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I. BBe,lleHHe 

B pa6oTe lI] B CTHll6 Kll8CCH'l6CKOtt M6TO,l\OllOrHH cqiopuynHp0B8HO KOHCTPJK
THBHOe YTBep~,neHHe: CTporoe CO'l6T8HHe npHHUHilOB P6lIHTHBH8M8 H YHHT8PHOCTH 
npHBO,l\HT K aqiqieKTHBHOtt qJOPMYllHPOBK6 penHTHBHCTCKOtt npo6n6Mbl 'ABYX Tell Ha 
OCHOB6 ,l\HWqiepeHUH8llI,HO-p88HOCTHblX yp8BH6HHtt~ 

( l\ 0 
- 2EY'rh) =- V<.<t)°Y(.'1.) 

(I) 

i..d., ·._.h.... L 
" ,.._ ch. 

3,nec& '1. - KOOP,l\HH8T8 OTHOCHT6ll&Horo paCCTOllHHH; ea_ KBa,npaT llBlllleTCll co<S
CTBeHHblM 3HaqeHH6M onepaTopa KaaHMHpa, B ,ll8HHOM cnyqae HHB8pH8HTOM rpynn1,1 
Jlopem.ia. 

Paapa60TK8 H,l\6H O P6llllTHBHCTCKOM npao6paaoB8HHH ~ypI,6 (2,3}, ne~a~all 
B OCHOBe (I], OK838ll8CI, 'lp63Bbl'l8llHO IllIO,llOTBOpHott: ypaBH6HH6 (I), Il0ll6B06 
IlO CB06ll npHpO,l\6 [4,5), llOK8lII,HOi K H6My IlpHM6HHIW 8H8llHTH'l6CKH6 M6TO,llbl 
HepenHTHBHCTCKOtt T60PHH [2,6,7], TQqHl,l6 peweHHH ,l\8IDT H6CT8H,ll8pTHbl6 peayn&

T8Tbl B W6HOM6HOllOrHH [a-101. 
Cne,nyID~Htt aTan paaBHTHH HoBott qiopwyn11poBKH, BO&ODo (Tax no,ncxaaima

eT HCTOpI4'18CKWl aHaJiorwi),6y,neT CBH38H C q11cneHHblMH M6TO,l\BMH. Peayn&T8TUB
HblX anropHTMOB HeT, qTO CBH38HO C oco6eHHOCTHMH aa,naqH: B6lIHqHH8 C,llBHra 
p83HOCTHblX onepaTtlpOB J;,/m.c. cp8BHHM8 C aMJeKTHBHOtt 06ll8CTI,ID IlOT6HU~l8ll8 

{ 

:!:. ~(~) 'ii• Jl.,.c. C., (!/-'J.J!''I..) P2. '.llm,. ("'') 
V('1,) :r. fl, (_ai"'t) lh11 ,I. 

:!:. ~ 6' = J\.ic. cl{ (!l•-2,.2.) /1'1.. >.lf..i- • 
't. cl'i Cio'I.) 2 ..... 

B H8CTOH~en pa60T6 ,llllll HOBoro Kll8CC8 p6llHTHBHCTCKHX yp8BH6HHn npe,nno
~eHa qiOpMyllHpOBK8 B8pH8UHOHHOro IlPHHUHna; IlOCTpOeHa CHCT6M8 688HCHblX no
llHHOMOBi npHB6,l\6H npHM6p qHCll6HHOtt pe8llH88UHH M6TO,ll8. 

~ 

2. P6llllTHBIW.TCKHti qiyHKLtliOH8ll 
ilyCT& °'Y ('I.~ .- 66CKOH6qHO ,l\HqiqJ8P6HUHPY6Mb16 qiyHKUHH CO CBOWCTB8Mill 

CB060,llHblX pewliHHn ,llHCKP6THOro Cil6KTp8 l21 
Y, ,.t")\ "' e:-,.f'-•i) f c:,1 .f' ~'l,)C!-+'> ... '"ll"--'9 ••• 0--·,e) 

,> 'I.Dro ~•o ~ 

COOTHOW6HH6M 

Oli\Ci,,i":\ 0'11il..Jl·-Kj{CTITJT I 
u~i;m,u ac c .1f.1011uml ! 
_Ji&".tSnt•tOT~ _ \ 



• · HM8ll uem,IO ynpOCTHTI, 88,llB'iY MHHl1M1188UIIl1 WYHKUl10H8Jl8 1 C IlOMOll!olO HOBLIX 
nepeMeHH!lX x • 'l. '1. • W• - \2£-2'1 · l." t(.t+-i) co , . ,,, 

I = f ~( li &~~t\) + ~\ ... ~+i. ~~" 4 f. - 'l(v.tl~<.v.) ~x 
npeo6paayeM (3) K Cl1MM8TP111iHOH wopMe, YlillTHBBll rpaHll'iHHe ycnoBnll, BLJnon

HllM llHTerpllpOBBHHe no 'iBCTllU ,l!Jlll onepaTopoB 

sKt =- ~C.td,.) ~ .. '5. ~\>C.~x) cK,;_ !! ct(\.d,.) , (4) 
npe,llCTaBneHHHX paanoJKeHHHMll no cTeneHHM dK 

co 

1 = ~[ll(a'l-i.X(><)r (sti.~6l)) -\- S+1tett(x))\~~ .. )) + t-Y!xwc. ... ) -Vcx5t(-4)1:i~h( 5) 
PBB8HCTBO (5) oajlaqaeT apMllTOBOCTI, \\o. llpe,ll8JlI,HO Cl1MM8Tpll!iH08 BL1pa.teH11e 

nonyq11M np11 Yi,,_(J(.)=-:\!<it) 

1 =-1' (21\attY(,r.l + ~ \e\.'Y(,ot + ·t\Yc.-.cl -V(x) \'fcxi) h. (5') 
0 . 

OnycKall 11aJ10JKeHHS wopManoHoil CTopoHi. Bap11au110HHoro M8TO,lla (npoue.zlypa M11H11-

M11aau1111), cocpe,llOTO'illM BHl1MBHII8 HB IlOCTpoeHllll CIICT8Mll nonllHOMOB, COOTBeT

CTBYIOll!HX onepaTopaM ypaBHBHllll (I). 

3. ~YHKU~II paaHOCTHOrO IIC'ilICJIBHIIll 

JlorHKe BBPIIBUllOHHOro M8TO'A8 COOTBBTCTByeT Bi.6op CIICT81.W npocTeilmlIX ua-

81ICHJlX WYHKUHil. B HepeJlllTHBIICTCKoil Teop1I11 aTo Ha6op WYHKUIIil aKcnoHeHUIIBJio

HO-cTeneHHoro Tllil8, B cnyqae ypBBHBHllll (I) .lllIWWepeHUII8JII,HO-p88HOCTHLIM Oil8-

p8TOp8M (4) COOTBBTCTBYIOT WYHKUIIll, IlOCTp08HHLl8 C IlOMOll!oIO MO.llllillllUllPOBBHHLIX 

noniittoMoB a.nnepa n BepHynJIH. 

IIycn B CTHJie lIJJ 41 ::i 
e-.<.><)= (.,r.+i)i K'lt") = (,r.;. \D • (6) 

CllMBOJlll'iBCKBll aanHCI, (6) npe,llnonaraeT npaBHJlO 611HOMB; B 'i8CTHOCTl1 

~=le~ g.goo. 
P 88HOCTH!,Ie COOTHOfil8Hllll '9 ~ ~ '\ i. 

e (v.+i)+ e ()()=2x"I &-i<i<.+~- i<i<)"' ~'K - (7) 
~ ~ ~ 

,llBIOT yp8BH8Hllll ,l!Jlll peKKypeHTHLIX_BLl'ilICJieHHil } -!iHC8Jl 

~+2Y 4 c.1 =-o; ~'>o (Kit 1f - K.:i = o; ~">-i. , (8) 
np1I!ieM BCJie'ACTBIIe TeopeMi. o ,llononHHTenoHOM apryMeHTe [II} 

f (.~-'K) = <:~)""' ~ (_'>C) (9) 
~ ~ 

llMeeM 
c2.~ .. E'2.,-+-1. = o; ~ '7 0 (9') 

CBOHCTBB CllMMBTpllll, CO'A8PlKBll!118CH B ycnoBllllX (9,9'), MOlKHO HCilOJII,80B8TI, 

'AJlH MO.llllWllKBUllll p88HOCTHHX COOTHOWeHllii (7) • .tlll,ll.8Jl11M lJ/YHKUllll qeTHOCTll ~-i 

11 ~ 
e (Jc.) = .,_"i - ~- (:;,.) 
➔ ~ 

11' -d. -\-.i 17 
~ (>t) = - ]: X + o't('K). (6 ') 

I) Bea.n.e, r,lle aTo He oroBopeHo, i,~ = 0,1,2, •. '. 

2 

~ 

,;;· 

C nOMOll!olO (9) nony'illM cne,llyIOll!YIO BepCHIO (7) 

e"\(x+i.) - e-l(Jc.) • 2~(>t) 

B OCHOBe 'ABJloHellwero ll8JlOlK8HllH 

e ("-+;!;): (X-\- ~)"I 
-I 2. :i. 

r,lle 8H8JIOrl1'iHO (8) 'ilICJIB 

e.:i = 1 e.:i(½) 

K~ (.u :1.) + i..,.c.,.) = 2. ~-t (x) . 

6y,llyT IlOJlllHOMU (6) c apryMeHTOM 

\C.x.+\).,. (.x""i)'\' 

J~ -= 2"" \s➔ (\) 
onpe,lleJlllIOTCH ll8 peKKypeHTHJlX COOTIIOl!l8Hl1H 

H\_ 

"I ~ '\ ~ . 
<..e+:1) + (e-:i) ... o; ~~o (.cl-\-i) - (..1-i.) =O; -\~1. 

u, cornacHo (9), 
e!l~+:1. = cl.2i>+1 = o • 

flepBllH Illar npeoc5p880B8Hl1iA - 113!.18HeHl18 M8ClllT8U8 11 HOpMHpOBKII 
0 "I ::i 

"t) c. .... 1 ... C."-+ii:) -~ l <.)(')-= .a..~ C.."-) x'=2 .... 
..I..~ '\ "'I! 't 

( 7') 

(IO) 

( ti' ) 

(9") 

Il08BOJlfl8T npe,llCTBBllTI, nonllHOM KBK CBepT1<y no lll!JJ.eKCBM HOpM11POB8HHblX CTene-
nell nepeMeHHOl-i 11 HOpMllpOBBHHhlX j_ -'iHC8Jl. .,.,. . 

"t> (.>t) = ~ "I> X "l) ,. "I> / ,r.! 
..L"I .. ~ .l.(.w.) -\->I .I:(.") .l.., 

.,_.,_ "'x"' /~~ (II) 

Ilpe,llnonaraH TBKOe np8,llCTBBJl8Hlle. 6yJJ,eM onpe.l\eJIHTo TOJloKO HeHyneBJJe 1-q,10-
na. HanplIMep, 'AJlll (IO) aan11c1, (-,•- l~1+:1. ·, ~=l%J+ :1) 

e:()() =-fi-('K-\-e+)~ · t\x) = ~ (x~v;+)"I 
~ -I ~ 

(lo') 
+ + -e 111 = e2... lr

1
.,_, .l2..., .,_~~ 

oattaqaeT CYMMy (II)' B KOTOpol-i, B COOTBeTCTBl111 C (911 ). OTJll1'iHbl OT HyJlll 

TOJloKO ! -'ilICJ18 C 'i6THJJM HH,ll8KCOM. AttanorU'iHO ,l!Jlll (6') 

e..,.c.x) = 'K., - e\c,.1 
I e =-c 
!l.lC.+1 2.ll+.L 

~l"-) = - "'"I-,+ g'"'IC..x) 

i.2..,"~"i:').2.., 
AJIH IlOJlllHOMOB TBKOti MO'AllW11KBUl111 p88HOCTHb18 COOTHOW8Hllll" COOTB8TCTByIOT 
paTopaM (4) C B8ll!8CTB8HHHM CJJ,BHrOM 

'6'<\(.x+2.)-\- B°~(.x) • •iW_,<>t) 

( 6°') 

one-

e"lc.x.+:t) + e..,.<.x.) = 2 x-, 

e➔("-+2) - e..,.<i<) = '2 e.~(.x) 

e,r.p<..·f~) e:c.,.) = x'l± e:c.x) 
"g'lc.. ... +2)- \(><)-= 2 "'-1-.1,, (7") 

exp (t d,.) t: (.") = ! x4 _,-+ °t-i()() 

4. Baanctti.e WYHKu1111 .llllWWBPeHu11an1,Ho-paattocTHoro ypaBHeHHH 

Ilpeo6pa30B8Hlle, YCT8H8BJ111B810ll!88 CB!l8I, Al8JK.l!Y qiyHKUl1HMl1 (10,6 11 ) 11 one

paTOpBMll ( 4). H~30B8M t - npeo6paaoBBHl18M 
~ ' . :1) l',/·><) -~ l., :r'l(>t) 2.1 LY. -a;, )( • (Ii:'.) 

HToroM IlOCTpOeHllti 6y,llyT IlOJlllHOMLI 
+ • 

e"'~) .-= e-.c."+ .,)-

e~=- \ e 1 .,_\ 

K+ (x) = "b (.x+
0

1,) 
'"\ "'I i: .. =-ld_,..._I 

(lU'') 
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C nepeMeHHOil, HOpMHpOB8HHOil cornaCHO {II), U Il!)8Bl1n8MH onepaTOpHoro uc,rnc-
nemrn + -c.'fu (t~,.) t.,. (!<) - y;'I (?r.) 

- l st Q.~,,) v;; (!.) = x'l-1. . 
(7") c.l <.t\) e~ c.") • x"' 

-1..\~(.tq,_) ~:(.,c,) = ~(") 
AH8nHTHIJ8CKOe npeACTBBneHne 

cornaCHO {?.) {CM. (I?)), 
(IO") onpeAenHeTCH cornaweHHe1.1 (II), nnn, 

e 6<) • x .. - i.e.' c_,.) 
'I • "I 

e1,t+, ... \ c:111,+.1.\ 

K°-\C.><) =-i.x'\-:1. + t-9<.x) 

¥ ,. -\'2.i) \ • t" = i. 
,.,.. " ,.,,_ , 0 

(13) 

HopMHPOB8H!We i -qncna BhlqnCJlfllOTCH cornaCHO (8,8'). Ilpeo6p830B8HH8 (l2z) 
· ABeT nonoiil:nTentiHo-onpeAeneHHhle nonnHOMhl (IO"); npn paattoCTHOM .11nq,cI>epettu11-

poBaHnn 3TO CBOHCTBO coxpaHH8TCH nnwt, y nponaBO,l\HhlX nonHHOMOB 8ilnepa (CM. 
Ilp,mOltl8HHe). 

IlpocTeilwnil tia6op 683HCHhlX q,yHKUHil ,llHCKpeTHOro Cil8KTpa, COOTBeTCTBYIOu!Hil 
ycnOBHHM (2) H YA06Hhlil B o6p8Ul8HHH c paaHOCTHhlMH onepaTopaMH (4), .11aeT 

nponaBe,lleHHe 3KCilOH8HT8 . * IlOnHHOM {IU") 
S'. (.") ... -a_.,.;ts. 't) (.1') 'I .. -i.. ~, ••• (14) 
~ •i 

~eilCTBRTentiHO, npaBnna p83HOCTHOro ,llH~q,epeHUHPOB8HHH H paaHOCTHOro ycpe.11-
H8HHH nponaBe,lleHnil HBHHIOTCH aHanorou q,opuyn cno~eHRH AIDI rnnep6onn11ecKnx 

q,yHKURil 
st(t~,.) ("%;•V,.) • (ati.1\-,.)•(clCW,.) + lcKi.11.,,.){&°li.\/.,.) (15) 

c.~c.r~,)(-U,,.•V11) =(c.i..i.'\.lt,.)•C.cg;tV,.) +(,i1.'\.lt,.)•(.1.i.W,.). (16) 

B COOTB8TCTBHH C (?") BC8 onepaunn (4) ,llnH 683HCHhlX WYHKUHH (14) 6y,llyT 
BhlpalltaTtiCH O.l\HHM Ha6opoM nonnHOMOB, Hanpn1.1ep, It.,. t") , ecm1 l'IC:i<.) = ~t") 

-·1.1KO.«._~ ~i<..><) ... (.-ii. ... 1,s. xi+ Cod,~~<1<.,.)) €"':Ls. (15') 

..K:c.i.~) ~(."') = C. Co\l,4 ')(~ - &,.,ii:1. ~~Q<)) e•xi:1.. (16') 

Cne)ICTBH8M (I5') 6y,ll8T YHRBepcantiHOe npe,llCT8Bn8HH8 M8Tpllll!WX aneMeHTOB 
qepea CT8Il8HU ~-i, CBOHCTBP M8TO.l\8, xapaKTepHoe ,llnH 06hllJHOro ypaBH8Hl1H 

lllpe.11nHrepa J * . _,.-Jy_ 
-.- 'S<i<) .... (.-1,, e.-+()<.) + e. (.l<)) e.. 
<\)I, i ... i 'I-, 

YllHTUB8H antiTepH8THBHYKi aannCI, paaHOCTHhlX COOTHOW8HHil (?") 
(15 11 ) 

. ~'Kp(;ttcl,.) ~~<.~) = -x., + i.~i-") 0.p ('t td,.) i; (.")-= :+ "'¾-.-\-t"_/·"') I (l?) 

npHXO,llUM K BhlBO,lly: .11nwq,epeHunantiHo-paaHOCTHOe ypaBH8HH8 .11onyCK88T yHnBep

cantiHylO peannaaun10 Bapnaunoaaoro 1.1eTo.11a AIDI nonnHOMOB, 06na.11a10u!HX cBoilcT-

B8MU CHMM8Tpnn (I?) OTHOCUTentiHO paaHOCTHOro C,l\Bnra. 

Ha.ii)leHHhlii 6aanc Tpe6yeT MO)IHWJH{8UHH B /J.BYX np8KTHIJ8CKH B8lKHhlX cny11aax. 

Ecnn IlOT8HUlian KOpOTKO,lleilCTBYIOil!Hil, aa6op (14) )IOmKeH co.11epllt8TI, WYHKUHIO c 

H8UCK8JKeHHOH aCUMllTOTHKOil . i 
-'l(:t _,..r; ) _,. .L I <.x> 

'9Cx) = e c.. (.i - e ,. e .t. : (18) 
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B c11y11ae, ecnn ncnontiayeTCH penHUIBHCTCK8H BepCUll IlOT8Hl\H8na (2), MO;qntl)u
K8UHH C IlOMOll!olO 11,Ci•) j ,I;• 1!ii" H80dXO,l\Hl.l8 ,llllf! BC8X ~-.C."') : TOrJ:18 
1.18TpllqHhJe aneMeHThl cyTI, T86nHIJHhl8 RHTerpanhl. llpH .I. 1 Kpa:rHOM '2$', T8K8ll 
WYHKUHH HBnH8TCH L -nepHOARIJ8CKOil KOHCT8HTOil 

alt(t\) I.tC.'I() • 1 .. ( .. ) sK(fc),.), (19) 

C ne,llOB8TentiHO, ,llnH H3M8H8HHOro 6aanca Il!J8Blil18 p88HOCTHoro J:ll1wqJepeHUHPOBa
HHH 6y.11yT npelltHHMn. 

5. PeayJ1oT8TU 
I. Hai,\,lleH \PYHKl\HOHan,. COOTB8TCTBYIOil!HJ.i HOBOMY Knaccy .YP8BH8HHil; T8iJ 

C8MliM npo6ne1.1a peweHHH C~8J:l8H8 K npoueJ:1ype MHHUMH8Bl\HH. 
2. Hai,\,lleHa CHCT8M8 IlOllHHOMOB, KOTOp8H 06na.11aeT Cll81\H8noHhlMH CBOilCTBa

MH CHMMeTpnn H 06ecne1JHB88T YHHBepcanI,HYIO peannaaun10 B8pH8UUOHHOro MeTO,l\8, 
. 3. Ilpouecc qncneHHOro pemeHHH SBABIJH O C06CTB8HHOM 3H81J8HUH CB8)18H )10 

YPOBHfl CJIOlltHOCTH HeperuITHBHCTCKOB aaaaqn H )188T cne,llylOll!H8 peayntiT8Thl: pe
nHTHBHCTCKH8 3q,ql8KThl ,l\OCTRrBJOT 200% B KynOHOBCKQi,\ 38J:l81J8 (T8CT) H yBennqn
B8IOTCH npn nepexo.11e K IlOT8Hl\HBny DKBBhl (f-: m.) 

.... i, • .n .. -111, 

W lz-u1 · ·"'r"'\ --2.m. 
~ .. 3,2'1 • (20) 

IlpnnOJ!teHHe • IlpHB8)18M 8H81J8HHH ,l' -IJRCen H npnuep peannaauan p83HOCTHliX 
COOTHOW8HHH (?.) ,llnH IlOHHHOMOB HHawero nopH,llKa. 

e~(.1') . c."(I\) e~ -i.s~(.~) e·c-.) ire,.) ,.\fo~) i;c ... ), --~~Gd~2rc1<) 
X X i. l( l( 

,.2. .. xa E ~·""~ !.t_!,. 2! + 2 ii .. I,\ 6 lll 'I 

. ~ ~~~ .,.o 
£+.!. ~ ~ll. .!?-:!.!. 

.. :!!. 2 "- 3! 2.! 3 'II+' i. 3! 'I -£. 

"" -l .,,.1 i !!!. ~""!~ i.,.:!·l+.:t. ~-~~-~--;ji'+ii\-tiii "'H· '3\ 3 i. ,~ 5 .i: 110 'H ;s 2\ 'IS 

,.s <I. ,.-s ,I, " ~ ,,,._lf+,t,. K1. 2. ~ ~~.+.!.-5. ~-i~-~~ si ... 'iii+r't~ s• .ii! ii'i+~s 5! -t ~ .I\ 120 ,i. S! 0 '31 AC'S :L 

B' .. {,1.. ,L. ,I, • "-. - i • 'S } • 
... > ~ , -« ) ~, So , iJ. , d ,,.r ¾.· -!.- 1.._ ~ • !ll · -!.ll.P-· 

:I. 

~ 
-i. 

,. .. 
i1 
:6..'3 
~\ 

,.~ 
ii! 

'K' ,..!. • 
i :i. , 

(OT) 

ai< '\. • & > s • !1.1 , ~-. > "3~ .J, 
cn2> 

<i,M_.t{-1; 2. ;-1s; 2.n; =1931i _;_ n·ns2.J·, ea,. •l 1.•,-:1.; s ;-61; 1.ns;-sos'!I. l; o ,~, s • 

Ilpon:eco MHimMIISlln;ipl :talS,Iij)S'flR!loro qiymw;HoHaJia OBIWl'ZCJ! x pememm 
06061l18HHO! 1:1P~81m OodOTB8HHHX 8:SS118mtll K BHIIOJIR8H O IIOMjOIIIW IIpOrpaMMl,l 
JACOBI U2l • Hadop .11a ipex if?ymw;d .u,aeT npllI ~Do11poBS.HHot &Hepro aw11e
HRe ItOHOTSH'fH OMH.O T<mIOOTLD .JtO T})8T1>ero amuw.. llO,lijlodHO llOOJI8~0BaTI, 
CXO.Itl'l)400T.b :eaplla.D;Homna: pemeHlll MOEIIO Ha OCHOB8 npo:rpaMM, npllI'O.nmct ~ 
odIJallleHltll mrp~emwx MaTI>Jim. 
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