnOIIIIIblMH nHHHSIMH noKaaa!fbl COOTBeTc:rn!~mne. nnyx

rrapaMeTpH'IeCKHe pna1 n JlnSI cpanue!IHSI TaM ~e .tiallbi MaororrapaMeTpnqec- . 
. ~~/ ' 

KHe prra (IIITpnx-nyaKTnp), naSITbie na paooT · , anTopaM KoTopbiX ylla-

nocb rrony'IHTb cornacne c aKcrrepHMe!ITOM /lnSI nceil: o6nacTH ·li3Mepeunii no 

q 
1 

npH ST()M 'IHCno BBO/lHMbiX napaMeTpOB COCTanngno: 7 JlnSI . . 6Li u8. 

JlnSI .ilC (rayCCOBCKaSI ll ll8P.800nH'I9CKaSI rayCCOBCKaSI aCHMITTOTH~a pn3)1., 

3 ·JlnSI 4 He n 6 JlnH . 160 ( aK:cnoaeuunanbaag acnMnToTnKa. pna). KaK BHil- . 

ao na puc. 1 n 2, B aa111eM cny'Iae aa ocaoae JlByxnapaMeTpn~ecKofi nnoT

aocTn· TaK:~e yllaeTCSI llOCTH'Ib nonnoro cornacng c sKcrrepnMeaToM· .llnSI 
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_-.<-: 

.4 ' . 
smep H.e H 

' 1 
( 4,4 <f>epMH ~ 

6 Li • n~lllb npH caMhiX OO~blliHX H3MepeHHhiX q > q 0 
. .. 1 . . ' ' 

!J.nH · 4 He li 3,5 ¢epMH- anH 6 Li ) HaMe'Jae.TcH TeaaeHUHH 

K paCXO)KJleHHIO paCC'IHTaHHhiX KpHBhiX C SKCnepnMeHTOM, 0Tcroaa 3aKnJO

'JaeM0 'ITO ami aTHX Haep aaeaeaHe 6onbllloro 'IRena napaMeTpoB a rayc

coacKoe ,pna ~oTpe6oaanocb B ocHOBHOM anH HcnpaaneHHH xapaKTepa ero 

cnaaa B noaepxaocTnoM cnoe Hapa aa aKcnoneauHanbHhiH, TaKHM o6paaoM, 

o6nacTb q < qo MO)I<HO aaaaaTb o6nacTbro "Manhzx" nepenaHHhiX nMnynbcoa,-· 

rae no.aeaeHHe ¢opM¢aKTopa onpeaenHeTCH B ocnoaaoM pacnpeaeneaHeM 

·nnoTHOCTH aapHaa Ha rpaHHUe Hapa, 

Jlng gJ:iep 7?-c H 76 0 nnoTHOCTb ( 2) .xopolllo onHChiBaeT aKcnepH-
. . . -1 72 ) -1 76 ) 

MeHT BDnOTb ao q 0 - 3,2 <f>epMH ( C H q 0 - 2,85 <f>epMH · ( 0 0 . . . 

a npH q > ,q0 Ha'IHHaroTCH HBHhl~ OTKnOHeHHH TeopeTH'JeCKHX pacqeTOB OT 

SKCnepH~eHTanbHhiX 3Ha'JeHHH <f>opM<f>aKTOpOB, 3To_ 03HaqaeT, 'ITO B o6na

CTH 6onblliHX q > q0 noaeaeane ¢opM¢aKTopoB aaBHCHT oT xapaKTepa pac

npeaeneHHR nnoTHOCTH B ueaTpanbaofi o6~acTH Hapa, noaT~My ann·yny'I-

' llleHHH cornacHH c" aKcnepHMeHTOM B aToii o6nacTH Tpe6yeTcH · y'IHThiBaTb 

_oco6eaaocTH BHyTpHHaepaoro noaeaeHHH pna. 

no-BHaHMOMy, BnepBbie Ha TaKoro poaa OTKnoHeHHH 6hinO o6paiUeHO 
. . IV 

BHHMaHHe npH aaannae aKcnepHMeHTOB aa cpeaaHx Hapax 4 °Ca H 48Ca , 

To .. :lKe caMoe Tenepb, MO:lKHO cKaaaTb H o · nerKHX Hapax. Eonee Toro, STH 

OTKnOHeHHH aaecb MO)I{HO . 6binO 3aMeTHTb eiUe ao Toro, KaK 6binH npoBeae-
! 

Hhl on~.IThl Ha H30TOflaX KanbUHH 1 OaHaKO Melllan, BHaHMO, TpaaHUHOHHhiH 

nyTb aaanHaa, cocToHIUH.ii B noa6ope cneuHanbHoro BRa a. pna Jing. Ka)KJloro 

oTaenbHO B3~Toro Hapa. Coaaaaanocb aneqaTneane, 'ITO cneuH¢HKa cTpyK

Typhi nerKHX Haep DpOHBnHeTCH0 l!a'lJHl!aH y:lKe C ManhiX q r H 'ITO CneayeT 

ncxaTb ae "OTKnoaennH", a npoao aHTb npHMhie pac'IeThi pna B paMKax 

HnepahiX Monenefi c y'IeToM acex oco6eaaocTefi Ka:lKaoro · Hapa, 

· B Ta6nHue ·co6paHhi nony'IeHHhie B peaynbTaTe MHK-pac'JeToB npH 

q .< qo 3l!a'Je'HHH cpeaHeKBaapaTHtrHhiX paaHycoB R rms H qo llnH Ka:lKaoro 

10 

H3 paCCMOTpeHHhiX HaMH 
. /3/ 

nony'IeHHhie paaee ·• · ( 

MepliOCTb, 'I_To, HeCMOTpl 
··--;.. ..... , 

Rrms H q 0 .• HX npoH:3 

eTCH DOCTOHHHOH BenH'IHI 

·· q
0 

R . - ~ 8,5 ( + 10~ 
r ms .. , -

... 
Pa36poc 3aecb Bhi3BaH. K 

aoA CTpyKTyphi. Ka}KlJ.oro 
\ I ' •; 

':lKHBaeT "'phzxnyro" cipyKI 

pOCTy STOtt BenH'IHHbl C,. 

cnoeaMn, an.R acex. llaep 

peanhHhiX pn3 oT oanopo. 

o6nacTH, Ha'IHHaH nnlllb c 

q > q 0• 8,.5 · R ;L 
napa, npH q < q 0 

¢~p~ 

flO Be! 

. CTpyKTypoA pna B paAoliE 

Bo'npoc o xapa.KTep 

KHX Rnpax Tpe6yeT 6one! 

ero cTopoH, Bo-nepBhix, 

CKH9 paC'lJ9TW 1 H1 BO-BTO 

i:> noeeneuHn pn3 eo any~ 

aKcnepHM9HTanhHhiA Ma;E 

H3MepeHHA no q ( qm/~ 

l{To KacaeTcl:!· nepa 
' ·- '(;"• .·' 

neyxnapaMeTpH'IecKoro p 
. ' . .· i' 

BOilRT B OCHOBHOM K aan 



3MepeHHbiX q >. q
0 

' aaMeqaeTCH TeaaeauHH 

~eHTOM. 0TCIOQa saKmo-
. . . 

~na napaMeTpoB B rayc~ 

:paBneHHH xapaKTepa ero. 

IBnhHbiil. TaKHM o6pasoM1 

t" nepeaallabix HMnynhcoa; 

>BHOM paC!Jp~aeneHHeM 

liUO OUHCbiBaeT SKCnepH
. ·. . -1 16 ) 

2,85 ljJepMH ( 0 , 

peTH'I9CKHX pacqeTOB OT 

03HaqaeT, 'ITO B o6na

BHCHTOT xapaKTepa pac

pa, noaT~My anH ynyq-

H Tpe6yeTcH· Y'IHTbiBaTb 

lOHeHHH 6bmo . o6pameao 
4o.c · · 4sc n 1 

t S!apax a H a • 

,Hapax. Eonee Toro, sTu 

Toro, i<ax 6bmH nposeae

euauMo, TpallHUHOHHblil 

o ,sua~. pns dnH Ka~oro 

e, 'ITO cneuuljluxa cTpyx

tanbiX q , H 'ITo cnenyeT 

!lC'IeTbi pns · B paMxax . 

~~oro Hapa; 

~e. MHK-pac'leToB npll 

! :. · 11 q 0. llnH Ka>Kaoro 
rms . 

l 

I 
I 
j 
I 
I 

·~ 

I 
I 

r 

us paccMoTpeHHbiX aaMu Hllep,. TaM >Ke npuseaeHbi. napaMeTpbi llnH 40 • .48 Ca , . 
. ./3/ 

nony'leHHbie, paaee • 06pamaeT .11a ce6H BH~Ma.IIIIe HHTepecHaH 3aKoHo-
. ' . ., ~ 

M9pHOCTh 1 'IT01 HeCMOTpH Ha pa3nH'IHb19 QnH Ka>Kaoro 113 Hllep 3Ha'leHHH . . .. · 
R,m,. H q 0 . , ux npoH3Beaeaue c aecHTHnpoueHTHoii TO'IHOCThiO ·oxa3biBa

eTcH nOCTOHHHOH BenH'IHHOH 

q R = 8,5 ( + 10%) • 
0 r ms .. - . (.16) 

Pas6poc s;ecb Bbi3Baa xax -npoHaneaueM a HsBecTHofi · M:epe HHnuslinyaiib

aott cTpyKT~pbi xa~oro 113 Haep, oco6eHH~ Hapa · · 
6 

Li · , KoTopoe o6aapy-
' >KHBaeT "pbtxnyJO" CTpyKTypy noBepxaocTH, 'I'aK H cna6ofi TeaneauHeii K-

pocTy STOJ:I BSnH'IHHbl C B03pacTaHH9M ·aTOMHOrO HOM epa ( Hllpa) • 'HHblMH 

cnoBaMH, ang acex, Hllep ljJopMijJaxTopbi "Ha'ln:HaJOT: 'IYBCTBOBEiTh" oTH:noHeHHH 

peanhHbiX pn~ oT onaopoaaoro "cTonoo6pa3JIOro"' noBelleHHH· so aayTpeaaetl 
' . ( ', . '•'' 

o6nacTH, Hll'IHHaH nHIUb c. onpeaeneaaoro .sHa'leHHH nepenaaaoro. HMnynbca .. 

. . 8 5 R -I ..h - 1 . B 3 H .. q > q 0• '· rms 't'ep;Mll 1 KOTOpoe >KeCTKO C H a 0 ., pasMepaMH 

Hnpa. npu q < q 0 noseneaae ljJopMijJaxTopa onpeJ:!enHeTcH B. ocaoaaoM 

· cTpyKTypotl pn3 13 patloae noaepxaocTH H?pa. 

KIIX 

ero 

Bo.npoc o xapaKTepe 13HyTpHHi:tepaoro pacnpe~eneHHH 3apHila a· ner

smpax Tpe6yeT 6one~ aeTanhHOro paCCMOTpeHHH. M bl KOCHeMCH llBYX 

cT~poa. Bo-nepBbiX, paccMoTpHM·, !Ia~xoiihKO aaae>KHbi 3lle~h 6optloa;_ 

CKII9 pllC'I9Thlj ~~ B~-BTOpbiX, - OllH03Hll'IHbl nH B006IUe ~aiiHI 3aKniO~;eHH~· 
• • ' ! ' . • •• 

o noseneHHH pn3 Bo aayTpeaae~ o6nacTH Hllpa, ecna HMe:rb 13 BHily, '<ITo 

aKcnepaMeaTtlnbHbitl MaTepuan acerna orpaHH'IeH aexoTopotl o6nacTbiO 

li3Mep9Hlltl UO q ( qmln<q < qmax ). 

l.JTo xacaeTcSI nepsoro sonpoca, To y>Ke us pac. l-4 BHilH0 1 q;~ nnH 

nsyxnapaMeTpHqecxoro pri~ TO'IHble. pacqeTbi' (B3n, cnn~IUHbie ~u~u~) _~PH
_BOilHT 13 OCHOBHOM K 3anonHeHHIO xapaKTepHbiX "6opHOBCKIIX 'aynetl" 

1
. , . :· 
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onpeJl9JIHeMbiX ypaBH9lllleM ( 12) 1 - B OCT8JlhHOM )K9 KpHBbie 6JIH3KH .Jlpyr 
,· l ·• _. - -

K llPY~'Y• 11a1-epecao CJlenaTb TaKoe )i{e cpaBaeane JlllH. nnoTHOCTeii c Tn-';· 

·. nn•ulhrMir' pallilanhhhiMH ilapnaumiMH Bo BHyTpeuiieii ~6nacTn, KoTophie ~ony

qaroTcsC' 06bi'IliD". B p8C'IeTBX. pna Ha OCHOBe MOil9JlhHbiX npennono)KeHHH 0 

cTpyKType Hllpa •. CaMn no ce6e TaKne pac'leTbi Tpe6yroT 6onhwn~ ycnnnii 

H npoBOJlSITCH' '18CTO HenocpellCTBeHHO llJlH 6opHOBCK;IX !flop~!flaKTOpoB. no a-

TOMY 'ocTaeTcH aonpoc: KaK· H3MeHSITC'H_ 9TH peaynhT8Tbl 1 ecnH OTK838Tb-. 

. cH oT· ·nnocKoBoiiHoBoro npn6nn)Ke1JHH~ B Ka'leCTBe npnMep·a Mbi llBilHM Ta

Koe cpaBH~HHe llJIH THnH'IHOI'O cnyqag ·- Hllpa 160 • Ha puc. 5 rrpnile-
.. , ' '. ·. . , /Sf: 

lleHbi . 6opliOBCKHe lPOPMtP8KTOpbl ( nyHKTHp) 113 pa60Tbl 1 rile Bbi'IHCJie-

HHH npOBDJlllJIHCh Ha OCHOBe OllHO'I8CTH'IHOii MonenH C y'leTOM KOpOTKOileiicT

BYIDIIlmc· IiyKnou-uyKnoliHhiX KoppenHunii. · CooTBeTc;l3yrowaH nnoTuoc~h na

ua B aepxaeii ·qacTH pncyaKa cnnowuoii imuneii. Oua n ncnonhaoBanacb HaMn 

llJIH nocnenyromero To_quoro pacqeTa lflopM!flaKTopa (B3n) ~crrnowHaH KpnBaH) 

"!31 6 . . . . 
c m>MOIIlhiO MeTOilB · , · paapa oTaHHoro cneunanhHO nnH Toro cnyqag, 

KOI'Jla $yliKUIIH pna nMeeT nponaBOJihHhiii Bun. Bnnuo, 'ITO TOlJHbie pacqeTbi 
.~ - . ~. . .. \ ~ . ' 

· ITOMHMO 38ITOJIHeHHH "nyne,ii" llpHBOilHT K 38MeTHOMY yiJ:yqweHHIO, COI'J18CHH 

C akcnepnMeHTOM B. o6nacTH TpeThero MBKCHMyMa Ce'leHHH. Ha aTOM ~e . 
~ ' ' ' . - . \ . . ' . . 

pnc~HK~ wTpnx-nyHKT,UpoM noKa~aua nnoTliocTh, p~cc'IHTBHHBH 6e~ yqeTa 
" . ·,. . . . . . . "' " ,~, ,~, . IBI H 6 

KOppenSIUHn 1 li COOTBeTCTBJIOIIlli.u en 'I'OpM<p8KTOp • a JIIOJl89TCH llOBOJlh-. . : ~ . •' 

110 cnnhao~ pac_c::ornacoBaHne aToro !flopM¢aKTopa KaK c aKcnepnMeHToM, 

TaK li C lfleHOM~H.OJIOI'HlJecimM !flopMtP8KTOpOM1 COOTBeTCTBYIOIIlliM llByxnapa.:. 

MeTprtqecKoMy pna. ( nao6pa)KeHbi TOlJKaMn). Bnnuo, 'ITO !fleHoMeHonornqecKaH 

ITJIOTHOCTh: ( 2) . .'!Bo6pana" B ce6H 3H8'1HT9JlhHYIO llDJIIO .. KoppenHUHOHHbiX 

B38HMOilefiCTBHfi" KBK paa B TOH o6naCTH B6JIH3H rpaHHUhl anpa, KOTOp8H 
·" J ' 

Han6onee B8)KH8 llJIH o6'hHCHeHHH ITOBeJleliHH 9KCITepHMeHT8JlhHbiX lPOPMtP8KTO- ' 

poB npn ManbiX nepeJlaHHhiX .nMnynhcax. 

12 

l 
-4 

\j 
fl 
\*" 

........ 

06umii BbiBOil o npnw 

COCTOHT B TOM 1 'ITO. HX OT~ 

npn __ yBeJIHlJeHHH q H z 
6opHOBCK()e ,npn6nH)KeHne M 

H9)K9JIH KOJIHlJeCTBeHHbiX Cp 

nepeiineM~K Bonpocy 

B · ueu-r,panhHbiX o6nacTHX _Hi 

6b!Jl, H3BeCTeH npH Bcex . q 

· lpypbe~npeo6paaoilanneM. 0. 

. neKOTOpblM M8KCHM8JlhHhiM 

H3 9KCIT9pHMeHT8 nnDTHOCT 

npSIMOH ¢'en;~~H~JIOI'lllJ9CKI . . 

pacqeTax ¢.opM¢aK;opos. c 
~ '•·'. , . . 

TOM ITO MeTOilY H8HM9HbWH 

Koro .. aaaimaa 6bm. paapa6o 

qe~TBe npo6Hb!X lPYHKUHH II 

nn~THOCTH ( 1) • 3JleCb Mbi 

~eTpnaoBaaaofi '¢epMu.:.nno'i 

· 6hmo uafineuo, Boo6me· roB' 

pb19 BCe npnBOJlHT K. 6nn3K 

pHMeHT ( C npnMepHO paBHI 

o6naCTll H3MepeHHHi no q 

__ .,.if ·lflopMtP8KTOpbi1 KOTOpbiM OT 

JlOB8JlO 0)Kl1Jl8Th1 OCHOBHbl9 

li3Mepemm .npn q > q mqx ;;; 

noBenenne pna Bo BHyTpea 

HJlpa Bee OHH nivteroT np~M 

HO H8 OCHOB9-TOJlhKO 8H8Jll 

pna· BO_Bcefio6na6Tn Hnpa 



ce KplfBbl9 5nlf3Kif ~pyr 

JllHI. nnoTHOCTefi c Tlf-~· 
o5n'acTn, KoTopble i-mny:.. 

HhiX npennono)!(eHnfi o · 

~5yJOT 5on&uin~ ycnnnfi' 

K'Hx lf>op~lf>aKTOpon. nos-

·n&TaTbi, ecnn OTKasaT&

npuMepa Mbi paniiM Ta

• Ha pnc. 5 npnne:.. 
181 

OTbi , rne .Bhl'mcne-

c ytteTOM KOpOTKOJleficT-

ByJOUI8SI nnOTHOCTb Jl8-. 

B n ncnon&sonanac& HaMn 
' . 'I,,. 

( B::m) ~ cnnorni1a~ i<pnnan) 

~o nnn Toro cnyttan, 

t0 1 'ITO TO'IHbl~ pac..f~Tbl .. 
. ' . 

y yriytirneHHJO cornacnn. 

cettennn. Ha sToM ~e . 

CC'llfT8HH8SI 5es •Y'l9T8 
i/ . . . 

• Ha5nJOnaeTcn nonon&-

K C. 3KCnepHM9HTOM 1 

~eTCTByJOUIIfM JlByxnapa

'ITO,. 4>enoM~HonornttecKa·SI 
. . . 

nJO' 'Koppennfrnounwx 

paHHUbi: llllp~! K070paSI 

ffM9HT8nbHbiX. lf>opM$8KTO- • 

. St 
{l 

,'0,. 

05utlfH BbiBOJl 0 npllM9HifMOCTif, 5opHOBCKIIX pactteTOB JlnSI nei'KifX SIJlep 

COCTOifT B TOM, 'ITO. lfX OTnlfttlfSI OT. TO'IHbiX CT8HOBSITCH 38M9THbiMif nliiiib 

npH _ynennttennn q n Z , TaK ttTo, uanpnMep, HattnHaSI c nnpa _16 0 .. , . 

. 5opHOBCK~e,,npn5nlf)!(9Hif9 MO)!(HO lfCnOnb30B8Tb CKopee JlnH K8'19CTB9HHbiX 1 

H9)!(9nlf KpnntteCTB9HHblX Cp8BH9Hiffi. 

nepelineM K Bonpocy 0 H90JlH03H8'1HOC:If 38KnJOtt9lllfH 0 flOB9Jl9Hillf. PI_I.S 

B · uenTpan&HhiX o5nacTnx _nnpa. 113 (7). ottennnuo, ttTo ecnn 5bi lf>opM$aKTop . . , 

5bin ll3B9CT911 npH BC9X q 1 TO pns MO)!(HQ onpenenHTb TO'IHO o5paTHbiM 

lf>yp&e-npeo5pa3onauneM. OnuaKo o5nacT& H3Mepennn ncerna .. orpannttena 

HeKOTOpblM M8KCifM8nhllbiM 3H8'19Hif9M q max 1 a 3H8'1l;IT1 ll3Bn9K89Mb19 

ll3 ~-~cnepnMenT~ nnoTuocTn, Boo5me ronops1, ue onpenene~bl pan~3n_a~mo. 
. ·•-..... 

npSIMOH lf>'eHOM9Honorlftt9CKifH ananll3 COCTOifT B MHOI'O'IIICIJ91IHblX flOBTOpllblX,,. 

pa~tteTax ·lf>opM¢aKTopon c pa3Horo nnaa pn~ n cpanuemm ·nx c sKcnepnMeu

ToM .. no MeTclny uanMeu&wnx KnanpaTon. Yno5n&III 11 sKon.oMHbifi: cnoco5 Ta-
. , . , /3 9/ . '•' 

iioro auaim3a 5bm pa3pa5oT.au n paMKax B3n a pa5oTax ··· ' , rne n Ka-

ttecTBe npo5HbiX !flyHKiuin ncn'on&3onannc& · KoM5nuaulln . npoH3Bonul;Ix $epMn

nn~T.HocTn (I). 3nec& Mbi 6epeM_ 3a npo5Hhie $yuKunn npon3BOJlHhie oT cnM-

·MeTpn3oBaHHofl: '!J>epMn-n~oTilocTn · ( 2). · PactteTbi nennc& nnn nnpa · 16 0 .n . 

· 5hmo uafl:neuo, noo5me ronopn, Muoro pa3nnttaJOutnxcn !J>yuKunfl: pna,· ·KoTo..: 

· pbte nee npnBOJlHT K 5nn3KnM· lf>opM!fJaKTopaM,· xopcirno onncbtBaJ011IIIM sKcne

pnMeHT ( c npnMepuo paBHbiMII · cpenueKnanpaTnttHbiMif oTKnoueunHMII) .· no· ncefl: 

o6nacTn 1I3MepeunHc no q • Ha pnc.· 6 npnnenellbt ·ua~5onee xapaKTepHbie 

·4>opM4>aKTopbi1 KOTopbtM oTBattaJOT cnn&uo pa3nnttaJOmnecn pn3• KaK n c.ne

nonano 0)!(HJl8Tb1 OCHOBHbl9 p831JH'lllH B ·. HllX flOSIBIJSIIOTCH IJHWb BHe. o5naCTJI 
. ' -1 . , . .. . ,. •·. . ·, 

1I3M9p9HllH npn q > q max ;z 4 75 lf>epMll • 11M COOTB9TCTnyeT pa3JJH'IH09 

noneneune pn3 no nuyTpeuuefl:. o5nacTn nnpa. B To )!(9 npeMSI ua rpaunue· 

SIJlpa nee oun nMeJOT npnMepuo paBHbifi: · xon. TaKnM o5pa3oM, nefl:cTnnTen&- ·' 

no ua ocuone Ton&Ko auann3a $opM$aKTopoB uen&3H nenaTb DhiBoll. -o xone. 

pn3 no ncefl: o5nacTn HJlpa. B CBH3ll c sTnM OTMeTnM cnenyromee. B nocnen-
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ane rO.Ilbi npo.nenaa psr.n pactteToB pn3 c noMOIUb!O Tex nnri ri HbiX Mo.nEmeii. 

!lpn 9TOM qacTo e.nnUCTBeHHbiH cpaKT coana.neHHH cpopMcpl}KT~poB np~ scex 

H3MepeHHbiX 'I pacueHHBancsr ' KaK nOilTBepmlleHne npElBHnbHOCTH HCXO.IlHbiX 

npennonomeHHHo ohaaKO Mbl BH.IlHM, 'ITO i:lim TSKHX 38KniOtteHHH ne65xo.niiMo, 

Bli.llHM0
1 

npnaneKaTb oonee mnpOKHH Kpyr aKcnepri:MeHTBnbHbiX .ll8HHbiX~ 

B ·npoTHBHO.M cnyttae ae iicKn!Otteno, ttTo noae.nenne onnoro nnmb cjlopMcjlaK

Topa · y.n.acTcsr onncaTb n na · 5a.3e. npyrnx ncxo.nHbiX npennocbmoK. 

§ 4, BbiBO.Ilbi 

\ 
1. Goe.nnasrsr yme H3BeCTHbiil: cpaKT ycnerunoro onncannsr sKcnepnMeH-

TanbHbiX cpopMcpaKTOpOB cpe.nHe-TsrmenbiX sr.nep Ha. OCHOBe cpepMn-nnoTHOCTH 

( 1) c p~~ynbTaTaMn npoae.nenaoro 3.1le~b, anann3a .no. ~~I'K~M sr~paM, Mom

no 3aKn!OttHTb
1 

ttTo aceM sr.npaM y.naeTcsr conocTaBH~b eJlHH~ro 1m.na pn3. -

. CHMMeTpH30B8HHYIO cpepMn-nnoTHOCTb ( 2) 1 KOTopasr HMeeT xapaKTepHblit BH.Il 
' ' . ' ' " 

.I 

CTy':leHbKH C 9K~noHeHUH8nbHbiM cnallOM HB .Kpa!O sr.npa, llnsr cpe.nae-TSimenbiX 

sr.nep ·oaa ecTeCTBeHHbiM o5pa3oM nepexollHT B m,npoKo ncnonb3yeMy!O cjlepMn-

nnoTHOCTb .. < 1) o 

2, llnSI K8)K,Il0I'O H3 sr.nep oonacTb COBna.neansr 9KCnepnMeHTanbliOI'O 

H pacC'IHTBHliOI'O nnsr 9TOfi nnoTHOCTH cpopMcpaKTOpOB npocTnpaeTCSI BnnOTb 

.no aeKoToporo norpaanttaoro. nepenaaaoro nMnynbca qo ·, KOTOpbifi (c 

.necsrTnnpoueHTllbiMH oTKnoaeHHSIMH) onpe.nengeTCSI .. aennttnaoit cpe.naeKBa.npa-. ' ' . ' . 

. .8 SR.:..1 7.7 A-J/l · 1 
TH'IliOI'O pa.nnyca sr.npa q 0 = I r m s.... I' cjlepMH- • 

., 

' 14 

l: ., 
i 
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..: 
I 

·;. 

\ 

., 
\ 

I 

( ... 

! 
' 

3, B o5nacTn q < q 1 

noaepxaocTaoro cnosr · sr.np1 

9KCmepnMeHT8n~HbiX JlBHHl: 

pn3 ,. B ueHTpanbHbiX oonac 
. . . 

Hb!MH BBpHBUHHMH nnOTliOC 

. 9KCnepnMeHTanbHbiX. Jl8!1Hl: 

5a3e TonbKo <PenoMeni?nor 

4, B npnnunne, neTp~ 

MeHT ,BO · BCei!. oonaCTH. H3 

cnyttai!no nonoopaanasr nn1 

cpn3ntte~Ko~ rincjlop~aunn o - . . . 
llefiCTBHTenbHO, OHa ·npHHI 

onHCbiBBIOIUHX 9KCnepnMef 

cooofi noaeneaneM ao any 

oopeTaeT CMbiCn nHWb. TOJ 

.Mble . B paMKBX "JiOCTOBepJ 

ae3aBHCHMbiM sKcnepnMea 

5, !loKa aeB03MO)KHC 

KoTopag nonoruna . Obi .nm 

aoe, TaK n aayTpnsr.nepnoe 

nposransreTcsr cneuncjlnKa c~ 

Tn ( r < R ) , 

6. <f>aKTnttecKoe cpal 

3b!B8~T1 'ITO, ·.nnsr nerKHX ! 

HHe, nnrub npn oonbiUHX I 

Z > 8 KonnqecT:aennbie c 



> Tex nnn h Hhi~ Moaenefi. 

popM~~KTopoa npn acex 

e npaBHnbHOCTH HCXO.!lHbiX 

IX S8KIIID"l9HIIfi H906XO.!lHMO,. 

rMeHTBnbHbiX .!laHHbiX. 

He O.!lHOI"'O nHillb ~OpMcpaK

·lX rq)ennoChinOK. 

\ 
~o onncaHnH· sKcnepnMeH-

' . :. ' ~ 

OCHOBe~epMH-nnoTHOCTH 

a no nerKHM H.!lpaM, MO}!(-

' . . 
LBHTb 9llHHOI"'O BH.!la pn3 ·-

~H H.MeeT xapaKTepHhifi BH.!l 

· H):lpa. .(lnH cpeaHe-TH>Ke~biX 

lipoKO ncnonbayeMyro ~epMH-

:HH SKCll9p11M9HTanbHOI"'O 

•PO~ npocTnpaeTCH BnnOTb 

ibCa ~ 0 : 1 KOTOpblfi ( C 

' 
H. aenn~HHOfi cpeaHeKBaapa-

3. B o6nacTn q < qo Han6onee s~¢eKTHBHo npoHBnHeT ce6.11 cTpyKTypa 

noaepxHocTHoro cnoH napa r. - R ) • 3aecb HMeeTCH HaH6onblllee. "!Hcno 

SKCriepHMeHT8ni:>HbiX ll8HHbiX. 0oBe,!leHHe >Ke npH q. > q
0 

CBH38HO C . XO.!lOM 

pna, B ueHTpanbHblX o6naCTHX Hllpa H1 B "18CTHOCTH1 B03MO>KHbiMH pa.!lHanb

HblMH BapH8UHHMH mioTHOCTH B. STOH o6naCTH ( r < ·R ) • 3aeCh eute Mano 

SKCnepHMeHTanbHbiX . .!l8HHblX H npaBHnbHO onpeaenHTb HCTIIHHblfi XO.!l pn3 Ha 

6aae TonbKO cpeHoMeHonorH"leCKoro aHan11aa noKa HeaoaMo>KHo. 

4~. B npHHUHne H9TPYllHO llO.!l06paTb pll3 T8K 1 "1T06bi OllHC8Tb SKCnepH

M9HT ao. acelt. o6nacTH H3MepeHHhiX q • OaHaKo TaKaH, Boo6me. roaopH, 

cny"laltHO llO.!l06paHH8H nnOTHOCTb "18CTO He HeCeT B ce6e O~OCHOB8HHOfi 

<fm3HtleqKofi HHcpOpM8UHH 0 llOBe,!leHHH pn3 B ueHTpanbHblX o6naCTHX H.!lpa. 

.(lefiCTBJfTenbH0 1 OHa llpHHa.!ln9>KHT K uenoMy Ha6opy O.!lHH8KOBO XOpOIIIO 

OllHCbiB810lllHX SKCnepiiMeHT nnoTHOCTefi, KDTOpb!e :P83nH"laiOTCH M9>K.!ly 

co6oti noaeaeHHeM ao BHYTPHH.!lepHofi o6nacTH ( r. < R. · ) • AHanHa npH

o6peTaeT CMbiCn nirlllb Toraa, KOI"'.!la oH onHpaeTCH. Ha pn3, pacc"lHTbiBae

.Mbie .B paMK8X ".!lOCTOBepHblX" MO,!lenefi H.!lpa, npoBepeHHhiX no llPYI"'IIM, 

H93aBHCHMblM SKCnepiiMeHTanbHblM .!l8Hl}biM. 

5. 00K8 H9B03MO>KHO HafiTII e,!liiHyiO, aHaniiTII"l9CKOI"'O. Bll,!la !flopMy pn3, 

KOTopaH noao111na 6bi anH acex H.!lep 11 noaaon11na onllcaTb KaK·norpaHII"l-

HOe, T8K II BHyTpiiH.!lepHoe llOBe,!l9HIIe peanbHblX pn3 1 - CnlllliKOM Cll.llbHO 

llpOHBnHeTCH ClleUII$HK8 CTpyKTyphl Ka>K.!lOrD H3 H.!lep BO BHyTpeHHefi o6nac

TH ( ·, < R ) • 

6. 4JaKTH"l9CK09 CpaBHeHHe TO"lHblX p8C"l9TOB C 6opHOBCKHMH nOKa-

3biB8!'!T1 "'TO, .!ln.ll nel"'KHX SJ.!lep MO>KHO HCUDnb30B8Tb 6opHOBCKOe npn6nH>Ke-

HHe. nHillb npH 6onblliHX nepeaa~HblX HMnynbcax · q > q0 H ann Hll~P c 

Z > 8 KOnH"leCTI3eHHbie cpaBHeHHH cneayeT aenaTb Ha 6aae TO"lHhiX pac"teToB. 
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3 MapTa 1972 rona. 

· Ta6nHua 
CpenueKBanpaTH'IHhie pallHYChi H "rpaHH'IHhie" sna'leHHH nepenaHHhiX 

H~mynbCOB 

4 He 6 Li '12 c 160 40 Ca . 48Ca. 

R rm 5 ' ( «}lep~H) 1. 715 2.605 ' 2,519 ' 2, 731 3,516 3.49 

qo («}JepMH.;.1) 4.4 . ' 3.5. 3.2 2.85 2.64 2.65 

qo Rrms ' • 7.6 9.1 8 7.8 9.3 9.2 
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4HI 

.R = 1.~ 
'b = 0. 
Rrms.:. 

PHc. 1. IPopMtjlaKTop ynpy 
nyHKTHp!IaH KpliB8H ~ paC 

cnnornnan - TO'IHhiil pac'IE 
BSHThi ns pa6oThi /4/ •· B 
meHa CIIMMeTpii30B8HH8H ' 
paMeTpH'IeCK8H nnOTIIOCT~ 
BCeX 9KCITepHMeHT8nbHh!X 
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l" 3H8'1eHIISI nepe.uaHUbiX 

J6o ,40 Ca . . 48 Ca 

2,731 3.516 3.49 

2~85 2.64. 2.65 

7.8 9.3·. . 9,2 
,·. 

1,'l 

I 

I 
.I .... 

I 
l 
l 

lFI 

R- 1.256rm 
'b- 0.381 fffi 

Rrms= 1.715rm 

2 3 

II 
II 

l 
,... ( -1) Li, err fir. 

Pnc. 1. <l>opM¢aKTop ynpyroro paccesmnsr sneKTponon 1111 11npe 4 He • 
fiyHKTIIpHaSI KpiiBaSI - pacqeT B 6opuoBCKOM npn6mi>t\ennn no <i'opr.~yne ( 10), 
cnnowuaSI - T0'1Hbiii: pacqeT rro ¢opMyne ( 14). 3Kcrrepu~leUTHnhHI>Ie. TO'IKII 
B3SITbi na pa6oTbT 141. B nepxueii 'laCTII .pncyHK£1 crrnowuol1 nnnneii H3o6pa
)KeHa CliMMeTpli30B8HH8SI <fiepMII-IInOTHOCTb ( 2), WTpllX-IIyiiKTIIpllllfl - 3 -rra
paMeTpli'19CK8SI rrno~HOCTh na I 'II, . TaK)Ke rrpnnonHIU£111 K cornacmo .un11 
BCex '3KCIIepiiMeHT8nhHbiX TO'!eK, 
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·6L: 
' ' 

P(rl 

R = 1.359rm
b = 0.642rm 
Rrms = 2.605rm 

2. 3 .. 

-, 

n ( -1} l-1-err· rm 

. 6L. 

t 

Pnc. 2. cl>opMcpaKTOP. ynpyroro pacceHHHH ane.KTpOHOB Ha Hnpe . i • 
06oaHa"'elin'H Te me, 'ITO n Ha 1pnc. L 3KcnepnMeHTanbHbie TO"'KH H 7-na
paMeTpnqecKaSl nnoTnocTb (mTpnx-nyHKTnp) B3S1Tbl H3c pa6oTbi /5/. ·--

18 
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I • 
l 
f 

R= 
-1 b~ 

ldl 'Rri 

-i· ' . 

Pnc~ ·s •. cf>ripMcpaKTop yn1 
06oaHa"leHHS1 ire me,.' 'IT! 

- . . . . . 

paMeTpH'IeqKaSl.llnOTHOC, 
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. f(fffi) 
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6 .L· I oaoa aa s.upe . 
eaTanbHhie· . TO'IKH :n 7 -na- · 

rbi n3· pa6oThi 151 • · ·-- · · 

i 

I 
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I 
I 

f 
[' 

I 
I 
I 

·t 
I 
I 

I 
r 

i 
I 

l 
f 

. ' I .... 

II 
II 

12c 
R =:= 2.179fm 
b =D.503rm 
Rrms= 2.51 9rm 

. Pnc~ ·s •. <f:lopMc!>aKT~p. ynpyroro pacce~mus sneKTpoHoB ua st.npe ll C , 
06oaHa'l:eHH~ Te )Ke, 'ITO .H na.' puc. 1. 3KcnepuMeHTanbHhH~ TO'IKII II 8-na
paMeTpH'l:eCKBSI .nnoTHOCTb {UJ'l:'pHX -:-llYIIKTUp) 133S1Tbl 113 pa60Thl /6/. ' . ~ ' ' . ' ' ' .. ' ~~. . ; ' . . . -
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IFI21: 

10 

l 

' 160 

R=2.607'rm 
b=0.495.rm 
Rrms= 2.131 fm 

2 3 4 Q 'r. ·t 
erf\ .m) · 

PRe. 4.- lf>opM¢1aKTOp ynpyroro pacceHHRSI aneKTpoHOB · aa Hnpe 
76 

0 . 
0603H8'1eimSI Te ")1(9

1 
'ITO H8 pRC, }, 8KcnepRM9HT8nbHbl9 TO'IKR R 6-napa

MeTpR'19CK8SI nnOTHOCTb (mTpRx-nyHKTRp) B3SITbl R3 pa60Tbl /6/, 
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Puc. 5. · lf>opM!flaKTop ynpyr 
TRp - MonenbHbie pacqe· 
HbiX KOppenSIURJi B 6opHOBC 
. Hbl9 pac'leTbi . ( HaCTORlUBSI 
6opHOBCKRli tflopM!flaKTOpB 
6opHOBCKRli <!JopM!flaKTop HB 

Mlf-nnOTHOCTR ( R3 pRC, 4) 
. -nyHKTRpHOit KpRBbl~tH lt8HI 
H 6ea yqeTa HyKnoH-HyKno 
MeTpR30B8HH8SI tflepMR-:nno, 



·.3 

- 'L 

4 q ·'r.m·t). 
effl' 

pOHOB · HS Slllpe l 
6 0 • 

·HTBnbHbie TO'IKH H 6-napa
,i ua;pa6oTbi 161• 

: ·····" 

l 
1-

~ 
' ! 
I 
I 
1. 

~ 
l 
~-

r 

flt 
.ooa 

16.1 
.004 

102 

160 

·. 

-~ 
\: 
·~ 

·<.:. 

3 f(fffi) 

2 3 .. 4 ({Jff:-;1) 
Pile. 5. cJ>opM<jJaKTop • ynpyroro pacceSIHHSI aneKTpoHoB Ha ·· Slllpe 160 . fiyHK
THp MOilen&Hble pac'leTbl C y'leTOM KOpOTKOileitCTByiOIIlHX HyKnoH-HyKnOH
HbiX KOppenSIUHfi B 6opHOBCKOM npn:6nH>KeHHH /8/, cnnOWHSSI KpHBSSI - TO'I
Hbie pacqeTbi' · ( aacTOSIWSSI pa6oTa) · c Toil: >Ke- nnoTHOCThiO, WTpHx-nyHKTHp -
, 6opHOBCKHfi <jJopM<jJaKTOp B OTCYTCTBHe KOppenSIUHit /8( To'IKa!',tH H306pa>KeH 

· 6opHOBCKHit <jJopM<jJaKTOp HaHnyinuero cornaCHSI llnSI. CHMMeTpH30B8HHOit <jJep
MH-nnOTHOCTH (Ha pHc. 4). B BepxHeit 'ISCTH pHcyHKa cnnowHoit H wTpHx-

. -nyHKTHpHoit l<pHBbiMH llBHbi paCC'IHTBHHbie pna cooTBeTCTBeHHO c y'leToM 
If 6a'a y'leTa HyKnoa-HyKnoHHhix· KoppenSIUHit /8/. To'IKaMH Hao6pa>KeHa cHM-

. MeTpH30B8fiH8SI <jJepMH-nnoTHOCTb. . . 

21 



. ·. 

· ...... · 

l,_, 

,_ 

IFI2~ . I . p(r) 

. ,.\ 

\ 

\ '. 

'02 
1:, r. \ . .008 

·l 

0 ;··t 

;~ 

16 '? 

.0 
~ Rrms=2.556rm 

· · .. --~. R~~s~ 2.633~~ 
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Pnc. • B. <l>opMijlaKTOpht • ynpyroro pacceSIHliSI sneKTpoaoB .a a ,Hripe . 
1
,
6 

0 ,. 
cooTBeTcT'ayromne TpeM pasnnt.JHhiM , pns, · nso6pameHHhiM B· aepxae!l: qacTH 
pncyHKa. Tot.JKaMH noKasaH ljlopM!liai<:Top, oTBet.JaiOUillii ~liMMeTpnso.BaHHo!l: ' 
ljlepMn-nnoTHOCTll ( ns pnc. 4). · · · 
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