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A. E. MamoHTOB

Awnnortanusi: V3ydaercss BOIPOC O BOCCTAHOBJIEHHH HHTEIPAJIBHOIO IIPEOOPa30BaHUSI
THUIIA CBEPTKH II0 33JaHHOMY €rO IIOBEJECHHIO Ha CTEIEHHBIX MYHKIHUAX. JaloTcs oTBeTsI
Ha JOIIOJIHUTEJIbHBIE BOIIPOCHI U3 IIEPBOIl YaCTU CTATbU.

KiroueBble cj10Ba: 9KCTPAIOJISINHS OepaTopoB, npocrpancrsa Opsmya, N-dyukiun,
dyuknun FOura, uarerpanbubie npeobpasoBanust Mesunna u Jlamnaca, uarerpaabHble
peobpa30BaHUs TUIA CBEPTKH.

§ 3. Boccranosnenue Fy , Mo ero xapakTepucTuke @

Hac unrepecyer Bompoc: kakme u3MepuMble MYHKIMH ¢ SBJISIOTCS o0pasaMu
npeobpaszoBanus A, or Gyakmuit ¢ > 07 [lpu sTroM cunraem ¢ OnpejejeHHONR Ha
unrepsaie («, ), rae f < 400 3amaHo, a (Kak mokasaHo B §1, 2) BeGop 0 > 0 u
« € [—00, 3) He HrpaeT PO/, KAK HECYIIECTBEHHO U H3MEHEHIIE (¢ ¢ TOTHOCTHIO JI0 2,
HOCKOJIBKY IIPH 9TOM COOTBETCTByIOIHit omeparop Fy , ocraercs B onpezenentHom
CMBICJIE TeM JKe. B oryimdne oT aHAJOTMYHON 3a/a4u, peniasineiics B § 1, nac Oyjer
HUHTEPECOBATH HE TOJIBKO OIMCAHNE KJIACCOB ISl 0, Tjie peacrasierne (2.2) (¢ Tod-
HOCTBIO JI0 f@) BO3MOXKHO, HO U caM Bu/I 1poobpasos . Ilporemsypa BoccraHOBICHNS
SAIpa Y JOJKHA BBIPAXKATHCS B TEPMUHAX ACUMIITOTUKH ( B JIEBOI OKPECTHOCTH TOY-
Ki 0 B OTJIMYHE OT KJIACCHIECKUX METOJIOB obparneHus rnpeodpaszoBanus Mesumna,
B KOTODBIX (¢ 00si3aHa ObITH AHAJIUTUIECKON (DYHKIHE, a obpalleHne COBEPIaeTCs
B TepMuHax ee nosenenus B C.

[TocraByienHast 3aj1a4a BO MHOTOM CXOKa, ¢ TOM, KOTOpas pemaJjach B § 1 jist
npeobpaszoBanus Jlamiaca, I0O9TOMY €CTECTBEHHO OOPATUTLCH K TEM 2Ke TPEM OCHOB-
HBIM [IPHEMAaM:

1) mocrpoeHne HabOpa ITAJOHHBIX HAD @, ¢ C PA3JIUYHBIMUA ACHMIOTOTHKAMUI
¢(p) mpu p — B < +00;

2) «pa3MHOXKEHHE» STAJOHHBIX IPUMEPOB — cBepTKa (MYHKIMH ¥ C IOMOIIBIO
(2.11), coorBercTByOImas nepeMuozkenuio (2.12) o6pa3os ¢;

3) MCHOJB30BaHNE YTBEPXKJIEHWH, MO3BOJISIONMX o0pamaTsh oneparop 4, Ha
KJIACCaX U3MEPUMBIX (DYHKIMN ¢ ¢ OIPEICJeHHBIMA ACUMIITOTUKAMU.

VuurbiBasg neyObiBanue OyHKIHMU ¢ KAk HeoOXoaumMoe ycjosue i (2.2), Bu-
JIAM, 9TO BCE BO3MOXKHBIE (0 Pa30MBAIOTCS HA CJIEYTIONINE TPYIIIIHI:

A) ¢ £ const, 3amanmbie ma kKoneanoM (3 < +00) mm GeckonedHom (3 = 400)
HHTEPBAJIE;

Pabora Brmosnnena npu dunancosoit nogaepkke Poccuiickoro donma pyHIaMEHTATIBHBIX HC-
crenoBanuit (kox npoekra 05-01-00131).
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B) oupegenentbie Ha KoHedHom unTepsasie («, ), f < +oo, upudem p(p) —
+00 pu p — f3;
C) omupeeneHHble BIUIOTH J0 +00 U pacTylue (K +00).

Ommcanue kJjacca A TpUBMAJIbHO: KaK YKa3bIBAJIOCh B § 2, HHTErpupyeMble
dbunurabe gapa 1 (obo3Hauum supp ¥ = [o,04], 0. < +00) maror obpassl (T. e.
xXapaKTepucTUKH Ipeobpazosanus Fy, ), yoosiaersopsmonue onenke CoP < P (p) <

T x
Co¥, tne C = [¢(s)ds. Tem campim npn so6om 3 < +00 KIacc A CoIepKuT
g

©
(¢ TOYHOCTBIO JI0 ~) TOJIBKO OAHY (PyHKUHUIO: ¢ = 1, u B KavyecrBe ee 1poobpasa
MOXKHO B3STb JIIOOYI0 PUHUTHYIO UHTETPUPYEMYIO 1.

Onucanue kiacca B ymo0HO MpoBOaATE B PAMKAX CJIEAYIONUX 0003HAYEHUH

1 J0roBopeHHocreil):

+oo
Y(s) = s B VDy(lns), B>1,0=1, Va<p, rue / v(€)dé = +oo, v(€) < et
(3.1)
Torma HeTPYAHO IOACYUTATD, ITO
1o 1/p
o) = | [ e Peag| = (2ps - ). 32)

0

O6pamasich kK Tabauiam npeobpaszosanuii Jlammaca (IpAMBIX U 06PATHBIX), MOKHO
nocTpouTh npuMmeps nap (2.2) kiacca B. Cuenuduka Haleil cutyanuu B TOM, 4TO
B oriimame ot § 1 m Kitaccmyeckoit 3ajaan 06 obpalnennn £ HAC UHTEPECYET TOJIb-
KO HoBesieHue obpasa npeobpazosanus Jlamiaca B OKpecTHOCTH HyJIs (IIpU 9TOM HA
acUMOTOTUKY @(p) 1pu p — +00 BiugeT TOJIbKO noBenenue v(§) npu & — +00),
B TO BpeMsl Kak B TabJymiax npeodpa3soBaHUil pa3Hble aCHMITOTUKUA TAKOIO POJIA
npejcraBieHsl ciaabo. IlpuBenem TabjimdHbIe TPUMEDHI.

[IpuMEP 3.1. v(€) = €71 v > 0, maer [1, c. 127, . (1)] p(p) = TV/?()(B —
p)~V/P 1. e. npu p — [ unmeem @(p) L (3 —p)~7/P. Tax nomyuarorcs Bce byHKIHH
snma o(p) < (8 —p)~? ¢ 6 >0,

3AMEYAHUE 3.2. B npumepe 3.1 u jajiee ucCrob3yercsi TO 3JIEMEHTAPHOE CO-
obpazenme, aro /P (p) L r1/8(p), ecrm 1 < r(p) < exp(%).

[TpuMEP 3.3 [1, c. 220, m. (32)]. [omaras v(§) = \/—1_€ch(2\/fy§), v > 0, mo-

nygaem dynxmmo ¢(p) = (§ — p)~ /(P exp(m), KOTOpasd Ipu p — [3 BMeeT

acuumroTuky (3 — p)~/(2#) exp(%), T. €., KOMOMHUPYS 9TOT KJIACC C KJIACCOM U3
npuMepa 3.1 ¢ 1eJblo ycTpaHeHUsl CTENeHHOr0 MHOXKUTEJI, HOoJaydaeM Bce (PyHK-
mu o(p), SKBUBAJIEHTHBIE exp(%) cd>0.

ITPUMEP 3.4. DaemenrapHas MoauduKanus npumepa u3 [2, ¢. 385, m. 9.917]
nokazsiBaet, aro bynxmus v(€) = 207 r /2 (exp(Av/E€) — 1) ¢ # > 0 maer o6pas

p(p) = (B—p) exr><ﬁ2_p)> erfc!/? (ﬁﬁ»

Dlocnennne gsa ycaosusi B (3.1) HeoOxoMMBI st Kitacca B ¢ dukcupoBanubiv B: Hapyie-

@
HUe IIEPBOrO BJIEYET (¢ ~ const, a BTOPOro — m3MeHeHHue [3.
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KOTOPBI umeeT acumMuroTuky (3 — p)fﬁ exp(#fz_p)), GJIN3KYIO0 K TAKOBOI U3 MpH-
Mepa 3.3 pu 6 = 2,/7, XoTs 1 JIPYTyIo (B CUILy TOTO, 9YTO COOTBETCTBYIOMIUE A1pa, )
6JIM3KH, HO He 9KBUBAJIEHTHBI). Bojiee TOro, MOXKHO (HAIIpUMED, C IIOMOINBIO IIAKETa
Mathematica) Bbipasurh B crenuaiabHbix dyHKImax o6pa3 dyakuun ¥ u3 (3.1) ¢
v(€) = exp(f&¥) m upu HeKoTOpHIX Apyrux w € (0,1), HO HOMyYaeMble TIPH FTOM
HPHUMEPBI C TPYAOM IOJIAIOTCS aHAJIU3Y Ha MpeIMeT UX aCUMITOTUKM.

Kpowme Toro, B § 2 namu 6611 HocTpoeH npumep 2.15, B HBIHENTHIX 0003HAYEHUAX
BBINIAAIIUI cieyomuM o6pasoM (¢ yaeroM 3amedanus 3.2 u jeMMbl 2.20).

IIpuMEP 3.5. Tlomoxus v(€) = 'In" '€ cyeN, ao = e, nonyunm o6pas
1

©(p) ¢ acUMITOTHKOIL In"/# F—p» OTCYTCTBYIOmuii B Tabaunax npeobpazoBaHuii.
W3 npuBeseHHBIX TPUMEPOB BUIHO, 9TO KJIacC B ecTecTBEHHBIM 00pa3oM pas-
O6uBaeTCsT Ha CJIEJIYIONIE TTOIKIIACCHL:

B1) ¢(p), pacrymue Me/eHHee (B CMBICIIE i), geM (S — p) ¢ ¢ mobbivu € > 0
(rakue, kKak B upumepe 3.5);

B2) ¢(p), pacrymue co cremnennoii — nopsaxa (3 — p)~? — cxopocrbio (Kak
B npumepe 3.1);

B3) ¢(p), pacrymue 6uicTpee Beex (3 —p)~N ¢ N < +oo (kak B npumepax 3.3
u 3.4).

Hamra 3aga4a Tenepb — yKa3aTh KaK MOXKHO GoJiee TIOJIHBIE JOCTATOYHBIE yCII0-
BUS IPHHAJIC’KHOCTH KaXKJIOMY U3 3THX IIOIKJIaccoB. OIMpasch Ha IMOCTPOCHHBIE
6a30BbIC MIPEJICTABATEN KayKI0TO IIOJIKIACCA, Mbl MOYKEM Pa3MHOXKUTDL IPEJICTaBU-
Tesin, KoMOMHUPYs (T. e. npumeHsis npouexypy (2.11), (2.12)) ux ¢ npezacrasure-
JISIME MJIRJIIIAX TOJKJIACCOB (B CMBbIcsie GoJiee MejyieHHOM acumnroruku). OmHa-
KO IIPEXKJIe IOJIE3HO IO BO3MOYKHOCTHU 3AIOJHUTH MMEIOMAECS MPOOEIIbl, JTOKA3aB
o0IIHe yTBEPXKACHUA O JOCTATOYHBIX IIPU3HAKAX IPUHAJICKHOCTH (PYHKIMH IO
kiaccam Bl u B3.

Tax, CYIIECTBEHHYIO YaCTh IOJKAacca Bl yuaercs <«3alloqHATb», PacCMaTPU-
Bast (), yObIBatomue Ha +00 «IpUOIU3UTENbHO Kaky 1/¢ (HMXKHsIsI TpaHUIA JIOILy-
CTUMBIX V).

Vreepxaenune 3.6. Ilycrs F € CY(1, +00), F(1) = 0; F ne ybpisaer, npuiaem
1pu OOJIBIITHX S

F'(s)

F'(s) me Bospacraer; ) — 0 npu s — +00. (3.3)
s
Torga npescrapiaenne (3.2) ¢
© 0, § <e,
Vel = F'(ng
Ta g > €,

1. e. 31ech 0 = €, naer p(p) < FY/7(In ﬁ)

JOKABATEJBCTBO. Ilpu ¢ < 1 umeem

1/q

n
e %€ F'(ln
L) = /+jj—¥%igﬁzh+b

e 1/q
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B mepsonm mHTerpase crpaseumsa ornenka e L < e”% < 1, B To BpeMs Kak

1/q

[ (ng),

e

-1 11 (q)
< F(lln %)

F'(In %), nosromy I2(q) < CF'(In %) = o(I1(q)) B cuny (3.3)2. Ionaras ¢ = 5 — p,
nosyunm ¢(p) £ F'/?P(In ﬁ), 9TO BBUJY 3aMevaHus 3.2 naer Tpedbyemoe Garomapst
MaJjoit ckopoctu pocra F. [

ey b9 /B _1_
IpuMEP 3.7. F(§) =& — 1, v € (0,1]. Torma ¢(p) ~ In™" 5—.

IIPUMEP 3.8. F(€) =In7 ¢, v > 0. Torma o(p) £ In"#1n ﬁ.
Yreepxkaenne 3.6 03HATAET, ITO B MOAKIACC Bl 3aBEIOMO BXOIAT «ITOYTH BCE»

T. €. e < 1. Bo Bropom unrerpase Beuiay (3.3); Bepuo F'(In¢) <

1
u3MepuMbie QYHKITINE ¢ ACHMIITOTHKAMEI He ObIcTpee 1In /8 (ﬁ) Boutee 6p1cTpO pac-
TYIIUE XapaKTePUCTUKH, TaKue Kak ¢~ (p) = In"/# (ﬁ) ¢ 7y > 1, MOXKHO TOJIyYUTh
CBEPTKOI s/1ep-TIpo0dPaA30B yKe M3YIEHHBIX MEIJICHHO pacTyImuxX (yukmmit. Tem
camMbIM Togkyace Bl Oymer «3amosmens. Tak, B 9acTHOCTH, B mpuMmepax 3.5 u 3.7

TTOCTPOEHBI TTPOOOPA3HI
s~ I n g

Py(s) = s (3.4)

XapaKTePHUCTUK ¢ njst Bcex ¥ € N u v € (0, 1] (mpm 9T0M 0 MOXKHO IPOH3BOJIHHO
MeHsaTh 1o JiemmMe 2.20). CremosarenbHo, ¢, comepKarcs B Bl u npu Bcex v €
(1,+00), a cooTBeTCTBYOINIHE TIPOOBPA3Ll MOTYT OBITH Hafi/leHbl 13 hOPMYJIBL

Uy = C(01,02; Uy, Viyy) (3.5)

€ IIPOU3BOJILHO BLIOPAHHBIME 07 2.

SAMEYAHUE 3.9. UnTepecHo 6bLI0 OBI yOIUTHCS, UTO 1., NOJACIUTAHHBIE TIO
dopmysie (3.5), umeror Bux (3.4) upu Beex v € (1,+00), HO ITO IPEICTABIACTCS
TEeXHUIECKUM yIPAYKHEHNEM U MBI HE OYIeM STUM 3aHUMATHCSI.

Anasiorununo kiacc B2 (B KOTOPOM 10 CUX [OD [IPEIbSIBJIEHBI JHIIb YUCTO CTe-
nennble GyHKIMU U3 npumepa 3.1) MOXKHO 3all0JHUTH, KOMOUHUPYS KJIACC U3 IIPU-
mepa 3.1 ¢ mocrpoenusim Kiaaccom Bl, u 1. 1. Hakonern, qactudnoe omucanue mo-
kJjlacca B3 naercs ciieyIomuM yTBEPK ICHUEM.

Ipennoxenue 3.10. Iycrs 5 (3.2) v(€) = &) rre p € CH(RY), npuuem
p(€)  me yosaer, p'(§) 10, &§u'(§) — () <C mpm§ — +oo (3.6)

(uro cormacyercs ¢ nocaeaaum orpanudenueM B (3.1)), T. e. B IpaBoii OKPECTHOCTH
HyJI1s1 onpeseniera yosrsatomas dynknusa » = (u')~1. Ilycrs cymectsyior uncia
A >0, B > 1 rakwme, uro

+o00
[ explu(©) - u(Be) de — 4 < v,
0

Torga ¢yukumst ¢ B (3.2) gomycKkaer OLEeHKY

V=P ey [ A9(@) — Bax(a)
(B—p) p< > >

p(x(q)) — q%(q)>

p

® ¥
< ¢(p) < exp )
q=""5t

(3.7)

q= EEP
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JOKABATEJBLCTBO. Ilycrs &y — mocrosinnas takas, 910 upu & > £y BBITOJIHE-
HBI Bee ycqosus (3.6). Jlerko Buzers, uro BeamauHa exp(p(n) — qn) nupu n > & n
¢ < 1 uMeeT eIMHCTBEHHBIN MaKCUMyM 10 1) Iipu 1) = 3¢(q), nosromy npu & > &,/ B,
q < 1 byner

exp(u(§) — Bg€) < exp(u(§) — p(BE)) exp(p(s(q)) — g3(q))-

IMockonbky yeaosue (3.6)3 osnavaer x#(q)q — pu(x#(q)) < C, roupu £ < & /B, ¢ < 1
mbl MoxkeM Hanucarb exp(u(€) — Bg€) < Cy exp(u(x(q)) — g#(q)). B urore

Z|(Bq) < (Ca2 + A) exp(u(x(q)) — q2(q)),
T. €. BepHa BTOpasi oneHka B (3.7). C apyroii croponsr, npu £ > x(q) B cuny (3.6)1
sicent exp(u(€) — Ba€) > exp(p(+(a))Je~ %, omyaa
+oo
LWN(B0) = [ expluGela))e ™ de = - exp(u(x(a) - Bax(a),
»(q)

9TO U 03HAYAET LEPBYIO OLEHKY B (3.7).

OrmeruM, uro ycioeue (3.6)3 TpebGyercst sminb B caydae, Korga (3.6)y mmeer
MecTo He Ha BceM R™, u B 0GOM Cilydae HOCHT TeXHUHUECKHUit xapakTep (He HaK/Ia-
JIbIBasl CYNIECTBEHHBIX JIONOJHUTE/bHBIX OPAHUYCHU Ha PYHKIUIO ft).

7—1
ITpuMEP 3.11. Tonmowus p(§) = =& = ¢ 7 > 1, nonyaum x(q) = ¢ 7,
upuueM A(B,7) < oo npu Bcex B > 1, 7 > 1 u (3.7) naer
q— 452

(3.8)

B wactnoctu, npu 7 = 2, B = 1 + & nosyuum v(€) = exp(2/€), u B cuity 3ameya-

410 coracyercs ¢ upumepamu 3.3 u 3.4 (¢ v = 1 u § = 2 COOTBETCTBEHHO), XOTS U
He Jlaer nosHoi Tounoctu. lpu apyrux T dopmyna (3.8) maer HaGop o6pasIos ¢ ¢
acumnrorukamu tuna exp(6(8 — p)~?) ¢ 8 > 0, p > 0, orcyTCTBYIOMUX B TAbIUIAX
npeobpazoBanuit Jlammaca n MeniuHa u COOTBETCTBYIOMNX YIOMSHYTBIM B IIPIMe-
pe 3.4 cayuasm w = == € (0,1).

q= EEP

Onucanue kiacca C yno6HO IPOBOAUTD, paboTast HEIIOCPEICTBEHHO C IIPE0D-
pasosanueMm MesunHa (2.2), T. €. ¢ IpejCTaBIeHIEM

+o00
o (p) — / W(s)s? ds. (3.9)

Paccmarpusast HeoTpunaresbable hyHKImU (), yObIBaMOIMUe Ipu § — +00 OBICT-
pee J11060ii crenenu sV, MbI Gy1eM TI0JIy9aTh 06PA3LI (0, ONMPEICICHHbIC 1 PACTYIIHAE
Ha RT. B Tabimmnax npeobpasopanmii MesmmHa 3TOT KJIAcCC OIMCAH CIabo, TaK ITO
BBIpAYKaeMble B SIBHOM BHJIE CUTYAIIUU CBOJATCS (DAKTUIECKU K JIBYM IPUMEDPAM.

IIpuMEP 3.12. Tlomoxkmm (s) = exp(—s'/7), v > 0, ¢ = 0. Torza [1, c. 274,
. (15)] ¢?(p) = T'(v(p + 1)). U3 dopmynsr CrupiuHra Jerko HOJLYIUTEL, YTO
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©(p) £ p7. B uactaoctn, npu v = n € N dynrKuun Pn(s) = exp(—s~ /™) nopox-
JTA0T IPeodbpa30BaAHUST F . o CXapaKkTepucTuKaMu ¢n, (p) £ p™. C apyroii cropoms,
dysknun 1, u3 npumepa 2.14 mopoxnaroT npeobpasosanus Fy o ¢ Temu ke xa-
PaKTEPUCTHKAMH, TTOCKOIBKY 1 = 11, a Fy o = (Fy, 0)" (cM. npemioxenne 2.10).
Kak ckazamo B 3amevanmm 2.22, mpeobpasosanusa Tuma Fy , ¢ SKBHBaJeHTHBIMU
(B cMbIciIe f@) XapaKTEPUCTUKAMU MOXKHO OTOXKJeCTBUTH. (Cire/oBaTeIbHO, 3a1a-
4a O BBIUUCJIEHUH CTelleHell mpeobpasosannd F., o n3 npumepa 2.14 pemena 3mech
«B 00X0/1» peKyppeHTHOro coorHomenust (2.13). IIpu 3TOM HOJyUeHO SIBHOE TIpeI-
crasjienue ajs creneneit oneparopa S us (0.1), mockossky S = Fy, o.

ITPUMEP 3.13. #(s) = exp(—'yln2 s), v >0, 0 = 0. DJieMeHTAPHBII pacdeT ¢
3amMenoit In s — & maer

o (2) el (),

Kpowme roro, yraercs (manpumep, ¢ noMonibio nakera Mathematica) Boipasurs B cie-
UATBHBIX (DYHKINAAX 00pa3sl aiaep

¥(s) = exp(—vy1n“ s) (3.10)

U TIPU HEKOTODPBIX APYrux < > 1, HO MOJy9YaeMble P 3TOM (POPMYJIbI C TPYIOM
II0JJIAIOTCA aHAJIN3Y Ha IIPeJMEeT aCUMITOTUKHU IIPUA P — +00.

W3 npuBeaeHHbIX TPUMEPOB BUIHO, 4TO Kiacc C, Kak 1 Kjacc B, ecrecTBeHHBIM
obpa3oM pa3dbUBaeTCs Ha CJIEYIONINE TIOJIKIACCHL:

C1) ¢(p), pacrymume mejieHaee (B CMbICJIE i), qeM p¢ ¢ Jo6bIM € > 0;

C2) ¢(p), pacTymue co cTeneHHoil — Nnopsiaka p” — CKOPOCTHIO (KaK B IIpHMe-
pe 3.12);

C3) ¢(p), pacrymue 6uicTpee Beex pY ¢ N < +oo (kaxk B nmpumepe 3.13).

IIpuMepbl, TOTy9aomuecs U3 TaOJIUIL W HEIOCPEICTBEHHBIM BLIYUCICHAECM,
JIMIb 9aCTUYHO TpeacTapiaioT noakiaaccel C2 m C3 u coBceM He IIPEICTABIAIOT
mojkaacc Cl. Tlosromy HEOOXOIMMBI OOIIHE YTBEPIKJICHUS, MO3BOJISIIOINIAE TIOJIY-
yaTh npejcraBiaenus pynknmii ¢ kiacca C. Bymem mckarh Takue npejcTaBlIeHUs
BBuge (39)co=1mu

$(s) = exp(—p(lns)), (3.11)

rie
p € CH0,+00), pup meybosaor, (€)= +oo mpu & — +oo  (3.12)

(mocieuee orpanmyenue B (3.12) o3nadaer yosiBanme (s) Ha 400 GbICTpee crere-
meit s~V 4T0 HEOGXOMNMO I cytecTBoBaHus nHTerpada (3.9) upu p > 1). Torma
obparHast QyHKIIN
w(p) = (W)~ (p) (3.13)
orpejiesieHa u He yObBaer npu p > 1. Ormerum, uro, mpojosikas 4 #Ha R™ 1o
dbopmyie p(€) = 1/ (0)€, mbr coxparnm cpoiicTia (3.12) Ha Bcem R. OTmeTnM Takxke,
aro Bemmanna sPe”H(15) mveer makcumym npu s = e*(P) u moromy fomyckaer mpu
Bcex s > ( omeHKy
sPeHIns) < explpa(p) — p(s(p))]. (3.14)
Jlerko BuzeTh, 910 ycsoBus (3.12) He OrpaHMYUBAIOT HAGOD JOILYCTUMBIX ACHMII-
TOTHUK, & JIUIIb «YIOPSJIOUYNBAIOT> XapakTep yObiBanus 1) Ha +00. OneHKa st ¢
CHU3Y B yKa3aHHBIX 0003HAYEHUSIX JIETKO II0JIydaeTcs cpasy s Bcero kiacca C.
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IIpennoxenue 3.14. B yciosusx (3.11)—(3.13) ¢yukuus ¢ pomyckaer onel-
Ky

o(p) = exp (%(p) - M) (3.15)

p
JOKABATEJIBCTBO. B cmty MOHOTOHHOCTH 4 1 3 TIpU P >> 1 uMeeM
e*(P) e*(P)

o (p) > / Pe—hlns) gg > o—nl() / Pds>

1 1

xp(—p(s(p)) + x#(p)(p + 1))
2(p+1) ’

OTKy/ta Jerko caeayer (3.15). O

BriBoist TErepb COOTBETCTBYIOIIME OIEHKU CBEPXY, MbI OYIeM MOJIy9aTh JBYCTO-
POHHUE ONEHKH JIJIsi ACHMITOTUKY (0, 3ATIOJTHssT TeM caMbIM mojikaaccel C1-C3. Dto
yIaeTcs [esiaTh TeM JIyUIle, 9eM HI2KE 110 ACUMIITOTUKE MbI «CIIyCcKaeMcsiy. Hadnem
¢ obriero u rpyboro onucanus Becero Kiacca C.

YrBepxkaenune 3.15. Ilycrp npousBoJibHO 3ajaH0 gucao B > 1. O6o3naqum
+0oo
A | expluto) (Bl dn. (3.16)
0

Torzna

o(p) % exp <B%(Bp) _ M)

. (3.17)

3AMEYAHUE 3.16. B ycioBusix (3.12) narerpasn (3.16) Beeria cXOAuTCst BBUILY
oueBusHOM onenku u(Bn) — p(n) > (B — ' (n)n.

JIOKA3ATEJIbCTBO YTBEPKJEHUA 3.15. lenas B unrerpase (3.9) 3ameny
s = &8 u onennas semuamny £8Pe~#108) ¢ nomormpio (3.14), nonyanm

+oo
(p) < exp|Bpse(Bp) — u((Bp))] / explu(Ing) — u(BIng)|BEP 1 de

= AB exp|Bpx(Bp) — u((Bp))|,
qr0 npuBouT K (3.17). O

Heocrarok onenkn (3.17) B ToM, uTo oHa B coderanun ¢ (3.15) He 1aeT TOIHON
ACUMITOTHKH .

ITpuMEP 3.17. Tlonoxum p(§) = 79—11 = 7>0,0>0. Torsa =(p) = (p/6)7,

wu(s(p)) = T—HH_TpT“. IIpu mo6om B > 1, oueBunno, A < +oo. Torma (3.15) n

(3.17) naror
pT ® ® 1P
—_— BTl ___ ). 3.18
eXp((T+1)HT> <<p(p)<exp< (T+1)9T> (3.18)
B wacrroCTH, ipu T =1, § = 27, B = /1 + € nostyuum
exp(%) Z ©o(p) Z exp((l + 5)%),

9T0 coracyercda ¢ upumepom 3.13 (caygail o = 2), XoTd U HE JAeT HOJIHON TOY-
Hocru. Ilpm npyrux 7 > 0 omenka (3.18) coorsercrsyer dyHkimsM (3.10) npu
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BCEBO3MOXKHBIX (¢ > 1 U TeM caMmbIM JOmoHseT npuMep 3.13, 0cobeHHO B caydasx,
KOIJIa aHAJIN3 aCUMOTOTHKY 00pas3os dyukuii (3.10) He yraercs nposectn.

Hecomuennoe npemmytnecTBo yTBepKaeHusi 3.15 B TOM, 9TO OHO CIIpaBEJIN-
BO B HamboJiee TTUPOKOM JTUAITA30HE ACUMIITOTUK, T. €. JaeT B HEKOTOPOM CMBICJIE
oncanue Beero kiacca C. Ecim pu(s) pacrer me Mesjientee s° (4TO orpaHHIMBAeT

HAC CBEpXy acumirorukamu p(p) £ €CP, 1. e. orbpachBaOTCs HAUOOJIEE BBICTPO
pacrymue dbysknuu nogkiaacca C3), ToO MOXKHO IOJyYUTh TOYHYIO ACUMITOTUKY ©.
VYrBepxkaenue 3.18. Ilycro cymecrBytor uncaa K > 0, L > 0 takue, 4ro

+00

/ explu(n) — p(n + K)le"dn = L < +o0. (3.19)

-K
Torzna

1
©
¢(p) ~ exp [%(p) (1 - 7” : (3.20)
e, (x(p))

© () >
n =

3AMEYAHHUE 3.19. Jlerko Bugers, uro mis (3.19) mocrarouno, 4Tobsl
€ >0 mpun> 1.

JIOKA3BATEJIbCTBO YTBEPXKJEHUS 3.18. Bauuy onenku (3.15) u Toro, uro ee
paBasi 9aCTh COBIAIALT ¢ paBoil yacThio (3.20), 0CTATOYHO NOKA3aTh OTHOIIEHNE,
obparroe K (3.15). Iemast B (3.9) zameny s = eX¢ u nonwsyscs onenkoit (3.14),
TTOJTY IUM

+00
(p) < K explpe(p) — pu(oe(p)) / explyu(lng) — p(K + )] d¢

e— K

= Le" W explps(p) — u(x(p)),

OTKY/Ia JIETKO cJrefryeT Tpedyemoe. [

ITpPuMEP 3.20. Bsse B npumepe 3.17 7 € (0, 1], monajaem B ycjioBust yTBep-
KAeHus 3.18 u nosydaeM TOUYHYIO aCUMIITOTUKY

p(p) © em<ﬁ>,

KoTopast ipu T = 1, § = 27y MOJHOCTHIO COBIIAIAET C PE3y/IbTaTOM IpuMmepa 3.13 ¢
a =2, aupu 7 < 1 gaer Tounblii orBeT Ha Boupoc 06 obpaszax Gyukuuii (3.10) upu
a> 2.

Yreepxkaenne 3.18 naer (sydmee, yem yrepzKaenue 3.15) onucanue mojKiac-
coB Cl, C2 u wactu C3, HO €ro HEJIOCTATKOM OCTAETCsI HEJOCTATOYHO SIBHOE PE/I-
cTaBjIeHHe acUMUTOTUKU . Eciam xke orpanumuntbest noakiaaccamu Cl u C2 (uro
COOTBETCTBYET POCTY [ ObICTpee CTeneHHbIX GyHKIMA), TO MOXKHO 3anucarb (3.20)
B GoJiee yio6HOiT dhopMe.

IIpennoxenue 3.21. Ilycrp npu s > 1 BepHO ”/(s)) >¢e¢>0. Toraa

n(s
o(p) £ exp(s(p)). (3.21)
JTOKABATEJIbCTBO OYEBUIHO BBUIY OIEHKH
1 x(p
T x#(p) < x=(p) — w < x#(p).
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ITPUMEP 3.22. (&) = €87, 4 > 0, . e. (s) = exp(—s/7). Torma (3.21) naer
@ ©
©(p) ~ (yp)? ~ p7, aro cormacyercs ¢ npuMepoM 3.12.

HaxkoHery, eciii OrpaHUYATHCS €Ile MEHBIIMA aCUMIITOTUKAMH, 8 UMEHHO eCJIn
p(s) pacrer He MemeHHee €, 10 (3.21) MOXKHO 3aIUCaTh elre Ipolre.

Vreepxkaenne 3.23. Ilycrs pu(€) = v(et), e (s) = e V) e
veC(1,+00), v >0, sv'(s)—v(s) >0, v/'(s) me ybpsaer npu s > 1. (3.22)
Torpa ¢ £ vt
JIOKA3ATEJBCTBO. Ilpu s >> 1 B cuiny (3.22) umeem

S

W (lns) =sv'(s) >v(s) =rv(s/2) + / v'(&)d¢ >v'(s/2)s/2 = p/(Ins — In2).

s/2

[ostaras s = v~ 1(p) = en” ®) | nomyunm W(pt(p)—In2) <p < i (pt(p)), orkyma
pt(p) —In2 < x(p) < p~p), ™ e. v (p) < e < v(p), uTo M TPeGOBA-
Jgoce. U

Takum obpasom, st Becex dyHKUuA ©(p), pacTylux Ha +00 MEJJICHHEe P,
MMeeTCsl IBHOE TPEJICTABJICHAE

+oo
p(p) < /e_"fl(s)sp ds.

1

Orcroza nostyuarorcs Bech nojkiace Cl u gyacrs C2, Hanpumep OYHKIMHA U3 [IPUMe-
pa3.12 ¢y < 1,aTakxke In" p, In" Inp u r. n. Ipumensiss nponenypy (2.11), (2.12),
MOKHO OTCIOJIa TTOJIyIATh OCTAIBHYIO 9acTh nojkaacca C2 ¢ IpescTaBIeHusIMHA, KO-
TOpBIE, BO3MOXKHO, OKaxKyTcs ynobuee, uem (3.21).

B uTore noJiyueHHnble HaMu KJIACChI (DYHKIHIA (0, 1) 1 COOTBETCTBUE MEXK/Ly HUMU
MOKHO IIPEJICTABUTD B BHje Tabi. 2 (cMm. §4).

§ 4. OcHOBHBIE BBIBOJIbI U JIOIIOJTHATEIbHBIE 3aMeYaHUs

Iloaeemem nrorn caemannoro B § 1-3.

1. Ham ymasoch ¢ JocTaToqHOM noTHOTOI onmcars kiace € () dyskuumit, npes-
CTABUMBIX C TOYHOCTBIO JI0 ~ MHTerpajamu ujaa (1.1), a Tak:ke yKasaTh ajaropuTMm
BOCCTAHOBJIEHHUSI Beca X B yKa3aHHOM mpejcraBienun. Cobupasi BMecTe BCe pe-
3y/bTATHI § 1, MOXKHO HpPEJCTaBUTh uX B Buze Tabiu. 1 (B KOTOpOi onucaHue JIaHO
CXeMaTUIeCKH, a TOUHble (DOPMYJIMPOBKY IPUBEJIEHBI B yTBepKIeHUsX §1). 3mech
byuarnun P yropsiIo9eHbl 0 YMEHBIIEHUI0 CKOPOCTH POCTA; BhIPAXKEHHE «CBEPT-
Ka» O3HauaeT npumeHenue oneparuu (1.22); nokasarenb [ ecTb mapaMerp KJacca
€ (5), . e. oTBEUAET 3a Ty CTENEHDb S, «B JIEBOI OKPECTHOCTU KOTOPOil» HAXOIUTCS
pocrt P(s).

B sroit Tabsmiie nmeercs: «1mpobests, cooTBeTCTBY oM QyHKIMAM P, pacTyimm
OBICTPEE CTENEeHHBIX, HO TakuM, 4TO €g(s) < Inlns. Tns rakux dyHKImMA MOXKHO
JIOKa3aTh OLEHKU CHU3Y U CBEpPXY dJeMeHTaMu Kjacca & (o, +00), HO ¢ HeIKBHUBA-
JICHTHBIMU HIZKHEH U BepxHeil oneHkaMmu (Tak »Ke, KaK B [OCJIeHeli cTpoke Tabim-
upl). OzHAKO MBI He OyleM YIEJIAThb TOMY BHUMAHUE BBUJLY Y30CTH YKA3aHHOI'O
nuamasona P.
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Tabuuna 1. CoorsercrBue mexay ¢ u y B §1

P(s)
8 KJIACC obmue BHJI, IpeJICTaBUTE eI x(&)
0003HAYEHNS
D(s) — oo,
NN\AN S = S J06Oi sit
+00 Ag-ycyioBue J1I000i1
He yIOBJ. Az-yCII. (1.1), JII0060i, HO mg ()
(ea(s) < Ins), HO 1.4) C BBINOJHEHUEM
ep(s) = Inlns (1.18) mum (1.20)
- % Ve >0 s#(—F(Inln s)) %F’(ln %)
MOPSITKA. %, v>0 &t
< +00 %, >0 (1.21) npoussejiennss W CBEPTKU Y
u3 2-X IpeJibl- 3 2-X 1IpeJibl-
JIyIAX CTPOK JIyIIAX CTPOK
U(e?) 3axKarbl
OCTAJIbHBIE, T. €. MEXKIY %x exp(—v(1/¢)),
8
< v VN < o0 explv(5(22)) — 55| rae s2V/(s) =
u explv(x(z)) — ﬁ] x1(s)

Kpome Toro, oraespubie mpecTaBuTe N KJIacca U3 MOCHeIHel CTPOKU TabJ. 1
JIOIYCKAIOT TOYHOE BBIYUCJIEHUE acUMITOTUKHA (cM. npumep 1.19).

2. JIns npeobpasosanus Fy ,, BBeleHHOrO B ompejesiennn 2.1, onmcaHo Jeii-
crBUE Ha Kiaccax N-pyHKIN 1 U3ydeHbl, B YACTHOCTH,

1) obsacTh OIpeseIeHNsT U XapaKTep M3MEHEHUs] CKOPOCTH pocta N-byHKimii
Ha +00 IO/ JAefiCTBAEM 3TOTO Tpeobpa3soBaHUSI;

2) Bo3MOKkHOCTD omucanus Fy , B TepMUHaX He TOJBKO sIIpa 1, HO U TaK Ha-
3bIBAEMBIX XaPAKTEPUCTUKHA ¢ U HOPOTOBOil dyukmmm M, ;

3) noseaenne Fy, , npu cynepnosuiusx B TepMuHax 1, ¢ u M,;

4) ecrectBeHHble (IOPOXKIaeMble TIOPsiZKaMu 00pa30B Kak N-yHKIWm) opsi/I-
KH Ha MHOYKECTBe IpeoOpaszoBanuii Fy, , 1 nx BeIpakeHne B TepMuHax ¥, @ u M,.

3. Pemrena ¢ mocTaTodnoil mOHOTOI 33,1498 BOCCTAHOBJIEHUS IIPE0OPA30BAHMST
Fy.o (T. e. ero sapa) mo xapakTepHCTHKE (, KOTOPas SKBUBAICHTHA 3a7ate obpa-
meHus npeobpasosanus Mesumaa (3.9) Ha HeaHAUTHYECKNX (DYHKIUSX, 3aJaHHBIX
¢ TounocTbio 0 L. Cobupas BMeCTe BCe Pe3yIbTATHL § 3, MOMKHO IIPEJCTABATH UX
B Buzie Tabi. 2 (B KOTOPOii OlUCaHUe JAHO CXEMATUIECKU, TOYHbIE (DOPMYJIUPOBKU
UPUBEJIEHBl B yTBEPXKJIEHUAX §3). 3z1ech QYHKIUU  YIODPSJIOYEHbI 1O yBeJude-
HUIO CKOPOCTHU POCTA; BHIPAYKEHNE «CBEPTKa» O3HavYaeT IprMeHeHune onepaiyn (2.9);
quCsI0 [ 0O3HAYAET NMPABBII KOHEI[ 00JIaCTH OLPEJIeJICHHS (0, OKOJIO KOTOPO# paccMaT-
PUBaETCs €€ aCUMITOTUKA.

B sroit Tabaune ve npepcraBiienbl GYHKINHT (©, PACTYIINRE ObICTPEE YKA3AHHBIX
B 1iocJie/iHelt crpoke. OJ[HAKO IPOJO/KEeHNE TabJIHIIbI Jajiee He pecTaBiiseT 00b-
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Tabauna 2. CoorBercTBHe MEXKIY @ U P B §3

o(p) ¥(s)
KJ1acc BU/I, IIpeJICTaBUTE e
‘ v ‘ KJI. A: He pacryrme ‘ £ const ‘ buHUTHDBIE ‘
kaacc C
<p J000i exp(—p~1(s))
<p", N <o exp(5(p))
-+00 <e? C < o exp(»(p) — @) exp(—p(ln s)),
oCTaJIbHbIE 3a2KaThl MEXKJLy rae ' = x!
(pacryrue exp(%(p) — @) n
6bicTpee eCP) exp(Bsx(Bp) — @)
kiacc B
/8 _1 1 1 s~ D ' (Inln s)
‘<hl/ m F/B(lnm) T Tns
creneHn (pyHKIIH u3 CBEPTKH (PYHKITHIH
< ﬁ, N <> MIPEIBIIYIIEH CTPOKHI 73 TPEeIbIIyIeit
CTPOKU
HOPSIIKA, (ﬁ)e s— (B =1 g
< +oo ( ﬁ)e, 6>0 npousBeieHns (bYHKINNE U3 | CBepTKHU DYyHKIHIA
2-X TPEIBIAYIIIX CTPOK u3 2-X MpeIbl-
JIYIIAX CTPOK
3ayKaThl MEXKLY
_1 -B _ ns
=< exp(ﬁ) (B—p) 7 eXP[M] s (B gu(ins),
0>0,p>0 n exp(w), e raoe ' = x!
q= %, B>1

IIIOT'0 MHTEPECa BBULY TOT'O, YTO IOJIyYEHHe TOYHON ACUMIITOTUKY  HE YIAETCs yiKe
IS IOCJIeIHEH CTPOKY (HUXKHSASI U BEPXHsIS OIEHKU He COBIAJAIOT ¢ TOYHOCTHIO JI0
g), a J1y1s1 OoJiee OBICTPO PACTYINUX ¢ OYIeT ele 3aTPy/IHATEIbHEE.

Kpowme Toro, B Tabi1. 2 He yKaszaHbl OT/e/bHBIE IpeacTaBuTe n KiaaccoB B u C,
JIOIIYCKAOIIIE SIBHOE BBIYUC/IEHIE ACUMIITOTUKHU, HO He IOIa IAI0IIe B YCJIOBUS CO-
OTBETCTBYIOIUX 00X yTBepKAeHnil (cM. pumeps! 3.4 n 3.13, sameuanue 3.9).

Taxmm 0O6pa3oM, JaH yI0BIETBOPUTEIHHBIN OTBET HA BOIIPOCHI O MIPEJICTABICHIN
N-dyukmuit pasiokeHneM Mo CTENEeHHBIM (PYHKITUSIM € ITOJI0KUTETbHBIM BECOM 1 00
UX UHTETPAJIBHBIX IPe0OPA30BAHUSX TUIIA CBEPTKU C 33JAHHBIM IIOBE/ICHAEM HA CTe-
neHHbIX QYHKIMAX (T. €. ¢ 33J]aHHOI XapakTepucTHKoi ). Tem He MeHee IOy THO
B § 1-3 BO3HUK psiJi BOIIPOCOB, Ha, KOTOPbIE MbI CEHYAC ONBITAEMCS OTBETUTh.

O dysknuu mg u oneparope Pg. B §1 MpI Bumenu, 9To npu onucaHun
Kiacca 6(+00) on dbakTudecku cBoauicd K Kiaccy & dynkuuit ¢, 95KBUBAJEHTHBIX
cBoeMmy pazsoxkennio Po[®] (em. (1.15)). Takum obpazom, nmpu § = +00 peleHa
3aJ1a49a 0 BoccTanoBaeHnn pyHKImu P 1o 3a/JaHHOMY Mg, IIPUYEM COOTBETCTBYIOIIEE
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upezcrasienne P yepes mg umeer nyxkubiit Bug (1.1).

Bosnukaer Bonpoc: coxpansiercst i 3Ta curyanus upu [ < +oo? OkasbiBaer-
cs1, BoccTaHOBJIeHnE P 110 33JIAHHOMY Mg IIO-IPEKHEMY BO3MOXKHO (CM. yTBEpXKIe-
uue 4.4), Ho siipa npencrasienuii (1.1) (kakue crpowuch B § 1 u upu Konednsix f3)
OynyT apyrumu, Tak kak Pg|[®| pacrer, Boobmie rosopst, memiaennee $. B camom
nedte, wyctb ¢ € P(6) ¢ f < oo, 1. €.

®(s) = s°W(s), rme ¥(s) — 0 npu s — |00 MeTeHHEe, UeM 5§ Ve. (4.1)

Torya ¢ yuerom paseHcTBa Mg (p) = my(p — 8) nosmyunm

0
Pjs[®](v) = vP U, (v), rae Wy(v) = / my (q)v? dg. (4.2)
a—pB
IIPuMEP 4.1. ¥(s) =In""s, v > 0. Bamerum, uro ey (s) = —L. Ilpu ¢ <0

nogcunraem py(q) = e 7% my(q) = e’y (—q) u B urore, B3sB @ = B — 1,
HOJIy IUM
Wy (0) = Ty P +7) ~ T(1 47, o) a7,

OTKYZa % — 1 pu v — 00, T. €. CTeneHb In v NOHU3UIACH Ha 1.

Opnako acumnroruky Pg[®] MoxKHO oumenuTb: HmOKaxkeM, uro s @, pacry-
MUX He MeJJIeHHee OMCAHHBIX B puMepe 4.1, crpasensa oneHka (B 0603HAUEHN-
ax (4.2))

(—eg) U <0y <U. (4.3)

B wacrHOCTH, B iprMepe 4.1 noKa3aHO, UTO HUXKHsIA OleHKa B (4.3) mocTuraercst Ha
caMoM JieJie.

VYreepxaenue 4.2. Ilycrs ¢pynxmnus VU B (4.1) trakosa, uro ¥ € C1(R');

d 1
eg(s) T -0, o <—m> > Z, po(s) T opu s — +oo. (4.4)

Torza umeer mecto onenka (4.3).

3AMEYAHUE 4.3. IIpocroii pacuer ¢ nomornpio (1.14) nokaspiBaer, 4To 1pu J1o-
crizkenud B (4.4)2 paBeHCTBA MbI IIONAJAEM B CUTYAIUIO, OIIUCAHHYIO B ipuMepe 4.1,
cy=1/e.

JIOKA3ATEJIbCTBO YTBEPXKAEHUS 4.2. Bropas onenka B (4.3) oueBuana u3s
HepasencTBa My (¢)v? < U (v), ciepyonero u3 onpeeseHus My .

B cnny monoronHoctn dyukimit ey u py (1 (1.7)) oHu B3amMHO OOpaTHBL
[TosTomy Besmamaa ‘I/U(;’ ) JIOCTUraeT MUHUMYyMa, paBHOro my(q), upu v = py(q),
T. €. IpH ¢ = ey (v), npuaeM u3 (1.10) g U u (4.4)3 coreyer MOHOTOHHOE YObIBAHUE
BEJINIUHBI diq Inmy(q). CienoBarenbHo, B HHTErpAJIE

0
Uy (v) / vd
= ——d
o ) O
a—p
HOJbIHTErpaibHasg PYHKIUSA JocTuraeT MakcumyMa (pasHoro 1) npu ¢ = ey (v),

[IpUYIeM BO3PACTAET JieBee 3Toi ToUku u yObiBaer mpasee ee. Ho Torma momycruma
OIIEHKA

ey (v)

> / qu(q)qjv(i)qumq/(q)\;(z)
2ey (v)

- (—ew(v)).

g=2ey (v)
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Ocraercs nokazarh, 9yro pu 0 < —q < 1 BepHa OIeHKa

ks

U (v)

R =my(q) > const > 0.

v=pw(q/2)

meem

R ),

OTKYZIa, UCIIOJb3Ys yKA3AHHBIE BBIIIE CBOMCTBA MOHOTOHHOCTH, HAXO/AM
_ q q q / < Q) q (‘I)
_ _ 1) _ _ 1 1) <« I 1
InR=Inmy (2) Inmy(q) 2111“\1, <2) < (Inmy)’(q) 5 21HH‘IJ 5
q q ooz (—12\°
= (*5) (hlw (5) *111#\1/(‘1)) = (Inpe) (@7 —5
Q(g)e(—9,—4q/2)

1
< sup r*(Inpy)(r) < = < 400,
—1<Lr<0 3

9r0 1 TpeboBasiocs. [

Bajmady o Boccranosiennn ¢ o mg ya06HO 3amucaTh B BUJE yPABHEHUS

mg, (p) =w P(p), p<p, (4.5)

B KoTOopoM (byHKIMs w 3ajaHa, a dpynknus ®; umckomas. Uz npemioxkenus 1.12
OYeBUJIHA €JMHCTBEHHOCTh DellleHusi ypabHeHus (4.5) 1o kpaiiHeil Mepe B Kjacce
®1 € 2(8)NCHRT). OTHOCHTETHHO CYMECTBOBAHUSA PEIIEHNs PACCMOTPHM CJIe/Ty-
ToImee

Vreepxaenue 4.4. Iycrs w € CY(a, 8), B < +o0, npudem
1) umeer mecTo cxonuMocTh

e () T +oo mpu& — f, (4.6)

T. e. ynknus v(z), obparnas k £e,(£), onpenejneHa B OKPECTHOCTH +00 U MOHO-
TOHHO CTPEMHUTCS K [3;
2) BBIITOJIHEHO COOTHOIICHHE

7"(%_%) P W

Torpa cymecrByer ®1 € A N P(5), yaosiersopsiomasi ypaaeauro (4.5).
3AMEYAHUE 4.5. Beumy v 1 8 > 1 umetor MecTo HEpaBeHCTEO (B cMbicse )

v'(z)+v(z)>1 upmz>1 (4.8)
U COOTHOIIEHUE
“+oo
1 1
/ <— — —) dz = 400 1pm Beex p < 3. (4.9)
p v(2)

JIOKABATEJIbCTBO YTBEPYKJIEHUA 4.4. Paccmorpum QyHKIMIO
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olpejieJieHHyIo upu 1 > B > 1 u obnagaonyio B cuiy (4.7), (4.9) coiicrBamu:
N: (B,+00) - R"; N(n)1 +oo, n— N(n) = +oo mpmn — +oo.

Takum obpasom, omnpesenena dbynkmusa N1 @ RT — (B, +o00). Ilokaxkewm, 910
BEJTMINHA,

®(v) = exp(N ' (Inv))

SIBJISIETCSI C TOYHOCTBIO JI0 PACTSI?KEHUsI ¥ TJIABHON YacThio nckoMmoit N-pyukiun P .
B camom jiente, dyukims ® geiicreyer us (1, +00) B R, 10/10KUTEIBbHA, YAOBICTBO-
psieT ypaBHEHUIO
v®’(v)
®(v)
U3 KOTOPOTO Cpa3y CIeayeT MOHOTOHHOCTH P, a 1mocje HeC/IOKHBIX BBITHUCICHUA C
yueroM (4.8) — u BBIIYKJIOCTh; HAKOHEII,

2(v)

=v(In®(v)), (4.10)

= exp[n — N(n)”n:N*l(lnv) — +00 1pm v — +00.

Taxkum o6paszom, ¢ € A, Hasee, uz (4.7), (4.9) oueBuuno, uro ® € Z(3), u ocraercs
uposeputs (4.5). 13 (4.10) cireyer MOHOTOHHOCTH €5, OTKy A B crity (1.7) dyHKImn
eq ¥ Mg B3auMHO obparHble. Torma MoxkHO 3amucarh (4.10) B Buze

few(§)|E:e<1>(7J) - ln(IJ(U). (4-11)

C apyroit croponsl, ucnoab3yst Toxaectsa (n3 (1.8)g u (1.10))

y(p) = (s (p)) — pln pia (p), j—jj Inpa(p) =0

s dysxnuu y(p) = Inme (p), nosnyuaem ypasuenue (B cuiy (4.11))

—py'(p) + y(p) = n B (pa(p)) = pew(p) — piW(’p(;?)

)

pelnias Koropoe, HaxoauM, 4ro mg(p) = (Cw(p)) P ¢ mekoropoit C' > 0. Pacrarusas
apryment ¢yukipn &: &1 (v) = &(Cv), nobbemcst Toanoro BoinonHenns (4.5). O

3AMEYAHUE 4.6. Ecim dyHKIUS w 3a7aeTCsi ¢ TOYHOCTHIO JI0 ,‘@, TO TIOJI-
XOJIAINAs TIONPABKa W IO3BOJIAET YIOBJIETBOPUTL TPeOOBAHUSIM yTBEpKIeHus 4.4,
KOTOPBIE, TAKUM 00Pa30M, HOCAT YUCTO TEXHUYIECKHI XapaKTep W He OrpaHUYUBAa-
0T ACHMITOTHUKY JIOIMYCTUMBIX (DYHKIHU w. B caMoM jese, IPeICTaBUB W B BHJE
w(p) = exp(F(1/p)), rae F onpejiesieHa B mpapoii OKpecTHOCTH TOUKA 1/3, MBI MO-
»keM 1iepenucarh (4.6) B Buje

F">0, F'(7'+0)=—o0, (4.12)
a (4.7) ¢ y4eToM 5TOrO NPUMET BUJL

(F'(&) - (B7" = &) + F(&)le=p-110 = +00. (4.13)

Ot TpeboBaHMS He HAKJIABIBAIOT CYIIECTBEHHBIX OIPAHUYCHUI HA ACHMIITO-
tuky w(p) npu p — [, B YACTHOCTH, w MOXKET OBbITh KAK OTPAHMYICHHOH, TaK 1
HEOrPAHWYIEHHO, TPUYeM BO BTOPOM (HeTpuBHAIbHOM) ciaydae (4.12)2 u (4.13) BbI-
HOJIHEHBI ABTOMATHIECKN.
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O npupoze kiacca Z(f). Yuobuo cpa3y BBecTH pojcTBeHHbI Kiacc (f1 € R
[POU3BOJIBHO).

OBO3HAYEHUE 4.7. 2*(f1) — 510 MHOXkecTBO dyHKImi P(s), pacTymux Ha
+o00 6uicTpee sP1, no Memtenmee sP1TE ¢ oM € > 0.

OBO3HAYEHUE 4.8. CumBosioMm R 0003HAYNM OIEPAIIIO B3ATUS JIOIMOJHUTE b
Hoit N-bynkiun: R[P] = ®, a TakKe MPIMEHHTEIBHO K YHCJIAM JHANA30HA [1,+o0]
orepaiuio coupsizkenus 1o Jlebery R(p) = p/(p — 1).

Ouesnano, R? = I. OrmeruM Tax»xe, 94TO

7*(Br) NN ={P e N |R[®P| € Z(R(A1))}, (4.14)
II0CKOJIBKY
®(s) pacrer metennee P = B(s) < P =  R[®|(v) > vP) (4.15)

U aHAJIOTHYIHOE BEPHO IS «PACTET OBICTPEE>.

B janHO# pafore MBI MMeeM JIeJI0 TOJBKO € KiaccoM Z(f3) u ero mojMHONKe-
crBamMu. MozKeT I0Ka3aThCsd, YTO IPU KOHEYHBLIX [ 3TOT KJACC CJMMIKOM Y30K KaK
MHOYKECTBO (PYHKIIUi, «TECHO MPUJIEralomuX K creneHHbiM». OHAKO 3TO He Tak:
HAIpUMEp, I[IOKaxKeM, 4To B Kjiaccax Z(8) u Z*(f8) moxer He BBIIOJHATHCS Ag-
ycaosue (em. npumep 4.9). B [3, c. 41, 42| nocrpoen npumep N-dynkiuu, pacryieit
KAK CTEIIeHHAS W He yJIOBJETBOPSIONER Ag-yCIOBHIO, OJTHAKO B HEM €g KOJIEOIeTCS
MeXK Iy Pa3HbIMHU IIOCTOSTHHBIMU, T. €. P 3aBeIOMO He MPUHAJJICXKUT HUKAKOMY KJIac-
cy 2(8) nnmn 2*(B). lpenbseum upumMepsl byaxnuit @1 € Z(8) u 2 € 2*(5), ne
VIOBJIETBOPSIOMIX A-yCIOBUIO.

I[TpuMEP 4.9. Ilycrs mst yaobersa 5 > 2. Uiewm riaBabie gactu QyHKImi Pq
u &y B Buge Pp(s) = sPUi(s), tue U1 € 2(0), T. e. ybbIBaeT HA +00 MeICHHEE
moboit s7¢, & > 0, a Uy € 2*(0), . e. pacrer Ha +00 MeJjieHHEe JIOOOH $°.
HerpyHo nokazarh, 94T0

(ew, (s) + B)(ew,(s) +B—-1)

Pr>0 = e, (s)+ . > 0. (4.16)

BosbmeM ey, B BUzE

s ,
eq. (5) = s B, s€ (an,cn), eu,(s) — $ — B, s€(an,bn),
0 nHa4e, 0 UHaYeE,

rue a, = exp((n — 1)!), b, = #%an, Cp = Ny, n > 2. Jlerko Bugerb, 910 0y <
by, < ¢p < Apt1, €w,(an) =n+1— 5 — 400 upu n — +oo, ey, (by) =0, ey, (¢,) €
(=8,0), ey, > 0 (snaunt, Y3 MorOTOHHA); €], U0 paBHBI 0, OO YIOBIETBOPSIOT
TouHoMy paseHcTBy B (4.16), snbo (B TOYKax paspbiBa) BepHO HepaseHCTBO (4.16)
B CMBICIIEe 9, TaK KaK CKadKH ey, HOJOXKNTEIbHbI. Boccranosus Uy, 10 ey, u3 (1.14),
noayunM (pyHKIuA Pj KOPPEKTHO ONpeJeeHHbIe, MOJOKATEIbLHbBIC, MOHOTOHHLIE
(HOCKONIBKY €g, = €y, + [ > 0), BBIILYKJIbIE U HE YJOBJIETBOPSIONHE Ag-yCIOBHUIO,
TaK KaK COOTBETCTBYIOIINE €g, HeorpanmveHHele. Ocrasock nokaszarb, uro ¥y €
2(0), a ¥y € 2*(0). Honbupas C B (1.14) noaxopsumm 06pazoM, MOXKEM CIUTATD,

qTo
s

In Wy, (s) = / %T(f) de,

as
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n
nosroMy MOxKHO 3anucarh In Wa(an11) = > Ik, rue
k=2
b

I /e%‘g(‘s) d§1n<—5k1> +ﬁ1n(k_zl._5;1>.

ag

C ounoii croponsl, orcioga In Wsa(ay, 1) — 00, 90 BBHIY MoHOoTOHHOCTH Vs O3HAYAET

cxonumocTb Wa(s) — 0o mpu § — 400, a ¢ APYroii CTOPOHbI, uMeeM OUeHKY [ <
k

21In 71+ OTKyJa

InYs(an+1) < 2In

!
nl <2Inlna, 1,

(8

U 1pu JIHOOOM S € [Ap+1, Apt2) HOIYIaEM OKOHYATEIHHO

)nfl

In¥y(s) <In¥s(aps2) <2lnlna,is <4lnlna,i; <4lnlns,

4
T. e. Us(s) < In® s, 9r0 U TPEGOBAIOCH TIOKA3ATH.

n
Bo muorom anasoruano pisg Wq umeem In Wy (ay,11) = Y. Jk, nae
k=2

ck

o= 298 g (5 2)mr,

ak
. e. mUi(a,r1) = —(8 —2)Ilnn!. dcuo, uro dynkuusa ¥ gocruraer Ha oTpesKe
[@n, Gny1] MUHEMYMa ¥ MAKCHMYyMa COOTBETCTBEHHO B TOUKAX 1 U by,. [Ipm aTOM
InWy(by) = InWy(ag) + Iy — —oo, . e. ¥yi(s) = 0 upu s — +00, a s J6Oro
8 € [an, an+1] MOXKHO HamICATH

—InTi(s) < —InVy(api1) = (F—2)Inlna,1 <2(8—2)Inlna, <2(8—2)Inlns,

T e. Uy(s) > In 2P g,

O cynepnosunum m ynopsao4dnBaHuu npeobpasosanmii F , B Tepmu-
HAX UX MOPOTrOBBIX (DYHKIUMN. YI00HO BBECTH CJIEJIYIONIUE JIBA OIEPATOPA.

OnPEAENEHUE 4.10. Ilycrs Ha unTepBase [a, ) 3anana n3MepumMasi QyHK-
nus ¢ (toe § € (1,+o00], a € [1,0)) Takas, uyro ¢ > @, = const > 0. Oueparopom
Ing nazoBem omepaTop, JefCTBYIOMUIl IO IPABUILY

B
vPdp
In V) = / . 4.17
alel(w) — [ 2 (417)
OBO3HAYEHUE 4.11. Ilycrs ® € 2(0), 8 < +00. Bynem nucarsb
1 U
Scs®](p) = (4.18)

myP(p) et B

OTMeTuM X OYeBHIHBIC CBOWCTBA.

1. Pesysnbrar onepanuu (4.17) ¢ TOYHOCTBIO 70 ~ HE 3aBUCUT OT BbIOOpA o €
[1,5) (B custy apryMeHTOB, UCIIOJIB30BAHHBIX IIPU JOKA3aTe/IbCTBE yTBEpK IeHust 1.7).

2. Ilpm Beex @, omucannbix B onpeesnennn 4.10, sesmunna Inglp] — 06o6men-
Hast N-dyHukims knacca & (a, f).
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3. Ecnu ¢4 2 @2, 10 Ing[p1] = Inglps] (uro oueBuaHO, ecim BEIGpPATL (v JOCTA-
TOYHO GJIN3KUM K (3), T. €. 1P U3MEHEHUU  C TOUHOCTHIO J0 £ pesymnbrar Ing[y]
OCTAeTCsI B TOM 2Ke KJIaCCe S5KBUBAJEHTHOCTHU (B CMBICIIE ~).

4. Ons Becex ® € P(B) sesmmauna Scg|®P| onpenenena npu p € [a, (), yaosie-
TBOpSET ypaBHEHUIO (B cMbicie Z')

- nSesle|(p) - M(;jJ

(cnenyer uz mu. 1, 3, 5 upemioxenus 1.12) u noromy e yObIBaeT, & 3HAUUT, JIO-
nyckaer onenky Scg[®](p) > ¢. > 0. dpyrumu crosamu, ¢ = Scg|®| obnagaer
BCEMH CBOMCTBaMU, OMUCAHHBIMEU B ompesesennn 4.10, mosTomy BXoauT B 00/1aCTh
omnpejiesienus: oneparopa Ing.

5. In/g o SCB = PB'

Kpowme Toro, mmeer MecTo ciiejryioniee CBORCTBO.

Vreepxkaenne 4.12. Ecin ©1 < $g, 10 Scp|[Pq] N Sc[®2], T e. mpu Py ~ Dy
BepHO Scg|®1] £ Scs[®s].

JIOKA3BATEJIBCTBO. Ilpu Bcex u > 1 umeem onenky @q(u) < Po(cu) + d, no-
3TOMY

(131(U) < i (I)Q(CU’) D
w T uP  (cu)P <
Bsas m>1111 B JIEBOH HYACTH MOCJEIHErO HEPABEHCTBA, & 3aTEM B NPABOIl, IOSYYnM C
u
yuaerom (1.12)
Dy (v)

mg, (p) < ¢ min = ’mg, (p),

v>c VP
orkyza Beuiy (4.18); BeITeKaer Tpebyemoe. [
W3 ykasaHHBIX CBOHCTB CJleyeT coxpaHeHue oTobpakeHueM Ppg nopsaxos ~

U <, OTKYJa, B YaCTHOCTH, IIOJIy9aeM, UTO Kjacc & couepxkut Bce & ~ Py, ecin
dy € &. EcrecTBeHHO TaKKe BBICKA3aTh CJIEIYIOIIEE MIPE/IITOJI0KEHNE.

I'mmoresa 4.13. CpoiicTso 3 oneparopa Ing umeer mecTo m B 06paTHYIO CTO-

©

pory, T. e. u3 Inglpi1] = Inglps| cremyer 1 < @s.
O6ocHOBaHUEM 3TOf THIOTE3LI MBI He Oy/IeM 3/1eCh 3aHIMATLCSA 32 HEJIOCTATKOM
MecTa, HO OTMeTHM, 9TO B CIydae ee CIIpaBeIIMBOCTU OyIeT 060CHOBAHO ClleLyloIee

Vreepxkaenue 4.14 (ycnosnoe). Ilycrs BepHa rumoresa 4.13. Ilycrs 3a1a-
HEI fBa npeobpasoanns ¥y, o u Fy, 5, ¢ moporopeivu pyurmusamu My 1 Mo
coorBercTBeHHO, npuHasexkamumu . Torna omeparop Fy, o, = Fy, 5 0 Fy, o,
JOIycKaeT MpeacTaB/JIcHAe cBoel noporosoii ¢pyuknun M,s B Brge

+00
Ms(v) ~ / mv,, (p) - s, (p)o? dp (4.19)

¢ JII0OBIM (v < +00.

JIOKABATEJILCTBO. O603Ha4NM XapaKTepUCTUKH npeobpasosanuit Fy, o, we-
pe3 v, k = 1,2,3. B cuiy 3amevanus 2.9 umeem M, = Iny[¢k], a no npenoxe-
auio 2.10 o3 = p1p2. O6o3HaYMM wi = Sceo[Muk], & = 1,2. Torna musa k = 1,2
uMeeM EeNOoYKy COOTHOIIeHMIA:

Ing [‘pk] = M,y ~ Poo[M*k] = Inoo[wk]7
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o »
U3 KOTOPOU Ha OCHOBAaHHUU T'MIIOTE3bI 4.13 MOKHO 3aKJ/JIIOIUTDh, 9TO Y ~ Wk, k =

1,2, moatomy 3 L wiwsz, OTKyZa BBUIY CBOiicTBa 3 omeparopa Ing okoHdaTeIbHO
caenyer M3 ~ Ing[wiws], uro u osmagaer (4.19). O

Takxke ¢ yuerom cesizu M, = Ing[¢], cymecrByromeii st Becex npeobpasoBa-
uuit Fyy », MOXKHO IOIOJHUTDL quarpamMy (2.22) nMIuxanueit

$1 z P2 == M1 > Mo, (4.20)

npuueM ecau BepHa runoresa 4.13, o (4.20) umeer mecto B 06e cTOpOHBI. Takum
00pa30M, HOPsAIKHA Ha MHOXKeCTBe Ipeodbpasopanuii Fy ; MOXKHO BbIparKaThb U B TepP-
MUHAX UX IIOPOTOBBIX (DYHKIIUIA.

O mpuioXKeHusxX pe3yJabTaTOB HacTosieli paboThbl. Kak ykasamno Bo BBe-
JleHUH, U3yIeHne Kiaaccos 6 () u mpeobpazosamnuii Fy, , Ha HEX IPOBOAUTCS HAMY C
TeJIBIO SKCTPAIIOJIANY DYHKITHI 1 ollepaTopos u3 L, B mpocTpancTsa Opimya. [Ipu
5TOM B Ka4YecTBe ¢ BBICTYNAeT HOpMa (DYHKIIUM HJIU olepaTopa B L, — m3BecTHas
BeJINYMHA, Ha OCHOBE KOTOPOii cTpouTcs (Kak B § 3) BCIOMOTATEIbHOE IPe0dpa3oBa-
une Fy ,, npumensiemoe nasee k npocrpancrBam Opsmda. B ¢BsI3u ¢ 9TUM HyKHO
OTOBOPUTD CJIEIYIONINE MOMEHTHI.

O KJIACCAX ®YHKIUN ¢. Coruacuo teopeme M. Pucca [4, ¢. 546-565] dyHk-
st p(p), ecau oHa sIBJISIETC HOPMOIl JiuHeiHOro oneparopa mwin GyHKuu B Ly,
obs13ana obsazarh csoiicrBoM «In¢(1/a) Bblnykia 1m0 a», KOTOPOE JIErKO Hepernu-
caTh B BUJIE

p-ey(p) — HeyObIBaomas GYHKIU OT p. (4.21)

OHaKO MBI HAXOAMMCS B CHTYalldH, KOIJIA (0 €CTh He TOYHAs BEJIMYNHA HOPMBI,
a ee OIEHKA, KOTOPasl, eCTECTBEHHO, MOXKeT U He yuoBjerBopaThb (4.21). C mpyroii
CTOPOHBI, eciiu orpanudenue (4.21) nam rue-aubo Tpebyercs (HaIpUMep B yTBepXK/ie-
Huu 4.4), MBI MOXKEM €ro HaKJIAJbIBATh, HE CyKasd TeM CaMbIM KJIACC JOILyCTUMbBIX
oneparopos un ¢yHkuuii. Bupodem, npesicrasiasis ¢ B Buge p(p) = exp(F(lnp)),
MOXKHO Jyist Toiajgkux F nepernmcars (4.21) B suge F” + F' > 0 u ybGeaurhest, 4To
paccMaTpHuBaeMble B § 3 KIacchl YI0BJIETBOPAIOT yKa3aHHOMY OrpaHudeHuo. Kpome
Toro, (4.21) orpaHuYMBaeT He CKOPOCTb, a JIMIIb XapaKTep POCTa .

O MPEJACTABJIEHUU N-OVHKIIUNA PSAJAMU U UHTECPAJIAMU. Metojsl Ha-
CTOSIL[LefI CTaThU U UX IIPUMEHCHHNE K SKCTPAIIOJIATTUN U3 Lp B IIPOCTPaHCTBa OpJII/ILIa
MO2KHO B OCHOBHOM BOCIIDOU3BECTHU TaK>Ke€ B CJ/Iydae, KOor'/la N—beHKLII/II/I pejacraB-
JITIOTCA He MHTerpaJiaMu (1.1), a pdAJlaMu:

o0
O(s) ~ Y xks™, =B, x> 0. (4.22)
k=1

ITpeacrasienue (4.22) B HEKOTOPBIX ciydaax yuobuee (1.1), B yacTHOCTH, 110 CIIEIY-
FOIAM TTPUIHHAM.

e JIJ11 MHOTMX 3JIEMEHTAapHBLIX (PYHKIIUII N3BECTHLI TOTOBBIE PA3JIOXKEHNUS B PsbI
C TOJIOKUTEBHBIME KO3dbdurmenraMu, 110 Kpaitueii mepe jyist 8 = +o00.

e IIpescraBumocTs psiyioM (4.22) ¢ TOIHOCTHIO JI0 ~ (HAIPUMED JJIsl «IUCKPeT-
HOI'0» aHAJIOIA KJIAcca &) MOKeT ObITh JI0KA3aHa JIjisd 60Jiee IMUPOKUX KIacCoB (hyHK-
it @, M TOKA3ATENHLCTBO ITOTO (DAKTA B ONPEIETEHHBIX OTHOMEHUSX yIIPOIIAETC.

ITpencrasrenns (4.22) ucnonab3oBaiauch B paborax [5,6]. OxHako B 1ies0M psi-
Jibl 60JIee TPOMO3JIKM B PaboTe U MeHee yI0OHBI JIJIsl HAXOXKIeHus mpoobpasa { X }
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Ipom3BOJIbHO 3amanuoi dyukiuun @. [TosTomy MBI OCTAHOBMIIN CBOI BBIOOD HA MHTE-
IPAJIbHBIX [IPEJICTABIEHNsIX. BIpovYeM, MOXKHO ToKa3aTh, 910 (1.1) u (4.22) B HEKO-
TOPOM CMBICJIE SKBUBAJIEHTHBI, T. €. CBOJSITCS JIPYT K JPYTY.

O BBIYUCJIEHUN ONIEPATOPA RFy ,R. Ilpu pabore ¢ nBoiicrBennsivmu 1o FOn-
ry N-dbynkuusmu (9KCTPAIOJIAus CONPIKEHHBIX OIIEPATOPOB) BO3BHUKAET HEOOXO-
JIIMOCTB TIpHMeHeHHs1 oTobparkenuss RFy ,R. Moxer oKa3aTbCs II0JIE3HBIM aHa-
JIATUIECKOe ero npejcrapienne. IlpogoskumM ¢ Hysnem Ha [0,0), Tak 4TO MOXK-
—+o0

Ho cumtarh 0 = 0. Beemem dynkmmo Ky(2) = [ si(s)ds (unrerpan cxomures
z

BBuay (2.1)). Ilycte N = RF,oR[¥]. Ob6osmasmm & = R[¥], M = R[N], © e.

2v
M = Fy0[®]. Bamernm, aro ®(2v) > [ @'(s) ds, nosromy crpaseamBa OLeHKA
v

®'(n) < ; (4.23)

u3 Koropoii cieiyer, uro dbynknus O’ (vs)sy(s) uarerpupyema no s € R, econ
d <« M,. 3Ha9uT, UMEET MECTO MPEJICTABICHIE

+o00
M'(v) = /w(s)sq)'(vs)ds.
0

NHTrerpupyst TOXKIECTBO
d
7@'(1}3)K¢ (s) = =@ (vs)stp(s) + Ky (s)P" (vs)v
s
no s € R, momyumm (nesast B mocseanem naterpase sameny 1 = ' (vs))

+o00
D' (v8) Ky (8)|s— 00 = —M'(v) + / Ky <\IJT(77)> dn. (4.24)
0

JleBasg dactp (4.24) paBHA HYJIIO, IIOCKOJBKY 1IpH § < &
D(2vs) < D(20€)

2us  —  20€
TaK UTO, NOJIb3YSCh (4.23), MOXKHO HAIMCATH
+o00 +oo
¥ Ku(s) < T2 [ epyas < 1 [ @owie)ae >0 s oo

CrenoBarenbHo, nHTerpasa B npasoil vactu (4.24) cxomurcsi, © B UTOre, NOJOKUB
v = N'(r), HOJYyIUM NCKOMOE TIPeJICTABIICHNE

70K,¢ <J‘I\’;,((Z§> dyp=r (4.25)

npeobpazosamna RFy ol : U — N.

Jlutst Kaxk 101t ¢ MoKHO ynpomarh Buj (4.25), 3aMeHsist ¢ SKBUBAJIEHTHON DyHK-
neit (dro B cuiny ciencrsus 2.19 ne Mensier oneparopa RFy, oR) u nonbupast Hau-
Gosee npocroie K. Hampumep, ms ¢(s) = e~* Gynem umersb Ky (s) = (s + 1)e™%;

3aMeHsIsl 1) SKBUBAJICHTHON eil dyHKImeit 11 (s) = e %/s, nonyunm Ky, (s) = e~ °.

B zakmrouenne aBTop xoTes 661 BEIPA3UTDH OJIATOAAPHOCTD PEIEH3EHTY, 3aMeda-
HUsI KOTOPOI'O TIO3BOJIUJIN YIIYYIIUTh KA9eCTBO PAOOTHI.
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