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Cepusg 21, KkBaJgpaTudHbIE BbIYUETHI
17 utoss
B »sToMm smcrouke p — mpocToe 4Uncsao, He paBHOE 2.

Ynpaotcnenue. a) Jjisi Ka)kjioro HEHYJIEBONO OCTATKA ¢ IO MPOCTOMY MOJYJIIO P
CYIIECTBYET €/IMHCTBEHHBII 0OpaTHBIl 0CTATOK, T. €. Takoil octarok b, uro ab = 1 (mod p).
O6oznauenmue: b = a L.

6) OcraTKu 10 MPOCTOMY MOJLYJIIO MOYKHO JI€JUTh, T. €. cpaBHerue ax = b (mod p) nmeer
eJIMHCTBEHHOE pEIIeHIe.

Onpedenenue. HernyieBoii BbIUeT a HA3BIBAECTCS KEAOPAMUYHBIM GbIYEMOM IO TIPOCTOMY
MOJLYJIIO P, eclu cyllecTByerT Taxkoe b, uro b*> = a(modp). B uporusnom ciydae
@ HA3BIBAETCH KBAIPAMUYHBIM HEBBIYEMOoM. TakuM 00pa3oM, BBIUETHI 10 MOJIYJIIO P
pas3buBaloTCd Ha 3 IPYIIILI HYJIEBOH BBIYET, KBaJpaTUIHbIE BbIUETHI U KBaJIpaTUIHbBIE
HEBBIYETHI.

3adavu
1. Haitqure Bce KBaJipaTUIHble BBIYETHI 10 MOJYJIIO 5, 7, 11, 13.

2. a) JlokazkuTe, 4TO JjIsl HEHYJIEBOI'O OCTaTKa ¢ KBaJpaTHoe cpasHenue x2 = ¢ (mod p)
UMeeT POBHO /JIBa PelleHus 110 MOJYJII0 P WK He UMEeeT UX BOBCE.
6) CKOJIbKO CyTIECTBYET KBAPATHIHBIX BBIYETOB MO MOLYJIIO P?

1

3. rZLOKEL}KI/ITG7 4qTO €CJIN X KBaﬂpaTI/I‘{HbIﬁ BbIYET, TO xr KBaﬂpaTI/I‘IHbIﬁ BbIYECT.

4. Jlokazkure, 94T0
a) MPOM3BEJICHNE JBYX KBaJIPATHIHBIX BHIYETOB — KBAPATUIHBII BBIUET;
0) Ipou3BejieHne KBaIPATHYHOTO BbIYeTa U KBaJIPATUIHOTO HEBBIYETa — KB PATHIHbIIT
HEBBIYET;
B) MPOU3BEJICHNE JBYX KBaJIPATHIHBIX HEBBIYETOB — KBAPATHIHBII BbIUET.

5. a) [Ipu Kakux p KOJIMUECTBO KBAPATUIHBIX BbIYETOB YETHO?
0) Hokaxkure, uro —1 KBajpaTHIHbI BBIUET TOTa U TOJBKO TOrda, Korjga p = 4k + 1.
B) Ucnosns3yst Teopemy Buibcona o tom, uto (p — 1)! = —1 (mod p), npemioxure
dopmyny jist kopas u3 —1 npu p = 4k + 1.

6. a) Kakue mpocTble 4mca BeTpeuaroTess B PasIoyKeHnn BhIpakennil suga n’ + 1 na
IIPOCTBIE MHOYKITEIN !
6) Hokazkure, 9r0 MpOCTHIX unces Buja 4k + 1 GeCKOHEYHO MHOTO.

7. Haiiiure cymMMy KBaJIPaATUIHBIX BBIYETOB 110 MOJIYJIIO P.

8. Iokazkure, uro cpasuenue azx’ + bx + ¢ = 0 (mod p)
a) MMeeT JIBa PeleHnst [0 MOJLYJIIO P, eCJIH JUCKPUMUHAHT — KBAPATUIHBIN BbIUET;
0) He MMeeT pelieHnii, ec/in JUCKPUMUHAHT — KBAJPATUIHBIH HEBBIUET;
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B) HMeeT POBHO OJIHO peIlleHhe 110 MOJLYJIO P, €CJIM JUCKPUMUHAHT PaBeH HYJIIO 110
MOJLYJIIO P.

Onpedeaenue. Cumesonrom Jleocarndpa HA3BIBACTCS TNCIIO

0, ec/in @ JieJIUTCs HA P;

a
<—> = ]., eC/In a4 — KBa,[LpaTI/I‘IHbIﬁ BbIYET 11O MOZAYJIIO D3

p
—1, ecsin @ — KBaIpaTUUHbBIIT HEBBIYET 110 MOJLYJIIO P.

ab a b
Jameuarue. YTBep:KIeHue 3a1aun 4 MOXKHO Ilepenucarb Kak | — | = | — - .

p p p
1 .
YTBepzKjieHne 3a/[a49i 5 MOXKHO IePelncaTh Kak (—) = (-1,
p
a _
Kpumeputi Jtinepa. <—) = (modp).
p
9. a) IIposepbre kpuTepnii Ditnepa mist p = 7.
p—1
0) Hokaxkure, 9T0 ecyin ¢ — KBaJPATHIHBII BBIYET 110 MOJYJIIO p, TO a 2 = 1 (mod p).

B) [okaxkure kpurepuit Ditepa 11 p suja 4k + 3.
Yrazanue: ucnoavaytime, wmo —1 AsAAEMCA KEAOPAMUYHDIM HEBDIYETNOM.
r) Jokaxxure kpurepuit Ditnepa misa p suga 4k + 1.

10. Teopema Kupapa. Ilycts x? + y? neamres Ha mpocToe uHCiIo p Buja 4k + 3.
Jlokazkure, 9TO T 1 Y JeJIATCS Ha P.

11. Pemmre B 1e/bIx uncaax ypasaenue a° + 7 = 2.



