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AHHOTaUuA

B 3ToiA YacTu, cocTaBasAoLLeli NaHAaH K Y4acTy, NOCBALLEHHOR YncnaM MepceHHa, s npo-
Aosxato 06cyxaaTh GpaHTaCTUYECKM NPOrpecc B peLleHnm Kaaccuyeckux 3ajayd Teopum
yncen, AOCTUTHYTLIW B NoCneAHVE AeCATUIETUSA C UCMONb30BaHeM KOMMNbIOTEPOB. 34ecb
6yAeT paccka3aHo 0 NpoBepke NPOCTOThI, GaKkTOpM3aLMsaX 1 MOMCKe MPOCTbIX Aenutenei
ymncen cneunanbHOro BMAA, B NepBYIo oyepespb, yncen Pepma, nx Apy3eli N pOACTBEH-
HMWKOB, TakMx Kak 0606L1eHHbIe yncna Pepma, npocTele MpoTa 1 T. 4. Kpome TOro, Mbl
AeTanbHO 06CyAMM ponb Yncen Pepma n ymcen MUpNoiHTa B LUKAOTOMMN.

KnioueBble cnoBa: yucia Pepma, o6obLyeHHble uncna ®Pepma, uncaa lpota, yncaa
lupnoviHTa, 4MKAOTOMUA.

LUutnposaHue: Basnnos H. A. KomnbroTep Kak HoBas peanbHOCTbL MaTematuku. VI. Yuc-
na ®epma n Nx poaCTBEHHMKM // KOMMbOTepHbIe MHCTPYMEHTbI B 06pa3oBaHum. 2022,
Ne 4. C. 5-67. doi: 10.32603/2071-2340-2022-4-5-67

ITaMATH BeJIMKOI0 MacTepa KOMIIBIOTePHOMI
MaTeMaTUku Bosogu I'epara.

1. BBEAEHUE

Hacrosiias cTaThd SIBJISIeTCS HeIIOCpeCTBEHHBIM IPO0/KeHHeM [3-7]. B 9ToM yacTy, co-
CTaBJIAIOIIEH MaH/aH K [5], mocBAIeHHOM yrcaamMm MepcerHa M), = 2P —1, 1 TpoJoJoKy 06CysK-
IaThb POJIb KOMIIBIOTEPOB B UCC/IeJOBAHUAX 110 TEOPUH YHCeJI, B IIepPBYI0 0Uepe/ib, B GaKTOpH-
3aly GOJIBIINX YHCeJI CNeyUd/1bH020 8Udd, Ha IIpUMepe ellle OJHOU KJIaCCUYeCKOM 3aZjauu.

n
e I'mmoTe3a ®epmMma. /loKkasaTh, UTo Bce yuciaa Pepma F; = 22"+ 1, me neN, IIPOCTEIe.

ITosBouIto ce6e IOBTOPUTHCSA: TO, UTO IuIloTe3a PepMa oKasatach 6e3HalesKHO HeBepHa, He
JleslaeT ee MeHee BeJIUKOM. Ee poJib B pasBUTHM TEOPUH YHCeJI U aJre6psl B I1eJIOM OTPOMHA.

OmpoBepsKeHUe 3TOM THUIIOTe3bl, @ UMEHHO [0Ka3aTeJIbCTBO HEIIPOCTOTHI uuciaa Fs, cocTa-
BUIJIO COZlep>KaHUe nepgotl paboThl JleoHapAa Jiiiepa 110 TEOPHH YHCeJl — a BCeI'0 TEOPUHU YHCe
Jityiep MOCBATUII II0CJIE 3TOTO 0KOJIO COMHU cTaTei! IlocTpoeHUe IpaBUIBLHOIO 17-yroJbHUKA,

* -~
HcciemoBaHe BEHITIOJHEHO ITpU GUHAHCOBOM mojep kke PO B paMKax HaydHOro mpoekrta Ne 19-29-14141:
u3yJeHHe B3aUMOCBI3HU KOHIIEIITyaJIbHBIX MaTeMaTH4eCKUX IIOHATUHN, UX IUQPOBBIX IIpeACcTaBJIeHUU U CMBICJIOB,
KaK OCHOBBI TPaHCPOpPMaIU IIKOJIBHOT0 MaTeMaTHIeCKOro 06pa3oBaHUs.
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TaK’Ke TeCHeNIUM 06pa3oM CBsI3aHHOe ¢ yrcaaMu depMa, COCTaBUIIO COZleprKaHUe nepeoli Ma-
TeMaTHU4ecKol paboTsl Kapsa $puspuxa 'aycca, ocjie KOTOPOM OH OKOHYATEJIbHO PEII I10-
CBATHUTH cebsg MaTeMaTHKe.

B HacTos1ee BpeMsi HU3BeCTHO 360 IPOCTHIX ieiuTesied [cocTaBHBIX] ynces ®epma. V3 HUX
16 GBLIM OTKPBITHI B JOKOMIILIOTEPHYIO 3110XY 3a OoJiee, ueMm 300 JeT, B cpelHEM IPHMeEPHO
OJUH [leJIUTeJIb pas B 19 jeT. B To ke BpeMs, 3a MeHee, yeM 70 JIleT KOMIIbIOTEPHOM 3I10XU ObI-
JIO OTKPBITO 344 HOBBIX IIPOCTHIX IeJIUTENIS, 8 CPeOHeM IIPUMEPHO 5 esiuTesel KaXKIbIi rog, —
XO0T, KaK Mbl YBUIUM, B IeICTBUTEJILHOCTH 3TOT IIPOIleCC I11eJl KpaliHe HepaBHOMEPHO. B uact-
HOCTH, ¢ 1976 ro/ia HOBBIE IIPOCTHIE [eJIUTENIN OTKPBhIBAIU KaKIbIi rofl, KpOMe POBHO OJHOTO,
1989-r0. 5 IIpefoCTaBIIAI0 YUTATEI0 CAMOMY CYAUTD, OTBeYaeT JIU II0L00HBII POCT HAIITUX BhI-
YUCIUTEJTbHBIX BO3MOXXHOCTEH HaAIIIUM OKUTaHUSAM.

JleoHup Ille6apIInH KaK-TO 3aMeTHJI — BEPOSTHO, 110 IPYTOMY II0BOJY, HO IIOJIHOCTBIO IIPH-
MEeHHMO K ucTopum urcesn PepMa 1 ux paxropusanmii — «MsbI Bcerga roTOBEI TOBOPUTE IIpaB-
Iy. Ho xak MBI ee y3HaeM?» Ec/IM TOBOPHUTE 0 paHHEU HCTOPHUH, TO, KpOMe HaIllero 06bIIHOT0
HUCTOYHUKA, «VicTopun» [JukcoHa [146], coBepIlleHHO YHUKaJIbHBIM UCTOYHUKOM 3SHAaHUH SIBJIS-
1oTcsa Tpyasl PepmMa [161-165]. B ToMe IV comepsKUTCA UCTOpHA yucesa depMa, JoBeeHHas [0
Havasia XX Beka. [IoAIMHHON Hax0IKOM JIJII MeHsSI OKasaJach CTaThd SIHa BaH MaaHeHa [281],
IJle cofeprKaTcsd TOUHBIe IIOCTpaHUYHEIe CChIKY Ha ITuchbMa PepMa, Ha ItepentvicKy l'obrbaxa
U Jiyiepa U Ha PeKOHCTPYKIIUU BEIUKCIeHUN JiIepa.

OrpoMHOe KOJIMYECTBO COOGPaHHOTO B OZHOM MeCTe MaTepHasa IIpe/cTaBJIeHO B KHUTe
Koxkmokeka, Jlyku 1 Comepa [260], KoTOpyIo 51 He 3HAJ BO BpeMs paboTsl Haf [8] ¥ OTKPBLI AJIs
ce6s1 TOJILKO B IIpoIjecce paboTHI Haj, HaCTOSINel cTaTheii'. 3Ta KHUTA ABJIgeTcS HeHucdepIia-
€MbIM MCTOYHUKOM 3HAHUH II0 BCEM aclleKTaM, CBI3aHHBIM C YHcIaMU PepMa, U 51 COBETYIO
obpamaThca HeII0CPeICTBEHHO K Hell 10 IT0BOY JaJIbHEeUITNX HCTOPUYECKUX CChIIOK. KpoMme
TOTO, 51 COBEPIIIEHHO He 00CY K/Ial0 pasInyHble IIPUIoKeHUs urces Pepma, B 4aCTHOCTH, OCHO-
BaHHBIe HA HUX BapHaHTHI JUCKPETHOIO IIpeocbpasoBaHus ®ypbe U Apyrue UX IPUI0KEHUS
B TEOPHUH KOSWPOBaHUA U Ilepefadyud HHPOpPMaIHH.

B paMKax ofHOI )KyYpHaJIbHOM CTaThbU HEBO3MO>KHO, pasyMeeTcs, OTPasUTh BCe acIleKThl,
CBsI3aHHBIE ¢ paKTopHU3aIiue 060611IeHHBIX urces ®epMma Fy(a, b) = a®" +b?', npoekToMm KaH-
HUHTeMa’, TeopeMoit BaHra—)KMIMOHIM M BCeMHU OCTaJbHBLIMHU acleKTaMM $aKTOpH3aIluit
CYMM M pasHOCTeH cTelleHel. [I0aToMy g COCpPefoTOUyCh B IIEPBYI0 O4Yepesb COOCTBEHHO Ha
¢axTopm3anuax yncaax Pepma u GpaHTACTHUIECKUX IPOABIDKEHUSX B IIOMCKEe UX IIPOCTHIX Jle-
JIATeJIeH, II0JIYYeHHBIX B 3II0XY paclpe/ie/IeHHBIX BEIYUCIeHUH.

KpomMme Tor0, g YIIOMSHY ellle HECKOJIBKO CBSI3aHHBIX C 3ITUM TeM, B YaCTHOCTH, CJIeAYIOIIHe.

n
¢ 0GoGmeHHkIe uncaa Pepma Fy,(a) = a®” + 1, cpefit KOTOPLIX MHO20 TIPOCTHIX ¥ KOTOPEIe,

Cy[isl IT0 [UHAMUKE IT0CIeJHHUX JIeT, UMeIOT BCe IIIaHChl 3aMeHUTh YHcIa MepceHHa B KaUecTBe
PEKOPAHBIX IIPOCTHIX.

e Yncsa IIpora k-2 +1, k < 2™, KoTopble BOSHUKAIOT KaK [eJIUTeIH Urces depMa U TakKe
UTPAIOT [[eHTPaJIbHYIO0 POJIb B IIOCTPOEHUM PEKOPAHBIX IIPOCTHIX U ITeII0YeK IIPOCTHIX C KOHTPO-
JIAPyeMBIMU PasHOCTAMH. BoKpyr yuces IIpoTa ecTecTBEHHO BO3HHUKaeT Macca 3a/iad peKpea-
THUBHOTO B y4e6HOT0 XapaKTepa.

e PoJtb IpocThIX ®epMa 1 mpocThIX ITupmoiinTta 2” -3° + 1 B ITUKJIOTOMUH, TO €CTh B BBIYHC-
JeHUU U PaKTUIeCKOM TeOMeTPHUUEeCKOM IIOCTPOEHUH KOPHEeH COOTBETCTBYIOIIUX CTeIleHeHr
us 1.

1 «The book had 3 authors, took 5 years to prepare, consisted of 17 lectures, had 257 pages, and hopefully will make
USD 65 537 in royalties.”
2 https://homes.cerias.purdue.edu/~{}ssw/cun/index.html
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Kak ¥ B IPeABIAYIIUX CTAThSIX 3TOH CepUH, GOKYC 371eCh TPOSKHH.

¢ BO-TIePBEHIX, 00INEKYJIBTYPHBIN U NCTOPUUYECKHMN, 3TO KJIaCCUYeCKHe TEeMEI, UCTOpUYe-
CKH CHITpaBIIFe OTPOMHYIO POJIb B Pa3BUTHU MaTeMaTHUKH, KOTOpPble MOTYT OBITh HHTEpPEeCHBI
MHOTHM MaTeMaTHKaM, He3aBHUCHUMO OT CIIeI[MaTbHOCTH, ¥ IIPOCTO 06pa3oBaHHBIM JHOOUTe-
JsM. Kak ¥ B IpyTUX ciy4dasX, s ObLI WOKUPOBAH COCTOSTHUEM JIUTepaTyphl U TeM, 4TO 60JIb-
IIMHCTBO TEKCTOB OOIIero XxapakTepa COBePIIeHHO HEKPUTHUYeCKH BOCIIPOU3BOIAT MUDHI U U3-
MelnwieHUs 100- wiau 150-71eTHe TaBHOCTH.

B 9acTHOCTH, YHCTO IIPOIIaraHANCTCKHE JIeKITUU KileliHa MIKOJIBHBIM yuuTeasam [238], 11o-
CBAIIleHHEIE BO3BeJIMUMBAaHUIO POJIU ['aycca IMUHO U MaTeEMaTUKU B ['eTTUHTeHe B I1eJI0M IIpU
TI0JTHOM UTHOPUPOBAaHUU paboT QpaHIy3CKUX, PYCCKUX U Jake IPYCCKUX MaTeMaTHUKOB ObLIH
BOCIIPUHSATEI IIOCJIEAYIOIUMHU ITOKOJIEHUAMU IIOIIYJIIPU3aTOPOB KaK OKOHYAaTeIbHAagd UCTUHA
B BOIIPOCE UCTOPUHU IIUKIOTOMUH.

TpyaHO He COIIaCUTHLCS C TEM, UTO TOBOPUT 110 3TOMY IIOBOAY BaH Jiep BapzieH B IIpeuCIo-
BUHU K CBOeU KHUTe: «CKOJIBKO YTBEPKIeHUU B KHUTaX 110 UCTOPUU MaTeMaTHUKH CITUCHIBAJI0Ch
U3 IPYTrUX MOJOOHBIX JKe KHUT 0e3 BCIKOM KPUTHKU U 6e3 U3ydeHHsI NCTOYHUKOB! CKOJIBKO
HaX0JUTCA B 06paIeHruH 1o6aceHoK, KOTOpble CUUTAIOTCS “00IeTpU3HAaHHBIMU UCTUHAMU”!
... Ay Toro, 4T06h! N36eKaTh IMOA00HBIX OIINO0K, I HEYKJIIOHHO IIPOBePsLI BCe YTBEPKIeHUs,
KOTOpBIe BCTPeyasI Y COBPEMEHHBIX aBTOPOB. ITO He TaK TPYLHO, KaK Ka)keTCd, Jake eCJIN Je-
JIOBEK (KaK s1) He 3HAeT eTUIIETCKOIO S3bIKa, HEe MOXKET YUTATh KJIWUHOIIMCHBIX TEKCTOB U He
ABJIsIeTCS QUIIOJIOTOM-KyIacCUKOM» [10].

[TosToMy S IPUBO’KY CCHLJIKM HA UCTOYHUKHU U BOCIIPOM3BO’KY HEKOTOPHhIE UX QparMeHTHl,
IOCTaTOYHBIe, UTOOBI KBATUPUITUPOBaHHBIN YNTaTeIb MOT YOeIUTHLCS B TOM, UTO CO CTaHAAPT-
HBIMH BepCHSIMH Jla/IeKo He Bce B Hopsike®. M, KpoMe TOTO, 3aTparkBai HeCKOJLKO GIHM3KHX
TeM, KOTOpbIe, KaK MHe KaXKeTCs, HeJJoCTaTOUHO U3BECTHEI, HO IIPEJCTaBJISIOT 60IbII0N UHTe-
pec ¢ TOUKM 3peHUs UCTOPUH U COLHMOJIOTHH MaTeMaTUKHU.

» BO-BTOPBIX, COOCTBEHHO BEIUMCIHTEIBHBIH: ST X0UYy PaccKas3aTh 0 TOM COBEPITIEHHO HeBe-
POSITHOM ITpoTpecce, KOTOPBIH GBI JOCTUTHYT B 3TOH 06J1aCTH B IIOC/IeTHHE HEeCKOJIBKO JECSITU-
JIETUH, U, B 0COOEHHOCTH B TIOCJIEHIE ITPUMEPHO 20 JIET, CBSI3aH HE MIPOCTO C POTHI0 KOMITHIO-
Tepa, HO C PaCTyIIeH IMOIMy/JISPHOCTHIO IIPOEKTOB PacIIpe/ie/IeHHBIX BEIYMCIEHUH, TAKUX KakK
PrimeGrid.

* B-TpeThUX, NeJaroruuecKuii: 3To, pasyMeeTcs, Ta poJib, KOTOPYIO 3TH TeMBI MOTYT UT'PaTh
B IIpeIlo/laBaHUN MaTeMaTHUKHU. f 37ieck IIPUBO’KY HECKOJIBKO 33/Jad TAKOTO THIIA, KaK MBI pak-
TUYEeCKHU UCII0JIb30BaIU B KjIacce, cM. [8] 1 omrcaHue Bcero mpoekrTa B [9]. SIcHO, 9TO IIpocTop
IJIs1 TBOPYEeCTBA 3/leCb OTPOMHBIN. ITH 3a1a4H JIETKO GOPMYIUPYIOTCS, UICTOPUUYECKH MOTHUBU-
POBaHBI, BEI3BIBAIOT €CTECTBEHHOE JIFOOOIIBITCTBO, HEIIOCPEACTBEHHO CBSI3aHbI CO IIKOJIbHBIM
KypcoM MaTeMaTHKH, JIETKO IIPOrpaMMUPYIOTCS U B TO YK€ BpeMsI OTKPBITHI B CTOPOHY Cephe3-
HOU nnpodeccuoHaJIbHON MaTeMaTUKU.

3mech, Kak U B paboTax [4-6] u, B 0cO6eHHOCTH, B [7], 1 He [esiar0 HUKAaKoll IIOIBITKY AaTh
cucmemamuueckull 0630p IUTepaTypsl — H0JIEE TOTO, B TOM, UYTO KacaeTcs 0000IIeHHbIX YU CeJT
depMa U faTbHEUITNX BapHalliii Ha 3Ty TeMY, 3TO ObLJIO 6bI HEBO3MOKHO B paMKax )KypHaJIb-
HOI cTaThy. CTOJIb Ke HepeaJIbHO ObLJIO0 GBI U II0JIHOCTHIO 3aJ0KYMEeHTHPOBATh HCTOPHUIO IIOKC-
Ka COTeH M3BEeCTHBIX IIPOCTHIX JleJInTesIel caMuX yncesa $epMa, 3TO TaKKe IIpe/IIoaraao Obl
COBEPIIIEHHO APYyroX ¢popMaT (U JpyryIo BOBJIEYEeHHOCTD!).

3 Viomsiem TPU UCTOPUKO-MaTeMaTHUYeCKUX TeKcTa [424, 424, 425], KoTopble IIOJTHOCThI0 IIOATBEPKIAI0T 3Ty
TOYKY 3peHHUs, HO KOTOpble, K OTPOMHOMY COKaIeHHIO, CTaJIi MHe H3BEeCTHEHI y)Ke I10C/Ie OKOHYaHUs OCHOBHOIO
TeKCTa HAaCTOSIIeN CTaThU.
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IT03TOMY, KaK ¥ B TIPEJBIAYIITUX CTAThSIX CEPUH, I OTPAHUYMBAIOCH CCHIIKAMH Ha 1) Kitac-
CHYecKHe Pe3yJIbTaThl, 2) HECKOJBbKO GyHJaMeHTaIbHEIX MOHOrpaduii ¥ 0630poB, 3) CTaThH,
B KOTOPBIX TIPE/ICTABJIEHbI PE3YIbTAThl KOMIILIOTEPHBIX BRIUYUCIEHHUH, 4) HEKOTOPBIE CTATHH
3JIEMEHTAPHOTO0 U a/12e6pautecko2o XapakTepa, KOTOpble MBI MCIT0JIb30BaJIH IIPH COCTABJICHHS
3a/1av [yl CTY/IEHTOB.

2. TMNOTE3A ®EPMA O YAC/IAX DEPMA

CoBepIIIeHHO SICHO, UTO TeOPHS UHCeJI, KaK MBI ee 3HaeM, 0CHOBaHa OTHUM UesI0BeKOM, IIke-
poM ne ®epMa. BoT 4TO IHUIIET IO 3TOMY OBOAY AHjpe Beib [395]: “Fermat is one of the
most fascinating mathematical personalities of all times, the creator (with Descartes) of analytic
geometry, one of the founders of the calculus, the undisputed founder of modern number theory.
The aura of mystery that still surrounds some of his best work provides an added attraction.”

2.1. NcxopHasa ¢opmMynmpoBKa runotesbl o umcaax dPepma

HauHeM co ciefyolliero HesaMbICJIOBaTOT0 HabIr0eHNs, KoTopoe dPepMa cfiesaa B Iiepe-
nucke ¢ bepgapoMm ®peHUKIIEM.

3agaua. [IpoBepbTe (WU JoKakuTe!), uto ecau 2™ + 1, tme m € N, mpoctoe, To m = 2", n € Ny.
n
Yucio Buga Fy, = 22" +1, 171 n € Ny, HassIBaeTcs uncaoM depma. Urica PepMa BO3SHUKAIOT
B CaMbIX Pa3/IMYHEIX BOIIPOCaX TEOPUH YHCeJ, KOMOMHATOPUKH, aJre6phl 1 TeOMETPUH.

B mchMe @peHUKITI0 PepMa 8blcKa3an npednoaodceHue, uTo Bee urcia depma F, IpoCThIe,
HO CMOT ITPOBEPUTH JIUIIb, UTO

Fo=3, F =5 F=17, F3=257, F;=65537

IpocThl. PparMeHTHI BcexX mceM PepMa Ha 3Ty TeMY, KOTOpBIe 1 CMOT HAHUTH, BOCIIPOU3Be/IeHbI
HIKe. Bce nmucbMa nutupyrored o (Euvres de Fermat, Tom 2 [162]%.

e BoT HCTOpHYeCKH IlepBasi GOpMyJIHMpPOBKa rUI0Te3sl PepMa B mucbMe XLIII ®peHUKITIO,
IpeIoI0KUTENIBLHO aBrycT 1640 roaa, [162, p. 206]:

“Mais voici ce que j’admire le plus: c’est que je suis quasi persuadé que tous les nombres
progressifs augmentés de 'unité, desquels les exposants sont des nombres de la progression
double, sont nombres premiers, comme

3, 5 17, 257, 65537, 4294967297

et le suivant de 20 lettres
18446744073709551617; etc.

Je n’en ai pas la démonstration exacte, mais j’ai exclu si grande quantité de diviseurs par
démonstrations infaillibles, et j’ai de si grandes lumieres, qui établissent ma pensée, que j’aurois
peine a me dédire.”

4 Bor, uro mumer mo TIOBOJly 9TOr0 M3jaHus AHjpe Beisnb: “Fermat’s complete writings and correspondence
have been excellently published by Ch. Henry and P. Tannery in four splendid volumes (Gauthier Villars, Paris,
1891-1912, with a supplementary volume, ibid., 1922); this includes authoritative French translations of all Latin
texts, valuable commentaries, and virtually all relevant passages from the writings and correspondence of Fermat ’s
contemporaries”, [395]. I cannot agree more!
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MHorue 3asBJISII0T, UT0 Pepma, IKOOBI, yTBEP KAl IPocTOTy uncesa epMa Kak GpakT. B neit-
CTBUTEJILHOCTH, OH IIPSIMO TOBOPHUT, UTO OH MOYTH yOeXXIeH (= “quasi persuadé”) B aTOM, XOTs
y HeTo HeT HUKaKOTO TOUHOTO /j0Ka3aTeJIbCTBa (= “je n’en ai pas la démonstration exacte”)’.

U B JaJbHEHINIUX ero HUCbMax s BHDKY TOJIBKO, YTO €My O4YeHb XOMe/10Cb Obl, UTOOBI 3TO
OBLIO IIpaBHOY, EMY OUEHb 8AXCHO, UTOOBI 3TO GBLIO IIPAaBOH, IIOTOMY YTO U3 3TOTO BEITEKAIN
6Bl OUeHb Ba’KHBIe CJIe[ICTBUS, K UTO 3Ta MBIC/Ib €r0 HaCTOJILKO 8000yuWles.1em, 9To eMy ObLJI0
OBI TPYAHO OT Hee 0TKAa3aThCs.

[Touemy ®epmMa Tak XOTEJIOCH, YTOOBI 3TO OBLIIO IIPaB O, TOXKE COBEPIIIEHHO IIOHATHO.

 Bo-TIepBEIX, OH XOTEJI UMETH (HOpMY.Ty, KOTOPAsi II03BOJISIET CTPOUTH ITPOCTHIE YHCJIA, 60Th-
IIve JIr060T0 Halepe[ 3ajlaHHOTo yncyia. KoHeuHo, MBI BCe 8epuM, UTO TaKKe YHCIa CyIleCcTBY-
10T, HO BU/IETh MBI UX HUKOT/[A He BUJEIU. Uest npedssa8ums TaKue YHCIa Kasasach depMa
OYeHb IPHUBJIeKATEILHOM.

» BO-BTOPEIX, OH, OYeBHUIHO HHTEPECOBAJICS 06paujeHuem Majiol TeopeMbl ®epma. Emy
XOTEJIOCh TIOJIYUHUTE YO0OHBIM TecT MPocTOTHL Ho, K CO’KaJIeHHI0, OH, CKOpee BCETO, He 3HAJ
erme TeopeMy KopcesbTa® 06 aGCOMIOTHO MCEBAOMPOCTHIX YUCIax [B cMbicie ®epmal — To,
YTO Teleph IPHUHSITO Ha3bIBAaTh uMcaaMu KapMaikiia — TO eCTh COCMABHbLX YUCIIAX 1 TAKHX,
YTO

a’=a (modn), mIaBcexa.
Kak xopo1ro u3BecTHO, IIepBble ABa uuciaa Kapmaiikia, ato 561 =3-11-17, 1105 =5-13-17.

KcTaTH, BecbMa CUMBOJIMYHO , 9TO 1729 — HOMeD rofia, Korna ['osprb6ax MpUBIeK BHUMAaHUe
Jitnepa K safaue depMa, — Toxe urcio Kapmaiikia®, 1729 =7-13-19.

B TPeThUX, OH PaCCYUTEIBAJ Ha HaHLHEfIlHHe 0606H_IEHI/IH, CBsdA3aHHEIE C ABHBIMH KpUTe-
PHUAMU IIPOCTOTHI AJIA OGOGMQHHLIX qHucea CIJepMa — KU SIBHO YIIOMHHAaJI 3TO B CBOUX nmucbMax!

3apmaua. [logTBepaAMTe WK OIIPOBEPTHUTE YTBEpKaeHUe depMa.

OTBeT. [IpuBe/leHHBIe BBIIIe IIITh YHCEJI SIBJSIOTCI e0UHCMEBEHHbIMU U3BECTHBIMU CeTOHS
IPOCTBIMH YHcIaMu PepMa! B fefiCTBUTEILHOCTH, KaK YCTaHOBUII Jiiiiep, Fs gemuTca Ha 641.

5 Bor MepceHH Ha cTpaHulle 181 “Novarum observationum”, I1oxo>ke, JeliCTBUTEIbHO GOPMYJIHUPYeET IIPOCTOTY
guces Pepma Kak QakT, or so it seems: “Deinde, quilibet numerus analogiae binarie, plus 1, exponentem eiusdem
analogiae habens, primus est; ita siquidem 256, cuius exponens 8, plus 1, dat 257 primum.”

6 Omy6/1MKOoBaHHBIN B 1899 rofy KpuTepmii KopceybTa COCTOUT B CJIeflyIoIeM: COCTaBHOE HaTypaIbHOe YHCJI0
7 B TOM U TOJIBKO TOM CJIy4ae y0BJIETBOPSIET CPaBHEHUIO a™ ! =1 (mod n) A71s Bcex a, B3aHMHO IIPOCTHIX C 7,
KOTI7[a YMCJI0 11 6eCKBagpaTHOE U JJIs KaXK/L0TO ero IIPOCTOTO IeJIUTeNs p YUCI0 p — 1 fenut n— 1.

p. CaM ApBuH PeliHrosnsT KopcesbT, 1864-1947, 6bLI IIKOJILHBIM yUHTe/IeM BHadaJsle B /l[pesfieHe U JPYTHUX TOpo-
Jlax BOCTOYHOM ['epMaHUH, IIOTOM 60JIBIITYIO YacTh YKU3HU B IlnayaHe. IIpuTOM /la’ke He B THMHa3UY, a B Realschule!
YTo 9 MOTI'y CKa3aTh, 6e3MepHO KpyThle IIIKOJIbHBIE yUuTe I MaTeMaTHUKH 66T B XIX BeKe He TOJIBKO B l'epMaHuy,
HO U 110 Bcer EBporre. I KoMy Bce 9T0O Mell1aao?

7 Takoro poja coBrageHus 6e3yMHO 061 OcBasby [neHraep. OH IIOCTPOMII I1eJIyI0 TEOPHI0 Ha OCHOBE TOTO,
4TO TPH BeJUYaHIINX eBPOIIeHCKUX — “GayCcTOBCKUX” — KOMIIO3UTOpa, MoraHH CebacThsaH Bbax, l'eopr ®puapux
T'enpess U /loMeHHKO CKapIaTTH, POAUINCH B OOUH Iof, 1685. He IIOMHIO, KCTAaTH, YIIOMHHAET JIK OH B 9TOM CBSA3H
JlomoBUKO /PKyCcTHHU? /IJIs1 TIOJTHOM CUMMeTPHH ciefoBaso. JXaH-Orumunm Pamo co cBouM 1683 romoM, KOHEYHO,
4yTh IIPOMaxHYJICS, HO Ha 3TO y IlIIleHIIepa Toe eCTb 06 bsICHEHHe.

Kpowme T0r0, 3T0, KOHEYHO, YHCJI0 PaMaHyA KaHa — X0Ts B JAaHHOM CJIy4ae IIpaBUIbHee TOBOPUTH UM CIIO Ppe-
HUKJIA Ae Beccu, KOoTopsIi B 1657 rofy 3aMeTwI, 4To 1729 — HanMeHbIIlee YHCJIO, IIPe/ICTaBUMOe KaK CyMMa JABYX
Ky60B HaTypaJbHBIX YHCeJI BYMSI CYII[eCTBeHHO Pa3IMYHBIMU clIoco6aMy, 1729 = 13+123 =93 +103, near miss IUIs
TeopeMbl ®epMa. YMy HEIIOCTIDKUMO, KaK Xap/Ix MOT 3TOT0 He IIOMHUTE: “I remember once going to see him when
he was ill at Putney. I had ridden in taxi cab number 1729 and remarked that the number seemed to me rather a dull
one”, [32].
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2.2. Yucna depma B nepenucke depma

B cBoux nucbMax depMma HeCKOJIBbKO pa3 Ha IPOTSHKEHUU ABYX NeCITUIEeTHH peuTepupo-
BaJI 9Ty THIIOTe3y UMEHHO KaK THIIOTesy, B CIIPaBeJINBOCTH KOTOPOM OH O4eHb X0Tesl OBl Be-
PUTH, HO KOTOPYIO OH He MOYKeT 0Ka3aTh.

o ITriceMo XLIV ®peHUKII0 OT YeTBepra 18 Hos16ps 1640 ropxa, ibid., ¢. 207-208:

“Mais je vous avoue tout net (car par avance je vous averti que, comme je ne suis pas capable
de m’attrbuer plus que je ne sais, je dis avec méme franchise ce que je ne sais pas) que je n’ai pu
encore démontrer 'exclusion de tous diviseurs en cette belle proposition que je vous envoyée et
que vous m’aves confirmée, touchant les nombres 3, 5,17, 257, 65537, etc. Car, bien que je réduise
Pexclusion a la plupart des nombres et que j’aie méme des raisons probables pour le reste, je
n’ai pu encore démontrer nécessairment la verité de cette proposition, de laquelle pourtant je
ne doute non plus a cette heure que je faisois auparavant. Si vous en avez la preuve assurée, vous
m’obligerez de la communiquer; car, aprés cela, rien ne m’arretera en ces matieres.”

e [Tucemo XLV MapeHy MepceHHy OT BTOpHUKa 25 fekabpd 1640 ropa, ibid., c. 212-213:

“...voici trois questions que je lui propose, pource que les spéculations que j’y ai faites ne
me satisfont pas pleinement: 1° La raison essentielle pourquoi 3, 5, 17, 257, etc. a P'infini, sont
toujours nombres premiers.”

OH TYT ’Ke MOSACHSET, II0UeMy 3TO eMy TaK Ba)KHO! B aToM ciry4ae /i1 J1F060r0 UeTHOTO (
BCe UucJIa BUJa qzn + 1, KpoMe TeX, KOTOpEIe JessiTes Ha 3, 5, 17, 257, etc., 6yAyT IIPOCTHIMU —
“laquelle proposition, si elle est vraie, est de tres grand usage.” OH IIpoA0JDKAET:

“Si je puis une fois tenir la raison fondamentale que 3, 5, 17, etc. sont nombres premiers, il
me semble que je trouverai de tres belles choses en cette matiére, car déja j’ai trouvé des choses
merveilleuses dont je vous ferai part,...”

o ITrucemo LXXIII Biresy ITackastro oT cy660THI 29 aBrycra 1654 roga, ibid. c. 309-310:

“Songez cependant, si vous le trouvez a propos, a cette proposition: Les puissances quarrées
de 2, augmentées de l'unité, sont toujours des nombres premiers....Et ainsi a 'infini. C’est une
propriété de la vérité de laquelle je vous réponds. La démonstration en est tres malaisée et je
vous avoue que je n’ai pu encore la trouver pleinement; je ne vous la proposerois pas pour la
chercher, se j’en étois venu a bout.”

¢ B mucrMe KeHeabmy /lurou, mrcsMo XCV], ibid. c. 402-403 (caMo mHUCHMO He TaTHPOBAHO,
Ho Jluréu rnepecial ero />koHy Bajutrcy 16 uroHsg 1658 roza), PepMa perTepupyeT BOIIPOC KaK
BBI30B aHIJIMMCKUM MaTeMaTHKaM:

«“1° potestates omnes numeri 2, quarum exponentes sunt termini progressionis geometricae
ejusdem numeri 2, unitate auctae, sunt numeri primi.”

O kxoMmMeHTHpyeT: “Sed ingenuitatem gallicam sapient magis propositiones aliquot
quarum demonstrationem a nobis ignorari non diffitemur, licet de earum veritate nobis constet.
...Quaeritur demonstratio illius propositionis, ...” = «..Mbl He 6yJeM OTpHUIIAaTh, UTO HaM
[3mecb OH rOBOPUT OT MMeHH QpPAHI[y3CKUX MaTeMaTHUKOB] HEM3BECTHO [0Ka3aTesbCTBO
...IIpejiaraeTcsl HAaUTH [0Ka3aTeIbCTBO STUX YTBEP)KAEHUH ... »

B muceMe IIbepy Kapkasy, mucbMo Cl, aBryct 1659 roga, ibid. c. 433-434, PepMma MeJIbKOM
BBICKAa3bIBaeT HaZle)KAy, UTO Tellepb HaAKOHEY-mo CMOXKeT PellIUTh 3Ty 3afavdy MeTOOM 6ecKo-
HEeYHOTO CITyCKa.

UpesBrIUaliHO NHTEPECHO, UTO X0Td depMa BhICKa3bIBaJ 3Ty TUIIOTe3y B IIMCHMaX BCeM CBO-
UM OCHOBHBIM KOPPECIIOHZIEHTaM, OH HUI/le He YIIOMUHAET ee B CBOUX IIPUMeUYaHUsIX K /Iuo-

danTy!
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2.3. Yucna ®epma B nepenucke lonbab6axa n dianepa

JiiyIep B CBOUX IIePBBIX pab0Tax 110 TEOPUH YHCeJI ITeJI 6YKBaJIbHO 110 ciiefaM depMa, faBast
TIOJIHBIE I0Ka3aTesIbCTBA TeopeM, cGopMyIHpoBaHHEIX PepMa. BOT UTO IUIIIeT 110 3TOMY II0BO-
Iy AHnipe Betunb: “while Fermat was far ahead of the few who were also interested in number
theory during his lifetime, and owed nothing to them, most of the work of Euler in that field may
be regarded as an inspired commentary on the work of Fermat”, [395].

Bot 60J1ee pasBepHYTHIM KOMMeHTapul ®paHila JleMMepmMaiiepa Ha Ty 2Ke TeMy, B KOTOPOM
0cob0 IofuepKuBaeTcs UMeHHO IIpo6iieMa Pepma o ripoctoTe yrcesa Pepma u poss ['osnbabaxa:
“Even more important for defining Euler’s mathematical interests was Goldbach’s fascination
with number-theoretic problems. Goldbach’s innocent question whether Euler knew of Fermat’s
claim that all numbers of the form 22" +1 are prime eventually made Euler study everything by
Fermat he could lay his hands on. Euler’s contemporaries, first of all the Bernoullis, remained
indifferent to this aspect of Euler’s research, leaving Goldbach as virtually the only person with
whom Euler could discuss such topics until, towards the end of Euler’s life and after Goldbach’s
death, Lagrange entered the stage”, [156, p. 27].

Kak oTMeuaeTcsl B JIUTepaType, B Ilepelucke Jiylepa U l'osbabaxa mpobsemMa IIPOCTOTHI
yrcen depMa HeIoOCPe/CTBEHHO 06Cyjcdaemcs B IMeCTH’ IMCbMax (M YNOMUHaemcs ellje

B HECKOJIbKHUX). BoT COOTBETCTBYHOIIIHIE (l)paI‘MEHTLI 3THUX HI/ICGM]O.

e BOT Ccyab00HOCHBIN IIOCTCKPUIITYM hepgoz2o mucbMa losbabaxa Jiiepy (Iucemo I,
Mocksa, 1 gexabps 1729 roza, c. 10):

“Notane Tibi est Fermatii observatio omnes numeros huius formulae 22"~ + 1, nempe 3,5,17,
&c. esse primos, quam tamen ipse fatebatur se demonstrare non posse et post eum nemo, quod
sciam, demonstravit.” = «3Haels i Tel HabOAeHHEe PepMa, UTO BCe YUCIA BUIA 227 4 1,
a UMeHHO 3, 5, 17 1 Tak pgasee, IpocTele? OH caM IIPM3HAaBaJICA, YTO He MOT 3TOI0 J0Ka3aTh,
U, HACKOJIbKO MHE U3BEeCTHO, X II0TOM HHUKTO He JoKas3aJl».

Cuuraercd, uro caM T'osbb6ax ysHa 06 ITOM THIIOTe3e U3 IlepelluCKU Basumca Commer-
cium Epistolicum (1658), rie Ha cTpaHuUlie 186 BocpousseieHo nucbMo depma Kenenbsmy /lur-
6u oT uroH4 1658 roma. My, BO3MO>XHO, U3 TPYy/0B Baiutuca, Opera, vol. 111, 1699.

o Jiiep orBeuaet ([Iucemo III, IleTpormoss, 8 saBaps 1730 roga, c. 18):

“Nihil prorsus invenire potui, quod ad Fermatianam observationem spectaret. Sed nondum
prorsus persuasus sum, quomodo sola inductione id inferre legitime potuerit, cum certus sim
ipsum numeris in formula 22" loco x substituendis nec ad senarium quidem pervenisse.” = «B 0T-
HollleHUU HabtofieHHs ®epMa 51 He CMOT BOOOIIle HUYEero IpHUyMaTh. 5, 0fHaKO, II0JIHOCTHI0
y6eXxeH, YTO IPUATH K 3TOMY OJHOM JIMIIb UHAYKIIMEeH HEBO3MO>KHO, TaK KakK, II0/[CTaBJISII
3HaueHMs X B 2%, OH, HECOMHEHHO, He JIOIIIeJT JaKe 710 IIECTOT0 U3 HUX».

9 https://edoc.unibas.ch/58842/2/IVA4_PDFA.pdf

10 TTpu moAroTOBKeE IPeIBIAYIAX CTATeH CePUM B KadeCTBe MCTOYHMKA 5 II0/IH30BAJICS [JIABHEIM 06pa3oM H3/a-
HueM PyKca, Kak Haubosiee paHHUM. OfHaKO B HaCTOsIIIlee BpeMs 10 nNpaKmuueckum coobpakeHreM Ilepeliies Ha
6asenbCcKkoe usfaHue [156, 157] mox pepaxiuel ®panna JemepMalriepa 1 MapTuHa MaTTMmiosiepa — Habent sua
fata editiones. OHO mOJIHee, JIy4llle aHHOTUPOBAHO U COZleP>KUT MHOTO JOIIOJTHUTEILHBIX MaTepHaioB. Hamuuue
QHIJIMKCKOTO ITepeBo/ia MOJKeT OBITH II0JIE3HBIM TeM, KTO He 3HaeT HeMeITKOI0 U JIaThIHY, “Since the languages used
(18th-century German and Latin) are no longer universally familiar to scholars and students of either mathematics or
history, it seemed advisable to complement the source text by an English translation”. He ckpoto, ogHaK0, YT0 MBICIIb
0 BO3MOXXHOCTH 3aHUMAaTbCSI UCTOPHElH MaTeMaTUKU 6e3 3HaHUS 3THUX SI3BIKOB OKa3aslach JIg MeHs COBEPIIeHHO
HOBOH. {I, cKopee, coIylaceH ¢ MHEHHEM CaMUX pPeJJaKTOPOB, UTO HAaITMCAaHHBIN Ha IHPKUHe — “peculiar mixture of
18th century German and Latin” — TekcT diiyiepa 1 l'osbg6axa IIOHATEH JI0 cI0Ba as is: “Actually Euler and Goldbach
express themselves clearly and most of the time simply, so there has only rarely been any doubt in the editors’ minds
what the original text intends to say.”
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» OTBeT l'osibi6axa Coflep>KUT OGIITUPHLIN $parMeHT Ha 3Ty TeMy, B KOTOPOM, B YaCTHOCTH,
ynoMuHaeTcs Majiast Teopema ®epma (ITucemo IV, Mocksa, 11 mast 1930 rozga):

“Quod ad Fermatii observationem attinet, tecum sentio, non credibile videri, eum ad sex
terminos illius suae seriei exprimendos progressum fuisse, neque tanto labore opus est ad
verisimilitudinem illius observationis, facile enim experimur divisore quocunque accepto
residua ex terminis ordine quo sequuntur divisis in circulum redire.”

o Jtsep orBeuaet ([Iucsmo V, [leTpormoss, 4 uroHSA 1730 roga):

“Postquam ultimas ad Te misissem literas, de Theoremate Fermatiano diligentius cogitare
coepi, idque non tam levi nixum fundamento, quam primum putaveram, perspexi.”

TaMm >ke Jilep HauuHaeT paccMaTpUBaTh Gojiee OGIIUI BOIIPOC O JEeNUTENSX JHCesl BHUAA
linebreak a” + b, moToMm 3Ty Temy IIpogo/pKaeT loba6ax B cBoeM oTBeTe (ITmcbmo VI, MocKBa,
15 urons 1730 roga).

o Cleiyroliee IIMCHMO Jijlepa CHOBa HaUMHAETCs C OOIIUPHOTO pparMeHTa o ynciaax dep-
Ma (ITucemo VII, IleTpomossb, 25 uroHg 1930 ropa):

“Theorematis Fermatiani veritas quotidie mihi magis elucere videtur; sed tamen demon-
strationem ejus nondum sum nactus. Sunt mihi autem nonnullae ejus inventae proprietates,
quae fortasse ad demonstrationem conficiendam utiles esse possent. Fiat series, cujus terminus
generalis est 227 4 1, sequens 3, 5, 17, 257, etc., cujus singuli termini secundum Fermatium sunt
numeri primi. Demonstrare autem possum, nullum terminum per quemquam praecedentium
dividi posse, et praeterea si quis terminus haberet divisorem, sequentium nullum per eundem
dividi posse, sed semper residuum fore 2. Certum igitur ex hoc est, omnes ejus progressionis
terminos inter se esse primos, vel duos reperiri non posse, qui communem habeant divi-
sorem.”

¢ A BOT mpuMep U3 II03[HEHIIIeH IIepelliCcKU. B yacTy, IocBsaieHHON mpo6iieme BapuH-
ra [4], MBI yoKe DUTHpPOBaJIu ITucbMo LI ot 27 mag 1742 roma: “Des Fermatii Einfall dafd jeder
numerus 22" +1 eine seriem numerorum primorum gebe, kan zwar, wie Ew. H. bereits gezeiget
haben, nicht bestehen...”

3. MPOCTOTA HACEN ®EPMA

B mericTBUTEILHOCTU B 1732 rony J¥ijiep Halllesl pasjioyKeHUe Ha MHOKUTEJIHU CIIeIVIOIEero
yucyia depMma:

Fs = 4294967297 = 641-6700417 = (5-27 +1) - (52347 -2 + 1),

U cefiuyac Mbl peKOHCTPYHUPYeM, KaK UIMeHHO OH 3TO C/leJIal

3.1. Kputepuii MenaHa n kputepuii Jlloka—3iinepa

OkasbIBaeTcs, y3HATh, SIBJsIeTCs I yrciio ®epMa Fj, IPOCTHIM, COBCEM IIPOCTO U He Ipeh-
SIBJISIST HUKAKHUX €r0 COOCTBEHHBIX JieTuTe e, HalmpuMep, CeroiHsI MBI He 3HaeM HUKAKHUX ITPO-
CTHIX flestuTesteil urces ®epma Fog, Fo4 ¥ MHOTHX JAPYTHX ', B TO ke BpeMs U3BeCTHO, UTO 3TH
Ymca He SIBJSTFOTCS ITPOCTHIMH.

11 B 1ot MoMeHT, KOI7ia MBI ITrcas 8], He 651710 N3BECTHO TaKyKe HU OZJHOTO IIPOCTOTO AeIUTeNs grces Fiq4 U Foo,
OHU OBLIN HalieHbI TOJIBKO B 2010 rofy!

12 © KOMIMbHOTEPHbBIE NHCTPYMEHTbLI B OBPASOBAHWW. Ne4, 2022 .
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9T0 ycTaHABJIMBAeTCs HPH HOMOIIM CIeLYIONeTo JETKO IIPOBEPSeMOro TecTa, KOTOPEIE
B 1878 roy AokasaJ, pasBuBasi uzero Jiroka, Teopuas [leman'? 3 [304].

Kpurepuii Ilenana. /[y151 Toro 4T0661 yHcI0 PepMa Fy, 11 = 2, 6BLI0 IIPOCTHIM, HE0OXO0UMO U J10-

CTaTO4YHO, YTOOBI
Fp-1

572 =-1 (mod F,).

OpHaxko, Kak O6bLJIO TOITIA JKe 3aMedeHO, 5 3/1eCh MOKHO 3aMeHHUTh Ha JII0001 KBajpaTHUIHbBIN
HeBBIUET 10 MOJYJII0 Fp, cM. [146], TaK UTO ceToiHS B G0IBIITUHCTBE YUeOHUKOB KpUTepuii Ile-
naHa GopMYJIMPYeTCs CIeyIITUM 06pa3oM.

Kpurepuii Ilerana. /ly1s1 Toro 94To65s! yncao depma Fj, n = 1, 65110 IIPOCTHIM, HEOOXOAUMO U

J0CTaTO4YHO, YTOOBI
Fn—

3% =-1 (mod F,).

B cTaTbe Osera BacuieHko [11] iprBeieHO COBCeM IIPOCTOE 0Ka3aTeIbCTBO KpuTepusd Ile-
IIaHa C 3aMeHOM 5 Ha 7, HCI0JIb3yIolllee KBaJpaTHUYHBIN 3aKOH B3aUMHOCTH, a TakyKe 00CyX-
JaX0TCs aHAJIOTUYHbIe KPUTEPUH, B KOTOPHIX B KaueCcTBe OCHOBAHUU OepyTcs Apyrue 4yucia
depma, ynciaa MepceHHa U T. 1.

B [lefiCTBUTeIbHOCTH IIePBHIM KpUTePHii TaKOr0 THIIA OBLI IpefjIoxkeH xyapoM Jloka'*
Kak obpalreHue MaJioi TeopeMbl ®epMma. IIyCTh 11 = 3 HEUETHO U CYIIIECTBYET 4, 1 < a < n, Takoe,

uro @' =1 mod n. Ec/m 151 IF060T0 TIPOCTOTO ¢, [IEJISIIIETO 72 — 1, BBITIOJIHSAETCS CPaBHEHHe

n-1
a1 £1 (mod n),

TO 7 IIPOCTOe.
3agaua. IIpoBepsTe, uTo ynuciaa F,, n =10,...,15, He ABJIAIOTCI IIPOCTHIMU.

VkaszaHue. HerocpecTBEHHO BO3BECTH 3, 5 WJIU 7 B CTeIIeHb TaKOTO IIOPSIKa HeT IIIaHCOB, I10-
3TOMY HCIIOJIB3yHTe QyHKIMI PowerMod. IlocMOoTpHTe, KAKOM OCTATOK OHA BO3BpPAlllaeT U aK-
KypaTHO copMyIUpyITe yCaoBHe!

Kaxk MbI y>Ke YIIOMHUHAaJIH, OIIPOBepsKeHre TUIIoTe3bl $epMa — 3TO BOOOIIe nepeas apupme-
THU4YecKas pabora Jiiepa [154], koTopasi, BepoaTHO, U CTUMYJIMPOBaJa ero HHTepec K TeOpHUHU
uyuces. He cienyeT gymMaTh, UYTO Jijiep HACTOJIBKO JIFOOHWJI CHUTATh, YTOOHI IEJUTH BPYUHYIO
10-3HaYHOe YMCJI0O Ha BCe IIPOCThIe IIOAPSA, IT0OKa C/AyualiHo He HaTKHYJICS Ha JeJTUTeNb 641.
B 1eMiCTBUTEILHOCTH eMY IIPUIIIIOCH [JIS 9TOI'0 BBIIIOJIHUTE BCET0 TPHU—YeThIpe iejIeHHsd, a CKO-
pee BCero, HU OJHOTO.

PekoHCTpyHpyeM paccyXKaeHUs Jiiepa, 4YT00bI UMTaTeJ b MOT Ha 3TOM U2pyUeHHOM IIpH-
Mepe IIpe/ICTaBUTh, IIPK IIOMOITY KaKUX IIPHMePHO COO0OpakeHU I UINyTCd IIPOCThIe NesInuTe-
JIA y YUCeJI, COepKallluX MHOTHE COTHH UJIH THICIYH JAeCATUYHBIX 3HAKOB, €CJIU U3BECTHA UX

CTPYKTYypa.

12 3Kan dpaHcya Teoduis IlenaH, 1826-1904, BCTYIIHII B Op/leH Me3yHUTOB B Bo3pacTe 20 JIeT, HEKOTOPOe BpeMsI IIpe-
IojilaBajl MaTeMaTHKy B He3yUTCKHUX KOJLUIepKax, II0C/Ie Yero cTajl IIpodeccopoM KaHOHHYECKOro IpaBa B JIMOHe,
a rmotoM Pume. Kpome Tecrta [lennaHa, M3BECTHO eIlle HECKOJIBKO ero PesyIbTaToB, B YaCTHOCTH, HOBOE JJ0Ka3aTesIb-
CTBO TeopeMsl JJaMe 06 OTCYyTCTBMH HeTPUMBHAJIbHBIX pellleHUH y ypaBHeHHUs PepMa X+ y7 =2z’  Ero odHuIHaIb-
HBIN HeKpoJIoT B “Atti della Pontificia Accademia Romana dei Nuovi Lincei”, 58 (1905), 210-216, yrmoMuHaeT 52 ero
IIy6IMKaIIAH, 60JIbIIeM YacTh0 OTHOCALIHECS K TEOPHH YHCeJL.

13 06BruHO No-pyccky MUIIyT “IlelIMH”, HO 3TO IIPe/CTaBJ/IgeTCd MHe CoBCeM abcypAHBIM. Eciu B 9TOM damMuInu
110-QpaHITy3CKH Ifie ¥ 3BYYUT “U”, TO, CKOpee, B IIepBOM cJIore, “Iluman”.

14 pyap JIroka, 1842-1891, HeCOMHEHHO OJWH 13 CAMBIX MHTEPECHBIX TeOPETHUKO-YUCI0BHUKOB XIX Beka. IIpu sToM
OH He OB/l yHUBEPCUTETCKUM IIPodeccopoM. BEIHYKIeHHBIH YHTH 13 06cepBaTOPHU B pe3yibTaTe KOHPJIHUKTA c Jle
Bepphe, OH ITopa6oTaJl B IKosax B Type 1 MyJleHe, ITocJIe 4ero Bce-TaKK BepHyJIcs B IIapink, I7fe IperofiaBai B Lycée
Charlemagne u Lycée Saint-Louis. [la, 6e3MepHO KpyTble IIIKOJIbHbIE YIUTesI 661H B XIX Beke.
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B [154] 3iimep He TOBOPHUT, KaK OH 3TO c/ies1a, HO [155] ;aeT BO3MO>KHOCTh BOCCTAaHOBUTD
JeTaju. /leso B TOM, UYTO JJIS1 TOTO, UTOOBI Pa3IoKUTh unciao epma F, Ha MHOXKUTEH, 0CTa-
TOYHO IIPOBEPSATH He Bce IMpocTeie p < /F,, a JIUIIb [IPOCTEIE BUAA p = k - 2M+2 4, e m e N.
JTO BBITEKAET U3 CJIEAYIOIIEr0 JIeTKO IIPOBEPSIEMOT0 CO0OpaKeHUs,

Kpurepuii ditrepa—IIroka. 060k IPOCTOR le/ITe b uucia Fy,, n = 3, umeeT Buf k2772 + 1,
11t HekoToporo k € N.

9TOT KpUTepuit fokasaH JloKa, caM itjiep yTBep K/asl JIHIIh, UTO JeTHTeTH UMEeIOT BH/
k-2"*! 11, B Takoit opMe 3TO OUEBU/THO.

3agauga. /[oKaKuTe KpUTepUH Jiiepa.

~ n ~
Pemrenme. IIycTh p — IIPOCTOi le/UTeN b uncaa Fy, = 22" + 1, o HedeTeH. Torga o MaJoi
TeopeMe ®epma p — 1 gesut 2P — 1. C ApyTroii CTOPOHBI, 110 TTPE/ITIOI0KEHHIO P IETUT

22" _1= (22" —1)- (2% +1).

n
Tak Kak 22 — 1 He MOKeT Ie/TUThCA Ha p, TO d = 2"*! gByIseTca HaMMeHbBITUM TI0Ka3aTe/IeM
CTereHM TaKuM, uTo 2¢ — 1 Je/uTcs Ha p W, 3HA4MT, p — 1 = kd 119 HeKoToporo k.

- - - n n
B fleiicTBUTeILHOCTH JiiIep yTBep KAaeT laske, 4TO CyMMa IBYX cTelleHe# a® +b? , B KOTO-

POt oKasaTe M CTelleHH SBJISIOTCS CTeIIeHsIMH JBOMKM, He UMeeT HUKaKUX fleJITe ek, Kpo-
Me flestuTe e Buma k-2 1 + 1.

B cuity aToro Kpurepus, feauTreaaMu yncsia epma Fs MOTYT OBITH TOJIBKO IIPOCTBIE YKCIIA
BUJa p=k- 27 +1. IlepBEIe ABA TAKUX YHCJIA — 3TO p = 257 U p = 641, KOTOPEIE II0JIyYarTCsS
apu k=2 u k =5, cooTBeTCTBeHHO. OUeBUIHO, YTO 257 B3aUMHO IIPOCTO C F5, II03TOMY HY>KHO
IpPOBEPSTH JUIE 641. Ectu Jiyiep mosib3oBaJsics 60jiee ciabbIM KpuTeprueM u3 [155], corymacHo
KOTOPOMY IIPOCTBIe [IeTUTeIH UMeIoT BUJ, p = k- 25 + 1, eMy Hy>kHO 65110 GBI ellfe IPOBEPHUTE
193, 449 u 577, HO [aKe U B 9TOM CJIydae OH Hallles 661 641 B pe3ysibTaTe YeTBEPTOTO JTeJIeHUS
(paHbIIe, eCIM CMOTPETh Ha HaU60JIbIIIHE 00IIHe feJIUuTean!).

OpHako, BeposiTHO, eMy He IIPUIIIOCH fielaTh fake 3Toro. B caMoMm [iesie, 0OUeBUHO, UTO
641 = 2% + 5% memut a = 232 +2285%, C apyroit cTopoHEI, IpUMeHsS GOPMYJIY AJIS Pa3HOCTH KBaJl-
PaToB, MBI BUIUM, UT0 641 = 5-27 +1 mestut b = 2285% 1. Takum o6pasom, 641 esuT ¥ pasHOCTh
aTux umceya Fs = a—b.

Jl1s1 TOTO YTOGKI IIPOBEPUTH, OyeT i 6700417 IIPOCTHIM, AOCTATOYHO, 8 XydweM caydae,
TIPOM3BECTH ellle He 6oJiee 4 fleJleHUH, 8 UMEHHO, IIPOBEPUTH, UTO OHO He [IeJINTCS Ha IIPOCThIe
umcsia BUAa p = k- 2741, 5 < k < 20, KAKOBBIX, 04eBHUJHO (CM. TabJIUITYy IIPOCTHIX), POBHO 4,
a UMeHHo, 641, 769, 1153, 1409.

OpHako, 3Hast Jijiepa, MOXHO IIPeJIIOJIOKUTE, UTO OH, CKOpee BCero, U 3/[eCh 000111eJICs BO-
00111e 6e3 IBHBIX BEIUYMC/IEHUH, a [IPUyMaJl 4YTO-TO B TAKOM JKe [iyXe. IKCTPAIloJINupys 9TOT IIPHU-
Mep, MBI BUIUM, UTO OJWH U300peTaTeIbHBIM MaTeMaTUK MOKET C YCIIEXOM 3aMeHUThb COMHU
BBIYHCJIHUTEJIeH, 08a N300peTaTeJIbHBIX MaTeMaTHKa 3aMeHSII0T HeO0JIbIII0N KOMITBIOTED.

Ha camoM fieste, Jajieko He Bce MPOCThIe Yncia k- 2" + 1 MOTYT GBITh JIeJUTeJISIMH YHCeIT
depma. Harmpumep, Mopxer [292] 3aMeTHII, UTO M3 KyOGHYeCKOr0 3aKOHA B3aUMHOCTH BEITEKAET,
YTO HHU OJIHO IIpocToe BHa 3-2" + 1 He MOJKeT GHITh iesTuTesIeM urces depMma.

B craTbe [152] ®pumMmaH /lalicOH IIOKasbIBaeT, KaK paKTOpPU30BaTh IiecToe uucjao Pepma
B TaKOM JKe 3JIeMeHTapHOM [IyXe Bo0OIIle 6e3 BEIYUCIEHUMN. A UME@HHO, OH 00bICHSET, II0YeMy
Fs menutcs Ha 274177.

Jeaskyp [139] ymomMuHaeT ellle 0fHO 3abaBHOe IIPUJIOKEHHe TOro, UTO yucja PepMa
Fs, Fg, F7 He ABJIAIOTCS IIPOCTBHIMHY, @ UMEHHO, J0Ka3bIBaeT, YTO IIPX QUKCHPOBaHHOM 71 ypaBHe-
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HUE ¢P(x) = 2" uMeeT n+ 2 perneHus Ay 1 < 31 1 Bcero 32 pelreHUs — a He 33, KaK yTBePK/IaJI
Kapmaiiki, — 1g 32 < n < 255.

3.2. Knaccnuyeckme ocnabnenus runortesol Pepma

B 1844 roxy 3i3eHIIITeH BhICKa3aJl CIeAyIollee IIPeAIIoIoKeHre, KOTOpoe, B OTJIMYUE OT
UCXOTHOM ruroressl ®epMa, 10 CUX II0P He T0Ka3aHOo U He OIIPOBEPTHYTO.

 I'unore3a JiiseHmTelHa. CyIecTByeT 6eCKOHEYHO MHOTO IIPOCTHIX yuces depMma.

Xapau u Paut [208, c. 14] IpUBOJAT IIPaBIOIION00HBIE COOOPaXkeHUs B II0JIb3y TOTO, UTO
OTBET Ha TUII0Te3y JM3eHINTeHA TO)Ke 0TPUIIaTeIbHEIN, HHBIMU CJI0BaMU, KOJIMYECTBO IIPO-
cThIX ynces depma koHeuHO. HemaBHO bokitan u KoHBel [83] IIpefsiosKMIN COBEPILIEHHO I10-
JaBJIAIOIINE CBUJIeTEIHCTBA B II0JIb3Yy TOT0, YTO HUKAKUX IIPOCTHIX yrcesa PepMa, KpoMe IISATH
HU3BeCTHBIX camMmoMy PepMa, He CYIleCTBYeT.

B 1963 Anjkelt IIIuHITeIb BBICKa3as cilefyloiiee 60iee ciaboe IpeIiosoKeHue, KOTOpoe
uMeeT BCe [1aHChI OBITh BEPHBIM.

e T'unoTesa IMunIesa. CyliecTByeT 6€CKOHEYHO MHOI0 6eCKBaipaTHRIX urcesa ®epMma (To
€CTh TaKUX, KOTOPbIE IBJIIIOTCS IIPOHU3BEJeHUSIMHU Pas3JIMUYHbIX IIPOCTHIX).

3amMeTnM, uTo ymnciaa PepMa IaroT elfe OgUH II0AXO0[, K J0Ka3aTeIbCTBY TeOpeMbl IBKINIA
6eCKOHEeYHOCTH YMCJIa IIPOCTHIX. B caMoM [feste, U3 CIeAyIOIMIeN 3ajadyl — B3SITOM HeIIOCpe[-
CTBEHHO U3 IlepelucKu l'onpa6axa u 317111epa15 — BBITeKaeT, uTo yucsiaa depMa I10IIapHO B3a-
WMHO OpOoCTHL. BoT uto rmutet Tobabax (rmrckMo VI, MockBa 20 utoHs 1730):

“Jam diu animadverti numerum 22" 11, ubi x et p sint numeri integri, divisum per 22" 41,
. x X x+1 x+1 x+1

relinquere 2, propterea quod (2% +1)(2% +1) est =22° —1, rursus (22 +1)(2% +1) est
=22 _ 1, et sic porro, donec perveniatur ad (22”;7 - 1), qui numerus binario minor est quam
22" 4 1; ex eo quidem certe sequitur omnes numeros seriei Fermatianae esse inter se primos,
ut dicis; at quantulum hoc est ad demonstrandum omnes illos numeros esse absolute primos?” =
«f1 y>Kxe TOBOJIBHO JaBHO 3aMeTHJI, UTO IIPH eJIeHUU Ha 22" +1umema 22 + 1,toe x 1 p Lesible,
JAI0T OCTATOK 2, IIOTOMY 4YTO ...; OTCIO/Ia, pasyMeeTcs, Cpasy caefyeT, uTo uynciaa Pepma B3auM-
HO IIPOCTHI, KaK Thl ¥ TOBOPHIIIH; HO YTO 3TO HaM JjaeT AJIs foKa3aTeJabCTBa TOrO, YTO BCe 3TU
4Yucsia CaMU IIPOCThIe?»

3agaua. IIpoBepbTe (MM JOKa)KUTe!), 4TO
FyFiFy...Fy=Fy41 —2.

TaxuMm o6pasoM, ecnu Fy, renut F;, TpHu HEKOTOPOM 71 > M, TO Fp, IeJUT 2, YTO HEBO3MOKHO.

4. ®AKTOPN3ALUNN YANCEN PEPMA

HecMoTPps Ha CTOJIb IPOCTOM KpUTEPUH A1 OPMBI IIPOCTHIX AeIUTeIe, e0UHCMEEHHbLMU
yrciaamMu Pepma, KOTOPhIe CETOHS II0JTHOCTHIO Pa3IoyKeHbI Ha IIPOCThIe MHOKUTEJIH, SIBJISTIOT-
cs1 Fs5, Fg, KoTOophle 6bIM GakTOopr3oBaHbl B XVIII-XIX Bekax, u F7, Fg, Fy, F19, F11, KOTOpBIE OBLIN
TOJHOCTHI0 GaKTOPU30BaHbI JIUIITh B KOMIIBIOTEPHYIO 3II0XY.

15 NoxasaTemscTBO, OCHOBaHHOE Ha TOE Ke HJiee, HO TIPH 9TOM COfiepyKalee HeCKOJIbKO Upe3BIYaiiHO Y[auHbIX
YXy[LIeHUN, BOCIIPOUM3BOJUTCS B KHUTe «3a/laul U TeOpPeMBbl U3 aHaJIM3a», I09TOMY HEKOTOPBIe aBTOPHI OWUUOOUHO
IpUNHUCHIBAKOT ero IToka u Cere.
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e Urniciio Fp ToKe JOBOJIBHO JIETKO PACK/IAABIBAETCA Ha MHOKHUTEIH OT PYKHU:
Fs = 18446744073709551617 = 274177-67280421310721 = (1071-28 + 1) - (262814145745 -28 + 1).

B 60/IbIITMHCTBE KJIACCUYEeCKUX KHUT 110 TEOPUU YHCEJT yTBEPIKIAETCS, YTO ITO pa3jIoyKeHHUe Obl-
JI0 HaiieHo B 1880 ropy Jlauapu [267] u Jle JlaccepoM. OgHaxo B 1964 roxy KypT-P. Bupmans'®
o6Hapy>xu1, uTo Tomac Kinaysen'’ mpuBes aTy pakTopH3aIiio B IHchMe K Iayccy, JaTUPOBaH-
HoM 1 siHBaps 1855 rofia, ¥ YTO OH 3HAJI, YTO 068 MHOKUTEJIS IIPOCTEIe [76]. Bosiee TOro, BTOpoM
u3 HUX OBLJI CaMBbIM 60JIBIIMM H3BECTHBIM Ha TOT MOMEHT IIPOCTHIM 4uHcsaoM! BoT 3To MecTo
u3 mucbMa Kimaysena: “Auch habe ich gefunden, daf die Zahl 26 + 1 in die beiden Primfactoren
274177 und 67280421310721 zerlegt werden kann; die letztere ist, so viel ich weif3, die grofdte bis
jetzt bekannte Primzahl.”

A BOT ITIOJTHOCTBIO PAa3JIOKUTE Ha MHOXKHUTEIIH JaJlbHeHIe urciaa Pepma B JOKOMIIBIOTED-
HYIO 3II0Xy He ObLIO HUKAKOU BO3MOXXHOCTH. Kak MBI cefiyac yBUAMM, Ha II0JHY0 GaKTOpH3a-
IIHI0 OLHOro yucia depma y yesoBeuecTBa YXOLUIIO IpuMepHO 10 yieT, HaunHadA ¢ 1970 roaa,
npudeM nocsie 2000 roa mporpecc 3amMedAuUNcs.

Exre B Hauaste XX Beka Mopxen ¥ BecTepH I10Kasajy, 4YTo uuciaa F; u Fg cocTaBHEIe, B 1954
TO/ly 3TO ellfe pa3 IIPOBepPUJI Ha KoMIIbIoTepe Po6UHCOH [328]. TeM He MeHee, IpeIbIBUTL HU
O/THOT'O MX IIPOCTOTIO JeJIUTENS JOBOJIBHO 0JIr0 He yAaBaJIoch.

¢ B 1elicTBUTEJILHOCTH pasjoyKeHUe F; ObLIO HalieHO JUIllb B 1970 roay(!!) MoppucoHOM
u bpusixaptoM [295]:

F7 =59649589127497217 - 5704689200685129054721 =
(116503103764643 -2 +1) - (11141971095088142685 - 2° + 1).

TaxuM 06pa3om, MesKy ITOJTHOM GaKTopu3arel Fg 1 TOTHOM pakTopusanuent F; mpomwio 115
Jert!

o Crepnytoiee unciio Fg 66110 akTOpHU30BaHO e1fe Ha 10 JieT 11o3xe, B 1980 rogy bpeHTOM
u HosnapaoM [95], posHo yepes 100 sieT 11ocse 8mopoiil paxkTopusanuu Fg:

Fg =1238926361552897-
93461639715357977769163558199606896584051237541638188580280321 =

(604944512477 - 211 +1)-
(45635566267264637582599393652151804972681268330878021767715 -2 +1).

16 Kypr-PaituxapT bupManH, 1919—2002, “der Nestor der deutschen Mathematikhistoriographie”, ToT camprit Bup-
MaH, KOTOPOT0 BCe MBI 3HaeM I10 HOBOH ITyOJIMKaI[iK JHeBHUKOB l'aycca [182]. OH 06Hapy>KUI U BOBJIEK B 060POT
MHOTHE [IeCITKHA HEM3BEeCTHBIX /10 3TOI0 JOKYMEHTOB I10 HICTOPUH MaTeMaTHKHU XIX Beka. /lo 1949 rozia oH 6BLI B CO-
BEeTCKOM ILJIEHY, BIIOC/Ie[ICTBUY paboTas B AKafeMun Hayk I/IP 1 Iy6IMKOBaJI J0BOJIBHO MHOTO CTaTel Ha PyCCKOM.

17 Tomac KiayseH, 1801-1885, 6511 ChIHOM KpecThbsiHMHA U3 Ille3Bura [HeiHe laHus] 1 B 1813 rofy elre He ymeln
4UTaTh U I1caTh. He mMesd $opMaIbHOIO YHUBEPCUTETCKOIO JUIJIOMa, OCHOBHOe 06pa3oBaHMe I10Iy4uiI B 'epMa-
HUH, Mexy ['amOyprom 1 MIOHXeHOM, KJIFOUEBYIO POJIb B 9TOM chIrpas lllymaxep. Haunnas ¢ 1842 roza, Kiaysen
pabotan B Poccuu B o6cepBaTOpuH /JleprnTa [HeIHe IcTOHUA], B 1856 rogy 661 M36paH WieHOM-KOPPEeCIOHAEHTOM
ITeTepbyprckoit AkageMun Hayk, B 1865 romy cras mpodeccopoM, a IIOTOM JUPeKTOPOM 06CepBaTOpHUU. YIUBU-
TesbHBIM XIX BeK, o/jHa 13 abCOIIOTHBIX BepPIINH pasBUTH UesioBeuecTBa. Kak XOpoIIo U3BeCTHO, KJIACCUK CHUH-
TeTHU4YecKod reoMeTpuu SIko6 IlITeiiHep, 1796-1863, ToKe GBI CBIHOM KpeCThbIHHHA U HayYWJICSI YUTaTh B 14 JeT.
A B 1832 rozmy 3aboTaMu SIK06H ITOJIy4II CTelleHb YHUBepcuTeTa KeHurc6epra [HeiHe Poccus] 1 BCKOpe II0CJIe 3TOT0
cTaJj mpodeccopoM reoMeTpuu B bepinHe.

16 © KOMIMbHOTEPHbBIE NHCTPYMEHTbLI B OBPASOBAHWW. Ne4, 2022 .



KOMﬂbIOTep KaK HOBasl peasibHOCTb MaTeMaTUKN

[IpuATHO, 4TO Ce200HSA 3TO pPasJIOKeHHe 3a CEKyH[bI HINEeTCS Ha O6BITOBOM KOMIIBIOTEPE IIPHU
noMoiy ¢yHKIUM Factor Integer ECM, KCIIOIB3YIOIEN 3JIUIITHYECKHEe KPUBLIE.

3agada. A Telepb HaIIHUIIKTe OM pyKu IIPorpaMMy, pacKJaAbIBaIolLyo uncia Fg, F7 1 Fg Ha
MHO>XKHUTeJIH OBICTPee, YeM 3TO fleslaeT BHYTPeHHAd KoMaHzia FactorInteger.

OmHAKO B 3TOT MOMEHT IITYyTKK KOHUYIJIHCH. /lajbllle HAYMHAETCS cepbe3Has Ipodeccro-
HaJIbHAsl MaTeMaTHUKa Cephe3HbIX TPodeccoHaTbLHBIX MaTeMaTUKOB.

¢ Uro kacaetcs Fy, To e1rfe B 1903 roxy BecTepH 06HapY>KUJI, UTO OHO JjesIuTcs Ha 37 21641 =
2424833. HecMOTpd Ha 3TO, I10JHAasA paKTopusanus Fg Ha MHO>KUTEJIH ObLIa II0JIydeHa JUIllb
B 1990 ropy JleHcTpoi, MaHacce u [Tosutapmom [276]. [Ipu 3TOM 0Ka3ajloCh, UTO /TBA IPYTUX Jie-
autesns uncaa Fy cogeprkat 49 u 99 udp, COOTBETCTBEHHO:
F9 =2424833-7455602825647884208337395736200454918783366342657 - P99 =
(37-2' +1) - (46 trudp] - 2! + 1) - (96 mudp] - 2! +1).

EJuHcmeeHHbIMU IPyTUMU yrciaMu ©epma, KOTOPhIE CETOIHS NOAHOCMbI0 Pa3JjIoyKEHBI Ha
IIPOCThIe MHOXKUTEJIH, ABJIA0TCA Fg U F11.

o dakTopusanus Fig 6bl1a 3aBepiieHa B 1999 roay B pabote bpenTa [93]:

Fig = 45592577 - 6487031809 - 4659775785220018543264560743076778192897 - P252 =
(11131-2'2 +1)- (395937 -2 + 1) - ([37 tp] - 2'2 + 1) - ([248 mmpp] - 213 + 1).

. I/IHTEPECHO, YTOo, XO0Td CaMO YHCJIO Fll 3HAUYUTEJIBbHO 60JIBIJ_Ie, ueM Fl(), ero (l)aKTOpI/IE}aL{I/IH
OKasajlach 3aMeTHO ITpoIlle, OHa ObLyia 3aBepireHa yke B 1988 romy bpertom u MoparowM [90],
TO eCTb ellle 10 paKTOpHU3aIiH He TOJIbKO Fg, HO U Fg! 9T0 cBI3aHO € TeM, UTO y F1; 0Ka3auoch
4eThIpe OTHOCUTEIHLHO HEOOJIBIITUX IPOCTHIX GaKToOpa U OJIUH OTPOMHBIH, ¢ 564 ridpamu:

Fi1 = 319489974849 - 167988556341760475137 - 3560841906445833920513 - P564 =
(39-213+1)-(119-213 +1) - (10253207784531279 - 214 + 1)
(434673084282938711 - 2! + 1) - ([560 tip] - 213 + 1).

XO0pOoIII0 U3BECTHO, UTO CJI0KHOCTh paKTopUsaniuu yurciaa MetonoM ECM olpesesnsieTcs, I1aB-
HBIM 06pa3oM, pasMepoM 8mopo20 10 BeJIMIWHE IIPOCTOI0 MHOKUTEJIS.

5. NPOCTBIE AENUTENN YACEN PEPMA

B mpeppIyinem naparpade BOCIIPOU3Be/[eHbI BCe No/Hble paKTOpU3aluu urces depMma, U3-
BeCTHBIe Ha cerofHs (oceHb 2022 roza). [ BceX oCTaJabHBIX yHces depma B JIydllleM CIydae
HMEI0TCS JIMIIB J0Ka3aTeJIbCTBA HEIIPOCTOTHI U Yacmu4Hble aKTOPU3alliid — TO €CTh Hak-
JeHBI JINIIb KAKUe-mo IIPOCThIe TeJTUTe N, HHOITA Ja’ke HeCKOAbKO TAKUX IIPOCTHIX JleIUTeIeH,
HO He 11o1Hasg GaKTopU3alus.

5.1. PyKoTBOpHbIe NpocTbie AeanTtenn uncen depma

BOT, HaCKOJIbKO MHe H3BEeCTHO, 8Ce TenuTeau yncen Pepma Fy, n = 7, HalileHHbIEe B [10-
KOMIIBIOTEPHYIO 310Xy °. [lepBhle TaKue JeJUTe/IH moce pa6oTsl KiaayseHa 1855 roza 6bLIH

18 g HCXO0XKy M3 TOTO IIpeAIIoJIoKeHHs, YTO [oBeleHHBIN 10 1918 roma ciucok pa6ot 1o uuciaaMm depMa, comep-
JKamuiics B iaBe XV KHUTH /[ukcoHa [146], mosoH. PaboTra Kpatiurka nipo F5 yrioMsHyTa Ha cTpaHHUIle 220 ero
KHHUTH [250].
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OTKPBITHI [IEPMCKUM CBANIEHHUKOM MBaHOM IIepBYIITMHBIM, paGOThI KOTOPOTO, OTHOCSIITHECS
K YrcaaM MepceHHa, MBI yoKe 06Cy»Kaamu B [5].

» B 1877 rogy iBaH MuxeeBHY [1epByIITHH f0Kasas, YTo 114689 = 7-21% 41 penut Fpo. Yepes
[Ba MecdIla TOT JKe pes3yIbTaT 06baBHII dfyap JIroka.

e B 1878 roxmy [lepByIIKH f0Ka3as, 4To 167772161 = 5.2%541 Ieaut Foz. CM. I10 3TOMY IIOBOZY
coobmeHus byasakoBckoro [1, 87, 88].

* B 1880 roxy ®opTioHs Jauapu'’ [267], [KoTOpoMy 610 Ha TOT MOMEHT 82 rofja — BIIPO-
4eM, OH IIPO>KUJI IT0CJIe 9TOTO elrle 15 seT!] cHoBa Hattes pakropusaruio KinayseHna Fg = 274177-
67280421310721, omHaKO He GBI YBEPEH, YTO BTOPOI MHOKHUTEJIb IIPOCT. ITO GBLJIO IIPOBEPEHO
B ToM >Ke 1880 roxy JleJlaccépom u JKepapzaHoM. OueHb HHTepeCcHas1 PeKOHCTPYKITUA TOr0, KaK
HMEHHO 3TO0 OBLIO CZeJIaHO, C IOCTPAaHUYHBIMU CChIIKAMHU Ha OPUTHHAJIBbHBIE PA00THI U ITUChH-
Ma IpuBejleHa B paboTte Xbio YuiuibsmMca [405].

« B 1886 Ilay/b 3eenpxod?? [347] mokasai, uTo 2748779069441 = 5-23% + 1 nenuT Fag.

e B 1899 romy AstaH KaHHMHTeM Halllesl Ba IIPOCTHIX JeauTend F11, a ©UMeHHO

319489=39-2"+1 m 974849=119-2" +1.
e B 1903 roxy Anbdpes BecTepH Halllesl uemslpe HOBBIX IIPOCTHIX Je/IATeJIsS

2424833 =37-2' 4+ 1|Fy,  13631489=13-20+1|F;5, 26017793 =397-2'6 +1|Fy,,
63766529 = 973-216 + 1|F),.

¢ B 1903 [>xketimc KasuteH 1 KaHHUHTEM yOeTUINUCh, UTO 6597069766657 = 3 - 241 41 nesur
F3g, a BecTepH fj0Kasajl, 4TO 3TO UYHMCJIO IIPOCTOE.

¢ B 1903 rony BecrepH u KanHunreM [136] fokasan, 4To HU OLHO Apyroe yuciao depma F
He UMeeT IIPOCTHIX MHOXKUTeJIeN, MeHbBIIIHUX 108,

e B 1905 roxy Mopxep, [292] mokasai, 4To

188894659314785808547841 = 5-27° + 1| Fys.

e B 1925 rogy Mopuc BopucoBuu Kpanuuk [248] mokasas, uro 1214251009 = 579 - 22141
nenut Fis.

5.2. YacTnuHble ¢pakTopusaumm uncen depma

[leJIo B TOM, UTO BRIYHUCIUTEIbHAS CJI0XKHOCTD 3aflauu paKTopu3aliuu F, pacTeT Hesepo-
SAMHO B6BICTPO € pocToM n. Yucisa ®epMma Fio, Fi3, F14 U Fi5 uMmeroT 1234, 2467, 4933, 9865 pasps-
JIOB COOTBETCTBEHHO.

19 portuné Landry, 1798-1895. B 1867-1869 rojjax oH oIly6/IMKOBaJI [Be KHUTH [265, 266], B KOTOPHIX OItHcas pak-
TOPHU3AIUH Beex unces Buza 2" +1, 1 < n < 64, KpoMe YeThIPex, a UMEHHO, 259_ 1, 261 _ 1, (261 +1)/3u 26411.B [265]
OH JleJIaeT COBepIIeHHO ITI0pasuTeIbHOe JJI TOT0 BpeMeHH 3aMedaHue, YTo 6e3 3SHaHH HCII0JIb30BaHHOIO MeTo/a
TIPOBEPKH IIPOCTOTHI U 6€3 IIOBTOPeHUs BCeX IIPOBeleHHBIX BEIYHCIeHUN YyTBep K/ eHHe 0 IIPOCTOTe aHHOI0 YHCIa
SIBJISIETCSL IIPOCTO “aKTOM Bephl” = “un acte de foi”.

20 paul Peter Heinrich Seelhoff, 1829-1896, ImperofaBaj MaTeMaTHKy B THMHA3Msax Caap6piokeHa 1 MioabXaiiMa
aH Jiep Pyp, a moToM B HaBUTaIllMOHHOM I11K0JIe BpeMeHa. B 1886 rozy 0H 0I1y6/IMKOBAJI ellle HeCKOJIbKO paboT, B 4acT-
HOCTH, CITMCOK 28 IpocThIX umceI IIpoTa [346]. B TOM ke TOMe I ¢ yAUBJIeHHeM 3aMeTHII paboty [348], B KoTopoi
OH He3aBUCHMO IIepeoTKPbLI Yyncio IlepBymmmHa M(9) = Mgy = 261 _1, 0 ueM 51 He 3HAT B MOMEHT HaITHCAHHS [5].
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Jlacke yCTaHOBJIEHHE TPOCTOTHI UHCEJI TAKOTO ITOPS/AKa HAa 6BITOBBIX KOMITLIOTEPAX MOKET
0KasaThbCd IIpobieMaTUYHBIM, @ UCKaTh PasjIoyKeHUe TAKUX YHCesl Ha MHOXKUTEIU CeTOLHS MBI
IPOCTO He YMeeM Jiake B TeX CIy4dasX, KOIJ[a HaM U3BEeCTHO yrKe HEeCKOJIbKO UX MPOCTHIX JIeIU-
TeJIel.

Bot, HanpuMep, Haua1o akTopusanuu yrces depma Fio, Fi3, F14 U F15. OTMeTUM, UTO 3TH
dakropuszanuu Fio u Fi3 pekopaHble — g F1p M3BECTHO wecmsb IIPOCTHIX AeIUTeNe, a AJ1s
Fy3 — uemvipe. Eine g yeThlpex uuces ®epma, a UMeHHO Fis, Fig9, Fos, F52, U3BeCTHBI mpu
TIPOCTHIX AEJIUTEJS, AJI51 BCeX OCTaJIbHBIX — He 60JIee IBYX.

Fip = 114689 - 26017793 - 63766529 - 190274191361 - 1256132134125569-
568630647535356955169033410940867804839360742060818433 - C1133 =
(7-2"+1)-(397-21%+1)-(973-215+1) - (11613415 - 2! +1)-

(76668221077 - 214 +1) - (50 mudp] - 2'° + 1) - C1133,

Fi3 = 2710954639361 - 2663848877152141313 - 3603109844542291969-
319546020820551643220672513 - C2391 =
(41365885 -21% + 1) - (20323554055421 - 27 + 1) - (6872386635861 - 219 + 1)-
(609485665932753836099 - 219 + 1) - €2391,

Fi4 = 116928085873074369829035993834596371340386703423373313 - C4880 =
(149 mudp] - 2% + 1) - C4480,

Fj5 = 1214251009 - 2327042503868417 - 168768817029516972383024127016961 - C9808 =
(579-2%! +1)- (17753925353 - 2%7 + 1) - (1287603889690528658928101555 - 227 + 1) - C9808,

HO 3TO MaJIO IIpHUOJIK>KAaeT Hac K TOMY, YTOOBI PasjIo’KUTh Ha MHOYKHTEIH OCTAIOLIUNCS [eIH-
TeJIb, UMEHIIUM /I F1p 60JIbIIE THICAYH — a I OCTaJIbHBIX HECKO/1bKO ThICIY! — IUGD.

IlpuBeieM CIHMCOK HM3BECTHBIX IIPOCTBIX MesIUTesell HEeCKOJIBKHX CIeAYIOIINX YHCes
depma:

Fis 1575-219 +1, 180227048850079840107 -2%0 + 1,
Fi7 59251857-219 +1, [44 mudpsr] - 210 + 1,
Fig 13-2204+1, 9688698137266697 - 223,

Fig 33629-221+1, 308385-22!+1, 8962167624028624126082526703 22

A BoT 11po umciio Pepma Foo B 1987 rofy GBLIO IOKA3aHO, YTO OHO COCTABHOE, HO HU OJTHOTO €T0
TIPOCTOTO JIEJTUTEJIS IO CUX TIOP He U3BECTHO. BOT ellfe HeCKOIBLKO CIIETYIOITHX YHCET:

Fo 534689-223 +1,
F,, 3853959202444067657533632211-2%% + 1,
Fos3 5-2% 41,
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Cutyarus ¢ F»4 poBHO Takas ke, Kak ¢ F»y. B 1999 romy 661710 yCTaHOBJIEHO, UTO OHO COCTaBHOE,
HO HU OIHOTO UX IIPOCTOTO JIeJTUTEJIS 10 CUX II0p He HalijeHo. Bojee Toro, B MOMeHT paboThI
Hap [8] 66T HeM3BeECTEH U CTaTyC Fy), TobKO B 2010 Toxy 651710 OKAa3aHO, UTO 3TO UHCJIO CO-
CTaBHOe U HalJieH ero IIPpOCTOM MHO>KUTeJIb, YKa3aHHBIH BEIIIIE.

Jlu1st ocTanmbHBIX umces Fy, ¢ n < 30 U3BeCTeH XO0TS ObI OJUH IPOCTOU [TeJTUTEeb:

Fys 48413-2%9+1, 1522849979-2%7 +1, 16168301139-2%7 +1,

Fog 143165-2%% +1,

Fy; 141015-230 +1, 430816215-229 + 1,
Fog 25709319373-236 4+ 1,

Fog 1120049-231 +1,

Fs 149041-2%32 +1, 127589-233 +1.

5.3. HepyKkoTBOpHble npocTbie geantenn uncen depma

IIpu sTOM BCe OCTaJIbHBIE IIPOCTHIE MHOXKUTEIIH yrces PepMa, KpoMe I1epedyrCIeHHBIX BhI-
1re B 5.1, 6517IM HaMIeHBI YoKe C KCII0Ib30BaHUEM KOMITbI0TepoB. O6paTUTe BHUMaHMe Ha TaKo-
T'0 JKe TUIIa, KaK U I yrces MepceHHa, HCTOPUUYECKHH 3a30p, 1925-1953, MeXxy I10CIefHUM
IIPOCTBIM MHOJKUTEJIEM, HAaUeHHBIM BPYYHYI0, ¥ IIePBBIM, HaHJeHHBIM C IIOMOIIBI0 KOMITBIO-
TEepPOoB.

¢ B 1953 rogy /I>koH Cendpupk [350] 06bABUI ITepBEIe IIPOCTHIE AeIUTeu ynces Fig 1 Fig,
a IMEeHHO
11131-22 +1|Fyg,  1575-2° +1|Fys.

e B 1957 rogy Po6uHcoH [330], sKCIIEpUMEHTHPYS C AeJUTeIIMu Buaa k-2 + 1, k < 100,
HaIlleJsI IBa HOBBIX IIPOCTHIX JIeJIUTeJIs

95.251 4 1| Fsg, 5-21947 £ 1| Fioys.

e B ToM e 1957 rogy Cendpumxk [350] ciierka oITHMH3HUPOBaJ IIporpaMMy Po6HHCOHA
¥ IIPOJIOJDKIJI 3TH 3KCIIePHUMEHTHI [IJII HEKOTOPHIX 3HaueHUH k > 100. EMy yiasoch HalTH elrfe
YeThIpe HOBBIX IIPOCTHIX TeIUTeJId, 8 UMEeHHO

425-2 +1|Fp7,  271-2% 41|Fgy,  403-2%°%+1|Fp50,  177-2°"" +1|Fogy.
TaxuM o6pasom, k 1958 rofy 66110 U3BECTHO 38 IIPOCTBIX MHOXKHUTe el ynces depMa, UX I10JI-
HBIH CIIMCOK IIPUBeJieH B [332].

¢ B 1961 roxy ITakcoH [303] ycTaHOBIIL, UTO 4UMCIO F3 cocTaBHOe.
¢ B 1963 roxy Kitoz PaTxoswt [414] 06Hapy>Kui1 11 HOBBIX IIPOCTHIX JeyinuTesiel unces depMma:

221308385+ 1|F1g, 23534689+ 1|Fy;,  2°948413+1|Fy5, 229143165+ 1| Fag,
230141015+ 1|F7, 232149041 +1|F39,  2%°127589+1|F39,  2°*1479 + 1|F3y,
2402653 + 1|Fag,  2%°43485+1|Fp,  2°%4119+1|Fsy,
daxKTHYeCKU BEIYUCIEHU IIPOU3BOAUIINCE Ha IBM 709 B yHHUBepcuTeTe BammuHrToHa U Ha 1BM

7090 B VHuBepcuteTe KanupopHuu B Jloc Axxkesiece (UCLA). [IoToM Bce OHU OBLIU IIPOBEPEHEI
Po6uHCcOHOM Ha KoMIIbI0Tepe SWAC, Taxkoke B UCLA.
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¢ B 1975 rony [>xoH XannmubepToH U /PKOH bpriixapT [222] OTKpLIU TPUBEIeHHEIE BRIIIIE
IIpOCTHIe fenuTenu Fio u Fis.

e B 1978 rogy Ilummu [354] Hallles1 YeThIpe HOBBIX IIPOCTBIX AeIUTe I urcesa Pepma, a MMeH-
HO
297-2%4 4 1|Fsp,  7551-2%9 +1|Fgs,  683-270 +1|Fy;,  1421-2% +1|Fy,.

e B 1978 rozty FocTuH [190] Hames gemuTens 59251857 -21° + 1 uucia Fi7.

e B 1979 roxy PobepT Batiuiu [51] Hallles ellle TPU HOBBIX IIPOCTHIX AeIuTesd yrces depMma,
a UMeHHO
629-2257 + 1|Fys5,  247-2392 4+ 1|Foeg,  225-2%%7 +1|Fsyy.

Jlacxe IIPOBEPKa TOro, 4TO JOCTAaTOYHO 60JbIII0€ HWHIUBUAYyaJIbHOE YK CII0 q)epMa COCTaB-
HOe€, 4aCTo TpEﬁOBaJIa OT,Z[EJIBHOﬁ craThbu. BoT Yy’Ke YIIOMHUHAaBIIHeCd BBIIIE [IBA OTHOCHUTEJ/IBHO
HeOO0JIBIIIHNX COCTaBHBIX YHCJIa (I)epMa 6e3 U3BEeCTHBIX IIPOCTBIX MHOKUTEeJIEH.

e B 1987 rony Joxeddpu SHT u JankaH Broasns [421] mokasany, 9To 4uciao Fog = C315653
CoCTaBHOe.

¢ B 1999 rony Puuapn Kpanzgasr, dpHeT Maiiep u [xeticoH [lanmagonystoc [132] mokasanu,
qT0 Ym0 Fry = C5050446 cocTaBHOE.

OueHb HHTEPEeCHO OTCJ/JIEeKUMBATh UCTOPHIO II0 CTaThiIM B Math. Comput., B KOTOPEBIX BOC-
IIPOMU3BOIHUIIHICH TaGJII/IL[LI BCe€X U3BECTHBIX HA TOT MOMEHT IIPOCTBIX ,E[e.]IPITe.TIefI U/ JIHN COOT-
BETCTBYIOIITYE CCBIJIKH. BoT Kax, IIPUMEPHO, BBIIVIAAE/I IIPOTpecC I10 JeCATUIETUAM B XX Beke:

¢ 1958 ro; — 38 IIpOCTHIX MHOXKUTeJIel, [330];
¢ 1964 rof — 51 TpPOCTHIX MHOXKHUTeNeH [414];
¢ 1975 rof — 55 OPOCTHIX MHOXKHUTENEeH [222];
¢ 1983 ro; — 90 IpOCTHIX MHOKUTEJIEH [236];
¢ 1995 rox — 161 IIPOCTHIX MHOKUTeJIEN, U3 HUX 46 HOBBIX [191]!

B XXI Beke, KOTOpPBIX Hauvasicd ¢ 1999 roma, BHe3allHOe YCKOpeHUe BCeU 3TOU esATelbHOCTH
TIPUZAIN paclipesiesleHHble BEIUHCIeHUS.

54. CBer'I:ECTeCTBeHHbIe npocTbie Agenntenn umcen ¢epma

Hert, pasymeeTcsl, HUKaKOI BO3MOKHOCTH OIIUCATh 3/IeCh C TAKOM ’Ke CTeIleHbI0 II0IPOOHO-
CTH MCTOPHIO OTKPBITHS OCTaJBHBIX IIPOCTHIX JesuTesiel uucesa Pepma. YIIOMIHEM II03TOMY
JIUIITL HanboJIee CIIeEKTaKyJIIpHOe COOBITHEe, KOTOPOE 3aIlyCTHIIO II0CIeyIolllee pa3sBUTHE.

B suBape 1999 roga /[>xoH Kocrpeiis u 1B I'ajy1o IIpOBEPUIIH, YTO IIPOCTOE 3.2382449 11 nesut
yucsio PepMma Fzgogqq7 = 22382447 +1. /lo 3TOr0 cCaMbIM 60JIHIITUM YHcI0M Pepma, ITpo KOTOPOe OBLIO0
H3BECTHO, YTO OHO COCTABHOE, 6BLI0 Fagz08s = 22 + 1 ¢ IPOCTHIM MHOKHTeseM 3 - 2303093 1 1)
Joxebdpu STur [420].

Bot uto cam /I)xoH KocrperiB niucas B rasete “The Irish Time“ B 11oHeeJIbHUK 16 aBrycra

1999 rona:

“... F5 to I3 are composite, but F»4 (5,050,446 decimal digits), requiring a 47 by 47 feet surface
to write it, allowing four digits per inch, is unresolved. A team led by Dr Richard Crandall has
been attempting to establish its status as prime or composite for some time.

While F»4 is large, it is insignificant compared to F3gp447 found by me on July 24th in St Pat-
rick’s College, Drumcondra, Dublin, to be evenly divisible by 3 x 2 to-the-power-of 382449 + 1
(115130 digits). This almost unimaginably large number — Fsg447 (over 10 to-the-power-of
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115136 digits) — would require a board measuring more than 10 to-the-power-of 57550 by 10
to-the-power-of 57550 light years to write out at four digits per inch.”

IIpocTo BAyMaiiTech B IPHBe/leHHEIH 37lech 06pa3 — KBajjpaTHas Jlocka co cTopoHoi 10°75%0
CBETOBBIX JIET /IS 3alIUCH [eCATUYHBIX UG uncia Fsgpa47, 110 6 MM Ha UGPY!

CoBepIIIeHHO ITI0Pa3UTeIbHO, YTO 3TOT MHOKUTENB ObLI Hali[leH Ha 6b1m080M KOMIIBIOTEpe
c mpo1teccopoMm 350 MHz Pentium II — pasyMeeTcs, 3TO 6bLI OUH U3 MHO2UX KOMITBIOTEPOB,
WCIIOJIb30BAaHHEIX [JIS IIOMCKA, B TOM 4uce cobcTBeHHO B St. Patrick’s College of Dublin City
University. KpoMe Toro, KoHe4HO, Tpeb0Baachk yCTaHOBKA HalTMcaHHOM MlBoM T'asuto mporpam-
Mkl proth.exe mmox Windows 9x/NT/2000, UMeHHO C TeM, YTOOBI ee MOKHO OBLJI0 UCIIOJIB30-
BaThb Ha 60JIBIIMHCTBE OBITOBBIX KOMIIBIOTEPOB. Kak MBI yBUAMM, caM I10 cebe TeCT Upe3BbIUal-
HO IIPOCTOH, ITOJIIMHHAS CJI0’KHOCTB COCTOSLIa B peaId3aliii 6bICTPOT0 YMHOXKEHHUS 60AbUUX
quces. TO CAeJIaHO IIPU IOMOITU 3¢ deKTUBU3AIUU CBEPTOK B IyxXe [131] 1 6pICcTpOro Ipeotd-
pasoBaHusa dypbe, ONTUMHU3UPOBAHHOTIO 1107, pa3Mep KaIlla OBITOBBIX IIPOLIECCOPOB.

K ToMy MOMEHTY € HUCII0JIb30BaHUeM IIPOrpaMMEI proth . exe yKe 6bLI0 HaW/IEHO YeThIpe
6OJILIITNX IPOCTHIX AeTUTeJIs urces depMa:

e 165-249095 1 et Fa9093, UB TasLio;

o 169253686 1 1 nemut Fy3679, XapBu JlyGHep;
e 99.283863 L] IeauT Fgzge1, TeHHamuii I'yces;
e 39.2113549 1 neaut Fii13547, JIPKOH PeH3H.

Kak moka3pIBaeT caM0 Ha3BaHHeE IIPOrpaMMBbI, OHA CBsI3aHa ¢ YHcjaaMu IIpoTa, U ceffiyac MbI
COBCEM KOPOTKO HAaTIOMHHUM, UTO 9TO TaKoOe.

6. HAC/NA NMPOTA

B cBg3U ¢ KpuTepueM Jlroka—3Iiyepa IIpe/iCTaBIsAeTCs eCTeCTBEHHBIM B3IVITHYTh UYTh I10-
IpobHee Ha CJIeAYIOLINMI KIacC Yrcesl, KOTOPhIe yKe BOSHUKAJIM Y HAaC B CBSI3H C IIOCTPOEHHEeM
JIECTHUITEI IIPOCTHIX IIPH 9KCIIEPUMEHTATLHOM IIPOBepKe HEUeTHOM runoTessl oibabaxa.

HaTtypaJyibHOe YHCJIO0 77 Ha3bIBAETCSI YUCIOM l'Ip0Ta21, ecy n uMeeT Bup 1 = k-2 + 1 aa
HEeKOTOPHIX HaTypaJbHEIX YHUCeJ k, m, IpudeM k HeueTHoe U 2" > k. [IpoCThIe YHCIa TAKOTO
BHJIa Ha3bIBAKOTCA MPOCTEIMH IIpoTa.

Yucia PepMa — YacTHBIHM caydai ynces IlpoTa npu k = 1, Apyroi 4acTHBIM ciaydai, K Ko-
TOPOMY MBI BepHeMCS B § 8, — 310 unciaa KaswteHa n = m- 2" + 1, BO3HHKAIOIIHE TIpU k = M.
ITomo6HO unciaMm PepMa, urcia IIpoTa gOIyCKaoT IIPOCThIe 6UHApPHBIE IIpe/iCTaBJIeHUS.

HamoMHMM, uTO KpuTepuii IIpoTa cOCTOMT B ciefyrolieM. PaccMoTpuMm umciao IIpoTa
n=k-2"+1, e k < 2™ neuetHo. Ect HatieTcs a, A1 KOTOPOTO

a(ngn =-1 (mod n),

TO 72 IIpoCcTO0. OTMETHM, UTO 3TO demepMUuHUCMuy1eckuil aITOPUTM, BCeIZia BO3BpaIllalolyii IIpa-
BIJIBbHBIH 0TBeT. II060€e a pa6oTaeT 371eCh C BePOSITHOCTHIO 1 /2, II09TOMY 9TOT TECT JOCTATOYHO
3 eKTHUBEH /I TpaKTUUeCKOM IPOBEPKHU IIPOCTOTHI.

C y4eTOM COBEPIIIEHHO UCKIIOUNTEIbHOM Ba>KHOCTH IIPOCTHIX IIpoTa B BEIYUCIUTEIbHOHN
TEOPHUM UMCesI KOJHUUeCTBO OTHOCIIIMXCS K HUM C00epicameibHblX TEKCTOB YAUBUTEIbHO

21 Ypycsa IIpoTa Ha3BaHEI Tak B yecTh PpaHcya IlpoTa, 1852-1879, ppaHITy3cKoro Gpepmepa-caMOyIKH, KOTOPBIA
06Hapy>KuJI B 1878 romy KpUTepHIt UX IIPOCTOTEL.
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HeBeJIMKO. BOT HECKOJIBKO IIEPBBIX IIPOCTBIX HpOTaZ

3,5,13,17,41,97,113,193,241,257,353,449,577,641,673,769,929,1153,1217, 1409, 1601,
2113,2689,2753,3137,3329,3457,4481,4993,6529,7297,7681,7937,9473,9601,9857,
10369,10753,11393,11777,12161,12289,13313.

JTO 1ocaenoBaTeJ bHOCTh A080076 B IHITMKIIONe MU [{estouncieHHBIX [ToceoBaTeIbHOCTEN.

Bcero uMeeTcsi poBHO 4304683178 mpocThIx IIpoTa, He IPeBOCXOASIHUX 272 =~ 4.7 -10%!, uTo
[6e3 coxaTus] TpebyeT A1 CBOero XpaHeHUs ITpuMepHO 95.8Gb.

o CaMBbIM O0JIBITINM U3BECTHBIM Ha 0CeHb 2022 rojia IpocThIM IIpoTa mpo/io/nKaeT 0cTaBaTh-
cs110223-231172165 11 goTopoe umeeT 9,383,761 11dp. ITO UKCIO GHIIO HakeHO 6 Hog6ps 2016
rozia ITutepom Illa6osrueM B paMKax IIpOeKTa paciipe/ie/IeHHbIX BbIUYUCIeHUuN PrimeGrid. Kpo-
Me TOTO, 3TO camoe 60JIbIIIOe U3BECTHOe Ha CerOfHS IIPOCTOe YHCJIO, He SBJIAI0Ieecs YHUCI0M
MepceHHa. Bce 8 60JIBIINX U3BECTHBIX CETOLHS IIPOCTHIX YHCeJI, KaK U CIeAYIOIIIe 3a HUM 3,
SIBJISIFOTCS uMcaaMu MepceHHa.

o TIpeabIIYIIIM PeKOPAoM ObIT0 19249 - 213018586 4 1 xoropoe umeeT 3,918,990 1udp. IT0
4uciio 6pI0 OTKPEITO 26 MapTa 2007 roga KoHcTanTHHOM AradOHOBBIM B paMKax IIpoeKTa

Seventeen or Bust?2.

¢ C Tex IIOp 66110 06HAPY>KEHO e1lfe decsimb 60IBIINX TPOCTHIX IIpoTa ¢ 4-6.5 MUJLTHOHAMU
mudp — B TOM YHCIe ABa jeToM 2022 rojla — 0JfHaKO BCe OHU MeHbIIIe, ueM 10223 .231172165 4 1.
Bo BTOPOM M3 HHX II0 BeJTHIHHe 202705 - 221320516 1 1 orxprrToM 1 mexa6pst 2021 roza IlaBiom
ArHaneBrIM, 6418121 udp. 3TO 15-€ 110 BeJIMYKHE IIPOCTOE YUCJIO0, U3BECTHOE cerofHs. Ilepen
HUM Ha ITo3uusx 13 u 14 1Ba 06001mieHHBIX uncaa depMa, CM. CIeyIoIui maparpad.

o TpeThbe I10 BeJHUHHe IpocToe [IpoTta 7 - 220267500 1 1 g xoTopom 6101127 11Eidp, Harex
21 nrosta 2022 PariaH Ilpomriep Kak JeJUTeNb 06061eHHOro yrciaa depma

220267499

Fr0267499(12) = 12 +1.

Panee [Ipomnep o6Hapy>KWJI MHOTHE JIPyTHeE IIPOCThIe IIpoTa MMEeHHO KaK JenTen 06001eH-
HBIX yHces depMa’’.

B 1914 roay IIOK/JIHHTTOH 0G00I KpUTepHi [IpoTa Ha cIyyai yrces Busia n = kp™+1, e
k < p™. Kpurepuii IIOKJIMHITOHA YTBEPIKIAET, UTO €CJIU /IS KAKOTO-TO ¢ € Z BBITIOJIHSIOTCS
YCI0BUA

)a" =1 (mod n),

ii) gcd(a VP —1,n) =1,

TO 71 TIPOCTOE.

22 310 HauaThHIH B 2002 TOJly IIPOEKT paclpefieJIleHHBIX BEIUYUCIEHUH, IIeJIbI0 KOTOPOro ObLI0 pemeHue 17 ocTaro-
LIUXCS cIydaeB B IIpobsieMe CepIIMHBCKOTO. /lo arpesist 2016 rofa 656110 pellleHo 12 ciy4daeB. B 3TOT MOMEHT OH 6bLT
IIpeKpallleH II0 TeXHUYeCKUM IIPUYKMHAM, & COOTBETCTBYIOIAs ledTeJIbHOCTD IlepeHeceHa B Prime Grid, KOTOPBIHI
TIPOJ0JDKAET C TeX IIOP 0CTaBaThCs INIABHBIM IIPOEKTOM II0 IIOMCKY HOBBIX IIPOCTHIX IIpoTa.

23 CM. O 3TOMY IOBOZY CTPAHMIly IIpoeKTa Pas Bammumkepa u Bumbdpuaa Kesrepa, Proth Search Page,
http://www.prothsearch.net/. MeHsI TaM II0pasHJIO HJieaJlbHOe COOTBETCTBHE JjaXke [JI1 COBCEM MaJIeHbKHX 3Haue-
HHUM 9KCIIepUMeHTaIbHBIX JaHHBIX pe3yabTaTaM AHaToIusd MonceeBu4ya Bepmvka [12] 06 acHMIITOTHYeCKOM pac-
TIpefie/IeHUH IIPOCTHIX leJINTeJIeH U TO, KaK 9TO OTpakaeTcs B paKTUIeCKOH IieHe IIOHCKa.

AMTOPUTMWNYECKASA MATEMATUKA N MATEMATUYECKOE MOAETMPOBAHUE 23


http://www.prothsearch.net/

BaBunos H. A.

7. OBOBLEHHBIE YAC/IA ®EPMA

Co BpeMeHHU Jijiepa pacCMaTPUBaIOTCA pa3/InuyHble Bapyaliii Ha TeMy unces Pepma. Hau-
0oJiee M3BECTHAS M3 HHUX — 3TO unciaa Buga Fy(a, b) = a?" + b, 0000menHbIe ynciaa PepMma.
ITepBOHAUYAJIBLHO 51 XOTEJI BKIKYUTH CIOZja 00CyKIeHUe X GaKToOpU3auu — U Boob1Ie $paKTo-
pu3aruii urcesn Busa a” + b" u a” — b" B cBsi3u ¢ Teopemoit Baura—XurMoH1 U T. 1. HeCKOJIb-
KO 3abaBHBIX 3aJjlay B TaKOM /lyxXe IIpHBeJIeHO B HallleM 3a/lagyHuKe ¢ Bosozeit XanuHbIM [8].
Ho 3T0 0Ka3a0ck OIPOMHOM CaMOCTOSITEIBHOM TEMOM, KOTOPOM TaKyKe II0CBSAIEHbl COTHHU pa-
60T. OTpaHUUYyCh II09TOMY COBCEM OeTIbIM 06CyKIeHreM 06001IeHHBIX urces depMa 110 OJHO-
My ocHoBaHuIo Fy,(a) = Fy(a,l).

7.1. 0606LUeHHbIe Yncna dPepma
OcobeHHO HHTEHCHBHO HU3y4aJIUNCh YHCiIa BHa
Fp(@) = a®" +1,

u3BeCTHBIE Kak 000011eHHbIe uncaa ®Pepma = GFN 1o ocHoBaHHUIO a. O6bpIuHbIe ynciaa epma
F, = F,,(2) mosiy4yaroTcs 37eCh IIpU a = 2.

SIcHO, uTO 06061IeHHOE Ym0 PepMa MOJKeT OBITh IIPOCTHIM TOJIBKO IIPU UemHOM OCHOBa-
HUU a. [Ipu HeHemHoM a OHO 3aBeIOMO JIeJIUTCA Ha 2, I09TOMY HEKOTOPhIe aBTOPHI HA3BIBAIOT
IpHU HEYEeTHOM OCHOBaHUU a 06001IeHHBIMHY urcIaMu depMa Jyrcia BUia (azn +1) / 2. HaMm Ka-
’KeTcsI 60JIee TPAaBUJIBHBIM COXPAaHUTD U B 9TOM ciIydae o603HadeHUe F (a) 3a TeMH YUCTIaMHU,
KOTOpBIe OBLIH OIIpefiesIeHb] BRIIIE, a 9TH HOBEIE UHMCJIa Ha3bIBaTh, KaK 3TO OOBIYHO IIPUHSATO,
half-Fermat integers.

daxTopHu3anuu 06001IeHHBIX yrcesa depMa MOCBAIEHA OTPOMHAad JIUTepaTypa, ¥ MBI He
O6yZeM JTa’ke IBITATHCA 37[€Ch ee KaK-TO CUCTEMaTU3UPOBATh. /[eJ10 B TOM, YTO 0600II[eHHBIX YU-
ces1 Pepma 60bwe, UeM uricesl MepceHHa TOTO JKe II0OpsIKa ¥ MHOTHE 60JIbITue — Cy6peKop-
Hble! — IIPOCThIe BO3HUKAKT KaK UX IIPOCThle MHOKUTEJIH, CM., HallpuMmep, [72, 73, 79, 108, 149,
151, 153, 209, 210]. OrpaHUYHUMCS TI03TOMY WJLTIOCTPAITHEN TOTO, KaK MbI KCIT0JIL30BaI GFN
B KJIacce.

3agaua. HariguTe riepBhle HECKOJIBKO IIPOCTHIX I0Iy-PepMa 110 0CHOBAHUIO 3 U IPodaKTOPHU-
3yHTe ocTaJbHBIE. /[0 KaKOT0 MHIeKca BaM yaiock JOUTH Ha GBITOBOM KOMIIBIOTEpE?

OTBeT. BOT BCe H3BECTHELIE CerOHS IIPOCTRIE TAKOTO BU/A!
2, 5,41, 21523361, 926510094425921, 1716841910146256242328924544641,

oTBeuarInue uHaekcam 0, 1, 2, 4, 5, 6. ITU YnciIa 06pasyl0T Havaa0 MOCIe0BATEILHOCTH
A093625 B JHITUKIONeUH [lesouncIeHHBIX IloceoBaTebHOCTeH>?. TaM oTMeuaeTcs, YTO
CJIeIYIOLUU 4YjleH 3TOU II0C/Ie0BaTeJbHOCTHU, eC/IU OH CYIIeCTBYeT, UMeeT MHAEKC n = 21
¥, TAKUM 00pa3oM, COEP KUT 60JIbIIEe MUJIMOHA JEeCITUYHBIX ITUOp. PackyiagpiBaTh YHUCIaA
TaKOIo IOPSIIKa Ha MHOKUTEJIH, IIPU HaJIUYUH, 110 KpaliHeW Mepe, IBYX OOJIBIITUX IPOCTHIX
[leJIUTeJIel, y HaC HeT HUKAKUX II1aHCOB.

Yucso F3(3) = 6562 MOMeHTaJIbHO GaKTOPU3YyeTCs B yMe, eCJIU IIOMHUTh U3 HadaJIbHOH!
LIIKOJIBI IIPU3HAK JIeJIMMOCTH Ha 17: 6562 — 646 — 34. TakuM o6pasoM F3(3) =2-17-193. Ho
CJIeyroliye, KOHEYHO, TOJILKO Ha KoMIIbIoTepe. Hy,

F;(3) =2-257-275201-138424618868737-3913786281514524929 - 153849834853910661121

24 https://oeis.org/A093625

24 © KOMIMbHOTEPHbBIE NHCTPYMEHTbLI B OBPASOBAHWW. Ne4, 2022 .
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BCe ellle OYeHb MaJIeHbKOEe. A BOT JaJIbIlle He Cpasy M TOJIBLKO II0TOMY, UTO KPYITHO II0BE3JI0
Fg(3) =2-12289-8972801-891206124520373602817 - P90,

Ife, Kak 06b619HO0, P90 = 70727...00097 o6o3HavaeT mpocToe uncyio ¢ 90 nmudpamy, cm. [411].
Yriciia, y KOTOPBIX OAWH U3 IIPOCTHIX MHOKUTEJIeH HaCTOJIbKO 60JIbIIe OCTaJIbHBIX, JIETKO QaK-
TOPHU3YIOTCS, Hanpumep, IIpX IIOMOIIY KBaZApaTUUHOIo pelrera. Ho Ha 3ToM BeseHue 6oJiee-
MeHee 3aKaHuuBaeTcs, ¥ Fo(3) — 244 udpsl, a y Fi9(3) — 489. daxTopUsanysd sTUX U Jajlb-
HeHIux uucesa Fy(3) J0O0BIMU 06bIUHbIMU aITOPUTMaMH Ha OBITOBOM KOMIIBLIOTEpE 3aliMeT
IHU, HeJleJIF, MeCSIIbl UJIH TOZbl, eCJIU BOOOIIE BO3MOYKHA. B It060M ciTydae, THIIOTe3a COCTOUT
B TOM, UTO BCe OHHU COCTaBHEIE.

3agaua. [Ipo/1oJKUTE 3TOT IKCIIEPUMEHT JIJIs1 TPYTUX HEGO0IBIIINUX OCHOBAaHUM U UHJEKCOB, CKa-
KeM 1o a = 30 vu a = 50.

OTBeT. iHmepecHblx 06001IIeHHBIX IIPOCTHIX PepMa, BOSHUKAIOIIUX B 9MOM HHTEpPBaJle 0CHO-
BaHUM, Ype3BbIYaiHO MaJjio. BoT ciezytoltee ripocToe moay-depma:

F5(21)/2 =1023263388750334684164671319051311082339521.

A BOT TepBoe HacTosIIIIee 06061IIeHHOe ITpocToe depMa MHJEKCa = 5, KOTOpPOe cpa3y pe3Ko G0JIb-
1ITe, YeM BCe IPEeIBIAYIIEE, HO BCe eITle MHOTO MEHBIIIe, YUeM BCE IIOJTHOPa3MepHbIe IPUMEPEI,
U JIETKO HIIETCS Ha GEITOBOM KOMIILIOTEpE:

F5(30) =185302018885184100000000000000000000000000000001.

Bripouewm, nocinepuuit 610K udp — 1, moroM 31 HyJIb, IIOTOM CHOBA 1 — JIETKO BBIYUCJISAETCS
B yMe, B caMoM jieJIe, 2° neautcs Ha (10) =4, a 2° — 1 = 31. 51 06BIYHO HCII0/IB3YI0 TAKOTO Pofia
MEHTAJIbHYI0 apuPMeTHUKY IIPOCTO YTOOBI KOHTPOJIHUPOBATh, UTO IIPABHJILHO HabpaJl BOIIPOC
B Mathematica.

Ciepyrolire [Ba HHTEPECHBIX 0600I[eHHBIX IIPOCTHIX IToIy-Pepma U depMa, Ie-T0 MeXXAY
KOTOPBIMH IIPOXOJUT IPAaHUIIA BOSMOXKHOCTEN OBITOBOr0 KOMIIbIOTEPA, — 3TO

F5(35)/2 = (35°2 + 1)/2 = 330616742651 ...115356445313 (99 1idp),
Fo(46) = 46°12 + 1 = 214787904487 ...289480994817 (852 1udp).

MHOTHe JadbHeiIie HHTepecHble 0606IeHHbIe IPocThie depMa GBLI0 6B TPYAHO 0GHApy-
>KHTB Ha GRITOBOM KOMITBIOTEpe, HO UX ITPOCTOTY BCe ellle JIETKO ITPOBePHT, 3Has X CYII[eCTBO-
BaHue. Tak, HalpuMep, B uncie Fi; (150) = 1502948 + 1 yoxe 4457 1dp — GoJIbIIIe [BYX CTPAHHUI]
TeKCTa, — IIPUYeM CHOBA, He BK/IIOUAas KOMIILIOTEp, CHO, YTO IIOC/IeHIe U3 HUX TaKOBHL: 5,
noToM 2047 Hyel u nocaeqHsd udpa 1.

7.2. PeKopAbl NPOCTbIX Yncen

Kaxk MBI y>Ke 06Cy>K1aJtu B [5], 60JIbIIMHCTBO U3BECTHBIX CETOLHS CAMBIX 60JIBIINX IIPOCTHIX
YHCeJI, B YaCTHOCTH, BCe 7 U3BECTHBIX UMCeJI ¢ 6oee ueM 107 1udp, — 3To umcia MepceHHa
BUa My = 2P —1, e p npocToe. EXMHCTBEHHOE YHCJIO CPefH 12 caMbIX GOJIBIITHUX MPOCTHIX,
He SIBJIAIOIIeecs YHUCJIOM MepceHHa, — 3T0 06Cy’KAaBIlleecd B IIpebIyIeM maparpade 4ucio
ITpora.

Hawn60oJIbII1i HHIIEKC, IJI1 KOTOPOI'0 B HACTOsIIee BpeMsI U3BECTHEI IIPOCThIE 06001eHHbIe
yucsia Pepma, — 3ato 20. UX ocHOBaHUSA 06pasyroT ocaesoBaTeabHOCTL OEIS A321323:

1, 919444, 1059094, 1951734, 1963736.
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Bce HeTPHUBHUAJIbBHbBIE TAKHWE YHCJIa OBLITH OTKPBITEHI 3a IIOC/IEAHIE 5 J1eT, B Ka)K[I0M U3 HUX 60JIb-
1re 6 MHUJIJILOHOB IJ;I/ICI)p, U BCe OHH IIOIIaJaloT B top 20 caMBbIX GOJIBIIINX M3BECTHBIX CeromHs

HPOCTHIX. BOT OHU B IOPS/Ke YOLIBAHUA ",

o ITpocToe Fry(1963736) = 1963736'048576 1 1 61110 OTKpPEITO 24 ceHT6PS 2022 Tofa. B HeM
6598776 udp:

F>((1963736) = 80651637087363405...emme 6598741 nudp...080313425433460737.

e [IpocToe F»((1951734) = 19517341048576 4 1 G110 oTKpEITO 09 aBrycra 2022 roga. B Hem
6,595,985 riudp .

o TTpocToe Fr((1059094) = 1059094048576 + 1 6r110 oTKpHITO 31 OKTA6Ps 2018 rofa. B HeM
6,317,602 1udp.

o IIpocToe Fy((919444) = 919444048576 1 1 Gri1o oTkpeITO 29 aBrycra 2017 roja. B HeM
6,253,210 1udp.

HoMHHAJIEHO Y Ka)K[LOT0 M3 3THX YHCeJ eCTh, KOHEeUHO, CBOM MHANBUAYAJILHLINA IIepPBO-
OTKpBIBaTesb. OfHAKO B AeMCTBUTEIBHOCTH BCe 3TH YHCJIa ABJISIOTCI IIPOAYKTOM OTPOMHOTO
pacipezesieHHOTO IIpoeKTa PrimeGrid, B paMKaxX KOTOPOTO THICSIYM BOJIOHTEPOB IIPe0CTaBIIsg-
0T CBOM KOMIIBIOTEPHI [/I1 YCTAHOBKH CIIeITHaTU3UPOBaHHBIX IIPOIPAMM.

JTOT IPOEKT aAMUHUCTPUPYETCA AECITKOM IHTY3HACTOB U, B CBOIO OUepesb, UCII0Ib3yeT
CHCTeMYy paclipe/ieJIeHHBIX BhIurcaIeHUH BOINC, crieraIusupoBaHHbIM TakeT PRPNet, tie mo-
BOJIBHO MHOIO €Ille Yero CIIPATaHO BHYTPH (B YaCTHOCTH, IIPOTPaMMBI 6BICTPOT0 YMHOKEHHUS
OOJIBIIINX YHCeJI U T. I.), U, KpOMe TOT0, CIIe[{NaJIu3UPOBaHHbIe TEOPeTUKO-YUCIOBEIE IIPOrpaM-
Mbl. HampuwMmep, riporpaMmel [aBuzia AHnepbakke AthGFNSieve u Ananga Haupa GFNSvCUDA,
peausyIolle perleTo.

Ba’KHBIM acCIIeKTOM IIOMCKa SIBJILETCS TO, YTO IIePBOOTKPHIBATENb 3asBJIIeT UMCIO0 KakK
probable prime, mia sToro mcrosb3yerca mnporpamma KBa lammo GeneferOCL5. O6vru-
HO COOTBETCTBYIOIIlee BBIUMCIEHUE [UI1 MHIWBHUYaJbHOIO YHKCJIa 3aHUMaeT Ha OBITOBOM
KOMIIBIOTEPE HECKOJIBKO YacoB.

YoKe I10CJIe 9TOr0 KOMaH/[a TeCTUPOBIIIUKOB IIPH IIOMOIIY Co3aHHbIX )KaHoM ITeHHe u I1aB-
JIoM ATHatieBBIM ITporpaMM LLR u LLR2 y6erxkmaeTcs: B TOM, UTO 3TO provable prime, 3T0O BEI-
4YHCIeHUe 3aHUMaeT yKe HeCKOJIBKO CYTOK Ha pab0uuX CTaHIIUAX..

0600611IeHHBIX IPOCTHIX PepMa ¢ MeHBIIMMHU HHIEKCAMH U3BECTHO y>Ke JOBOJIHLHO MHOTO.

e Hamipumep, cerofHs U3BeCTHO 14 0OCHOBAHUM IIPOCTHIX Fig(a) MHeKca 19, 3To moceioBa-
TesJbHOCTE OEIS A243959:

1, 75898, 341112, 356926, 475856, 1880370, 2061748, 2312092, 2733014,
2788032, 2877652, 2985036, 3214654, 3638450,
B TO BpeMs Kak Bcero 10 jieT Hasaj ObLJI0 U3BECTHO JIMIIB 5 YIeHOB 3TOH I10C/Ie{0BATeILHOCTH.

3aMeuy, 4TO B CTapllleM YeHe 3TOM II0CIe[0BaTeJIbHOCTH F19(3638450) yxxe 3439810 riudp, Tak
4TO BCET0 KaKUX-HUOYAH 20 ¢ HeOOJIBIINM JIET Ha3al, OHO 6BLI0 6Bl peKOPAHBIM.

e A BoT 30 0OCHOBaHU IIPOCTHIX Fig(a) uHmekca 18, aTo mmocyiegoBaresbHOCTS OEIS A244150:

1, 24518, 40734, 145310, 361658, 525094, 676754, 773620, 1415198, 1488256, 1615588,
1828858, 2042774, 2514168, 2611294, 2676404, 3060772, 3547726, 3596074, 3673932, 3853792,
3933508, 4246258, 4489246, 5152128, 5205422, 5828034, 6287774, 6291332, 8521794,

25 https://www.primegrid.com/download/
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HO 3TO BCe OTHOCHUTEJHFHO MajleHbKHUeE IIPOCThIE, B KaK/IOM M3 KOTOPHIX MeHbIIle MUJLUTHOHA
1 op.

e KpoMe ToOro, cerofHs U3BeCTHO 110 31 OCHOBAHUIO IIPOCTHIX Fj(a) UHIEKCOB n = 17 1
n = 16, ato nociaenoBaTeabHOCTH OEIS A253854 u A251597; 36 TaKHX OCHOBAaHUM HHIEKCa
n = 15, aTo nmociegoBaTeabHOCTL OEIS A226530 1 46 TaKUX OCHOBAaHUU WHEKca n = 14, 3To
rocyaenoBaTeIbHOCTE OEIS A226529.

B HCTOsIlee BpeMs IIPOZJOJDKAETCS WHTEHCHBHBIM IIOMCK O00OIIeHHBIX IIPOCTHIX depma
C 9THUMH HHJIeKCaMH ¥ HavyaT aKTUBHBIN IIOMCK IIPOCTHIX Fj, (a) ¢ MHAeKcaMu nn =21 1 n = 22.

Kak MBI y>Ke YIIOMHHaJIH, CerofHA 12 cpefu top 20 peKOPAHBIX IIPOCTHIX — 3TO YKcaa Mep-
CeHHa, 4 yucJa IIpoTta 1 4 — 0606111eHHBIe IIpocThle Pepma uHAeKca 20. OxHaKo cpexu top 100
KapTHHAa MeHsIeTCs — TaM Bcero 13 urces MepceHHa — U ellle OJHO IIPOCTOe, SIBJILIOIIeecs HOpP-
MO urciia MepceHHa B KoJIblle Z[i] eJIbIX TayCCOBBIX YHCces. B To ske BpeMs, TaM yke 19 06-
0611eHHBIX IPOCTHIX PepMa U 6 CTapIIMX IIPOCTHIX JeuTeslel 06061eHHbIX unces depma.

060061eHHBIX yncesa PepMa ropaszio 60JbIle, YeM 4rces MepceHHa TOTO >Ke MOPSIKa,
a cucmemamuueckull paclipefieJleHHBIM IIOMCK 0606IeHHBIX IIpOCThIX Pepma HadasIcsd OT-
HOCUTeJIbHO HefaBHO. Cy[d II0 JMHAMUKe IIOCIE€NHUX 5 JIET, 1 He YIHUBJIIOCH, €CId BCKOpe
MBI YBHIUM 0600IeHHBIe IIpocThle depMa B IIepPBOM J[eCATKe CaMbIX OOJIBIIMX IIPOCTHIX,
a, BO3MOJKHO, fla’ke U B CAMOM HauaJle CIIMCKa.

8. BAPUAL HA TEMY YNCEN NPOTA

He To, YTOGBI MBI CAaMU Cepbe3HO MHTEPECOBAIHCH TAKOTO THUIIA BeIllaMU, HO pa3IHYHbIe
BapHalliU Ha TeMy umces [IpoTa ciy>KuIu HaM ¢ Bosiozieit XasuHbIM [8] HencuepIiaeMbIM HC-
TOYHHUKOM 33J]a4 Pa3HOU CJIOXKHOCTH [IJIST IOMAIITHUX 3a/laHUH U GUHATLHBIX TECTOB.

8.1. YUucna KanneHa n Byganna

BoT criertasbHBIU Kitacc yuces1 IIpoTa ¥ aHaJIOTUYHBIE YKCIa ¢ 3aMeHoU +1 Ha —1:
e Yiciio C,, = n-2" + 1 HaspIBaeTcsa yncaom Kajurena.
e Yucimo Wy, = n-2" — 1 HassIBaeTcss YMC/I0M Bymasuia.

3agaua. BerumcauTe mnepsbie 140 urices Kamrena C, = n-2" + 1 u y6eguTech, 4YTO BCe OHH,
KpoMe C; = 3, cocTaBHEIe. /I0CTaTOYHO JIK 3TOT0, YTOOBI CHOPMYIUPOBATH THUIIOTE3Y, UTO BCE
yuciaa Cy,, n> 1, cocTaBHBIE?

OTBeT. HeT, Kak 06Hapy>xui1 PobuHcoH [332] uncio Cy4) IIpocToe. KpoMme TOro, U3BECTHBI CJIe-
Iytolnue nmpocTele Kajutena [235, 237]:

Cu713, Cs795, Cep11, Cigags, C32292, C32469, Cs9656, Cooszs, Co62419,

C361275, Ca81899, C1354828, Cs328548, Co679881,

WX UHJEKCHI 00pasyroT mmocseoBaTesbHOCTh OEIS A005849. B caMoM 60JIBIIIOM U3 HUX, OTKPBI-
TOM B Hrojte 2009 roga MarnycoMm beprmanowm, 2010852 MusmroHa iudp. YTo-To Le1aTh ¢ 4uCc-
JIaMM TaKOI'0 pasMepa Ha 6bITOBOM KOMIIBIOTEpe 6e3 CIlelialIu3MpOBaHHbIX IIPOrpaMM THIIA
TeX, KOTOpBIe yCTaHaBIMUBaeT PrimeGrid, — BecbMa COMHHUTEIBHOE YI0BOJIbCTBHE.

Taxum o6pasoM, cpefu unces KajteHa IIPOCTBIX Majlo, U UX HUHJEKCHI JJOBOJIBLHO GBICTPO
pacTyT. B To ke BpeMs, B OTJIMYHe OT IIPOCTHIX KasieHa, cpeiu IIPOCTHIX Byzasia ¢ He60JIBbIIN-
MU HHJIeKCaMH I0BOJILHO MHOTO IIPOCTBIX.
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3agaua. Hatimure miepBble 15 mpocThIX unces Bymawta Wy, = n-2" — 1.
OtBeT. BoT oHU: W) =7, W3 =23, W = 383,

Wao = 32212254719,

Wes =2833419889721787128217599,

Ws1 =195845982777569926302400511,

W15 =4776913109852041418248056622882488319,

Wi23 =1307960347852357218937346147315859062783,

H, KpoMme TOro, Whag, Wago, Waga, Waeo, Ws12, Wes1, Wgoo. Ho BOT CJIeIYIoIKe ITIPOCTEhIE By,z;amla
Yy’Ke HEeIIOMEPHO BEJIMKU:

Ws312, Wr7ss, Wass1, Wiosre, Wisgzz, Wigsss, Wazg71, Wasoos, Wagzee, Wiasois, Wisi023,

Wee7071, Wi195203, Wi268979, Wia67763, W2013992, Wa3e7906, W3752948, Wi7016602/

HUX UHJIeKCBI 06pasyIoT nocaefoBaTeabHOCTh OEIS A002234. B camom 60/161110M U3 HUX 5122515
udp, U 3TO B HACTOSIINI MOMeHT 30-e camMoe 60JIbIII0e U3BECTHOE IIPOCTOe YUCIIO.

8.2. Yucna CepnnHbCcKoro

B 1960 roxy BarpraB CepnuHBCKUM [358] moKa3as, 4TO CyII[ecTByeT 6€CKOHEYHO MHOTO Ta-

KHX HEUYETHBIX HAaTypaJbHBIX k, uTo 6ce umcia k- 2"+ 1 coctaBHble. Takue k HA3BIBAIOTCSI YHC-

aamu CepOUHBCKOT0, OHU 06pasyroT ItocefoBaTeabHOCTE OEIS A076336, BOT ee Hauaso’°’:

78557, 271129, 271577, 322523, 327739, 482719, 575041, 603713, 903983, 934909, 965431,
1259779, 1290677, 1518781, 1624097, 1639459, 1777613, 2131043, 2131099, 2191531,
2510177, 2541601, 2576089, 2931767, 2931991,3083723, 3098059, 3555593, 3608251, ...

3agaua. /loka>kuTe yTBep KieHHe CepIIHbCKOTO.

Pemienue. Tak KaK UCXOJHOe paccykaeHHe CepIIMHbCKOTO [358] caMbIM HeIlOCpeCTBEHHBIM
o6pasoM cBsI3aHO ¢ yuciaaMu PepMa, BOCIIPOU3BeZeM [JII Hadajla HMEHHO €ro.

n=1 (mod 2), k=1 (mod 3) = k-2"+1=0 (mod 3),
n=2 (mod 4), k=1 (mod 5) = k-2"+1=0 (mod 5),
n=4 (mod 8), k=1 (mod 17) = k-2"+1=0 (mod 17),
n=8 (mod16), k=1 (mod 257) - k-2"+1=0 (mod 257),
n=16 (mod 32), k=1 (mod 65537) = k-2"+1=0 (mod 65537),
n=32 (mod®64), k=1 (mod 641) = k-2"+1=0 (mod 641),
n=0 (mod 64), k=-1 (mod 6700417) = k-2"+1=0 (mod 6700417).

O6paTuTe BHUMaHUe, YTO IIepBhle IIITh U3 3TUX MOJyJIel — 3To IpocThie ®epMma Fy, F1, Fo, Fs,
F,, a mociieqHUe 1Ba — 3TO HalleHHBIe JMIepoM IIPOCThIe fAenuTenu Fs. Tak Kak cpaBHeHUA

26 Kak 3ameTru1 MakcHUM BceMUpPHOB, CTPOro roBops, IociaexoBaTelbHOCTE OEIS A076336 — 3To I10CIefoBaTe/b-
HOCTB IIePBBIX U38eCMHbIX uHcesl CepIIMHbCKOr0. To, YTO B 9TOM Ha4aIbHOM I10C/Ie/l0BaTeJIbHOCTH HeT IIp06eJIoB,
TI0Ka He U3BECTHO.
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B IIepBOM KOJIOHKe 3a/1at0T pa3bueHue N, To /151 KaXK[0To k, Y0BJIeTBOPSIOIIEro CpaBHEHUSIM
BO BTOPOI KOJIOHKE, YHCJI0 k- 2" + 1 metuTcest XoTs GBI Ha OHO M3 MPOCTHIX 3, 5, 17, 257, 65537,
641, 6700417. UT06HI TapaHTUPOBATh HEUETHOCTD Kk, T06aBUM elile cpaBHeHHe k =1 (mod 2).
Tenephb KuTaiickas TeopeMa 06 0OcTaTKaX rapaHTUPYET, UTo JII060e k, yIOBJIeTBOPSAIOIIee CpaB-
HEeHUI0

k =15511380746462593381 (mod 2-3-5-17-257-65537-641-6700417),

SBJISIETCS YUCI0M CepITHHBbCKOT0. TAKUM 06pa3oM, KOJIHYeCcTBO yrces CepITHHBCKOTO He IIpo-
CTO 6ECKOHEYHO, a UMeeT T0JI0KUTENTbHYI0 IIOTHOCTH B MHOYKECTBE HATYPaJIbHBIX UKCE]L.

PemreHne fpyruM MaHepoM. BoOT ellle OfHO pellleHHe, OCHOBAaHHOE Ha TOU JKe HJee, IIpejJIo-
JKeHHoOe B 1962 roay /l>koHoM CestdpupkeM (HeonybIMKOBaHO, cM. [170]). O6paTuTe BHUMAaHUE,
4TO 3TO pellleHHe OCHOBAaHO Ha UCII0JIb30BaHUHU ropas/io MeHbBIIIUX IIPOCTHIX:

n=0 (mod 2), k=2 (mod 3) = k-2"+1=0 (mod 3),
n=1 (mod 4), k=2 (mod5) = k-2"+1=0 (mod 5),
n=3 (mod?9), k=9 (mod 73) = k-2"+1=0 (mod 73),
n=15 (mod 18), k=11 (mod 19) = k-2"+1=0 (mod 19),
n=27 (mod 36), k=6 (mod 37) = k-2"+1=0 (mod 37),
n=1 (mod 3), k=3 (mod?7) = k-2"+1=0 (mod?7),
n=11 (mod 12), k=11 (mod 13) == k-2"+1=0 (mod 13).

HaunMeHBIIIee HeueTHOe pellleHHe IT0Iy4Yaroleics CHCTeMEl CpaBHeHUM paBHO 78557, 1 Cell-
dpUIDK curTall, YTO 3TO U eCTh HauMeHblilee YyuciIo CepruHbcKoro. OgqHako B 2002 rogy Bce
ellle ocTaBasIOCh 17 MEHBIUX uHcelI, Seventeen or Bust?’, mpo KoTopble Ha TOT MOMEHT He
OBIJIO U3BECTHO, SIBJIAIOTCA OHH UYMcaaMU CepIIMHBCKOIO UJIX HET, UYTO B 3HAUUTEILHOM CTelle-
HHU U CTUMYJIAPOBAJIO MHTEPeC K IIOUCKY IIPOCTHIX IIpoTa.

SIcHO, UTO IIOMCK JAJTbHEMIIHNX TAKHUX HOKPBITHH N CpaBHEHUSIMH SIBJISETCA 3aMevaTe/ib-
HBIM YIIpa>KHeHUEeM Ha MOAYJ/ISIPHYI0 apUQMETHKY.

8.3. Yucna Pnsens n sapnaHThbl

Ecyii 3aMeHHUTS B OIlpe/iesleHUH urces CepIIMHbCKOIo +1 Ha —1, ITojIydyaeTcs ollpefiesieHue
yuces Pusessg. UHBIMH CJI0BaMH, k HashbIBaeTCd YHMCI0M PHu3eJrs, eciu gce uuciaa k-2 —1 co-
craBHbIe. Uncia Pusess o6pasytoT nocaegoBaTeabHOCTE OEIS A101036, BOT ee HECKOJIBKO Ilep-
BBIX YJI€HOB:

509203, 762701, 777149, 790841, 992077, 1106681, 1247173, 1254341, 1330207, 1330319,
1715053, 1730653, 1730681, 1744117, 1830187, 1976473, 2136283, 2251349, 2313487,
2344211, 2554843, 2924861, 3079469, 3177553, 3292241, 3419789, 3423373, 3580901, ...

27 ca#iT www.seventeenorbust.com, Ha KOTOPBIH MBI MCXOJJHO CCBLTATHCh, 3aMOPOXKEH M OTChLIAeT K
primegrid.com. OgHaKo apXHUBHas BepCHs UCXOZHOMN CTPaHMIIBI JOCTYIIHA II0 cCchlIKe https://web.archive.org/web/
20160405211049/http://seventeenorbust.com/

AMTOPUTMWNYECKASA MATEMATUKA N MATEMATUYECKOE MOAETMPOBAHUE 29


www.seventeenorbust.com
primegrid.com
https://web.archive.org/web/20160405211049/http://seventeenorbust.com/
https://web.archive.org/web/20160405211049/http://seventeenorbust.com/

BaBunos H. A.

B 1998 roxy 3puk Bpup /oKa3aj, 4To CyIeCTByeT 6€CKOHEUYHO MHOTO YHCeJI, KOTOpbIe 00-
HOBpPeMEHHO BJIAI0TCA YrcIaMU CepIIMHLCKOro ¥ YrcaaMu Pusesrsa. Takue unciia HasbIBalOTCA
yucaaMu Bpupa. OHU 06pasyroT mmocieroBaTeabHOCT OEIS A076335, BOT HECKOJIBKO IIEPBBIX
U3 HUX:

3316923598096294713661, 10439679896374780276373, 11615103277955704975673,
12607110588854501953787, 17855036657007596110949, 21444598169181578466233,
28960674973436106391349, 32099522445515872473461, 32904995562220857573541

HeueTHOe umcyI0 k Ha3bIBaeTCs JBOMCTBEHHBIM YHCJIOM PH3esrs, ecyIu /151 BceX HaTypaJIb-
HBIX 1 uncio |2" — k| cocraBHOe. [UITOTE3a COCTOUT B TOM, UTO MHO>KeCTBA UKcesI PU3eJIs U TBOH-
CTBEHHBIX yrces Pusesis coBnagaioT. Hammpumep, |2 — 509203| cocTaBHOE 711 BCEX HATYpaslb-
HBIX 71, Ipu4yeM 509203 HauMeHbIllee C TAaKUM CBOMCTBOM.

9. UMKNOTOMMUA: TEOPUA

C unciamu ®epMa CBg3aHa U lepBasg MaTeMaTHdecKkast paboTta I'aycca. A mmeHHO, 30 Map-
Ta 1796 roga l'aycc mpuayMall IIOoCTpOeHMe IIPaBUILHOIO 17-yroJbHUKa. IMeHHO I10CJIe 3TOHU
paboTel OH OKOHYATEIBHO PelInI 3aHUMAaThCs MaTeMaTUKOM, a He IMHTBUCTHUKOM.

9.1. MocTpoeHns LUPKYNEM U IMHEIAKOIA

PelteHMe KBaJpaTUYHBIX YpaBHeHUU IIPY IIOMOIITY [TUPKYJII U JIMHENKH ObLII0 U3BECTHO —
uiy, 110 leHriepy, JOJDKHO ObLJIO OBITH U3BECTHO — JPEBHUM I'peKaM, TaK KaK OHO I1eJIMKOM
HaXOJUTCS B PycCJie HUjlel TpeuecKoM «reOMeTPHUUeCKON aare6phl», CM. CIIeIYIOITUY TyHKT.

OfHako B aHIVIOSA3BIYHOM JIMTepaType 3TOT MeTOJ, PellleHUs KBaJpaTUYHBIX YpaBHeHUN
IIPUHATO Ha3bIBaTh OKpyKHOCTIMU Kapsiaiina = Carlyle circles, 110 mMeHH IITOT/IaHZCKOIO HCTO-
puka Tomaca Kapsariia, 1795-1881. O ueM, 0fHaKO, IpeBHIe I'PeKU MOIJIU JIUIIB JOTaAbIBaThCA,
TaK 9TO O TOM, UTO IIPY IIOMOIIM [TUPKYJII ¥ JIMHEUKH MOKHO pelllaTh mo/ibKo KBaJpaTUUHbIe
ypaBHeHUS. [l pellleHHs KyOMUeCcKUX ypaBHEHUM HY/)KeH ellle O[UH HHCTPYMEHT, HalIpuMep,
TPUCEKTOP HJIH JIEKAJI0, KOTOPOe II03BOJISIET CTPOUTH I1apaboJIbl.

JIOIIyCTHM, YTO MBI XOTUM PellluTh KBajfipaTH4YHOe ypaBHeHHe ® x°> — ax + b = 0. Orpa-
HUYUMCS JJIs1 IIPOCTOTHI CJIydaeM, Korma a,b € R, X0Ts1 aHaJIOTUYHBIM MeTO/ IIPUMeHUM U K
CJTydaro KOMILUTEKCHBIX K03)HUITMeHToB. JII1 3TOro M306pasuM Ha ILIOCKOocTH R? Touku (0,1)
" (a, b). Oxpy>xHOCTb C ¢ tuaMmeTpoM (0, 1) — (a, b) Ha3pIBaeTCs OKPY>KHOCTHIO KapJaiiia sTo-
r0 KBajpaTHYHOIO ypaBHeHus. UHbIMU ci1oBaMH, neHTp C paseH (a/2,b/2 +1/2), a kBagpar
paguyca — (a/2)° + (b/2-1/2)%.

JlorycTM BHadaJjle, 4TO OKPY>KHOCTH KapJiaiisia IiepecekaeT 0Cb X B JBYX TOYKax X
U X, IIPUYEM X] = Xp. SICHO, UTO (a / 2,0) SIBJIIETCS CepefUHON oTpesKa (x1,0), (x2,0), Tak YTO
X1 + X2 = a. C Ipyroy CTOPOHKBI, TeopeMa O IiepeceKaroIuxcs xopax (IIpu b < 0) Wi ceKy-
mwux (mpu b > 0) moKasbIBaeT, UTo X1 X = b. TakuM 06pa3oM, ecau OKpy>KHOCThH Kapsaiina
IepeceKaeT oCh X, TO OHa IlepeceKaeT ee B KOPHAX ypaBHeHHUs x> — ax+ b =0.

YTo, eci 3TO YypaBHEHHE He MMeeT BellleCTBEHHBIX KOpHEH, TO eCTh b/ 2+1 /2 6oJIbIIIE,
4yeM pajuyc OKpy>KHOCTH Kapsaiisia? 3TO IIPOMCXOLUT, €C/IM TUCKPHMHHAHT OTPHUIATesIEH,

2Bgp KypcCe TOro, YTO IIKOJIbHBIN >KaproH IIpeIIHChIBAeT IIepeBOAUTh quadratic equation xak kBagpaTHoe
ypaBHeHue — WIH, B 06paTHOM IlepeBojie, square equation. Bosee Toro, KBafipaTHbIE ypaBHeHHUS JeCTBUTEIHLHO
SIBJISTIOTCSI KBa/[paTUYHBIMU [2].
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A = a? —4b < 0. B 3TOM ciIydae 1106451 OKPY>KHOCTh C I[eHTPOM Ha OCH X, OPTOTOHAJbLHAas
K OKpy>kHOCTH KapJiaiiya, IlepecekaeT BepTHKaJIbHYIO IIPAMYIO X = 4 / 2, IIPOXOJAIIYI0 Uepes
IIeHTp OKpy>kHocTH Kapiaiia, B Toukax (a/2, v—A/2), (a/2,— vV-A/2).

[ToyIHEIM OTBET Ha BOIIPOC O TOM, KaKUe reoMeTpHYeCKUe II0CTPOEHUS OCYIeCTBUMBI IIPU
TIOMOIIY ITUPKYJIA U IMHEWKHY, faeT Teoprs 'anya. PaccMoTpuM Touku 0 ¥ 1 Ha BellleCTBeHHOM
IpsIMOI. Bce TOUKM KOMILJIEKCHOM IIJIOCKOCTH, KOTOPBIe MOKHO II0OCTPOUTE, OTIIPABJISLACH OT 0
U 1 IpU IIOMOIIU [TUPKYJIS U IMHENKY, 00pasyroT I10J1e, KOTOPOe Ha3bIBaeT s IM0JIeM A0CTHKH-
MBIX yHces 1 o6o3Havaercs K.

Yucro anrebpandecku 1mosie K orpefesgeTcd Kak HaUMeHbIIIee KBaJpaTUYHO 3aMKHYTOe€
nozroJie B C. MTHBIMHU c10BaMy, K cofiepXUT 1 U 3aMKHYTO OTHOCUTEJIBLHO U3BJIeUeHUs KBajl-
paTHBIX KOpHel, /1 I060ro X € K cymectsyeT y € K Takoe, uTo y? = X.

JoxasaHHad B 1837 rony Teopema BaHmess [393] yTBep)XzpaeT, 4TO ajleMeHTHI o K
U TOJIBKO OHHM MOIYT OBITH IIOCTPOEHBbI IIPU IIOMOIIM IMPKYJsd M JWHeHKU. /loKkasaTesb-
CTBO 3TOM TeopeMhbI 06Cy KIaeTcsl, HaIpUMep, B yuebHuKax YeboTapesa [33] u IlocTHHUKOBA
[24]. Hroke MBI 06CYyIUM KJIaCCUUYECKUU YaCTHBIN Cy4dal 3TOro pesyjabTaTa, OTHOCAIUMCI
K OUKJIOTOMHH, TO €CTh [leJIeHUI0 Kpyra Ha paBHBIE YaCTH.

3ameTuM, UTO nonymHo B TOH ke paboTe BaHIlesb JajJ OTpUIlaTeJIbHBIE OTBETHI eIlle Ha
IIBe KjacchuJecKue IpobieMbl OTKPBITHIE [0 3TOro 60s1ee 2000 JieT, mpo6ieMy yABOeHHS Kyba
U IIpo6JieMy TPHCEKIIMH yIJa.

HeB03M0>XHOCTE OCYILIECTBUTD yIBOeHMe Kyba II0Cpe[CTBOM IIMPKYJIS U IMHENKH O3Ha4da-
eT B TOUHOCTH, 9TO v/2 He SBJISETCS JOCTHKUMBIM YHCIOM. HeBO3MOKHOCTE TPHCEKITHH YIJIa
[0OKa3bIBaeTCs, HAIIpUMED, TeM, YTO0, pa3 Mbl He MOKEM ITIOCTPOUTH IIPaBUJILHBIN eBIATUYT0JIb-
HUK, TO MBI He MOYKeM II0/IeJIUTh Ha 3 [[a’ke YIJIbI 7T / 3u?ln / 3. B camoM pieJie, 1OBOJILHO COMHU-
TeJIbHO, YTO0KI 60JIBIITHUNA KOPEHb 8x3—6x+1=0, paBHBII

cos(%r)=i(i/—4+4i\/?_)+ §/—4—4i\/§)

OB JOCTYDKHUMBIM YHCJIOM, CM. II0 3TOMY II0BOAy § 11. BOT UTO-TO B TaKOM J[yXe U HAIIMCAaHO
B cTaThe Banriess [393].

9.2. ECTb 1N y KBaAPaTUUHbIX YypaBHEHW rpeyeckmne KOpHU

B cBoelt 3aMeuaTebHOM KHUTE «McTopus aMbpuosiorum» [23] cap A>ko3ed Humam 3ameya-
eT: «B fpeBHeM ErumnTe 6bLIM MHKY6aTOPHI, HO He OBLIO 9MOPHOJIOTHY, a B AipeBHel I'peruu
6b11a 9MOPHOJIOTHS, HO He 6bLJI0 MHKY6aTOPOB». /lake He BAaBasCh B IIOJPOGHOCTH, B CBSI3HU
C IIpeJBIAYIIUM IIYHKTOM HEBO3MOJKHO He YIIOMSIHYTh COBEPIIEeHHO peepUYeCcKyI0 AUCKYCCHIO,
TIOCBAIIIEHHYIO TOMY, YMEeJIH JIX IPeKH pellaTh KBaJpaTU4yHble ypaBHEHUs, TeM 6oJiee, UTO UC-
TOKH 3TOH JUCKYCCUU CBA3aHBI C JUCKyCccHeX 0 Pepma.

B xoH1te XIX Beka MepoHuM lleitteH [34] u ITosb TaHHepH [376] IIpeI0KUIN KOHITEIIITUIO,
COIVIaCHO KOTOPOM I'PeKU BJjajieJiy, B YaCTHOCTH, ajrebpandyeCKUMHU HesIMH, HO BbIpakajlu
HUX Ha TeOMeTPHUYeCKOM s3bIKe, — TO, YTO CTaJI0 Ha3blBaThCS “TpedeCKON reOMeTpUYeCKOH ajl-
re6po”. CxoyKel MO3UILTUU IIPUEPKUBAINCEH U3laTeId U IIepeBOAYUKU IpeuecKUux MaTeMa-
THYeCKHUX TeKcToB HMoxau TetiGepr [16] 1 cap Tomac Xuc [211]. CaM TepMHUH “TeoMeTpHUecKast
asrebpa” IOMyJISIPU3UPOBAaJI, B 4acTHOCTH, OTTO Hotire6ayap [296], KOTOPBIN yTBEPIKAAJL, UTO
HMEHHO B TaKOH popMe IrpeKy BOCIIPUHSAIN BaBIJIOHCKYI0 aire6py. Ha pycckoM sTa Touka 3pe-
HU U3J105KeHa B Ype3BhIUaHO BJIUATeIbHBIX KHUTaX bapTesid BaH fep BapzeHa [10] 1 camoro
Hotirebayspa [22].
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B 1975 roxy CabeTrait VHTypy [379] onmybIMKOBaJI COBEPIIIEHHO HE8epOSIMHYH0 TI0 Pa3BSI3HO-
CTH CTAThHI0 IIPOTUB KOHIIEIIITUHN reOMeTPUYeCKOH are6psl B I1eJI0M, COZeP KaBIIyIO0, B YaCTHO-
CTH, I'pyOble JIMYHBIE BBIIIAEI IIPOTUB BaH fiep Bapgena u Holirebayapa. B manbHelmeM VHIypy
C YUeHHUKaMHU U COaBTOPaMH OIIyOJIMKOBAJI TPU OOJIBINHNX TeKcTa Ha TeMy “does the quadratic
equation have Greek roots?” [176, 382, 383], B KOTOPBIX TOKa3bIBaJI, UTO TPeKU HE YMeJIH pellaTh
KBa/IpaTUYHBIX ypaBHEHUM!

OCHOBHOM IIOCBUI UCXOJHOM CTAaThbHU COCTOSI B TOM, YTO, JOCTUTHYB TOT0 BO3pacTa, Korja
OHHM He MOTYT 60JIee HeIIoCpe/[CTBEHHO 3aHUMAaThCs CBOei HayKoH~’, MaTeMaTHKH HaUHHAKOT
nucaTh 06 UCTOPUM MaTeMaTUKU. Ho MUIyT Henpasu/bHO, IIOTOMY UTO, [JI1 TOIO YTOOBI UX
4UTaTh, HY’KHO 3HaTh MaTeMaTHKYy: “It is in truth deplorable and sad when a student of ancient
or medieval culture and ideas must familiarize himself first with the notions and operations of
modern mathematics in order to grasp the meaning and intent of modern commentators dealing
with ancient and medieval mathematical texts”, [379].

Belisb ITepeckasbIBaeT 3Ty IO3UIIUIO CIeLyI0IINM o6pa3oM: “According to some, little more
isrequired than what was known to the authors one plans to write about; some go so far as to say
that the less one knows, the better one is prepared to read those authors with an open mind*’.”
Jlanbliie BceX B 9TOM OTHOIIIEHUH IIOIIeJ yYeHUK YHTYpy Makki ®puj, KOTOPBIH IIpeIoKUI
axcuomy Tabula rasa: “It is both possible and proper for historian of mathematics not to know
any mathematics at all,” [174, 175].

Ha 3Ty cTaThI0 IIOCIe0BaTeJIbHO OTBETHIIH II0 CYIIECTBY U, BO3LeP/KUBasACh OT JIMUYHBIX
OCKOpOJIeHMM, caM BaH fep BapaeH [389] B 1976 roxy u XaHc PpetifeHTans [173] B 1977 rony.
B ciemytromemM 1978 romy AHpe Belsib d8ascdbl BEpHYJICSI K 9TOU II0JIEMUKe, BHavase B [396]
U II0TOM CHOBA B CBOeM JokJiane [397] Ha ICM-1978. HamvricaHbl 3TU TEKCThl B OOBIYHOM IS
Belina I3BUTEIFHOM MaHepe, UTO a0 YHTYPY HOBO/J OybJIMKOBaThE B 1979 roxy erre 6oJiee
XaMcKuii otser [381]%L.

Eciz He 3HATH 60JIee IIIMPOKOT0 KOHTEKCTa TOTO BpeMeHH, 3TH JOKYMEeHTHI, Ha4WHas IIpo-
CTO C caMOro ¢paKTa IyoauKanuu [379] B cepbe3HOM HUCTOPHUYECKOM >KypHaJle, IIpefCTaBISI0TCI
COBEPIIIEHHO II0Pa3uTeIbHBIMHU 110 BUPYJIEHTHOCTH. Yacms 3TOT0 KOHTEKCTA IKCIIUIIUPYETCS
B cTaTbe MapTussl ITHatgep [342].

JdToMy IIpeAIIecTBOBAJIO KOIIMBIIIeeCS paspa keHue IIpeficTaBuTes el humanities mpoTuB
TOT0, UYTO OHU BOCIIPUHHUMAJIH KaK IIOITBITKH MaTeEMaTHUKOB IIOKYCUTHCS Ha CBATOE, X IIOJIHYIO
6eCKOHTPOJIBHOCTE. B wacTHOCTH, [IIHaMiep moipo6HO 06CyKAaeT poJib Beiyisd B “adepe bes-
J1a”, KOIrja IIpeAJIoyKEHHBIN 9KOHOMHUCTaMH U COITHOJIOTAMHU B KadyecTBE IIOCTOSTHHOIO WieHa
ITpuHcToHCKOro IAS PobepT Besia 6611 IpoBaJjieH Ha TOJIOCOBAHUU B COOTHOIIIEHUU 13 / 8, mpu
5 Bo3zep)KaBIIUXCS. I3BeCTHO, YTO Cpefy T0JI0COBABIIUX IIPOTUB ObLIN ApMaH Bopess, AHzpe
Betinb, 'epens, Jaticos, MuiHop, MoHTrOMepH, Cesb6epr, ipuueM Bopesb 1 Belib opKecTpo-
BaJIy IIIUPOKYI0 ITyOJIMYHYI0 KaMIIaHUIO IIPOTUB U36paHus besuta. O TOM, HaCKOJIBLKO OCTPO 3TO
BOCIIPUHHMAJIOCh TYMaHUTaPUIMU, MOKHO CYAUTE X0Td OBl 110 cTaThbe ®aHra [160], rae “adepa
Besima” ipssMo cpaBHUBaeTcs ¢ “adpepoit [petidyca”.

BTOpOM OCTpBIil KOHQIIUKT, y>Ke B YHUBepcuTeTe [IpUHCTOHA, BOSHUK B CBSA3U C TEHIOPOM
UCTOpHKA MaTeMaTUKU Marikiia MaxoHu, yueHuKa Tomaca KyHa (Toro camoro KyHa, “CTpyKTy-
pa Hay4YHBIX PEBOJIIOIUN”). VIS YyCKOpeHUd IIporecca MaxXxoHU B OUeBUAHOM CIIEIIKe OITyOJIH-
KOBaJI HayuyHy0 6uorpaduto Pepma [282], B KoTopoit AHApe Bettsb [395] TyT ke 00HaApPY> KU

s VHTrypy nuieT 6ykeaavHo *professional impotence”.

30 «If you open your mind too much, your brain will fall out”.

31 I'peueckue mepeBOBI BCEX STHX IITH CTaTei BMeCTe C 3aHUMAaTeIbHEIME KOMMEHTapHAMIE COGPAHBI B KHUTe
HoanHuca Kpuctuanujuca u Jlumurpuca Auaaurrca [119].
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OTPOMHOE KOJIN4YeCTBO GpaKTHYeCKHUX ¥ MaTeMaTH9eCKHX OIIN60K. PerteH3ns Belist BeIeprKa-
Ha B CJIeyI0IINX ToHaX: MaxoHU HefocTaeT “some knowledge of French”, “some knowledge of
Latin”, “knowledge and sensitivity to mathematics”, “some historical sense”, “some knowledge of
the work of Fermat’s contemporaries and of his successors”, “ordinary accuracy”, “the ability to
express simple ideas in plain English”, u T. . — “the ink is ugly and the paper is from the wrong
kind of tree”.

Kak 3sameuaeT CTuBeH JlaHnc6ypre>: “Without a doubt, it was the most devastating book
review in the history of literature”. OueHbs UHTEPECHBIIN JUYHBIH ITepecKas 3TON UCTOPUH MOXK-
HO HanTu B KHUre Hrta Ko6iuna [244], >)keHa KOTOpOTro AHH Kak pas B TO BpeMs yuuiiach y Ma-
XOHHU.

VHTypy BCIIOMUHAET, YT0 KyH IIOpy4mI eMy HallkucaTh OJHY U3 KOHTP-pelleH3HI Ha KHUTY
MaxoHu. XoTd paktudecku [380] BoiIa 1o3xe [379], paboTa Haj Hell O6blla HayaTa paHbIIle,
u [379] oTkpriBaeTca snurpapom Marikia MaxoHH — UMeHHO U3 ero 6uorpadpuu ®epmal! Tak
4TO HeT COMHEHUs, YTO MHBEKTUBEI YHIYPY IIPOTUB “CeHUIbHBIX MaTeMaTHUKOB” OBLIIN afpeco-
BaHbI Bellstio B ellfe 60JIbIIIEN CTEIIeHH, YeM BaH Jiep BapzaeHy, Ha 4To Beliib 1 oTpearupoBall
B CBOMCTBEHHOU eMy MaHepe. IIpoBoKaIius yaatach!

PasyMmeetcs, pasbopKu B JIure IUIIOIA HA TeMY, KOMY OBITh Y)KUBBIM U XBaJIUMBIM, Ha 3TOM
He IIpeKpaTMINCh. I0CTaTOYHO BCIIOMHUTE Jieia «JIeHT IIpoTuB JlumceTa» Wi «JIeHT IIPOTUB
XaHTUHITOHa». Ellle offHa ocTpas JUCKYCCUS TOTO BpeMeHH, OTTOJI0CKH KOTOPOH MOXKHO Hal-
THU B [242, 243, 360], TIOCBSII[eHa UCII0JIb30BaHUI0 MaTeMaTHUKH B ITOJIUTOJIOTUH (B3IJISIT HA 3TY
HUCTOPHIO OT II€PBOTO JIMIIAa MOYKHO HaUTH B TOU ke kHUre Kobsuiia [244]). Bce ciefbl aToM
IUCKYCCUH ITOATEePTHI B 6a3ax maHHBIX MathSciNet u ZBMath, BILUIOTE 710 cChUIOK Ha [243, 360],
B UHTEPECHOE BPeMS )KUBEM.

9.3. Teopema laycca—BaHuLens

Iukiaoromueit = geneHreM (OyKBaJbHO “paspe3aHHeM”) Kpyra, HA3bIBAeTCS JieJIeHHe
OKPY’KHOCTH Ha 71 paBHBIX UacTel.

TeopeMma I'aycca—BaHIIesIs1 yTBEPIKAAET, UTO, AJI1 TOTO UTOOBI OKPY>KHOCTb MOKHO OBLIO
pasziesUTh Ha 1 YacTed IIPU IIOMOIIH IUPKYJIS U JIMHEeNKH, He06X0IUMO U JOCTaTOYHO, YTOOBI
71 ©UMeJIO BU

n=2"p...ps, Thoe p; — IOMApPHO pasIMYHbIe IPOCTHIe urcia Pepma.

ITo Mopysr0 cPOpPMyIMPOBAaHHOM BHIIIIe TeOpeMbl BaHIleIs 3T0 04eBUIHO. B camoM felte,
TaK Kak IOpsIIoK (Z/nZ)* paBeH ¢(n), To (Z/nZ)* B TOM U TOJBKO TOM CIy4ae SIBJISIETCS
2-rpymmnoi, xorga n = 2"p;y ... ps, TAe p; — IOIIAPHO Pa3IMUHbIe YyKcia depma.

Ho Benp pasfesiuTh OKPYKHOCTB Ha 7 4acTel 03HadaeT B TOYHOCTH IIOCTPOUTH I1epBO06-
PasHEI KopeHb { = 27 /" g3 1 cTemeHH n. Kpyrosoe paciuperue Q(() sIBsgeTcs paclIipeHu-
eM Tlasya 1rosig Q c rpymmoii Fanya G(Q(()/Q) = (Z/nZ)*. C mpyro#l CTOPOHBL, [JIT TOTO UTOOHI
qucio a € C MOKHO OBLJIO IIOCTPOUTH LIUPKYJIEeM U JIMHEHKON, OHO JOJ/DKHO IIpHHAAJIeXXaTh
pacmpenuto K/Q Takomy, uto rpymnma l'aiya Gal(K/Q) siBigeTcs 2-TpyHIoH.

JocmamouHocmsy yciaoBHUA OblIa Aoka3aHa 'ayccom B 1796 romy, HO BOT ero Heobxoou-
Mocmb — TOJBKO BaHIesieM B 1837 roxy. Pasymeertcs, I'aycc He MOT I10J1630BaThCSI TeOpHelt
l'asya B cBOeM [0Ka3aTesJbCTBE, IIOTOMY UTO B TO BpeMsd, KOIZla OH YCTAHOBHJI CBOIO 4acCTh
TeopeMtEl, 'anya eme He poguicsa! /la dero tam l'asya, B 1799-1801 rozgax laycc He 3HaJI elge
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pe3yabTaToB PydduHu u Abesss. Ho pOBHO IT03TOMY OH, pa3yMeeTcs, 1 He MOT JI0Ka3aTb 3Ty
TeopeMy B TPYZHYI0 CTOPOHY, 3TO c/iejiaJl BaHIiesan 40 JIeT CITyCTsL.

HNuTepecHo, yTo uM4 [Ibepa JlopaHa BaHiiess, 1814-1848, coBepIlleHHO He U3BeCTHO IIIH-
POKOI ITy6JIMKe, XOTSI UIMEHHO OH pelliI KJIacCuuecKue IIpo6ieMbl TPHCEKIIUH yIJIa U yABOe-
HHU Ky0a — B TOH >Ke paboTe, B KOTOPOM ZjoKasas TeopeMy 'aycca—BaHItess. [lyig Hadasa, OH
He HeMeITKUM MaTeMaTHK, a QpaHITy3CKUH, 1 IIPOBeJI BCI0 CBOI0 He CIUIIKOM J0JITYI0 SKU3Hb
B [lapmxe, B Ecole Polytechnique, BHauase kak éléve-ingénieur des Ponts-et-Chaussées (1 y»x
He 3Hal0, KaK 3TO0 IIepeBeCcTH Ha PyCCKUM, MOCTOCTPOUTED WU JOPOKHBIM HH)KeHeP), II0TOM
Kak ingénieur u répétiteur. HarioMHI0, 4TO IPEMeEPHO B TO ’Ke BpeMs peleTUTopaMHu B Ecole
Polytechnique cay>xuiu sronu Tuna beprpaHa, boHHe, KaTasaHa, Jle Beppre, /lesioHe ...

9.4. BepuUTb He/lb351 HUKOMY He TOJIbKO B Halle Bpems

KoneuHo, l'aycc B “Disquisitiones Arithmeticae” zogopus, 4T0 0H doKa3a/1 He06XOTUMOCTDb —
HY TaK U BBl TOKe ToBopuUTe! T'aycc BoO6IIle MHOTO 4er0 FOBOPUJI, HAIIpUMeD, 4To B 1799 roxy
JloKasaJl “oCHOBHYIO TeOpeMy BBICIIEN anre6phl”. JJokasaJ, fja, Ho B 1815 rozy, BOCIIpOU3BeIsd
JIoKa3aTeJbCTBO Jilyiepa—J/larparika. A CBoe IIepBOe J0Ka3aTeJbCTBO OH U B 1849 roxy He cMOr
HCIIPaBUTh, IIOTOMY YTO 3TO TOPa3fo TpyLHee, YeM UCIIPaBUTh J0Ka3aTeJ bCTBO I'Aambepa.

B smo6om ciydae, HU B “Disquisitiones”, HHM, HaCKOJIbKO MHe H3BeCTHO, B KaKUX-JIHNO0
IpyTuX TeKcTax [aycca HeT HUKaKUX HaMeKOB Ha J0Ka3aTeJIbCTBO MJIU XOTS OBl Ha ero Hjelo.
A Bepnp Taycc Kak pas OTJIHYAJICS Henpeg3ol0eHHbIMU OCHOBATeJIbHOCTBI0 U IIpHJIeKaHUEM,
Sitzfleisch.

J1a MeHS OBLI0 IIOJTHBIM ITTOKOM IIPOYHTAaTh, B KAKHUX BRIPaKEHUIX II€PeCKas3bIBaeT 3TO
B cBoeit kaure ®eukc KieitH: “Hierzu hat G a us s noch andere Félle hinzugefiigt, indem er
die Moglichkeit der Teilung in p Teile, wo p eine Primzahl von der Form p = 22" +1ist, und die
Unmaoglichkeit fiir alle andern Zahlen bewiss”, [238], cp. Tak>Xe ¢ ppaHITy3CKUM U aHIJIUHACKAM
nepeBojaMu [239, 240]. TpuHaAIIaTHIN yIap YacoB CTaBUT IO/l COMHEHUE BCe ITpebIayIIue, TaK
4TO I10CJIe 3TOTO 51 He 3HAI0, KaK OTHOCUTBCS KO BCeM OCTaJIbHbIM UCTOPUYECKUM U3bICKaHUSIM
KieriHa.

Ciepyrolllast TUTaTa II0Ka3bIBAeT, HACKO/bKO JIMKCOH TOUHee U HajleskKHee KaK UCTOpUYe-
ckuit uctouHUK: “C. F. Gauss proved that a regular polygon of m sides can be constructed by
ruler and compasses if m is a product of a power of 2 and distinct odd primes each of the form
F,) and stated that the construction is impossible if 7 is not such a product”.

Bot uTo, HanpuMep, 'aycc TOBOPUT TaM >Ke II0 II0BOJY pellleHHs YpaBHEHUU CTeIleHHU 5:
“...quin hocce problema non tam analyseos hodiernae vires superet, quam potius aliquid
impossibile proponat.” Ciexmys jsioruke KieliHa, Hy)KHO IIPOBO3IJIaCUTh, YTO 3Ta ppasa comep-
KUT QOPMYJIMPOBKY (U T0Ka3aTelbCTBO!) TeopeMbl PyddrHr—AbGess1 1 Bcer Teopuu lamya.
HeB03MO0>XHOCTH pellleHUs 00I1ero ypaBHeHUS IISITOM CTelleHU OblIa B TO BpeMs O4YeBHHA
BCeM, BKJIOUad 'aycca, 4TO OH 3/1eCh ¥ TOBOPUT.

BOJIBIIMHCTBO JKe IIOC/IeAYIOIIUX aBTOPOB IIPOCTO CJIEII0 KOIIMPOBAJIH BbICKa3bIBaHUE
KieitHa, uto TeopeMy 'aycca—BaHitess mokasan I'aycc B “Disquisitiones Arithmeticae”. Paii-
MOHA Apuubainbp [41, 42] mbelTasici UCIPaBUThH yTBepKAeHUe KieliHa, HO OH OIIHOG0YHO
IIPUIIUCHIBAET IIepBOe [0KasaTeJbCTBO HeobxoguMocTH [kerimcy IlupriodHTy. IlepBBIM
HeJBYCMBICJIEHHBIM H3JI0KeHHeM (GaKTHUYeCKOIO II0JI0’KeHHs Jesl ObllIa, HacKOJIbKO MHe
HW3BECTHO, HeboJIbI1as 3aMeTka Hukosaca KazapuHoBa [233].
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10. LUKNOTOMWA: NPAKTUKA

3mech 6yLyT OIIKMCAHBI KIaCCHYeCKUe KOHCTPYKIIUU IIPaBUIBHBIX 3-YyTOJIbHUKA U 5-yT0JIb-
HUKa, KOHCTPYKIMA 'aycca IpaBMIBLHOIO 17-yroJbHUKA U TO, UYTO MHe YAAJIOCh Y3HATh IIPO
KOHCTPYKIUHU IIPaBUJIbHBIX 257-yroJIbHUKA U 65537-yTOJILHUKA.

10.1. NocTpoeHne NPaBUIbLHOIO 3-yroJibHMKa U NPaBWIbHOIO 5-yronbHMKa

e KopHu 3-i1 crennenu u3 1. IlycTh w — 1epBo0OpasHbIN KOpeHb 3-1 cTerieHu U3 1. Torna w
SIBJIIeTCS KOPHeM KBaJpaTUUHOTIO ypaBHEHHUS x2 + X + 1 = 0. KOpHSIMM 3TOT0 ypaBHEHUs SBJIs-

JOTCA
1 V3 1 V3
w=—=+i—, W=—=—I—.
2 2 2 2
IToCTPOUTH 3TH KOPHU IIUPKYJIEM U JUHEHKOH COBCEM IIPOCTO, W U W = w? 6yLyT TOUKaMH Iie-

pecedyeHUs OKPY>KHOCTel paguyca 1 ¢ meHTpaMu B0 U B —1.

o KopHu 5-if crenenu u3 1. KopHU 5-i cTeleHH U3 1 AB/IAI0TCI KOPHIMM ypaBHeHUs x° — 1 =
0. Tak KaK OJMH M3 KOpHel 3TOro ypaBHeHMsl paBeH 1, To MBI MOXKeM pasfesuTh x° — 1 Ha
x — 1 Tak 4uTO IIepBoOGPa3Hble KOPHH CTeIleHH 5 GyayT KOpHAMHU ypaBHeHus x* + x3 + x% +
x+ 1 = 0. [IockoabKy x = (0 He ABJIAETCI KOPHEM, 3TO YpaBHeHNe PaBHOCUJILHO YPaBHEHUIO
X2+ x+1+ x4+ x72 = 0. [Ho0>KUB Temephb y = X + X~ !, MBI IIOJIy4aeM OTHOCHUTEILHO y CIIefy-
—-1- \/5
—u

I0Illee ypaBHeHHe: y° + y— 1 = 0. 3To ypaBHeHUe UMeeT iBa Pa3/IMIHBIX KOPHS y] = 5

_—1+\/§ )
2

. Pelrtast Tereph ypaBHeHHUs X+ X' = y; U X+ x~! = y», mosryunM 4 mepBoo6pas-

Y2
HBIX KOPHSI>® U3 1 CTeIleHH 5:

-1+ V5+iV10+2+5 _-1-V5+iV10-2+5

€1 4 ’ €2 4 ’

-1-v5-iV10-2 5 _—1+v5-iV10+2 5
4 ’ - 4 ‘

€3 €4

CpaBHUBas 3TH OpMyJIBI ¢ OPMYJIOH € = cos (2mk/n) + isin (2nk/n), BugmM, 9TO

v5-1
—

MeTo[ fnesieHUsS OKPY>KHOCTH Ha 5 dyacTel 65l N3BecTeH B /[peBHeM ['peniuy 1 onvicaH, Ha-
npumep, B «AnbMarecte» IIToseMes. CaMbI¥ IIPOCTOM BapHaHT 3TOI0 MeTO/a COCTOUT B CIIefy-
roreM. IIoCTpOMM OKPY>KHOCTB C [IEHTPOM B TOUKe —1/2, IIPOXOJAINYI0 Yepe3 TOUKH *i. ITa
OKPY>KHOCTB IIepeceKaeT BellleCTBEHHYI0 OCh B TOUKe —1/2 + V5 / 2. IlocTpouM Tellepb OKPYK-
HOCTB pazguyca 1 ¢ IeHTPoOM B TOuKe —1 / 2+ 5 / 2. 3Ta OKpPY’KHOCTH IlepeceyeT eJUHUUYHYIO
OKPY>KHOCTB C Ha4aJIOM B I[eHTpe KOOPAUHAT B TOUKAX €], €4. Telleps, 3HasA CTOPOHY BIIHCaH-
HOTO IIITUYTOJIbHUKA, COBCEM IIPOCTO IIOCTPOUTE €2, €3.

cos(2n/5) =

33 OTmeuy, 4TO Ha c. 46 yuebHUKa JMmutpus KoactanTuHoBH4Ya aneeBa [30] mMeeTcs onleyaTKa B 3HaKe Bellle-
CTBEHHOH YacTH KOpHeH €7 U €3. CaM s, B oTinyHe oT /l. K., pasyMeeTcs, He yMel0 pelllaTh KBaZpaTUYHBIX YpaBHe-
HUM B yMe ¥ 00HapY>KHUJI 3Ty OIleYaTKy ¢ IIoMolbio Mathematica. IIpu sToM /I. K. 661 OTHUM U3 CaMBIX IIOHHMa-
FOIITUX, KBaTUQUITMPOBaHHBIX, TIaTeJIbHBIX U J0OPOCOBECTHHIX JI0/IeH, KOTOPHIX S BO0OIIle BHeJI B CBOEH )KU3HY,
C HEeBEPOSITHO Pa3BUTOM, /I MaTeMaTHKa, CIIOCOOGHOCTHI0 K MEHTaIbHBIM BEIUUC/IEHUAM. I OBLI CBHIETEIEM TOTO,
KaK OH YMHOKaJI Ha [JOCKe B peaJlbHOM BpeMeHHU JiBe MaTPHUIIEI 8 x 8, OMHOBpPEMEHHO 3aIlMChIBasi OTBET ABYMS Py-
KaMH. JTO IBJIETCA ellle OJHUM 0Ka3aTeJbCTBOM IIPaBOTHI CAMypaeB B TOM, UTO OCO3HABaTh U IIPOBEPSITH BCEMU
JOCTYIIHBIMHM HaM CpeficCTBAMHU HY>KHO BCe U BCeraa — Jake sKapeHOro LbIIIJIeHKa He00X0/JMMO IIPUBSI3bIBATh.
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10.2. MocTpoeHne npaBuibHOro 17-yronbHuKa
IlepBOOGpa3Hbie KOPHU CTeIleHU 17 6yIyT KOPHSIMHU YpaBHEHUS
P +x+1=0.

My/IbTUILIMKaTHBHAs rpymma [, = (Z/172)* nosns [y 7 nukindeckas. BosbMeM KaKoW-HUOY b
IPHUMHMTHBHBIM KOPEHB 771 TI0 MOAYJII0 17, TO eCTh TaKOM 3JIEMEHT, KJIaCC KOTOPOI'o IIOPOXKAaeT

3Ty IPYIITy. ITO 3HAYUMT, UTO Yucia 1, m, m?, ..., m'® IpuHUMaIoT 16 pas/IHMUHbIX 3HAUeHHI 10
MopyJIro 17.
Tak Kak [F1*7 [IUKJINYeCcKas IPYyHId mopsanka 16, uMeeTcd 8 TaKUX IIPUMUTHUBHBIX KOPHeU,

a IMeHHOo, 3,5,6,7,20,11,12,14. Bo3pMeM 110001 U3 HUX, HAIIpUMeD, m = 3. BeIpasuM Tellepb
BCe IIepB0O0Opa3Hble KOPHU cTelleH! 17 U3 1 yepe3 OAWH U3 HUX, CKaKeM, depes

{=cos(¢p) +isin(p), Pp=2m/17,

o crereHsaM 3. TakuM 06pasoM, MBI paclioyiaraeM Bce 16 ITepB0o0OpasHBIX KOPHEU B CJIeyIo-
1I1eM ITIopsaKe:
3 »9 10 13 »5 15 »11 »16 »14 8 »7 »4 »12 »2 »6
ST T S S A N G S ST S A G G 4
PaccMOTpUM Telleph C/IeAyIolie IBe CyMMBbI 3TUX KOpPHEM:
9, 713 715 716 8 4 2
X =0+ +CTHHITH T+,
3,710, #5  #11, 714 57 712 6
Xp=C+{"+0+C++H+ 4.

SlcHO, uTO X1 + X2 = —1. Celiuac MBI yOeAUMCs, UTO X] Xp = —4. /IJI9 9TOTO, CTPYIIUpPyeM KOPHHA
IapaMH COIIPSDKEeHHBIX,

C+08, 048 B+ (P +¢% m, cootBercrBenno, {4+, (10407, O +12, M+ (5.

TaxuMm o6pasom,
X1 = 2(cos(¢) + cos(8¢) + cos(4¢) + cos(2¢)),

X2 =2(cos(3¢) + cos(7¢) + cos(5¢) + cos(6¢)).

BcrmomuHasa ¢opmysry Ipou3BeieHUsI KOCUHYCOB
2 cos(mqp) cos(n¢g) = cos((m + n)¢p) + cos((m — n)¢p),

MBI BUHUM, YTO
Xx1x2 = 8(cos(¢p) + ...+ cos(8¢)) = 4(x1 + x2) = —4.

TaxuM 06pasoM, MBI 3HaeM X1 + X2 = —1 ¥ X1X2 = —4 X MOXKeM Tellepb HaWUTH X, X2 U3
KBaJJpaTHYHOI0 YPaBHEHHUST x% + x—4 =0. Tak KaK

cos(¢) + cos(2¢) > 2cos(m/4) = V2> - cos(8¢),

a cos(4¢) >0, To x1 > 0. [ToaToMy X2 = —4/x1 <O0.
Temepsb, 3HasI X] U X, MbI MOYKEM C/IeJIaTh CJIeIYIOIINH m1ar. [I0JI0)KHUM

y1 =+ {3+ 18 +¢% = 2(cos(¢p) + cos(4¢),
yo =00+ + 8+ % = 2(cos(8¢) + cos(2¢),
3=+ 0+ M+ 012 = 2(cos(3¢) + cos(5¢h),

ya =0+ + 7 + 8 = 2(cos(7¢) + cos(6).
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sICHO, UTO y) + Y2 = X1, @ TAK KaK cos((h) > cos(2¢h), cos(4¢p) > cos(4¢), To y1 > y». Kpome Toro,
y1Y2 = 8(cos(¢p) +...+cos(8¢)) = —1.

TaxuMm 06pasoM, y; U ¥» YAOBJIETBOPSIOT ypaBHEHUIO y2 —x1y—1= 0. AHaJIOTHUYHO Y3 U J4
V/I0BJIETBOPSIIOT YPaBHEHHUIO ¥° — Xp ) — 1 = 0, IpHUeM y3 > y4.
ITo10okUM, HaKOHeT],

zlz(+(§16:2cos(¢)), zz:(13+4“4:2003(4¢).
Torma z1 > 23, z1+22=y1 4

z212Zp = 4cos(¢) cos(4¢) =2(cos(5¢) + cos(3¢)) = ys.

I103TOMY Z; — GOJILIIKI KOpeHb YpaBHEHHUS 22 — y1z+y3=0.

TaxuM 06pa3oM, IIOCTpoeHMe 2 cos(¢p), a SHAUUT, ¥ IIOCTPOEHHUeE {, MO>KHO OCYIIeCTBHUTE IIPH
IIOMOIIU ITUPKYJIA U JIMHeUKU. OJHaK0, HaCKOJILKO MHe U3BeCTHO, caM ['aycc He [1ajl TaKOM KOH-
CTPYKIIHH, IlepBas dBHas KOHCTPyKIMd ObLIa omnricaHa B paboTte Eropa AHnpeeBuda ¢oH Ilay-
Kepa 1817 rozia, cM. CChUIKY B [302]. daKTHUeCKOe OITUCaHUe 3TOU KOHCTPYKIIMU MOKHO Hal T
B KHUTax YeboTapeBa [33], mub60o [IpacosoBa u CostoBheBa [26].

OfHaKo, KaKk U GO0JBIIMHCTBO PYCCKHX paboT TOro BpeMeHH ', paGoTa Ilaykepa Gblia
HeHn3BeCcTHaA B [epMaHuy, IJje CYUTANIH, YTO I1epBasd paKTHUdecKass KOHCTPYKIIUS IIPaBUIbHOTO
17-yrospHUKa 6bLIa IIpoBefieHa QoH IllTayaroM [364] B 1842 romy, TO eCTh POBHO YeTBEPTh
BeKa ciyctsa! Bo BcgkoMm ciydae, IlIperep [344] HaskIBaeT CBOIO CTAaThH0 HEABYCMBICIEHHO:
«K xoHCcTpykuu ¢oH IllTayaTa IIpaBUILHOTO CeMHaAIATUYTOJbHUKa». [Ipu sToM cam Illpe-
Tep cjerka MoguduupyeT Habop MHCTPYMEHTOB, & UMEHHO paccMaTpUBaeT KOHCTPYKIIUIO
IIPU IIOMOIIY JIMHEWKU U PUKCUPOBAHHOU OKPYKHOCTH.

Ut [feHnTe el KOHKPeTHOCTH IIpuBeZieM SBHYI0 GopMyJly. He oueHBb C10KHOe Hellocpe-
CTBEHHOE BBIUHCJIEHHE [I0Ka3bIBaeT, UTO

271 1
Cos(ﬁ) :1—6(\/17—1+ \/34—2\/17+2\/17+3\/17— 170+38\/17),

JleTa/Id IIpUBeleHbl B IIUTUPOBAHHOM KHUTe KileliHa U BOCIIPOU3Be/[eHb], HAIIpUMe]D, B KHUTe
T'muagukuHa [17, c. 148-153]. Ilosb3ysich ciaydaeM, BOCIIPOU3Beay KoMMeHTapuil CemeHa ['pu-
rOpbeBHYA 110 3TOMY LIOBOAY: «B OJHOM OTHOLIEHUH $opMyJIa it Cos (27 / 17) He ocTaBJsIeT
COMHeHU. [IpUUTH K Hell B paMKaX TPaJUIIMOHHBIX TeOMeTPHUYeCKUX HUlel BpeMeHU JBKIIU-
Ila HEBO3MOYKHO».

10.3. MocTpoeHne NnpaBUbHbIX R-YroNIbHUKOB Npu 1 =257 U n = 65537

[Tosb3ysack MeToAoM 'aycca, HeC/I05KHO IIOCTPOUTH U IIEPBO0OPA3HBIN KOPeHb CTeIeHU 257
u3 1. Hacko/JILKO MHe M3BeCTHO, GaKTHUYeCKH 3TO BIIepBbIe cZesIal PyCCKHM acCTPOHOM M MaTe-
MmaTuk Erop AxzppeeBud (alias Maruyc-I'eopr) ¢oH Ilaykep, 1787-1855, KypysiHaus (B HacTos-
ee BpeMsd JlaTBus). oH [laykep paboTas B o6cepBaTOpUH /lepIiTa, a II0TOM 60JIBIIYI0 YacThb
JKHA3HU OB IIpeliofiaBaTe/leM MaTeMaTHKH B TUMHasuu B Mutase (ceropus Eirasa, JlaTBusA).
B 1822 rogy oH 6511 ©36paH YIeHOM-KOppecloHAeHToM IleTep6yprckoil Akasemun Hayk, B ToM
>ke 1822 rozty BhIIILIA ero pa6oTa [302] ¢ BeIdmcIeHueM cos (27 /257).

34 Jla>ke HaITMCaHHBIX IT0-HeMeIku! He ToBOPS IIPO Te, KOTOphIe ObIIM HAalIMCaHbI I10-PyCCKU WM IT0-QpaHITy3cKu!
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3aHuMaroIas BCero JIMIIL 194 cTpaHUIBl TeKCTa ABHAA 2eoMempudeckKas KOHCTPYKITUS
IpaBUJILHOTO 257-yroJbHHKA 6bLIa oly6rKkoBaHa dpuapuxoM FOmuycom Pumio®™ 6 B 1832
roay B Crelle [319].

B 1834 rogy A. ®ummep’’ omy6IHMKOBaJg TaM ke SIBHOe BhIpakeHHe KOpHeH ypaBHEHHUS
x2°7 —1 = 0 yepes IeIOUKY KBaJpaTUUHBIX yPaBHEHHH [172]. 9To Bcero 19 cTpaHMUI] BEIUHCIIe-
HUH B TAaKOM >Ke JlyXe KaK Te, 4YTO IIpOo/ieJIaHbl BhIIIIe I cIydaeB 1 = 3,5, 17, IpakTU4ecKH 6e3
TEeKCTa, HO IIOJIHOCTBIO IIOHATHbIE, UTOTOM KOTOPBIX SIBJISIETCS BBIYMUC/IEHHE [BellleCTBeHHBIX
4JacTel] Bcex KOpHeH cTelleHu 257 13 1 ¢ TOUHOCTHIO 70 10 [eCITUYHBIX 3HAKOB II0CJIe 3aIIITOM.
JTO0 8pyHUHYy0, 6€3 KOMIIbIOTEpPa — IIMPOKO KUJIU J10AHU XIX Beka.

ITocTpoeHUe TIepBOOOPA3HOTO KOPHS CTelleH!u 65537 13 1, BepOsITHO, 3aliMeT y YUTaTessI
HEeCKOJILKO 60JIbIlle BpeMeHHU. OfHaKo0, KaK 3aMedeHo [143], [J1g 3TOro Z0CTaTOYHO IIOCTPOUTH
He 60.1ee 1332 okpyskHOCTel Kapaiiia. 3To 66UI0 GaKTHUIEeCKH OCyIecTBIeHo HoragsoM I'y-
craBoM XepmecoM>® [215], KOTOPBIi TOCTPOXI IIPaBHIBHEIN 65537-yTOILHUK 6ce20 3a 10 JieT
6e3 HCII0JIb30BaHUs KOMIIbIoTepa!.

JlereHzia IJIACHUT, UTO €r0 CTaThs 3aHUMaeT CYHAYK, KOTOPBIM [0 CUX II0p XPaHUTCA Ha uep-
Iake MaTtemaTtuueckoro MHcTtuTyTa YHUBepcuTeTa ['eTTUHTreHa. KpaTkoe M3/10)KeHUe 3TOM pa-
60ThI Ha 17 cTpaHUIAX 6BLIO OIIy6IMKOBAHO B 1894 roxy B Gottinger Nachrichten [215]. B saToit
CBSI3M YMeCTHO BCIIOMHUTH JieBU3 Xepmeca “Geduld ist die Pforte der Freude” (TeprieHHe — 3TO
Bpara pagocty) [216].

Bot TouHble cioBa KieliHa mo sToMmy moBoxy: “Auf das 65537-Eck hat Prof. Hermes in
Lingen 10 Jahre seines Lebens verwandt>’, um alle nach der Gauss’schen Behandlundgsweise
vorkommended Wurzeln etc., genau zu untersuchen. Das dusserst fleissige Diarium wird in
der Sammlung des mathematischen Seminar zu Géttingen aufbewahrt. Man vergleiche eine
Mitteilung von Prof. Hermes in Nr. 3 der Gottinger Nachrichten vom Jahre 1894”.

33 Friedrich Julius Richelot, 1808-1875, 6511 IpodeccopoM B yHuBepcHUTeTe KeHurc6epra (ceropns KajmHuHIpas,
Poccust). UTOOBI ITOCTaBUTD 3TO B KOHTEKCT, HY?>KHO BCIIOMHUTD, 4TO B XIX Beke Kenurcbepr 6511, Hapsgy c Bep-
JIMHOM U I'eTTUHTEeHOM, OJHOM M3 CTOJIHUI] HeMeITKo¥ MaTeMaTuKHU. C 1826 mo 1843 rox Tam pabortasn Kapi I'ycras
SIxoB SIko6H, 1804-1851. ITocTpoeHHe IPBUILHOIO 257-yTOJIbHUKA OBLII0 TEMOM AHICCepTalliH PUIILIO, 3al{UIIleHHOM
B 1831 rozy 1o, pykoBozcTBOM SIko6u. B 1843 rogy Puiiio cta IpeeMHUKOM SIK06, 1 HeT HUKaKOI0 COMHEHUS, UTO
JaJbHeHIIe YIIOMIHYThIe B 9TOM IIYHKTe Pab0ThI BEIIIOJIHEHEI 110/ KX HeIIOCPeACTBEHHBIM BIMIHHUEM.

36 KcraTu, nous Pumiio Krnapa 6bli1a 3amy>keM 3a KUpKropoM, 4To gBJIseTCs ellle OAHUM 9KCIIepUMeHTaJIbHbIM
IO TBEPIKAeHNEM CJIeIyIOIero 3aKoHa reHeTUKU: «BpaKi MOJIOZIbIX MaTeMaTHUKOB C J0YepbMU CBOUX yYUTeIed —
HaCTO0JILKO XapaKTepHOe sBJIeHHe aKaJleMHUYeCKOM )KU3HH EBPOIIEI 1 AMEPHKH, UTO /layke IIPHUHATO TOBOPHUTE O CO-
BepIIIeHHO 0c060M popMe HacIe0BaHUSI MaTeMaTHUeCKHUX CIIOCOOHOCTEM, ITepeJatoIXCs 0OBIYHO He OT OTIIA K ChI-
Hy, a OT TeCTd K 351Tio» [13]. HaripuMep, B 1881 rogy Ilukap keHUJICS Ha J0Yepd IpMHUTa — U TYT >Ke [J0Kasay CBOU
3HaMeHHTEIe TeOPeMBI 0 paclpe/ie/leHUY 3SHaYeHUH aHaIMTHYeCKUX QYHKITUH 1 6611 136paH B [TapryKCKy o AKajie-
mum Hayk (3zechk a1 60JIb1eH HAaIVIHOCTH o CJIerKa peflakTUPYI0 KCTOPHIO B fiyxe POMeHKO, HO 00111ast KaHBa COo-
6J1r0/1eHa). BripoueM, 3TO [jajieko He eIMHCTBEHHBIM IT0/J06HBIN cirydai: ceMeicTBO Afamap — Ilosb JleBU — JlopaH
ITBap1y — V. ®puIl ABJgeTCs ellle 60Jlee IIOPasUTeJbHBIM IIPEMEPOM TOr0, KaK MaTeMaTH4YeCcKHe CII0OCOOHOCTH —
M MecTO B IlaprpKCKOM AKafieMHH! — Iepe/jlaBajiCh OT TeCTs K 35TI0 B TedeHHe YeThIpeX II0KOJIeHUH. Bipodem,
He CJIeflyeT yMaTh, 4TO 3TOT $peHOMeH orpaHu4deH IlaprokeM u ITaprokcekol AKafieMuell HayK. AHaJIOTHUYHOe I10pa-
3UTeJIbHOe IIPUPOJHOe sIBJIeHHe MHOIOKpaTHO HabJ/roaaock B bepirHe U IIpycckoi AkafieMUH HayK, HallpUMep,
I'epmas IlIBap1 6511 3iTeM Kymmepa.

37 310 euHCTBEHHAS €T0 paboTa, KOTOPYIO 1 CMOT HAaHTH, TaM He yKasbIBaeTCs ero UM, HO 3aTO YKa3bIBaeTCs JIo-
Karys, Regiomontano, To ecTb KeHUrc6epr, a He YT0-TO TaM B MeKCHKe, KaK I10J1araloT aBTOPhI « BUKuIieum». 13 j1ro-
GOIIBITCTBA 5 IIOJKCTAJI BeCh TOM. M3 0I1y6/IMKOBaHHBIX TaM PaboT 24 HallKCcaHbI I10-HeMellKH, 11 mo-$paHIlyscKu
U TOJIBKO 6, BKJII04asi paboTs! dulitepa U SIKo6H, Ha JIaTHIHU.

38 foraun I'ycras Xepmec, 1846-1912, yuniics B Kenurcbepre, rie B 1878 rofly 3alfUTHII JUCCEPTALIHIO I10 e IeHUI0
kpyra Ha 2" + 1 yacTs [213, 214]. Ilocste 3TOTO IperofaBal MaTeMaTHKy B Kenurc6epre u JIMHTeHe.

39 dopmasnpHO KileitH, BeposTHO, IIpaB, B 1896 rogy XepMec [eiCTBHUTEIbHO 6BLI IIpodeccOpoM TMMHAsHUU
B JluareHe (OcHabprok). Ho 1o cylecTBy H3/ieBaTeIbCTBO. B caMoli cTaThe XepMeca HeZIBYCMBICJIEHHO TOBOPHUTCI
“Konigsberg i. Pr.” — 1o ecTb «KeHurc6epr B IIpyccun».
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A BOT aHEKJOTHUeCKOe U3JI0’KeHHe TOM >Ke HCTOpuHM JIUTTAByAOM: “A too-persistent
research student drove his supervisor to say “Go away and work out the construction for
a regular polygon of 65537(= 2!6 + 1) sides” The student returned 20 years later with a
construction (deposited in the Archives at Gottingen)”.

11. LMKNOTOMKA C NOMOLLbIO MAPABOJIMYECKOTO JIEKANA

laycc He JoKasbIBaJ HEOOXOAUMOCTD B TeopeMe 'aycca—BaHItesis1, HO 3aTO OH CZeJiaj To-
paszo 6osblle, 4eM 06BIYHO YIIOMUHAIOT, B IPYTOM HalIlpaBJIeHUU. A UIMeHHO, B Disquisitiones
Arithmeticae JokasaHa [0CTaTOYHOCTH B TeopeMe ['aycca—IIMpIIOMHTA ¥ IBHO OIIMCAHO BbI-
YucJieHYe KOpHelt 19-1 U 73-1 cTelleHeN.

11.1. Teopema laycca—MupnoiiHTa

C KJ1acCcu4YeCKOU IpeBHOCTH U3ydasICs BOIIPOC, YTO MOKHO IIOCTPOUTD, €CJIH J06aBUTH K JIU-
HelKe U IIUPKYJII0 KaKye-TO IpyThe reoMeTpUYeCcKre HHCTPYMeHTEI. TaKoro pojia reoMeTpude-
CKHM KOHCTPYKLIUSIM II0CBSIIleHa, HallpuMep, KHUra [286].

OpHa 13 caMBbIX IIOITYJIIPHBIX BapHaliii BOSHUKAaeT IIpH f00aBIeHUH HHCTPYMEHTa, II03BO-
JISIOIIET0 CTPOUTH KOHUYeCKHe ceueHUs. CiIeIVIOIIUMI KIaCCHYeCKUH pesyIbTaT OTBedaeT Ha
BOIIPOC, Ha CKOJIBKO YacTel MOKHO Pa3fesuTh OKPY>KHOCTD IIPYU IIOMOIIY ITUPKYJI, TUHENKH
U mapaboJIMYecKoro jJeKaja. ITOT BOIIPOC CBOIUTCS K TOMY, [UII KAKHUX CTelleHel BBIUMCIIe-
HIe KOpHeX U3 1 CBOJUTCS K pellleHHI0 KBaJApaTHHIX U KyOM4eCcKUX ypaBHeHHUH. BMecTo mmapa-
60JIMYeCcKOro JieKaJla 3/ieCb MOXKHO 6paTh JIF060H JPyrod HHCTPYMEHT, II03BOJISIOIIH pelllaTh
KybOHMJecKre ypaBHEHUs, HallpuMmep TpuceKTop [186] riau opuravm [128].

To, 4TO 3TO TaK A cTelleHeM 7 U 9, 661710 U3BecTHO apabaM B IX Beke (Byp6aku, Ajre6-
pa, T. II, c. 221). B ge¥ictBUTeIbHOCTH, CabuT U6H-Koppa (836-911) aTpubyTHUpyeT II0CTpOeHMe
IIPaBUJIBHOIO CEMUYTOJIbHUKA ApXuMeny. ['peuecKuil TeKCT He COXpaHuUJIC, HO CabUT cresial
apabCKu IepeBOof.

[loyHBIF OTBeT HJaeTcd CJeLyIOINMM pe3yJbTaToM, o6o6ImarimuMm TeopeMy laycca—
Banitess1. CoBpeMeHHOe Jj0Ka3aTeJIbCTBO IIPUBeLeHO B pabdoTe [388], BrpoueM, Bunesna He
nuTHpyeT paboTy [IUpiofiHTa ¥, BUAUMO, CUUTAET 3TOT Pe3yJIbTaT HOBbIM!

TeopeMma I'aycca—IIuprioiiHTa yTBEPIKAAET, UTO, AJIS1 TOTO UTOOBI OKPY>KHOCTH MOKHO OBI-
JIO pasfesIUTh Ha 71 4YacTel IIPU [IOMOIIH ITUPKYJIS, JUHENKH U ITapaboJImdecKoro JeKasa, Heo6-
XOMMO U JOCTATOYHO, YTOOBI 72 UIMEJIO BU]

n=2k3! P1.--Ps e p; # 2,3 — IOoIIapHO pa3jIMyHEIe IIPOCThIe, TAKHE, YTO

Kakoe p; — 1 umeeT Bup 2" 3° 1u1s1 TOAXOSIIUX I U S.

Boo6111e, TOUKH Ha TIJI0OCKOCTH, KOTOPBIe MO>KHO ITIOCTPOUTD ITPU IIOMOIITY ITUPKYJIS, JITHEH-
KU U TapaboJIMyuecKoro Jiekajia, — 3TO B TOUHOCTH HauMeHblIllee 1ozto e B C, 3aMKHYTOe 0T-
HOCUTEJbHO U3BJIeYeHUs KBa/IpaTHBIX ¥ KyOGHMUeCKUX KOpHeH.

11.2. NMpocTtbie MupnoiiHTa

durypupyromre B TeopeMe laycca—IIUpITOHHTA ITPOCTHIE 0OBIYHO HA3bIBAIOTCS IIPOCTHIMU
[uproitHTa. UHBIMH CJIOBaMH, IpocToe ITupnoiinTta — 310 mpoctoe Buja 2" 3% + 1 17151 HEKOTO-
PBIX 1, s = 0, BKJIIOUATH JIU CIO/Ia p = 2,3, — 3T0 BOIIPOC BKyca. HampuMep, II0CIe[0BaTeTFHOCTD

AMTOPUTMWNYECKASA MATEMATUKA N MATEMATUYECKOE MOAETMPOBAHUE 39



BaBunos H. A.

OEIS A005109 HauHMHaeTCd TaK:

2,3,5,7,13,17,19,37,73,97,109,163,193,257,433,487,577,769,1153,1297, 1459, 2593,2917,
3457,3889,10369,12289,17497,18433,39367,52489,65537,139969, 147457,209953,331777,
472393,629857,746497,786433,839809,995329,1179649, 1492993,1769473,1990657, ...

SIcHO, 4TO IIpocThIe unciaa PepMa F;, aBIAHOTCA IIPOCTHIMU [IuprioitHTa. C Ipyroy CTOPOHEIL,
o606111eHHEIe yncaa Pepma Fj(3) ¢ ocHoBaHMeM 3 4eTHEI. I103TOMy Bce IIpocThle [TUPIIOMH-
Ta, He IBJIIOIHecs ynucaamMu depMa, UMeroT BUJ 6/ + 1. Camoe 60JIbIII0e U3BECTHOE CEero/IHSI
yucsio ITuproiiHTa sABseTca uuciaoM IIpora 3 - 216408818 4 1 o OTKpPBITO B OKT6pe 2020 roza.
OcHOBHas THIIOTe3a COCTOUT, eCTeCTBEHHO, B TOM, UTO KOJIMYeCTBO IIPOCTHIX IIuprioiiHTa 6ec-
KOHEYHO.

11.3. MocTpoeHne npaBUAbHbIX 7-yrolbHNKA, 9-yronbHMKa, 13-yronbHukKa u 19-yrosb-
HUKa

e KopHu 7-1 crenienu u3 1. [TepBoo6pasHble KOPHU CTelleHHU 7 6yAyT KOPHIMU ypaBHEHUS
104+ x%+ x* + x3 + x2 + x+1 = 0. [lockoIBKY X = 0 He gBJIseTCs KOPHEM, 3TO ypaBHeHUe PaBHO-
CHJILHO YPaBHEHUIO

Sl rx+l+xl+x2+x73=0.

I10JI0KUB TeTephb y = X+ X~ |, MBI TI0JTydaeM OTHOCUTEJILHO y CJIefiyiolllee ypaBHeHHe: y° + y% —

2y—1=0.IIo popmyJie KapmaHo

1 +i/_7+21\/_3+\/_7+21\/_3
6 6 '

==|-1
V1,23 3

JJ1s1 TOTO UTOOBI HAWUTH KOPHU CTEIIeHH 7, OCTAeTCs JIMIIb PEITUTh TPU KBaJPaTUYHBIX ypaB-
HeHus x> — yix+1=0,i=1,2,3. PaKTHUeCKYI0 reOMeTPUIECKYI0 KOHCTPYKIIHIO IIpaBUJIbHO-
r0 CEMUYTOJbHHUKA MOKHO HAaUTH, HAIIpUMep, B MaHyaJle rpedecKod MaTeMaTUKH Xuca [211,
c. 340].

e KopHu 9-i1 crenenu us3 1. [leficTByeM TOUHO TaK ’Ke, KaK B IIpebIayIleM ciaydae. [lepBo-
o6pasHble KOPHU CTeIleHH 9 6yyT KOpHAMHU ypaBHeHH x° + x’ +x8 + x° + x* + x>+ x>+ x+1 =0.
ITockosbKy x = 0 He ABJIAETCA KOPHEM, 3TO YpaBHEHME PaBHOCHU/ILHO YPaBHEHUIO

B+t +rx+1+x v x %+ x 3+t =0,

I10JI0KHB Telleph y = X + X~ !, MBI II0JTydaeM OTHOCHTEJIBLHO y ciIefyioliee ypaBHeHue: y* +

y3 -3 y2 —2y+1=0. PerteHre ypaBHeHHU CTEIIEHU 4 CBOJAUTCA K PellleHUI0 OJHOI0 YpaBHEeHUs
CTeIlleHHU 3 ¥ HeCKOJIbKUX KBaIpaTUYHBIX YpaBHeHUM. ECiiu y1, V2, J3, Y4 — KOPHH 3TOT0 ypaBHe-
HU4, TO JJI1 HaX0KIeHUs KOpPHeHN CTelleHH 9 0CTaeTCs JIUIIb PeIlIUTh YeThIpe KBaJpaTUYHBIX
ypaBHEHUS x2— yix+1=0,i=1,2,3,4.

¢ Kopunu 13-i1 crenenu u3 1. 3TOT mpuMep JIeTaJabHO pa3obpaH B yueOHUKe aiarebpsl KoxeH-
oépodepa [245, c. 196-197]. IlycTh { — IepBOO6GpPa3HbIM KOpeHb cTerleH! 13 13 1. II0JI0KHUM

5, 8, 712 2., 73, 710,11 4. A6 77, 79
0=0+C+C+CT, =0+ +0T+0, =0 +0+C+C.
HeIlocpe/iCTBEHHOE BEIUHMC/IeHHe TI0Ka3bIBAET, UTO

X1+ Xx2+x3=-1, X1X2 + X1X3 + X2 X3 = —4, X1Xox3=—1.
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IToaToMy X1, X2, X3 ABJIAIOTCS KOPHIMU MHOTOYJIEHA X3+ x% —4x + 1. Tloto>xkum Telepb

n=c+{2 y =G0 =0,
=0+ =040y =00+

JIeTKO BHJIETh, UTO ¥, U V> ABJIAIOTCSI KOPHSMHU ypaBHeHHS ¥° — X1y + X3 = 0, y3 U 4 SBJISIOT-
sl KOPHAMHM ypaBHeHHs > — xpy + X; = 0 W, HAaKOHeIl, J5 U Y ABJSIOTCS KOPHAMH ypaBHe-
HUS y2 — X3) + X = 0. Teniepb, uT06bI HatiTu { u {2 = {, ocTaeTcs UMb PEeITUThL ypaBHEHHe
z%— y1z2+1 = 0. Bce ocTa/ibHbIe KOPHHU IT0Iy4YaOTCA IIyTeM pellleHUs ypaBHeHU N z%— yiz+1=0.

» Kopun 19-11 crennenu u3 1. Ciiepyromiyro 3agavdy u3 Disquisitiones MsI ¢ Bostogeit XaJauHbIM
PYTHHHO IIpejlaraiy CTyleHTaM BTOPOro Kypca 3KOHOMHYecKoro paxybreTa’’.

3agauva. [IpoBefuTe aHAJIOTUYHBIM aHAJIMN3 [JI1 CIydas KOpHeH crereHH 19 13 1. CKOJIBKO Ky-
6HMYeCKUX YpaBHEeHUU BaM IIpueTCs IpU 9TOM peltaTh? Ilouemy?

Ciremyronye IpoCThIe YKCIa, AJI1 KOTOPBIX MBI Telleph MOKeM IIPOBECTH ITUKIOTOMUIO0, —
ato 37, 73 1 97 — 3TO UMEHHO Te CJIydyay, I KOTOPBIX IIPOBeeHbl KOHCTPYKIIUU B CTaThe
Jdpuka baaBuLIA U BepHapa JKeHeBe [54], KOTOpBIe, KCTaTH, 00CY’K/Aal0T, KaK 3TO cZejlaTh Ha
KOMIIBIOTEDE.

11.4. MocTpoeHMsA C NOMOLLLIO LLUPKYNA N IMHEWKN € 3aceuKkamm

JInHelKa ¢ 3acedykaMH = marked ruler viu twice-notched straightedge — aTo JinHelika, Ha
KOTOPOH ITOCTaBJIEHBI IBe METKHU Ha paccTOAIHUHU 1. Takas JIMHeMKa I103BOJIeT COBepIIaTh HO-
BYIO OIlepallHlo, verging, COCTOSKIIYI0 B TOM, UTOOBI HAXOJUTh Ha [BYX KPUBBIX /IBe TOUKHU Ha
paccTogHuHU 1, IpUYeM TaKHe, YTOo olIpefiesigeMasi UMU IIpsIMasi IIPOXOAUT Uyepes JaHHYI0 TOUKY.
(BripoueM, efMHCTBEHHEIe KPUBBIe, KOTOPHIe MBI II0Ka YMeeM CTPOUTH HAalllUMU UHCTPYMeHTa-
MH, 3TO IIPSIMBbIe ¥ OKPY>KHOCTH).

ApxuMme[ 10Kasasl, YTO STUMH HOBBIMHU MHCTPYMEHTAaMU MOYKHO IIPOU3BECTH TPUCEKITHIO
yI7aa, a HUKOMe IoKa3aJs, YTo IIPY IIOMOIH HUX MOKHO IIOCTPOUTD /X ISt JIF060T0 X. TeM
CaMBbIM, IIPU IIOMOIITY 3TUX HHCTPYMEHTOB MOJKHO IIOCTPOUTH BCE, UTO MO’KHO IIOCTPOUTE IIPU
TIOMOIIY KOHUK. OKasbIBaeTcs, OAHAKO, UTO OHHU II03BOJIAIOT pelllaTh ¥ HeKOTOPLIe YpaBHEeHU
CTEeIIeHH 5.

JTOT BOIIPOC U3y4daeTCsI B CTaThsIX baparapa, Po6epTcoHa—CHatiepa U beHmpkaMuHa—
Cuatiztepa [56, 66, 67, 327]. B 4acTHOCTH, TaM BBe[eHO IIOHITHe yJbTpapajukaza da, 3TO
BellleCTBeHHEIH KOpeHb ypaBHEHHUs x° + X — a = 0. OKa3bIBaeTcsl, IIOCTPOeHHe KOpHeH 11-i
cTeleHH U3 1 Tpe6GyeT TOJBKO BEIYHCIEHHUS YIbTpapajuKaja 1, TAKUM 00pa3oM, CTAHOBUTCS
BO3MOJKHBIM IIPU IIOMOIIIM 3TOT0 HOBOTO UHCTPYMEHTA.

11.5. MNMocesweHne

C Bostogieti I'epiTOM MBI II03HAKOMUJINCH OBOJIBHO II03/{HO, MeHbII1e 20 JIeT Ha3af, HO C TeX
IOP IIOCTOSTHHO IUIOTHO OOIIAINCh U ITPOodeCcCHOHANBHO U ApYy>KecKU. C HUM OBLIO BCeTia UHTe-
PeCHO, HaIllk BCTpedH U 6ecefbl 1 BCIIOMUHAI0 C OTPOMHOM 6J1aTr0JapHOCTHI0 ¥ BOCXUITIEHUEM.
51 He 3HaJI IPYTUX JIFO[leH, KOTOphIe TaK ITTy60KO ¥ BCECTOPOHHE IIOHUMAaJIH ObI POJIb KOMIIbIO-
TEPOB B MaTeMaTHKe BO BCeX IIPUHIUIINAIBHBIX U TEXHUYECKUX aclleKTaxX ¥ CO CTOPOHBI Ma-
TeMaTHKH, ¥ CO CTOPOHBI KOMITBIOTEPOB, X CO CTOPOHEI QU3UKHU.

40 C HocTasBrHel BCIOMHHAETCS: «KBAHTOBYI0O MeXaHUKY Telleph IIPelofaloT B MJIa/IIeH TpyIie AeTCKOTo ca-
nma» [18].
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Bosogs 6B OJHUM K3 II€PBbIX UATaTesJleld U KPUTHUKOB BCEX MOUX TeKCTOB Ha 3TU T€MBI
U II0BJIMSLI HAa MOe CO6CTBEHHOe IIOHMMaHKe KOMIIBIOTePHOM MaTeMaTHKH 60JIbIIle, YeM KTO-
JU00 APYTOH.

«YKyaH-113bI 6BLT Ha IT0XOpOHAaX. IIpoXoasg MUMO MOTHJIEI Xy9H-113b], OH 06epHYJICS K CITyT-
HHUKaM U CKasaJl:

— OpHaKAbl HeKUH MHeIT 3aItagykKaJl 6es10i INMTMHOM KOHYHK HOCa: IIITHBIIIKO 6BLII0 — C My-
LIMHOE KPBLIBIIIKO. OH IIpHKasasl ILIOTHUKY 111 cTecaTs ero. YMeJier Tak 3aurpaj TOIIOPOM —
K BeTep IOLHSJICS: TOJBKO BBICIYIIAI IIPUKa3 — M Bce cTecasl. CHSUI JOYKCTa BCIO ITIMHY, He
3afieB Hoca. A MHeI| — 1 OPOBBIO He II0BeJIL.

VeabixaB 06 9TOM, CyHCKHH KHA3b 0aHb 1103BaJI K cebe IJIOTHUKA U CKa3all eMy:

— ITonpo6y# cesaTh 3TO JKe caMoe U /I MeHs.

A IJIOTHUK OTBETHIL:

— Korma-To s cymeJ1 3To cies1aTh — fia TOJIBKO HeT yrKe B )KUBBIX TOI'0 MaTepHasa!

BoT Tak X y MeHs He CTaJI0 MaTepHaJa: C TeX II0p KaK ymMep Y4uTeJab — MHe 60JIbIlle He
C KeM CIOPUTL.» [25, « IKyaH-113bI», ITI. 24 «CI0H Y-Tyi» ].

51 upe3BrIUaiiHO 6JiaromapeH Ceprero [103gHAKOBY, KOTOPBIHM yOeamyI MeHd HalkCcaTh 3TOT
IIUKJI cTaTed, U lasirHe IBaHOBHe CHMHKEBUU 3a CCBUIKU II0 TeKcTaM XIX Beka. Kpome Toro,
s Upe3BBhIUYaMHO IIpU3HaTeJeH Takke MakcuMy BcemupHoOBY, bope KyHsaBckomy, Jleltte CTelia-
HOBY U Wibe IlIKperoBy, KOTOpble BHUMAaTEJIbHO MIPOYWIN TeKCT CTaThHU U HPEJIOKUIHN 60JIb-
1I10€ KOJIMYEeCTBO Ba>KHBIX HUCIIPaBIeHUN U YTOUHEHUN.
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Abstract

In this part, which constitutes a pendent to the part dedicated to Mersenne numbers,
I continue to discuss the fantastic contributions towards the solution o classical problems
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