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I. B B e A e H H e 

K- Oc5JiaCTH 28 .t Z < . 50, 50 <: /II< 82 OTHOC.fiTC.fl, B 

c50JIDlli8H CBOell qaCTH, H8CTac5HJIDHhle He~TpOHOH36HTOqHHe . .fl~

pa, rroJiyqaeMhle KaK rrpo~yKThl ~eJieHH.fl T.fl~8JihlX aJieMeHTOB. MH

WOpMaUHH o CTPYKType aTHX H~ep rroJiyqeHa B/I-3/ rryTeM eayqe

HHH aarra3~hlBaiO~qero 'I -H3JiyqeHHH. MMeiOTCH yKa3aHH/I/, qTo 

H8KOTOphle H~pa STO!i! Oc5JiaCTH HBJIHIOTCH ~ewop:.mpOBaHHHMH .• O~eH

KH, npoBe~eHHhle Ha ocHoBe rroJiyaMrrHpMqecKoro MeTo~a B/4/, 

rrOKa3aJIH, qTO DOHBJieHHe paBHOBeCHOii! ~ewopMa~HH O~~aeTCH 

y H~ep B Oc5JiaCTH H30TOITOB /?,u, ; TaM ~e ,JtaHH 

O~~aeMhle B8JIHqHHH paBHOBeCHHX ~ewopMa~HH ~JIH STHX H30TO-

noB. ·· 

UeJID HaCTOH!q8H pac50Thl COCTOHJia B BHDOJIHeHHH I!HKpOCKO

rrHqecKMX pacqeTOB paBHOB8CHHX ~ewopMB~HH ~H OCHODHHX coc: 

TOHHHit qeTHo-qeTHHX H~ep BCeti oc5JiaCTH 28i. Z ~ 50, 50" IV.: 82. 

llaCTD peayJIDTaToB aTHX pacqeTOB npHBe~eHa B/S/ •. 

B paa~eJie 2 ~aHo onecaHHe MeTo~a pacqeTa, B paa~eJie 3 

DpHBe~eH~ pe3yJIDTaTH BHqHCJI8HHii! H HX Oc5cy~~eHHe, B paa~eJie 

4 CO~ep~aTCS BhlBO~, BhlTeK8IO~qHe H3 aHaneaa pe3yJIDTaTOB BH

qecJieHHii!. 
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2. MeTo;g -pacqeTa •f. 

B OCHOBHOM pacqeTbl rrpoBe;D.eHbl TeM Zie MeTO;D.OM, tiTO J/1 

i6/ ;D.JIH H;D.ep B oc>nacTJ/1 50< 'l, N ~ 82. B HacToHmett pac5oTe 

Mbl orpaHJ/ItiJ/I~HCn BbltiJ/ICJieHJ/IeM rrapru~eTpOB paBHOBeCHbiX ;u.ewop

M8Ul1ll J/1 SHeprJI!fi ;u.ewopM8UJII£1 ;D.JIH OCHOBHbiX COCTOHHJI!lii tl6THO-tieT

HbiX H;D.ep. 

PacqeTbl OCHOB8Hbl Ha M6TO;D.e, npe;D.JIO)R:6HHOM B/7/ MoTeJin

COHOM J/1 HJ/IJinCCOHOM · PI yJiyqmeHHOM B/8/ EeCOM J/1 illPIMaHbCKPIM 

rryTeM yqeTa napHHX KoppeJIHUHit cBepxnpoBO;D.HIUero Tima. B 
I • 

ii_ame£1 pac5oTe B KatiecTBe BOJIHOBhlX WYHRUH£1 ;D.JIH ocHOBHHX coc-
-\"<4. 

T~:HHJ/111 qeTHO-tieTHuX H;D.ep Bblc5paHbl tlJYHKUJ/IJ/1 8 C S , ITOTOMY 

tiTO pacqeTbl c BOJIHOBHMJ/1 WYHKUJ/IHMJII, npoeuJI!poBaHHW!J/1 Ha coo~ 

TOHHJ/IH c sa;u.aHHbiM: tiJ/I~JIOM qacTJ/IU ( PBC S) BbiDOJIHeHHble . ) 

B/9/, IIOK83B:JIJII, tiTO ;D.JIH XOpOWO ;D.e\I)opMJI!pOB8HHbiX H;D.ep J/ICDOJin-

30B8HVIe PBC S WYHKUMit npliBO;D.J/IT K HesHatiJI!TeJinHHM rrorrpaB-

RaM. 

CorJI8CH0/8/ SHeprJIIH·pcHOBHOrO COCTOHHliH ti6THO-qeTHOrO 

H;D.pa J/!MeeT BJ/1)1. 

-C = c r + en. .J. ~ c , 

r;D.e C~ J/1 tn.. - 3HeprPIPI ~llpOTOHHhlX H HeRTpOH

HbiX Cl1CTeM, paBHble 
) 

- z::· £ (Y) 2 'IJ;"- -
" 

t~(n) 

4. 

C'J, 
(;' 

(I) 

(2) 

r;u.e 
£(V)-) ;l7J'/'=-i- • .../1 EcvJ- ;.s:u-~-c:v 

3;u.ecn ~(V) oaHatiaeT o;u.HotiaCTJ/ItiHYID sHeprJI!ro, a G 
KOHCT8HTY rrapHbiX CJIIJI. XHMHqeCKHR I10TeHUHaJI ; J/1 SHepreTJ/1-

qecKaH ~eJin~c; H8XO)J.HTCH J/13 ypaBHeHJI!Jii 

~ = Z::,' I , - ' 
G v v7 E (V)- )._)"-;. t: 2.. 

fl., :: ~I (;) '2);, .2. 
. L---1 q(.. \\I . . v . .... (3) 

O;u.HotiacriltiHhle sHeprJ/IJ/1 E (y) J/1 KOHCTaHTbl rrapHoro B38J/IMO

;u.e£1cTBJ/IH G Bblc5paHbl pasHbiMli ;D.JIH npoTOHHOlii J/1 HeliiTpOHHOlii 

CJ/ICTeM. 

'KynoHOBCK8H sHeprJIIH Cc _ B Bblpajji8HJIIJ/I (I) pacctiJ/!Ta

Ha K8K SHeprJIIH O;D.HOpO;D.HO sapR~eHHOrO SJIJIJ/II1COJ/I;D.8 38)1.8HHOrO 

oc5'beMa/IO/. 

B pactieTaX J/ICIIOJin80B8Hbl O;D.HOti8CTJ/ItiHble SHeprJ/IJ/1 I10TeH

UJ/18JI8 HJ/IJinccoHa c qJieHoM ~ 1_2..~ -/II/. 
- BbltiJ/ICJieHJ/IH Bbll10JIH8Hbl 0 ;D.ByMH Ha60paMJII rrapaMeTpOB I10-

TeHUJ/18JI8: 

rHJ/1 

u 

I. llapaMeTpb1
1

C KOTOpbiMJ/1 paCCtiJ/IT8Hbl O;D.HOti8CTJ/ItiHble sHep

;D.JIH H;D.ep pe;D.KOSeMeJinHOJii Oc5JI8C'TJ/I_ B/I!/, T. e. ae,. = ~ 063: 

JA f> = ~ 6 0 )J.JIH llpOTOHOB J/1 ~~~ = ~ 0631' u ~,_ = q ~$ 
;D.JIH H8liiTpOHOB. UOJIO~eHJ/Ie O;D.HOti8CTUtiHbiX ypOBHelii ;l(JIH H;l(ep 

J/ICCJie;nyeMOit 06JI8CTJ/I llpJ/1 {3=' 0 c5JIJIISKO K TOMY, KOTOpoe Bbl6-

p8HO B/I2/ )J.JIH c\I)epJ/Iti8CKJ/Ii H;D.ep STOit Oc5JiaCTJII. 
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::.:--·. 
~ M6TO~OM, 'll:TO ~ 

laCTOH~eti pac5oTe 

IBHOBeCHbiX ~eqJOp

:OCTOHH~tL 'll:6THO-'Il:6T-

:HHOM B/7 I MoTeJI:c

OM l'l illHMaHLCKl'lM 

~a~ero TMna. B 

~JIH OCHOBHbiX COC-

8CS ' ITOTOMY 

:pOBBHHbiM~ Ha coc~ 

) BlillOnHeHHble 
) . 

:aHHbiX H~ep ~CITOJI:D-

:a'll:MT6JI:DHbiM nonpaB-

:HMH 'll:6THO-'Il:6THOrO 

(I) 

I'"VJ, 
~ 

:;- ) (2) 
'1 

' 

I 

r~e 

:<.,v-l - 1 -

3~ec:c ~(V) osHa'll:aeT o~HoqacTM'Il:HYID aHeprHro, a G 
KOHCTBHTY napHbiX CMJI. XHMH'Il:eCKHa fiOTeHnzan ) l1 SHepreT~-

'Il:6CK8H. Ilt6~:D). C HBXO~HTCH ~3 ypaBHeH~ti 

(3) 

O~Ho'll:acri'I'Il:Hble aHepr~~ E ()I) . ~ KOHCTaHTbl napHoro BSa~Mo

~eticTB~H G Bb16paHbl pasHbiM~ ~JIH npoToHHOti 11 He£.1TpoHHOti 

CHCTeM. 

'KyJIOHOBcKaa aHeprHH Cc B Bblpalllemm (I) pacc'll:~Ta
Ha KBK SHepr~R O~HOpO~HO sapH*6HHOrO SJIJ!l1ITCOH~a Sa~aHHOrO 

OO'beMafiO/. '· 

B paC'Il:6T8X l1CITOJI:D30B8Hbl O~HO'Il:8CTl1'1l:Hble SHeprl1l1 fiOT6H

~l18JI8 H~JI:cccoHa c 'll:JieHoM ~ l'~ . /II/. 
· Bbi'll:l1CJI6Hl1H Bblll0JIH6Hbl C ~YMH Ha6opaMl1 napaMeTpOB no

TeH~HaJia: 

I. llapaMeTpb1
1

c KOTOpbiMH paCC'Il:l1T8Hbl O~HO'Il:8CTl1'1l:Hbl6 aHep

rHH ~JIH ~~ep pe~K036M6JI:DHOti 06JiaC'TH. iii/, T. e. 'i1er = ~ 063f 

U )A[> : ~ 6 0 ~JIR npOTOHOB l1 ~~~ = 0. 063;J u _1-L,.: IJ. ~$ 
~JIH H6tiTpOHOB. llOJI0*6HHe O~HO'Il:BCTM'Il:Hb!X ypODHeti ~JIH H~ep 

HCCJie~yeMoti Oc5JI8CT~ npH {3 =r 0 6Jll13KO K TOMY, KOTOpOe Bblc5-

paHO B/I2/ ~JIH c~ep~qecKMX H~ep STOtt 06JiaCTH. 
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2. IlapaMeTpbl, JU1He£1HO 3KCTpanOJIHpO:S8HHble Ha MCCJie-
1 

~yeMyro OOJI8CTb OT 3Ha~eHH£1 napaMeTpO:s, Bb!OpaHHbiX ~JIH 

TpaHcypaHOB0£1 M pe~K03eMeJibHOH OOJI8CTei1 :S/II/. OHM paB-
• 

Hhi~ '<!r =0,0688 M ~,P =0~558 ~JIH npOTOHO:S M ~"- =0,063_!i 

M ~~~ =0,_49! ~JIH H~MTpOHOB/6/. 
B COOTBeTCT:SMM c/6/ :seJIH~MHbl KOHCTaHT napHoro.:saaM

MO~eHCT:SMH :shiopaHbl G"? -= ~~ 5" H3t M : G,. = ; s- H 3 t ~ 
CyMMHpo:saHMe :S (3) npOBO~MTCH no 24 ypOBHHM cpeAHero nOJIH. 

3. PesynDTaThi H oocy;AeHHe 

PeaynDTaThi,npe~cTa:sneHHble a~ecD,nony~eHhi c o~Ho~ac

TH~HbiMH SHeprVIHMH B noTeH~Mane C nepBbiM Bap~!aHTOM napa

MeTpOB. BJIHHHHe BhimeonMCaHHOrO HSMeHeHMH napaMeTpOB noTeH

~MaJia Ha peaynDTaTbl :suqMcneHHH onHcaHo ~anee. 

np·e~nonaraeTCH, qTo a~po (HnH oonee ToqHo - noTeH~an 

H~pa) MMeeT ~OpMy ~e~OpMHpOB8HHOro 3JIJIHnCOM~a llOCTOHHHOrO 

OO~eMa. ~OpMa TaKoro SJIJIMnCOH~a MO~eT Ob!Tb Onl1C8Ha ~yMH 

napaMeTpaMH fo H :(,. BBe~eHHbiMH B/!3/ EopoM. 

Ha pnc. I npe~cTa:sneHa aaBMCMMOCTD aHeprHH ! ( [&. ({) ' 
/DVS 

H~pa !" OT STMX napaMeTpOB. Ma 3TOro pHCYHKa BH~HO, qTo 

SHeprMH HMeeT MHH~M~ npH .r =60°, T.e. \IJOpMa cnJIIOCHYTO-
t 

ro anJIHrrcoH~a ~pa~eHHH a:snaeTCH pa:sHo:secHo£1. Ana HeKoTopux 

H~ep ST0£1 OOJI~CTH MHHHM~ ~OCTHraeTCH npH y =0°, T.e.OHH 

HMeiOT ~OpMy BbiTHHYTOrO SJIJIHnCOH~a Bpa~eHHH. O~HaKO B JIIOOOM 

6 

CJI~ae paBHOB6CHOH HBJIHeTCH aKCMaJibHO-C!1MI!eTpM~ 

Wa pY.c. I BM~Ho, ~To aHepreTH~ecKHe no:sepxHOCTM 

o6paayiOT ~OJIHHY, nonoryiO no OTiiOmeHMIO K .Y- A 

Ha pMC. 2 npe~cTaBJieHa 3aBl1Cl-IMOCTb SHeprMM H~pa 

napaMeTpa . y . Ka~aH TO~Ka STOH KPMB0£1 COOTBe 

MMHMMyMY SHeprnH no napaMeTpy .(-> • 0TCYTCTBHe 

CKOrO 6apbepa npM H3MeHeHHM .r OT 0°~0 60°, T 

nep~XO~e OT Bb!THHYTOrO K cnJIIOCHyTOMy SJIJIMnCOH~y 

(eM. pHC. I.) HBJIHeTCH Od~HM AJ'IH BCeX 

:3TOti odnacTH. 

BBM~y Toro, qTO ycTOH~HBOH H:SJIHeTCH 8KCH8Jl 

MeTpH~HaH ~opMa, :s ~anDHe11meM paccMaTpH:saeM aa:s 

SHeprHH TOJlbKO.OT O~HOrO napaMeTpa ~ewopMa~HH • 

HOrO HHJibCCOHOM B/!4/ ( E ~ 0, g~ (?> ) , npl'l HSMeH 

npe~enax - o, ~ .= _f. ~ o, S'. 

Ha pl'IC. ~ npHBe~eHa 88BHCI1MOCTb SHeprMH 0~ 
/D.Z..I/ · 0 

~e~OpMa~MH £. ~JIH AI" • llpH .(= 0 SHeprH 

~HH napaMeTpa £ HMeeT ~Ba MHHHMyMa: O~HH npH 

H ~pyroM npM i-.. < 0 • O~HaKo KaK ouno y~e Bblfl 
} 

TOHqMBOH paBHOBeCH0£1 ~OpMe COOTBeTCTByeT O~HH, 

OOKM£1 MHHHMyM, BTOpOi1 ~e <5onee Bb!COKUH He COOT:E 
~ J 

ycTolqHBOKf COCTOHHHD HApa,T.K. He cy~eCTByeT 3 

qecKoro 6apbepa npH nepexo~e HS o~Horo MHHHMyMa 

npu HSMeHeintM napaMeTpa .4" • 
.YqHTb!BaH, UO ~JIH H~ep STOW o<5nacTH · aHeprtl 

MHHUMyMax OJIHSIW. ~pyr K ~pyry no BeJIHqUHe, a Ti 
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)0B8HHhie H8 HCCJ18-

Bhlc5paHHhiX ~Jlll 

: B/!!/. 0HH£:paB-

~OHOB H ;t>~~,. =0~ 063_§ 

'aHT rrapHoro BaaH-

G/2. = ; s- H:d" '-· 

BHRM Cpe~Hero ITOJIH. 

nyqeHhi c o~Hoqac

BapHaHTOM napa-

~- rrapaMeTpoB noTeu

~8Jlee. 

TOqHo - ITO T8HI.\H8Jl 

100!1~8 ITOCTOHHHOrO 

lT:& OITHC8H8 ~ByMH 
r . . 

EopoM. 

SHeprHH ! ( ~~ () 
) PHCYHK8 BH~HO, qTo 

~. rJ?OpMa CITJIIOCHYTO

:Hoti. J!JIH H8KOTOphiX 

111 Y=0°, T.e.oHH 

!HH. O~HaKo B JIJOCioM 

CJ'Iy'!lae p8BHOB8CHOti HBJ'IHeTCH 8KCI'!8Jl:&HO-C!1MMeTpH'IlH8H rJ?OpM8. 
1085 

Wa pv.c. I BI'l~Ho, '!!TO sHepreTH'!leCKl1e noBepxHOCTH H~pa 1 

oc5paayJOT ~OJ'IHHY, nonoryJO no oTiwmeHI'IJO K y- ~erJ?opM81.\I'll1. 
IDS' 

Ha pl1C • 2 npe;I\CT8BJ18H8 38B!1CHMOCT:& SHeprHH H~pa S r' OT 

napaMeTpa .~. Ka~aH TO'!lK8 STOfi KPl1BOfi COOTBeTCTBY8T 

Ml1HHMyMy SHeprHH no napaMeTpy .(3 • 0TCYTCTBHe 3HepreTnqe-
ci 0 

CKOrO 6ap:&epa npH l13M8H8HHI1 .r OT 0 ~0 60 , T.e. npH 

nep~XO~e OT BhiTHHyToro K CnJ'IJOCHyTOMY 9J1Jll1nCOH~y 

(eM. pHC. I.) RBnReTCR o6mHM ~nR BCeX R~ep 

STOll o6naCTH. 

BBH;I\y TOrO, 'llTO ycTOi!'llliBOfi HBJIHeTCH 8KCH8Jl:&HO·-cl1M

M8TpHqHaH rJ?opMa, B ~8JI:&Het1meM p8CCM8TpHB8SM 38Bl1CHMOCT:& 

SHeprHH TOJ'I:&KO OT O~HOrO napaMeTpa ~eri?opM81.\Hl1 ~ t BBe~eH-

HOrO HI.in:occoHOM i 14/ ( E ~ o, 95" f> ) , npH HSMeHeHHH ero B 

npe~eJiax - o, 5" .= _E. .= o, S". 

Ha pHC. 3 npHBe~eHa 38Bl1CHMOCT:& SHeprHH OT 118p8MeTp8 
ID.Z.. · 

~erJ?opMBI.\HH E. ~J'IH Kr-. llpH _(= 0 ° sHeprHH ItaK illYHK-

1.\HH napaMeTpa [. HMeeT ~B8 MHHHMyMa: O~HH ITpH t~ > 0 

H ~pyrot1 IT pH {;, < 0 • 0~H8KO, K8K ClhiJIO y'!Ke BhiHCH8l{O 1 yc

TOt1qHBO~ p8BHOB8CHOt1 rJ?OpMe COOTBeTCTByeT O~HH, Cionee rJiy

ClOitHi1 MHHHMyM, BTOpOi1 '!Ke 60Jiee BhiCOKUti He COOTB8TCTByeT 
) ) 

ycto«qHBOyY COCTORHHD R~paJT•lt• He cy~eCTByeT 9HepreTH-

'Il8CKOrO Ciap:oepa npH nepexo~e ua o~Horo MHHHMyMa B ~pyroti 

ITpH H3M8H8HHH napaMeTpa r 
.YqHThiB8H, qTO ~JIH H;Z~ep STOv! 06JiaCTH aueprtUI B 060HX . 

MHHHMyM8X ClJ'IHSKH ~pyr K ~pyry ITO B8Jll1'1lHHe t 8 TaK:Ie TO, '!!TO 
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I 
!, 

_,:·-t •. 

~RH pa3HUX H~ep a6COBDTHH~ MHHHMyM MO~eT HaXO~HT»CH RH60 
' \j.· 

'npH . ~:; -, 0 , RH60 npH e;; < 0 , KpOMe B8RHtiHH 

l:/e;.::: t (o) - C (£;) ~ E;, , £ ~., BJ;itiHcneHa B~nHtiHIJa A ~d.f = 
= Cdef -l"Je;.-=. cCE.;) -~{£~) .l{BSI nee« o6nacTH z H N 

SaBHCHMOCTr:; 3THX tzeTupex BenHtiHH '(.£. ~ '~~, e;~f u 

-6 [ Jef ) OT /V H -2 MH oc5nacTH 28 < Z < 50, 

50 < ,A/~ 82 npHBe~eHa Ha pMC. 4,5,6 H 7 C.OOTBeTCTBeHHO. 

l'!3 pMC. f BH~HO, tiTO ~RH c5on»mHHCTBa H~ep paccMaTpH

BaeMO~ oc5naCTH YCTOMtiHBO~ HBRHGTCH wopMa CITRIDCHyToro an

nHITCOH~a Bpa~eHHH. HaHc5onee YCTO~tiHBhlMH HBRHIDTCH H~pa B 
/O's .P palioHe 1", ~nH KOTOph!X . ..ac,.;~~ocTHraeT- I,5 MaB. 

~OpMa BUTHHyToro ann*ITCOH~a Bpa~eHHH HBRHeTCH ycTon

tiHBO~ TOR»KO ~RH H~ep 1 paCITOR0~8HHhlX y rpaHHn paccMaTpHBa

eMon Oc5naCTH. 0~HaKOJ ~RH HHX 3HeprUH ~ewop:vtanHH, KaK npaBH

no, M8H»me I MaB, IT03TOMy aTa ~e\IJOpManiiH HMeeT, ITO-BH}.{HMO

My, ~HaMHtieCKnn xapaKTep. 

Ma.JiaH nenH~IHHa 4/~ef no ncelil oc5nacTH H}.{ep crrococ5cT

ByeT B03HHKHOB8HHD H30MepOB WOPMU,Ha KOTOpHe c5ano yKa3aHO 

B/6/ B CBH3H 0 HCCR8~0BaHH8M HeltTpOHO,I{etflHQHTHHX H~ep 
oc5nacTU 50 .(. 2!, N~ 82. 

HaHc5on»mHe nenHtzHHH aaeprulil ~e\PopMannH nonytzeau ~nH 
. /O:Z. 

H~ep B paiioae . K r , y KOToporo oaa ~OCTHraeT 3,5 Man. 

TaKHM oc5paaoM, nenHtzHH~ aaeprHH ~ewopManHH ~~ep aToft o6-

nacTH MHoro MeH»me, tze~ y H~ep pe}.{KOaeMen»Holit oc5nacTH/I5,!6/ 

H y H~ep ae«Tpoa6~e<I>HnHTHOkl. o6naoTUI61 50~ "i, AI<. 82 J B Ko

Topux OHa ~OCTHraeT 8 MaB. aTO 03HatzaeT, tiTO H~pa B oc5naCTU 

8 

• 

I 
' 

28 ~ ? L.. 50, 50 ~ ;V~ 82 HBRHIDTCH c5onee MHritHMH T 

HOrneHHID K £ (Hnu ~ )~ewopManmi, tzeM H~pa Bb 

aaHHhlX o()naCTe,i. 3TO, B8pOHTHO, ffBRHeTCH cne}.{CTBHerJ 

tiTO ITROTHOCT» ypOBHeH B OOOROtiKe 28 < -2 <.50 MeHr:.me 

n_otzKe 50 ~ ~ ' 82. 

KaK BH~HO H3 pHC. 4 H 5_. 3HatieHiifl rrapaMeTpOB pf 

B8CHOM ~e<)_iopManlfH paCCMaTpl1B88MhlX H~ep H8CKOR»KO ME 
~ 

B8.ID!tiHH [ 0 .I{B.ft st.I{ep pe,IUt03eMenr:.HOtl H 50 ~ 2, ..V~ 82 

Tett. 

L1a pnc. 4,5 H 6 Bll~Ho, tiTO rro~oc5onotzKa B rrpoT< 

cxeMe ~nH i!: =38-40 rrpn E = 0 He oKaaaBaeT not 

HHKaKoro BRHH:HH Ha 3Heprl1vl ~e~OpManHH H~ep C tii1CJIOt. 

PO HOB, COOTBeTCTBYDDtHM C~pe}.{HHe Hei1 TpOHHOiii 060ROtiiU 

50 ~ IV'~ 82. kl3 pl1C. 6 TaK~e BH~HO, liTO ~aJH:e H~pa 

11 c tzHcnoM Hei1TpOHOB IV""' 6 6 MoryT c5un AetiJopr.mpm 

O~HaKO _B CI1RY MaROCT¥1 B8RI1tii1Hhi 3HeprMI1 ~e!lJOpM~nHH 

Ka 0,6 MaB) ~e\IJOpManHH HBRH8TCH, ITO-BI1~MOMy, ~HHffi 

,llnH H~ep c aaeprHel7! tte!1JopManHI1 1_6on»me~ 2 MaB~I 

pu ·panHonecHNX ~ewopM.anHlit l; aHeprMH ~ewopManHH 
. I 

paaHocT» aHeprHtt ~ewoiJManHlil Ll !cl"f 11 KBa~pynon»HI 
Thl {) c · { ~; ) rrpe~cTaBJieHhi B Ta6n. I • 

3neKTpl1tzeCKI1e KBa~pyrron»Hhle MOM8HTH paCCtiHTaHI 

WOpMyJie 

/L . ")-' ;l ?J: 2 

(.;fo ==\~ f~v ~.' 
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XO,I\H T:OCH 1.111:60 

HqHH 

a n~JiliqHHa tSld.f: 
6Jiac-rm Z H N 

E.'~ t;~1 u 
' ' 7 

~ < 50, 

OOTnBTCTneHHO. 

ztep paccMaTpH

!IIOCHyToro 31.!

r!:IOTCH H,llpa n 

- I,5 Man. 

BJIHBTCH YCTO£l-

~ paccMaTpHna

UJ;lm, KaK npanH-

3BT, ITO-nH,liHMO-

H,llep .cnoco6cT

) CihiJIO yKaBaHO 

THSX' H,llep 

nonyqeHhl . .liJIH 

•ae.T 3,5 Man • 
. ' 

r,llep . a ToR oc5-

lit Oc51.laCTH/I5,!6/ 

" Z, N'.t. 82 n KO-
J 

' H,llpa n o61.racTH 

• 

.... ; ·~ 

28 ~ l 4 50, 50~ ;Vc::: 82 RnJIRIOTCH c5oJiee MHPiniMH ITO OT-

HOJlJBHHIO K £ (HJIJ/I {3 )-,1!;eqJOpMaiJ;MH, qeM ff,llpa nbUIIeyKa-

• SSHHhiX Oc5JiaCTB11. 8TO, nepORTHO, ffnJIH6TCfl CJie,Z\CTBHeM TOrO, 

qTQ ITJIOTHOCT:O yponHeH n OOOJIOqKe 28 < -2 <.::.50 MeHbme ,lJeM B 0<10-

JIOqKe 50 < 2 ~ 82. 

1\aK nVI,I\HO )1:3 pHC. 4 H 5,. 3HaqeHMH napaMeTpon panHO

neCHOH .l\B~OpMall;llH paCCMSTpl1BS6MhiX H,llep HBCKOJI:OKO MBHI>me 
~ 

neJIHqJiiH [ 0 ,!VISI SI,Il;ep pe,ll;K038MeJibHOlt H 50 ~ a, Y< 82 Oc5JiaC-

Tei1. 

113 pl!C. 4,5 l1 6 nl!,I\HO, qTO ITO,liOc50JIO'!Ka B npOTOHHOfi 

cxeMe .l\JIH ~ =38-40 npn E = 0 He oKaShiBaeT noqT~I 

HHKaKoro BJIHHHH Ha SHeprH~I ,Z\6ClJOpMaiJ;HH ff)J;ep C '!l1CJIOM He~T

pOHOn, COOTBSTCTBYilinHM C~pe,lll1He Hew TpOHHOiii Oc50JIO'!I\U 

50 L. .IV'.<:: 82. ~13 puC. 6 TaKJKe Bl1,I\HO , q TO ;z:J;a~Ke H,llpa C l = /(. 8 

l1 C '!MCJIOM HGi1TpOHOB ;'\/""' 66 MOryT c5hiT:O ;zJ;ecj_lopi:!UpOBSHHhiMU. 

0;z:J;HSKO B CHJIY MSJIOCTH B6JIH'l11IHhi 3Hepri1l1 ;zl;6t1JOpMaiJ;l1H (nOpff,li

Ka 0,6 Man) .l\BqJOpMall;llfl HnJIH6TCR, ITO-Bll,liMMOMy, ,lll1HaMl1'!6CHOfi~ 

.l{JIR H.llep c aHeprneJ/1 l\6t1JOpMaUHH1.6oJI:ome3 2 MaB{.napaueT

phi paBHOnecH.biX ,Z~eqJopMan;Hi1 l; , aHeprHH ,Z\eqJopMaUHn t. .:4,;. 
pa3HOCT:O aHeprHti ;zJ;BqJOpMa!UfH Ll !ciQf H KBS,llpyno1.l:OHW MOMBH-

Thl Clo { €_; ) npe;zJ;CTanJIBHhi B TaOJI.I. 

81.!BKTpMqeCKMe KBS,llpynOJI:OHhiB MOMBHThi paccqHTaHhl no 

qJOpMyJie 

9 



/ 

r;D;e j 1111 -;D;HaroHanl>H~e MaTpHqH~e aneMeHT~ onepaTopa RBa;D;-

' 
pynonl>HOrO MOM8HT8, ·a CyMMMpOB8HHe npOBO;D;HTCH T03Il>RO no 

npOTOHHhlM COCTOHHMHM. 

KpaTRO onmneM Te H3M8H8HMH, K ROTOphlM npHDO;D;HT HCnOJ;Il>-

30D8HHe D Hanmx pacqeTax cxeMhl 2 BMecTo cxeMbl I. 

IIapaMeTpbl paBHOBeCHh!X ;D;e(l)opMau;ni1 ocTaiOTCH noqTW Ta

RHMll <Ke (;D;nff H;D;~p C SHeprMeit ;D;8\IJOpM8IJ;lll1 1003Il>l!1eiii 2 M:3B 1.113M8-

H8Hl18 aoconiOTHh!X BennqllH paBHOB8CHblX ;D;8clJOp.Mall;l1H He npeBhll!18-

eT O,OI). 06.nacTD C M8KCHM83Il>HOM 8Heprnet1 ;D;eqJOpMai.J;Illl. OCTa

eTCH Ha TOM ;p;e MecTe npn pacqeTax c ooell.l~ll cxeuaMI1. 

O;D;HaRo aHeprllH ;D;e(~OpMaUlli-I, rro.nyqeHHh!e rrpn pacqeTax 

CO CX8MOH 2, OR83h!B8IOTCH HeCR03Il>RO 003Il>l!18 ~~~ , pac-

cqnTaHHh!X co cxeMofi I. MaRcvrMa.nl>HOe pas.n11que B aHeprnHX 

;D;eq)opMau;Im npu pacqeTax c ;n;RyMH cxeMrum ;n;ocTriraeT I MaB. 

Ha116o.n1>ruan aHeprnH ;D;etiJopMau;rm -! ;;~t =4, 5 MaB nonyqeHa 
10~ . 

,IJ;JISI SI,IJ;ep B ORpecTHOCTll Kr, T.e. ;n.nff Tex 1:te H;D;ep, 

qTo H npM pacqeTax co cxeMoiii I. 06.nacTl> H;D;ep HMeiOI.!VIIX rro.no

Ell T83Il>HYIO pa3HOC TD SHeprnti ;D;erflopM8IJ;llll, T. e. l1M 810!lll1X clJOpMy 

BhiTHHYTOrO 83IJIHnCOH;D;a Bp81!\8Hl-!H, OR83h!B88TCH HeCROnl>RO 003Il>

rneit npM pacqeTax co cxeMoiii 2, qeM B pacqeTax co cxeMofi I. 

HaRCMManl>HaH BeJIHtnma pasHoc TH a !e~.u;=- I ,3 MaB rro.ny
;oe 

qeHa ;D;JIH H;nep B o6.nacTll S rw , T. e. ;n.nff Tex :1\e, qTo ll 

npli pacqeTax co cxeMoit 2 (r;ne oHa paBHa -I,6 MaB). 

· Ta6n.2.. llJI,JIIOCTpllpyeT B3IHHHV.e v.sMeHeHMH Ha IO% ROHC-

J . 
T8HT napHOrO B38llMO;D;8iil.CTBI1ff (npOTOHHh!X ll H8HTpOHHb!X) H8 

IO 

DenHqHH~ 

•/021/ 
nr H 

t;,ej 

£ ; ' §; ' -t ;.I ' .~ . t' ole;. 
101 · J/"' . 'lyDCTBHTenl>HOCTD STHX Denllq 

H .Ll f dt>f
1 

R T8ROMY H3MeHeHHIO ROHCTaH 

OTCfl oqeBU;D;HOfi. • 

4. B bl B 0 A ~ ' 

Jti3 pesy.nl>TBTOB B~qllc.neHuit MoryT 6.UT1> c;neJJ 

li\11 e BbiB o ;D;bl. 

I. fl;npa Hcc.ne;nyeMoiii o6nacTH oRa3hlB8IOTCH o 
no OTHOlli8Hl110 R f.> - :1'1 ){- ,I1;8clJOpMai.J;l1HM, qeM ff;ll 

M83Il>ll0ll oo.naCTH. Hal1003Il>lli8H Be.nHqHHa 3HeprnH ;ll 

.IJ;OCTHraeT 4 MaB npoTHB 8 MaB ;D;3IH H;nep pe.IJ;RoaeM 

3I8CTI1o 3TH H;D;pa, 110-BV.,II;llMO!,lY, HB3IHIOTCH 6o.nee .M 

H0lli8Hll10 R .{?> -;D;8QJOpM8I.J;I1l1, qeM H;D;p8 B o6naCTll 

2. MliHllMYM SHeprllll H,IJ;ep ;D;OCTllraeTCH 3IHOO 

3Il100 rrpll . '( = 0" , T. e. paDHOB8CHO!ii HB3IH8TC 

CllMMeTpliqHaH !JJopMa. 

3. A1IH oonl>llillHCTBa H;D;ep paBHOBecHoit !JJopMc 

Cl13IIOCHYThiM 83I3Il1I1COH;D; Bp81!\8HMH. 

4. Hymm oTMeTHT:& qyBCTB.UTe.nl>HOCTl> ·peaym 

qeTa R l13MeHeHHIO rrapaMeTpOB ITOTeHI.J;Jia.na HH3Il>CCC 

~napHOrO B38UMO;D;e!iiCTBHH •. 
I 

ABTOpbl o.naro.IJ;apHbl npoweccopy 3. illHMaHCRON 

Hh!e o6cyJK;D;eHllH. 

ii 



HTU onepaTopa Rna~-

;l(I1TC.fi TOJIDKO no 

hlM npnnO;l(I1T I1CnOJID

CXeMU I. 

T8IDTCH nOtiTV. Ta

OOJIDIIJell 2 lvlan,HSMe

opMa~ui-1 He npenhll!la

ti ;n;edJopMa~Hl'l.ocTa

:.m cxeMaMM. 

:,JC npn pactieTax 

s ! ck.f , pac-

lltll1e n aHepr.HHX 

n;ocTHraeT I Man. 

~,5 Man noJiytieHa 

• e. ;n;JIH Tex ;Ite H;n;ep, 

1;ll;8p 11M eiDll.\HX nOJIO

,e. HMeiDIIU1X QJOpMy 

rcH Hec.KOJIDKO 6oJID

}Tax co cxeMoi-1 I. 

1:- I ,3 Man noJiy

\JI.fi, Tex iKe, ti TO .l!J 

·I,6 Man). 

reHHH Ha IO% KOHc

HeiiiTpOHHux) Ha 

·i 
i 

.... ·~-

BeJII1'11IHU £; t 
£~ t ;,.f ~/'ole;. ~H ·n~ep 
- 0 

•lf'2Kr /0~. 
qyncTni1TeJIDHOCTD aTI1X BeJilltii1H, OCOOeHHO 11 ~. 

l~ej Vi .A f el,f, K T8KOMY HSMeHeH¥!10 KOHCT8HT G HnJIH-

CTCfl OtienH~HOt-1. 

4. B b1 n o 8 U · 

Jlis peSyJIDT8TOn nU'l.l!JCJieHnti MOryT OUTD C~CJI8HU CJie;nyro

!Iii1e nb!BO~U. 

I. fl;n;pa HCCJie;nyeMOiii OOJI8CTH OK83Un8IDTC.fi OOJiee M.firKHMH 

no OTHO!lleHiilro K fo. - ¥1 y- ~eciJopMa~n.fiM, tieM H;n;pa pe;n;.Kose

MeJIDiloU OOJI8C Tl'l. Ha.I160JIDlll8.fi neJilllt!HHa aHepri111 ;n;eciJopM81\lU1 

;l(OCTHraeT 4 Man npoTHn 8 Man ;l(JI.fi H;n;ep pe~KOSeMeJIDHOH oo

JI8CT11. 8TH .fi;ll;pa, ITO-nl1;l(I1MO!:IY, .finJIHIDTCH OOJiee M.fir.Kl'IMH ITO 0~ 

HO!lleHl'IID K j$ -;n;eQ1opM8Ul1l1, tieM H;ll;pa n OOJI8CT11 50 ~ 'i, IV'.:: Bi • 
• 6 do 2. MI1Hl1My!JI aHepr1111 H;n;ep ;l(OCTllraeTCH Jll100 rrpl'l o.== J. 

JI1100 rrp11 . r = 0 <# , T. e. paBHOneCHOil HnJIHeTC.fi 8KCl18JIDH0-

C11MMeTpl1t!H8ff cpOpMa. 

3. nJIH 00JlDllll1HCTna H;ll;ep panuoneCHOH cpopMOiii .finJI.fieTC.fi 

CITJIIDCHYTUH aJinHITCOl'l;l( npameHl'lff. 

4. Hylltlm oTMeTHT:O tiyncTnHTeJIDHOCTD peayJIDTaTon pac

tieTa K H3M8H8Hl1ID napaMeTpon ITOTeHUHaJia Hl1JIDCCOHa l1 KOHCT8HJ 

rrapHOrO nS8:HMO~eiiiCTnl1H. 

AnTopu oJiaro;n;apHu npoQJeccopy 3. llil'lMaHcKOM~ sa noJiea

HUe oocyllt;n;eHHH. 

II 
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