1971 YKPATHCBKHUYI MATEMATHYHUWM KYPHAJI - T 23, Ne 4
IHCTUTYT MATEMATUKH ' i '

VIK 517.432.1
Hesiki Teopemu Ko-neperBopenns Meiepa '

II. Cine

B mift crarri goeopATecs Kesaki Teopemu K -mepersopenust Mefiepa i yaa-
rajbHIOETECS NepPeTBOpeHnst 'anKens. 3a JOMOMOroio MHX TeOpeM OfepKaHo
JeKibKa HOBHX pesyIbTaTiB. -

1.Bctyun B 1931 p. I'. H. Barcor [1] JoBiB, mo (pyﬂxmﬂ

Do (%) = ]/xSJ’a( )J(z‘)dﬁf (1.1)

R(u,0) > —-é— Bifirpae poub meperBopenHs. Bhatnagar [2] moxmamEo mocui-

JIHB L€ NepeTBOpeHH: i NOBiB, mo BOHO € paxoM Pyp’e.

BBaxaemo, MmO g (%) € @y, (X)-nepersoperEsM ¢yHKNi] f(x), AKmO BOHA
8alOBOJLESE IHTErpajbHe piBHAHHS

(9 = [ Wus (x0) F (4) dy. R ¢ &)
]

SIxmo g(x)= f(x), To BBaxaOTs, WO [ (¥) camooﬁepﬂeﬂa mif - -pieo- sppa
w”(x) i TO3HATAETHCS Yepes Ry

@ yHEKIis wu,u (x) Mae Taxi BJIACTHBOCTI:

Wi (%) = Wo,a (), (1.3)
1 1 * '
0 (x“Jr 3 2y IpH MaJoMy X,
1

W0 (X) = (1.4)

O(x *) npm BelmMKOMY X,
Wyt (%) = a1 V7). . (1.5)

ITeperpopents Menniza GyHKMT @0 (%) Mae BHLIER

25—1 S i 1 5 . U 1
2 T(3+7+I)f(—2"+5+’4?)

3 3 L)

uw S 0 S

J (?“_7 +I.)_r(7—,T+T)

Mainra [3] Bu3HAUHB r .
w“(x)— gw”(xym(y)v“dg, R@oh) > — -15; (1.7)

i BcTAHOBHB, IO wu_,, (x) e ampom Dyp’e.
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Beaxkaemo, mo g(y) e mepersopernam Mefiepa (aGo K-mepersopeHH:M) m0-
pANKY v cpym{n;n f(x), AKIMO BOHA 8aMOBOJBHSAE plBHHHHH

gy = ijyK (xy) f (x) dx, (1.8)
ne K, (x) — momudixoBana ¢ymruis Beccens mpyroro popy, i mosHaumMo ii
F0X> e, (1.9)

Hexait ¢ (x) — K,-neperBopenns ¢ynruii f(x), a 1 (x) — K, -TepeTBOpeHHs
dynxuii g(x). Topi mMoxemo serxo JOBECTH, IO '

(owe@dr=T vwfdr, (1.10)
0 0

fKa e apajorom Teopemu Goldstein’a.
2. Teopema 1. Hexail f(x)% > g(y). Todi

fjrmﬁ%meM§>f%‘6J

npu Yymoei, o

+v

x2 T f(x) = 0(x9), R(a)>—1 npu maromy x,
' 8
X “f(x)==0 (x—_‘"_ﬁ), 8 >0 npu eeauxomy x

1R(u+u)>-—— R(a—v)}——%.
Losexenns, Maevo g()= | VK, (x4)f(x)dx ato
1 N ary x -
o =S 2Ky (2 () dx. @1)
(y) ; |/y (y)
Kpim Toro,
¢ u+—l- s x ' x ""!':2i x
Ez 2KD(z}wu+njﬁ_u (27) dx:(—;) K, (—;—), (2.2)

0
. :
OCKIJILKH x“+TKD (x) € Ruyou—o [1]. OTxe, 3 (2.1) i (2.2) zmicraemo
(==} oo 1 =
g (é-): S (%-)u-f (x)dx j\ 2T TK o (@) ®uyonin (x i) dz.
0 = M

IToxnagaroun B ApyroMy imrerpam z=—yz i aMiHOIOUH TOPSANOK iHTErpyBaHHS,
IO NPUNYCTEMO IIPH SrajlaiHX BHIIE YMOBaxX, MaeMmo
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abo

=

x“ 5 OB e oW 5S> ().

-Omxe, TeopeMy I[OBE:,ZLEHO : S
Teopema 2. Hexal: f(x) 2 >g(y), ”’_’f(x)‘f >1p(y) T odi

r 1
% L
. Sf-l.ﬂ-]-Qst

& I?l ﬁ B
a+ﬂ+1r _2_+'§_+U+1’Iﬁ__?+v+ 1} 2 Y
b FT BRET

| T+ DTA 4o .Jr_';)r@-;%_u)ymm
X 1 (xy) dx=

X
22(“+°*’“’+‘r(a+v+1)r( +ﬁ +v—]—1)

RS S ','f‘.”_”"g_.,(#) Wap (gf)dtz1

Wl B 4 8 '
npu ymosi, wo x> f(x) P 2iF (?) =0 (x%), R(oy) >—1 npu mano-
L
my x i f(x), f(—) obmedtteri ma inmeaposni 8 (0, c); 2T Tgx)=0(x),
A ‘8 Wi
R (o) > —1 npu manromy x .i x“+”g(x) O(x ") npu seaukomy x i R(h=
+v)>—1, RM)>—1, §>0.
Iosenenna Hexai x"’*”wu;g"{x)\-‘;—g? >G(y), Rla+v)>—1, Rl

+B+20)>—2, R (a_;- B) > -w% Omxe, 3 -Teope:ﬁiz' 1" maemo

x S ta+v—?» uﬂ (f) W) 10a—v (x1) dt% > y-—-Q?LT'lG (—}1}-) "
5 .p' 3 i
R(ﬁ+v)_.>_¢ I, R+ P)>—2, R(a+ |3+2v) >-—2,| R(»—a—u)> —21~

Hexait @ (x)=x S t""’“‘ We,p (£) wH,, 2—o (x£) dt. OGunc/BIIE BHYTPimIHIK

1H'rerpa.r1 3a ﬂonoMorom Qopmym obepHenHa Mesnina, micTaemo

F@+o+1)T (g—+ §E+v+ 1) ST

‘22(L—v;a)::}‘1r(l+ 1) I"(R.';}—ﬂ—{— nr (%. — .g__o)
XSFQL’-“_'_”_I“.I‘ %4‘%4‘?4',._1: %—%_—[—ﬁ-i-l; Aov+1, A41; sz.:

(2.3y
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Omxe

cp(x)——u*y—”ﬂe(;),

—2—1
alp(ax)] fui > ( %) G (i) (2.4)

abo

OCKU‘IBKH xt wu,g (x)—> G(y), o

(ax)“*”was(ax)—> _G(a)" e

RICE S @)
3actocosyroun (1.10) xo (2.5) i\(2.6)., Hicraemo

a T(aﬂ”%a.ﬂ (at) g () dt = j:f'(t) o(5)a
0 0

[lokaaBig @ = y, MaeMo

y_nj (9™ W (4 g (O dt = g™ Sf(f) G (h:f) dt
v o : 3 5 2 . §

BBi_gcg_, iH;rerpy}ogu 8a Joromoroio (2.4), MaeMO -
g g () a3 (4f) dt = (" @)t [ VK, () @ () dx -
0 0

0
abo

yu+v-%j t“+5aﬁ e dé‘;jf—w=f ) dtjo ]/ xT_yKu( 33‘3) o (1) dx.

" ' 3MiBEBIE TOPSANOK {HTErpYBAaHHS B NpaBili YACTHHI, IO NPHIYCTHMO IpH
8raJlaidX BHINE YMOBax, HicTaHeMO

g | g g wnde= [ o aax | (l/ k()0
¢ 6 g
a6o

o x)deV_x_nyu(xyt) t”’"f( fi) =gt [ g0 mas Gt
0 ' 0

ao _— _
| § @ ()b (y) de= g™ [ £°°g () wa,p (y1)
0 0
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JIpH  yMOB, A0 I1CHYe 1HTerpai B NpaBill uacrdmi, Ay SIKOTO yMOBH BHKJIa,I{E'.HO
pamme IligcraspBnm 3HaYeHES @{X), MaeMo- : :

Ado+1, A1 4 -
(’““!‘1)1"(%4—0—1- 1)r.(£_*%_ﬂ,) ot

_ g (£) wa,p (yf) dt.
22(a+v—-5\)+11"(a+0+ ])r( _|_ i + v+ 1) 5‘

" Orixe, TeopeMy JOBEJIEHO. a
Teopewma 3. Hexad: f (x)_% > g(y)_;x”_lf (x)§>1p(y)‘ Todi S Vy(yP—
E a
_2 2 B _
—a?) 2P, 2;% ) g(y)dy=2""V a\ (a) npu ymosi, wo Pynryii f(x)
g (x) nenepepsui i abcorromnuo inmeeposri 8 (0, o).
Hosepennsa. Maemo ‘

oS> g(0) 2.7)
BusHAYHEMO ‘CPYHK.LIi}O. f1(x) Tax: o
S f1(x)=0 mpu.0 < x <a,

i) =V=x(x*—a®) 2P, (%— 1) npe a < x < co.

Topi maemo

fx (x)% > 27031102;1}“: (@), R<L.- ... (28

3acTocyBaBmu (1.1{)) Jlo (2.7) i (2.8), nicramemo

o v—I1

Sfl(h)g(y)dy—z_” {97 Kulay)f(y)dy, -

(1]
R(v+u)<r~— R(u—ﬂ)< R(v-—2u)>——g—', Rifv—i—2u)>%

IligcrapuBmm 3HaveHHA [y (y), OXEpIKHMO

(viw—arTriy (% —1)s@ay=2"Va [ VasKaa) v ) dy
a o 5 . _ o .

abo

(Viw—a Tre (e —1) s@ v =2~V av o)

Omxe, Teopemy JOBEEHO.
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'.V.. I. a E —l.. 3 _‘.’ te
3. Ilpuxnanu go reopemu 1.2. 1. Hexaﬁf(;o):xa.{- 2J (%), -Togmi
srifio s Teopemolo 1 maemo _
5 VK (49) X oo () d =
0
u

] u o, ;\’ v A g
2I‘(§ —[--é-v—t-t?—i-l)f' (?——?4—*‘5—#1). y

—

1
R O
2z A
xaFl(%+%+?+1,%~%+g+1; A+ 1; ~y*)_,__(3.1)
R(u-+to, u—ﬂ)}‘—%-, R(?\,)-é—r?%.'

. 1
2. Hexair f-(x)=x“- 2¢ ¥, topi srimHo 3 Teopemoro 1 Maemo

o . e 1 N' E -
5 V xyK, (xy) x*dx \ £ T_e'“‘wu_;.v,u_., (tx)dt.=

{0 . . B

— B 1
2V alw+ut+ DTw—o+ 1)y 2 vtu+1, v+§~y_ "
——— . 3 \ : “+U'+l gd™y _ ; ,
r(u+7)(1+y) at 3 y 1

(3.2)

R(u+ v, u—v)}—%.

IMoxnaBmy y=1 i oGurciwBIE BHYTPimHii iHTerpan $a JONOMOroK pesyJkTa-
Ty, mo Hanexuts Singh'y [4], a came:

o i . : ,
E € T Bt (tp) dt =V plL (%) K, (g) ,
1 _

nicraremo
[t (§) s (5) - VLU DTU0 D
0 e 2 gep (u‘—{— —g) :

3. Horeneno [4], wpo _
oo 1 ) 5
2 2 ¢
.0 =, .
1
T (v——%ﬁ—i— 1) Nl o

oy (a_fi;-.ju—g-‘) T+ 1) i (0

uw

“‘?‘Fl;

u , 3. e
U__-E-—E-?, u-l—l, ‘—‘—4‘-)

486



u

Hexait

; 241 L i
I‘(v——%—i—l)xw—*'z: Bl . |7
- u 3 1 u 3 — e
2HVET(U“?+§)F(H+1) U—‘§'+‘§',u+1; 4
—2p—1 1'
>y g(_y),
TOq : .
—2u—1_ [ 1 . 2
T g(?)-—”'— - = — X
. V al (‘u—fi —{——)yﬂ-mT
_ g 79
: . Tyl B : 8 u o
szi(U—'E-+1,U+u+l;U——‘7 —[—?, ——-?,R(ui‘v)>—'1.
Tak mo sriamo 8 Teopemoro 1 maemo
1
=T z i
Pe—* 2J21(-2_)Y;‘—(2)'._-
3BigcH
. - gutup (o——‘i-l—l)
1
xv+u+T"(i(%)Yi (g‘)z;£>_ z w3\~
2 ; 2. it Sl
i VE (-3 +3)
_xl“(u+v+])yﬂ+%2ﬁ‘l(vm%+1, v+tu+1; r}w%+—g—; —yﬁ),
O R@W>—1L,Ro+uw>—1. (3.4)

4. Hexait f'(x)=x2”fu+ 1 (ax), ToAi, oGuMciMBIM iHTErpan B HpaBiii uac-
z

THHIi, 8rifHO 8 TeopeMow 2, AicTaHeMO

o B @ B . 7
- Sxﬁ”spz[“““’ e wole e B st o i xEJ

Atov+4+1, A41,

(==}

o

3 _g°
X o P (x-q-?, A— 0t Ok 5 y"‘)dx=

dTA+ 1T A +o+ 1T -g— —-%-—-v)?(v—i—-ﬁ—)
_|_

2al”(a+a+1)f‘(%—+-g——l—v 1)r(x+%)r(x v—t—%)
a p i o
o o AT, 5oy dipig
xa8| Z| Sl | (3.5)
y v+ 1, S —
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IMoknaemu o = v -+ 1, omepxuIMo

i==]

' ._ 3 —q° 5w

| B .3 ,3 3 B 3
X o, [20—!—2 —|———+§,"2— g‘i‘ T x| dp—

A+ov+1, N+ 1;

B 3v 1 v B B, 3 3\ "
V::l“(},—l—ﬂ—f-l)l"(-—«___-—z—_—?)l"(?-i—-2—-—f—1)1" ?+-2—+ 2)
= 2(v1) vpto : L 30 ] 3 o
Qe o4 r(z:Jrl)I‘(?x-k-z-)_r(gf,u)r(-g—-k7 5)

T o+8+2 v. . B 3v p 3
% (+1)U i _gFlli'i"-—l—?'"!—l,T—F?‘{- ] (3-6)
F(X——o—f—~2—) G

RA+1)>0, RA+0)>—1, R(t:)>ﬂi R(v+p > —2.

4 Tlpuknapu ILO.'I‘EOpEMPI 8.1. Hexan fx)= x_TIm(bx), TOAI

[==]

Sy;.m—a a2) 2 - ( 23 ) X

| 1+o+n+m ]—I—cr——v—}-m ; bg.

2 * 2 Lo
Llm+ 1 '

v u m o v u m
Tytgt T)F(T E*?JFE‘)X
o v m 1 (1 v m
2 tgre T 2)r'(21_2 2’2—)
c . o u m ¢ v u , om_ b
Mﬂ@+§+7+§*§+?“?*?ﬂﬁL?)

R(0)<1, R(m+0+0+2)>—1, R(m+o+o+2u)>1, R(@)>R ().
3

o—

2. Hexat f(x)=x 2K, (bx), Toxm
r S . Tl el 2
Sy”'”(yz—az) 2p3'_1(25 ) F1[2 Fatgs I—g—z]dy=

pl—u a1 ‘d v n u 1
b ar@w?+7i?i§—§k<
13 o n v
(c+v—1)T (E" ﬂ:E-:thz“)

ct+ovt+utn—1 o2
Xy 2 'l ——1, (4.2)

Be
dt+v—1,

=
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R(G:I:n+v)>R(2u), R) <1, R(cr'.:l:n—]-v+_2u)>_2, a>|b|.
IMToxnaemu b=a i y==acoshb, gicrasemo

Scos K+ 9 sin ) A (cos h?e) zFll j: +g 2 ' 1—cos hze:l do =
0 o . a;
6% "h-. u N fe o o gt 18

r(7+Ei‘z‘ﬂ““:z—*isa“)f(‘f*"“i“*—‘?)”")

Z e b2 ikl B AR :

2?.(7 +gt 5)1“(5 *3—3 JT(U+0+T)

R(oc4+n-4ov+2u)>2, R(oc+n4+0v—-L2u)>0.

3. Hexail f(x) = 2”“2.10+1_(bx), Toni
5 .

5 i 3_1‘(“2.:5; - ) 6P — @ T3, (V 209) Koo (V 205 dy =

5

PR B i L w8 @b s
=—W— Ss('z-‘—ﬂ, Tj:?,z———%g —'4—‘-), R(U)<I (4'4.)
4. Hexai f(x)::_c"’_le"bx,:mm " 5 :

- i

4 a 2y g o | 1

| o+ 6" — ey (2 —1) @+ A (gt ok 1 ok g

D
a

b— 1

‘ 9B I (g41)T (q—!—ﬁ—}-u——%)r(q—l-v'—ﬁ——l*) _
S
+.?‘ (a_l_b)q—}-v—{-u—

2
X

%T(q'-l—v)l"(q-l—v—l-i)l”(qﬂvﬁr %)
"-xgﬁl( totu—g, gFo—u——r; g4 b+ ) RO<L
R(q+v—2u)>e—, R(g+0+20> 5. - (45)

[Moknasme @ =b=1, y= Vy, RicTaEemo

5k 1
59‘2—@__ 1)~ TP::_I(zu— DA+Vy T T x
; i

1 P
q+v+'_"} U_I__Q‘; 1z == 5
wkl . * 1=Vy dy = (4.6)

Ty - 1+Vy

i (‘H"”“L“-_%)r (?+v+u—i)r(q+21) B
- 1 pr b R0 1,
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- ' 1
R(q+v-{—2u)>%,_ R(q—{—v-—-?u)>—-§.

3
5. Hexait f(x)=x 2E (al,'as, suiition Vs Bl oy B %,z-) TOA}
3 L 2 2
j‘y(yz__ag) E«Pz—l(—ggr-—'l)ﬁ‘(%:az:--uam%:f:‘%? {?11 ---:bq}%) dUZ
2 n U v I b g a’ 47
_"E' (al:---iap:?:‘:?"'{'-?_?) qasmy q’z).‘ (')
R(m)>|R@)[, R(n+0v)>1+4+|R(@)], R(y)>0.

1

6. Bissmemo f(x)= “TT (6%)7, (b%), Maemo
: ¢ —m—0—n—1 ; 2 “%“ U 2y

Y (y__az) Py, o 2%

a

L. AT 3 oo LR N, W 2

+ 5ty g gl g +.2+2i2+1,d_§§“}@=
1+ m, 1+n, 1 +n-+m;
r(m+niu;v+c+1)a_m_n_u_z,

Im .o o  n &

Qﬂﬁi?+7+7+ﬁ

m4+n+1 m+nt2 mtotoFutntl "
 4b } s

X oFg| 2

2 ’ 2 ’ 2 ’ e
m-1, n+41, m4n-+1;
Rv)<1l, Rm+o+n+v—2u)>—2, Rm+o+n-4v-+2u) >0.
Bsseom 0=0 1 n=m-+1 B (4.8), xicra-

X oF3

qaCTHHHi BHIOANEKH. 1.

[==]

5§(1+-ﬂ) (v — ff%RL(%ﬁ—-)gg[V/(L+§§)]x
7 A )de_

bml-lr(m—!— 4+ = -}-1)( _2_+_2_+1)
2a2m'+°'+1f(1+m)F(2+m)F(m:t%_—F%)

=]

XP:J—I [

X

’m$ 3 5+ 452]; (4.9)

aF
m+2, 2m+2, e
R(w+2u+2m), R@)<1, R(a)>2]b|.
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2 3 ppyroro GoKy, BSHBELIH cr—-——l i n=—ms (4.8), maemo
¢ 7}
S —a? 2Pu—1( 2y —1) u—1(l/1+ s ) u—-l(]/ & )d9=

. cos(ﬂ;)r(%—l.—%)r(ﬂ_'_Tu)

9l (1 - m) T (1 —m) s

I o # v _u, ' -
x_aFi,[?’ 2 % 99 9 46 |, (4.10)

14+m, 1—m; T T ]l T

R(v)<1, R(@®+2u)>1, R(v—2u)>—1.

Tlokmnasi® @ —2b=—1 i m="1u— % B (4.10), oAepxumO

__1);’-?_2_*1 (_—”V;T—l)p—tl—(lfyjl ) s

s

S(y*—l) 3Pf_1(2y2

B.

E)7 ] 1 v 1
°°5(—2" | 2_| T)r(z —?) " R—
Bl T“_ 4 8)
3. Tlognapmu o =—1 i n=m=7\. B (4.8), gicramemo

j(y —a ¥ | P
[ - u 0. y v [/ 2;\(_}_,_.._.1

9r (1 + M (1 +A)T (H-% + -;_) r (7\,__;’:_'4%)

4b 2y
) (-

X

1 v 7 v u : 4p*
X3F2(7~+*—,1+2—+§, 7‘-4—7'—-2—; 144, 1420 — 2 ),

R(v)<1, Ro—2u+20)>—1, Ro+2u+20)>1. (412

u'—-‘?- a]‘,l agy‘-':ap; -
7. Hexait f(x)=x 2,F — Ax*|, Toni

10 By by

¢ 2y? a,a o E—:t & :
j‘yl Cl'( a) 2 P.u—l ( i )p+2Fq 1; U9y --- Up, 2 . _. 4)\ dy:
: bl bg, A ,bq; y!&

@~ ~T (%+%'+

u 1

_ 3 2 ]
= o 7]
SR
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A T, v __'u 1= e deme G O
R ><p+qul“1"“’“‘“ 2zt ¥ |, @
: ...; bl:~--sbq’; . -. __Ef- 3 . f e
R(©)>|R(@)], R(e+0v)>|R(w|+ 1. -
IMoxnasmm p = 2q_3l_f4 0_p+¢vﬂ'ﬂ¢¢w=ﬂi§il,
fn+n - o .
a, = +1 bl=n+l?, {72=_p i by=g, micranemo
e m n_p_q‘—fz 2 Ty p_q 2y A —
jy a) ' —ay 2 .(a & (2]/x dy=
YR A n+ DT (o +%~%)r (p—g'-—%)m e
3 X
2r(n+§)1“(p)f(<n
% oFs (m—l—r;—[—l ’ m+2n+2 , 23—!—;-—.1 , 2,?.—2;:,—1; n-{—%, ,U,'."q;
45 |
22 ) R(p—)>0, Rip+1)>1, RG—p)>—1 - (414
Bassmm p:m;i—n 41, q:m, OJIEPIKEMO

jV&(yL ) E T, 0 — 1) OF (i dy—

m—2_mmnir [ 1 n u 1 m n_uw 1 L_
L I‘(—2-+7—’r§+ r(7+7 2+2_)F(2 m)
' + u m

R(mj _u+1),R(mj”+u)>o._ +(4.15)
Ha sakinueHHs BHC/OB/OK MMOOKY mofsky S. C. Mitra sa xopucni mopapw.
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