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§ 1. BBEJIEHUE

Cravasia chopMysIIpyeM HECKOJIBKO 3aad.
IlepBas u3 aux npegnaranack na LXXVII MockoBckoit MmaTeMaTutieckoi
ommvmuaze (2014 r., 11 kiace, 2-it Jenb, 3a1ada 2).

BATAYA 1. Haitmure Bee Takue a u b, uto |a| + |b| > 2/v/3 n npu Beex x
BBIIIOJIHEHO HEPABEHCTBO |a sin x + b sin 2z| < 1.

[TepBonadanbaast GOPMYINPOBKa ObLIa TAKOBA:
3AIAYA 2. JlokazaTh, 9YTO €CJIU P BCEX X BBIIOJHEHO HEPABEHCTBO
|by sin & 4 by sin 2z| < 1

e b; — nocrosimmbie Koadbdumuents, o |by | 4 |be| < 2/4/3, npuuém pasencrso
BO3MOXKHO, JIHIIb Korja |by| = 4/v/27, |ba| = 2/V/27.

3AAYA 3. Ecsm gyist muorowiena t(x) = by sin x + b sin 2x + b sin 3z
BBITTOJIHSAIOTCA HEPABEHCTBA

(25| = ‘bl sin2l+b2 Sin4—7r—|—bgsin6—7r’ <1,

‘15(4—7r ‘ = ’bl sin 47 by sm — bg sin = ‘
‘t(6—’7 ‘ = ’bl sin 67 — by sm —|—ng111 47 ’ <1,

MaTemaTunyeckoe npoceeluerve, cep. 3, Boin. 21, 2017(87-103)
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TO BBIIIOJIHAETCA HEPaBEeHCTBO

6
by| + |bo| + |b3| < —.
b1 + [ba| + [bs] < N
3AAYA 4. [IpoBepuTh, 9TO MHOTOYIEH
2\—7ﬁs'nx+2—\7ﬁsin2x—2\—7ﬁsin3x

VIOBJIETBOPsIET HEPABEHCTBAM M3 IPEILIAYIIEH 38189l U TEM CaMbIM HepaBeH-
cTBo |b1| + |bo| + |bs| < 6/\ﬁ HEJIL3s YTy IIInTh.

MozxHO 100aBUTH €IIE HECKOIBKO MOJ00HBIX 38181, HO OTPAHUYINMCS STUMHU.
Pexomenyem BaMm, ipesk/ie 9eM 9UTaTh JAJBIIE, TOMPOOOBATH PEIIUTH XOTsI ObI
OJIHY W3 HUX.

[Tycrs n— mpocroe gucio. Hamomumm cieyoree onpesesenne (1 0603Ha-
YeHMHE):

k
(ﬁ =1, ecsin k paBHO OCTATKy OT JeJIEHUsI KBaJIpaTa HEKOTOPOIo IeJI0r0
qnciIa Ha 1]

(%) =0, ecnu k menuTcs Ha n;

(%) = —1 B ocTaBIIMXCSI CJIydasiX.

Taxk omnpenenénnasi BeJMInHa, (E) Ha3bI-
BaeTcs cumeosom Jleocandpa; aucia k, st
KOTOPBIX OH paBeH 1, Ha3bIBAIOTCS K6adpa-
MUYHBLMU BDLEMAMU N0 MOOYAN N, & TUCTA,
JIJIsI KOTOPBIX OH paBeH — 1, — xeadpamudiol-
MU HEBBIEMAMU NO MOJYAIO M.

Jastee OyayT JOKA3aHBI CJIELYIOIIE 3aMe-
Jare/ibHble (1 HE3aC/LY?KEeHHO MAJIO U3BECTHBIE)
HEPABEHCTBA, JIJIsT CyMMBI MOJIyJel Ko3hdpu-
[IMEHTOB TPUTOHOMETPUIECKUX MHOIOYJICHOB,
YaCTHBIE CJIyYdan KOTOPBIX ObLIN chOPMYIHPO-

Axanemux AH CCCP
Cepreii Haranosuu Bepwrinreiin

(1880-1968)

BaHbI BBbIIIE.

TeoPEMA 1 (C. H. Bepumrreiin). ITycmo newémmoiti deticmeumenvvili
MPULOHOMEMPUUECKUT, MHO20AEN

n
tn(x) = Z by, sin kx
k=1
Y006AEMBOPAECTN HEPABEHCTNEAM

2rk
t"(ﬁ)‘gl’ kzl,,n (*)




Hepagsencrsa C. H. Bepumreiina 89

Toz0a

n
1
bl < Vo 41— — .
;'H e e

Hepasencmeso obpawaemcs 6 pagencmeo npu Heuémmvix n, 0af KOMopwur p =
=2n+ 1 — npocmoe, u

by = 2 ( k ), k=1,...,n.
V2n+1\2n+1

Hycmo wémmoil deticmeumenvroll MPU2OHOMEMPUUECKUT, MHOZOYUAEH,
n
tn(x) = Z ay, cos kx
k=1

ydosaemeopaem ycaosuro t,(0) = 0 u nepasencmeam (x). Toeda

n
1
ap| <V2n+1— ——.
nglk:l v o

Hepasencmso obpawaemesa 6 pasencmeo npu 4émuoix n, 0ad KOMOPur p =
=2n+ 1 — npocmoe, u

ar = 2 ( k >, k:l,...,n.
VInri\2n+1

O1u HepaseHcTBa (a TakxKe psag Apyrux) obuin Haiienst C. H. Beprmrreitnom
4y Th GOJIbIIE CTa JieT Ha3a/ (cM. [1]), IpudéM B UX JOKA3aTeIbCTBE HEOXKHUIAHHO
OKa3aJIiCh 3a/IeHiCTBOBAHBI He CaMble TPUBHAJILHBIE TEOPETHKO-IHC/IOBbIE (DaKThL.

§ 2. KBAIPATUYHBIN 3AKOH B3AUMHOCTU

Hamomuum nekoropsie noustitusi. Ecin m — nesioe u n > 1 — HaTypaJjbHoe
YUCJI0, TO CYIIECTBYIOT €JIMHCTBEHHBIE TieJible yucia k u 0 <1 < n, Jijist KOTOPBIX
BBITIOJIHSIETCS PaBeHCTBO M = k - n + [. Yucsio | B 9TOM paBeHCTBE HA3BIBAETCS
ocmamxom om deaenus m Ha M.

JBa mesbix qucsia a, b Ha3bIBAIOTCS CPABHUMBLMU N0 MOJYAI0 HAMYPAALHO20
wucaa n > 1 (aro obosHavaercs Kak a = b (mod n)), ecyin npu JejeHun Ha N
OHM JIAIOT OJIMHAKOBBIE OCTATKU. Ecin BCce CpaBHUMBbIE MEXKIy CO0OIl Iesible
qnciia OObEIUHUTH B OJHO MOJIMHOYXKECTBO MHOYKECTBA IIEJIBIX YHCEJI, TO TOJIy-
YUTCSA N TAKUX MOJIMHOYKECTB, COOTBETCTBYIOMuUX octarkam 0, 1,2, ..., n — 1.
[Tepeuncinm HECKOIBKO CBOWCTB CpasHeHudl.

BAAYA 5. Jokaxnre, uro ecan a = b (mod n) u ¢ = d (mod n), To
a+c=b+d (modn),a—c=b-d (mod n), ac = bd (mod n).
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YKA3AHUE. DTH CBOHCTBA BBITEKAIOT U3 PABEHCTB

b+d)—(a+c)=(0b—a)+(d—c),
(b—d)—(a—c) = (b—a)— (d—0),
b-d—a-c=(b—a)d+ (d—c)a.

Tem cambIiM CPABHUMOCTD YHCEJ HE HAPYIIUTCH, €CJIU K OJHOMY M3 HUX
pubaBUTh YuCy0, cpaBHuMOe ¢ ) 110 33/IaAHHOMY MOJIYJIIO, a TaK»Ke ecjn 00a
CPaBHUMBIX YHCJIa YMHOXKNATDH Ha OJHO W TO JKe IIeJI0e INCJIO WM BO3BECTH HUX
B OJIMHAKOBYIO HATYPaJbLHYIO CTEEHbD.

N3 mepeuncieHHbIX CBOWCTB CJIE/IYET, UTO CPABHEHIE OCTAETCSI BEPHBIM, €CJTH
KaKoe-Jinbo ero cjiaraeMoe IepeHeCTH W3 OJIHOM JacTu CpaBHEHUS B JIPYTYIO
C U3MEHEHMEeM 3HaKa Ha, IIPOTUBOIIOJIOXKHBIN UM €C/IU BO3BECTH 00e JacTu
CpaBHEHUSI B OJMHAKOBYIO CTEIEHbD.

BAZAYA 6. Jlokaxure, uro ecain a; =b; (mod n),i=0,1,... mux=y
(mod n), To

Amx™ + a1Vt ag = by + bm_lym_1 +...4+bp (mod n).

YKABAHUE. IIpuMeHuTh Npesbliyniyio 3a/1ady.
CupaseyinBa

TEOPEMA 2 (KBajpaTu4HbIN 3aKOH B3aumMHOCcTH Ditepa — [aycca). Jas
NPOCMBLT YUCes P, ¢ > 2 CNPasediuso moartciecmeo

() =

WupiMu cjioBaMu, €CjIi XOTd Obl OJHO U3 YUCeN P, ¢ IPH JejeHnn Ha 4 1aéT
OCTaTOK 1, TO YHCJIO P ABISAETCA KBIPATOM 10 MOJY/IIO YUCJIa ¢ B TOYHOCTHU
TOIJA, KOTJa 9UC/IO ¢ SIBJIAETCSA KBaJIpaToM II0 MOYJI0 dncia p. Ecam ke oba
4qucaa P, ¢ UpU JejeHnn Ha 4 Jal0T OCTATOK 3, TO YHUCJIO P ABJISAETCS KBAIPATOM
10 MOJIYJIIO 9HUCJIa ¢ B TOUYHOCTHU TOT/Ia, KOTJA TUCJIO § HE SIBJISIETCS] KBAIPaTOM
10 MOJYJIIO Yucjia p. B xone mokazaTenbcTBa MOHAIOOUTCS HECKOJIBKO JIEMM,
B KOTOPBIX Be3Jie a 0003HAYTAET IeJI0e UHUC/I0, & P — IPOCTOe TUCTIO.

JIEMMA 1 (mamast reopema @epma). af = a (mod p).

JIOKA3ATEJILCTBO. BameruM, 40 Y 6unoMuasbabe Ko3(hpUIHeHTbL

(p):p(pfl)(p*2)~---~(p*k+1) k=12 .p—1,

k 1-2-3-...-k ’

U Bunomuansubie koabdunuents: o6osnauaorcs takxke CF.



Hepagerncra C. H. BepHrinreiina 91

JeIATCs Ha P, TOCKOJBbKY MHOXKUTE/Ib P B IUCIUTE E ApOOU HE MOXKET COKPa-
TUTLCs CO 3HaAMeHaTesieM. e Tenepb m, n — IeJIble Yicia, TO U3 IPeIbLITyIIe-
ro HaOJIO/eHusT 1 (POPMYJIbI OMHOMA, CJIEIyeT, ITO KayKJI0e CJIaraeMoe B IIPaBOit
qaCTU Pa3JIoKeHUs

(m+n)P —mP —nP = (Ilj)mp_ln1 + (g>mp_2n2 +...+ (pf 1>m1np_1

JIEJINTCS Ha P, IO3TOMY U JIeBas YaCTh PABEHCTBa JeauTcsd Ha p. ToduHo Tak ke
jequrest Ha p aucao (I 4+ m+n)P — P —mP — nP ecam [, m, n— nesble ducia.
YT00bl yOEIUTHCS B 3TOM, JOCTATOUYHO IPUMEHUTH IPeIbIAyIlee HAOIIONeHIe

K IIpaBO#l 4acTu 3almcu

(l+m+n)P -0 —mP—nP=
= (((l4+m)+n)P = (+m)P —nP) + ([ +m)P — " —mP).

Paccyxmaﬂ AHAJIOTUYIHO, IPUXOJIUM K BBIBO/Y, 9YTO BbIparKeHUe

n P n
i=1 i=1
BCETJIa JIEJIUTCS Ha P.

YTBepKICHNE JIEMMbBI TIOJyIaeTCsI Teepb, €C/IN B3ATh B IIOCJIEIHEM CpPaB-
HEHUH BCe cjlaraeMble PaBHbIMU 1, a 1 — paBHBIM d. L]

CHIEOCTBUE 1. Fcau p we deaum a, mo nocae deaenus cpasHenus a’ = a
(mod p) na a noaywumes seproe cpasrenue aP~! =1 (mod p), nockoavky us
yeaosus a- (P~ — 1) =k - p ewmexaem, wmo npocmoe “ucio p desum UMeHHo

p—1 _q
a .

Yacro manayio Teopemy Pepma (hopMyIupyIOT TaK, KaK B 9TOM CJICACTBUH.
CpaBHeHus BUA

At 4 ap12" '+ ... +ag=0 (mod p), an #0,

Ha3bIBAIOT CPAGHEHUAMU CMENEHU T.

JIEMMA 2. Jhoboe cpasrenue anx™ + an_12" 1 + ... 4+ ag = 0 (mod p)
PAGHOCUNDHO HEKOTOPOMY CPAGHEHUIO CTNENEHU He ebiwe P — 1.

JIOKABATE/ILCTBO. Paznemm muorounen ¢(z)=a,x"+a, 12" 4. . .4ag
Ha aBywien aP — x, B pesyabrare nosxyanm q(x) = (2P — x) f(x) + r(z), upuuém
crenenb ocratka r(x) we npesocxomut p — 1. ITo masoit Teopeme @epma BepHO
cpasuenne 2P — x = 0 (mod p), O9TOMY HCXOJIHOE CPABHEHHE PABHOCUIIBHO
cpasuenuio r(x) =0 (mod p). O
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JIEMMA 3. Ecau cpasnenue anz"™ + anp_ 12" + ... + ag = 0 (mod p)
cmenenu n umeem 6oaee N PASAUMHBT PeweHut, mo 6ce KoIPPUUUEHbL
Upy Qp—1, - -« , Gy Kpammve p (U Mo2da cpasHeHUue MPUBUANLHO, M. €. 6CE UEAVLE
YUCAA ABAAIOMCA €20 DEUWEHUAMU ).

JIOKABATEJBLCTBO. Ecin paccMaTpuBaeMoe cpaBHEHIE UMEET 110 MEHbIIIei
Mepe n + 1 pasnmdaHOe peleHne X1, 2, ..., Tnt+l, 0 < ; < p, TO MHOTOYJIEH

-1
q(z) = anz™ + ap—12" "+ ...+ ap
MOYKHO 3allICaTh B BUJIE

q(x) =bp(x —z1)(x —22) ... (T —p_2)(®x — Tp—1)(x — ) +
+bp1(x—z1)(x—22) ... (T — 2p2) (T — Tp—1) +
+bpo(r—z1)(x—22) ... (T —Xp2) + ...+ bi(x — x1) + bo.

B camoMm mese, moCTaTOYHO IOJIOXKUTH b, = ap, 3aTEM B3SITH KOI(MPUIIMEHT
b,,—1 paBHbIM Ko3dbunuenty upu "' B pasnocTu

q(x) —an(x —z1)(x —22) ... (T — Tp—2) (T — Tp—1) (T — ),

110CJIe Yero B3ATh Kobduiuent b, _o paBHbIM Koddbdumenty npu "2 B pas-

HOCTHU

q(z) —ap(x —x1)(x —22) ... (T — p—2)( — 1) (x — Tp,) —

—bp—1(x —x1)(x —29) ... (T — Tp—2) (T — Tp—1)
u 7. ;1. Ho torya 0 = ¢(x1) = by (mod p), T e. p geaur by,
0=gq(x2) =by+b1(x2 —x1) =bi(x2 — 1) (mod p),

u rorga p aeaut by, nockoabKy 0 < |ze — x1| < p. IocsienoBarenbHo moj-
CTaBJIAA Jajlee T = I3, T4, ..., Tp—1, yOEIKIAEMCsI, 9TO BCe KO3 PUIMEHTsI b;,
i=1,2,...,n, JeasaTcs HA P, HO TOryIa U Bee KoadhduimenTsl MHOTOWIeHA ()
JIeJIATCS Ha P, IOCKOJIBKY OHU SIBJISIFOTCS CyMMaMy IIPOU3BeeHMi umcest b,
1=1,2,...,n, U HEJIBIX YUCEJI. O

CJEJCTBUE 2. Beakoe nempusuanvnoe?) cpasrenue no MOOYA0 NPOCTNO20
YUCAG P PABHOCUABHO CPABHEHUIO cmenenu He sviwe P — 1 u umeem we boaee

wem p — 1 pewenue.

JIOKA3ATEJ/IbCTBO. DTO HEIIOCPEJCTBEHHO BhITEKAET u3 jieMMm 2 u 3. [

2) To ecTh CpaBHeEHUHE, IJigd KOTOPOTO HE BCE IeJIbI€ YUCJIa ABJIAIOTCA PEIICHUAMA.
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JIEMMA 4 (kpurepwuit Ditiepa). Ecau p>2 — npocmoe u a He Kpammo p, mo

p—1

az = (%) (mod p).

JTOKABATEILCTBO. Cormacno majoii Teopeme ®epma aP~! =1 (mod p),
YTO MOYKHO TaKKe MePeIucaTh B BUIE

(a2 —1)- (ap%1 +1)=0 (mod p).

PaznocTh comHOXKUTEIIEH B JIEBOM YACTU MOCJEIHEr0 CPABHEHUS PABHA 2, MO-
9TOMY TOJILKO OJWH W3 HUX JEJUTCA Ha p > 2. PaccMOTpuM mepBbIf U3 JIBYX
BO3MOZKHBIX CJIyYa€eB: YUCJIO @ SIBJISETCS KBQIPATUYHBIM BBIYETOM 110 MOJLYJIIO P,

T.e. cpasrerne a = 2 (mod p) mmeer pemenue. Torya To ¥Ke caMoe pereHye

p—1 _
nMeeT U CpaBHEHHE a4 2 = P 1 =1 (mod p), KOTOpOE IIOJIy1IaeTCd U3 IIpeabl-
P 3 1 IpUMEHEHUEM
p—1
MaJIOn TeOpeMbI CDepMa. OCT&J’IOCB 3aMETUTDh, 9YTO CpaBHEHHUE a4 2 = 1 (mod p)

AyHaiero CpaBHEeHUs ITOYJIEHHBIM BO3BCIACHUCEM B CTCIICHDb

2
2KeCTBO pemeHHﬁ 9TOrI'0 CpaBHEHHA HMCYEPIBIBACTCA KBaJIPAaTUYIHBIMU BbIY€Ta-

mu. TeM caMmbIM Bce KBaJIpAaTUYIHbIEC HEBbIYETHI YIOBJIECTBOPAIOT CPaBHEHUIO
p—

a7 =1 (mod p). O

Cremytomue 1Be 338491 IPUTOAATCS B TAJIbHEHIIIEM.

corytacHo ciaenctBuio 10 He MOXKeT mMMeTh DoJiee peIeHuit, T. €. MHO-

BAIAYA 7 (Ditmep — Jlexkanap). Jlokasars Jijist IPOCTOTO YHCIIA 1L TOXKIECTBA

()= () G =1 G-

YKA3BAHUE. [lpumenurs kpurepuii dityiepa.

3A1A4YA 8 (Diep — Jlexkanap). Jokasars Jjisi IPOCTOTO YUC/IA N BHIA
4] + 3 TOXK1eCTBO
() =- ()
n) n )’
a JJIg IIPOCTOro 4ncia n Buia 4l + 1 1oKa3aTh TOXKIECTBO
(5) = ()
n) n )

YKA3BAHUE. Ilpumenurs Kpurepuii Diiyrepa.

[Ipexie vem chopMyIMPOBATD CJIEIYIONLYIO JIEMMY, BBEJIEM HEOOXOIMMbIE
JIOTIOJTHUTEJIbHBIE 0003HavueHusi. PaHee y»Ke TOBOPUIIOCH, UTO €CJIU BCE IEJIbIe
YHCJIa, CDABHUMBIE MEXK/1y OO0 110 MOJIY/II0 (DUKCUPOBAHHOTO YUCIIA N, 00bE -
HHATb B OJHO IMOAMHOYXKECTBO MHOXKECTBA IIEJIBIX THCEJ, TO IMOJYIUTCS 7 TAKIX
ITOJIMHOKECTB, coOTBeTcTBYyoImX ocrarkam 0, 1,2, ..., n — 1. 3amerum, 910
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9TH OCTATKHU MbI CUNTAJIN 0003HAYEHUSIMH TOJIY JAIOMINXCs o IMHOXKecTB. [To-
HSITHO, 9TO MOXKHO BBECTH U WHBbIE ODO3HAYEHWS IJisi ITOJMHOXKECTB UHCE],
CPaBHUMBIX MeXK Ty co00il 110 (puKCHpoBaHHOMY MOMY/I0. JlocTaTowHO TpOCTO
BBIOPATH 110 OJHOMY YHC/IY W3 KayKJIOT'O TAKOrO IOJMHOXKECTBA U HA3HAYUTH
BBIOpAHHBIE YMC/1a 0003HAYCHUSIMU IIOJIMHOXKECTB. BriOpanHbie unc/ia 00pa3yioT
HA0OP, KOTOPBII HA3BIBACTCH NOAHOU CUCTEMOT GOIYEMOE N0 MOJYAI0 N.

Hampuwmep, aj1s cpaBHEHUsI 110 IPOCTOMY MOJIYJIIO p > 2 ynoOHO BBIOPATD

B KadecTBe Habopa 0003HAUEHUI KIACCOB CPABHUMBIX Ynces HabOp
{_p;l_p;?’ 101 p;?’p;l}
5 5= L0 L e
Takoit BEIOOp HHTEPECEH TeM, UTO U3 KaXKJ0r0 IOJAMHOYXKECTBa ObLI BHIOPAH €ro
QJIEMEHT, I/IMGIOH_[I/H‘;I HaMMEHBITY IO a6CO.HIOTHyIO BEJIMYMHY B 9TOM IIOJIMHOZKE-
crBe. Habop BBIUETOB ¢ yKa3aHHBIM CBOWCTBOM HA3BIBAIOT HADOPOM abCOA0MHO
HOUMEHDWUT BBLIYETNOS.
Ob6ozuauM cuMBOJIOM {) TOJIOXKUTETHHYIO YaCTh 9TOr0 Habopa:
0= {1,2,...,”73,”71}.
st mpou3BejieHnst MeJIoro Yucja ¢ U Kaxkioro s € () HailigMm ero abCcoIOTHO
HAMMEHBIINI BbIYET [0 MOILYIO P: @ - § = tg (mod p), mocse 4ero mogoKuM
es=1,ecuts >0, ue;=—1, ecmu ts < 0. Bymem Tak:ke cauTarh, 910 t5 =4 - T,
rg > 0.

Ecin u3 110/1HO# cUCTEMBI BBIYETOB 10 HEKOTOPOMY MOJLYJIIO N VIAJIUTH BCE
BBIYETHI, KOTOPhIC UMEIOT OOIIuil HeTUTeb, 00bINM 1, ¢ MOIyJIeM CpaBHEHHUSI,
TO OcTaBIuiics HAOOP B3AMMHO HPOCTBIX C MOJIyJIEM BBIYETOB HA3BIBAETCS
npueedénnotl cucmemots 6buemos.

Yucsio 3/1eMeHTOB B IIPUBEJIEHHON CUCTEME BBIYETOB 110 MOJYJIIO 1 PABHO
KOJIMYECTBY TEX HATYpPAJIbHBIX dnces u3 Habopa 1,2, ..., n — 1, KoTopbie B3a-
UMHO HPOCTBI € M. DTO UNCI0 0603HATACTCS CUMBOJIOM (1), & ¢ HA3BIBAETCS
Ppyrryuet Fsepa. VI3 onpeneneHust NpuBeIEHHON CUCTEMbI BBIUETOB CJIEIYET,
970 J1I0OBIE (N) HOIAPHO HE CPABHUMBIX 110 MOJLYJIIO 70 ¥ B3AUMHO IIPOCTBIX
C 9TUM MOJIYJIEM TEJIBIX YUCESI 00Pa3yIOT IPUBEICHHYIO CUCTEMY BBIUETOB 110
MOJLYJIIO N.

JIEMMA 5. Ecau yeaoe 4ucio a 83GUMHO NPOCMO ¢ MOOYAEM N U NEPEMEH-
HaA T npobezaem NPUBCOEHHYIO CUCTNEMY BBLYEMOE N0 MOJYAIO T, MO NPOU3-
gedenue a - x makaice npobezaem NPUBEIEHHYIO CUCTEMY GBIYEMOB MO IMOMY
MOJYNI0.

JIOKABATEJILCTBO. [locKoMbKY paz/mdHble 3HAYEHUs TEPEMEHHON & I1o-
[TAPHO HECPABHUMBI M B3aMMHO IIPOCTHI, KAK U YUCJIO @, C MOJLYJIEM, TO U YUCJIA



Hepagsencrsa C. H. Bepumreiina 95

ar OyAyT TOMAPHO HECPABHUMBI M B3AWMHO MPOCTHI ¢ Mozayiaem. Ocraioch
3aMETUTh, YTO TAKUX YHUCEJ POBHO ¢(n). O

a R
JIEMMA 6 (nemma Taycca). Ecau p > 2 — npocmoe, mo <5> = HSQQ Es.

JJOKABATE/ILCTBO. CornacHo jeMMe b MHOXKecTBO uncesl {£a-s|s € Q}
SIBJISIETCSI IPUBEJIEHHON CHCTEMOIT BBIUETOB 110 MOAy/I0 p. COOTBETCTBYIONIHE
abCOJIIOTHO HAMMEHBINNE BBIYETHI COCTABJIAIOT HAOOP

{xesrs | s€Q} = {—617’1, E1T1, —€212, €272, —E3T3, -+ —EpATp1, EpiTp }

HO,ZLMHO}KGCTBO IIOJIOZKUTEJIbHBIX BHIYETOB U3 IIOCJICJHEIrO Ha6opa, T. €. MHO2Ke-

p—1

5> T.C

crBo {ri, ro, ..., = }, coBnajaer ¢ MHOXKeCcTBOM wuces 1,2, ...,

co mMHOzkecTBOM §). ITepeMHOXKHUM Tereph CpaBHEHHst
a-1=¢er; (modp), a-2=e9ry (modp), ...,

-1
P 5 = €p-1Tpd (mod p)
2 2

a .
U pazjiesiuM 0be YacTu CPaBHEHUS-IIPOU3BEJIEHUS HA THCJIO
—1
1-2-...'p—:r17‘2-...-rp_1.
2 =
p—1
[Tonyyaem cpaBHenue a 2

=¢e162...£p-1 (mod p). Ocraérest IPUMEHNTH KPU-
o . 2
Tepuii ditepa. O

JIEMMA 7 (srlemma Diizentreiina). /Jas kaocdo2o newémmnozo HamypaivHozo
yueaa 2n + 1 cnpasedauso mootcdecmaeo

sin((2n + 1)x) — (—a)n H <sin2 v — sin? 27k )

sin x 2n+1
1<k<n

JOKABATEJILCTBO. 3aMeTuM, 4To
sin((2n 4 1)z) = Im((e"*)*"*1) = Im((cos = + i sin z)*"1).

Ecnn B mpaBoit wacTu 5TOro paBeHCTBa BOCIOJIB30BATHCS (POPMYJIOt OmHOMA
Hpiorona, To MHUMAsT €JIMHUAIIA TIOSIBUTCS TOJIBKO B T€X CJIATaeMbIX, KOTOPBIE
OyayT comepxKaTb MHOXKHUTE/Ib ¢ Sin & B HEIETHOW CTEIEHHU, M TOTa MHOXKUTEh
cos x OyzIeT MPUCYTCTBOBAThH B TAKHMX CJIAraeMbIX HEIIPEMEHHO B YETHOI CTEIeHH,
IIOCKOJIbKY CyMMa CTelleHell 3TUX JByX MHOXKHTeJIeil Bcerjla paBHa HEYETHOMY
anciy 2n + 1. Ucnons3ys TozkaecTso cos® = 1 — sin? z, momydaem, 4o jieBast
JaCTh JIOKA3BIBAEMOTO TOXKJIECTBA — 3TO MHOTOYJIEH CTENeHUW 7 OT (PYHKITHU
2 2tk —1,2....n obpalaioT JIEBYI0 YacTh TOXKIECTBA
1 1’ et

B 0, 1 1UX KOJIMYIEeCTBO COBIIaJacT CO CTEIICHbLIO JIEBOIT 4acTU KaK MHOI'OYJIEHA

sin® z. Ywucia
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2 xT. HOSTOMY HYJIAMU MHOT'OYJIEHA B JIEBOU YacTu JOKa3bIBaACeMOI'O TOXK-

o 2wk

2n+1’
IIPOBEPUTD, YTO MHOXKUATEJIb IIepe]l IPOU3BEICHUEM B IIPaBOil YaCTU TOXKIECTBA

BeIOpaH mpaBwibHO. g 9TOro mocraTodHo HalTH cTapimuii KoddduimenT
MHOTOW/IEHa OTHOCHTENBHO sin® x B JieBoii ero wacti. Craprmmii Kosddurmenr
B IIPABOIl YaCTH JIOKA3BIBAEMOI'0 TOXKJIECTBA, OYEBUIHO, paBeH (—4)™.

YT06B!I HE CMeITuBaTHL 0003HATEHUSI, TTOJIOKNIM sin x =t. MHorowIeH B J1eBOi

oT sin

JIecTBa SBJISIIOTCS THCTIa Sin k=1,2,...,n, n tormbko ouu. Ocrajioch

JaCTU IEePEInIIeTCd B BUOE

n
> CDF (Gt )y
k=0

t2n

Ero kosdduruent npu OymeT paBeH

n

oS3 = o=

[IOTOMY 9TO B Culy (popMyJibl OmHOMA

n n
2n+1Y\ 2n+1Y 1\2n41
S (Gi1) (M) =y =o,
2n+1
Z(Qn}jl) :(1+1)2n+1:22n+1. O
k=0

M37103KeHHOE HIZKE JI0KA3ATEIBCTBOS) 3aKOHA B3AMMHOCTH COICPIKHUTCS, Ha-
upumep, B [2, c. 20-21].
ITo nemme 6 11 ABYX HPOCTBIX YUCEI P, ¢ > 2 CHPaBEIJIMBO TOXKIECTBO

(5T

Ucnonb3ys obo3nateHust u3 JI0Ka3aTeIbCTBA STONW JIEMMBI, UMEEM ¢ - § = E47,
[I03TOMY, UCIIOJIb3ys HEYETHOCTDb CUHYCA, II0JIydaeM

. 2mgs . 2mrg
Siln —— = €4 SIn .
p p

ITepeMHOKAst 9TH PABEHCTBA JJIs BCEX UHJEKCOB S, nMeeM (¢ yIéToM GHeKTHB-
HOCTH OTOOPaXKEHUS § — T'g)

() =T= - (5ae)

seN

%) Ono NPUHAJIEXKAT yUIeHnKy laycca Dit3eHmrreiiny.



Hepagsencrsa C. H. Bepumreiina 97

[Tpumensist temmy 7 K COMHOXKUTENSIM TIPABOi 9aCTH MOCJIETHErO TOXKIECTBA
(st 2n 4 1 = q), nosyuaem

(1) =TI T1 (s 25 - 28) -
1<k<

s€Q q%l
(g— 1)(10 9] .
= (—4) (sm2 275 gin? M)
p
1<k ;
Memnstst qucaa ¢ U p poIsAME, TOYHO TaK Ke IIOJIyIaeM

Q> 4 (e-D(p-1) ( . 227k . 2 277'8)
=) =(- sin® == —sin” == ).

(p ( ) H q p

1<k<4Gh seQ

Ocranochb 3aMETUTDH, 9ITO COOTBETCTBYIOIIWE MHOXKUTEJIN B IIPABBLIX YaCTAX
ABYX IIOCJIEAHUX TOXKJICCTB IIPOTHUBOIIOJIOZKHBI 110 3HAaKY, HpH‘Iél\J YUCJIO ITUX

Ny (¢-Dpp-1)
MHOZKUTeNIell PABHO ~——— ———, TO9TOMY
(¢—1)(p—1)
()= @
p q
9TO W 3aBEepITaeT J0Ka3aTebCTBO. ]

st nokazaresnnbcrBa HepasencTs C. H. Beprinreiina nonagoburcs: HeCKOIb-
KO TPUTI'OHOMETPHUYICCKUX TO2KIECTB.

3A0AYA 9. [lokazkure, aTo npu [ < m CIPaBEJIUBBI TOXKIECTBA

m m
Zsm(sc+ 277—“) =0= Zcos(:z+ 27r—kl>
m m
k=1 k=1
VYKA3ZAHUE. CyMMa BEKTOPOB, BBIXOJISINIUX U3 HAYAIA KOOPIUHAT B TOUKH

Ha eJUHUYHON OKPYXKHOCTU, 0Opa3yIoIue MPABUJIbHBIN N-yTIOJbHUK, PABHA
Hya0. YToOBI MOKa3aTh 3TOT (PAKT, JOCTATOYHO MOBEPHYTH ILJIOCKOCTH C M300-
ParKEHHBIME Ha Hell BEKTOPAMHU IPOTUB YacoBOil cTpeiaku Ha yroi 27 /m. Ecin
CyMMa PaccMaTpUBAEMbIX BEKTOPOB HEHYJIEBasl, TO OHA TOXKE JOJIZKHA ObLIa ObI
MOBEPHYTHCA Ha ITOT yroa. C Apyroil CTOPOHBI, IPU TAKOM ITOBOPOTE KAXKTbIH
BEKTOP MPEBPATUJICS B COCETHUI BEKTOP, T.€. HAOOP BEKTOPOB HE U3MEHUJICS
U CyMMa U3MEHHUTbHCsT He JoJKHA. OCTaloch 3aMeTHTh, ITO

m m
Z COS(:,U _|_ 27‘—_]61) + Z 'L Sln(l' + 27T]€l) Z ez(z+27rkl/m)’

k=1 k=1

a TIOCJIeHsIsT CyMMa MeOMEeTPHIECKU M300parkaeTcss KaK pa3 KaK CyMMa BEKTO-
POB, BBIXOAMAIIUX U3 Hadaja KOOPAUHAT B TOYKU HA €JIMHUYHOI OKPYKHOCTH,
obpa3zyrolue IPaBUJIbHbIN N-YTOJIbHUK.
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3A7AYA 10. Tokaxkure, 4To npu | < m/2 BBINOJHSIIOTCSI TOXKJECTBA

m m
. kl 2k kl\ . 2k
ZSIH(:E—I-?%) cos(y+%‘9) :0:Zsm<x+w) 1n(y—{— 7;']3),

k=1 k=1
m
Z cos (1: 27Tkl> cos (y + 27Tk8> =0,
k=1
- okl - | 2kl
2 s T
S cost (a4 200 10 3 i 4 200
k=1 k=1

YKABAHME. JlocTaTovHO BBIPA3UTh KazK/[0€ CJIaraeMoe BUJIA
cos(x + la) sin(y + sa), cos(z + la) cos(y + sa), sin(x + la) sin(y + sa)

B BH/JIE JIMHEHOW KOMOMHAIINN CHHYCOB HJIN KOCHHYCOB OT = + y + (I 4+ $)a
ux—y+(l—s)a, a KaKABI KBaIPAT — Yepe3 KOCUHYC JBOHHOIO yIJia, ¥ IPU-
MEHHUTHb TOXKJIECTBa 3aja4un 9.

3AJAYA 11. Jlokarkure, 9TO [JIsT KaXKIOr0 JEHCTBUTETHLHONO TPUTOHOMET-
pUYECKOTO MHOTI'OUJIEHA

n
Qg .
tn(z) = 5 + Z(ak cos kx + by, sin kx)
k=1
upu m > 2n, | < n cupaBeJIuBbI TOXKIECTBA

1N of,, 2nk\ _ a3 <~ +b
TDACEEOEE DRSS

k
a; = zit (%J> cos ZHT - = zit <2k:_7r> sin 2KIT
L= m "\'m m L= m "\'m m
k=1 k=1

YKABAHUE. [IpumeHnThb TOXK1ecTBa 3amadu 10.

SAZIAYA 12. [okaxkure, 9TO IPHU KaXKJIOM HATYPAJbHOM M < 2n CIpaBes-

JIUBBI TOXKJICCTBA
n
Z cos 2mkmr _ 1
2n+1 2’
n

n

.2 mkr _ 2n+41 2 mkn _ 2n—1

> sin m+1 4 D cos m+1 4
k=1 k=1

YKA3AHUE. IlepBoe u3 9TuX TOXKIECTB CJIEIyeT U3 BTOPOH CTPOKU TOXK-
nectB B 3ajtade 10 pu © = y = s = 0, ocTajgbHbIE JIBa TOXKJIECTBA CJIEIYIOT
U3 IIEPBOTO, €CJIM IIPUMEHUTDH (DOPMYJIbI IBORHOIO yIJIA.
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Jlajtee moHaI00UTCsT 3aMedaTeIbHOE TPUTOHOMETPHIECKOE TOXK IECTBO:

TeOPEMA 3 (Taycc). ITpu npocmomn=4m+1ul=1,...,n—1
(kY 2kin S (kY L 2kl
2 <n> cos = +/n, 2 (n) sin = 0.
IIpu npocmomn=4m+3 ul=1,...,n—1
S kY L 2k S (k) L 2K
(ﬁ) sin Tﬁ = 4+/n, (ﬁ) Ccos Tﬂ =0.

B
Il
MR
b
Il
—

Ha camom gmene T'ayce mokazas 6ojiee CHIbHOE YTBEpP2KIECHUE: B IIPABOit
9aCTH JIEBBIX PABEHCTB MOYKHO 3aMEHUTDH ++/1 Ha /N %) Ho nokazarenbcTBo
CJIOKHO, & HaC ycTpouT Oojiee ciiaboe yTBepKIeHHe.

Cuadajia IOKayKeM BCIIOMOTaTe/IbHbIE TOXK/IECTBA, TOXKE HalljileHHbIe [ayccom.

3A0AYA 13. Ilpu mpoctrom nul=1,...,n
n—1 n—1
S (1) cos 21— (1)5 () o 2er
n n n n n’
k=

—_
i

n—

kY . 2klm (1 B\ L 2k
(i) sin 25 = (5) 22 () sin 5.

1

=
Il
—
b
Il

YKABAHUE. Ilpu [, kpatHom n, obe dactu (popmys HyJIEBblEe, TaK Kak
(%) =0mu ZZ;% (%) = 0. Ecomn [ ve xpaTHO N, TO

n—1 n—1 n—1

l k 2klm _ kl 2hklm _ k 2k
() X2 () cos B2 =30 (51) cos BE = 32 (3 cos B2,
k=1 k=1 k=1
ITIOTOMY 9TO OCTAaTKU OT Aejenus kl ua n upu k=1, ..., n — 1 npoberaior Bce

quciia oT 1 10 n — 1 o omromy pazy. g curyca mokazare/ibCTBO aHAJOTUIHO.

Temepsb BCE TOTOBO 151 JOKA3aTEIbCTBA TeopeMbl 'aycca. Y100HO HCIOIb30-
BaTh KOMILIEKCHOE 0b03HaueHne e'¥ = cos ¢ + i Sin ¢ U TOXKIECTBA JOKA3LIBATD
OJIHOBPEMEHHO (PaBEHCTBO HYJII0O B HUX JIETKO [IPOBEPUTH HEIIOCPEJICTBEHHO).
OTHU TOXKIECTBA MOXKHO 3alllCaTh B KOMIAKTHOM BHIE:

n—1
Z (%)e%lm‘/n _ :I:\/ﬁ mpun =4m+ 1
k=1
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n—1

Z (%)e%lm'/n =4iy/n upun=4m+3,

k=1

WK, B OOIIIEM cIIydae,

(nz_:l <%>62klm’/n>2 _ n(_l)(n—l)/Q'

k=1
Jasee OymeM UCIIOJB30BATH ODO3HAYEHIE

n—1

k mi/n
0= 3" (E)erin

k=1
U3 l0Ka3aHHBIX TPUTOHOMETPUIECKHUX TOXKIECTB CJIEJYeT, 9TO go = g =0 u ipu
0<i<n
n—1 i ‘ 2 n—1 i ‘ 2
912 _ (Z (ﬁ)erlﬂ'z/n> —. 92 _ (Z (ﬁ)erﬂ'z/n> )
k=1 k=1

Boraucsmm gByMst criocobaMu CyMMy » . -y gign—i- C OHOM CTOPOHBI, COMIACHO

3ajiade 7,
(I (n—=1\ 2 n—l o
Gign—1 =\ ){——)9" = 9’ 90=9n=0,

nosTomy cymma pasta (n — 1)(—1/n)g?. C apyroit CTOPOHbI, HETOCPEICTBEHHO
II0CJI€ PACKPBITHS CKOOOK HMeeM

n—1 n—1 n—1
O1Gn_t = Z (%)emclm/n Z (%>€2m(n—l)ri/n _ Z (%) (%)62(k—m)lm’/n’
k=1 m=1 k,m=1
OTKY/JIa
n—1 1
(n—l)( ) Zgzgn 1—2(5)<%)=
k,m=1
n—1 9 n—1
—ZeQ(kmlm/”:Z(n>n: n=n(n-—1),
k=1 k=1
u TeopeMa ['aycca mokazaHa. O

SATAYA 14. Jlokaxkure, 9T0 JJIs JTFOOOTO HAOOpa JEHCTBUTEIBHBIX TUCET
(b1, ba, ..., by,) cupaBemuBo HepaseHncTBo Kormn:

b1] + |ba| + ... + |by] g\/n(b§+b§+...+bg).
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DTO0 HEPaBEHCTBO OOPAINAECTCS B PABEHCTBO TOIJA M TOJILKO TOIJA, KOIJa BCe
qncsia |b;| paBHBL

Hakomer mbl MoxkeM Jiokazarh Teopemy C. H. Bepumreiina (cMm. c. 88). Ha-
HOMHUM €€ (POPMYJIUPOBKY.

TEOPEMA. Ilycms neuémuuill deticmeumenvHullli mpuzoHoMempuieckut

MHO2OYNEH n
= E by sin kx
k=1
yd06.AEMBOPAEN, HEPABEHCTNEAM

21k _
%Qn+J‘<L k=1,...,n. (%)

Tozda

n

1
bl < V2 41— —
;'H Von+ 1

Hepaserncmeso obpawaemces 6 pagencmeo npu neuémmus n, 0ad KOmMopwur p =
=2n+ 1 — npocmoe, u

b = —2 ( k ) k=1,....n
NoTESACIES

Hycmo wémmoil deticmeumenvroll MPU2OHOMEMPUUECKUT, MHOZOUAEH,

n
x) = g ay, cos kx
k=1

ydoeaemeopaem ycaosuro t,(0) = 0 u nepasencmeam (x). Toeda

1
anl < VoIl — —
Z' Kl < Von + 1

Hepaserncmeo obpawaemen 6 pasencmso npu 4émuolxr n, 0ad KOMOpuxr p =
= 2n+ 1 —npocmoe, u

ap = 2 < k > k=1 n
5 T\2n 1) R

JIOKABATEJIBCTBO TEOPEMBI 1. PaccMoTpuM cirydait HEUETHOTO MHOTO-
wrena. Bocmomb3yemcs ToxkmecTBOM u3 3aga4u 11, B koropoMm BeiOepeMm x = (),
m = 2n -+ 1> 2n, u Torna

2n+1

Z ti(272lk_~7_71) 2n+1 sz‘

k=1
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3aMeTHM, UTO CeperuHa OTPe3Ka [ } HAXOIUTCS B TOUKE T,

2n+1’ 2n+1
LO9TOMY
; 2%kr \ ; 22n+1—-k)w
"<2n—|—1>__n( 2n +1 )
B CHJLY TOXK/JIECTBA by, (7) = —t, (27 — x), clIpaBeiIMBOrO JIst BCEX HEUETHBIX TPH-

TOHOMETPUYIECCKUX MHOT'OYJICHOB. Ta.KI/IM o6pa30M, BEPXHIOIO I'PaHUILY MHIEKCaA
CYMMUPOBaHUS B JIEBOH YaCTH HATIMCAHHOTO BBIIE PABEHCTBA MOYKHO TIOHU3UTD
JIO M, €CJ OJHOBPEMEHHO BJBOE YMEHBIIUTH €ro IPaBylo YacThb (cjaraeMoe
npu k = 2n + 1 pasno mymmo). Ce1oBaTeabHo, NMeeM

Z %r \2 41w
T _ 2n+ 2
Zt”<2n+1) T4 Zbk'
k=1 k=1
C Apyroii CTOPOHBI, U3 yCIOBUSI TEOPEMbI CJIelyeT, 4TO BCe cjaraeMble JeBoil

JaCTU ITIOCJIEJHETO PaBE€HCTBa HE IIPEBOCXOALAT €IMHUIIBI, IIO3TOMY UX CYMMa
HE IIPEeBOCXOJUT YHUCJIa CJlaraeMbIX. Tem caMbIM JOKa3aHO HEpaBE€HCTBO

Zb2 2n—T|L—1

YT10o06b! HOJIYyYUTh BBIIUCAHHYIO B YCJIOBUH T€OPEMbBI OIEHKY JJIS CyMMBbI MOJLY-
Jiett Ko DUIUEHTOB, BOCIIOIb3yeMcs HepaBeHCcTBOM Korrm:

n
D bl <
k=1

1 HEpaBE€HCTBO TeOpeMbl B CJIy4dae HEYETHOI'O TPUTOHOMETPHUYIECKOI'O MHOI'O-

2n+1

a 4n
n b2 < ——/n=vV2n+1-— 5T

qaeHa oka3ano. KoHedHo, BCE UBSIECTBO TOTO Pe3yIbTaTa MPOSIBUTCS JIUIID
TOr/[a, KOIJA MBI JIOKAaXKeM, 9TO IMOJIydYeHHasl OIEHKa — TOYHAs, T. €. €€ yiKe
HE YIACTCs YAYUIINTh, €CJU PACCMATPUBATDL BCE MHOXKECTBO HEUETHBIX TPH-
FOHOMETPUYIECKUX MHOTOUWIEHOB, YIOBIETBOPSIONINX YCJIOBUSIM TeopeMbl. Jljis
9TOrO0 MOHAI00ATCH TOXKIecTBa [aycca.

Cuaugajia 3aMeTHM, 9TO Jjis KOI(PDUITMEHTOB, yIOBIECTBOPSIONINX YCIOBUIO

bp| = —2—, k=1,....n
) PR | b
Van+1
HEPABEHCTBO TEOPEMBI IIPeBpaIaeTcs B papeHCTBO. OcTaéresd Ajisi KarKIoro
qmciia . U3 MHOYKECTBA, YKA3aHHOTO B TeOpeMe, IPeIbsIBUTh HEUETHBIN TPUTO-
HOMETPUYECKNI MHOTOUIEH MOPSIKA 71, KO3(DDUIIMEHTHI KOTOPOr'o YI0BIETBO-
PSIOT 3TOMY YCJIOBHUIO, & €r0 3HAYEHUS — YCJIOBUIO

27k _
n(%—ﬂ))gl, k—l,...,n,
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YTO U JIOKA3bIBAET HEYJIYUIIAeMOCTD I0JyYeHHbIX HepaBeHcTB. U neiicTBuTe b
HO, Ipu IpocToM p =2n+1=4m+3 u

by = —2 ( k ) k=1,....n,
Von+1\2n+1

n3 TeopeMbl ['aycca moryaaeM:

n
k . (2klT Y\ o+ 1.
z:(2n+1>sm(2n+1)_i i

k=1
oTciofa ajst aoboro [ =1,...,n
2l - 2kl 2 ~~(_k 2kl
T\ . T\ . T\
t"(T) = kz i Sln<2n+ 1) T anil ;(2n+ 1) Sm<2n+ 1) =+1,
910 U TPpebOBaJIOCH TOKa3aTh. ]

YETHblil cirydali aHAJIOTUYEH, U MBI IIPEJJIaracM dUTATEI0 Pa300paTh ero
CaMOCTOSITEJIbHO, 110 aHAJIOTUH C JOKAa3aTeJbCTBOM JIjIs HEYETHOI'O TPUI'OHOMET-
PUYECKOIO MHOI'OYJICHA.
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